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Preface

TuEe RAPID GROWTH of the food industry into big business and the changes
1n the number of stems on the grocers’ shelves, the many ready-to-eat prod-
ucts, the new cbntrols on food additives, and the attempts to standardize
some food articles all serve to emphasize the growing importance of the
chemustry of foods. For centuries the producuion of food followed tradi-
tional procedures, and new 1deas ot mcmods were largely the result of
emptrical trial and error or accidental ioverics. Now a complete revolu-
tion in growing, processing, and marketing of food 1s ltere The accumula-
non of scientific knowiedge about food composition has been, 1n the mawn,
slow Dependent as the science of food 1s on biology, bacteriology, and
mycology as wel) as chemistry, 1t was y for all to develop
to the point where eluadation of the complex nuxtures encountered in
foods became accurate and meamingful  Fortunately, research of sig-
mificance to food chemustry is now appearing not only 1n journals devoted
exclusively to food problems but also i those in the fields of biology,
chemustry, chermcal engineening, and even physics
It 1s the author’s behief that an attempt to hidate the fund 1
of food chemistry with recent advances n the food industry 1s now ap-
propnate, Although there have been splendid books avaiable for many
years 1 the area of food analysis and more lately 1n food technology, we
have not had one that umfies these areas with basic chemustry in a simple
fashion The present book 1s designed 1o meet this need. It is intended
prmaniy as a text 1 food chemstry for undergraduate students in home
, food technology, and ch ry. However 1t should be useful
also as a reference book {or students and research workers in these fields,
Thus the aim of the book 1s to provide a unified picture of foods from a
chemucal standpowt The primary emphasis s on the composition of foods
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and the changes that occur when they are subjected to processing, Th
author has tried to keep in mind undergraduates who have had a course i
organic chemustry; however, an effort has been made to provide necessar
background chemustry and sufficient explanations for students to procee:
without additional references. Some brief descriptive orientation is give:
on the structure of plants and animals, but this is kept quite simple and i
used to promote greater unity of presentation. Occasionally, material o1
food habits is included to add interest and to round out the close relation
ship of food chemistry to everyday life. The chapter on food additives anc
the appendix on permissible food additives are special features of this tex
that provide up-to-date tnformation on this vital topic. At the end of eact
chapter are bibliographical references to aid the reader who wishes to in
vestigate further the respective areas of food chemistry.

Thanks are due to many people for the successful completion of thi
book. Calvin A. VanderWerf and Betty Watts were especially helipful ir
therr critical evaluation of the manuscript and Betty Taylor and Curtis
Meyer for their suggestions, criticisms, and continued interest.

LiLLIAN HOAGLAND MEYEF

Kalamazoo, Michigan
June, 1960
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CHAPTER ONE

Development of Food
Chemistry

THE ORIGINS OF SCIENCE g0 back to prehistory when man could not write a
record of his successes and his failures, his trials and experiments, and his
traditions We assume that as man emerged as a thinking animal he began
to explore the world around him, to wonder at 1ts operation, and finally to
try to control 1t Consequently, 1t seems that as the centuries roll by
man's understanding and contro! of his environment, although still incom-
plete, continue to improve In the early days every science had a tenuous
start —even one as dependent on the development of mathematics and lab-
oratory procedures as chemistry. At this time man had learped_only a few,
chemical skills, some of which were m__qd,chemlstry‘—Pmbably they
were accidently discovered, then carefully passed on from one generation to
another so that by the ime writing was invented man_could not only make

pottery and soap, cook food, and smelt a few metals but also make wine
and vinegar These processes were hedged around with superstitions, but
he Vintiier could control the process, although he had never heard of a
yeast or an Acetobacter, he knew how to handle the fermenting fruit,

In the seventeenth century, as laboratory procedures and an apprecia-
ton of the scientific method developed and as scientists began to ex-
change information, chemistry began to emerge as a true science. A con-
siderable accumulation of information and a beginming study of foods
reflected the general interest i the composition of the entire world. Some
of the early experiments attempted to separate food components, to study
the pigments that give color to the world, or to find the “lfe-giving™
compound, As time passed these studies were successful to a mited extent.
In the eighteenth century_simple compounds were isolated, and during the
first hall of the_nineteenth century the old idea_that_the.living and the_
nonhving world were completely different was abandoned. The terms “in-
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organic™ and “organic™ reflect this early belief in two types of chemistry,
When some compounds such as sodivm chloride were found in the “inor-
ganic” earth as well as in the blood and urine of a living animal and
when “‘organic” compounds were shown to obey the same laws as “inor-
ganic,” the idea was discarded. However, a complete understanding of the
composition and the changes in composition of such complex mixtures as
living cells was impossible at this stage.

The nineteenth century saw.t’ '
Iytical chemistry and physical
Todd chemistry and our underst .
were made and at which advances occurred increased throughout the cen-
tury. The field of carbohydrates began to fit together, proteins were recog-
nized, and many other compounds of importance in food chemistry were
studied.

"Biology also saw rapid growth during the nincteenth century; under-
standing of thus field was also required before much progress could be
made in food chenustry. The Cell Theory and the Theory of Evolution
were fundamental to much insight into either animal or plant materials.
These theories and the butk of knowledge supporting them gave scientists
an appreciation of the complex nature of cells as well as the common pat-
terns that cells may have through their common heritage and the different
patterns that separate families, species, and even varieties.

In the twentieth century, the passage of tht Pure Food and Drug Aet
by the Usiited States Congress in 1906 had a great influence on_the chan:
nels that research in food chemistry took. Harvey Wiley, shocked at the
food which could be legally sold in the United States, campaigned for
years for the passage of a bill to restrict filth, decay, and adulteration in
food. After the passage of the bill, there came a long fight for enforce-
ment. As always in the United States, a company or individuat mvst_bc
proved gusity; consequently under the Pure Food and Drug Act proving
that a food did not come up to standard was necessary. The act was ong-
inally administered by the Department of Agriculture; chemists in this de-
partment worked out many tests to detect adulteration and to set up
standards. Eventuaily the methods developed for foods and other pn?duﬂs
were published as the Official Methods of Analysis of the Association of
Officiat Agricuttural Chemists. The eighth edition, published in 1935, runs
to 1,008 pages. .

A phenomenal growth 1n our knowledge of biochemistry has‘ occum‘:d iin
recent years. Metabolic pathways in plants and animals are being clanﬁ_c .
the structure of farge molecules is yielding te study, apphcations of physical-
chemical principles become easier and more meaningful avery day. These
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developments result in a better understanding of the biological materials
which we use as food. It 1s not yet possible to separate completely all of
the compounds which make up a cell or to describe even sketchily all of
the reactions that occur in a cell, but the body of knowledge has now
become large and is rapidly increasing Probably only a rather small per
cent of the reactions that occur when a food is cooked or processed in
some way are known, but more are being studied every day.

Through the centuries that man has known fire, cooking procedures have
developed empirically Many of these processes were the result of trial and
error, while some must have been discovered accidentally. When a man
stumbled on a process, cheese making for example, he handed it down to
s descendants Sometimes 1t underwent modification, but often the same
rules have been followed for gencration after generation. These procedures
have seldom been the result of scientific experimentation where a series of
controlled batches are used and where variations are planned and at least
partially understood Empirical processes usually contain a number of pro-
cedures which are essenuial for success, but sometimes there are procedures
which have hittle or no bearing on the problem. The salt added m salt-
nising bread was thought for gencrations to be important m keeping the
“starter” fresh and sweet. Actually, 1t had lttle eflect on the bactera
and yeasts present.

The food industry developed from smail operations, sometimes built
around one small kitchen with one stove, or a little butcher or grocery shop.
Many industrial processes also developed by trial and error methods To-
day, with nationwide industries and with the growth of a consumer market
which expects and demands a umiform product, it 1s necessary to control
processes carefully This control demands understanding of the process.
Some industries have been very active 1n attempting to develop a scientific
basis for their procedures There has been, for example, a2 number of stud-
1es on orange juice concentration. While these researches are directed to
solving a problem of the orange juice industry, they have contributed 1o
our knowledge of some basic problems n food chemistry. Browning of
orange juice during processing is one of the problems which plagues the
processors, the solution of this problem may have a bearing on browning
reactions in other foods

INDIVIDUAL VARIABILITY

In biochemical research 1t has been recognized for years that an adequate
sample must include a faily large number of individual subjects since
vanability between members of the same plant or amimal species 1s com-
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mon. Thus we can expect every tomato on a single vine to contain ascorbic
acid, but we cannot expect every one 1o have the identical concentration
of ascorbic acid. Added to this is the variability which 1s introduced by
variety and growing condinions. In animals we also find a range of values
rather than exactly the same composition, When we analyze a compound,
we find that each sample has exactly the same composition; but when we
analyze a plant or animal, we find that the values fall into a range.?

An appreciation of varability is essential for anyone concerned with
food chemistry, since it requires that an adequate sample include 2 num-
ber of individuals and also that samples be adequately mixed. If broceoh,
for instance, is analyzed, a number of samples from different plants, grown
in different locations to the same degree of maturity should be used. The
buds and stem must be chopped finely, well mixed, and representative
samples withdrawn. The importance of adequate sampling cannot be over-
emphasized. Too often conclusions have been drawn from small samples,
These conclusions are often not valid.

INDIVIDUAL UNIFORMITY

On the other hand, both plant and ammal tissues have many things in
common. Since all iving things appear to have sprung from the same,
though distant, ancestor, they possess some compounds and some meta-
bolic pathways 1n common. With mutations and the occurrence of varia-
tions or even the development of new species, some differences in chem-
1stry must necessarily be present Often the chemical variation is signifi-
cant but relauvely small. Thus every hving cell contans a number of
protemns, These proteins are not identical, but they have many properties
and some aspects of their structure in common. Another example of uni-
formity 1s the metabolic pathway of glucose or glycogen to pyruvic acid.
This series of reactions 1s used by all plant and animal cells which have
been studied thus far.

An appreciation of uniformity s also important in food chemustry since
the accumulated knowledge is still scanty. We often infer that if a reac-
tion explains an observation in one food, it wil apply to another. Thus
the study of the browning of orange Juice may tell us something about
other browning reactions It ts, however, necessary to maintain 2 critical
as well as a skeptical attitude and to recogmize that although transfer of
nformation from one foad to another may be valid, it must be verified.

METHODS OF SAMPLING
When samples of foods are taken for analysss, they are usually frag-
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mented, minced, or macerated in some manncr. Dry samples are sometimes
ground 1n a ball mill, sometimes by some other device; wet samples such
as plant and ammal tissue are usually ground or macerated. Loss of juice
through the squeczing of the grinder hmives must be avoided or the juice
squeezed out must be returned and mixed with the sample. It is essential
that adequate mixing of the sample occur so that the composition does not
vary from one part to another. With liquids and pulvenized materials, 1t is
fairly easy to pour the sample from one container to another or to mux by
stirring. With solid matcrial such as a frozen food, 1t is necessary to take
drillings or chucks from different parts of the package, and after proper
treatment such as thawing, mix them thoroughly When the package or
batch 1s exceedingly farge, such as a boxcar, 1t 1s necessary to take a num-
ber of samplings Varous devices have been developed for taking cores of
samples at different places in the batch, which are then carefully mixed
and representative samples removed Ofien, guartering 1s used. The sample
is spread on a sheet of paper in a cone and flatiened to a circle. If the
sample 15 very large, a blanket or sheet must be used. The circle 15 di-
vided 1nto quarters and two opposite segments, quarters | and 3, removed
These in turn are quaricred, but scgments 2 and 4 are saved this tme
The process 1s repeated untl the sample 1s seduced to a size suitable for
analysis The sample 15 mixed and often pulverized further between each
quartening

MOISTURE IN FOODS

The most abundant compound, and the one which 1s aimost always pres-
ent in foods, 1s water Occastonally a food such as an o1l will be dry, but
cven crystallized substances which are relatively pure, such as sugar and
salt, contain small amounts of water adsorbed on the surfaces of the
crystals, Cellular matenial, whether plant or animal, contains an abundance
of water In leafy green vegetables there 1s 90 or more per cent water,
while even in cooked meat where some water has been dniven off the
amount 1s between 50 and 65 per cent

In plants and amimals water 1s present i the circulating fluid—the sap
or the blood and lymph—between the cells as intercellular fluid and
within the cells If an animat 1s cut, flnd drips out, even when the stalk of a
plant 15 cut, fluid can sometimes be seen to drip or coze out of the vessels
which carry the sap Within the cells water 1s plentiful 1n the cytoplasm
In some types of plant cells special cell sap vacuoles contain solutions of
compounds dissolved 1n water

The water which 15 present in foods may be held (1) as free hquid in
which substances are dissolved or dispersed, (2) as hydrates, (3) as imbibed
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water in gels, or (4) by adsorption on the surfaces of solids. Examples of
the first type are found in cytoplasm, intercellular fluid, and any of the
circulating fluids of tissues. In the second type, hydrates form either when
hydrogen bonds are established between water molecules and 10ns or mole-
cules which contain oxygen or nitrogen or when the unshared electrons of
the oxygen are coordinated with an ion. Starches, proteins, and many other
organic compounds important in foods, as well as salts, form hydrates.
Imbibed water may not be different from water held as a hydrate. Some
substances pick up water and swell when they come in contact with water.
They are said to *imbibe™ water; this may be accomplished by hydrogen
bonding. The fourth type of water is held on all surfaces exposed to air
in which water vapor is present. *Dry” cocoa holds water and air on the
surface of the particles. Solids which are very finely divided have a very
large surface area and consequently have a high adsorptive capacity.

Hydrogen Bonding

Water molecules are able to attach themselves to other molecules by
means of a hydrogen bond. Water molecules are dipoles in which the hy-
drogen atoms are slightly positive and the oxygen atom slightly negative.
Within a water molecule the hydrogen atoms are bonded to the oxygen by 2
covalent pair of electrons, but the angle between these atoms is 105°, Thus
the four unshared electrons of the oxygen atom are on one side and create
a slight negativity. The oxygen atom holds the electrons closely and draws
them slightly away from the proton. As a result, the oxygen is slightly nega-
tive in comparison to the hydrogens which are positive.

3., &

AN
o e [t
The hydrogen bond or bridge is able to form whenever a slightly pqsitive
hydrogen approaches an atom such as oxygen which tends to be slightly
negative. The small size of the hydrogen atom allows it to come very
close to this atom and establish a weak bond or bridge to it.
87 o8t
—0-- I-‘l{-/’O

In pure water two molecules associate at some temperatures when
one hydrogen is attracted to the shightly negative oxygen of another mole-
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cule of water and association occurs through the hydrogen bond The
strength of the bond between the two molecules 1s not nearly as great as
the strength of the covalent bonds holding the two hydrogens and oxygen
together, but it is much greater than the van der Waal's forces which
hold molecules close together in hiquids and even closer in sohds

Ho

H
“o

n-

Energy in the form of heat must be supplied tn order to disrupt hydrogen
bonds The relatively high boiling point of water, a very low molecular
weight compound, 15 explained on the basis of the heat required to break
hydrogen bonds

Not only can hydrogen bonding hold one water molecule to another, it
can also cause association or hydrate formation between water and com-
pounds which have polar oxygens A compound such as methanol,
CH,OH, or a carbohydrate which has a hydroxyl group will bind water
through hydrogen bonding Indecd, pure methanol will associate with it-
self through hydrogen bonding In large complex molecules which are
cotled and folded water will penetrate within the molecule, forming hy-
drates through hydrogen bonding and causing a change 1n the size and
shape of the molecule

The nitrogen atom s frequently linked to another mitrogen or an oxy-
gen atom through a hydrogen bond Like oxygen, nitrogen tends to be
shightly negative, and 1t will have an attraction for the slightly positive hy-
drogen of a molecule such as water and bond 1t to the mtrogen An amino
group in a compound such as a protein will associate with the hydrogen of
a hydroxyl group 1n, say, methanol The strength of the hydrogen bond 1s
not as strong in this case as 1t 1s with oxygen since nitrogen is not as
negative as oxygen and the hydrogen 1s not held as closely

Hydrates form with those metallic ions which tend to form complexes,
The unshared electrons of the oxygen atom will fill out the shells of the

H-H *+
(o 3
H. - H
L0 Mg O:
H- . “H
1 0. Hydrated Magnesium lon
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ion and hold water to it. Sodium, magnesium, calcium, and many other ele-
ments exist as hydrated ions in solution. The hydration of the hydrogen
ion has been emphasized in recent years by use of a special name, the
“hydronium ion.”

Bound Water

Many years ago it was discovered that some of the water in cellular ma-
terial can be readily removed by pressing or heating, while some cannot.
Gortner attempted to discover why pine needles did not freeze in the win-
ter. He found that needles gathered at that time of year have little water
which can be squeezed out, although in the summer needles this is not true.
In summer less of the water is “bound.” In all cellular material there is
some bound water.

In working with water in food it is important to remember that some of
the water may be bound and very difficult to separate. Often it is extremely
difficult to separate the water without decomposing other molecules present
in the sample.

Determination of Moisture

In some foods the determination of moistuce is relatively simple The
sample is weighed and heated 1n an oven to constant weight, The difference
in weight is the water which has evaporated. The sample is usually weighed
into a flat bottomed, shallow dish made of aluminum or similar material
which will not react with the food nor pick up water readily. The oven
must be thermostatically controlled and is usually set at 100°C or 105°C.
A thin layer of sand, pumice, or asbestos is often added to the bottom
of the dish to support the food particles and accelerate drying.

Many foods decompose to some degree if they are heated to 100°C. This
is true, for example, of all foods which contan fructose. It 1s necessary
to dry them in a vacuum oven where the temperature is maintained at a
lower figure and the pressure 1s reduced to facilitate loss of moisture. An
alternative method with foods sensitive to heat is use of a vacuum desic-
cator with sulfuric acid as the drying agent. The samples are again dried
to constant weight.

Those foods which contain volatile compounds other than water must be
treated by another method. None of the weight-loss methods are adequate
to differentiate between loss of water and loss of some other volatile sul{-
stance. The immuscible solvent distillation method can be used for this
purpose The sample 1s placed in a flask which 15 connected with 2 reﬂl{x
condenser equipped with a distillate trap. (See Figure 1.1.) The sample is
covered with a smtable solvent and the trap filled with the solvent. The

8
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FIGst 11 Arearatin qor 1
Devesvinanion or Momarw s
Foons An tmmiscibie hyguid such av
toluene bouls ofl with the wates
Water 15 trapped and menured n
side vewel

solvent must he tmmiscible with water so that as they disull separation of
the two liquids can occur Toluene v most commonly used, although
X¥lene and heprane are sometimes employed The flask 15 heated and the
¥2pors of wafer and solvent are condensed by the condenser and drop
nto the trap. The lighter solvent flows over into the flask, but the water
'S captured 1f the trap 15 calibrated. the amount of water distilled out of
the sample can be read drrectly ' ¢

Nuclear magnetic resonance has been developed into a rapid and simple
method for the determinanion ol mosture in samples, particularly solds.
The €quipment 1s rather expensive, but 1t 1s possible for an untramed per-
Son to make numerous determinations in a very short time The mstrument
€an be calibrated 10 read per cent moisture directly Nuclear-magnetic-
fesonance measurements depend on the magnetic behavior of the nucler odf
loms All nueles are positively charged owing to their load of protons an
many spin either clockwise or counterclockwise. The rotation of a charged
body creates 5 magnetic field Only those nucler which have an even num-
ber of protons and neutrons (,C'%, ,0%, and ,,$") do not appear to have
31 angufar momentum or create this tiny magnetic field 1f spinning nuclei
are placed in the field of a magnet, the magnetic field exerls a torque on
them and tengs to align them with the ficld They absorb radio-frequency
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FIGUREL 2 NUCLEAR MAG-
NETIC RESONANCE DERIVATIVE

Swater line
OF ABSORPTION CURVE OF Ma-
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amplitude : TERIAL CONTAINING SOLID AND
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P et ———
those in water (“water hne™).
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Schiumberger Corp
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energy and precess at a definite frequency like tiny gyroscopes. The fre-
quency of the energy which can be absorbed 1s characteristic of each 1s0-
tope. Thus 1n a magnetic field of 1700 gauss, hydrogen will absorb energy
at 7.25 megacycles and change to another magnetic energy level. The
amount of energy absorbed will be proportional to the quantity of hydro-

gen present 1n the sample.

The apparatus is designed to measure the absorbence of energy when the
sample is placed inside a coil supplied with radio-frequency current. The
coil is mounted between a large permanent magnet. The field strength of
the magnet is slowly varied; and when it crosses the NMR value for the
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Courtesy of H Rubin,
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artieular 1sotope, the nucler absorb energy and shift magnetic energy
evels The amount of enerpy absorbed is recorded

Many compounds other than water contamn hydrogen, but the nature of
he compounds and particularly the physical state of the compounds
ave an effect on the width of the hne and shape of the cunve produced.
n hiquids the motion of molecules s <o rapid that the effect of the mag-
etic field created by neiphboring nuclet is smoothed out. In many samples
ater 1s the only liquid preeent
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CHAPTER TWO

Fats and
Other Lipids

LIPIDS ARE ONE OF THE LARGE GROUPS of organic compounds which are o
great importance in the food we cat because they are readily digested anc
utilized 1n the body. They are widely distributed and almost every natura
food has considerable quantities of them. Fruits and vegetables are no
ordinarily thought of as sources of lipids, but we find that most of them
contain between 0.1 and 1 per cent total lipid, usually listed as fat.

A few fruits and vegetables are rich sources of these compounds. Thus
an avocado contains an average of 20 per cent lipid while a ripe olive
has about 19 per cent. Whole-grain cereals have from 1 per cent for whole
barley on the dry basis to 7.4 per cent for dry oatmeal, while nuts are
very rich in lipid. Pecans average 73 per cent and Enghsh walnuts about
64 per cent. But the natural foods which contribute the largest amounts
of these compounds to our diet are the animal products—meats and fow},
mulk and milk products, and eggs.

Fats are also often added to foods during their preparation, either as
shortening, as a method of transferring heat n frying, or for flavor and
richness in preparing vegetables, puddings, etc. Occasionally lecithin 15
added as an emulsifying agent, but the fats are by far the most important
additives among the hipids.

OCCURRENCE IN FOODS AND COMPOSITION

The American diet 1s unusually rich in fats and other lipids. During
recent years the percentage of calories derived from fat has mcreased mark-
edly in the average dict. Many nutritionists and physicians are alarmed at
this high consumption and consider it unwise. Table 2.1 shows the con-
sumption of fats 1n the United States in recent years. The problem of diet

fat is briefly discussed on page 62.

-



FATS AND OTHER LIPIDS

The lipid fraction of a food is usually separated from the other com-
pounds present in the food by extraction with a solvent such as petroleum
ether, ethyl ether, chloroform, or benzene, and is reported cither as “ether-
soluble fraction” or “crude fat.” Actually the fraction contains not only
true fats but also waxes, complex lipids such as phospholipids, derived
lipids such as the sterols, and many pigments, hormones, and volatile oils.

TABLE 2.). CONSUMPTION OF FOOD FATS AND OItS, EXCEPT BUTTER*

1955-56 1956-57
{Mithon Lb)
Stocks, Beginning of Period 934 949
Produced 8347 8209
Total 9291 9158
Stocks, End of Period 949 776
Total Disappearance 8342 8382
Export 2002 1937
Domestic Use 6340 6445

*FromJ Am Od Chemusts Soc Nov 1957.p 8

Occastonally this crude fat fraction ts further separated. The sample 18
boiled with an alkali such as sodium hydroxide and by saponification the
fats, waxes, compound lipids, and free fatty acids then form soaps. These
disperse n the water layer and other products such as glycerol and phos-
phates dissolve 1 water, but the sterols, pigments, hydrocarbons, etc. are
msoluble The “sapomfiable fractton™ thus includes all hpids except the
sterols, pigments, and hydrocarbons Sapomfication of the *“saponifiable
fraction” (fats, waxes, and phosphatides) 1s shown diagrammatically below:

“CrUDE FAT” SAPONIFICATION
Fats Na salts of fatty acids + glycerol
(soaps)
Waxes NaOH Na salts of fatty acids + alcohol
Phosphatides Na salts of fatty acids + glycerol
{Phospholipids) + Na,PO, + amine
Sterols
Hydrocarbons NaOH No Reaction
Pigments — *‘nonsaponifiable™

The fat content reported in foods 1s often this “crude fat” and represents
total Lipid content rather than true fat

13
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Little information on the distribution of lipids in the crude fat fraction of
most foods is generally available. In animal tissues true fat is found pri-
marily in the adipose tissues, while the active tissues, those which use con-
siderable oxygen and produce much carben dioxide —the muscles, nervous
tissue, and glands—contain relatively little fat in the lipid fraction and
much more of the complex lipids and sterols.

The fats and oils of commerce are for the most part mixtures of fats, the
triglycerides of fatty acids.

C,,H,,CO0CH,
C,,H,,COOCH
Cy;H, COOCH,

A Fat
Some of the purified oils and fats contain only very small amounts of other
compounds, and these, for the most part, have little or no effect on flavor,
color, or development of rancidity. In the crude ols, particularly those
from seeds, there are considerable quantities of Jecithins,

C 1 H g COOCH,
CrrHgCOOCH
o

i
(CHy) ,NCH,CH,OPOCH,
o=

A Lecithin
cephalins, and other lipids which have not been completely identified.
C,,HMCOOC{HZ
C,sHyCOOCH
0o

|
H,NCH,CH,0POCH,
+ o

A Cephalin

i ides present may
In freshly extracted corn or soybean oil, the phosphati
be as high as 2 or 3 per cent, but on purification most of these compounds

14



FATS AND OTHER LIPIDS

are removed. Sterols are

cH,
M
~CH,
cH
_CH,
én,
HO i
cH

PARN
CH, CH,
Cholesterol, A Common Ammal Sterol

cH,
cH, |
cri\(lm2

cH,
én
HO | ~C,H,
~CHL
¢, CH,

Sitosterol, A Common Plant Sterol

also present 1n crude oils to an appreciable extent They vary from halibut
Tiver o1l with 7 6 per cent sterol to beef tallow with 008 per cent, with
fourteen oils 1n the range from 0.1 to 1 per cent, The sterols occur in crude
fats both as free sterols and as esters of fatty acids. They are partially re-
moved during the alkaline refining of the oil, but even in refined oil there is
still some sterol. The phytosterol content of common vegetable oils is given
m Table 2.2, “Phytosterol” includes all plant sterols with sitosterol the
most common, They constitute the major group of compounds in the non-
saponifiable fraction of fats and oils.

Hydrocarbons are also present 1n some natural fats and oils. Squalene,
Cy,Hyy, 15 2 highly unsaturated hydrocarbon with the formula

{CH,),C=CH(CH,),C{CH,}=CH(CH,),C(CH,)=CHCH,—},
and occurs not only in fish liver oils but also in olive, rice bran, and

many others. Gadusene, C,,H,,, is named for the cod, Gadus, and was first
isolated from that oil. Pristane, C,;H,,, zamene, C,,H,,, and cctorhinene

15
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are also in fish oil. The formula for zamene has recently been determined by
Christensen and Sorensen* to be

CH,~C(CH,}(CH,),CH(CH,)(CH,),CH(CH,)(CH,),CH(CH,),
2, 6, 10, 14 pentadec-l-ene

Waxes and some free fatty alcokols occur in very small amounts in fats
and oils. The wax in corn oil has been reported to be composed of a mix-

TABLE 2.2. PHYTOSTEROLS IN VEGETABLE ONS*

mg/100g
Castor Bean 500
Cocoa Butter 170
Cocoa Butter 200
Coconut, Hydrog. 798
Coconut &0
Coconut 80
Corn 580
Cotn 1000
Corn Germs 800-1000
Cottonseed 3.2
Cottonseed 260
Crisco 32
Olve 1337
Olve 200
Peanut 419
Peanut 200
Peanut 190
Sesame 5944
Sesame 520
Soybean 90
Soybean 380
Soybean 195
Soybean 230
Wheat Germ 3600-6700

*From Lange, W ,J 4m Oif Chemust’s Soc . 27, 414-422 (1950)

ture of myricyl isobehenate and lignocerate, while another sample was re-
ported to contarn the esters of cetyl alcohol rather than myricyl.

C,,H,,C00C, H,, C,;H,,CO0C,H, C,,H,,CO0CHjy
Myricyl Isobehenate ~ Myricyl Lignocerate Cetyl Lignocerate

The coloring matter of fats and oils is composed of numerous pigments.

16



FATS AND OTHER LIPIDS

An orange-ted or yellow pigmentation is usually caused by the presence of
carotenoids which are soluble in oils Carotenoids are highly unsaturated
hydrocarbons, and when oils are hydrogenated, hydrogenation of the pig-
ments also occurs with a reduction 1 color. Carotenoids are unstable at
high temperatures, and if a fat or oil is treated with steam there is some
loss of color. They cannot be removed by oxidation since 1t brings the fat
or o1l at or near to rancidity They are, however, readily adsorbed on some
adsorbants such as fuller’s earth,

The darkening which some oils show on hmited oxidation is caused by
the oxidation of tocopherols, the vitamin E substances present in some
Tocopherol content of some fats 1s shown in Table 2.3. Occasionally when
the oil 1s made from a green plant product, some of the chlorophyll will be
carried along and color the o1l This 1s undesirable and very difficult to re-
move. Brown pigments are usually only present in oils which are prepared
from rotten or damaged plant products and are believed to anse from the
disintegration of protein and carbohydrate molecules

We see, therefore, that most foods and food products contain not only
true fats, but a great many related compounds The classification “crude
fat” or even *“fat” 1n food composition tables usually refers to the sum of
these compounds. Even punfied fats and oils contain small amounts of
compounds other than simple fats, the triglycer:des of fatty acids. The
other compounds present are (1} the complex lipids—Ilecithins, cephahins,
other phosphatides, and glycolipids; (2) sterols, both free and combined
with fatty acids as waxes, (3) free fatty acids, (4) waxes; (5) pigments
which are hipid soluble, and (6) hydrocarbons

EDIBLE FATS AND OILS

Much of our discussion will be confined to the prepared edible fats and
oils which are sold i a fairly pure state A great body of research has
been built up around these foods because of efforts to differentiate one
from the other so that a cheap oil 1s not sold for a high-priced one and
also because the manufacturers of shortenings have engaged in consider-
able investigation. For many generations lard was the animal fat of choice
n preparing doughs and batters since 1t has sufficient plasticity at room
temperature so that st will cream with sugar and mix with egg or egg yolk.
But today in the Umited States the use of lard 1s small compared to the
use of “shortenings  Sometimes the shortenings are hydrogenated vege-
table oils, sometimes they are punfied and standardized ammal fats. The
market 1s hughly competitive and during the years of development of
these products much has been learned about fats.
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Fatty Acids

Natural fats are mixtures of mixed glycerides in which the three fatty
acids esterifying glycerol differ from each other. Little or none of the
simple glycerides are present. Since the solubilities of these mixed glycerides
are very similar, it is extremely difficult to fractionate them and to suc-
ceed in describing them in terms of the molecules present. After hydrolysis
it is possible to separate the fatty acids; the available analyses of natural

TABLE 2.3, TOCOPHEROL CONTENT OF FATS*

mg/i00g

Cocoa 123
Cocoa 28
Coconut 5
Coconut 83
Corn, Mazola 119,102
Crude 110
Refined 104
Cotronseed, Refined 83-110
Crude 110

Olive 330
Peanut, Refined 2654
Crude 40-52
Safflower, Crude 80
Sesame, Refined 1365
Soybean, Refined 99:175
Wheat Germ 140-520

I of F ing on C d Ol
Crude 1028
‘Water Washed 1020
Alk Refined, Bleached, Filtered 1007
Refined, Bleached, Filtered, Deodor. 959
Refined, Bleached, Filtered, Hydrog. 983
Refined, Bleached, Filtered, Hydrog., Deodor. 916
*From Lange, W .J Am On Cherust's Soc , 27,414-422 (1950}
actual

fats are usually based on an analysis of the fatty acids rather than the
mixed glycerides which occur in the natural product. Percentages of faity
acids by weight in some common fats are shown in Table 2.4. .
Sometimes groups of fatty acids are separated. Molccular. welg!
the presence or absence of unsaturation affects (1) solubility in watcff h(us
volatility with steam, and (3) solubility of salts in water and alcohol.

ht and
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no fatty acid above lauric acid, C, H,,;COOH, 15 soluble in water even at
100°C. Butynic {C,), caproic (C,), capryhc (C,), and capric (C,,) are vola-
tile with steam, while Jauric {C,,) and myristic {C,,) arc slightly volatle.
The kead salts of the low molecular weight acids and unsaturated acids are
more soluble in ethyl alcoho! than are the high molecular weight, saturated
acids,

TABLE 24 PERCENTAGE OF FATTY ACIDS BY WEIGHT
IN SOME EDIBLE FATS AND Ofts*

Cottan Leafl Beel Mutton

Faty Acids Corn®, Sced®, Olne.. Lard,°, Tallow.®, Tallow,% Butter %
Mynistic

C,,H,CO0H 1 1 1 2 2 10
Palmitie

€4, COOH 6 2 9 28 2 3 30
Stearic

c,H,CooH 2 2 1 8 15 19 n
Arachidie

C, H,,coon 1 t 1 - - - —
Olac

C,H,CO0H 37 25 80 56 29 43 30
Linolese

C H,,CO0H 54 50 8 s 2 2 3
Butynic

C,H,CO0H - . -~ - - — 3
Caproic

C,H,,CO0H _ - _ _ — - 2
Total 100 100 100 98 100 100 99

*Adapted from Bailey, A L, “The Chemustry and Technology of Food and Food Products,” edited
by Jacobs, M B, 1, 581-582, {nterscience Publishers, [nc . New York, N ¥ . 1944

The groups of fatty acids are further separated 1nto indwvidual com-
pounds by esterification to form either the methyl or ethyl esters followed
by fractionation, They have been fracuonated by very careful distillation at
extremely low pressures, by crystallization {rom solvents at low tempera-
tures, by counter-current distribution 1n which they are partitioned be-
tween two solvents, and by gas chromatography. Adsorption spectra with
fine separation of wave lengths 1s used to identify and even determine
quantities of fatty acids.

Gas chromatography 1s a techmque in which the methyl or ethyl esters
of the fatty acids are passed over a column composed of a solid wet with
some liquid in which these esters will dissolve. A gas, usually helum,
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Courtesy of Wilkens Instrument and Research, Inc.

then flows over the column and removes fractions. The most volatile will

come off the column first.

The infra-red spectra of fatty acids an
established, and study of the spectrum o
tion about the composition. High resolution of the line:
portion of the spectrum is necessary in order that the presence
bonds and cis or trans isomerism may be demonstrated.?

The total unsaturated fatty acids are determined by methanolysis with
methyl alcohol-sodium hydroxide followed by oxidation with standard
potassium permanganate. The method has now been extended to melude

d their esters have now been well
f a fat or o1l gives much informa-
s the fra-red
of double
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the saturated fatty acids After oxidation the acid oxidation products
are removed by washing with alkali. The saturated methyl esters are re-
moved, dried, and weighed. Esters of fatty acids containing 16 or more
carbon atoms with only small amounts of C,, are included among these
saturated methyl esters,!*

R, COOCH,
RCOOCH  + gcioH T

R,CH=CH(CH,),COOCH,

HOCH,
|
R, COOCH, HOCH
+ +
RCOOCH, HOCH,

KMnO,

+
R,CH=CH(CH,),COOCH,  ——> R,CSOH
HOOC(CH,),COOCH,

The fatty acids which are commonly present in natural fats are re-
stricted to a surpnisingly small number of possible compounds. The com-
mon fatty acids are given 1n Table 2.5. Most of the acids are straight-
chain acids and, except for the low molecular weight acids, fatty acids are
exclusively composed of acids with an even number of carbon atoms. The
unsaturated acids have the possibility of either cis or trans 1somerism, but
1 nature only the cis 1somer occurs However, since formation of the
trans 1somers occurs when a fat 1s heated to a high temperature, is hydro-
genated, or comes 1n contact with a number of catalysts, many fats and
o1ls :n commerce do contain trans 1somers In the unsaturated acids, 18 is a
common number of carbon atoms and scarcely any fat lacks oleic acid. A
common position for the double bond 1s between the ninth and tenth car-
bons as in oleic, linoleic, and linolenic acids. When there are two or more
double bonds, they are separated by a CH, group. Conjugation does occur
in a few fatty acids, but this 1s rare and occurs primanly in those fats
which are used as drying oils.

Identification of Natural Fats and Oils

We will consider in this section the role of physical and chemical proper-
ties
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TABLE 2.5, MELTING POINTS OF COMMON FATTY ACIDS {MOST STABLE FORM)

No of Carbon
Atoms  Fatty Acids P::‘:ll ::‘gc
Saturated

4 Butyric C,H,CO0H -79

6 Caprotc C,H,,COOH -34

8 Caprylte  C,H,,COOH 163

10 Capne C,H,,COOH 316

12 Launic C,,H,,COOH 442

14 Mynistic C,;H,,COOR 544

16 Palmitic  C,,H,,COOH 629

18 Stearic C,,H,,COOH 696

20 Arachdic € ,H,,COOH 753

22 Behenie C,,H,,COOH 799

24 Lignoceric  C,,H,,COOH 84.1

Unsaturated

16 Palmioleic  CH(CH,),CH=CH(CH,),COOH 05
9-hexadecenoic

18 Olec CH,(CH,),CH=CH(CH,),COOH 163
cis-9-octadecenorc

18 Ehidic CH(CH,};,CH=CH(CH,)},COOH a7
trans-9-octadecenoic

18 Linoleic CH,(CH,) CH==CHCH,CH=CH(CH,),COOH -50
cis-c18-9-12 octadecadienoic

18 Liolenic CH,CH,CH=CHCH,CH=CHCH,CH=CH(CH,),COOH -110
£15-615-i5-9-12-15 octadecatrenoic

20 Arachidonic CH((CH,),CH~(CHCH,CH),—CH(CH,),COOH -49.5

5-8-11-14
22 Emcc CH,(CH,),CH=CH(CH,), COOH 133

cis-13 cocosenorc




FATS AND OTHER LIPIDS

Physical Propertics. The physical propertics of the natural fats and oils
are often used to identify them. Usually more than one property is
measured so that the identification can be made with some assurance since
natural fats and oils vary somewhat in their properties. Their composition
is not constant but vanies slightly with climate, soil, and variety for vege-
table o1ls, and with nutrition, season, and breed for animal oils.

Melung Point Fats do not melt sharply but soften over a range of tem-
peratures, and 1t is therefore impossible to apply the melting point tech-
nique, used in the identification of pure organic compounds, to them,

If a fat, a fatty acid, or some esters of fatty acids are heated very
slowly, they will melt, exist as a liqmd as the temperature nises, and then
solidify again A second melting will then occur at a higher temperature. If
the matenal 1s then chilled rapidly, it will melt at a lower temperature
when 1t 1s warmed agamn This behavior has been known for many years,
but 1t 1s only in recent times with the use of modern techniques that the
explanation has been possible Polymorphism, the occurrence of more than
one crystalline form, explains this phenomenon

Polymorphism s found 1n many long-chain carbon compounds. The
number of crystalline forms possible for each fatty acid or each ester is
sull a matter of debate since many of the forms show melting points so
close together that 1t 1s difficult to separate them However, for some com-
pounds several crystalline forms have been established These are desig-
nated alpha, beta, and gamma, the melting points of triglycerides are given
1n Table 2 6 In compounds with several crystalline forms, one form s the
most stable and tends to be estabhished

Polymorphism 15 immportant to the understanding of the melting-point
behavior of fats, fatty acids, and therr esters Furthermore, poly-
morphism plays 2 sigmficant role in any operation where fats are solidi-
fied In this latter instance environmental conditions must be controlled
so that the product will be umform—for example, when chocolates are
dipped, the formation of the high-melting forms 1s produced by control-
ling the temperature of sohdification

When melting point 1s used to identify a fat, all aspects of the pro-
cedure must be carefully controlled. A number of procedures have been de-
veloped and a few will be described brefly.

Solid fats are plastic over a fairly wide range of temperatures. By plastic
we mean that they are soft and can be deformed, but do not have the ability
to flow. The spreading quality of butter 1s the result of its plastic nature

When solid fats are exarmined microscopically, we see that they are com-
posed of a mass of tiny crystals 10 a matrix of liquid fat. The crystals are
not enmeshed but are able to shde by one another and consequently give
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0

TABLE 2.6. MELTING POINTS OF DIFFERENT FORMS OF
SIMPLE TRIGLYCERIDES IN *C*

Trglycenide ~-form a-form P-form
Tricaprin -15 180 s
Trilaurn 15 350 464
Trmyristin 33 465 510
Tnpalmtin 45 560 655
Tristearin 545 650 75
Triolein -32 -12 50
Trielaidm 155 310 Toas
Trerucin 6 25 325
Trlmolern — -43 ~131

*From Bailey, A E., “Industrial Qi 2nd Fat Products,” 60, Interscience Publishers, Inc, New
York,N Y, 1945

the mixed-fat 1ts plastic nature. A fat composed of only one kind of mofe-
cules does not possess this property of plasticity since it is, at any given
temperature, composed either entirely of crystals or is liquid.

As a fat 15 warmed, the number of crystals distributed through the liquid
fat diminishes and the amount of liquid increases so that the fat softens. If
the number of crystals exceeds a critical amount, the fat will be hard and
brittle and will lose plasticity. On the other hand, if the amount of liquid
exceeds a critical level, the fat will flow.

Natural fats are complex mixtures of glycerides each with its own char-
acteristic melting point. As the temperature of the fat is rased, the melting
pormnt of first one and then another of these glycerides is exceeded. Eventu-
afly a temperature is reached at which all of the glycerides have melied
and the fat 15 iquid. The temperature at which this occurs is not sharply
defined. The problem is further complicated by the fact that glycendes are
soluble in one another. A particular type of molecule may dissolve in the
liquid portion of the fat at a temperature considerably below its melting

oint.

° Glycenides also have a tendency to supercool, 1.e., 10 remain as liquids at
a temperature below their melting point as they are cooled down from 2
higher temperature. The consistency of a fat at say 30°C may be different
If it is heated slowly from room temperature than if it has been quickly
cooled from a hgher temperature After standing, it will again come to
equilibrium and the effects of supercooling will disappear.

The Softening Powtt of a fat 15 sometimes determined as a means of
identification, but 1t cannot be applied to ail fats Capillary tubes are
filled with o1l and packed m ice over mght so that the oil can solidify
and come to equilibrium. The capillary tubes are clamped to a thermome-
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ter and submerged in a beaker of water. The temperature is slowly raised
and the temperature at which the column of fat riscs in the capillary tube
1s called the softening point. The method gives reproducible results with
some fats, rather poor results with others. while on lard compounds, for
example, it cannot be used

The Slipping Point is another empirical method used to identily some
natural fats and fat compounds Small brass cylinders, filled with the solid
fat, arc suspended 1n a bath close to the thermometer. As the bath is
stirred, the temperature 1s slowly raised. The pont at which the fat rises
in the cylinder, or ships, is recorded as the shp point. The shp point is
related to the air or water beaten into the fat duning its manufacture as
well as the composition of the fat. The ship point cannot, therefore, be re-
peated on a particular sample with reproducible results

The Shot Meltng Pomt 1s the temperature at which a small lead shot will
fall through a sample This method has some usefulness

Why natural fats and oils differ 1n therr melting behavior has been the
subject of a great deal of study. How vanations in the composttion of a
fat and oil influence the melung has been studied 1n many free fauy acids
and pure glycenides Likewise, analysis of the fatty acids present in fats
and a comparison with the melting point gives some information In gen-
eral fats which contain relatively large amounts of unsaturated fatty acids
have relatively low melting pomts and are usually oils at room tempera-
ture, while those with relatively large amounts of saturated fatty acids
have higher melting points When the melting pomnts of pure, simple tri-
glycendes are determined, 1t 1s found that lengthening the carbon cham
of the faity acds increases the melung pomnt For example, the melting
poimnt of trimynisun (alpha form) 1s 46 5°C, tnipalmitin, 56 0°C, and tri-
stearin, 650°C Thus fats which are mixtures of glycenides of long chain,
saturated fatty acids have hgher melting poimnts than those which have
enther numerous unsaturated fatty acids or short chain ones, or bath (see
Table 2 6)

Spectfic Grawity The specific gravity of oils and fats 1s determined by the
usual methods The temperature 1s carefully controtled since sigmificant
changes 1n these compounds occur in short ranges of temperature, The spe-
afic gravity of a fat or o1l 1s usually measured at 25°C, but it may be neces-
sary to use temperatures of 40°C or even 60°C for high-melting fats.
Vanations 1n the specific gravity from one oil or fat to another are not
great In general, either unsaturation of the fatty acid chains or increase in
chain length of the fatty acid residues tends to increase the specific gravity

Refractive Index The index of refraction is the degree of deflection of a
beam of light that occurs when 1t passes from one transparent medium to
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another. The refractive indices of fats and oils are often measured both be-
cause they can be rapidly and accurately determined and because they are
useful in identification of these substances and the testing of their purity.
An Abbé Refractometer with temperature control is used and the measure-
ment is usually at 25°C, With high melting fats 40°C or even 60°C can be
used, but temperature must be controlled and noted. The index of refrac-
tion decreases as the temperature rises; however, it increases with increase
in the length of the carbon chains and also with the number of double
bonds present.

Smoke, Flash, and Fire Points. The smoke point is the temperature at
which a fat or oil gives off a thin bluish smoke. It is measured by a
standard method in an open dish specified by the American Society for
Testing Materials so that the evolution of smoke can be readily seen and
reproduced. The flash point is the temperature at which the mixtures of
vapor with air will ignite; the fire point is the temperature at which the
substance will sustain contintued combustion.

For a given sample of oil or fat, the temperature is progressively
higher for the smoke point, flash point, and fire point. Table 2.7 gives
data for a few oils with flash points measured in an open cup. The tem-
peratures vary with the amount of free fatty acids present in an ol or
fat, decreasing with increased free fatty acids. Since the amount of free
fatty acids changes with variations in refining, the history of the oil or
fat 15 important. The smoke point of a fat used for deep fat frying de-
creases with use of the fat. Fats and oils with low molecular weight fatty
acids have low smoke, flash, and fire points. The number of double bonds
present has little effect on the temperature required. Smoke, flash, and fire
points are particularly useful in connection with fats used for any kind of
frying.

Turbidity Point. The turbidity point of an oil is determined by cooling
a mixture of it and a solvent in which it has a limited solubility. The mix'-
ture 1s warmed until complete solution occurs and then slowly cooled UI.ltll
the oil begins to separate and turbidity occurs. The temperature at which
turbidity first is detectable 15 known as the turbidity point. The first so.l-
vent employed was glacial acetic actd in the Valenta test; but since it 15
difficult to keep the acid pure and since moisture has a marked effect on the
test, other solvents have been substituted. In the Crismer test the solvent
is methyl alcohol while in the Fryer and Weston modification of the Cris-
mer test 1t is an equal mixture of 92 per cent ethy! alcohol and amyl al-
cohol Data for some o1ls are given in Table 2 8

The turbidity point determined for any one oil does show a range of
values. It 1s particularly sensitive to the presence of free fatty acids and @
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TABLE 27. SMOKE, FLASH, AND FIRE POINTS OF OILS*

Smoke Pownts Pl Poimis Fire Poims
(Open Cup)
ol ‘r c r ‘C °F ‘C
Castor, refined 392 200 568 298 635 335
Castor, dehydrated 348 176 570 299 638 kir)
Corn, crude 352 173 562 294 655 346
Corm, refined 440 221 618 326 678 359
Linseed, raw 325 163 5%0 287 667 353
Linseed, refined 320 160 588 309 680 360
Olive, virgn 391 199 610 321 682 361
Soybean, expelier, trude 357 181 564 296 664 351
Soybean, extracted, crude 410 210 603 an 670 354
Soybean, refined 492 256 618 326 673 356
Penlla, raw 321 161 575 302 678 359
Penlla, refined 352 178 608 320 685 363
Penlla, refined 408 29 615 324 685 363

*From Detwiler. § B and Markley, K S, “Smoke, Flash, and Fire Points of Soybean and Other
Vegetable Oils,’ (il and Soap. 17,39 (1940)

correction factor must be introduced for these acids Nevertheless, different
ails show a wide enough range of values so that the test has value in the
differentzation of some otls and (n the detection of adulteration.

Chemical Properties. A number of chemical tests have been evolved dur-
ing the years of study of oils and fats which are based on the partial de-
termination of the chenucal composition of the oil or fat. These tests serve
both to identify the fat and to detect the presence of adulteration. All oils
and fats show some range of values, therefore sometimes more than one
test 1s necessary A few of the most commonly used tests are given below.
The Reichert Meiss) Number 1s 2 measure of the amount of water-soluble
volatile fatty acids; the Polenske Number measures the amount of volatle
msoluble fatty acids; the Saponification Number, the amount of potassium
hydrox:de required to sapomfy the fat; and the Iodine Number, the amount
af unsaturation present These chenuical tests, then, differentiate fats and
oils on the basts of the chemical composition of the various triglycendes
present in the mixture,

The Retchert Meissl Number 15 defined as the number of milliliters of
0 1N alkal (such as potassium hydroxide) required to neutralize the vola-
tile water-soluble fatty acids 1n a 5 g sample of fat. The volatile acids will
be those in the range of molecular weights from butyric (C,) to myristic
(C,,) acid. The Reichert Meussl test determunes the amount of butynic and
caproic acids which are readily soluble in water and the caprylic and capric
acids which are slightly soluble. The Polenske Number 1s the number of
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TABLE 2.8. CRISMER TESTS FOR VARIOUS OIS (FRYER AND WESTON}*

Acidity Observed Correction
(As Olexc) Crismer Factor for Corrected

FatorOil Per Cent Value Acidity Value
Penlla 55 430 205 603
Linseed 20 583 205 624
Tung 09 740 205 758
Soybean 12 65.0 205 67¢
Niger 22 57.5 205 600
Sunflower 22 595 205 640
Corn 28 62.5 203 682
Cottonseed 01 650 203 652
Sesame 40 605 203 68.1
Rape 06 823 161 833
Almond 09 632 207 701
Peanut I 720 207 743
Otive 07 67.8 207 692
Olive 1.8 65.5 207 692
Olve 36 61.5 207 690
Cacao 29 e 172 70
Chinese Vegetable Tallow 69 540 1.72 659
Palm (3] 680 1.72 682
Lard 09 708 213 727
Tallow ot 725 213 727
» Butter fat 19 4430 1.54 460
+Coconut 00 340 201 340
Coconut 16 300 201 332
Palm Kernel (19 400 201 400

*From Jamreson, G §, “Vegetable Fats and Quls,” 2nd ed, 36, Renhold Publishing Corp., New
York.N Y1943

milliitters of 0.1 alkali necessary to neutralize the volatile, water-insoluble
fatty acids whuch are present v a 5 g sample. These two dctcrmination§ are
readily run on the same sample of fat and the Kirschner Value, described
below, also can be carried out on the same sample.

Soluble—C,and C,

glycerol
Fat Nt . Na,50,
sodium soaps 252 volatile
free farry &% acids
acids C,to C, |\ nsoluble—C,to C,,

A § g sample of fat is introduced 1nto a flask and treated either with a!-
coholic sodium hydroxide or sodium hydroxide in glycerol. If alcohol is
used, it must be removed by evaporation before the fatty acids are neutral-
1zed Saponufication occurs rapidly under the conditions of the expenment;
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the soaps are ncutralized with sulfuric acid, and the mixture distilled. On
condensation of the distillate the incoluble fatty acids precipitate. The
distillate is filtered, an aliquot of the filtrate is utrated with standard
potassium or sodium hydroxide and the Reichert Meissl Number calcu-
lated. The condenser, receiver, and filter paper are washed with water, and
the msoluble fatty acids are dissolved 1n succeeding portions of ethyl al-
cohol This solution is titrated with standard alkali and the Polenske Num-
ber calculated.

All of these determinations are particularly valuable in differentiating
butter from coconut o1l and in detecting adulteration of butter or the sub-
stitution of fat mixtures with the physical constants of butter for it, Only a
small number of other oils contain appreciable amounts of volatile fatty
acids The Rerchert Meissl Number 1s particularly valuable in detecting
adulteration in butter Although the Reichert Meiss] Number varies for
butter with season, nutrition, and ime 1n the lactational cycle of the cow,
it 1s usually between 24 and 34, igher than other edible oils. The distilla-
tion procedure as set up 1n the Reichert Meiss] and Polenske methods does
not remove all of the volatile acids from the saponification mixture; but 1f
the procedure 1s followed accurately and the size of the sample restricted to
S g, reproducible results and valuable tnformation can be obtained

The chief volatile, water-soluble fatty acid 1n butter 1s butyric actd This
15 determined by the Kirschner Value winch measures the potential amount
of soluble silver salts 1n the Rerchert Messl distillate  Silver butyrate 18
soluble 1n water while the silver salts of the other volatile, water-soluble
fatty acids are relatively 1nsoluble. The neutralized distillate from the
Reichert Meissl determenation 1s treated with silver sulfate and filtered The
filtrate 1s acidified with sulfuric acid and distilled. The distillate is care-
fully collected and titrated with O 1V alkals, either sodium, potassium, or

barium hydroxide. Kirshner Value 1s calculated from the following equa-
tion

A x 121(100 4 B)
10,000

Kirschner Value =

where

A = corrected Kirschner titration, and
B = milliters of alkal: to neutralize the 100 ml distillate from
Reichert Metssl

The equation results from the fact that the quantity of distillate collected
from the 5 g sample in the Reichert Meiss! (first) distillation 1s 110 m] while
100 ml 1s titrated, and likewise in the Kirschner {second) distillation. But-
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ter gives a Kirschner Value of 19 to 26, coconut oil approximately 1.9, palm
kernel around I, and other fats and oils between O 1 to 0.2, Butter 1s there-
fore remarkable for the large amount of butyric acid present in it, and it
can be identified on this basis,

The Saponification Number (the Kocttstorfer Number) is defined as the
number of miftigrams of potassium hydroxide required to sapenify 1 g of
fat or oil. When potassium hydroxide reacts with a triglyceride, three
moales of potassium hydroxide react with one mole of fat.

R,COOCH, R,COO0K HOCH,
+

R,COOCH + 3KOH — R,COOK + HOCH
+

R,COOCH, R,COOK HOCH,

If the triglycenide contains low molecular weight fatty acids, the number of
molecules present 1n a 1 g sample of the fat will be greater than if the fatty
acids have long carbon chains and high molecular weights, The fat with the
low molecular weight fatty acids will consequently have a high Saponifica-
tion Number. We find that butter with its unusually high percentage of
butyric acid has the highest Saponification Number.

The method depends on the saponification of a weighed sample of fat of
about 5 g with an excess of standard alcoholic potassium hydroxide. The
potasstum hydroxide 1s carefully measured into the flask with a buret or
pipet. The mixture 1s boiled under reflux condensation until saponification
is complete, and the remainng potassivm hydroxide js determined by back
titration with 0.5/ hydrochloric acid.

Part used in saponification
Total KOH (meq) (Total meq-remaining meq)
Remaining meq by titration

The Saponification Number can then be determined by subtracting fhe
number of milliequivalents of hydrochloric acid used for back titration
from the number of milliequivalents of alcoholic potassium hydroxide in-
troduced, multiplymng by 56.1 mg (milliequivalent weight of KOH) and di-
viding by the wetght of the sample in grams.

{(ml x NKOH) - (ml x N HCI)] x 56.1
g sample

Saponification Number =

The Hehner Value measures the amount of fatty acids which are m.valublle
1n water, Thus fats and ouls which have high Reichert Miss! Numbers will
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have low Hehner Values Since most fatty acids present in natural fats are
not soluble in water, most fats have relatively high Hehner Values The
value can be determined either by weighing a sample of fat and saponifying
it with alcoholic potassium hydroxide or by using the solution from the
Sapomfication Number titration. The alcohol is evaporated, the soaps dis-
solved in hot water, and treated with concentrated hydrochleric acid. Free
fatty acids are formed: and when the mixture is cooled, the insofuble fatty
acids form a cake on the top of the solution. This is filtered on a weighed
filter paper, dried. and weighed.

The Iodine Number 1s the number of grams of iodine or iodine com-
pound absorbed by 100 g of fat. The double bonds present in the unsatu-
rated fatty acids react readily with 1odine or certam iodine compounds
to form an addition compound even while the fatty acid is combined with
glycerol in the fat The lodine Number 1s therefore a measure of the
extent of unsaturation of the fatty acids present in a fat. While oleic acid
contains one double bond in 1ts 18 carbon cham, hinolenic acid contains
three double bonds in 1ts 18 carbon chain Thus a molecule of fat contain-
ing one oleic acid can absorb or react with only one third as much 1odine
(or IBr or ICI) as a molecule of fat containing one Linolenic acid residue,
The fatty acid assortment present tn natural fats 1s fairly characteristic of
the fat. While there will be vanation i each vegetable of with chmate,
soil. and variety and in each amimal fat with nutrnition and breed, the
vanations are smali compared to the variations between fats. The ledine
Number s therefore of great value in identifying fats and oils

The lodine Number 1s determined by dissolving a weighed sample of fat
(0! gto 05 g) in chloroform or carbon tetrachlonde and adding an ex-
cess of halogen After standing i the dark for a controlled period of time,
the excess, unreacted todine 15 measured by thiosulfate titration. In the
Hanus method the standard 1odine solution 1s made up 1n glacial acetic acid
and contains not only 1odine but 10dine bromide which accelerates the re-
action The Wys method uses an 10dine solution made up in glacial acetic
acid but contaiming iodme chlonde as accelerator. The excess 1odine re-
acts with sodium thiosulfate according to the following equation

2Na,8,0, + I, — 2 Nal + Na,5,0,
The end point 1s determined by the disappearance of the blue starch-iodine
color

The Acety! Value 1s a measure of the amount of hydroxy fatty acids pres-
ent tn a fat. Castor ol 1s rich in nicinolesc acid, C,,H,,(OH)YCOOH, and
the determination 1s of value for this and a few other oils Most edible
oils and fats contain only very small amounts or no hydroxy fatty acids.
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on the presence of antioxidants which occur naturally in the tissues and
which are present in the oil when it is pressed. Some natural fats contan
prooxidants which accelerate the onset of rancidity although most of the
prooxidants, particularly the metals and their compounds, are picked up
during processing from the metallic equipment.

The uptake of oxygen and the onset of rancidity seems to be related to
the unsaturation of the fat, although this has been exceedingly difficult to
show by direct comparison of natural fats. Since natural fats vary to a great
degree in the occurrence of antioxidants, it is not surprising that contra-
dictory results have been obtained. Studies of the autooxidation of simple
esters of fatty acids have been more revealing. In one study, the relative
rates of autooxidation under standard conditions were followed by measur-

FIGURE 2.2. RELATIONSHIP  BETWEEN
LivoLeic Acip CONTENT OF ALL-HyprO-
GENATED CoTTON SEED OIL SHORTENING
AND THE STABILITY OF THE SHORTENING
Reproduced from Bailey, A E., “Industrnal
35 30 75 w6 i 1361 Ot and Fat Products,” Interscience Pub-
KEEPING TIME, SWIFT METHOD HOURS hshers, Inc, New York, N Y., 1945

LINGLEIC ACID IN SAMPLEX

ing peroxide formation when oxygen was bubbled through the methyl ester:
oleate, 1; linoleate, 12; hinolenate, 25. Many other studies have been made,
and it is generally agreed that the site of oxidation is the double bond.

The oxidation is not, however, a simple oxidation of the double bond.
Many attempts to analyze the volatile compounds which can be smelled
ina rancid fat show that a very complex mixture of compounds 1s formed-
Heptyl aldehyde has been 1solated most commonly and probably in largest
amount But heptyl aldehyde alone does not have the same quality of odor
which 1s readily detected in a rancid fat. The compounds isolated have
been relatively short chain compounds and include aldehydes, acids, hy-
droxy acids, ketones, and keto acids.

The products formed durng the induction period have for many years
been called peroxides and tests for the most part_have ceatered around
the ability of these compounds to release 10dine from potassium iodide.
This reaction with K1 is very nonspecific, and whether or not the products
are true peroxides has not been proved. In recent years hydroperoxides
have been commonly named as the intermediates, and sevgral theories have
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been developed to explain their formation A number of investigators have
been able to 1solate hydroperoxide from methy! oleate after oxidation at or
near room temperature.

The course of the oxidation is now believed to be a chain reaction and
the current theory suggests that frec radicals are the intermedrates, It has
been necessary to develop a theory which can explain how oleate with a
double bond between carbon 9 and 10 can yield products in which the oxy-
gen is attached to carbon 8, 9, 10, or 11. It 1s suggested that the imtiating
reaction, under the influence of hight, 1s the formation of a double free
radrcal as oxygen adds to the double bond, one on the methylenic carbon
and one on the oxygen. In the equation, unpaired electrons indicate the
site of the free radical,

—CH=CH— + 0, — —CH—CH(00")—

A free radical may react with a methylenic carbon adjacent to a double
bond to form another free radical

R+—CH,CH=CHCH,— —
8 9 o

RH+—CHCH==CHCH,— or — =CHCH—
Gugu=gug, — o — g —gntn

$ !

—GH=CHCHCH, — —GH,CHCH =CH —

Because each of the two free radicals formed 1s a resonance hybrid receiv-
ing contributions from two structures, there are four places at which an
oxygen molecule can add to the free radical:

R* 4+ O, —~ R—00"
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The free radical peroxide may then react with another methylenic carbon
to form a hydroperoxide and another free radical:

R—00" + R—H — R—00—H 4 R*

And s0 a chain reaction has started. With oleate four products—8, 9, 10,
or 11 hydroperoxide form. Linoleate and linolenate are more reactive than
oleate and this theory explains that reactivity. A methylene group between
two double bonds will be more reactive and the possible number of 1somers
formed will be quite large.

—CH,—CH=~CHCH, CH=CH—CH, —

Each carbon in the portion of the chain shown is capable of forming a
free radscal and adding oxygen. Aldehydes and acids will form by cleavage
of the carbon chain at the point of attachment of the hydroperoxide:

~CH~—CH-— — -—CHO or —~COOH
OH

The course of oxidation in a fat is marked by a slow period of oxygen
uptake called the induction period, followed by a much more rapid rate
of absorption of oxygen. Figure 2.3 shows this change in rate of the up-
take of oxygen by peanut o1l as measured by the peroxide value. The graph
also demonstrates the induction period, the time during which the antiox:-
dant js undergoing oxidation. The sample of peanut oil used in this study
was antioxidant-free. Graded amounts of antioxidant were added to §u13~
sequent samples. The series of curves show that as the amount of antioxi-
dant increased, the length of the induction period increased. However,
notice that the point at which the odor of rancidity products could be de-
tected (arrows) was not constant for the various samples.

FIGURE 23 TypicAL STABILITY
CURVES OF FATS AERATED AT
99°C  Antioxidant-feee fat com
tamnmg different amounts of anti-
onidant concentrates {tocopherols)
from peanut ol Arrows indicale
point at which oils smelted rancid
Reproduced from Bauey, A E".
*[ndustnal Oil and Fat Products,
Interscience Publishers, Inc, New
York, N. Y, 1945
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The presence in natural fats of minute amounts of compounds which
protect them from oxidation has been recognized for a long time, But the
identity of these compounds is still not entircly clear. The first compounds
identified were the tocopherols, the vitamin E's discovered by Evans and
his coworkers. Four dillerent tocopherols, «-, #, ¥~ and & tocopherol
occur You will notice that - tocopherol has three methyl groups in 5, 7,
and 8 positions, while 8- and v- tocopherols have two (8- in the 5 and 8
positions, - in the 7 and 8), and 8- only one. The tocopherols are readily
oxidized and consequently protect the fat from oxidation. The amounts of
these compounds present in refined oils are very small, (See Table 2.3,
p. 18) Other antioxidants are believed to occur in natural fats since some
sils with relatively low concentrations of the tocopherols are relatively
stable.

CH,  CH, c‘n3

" M o_cu, | i
m;@i/\[( (Cit,),CH(CH,),CH(CH,),CHCH,

R,

Tocopherols

R, R, R,
« __CH, —CH, ~—CH,
8 —CH, —H —CH,
Y —H —CH,  —CH,
& —H —H —CH,

Numerous compounds have been developed synthetically and may be
added to fats to inhibit oxidation Many of these compounds have been
patented as antioxidants The development of fats which do not require
refrigeration during the few months that they are stored 1n the ordinary
kitchen 1s chiefly the result of the use of these compounds. Some that have
been tried include the o~ and p- dihydroxy benzenes, such as hydroquinone
and pyrogallol; the aromatic amnes, glucamine; gums, and cereal flours.
Sometimes antioxidants show a synergistic effect, two antioxidants may be
r{\uch more effective than would be expected from the sum of their activi-
ties. Butylated hydroxy amsole (BHA) or butylated hydroxy toluene (BHT)
are often combined with propyl gallate An example 15 a solution for pro-
tection of nuts, and composed of 14 per cent butylated hydroxy anisole,
6 per cent propyl gallate, and 3 per cent citric acid in ethyl alcohol.?* A
small amount 15 used 1n nut candy
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The phosphatides, particularly the cephalins, seem to augment the anti-
oxidant activity of other antioxidants such as the tocopherols. Since phos-
phoric acid and other acid products are capable of reinforcing the activity
of some of the phenolic antioxidants, it may well be that the effect of the
cephalins arises from the free hydrogen of the phosphate. Lecithins, how-
ever, do not have this effect.

The onset of rancidity in baked goods follows quite a different pattern
from that of fat alone. The keeping quality of crackers and cookies is of
great economic importance since these products are often stored for ex-
tended periods before they are consumed, and they are not protected from
oxidation. Sugar in cookies and biscuits appears to have a marked inhibit-
g effect on the onset of rancidity. For example, McKinney and Barley
found that biscuits made with hydrogenated vegetable oil became rancid in
80 days; whereas, when sugar was included in the recipe, they did not be-
come rancid until 360 days. Oleo oil and hydrogenated lard gave similar
results, although the difference with lard was not as marked. Rancidity oc-
curred in the lard biscuits in 34 days, in those with added sugar in 50
days.

The effect of spices as antioxidants has been investigated, but the re-
sults are difficult to summarize briefly since considerable difference is ob-
tained with differences in the food observed.® For the most part spices, and
especially cloves, are more effective in a water-fat emulsion than in dry lard
and more effecttve in dry lard than pie crust. In a study of ground pork,
mayonnaise, and French dressing it was shown that allspice, rosemary,
cloves, sage, oregano, and thyme improved the stability of the fats. Flove
has the greatest effect in ground pork, while oregano 15 most active 11
mayonnaise and French dressing. In oil-water emulsions, clove has the
greatest activity, while 1n lard, sage and rosemary are outstanding.

Prooxidants promote the onset of rancidity. It is doubtful whether pro-
oxidants occur naturally m fats and oils 1n significant amounts. Metallic
10ns act as catalysts 1n rancidity reactions, and they are often introduced
in small amounts during the refining of the oil. If 2 small amount of rust
1s formed 1n steel equipment, it readily dissolves, or if copper vessels are
used, small amounts of copper oxide may be dissolved. Since these metals
are actwve at concentrations measured by parts per mullion, the nature of
the utensils, pipes, and valves with which the o1l comes in contact during
refining 15 of great importance 1n 1ts resistance to rancidity. .

Tests for Rancidity. Rancidity tests have developed over the years I
order to estabhsh sensitive control of the stability of fats or the fOIOdS
1n which they are used.® The more common tests are (1) Peroxide Vﬂh[’::
(2) determination of carbonyl, (3) active oxygen determination, 4) thi
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barbituric acid test (TBA), and (5) Schaal oven test, which 1s used pri-
marily in the baking industry.

All of the tests for Peroxide Value measure the amount of iodine re-
leased when potasstum iodide reacts with rancid fat. The Lea method uses
1gof fat and 1 g of potassium 1odide with an acetic-acid-chloroform
{2 1) solvent, After heating, the iodine formed is determined by titration
with standard thiosulfate. Other methods modify quantitics of solvent, but
the principle remains the same.

The measurement of carbonyl compounds has followed traditional meth-
ods for this group The Kreis and Shibsted tests were carly ones which
have dubious reliability. Today 2.4 dinitro phenyl hydrazine is commonly
used in the Lappin-Clark method

Active oxygen1s a method which measures the length of time required
to produce 20 meq peroxide per 1000 g fat when air 1s bubbled through
fats under standard conditions A bubble tramn 1s set up so that clean,
dry air bubbles through the o1l at a constant rate such as 2.33 ml per sec.
The oil is heated tn a constant-temperature bath. Other samples are added
at definite time 1ntervals so that the time required for 20 meq can be cal-
culated

In the TBA method for deternumang rancidity, an oxidized or rancid fat
will react with 2-thiobarbituric acid (TBA) to form a red color the ntensity
of which 1s proportional to the amount of rancidity In recent years this has
been developed into a method for measuning the extent of rancidity in a
sample of fat In the rancid fat the compound formed which reacts with
the 2-thiobarbituric acid 1s malonaldehyde, CH,(CHO),.

The Oven Test 1s widely used 1n the baking ndustry. It takes little
equipment and 1s very easy to set up Biscuits, cookies, or crackers are
stored 1n beakers or jars with loose fiting tops at 63°C or 145°F. The
number of days required to develop rancidity 1s measured by odor and
taste The temperature 1s shghtly above what might be encountered during
distribution of the food through regular commercial channels Its greatest
use s 1in companng fats It 1s difficult to equate shelf hfe of a product
with the Oven Test where conditions are varable.

Reversion $

Many oils and fats undergo a change n flavor before the onset of ran-
adity which 1s known as reversion Some 1nvestigators believe that it is
charactenisuic of all fats, but that some fats show more pronounced
changes. The name *reversion™ came to be applied to the change because
Some manne oils which possess a fishy flavor before processing revert to
this fishy odor on storage. The term 1s poor because the flavors which
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develop in most fats were never there before, but it has become firmly
established and cannot be displaced. The flavors which develop are quit
different from rancid flavors. Soybean oil, which reverts readily, is de-
scribed as developing first a buttery or beany flavor, then grassy or hay.
like, then painty, and finally fishy.

The conditions under which reversion occurs are those encountered i
marketing and also the high temperatures experienced during baking and
frying. The problem of reversion is therefore of considerable importance
1n edible fats and oils. The factors which are known to influence the onset
and development of reversion are (1) temperature, (2) light, (3) oxygen,
to a hmited extent, and (4) trace metals.

As the temperature of storage is increased, the length of time in which
reversion flavors can be detected decreases. Thus Bickford found that soy-
bean o1l stored in the dark at 5°C (41°F) did not revert for several
months, but oil stored at room temperature showed flavor changes in 10 to
14 days. The effect of light of various wave lengths on hydrogenated vege-
table shortening was studied by Gudheim. He found that it 1s hight in the
blue-violet and from 325 to 460 my which causes reversion changes Light
at 325 my is in the ultraviolet and below this wave length does not
pass through glass, so it is not a problem in ordinary packaging Oxygen
1s not necessary in large quantities for the development of reversion, b}n
a small amount appears indispensible since flavor changes which occur in
oils stored 1n vacuum or under inert gases are not characteristic of re-
version.

The effect of traces of metallic salts on reversion has been demOn.stratcd
by adding small amounts of salts to refined otls and measuring their tend-
ency to revert For example, soybean o1l contaming 0.015 ppm of iron was
treated with iron salts to bring the levels to 0.03, 0.3, and 1.0 ppm. After
storage at 60°C (141°F) for four days, the sample containing 1.0 ppm
had the poorest flavor, 0.3 ppm intermediate flavor, and that with 0 03 ppm
about the same flavor as the control. It has been shown that coppehs
cobalt, chromium, and zinc cause an acceleration 1n reversion. Aluminum,
tin, and nicke! are not so active During the processing of fats, com-
pounds are often added which have the ability to form complexes with
metal ions. These are called “metal scavengers™ since they remove the
1ons from the field of action and inhibit their catalytic effect. An example
is EDTA (Ethylenediaminetetraacetic acid)

HOOCCH, CH,COOH
NCH,CH,N

HOOCCH,/ “Ncn,coon
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Rancidtty and reversion are not the same thing. Indeed some oils and
fats which arc susceptible to ranaidity, such as corn oil, are reversion-
resistant, The flavor changes which occur during reversion vary with dif-
ferent fats, but in rancidity the final flavor is the same for all fats The
peroxide value 1s widely used as a measure of the development of rancidity,
but it is impossible 10 show a correlation between this value and reversion.

The chemical reactions that occur n reversion are not completely
known, but much research has been done on the problem. It 15 still not yet
delinite exactly which compound undergoes change, what the change is, or
what products are formed The flavorful products which impart the distinct
flavors of reversion are stcam-distillable, and 1t has been demonstrated that
these products are present in reverted oils and fats 1n extremely small
quantities. Numerous compounds have been suspected as reactants in re-
version, but the data are impressive only for inolenic and 1solinoleic acids.

In 1936 Durkee, i searching for an explanation of the reversion tend-
ency of some oils and the reversion resistance of others, noticed that oils
with reversion tendency were particularly rich in linolenic acid Dutton
altered corn oil, which 1s naturally reversion-resistant, to a product with a
high hnolenic content by interesterification with methyl linolenate 1n the
presence of a catalyst He also prepared a control by interesterification of
the corn o1l with methyl hinoleate Afier storage a taste panel compared
these two products with corn o1l and soybean o1l The corn o1l high in
linolenate was judged as soybean o1l (reversion-susceptible} in five out of
six trials This indicated that reactions leading to the flavor development n
a synthetically mgh-linolenate corn o1l are similar to those 1n soybean oil.

Some interesting work on hnseed oil, which 1s not a food fat, has
implicated “isolinoleate” as the precursor of reversion. When lino-
lenic acid or its esters are hydrogenated, the first product of the ad-
dition of one molecule of hydrogen 1s called *“isolinoleic acid.”
Hydrogenation of methyl hnolenate produces 8, 14, 9, 15; and 10, 14
1solinoleate,

C,,H,,CO0 + H, — C;H,;CO0O
Linolenic Isolinoleic

Linseed o1l 15 a reversion-susceptible o1l and on hydrogenation 1t
forms oils whose reversion tendency closely parallels the isolinoleate
content As hydrogen 1s added and 1solinoleate begins to form, the re-
version tendency nises. This continues until the point is reached at
which hydrogen begins to add to the isolinoleate. As hydrogenation
continues, the reversion tendency then falls, A concentrate of glyceryl
trisohinoleate is very susceptible to reversion. In another study ethyl
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linolenate was mixed with sunflower seed oil which is reversion-re-
sistant and hydrogenated to shortening consistency. The sample re-
verted in pastry.

1t appears as if both linolenate and isolinoleate may be responsible
for reversion. The flavor of all reverted oils is not the same and
even the same oil has different flavors under different conditions.

Some attempt has been made to identify the products of reversion
which apparently result from degradation of linolenate and/or iso-
linoleate by steam distilling reverted oil and concentrating the dis-
tillate. Compounds which have been isolated and identified include 2-
heptenal, CH(CH,),CH=CHCHO, di-n-propyl ketone, (CHCHy
CH,),CO, maleic aldehyde, OCHCH=CHCHO, A?‘-decadienal,
CH,(CH,),CH=CHCH==CHCHO, and acetaldehyde, CH,CHO. Ex-
actly what contribution each compound makes to the subtle flavor
blend in reversion has not been determined.

Much attention has been focused on practical methods of process-
ing to prevent or minimize reversion. Avoidance of contamination
with small traces of metals and the use of metal scavengers to m%nh
mize trace metal effects have been tried. Reversion is stil an im-
portant problem in the refining and use of soybean oil, marine oils,
rape seed oil, and a few others which have a marked tendency 10
revert.

THE TECHNOLOGY OF EDIBLE FATS AND OILS

Three principal methods are used for the extraction of edible fats and
oils from the animal or vegetable tissues in which they occur. These ar¢
(1) rendering, which 1s chiefly applied to animal tissues; (2) pressing; ﬂﬂfj 3
solvent extraction, In general, in fats and oils there is more fatty anima
tissue than vegetable tissue; in other words, less water, protein, and other
nonfatty material are present The problem in extracting the fat from any
one tissue 15 always a little different than it 1s for another; and although a
manufacturer of cotton seed oil may also make peanut oil in the same
equipment, he is often hmited to these two oils and does not attempt any
other Generalizations about methods of extraction of the [at§ can be
made, but vaniations in procedure necessarily occur because of differences
in the oil-bearing tissues. For details on methods of extraction of a par
ticular o1l or fat, see some of the books on fats

Rendering .
Rendering is a process by which fat 1s removed from a tissue by hcaft.ral
is also called “trying out.” The tissue containing a high percentage ©f
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Courtesy of Procter and Gamble

FIGURE 24 PRODUCTION FILTER PRess USED IN FAT AND Oir PROCESSING. In additiof
to sumple filtration of raw matertals, these filters are used to separate bleaching earth ant
the carbon used for decolonzing.

with carbon disulfide mn Marseilles in 1855, In the United States solvent
extraction with petroleum ether has been used primarily for the production
of soybean oil. (Garbage grease is also recovered by this method ) How-
ever, rapid 1mprovements 1n continuous counter-current equipment has
been such that in Europe solvent extraction is applied to many other oils.
In solvent extraction the tissue is treated in a fashion similar to that
used 1n pressing to form a thin coherent flake. The oil 15 extracted either
in batch extractors m which the flake is gently agitated with successive
portions of solvent, or by counter-current extraction where the flake and
solvent move n continuous streams 1n opposite directions.

Common solvents are petroleum ether, benzene, chlorinated hydrocar-
pons, carbon disulfide, or Stoddard solvent. In the Umited States, pe-
troleum ether boiling at 140°F to 185°F is used frequently, but hexane
and other solvents are now coming 1nto use. The solvent must then be re-
moved from the oil. The method is quite efficient but 1s expensive because
of the inevitable loss of the solvent tl.n'ough evaporation, and only in large
plants is it practical. However, 1n v "" of o1l from tissues which
have a relatively low percentage ot . ¢ only practical method
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Sometimes a tissuc 1s subjected to pressing and then the press cake with
its low fat content is extracted with a solvent.

