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Foreword

Five years ago the Natlonal Academy of Sciences-National Research Council
contracted with the Wright Afr Development Center United States Alr Force, to
gather and complle for publication the more basic cstablished datain the various
flclds of blological science  The present work issued in August, 1954 under Joint
sponsorship of the Air Force Army Navy and Atomic Energy Commission ag
Wright Alr Development Center Technical Report 52-301, is the second fascicle
resulting from the project

Direction of the work was cntrusted to the Committee ontho Handbook of
Biological Data an organ of the American Institute of Biologleal Sciences The
Institute is affiliated with the National Rescarch Council as a unit in the Council's
Division of Blology and Agriculture Membership of the Committee is represent-
ative of major ficlds in plant and animal biology

Secking bighest degree of authoritativeness for the work the Committee
recognized that speclalists in a ficld from which a table is drawn can best exercise
the critical judgment necessary to evaluate and sclect data for an authoritative table
The specialist canbest identify those data born of most acceptable mathods of meas-
urement and those having greatest likelihood or actual history of reproducibility
in competent hands  The Committee accordingly prescribed that in selection and
review of data broadest collaboration be sought among {nvestigators {in nutrition
mctabolism and related fields

This monograph s the product of contributions of more than 800 specislists
in thesc fields in this country and abroad Its 160 tables as originally compiled
wore subjected to extensive review by experts in the respective subjects By this
procecure it has been possible to strip from the tables most of the controversial or
questionable or borderline material leaving for final presentation to the user only
what is presently accepted as fact by those who are competent to judge The 223
pages of tablesand 16 pages of diagrams contain many thousands of items of authori-
ixtive data~-mostly quantitative but with important non-numerical exceptions The
task of culling and condensing the mass of data on hand to conform with time and
spece limitations has been gigantic It is planned that much that has beenso elimf -

nated will be published in subsequent fascicles or in the final Hondbook of Biological
Data.

Acknowledgmentis made on behalf of the Committee to Wright Air Develop-
ment Center Office of the Surgeon General of the Army Office of Naval Research
and Division ot’BlDlogy and Medicine Atomic Energy Commiaajon for the foresight
and scientific judgment {nherent in the commission to prepare thia tabular mono-
graph; to the biologists of this and other countries whose genercus devotion of time
&3 contributors and reviewers has made possible completion of the work as it stands
and to many others unlisted who have given the Committee solicited advice Ac-
knowledgment is also madeio presentsnd former members of the Handbook Staft for
their loyalty and devotion to a inost tedious and exacting job

;The first  Standard Values in Blood was published in 1952  Others in progress
c:ll with the flelds of growth and reproduction animal and plant physiclogy blo-
emical composition and toxieology An abridged Handbook of Blological Data

co
prm;lbulu information drawn from all arens of biological science is also in
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Introduction

This volume presents tabular data and certain charts and graphs {n the general fleld
of mutrition and metabolism Both plant and animal forms are included The guldingpria-
ciple in selecting material has baen that itbe of basic importance in its general fleld; ready
availability elsewhere has not been regarded as a reason for excluding it

Some material of fundamental importance has had to be omitted either becanse
efforts to securs the needed data have not succeeded or becausa time has not permitted
the necessary steps for getting avallable data {nto print. Inability to publish material that
a contributor may have spent many hours in compiling is cause for the decpest regret.
Such unusedmaterial will it is hoped be thesource of valuable add{tional tables when this
volume is revised

1n the preparation of material in tabular form the chief objective has been clarity
of presentation Where the subject matter of a table has been considered to beinherently
difficult for the non-specialist -- the beginning atudent {n the subject or the specialist in
another fleld -- effort has been made in explanatory headnotes and footnotes to resolve
for the reader some of the difficulty Footnotes have also been used in many instances
for information originally within the table itself where simplification of the structure of the
table could be achieved by withdrawal of the information into the {ootnotes

In each instance where a numerical value is given for a variable the value is the
mean {or adjusted mean) of & group of measured values Where possible to obtain  each
such value is followed by an estimate of the lower and upper limits of the 95% range The
95% range has been selected in preference to the standard deviation as better suited to the
needs of the reader who is not a specialist in the field from which a value has been drawn
The 95% rangeis a direct representationof the ordinary* range of variation o be had only
by further calculation if the standard deviation alone is available The latter has the dis-
advantage of not being readily available {n
many instances and of giving biased limits
for the 95% range when a variable has a
skowed distribution The statistically-
minded reader whomight wish to make fur=
ther calculations from values in these tables
will notcare to proceed without information
on comparability and number of measure-
ments Unfortunately space does not per-
mit inclndinghere such collateral informa-
tion but thebibliographic references will

leadto theoriginal data whers it should be
found.

The 95% range may be estimated
in soveral ways the maethod depending
on the information availahle The types
of estimate most commonly encountered
are listed below Theletter designations
(@bcd wil be found as identifying
superscripts opposite ranges given in the
tables (For details of theseand other
estimates sce textson statistical methods )

NUMBER OF MEASUREMINTS

*To the clidlolan equivalent, with reservations to normal and borderline

L



ange date as y od of the 95% range representa
ixture of the variability existing between {ndividuals and the variability existing within
dividuals

(a) By the method of greatestaccuracy the 95% rangeis obtainedby fitting a recog
zed type of frequency curve to a group of measured values and excluding the extreme
5% of area under the curve at each end (See sketch on preceding page) Estimate ia
ade by this procedure only when the group of values is relatively large

(b) By a leas accurate method the 95% range ia estimated by a simple statistical
lculaticn asauming a rormal distribntion and using the standeard deviation This esti-
ate is used whenthe group of values is too small for curve fitting as is usually the case

(c) A third and still less accurate procedure for estimate of the 95% range ia aim
y to take as range limits the highest value and lowest value of the reparted sumple group
'measurements It undersstimates the 95% range for amall samples (3 or 4 values) and
rerestirnates for larger aample sizes bDutmsY be used in prefersnee 1o ihe preceding
sthod when the sample shows convincing evidence that the variable is asymmetrical in
stribation

{d) The upper and lower lUmits of the ordiumary range of Yariation as estmated by
1 investignior sxparienced in measuring the quantity in question and based salely on gen
-al experience constitute still another estimaiw of the 95% rangs The trustworthiness
! Umits so placed ahould not be underestimated.

1o many instances range data have not been avaflable In other instances an est
ate of the 95% range is given but information on themanner of estimate is lacking Ef-
Tt to assemble both types of missing information is contiouing

The data in each table are in the judgment of the contributors and reviewers es-
(hlished fact and free of questionable material and represent the consensus of expert
idgment and experience in the special field from which the table was drawn. It is recog
lzed however that all data are subject to contimiing revision aa investigators {mprove
schniques and make more messurements The reader is warned against attributing sig-
Ificance to small differences from specles to specles He is invited to submit any valuea
r ranges he feols should be glven consideration and is partcularly invited to add to the
overage of animal and plact forms
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1 NUTRIENTS THE CHEMICAL ELEMENTS
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1 NUTRIENTS THE CHEMICAL ELEMENTS (Concluded)
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10 UTILIZATION OF CHEMICAL ELEMENTS INSECTS
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11 UTILIZATION OF PROTEINS INSECTS
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AMINO ACID REQUIREMENTS INSECTS
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slightly better growth than

required constitoents alome
the smino acid inactive
Requiressot or lack of requiremant not demonstruted since
o axtruct, ons of the ingredients of the msd-
24

/

f2/ D-form of

Organi
Jorino Aatal
()
1] Alanine
& Arginine
X Aspartic acid
& Cystine
5 Glutemic acld
€ Glycine
7] Eistidine
§ Bydroxyproline
Isoleucine
Leucine
1] Lysine
[12] Hethionine
¥orleucins
Phenylalanine

&

BRI RS

a3k
1]
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1/ Dists oontaining all amino acids produce
nixtures of
valine wvas present in yoast
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14 UTILIZATION OF CARPOHYDRATES INSECTS
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14  UTILIZATION OF CARBOHYDRATES INSECTS (Concluded)
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16 ESSENTIAL ORGANIC COMPOUNDS (VITAMINS AND OTHER)
REQUIREMENTS INSECTS
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16 ESSENTIAL ORGANIC COMPOUNDS (VITAMINS AND OTHER)
REQUIREMENTS INSECTS (Concluded)
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COMPOSITION OF NUTRIENT
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20 UTILIZATION OF CHEMICAL ELEMENTS CORN PLANT

Values indicate the amount of various elerents used in the growth of one
acre (O b hoctare) of corn plants producing at the rate of 100 bushals
per acre They rcpresent ananlys s made in I1linois and Indiana during
1935-1940 Where o range is given, the lover value presents cbservations
from corn plants grown in Indiane, the upper value, for plants grown in
Illinois All other values are applicable to botb localities There were
approximtely 12,000 plents per acre (30,000 plants per hsctare) and the
production of shelled corn was &t the rate of 5,600 pounds per acre
(6,300 kg per hectare)

Quantity Utilized Quantity Utilized
Fleoent! Elementl

(A} (B) {c)_ _{(4) (8) (OR
1| Oxygen 6800 7620 9) Iron 2 22
2{Carbon 5200 6 53}0150-]-50 10| Hanganase 03 0 34
3| Ritrogen 130-1
h|Potamsiwn | 110125 ] 120-lko |[A1POTOm ;ﬂ: 0 06
5| satur 2-D 2=8% 113 Todine Trace Trace
6|Magnesiun 3350 37-56 14| Zinc Trace Trace
7| caletium 37-50 51-56  |15|copper Trace Trace
8| Phosphorus 22-40 25-55

/1/Data for water utilized 4,300,000 to 5,500,000 pounds per acre(k,820,000
to 6,165,000 kg per hectare) /2/ Pounds per acre x 1 121 = kg per hectare

1%
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26 ESSENTIAL ORGANIC COMPOUNDS (VITAMINS AND OTHER)
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47 DAILY NUTRIENT ALLOWANCES FISH
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50 DIETS LABORATORY AND DOMESTIC ANIMALS

Firis beve bes selected (ron o largs sot=r of P4 (bla & ta Thry are mot secvssarily {smi por &0 they

it all u.m-un conililoe sed feedlmg Pwrroses Comralt L+ris 0o fevding {see IR0 } for wore detasled
valwes I8 ool K arv grews/100 g (or I8/200 2b) of rution
Wiy | iy Fomt
. haddll BTN TN me
- 2 {e/ax bty vt 1100 &
10 ) i | 219} 1%
Caltle Bref
Brreal grovth o7 0 flirelifs day Ti barley 1V 5; eorm yellow 13 3
1R T8 Imiet It Alfelfs bay uam-u.n Ay corn
- 5% cottonsss] seal N
1 Dlet 12 Prllrltb.q ux;m-u.;- 3 eore
gt ais 3 eottamecl meal T
H1.2r |per T1: Fetch s out bay }bt.tplzb wolassey
4 3) tarley % cottoosssd arl 31
%3 23 [oat tay woderstaly green 23 alfaifs heg 107 Wr
Tearliag steer 1oy 30; Beet [ulp solasses dried 20; mulareds
q cuse 10; cottoneerd meal (MS rroteis) 3
=) 13 [Plet [T Alfelfe tuy 19 8; ot by 80

Q32 [Dtet 11 Cora fodder b9) barley mirav 25; alfalfs
tay T3
TI-M  [Dirt Tt Corm slluge €51 oat atrww 27 cottoowes]

= meal (M3 protess) ¥ 1
Cattl Dairy
Calr [ 120 [Weale mtix 100,
n T8 [Mer Ir Hixad Jagome-grass hay ) pets (eore o
verley) 5
L B e I 31 [biet I Alfalfa gy 100

- :::zm: Tiactsy by 66) barley 535 Liwestooe
IrhS  IDtet IT; ALfalfa by AQ; corm alilage 0,

[3>] 1x Diet I3 Alfaifs T3) barley 25 N
o9 |bet I ey 19.1; corm sllage % corn
P Metare Lastating cov sad eob peal 16 3) scyveen meal 6.5; limestooe 0.3

T %55 Jotet 1T Adfadfs hay 29) coro sllage TO Ts Atesmed

Cxlckwe  Cern-free

G, 1j WeC: 0¥ XD 3151 ot

A.3; cesny, © we;

hd Om"-‘”"‘ln\ We" LoV

[FPEse Laghars T (X3 5 e i1t a2 vecten
Ok Kots Tsled Ped

LR CY-) 1 grood yallow V9) rtapfard vhaat misdlings 10,
n.m:-—xm,anwmzvqf g,.r‘
i 18 -q\-:-'u-d 07 T1sb mmml b,.-n—:,

(41 stemed booe meal 1j grood lietoms 1) deisd

‘i

Promag
53 mls 0.5 Titemin & ot 3 r.-u. o1
o1l smtaime 300 Iateromsiceml Chiek Units vitania D
101 o “u-Amp-):phumm
/

0.00973 & pur 200 g fewd.

I O IO IY coewrrisg cooesicoally
PSitione are gires 1a colwm K. s salmm D rufer to alternative dlvtery aixteres whoss son-



50 DIETS LABORATORY AND DOMESTIC ANIMALS (Contimued)
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50 DIETS LABORATORY AND DOMESTIC ANIMALS (Concluded)
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51 ZOO DIETS MAMMALS CARNIVORES

Dists 1llustrate the feeding practices suocessfully in use in the Nev York Chicegn end Ben Dlego
roalogical parks Differences in dict reflsct climmtisc conditicos food availability and individ-
ual varistion withdn spocias Body weights are only estimsted snd the sxoumts of food eaten ere
apprurirats caly end are for a aingls specimen of the spacies listed

Total |TFeed/kg
p.b",_;,t Toet | ooy Coapoeition of Diet
per | Weight | Borse | Forse | Borse
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TAT K4} N () 1080 I § DI I ¢ ) 4 )
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q  Bear maritims) M hy 60 = 23
E Bear polar {T baritimos Wl 3 83 5
Bear polar (T peri r 1% EO 55 Fr)
q  Boer ormats) W 1 18 =
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b Jubatus) Wl 3| 1B O] 30
Ingo (Cxxia dingojll X a3 1 68 10 10
RS EHyens spotted (Crocuta crocuta) M Iy 8 P 83 619
pi Jugner (Puothers .1 o 18 32 :"3 s 8
4 Jegoar (P oocs) M & 13 F1d 91 310
Eﬁ Jagmr ( r [ 13 33 & 6 9
Leopard black (P parthm) M 133 13 1 83 LY T
Lion (P 1eo) X 1% zg o% 9 3
9 lym Tokon (F 1w cansdemsis mollipilosus) 1% T g
Coslot (F pardalis) 7 5 100 17
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EA Tieer imth'n tigris) Ml 207 | M3 28 97 2
Tiger Beneal (P tigris) r 136 x» » 96 "'10
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PINXIPEIIA
Sea 1ion (Zalopts ealiforniems) L3 73 6 3
feal hartor (Phocs vituline gerocimensis) 4 2 13 =8
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» x-}xmjﬁ and bren end booey mix TE b/:rlﬂgmdmmmu /6] Daring srm-
mar total breal sllovance increased 2-b tines /7/ Egge 5% and fran end booey mix Inglodes 3
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52 ZOO DIETS MAMMALS HERBIVORES
[Dists flinstrate the feeding Frectioss suoom wfully in use in the ¥ev York, Chicago end San Disgo moolog-
lcal patha  Differnces in dist reflect olimatie oonditions food wrailability end individnal varixtioo
[Within species Body velghts ere ooly estimctad and the wexmts Of food esten are wpproximte only and|
are for e ingls spesimen of the spesies ligtad.
Doty ,l_ﬂ'l Composition of Diet
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Faoeqie Formoean rock (M.oyalopl } X 1 9| =0
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52 ZOO DIETS MAMMALS, HERBIVORES (Continued)
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$2 ZOO DIETS: MAMMALS HERBIVORES (Continued)
ity illestrate the fesdisng praactices sacoesefully lu uee in the Ner York, Chiesgo sod Mo Ddego soalog
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52 ZOO DIETS MAMMALS, HERBIVORES {Continued)
Dists 1llugtrate the feeding practices sutcassfully in use in the Dev York Chicem asd fan Dlegp roolog
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52: ZOO DIETS MAMMALS, HERBIVORES (Continued)

HMots fllnrtrata the 12 une 10 the Bew i fan Diego woalog-]
teal packs 1a dlat rerlect climasic cooditioms food avallebility sod 1wk verist
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52 ZOO DIETS MAMMALS HERBIVORES (Concluded)
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54 REPRESENTATIVE SYNTHETIC DIETS INSECTS
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$5 SELECTED SOURCES FOR CERTAIN NUTRIENTS
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57 NUTRIENT SOLUTIONS HIGHER PLANTS

Distilled or delonized water should be used
vherever poocible and the {nitiel volume of the
golution ghould be maintained To avold seri-
ous depletion, the golution 18 reneved as often
ag neceasary The frequency of renswal derends
on the voluze of the eclution in relation to
the masn of groving plant caterial and enviran-
meptal conditions

Solution
Hopgland, DR,
andml'non v, nobhim,wn .
og/L o/ L
(A (8] (e
H3BO3 256 0 57
: Ca(o5)z BE0 645 16
X CuSOy” 5Hp0, ! 008 0 0%
H resoy 7820°03 5 2 &g
:1 MBS0y THSO 493 ka3
§ ¥ac1p bE0 18
7 Mas0, BER0 102
8 BaMoOy, HpO 0 o2 o o2
9 FELEoFO ns
1id XB,FOy 136
LY KR 606
1o oo 2
hd 2050, THAO 022 o2
/1/ Among other satisfactory salutions are those

of Withrow, R B, and Withrow, A P ; Shive,
J W, amd Robbins, ¥ R, Thimaon, X ¥V, and
Bdmondson, Y Hj; Chapman, # D, Brown, § M,
apd Rayner, D 9 ; Haas, A R C , Btelnberg, R
A Bmith, P F  gStevart, ¥ D, Youden, ¥ J ,
and Arthur, J M /2/ To be added twice weekly
or as indicated by the sppearance of plants /3/
Fquivalent amounts of lron may be supplied as or-
genic iron saits, i e ,iron tertrate or K-Fe-eth-
ylene dimmine tetra-acetate
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59 CULTURE MEDIA FUNGI
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60 CULTURE MEDIA ALGAE
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61 CULTURE MEDIA CERTAIN BACTERIA

Yalwes ere my of the sitriest [ar liter of eolwere solxtios.

Organt e

arakd sosea
struia 17 2
o

riretx 8081

5—ru-u

Bamcrpiet 1oa
parud

.1 PRp Ty

3

/L /L /L

R4

3

A aaime

-

BBE BBRR BEEZ 85 B3 B 58

E3% B@E3 BLRB 3B BB g 8

-

£
§
BBE BUA%  BEEE B BB wusy

B¥BE EE & &F 6B

NELEE Buouo uruww
e

R BHa
1
¥
555 Guws 056 66 61 GuE|d

EEs Hsdw w858 w8 ¥ wEEEE

BEE Hauwy

qHEE
i
¥

k]
B ur oo o| |BEE BB B BEER BE 55 BEER Lé»un-u

o| |B&s BHEWR §EE¥e BWBEE BRBER E

D-Hetin o o o
Qalime QO m 3

8

@

°
2

a

B

o

88 §

0o

ge

oo o
e
-
8
»

al om

r
!
£

nBo

S
-

or
-
s

1]
B

(%]

k
o
g se
A
.

.

momo

Fyrismol. xa 0.2

RoOW grony AEHHR HY
g
P

e
°
-

s

ey o3
0.5 0.5 o.3

oo

wa

Ber

e
°
M

ha rey 1 - 55 5.5 ER) 2.3 %3 3

o, 3,00 20 200 &0
o KOy 3,000 0 00 ;ﬁ &0

/1] To ewriium glven § Al switshle for L emsel L dalheweckii L. fermati L wwvie (1-arkimoms is 1o be suedl

Lirestmeston massuterisdes /Un-—n-n_lju--mulNﬂ_nw*-—mﬂdﬂ‘nhr@(*
mrtl ectd 1s te e for Tweenll wtrai R /3 Tataes givea arv for H- FL-Lsomars. For
ol Wit Safigfoud hjeiicdleigvt riol iy vt ig Y aa
Aslfide  /&/ La7ires slts er ecmpiralle gmatity of salts iacecporsting maler i% the molednle.

5,00




61 CULTURE MEDIA CERTAIN BACTERIA (Concluded)
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63 CHEMICAL ELEMENT COMPOSITION AND NEUTRALIZING
ACTION ORGANIC FERTILIZERS
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64

SOIL pH REQUIREMENTS PLANTS
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65 PROXIMATE CHEMICAL COMPOSITION AND ENERGY
VALUES FOODSTUFFS OF ANIMAL ORIGIN
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65 TPROXIMATE CHEMICAL COMPOSITION AND ENERGY
VALUES FOODSTUFFS OF ANIMAL ORIGIN (Continued)
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wluff, reaiy for cocking or resiy to eat 1if connp~l uwoaked Yalues of 25 snd above have
Teen rouniel to the pearest vhole mmder Tor miparsl ard vitemin coposition see table 66

Tor Total Carbo-
Coontitoents | WO ) vater | O of Protatn] Far | TRl A
Foodetaft 12755 & #7150 8| &/105 | £/505 £]8/100 4] /100 &
LA} 1h) Icl 5] rY 1 TrYy 1_(ai N6
Yeats (concluded)
Reart ur n 3] 159 58 0.h 11
ﬁ Xitory 114 'n 28 13| 86| o8 1.2
Lver 134 T e8 197 A8 17 15
133  Lotn or chope, fresh 296 =8 a2 w6h| 25 <05 09
] palt pork T8 a ® 39 & <03 35
jh: Bausags 1ink or bulk 250 a2 28 108 13 <03 2.1
Oyare ribe canned m 23 Eg W6 3 <03 08
A Tenderiain g 199 1 <03 1.1
Ay 216 3 168 1%5.6 09 1
A9 Radbit  domestiested 135 k] e7 ao 3 o 1a
g el e, 10 iR & 5 w9e| 0 0 1
M Cotlet, bomed (muuh rowsa) k) b 195( 9 <3| 1
g 133 76 2 ig 5 T o8B 1.2
Y Ry ng | m® o 8} s2 0.2 1M
5]  Lleg roast 186 [<: b3 191 12.2 0 1
Liver Wl 29 bt ol & 13
X Btev meat booeth e E 56 xga 1t <0 09
71 Shoulder roast, booed (vholeealw
chuck)® T3 ™ 30 19| 10 <03 1
W Yenison W I T Ed 20 [ [ 1
Poultry
59 Cutexen, rousters 200 | 6 » 2| 26| <05 1
5 Beart plm | | w7 16) 13
51 Liver T 30 221 26| 17
[58 Dok, dowrsticated 326 b A6 16 <05 1
Coose, dowmsticatsd 3% n k9 16k 39 <05 09
6d Tirxeyt 268 | %8 W@ 201) 202] <035] 1
6 Liver 134 ke 29 @ 8 07 1.6
Eegs: Ol
A Yoy white 0 ) 12 8] <on 08 06
g Tax,vhale 162 ™ 26 28} ns o7 1
Lex yolk 361 %9 5 B3] » o1 7
ruh wnd Ehellfish
6 Clam 80 0 128 1 3.0 21
& 17 165 Ok} <03 1.8
6Cr!h,Auant1nl-Mﬂnhnd- 80 20 151 16 06 LT
as 17 9 03] <03 13
Xlocalories Dts«ubmty n-n. rednce total energy frim proteln fat wd carbcipdrstes
t vmall amcunt and loss in of imoceplvtely axldised uitrogen products further
Teduows mu.nm-tru-ymu mrummhn-b-mnﬂmundw using thess fac
'-unturcuuu.- oy protein wd carbolyfirsts reapectively: from wilk, b 27, 8 T9
w136 f2fveioes

uia'ntm--zuun-n &ﬂrzw -msﬁ'nm--w:"% 9 02
Tandel to naarest vhols powber Treth or stared
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65 PROXIMATE CHEMICAL COMPOSITION AND ENERGY
VALUES FOODSTUFFS OF ANIMAL ORIGIN (Concluded)

