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l N ·.i: .i{ O D U C 1' 1 0 N 

fhe search for additional facts concering the functions of vari­

ous nutrients in animal nutrition c 0ntinues, with emphasis not only in 

single nutrients, but also in two or more nutrients in combinati11n with 

each other. 

In the laboratory in which the author 0£ this report conducted 

the study u pon which this thesis is based, two experimental animal 

studies previously had been conducted upon single nutrients, which led 

to the selection of the study which is reported herein. E rcelie Doss 

fodd (25) had worked upon different percentages of protein in an iso­

caloric diet c onstant in percentage of all nutrients except protein; and 

Harriet Criateen Miller Jolly ( 13) bad studied two extreme levels of as­

corbic acid in diets similar in other respects. In the £ormer study, vast 

differences in growth, skeletal status. condition of the soft tissues, rela­

tive weights oi. vital organs to total body weight, and other factors were 

found where tbe level of protein in the diet was altered. In the latter 

investigation, some differences in several ol these attributes were indi­

cated with and without a relatively large addition of ascorbic acid. 

The prese11t study was designed to ascertain possible int~rrela­

tionships between protein and ascorbic acid in the diet of the albino rat. 

1 



In planning the investigation, the author desired to find whether differ .. 

ent levels of protein as used by Todd with and without massive additions 

of ascorbic acid would result in differences in response by experimental 

. rats as measured by: growth; food consumption; three blood values­

blood plasma ascorbic acidt total serum protein, and serum albumim 

skeletal maturation and mineralizatiot1; relationship of total skeletal 

weight to total body weight; and weights of certain vital organs. Ihe 

study was continued for a longer period of time than that used by either 

of the aforementioned investigators in order to accentuate any changes 

for which the experimental diets may have been responsible. More­

over, the quantity of ascorbic acid employed was considerably greater 

than that used by Jolly { 13). 

It has been well established that ascorbic acid is needed for 

the normal metabolism of the aromatic amino acids-phenylalanine and 

tyrosine--and that ascorbic acid, as well ae some of the proteins 

(glutatbionone), is involved in the body• s oxidation-reduction system. 

Other investigators have considered certain aspects of varying levels 

of protein, particularly in the growth and blood values of experimental 

animals. \'veights of certain vital organs have been studied both in rela­

tion to dietary protein intake and ascorbic acid consumption under nor­

mal conditions, as well as those involving stress. Also, some of the 

effects of massive dosages of ascorbic acid have been investigated to 

some extent by previous workers. 
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It is hoped by the author that this study on protein and ascorbic 

acid ma.y offer a new insight into dietary interrelationships in that both 

massive dosages of aecorbic acid and varying levels of protein were 

used concurrently. 



EXP E RI MENT AL 

E X P ERlME N'r AL ANIMALS, THE IR CARE, 

AND THEI!t DIETS 
,___.._ ....,_._..._ ---

DESCRIPTION OF ANIMALS 

Forty-eight albino rats from the animal laboratory colony of the 

College of Household Arts and Sciences, 1'exas State College for Women, 

were selected from five litters, weaned and placed on experiment at 

the age of 21 to 22 days. Three males and three females were placed 

on each of the eight dietary levels, as described below. .Each level con­

tained three pairs of rats; each pair consisted of one male and one fe­

male from the same litter whose combined weight was 93 to 95 grams. 

The weights of animals 011 each treatment averaged 46. 8 grams per rat. 

HOUSING OF E X ? ERlMENl 'AL ANIMALS 

The aDimal laboratory in which the experiment was conducted 

was maintained automatically under constant conditions of temperature 

(between 7Z.0 and ,74°). Automatically control.led lighting assured equal 

periods of daylight and darknes s . Individual Bussey 464A60 cages, 

known as the lnsula type, were housed in a five-deck battery containing 

60 cages. These cages, 7. 0 inches wide, 9. 5 inches deep, and 7. 5 

inches high inside measurement, were closed on the back and sides 

4 
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with 21-gauge galvanized steel and on the front and floor with 16-gauge 

galvanized wire of one-half inch mesh. 

DESCRIPTION OF D1E1'S 

The experimental diets for four groups of animals were as 

nearly devoid of ascorbic acid as possible and contained four levels of 

protein. Two intermediate levels. as suggested by the Wistar Insti­

tute as the most desirable, as well as one lower and one higher level 

of protein were chosen. Another series of diets containing the same 

four levels of protein were supplemented with one per cent of ascorbic 

acid. All diets were made isocaloric:: by substitution of vitamin-test 

casein for cornstarch as the protein content 0£ the diets increased. 

These diets were selected after consulting those directing this study 

and reading literature on the subject. 'l'he composition of the diets 

is given in Table I. Table II lists the amino acid content and Table ill 

contains the mineral content, while the vitamin content of the diets is 

given in Table IV. 



TAB.LE 1 

COMPOSI T ION OF EXPERIME N TAL DlETS 1 

PART A-lNG.REDIENTS IN 600-GRAM POR. 'flON 

6 

Ingredients in 
3. 2"/a Protein 25. Z% Protein 40. 2o/o Protein 78. 2% Protein 600 .. Gram 

Portion of Diet in Diet in Diet in Diet in Diet 

Casein 0 132 zzz 450 

Cornstarch ,iao 348 258 30 

Dessicated 
liver 24 24 Z4 Z4 

Salt mixture 
No. II, 24 24 Z4 Z4 
U.S. P. XIII 

Corn oil 60 60 60 60 

Cod liver oil lZ lZ 12 12 

Gram total of 
ingredients 600 600 600 600 

10ther constituents added to the 600-gram portion of diet were: 
S mg. thiamine chloridei S mg. riboflavin; 5. 6 gm. calcium lactate; and 
500 mg. alpha tocopherol. 

1'he four diets outlined above represent those to which no ascorbic 
acid was added. Ascorbic acid to the extent of 1 per cent was added, re­
spectively, to form additional identical diets, giving a total of eight dis­
tinct diets. 



TABLE I 

COMPOS11'10N OF EXPERIMENlAL DIETS 

(CONTINUED) 

PART B-CALORIE CONTRIBUTIONS FOR RESPECl'lVE 
1!>,GREDIENTS IN THE DIET 

7 

ln.gredients in 
3. Zo/o Protein ZS. Zo/o Protein 40. 2% Protein 78. 2% Protein 600-Gram 

Portion of Diet 
in Diet in Diet in Diet in Diet 

Casein 0 52S 888 1,800 

Cornstarch 1,920 1,392 1,032 lZO 

Dessicated 
liver 384 384 384 384 

Salt mixture 
No. II, 0 0 0 0 
U.S. P. Xlll 

Corn oil 540 540 540 540 

Cod liver oil 108 108 108 108 

Calorie total of 
ingredients in Z, 952. Z,952 2,952 Z,952 

600-gram por-
tion of diet 
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TABLE II 



TAB .... .£ 11 

E S S .E N 'i' l A .L A lv11 N O A C 1 D C C i,; 'i' E r-'1 :!.' 0 Jr '1' }I E D 1 E T S 

0 N T h J:'.'., B A S IS OJ' A ''f E N - G .R A l>.t; P 0 .H. 'l' l O I'1" 

OF JHE DI E T 1 

-
Essential A m Ano .hcids 

Pro tein and An1ino 
Acid Groups 

Lysine l'ryptuphane .Histidine :i:-:'henylalanin<? 

Percentage ari1ino 
acids requi:red per 
l 0 - gram porti~n 
of diet 0. Ii..) u.G2 u .04 U.07 

3. 2,(f .Protein in diet 

A. Pe;r cent amino 
acids in casein i ,1 
l O - gza :ri portion 
of diet o.ou o. oo t}. OG J . 00 

-
.B. {A ./-liver.) T o-

tal pe::r cent a m ino 
acids h:i 10 - g ram 
portio11 of diet 0 .10 i). 02 0. Joi 0. 12 

-
C. Plus 01" m i nus the 

requirement of 
l:hTtino acids Ade- i ·de- .t ... de- ,...o. 05 quat~ quate quate 

-- -·-

1T odd, E rcelle Doa s (.2..f). 
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TABLE I I-CONTINUED 

Essential Amino Acids 

Leucine Isoleucine Threonine Methionine Valine Arginine 

. . 
I .· . ' . 

0.09 0.05 0.06 0.06 0.07 o.oz 

0.00 o.oo o.oo o.oo 0.00 0.00 

0.15 0.08 0.09 o.os 0.10 0.10 

.,Lo. 06 +0.03 ../-0. 03 - o. 01 .j..O. 03 +o. os 



TABLE 11-C :.)N'l'lNUED 
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TABLE I I -CONTINUED 



'l' J\ B L E 11-CO:N U NUED 

Ess ential ,.f.l~mi n o Adds 
P r otei n aL'ld A1nino 

Acid Group s 
L y s i.ue l'ryptophaue Histidh1e Phe Ll.ylalanine 

25. 2% Protein in diet 

A. P er cent amino 
acids in casein 
in 10-gram por-
tio11 of diet Li . 15 0.0 4 i.}. t;)6 0. 11 

B. (A ../-liver. ) i'o-
tal pel' c ent 
aminu adds in 
lO-g1·arn p oi·tion 
of d iet 0 .25 0 . 06 o. 1u G.23 

G , Ptus or n ,inu s 
the r equire:m ent 
0£ a i::oiu,:, adds ./-C. 15 I ,·, , , ,t .,Lo. OG / ,, 16 T ..;. v -J: ·r v . 

40. 2% 'Pr otei n i.. diet 

A. ?el' cent a 1'n i uo 
ndcls h'l casch .. 
iu 10-gr am por -
tion of diet 0.ZG 0 ,.-~ . .., ' 0 .1 0 J ·> · , . .... u 

B. (P. + live1•.) To-
tal per cent 
amh10 adds in 
10- g r am p..>rtion 
of diet 0. 36 G.U9 o. 14 u.32 
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TABLE II-CONTINUED -----

Essential Amino Acids 

Leuclne Isoleucine Threonine Methionine Valine Arginine 

o. 2.7 0.14 0.09 0.08 o. 15 0.08 

0.42 o. 2.2 o. 18 0.13 0.25 
. 

0.18 

.,LO. 33 .,L.0.17 -J.0.12 ,Lo. 01 -/-0. 18 +"o. 16 

0.46 0.24 0.14 0.13 0.26 0.14 

o. 61 0.32 0.23 0.18 0.36 0.24 



1' AB 1..E II-CON llNUED 
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TA-:1:l LE II .-:CONTINUED 



'f A :SL !i. 11-C ,:)NTlNUED 

, 

E::;oential Amino Acid s 
Protein and Amiuo 

Add Groups 
Lysine T ryptopha~e Histidine '?henylalani?>.e 

40. 2% ~:>rotein in diet 
(contiuued) 

c. Plus or minus 
the per cent re-
qu.irement of 
amino acids ..;..0 . 26 ./-G. 07 ..J.o. lu ../-IJ. 25 

7 8 2ti' 0 · '" i . d. • ,:J • ::-o~e .1 1n. 1et 

A. Per ce!ll: amino 
acids in casein in 
lv-gl'am portion 
of diet I.I. 52 0.14 o. zo 0. 37 

·-
B. (i\ + ii ve1·. ) ·io-

tal per cent 
amin.o adds in 
l O-g ran1 po rtion 
of diet v. 62 0.16 I). 2•J O. 51 

C. P lus o r minu s 
tbe per cent re-
quirement of 
amino v.cids .;.o. s2 /. J. 14 .;.. 1,) . 2(: /-0. 4,i 
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TABLE II-CONTINUED 

-

Essential Amino Acids 

.Leucine Isoleucine Threonine Methionine Valine Arginine 

./-0. sz .,l.O. Z7 ,'.0.17 ../-0. lZ +o. Z9 .,t.o. 22 

-· .. 

0.93 0.49 o. z(; O.Z6 0.53 O.Z9 

1.08 o. 57 o. 38 o. 31 0.63 0.39 

' 

+o. 99 ,LO. SZ +o. 3i ..;.o. zs ./-0. 56 +o.49 



END OF TABLE II 
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TABLE Ill 

MINERAL CONl'ENT OF THE D1E1'S ON THE BASIS 

0-F A 1'EN-GRAM PORTION OF DIET 1 - -
Composition of Salt Mixture No. ll, U. S. P. Xlll, 

Plus Added Calcium Lactate and 
Potassium Iodide 

Mineral Require - Mineral Content Relation&bip 
Minerals ment for 10-Gram of 10-Gram to the Re-

Portion Portion qulrement .. 

Calcium 40-50 mg. 50 mg. Adequate 

Phosphorus 35-45 mg. 40 mg. Adequate 

Iron O. ZS mg. Z. 7 mg. -/-2. 45 mg. 

Magnesium O. 5 mg. per 
kilogram of 11. 0 mg. .,L.10. S mg. 
body weight 

Potassium Males, 15 mg. .,t.5. 0 mg. 
i"emales, 8 mg. 20. 0 mg. .,i-12. 0 mg. 

Sodium o. So/o of diet 1. 0 ma. Adequate 

Chlorine 5. 0 mg. 10. 0 mg. /.5. 0 mg. 
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T AB LE III-CONT INUED 

Composition of Salt Mixture No. 11, U.S. P. Xlll. 
Plus Added Calcium Lactate and 

Potassium Iodide 

Mineral Require- Mineral Content Relationship 
Minerals ment for 10-Gram of 10-Gram to the Re-

Portion Portion quirement 
: 

Iodine l to 2 mcg. 800 mcg. Adequate 

Copper 0. 1 mg. O. 3 mg. /.0. Z mg. 

Zinc 40. 0 mcg. 56. 0 mcg. ~16. 0 mcg. 

1 
Todd, Ercelle Dose ( 25 ). 
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TABLE IV 

V 1 TAM IN C ON ·r ENT OF THE D 1 E TS ON THE BAS IS 

OF A TEN-GRAM PORTION OF. D1ET 1 

Composition of Liver and Cod Liver Oil Plus Added 
Alpha Tocopherol. Thiamine Chloride. 

and Riboflavinz 
I 

Vitamin Require- Vitamin Content Relationship 

Vitamins ment for ·10- of 10-Gram to the 

Gram Portion Portion Requirement 

FROM LIVER .. 
. 

Thiamine 10 mcg. 8, OOU mcg. Adequate 
. . 

Riboflavin 40 mcg. 8,000 mcg. Adequate 

Nicotinic acid None 0.1 mg. 

Pyridoxine 10 mcg. 13 mcg. ./-3. 0 mcg. 

Choline 2 to 3 mg. 8 mg. ../-5. 0 to 6. 0 
mg. 

-
Pantothenic 250 rng. dried 

acid liver or 100 ,'150 mg. 
mcg. calcium 

400 mg. 

. pantothenatca 

Folic acid None 3 mcg. 
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T ABLE IV-CONTINUED 

Composition of Liver and Cod Liver Oil Plus Added 
Alpha Tocopherol, ThiamJne Chloride, 

and Riboflavin 

Vitamin Require- Vitamin Content Relationship 
Vitamins ment £or 10- of 10-Qram to the 

Gram Portion Portion Requiremen1 

B1z None O. 4 mcg. 

Alpha toco-
pherol l. 0 mg. 1. 0 mg. Adequate 

FROM COD 
LIVE!i OIL -

Vitamin A 4 mcg. 170 l. u. Adequate 

Vitamin D Not required i£ 
calcium-phos- 17 1. u. Adequate 
phorus ratio is 
1:1 to Z:l . 

1 Todd, .Ercelle Doss ( 25 ). 

2Ascorbic acid-supplemented diets contained l per cent ascorbic 
acid. 
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ME1'HOD OF FEEDING AND RECORDING FOOD CONSUMPTION 

Fresh water was given to the experimental animals daily and re­

frigerated food was supplied as neede4, both being given ad libltum. -
Food consumption was calculated by weighing the food and lood container 

initially and reweighing it before fresh food was added to supplement that 

which had been eaten. A record of the food consumption ol each animal 

was kept and totalled weekly. 

GROWTH RECORDS 

The growth records •Nere kept in terms of the weights of the 

animals at the beginning of the experiment and weekly thereafter, using 

the same animal balances at all times. 

EXTENT OF EXPERIMENT 

All animals were kept on experiment for 1-40 days, unless death 

occurred before the close of this period. 

BLOOD ANALYSES 

Blood samples from free-flowing tail punctures were taken at 

specified intervals from one male and one female from each protein 

level except the lowest (3. 2 per cent). Their tim~a on the experiment 

ranged from 89 to 94 days, with an average time on the experiment of 

91 days. Using the same rate, final blood samp.lee were collected at 

140 days on the investigation. 
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Because of the small amount of blood obtaitia.ble from animals 

on the 3. Z per cent protein levels, .four extra animals, two male and 

two female, were placed on the e>.-periment and sacdficed shortly before 

death was anticipated, as indicated by extreme deficiency signs. With 

the anesthetized animal still alive, an incision "vas made i ntc) the chest 

cavity: and blood was removed by cardiac puncture. These samples 

were taken at 45 days. 

Blood samples were collected in 5-ml. oxalated centrifuge tubes 

and centrifuged for ten minutes at 1800 i-. p. m. 'fhe serum layer was re­

moved by means of a long-stem pipette to a small test tube. Serum 

sample& of the male and female .from each dietary group were combined 

so that there would be a sufficient amount for the tests. 

Deterrnination of plasma ascorbic acid was made immediately. 

The remainder of the serum was quick-frozen and later used for total 

protein and albumin det<:rmi.natio ns, insofar as the quantity of sample 

would permit. 

,, 

DETERMINA'rION OF BLOOD PLASMA ASCORBIC ACID 

The a scorbic acid content in the plasma was detell'mined by an 

adaptation of the method us ed by Farmer and Abt ( 23 ). 

From the sample 0 O. 2 ml. of plasma was transferred to a 15-ml. 

centrifuge tube. With the same pipette, O. 3 ml. of distilled water was 

added, thus washing out the pipette. Next, 0. 4 ml. of S per cent 
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metapbosphoric acid was added; the mixture was stirred. and centrifuged 

for at least five minutes. 

Eight~ tenths milliliter of dye acetate solution was measured into 

a microcolorimeter tube. The supernatant fluid was removed without 

contamination by precipitation, and exactly 0. 3 ml. was added to the dye 

acetate solution in the microcell. Th~s was stirred immediately, the 

plunger placed in position, the cell inserted into the Evelyn micro­

colorimeter and the galvanometer reading taken in 30 aeconds. The 

sample was blanked with ascorbic acid and the blank reading taken. 

DETERMINATION OF l'O"f AL SERUM PaOTEIN AND 

SE.RUM A.t...BUMIN 

Total protein and albumin was determined on the final blood 

samples by the Kingsley method ( 9 ). 

Each frozen sample 0£ unh.emolized serum was tl1awed and o. 5 

ml. traru;ferred to a graduated centrifuge tube. Twenty-three per cent 

sodium sulfate solution was added to the 10-ml. mark and contents 

of the tube mixed by repeated inversions; and a 2.-ml. portion of the 

suspension wae removed by pipette and placed in a separate sn,all test 

tube. This tube was used for the determination of total protein. Three 

milliliters of ether were added to the remainder of the suspension ln 

the centrifuge tube, stoppered, and shaken vigorously. This was cen­

trifuged for about five 1ninutes. After centrifuging, a 2-ml. portion 
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of the clear fluid below th~ white layer of packed globulin precipitate was 

removed by mea.ne of a pipeUe and transferred to a second test tube to 

be used for albumin determ inati•.:m. 

Four milliliters of a special biuret reagent were added to each 

tube. followed by 2 to 3 ml. of ether. These were stoppered, shaken 

vigorously, and centrifuged for five minutes. By mea,'ls of a pipette, the 

soluti~n under the ether layer was transferred to the cells which were 

used for determining density of these solutions in the Klett Electropho­

t.ometer. Readings were made within the next 10 to 20 minutes. 

The electrophotometer was set at zero, using a blank made of 

distilled water and biuret reagent and the 540 Mu filt4er. Next, the two 

oolutionF. for determining total protein and albumin were read. The 

readings on the electrophotometer were plotted on a graph, agaiust a 

fjtandard serum. 

An insufficient amount of plasma from the 45-day samples taken 

from the animals on 3. Z per cent protein, as well as the 91-day samples 

frum the animals on ZS. 2 per cent, 40. 2 per cent. and 78. Z per cent 

protein, prevented the use of the Kingsley method for serum protein and 

serum albumin determinations. Instead, total protein was determined 

by the Falling Drop method. 

By means o{ a Guthrie Pipette Controller, the Falling Drop 

tech11ique involved releasing a drop containing 1/100 ml. of serum into 
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a !falling Drop tube filled with xyhme-bromobenzene mixture. The drop 

was timed as it passed between two marks, 30 cm. apart, engraved on 

the tube. A stOJ.)-watch calibrated in 1/10 seconds was used and the time 

recorded. The temperature 0£ the water bath, which was the same as 

the standard solution and the serum, also was recorded. The apparent 

density difference of the serum a.nd of the standard solution then was 

found 'by means of an Alignment Chart. 'l'he 5pecific gravity of the serum 

\vas calculated; and, from chart~, the grams of protein per 100 ml. of 

serum was found. 

VITAL ORGANS 

DI[:if.BC ~L.ING 'fECHi\lli.JUE AND SUB5ELlUENT 'PROCEDURE 

rhe technique described by Donaldson ( 5 ) was used, as fol-

.L u n 8..!: Tbe lungs were severed from the trachea and the 

;,ortivn of the esophagus u s ually tske11 out with them was removed. 

5 flee n: Tbe vessails were cut close to the hilium. 

:·~ i cl n c y s : All vessels were cut close to the hilium and all su­

pcrfi.::ial fat rernoved. 

Liv c r: The vesaels were cut close ~o their entrance into the 

liver and the blood in the larger vesoels gently pressed out. 

S upra renal s: The suprarenals were removed from all over­

lying iai: and the main vessel severed close to the organ. 
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Testes: The epididy.mis was removed before the testes were 

weighed. As much of the fat was removed as possible. 

He a r t : The b.ea.rt was :removed after cutting all of its vessels 

close to their proximal ends. It then was opened by a longitudinal slice 

through its walls and the blood clots removed from the cavities, thus 

expooed. 

B rain: 'rhe bones fron-1 the skull were removed from above 

with care to preserve the paraflocculi which lie il1 bony pockets. The 

brain was sev~red from the cord at the level of the fii"at cervical nerve. 

'fhe brain then was removed frorn the floor of the c:l'anium. 

The vital organs were weighed immediately upon dissection with 

a. k~isher Grammatic balance. 

D:&:TJi:itMINATION OF .f?EHC.ii:N'.1.'AGE Oli"' BRAIN MOlS TU.a£ 

To determine the water co1,tent of the brain, all brains were 

oven dried at 60° C. w1til a constant weight was obtained. The weights 

of the dehydrated brains as well as the percentage of water of each brain 

were recorded. 