The residue from pressing or extracting is high in protein and 1s a valu-
able fecd for cattle. If a solvent is used in extraction, this must be re-
moved from the cake, of course, before it can be fed to cattle

Refining

The crude oils extracted from tissues often contain material that must be
removed before these o1ls can be put on the consumer market or sent to the
hydrogenator. The crude oils may contamn one or more of the following
groups of substances (1) ccllular matenal or denivatives, both protein and
carbohydrate, (2) free fatty acids and phosphatides; (3) pigments, (4) odor-
ous compounds such as aldchydes, hctones, hydrocarbons, and essential
oils; and (5) glycerides with hugh melung points

The first step 1n refining most oils and fats 1s the removal of finely di-
vided cell debris. This 1s usually accomplished by settling and then either
filtering or centnfuging When the particles are collowdal, adsorbing or
filtering agents may be added before filtering

Free latty acids occur 1n some crude oils in goodly amounts Thus palm
ol usually has about 5 per cent free fatty acids These can be farly com-
pletely removed by steam refining and the remainder by alkali refining
Almost all edible fats and oils are subjected to alkal refining since 1t re-

(Courtery of Procter and Gamble )

FIGURE 25 Sorvent Lx-
TRACTION Ml room flaking
rolls
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moves not only free fatty acids but also phosphatides and some othe
resinous material.

Steam Refining, This consists of blowing steam through hot oil unde
vacuum. The free fatty acids with molecular weights below myristic stear
distill but the fat is relatively nonvolatile. The process is used for th
deodorization of fats. Oils with a high free fatty acid content are usuall
first subjected to steam refining; this is followed by alkali refining. Thos
with low fatty acid content may simply undergo alkali refining.

Alkali Refining. In alkali refining hot oil is treated with a solution of ar
alkali, usually sodium hydroxide (caustic soda) but sometimes with sodiun
carbonate (soda ash) and occasionally with other alkaline sodium salts Th
free fatty acids react and form sodium soaps which are dispersible in th
water layer. If the process is carried out rapidly, the amount of saponifica
tion of the oil that occurs will be very small.

In the United States, the common method of alkali refining is a con
tinuous one in which the solution of alkali and oil is mixed, passed
through a heater, and then through a battery of primary centrifuges. Thest
centrifuges discharge the soap and alkali solution on one side and the oi
mixed with a small amount of soap and alkali solution on the other. Th.f
oil is then mixed with hot water and passed to a second battery of centri
fuges that discharge washed oil relatively free of alkah or soap; the ol i
then dried. Although alkali refining was once carried out by the batck
method in which the alkali solution and oil are mixed in a conical kettle
heated, and then separated, this process has been largely superseded by the
continuous method which is more rapid and efficient.

Bleaching. Pigments are removed by adsorption on fuller’s earth, other
clays, and sometimes through the addition of small amounts of charcf’ﬂ.]‘
The process is called bleaching although it is a physical process. The oil is
heated to 220°F to 240°F, agitated, and then filtered. It is returned to the
kettle until the color of the filtered oil is sufficiently light. Some processors
use vacuum since subjecting oils to high temperatures in the presence c{f ai
unfavorably affects their resistance to rancidity. Chemical agents, either
oxidation or reduction agents, are not generally used for bleaching edible
oils but only for industrial fats and waxes.

Steam Deodorization. The oils and fats demanded by the consumer today
must be very bland 1n ftavor. By steam deodorization fats and oils can bl‘
rendered so bland that it 15 difficult to detect their origin by taste of §m°l .
Large kettles in which it 1s possible to maintain low pressures pe{m}‘ the
use of only small quantities of steam for deodorization. The fat is intro-
duced nto the kettle and the pressure reduced to 1/4 inch or 6 mm of mﬂ;'
cury. The fat 1s heated and steam is injected into the bottom of the vcsscs
Oils are rapidly deodonized at 425°F to 475°F. If lower temperature
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b Flaked beans ready for extraction

¢ Soybean o1l d Residual meal after grinding

FIGURE 26 StaGEs Iv SoLvext EXTRACTION Courtesy of Procter and Gamble

are used, longer periods are required The o1l 1s then rapidly cooled. It is
most important to prevent the contact of hot o1l with air, since oxygen is
njurious both to its keeping properties and to its flavor.

When cottonseed o1l was first manufactured, 1t was noticed that the oil
drawn from the tops of tanks in winter did not become cloudy or tend to
solidify when refrigerated. Thus the term “winterized™ came to be applied
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to oils which have been processed so that they remain fluid at refrigerator
temperatures The process is applied to salad oils The oils are slowly
chilled without agitation so that large, filterable crystals are formed The
crystals are composed of glycerides that contain the higher molecular
weight and more saturated fatty acids and that consequently possess hugher
melting points. The cold viscous oils are carefully filtered and the filter cake
used for some products in which the temperature of solidification 1s not im-
portant. Cottonseed o1l with an iodine number of 107 yields 65 per cent of
an oil with an 10dine number of 113 and a 35 per cent cake with an 1odine
number of 95. Lecithins can be added to oils to inhibit clouding and
solidification Thus a sample of cottonseed oil which clouds n 10 hours at
32°F will not cloud for 15 hours on the addition of 005 per cent soy-
bean lecithmn.

Hydrogenation

Hydrogenation of fats and oils is the process by which molecular hydro-
gen is added to double bonds in the unsaturated fatty acids of the glycfr-
ides Economically, hydrogenation is a most important process since by “'5
use the physical properties of a natural fat can be altered. Thus the physi-
cal properties of the products can be regulated so that many natural fats
can be interchanged, so that liquid fats can be substituted for plastc fats,
and so that an improvement occurs in the properties of natural plastic fats.

Hydrogenation occurs when hot o1l saturated with hydrogen is brought
1n contact with an active catalyst, but the course of the reaction and 1ts
velocity is influenced by numerous factors. In most o1ls with a high content
of C,, tnsaturated acids the possible reactions are (1} linolenic to linoleic
or isolinoleic, (2) lmoleic to oleic, and (3) oleic to stearic. When the ol
contans unsaturated acids with carbon chains of other lengths, hyd.rogcn
may be added to these chains, The products may be the natural finoleic and
oleic acids or they may be the so-called iso acids in which the double bonf‘l
is in a different position than that of the naturally occurring acid. Thus it
has been found that hydrogenation of linoleic may form natural O{CIC wﬂ.h
the double bond m the 9, 10 position; but it will also form some ISO'O!C’C
with the double bond n the 12, 13 position, which has a higher melting
potnt

0 9 -
CH,(CH,),CH=CH(CH,),C00
3 Ih 0 9 Oleate
CH,(CH,),CH=CHCH,CH=CH(CH,),C00—

Linoleate CH‘(CHI)T‘C)HF‘CXH(CHX)IDCOo‘
An Iso-oleate
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Methyl linolenate on hydrogenation gives 8, 14; 9, 15, as well as 10, 14
isolmoleate Whale and fish o1ls contain rather large amounts of unsatu-
rated C,, and C,, acids; and consequently, more variation in the molecules
hydrogenated can occur There is also the problem of the selective hydro-
genation of fatty acid residues which occur on the « or § position of the
glycerol. Finally, duning hydrogenation trans isomers arc also often formed
rather than natural cis isomers

H H CH4(CH,); H
1 | ~ |
—C /C =?
| | H
CH,(CH,), (CH,),COOH (CH,),COOH
Cis Trans

Mabrouk and Brown'* examined the infra-red spectra of six commercial
marganne samples and five shortenings and found a high (22.7 to 41.7) per
cent of trans 1somers 1n all except one sample O'Connor? claims that
hydrogenation of methyl oleate causes change to as much as 38 per cent of
the trans isomer. So the possible products are numerous and the complete
course of the reactions and the influence of all factors 1s not as yet known

Nevertheless, the course which the reaction follows 15 of great rmport-
ance as far as both the physical properties of the resultant fat and its
keeping qualiies are concerned 1t will be remembered that both linolenic
and solinoleic acids have been mmplicated as active in promoting reversion
s0 that the quantsties of these acids remaining or formed nfluence the keep-
ng qualty,

When hot o1l and catalyst are surred together under an atmosphere of
hydrogen, the properties of the final product are affected by temperature,
fate of mixing, nature of the catalyst, concentration of the catalyst, and
pressure of hydrogen

A number of acuve metals are capable of catalyzing this reaction, but
industrially nickel 1s used Numerous methods are employed for producing
the finely divided metal with many active centers on its surface. Even when
the method of preparation 1s as carefully standardized as possible, to pro-
duce a catalyst with exactly the same activity 1n each batch 1s difficult.
Since the catalyst 1s slowly poisoned during the hydrogenation, it needs to
be reactivated after 1t has been used for some time. Sulfur compounds, such
ashydrogen sulfide and sulfur dioxide which may contaminate the hydro-
Ben, poison the catalyst rapidly even when ther concentration is low.

arbon monoxide is a reversible poison that can be evacuated from the
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Courtesy of Procier and Gamble
FIGURE 27 EXTERIOR OF EQUIPMENT USED IN HYDROGENATION OF FATS,

catalyst 1n a vacuum. It is also a contaminant of hydrogen made by the
steam-1ron method.

Hydrogen of reasonable purity ts desirable to protect the catalyst. [rl
the United States the hydragen used in this process is made by electrolysis
in areas where electric power is relatively cheap. This gas is quite puré-
In other areas the hydrogen is made by the steam-iron method. Iron o1¢ 15
alternately oxidized by steam with the formation of hydrogen and‘then rc;
duced. The reducing agent 1s usually “blue gas” or “coal gas,” a mixture 0
hydrogen and carbon monoxide made from hot coke and steam.

C+ H0—~CO+H,;
3Fe + 4H,0 — Fe,0, + 4H,

Hydrogen synthesized by this process 1s purified to remove sulfur cof-
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pounds formed from the coke, as well as carbon monoude and carbon
dioxide.

The hydrogenation i< usually carried out by the batch method in large
vessels with a capaeaity of 10,000 to 25,000 Ibs of fat The vessels are
equipped with heating and cooling coils O1l and catalyst are combined and
heated under vacuum between 150°F and 400°T Hydrogen 1s introduced
under pressure in such a manner that the maxmum amount 1s dissolved 1n
the o1l, Variations in the apparatus arc not only designed to improve the
agitation of the oil but also to facihitate the introduction of hydrogen The
temperature and pressure used vary with the ol being hydrogenated
and the characteristics of the final product. Sometimes the hydrogenation
is carmed out in two <tages at different temperatures  The reaction s
halted when the fat has reached the desirable 1odine number or consistency
(lodine number and consistency parallcl one another when the procedure 1s
standardized, otherwise they do not ) The tank 1s evacuated and the oif
cooled to about 150°F. The hot o1l must not come i contact with air,
of course. The oil is filtered to remove the catalyst and chitled rapidly so
that small erystats are formed Somctimes monoglycenides, antioxidants,
and other compounds are added, depending on the product that 1s desired

Airis sometimes whipped 1nto the product to impart a snow-white appear-
ance,

Technalagy of Individual Fat Products

Several groups of fat products are as follows (1) butter, (2) oleo, o1, and
oleostearin, (3) lard, (4) salad, cooking. and frying oils, (5) shortenings, and
(6 margarine,

Butter. In the United States most butter 1s now manufactured mn cream-
€nes although some is still produced 1n farm kitchens The tendency 1s to
have creamery depots that collect cream or milk from the farms and then
send it to the factory. Cream varies greatly in its qualty and 1s usually
bought on a graded scale that 1s based on acidity, flavor, odor, and the
amount of foreign material present High-quality butter cannot be made
from putrd, dirty cream. A small amount of butter 1s churned from sweet
€Team, but by far the greater part is made from ripened cream, Salt is
usually added to the extent of 2.5 to 3.0 per cent The minimum butter
fat Content is established by law at 80 per cent, and the remainder 1s
Ofpased of buttermiik, water, and milk solids

The common practice is to neutrahze the cream with sodium bicar-
b‘?“a‘cy magnesium oxide, or calcium carbonate; pasteurize 1t to kil
Mieroorganisms; and inoculate 1t with a starter of selected bacteria. After
ipening for 3 or 4 hr, during which time the bacteria grow and produce
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flavorful compounds and acids, the cream is churned. The butter separat
and is washed with cold water. It is then kneaded to reduce the water co
tent, salt is added and blended in, and the product is packaged.

The use of a starter for the ripening of the cream has made possible th
production of a high-flavor, standard butter. It has been found that tt
flavor of butter is the result of 2 number of compounds, but the most i
portant is diacetyl. This compound is synthesized by the action ¢
Streptococcus citrovorus and Streptococcus paracitrovorus on titric ag
present in the cream. It has been shown that acetyl methyl carbinol is an ir
termediate in the synthesis and that both compounds are present in th
ripened cream and butter,

CH,COCH(OH)CH, — CH,COCOCH;,
Acetyl Methyl Carbinol Diacetyl

Lactic acid and small amounts of propionic and acetic acids are forme
from fermentation of lactose present in the cream. Streptococcus factis i
added to the starter along with Streptococcus citrovorus and Streptococcu
paracitrovorus so that these reactions can be assured. i
The consistency of butter varies somewhat during the year with variatior
in feed, High fat diets of oil cakes have a particularly marked effect on th
composition of the fat secreted in the milk. The age and breed of the cov
are also of some importance in’ determining the composition of the gly
cerides present and consequently of the consistency of the butter. i
Oleo Qil and Oleostearin. These substances are prepared by fractiona
tion of the fresh, selected, internal fat tissues of beef. The tissues ar
carefully rendered at low temperatures and the fat produced held at about
90°F for several days until partial crystallization has occurred. A stow
crystallization is desirable so that large, easily filtered crystals will be
formed. The muxture of crystals and oil is then filtered in a filter press 1€
yield oleo oif and cakes of oleostearin, Oleo oil is used in the manuf{iﬂm
of some margarines and also unmodified as a shortening by confectioners
and bakers. Oleostearm is used in the manufacture of compound shorten-
ings by blending with other fats and in the production of some specialty
margarines
Lard, This substance is the processed fat of hogs. The quality of }flc fa(d
and 1ts characteristics depend on the part of the carcass from \:Vhlch it 15r
taken, the way in which it is processed, and the feed of the animal. lﬁ:i
fard s the highest quahty lard; it is rendered from the leaf fat (the fatty
tissues around the kidneys). Fatty tissue from the back of a hog gives see-

ond quality lard, while that from the mntestines is Jowest 10 quality. The
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lard may be either dry or wet rendered. A great deal of the lard produced
1n the United States is steam rendered

Interesterification in Lard '*" A recent development in the technology of
lard may return this fat to its former position as a widely used and high-
pnced fat. This is directed interesterification of lard which improves its
plastic range and diminishes its tendency to graiminess. Natural lard tends
to develop fairly large crystals of disaturated glycendes (fats with two satu-
rated fatty acid residucs) that give a gramy texture when the lard 1s chilled
and make it difficult to cream in batters and doughs Since the melting
ponts of the disaturates are 1n the range of room temperature, the lard
softens so much that 1t has little body and almost no plasticity at these
temperatures Lard has approximately 37 per cent saturated fatty acids,
principally stearic and palmuc Under sutable condiwons the glycendes
present undergo interestenification with the rearrangement of the fatty acids
inthe glycendes In directed interestenification the reaction 1s carried out
at a temperature where all the glycerides exist in the hquid phase except
the trisaturated esters that are solids As trisaturated glycerides are formed,
they crystallize and are removed from the reaction mixture The interesteri-
fication no longer 1s random, but 1s driven toward the formation of these
solid trisaturates The catalyst for the reaction in commercial interesterifi-
cation 1s an alloy of potassium and sodium

Lard 1s now interesterified commercially by a continuous process in
which the catalyst 1s metered into the fat in very small particles The tem-
perature 1s carefully controlled and the fat 1s constantly agitated as crystal-
lization occurs The fevel of tnisaturated glycerides formed can be con-
trolled by the temperature of the fat and the length of time allowed for
crystallization As the per ge of trisaturates increases, the resistance of
the lard to softening at room temperature 15 increased or, expressed in
another way, the percentage of sohds at a given temperature increases

The catalyst 1s quenched by reaction with water and carbon dioxide. The
amount of hydrolysis of fat 1s mimumized by the mtroduction of carbon
dioxide along with the water, which prevents the pH from rising too high.
The soap formed 15 removed by centrifugation, washing, and further
centnfugation The lard 1s then dried 1n a continuous vacuum drier.

The lard is usually hydrogenated to increase 1ts resistance to rancidity
and increase 1ts consistency 1t 1s deodonzed and supplemented with anti-
oxidants and monoglycendes before packaging

Although the process 1s applied commercially to lard, mterestenfication
of all natural fats will occur at elevated temperatures, Often the rate of
reaction 1s slow and a considerable period of time 15 necessary to reach
equilibrium. The change 1n the composition of the glycerides that is
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brought about by interesterification changes the physical properties of the
fat, of course. After interesterification cocoa butter has a much higher
melting point and a very different consistency. Some fats are more radically
altered than others. Many catalysts have been used but the alkali metals
and their alcoholates are most active.

Salad, Cooking, and Frying Oils. These are prepared oils and, with the
exception of virgin olive oil, they are alkali refined, bleached, winterized
if necessary, and deodorized. Salad ail is an oil which will remain sub-
stantially liquid at a temperature of 40°F to 45°F and forms a mayon-
naise emulsion stable at these temperatures. An oil labeled “cooking od”
will not have these properties. Most oil is sold in the United States as
salad ofl. The oils on the market in the United States are principally cot-
tonseed oil, followed by corn, soybean, olive, peanut, and rather small
quantities of sesame, sunflower sced, saffiower and others. Cottonseed oil
must be winterized before it can be sold as salad oil. Some corn oils and
soybean oils deposit small amounts of crystals at refrigerator temperatures
if they are not winterized. Peanut oil forms very small crystals that are
dufficult to filter, and it is therefore not easy to winterize.

In the United States, where factory methods are used for the production
of fats and oils, the extent of extraction of the crude oils is high and the
flavor is strong. Since the consumer market demands oils with bland flavor,
oils must be deodorized before they are packaged. Ofive oil is the ¢x-
ception, stnce it is customary to anticipate a flavor in ofive oil. The olive
oil is usually blended so that the variations in season and climate that affect
the flavor can be minimized and a reproducible flavor obtained. The mar-
ket for alive o1l in the United States is, of course, relatively smail.

Bleaching s likewise yb of the demands of the consumer.
Most salad oils on the market are relatively light in color. A darker cot-
tonseed oil is produced for a section of the market that is accustomed to
the darker color of olive oil.

Oil that is packaged as cooking oil is sold for commercial deep le'! fry-
ing. In hotels and restaurants almost all frying is of this kind. Also, in the
preparation of doughnuts, deep fat frying is used. The oils sold for this
purpose are alkali refined and deodorized but are sometimes oot bieach;d
since a light color is not important. Potato chips and products not to be
consumed immediately are usually fried in solid fats rather than cookmg
oils. .

Mayonnaise is an emulsion of water i oil that readily bre:‘iks if crysl]ﬁl;
begin to form ta the oil. Therefore, the oil used 11 mayonnaise and sa ad
dressing should be thoroughly winterized. The oil is alkali reﬁ'ned‘ 3".
deodorized, but the amount of bleaching may be small. Mayonnaise is €
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pected to have a yellow color and the use of a dark o1l in its preparation
is therefore not objectionable.

Shortenings. Two types of shortening may be found on the market in the
United States compound shortenings, which are mixtures of high-melting
fats such as animal fats and low-melting fats, hydrogenated fats, or oils;
and those formed by the hydrogenation of an oil or a mixture of oils to the
desired point, Compound shortenings now comprise only a small bulk of
the shortenings sold in the United States. Compounding first began in the
1870°s when beef fats were added to lard. Later cottonseed oil was added.
Finally, although the products were stll sold as “lard” or “refined lard,”
the amount of lard in them was sometimes small. After a Congressional in-
vestigation, the usc of the term “lard compound™ was made mandatory.
Eventually the term “shortening™ was introduced, since it has no implica-
tions as to the origin of the fat but only as to its use, this term has be-
come firmly established

In the United States, the style of cooking 1s based on the use of plastic
fats. This arose because the early settlers were from northern Europe where
butter and lard were the fats most commonly used. The cooking practices
of southern Europeans, with their usc of hquid fats such as ohive oil, were
introduced later when migration occurred 1 the nineteenth century. This
did not alter the basic pattern of American cookery but stmply expanded
and enriched the cuisine, making it more cosmopolitan

In 1900 all shortenings on the market were attempts to imtate lard as
closely as possible. But with the introduction of hydrogenation about 1910,
manufacturers of all-hydrogenated oils, usually cottonseed o1l, began to
fecogmize the advantage of developing their ware as a new product and not
simply as a substitute for lard The shortenings on the market today are
far different from lard They have much greater resistance to rancidity and
are better creaming or emulsifying agents in batters They are completely
bland in flavor; and although this may not be an advantage to the tongue of
every epicure, the American consumer has come to expect all fats except
butter and oleomargarine to be flavorless As a resull, the use of lard has
decreased and today lard 1s being processed in some plants to resemble the
hydrogenated shortenings.

The number of oils and fats that can be used for the production of
shortenings 1s quite large, since a suitable consistertcy can be obtained by
blending vanious hard and soft fats or by hydrogenating soft fats or oils,
The solid or hard fats used in compounded shortenings are oleostearin or
gdible tallow as well as lard blended with vartous oils, principally cotton-
seed oil. When soybean, whale, or fish oils are used, they are usually par-
tially hydrogenated 1n order to reduce their marked tendency to flavor re-
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version. Hydrogenated all-vegetable shortenings are made principally from
cottonseed, peanut, and soybean oil in the United States, although the
amount of soybean oil is limited by its tendency to reversion. Cottonseed
oit is the principal oil, but does not yield a hydrogenated product with as
long a keeping period as peanut oil.

Usually the oils are carefully blended and the hydrogenation controlled
so that the glycerides will form a product with the longest possible keeping
period, plasticity over a long temperature range, and a consistency that
makes for ready incorporation into doughs and batters. Since resistance to
oxidation and the appearance of rancidity is related to the amount of
linoleic acid present in the final product, the amount of this acid, instead
of oleic acid, should be reduced as much as possible during hydrogenation,
However, hydrogenation of linoleic acid yields not only oleic acid but
also iso-oleic acid, which has a tendency to harden the fat and reduce the
plastic range. A balance must be achieved, therefore, in which both linoleic
and iso-olec are kept at a mintmum. Some manufacturers produce the
shortening by blending two different hydrogenated fats; others control the
properties of the product during hydrogenation and do not use blending.

Spectal hydrogenated shortenings are prepared for the bakers of sweet
brscuits, cookies, and crackers. A long shelf life for the products made
from these special shortenings 1s absolutely essential; the fat of all other
tagredtents is more likely to undergo flavor changes either from reversion
or rancidity Most of these products are prepared in factories and mixed
in large batches where the temperature can be controlled. It is not essential
for shortemngs used under these condittons to be plastic over a wide tem-
perature range. Therefore, biscuit- and cracker-type shorienings have a
maxmmum resistance to oxidation and a short plastic range.

Swnce 1934 superglycerinated or “high ratio” (this term 1s copyrighted
by Proctor and Gamble Co.) shortemngs have been on the market. These
are shortenings to which monoglycerides and diglycerides have been added
to promote the emulsification of fat in water and to inciéase the amount of
water and consequently the amount of sugar that can be wncorporated in a
batter and stll produce a cake with sufficient strength not to fall during
baking or cooling Formulas for each of these two types are shown below.

H wH,
cmcdoch ! ¢, H,C000H
HOCH C,,H,, COOCH
HOCH HOCH Y
B B
A Monoglycende A Diglyceride
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other fats. The additton of milk and the udder tissue probably resulted in
the introduction of microorganisms that soured the mik and produced
flavors similar to those found in butter made from sour mulk. The incor-
poration of the milk with the oleo oil also produced a product which,
like butter, is an emulston of water in fat, The name *“*oleomargarine™
was based n the beliel at that time that the fraction of beef fat used
was composed of the glycerides of oleic and margaric acid Margaric acid
is the straight chain, C,, acid, which has not been found to occur naturaly.
Through the years many changes have occurred in the manufacture of
margarine, but the basic process is still the same.

Today margarine 1s prepared from a variety of fats and oils. Oleo oil and
lard—as well as the same vegetable oils that are suitable for high grade
shortenings, i.e., cottonseed, peanut, sesame, palm oils, etc., and coconut
oil—can be prepared in bland form. The amount of soybean oil must be
limited because of its tendency to reversion, and fish oils are not suitable
for the same reason. in Europe whale oils are used for margarine manu-
facture. The fats must be carefully extracted and refined so that the final
product does not have a detectable flavor from the oils but only from the
milk incorporated int.

The consistency of margarme is of great importance in the success of the
product. It must melt in the mouth as butter does, since a residue leaves a
pasty sensation. Margarine is definitely a substitute for butter and, in the
eyes of the consumer, must have properties sumilar 1o it in order to be
acceptable. Margarine must be quite plastic at room temperature 5o that it
spreads readily and be fairly hard at 40°F to 45°F refrigerator tempera-
tures, as butter 1s. In the temperature range from 45°F to 60°F butter is
too hard to spread eastly, and much margarine is now produced which is
superior to butter w its plastieity m this range. The consistency of mar-
garme is the result of the fats used i 1ts preparation, the extent of hydro-
genation, and the course of the reactions during hydrogenation. Usuaily
margarines are produced by carefully controlling the hydrogenation of the
total body of fat rather than by blending. .

A few specialty margarines are manufactured, and the consistency of
these products does not require the ngid specifications demandcd'by table
margarine Margarine for puff-pastry, for example, has rather a high m.ch-
ing potnt and 1s tough and waxy at room temperature, so that the rolling
1 of the fat wto the dough is facilitated

In preparmng margarmne the natural fats and oils are carefu)!y exlraci;d,
alkalt refined, deodonized, and then hydrogenated to the desired consist-
ency. The fat 15 then emulsified with ripened mitk. In the United States
skim milk is commonly used. It 1s pasteurized to destroy bacterna and then
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Courtesy of Kraft Foods
FIGURE 28 MARGARINF INGRFDIENTS ARE AUTOMATICALLY MIXED IN THESE TANKS

inoculated with a stramn of select bactera that can produce compounds
with destrable flavors 1n the milk and in the emulsion These are the same
strains of microorganisms that are used 1n the production of butter. The
inoculated milk 15 held for 12 to 24 hr to permut the growth of the organ-
1sms The ripened milk 1s run into the hquid fat and stirred vigorously.
Emulsifying agents are often added at this point

Emulsifying agents stabilize the margarine and prevent leakage, the sep-
aration of fluid during storage They also prevent the rapid separation of
fat and water when the margarine 1s melted, spattering, and the sticking of
milk solids to the bottom of the pan In butter natural emulsifying agents
are present that hold the water 1n the emulsion and when the butter 1
heated, allow steam to escape by foaming rather than by spattening,

Lecithins, particularly those from soybeaps, are widely used as emulsi-
fying agents in margarines A number of synthetic products are also used.
The mono and diglycenides used 1n the formation of superglycerinated
shortenings help stabilize the emulsion and prevent leaking, but do Jittle to
Pprevent spattering
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The sodium sulfoacetate derivative of mono and diglycerides are effective
in minimizing spattering and are added to many margarines for this pur-
pose. The fat-mitk emulsion is cooled and the plastic, solid mass held for
some time to allow bacterial action and the development of Ravor. Salt is
then added 1o the extent of 2.5 to 3 per cent of the total weight. Since the
salt dissolves in the aqueous phase, the salt content of these tiny drops is
much higher. It is so high that the activity and growth of the bactesia 1s
stopped. The margarine is worked or kneaded during the operation of salt-
ing and the crystals are reduced so that no graininess occurs.

In the United States most margarine produced for the consumer market
1s fortified with vitamin A or pravitamin A, the carotenes, to the extent of
9000 units per pound. A yellow dye is added to much of the margarine
sold in this country since it has become legal to do this without the pay-
ment of a high excise tax. Sodium benzoate is occasionally added as a pre-
servative.

The Shortening Value of Different Fats

Baked goods all use fat as one of their ingredients and its role in the
cookery process is particularly important in those leavened by baking pow-
ders or those of the pound-cake type that are leavened by air. The amount
of fat 1 most baked goods is considerable: in pie crust, 15-20 per cent;
pound cake, [5-30 per cent; doughnuts, 15-20 per cent; cookies, 5-20 per
cent; cake, 10-20 per cent; crackers, 5-12 per cent; but in bread only ap-
proximately { per cent The fat is not only imporeant for the flavor it im-
parts but also in the development of texture and the tenderness of the
product.

In pound cake leavening occurs by incorporating air into the fat during
the creaming process. When the batter is heated in the oven, the small air
bubbles expand and fill with steam, Indeed. the data shown in Table 2.10
indicate that the greater percentage of leavening m pound cake comes
from the steam that collects in the tiny air bubbles rather than from the
arr stself The other componeats, prncipally the gluten in the flour, fqrm
the walls around each httle bubble, and during baking they set to a Fairly
l'igld structure. When the cake 1s removed from the oven and is cooled, the
ajr in the small bubbles contracts and the steam condenses Butin a well-
bLlanccd recipe the walls are sufficiently strong to hold up a'ndv the cake
does not fall. The role of the fat m the Jeavening process is in its ability
tp trap air during the mixing process The aqueous phase composed of lhf
mitk and eggs and dissolved substances such as sugar and sait does n;:
have this ability So the fat is indirectly responsible for the texture Of'lEhe
cake lts tenderness ts likewise believed to be a function of the far. The
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walls around each bubble are made of gluten and starch which can be very
tough and hard. Fat 1s strcaked through and serves as a lubricant so that
when the cake is bitten, particles of gluten and starch shde on one another
and the walls crumble.

In butter cakes fat has much the same role as in pound cakes although
Jeavening does not depend on air and steam alone but is supplemented by
the carbon dioxide produced from baking powder, If the batter is formed
by creaming the fat first, the air bubbles may serve as the nucleus for car-
bon dioxide bubbles. Cakes with sausfactory grain can be produced, how-
cver, by other methods of mixing. Certainly the fat in butter cakes is im-
portant as far as tenderness is concerned and aliows the gluten particles to
slide on one another when the cake 1s bitten or cut.

In pastry a stiff dough is rolled out The fat 1s flattened into sheets
between the layers of flour and water and causes their separation. This pro-
duces flakiness. The fat 1s also squeezed in between gluten particles or
strands so that a continuous tough matrix 1s not formed but rather one
which 1s very brittle or short This also occurs 1n high-fat cookies.

Fats differ considerably in their ability to render a cake tender or a
pastry or cookie short 'In commercial bakeries 1t 1s essential that products
be uniform. A marked variation mn the fat may have disastrous effects on
the bakery goods

The relative shorteming value of a fat 1s determined by means of a
shortometer. This apparatus measures the load necessary to break a wafer
prepared under standard technique and with a standard recipe If it takes a

TABLE 210 TYPICAL EFFECT OF INCORPORATING AIR IN A POUND
CAKE FORMULA CONTAINING 21 PER CENT FAY AND NO
CHEMICAL LEAVENING AGENT*

Lxpenment A B

Arr Incorporation in Shortening low high
Calculated Volume of Dough Without Aur, cc n m
Actua) Volume of Dough Including Air Incorporated, cc 543 662
Volume of Airin Dough, cc 166 285
Volume of Cake, cc 1140 1520
Expansion of Dough During Baking, ce 597 858
Calcutated Expansion of Air Due lo Heating 1n Oven

(10°F 10 212° F), ec a2 n
Fercentage of Total Expansion Due to Thermal

Expansion of Arr 70 83
Percentage of Total Expansion Duc to Increased Vapor

Pressure of Water 930 917

*From Baey, A £, “Industnal Ol and Fat Products” 278, loterscience Publishers, Inc,
NEWYovk.N.Y,l%S
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very small weight to break the wafer, then the wafer is very short. The
shortening value of a fat varies with a number of conditions and it is
therefore absolutely essential in the comparison of two fats that a standard
procedure be used. Factors other than the fat that influence the shortening
power are (1) manipulation, (2) temperature, (3) ingredients other than
flour and fat and their cancentration, and (4} concentration of fat. When
two fats are compared, all techniques are standardized as carefully as pos-
sible. In general, lard has a very high shortening value and butter a lower
value, with hydrogenated shortenings intermediate. At least this is true
pastry made from water, flour, and fat. However a fat which ranks high as
a shortening agent for pastry 1s sometimes lower on the list when used in
sweet cookie dough.

Several theories to explain why one fat has a greater shortening power
than another have been advanced, but none can explain all observations.
The structure of doughs and batters is so complex and our knowledge is so
incomplete that it 1s not possible to explain variation in shortening power.

IMPORTANCE IN DIET

Today the quantity of fat and other lipids in a typical American diet is
quite high, often accounting for 40 per cent of the calories. This is caused
by the relatively high caloric content of one gram of fat—approxmately 9
calories (kilocalories) per gram. Although fat and other lipids are present
in meat, the amount found 1n fruits and vegetables is usually rather low.
These foods are often enriched with fat in the form of butter or margarine
during their preparation Desserts such as cakes, pastries, and puddings
usually have considerable quantities of fat added in their preparation.

The chief contribution of fats and other lipids to the diet 1s their energy
value, In America where at the present time want is seldom known, and
where overeating is often a problem, the high contribution of fat may be
undesirable. Some nutritionists and physicians now feel that the fat content
of the American diet is too high and that for optimum health it must be
lowered. . ) '

A high fat intake shows a positive correlation with blood cholestero!
level 1n a uumber of studies. A high blood cholesterol 'lcve] h.as been
equated with mcidence of atherosclerosis although this evidence is by ne
means conclusive Unfortunately, 1t is difficult to measure nthcrosclemslls
n a living man and to determine whether atheromas, the.fau'y placques 1:
the walls of the blood vessels, are formng, but determination of bioot
cholesterol is easily run. Thus many experiments have been conducted on
blood cholesterol level with the ption that this measures athero-
sclerosts.
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Much attention has been directed recently to the difference 1n effect of
saturated and unsaturated fatty acids Substituting oils with abundance of
unsaturated fatty acids for hydrogenated fats and saturated fats such as
butter and beefl tallow often lowers blood cholesterol levels.

Fat and other lipids also have a role in the saticty value of a food. The
feeling of satisfaction which we derive from a fat, the way it “sticks to
our ribs,” is the result of numerous physiological reactions, not all of which
are known. The length of time food stays in the stomach is one reaction
which gives a feching of satisfaction and dclays the onsct of hunger. Fat re-
tards the rate at which food leaves the stomach and 1n this respect incrouses
the satiety value of the food 1f too much food is caten at one meal, this
effect may prolong the feeling of bemg *“stuffed™ and may actually lead to
discomfort. Nevertheless, when food 1s caten in moderation, one of the
valuable roles of fat and other hpids 1s in their satiety value,

Fats and other lipids also contnibute essential fatty acids to the diet.
While it has never been unequivocably demonstrated that these fatty acids
are essential to man, the work with eczema 1n babies indicates that we may
have a real need for smali amounts of lnoletc, linolenic, and arachidonic
acids in the diet.

Fats are also solvents for the fat-soluble vitamuns that are always nat-
urally introduced into the diet 1n the fatty portion of the food. The fat-
soluble vitamins are vitarmins A, D, E, and K, and the provitamins A, the
carotenes, All of these vitamins are important to optimum health.

The fats and other lipids are, therefore, important 1n the diet for a num-
ber of reasons. Whether or not the amount can exceed optimum s yet to be

proved,
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CHAPTER THREE

Carbohydrates

You HAVE 11AD an introduction to the chemistry of some of the carbohy-
drates present in foods You are famhiar with the harides, the
hexoses—p-glucose, b-galactose, b-mannose, and b-fructose—and perhaps
with some of the pentoses —xylose and arabinose Formulas are given for
the common hexoses

clo
HCOH CH,OH
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HCOH \OH H
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You have studied the disaccharides—sucrose, lactose,
the polysaccharides-—starches and glycogens. A review «
thiese important compounds can be found 1 any organi
chemustry book.

MONOSACCHARIDES

The pentoses are monosaccharides that contain five ca
that are important 1 foods, arabinose, xylose, and r
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while thamnose is a methyl aldose. Like the hexoses, these carbohydrates
form ring compounds composed of five carbons and one oxygen atom
(pyranose) or four carbons and one oxygen (furanose); and it is the ring
form that occurs in polysaccharides.

T_'hc complexity of the mixture of monosaccharides in plant materials, the
fruits and vegetables of our diet, 15 not always recognized. The presence
of the most abundant carbohydrate is sometimes SO thoroughly stressed
that the presence of others is overlooked, Table 3.1 illustrates the large
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TABLE 3.1. SUGAR CONTENT OF POTATOES GROWN IN 1954
AS DETERMINED BY PAPER CHROMATOGRAPHY
(mg/100 g RAW POTATOES), AV. 8 TESTS

Sugars Katahdtn Red Kote Red Pontiac Russet Rural
Maltose 120 00 510 00
Sucrose 470 660 660 280
Fructose 425 700 355 403
Mannose 350 0o 335 00
Glucose 475 455 750 267
Xylose 245 238 600 00
Total 208 5 2243 3210 952

From Habib, A. T and Brown, H D, Food Technol 11,85-89(1957)

number of monosaccharides present in a plant part, this time the potato.
Data are given for the number of milligrams of each monosaccharide per
100 g of tissue for several varieties. The amounts of some are quite low.

DISACCHARIDES

The common disaccharides are already known to you. They are anhy-
drides of two monosaccharides (monoses) and nclude sucrose, lactose,
maltose and cellobiose. Sucrose is widely distributed in the plant kingdom
although sugar cane or sugar bects are the commercial source of most
sugar. Maple sugar is also principally sucrose. Lactose occurs in the milk
of all mammals while maltose and cellobiose occur in low concentrations
in plants and processed foods.

CH,0H
H On v O\ n
H
OH H, (o)
HO 0 CH,0H
H OH OH H
Sucrose
CH,0H CH,0H
HO 0, n/ Oy
H
o
OH H,
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Sucrose is particularly important in food processing and 1s available
commercially in many crystal sizes from extremely fine to very coarse It is
also often used as a syrup sold as “hquid sugar ™ This prepared syrup is
particularly usclul for canners and other processors who use large quanti-
tes of solutions and is sold in contawers of many sizes up to tank cars.
Syrups are also avarlable 1n which the sucrose has been partially inverted to
glucose and fructose. These syrups cun be prepared with a hgher con-
centration of solids since fructose has a very high solubihity and glucose
does not readily crystallize The graph (Figure 3 1) shows the improvement
in solubility with increased nversion at various temperatures. Notice that
after a certain critscal concentration of snvert sugar 1s reached, the solubil-
ity declines. The sweetness of these inverted sugars 1s comparable to
sucrose. The graph (Figure 32) shows a comparison of hexoses with
Sucrose. Only fructose 1s above the equality hine Dulcin 1s a noncarbohy-
drate sweetner,

Refiners syrups are also available on the market They contain not only
sucrose but also some of the inorganic and organic compounds present in
cane or beets or formed in processmg They vary 1n color from pale yellow
to dark brown and possess considerable flavor other than the sweetness of
sucrose,

Plants contain a number of other carbohydrates or carbohydrate denva-
ves that cannot be digested by man and which are, thefefore, not of direct
nutritional significance. However, many of these compounds are of great
mportance in the development of the plant and give those plant products

th
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‘used as foods much of their characteristic texture in the fresh and cooked
states. These groups of compounds are the celluloses, hemiceluloses. and
pectic substances. The lignins may be related to the carbohydrates, but
these compounds will not be studied since they are deposited in appreciable
amounts only 1n old, woody plant tissues that are not considered desirable

for food.
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OLIGOSACCHARIDES

The Oligosaccharides are anhydrides of several monosaccharide residues.
Just as the word “several” is not precise, neither is the prefix “oligo-.”
Usually any compound which contains ten or fewer monosaccharide units
is classed as an oligosaccharide while those which contain more than ten
are called polysaccharides. Actually, in nature the most abundant ohgo-
saccharide is sucrose, with two monosaccharide units and raffinose, with
three. All compounds that are well known have less than six mono-
saccharide units. An oligosaccharide may be composed of the same mono-
saccharide units; however, often 1t 1s composed of different units,

The raffinose family is widely distubuted and these compounds could
readily be produced in large quantitics commercially if there were a de-
mand for them They are found most frequently in seeds, roots, and under-
ground stems. For example, the quantity of raffinose in the seeds of
legumes is equal to or greater than the quantity of sucrose; and in cotton
seed or soybean meal both raffinose and stachyose occur 1n abundance.
French? shows the relationships between the structures of the individual
oligosaccharides of the raffinose famly by the following scheme:

Planteose

‘a-pGp(1-2)8-DFruf(6-)a-pGalp®

|

Sucrose

t"——'\'—ﬁ
a-pGp(1-2)8-pFruf

Planteobiose

Raffinose
DA re TR TRy
a-pGalp (1~6)a-pGp(1-2)8-DFruf
—
Melibiose
Stachyose

A
‘a-pGalp (1-6)a-pGalp (1-6)a-DGp(1-2)8-DpFrul ¥

Galactobiose
—

~
Manninotrniose
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&-DGalp(1-6)e-pGalp(l-6)e-DGalp(1-6)a - DGp(l-Z)ﬂ-DFrEfJ .

Verbascose
where: v .
G = glucose Gal =, galactose f = furanose
Fru = fructose P = pyranose :

)
! ’

This scheme shows the cther link between "the monosacchatide ‘units by

conventional means Thus « or @ refers to the configuration of the hy-

droxyl group formied in the ring structure of the monosaccharide; and the

numbers refer to the carbons, numbering in glucose from the aldehyde car-
. . Myl

" ' CH,0H
. H
. H

OH H
HO OH

H OH
a-D-glucose . B-D-glucose

bon as 1 to the primary alcohol carbon as 6. The letters f or p refer to
furanose or pyranose rings. Thus stachyose has a structure as shown:

CH,OH CH, ©ocn,
no/l Oy 04}1 On O/H" On cron  m
No# hon 8 G o_@moﬂ

H OH H OH . H on’ OH H

Stachyose
POLYSACCHARIDES

These compounds are anhydrides of one or more monosacchande§ in
which a large number of units are combined. These hig}! mo}ccular weight
compounds are exceedingly difficult to study. Purification is an arduous
and tedious task, and then, to demonstrate that a pure compound has
been isolated is difficult. Even when the presence in a sample o‘f only ong
type of molecule is reasonably certain, determining the molecule’s structus
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presents problems, However, investigation of the structure of many classes
of large molecules (they are called macro molecules) has progressed rapidly
dunng the past two decades and advances in the study of onc type of mole-
cule often pushes forward the study of other molecules Cellulose has been
studied intensively; and although it 15 still impossible to describe with
complete assurance a cellulose molecule, much 1s known about its struc-
ture. The hemicelluloses, gums, and pectic substances are not as well
known, although many of the details of their structures have been ascer-
tzined. We can describe them with some reservations

Many polysaccharides are composed of only onc repeating monosaccha-
nde, and even where a larger number exists they appear to be arranged in a
systematic fashion. Homepolysacchandes possess only one repeating unit
while heteropolysacchartdes contaim more than one Most polysaccharides
are composed of aldoses or their denvatives and the hydroxyl group
formed in the ring structure on carbon-1 (thc anomeric carbon) reacts to
form the ether link that holds the monosacchanide residues together. This
hydroxyl group may react with any other available hydroxyl on the ad-
jacent monosaccharide, except the one on carbon-1, to form the polysac-
chanide chain. Usually the one with which 1t reacts 1s the same through-
out the chain,

You are famihiar with the structure of the two types of starches amyloses
with long chams of glucose residues and the amylopectins with branching
chains that form a “bushy™ molecule You will remember that the glyco-
gens are similar in structure to the amylopecuns, although the number of
glucose residues in the chamn 1s smaller (These can be reviewed 1 any
organic chemistry textbook )

Cellulose

Cellulose 1s the compound that gives strength to plant tissues, It is de-
posited in the cell walls of all seed-bearing plants n varying concentration,
and forms long fibers that strengthen stems and ribs of leaves On acid hy-
drolysis of cellulose, glucose 15 formed 1n yields of 95 to 96 per cent This
fact indicates that the structural unit i a cellulose molecule is glucose
When cellulose 15 treated with an acetylating agent, it forms cellobiose
octaacetate, the only disacchande produced Cellobiose is a disaccharide of
two glucose units which differs from maltose 1n the configuration of the 1-
carbon. In maltose the alpha configuration occurs, while in cellobiose the
opposite configuration, beta, exists. We can conclude from the formation
of a cellobiose dervative that the beta configuration exists in cellulose.
Other studies have shown that the link between the glucose residues is a 1-4
link, the same one that 1s shown in cellobiose. The exact number of glucose
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residues in the chain is stil} unknown, but it is certain that the number
must be large. Attempts to determine the molecular weight of cellulose iso-
lated from various plants, by viscosity measurements, by the ultra-
centrifuge, and by end group analysis have not given consistent results,
Most determinations give ranges of values and indicate that the samples are
composed of molecules of different molecular size.

CH,0H
- 0
H
OH H
H
H OH
HO_ M A
[ : {
Hoon) | /”?0‘"]
HO((IH 0 ig HO((JH o
H(’Zj/",' ucj/
{ 1
Hf(-‘ i H(E
CH,OH | CH,OH

Schulz and Marx** have found that the degree of polymerization of cellu-
lose from fibers in cotton, coiton linters, ramie, china grass, and flax is
between 6500 to 9000 glucose units, while those from the first leaf past !.hc
cotyledon on plants, from root tips, or bacteria show considerable varia-
tion and are considerably lower in molecular weight. These celluloses are
probably representative of those found in foods. X "

X-ray studies of cellulose fibers indicate that the fibers contain areas 0
crystallization and areas of disorganization called amorphous ccllu‘lolsc.
These data indicate that in the crystalline areas the celiulose molecules
are oriented parallel to the fiber axis. The dimensions of the _cel1§ have
been calculated, and it is believed that one cellulose mo!eculft h€§ in 1‘3;1‘:
direction, while the neighboring molecule lies in the opposite direction. e
molecules are so close together that they probably are held by hyg:“f .
bonds between oxygen atoms. In the amorphous portions of the dl C ,“‘
much looser arrangement exists; in this part ad.sorption of water ﬂf}b‘s"z‘;d
ing readily occurs. Also this part of the fiber ls’beheved to.bc_ﬂe:u“ : rion
capable of distortion without breaking: If this hypothesis is "Ln ,zhcn-
property makes a cellulose fiber of peculiar value to the plant, streng!
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ing a stem or leaf and yet not rendering 1t ey and suscepuible to break-

ing.
Starch

Starch is the reserve carbohydrate of plants and occurs as g\tanules in
the eell in plastids, separated from the cytoplasm Under the microscope
the plastids in some plant tissues can be seen filled with granules and
when the cells are ruptured, the granules stream out. The size and ‘shapc of
starch granules is charactenstc of therr origin, and anyone trained can
readily identify the origin of starch granules with a microscope

oststarch granules contain both amylose and amylopcc}ln (nOIBCUICS-
Wazy or glutinous starch from corn and other cereals contains litile or no
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amylose, while a2 sugary mutant corn and some of the legumes contain
amylose in greater abundance than amylopectin. Amylopectin is usually
the more plentiful type of starch. (See Table 3.2.)

Amylose molecules are straight chain polysaccharides in which a-D-glu-
cose units are joined 1-4. Chain lengths vary from 250 to about 350 glu-
cose units, and the long molecules appear to be coiled in an a helix.
Amylopectic molecules are branched at carbon 6 on the glucose unit to
form a 1-6 ether link. The length of the linear units in amylopectin is
only 25 to 30 units but molecular weights show that 1000 or more glucose
units are combined in a molecule.

The ability of a natural starch to form pastes and gels differs con-
siderably with the source of the starch. Amyloses are believed to form gels
more readily because the linear shape allows the formation of a three-
dimensional network with ease. However, these molecules associate and
crystallize readily and the starch dispersion undergoes retrogradation (sce
p. 107). Amylopectin molecules, with their bushy structure, do not crystal-
lize readily. Waxy starches do not show retrogradation.

Enzymes and Starch. Three types of enzymes, widely distnibuted in
nature, react with starches: a-amylases, g-amylases, and phosphorylases.
The amylases are particularly interesting to the food chemist since they
are often used to modufy starches.

Alpha Amylase. Alpha amylases are also called “hquefying” or “dextro-
genic™ amylases from their action on starches. They occur widely distrib-
uted in the plant world often associated with S-amylases. Dormant, un-
germinated seeds sometimes possess a-amylases in small quantities, but
on germmation all of these seeds raprdly develop these enzymes. Thus
alpha amylases can be readily prepared from sprouting grams. Alpha

FiGure 3 5. MICELLAR ORGAN-
1ZATION WITHIN SWOLLEN STARCH
GRANULE, ACCORDING TO K. H
Mever Reproduced from Schoch.
T J and Elder, A, L, “Starches
1n the Food Industry,” in “Use of
Sugars and Other Carbohydrates
1n the Food Industry,” Advances vt
Chem Ser, 12, Amesican Chemi-
cal Society, Washmgton, D c
(1955).
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amylases also oceur in saliva and pancreatic juice ahd are produced by a
number of bacteria and fungt.

Alpha amylase catalyzes the hydrolysis of starches into low molecular
weight dextrins with great rapidity. (Sce Figure 3.6) In a short time a
starch dispersion liquefies as the molecular weight of the colloid is de-
creased and soon the solution is filled with dextrins of approximately 6
glucose units along with a small amount of maltose. The bonds hydrolyzed
are the 1-4 cther links. The 1-6 links in amylopectic molecules are by-
passed. Any phosphate esters are likewise left intact.

Beta Amylase This enzyme 1s also widely distributed. Beta amylase is
calied the “saccharifying amylase™ because the chief product of its hy-
drolytic catalysis is maitose. (See Figure 3.7.) A relatively pure extract of
B-amylase can be made from germinating soy beans *“Diastase,” a com-
mercial extract from barley malt which 1s widely used in industry both for
food and many other products, is a mixture of alpha and beta amylases.

Beta amylase forms primarily maltose and the reaction will go almost to
completion. The 1-6 link appears to be somewhat sensitive to hydrolysis
in the presence of g-amylase as well as the 1-4 link between glucose
units. The barnier link that prevents the formation of 100% maltose is
probably the g-link which occurs nfrequently in amylose and amylopectin
on the I-carbon of glucose

Technology of Starch. Starch 1s produced n large quantities in the
Umted States from a number of plant sources Cornstarch 1s the most 1m-

TABLE 3.2 AMYLOSE CONTENT OF SOME STARCHES*

Amylosc Content %,

Sugary Mutant Corn 70
Steadfast Pea 67
Alderman Pea 65
Chick Pea 3
Buckwheat 28
Barley 27
Sorghum 27
Commercial Corn 26
Wheat 25
White Potato 23
Arrowroot 21
Sweet Potato 20
Tapioca 18
Waxy Barley 3
Waxy Corn 0-6

‘rmmwhmler R n and Smart, C L, “Polysacchande Chermistry,” p 212, Academic Press, Inc,
NewYork, Ny,
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FIGURE 3 6. a-AMYLASE ACTIVITY ON AMYLOPECTIN WITH THE FORMATION OF DEXTRINS

OF Low MOLECULAR WEIGHT Advances in Enzymol , 12, 390 (1951).
Courtesy of P. Bernfeld

portant. The most common method is the one described below but many
modifications exist.

The corn is steeped for 35 to 45 hr in water at 50°F with sufficient
sulfur dioxide added (0.15 to 0.2 per cent) to prevent growth of microor-
ganisms and perhaps start the disintegration of protein. During steeping
the corn picks up water and is then readily ground to separate hulls and
germ. The starch, protein, and water-soluble substances form a slurry that
1s separated from the germ. The slurry is then finely ground and separated
from hulls and coarse particles. More sulfur dioxide is then added and the
temperature increased to within the range of 85°F to 90°F to make the
separation of the starch granules from the proteinaceous material easier.
The granules are separated by various methods such as centrifugation or
filtering and are washed and dried. The starch is sold in several forms:
Pearl is rough-ground from the dryers while powder 1s finely ground and
even sifted. Lump or crystal is the other form available on the market.

Many modified starches are on the market but those most commonly
used in the food industry are the thin boiling types. They are the result of
partial hydrolysis of the starch, usually by sulfuric acid or some other
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FIGURE 37 S-AMYLASE ACTIVITY ON AMYLOPECTIN WITH THE FORMATION OF MALTOSE
AND A HiGi MoLEcuLAR LiviT DEXTRIN Advasnces in Enzymol , 12, 394 (1951)

Courtesy of P Bernfeld

acid. Before drying the starch slurry 1s treated with 0 1N H,SO, at 50°C for
6 10 24 hr Hydrolysis of some of the bonds 1n the starch results in a
product that will disperse 1n boiling water to yield a dispersion with a
viscosity not much greater than water, The more extensive the modification
of the starch, the greater the effect on lowering viscosity.

Fructans

Fructans are polysacchandes composed of {ructose residues and are de-
posited in the roots and tubers of a number of plants as well as in the
leaves of some grasses. A number have been isolated and the structure of
some is farly well known, Some fructans are linear while others are
branched, with either a 2-1 or 2-6 link between the fructose residues, and
have a fairly low molecular weight. Since they are easily isolated and since
fructose is the sweetest of the hexoses, fructose syrup has been produced
commercially.

Mannans and Galactons

These as well as the heteropolysacchandes of galactose and mannose,
the galactomannans, have been found in plant and animal tissues. These last
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are used as thickners and are produced commercially from seeds. They are
briefly discussed under gums
Chitin

Chitin is a homopolysaccharide that occurs as a structural compound in
lobster, shrimp, and crab shells as well as in some insects and fungi. The
shells contain calcium carbonate, proteins, and other compounds, but this
polysaccharide is mainly responsible for the rigidity of the tissue. It is
easily extracted, The repeating unit in chitin js 2-N-acetyl glucosamine,
linked g-1-4.

CH,OH CH,OH
° 0 . o
" H
o OH H 0 OH H
H i

H NHCOCH, H NHCOCH,
Portion of Chutin

Hyaluronic Acid and the Chondroitin Sulfates

The heteropolysaccharides of anima! tissues have been studied for many
years and several of them in the past decade have been well characterized.
The problem of separation is a difficult one and there is still a great deal
of confusion in this field in nomenclature and definition. Attempts in the
past to determine structure with crude mixtures rather than with pure com-
pounds have added to this confusion. Hyaluronic acid and the ch(gndrollm
sulfates are now well known and the structures at least partially de-

CH,0H COOH
H/® (]
9 H )
OH H
a2

H NHCOCH, H OH

Portion of Hyaluronic Acid

termined. Both occur in the ground substance of connective liSSUC.d"L);‘
aluronic acid is more abundant in skin and solt tissues }yh:)e. the ch\:)n irso-
tin sulfates are more abundant n cartilage. Hyaluronic acid can be
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lated from umbilical cord and chondrontin sulfates from bovine nasal
septum Probably in connective tissue these carbohydrates occur hnked to
protein

Hyaluronic acid appears to be a hinear molecule or one 1 which there
is httle branching of alternate units of 2N-acetyl glucosamine and glu-
curonic acid. These units are yoined 8 1-3 and 8 1-4 Some workers find
that hyaluronte acid is difficult to methylate and believe this indicates a
ramified structure for the molecule rather than a Iinear one  Viscosity stud-
ies indicate a molecular werght of 200,000 to 200,000

Hyaluronic acid is Tound widely distributed All connective tissue ap-
pears to contain it or dervatives and sts yellylibe quality when dispersed in
water gives these tissues their particular softness and elasticity, Vitreous
and agucous humor, synovial flurd, and pleural fiuid alt contain 1t In these
fluids its rather high viscosity make 1t an excellent lubricant

Three chondroitin sulfates have been wolated and are designated A, B,
and C. Chondroitin sulfate A and C are polysacchandes composed of equal
moles of 2N-acety] palactosamine, p-glucurome acid, and sulfuric acid
They are joined throughbeta 1 3and ) 4links

(---ocH, coon
uoso,; » o " + —o
o/ .

\
H H
}\ IJ\O\\K on H
I/l H H
H NHCOCH; H OH
Portion of Chondroin A and C Chamn
Molecular weights as high as 2,000,000 have been found for chondroitin

sulfate A, but chondrontin sulfate C 1s smaller 1n size Chondroitin B 1s
believed to differ from A and C by possessing L-iduromic acid 1 place of

a-Laiduronic Acid
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v-glucuronic acid. This differs from glucuronic acid in the coan
carbon 5.

Chondroitin sulfates A, B, and C differ in their opticat activi
resistance to enzymatic digestion by either testicular hyaluron
hyaturonidase of pneumococci. Chondroitin sulfuric acid has &
from cartilage with good yields: pig nasal septum contains
while the cartilage from the epiphysis of an infant yielded 20 pe;

TABLE 3.3. DISTRIBUTION OF HYALURONIC ACID AND
CHRONDROITIN SULFURIC ACID A, 8, AND C*

Hyalurome
Group Tussve Acid ChSA S

1 Vitreous Humaor + -
Synovial Humor + -
Mesothehioma + -
i N Hyaline Cartilage ~ +
18 Heart Valves - -
Tendon (Pig and Calf} * -

Aorta ~ -

v, Skn (Pig and Calf) + -
Umbitical Cord + -

*From Meyer, K and Rapport, M M , Science, 113, 596-5%9 (3931)

Meyer and Rapport'? give the distribution of hyaluronic
chondroitin sulfuric actd A, B, and C from ground substance |
rides in the tissues studied so far, as shown in Table 3.3. Chon
furic acids are believed to be weakly linked to protein in conns
since they are readily extracted with solutions of calcium chlorid

Mucoitin sulfuric acid (hyalurono sulfuric acid) is a hetero|
ride which has been less extensively studied than chondroitin su
or hyaluronic acid. It is closely related to them since on hydroly
glucuronic acid, 2-desoxy-2-amino p-glucose (glucosaming), <
and sulfuric acid. It has been isolated from cattle corneas ¢
mucosa. The compound from corneas is readily attacked by the
aluronidase and is therefore believed to be the mona-sulfuric a
hyaluronic acid. This s not true of the mucoitin sulfuric acid isc
the gastric mucosa. It resists attack by hyaluronidase and mus
possess a different structure,

Mucopolysaccharides and mucoproteins are complex compou
to carbohydrales 2nd are of considerable importance in mam
nomenclature is nat yet precise, but the groups of compounds :
classified either as mucopolysaccharides or mucoproteins on ti
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line can be given. These mucosubstances are slimy compounds that act as
lubricants, protect epithelial surfaces, or form part of the cell wall and
have many other functions.

The carbohydrate portion of these molecules is composed of hexos-
amine, monoses, and often sialic acid. The hexosamines are either glucos-
amine or palactosamine while the monose may be galactose, mannose or
fucose or combinations of them. In bacterial cell walls the pentoses,
rhamnose and arabinose, occur, The carbohydrate portion is often large
but in some mucoproteins appears quite small as a prosthetic group. All
these polysaccharides are bound tightly 1o protein. This is a different kind
of bond than that which occurs between the chondroitin sulfates or hy-
aluronic acid and protein.

Sialic acid 1s the name now given to all acylated derivatives of neura-
minic acid. The one most commeonly encountered appears to be N-acetyl
neuramumic acid Neuraminic acid is now considered to be the condensate
of mannosamine and pyruvic acid

CH, CHOH
€O ACHNCH
COOH HOCH
HCOH
néon
non

Siatic Acid {(N-acetyl Neuraminic Acid)

Many of these polysacchanides are present in small amounts 1n meat and
meat products

Hemicellulose

Plant cell walls are readily visible under a microscope because of thick-
ness and the frequent occurrence of numerous layers The most abundant
compound present 1s « cellulose Long fibers are embedded in a matrix
of cementing compounds and in older tissues which have become woody
are encrusted with hgnins In analysis of plant tissue and attempts to
separate the compounds that make up the cell wall, hgnins are first re-
moved This leaves “holocellulose,” which appears to be an intimate mix-
ture of cellulose and other compounds which are soluble in agueous alkalt.
These alkali-sofuble substances are called hemicelluloses and are not well
defined. No satisfactory classification of the 1 luloses has been pos-
sible yet although some generalizations are given.
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Itis generzflly agreed that the following differences exist betw
lose and hemicellulose molecules:

(1) Cellufoses have a higher degree of polymerization (more
charide units) per molecule than hemicelluloses.

(2) Celluloses are less soluble in alkali and less readily
by dilute acids than hemicelivloses.

(3) Celluloses are fibrous, while hemicelluloses are nonfibrous,

(4) Celluloses yield p-glucose on hydrolysis, while hemicellul
predominantly p-xylose and other monosaccharides.

(5) Celluloses have a higher ignition temperature than hemi
These criteria are only general, qualitative means of differentiatios

Hemicelluloses are widely distributed in nature, but research
tered for the most part on fractions isolated from wood. Most |
lose is composed primarily of the pentose, xylose, often combin
methy!l uronic acid, although hemicellulose fractions from conife
mannose, one of the hexoses, as the principal monosaccharid
Table 3.4 shows that many other monosaccharides, both hex
pentoses, have been isolated from hemicellulose fractions. Plant |
loses other than wood which have been studied have a similar coi
with xylose the principal monosaccharide residue, This is shown ir
n Table 3.4. The uronic acids found have not been well characte
though some have been identified as glucuronic or galacturonic
their methyl ethers. Hirst!! summarizes our knowledge of the struc
fow fairly well defined hemicelluloses in schemes which represent
charides composed of a number of monosaccharide units., See T
In this table where the number 1s known, it 1s given.

H OH B OH H OH
. WUhant Elanr Hemicelluiose
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TABLE 34 COMPOSITION OF HEMICELLULOSES*

Hevoses Pentoses
Methyl- Galac- Arabi.  Rham- G-
Aylose uronie Glucose tose Mannose nose nose  curome
Oakwood
HemA 822 100 34
Hemi B (1144 1w 23%
Black locust in sap-
Lemonwood o o, wood but
Whichich 150 TS e
Cottonwood wood
Mesquite 11 moles 1 mole
Wood 6 1
Aspenwood  chiefl sm sm sm sm. sm sm
Black spruce v v v v v v v
White Pine  44.50 10 5-15 sm 36-46%,
Sapwood
tess sol 1, Y, chuef
Slash Pine
Fract A ns
Fract B 272
Fract C 452
Black spruce
A 93
B 264
C 449
AlfalfaHay  chief some sm
Sugar Cane 22 moles 09 moles 1 mole
Fiber (no me)
Comstalk 19 moles 2 (nome) 7
Oat Hylls v 1(rome) 2mol v
Esparto 1820 !
grass
Sugar maple uronic  methoxy
Fract JA 461 171 27
11:] 437 158 23
n 547 28 26
m 192 122 21
v 809 93 23

*FromWise, L E andJohn,E C, “Wood Chemistry,” 2nd ed, Chop 10, “The Hemicelluloses,™
Renhold Publishing Corp .New York, N Y (1952)
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TABLE 3.5. STRUCTURE OF HEMICELLULOSES®

No of Monosacchande

Source Structure
Esparto grass X1 .,.4X1 ...4X1 ., 4X1 ...4X
3
X1 ..4X1 P rarez=w
Corn cob xylan similar
Wheat flour X1 _..4X! ... 4X1,..4X] ... 4X
3 32
1A 1A1A
Esparto grass Xt ...4X1 ...4X1 ,..4X
3 3
IA 1X4 .. 1X
Wheat straw X1 ...4X1 . .4X1 .. 4X) . 4XD L 4X 50x
3 3
1A 1GA
Qat straw X1 ...4X1 ...4X1 ... 4X1 ... 4X
3 2
1A 1GA
Pear fruit X1 ..4X1...4X1 ., 4X1 ...4X1 . .4X »
3 3 o ox +y+ze)
X1 ...4%1 ca T
Beechwood X1 ...4X1 . 4X1.,.4X) ...4X
2
IMGA
Algal xylan Xt. .4X1...3X1 X Ratio 1123
Phododymeia palmata
(Red seaweed)
Barley gum .. 4GB1-3G81
Larchwood Galf1-6Galgl ..
3
18Gal6
Guar 4MB1 -4MBI ...
6
taGal
where:
X = Xylopyranose
A= Arabofuranose
G = p-Glucopyranose

Gal =" D-Galactopyranose
M= Mannopyranose

GA = D-Glucurome Acd
MGA = 4Methyl Glucuronic Acd

sFrom Hist, E L./ Chem Soc 2974-2984(1955)
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Hirst's scheme attempts to show not only the branching of the molecules
but the carbons at which bonds are established. Thus wheat flour hemi-
cellulose has a “back bone™ of a chain of xylose residues, joined 1-4 with
branching by arabinose moieties on either carbon 3 or occasionaily carbon
2. The formulas show this. (See the formula presented above on p. 84.) The
rather low molecular weights are demonstrated by rather low number of
monose residues in esparto grass, wheat straw, pear fruit hemiceilulose (80,
50, and 120).

Pectic Substances

These consist of a group of carbohydrates which are of considerable in-
terest in foods of plant ongin. They comprise not only those substances
(pectins) in fruits and vegetables which are capable of forming gels with
sugar and acids but a number of other compounds as well. The exact lo-
cation of these compounds in a tissue is still a matter of dispute since
the methods of chemical morphology are not yet specific enough Most
workers are agreed that pectic substances occur in the middle famella be-
tween cells and perhaps 1n the cell wall, but whether they are ever con-
tained within the cell s questionable, The structure of the pectic sub-
stances has been the object of a great deal of research and considerable
knowledge has accumulated The chief products of the hydrolysis of pectic
substances ate galacturomic acid, a derivatve of galactose in which the 6-
carbon is oxidized 10 a carboxyl group, and methyl alcohol.

COOH COOCH;,
o oy HO Ou
H H
OH H OH H
H OH H OH
H OH H OH
a-galacturonic Acid Methy! e-galacturonate

Th'is tndicates that pectic substances are polysaccharides of galacturonic
acid or of its methyl ester Whether other groups are present in the mole-
cule is difficult to determine because pectic substances are hard to purify.
Since some apparently pure samples of pectic substances have been pre-
l‘affd which contain only galacturonic acid or its methyl ester, when other
moieties are found among the hydrolysis products, it is difficult to decide
whether they are contaminants or intrinsic parts of the original molecules.
The pectic substances have been studied for many years and the nomen-
clature in the early days became very confused. In 1926 a committee of the
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American Chemical Society attempted to standardize this nomenclature,
Tts report was revised and adopted (see Kertesz') as official in 1943, These
definitions are given here:

Pecuc substances “Pectic substances” 1s a group designation for those complex colloidal
carbohydrate derivatives which occur in, or are prepared from, plants and contain a large
proportion of anhydrogalacturonic acid umits which are thought to exist in a chainfike com-
bination The carboxyl groups of polygal acids may be partly estenified by methyl
groups and partly or completely neutralized by one or more bases.

Protopectin. The term protopectin is applied to the water-insoluble parent pectic substance
which occurs 1n plants and which, upon restricted hydrolysis, yields pectinic acids

Pectinic acids The term pectinic acids is used for colloidal polygalacturonic acids con-
tamng more than a negligible proportion of methyl ester groups. Pectinic acids, under
suitable conditions, are capable of forming gels (jelles) with sugar and acid or, if sun-
ably low m methoxyl content, with certain metallic jons. The salts of pectmic acids are
ether normal or acid pectinates

Pectin. The general term pectin (or pectins) designates those water-soluble pectinic acids
of varying methyl ester content and degree of neutralization which are capable of forming
gels with sugar and acid under suitable conditions

Pectic actd The term pectic acid 1s applied 10 pectic substances mostly composed of
! } polyg: acids and ially frec from methyl ester groups The salts
of pectic acid are either normal or acid pectates

The molecular weights of various pectic substances extracted from plant
material have been determined by osmotic methods, the ultracentrifuge,
end group analysis, and by viscosity, but no agreement is apparent as yet.
This is not surprising since separation of individual molecular species in the
pure state is very difficult, and the pectic substances present in plants are
probably complicated mixtures. End group analysis indicates a range of
molecular weights from 2500 to 7500 while measprements of pecf:c sub-
stance derivatives (acetyl and nitropectins) by osmotic pressures give mo-
lecular weights from 30,000 to 100,000. By use of the ultracent.rifn};c crude
extracts give a range from 16,000 to 50,000, although some scientists ha.vc
found for highly purified products a variation from 33.00(_) to 117,000, Vis-
cosity measurements give results from 27,000 to 115,000 wnql one sampic.as
Iigh as 280,000. Probably pectic substances occur in plant tissues as 2 mix-
ture of molecules with a variety of molecular weights. At the it 15
impossible to estimate the number of galacturonic acid residues presest in
any one type of pectic substance. .

There have been numerous structures proposed for the pectic s.ubsta.nces,
but today the most popular hypothesis is that galaf:zuromc :{ud res‘zducs
are jowned 1n finear units by & 1-4 hinks fike those which occur in am‘y ustsl:
Pectic acids are the polygalacturonic acids which are essentially rclcj °
methyl ester groups, while pectinic acids contain some methyl ester groups.
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Kertesz! shows the dilference between them wn the following scheme:

G—COOH
Gl—COOH
(IE—COOH
(I}—COOH
(l}—COOH
)
(l}—COOH
(‘}—COOH
ete
Polygalacturomc
Acid or Pectic
Acd

GCO—O0—CH,
—COOH
Gl~co~—0—cn,
G—-CooH
G—-COOH

G--coon
G—~C0—0—CH,

R
G—COOH

G—CO—O0—CH,
¢—CO—0—CH,

etc
Pectinic
Acd
{Pectin)

The 1-4 link 15 an & ether link between the first carbon on one galacturome
res.due and the fourth carbon on another

COOH

)_
s,

H

COOCH,

On On
o H
H OH H
H
on H OH

Pectic Substance Chain

The angle between the 1 - and 4- carbons has been shown by X-ray study
to be 90° to the plane of the galacturonic acid ning, This differs from
that for other polysacchandes and gives the linear unit a screwlike con-
figuration. The number of galacturonic actd residues in each linear unit is
not known Since pectic acids can be prepared from pectinic acids by hy-
drolysis, 1t 15 assumed that these two groups of compounds have essentially

the same structure
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The free carboxyl groups in both pectic and pectinic acids will react with
metallic jons to form salts. If the acid is completely neutralized, that is, if
all carboxy groups react, the product is a normal pectate or pectinate. If
only part of them react, the product is an acid pectate or pectinate. Many
of the pectic substances exist in plants as acid calcium or magnesium salts,

Both pectic acids and pectinic acids are predominantly linear, However,
many workers in the field believe that the screw-shaped linear units of ga-
lacturonic acid residues are associated as macromolecules, either through
some sort of branching similar to that which occurs in starches and glyco-
gens or by lamination or bundle formation. Three possible types of links
which hold the linear units have been suggested: (1) anhydride formation
between the carboxyl groups, (2) ester formation between carboxyl and al-
coholic hydroxyl, and (3) hydrogen bonding.

(1) Some evidence points to the participation of the carboxy! group in
finks between linear units of galacturonic acid residues. For one thing, the
equivalent weight is not high enough to indicate one carboxyl for each
glucuronic acid residue. Also pectic substances are especially vulnerable to
alkaline degradation, a characteristic of acid anhydrides. The anhydride
link is the following*

0 0 o 0
V4 |/ a
& —on ¥ c:;—-cZ—on . ?cf—-o’—c«c(; + HO
i

(2) The link may be ester in nature although this group is more dufficult
to hydrolyze.

| . 7
c:3con + GOH — ?-—céo—lc

Either link (1) or (2) would form branched or laminated molecules with
considerable stability since these are primary valence bonds.

(3) The hydrogen bond which weakly holds many .macromplccz;)cslxz:
gether and is readily disrupted by warming may hold linear units ol gaia :
turonic acid residues in laminated molecules. Hydrogen bondimg can occ\xr
between hydroxyl groups or between hydroxyl and carboxyl. This type 0
macromolecule will dissociate readily into linear molecules. ) o

Protopectin. Protopectin has been assumed for many years 10 exist ﬁed
msoluble molecule in plant tissues, but its exact nature 1s far from szl) culc.
There is always a great problem in separating a large.msolublc (;no.c ©
from the complex mixtures which occur in plants, fvxlthtmt pro UClﬂias
change in composition. Attempts to study it by staining techniques
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likewise not progressed far ecnough to give any information that is not
tempered with doubt,

Many investigators in the past assumed that protopectin is a large in-
soluble molecule formed by the reaction of pectic substances with cellu-
lose. Cellulose occurs in the cell walls of plants and protopectin is be-
licved to be in these walls as well as in the middle lamella between the
cell walls. It is certainly possible that such a combination exists, and such
a huge molecule would be insoluble

Other workers have suggested that protopectin 1s insoluble because it
exists as a calcium-magnesium salt. Protopectin is rendered soluble by hy-
drolysis with acid and they have regarded this action as the substitution of
hydrogen for the calcium and magnesium 1ons In support of this hypothe-
sis there are also the observations that 1solated pectic and pectinic acids of
rather high molecular weight form insoluble salts with calcium and mag-
nesium jons. In other words, these workers consider protopectin as
calcum-magnesium pectinate. Finally there are some researchers who con-
sider protopectin a macromolecule built up of numerous pectinic acids and
they have speculated on the type of linkages which hold the pectinic acids
together, It may be that ether or ester links form unusually large branched
or laminated molecules similar to those described for pectic and pectinic
acids It is also possible that the pectimic acids are held together by
calclum jon bridges Since the calcrum 10n 1s divalent, 1t 1s possible that it
reacts with a carboxyl group on each of two pectinic acids.

|
&‘}coo-cH, H,C—00CG
GCOOH HOOCG
?COO———-—— Car+ OOC(I:l
etc ' cte’

The reactions of pectic substances are very evident in cooking fruits and
particularly 1n making jelly When fruits rich 1n pectic substances are boiled
to hydrolyze the protopectin they form a juice which will gel when sufficient
sugar and acid is added. Overnipe fruit in which the pectinic acids have
been extensively hydrolyzed to pectic acids, make very weak jellies or none
atall, Boiling the juice for long periods often produces syrupy gels for the
same reason The physical-ct i problems ed in preparing
pectin gels are complicated, and although the companies which make com-
mercsal pectin either from apple pomace or from citrus fruits have stand-
ardized their prod and have blished procedures which insure suc-
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cessful jellies, many of the principles behind these pracedures are stifl
obscure.

Pectin Gels. The pectin which is present in most fruits has been used for
many years to produce sugar-acid gels. Some fruits such as apple and quince
are widely known to have excellent jellying power, The pectic substances
which produce firm jellies are relatively high molecular weight molecules
with a relatively high per cent of methyl ester groups and consequently a
low per cent of free carboxyl. When a hot aqueous mixture of sugar, acid,
and pectins is cooled, it sets into a gel. The sequence of events and the
effects of ingredients is complex. Several theories have been proposed to ex-
plain the gel formation. The factors which influence gelling will be dis-
cussed, but their significance will be omitted.

A firm gel depends on (1) per cent pectin, (2) molecular weight of the
pectins, (3) per cent methylation, (4) per cent sugar, and (5) pH. A desira-
ble jelly must be firm enough to stand without appreciable deformation
and yet tender enough to spread readily on bread. As the percentage of
pectins increases in mixtures, the firmness of the jellies produced on cool-
ing increases. A satisfactory jelly is produced with approximately I per cent
pectin. The amount varies with the quality of the pectin preparation, the
average molecular weights of the molecules present, and the degree of
methylation. )

The molecular weight of pectic substances is important in determining
Jjellying power. Molecules must be colloidally dispersed before a gel is pos-
sible. Thus the protopectins cannot act in gelation until they have been
changed to pectinic acids. As a gel forms, the molecules develop a three-
dimensional network which traps solution in the interstices. If the mole-
cules are too short, the network is not continuous jn many spots and the gel
is runny or soft. .

The methy! ester content of the pectinic acid is another factor which in-
fluences the jellying power of the product. Excellent jellies can be ;!rffxiil{e‘X
from pectins with a wide range of methyl content, but maximum ]C“)ﬂ:g
appeats at about 8 per cent. This represents esterification of half of the
carboxy! groups. ) he

The effect of pH on jellying has been recognized for many years. !n .
home preparation of jellies 1t 1s well known that dcafi-r:pe' fruit .wnh i :
lower acid content does not yield as good a jelly as partially ripe fruit. Mt;s
pectic products do not form a jelly until the pH is lqwercd to 3.5, aryld :h:
firmness of the jelly increases as the pH is lowered. With very low pH’s, o
amount of pectin can be decreased and a satis.factory gel still formed. h~
optimum pH is usually found, and if the pH. is lowercc.i below tius point,
the firmness of the jelly diminishes and excessive syneresis develops.
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Sugar (mainly sucrose) is necessary for the formation of the pectin gels
and must be present in a minimum concentration. Most jellies are made
with approximately 65 per cent sugar. If the amount is increased much
above this point, crystallization tends to occur on the surface of the jelly
and occasionally even within the jelly. We find that the same methods
which prevent or diminish crystal growth of sucrosc in sugar cookery are
effective in fruit jellies Cooking the sugar with acid fosters hydrolysis of
sucrose to form glucose and fructose (invert sugar), or addition of corn
syrup or other glucose or fructose products in small amounts decreases
the tendency to crystalfization.