Yalnes with the exesption of Calories are in grems per 100 grams of edible portion of food-
stuff ready for cooking or resdy to et if oonsuoed ocockod. Yalues of 25 aui above hare
boen roundod to the Dearest winle oomber  For minersl and vitemin ecspoeition sow table 65

Constituents "’:'5;3 Vater :""“gmm Fat "'“"; Ash
Toodstaff s
100 of ¢[€/100 ¢[«/100 ¢|£/100 g{&/100 g(g/100 &
¢ 4] T [41)] (L] [¢ 4] ©7 1 (H—
|7 Fish aml Ewlifish {conclnted)
Taddock T | & 15 Be| 01] <65] 1k
PFalibat 126 ™ e 18 6 32| <0 1
7l Berring Atlmntio 191 67 » 18 5| <09 eT
{Te] Barring Pagific P & 20 166 261 <05 13
TH Lobster 8 bel 21 B2 19 on W
Qywter & 8o 20 98 21 5.6 2
Parch, white 113 ™ F.Y 193 X [ 1.2
‘{éhl:n,hd.ﬂn(murnn;) 28 63 N 1. 55 az 1
T7 Sosllops muscle k) -3 2 B 01 3 1k
TH Soricp  fresh (vithout shell)
TS Tiom, cunned 198 & &0 29 82| <3 2
8] Whitefish, oemmed 1% T 30 29| €3 o 1

Moealoriss wwqm-mwwmm t(tmﬂu.rbdvﬂr-m
urioe atdfoed
wm.mmmmh—nmmmwmm ml’l&
tars for Caloriss per graa protein, fi respoatively; from
m:-ﬁ'nm:m-:mnm,b.z'r,gm ad 367 fromeagps ¥ %5 9@ -naaﬁé /f}’v.x--
Tomdsd to Dearest whole morbe!
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66 MINERAL AND VITAMIN COMPOSITION FOODSTUFFS
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W ral Tl tamd
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/100 g [ me/100 g | me/100 ¢ /100 g | we/100 ¢ [ ma/100q | me/T00 ¢ | me/100 g
ry (01 el Eid] 1T (2. 10)] _(H] I
Pairy Protact
A miter ” o 16 198 ° 01 om Trace
A Bettermils  cultared nm; o1 t2) Traee 1 o1 o8 oo
i Omror  chriiar 10 e a8 0) Truee o ow
Coeese eottery v 0y 157 oot 0) ©.1) 031 o
4 Owver erem el o ¥7? o 87! 0) 01 o.re (0 o1)
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et
-
by beetf brataa? 18 36 10 0 18 %) [x] n_g
bl o=a 1 18 167 5‘ ° ¥ eI o
BN Flask 12 3.0 18 0] L4 A Q.. X
B Bemeryer ’ Ry 1 {0 [ 3.8 CETS 007
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66 MINERAL AND VITAMIN COMPOSITION FOODSTUFFS
OF ANIMAL ORIGIN (Concluded)

Tadses o milizgram yer 100 gram otMle portim of fuetert vty T sockisg o reety 10 ox I vowmel weeccke!
Talmes of £3 axl alovs bure bera rooadel €0 the mtarer whale secher Lipwted velw Lmdegupis svidemss aIe
eocimset ta For sk comtent we tazl €3,
M prrals Tt
Camstltmacts it A
Calutmm Provptores | sl as | MR | meetsd  (eonicris]| musese
Poodrrxt?
=/ 106 | w08 | m/30g [ m/ro0g [ m/100¢ [ w100k | 206 | mio s
-] T T ) . SR 1 9 S 1 J T
Pt (ecmateied)
Pork {eomabaded)
LY Seosege o bulx L3 1.6 1o u; ° l.j oar 0A3
b are . 2 18 o 3 3. 017 omn
LY Tesderists
Y Tosgee ” 1A L] {©) (O} (30) (w) -y
BY pontt, domstiestad ”0 13 = pr ) o
Veal, chrpe lata u 1y o7 o ° 63 oy 0.8
Oxtlst, n ) = (o) o 63 0.6 X7
Baart
M Dy
bl Leg rest n 29 06 [ ° &5 o4 oar
P Liwer [ 10.6 33 1335 » pT RN Az on
v meat emt?? n 27 s ©) ° &1 i o
Panliar roust, bos
}" (vtmlesals Cluak! n 199 ©) 0 63 o6 [*1Y
Poultry
Chtebwa, Teusters n 13 ] o 8.0 0.16 o.o8
b4 meart B Ly wa o.ce 3 Ex ° aas
Bl Liver % 7A = 33 ” ns : 0.30
Dk, dcmertioated B 18 Y-} 0] 3.4 .. 010
coewe 13 18 18 0 HES [ 010
WW F) 32 30 0! 0.8 o0
e
[ p——
Tax wxive 1 T © 3 (0.2)
A Leg vwle 1? *T no (X 0 0a
oyl 7 o5 19 ° Trem
Tiak asd Gmlirish
Q= (9%) (19 (19 o.o1 (0.)
ot 1 o4 o3 ° ES e
tre Lileti ad
§ Sari-etall 9) (160) 27
Flomber it » “
Battsax B 77
Balnet B m 0. 92
Barrisg, Atlacti o 3 :j
Lobeter & ok b L]
oywrer % 54 u3 o1y 12
Nrer, viise
Perifis {Cutnook
Sl ‘ w | e Lo | o 9 12
Seallore
nrimp frecs vithowt aball € 14 154 o) 9, 12
Tam, cemsed (i) LA (£ 003 zn; pry)
Faitalat, et 1% oA 3
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67 CHEMICAL COMPOSITION OF MILK
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69 MINERAL COMPOSITION FOODSTUFFS OF

PLANT ORIGIN

Values are milligrans per 100 grame of edibie portion or rresn, uncocked foodstufr,

unless otharvise specified. Valums based on inadequats evidence are enclosed in
| parentheses Ranges represent estimate 4 (of Intruiuctiun)ufthn%rnnsa

Minerals Calofi= | ring Cobalt | Copper
Foodatuts /100
100
— 4 |me/1008] me/100g ng/100g
) B ] (e (p) (F) (r}
1]a1mond  dried (Asydalus comrunis) 254 2 0 14
2|apple (Pyrus malua) 6 410 [ 4~3 0 08-0 14
3|apricot (Prunus armeniaca) 16 10-17 2 o 0 0 11-0 18
4{AspaTagun offfoinalis) 21 36~-39 014
5|Avocado (Peresa gratiswima) 10 616 02107
6! panans (Misa paradisiaca sapientim) 8 7-10 | M-125 0160 21
7| Barley, pearled, dry (Hordeum volgare) 16 103 0 11-0 40|
8|bean, 1im, imeature (Fhassolus lumatus
mcTOcATUSs ) 63 9 065
9(Bean 1ima mature, dried (P lumatus|
mMorocerpus 68 3241 0 63-0 69
NO[Pean red kidney (P vulgaris) 163
N1|Bsan enap, green and yellow
(P vulgaris 65 24 [s )18
ho|pest, garden (Beta vulgaris) 27 | 2430 | 5861| 000s0009| 019
13 peat greens (B vulguris 1181 0 04 00
h4|B1acxberry (Rubus spp ) 32 17-63 | 1022 0 11-0 16
5| Musberry (Vaosinimm corymbosm) 16 8 on
N6|Prazil mut (Bertholletia excelsa) 186 61 1 09-1 39
N7 frocooll (Brmasica oleracen
botrytis) 130
N8| prussels sprouts (B olsrmces
gemifera) 4 40 010
ho|cabbage (B olermcen capitata) 46 | 45-50 | 24-39 | 0 007-0 024 |0 050 06
bo|cantaloupe (Cucunis melo cantalupensis) 17 1620 | 4144 0 040 06
b1icarrot (Daucua earota) 9 %67 ooe [007-008
P2|casbew put, roasted (Anacardim
oceldentale) 46
23] Canliflower (Brasalocs olermsea botry ) 22 30-50 0 14
bi|celery (Apium graveolens) | %0 156182 oo
D5 Chard lesves and stems (Beta vu].gn.runnﬂ
bo| charry, sour and mweet (Prums spp ) | 16-20 | <1,0 0 00052 [0 07-0 144
7] Cooammt gcoool nuoifers) Zl 13-24 | 114-1201 0 32-0 T4
bg| collamd (Erassica olsraces acephala) | 249
29 Corn sweet vhite and ysliov (Zea mays) 9 6-10 | 14 0 0002 |0 05-0 08
bo| crarberry (Vacoiniua maerocarpon) 14 12-20 59 0 09-0 14
sz wvater (Fmdicula pasturticm
pr Cr:mum 61-1 O-N—Omlﬁj

/1/ Caloien cay not be available because of presence of omalio acid

svecet cherry
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69 MINERAL COMPOSITION FOQDSTUFFS OF
PLANT ORIGIN (Continued)
Ydmmunlgrmprlw;rmddiblepartionutfmh,ummhdfocdnmﬂ

othervise specifiod Values based on inadequate evidenca are closed in
et s FRanges represent estimate 4" {ef Introduction) of the Tange

Magne- | Uangs- Potas-
Iodine Iron ol ss Phoephorus alum Sodivn { Salfur | Zinc
we/100g e/ 100¢
ne/100g o "] /1008 n2/ 1008 »e/100¢ | mg/100g | mg/100g {ng/100g
D‘M 2lus)
(0) a0 1) [MNGRNT] 0 | (0 3] (q}
44 257 1% | 475 650-8563 0-5 8| 145
03 36 [aoeaoy 10{ 7-12 | 90-1160 02 | 2 93 7por.a14
05{03206] %12 23 | 21-30 |120240]0 61 0| 61 004
oo {09 |oe10 10 ow| 6 240 20 032
06 [0514f 2941] 420 ] 38| 31-5 {30396 30 {19 4-37
om | 0.6 {0418 242 josrabel 28 Ma4z0i0 512 120 | D28
007 ((20) 220 [LSILS9| 189 123 26 | 107
23 |2 2-2 4 158 680 10
75 Sh-254 3@ 10
69 F 437 0
13 44
10 o824 23  ps-L® 43 350 {uo 17 093
32 {313 6p138 126 | 45| 40-90 130 aa@
090810 220! 05| 32 1934 [150-208] 02 | q.012%
08 {0209 10 13 | 1020 06 1n
3 4 {2 84 0Of225412/0.30092] 693 670-70{1 0-1 5| 196~293]
13 (]
131222 106 | 027{ M 450 mo | m
05 {0412 007032 31 | 26-64 {230 50 | 6&-71| 016
ooR | 04 {0208 004 | 26 3530 {230 12 17 005
08 |0 4-1 0] 12-17 0.05-025 37 | 21-50 {224 93 6917{ 01
30 A28 %0 %
11{0914f 66 { 017 m 400 2 2 02
0 a2 2; 3-10{ 016] 40| 29-48 |278-200{111-177] Lk 9
%
0132 { o4 8 42 20 | 1791 {2392 242 2
5951 01
ig 127 ] 11 320 P65 Ad-ds ?
58
0 0.0 00 05 8 015| 120 203700 04 | =
000G} 06 [04-11 & 03| 1 651191 0-1 8]  7-113
2 Y] 0.5 10-52 L ag 60
/2 Applicable to svwet cherry 1 2.2
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unless othervise specified

69 MINERAL COMPOSITION FOODSTUFFS OF
PLANT ORIGIN (Continned)

Vdmmdnimwlmmddimwﬂimdfmh,mo&dfwm,
Values based cn  inadequats evidence are enclosed in
parectheses  Ranges represent estimate d (cf Introduction) of the §9% range

Minarals Caloimm Chnj:_ Cobalt Copper
mg/100g
Foodatuff 3 F|Pd w100 | mg/100g
() —® c) | [63) {r}
B2l Cucunber (Cacumis satives) 10 6=23 | 24-30 0 065-0 11
33| Currant red (Ribes rubrum 3% 14 0 11-0 12|
{34! Dandelion greens(Teraracuon officinals) 187 | 63-240 99 01
5 Pate (Phoenix dactylifers) T2 0 21-0 3§
6] Fegplant (Solarmm melongena) 135 2461 0 07-0 14
D7 Endive (Cichorium endivia) 79| 44-104 70167 0 0%-0 11
P8 Fig dried (Ficus carica) 186
PA Fig, fresh (F carice) 54 14-18 o 0 06-0 07
[40] GocseberTy (Ribes hirtellmm) 2 6-7 0 08-0 14
141} Grape (Vitis spp ) 17} 15-20
l42] Grapefruit (Citrus grandis) 22 1-3 0 0=-0 04
143! Quava {Psidium Jara} 30 o
k4] Hooeydew Dalon (Citrullus sp ) (17
45 Xale (Braesiocs oleraces 225 | 1813100122 [l ]
K6 Lemon (Citrus limonia) 40 2-5 0 26-0 4
L7l Lettuce, hesded (Lactuca sativa) 220 17-43 | 39-74 0 005-0 03 | 0 040 17
L&l Lire (Citrus awrantifolis) (40} 15-55 | 39 097
kol Mango (Mangifers indlow} 9| 52119 00l
501 (Agaricus 18) 9 21 179
51) Muatard greens (Rrusaica japonica) 220
52] cats rolled {Avema sativa) 53 73 Truce 023
53 Oxra (Hibiscus esculentus) -~ 0 12-0 2
44 Onion, imeature, green (Allium cepa) | 135
55l cnion mature (A cepa) 32 0013
;ﬁm {Citrus spp ) 33| 24-50| 3-6 0 07-0 3
Parslay (Potroselimm hortense) 193% 190-325156 0 21-0 51
5¢ Parmnip (Pastipaca sativa) 57| 55-60] 3041 0 10-0 12
59 Pea gurden, immature (Pism sativim 22| 13-30| 24-38 0 o3 0 23-0 24
lo(] Pea garden, mature, dried (P sativum) 77 35-60 14
61 Peach (Prummus persics) 8 45 0 01-0 04
Pearut roasted (Arachis hypogees) T4 42-56 0 27-0 9
ﬁ Pear (Pyrus comamis 113 820 4-11 0 a18 0 10-0 21f
k2] Pecan (Caryan 1llinoensis) T4 50 13
lss{ pepper green (Capsicwn arminm) n 614 | 13-19 010
Persimmon (Diospyros kaki) 6 2 041

1/ Caleium mxy not be svailshle because of presence of cxalic acid /*/ Applicable
to Anerican and Furopean types
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unless cthervise specified

69 MINERAL COMPOSITION FOODSTUFFS OF
PLANT ORIGIN (Concluded)

Vdmmdllipmwrl&mofodihlnpcrtimufm,mmfmr,
Values based cn inadequate evidence are enclosed in
parentbeses  Ranges represent estimste d° (cf Imtroduction) of the 95% range

Minerals calotom | IO | gopare Copper
=/100g
Foodatuff Vaiad ng/100g  wg/100g ng/100g
(A) (BY] (Q) (D) (E) (r)
Eg Pineapple (Ananas sativus) 16 8-20 | 29-50 0 07-0 08
Plom (Prurua spp 17| K20 2 Q 09-0 14
69| Potato (Solemum tuberosm) n 8-14 | 38-79 0 006 0 14-0 17
10| Prumes {Prunus spp ) 54
71 (Cucurbita pepa) 21| 20-39 |10-36 0 (3-0 200
h’z Fadigh (Fapharms sativus) 37| 2044 |19-54 0 13-0 15
[73| Baisins (Vitis venifera) i [:7] 0 20-0 27
74| Raspberry, black {Rubue occidemtalis)] 40
[75| Raspberry, red (R. strigosus) 40| 24-50 [22 0 13-0 21
Fhubarb stems only (Rheun rbapontioum) 51]T
Fll"} Rlees brown {Oryza setiva) 39 23 036
78| Rlce, white (0 sativa) 24 27-34 00005 |0 06-0 19l
79| Rutabagn (Prassiom campestris 55 58 015
BO| Rye whole grain (Secals cereale) (38)| 31-55 | 25-40
Bl|5aybean, mtare, dried (Qlyoine soja)| 227
g2 Soybean sprouta (G soja) I-Bl
o3| spioach (Spinacta oleraces) 81 6574 [ 00010 12 012
4| Squash sumeer (Cucurbite pepo) 13 008
B5|Squash winter (¢ mudmn) 19 004
E6| Stravberry (Fragaria spp ) 28| 2241 | 6-18 0 13-0 20
137] Swestpotato (Ipomoea mumg 30 85-54 o o 015
B3| Tengerine (Citrus reticulata (33) 2 0 09-0 11
K9] Tomnto (Lycopsraioon eeculentum) n| 7-13 |34-51 0009 |0 0501
90| Turnip (Brassica rapa) 40 41-70 0 07-0 09
b1| Turaip greees 55 rapa) 259 | 216-374168 00m-0107( 009
= Black (308 ) 83 | 60-90 | 3040 0 005 031-1 0
o3| walmt, Pnglish (I regia) 2 s P
o4 | vaternelon (Citrullus vulgaris)
los|wheat, bard red winter whole grain
|| (eriticun yulgare) 46

/1/ Caloiun oy not be avallable because of presence of oxalic ecid
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69 MINERAL COMPOSITION FOODSTUFFS OF
PLANT ORIGIN (Concluded)
alued nlligreme 100 greny of odiblr partian of fresh, uncocked foodstuff,
:nlu: :“ﬂ;am:e mlﬁ:d Values baned ¢cn  lpadequate url.d;nca are enclosed in
parentheses  Ranges represent estiate *a" (cf Introduction} of the 99% range

Magne- | dangk- Potes-
Todine 1ron eim | peme | PPOSPOOTUS 1T .07 | Sodimm Sulfur | 2ine
ne/100¢ a/100¢g
/W0 [T med Fated Panged xg/100g) o/ 1008} xe/ 200y | /100
) @] (1) T T S TR (K} 10} {2} [V
03 n-7f 107 n| egsolasad 03 l2seef 02
coos | o3losod Ba1] oor] zof M- |1m198 0o {66l O3
00KRB 004 67 #2721 030l sl zosnliz0nesl 08 | na5 bc:wa
39 L
08{041Y 8121 004! 44| 19603094800 61 39 513
1o{oe1d vasl oos| m 950 | 27 018
oow |33 42 032 129 3m-1328s0 P!
03 bt
09 z o] 3| s |oond 05 | 1w
o5 a5
som {20 19 170 303 {29034 150 90 0 3-0 o
00 {odfosry B-20] 108] 1% 3 €3 | 7 13
04 o} 41 260 50 030
372734 w-133 7% |352-185 422 1:4-146
g0 E
0 &7
3oizesd %9 070 55 4070|780 ] 27 062
04 un 0| 13 150200 0 2-0 &
as 8 aIsq{ 2 240 03 o
080709 2 GO0s{ 27T} 23-30]161-15Q0 8-1 4 154 00
a7 1 buam 15| ass | 530 40 %s | om
(04forog 1 004 (23| 10154 22 | 103 008
000-000% 06 n 04 z¢| m-x 283 00.6-107 024
05l0407 7 004{ ! 28s0f{230-238 37.% | 22 1 o8
' 24 1421 50{ 4973 {440 10 54 a2t
60 an EX:
21 1124 180 | 260 § 3589100 450687 2 -2 7 104-106
oz po2a28l 12 3.3 10 030 ¢0
34 354
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70 VITAMIN COMPOSITION FOODSTUFFS OF PLANT ORIGIN
Values arv willigreme per 100 rrme -r-uu.,unun-crnn wagockad focdetaff  walees otherviss pecifisd. Volees
Puasd se Landourts evidase We sotlossd 1n purrwibesss  Busgrs Treewt milmte &€ (cf mmnmu-n)-tu.y,
ey

Titets &
Titaelas . Amankt Hsela Miboflavine Talmtne
P-sarctemel data
/1000 /10 /100y =y /100g
Foodatatt
Tolne | Bumged | Talos [Beaged [ Tuloe | Bengvd | valos | meseet | Yaloe | maaget
)] ()] {0} ) [ T} fa} (x} [§7] 173} qQ
e { ommis) ° Traes 4.6 oe 025 p.130.30
Apple -l 003 pooor| 3 | 220 [ 02 o103 fom baow oo oo
Iprisot (Prems arwecdisss) 17 7 {1u|os 0.03 p.os0 1| 0.3 fo.02-0.05
Aaparages (Asparnge efficimlte) 040 p.1s-o.gt| B [1:m | 14 019 paoo.x:| 018 plion
Lromedo (Perves ratiseis) oy pos-0.m| 16 | 2.8 | 12 013 p.os-0 18| 008
paradisises sepienten) 0.2 v | | o7 0.03 p.m0.9] 00k | 0,301
Wl 417 (Boréewm Yilgere) (o) [ 31 0.08 0.2
Bz lim tmmetare (Fheseoles Iymtos
maros Crpos) -4 R» |ua | s an on
Boes lisa witure drisd (P luates
) [ 2 20 o pu-0| o4
Do beaa red Kidsey (P vulgarie) 9) ] 3 on o
Beca Crem ol paliow (P miguris] 0 b | 19 |10 | o5 on o

e (Meta Tulgaris) o.a 0 |33 ] 0k [oros |ow poaD|o@ o000
Best grews (3. wigurts) 4.2 x 04 4 | 018 B.17-0.63{ 0.08 0.04-0.10
Kisakberry (Mebce 57 ) o posos| n | >l o4 a.04 0.04 1002005
KinaberTy (Veteiniun eoryubesm) o.rr 1 =1 |(0.3) 0.2) {0.)