REC ORDS OF SKELETAL STA rus 

PRODUC ING I'HE X- RAY FILM& 

7.,eriodic X-rays were e:aken o! all of the rats in order to deter­

mine the rate of growth and the maturation of the skeleton, as well as 
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to provide X-ray material £or measuring bone density. Anteroposterior 

views of the left front foot were taken weekly throughout the period of the 

tests, or until U,e time of final closure of the metacarpals and phalanges. 

P articular care was taken in immobilizing tlie rat so that the carpal area, 

the metacarpals and phalanges, as well as the distal ends of the radius 

and ulna, were shown. The antcroposterior view was selected for deter­

mination of the rate of skeletal maturation in the rat, since it ie com­

pa1·able to tbe standard view of the hand used for ht1man maturation evalu­

ation, as presented by Todd ( 26 ), Greulich and Pyle ( 8 ). A lateral 

view of the right rear leg, showing the distal end of the femur, the 

tibia, and the fibulc1, as well as the oe calcis, was taken at the time of 

the initial test and monthly thereafter £or the duration of the experiment. 

The film used waz E astman d ouble -coated acetate base No­

f·ic:2.'een .X-ray film. Cardboard exposure holders were used. By means 

of a changeable lead-rubber protective covering for the hands of the 

per.son holding and iwmobilizf.ng the animal. four exposures were made 

on each 5 :•c 10-inch film, with all quadrants of the film except that being 

e :-r.pot:ed covered with a lead-rubber plate. The distance was decree.sed 

from the normal 30 inches to 15 inches in order to facilitate shorter ex­

posures . ~iince the intensity of X -radiation variez with the square ox 

the cr,ange in foccil-film distance, exposures at 15 inches require only 

<n1e fourth of the millio.mpere-seconds needed at the standard 30- inch 
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distance. A short time was essential in the x .ray e,q.losure of Living 

rats. A Gene1·al E lectric Model F Type ,1 Shockproof X -ray Unit was 

used, which has a powc1• output of approximately 50 kvp. .Exposures of 

one-eighth secoi-id were made at 15 1rJilliampere a. 

In order to provide adequate protection to laboratory personnel, 

the X-ray films were taken in a lead-lined protective box equipped with 

a lead.glass viewing window and adequate working illumination. '.i.'hls 

apparatus is the same as used by Er.-celle Doss Todd ( 2 5 ) and is showa 

in .figure 1. 

E V.ALU \.T!NG SY..E,LE'IAL .M.A. l.'URATl'·:.>:N ----- - -... ,, ... ___ _ 
The X-rays of the left front foot of the growing animals were 

used to observe skeletal maturation. '.fhree methods normally are 

uBed in the determination of skeletal maturation. Bone ossification 

and the degree of fusion of 1011g bones with their oseific centers (com­

m only determined by examination of the hand and wrist in humans) may 

be observed: (a) by dissection, or (b) by inspection of the X-ray images 

of long bones to find the degree of fusion. 

In the case of disse~tion there is the disadvantmge that no 

further measurements of the same animal can be made. On the other 

hand, periodic X-rays can provide a series of results on the same ani­

mal. 



26 

FIGURE 1 

LEAD-LINED PRO 'ECl'IVE BOX 

USED ro X-RAY ATS 
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The number of ossific centers including carpals. as well as the 

shape and other features of long bones, has provided a standard basis 

for the evaluation of skeletal age in Caucasian subjects. Skeletal age 

in human children may differ from the chronological age by several 

months or even years. Todd ( 2 6 ), and Greulich and Pyle ( 8 ) have 

used the foregoing technique. In rats, all the carpal bones are present 

at birth. 

Inspection of the X-ray films in order to determine the degree of 

union of the ossific centerz oi the front foot was regard+.?d as the best 

method of evaluating skeletal maturation in the case of rats, since the 

uuunited centers of the rnetacarpnls and phalanges a1:e present a1; birth, 

as noted; and they fuse with thQ! bone proper over a apan approximately 

of 12 weeks, according to Dawson, as described by Donaldson ( 5 ). 

A"i.SAYI NG 'I'ECHNK}UE FO.R SKELETAL MATU.RATION 

The series of X-ray films of the left front foot of each animal 

was examined in sequence on an illuminator, usi.ig a magnifying glass. 

When no evidence of epiphyaeal nonunion was noted in a film, final 

closure was considered complete. 

GBTAINING THE ~iKELE1'AL WEIGHT ---~~ .. ---
After removo.l of the skin and major organs, the carcass of each 

rat was placed in a pan containing one quart of water. The carcass was 
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0 
allowed to simme1· at 185 F. for eight hou::.-s and the ar.>ft tissue was 

then removed by placing the remains of ihe carcass in a fine sieve 

t h1·ough which tap water was rapidly passed. The remaining skeletal :ma-

o 
terial was then oven-dried overnight at 85 C . and weighed. 

CRANIAL MEASUREMENTS 

Calliper measurements of X- rays of all skulls were made as 

follows: 

1. Length of cranium. 

2. Zygomatic width. 

3. Squamosal distance. 

ThE: foregoing measurements are diagrammed in Figure 2. Average 

dimensions for males and females, as well as the minimwn and maxi-

mum , were compared with the findings of Hatai, as reported by Donald-

son ( 5 ). 

Measurements wei'e from anteroposterior view:s o! the skulls 

taken immediately after death. E xposures w<?re made on Xodak No­

Screen X-ray film with a 1/4-aecond e:q>osut·e at 15 MaS and 50 kvp. 

with the apparatus already described in this section. 

DE T El.{M.lNA TION 0If BONE MINE.RA.LIZA TION 

Skeletal density measurements by the Mack Densitometric 

technique as described by Mack ( 14 ), and by Mack, Brown, and Trapp ( 15 ), 
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~-A-_.-4 

S9uamosal dislance 

ly9omalic widlh 
C T olal Cranial len~Jh 

FIGURE 2 

CRANIAL MEASUREMENTS 
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were made using I"1odel 4 of th~ series oi microdensitometric asse m blies. 

Densi~/ measurements of the diaphysi::, of the left t ibia. were made in the 

axial direction of the bone. 



PRE ~- ENTA 1 I ON OF DATA 

A series of tables and graphs contain the data of the study under 

discussion. Tables V, VI, and VU deal with food consumption of the ex­

perimental animals. fable VIII presents the growth records. Tables 

IX, X, and XI give the resulcs of ti.e asc orbic acid, total serum pro­

tein, and total serum albumin blood valu.es. 

Tables XII and XIII include the data Oi.l weights of vital orgaua. 

Table XIV gives the total and dry weights of the brains, as well as 

calculated percentage of toml znoistura. 

fables XV tc> :,\Vlll, inclusiva, embody the data on the several 

aspects of skeletal status of the animals. 

3 1 
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l"ABLE V 



TA.BL.l:.. V 

.F O O D C O .01 S U M P ·,f l O N O Jt RA 'i' $ v N EA C H i, E V E L -
OF Dll::,l'A~Y PR Ol' E l N 

PAR£ A - RATS ON DlETS \HTH i'li~ ADDlt D ASC ORBIC ACID 

FOOD 
Case Numbers of Rats 

1 2 3 4 

3. 2% P r otein 
6Dl - 33 . . S2 23 3 S 34 
5D2-17 . . 39 4S 36 31 
6D2- 19 . . . 39 25 35 31 

Aver age male . 43.3 33. 6 35. 3 32.U 
6Dl-36 . . 60 39 36 3 5 
SDZ-16 . . . 33 Z7 Z2 zz 
6D2-1 f; . . . ~4 33 33 37 

Aver age female . . 45. 6 33.0 30. 3 31. 3 
Average male and female 44.S 33.3 32.D 31. 6 

25. 2% Protein 
6 Dl - 4 6 56 - - 58 06 86 . 
502-14 . . . •l7 56 66 82 
6D2- 20 . . 46 58 S3 7 2 

Average male . 50 . 3 57. 6 6 1. 7 f>.:J . v 
601 - 35 . . . 63 71) 1~6 75 
SD2-7 . . . 64 66 0 1 44 
6DZ-l 7 . . 38 6 1 92 80 

Aver age femal~ . . 55.0 65. 6 a6.3 6~. 3 
Ave r age mal e and female 52. 6 61. 6 7•!. u 73.2 

1:0. Z% P r otein 
5D2-8 . . . 6& 65 76 73 
2J2-3 . . . 35 52 64 (}(, 
602-Z . . . 45 53 53 0•1 

Average male . . 49.3 56. 6 64. 3 rt':). 0 
6Dl-37 . . . 59 65 6 3 6·1 
6D2- 12 . . . 33 51 •B 6a 
6D2- 8 . . SU 4 7 7:, 102 

Ave r age female . 47.3 55.0 61. 6 78.u 
Aver age male and female 48. 3 55. 8 63. U 78. 5 

7 8. 2 % P 1·otein 
6Dl -51J . . 33 27 57 50 
5DZ- 12 . . 27 43 4 3 46 
ZJZ-1 . 23 3') St> S3 

Aver age mal e . . 27. 6 36. 3 s2.u 49. <> 
6Dl - 4 7 . . . 46 37 46 51 
5D2- 10 . . . 55 26 32 z.~ 
6D2.- 6 . . 33 ZS 39 3S 

.Average female . . ·'14, 6 29.3 39 . v 39. 0 
A·1erag~ male and female 36. 2 32.8 45.S 4·1. 3 
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TAB L .E V --CONTINUED 

-
CONSUMPTIO~J (GMS.) AT "ifl.'EEKLY IN f.EliVALS (l-10) 

5 6 7 8 9 10 

37 26 24 27 26 29 
31 25 22 27 2Z 19 
33 28 3~1 32 26 31 
33. 6 26.3 26. 6 28.7 24.7 26.3 
26 29 20 28 27 2.8 
23 37 31 29 27 22 
36 34 34 3,J: 34 36 
2/J. 3 33. 3 28.3 30.3 2<:i. 3 28.7 
31. lj 29.8 27.S 29.5 27.u 27.5 

73 so 73 S8 71 59 
107 151 133 125 119 113 

73 89 103 102 98 9[; 
87.6 106. 6 l 03. ij 1os. u 96.0 90.0 
Gl 41 59 S9 64 55 
73 120 94 96 94 91 
69 59 85 92 '12 94 
69. 3 73. 3 79.3 9Z.3 83. 3 BU. O 
7(: . S 90.0 91.2 98.7 89.7 85.0 

103 103 120 116 117 90 
67 80 78 102 92 92 
72 71 77 69 83 64 
GO.o 84.6 91. 7 95.7 '17 . 3 82. G 
S5 72 81 100 79 89 
69 90 117 116 121 112 
S9 77 ;H 86 87 84 
71. U 79. 6 94.: 100. 7 95.7 95. 0 
75. 8 82. 2 92. 8 96. 7 86.5 88.5 

73 81 48 68 90 i;,3 

57 57 50 56 63 69 
7,1 65 75 72 81 92 
6a. u 67.6 57.7 65.3 78. 0 84.7 

2'J 51 60 4.9 44 45 
32 39 31 42 46 38 
·13 43 4Z 42 40 48 
31. (; •14. 3 44.3 44.3 43.3 43.7 

-19 . 8 56. 0 51. 0 54.8 60. 7 64.Z 



TABLE V-CONTINUED 
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TABLE V -CONTINUED 



r AB L E" V -GONTIJ:~UE D 

-
FOOD 

Case Number of .Rats 
, 11 12 13 14 

3. Z 'Jfa P rotein 
6Dl-33 . . . 29 21 2.2 Z4 
5D2-l 7 . . 19 16 17 17 
6D2-19 . . . 26 26 25 ... 

Average male . . 24. 7 21. 0 21. 3 20. 5 
601-36 . . . 23 22 20 15 
SD2-16 . . . 30 2~ 30 31 
6D2-18 . . . 32 ?3 26 30 

Average female . . 23.3 24.7 25. 3 25.3 
Average male and female 26.5 22.8 l.3. 3 23.4 

25. 2·~') Pro\:ein 
6Dl-46 . . . 99 100 104 119 
SDZ-1 ~1 . . . 121 116 137 154 
6D2-20 . . . 12.7 78 91 lOu 

Average male . . 115. 7 98.0 110.7 12·~. 3 
6 Dl-3S . . . 66 74 6-1 67 
5D2-7 . . . 90 82 74 90 
6D2-1 ·;- . . . 80 77 7G 92 

Average female . . 78. 7 77. 7 72.0 S3.0 
Average male and female 97.2 87.8 i1l . 3 103.7 

40 . Z:7~ Protein 
5D2- 8 . . . 11 0 95 102 109 
2J2-3 . . . 81 120 169 1 Z0 
6D2-2 . . . 105 121 135 123 

Average male . . 98.7 112. 0 135. 3 119. (I 
6Dl-37 . . . 81 6.1.i 7,J 82 
6D2-l 2 . . . 144 135 126 12'1 
6D2.- 8 . . . 93 81 77 0 9 

Average female . . 106.0 100.0 91. C 10 1..i . J 
Average male and female !02.3 106. 0 113. 2 l 09. 5 

78. 2% Protein 
6Dl-50 . . . . 76 67 52 47 
SD2-1Z . . . 66 64 74 71 
2J2-1 . . . 77 75 ,:H 8 5 

Average male . . 73.0 60.7 73.3 67. 7 
6Dl- ,:t7 . . . 47 54 53 £16 
SDZ-10 . . . 46 47 4:8 49 
602-6 . . . 54 50 53 53 

Average fem ale . . 49. 0 50. 3 51. 3 51. u 
Average male and female 61. 0 59.5 62. 3 59.3 
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'£ A f.\ LE V -GON rl:'?UED 35 -

CONSUMPTION (GM5.) A'f WEEKLY ll\l I'J~!tVA.LS (11-20) 

15 16 17 18 19 20 

18 .. . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . 
18. O .. . . . . . . . . 
. . . . . . . . . . . . . 
Z7 . . .. . . . . . . 
20 33 2Z 21 2Z 19 
23. S 33. 0 22.u 21. v 2?.0 19. u 
21. 7 33. 0 zz. u 21. .J 2Z.O 1 '9. O 

105 99 '; l 35 97 132 
101 ZZ9 143 - llj 153 171 
120 132 112 ll ,' 126 111 
135. 3 153. 3 115. 3 107.7 127. 0 138. 0 

71 80 71 iZ 9S lZO 
69 85 9[.; 70 105 68 

106 107 32 &7 100 1~1 
82. 0 9 0.7 e3.7 76.3 101.tJ 37. 3 

1J8.7 1 Z2. C 99. 5 92. v 114.0 11:?. 7 

104 115 117 98 108 114 
1 "~ "., 172 107 7Z 115 101 
133 194 11 6 166 162 146 
12u. u 160.3 113. 3 112. v 128.3 120.3 

S7 73 79 66 72 82 
215 134 152 114 135 162 
fJ3 103 9;~ 66 'J6 109 

131. 7 103. 3 103.3 98.7 101. 0 117. 7 
125. 8 131. 6 110 . 8 103. 7 114. 7 119 . O 

61 59 89 58 75 59 
61 82 St; 72 80 79 
G3 89 87 e.1 Bl 83 
68.3 76.7 80.J 72.3 7H.7 73.7 
·H 46 73 5,1- ~n 60 
51 5-1 : 6iJ 56 S4 64 
5•1 44 60 65 52 61 
·i ·'.) . 3 48." 64.3 58.3 59.7 61. 7 
5';1 . I) 62.3 7 c. 3 65.3 69.2 67. 7 
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TABLE V -GON'fINUED 



TABLE V --CONTINUED 

PART B-.RATS ON ASCORBIC ACID SUPPLEMENTED DIETS 

FOOD 
Gase Number of Rats 

, 

.. 
1 2 3 4 

3. 2% Protein 
6Dl-38 .. 50 34 29 31 ' . . . . 
6D2-15 .. 33 40 26 27 . . . 
6D2-10 . . . . 35 37 32 48 

Average male . . 39. 3 37.0 29.0 35.3 . . . 
6Dl-34 . . . . 46 33 27 33 
5D2-15 . . . . 44 24 20 22 
6D2-23 . . . . 46 46 43 34 

Average female . . . 45.3 34.3 30.0 29.7 
Average male and female . 42.3 35. 7 29.5 32. 5 

25. 2% Protein 
5Dl-9 . . . . . 57 -· 68 52 85 
6D2-ll . . . . 42 47 82 115 
6D2-l . . . . 53 50 60 92 

Average male . . . 50. 7 55.0 64. 7 97.3 
6Dl-48 . . 42 54 75 78 
5D2-20 . . . . 59 71 64 68 
SDZ-21 . . . . 41 57 67 49 

Average female . . . 47.3 60. 7 68.7 65.0 
Average male and female . 49.0 57.8 66. ~, 81. 2 

40. 2% Protein 
6Dl-45 . . . . 44 sa 65 68 
502-23 . . . 53 53 58 56 
6D2-14 . . . 51 46 43 85 

Average male . . . 49.3 52.3 55.3 69. 7 
6Dl-39 . . . . 69 87 64 85 
5D2-l l . . . . 56 75 65 75 
6D2-4 . . . . 88 56 73 91 

Average female . 85. 7 72.7 67.3 83. 7 
Average male and female . 67. 5 62. 5 61. 3 76.7 

78. 2% Protein 
SD2- J. 9 . . . . 52 56 30 58 
6D2-16 . • . . Z9 39 48 55 
ZJZ-2 . . . . 22 51 67 67 

Average male . . . 34. 3 48.7 48.3 60.0 
6Dl-49 . . . . 17 74 50 51 
6D2-9 . . . . 32 47 23 47 
6D2-3 . . . 27 38 44 61 

Average fomale . . . 25.3 53.0 39.0 53.0 
Average male and female . 29. 8 50.8 43.7 56. 5 
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TABLE V-GONTINUED 

CONSUMPTION (GMS.) A T WEEKLY INTERVALS (1-10) 
. 

5 6 . 7 8 9 10 

20 16 22 22 22 28 
2'7 39 31 37 47 30 
36 37 22 32 31 30 . 

28.3 30.7 2.5. 0 30.3 33.3 29. 3 
30 25 20 26 28 27 
24 29 24 40 27 23 
38 26 27 21 . . .. 
3u.7 26.7 23.7 29.0 27. 5 25. 0 
29.5 28.7 24.3 29.7 31. 0 27. 6 

114 · 130 115 110 102 114 
99 101 105 117 80 106 
97 94 102 89 105 106 

103. 3 108.3 107.3 105. 3 95.7 108.7 
57 58 so 72 86 37 
76 120 104 88, 90 95 
67 81 68 74 68 8?. 
66. 7 86.3 84.U 78.0 81. 3 88.0 
85.0 97.3 95.7 91. 7 88. 5 98. 3 

54 73 90 107 119 112 
30 99 120 117 119 130 
90 85 105 95 92 111 
74. 6 85.7 105.0 106.3 110. 0 117. 7 
, '. 
I) '1 82 88 97 91 as 

101 104 86 ~,o 112 80 
104 89 81 83 "JO 102 

YI. 3 91. 7 91. O 83.3 97.7 90.0 

83. v 88.7 98.0 94.S 103.8 l 03. 8 

80 93 92 101 95 95 
59 48 65 ~4 90 &7 
67 65 55 66 64 65 
68.7 68.7 70.7 83.7 63.0 82. 3 
55 79 : 58 85 74 53 
55 62 59 68 52 61 
6u 55 58 57 45 45 

56.6 65.3 58.3 70.0 57.0 53.0 
62. 7 67. 0 64.5 76.8 70.0 67.7 
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T AB LE V-CCNT INU.ED 



TABLE V -CON TINUED 

FOOD 
Case Number of .Rats 

, 11 12 13 14 -
3. 2% Protein 

6Dl-38 . . . . 23 34 37 zz 
6D2-15 . . . . 29 24 26 .. 
6D2-l0 . . . . 23 . . . . .. 

Average male . . . zs.v 29.0 31. 5 22.0 
6Dl-34 . . . . 22 33 17 17 
5D2-l 3 . . . . 38 Z& 30 19 

6DZ-Z3 . . . . . . . . . . .. 
Average female . . . 30.0 30. 5 23.5 18. u 
Average male and female . 27. 0 29.7 z·t. s 19. 3 

25. zv7o Protein 
5:01- 9 . . . . 120 111 120 106 
6D2-ll . . . . ; . 118 81 1·16 117 
6D2-l . . . . 110 111 10 . .;; 99 

Average male . . • 116. 0 101. 0 123.3 107. 3 
6Dl-48 . . . . 1J6 110 l V•:i; 81 
5D2-20 . . . . B9 Iv! ( • /• ,v 110 
5D2-2I . . . 71 79 S7 76 

· Average female . . . 8S.7 96.7 ·13.7 89.0 
Average male and female . 102.3 98.8 10S. 5 98.2 

~.::o. 2% P rotein 
6Dl-45 . . . . 115 92 117 llb 
5D2 - 23 . . . . 141 151 1;:,s lS5 
6D2-14 . . . . 151 149 170 191 

Average male . . . 135. 7 130.7 157. 3 16-i·. 0 
61)1-39 . . . . 58 96 3(1 76 
5D2-11 . . . 66 az 37 7t) 
6D2-'~ . . . . 105 99 108 93 

Average female . . . 76.3 92. 3 93. 0 82.7 
Average male and female . 106.0 

78. 2% Protein 
111. 5 125.2 123.3 

5D2-19 . . . . 91 105 ·:M 103 
6D2-16 . . . . 66 31! 00 98 
ZJ2-Z . . . . l7 80 1()0 82 

Average male . . . 14.i ea. 1 91. 3 (H. 3 
6Dl- 49 . . . . 64 52 56 57 
6D2- 9 . . . . 55 71 60 70 
6D2-3 . . . • ·10 54 63 75 

Average fem ale . . . 53.0 59.0 66. 3 67.3 
Average male and fe.rr,ale . 63.8 74.3 73. 3 80.B 



TA B LE V-C ON 1..lNUED 

•' - · N'U >.An1·1 ·, c ..... .. ) 11· ~ v ;:., ~v, r.- .., ,.;N u.iv'i.~ . .n. ... 

15 16 

25 21 

25.0 21. J 

2.5 0 21. 0 

110 11 r~ 
143 1 49 
1u6 120 
1 . ~ 1 , 7 l 2 lJ. 3 

72 67 
oS 75 
i.H 98 
79 .3 8V. i) 

'1 '1. 5 104 . 7 

(~5 135 
!t:2 20 4 
1 ~/J 203 
1·15. 7 l b O. ? 

87 &3 
n ; 3u 

11 8 10 5 
·34. 3 ~ l. 3 

12 1.) . 0 l 36 . 1.i 

129 123 
1J 4 ·)6 
!16 100 
l 16. 3 106.3 
65 82 
SU 54 
78 72 
01. o 69 . 3 
91. 7 b7. 8 

- -
WEEKLY INTE~VA.LS (ll - 20) 

-·-·· 
17 18 19 

.. . . . . 