Jelly Grade The jelly grade of pectic products determines their commer-
cial value but it 15 difficult to measure A number of methods have been
suggested ta evaluate the ability of a pectin product to form a jelly. Before
a manufacturer buys a product, he wants to know how much jelly can be
made from 1 1b of the matenal Jelly grade 1s defined 1 terms of the
amount of sugar which 1 1b of the pectn will “‘carry” or gel. If a pound of
pectin will carry 100 Ib of sugar and form a satisfactory jelly, it 1s classed
a8 100 grade pectin One of the most difficult pomnts 1s the definition and
measurement of ““a satisfactory jelly.”

Setting Time, The time which elapses between the addition of all com-
ponents and formation of a gel, called the “setuing time,” often has a
marked effect on the quality of the final jelly. If a gel sets too rapidly be-
fore pouring is complete, the jelly never achieves the firmness possible with
slow setting When setting 1s very rapid, the mixture 1s said to “curdle,” as
small lumps of gel are formed in the pot A curdled mix is difficult to pour
and does not fill evenly With jams and preserves, however, slow setting
allows the chunks of fruit 1o settle rather than remam evenly distributed
through the jam, C cial pectins are available either as “rapid set™ or
as “slow set

A hot muxture does not set untal 1t begins to cool. The rate of cooling
and all of the physical factors which effect rate of cooling, such as the pot
size and shape, have an effect on setting time  But when this 1s controlled,
different pectin products sull show a difference i the setting time. A
“rapid set” begins at about 88° C (190° F), while a “slow set™ forms a jelly
below 54° C (130° F). A number of patents have been 1ssued for methods
of treatment of pectin products to prolong setting time, They are methods
which by acid or enzyme treatment alter the pectinic acids by partial hy- |

drolysis so that both molecular weights and total methyl are slightly
changed.

The PH of the mixture has an influence on setting time. Setting is more
rapid al lower pH's. Saits tend to delay setting; and some, such as
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disodium phosphate, are regularly added to “slow set™ pectins. Buffer salts
decrease the jonization’ of the organic acids present in fruit juices and by
this action raise the pH and prolong settmg time.

Adjustment of the pH of a fruit juice or mixture is allowed by the

USDA. If the fruit has too high a pH, it is permissible to add acid. Citric
and lactic acids are the most common ones used since they are believed to
impart good flavor; but phosphoric, tartatic, and malic are also used. These
acids are either added at the end of the cooking time so that too much hy-
drolysis of the sugar is prevented, or in jellies they are sometimes placed in
the containers and mixed through the hot product immediately after pour-
ing. To raise the pH of a fruit which is unusually acid, buffer salts are used.
The USDA allows as much as 3 oz of either sodxum citrate or sodmm po-
tassium tartrate per 100 Ib of sugar

Gel Formation with Low Ester Pectins. Low ester pcctms which Have a
methyl content below 7 per cent are able to form gels in the presence of
small amounts of divalent ions, even though the per cént of solids is very
tow. Commercial products are now on the matket and are' used for other
types Of gels than fruit jellies or jams. They are produced by de-esterifica-
tion with eithef acid, enzymes, or alkali. The products formed from these
three methods are evidently not identical since they differ sharply in their
physical characteristics and parﬂcufarly in their reaction to d:valenz wns
They are often called “low methoxyl pectins.”* ~

Low ester pectins do not require the prescnce of sugar for the formaﬁon
of a gel as do the high ester pectins. The sxgnlfcance of the réquirement
for divalent jons probably les in the ability of the ions to react with the
carboxyl group on two mo]ecu]es ofpectlc acid, and farm a bridge between
them.

The low ester pectins are used iri the preparatmn of low solid salads and
desserts. Tomato aspic, for example, ¢an be formed with low ester pectins
but will not gel with the high ester pectlns They-can also be added to fruit
before freezing to reducs the amount of“run-oﬂ" when the fruit is thawed.

- “

_\ ‘ _ -

FIGURE 3 8. MECHANISM OF
( /_l GRADATION OF LINEAR  FrACTION (}f
StarcH Reproduced from Schoch, ;od
and Elder, A L, “Starches in the Fo

fndustry,” w “Use of Sugars and Oxj);r
SOLUT'ON ——'=‘—’-_' Carbohydrates in the Food Industry,” Ad-

vances in Chem Ser, 12, Amencan Chemi-
P R ECIPITA Y E cal Society, Washington, D.C (1955)
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Coating for many foods is possible with a bath of low ester pectins to which
a small amount of calcium chloride is added. The coating can be sprayed
with calerum chioride to “'tan™ the surface. This is useful with fruit, meats,
and other foods. It has been used to prevent freezer burn in fish and sticki-
ness in candy.

Pectins in Alcoholic Fermentation. Alcoholic fermentation of fruits and
grains with yeast, usually Saccharomyces cerevisige, yields ethanol,
C,H,OH, and very small amounts of other organic compounds. Occa-
sionally methanol will contaminate the fermentation beer; and unless it is
carefully removed by distillation, it will be in the final product. This
methanol arises by demethylation of pectins by pectin esterase.* Yeast does
not form an enzyme capable of hydrolyzing pectins, and consequently the
reaction does not commonly occur in fruit fermentations But pectin
esterase is abundant in the peel of citrus frunts and also in fungi. The ac-
tivity of the enzyme rises as the pH increases from 1 to 6 and the produc-
tion of methanol goes up. If citrus fruit 1s limed before fermentation, or if
fruit or grain with relatively high pH becomes contaminated with molds,
the amount of methanol formed may be fairly high.

Gums and Mucilages

A number of plants form gums on their bark or fruit when they are mn-
jured or when they are stung by insects. An exudate forms which contains
ahigh per cent of polysacchanide This can be readily gathered and dried
and will absorb water and form a suicky mass Many natural gums are
sold commerciafly and used as adhesives or thickeners. Gum arabic from
the acacia tree, gum ghatts, gum karaya, and gum tragacanth are com-
monly used.,

Scaweeds and a number of seeds contain polysaccharides which are
similar in composition to those produced as exudates and which are used in
similar fashion. Alginic acid and us salts are now widely used 1n the United
States as thickeners. Agar is produced from seaweed (Gehdium algas) and
carageenan from Inish moss (Chondrus crispus) Locust bean gum and
quince seed gum are examples of those from seeds.

For the most part, frmt gums, on hydrolysis, form pentoses, hexoses,
and urontc acids. Table 3 6 shows the distribution of monosaccharides and
uroric acid in gums,

Gum Arabic. This gum 1s produced on the bark of Acacia trees when they
grow 1n hot, dry, and high locations. 1t 1s extensively used industrially as a
thickener and emulsifying agent and has, therefore, been the subject of a
number of studies Gum arabic occurs as a calcium salt with an equivalent
weight between 1000 and 1200, The branched molecule appears to have a
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backbone of galactose residues held -3 with other monosaccharides or
uronic acids in the side chain,

Arafl --- 1Galp
6
Galpl - --3Galpl ---3Galp! - 3Galpl —-e-
[ [

i {
Rhapl ---3Galp Rhapl --- 3Galp
7 ?

GA GA
4 4
t {

Araf Araf

where:

Galp = Galactopyranose
Araf = Arabofuranose
Rhap = Rhamnopyranose
GA = Glucuronic acid
(Rh is 6-deoxy

Gum arabic is widely used, particularly in confections, where strong stable
gels are needed.

Seaweed Polysaccharides. The seaweed polysaccharides are produced in
large amounts from various seaweeds throughout the world. Some sea-
weeds have a relatively low cellulose content and a high per cent of other
polysaccharides. Often the surface of the plant is covered with these com-
pounds which give it a slippery feel. They are readily extracted by boiling
water or alkali and appear on the market in either a very crude state or par-
tially purified. In some parts of the world they are used for food, but in the
United States they appear in foods and other products as thickeners and
adhesives.

Although many of these polysaccharides have been used for centuries by
man, most of them are not as yet well explored chemically and only tenta-
tive or partial formulas can be assigned.

Agar. Agar, which 1s produced by boiling red seaweed in water, is 2
linear galactan sulfate. The galactose units are held together with 1-3 links
with about every tenth link 1-4, The sulfate occurs m the ratio of 1:53
galactose, as the calcium salt of the galactose ester. Both p- and c-galactose
occur in the molecule. Agar has an enormous abulity to absorb water and
form gels at low concentrations, The Japanese have used it as a food for
centuries although it is questionable if jt has any food value for man. In the
United States the food industry uses large quantities as a stabilizer and

96



CARBOHYDRATES

TABLE 3 6. APPROXIMATE COMPOSITION OF SOME PLANY GUMS*
{Moles of Constituent per Repeating Unit)

»-Glucuromie
Acid or
Methosy!

Gum Dernatve p-Galactose b Mannose  1-Arabinase 0-Xylose  L-Rhamnose
Arabic 1 k] ml 2 nl 1
Damson 1 2 1 3 ca 3% ml
Cherry ) 2 ] 6 €a,3% o
Egp Plum 2 6 nil 7 1 !
Purple Plum 1 3 mt 3™ 1m ol
Almond Tree 1 3 mi 4 2 ml
Lemon + + ml + ml l
Orange + + ml + ml it
Grapefruil + + i + ml ml
Cholla + + nl + ml +
Mesquite p-Galactu- + ml + nul -

ronic Acid

*FromPigman W % andGocpp R M “Chemustry of the Carbohydrates,” Academic Press, Inc,
New York N Y 1948

gelling agent. It is used 1n 1cings on baked goods, in cream cheese, and in
fruit and vegetable jellies Agar 1s often used 1n place of gelatn 1n jelled
candies and marshmallows Tt makes a fine jellied glaze for meat or fish.

Alginic Acid Algimic acid or sodium alginate, 1s produced from the grant
kelp of Califorma, Macrocysns pyrifera, by extraction with sodium carbon-
ate, It is a polysacchanide made up of units of mannurome acid, joined 8
1-4 1t is used in ice creams, sherbets, syrups, processed cheese, salad
dressings, and many other food products

C Car 15 1solated from Irish moss by extraction with
hotwater It 15 a mixture of polysaccharides made up of galactose mono-
or disulfates. The composition of a few of these polysaccharides has been
studied and they appear to be almost Linear with one umt branching. The
crude carageenan is also widely used 1n food products, Most chocolate mitk
in the United States is stabilized with carageenan, and 1t 1s often used in
mulk desserts and other products

Locust Bean Gum. This 1s added to ice cream powders, pudding powders,
Ppreserves and jams, salad dressings, and pie fillings, to increase the viscosity
oreven gel the product 1t 1s effective 1n low concentrations

IDENTIFICATION
Color Reaction

Carbohydrates can be 1dentified 1n mixtures of biological materials by a
number of color reactions. One of the most widely used general tests is the
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Molisch reaction which is carried out by adding a drop of an alcoholic so.
lution of a-naphthol te a solution of the unknown. Concentrated sulfuric
acid is then slowly poured down the side of the tube so that a layer is
formed below the unknown solution. In the presence of saccharides
purple color develops at the interface. Carbohydrate acids or amines do not
give the test, but mono- and oligosaccharides as well as many polysac-
charides are positive. The sulfuric acid reacts with carbohydrates to form
furfural or one of 1ts derivatives. These compounds produce colored prod-
ucts with phenols and phenol derivatives. Alpha-naphthol used in the

Molisch test can be considered a phenol derivative.
f

HC——CH ou
il )
HC. - CCHO
[0
Furfural a-naphthol

Some of these color tests can more or less differentiate groups of
carbohydrates from one another. Ketoses, pentoses, and uronic acids can
be differentiated from aldohexoses since they react more readily and often
form different colors with phenols and their derivatives, Seliwanofl’s
reagent is prepared by dissolving resorcinol in alcoho! and adding hydro-
chloric acid to not more than 12 per cent. Fructose, a ketose, will give a
red precipitate 1n 20 to 30 sec, while aldchexoses react much more slowly.
The formation of a red color with glucose after boiling for some time 1s be-
lieved to be caused by a transformation of glucose to fructose. The color
is the result of the formation of a furfural derivative and its subsequent
reaction with resorcinol. Sucrose will give a positive test smce it hydrolyzes
in the acid solution. Variations of the method include substitution of tfle
12 per cent hydrochloric acid by alcoholic sulfuric acid or acetic acid.
Phloroglucinol forms a cherry red color rapidly with pentoses, and slqwly
forms a dark red color which changes to brown with hexoses. Orcinol
forms greenish blue colors with pentoses and is somewhat more valuable
than other reagents for differentiating pentoses and hexoses. All of tfwse
tests must be used with caution and the time of heating and concentrations

OoH
¢ HO NG
CH, OH
OH e 3
Resorcinol Phloroglucinol Orcinol
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of reagents carcfully controlled. In Tauber's test benzidine in glacial acetic
acid produces a cherry red color with pentoses and glucuronic acid, while

OH
NH,-HC,H,0,
Beandine Aniline Acctate Naphthoresorcinol

hexoses give yellow to brown. Aniline acetate on filter paper turns bright
red when held 1n the fumes from a mixture of pentoses and hydrochlonc
acid but not when hexose is present. The volatile compound 15 furfural.
Urtonic acids give a purple color when they are boiled with hydrochloric
acid and then treated with naphthoresorcinol These colored compounds
are very soluble in ether and can be readily extracted from aqueous solu-
tions. Anthrone is used in quantitative tests to give colors whose depth 1s
proportional to the amount of carbohydrate present

o]
il
=4 < e
S80S
C
H,
Anthrone

Sucrose can be identified by a color reaction when the solution 1s free of
raffinose, gentiobiose, and stachyose. It reacts with an alkaline solution of
drazouracil to form a green color

The ease with which mono- and disacchandes which contamn free or po-
tential aldehyde and ketone groups are oxidized gives methods for differ-
entiating them from sucrose, which has no potential aldehyde or ketone
groups, and from polysaccharides which have few reducing groups mn a
large molecule, Many reagents have been devised using copper, silver,
mercury, and other metal ions which are reduced to the free metal or oxide
by the aldehyde or ketone groups of sugars. Benedict’s reagent, which is
composed of copper sulfate, sodium citrate, and sodium carbonate, is
widely used for the detection of glucose 1n biological fluids. The deep blue
color of the copper ion complex changes to the yellow or to the brick red
color of cuprous oxide, Cu,0, precipitate when glucose is present. Other
substances which are readily oxidized can interfere; but when Benedict’s
solution is used cautiously, it is a very valuable reagent.
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Some colored organic compounds which on reduction change colors are
also used in detecting reducing sugars. Yellow picric acid changes to deep

OH OH
x~102(j1~102 «  NO, ONH,
—_—

NO, NO,
Picric Acid Picramic Acid

red picramic acid. Orthodinitrobenzene, methylene blue, and safranin are
other reagents.

Dilute solutions of iodine are used to detect some polysaccharides; and
although it is difficult to differentiate them by this reaction, the method
does have some usefulness. Amyloses give a blue color while amylopectins
give violet. Glycogens give red brown and dextrins form colors from violet
through reddish to colorless depending on their molecular weight.

The ability of iodine in neutral, slightly acid, or slightly alkaline solu-
tions to oxidize aldoses can be used to determine them quantitatively. If the
conditions are carefully controlled, aldoses can be quantitatively deter-
mined in the presence of ketoses which do not react.

Reaction Products of Mono- and Disaccharides with Hydrazines

The products of the reaction of mono- and some disaccharides with
hydrazines are usefut 1n differentiating many of them. Phenylhydrazine is
the most commonly used reagent although dinitrophenylhydrazine and
others sometimes form products which are easily 1solated and purified One
molecule of phenylhydrazine reacts with a molecule of the carbohydrate to
form a phenylhydrazone and when the product is highly insoluble as in the
case of mannose, it precipitates. If the hydrazone is soluble, further re-
action occurs and the osazone is formed.

Fermentation with Yeast

Some groups of carbohydrates can be differentiated from others by the
ability of yeast (Saccharomyces cerevisiae) to ferment them with the form:'p
tion of carbon dioxide and ethyl alcohol. Ordmary bakers’ yeast will
ferment D-glucose, D-fructose, D-mannose, D-maltose, and sucrose, but
forms httle or no carbon dioxide if supplied with D-galactose, lactose, or
the pentoses. If the yeast is grown on a medium rich in p-galactose, the
yeast then develops the ability to ferment the galactose. However, with
ordinary commercial yeast, 1t is very easy to carry out a fermentationt test
and differentiate these sugars. Other strains of yeasts and other micro-
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Organgsms have been used to differentiate sugars and even to measure them
quantitatively 1n carbohydrate mixtures. For example, D-galactose can be
determined by the method of Wise and Appling 1n carbohydrate muxtures
through the use of Saccharomyces carlsbergensts, a yeast which ferments 1,
and Saccharomyces bayanus, a yeast which does not A table on the fermen-

{ation characteristics of a number of microorganisms 15 given by Pigman
and Geopp.22

Separation by Chromatography

In many foods complex mixtures of carbohydrates exist and attempts to
l}lemonslrat: the presence of one carbohydrate when others are also present
15 often difficult, Separation of the carbohydrates by chromatography al-
erWs the application of reactions for their identification without inter-
€rence When smali samples are available, paper chromatography is usu-
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Uly used; but if the samples are large and if it is desirable to isolate the
ure or relatively pure carbohydrates, column chromatography is used.

The ion exchange column can be used with ionized derivatives of carbo-
tydrates. Thus the products of reaction of carbohydrates with borates are
inions and are taken up by anion exchange resins. (See Boeseken,*)

Dptical Activity

When solutions of pure mono- or disaccharides are available, the de-
ermination of the optical rotdtion serves to identify or to determine
juantitatively the amount of a sugar present. This method 15 applied to raw
nd purified cane and beet sugars but is not very useful in natural foods
vhere complex mixtures occur. A polarimeter is used in measuring optical
ctivity of a solution containing an accurately weighed sample. The specific
otation is calculated from the formula:

100 o
Ixe

. (ol =

vhere ()& is the specific rotation at 20° C, and, using the D line of the
odium spectrum as a source of light, & is the observed rotation, / 1s the
ength of the polarimeter tube in decimeters, and ¢ is the weight of the
ugar in grams per 100 m! of solution. When the sugar 1s known, since its
pecific rotation is also known, the equation can be rearranged to solve for
he concentration of the sugar

c= 100 o
TIx (&)

"he method can sometimes be applied to mixtures of carbohydrates where
he rotation can be made to vary under uniform conditions. For example
he Clerget method for sucrose in the presence of glucose and fructose.dt%
ends on the fact that hydrolysis of sucrose results in a change in rotation
"he rotation of the sample is measured before and after hydro!ysis and
ince the specific rotations of sucrose and of the equimolar mixture of
lucose and fructose formed on hydrolysis 1s known, the percentage of
ucrose can be calculated.
100(P - P,)
T 3I-050-20)

S is the percentage of sucrose while P is the onginal rotation ot: the mlx;
ure, P, is the rotation after hydrolysis and ¢ is the temp'erature in d‘eg\';‘?~
entigrade. Because fructose 1s unstable 1n acid solution, enzymic y
Irolysts 1s sometimes used

’
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Qther Quantitative Determinations

The most widely used chemical methods for the quantitative determina-
tion of sugars depend on their ability to reduce alkaline solutions of metals
such as silver, mercury, bismuth, and copper. Of all the methods which
have been devised, those depending on the reduction of cupric ions to
cuprous oxide are the most widely used A monosaccharide such as glucose
reacts with mild oxidizing agents to form a large number of products The
aldehyde is oxidized to a carboxyl group, but the alcoholic hydroxyls are
also capable of oxidation. If conditions are right, the chain may be com-
pletely fragmented and a number of moles of cupnic 10n reduced Since this
istrue, it might appear that such a reaction would be an unlikely prospect
for the development of a quantitative method. Nevertheless, when condi-
tions of ions and reag are dardized, surpnisingly accurate re-
sults can be obtained. The amount of cuprous oxide formed 1s propottional
1o a given amount of glucose under standardized conditions The cuprous
oxide is determined by numerous methods In some procedures it is
weighed dircctly, in others 1t 1s 1gmited and changed to cupric oxide and
then weighed, 1t can be dissolved and determined volumetrically by adding
a ferric salt and uitrating with permanganate, by adding a definte amount
of iodine and titrating he excess wodine with thiosulfate, as well as with
thiocyanate and silver salts In some procedures the cuprous oxide 1s dis-
solved in the reaction mixture and determined directly For example, in
some colorimetric methods the cuprous oxide reduces molybdic acid to
blue molybdic oxides. The depth of cofor 15 proportional to the amount of
Cuprous oxide formed and hence to the amount of carbohydrate present 1n
the unknown There 1s also a method which depends upon the determina-
tion !gflh: excess amount of cupric son remaining 1o the reaction mixture.

In some methods the sugar solution s titrated directly into the boiling
capper reagent and the end point—when all of the cupric 1on has reacted—
1s determined by the disappearance of the blue color, by spot tests, or with
methylene blue as an internal indicator.

. Other methods depend on the oxidation of the sugar molecules with fer-
ficyanide in the presence of a rather ligh pH. Here again the extent of the
oxidation depends on the nature of the reagent, the alkalinity, the tempera-
ture, and the length of time used. But agan, 1l the conditions are stand-
ardized, the reduction of the ferricyamide 1s proportional to the amount of
carbohydrate present. Here, too, reducing substances other than the reduc-
Ing sugars interfere with the determinations and give high results. During

X the reaction, ferricyamdé s reduced to ferrocyanide. The amount of ferri-
c)’S.inidc ining can be d by reducing it with an 1odide and meas-
uring the amount of 1odine released with standard thiocyanate. In some
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procedures the sugar solution is directly titrated with the ferricyanide by
use of an oxidation-reduction indicator such as methylene blue. Here,
again, conditions must be carefully standardized in order to calculate the
concentration of the reducing sugar from the amount of ferricyanide
reduced,

A number of color reactions of monosaccharides have been used for the
quantitative estimation of these sugars. A sensitive micromethod which has
been widely used is the color reaction with anthrone. The carbohydrate is
treated with sulfuric acid to form a furfural derivative which gives a color
with anthrone, The depth of the color is proportional to the amount of
carbohydrate present under standard conditions. Either a colorimeter or a
spectrophotometer is used to measure the color.

Carbazole and some of the phenols such as orcino! (3,5-dihydroxy-
toluene) which are used in the qualitative detection of carbohydrate have
been used in the development of quantitative methods.

Iodine in dilute alkaline solutions will oxidize aldoses without markedly
affecting either ketoses or nonreducing sugars and this reaction can be used
in determning quantities. Many other compounds will reduce iodine and
the method must be used with care and under strictly standardized condi-
tions. But when compounds are separated in chromatograms, the method
can be used for the quantitative determination of aldoses. Iodine in alkalin.c
solution forms hypoiodate which reacts with the aldose. Excess iodine is
then back titrated by acidifying and titrating with standard thiosulfate.

CHANGES OF CARBOHYDRATES ON COOKING

Carbohydrates in food show some general changes on cooking or proc-
essing of the food. In general, these may be summarized as:

{1) Solubility .
In some cookery processes soluble carbohydrates are disso]ved: This
physical change is usually of importance in mixtures where sucrose is one
of the components.
(2) Hydrolysis .
Some polysaccharides are hydrolyzed during cooking or processing. T}:u:
action is particularly noticeable in foods which contain enough acid 50 t ;_
they are sour to taste and consequently are called acid fooz}ls. Pectic Sl;,‘e
stances undergo this hydrolysis with the result that the fruxt' or vc'g;":i e
becomes mushy and the juice thickens as the pectic and pectinic acids At
persein it.
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Hydrolysis of starches also occurs to a limited extent during cooking.
Occasionally the extent of hydrolysis may be so great that the thickening
power of the starch is decrcased. Thus when lemon or cherry pie filling is
thickened, the mixture must not be cooked too long after the starch is
added or the viscostty decreases again. Dextrinization of starch occurs on
the crust of bread durning baking but this is not simple hydrolysis. The
starch molecule is degraded and the reactions which occur are much more
complicated than hydrolysis.

(3) Gelatinization of Starch

When starch is mixed with cold water, no apparent change occuts; but
when the water is heated, the viscosity of the mixture increases and if the
concentration of the starch 1s sufficiently great, a gel 1s formed. Often 1if the
starch suspension does not gel at the clevated temperature, it will when the
mixture is cooled. This process 1s called the gelatimzation of starch. It de-
pends on a number of factors The temperature at which gelaunization
starts and the exact changes during the course of gelainization are char-
acteristic of, first, the varnety of starch Thus wheat and cornstarch show
different behavior patterns, and even floury cornstarch from the crown
region of most common corn acts differently from horny cornstarch from
the region of the endosperm (Secp 76) Second, the pH at which gelatini-
zation is measured 1s most important This fact was not recognized during
the carly work on starches and consequently the determinations of gelatini-
zation made at that time are sometimes worthless. Third, the temperature
at which obscrvations are made and the length of heating are important.
And fourth, gelatinization 15 influenced by the size of the granule. The tem-
perature of gelatimization decreases as granules decrease in size.

The microscopic appearance of the starch granules changes markedly on
heating, in three stages. The first stage, mn cold water, 1s marked by the
imbibition of approximately 25 to 30 per cent of water This 1s apparently
areversible effect beeause the starch may be dried agan with no observable
change in structure. The viscosity of the starch-water mixture does not
change during this phase The second stage occurs at approximately 65°C
for most starches, when the granules begin to swell rapidly and take up a
targe amount of water. Thus Meyer and Bernfeld'® report that cornstarch
takes up 300 per cent water at 60°C, 1000 per cent at 70° C, and at the
pomnt of maximum swelling 2500 per cent, based on the original weight of
the starch. The granules change n appearance during this second phase,
and some of the more soluble starch molecules are Jeached out of the gran-
ule The hquid surrounding the granules will show a color with iodine even
though the granules are still intact. This stage is not reversible. The third
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stage is marked by more swelling. The granule becomes enormous, often a
void js formed, much more starch is leached out, and finally the granule
ruptures, spilling more starch out into the surrounding flvid. The viscosity
of the fluid increases markedly, and the starch granules stick together so
that they can no longer be picked apart.

The swelling of starch, particularly amylose, which results in an increase
in viscosity of a starch-water mixture and the formation, under proper con-
ditions, of a gel is now believed to occur through the binding of water. Ina
starch granule, amylose and amylopectin molecules are loosely bound to-
gether by hydrogen bonds of the hydroxyls. A hydrogen on a hydroxyl of
one molecule is attracted by the negative charge of the oxygen of a hy-
droxyl on another molecule, and this attraction forms a weak link between
the molecules, as shown in Diagram A,

H WH_H
R—0  O—R R—0 O O—R
Npe “H n
Diagram A ‘ Diagram B

These aggregates of molecules, held together weakly, form micellés. As the
temperature of a water-starch mixture rises, hydrogen bonding decreases
for both the starch-starch bonds and water-water bonds and the size of the
particles diminishes, The tiny water molecules begin to freely penetrate
between starch molecules. Conversely, as the temperature decreases, water
molecules are bound between the starch molecules (Diagram B) and thf:l:c
is an increase in size or swelling. Where two starch molecules were origl-
nally bound together, there are now the two starch molecules with water
molecules in between

The sticking together of granules is believed to be the result of molecules
from adjacent granules becoming attracted and enmeshed in one a.nothCr.

Gel formation occurs through the formation of a three-dimensional net-
work of starch molecules, particularly the long straight chain amylose
molecules. (Sec p 126.) These molecules become interlaced through altm;-
tive forces between the molecules and particularly through hydrogen bond-
ing on water molecules. Highly branched glycogen does not form gels Of
crystals, and gel formation in starch is conscquently b:lxev‘ed to be prt
marily the function of amylose rather than amylopectin. -

Starch gels are readily cut by shearing forces and reduced to liquid. Tl c{
are consequently called thixotropic gels. This phenomenon is of!'cn 1mp°1'I
tant in food preparation since stirring disrupts the gel. On standing the g¢!
forms again. .
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On aging, most starch gels show marked syneresis or weeping in which
the water gradually passes out of the interstices of the gel.

Another process also occurs both in gels and in viscous but still liquid
dispersions. Part of the starch agpregates and forms microcrystals that pre-
cipitate. This is called the retrogradation of starch Thus most starch disper-
sions which have stood for several days or weeks contain a deposit at the
bottom of the vessel The pracess also occurs in gels and is believed to be
one of the important factors in the staling of bread Figure 3.8 (see page
94) attempts to show the change tn orgamzation of molecules which occurs
as starch precipitates

CRUDE FIBER

Mangold!* defines crude fiber as the sum of all those organic components
of the plant cell membrane and supporting structures which 1 chemical
analysis of plant foodstufls reman after removal of crude protem, crude
fat, and nitrogen-free extractives Thus the crude fiber should be composed
of the cellulose, hemicellulose and some of the matenals that encrust the
cell walls such as lignins and pectic substances Actually the quantity of
crude fiber found is a function of the method used in its determination
Crude fat 1s removed by ether extraction while crude protein 1s dissolved
by hydrolyzing with dilute acid Dunng this hydrolysis, other compounds
will likewise be hydrolyzed. However, when a standard method 1s used, re-
producible results can be obtained and a given food will fall within a range
of values. Crude fiber values for a given food show the same variation with
climate, soil conditions, and degree of maturity as do other values.

The method which has been adopted by the Association of Official Apri-
cultural Chemusts employs boiling the sample i 1,25 per cent sulfuric acid,
followed by boiling 1n 1.25 per cent sodium hydroxide. The residue is com-
posed of the crude fiber and some salts The crude fiber 1s determined by
drying to constant weight, weighing, and then ashing, and weighing agan.
The difference between the two wesghts 1s the crude fiber

Interest in crude fiber determinations centers exther in the detection of
adulteration or from the nutritional standpoint in the bulkiness of the diet.
Some foods are occasionally adulterated with snert matenial by unscrupu-
fous sellers, For example, spices may be adulterated and consequently ex-
tended with finely pround sawdust or with the waste from the spices. Crude
fiber determinations will detect this increase Mustard has a range of crude
fiber by the official method of 4.2 to 6.5 per cent, while cloves ranges from
710 9 per cent, If the crude fiber determination is much out of line, the
product has probably been adulterated.
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The compounds in crude fiber make up most of the bulk or residue of the
diet, and are not hydrolyzed by the digestive fluids of human beings. How-
ever, bacteria present in the paunch of ruminants and even those present in
the colon of human beings may bring about considerable hydrolysis The
fibers that escape hydrolysis are excreted in the feces, They serve a very real
function here, however, because most of them are capable of absorbing
water, and they render the feces soft enough to pass out of the body
readily and bulky enough to induce defecation.

BROWNING REACTIONS

The browning reactions are complex reactions which occur when many
foods are processed. In some the brown flavor is highly desirable and is
intimately associated in our minds with a delicious, high-grade product.
In coffee, maple syrup, the brown crust of bread and all baked goods,
potato chips, roasted nuts, and many other processed foods controlled
browning is necessary. Yet in other foods, browning during processing
is undesirable and forms off-flavors and dulled or even objectionable
colors. In drying fruits or vegetables and in canning or concentrating
orange juice, 1t 1s highly desirable to avoid browning. The presence of
carbohydrates in foods is intimately connected with the browning which
occurs, Other compounds are sometimes important, but they are ones
which have some of the reactive groups of the reducing sugars and which
are similar to them in their chemical properties. The pigments which are
formed are high molecular weight polymers whose constitution 15 difficult
to determine. The browning reactions appear to be complicated not fmly as
to the final product but also as to the course of the numerous reactions. It
has been exceedingly difficult to assess the chemistry of this change in the
complex mixtures encountered 1n almost every food. During the Q-”!St fity
years, and particularly during the last twenty, study of the browning reac-
tron has been carried forward by the use of model systems. In this type of
study one, two, or sometimes three compounds are allowed to react and the
intermediates, products, and course of the reaction foliowed. Even this
method of excluding and simphifying has not yielded all of the answers by
any means, since the possible reactions are numerous. To a student not
completely familiar with the ficld, the many mvestigations appear at fiest to
be wholly unrelated and the state of the problem all confusion. However, lg
1953 Hodges!? attempted to correlate and integrate knowledge whxcl{ hz
accumulated up to that ime about browning reactions. An attempt will be
made to briefly review his 1deas. i

In the past, three general types of browning reactions l.mve been rccsg
mzed to occur i foods during processing: (1) The reaction of aldehydes
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and ketones, among them the reducing sugars, with amino compounds
such as amino acids, peptides, and proteins, This is independent of the
presence of oxygen (2) Caramelization, the change which occurs in poly-
hydroxycarbonyl compounds such as reducing sugars and sugar acids when
they are heated to high temperatures and which is also independent of

®
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oxygen. (3) The oxidative change of polyphenols to di- or polycarbonyl
compounds and possibly the oxidation of ascorbic acid. This may be par-
tially or wholly enzymatic. No matter what the type of reactants the brown
pigments, called melanins or melanoidins, are unsaturated polymers. You
will notice that in each of the broad types of reaction except the third, a
carbonyl or polycarbonyl compound is important, and in the third the first
step in the browning is the formatjon of carbonyl compounds. Since the re-
actants of the third type furnish carbonyl compounds, it is correct to con-
sider these compounds indispensible to any type of browning reaction.
When a food is extracted to remove carbonyl compounds, browning is re-
tarded or eliminated. It is therefore believed that although the course of
these three types of reactions are incompletely understood, they are the
reactions of importance in the browning of foods.

Hodges has given a scheme for browning reactions and has included all
three general types in one scheme. See the diagram on page 109. Brown-
ing may occur by compounds entering the scheme at any point. Although
the first reaction, is a reaction of an aldose sugar with an amino com-
pound, there is some evidence that ketoses can cause browning and that
they may react in a similar fashion. This first reaction of an aldose with
an amine is shown in the following Amadori reaction:

RNH
HCO nt
(éHOH)" + RNH, — ((‘:Hon)n +HY
CHOH @ H(::
CH,0H CH,0H
Aldose Amine
Rﬁm + mlsm m]\m
HC , HC $H1
Cromy,,,| > bon 2 ¢o
CH,0H (C‘HOH),‘ ® (?HOH),.
CH,0H CH,0H
Cation 1-2 Enol g::::x{:)d

The product of the Amadort rearrangement can then under.go a number
of fates depending on the conditions of the reaction. It can, in neutral of
acid media, lose water and form a ring compound of the Schlﬂ‘s.basc of hy-
droxy methyl furfural, or furfural, and then eliminate the amine to form
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the free hydroxy methyl furfural, or furfural, © In the dry state it can
form reductones. These are compounds with a high reduction potential
that have not been identified as yet. Or finally, the product can undergo
fission to form small molecules such as acetol, CH,COCH,OH; pyruvalde-
hyde, CH,COCHO, diacetyl, CH,COCOCH,; and others @ In the

CH—(I‘TH CH—CH
HOCH,C\O/CC"O CH\O/CCHO
Hydroxy Methyl Furfural Furfural

scheme shown (page 109), Hodges has indicated that all of these carbony!
compounds react with amines to form aldimines or ketimines, or poly-
menize to aldols and similar large molecules which subsequently react with
amines. (B The final brown pigments arc products that contai nitrogen.
This scheme covers all of the reactions of the first broad general type of
browning reactions-—the reaction of aldehydes and ketones with amino
compounds,

The second broad general type of browning reaction 1s caramehization.
This type has not been as extensively studied. It s, of course, a reaction
which does not require an amine. Sugars will show caramelization when
heated to relatively high temperatures. This type of reaction 1s markedly
affected by tigh pH, as is the first general type While the browning of
these carbohydrates 1s not as rapid as in the p of amino d
itis accelerated by the presence of carboxylic acids, the salts of these acids,
phosphates, and metallic ions These accelerators are commonly present 1n
foods. The mitrogen-frec intermediates formed 1n carbonyl-amimo browning
reactions are also produced 1n nonamino browning The formation of 1,2
enolization, furfural and hydroxymethy! furfural by dehydration, and sugar
fission products has been demonstrated n a few model systems It has also
been shown that these intermediates will form colored polymers in the
absence of amino compounds So in general this type of browning reaction
fits into Hodge’s scheme, jommng 1t after the Amadori rearrangement and
forming different (nitrogen-free) polymers.

The third type of browning reaction 1s also believed by Hodges to have,
at the least, a possibility of fitting into the scheme. This 1s the browning
which occurs in the presence of oxygen when fruits or vegetable tissues are
cut or bruised. It 1s completely discussed in Chapter 7 on the fruits and
vegetables. Enzymes bring about the transformation of tyrosine, catechols,
or other polyphenols to q Since hols are ortho di-phenal

q 1ol

they are theref g and are red Hodges con-
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siders that they enter the scheme at this point. © Nota great amount is
known of the reactions of quinones as they brown, Browning may be enzy-

OH o

oH -2H o

oxidation
Catechol Quinone

matic, but some steps may be nonenzymatic and may well pass through re-
actions common to the other intermediates in types (1) and (2).

Browning is a problem of general interest in food technology. The large
number of studies now being conducted both on model systems and on
food products makes 1t possible that these reactions will soon be more
completely understood.

We see then that both carbohydrates and amino compounds are impor-
tant in nonenzymatic browning. Habib and Brown? have tested the validity
of this hypothesis in potato chips which are notable for their variation n
browning. Browning during frying is desirable in potato chips not only for
the effect on appearance but also for the flavor which the browning reac-
tion imparts. Habtb and Brown?® separated the amino acids and sugars
present in four varjeties of potatoes by paper chromatography. The po-
tatoes were studied at three different times and their browning reactions
compatred to the content of carbohydrates and amines: 20 days after har-
vest, after 4 weeks of cold storage at 40° F, and after a further recondition-
ing for 4 weeks at 75° F. The reconditioned potatoes had the lowest level of
amino acids, with the drop in quantity particularly in the basic amino
acids. These potatoes also produced the lightest-colored chips, supporting
the hypothesis that browning depends on reactions of carbohydrates and
amino acids.
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CHAPTER FOUR

Proteins in Foods

WHILE PLANTS ARE ABLE TO UTILIZE inorganic sources of nitrogen such as
ammonia, nitrates, and nitrites, man and other higher animals are for the
most part dependent on a source of amino acids to build their body pro-
teins. Although some bacteria can utilize atmospheric mtrogen, these or-
ganisms are low in the scale of life and far removed from man. Higher
animals are directly or indirectly dependent on plant protein. Often this
plant protein is consumed by one animal, digested and synthesized into
its proteins, and reaches man after passage through one or more animals.
Thus, large fish rely on plant foods by way of a long line of smaller and
smaller marine animals down to the tiny ones actually eating the plant
food.

Every living cell contains protein. Indeed, the name “protein” comes
from the Greek root which means “to be first.” In man synthesis of the
many proteins that make up body tissue requires the presence of amino
acids. Approximately 20 different amino acids are in the body proteins,
although certain proteins such as thyroglobulin contain one or more un-
usual amino acids as well. AH 20 of the amino acids are not required in
the diet since, as has been demonstrated, man is capable of synthesnzmg
all of the amino acids except 8 (leucine, isoleucine, lysine, valine, threonine,
tryptophan, phenylalanine, and methionine).

CH,\
cH.— CHCH,?HCOOH ?H,CH,CH,CH,?HCOOH
’ NH, NH, NH,
Leucine Lysine
CH,{ CH,
PN ~
CHCHCOOH CHCHCOOH
CH~" 7] CH,~” ~ |
NH, NH,
Isoleucine Valine
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CH,CHCOOH
CH,CHCHCOOH -
HNH, :
Threonine Phenylalamine
Ni,
CH,SCH,
= CH,CHCOOH &
1 P %n H,
T/ <':HNH,
H OOH
Tryptophan Methionine

However, some source of mtrogen in the amino form must be available.
The amino group from other amino acids enters the mitrogen pool and can
be used for the synthesis of any amino acid whose carbon skeleton can be
made. Man's food must supply sufficient amino acids for the purpose of
building proteins. It must allow for occasional synthesis of nonessential
amno acids, as well as supplying adequate amounts of the essential amino
acids that he cannot synthesize.

PROTEINS IN MAN'S DIET

Although man’s need for protein and 1ts amuine acids 1s rather stringent,
his method of fulfilhing tus need vanes considerably m different parts of
the world. Primarily the difference has depended on the avallability of
foods. In the tropics many peoples have developed dietary patterns based
primarily on plant foods with the cereals most abundant. In most of these
diets amimal protein 1n the form of meat, fish, eggs, and milk is added
when available Although it 1s difficult to build an optimum diet on plant
pioducts alone, it 1s possible if the diet 15 varied.

Many of the proteins present 1n plant tissues are deficient in one or
more of the essential amino acids For example, zein, one of the proteins
of corn, 15 lacking in lysine and tryptophan; while ghadin, one of the
proteins of wheat, 1s low 1n lysine. However, both wheat and corn contain
other proteins that possess these amino acids. A diet restricted entirely to
wheat or to corn 15 low 1 lysine and, under the stringent demands for
rapid synthesis, 1s inadequate, If the wheat or corn is supplemented with
proteins that are relatively rich in lysine, then the amino acids supplied
are adequate.
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Altnough the food mixtures eaten by primitive man and handed down
diet patterns were probably adequate nutritionally, modern man dogs 5
appear to have an instinct for fulfilling his nutritive needs. Where he is
stricted to a vegetarian diet, malnutrition is often very commi
Kwashiorkor, the deficiency disease of many children in Africa and
Latin American countries, is a protein deficiency complicated with ot
deficiencies. In the part of Africa where this disease is common, yams ;
the stapfe food of the people, while in Latin America it is corn,

In the Arctic regions the dret of the Eskimos is principally animal, M
only are fish and meat the principal food, but almost the complete anin
is eaten, often uncooked, This diet is unusually high in protein and t
assortment of amino acids in these proteins meets the requirements
the synthesis of protein in man.

In the temperate zones most diet patterns include both animal a
vegetable products The common pattern when the economic level allows
adequate in the amount of protein as well as in the distnbution of !
amino acids. Inadequacy is almost always the result of economic fact
although 1t is occasionally caused by faulty eating habits.

CHEMICAL AND PHYSICAL PROPERTIES

Proteins are high molecular weight compounds that yield amino acids
their principal hydrolysis product. The structure of proteins and the.clas:
cal classification of proteins on the basis of solubility and structure is ac
quately described 1n textbooks in organic or biochemistry and can be !
viewed there. A few of the properties of protemns which are not alwa
studied in organic chemustry and a brief discussion of the methods of d
termining molecular weight and testing homogeneity will be presented.

Protems are large molecules with some reactive groups, such as carbox
and amino, on their surfaces. Because of the size of the moleculfzs. 'the)’ L
not form true solutions in water. When solubility of a protein is m¢
tioned, dispersibility 1s intended. A dispersion of a protein in water €0
sequently has the properties of a collodal dispersion rather thfl{l a tr
solution The reactive groups and the size cause a marked ScnSlth'ny n
only to the pH of the solution but also to the presence of many dxﬂ‘ﬂ;l
electrolytes. Protein molecules not only associate with small mo)ccu\e§ 1
also with one another, sometimes to form tightly bound and someum
loosely bound products. The size of the molecule is such (hat. adsofF“"]
can occar readily and because of this, purification of proteins is extreme
difficult. Protein molecules are quite Sensitive to many reagents and ;ti;
ditions and readily undergo small transformations in structure. The ot
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culty of isolating a protein from its natural source, which occurs in a cell
ot biological fluid, without any alteration in the molccule is great.

The ficld of protein chemistry is consequently a diflicult one Chemusts
are learning how to handle better, determine, and evaluate large macro
molecules Protein chemistry 1s profiing from work with other large mole-
cules and is also contributing to it. Despite the difficulty of working with
proteins, many nvestigators are actively engaged in the field and the num-
ber of publications which appear each yeat, 1s very large. Organic chemists
are studying structure and reactions, physical chemists are attempting to
make measurements and define the molecule, biochemists are describing
the role of proteins in all aspects of hfe

The shape of protein molecules varies greatly Some exist as fibers, others
as spheres while intermediate are many shaped like spindles, cigars, etc.
The manner in which a polypeptide chain can achieve a spherical shape or
an intermediate one, 15 the object of considerable speculation at present.
Obviously the chain must be folded or coiled 1n some fashion and there
must be some bonds which hold the chain 1n a relatively permanent shape.
A considerable amount of study 1s at present directed to the solving of this
problem.

Molecular Weights and Homogeneity

Molecular weights of proteins are so large that the classical methods
used for determining the molecular weights of compounds that will form
true solutions or vaporize are useless. New methods have been devised and
are yielding significant information The most widely used are those of elec-
trophoresis and sedimentation, with some work on osmotic pressure and a
little on hight scattering These methods also give some 1nformation on the
homogeneity of a protein preparation,

The production of a crystalline protein 1s no more proof of the purnty
of the preparation than 1s the preparation of any crystaliine compound.
With low molecular weight organic compounds, determining the melting,
point of the compound 1s usually possible, and If the melting point is sharp
or is not depressed by a mixed melting point, we are reasonably satisfied of
Us purity. Proteins do not melt If they are heated, they undergo decom-
Position  Some other methods must therefore be applied in order to
demonstrate the punty of a preparation.

Electrophoresis. It will be r bered that t of the p of
available free amino and carboxyl groups, proteins are amphoteric. In the
Ppresence of alkall, they act as acids and achieve a negative charge through
the ionization and neutralization of free carboxy! groups But in the pres-
ence of acids, the amino groups react with hydrogen 10ns and assume posi-
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tive charges. On the pH scale most proteins are negatively charged at high
pH and positively charged at low pH. It will also be remembered that at
some intermediate pH, called the isoelectric point, the total charge on the
protein molecule is close to zero, with the available amino and carboxy!
groups neutralizing one another and forming zwitterions. In an electric
field the protein molecules in a solution at high pH will move to the posi-
tive pole (anode) since they are negatively charged, but at a low pH they
will migrate to the negative pole (cathode).

NH,* NH,+CI-
LowpH Prol< + H*Cl- — Prot <
COOH COOH
NH,+ NH,
High pH Prot< + Na+OH~— Prot - + H,0
COOH ™~ COONa+
Isoelectric NH,*
rot < ’ “zwitterion”
point Coo-

They will not move if the solution is buffered to the 1soelectric point of the
proteins. Migration in an electric field at a definite pH is called elcctl:o-
phoresis and is a valuable tool in determining molecular weights ofprotcm:
as well as in separating mixtures or proving the uniformity of a ?rys!alhlc
or purified proten The rate of migration in a constant electric field de-
pends on the charge on the molecule, the size of the molecule and, to @
certain extent, on the shape of the molecule.

Tiselius has devised an apparatus in which measurements can Pe ".mde;l
constant temperature and with a minimum of bcundary. diffusion. |
buffered protein solution is covered by a layer of bufTer solution; the wh? c
cell is immersed in a constant temperature bath, and the electrodes m';
serted. Protein molecules that are alike will move at the same rate an-
will form a sharp boundary in the cell. A colored protein such. as hcmgl
globin can be seen moving through the cell. However, most proteins a;‘c l:hc
colored and other methods must be used to follow their pa'th. L.Jsual ly o
refractive index 15 used and in a Tiselius apparatus provision ls.mﬂde
record the changes in refractive index photographically. In 2 mmlurcem
proteins such as that present 1n plasma, a series of peaks 'wdl be ;'arcsat
on the record indicating the presence of a series of proteins movmgmo'
different rates. When the method is used .o C!Emonstrate that only oil'::c e
lecutar species is present in a fraction, it is necessary to determ

of
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Ficure 4 1, Tiseuus ELECTRO-
PHORESIS APPARATUS The tlec.
trode vessels ate on each side with
the migration chamber in the mid-
dle, constructed so that fractions
can be cul out and megration
visualized Courtess of The Upjohn
Compamy

FIGURF 42 OPTICAL  SYSTEM
FOR THE TisELIUS ELECTROPHORE-
sis Arparatus A hight source
passes throuph the sample and the
diffraction of hight gives a meas-
ure of the protein passing A cam-
€rats mounted at the fefi hand end
of the tube and a power source s
below w Courtesy of The Upjokn
Company

FIGuRe 43 AN ELECTRO-
PHORETIC PATTERN OF NORMAL
SERUM SHOWING THE PROTEIN
FRACTIONS PRESENT The ordinate
ts time and the abscissa from the
hight diffraction grves the amount
of protewy This 1s an oversimphe
fied desctiption Courtesy of The
Upjohn Company
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electrophoretic mobility at several pH’s. Occasiona}lly two proteins will
migrate at the same rate at a given pH when the balance of forces caused by
the charge on one species of molecule, the weight of this molecule, and its
shape are exactly matched by that of the other species. This balance would
be impossible at other pH's and consequently, 1f the sample still shows a
sharp boundary at a second pH, it is considered pure.

Paper electrophoresis is widely used 1o demonstrate the presence of
numerous proteins in small samples of biological materials and also to give
evidence of the homogeneity or heterogencity of a given protein. A strip of
paper is wet with buffer solution and arranged so that one end is in a vessel
of the buffer solution with the cathode and the other end is in a vessel of the
buffer solution with the anode. The protein is placed near one end of the
strip. Under the influence of electric current, the protein moves on the
paper; and if it is homogeneous, a thin zone will be maintained as each
molecule moves at the same rate. However, a mixture of proteins separates
1nto zones. When the paper is sujtably developed with reagents that give a
color with proteins, the number of zones shows the number of proteins.
Sometimes a sample must be run at more than one pH on separate picces of
paper to demonstrate all of the different proteins present. .

Sedimentation. The ultracentrifuge has proved to be an important instru-
ment in determining the molecular weight of large molecules such_as pro-
tems. It is an apparatus invented in 1925 by the Swedish chemist, The
Svedberg, for applying a very strong centrifugal force to a dispersion. I
recent modifications of Svedberg’s ultracentrifuge, speeds have bectl at-
tained in which the rotor revolves at the rate of 60,000 times per minute
with centnifugal forces developed equal to 500,000 times gravity (500,000
g). The rotor 1s operated in a high vacuum to minimize air resistance and
cut down the amount of heat developed by air friction.

The rate at which a particle will travel in the field depends on the shape,
size, and density of the particle; on the density and viscosity ol: the ‘dlsl‘
persion medium; and on the centrifugal force. If the particles are identical,
they will fall through the solution at the same rate and p{oduc: a shar:
boundary between the colloidal dispersion and the dispersion mediumn.
mixture of molecules will form several boundaries depending on the num-
ber of molecular species present. The method is consequently useful in
proving the homogeneity or heterogeneity of a protein fraction. | of the

A single boundary is evidence of the presence of molecule§ al o s
same size, However, 1t 15 not certain that the protein 1s pure if gives :
single boundary unless other methods support this. Ofcasmnally prD:‘:s
are found to give a single boundary in the ultracentrifuge b}ﬂ to a e
mixtures under other conditions. The boundary is followed in the sa

120



PROTEINS IN FOODS

manner that is used for electrophoresis, an optical system which records
the change in refractive index photographically. The apparatus which has
been devised to record this change is by no means simple.

Molecular weights can be calculated from measurements of the variable
in sedimentation While estimates of the molecular weights by this means
compare favorably with those of other methods, they are only approxi-
mate When good agreement by several methods 1s obtained, confidence in
the results 1s enhanced.

Osmotic Pressure. Colloidal dispersions show small osmotic pressures;
this fact has been used 1o determine the molecular weights of a number of
proteins If a protein dispersion 1s separated from water by a senuperme-
able membrane making osmosis possible, the water tends to migrate 1n
greater amounts wto the protewn dispersion. However, osmotic pressure is
one of the properties of solutions that depends on the number of mole-
cules present Thus since the number of protein particles 1s low, the os-
motic pressure ts low When the weight of the protemn dispersed 1s known,
itis then possible to calculate the molecular weight

Osmotic pressure measurements of protewn dispersions are techmcally
rather difficult They are usually made at the 1soelectric point of the pro-
tein. The dispersions often attain equihbrium very slowly so that days must
be allowed for a single experiment In this length of tume it 15 difficult to
prevent denaturation of the protein and the growth of microorgamsms
Measurements by this method compare very favorably with other molecu-
lar weight determinations and are of about the same accuracy

Light Scattering. When a beam of hight 15 passed through a collowdal

dispersion, part of the hight 1s transmitted and part 1s scattered This 1s
the well-known Tyndall effect which 1s seen with every airport beacon on
foggy mghts The amount of scattering depends on the number of colloidal
particles and also on their size Hence a measurement of the amount of
fight scattering gives a method for calculating the molecular weights of
protein particles It has been used effectively 1n many protein fractions
and gives good agreement with other methods of determimng molecular
weights of large molecules Its accuracy 1s of approximately the same
order as other methods

Analysis of Unusual Component. O Hly a protein ins an

unusual component which can readily be detected and estimated, and
hence can serve to give 2 mumimal molecular weight. For example, the
tron of hemoglobin has been used for such a purpose. When other meth-
0ds showed values for the molecular weight approximately four times that
based on iron determinations, it was apparent that each hemoglobin mole-
cule contais four 1ron atoms Since iron can be determined with great
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accuracy, the molecular weights approximated by other methods could
hence be refined. However there are few proteins that contain an unusual
element such as iron.

Chemical Properties of Proteins

Amphoterism of Proteins. The ability of proteins to react either as acids
or as bases has been mentioned. The free carboxyl groups of proteins are
very weakly ionized but, nevertheless, are available for reaction with
bases. The free amino groups, on the other hand, are hydrogen acceptors
and are available for reaction with acids, The number of these groups avail-
able for reaction on each protein molecule is small since it is only the
side chain carboxyls of glutamic acid and aspartic acid and the side cham
amino group of lysine which can react. The carboxyl and amino groups of
an amino acid such as glycine are tied up in the peptide bonds. The imino
groups of histidine, tryptophan, proline, and hydroxyprolme are not as
basic as amino groups, but can accept hydrogen ions. The ability of the
protein to act as base or acid will depend not only on the number of
these groups, but probably on their placement, whether they are close to
the surface of the molecule, or covered.

Binding of Ions. Proteins can bind both cations and anions through re-
action with either the carboxyl group or the free amino groups At pH
values above the isoelectric point a protein exists as negative jon an.d
binds or reacts with cations. At pH's below the isoelectric point it will
exist as a positive ion and will react with or bind anions. The precipita-
tion of protein by heavy metal ions depends on the formation of these pro-
tein salts. A number of metallic jons have the ability to form coordina-
tion compounds (complex ions) and these will readily form !hl‘O}lg?l reac-
tion with amino N, the substituted amine of the peptide link, and imidazole
N. Copper, nickel, and iron are examples of metals which form these com-
plexes.

In most foods mixtures of proteins occur, and at a given pH some pro-
teins may be below their isoelectric point and others aboch theirs. ijder
these conditrons cations will be bound by some of the proteins and anions
by others. .

yHydmtion of Proteins. Proteins can form hydrates with water and !h]l:
type of reaction is often important in food chemistry. A protei molccll"_
contains a number of groups 1n which a nitrogen or an oxygen atom <o .
tains a pair of unshared electrons and is therefore capable of formxnngi“
hydrogen bond. The nitrogen in the peptide link as well as the nitroge -
the free amino group are in this condition, and by their relative neg
ativity can attract the hydrogen of a molecule of water.
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The double bonded oxygen of the carboxyl (—COOH) group or of the
carbonyl (CO) of the peptide link is more strongly negative and has a
greater attraction for the hydrogen than the mitrogen The ionized groups
formed at pH levels below or above the 1soclectric point have a greater af-
finity for water and consequently hydrate formation is greater at pH’s other
than the isoclectric point. The water molecule which has been bound can
attract another molecule of water since 1t possesses an oxygen with an un-
shared pair of electrons. Aggregates of water can therefore build up around
each polar group on the protein molecule. In protein dispersions 1n which
other compounds that form hydrates are present—a condition frequently
occurring in food chemistry—competition for water may occur between the
molecules Electrolytes, sugars, alcohols, and many other substances have
this tendency to combine with water and form hydrates and may compete
with protein for the water The extent of hydration of a protein dispersion
therefore depends not only on the concentration of the proten dispersed
but also on the pH, the presence of other substances which combine with
water, and the temperatute
Precipitation with Antibodies. Although 1t 1s now possible to determine
the approximate molecular weights of protetns, there 15 no chemical
method for differentiating most protein molecules If a protein contains an
unusual element such as the iron present 1n hemoglobn, it 15 possible to
use that to differentiate the protein from those which do not possess iron,
Many proteins are very similar 1 molecular weight and amino acid com-
position but are nevertheless different structurally So far, the only method
for precise identification of protemns 1s a biological reaction. If a foreign
Pprotein (antigen) is injected 1nto the blood stream of an amimal, a sub-
stance (antibody) which precipitates that protein is developed. For example,
i a rabbit 1s given several injections of egg albumin, an antibody will de-
velop in the blood of the rabbit and later, even a minute amount of egg
albumin will result 1n the formation of a precipitate. These antigen- antibody
Teactions are highly specific. The blood of the rabbit which 1s highly sensi-
tive to egg alburmin will not give a precipitate with any other albumin. This
must mean that egg albumin differs structurally from all other albumins
even though their molecular weights and chemical and physical properties
are similar. Thus, although no chemical methods have been developed as
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yet to demonstrate subtle differences between protein molecules; biological
tests are able to establish them.

Native and Denatured Proteins

The proteins that occur in the tissues, whether within the cells or in the
fluids, of living plants and animals are called native proteins. These large
molecules are quite fragile and many reagents and conditions cause slight or
extensive changes in the structure of the protein. The properties of the pro-
tein change and this, of course, indicates an alteration in the structure of
the molecule. The resultant changed protein is called denatured protein, and
it usually shows a very diflerent solubility from the native protein since the
change in the structure allows the molecules to aggregate and precipitate
Frequently the denaturation is irreversible, but occasionally under very
muld conditions reversible denaturation occurs.

Denaturing agents include acids, alkalis, alkaloids, heavy metal saits,
and other compounds such as urea and ethanol. Most of thesc are not im-
portant in food chemistry although the possibility of denaturation of pro-
tein must never be overlooked. Many ions such as iodide, bromide, a.nd
chloride are denaturation agents and the synthetic detergents are active
at low concentration. .

Although denaturation in foods is usually the result of increase In
temperature, sometimes denaturation can be produced by mechanical
means. Extensive whipping of an egg white foam will produce some de-
naturation and the foam will begin to break as the protein starts to pre-
cipitate. Ultraviolet hight, high pressures, and ultrasonic vibrations are
all denaturation agents. Spreading of protemn films at interfaces usuatly
results in denaturation.

In studies of protein structure where the native protein is the center
of interest, it 1s imperative that denaturation be avoided. This is often ex-
ceedingly difficult during the tedious separation of protein from othes sub-
stances in the tissue. "

Reversible denaturation of protein occurs under very mild.condmons 0;
very short exposure and may occur in living systems. Reversllb_l)’ de“‘"“‘“‘
protein ts able to return to the native state and show the original ph)}SlC"
properties and biological activity. If the protein is rapidly re.ml‘lVCd “’2
the reagent or conditton that causes denaturation and placed ina sol.ul.w‘
at the isoelectric point where its charge 1s at a minimum, rapid prCCIP“:
tion occurs, But if it is placed in a solution with a pH different from ¢ :
ssoelectric pomt, it will develop a charge, molecules will repel op
another, and 1t will rapidly return to the native state

i d
The nature of the transformation that occurs when a protein is denature
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15 now belicved to be an unfolding of the molecule. 1t may well be that in
reversible denaturation only a limited unfolding occurs while in irreversible
denaturation 1t is more extensive. It scarcely seems probable that a long
polypeptide chain which has become completely disentangled would readily
be able 1o reassume the spatial relations of the native proten. Many stud-
ies have attempted to find differences other than solubility between native
and denatured protein, The sulfhydryl (—SH) and disulfide (—8S5—)
groups are readily detected in proteins and have been extensively studied.
Often the denatured protein shows a different content of sulfhydryl groups
and some years ago it was thought that the process of denaturation was
fundamentally one in which sulfhydryl groups are formed from disulfide
Today the results are more commonly interpreted to mean that more
sulfhydryl groups are exposed as the molecule unfolds There 15 also some
evidence that more of the phenolic groups present in tyrosine, and more
of the indole groups in tryptophan are avaable for detection in de-
natured protein These observauons are also interpreted as exposure on un-
folding of the molecule

In many respects native and denatured protein are very simlar But 1n
some of the biologucal properties which are more discriminating of struc-
ture than the methods of chemistry now available, marked changes are ob-
served, In general denatured protemns are more readily attacked by
proteolytic enzymes When the protein studied 1s an enzyme or an anti-
body, denaturation 1s accompanied by a loss of activity This surely indi-
cates a change 1n the molecule

Since details of protein structure are still not completely known, 1t 1s not
surprising that denaturation cannot be fully described If native protein 1s a
coiled or folded molecule 1n which certain parts of the polypeptide chain
fit together with defimite other parts, it 1s not unhkely that denaturation
Tepresents some disorgamization of this pattern *

Gel Formation

Gel formation 1s a very important process in food chemustry Not only
do the properties of hving cells, both amimal and vegetable, depend on the
gel structure, but 1n food preparation the stiffening which occurs during
meat and flour cookery, the ngidity of pectin and starch gels, the high
viscosity of many plant juices, the changes that occur in egg cookery and
many other processing operations are a function of the gel

Although colloid chemists have studied gel formation for many years,
and although the Bterature 15 full of pupers describing gels, the number
of compounds invesugated is relatively small compared with the number
about which we should like information As in many other topics in food
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chemistry, we must thank the colloid chemist for the work and insight so
far gained and then attempt to apply the limited results to a large num-
ber of situations, where not only has the gelling compound escaped study
but the number of other compounds present produces a very complicated
situation. Therefore, it is highly worthwhile to review briefly the present
state of knowledge concerning gel formation and the applications to food
chemistry now known.

A gel is a remarkable phenomenon, displaying the property of rigidity,
sometimes at quite low concentrations of solute and yet often showing the
properties of the solvent practically unchanged. For example, most gels
in water show vapor pressure and electrical conductivity very close to
water. Gel formation occurs in gelatin dispersions in water with as low a
concentration as | per cent gelatin and in plasma with a fibrinogen con-
centration of 0 04 per cent. The phenomena displayed by gels are complex
and are not always the same with different gels.

When colloidal dispersions of some relatively large molecules are coolcq,
the viscosity increases to a point at which some rigidity is attained. This
point is called the gel point. Usually on further cooling or somctimcs.on
standing, the rigidity of the gel increases. Many gels on continued standing
lose solvent and the gel shrinks in a process called synerests or weeping.
Gels differ considerably in their rigidity. Some are deformed under pressure
and others even flow.

Theories of Gel Formation. Many attempts to explain the properties of a
gel have been made, and through the years 2 number of theories have been
proposed and argued back and forth. Three major theories are now sup-
ported by colloid chemists. With some gels one theory is more likely ‘thaﬂ
another. These theories are: (1) adsorption of solvent, (2) three-dimensional
network formation, (3) particle orientation. .

(1) Adsorption of Solvent. This theory postulates that adsorption of %ol-
vent molecules by the solute particles results, on cooling, in the formation
of larger and larger particles with increasing layers of solute The en-
larged particles eventually touch or overlap enclosing more solvent, so that
the entire system is immobilized and rigidity occurs. Support of t.hxs theory
depends on demonstrating that adsorption of solvent molecules is very €X-
tensive and that the adsorption increases with decreased temperature.

(2) Three-dimensional Network This theory postulates that the
pound capable of gelation 1s either fibrous m structure or can feac "
itself to form a fiber. On caoling the fibers form a three-d|mensw.nnl ne :
work by reacting erther at widely separated intervals on the chain or ;’!o
relatively small distances. The bonds established which tie the ﬁbersrl”c-
the three-dimensional network can be either primary bonds between ful

com-
t with
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tional groups, secondary bonds, such as hydrogen bonds, or nonlocalized
secondary attractive forces such as might occur between alkyl groups.
(2) The first type of bond would yicld a network that would possess con-
siderable permanence, This type could only occur in gels that are not readily
dissociated by cutting or beating, for example They would be capable of
swelling and shrinking, within limits, because it would be possible for the
fibers to be pushed farther apart without disrupting the network, by
straightening the chain of atoms There would, of course, be a limit to the
amount of solvent that could be taken up in swelling, or the amount that
could be lost. (b) A secondary type bond is onc of considerably lower
strength than a primary valence bond, and these gels would consequently
be broken by relatively small forces. A gel that can be distupted by beat-
ing might possibly have a network structure where secondary valence
bonds hold the fibers together (c) The third type of bond, a nonspecific
autraction between portions of the molecules or along the entire molecule,
can explain gelation in a few situations The properties of thus type of gel
would depend on a nice balance of forces—the solute molecules would at-
tract one another at some spots but would be separated by solvent mole-
cules that are attracted at others The result would be gelation. If the sol-
vent molecules were too strongly attracted to the solute, then the solute
molecules would have no opportunity to contact one another and a net-
work would be impossible Under these conditions a gel would not form

On the other hand, if the attraction of the solute molecules for one
another were too strong, dispersion n the solvent would not occur. A
precipitate or an nsoluble compound will be formed rather than a gel.
This theory can explamn gel formation 1n systems that are very demand-
ing as far as temperature, concentration, pH, 2nd salt concentration are
concerned.

(3) Parucle Orientation This theory postulates that 1 some systems
there 1s a tendency for the solute and solvent particles to orient them-
selves in defimite spacial configurations through the influence of long range
forces such as occur 1 crystals. Certain protein crystals have the ability
to take on or lose water without distortion of the crystal They may form
structures of this type Tobacco mosaic virus has been studied and found
to form gels under a large range of concentrations. X-ray diffraction studies
indicate that the gels possess a two-dimensional lattice This is interpreted
1o mean that the particles are onented in one direction.

The gelation of a few proteins has received considerable study in the
Past, but many have as yet not been investigated. Gelatin and fibrin clots
have probably reccived the largest share of attention, while myosin and
actomyosin from muscle, and denatured egg atbumin have also been stud-
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ied. Ferry” finds that the three-dimensional network theory of gel forma-
tion most closely fits the data that have accumulated for proteins.

Gelatin. Gelatin is a partially degraded protein. It is prepared from the
collagen of skin, ligaments or bone by alkali or dilute acid hydrolysis.
When bone is used, the bone salts are usually dissolved with acid and
the protein then hydrolyzed with Ca(OH),, lime. The native proteins that
are hydrolyzed are collagens (see p. 176), and it is usually assumed that
the colfagen molecules are broken into shorter fragments that are neverthe-
less still fibrous in structure, A study of gelatin from bone" indicates
that the collagen is first hydrolyzed into molecules of approximately
110,000 molecular weight and then more slowly hydrolyzed at random into
smaller fragments. The gelatin is therefore composed of an assortment of
molecular species and cannot be considered a single compound. This as-
sortment of molecules apparently occurs in all gelatin samples although the
assortment will not be identical in each sample.

Gelatin gels have been studied extensively for many years and much data
have been accumulated concerning the properties of these gels under many
conditions, some applicable to food chemistry and some not. The factors
which influence the ngidity of a gelatin gel include concentration of the
gelatin, temperature, molecular weight, added reagents, and pH in some
ranges—although the influence of these factors 1s limited. The n’gid'ny is
roughly proportional to the square of the concentration. The proportional-
ity is not strictly valid for some samples and under all conditions. Tem-
perature has a marked effect and the rigidity increases rapidly with de-
creasing temperature This relationship is linear. Molecular weight has a
direct effect on rigidity so that samples that have high average molecular
weights form more rigid gels under controlled conditions than those with
lower average molecular weights. The effect of pH is only slight mn the
range close to the isoelectric point of the sample. Thus a series of gels at
3 per cent concentration showed little change in rigidity over a pH range
of 4.6 to 8.2, while at a concentration of L5 per cent, consta‘.nc}’ of
ngidity occurred at pH 4.3 to 6.7. The influence of salts on rigidity has
been studied but in ranges of concentration of both gelatin and ﬁalt whxc}l
are of hittle sigmficance in food work. For example, a series of 15951¢f3‘}"°
gelatin gels with a concentration of 14 per cent showed a decrease in ngfd’
ity with increasing sodwm fluoride concentrations up to 0.5 M and then in-
creasing rigidity.

Denatured Protein Gels. The gels of denatured protein
studied show very marked effect by many conditions. T.h
under very specific conditions, There have been only a limit
definitive studies of denatured protein gels, and those on denatured €£8

hat have been
ey form only
ed number of
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albumin arc perhaps most numerous In ali of these gels the dependence on
pH and salt concentration as well as on the presence ol nonpolar solvents
wndicates that the gel is produced by a type 3 (see p. 127) three-dimensional
network. The nice balance of forces that is necessary to achieve gelation
indicates that the molecules must show a relatively nonspecific type of at-
traction between the polypeptide chains. There must be a balance between
forces of attraction tn part of the chain and forces of repulsion in others
The sélvent must neither be too strongly nor too weakly attracted to the
chain.

The condutions under which egg albumin has been studied have not been
directly applicable to food preparation One comprehensive study used
n-propyl alcoho! and water as the solvent, another used relatively high con-
centrations of acetic acid n water But all studies tndicate the sensitivity
of albumin gels 1o various conditions of pH and salt concentration There
appears 1o be two steps tn the formation of the gel (1) denaturation and
(2) gelation. In the denaturation reaction a fibrous molecule 1s formed.
This is followed by the setung up of a network through the attraction of
portions of molecules to onc another

DETERMINATION OF PROTEIN IN FOODS

Accurate determinations of the proten content of the complex mixtures
which are encountered 1n foods 1s a difficult job Kirk'? 1 his discussion
of the “unsausfactory state of analytical development 1n this field” makes
the following statement *“The reasons are apparent. Proteins form a very
diverse group of stmilar compounds of extraordinary complexity, with
widely different compositions and propertses, yet difficult to separate com-
pletely, to purify and to dry. Their amphoteric nature, lugh adsorptive ca-
pacity, hydration properties, and sensitivity to electrolytes cause them to
vary widely 1n behavior depending on the composition, pH, and tempera-
ture of the solvent medum *

In the determination of proteins 1n food, mnterest 1s commonly an the
total protein content of the food, rather than on an accurate determination
of the presence of a specific protein. Occasionally in some research prob-
lems it is of interest to determimne specific proteins An example is the
collagen content of various types of meat, or the total amount of gluten
capable of development 1n vanous grains. Often rough determination of
total protein content 15 sufficient for the study. This 1s well and good, if
the rough protemn determimation 1s not then used as 1f 1t were an accurate
determination,



FOOD CHEMISTRY

Since proteins are 5o readily precipitated from solution, it might be
concluded that it would be relatively simple to precipitate the protein from
a food, filter it off, dry, and weigh it But the problem is far from simple,
It has not been possible so far to find a satisfactory reagent that wil
precipitate all proteins iree of contamination with other substances Lip-
ides, salts, and many organic molecules are carried down in protein pre-
cipitates. Some can be removed by washing, but the process is difficult to
achieve quantitatively and is laborious and time consuming. Drying the
protein to constant weight is at present impossible. Proteins have 2 high
degree of hydration and the sample slowly loses water over a long period
of time. Although the hydration is a reversible reaction, complete removal
of water is very difficult, if not impossible, without protein decomposition,
The freeze-dry (Iyophile) method has so far not been widely applied to pro-
teins but may be a possible method. So far, direct methods of estimating
protein show considerable variation and present difficulties in the repro-
duction of consistent data,

A few methods have been investigated for precipitating protein and then
measuring the amount of precipitating agent that has combined with !}}c
protein under the conditions of the experiment. None of these methods is
free from a considerable margin of error; and none has been widely
adopted.

One method of determining protein is analysis for carbon. After all_ or-
ganic compounds except protein have been removed as well as possible,
analysis for carbon can be attempted. With a few biological systems it has
been successful, Analysis of sulfur has not been used extcnsively: The
most widely used method of determining protein is the analysis for
nitrogen. 3

When a food is analyzed, provision must be made to remove m.trogm-
containing compounds other than proteins. A cell or biologica! l.lmd con-
tains many such compounds. Free amino acids, some of the lipids, urea,
creatine and creatinine, thiamine, heme, and many other compounds con-
tain mtrogen. While all of them are present in relatively small amo.unts,
it must nevertheless be remembered that they as well as protein.comnbu!t
to the amount of nitrogen present in a food, and that a change 1n ﬁ}e con-
centration of one of these components will aiter the amount of nitrogen

resent as surely as a change in protein.
’ f['he numberyof gmmsg of ;rotein in a food is o[t?n calculal?d g)’
multiplying the number of grams of nitrogen by 6.25. This cm!s!am is "
rived from the assumption that protemns contain 16 per ccr_n nitrogen ?m~

100/16 = 6.25. The assumption 1s not valid §ince all proteins do n?_‘ :udc
tain exactly 16 per cent mitrogen. Protemn is often reported as “'c
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protein” because of these two approximations. determination of nitrogen
in compounds which arc nonprotein and the “protein constant.”

Kjeldahl Method

The usual method employed for the determination of nitrogen in foods
is the Kjeldahl method and various modifications have been devised to
improve its accuracy and speed It is an oxidation of organic compounds by
sulfuric acid to form carbon dioxide and water and the release of the nitro-
gen as ammonia The ammonia exists in the sulfuric acid solution as am-
monium sulfate, but the carbon dioxtde and water are driven off. Sulfur
dioxide is the reduction product of the sulfuric acid and it too 1s volatile

Organic compounds + H,80, — CO, + H,0 + (NH,),S0, + SO,

The digestion of the sample to form ammonium sulfate is the most diffi-
cult part of the operation Although considerable effort has been expended
to obtain accurate analyses, many factors cause incomplete formation of
ammonia or loss of some of 1t from the digestion mixture Attempts to
climinate or minimize these crrors have centered around studies of* (1)
chemical form of some of the nitrogen, (2) addition of salts to digest mix-
ture, (3) use of oxidizing agents, (4) catalysts, (5) length of time of di-
gestion, (6) use of reducing or hydrolyzing agents prior to digestion, (7)
ination with salts used i fractionation. Kirk concludes

that the most important sources of error are connected with the catalyst,
the ime of heating, and the addition of reducing and oxidizing agents

Many catalysts have been used to speed up the decomposition of the
sample. Copper, mercury, and selenium are most widely used Mercury ap-
pears to give better recovery of nitrogen than copper, but 1t must be pre-
cipitated before the ammonia 1s estimated since 1t forms a complex with
the ammonia. Sclenium shortens the clearing time of the sample, but it has
often given a false sense of completion of digestion when clearing time and
completion have been confused. Many workers have used 1.5 times the
clearing time as the length nceded for complete digestion, but it has been
demonstrated that even this length of time 1s not always suflicient. Chib-
nall, Rees, Williams, and Jonnard have advised 8 to 16 hours of digestion
after clearing in order to insure completion With a long digestion time,
the quantity of acid present must be carefully watched. If the amount falls
100 low, decomposition of NH,HSO, occurs with the loss of ammonia
from the mixture,

Combinations of catalysts have been used effectively. Copper, mercury,
and selenium are used together as well as copper and selenium, and mer-
cury and selenium.
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Numerous oxidizing agents have been added at the end of the digestion
period to complete the oxidation. Potassium permanganate was the first
reagent used and in recent years persulfates, perchlorates, and hydrogen
peroxide have been used. On various types of samples losses of nitrogen
through the formation of amines or of free nitrogen have occasionally been
reported with all of these reagents except hydrogen peroxide. However, it
has not been tested with a wide number of different types of products
Hydrogen peroxide must be used cautiously since it is commonly preserved
with acetanilide 1o depress the formation of oxygen and water, and the
nitrogen in the preservative will act as a contaminant of the determina-
tion.

The chemical form of the nitrogen is tmportant. Thus the terminal amino
group on lysine is difficult to release as is the imidazole nitrogen of
histidine and tryptophan. Sufficient length of time must be allowed for
complete transformation into ammonia. At the same time the amount of
acid must be controlled so that it does not fail sufficiently to allow the
loss of ammonia from the mixture.

H n
i
I
CH,CH,CH,CH,C COOH HC==CCH,CCOOH CCH,CCOOH
NH, NH, HN N N, NECIN
H i
H
Lysine Histidine Tryptophan

Salts such as sodium or potassium sulfate are commonly adficd to the
digestion mixture m order to raise the boiling point of the mixture and
consequently shorten the time of digestion. However, the ratio _of salt to
acid must not rise too high or the loss of ammonia by decomposition of the
NH,HSO, will occur. Some workers use phosphates in place of the sul-
fates, with good results. Here, too, the ratio must not be too high. R i

Measurement of the ammonia after it is formed by digestion Is carried
out by a number of different methods, all of them quite accurate. In some
the ammoma 1s distilled off after the addition of large quantities of alka:(l
and trapped in a known quantity of standard acid. The acid is then bacl
titrated to determine how much ammonia has distilled. .

Another methad uses the direct estimation of the ammona by reaction
with Nessler's reagent to form-orange Nessler’s salt.

2K,Hgl, + NH, + KOH — NH,Hg,I; + 5KI + H,0
.. - H "
The Nessler’s salt is insoluble and precipitates; but if the a.mour:tt lS] STV::h
it can be produced tn collodal form and estimated colorimetrically
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some degree of accuracy. Technically, the method 1s often difficult to carry
out because of the tendency of the colloidal dispersion of Nessler's salt to
become cloudy and then precipitate.

A method which has not been as widely used 15 oxidation of the am-
monia with hypobromite and back titration of the hypobromite with
jodine.