Braafl mxt (Bertralletis exeelss) Treee 2 0.6¢ 10.30-1.10
o rocecll {Bressies alarmces } 210 nus (30-172| L1 |0.-L4 |om) Q.10
Brveesls spcovis (5. olereses gumifers) [0.34 [L18-0.30| % |11 0.7 a.16 [p.05-0.30( 6.08
(L Lereses sapitata) o % (31w 0.3 [c1-0.r (oo poolsf o paoraw
x m [{ ) |20 »n 0.3 0.04 0.0-0.08| 0,05 Jo.-0.13
Carrot (Duseas sarwia) 720 210 | 03 |o2-03 |0.06 b o-0.00( 0.8 PO L4
71 Casbew wet rossted (Amaseriime oeridental ) 21 o1y .61
(Mermio alerssss boArytis) | .03 @ (yes | as |00 |ow poor|ol piooxm
d Calory Uptoa mz o 7 17315 | o4 0.0¢ .00 16| 0.03
Chard Isaves acl siems {Bats wiguris) |2.48 » o4l o.07 X3
2 Charey ownr sck nvwer {Preme 037 posoda| 8 | 123 04 0o 0.3
i Cosos moeifer S o) 2 (o z) o.m o.10
Glterd {Brased in ey 2 0 o o
o hert WAite s pellow (Poe mye) | 0.2¢ P10 30 | 12 17 1072¢ |03 posa] 013 bo g1y
Crmberry (Testalom megroserpa) om@ pm-oot| 12 Jiss | 02 0 @) (0 )
pastartim sgeet{om) 7 17| o8 018 .
o a-.-'-(rml'“:u_) - —5 (] 37 &2 |caos (08 PRENEE
Current Fed (Hbee rytros) 0.07 x| 1543 0.04 [0.0-0.0%
greems (Tiraseecm offisisals) |819 B.io-19 & 2 |32 100 {0.0) 04 0.19 0133, D
Pate (Pomix destylifers) n © 22 01 0.9 fo 06-0.10
d salcagun o@ pmoos| 3 [ 11| ce 003 p.oo-0.08 0.04
E:‘(mnﬂ-mn)) 1.6 n fwer |04 012 bao3if oo k.oo.or
arisd (THow ) o © 17 own 018 [0.06-0.24
Tt oo {F earia) o0 paoo| 2 0.3 cuw 0.
or:‘.‘crry kirtslima) 037 poro) B ¢ j0.04-0, 19
4+ |26 |02 o | comos baoo
Grope (rivte em- ) %2 w |30 | 02 0@
(Citrwe grandis)
“f‘?'f;“‘l 0.13 e |evsa2] 12 6ot b 0-0.09( 0.07 J.04-0.19
Rooertes melon {O1Eecllu w7, ) 2% bsma |1 || 70 0% o
(resstcs alerces savpials) £
1 o 0 |ma0 | o Troes [ 3y X
(et ,.._.) ox po-im| 8 | 1 oo Lu—un o
4 Tu‘) ) 7 o [0y Traes) (0.08) Jo.co-0.08
er o oo bt Teeleis 411 awbriraees Mavisy Titemis A Mtivily  O.00G
e i e & 1'1.15_.._—',';.1“-— o/ smlimns 1 ::.‘Z: i A/ il
:.’_u_""“m,m‘"lm Mplicshle to pured cwsembers| mared, applicable M-lh-k
Parcpess tyvee.
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PLANT ORIGIN (Concluded)

Falwes are willigrem por 100 grems of edikle portien of fred wmoobel fecdstuff Wilesy oiharvise speeified. Yalmes
Sasel tm Immdecuaty evidesee ore enalosed in parwstberes Ramges Ivprvent ssiimts € (of Istrodetiss) of ibe 9

70 VITAMIN COMPOSITION FOODSTUFFS OF

TAMgS
Titeats &
Titeados - domcrhis Maein Hiaflorise Dtaise
8 —sarotem’ betd
R n/i0g | me/100g /i00g /100y ag/i000
Yalw | deogel | Valos | Beare? [Vales Talna Talne
) ) LGOI (N I ) [() 1)) [43] [£3] (]
B mogo (magifers todiee 3.0 4 o0 o 0.06 [0.04-0.26| 8,06 fo.04-0-10
chm ) )] o 3 |4 | 4y 0.44 [0.01-0.30} 0 10 [0.06-0.20
Martard (3raseiea } J.58 T20lum (4320 0.8 0.20 0.0
S ats rollsd (Avers smtive) 0} [ 1.0 oU 0.60
o (iihiswes 0.4 pas-las| 30 11 |er11 |owm 0.8
bdoaien tmmatare gresm (Alitws sepa} 0,04} b (©.2) 0.04) (0.@0)
b tatem, mctere (1. eepa) © [ 0.1 Q.04 °.0
P Orergy (Cltres spp.) 011} p.O-0.42| 49 4366 | 02 [X::) 0.8 p.o7-0.14
Parsley ihtrwnu.— hortmee) PRI IRERT I 1] 14 0. on
Purety (Pustiness se bt} o2 o2 o.08
Foo gariem {mmatore (Mlews mtd wl 2 (10|27 0.1 0230230 034 bososs
B Pea pardem mtere [ 2 31 b.13-0.30( 0.77
K Poasts (Precms perste) oD 4 |71 |09 00 B.R-0.05( 0.2 B.A-0.07
k3 ] ©) M2 263 (oD
Y ey (Pyres ecamts) oa 4 [ 37 |01 0.04 0130
B4 Prsm (Carys 11lnwemts) 0o 2 oy 1n on
2 (Capetvem aarmmm) 120 90280 04 f0.24.9 |0.07 jo.04-0.18| 0.04 jo.2-0 O7
Lﬂ Paratmmm (DoaTyron hn; L&y n Trase 0.0 oo
57 Fimeyts L—- i oo p@woom| % |12 |02 0a2 [o.01-0.08| .08 [0.03-0.13
B rom (Prewe op-) p.8022| 3 | 47 | 0.3 |0.207 |0.04 o.0-0.03| C.08 p.03-0.20
K9 Petate (Soleom toberosm) a.a 07 | 420 | 1 [0 22 oo proouz|en plosor
[ Proas (Precmes a73.) 113 fas-1.90 3 | oe |1y 0.3 [0.03-0.63( 0 10
71 Pemicin (Oowarhita pepo) 20)p2o3m| ¢ | 310 [(06) © 08) J0.04-0.05 [(0 03)
[ Matinh (Mapiws stives) o M (2% |ea 0.2 @' b @-a.10
[ mataime (VIELR ) 0.0 P-01-0.08 | Trase 03 |0.1-04 |08 p.0-0.13{ .13 p.or020
P marbery Aiadt (s oweidutaris) |0 ) &3 0.7 o
Seapharry red (R ) 24 =3 | {03! 0@ p.o-0.09
PR{ Mubare stems mly o ? [ em |01 aa
[TA Biee browo Ecq- sa¥ire) 0, iug 4l om
[ xive weite (0. entim) 0! &) 1e oo 0,07
m wempeatris) 0.20 3 |mdy | oy 0.08 o.05-0.10| 0.07
PdRys wals grain (Sesmls ervals) 0) (0) o
Soyvems erind ;m:d.- wn) |0.07 Trase 23 |14 |0 0.1
Em— wprowts (3. eoj 3 3 ji3 .0 020 ul.'g el
i {Btnanta clsress) 545 Bo-130| » |17 | o6 0.20 [0.M-0.40| 0 11 |0.04-0.13
B Suyomah -—:(n-rnurpn) 0.3 p.13-128| 17 |(4-18 | 0.8 009 j0.m-0 12| 0.9
B bpmch vixtar {0 marim. ryr haodir| s o3 .11 [o.04-0.33| 0.09
P straterry (Frparis wp.) 0ol ooz e 107 | 0.3 0. o @-0.30( 0@
[ Sesetiotaie (Ipomoes batates 462> n 13| 08 |o3rL3 o o0,
Bf Twgwrime (Citros retiemleta Ko.m) n |o-x | ozt n.g)omm &3 i “
By Tom o 5 ) 0.6 hyoarw| B (ma | o) .o p.oto 1
Tamdp (Rrsrle rape) Treee » lxoxn | o3 oor 003 B.d0.09
reea (L ram) sm 36 | a0-u0 0.6-0 0.
[P valmwt bleak (Tuglece 3} 0.04 [ ot |0 o s &g
Eylism (J regls o 3 12 on 048 |D.30-0.40
\mn-x:’d(&mu- ) 035 po-om| € — o2 0.03 0.01-0.07f 0,05 0.00-0.08
(Tritiomm 0) ©) 43 .12 om
Eraasal (2 bem of f-onrvbema bet Inainks 011 setisess heving vivads & anivity O ng powrotece
1T 0 ritemts & Spulisadle 1o terply salored varivtise Toar romd srwrsgr  Besamtly
mvd;-/:ymmumn--ts-n.a 4 Isien 8y
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NUTRIENTS: FEEDSTUFFS OF PLANT ORIGIN (Continued)
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OF PLANT ORIGIN

Yeloes erw nilliyress or @raws por 100 prow of fesistatf as fod
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77 MINERAL AND VITAMIN COMPOSITION: FEEDSTUFF3
OF PLANT ORIGIN (Concluded)
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78 STABILITY AND LABILITY OF NUTRIENTS
Futrients are eapecislly sensitive to the resction (Ff) of the sclvent ad to
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78 STABILITY AND LABILITY OF NUTRIENTS (Concluded)
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79 FOOD NUTRIENT LOSSES IN COOKING
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80 APPARENT DIGESTIBILITY AND ABSORBABILITY OF NUTRIENTS VERTEBRATES
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83 ABSORPTION RETENTION EXCRETION OF
NORMAL TISSUE CATIONOGENS MAMMALS
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87 CHEMICAL ELEMENTS FUNCTIONS ANIMALS
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87 CHEMICAL ELEMENTS, FUNCTIONS ANIMALS (Continued)

the specific elements notod. In edditfon carbon hy-
sulfur are Tequired for the functicns of synthesis
fats sl othar orgamic compounds, apd far formation af end

aof

Element Leeestion ah Distribation Fanction Txcretion
TST — ()] ) T
lor 1o bemo-
Toad in liver hlocd of
tioral deficienay discase
ooours in eattls sheep
with iredequate iotake ar
with incTeesed
fanlybd m. Molybdeam and
are o
tagonistic in rosinant
Fraces In varioos [Presect in bonos teeth. [Dimimiches salubility of [Primarily
ot omeentTetion of O 6|bones snd teoth 1n veaxly{in urine
lquantities 1n weter [to 1 6 per cent F in wold eolwtions  De-
Hn _certaln xrean of wep yuimals Py
Hrace ssoaois In {Frincipally In thyraid of [Minote intaks esesmtial [Mainly in
[varicos foods mowtly [verteimrates Cosponent [for grovth amd for pre- [urine
1o0dida ar as am- lof thyrorin dilcdotyro- |vaotlon of goiter
of organie aine and thyToglobalin.
Irace smounte in other
[food ralated to I jcimenes  Pelati:
content of soll. Ab- peore iodids in merine
o in dovsr  fectmaia
[tine sl in lower
[forms through cell
Peinly as ferrous hlood homoglobin Flgmnts of  [Ooly treces
|ccmpoants £rom bascle eyto- |higher and lover forms (1o exareta.
loustrolrtestinel ltrame of all calls con- by ex-]
[frect More ab arp- tored in liver sod tain hemoglotin, ) eretion
o [tlon with iron ds-  Lrpleem as ferritin (fron (Qytochrame is ‘than 1
«q Hictenay states ) In prectically all dxy &x
93 oept 1in
b R roeence of]
[hescrrhage
chn!.nr-1
b o Ln pri
lnarily die-|
g Jtary woab-
o4 worbed.
mﬁhﬂiﬁmm.muﬂ_ Easentisl ith—m-‘m
aod
g :::" Ingested us Lov concentrations in-  |feces
:E""‘"“‘ orw::l.d.n. o lealiniar o w,.?um v
#oThed from s for activity
i—g [tantine
Fortialarly ia Hver | |Compooast of smyme
ﬂ Poet plaut ol enimal [pencress end hair  Also|arginese “;:m-f rocnxu
foods  Poorly ab-  [n all otber tissues Teck of certaln [trases 1n
% rarbed from gastro-  [Mlood pigest of shell  |ases Lirioe
i tregt [flah (Plrme sqemota) oon-|Becsesary for
13 meoganaes ftaine Mo rathar than Fa  |of youog sximals (rabe
E% F""“‘ bits ruts) Also re-
¢




87

mrmctlmnummth-uhhnm spegific alements poted

CHEMICAL ELEMENTS FUNCTIONS ANIMALS (Continued)

In sddition

carbon  hy-

drogen nitrogen oxygen Jphosthorus and sulfur are required far the functions of wynthesis of
strogtural ocurbohydrates fats amd other organic campoumds ant for formtion of ed
of mtabolig,
Ingestion amd
Kleremt om Distribation Rmotion Excretion
(AT [4.1) -] 1D} [§3)
B Ocours as shosthate Xmmtlunum- strustoral com~)Exorwied {nl
hod in mogt foods Ab- [rimte oomplax of calcium of baoe urine end
hot sorted from gastroin [in booe of vertabrates of high eneTgy P com- feony
hod testinal tract in of (xP
p21 highar forms — Ab- 1ipids (perve end cther
hed] sarbed through cell  |tissues) 1 phospbate)  Com-
h2q [memtzranes 10 dower  [or {mus  [bines with intermedistes
pod form cle}) an inargamic POy in carbohydrate metabol
R2l by in cell extracellolar ism puffer in urioe
hod fluid; as meoleoprotein |Constituent of mocleo-
in all tissues) and as rrotein. of
i’fﬁ triphosphats  ([hosptolipids (imtermedi
hay (#TP) 1n variety of oslls|ates in 1ipid wetabolie}
134 of highar and lover spe-
ha: cles Iotracellular in-
1,3 ¢ phosphate lov
31 Telative to phosphate
h34
nyt Iogosted a8 inorgemio{Principal cation of in- |(Fasemtial cation of in- |Almost en-
k34 salt in variety of  |trecellnler vat r Bemll |trwcslluler fluid. tirely in
nd foods  Abeorbed from|emommt in urine
had inteat ater Wirts
hagd Potassiom fo ough gille and oot in
LY eell feces and
»1 mamy lover Eerine et
had formx
had Absorbed fran intes- |In skeletal structures Protective amd structural|Primrily
hug tine Inhaled partl [end in supporting struc  |ocmponant of varicas 1ow |in urine
hwi cles deposit in lomgs|tares of esrtain Proto- [er szipal vorte-
B g 1rem |®02 give rise to xos Poriphara wod Kgher brates
had aericus effects  Ab-|torms
=q soThed through cell
=1 |mextryne of lover
=3 forms
59 Widely disiributed in|Mejor part of body sodium|Chief caticn Gf extre Primrily
hax foods e iporganie  [is extrucellular moch in|cellulsr vater Xaseo- |in urine
h=d salt  Morw (n foods |bone Some imtraosllular [tial for proper externel |Varisble
had of antmml origin ttan|Tiswurs vary (n ooncen- |emviroooest of ealls quantities
hai 1n foods of plant tration of iptracellular [Chief eatfon of intesti [in sweat
f=d origin Taxen s XoCllaodime mugole cootaiming(ns) sscrwtioms Salts Bmall
h=q scdiom by many bigher verte- [only cml)l sxounts Data (ere buffers of |emounts
hed trates inoluling man.!oe othe then rmomslien |plassa extracs)lular in fects
h6] Abaorbed from intes [forms mot gvailable VateT and urine
hed tibe {n higher forss
hey el through gllls snd!
pEX cell menbranes in
67 lover forms
b G Toorante val Al swa of silfite |Eervtinl capomem o [morily In
X fxtes orpanic sul  [in extrecelluler proteins urine as
éﬁ fates ant 1 |Rslatively large enoamt  [ecid secrwted as A1 sulfates
hi sulfur of cystioe and(in proteins et ive fluid in As amd gulf
p7d alfur sethiomine ot 1n certaln Upids [oidla  Solfate 1is im-  |hydryl coe-
Fnf addon 1o iotra- [pounds
kT celiular fluid. Sal
L. fat used {n detoxifica
1y fion reastton
ke Titractel I7io Darlce [In blood resplratory of revplratory [Wostly in
£ - by Asctdis. of vors ipaent hich provides  [feces
] et cldte, E:ymxnnmm. in
B 1 2 =




87 CHEMICAL ELEMENTS FUNCTIONS ANIMALS (Concluded)

mwmmmmmmwhmm In addition carbon by

drogen, mitrogen oxygen phosphorus end and edlfur are required for the functions of syntbesis of

structursl protelns carbohydraies futs s2d otber orgwide stopounds  ard for formtion of end
yrotucts of metabolice.

Ingestion aml

Element Atecrpticn Distribution Function Ercretian

14)] 1) ) () - 163]

|
i
{

quantities in |Prostbetic group of car |Mainly by

foods pamcreas  bhair nalls |bonic sttpirass Ipdls  |feces
[bone  Yeary largs oon- |pemsabls for motrition
pine tracts; in lower forms [eantrstices in certain |aof groving rat
through cell mebtrype |aystsrs and in berring

Also
required by atult for
Beaded for

reproduction,
activation of cartsin
motainesex

88 TRACE ELEMENTS FUNCTIONS ANIMALS




88 TRACE ELEMENTS FUNCTIONS ANIMALS (Concluded)

Quatitative Considerutim
Malogieally Tnpor
el lglenry Puris
Flemmpt | teat Compounds er PFatshalle Bale Tt fertet toxw Burpa) Lavels or| - 1 1
1V (4)) T —TrT T TFT. T

o ar 3
[otisdetyreaine loroath sad 4o~  ldoms (okilirea) [owsess thyresine (vt daily
[y sstamn ()

ladetatrtration ot
fervess sulfuta
| Bmatarvgatants
P2 omasl Wy armes
17 evearption
wot serml txteke
Mo 10 mrtsdola|
1'C L (LoaaaTlal Tor — [rcvik [0 I w3035
mormal (n&;t,ni. Histarbemes of  fugh.
t1sm, Leetation, faowe: ek wad it
[home forsatise,” |Congent e e
4 jomd. greerih. 1ty () tromor  end loms
entiva 1y with  fof scrml vigor
ey | | (mam)
jLosrylreptidus  fmd sotrms oyule  [Liver demmae
Fenguases
«
.-
Caied Pty Coma fover [BAT2 g par ml |7 me/ix Moy 1A 88
o |10 wreparpigTis. {omn) la W1oed {sem) ta gleacmate (mma}.]
x—um fimeacia (rat)
[easarowt ryis.
" e
[Fise proveta.
Tise




89 THE VITAMINS THEIR FUNCTIONS, SIGNS OF DEFICIENCY
AND EXCESS MAN AND OTHER VERTEBRATES

Required Iy all veriswrates stmlied e satile Dedgabog, Morse moxbey FEMAY
™ .,;‘L., tarbry  Pag be forwed withis the ergmiss from oee of tht esrotemnid pryvitexiss  almba-
Meta  gmem—cATTied or Cyptometiia. Txists ee vitexds A 1s merise fiskss sl vertetwates &8 woth
i1 w0k o 12 smghibis and acairomme ok catalrmmos flsbet sed 48 &g (1% plaes of or 1n addittom o 4y) 12
froeh weter flsbes
Faatioos Sipm of Deciotemayt? S1g0w of Emeve)
{&1 ¢ )] (1)
¥ aad darel 3 (Mam ret eter,
q-_zumunl iy ) rioekility to stoat cu himd legs (Pig} wwie (Bt)) incresssd
iy, rat, (Cavile rat)
Malntaize tee hamlth of Tye: Nrtim—ayathesis aad regeerstion of visal pig doarenser
9 marts deeTeasel) xight ) vieml sndty im- roteine (Mem)
Vitemis & (primery alechal yuired; photvphokis (Ma) Cardes, Fragility
)} is  preea Qmts s changes wa
-rfwr'ﬂ_‘(: ) nnomq:m-n.—(.v),-yl.nmm) ing of loog bones per
1
4] et w2 te Kxia (mex, rot) el mmoses (Mea) (em)
teime (Coprine®) forms the| lerly of Epitbelimes Drypsss et
L onaed
varyisg 1n ant roogh; mouih des-
wpeis, fodopain) Diphos- | degres vith severity sl dosiles af [
Ly ) eotise Oytte marve isgsacwiion, possihle reswlt of akin mnd mooume (M)
comtaing

ASCIREIT A0ID (Fitemdin O wrtl-seorbutis faster)
Esguired ty mm sl ciber priscees orimm pg.

Fasrtios Piges of Deriatemcy! Siges of Tamess
A7 S ) (3]
Proterts atracml ery-stwr  [Gwmral  Loss of appetite deline in pigeissl setivity) | Rypecvitemtackts docktfel
aide from destrwriiom by dafartive woucd ‘vedlenny in 1 emleimm ecertwst of
Uver (Bt} argmme vith high sectert of {atersellyler substomes sed disy 12 exfflatest.
s e emtl-cridewt proteets partiemlarly thome vith Ligh ealsiom ecwbamt. Mesuive dowes by fmjes-
sarriece Ecta, hairt Polltruler kerctemis (Mea)s lows of lowter tiom lewd ta woddan
auidatios of fxtty | rowpweisg of fur et ir daath.

ecides mrticipetes Dlsoriextation of ells 13 Croving reglos; desding

caidatio of eromcile meim H

Terihs Disariextation af eells ia grovisg reglon
i to falixie by failare
far

orpm)s loosmng of testh {a thair eorists (Primcses)s
illen geme

Bmmtopeiesis Aoswi with dsarwass ix red eells wel beso-
mw- glokin; lwresss in «irealating Lackowytes
3
Prevextion Copillery bmecarrh {qul
o npuryy {Primtes giimse] eoms emd ixtre-sosemlsr arees T

U Deficiemey
7 Ve allerizhed sl O rewtarel % health by sbmixistraiion of
DT A of U vitemis, /7] Bome e of daticlomy Kigw  wbher

155



89 THE VITAMINS THEIR FUNCTIONS, SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Continued)

Awochis haid {Comolubed)

Funetions fipm of Defiienay® Clgoe of Trsese
RN 1)) (3N
B3 lack (Ext)) povvernts davel-| of eull mmbvwos Imarensed reapiretion ryts serly in de-|
cpmet of detisiency wipm | flalmwy deeresse in late wages) lovering of tampers-
o Yiteain T daflaiect taTe in late stuge
dtrts (Oxied  gxines yig)
shoak,
Pd  1ar

oTIN
(Axti-egg white festor) vitewis ¥) soecmme R; fertor 87 fawtor W) fmsver X} kies IO}

Probadly required by most er all vertsbrrtes. The heel for the viemin my be aet wder Bormal sireomsissces
Ty imtestinal bactarisl quibacis Beel dmcostrewd 1T mas, cAlf dog, REINY Rowe raWWlt, TR Chiskms
Ty

Tuortions Higme of Defieiayd L
Tat [0 )1 [(]
A fwcimactal grosth factor [(Mrins Sebarrdeis skis pathology Boaly Gom  Matrivlestly detailed and
for all vertetktes? Be- | Aitls (Cog, Nooksy s rebhlt ehieimn) fellowsd by aritiesl sinlise wot Jwi
Uered to b extrems Boaly der da
sl Frowing tissude, maiitis after s periol of heary iwtae of drisd egg vhite
b trralved tx TAlmrteery
Droteswss & Oarborylation| white daily {Wem)
ol of acta lperiscls alopecie (waléoess arool eyest
Xrebs Crele aeids) dommina-| robects}) slopesis (1oes of bair) mekey) mey b ax
|} Hoo of apertis eaid, treme
rine toreorime) symtbe- (Gral tisewas HTOpky Of 1fwgmal peplllee (Wem}
£ls of eltrullime; sywthe- [Rewromwcola fpestieity (Eat); paaiysie of bimd geo-
sla of wenwTetel taity bary (Rat)
Siatrese)
Tagxrwres lactation (Bxt) cheoges (Fem)
& | (h)mmm ilowpleserasd mmcle yais

Tanetima® Slges of Defietemcy Hione of Bemess
—
AT (4]
Ioxressel partality (Cairiom [Semabopoiesisn  Isibdtics
Tanes ) el (CRy) Livery Pasty dagrasceiio {tog, ey, rak)y | of mytwrecyia
Protirostiia ead ta

Before acting as weiiyl Teisg Merked 1n eximls eu kigh pevisis divis (Ret)) | ve retam:  Dlarraes]

haline § Uyer earcinoms cLomry ey}

atically to xleken) e of legs

wairh Xiood srrwm:  Inerwessd Fhoapbutase y) (L8]

the mrtiyl gresp  Mep be  [Tidneys ancrriagie
Lq “e of rem) tebmls -pxn-u_-gu—nu[h:):m

Brthyl damor ky Wetalme lar atropky) L )

Adtwrthyl Usrtinse OF lasteny doeresse 13 alinlise activity mal

fat deposition (Mmt)
[Pervoss wrsteas Parslysis (Toeg ret
(wosr'd naxs puge) (comt'd part page.

Dafied e Trevereile  may -l m actmal restorwl 16 health ¥y -t
IJ “Z.nafthvhd.l. éaticlepcy 1s exirwmsly rure althoagh reparted for the ok, Fesds
Loy 67 T ogx viite (artive sqwst swidis) 1n seerssary ,ruh— 1 Tekis fern
.mummuu-mnmo-ﬂ waruilshle 40 the orgeciss /Eln-xuu o

oring theripeetis whes
ity buee beam oty | eurs Gf futty Livwr sad cartaly fawa of Liver clrihord (b mat); peviaiion of peccuis
 Upped texim  (chiches turtry))

156



89 THE VITAMINS THEIR FUNCTIONS, SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Contirmed)

Chaline (Concloted)

Sigw of Defislomy Bigne of Freasn
{al (]
- enTim wartion

{Titmtis 3121 viteain Bip,] Vitesis B 1y cyanocckdleia; hydronpecbulssdn}
Baquired Wy Bost or all vertstwwtes siaited.