. . . . . . . . . . . . 

. . . . . .. 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

.. . . . . 

!28 116 14 6 
135 BS ~9 
11 8 ,va l ,iS 
i27.0 1•)3. 0 113. 3 

91 i:,o ~. 
' r) 

121 i G8 153 
54 ·JY 9 il 
dB. 7 89 . 0 109. 0 

10 7. f, '?6. 0 12'7. 8 

18() ! 62 i '77 
l 53 2.U9 li b 
205 194 l bO 

li.H . u 1J9 .3 135. 0 
?l 78 8'7 
66 '10 Gl 

HJ7 119 '11 
b l. 3 ~5 7 t~6 . 3 

131. 2 l 1l l. 7 135.7 

117 93 113 
116 75 ~8 
11}5 t Z4 106 
112.7 10 5 . 7 1J5.7 

b5 59 73 
6Z 56 67 
82 77 74 
69.7 o"i. n 0 8. 0 
,,n. z 64. li ~6. 8 

39 

20 

. . 

. . 

. . 

. .. 

. . 

. . 

. . 

. . 

. . 
127 
10'7 
H u 
H .:J. . ·7 
85 
Gu 
73 
8 2. 0 
9 ti. 3 

205 
172 
l ~ ,;] 

16 1. 7 
66 
?c 

14G 
';14. fj 

127 . 3 

102 
I u3 

91 
98.7 
60 
59 
79 
66. (1 

o2.3 
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1 ABLE VI 



TABLE VI 

AVE.RA G !D DAILY F -::>0 0 C •:)NSUM?TIOr 1 ~ G !{AMS 

P .8 R Q R A M O i' £. ;t PE R 1 M E :i! T A l. A N 1 M A ~~ 

P.A .. ~"I A -Cl-(OUP V·i lTH NO ADDED ASCO.RBIC ACID 

-
W i;£K ON EXPE.RIME1\f'f 

Rat Num ber 
, 

l 2 3 4 

3. 2% P rotein 
601-33 . . . . 0.1 &5 o. 100 0.135 0.11 g 
502-17 . . . . 0.136 0.184 v.146 0.123 
6D2-l9 . . . . o. 133 l} . 087 u .12S u. 114 

Average male . . . 0.145 o. 124 o . 135 0.113 
6Dl-36 . . . . 0.19U u. 129 J. 11 9 0.12S 
5D2-1 6 . . . . u. l C-9 0.086 l,.OS5 o. 08'7 
6DZ-1 B . . . . 0.139 0. 109 o. 117 o. 132 

Average female . . . 0.1 46 u. 111 0.107 0. 115 
Average male and female . 0 . H,6 o. 118 0.121 0. 116 

25. 2% Protein 
6Dl-46 . . . . 0. 116 0 . O;:;l i).077 0.077 
5D2.-14 . . . . 0.110 o. 101 u.0~4 0.0~8 
602 - 20 . . . . 0.1 ~9 0 .090 0 . ov, v.OS2 

Average male . . . o. 112 0.091 u.GLO o. 086 
6Dl~35 . . . . 0.125 u.102 0.136 o. o;:;1 
502-7 . . . . 0.122 o.O·:M •J. 01:, U.052 
6D2-l 7 . . . . 0.0 &6 O.l ) o u. 129 O. 0::>9 

Average female . . . 0 .0')0 u. lJ 1 J . 115 u.076 
Average male and female . O.lJ ! 0.097 o.0 s: 1 0. O,i l 

40 . 2!1/i) P rotein 
5D2- & . . . . o. l•J:4 0.095 o. o,·s o. ,nz 
2J2-3 . . . . O.Ot4 iJ .Of::8 v. Oi:, 5 I). 0 5 
602-2 . . . 0.0')6 J. or~a o.o,z u.o-;,e 

Average male . . . 0 . li)f, 0.0~0 o. 0[;7 O.O C:. o 
6Dl-37 . . . . 0. 124 1).098 v.o;o u.011 
6D2-12 . . . . 0.086 0.090 0.060 O.Ot 2 
6DZ- 8 . . . . G.lvl 0 .07[$ o. O';i:, o. 113 

Average female . . . 0.1 Q4 0.039 O. OGO O.Or/;t 
Average male and female . o. 106 

7 8 . 2% P r otein 
G.090 O. Oi:.iO :J . Oi:Jtl 

6Dl-50 . . . . U.094 0.060 ,J . l\J <i 0.077 
5D2-1Z . . . . 0.071 0,090 .J . 072 o. 06~ 
ZJ2-1 . . . . 0.061 0 . Of~ 3 u. 09..;; ,>. l)70 

Average male . . . o. o~,s u.078 t). 09 .J 0.072 
6Dl- 47 . . . . o. 122 0 . Ool i). OB5 O.O o9 
SD2-10 . . . . u. 1,~ 9 G.0&6 0.071 0.062 
6D2- 6 . . . . 0. Oe;.:J 0.065 J.077 0. 068 

Average female . . . o. 11 8 0.0,1 ,.). o, & 0.075 
Average male and fen1ale . 0.097 J .074 O. Q;j,1 J.t>74 
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-- -- -
WEEK O!:{EXPE.RIMEN1' 

-
s ·' t> 7 a 9 10 

-
0.13Z O.Ob& 0.084 J.089 o. Q'j l 0.099 
0.123 0.102 li.092 u. l!O 0.098 o. 080 
0.11::~ v.1 03 . u.115 o. ill 0.091 o. 111 
o. 12•i 0.09g U.097 O.lu3 0.0)3 o. iJ':)'7 

0.092 ,J. 1J4 0.071 o. 100 0.096 0.105 
O.US8 ;). 154 LJ. 123 o. 115 o. 116 0.092 
O. 1 ZS u.124 0.124 0.121 U. lZ·:t 0.132 
0.103 J. 127 1). 1 J6 v.112 0. llZ u. llU 
o. 11 ~1 ;) . 112 1; . 102 O.luS u.102 0.103 

o. 06!il: v.061 O.OS4 0.064 0.052 0.048 
0. 107 o. ll9 o. !)i) 4 0.035 0.081 o. 07,.1 
o. ~174 0.083 u. O,J2 J.075 0.06i, 0.065 
0.082 0.091 0.077 0.075 0.066 0.062 
J.J71 o. 04:7 0.071 o. ll l 0.070 0.063 
o. 0'11 0.125 0.03\J o. 0'-)2 0.033 0.079 
0. 069 O.Obl o.oe2 O.OB4 0.078 0.077 
o. 077 0.078 J. 0Sl 0.096 o. 07 '1 0.072 
0.08;) o.on1 0.079 0.036 0.072 0.067 

O.OC2 0. O'i'Z 0.197 0.070 0.066 o. 050 
0.073 u.078 0.071 O.ODS 0.072 0.069 
0.084 v. 'J79 0.077 0.066 a.01, o. 053 

0.0£:j a.J76 u. 115 o. 07-i 0.0'72 0.057 

0.061 0.073 o.~72 O.OD3 0. OGi> 0.066 
0.072 1). 0 f.; '1 O. Hi9 o. 109 O.lv? 0.101 
o. 08,J 0.073 0.07t 0.071 o. 07·1 O.Ob8 
O. G71 0.078 0.086 0.08 3 o.aa1 0.07 3 

0.077 l). 077 O. lGl O.OS1 ii . 076 0.068 

o. 102 o. 105 u. 063 0.075 0.097 0.09U 
0.076 0.070 0. 053 0.058 0.057 o.ns1 
o. 113 o. 069 0.074 0.06S 0.067 0.067 
0.097 J.OSl 0.062 0.066 0 .074 0.075 

0.035 0.086 O. O'J6 n.015 0.063 0.064 
: 

o. 0(,9 0.073 0.051 O. Oc)3 O. Ob·i 0.056 
o. 063 O.Oo4 0.060 0.056 u.oss 0.056 
o. 05& 0.074 0.061 u. OoS 0.061 0.059 

0.076 0.078 0.066 u.066 0.068 u.067 
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TABLE Vl-CON I INUED 

N El:Clt O~"l BXfi.£.RllviI.:;N T 
.h.at Number 

11 12 13 14 
, 

3. 2'% Protein 
6Dl-33 . . . 0.109 0.081 0.092 0.104 
5D2-l 7 . . . 0.085 0.076 0.076 0.081 
6D2-1 9 . . . 0.086 0.095 o. Cl92 ... 

A verag<e male . . 0.093 0.084 0.087 0.092 
6Dl-3t . . . 0.091 . O. OBS 0.082 0.074 
5D2-16 . . . 0.126 0 .122 0.122 0.11!6 
6D2-18 . . . o. 117 0.086 0.100 o. 11 <J 

Average female . . o. 111 0.098 0. 101 0.106 
Average male and female 0.102 o. 091 0.094 o. 101 

2. ,j , 2% Protein 
6Dl-46 . . . o. 071 0.069 0.066 0.070 
5D2-14 . . . 0.078 0.072 o. 083 0.08;3 
6D2-20 . . 0.079 0.04G o.osa 0.058 

Average rnale . . 0.076 0.063 0.069 ~.072 
6Dl-35 . . . 0.074 0.074 0.06"3 0.073 
5.02-7 . . . 0.075 0.066 0.061 0.068 
6D2-l 7 . . . 0.063 J.061 0.065 0.065 

Average female . . 0.071 0.067 0.065 0.06') 
Average male and female 0.074 J.065 0.067 o. 07 i) 

40. 'l/'/, Protein 
5DZ-8 . . . 0.059 o. 050 0.052 0.053 
ZJ2-3 . . . 0.058 U.058 0.109 0.075 
6D2-2 . . . 0.075 0.078 0.083 0.073 

Average male . . 0.06(! u.062 0. vBl 0.06'1 
6Dl-37 . . . 0.062 0.087 o. 051 0 .057 
6D2-12 . . . 0.123 o. 1,)7 0.103 0.101 
6D2- 8 . . . 0.071 0.061 0.060 0.067 

Average female . . O.OB5 O.Ot15 0.073 0.075 
Average male and female 0.074 

78. 2% Protein 
0.074 o. 07'1 0.071 

6Dl-50 . . . o. 079 0.095 0.049 0.043 
5D2-12 . . . 0.056 0 .054 0.059 0.052 
2J2-1 . . . 0.053 0.052 0.060 0.074 

Average male . . 0.063 J .067 0.056 0.056 
6Dl-47 . . . 0.06i 0.079 0.075 0.060 
5.02-10 . . . 0.057 0.060 0.061 O.OS7 
6D2-6 . . . 0.061 0.058 0.058 0.060 

Average female . . 0.063 0 .066 0.065 o. 05·) 
Average male and fetr.iale 0.063 0. 066 0.060 0.058 

- -
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W E.Eie 0N EXPEhlivtEN'1 -- - - - - -
15 1 b 17 13 l ':) 20 

0.0&0 ... . . . . .. . . . . .. 
. . . . .. . .. . .. . .. . .. 
. . . . .. . . . . .. . .. . .. 

o. 08;) .. . . . . . .. . .. . .. 
. . . . . . . .. . .. . .. . .. 

0. 117 .. .. . .. . .. . . . . .. 
o. 'J7 9 0.131 ,) . 090 0. 033 0 . 09i) ... 
o. 098 "· 1 31 J. 090 u. OG3 0. 0~0 ... 
o. o~z J . 131 0. 0'}0 0.033 0.09') ... 
0. 061 0 . 057 0 . 051 C. 046 0.054 0 . 070 
0. 102 0.125 0. 076 o. v64 O. Ou5 0. 039 
Q.067 0. 071 0 . 060 ;}. 082 o. :)63 o. 052 
0. 077 0 . 0 8 4 o. iH,2 J .064 o. 06"/ 0. 070 
0 . 072 O. D78 \), OtA Q. 065 0 . 0':!1 o. !j90 
0 . 051 0 .064 0 . 071 0 . 0 52 o. 071 0 . -047 
0. ')80 0. 0&0 0.058 O. il6i 0. 066 0. 046 
o. 06·1 0.074 u . 064 ,J. 059 O.G72 0. 062 
0. 073 0 . 079 IJ . {}63 0 . 062 0 . 070 0. 066 

0.052 0 . 053 0. 054 O. O·B o. 0,16 0. 0~8 
0. 074 O. O ?9 u. l :J7 o. 040 0.061 0. 052 
o. 072 o. 100 0.058 0 . 0:1Z 0 . 052 0. 06S 
0. 066 O. OS4 J.073 0 . 055 0.053 0. 055 
0.061 o. 051 O. J53 0.05S o. 0 4~J 0. 054 
0 .1 67 o. 104 o. 115 0.086 0.1J 2 o. 121 
0. 065 0 . 069 o. 06~) v .057 u. OS';) 0. 06!> 
0. 098 0. 075 O. Oi6 O. Oc7 0. 070 0 . 080 

J . 0£2 G. 0£0 o. 0 74 u. 061 0. 062 o. 06b 

0.053 0 . 0 52 '). 079 IJ . 050 o. 06•1 o. 051 

0. 046 0.057 o. 060 o. o,;7 0.049 0. 04B 
0.049 0.050 o. 0 •!8 O. <HS o. 0•1<,1 o. 04:3 

o. 05·) 0 .053 J. 062 0 . 048 0.052 0. 047 
0.05~ 0.057 u. ()i,8 o. 06·& o. oso 0. 06-1 

O. OSd 0.058 o. 060 0.054 0 , IJ78 0 . 0 5 4 

0. 052 0 . 0 -12 0. 056 0. 058 o. 0-15 0 . 051 

0. 056 0.052 0. 068 0 . 059 0.05S 0. 056 

0. 053 O. CJ52 O.v65 O.OS4: 0. 055 0. 052 

-
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TA l9 .LE V l - G ON l'lNUED 

PART B-GROUP 'fV ITH ADDBD ASCOABIC ACID 

1N .EE1~ ON E XPERH.,1EI~T 
Ra t Number 

, 1 z 3 1 

3. 2% P rotein . . 
6Dl-38 . . . 0.166 0.121 0.104 0.108 
6D2-15 . . . o. 107 0.133 0.096 u. 06<:l 
602-10 . . . ' 0.125 0.147 o. 131 0.201 

Average male . . 0.133 0.134 0.107 0.132 
6Dl-34 . . . o. 153 o. 118 0.099 o. 121 
5D2-15 . . . 0.157 0.093 O.OS2 0.095 
6D2 -23 . . . 0.137 o. 14:3 0.146 o. 116 

Average female . . 0.149 0.120 0.109 o. 111 
.h.verage male and female 0.141 0.127 0.10B 0.121 

25. 2% P r otein 
SD2-9 . . . o. 166 O. O•J9 0.069 0.088 
6DZ-l 1 . . . . . 

' 
0.086 0.069 0.100 0. 11 (J 

6L 2 -· ' . . o. 098 u 0.069 0.073 0.089 
Averag~ male . . o. 11 '1 0.079 0.021 0.097 

6Dl -4f.l . . . 0. 100 o. ·:.l1H 0.091:1 0.096 
5D2-20 . . . o. 11 ·1 0.103 0.081 0.079 
5D2-2l . . . 0.094 0.096 o. 096 O.OoJ 

Average female . . 0.104 0.097 0 .09?. 0.078 
Average male and female o. 11 iJ 0.088 0.086 0.088 

40. 2'f., Protein 
6Dl- 45 . . . 0.09S 0.120 0.074 0.066 
5D2-23 . . . 0.124 0.098 O.J39 0.069 
6D2-1 4 . . . o. 112 0.077 0.057 0.067 

Average rnale . . o. 111 0.098 0.07:J 0.074 
6Dl-39 . . . o. 14 1~ 0.132 0,076 0.087 
5D2-1 l . . . 0.132 0.100 0.075 0.079 
SD2-4 . . . 0.180 0.095 o. 097 0. 100 

Avera ge female . . 0.152 0.109 O.O B3 0.0~9 
Average male and female 0 .132 0.104 0.07? 0. OBI 

7 8. 2% Proteb 
5D2-19 . . 0.1Z6 0.092 o. 044 0.075 
6D2-16 . . . 0.06!3 0.072 0.058 u.019 
ZJ2-Z . . . o. os~; 0 .09H 0.103 0.083 

Average male . . 0.081 0.087 0.075 0.079 
. 6Dl-·i9 . . . o. 05(; 0.166 0.084 0.079 

6:C2-9 . . . 0.083 0.096 0.037 0. 066 
6D2-3 . . . 0. 07 1 0.036 0.081 0. 093 

Average female . . o. 06)} ~- 116 0.071 0.07'} 
Average male and female 0.076 0.102 0.073 0.079 
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1 A EL .E V 1-G ,:-i'H 'I1'-1UED 

\ 1r ZEI( O!,. EXP.E l-tI !·,iEI~~ 

5 6 7 e C'; 10 , 

G. 0'/7 0.063 0.085 0.083 0. 092 o. 11 4 
0.104 0. 139 0. 108 0 .!32 0.156 0.102 
D. 1·16 0.170 0.134 0.142 0.142 0 .138 
0.109 0.124 0.109 o. 119 o. 130 o. 113 
o. 119 0. 096 0.077 0.103 0.11 8 0.!10 
0.09S 0.126 0.101 I • 0.179 0.124 o. 106 
0 .136 o. 10(} C.092 0.077 . . . ... 
0. llS 0.107 0.090 0.120 o. 121 n.1os 
o. 113 o. 116 0. l 00 o. 12, 0.126 0.113 

D.090 0.086 0.07(1 0.064 0.057 0.061 
0.069 0.069 o. 1)69 0.069 0. 046 0 . 060 
J ,076 0.073 0.071 0.059 O. G68 0 .062 
0.01s 0.076 0. 07J 0.064 0.057 0.061 
Q.056 0.057 0.071 0.061 0.069 0.074 
0.082 0.10B 0.083 o. 07 .. 1 G.071 0. {)75 

0.100 3.075 (;. 057 0. 064 0. 056 J , 067 
1,). {) 7') J.080 0.070 0.066 0.065 a. 012 
a. 01::; 0.01& J.070 O.il65 0.061 O. L'\ (>6 

0.050 0.063 0.068 0 .071 0.075 0.069 
0.078 o.us4 0.002 0. 076 0.076 ·'J . 0 77 
o. 0'76 0.366 0. 075 o. 06tJ: 0. 057 o. 0t)9 
0.068 0.071 a.01s D. 070 0.069 o. o·n 
0.064 0.067 0.068 0. 072 0.062 0. 060 
0.089 0.082 Cl . !)63 0.052 0.081 o. 056 

0. l 02. 0.089 0. {)78 0. 075 0. 078 0.034 
O.OS5 u. OT) 0.070 0.066 0.074 0.067 
o. 1' 76 0.073 0 . 012 0.06;} 0, 071 t> . \,70 

0.083 O.OS2 0.069 0.072 0.065 0.062 
0.077 0.062 0.083 O. D99 (J. 097 ·J . 086 

0.078 0 .071 0.058 0. 069 0.053 0. 057 
0.019 0 .072 0.070 0.080 0.075 0.068 

o. 116 0. 111 0.077 0.105 0. 087 0 . 063 

o. 06) 0.069 0.063 0. 068 0.053 0.059 
0.077 a.a6s 3 .073 ·!J . 077 o. 059 0 , 057 

0.087 0.083 o. '.)71 0 . 083 0.066 0.060 
0.063 0.078 o.u10 O.OU2 0.070 0.064 

-



TAB!...E VI--CONT!N'Ui!:D 
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TABLE Vl-CGNTlNU.ED 



TABL :E VI-CONTINU.E .0 

"./,~ EEK ON .EXPE.!.Uivi~.i.~I 
:i<.at Number 

, 
11 lZ 13 14 

3. 2% Protein 
6Dl-38 . . . o. 091.J 0.148 0.090 0.095 
6D2-15 . . . o. 106 0.09D o.u9o ... 
6D2- 10 . . . il.11·, . . . . . . ... 

Average male . . 0 .107 0.11 9 0 . 090 0.095 
6Dl-3•1 . . . 0.095 0.142 0.076 0.081 
5D2-15 . . . 0.180 0. 129 0.13~ 0 . 101 
6D2- 23 . . . . . . . . . . . . ... 

Average iernale . . o. 13;· 0.135 0.107 0.091 
Average male and female 0.120 0.127 o. i)CJf.: 0.092 

25. 2% ::,ro tei:i 
5D2- '1 . . . 0.064 0.056 0.059 0.050 
6D2-ll . . . 0.065 0.043 o.01e 0.061 
oD2-l . . . 0.062 0.059 0.05~ o. 051 

Average male . . o. 06•1 0.053 o. 06·1 0.05-t 
6I;iI ~ 'lB . . . 0 . 086 o. Ol>.·~ 0. OTl o. 05'? 
5D2-,!0 . . . 0.060 0.075 0.07J 0.077 
5D2-21 . . . 0 . 056 0.061 0.066 o. 057 

Average fe:r.oale . . o.07u 0.073 O. U'i'l o. 06·1 
.t>.,.vcrage male and female 0.067 0.063 0.067 0.05} 

40. 2% Pr,.,teb 
&Dl-,15 . • . o. 06<;; 0.053 0.066 0.064 
5D2-23 . . . o. iJ85 O.OS9 0. 10·1 o. 10:J 
6D2-14 . . . 0.089 0.082 0.090 0.093 

Average male . . 0.081 o. :ns 0.081 0 . 067 
6Dl-39 . . . 0. O•U o. 06,-1 0.055 0.04i3 
5D2-il . . . 0.045 0. 056 o. 05:.; 0 . 052 
5D2-4 . . . 0 . '1S3 0.073 0 . 07~ o. \)(,3 

Averaae female . . O.v56 o. 06,;. 0.062 o. 05,1 
Average male and female 0.06[; 

7 8. 2% ?r:>tein 
\). 07•) 0.07-1 0.07J 

5D2-l 1 . . . 0.05J 0.002 o.oss 0.056 
6D2-16 . . . 0.062 o. 07•! 0.067 0 . 07·1 

' 2J2-2 0.055 0.063 0. 059 • . . 0.075 
Average male . . 0.()53 0.066 o. 06<., 0.063 

6Dl-,19 . . . 0.077 0.063 0.055 0. 066 
6D2-·1 . . . 0. 053 0.0~5 o. 03';< 0.063 
6D2-3 . . . 0.056 o. 06:) 0 .100 0.082 

Average female . . 0.062 o. \J66 0.065 o. 070 
Average rnale and female o. 06[.; 0.066 0.066 0.066 
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1' }'.. B Lb VI --C I )NTI NUED 

v. E~;¥.. ON .f..1.P .c. ... :UlVtLN l 

15 1 • - v 17 18 19 20 

o. 11 9 0. 091 .. . . .. . .. . .. . . . . .. . .. . .. . .. . .. 
. . . . .. . .. . .. . .. . .. 

o. 11~ 0. 091 ... . .. . .. . .. 
. . . . .. . .. . .. . .. . .. 
. . . . .. . .. . .. . .. . .. 
. . . . .. . . . . .. . .. . .. 
. . . . .. . .. . .. . . . . .. 