2NH, + INaBrO — N, + 3H,0 + 3NaBr

Dumas Method

The Dumas method is a combustion method for the estimation of nitro-
gen in a sample, which has seldom been used on food samples Compari-
sons of Kyeldah! methods with Dumas have occasionally been made Often
the Kjeldahl method gives nitrogen values a little lower than the Dumas.
In the Dumas method the sample 1s heated 1n a combustion tramn 1n the
presence of carbon dioxide The gases are passed over hot copper gauze so
that any nitrogen present as an oxide 1s reduced to free mitrogen Carbon
dioxide and water are absorbed and the mitrogen gas formed measured
directly

When a food sample 1s analyzed for nitrogen, the accuracy of the method
of analysis, Kjeldah! or Dumas, varies with a number of factors, but often
the error exceeds 1 or 2 per cent and sometimes even 5 per cent Since the
data are then multiplied by a factor that 1s approximate, the final answer
cannot be exact and gives only the crude protein Often the nitrogen-
containing compounds other than protein are neither removed nor esti-
mated, and, therefore, cannot be subtracted from the results Most of our
data have then this further approximation Data on the protein amount of
foods must, therefore, always be taken as approumate only, unless a
careful check 1s made to assure that all approximation has been elimmated
and that the protein constant actually apphes.
Amino Acids

Amino acids are often determined 10 proteins Although most proteins,
and particularly those of ammal origin, contain all 20 of the common
amino acids, the amount 1n the protein 1s frequently of some nterest.
Since the essentiality of some amino acids have been recogmzed, a great
number of studies have been made of the level of feeding one amino acd
on the requirement for another Although these data are in the province
of nutrition, there 15 also a considerable interest in amino acid distribution
1n the field of food chemsity

The problem of separating compounds as closely related chemically as
the aming acids and estimating the concentrations of each is by no means
small. In recent years the develop of the tech of chr aphy
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and the rapid increase in knowledge of microbiological assays have facilj
tated the solution of this problem.

Chromatography was studied in 1861 by Schoenbein and used in th
separation of chlorophyll from other plant pigments by Tswett in 190¢
The term “chromatography” is applied because Tswett separated colorey
compounds, mainly on a calcium carbonate column, When the method i
applied to compounds which possess no color, it is still called “chroma
tography.”

The technique depends on the differential adsorption of compounds
even those which are closely related chemically, by a solid adsorbent. The
mixture of compounds can be dissolved in a suitable solvent and passed
through a column of the adsorbent. As the solution trickles through, the
compounds may move and be adsorbed at differentjal rates. Thus one com-
pound which is strongly adsorbed will be held at the top of the column
while one which is poorly adsorbed will be at the bottom. Sometimes al
of the compounds are strongly held at the top of the column, but they can
be separated by the use of a second solvent which detaches them pref-
erentially. When the second solvent is poured over the column, the first
fraction collected at the bottom contains the substance held Jeast strongly
and most readily dissolved in the second solvent, while subsequent frac-
tions will contain other members of the mixture. The difficult part of the
technique is finding those solvents which will effect separation, as wel] as
a suitable adsorbent for the column, This is empirical and can be very time
consuming.

Paper chr iphy is an application of this technique to a filter paper
strip and has frequently been applied to the separation of amino acids. A
mixture of compounds is placed at one end of a strip of filter paper. The
paper is suspended in a cylinder and dips into an organic solvent sa!u-
rated with water. The atmosphere in the vessel is likewise saturatz:fi with
the vapors of the two solvents. The filter paper has a stronger affinity for
water than for the organic solvent and the components of the mixture move
up the strp at different speeds. When the solvent front reaches the top (:;'
the paper, the paper 1s removed, dried, and sprayed with some compount
that will react with the components to form colored products that can be
seen. The components will be found at different places on the strip. Thbl:
is ascending chromatography, but descending chromatograms Can | :
made by dipping the top of the strip in a trough of solvem-s'OIVEHl mre
ture and allowing the components to move down the strip. Tw‘f*i"
mensional separation can be achieved by running the mixture in one _d"efs’
ton, then turming the paper 90° and running again. Better separation
sometimes possible by this device,
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Chromatography can be used to scparate even quite small samples of
amino acids after hydrolysis of the parent protein. The quantities of
amino acids present then can be estimated by various methods.

On acid hydrolysis of any protein, tryptophan is destroyed and humin
is formed. Humin is a black or dark brown precipitate which always ac-
compames acid hydrolysis In the presence of carbohydrate, it is especially
abundant, Since most foods contain carbohydrate along with the protein,
humin formation presents an error in quantitative estimations of amino
acid content. The most satisfactory method is to remove carbohydrate.
This is often very difficult to achieve without [oss or change of the protein.

Quantitative estimation of some individual amino acids can be carried out
by specific reactions to give colored compounds or precipitates. The
Sakaguchi test, for example, 15 a test for arginine which can be appled
either to proteins or to amino acid mixtures. It 1s carried out by treating
the sample with a-naphthol and sodium hypochlorite. In the presence of
arginine a deep red color develops The method may be used quantitatively
since the depth of the color 1 a function of the amount of arginine pres-
eut. An example of a precipitating reagent is Remnecke salt—a complex
salt of chromium, NH,[(NH,),C(CNS),]-ammonium diamminetetra-
Cyanatothiohromium Iil—which forms a precipitate with proline and
h)'dmxyprohnc. Other reagents are discussed 1 textbooks of biochemistry
or in special books on proteins and their analyses

The microbiological methods are farly recent developments which have
been very valuable in analyzing mixtures of amino acids because of the
speed and reproducibility of results obtained The methods depend on pre-
Paring a nutrient medium which contamns all of the compounds essential
for the growth of a particular microorganism except one amino acid, which
will be assayed. Addition of this amino acid results in growth of the
microorganism 1n proportion to the amount of the amino acid added. Cul-
ture tubes are set up and graded amounts of the unknown are added to a
series of tubes. Standards are set up at the same time with graded amounts
of the pure amino acid. The unknown can be compared to the standards by
measuring the rate of growth of the microorgamsm. Sometimes turbidity
of the medium after a 24 hr peniod of growth mn the incubator is used.
With organisms which form acid such as some of the lactobacilli, titration
ofthe acid formed can be used as a measure of the number of cells present.
The only difficulty in carrymg out these determinations is in finding an
Organism which requires a particular amino acid. Streptococcus faecalis re-
quires nine amino acids and can be used in the estimation of these. Pure
Cultures must be used and all of the techniques necessary for handling

Mictoorganisms without cc tion observed.
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HEAT TREATMENT

For many years it has been recognized that the nutritive value of pro-
teins changes with heat treatment, and a great many studies have been
devoted to the problem. Unfortunately the *“nutritive value” of a protein is
still rather poorly defined because it is complicated by ‘many factors.
“Nutritive value™ is usually measured by comparing the growth response
in a spectes such as the albino rat to graded amounts of a purified protem
or some food source. The growth response depends on numerous factors
besides the level of protein consumed: (1) the amino acids present in the
protein or proteins, (2) the quantity of each essential amino acid present,
(3) the previous nutriona! history of the test animal, (4) the extent of di-
gestion of the protein, and (5) the rate of digestion of protein. Recently
it has been shown that other factors such as mineral and vitamin Jevels in
the diet, the presence of rancid fat, starvation, and hormones such as corti-
sone all influence the rate of growth and the response fo specific levels of
protein.

It is well established that heat treatment can alter the nutnitive valur,' of
a protein when measured under constant conditions in a number of species.
Many proteins show a decrease in value, but in a few there is an increase.
Milk proteins, meat proteins, blood globulin, cereal proteins, fish, zfnd
coconut meal are among the numerous products which have been studied.
In some studies the purified proteins are used and in others the whole
food .

The chemical changes that take place on heating have been investigated
in both isolated protein systems and in foods and have been found to con-
sist of three types of reactions: (1) the reaction of protein with car})oh)"
drate, resulting in the destruction of some amino acids and a change in :}}e
digestibility of the protein by proteolytic enzymes; (2) reaction of protein
in the absence of carbohydrate which results in a decrease in the.avallabll-
ity of an amino acid; and (3) heat nactivation of enzyme inhibitors such
as ovomucoid. p

‘ When proteins are heated with carbohydrates, particularly the mono ani
disaccharides, interaction of the protein with the carbohydrate occurs On
continued heating, browning and destruction of amino acids occurs. In ﬂ.
simple system where only amino acids and glucose are u.sed, there is n.Pfi
gressive loss of histidine, arginine, valine, and leucine m'!he order E;“’eb-'
as shown by microbiological assay. The same type of reaction has .b:en of
served 1n numerous protein-carbohydrates systems as W?" as in m}::n:
foods For example, evaporated milk has a lower nutritive value Wl ‘:d
measured by rat growth, than fresh, whole milk And if the cvilpm";oss
milk has been subjected to heating before feeding, it suffers a further
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in value proportional to the extent and amount of heating. It has been
demonstrated that the reaction occurs through the amino groups of the
protein since if these groups are acctylated and rendered unavailable for
reaction, the protein loses its power to bind carbohydrates.

Not only has it been shown in some studies that ammo acids are de-
stroyed, but the protemn also becomes resistant to hydrolysis by some
proteases For example, heating casein or wheat gluten with glucose causes
resistance to hydrolysis of the protcin by trypsin or papain and to a less
marked degree by pepsin, chymotrypsin, or pancreatin (which contains a
mixture of proteases)

Heating protein in water or alone also affects the amount of amino acids
and the resistance 10 enzymatic hydrolysis of the protein Denaturation
tends 1o make a protein more susceptible 1o enzymatic hydrolysis In one
study 1s was shown that 1f casein or ethanol-precipitated lactalbumin is
heated, hydrolysis by enzymes 1s not as pl Soluble lactalt did
not show this behavior

A number of foods have been studied 1n an attempt to determine what
effect cookery and food processing has on the nutritive value of protein.
In many foods carbohydrate 1s closely associated with protein and on heat-
mng there is a reaction between these compounds In one study 1t was
shown that on heating, sunflower meal, peanut meal, cotton seed meal,
and corn are decreased 1n biological value, while beef (no carbohydrate
present) 1s unchanged and linseed meal 1s improved However, 1n another
study, canning or heating beef decreased its biological value Canning
peas causes a small decrease in the amount of methiomne and a shight
increase 1n resistance to digestion

Improvement 1n nutritive value occurs when enzyme inhibitors are de-
stroyed. A number of enzyme intubitors have now been found 1n foods
Ovomucoid, one of the protemns of epg white, was the first recognized.
It mhibits the activity of trypsin Although it 13 rather resistant to heat
at the temperatures used for most cooking and food-processing operations,
it can be destroyed by sufficient heat 1t 1s sigmificant that this anti-
trypsin factor 1s apparently ineffective 1o the human, although 1t appears to
interfere with protein utilization in the dog and the mouse A trypsin in-
bitor extracted from soybeans 1s found to depress growth of rats on diets
n which the protein source 1s either casein or soybean protemn. This in-
hibitor 1 destroyed by heating in steam

Soybeans and therr reaction to various types of treatment have been
lhoroughly studied (See Almquist’, Swanson and Clark', and Rice and
Beuk!”) The data of Melnick and Oser'* indicate that methionine 15 Itb-
erated very sfowly from heated soybeans although digestibility is not
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affected. They suggest that the low biological value may result from
the tardiness of methionine to enter the metabolic pool while other
amino acids are available in good supply. Other investigators who have
measured the digestibility of heat-treated proteins as well as their biologi-
cal value for growth promotion, favor the view that the molecules ab-
sorbed from the gut are not free amino acids but derivatives, unavailable
for protein synthesis.

The significance of these observations in human food is questionable.
Low biological value can only be demonstrated in animals on low protein
diets. Since the diets eaten by man usually contain proteins from many
sources, these proteins can supplement one another. Toasting bread may
decrease the amount of some of the amino acids in the wheat protein;
but when 1t is supplemented by egg or milk at the same meal, the small
loss is insignificant. When men eat restricted diets during times of famine
or in areas of poverty, the small loss could have significance.

PURE PROTEINS FROM SOME FOODS

Plant Proteins

The study of the proteins of plants has been plagued through the years
by the same difficulties that the study of any protein entails. There is the
difficulty of isolation of a protein from the complex mixture which always
occurs in cells, without modifying the molecules. Many proteins occur it
cells conjugated with lipid, carbohydrate, and other molecules, b_ul only
those conjugated proteins which are not readily dissociated are isolated
intact, With plant proteins there is the usual trouble encountered in han-
dling a large, relatively reactive molecule such as a protein. .Mosl proteins
are readily denatured by a wide variety of reagents and conditions, and the
utmost care must be used to aveid reaction,? ¥ .

In view of the tremendous number of plants in the world, and l.he varia-
tions in cells with structure, the amount of knowledge concerning P_l]{'}'l“
proteins that has accumulated is relatively meager. See Table 4.1 . oT'
spermatophytes (flowering plants) have received the greatest amouz .
attention while the gymnosperms (conifers, etc.) have been scarcely st lﬂl 3
The seeds commonly used for food have been investigated most frequently.
See Table 4.2. The thallophytes, which include algae, fungi, nctmom)’“"s}
and bacteria, have had considerable study. This has occurred because zf
the interest of the brewing and baking industries in yeast and becauf; by
the rapid development of the field of amibiothlcs, which are pr;)dzi:uon-
some of these plants Much of the old work is incomplete and of g
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FOOD CHEMISTRY

able validity, in the light of recent developments but, nevertheless, of some
interest

Work so far seems 1o indicate that the bulk proteins of plants, par-
ticularly among the spermatophytes, are very similar in amino acid com-
position. Seeds, however, appear to possess proteins which are quite dis-
similar in composition. A few thallophytes do not fall in line with the
analyses of tissue proteins of the rest of the plant world, but these data need
to be reinvestigated.

Milk Proteins'

Milk is one of the excellent sources of protein in man’s diet. Its role as a
source of protein has been emphasized frequently both in the scientittc ht-
erature and in that for the general public. Its place as one of the Basic Seven
mn the recommended diet plan for Americans stems from its fine contribu-
tion of protein as well as calcium and other nutrients to the diet

The proteins of cow’s milk have been extensively studied, and those of
human milk have received considerable attention. Very little is known of
the proteins present 1n the milk of mammals other than that of the cow or
human, In this book when the term “milk” 1s used, it refers to cow's milk.

In recent years with refi in the techniques of separating proteins
and. n the development of physical measurements, electrophoresis, sedi-
mentation, osmatic pressure, and other methods, it has been possible to ex-
tend earlier work and with more confidence describe the proteins of milk.
These proteins are separated by precipitation at definite pH, salt fractiona-
tion, and occasionally heat coagulation. These protein fractions must be
further purified in order to gain homogeneity. .

Cascin. Casein 1s the name assigned 10 the fraction precipitated by acidi-
fying milk to a pH of 4.7. It is present in cow’s milk to the extent of 3.‘0
to 3.5 per cent, in human milk 0.3 to 0 6 per cent. It may be furthef purt-
fied by redissolving and precipitating again. Since it is very readity ofg-
tained, 1t has been studied for many years. The casein produced by this
method was shown many years ago to be a mixture. Many attempts have
been made to prepare pure proteins from this muxture, and it appears at
present to contain at least three proteins These have been named a.-.hfz‘-
and +y-casein and differ from one another in their molecular weig f
their rate of migration in an electric field, and their phosphosus content-
The amounts of some of the amino acids which have been determned like-
wise show that these are different proteins Sec Table 4.3

Casein 1s also precipitated from milk by the action of the
(the extract 1s called rennet) 1solated from calves’ stomachs;

enzyme rennin
and the prob-
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TASE 42 APCTOXIMATE PERCENTAGE OF AMM™NO ACIDS N PMANT
PEOTETNS. PROTEINS OF STEDS CALCUIATID YO 140 g OF NITROGEN®

[ 1 et Poy-t EROT

Am=n sk Cert Moy R o - NN Qun Rae
Argrrime -3 X 94 N &0 Ty
Histrde N 10 b hJ N\ [
Lvane 27 20 o AR AR} X2
Tyrouse 32 s 33 at 48 in
Tnptophan 12 16 10 18 1 IR
Phertalamine 6% LS L ¥} T 69 [
Crstine 20 19 1e 06 e 14 [N 14
Methiorme 16 p&) " 0 n AR
Threorine n 45 s 40 s AR
Leucsne 50 TR e 28 58 66 g0 wo
Isoleucire 34 13,01 LK} 47 s AR}
Valine 37 AR 10 2 65 o4
Gheine s$3 <6

*Adspred from Bk R 1 oand Bolling D Amino Aud Composition of Protaim aind Loy Any
el Methods and Resalts 2nd ed Charles ¢ Thomas Springhcld Bl 1991

lem of discovering the difference between acid precipitated casein and
rennin casein has been studied extensively Comventional methods do not
show any difference in casein precipitated by aither acid or renmn They
do differ in the fact that rennin casein cannot be clotted a second time
This may mdicate a difference i the structure of some [fraction of the
rennin casein It has been found that the clectrophoretic pattern of rennin-
treated casein differs from that of the orginal casen n that the a-casen
shows two peaks, indicating the presence of two types of molecules Some
imestipators behieve that renmn hastens the dissocation of q-easen 1o
two components Since renmin 1s incapable of clotting milk af the ealem
ions are first preaipitated, in the past it hay been customary to consider
the reaction with acid or with renmin as following quite different pathways.
¥n Amenica 1t has been customary to call the native protein casein and the
soluble protein formed from renmin action, paracasems The course of the
reaction has been ofien written

renmn Catt
Casein (soluble) ~—Paracasein (soluble) — Caletum paracaseinate

However, writing this series of reactions i such @ manner is an over-
simplification. At present 1t is not possible 10 describe the course of the
reaction,

Berridge? says that any theory of sennin action must account for the fact
lhat'lh:rc 15 a conssderable time Jag at low temperatures between the com-
pletion of the action of renmn and the clotung. 1t must also uccount for
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TABLE 4.3. COMPOSITION OF CASEIN FRACTIONS®

Probably

a-Casemn -

Constituent (Per Cent) (ge%s:::) él::'l: ?:’E: Ié'::)
Phosphorus 099 066 006
Total N 15,5 154 156
Amino N 099 [E] -
Argmine 43 34 29
Histidine 29 3 23
Lysine 89 6.6 40
Tyrosine 81 32 25
Tryptophan 16 06 -

Mobility 1 Veronal buffer at pH 7.78 and ionc strength of 0.2
3.27 (emvolt-isec™? x 10°%)
*From McMeekin, T L.and Pols, B D, “Milk Protein,” Advances in Protein Chem , 5, 201-228(1949)

the fact that the concentration of calcium ions has little effect at con-
centrations below 0.011 A and there is virtually complete precipitation of
the casein at all concentrations above 0.0125 M. Neither the theory that the
action of renain Splits ce-casein into two types of molecules, nor the old
reaction adequately explains the facts so far observed.

Whey Proteins. Milk contains approximately 0.6 to 0.7 per cent prolein
which is not precipitated on acidification to pH 4.7, This represents about
20 per cent of the protein contained in skim milk. These whey proteins
were separated long ago into two fractions which were called globulin or
Jactglobulin and albumin or lactalbumin, The old names still persist; but in
the light of modern techmque and the demonstration that whey contains a
number of proteins, not just two, it is desirable to modify them. .

Classical globulin 1s separated from whey by saturation with magnesium
sulfate This fraction contains 2 number of compounds as shown by C_‘CC‘
trophoresis. It has been possible to separate two homogeneous fractions
which are called euglobulin and pseudoglobulin X

The fraction Which is soluble in saturated magnesium sulfate is the
classical albumin. A crystalline component which appears to be homogene-
ous has been prepared from this fraction. It has been named g-lactoglo-
bulin since 1t appears to be identical with the B-fraction from ultra-
centrifuge studies of milk serum. 5

Other fractions have been purified and more than two peaks occur in the
electrophoretic pattern of whey. There 1s, therefore, the probability that
these components occur in milk. They are still to be fully charactenized.

Colostrum. Colostrum 1s the first secretion of the mammary gland on
parturition and differs markedly from milk in its protein composition Dur-
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ing the first few days after the birth of the calf, the composition of the
lacteal secretion pradually changes until that characteristic of milk appears
On birth of the calf the colostrum contains approximately 17.5 per cent
protein with about 5 per cent of this casein. The most striking difference
isin the globulin fraction that carries the antibodies which give protection
against certain diseases Since the health of the young animal often depends
on protection against some of these diseases, the importance of colostrum
feeding in both the calf and human infant has been studied Euglobulin and
pseudoglobulin are absent in the blood of the new born calf but when 1t
feeds on colostrum they rise rapidly. Colostrum does not appear to be so
essential in the feeding of human infants, since antibodies are more readily
transferred by way of the placenta.

Egg Proteins®

The eggs of many species of birds have been eagerly sought and eaten by
man, probably since the dim ages when he rummaged for food. The time of
the domestication of the chicken 1s unknown, but 1t was in the prehistoric
period. Whole egg is an excellent food because 1t 1s a very rich source not
only of protein and lipid but also of most of the vitamins, except ascorbic
acid, and many of the required minerals except calcium. In some countries
the shells are used for food and are one of the major sources of calctum
inthe diet. The proteins of egg are rather numerous and together yield an
excellent assortment of amino acids for Is. They are idered to be
of the highest biological value.

The egg, of course, is produced for the nounshment of the embryo,
which develops in the fertihzed egg. Some of the proteins of egg white
have unusual properties which give them the abulity to protect the embryo
from bacterial ynvasion. Others possess properties with perhaps a regu-
latory effect on the nutrition of the embryo Lysozyme 1s antibiolic, ovo-
mucoid is a trypsin inhibitor, while ovomucin 1s an inhibitor of hemag-
glutination, Avidin binds biotin, while conalbumin binds ron. The direct
functions in the developing embryo have not as yet been demonstrated, but

“_"5 Properties of these proteins are surely suggestive of how they may func-
tion,

The data considered here are those accumulated for chicken eggs. The
¢ggs of a few other species have had shght study, but when the term “egg”
Isused, it is meant to imply “chicken egg.”

Egg White Proteins. These have been studied for many years, and
hundreds of papers have been written about one or all of the proteins pres-
et So far there is evidence for the occurrence of 8 different proteins in
ceg white. All have been 1solated with a considerable degree of purity ex-
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cept globulin G, and G,. Fevold* prepared the data shown in Table 44
from existing data of a number of investigators.

Ovalbumin is the most abundant of the egg white proteins and is also the
protein studied most extensively. It is a phosphoprotein with a molecular
weight of approximately 45,000 and a small amount of carbohydrate. Var-
ious workers have reported that from 1.§ to 2.8 per cent of the molecule
consists of a polysaccharide composed of 2 glucosamines, 4 mannoses, and
a nitrogen group. When the electrophoresis of crystalline ovalbumin is
measured at various pH’s, it is found that two peaks indicating two types
of molecules occur. On storage of the ovalbumin the relative proportion of
the two components changes. This has been determined on the basts of the
phosphorus content of the two albumins. One type of molecule is believed
to contain two phosphoric acid residues, while the other, oaly one. On
standing, some of the diphosphate probably changes to monophosphate
Ovalbumin is readily denatured and precipitated by heat and 2 number of
denaturation reagents.

Conalbumin was recognized as early as 1960 by Osborne and Campbell
when it did not crystallize with ovalbumin. This is a protein with a
molecular weight of approximately 70,000. It is able to bind iron ions
This property was discovered when egg white was found capable of render-
ing iron unavailable to a microorganism, Shigelle dysenteriae, which e
quires iron in the nutrient medrum. It was then discovered that although
the property was not lost on dialysis, it was lost on heating and evcn!u.a“)'
it was shown that conalbumin is the protein of egg white with this function
Ferric iron 1s bound to the protein molecule by coordination. Amino
groups, carboxyl groups, guanido groups, and amides are essential for l!lc
activity of the protein. If these groups are blocked by reaction with suit-
able reagents, conalbumin loses its power to bind ferric iron. The signifi-

TABLE 4.4, PROTEIN COMPOSITION OF EGG WHITE™

Total pratetn 10-11 per cent wet basts
82 § per cent dry basts

Ovalbumin 70 per cent of total protein
Conalbumin 9
Ovomucoid 13
Lysozyme (G,) 26

(Gy)

7

oo}
Mucmn 2
Avidin 006

*From Fevald, H L ., “Egg Protens,” Advances in Protein Chem 6,90(1931)
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cance of the function of conalbumin for the development of the chick em-
bryo is as yet unknown,

Ovomucoid was early distinguished from albumin and conaibumin by the
fact that it 15 not coagulated by heat It has a molecular weight in the
region of 27,000 to 29,000 and is a glycoprotein containing mannose and
glucosamine It acts as an anticnzyme for trypsin, diminishing the protease
activity of the enzyme, The manner in which 1t is able to exert its in-
fluence has been studied 1t has been shown that the groups on the ovo-
mucoid essential for antitrypsin activity are the carboxyl, guanidyl, and
phenolic groups and that they react with the amino groups on the trypsin.
Amino groups are not essential for the enzymatic activity of trypsin, In-
hibition 1s consequently not the type where the antienzyme and substrate
compete for a place on the enzyme, but mstead inhibition represents some
other change 1n the enzyme molecule

The globulms of egg white consist of three different types of molecules
according to electrophoretic data Lysnzyme has recetved the greatest
amount of attention because of its antibiotic activity In 1922 Fleming
published a paper on an agent capable of lysing or dissolving bactena,
widely distributed, and which he called “lysozyme > He found activity in
tears, salva, plasma, numerous tissues, and a paruculanly active form in
cgg white The actvity of egg white has now been shown to reside in the
G, fraction of the globulin Since the anubiotic activity 1n this fraction 15
s0 nteresting, the name “lysozyme™ rather than “‘globulin G, 15 widely
used Lysozyme 1s a protein with a molecular weight of approximately
14,000 to 17,000 It 1s a basic protein with an unusually high percentage
of usudine, lysine, and arginine Lysozyme 1s quite stable to heat, cold,
and many denaturation reagents It s not stable n alkali. Some proteases
such as trypsin and papain do not attack 1t

Globulins G, and G, have received relatively little attention Although G,
has been separated and shown to be a euglobulin, G, 1s stilt almost un-
known as a separate protein Neither have been crystalhized.

Ovomucin 1s likewsse relatively unknown because 1t s the most difficult
of the egg white proteins to handle, very nsoluble, and consequently diffi-
cult to punify It precipitates from egg white on dilution with water at pH
64 The molecular weight 1s still m some doubt, but sedimentation data
give a value of 7,600,000. This interesting protein appears to be the one in
cgg white capable of inhibiting hemagglutination The ability of influenza
virus to agglutinate red blood cells, called “hemagglutination,” is inhibited
by egg white. It seems likely from studies of the activity of ovomucin
fractions that the hemagglutination nhibitor is ovomucin.

Avidinis a protein present 1n low concentration in egg white, but it



CHAPTER FIVE

The Flavor and
Aroma of Food

FLAVOR IS THE SUBTLE and complex sensation that is the source of much of
the delight man finds in food. To both connoisseur and ordinary man, flavor
is of utmost importance in regulating preferences. It is the difference be-
tween a cheap wine and the most expensive, the highest grade butter and
the lowest, rancid cookies and fresh.

THE SENSATION OF FLAVOR

Flavor is a combination of taste, smell, and feelwoug and
phatyAx are many faste buds capable Fdefecting sweet, sour, salty, and
bitter. In the nose are olfactory endings that can detect a huge number of
different odors. The “mouth feel” of a food is likewise part of its flavor—
whether 1t is smooth or rough, tender or tough, unctuous so that it chngsv to
the tongue and roof of the mouth or watery so that it slides down readily.
“Aftertaste” is a quahty for the most part that is the combination of all
of these sensations after the particle of food has been swallowed,s However,
even in aftertaste the sensation of feel has specific importance since the
stickiness or greasiness of the small amount remaining in the mouth and on
the teeth contributes to the general aftertaste

Taste .
éhis sense is detected through the solutton of soluble compounds in !ZC
saliva or mn the food juices and the contact of those dissolved compf)uﬂu:
with the taste buds}The commonly accepted theory (although not W:hge_
challengers) of taste s thathere are four primary tastes that can e .
tected: sour, sweet, salt, and bitter. The areas n which Phesc tastes are e
tected overlap, but the sensation of sour 1s most readily detected 0n
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of the tongue, the soft patate, pharynx, and epiglottis. The taste buds are
composed of a number of cells arranged in a tiny well around a nerve end-
ing.

A compound to be tasted must occur in solution or dissolve in the saliva.
The solution seeps into the taste bud and the compound stimulates the
nerve ending. An impulse is transmitted along a nerve to the brain and we
recognize a taste)Then more saliva washes the solution out of the tiny well.

Taste thresholds are measures of the sensitivity to a given taste in terms
of the detectable concentration. A common method for measuring the
threshold of, say, salt, is to give a number of samples with varying con-
centrations of sodium chloride, a number of samples of pure water, and
sometimes of other compounds with other tastes. The subject attempts to
detect the taste present, rinsing the mouth after each attempt. The lowest
concentration consistent for an individual is his taste threshold for a par-
ticufar substance. (The fow levels at which tastes can be detected is truly
amazing, In a group of students almost everyone could detect 0087 per
cent sodium chloride and 0.4 per cent sucrosé| Considerable variation be-
tween individuals occurs—a low threshold for one taste not always ac-
companied by a low threshold for the others.

Influence of Chemical Constitution. Taste depends on a nimber of fac-
tors, the most important of which is chemical constitution. Saltiness is 2

NH,Cl uer NI kel NaCt ] (2] NaCl .

FIGURE 53 INTEGRATED ELPCTRICAL RESPONSE OF CHORDA TYMPANI TO YARIOUS (1} ul
CHLORIDE 50LUTIONS FLOWED 0VER TONGUE OF RAT Reproduced from Bc:dler.’L "
“Techniques and Methods for Research 1n Flavors, Chermstry of Natural Food F;:ol:nd
A Sympostum.” Dept of Army, Research and Development Command, Nati Acad Sct
Natl Research Council, Washington, D C., 1957

property of electrolytes, and the halides particularily. In ordcroflhcl}' Sf;j;‘c
ness, the following ions are detectable: Cl, Br, I, 50,7, NOy. .
cations also influence the taste. Na*+ and Li* salts tend to have saity taste
while K +, salts have considerable bitterness.

Sweetness is found 1 a number of organic compounds.
droxyls tend to endow a compound with sweetness, but oth
sometimes effective, Saccharin, for example is a totally d

Alcoholie hy-
er groups arc
ifferent com-
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pound from sucrose, possessing no hydroxyl groups, but rather a sulfon-
amide. Sucaryl with 30 times the sweetness of sucrose is also a sulfonam-

e,
(I[‘
CH
©i St ¢fl,” TCHNHSO,Na
/ CH CH
SO, \EH,’ !

Sacchann Sucaryl Sodium

Generalizations concerning groups that make for sweetness in organic
compounds are difficult.

Bitterness 1s a property of some organic and inorganic compounds.
Some of the alkaloids such as quinine and brucine are exceedingly bitter,
and NH,+, Mg**, and Ca++ are also bitter

Sourness 1s a property of the hydrogen 10n: its concentration is of pri-
mary importance in determining whether or not the sensation of sour is de-
tected. The acids that occur 1n foods are orgamic with relatively low 1oniza-
tions and consequently relatively low hydrogen 10n concentrations Added
to this 1s the common occurrence of a salt of the organic acid in the food,
which further lowers the 1onization by common 10n effect Some workers
believe that aside from the effect on 10mzation, the amion likewise has an
influence on the perception of sourness Research upon rats concerning
their nerve response to acids shows vanation n response when hydrogen
10n concentration 1s constant (See Figure 54)

Influence of Other Factors. Taste 1s also influenced by temperature, tex-
ture, and the presence of other compounds. Mackey and Valassi'* meas-
ured the taste thresholds for the four primary tastes in water as well as
in tomato juice and 1n egg-milk custard prepared as liquid, gel, and foam
They found that the primary tastes were harder to detect n gels than m
hiquids and that the foams were intermediate

FIGURE 54 RESPONSE OF RAT TO
Various Actps  The large peaks
from left to nght show response to
hydrochloric, aitne, formic, oxalic,
acetic, and hydrochlonic acids Repro-
duced from Bewdler, . M, “Tech-
niques and Methods for Research
in Flavors, Chemistry of Natura)
Food Flavors—a Symposium.™ Adv
Board on Quartermaster Rescarch
and Development, Dept of the Army.
Washington. D C 1957
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The effect of one primary taste on another is well known to everyone
who cooks, Salt tends to decrease the sweetness of sucrose, so that candy
to which salt is added has a richer, less sweet taste than that without salt,
Sugar likewise can tone down and round out saltiness. Many a cook has
salvaged the mashed potatoes that were too salty, by adding a small
amount of sugar, The effect of sweet on sour, such as sugar on lemon Jurce
or vinegar, is also important. Any food quite sour and yet quite sweet has
a rich, full flavor that is lacking when either sourness or sweetness is
present alone. Salt also tones down sourness of food acids, This toning
down of sensation when two tastes are presented simultaneously is called
compensation

Successive contrast, on the other hand, tends to sharpen a sensation.
Grapefruit seems unusually sour if eaten immediately after a sweet cereal,
A plum tastes quite sour after candy but quite sweet after grapefruit.

An interesting phenomenon has been discovered in relation to the taste
of a few compounds. Sodium benzoate tastes quite different to different in-
dividuals and the threshold at which it can be detected is very diﬁe{enl.
Phenyl thiocarbamide (PTC) has been extensively studied: “taste blind-
ness” to this compound is inherited according to Mendelian ratio. If both
parents are nontasters, the children do not taste PTC. Women tend fo have
a shghtly lower threshold than men do for this compound. Taste blindness
in women occurs in 22.2 per cent and in men 25.9 per cent. )

Fatigue for taste does not occur rapidly and some physiologists dQ not
believe it ever occurs. Hawever, it 1s 2 common experience to notice 2
diminution 1n the taste of a food as one continues to eat jt. Some ex
peniments indicate that fatigue occurs for one taste but the others are not
affected or are even enhanced

Odor

We can detect differences in the odor of thousands o_f C"mpf’“"dz N‘:E
pinging on the olfactory nerve endings. The sensation is cxpC{xenced.re.
course, only when the nerve impulse is transmuitted to the brain an i
corded there Our remarkable ability to remember odors and the ab:hl):CI
the brain to recewve and detect differences in odors cannot be ad]:q::cx)-,
explained at present. Many people can recognize odors that th;y ‘(/‘0 ot
perienced only once, many years before. The author or.we hear au oo
old woman proclaim that a noxious odor must be a stinkhorn mus o
since she remembered smelling one as a girl The hoots of dcgsmnMany
quieted when a stinkhorn was found to be the source of the odor.
mdwiduals have experienced this remarkable recalf for odors.

i de
The aroma of food is recognized as a tantalizing and delectable prelt
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FiGirr $5 OrteacTory Nirvis Shown at
botzom are eells of olfictory mucous membrine
whose nerve fibers preroe shull and reach proc
esces of offactors bulb ecls Reproduced from
Best, € N and Tartor, N B, “The livng
Bods.” Henry Holt and Co . New York. N Y
1938

10 eating but aot atways as an mvatuable part of flavor We have only to

suffer loss of our abuluty to detect odor through congestion of the nose, to
realize what a contribution 1t makes. Food tastes salty, sweet, sour, and
bitter when we have a bag cold, but how flat and umnspired it s without
odor, All the subtle nuances of the flavor complex are gone,

The olfactory mucous membrane 1s focated sn the upper part of the nasal
cavity on portions of the turbmates and septum, und contains olfactory
nerves imbedded 1 a speciat epithehum  Glands are present that secrete
fluid 1n order for a chenneal compound to possess an edor it must vapor-
12¢ and pass 1nto the nasat cavily 1 is not kaown whether the molecules
dissolve tn the flurd on the hning and the sofution comes 18 contact with
the olfactory cells or whether the haus of the celis penctrate the mucous
and come sn contact with gas The nerve then transnits an smpulse to the
brain Allison and Warwich have shown that a rabbit has about
100,000,000 receptors, each with 6 to 12 hars Thi is a tremendous arca
for recerving odor stimull The detection of an odor during breathing oc-
curs through the diffuston of the gas into the stll arr of the upper cavay,
The olfactory endings are not located on the epithelium n the direct path
of the mnspired arr When we detect a flavor i a mouthful of food, the
odorous compaunds change to gases and diffuse through the pharynx mto
the nose As we raise the food 1o our mouth, we inhale its odor

The sense of smell vanies considerably between sndwiduals and is, of
course, much Jess keen in man than in many other ammats, Nevertheless,
It ts sull remarkably keen for some compounds, Vanithn can be detected
by most individuals at a concentration of one part i ten aullon.
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Fatigue for odors occurs very quickly. We have all observed how strong
an odor of a food such as coffee or meat will be when we first come into 2
building or room where it is being prepared and how quickly we loose that
sensation, Students who do not work in chemistry, often complain of the
odors of the laboratory while those of us who work there constantly, do
not detect them unless the concentration suddenly increases or a new gas is
formed. People have been overcome by hydrogen sulfide, which has an us-
usually strong odor, after fatigue of the olfactory sense was so depressed
that they forgot the concentration was high.

Although fatigue for odors occurs rapidly, it is selective. We may not be
able to smell the odor of a compound after a short period of time, but the
sense of smell for another odor is unimpaired.

Testing Sense of Smell or Aroma. Elsberg® devised a method for testing
acuity of smell. A flask is filled with cotton and between the layers is a
toothpick, cotton wrapped, that has been dipped in a solution of some es-
sential oul or odorant, often a pure chemical, Air is admitted to the flask
in measured amounts and the vapors sniffed. The amount of air required to
perceive the odor and also the concentration of the solution on the cotton
give a measure of the acuity of the individual to that particular oc}or. Some
individuals have high acuity of smell but cannot readily recognize odors
Thus, another part of the test often introduced is proper description of the
odor perceived. L

Some physiologists are now studying taste and odor responses in animals
and attempting to obtain objective data that will make possible an under-
standing of these phenomena. Since the impulse that travels over a nerve s
electrical, measurement of the potential of a nerve shows the effect of 2
stimulus. It 1s possible tn a living animal to make measurements on lhf
large nerve bundle that serves many taste buds, on an isolated fiber Sh‘“n"
ing the response of several taste cells in one taste bud, or by inserung
microelectrodes to make measurements on a single taste cell. Qlff\c‘ofy \‘:;
sponse 15 more difficult to measure although record of the activity of i
olfactory nerve can be made. It is also possible to measurc the c?;angfl p
potential tn the presence of an odorant across olfactory tissuc a ter :hn\
excised from the animal. None of these studies is easy, but it is here nd
we can hope to find better understanding of the physiology of taste &
odor."®

Feeling

Some compounds not only stimulate the olfactory e.ndin
the trigemmal nerve—a nerve with endings in the skin of
and teeth, giving a general sensation. Ammonia, 3 cOMMO

o but also that of
the face, tongue
0 substance that
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Aftertaste 1s part of the sensation of flavor of some foods. It is par-
ticularily common with foods that leave a residue in the mouth after
swallowing. Sticky foods such as syrup or greasy foods such as meat fat
tend to leave a residue coating the mouth for a short time after swallow-
ing and all or part of the sensations which are part of flavor, continue
to be experienced. The persistence of the flavor is highly desirable in some
foods, although usually we do not enjoy the sensation if it persists too
long Many people do not eat raw onions because of the persistent after-
taste. The volatile disulfides present are absorbed by the blood and are
then secreted in the saltva and exhaled in the breath, so that the odor may
persist for many hours.

CONTROL OF FLAVOR AND AROMA IN
PROCESSED FOOD

Control of flavor and aroma in processed food is of utmost importance
n deternining the quality and selling price of the finished product; this
is likewise true of simple cookery operations Many factors, all of which
must be considered, influence the flavor. The quality of the ingredients has,
of course, a considerable effect on the product. Off-flavor ingredients can-
not produce an item with excellent flavor, Conditions of processing must b
carefully controlled. Thus in roasting coffee or cocoa beans the tempera-
ture and length of time roasted must be controlled n order to insure flavor
of the night quality. Avoidance of contamination by flavorful corr}p.ounds
during processing or storage must be watched, Thus the lacquer lining of
cans cannot contain soluble flavored substances. Many foods such as fats,
and baked goods, pick up odors of other foods readily and must be ade-
quately protected from contact with these odors. Foods must also be pro-
tected from contamination by bacteria and molds and stored under con-
ditions where these microorganisms cannot grow rapidly. Malds produce
compounds that impart a musty or sour flavor which is completely unac-
ceptable. 4

In many food mndustries, tasters are employed to grade the product ant'
often the raw materals. There are usually no chemical tests that can aif-
ferentrate the subtle differences between a quality product, an ordinary onc
and one that 1s off-flavored. With a hittle experience, some tasters devclo}:
remarkable ability to differentiate products. Some can readily detect ﬂa:v
in the processing operation and spot the location of the trouble by t?:ccc:
In many wndustries these tasters are of great value to the company si
flavor 1s one of the bases on which the consumer buys the product. ood

Good flavor i a food product 1s desired by everyone vt:ho work.s lguify
production whether a housewife or the director of a nation-wide in .
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Caul® has analyzed the pattera of good flavor as the following sensations:
*(1} an early impact of appropriate flavor, (2} rapid development of an 1m-
pression of highly blended and usually full-bodied flavor; (3) pleasant
mouth sensations; (4) absence of isolated unpleasant notes; and (5) antici-
pation of the next mouthful ™

Measurement of Flavor

The sensations of flavor are such complex reactions that it 1s impossible
by any simple chemical or physical test to measure them. An appreciation
of flavor depends on a human being and his reactions to the actual act of
tasting. Since the flavor of food products is so important 1n determining
therr commercial value, many methods for measuring flavor have de-
veloped These have been reviewed at various times. A recent review of
the methods and their implications is in a symposwm’ in Food Technology
for 1957.

Expert tasters are employed 1in some industries, particularly for wine,
whiskey, tea and coffee, and spices The expert taster has usually grown up
in one industry and 1s of value only to this industry Through interest and
opportunity he has developed a “‘discrimmnating palate” for the food of
his company There 1s no indication that an expert taster has a keener
sense of taste than the normal individual, but rather that he has years of
traming

Other methods use a panel of tasters, sometimes these are individuals
with some training, sometimes they are workers 1n the industry with suf-
ficient interest 1o be willing to serve on a panel, and occasionally where
preference 1s desired, they are large numbers of consumers The panel may
indicate 1ts preferences or judgment of quality by scoring a food on some
well defined qualities Often a numerical scale 1s used so that the scoring
of the indwviduals can be added readily to give a composite score  Sconng
has been widely used in meat, bakery, and mlk products and in recent
years with dehydrated foods

Dyfference 1ests are sometimes used 1n an attempt o get a more precise
and reproducible test of flavor in foods A trained panel 1s required for
these tests Boggs and Hansen' have summanzed the various methods of
difference tesung Esther a pair of samples or a triangle 1 which two of
the samples are 1denuical and the third 1s to be separated are presented
1o the judges. Sometimes 1n a tniangle a standard is submutted and one of a
pairis matched to 1t In other tests the judges only know that two samples
are identical

The dilution test 1s a type of difference testing A sample is presented to
the judges and then other samples that may or may not contain the un-
known at a definite level of dilution are offered The method was first ap-
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plied to the detection of dried egg in fresh egg. The higher th
the dried egg the greater the difficulty of detecting it. In order
high degree of agreement, it would be necessary to have a high
dried egg present. A poor quality product would be detectable a
centration or a high difution.

Ranking is used with a flavor panel and with either a numeric
betical evaluation of one property. A series of samples are supp
member of the panel and he arranges them in the order of incre:
creasing quality of the characteristic. A high degree of agreem
members of a panel eccuss when the samples differ to a marked
when differences are subtle, agreement is not as common.

The flavor profile is a method for evaluating a flavor by d
cither as a whole or by characteristics. The vocabulary by
characteristics are described are comparative terms such as “ru
“eggy,” or, when possible, they are referred to a compound——pi
acid for “"horsey.” Feeling effects are described on the basis of
throat or nose reaction, such as “throat burn,” “puckering,”
tng.” The reactions are broken down into (1) character notes, i
appearance, (3) aftertaste, and (4) amplitude. The character nc
protruding sensations, often exceedingly difficult to distinguish
The order of appearance may appear at first sight to be of little
or even absent. But close attention to flavor during tasting wiil
many flavors are not perceived as a whole but rather as a serie
tions. These come very rapidly but can be separated. Coffee b
not percetved untit aiter the other flavors have been experientt
an unpleasant note should not be either the first or last sensa
flavor, Aftertaste has been mentioned before, and its importa
taste complex 1s readily recognized. “Amplitude™ is the term 3
press the total effect of flavor and aroma. The fitness of the
broad aspects of all characteristics is included here. It require:
derstanding and experience to judge amplitude. It is rated as ver,

° medium or high. Examples of amplitude can show the mean
term. Tomatoes picked green have low amplitude, those grow
house are medwm, and the vine-ripened are high. Potatoes, boil
seasoned, have fow amplitude, salt added at the table improves
tude by blending the flavor but salt added n preparation gives h
tude

Any evafuation by a flavor panel is subject to error. Many ¢
cautions mecessary to the satisfactory use of a panel have bees
and described. It 1s essential that the members work alqne in qu
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FIGLPE §6 OLFacTORILM FOR TESTING QpORs Courtesy of Food Acceptancé Brar
Quartermaster Food and Container Institute for Armed Forces, Chicago 9, 1)

temperature and the humidity can be controfied To avowd influencing ¢
another, the panel members do not discuss their reactions with each ott
Even the day of the week and the hour of the day has an effect. Mitche
found that the sensiuvity of a duo-trio test where two samples out of th
are matched, 1s greatest on Tuesday with Friday also better than Mond
Wednesday, or Thursday. In an exght hous day accuracy of judgement «
the best during the fourth, fifth, and sixth hours

Since our appreciation of flavor and our judgement are influenced
many psychological factors, the environment must be carefully controll
However, some of the psychological factors that cannot be controtled |
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the experience background of each tester and his personal problems and
reactions. Food experience affects everyone. If you have frequently eaten
food highly seasoned with garlic, you will usually like that flavor but it will
have nothing of newness or surprise for you. A person adventurous in other
life experiences will find pleasure in a new eating experience, while the more
conservative will dislike anything unfamiliar.

The consumer acceptance or preference has been used in recent years for
some products. If a new food is introduced, only one sample is offered to a
large consumer panel, but if a food is modified, then two samples are sub-
mitted and a preference requested. Occasionally more than two samples are
submitted but usually this leads to confusion in the subjects and the results
are doubtful,

Flavor Intensifier: Monosodium Glutamate

Large quantities of monosodium glutamate have been used in the Orient
for years and in the United States for approximately 2 decades 2s a flavor
intensifier. In China and Japan fermented soybean curd is added to many
foads and soy sauce is 2 common condiment. Soy sauce is rich in mono-
sodium glutamate and mterest led eventually to the production of rel-
atively pure monosodium glutamate, It is claimed by some authors that this
compound has hittle or no flavor itsetf but intensifies the flavor of meats
and vegetables through a rounding or blending effect. It 18 widely used in
stews, canned meats, soups, chowders, etc. It does not have an effect on
fruits or fruit juices or sweet spicy foods. Cairncross and Sjostrom’ re-
ported that it suppresses the sharpness of onion, the rawness of many vege-
tables, and the earthiness of potatoes. They also reported that the effect 15
noticeable in the pH range 3.5 to 7.2, the range in which most foo‘ds are
eaten. They found that fats, oils, and high viscosity in foods modily the
influence of sedium glutamate considerably. .

The mode of action of sodium glutamate and its effect on flavor are still
in dispute. Much of the work carried out has been an mvestigation of.lhc
preference of tasters for a food with and without z}ddcd monesodium
glutamate, and the underlyng physiology and biochemistry ofth effect. .

Glutamic acid occurs i high concentration i numerous proteins. Whea
gluten for example contains approximately 36 per cent. The free glulam:r:
acid hydrochloride is prepared commercially from wheat.. corn or S:Sb
beet wastes by acid hydrolysis of the protein Glutamic acid is forme xyt
dissolving the crude hydrochlorde, adjusting the pH to 32 and aliuwm‘;’l !
1o crystallize slowly. The product is neutralized with either sodlll(;nm)i‘s
droxide or sodum carbonate, decolorized and crystalhzed. The produ
relatively pure monosodium glutamate
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Very large amounts of this material are now used commercially in the
production of many meat and vegetable dishes Although 1t has been
claimed that 1t 1s not detectabic and although it 1s true that pure mono-
sodm glutamate 1s only shghtly sweet and salty, the author has noticed
that the presence of this “intensifier” at the level usually used in foods
can be recognized It gives a sameness of flavor to foods as dissimilar as
chicken or tuna pies and makes the product markedly different from the
freshly prepared dish On this basis, 1t 1s highly objectionable to her

Flavoring Extracts

These are widely used 1n the food tndustry, and 1n the United States
are quite well standardized The Food and Drug Admimstration defines an
extract as **a solution 1n ethy! alcohol of proper strength of the sapid
and odorous principles denived from an aromatic plant, or parts of the
plant, with or without its coloring matter, conforming 1n name to the plant
used 1n its preparatuon * If artificial coloring or synthetic flavoring com-
pounds are added, 1t 1s required that the label state this The flavoring ex-
tracts are made either by adding the essential o1l to alcohol or to water
and alcohol, or by percolating the chopped plant or plant part with a mix-
ture of water and alcohol Thus lemon extract 1s prepared by adding the
lemon ol expressed mechanically from lemons, to alcohol or diluted alco-
hol The Food and Drug Admimistration’s standards require 5 per cent by
volume of lemon o1l Also acceptable i1s an extract prepared after the
terpenes, which add hittle to the flavor, have been removed

Vanilla extract, the most widely used extract in the Un.ted States, is
prepared by percolaung macerated vanilla beans with alcohol, frequently in
the presence of glycerol or sucrose The flavorful compounds extracted are
numerous but the most abundant 1s vamillin Since vamilin can be pre-
pared synthetically very cheaply. synthetic vamilla is sold in large quantities.
Its flavor is not quite as fully rounded as real vanilla extract but it is used
widely 1n many foods selling at relatively low cost. Usually coumarnn is
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added to the vanillin in the synthetic extract to improve the flavor, and car-
amel or a food dye to simulate the brown color extracted from the vanilla
beans. Discussion of the methods of preparing flavoring extracts can be
found 1 a textbook of food technology.

Synthetic Flavoring Substances

These have been produced for many years. Originally esters were used in
small amounts for imitation flavors, particularly in cheap confections. Al-
though an ester such as amyl acetate is remmiscent of banana flavor, simple
esters are crude, rough substitutes for natural flavor. Analysis of natural
flavors has developed slowly because of the difficulty of separating sub-
stances that occur 1n a concentration as low as that in most foods. New
methods of study (see below) are now opening the way for careful and de-
tailed analysis of the flavoring compounds in many foods. During the past
50 years numerous compounds have been synthesized which are useful in
synthetic or imitation flavors, The common so-called flavormatics are listed
in a table prepared by the Food Additive Committee of the Flavoring Ex-
tract Manufacturers Association of the United States. (See Table 5.1'.)
These are arranged in order of their importance. The type of ﬁa\for n
which they are usually used and the parts per million concentration in the
finished food are given

Table 5.2 shows the composition of a few imitation flavors, It is interest-
ing because it shows the complex nature of some of these tmtation flavors.
The list of compounds isolated from natural flavors 1s far from complete
Many more compounds have now been identified in strawberry, apple and
coffee flavors

RECENT DEVELOPMENTS IN FLAVORING RESEARCH

Recent developments in flavoring research have followed three principal
paths (1) careful identification of the composition of some flavoss, par

ticularly through the use of gas chromatography as a means of separaling
(text continued o7 P H5)
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TABLE 5,1. THE PRIMARY FLAVORMATICS®

Aromatic Avp Use
Chermical Pavor (PPN BP*C
Group I
Vanillin vandla ns 81 5" MP
Cthyl Vamilin vanilla 166 765 MP
Citral Temon 176 229°
Benzaldehyde cherry, almond 848 180°
Cinnamic Aldehyde  cinnamon, cola 107 252°
Methy! Sahicylate oot beer 1297 21°
wintergreen
Amyl Acetate banana, frust flavors 784 142°
Amyl Butyrate banana, fruit flavors 2317 185°
Ethyl Acetate frun, rem 927 76"
Ethyl Butyrate strawberry, frunt 31t 120°
Methyl Anthrannate  grape 91 255°
Ethyl Oxy Hydrate Tum 4727
Anethole root beer, anmise 1335 2353
Safrol root beer anise 69 236"
Menthol mint 12 215°
Group 11
Heliotropine vamlla, cherry 34 263°
Aldehyde C-18 coconut 176 263°
Dacetyl butter 173 88°
Aldehyde C-16 strawberry 100 m*
Ethyl Ocnanthate  grape 81 187°
Allyl Caproate pineapple "7 187"
Aldehyde C-14 peach 80 97"
Eugerol spice 488 25%°
Amyl Valerinate peach, frun 96 200°
Ethy! Valernate frun 144 145°
Carvone smice, mimt 1903 230°
Ams Aldehyde cherry, vanilla 36 247
Group 111
Benzyl Acetate strawberry, fruit 88 215°
Ethyl Formate rum, strawberry o 54°
fonone raspberry 09 1475°
Ethy! Lactate grape 421 154°
Toly! Aldehyde cherry 93 204"
Amyl Caproate pineapple, applc a4 222
Linaloo} spice 02 199°
Citraneial rose (gencral) 120 06°
Butyl Acetate feut 264 126 5
Ethyl Pelargonate grape, fruit 23 228
Buty! Butyrate frunt 179 166 4*
Aldehyde C-10 eneus 12 208°
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TABLE 5.1 {Continued)

Aromatic Avg Use
Chemical Flavor (PPM) BP'C
Ethyl Heptoate grape, pineapple 46 721"
Geranyl Acetate frut 84 245°
Methyl Phenyl
Acetate honey 24 222*
Group 1V
Aldehyde C-8 atrus o7l 165°
Aldehyde C-9 aitrus 281 91°
Cyclohexyl Butyrate  prneapple, fruit 83 22
Ethyl Laurate spice, fruit 69 269°
Linalyl Acetate citrus 54 220
*From Janovsky, H L , Food Technol . 9, 500-502{1955)
TABLE 5.2. SYNTHETICS®
Aromatic Isolated Sample Formula %
Raspberry  beta 1onone beta 1onone 19
anisic aldehyde iso-butyl acetate 2349
benzaldehyde amsic aldehyde 1
phenyl ethyl alcohol phenyl ethyl alcohol 3
phenyl ethyl 1so-butyrate 4
hexene ethyl methyl p-tolyl glycidate 35
n-hexanol phenyl ethyl anthranilate 7
1so-amyl alcohol vanillin 3
1so-butyl alcohol hexyl butyrate 03
1s0-amyl acetate 4
ethyl n-butyrate 5
rose oil 4
drallyl sulfide 00!
Strawberry boraeol ethy] methyl phenyl glycidate 35
methyl caproate amyl aldehyde 05
amyl aldehyde bornyl acetate 03
ethyl caproate ethyl caproate 2
vamilin 3
beta ronone 9
ethyl methyl p-tolyl glycidate 12
1so-butyl acetate 30
ethyl butyrate 8
Cherry geranyl butyrate cinnamyl anthranilate 3
1so-amy acetate 12
ethyl caprate 1s0-buty! acetate 12
terpeny! butyrate cinnamic aldehyde dimethy! acetal 3 s
ethyl caproate benzyl alcohol ;
benzaldehyde geranyl butyrate i
geraniol ethyl caprate



TABLE 52 (Continved)
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Aromatic lsalated

Sample Formula

cherry terpenyl butyrate 0s
{continued) ethyl caproate 2
benzaldchyde 8
p-tolyl aldehyde 3
p-methyl benzyl acetate 1
ethyl methyl p-toly plycidate 16
vanilthin 7
heliotropin 5
Peach hinaly! esters {as hnalyl formate [
valerate, acetate, gamma undeca lactone 13
formate) hinalyl butyrate 4
furfural heliotropin 145
geranyl valerate 15
furfural 15
alpha-methy! fury! acrolein 6
methyl cyclo pentenolone valerate 10
benzaldehyde 5
1so-amyl formate 15
150-butyl butyrate 6
Apple geramol gerany! valerate 10
acetaldehyde geranyl n-butyrate 8
gerany! proponate 8
hnaly! formate 10
1so-amyl valerate 15
vamliin B
allyl caprylate 6
geranyl aldehyde (citral) S
acetaldehyde 65
methyl cyclo pentenolone valerate 8
alpha methy! furyl acrolein 2
1s0-amyl butyrate 135
Coflee a-furfuryl mercaptan a-furfury! mercaptan 10
ethyl vanillin 3
solvent 87

*FromKaiz, A Food Technol 9,636 638(1958)

the large number of compounds that occur 1n low concentration in many
natural foods, (2) production of natural essences by condensation of the
vapors formed 1n vacuum or low temperature concentration of foods, and
(3) the search for flavor precursors and their enzymes As the food in-
dustry moves farther along the path of prepared or partially prepared
foads. the problem of flavor 1 the final product becomes more trouble-
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TABLE 5.3 COMPOUNDS FOUND IN THE GASEOUS EMANATION OF ONIONS
Compound

Refative Amount

Propronaldehyde

Methyi Afcohol very abundant

Propyl Mercaptan abundant
Hydrogen Sulfide

Acetaldehyde small
Sulfur Dioxide

Dipropyldisulfide

Propyl Alcohol trace

4-Heven-1-al
2-Hydroxy Propanthiol

During the processing of a number of foods, particularly fruit juices,
the loss of aroma during concentrating 1s appreciable Many years ago
vacuum evaporation was mtroduced with low temperature condensors to
trap as much of the volatile compounds as possible This was a great im-
provement 1n many cases over evaporation at atmospheric pressure How-
ever, since air is present 1n the onginal product, venting the system is
necessary; consequently, enough volatile material 1s lost so that the fresh

TABLE 54 VOLATILE COMPONENTS IN COFFEE AROMA

Formic Acid Phenol
Acclic Aad Resorcino!
Methyl Ethyl Acetic Acid Cresols
n-Valenc Acid Ammonia

1s0-Valeric Acids
Higher Fatty Acds
Ethyl Alcohol

Acetyl Methyl Carbinol
Furfuryl Alcohol
Acctaldehyde

Methyl Ethyl Acetaldehyde
Furfural

Acetone

Diethyl Ketone
Diacetyl

Acetyl Propionyl
Hydroquinone

Esters

Furfury! Formate
Furfuryl Acetate
Methy! Alcohol
2.3-Dioxyacetophenone

Methyl Amine
Trnmethylamine
Pyrrole

n-Methyl Pyreole
Pyndine and Homologues
Pyrazine

Guanacol

p-Vinyl Guaacot
Eugeno!

Hydrogen Sulfide
Methyl Mercaptan
Dimethyl Sulfide
Furfuryl Mercaptan
Furane

Sylvestrine
Vaniflone
n-Heptacosane
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FIGURE 58 RESTORATION OF NATURAL FLAYOR TO DEHYDRATED CABBAGE. Repro-
duced from Hewtt, E J, MacKay, D A. M, Konigsbacher, K, S. and Hasselstrom, T,
“Flavor Propagation Through Enzymatic Action, Chemustry of Natural Food Flavors—A
symposium,” Dept. of Army, Research and Development Command, Natl, Acad Ser
Natl Research Council, Washington, D C, 1957,

flavor disappears. Improvements in design now allow the removal of
most aroma in the fitst fraction by flash evaporation. The juice is heated
rapidly in a matter of a few seconds by passing it with turbulent ﬂotv
through a small pipe and then it is rapidly cooled. Flash evaporation is
carried out at atmospheric pressure if the volatiles will take the high
temperature, otherwise at low pressure. The condensate from the flash
evaporation passes to a fractionating column and is separated into two
fractions. The vent gases are scrubbed by a counter-current of cold column
bottoms that trap the most volatile compounds by dissolving them. The es-
sence is stripped from the column.

With the progress of biochemistry and the rapid nise m our l{nder.slar.ld~
ing of the changes that occur i plant and animal cells, the tlm.c is ripe
for some mvestigations of flavor precursors and attempts to utilize bio-
chemical reactions for the mamtenance and enhancement of fresh flavor.
Studies are underway to find methods for the 1solatton or at least the con-
centration of Ravor precursors and enzyme systems capable of devellopmg
fresh flavor It is hoped that when these are obtained their adfi{uan 10
dried or concentrated foods will improve the flavor and acceptability even
1n the presence of off-flavors.
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CHAPTER SIX

Meat and
Meat Products

MEAT 15 DEFINED by the Food and Drug Admmistration as follows: *Meat
is the properly dressed flesh derived from cattle, from swine, from sheep or
goats sufficiently mature and 1n good health at the time of slaughter, but is
restricted to that part of the stniated muscle which 1s skeletal or that which
1s found 1n the tongue, in the diaphragm, n the heart, or 1 the esophagus,
and does not nclude that found i the lips, in the snout, or in the ears,
with or without the accompanying and overlying fat, and the portions of
bone, sinew, nerve, and blood vessels which normally accompany the flesh
and which may not have been separated from 1t 1n the process of dressing
it for sale

*“Flesh 1s any edible part of the striated muscle of an amimal. The term
ammal as heretn used, indicates a mammal, a fowl, a fish, a crustacean, a
mollusk, or any other animal used as a source of food.”

ANIMAL STRUCTURE
Muscle

There are three types of muscles in animals: striated or voluntary muscle
which constitutes the meat 1 the above defimtion, smooth or involuntary
muscle which for the most part 1s discarded when an amimal 1s dressed,
and heart muscle which 15 more or less intermediate between the other two
in structure,

Striated muscle 1s composed of long cylindrical cells, called the muscle
fibers, which lie parallel to one another and lengthwise of the muscle. Each
cell contains a number of nucle lying close to the outer edge near the
membrane or sarcolemma. The cross stnations that appear under the
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CHAPTER SIX

Meat and
Meat Products

MEAT Is DEFINED by the Food and Drug Admimistration as follows. *Meat
1s the properly dressed flesh derived from cattle, from swine, from sheep or
goats sufficiently mature and 1n good health at the time of siaughter, but is
restricted to that part of the striated muscle which 1s skeletal or that which
1s found 1n the tongue, 1n the diaphragm, 1n the heart, or mn the esophagus,
and does not include that found n the lips, mn the snout, or 1n the ears,
with or without the accompanying and overlying fat, and the portions of
bone, sinew, nerve, and blood vessels which normally accompany the flesh
and which may not have been separated from 1t in the process of dressing
it for sale

*“Flesh 1s any edible part of the striated muscle of an amimal The term
ammal as herein used, indicates a mammal, a fowl, a fish, a crustacean, a
mollusk, or any other ammal used as a source of food

ANIMAL STRUCTURE
Muscle

There are three types of muscles in ammals strated or voluntary muscle
which constitutes the meat 1n the above defintion, smooth or involuntary
muscle which for the most part 15 discarded when an animal is dressed,
and heart muscle which 1s more or fess tntermediate between the other two
in structure.

Striated muscle 1s composed of long cylindrcal cells, called the muscle
fibers, which lie paraliel to one another and lengthwise of the muscle, Each
cell contains a number of nucler lying close to the outer edge near the
membrane or sarcolemma, The cross striations that appear under the
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microscope have been the object of numerous studies but as yet 2 complete
explanation of their appearance has not been established. The muscle cells
are bound together by connective tissue and groups of them are associated
and covered with more connective tissue (the perimysium) to form bundles.
In some muscles the bundles are very noticeable when the muscle is cut
crosswise, giving the grain to the meat. The bundles of muscle fibers are
held together in a single muscle by a covering of connective tissue sheath
called the epimysium.

The cells of the muscle fibers contain a complex mixture of proteins,
lipids, carbohydrate, salts, and other compounds. The carbohydrate in liv-
ing muscle is glycogen, but during slaughter-and the ripening that occurs
between the kiliing of the animal and the cooking of the meat, the glycogen
is degraded and disappears from the tissues. '

Muscle also contains lipid~-phospholipid and cholesterol, However de-
termining how much lipid is in the muscle cell and how much in the con-
nective tissue is difficult. Striated muscle is believed to contain about 3
per cent Iipid. The connective tissue contains large amounts of neutral fat
that marbles the meat and is distributed between the bundles of muscle
cells and 15 of great importance to meat quality at the table. It is difficult
to remove lipids completely from the muscle cells.

@he proteins of a muscle cell are numerous and comprise those important
in contraction, mn the functions of the nucleus, and in the enzymatic reac-
tions of the cell)These latter may not be completely different f(om the
others—for example, the protein myosin is necessary for contraction and
also as an enzyme for ATP (adenosine triphosphate). The classical mcth.Od
of protein fractionation by extraction with salt solutions has been applied
to muscle. This method often leads to fictitious separations and some of the
older work is consequently open o question. Two proteins present 1 the
cells have received much attention in recent years because they are e
sponsible for the contraction of the muscle fiber. The two proteins ar¢
actin and myosin and the compound formed between the two, aclumya:é{'-
A protemn fraction can be extracted from muscle with co]d_ water. This
fraction is called myogen and comprises a number of proteins mcludlgg
those enzymes essential for glycolysxstany of the enzymes promotmg} e
long series of reactions that occur when glycogen undergoes fragmenlaf}:fcl
have been 1solated, purified, and some have even been crysm)hzgz'i. s
pigment responsible for the pinkish red color of musgle. myoglo! m’lﬂ
also received some attention and 1s more completelyidxscussed onp d'c(i
Another group, the protens called nucleoproteins, is now bemng stud!
extensively.
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The state of our knowledge of the proteins of a muscle cell is similar to
that of our knowledge of any cell. Biochemistry is at the state where tech-
miques for the separation of cellular compounds and an understanding of
their role at the leve! of the cell are stili developing. In the past it has
been possible to fractionate tissues crudely, although separation of proteins
into pure compounds has been uncertain. Now not only are techniques and
knowledge growing to the point where criteria of purity for large molecules
such as proteins are known, but also methods arc available for separating
parts of cells such as nucler, mitochondria, and cell membranes.

The salts in muscle cells are the same as those 1n most cells of the body
and are at the same concentration. Potassium is the most common cation,
with magnesium and sodum following The anwons are acid phosphate,
bicarbonate, and sulfate i the order of their concentration. The con-
centrations of these 1ons cannot be determined directly because the cells
are in contact with extraceliular (interstitial) flusd, and at present it 1s not
possible to separate cells completely from extracellular fluid. In meat we
cook relatively large pieces of tissue and consequently have both extraceliu-
lar and intraceliular flisd The salts 1n the extracellular fluid have a con-
centration equal to that 1n the blood plasma. Sodium 1s the most important
cation with potassium, magnesium, and calcium m small amounts. The
most abundant amon 1s chionde, with farr amounts of bicarbonate and
small amounts of acid phosphate and sulfate

The organic compounds that can be separated from muscle by treatment

with water and that are not ipid or proten are called the extracnves These
substances appear in the water when meat 1s stewed, fricasseed, or 1 any
way treated with moist heat and 1n the pan juice when meat 1s roasted or
fried. Striated muscle has approximately | per cent organic extractives and
1 per cent salts Glycogen 1s the most abundant extractive in resting muscle,
but, as pointed out above, the amount decreases after slaughter. None can
be detected 1n most cuts of meat on ripening In the extract are products
of giycolysis or ntermediates from the tri-carboxylic acid cycle such as
lactic acid and pyruvic acid and small concentrations of a number of low
molecular weight mtrogen compounds These latter are sometimes called as
a group “mitrogen bases™ since the nitrogen 1s present 1n an amino or
mino group The amino acids comprise some of the compounds, and there
may be very small amounts of urea, creatine, and creatinine, which are un-
doubtedly intermediates and end products from muscle metabolism Sev-
eral other compounds, also present 1n small amounts, are anserine, carno-
sine, and carmitine whose structures are shown below, (Carnttine has been
shown 1o have a role in the oxidation of fatty acids )
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Water also extracts some proteins and derived proteins from muscle.
Coagulable protein escapes in the meat juice and during cooking 1s coagt-
lated. It forms the precipitate noticeable in the pan juice of roasted meat.
The extract also contains gelatin which if not too dilute is noticeable
through the increased viscosity or even jellying of the cold extract.
Proteoses and peptones are present in small amounts. They origimate from
the hydrolysis of proteins that occurs as the meat ripens. The water so]ub‘]e
B-complex vitamins, particularly abundant in meat, are also extracted in
water and juice.

Connective Tissue

This tissue is composed of a few rather large cells scattered through a
matrix composed of fibers and amorphous ground substance, There are
many types of connective tissue; but they all have this common .strufturc
of few cells and numerous fibers in ground substance. Connective tissue
varies from extremely thin and fragile tissue found between organs to tough
bands and membranes of great strength that form the capsule ziround most
organs—the tendons, ligaments, and aponeuroses. A tendon is the tough
band or cord that connects a muscle with some other structure such as a
bone, while a ligament is a band which supports an organ or connects (W0
bones or other parts. An aponeuroses is a type of muscle attachment 1o
bone that forms a sheet. Connective tissue also forms the fa.t or adipost
tissues as well as other specialized tissues such as bone and cartilage.
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In connective tissue the size, shape, and number of cells varies
enormously with the source, function, and type of tissue. Unlike most other
tissues, connective tissue has relatively few cells and much intercellular
material. Some connective tissues have few cells and these are separated
orisolated. In others they appear more numerous and in some are arranged
in definite patterns. In all connective tissue the two types of fibers, white
coilagenous and yellow elastic, and the ground substance are of great im-
portance in determining the charactenistics of the tissue.

The white collagenous fibers are arranged in bundles of wavy threadlike
filaments and are coarse and strong but resistant to stretch, In tendons the
collagenous fibers are arranged in parallel rows with rows of cells between
them. Since the collagenous fibers are not elastic, tendons also lack elastic-
ity. They are very strong however

Yellow elastic fibers, particularly abundant in ligaments, are fine and
branched and distributed in a random pattern to form a network. There
are few collag fibers in lig s. The tissue 1s elastic

The collagenous fibers are composed principally of the proten, collagen,
which on cooking hydrolyzes to form gelatin, If connective tissue contan-
inga large per cent of collagen 1s cooked 1n moist heat for an extended
period of time, much hydrolysis occurs, and the tissue almost disappears.
The elastic fibers, however, are composed of the protein, elastin, which is
very resistant to moist heat and indeed to most reagents Cooking has little
or no effect on these fibers.

Collagen. In 1952 Bear* presented a tentative model of the collagen fibril.
See Figure 6.1. Under the microscope collagen fibers can be seen which
have a diameter of approximatey 100-200 ¢ (1 ¢ = .00lmm) mn tendon and
20-40 p 1n the skin Each fiber 1s composed of a number of primitive
fibers approximately 2-10 & 10 diameter By mild mechanical or chemical
means the primitive fibers can be divided into fibrils whose diameters are
so small that they cannot be discerned with an ordinary microscope but
must be detected by the electron microscope Their diameter 1s measured in
terms of hundreds of Angstrom umits (1A = 0001 ) but even they are far
above molecular d The llest unit of or| 10n above the
molecule is the profofibril, a number of which constitute the fibril

Data have been accumulating during the past decade with the use of X~
ray diffraction methods and electron microscopy for collagen preparations
subjected to various mild conditions. These data give some indications of
the shape of the collagen molecule and the manner in which molecules are
organized in the protofibril. Bear has suggested a tentative model which
will be briefly described.

The fibril appears to be a very long thin body containing bands and
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atively small nonpolar groups can mesh with one another in such a m
that the polypeptide chains are able to lie quite straight in the helix
mterbands are areas where the relatively large polar side chains stic
and react with one anather, producing a kinking of the polypeptide ct
A short portion of the coil, straightened out, is shown in the ilfustr
(Figure 6.1).

Colfagens from animals in widely separated phyla show many sin
ties, but some differences. Collagens from mammals have been st
most extensively with fishes next; a few examples {rom other phyla
been examined. The preliminary work indicates that the collagens
closely related animals have marked resemblances, while the farther
they are in the animal kingdom, the greater are the differences in coll
The gross structure of the molecules of animals from different phyl
pears to be similar, but the amino acid content is different.

Elastin. Elastin is the protein that forms the yellow elastic fibers. U
collagen, it is not hydrolyzed on boiling with water and consequen
tissue that contains a considerable number of yellow elastic fibers s
little softening or dissolving upon cooking. These fibers are abunda
tendons and ligaments which are often trimmed away before me
cooked. The human Achiiles tendon contains 20 times more elastin
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:ollagen and in the hgamentum nuchae, which extends down the neck of
;attle and helps hold up the head, there is approximately § times as
much, There has been some study of the structure of elastins by the
methods apphed to collagens, They appear to be linear proteins but of
1 different type than the collagens. Beef elastin differs from beef collagen
n its amino acid composition. It 1s unusually rich in amino acids with
nonpolar side chains (glycine, the leucines, valine, phenylalanine, and pro-
line) with 78 per cent of the molecule made up of thesc amino acids. It 1s
similar to collagen in its small content of histidine, cystine, tyrosine, and
[ryptophan.

The ground substance of connective tissue varies from a soft jeliylike
mass to a tough matnix 1n cartilage and bone the ground substance is quite
different from that 1n other connective tissuc. It 1s principally composed of
water wn which salts, plucose and other molecules are dissolved and which
achieves its jellylike characteristics from the presence of heteropolysac-
charides, colloidaily dispersed. In cartilage, chondroitin sulfates are most
abundant while in soft connective tissue and skin, hyaluronic acid occurs,
(See p 80.)

Adipose Tissue, This 1s a specialized type of connective tissue in which
the celfs rather than the interceliular material are most abundant Fat cells
are found scattered through, or 1n groups 1n loose connective tissue, but the
term “adipose tissue™ 1s reserved for those tissues contatning large deposits
of fat. Adipose tissue varies in color from very light cream to dark yellow.
1t1s often classed as white and brown adipose tissue It occurs in the sub-
cutaneous conneclive tissue, 1n the region of the kidney, 1n the omentum,
and around and between some of the muscles and organs.

Each fat cell 1s filled with a large single vacuole of fat, and the cyto-
plasm and the nucleus are pressed by this vacuole close to the cell wall.
The fat cells are arranged n groups or lobules with delicate connective
tissue that 15 nich 1 fibers and many blood capillanes separating the
groups

Adipose tissue 1s by no means composed entirely of fat. It is true that
the chief ipid 1s neutral fat, but the cells possess proteins of many kinds,
water, salts, and other compounds commonly present in cells in small
amounts. The neutral fat present in the adipose tssue is characteristic of
the species; the assortment of fatty acids follows fairly closely a species
pattern But in the carcass some variation does occur in the composition of
fat 1n different tissues. In peneral, the outer layers of adipose tissue con-
tain fat with higher 10dine numbers and lower melting points than the inner
layers Lipid occurs in the vacuoles in the liquid state, and the fat near the
skin 15 at a slightly lower temperature than that in the interior of the living
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body. It has been suggested that in the living animal the fatty acid cc
of the fat deposited is as saturated as it is possible for it to be and st
main in the liquid state. Some observations on the effect of external
perature appear to support this. The higher the skin temperature
higher is the melting point of the fat deposited.

It 1s well known that the properties of lard produced from differen
sues of a hog vary and this fact is utilized in commercial fat produc
See p. 52 for a discussion of the production of fat from animal sources,

Cartilage. This is also a specialized type of connective tissue, lil
other connective tissue cartilage (Figure 6.2) is composed of cells, f
and ground substance. The cells occur for the most part in islands ¢
lacunae, surrounded by ground substance in which the fibers, both
lagenous and elastic, are embedded. The ground substance, is a gel
posed of chondroitin sulfate, chondromucoid, and albumoid in water.
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TABLE 6 1. COMPOSITION OF BONES*®

Cattle bones
€aCo, 707
Mg, (PO,), 209
Ca(PO,), 5830
E):::;mc Sé 22
Total 10000

*Adapted from Fdelmann, R 1 Mohler J R and Fickhorn, A, * Textbook of Meat Hygrene * Tea
& Febiger Philadelphia, Pa 1943

Bone. Bone (Figure 6 3) 15 also a spectalized connective tissue. Like
cartilage, 1t ts composed of cells located m lacunae, fibers, and ground
substance in which tiny crystals of salts are deposited [n bone usually only
one cell occurs in each lacuna, and 1t can communicate with others through
a senies of small canahculs which traverse the matrix The fibers are numer-
ous and are collagenous They are arranged in small bundles and run in def-
wnite patterns Bones are traversed by numerous canals, some of which run
perpendicular to the shaft (Haversian) and some of which run obhiquely or
at right angles (Volkman's) These canals make the bone porous and less
dense. The ground substance 1s composed of the proteins ossomucoid and
ossoalbuminoid surrounding small crystals of salts The most abundant
salt 1s calclum phosphate, but cal carbonate, phosphate,
and calcium fluonide are also present See Table 6 1

The protemns 1n bone are for the most part unidentified Food gelatin 1s
manufactured from fresh bones by boihng them in water, a process con-
verting collagen to gelatins In some processes the bones are boiled m very
dilute hydrochlonic acid, the phosphate 1s precipitated and the acid
neutralized with ime water, after which the product 1s dried The product
1s called “ossien™ and on extraction with hot water yields gelaun The
terms **0ssc 01d” and “ossoalb d" have been assigned to the pro-
temns in the living bone, but hittle 1s known about them

POSTMORTEM CHANGES

When an animal dies, the skeletal muscles suffen 1n rigor morns and re-
mam 1n this condition for a period after which they soften and become
flexible again The speed with which rigor develops and the length of ime
1t persists 1s varable It 1s widely believed that the onset of ngor is
speeded up by hugh temperatures and delayed by low ones, But Bate-Smith?
found that the temperature of the carcass was of little importance com-
pared to other factors and Stewart, Lowe, Harrison, and McKeegan'? con-
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firmed this for chickens. They found the onset of rigor was gradual in the
chickens studied and usually varied between 1 and 2 hours. However, one
chicken developed rigor mortis in S minutes. Rigor mortis is important in
meat products since muscles cooked while still in rigor are much tougher
than if it is allowed to pass before cooking.

The stiffness that develops when muscles pass into rigor is the result of
changes in the proteins. Living muscle fibers contain protein in a soft,
pliable gel. During rigor this gel stiffens, but when rigor passes, the muscle
again becomes soft and pliable. Finally during cooking, another change
called rigor caloris occurs and the proteins stiffen again. The changes
in the protetns of muscle are still incompletely understood although a num-
ber of theortes to explain rigor have developed. While some knowledge has
accumulated, there 1s still much ignorance concerning the chemical changes
involved.