Feationsd Sig of Defictencyl Signa of Taees
1a1 ) [{) N
Deotral growth Pector (Men, |Bemtepedvtis tissos o (Yea) Polywythemis of won-rwd
mxee w3, evime sbick [Kloods woeis (Mea) neat ecimls has bea
w, tarvey} Bweral hunges 1a the
Tillismtion of arally ek Grel tiswos Olowxitis (Mem)
4 eckelmdin
mndwmmu;mmmr-—- m Amrinsie” fwrber
mssaary for cobalenis, artriomin fertar  In
resrtioms (Bed chick) Cosbimed sctiom vith folls sedd oo
VI D
(et fawtars ) vitemin Pp) T wites Dy)
Tequired by moet er all oliel. e of wltrgriales light, the vitmis mey be
formed Trom vegrahls sterol prescreor of Ig) ar T-femrirocinlestarl ( bt
worsar of P3)
Tascrtions Slom of Detiateocy 1410 Sl of Peceeell
(AT 1 [(-) I,
Tseential %o norml develop- [Cecerel Reiardstion of growts (M, jommryl: Farly sysptoms
mJ et of Baow hnay Elwona ocrmaiivies md dxrocyitisel? -
Exhumses Dot sbearytico ol with degres oof doyxtion af (M, re Lagsi tute o
Tetamiion of Ca ard Py rw Tegloke wre mosE ey with or withoot
duoes ewcrwtion of ¥ In Juowrkiom of epiptywis e dtegtyxi  loog booes) aress of ap-
fuoea; powctes P re- erctim flat booes  Irvegaler tome Tt temwee  wamiting]
aweorytios ty the remal salelfioation; percistent over—ro- s
Lfaration of cartilege] puriphect Lrregilse ocmtort 1ewting to
tim of crteoid mtriz) elargment of eols of loog welght lose sni Gebllity
Tomes) of bows e tiom by
v (oot 4 next page) (sont & mary pusm) (et & et puam)
Daficlemy slgss iy be allevisied aod the artmal to health Wy adminisiraticg ef
Hm‘m-wr*m—?-'fiﬂl n{:u-lumu:-:i gl by i
Lo woeta,
[ o T uru.-uu mﬂ,x.crx.’\‘m /9/ Toa tellewing
Lingml dageneruiive cmges inthe Gl ecrd wilras dmegs s Lrrevarsidle (Mes.
Tomeat of sproe ) [10/ Soma emrmes of dafitiemey Kiges ethar them of the vi ni-);
Toctar s inflemaiies of ixteeiis] wasces, &Tus
---—n-:1 L o€ wimTal gil) relativly T Fumanrt. L—tmm.‘/‘u/b--:-md
u-h—ynm.v-d;‘_-mvm 5 of emeas veries vith individmale withis the s rpacies el § differert
)

157



89 THE VITAMINS, THEIR FUNCTIONS 5IGNS OF DEFICIERCY AND
EXCESS MAN AND OTHER VERTEBRATES (Continued)

Titsmin D (Conatuiud)

Fanciioe Siges of Detlcieser® g of Tue
AL 11)] [(-))
o #irese sod yosture) imtressed tkleimess of beme waft]  |Klosd: Ryperealcesis,
L\ﬂmm:-w Tragility o sm-proving | dyperpeephetads.
tase wt the Teme sive
The vitmein 1s periiewlarly [Teeth) Pl nout frequent 1a the pacms- | sitie of Cu salte 1s
aftertive dmring the Sestitioe) deTorts Effledlt w0 Lisingrish veTions argus
perisd of reptd ealatal vitaiss A emd © ad artartaieeg wris-
Y arorts. esleifimiion wyl
Tengumret of Ca wd F beyowition 1n e matrix ead Cowar ithees Myparoel
omxis in the dag.
Naol ylasma) Imtreass in plamm Some1
Nawale Yywribets) chualeva) el ges wmeale 1n soms of yrovistesal
hag loswrs of 1a lowg
Blottls (Mem, rvt) Tty maiaghyies 4 the
P
salvifiestion, 1n Lxfwets sl grovieg yowy ()
Pomp1; humunnr:mnmm-rﬂmw
- Ctdert  Ositiswed Aypervivemioosis lesds 4o deeth. u-nn-unu—:u.
«omavalve doves ey be Cumlytlve Rypeesleewis, Righ Ca, el Towal
c—.mu—nﬂmmmm(u’mzu—-nﬂw)

VI P
(Algbm-, Srte- $alta- w\n.x —tlsterility fartar)
Wy ventls dog, grises yig, hemster wish powse M Tet, srime sbiriom, derk, twkey iglfl
Comme 1f ey 1a o smiritios, bea 2\ WL oviesl i akeed

Pawtiseal} B o Darieiveey® Siges of Excoss
TAL 4 1] 1)1
Falogieal weti-exitant} g
qu Prevects waasturated W“—lqw-lmwudu
faWy soids vitmts & m—nu-umam(uuu—- ™, aldkm})
—grinat Wiariss neereais, sewival vewisle mereats {Bed)
pates 1n exlda- il e Praguescy sfter dasth
Teertlions futes, 1a seray Jralonged
by with ALV o deeth pervperten Of tae evbors, 1a,
wobarebe Lefleimmey (Rad)  Bepralmrtive fuiluce (Seise)
death of the ssbryo (!
Srcia mwsale h seelling, aareats of Striched mosiie sl [ia wow
n-tm) (Em-u.-—ru.n—n-— roRdt, ret skivim, dmk)  Islstel dagvearsilon o
I Praralt m‘u i ) of the eersballim, oLl dmgmaeruti,
narve
Brarousmeuert m—n—smw\mcw

Ataxis,
731, born of vitexts T dafislemt mrther
1 Crestimeris,
0] | Yaseulart Gemaralissd emabstive distbeels (Qtek]
Liver: Becrsals (Mowse ey ewine
whake (% Vitre ef mewele tisem fres vitmcx X daficiemt iudividnals

3] Detialeecy ripes  vhow aot Lrrerereitle  Bey be sllevixiad sl the sciml roviersd ta bealid iy ehixivirstis
Uroprsii toses of the Vitemin, [l Some sewsvs o Gofivimy sigae  olher thaes dietay Goflcimmy of tw vitwsls,
rpree dimre

158



89 'THE VITAMINS, THEIR FUNCTIONS, SIGNS OF DEFICIENCY AND
EXCESS: MAN AND OTHER VERTEBRATES (Continued)

() YOLID ACTD GROTP " ' vt ~
Felaain) yoerayiylsimats seid 3 follxis aaids ettroveews faster vitmwia ¥; vitesls Ag)
! ﬂmmrlmv,umlrm:mumw)

qum-mmmmwwm—uumm—uumbw
¢ T sasaetialliy of Uw vitesis to mm, dog, guines g, fox, Rivk puifs treeted led
sul ¥t WAlches dwk goses turkey fish Ix estadlfensd,

Fmettonelt Signs ot Defisimmarl N of Level?
TH 4.3 1131
M ommmtial grevtk smb Oemersls Metariatics af growih Teluiivaly wom—toxie
fuctor Kool beicpoletis tissesst *—(u,-mﬁx)l Meles moak resiet e
(Moskey fox, misk, shick ragalohlert! bese warvow (Mes ¥ wiey ethars) o Tomles {Mouwe)
o8 Jurifisd rekiess) ortis ypervicrocis meanis (Men moskory)s mecrogtis Death by shetrwction of
Probection sat wtilesetion snants, ¥ith Wiimis saisceysoais (Oxlax, foexuy)s the Teeml tabuiss vith
Tormie i)y shoormlities (m. | precipitatel faltc ecd
§7% Methylation reectlons 4 kay ret shick); Ixfarciion of the mlew {Bxd) Follow 1otae of bocis
weolaine 46 cholive  [fos  six sppeedegest etractare (e,
oancyeteive b wrihiontos | tackey); ehorwel fecther plgeemietiion (Ceickm)) grayisg
meetismite 30 Xaethyl of tha pulsge (Bui,
et Pawwsts {‘alippet tembau —Chiches, )
Mok riag o thywlwe o (et ohlakme)) Lowsred!
Trtrotertion of the T sed Ihenahi1EAT of agps (Citekm)
B-ecrion ioed 1> L Dty Lo 1 Iaettice (Rt}
yerise Tivg wel the mcidive Orrelopecti  Rptrosepimive i
Suthen 1xve Ristidiee Diwmarcmpamulnes ~Noux puralysis {Ocose vy}
167 yroetse esttation. {Ixtastinals Disrrhen sol the shearyil: ttos
snaceivied Witk tae grndroms of spcee [diserders of
wertxbalism) tapaired sheorpiiom of fat med of
fot aolohle aed wxier sulsble viissim

TFunctlame Sgns of Defisimey Rigne of Trcees
5931 ) ))
Crowth vom sédel kis eof ¢Xin apyasisges Charsctarisiio slopecie (Isee of [Rm-toxis s fer oa koo
ol defiriees 13 eir-towsn)} severs dermeiitls following sltpeeia
e Dea) e e

1x mwibcliee of fat wd Ocleriercl. Artive with shelise ia prereeting some 7rew |
FT1  of fatty Liver (fuis] Freveots eovebelomlssin sel codaiite €istimsis 1a vitwels grg
Pogperiel eswaciinl b0 repretriion {Rewrtec) ™ ¥ et ¢

TRA-SORAKXEID KTD ("TARA” }

Tigus of Defiaimpcy Hige of Txoese

To6 vitmmta-1tis wrties ta {1
Rodiinre]

Teflcieney rigw wx sot Lrrercrsible sy be sllevieied sk tha saiml Tesiared 10 healid W7 wmdaiviret, thar-
mm¢mnmm/:—wm~w-amnmmum;-—snfr::.“t—);
(-s)l-u-tup—u-xr-u——-m telatios Teator (mirk) t;nlll‘i‘(:]l"m Bt
1n Creeiest of ledemda Hallhrie
iy . ‘):‘mu-meu...(—) 113/ Tk rovencms LDwy500 myfig hody watght (momsa]y 200 mg/ky

159



89 THE VITAMINS THEIR FUNCTIONS SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Continued)

Yooy «
(dat!-hamcxrhagls Tactor) prylloyeiness 'S

Punst1lonsT? Siga of Deficiemryl,10,18 Sige of Treess
{A} __{B} GV
Tseextisl fur the veri Dealtss or fallure of Prothroebis eystbesis Castrotxtestinal Fart-
Ua 75 Kood  Deavemse fu hlood wrothrmdis eootert Tesalting ing (M}
(U vitemtis 1tewlf dose mwmmmmw after wral dose of 180
wot exter 1xto the strm trmma; Itipl morrhages throoghoet all ng of wmadioms (gya-
tare of the yFrotirombls (m,munxwmu-(nm othars) thetls vitmin)
mlerale) Urise mﬁvﬂ:—u
i;— ) Albamimrrial
hsd o}
time (Mabit); eyte-
)

XUCTH (-NOTX)
(¥icottaic aid (waide}) pullsgra prevemtive (P T ) factor) sati-blesktongm fastar)

Bequired by all vertsouties sbutisd cxcept calf horse therp vhoss seed 1 spplied Ty imtestisal fleras The ret
mn.znruy-ﬂma-r-m.-.\;m to syutlwsise xisein from tryyiopiem. inteml tisesss contals the vitmsls'
sleowt smlweively ns miscinemlis) plawt tissess scoytals 1t saialy in the forw of missin.
Tuortione $1gm of DefLeteays 70 Blgne of Exsesetl
[£3) N LI
g4 A copooat of 41 ol Owmeryl  Dalmyel growts sl developmest of yowng] lowsred | Gemmrnl  Dewths f0llews
F ) acléatien rate 1s moe tisses) derpatitis, derrhee, dosee; dopn
lagtides (FFX Cowngyme T xad bameritin (the trisd of ) 2 greme/
Cossryws II) vhich Fpitheliom rmmrtrieal within 20 dayn) 25 afe
funatlon ao w—unzwm—uu(l-n oaly); rerefectio Armeids in diet iokd
bod  ecreptors 1n wore Qam of cerlmm of svbacons Mts growth (eatex)s
20 mrtadcll  resctioms drsomatien. Svolle gills {Trowt) Poor featberisg 1% comers fatty livery)
ey the comrer {{ Larps dowes of xisis
alom of vitmata A to Pigertive trect  Fomtitis (M, Tox, sisa cmre krtoais {Pat)
Thotoptls smd retisecs mwﬁyh—wmmm M) blsaktongoe Tyithaltmt
bod  te vitamin AL (Dog, est chiokm); large iztestlme—atropy wleers- 1tatiing of aikia; eleve
Sumlates guetri  secrve- tem, cyrt formtion (Mo dog, sise); dicThen (Mea, tiom of alis temgera—
TREBIL  ahiches, dak, twrkey); schlocigriris e (W)
The vitmin 1 symergistts (Mo swize); salivary drocling
it Pl e T toprd atie snmis (Mem dog, TeEBIT vasclilntiee (Mem)
P1d }i leckopemi  (Dog, radhit)
bt—-rmnm.(mw retrolaltar resplretcry
mrritiy (Mee)) empehelepetty Arxi . (Rar)
Camectia) AfTieties
trwmars Jerky moreserts ity altersd teodm rv

rig flemes aombzass parnlysis (Maa)
1 Bose  Peresis ( Zliyped teadow —Chisk, tariey poalt)




89 THE VITAMINS, THEIR FUNCTIONS, SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Continued)

POTUTIINIC ACTD
(r-u:un; flltrate factor) chi k anti-dermmtitl faetor) chick entl
pellagrs facter; factor I3 esti-cioumotrichie factor; enti-grey bl fwtor)

Required ty most or All vertebrates stalind incloling salf dog, fox gaisrs pig, hamster mOITy Booee sevine
Tet chickem duck plgeen  turiey

Pacttas? Sto of Daficiency Sigs of Brcesstd
Tad {e} ()]
Growth fector for the aol | Ceoeral  Retarded growth. 100 gracw may be given to
atore Lt Cpeetfl dermatitis of mowih smd fest (Chiekem)) tan intrevencualy with-
A2 ecupaent of Cossryme wcrmmtons dermetitis (Rat) ozt {11 effects
20 A fwsctioms la; eneymtic |Ratri Actromotrichta { (neoxey dog, fox rat
arvtylation) fat mxise)) pectacl Rat)
-) Meerntion (kat)
Fooepholipid sod terold | Bewral 110 degeaeration of peripbaral warree (C:lex))
chruratolys! of dorsel roct ganglton eells (Chick
o ovine)
of Mmt qmrters ainormal gait  starta (Dog, moose svine)) comval
toma (Dog)
glacls Bemcrrhagl oecrosts of irwsls
Imarine glands: Seareiion of red pdgmnt by the w.nu-n('umwﬁm —Pxt)
P Oustroictestioal Dlarrhes vith Sloody stools (Dog)) smwreria, diarrbes, colitis (Mamkey svine)) rscrosts
of imteatinal epithalimm abeosmers followed Ly wicecstiom {(Rat)
ot (Dog, rat mockey )
Oy Bearosl (M
Liver Isrreased drposition of  t {Dog, chick!

R sensations of bands r-n(nm).mu‘pn tad with dacyvesed hlocd gluross acd lood
Chlerids; taaTwased nitroges {a ewrvre dsf! ey (Dogl) desth in severe deficiexcy
PONIOURE (YIOXTE Bg) cxor™
{Myrisasl pr -l Tactor) factar Y)
mnmammmmu.m—, ayutbesisad by intestisal orpriims ia rxt Bequire

mect by enioals s incTeesed Yith increwsed mathiomine linsesd 1l FxTose
s vith inareased dictary essentisl fatty sa{ds choline kiotis pentotbemt eold, surwmgcis. -n.vnmm
orrurs Lurgaly a6 pyridoml peotocts eod e pyridcrmine in plact products
Pactions® Signa of Deficteccy Signs of TrcemdS
163} 14 )] 10
Crowth fectar (Mo monkey | Ceoerals grovih (Man: iafaot wockey Conrulsions 2% br  «ftec
chiarmn, durk eidok}) appetite aod weight loms redoced egg profuc Lhyg dove (Put)
g ‘tariory tiom dsath {CH1 [Datly fosding of 10 mg/xg
5 acemis (M. ixfust)) paly welght 3 monte
the form of {ran}; typo- bat no effest
Foagtate s somtyms for | chTom!  mlerocyt! pemia with enisocytosis dog ret
treneumimese sl codecar retisnlosytosi (Dog, mmbhey dock chickan)
borylase eyvieme palidlorytoats (Cattls); dilatation,

i ores amd EPX ol
acd threowise mﬁ.mrnn—?(l;t)‘mmnmumzwlw
1)
. reseising srymee) sheaths of and wrinal
- of emino g, #rise)) -mvuhlo-l fits owine chickwa)y ataxia
a0ids cnd the formtios #rice)s L= uf-n.)l-n-u Lrri.
of wree aitroges) is eon- insomcria (M
version tTyytophan to T thelim lewions ahoot eyes nose mouth; ehedlosis
xlaats; in wrtabolism of itls stomstitls (] }) dswndatios of hair from peee smcmt esrtips
(comt & waxt page) (ecmt A maxt pugs)
Foeall
R

tooeally 0§ ¢ LDgg rat  scheutmecualy 3

1
W1y required for prevention of ‘barning feet’ .-,mn—(n-u) ﬁ!/
T i
A0SR R e, TR
oot =

LT
mmm—(m
d:-ﬁd.rxi

aasoel ted with u..g—-( )
Mperemesis grevidar of prepwecy)) sebarhel dermativi  sires (Mec "mp ik s ol
o s Ty T e e T U, L e w3



89 THE VITAMINS THEIR FUNCTIONS SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Continued) pl62

PO (YTORCE g} ORI (Cumelwbed)

Petice Time of Deflatery S0 of Tmers
M EA) H 1] 141
Tatty dcids thivking of vers {Jui)) dermetitis Bald pefries
#huhm!‘l‘ (mey)
mormal Orine1  Imreesed wrvs, .
Smction (wag\#wuuu-(u—w
mowbe  rAt)) large sowmts of Derthrwis satd
Sowrexis, (Cattle)s Loes of wmight
bed wpetive desrvesel [{ }
Panziad
{Mturls X;, or O) lartellerts, ovorlsvis Mpatallevis)
Bequiral ¥y vt o 411 vertetrstes stutisk
Pramtione Sioa of Derletencyle® Bgns of Eerses
AT

fommals
[Ppd thaltnmt

Tl
o retartation of grovth {lat  obre)
atrophy

Crartion
Ppldrreal
-

Fhate & emmpement of & | Anrmatitis gremy aalig | peetis dose 1 mle-
b Of 4 2xin {Maa)) Toted (Mt mewer)
oayess A “rber Shellonts amgilor stamu(t  itximss uf lp emd wowts Toxte mees

FET  pelior smiyme  cytoctoome| ewrtrs (ta}
et Hheurals dapuearation o paeves — rat oame
-n-u-—um.u-h m::z'—vu—'xm(n-hmut:« womTetime {Swi)
e proetbetic wow Atmatiom, oy recl
wcions prokeies S [ o (ot} Ltahing (e}

1 tiowive e Dlosrulers Mossle welees (Oog, 1
o ewriws vg. D- Dtarrise, voutting {Dey}

Suuired ¥ mowh o A1l veriebrstes shutied et

Temlamts whose eed 1 sutlsfied by weainal mywthesis

ovina)
[resesiar: siome ¢

Teoctioms g o Dol 139 g of Dueems
Tal I k{41
amtiel for sorml ¢revid, [Omwrel futaristios of ety (M, o) Tasoulers Eypetsmaion
- o mtmn  partivilecly of Uee (s, dag, ratbit)
of raith revtibalar croep (e sibars) Bo paripharsl sarve
Tor mecemt orpe- | dvguaceiioa i )
105 cire digeeiien, g )'_1 } o
aomtisl in the aarmal TRrr) | swrerCimmts o0 setr]

tish f the beart, mpocArilal Lesiems
fom, rat, swine); Wrshyeantis (Boskey oot deg, ret

coal & mext page)

(tog,

Pex rat  gwles)

|

art {rrevereihle -;u-um-lu--—-l restared W wulth by adiatstratias of
ol

for Utaxing 18 Locrmecd K7 CATyents end Sooulix

162



89 THE VITAMINS, THEIR FUNCTIONS, SIGNS OF DEFICIENCY AND
EXCESS MAN AND OTHER VERTEBRATES (Concluded)

TELAIRE (Comtluted)
Pactioms S1goe of Deficiomey’ fgra of Kntess
1¢}] [4.)] [(3]
18 sosarvorylase nu-u-uun.uu- Atemy q-n.unln.wou)
wad a2 ek partinipeen | Irtacowtiste wrisholisn Accumistion of pyrevie seid
1a the tations Moot ank tiseers Dwresss (o wrimey sitris seid
tmotetieme emretion (Mt}
-t wien
1n metavelim loed 8 €Oy
YETT OIS
{Mractitemis acid Lisoleis seil, limleste actd)

Beqaired Uy rat) probedly ethars

Ordizarily met regarisd as o vitasin
Pt toas X Sigms of Defleiency Sigm of Tumss
- [€)] [$)] {(-) I
-t Gamarali Retaréatiss ar setmtion of growth {Bat)) ele- marsal 1a
Timlouie aride sre saven- |  Taisd mtisclls rets vith ixiaismd grovth rate (Ret) raeitio
u..xhﬁ:n-m Sxta; of «pdernts e fort ant tall (Sat);
tartics )
’Jm;-\unu.du-f

rvmm
Batr1 fopesis
Rt 10

{Rat,
1 nugd-ml

the fytos) ALTTIralt par
muu(lnnﬁmnq(u,_a 0g)) loss af
oox trteress
Emmreise  protective swtlem
il It Y

eamporitice wf sharel
fut,

tu-q;x-umurchtu-y wrinery treat (Bat)
Noal: Lov ietise mmber 1a seres f.
[ IncTeasel wier ixteks {Med)
The follorisg A add the scmpomnds Suve beem notad:  Cares the
mseturated faity arid datieiemey) wied {a troectasut of sertsin eesmwctows stis cowMticns (Mes)




90 NUTRIENT DEFICIENCY EFFECTS ON
REPRODUCTION MAMMALS

Tajorlty wf siwiles baesd cu findings 1 the ret

Temale
-l Vo irepea o Yirgis Fragaest Fotr ead Fevas
1 Estroms o q
HTect 3 Mamtreml § E 1 3
Cyels l a
2 = ]
it i {Ht 1] £
r 2
‘i‘g u% E LRI b B
- AEEEHEIE I
e N ETFLE i SRTUELEIR
2 5 X|8T|ET 2R
S
93] [ ONEORR] 1)i] (4 VL6 3 B 3 M) ¢ A) 101 1)
Tmtmtticel ® + -
Protein? 3 (3
“Pageutial £ty weide®
Yitemin &
9 etts + +
q 5 R
Titmle -
zhu.n-upuq}rﬂ +
o Vitewi X
q wcia? 3 +
by crewd 9 A
TR )
R oxteat N
L Calciom
q Coyrer
14 Ioatom 449
L7 Facyeaese
he Puoephores
ko Fotasatm
b Soltw
b:m.uu.-- b
Ehwulut- a3
)/ tefiosd difTerectly ¥y { )} and ) dmtiaiea-
wlew ary preseut in the mlority of stwlies /3 Deflclemcy prowdly sets vi diwixished pesreilon of pteitery
yim exl Um rersltest on Of the AL The CRpacity of the goumda swl the ve mrgms te Te-
o to Roracoal spmreily wsied, /3 Eifects of  dsfielsmey n this ietrismt are chearrad fra vhem e
totad emiorin Lateks i3 /N Tregeanay wsa 7 ertrens
lalecis arechiimi seils, (6 A gwweris ters mmm(u‘ ipLrogmatio qrotwet
(Inowa variooaly e or Sl b speoniaciay the s Mologieml setivity /mmmmmrmmur
fotsl meeciermm] derivatives siperially those scuceTmed vith hemtopolesi =M to of the

Tasenlar
Folis seid {0 3ol Cumisl extity bt rﬂnmfwwm(m v‘lt-i.l.vﬂ.-iul‘,mt-'li
Antixise i sirerbhoul somowsn of sclecproielss of spars bad. /12/ Alao tres for lecsiss /lyu.-otr-mr-mgx"
Ucrwoutme