0 . 119 0. 09 1 .. . . .. . .. . .. 
O.OSJ 0 .052 U. 056 u.osv o. 0 5\) o. 0 5! 
0.072 i) . 074 U. 066 o. 04-i 0. !)72 o. 0 51 
0.052 0 . 056 tJ . 054 o. 0~10 0.046 0. 0-!b 
0. 053 v. :J61 0. 059 O. IH:7 o. 05? ?. 04~ 
tl . 054 o. 019 0. 01v 0. 044 o. 053 J. ;) 5~ 
0. 059 0.052 O. J83 0. 072 o .. 102 ,) . 'J57 
0. 063 0 . 073 u. :)39 0. 073 o. 071 0. 05Z 
l.l . 059 J . 05~ 0.064 0.063 0.075 0 . OS6 
:·i . C5t; 0 . 061..1 0. 061 0. 055 u. tJ67 0. 052 

0. 046 0.070 u.il90 0. 08Z 0.092 0. 105 
0.0S6 O. HW 0. 136 0 . lOtJ 0., 112 J . IH.s>.3 
v . 093 0 . 094 U. 09tl O.OS7 0. 06'/ J. 04tl 
u,v75 0.091 ;J, 107 0. 093 o. o9u O. J 7? 
0.053 o.usv (J . ;)43 o. o,~a 0. 052 0. 040 
O.OS1 o. os~1 tl . 042 ~.055 0. 049 v. ;J~S 
Ii . 07 .} 0. 069 0.071 O. 'J77 0.058 0.063 
0. 061 0.05 3 I.) , 052 0.06\J 0. 053 0. G4f:i 
1) . ,)6J o. 07 1l 0.030 O. J7$ 0. 072 3. ;)64 

0.069 0.064 0.058 0. 050 0. 054 0. 047 
D.07$ 0.060 0.080 0. 065 0. U62 0. 060 
o. oao 0. 0()6 Q, 066 u.075 0.061 o. 0.-1-a 
0. 076 0. 066 0.063 ,) . 063 0 •. OS9 ,). :>52 

0. 07\l o.ass U. U65 J . 051) 0 . 06-1 O. r>5 ? 
0. 0 51 O. Of7 o. 051 ,J. U•rl 0.057 o. 0!9 

o.osz il.069 0. 075 o. (167 0 .. 063 ') . 06 5 
o. 06J ;). 067 0.064 0. 0~7 0. 061 o. 055 

0.072 0. 066 O. J66 0 .06J 0 . 06J 0. 054 

. 



ENL t.:;.F TA .8 L .E V I 



TABLE VII 

.AD .E: '..i U AC Y OF ES$ EN I" l AL NU TR 1 EN TS IN 3 . 2 

?ER CENT ?ROIEIN DiE rs PE.R GRAM 

vF FOOD CONSUMED -
PAL-!. T A- ESSI::N I'IAL AMINO ACIDS 

Grams of Food Consul.'l:ted Dq.ily 
Essential Unit Re- Adequac y 
Amino Adds quire-

3 4 5 6 rnent 

Lysine 0 .030 0.040 o. oso 0.060 G:rarns 0.100 Ir.adequate 

Tryptophan 0.006 0.008 0. 010 0. 012 GramG o.ozo Inadequate 

Histidine 0.012 0.016 0.020 0.024 Grams 0.04U Inadequate 

- --
Pheny-lala. - Adequate at 

uine 0 . 036 o. o,,rn O.D60 0.072 Grams 0. 070 6 gm. con-
sumption 

Leucine 0 . 045 0.060 O. v75 0.090 G1•ams 0.090 Ad~quate aa 
6 gm. con-
sumption 

l soleucine 0.024 0.032 o. 40 0.048 Grams 0. 050 Inadequate 

Threonine 0.027 0.036 0.045 O.OS4 Grams 0. 060 Inadequate 

Methionine 0.01 5 0. 020 0. 02S 0.030 Grams 0.060 Inadequate 

Valine U,030 0.04li 0.050 0.060 Grams 0. 070 Inadequate 

Ar g inine 0.030 0,040 o. 050 0.060 Grams 0.02.0 Adequate 



£AB.LE Vll 4 '1 

AD EQ UA C Y S!_! E:SS.E N T I AL NU 1' .RIEN'I'S I N. 3. 2 

·:> ~ S. C E l'-S 1' P R O I' E I N D I E T -. P B ;1 G .R A. lv] 

Oi' FOG D C ON5 U ME D ((; u ~ l'INUED) 

PAi.l.T .8-MINE.H.A LS 

Grams of Food Consum ed Daily 

Minerals Unit ae. A dequacy 
quire-

3 4 5 6 ment 

Calcium 15 zo 25 30 1vJ.g. 40 -SU Inadequate 

i?hosphorus 12 10 20 24 Mg • 3S- ·1S Inadequate 
.. 

Iron O. IH 1. oa 1. 35 1. 62 Mg. 0.25 Adequate 

Magnesium 3. 3 •1. 4 5.5 6. 6 !v.i.g. 0. 50 Adequate 
Mg/ Kg 
body wt. 

- --
Potass ium 6 8 10 12 Mg. Maie s , Adeq uate for 

15 mg.; m ales; ade-
females, q uate above 
3 rri g. 3 gm. con -

s umptio11 
fo r females 

Sodium 4 . 2 s. 6 7.0 i! ,, 
' • i: M g. 0 . 5% of Adequate 

diet 

Chlorine 3 4 5 6 M g. 5 Adequate a -
bove tl gm. 
consumpti on -

iodine 240 320 •!GO 46U Meg. 1-2 Adequate 

Copf)er 0.09 !). 12 0.15 " · 18 Mg. o. 1 tl..de:pate \)'\et' 

: 3 gm. cons. 

Z itH: 16. B 22. 4 28. 0 33. 6 Meg. 4 0 Inadequate 



T ABLE VU 50 

A D EQ UACY. O F E SSENT IAL N U TR ! E~rs I N 3. 2 

P E l-\ C 1Z N 'l' P U O 1· I-a N O I .E: 1' S PE R G H. A M 

·:t:F F 00 D C ONS U .M £ D {CONT I NUED} 

P A J.~ l' C-VlTM vHNS 

Grams of Food Consumed Daily 

Unit Re- A dequacy Vita.r.nins quire-
3 ·' "" 5 6 ment 

l'hiamine 2400 3200 -4UOu 5600 Meg. 10 Adequate 

?..i bofla vil1 2400 3200 4001; 5600 Me g. ~o Adequate 

Nicotinic 0. 0 3 l>. 04 I) . 05 0 . 06 Mg. None Adequate 
acid 

2 y r ido:cine 3.9 5.2 , ,. o. :.) 7 . 8 i\•1.cg. 10 Inadequate 

Choline 2. 4 3.2 11. 0 4 . 6 Mg. 2-3 A d equate 

'.~antothenic 
120 160 200 240 lv.ig. 

250 mg. 
Inadequate 

acid dried 
liver 

Folic acid J .9 1. 2 l. 5 1. 8 M.:g. None A dequate 

B l 2 w. l Z :J. 16 0 . 20 0 .24 .Vlcg. )lone A dequate 

- -
Vitamin A 51 6& D:3 102 I. u. 4: m cg. A de(}uate 

Vitamin D 5. 1 6.$ 3 ,:: • :> 10. 2 1. u. i,'I Adequate 

l\J.pba toco - v. 3 o. 4 0. s 0 . 6 Mg. 1. 0 Inadequate 
pherol 

*vitamin D not required i£ Ca : P ratio is l : l to 2 : 1. 
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TA B LE Vlli 



l' A Bl.E VIII ---WEE KL Y W E IG HTS OF RA·".i:'2 •)N E A CH L EVEL 

() F D IE r A ~{ Y P ii ::) T E I .N 

PART A-RATS ON Dl.ETS V!ll'l-I N.:.) ADDED ASCC.!.l.BlC ACID 

W l:.aG.H 'l'S , loitial 
Case Number s oi Rats 

Wt. (Oms. ) 1 2 3 4 

3. 2% Protein 
6Dl-33 . . 49 45 40 44 41 
502-17 . . . . 4 5 41 37 35 36 
6D2-1 9 . . . 46 -12 41 40 39 

Average m ale . . 46. 7 42.6 39. 3 39.7 38.7 
6Dl - 36 . . . 46 45 ,13 -13 40 
5D2-1 6 . . . -!8 i3 40 37 36 
6D2-1 8 . . . -17 r:is 4 3 40 ~o 

Average · female . . ~7. ,j -1'!. 3 •1 2. lJ 4(; . V 38. 7 
Average male and female . -1 6. S t:1:3 . 5 40. 7 37. e 38.7 

25. 2% Protein 
6Dl- •l6 . . . 46 69 1v2 122 159 
SD2-14 . . . . 40 . t l 79 10\, lB 
6D2-~J . . . . t! fJ &3 92 i09 ll6 

Average male . . -14. 7 64. 3 '11. .) 11 0.3 134. 7 
6.Dl - 35 . . . . 48 72 trn 111 123 
5D2-7 . . . . 53 75 1,)1) 109 121 
6D2-l 7 . . . . 15 63 G2 l :J 2 127 

. Avera ge female . . . ·!S. 7 ·,o. u 93. 3 1.)7. 3 l 2S. 7 
Average m ale and fe!nale . 46. 7 6 ·1. 2 92. 2 1Ja. e 12~,. 2 

40. 2% Protein 
SDl-U . . . . a.1 :.· Cl 97 127 114 
2J2-3 . . . ·1-9 5-,i tH l 0i' l Z"t 
6D2-2 . . . . ·-17 6 '1 S6 l ll5 12.2 

Average male . . . ·!?. 7 64.3 69. iJ 113. j 131. 7 
6Dl-37 . . -16 6g 9 5 113 l ?.ii 
6D2-12 . . . . ·.l:4 55 Ill 103 118 
6DZ-8 . . . . 47 71 91 113 12£: 

Average female . . . ,1 s. ·; 6,i. 7 S8.7 109.7 12-!.7 
Average male and female . 46. 7 6,! . 5 88. G 11 l. 3 1 Z!:.\. l 

7 8. Z% Protein 
6Dl-50 . . . . e::1 Si.I 64 78 93 
SDl-li . . . 46 5-! 68 35 95 
2JZ-1 . . . . l}6 54 67 85 108 

Average male . . . 46. 3 52. ·7 66. 3 82. 7 96. 7 
6Dl-47 . . . . ?.6 54 65 77 82. 
5D2-1 0 . . . . ,!7 53 56 64 65 
6D2-6 

' • . . •H 56 55 72 80 
Average ien1ale . . . 4b. 7 54.3 5&.7 11. c 75. 7 
Average male and ier:naLe . 16. 5 53.5 62. 5 76. 8 87.Z 
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TA fl LE VIII-C ON'i'L\\J'iJED 

-
A"f WEEKLY IN'l'E.R VALS (GlvlS.) (1-1 0) 

5 6 7 8 9 10 

'*O ·:12 41 •B 41 42. 
36 35 34 35 32 34 
40 39 41 41 41 40 
38. 7 3B.7 38. 7 39. 7 38. u 3$ •• , 

40 40 40 40 40 38 
37 34 36 36 33 34 
40 39 39 40 39 39 
39.0 37. 7 38.3 38.7 37. 3 37. \i 
38. 8 33.2 3S.S 39. 2 37. 7 37. 8 

175 187 - .. 
194 - · 196 --· 195 17S 

143 167 202 20'1 21 0 218 
l 50 153 179 195 210 217 
156.0 169. 0 191. 6 200. U zos.u 203. 3 
123 124 11 9 114 130 124 
123 137 15-l 149 153 168 
11!3 138 l4B 1S7 167 173 
129.6 i 33. U 11(), 3 l •10. IJ 150. ;J 155. U 

142.8 151. J 166.0 170. v 177.5 1711. 2 

179 203 226 23S 252. Z56 
132. 147 157 171 182 189 
123 129 142 149 154 171 
141.7 159. 7 175. J 185. u 196. 0 205. 3 
120 140 161 172 189 192 
137 144 153 152 158 159 
l ':!- 5 150 153 17•! H,9 177 
136.7 1,14, 7 155. 7 159. 3 172. 0 176. v 
1,·w. 1 152. Z 16S. 3 175. 5 1 a,1. 0 190.7 

102 110 115 129 132 136 
107 116 136 137 150 168 
119 135 144 158 173 195 
109. 3 120 . 3 131. 7 141.3 151. 7 166.3 

$1 85 39 93 99 100 
66 76 87 95 102 97 
94 96 10-0 107 104 H3 
80. 3 85.7 92.v 91..,. 3 101. 7 103. 3 

94.8 103. u 111. 8 119. b 126.7 134. 8 



TAB LE Vlll --CONTINUED 
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I' ABL E V l II-CSIN'i'l NU.£.C 

WElGHT~ 
Case Number s of Rats -, 

11 12 13 14 

3. 2% Protei n 
6Dl-33 . . . . 38 37 34 33 
SD2-! 7 . . . . 32 30 32 30 
6D2- i9 . . . . ·!3 39 39 .. 

A·:c i·u.ge male . . . 37.7 35. 3 35. u 31. 5 
6Dl- 36 . . . . · 36 37 35 29 
5D2-1b . . . . 3-1 3-! 35 35 
6D2- H; . . . 39 3g 37 36 

Average female . . 36.3 36. 3 35. 7 33. 3 
Average male and female . 37. u 35.8 35. 5 32.o 

25. 2% ~..>rotein 
6Dl-4,6 . . . 193 2l>6 22t> 241 
SDZ- 1•,~ . . . . 222 231) 23b 250 
6D2-20 

I . . . . 228 234 2Zl• 246 
Average male . . 216.0 223. 3 Z2lJ. 3 245. ·7 

6Dl-35 . . . . llb l 4 Z 135 132 
5D2-7 . . . . 11u 178 173 18'~ 
6D2.- l i' . . . . 182 l &U 172 zuz 

Average ieinale . . . 160. " 16o.7 160, u 174. 3 
.Average male and female . l 81:.:. li is,s. c 19•!. 'l 210. {, 

40. 2% P r otein 
5Dl-8 . . 265 272 zso 291 
?J2- 3 . . . 198 206 221 230 
6D2-2 . . . . 1S9 22.2 231 2SO 

Average male . . . 220.7 23.3. 3 244. J 2s1. u 
6Dl-37 . . . 186 197 196 204 
6D2-12 . . . 167 H,v 175 183 
6DZ- li . . . 187 1:38 l<,2 190 

Average female . . 180. 7 1138. 3 1S4. 3 192. 3 
Average male and fem ale . 20fJ . 7 210.8 Zl4. ;:.; 22-t., 

7 8. zi;/_, P r otein 
6Dl-50 . . . . 137 144 153 155 
5Dl- l2 . . . 168 16a 179 1"'}6 
ZJ2-l . . . . 208 21)8 225 233 

Average male! . . . l 71. O 173.3 185. 7 194. 7 
6Dl-47 . . . . 10\) ~a 101 110 
SD2-1U . . . . 11S 111 113 123 
6D2-6 . . . lZO 123 131 139 

Average female . . . 111. 7 llO. 7 115. v 11 8. O 
Average male and female . 141. 3 1 ,12. 0 150. 3 1 SE-. 3 
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T AB LE VIII-C ) N1'1NUED 

(G1v1S.) Al' W£EKLY l N'TER VA LS (11-20) 

15 16 17 18 19 20 

3Z .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
31.0 .. . . . . . . . . 
. . . . . . . . . . . . 
33 .. . . . . . . . . 
36 36 35 36 35 34 
34.5 36. C 35. 0 36. 0 35, _; 34.0 
33.7 36. O 35. (! 36. v 35. 0 34. 0 

245 250 255 262 2S7 270 
253 262 268 267 273 276 
2S 0l 264 268 27•! 287 303 
250.7 258.7 263. 7 267. 7 272.3 283. O 
l •10 146 1SS 159 176 191 
182 139 19n 192 212 20 5 
191 192 203 204 217 218 
171. 0 175. 7 186.3 135.0 201. 7 ZllS. 7 
210. S 217. 2 225. 0 226.3 238.7 24-!.3 

292 308 312 325 332 340 
233 248 255 256 268 ?.75 
ZM, z·;i:s 266 288 312 32U 
263.0 278.0 284.3 289.7 304. J 311. 7 
202 203 211 2.13 208 217 
184 1B4 188 189 189 19 2 
203 21 3 222 21 •{ 233 235 
196.3 200.J 201. 0 205.3 21 0.0 214.7 
229.7 239 . i.l 245.7 247.5 257. () 263.2 

158 163 160 166 167 165 
191 206 Zl2 21 9 233 Z34 
21B Z55 Z60 zs,i 265 276 
197.3 zoa. 0 210. ~, 213. 0 221. 7 225. 0 
107 lH, 118 120 122 133 
12S 132 142 149 154 168 
1.1:<J 148 154 160 164 170 
121.0 132. v 138. 0 143.G 146. 7 1S7. U 
162. Z 170. O 174.3 17S.O 184. Z 191. ll 



TAB Lg VI l I -CCi';Tl~HJED 
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T A .BL .E VI I I -CONTINUED 



.1ABLE VUI-C ~ NrINU,t.; D 

PAR.\' B - .:lA i'S ON ASCO .. UHC ACID SUPPLE'MJL;N l~D D1El:'.S 

WEIGHT::i 
Case Numbers of Rats' 

Initial 
V-: t . ( Gms.) 

1 2 3 4 

3. Z% P rotein 
6Dl-38 . . ...16 43 .. rn 40 41 
l:.DZ-15 . . . 48 44 43 43 44 
6DZ-10 . . . 4S 40 36 35 34 

Average m e.le . . 46.3 42.3 39 . 7 39. 3 39. 7 
6Dl-34 . . . 49 4 3 40 39 39 
SD2-15 . . . 45 40 35 35 33 
6DZ-23 . . . 4t 42 46 4 2 42 

Average female . . 47. 3 ~13. 7 40. 3 38.7 38.0 
Average male and female 47. 2 43. 0 40.0 39. O 39. 3 

25. 2% Protein 
502.-9 . . . 46 49 93 108 137 
6DZ-11 . . . · 46 .' 70 97 117. 149 
6D2-l . .. Sv 77 103 11 3 148 

Average male . 47.3 65. 3 99. 3 11 4. 3 144. 7 
6Dl -4iJ . 49 60 8 5 109 134 
SD2- 20 . . 49 72 96 113 121 
SD2-21 . . . 43 62 S5 100 11 6 

Average female . . 47. u b4.7 89 . 3 107 .3 123. 7 
Average male and female 47.2 65.G 94. 3 110 . 8 134.2 

40. 2% P r otein 
6Dl -45 . ~7 6<.l 99 126 1 ,1£:; 
SD2-23 . . 42 61 77 93 11 6 
6D2-14 . . . 47 65 85 li>S 14u 

Average male . . 45. 3 63. 3 87. \.l 109 . 0 134. 7 
6Dl-39 . 47 68 94 lZl l •~U 
SDZ-11 . . . 51 ·, 3 107 12,1 1)6 
oD2- 4 . . . 47 70 lM 107 130 

Ave?age fem ale . 4S.3 70.3 95. 1,) 117. 3 135. 3 
Average male and femal e 4~6. $ 66. 8 

78. 2% P rotein 
91. 0 113. 2 ! 35. c1 

5D2-19 . . •18 S9 87 98 110 
6DZ-16 . . . 49 6 1 77 86 1'.)J 
2J2- 2 . . 50 54 74 93 115 

Average male . . 49.v 58.0 79. 3 93.0 10&. 3 
6Dl -49 . . . 46 49 64 76 9Z 
602-9 . . 44 55 70 89 102 
6 D2 -3 . 45 5-1 63 78 94 

Average female . . 15, ~I 52.7 65. 7 81. O 9(1. 0 
Average male? and female 47. U 55. 3 72. 5 87.0 l OZ.2 
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J,.' AB LI:: V IU- CON TIN"Ul:.:D 

(GMS.) A T W.EJ~KLY !NTERV.ALS (l-10) 

5 
, 

7 8 9 10 0 

-

37 36 37 38 34 35 
40 40 41 40 ,n 42 
35 31 34 32 31 31 
37. 3 35. 7 37.3 36. 7 3·1. 3 36.u 
36 37 37 36 3°1 35 
35 33 34 32 31 31 
40 37 •l-l 39 . . .. 
37.0 35.7 37.7 35.7 32.5 33.0 
37.Z 3S. 7 37.5 36. 2. 34.6 34.8 

l Bl 217 236 244 255 264 ; 
135 2J3 218 243 247 251 
182 183 206 216 220 245 
1$2. 7 2v2. 7 220.0 234.3 240. 7 253. 3 
145 145 160 169 177 167 
133 159 173 170 180 181 
137 155 170 166 173 175 
133. 3 153. J 169. 3 168.3 176. 7 174.. 3 
i 60. 5 177. 8 l Sl ·-.L 6 20!. 3 208.7 215. 3 

15-'l 165 188 214 228 233 
i •17 16'1 210 22G 225 242 
169 135 200 212 230 230 
156.7 173.0 199.3 215. 3 22.7. 7 235. 0 
153 174 186 192 210 210 
lb2 102 196 192 198 204 
1'*6 143 149 158 164 173 
153. 7 166. 3 177.7 180.7 190.7 l '15. 7 
l S5. 0 169.7 1 sa. s 193. O 209.2 198.7 

137 162 l'N zao 209 218 
lu9 111.) 112 Ill 132 144 
122 130 135 137 149 l6Z 
lZZ.7 134.D 14S. 7 152. 7 163. 3 174.7 
97 102 107 116 lZZ lZO 

116 1Z8 134 1·12 140 146 
112 115 114 105 109 113 
103. 3 115. 0 IHI. 3 121. Ci 123.7 126.3 

11S. 5 124. 5 132. 0 136.8 M3. 5 150.5 
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TABLE VIII-CONTINUED 

WEIGHTS 
Case Numbers 'of Rate 

11 lZ 13 14 

3. 2"/o Protein 
6Dl-38 . . . . 33 33 34 33 
6D2-15 . . . . 39 38 41 .. 
6DZ-10 . . . . 28 .. . . . .. 

Average male . . . 33.3 35. S 37. 5 33.0 
6Dl-34 . • . . 33 33 32 30 
5DZ-1S . . . . 30 31 31 27 
6D2-23 . • . . . . . . . . .. 