In a living muscle changes occur in the proteins actin and myosin
when a muscle contracts. Szent-Gybrgyi*® has presented a rather com-
plex theory to explain the many reactions that lead to a change in actin
and myosin, the formation of a complex, actomyosin, and the contraction
of these molecules. It would take too much space to give the theory here,
and 1t is constantly changing; but the fact that investigators have come
so far in their study of muscles that the formation of a theory is possible
is encouraging. The understanding of the chemistry of the muscle in life
and after death of the animal will not be far behind. The energy for con-
traction in living muscle is supplied by adenosine triphosphate, ATP,

7
HCO—P—0Q—P—0—P—OH
H | (I)
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| | !
H

H
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which possesses a high energy phosphate bond in the second and third
phosphate,

The energy for contraction and its accompanying heat production comes
principally from these high energy phosphate bonds. Resynthesis of ATP in
the Living cell is at the expense of glycogen which passes through a long
series of enzymatic reactions to form pyruvic acid, The pyruvic acid is then
oxidized by way of the citric acid cycle to carbon dioxide and water, and
small bursts of energy are released as each carbon and hydrogen are oxi-
dized. This series of reactions is completely discussed in any modern text-
book on biochemistry. The research that has led to the elucidation of this
series of reactions 1s a triumph for modern biochemistry The over-all series
is the following:

2C,H,,0,), + 5|0] — 4nCH,COCOOH + H,0
Glycogen Pyruvic Acid

CH,COCOOH + 5{0] — 3CO, + 2H,0

The transformations of glycogen to pyruvic acid require a small amount
of oxygen, but the citric acid cycle for the oxidation of pyruvic acid to
carbon dioxide and water requires more (5 atoms of O for each
CH,COCOOH) The oxygen 1s carried to the muscle by the blood When
the demand for oxygen in a contracting muscle exceeds the supply, a con-
dition called “oxygen debt™ develops and some pyruvic acid 1s reduced to
lactic acid to supply oxygen

CH,COCOOH + H,0 — CH;CHOHCOOH + (0)
Pyruvic Acid Lactic Acid

When an amimal 1s killed and circulation of blood ceases, the degrada-
tion of glycogen conunues, small amounts of intermediates accumulate,
and with the influx of oxygen stopped, lacuic acid 1s the most abundant
product Muscle contains some buffers that neutralize the first lactic acid
formed Later as more and more forms, the pH of the tissues begins to fall.
The amount of glycogen stored 1n the muscle at the moment of death con-
trols the amount of lactic acid formed and, consequently, the ultimate pH
of the meat. A well-nourished muscle will have as much as 1 per cent glyco-
gen, form 1 1 per cent lactic acid, and drop to a pH of 5.6. The pH never
falls below 5.3 because some enzymes become tnactive at this low pH.
Factors that influence the amount of glycogen in an animal have been the
object of a number of studies since a low pH, we shall soon see, is usually
desirable in meat from many standpoints. Whether or not animals are fed
24 or 48 hours before slaughter affects the amount of muscle glycogen and
hence the resultant pH of the meat. It is only in the well-fed ammal that
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muscle cells contain masimum glycogen. The amount of exercise an animal
has just before slaughter is important, An animal that is chased or excited,
or driven into the killing pen, will use up much of the muscle glycogen dur-
ing the vigorous exercise, and without a rest period to allow for restaring
the supply, will produce meat in which the development of & low pH is im-
possible.

The series of chemical reactions occurring after slaughter produces
enough heat to cause a rise in the temperature of the meat. The average
body temperature is 99.7°F in cattle, but shortly after death, the internal
temperature of a round of beef may rise to [03° F. The fresh meat cools
very slowly even in a refrigerator because of the continuing production of
heat. This heat production, called animal hear, has been recognized by farm-
ers and butchers for hundreds of years. It has been often considered
something mysterious and mystical. Farmers will often say that meat must
not be eaten until the animat heat has escaped, that it is not fitting to eat
meat with animal heat, or make similar statements. Because of the recogni-
tion of animal heat, freshly killed meat is seldom eaten. A short period of
hanging during which rigor develops and passes and during which some
ripening may even begin improves the meat before cooking.

Both creatine phosphate and adenosine triphosphate are hydrolyzed as
rigor begins to develop. Creatine phosphate forms creatme and phosphate.
One of the muscle enzymes, a phosphatase capable of hydrolyzing adeno-
sine triphosphate to inorganic phosphate and adenosine diphosphate, bc:
comes more active as the pH drops to 6.5 and below. The adenosine tsi-
phosphate is then further decomposed to ribose, phosphate, amrqoniaih and
hypoxanthine {from the adenine). Contraction is no longer possible in the
muscle, and a tension develops which is incapable of relaxation until
igOT PAsses R

Both Bate-Smuth’ and Szeat-Gydrgyi*® have praposed theories of rigor
mortis that include reactions of the proteins of muscle and changes in
them Bate-Smith believes that the disappearance of adenus.ine mp!ms»
phate is of great importance in the development of the stiffening of rigor
morus Szent-Gydrgyt points out that creatine phosphate recently h:{s bef:n
shown essential for relaxation of contracted muscle, and he believes i5 dis-
appearanice may be of prime importance ia the stifferung of ngor morfis.

The sarcolemma, the membrane around the muscle cell, shows a decrease
at this time 10 electrical resistance, and a free diffusion of sons occurs
The change 1n the sermpermeable membrane ndicates that not only is :;“'
protemn of the muscle fiber changing but the substances that make up | :
membrane, the sarcolemma, might be changing chemically The electrica
resistance of the muscle as a whole changes also.
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Ripening or Aging

After the passing of rigor mortis, meat becomes progressively more
tender, juicier, and more flavorful. The speed with which this ripening or
aging occurs depends on the time the carcass is kept and the temperature,
Changes occur quite rapidly at room temperature but more slowly at re-
frigerator temperatures. Only well-finished carcasses with a good layer of
fat are satisfactory candidates for ripening since a growth of mold which
must be trimmed away before the meat is cooked appears on the carcass.
Poorly finished carcasses rapidly develop of-flavors and putrify. Lowe®
discusses the work which Hoagland, ef al. carried out many years ago on
the ripeming of beef stored just above the freezing point for 17 to 177 days.
The organoleptic qualities of the meat were judged by a panel which con-
sidered the meat stored 15 to 30 days better 1 tenderness and flavor than
the fresh meat. After 45 days the meat began to develop off or gamey fla-
vors. A taste for well-ripened meat varies with different groups of people.
Well ripened meat is preferred for the most part by the English but not by
Americans.

Some aging occurs during the time which must inevitably elapse in
normal commerce between slaughter and preparation of the meat for the
table. Purposeful aging is costly because of the use of expensive refrigera-
tor space, the additional trimming required to remove mold, and the
shrinkage caused by evaporation. It is used to a limiled extent and then
only for prime and choice grades of meat.

A recent study* shows that aging beef at elevated temperatures with
high humidity, with atr velocity 5 to 20 lineal ft per min and with ultra-
violet radiation to control microorganisms for 2 ar 3 days produces beef
equal in quality to that aged in a refrigerator 12 to 14 days. Quarters
were judged on tenderness, flavor, aroma, and juiciness. .

Although a number of studies of composition before and after aging
have been completed, the numerous changes that occur on ripening an‘d
aging still are not fully known. The reactions are the result of autolytic
action n the celis—reactions that fragment large molecules throug.h~ the
action of enzymes and reactions that result from changes in cell conditions,
particularly the change in pH. Ginger, et af '* determined the content a‘nd
distribution of mitrogen compounds and particularly the ammo acids
arginine, lysie, leucine, tyrosine, histidine, and glutamic acid in raw and
cooked beef and in the drippings from the meat before and after aging. Ti‘le
cut used was rib steak Aging caused an increase in the free ammo acid
nitrogen. The nitrogen in drippings of freshly slaughtered meat was present
mostly as nonprotein mutrogen (NPN) with a large proportion of 1t "3
amino nitrogen. After the beef had aged for two weeks, drippings showe

186






FOOD CHEMISTRY

Harrison, et al.** reported studies of four muscles removed from four
steers 14 hours after slaughter. The aroma and flavor reached a maximum
in 10 days and decreased after 30. Tenderness as judged by the shear test
and the taste panel increased particularly during the first 10 days. Acidity
rose during the first 2 hours.

Paul, ef al ® compared tenderness in beef steaks and roasts held for
varying lengths of time in cold storage. They used the semitendinosis and
the biceps femoris of 2 prime, 2 good, and 2 commercial carcasses. The
meat was hung 0, 5, 12, 24, 48 to 53, and 144 to 149 hours. Although
steaks showed decreased tenderness up to 24 hours, with longer time
tenderness increased; whereas roasts were least tender at 0 time and showed
increasing tenderness on aging. The tissues were studied histologically and
showed evidence of the occurrence of rigor in the roasts cooked at 0 time.
As rigor passed, breaks and areas of granulation occurred in the muscle
fibers.

COLOR OF MEAT

The principal pigment present in muscle cells is myoglobin, a red conju-
gated protein closely related to hemoglobin of the ted blood cells. When
meat is prepared for market, it is not completely bled and some red blood

+ .

Froure 6 4. MopeL or Myo-
Loy Motecute  Constructed
after mappng the globutar mole-
cule with X-ray diffraction studies
Polypepude chains are white. the
gray patch 1s the heme Courtesy of

i Dr J C Kendrew

.. rmavam
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cells remain in numerous blood vessels which traverse the muscle tissue.
These contain hemoglobin Small amounts of colored enzymes which are
heme pigments also occur in muscle cells. They are cytochromes and
peroxidases However, most of the color of meat 1s caused by the pigment
in the muscle cells, myoglobin.

Myoglobin has been prepared from beef and pork,!” as well as other
muscles, but it has not been studied nearly as extensively as hemoglobin.
Myoglobin is a globular protein composed of ohe heme moiety for each
molecule of protern while hemoglobin contans four heme moicties and
one of protein, The molecular weight of myoglobin 1s just one fourth that
of hemoglobin, 17,000 versus 68,000. Likewise myoglobin shows a differ-
ence in amino acid composition and solubility. It can be saturated with
oxygen at lower oxygen pressures than hemoglobin and 1its reaction with
carbon monoxide and mitnic oxide and the stabihty of the products are also
distinct. The porphynin, heme, in each molecule 1s the same, but the pro-
teins are different and doubtless the manner 1n which they are combined is
different Mapping by X-ray?® analysis suggests a structure for myoglobin
shown 1n the picture (Figure 6 4)

The porphyrins are a group of compounds that form the prosthetic
groups of many colored conjugated proteins In chlorophylls (Chapter 7)
the porphyrins contain magnestum, while 1 some forms of life such as
mollusks the porphyrins contamn copper In hemoglobin and myoglobin
the metal held by the porphynin is iron. The porphynns are ring com-
pounds composed of four pyrrole rings held together by CH or methene
groups A convenient shorthand formula for the basic porphyrnin struc-
ture 1s shown below 1n which each of the corners 1s occupied by a carbon

oraCH
ﬂc—Ej:_cﬂ

i N

|
i

Porphynin Nucleus

Further abbreviation of the formula occurs when 1t is written as a cross.
Porphyrins differ from one another 1n the side chains commonly attached
to the “corners of the cross ™
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'In hemoglobin and myoglobin the porphyrin “corners™ hold methy!,
vinyl, and propionic acid. '

M \'
M M M « methyl, —CH,
V = vinyl, ~CH~CH,
P v P < propionic acid,
—CH,CH,COOH
P M

It will be noticed that i the structure which shows the nitrogens, two of
the nitrogen atoms have three bonds and two have only two bonds. The
third valence of each of these latter nitrogen atoms is satisfied by com-
bination with ferrous iron. The iron atom has the ability to coordinate or
share electrons from nitrogen atoms, and in the hemoglobin molecule it
may be thought of as being attached through an ordinary covalent bond to
two of the nitrogen atoms and through a coordinate covalent bond to the
other two. The whole structure is in resonance, and 1t does not matter
which of the nitrogens is considered to be held by ordinary valence and
which by coordination since in any case the bond consists of a par of

electrons.
N, N
\ Fe/
N SN

Iron has a coordination number of six.

Heme, ferroprotoporphyrn, of hemoglobin and myogiobin can com-
bine with a number of organic nitrogen compounds Among them are
histidine, although it does not react with arginine and lysine. In hemo-
globin a nitrogen (one of those circled) from the jmidazole ring of histidine
is believed to coordinate with the ferrous iron and hold the heme in place
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CH,C===CCH=CH,
HC-Cx, =CH
1 N’ i
cHG-C | C=CCi,
J—tem
c—¢ C=CCH=CH,
HOOCCHLH,;”  HC-c#N~c=¢n
HOOCCH,CH, — C==CCH,

Heme
Ferroprotoporphynn

on the pratein maolecule The sixth pair of electrons comes from the oxygen
of a molecule of water 1n hemoglobin or a molecule of oxygen in oxyhemo-
globin,
HC==CCH,CHCOOH
| 1

Qc @ NH,
B

Histidine

The four mitrogens of the porphyrin are m one plane with a nitrogen of
onemidazole ring above the 1ron, and H,0 or O, below There 1s likewise
a possibility that the carboxy! group of the propionic acid side chains may
be linked with protein, but this has not been proved

H,0 or O,
N\ //N
Fe
N/ ‘ \\N
N
Imidazole

The unique property of hemoglobin and myoglobin is the capacity to
bind a molecule of oxygen without a change in the oxidation of the iron.
The reaction 1s readily reversible and ts most important in the transfer
of oxygen to the ussues 1n the hving animal. In meat it accounts for the
change 1n color that occurs when meat is cut, The myoglobin-oxymyo-
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f'ng the fate Middle Ages that the color of meat becomes fised when 1
is added. The nitrate is reduced to nitrite by nonpathogenic organis
the pickle. At the pH of the meat, 5.4 to 6.0, nitrite exists as nitrous
HNO,. There are also reducing conditions in the meat because of the
ence of readily oxidized compounds formed nnder conditions of o
debt following slaughter, The nitrous acid is reduced to nitric oxide,
which then reacts with myoglobin to form nitric oxide myoglobin.

(1) NO; - NO, (bacterial action)

(2) NO;y + H* — HNO, (at pH of meat)

(3) HNO, — NO (reduction by compounds in meat)
(4) NO + myoglobin — NO{myoglobin-—bright red)

Saltpeter is the old name for potassium nitrate and Chile saltpese
sodium nitrate. In meat packing houses either one is commonly «
“saltpeter” although since the sodium salt is cheaper, it is usually
The nitrate also has some bacteripstatic effect,

Watts® ponts out that the series of reactions is not quile as simp
many cases as that presented above. When nitrite comes in contact
oxyhemoglobin, the first reaction is the formation of methemoglobin
trate, and oxygen. Thus when ground pork sausage is mixed with @
salts, the color immediately turns gray as metmyoglobin is formed.
reaction is very sapid at the low pH of meat. When the meat is he
during smoking, the red color of the nitric oxide hemochromogen devel
Watts also believes that there is 2 goad possibility that other intermed:
are involved and that the reaction on heating is not as simple as the
given below.

NO—ntyoglobint b3l NO~hemochromogen

The development of the proper color during curing depends on the
mation of nitrite, and this in turn depends on the presence of cer
groups of bacteria which slowly reduce the nitrate to nitrite. Wht_an it |
recognized that nitrite was the color-fixing agent, it became obvious t
the problem with undercuring—poor color development—could be sol.'
by the addition of nitrite as such to the pickle. In 1927 the use (?f sodi
nitrite was allowed. Today the common practice is ta use both nitrate ¢
nitrite since nitrite alone often does not give good colof. If nitrite
used alone, the concentration of nitrous acid js so great that it decompo
and N,0, is lost fram the pickle. The action is not prolonggd or
tained during the whole of the time of pickting, so that a combination
both nitrate and nitrite is, in general, more successful
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TABLE 6.2. HARDWOOCD SMOKE
Parts Per Million

Formaldehyde, HCHO 25-40
Higher aldehydes 140-180
Formuc acid, HCOOH 90-125
Acetc and higher acids 460-500
Phenols 20-30
Ketones 190-200
Resins over 1000

separated, However, the conditions during smoking are more complicated
because not only are these compounds formed and distilled out of the wood
but, m the presence of fire and air, they may burn or react with one
another. In the destructive distillation of wood sizeable quantities of
phenols are formed, for example, but 1n smoke the concentrations are low
because they react with formaldehyde and form resins. Jensen gives the
following composition of hardwood smoke based largely on work of Pettett
and Lane.*® (See Table 6.2.)

The research laboratories of many meat packing houses have studied the
bactericidal effect of smoking and have found reduction in numbers of
bacteria. The concentration of formaldehyde in smoke is sufficiently great
to account for this effect and some investigators believe that it is the
active ingredient, There 15 the possibility that other compounds in the
smoke such as some af the higher aldehydes may augment this effect. The
temperature of the smokehouse is usually sufficiently high so that some of
the bacteria are destroyed by heat, Smoked meat has a marked increase in
keeping time over unsmoked meat. Small amounts of aldehydes appear t¢
be retained on the surface of the meat and act as bactericides However,
since molds are much more tolerant of aldehydes than bacteria, smoking
has little effect in preventing the growth of a number of types. Also
many molds will grow in the presence of sizeable quantities of salt. Al
though moldng is sometimes a problem with smoked meats, none of these
molds produce disease in man.

The gloss formed on the surface of smoked meats is the result o
effects Resins formed in smokes from the reactions of aldehydes~—par-
ticularly formaldehyde and phenols—are deposited on the surface of the
meat. Also at the temperature of the smokehouse some fat oozes out. Jen-
sen reports that the aldehydes produce a glossy finish when the meat has
otled out alittle.

During smoking there is a steady decrease i
Niteous actd reacts with free amino groups to give
reaction and form hydroxyl groups.

f two

n the amount of mtnte
the aliphatic diazo
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—NH, + HONO — —OH 4 N, + H,0

When meat is smoked, the onset of rancidity 1s delayed. The protection
is primarily on the outside of the smoked piece since there is little penetra-
tion of the smoke compounds to the center of a ham or bacon. When the
piece is sliced, it is for the most part unprotected. The identity of the
compounds that act as antioxidants has not been established; but since
small amounts of phenols are 1n the smoke and since many antioxidants
are phenols, 1t has been assumed that these arc the active agents Watts®
reports her work with Faulkner on the effect of hiquid smoke as an anti-
oxidant Liquid smoke 1s produced by the thermal decomposition of hard-
woods and a number of these products are on the market. They are not
allowed by the Bureau of Animal Industry in commercial production of
smoked meat Watts and Faulkner found considerable difference n the
antioxidant power of these hquid smokes, ranging from no effect at all to a
pronounced inlibition of oxidation

When cured meat 13 smoked, the color brightens and becomes more
stable The reaction 1s not completely known, but 1t 1s believed that nitric
oxide myoglobin is denatured and forms the corresponding porphonn and
denatured protein  The solubility 1s diminished on coagulation and the in-
creased stability or decreased reactsvity may be the result of this change.

In the moist heat of the smokehouse the muscle proteins are greatly
affected Denaturation of the protein occurs at the higher temperatures. At
the beginnuing of the smoking process when the hams are warmed, autolytic
enzymes in the cells may be active and cause some tendering. As the in-
ternal temperature of the piece of meat ncreases, enzymes will also be de-
natured and cease to function This will be particularly true of meat
smoked to a high temperature or held in the smokehouse for a relatively
long ime During smoking the changes that occur with cooking get under
way; and when the time of smoking 1s long or the temperature high, as
for example 1n the preparation of ready-to-eat ham, these changes go to
completion,

CHANGES IN MEAT ON COOKING

Cooking causes many changes to occur in meat which develop appetite-
stimulating flavors Who has not smacked his lips over the thought of a
rich brown steak dripping with juicy goodness? Yet the sight and odor of
that same steak before 1t 1s cooked inspires none of the same response in
us Undoubtedly, cooking markedly increases those properties which are
called organoleptic

Probably as far as our well being 1s concerned, the most important
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change in cooking is the destruction of microorganisms. All cooking proc-
esses decrease the number of bacteria, yeasts, and molds, and if the meat is
well done may even render it sterile. Spore-forming organisms are de-
stroyed and the spores killed if the meat is cooked to a sufficiently high
temperature, In canning meat this is important since the meat must be com-
pletely sterile so that it will keep. Pork is often infected with a parasite,
Trichinella spiralis, which is dangerous to man, This organism is killed
at 132°F; Jensen points out that the Bureau of Animal Industry demands
that pork be cooked to an internal temperature of 137°F to insure, with
the 5° margn of safety, that all erganisms are destroyed.

The chemical and physical changes which occur on cooking are nu-
merous and although some studies have becn made on this problem the re-
actions are not all known or understood. They are: (1) denaturation of
the protein, (2) hydrolysis of collagen to gelatin, (3) color change, {4)
formation of drip, (5) development of brown flavor, (6) rupture of fat cells
and dispersion of fat through the meat, and (7) decrease in vitamins and
possibly decrease in the nutritive value of the protein.

Denaturation of the Protein

This 1s evidenced by the change in the physical condition of the meat.
The jellylike structure stiffens and often toughens. There is a shrinkage
in volume and an increase in density as cooking proceeds. Ramsbottom
and Strandine*! studied the change in tenderness of various muscles from
wholesale cuts of beef of three young heifers, good grade, by the shear
test. This 1s a test in which tenderness 1s determined by measuring the
force necessary to cut through a standard sample. They found that tender-
ness decreased in 35 of 50 samples cooked in lard to an internal tempera-
ture of 170°F. Lowe* discovered in the case of beef rib roasts that raw
meat 1s tenderest, rare is intermediate, and well done, least tender. She
used both the shear test and a penetrometer. Other workers have fom.\ﬂ
similar results, but some have found divergent ones. Undoubtedly the dif-
ference in results is caused by the fact that a measure of tepdcmcss m
meat does not measure the change in tenderness of the protein. Instead,
a change in the tenderness of meat is the result of numerous changes,
only one of which is this change tn protein Heat denaturation of prolfil(lil
is a familiar experience in food cookery, but it 1s not always accompanic

a tonghening of the protein, .
byDenatguratiof of a pFl,'otein molecule is believed to be a series of rca;-
tions in which the protein molecule 1s altered by splittng of son;e o;” 1k:
links, particularly some of the hydrogen bonds and sulfur-sul‘;x‘}r1 1{20‘
which help maintam the three-dimensional shape of the molecule. The
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lecular weight of the molecule may not be very much changed in the first
steps of the reactions In heat denaturation, as in other types of de-
naturation, it is believed that these changes in the molecule account for
the alteration in such properties as solubility and density.

The Hydrelysis of Collagen

This is the reaction by which commercial gelatin is prepared. The ex-
tent to which it occurs in meat cookery has been the object of a number
of researches If a picce of meat 1s cooked for a long time, the loose
connective tissue disappears and the gravy gels on cooling. This is par-
ticularly noticeable 1n moist cooking such as braising. However, even in
dry cooking such as roasting and frying, the connective tissue and the
collagen fibers are in contact with water from the tissue Connective tissue
wtself has a fair amount of water So there is always the possibility that
hydrolysis of the large collagen molecules to the relatively small gelatin
molecules can occur

Winegarden, ef al *7 carried out careful tests of the connective tissue
from nine beeves They used the hgamentum nuchae in which most of the
fibers are elastin, the deep flexor tendon 1n which most of the fibers are
collagen, and strips from the aponeurotic sheet which 1s intermediate in
collagen and elastin content between the first two tissues Collagen and
total nitrogen were determined on all the samples The strips were heated
in distilled water for penods of time of 1, 2, 4, 16, and 64 minutes and
at temperatures ranging from 60°C to 95°C. Changes in shear farce,
weight, fength, width, and thickness were measured The tissues were also
studied histologicaily Heating for 64 muinutes at 95°C caused some changes
in the collagenous fibers, so that some were fused or merged, some
straightened, and all were less distinct The elastin fibers did not show
these changes. All tissues showed softening and a decrease 1n shear force,
cven the ligamentum nuchae, on heating at the higher temperatures. There
was little change at 60°C but the extent of change increased with 1n-
creased temperature and increased time, 60° C or 65° C ts the internal tem-
perature to which meat 1s cooked when 1t 1s rare Thus the study indicates
that although hitle change 1n collagen can be expected for rare meat,
collagen hydrolysis increases with doneness The study also demonstrated
that strips from meat aged 35 days had shghtly lower shear forces than
those aged 10 days; finally the older ammals for the most part required
more force for shearing the tissue even though tissues from the oldest ani-
mal, an 8.ycar-old cow, did not have the highest shear-force readings.

Griswold" studied a number of factors 1n beel rounds, commercial and
pume grades, cooked by various methods. Collagen was significantly
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higher in the raw meat for the commercial grade over the prime but not fc
the top round over bottom round. The loss of collagen on cooking o
curred with all methods and increased with an increase in the internal ter
perature to which the round was cooked. When pressure cooking was com
pared, it was found that meat cooked at 10 Ibs or 15 Ibs pressure showe
greater losses of collagen than that cooked at 5 Ihs pressure, It was tughe
in meat roasted at 250°F than in that roasted at 300°F or braised. Mar
nating in vinegar caused a greater loss; but other methods such as seoring
pounding, or using enzyme preparations had little effect.

Color Change

The color change from red or purplish red to brown or gray on cooking
has already been discussed under the color of meat. When meat is cooked
oxyhemoglobin and oxymyoglobin (red) and hemoglobin and myoglobir
(purplish red) are denatured. The ferrous iron in the free porphyrin formed
is rapudly oxidized to ferric won of hemuin (brown). Some transformation
of oxyhemoglobin, oxymyoglobin, hemoglobin, and myoglobin to met-
hemoglobin and metmyoglobin {brown) can also occur.

Drip Formation

This accounts for some of the change in weight that occurs in a piece of
meat during cooking. The drip is composed of water carrying a numbc( of
soluble compounds as well as some coagulable protein and fat. As cooking
proceeds the coagulable protein is denatured by the heat and forms a cu.rd
in the pan gravy Numerous compounds have been iso]agcd from the drip,
but it is questionable whether they account for the delicious flavor of the
mixture. Most of the compounds are small molecules formed Fnther during
autolysis while the meat is ripening or by heat fragmentation of larger
molecules. Creatine, creatinine, salts, particularly sodium chioride, S}“’«“
amounts of amno acids, amino acid derivatives such as amines. purines,
and pyrimidines can be detected. These molecules are indeduany flavor-
fess of almost 5o aside fram the saluness of sodium chloride and other
salts,
Fat oozing always occurs but the extent to which fat runs out of 'the mte;:
depends on many factors. The cut of meat and the amonnt of fattiness, 3
method of cooking, the extent to which the piece is cooked all obvm‘l{ y
affect the amount of fat in the drip. There may also bc. fat degrﬂ;ﬁa :;’c’z
products in the dnp When steak is broiled and some burning of the ﬂ;m
curs, small amounts of acrolein can be detected in the dnppings. Ftreelubiz
acids are sometimes present, Griswold* found thaf the amc_;uni)ot xsifx)d or
mtrogen compounds increased in the drippings during cooking bu
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find that free amino nitrogen showed an increase, She cooked round steak
by various methods,

Meat Aroma

The change in favor that occurs with cooking is one of the most ap-
parent changes to the man at the table. Particularly where the meat has
browned, a strong flavor, sometimes called the **brown flavor,” 1s evident,
Crocker in a review* points out that raw meat, whether beef, pork, lamb,
or chicken has Iittle flavor 1t 1s slightly salty and slightly sweet. Cooked
meat likewsse has this shghtly salty, shghtly sweet taste but it also pos-
sesses an aroma that adds greatly to the flavor The aroma 1s composed of
low molecular weight, volatile compounds such as amines, ammonia, hy-
drogen sulfide, and organic acids These compounds probably anse from
the craching of amino acids duning heating The reactions may be decar-
boxylation, deamination, or desulfuring 1n which either the free amino acid
orpolypeptides react The compounds formed vary according to the species,
so that the flavor of lamb 1s recogmizable and different from the flavor of
beef

Dispersion of Fat

Fat cells rupture and fat disperses through the meat on cooking. The
proteins 1 fat cells of the adipose tissues undergo denaturation on cook-
ing just as all other proteins in the meat There 1s a change 1n the perme-
ability of the cell walls and fat flows out Wang, ef al* studied this
change carefully 1n beef steaks They used the longissimus dorsi (nbeye) and
the sermt tendinosus, eye of the round, and brotled them to an mternal tem-
perature of 150°F Sections made of the cooked steak were stamned with
Sudan IV or Nile Blue to show the fat It could be seen that fat had dif-
fused out of the fat cells of the perimysium  Fat droplets seemed to be dis-
Persed along the path of degraded collagen and mixed with it. The size of
the droplets decreased from the dispersion center to the periphery Wang,
et al mterpreted this to mean that the degraded collagen emulsifies the fat
Photographs of thesr slides are shown 1n Figure 6 5.

Decrease in Vitamins

The decrease in vitamins that occurs during cooking of meat has been ex-
tensively studied, The B complex vitamins are all more or less sensitive to
'hcaung and thiamm and pantothenic acid are particulatly labile. If cooking
Is profonged and if the temperature is high, the destruction of the vitamins
may be appreciable. There 15 always some loss Niacin and riboflavin are
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1. Raw fresh light good nbeye
control, showing parts of two
perimysial fat islands with
cells mtact and foaded with fat,
x 20

2. Section of above sample afer
it was cooked, showmng parly
depleted fat islands surrounded
by partly hydrolyzed collagen.
Three empty fat cells with dis-
tinct walls and noclei are seen
n upper fat island, whereas
more than half of the cells i
the lower island have released
their fat. x 55.

FIGURE 6§ CHANGES IN MEAT FAT ON Cookina Fat s stained and appears dark
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3 Another cooked mbeye, show-
ing typical fat dispersion center.
Dispersed fat has followed a
course approximately concid-
ing with that of hydrolyzed
collagen with lutle or no fat in
endomysial spaces x 55

4 Another cooked
sample showing
extensive  disper-
son from fat
cells not shown,
but above upper
nght

FiGure 6 5 (Continued)
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5 Cooke‘d 14-day-aged prime nib-
eye, with dispersion of fat into
neighboring perimysial spaces
whicsh scparate muscle bundles
x 55.

6. Cooked fresh prime ribeye perimysium contawmns thoroughly
mixed fatand hydrolyzed collagen Note relatively mtact collagen
fibers between 2 fat islands are free of fat x 55

FIGURE 6 5 (Continued)
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7 Cooked unaged cow round
With intact (nght) and hy-
drolyzed (lelt) collagen Fat
istand at lower right x 110

Reproduced from Wang, H,

Rasch, E, Bates, U,, Beard, F J,

Pierce, J. C. and Hankins, O C,

Food Research, 19, 314-22 (1959

Courtesy of Amertcan Meat In-

stitute Foundation

FiGUke 6 5 (Concluded)

more stable to heat and do not disappear as raptdly during the cooking of
meat. However, the folic actd group 1s very sensitive to heat, and as much
as 90 per cent may disappear Ascorbic acid begins to decrease as soon as
an ammal s slaughtered, and during cooking any that 1s still present will
suffer further diminution Cooked meat cannot be counted on to supply
more than very small amounts of ascorbic acid to our diet

Surface Reddening

Occasionally a red surface 1s produced when meat 1s boiled, brotled, or
roasted and sometimes 1t 1s seen 1n canned meat, We do not expect meat to
get red when cooked, but instead anticipate a brown or gray color and,
i cured meats, a pink, Jensen discusses the conditions under which 1t 1s
possible for the reddening to occur, but points out that sometimes 1t 1s pro-
duced under conditions where as yet there 1s no explanation The reddening
does not make the meat harmful or unpalatable A red color is produced
whenever the meat comes 1n contact with mitrtes, nitrates, carbon monox-
ide, or sulfites during preparation so that hemoglobin and myoglobin react.
This occasionally occurs when nitrites are present in water supphes in very
small amounts, Even as little as a few parts per mullion of nitrite can cause
surface reddening as nitric oxtde hemoglobin or the porphynn 1s formed.
Vegetables also sometimes contain small xmounts of nitntes as well as ni-
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trates. If meat is cooked with these vegetables, some leaching of the fons
can occur and reddening of the meat surface will form. Carbon monoxide
might come in contact with roasting meat through a leak in a gas pipe
carrying coal gas (natural gas has little or no carbon monoxide). While
carbon monoxide is a very poisonous gas, neither carbon monoxide hemo-
globin nor carbon monoxide myoglobin are harmful. Sulfites can also pio-
duce reddening, but they are not likely to be present in either the meat or
vegetables. Sulfites are prohibited in meat and do not occur in plant ma-
terial,

Overcooking

This causes an excessive loss of drip and a toughening of the meat. The
meat becomes stringy as the amount of connective tissue falls and the fat
drips out. Not only are the tenderness and juici of the meat diminished
but the flavor as well decreases. Volatile, odorous compounds that con-
tribute to the flavor are driven off during the excessive cooking period, and
the meat becomes less and less flavorful. A decrease in the nutrntive value of
the protein may also oczur (p. 136). Overcooking can be the result either of
too Jong a time or too high a temperature.

TENDERNESS

Tenderness is one of the most important attnibutes for rating meat. As
we bite into a piece of meat, tenderness is ane of the first sensations per-
ceived. Like many other characteristics of meat, tenderness is incompletely
understood. However, we are fairly certain that it is the result of a com-
plex of factors. Most wvestigators find that tenderness of meat decreases
on cooking. Indecd, some restaurants print on the meny that tenderness of
steaks cannot be guaranteed unless they are served rare, But since cqukmg
includes a whole series of changes, these observations do not explain the
fundamental cause of tenderness or its absence. .

Tenderness is measured by one of three methods or a combination of
them: (1) the force necessary to penetrate through a piece of meat, {2) the
shear test which measures the force necessary to cut across ﬁbers,lor 3)a
panel of tramned judges, The correlation beiween methods is sometimes ex-
cellent and sometimes poor.

The factors that may be significant 1 explaining tenderness are (.l) the
amounts of connective tissue 1n the muscle, (2) the amount of hydration of
the muscle proteins, (3) the nature of the protein molccules,. and (4) lh;
amount of fat between muscle fibers. These factors will be discussed an

evaluated,
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Connective Tissue

The connective tissue that forms a fine network through muscle tissue
has been credited traditionally with tenderness or lack of tenderness How-
ever finding methods by which connective tissue can be estimated without
doubt and separated or differentiated {rom other types of tissue has been
exceedingly difficult. Investigators have for the most part used estimates of
collagen, the protein present as fibers in the ground substance, to measure
connective tissue. It has been clmmed that collagen is completely hydro-
lyzed to gelatin by autoclaving and that it 1s the only protein in a meat
sample capable of this reaction. A number of determinations of the
amount of nitrogen 1n the gelatin formed have been presented as an esti-
mate of the connective tissue present Some years ago 1t was realized that
the ption that only collagen would be hydrolyzed 1s problematic,
and the method was then refined by preparing the meat sample by extrac-
tion before autoclaving In this modification 1t 1s assumed that the proteins
capable of some hydrolysis on autoclaving are first removed and that none
of the collagen is removed Muller and Kastelic® have critically studied
some of the methods used to evaluate connective tissue 1n bovine muscle
and find that the amount of proten extracted by alkali increases with time
of exposure of the sample and with the concentration of the alkali (Sodium
hydroxide is usually used ) The protein extracted probably 1s from the
ground substance and not collagen since the protein 1s free of hydroxy-
proline. Their work shows that mitrogen determinations on nsoluble sub-
stances do not give valid measures of collagen or elastin

The hydroxyproline method for estimating exther collagen or elastin de-
pends on the presence of unusually large amounts of hydroxyproline n
these proteins  However, the proteins used n setting up the method are
those present 1n tendons, hide, and hgaments When the method 1s applied
to meat, collagen 1s calculated from the hydroxyproline determination on
the gelatin formed by autoclaving, while elasun 1s calculated from a de-
termimation of hydroxyproline in the portion insoluble m alkals and after

t ing Elastinis d to be resistant to hydrolysis by mild alkali
or by water on autoclaving Sometimes the residue rematning has been
measured by estimating the mtrogen i 1t and calculating this as the elastin
portion,

Other methods of estimating connective tissue make use of histological
means, Samples of meat are prepared on shides and stained so that the con-
nective tissue can be seen and evaluated This is very difficult todo pre-
cisely, Harrison, er af 2 demonstrated that the most tender piece of beef
(aged 1, 2, 5, 10, 20, and 30 days) had the smallest amount of connective
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tissue fibers, both collagen and elastin, as detected by staining sections,
Deatherage’s group™ estimated the amount of collagen and elastin by de-
termining the alkali insoluble fraction. Therr beef, short loin, aged 3 days,
showed no correlation between this fraction and tenderness but when the
beef was aged 15 days, there was a definite correlation. In another serics on
beeves representing a wide variety of market grades, they? found excellent
correlation between alkalt insoluble protein and tenderness. These animals
had all been aged 14 days at 3.5°C.,

So far no stmple and reliable method has been developed for estimating
connective tissue. The connective tissue in muscle has not been separated, a
difficult job, and the amount of collagen and elastin determined. The re-
latton of connective tissue to tenderness is consequently still not clear,
Whatever method is used, the amount of connective uissne can not be cor-
related with tenderness in all cases.

Hydration

The degree of hydration of muscle proteins may influence tenderness. A
migration of ions occurs? as the meat ages. Calcium, sodium, and magne-
sium mugrate out of the muscle cell whtle potassium ions move in, The total
exchange ts such that the over-all change s an increase of ions in the pro-
temn, These 10ns are held so firmly that they not only do not appear in the
Juice formed when the meat 1s cooked, but they also are not extracted with
water, Deatherage concludes that the mgration of ions allows greate.r fly-
dration of the protein and consequently an increase in tenderness. This is a
togical conclusion.

Water of hydration is held within a protemn molecule by hydrogen bor}d-
ing as the shghtly positive hydrogen is attracted to relatively negative
atoms of oxygen or nitrogen. Water molecules are held between the folds
orcotls as well as on the surface of the large protein molecules. Hydra-
tion 1s affected by pH and is lowest at the 1soelectric point of the protein.
Tons also influence the ability of the protein to hydrate--hydration ter;d~
tng to increase with increase in fonization. During rigor mortis, the pH of 3
carcass of a well nounshed animal falls to approximately 5 6{ very close 1o
the isoelectric pownt of actomyosin; and the amount ofhyd_rauon decrca;es
This 1s demonstrated by the increase 1n the amount ofJ}che formed w ;n
meat in nigor is cooked. As rigor passes the pH rises .shghz!y, 50 !hnt';“;:
protein begins to form negative 10ns rather than the internal zwitter ‘and
of the isoelectric pomnt, The migration of 1ons allows salt formm’ldor\lvam
the proteln may become more highly jonized and more able to hgl o g;x-
malecules by hydrogen bonding Deatherage believes it is reasqn}:: (:not .
pect a highly hydrated protein to be more tender than one whicl
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objectively measure it has been extremely difficult. Several instruments for
measuring press fluid—the amount of juice that can be pressed out of a
meat sample under high pressure—have been devised and used, but the
correlation of the results of these instruments with the Jjudgements of a
panel have not been good. In general it has been considered that marbling
of the meat with fat, is one of the most important factors in producing the
sensation of juiciness. In one extensive study, Gaddis, Hankins, and
Hiner'¢ found a low but significant correlation between the amount of press
fluid and the juiciness scores in 97 beef ribs, but none in 115 lambs and
sheep (legs studied) or 11 goats. With beef, increase in percentage of fat n
the press juice caused a decrease in the amount of juice yet an increase in
the juiciness scores by the panel up to 2 per cent fat. They concluded that
the sensation of juiciness is probably the result of numerous factors, only
one of which is the juice in the piece of meat. They believe that fat adds
favor and stimulates the flow of saliva in the mouth, It also coats the
mouth and prolongs the sensation of moistness and richness during the
chewing and swallowing. These combined eflects give the sensation of juict-
ness.

PHOSPHATES IN CANNED MEAT

The effect of phosphates on the ability of meat to bind water has been
investigated 1n recent years. Some results appear to indicate that the elT.ect
is specific for phosphate, others that it depends on the increased pH which
occurs. Hamm and Grau® found that the addition of one per cent phos-
phate to the sodum chloride that is put in meat has a definite effect on
the amount of bound water and decreases the loss of drip, Bendall’ studicd
the effect of orthophosphate, pyrophosphate, metaphosphate, Cafgon (2
commercial polyphosphate), and phosphate glass on rabbit meat Although
all influenced meat’s capacity to bind water, the pyrophosphate had the
greatest effect Bendall considers that the binding of water depends on the
1onic strength present except in the case of pyrophosphate.

Commercially, phosphate 1s now added to canned meat as well as to
shnmp The increased binding of water decreases the shrinkage dunng
processing and improves tenderness.
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CHAPTER SEVEN

Vegetables and Fruits

WEBSTER'S INTERNATIONAL UNABRIDGED DICTIONARY says, “There is no
well-drawn distinction between vegetables and fruits in the popular sense;
but it has been held by the courts that all those which, like potatoes, cab-
bage, carrots, peas, celery, lettuce, lomatoes, etc. are eaten (whether cooked
or raw) with the principal part of the meal are to be regarded as vegetables;
while those used only for desserts are fruits.” Botanically, fruits are con-
sidered the ripened seeds and the adjacent tissues which contain them and
this definttion is often catried over into foods. So apples, peaches, bananas,
cherries, and berries are always called fruits while tomatoes and melons are
somelumes classed one way and sometimes another. Cucumbers, peppers,
squash, and eggplant are usually classed as vegetables, although they are
botanically the *fruit of the plant.”

Fruits and vegetables add enormously to the interest and variety of our
diet by therr great range of color and texture and by their complex aromas,
guving each variety and even each individual a slightly different flavor, Nu-
tritionally, frwits and vegetables are important because they contain large
amounts of certain vitamins and minerals. Cooking often brings about 2
change 1n the aroma and even in the relative sourness and sweetness. So
through the use of fresh and cooked fruits and vegetables, the possible var-
iations in menu pattern are immense.

Although fruits and vegetables vary greatly in their chemical composi-
tion, some generalizations are possible. All, with the exception of nuts and
dates, are high in water with a range from approximately 70 per cent for
pears, bananas, figs, etc. to 98 per cent for vegetable marrow. All, with the
exception of legumes and nuts, are relatively low in protein. Although the
quantity of protein in vegetables and fruits is sometimes neglected, no cell-
ular material ever exists without a certain amount. Protein varies from ap-
proximately 0.3 per cent in apples to 4.4 per cent in brussels sprouts.



VEGETABLES AND FRUITS

All vegetables and fruits contain some carbohydrate. Part of the carbo-
hydrate in fresh fruits 1s present as celfulose and pectic substances in the
cell walls, but these compounds are indigestible and not available to the
human body. Starch is present in almost all fruit and vegetables although 1t
may disappear on ripeming Glucose, fructose, and sucrose are widely dis-
tributed, and sweet taste is dependent on their occurrence. Glucose, fruc-
tose, sucrose, and starches constitute the “‘avatlable carbohydrate™ of
fruits and vegetables, and the caloric value of the food depends in large
measure on the concentration of these components In practical dietetics
fruits and vegetables are frequently classified by the approximate amount
of available carbohydrate since all those in the same class have approxs-
mately the same number of calories The common classifications are 5, 10,
15 and 20 per cent available carbohydrate The amount of lipids 1 fruits
and vepetables 1s usually very small Nuts are the general exception, while
a few vegetables such as avocados are a rich source of fat.

VEGETABLES

L. Leafvegerables (lettuce, mustard greens, chard, spinach, water cress,
parsley, cabbage) are high 1n water and cellulose and low n calories and
protein They add valuable amounts of minerals and vitamins to the diet al-
though they do not contain large amounts of most of these nutrients. They
are usually rich in iron and provitamin A, and often 1n the B complex. The
raw leaves often contain appreciable amounts of ascorbic acid.

2 Flowers, buds, and stems (broccol, cauhflower, artichoke, asparagus,
celery, kohlrabi) are relatively tugh in water and cellulose, but low 1n pro-
1em They have moderate amounts of calcium and some are moderately
rich in provitamin A They all contribute smail amounts of vitamins and
minerals A few have moderate amounts of ascorbic acid and riboflavin.

3. Bulbs, roots. and tubers (potatoes, beets, turnips, carrots, rutabaga)
are igh 10 water, moderate n celiulose, and contamn an appreciable
amount of available carbohydrate The avalable carbohydrates are
starches, glucose, and some sucrose The amounts of the vitamins and min-
erals are not high but are valuable adjuncts 1o the diet The amount of
ascorbic acid in potatoes has often made the difference between gross
seurvy and 1ts absence in large numbers of Europeans

4 Seeds (legumes, corn, rice) are relauvely low 1n water and cellulose,
contaimng a fair amount of protein and a large amount of starch. They are
notable sources of the B complex vitamuns and 1ron

S Vegetable frunts (cucumbers, peppers, melons, tomatoes, squash,
!“"“Pkm, eggplant, okra) are relatively high in water and cellulose but low
in calories and proten Many contain valuable amounts of vitamins and
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small amounts of minerals. Some, such as the tomato, are notable for as-
corbic acid; others, such as green peppers and squash, for provitamin A;
and some, such as the tomato, for thiamine.

STRUCTURE OF FRUITS AND VEGETABLES

fresh fruit or vegetable is a group of living cells, still undergoing meta-
bolic reactions7 Although when harvested it is cut off from tissues of the
plant supplying water and other nutrients, it is nevertheless still living[f_he
chief type of cell in the edible portion of most fruits and vegetables is the
parenchyma celi/See Figure 7.1Am_r;nakes up the bulk of the cells in leaves,
fruits, and even in young edible stems, A parenchyma cell is rather thin
walled; it may be polygonal or cubical in shape, but all are about the same
size. The parenchyma celis do not fit tightly together but are often sep-
arated by air spaces that contribute to the slightly chalky appearance of a
fresh frutt or vegetable. The walls of parenchyma cells in young plants are
composed almost entirely of fibrils of cellulose. The cells are held together
by cementing substances, which in the young plant are composed of pectic
substancesiJAs the plant grows older the nature of these cementing sub-
stances often changes, lignins and other compounds are deposited, and the
cellulose layer of the cell wall thickens Such an old plant is not con-
stdered desirable for food since it is woody and tough even when cooked.
material within the cell wall is protoplasm composed of a very large
number of different molecules that form either a viscous fluid or a 5317
Some of the molecules are dissolved in water in the protoplasm, but many
such as proteins are colloidally dispersed. The protoplasm is not uniform
but differentiated into various regions and cell parts, the most distinct of
which ts the nucleus It is believed that much of the activity of a cell is
directed by the nucleus and that a cell cannot survive long without jt.
()Vuhm the cytoplasm are numerous small bodies called plastids.
parenchyma cells of leaves and occasionally other tissues contair} granular
green plastids called chloroplasts—the site of the chlorophyll so important
in photosynthests by the plant. If the plastid is any other color because of
the occurrence of other pigments 1 1t, 1t 1s called chromoplast The leuco-
plasts are colorless bodies containing starch granules.

Beside the plastids there are often large vacuoles m celis, made up of
droplets of soluttans with strands of cytoplasm around them. They contam
salts, sugars, and other soluble material dissolved in water. This solution i
sometimes spoken of as the *“cell sap.” In young cells the vacuoles are
small and numerous. As the cell grows the total size of the vacuoles n-
creases much more rapidly than does the amount of protoplasm, through
the imbibition of water and other small molecules The vacuoles coalesce
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come much larger in size and smaller in number with often only one
acuole in a mature cell, Cells with a high fat content may also have
racuole. Some cells contain crystals embedded in the cytoplasm.
'r types of plant cells besides parenchyma cells are the conducting
he supporting cells, and the protective cells. See Figure 7.2. The
'ting cells are composed of Jong tubes through which water and salts
istuffs are distributed through the plant. These are of two types
<ylem and phioem. The walls of the xylem are composed primarily of
e thickened at intervals in definite patterns with lignin, The walls
‘hloem contain little lignin. Fibers composed of cellulose may occur
ted with the phloem. When numerous or large, such fibers are ob-
able since they are largely unchanged on cooking and produce
tess and toughness.
supporting tissues are not numerous in young plants or in the young
f plants, desirable for foods. They are composed of long pointed
hose cell walls of cellulose thicken as the plant ages and become
ed with lignin, Some plants have another type of supporting cell in
he cell wall is composed of cellulose and pectic substances in place
lose and lignin,
protective tissue is composed of specialized parenchyma cells that se-
itin or contain suberin, Sometimes these cells are thick and corky, in
lants they are thin. But they are closely pressed together and are
- quite tough. Usually the epidermis of a fruit or leaf contains
a, minute valves through which exchange of gases can occur \v}.\cn
e open. The cutin or suberin of the epidermal cells make them im-
is to water and also protect them from injury. Often this layer of
rms a skin or peel which may be removed in the preparation of the
fruit for eating, The layer of epidermal tissue not oniy Rrotccls
an from mechanical injury, but also prevents inroads by insects,
and microorganisms. Everyone has observed that after the skin is
the keeptag ume of a fruit is relatively short, whether it has been
led or not
cells of a harvested fruit or vegetable are still Jiving. Tt 15 only when
cooked that cells are killed. If the food is frozen or kept for 2 long
eath of cells usually occurs. See Figure 7.4 )
compaosition of the cutin or suberin of plants is for the mf)fl part
wn. A number of studies have been made of the composition OF
such as carnauba or japan wax which are produced ‘f°mm"°“'"y >
me nvestigation has also been directed to discovering the com-
n of the cutin of other plants, but not necessarily those which are
r food. The cutin of a few food plants, particularly apples, has been
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FIGURE T2. Tyres OF PLANT CELLS Upper Cross section of a leaf with conducting tis-
sue and some strengthening tissue forming the main vein a, and showing the leaf blade b
formed by parenchyma cells and small veins M:ddle Surface view of a whole Iraf—d:uk fines
8 are veins. of and cells, and p: yma cells b form
lhc main body of lhe leaf blade Lanw left Cross section of an old (inedible) asparagus
Ussues & are grouped n discrete bundles and sur-
munded by par:nchymz cells b, fibers have formed just under the epidermus of the stem ¢,
(In a young asparagus stem there would be no fibers and the bundles would be 1n a rudimen-
tary stage of development In many stems the conducting cells form a continuous cylinder
within the stem ) Lower right Longitudinal section of old asparagus stem showing the con-
ducting and bundles a embedded 1n p: yma tissue b

Courtesy of Elliot T Weier

fractionated and the components at least partly identified. The composition
of most waxy coatings 1s complex but the compounds fall into a few general
classes. The components of natural waxes have been classified 1 the fol-
lowing categories: (1) hydrocarbons, (2) fatty and wax acids, (3) ketones,
(4) fatty and wax alcohols, (5) esters, (6) ethers, (7) pseudo esters, and (8)
aromatic p ds. These pounds usually have long chains of be-
tween 18 and 22 carbons or more for the principal chain. The principal
fauty acids, palmiic, stearic, oleic, linoleic, and linolenic, are found in
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many of the waxes as esters, as well as free acids. Some waxes contain fatty
acids with a higher number of carbons in the chain than the more common
fatty acids. Thus it is reported that carnauba wax contains 75 per cent
myricyl cerotate.

CZSHSICOOCIDHM

Myricyl Cerotate

Cerotic acid is the straight chain fatty acid with 26 carbons, A summary
is presented in Table 7.1.

TABLE 7.1, COMPOUNDS REPORTED IN PLANT WAXES

No of
Carbons
Alcotols and Ketones
12 1-12 dodecandiol CH,QH(CH,},,CH,0H
25 Pentacosan-8-ol (or -one) CH,(CH,) ,CHOH(CH,),CH,
26 Hexacosanol C,H,,0H
27 Heptacosan-9-ol {or -one) CH,{CH,),,CHOHICH,),CH,
28 Octacosanol C,,H,,0H
29 Nonacosan-10-ol {or -one) CH,(CH,),,CHOH(CH,),CH,
29 Nonacosan-15-one CH,{(CH,),,CO(CH,),,CH,
30 Triacontano) Cy,H,OH
3 Hentriacontan-16-0l (or -one) CH,(CH,),,CHOH(CH,),,.CH,
33 Tritriacontan-16-ol {or -one) CH,(CH,),,CHOH(CH,), CH,
Acids
8 Suberic Aad COOH(CH,),COOH
12 Sabinic Acid CH,OH(CH,), COOH
20 Eicosandicarboxylic Acd C,,H{(COOH),
22 Phellome Acid CH,OH((;:CI:},;),,,COOH
6 Cerotic Aad Gy H,, Ct
gs Junspenc Acid CH,(CH,),CHOH(CH,),,COOR
30 Ursoltc Acid CH, CH,
HO
Hydrocarbons
27 Heptacosane CpH,,

C,H,,

29 Nonacosane
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Scott*? has reposted histological studies on the cells of numerous plants
but none that arc used for foads, She found that the walls of all interceliu.
lar air spaces in leases, stems, fruit, and flowers are hned with a substance
which does not dissolve in 80 per cent sulfuric acid of in chromic acid when
the tissue section is flooded with the reagent. She calls the substance or mix-
fure “suberin” and indcates that 1t js waxy. She also found the material in
a thin laser on the inside of celfs next to the protoplasmic membrane in
root hairs and along vessel scgments The degree to which this material oc-
curs varies with the type of plant and mncreases on ageing. The material
can be stained Usually the term “suberin™ 1s only applied to corky tissues.

Thus we sec that many plant bissues are covered with a water-impervious
fayer of wasy matersal called “cutin ™ The cutin limits the amount of water
lost by transpiration, as well as the amount of water-soluble substances lost
by the leaching of rmmn The correlation between the thichness of the whole
cuticle layer and the rate at which water s lost s often poor, This 1s be-
causc other factors such as the number of stomata and their opening and
closing influence water foss

TEXTURE OF FRUITS AND VEGETABLES

The texture of a frutt or vegetable depends on the turgor of the living
cells as well as on the occurrence of supporting bissues and the cohesive-
ness of the cells Turgor 1s that pressure of the cell contents on the par-
tially elastic wall of a cell. tending to produce nigidity It 15 produced by a
delicate balance of forces wiuch marntans the celf at a normal volume yet
allows the exchange of substances When the cell volume dimimishes, the
cell becames soft and flaceid, but 1f the volume increases beyond the pormt
that can be accommodated by the elastioity of the cell walls, the cell
ruptures, the cell contents flow out, and ngidity s lost. The substance
chielly responsible for changes 1n volume 1s water When a plant wilts,
water has been so extenstvely lost from the cells that they no longer have
normal turgor but are soft and flabby

One of the best known forces affecting celt votume is osmosss, Plant cell
walls are for the most part composed of cellulase permeable to many types
and sizes of malecules Instde the cell protdplasm may be stretched around
a large storage vacuole. The protoplasm and cell wall act as a semi
permeable membrane, allowing water and some other small molecules to
pass through 1t. Water diffuses 1n greater amounts from a region in which
1t1s high in concentration (dilute solution ar pure water) to one m which
water 15 low in concentration (a relayvely concentrated sofutron) The
vacuole contiuns soluble compounds as well as collosdal substances, and if
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the ime{ce]lular ﬁuid is composed only of water or of 2 dilute solution,
water will move into the cell. While the fruit or vegetable is still part of
lh.e plant, a ﬁng balance is achieved and the volume of the cell is main-
tained at a certain normal turgor. The effect of a concentrated solution on
cell turgor is readily demonstrated by placing cucumber slices in a con-
centrated salt solution or sprinkling sugar on strawberries. Both soon be-
come limp as water rapidly passes from the cells into the solution,

Cell turgor depends on a number of factors:

(1) The concentration of osmotically active substances in the vacuale, in
both true solution and colloidally dispersed.

(2) The permeability of the protoplasm,

(3) Elasticity of the cell walls. If the walls are relatively high in elasticity,
a considerabie increase in volume of the cell can occur before the cell Tup-
tures. It will simply become more turgid as water fiows into the cell. How-
ever, in the face of a shrinking volume a highly elastic cell wall will cause
a rapid loss of turgor for the tissues as a whole even as it adapts itself to
the small volume of the cell. A stronger but more rigid wall will maintain a
firm texture even when the cell volume decreases,

When a fruit or vegetable is cooked, the protein is denatured, the cells
dte, and the vacuoles are no longer covered by a living membrane of pro-
toplasm. The protein usually precipitates and the permeability is markedly
affected. Often solutes and water stream out of the vacuoles into the inter-
cellular spaces or even out of the fruit or vegetable and the food becomes
very soft. However, when starch granules fill the vacuoles, they are such
large molecules that they cannot escape uniess the celf walls are broken.
During cooking the starch granules swell, become gelatinized and retain
moisture, and if there are sufficient of them and if the process continues,
they may hold the water 1n the vacuole and maintain a firm texture. How-
ever cooked starch granules are never able to mamtain crispness; this is
noticeable 1n a sweet potato and 1n peas and beans.

The rigidity of the structural tissues and of the cell walls is an im-
portant factor 1n the texture of a fruit and vegetable. The changes in the
compounds which strengthen the structure of the plant with cooking wilt
be considered in the section on cooking changes. See p. 265.

PIGMENTS IN FRUNS AND VEGETABLES

The color of fruits and vegetables is exceedingly important to our

o table. Tt is not only the subtle variety of flavors that makes

ure at th
pleasure f delicate and

fruits and vegetables so pleasing, but also their variety o
bright colors.
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Most of the pigments occur in plastids, specialized bodies lying in the
protoplasm of the cell. See Figure 7.3. For example, the chlorophyils occur
n the chloroplasts, which under the microscope can be seen next to the
cell wall as distinct bodies containing flecks of green pigment. Occasionally
1 pigment is present in the protoplasm as a crystal. Thus in carrot cells,
latelets of carotene can be observed and in tomatoes, needles or platelets
of lycopene. Sometimes the water soluble pigments are dissolved in the
vacuoles, and not generally distributed through the cell.

In the early nineteenth century the only colored materials available for
lyeing were natural products. Much of the early research was directed to
an understanding of these natural dyes. When synthetic dyes were pro-
luced, interest in natural pigments declined, although it never disappeared.
During the past thirty years there has been a tremendous interest in bio-
-hemistry, and a great variety of problems have been studied vigorously.
Among them 1s research in the pigments of plant and ammal tissues.
The number of pigments whose structure and reactions have been com-
letely or partially elucidated is enormous Only a relatively small num-
ser of plant pigments will be considered here and only a very brief in-
roduction to the field attempted. The number of studies on the changes
n pigments 1n foods is relatively small. But the results of the chemists can
e used to understand some color changes which occur when food is
ooked or processed.

The chief pigments of fruits and vegetables can be classified as (1) the
-arotenoids, (2} the chlorophylls, (3) the anthoxanthins, and (4) the antho-
yanins. Each group of pigments will be discussed and a brief introduction
o therr structure, stability, and the changes which occur during cooking
onsidered. Tannins often account for the formation of off-colors during
srocessing and they, too, will be considered.

The Carotenoids?®*

The carotenoids are a group of yellow, orange, and orange-red fat solu-
le prgments widely distributed in nature. In green leaves they occur in the
hloroplasts, small bodies close to the cell walls of the palisade cells These
ells are next to the epidermal cells on the upper side of the leaf. The
arotenoids are present in the lipid material along with the chlorophylls.
Fhe green color of the chlorophyll masks the yellow to red color of th.c
arotenes except in very young leaves while the amount of chlorophyli is
mall. The bright, fresh yellow-green color of spring leaves is the result of
arotenords and small amounts of chlorophylls. These pigments are also
resent 1n a wide variety of fruits—peaches, banana skins, tomatoes, red
yeppers, paprika, rose hips, squash, etc.—as well as other parts of plants—
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FIGURE 74 Courarison of Living axD NoNtwING PLANT TissuEs anD THe EsFrcTs
Of DYES Upper left Whole summes squash showmg prtting ingury due to t6-day storage
at0°C (32°F) and one day at 2°C (70°F) Mann and Morns, 1947 Upper right Paren-
thyma cells from cold werage summer squash, mounted 1n dilute neutral red Cells are
dead and therefore do not accumulate dye  Mann and Moerw, 1937 Mrddle left Showmg
section through an imury prt of cold storage summer squash a, eprdermms, b, collapse of
dead cells forming the ps Mann and Morrs, 1947 Lower left Living parenchyma cells,
motnted yn neutral red  Note accumulation of dye, b Mann and Mosnis, 1947 Lower nght
Living parenchyma cells, mounted 11 neutral red and strong sugar solution Note plasmo-
Iysed cells Mann and Morns, 1937 Courtesy of Elhor T Weier
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in carrots, sweet potatoes, and in most yellow, orange, and red flowers.
When they are consumed by animals, they tend to concentrate in lipids
and hence are found in blood, milk, egg yolk, and depot fat.

The name carotenoid is applied to all pigments chemically related to the
carotenes, which were the first isolated. In 1831 Wackenroder extracted a
pigment from carrots and called the fraction carotene. We now know that
this “‘carotene™ is a mixture of three isomers, a-, 8-, and y-carotene.

The carotenoids are either hydrocarbons or derivatives of hydrocarbons
and are composed of isoprene units. Isoprene is a diene,

CH—C—CH=~CH,
CH,

and this molecule is the unit out of which the carotenoids are constructed.
1t contains five carbon atoms while many, although not all, of the carote-
noids contain 40 carbon atoms or eight isoprene units. Some of the mole-
cules contain a long unsaturated hydrocarbon chain with a ring at one or
both ends of the chain, Some of the molecules are symmetrical, so that if
folded in half the left half would be the mirror image of the right hall.
f-carotene and lycopene are examples of symmetrical molecules.

e o, CH; ¢, i CHy CH; WG CH,

n,?’c‘ccu=cnc=cucu=cuc=cucn =CHCH=CCH =CHCH = CCH==CHL5’C‘?H,

] } H

H,C\ o ECHs ; H’cc‘cﬁf N
2

f-carotene
; He  CH
HC_ CH, t’IJH; CH, i CH, c‘:u, G O

¢ | S
HC?C CHCH==~CHC=CHCH ==CHC = CHCH < CHCH == CCH = CHCH =~ ceh =chigh S
. #,0C. .CH.
WGty ; HCC. gyt

Lycopene

Notice that 8-carotene and lycopene differ only in the cyclization of thF
end carbons of lycopene to form the rings of S-carotene f-Carotene is
widely distributed in plant matesials, It 1s readily prepared .frfam carrots,
sorb apples, or paprika. It sometimes occurs free, although it is often ac-
companied by small amounts of «- and y-camteneA (s.ec Table 7.2).. Lyco-
peue is the orange-red pigment of the tomato, but it is al;a found in rose
hips, watermelon, apricot, and many aother plants. It also is usvally accom-

ie other carotenoids.
pa;:uri:zarolenoids have two terminal rings or groups which are different
Examples are a-carotene and y-carotene.
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An example of a shorter chain pigment is crocetin which occurs as a
slycoside, crocin, in the spice, saffron. The deep orange-yellow color of
affron is not the result of crocetin alone since lycopene, B-carotene, -
arotene, and zeaxanthine are also present. Crocetin is:

O CH, CH, CH, CH,0

| |
IC—C=CH-CH=CH~C=CH—-CH=CH—CH=C—CH=CH—CH=C—COH

el enan

Crocetin

In crocin the carboxyl groups are esterified by carbohydrates (gentiobiose).

The number of carotenoids that occur in nature is probably very large
Along with those described, 2 number have been isolated and their struc-
tures etther completely or partially elucidated. Information on other
carotenoids can be found in some advanced texts in organic chemistry and
in the original literature.

Aside from the beauty that plant pigments impart to fruits and vege-
tables, some of the carotenoids are important in nutrition as precursors for
the synthesis of vitamin A in the body. Vitamin A, is identical with one-
half of a §-carotene molecule plus a hydroxyl group, and in animals, one
molecule of f-carotene is converted to two molecules of vitamin A by
hydrolysis.

/ CH, CH,
CHa\c/Cﬂs '
H,C”"~C—CH=CH—-C=CH~CH=CH —C=CH—CH=] + 2H,0 —
|
Hzc\c/ ~—CH,
\ 5
B-Carotene

CH CH.
CH,~ - CH, i P
H,6”“~C—CH=CH~C=CH~ CH=CH—C=CH—CH,0H

2
H,C. —CH.
2 \Cﬁz 3

Vitamin A
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The efficiency of the conversion has been the subject of extensive study.
1t appears to vary with (1) saturation of the subject, (2) the species of ani-
mal used, and (3) the solvent for the carotene fed. In animals deficient 1n
vitamin A the conversion may be as great as 70 to 80 per cent; but if an
animal has a large store of vitamin A 1n its tissues, if, in other words, it is
saturated, then little carotenc is absorbed and converted 1o vitamin A.
Much is then excreted in the feces Rats show a great capacity for the con-
version of the carotenes to vitamin A, while dogs have only a small ca-
pacity and cats none. If the carotenc is fed in vegetable oil, it is readily
absorbed and converted to vitamin A; but if it is dissolved 1n mineral oil, it
escapes 1n the feces. In American diets the quantity of carotenoid pre-
cursors is of great importance in total vitamin A nutrition.

CH CH
CH,~. ~CHy 3 2
H,C/C\'IC—CH=CH4C:CHv CH=CH-C=CH-—CH,0H
LEN R,
H
Vitamm A,

The other carotenoids which are vitamin A precursors are those which
have the same termnal ring as that 1n vitamin A,* a-carotene, 7y -carotene,
and cryptoxanthin have one ring to each molecule They are not as valuable

TABLE 72 DISTRIBUTION OF CAROTENOIDS IN SOME FOODS

Carrot (Daucus Carota) ., 8- tene, tene, hyll
wo of P

Wheat Germ Xanthophyll, carotene (%)

Corn (Zea mays) cryp byll tene,

B-carotene, y~carotene, xcarotene (?), neo-crypto-
xanthn, hydroxy-a-carotene

Apnicot (Prunus armemiaca) f-carotene, y<carotene, lycopene
Peach (Prunus persica) 8: , cry h hophyll,
unknown carotenord
Soya Bean (Glycine max) a-carotene, 8-carotene
Cowpea (Vigna sinensis) " B-carotene, xanthophyll
Orange (Citrus ) B ., lycopene, cry hoph:
gt
, B
Grapefruit (Citrus grandis) B-carotene, lycopene
Squash (Cucurbita maxima) tene, £ tene, xanthophyll
Red pepper or Chili Capsanthin, a-carotene, §<carotene

(Capsicum fructescens)

233



asg., arotep  SYNtheg;, fvita A s € Capapje
ng only ope Cule of Afo €ach I p:gment. b
are Peverthel, 8nificy, the. aroteno;g, t Contajp 4
Portan; Ting e ther, t pr CUrsor, A, The de,
color of a fr, T Vegetap), been SUggesteq a, ugh index
vitamyp, A va, Ut it cap 1 that Suc| uld Jeaq to,
Crrors Since g ny Totenoig 18men¢s ha Vity a4 all, Fo,
ple, the Yolk of th en egg Contajng s and jg brig
Coloreq because [ Presence of twg ca n0ids, | ein ang Zeay,
hme, Which 5 ydro, an, of o ene, r, SPective
ut th Se pig, ave o it Clrviy n eoran“
color of the y, ea f Vitam . Tap), how
he d:stribuu fc
€ Caroge I iny, but g, ble in lipids n lipjg
solvents In Procegg; fruit, d ve, bles, loss I'these 18Mments into
€0okery can, slighy They g datiop when
©Xposed ¢ am, so ¢ i g fruj T Vegetap Nain thege
pigments pr IS some S enc, ntere exa » Carrots gy
apricotg show |, g n d Tl gme, Undergo
Ydrolysis exce; h ccur lant ¢ ¢ d Y are
10t affeey, d b nges j
n blanchcd [ S, or ¢, h d the ydratcd, the Jogg of
Pigmen,; 1S rap, arrotg g, mall ang red at e moist » after
anchin show , €ompley, losg ent 1 30 h er ang Stock.
g™ have Studieq ¢ han, £ antig Partiajyy Protect
© Pigmen from g, terioray, arrots gy, nd to 43, esh b ave
little effect on dige, arrot, Y antioy, ants becayge
Carotene occurs i Pro, Carro, s (i ving cell) 1 t drop.
€ts; ang they caso, t 8radatyop, of the Pigmen, Might be 4.
SOciatey with ¢ 1d. h he fay, In leave he enZzyme lipox:dasc
is important.

Umergys Other Studies o the disappearance of' Carotenes have also beep
Mad, ually e loss, ; 1 S: 1S smaj ~Sorjg Per ceny, llogclhcr
the Caroteneg Present foy, problems, they are brigy d Alractjy, and the,r
olor dypy,, d proce. I sily ain

na discuss:o Of changes m fruyg and Vegetables on proccssing, one
her 5 PeCt thar shoulq tioneq iStribuy;, 1 of the Pigmeny
ter proccssing Weser and Stocking discysg the Work or yy, e and of

€eve on the Carrot, e carotenozds 1 carpgyg are Present jn the chromo.
asts. In Some cejyg Starch 5 resent ap, © granyleg may more or Jess
round the Carotene Crystajs, In the Outer cejyq of the To0t the CaArotera



VEGETABLES AND FRUITS

concentration 1s highest, there is little or no starch, and the carotene is
present in crystals as needles, tubes, flakes, ot spirals. These cells also con-
tam tiny fat droplets. When the cell 1s killed by blanching, drying, or chem-
ical reagents, the chromoplasts disintegrate and the carotene dissolves in oil
droplets The o1l droplets arc sometimes originally present in the living cell
or they may separate from the protoplasm after it is killed.

Chlorophylls

The green pigments of leaves and stems are usually held close to the cell
wall in small bodies, the chloroplasts, along with some carotenes and
xanthophylls Two chlorophylls have been isolated, chlorophyll a and chlo-
rophyll b; and they occur in plants in the ratio of approximately 3a-1b.
Chemically, they are very similar. They belong to that group of important
biological pigments the porphyrins, which includes hemoglobin, They are
farrly large molecules composed of four pyrrole rings held together by
methene carbons (—CH==) to form a large flat molecule In chlorophyll, a
magnestum atom 1s held by the mtrogen on two of the rings by ordinary co-
valent bonds. The other two nitrogens share two electrons with the mag-
neswm to form a coordinate covalent bond (indicated by dotted lines) The
formulas for chlorophyll a and chlorophyll b are given below:

CHy——p CH=CH,
CH N —CH
cu,l—ﬂ—J% | _cH,

r N Mg

J
€, 00CCH,CH, = CH,CH,  Chlorophylla

C—A~=cn
c,000CH o

i

o

CH,

CHy CH=CH,
Cll‘{_j:CH

cnz \. —CHO
- ME’-* Chlorophyll b
CyH,OOCCH cu2 cu ,CH,

CH, ooccu
ﬁ cu,
o
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You will notice that the chlorophyll a is an ester. The propionic residue on
position 7 is esterified with phytol, while the acid joined to position 6 is
esterified with methanol. Phytol, or phytyl alcohol, is an interesting high
molecular weight alcohol because it occurs as an ester in a number of plaat
molecules. 1t has a chain which, although almost completely saturated, has
an arrangement of carbons very similar to that in the carotenoids.

oRy o, CH, CH,
H,C~"'CH,CH, CH,CHCH, CH,CH, C= CHCH,OH
H,C. _CHCH
2 \C 3
H;
Phytol

Chlorophyll b differs in the occurrence of a —CHO (formy!) group in posi-
tion 3 in place of the methyl group (—CH,) in chlorophyll a. Neither
chlorophyll has been synthesized as yet.

The chiorophyils are of great importance in the plant because of their
role m photosynthesis and the formation of carbohydrates from carbon
dioxide and water. This role has been recognized for almost a hundred
years and a tremendous amount of work has been done on the mechanisms
of photosynthesis. Only now are the reactions and the energy relations be-
ing elucidated.

The chlorophylls and other prgments are not the only components pres-
ent 1n the chloroplasts. One analysis of chloroplasts of leaves found 47.7
per cent lipid, 37 4 per cent protein, 7.8 per cent ash, leaving 7.1 per cent
undetermmed A more detailed analysis of the chloroplasts of cabbage
leaves reported 9.3 per cent chlorophyll, 0.5 per cent carotene, 08 per
cent xanthophyil, 17.5 per cent glyceride fatty acids, 12.3 per cent wax, 4.5
per cent sterols, 13 3 per cent undetermined unsaponifiable, and 18.4 per
cent calcium phosphatides. It is now believed that the chlorophylls exist
in the chloroplasts as conjugated proteins,

The chlorophylls are very unstable molecules when the living cell is
killed and when the ch 1 and physicochemical relations in a cell are
changed. Consequently, the chlorophylls are difficult to retain during any
food processing and special care must be taken to produce food that retains
a bright, attractive green color. Some workers have suggested that the chlo-
roplasts disintegrate when plant cells are heated and that the chloroph)f“
is released 1nto the cell In 1940, Madkinney and Weast** reported that in
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spinach and string beans which were carefully sectioned after cooking the
chloroplasts were shrunken and often collapsed onto the protoplasm, but
they were still intact and the chlorophyil was sull discermble in the plastids
The chiorophylls exist as protein complexes in the hving cell, and when the
cell1s killed by heating, the protein is probably denatured and the chloro-
phyll released. This may account for the rapidity with which chlorophyll
reacts in cooking food such as green beans, There is also the likelihood that
the permeability of the membranc surrounding the chloroplasts changes on
the death of the cell

Chlorophyll changes to an olive green color and then to brown The
most likely reaction 15 the substitution of hydrogen for the magnesium
which has been complexed tn the porphynin to form pheophytin, It is un-
likely that hydrolysis of erther of the esters can be mvolved Ester groups
usually hydrolyze slowly and this reaction of chtorophyll occurs rapidiy.
Also the reaction 1s rapid 1n acid solutions and does not occur readily in
cooking waters where the pH 1s 8 or more Esters, on the other hand, are
more readily hydrolyzed mn alkaline solutions than 1 acid The possibility
of oxidation as the reaction 1s hkewise small since the brown color develops
in conditions where there 1s httle free oxygen available It 1s thought,
therefore, that when a vegetable becomes olive green on cooking, the chlo-
rophyll has formed pheophytin The reaction can be written schematically
as follows

COOCH, COOCH,
C,;H,,ON Mg +2H . C,H,ONH, + Mg#+

00C,,H,e 00C,H,,

Mackinney and Weast studied this change 1n green beans and peas and
attempted to measure the amount of pheophytin produced 1n the food at
various lengths of ume duning the cooking process. Therr results with
Kentucky Wonder beans are presented in Table 7 3.

When green beans are first dropped into boiling water, they, like other
green vegetables, show a change 1n color The green brightens, the velvety
appearance disappears, and the beans become more translucent. These
changes are probably caused first by the wetting of the fine hairs on the
coat of the bean. Washing the bean and rubbing 1t produce the same re-
sull§ to a slight degree. Then as the bean 1s warmed, air is expelled and
the intercellular spaces collapse or parually collapse As cooking continues,
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TABLE 7.3, KENTUCKY WONDER STRING BEANS HEATED IN WATER AT 100°C

Time Pheophytin
(Minutes) (Per Cent) Color
0 a Green
5 7 Green
10 375 Green
20 725 Browmsh green
30 86.5 Yellowish green
60 100 Yellowish

MacKinney, G and Weast, C, A, “Color Changes in Green Vegetables," Ind Eng Chem, 32,
392-395 (1940}

plant acids are liberated; and because the chlorophyl! is released from
the protein complex or because the membrane around the chloroplasts be-
comes more permeable or both, the acids react with the chlorophylls and
form pheophytin.

Blair and Ayres' conducted an extensive study of methods for preserv-
ing the color in commercially canned peas. They found that on processing
the pH of the peas fell from 6.6 to 6.1. By 2 preliminary treatment which
raised the pH and by maintaining it about 8, the color was preserved and
little of the chlorophyll was destroyed. We also know that when green
vegetables such as spinach or cabbage, which produce considerable volatile
avid during the early part of cooking, are cooked in a pot with a cover, the
color very quickly changes to olive green and then to a dull brown. But if
the Iid is Jeft off so that acids escape during the early part of cooking, color
retention is much better.

Since 1t is possible to maintain the green color in the presence of alkali,
you might wonder why 1t is always recommended that baking soda, sodium
bicarbonate, be omitted 1n cooking vegetables. The answer lies, of course,
1n the fact that in food preparation the maintenance of color is only one of
the important effects. With 2 high pH in the cooking of canning water, par-
ticularly if the cation is sodium or potassium, cellulose hydrolyzes rapidly
and the texture of the vegetable becomes very soft and mushy. Some of the
vitamins, particutarly ascorbic acid and thiamine, are very sensitive 10 heat-
ing at high pH's; and in cooking water fo which sodiym bicarbonate has
been added, the rate of destruction of these vitamins 1s accelerated.