91 FUNCTIONS OF ESSENTIAL ELEMENTS HIGHER PLANTS
Newat | Ocoarrence in Plant! 7o ticns
(2} {») (c2
Cytcplasaie meahiranes? | Inverse relationshlp between borom level and water perem
AMllty of peabrinas And woistare cortent of tissoes
Boren The elesent 1g Dacexsary fori
{s) Cel1 Aivisicn and Aifferentistion,
3 {b) Tramlocation of sucrose and possibly otier sugurs
Caletm Caletws protate Caleiom [wctate may by & comstituent of the widdle lasalls <
B1ts of orgente azids | Calefum jrecipitates orpais acids
M1 arganic cocpounds? | Carvon is the ey slesest in all orginle woleeular
Carbem strectares
R Bicarbormte fon The i i favolved 1o antcm awsorpiicn ~r esctarge
Trroaimase Tyroairaze (s & yolypharoloxidase {mvalved {n redaction of
Corper moletular axggen (termimal step (o aerctie respirstion)
Ascorblo woid caldase | The cxitase sey be concerned in respiratory oxidation.
Laccaset
1 AR oTqunla carpourds The elevent is & corponent of these ocpounds
Tytrogen octwrriog in plants?
Bicarborate fon The ion 1s {avolved in safon KbeorTt W exchenge
Peroxidase Percaldawe bhresks down peruxids snd tracafers astive
cryges to cridindle yobstances
2| Tron CytockTome oxiduwe Tho axidsse flays A role in rednetios of mlwoulsr cxypen
Catalese Catalase offects the release of rolsculsr arygen from
hydrogen pervcide
Culerorhyll Chlorophyll te nune.ux for mmu.-u
" Comeurboxylase Co~enrboryinse is co-uua':n
fmction ef carbazylase
Moasie | Eolass uwmmxpu (fron 2 poosphoglyoaric
weld to 2 phaapbopyTwric ec
Fexckinass WTiogs sbort mu;mr;mr,nv.m o glncewe I
Tapmsion pactats Magoasioe tate miy be & CCOFLItuemt of the widile
» B
Jamalls
? arginine to area
Mooy | TLMTLLCIed enryme The \rings sbout cataboliem of cnlm.n:ttin: eetd tnto
PyTIvie sald end carkon dioxide in respire
Ouidentifind enxyns The ensyre 1a apparently required in u:cn—ue asid systheais
33} ol et | TRIHTLLT S0 warymat Tha elaoent epescs to effact the Tedaction of nitrate to
s s
Proteine mx—mu-mmafmum the chief crganie
Yitrogas oo titoenty of
A0 Chlorophyly hleruphyll i3 ssential rnr Motr:h
The elsmemt is important in the a3 lation £ sngars
| ] "oy orkeis eompounts
Fost orpmic eowpounds’| The alement s v cowponemt af these soepounds
aymen mumumn_.xmmrcrmm—mu
hd Ucertonate fon Tou e in favolved tn saton sbsorytt
L] rytion or sachange
f1f Tha  Lemant cevers

ool
wlls /?/ Thess eomprrats inclote carbohydrates fals proteins  vitamina
M‘“‘““Wﬂh STITme i af lwited distriveticn and its functim is wiooem /5/ Yo.tcre



91 FUNCTIONS OF ESSENTIAL ELEMENTS
HIGHER PLANTS (Concluded)

Xlemazt | Octurreces in Plaml Funotioom
(a) (» 1]
PhospholipasS Phoepholipids are & comstitoent of cytoplascc mesbrenes
e of the moleas and the
ehrom st
Phosphorus | Ademeins 41 &l tri | These ccenxymes are required for ;h:lrbnrymlmnnzu-cnl
0 Thowphates uymlnum-mm-x- ufmuron starch and proteins
Dt wnd tripbowphopyrl [Theee coemxymes acospt and/or domats hdrogen in ouddsticn-
dine
The wlemeer: may be imvolved in action of froctokinese sod
Potasstmm atber eusyma syvtems
- The slesect fazilitstes earbolydrste wyntbasis and translo-
cation of cartobydrates
Cystine &nd cysteise | Thase compounds ars presart i all plent proteins
Glutathioos Olotathiooe mey function ss & hydrogen earriar i respire-
Salfur tion
6 Mostard o1 glycosides |Glycosides may t1 Wp reserve food substanoes vhieh voald
Gthervise be toxic to sells
Tnideutifie] sacyse The earyms 1s directly Deceesscy for synthesis of tryptapben
Ltno the Frecarsor of indoleaoeti eold
/1] Toe

oowsTs in, or in assooistion vith the ecmpound or strocture listed The list i» Dot ex
lecithin

Tur exampls

166



92 SIGNS OF CHEMICAL ELEMENT DEFICIENCY AND
EXCESS HIGHER PLANTS

Defteiency tymptome Tarlelty SymAcm

1i ()]
[reraisal lowres chlorstis shed premtarely; ister- [Margisal mecrost (s lover lmves remaisier of
mobre of teraiml shoota resel- |lawves dark grees; denth of most placts 1T presest
ting; aptes) meririems Riackrs sad dle gemeral 1n scmelfersd] comcestratiom.
weahiora of aeristemtie tisem; Toet broaches
shart  stabky dwarfed emd stwried. Floer
Srvelopmat aad oeed productios apaired.

Lierss AAlorvtis relled aad suried; hreaddonn of |Chlerssis siatlar te iros or suagessse defieiamcy 1
Time ead boron deflelenty may be Irtuoet whew sall
awswe death; rvete posrly developed Llack fIbar reaction € 19 altersd.

i

[E—p—
TOOA pemrtrats the sactr T % v, [ Tomg

Mageerim

or

MoAt1ed

-

Laterss harw 1ight Fellow ehlorosis; 1sef Wlsde mmy |Lover lesvws yellov vith krown mecTokls areess in
My | fait to expesd. SeTITS saves 0N leares My be stated,

ol

In yowg plasts stwsted crowth ead Fullovish gresa |Lesres dark preem, kigh

Lawres; older lesres 1ight Crees follewed by yel rednesd yfald af eesd el froit erops

loving sod dryisg oT ahalitng, oftes shudewt -y Y yiald of lwafy tuy
Etrvm  |eidogurise in veimes cwoots short iz grovth | retmssl glity (leek sescclsors)

igh el exinily; Wlssecwing rebessl; vith epple

€M puseh, frult ighly calorwd develops slevly

il vhem metnre  Owmlly hee sa everall affwst.

Lowrew yale crom? oftem

il po wxtherrxize (memally pur-| fam a8 irn deflstamcy May intoee xim defieteccy.]

T | mristemtie grovth ceamea; frelts ripen atoviy

Mants oftem dmurtod at :,u =

Lowres wmselly dark Mime greem (somrtimes Lawres

m-m Trcmend ) :lnul.i:.‘p'—;rdm-ﬂmt-a.-:y

binged loorei) wemally wrisklsd, sorregeted
‘SR bofliminnd

Lasrws 1ight green t yuller appearing f1rst alecg [Bo evidsase ersept o3 acidity of root medime 3 {a-
Tl ,

Lasres from wise chlarceis.
rort rellor inteosd Lrom

1y of iree an! seagaases o rekwed potasstim. [0/ With potato eat
Flamts shoring deClelemsy s7Eihs @ien l0se sTEFORS Tiea

167



93 SIGNS OF CHEMICAL ELEMENT DEFICIENCY EIGHT SELECTED PLANTS (Section I)

St (C3trus app.)

Yoin ehloToe]l wed netTosis
U t
x th

E.hhp {Brassten Gleracea capitats)
=i

N () S

Teratoel grovtk of shoots df back | Plants dwerfeds Leeres pechrred Terminel 2oots dle

ATple (Pyrus malw)

in early spring or lste Famer in- |along xldrid britile stiff thickmrovmish yellov vith water soctsd
%! 1, J petio
T

A2 (Meticagd sative)
1021

T
it

root md top grovik gremtly re-

tarded

Spact o

lamret
Ti

ot

Pacguese

168




TTvee ATR; ewOt Taswq w00 Padapar o ATTUY (eedwel]  wannq wmy R0l (eWIAd Saeataq)
Trows 3o se138803 20| 40 euTirve JeeT BeoTH Jvedd swasy]
CRIOTR (WOTA vy auna| Togn Ly TR A0l BN 0110507 AT TTOM EUTRIvE Jea]

amysemy fxow 1p d00ys Inaavet !
aapel LTTeiealss  Actied sasve| T wviaoTId TR Sauwe] roaard [l ssine] (Conapatasp SHBOIVTT 04

rvet

paloT Bl DUy PEIBASIY S10N SALTIT|

fsood T AIng Diowe Ao 1310 P ‘waciq sepiLree]

RE R et SRR L] 100qe 1L71PRal Dece j0® 6P 1 J8OI3| ofjamzea BITAUINTRI 4T ey

T Mg DNTRRS 1 drve|  pave SiTenen rpesq ! oamey 4 WA0| -ew DWW 1 J00IoTH [EDjeinl oAl Tlom faT pon
Lata 141 00 3 1 rwepas rrees gos o3| ) Wrally sdeiss (ao(Tad Rawr1]-R) Zq PAAOTIO) UaAID TEF T4 BaiRs]|  wR0p TTVE MR S1I0IOTH FUTINY

169

T
oW 3

HwY 1T 83008 rels yioq L Trous wlw af (fpemjveadt paq  rdowd ool y|

o) reamisy A(ad yemsad 1Y ke (4t TIm TeA T Pod #BeRI0 [ejwendyd  aasdl v Baop #1002 (3a15s Mensa)

~OTLeL 03 Maasd WIAOLTH sdar] a1 tEeard [ml aase[ ¥wnal Lefto (Gau¥ el (TR eaits] v aameT UTTO LTSS waise]
Tpesmimead pous| 8 parqy pav Tearige eaves araise
Teomine  saol WO NITAGIR  39) 11t Gy »:.:.&..n
ma asnr)

sre wlin we aetTel seassip | paleiia Tel: Pt " .

TT+y L1Tw0en 1ode 13040THD SRR p1 (BMITII0M wasiB-anTTad T9E]
Bally ‘moyml SecIEOH KAV $E4SS] i T T _




Tomto (Lreoprraioon esralenton)
164)
) ta
o

Tobacso (Rleotlsme tadenm)
)i 1)

i
il

¥ 'Ei
héi
¥

i

Lattnce (Leftwes sative)

G (Tee )
T

*g Ed
géééiggi §
i
5?!?‘;5?
ii fisho ]
Rl

93 SIGNS OF CHEMICAL ELEMENT DEFICIENCY EIGHT SELECTED PLANTS (Sect{on 0)
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CORRELATION BETWEEN SOIL pH AND SIGNS OF
CHEMICAL ELEMENT DEFICIENCY
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Llesst ol Boil Type mnd Othe Detielemcy Inticatorst
a 1 Charustaristics
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95 CORRELATION BETWEEN SOIL pH AND SIGNS OF
CHEMICAL ELEMENT EXCESS

Data rerresert soil type and 1¥ rareet in vhich toxicities of various elemests most corwnly ocour
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Bigmif b Tlatics Toxteity Indlcetorst
{A]_ [() I ()) {o} R3]
i Moeimm | <92 Nigh | Often sceopanied by ghosghorus Parley sugur bect carrot celery,
deficlency flax lsek sore var French bean
Arsente 1ow From contim=4 use of arsemieal Alfalfa epricot barley pesch
sprays J tomato
T < IP8- Light sofl frrigated with baron~ | Avocsdo; eitrus; blackberry; peach
rich watar pho, ete ) potato
<30 Acld 501ls with high contentra- Bugar beet cxuliflover tomato
Cobalt ticn of heavy petals particularly
from infustrial effluent
L4 Copper <30 Bew cobalt Sugar beet csaliflower tomato
Toorine | <69 Figh | Aress of indtustriel pollstion Parley tucktvhoat oollards tcrato
Uthim >8.2 Certain irrigatad solls Citrus corn tomats vhest
<53 Eigh |Ceperal owcurrencs Oftan in Alfalfa, barley tale lespedeza
Hangene se rather ixpervicus minersl aoils potato  sweds  mvwotclover to-
- Dato veteh
Molytdencm)? &T 5| Men | 8oils derived from rocks high {n Ruxloants foeding on Mo-rich
mlybleoio eontent plants’
Tickel <6 Avuilasbility decreases vith in- Bost cabbeys kals turnip clover
creasing soil 1K oats potato tocmto
F’ Boils dorived from Upper Crete- Animals feoding oo B¢ rieh plaots
Solentra ocoas rocks (1o Americs) end Upper
Iimestooe (in
Irelsnd)
| 3= <30 Beo cobelt Bogar toat emlifiower  tocato

11 Classitied sy high
mooly vithin the steted

1

sistest rerults

= sysptoms peldon occur cutsids the stated pi) mediam -

00Cur 1n osts from the presenos of minerals
¥ith fiold plants

octur moat
/ Species wost sensitive to a

axcess of the given elemnt in & short period of time
containing

arvenic in the soll i/ Incoo-



96 FUNCTIONS OF ESSENTIAL ELEMENTS BACTERIA

, The functions listed in the tabls reguire the specific elements poted. In sddition, car-
bon, hydrogen mitrogen oxypen, rhosthorus anl sulfur are required for the functiocos of

symthesis of structurel proteins, carbotydrates

formation of end products af bectarial metebolism,

fats amd other argamic carpamds and for
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In the enyymn system transforming
pyTuvats 10 scetylmethyl carbimnl

Cr or Fa (partisld]
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96 FUNCTIONS OF ESSERTIAL ELEMENTS BACTERIA (Continued)

the specific slements noted. In addition, car-

phospharus «nd sulfur are reguired

, carbolydraten, fats snd cther organic ccmpounds, amd for
mataballem,

for tbe Nuctions of
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A M Fosded for growth
Lactobecilius aribinosus 3 Feodsd for grovin
Mo Feoded for growth
Lactobaciling casel x Feedsd for grovth
Tactobecilins lacti o Part of the growth factor
R viteuin Byp
Co Purt of the growth fector
Lantcteoillns leichearmit by 2o
Tenoonoatoc Eesemtervides X, ¥, P Booded for growth
Propinonibescterize jensenii ¥, In In phowphatass
e Ye, B Teoded for 1on of yyocyanine
(antibictic
M, P, B Noeded for prodoction of flnorescent
Ppeudionocas seruginoss plemoat
To In cytochroms, aytochrome oxidase
25! caxtalase snd poroxidase
Mg Weoded for growth,
Paeudomnas B Ca, Co Cu, Besdad for growth
bl Fo ¥n, o Zn
Borratia marnesens To, Mg Noaded for pigment formtion
¥q Te, e
sporocytophegs Hoedsd for grovth and de. 1t
mymoocooides 4 of oo composition
Btreptococcos fagoalis K, W, P Beodsd for growth
Ca
Kise uniSentified Mg In protease
In In polypeptidsse
Photosynthetlo Besteriss
4 AL photosyutbetic basteris " Part of bastariochloropbgll
Athiorhodacess (noawalfor B, Co, Fo NBecded for growth
parpls beoteria) O;G:'h ™ or
8 required in the | Indispensable reducing agent
| ThioThotasean (malrer purple | form of smifise | photosynthasis for
soifite thiosul
fats
Salfur greeh bacteris 8 requited in the | Indispansshle reducing
fora of mlfide | photosymtheals asxut far

/l/UtuJ.nurunu
source of carbun for
carbon by wtlliring 1ight

matorials much as sugars, fatty acids emino acids aloshola,
for erermy nnﬂtmun.h. /P/cmhofpwm‘mccgnﬂnnnhmaf

ste  an



forsation of emd products of besterial metaboli

96 FUNCTIONS OF ESSENTIAL ELEMENTS BACTERIA (Concluded)

mmnmummmnmwuwm In edditicn car-
bon, hydrogen nitrogen cxygen rphosphorus and sulfur are required for the functions of
syntbesis of strustursl proteins a:bdmmu,hummmccmn,mﬂtor

Essentisl Function
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97 CHEMICAL CHANGES IN PROTEIN DIGESTION AND
ABSORPTION MAN, LABORATORY MAMMALS
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98 CHEMICAL CHANGES IN CARBOHYDRATE DIGESTION AND
ABSORPTION MAN, LABORATORY MAMMALS
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99 CHEMICAL CHANGES IN LIPID DIGESTION AND ABSORPTION MAN
LABORATORY MAMMALS
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181 PATHWAYS OF PURIXZ AXD PYRIMIDINE NUCLEOTIDE CATABOLISM
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104 PATHWAYS OF LIPID METABOLISM MAMMALS (Concluded)

These patiwuys are belisved to occur in the 1ipid metabolism of aniral forms in geporsl They are
based on studies confined chiefly to mamls

Fatty Acid®

S
;

blocked 1n disbetes emllitus stervation (1) Insulin ceeful jrobably necessery but site

£xula action not known — possibly the in . o/ Tor-
aid-CoA eeter shortened 2 oarbons wt a time by p-oxtdation,

at ewch step end re—ssterifylng the rewinder with Cod.  /21/ Acetie acid estar

of cosurym

Imown wlso as B 1l coentyms A, sctive acwtyl. /22/ ¥Yia squalenat /z;/m teraids

rrocote synthesis (1 /zk/mr-n- bile acids  /75/ Transported from liver v:nhlmdm

:.m-m/asm/ onddired 'mm‘vcn.\-ullhb- c:chm to COp and B0 Barw comversion to ace-
Tyrosins leucine 1solencine also comverted

direqtly to sostoscetate 28/ Aspartats enters Cyuls mot via pyruvate but by comversion

prsetified O acrere Stporieg Tove tho ok stoeen Py oeel 2 T 1 e
hlood streem.

brein, other tissuss mﬂtim'it.hm_/‘;j/ Lol L:um

Lpate W required + of Xrebs Cyels

i -u:a.m.)hnt.h-nrtyln-'lhl, tifm-.c;.‘um m;r-unlurmw

; ty -cunr-r.m-hnun,
Bl action of (-mwvm-n) /‘55/1'm' w:-um.ms /‘56/



METABOLIC INTERRELATIONSHIPS: CARBOHYDRATE
FAT AND PROTEIN
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109 PATHWAYS OF IRON METABOLISM MAMMALS
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113 EXCRETION OF NITROGEN COMPOUNDS MAN

mmwmh@mumqummmwxm,m from xero under
scme comiitions upmumwuuuunprmmmumm it has not besn
mm-mmuummmmmmtmd per kg body weight per dey”

Xycretad in Urine Excretod in Feces Excreted in Bveat
Conatd tremt =e/kg boly vt/as me/i body vi/da £g/100 w1
Valus Rangel Value Pangel Yaloa
[F}] [§:}] (€] [7)] {r {r} {a)
U vater total 17 000 7 800-27 500 910-1 820
 8011ds  total 860 T80.1 000 30k 1h0-550
Enm total® 3 =T B3-500 o 11.%-36 0 310 27-6%
Prutein nitrogsn 00h6.0 018
o Boo-protetn nitrogen? | 37 85-500 510 27-6
4  Amino acid mitrogan 25 .04 & b 1974 76
g Crestinine 13 12 23 hes 0-6 68
Hlpprric acld 112
d oUrea 300 215-500 T2 23-185
Ha  Urlc acid 9 512 1.k o725
by ameonte® 92 w18 2 0 36-1.2 253
Amino Acids
el Alsnine free
Comiined
hW  Total -]
P Arglnine free oxn|owos
iﬁ Combined Oi 0-0 2
] Totar o 003 8 2 1
N Aspartic add freo 002 [0 0140 26 3 >0 35 3 8-ah
Y Coxbined 2, 237
b fotay 23203737
Y citrulline freed os8|oes0T
| Cosnined
i Total 0 3h5.0 19
Cystine free 1.3 06520
P Combined
pq Total 192 &
bd olatemic acia froe o5 o1 o7
g'; o L) 10100
327 (1581

Fd Glycine free 101 90.123’
Pl Combined
bd Totar 23180
By Hietidine free 2, )

Combined 0 co718
pq_ Tt 3 joBbm 1.7 | Lhe: a0 610
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113 EXCRETION OF NITROGEN COMPOUNDS MAN (Continued)

Becauss of the high degree of varisbility in rete of sueat formation
wxtremely hot climxtes, 1t bas mot been
precticable to present data on excretion vis sweat 1o tetes of per

Xxereted 10 Urlne Rxereted in Peces Exzrated {n Svvat
Constitoent oe/g Pty vifdey | me/kz body wtfaa /100 %1
Value | Rangel Yame | Reagel Yolw | Mangel
{A) 3 ] [{9] .1 Ri3) {F_1 [()]
Anioo Actds (cooclmied}
4 grdreyprolise, fres
B
Total o
9 Isolaucine free oo 005-03
hd  Combined o2 0 05-0
Rl Total 03 0.11-0 6 33 3355 2.3 1.0-36
ha Lauciae free 01k 0050 25
:E og 000N
Total 032 02-0% 56 | x359 a1 1242
hy Lyvine free 03 0 233 13
M Coabined 06 0811
h Tatal 0 8.2 57 L8569 2.3 130
B Hethiomise, froe on 003018
byl [N
b3 Total o1k ©12-0 17
Ormithine free? 0.13
B Total
Phemylalanine, free o2 0 1.0 %3
1 Combined o1 0 Oh0 2
DS Total 983 o fn-0é 2.2 1.0.35
Prolios, free 02 80508t
gz [ 3] 0308
pd  Total ca 0309
f5f sertoe free oA o0
¥y Combined 0z o-aa
pd Totad 06 Q 951,
K Threonine, frea OET 0 170 62
9’; Comd Q 0.3-0 8
Total o 03%61ep L] 3 5.8 2 Sk LT91
K4 Tryptaptan  free o3 01207
K1 Cochinet o3 0 5.0 &
K8 Towl 0.7 02313 11 oM18
b Trrosine, free o3 0 17-0 83
iq o3 -3 9
7 Total o 0 331 43 32 130
7] Yaline free 0 o8 O Ch-0 12%
TS Combilmed o2 0090k
Al Total 03 0210 b3 L3 36680 5 PSS

of ranges of valoas ryparted La the litersture ef!