Average female . . . 31.3 32.0 31. 3 28. 5 
Average male and female • 32.6 33.7 34.5 30.0 

ZS. 2% Protein 
5D2-9 269 ' 282 292 301 . . . . 
6DZ-11 . . . . 261 266 269 274 
6DZ-l . . . . ' ,. iss . . 27.0 2.75 Z78 

Average male . . . . 261. o· . 21·2. 7 278.7 284.3 
6Dl-48 . . . . 177 187 193 197 
SDZ-20 . . . . 187 192. 184 203 
SD2-21 . . . . 180 186 189 192 

Average female . . . 181. 3 188. 3 188.7 197.3 
Average male and .female . ZZl.2 230. 5 233.7 240.8 

40. Zfe Protein 
6Dl-45 . . . . 238 248 253 259 
SD2-23 . . . . 238 241 255 262 
6DZ-14 . . . . 241 258 271 278 

Average male . . . 239.0 249.0 259.7 266.3 
6Dl-39 . . . . 204 214 217 226 
SD2-ll . . . . 209 210 214 217 
6D2-4 . . . . 181 194 209 212 

Average female . . • 198.0 206.0 213. 3 218.3 
Average male and female • 218.5 227.5 236.5 242.3 

78. 2% ProtC!in 
5D2-19 . . . . 225 241 243 260 
6DZ-16 . . . . 153 163 171 190 
ZJZ-2 . . . • 174 182 190 199 

Average male . . • 184. 0 195.3 201.3 216. 3 
601 ... 49 . . . . 118 117 124 124 
6D2-9 . • . . 149 155 154 ' 158 
6DZ-3 . . . . 102 112 119 130 Average female . . • 123. 0 128.0 132.3 137. 3 

Average male and female • 153. S 161. 7 166. 8 176.8 
~ 
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TABLE -V Ill-CONTINUED 

(GMS.) AT WEEKLY INTERVALS (11-20) 

1S 16 17 18 19 20 

30 33 .. . . . . . . 
. . . . . . . . . . . . 
. . . . . . • • . . . . 
30.0 33.0 .. . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . 
. . . . . . . . . . . . 
. . . . . . . . ~ , . , 
30.0 33.0 .. . . . . . . 

314 325 328 333 353 356 
282 286 29Z 275 291 302 
292 307 ·314 321 327 338 
296.0 306.0 311. 3 309.7 323.7 332.0 
191 194 187 196 203 ZlO 
zos 206 208 Zl3 214 ZZl 
185 192 198 194 198 202 
193. 7 197.3 197.7 201.0 205.0 211. 0 
244.8 251. 7 Z54! 5 255.3 247.7 271. 5 

263 275 287 283 275 280 
260 271 271 275 Z77 2.78 
292 309 313 318 340 354 
274.3 2.85.0 2.93. 0 292.0 297.3 304.4 
2.34 234 Z34 231 2.37 235 
220 227 223 2.33 237 242 
217 218 216 220 224 232 

223.7 2.26. 3 224.3 228.0 232.7 236. 3 
249.0 25S.7 257.3 260.0 Z65. 0 270.2 

266 275 287 280 301 307 
190 203 208 2.08 224 244 
208 218 228 237 248 270 
ZZl.3 23Z.O Z41. 0 241.7 257.7 273. 7 

133 138 143 151 164 164 

161 163 173 169 167 · 172 ., 

136 150 157 164 167 174 

143.3 150. 3 157. 7 161.3 166.0 170.0 

18Z.3 191. 2 199. 3 201.5 211. 8 221. 8 
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TABLE IX 

AVE.RAGE PLii..:.MA ASCOH.SlC ACID VALUE S O F RATS 

ON THE NINEfY --FlRSI' AND O NE HvNDRED 

~ .... 0 R T IE T H DA Y S O ~~ E X PE R IM .E N r ---------

Mg. Ascorbic acid/hH) Mg. Ascorbic AcidilOO 
1'.11. at 91st Day Ml. at 14:0th Day 

Dietary Levels 
Group with No Ascorbic Group whh No A scorbic 

Added Ascorbic Acid Added Ascorbic Acid 
.Acid Group Acid Gr~up 

3, 2% i?rotein 
li.. verage male 

and £emale1 0.05 1. 00 . .. . . .... 

25. 2% Protein 
Average male 

and female 1.91 1.88 0. Bl 1. 56 

40. 2% Protein 
Average male 

and femnle 0,dO l. 89 2. 3'1 1.96 

7 i:. 2% Protein 
Average male 

and female 0.88 o. 60 0.91 2. 50 

1 Asc~rbic acid values were ascertained from blood samples taken 
when rats had been on the experiment 45 days. 
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TABLE X 

AVE.RAGE TOI'!~L SERUM PRO f EIN VAJ ... UES O~"' RAIS 

1.HE N[NBTY-FIR~:i T A.ND ONE HUNDRI:;.D 

F (:dt I' l E '1 H DA Y 5 0 F EX P E R U/.i. E I · T 

~,ailing Drop Test on i'.<.ingsley Test on l.;uth 
'Hst Day; Day; 

Per Cent Protein/100 ivil. Gms. ?rotein/1 UO il/,.l. 

Dietary Levels 

Group with i'llo Asco1·bic Group with 1.Jo liscorbic 
Added Ascorhic Acid .• ~ .. dded A sco 1·bic Acid 

Acid Gr.:>l.lp A cid G1.-oup 

3. 2% Protein 
Average male 1 

and £emal12 1. 80 

·- -
25. 2% Protein 

Average male 
and female 6.40 e. 13 

' 
6. Q() 4. 93 

40. 2% Protein 
Average male 

and female 6.12 6. 80 4.07 3.93 

78. 2% Protein 
Average male 

and female 8.68 4. 86 5. 10 .:}, so 

1serum from rats on 3. Z per cent protein diets, both with and without 
ascorbic acid supplement, was combined from 4 5 day samples in order to 
make this test. 
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TABLE X I 

AVERAGE SE.RUM ALBUMIN V ALUES OF .aATS ON 

THE ONE HUNDRED FOR T IE TH DAY 

OF EXPER IME NT 

Albumin Values (Gms. /100 Ml.) 

Die~ry Levels 
Group with No Added Group with Added 

Ascorbic Acid A scorbic Acid 

ZS. 2% Protein 
Average male and 

female 3.93 3.33 

40. 2% Protein 
Average male and 

female 3. 43 3.29 

78. 2% Protein 
Average male and 

female 3.87 3. 53 



'f ABLE XII 
62 

AVERAQ:;:.; v1r-E IGHTS Ir~ GRAMS OF VITAL ORGANS 

01'"' RAT S ON EACH .l..,EV r: L OF DIE fAR Y PROTEIN 

PAR 'f A-GROUP WITH NO ADDED ASCORBIC ACID 

Vari- 3. 2% Protein Z5. 2% Protein 40. 2% Protein 18. Zo/• Protein 
ous 

Vital 
Oi·gans i\,lale l:i"'ema.le Male Female Male Female Male Female 

Lungs o. 5723 0.6726 Z.9065 2.3430 3.2085 2.1750 2.2130 1. 6294 

Spleen o. 03c·-! 0.0558 0.4580 o. 3987 0.4674 0.4325 0.4576 0.3921 

Kid -
neys 0.4652 0.477) 2.298 0 1.7009 z. &348 1.8890 2.8009 2.0958 

Live1· 1. 1504 1. 2.563 13. 600 8 10.1166 16.2244 11. 4307 14.Z629 12.1071 

Supra-
renals o. 1)127 0.0158 0.0749 0.0695 0.0677 0.0312 0.0600 0.0562 

~-
Tes ti-
clcs in 
males 0.087B . . . 2.9104 . . . 3.3764 . . . 3.0469 ... 

Heart. o. 26i.J6 o. 2.839 l. 0674 0.7796 1. 1424 0.8806 o. 91 .i}4 0.7291 

Brain 1. 1164 1. 1693 1.6971 1.6182 1.7469 1. 5696 1.4844 1.5830 

-



i'ABL .Z X II 
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AVERAGE ~.V.!£ 10 .i-il'S IN GRAMS OF VI AL ORGAN~ 

OF RATS ON Ei\.GH LEVBL OF DIETARY PRO"fl:lN - --- - -- ----- -
( GO i'1'l'lNUED) 

PA.a T B-Gt{OUP Yv' I l"H ADDED ASCORBIC ACID 

-
Vari- 3. 2 % Protein 25. 2% ?rotein 4u. 2% Protein 78. Z% Protein 
ous 
Vital 
Organs Male .Female Male Female Male :female Male Female 

.Lw1gs 0.6273 O.S77Z 3. 49·16 2.. 0417 2.4420 2.1852 2.8898 1.s9u6 

Spleen 0.0294 0.0386 O. ·1S28 u.3879 0.4510 0.4656 O. StH·l 0.4480 

Kid-
neys 0.5150 o. 51.)7 2.6946 1. 65£3 2.5273 2.Z7Z9 3.4856 2.1444 

Liver 1. 2564: 1.5063 16. 1671 9.332') 14.7909 12.5865 19.1023 11. 9048 

- -

Supra-
renals 0 .0126 o. 0113 ~.0641 0.0642 0.0639 0.0890 0.0514 0.0664 

Tes ti- . . 
clesin 
males 0.0365 3. 26U3 . . . 3.1399 . . . 3.3339 ... . . . 

Heart o. 22-:6 0.2175 1. 1 S87 0.7814 1. 0761 0.9312 1.1940 0.7383 

Brain 1. 27 80 1. l 71B 1. 6084 l. 5678 1. 6475 1.6230 1.70S7 l. 4774 

~ 



TABLE XIII 

rHE aAriv OF AVERAGE O RGAN \~!E IGHTS 1'0 

AVEi{AQ.E: 6 {) DY WE IGHT (x luO} --- ----.- - --
PART A-Ga:>UP '''ITH NO ADDED ASCORBIC ACID 

64 

Various 
3. 2% Protein 25. 2% Protein 40. 2°/.i Protein 7S. 2% Protein 

Vital 
Organs 

M.ale Female .Male l:'emale Male Female Male Female 

Lungs 1. 70 2. 1 1. 03 l. 14 l. 03 1. 01 u.9s 1.04 

Spleen o. 11 J. 17 o. 16 iJ . 19 J.15 o. 20 0.18 o.zs 

Kidneys l. 33 1. ·B O. Sl 0. 63 0.91 n.a8 l. 10 1. 33 

--
Liver 3. ,U 3.93 4.31 4.92 5.20 S.32 5.59 7.71 

Supra-
renals 0.031! {). 049 0.056 IJ.034 0.022 0.038 0.027 0.036 

Testicles 
in males i). 26 . . . l. 03 . . . 1. 08 . . . 1. 19 ... 
-

Heart 0.77 t) . 8'P 0.38 v.38 0.37 0. 41 0.36 0.46 

Brai n 3. 31 3. 65 · 0. 60 0.79 o. 56. 0.73 0.58 1. 01 
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TABLsi. }.Ill 

f HE RA I IO Q F' AV E RAG .E OR GA N ~N EI G H 1' S T 0 

Various 
Vital 

Organs 

Lungs 

F:ipleen 

Kidneys 

Liver 

-
Supra-
renals 

Testicles 
in males 

Heart 

Brain 

A V:C RAGE BODY WE IGH 1' {!: 100) 

(CONTINUED) 

PAa l' B-GROUP WITH ADDED ASCORBIC ACID 

3. 2 o/o Protein ZS. 2% Protein '!0, 2% Protein 7 8. 2% Protein 

Male Fer:1ale i.1ale Female !v1-ale Female Male Female 

1. 84 1. 80 1. 05 0.97 o. 8(J 0.92 1. Of> l. 11 

0.09 o. 12 o. 14 O. IB O. 15 o. 20 0.21 0.26 

1. 51 1. 6J 0.81 0.79 0.83 a.96 1. 27 1. 26 

3.69 4.71 4.87 ,,. ~2 4.b6 5. 33 6.98 ., • 00 

- ---
0.038 0.035 0.019 0.030 0.021 0.038 0.01~ 0.039 

o.zs . . . o. 98 . . . 1. 03 ... 1. 22 . .. 
! 

0.66 U.6S 0.35 0.37 0.35 0.39 0.44 0.43 

3. ilS 3.66 0.48 0. 7 ~1: u.S4 o. 69 0.6.Z 0.87 



TABLE XIV 

l' O 'I' AL 'N EIGH IS AND M O I S TURE CON IENT OF 

BRAIN S OF EXPERIM E NTAL AN IM A L S 

PART A-OROUP WITH NO ADDED ASCO.LUUC ACID 

rotal w eights Dry 'Neights Percentage 
Rat Number of Brains of Brains of Total 

(Gms.) (Oms.) Moisture 

3. 2% Protein 

6Dl-33 . . . 1. 2641 0.2670 78. 9 
5D2-l 7 . . . Q, 91,02 u.2osa 79. Z 
6DZ.19 . . . 1. O<.M,8 0.2423 77.9 

Average male . . 1. 1164 0.2384 78. 7 

6Dl-36 . . . 0.9302 0.2026 78. Z 
5D2-16 . . . 1. 1•)40 0.2627 78.0 
6DZ-13 . . . 1.3838 0.306S 7i.8 

Average fem ale . . 1. 1643 O.ZS74 78. 0 
Average male & female 1. 1428 0.2479 72.3 

ZS. 2% Protein 

6Dl-46 . . . 1. S639 0.3339 78.6 
SDZ-14 . . . 1.6583 0.3328 79.9 
6DZ-2D . . . 1. 8691 0.4762 74.5 

Average male . . 1. 6971 0.3810 77.7 

601-35 . . . 1. 5180 0.3333 78. 0 

502-7 . . . l.S528 0.3SZ7 77.3 
602-17 . . . 1.7838 u.3966 77.8 

Average fem ale . . 1. 61 SZ 0.3609 77.7 
Average male 8t female 1. 6576 0.3709 77.7 
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f ABLE :X lV-C ON.fINUED 

T otal Weights Dry \'{eights Percentage 
Rat Number of Brains of .81•ains of rotal 

(Gms.) (Oms.) Moisture 

40. 2% Protein 

' 
SDZ-8 . . . 1.7962 0.3998 77.7 
ZJZ-3 . . . l. 3039 0.4102 77.3 
6DZ-2 . . 1. 64GS 0.3601 78. O 

Average male . . 1.7469 0 .3900 77.7 

6Dl-37 . . 1. 4755 0.3248 7 8 . i; 

6D2.-12 . . . 1. 62116 o. 3361 79.4 
6D2-8 . . . 1. 6037 .... ... 

Average female . . 1. 5696 0 .3304 78.7 
Average male & female 1.6532 u .3602. 78.2 

- -- ·-
78. 2% Protein 

6Dl-50 . . . 1. 4830 u.3116 79. J 

502-12 . . . 1. 4873 (J ,317S 78.6 
ZJZ-1 . . 2. 0679 u .3840 8 1. '± 

Average male . 1. 67~4 0.3377 79.7 

6Dl-47 . . 1. 4044 u.3294 77.S 
SDZ-10 . . 1.6258 0.3636 77.2 
6D2-6 . . . l. 6387 0.3661 77. 7 

Average female . . 1.5330 0.3530 77.6 
Average male & female 1. 6312 0.3453 78.6 

--



TABLE XIV 

T:)TA.L Vi EIGH1S AND MOIS T URE CONTE I'i'f OF .BRAIN S 

£!:_ EXPERIMENT A .L ~\N IMA LS ( CONTINUED) 

PAR T .B-GROUP W1TH ADD.ED ASCORBIC ACID 

Total \V eights Dry Weight.a Percentage 
.Hat Number of Brains of .Brains of rotal 

(Gms.) (Gms.) Moisture 

--
3. 2% Protein 

6Dl-38 . . . 1. Z23iJ 0.2537 79.2 
6D2·-15 . . 1. 29 )8 0.2.927 77. S 
6DZ-10 . 1.3111 O.Z704 79. ~ 

Average male . . 1. 2780 0.2.723 78.7 

601-34 . . . 1. 0860 0.2301 78.8 
5DZ-15 . . 1.1639 0.2475 'i 8. ·1 

6D2-23 . . 1.2654 0.2705 78.6 

Average female . . 1.1718 0.2494 78.7 
Average male &: female 1. 2249 0.2608 78.7 

25. 2% Protein 

5D2-9 . . . l. 4778 0.31~8 7&. ~ 
6DZ-l l . . 1.7197 0.3S54 79.3 
6D2-l . . . 1. 6276 0.3585 78. 0 

Average male 1.6084 0.3442 78. o . . 
6Dl-•l8 1. 61 1)3 · o. 3598 77. 8 . . . 
5D2-20 1.5844 0.3571 77. ,1 . . . 
5D2-21 1. 49 '~8 0.3144 79. 1.:, . . 

Average female 1. 5678 0.3438 'i' 8. l . 
Average 1~ale ir. female 1.5881 0.3440 78. 3 

, 
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TABLE XIV-CONTINUE D 

Total Weights Dry Neigbts Percentage 
Rat Number of Brains of Brains 0£ Total 

(G!?ls.) (Grns.) Moisture 

40. Z% Protein 

6Dl-45 . . . 1.6426 0.3603 "IS. l 
SDZ-23 . . . 1. 5735 0. 329•.l 79.l 
6D2-14 . . . 1.7263 0.401 9 76. 7 

Average male . 1. 6475 0.3639 78. i; 

6Dl-39 . . . 1. 6156 0.3354 7'1. l 
SDZ-11 . . . 1. 5383 0.3393 77.9 
6DZ--l . . . I. 7152 . .. ... 

Average female . . 1. 6230 0.33i3 78. 5 
Average male & female 1. 6352 o. 351)6 ·,e. 2 

78. 2% Protein 

SDZ-19 . . . 1. 4981 0.3319 77. 8 
6DZ-16 . . 1. 7 396 0.4178 76. iJ 
2J2-2. . . . 1. 68f:M, o. ,1573 75. 8 

Average male • . 1.7087 0.4023 '76. 5 

6Dl-49 . . 1.4557 0.3105 78. 7 
602.-9 . . . 1.3926 0:2910 78. 0 
6DZ-3 . . . 1.5839 0.3549 77.6 

Ave rage fem ale . . 1. 4774 0.31 88 70.l 
Average male & female 1.5930 O. 360S 77.3 
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DA fA ON C .LCSURE OF ME !'AC.AH.PA .L S AND PH .:\LAN G ES 

A ND A.DJOINI.NG OSSI.F'IC GEN l'E.RS 

?Atl r A-~A'I $ ON DIETS GONT.AINING 3. 2.% PROTEI.i'~ 

-
Average Week of Closure for Group on 

1-.Jo Added Ascorbic Acid 

!:{at Number 
.Bones -

6Dl- 5D2.- 6DZ- Aver- 6Dl- SD2- 6D2- Aver .. Aver 
33 17 19 age 36 16 18 age age 

Male i-·e- Male, 
male Fem. 

First metacarpal 7 7 8 v/ • 3 6 B 6 6.7 i'. 0 

Second metacarpal s ;J Cc S.3 7 9 7 7.7 8. 0 ... .' 

Third metacarpai Ci. 8 
,. 8 . 3 7 {.I . 7.7 s. u ... "l ~ I 

Fourth metacarpal 7 7 7 '7 . 0 •1 0 7 5.7 6.4 

Average metacarpals 7.5 7. 5 ~i . 2 7.7 6.0 s.o 6. 8 7.0 7'. 4 

First proximal phalamr 7 7 ~) "1. 1 9 6 ·~ .... 7.7 7.7 

Second proximal 
phalanx ·, 8 j 8.7 9 7 g 8. 0 i3 ~-. -

f hird proximal 
phalanx 9 tl V. 

i' H.7 9 7 8 8.0 8 ,!, . "' 
Fourth proximal 

phalanx 6 7 7 6.7 s 5 
_.., 1. 0 6.8 () 

Average 0£ phalanges 7. S 7.5 8 . 5 8.0 8.8 6. 2 8 .0 7.7 7. 8 

Average of all bones 7.6 1'. 5 B. 4 "I. 8 7.4 7~ 1 7. 4 7. 3 'l. 6 

,, 
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l A.6 .L E X V -GONTINTJ BD 

Average Vo/ eek of Closure for Group with 
Added A sco rbic Add 

Rat Number 

Bones 
6Dl- 6D2- t>D2- .Aver- 6Dl- 5D2- oD2- A ver- Aver -

38 15 10 age 34 IS 23 age age 
Male Fe- Male, 

male F e n,. 
" 

F i r s t metacarpal 9 6 s ~, . 7 7 9 6 7.3 7 .5 
... 

Second m e tacar:?al 10 7 J $J .7 8 11 7 8.7 6.7 

f hird metacarpal 10 7 9 8.7 a 11 7 B. 7 8.7 

F ourth metacarpal 6 5 7 6. O 6 6 L_t 5. 3 5. 8 

-
Average of meta-

carpals 8 . 8 6.2 8.2 7. 8 7. 4 9.2 6 . 0 '7. 5 7. 6 

Fir s t proximal 
phalanx 9 9 ~ 9. 0 8 10 5 7 ·1 .. 8. 4 

-
Second proximal 

phalan.x 10 !) 10 9.7 11 11 6 9.3 ·1. 5 
. 

f hird proximal 
phalanx 10 (' 

' 10 I) . 7 11 11 6 ') . 3 9. 5 

--
F ourth proximai : 

phalanx 6 a ('• 
0 7. 3 & 4 'k 5.3 6.3 

Average of phalanges 8 . 8 8. B 9.Z 8.9 9.5 9. 0 5.2 7. 9 8 . 4 

Average of all bones 8 . 8 7. 5 3.7 8.4 8.4 9. l s. 6 7.1 8 . 0 



TA .S LE X V 72 

D Al'A 0.1\J CL OS U i:l£. O F METAC A R P A.LS AN D P HA.L. AN G ES 

A N D A DJ O I N I N G O SS IF'I C ~ E N TERS (COHTINTJ E D) 

PA.a. J" B- RA TS ON DIETS C ::JN ~·AINli'.fG 25. 2% PRO'!' f~ IN 

Average "".Ji! eek of Closure for Group on 
No Added A scorbic A cid 

R at N umber ' 

Bones 
f.,Dl 4 SD2 , 6D2 - Aver- 6Dl- 502- 6D2 . Aver- A ver" 
46 14 zo age 35 7 17 a ge age 

Male F e- Male, 
m ale Fem. 

Fir st m etacarpal 8 10 ~} 9. 0 0 10 ') 9.3 ~.z , 

Second metacarpal 11 11 11 11. 0 11 12 12 11.7 l l. 3 

-
'i bird metacarpal 11 11 !l 11. 0 11 12 12 11. 7 1 1. 3 

F ourth metacarpal 8 8 10 B. 7 8 10 9 9. 0 9. 8 

Average of meta-
carpals i • 5 10. 0 l t . 0 9. ·9 9. 8 11. { 10 . 5 ! 1J . 4 l o . 2 

l<""'irst proxhnal 
phalanx 8 9 '"'j 8.7 10 10 7 9. D &. S 

Second proximal 
i_>halanx 10 4J 10 9.7 11 10 9 10 . J 9. 8 

'rhird 9roximal 
phalanx 10 9 10 9.7 11 10 9 10 . 0 9. B 

Fourth proxirnal 
phalanx 7 9 ') 8.3 7 10 ~, 8 .0 8.Z 

Average oi phalanges 8. 8 9.0 9.5 9.1 9.8 10.C 8. 0 9.2 9~ 2 

Average 0£ all bones 9.Z 9. 5 9.8 9.5 9.8 10, ! 9.2 9. 6 9.7 
,. 
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T AB L :~ X V - GOl' Tl.NU.ED 

-
Average "'.,V ee k. of Closure for Group with 

Added Ascorbic Acid 

Bones Rat Number 

Aver- Aver- Aver-
5.02- 6DZ- 602 .. age 6Dl - 5DZ- SD2- age age 

9 11 l Male 48 20 21 F.e - Male, 
male Fem. 