Blair and Ayres,'® 1n an attempt to preserve the green color 1 canned
peas and still maintain a firm, but not tough, texture of the skmns and
cotyledon, used a 30 to 60 minute immersion of the peas in 2 per cent (0.1
M) sodium carbonate, a blanch in 0 005 M calcium hydroxide, and proc-

essing in a sugar-salt brine which contained a suspenston of 0.02 10 0.025 M
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magnesium hydroxide. The pH of the peas by this process is mamtained
around 8, but the cationic balance produces the desirable balance between
the softening cffect of the sodwm ions and the toughening effect of the
calcium and magnesium tons, The calcium and magnesium 1ons tend to
react with pectic substances to form salts that toughen the cell walls,

Some metal jons react with the chlorophylls to form compounds with
bright green colors. Ferric, zinc, and cupric ions will replace the mag-
nesium in chiorophyll. They will also react with the pheophytins which
have formed from the reactions of the chlorophylls with plant acids and
produce the corresponding complex

Studies by Strain® on chlorophyll reactions have sigmficance for changes
on cookery. He studied changes in green leaves boiled for 1 or 2 minutes, or
frozen and then thawed After fresh mallow leaves are boiled, there s a re-
duction 1n the amounts of chlorophyll a and b and the appearance of chlo-
rophyll a’ and b', 1somers of chlorophyil a and b Leaves frozen and then
thawed yielded no other green pigments, but there was evidence that nei-
ther the oxidative nor the hydrolytic enzymes are mactivated On drying
the leaves n air for 24 hr at 20" C chlorophyll a and b formed not only
chlorophylt a’ and b’, but pheophytins as well The enzymes are mactivated
ondrying

THE FLAVONOIDS*

The flavonoids are a group of compounds widely distributed 1n the plant
kingdom Every tissue studied so far has at least one of these compounds
or a closely related one while most have many of them They are water
soluble and are often present 1n the juices of plants Chemically the

8
gea,
6 3 —

: Ci & &

li
o]
Flavone

flavonoids contain two benzene rings with a three carbon bridge. In most
the three carbon bnidge 1s condensed through an oxygen into an inter-
mediate ring The benzene rings hold hydroxyl groups.

The true flavonords consist of the anthocyanins which are the red-blue-
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urple pigments of plants; the anthoxanthins which are yellow; the cate-
hins; and the leucoanthocyanins. The last two groups of compounds are
olorless but readily change to brownish pigments. They are probably the
o-called “food tannins.”

Compounds related to the flavonoids are numerous and are also widely
istributed in nature. They are as follows: (1) cinnamic acid and the more
omplex caffeic and chlorogenic acids. Quinic acid, which forms part of the
ructure of chlorogenic acid, is a common fruit acid.

CHOH
N
H(EOH (‘:HOH
CH, CH,
~¢”
RN
CH=CHCOOH HO COOH
Cinnamic Acid Quinic Acid
H
(o]
OH
H
H 0
b4 CH,—C
ot CH= CHCOOC{I C(%”EZH
= Hy g S
c—C
o o
CH=CHCOOH H H
Caffeic Acd Chlorogenic Acid

'2) Coumarins, which contain only one benzene ring and a condensed side

ring,
O,
HO @[ c=0
CcCH

H

Umbelhferone, acoumarin
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(3) Hydroxy acids, such as gallic acid, tannic acid, and others.

H H H

(0] o] 0
"o \/ on HO on
(N o\
[o{e]e)8] COOH CcOo
Gallicacid Tannic acid

The true flavonods differ in the state of oxidatton of the three carbon
bridge which separates the two benzene nngs The most common antho-
cyanidin, cyamdin, and the most common flavone, quercetin, differ only tn
the oxidation of the threc carbon bridge and have the same hydroxyl
groups in the same positions on the benzene nings

The Anthocyanins

Most of the red, blue, and violet pigments that occur i flowers, frunts,
and other parts of plants belong to the group of pigments known as antho-
cyamins These occur in plant cells as glycosides which are ethers of mono-
sacchandes sometimes with one monosaccharide moiety and sometimes
with two The color results from the structure of the anthocyamidin which
15 bined with the m harides The carbohydrates commonly
bonded to the anthocyamidins are glucose, galactose, rhamnose, and oc-
casionally a pentose Most of the anthocyanins are soluble 1n water, and it
1s only on boling with fairly concentrated mineral acid, a condition which
is not encountered in food preparation, that the pigments are hydrolyzed
1o form the anthocyamdin and the carbohydrate

Anthocyamn — Anthocyamdin + Monose

Only three types of anthocyamdins have been tdentified in plant uissues,
although a number of methyl denvatives of these three have been 1solated.
Pelargonidin, cyamdin, and delptumidin are wide spread in nature, with
cyamdin the most common Often a plant ussue will have a number of
migments composed of the same anthocyamdin but differing in the carbohy-
drate moiety Farmulas for the chlorides are presented at the top of p. 242,
These compounds are formed when the corresponding anthocyamn 1s
hydrolyzed with hydrochloric acid The methyl ethers which have been
wdentified, peomidin, syringidin, petumdin, malvidin, and hirsutidin, are all
derivatives of the hydroxyl groups on the benzene ning In anthocyanins
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cl— -
- a on
HO A OH HO = Q OH

=-0H ~~0H
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Pelargonidin Chloride Cyanidin Chloride
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HO~—# = OH

Sy AP OH OH

o
H

Delphinidin Chloride

carbohydrate 1s always attached to the hydroxy! on carbon 3 and occa-
sionally one or more additional hydroxyls are etherified.

Some of the natural pigments occur as esters of organic acids; p-hydroxy
benzoic acid, malonic acid, p-hydroxy cinnamic acid, and p-cumaric acid
have been identified. These esterify either one of the hydroxyl groups on
the anthocyanidin or one on the monosaccharide.

The Robinsons*-$4# published a remarkable survey of the distribution
of anthocyanins in plant tissues in 1938 and 1939, Much of the research in
this field has been carried out in their laboratory at Oxford. Their sum-
mary contamns a list of the pigments present in many garden flowers, in
autumn leaves, and in edible and ornamental fruits. The data for edible
fruits are included in Table 7.4.

The great variety of colors, hues, and tints that occut in nature and the
subtle shadings on the cheek of a frut or in a blossom are the result of 2
number of factors.

(1) At low pH these pigments are red; the hues may be dyfferent, but they
are all reddish. Thus pelargonidin (it occurs 1n the plant as pelargonin o1
some other derivative) 1s orange-red in acid solution while delphinidm is 2
bluish red At high pH’s the anthocyanins pass through a violet and then
blue color. Some turn green and then vellow at very high pH’s (not en-
countered in plants) Karrer and Jucker* point out that the pigment of
the red rose and the blue cornflower are the same cyanin However, n the
red rose the pigment occurs as a salt of an acid while i the biue corn-
flower it is present as metal salts. Cornflowers also contain a flavone,
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apigenin, which is colorless but causes blucing of cyanin, When an alkali
such as potassium hydroxide is added to an anthocyanidin, 1 is believed
that the following reaction occurs,

xon
[0}
C,H,,0,
Cyanin
red atpH 3 0 or less
o e OH
HO — \,:0 won  HO
— —
7 OCgH, 05
o
CeH,,0,
Color base Salt
violetatpH8 § blueatpH it

(2) The concentration of the pigment alters the hue Robinson reports that
when an acid solution of synthetic delphinidin 1s poured on filter paper, a
dilute solution gives a blue color while a concentrated solution gives red
An intermediate concentration gives a purple color When tannins are pres-
ent this 1s more pronounced

(3) In the cell sap the anthocyamns are frequently adsorbed on callmdal
particles, probably polysaccharides. The pH s stabilized and the color -
fluenced by this association In blue corn flowers cyanin 1s adsorbed and
the pH stabilized at 4.9.

{4) Frequently the anthocyamns occur as mixtures As \he composition of
the mixture 1s altered, the hue changes Thus blue grapes contain not only
glucosides of delphimidin but also of syringidin, the dimethyl ether of
delphinidin

(5) Sometimes plant cells will contan not only the anthocyanins as pigment
but also some of the anthoxanthins which may be yellow and often yellow
carotenoids,

(6) Tannins are often associated with anthocyanins and alter the color.

The red color of beets results from a mixture of pigments. In 1948
Aronoffl and Aronoff? reported the fractionstion of the pigments of beets
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TABLE 7.4, ANTHOCYANINS PRESENT JN EDIBLE FRU(TS*

Botanical Name Common Name Anthocyaninst
Cornus mas Linn cornehan cherry pel 3-mono
Ficus caricus Linn fig cyan 3-mono
Fragaria vesca Linn wild strawberry pel 3-mona
F virgmijana Duch wild strawberry pel. 3-moune
Morus nigra Linn black mulberry cyan 3-mono
Musa coccinea Andr pel. 3-mono
Oxycoccus macrocarpus Pers wild cranberry peon 3-mono
Pisum satjvum Linn var, {pods) tall pea cyan, 3-5 d1, delph di
Prunus avium Linn var. sweet checry cyan. 3-mono
P. commupns Fritsh, var almond cyan. 3-mono
Punica granatum Linn pomegranate delph, di-
Sambucus nigra Linn European elderberry cyan 3-pent
gluc and mono-

8. racemosa Linn red berried elder cyan. 3-, 5-dt
Solanum melongena eggplant delph. 3-pent. gluc

var. erculentum delph 3-bio
Vaceinum Myrtillus Linn malv, 3-mono
V Vius-Idaea Linn, whortle berry cyan 3-mono
Vitis hederacea grape cyan ? 3sugar A,
V quinquefoha grape malv, 3-mono
V. vimfera Linn. vinifera grape maly 3-.mono
V labrusca fox grape malv 3-mono
V nipana malv 3-mono
V aestivalis summer or pigeon malv 3-mono

grape

V heterophyila Thunb, malv, 3-5ds

*From Lawrence, W J C, Price, J R, Robinson, G M , and Robmnson, R
( anth shows and X
Pel = Pelargonidin (3,5,7.4" tetra hydroxy flavyhum chlonde)
Cyan = Cyanidin(3,5,7,3' 4" pentahydroxy flavylium chlonde)
Delph = Delphimdin (3,5,7,3.4",5* hexahydroxy flavyhum chlonde)
Malvy = Malvidin (3,5,7,4' tetzabydroxy 3,5 demethoxy Aavyhum chlonde)
Pean = Peotdin (3,5,7.4° tetrahydroxy 3’ methoxy flavylum chloride)

into eleven different fractions on a chromatographic column. One pigment,
betanin, has been extensively studied and appears to be the glucoside of
an amino anthocyanidin, It also shows a change from red to blue as the
pH is raised. )

In Cookery and Processing. Fruits and vegetables which contain the
anthocyanins, the red and violet foods, present a problem in cookery and
processing because of the great solubility in water of the pi‘gmcnts. There
is always a tendency for the pigment to leach out in the cooking or canning
water or to run out in the juice. However, if the cell walls remain ntact,
the pigment is not lost. Thus frozen red raspberries show excellent reten-
tion of the pigment, but in canned berries the color gradually passes out
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1nto the canning solution until the berries are practically colorless. When
beets are cooked without removing the skins or even cutting off the root,
color retention is much better than when they are peeled and cubed. When
grapes are hot pressed, most of the color is removed in the juice; and if they
are fermented in wine making for a short time before the pressing, the ex-
traction is almost complete.

The effect of changes of pH on the color of the anthocyanins 15 often
noticed in food preparation, and occasionally presents a problem. Most
fruits contain sufficient acid so that the pigment remains red or bluish red
through the cookery or processing But if a small amount of the juice is
added to dish water containing soap or a detergent and with a pH, there-
fore, of 8 or 9, a blue or a greenish blue color forms When vinegar is
added to beets 1n pickling, the color often reddens When red cabbage is
cooked in soft water with a pH near 7, there 1s a bluing of the color.

If vinegar 1s added to blue cabbage, the color will change back to red.
When red cabbage 15 chopped, blue coloration often occurs along the edges
cut This 1s apparently not a reaction with iron 10ns, although a possibility,
since red cabbage macerated with a Waring blender shows the same change
on the surface exposed to air

If red cabbage 1s cooked 1n hard water or, more important, if the water
has been softened and has 2 pH of 8 or shightly higher, the cabbage be-
comes a grayish violet If the cooking water is disunctly alkaline, usually
from the addition of soda, NaHCO;, the color becomes green. Most of the
anthocyaruns wilt form a green color at gh pH's and sometimes even
yellow at ugher pH These are irreversible changes, but we seldom see such
a color change 1n food preparation since we do not encounter such high
pH.

The anthocyanins form salts with metal ions, and have colors that de-
pend not only on the particular anthocyamn but also on the metal 10n.
Most of the colors are grayish purple. The reaction 1s particularly im-
portant in canming and often 1n cookery. When tin cans (actually tin-coated
iron) are used for canming those frnts or vegetables contaming antho-
cyanins, 1t is necessary to lacquer the mside of the can. Tin cans without
this lacquer will cause a discoloration of the fruit touching the side of the
can. If a tin pie plate 1s used for prepanng blueberry pie, the bottom of
the crust becomes a grayish blue color. This 1s particularly noticeable if
the tin has been scratched so that some of the iron is exposed. Small de-
posits of rust form, the fruit acids rapidly dissolve the rust, and the amount
of reaction with the anthocyanins is increased. If a cherry pie is cut with a
steel knife and the kmife is allowed to remain 1n contact with the juice, the
change to purple 1s observed. When aluminum salts are added to fruit
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pears, plums, and peaches against discoloration and the development of
off-flay ors, but it does not protect grape juice.

The Anthoxanthins and Flavones

One of the most important groups of pigments in plants are the antho-
xanthins and the flavones They are yellow pigments usually dissolved in
the cell sap. The anthoxanthins are glycosides which on boiling with dilute
acid yield one or two molecules of monosacchandes and a flavone or a
Navone derivative such as a flavonal, Ravanonal, or 1soflavone The basic
ring structure of the flavones s

Flavanols have a hydroxyl group 1n position 3. flavanonols do not have a
double bond between carbons 2 and 3. and 1soflavones have the phenyl
group 1n position 3 mstead of 2 Most flavones contain a number of hy-
droxyl groups and some comntain methoxyls In the anthoxanthins one or
more carbohydrates, usually manoses or dioses, ethenfy one or more hy-
droxyls

l O ‘ \(‘H
( I COH ( I HOH ( I
- C

Il
(o] 0
Flavonol Flavanonol Isoflavone

These pigments occur dissolved 1n the cell sap and are usually pale
yellow or colorless but occastonally bright orange. Most bright yellow or
orange fruits and vegetables are colored by carotenoids rather than antho-
xanthins and flavones Nevertheless the two latter are widely distnbuted
and are probably present in all white fruit and vegetables as well as those
colored green with chlorophyll or red, blue or purple with anthocyanins.
During the past twenty years there has been considerable work on the or-
ganic chemistry of these pigments, Recently interest has centered on the
role of these pigments in plant metabolism, in the relation of the genes and
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inhentance to flavone synthesis, and in their possible medicinal value to
man.

The number of flavones and anthoxanthins isolated from plants is large.
Seshadri®® in a review in 1951 listed 18 flavones, 27 flavonals, 5 flavanonols,
and 14 isoflavones. Many of these are from plants or parts of plants not
used as food. The number isolated from foods are relatively small and
many common foods have not been studied.

Examples of some of the flavones which oceur in this group are:

o OH o
HO ) OH HOC[ | oH
o~OH c
| I
o

? ®
|
H n ©
Quercetin Apigenin
OH
0.
HO l OCH,
C’CH2
o
\ [o]
H

Hesperitin

Quercetin occurs in onion skins, tea, hops, horse chestnut, sumach, red
rose, and the bark of the American oak and many other tissues. Its 51y-
cosides are likewise widely distributed. A few 1n foods are the 3-galactoside
in Grimes Golden and Jonathan apples, and 3-glucoside 1n corn. Rutin
is 3-rutinose (disaccharide of rhamnose and glucose) quercetin and. oc-
curs in many grains, 1n tomato stalks, in rue, elderberry bloss.oms,. Califor-
nia poppies, etc. One of the flavones of lemons and tangc_rmes is also a
denivative of quercetin. Apigenin is present as a glucoside in parsley ar}d
is also one of the pigments of the yellow dahlia. Glycosidcs' of apigenin
also occur n field daisies, cosmos, and zinmas. Hesperitin occurs in
s and lemons as a 7-rhamnoside. .
Dr?l‘[;ica:thoxamhins are yellow to orange in color and are dissolved in
the cell sap of flowers, stems, leaves, roots, and even wu_od. They ;u’c
water soluble pigments and differ in thi§ from the carotenoids, the ot :
group of yellow pigments, which are lipid soluble The anthoxanthins o
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cur in small amounts 1n many fruits and vegetables which we ordinarily
consider white or colorless. For many years a simple test has been used to
demonstrate the occurrence of flavones and anthoxanthins in foods, and in
fact, in all plant tissues. A drop of sodium hydroxide solution or am-
monia vapor is apphed to a slice or portion of the plant with the for-
mation of a deep yellow, orange, or brown color This color was supposed
to show the presence of flavones. However, many other common plant
components give this color change and the results are not specific to fla-
vones and anthoxanthins Some hydroxy acids are very widely distributed
and many of them as weli as some proteins give the color change. How-
ever, whether the change 1n color 1s caused by the occurrence of antho-
xanthins and flavones or tanmns, or both, 1t 1s of some interest in cookery.

Changes in Cooking or Processing. When a food 1s cooked 1n alkahne
waters we often sce the development of a yellow or cream color Hard
water will ofien have a pH as high as 8 and softened water which.contains
NaHCO, n place of Ca(HCO,), will have a pH even higher Potatoes
cooked 1n softened water often have a creamy color The occurrence of
this color can be prevented or the color removed by adding a hittle cream of
tartar If the potatoes are cooked 1n chunks, bands of yellow are sometimes
seen where the pigment 1s more concentrated in some cells Rice also shows
this yellowing when cooked in softened water, and 1t too can be kept a
clear, bright white by adding cream of tartar to the cooking water This
effect 1s most noticeable 1n omions, particularly yellow skinned, for the
flesh turns pale yellow and the cooking water 1s bright yellow when alka-
line water1s used Cauliflower and cabbage hikewise sometimes show a yel-
lowing Occasionally cauliflower turns a brown or pinkish brown color on
cooking ¢* Part of the color may be caused by flavones, but most is the
result of reactions of 10ns with the tannins Tea contains both the flavone,
quercetin, and tannins The change in color has probably most frequently
been noticed when the acid of lemon juice causes a fading of the color

Many of the flavones have definite physiological effects on man. Indeed,
the active principle of some old drugs, used long ago, has been shown to
be exther one or a mixture of flavones or anthoxanthins One of the most
Interesting 1s the mixture which has been called vitamin P or citrin

In 1936, Szent-Gyorgy: and his collaborators showed that a factor other
than ascorbic acid was important for the maintenance of normal capillary
permeability They named the factor vitamin P for permeability In its
absence guimnea pigs and even rats develop fragile capillaries through
which protein passes and which rupture readily to produce hemorrhages.
They claimed that human patients with capillary fragility that does not
respond to ascorbic acid are hkely to be deficient in vitamin P. The factor
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is often more abundant in the rind of lemon and oranges than in the juice
which is a rich source of ascorbic acid. A concentrate isolated from
lemon peel was named citrin, a term still used occasionally. Citrin proved
to be a mixture of flavones and anthoxanthins. It is composed of hesperi-
din, eryodictin, their glucosides, and rutin which is the rhamnoglucoside
of quercetin. The effect is difficult to estimate and there has been confitct-
ing opinion of the role of the flavones and of ascorbic acid m the main-
tenance of normal blood vessels. A number of derivatives of flavones have
been tested and some seem to be effective. Other flavones have been shown
to be diuretics, vasoconstrictors, heart stimulants, and cathartics

Tannins

In prehistoric times it was discovered that some plant substances are
able to react with components in the skins of animals and “tan” them.
The leather produced is much more durable than the dried skin. In
ancient tumes tanning materials isolated from plants became objects of
commerce. Knowledge about extracting these substances, handling them,
and applying them to skins developed through trial and error. In more re-
cent times as science has been applied to an understanding of ancient
skills, there have been attempts to develop methods for detecting these sub-
stances The tanntns react with a number of ions and form dark colors
which have been used for inks, they are readily oxidized with permanganate
and can be titrated. Both the ion tests and the permanganate fest are
nonspecific. .

As interest developed in the chemistry of foods, dark colors and astrin-
gent tastes were ascribed to tanmins Since it was difficult to separate the
compounds responsible for the darkening or astringency at that time, lfoth
the nonspecific permanganate and ferric chloride tests were used Since
certain compounds in foods react, the term “tannin” was used for them
even when 1t was recognized that these compounds probably had httle or
no reaction 1 tanmng leather.

Today the tannins of foods appear to be comprised of the catechins, {ht’
leucoanthocyanms, and some hydroxy acids. All of them give colors »ynh
metal ions. Those which are ortho and para dihydroxy benzene deriva-
tives are readily oxidized by permanganate afthough the mono hydljoxy or
meta dihydroxy derivatives are not. The substances that react with the
proteins 1n skins and bring about tanning are probably polymers of cate-
chins with intermediate molecular werghts. The low }:]nolecu}ar weight com-

any fruits and vegetables are related to them.
PO(l;l;?:c;\l'l‘: am{ epicatechin agre reduced derivatives of flavones, They }::rc
somers 11 which the ring and hydroxyl are probable trans 1 catechin



VEGETABLES AND FRUITS

and ¢is in epicatechin. The structure of the leucoanthocyanins is still un-
certain but they are probably closely related to the catechins,

OH
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Catechins and leucoanthocyamns are present 1n the tissues of those woody
plants studied such as apples, peaches, grapes, almonds, and some pears,
while they are absent in herbaceous plants They are present in cereals
although the amounts vary

Tea and cacao have been extensively studied with the newer analytcal
methods such as chromatography Tea contains a number of compounds of
catechin and epicatechin esterified with gallic acild The most abundant are
3-galloy! epicatectun and 3-galloyl epigallocatechin Epicatechin has been
identified 1n both types of cacao beans, Forastero and Criollo beans.
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HO@[ cn@o“ oH H0©[ ~cn OH
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3-Galloyl Epicatechin 3-Galloy! Gallocatechin

Some of the hydroxy acids are found widely distributed 1n plants. Cafleic
acid is the most common phenolic compound 1n leaves and one of its esters,
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chlorogenic acid, is present in many tj i
s y tissues. Phenyl caffeate is another -
mon ester of caffeic acid. on
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If catechin 15 heated with dilute muneral acids, it forms an amorphous
red precipitate which s highly insoluble. This 1s called “tannin red” or
“phlobaphene” and 1s beheved to be a polymer of the tannin. It is possible
that the reaction 1s a general one for tannins or for one class of tannins.
Phlobaphene 1s reported by Stansbury, Freld, and Guthrie™ to occur in
small amounts w the red skins (testa) of peanuts. They found a large (7 per
cent) amount of catechol tannins as well as some other pigments.

Colers in Foods from Tannins. The tannins are readily dispersed in hot
water, some in cold, to form collowdal systems. When a fruit 1s pressed,
as apples n the preparation of cider or grapes in making juice or wine,
the tannwns flow out 1n the juice. In extraction such as the brewing of tea or
coffee some of the tannins are extracted The exceedingly astringent brew
produced by boiling tea m water for some minutes 15 probably the result
of a thorough extraction of the tannins

When the tea and coffec are brewed with hard water, a brown or red-
brown precipitate forms on the surface of the hqwid; and as the beverage
cools, 1t appears throughout the liquid. Instead of a clear, sparkhng 1n-
fusion, the tea or coffee is distinctly muddy. In iced tea this is par-
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The presence of tannins in hops has been a subject of conside
and di ion among cl associated with brewing. Son
find no evidence for tannins in hops although others get react
uted to them. It has been claimed that the tannins in wort ar
combined with protein and therefore do not give the ordinary te
nins. In one report where the tannins and the place of their it
into beer was detected by the color reaction with ferric chlo
presence of gum arabic and ammenium hydroxide, it was foun
hops and malts contributed tannins, In 14 different samples ¢
quantity of tannins varied from 25 to 55 parts per million.

The chemical composition of tea and the organoleptic qualit
investigated. There is no consistent parallelism between the t
tanmns are the most reliable guide to quality. In tea the tanai
believed to give body and 2 pleasing astringency to the beverage.
tannin can, of course, be very disagreeable and tea which is bc
lowed to steep too long can be puckery and excessively astringer
chol, catechol gallate, and 5-hydroxy catechol have been 1solated
tea.

In wine many compounds contribute to the quality, and tanni
group, Valaer®” says “*A naturally high tannin content is de
shight astringency. In the rougher red types (for example CI
tannin being denved principally from the seeds and skins.” 1]
must be removed from the stems before fermentation begins so
stve astringency s avoided. Also the wire cannot be allowed to
contact with the seeds for too long duning fermentation, or too
nin is extracted, A number of papers have appeared on methods ¢
ing tannins 10 wines and brandies.

THE BROWNING REACTION

@hen fruit and vegetable tssues are tyured in any way o
pecled during processing, a darkening of the tissues called the
reaction sometimes oceurs’){See previous discussion p, 108) Th
has been extensively studied for a few fruits and vegetables but f
has had hitle rcsearch.@ome browning reactions are enzymatic
occur tn fresh Living ussue or at least in ssues that shlf cont:
enzymes Thus when enzymes are denatured by heat or aay ot
shus reaction no Jonger occurs, Consequently, although a fresh g
turn brown after peeling, 2 canned peach wili not. fiosyever, ot
eninge mav not be enzvmatic Thus when orange juice is concer
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on the flavor. This browning reaction is nonenzymatic; it occurs at tem-
peratures above those which denature most enzymes

Enzymatic Browning

(Enzymmic browning occurs in many tissues whenever they are injured.
The injury can be the resuit of bruising, cutting, freezing, or disease. That
part of the injured fruit or vegetable which is exposed to air undergoes a
rapid darkening} Joslyn and Ponting’? published an excellent review of the
status of our khowledge about enzymatic browning in frust in 1951. They
point out that as early as 1895 Lindet recognized that the change in color
occurning in freshly pressed cider ts enzymatic. Since 1895 numerous stud-
w of the enzymatic hrowning reaction in Iruits and vege-
tables, but httle defintive 1nformation has as yet been gained. To begin
with, the problem s extremely difficult and much of the work has been
only qualitative or suggestive However, the techmques of enzyme chem-
istry have developed m recent years During the past ten years great
stnides have been made 1n elucidating many enzyme reactions, and doubt-
less before long the browning reaction will be understood

Several theories of f enzymatic browning have been su, ggested, but as yet
none has been established to the exclusion of all others During the 1920's
Unslow” carried out extensive investigations of enzymatic browmng in
{ruit, She did not 1solate the compounds which undergo the changes but did
carry out qualitative tests for thewr presence, concluding that browning
occurs through the effect of an oxidase on a cafechol compound to form _
cilher a pcruind'eTJr hydrogen peroxide, The hydrogen-peroxide then_oxi-
dizes some other compound, the. chromogen, to form brown_pigment
Onslow studied the enzymes in numerous fruits and found some evidence
for the presence of an oxidase and a catechol compound 1n the fruits that
darken readily (apple. apricot, banana, cherry, grape, peach, pear, and
strawberry), but no evidence of these enzymes 1n the fruits that do not
darken readily (lemon, orange, lime, grapefruit, red currants, melon, pine-
apple, and tomato).

Other early work seemed to tndicate that the enzymes are peroxidases
and that hydrogen peroxide reacts in the presence of peroxidase with some
compound to form the brown pigmgnt However, the possibility that per-
oxidases are the important enzyme systems in browning 1s now doubted.
Ponting and Joslyn®? believe that n apples peroxidase activity counts for
httle or none of the browning Other attempts to find hydrogen peroxide or
demonstrate its activity have not been successful.

Today most evidence suggests that oxidation of phenols or polyphenols
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HO[™ S o
i ] ox, |
HOL _» - —coon — o COOH
h

H H
5,6 Di-hydroxy 5,6 Quinone
indole-2-carboxylic indole-2-carboxylic
acid acid (Red)

pigment is a polymer. It 1s evident with a number of substrates that
quinone formation is not the only oxidative reaction Catechol, for ex-
ample, reacts with 2 4 atoms of oxygen during the sequence while its oxi-
dation to the quinone requires onty 1 atom of oxygen.

Catechol

Some fruitful work 1n the control of enzymauc browning has been done
The use of an antioxidant dunng processing has been used with some suc-
cess. Thus m prepaning peaches for freezing, the addition of small amounts
of ascorbic acid not only prevents browning but also prevent loss of flavor
The effect of the ascorbic acid may be that of an antixoidant

All fruits susceptible to browmng should be processed as quickly as p
sible. Heating destroys the enzymes responsible for the rez ; thus w'
frurt 1s canned or made 1nto jams or jellies, the brot i
as soon as the fruit 1s heated sufficiently high to denal
exact temperature necessary varies with enzyme, ra
other factors Deoxygenation and vacuum closing hay
dimimish oxidation

In the preparation of fruit for freezing, sugars
been successfully used to prevent browning. le
fruit and prevents direct contact with atm
to the fruit, 1t dlssolves mn fruit juices md

nave peen stuaied,
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When furfuraldehyde 1s added to apricot syrup, the rate of browning is
accelerated

Some work has been done on the isolation of the brown or black pig-
ments formed during browning. By repeated precipitation, a product has
been obtained from dried apricots which appears to be homogencous The
exact nature of the compound is still unknown,

The black pigment formed when potatocs are cooked is most noticeable
near the stem end. Much research has been devoted to this problem too,
1t has been found that some varieties of potatoes are much more prone
1o darhening than others. Novthern grown potatoes are much more likely
to give this browning reaction and careful evaluation seems to indicate that
temperatures below 70°F at ime of maturation favor the reaction. The oc-
currence of more extensive blackening at the stem end of the potato ap-
pears to be caused by a tugher pH at this end of the potato. The pH of
the cooking water 1s also of great importance, with more extensive darken-
ing occurrimg at lugh pH’s,

At present, then, 1t 1s known that a nonenzymatic browning reaction
occurs when some fruits and vegetables are processed. We know that the
reaction 15 influenced by atmospheric oxygen, mossture, and temperature.
The compounds undergoing change may be ascorbic acid or some of the
reducing sugars It 1s quite possible that this 1s not a single reaction, but
a group of reactions with one of them more important 1n certain frusts;
however more needs to be learned about the reaction It is of consider-
able economic importance to processors of these foods since not only 1s the
appearance of the product seriously affected but the flavor and the as-
corbic acid content as well

PECTIC SUBSTANCES

Pectic substances (see discussion of structure, p. 87) are widely dis-
tributed 1n plant tissues and are present in rather large amounts in rapidly
growing succulent tissues with a high water content. Some cells possess
walls composed of a single layer, while others on cell division form walls
composed of three layers a pnimary wall, a secondary wall, and a middle
famella that is shared with adjacent cells The muddle lamella is believed to
be composed chiefly of pectic substances that act as a cementing material
and hold the celis together By staiming tissue sections one can readily see
the cell walls and middle Jamelia under the microscope and the relative
thickness or thinness can be easily determined. But when an attempt is
made 10 demonstrate the composition of these layers, the results are not so
clear cut. In many studses a stain, ruthenium red, has been used to reveal
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the pectic substances. It has been shown, however, that although this stain
does color most of the pectic substances, it will also react with other com-
pounds. Therefore, the work with staining techniques is still open to ques-
tion since a stain that colors all the pectic substances yet does not color
other substances has not been found.

It is believed that the middle lamella is composed of insoluble pectic
substances, probably calcium pectates. The primary wall of many cells js
rich in pectic substances believed to be protopectin. These substances
undergo chemical changes as the cells mature and the fruit or vegetable
ripens. Many parenchyma cells contain large vacuoles filled with cell sap.
Some investigators believe that pectic substances are present in the celt sap
and that this may even be the source of the pectic substances in the walls
and middle lamella,

Apples have been extensively studied in all stages of growth and matura.
tion of the fruit, both by staining and by isolation of pectic substances.
Even when the fruit is extremely small, 1.3~1.5 cm in diameter, the middle
lamella and cell walls are readily stained with ruthenium red. This observa-
tion has been interpreted to indicate the presence of pectic substances in the
middle lamella and the cell walls, As the fruit grows, the total pectic sub-
stances increase; however after harvest as the apple softens, the amounts of
soluble pectates and pectinates increase while the total pectic substances
decrease. See p. 285, The crispness of the apple and its abihity 1o resist
puncture are the result of a number of factors. However, the presence of
pectic substances 1 the middle lamelia and in the cell walls js believed to
be of great tmportance. When the pectic substances diminish in the middle
lamella, the cells gradually loosen and can be torn apart more seadily.
When they duminish in the cell walls, the walls become thinner and more
readily punctured. As the apple continues to soften and grow mealy, the
pectic substances that can be stained finally disappear completely. .

1t has also been shown that 10 bananas a marked change in the pecl'nc
substances occurs during ripening. On storage the amount of soluble pectic
substances increases, while the total pectic substances decrease. In one va-
riety of bananas, it was found that there is only a trace gf water sojuble
pectic substances wm the green bananas; but the amount increases as the
banana passes through the ripening stages. .

Similar increases 1n the per cent of soluble pectic substances in mature
peaches as compared to tmmature peaches has been mc_asum.i fo.r four va-
rieties. There 1s a corresponding softemng of the fruit as it ripens and
the pectic substance becomes soluble

Pears also show changes in‘the distribution an
substances as they ripen, The soluble pectic su

d total amount of pectic
bstances increase as the
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pear softens:; as these compounds dissolve, the juice that can be pressed
out increases in viscosity.

The viscosity of fruit juices is proportional to the amount of pectic
substances dispersed colioidally in the juice. When tomato juice is pressed
by the cold-break method, the cells are macerated and enzymes released.
Two of the enzymes present in tomatoes are then free to catalyze the hy-
drolysis of pectic substances, The first, pectin methyl esterase, catalyzes
the removal of methyl groups from the carboxyls on the galacturonic acid
residues of pectinic acids with the formation of low-ester pectinic acids
or pectic acids.

Pectimc acids + H,0 feonmetletorse cyf OH 4 pectic acid

The second enzyme, depolymerase, then attacks the low-ester pectinic
acid or pectic acid and by hydrolysis forms products whose molecular
weights are too low to contribute to the viscosity of the dispersion. The
cold-break method forms a watery tomato juice. If the tomatoes are heated
above 18G°F (82.2°C), the enzymes are denatured, and the pectic sub-
stances extracted with the juice are pectinic acids with a sufficiently high
molecular weight o that they form viscous colloidal dispersions.

The pectic substances 1n a juice not only influence 1ts viscosity but also
often contribute considerably to the ability of the juice to retain sediments
1n suspension In tomato juice a desirable product has considerable sus-
pended matenals and a viscous juice can hold these without their setthing
out Other factors such as the size and nature of the particles are im-
portant, but juices with a watery serum do not have the ability to hold
even rather fine matenal in suspension.

Since a clear hquid 15 expected in some juices, the presence of a rel-
atively high per cent of pectic substances may be objectionable. If it is
necessary to filter the juice, a ugh viscosity slows down the filtration and
may present an economic problem The pectic substances are ordinanly re-
moved by the use of pectinases, enzymes which depolymerize the pectic

b es unt1) the molecules are so small they no longer form col-
loidal dispersions or act as a protective colloid “Pectinase™ 1s an old term
for a commercial enzyme preparation that contains a polygalacturonase
and other enzymes The polygalacturonase hydrolyzes pectic acids 10 low

lecular weight polygal. onides and galacturonic acid. In prepared
clear apple juice, removal of pectic substances 1s almost always necessary
because of the lgh percentage present In wine the clarification and pre-
cipitation of tartrates and other sediments 1s sometimes difficult because the
pectic sub: hold them suspended When the wine is treated with
pectinase, precipitation occurs,
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(a) Showmg cellulose in
carrot samples.

(b) Showing pectic sub-
stances in carrot samples

{¢) Showng cellulose 1n
parsnip samples.

{d) Showng pectic sub-
stances m parsnip sam-
ples

Raw Steamed 45 minutes

FIGURE 75 TRANSVERSE SECTIONS OF XYLEM Tissue Raw on left, steamed 45 minutes
on night Magnification x 300. Courtesy of Stmpson, J 1 and Halliday, E. G . Food Re-
search, 6, 189-206 (1941)
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CHANGES ON COOKING AND PROCESSING

The chemical changes that occur when [ruits and vegetables are boiled
in water, steamed, canned, dried, or frozen are still for the most part un-
known. We are aware that numerous reactions exist, since profound
changes in the appearance, texture, flavor, and color of the fruit or vege-
table occur. But exactly what thesc reactions are is still, for the most
part, the work of the future. There have been a number of studies on po-
tatoes and apples and a few on some other fruits and vegetables. The
changes observed 1n a limited number of vegetables and fruits are sug-
gestive of the reactions in others.

(1) As a result of changes in cellular structure, all fruits and vegetables
undergo softening when cooked, no matter by what method We can expect
either that the celis are separating, rupturing, shrinking, or that 2 com-
bination of these changes occurs When cells separate during processing,
the cementing substances between the cells, in the middle lamella, must
alter. Thus, since the principal compounds in the middle lamella are be-
lieved to be the pectic substances, their change is the first one considered.
(2) Since the cell walls are known to be composed of a matrix of cellulose
sometimes encrusted with other materals, the possibility of changes 1n
cellulose must be considered (3) Starch granules can be seen in microscopic
sections of most fruit and vegetable tissues and are known to swell rapidly
in water (4) The intercellular air changes m volume when subjected to
higher temperatures because of expanston, (5) Alterations i pigments,
formation of acids, and release of low molecular weight sulfur compounds
are indicated from observations of gross changes, A large number of reac-
tions are suggested by cursory observation, but careful and conclusive in-
vestigation of their role 1s difficult and has been applied to relatively few
fruits and vegetables

Changes in Pectic Sut e

In 1941 Simpson and Halliday™ carried out an interesting study on car-
rots and parsnips. See Figure 75 They determined the amount of pectic
substances in the raw vegetable, vegetables steamed 20 minutes, and vege-
tables steamed 45 muinutes and found that while there 1s a steady increase
n the amounts of pectins and pectates as steaming progresses, there is a
decrease 1 the protopectin as well as the total pectic substances. When
sections of tissue were imbedded 1n paraffin and stamed to show the middle
lamella, vegetables steamed 45 minutes had a much thinner middle lamella
than the fresh tssue. Simpson and Halliday concluded that at least one
factor 1n the softening of carrots and parsnips that occurs on steaming 1s
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the changes in pectic substances—the hydrolysis of protopectin to pectins.
See Table 7.6.

Many researchers have attempted to explain the difference in the culinary
properties of some potatoes. Mealiness, waxiness, and sloughing are the
result of cell separating. It has been found that the addition of calcium
salts to potatoes during boiling greatly reduced splitting and sloughing.
However, Freeman and Ritchie'” did not find a correlation between the
amount of pectic substances in raw and cooked potatoes and their meali-
ness.

The hardness of the water used in canning beans may have a profound
effect on their texture. Addition of 1,000 ppm CaCl, to water produces
beans sa hard and tough as to be unacceptable. It is believed that the
toughening action of calcium salts is through their effect on the pectic
substances; calcium pectates are insoluble.

The pectic substances are also of considerable importance in the firm-
ing of canned tomatoes, apples, and other fruits by calcium salts. Canned
tomatoes which are graded A and which therefore bring the highest price
must be relatively firm, yet full-colored. However, during ripening, to-
matoes pass through this period rapidly, soften, and on canning undergo
considerable maceration and shredding. The addition of small amounts of
calcium salts to the pack increases the firmness of the fruit. Calcium
salts can be added to the dip or placed in the can with the salt. Calcium
chloride is permitted in the United States at a level of 0.07 per cent;
and salts such as calcium citrate, sulfate, or phosphate may be used at
equivalent levels calculated on the basis of calcium jon. This level has no
effect on the flavor of the fruit but produces a marked effect on the firm-
ness. The method is also used widely for firming both canned and fra{en
sliced apples as well as baked apples. It has also been shown to be effective

TABLE 7.6. EFFECT OF STEAMING ON PECYTIC SUBSTANCES
OF CARROTS AND PARSNIPS*

Raw Steamed 20 munutes Steamed 45 minutes
C: Parsnips
Fraction of Carrots Parsnips Carrots Parsnips ﬂrco(:
Pectic Substance 0 (43 [ (%) e 2
Pectin 37 47 60 61 88 ;Z
Protopectin 141 102 90 YA 36 o
Pectic Acid or Pectates 08 16 10 20 ;: 57
Total Pectic Substance 186 164 6! 158 1
- T -ee - waghts of cal-
: sgical Studies of
tesearch, 6 189-
206{194Y)
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the changes in pectic substances—the hydrolysis of protopectin to pectins.
See Table 7.6.

Many researchers have attempted to explain the difference in the culinary
properties of some potatoes. Mealiness, waxiness, and sloughing are the
result of cell separating. It has been found that the addition of calcium
salts to potatoes during boiling greatly reduced splitting and sloughing.
However, Freeman and Ritchie’” did not find a correlation between the
amount of pectic substances in raw and cooked potatoes and their meali-
ness.

The hardness of the water used in canning beans may have a profound
effect on their texture. Addition of 1,000 ppm CaCl, to water produces
beans so hard and tough as to be unacceptable. It is believed that the
toughening action of calcium salts is through their effect on the pectic
substances; calcium pectates are insoluble.

The pectic substances are also of considerable importance in the firm-
ing of canned tomatoes, apples, and other fruits by calcium salts. Canned
tomatoes which are graded A and which therefore bring the highest price
must be relatively firm, yet full-colored. However, during ripening, to-
matoes pass through this period rapidly, soften, and on canning undergo
considerable maceration and shredding. The addition of small amounts of
calcium salts to the pack increases the firmness of the fruit. Calcium
salts can be added to the dip or placed in the can with the salt. Calcium
chlonde is permitted in the United States at a level of 0.07 per cent;
and salts such as calcium citrate, sulfate, or phosphate may be used at
equivalent levels calculated on the basis of calcium ion, This level has no
effect on the flavor of the fruit but produces a marked effect on the firm-
ness. The method is also used widely for firming both canned and froz.en
sticed apples as well as baked apples. It has also been shown to be effective

TABLE 76 EFFECT OF STEAMING ON PECTIC SUBSTANCES
OF CARROTS AND PARSNIPS*

Raw Steamed 20 meautes Steamed 45 mnutes
/-__A—\
Ftaction of Carrots Parsaps. Cartots Parzmps Car{ols Pa(r‘s/n):ps
Pectic Substance (4] (2] Ca) %% V4 )
Pectin 37 a7 60 61 88 ;‘79
Protopectin 141 102 90 17 ;4 2 2«[
Pectic Acid or Pectates 038 16 10 20 b 51
Total Pectic Substance 186 164 16.1 158 13,
- 1o ame-a ot five weights of cat

- wstological Studues of

. od Research, 6 (89-
206 (1941)
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in many other fruit products and will perhaps become commercially im-
portant in the future. Raspberries are firmer if they are treated with caleium
salts before canning, The results are also good with canned potatoes,
peaches, and olives. Kertesz, Tolman, Loconti, and Ruyle studied this re-
action extensively and concluded that the calcium ions react with pectic
acids and low-ester pectinic acids which have numerous free carboxyl
groups to form insoluble calcium pectate, It is interesting that mealy apples
in which the amounts of pectic substances are low do not show an increase
in firmness when they are treated with calcium salts.

Reeve and Leinbach®? have studied the saucing properties of apples and
their pectic substances but have not found a correlation between them. The
insoluble protopectins were determined by the usual Carré-Haynes method.
Gravensteins sauce rapidly and those from the 1948 crop disintegrated
more rapudly than either the ripe or green 1947 Gravensteins. Newtown
Pippins and Winesaps resist saucing, while Delicious and Jonathans are in-
termediate Apples tending to sauce readily underwent complete cell sepa-
ration when they were vacuum infiltered with water. When a CaCl, so-
lution was substituted for the water, there was no increase in firmness,
However, in Winesaps, Newtown Pippins, Jonathans, and some Delicious

ples therc was app ble firming These results mdiwcate that, al-
though the difference between saucing and nonsaucing apples is not en-
tirely 1n the pectic substances, the firmness of some varieties is probably
dependent to some extent on these compounds and their distribution. See
Table 7.7

You will remember that it has been shown that changes 1n pectic sub-

TABLE 77 SAUCING QUALITY AND PECTIC SUBSTANCES

IN APPLES*
Cold Water Tnsoluble

Vaniety and Storage Time at 33°F Soluble Pectin Pectin
Ripe, Except Wheee Noted {Per Cent) (Per Cent) Saueing
Delicious, C Grade (1947) | Month 011 029 Intermedsate
Delicious, Fancy (1947) 1 Month 009 034 Intermediate
Gravenstein (1947) 10 Days 00 016 Good
Gravensten, Green (1947) 16 Days 020 030 Good
Gravenstein, Green (1948) 7 Weeks 006 035 Good
Jonathan, C Grade (1947) | Month 00s 031 Intermediate
Jonathar, Fancy (1947) 1 Month 006 030 Intermediate
Newtown Pippin (1947) | Month 012 042 Poor
Winesap, Fancy (1947) | Month 005 034 Poor
Winesap, Fancy (1948) | Month o4 035 Poor

“From Recve, R M and Leinbach, L R, “Histological Investigation of Texture 1 Apples, 1 Comn
position and Influsnce of Heat on Structure,” Food Research 18, 592-603(1953)
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stances occur as apples ripen and mellow, When apples are held in storage
following harvest, there is a gradual increase in soluble pectic substances
and a decrease in insoluble but the total remains fairly constant, As the
apples become mealy and over-mature, there is a decrease in the total
pectic substances and a change of the soluble to nonpectic compounds.
(See p. 285). However, Reeve and Leinbach did find that the percentage of
cold water extractable pectic substances from Cortlands (a saucing apple) is
four times (0.31 per cent) what it is from Delicious (an intermediate—0.08
per cent).

Reeve®® has also studied the seed coat of young peas. He finds that
agents that react with the pectic substances have an effect on the young
peas but not on the mature. Peas grown in soils with an abundance of
calcium have tough coats. He found that as the pod becomes mature the
pectic substances of the middle lamella in the cells that make up the
seed coat become encrusted with pentosans or hemicelluloses, It is likely
that in the mature peas, changes in pectic substances are not as readily
available for reaction, since the pectic substances are partially covered
with hemicelluloses

1t therefore appears likely that the softness that occurs on cooking or
processing fruits and vegetables is partially the result of changes in the
pectic substances. As our teeth sink into a piece of fruit or vegetable,
few cells are ruptured; instead our teeth separate the cells. It is likely
that the ease of biting and chewing results from the changes in the sub-
stances that cement the cells together, the pectic substances. The large
molecules of insoluble protopectins are in some fashion hydrolyzed to
smaller, so-called soluble pectic substances which are able to form col-
loidal dispersions in water. Reeve’s findings on mature seed coats do not
disagree with this conclusion, since it is a frequent observation that old
woody vegetables cannot be softened by cooking.

There is the possibility, at present not established, that the pectic sub-
stances in other vegetables become encrusted with compounds such as the
nemicellloses incapable of partial hydrolysis under the mild conditions of
cooking. Scott” found that leaves, stem, fruit, and flowers of a number of
plants (not foods) contarn a thin layer of material which she called
“suberin,” lining the entire system of intercellular air spaces as well as
on the inner surface of cell walls, This substance or mixture is insulub_le
in 80 per cent sulfuric acid and also in chromic acid anc'l increases in
amount as the plant ages. Scott considered the material waxy in nature, but
offered no evidence for this conclusion. Whatever its nature, it is tikely t!m‘
compounds reststaat to 80 per cent sulfuric acid are not hydrolyzed during
cooking and that this Iayer may account for the lack of soltening that
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sometimes occurs Until more evidence accumulates, we conclude that
changes in pectic substances are among the important reactions that occur
in processing vegetables and fruits.

Changes in Cellulose

Little attention has been directed to the possibility that the cellulose
in cell walls undergoes some changes during cooking or other food-process-
ing methods The resistance of the ccllulose from such well-known sources
as cotton fibers, to the action of hot water, has thrown doubt on the pos-
sibility of hydrolysis However, the work of Simpson and Halliday™ with
carrots and parsnips shows that on steaming, the cell wall thins out; they
assume that this indicates a change 1n cellulose.

Changes in Starch Granvles

Although starch granules occur 1n most plant tissues 1n storage leuco-
plasts surrounded by thin strands of cytoplasm, starch also occurs 1n the
chloroplasts of leaf cells when light falls on the leaf Chloroplast starch
is thought to be only transient, 1e, rapidly hydrolyzed, carried in so-
lution to the storage cells and then resynthesized into the storage starch
During processing the starch granules undergo the same changes that occur
when starch and water are heated See p 105 for a discussion of these

h 1n simplified sy Durning heaung the starch granules swell if
suﬂicncnt water s present. Tissue shces of steamed or boiled potatoes show
swollen and often gelatinized starch granules Occasionally when the cell is
stained with 10dine, the outhine of a starch granule can be seen, but more
often the whole cell 1s filled with the gelatinized starch. Sometimes the
cells rupture and the gelatinized starch streams out.

A number of papers have been published on the changes in potatoes,
particularly dehydrated potatoes Weier and Stocking® studied (1) freshly
mashed potatoes, (2) dehydrated mashed potatoes of poor quality, and (3)
dehydrated potatoes of acceptable quality They found that in all three
cases (numerous samples were used) gelatinization of starch occurred al-
though outhines of the swollen granules could be detected in most of the
cells. In freshly mashed potatoes most of the cells remained intact with
litle gelatimzed starch between the cells. However, in poor-quality po-
tatoes many of the cells ruptured, resulting in much gelatinized starch be-
tween the cells. When water 1s added to these dehydrated potatoes, the
starch granules swell, rupture the cells, and stream out between them
making a thick, sticky starch paste. Weier and Stocking conclude that
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fiuffy mashed potatoes are composed of a mass of unbroken parenchyma
cells with little starch in between.

Reeve®! found that when White Rose (nonmealy) and Russet Burbank
(mealy) potatoes are steamed or boiled, it is difficult to demonstrate the
presence of individual starch granules because they are so swollen. See
Figure 7.6. He found that in the nonmealy White Rose potato cell ruptur-
ing was more pronounced and there was much more gelatinized starch be-
tween the cells He concluded that the escape of gelatinized starch from
ruptured cells causes a sticky or gummy texture in cooked potatoes. How-
ever, he found that factors other than starch are also important. Young
Russet Burbanks produced a texture in the steamed slices between mealy
and waxy, but sometimes sticky, and yet showed no escaped starch He had
indications that the starch 1n the two types of potatoes had different hydra-
tion properties because of the difference in the colors obtained with 10dine
staining and the difference 1n the ability of some starch to escape without
noticeable rupturing of the cells In some specially treated samples of non-
mealy White Rose potatoes, starch appeared between the cells although
little or no cell rupturing occurred. This 1s probably low molecular weight
amylose. See Tables 78 and 79

The swelling of the starch granules in cells 15 often a factor in causing
cells to break apart. Howcvcr,@:e changes that occur n starch granules
during processing 1s the result not only of gelatimzauon of starch but also
activity of amylases and hydrolysis of starch to dextrins and maltose} Mann
and Weier* reported that starch of carrots, although variable 1n“amount
and location, 1s generally found 1n the cells of the cambium They observed
that rate of heating during blanching has a marked effect: thus, 1f rapid,
requiring less than 60 sec to reach 75° C, sections of carrot stain blue, with
1odme showing the presence of starch, whereas 1f slow, sections stain
purple, red, or pink, with 10dine indicating presence of dextrins. The differ-
ence lies in the different temperatures at which carrot starch swells and the
temperature at which the amylase s inactivated  Although carrot starch has
a gelatinization temperature between 40°C and 50°C, Mann and Weer
found that the iactivation temperature of carrot amylase is about 75°C
Thus, if the carrot 1s rapidly heated, the enzyme 1s mactivated before any
extensive hydrolysis occurs. On the other hand, if the carrot is heated
slowly, the starch granules swell and considerable amylase activity 1s pos-
stble before the temperature of inactivation 1s reached. Although the rele-
vance of these phenomena to other fruits and vegetables is not really
known, this work on carrots may be applicable; indeed in other fruits and
V.:gctablcs blanching is usually carried to @ point where enzyme inactiva-
tion occurs,
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Changes in intercellular Air

The parenchyma tissue of fruits and vegetables is composed of cells
separated by tiny pockets and passages of air, In some fruits and vege-
tables the amount of air may be appreciable, in others quite small. Fresh
peaches may have as much as 15 per cent air while plums have very little.
When the fruit or vegetable undergoes processing, changes occur in the
intercellular air. If the product is simply heated, the air will swell, force
the cells apart, and often cause cracks in the food. Thus in a baked potato
or baked apple, swelling occurs; however, on cooling, the product shrinks
and cracks in the body are noticeable. Further changes may take place as
the cell walls become more permeable. Cell sap, the solution held in the
vacuoles, may escape into the intercellular spaces, causing a change in the
appearance and juiciness of the food. Thus the chalky appearance of the
product changes to one of translucence as the air is replaced with water.

This can be readily seen when green beans are placed in hot water. As
soon as the bean is submerged, 1t begins to look greener because of the dis-
charge of air from around the hairs on the surface and perhaps from be-
tween some of the surface cells. In many foods juiciness is markedly af-
fected because the fluid that now fills the intercellular spaces readily
escapes from the tissues. Weier and Stocking®” point out that if the cellular
sap is insufficient to fill the intercellular spaces the chalky appearance does
not disappear; thus 1n steam blanching of cabbage it is retained. On boiling
a fruit or vegetable a third change may occur: the discharge of inlcrcc]lu!ar
air and the filling of the spaces with the cooking water. Reeve and Lein-
bach®® were able to cause complete cell separation in saucing apples by
vacuum infiltration of the apple tissue with cold water. They sirflply re-
placed the air in the intercellular spaces with cold water, and in some
varieties of apples this caused the apples to disintegrate. Reeve®® points out
that the large interceliular spaces of the apple provide a tissue ﬁ.lat is
readily impregnated with syrups. He did not find that the amount o.[m!cr:
cellular air (20-22 per cent for Delicious, Newtown Pippin, and Winesap;
23-24 per cent for Rome Beauty; slightly over 25 per cent fqr G.ravenstcm)
explained the difference in texture of these varieties on cooking in water of
steam

Production of Volatile Acids

Many green vegetables contain volatile acids that are partially gnvenhoﬁ'
during cooking, These acids are of importance during cooking beca;sc l“c;'
have a marked effect on the color and flavor of the cochd vegetal lc.h_ :
lid is placed on the cookmg vessel, these acids dissolve in the steam whic!
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condenses on the hd. drop back into the cooking water, and fowet its pH,
Chlorophyll, which is very sensitive to any pH below 7, will change to
pheophytin and other ofive green pigments, Green beans, spinach, or broc-
colt cooked in a covered hettle will be browner in color than another
sample cooked without a hd for the same length of time and under the
same conditions When the tid is telt off the vessel, these volatile acids are
partially evaporated. They affect the flavor in two ways: (1) they have sour-
ness and flavor themselves, (2) they speed up hydrolysis of sulfur-contain-
ing glycosides and produce distasteful sulfur compounds, The volume of
water in which one of these green vegetables is cooked is hhewise 1m-
portant since these volatile acids are readily soluble in water and can be
diluted by using generous amounts of cooktng water

The chemical nature of the volatle acids evolved duning cooking is at
present unknown, Presumably they are low molecular weight organic acids
such as formic, acetic. propionic acid, and perhaps lactic acid. The amount
of acid evolved dunng the cooking of the vegetables has been measured
by condensing the steam 1n a regular distillation outfit and titrating the
acid evolved

Exactly where these acids are located 1n the living tissue and their fune-
tions are for the most part unknown They are probably dissolved in the
cell sap since biting or squeezing a frust or vegetable releases juice 1n which
they are present However, in some fruits at least part of the acids must
occurin a different section of the cell from the anthocyanns that are dis-
solved in the cell sap When plums. blackberries, or blueberries are cooked,
the pig tedden This ind that the pH has dropped Blackberries
ina blackberry cobbler may become quite red In some way acid and pig-
ment which have been separated 1n the tssue have now reacted When
vegetables are cooked in water, the acids are quickly leached out

Most investigation of organic acids n fruits and vegetables has been
carried out on the whole fruit by maceraung or grinding the tissue and ex-
tracting the acids They have then been identified by typical reactions or
occasionally 1solated and identified Malic andeitric acid are the most com-
mon and are present 1n smafl quantities even in frits and vegetables not
usually considered ““acid ** They appear to be present mn all plant tissues.
For example, bects contamn 0 11 per cent aitne aaid, while cucumbers have
024 per cent malic acid and pumpkin © 15 per cent Oxalic acid occurs in a
number of foods in small quantibies and n rather large amounts in rhubarb
and some leaves such as p h, beet greens, lambsquarters, and purslane,
Traces of tartaric acd have been reported in frunts and vegetables as differ-
ent botanically as the avacado, artichoke, quince, and black raspberry,
while Concord grapes contamn as much as 1 per cent of this acid. The
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quantities of the acids vary with season, npeness, and variety, of cousse.
See Table 7.14, p. 287. Succinic, Jactic, benzoic, and isocitric have also been
found in small amounts in numerous fruits and vegetables, Cranberries
contain quinic acid that also occurs in many plant tissttes as part of the

molecule of chloragenic acid. See Table 7.10.

A few acids which are volatile have been identified along with numerous
other types of organic compounds important in the flavoring of fruits and
vegetables, Kirchner lists both acetic and n-caproic acids in the ether ex-

TABLE 7.10. QRGANIC ACID CONSTITUENTS OF FOODS*

Cine And Malic Acrd
Faod ttems (Per Cent) (PerCent) Other Avids
Apples

Crab 0.03 102 -

Delicious - 027 -

Grimes' Golden -~ ¢ —

Jonathan - 0.75 —

Melatash -~ 0.72 -

Rome Beauty - 078 -

Winesap trace 050 -

Yellow Transparent 602 0697 -
Apricats, Canned 106 033 -

Dried 0.35 081 Trace of ovalic
Arstichokes 0.10 017 Trace of tartane
Asparagus 0.4 010 -~
Avorados — — Teace of tartaric
Bananas 032 037 -
Beans, Lima 065 017 -

String, Green 003 0.13 -

Beets on — -
Blackberries trace 0.16 Trace of oxahc and
succinic, 052 per
cent isocttric
Blueberries 156 .10 Trace of ovalie
Broceol 02 012 -
Cabbage 014 010 -
Cantaloupe — -~ -
Carrots 003 024 -
Cauliffower 021 g z‘; -
Celery 0.01 -~
Chetries — 0.56-199 -
Montmorency, Canned — 145 :
Corn, Sweet —- -
b zoic, 0 063 per
Cranbernzs 110 026 f:r:;, e, 1 per
cent (Isham, 1935}
Cucumbers ool 024 -~
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TABLE 7.10. {Continved)

Ciine Aad Malic Acid
Food Ttems {Pee Cent) (Per Cent) Other Acids
Currants 230 oS Traces of oxalic
and succinic
Figs 034 trace —
Gooseberny Present 050 208 -
Grapes - 065 043 per cent
tartanc

Juice, Concord 002 o3l 1 07 per cent

tartaric
Grapefruit 133 (114 ~
Kale 0135 005 -
Lemons 384 trace —-

Juice 608 029 —
Lettuce, head 002 017 -
Mushrooms - D4 —_
Okra 002 012 -
Onions ao? at? —
Oranges 698 trace -
Parsmips 013 035 -
Peaches 037 037 —

Canned 00s 069 -
Pears 024 012 -

Bartlett, Canned 042 016 -
Peas, Fresh on 008 -
Peesimmons, Japanese 009 —
Prmeapple 084 02 -
Plum, Califorma 003 092 —

Damson 248 -
Potatocs, 1daho 051 - -

Sweer, Cuban 007 - -
Prunes, ftalian Style 144 ~
Pumpkig 015 -
Raspbernes, Black 106 -

Red 130 (i) —
Rhubary 04l 77 Q 12 per cent oxalic
Spinach 008 009 —
Squash 00y 032 -
Strawberrics 091 010 —
Strawbernes 108 016 —
Tomatoes 030 020 —
Tomatoes 047 005 -
Turnyps, Whae 0 -
Watermelon 020 -
Whole Wheat Flour 005 - -
Youngbernes, Canned 062 024 —
&'hi’rtr\md from Table 2810 Bridges, M A and Mattice, M R, “Food and Beverage Analysis.” Lea &

"ec, Philadelphia, Pennsylvanid, 1942
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tract of strawberry juice; butyric acid in extract of carrot seed oil; acetic
and propionic acids in molasses; and octanoic, valeric, and n-nonoic acids
in cocoa,

Volatile Sulfur Compounds

Some vegetables have volatile sulfur compounds as an important part of
the flavorful materials present; others produce volatile organic sutiur com-
pounds when the cells of the vegetable are crushed, enzymes are released,
and hydrolysis occurs. In still other vegetables volatile sulfur compounds
are formed during cooking when acids are released from the cells and re-
action with larger molecules takes place. Our knowledge of these com-
pounds is fragmentary because few vegetables have been studied in this
respect and even these few not intensively.

Garlie, onions, and related species owe their peculiar peretrating odor
and flavor to sulfur compounds. In 1892, Semmler reported that garlic oil
contains 60 per cent of dially! disulfide, C;H,S,: 6 per cent allyl propyl
disulfide, CH,==CHCH,SSCH,CH,CH,; and 20 per cent of dialiyl tri-
sulfide, C;H,SSSC;H;,. In more recent years investigation of garlic indicates
that *“garlic oil” 15 not present in the whole garlic, but is formed on crush-
ing. Crushing inaugurates an enzymatic reaction that releases the following:

O NH, §
CH,=CHCH1§CH,(J:HCOOH CH,~=CHCH,SSCH,CH=CH,
Alliine Alhcin
S-allyl Cystein Sulfoxide Diallyl Thiosulfinate

Stoll and Seebeck” have shown that the parent substance in garlic is
alliine, which forms allyl thiosulfinate on crushing. Onion has been shown
to contan allylisothiocyanate, CH,=CHCH,CNS, as well as allyl propyl
disulfide. .

The cruciferous plants are a large family (Brassica) noted for th.elr
peppery flavor and their content of organic sulfur compounds. They in-
clude the cresses, radishes, mustards and cole vegetables as well as many
weeds and garden flowers. Synge and Wood” have identified 5-{"601)'"
cystein-S-oxide i cabbage and have detected 1t in turnip, cauliffower,

H!
0
H2
HNH,

OOH
S-methyl-cystemn-S-oxide
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hale, sheperds’ purse, and white mustard but not in water cress, radish, or
some other members of the family which have been tested,

The isothiocyanates are a group of organic compounds, commonly
called “mustard oils.” The name ariscs from the occurrence of allyl iso-
thiocyanate in mustard oil. It has also been detected in many other mem-
bers of this plant family.

CH,=CHCH,NCS
Allyl Isothiocyanate
“Mustard O™

Steam distiflation of radishes produces an isothiocyanate which is either
4-(n-butylthio)butylisothiocyanate, C,H,SC,H,NCS, or 4-(n-butylthio)-
crotony lisothiocyanate, CH,H,SCH,CH=CHCH,NCS. B-Phenylethyliso-
thiocyanate has been 1solated from ground water cress

@cmcu,wcs

B-Phenylethyhsothiocyanate

Simpson and Halliday” measured the amount of hydrogen sulfide
evolved during the cooking of cabbage and cauliflower by condensing the
distillate and precipitating the sulfide 10n as cadmium sulfide. The organic
sulfur compounds 1n the filtrate were estimated by oxidizing to sulfate
with b water and precipitating as barium sulfate They obtained de-
termmanons of the rate of formation of hydrogen suifide and organic
sulfur compounds but did not identify the organic sulfides. They found that
the amount of hydrogen sulfide increases between 5 and 20 min in boiling
cabbage and the organic sutfur between 7 and 30 min Cauliflower gives off
more hydrogen sulfide and volatile organte sulfur duning the same cookery
pertods Since the most acceptable products are formed when cooking time
1s only long enough for the vegetable to become soft, they believe pro-
longed cooking produces disagreeable flavors and odors through the for-
mation of hydrogen sulfide and organic sullur compounds

The evolution of hydrogen sulfide during the cooking of corn can be
demonstrated Since corn 1s not cooked for great lengths of time, hydrogen
sulfide formation 1s no problem; but during canning, where it is important
to use higher temperatures and longer periods of processing, the volatile
sulfide formation may account in part for the “canned corn™ flavor, So far

no reports on sulfide formation duning *“flash™ canning of corn are
available

279



FOOD CHEMISTRY

In one study volatile sulfur compounds were measured in a number of
vegetables. During processing a smail amount splits off from peas, aspara-
gus, and kohlrabj but more from spinach and beans, The products of open-
kettle canning contain less volatile sulfur compounds than the fresh vege-
table since the sulfides are rapidly vaporized from the kettle. During the
cooking of carrots, chanterelies (a kind of mushroom sometimes called
“*brick tops™), and celery enough was volatilized so that none was detected
in the cooked food.

The formation of volatile sulfur compounds 1s probably responsible for
the develapment of the cooked flavor of many vegetables and the over-
cooked flaver of some on prolonged boiling. Some vegetables such as
onions become tncreasingly mild with cooking—probably the result of the
solution and vaporization of the sulfur compounds, so prominent a part of
their flavor. Others such as cabbage become increasingly strong Ravored,
which indicates that more and more volatile sulfur compounds are syn-
thesized as cooking progresses. Mellowing or ripening of flavor occurs
when stews and soups containing vegetables such as onions, garlic, or leek
are allowed to stand; such mellowing is probably the result of the disper-
sion of these substances through the mix.

The onigin of these volatile sulfur compounds is beheved by some in-
vestigators to be in glycosides hydrolyzed by enzymes, or from the ele-
vated temperatures and the release of acids during processing, Little iso-
Iation work has been done, and we are still ignorant of the precursors of
most of these compounds. Much study is needed for a complete under-
standing of the role of sulfur compounds in the preparation of fruits and
vegetables.

POST HARVEST CHANGES IN FRUIT

It has been recognized for many years that fruit continues to undergo
chemical changes after harvest until finally spoilage occurs as it is at-
tacked by fungi, yeasts, or bactena. Since the eating quality changes with
{hese reactions and the monetary value of the crop depends on it, a few
fruits have been studied extensively. Both apples and bananas have been
the subject of many mvestigati and a iderable body of knowlcc}gc
has been built up through the years, Pears and cherries have been studied
less frequently, while some fruits have scarcely been vestigated. {\pples,
pears, citrus fruits, and bananas are stored for variable.lenglhs of time l?e-
fore they are consumed; and the changes which occur in th.cm are signifi-
cant economically, Cherries, plums, and berries of alt k‘."ds are more
perishable and teach market soon after picking. If these fruits are kept for
any length of time, they must be either canned or frozen.
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The changes-of fruit after harvest are numerous and include changes in
(1 tespiration, (2) water content, (3) carbohydrate, and_(4).organic_acids
an .

(1) At the time of harvest the respiration rate of apples and pears has
sunk to a low level, However, soon after picking, the uptake of oxygen and
the production of carbon dioxide begin to speed up until finally a climax
is reached, called the climacteric. 1t 1s followed by a steady decrease in
respiratory rate, often called senescence. Pearson and Robertson®* have
studied the respiration of Granny Smith apples in Australia and have
found that apples left on the trees for longer than 250 days past petal fall
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context is the work of Barnell® on ripening bananas: he records a steady
loss of starch; whereas his data for sugars show an increase in some cases
but a decrease in others. See Table 7.11. These data indicate that the rela-
tion between starch and supars in fruit is complex. In apples and pears
sucrose, glucose, and fructosc are the important sugars, with fructose the
most abundant. See Table 7.12. The source of these sugars and their role in
metabolism during the climacteric have been the subject of some specula-
tion, but as yet the course of the reactions has not been established.

One of the most obvious changes in fruit is the alteration in texture.
Since pectic substances are present in the cell walls, they have been the sub-
Ject of many investigations, so that we have a fairly clear picture of the
changes in these substances after harvest. Apples 1n storage slowly soften,
and the rate depends on the temperature of the storage barn as well as the
varicty of the apple. The graph (Figure 7.10) shows the course of softening
and the close correlation with protopectin and soluble pectin content.
Protopectin falls and soluble pectin rises until late in the storage period
when a reversal of this trend occurs A decrease in chain length as well as
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FIGURE 79 Disappear-
ANCE OF STARCH ON Rip-
ENING OF APPLES Photo-
graph taken on August 27,
1958 of apples stained with
sodine From left green
Jonathan, npenmg Mcin-
tosh, ripe Wealthy Cour-
tesy of Kalamazoo Gazette
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”YABI.E 7.11. CARBOHYDRATE COMPOSITION OF BANANAS DURING
EATING RIPE STAGE EXPRESSED AS PERCENTAGE OF FRESH PULP

Heavy 3/4 Full Ripened at Tropical Temperature

Days
from Harvest Starch Totai Sugars Sucrose Glyeosidic Glucose
7 156 13450 3.660 0334
9 0654 12.770 L700 0227
i 0357 12 600 0990 0209
Heavy 3/4 Full, 14 Days at 53" F, Ripeacd at 68°F
Days
from Harvest Starch Total Sugars Sucrase Glyeosidic Glucase
19 7.52 6.586 1888 0.241
2 367 10210 2,24} 0630
24 1620 11.248 2.35¢° 0656
Standard 3/4 Fuli 14 Days at $3°F, Ripened a1 68°F
from Harvest Starch Total Sugars Sucrose Glycosdic Glucose
20 525 {1610 3.755 0307
22 2389 12720 3.890 0208
24 161 12 895% 2220 0235

foss of methyl groups probably occurs during the softening period and ac-
counts for the rise i soluble pectin.

Pears are picked n the hard stage and held at low temperatures untif re-
quired for ripening. On return to room temperature they rapidly ripen and
soften. If pears are held too long at low temperatures, they develop
“sleepiness™ and instead of ripening satisfactonily they turn brown as they
soften. In pears as in apples there is a change in the pectic substances dur-
ing softening with a rapid drop in the amount of protopectin and a rise m
soluble pectin, See Figure 7 11 During cold storage the amount of proto-
pectin increases. Bartlett pears that develop “sleepiness” do not show the
fise in soluble pectins on exposure to ripening temperatures during January
or February. It is believed that during cold storage inactivation of pectic

TABLE 7,12. SUGARS IN APPLES AND PEARS*

Pear Suce
Apple Jurce (26 Varetiesy
Sucrose 66- 566g/L I~ g/l
Glucose 12.3- 880 5- 35
Fructose £92-1138 65-112

-3 ! the Biochemstry of
*Data feom Tavernrer and Jacquin, reported by A C Hulme, “Same Aspects 0.
Apple and Peac Fruits,” ddances Food Research 8, 291-$13£3858).
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FIGUre 710 ClANGES
™ HARDNESS, SOLUBLE
PECTIN, AND PROTOPECTIN,
As shown in frut for
Canada apples dunng stor-
age at vanous tlempera-
tures Adapted by A C
Hulme from Ulnch
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enzymes slowly occurs and normal hydrolysis of protopectin does not
oceur

Bananas undergo loss of protopectin and merease 1 the smaller mole-
cules which make up soluble pectins duning ripening Von Loesecke®* has
presented data (Table 7 13) for vanious varieties of bananas

Loss of protopectin and nise of soluble pectins have been found 1n
peaches, plums, and tomatoes as they ripen Raspberries do not show a
correlation between the pectic substance fractions and the development of
mushiness in the frunt as it passes its peak of npeness,

Changes in celluloses, hemucelluloses, and hignins have been followed 1n
asmall number of fruits and with a few varieties Jermyn and Isherwood
have found that during npeming Conference pears show a rapid rise in
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great since it is used by many forms of life as a metabohc pathway. The
Tunction of acids such as quinic and shikimic is as yet unknown, but must
surely have some role in metabolism,
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CHAPTER EIGHT

Milk and Milk Products

MiLh AND MiLh BRODUCTS have formed an important part of the diet of
Western man since the dim reaches of history. 1t is not kaown when ani-
mals were first domesticated but soon after man became a farmer, he began
10 heep and rase animals. AH mammals produce milk after the birth of the
young and man has used the milk of many animals for s owa food The
cow is, of course. the most tmportant of all these antmals as a supplier
of food for man. but yak, remndeer, buffalo, or goat mik 1s more im-
partant in some parts of the world.

For mamy generations numerous fammbes kept their own cow and the
mitk was supphed fresh from the udder, morning and night. However,
with the nse of aibes and the growth of specialues, the dairy industry
developed, Both governmeats and danes attempted to develop checks on
the purny of mulk, both from the chemucal and bactertologicat stand-
paints The United States has extensive federal regulations on the mitk and
smik products that pass i interstate commerce, while cach state has many
faws for the regutauon of they production and sale within sts boundaries

The wnterest 1n obtarming and producing fugh grade milk and milk pred-
ucts has resulted in a large aumber of studses of the composstion of mutk.
The studies for the most part bave been stanted to answering the problems
of control, but nevertheless much general information about nutk and mtk
products has accumulated

In the United States when the term “milk™ is used, it always refers to the
mulk of cows {f the itk of another species 1s miended, the name of that
species precedes “matk™; 1 e, “human aulk” {sometimes “woman's milk™),
“goat mitk,"” et

The Food and Drug Admumstratson of the U, S Depactment of Agricul-
ture defined itk wn August, 1926 “Mulk is the whole {resh, clean, lacteat
secretion obtamed by the complete milking of one or more healthy cows,
properly fed and kept, excluding that obtained 15 days before and 5 days
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after calving, or such longer period as may be necessary to rent
milk practically colostrum free.”

FORMATION OF MILK

The production of mifk by the mammary gland of any female m.
depends on three phases; (a) the development of the mammary gl
secretion of milk, and (c) emptying of the gland. After conception a
implantation of the embryo into the uterine wall, a series of changes
in the mammary glands. These are under the influence of hor
elaborated by the ovary and the corpus luteum. The mammary glan
gin to proliferate; the epithelium of the lobes increases rapidly a
secretory cells develop. Toward the end of pregnancy these glands
ta form a secretron. When parturition occurs, the influence of the pla
hormones is removed from the paituitary, permitting it to form a hor
prolactin, which causes secretion in the prepared mammary gland.

The first secretion of the gland differs from milk and is called colo.
the composition of which is compared below with that of milk. It is
atively thick fluid during the first days postpartum, gradually chang
appearance and composition to those of milk. 1t differs from milk chi
its protein content as well as some of the vitamins and amino
Rather recent work with cow’s colostrum gives the following compa
compared with normal milk. {Quoted from Sutton's report in Macy,
Kelly, H I, and Sloan, R, E., “Compositions of Mik,” Natl. Acas
Natl. Research Council, Publ (1953)}.

Per Cent of Total Nitrogen

Casesn Albymun Globulin Noap)
Colostrum 3t 6 35
Mature Milk 7 8 18

In 2 summary of the work to 1953 on the vitamun composition
two fluids, Sutton points out that vitamn A actwity is much high
colostrum than in milk. The concentration 1s 10 to 15 tumes higher d
the first few days of secretion than the average for mitk. Likewise,
Ravin 1s present at a 3 to 3.5 fold concentration. Colostrum is high
thiamine and biotin, about the same in niacin, and lower i pantot
acid. It also contamns more of the amino acid, tryptophan, than nc
mitk

In women it is common to consider the period of colostrum form
the first five days postpartum, of transitronal milk formation, days 5 ¢
and mature milk formation after the tenth day. Actually, c'wdencc indi
that the period of calostrum formation differs with individuals and v
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tity present in the milk is relatively constant, and it is the total secretion of
all components which is influenced by a lowered intake.

Diet does have an effect on the constituents of the milk responsible for
the development of “oxidized flavor.” This is a flavor which is variously de-
scribed as “cardboardy™ or “oily” and it may be so marked as to make the
milk completely unpalatable. It appears to develop when milk is in contact
with oxygen and particularly rapidly if the milk contains small amounts of
copper. Milks vary considerably in their tendency to develop this Ravor
and a fair amount of work has gone into attempts to understand and con-
trol it. Various compounds have been implicated as the active agent—
phospholipids, ascorbic acid, and the tocopherols—but so far it 1s not un-
equivocably known. Krukavsky, et al.¢ have shown that diet has a role.
Cows fed roughage from late cut hay, timothy in full bloom, and alfalfa,
whether fed as silage or as field cured hay, did not produce a single sam-
ple of milk which developed an oxidized flavor. The milk was tested by
adding 0.1, 0.5 or 10 mg copper per { of muk and holding the samples at
0°-5°C for 10 days. However 53 per cent of the samples from cows fed
early-cut hay, either silage or dried hay, developed oxidized flavor—some
of them very strong.

Milk possesses a fine delicate flavor that results from the blending of
many compounds which affect taste and olfactory endings. A flavor differ-
ent from that of normal milk is objectionable and milk with an unusual
flavor is not accepted by the c . Josephson® di d flavors in
milk in his American Chemical Society Borden Award address and at-
tributes the “sunlight” flavor which is produced when milk is exposed to
sunlight to the photolyss of the amino acid, methionine. A “cowy” flavor
occurs when acetone bodies appear in the milk. Cows are prone to develop
ketosts, a condition in which fatty acids are not completely oxidized to
carbon dioxide and water and in which some acetone bodies are formed.
The acetone bodies are acetone, S-hydroxybutyric acid, and acetoacetic

CH,COCH, CH,;CHOHCH,COOH CH,COCH,COOH
Acetone B-Hydroxybutyric Acid Acetoacetic Acid

acids. When they are produced in an animal, they are carried by the bloqd
and excreted 1n urine and breath In a lactating animal they also appear in
small amounts in the milk,

The flavor of milk changes when 1t 15 heated for any length of time and a
“cooked” flavor develops. This is noticeable in evaporated milk even when
great precautions are used to avoid overheating. Josephson am}bu\cs the
“cooked” flavor to heat denaturation of lactalbumin. He attributes the
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“carmelized” flavor which sometimes develops to changes in lactose with
the formation of furans

Variations in composition are balanced by pooling the milk from a large
number of cows Many dairies produce “standardized milk™ which con-
tains approximately the same amount of butterfat throughout the entire
year. Usually the standard is that required in the particular area served
by the dairy, and it can be met by adding cream or skimmed milk to the
pool if this is allowable. The regulations governing the sale of milk are
quite stringent Even when a dairy serves a relatively small area, its prod-
uct is often subject to local laws These laws usually have some regulations
regarding microorgamisms and filth, as well as some regarding butterfat
content Many state laws allow standardization by the addition of either
cream or shimmed milk

The bacteriology of mulk 1s very important In the udder, mdk s rel-
atively free of microorgamisms, bacteria, molds and yeasts, but it is readily
contaminated by organisms on the outside of the udder, on the hands of the
milker or the milking machine, and on the vessels in which 1t 1s trans-
ported and stored Not only 1s milk an excellent food for the nourishment
of man, but 1t 15 also fine for the nourist of microorg When
they are introduced mto mulk, they flourish and multiply rapidly. A food
with a large population of microorganisms 1s not only worthless as food
but highly dangerous

CHEMICAL ANALYSIS OF MILK

Butterfat 1s the most common constituent of milk that 1s determined
In the past milk has often been bought on the basis of its butterfat con-
tent The practice of paying for the milk solely on the basis of fat, if it
comes up to standards as far as bacterial count, 1s not as common as
formerly, but the amount present 1s still determined Every lttle dairy
the country has the simple equipment necessary for the determination of
butterfat The Babcock method 15 used widely for this determination and
although 1t 1s not too simple to carry out with accuracy, 1t 1s used by many
people who have had no traiming 1n chemistry Some states have legal re-
stnctions on the equipment used 1n the determination, in order to insure
accuracy 1n able hands

The Babcock method 1s one which releases the fat trom the milk emul-
sion and measures the percentage directly in bottles calibrated for this. A
standard volume of milk, 17.6 ml 1s treated with 17 5 mi of concentrated
sulfuric acid. The acid denatures and partially hydrolyzes the protein, so
that it no longer acts as a protective colloid. The fat rises to the top. It is
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kept liquid by heat from the reaction and by warming the milk-acid mix-
ture, as the determination proceeds. The bottles are whirled in a centrifuge
which causes the fat to rise. Hot water is added and the process is repeated
The fat which accumulates in the neck of the bottle and which is read as
percentage butterfat is “crude fat” and contains all the lipid materials in
the mitk.