1/ Rsnges arw sverages They wey b con-
stdered 10 Do equivaleat to eatipate o of the 995 racew (of mmanmun) J2] “1dcatity wot

proven



113 EXCRETION OF NITROGEN COMPOUNDS MAN (Concluded)

Becsuse high rodar

of the mdnﬂmuwmnuazm:mummnum

-c-uuﬁit!m,wwuuﬂ:umuunpnrwummn:u.-tn,nhumtbom
presat

yoacticable to data on excretion vie sweat {n tarms of per kg body weight per dey”
Pxcreted in Urine Excretod in Feces Excroted in Bweat
Contitoest ne/ks body vifde mg/xg body vt/da g/100 »1
Valne | Rangel Yalue [ Banesl Yaloe | Rangsl
€] [4:)) I {e] [+) I S ¢ 11 [¢ IR N )]
Misosllancous Compoonds
(T Methicolne sulfoxide 0-0 51
Trdld 01k 0 05-0 b3
Airecalin 0.16:¢ | 0 07-0 g
ToTioe 01030 2
Allantatn oey 0 1B-0 36
SoredrenmlineS 0 %Lg | 0.17-0 Sue
N Furine bases oM 0 180 g2 23
Guanidoucetia scld 0230 N
Histarine 0210
CreatineT 2.9 113686
B:rdmf!f—ims 1.2 Bug
Ixidagole derivatives L339 b 002
/1/ Banges are avarages of ranges of literature

vuloes reparted in the cited Thay say be con-
slfierel to be eguivelmnt to estimate &° of the 9% rarge (of Introduation) /6/ The catechal
exines wgreescd in wlcrogrsss  /7/ Bot normally yresent in the urios of adult sales

114 EXCRETION OF LIPIDS MAN
Excreted in Urine Ercreted in Teoss Ercreted in pueet 1:“:“‘1
Cooatd toext ng/ix body wifda /i body wi/de /100 nl /100 o
Yalow Bmnge? Talme Parga? Vaioe Xarged Taloe
TAT B+ /iy — (-} =) 1h33 -~ Jn I
Tt total P 50 0-100
7t wextral
Fat  wmsgcnitiable » e
Fasty sctds total 2 B
Nty eclds free % pac+d -
Futty solds wosstursted
Golesterol  totsl 0-0 007 o 10205 u;.
Cholasterol free !*
Trovpbatides T
o
Py 3 3066
Bomlens
5§,—1
1
The data oo ettom e wot availsile 1n
g"—wmp—— 72 Ramcws are erasaces of Tereed DO velgnt yer -t

day &Te therefore preseatsd
to ;;’ W(‘r;nrtd in the uz-—m&xw_ They -";
foreerna caly /5 Age 10 womths /6/Intividoal semyles fn.__', l""ﬁ“‘,‘“‘!ﬂ!) /z::- ;2 v /./,,:_
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115 EXCRETION OF VITAMINS AND HORMONES MAN

Because of the high degroe af variability in rate of sweat formation ranging from er0 under
sare corditions up to as bigh as 12 liters par day in extremely bot climates 1t hes not been
practicable to present data om excretion via sveat 1n terns of per kg body welght per dey”

Excreted in Urine Excreted in Feces Erareted in Bueat
Constituent a/ks body vt/da Lx/kg body wt/aa 1g/100 w1
Value Fangel Yalue I Rangel Value I Range!
_{A] {B] ()] o1 {E1 {1 [()]
Vitawing

1 Vitemina A D ¥ O-trace
2 Ascorblc acid 380 130-T90 Kl 60-T0 0-2002
Em:rtl.n 0h 0 33-0 T3 19 0 63-6 6% trace?

Carctencs 20-600%
4 holine % 8 1.0 27153
€ Covaleain’ 0 000k 0,00085-0 00T
7 Viteedn 26 308 226-391
# Folie ecla group! 02 00303 b3 1877 06 0 53-0 88
d Inceital 170 170-220 21 13-36
g ¥ieotinlc acid 11105 "2 12 124 722
I W-Xethyl nicotinamtde 133 T3-k00
p Pantotbentc actd 20-100 31k 3 b 38 228k
ha Pare mmincbensaie sl 2n 23 53 10182 Ooh |OOB1T
M Pyridaxine 0 007-0 0098l 5 FESTY oos | 008018
he Pyrtdoral 30 075k 32 0h823
NA Pyridoxaains 16 0321
hd & Pyridodo acid 5 9-160
NH Riboflavioe 3 02225 1hg 8 0-23 0-0 5
RY Thiemine 26 ok356 T 0 67 18 0 a1y 0-0 6
’ac Trigonelline 30-300

Eormooas

Pl Androgens 30-100
A Estrogens 105
by rormaldetydogenic steroids 3140
P 17-Ketosts oids <160;9100

Gxycortieosteroids 1060
/1/ Ranges are mverages of ranges of values reported in the literature clted They may be cop-
sidered to be equivalent to estimate d of the %% range (cf Introdnctlcm) /2/ Ascarbie

and dchydrosscorbie acid  /3/ Present but not quantitated. /b/ Carotene and manthophyll; 8-100
Lg/kg body vt/de for nm.hophyu alone  /5/ A geoeric temm including cysnocobalsoin (vitsmin
312) and its hylrogenation product (known WbuﬂmwBlzs)Mchhllwruﬂ.—tdythl
ssme blological activity  /6/ A generic tern for alphe

/1] Yolic acid is not e chemical entity bat a geoerio term for ptnmyl;lm.am‘: acid (folacin)

vitamin M vitamn By fector U L. casel factor Norits eluste factor
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118 PRODUCTS OF CARBOHYDRATE METABOLISM MOLDS

difreaible sod sofieed to the xycaliva) viich ave prodocsd oo
Protects listed tmelnks caly samposls (botk Ry

medis cartaining or Searoes the more scmmcm  fungl

Al The well-mown sohitdotics bays been cmittel. The orpml listad 40 mot
ewtitute the culy speeiss ocpomd, Tether the BOre eommm Caee in BExy CASes OT thoee
ol figures ca yleld sre mppruximsts they are fregawily based ca wights arwde

:ﬂw"“' Periel1lMm eineTnesens
Dibpiroglatioll sedd rrniuu.u.-p.-m.nu
b Dimwtdyl pyrovie sedd [Leperriline xiger In presemen of sofimm sulfite

H Asetalbekyie [faricos Pemteilla, Aspergilll A, wiger Mocar [Up to 60§ af theory vhan gromn oo
ard ey Olar fimtion with| ssarces with iepergiline miger
Jl-tildl. [Fome ssncess Marwesins Meroliee em-[0.6% 0 9% of glweces weed for
fines K lachrymers M mivems I Marulies aed Marns-
- ming eborialis
Eumu.-nu apergi 1ine wlper
[Aspergilins wiger 0.8% of the glocose sarmmesd.
o fulva. 0 54 of the gluroes ecowmmed.
q carlte actd [op 40 L1§ of the sogar eonwummed.
!m—wm [Faricillioe ebarleeil P clsarassms. op to 0.36% of toe sager ectsumed.
Carolie meld [Powct el 114mm [Up to L34 of the sger conemmed.
o corolinty setd [Penistilltem char: lip to O 9% Of the sogar scosmmat,
Emvnd.{(ﬂ.imurwhulﬂﬂ- Tenieillion expasses [2.2% of added,
pbmlin) P cloviforss P
Ly Lrpergtiine [Bwall emocms,
hd clerie scia Cliromywes Paaicilline ixtess P eltrimm lis tigh e 50% of theory
r A alnvates
4 ftacodons L. weatii Mosar
muxy cthar species. Comssrcisl profogtion
ou beet wol eeoe molasess  Sctmerpel proise-
tion poaathle bt aod Jwt commereially ssocese—
fal,
b cralopmial estd lhuiﬂ.i:qthﬂmmn-m altwm [0 9TS of dry mysalim,
IN Cruloplt seid Pewtol1limm Vertlisg P cyulopom 5.5%% of dry mpeeltem fn
Vestling var aldem g Buith. plm b Lmuﬁ_;’“’“‘
xrvaliom ia ar
[N

s ixtarwptar
pH t Erytkritol Paricillios Wevl-compactom P o
Tl asetate [Pat et 1 16rm dtgt tatam trelopte. g:;‘:"‘"“mm
%n-blm Paserimm wpmaiss Mucor spectes | iy mrd
species varicos Pemieillis Slomtrl -
:’: Prodaction mock slower theu by | Foms smosos grown an hessees
b L raglene caide a, B Mot 1ta formoss m. #p. Penietllims visiferam  |10-:
oartoayll aadd n o3 Apergiile fiigetes, laivi'-mtn-m.,;;‘l
alwkal, srythrital, 2,3
Lace
slyml  glyesrcl by
P recnts eeid slaobal,
P remaris of Tt
Tiem Faricilllem sripeehiivms Sarer e ’"tf:rh’;u::-.lmu
fomago  Most speviss cther then Nowwulss give
" il wmccmts
[Lapargities foud gxtne 3 32 frm 170, r
g ald r-a.unx-m—cfn"m-“m"-"‘ °-mlf‘£;-x:.°..“
ﬂ-ﬂql-:::nx Peteil)limm pakioe. :‘;::::hmu
ellliom glsilolt
[Ty ooy [ me/liter Of Ramlin-Thom medim.
Clwcnte sald Teatetlliem mp. .

13/ Yossssses acAikiciie proeTties et 1o 20U in alixteal mee /2] Bes aleo Carall .
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118 PRODUCTS OF CARBOHYDRATE METABOLISM MOLDS
Protests iinsd imivke snly vepoesis (both dUffwikle el onfised 1o the ayeelim) vidch are groducsd oo
sndis oostaluing gheoose waTOSS the poTe somom  fongl (Meor Fhisepns Aspergilime  Peod eillioe

- m—:muimmu-mnd. ﬂh'nrwl-wh ot
eaatitute the caly speies ot rEther the BGIY ecEmcm ORes 1s mexy ar those
Wost figures om yiald are spproximats ae they are basel om weights of crwde

Joduet or af pure meterial rifistice. Straiss of cos spesies way &iffer videly a0 v
urds

Mwtalnll  Prodock l Profused Xy Tala

TaT g 1)} —T A () SN

Orgents Aclds Aliwipdas Alschols esd Beleted Campoursts

1 Acvtaldsiyde arions Perielllla Aspergilll A mgar Mocor [Up to 60f «f theory vhen grown oo
.,-u- md naxy other gemare.dy Tixatimm with]| soerose with Aepargillus xiger
1rtarempting

9 Aawtle actd Fomms sasosns Mersamta eherialls Nerwlies so-[0 65 0.9% of glmsose weed for
Doms K lacoryess X mives XL tremllo- | Merultes lectrysscs ssd Mares-
- wima chordalis

Mecaitie aeld lapergtitom miger

EM--‘M |apargtline xiger 25 of the gheess eonmmed.
E ad {mrvsochiumys raten. o arr——t
g caritc aat [Pentetlltem char: [0y 40 11§ of the segur coowswmd.
le.rhd--u Panieillisn charlosii P eimeresesns lrp 40 0 3% of the sagar scheomd.

Carolis scid Pemteillive cher! Oy to L5 of the wogar Cowsormd.
Garolfst  acid {Pancictiiime chur [Gp 10 0 9% of the megar coowomed,
qw(mu eloysbes PuxdedlHwm eopoues, [2.8% &f glowes eiled.

yutulian) P alsviforme
BN Clgrate) [Ame)l smcxrrt.

Rl Civrie acid Cltramyoss Fexieillims lute P eltriss [rs Bigh &» 0% of thacry
v wger A clevstas
L itesaions A wewtli MWoeor pyrirends
-y epeaivn yrotoetion
on beey anl Satmacyed prode-
tiom ble Wot mt ywt cowmercially steess-
i cruomldt st ruﬂmm-qmwa--muw e Fm«cw-y-n-.

W Creloyolie ecta ci11yrm Wertling P - 4% o r

p Wesrtling vr allcm G, Mmith. R 2% mmmwxzf;dm
agoelims in P ayelopiow var
Ewn [Paut #11110m clnaresomss, of the

Dikréroglatinlie acid [Pext et 150m m/1iteT of Bamlia Them

t:rnmvlnﬂﬂ -ld Mapergiilne siger In preseces of soiios selfite
-

1-frythrital [Peateilliom hrevi-emrnetve P cycleptm. o 7% o
he Tuyl seetats [Pt cil i digy o d:wmﬂmm
= Posarimm speelies speeies Merulime crimetrie ylald with

apeaies Pemietllia ant Tee
Fome mwcemss  Prodestion mech slower them ¥y Tomes tmcom grona cu emees
3 cxlse o, B Mortlls formoes x. Q. Peieilltes viciterss  [10-

A carvezylle o mn:llhavmmub—u
«bols  paxtosse .
whwlnl, eryidrEnl 8,3, Wityleos
glyeal  glyweral

bd rormt  actd L,,.,.“_u,. atodkal.

Twaarie sid [Variows speeiss of Kilgrpes; AsTargilias fems

q Tiom Pud. uu-:’nxv- m";'n:;’.“l”"‘
Mxt vperies other then Mucaralss give
L —u-—::“

m Teigaing |3 3% from 1T304 glzecee farsished.]
B Goctist satt M;m“m%ﬁﬂ"mum [rroey
gu:um.n.’{ et t”ﬁt:mm
u-zm-u. [% =e/21ter @t Punlin-Thom nedtmm.
P mmecle aadd [orven Pastcilitm op. oa
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118  PRODUCTS OF CARBOHYDRATE METABOLISM. MOLDS (Continued)

Hetalolie Prodoct

|

Prodeced By

Tield

[

TAY

i

()]

Orgrale Acids Alfeigdes Alcchols md Belsted Comols (et &)

LA

et

A A

=

PRSSNP4 I

lrecletlitem coysogemm P Ixtem P poparo-
specias Pusaricm 1{al

Aspergiling miger (from acwtats)
Justaline

Aspergillng niger (from acvtats) Werulims
M‘F"liu-;lm A cluvstus A, miger

temaril prooy
A ALl

Loally Taricws
Kiluopes speciea 1 B #tol ryee

producel by
[Tuite spoaien

Perietlliom palites
Praivilliem cyclopim P pubercios Aspergilli.
Pratctllium brevi-compactm

] rawralonts wctdd
il Pyrerie act

wolds 1

Peatcillimm €1 1um et

t

KX Fenicillium Uliow weri

aetds; 0T
& 11l LT Tp—

actdn IV
Eo proploct  acta Botrytl elmrree. On lactate
i Paderutic actt? Fealeflliwm pubernlmm

[Pentetllim paberulna.
wiger (i presemcs of st sulfite
ar Laterceptor) Pesaris.

[Practicalty quantiteiive correr-
wlom 1a 9k howrs

9 frow glocose
13-1I7% from suecass maltose
etareh

high as 90% of theorstical yieM|
1.9% of gloeoes aiied.

2.5% af \ha glmcose cocwmed,
[+3-70% 1x 12 deys  63-66%

[Op to 6% with R, orymse 39-h0L
with R, Jeposies

Fatr 74 14s by sobmergel prodts
when growing mt lov tesgerature

[+3-90% of taeory

10 1% of the sogar wcmsumed.
10 9% of the wager conmowed.
[o 095 of the segar sooscmed.

P 65% of the glucows scosweed,
(crede)

5 2% of the glomes somemed.

J1f Tearrases smtidiott puopaTiits Det e wot 1
Tt /M Melated te Ml actl

alinical wew
Tropalone

Y drrlr-{xn
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118 PRODUCTS OF CARBOHYDRATE METABOLISM: MOLDS (Continued)
Yetatolie Protact ‘ Protecst By Yiaa
(1] 1 [4.)1 | ()}
Orgaoi  Adds Aldshydes Alcohols el Balated Compoonds (comalwied)
gw:m [ispergiline xiger
Sortielllis [raxte{1liom Dotatom.
& mptcaloperte actdb lPecieillime spiealisporom P arstariforas P [hpprom. #% of th sogar ctilirsd.
sisto-Titem,
T Mipttatd scldd [Peutciilimm stipitatom, [0p 10 5% of the ragar consmed.
T Succinto actd biacer stolomifer ASpergilise terrees Ustalise [Tialds very small sxospt for
yolgaris Peddeillime exrxtio-virwss P spd | Poserios species
Fesariom oxywpore
and 1irl Bolley amosm  MeTaline eoo
flowss K wivess K treselloss
Td Balochrin Pooepore sulphoresosrace., |74 of th myoeliom,
T4 Terreln [Aspergliles terrecs (m-g..l”:{m;l-oﬂm-
T Terrestrie astd (ethyl Paricillitm terreaics [ ¥ of the suger ecoeamed.
eaarall  scid)
T Ustie aaid {Aspergiline natws [0 6% of glucoes milsd,
Pigmacts
a T learsii 1 b of myealial weight
Em.-r!—n [Pasariom cximmrom P greinesro. [0p to 3 W of mycelfal waight
Jaroglaoain |Aspargiltoe glenoos ap. Pore then 134 of the dry growth.
TH p-Carvtens Semrospors  Muvor hissslis Fycosycss bleoes-  [Treoes
1eeras
89 r-Carotees |Al1ourees cpeaies [traces
8)] Carviclasda r-ncun_m-g min]_; )“ﬂm_fmm
m% Pt el 1litm roseoparparean (P earminoviolacemm) [3 0% of myoslioe mm;
o ca (1-irtrony b 1 5 B [As mch s 108 of the myoe-
velvtinm L Aritid-rolgeri mwm&w-
greminecm, 80% 1o K. owtecarime,
Oy Qrywagenin [Pecieillioe cirysogenom,
83 Oyeophent  acid Iicfllton {aleodieas, 10.1% of driad mpoelime.
) i
o ot [Pecdicillioe eltrism Aparglllos terres. I5 M8 of the
81 citramyostin Cliroayors glabymm (Penicillioe freeoeiaes [As mnch ss 805 swgar metadolfesd.
oo,
8 colmorin {moloTiess) [Frsarice colmoros ¥ growirzeerms. op 10 b €44 of fte myoeliom, Ieo-
latel along with wrufoseris
851 Cypodoutin® (lxiztiororie quotmtis L ewtlece I0p to b £f of mywelim
eremee
9 Bmodi  metf Pecieilliom qrelopim, 0 1% (m aoetyl derivetive) of
91 Ergockrysin Bolarviiom alevos. soeiiel
96 Erygaflarin Salervtiom alavwa.
Trpthrogisada lpergiling glesecw growp 15 apecies 0 09 of e
R Friotierin |aspargiline gleccae mmm"?’;‘:“g‘“)
FAraIvi metd [Pecicillioe grisecfulvm, P fleroose, 1,';;“;““”_?#“
P wreraldiesm. the gln :
9 romtgasia [Avpergiliny foudgatoe 0 35% of the g
(ormde materiel)
9T} Fead mmlowin [Pericillion felcelosm.
- Tertrapcirme)
A _ [rosarioe solssl . :—-m—aq/um-or-u_,
trittel-valgaris T eyaodowtle -‘u:n‘ b of the
modia [Pexieilitm crolopim P citreo-rosem P b o sl (s L wean.
o] 3-artroxy» prtiexy JAspargilin frat gxtue Garivetive) momiisd.
0 Talandiein [Pextctlitm
[$ of the mroeliwm,
f— IPeseripm Sevetom.
10 P 0% of the glueoes wided {pare)
[.8% of the myveliw. d
/% Tropoloss dert

/um-/—-.mm:x propertiss ot 1s mt I elixieal mes
aald, Malxted to lutsaleersin. Cougars ftems 20 83 85 99 amd
bare differeat Jrorortious of thees pipmnte n/unmrmufm.ﬂ._m
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118 PRODUCTS OF CARBOHYDRATE METABOLISM MOLDS {Coatimued)

Patabolte Froduch L Prodoesd By Telk
TiT 1 14 )} 1 1T
Figueats (scsclinied)
kod Lrorpernin [Tasartem Jyvopersiet
RO MomesoodLerin o
{21 domsacaruira htaexacn purpares
1% of dry myoeltm.
ko eolorece [9 9% af the sdwirate added.
21 oy Javanteix Tuserion Jevesimm. [0.00% of the glescse sited (pore)
b1E Peortrtuie setd [ Peulct1iten noteton
1 Peatotidiopeta Penteilliopels alovarisetoods H 9% of the myselimm,
£11 Pexictl)imn P rowem {Alwo Becilbe |L3% (jre) of myoelime,
FrOUyEATaS,
ulwmél Arparyil e glancoe specise 10655 of the myvelims (pure)
P'WmmA(:ﬁwm vy mmall esowrt.
uJ martly)-anthramal
Pigecies swthreaol B (3 S{Aspergtiiee glaves. [Py emull meowoy
Tmrthoxy-2
methyl 10-arthraonl)
K1Y ervns Salnixthorporine rereselil L. tarelows. 10% of the myoaltum.
Mrotesarin Fasarien oibwrem ¥ Crecisssrom. Fp to 1.19% of myoeltal weigst
wptod Thot
k19 Rgutoata Pod ot 111w TogTlove,
Lﬂ;aﬂl‘n_ {Pesarims solext Dy perple
m-i&w\w Mmu-quﬂm-rmmm— u.ufa{t.hfl—m-m-—l
Pamgutin e fexdipetes
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b Trity, B tuipthowporime tritiel valperds Selwimtho- 1.0 of the wywalism,
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A Ca umago. [0.43 of the glaeoes ecmmmat
bt oraiald Sapergtline Lartwes. 0,65 of the engar scmscesd..
7 {hopergiilee tarrene [0.5% of Lhe wagar comsmsed.
moummﬂﬁ Pemicillimm griseefulrm, P Jusesevail {2 o the ayoalimm
Tlgl Pratal}ltms eigioreesis (0. 18% of dry myvalism.
BIG SolmoAtnrioe Tasd cdlliom saderohioTm, 4 of tes aycaltes.
Polyeacrerises

k ot w-g-“’ Peadeillie
q

oprealimm,

Ly wages) [Maite speaiow of Arpargiiles Pewtetlllm
{ret-veena 1, ealoc) tatme,

Oume

R

gt
lotdiwe sp. Pemicilltm Jactis P pebtadesow ’inm-mv
Moatlls eewitda MiOr recesses

bsY Lrraald Asporgiiins sydowii (frow semres oal7)
um..aa(mw)ﬁ Powciellliem Tutecm, 10- 195,
hyg roid starch? Nalellline peaten
(b1 Ty sotee
» proa R Paatelllion expmmsn, Avperpllive iger LY of e grentk.
~ waler
31 Rrooenl sctaat? Aspergilins xiger (produced alscy vite
Palygalecteeel? Poniellliem charlesi( Vi of the mper sl
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Rapulerel? Peuteillioe
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118 PRODUCTS OF CARBOHYDRATE METABOLISM MOLDS (Concluded)

Metabolic Protoot ' Protuced By

| a2

1431 1 {3}

1 (3]

Polysaccharides {eonaloded)

RAg vartameel? Irmuu,u- variens

Appwox. 1% of the glucoss conwnmmed
(erude material)

Sterals and Lipids

I:E Cerelrin Aspergillzs
Crrexromylsrhingoaise  [Arpargtilies citromyees
ecapounds

k4 rreneteral wigar A. oryrse Fuserioa lyeoper
siel F Hni .y o arenee
L rooalil L valztiom Letims lryites
Penieillice expanscm P puberulo,

L] Ergosteryl mlattata Pt cillion urm-c-p-n-. ? italtows,

MY Fat |AL1 oTgamt s

B Lecitidn Asporgiline aryse (eyores)

P¥Y Iacithin ead cephmlim
150 Pooaphatides

0.1-0 M

013 1 Tfof mysalimm.

0 9% of the growth O 6§ of the
Elmcoss comsrmed .

Yarioos

00T

0 134-1.0% of the dry mycalimm.

|
|
;

el eetd oryrae (spores)

:ﬂmm- |Awpargilim miger ;m
Asperglill  eald Aepergiline of the cartriirate sidel
|aspargiline oryzae (spores o
L7 Chalime salptate [Aepargiltee syiowii (from hydrolysis af sgreliom)
L [asperatitoe oryrae Shimoms segmt
! Posariom 110 mg/1 of mmitwm oo gleeoee
£17wylbydroxyalintne:

20 gumes/grem of wyeeiimm.