First metacarpal 9 10 10 9.7 14 13 11 12. 7 11. 2 

-
.Second metacarpal 10 13 11 l l. 3 16 15 15 15. 3 13. 3 

Third metacarpal 10 13 11 11. 3 16 15 15 15. 3 13. 3 -
F ourth metacarpal 7 7 7 7. o 7 9 6 7.3 7.2 

Average of meta-
carpals 9. O 10.8 9. cl 9. 9 13.2 13. t 11. 0 10.4 10.2 

First proximal 
phalanx 7 s 7 7.3 7 7 8 7.3 7.3 

--
Second proximal 

µhalanx 7 9 8 8. O 7 9 9 &. 3 s.z 

Third proximal 
phalanx 1 10 8 8. 3 7 9 9 8.3 8.3 

Fourth proximal 
phalanx 5 7 6 6. J 6 6 8 6. 'i 6. 3 

Average of phalanges 6. 5 8. 5 7.Z 9. 1 6. 8 7.3 8. 5 9.2 9. 2 

Average of all bones 7.8 9.6 8. 5 9.5 10.0 10.4 10. 2 9.8 9.7 



TA BL E :X V 
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DA TA O N CLO S URE OF M~T AC A RPAL S AND PHALANG E S 

~D ADJ O I N I N G 05S IFIG G ZN T E.RS (CONTINUED) 

PART C-RATS ON DIE TS GONTAli ING 40. 2% ?f, OTEIN 

Average Week of Closure for Group on 
No Added A scorbic Acid 

Rat Number 
Bones 

Aver- Aver- Aver-
SD2- 2JZ.- 6.DZ- age 6Dl- 6DZ.- 6 DZ.- a ge age 

8 3 2 Ma l e 37 lZ 8 F e- Male, 
male Fem. 

First metacarpal 10 l1 10 10. 3 11 11 12 11. Z l o . 8 

Si!coud metacarpal 11 .12 13 12. 0 12 13 13 12. ~, 1 z.. 3 

Third metacarpal 11 12 13 12. 0 lZ 13 13 12.7 12.3 

Fourth metacarpal 8 10 9 9. 0 10 8 11 9.7 9.3 

Average of :meta-
carpals 10 . 0 11. 2. 11. 2 10. S 11. 2 11.;; lZ. 2 11. 6 11. 2 

First proximal 
ph&lanx s 9 8 8. 3 8 7 7 7.3 7. B 

Second proximal 
phalanx 9 11 9 9.7 9 s 8 3. 3 9 ,\ 

• V 

Third proximal 
phalan.x 9 11 9 9.7 9 8 8 8. 3 9. 0 

i·ourth proximal 
phalanx s 9 8 8. 3 7 7 7 7. 0 7.7 

Average of phalanges 8. 5 10. U s.s 9.0 6. 2 7.: 7. 5 7. 7 8. 4 

; 

Average of all bones 9.Z 10. 6 9. 8 9.9 9.7 9. 4 9. 8 9. 6 9.7 



TA B LE X V -CONTINUED 
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Average 1./ eek of Closure .for Group with 
Added Ascorbic Acid 

Bones Rat Number 

Aver- Aver- Aver-
6Dl- SDZ- 6D2- age 6Dl- 5D2- 6DZ- age age 
4S 23 14 .Male 39 11 4 Fe .. Male, 

male Fem. 

.First metacarpal 12 9 10 10.3 13 9 11 11. O 10.7 
,, 

Second metacar1,al 14 !l lZ 12. 0 15 11 13 13. 0 l z. 7 

-
Third ,"netacarpal 16 11 l i! 13. 15 11 13 13. 0 13. D 

.t"'ourth metacarpai 6 8 7 7.0 7 6 {s ,. • 0 7. 0 

Average of met a-
carpals lZ. v 9. 8 10.2 10. 6 12.S 9. 2 11. 2 11. O 10. s 

-
First proxirnal 

phalanx 11 9 6 9. 3 7 6 7 6. 7 8. 0 

--
Second proximal 

phalanx 11 9 8 9. 3 7 8 a 7. 7 8. 5 

Third proximal 
phala.11x 11 9 6 9.3 7 8 8 7.7 8. 5 

.Fourth proxim al 
phalanx 6 B 7 7.0 6 5 7 6. v 6. 5 

Average of phalanges 1,. 8 6. 8 7. 8 s. 7 6. 8 6.8 7. 5 7.0 7.9 

Average of all bones 10. 9 9. 3 9. O 9.7 9.6 8. 0 9.4 9. 0 'J, Ll 
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DA T A O N CLOSUft E O'Jt METACARPALS AND PHALANGES 

AND ADJOINING 0SSIF1C CE NTERS (CONTINUED) 

PART D-RATS ON DIE TS C O NTAINING 78. 2% PROTEIN 

Average Y.J eek of Closure for Group on 
No Added Ascorbic Acid 

Bones Rat Numi>er 

6Dl- SDZ- ZJZ- Aver- 6Dl- 5D2- 6DZ- Aver- Aver-
50 12 1 age 47 10 6 age age 

~Viale Fe- Male, 
male Fem. 

Fir st metacarpal 13 13 12 lZ. 7 lZ 13 12 12. 3 lZ. 5 

Second metacarpal 15 16 13 14. 7 15 1S 14 14. 7 14. 7 

Third metacarpal 15 16 13 14. 7 15 1S 14 14. 7 1 t}. 7 

Fourili metacarpal 10 12 9 1 o. 3 12 12 9 11. O 10. 7 

Average of meta-
carpals; 13. 2. 14. 2 11. f 13. 1 13. S 13. f 12.Z 13. 1 13. Z 

--
First proximal 

phalanx 10 10 9 9.7 13 13 12 12. 7 11. 2, 

Second proximal 
phalanx 12 11 10 11. 14 14 13 13. 7 12. 3 

Third proximal 
phalanx 12 11 10 11. v 14 14 13 13. 7 12. 3 

Four th proximal 
phalanx 12 10 9 10.3 12 12 11 11. 7 11. (J 

Average of phalanges 11. 5 10. 5 9. 5 10. 5 13. 2 13. 2 12. Z 13.0 11. 7 

Average of all bones 12.4 12. 4 10.6 11. 8 13.4 13. S 12. 2 13. 1 1z. 4 
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l'ABLE XV-CONTL'\'JU.ED 

Average Week of Closure for Group with 
Added Ascorbic Acid 

Bones 
Rat Number 

Aver. Aver- Aver-
SDZ- 6D2- 2J2- age 6Dl- 6D2- 6DZ age age 
19 16 z Male 49 9 3 Fe- Male, 

male Fem. 

First metacarpal 14 14 13 13.7 15 11 12 12. 7 13.l 

Second metacarpal 16 16 15 15. 7 16 13 13 14.0 14.8 

Third metacarpal 16 16 15 15. 7 17 13 13 14.3 15. tJ 

Fourth metacarpal 11 12 10 11. 0 13 10 9 10.7 10.8 

Average of meta-
carpals 14.Z 14. 5 13. Z 14.0 1S. 2 11. ~ 11. 8 12.9 13. 4 

First proximal 
phalanx 8 10 8 8.7 10 8 9 9.0 0 " t.). 0 

Second proximal 
phalanx 11 12 10 11. () lZ 8 9 9.7 10.3 

Third proximal 
phalanx 11 12 10 11. 0 lZ 8 9 9.7 10.3 

Fourth proximal I 

phalanx 8 9 8 8. 7 8 7 9 8. 0 8.2 

Average of phalanges 9.0 10. 8 9.0 9.8 10.5 7.8 9.0 9. I 9.4 

Average of all bones 11. 6 12. 6 11. l 11. 9 lZ. 8 9.8 10.4 11. 0 11. 4 
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.. S KE LE 1' A L M l NE RA l~ I Z A T I ON Ok~ RA TS ON EA C H 
I', . : /' . . 

,. .;.. t 
DIE l'AR Y LEVEL: ECl UIV ALEN T G RAMS OF IVORY 

P E R ~ U B IC CE NT· l ME 1' ER ~ BONE ( ~ - IND EX ) 

<.) .F D I A PM Y S l S O b' .R 1 G !-1'.f T l .B I A 

Group with N,, Added Group with Added 
Dietary Ascorbic Acid Ascorbic Acid 
P rotein Sex -

Rat Number .B-lndex Rat Number B-Index 

6Dl-33 0.958 6Dl-38 o. 57~ 
502-17 0.776 6DZ-15 0.657 

Males 
6D2-19 o. 595 6D2-10 o. 736 . 

Average 0. 656 Average · o. 65'7 

3. 2% 6Dl-36 0.873 6Dl-34 0.699 
5D2-16 0.678 5D2.-l 5 0.874 

Females 
6D2-18 u. !HS 6DZ-23 o. 65·1 

Avei·age 0.858 Average .. 0.743 

Average male and 
female 0.757 ... 0 .700 

-
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TABLE XVI-CONTINUED 

Group with No Added Group with Added 

Dietary 
Ascorbic Acid Ascorbic Acid 

Sex Protein 

Rat Number B-lndex Rat Number B-lndex 

6Dl-46 1.134 5Dl-9 l. 030 
SDZ-14 1. 099 6D2-ll 1.134 

Males 6DZ-20 1. 173 6D2-l 1. 005 

a verage 1.135 Average 1.056 

ZS. Z% 6Dl-35 1. 147 6Dl-4C 1. 415 
SDZ-7 1. 0 60 5D2-20 1.360 

Females 
6D2-I7 0 . 973 5D2-21 l. 471 

Average 1. 060 Average 1. 4 15 

A verage male and 
female 1. 097 •• 11 • 1.236 

SDZ-8 1.088 6Dl-45 1.222 
2J2-3 1. Zl 1 5D2-23 0. 99'7 

I-1:ale s 6D2-2 v . 845 6D2-14 1. 4 51 

Average 1.043 Average 1.223 

.. 10. Z% 
6Dl-37 0.942 6Dl-39 1. 165 
6D2-12 o. 797 SDZ-11 0.990 

Females 6D2-8 1.088 6D2- 4 0.944 

Average 0.942 Average 1. J33 

Average male and 
female 0.995 .... 1.128 
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TABLE X VI-CONTINUED 

Group with No Added Group with Added 

Dietary Ascorbic Acid Ascorbic Acid 
tiex Protein 

Rat Number .B-Index Rat Number B-Index 

6Dl-50 1. 0 '-J 2 SDZ-19 l. 310 
5DZ-12 1.184 6DZ-16 0.929 

ivlales 2Jl-l 0.999 ZJZ-Z o. 964 

Average 1.091 Average L067 

78. 2% 6Dl-47 l. 064 6Dl-49 1.106 
5:0l-10 1 . 2'14 6DZ-9 1. 153 

Females 6D2-6 0.834 6D2-3 1.060 

Average 1. 064 Average 1. 106 

Average male a r:,d 
female 1. o·rn .. 

1.086 ... 
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fABLE XVll 

RA T IO ") .F T O TA L .B OD Y W E 1 G H 1' S 1· 0 1' 0 T A L 

SKELETA.,.,. WEIGHTS OF EXPERIMENTAL 

ANIMALS 

PART A-GR:>UP 1.\fll'H NO AD.OED ASCORBIC ACID 

'f otal Skeletal I'otal Body .Ratio of Total 

Rat Number 
\Veights Weights . Body vV eigM s 

to Skeletal 
(Gms.) (Gms.) "vVeights 

3. Z% Protein 

6Dl-33 . . . Z.3393 32 13. 9 
SDZ-17 . . . 1.9800 30 15. 0 
6DZ-19 . . . 2.6532 39 15. 0 

Average male . . 2.3242 33. '7 14.6 

6Dl-36 . . . 2.3889 2~ lZ. l 
5DZ.-16 . . . 2.6ouo 33 lZ. 7 
6DZ-18 . . . 2. 622•1. 34 13. 1 

Average female . . 2..5371 32.D . lZ. 6 
Average male and female 2.4306 32. 8 13. 6 

2.5. 2% Protein 

601-46 
. 

9.5289 270 28. ·1 . . . 
SDZ-14 . . . 11. l104 276 14.6 
6D2.-20 . . . 9. 1H 31 303 32. Z 

Average male . . 10.0508 283.0 Z5. 1 
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TA a L £ XV I 1-,CONTlNU£.O 

Totai Skeletal Total .Body .Ratio of Total 

Rat Number 
Weights Weights Body Weights 

to Skeletal 
(Gms.) (Gros.) Weights 

6Dl-35 . . . 6. 831.]6 191 28.l 
SDZ-7 . . . 8.8019 208 23. 6 
6D2.-17 . . . 8.9756 218 Z4.2 

Average female . . 8.2056 zo.s. 7 25.3 
Average male and female 9.1282 244.3 25. 2 

40. 2.% Protein 

SD2-8 . . . 12. 8051 340 2.6." 
2J2-3 . . . 10.1217 2'15 Z7. 2 · 
6D2-2 . . . 11. 6960 320 Z.'7. 3 

Average male . . 11. 5409 311.7 2.7. 0 

6Dl-37 . . . 10.002.l 217 Zl.7 
6D2-12 . . . 6.715S 192 Z8. 7 · 
6D2.-8 . . . I;;. 4100 Z35 25. 8 

Average female . . 8.709S 214.7 25. 4 
Average rnale and female 10.1252 263.2 26. 2 . 

78. 2% ?rotein 

601.:.so . . . 7.Z346 165 22. 9 
5D2-12 . . . 8.4413 234 27.8 
ZJZ-1 . . . 9.3661 276 29.4 

Average male . . 8.3473 22s.u 26.7 
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TA a LE X V II-CONTl!"\lUED 

I Total Skeletal Total Body Ratio of 'l'otal 

Rat Number 
Weights Weights Body v; eights 

to Skeletal 
(Gms. ) (Gms .) Weights 

6Dl-47 . . . 5.8294 133 22. 9 
SDZ-10 . . . 7.6631 168 21. 8 
6DZ-6 . . . ·7. 0644 170 23.9 

Average fei"nale . . 6.8523 157. O 22.9 
Average male and female 7. 5998 191. O 21. 8 
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TABLE XVll 

RA T IO OF T OT A .L .6 0 D Y W EIGHT B 1' 0 'I' 0 TA L 

SKEL.E.TAL WEIGHTS OF EXPERIMENTAL 

AN l .MAL S ( CON'.flNUED) 

PAR. T B-G.ROUP VlU'H ADDED ASCORBIC ACID 

--
'Total Skeletal Total Body R.i\tio of 'I ota.l 

Rat Nwnber 
Weights Weights Body Weightt; 

to Skeletal 
(Gms.) (Gms.) VJ eights 

3. 2 % Protein 

6Dl-38 . . . 2.3004 33 14.3 
6DZ-15 . . . 2.8095 4\ 14. b 
6D2-10 . . . 2.1236 26 13. 3 

Average male . . 2.4112 34. 0 14. l 

6Dl-34 . . . 2.. o,u4 30 15. 0 
5D2-1S . . . 2.. 8095 Z7 9. 6 
6D2-23 . . . 2..6513 39 15. u 

Average female . . 2.5iJ07 32.0 13. 2 
Average male and female Z.4559 33.v 13.6 

25. Z% Protein 
I 

SDZ-9 . . . 13. 9 '135 356 25.6 
6DZ-ll . . . 13.6252 302 22. ;a 
602-1 . . . 13.1384 330 25.S 

Average male • . 13.5557 332.0 2.4. 5 
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TABLE XViI-CONTINUED 

- Total Skeletal Total Body Ratio of 'f !)tal 

Rat Number Weigh.ts · Weights Body V-/ eights 
to Skeletal 

(Gnus.) (Oma.) Weights 

6Dl-48 . . . 'la 4113 210 22.3 
5D2-20 . . . 9.4131 221 23.5 
SDZ-21 . . . 9.5707 2Cl2 21.0 

Average female . . 9.~650 21 l. u 2.2. 3 
Average male and female 11. 5103 271.5 23.4 

·'10. 21% Protein 

6Dl-·AS . . . 10.4494 280 26.9 
SDZ-23 . . . 12.4264 278 22.4 
6D2-14 . . . 9.0031 354 39. 3 

Average ma.le . . 10.6270 304.u 29.5 

6Dl-39 . . . 10.9231 235 21.6 
SDZ-11 . . . 10.S747 242 2?.9 
6DZ-4 . . . 'J.55S8 232 24.l 

Average female . . 10.3512 236.3 22.9 
Average male and female 10.4891 270.2 26.2 

78. 2°/'> Protein 

5D2-19 . . . 11. 1251 307 27.7 
6DZ-16 . . . 12.4867 244 19. S 
ZJZ-2 . . . 10.3389 270 2(,. 2 

Average male . . 11.3169 273.7 24.5 
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T AB LE XV I l -CON1'1NUED 

Total Skeletal 'l'otal Body Ratio of 'Iotal 

Rat Number 
\/,· eights V'l eights Body \'t. eights 

to Skeletal 
(Gm:.,.) (Gms.) ·weights 

6Dl-49 . . . 6. tJ3!4 164 27.3 
6DZ-9 . . . 6.9156 172 24.9 
6D2-3 . . . 7.~1-593 174 23. Z • 

Average female . . 6.8021 170.0 2S. l 
Average male and femal~ 9 .0595 213.5 24.8 
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TABLE X VI11 

AVERAGE CRANIAL MEASUREMENTS OF RATS AND 

RAT!v OF ZYGOMAl'lC TO TO 'i'AL C~ANlAL 

MEAS U l.t EM EN T S 

PART A-GROUP WITH NO ADDED ASCORBIC ACID 

Rats o;:1 Various 
Squarnooal 7, ygoma.t!c: Total Cranial .Ratio of Zygo-

.Levels of Measure- .Measure- Mea.s11re- matic to 

Dietary Protein 
ments ments ments Cranial 
(Cm.) (Cm.) (Gm.) Measurements 

3. 2% Protein 

Average male 1. 52 1.52 3.54 2.33 

.Average female 1. S(, 1. 52 3. 57 2.35 

Average male 
and female 1. s,! 1.52 3.S6 2. 34 

25. Z% ?rotein 

Average 1nale 1. 95 2.43 4.44 1.83 

Average female 1. 87 Z.30 4.24 l. 84 

Average male 
and female 1. 91 2.36 4.34 1. 84 
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T s"..B LE XV Ill-CONTINUED 

-
Rats on Various 

Squamosal Z.ygomatic Total Cranial Ratio of Zygo-

Levels of 
Measure- f1Ieasure- Measure- 1natic to 

menta ments ments Cranial 
Dietary Protein (Cm.) (Cm .) (Gm.) 1v1easurements 

40. Z% Protein 

Average male 1. 9S 2.38 4.61 1. 94 

Average female 1. 90 2.28 '-1. Z4 1. 86 

Average male 
and female 1.92 2.34 4.42 1.89 

78. z·~· Protein 

Average male 1. 84 2.35 ·i. 33 1. 84 

Averagie female 1. 7 6 2.16 4.09 1.&9 

Average n1ale 
o.nd female l. 80 2.26 4. Z1 1.86 
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AVERAGE CRANIAL MEASUR!~MENTS OF f<ATS AND 

H A 1; ! ") () F· Z Y GO MA T l G r ;J "i.' 0 TA L C a A i;i I .!:. .,_, 

MEASU.RE.MBN 'iS (CONTI.NU.ED) 

PAR I B-GROUP v'l!TH ADD£D ASCORBIC ACID 

-
.Rats on Various 

Sguamusal Zygamatic Total Cra.nial Ratio of Z.ygo-

Levels of 
Measur.:i- !v1eaeure- Measure- ma.tic to 

Dietary Protein ments ments menLs Cranial 
(Cn'l. ) (Cm.) (Cm.) .t 1easu.rements 

3. 2 % Protein 

Average male 1. S6 1. 55 3. 50 2.26 

Average female 1. 54 l. 50 3.55 2.37 

Average m3.le 
and fornale 1. 56 l. 52 3.52 2.32 

25. 2% Protein 

Average male l. 99 2. ~14 4.56 1. 87 

Average female 1. 91 2. 31 4.49 1.94 

Average male 
and female 1. 94 2.37 4.5Z 1. 91 
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TAB LE XV Ill-CONTINUED 

Ra.ts on Various 
Squamosal Zygomatic Total Cranial .a.atio of l,ygo-

Levels of 
Measure- Measure- Measure- matic to 

me.nts ments ments Cra!.lial 
Dietary Protein (Cm.) (Gm.) (Cm.) Measurements 

40. 2% Protein 

Average male 1. 93 2.38 4.44 1. 86 

Average female 1. 94 2.za 4.49 1.97 

Average male 
and female 1.94 Z.33 4.46 1. 91 

78. 2% Protein 

Average male 1. 94 2. 38 4.64 1.95 

Average female 1. 85 2.18 4.14 l. 90 

Average male 
and female 1. 84 2.28 4.38 1. 9Z 



DISCU SS ION 01!' l<" INDlliGS 

1•'00 0 C -:>NS UMPTI0N OF EX PElUM.E.NTAL ANU.A.ALS 

'fable II gives the 10 essential a 1nino acids needed for optimum 

growth and development in the albino rat, ancl the amount of these nu­

trients present in a 10-gram po!'~ion of the diet. Also, in "fable Ill, 

there is a listing of t!ie minaral content of a 10-gram portion of the diet, 

as well as the daily requirement for these m inerals by the rat. 

Table IV indicates the vitamins necesaary for opti:r.num health 

of the rat according to ~resent standards0 in addition to the quantity of 

the vitamins found in a 10-gram portion of the diet. Accordb:ig t() the 

present status of the science of 11ut1•ition, ii the experimental 1rata in the 

study bad eaten 10 grams of food daily, they would have received an ade­

quate supply of the 10 essential amino acida. ae well ao the mine1·ala 

and the vitamins, with the exception of the 3. 2 per cent grout>. The diet 

containing this level of dietary protein was deficient in methionine on a 

10-gram basis. The rats on this protein level, however, consumed an 

average of only tbree to six gr.-ams of food daily. Table VII gives the 

adequacy of the essential nutrients for the rm.to on this 3. 2 p~r cent 

91 



p1•otein level, a.i.'ld thus shows that these animals suffered numerous 

dietary deficiencies in addition to the protein deficiency. 