The Rose-Gottlieb (because of the umlaut, sometimes spelled Roese)
method requires extraction of the milk with a mixture of ethyl ether and
petroleum ether, distillation of the solvent and weighing the fat residue.
The fat is then dissolved in petroleum ether and any insoluble residue
werghed. The difference gives the butterfat content of the sample. This is
also a “crude fat” determination since it includes all compounds which
are soluble 1n petroleum ether. This comprses all lipids, the fat soluble
vitamins, and pigments.

Milk solids include all of the compounds present 10 milk except water,
and are readily determined by evaporation of a sample in a weighed flat
bottom dish at approximately 100°C to constant weight. It is necessary to
avoid heating the sample above this temperature since browning of the
residue will occur. Milk solids can be determined approximately by meas-
uring the specific gravity with a Quévenne lactometer and applying the for-
mula (%Solids = 0.25L 4 1,2F + 0.14) where L = lactometer reading
and F = percentage of fat in the milk. The lactometer reading must be cor-
rected to 60°F before the formula is applied. The total solids of milk are
fairly constant and this 1s a useful determination in indicating some types
of adulteration. Often the solid-not-fat is calculated by subtracting the
amount of crude fat from the total solids. Since fat shows wider fluctua-
tions than the other components, this value has slightly more constancy
than total solds.

Lactose may be determined by a number of methods. Those which are
commonly used are not specific for lactose but since it is the only car-
bohydrate present i milk, they serve well to give fairly accurate and re-
producible values Either the determination of the optical activity or the
reducing capacity with a copper reagent are used In the determination of
the optical rotation, the protein is precipitated and the filtrate read in &
polarimeter. The assumption that lactose 1s the only remaining compound
that possesses optical activity 1s not quite valid since some of the other
components are optically active but are present in very low concentration.

The copper reducing method is also apphed to the protein-free ﬁltratg.
The proteins are commonly removed by adding copper sulfate to }he di-
Juted milk and precipitating most of the cupric jon with either sodium or
potassium hydroxide The cupric hydroxide which forms carries down the
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protein as well as the fat. An aliquot of the fiftrate is treated with Fehi-
ing's Solution and the cuprous ovide formed cither filtered off, dnied, and
weighed or determined by one of the other standard methods,

Proteins of milh are ordinarily determined by the Kicldaht method (see
p. 131) and the percentage of nitropen multiplied by 6,38, Use of this
method for total proteins in milk suflers from the same limitations as does
the use of the method for the protein content of any food. it will be noted
that the constant used for milk differs slightly from the general constant,
6.25. Casein and atbumin fractions are sometimes determined but these are
crude fractions, not pure protens. Casein s precipitated by warming the
difuted milk and adding acetic actd to pH 4.3, The precipitate is analyzed
for nitrogen by the Kjeldahl method and the percentage of nitrogen de-
termined 15 multiphed by 638 The albumin is precipitated from the
filtrate obtatned after removal of casen, by neutratization, addition of the
correct amousnt of acetic acid and heating on a steam bath. This precipi-
tate 15 fikewsse analyzed for mitrogen by the Kjeldahi method and the
percentage of mitrogen multiptied by 6.38.

Pasteurization is an imporiant process n msuring that some of the
mcroorganisms are destroyed A number of chenucal tests have been de-
vised to determine whether or nol a given sample of mik has been
pasteurized or if the process has been carrted out satisfactonity. Enzymes
are sensitve (o heat and some of them are denatured by the pasteurization.
Pasteurization 18 carried out by heaung the mitk to 142 10 130°F for 30
nunutes or by heating wt (flash pasteurizauon) to 160°F and holding for 15
seconds Although this is a relattvely low temperature, most of the en-
zymes of mitk are destroyed Tests for the enzymes can therefore be used as
a chemical means of differentiating raw from pasteunzed mitk or of detect-
ing mncompletely pasteurized itk

The Schardinger test detects the presence of peroxidase in milk An al-
cohohe solution of methylene biue, formaldehyde and water 15 added to
the mik samples The tubes are placed 1n a water bath at 45°C. In less
than 20 minutes the raw muilk will decolorize the methylene blue while the
pasteurized milk will take much fonger

The Kay and Graham test for phosph 15 more del and can
seadily detect faulty pasteurizatson procedures A sample of mitk is -

d with pheny! phosphate 0 o diethyl barbsturate buffer for 18 to 24
hours at 34-37°C {n the presence of phosphatase the pheny! phosphate
1s hydrolyzed and phenol is formed.

CH,OPOH, + H0 — CHOH + H,PO,
If the mutk has been pasteunized sufficiently, most of the phosphotase wilf
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and with or without the addition of coloring matter. The 20 per cent not-
fat 1s composed of approximately 16 per cent water, 2.5 per cent salt, and
1.5 per cent milk solids. While neutral fat is the principal ingredient of the
“fat,” phospholipids, sterols, pigments, and fat soluble vitamins are also
present. A small amount of lactic acid is also present in butter and con-
tributes to its flavor. The amount is controlled by washing the butter. Too
high an acid content is undesirable but 1f the amount is below 0.02 per cent
the butter is more liable to putrefaction. The manufacture of butter is dis-
cussed briefly on p. 51.

Butter must contain at least 80 per cent crude fat and be free of filth. It is
scored on a grading system which allows the following points: flavor, 45;
body, 25; color, 15; salt, 10; and package, 5 to give a total of 100 possible
points. Butter which scores 93 or 94 must be very mild, sweet and fresh in
flavor. Only the most expensive butter on the consumer market scores this
high; most is 92 score and the cheaper grades are below this. Any butter
scoring below 75 is called grease and is considered unfit for food. On the
letter scale AA is U. S. 93 score; A, 92; B, 90; C, 89; and below 89, CG or
cooking grade.

The addition of salt to butter inhibits the growth of some microorgan-
isms and kills others, so that keeping quality of salted butter 15 better than
for unsalted. However the relatively high moisture content of butter and
the presence in the water, not only of salts and vitamins but also of pro-
tein, make it a fine nutrient medium for some microorganisms Butter has a
relatively short life unless it is stored at low temperatures. Frozen butter
can be kept for some months without serious deterioration in flavor. Butter
grease which is prepared by melting butter and separating the fat from the
whey, has a much longer storage life, since the moisture content is very low.

CHEESE

For hundreds of years cheese has been made by man from the curd pre-
cipitated from milk by acid or renmn. The curd is given various treat-
ments—heating, pressing, the addition of seasonings—and many cheeses
are allowed to ripen before they are used. The ripening process is one m
which microorganisms—sometimes bacteria, sometimes molds—grow a}nd
use the curd products for food. These microorganisms form gases, acids,
and other compounds that produce flavors characteristic of the particular
cheese. They also modify the protein so that the texture 1s altered and be-
comes characteristic of the cheese. In centuries past when nothing was
known of microbiology, technigues developed so that cheeses were pro-
duced 1n various regions of the world that, from year to year and from
kitchen to kitchen, were approximately similar These techniques developed
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FIGURE 8 1. STARTER CULTURE One of the agents that causes the milk to coagulate is
added to the vat as paddles rotate to stir 1t thoroughly into the milk, Stainless stecl vats of
this type hold 18,000 Ibs of milk—enough to make 1800 Ibs of cheese

Courtesy of Kraft Foods

FIGURE 82 AFTER A CURD Has FORMED It 1s cut with stamless steel wire knives into
small cubes, to help expel some of the whey Following this, automatic paddles will stir the
contents of the vat while 1t 1s heated, to shrink and firm the curd and expel more whey-

Courtesy of Kraft Foods
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casein, It is a mixture of the enzymes pepsin and rennin and is used as an
extract or occasionally as a powder. It is prepared by extracting the lining
of the fourth stomach of calves with sodium chloride. In the presence of
calcium ions, rennin forms a thick gelatinous curd of casein. See p. 141 for
a short discussion of the reaction. The casein curd formed either through
the action of rennet or acid is the basis for all cheeses.

Ripened Cheese

A good example of a ripened or cured cheese is Cheddar, This yellow
cheese was first made in Cheddar, England and now accounts for more
than half of the cheese manufactured in the United States. It is sold under
many names—Cheddar, American, “store cheese,” the name of the com-
munity where it is made, or even *“rat trap™ cheese. Although the final char-
acteristics of other ripened cheese may be quite different from Cheddar, the
methods of preparation are very similar. Differences in hardness and con-
sistency of the cheese are the result of slight difference in the temperature
at which the curd is formed, the amount of heating it receives and the
amount of evaporation allowed during curing. Differences in flavor and
also texture and consistency result from the enzymes and microorganisms
introduced into the cheese and developed during ripening. Some of these
are present in the milk used, others are introduced 1n the culture, and many
come from the air of the cheese factory.

Cheddar cheeses are produced by adding a *‘starter™ to milk in order to
produce acid. The culture commonly used for butter manufacture contain-
ing Streptococcus lactis, S citrovorus, and S. paracitrovorus is often used.
When the acidity calculated as lactic acid is approximately 0.2 per cent
(lactic acid 1s not the only acid present but is the most abundant), rennet
and sometimes color 1s added and the curd forms Great skill 1s required in
handling the curd so that the maximum yield is obtained and so that lh_e
characterstics necessary to a desirable cheese are developed. The curd is
held until the proper degree of firmness results, a matter of 6 to 8 hours,
and during this period a rapid increase in acid occurs The curd is cut to
form small cubes and then gently stirred to separate the whey. The mixture
1s then heated to 100° F. The curd is filtered and the final amount of whey
is removed by cheddaring or matting. This consists o( rotating and turmng
the slabs of curd until they are sufficiently dr‘y. During this process, ac!d
continues to develop and the proteins « undergo some changes in

. - i ir £ - change Salt 1s
cal - on since their 7, N
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physical properties of the cheese changes. If most of the proteins are hy-
drolyzed to relatively low molecular weight soluble compounds, the cheese
will get very soft and creamy. This occurs as Limburger ripens. Even when
the fragmentation of the protein is not so extensive, the physical prop-
erties of the cheese change. The ability of ripened Cheddar cheese to melt
readily and blend with liquids reflects a change in the protein, The low
molecular weight products of protein hydrolysis are flavorful. Some pep-
tones have a bitter taste but others are meaty. The amino acids for the most
part have relatively mild flavors. Some are sweet, some brothlike, and
others slightly bitter. All contribute to the blended flavor of the cheese.

(2) The action of lipases on lipids, particularly fats, has a marked effect
on flavor. Butterfat contains a much higher per ge of low molecul
weight fatty acids which are soluble in water and volatile and consequently
flavorful, than any other food Fat. Hydrolysis of the fat liberates these
acids and adds sharpness and their particularly distinctive flavor to the
cheese. Butyric acid has a very strong, rancid odor which is objectionable
but small amounts blended with other substances account for the odor of
some cheeses

(3) Amino acids and fatty acids also undergo change which results in
the formation of some of the compounds most important for flavor. Num-
erous enzymes catalyze the deamination of amino acids with the formation
of ammonia and either hydroxy acids or simple acids, Both the ammonia
and the acids are flavorful. Decarboxylation of amino acids results in the
formation of amines, some of which have very penetrating odors.

R(l:H COOH + NH,

OH
RCHCOOH > RCH,COOH + NH,
H, RCH, + CO,
NH,

Changes in fatty acids can result in the formation of shorter acids either
through beta oxidation of the fatty acid or through oxidation of unsatu-
rated acids at the double bond. Oxidations along the chain can resuit in
the formation of many molecules of low molecular weight acids or of ke-
tones and aldehydes The hugh molecular weight acids, aldehydes, and ke~
tones are not water soluble nor volatile and consequently do not po§sess
flavor, but the low molecular weight ones are capable of stimulating exthff‘;‘
the taste buds or the alfactory endings or both. For example, lauric ac
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particularly in Europe, are successfully copied. By duplicating the ingredi-
ents and the methods, and by adding the correct microorganism cheeses
with very similar, if not identical, characteristics are produced.

Process Cheese

Processed cheese has become very popular in the United States because
of its mild, standardized flavor and soft texture. It is produced by blend-
ing aged cheese with green, young cheese in the presence of an emulsifier
and some water. The food sold as “processed” or “process™ cheese has a
moisture content not more than 1 per cent greater than the average of the
cheese used or in no case more than 43 per cent. That sold as *‘cheese food”
can have a moisture content up to 44 per cent while that sold as “‘cheese
spread” can have a moisture content up to 60 per cent.

The expectation of the American consumer for uniformity in flavor 15
doubtless one of the factors which has led to the popularity of these cheese
mixtures. Aged cheese from a single factory is usually simifar in flavor and
texture but not completely uniform, while that from two factories which
use approximately the same techniques may differ considerably. A cheese
company catering to a nationwide clientele, is able to sell a product with
the same flavor and texture in all parts of the country and at all times of
the year only by blending. Mild flavors in cheese products are likewise de-
manded by a large section of the American public. These mild flavors can
be produced by blending a sharp aged cheese with green, young cheese or
with the curd.

The emulsifying agents used in the blending are salts. frequently sodium
or potassium phosphates such as NaH,PO,, Na,HPO,, Na,PO,, NaPO,,
Na,P,0,, Na,H,P,0,; potassium, calcium, or sodium citrate, Na,CH,05
sodium tartrate, Na,C,H,0,; or sodium potassium tartrate. .

Processed cheese is produced by grinding aged cheese, warming, and
mixing thoroughly with young cheese, water, and emulsifier. Other foods
such as pimientos, olives, etc. may be added. Sometimes blends are manu-
factured which contain two or more aged cheeses. An example is a cheese
blend which contains, Cheddar, Swiss, and Limburger.

Cheese foods are prepared by blending aged cheese, young cheese or curd
with milk or milk products to form a smooth soft product. Cheese :vprea:S
often have gums or gelatin added to promote smoothness and bind l: i
spread together Some cheese spreads contain no aged chc'ese at all, US
only the curd. They have sugar, vinegar, and other flavoring subslan;l:ct
added, but the “cheese” flavor is very mild. Cheese spreads are so soft thal
they are packaged in jars.
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CHAPTER NINE

Cereals and Their Use

LONG BEFORE THE BEGINNING of the historic period, man learned to use
cereals Undoubtedly when primitive man was a food gatherer, he dis-
covered that the seeds of many grasses are valuable becauge they can,
under proper conditions of dryness, be stored for long periods. Later, he
learned to grow grains tn a hitle patch of cleared ground and assured him-
self of food through the winter months. In the Western hemisphere maize,
or corn to Americans, was the cereal domesticated by the early Indians.
When Columbus discovered America, the inhabitants were growing it 1
most regions of the continent. Soon afterward maize was introduced into
Europe, and the grains of the Old World were brought to America by the
early colonists. In Asia Minor and Asia wheat and rice were the most im-
portant early cereals developed Since the first wheat was grown 1n pre-
historic times and since before the time of recorded history many changes
occurred 1n the grain either through purposeful or chance breeding, genetl-
cists as yet do not know what wild seeds were the parents of today’s strains.

THE CEREALS

(The cereals comprise a group of plants from the grass family, Gramineae,
whose seeds are valuable for food either for man or domestic anmals
Wheat, barley, corn or maize, oats, rice, rye, and sorghum belong to this
groupdand although buckwheat 1s not 2 member of the family Gramineac,
1 1s usnally classed with the true cereals. In some parts of the world on¢
cereal 1s more important 1n man’s diet than another. Usually the difference
depends on the requirements of the particular cereal for soil, moisture, and
length of time to matunty. Diet patterns are the result of centuries of
custom where the availability of a particular food has established it firmly.
Thus nice, which requires warm, humid conditions and a long growing
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the controlled addition of water several hours or more before milling,
lows the ready separation of bran from other parts of the wheat seed. -
bran layers also have a very low density which assists in their separat
from pieces of endosperm during milling.

Composition of Seed Parts. Chemically the bran is very different from
rest of the seed. The bran has an unusually high per cent of crude fiber ;
ash and a fair amount of crude fat. The crude fiber, it will be remember
is composed of those organic molecules which are not soluble in dilute a
or dilute alkali (see p. 107) and includes for the most part the celulo
hemicelluloses, and some lignins. These substances make up the cell wa
encrust the cell walls, or exist in the middle lamella between the cells.

The embryo (germ), like the bran, has distinct properties which make
possible to remove most of this part during milling and which depend on
chemical composition. The germ is high in lipids and rather high in to
nitrogen and ash. During milling, the crushing and shearing action of 1
rollers squeezes out some of the lipids and causes a flat adherent flake
the germ cells to form. The high lipid content causes the density of the fla
to be low, and it is therefore readily separated from the endosperm partic
and the fine flour by shaking and bolting.

The endosperm is made up of cells containing large quantities of star
granules and cytoplasm, whose protein content varies with the locatron
the cell in the endosperm. Those cells close to the bran possess more pr
tein and less starch than the cells in the center of the endosperm. These pr
teins are most important in determining baking quality of the flour.

Storage of Grain

Easy storage of gramns for relatively long periods makes them particular
valuable to man during winter and has no doubt been an important fact
in the prominent role that cereal grains have played in his history. Und
proper conditions of dryness and temperature grains can be stored for 191
periods with little or no change m either their fertity or milling and baki
qualities However, there are some problems. High humijdity and llugh ter
peratures lead to mold growth, and infestation with insects 15 difficult
avoid so that long pertods of storage are particularly hazardous. )

Seeds are compased of hiving cells and during storage respiration co
tinues with the utiization of oxygen and the formation of carbon le)EK
and heat. Oxygen 1s readily available mn the air held between the grain
Wheat 1n bulk 1s one-third air. At low moisture levels, the rate of respir:
tion 15 slow; but as the amount of moisture in grains increases, $0 does fl‘
rate of respiration All grains have a critical level of moisture above whic
respiration tncreases rapudly, causing heating of the grain and consequer
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damage. It has been demonstrated that the critical moisture level, about 14
or 15 per cent in wheat, is the level at which molds present on the grain
and in the bran begin to grow. Their respiration 1s added to that of the
seeds and gives an accelerated production of carbon dioxide and heat. Al-
though the amount of heat produced is sufficient to raise the temperature of
the grain, it is small and difficult to measure. However, carbon dioxide is
relatively easy to measure, and since it parallels heat production, it serves
as a convenient laboratory method for estimating heating

Heating of grain may start in one localized area where the humidity 1s
particularly hugh. This can occur in grain where the average moisture con-
tent is quite low when the grain is stored in large bulk and when irregular
cooling of it occurs. Moisture diffuses from warm areas to cool and the
moisture content tn a cool area may rise to a point where mold growth
begins. Grain is a poor conductor of heat, but as the mold flourishes, the
area becomes warmer and more favorable for this fungus However, the
temperatures may become so high that the enzymes of the mold will be in-
activated and the mold killed This biological heaung may be followed
by a second pertod of nonbiological heating in which the temperature may
reach the ignition point The whole process is termed *bin burning” and
whether or not fire results, there 1s marked damage to the gram n that
location.

Insects also contribute heat to gramn since they have relatively high
fespiratory rates. The presence of insects 1n stored grain 1s always unde-
sirable because of the damage which occurs to the grain Insect infestation
1s very difficult to prevent and 1s one of the great problems of gran
storage.

When molds grow on grains, they invade the seed and by their enzymes
produce compounds useful to their own development and life These en-
zymes affect lipids, proteins, and carbohydrates, and serious changes in
the composttion of the seed occur. The germ may die and the milling and
baking qualitses are markedly affected.

Since the moisture content of the gram 1s of such critical importance for
its keeping quality, grain 1s often dried before storage at the elevator. Dry-
ing must be carefully controlled so that sufficient time is allowed for diffu-
sion of water to the surface of the seed and so that damage to the grain
does not occur.

WHEAT AND WHEAT FLOUR

To prepare a wheat flour, the miller faces the problem of separating the
parts of the wheat so that they can be blended into a flour with a chemical
composition offering desirable baking charactenistics.
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Milling

Miulling is a complicated process in which grain is ground in successiv
steps that gradually separate portions of it. Thus the bran is broken off anc
Nattened, the germ is pressed into a flake, and the endosperm is powdered
Clean wheat is “tempered” before grinding by treating it with water so thaf
the bran will be tough and readily separated from the endosperm. The tem-
pered wheat is crushed between corrogated rollers called break rolls. The
first break rolls are set relatively far apart and grind the wheat lightly,
while successive breaks yield finer and finer products, The first break is sep-
arated by sieving or bolting into very fine particles (flour), intermediate
particles (middlings), and coarse particles (chop, or stock). The chop or
stock 15 then sent to the second break rofls. This process may continue
through 5 or 6 breaks. The chop contains pieces of endosperm and bran,
and the chop from the last break is principally bran. The middlings contain
endosperm, bran, and the germ. The middlings are classified and some of
the bran removed and sent to the reduction rollers. These are smooth roll-
ers, but like the break rolls they are graduated so that successive reduction
becomes finer and finer. After each reduction, sifters separate the flour,
middlings, and chop. This process is continued until most of the endosperm
has been removed as flour and most of the bran has been separated m the
sifters. The remnant consists of fine middlings, bran, and a Tittle germ. It
is used for animal feed.

Types of Flours Produced. The flour streams from the various rollers are
named for the roller—“first break stream,” etc. They vary in chemical
composition because they vary in the amount of bran and germ which they
contain as well as m the portion of the endosperm which has been released.
Many diferent flour streams are produced, especially m large mills. These
streams are combined and blended to form flours with particular baking
charactersstics. Straight flour is a combination of all the flour streams. Tt
is seldom produced. Patent flours are flours from the more refined streams
and vary considerably mn the percentage of the total flour represented.
Geddes® gives the following approximate percentages*

Family patent* 70-75 per cent total flour
Shart patent' 75-80 per cent total flour
Long or standard patent: 90-95 per cent total flour

The flour rematning after the patent is removed 1s called clearﬁou'r and 1t
too may be separated into different grades. Clear flours are ust?d in cc;g:l-
bnation with rye for dog biscuits and in other products where high quality
is not essential. The flour from the last reduction 1s called red dog because
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physical properties are changed by these treatments. Some of these modi-
fications occur in doughs and batters.

At the beginning of the century Osborne studied the proteins of a num-
ber of cereals and separated them on the basis of solubility (ie., their
ability to form colfoidal dispersions in certain water solutions) into five
categories: (1) the proteins soluble in 70 per cent alcohol, called pro-
lamines, (2) the heat-coagulable proteins soluble in water, called albumins,
(3) the proteins soluble in neutral salt solutions, called globulins, (4) the
proteins soluble in dilute acid and alkali, called glutelins, and (5 an ill-
defined fraction called proteose. In the many years since Osborne’s pioneer
work many proteins have been fractionated on the basis of their solubility.
However, now that the ultracentrifuge, electrophoresis, and diffusion
make it possible to demonstrate whether molecules in a given fraction have
the same size or range of sizes, it has been found that fractions based on
solubilities do not give single proteins but a mixture of them. Wheat flour
globulin contains at least three proteins while the albumin fraction has six,
Keeping 1n mind the limitations of the methods of separation based on
solubility, we can nevertheless learn a little about the proteins of cereals
by considering the results of this method. In all cereals the chief proteins
are prolamines and glutelins. In corn or maize the prolamine (zein) fraction
is the most abundant protein, while the amounts of glutelins are low. In
oats and rice it is the glutelins (called avenin in oats and oryzenin in
rice) which are most abundant. In wheat, rye, and barley the proportions
of prolamines and glutelins are intermediate. In the wheat endosperm 2
prolamme {called ghadin) and a glutelin {called glutenin) are present in
approximately the same concentrations; n the bran a prolamin is most
abundant with fair amounts of an albumin and globulin. Although ail
cereals are more or less sumilar n their protein content, the unique pres-
ence of glutenmn and gliadmn in the wheat endosperm is important to }he
baking operation. In the presence of water and with mechanical agitatl.on
these protein fractions form a tough, elastic complex termed gluten which
1s capable of retamng gases and by so doing makes a leavened pro?uct
possible. Cereals other than wheat cannot form a large light loaf since
gluten 1s not developed.

Gluten. It must be remembered that the terms gliadin and gluu.:nin fio not
indicate homogeneous proteins but rather protein fractions. Likewise the
term gluten does not apply to a group of identical molecules Gluten can
be readily prepared by adding 60 to 65 per cent water to a hard wheat
flour, allowing the dough to stand approximately 30 minutes, and then
washing out the starch granules and soluble compounds under a stream of
water. A tough, elastic, gummy product 1s obtained which consists of ap-
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proximately two-thirds water and one-third protein There are also small
amounts of lipids, starch, and ash. Sullivan®' gives a typical analysis of
dried gluten- protein, 85 per cent; lipid, 8 3 per cent, starch, 6 0 per cent,
and ash, 0.7 per cent The analyses will vary somewhat with the source of
the flour and the method of handhng. The hipid is held strongly to the
protein and cannot be extracted with ethyl or petroleum cther.

Sullvan also reviews briefly the evidence which Hess has presented to
show that gluten does not occur as such 1n the endosperm but s formed
through mechanical treatment of the flour tn the presence of water Protein
separated from flour and frecd of the starch granules by methods which
do not use water shows a swell 1n contact with water of 25 per cent. Gluten
swells in contact with water 200 per cent The swelled particles show dif-
ferent diffraction patterns with X rays. These observations indicate they
must be different proteins.

The nature of the chemical reaction by which gluten 1s formed has con-
cerned cereal chemists for many years Although the product 1s always
sticky, gummy, elastic, and tough, the degree to which these properties are
developed varies from flour to flour Both the “machming qualities,” the
way in which a dough can be handled by a mixing machine, and the baking
properties depend on a nice balance between stickiness, extensibility,
toughness, and tenderness As yet there 15 no chemical explanation for the
differences in gluten produced from different flours and the only way 1n
which the quality of the flour for machmnmng and baking can be estimated
15 by carrying through the operation It was once believed that differences
in the relative proportions of glutemn and ghadin might explamn the
differences 1n the gluten But flours that differ markedly 1n thewr baking
properties show little or no difference 1n the cl i fractions of gl
and ghiadin Other investigators once hoped that when methods for the de-
termination of the amino acid content of proteins had been perfected, this
might account for the difference 1n quality Today those methods are well
developed, and although the proteins of flour have an unusual distribution
0f ammo acids (high 1n the amudes of aspartic and glutamic acid, par-
ticularly glutamic, and relatively high in leucine and proline), there are no
significant variations 1n the amno acid content of glutens of widely differ-
€nt properties

It has been traditional to consider the development of gluten in a flour
and water mixture as the reaction of two protein components, gliadin and
glutenin, Many types of studies have shown these to be mixtures rather
%han single proteins, Attempts to disperse gluten, ghadin, and glutenin
10 various solutions have resulted in fractions which are heterogeneous.
Elcclrophore51s, diffusion, and sedimentation by the ultracentrifuge indi-
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cate numerous components present in each of these proteins. The prob
of the structural composition of gluten is far from solved; and until
time when it 1s solved, it is convenient to use the old names—glu
gliadin, and glutenin,

Strength of Gluten. The properties of gluten formed from different fic
or with vanations in procedure, differ. The stickiness, toughness, elastic
brittleness, and coherence are all part of the “quality” of the gluten form
A gluten which is elastic but still fairly tough is calted “strong” while
which is quite sticky and not very elastic, which spreads when a ba
placed on a plate, is called “weak.” Many factors influence the strengtt
a gluten formed from a single sample of flour, and account for the dif
ence in glutens formed from different samples. The effect of all factor:
not completely understood.

In general, hard wheat gwves gluten of good strength while soft wh
forms gluten of low strength. In the past it has been suspected that
total protein content of a flour is a measure of gluten strength. This is
true since flours with the same percentage of protein may have glu
strengths which are widely different. It is true, however, that hard wh
flours which form the strongest gluten have the highest percentage of p
tem. Protein content has not explaned the difference in gluten stren,
and cannot be used as a means of evaluating the gluten strength of fiov
Unfortunately, the knowledge of the chemistry of gluten has not advan
sufficiently to allow measurement of diflferences in gluten strength by che
ical analysis.

The problem of gluten development is further complicated by the f
that hydration of the protein occurs as the gluten develops. Many prote
become hydrated and hold water tenaciously. The protein swells and t
water 1s not readily removed by ordinary drymg methods. Gluten sho
this same phenomenon, Hydration capacity is influenced by many factf
such as pH, total ion concentration, and presence of soluble mo!ecg
such as sucrose. The properties of a dough or batter also vary with pH, &
concentration, and sugar concentration; and doubtless the effect of the
conditions on gluten hydration is one of the factors which p.roduce chan
in properties, The role of gluten in baked products will be discussed und
doughs and batters

Lipids and Carbohydrates

The fipds of wheat are concentrated 1 the germ, so that although tl
wheat seed contains only about 2 per cent lipid, the germ contains clo)s:‘
12 per cent This does not mean, however, that ?ll the lipids are he n:
the germ. Flour always contains 1 or 2 per cent lipd The amount va
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with the blend of flour and the varicty of wheat used and the conditions
of cimate and soil under which it is grown. The lipids present include
neutral glycendes as well as phosphohipids and sterols Wheat germ oil 15 a
particularly rich source of the tocopherols, the witamins E, Other small
amounts of fat soluble vitamins and pigments separate with the ether ex-
tract, the “crude fat

The principal carbohvdrate of all cereat seeds 15 starch but there are
always small quantitics of others present Dextrins are present 1 smal
amounts, particularty tn flours <mnce they are formed to a hrmted extent
from the starch on milling The water soluble carbohydrate 18 sucrose and
s more abundant 1 the germ than n the endosperm or bran Some cellu-
tose is present 1n all parts of the sceds wince 1t 1s the chief component of
the cell walls. There are also small amounts of hgmns and pentosans in-
cluding hemiceliuloses and pectic substances mawly i the bran Water ex-
tracts of enther the whole gran or a flour yield gums In wheat gum there
ate both pentosans and hexosans A pentosan composed entirely of xylose
has been 1solated from durum wheat flour, and one composed of arabinose
and xylose has been wsolated from spring, winter, and durum wheats,
(Seep. 84)

Vitamins

The vitanun content of cereal grains has been studied extensively Allthe
cereal grains contain mportant quantities of the vitamuns of the B complex,
and where the use of cereals 1s sizeable, they contribute significant quanti-
ties to the adequacy of the diet Ascorbie_acid 1s completely-Jackingn the
seed or flour. Vitamuns A and D are absent, but yellow corn derives 1t yei-
low color from carotenoids_The pigments 1n_yellow_comn are prncipally
cryptoxanthin with small amounts of - and -carotenes, which_ate pre-
Larsors of vitamin A Wheat afso contaims carotenoids, prncipatiy xantho-
phyli which has no vitamin A actyvity 1n man or other ammals. {See Caro-
lenoids, p. 228). The germs of various, cereal grains contam vitamins £, the
tocopherols, which are pressed owt or extracted With The Tipid Traction,
Wheat germ s parnenlarly nch in the tocopherols

Thiamia, ghoflavin, awcin, and vitamin B, are present in fair amounts n
all of the cereals while pantothenic acid and folic acid are in smaller
amounts The quantity of these vnamins present in any specific sample of
sted or flour shows the same vaniation of vatues which 1s found in any plant
product, differing with the conditions of chimate and soil under which 1t
Was grown and with the vanety and species Thramn vanes from Jug per g
of raugh nice to 90 ug per g of onts In 99 samples of wheats the thiamin
fevel varied from 3.2 ug per g 107 7 g perg.
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TABLE 9.2, DISTRIBUTION OF VITAMINS IN PRODUCTS
OF WHEAT MILLING*

Panto-

Mill Yield  Thiammn Riboflavin Nraein theme  Pyndoune
Product (percent) HEperg HEperg HEperg BEPTE  pgpirg
Patent Flour 630 068 ¢3¢ 2 57 22
Fest Clear Flour 70 30 062 26 96 39
Second Clear Flour 45 12.37 185 8) 128 57
Red Dog Flour 40 29.66 380 120 — —
Germ 02 2293 - 68 153 96
Shorts 123 §7.40 2.80 159 — —
Bran 2.0 937 280 330 - —
Wheat 1000 503 1.00 70 33 46

*Part of a tablein Geddes. W F, “Cereal Gramns,” loc cir, p 1100

The riboflavin content of whole grain is lower than that of thiamin and
does not show quite as wide variation for the different cereals. It is be-
tween 1 1and 1.6 ugperg.

The niacin values for grains show some disagreement because the
method influences the data obtained. With alkaline extraction, the values
are higher. In wheats the quantity ranges from 47 to 106 ug per g. Other
geains are tn the sam= range, although rye and oats are lower.

The distribution of some of the B complex vitamins in different parts
of the seed ar in different flour streams has received considerable attention
1 recent years with the growth of interest in food fortification. In general
the branwgg_ﬂle,uomglex vitarins. Thus thiamin is

distributed n approximately these amounts: bran, 61 per cent; endosperm,
24 per cent; germ, 15 per cent. While all flour contains small portions
of germ and bran, highly milled fiours with good baking quality are for the
most part from the endosperm, Table 9.2 gives the amouats of B complex
vitamns in various milj products.

Enrichment of Flour

1t will be noticed from Table 9.2 that the amount of the B complex~ vita-
mins in flour is considerably lower than that in the whole wheat grain. in
the diet of many individuals the consumption of white flour pmducts‘rcprc-
sents about one-fourth of the total calones. If the rest of the diet is rich
n B complex vitamins, the smafl amount in the white flour does not matter.
But for many Americans this is not true. The diet is low wn these very
vitamins as well as in 1ron and caleium. Tron 1s fikewise rather abundant
in the branny layers of the wheat kernel but largely removed on mﬂlmg‘.‘
For many years nutritionssts and doctors have recommended the use o
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TABLE 9.3, STANDARDS FOR ENRICHMENT OF FLOUR
EFFECTIVE OCTOBER 1, 1943

Content pertb
Min Max
Required Ingredients
Thiamsn, mg 20 25
Riboflavin, mg 12 1s
Nuacin or Niacin Amide, mg 160 200
tron, mg 130 165
Opttonal Ingredients
Calowm, mg 500 625
ViamiaD UST Units 250 1000
Wheat Germ Not more than 5 per cent

whole wheat. But the recommendation has been largely unheeded Whole
wheat does not produce as large or light a loaf of bread or as hight a cake
asdoes white flour. In recent years many have advocated the enrichment of
white flour to its original level with thiamin, macin, riboflavin, and 1ron
In 1938 a new Food, Drug, and Cosmetic Act, which became effective on
October 1, 1943, prescribed the amounts of these compounds which must
be incorporated in enriched flour and the amounts of calcium, vitamin D,
and wheat germ which are allowed See Table 9 3 Some nutritionists have
opposed the addition of calcium and vitamin D, since they are not nat-
urally present at those levels

There has also been interest n the fortification of bread with lysine
The proteins of wheat flour contai little lysinie, and when they are the sole
source of amino acids tn the diet, an amimal soon develops deficiency
symptoms, Low priced diets for man often contain bread or other wheat
products 1n abundance since they supply sufficient calories cheaply. In these
duets there are not large amounts of other protewns to make up for the lack
of lysine in wheat and mild deficiencies can occur, Two methods are now
used for this extra forufication- (1) addison of free lysine to the dough
and (2) use of skimmed milk powder Addition of lysine does not alter the
dough structure, but incorporation of much skimmed milk powder pro-
duces a smaller, more compact loaf.

In many parts of the world the staple food for man 1s either rice or
COr'n Netther of these cereals have complete protems. Rice is low in both
lysine and threonine, while corn 1s low 1n lysine and tryptophan Rosen-
berg!? has shown that growth of white rats 1s improved by supplementa-
tion of a diet of cooked rice (90 per cent) with lysine up to 01 per cent
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but that improvement falls off at higher levels of lysine. On 90 per cent
corn meal diet rats grow slowly, but this growth can be improved by the
addition of up to 0 05 per cent lysine hydrochloride.

The nuneral elements are present in the plant cells sometimes as salts
and sometimes as part of organic molecules. We know, for example, that
phosphates occur as hydrogen phosphate, HPO,=, and dihydrogen phos-
phate 1ons, H,PO,-, but they also occur as the acid portion of many or-
ganic esters such as glucose-1-phosphate, lecithins, phosphopyruvic acid,
and many others. The mineral elements are determined from the ash of nat-
ural products where the organic molecules have been destroyed and only
the noncarbonaccous elements remain. Cereals contain a large number of
elements, although many of them are present in trace amounts. Calcium,
magnesium, potassium, sodium, iron, phosphorus, chlorine, sulfur are all
present, and 1n the cereal seeds that contain hulls (covered grain) there
are sizeable amounts of silicon. Traces of aluminum, arsenic, boron, bro-

HErR EXPERIMENTAL

of her specialues
Courlesy of Brownberry Ovens

FiGURE 91 Mgs CATHERINE CLARK OF BROWNBERRY OVENs IN

KiTcHeN A high protein bread supplemented with lysine s one
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mine, copper, cobalt, 10dine, Iithium, tin, selentum, titanium, and zinc are
present. As & group the cereals are not important sources of the mineral
elements; and since the bran s nicher 1 most of these elements than the
endosperm, hughly mulled white Rour and products baked from 1t are poor
sources of minerals Calcium, the mineral most often poorly supplied in
man’s diet, occurs to the extent of only 0.15 mg per g 1n corn, 0.5 mg per g
in wheat, and 1 mg per g in oats.

WHEATS AND THEIR BAKING QUALITIES

Wheats grown under different conditions of soil and chimate and wheats
of different vancuies have different baking qualities Some wheats yield a
flour which will produce a loafl of bread of great height and good texture,
others will form a small loaf of poor texture Likewise in batter products
the lightness and grain depend on the flour used

Today in the Umited States technology of foods has progressed to the
pomnt where the consumer expects a uniform product and will not be satis-
fied with less In ordér for the baker to turn out a loaf or cake exactly like
the one produced last week. 1t 1s necessary to understand the factors which
account for a good loaf or a poor, a good cake or a poor one During the
past fifty years much rescarch has been done on Nour products But so com-
plexis a loaf of bread or a cake in ns chemical and physical-chemical re-
lationships that all of the questions have not been answered The problems
group around three mam areas gas production. gas retention, and tender-
ness In the yeast-leavened doughs of bread, rolls, coffee cake, and crackers
the problem is a Little diferent from that of the batters of cakes., cookies,
muffins, and biscuits Each will be briefly discussed under Doughs and then
under Batters

Doughs

Gas Production in Yeast-Leavened Doughs. The common agent for the
production of gasin doughs 1s 4 selected strain of the yeast, Saccharomvces
cereusiae’ The yeast through its life process forms carbon dioude as an
exeretory product and 1n so doing leavens the dough The yeast also grows
during the fermentation period and produces numerous offspring which
Whewise excrete carbon dioxide The amount of gas formed depends on the
stran of yeast and on the number of organisms present during fermenta-
Yo Some strais of yeast produce more gas 1n a given tme than others
The stran of yeast 1s also important because carbon diovide 1s only one
of many compounds excreted, some of which have flavors

“Starters” and Cultures In ancient times and even today in countries
*here technology 1s not 4 advanced as in the United States, the yeast used
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FIGURE 5.2 GROWTH OF YEast CeLLs. Photomicrographs taken at_half-hour intervals.
Magmificaion x 1000 Courtesy of Floisthmann Laboratones Standard Brands, Inc

by bakers is a *“starter,” saved from the last baking. The “starter” is often
a mixture not onty of yeasts but also of bacteria and the rate of growth of
the vartous orgamsms depends on the nutrients present as well as the tem-
perature at which they are grown Contamination with “wild" yeasts and
bactersa readily accurs in kitchen or bakery A baker might have 3 fine
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“starter™ today but a different one next week, and the flavor of the loaf
vanies with the organisms.

Tttook many years for the companies which produce yeast to learn how
to adequately protect their cultures and encourage the growth of selected
strains of organisms as well as how to pachape them so that they reach the
baker uncontaminated and highly viable. Much cffort 1s devoted to main-
taining a uniform strain. Today umiform yeast cultores are available either
as compressed, dried, or powdered yeast

In “sour dough™ products bactena which produce carbon dioxide and
organic acids arc used for either part or ali of the feavening action Al-
though these organisms were formerly preserved as starters, most bakers
today use cultures or some source of a umform culture like cultured butter-
milk instead of depending on an unrehable and vaniable “starter ™ Some of
the organisms used are the acetobacters which form acetic acid, Strepto-
coccus lactis, and the lactobaceilh, L acidophifus, L bulgaricus, and L
casei, which form lactic acid

The Nutrittonal Needs of Yeast Since 2 yeast cell 1s 2 hving orgamsm, it
has numerous nutritional needs and 1t 1s only if these are met that 1t will
grow vigorously and produce a large quantity of carbon dioxide Some
form of easily avaifable carbohydrate and a utiizable source of nitrogen,
caleium, and phosphate 1ons are important in the dough for rapid gas
formation,

FIGURE 93 Cowuer-
QAL Type BREAD SOURING
Osaanism Streprococcus
IE&)ms Magnification x

Courtesy of Fleischmann
Laboratortes Siandard
Brands, Inc
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Yeast cells use a number of mono- and disaccharides. These sugars are
metabolized to ethyl alcohol and carbon dioxide, Glucose and fructose are
the monosaccharides likely to be in yeast-leavened doughs, while sucrose
and maltose are the disacchandes. Lactose may be present but is not used
by the yeast cells. The sugar in flour is mostly sucrose with only small
amounts of glucose and fructose. Most of the giucose and fructose is m the
wheat seed in the germ; and since this is chiefly removed in the milling, the
amount in the flour is low. Sucrose is present to the extent of 1 to 2 per cent
in the flour, and a yeast, flour, and water mixture will ferment rapidly untit
this is used up. Too much sucrose, however, will slow down the rate of fer-
mentation. If a very sweet dough is prepared by adding 10 per cent or more
of sucrose at once, the growth of the yeast and the formation of carbon di-
oxde may be slow. Maltose ts not present in flour to any extent; but when
the dough is made, the amylases begin to hydrolyze starch and form
maltose

Amylase Content and Activity. The amylase (or diastase) content of the
dough has an effect on the rate of gas production by the yeast because these
enzymes form sugars from starch. Two types of amylases occur in nature,
a-amylases which hydrolyze the internal 1-4 links in the amylose chain or
the amylopectin brush, and §-amylases which hydrofyze the 1-4 links sec-
ond from the end of the chain. Bernfeld? says that ungerminated cereals do
not possess a-amylases but that they are formed during germination or
malting. f-Amylases occur in both the ungerminated and the germinated
cereals. a-Amylases through their hydrolytic action on internat 1-4 links
rapidly produce destrins of various sizes and then form smaller and smailer
molecules. The final products are maltose and some glucose from amylose,
but there may be larger molecules from amylopectin since the 1-6 links are
not attacked. (See p. 76.)

8-Amylases hydrolyze the 1-4 link second from the end of the chain and
consequently rapidly form maltose. On hydrolysis the configuration of car-
bon 1, the potential aldehyde, is changed from the alpha to beta conﬁgura—
tion. Under optimum conditions S-amylase can catalyze the hydrolysis of
the entire amylose chain to -maltose; but with amylopectin, the 1-6 links
are not attacked and a terminal dextrin is formed.

B-Amylase is found naturally in flour in small amounts and both «- and
f-amylases in greater amounts in malt extract, malted barley, or malted
wheat but not in yeast, Since the formation of maltose from starch 15 €s-
sential for the adequate growth of yeast in an unsweetened dough, the Jevel
of these enzymes 1 the dough is of paramount mmportance They can be
added to the dough or flour enther in the form of malt extract or as ar;_
enzyme congentrate. Today most millers carefully regulate the amount 0!
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amylases in the flour so that the flour wili have proper gas production
qualities when it is inoculated with yeast. Some patent flours are fow in
amylase activity, and this 1s rectified by the addition of malted wheat flour
or malted barley flour.

1f amylase activity is great enough, the production of maltose will keep
up with the demands of the speedily growing yeast and carbon dioxide for-
mation will be rapid Where amylasc activity 1s low, the addition of dex-
trins and sofuble starch will increase gas formation, Preparations composed
of these compounds do not improve pas formation except when amylase
actity ts low. Osergrinding has a similar efiect in the presence of low
amylase activity by rupturing some of the starch granules and making them
more readily hydrolyzed by that amylase which is present

Amylase activity has an optimum pH of 7 and, 1if the dough 15 at some
other pH, then amylase activity 1s fower The addition of milk to the
dough raises the pH because of the presence in the milk of buffer salts
Milk consequently retards amylase activity However, in the presence of
acd salts such as calcium hydrogen phosphate or the acetic acid of vine-
gar this retardation may be eliminated. and gas formation may even be 1n-
creased by the milk through the improved nutntion of the yeast

Duning baking the starch held 1n granules imbibes water, swells, and 1s
gelatinized. The g-amylase from esther malted barley or matted wheat 15
mactivated at a higher temperature (approximately 175°F) than the tem-
perature for the pelatinization of wheat starch (approx 150°F) Conse-
quently, duning the early stages of buhing B-amylase aflects the gelaumzed
starch. The baked loaf achieves an internal temperature close to 212°F and
at this temperature enzymes are destroyed See figure 9 4

Malt, malted wheat, and malted barley are the sources of enzymes com-
monly used. These products contain not only a-amylase but proteinases
aswell Both types of enzymes exert a pronounced effect on the dough, and
the level at which they are added can be critical In these products the
level of enzyme acuvity 1s vanable. Today punfied enzyme extracts from
fungt or bacteria are available and considerable investigation 1s beng
devoted 10 their use in doughs With more sources of cnzymes in which the
amyfase or proteinase levels are more accurately known, it will be possible
to control dough performance more carefully

"Dough condstsoners” or “flour improvers™ are on the market and con-
tain calcium and phosphate jons. Both of these 10ns are necessary for yeast
erowth and gas formation but flour contains them i sufficient amounts
for good leav:ning under normal conditions

Pre-ferments These have been used for many years in bread making, but
fecently their effectiveness 1n commercial baking has attracted attention A
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pre-ferment 1s a more or less fluid mixture to which yeast is added and in
which it grows rapidly. It differs from a sponge in the absence of orin 2 low
level of flour. Potato water and yeast or a liquid mixture of mashed botled
potato and flour are examples of pre-ferments which have been used in the
past. Johnson, Miller, Refai, and Miller'® point out that Parisian Barm
was brought from Paris to Scotland in 1865. It was a pre-ferment made
of malt, sait, and flour inoculated with yeast and was used not only as a
source of yeast but also to improve the flavor of bread. While the yeast is
developing in the pre-ferment, it forms not only alcohol and carbon diovide
but other compounds such as erganic acids which affect flavor.

Johnson, Miller, Refai, and Miller have studied six pre-ferments which
differ 1n carbohydrate used (either glucose or sucrose) and the presence of
absence of dry milk solids and flour, Their mixtures provide the nutrients
demanded by yeast for rapid growth. In all mixtures containing sucrose,
the carbohydrate disappears immediately when it 1s mixed with yeast. This
rapid hydrolysis of sucrose by yeast had been known before. There are no
marked differences m the six pre-ferments at the end of 5 or 6 hours When
milk sohds are present, the rate of utilization of the carbohydrate is
slightly slower and because of the buffering action of the mitk salts, the
pH does not fall as low. There is a slightly greater formation of carbon
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dioxide in the presence of milk <olids Production of organic acids is ap-
proximately the same in all pre-ferments, reaching a maximum in 3 hours
and then falling.

Gas Retention in Doughs. When flour is mixed with water, a change takes
place in the physical-chemical properties of the gluten. Tt has been custom-
ary to consider gluten the product of two protein fractions of wheat—
gliadin and glutenin, (See p. 322.) It is in wheat flour and only in wheat
flour that this elastic, rubbery protein develops when it is stirred with
water. The ability of a dough to retain gas depends directly on the
amount and quality of the gluten developed. The volume or lightness of a
wheat loaf 1s therefore directly dependent on the factors which contribute
*0 the development of pluten and which influence its elasticity, Doughs
made of other cereals are not able to retain all of the gas generated and
consequently are heavy and coarse textured. The factors of major import-
ance for gluten development and strength 1n most doughs are: (1) me-
chanical action, (2) the amount of proteolytic enzymes, {3) the amount
of oxidation of the flour exther through aging or the addition of oxidizing
agents, (4) the addition of milk, inorganic ions, etc.. and (5) the addition
of sucrose and fat—of importance 1n sweet rolls and coffee cake.

Mechamcal Action The mechamcal action to which the dough is sub-
Jected either through mixing or knéading 1s important for the development
althe gluten Elastic strands of rubbery gluten form as the flour is mived
with water Undermixing produces a dough tn which there has not been
sufficient gluien development to retain the gas well and the result is a loal
which has poor volume and 1s heavy Overmixing or rough handling of the
dough before panming has been reported to decrease the volume of the loaf.
When flour and water are mixed, an increase 1n plasticity occurs as the
gluten s developed But 1f mixing 1s continued, a decline in plasticity oc-
curs and the dough finally becomes slack and sticky.

Proteolytic Enzvmes These are a group of enzymes present in wheat and
flour which catalyze the hydrolysis of protemns They are also present in
malted wheat flour, malted barley, malt extract, and yeast, Since the
strength of the gluten depends on the intact protem, any reaction which
hydrolyzes part of the protein reduces the amount of gluten If too much of
these proteolytic enzymes are present, too much hydrolysis occurs and the
doughbecomes sticky, difficult to machine in the mixers, and yields bread of

poor volume However, some protease actvity 1s desirable since it improves
the gluten Doughs of low proteolytic activity are called “bucky” because
the giuten 1s tough and nelasuc. It does not machune well and it also pro-
duces ioaves of poor volume because the dough will not stretch around the
gas bubbles The complexsty of the problem, “what is gluten,” is well dem-
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onstrated here. The quantity of proteolytic enzymes must be balanced so
that enough hydrolysis occurs to produce an efastic gluten but not so much
that the gluten is sticky. The addition of malt extract, malted wheat flour,
or malted barley must be limited to avoid an excess of proteolytic activity.

Oxidation. Oxidation of flour likewise influences the buckiness or sticki-
ness of the gluten developed and here, too, a nice balance must be achieved.
1t has been known for many years that storage of flour at moderate tem-
peratures for several months lightens the creamy color and improves the
baking quality Eventually it was found that oxidizing agents can achieve
this effect without the costly and hazardous period of storage. In the
United States the Pure Foed, Drug, and Cosmetic Act of 1938 allows the
use of chiorine, chlorine dioxide, nitrogen oxides, nitrosyl chioride, and
benzoyl peroxide. Nitrogen trichloride, “Agene.” was used for many years
but on August 1, 1949, it was removed from the list of permissible agents.
See p. 352, It was found that dogs, cats, and 2 number of other species fed
farge amounts of flour bleached with Agene or bread made from that flour
developed runming fits and convulsions. Although no harmful effects wese
found in man, the compound is no longer used. Chlorine, chlorine dioxide,
and nitrosyl chloride bleach and mature the flour, improving the properties
of the pluten formed in working the dough. Nitrogen dioxide and benzoy}
peroxide do not affect the baking properties of the flour at the levels used
m milling but only exert 2 bleaching action,

Potassium bromate, KBrO,, and potassivm jodate, KI10,, are often
added as dough conditioners. They are oxidizing agents and are believed to
have an effect similar to oxidizing agents added at the time of milling. The
amount of potassium bromate which exerts this effect is surprisingly smatl,
of the order of one or two thousandths of one per cent.

The effect of either oxidation or reduction on flour and dough has been
studied for many years, but the exact nature of the reaction is still in doubt.
If an oxidizing agent is added either to flour or to pluten, the strength of
the gluten 1s increased, If relatively large amounts are added, the gluten be-
comes tough with little elasticity. Reducing agents have the oppasite effect.
They cause a decrease in the strength of the gluten, making it more extensi-
ble and sticky. When a reducing agent 1s added to gluten, 2 ball of it loses
the ability to stand up and soon softens and flattens, Sullivan®' points out
that numerous factors influence the physical propertics of gluten—fermen-
tation, oxidation, the work of mixing, rounding, braking—and that alt of
these can be considered active in changing the bonding of the protein mole-
cule. She reviews some of the evidence which mdicates that oxidation af-
fects the sulfhydryl groups and mcreases the number of sulfur-sutfur links.

2 —SH 4 (0} — ~8~S§— + H,0
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“the sulfur-sulfur links are formed between polypeptide chains, they will
old the molecule together more firmly and increase its strength. Overoxi-
zed flour can be used satisfactorily by increasing the working which it re-
ives in the mixers or in braking This can be considered an operation m
hich some of the less stable bonds between polypeptide chains are dam-
red and the molecule 1s rendered more extensible

Whether the effect of oxidation is on sulfhydryls or some other group, 1t
an important reaction n practical baking The amount of oxidation is
ttical and although the amount of oxidizing agent needed 15 small, suffi-
ent must be present to yield gluten strong cnough to retain the gas
rmed but not so tough that 1t will be unable to stretch around the gas
ubbles.

Other Factors. Several other ingredients may have an effect on the
rength of the gluten Raw or pasteurized mulk decreases the baking quali-
es of a flour unless the mulk 1s first heated It 1s believed that milk con-
1ins some substances which increase the activity of the proteolytic enzymes
nd consequently during the fermentation period foster the formation of a
luten which 1s too sticky Heaung the nulk to 180°F for 30 minutes
estroys these unknown substances and the milk, then, has no detrimental
Tect on gluten strength In home baking 1t 1s always recommended that
he milk be scalded before use n a dough. Pasteurization also provides a
eriod of heating but for a much shorter length of time or at a lower tem-
erature, The U. S. Public Health Service requires that pasteunized milk be
eld at 143" F for 30 minutes or at 160° F for 15 seconds.

When the flnid used 1n a dough 1s water, the softness or hardness of the
vater has an effect on the gluten. In general, calctum salts present in the
ard water tend to ncrease the elasticity of the gluten. Sodium chloride
kewise aflects the gluten Acids also alter gluten strength. Vinegar 1s some-
imes added to dough, but too much must be avoided so that the gas reten-
1on 1s not dimimshed Fats 1n small amounts increase the ability of the
ough to retain gas

The production of a uniform high quality loaf or roll 1s complicated by
nany factors. Much empirical work goes mto the formulation of recipes
ind the control of the quality of the ingredients The complex problem of
he physical-chemical properties of a dough are still incompletely under-
tood

Jatters

. Gas Production in Batters The satisfactory production of baked goods
rom batters mvolves the same type of problem as from doughs adequate
1as formation and gas retention In batters the leavening agent is either
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air which is incorporated through beaten egg white or during creaming or
it is a gas generated by chemical reaction in the batter from a baking
powder or from ammonium bicarbonate. Often a combination of leavening
agents is used. Thus in the production of some butter cakes, creaming sugar
and fat introduces air and later in the mixing the addition of beaten egg
white introduces still more air. Baking powder is added which in the moist
batter and at the oven temperature forms carbon dioxide. Steam also acts
as an important leavener.

Baking powders are composed of sodium bicarbonate, NaHCO,, an acid
salt, and starch. Occasionally some other ingredient such as a small amount
of egg white is present as a drying agent. Starch helps keep the ingredients
dry, prevents caking and standardizes the baking powder so that for a given
volume of dry baking powder the amount of gas formed is equal to that of
other baking powders. The chief difference is, therefore, in the compound
or compounds which produce hydrogen ions (hydronium ions) to react
with sodium bicarbonate in the wet batter and release carbon dioxide.

NaHCO, + H+ — Na+ 4 H,0 + CO,

Phosphate baking powders contain either primary calcium phosphate,
Ca(H,PO,), or disodium pyrophosphate, Na,H,P,0,. Those on the con-
sumer market contain primary calcium phosphate, while some of the phos-
phate powders for bakers contain disodium pyrophosphate. Tartrate bak-
ing powders contain potassium acid tartrate (cream of tartar), KHC,H,0,,
as well as tartaric acid, H,C,H O, as a source of the hydrogen ion. S.AS.
baking powders contain sodium aluminum sulfate (alum), NaAl(SO.);.
The hydrated aluminum ion hydrolyzes on contact with water and forms 2
hydronium jon (hydrated hydrogen ion).

AlH,0);+++ 4+ H,0 = H,0+ + Al(H,0),(OH)++

The phosphate ahd tartrate baking powders react readily at room tempera-
ture to form carbon dioxide. S.A.S. baking powder forms little or no
carbon dioxide at room temperature, and 1t 15 only at oven temperatures
that leaveming occurs. If much time elapses between mixing and baking,
then the slow acting S.A.S. baking powder is much better. Leavening at
room temperature is not effective unless baking follows immediately so t!lal
the gas formed will not escape from the batter. Double action balfmg
powders that contain both sodium aluminum sulfate and primary calcium
phosphate are available on the consumer market. An S A.S .pP‘vdcr.has
the disadvantage of forming sodium sulfate which has a distinct bitter
flavor and is therefore seldom used alone.

338



CEREALS AND THEIR USE

Ammonium bicarbonate or ammonium carbonate releases gas by
decomposition.

NH,HCO, — NH, + H,0 + CO,

They are used as a leavening agent by bakeries for cookies and are occa-
sionally added to cream pufls and eclairs to improve their volume. The am-
momna formed adds a faint flavor and raises the pH so that the color and
spreading of the cookic arc affected. In home baking ammonium bicarbo-
nate or carbonate is seldom used because it decomposes readily and is diffi-
cult to store. Old cookie recipes sometimes call for “spirits of hart's horn,”
a solutton of ammonium carbonate, Since ammomitm bicarbonate reacts
quickly, it 1s sometimes added to produce rapid leavening In preparing
base cookies which are topped with marshmallow, a soft, well leavened.
rather thick cookie ts required In the oven the ammonium bicarbonate
gives a quick spring before the cookie spreads excessively,

Air is a most important leaveming agent in many types of batters. In
pound cake and angel cake 1t 1s traditionally but not always actually the
only leaveming agent. The old pound cake recipe which used a pound each
of butter, sugar, flour, and eggs 1s leavened by thorough creaming of the
fat and sugar. As the mix becomes fluffy, small bubbles of air are adsorbed
and in the oven the expansion of these bubbles raises the cake Often today
small amounts of other leaveming agents are added n order 1o ncrease the
volume and hghtness of the cake In angel cake the egg white foam holds
the air, and mixing 15 controlled so that the maximum amount of air 1s 1n-
corporated and the minimum lost while the other ingredients are added. In
sponge and butter cakes baking powders are used to produce carbon di-
oxide and achieve leavening, but air 1s also important and the amount n-
corporated in the egg white or whole egg influences the final volume of the
cake

Steam 1s the sole leavening agent in popovers and cream pufls. Commer-
aally cream puffs and eclairs occasionally have small amounts of other
leavening agents added to ncrease the volume produced. Steam is im-
portant in ali batters since the vapor pressure of water increases rapidly
with increased temperature During the cooking of all batter products,
whether doughnuts, griddle cakes, or oven heated cakes, the steam formed
15 one of the agents that gives a light porous structure.

Gas Retention in Batters Batters are almost always extremely complex’
Mixtures and the specific effect of many components of these systems is for
the most part only partially understood at present. The production of a
hight, tender, high volume cake, doughnut or muffin requires the attainment
of a delicate balance between elasticity and ngidity, cohesiveness and
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crumbliness, tenderness and toughness. Recipes for batters have developed
through empirical methods where the cook tried various combinations and
stumbled on some that were acceptable. Today enough research has gone
into batter products so that some rules of thumb for balancing cake
formulas, for instance, have been put together. Although the effect of each
ingredient is known in a general way, the day when these effects can be ex-
plained by physical chemistry is still some way off. Those factors which
make the batter elastic so that it can stretch around gas bubbles and not
allow them to coalesce or escape from the top, are: (1) the gluten developed
in the flour, and (2) the proteins of milk and eggs, particularly eggs
Those that decrease elasticity and consequently prevent a rubbéry texture,
thus increasing tenderness, are: (1) fats and (2) sugar,

Flour is the source of the gluten in the batter and consequently the type
of flour and all its characteristics has a most important bearing on the
qualities of the batter product. In bread flours a high quality gluten is de-
sirable, but in batter products the amount of gluten development possible
and the quality should be low. In general, flours produced from soft wheat
yield better cakes than those from hard wheats. The gluten from soft
wheats is much weaker than that from hard wheats and often, but not
always, the total quantity of protein js lower. Flour formed in the shoitest
separation during milling, which contains the highest amount of starch
and the lowest amount of protein, yields the best cakes. The granulation of
the flour also has considerable effect. The finer the granulation, the higher
the score of cakes baked with it. Cake flour is as finely granulated as is
economically feasible.

The amount of mixing has an effect on the extent of gluten development
and consequently is one of the factors which contributes to the strength of
the batter. Lowe'? and her students have found that with a standard cake
recipe cake volume increases with mixing up to a maximum and then de-
creases The batter of the overmixed cakes flows from the spoon in long
ribbons, suggesting that gluten has been well developed. Methads of mix-
ng, whether creaming. blending, or muffin method, yield cakes with differ-
ent volumes and different scores (see p. 347).

The effect of egg protein on the structure is well demonstrated when
muffins or one-egg cake is compared with cake made by conventional
recipes The grain tends to improve with the addition of egg up to a maxi-
mum and then, although the grain remains fine, the volume decreases and
the texture becomes rubbery It 1s also possible that the milk protens are
important mn the final structure The gluten and other proteins have 1Wwo
eflects here—elasticity 1n the batter and nigidity after baking In the batter
it 1s essential that some elasticity occur to allow formation, retention and
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expansion of gas bubbles. It is probably the gluten which develops during
mixing that is primarily responsible for elasucity n the batter. Although
the ability of egg white and of whole egg to form elastic films is demon-
strated when egg-white foams or whole-cgg foams arc prepared, the tenac-
ity of these foams is not great. This can be observed when the foam is n-
corporated 1nto the batter. Overmixing and rough handhing must be
avorded so that loss of gas does not occur During baking the proteins are
denatured and a rigid structure results which maintains itself around the
gas bubbles even afler the cake has cooled and the gas in the bubbles has
contracted. Milk and egg proteins probably augment the cfTeet of the flour
proteins.

Fat. Fat has a two-fold influence on the retention of gas by the batter,
Many fats available today, particularly the hydrogenated fats, contain
emulsifying agents These agents not only emulsify the fat so that it 15
better distnibuted through the batter, but probably also function to help
retain the tiny bubbles of gas i the batter Morcover the fat interferes
with the development of gluten This allows the protein particles to shide on
one another and the product is tender when bitten or cut

The emulsifying agents which can be used are fairly numerous. The
mono- and diglycerides as well as other esters of fatty acids such as sorbityl
stearate and the lecithins are useful The addition of these emulsifying
agents at 3 per cent of the total fat causes an increase 1n the volume of the
cake as well as n the overall quahity score These agents also permut the
addition of larger amounts of sugar and of moisture to the mixture, pro-
ducing a sweeter, moister cake which 1s softer, which can retain moisture
longer, and has better keeping qualities Batters that are made with fats
containing emuisifier do not show a tendency to separate or break into
curds

Study of the structure of the cake by staiming in order to identify fat,
starch, or protein shows that the fat tends to occur in tiny lakes surround-
ing the gas bubbles with some distribution through the crumb The method
of mixing, the temperature, and the kind of fat influence the distribution of
it through the cake

Sugar. In cakes and cookies sucrose 1s one of the principal ingredients
which makes for tenderness In the presence of sucrose development of
gluten 1s retarded and restricted Cakes 1 which the weight of sucrose 1s
€qual to or exceeds that of the flour (by measure, 1/2 cup sugar to one cup
flour) are called high-sugar cakes and are very popular Those in which the
weight of sucrose is less than that of flour are called low-sugar cakes High-
sugar cakes are very sweet and have a fine texture with few tunnels Cakes
10 which both the sugar and moisture are high {(mossture includes the iquid
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added in milk and eggs) are lugh-ratio cakes and are possible today because
of the emulsifying ngents added to fats. (Sce p. 342) Lowe and her stu-
dents have lihewise demonstrated that high-sugar cakes require more
mixing than low-sugar cakes in order to achieve optimum volume during
baksng and prevent falling when removed from the oven, Too much sugar
causes a stichy crust and a gummy texture,

Sugar has a marked effect on the hydration of proteins and starch which
occurs in any batter or dough and must through this competition for water
affect the physical properties of the baked product Protemns hold water on
their surfaces and within the folded or coiled structure of the molecule by
hydrogen bonding. A well-hydrated protein 15 probably a tender one m
which the adherence of one protein molecule to another 1s weak and easity
sundered. The starch hydrates and forms a gel in doughs and batters, par-
ticularly during baking. The extent of gel formation must also have a
marhed effect on the physical properties of the baked goods Sucrose as a
small molecule with many polar groups has an attraction {or water and
will compete with protein and starch lecules for 1t Undoubtedly the
differences in high-sugar and low-sugar cakes reflect the competition of
sugar, protein, and starch molecules for water.

pH. The effect of pH on cake quality has been studied and the effect on
fexture observed, but there has been no direct study of the mfluence of pH

FIGURE 96 Cani PrEPARED
Wraur Sucar pur Wren Su-
CARVL. Rt g5 dullicult to produce
pood gran and volume without
sugar The secspe must be very
carefully batanced

Courtesy of Abbott Laboratonies
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on gas retention. Stamberg and Bailey™ reported that the optimum pH
for white and yellow cakes could be narrowed to 7.22-7.35. These cakes
were made with either phosphate or tartrate baking powders and those in
which the pH was markedly different were inferior.

The ingredients which influence the pH of a white or yellow cake are the
baking powder and the bufler salts which are present in milk. Disodium
phosphate formed from a phosphate baking powder will give a pH a little
above 7, depending on its concentration. Calcium phosphate is quite in-
soluble and has little effect. Sodium potassium tartrate from tartrate bak-
ng powders gives a pH above 7. Sodium sulfate, the product of an S.A.S.
baking powder, gives a pH very close to 7 If bicarbonate of soda is added
to any recipe, it raises the pH and if sodium carbonate is formed during
baking from any soda which has not reacted with acid the pH 1s high. Acids
are added to some cakes (but not usually to white or yellow) by use of sour
milk, molasses, honey, or chocolate and cocoa. Since the amount of acid
varies with the sample, 1t is very difficult to use these and achieve exact or
close to exact neutrahzation of the soda. If the acids are present 1n insuffi-
cient amounts, the cake will be alkaline and have a high pH; if they are in
excess, part of these acids will vaporize during baking but the pH of the
cake will be lower than 1f they had not been added. Cream of tartar (po-
tassium acid tartrate) 1s sometimes added to lower pH. Daniels and Hesig®
measured the acidity of some of the syrups used in baking, many years ago,
and found considerable variation. One cup of molasses varied from 12.8 to
22 6 ml of 0.1 ¥ NaOH for neutralization.

Stamberg and Bailey® give the following pH values for commercial
cakes.

White Cake 7.47
Yellow 7.59
Chocolate 8.48*
Angel Food 567

Cathcart* gives the following pH ranges for commercial cakes:

Angel Food 5.2-5.6
Chocolate 7.2-7.6?
Devil's Food 7.5-80
Fruit Cake 44-50

Pound 6.6-7.1
Sponge 73-76
White 7.1-74
Yellow 6.7-71
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The texture of a cake changes with changes in pH, tending to be finer and
more compact at Jower pH while it becomes coarser on the alkatine side
We would expeet from our knowledge of the change n characteristics of
proteins with change in pH that the elasticity und toughness of the protemns
fram flour, mitk, and epps are influenced by pIf This variation of texture
with pH must surcly reflect effects on protem

In general the Aavor and overall qualty score for cakes s better when
the pH is lower The length of time for the development of staling 15 like-
wise prolonged with lower pH

Chocolate and Devil's Food cakes have different meanings to dfferent
bakers and a wide range of pH values are found for commercial as well as
home made eakes, (Heace the question mark which Catheart has placed
after the pH range given for chocolate cakes ¥ As the pH nises, the color
changes through cimnamon brown 1o brown and then becontes more and
morered The flavor of the chocolate ikewsse changes Many bakers add
so much extra soda to Devil's Food cake that the pH 15 above 8, the color
is very red. and the flavor very poor The bitter soapy taste of sodium
carbonate is readily detected and 1s most objectionable

Baking Temperature and Time Numerous studics have been made of the
effect of baking temperature and time on the quahties of cakes It 15 im-
portant that the batter temperature rise so that baking powder, particularly
SAS powders which react very slowly at room temperature, will form
CO, and that the gases will expand It 15 also essential that the walls set,
so that the pas 1s not tost and the bubbles do not coalesce and form a coarse
grain In general it has been found that a relatively high temperature and
consequently a short bahing time starting with a preheated oven give the
biggest volume and the highest scoring product Charley® found that a cake
baked 1 Japanned wren had a better volume when baked 24 minutes at
365" F than 27 minutes at 345°F In tnned iron she found a temperature of
395° F preferable

Moisture The amount of mossture 1n a cake and the manner of s dis-
toibution are doubtless factors important to the guality of o batter product,
The feeling 15 the mouth of morstness or of dryness adds a great contribu-
tion to the enjoyment of eating Motsture 1s held 1n a batter or dough prod-
uct as the solvent for some compounds, particutarly sugar, and as a hydrate
of protemn and starch Duning baking, proteins are denatured and the
amount of water held 1 the molecule ch The d d protein can
stifl hold water through hydrogen bonding (Sec p 122.) Starch swells and
1s gelatimized. The granules swell, water passes into the molecules, and is
held there (see p. 104)
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Staling

Staling is a process which occurs in all dough and batter products an
renders them less desirable for eating. Attempts to understand and contro
the process have been made for many years; and although some progres
has been made, there is still a lot to learn. Most of the work has been or
bread, but the same process occurs in any flour mixture. In bread the crus
loses its crispness and becomes leathery, while the crumb becomes har
and crumbly and dries out during the first two or three days after baking
The hard crumb first appears just under the crust, but with {oss of moisture
it progresses through the whole loaf. At the end of two or three weeks the
entire loaf has become hard and dry. Early in the process the staling can b
reversed by heating the loaf. Quantitative estimates of staling have beer
dewvised ustng (1) a penetrometer which gives a measure of the hardness o
the crumb and (2) the amount of swelling which occirs when 2 crumb is
placed in water. Fresh bread swells much more extensively than stale. For
bread which is stored at 60°C or at very low temperature staling is very
much delayed. But the flavor at 60° C suffers deterioration Freezing bread
and storing it well below the freezing point is a practical and much used
method of maintaining baked products for considerable periods of time.
The most rapid staling occurs at -2°C to -3°C.

Staling appears to be associated with changes in the starch. Chemically
there is a loss in the amount of extractable starch which is obtained from
bread as staling proceeds, Some workers believe that it is the relatively low
molecular weight amylopecttns which are involved while others believe 1t is
the straight chamn amyloses. Although the process is not completely analo-
gous to the changes which occur when a simple starch-water paste or gt.:l
undergoes retrogradation, there are many indications that the process is
similar. Today most investigators conclude that the basis of similarity Pe-
tween staling and retrogradation is that both are caused by a reorientation
af the hydragea bonds. It is thought that during both processes water mole-
cules assocrated with starch molecules are lost, This leads in retrograda-
tion to marked orientation of the starch molecules and the development of
crystalinity. In staling the orientation does not appear to be as complete.

The addition of emulsifying agents such as mono- and diglycerides and
other compounds similar to them lengthens the keeping quality of bread
and delays staling. They are now extensively used in the United States. Fats
up to 2 per cent of the flour improve bread and sfightly retard the staling
of the loaf. Addition of protemn to the dough gives a softer crumb but a
stronger structure to the loaf and produces a slight delay in staling. Part of
the delay ts apparent because of the initial softness of the crumb.
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FIGURE 9 7. MoLD GROWTH ON BREAD.
Courtesy of Fleischmann Laboratories. Standard Brands, Inc.

Numerous compounds can be added to the dough or batter in low
enough concentration so that toxicity or flavor will not occur and yet in
high enough concentration so that mold growth is sharply inhibited So-
dium and calcium propionate are now widely used m the baking industry

CH,CH,COONa CH,CH—=CHCH~=CHCOOH

Sodium Propionate Sorbic Acid

FIGURE 9 8. Motp GROWTH ON BREAD

Magnification x 25
Courtesy of Fleischmann Laboratories
Standard Brands, Inc
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TABLE 94 MOLD INHIBITION®

Mold Growthin Humidity Can
Supplement to the Ratter afler Days Indicated 90° F
Substance Concentration ®;, 2 4 5 7 8
None om — +++4 ++4+ R N
Sorbic Acdd 005 - +4 ++4 B S
010 — - - + +++
020 - - — — ~
Na Proponate 03 - + +4 P N
060 — - * ++ At
Na Benzoate 01 - ++ +H++ A+ A4+

*From Melmick T3, Vahlteich 11 W and Flackett A, “Sorbic Auid asa Funmstatic Agent for Foods,”
Food Research 21,133 146 (19%)

1o achicve this purpose In more recent years sorbic acid and its salts have
been studied and appear to be at least as effective as the propionates.
Melmeck, Vahlterch, and Hackett'* added mixed mold culture to a variety
of cake batters and measured the effectiveness of some compounds as in-
hibitors of mold growth in shices of cake stored m warm humid containers
Their results with white cake are shown in Table 9 4 and indicate good con-
trol at low concentration
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veloped in the methods used by federal agencies to ensure the safety of new
additives. The toxicity of pesticides for insects alarmed some consumers
who believed that surely these compounds that kil insects might be equally
lethal for themselves.

Agene, nitrogen trichloride, was used as a bleach for flour for many
years, Bleaching improves the baking quality of flour in a short time and
produces a flour comparable to the more expensive aged product. Agene
was used in very low concentration but it was shown in the late 40’s that
flour bleached with this agent or bread baked from this flour caused run-
ning fits in dogs and convulsions in rabbits, ferrets, mink, and cats—a re-
port which led to an almost hysterical distrust of all food additives in a
small segment of our population. The animals adversely affected were fed
diets composed principally of the flour or bread. The toxic compound is
produced from the action of nitrogen trichloride on methionine to form
methionine sulfoxamine. It has never been demonstrated that harmful ef-
fects are caused by this flour or bread in man although a number of experi-
ments have been conducted to test the possible toxicity. Nevertheless, ef-
fective August 1, 1949, agene was removed from the Iist of permissible
bleaching agents

After much debate and a number of hearings and bills, the Miller
Amendment was passed 1n 1954 and the Food Additives Amendment (Pub-
Iic Law 85-929) in 1958. The Miller Amendment covers spray residues and
the use of pesticides; it attempts to establish procedures that will prevent
any possible harm to consumers. The Food Additives Amendment sets up
requirements for the demonstration of the safety of a substance before
it can be used in foods; it went into effect on March 5, 1960, although a few
items have had an extension beyond this date.

The Food Additives Amendment uses the following defimtion—*“Food
additives’ include all substances not exempted by section 201 of the act, the
intended use of which results or may reasonably be expected to result,
directly or indirectly, either in their becommng a component of food or
otherwise affecting the characteristics of food.” The container is not con-
sidered a food additive but if some of the substances present n the con-
tainer migrate into the food, then they become food additives and subject
to the law

A list of additives that are already 1n use and appear to have been ade-
quately shown to be harmless has been prepared No further testing is re-
quired with these compounds that are considered permissible. The list (se.c
Appendix, p. 357) includes preservatives, buffers and neutralizers, nutri-
ents, non-nutrient sweetners, coloring agents, stabitizers, emulsifiers, and
others. Although salt, sugar, and vinegar are not included, they are per-
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mitted. A hist of permissible flavor substances 1s in preparation Other ad-
ditives cannot be used unless permission 1s granted by the Food and Drug
Admimistration A petttion for use must include a thorough review of the
substance, its stabihty under all conditions of posuble use, and a complete
report on animal tests that demonstrate 1ts safety. Methods for the detec-
tion of the additive or its degradation products if they arc formed in the
food must also be piven. The Food and Drug Administration guarantecs
protection of trade secrets. Only those facts about the substance that are
required for its control will be revealed

WHY USE FOOD ADDITIVES?