19/ Wrtralyels yielis D-ghesoss D-malactoss smd D-idoes er L-altross
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romded to nearest vhols purbe

119 PRODUCTS OF CARBOHYDRATE METABOLISM A8 AFFECTED

BY CHANGE IN pH YEASTS AND BACTERIA

per 100 o glucoss fermented HRighar valoes hare bean
r

Orprim} Paciilus Aarcbacter Berratia Escharichie
wmd pB | gantilte mrosscens oold cerevisise

Product 6.2 jp7 6 |p5 0 | B0 pas s |y B S o[ par B {pm3 0 [ a7 6

{a} {2 1.4c) {p] 1) (F} | {8 (B {a [ {J} [§:9]
1 Aemtic actd 12{128 g0l 53 19}f k9 36 39 o5 | 152
g Asetoln 21| 3¢ 16 58] 16| 39} 01 o2l o g
A 2,3-Butanediol { A0 1.8 } &3 0 >} [ 03 03f o8 o7
4oy ;3 32 i 19 6] 116 2.2 |88 17 [18L g
3 Etbanol Brpe3 | 57 &1 &7 [ 43 b4 50 lime 30
4 Farmio ectd 166 W 08 {10 35 91 2k | B ok 05
4 Glycerol 3 w03 33 6§61 g.ol 96| 14 03] 62| 3
:§:) 05] 03 | ™ okt o8| o278 03
q Lagtic acid 6 jug 34 98t 97} 6 [ 08 1k
1 Succinte ecid o7} 22 1.8 53] 23] »8 ?81 kB8] 0% o7

{1/ The pH vas elactroaically controlled using erxoniun hydroxide to peutrulize
forned

£

120 PRODUCTS OF CARBOHYDRATE METABOLISM OF INDUSTRIAL:

IMPORTANCE BACTERIA
Matn Product Organtan Bﬁ‘m Conditions
T&1 {E] (4] [42)]
Clostridimm aceto- | Molassas, corn 7, 37-40 C
HM““» tutamol | eytteun, ete starches’ ﬁ’ﬁ boars
N mmar caTogenes, |Graine, molasses, |pH 565, 30 C,
starches
[ Putylene glycol certain other asrobie ik
bacilly
, :ud:nonoc esenter {Sucrose
Lactohacillue del-  {Molnskes vhay 7, M50 ¢
\! Lactie sctd Yroeckll end other s »
specien; Strepto-
coceus lactis, etc
H o Acetcbacter sub- d~Sorhitol 28 ¢, 14-A5 hours

/1/ Eas been produced ons pilot-plant scale; industrial production practicebls but
/2/ The tespersture depends co the bectorial species naed

ot in progress
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LANEOUS TISSUES, COMPARATIVE

127 OXYGEN CONSUMPTION: MISCEL-
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waus, is Peasured The mitus sign preceding the sym-
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ned at w37° 0 Tha

tuffered medium {phosphate or
carbvonate) iz e alosed chsaber co

< 1 atmogphare pressure, ani maintal
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indicates by convention that 0p disappears
the rate of oxidation s limited by the smount of oxie
digable outrient svailsble to the tissue, gluccss or

tissus per hour {oxidation quotient, -Gop
other outrisnt ey be added to the medium
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126 OYYGEN CONSUMPTION: LIVER
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Ringer glucoss

o8 by convention that Op Alsappears Aa

per bour (oxidaticn quotieat Qo
tisrus {s irmwersel 1o & buffered wodina (phosphate or

blearbonats) 1in & tlosed chamber containing oxysgen at
atszosphare pressurs, and aaintatned at #357° C The

Yalues are the cu m oxygen ¢Onsused per mg Ary veight
deersuss 1o swount of gaseous Up  as it is used by the

tissue s beagured The nious sign preceding the ays-

bol 1y iodicst
41zable putriegt aysilable to the fismus, glucosse or

the rate of oxtdation {s
othar mutrient may be added to the medium
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131 OXYQEN CONSUMFTION: NEOPLASMS,
MALIGNANT
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BENIGN AND HYPERPLASTIC TISSUE

130 OXYGEN CONSUMPTION: NEOPLASMS
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132 OXYGQEN CONSUMPTION NERVE TISSUE
INCLUDING RETINA

Valuos are the cu mm oxygen consumod per mg dry velght of tis-
suo per bour (oxidation quotient, -Qos) Fresh tissus is im-
mersed in a tuffered medium (phosphate or bicarbonate) 1in &
closed charber containing oxygen at< latzosphare pressure,
sand mintaincd at #37° C The decreass in sxount of gaseous
Op, as it is uscd by tho tissue, 1s measured The mimus sign
proceding the syobol indicates by couvention that Op dis-

appoars  As the rate of oxidation is limited by the amount of
oxidizable nutrient availsbla to the tissus, glucose or other
nutrient be sdded to the pedium

Animal and Tissue Hedium -Qp
{A] [§)] {¢)
Y Brain, chick exbryo Berum 23
q Cerebral cortex, man Ringer glucose | 6 0-10 3
3 Cerebral cortex, cat Ringer glucose | 8 3-12 2
4 Carebral oortex, dog Ringer glucose 67
9 Cerebral cortex, guinea pig Saline 69
 Cerebral cortex guines pig Baline glucose 17
7 Cerebral cortex, monkey Ringar glucose | 7 4-11 8
H Cerebral cortex mouse Ringar solutl 1o
q Carebral cortex pig 29-60 da f Ringar soluti 55
|1l Cerebral cortex pig 99 da fetus Ringer solution 65
111 Cersbral cortex, pig birth to adult] Ringer solution| B85
PH Cerebrul cortex, pigeon Saline glucose 1k 6
Cerebral cortex rabbit Ringsr glucose [ 7 3-10 &
Cerebrel cortex rat 5 da Ringer glucose 62
[l Cerebral cortex rat 50 da Ringer glucose 1k 7
Carebrel cortex vt sdult Ringer glucoss | § 5-17T 1
’:J\-?T Ganglion, celiac rabbit Lo
1 Ganglion doreal root, rat Ringer soluticm] 8o
19 Ganglion trigeminal sheep Ringer solution| o3
[q Eippocampus frog Ringer solution] 2k
Rl Bypothalamis rat Ringer glucose 10 &
2] Medulle cat Ringer glucose 3 a
22 Medulla, rmt 5 da Ringer glucose 3
P Medulla, rat, 30 da Ringer glucose 90
jlﬁs&nlln rat adult Ringer glucose | 2 5-& 9
Berve, sciatic frog Ringer solution o3
R7 Norve trigeminal sheep Ringer solutiocn] o5
R Retine dog Ringer glucose 20 8
3R Retina, frog Ringar glucose 35
3 Retina ox Ringor glucose 107
PU Retina pig Ringer glucose 177
Rotina, rut Ringer glucose o032
2| fpinal cord  oat Nngor glucose 13
W] Opinal oord, frox Ringer glucosae 25




133 OXYGEN CONSUMPTION; NERVE TISSUE: DOG

Yalnes are the cu = oxygen Cconsumed per g minced fresh
tissue per bourl Minced fresh tissueis imcersed in a phos
phate saline redius containisg glucose Rats varles with
the mediza (ef Fo 2) In geperal, values rise from age 1
wveek to a peak st 5-7 weeks The faster rates are found in
the lowver portions of the peuraris at 1 veek, and in the
upper parts in the adult

P Ase | 1at Weex | 3rd Weex |5-Tth Week| Aauit
{a} [§2) g} [ {E]
Cerebral cortax 061 068 121 1162
Car¥iate micleus 01 0 96 1.39 136
Thalems 076 097 1.2% 1.01
Midbrain 091 i1 1.28 092
Cerebellm o 087 095 107
Hedulla cblongata O 96 103 0685 0 69
Spinal cord l 081 095 0 50
/1/ Bince fresh perve tissue contains approximately T5% water,

ce
velues can be converted to a per ng dry veight besis by multi-
Plylng by & J2/ Mcit dog ceTatral cortex slices, xverage 2.3
in Ca free Ringer rhosphate; 1 3 in complete Ringer-bicarbonate;
and & 28 ip a Ca-free phosphate saline xediun supplemented wvith

134 ANAEROBIC QLYCOLYSIS NERVE TIXSUE: CAT DOG

Yalwes arv the ca mm carbon dioride 11bwrsted par mg ROIFt wight of minced frash
tiseos par bour s the almsnte Of QryEen.  Minord freah ti roe 1s {meersel i &
Wleartonate gelive vith adled glocoes Yalnes represest displacsssat cf COp
from bicarsooete by metsbolically fumed acld. 1 cuma f sardon diocide covres-
pomis to b g lectl add.  Individwel drternimatioss vary as moch ws 1005

Ay catl Dog!

Tlerme R T I S [T Fyriees vy

N)) g () 10T [44) i’ 3] (33 ]
Corvtral vt 043 18 | TR [ 17 1 2n
Candgte moclews 0 83 2.21 253 oT 191 :? 225
Tales o 20 1€7 1,00 160 2k 193
Corpors,

cadripertns| 105 161 060 .16 188 151 .03
H Crretellm o9 109 o6& 0% o Lok 0T
Jwamxg 103 o» 1M .18 o6 030
BRlml cod ] O 0.7 017 ot LB 018 om
71/ A com veek tha highest rete Of giywilfils 1s feoed {n the medalle whal 1s tbe stalt
11 sorrs 1a the ety suelres sad servbril corter. Iz cvnersl o elight recrsxiss from
the marimm glyealyite 1s cberrved in the wiait /2 I3 hes beem verified that the dis—
gu:—t:rm,u—m—uummhmmmuua—mmmm
®f lact] actl” IV (s asyoset tfal Other PArts o7 the et hrala also prodece eTalusively
lertle actd madyr thwse somiitices,
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137 CORRELATION OF Op CONSUMPTION WITH j
BODY SIZE INVERTEBRATES

A pataral form of the ralstion of cryren caemcption to boly sime: N = B (M = Op eo-
# in colmms 3 amd D exewpt

13 acd 1D are rved fTom smothed log log Flotsof Oy cousagtion tody wight eo-
sortryto log M log b + Qlng W boldy langth, 1f so indissted. Flot the
veloes on doohl - ith u streight
s valnes fox slmes mey be obtained,
Bpect, Bi.b o {m% ] y
. g or
or Laogth (wm)] Gz E0 Rt
{al 121 {c] )] [4 4
Protmos
Amoste (Checs cheos) 003wy Lm)l uccB-ounLL (-3
Yistybetaintbes
9 Plummria (Dogesia gooocephala) I 65 mg |eo r:_x-y.a@i o
Eemattetuxintius
A dscerta (Ascarts Indricotses) [ momom] s [ o |
Amalita
N Eartivora (Losbricua ary ) 2007900 mg | 20 16 3-212%
A Marore vorm (Hsenla fortida) 12370 ng 13 2 6373
Ml
Mussel frestuster {kmdota oyoees)
1 Boal) Yieess prise {Capare
) 1O mg¥] 20 51 15 1
dq Lo (Nelix c!,;mn,&-rm
o Semil yowd sar (Radiz wxrfcularts. 2 8m | 1 3960041 o
FQ Amatl pood stagmalis}]| 1390-5300 mg 13 60-1002
_Jn-u pood greet (L. taynalis) Ao 1T ng | W 11642
.;n-n e ecroees] 1T30-57T0 x5 | 15 Sh-1pe?
hY Smei] remstors (P corves) 32 Ed 2ot T o
B4 Bmil reschors (Flsoortta s ) 10w | B g.1.a);35 1.00
PYfoat) river (Yiviparss viviparos) 8334 wm F] 85
b 2a1) river (v foseistoe) 3.3-37 k=3 23>AP 7| o
Artbropods, Crestacss
b dar R (Arsetilisdio ) 30w | 2 :uxssﬂ O
Mg, v (Ootecws amellus 616 - ” 3-22. o9
£q m}h‘rﬂllﬂ.um) £ A-To? Lal
Pq trad kelp (rogrttis prodwcta} nn-m-:' 13 o0 431k 3 mi? 9
PY Crayfiah (Astaces )
4 crarfian o
P rie water {Daimia yalex) 6110 | B |omsso
fid sqoaticas} b 3115 = | 20 1.6-10
P Tocyod agmtices) - n L&-1.93 o8
b @oinp Wrise (Artemis salime) 0 75-10 =m ] 0 ;15-11.3%
Artrropods, Lesects
-5 (Klstta orfentalis) €.5-32 ma n 6 5-Boch 1.06
ratwors (Tworbrio wolitor) PO-22 ng n 10.2 1% LR,
E; ick, eriextal (Miriypms
8520 ng » 2 6306 o8

1fbarsted + Oy eocwmgtion. [2/ varies ss & pover of body welght 1s-
Nm—-?m m-nga(‘l-n‘Ag(dh)oE) /ﬁo,.m.,u.. Yeriss as the two-
power of Bty wriest (1 1) N, SarEption yaries with hody weight (1

3 wimtar 3 -2 e m/ar '/ Talmes eor
Teched by Kryviecesyy, 3 8/ 11.6-019 € /9/ Bote chmgs 1 wnits 0.IT 12T
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138 OXYGEN CONSUMPTION ENDOPARASITIC HELMINTHS

Amnlte

wo oooor Kroow HBUaR Bowwn
w

TR B

T | cemoafe | cum oofee
Bpecies Bpecification | O |dry sbstance/| dry sobstance/
o nrl hre
[€)) ) {c [6) M {r)
L4 Pursaghistomn cervi Aults 38 0.03
2 Sehtetosoms nanson! Pairs s 60 87
8 Hales ns 9.1
i B mansoni Females s T
Fusciols bepatica Aalte s 194
6 Diphyllotothriom latm n 27 15.0
E D latm Plerouercotds = o3 oér
Honieils expansa reglon 375 11
A M expansa Matare progl 373 09
10 M. expensa Cravid progl 375 o6
11 Trichinells spirulis Larvae % 5 35 23
12 Stroogylon equinus Anlts 3
12 a Adnlta » 6
b2 contartus oo imh) ¥ 1
15 A econtortom blastula)| 30 T
16 B contortos Larves 0 6
17] Qstertagia eir Atults 38 M
18 Xemetedirs gp Amlte K14 2
19| Bippostitugylus maris Larvas {1 dxy) | X »
20] N moris Larvee (b axye) | 3 0
21] X mmris Larves (12 &gs)] 30 2
2| N mris Jaulte I 8
25 X
aﬁ 38
27 »
28] n
29) k1]
30 I
tl 7
32 k1

/1 %o glucoss /2] In presence af glncose /3 FigTes caleulatsd from dsta oo dry
matter percemtegs




139 OXYGEN CONSUMPTION PARASITIC PROTOZOA

Data are spplicable to parasitic protozca in presence of glucose

Cu mx
Temperature
Organis Specification ¢ per 121_
[¥3] ¢:)) ) [41))
1| Strigoeonas oncopelti Culturs 28 e
d B faseiculsts Culture 28 372
g tooonas otepocephall Culture 28 Fanl
Lelshmants tropica Culture 32;37;68 ?;55,)9
5 L brasiliensis Culture 28132437 2;32;65
§ L donownal Culture 37328532525 38;18;27;0h
Tl Trypanosoma lewiefl Rloodstresn )
a 37 &
8T levist Bloodstrean, 0
young k)
94 T erux Bloodstrems 25;37 My 100 164
10 T crust Culture 28;32; 57 25343:33
1 T cooorhind Culture 8 2
121 T pipistrellt Culture 30 3
.LE T congolense Bloodstreen b1 153
1 T evanst Bloodstrems | 37 166
18 T hippicun Bloodstreea | 37;58 66y200
1§ T equinm Bloodstresa | 57 166
171 T equiperdua Bloodstrenm | 28;37 53;91,183
18 T rhodesiense Blocdstresn | 28;37 T73103,15%
19 T gasbiense Hoodstresn 37 1T
20 T ganblense Culture 26;30 37 1k x8;p1
21} Tricbomooas foetus Culture 28 a3
24 T bepatica Culture 18 600
23 Plasoodiume knovlest Rings 38 8
ol P xnowlest 3/5-grovn 8 n
segnenters
25 P ima Rings, smoeb 38 9
26 P cynoolgl Segmenters &y
Eg P eathemerihm 39 10
28 P cathemeriva 3/k-grovn 38 3
2% P lophurae 1/2-3/4-gromm 3B 18

/1/ Exticated mmber of organises /) Calculsted fram dry welght date.
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140 RATES OF RESPIRATION LEAVES

Respirstion in plant tissge, 23 in animal tissus, involves both consuwption of Q,
and evolution of CO, Gaseous exchange is moasured placing the tissue in a cali-
‘brated chazber contalning o gas mixture (gf end COp) of koovn composition, replen
ished if pecessary, and determining the alteration in composition of the mixture
aftar a suitahls tien Gas volumg are expressed in cu xm of gas (at 8 T P ) par
grea fresh welight of plant part per bour Unless otberwise speclfied, date are
applicablo to tbe mature lsaf

Carboa Qxygen Respiratary
Specles Temperature| Dioxide 1
Rel Absarbed Quotient
oc eu Jefrrl cu aber
(n | ® | © | o I ®

A Barley (Rortewn wulgare) 25 637 6o6? 10
| Bouncing bet (Baponaria

officinalia) 21 418 510 08
3 Broadbean (Vicis fnbn; 21 T00,
Y Carrot (Deucus gurcu 2 k393
5 Corn (Zea mays) 25 320
d Curly doek (Rusex crispus)’ 20 152-202
7 vy, Eoglish (Bedera helix) 256 500-780
8 Xalanchoe 1lum wp ) 20 Lok
d raurel cherry

laurocerasus}) 25 1587
1d Lettuce (Lactuca sativa) 24 25
11) Potato (Solamm tuberusun; 20 'an
12 Privet (Lignstrm lueidim, 25 500 1,200
13 Fhododendron (Rhododendron sp ) 20 259
15 Bedun (Bedum dendroldem )10 18 12 29 ok
15 Bnapdragon (Antirrhimum wates) 25 175
16 Bpatterdock (N¥uphar edvemnm) 25 168
17| Bpinach Eepinm:i- olm; 30 630 625 10
1 Tobecca (Nlcotiana tabacum 26 koo
19 Tamato (Lycopersicon esculentum) 25 g1
20 Viburmm (Viburmm sp ) I 2 109
2]) Wandering Jevw (Zebrina ) 25 38

935-1 078

2
23 Yucca (Yucos glarioss) 25 T8

22 Whent E‘rrtticm vulgare \

/L/ Refers 1o the ratio of the volume of (O, released to the volume of absorbed
/2/ Youmg Llest at 25° C  165-295 Yomng leaf, 1 lpplloa

young lesf /5/ Racorded values re;/n%ésmt data f;‘m'laj /h/ et ol
fore & respiratory quotient 1s not calculated At 20° ¢

leascd /"17 At 0P c, 15 st k5P, 17 25 at 146';" c, 5 ’/%?A:ue;g 30253; at
2P C 333 at 2 C, 3Tk /9/ Vnlus applicable to vinter lcaves  For young ame.
per leaves 56 /10/ Data spplicable to leafy stem,
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141 RATES OF RESPIRATION ROOTS RHIZOMES TUBERS, BULBS

Regpiration in plant tisste s in sximal tisvue immlves both of Oy amd wvo-
1ntion of COp. the tissoe in & calibrsted
coctaining e gas mixturs (0 &nd €O,) of known composit 1f pecessary, sod

dstermining the alteraticn in coxpositico of the mixture after a suitshls time Gas yol-
Toes are exprensed Incum of gas (st 8@ T P ) per gram fresh wveight of plant part per
‘hoar

Carbon
Oxygen [Respiratory
Species Tosperatory  Dioxide fhecrbed | Guotlentl
Sc” cu mafy cu_mm/gforr
[E)) ® {c} ) 1)
Roots
I Boet prrien (Pota vulearis)® 135 7,58
q Carrot (Dancus carota) 20 by Xl 1.1
a Carn (Zew ) e5 v 0809
Prs mﬂ‘m sativay) 20 L]
q Rediah (Regbanse uﬁm‘? 20 bl
q Rutabaga (Brassics ) = n
7 Sveatpotato (Ipomoes Datatas) 265 |15.22007
& Turnip (Rrassics rupa) 155 15 78
9 Woeat (Triticun valgare) L = 1 1389
Bhizomes
wvacp (Astlepies ipcarnats) 25 3
11| Spatteriock (Fuphar sdvemn! 25 26
{ calmmus) kA
Tobers
13 Potato {Bolamm tubercwm) [ 202 | 660 ns | os
ulbs
i cusom jrsm e 2 72 62 %
115 Tui1p (Tultpe ep ) 23 20
/1] Raters to the rutic of the voloes of relsased to the volome of

of C0p % sbecrtet. [2/ Dats
agplicable to Toot mlces [3/ At OO C, 23 ath %00 A3 /h/A:o“ e;ath0e, 33
at1s®C 86 v Ataoc 3643 /6] -.lmwpnmm pr:-rymtnp,sm-nnu
gerximation. For sdventitions root portioos (root tipe not inclmied), 2 weeks after grmioa-
um,az. I/ Ac»:,oc 23 /8/ aofc oe,nl;oc 13 ]9/ Valus applicable to
root tip  Tor roctlet 1o grovth zooe ) 200; for rootlst in root halr zoos 301 J10/
AL1I®C, 23 /1) Imature tuber at 20°C 168 [1g/ A;of’c,eo;nlcpc Yisy
At 5P C 9 cu mm Op abearbed

234



142 RATES OF RESPIRATION SEEDS

Fespirationdnplant tissue, as {nanimsl tissue, iovolves both conswmption of Op end
evolution of O, Gagcous exchange is mmmd placing the tissue in & cali-
brated chanher containing a gas mixture (3 of knovn composition, replen-
1shed if necassary, and dotermining the tamtio-u in composition of the mixture
after & suitable tim»  Ges volumos are expressed in cu t= of gas (at 8 T P ) per
gran fresh weight of seeds por bour Unless othervise specified, data are appli-
cable to seeds vith imblbed woter

Carbon Respiratory
Oxygen
Specles Temperature ll::;udd.e Absorbed Quotientl
¢ cu m=/g/hr | cu oo/g/hr
¢ 1 [3:) I () | (p) I m
Apricot (Prunus armenieca) 20 > 70
Barley {Bardeun .unxcgm) 29 5 3 10
Broadbesn (Vicia faba) 21 456
Cbr.rry sour (Prunus cerasus) 20 63
Hxwthorn (Crataegus sp ) 20 2
Juniper, camson (Juniperus
coeemis) 25 91
Oat (Avena sativa)’ 20
Fea, garden (Plsm ntln-) 2k 1516
Peach (Prumus persica) 20
Plm (P dasestica) 20 Eg
Pimpkin (Cucurbits pepo)’ h23
Rye (Bpcale spp )3 20 0 001,
13 Sorghm (Borginm vu!.su‘c; 20 0 002!
1M Wneat (Triticum vulgare) 208 0 0029

at 159 ¢ fnlhly):nrmntcd at 15° C, 101 /7/ Alr dry seods
Loating seers o 1659 C 108 cu ma Op absarbed  /9/ Germinating seods at 16 50 O
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141 RATES OF RESPIRATION ROOTS RHIZOMES, TUBERS BULBS

bour

Carbon
Oxygen Mespiratary
Bpecles Teperaturs é-lma. o tod entl
A} {B c {E)
Roots
Y Best gariem (Pets valgaris)” 15 5 (58 1
4 Carrot (Dancus carota) 20 Ik o] 1.1
o (zen mea) 25 156° 0809
Pea gurden (Piemm sativn) 20 1 1)
q Radiah (Repbarxs uum";g 20 el
q (Brasstea ) 2 n
7 Bveetpotato (Ipomoes batates) %5 |15 séen.z"
g Tonip (Rrassics rape) 15 5 15
d Wheat (Trt 2 1 330°
EXd romes
10 Kidloresd (Ascleplas tnoarata) n
}j Spatterdock (Mupbar sdvemm) o5 26
( ) 25 34
Tubers
19 Potato (Solemn toberosmm) ] e JeePX 1n9 | os
Bulbe
\ taton (Allius cepa) 2 71562 L
S Tulip (Tulipe op ) £ 20

/1] Beters to the ratio of the vulums of CO; relensed to the volume of abeorbed Dats

arplicable to root slicws [3/ At O°C 25;at k5% C k3 /h/AttPof 2; atban/g{JBJ
-v.u:o‘c ag /% At 20°C 36.-h3 6/ Yalne applicable

on. For sdventitious root portioos (root tips oot inelndad) 2 veeks after garmios

ton 82 /1) M ND9C, 23 /B AL CPC 02 ath%C 13 /9 Yalve spplicable to

nl#g 2“;, /u/ L;tur-r.u:: legmr?a;mtht e s 501-6?3 s

t c ps

Mo R J12/ A oPc, 2,0; wt 10° €, 1y

to primary yoot tip 3 dsys after
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142 RATES OF RESPIRATION SEEDS

Respirationdnplent tissue, as inanim=al tissue, involves both consu=ptien of Op sod
evoluticn of €O, Qaseous exchangs is oeesured b{pladngthethm in s ¢ali~
brated cha=ber containing e gas pixture (O, end COp) of known coposition, replen-
ished 4f pecessary, and determining the alteration in cacposition of the mixture
after a suitsble time Ces volizes are expressed in cu mm of gas (at ST P ) per
gran fresh weight of seeds per bour Unless othervise specified, data ave sppli-
cable to seeds with 1mbibed water

Carbon Respiratary
Oxygen 1
Specles Tecperature] Dicxide tient.
Released Absarbed @
S cu tm/g/br | cu m/g/br
(2} (B) (€) (p) (F) — |