92 

The total food consumption of the individual J:ats o.n. all dietary 

levels at weekly intervals is given in 'fable V. 

FOOD CON"£;UMP HON OF ANIMALS ON 3. 2 P f;.a CEN f 

LEVEL OF DIET.A.a Y .?.ROTE.IN 

As diacuaeed previouslyD the experimental animals on this low 

protein diet consumed less than OL"le-half the amount necessary to furnish 

the essential nutrieuto. i.s'iith the exception of the second, third, fourth, 

and fifth weeks, the females ate slightly more food each week ti.~an did 

the males on the diet without added ascorbic acid. 1'be average weekly 

consumption for i:-nales was 27. 3 gms. as comi)ared to 27. 1 gms. for 

females , with the averag~ male and female conswnptio.-,. being 27. S gms. 

For the ascorbic acid supplemented group on the 3. 2 pe1• cene 

prott'!in diet. the food consuitnpti<>n was slightly higher both for males 

and females, while in !:his g1·our:> the males on an average ate slightly 

more than did the females. fhe higher consumption each week alter­

nated from male to female in no defirtite pattern. The total average 

foocl consumption for males was 2.9. ,.1: gr.ins. a week and for the females 

it was 28. 8 gms. 'fbe everage male and female weekly food consump-

tion was 29. 1 gms. 
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The average male weekly consumption of those ,,,.'Ith added as­

corbic acid exceeded the group with no ascorbic aci.d supplement by 2. 1 

gms. Females in the former group exceeded those on the latter, on the 

ave1·age. by 1. 1 gms. t'Vhen both sexes were averaged together, the 

former group averaged 1. 6 gms. in food consumption more tha.'1 the lat­

ter, in tbis lo-.vest protein group. 

1'"'00D CONSU.MPTl0N ()F ANIMALS ON Z.S. 2 PE.R C ENT ------
LEVEL OF DIETARY PROTEIN 

The diet with the second level of proi:ein (25. 2 per cent) caused 

a marked increase in total intake by tbe experimental rata. In the group 

to wbich no ascorbic acid waa added~ the males averaged 7 5. a gms. 

glL"eater in intake tban did tbe males on the 3. 2 per cent protein level. 

The females on the 25. 2 per cent protein level ate, on the averagee 

51. 4 gma. more than those on the lowest protein level. 

Those on the 25. 2. per cent protei11 diet with SU()plementary as­

corbic acid exceeded the lowest protein group by amounts practically 

the same as those with no added vitamin G (74. 7 gms. for male~ and 

52. 3 gms. for females). 

During the first week of this study, the male ,:at.9 receiving the 

25. 2 per cent protein diet w1.thout added ascorbic acid consumed an av­

erage of 50. 3 gms. of £uod, with the consumption incr~aYing grndually 
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until th~ sixth week, when the average amount of food eaten was 106. 6 

gms. .t ... ro:m the sL"'th to the twentieth week. which ended the experiment. 

the animals ate a weekly average i-anging between 90. 0 and 153. 3 gms. 

The over- all weekly average for males was 103. l gms. 

After the thil"d week. tlle females consiatently consumed less 

food than did the t'tlales. F or the first week of the experiment, the aver­

age female consumption was SS. 0 gmse which increased steadily until 

the sixth week, when the consumption wa6 90. O gms. The weekly food 

eaten ther"after ranged between <JO. 0 and lZZ. tJ gms,. with an over·-au 

average of 79. l gms. 

The average male and female weekly consumption of food was 

91. Z gms. on the 25. 2 per cent protein diet. 

The males on the high ascorbic acid treatment ate an average 

of only one gram of focd more than the males on the same level of pr<:)­

tein without the additional ascorbic acid. An average of SO. 7 gms. of 

food was eaten by the males during the first weel':. of the test. Followh'1g 

the same pattern aa the g rou;;, without added ascorbic add, the commmp­

tion increased until the sh:th w~ek before tape:-ing off at 108. 3 gms. 

·sv eekly consumption until the end oi the 1 <!0-day period averaged irom 

95. 7 to 129. 3 gma., with an average of 104. l gms. 
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The females on this same dietary level ate 47. 3 gms. of .food 

the .(irst week. and from the sixth to the twenaieth. week, femal.es had an 

average weekly con::;umption ranging from OS. 5 to 127. 8 gms. Wlth the 

exception of the second and third weeks. the females ate less food each 

week than did the males. The average weekly consumption for the fe­

r.nales was 81. 1 gms. • which was 2. 0 gms. gre~ter than that of the 

grou.p with no added ascorbic acid. 

The weekly average male and female consumption of food on 

the ZS. 2 per cent level of dietary protein with added ascorbic acid was 

92. 6 gms. This waa 1. 4 gms. weeldy greater than that of the group 

without added ascorbic acic.l • 

.the food supply for both parallel groups (with and without added 

ascorbic acid) £01· both sexes was sufficiently high to insure an ade -

quate all-around diet with respect to the essential amino acids, vitamins, 

and minerals, according to present sta.ndarda. 

F00D C ON!::-~UMP1'I0N OF ANIMAL::. -::>N 40. 2 PE a GEN'l' -------- - ··-----.......,. - -
LEVEL OF DIETARY PROTEIN 

The males on the 40. 2 per cent protein diet without supplemen­

tary ascorbic acid averaged 4. 3 gms. weekly less than did their counter­

part on the ZS. 2 per cent diets, whereas the females of this higher pro­

tein group averaged 12. 7 gms. a weak mol'e than di~ the next lower 

prot~in group. 
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For those receiving masei,,e dosage s 0£ ascorbic acid, the males 

consumed 180 7 grns. mor9. on the average 0 than did the r;Us on the 

25. 2 per c ent protein level, while the fernal<es' food co~s nm·ption in~ 

creased only 6. 0 gms. 

The first week'o food c nnsWT,ption for tbe males on this level of 

dietary protein without added a.scoi-bic acid was 49 . 3 gms. Thls amount 

increased gradn~lly until the seventh week, wh~n cons umption rear.:he d 

9 1. 7 gms. From the eighth to the fina l week, food cona ur.-,ptlon of the 

males leveled off with a range of 82. 0 to ! 60. 3 gm s . The total nver a ge 

weekly consumption for males was 98. a gms. 

l'he females on this dietary level a te 47. l gms. the fb-s t week 

with. a n incre ase until the eighth week. with a alight drop on the fourth 

week of the experiment. A.t. the eighth week, consumption reached 

100. 7 gms.; and it fluctuated between 91 . 0 and 131. 7 gms. W1t i1 the entl 

of the experimental period. The total. weekly avera ge for females was 

91. 8 gma., whicb was 7. o gms. a week lower than for the malc3 . 

The average mo.le and female weekl}7 consumptim~ was calcu­

lated at 95. 2 gms. for this group without added ascorbic acicl, while the 

ascorbic acid supplemonted group a te HM. 9 gms. a week. 

'fbe males on the 40. 2. per cent level of dietary protein receiving 

1 per cent ascorbic acid ate the sa~e amount during the first wceek of 
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the experiment es the males not receiving an additional sut>ply of vitamin 

C. The animals on tb.e high ascorbic acid diet continued to eat more 

each week until the eleventh week, when th0y conaumed an average of 

135. 7 gms. ~"'rom then until the twentieth week. the range of consump­

tion fell between 130. 7 and 189. 3 gms. The greatest ais:igle weekly food 

consumption fo1• any dietary level occurred for the males receiving 40. 2. 

per cent pirotein, with added asco1·bic acid at the eighteenth week, with an 

average intake of 189. 3 gms. The total weekly average £or males was 

122. 8 gms. This was 2•1. 0 gms. more than was ea.ten by the group not 

!:eceiving additional vitamin C. 

The females, in contrast. ate 4. 7 gms. a week lesa than did 

those in the group without added ascorbic acid. This was the only in­

stance where food c onsumption for tb.e group without added ascorbic acid 

e:nceeded that 0£ the comparable group with supplementary vitamin C. 

The total average consumption for the females of this group averaged 

81. 7 gma., while consumption froin the first to the la.st week wa.s fairly 

consistent, showing no increase in the early groups. as was the eas~ 

with both sexes for allot.her protein level groups. These animals aver­

aged 8S. 7 gma. of food du.ring the first week. with the weekly average 

througho\.tt ranging from 67. 3 to 97. 7 gms. The females in this dietary 

gro,1p ate moi."e than did the males up to th'2! seventh week, whereas the 

males far exceeded the females in !ood con:mmption .from then until the 

end of the experbnent. 
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The maleo ate a total weekly average of 35. 7 gms. more than 

the females. 

The essential nutrients received by the animals on t his dietary 

protein level, both with and without added ascorbic acid, was adequate in 

all considered nutrients according to present scientific knowledge o£ the 

subject. 

FOOD GONSUMPl'ION OF ANIMALS ON 78. 2 PER CENT ......,_ ........_. -....... ___._.. 

LEVEL OF DIETARY PROTEIN 

The average weekly food consumption of the males on this higher 

level of .protein was 32. 4 gms. lesG, while the females ate 44. 5 gms. 

less than d id the rats on the previous protei11 dietary level without added 

ascorbic acid. The average total male and female consumption was 38. 3 

gms. less than was that of both sexes on the next lower protein level. 

Neither the males nor the females ate an adequate amount of food of 

this protein level to supply the essential vitamins and minerals, except 

the males receiving added vitamin C. Because of the high protein con­

tent of these diets, sufficient of the essential amino acids was furnished. 

The males on this protein level without added ascorbic acid had 

a weekly average intake of 66. 4 gms. t with food consumption rising 

from 2.7. 6 gms. for the first week to 52. 0 gms. for the third week. 

Tb(! weekly average thereafter ranged from 49. 6 to 88. 3 g.ms. 
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The females ate a weekly average of ,11. 3 gms. 0 which w-,::,.s 19. l 

gms. less than that eaten by the n1ales on th!s diet. There was no g1•ad­

ual rise in food intake; weekly fluctuation a-anged from 2·3. 3 to 64,. 3 gms. 

The group recehring added ascorbic acid showed a much lligher 

over-all food co11$umption. The :rnales ate 15. 8 gms. more pe~ week 

than those with .no added ascorbic acid, but with the same diet othe1·wfae. 

The females , on the oth~r hand, c ,answned 11. 7 gms. .-11orc than the ex­

pei'imeutal ra.t$ o.o the 78. 2 per cent protein. diet with no added ascorbic 

acid. The :males recelved an adequate ar.:10\Ult of the essential .?.mtrients, 

since their weekly intake avl!raged 82. 2 gms. The females, however, 

wer~ lacking in vita1·nino and minerals, because the average weekly in­

take was 59. 0 gms., altl"~ouah they received an adequate supply of amino 

acids. 

Neither the males nor £he females showed a gradual l'ise in food 

intake. l!'or the maleti, the first week's consumption wa.0 34. 3 gms., 

while the greatest &moW1t eaten was 112.. ·7 gms. The fen1alee consumed 

between ZS. 3 gms. (the first week) and 69. ·7 gms . (the seventeenth week). 

The total male and female ovel'-all avera.~e weekly f1..)0cl cor.i­

sw.nption was 70. (> gms. "I'heoe e,,pcrimental a1umals a.t e 40. 6 g1,ns. less 

for the males and 23. l gme. less ior the females than did the ·:l-0. 2 pe~ 

cent group with added ascorbic acid. 
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5 UM;.\{L\R Y OF .F.'OO D CONSU.wL.'=>710.->- ON ALL ---· - ._...........,_ - --
L.fi:;V.ELS OF DIETARY PROTEIN 

Figure 3 gives a graphic comparison of the avei·a.ge daily food 

intake of males on e~ch level of dietary protein with and without added 

ascorbic acid, as well as comparison of the ave~age daily food intake foi' 

the femalee on these dietary levels • . 

::Ju. all dietary levels the me.les ate n,ore than did t..he females. 

except o:n. th~ 3. 2 per cent protein level. \~11,th the e~ceptio1~ o.f the fe~ 

m ales receiving 40. 2 per ce1l.t l)ratei.1» the groups receiving mu:rnive 

dosages of aacorbic: add consumed more .food than did those wi.thout 

added ascorbic acid. fhe most food was consumed by the males on 

40. 2 pe:r cent protein with added ascorbic acid (a weeldy average of 

122. S gms. ). In the grou1'> receivi:1g uo added asco,:,bic acid. the males 

ate more on the 25. 2 per c<?!nt proteiu level. In deacendi:ug order came 

tl1e following groups: 40. 2 p21" cent protein with added ascorbic acid, 

?.5. 2 per cent protei.n with. added ascorbic acidt 25. 2 per cent protein 

without added ascorbic acid. 40. 2 per cent p'1l"otein without added as­

CO!"bic acid. 78. 2 1:,er cent protein with added ascorbic &cid, 78. 2 per 

cent protein without ·added ascorbic add. 3. 2 per cent pl"otein. with added 

ascorbic add, and 3. 2. per cent protein without added asco.r-bic; acid. 
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'fhe most food consumption for the females was on the 40. 2 per 

ccant protein group with.>ut added ascorbic acid. at 91. 8 gms. bl the as­

corbic acid supplernented group the femalea on the 40. 2. per cent protein 

diet again ate the rDost. The other groups, in descendi.n.g order, were: 

40. 2 per cent protein witl1out added ascol'bic acid0 40. Z per cent pro-

tein with added ascorbic acid, 25. 2 pel." cent protein without .added ascorbic 

acid, 78. Z per cent protein with added ascorbic acid, 78. 2 per cent pro­

tein without added ascorbic acid, 3. 2 per cent protein group with added 

ascorbic acid. and 3. 2 per cent protein group without added ascorbic 

acid. 

On an average, the rats on the ascorbic acid supplemented diets 

reached a peak of food consumption slightly ea.dier (77 days) than did 

those rats not receiving the added ascorbic acid (80 days). Those ani­

mals receiving no added ascorbic acid reached a peak of :food consu.rnp­

tion as followg: 3. Z per cent protein without added ascorbic acid, males 

and females (first week); 25. Z per cent protein without add~d ascorbic 

acid, moles (sixteenth "veek), fettia.fos (eighth week); 40. Z per cent 

protein without added ascos:bic acid, males (sixteenth week), £~males 
p 

(fifteenth week}; 78. 2 per cent protein, n,aleo and females (seventeenth 

week). The ascorbic acid supplernented groups ate the most food dur­

ing the following weeks: 3. Z per cent protein, males a11d females (first 

week); 2.5. 2. per cent protein, males (sixteenth week), females (twelfth 
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week); 40. 2 per cent protein, males (eighteenth week), .females (eight11. 

week); 78. 2 per cent protein. males (fifteenth week). females (seven­

teenth week). 

In summary, all groups with the added ascorbic acid, except 

one (females at the 40. 2 per cent protein level) ate more total food than 

did the parallel protein level group without added ascorbic acid. 

Those on the 40. Z per cent protein levelp regardless of sex 

or of ascorbic acid supplement, averaged the highest amount oi. total 

food of any of the protein level groups, aa has been indicated. 1'be 

total food consumption increased steadily from the 3. 2 per cent to the 

40. 2 per cent protein groups, and decreased with tbe 78. Z per cent 

group. I'he highest protein group fell between the 3. 2 and the Z~. 2 per 

cent groups, whether supplementary ascol'bic acid was added or not. 

GROWTH Gl·iAaACTERIS'l'ICS OJ?"' 

EXP.ERI~NTAL ANIMALS 

Table VIII gives the weekly weights of the individual animals, 

a.s well as average weights of males and fernales on all levels of dietary 

protehi~ both with and without added ascorbic acid. 

GROWTH CHARACTERISTICS OF THE 

3. 2 PER CEN'I PftOl'EIN GROUP 

The animals on the 3. Z per cent level of dietary protein, both 
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witb and without added ascorbic acid, showed no growth whatsoever du.r­

ing the period of thls ex~riment. 

The initial weight of the males not receiving added ascorbic 

acid averaged 46. 7 gms. A gradual decline in weight occurred u.i,til the 

fifteenth week, when the average weight for the males was 3Z. O gms. 

T he fluctuations ranged between 31. 5 gms. and 42. 6 gms. The total av. 

ei'age weekly weight for males was 37. 6 gmo. 

'l'he females initially averaged 4H . 0 gms. in weight; and, at 

the end of 20 weeks. they averaged 34. 0 gms. • with a fluctuation rang­

ing between 44. 3 gms. and 33. 3 g.ms. 'fhe female \Veighta averaged 

37. Z gms •• which was O. 4 gm. lower than the males on the same diet , 

which was not notably different. The females lived 101-iger than did the 

males. They lived an average of 16 weeks on the egperiment. while 

the males lived only 14 weeks. One female on this diet lived the full 

term of tl1e experiment, which was 140 days. 

The total ).'J1ale and female weight averaged 37. •1! gme. per w0ek 

for this lowest protein group witholit ascoi·bk acid added to their diet. 

while those receiving added ascorbic acid averaged 36. O gme. per 

week. The animals on the lowest protein levol were not notably differ­

ent in weight. whether they had supplementary ascorbic: ac:ici or not. 
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This constitutes the only instance in which the animals 1..'Vith asco:rbic 

acid did not out-weigh the parallel group without th~ add12d vitamin C. 

In the ascorbic acid supplemented group, the males again weighed 

more than did the females (36. 6 gms. and 35. 4 gms. , respectively). 

The difference between the weights of the rnaies and females, however, 

was greater in this group (1. 2 gms. a.s compared to O. 4 gm. for the 

group without added ascorbic acid). l'he b1itial weight of the r.aales av­

eraged 46. 3 gme., with a final average weight of 33. 0 gms. The lowest 

weight reached by animals on this diet was 30. 0 gme. 

In the opposite direction, males o n the 3. 2 per cent protein diet 

receiving added ascorbic add lived one week looger than did females 

on the same dietary. The mal es averaged 13 weeks on the experiment, 

as compared with lZ weeks for the females. This was one and fou~ 

weeka, respectiv~ly, lower than the males and fe1nales on thi s low pro­

tein diet without added ascorbic acid. 

'£he females consuming the low protein diet, with .massive dos­

ages of nscorbic acid added, followcid the same pattern of decline in 

weight as was found in all other groups o:o. the ~- 2 per cent protein level. 

'I'he initial weight averaged 47. 3 grns.; and they had declined to lS. 5 gma. 

at tl1e fourteenth week, which was the lowest average weight found during 

the experiment. 
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GROWTH CHARACTE RIS TICS OF THE --
25. Z PER GENT ·oROTEL~ GROUP --

,, 

The experimental animals on this second level of dietary protein 

showed a variable growth pattern. Generally speaking, the growth was 

not quite as outstanding as for the 40. 2 per cent group of rats, except 

for the fact that the males in the ascorbic acid supplen,ented group dem­

onstrated growth progress which was consis tenUy higher than that of any 

other of the dietary groups. 

The males receiving no additional ascorbic acid in their diets, 

on the other hand, gained rapidly until the tenth week, whe~ there was a 

slight drop, followed by a gradual increase in growth ending on the one 

hundred and fortieth day (28. 7 gms. lower than the 40. 2 pe r cent males 

without added ascorbic acid). 

The males on the second dietary level of protein without addi­

tional ascorbic acid averaged 44. 7 gms. at the beginning o! the experi­

ment; a.nd, except for a slight drop at the tenth week, they gained 

steadily W1til they had reacbe.d a weight of 283. 0 grns. by the end of the 

test period. ·rhe average weekly weight for these males was 201. 8 gms. 

The greatest weight gain was recorded for the second week, with a 11 av. 

era.ge gain of a6. 7 gms. After the seventh week, the weight gain 

tapered off to an average of 6. O gms. per week. At the tenth week, 

however. there was an average loss o£ weight of 1. 7 gms. 
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The growth of the females, with and without added ascorbic acid, 

was consist en.tly lower than that of the males, on the ZS. 2 per cent p:ro­

tein level. On. this protein level, the females with added ascorbic acid 

grew faster than did any of the other females of any other protein level, 

until the middle of the third week. At thie point, they ch>opped below 

the females on the 40. 2 per cent protein diet, and remained in this rela­

tive position until the end uf the experiment, when they were 11. O grns. 

lower in weight than the latter. The initial vreigbt of this group was 

48. 7 gms.; this rose steadily until the eighth week, when there was no 

notable change. Again, there was a rise until the thirteenth weeko when 

a slight drop in growth appeared. 1'"'rom tbe thirteenth week until the 

twentieth week, there was an inconslst<?nt pattern of gro\vth, followed 

by decreases in weight until the end of the experiment. 

This group showed the moet erratic growth curve of any of the 

dietary groups, male or female. 

'l'be greatest weekly weight gain in this protein level again ap. 

peared during the second week, when the weight gain of the females on 

this second level of protein, without added ascorbic acid, averaged 2.S, iJ 

gms. The total average weekly weight for these rats was 151. 5 gms.; 

and the total male and female weekly weight averaged 176. 6 gms. (9. 8 

gms. less than did the next dietary protein level without added ascorbic 

acid). 
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The males receiving massive dosages of ascorbic acid averaged 

34. 8 gms. more weekly than did those not on ascorbic acid supplemented 

diets. I'he growth of females was higher by an average of 14. 8 gms. 

than that of the parallel females without ascorbic acid supplements. 

The males (25. i per cent dietary protein group with added as­

corbic acid) gained 70. 3 gms. more on a weekly average than did tie fe­

males receiving the same food. The total male and female weekly weight 

gain averaged 2.01. 4 gms. (24. 8 gms. more than the males and females, 

consuming no added ascorbic acid). 

The initial weight of the males was 47. 3 gn1s. ; a.nd this increased 

sharply until the end of the experiment, when it reached 33?.. 0 gms. -

the greatest amount of weigh.t achieved by any animal on any of the ex­

perimental diets. The total weekly average was 236. 6 gms., with the 

greatest increase being 38. 0 gms. during the fifth week on the experi-

ment. 

For the female~ on this same diet, the initial weight was 47. 0 

gms. This had res.ched Zll. 0 gms. by the end of this study. Dudng 

three of the weeks there was a slight decrease in weight. The greatest 

increase occurr<ed during the second week, with 24. 7 gms. being re­

corded. The growth of the females on the 25. Z per cent pl°otein diet 

receiving added ascorbic acid fell consistently lower than did that of 

the females on the next highest level of protein. 
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The rats receiving 40. 2 per cent dietary protein, both with a."ld 

without added ascorbic acid, showed a higher growth pattern than did 

any of the other dietary groups, with the exception of the males in the 

25. 2 per cent protein group with added ascorbic acid. ·I'he growth of the 

males was consistently higher than that of the females on this same diet. 

The weekly weights averaged higher for those animals receiving added 

ascorbic acid than did those without an ascorbic acid supplement. 