At a meeting of the lastitute of Tood Technologists in May, 1958,
Harold Schultz* 1s reported to have sad of food addittves that “some are
used 10 coloe foods, others 10 bleach them; some add flavor ta food, others
remove flavors; some make foods firmer, others soften them, some keep
foods dry, others heep them moust, some thicken foads, others keep them
from thickening; some produce foams, others prevent them, some make
foods acid, others make them alkaline, sull others suspend particles; some
are added 0 1ncrease the mineral 1ons, others to remove them; some are
ovidizing agents, others are reducing agents, some hastén chenucal
changes, others retard them.” This 1s a forsmidable bist of functions af-
thouph sometimes one food additive has more than one It ss & list that i
lustrates the needs of the food mdustry 1n s efforts to produce foods with
sufficient shelf hfe o allow distribution aver a wide area and with sufficient
appeat to the cye and taste of the consumer to arouse and satisly his ap-
petite. These food products must nounsh the eater well; but before they
an nourish him, they must first attract his purchase Justifiable uses of
food additsves have been descnibed m some detarl by the Food Protection
Committee 1 Publieanon 398, *The Use of Chemical Addinves in Food
Processing " They are

(1) “mamtenance of nutrional quality, such as by the use of antioxi-

dants >

€2) “enhancement of keeping quality or stability, with resulting reduc-

tion 1 food wastage, through the use of antioxidants, antimicrobial
agents, mert gases, meat cures, etc

(3) “enhancement of attractiveness of foods by means of coloring and

flavoring agents, emulstfiers, stabilizers, thickeners, clanfiers, and
bleaching agents. (That appeat to the eye as well as the palate is not
2 mere whim of the food producer, 15 recognized by all nutrition-
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ists, since proteins, vitamins, and minerals serve no purpose unless
caten.)”

(4) “providing essential aids in food processing. Agents which function
in this capacity include acids, alkalis, buffers, sequestrants, and
various other types of chemicals.”

METHODS OF DEMONSTRATING SAFETY

The current methods of demonstrating the safety of a chemical com-
pound or crude extract to be used in food production are fairly well
standardized. Those compounds which are not normally present in some
foods are fed in graded amounts to rats for two years and to dogs for
one year. The control animals are fed complete diets devoid of the ad-
ditive, The level of feeding at which injury can be demonstrated is de-
termined.

The success or failure of this method depends on recogmtion of “in-
jury.” A considerable amount of attention has been devoted to this effect.”
The Food and Drug Administration uses the distinction between toxicity
and hazard set forth by the National Research Council’s Food and Nu-
trition Board: “Toxicity is the capacity of the substance to produce injury;
hazard is the probability that injury will result from the use of the sub-
stance in the quantity and in the manner proposed.” Since evaluation of
injury depends on subjective judgment when changes are slight, the FDA
requires a complete description of methods used. “No effect” must be
supplemented by a description of the conditions under which there is “no
effect.”” The decision of the safety, toxicity, or hazard of a chemical ad-
ditive rests with this organization.

For some substances it is possible that use in small amounts proves safe
but in very large amounts hazard exists. Even a substance such as sodium
chloride, commonly considered completely safe to add to foods, can cause
injury when the amount far exceeds that encountered in foods, With these
compounds a limit is established by adding a margin of safety to their toxic
level. This margin must include consideration of the difference in effect
between man and test animals, individval variation, cumulative effect, and
the possibility of the compound occurring m other items in the diet. Here
again judgments rather than measurements are used and much debate is
possible.

It is unlikely that most chemical addiuves will be chemically purc com-
pounds. FDA requires that methods for the detection and estim'au‘on of
impurities be developed and presented with the petition for permission to
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we Although a pure substance might be safe, the impurities carried along
might be injurtous,

There is also a possituhity that a compound might be safe as such but
during the processing of a food, it could cause a change in some com-
ponent to form a porsonous compound The tovic factor in flour bleached
with agene proved to be a derivative of methionine rather than the agene
itself. It 1s therefore required that a compound not only be demonstrated
safe. but also safe under the conditions of its use. Permissible chenucal
additsses are restricted to those particular foods or processes which meet
these requirements,

COLOR ADDITIVES LEGISLATION

The FDA is requesting lepislation to modify the present regulations re-
garding color additses (o foods {as well as to drugs and cosmetics.) At
present color additines are erther classed as “harmiess” or not, with no re-
gard for the quantities used Since this 1s not very realisue. the FDA
wishes controls set up so that the quanttties in spectfic foods can be hm-
tted to safe fesels They also wish the law extended o anclude not only syn-
thetic coloring substances but also natural pripments used as additives

Repulations on food addines and explanations of the faw and of at-
fempts t0 put i nto smooth operation are being published by the FDA
These publications are avwlable free of charge to ansone who asks that
his name be placed on the mathing list
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Appendix on
Food Additives*

The U. S. Department of Heahth, Education, and Wellare, Food and
Drug Admimstration s now sssuing lists of permitted food additives The
following list< include those published 1n the Federal Register on Novem-
ber 20, 1959, and hts of January 19 and 26, 1960. 1t 15 expected that the
Food and Drug Administration wif} contsnue to issue hsts of permissible
food additives,

CERTAIN FOOD ADDITIVES EXEMPTED FROM
THE REQUIREMENT OF TOLERANCES

Substances That Are Generally Recognized As Safe

(2} Mtisimpracucable to {1t all substances that are generally recognized
as safe for thewr intended use However, by way of dlustration, the Commis.
stonef regards such common food ingredients as salt, pepper, sugar, vine-
gar, baking powdes, and monosodwm glutamate as safe for their mtended
use The Iists sn paragraph (d) of thu section include addisonal substances
that, when used for the purposes indteated, in accordance with good manu-
factunng pracuce, ase regarded by the Commssioner as generally recog-
nized as safe for such uses

(b} For the purposes of this section, good munufactuning practice shall
be defined to include the foliowng restrictions

(1) The quantty of o substance added to food does not exceed the
amount reasonsbly requised to accomphish ats intended physical, nutn-
Yonal, or other techmical effect 1n food, and

(2} The quantsty of a substance that becomes a component of food as a
fesult of s use 1n the manufactunng, processing, or packagag of food, and
which 1s not intended to accomplish any phystcal or other techunical effect in
the food stself, shall be reduced to the extent reasonably possible,

(3) The substance 15 of appropnate food grade and is prepared and
handled as a food mgredient Upon request the Commissioner will offer an
opinion, based on specifications and intended use, as 1o whether or not a
particular grade or lot of the substance 1s of suable purity for use in food
and would generally be regarded as safe for the purpose intended, by ex-
perts qualified to evatuate its safety

“From the Federal Repister, U S Department of Health, Education, and Welfare, Food
and Brug Ad Excerpts of } 1959 and Januaty, 1960
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{c) .The inclusion of substances in the list of nutrients does not constitute
a finding on the part of the Department that the substance is useful as a

supplement to the diet for humans.

(d) Sl{bstances that are generally recognized as safe for their intended
use within the meaning of section 409 of the act are as follows:

Chemical Preservatives

Ascorbic acid.
Ascorbyl palmitate
Calcium ascorbate.,
Calcium propionate
Calcium sorbate
Erythorbic acid.
Potassium sorbate
Propiontc acid
Sodium ascorbate
Sodium propionate
Sodium sorbate
Sorbrc acrd
Tocopherols

Buffers and Neutralizing Agents

Acetic actd,
Adipic acid
Alummum ammonivm sulfate
-Aluminum sodium sulfate,
Alyminum potassium sulfate.
Ammonium bicarbonate
Ammonium carbonate,
Ammoaium hydroxide.
Ammonium phosphate (mono- and di-
basic-)
Calcrum carbonate
Calcium chlonide,
Caletum citrate
Calctum gluconate,
Calcium hydroxide.
Calcrum lactate
Calcium oxide
Calcium phosphate.
Curie acid.
Hydrochlone acid
Lactic acid
Magneswim carbonate,
Magnesum oxide
Malic acd
Phosphortc acid
Potasstum acid tartrate
Potassium bicarbonate
Potasstum carbonate.
Potassium citrate
Potassiom bydroxide
Sodium acetate
Sodium acid pyrophosphate
Sodium aluminum phosphate.
Sodium bicarbonate

Sodium carbonate,

Sodjum citrate,

Sodium hydroxide,

Sodium phosphate (mono-, di-, tri-),
Sodium potassium tactrate.

Sodium sesquicarbonate.

Succinic acid.

Sulfuric acid.

Tartanc acid.

Emulsifying Agents

Diacetyl tartaric acid esters of mono- and
gyglyc:};xde's from the glycerolysis of edible
abe aod male

" - - =.or

Ny . -

Propylene glycol.

Miscellaneous

Acetic acid

Alumium sodium suifate

Aluminum sulfate

Ammonium bitanirate.

Ammonium sulfate,

Bees wax (yellow wax).

Bees wax bleached (white wax).

Bentonite.

Butane,

Calcium chloride

Calcium phosphate, tnbasic.

Caramel,

Carbon droxide

Carnauba wax.

Citric acid.

Dextrans {of average molecular weight be-
low 100,

Glycern,
Glycerol monostearate,
Helium,
Lexithin
[T ARV
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Substances Allowed

If Restrictions Are

Observed

Product Tolerance Specitic uses or pestrictions
ANTICAKING AGERTS
Alurunum caloum siheate L. 2 per cent e e In table salt
tewm silicate UL Spercemt . . 1n baking powder
Calcum silicate . 2pereent . - . Intable url
Magnesium sicate do s
Tnealcum sihcare . Q... P Do
CHEMICAL PRESERVATIVES
Benzone acid 01 per cer
Butylated hydroxyamsole Total content of antioxidants not over
t cent of fat or ol content,
lncludmf essential (volatle) ol con-
fent,
ulyl.ued h)dro(ylnlu:nc N . .
Capry)s In cheese wraps
Dxlzuryllhlodlpmplona(t Total ¢ontent of antovidants not over
02 per cont of fat or oil content

mcludmﬁ essenuial {volanle) ol con-

tent ol
Gum gumac Q1 per_cent (equlv:llenl anuoxwant  Inedible fatsorails

Nordihydroguaaretic acid

Potassium bisulfte ,

Potassizm metabisulfite
Propyl gallate

Sodum benzoate
Sodim bisulfite

Soduum metabisulfe

Sodm

Siturdioude ,
Thiodipropronic scid

ESULSIFYING AGENTS
Cholic actd

MISCELLANEQUS

Caffee
Ethyl formate
Magnesm stearate

Sorbuet
Trethyl extrate
NUTRIENTS
Copper gluconate
Cuprous todide
Potassum sodide
SEQUESTRANTS!

Lioprogyl e
am thiosullate
St

activity 001 per cent)

Total tﬂﬂl:nl of antioydants not over
[] nt of (a1 or ol content,
...cludm, easenbal (otane) o o
tent of the food

Total content o'lnllcudznls not over
cent of fat of ol content,
ancludin, ess:nuzl (vol:lde) oll con-
tent of g
Otper o .

Total content ofantioxdants not over
002 per ce ol content,
Inching spsental (volatle) o con
fent of the food

01 per cent
. P do
do
do

002 per cent
00015 per cent

70 percen
025 per cent

0005 per cent

001 percent .
do

002 per cent

01 per cent
0 I5pereent

Notun meats of n food_ recogmzsbe
53 soure of vaamn B

Not 1n meats or in foods recognizable
a3 a source of yitamin
Do

Do
Do

Dried egg whites
0o

Do
Do
Do

Incola type beverape:

As fumigant for cashew v

As migratory substance lrum pack-
Jeng ‘materials when used as 3 ¥

In l'oodi forspeva deary e

Egg whn

In table salt as a source of dictary
iodine

Inaht

«Far the purpasc of thiy st no stiempt has becn made to designate those sequestrants wht

cal preservatives

A may sisa fanction as cheatr



SPICES, SEASONINGS, ESSE'NTIA[ Oons, OLEORESINS, AND NATURA[
L ECOGNIZED AS

EXTRACTIVES TH. GE| ERALLY
FE FOR THER INTE| OFD E.
Spices ang O, Natypg, Se Sonings and
avoring, (leay , Rooy. . Bark. erries, etc,)
Cormm, mv/a»:m/rmmr f pi 371 source
Allspree. e L . Pime 12 o rmnlnlmdl
Anee . .- hh;\melh ary,
Anrse, g1ap . . .. Hhicrisp Verum Hook ¢
Basy Sweer .. Oairyen, hawhcum L
Baq), bush <L Oamy, imu, ¢
By .. - aury, Nobpgp
Calengyy, P Calendyl, Officinaps g
Capery

- UM can,
C:rauy. black {blacy Curminy Nipella Uy
Sendamon, fCardamon) Ficttar, U momum, Maton
Cassyy, ¢, nese, Crrnamomg, £35513 Blyme
E155 Pidgny Batasyy MmOy, 100 Blyme
Sassa, Sup Cimnamomg, lourery &,
Cayen acum |, | or Capsicum an
Puum
Cd"’ ‘ um Fraveofen, !
St | . Alligym khr\'m‘pn\urn 1
“hamon, Cerlon | « snamomy, 20 Mhicum oo,
Cm"""’o"' Chinese « PNamomym, SV By
Cm""mo"' Sipon [4 namomum fourgypy, Nees
& tlary Hpe) fala sty
Cloves upemy nnnpmlhn Thuns
Cnender, Conmangpy Sabivum |
Cupm, n) « ummumummum L
37,"'"" Blsck hfaey 3w, Nelta gqr, )
o Ancthym, Tavcolens f
Fennel.commm. T ocacup, frae are Mgy
Fcnnd, Sueer (ﬁnocchm,l‘lorrn(v fenneyy Iutmculum »uf;m Ml o dulce (DC)
Alef
Fenugrcek . Trieoncir, Iucnum»gmtcum L
({;;"I'C - Hium Sdthvym p
(;]’"g" Zing bey Sincinale R g0
)q"h'“ Gi Cyrehizy 8labry L ang Other PP of
%o para 1y rehy
Paradyse . " 2
il . :\‘::‘nor?ncl:.’l lapattugoyyy g,
oonder .. Lavang,), Oflicinayg Charx
Lo = Glycyrep, T2 L ang Other spp of
Ma, Gl)c)rrhlza
o Mymncz fragrany Houty
Mi€Md, poy Slendulg o F L
Maoram, py * Majorang g (L) Bengp
Maqo:am,“m Majoran, hortens, oench
Muna ck o browp 1255ica pygry (L)X,
M:;,md bro . Brasgiay un, (L ) Coss
. wrassica alhg (1
Mymhca {ragrang Houtt

o (“'feanum, Mesican Oregang, Lippra spp
2 Tigany
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Paprika ., Capsicum annuum L.

Parsley Petroselinum crispum {(Mill ) Mansf.
per, black | . Piper nigrum L.

Pepper, cayenne ...... ..... . . Capsicum frutescens L, or Capsicum

nuum

Pepper,red .., . vew Do.

Pepper, white . . . Piper nigrum L.

Peppermmt .. Mentha piperita L.

Poppy seed . . Papaver somniferum L

Pol mangold . . Calendula officinahs L

Pot marjoram , . Majorana onites {L ) Benth,

Rosemary , . Rosmarinus officinalis L.

Rue. . Ruta graveolens L.

Saffron . Crocus sativus I,

Sage ... . Salvia officinalis L

Savory, summer . ...... . Satuseia hortensis L. (Satureja).
Savory, winter . . Satureia montana L. (Satureja)
Sesame . Sesamum indicum L.

Spearmint . Menthaspicata L.

Star anise . . Hhcm verum Hook. f,
Tarragon . Artemisia dracunculus L,
Thyme . . Thymus vulgaris L.

. Curcuma fonga L

Turmeric . .
. ... Vanila planifolia Andr, or Vamilla tahiter
Moore

Vanilla.. |

. Moo
Zedoary e e PEETTROT Curcuma zedoatia Rose,

Essential Oils, Oleoresins (Solvent-Free),
and Noatural Extractives (Including Distillates)

Common name Botanical name of plan source
. Pimenta officinzhs Lind}
Do = 2 amms el an Dot

wh Bensmue arman;

Allspice .. ... .. . e e
Almond, bitter (free from prussic acid) ..

v ' b,

N Do
", . Galipea officinalis Hancock
Anise . Pimpinefla anisum L.

Asafetda . F:gda lassa‘roetidz L. and related spp
erula

Balsamof Peru .. ..... o Coerees Myroxylon pereirae Klowzsch

Bas: P Ocimunt bastiicum L.

Bayleaves .. Laurys nobilis L.

Prmenta racemosa {Mill ) J W, Moore
Prunus amygdalus Batsch, Prunus armenia
L, or Prunus persica {L ) Batsch.

Bay {myrcta o;'l) PR iy
Bitter almond (free from prussic acd). ...

Bois de rose . veer « .wc . .. Ambarosacodora Ducke

Cananga . . .o e aeees e Cananga odorata Hook f. and Thoms.

Capsicum o . . Capsicum frutescens L. and Capsicum 2
nuum L.

Caraway . , . Carumcarvi L

Cardamon seed {cardamon Elettaria cardamomum Maton.

Carob bean Ceratonsa siiqua L.,

Cascanlla bark Croton eluterra Benn,

Cassia bark, Chinese Cinnamomum cassiz Blume

Cassta bark, Padangorll.iatavm <+ +eses Cinnamomum burmann: Blume,
e Cinnamomum Jovremn Nees

Cassia bark, Saigon 4
Celery seed ..,... . Apium graveolens L
Ch le lowers, le).. Matrcaria chamomifla L




C'!mtr-e:ls
Tan (clary sape)

Clove g -
Tove Joaf e, .
T ste PR

Coca {dfmcalmn:d)

Coffec | .
Cola nyy

Coriange,

Comiy lcumm:n)

Cuspapy, bar

by S
Trapaje (evdrapol. Crapqy, unarnm

lennel, Sweep

huproey
Garlye

Junipe, (hernies)

Rola

Lagrey Jeaves

Laven e
vendcr.s the

Lmndm "

Lemoy,

Lemgp Brasg

Llconcc

Lime,
AL{O;;“ bean

¥ and.l’nn ’ .
Horam,

Mg " Sweey
Ustarg"” .
Nlanngm .

Nty bus 1,
Momymy zcy hnicum Nees
MUm eaggry Blume,

™ Jourey Nees
ON2mOmeym 2 lameym Neey

Citryg np
Salyy “lareg g
Fugenyy tar)oph)lhu Thunt
Do
Eupenyy cany Ophyilaty Thunb
L 1hroulurn m ang Other SPp of
.mhmx,lum
flea sp;
Coly ACUminap, Schory and £nqp and othe,
5D af C ol
Con ndrum SMrvum

2 n
Anethym, T3veolens
Artemg,, dracum‘ulu‘ L

Foenicylym ‘ulgare pgy
'Inrunclh ﬁ)cnum»graccurn L
Ay, Sty

[ Imhnpo;'nn M, Stapf

Petar, eI Eray g Cller

Zing, rumunchRuu

('Ihu"hll.l flabry ¢ and othe, P of
4y

Ghyy rrh,
Mruy Paradyy,
Psdiym y
farrubyy Vulpare |
t Umulyg ), hus o,

J.nmmum Officingfe L oapg Other Spp of

lumpcrm COMmmyp,, L
Coly dcumn p, Schott and Engj | and oghe,

@
Lavang, 4 oficin g Chaix
Yanduyl, Litifol,, Vi
Iwee vandul, Officinayys Chaix
an vanduly lauifoy, Vi
Citrys Limon (L) Burm, f

Cymbo, 'BON Citrgy s DC and Cymbopugon
OSUS Staps
Glycyrrhlz.n glabry L ang Other Spp of
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Index

Acetaldehyde, 42
Acetone bodies 1n mitk, 298
Acetyl methyl carbinol in butter, 52
Acety] Value, 31
Achilies tendon, 178
Acidophilus milk, 305
Acids allowed in jethes, 94
Acids, in frints and vepetables, 275-277
Acids organie,
changes in fant, 2R6-288
1 foods, 276-277
Acids, volatile, 274-278
and green vepetables, 275
Actin 172
Active oxygen test, 39
Actomyosin, 172
Acusty of smell, 153, 154
Addwves, food, 351-364
Adenosine triphosphate, 172
Adipose trssue, 14, 179- 180
Adsorption of solvent and protein pels, 126
Adsorpuon spectra, fatty acid esters, 19
Adulteration of milk, 302- 303
of sprces, 107
Acration of fats, 34-38
Aftentaste, 148, 156, 158
Agar, 96
Apenc, 336, 352
Aging of starch dispersion, 107
A, intercellular i frugts and vepetables, 274
Air as leaveming, 339
in pound cake, 60-61
Albumen as antigen, §23
Alhumm.cgg, 129
Albumin in cereals, 322
Albumin in milk, determination, 301
Aleohol fermentation,
methanol from pectins, 95
Aleurone layer in wheat, 317
Alga, amino acads 1n protein, 138-140
Algal xylan, 86
Alginic gend, 97

Alkah refinung fat:
Alliein, 278 g fats and oils, 46

Allnne, 278
Allylisothrocyanate, 279
Allyl propyl disulfide, 278
Almond o1l

acid value, 33

Crismer vatue, 28

1odime number, 33

saponification number, 33

solidification point, 33

spectfic gravity, 33

Rechert Meisst, 33
Almond anthocyamn, 244
Amador: rearrangement, 109, 110
Amnes, aromatic, antioudants, 37
Amino acids, 114 115

changes in cheese, 311

determination, 133-135

essential, 114

in casein fractions, 142

n plant proteins, 138-140

In seed protens, 141

microbiological determination, 135

separation by chromatography, 134-135
Ammonium bicarbonate 1n batters, 339
Ammonum carbonate tn batters, 339
Amphitude in flavor, 158
Amphoterism of proteins, 122
Amylases,

“dextrogenic”, 76

mn carrot, 271

ndough, 332-333

in flour, 321

*hquefying”. 76
- and B-Amylases,

occurrence, 77

activity, 77,79
Amyloses,

content In starches, 76

1n gels, 76

micellar orgamization, 76
Anserine, 173,174
Anthocyamdins, 241-243

structure, 241-242

occurrence, 244



INDEX

Anthocyanins, 239-240, 241-247
and browning, 256
and metal ions, 245
and pH, 242, 245
and storage temperature, 245
and tannins, 243
factors affecting hue, 242-243
in edible fruit, 244
in cooking, 244-245
properties, 246
structure, 241-242
Anthoxanthins, 240, 247-250
and cookmg, 249
and NaOH, 249
Anthrone and carbohydrate tests, 99
Antibodies for proteins, 123-125
Antigen, protein, 123
Antioxidants,
and carotenoids, 234
and dehydrated carrots, 234
for fats, 32-38
Apigenn, 243,248
Aponeuroses, 174
Apples,
changes in hardness, 285
cider and culinary, 252
chimacterc, 281
firming canned, 266
favor compounds, 165
flavor, synthetic, 165
organic acids, 286, 287
pectic substances, 262
resp}ralion. 281
saucing quality, 267
senescence, 281
wax, 222-224
Arachidic acid, 19
Aroma, 152-154
Aromatic compounds in plant waxes, 224
Aronoff and Aronoff, 243
Ascorbc acid preventing browning, 257, 258,
260

Ashn wheat flour, 321

Asparagus cells, photographed, 223

Assocration of Official Agricuitural Chem-
1sts, 2

Athceomas, 62

Atherosclerosis, 62

Atramalic acid i apples, 287

Bl

Babeock Method, 299
Bacteria, amino acids,
in protein, 142-143
in milk for margarine, 59
in souring cream, 51-52
Bacterial invasion of fruit and epidermis, 222
Baked goods, rancidity, 38
scaring, 347
Baking powders, 338-339
double action, 338
phosphate, 338
SAS,338
tartrate, 338
Baking quality, 329-345
Bananas,
changes in carbohydrates, 284
pectic substances, 262
Barley gum, 86
Barley, lipid, 12
Barneli, 283
Batters, 337-345
and gluten, 340
cgg protein, 340-341
fat, 341
gas production, 337-339
gas retention, 339-342
mixing, 340-341
sugar, 341
Beans, canned with hard watcr, 266
Beef, nutnitive value afier heating, 137
Beef tallow, fatty acids, 19
Beer and tanmns, 254
Beets,
anthocyanins, 243-234
cooking and color, 245
Benedict's reagent, 99
Benzoic acid in frunts and vegetables, 276
BHA, 37
Binding 1ons by proten, 122
Biscuit type shortenings, 56
Bitterness, 150, 151
Blair and Ayres, 238,239
Bleaching fats and oils, 46
Bleaching o1, 54
Blends of flavors, 155~156
Blood cholesterol, 62
Blueberry pic color, 245
Bound water, 8
Brann grain, 317
ition, 318

Avarlable carbohydrate in fruit or
219

Avenin, 322

Awidm, 143, 145
Avocado, ipid, 12

366

Bread, fatin, 60

Breaks in milling, 320

Breed cow and milk composition, 296
Browning, 108- 112, 254-259



control of, 257-258
1n fruit and vegetables, 254-261
enrymatic, 255-259
nonenzymatic, 259-261
course, 259
factors, 259
and oxypen uptake, 260
prevention by patented compounds, 258
with sugar, 257
reactrons, 108-112
Bryophyte. amimo acids in protein, 139
Bucky douph, 335
Buffer salts in pelly, 94
Buffers allowed, 358
Bulgarlac, 308
Bulk in diet, 107
Butland, 253
Butter, 305-306
acd value, 33
composition, 306
consistency, 52
Crismer value, 28
fatty acds jn, 19
foaming, 59
freenng, 306
10dine number, 33
Kirschner Value, 30
manvfacturing, $1-52, 306
Rerchert Meissl, 33
salting, 306
saponfication value, 33
sconng,
soldification point, 33
specific gravity, 33
Butterfat determination in mulk, 299
Buttermilk, 305
Butylated hydroxy amsole (BHA), 37
Butylated hydrovy toluene (BHT) 37
Butync acid, 19

Cabbage,
color in cooking, 238
odor on cooking, 279
red, color change, 245
Cacao butter, Crismer value, 28
Caffeic acid, 251-252
formula, 240
oxidation, 256
Cake,

baking temperature, 345
at in, 60

high sugar, 57, 343
leavening, 60, 61, 338-339

INDEX

Tow sugar, 343

mossture, 345

pH, 3432345

pound, 60, 61, 339

sugar free, 343
Calclum in vegetables, 219
Calcium pectates, 266

and texture, 267
Cans, tin and discoloration, 245
Capullaries, fragile, 249
Caprore acid, 19
Capsanthin, 233
Carapeenan, 97
Carbazole and carbohydrates, 104
Carbohydrates, 65-112

and cooking, 104- 107

Benedict’s reagent, 99

color reactions, 97

fermentation, 100-101

indough, 332

n fruits and vegetables, 219

m wheat, 325

swodine for determination, 104

Molisch reaction, 98

osazanes. 100

quantitative determination, 101-104

SeliwanofT's reagent, 98

separatton by chromatography, 10t

Tauber's test, 99
Carmelization, 109, 111
Carnauba wax, 222-224
Carmitine, 173,174
Carnosine, 173,174
Carotenes,

@, 230,231

8,230,231

7v.230,231

%233

conversion to vitamin A, 233

excretion, 233

fortification, margarine, 60

n American diet, 233

1n carrot chromoplasts, 227

in food, 233
Carotenoids, 228-235

color, 228

distribution, 233

m fats, 17

occurrence, 228

oudation, 234

solubility, 234

stability, 234

with chlorophyll, 228
Carré-Haynes method, 267



VLA

Carrots,
carotenoids present, 233
chromoplasts, 227
dehydrated and color, 234
pectic substances, 264, 266
starch, 234,271
Casein, 140-142
a, 8, and v, 140
fractions, amino acids, 142
compositron, 142
determination in milk, 301
heated, 137
Castor bean oil,
acetyl value, 31
acid value, 33
1odine number, 33
phytosterol, 16
Rerchert Meisst, 33
saponification value, 33
smoke, flash, fire points, 27
solrdification point, 33
specific gravity, 33
Catalyst, hydrogenation of fats, 49
porsoning, 49
Catechins, 240, 250
structure, 250-251
Catechols, and browning, 255
oxidation by enzymes, 256-257
Catheart, 344, 345
Cauliflower,
brown color, 249
cooked, odor, 279
Cell turgor,
and cooking, 226
factors affecting, 226
Cell sap, 220
anthocyanins, 233
Cell walls, 220
and pectic substances, 261
Cells,
chloroplasts, 220
chtorophyll, 220
chromoplasts, 220
conducting, 222, 223
leucoplasts, 220
parenchyma, 221
supporting, 222, 223
vacuoles, 220
Cellobiose,
from cellulose, 73
structure, 69
Cellulose, 73-75
changes on cooking, 269
differs from hemicellulose, 84
fibers, 74, 222

368

in cell walls, 220
in frutt and vegetables, 220
in plants, 220
molecular weights, 74
structure, 74
X-ray analysis, 74
Cephalins, formula, 14
Cereals, 316-349
lipids, 12
structure, 317-318
Cereal flours, antioxidants, 37
Cerotic acid, 224
Cetorhinene, 15
Cetyl ignocerate, 16
Charley, 345
Chezse, 306-314
composition, 307
food, 314
mitk for, 307
process, 314
ripened, 310-311
npening, 311
spreads, 314
unnpened, 307-310
Cherry,
cornelian, anthocyanin, 244
sweet, anthocyamn, 244
Cherry, synthetic,
flavor, 164
flavor compounds, 164-165
Cherry pie color, 245
Cherres, discolored, 253
Chicken fat, acid value, 33
iodine number, 33
Reichert Meissl, 33
sapontfication value, 33
specific gravity, 33
solidification point, 33
Chilt, carotenods present, 233
Chnese vegetable tallow, Cnismer value, 28
Chitin, 80
Chlorogenic acid, 252
formula, 240
oxdation, 256
Chlorophyll,
a formula, 235
and pH. 237, 238
and metallic 1ons, 239
b formula, 235
n chloroplasts, 220
reactions, 235-239 .t
stability, 236 .
hlorophylls in fats, 1 Lo
loroplasts, 228
mposttion, 236



INDEX

Chmnhlucccmamdﬂcn!nmd 253 Ollagen, 17s, 176-178
Chomhlcx. dipy A from d:/rcren( phyly, 178
my rmppmm‘ 2 h)dron Prohne Conteny, 1hed
Cholesteray formuty, 15 Structyre, 176-177
Cholcsmal. m brond. 62 Color and Mlamp A value, 234
2nd dyeq ¢ Colnurum, 294
Chondrmrm Sulfates o B.C, 81y compommn. 294
Chop yn Milling 33 Protemn 143
hmmalopm of methy elers of hlu Cumpcnmuon N tagte, 152
20rde 3 Conalbumm. 143,
Chmm.uopra M, of PO acyg, 134 onneqnetmue. 174.18;
ofczrbnh)rlrnlts‘ LU NS &round !ubxl.!n!‘e‘ 179
Chmm(vpl.ms 20 Onstan, Tolem, 130. 131
neell 238 ONtumer 4, ance 1 festing ﬂavor. 160
pholopraph. 227 Congrag M taste, 15y
Cider, €olor, 355" 258 'S fatin, gy
Clnrnmtclcld Inrmula‘ 24 Coulung.
Cis-trang 150mepy Iatry s, 20, 49 and carbch)dr:lles. 104 1097
traung pal] and cellutoee 269
Cur.uanlhm. pA] and nterceliyy, ar, 274
Citrc acyq and pecyye SUubstances, 265-269
0d broy 0p pyrey alon, 3¢g 2nd siarch 8ranufes, 269-27)
mfmuund\q-ﬂahln 25 277 ol 33 s¢
npelty, 94 Patterns, fats, 55
Cunn 349 Coppe, fduction by carbahydmrcs, 103
Citrus it Iermenmmn‘ methapay " 9 Corn
Clear four, 33 cann, odor, 279
Chmmenc 0 frun, 2, €aroten, Present, 233
Cloump mik oy renmn, 1213 hc:urd. 137
Cloves, lﬂlmnd.ml. k1 Corn cop b Hlulose, 8
Cocoy (Cacag) butter, Corn Berm oy tostero) 4o
sod Value, 33 Corp Protey, 10 acids, s
int, lcnf»calnon pt Corn oy
1odine Mber, 33 and reversion 4y
ph,noslcrol, 16 Crisme, value, 28
Rc:chen Mcml. 33 fary acids 19
nnomﬁcauon Valye 13 phosphaudc !
Solid; ﬂl/onpoml. 33 pi Ytostero), 16
pecifc Eravy 35 10cophery,, 18
wmpherol, 18 Smoke, flash, fire pornt, 27
Cocopy, o, Cornﬂow:r.
ey Value, 33 amhoeyanm. 242
Crisme, Value, 29 Cotton Sced meg),
odine number. 33 aming acids 1 Proten, 144
Klrschncr Value, 39 Cotron Seed oy
p’lywxlerol. Il Crisme, Value, 2g
Relchrn Meisgy, 33 faty acuds, 19
npomﬂcanon Value, 33 influence Fpr essing o t0copheroy, 1g
mhd:ﬁcauon Point, 33 m shoncmng‘ 55
Aﬁcpavuy 33 m mzrgalmc. 58
l OPherof, 18 phyzosrcrol, 1
Coffe, Oopherof, 18
and Water, 35, Cournanns, 240
favor mposmon_ 167 Cowpea, Carotengygg Present, 233
$nthety. Rayor Cracke, 1y, shoncnmgs. 56



INDEX

Cranberry, anthocyanin, 244
Cream for butter, 5}
Crisco, phytosterol, 16
Crismer test, 26
values for fats, 28
Crocetin, 232
Crecin, 232
Cruciferous famuly, peppery taste, 278
Crude fat, 13,17
Crude fiber, 107
Crude protein, 129
Cryptoxantiun, 231,233
p-Cumaric acid in anthocyantns, 242
Cutin, 222
composition, 222-223
Cyanidin chloride, 241
formula, 242
properties, 246
Cyanin in fruit, 244
reactions, 243
Cystein and browning prevention, 258

Daruels and Hessig, 344
Darkening of fats, 17
2,4 Decadrenal, 42
Deep fat feying oil, 54
Delphinidin chloride, 241
formula, 242
properues, 246
Delphinin in fruit, 244
Denaturation of proteins, 124-125
agents, (24
and enzymes, 125
changes in structure, 125
wrreversible, 124
reversible, 124
Denatured protem gels, 128
Depol; {or pectic sub 263
Desserts in dict, 62
Dextrinization of starch, 105
Dextrins in wheat, 325
Diacetyl in butter, 52
Dially! disulfide, 278
Dually! trisulfide, 278
Diet,
Amencan ipid, 12
and mulk composition, 297
Eskimo's, 116
fat, 62
pattern with fruits and vegetables, 218
primitive man, 116
temperate zane, 116
vegetable, 116
Difference tests for flavor, 157

370

Diglycerides, 56
emulsifier, 57
1 frying fats, 57
in margarine, 59
preparation, 57
Dihvdenry hen

Liu-propylketone, 42
Disaccharides, 68-70
Diurnal varration in milk composition, 297
Doubie action baking powder, 338
Dough, 329-337
amylase, 332-333
and hard water, 337
and milk, 337
bactena, 339
carbohydrate, 332
conditioners, 333
gas production, 329-335
gas retentron, 335-337
proteolytic enzymes, 335-336
yeast, 329-331
Doughnuts, fat in, 60
Dulen, &
Dumas nitrogen, 133

EDTA formula, 40
Egs,
alburmn, 129
protem, 143
prolein and batters, 340-341
yolk and vitamin A. 234
carotenods, 234
yolk membrane, 146
yolk proteins, 146
white, trypsin nhibitor, 137
Eggplant anthocyanins, 244
Efastin, 178-179
polar and nonpolar groups, 179
structure, 178-179
Electrophoresss,
paper, 120
protens, 117-120
Eider. red berried anthocyanin, 244
Elderberry, European anthocyamn, 244
Embryo wn grain, 317
composition, 318
Emulstfying agents,
allowed, 358
and batters, 331-342
and staling, 346
n marganne, 59
restricted, 360



Endospermn grain 317
compostion, 31K
Enrichment of flour, 326-329
standards 327
Erzvme inhibitors in protein 136
1”7

Ennmes,

1n denatured protein, 125

1n nateral flavor, 168

mufh, 295205
Epicateching 250

structure, 290 251
Epdermis

cutin 222

stomua 232

subenn 222
Epimytum, 172
Envodictin, 250
Eskimo's dict, 116
Essentiat fains acids 63
Essentisl orls allowed 362 368
Estersinplant waxes, 224
Ethers in plant waves 224
Ethvlesters of fatty ncuds, fractionation 19
Ethylencdiaminetetrascetic actd 40
Exzporated milk,

discolored 253

heated, 136
Euglobulin, of milk, 142
Extractives from muscle 173
Extracts flavormg, 161 162

mfavors 163

preparation 161

synthenic, 163 165

Famty patent four, 320
Fat See also Fats
and tenderness in cake, 60
and texture 1n cake, )
ammal, 14
calories 62
crude, 13
indiet, 62
nleavening, 60
10 pastry, 61
$2ponification, 13
satiety value, 63
Fangue for taste, 152
aipue of sense of smell, 154
Fats, 1263
acetyl valye, 31
dded 1o food, 12

and batters, 341

INDEX

bet, 23
chemecal properties, 27-33
campasition 14,17
concumption, 12, 13
Crismer value, 26
envstathne forms 23
darkeming 17
Frerand Weston test 26
pimma, 23
Hchner value 30-31
dentificatian 23
1n adipose tissue 179
meookmg 55
mwheat flour 121
Todine Numher 27 31 312
melting paints 2V 24
occurrence 12
mements 17
pasonty 23
Polenshe Number 27
pohmorphism 23
refracine index 3
Reichert Merssl Number 27 29, 32
Saponification Number 27,30, 32
shortenmp power 61 62
shot melting point 25
shipping point 28
smoke flash firc points 26
safteming potnt 24
solubility 13
soluble vitamins 63
specific gravity 29
turbidity point 26
Valenta Number 26
Fatty acids 18
essentrals 63
esters fractionation, 19
formulas 22
fractronation, 18
free 16 45
incommon fats, 19
n plant waxes 224
nfra-red spectra, 20
lead salts 19
natural, 2)
saturated. 19, 21
melung points, 22
steam distillable, 19
unsaturated. 19, 21
cis-trans, isomensm, 20-21
determination, 20-21
melting points, 22
water soluble, 19
Fatly alcohols in plant waxes, 224
Fecl factors m food, 154-155

37t



INDEX

Fehlings sofution with anthocyanidins, 246
Fermentatiop, alcohol, methanol from pec-
tins, 95
Fcrricyligidc reduction by carbohydrates,
3

Fiber, crude, 107, 222, 321
detcrmination, 107
in plants, 222
in wheat flour, 321
Fibrils of coliagen, 176
Fibrin clot, 127-128
Fig, anthocyanin, 244
Fish oil in shortening, 55
Flash evaporation of fruit juices, 168
Flavanols, 247
Flavones, 247-250
and cooking, 249
and NaOH, 249
basic ring structure, 239, 247
physialogical effect, 249
Flavonoids, 239-254
and browning, 256
classes, 240
defined, 240
Flavor, 1484170
control, 156-162
extract, 161162
in butter, 52
incheese, 311-312
in fats, 32
intensifier, 160-161
measurement, 157-160
of milk, “oxidized,” 298
“sunlight,” 298
“cowy,” 298
“cooked,” 298
panel environment, 158-160
profiie, 158
research, 162-163
sensation, 143-156
Flavormatics, 163-165
Flavors,
appropnate, 155
mitation, 163-165
synthete, 163-165
Flesh, defined, 171
Flour, 319-329
and dough, 321
clear, 320
composiion, 321
ennichment, 326-329
gluten, 322-3124
improvers, 333
milling of, 320
minerals, 328

372

patent, 320
proteins, 321
standards, 327
strajght, 320
types, 320
Food addttives, 351-364
amendment, 352
colors, 355
defined, 352
exempt from restrictions, 357-359
need for, 353-354
safeguards, 351-353, 354355
Food, cheese, 314
Food ¢hemistry development, 1-3
Food tannins, 240
Fontification bread, 327
margarme, 60
Freeze dry and proteins, 130
Fructans, 79
Fructose, decomposition on heating, §
in fruit and vegetables, 219
in potatoes, 68
structure, 66
Fruit, Sze also frvits.
bruised browning, 255
concentrated, 167
carbohydrates, 219, 282-286
changes in organic acids, 286-288
climacteric, 281
defined, 218
dried browntng, 260
gums, 97
Juice viscosity, 263
nutritional importance, 218
orgapic acids, 286-288
pectic substances, 283-286
pectin gels, 92-94
pigment, 226-254
post harvest changes, 280-288
senescence, 281
starches, 282, 283
texture, 225-226
water loss, 282
Fruits, See also fruit.
and cooking, 265-280
past harvest changes, 260-288
structure, 220-225
white, 247 _
Fryer and Weston Test, 26
values, 28
Frying oil, 54-55
1 e e ot



Furfural,
and browning, 260-261
and carbohydrate tests, 98

Gadusene, 15
Galactans, 79
Galactobiose, 71
Galactose, in anthocyamns, 241
structure, 65
Gallic 2crd,
formuta, 240
oudation, 256
3-Galloy! eprcatechin, 251
3.Galloyl gallocatechins, 251
Garlic odor, 278
Gas chromatography,
1n flavor research, 166
of fatty aced esters, 19-20
of meat vapors, 166
Gel,
denatured protein, 128
Gel formation, 125
factors affecting, 126
wn baked goods. 343
theonies, 126-128
Gel point, 126
Gelaun, (27-128
and pH, 128
gel 128
preparation, 128
Gelatimzation of starch, 105-107
Gels. starch, 106-107
Germn grain, 317
composition, 318
“Ghosts™ i flour, 324
Glands, ipud, 14
Ghadin, 115, 322
Globulins,
In cereals, 322
of egg whte, 145
Glucamine, antioxidant, 37
p-Glucose,
1n anthocyanins, 241
mn frunt and vepetables, 219
1 muscles, 173
In potatoes, 68
. Structure, 65, 72

and fat, 61

and oxidation, 336

and proteolytic enzymes, 335
compositton, 322-323

development, 323
10 batters, 340
incake, 61
in pastry. 61
hydration, 324
reactions, 336
strength, 324
swelling, 323
Glycogen, 73, 183-184
Glycosides of anthocyanidins, 241
Gortner, 8
Gould, 252
Grading butter, 306
Gratn, 317-319
heating, 319
moisture, 319
molds. 319
respiration, 318
storage, 318-3{9
structure, 317-318
Grapelrutt, carotenods present, 233
Grapes,

anthocyanns, 244

color in juice, 245
Green vegetables,

cooking, 238

pH.238

INDEX

Ground substance of connective tissue, 179

Guar, 86

Gum arabic, 95-96

Gums and muailages, 95-97
Gums of fruit trees, 97

Hanus Jodine Number, 31
Hard water and dough, 337
Hard wheat and gluten, 324
Hazard in food additives, 354
defined, 354
Heat treatment of proteins, 136-138
Heattng of grain, 319
Hehner Value, 30-31
Helivm in gas chramatography, 19-20
Hemicelluloses, 83-87, 268, 285
and texture, 268
composition, 85
differences from cellulose, 84
1 fruit, 285
structure, 84, 86
Hemoglobin, molecular weight, 121
structure, 190-191
2-Heptenal, 42
Hepty) aldehyde, rancidiry, 34
Hesperetin, 248
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Hesperidin, 250
Hess, 322
Heteropolysacchandes, 73
Hexoses, 65-66
“High ratio” shortenings, 56, 57
Hirsutidin, 241
properties, 246
Hstidine, formula, 132
in Keldah! determination, 132
Holocellulose, 83
Homopolysacchardes, 73
Hops, astringency and tannin, 254
Hulme, 282, 287
Hunger and fat, 63
Hyaluronic acid, 80-83
distribution, 82
occurrence, 80-81, 82
structure, 80-81
Hyalurono sulfuric acid (mucoitin sulfuric
acid), 82
Hydrates, 5,7
Hydration of proten, 122-123
extent, [23
Hydrocarbons, in natural fats, 15
in plant waxes, 224
Hydrogen bond, 6-7
disruption, 7
1n proten, 122-123
instarch, 106
with oxygen, 6
with nitrogen, 7
Hydrogen for hydrogenation, S0
Hydrogen sulfide in vegetables, 279
Hydrogenated vegetable oils, 17
Hydrogenation of fats, 48
catalyst, 49
course of reaction, 48
iatroduced in U. 8., 55
Hydrolysis of carbohydrates on cooking,
104-105
Hydroperoxides, rancidity, 34, 36
Hydroquinone oxidanon, 256
p-Hydroxy benzoic acid 1n anthocyanins, 242
p-Hydroxy cinnapnic acid in anthocyanims,
242
Hydroxy proline i collagen, 177
Hydroxy-a-carotene, 233

lee cream, chocolate, discolored, 252
t-Iduronic acid, 81

Imbibed water, 6

Inutation flavors, 163-165
Individual umformity, 4

Individual vanabihty, 3-4
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Infra-red spectra of fatty acids, 20
Insects in grain, 319
invasion and epidermis, 222
Interesterification of lard, 53
catalyst, 53, 54
Invert sugar, in pectin gels, 93
syrups, 69
sweetness, 69
lodine and carbohydrate determina-
tion, 100, 104
Todine Number, 27, 31, 33
Hanus, 31
Wijs, 31
Tons, bound by protein, 122
Tons in vegetables, 219
Iron salts and anthocyanins, 246
Isoelectric point of proteins, 18
Isoflavone, 247
Isoleucine, formula, 114
Isolinoleate, 49
and reversion, 40
Iso-oleate, 48
Isoprepe, 230

Japan wax, 222-224

Jelly grade of pectin, 93
Jermyn and Isherwood, 285
Johnson, e af , 334
Josephson, 298

Joslyn and Ponting, 255
Juniperic acid, 224

Karrer and Jucker, 242
Kay and Graham test, 301
Ketones 1n plant waxes, 224
Kirchner, 276
Karschner Value, 28, 29
Kjeldahl method, 131-133
catalysts, 131
digestion, 131
measurcment, ammonia, 132
oxidizing agents, 132
salts added, 132
Knowlton, 253 i
Koetistorfer Number See Sapomfication
Number
Kre:s and Shibstead test, 39
Krukovsky, 298
Kwaskorkor, 116

Lactalbumin, 142
heated, 137
Lactglobalin, 142



Lactic 3cd, 1n cream, 52
m frut and vepotables, 276
i pelly, 94
Lactobacilh, 135
Lactohacillus acidophitus,
n dough, 331
wrtk, 299, 308
Lactohaarllus buleancut
ndough 3N
inmitk, 305
Lactobacillus caver
mdough, 3}
Lactose,
determmation 1n eulk, 3001
occurrence, 6%
structure, 68
Lactylates, 348
Lappmn-Clark test, 39
Lard. 17,52 84,55
composition, §3
Cnsmer value, 28
from vanous trssues, 150
hvdropenated, 53
Interestenificatson, 53
keaf, fatty acds, 19
Lard compound, $5
Lard oil,
2cid value, 33
10dine number, 33
Reichert Meussl, 33
szponification value, 33
solidification ponnt, 33
specific gravaty. 33
Lea peroxide test, 39
Lead salts of fatty acids, 19
Leaf,

cells, photographs, 223
stomata, 222
vegetables, 219
Leavenung,
1n batters, 337-339
in dough, 329-335
Lectthins, 12,14, 38, 59
added to food, 12
antioudants, 38
formuta, 14
In marganne, 59
Lemon juice and browning prevention, 258
Leuaine, formula, 114
Leucoanthocyanins, 240, 250, 251
Leucoplasts, 220
Ligaments, 174
Ligamentum nuchae, 179
Lught scattenng molecular weight determina-
tion, 121

INDEX

Lignins, 83,222, 285
development in supporting tissue, 222
n fruit, 285
tow in phloem, 222

Lindet, 255

Linoleie aad, 19

Linoteate, rancidity, 36

Linolenate, and reversion, 30
rancidity, 36

Linseed meal, amimo acids in protern, 141

Linseed onl,
acid value, 33
Crismer value, 28
1odine number, 33
Reichert Meisdl, 33
saponification value, 33
smoke, Nash, fire ponts, 27
solidification pornt, 33
specific pravaty, 33

Lipase in cheese, 10-314

Lipids 12 63
hydrolysis in cheese, 310
n adipose tissue, 179
ndiet, §2
n milk, 295, 296
10 muscle, 172
occurrence, 12
vanation \n composition, 179

Lipovitellin, 146

“Liquid sugar”, 69

Liveun, §46

Locust bean gum, 97

Long patent flour, 320

Low ester pectins, 94-95

Low methoxyl pectins See low ester pectins.

Lowe, 343

Lutein 1n egg yolk, 234

Lycopene, 230
formula, 230
occurrence, 230, 233

Lyophile and protein, 130

Lysine, formula, 114, 132
fortification of bread, 327
in Kjeldahl determination, 132

Lysozyme, 143, 144

Machining quality and gluten, 323
Mackinney and Weast, 236, 237

Macy, Kelly, and Sloan, 294

Mallard reaction, 259

Mahc acid in fruit and vegetables, 275-27
Malonaldehyde, 39

Malonic acid, 1 anthocyanuns, 242

Malt extract, 332,333



INDEX

Malted barley, 332, 333
Malted wheat, 332, 333
Maltose,
in potatocs, 68
structure, 69
Malvidin, 244
properties, 246
Maivin n fruit, 244
Mann and Weier, 271
Mannans, 79
Manninotsiose, 7}
Mannose,
in potatoes, 68
structure, 66
Margaric acid, 58
Margarine, 57-60
colored, 60
consistency, 58
emulsifying agents, $9
fortified, 60
history, 57
leaking, 59
plastic range, 58
preservative, 60
source, 58
trans isomerism, 49
Mayonnase, oi for, 54
Measurement of flavor, [57-160
Meat, 171-217
cells, 171
defined, 171
fivers, 171
structure, 171-172
vapors, gas chromatogram, 166
Melamns, 110
Melanoidins, 109
Mehbiose, 71
Melnick, et af , 349
Meltng pomts, fats, 23, 24
tngiycendes, 24
Membrane, egg yolk, 146
Metal scavengers, 40
Methanol from pectins, 95
Methanolysis of fats, 20
Methiontne, formula, 115
1 heated soy beans, 137
Methyl esters of fatty acids, fractionation, 19
Microorgamisms. in milk, 299
10 souring eream, 5152
w souring aulk for marganne, 59
Middle lamelia pectic substances, 261, 262
Middimgs, 320
Milk, 293-315
acetone bodres, 298
acidophilus, 305
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albuemin, 142
analysis, 299-303
butler fat, 299-303
certified, 303
checks for purity, 302
clotting with rennin, 14)
composition, 294, 295-299
enzymes, 295-296
hipids, 295, 296
vanation, with breed, 296
with dret, 297
with lactational cycle, 297
with season, 297
vitamrmns, 295
defined, 293
cuglobulin, 142
evaporated, 136
discolored, 253
fermented, 305
filled, 305
flavor, 298
formation, 294, 295
freczing point, 302
homogenized, 303
in dough, 337
in margarine, 53-59
lactose determination, 300
mcroorganisms, 299
preservatives, 303
prolein in, 140-143, 301
pseudoglobubns, 142
reconstituted, 305
segulations, 299
serum, 302
solids determunation, 300
solids-not-fat, 302-303
special, 303-305
*“standardized”, 299
vitamin D, 304
whey, 302
Miller amendment, 352
Minerals, in vegetables, 219
Mixing batters, 340-341
Moustare determsnation, 8
by drying, 8
by distilling, 8
by nuclear magnetic resonance, 9-11
in baked goods, 345
1n food, 5-6
i gea, 319
m wheat flours, 321
occurrence, 5
Molds,
m cheese, 313
in gram, 319
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Olive, aipe bpid, 12
Onion cells drawing, 21
Naor, 167
odor, 278
photograph, 21
yellow colot. 249
Onslow, 255
Opticat actvity of carbohydrates, 102
Orange carotenoids present, 233
Orainol, 104
carbohydrate test. 98
Qregano, anuowidant, 38
Organic acids o foods, 276,277
Qrganisms In cheese,
Oryzemn, 3
Osborne, 322
Osmotic pressure,
and cell turgor. 225
and molccutar weight, 121
and protesns, 121
Oven test, rancidity, 39
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Overgrinding wheat, 333
Ovonucin, 144, 145

id, 137, 144, 145
AR

Oxygen and fats, 34-38°

Palm oit,
acid value, 33
Crismer value, 28
iodine number, 33
Kirschner value, 30
Reichert Meissl, 33
saponification value, 33
solidification pont, 33
specific gravity, 33
Palmutic acid, 19

Paper chromatography, amino acids, 134

Paper electropharesis, 120
Paracasein, 141
Parenchyma cells, 220, 221
living and dead, 229
of squash, 229
Panisian barm, 334
Particle orientation and gel for-
mation, 127-128
Pasteurization tests, 301
Pastry, function of fat, 61
Patent flour, 320
Peach,
carotenords present, 233
flavor compounds, 165
pectic substance, 262

Peanut Rour, ammo acids m proteins, 141

Peanut meal, heated, 137
Peanut ol
acid value, 33
Crismer value, 28
In raargarine, 58
in shortemng, 56
iodme number, 33
phytosterols, 16
Retchert Meisst, 33
sapomification value, 33
sohdification point, 33
speatfic gravity, 33
tocopherols, 18
Peanut skin color, 252
Pearl starch, 78
Pears,
changes in catbohydrates, 284-286
hemucellulose, 86
pectic substances, 262-263

378

“sleepiness,” 284
stone cells, 286
Pearson and Robertson, 281
Peas,
canning and nutntive value, 137
color in canned, 238
seed coat, 268
talt, anthocyanin, 244
toughness, 239
Pecans, lipid, 12
Pectates, 262
Pectic acids,
defined, 88
structure, 83-90
Pectic substances, 87-95, 261-264
and texture, 268
changes 1n fruit, 283-286
changes on cooking. 265-269
defined, 88
1n cells, 261
in fruits, 263
Jjellies, 91-95
occurrence, 87
stained, 261
structuce, 87-88
Pectin esterase, 95
Pectin gels, 92-54
factars influencing, 92
Jelly grade, 93
setting time, 93
Pectin methy! esterase, 263
Pectinase, 263
Pectinic acids,
defined, 8%
structure, 88-90
Pectins in alcoholic fermentation, 95
Petargonrdin,
chlorde, 241
formula, 242
propertics, 246
Pelargonin 1 fruit, 244
Pentosans in wheat, 325
in wheat fiour, 321
Pentoses, 66-67
1n anthocyanins, 241
in hemicelluloses, 84, 85. 86
Peonidin, 241
propertics, 246
Peonmn in frunt, 244
Pepper, red,
carotenoids present, 233
Penita orl,
acid value, 33
Crismer value, 28
1odine number, 33



Reichert Mexssl, 33
saponification valve, 33
smoke, flash fire point, 27
sohdification paint, 33
spectfic pravity, 33

Penmysium, 172

Peroxrdases, and browming, 255
testin mdk, 301

Peroude value 39

Perouides and browmng, 255
and rancidity, 34,38

Petunidin, 241

pH,

and brown:ng prevention, 258
and cake texture, 345
and chlorophyll 237,238
and pectn yels 92
of cakes, 343-345
of syrups, 344
Phellonic acid, 224
Phenol ouidase, 256
Phenolase, 256
Phenols and browning, 285
Phenyl caffeate, 251
B-Phenyl ethyl 1socyanate, 279
Pheny! thiocarbamide,
whentance of taste for, 152
taste, 152
Phenylatanine, formuta, 115
Phenylhydrazine and carbohydrates, 100
Pheophytin, 237, 238
Phlobaphene, 251
Phloem, 222
Phloroglucinol, exidation, 256
Phosphatase. test in milk, 301
Phosphate baking powder, 338
Phosphate in wheat flour 321
Phosphatide, 14
antoxidants, 38
Phospholipids, 13
Phytol, 236
Phytosterols in vepetable oil, 16
Phytylalcohal, 236
Picramuc acid, 100
Picnic acid and carbohydrate test, 100
Pie crust, fat in, 60
Pigments,
i fats, 17
tn frunts and vegetables, 226 254
inplants, 228

INDEX

Planteose, 71
Plasticity of margarine, 58
Plastids of cells, 220
Polenske Number, 27-28
Polygalacturanase, 263
Polyphenol oxidase, 256
Polyphenolase, 256
Polyphenols and browning, 111-112
Polysaccharides, 72-97
and anthacyamn color, 243
Pomegranate anthocyanin, 244
Poppy seed oil,
acid value, 33
iodine number, 33
Reichert Meissl, 33
sapomification value, 33
solidification pont, 33
specific gravity, 33
Porphynns and chlorophyll, 235
Post harvest changes tn frunt, 280-283
Potassivm bromate 1n dough, 336
Potassium rodate in dough, 336
Potato chip browming, 112
Potatoes,
and starch granules, 270, 271, 272,273
blackening, 258, 261
dehydrated mashed, 269
sugar content, 68
yellow color, 249
Pound cake, fat in, 60
volume, 61
Pre-ferments, 333-335
Preservatives allowed, 358
restricted, 360
sodium benzoate 1n margarine, 60
Pressing for oils, 43
Pnmitive fibers of collagen, 176
Pristane, 15
Process cheese, 314
emulsifying agents, 314
Prolamines in cercals, 322
Prooxidants, fat, 38
Propyl gallate, 37
Proteins, 114-146
amphoterism, 122
binding 1ons, 122
carbohydrate reaction, 136
constants, 1
crude, 129
denatured gel, 124, 128-129
deteri

Pineapple juice and p
258

Plant protesn, 138-140
amino acids, 140
Planteobiose, 71

determination in mitk, 301
drgestion, 136

and heat treatment, 136
heat treatment, 136-138




INDEX

Proteins (cont }

hydration, 122-123

in batters, 343

hydrolysis 1n cheese, 311

1n colostrum, 142-143

in dict, 115-116

in fruit and vegetables, 21§

in egg white, 143-146

in egg yolk, 146

in mik, 140-143

in muscle, 172

inplants, 115, 138, 139, 140

in wheat flour, 321

in whey, 142

molecular weights, 117-122

native, 124

nutntive value, 136

properties, 116-129
Protocatechuic acid oxidatton, 256
Protofibrils of collagen, 176
Protopectin, 88, 90-91, 262

defined, 88

isolation, 90-91

structure, 91
Protoplasm in plant cells, 220
PTC. See Phenyl thiocarbamide
Pteridophytes, ammno acids in protein, 139
Pseudoglobulin of milk, 142
Puff-pastry, margarine for, 58
Pumpkin seed oil,

acid value, 33

sodine nember, 33

Reichert Metssl, 33

saponification value, 33

solidification point, 33

spectfic gravity, 33
Pure Food and Drug Act, 2
Pyranose, 67
Pyrogallo! oxidation by enzymes, 256

Quartering, 5
Quercetin, 248
Quévenne lactometer, 300
Quinic acd,
change 1n apples, 287
formula, 240
1n frust and vegetables, 276

Raffinose,
famuly, 71-72
occurrence, 71
structure, 71
Rancidity, 33-39
course of reaction, 35

380

hydroperoxides, 34, 36
in baked goods, 38
in shortening, 56
peroxides, 34, 36
tests, 38-39
Ranking, test for flavor, 158
Rape seed oif,
acid value, 33
Crismer value, 28
iodine number, 33
Reichert Messl, 33
saponification value, 33
solidification potat, 33
specific gravity, 33
Raspberry,
pectic substances, 285
synthetic flavor, 164
Recall of odors, 152
Reconstituted milk, 305
Red dog, 320
Red pepper, caratenoids present, 233
Reeve, 271,274
Reeve and Leinbach, 267, 268, 274
Refined lard, 55
Refiners syrups, 71
Refining fats and oils, 43-47
Refractive index, fats, 25
Reichert Meiss| Number, 27-29, 33
Retnecke salt, 135
Rendering, 42-43
° PRSP

ot S

Respiration rate of,
apples, 281
bananas, 282
pears, 281
Retrogradation of starch, 76, 94, 107
Reversion, 39-41
factors affecting, 40
in shortening, 56
ssolinoleate, 40
linolenate, 40
products, 42
resistant, 41
susceptible, 41
1-Rhamnose,
1n anthocyanins, 241
structure, 67
p-Ribose,
structure, 67
Rice,
amino acids in protemn, 141
need for fortification, 327-328
yellow color, 249



Ricnolerc aced, 31

Ripening cheese, 311

Rose anthocy ani, 242

Rse Gotlieh method, 300
Rosenberg, 317

Rotatron of carbohydrates, 102
Rutin, 248, 250

Sabinic acid, 224
Saccharin, formuta, 151
Saccharom ces bavarus, 101
Saccharom ces carlsherpenus, 101
Saccharom ces cerenisiae, 95, 100, 329, 330
Safflower o, tocopherolin, 18
Saffron. 232
Sakaguch test, 135
Salad o, 54-55

source, $4

wintenzing, 34
Saltiness 150
Salting butter, 51

margarine, 6)
Salts 1n muscle, 173
Sampling methods, 4-5
Sapontfication, 13
Saponification Number, 27,30 32
Sarcolermma, 371
SAS baking powder, 338
Saturated fatty acids, 19
Schardinger test, 301
Schiff base, 109
Scoring baked products, 347
Sconng butter, 306
Scott, 268
Season and milk composition 297
Seaweed polysaccharides, 96
Sedimentation of proten 120 122
Seliwanoff *s reapent, 98
Sensation of smell, 153
Sense of smell, 152-154
Senutivity to odors, 153
Sequestrants allowed, 359

restricted, 360

ame o,

acid vatue, 33

Cnismer value, 28

1odine number, 33

phytosterol, 16

Reichert Meiss), 33

saponification value, 33

soldification point, 33

specific gravity, 33

tocopherol, 18
Seshardy, 248

INDEX

Seven Minute frosting, discolored, 253
Shigelle dvsenteriae, |34
Shikimic acid, change in apples, 287
Short patent flour, 320
Shortening, 17, 55-57

for crackers, 56

source, 55

value of fats, 60-62
Shorteming power, 61-62

determination, 61

of fat, 61-62

theonies, 61-62
Shortometer, 61
Shot melung pannt, fat, 25
Siahc acid, 83
Stmpson and Halliday, 279
Sttosterol formula, 15
Skimmed milk in margarine, 58-59
Skrmmed milk powder in bread, 327
"Sleepiness™ in pears, 284
Shipping pornt, fat, 25
Smell, 153
S-Methyl-cystein-S-Oude, 278
Smoke flash and fire pornts, fats, 26, 27
Soda in cooking green vegetables. 238
Sodium benzoate, margarine, 60

taste, 152
Sodum eitrate buffer in jelly, 54
Sodm glutamate as flavor intensifier, 160
Sodwm potassium tartrate buffer in elly, 94
Sodium propronate and mold prevention,

348-349
Sodium sulfide and browming prevention,
258

Sodium sulfoacetate of glycerides, 60
Solvent extraction, oils, 4344
Soft wheat, 324
Sorbic acsd and meld prevention, 348
Sourness, 151
Soybean,
carotenoids present, 233
trypsin inhibitor, 137
Soybean meal, amino acids in protein, 141
Soybean o,
acu value, 33
and reverston, 41
Crismer value, 28
n margarine, 58
n shortening, 55
1odine number, 33
phosphatide, 14
phytosterol, 16
Rerchert Meissl, 33
saponification value, 33
smoke, flash, fire points, 27



INDEX

Proteins {cont )

hydration, 122-123

in batters, 343

hydrolysis in cheese, 311

in colostrum, 142-143

in duet, 115116

in frnt and vegetables, 218

in egg white, 143-146

incgg yolk, 146

in milk, 140-143

in muscle, 172

wn plants, 115, 138, 139, 140

in wheat flour, 321

in whey, 142

molecufar weights, 117-122

native, 124

nutritive value, 136

properties, 116-129
Protocatechuic acid oxidation, 256
Protofibrils of collagen, 176
Protopectin, 88, 90-91, 262

defined, 88

1sotation, 90-51

structure, 91
Protonlacm in wla-s -2t

K .

Pufl-pastry, margarine for, 58
Pumpkin seed o1l,
acid value, 33
10dine number, 33
Reichert Meiss!, 33
saponification value, 33
sohdificatron pornt, 33
speatfic gravity, 33
Pure Food and Drug Act, 2
Pyranose, 67
Pyrogallol oxidation by enzymes, 256

Quartenng, 5
Quercetin, 248
Quévenne lactometer, 300
Qutnic acid,
change 1n apples, 287
formula, 240
1 frurt and vegetables, 276

Raffinose,
famity, 71-72
oceurrence, 71
structure, 71
Ranadaty, 33-39
course of reaction, 35
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hydroperoxides, 34, 36
in baked goods, 38
in shortening, 56
peroxides, 34,36
tests, 38-39
Ranking, test for flavor, 158
Rape seed oil,
acid value, 33
Crismer value, 28
iodme number, 33
Reichert Metssl, 33
saponification value, 33
sohdification point, 33
specific gravity, 33
Raspberry,
pectic substances, 285
synthetic flavor, 164
Recall of odors, 152
Reconstituted milk, 305
Red dog, 320
Red pepper, carotenoids present, 233
Reeve, 271,274
Reeve and Leinbach, 267,268,274
Refined lard, 55
Refiners syrups, 71
Refining fats and orls, 4347
Refractive index, fats, 25
Reichert Meisst Number, 27-29,33
Remnecke salt, 135
Rendering, 42-43
Rennin {renpet), 141
Resarcinol and carbohydrate tests, 98
Respiration through stomata, 222
Resprration rate of,
apples, 281
bananas, 282
pears, 281
Retrogradation of starch, 76,94, 107
Reverston, 39-41
factors affecting, 40
in shortening, 56
isolinoleate, 40
linolenate, 40
products, 42
resistant, 41
susceptible, 41
t-Rhamnose,
1n anthocyanins, 241
structure, 67
p-Ribose,
structure, 67
Rice,
amimo acids 1 protein, 141
nced for fortification, 327-328
yellow color, 249



Remolerc and 31

Ripeminp cheese 11

Foce anthocrantn 242

Rt Grttheh pethod, 37
Rosesherp 327

Reanon of ca-hobsdrates 102
Rutmt 4% 230

Sahinrc acid, 224

Sxechane, formuta 151
Soctharomy ces bavomu, 101
Seccharomces coelshergery, 101

Sercharomts ces cereviior 95 100) 329 3}

Sa%lower ol tocopheral 1n 19
S$e%ron, 232
Salaguchites 138
Salad ol 4.6

source 84

wintennng, $4
Saluness 130
Salting butter, 1

marganne, &)
S m muscle, 173
Sampling methods, 4 §
Sapontfication, 13
Sazponification Number, 27, 10 32
Sarcclemma, 171
SAS baling powder, 318
Saturated farty acids, 19
Schardinger test, 301
SchifT base, 109
Sconng baked products, 347
Sconng butter, 306
Scott, 268

Scason and mulk, composiion 297
Sezuced polysaccharudes, 96
Sedimentation of pratern, 120 122
Selwanofl s reagent, 9%
Sensation of smelf, 153
Sense of smell, 152- 154
Sensitvity to odors, 153
uesirants allowed, 359
Tesiricted, 360
same o,
acid value, 33
Crismer vatue, 28
iodine number, 33
phytosterol, 16
Retchert Meuss, 33
$aponification value, 33
soldification point, 33
:Pﬁﬂﬁ: gravity, 33
ocopherol, 18
Seshardy, 248

INDEX

Serven Minute frosting, discolored, 253
Shgelsdcemtenae. |
S+ 3imezaad changein apples, 287
Shart porent flour, 320
Shamenee 17,85-57
frecracters %6
e 8¢
rtue of fate, 60 62
Shrreneng power, 61-62
deeerrnation, 61
of far 61 62
theanes 61 6
Sho-tameter 61
Shat metung point, [at, 25
Sl acrd 83
Simpeon and Halliday, 279
Siteeterol formula, 15
S\immed mitk 1n marganae, 58-59
Suimmed milk powder in bread, 327
“Sleepiness’ 1n pears, 284
Shpping pont fat, 25
Smell 153
§ Methyicysten-S-Oude, 278
Smoke flash and fire points, fats, 26, 27
Saxta tn cooking green vepetables, 238
Sadiem benzoate, marganne, 60
e 152
Sodum citrate buffer in jelly, 934
Sodium glutamate as flavor intensifier, 160
Soxdium potassium tartrate buffer 10 jelly, 94
Sodium propionate and mold Prevention,
348 349 "
Sodmum sulfide and browning Prevention,
58 !

Sodium sulfoacetate of glycendes, 60
Solvent extraction, ouls, 43-44
Soft wheat, 324
Sorbic acid and mold prevention, 348
Sourness, 151
Soybean,

cyarclcnmds present, 233

trypsin tnhibuor, 137 .
Soybean meal, amino acdsin prote, 14
Soybean ol

acid value, 33

and reversion, 41

Crsmer value, 28

1n margarine, 58

n shortening, 55

sodine number, 33

phosphatide, 14

phytosterol, 16

Reichert Metssl, 33

saponification value, 33

smake, ftash, fire pointg,
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Soybean oil (cont.)
solrdification point, 33
specific gravity, 33
tocopherol, 18
Spattering of margarine, 59
Speaific gravity, fats, 25
Specific rotation, 102
Spermatophytes, amino acids in protein, 140
Spices, adulteration, 107
allowed, 361-362
antioxidant, 38
Spinach.3 golor on processing, 236,
2.

**Spirits of hart’s horn,” 339
Squalene, formula, 15
Squash cells, 229 *
carotenoids present, 233
Stability of fats, 35,36
Stabilizers allowed, 359
Stachyose, 71,72
Stadtman, 259, 260
Staling, 346-347
and emulsifying agents, 346
and starch, 346
Stamberg and Bailey, 344
Standard patent flour, 320
“Standardized™ milk, 299
Starch, and enzymes, 76-77, 271
crystal, 78
changes 1n harvested fruit, 282
changes on cooking, 269-271
dispersions,
aging, 107
retrogradation, 107
gelatinizations, 105-106
gels, 106
in baked goods, 345, 346
hydrolysis on cooking, 105
in carrots, 234
1n fruit and vegetables, 219
Jump, 78
modtfied, 78
powder, 78
swelling of granules, 105-106
technology, 77-79
thin boiling, 78
Starches, 75-79
amylose, 73, 76, 77
amylopectins, 73
and enzymes, 76-77
gels, 76
occurrence, 75
retrogradation, 76, 346
“Starters™ of yeast, 329-330
of cheese, 310

382

Steam as leavening, 339

Steam deodorizing, fats and oils, 46
Steam refining, fats and oils, 46

Stearic acid, 19
Sterols, 13,15
Stoll and Secbeck, 278
Stomata in leaves, 222
Stone cells of pears, 286
Strain, 239
Strawberry, anthocyanin, 244

flavor, |

synthetic flavor, 164
Streptococcus citrovorus, 52
Streptococcus faecalis, 135
Streptococeus lactis, 52

in cheese making, 310

1n dough, 331

Streptococcus paracitrovorus, 42

String beans, color on cooking, 236-238

Straight flour, 320

Suberic acid, 224

Suberin, 222, 225, 268
composition, 223

Substances restricted, 360

Sucaryl sodium, formula, 151

Suceinte acid in fruit and vegetables, 276

Sucrose, 68-69
commercial products, 69
in fruits and vegetables, 219
in potatocs, 68
~invert sugar solubihty, 70
occurrence, 68
structure, 68

Sugar, and batters, 341-342
antioxidant, 38
hiquid, 69

Sugars,
tn harvested fruit, 283, 284
1n wheat flour, 321
sweetness, 70

Sulfides n onions, 167

Sul 4

and g P
Sulfur compounds,
in vegetables, 278-280
origin, 280

258

258

acid and g p
Sulhvan, 323, 336
Sunflower seed oil,
acid value, 33
Crismer value, 28
iodine number, 33
Rerchert Mexssl, 33
saponification value, 33
solidificattan pornt, 33
specific gravity, 33



Sunflower meal, heated, 137
Superplyceninated shortenings, 56
Svedberg, The, 120
Sweet potatoes, canned diccolored, 252
Sweetners non-nutritive, allowed, 359
Swectness of sugars, 70
Swelling of starch granules, 105-106
Synthetic flavors, 162, 163, 164
Syningedin, 241

properties, 246
Syrups, refiners, 69
Syne and Wood, 278
Szent-GyBrgyr, 249

Tallow, beef,
acid vatue, 33
Crsmer value, 28
fatty acids, 19
1odine number, 33
Reichert Merss!, 33
solidtfication point, 33
specific grawity, 33
Tallow, Chinese vegetable, Cnsmer value, 28
Tallow, edible, 55
Tannic 2cd, formula, 240
Tannins, 240, 250-254
and anthocyanins, 243
and hard water, 251
and iron salts, 252
astnngency, 253
composition, 250
use of term, 250
“Tanmin red,” 251
Tartrate baking powder 338
Tallow, mutton
acid value, 33
fatty acids, 19
1dine number, 33
Rechert Meissl, 33
saponification, value, 33
solidfication point, 33
specific gravity, 33
Taste, 148-152
and chemical constitution, 150
buds, 148-150
compensation, 152
contrast, 152
fatigue, 152
primary, 148
threshold, 150
Tasters, 156, 157
TBA test, 39
Tea, 249, 251,254
and hard water, 251

INDEX

and organoleptic quality, 254
calar, 249
tannins, 251
Tempering wheat, 320
Tendons, 174
Testung favor, 157-160
Testing sense of smell, 154
Teuture in batter products, 341, 342, 343
Texture in fruis and vepetables, 225-226
Tha\laphy\es ammo acids in proteins, \408
and b

2 Thmharhuunc aud lcsl 39

8P
Thuo(roplc 106
Thompson and Buddenmeyer, 348
Three dimensional network 1n gels, 126
Threomne, formula, 115
Tisehus, electrophoresis apparatus, 118, 119
Tissue, ipid, 14
Tobacco mosay virus, 127
Tocopherols, 17, 37, 38

antioxidants, 37, 38

content of fats, I8

formulas, 37
Tomatoes,

canned, firming, 266

carotenods, 230
Toughness in peas, 239
Toxicity, defined, 354
Trans isomers of fatty acid in margarine, 49
Trans oleate, 49
Triangle tests, 157
Trigeminal nerve and food, 154
Triglycenides, 14

melting points, 24
Trypsin inhibitor in soybean, 137
Tryptophan,

formula, 115, 132

1 Kyeldahl determination, 132
Tung ort, Crismer value, 28
Turbidity ponts, fats, 26
Turgor cell, 225, 226

and cooking, 226

and osmosis, 225

factors affecting, 226
Tyndall effect, 121
Tyrosinase, 255 258

1n potato, 258

Ullrz\ctmnfuge‘ 120-121
Umbelhiferone formula, 240
Umformty, indvidual, 4
Unripened, cheese, 307-310
Unsaturated fatty acids. 19.20.

258



INDEX

Unusual component 1n protens, 121
Uronic acids,

m hemicelluloses, 84, 85

in heteropolysaccharides, 80, 81
Ursolic acid, 224
Urushiol, oxidation, 256

Vacuoles in celis, 220
Valenta test, 26
Valine, formula, 114
Vallate papilla, 149
Varability, individual, 3-4
Vegetable det, 116
Vegetabie oils, hydrogenated, 17
Vegetables,
browning reaction, 255
bulbs, 1oots, tubers, 219
carbohydrates, 219
cooking changes, 265-280
defined, 218
flowers, buds, 219
Trunts, 219
general compositton, 219-220
green and volatile acids, 275
feaf, 219
nutritronal importance, 218
pigments, 226-254
seeds, 219
structures, 220-225
texture, 225-226
Verbascose, 72
Violaxanthin, 233
Vitamins A, 232-233
A, formula, 232
from carotenes, 232
A, formula, 233
and American diet, 233
value and color, 234
Vyamin D in milk, 304
Vitamn P, 249
Vitamins, fat soluble, 63
in milk, 295
m vegetables, 219
10 wheat, 325, 326
Vitellenin, 146
Vitellin, 146

Wackenroder, 230
Wallerstein, 258
Walnut otl,
acid value, 33
rodine number, 33
Reichert Meissl, 33

384

sapomification value, 33
sohdification point, 33
specific gravity, 33
Walnut oil, black,
acid value, 33
1odine number, 33
Rerchert Meissl, 33
solidification pornt, 33
specific gravity, 33
Watnuts, English, hipid, 12
Water, imbibed, 6
Water 1 frunts and vegetables, 218
Water loss, harvested frui, 282
Watering milk, 302
Wax acids, 224
alcohols, 224
Waxes, 13, 16, 222-224
apple, 222-224
carnauba, 222-224
Japan, 222-224
plam, 224
Whale o1,
acid value, 33
in marganne, 58
in shortening, 55
iodme number, 33
Reichert Metssl, 33
saponification value, 33
solidificatron point, 33
spectfic gravity, 33
Weier, 27
Weter and Reeves, 234
Weter and Stockmg, 234, 269, 274
Wheat, 324-325
carbohydrates, 325
germ carotenoids, 233
phytosterols, 16
tocopherols, 18
gluten, heated, 137
flour baking guality, 329-345
hemcelluloses, 86
Iipids, 324-325
minerals, 328
proternt, amino acids, 115
witamms, 325, 326
Whey proterns, 142
White fruits and vegelables, 247
Whortle berry, anthocyamin, 244
Wijs Todine Numbser, 31
‘Wiley, Harvey, 2
Wilting i plants, 225
Wine,
and tannins, 254
clanfication, 263
cotor, 245



Wintenzed oils, 47-48, 54
Wort and tannims, 284

Xanthophylts, 231,233
Xylem, 222
b-Xylose,
n potatoes, 68
structure, 67

Yogun. 305

Yeast, 329-331
nutrition, 331-332
wild, 330

Zamene. 15, 16
Zeaxanthin, 233
in epp yolk, 234
Zewm, 115,322
Zwitterions of proteins, 118
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