Apricot (Prumus uﬂ:nh.cu; 20 2 70

Barley (BEordewm dll’tlcg\.h 29 T 173 10
E BErosdbesn {Vicia faba) 21 556

Cherry, sour (Prumus cerasus) 20 63
q {Cratacgus sp ) 20 K2
g Juniper, comon (Juniperus "

commis) 5 91

T Ost (Avena sativa) 5 20 0,001
d Pes, garten (Piwn satinz) 2 b
9| Pesch (Prusus persics) 20 56
10 Plun (P docestica) 20 by
1] Purptn (Cucurbita pepo)’ k23
12 Rye (Secale spp )5 20 0 oo
1& Serghm (Sarghun vulslrﬂ; 20 0 o002
15 ¥heat (Triticum vulgare) 208 0 0029
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145 RATES OF RESPIRATION FUNGI, LICHENS

Respiration 1n plant tissus, as in animal tissue, invalves both comsmption of On
saml evolution of CO; Oassous exchango is measured by the tissue 1n a cal-
1brated charber containing a gas mivture ( and CQ,) of known  coeposition, re-
Plenished If pecessary, and determining the alterationin composition of tha

after a sultable time Cas volimes are expressed in cumm of gas {at 8T P ) per
gram dry veight (mnless othervise specified) of plant matariel per hour

Carban
Qxygen Respiratory
Bpecies Temperature g:;dd- Abscrbed entl
. o cu cu
(A} (p) (¢) (D) (E)
Pungl
1| Agaricus campestrie? E1Y n3 4 1097 06
2| Asperglilus clavatus 235255 5,610 3,250 17
E A niger 5 25 15,000-20 000
Rlastomyces dernatitidis®] 20 2,k00
5|B dermatitidisT 20 1k,1%0
?th«hlu quercine ;ga 9,’»0('.05
Fusarium sp %0,000
Myrotheciuwm verrucaria9 | 30 58,000
9|M verrucarinl® 0 108,000
10| Bewrospora tetraspermall | 25 9,620-19,600 | 9,620-19,600 10
11]X tetrasperma 12 23 250-550
Penteilliun notatum 19,8-24 213 15,000
l{é Tlakes 205 25,000-30,000
k| Pysanm 22 k00 :X:]
(19| P polycephal x 1,400
16| PLiobolus kleini f 5,500 2,600
|17] Polyporus versicolor
y S e
19| Thel. tremelloddes
l20 Ve o P 60 000
Lichens
ladonia rangiferina 10 ns 143 08
g gultlacn canipa I 2 | ’I’O—lhO’ l

/llnefeuwthnntioufthavul\mnurc releassd to the volume aof abso.
/2] Also xoovm as Paalliota cempestris /3] Calculated on vet veight basts /h/ At
»,B00; ot Fo 3 /9 Glucose in pedis. /6/ Date spplicable to young myeelimm
/1] Data applicshle to yeast foro. /8/ Endogencus  /9/ Data appliesble to a
AB-hour culture /10/ Data applicable to = 28-bour culture /11/ Data spplicable to
amercbic resplration of gerninating escospores  /12/ Date srplicatle to womarcbic
respiration of dormant sscospares /13/ Lactose in xedia. [14/ Data applicahble to
1args pass plaseodivm (protoplascic mess) /13 Data applicable to soall mass plagmo-
afumy,
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146 RATES OF RESPIRATION ALGAE

Respiretion inplant tissus, aain animal tissue, involves both comsumption of Oy
and evolution af COp Gaseouns exchangs 1s measured by placing the tissue in a
calibruted chamber containing a gas mixture (O, amd CO,) af knovn campositicn,
replemished 1f necessary, and determining the slterstion in camposition af the
nixture sfter s suitable time  Gas volumes are expressed in cu mm of gas (at
8T P ) per gram dry veight of plant material per hour

Carbon
axygen Respiratary
Bpecies [Texperature] Diaxide
Re . Absorbed Quotientl
% | cummjafor| ouem/gfr
{A) —{B) (c) (D) {B)
Cywnophyta (Blue-green)
1| Apabaena sp l 25 l J & 500 ‘
Chlorophyts (Green)
Chlorella ellipscidea 25 1 300
4c pyrenoldosa 252 3 1,600-12 800] 1,ko0-11,200 11
4 Cladophaora arcts 12 900
9 Eoteromorpbe lipza 25 1100
d Hite11a clavata® 23 20,000-30 000
T Scenederms obliquus 252 500
4 Spirogyrs sp % 35 260-610 1,260-2 100 02-03
9 Spirogyra sp 35 1 530-2 190 1,500-2,100 10
10 Ulva lactuca 181 k93 09
1MU lectuce 25 2,60
Phacophyta (EBrovn)
Ascophyllum nodosmm 2 9h0
13 Fucus serrstus 18 3 165 307 05
14 Leminarie plyllitis 900
Bhodophyta {Red)
15| Chordrus crispus 1k 400
16 Gigartioe teedit ne Lo
17| Polysiphonia violacea ni 1ot 891 1.2

/1/ Refers to the yatio of the vuluoe af COp reloased to the volume

of ab-
sorbed muu/mm"@"h gt gl/”f-ﬂ e D::‘wln‘ppﬁ:m F02: 23,000; 0p, 19 00 /b/
/6/ Data appliceble to vegetative stoge ° (eonJugnting
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147 OXYGEN CONSUMPTION BACTERIAL SUSPENSIONS
Data are spplicable to bacterial supensions in the presence of glicose, un-
less othervise specified The axidation quotient, -Qoz, is the cu mm of 0y
-onsumed per mg dry weight per hour
Organiem Age of cell Tcanp -%2
hr C
(A} 8] {c) {D)
Arotobacter chroococcun 36 22 2000-10,000
Aerobacter aerogenes 17 k8 36330 h7,50
Bacillus cereus (short) 18 307 ha-86
B Cersus (filsrentous) 01 3-h9
B Subtilis 6-8 37 170
B Gubtilis, spores 98-147 | 32 10
Corynebacterium sp L8956 301 514
Escherichia coll 20 Loj32 200;272
Lactobacillus bulgaricus 8 37345 34355
10{ Leuconostoe citrovorum 16 38 8
Micrococcus luteus 0-34 35 1=
H flavus 30-34 35 8
13 M auranticus I0-34 35 14
14 H cimnebareus 30-34 35 32
lj H Fruendenreichii 30-; 35 20
16 Hycobacterium phlei 8y 38 28
17l ¥ reoegmtis 8y 38 23
18] M stercoris 8y 38 15
19 M sp Karlinski al 38 x
20| ¥ ranae 84 38 32
I21] M leprous kedroweky 8h 38 8
221 M butyricwm 84 38 13
[231 M tuberculosis bominis 252 38 b
X M tuberculosis avian 8h 37 1
25| Poewmococeus, Type I 18 37 2t
[6 Psendomonss fluorescens Qg ;eg gg
(27| Btreptococcus faecalis, B33A 1 1
bH 5 Fescalis, 10C1 15 37 57-80
[od 5 Fascalis, Lanceficld D 12-15 37 T e
30 S pyogenes, C203M ) 375 57-1631»
1 8 pyogenes, C2038 4 315 -131,3
3 8 Metmopniius, €3 8 sl s
33 8 thermophilus, I 8 37350 9310
34 Btreptomyces coelicolor T2

In a cediun containing yeast extract /2/ In a medium cumposed of saline
g/a glu:o:e, 17-25  /3/ In a cedium composed of saline and glucose, 25-h2
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/1/ Cottticient of variation = 6 9 = aversge of values from five sources (cf bibliogrsphy) /2/ Data spplicable to ages

seventy five anl abors  /3/ Yalue (sod rangs) sxtrgolatsd fron spootbed curve
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are eaocordingly high — the highest of the standards Valoes
tish BStandard, are bmsed oo the lowest of repested moasure-

Cal/sq m/br | Cal/ag w/ir| Cal/sq m/nr| cal/sq w/br| cal/eq m/nr
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149 COMPARISON OF STANDARDS OF BASAL METABOLISM MAN

ing pessurerents include mmny first tests (oo persons tnecrustomed to the pro-
ments oo trained perwons undsr rigorously bessl oonditions Moasures taken to
slininate matsboliss-raising influences have besn particularly effective with
adnlts, ylelding lover values then those in eny othar colum. Velnas in ooloen
I are based on messuresents on well trained children and sro gemerally the low-

Colmm F 18 the standard cormonly emplayed
in colwm D,

Bomedict 1919 [2/

in oo

Etandard These

Harris sod

§
%
3
36
33
b
>
33
318
Present B B D valms (cf '-‘b“

Baventy
31| Beventy five?

incluling thoss
/3/ Toe British

sshis afdts mmmmm : Wmm mm

AURIFR oronyg

n
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149 COMPARISON OF STANDARDS OF BASAL METABOLISM MAN

est of those given for children Adult valoes in oolumns B and C are o similar
that either standard cen be used safaly in clinical medicine Yor children,
choioe betwesn colmms E or 0 and colmmms B or D vill depend on the exparisnoe
of the testing laboratory Some laboratories (even sore technicisns) tend to
find higher besal valoes end some lsboratories, lower Each laboratory mey so-
oordingly devalop its own standard A varistion of ss much as 1% above or balow
the ;L-ndud—q oocur in healthy perscns (estimmtes "b , d of the ordinary
rangs

Tomlos
a Fobe: Lewis Boothby
l;l: m‘l’g!l ’1"1"*1951 -mm anl | Berkscn ana
a 1952 1903 | Domd? 1936
Cal/sq w/ir| Cal/eq nfir| Cal/sq w/br| cal/sq n/br| Cal/eq w/ir
(€] [¢:)] ()] [4)) [9.9) {r]
1 Oce 530
o o 32 & 29
i'nn'm 55 212 55 ansz
Four 539 9 8 39 k9 9
s Five 0 X84 50 (31
§ Bix 2 w7 0 518 w9
7| Beven %7 &5 & 50 2 55 @g
5 Eight [} k3 8 Ji: R Y hzo T
9 Mine 6.2 A28 JT RS Ao 7 1
ol Ten 9 25 M3 1y T
111 Eleven k35 k20 k2 k
12l Trelve 420 33 %06 '5‘33 :;;
N3 Thirtsen ko 5 K03 391 38 k ke sy
[1h] Fourtesn 39 2 39 2 378 368 b1
15 Fifteen 383 379 3 8 »e 397
6 Birteen 372 369 o
17] Seventesn 364 363 565 §2
Eightesn 338 39 ;?9 370
19| Hineteen B B5 > 5 36 6
ol wenty 353 353 33 363
1] Twenty five 351 352 [
2o Thirty 350 331 }5:1 %g
23 Thivty five 3% 8 330 335 o
o rorey’ 33 B9 326 33
Forty 39 ) 32 i 353
ke rirey 334 339 18
gl ricencim 29 333 ?1!85 beted
Bixty 2.4 27 5148 2
b Bixty five 318 32 3128 28
Bo| serenty 513 3n7 30 6 2
31 seventy-rive? 119
3 313 30 59 32 o8

/a/ Thees valnes constitute part of the besis those These

was oonstitute part of the basis for thoss in cols rnmacm/g?llnge /iém onmg.

/13/"] data given for pentedss KOML 35-k9, etc  /7/ Values  are rm-m
Extrspoleted by authars  /9/ Extrapolated, 0 B or ovor

S




150 BASAL METABOLISM VERTEBRATES

Values are for adults

Body Body Basal Metaboliem
Species Weight [Surrace’ Calories/day®
kg Q@ Total? [per aq m kaf)”%

(A) (B {c) () {E) 1
].lnu:n o 65 185 | 1667 910 "
2{Man 9 57 163 1347 ] 65
3] Baboon 6 23 0 k21 300 761 T7
b| cattle 366 b 56 5678 12k5 ]
5} Chicken 258 | 0163 138 o 68
6{ Chimpanrzee 38 113 1111 986 Lo
| Dog 9 0 632 42 831 i
8! Goat 36 109 ™7 683 51
9| Goose 50 0 2% 276 %5 &
l10] Guinea pig 0 78 | 0 0687 48 700 59
l11] Monkey, rhesus 3 22 | 0 257 156 608 65
12| House 0 G28s| 0 ooTOh 5 20 39 ™
13| P1g 186 2 67 2647 993 2
4| Rebbit 35 0198 160 809 62
5] Rat 0 300 | O 0384 26 686 65
14 Sheep 30 0 805 [3+] 860 55

/1/ Surface area calculated in sq cm from following equat cm.s
1’;3 c.hw body welght in grems: mn(d‘or?),)églﬂo
%;eﬁ-hnigﬁbinm) T cuttle,
15 82 mickan,QBjHO&'(orBéGHoﬁxlpgg\éhum
L.nmptonhculd.orle hinun);nhimpgzoe,louo

(assumed), dog, 11 2 WO 00T; @ut, 10 h‘o (u.ummed); goose,
10 WO 676£unmed) guinea mnkgg

11 ’{H‘O 7 mouse, 15 18 pig, 12 24 WO 5; mbhit,
%6 3 rat, 12 54 WO 60 , 8B5%0 66T [2/ In

kllomlories /3/ For entire orgnnimn
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“Parsting watabaliow] refers to beal FTation vhea the aximal 18 st rest {n & rescmbext yosition
Wasal mwrtadoliss the «xct valee depemiing ca the matare of the dist

friig [ azw 33 (33402 38592 2515
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Oxygen
Coosampt, 10a-

(1)

wown O10hj ~o
L Y -t

10a

[§3]

, before the morming feeding
Jorssy Famales

anvirament por in the post
y

Besting Hetabolims?s*
B ) I |

2.1
A73
39.1
12.8
2390
25
2h
2,
.2
2
19

5

Coggen
Conyumpt Lon;

Q1

BANH MO4HAD O
COOI VnAING 4w

Eolstein Femlse

—

[63]

Cal/e/oay | Caloq wjtay | Meersfig/iay | eat/ia/iny [ cal/eq wfaay [Uters/ia/eny

Rolstein and Jerssy Breeds Females Only

e

152 RESTING ENERGY METABOLISM DAIRY CATTLE

Tod [ (9]
Holsteln and
Jersey Fomles

kg

)
Focales

Holsteln | Jerssy

Temales

(€3]

abscrptive coodition, The resting metabolism, as .
pepding on the nature of the diat the time after feeding apd the envirommental teoperature

Resting natabolisx®l refy
and upder custorary farm

ANnenT wrwoq 4N

246

} for Jersey fe-
= body veight in

matabolism 17 Calories/day sod X

tely 150 kg dats based
100 kg y.zg;xo:?;

orer

FE

and pr

%7 meters = 0 15 (velght uu;s.ﬂg:'

to
~93

s/

/1/ Yor techniques eaployed and wderlying ssemptices

equaticn, Burface Arwa in
Yor Bolstein females wmp

mmles up to 100 kg Y
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153 RESTING ENERGY METABOLISM GOATS

Resting metabolism 1 rafers to heat production when the animal is at re54
in a recumbent position, altbough peitber in s strictly thermo-neutral en-|
lyiromeent nor in e post-absorptive comditlion It is messurad befors the
Imorning feeding undar customary farm conditions The resting mstabolism,
ag thus defined, is considarably greater tban the besal mstsbolizzm, the ex-
lact value depending on the nature of the diet, the time after feeding, and]
the environmental temperature

Tomunhurgnnﬂmmuouue

Body Rest Body Body Rest
Volght |Motebolimsdsh|| Velght [Metaperissdsh| Weignt Yotasorinssh
(¢ or 9) (¢ or 9) (¢ or 9)

xg Cal /ug/dny xg Cal /xg/dny xg Calfig/any

(a) 16) (A} {B) (A] {B)

2 g132  Qlek 18 o653 o5k 35 IR Ghk

Y 01063 997 la 20 d65 9ok ﬁ k0 w}O: k2

6 a3 W6 k5 oh8; k0

P B M (S E |2y

u 3 i a5 ok

ﬁ 26 a8 ohg > 8

12 oTh 965 Lhl 28 g6 Qub 60 ol

1 a7l 962 iy >0 da55; PaT 65 dh3 935

16 g68; 939 0 ok2;
J1/ Yor techmiques end 1ying 1ons Mo
Bmmmue/%; /a/smmmm-umr;qo@auzygﬂn
localories s data bassd an equation, Y » 166
rorrm-,r-lsoxJ%%ﬁ L I T

154 BASAL AND RESTING ENERGY METABOLISM: GUINEA PIGS
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156 RESTING ENERGY METAROLISM MULES
Resting netabolisr”! neasures the ensrgy maintenance cost 1in the stspling position after
intermittent light feeding (gruzing) Mo difference has besn found betveen stapding aod re-
cumbent metabolism records in horses over ths entire period of growth
Body Body 3 Oxygen
lppr:‘ﬂ:-h Voight Surface Area? Hatabollsm Consmptiont
a Mm Calfig/day | Cal/eq n/day |Liters/ig/tay
(1) (B) [() (D) (x) (r)
Males and Femles
Goe veek [ 135 s 2685 12 5
Thres vesks L] 162 55 2686 13
3 Four veeks 100 1.7 5073 2689 10.%
4 B1ix veeks 1% 2.42 K5 2493 90
S Four moaths 200 291 392 2697 g1
§81x noaths 250 33 3% 2 2698 75
7] Bight months 300 376 39 2a 70
# Pleven months| 3% k15 32, 706 66
9 Thirteen months &L00 A 52 6 705 613
10 Eighteen months k50 487 23 2705 61
1) Twenty six 00 5 m2 706 5e
1aThirty six 550 5 72 2708 56
13 Thirty-sight po 600 585 254 709 55
14 Fifty months 650 615 36 mo 53
15 Five ysars 700 N1 250 mo 5.2

/1/ Yor techniques exployed and unierlying sssomption see Kihler, § E amd Brody 8 Mo
AST Pxp Bta. Rey, Bull k38 199 [/ Based on equation Gurface Aros in £q melars = O 1

{veight in kg)° Boa Exp. Sta. Bes Bull 115 p 30 Kilocalories; dat
besed am i x-zax"sdsrmy.mcune C.l/dg'/nmx-bo;]mlnt
in xg /%, terperature ani pressurs
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160

METABOLIC RATES SOIL ORGANISMS
(Bee Dext page for colwmns 0-X of this table)

Inaz DTIthoan‘lyﬁhm-odo& w millioath o --m.u-u(xo-lf-‘); B = a xillionth
(10-6); m = n thowsandth (10-3); W atllem (109) Taloas 1n colm T4 K are toolnisd to intiaste order
of sagnitude of the mristolic agtivity of populsticos
Wetabalie Mate
Veight Ten
Orowpe wnd Opecles
Oalorise? mm"_?nm
a [ Calfur/1oa3 cal fir/1ma’ iﬂﬁ—"
{1 ()
Y dactaria
g Sarvise lwtes 1,000 m 205 Dam 35 Tm
2
N Mrootarma op 100 000 pu 20 Ok mp & 930
o w 180 000 ® 0 8 T %1 1750 o
q
7 Cmoe chiace (smoeba) () =3 M-SR mp | 08310 | B.6.129 R
[ toda
9  rocigters 0203 16 0 1h3217Tn 6,158 300450 p
Plectms 0 3-1.0 150 25584 A.B-6 600.1,200
ﬂ orylatm 035 10 hgess | aass | roow son
Aoes!
ny terrestries (sartheorn 200 17-20 0.5 = 029 00
BM  Losbrices terrestris (eertheors 3 o0 20-23 LA3m 0.29 03
E: Labricus 120 130 O.hoh m B> 0 0%
B’ Talix gurian soail 10 000 100 eoSm 0206 0426
j lnl.u:;: gardas soall 10 o0 20 ok m 0.2k 0.87%
£
Pd ortetes
e Iosetes sterrim:s 0.23 W3 0.6-0 7T N0 p
pa calsoptratus om 1.3 159 pT Y
Py  Parwsitiforsse
bl 0.2 1.95 00
7 Arenses
Lycose sp pTRY 130 B 22 |68
emrtoms 38 3o 91T » 2415 [1,900
P caruixe pemcralis (groood bestls) (223 o LA 119 1%
PY staphilims olens (rovs bestle) 7 130 MWy 133 [ X,
B3 Ppephima (gromd bestle} 1.9-2.2 15 0 ,1959 Egﬂ 1 500-2 000 4
gi Toticphtine bigattatus (groomd estls 75 30 8 T 60
Diptars
Pl Tl s (1arm) m »o 05 105 oo
P4 Timis o (larm) &1 130 5® n 0.8 0 10k
P L>29 130 6593 5 e 1,h00..
Fogxopuatins plusbens » 37 1 900
Orebesells flsTescens 33 30 S3TR | 2o, me:

/ll‘r-v-r-mn-d
0 acoarding to

tarmining valmss in sclosns D-G
L:rudz oarve  /2/ Dllocalorise /3 Individol.

Valoes in colom K are redoeed to the comeon stsodard




160 METABOLIC RATES SOIL ORGANISMS (Concluded)
(Bee precedirg page for colwwrs B-T of this tshle)

In egluis DD Y I the fo: sysbols are m{u & xillionth of & milliomth (10719} p = & xtlllcota
) m lwﬂ:(lﬂ'll =1110m ( Talmes in enlms T K are tnolaied to {ndtemts crder
ar we vity af

(Gomolodnd) Sypies) Bstisates Ntural Bainet
Growps el Bpeeiss m’
Basber Mose Metabolise
Lﬁm— Tar mq n g/ e
(] 7] [§3) {
i 200-1,200M  200-1,. o
g Servina lstss 7 on
A rangl 20400
X Myooderma sp iy om}
4 Seecharumross #p 1 0.0
4 Frotosom. 100-300 K 38 32 m
! Checa ctmoa (meoeba) 0.17-0.93 (o )
Pamm tods 01T3-20 X 07118 10T m
q  Mochystars 1317 ot
hd PFlectos 11k 0.83
hY  Dorylatmms 03511 oe
glxm-luh 50-2 000 16 [E1E
Lomhrions terrsstris (eerttwors 0.06 0.6
i bﬂmmumﬂ:rb{—rﬂym 006 {o.&
i Iostricus tarrestris -rtburl} ¥ o &
lélhl.'lm 08,900 o-% SLEY
Maliz 0 o 0.8
iR s (e -
LY Aoart A3 6T n
Rq  Orimstal 2,100-1¢1 000] 0 07-0.89 [0.105-2.0h m
Ry Tusetes atarrimns 0.104-0.16 ic.&
s Totsapis eoleaptrains o o,
2 Parssitiforses #00-T 200 009002 | 0130w
Macrochelss sp oA (0.8)
(7] Arscess 1T-637 0637 | 031k m
P Lyoces sp LR (0.82)
[ opilliooes 1.6-38 0 005-0.18{0 (60 AT m
[  Yesastows vp 05 » .
R Colscptera 1
Bd  Carsbos memcrelis (ground beetls) 0.0hT (0 &) > =
Y staghilioms eleoe (rowe beetls) o (X3
§ Epuptiina secalis (Lrood bestls) 1 0.,
Tiprttates (groced Meetls o CE:]
DA Diyters 10 1
31 Timls sp {larve} 0.2 (o &) B
e Tipule sp (larva) o (0.80)
Collawbals 20-40 000 [£.] (LR EY
Togmognatine plustess 0 T6B-1.00
4 Orebweslls flevescess ° 650
f2/ Xiocalories /)Ifamomnub.nu.vnn-umu ssecned. The valwe 0.82, 1s mrwally
assurd Decouss this 15 the ssem mmnmhmuurnmmuu’mm

valoes salrulated vill diffe ¥y mo more thes 3 7% fTom the trws values /3/ Valaes are reasaadly sccurate es-
and Jacteris valoes marulishle
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Bibliography

The system for presenting bihliographic references nsed here has been adapted
(rom one {n common use In geographic atlases An item in a table {s identifled by two
coordinates & letter designating the column and a number the row fo which the ftem
appears Ina typical instancein the bibliography the coordinates of an {tem are followed
1o the column to the right by a numberaccompanied by a small letter Therumberrefers
1o the bibllographic source the letter to the person contributing the item If anitem ina
table {s based on another item from another part of the same table the coordinates of the
lalter are given as source enclosed in parentheses
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