The initial weight of the males 011 40. Z per cent: protein without 

added ascorbic acid was 47. 7 gn1a.; and this increased steadily until 

it had reached 311. 7 gn1-s. by the end of the tes t period. r.i'he average 

weekly weight was 207. 4 gms. ( ,U . 9 gms. higher than the females re­

ceiving the same diet). The greatest weight gain occurre d during the 

second week, with a gain of 24. 7 gms. being recorded. 

The females began the expe:rimeut averaging ,15. 7 gms. in 

weight; and they concluded the one hundred and forty day period weigh­

ing an average of 214. 7 gms. Again, it ·was during the seco.nd wee"it 

that the females gained the most weight (24. 0 gms.) . The total weetdy 

weight averaged 165. 5 gms. (18. 9 gms. less than the corresponding 

animals receiving massive dosages of vitamin G). 
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The males and females on this same diet weighed an average of 

14. 8 gms. less than did the males and females consuming added ascorbic 

acid (186. 4 gms. and 201. 2 gms •• respectively). 

The males receiving this third level of protein (40. 2 per cent) 

with 1 per cent of ascorbic acid added, ended the experhnent weighing 

304. 0 gms. (fror.n an initial 45. 3 gms. }, with an average weekly weight 

of 21 7. 9 gm s. 

The females. however, averaged 184. 4 gms. weekly, with an 

initial weight of 48. 3 gms. , then rising to Z36. 3 gms. by the twentieth 

week of the study. Ihe highest weekly weight gain appeared during 

the second week, with an increase of 23. 7 gms. for the males and 

24. 7 gms. for the females. 

GROWTH CHARACTERISTICS 01!"' fHE --
78. Z PER CENT P.ROl'EIN GROUP - - --- ----- ---

In all cases, the experimental animals receivh1g 78. 2 per cent 

protein, ranked below those on the ZS. 2 and the 40. 2 per cent protein­

containing diets. 

The males gained more weight than did the females; and thoee 

rats receiving added ascorbic acid grew more than did those not re-

ceiving ascorbic:: acid sup?lements. 
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·rhe me.lee averaged an initial weight of 49. 0 gms. and 46. 3 gms., 

respectively, for tbose consuming a diet with and without vitamin C sup­

plements. Thia initial weight rose: to 273. 7 gms. for the gro_up without 

added ascorbic acid and 2.Z5. 0 gms. for the group with supplementary 

ascorbic acid. .itor the latter group, the greatest amount of growth oc­

curred during the second week, with a gain of 21. 3 gms. 

l'he males on this high~st level of protein without added ascor­

bic acid averaged 156. l gins. for all weekly weights. while tbe males 

on the same diet but receiving massive dosages of ascorbic acid aver­

aged 18. 7 gms more. or a total of 174. 8 gms. 

The females not receiving added ascorbic acid a ,-·eraged 50. 1 

gms. less than did the males on the same diet (106. l gms. weekly av­

erage). The initial weight of 46. 7 gms. rose to 157. 0 gms. by the c11d 

of the experiment; and the highest weekly weight gain was 12. 3 gms. 

during the third week. 

1''"'or the corresponding group of animals receiving added ascor­

bic acid~ the highest weight gain was 15. 3 gms. , which was l'ecorded 

identically during the third a1'ld fourth weeks of the experiment. The ini­

tial weight of this group averaged 45. 0 gms. 'l'his increased to 170. 0 

gms. by the conclusion of the experiment, with a total weekly ave!'age 
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of 121. 7 gms. (1S. 6 gms. more than tbe females on this high protein 

diet without added ascorbic acid). 

The males and females on ~he 73. i per ce,1t protein diet _without 

added ascorbic acid averaged 131. l gms. wee kly, as compared with 

148. 2 gms. for those on the contrasting diet (78. 2 per cent protein diet 

with added ascorbic acid). 

SUMMARY OF CHA!{AC TBRISTIC GROW 'fH 

PE.RFO&M..l\NCE OF ALL Dl~TAR ¥ GROUPS 

The animals on the lowest protein diet (3. 2 per cent) showed 

no growth during the exp0rimental period. Moreover, in all cases, 

with the exception of one female on this protein level without added as­

corbic acid, the animals on this diet died before the end of this investi­

gation. 

Irrespective of whether or not ascorbic acid was added to the 

diet, males tended to exceed females on the Garne diet insofar a.a growth 

progress waa concerned. 

As the weeks of the study advanced. growth progre5S of the 

rats with supplementary ascorbic acid exceeded that of each cor­

responding sex-protein level group with 110 supplementary vitan,in c. 

with the exception of the animals on the lowest protein level. As noted, 
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these animals exhibited no g_rowth throughout, with most of them dying 

before the close of the study. 

In ascending o:r;der, the ranking of the· various groups of experi­

mental animals with respect to growth progress was the following: 

ANIMALS WITH '--UP P L.E.MENTAR Y ASCOal3IC ACID 

MALE S 

Dietary Protein Levels 

3. 2% 

78.2 

40.2 

2S.Z 

FEMALES 

Dietary P rotein Levels 

3. Z% 

78.2 

25. 2 

40.2 

A NIMALS WITH NO !:•UPPl..EMENI'ARY ASCORDIC ~ 

MALES 

Dietary Protein Levels 

3. 2% 

78.2 

25.2 

40.Z 

FEMALES 

Dietary Protein Levels 

3. 2% 

78.Z 

2.5. 2 

40.2 
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Except for the one case of the males with added ascorbic acid 

which were on the ZS. 2 per cent protein diet slightly e::r::ceeding those on 

the 40. Z. per cent .protein level. the rate with 40. Z per cent protein sur­

passed the other three groups in growth. The rats on 3. Z per cent pro. 

tein uniformly 1nade the poorest growth progress, whereas those o~ the 

h ighest protein level always ranked next to the poor_est. 

FOOD CONSUMPTION PER GRAM OF BODY VI EIGHT 

OF EXPERIMENTAL ANIMALS 

The rats on the lowest protein dietary level consumed the most 

food per gram o! body weight. The males and females are relatively the 

same amount per gram of body weight on each of the diets. with and witl,. 

out added ascorbic acid. Food consumption per gram of body weight 

followed a general pattern. It was highest for the first week 0£ the ex­

periment, and declined gradually thereafter. 

For the males on the lowest protein diet with no added ascorbic 

acid, the values began at 0. 145 gm. per gram of body weight for the 

first week; these fluctuated slightly for the next seven weeks, with an 

average of O. 114 gm.: they declined gradually thereafter until the end 

of the experiment, seven weeks later, with a weekly average of u. 089 gm. 

of food per gram of body weight. 

The females had a similar .initial average, with 0. 149 gm. for 

the first week of the e,q,eriment. and with minor fluctuations until 
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0. 091 gm. was reached when the test period w;;ts e nde d !or these animals 

at t.lie fourteenth w~ek. These animals had a slightly highei' over-all 

weekly average intake per gram of body weight than did the males 

(0. 116 gm. of food per gram of body weight). 

The group of animals on this lowest prot~in level receivi!lg 

added ascorbic acid followed somewhat the same general pattern as 

thosl! with no supplementary vitamin C. The males consumed 0. 133 gm. 

of food during the first week of the experiment, fluctuating somewhat 

throughout nine weeks. with an over-all weeldy average of O. 12 gm. of 

intake per gram of body weight for this period. Frorn the tenth through 

the sb.'1:eenth week. when the study closed for these animals because of 

death, the average was 0. 105 gm., with a final consumption of O. 091 

gm. of food per gram of body weight. 

The females on the 3. 2 per cent protein level wit.Ji supplemen­

tary ascorbic acid consumed 0. 149 gm. of food per gram of body 

weight duri ng the first week of the study. There followed a gradual 

decline in this factor with fluctuations until the fourteenth week, when 

the average was o. 091 gm. , and when the experiment ended for this 

group of animal9. The over-all average for ·these females was 0.113 gm. 

of food consumed per gram of body weight. 

The male rats on the ZS. Z. per cent protein level without added 
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ascorbic acid consumed O. 11 Z gm. of food per gram of rat weight durhig 

the first week of the experiment. A sharp drop ensued during the sec­

ond week (0. 091 gm.), with less pronounced fluctuations thereafter than 

were noted for the animals on the 3. Z per cent prot~in diet. At the close 

of the study the weekly average intake was o. 070 gm. of food per gram 

of body weight, with an over-all weekly average of 0. 076 gm. 

The females on the same diet (25. 2 per cent protein with no 

added aoc:orbic acid) consumed an average of 0. 090 gm. of food per 

gram of rat weight du~ing the first week, with the amount increauing 

steadily during the next two we<~ks (0. 101 gm. and O. 115 gm. , respective­

ly). 'This dropped to O. 076 gm. for th~ fourth week, when a plateau was 

reached and maintained until the eleventh week, with a weekly average 

of 0. 079 gm. A gradual decline from the twelfth to the twentieth week 

(averaging O. 067 gm. of food per gram of body weight) ended with 

O. 06Z gm. being recorded for .:he final week. 

The males on the same diet (25. Z per cent prot~in with massive 

dosages of vitamin C) showed a sharp drop in food intake per gram of 

body weight during the second week of the experiment-from O. 117 gm. 

to O. 079 gm. of food per gram of body weight. Then followed a gi·adual 

decline , with on ly minor deviations until the termination of this project. 

T he final week's food conaumption per gram of body weight was O. 049 

gm. The total weekly food consumption per gram of body weight after 
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the decline during the second week. averaged O. 065 gin. 

Showing a smoother decline from the beginning of the study 

(0. i04 gm.) to the final week (0. v56 gm.), the females 011 a correspond­

ing dietary averaged O. 073 gm. weekly during the full period of the in­

ve e tigation. 

The 40. Z per cent protein groups followed much the same pat­

tern and the same level of consumption of food per gram of weight of ex­

perimental animal as did the animals on 25. 2 per cent protein. A sharper 

decline was exhibited by the males on the 40. 2 per cent protein dietary 

with no added ascorbic acid than by the females :receiving the same type 

of food. The food consumption per gram of body weight averaged O. 108 

gm. for tl1e first week for these animals, dropping to O. 090 gm. the 

second week. For the next four weeks, these animals averaged O. 081 

gm. At the seventh week, however, this rose to O. 115 gm., only to 

drop again during the following week. From the eighth to the seventeenth 

week, a gradual decline occurred with a weekly average of O. 070 gm. 

Another sharp drop brought the average weekly food consumption per 

gram of body weight to O. OS4 gm. for the remaining three weeks of the 

e::-::periment. 

The females on the same diet averaged O. 104 gm. of food per 

gram of body weight during the first week of the stud-y. From the second 
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to the final test week, the cons~--npi:ion of food per g1:am of body weight 

averaged O. 079 gm •• with the exception 0£ the fifteenth week, when the in­

take suddenly rose to O. 098 gm. • giving an over-all average of O. 080 gm. 

The males on this third level of dietary protein (40. 2 per cent) 

with added ascorbic acid consumed O. 111 gm. of food pet" gram of body 

weight for the first week of the study; then they dropped to an average of 

O. 098 gm. dur.ing the second we-1.:lk. From th0 third to the tenth week 

these animals averaged O. 071 gm. oi food intake per gram of body weight. 

T his rose to form a plateau from the eleventh to the nineteenth week, 

·with an average during this period of O. 087 gm. weekly. The final week 

showed an average intake of O. 079 gm. 

The iem,iles receiving an identical diet (40. 2 per cent protein 

with added vitamin C) consumed the highest amow1t of food per gram of 

body weight £or any of the groups during the first week (0. 15Z gm.). · This 

was followed by ~wo aharp declines in the second and in the third weeks 

(0. 109 gm. and 0. OS3 gm.• respectively). There was a very gradual 

decline thereafter to O. 067 gm. by the tenth week. Another plateau ·. 

was recorded from the eleventh to the nineteenth week, with a weekly 

over-all average of O. 058 gm. During the lin·al week, these females 

consumed only O. 048 gm. of food per gram of body weight. 
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Falling somewhat below these two middle groups, the 78. Z per 

cent protein groi,ps showed an erratic pattern of .food consumptio11 per 

gram of body weight as the weeks of this atudy progreo sed. Those males 

receiving no added ascorbic acid averaged 0. 076 gm. for the firs~ two 

weeks.. l'here were sharp fluctuations during the third, fourth, fifth, 

sixth. and seventh weeks (0. 090 gm., O. 072 gm. o 0. 097 gm., 0. 081 gm., 

a11d O. 06Z gm., respectively). The weekly average from the sevenU'l to 

the twelfth week was O. 06S gm •• followed by a slight decline fl-om the 

thirteenth to the seventeenth week, with an average for this .period of 

0. 055 gm. The remaining three weeks averaged O. 049 gm. 

The .females in the 7S. 2 per cent group without added ascorbic 

acid consumed an average of O. 118 gm. of food per gram of body weight 

during the initial week. This declined during the next three weeks, with 

an average for this period of O. 075 grn. This fell again the fifth week to 

O. 056 gm •• and ilien rose slightly to follow a more gradual pattern of 

dll!cline from the sixth week (0. 074 gm.) to the twentieth. w'-?ek (0. 056 gm.). 

The males on the highest level of-dietary protein (78. 2 per cent) 

receiving massive dosages of ascorbic acid differed !rorn the other 

clietary groups in that the initial food consumption per gram of body 

weight (0 . 084 gm.) showed only a slight decline until th<? ninth week, 

with an average weekly intake of 0. 079 gm. during this period. A plateau 

from the tenth to the eighteenth week averaged O. 066 gm •• while the 
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remaining two weeks averaged 0. 055 gm. of food consumption per gram 

of body weight. 

Following the more general pattern set by the other dietary 

groups, the females receiving the diet with 78. 2 per cent of protein 

showed sharp changes during the first few weeks of the experiment, with 

0. 068 gm. , O. 116 gm., and O. 071 gm. being recorded for the first. sec­

ond. and third weeks, respectively. From the third to the eighth week, 

the food consumption per gi·am of body weight averaged 0. 079 gm. 

weekly, while the average for the ninth to the seventeenth week was 

0. 065 gm. Again, there was a decline, and the food consumption per 

gram of body weight fell to an average of 0. OS8 gm. for the final three 

week9 of the study. 

The food consumption per gram of body ,;.,.eight for the males 

and females on varying levels of protein, both with and without added 

ascorbic acid, will be awnmarized uuder the next section of this report, 

on a Compar..!E_~ ~ .i"'ood Consu.mptio11 ~ Growth ~ Animals ~ ~ 

Dietari: ~vels. 
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COMPARISON OF FOOD CONSU.MP i lON AND GROWTH - _......__. ___...... ----
~ ANIMALS .9!! ~ D1£TARY LEVELS 

The experimental animals on the lowest level oi dietary protein, 

both with and without added ascorbic acid, consistently ate less food 

than any of the other dietary groups and showed a gradual decline in 

weight during the entire test. Higher food consumption per gra.r.n of body 

weight was recorded for these animals as compared to the other rats on 

various dietaries. There wa:i no notable difference noted either between 

the males and females or between the ascorbic acid supplemented group 

and those with no added vitamin C on growth, food consumption, or 

grams of food consumed per gram of body weight. 

The experimental animals on 78 .. Z per cent protein exhibited 

next to tbe lowest growth accomplishment of any of the series, and next 

to the lowest total food consumption. There was a sharp difference, 

both in food consumption and in growth. bowever, between the animals 

on 3. 2 and on 78. 2 per cent protein. 

For grams of food consumed per gram of body weight, more­

over, tbe group on the highest protein-containing diet ate less than did 

the rats in any of the other protein groups, whether ascorbic acid was 

added to the diet or not. In growth and total food consumption, on the 

other hand, the animals with the 78. 2 per cent protein diet and added 
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ascorbic acid surpassed those with no added ascorbic acid. The males 

uniformly showed higher values than did the females of comparable 

groups in these two latter values. 

In grGV1th and in total food consumed. the animals receiving 

40. Z per cent of their basic diet as p1•otein tended to surpass all other 

groups, whether ascorbic acid was added to the diet or 11ot, with two ex­

ceptions as shown below when the rank order of performance of the speci· 

fied groups appears in ascending order. 

RA NK 0RD £ .R 

aao -i;v T H T OTAL FOOD 

CONSUMPTION 

M..t'\.LES WITH NO ADDJiD ASCORBIC ACID 

Dietary Protein Levels 

3. 2% 

78. 2 

ZS. Z 

40. Z 

-- -
Dietary Protein Levels 

3. Z% 

78. Z 

40.Z 

2.S. Z 

MALES WITH ADDED ASCORBIC ~ 

3. Zo/o 

78. Z 

40.2 

25.2 

3. 2% 

78. 2 

25.Z 

40.Z 



GRO WTH TOTAL FOOD 

CONSUMPTION 

FEM.A.LES WITH NO ADDED ASCORBIC ACID 

!24 

Dietary Protein Levels 

3. 2% 

Dietary Protein Levels 

3. 2% 

78. 2 

25.Z 

40.2 

78.Z 

25.2 

40.Z 

FEMALES WITH ADD£D ASCORBIC ACID 

3. 2% 

78. 2 

25.2 

40.Z 

3. ZC% 

78.Z 

25.Z 

40.Z 

'lhe above rank order summary of growth and total food intake 

also is seen to run in the same order except in the one case in which 

food consumption by the rats on 25. 2 per cent protein exceeded those on 

40. Z per cent, and in the other inatance in which growth of the 25. 2 per 

cent protein group somewhat exceeded those on 40. 2 per cent proteil1. 

These two superior groups tended to be relatively close in their food 

consumption throughout. 
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Among the four sex-ascorbic acid supplemented groups. the fe­

males receiving 40. Z per cent protein with added ascorbic acid consist­

ently consumed more food and exhibited greater growth than did those 

with no supplementary vitamin C. The reverse was true with the males, 

although the differences were small. 

The experimental animals receiving Z5. 2 per cent protein gener­

ally ranked second to the 40. 2 per cent groups with the exceptions 11otcd. 

Growth and food consumption fell consistently higher for males 

than for females. 

PHYSICAL APPEARANCE OF EXPBRIM£ NTAL -
ANIMALS 

The physical appearance of the experimental animals on the low 

protein diet (3. Z per cent protein) markedly differed from the rats on 

the three higher levels of protein. Rats on 25. Z per cent and 40. 2 per 

cent proteh1. both with and without added ascorbic acid, had smooth 

coats and an alert appearance, while those receiving 78. 2 per cent pro­

tein exhibited somewhat uneven, rough coats of hair, with no other 

marked gross appearance of dietary deficiencies. The size of the ani­

mals on the three higher levels of protein, both with and without added 

ascorbic acid, generally followed the same pattern aa that indicated in 

tile recorded weights, as discussed previously. Tlle sizes of the ani­

mals on the lowest protein level were markedly stunted. 
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The rats receh•ing the 3. 2 per cent p~otein dietary, both with 

and without Ll\e ascorbic acid supplement, showed varied symptoms of 

protein, mineral, aad vitamin deficiencies. The rats reacted individ­

ually, ehowhig no definite pattern for any one of the deficiencies. One 

male on this low protein diet with massive doGages of ascorbic acid, 

for example, died with no apparent abnormalities except extreme stunt­

h1g, after 76 days on the e,q,eriment. The length of time of these rats 

on tl1e experiment ranged from 60 days to the full 140 days, with an 

over-all average of 14 weeks before death occurred. 

The experimental animals exhibited multi-deficiencie!s, diffi­

cult to attribute to any one nutrient. Some of the symptoms observed 

were the following: 

1 ). Brown, greasy lesions appeared around the mouths of sev­

eral of the rats. 

2). Alopecia occurred in such places as the mouth, the front 

foot, and the abdominal genitalia area. 

3). As the experiment progressed, the animals, generally 

speaking, moved more slowly and tended to walk stiffly on their toea. 

4). They seemed to have somewhat defective vision, reacting 

slowly to light, walking off tables _and into solid objects. 



5). Several animals exhibited poor mu 1:>cular c o -ordination, 

particularly in washing their faces. 
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6). On. several occasions, an animal was observed with a swollen 

face (either on one or both sides), and with a. soft, pliable lump in the 

chest area which sometir11es hung down between the front legs of the ani­

n .. al as much as one-half 0£ an inch. '!'his lump disappeared and reap­

peared at various times. but did not seem to cause the animal particula:r 

pain. Upon dissection, one female who had been on experiment only 

60 days and had developed a large lump, was found to have fluid in the 

chest area. 

The hair of these low protein rats was thin, somewhat oily in 

many instances, and coarse in texture. 

The most marked cllfference in the general appearance of the 

animals re s ulted from the various levels of protein. No notable gross 

differences between the animals with and without supplementary ascorbic 

acid were noted in the pa1·allel groups • 

.BLOOD VALUES OF EXPERIMEl·1T :\L ANIMALS -----
BLOOD PLASMA ASCORBIC ACID 

Table IX has shown the blood plasma ascorbic acid values of 

the <!xperimental animals, deter~ined on samples of blood taken on the 
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ninety-first and the one hundred fortieth clay of_ the study. 

The 3. Z per cent protein group without added ascorbic acid, 

males and females together, averaged 0. 05 mg. of ascorbic acid per 

100 ml. of blood, as compared with 1. 00 mg. per 100 ml. of blood for 

the group with massive dosages oi ascorbic:: acid. Because of the shorter 

life span of these lowest protein consuming animals, only one blood test 

was made on this group, and this was done on the forty-fifth day of the 

experiment. 

The three highest levels of protein showed no definite pattern of 

ascorbic acid content in the blood, but instead they gave erratic results. 

Neither did the aacorbic acid supplemented groups consistently show 

a greater ascorbic acid content of the blood than did those groups not re­

ceiving added ascorbic acid at either of the test periods. When the 

values for all animals in the two respective groups-those having added 

ascorbic a.cid and those witll none of this supplementary vitamin-were 

compared, however, the average was highe1· for those on the ascorbic 

acid supplemented diets. 

Aside from the animals on the lowest protein level, the lowest 

average value found was O. SO mg. per 100 ml. of blood for the animals 

on the 40. Z per cent protein diet without added vitamin C. The highest 

average was 2. S mg. of ascorbic ~cid for the animals on 78. 2 per cent 
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protein with added ascorbic acid (2. 5 mg. }.X!r 100 ml. ol. blood). 

BLOOD SERUM PROTE.u~ 

The average total serum protein values for the e:,perimental 

animals have been given in Table X. 

The blood serum from all rats on the 3. 2 per cent protein diets. 

both with and without the ascorbic acid supplement, was combined · 

from the 75-day samples in order to provide the amounts needed to make 

this test. l'he lowest serum protein value (3. 80 gms. per 100 _ml. of 

blood) found for any of the dietary g:t"OUps was obtained ior these lowest 

protein consuming animals. 

For all remaining groups, there was no pattern established 

for the total serum protein in the blood. The values ranged from 3. 93 

to 8. 66 mg. per 100 ml .• with no trend of clifierences between those on 

different protein levels, or those with or withoul: supplementary ascorbic 

acid, with one exception. 'l'he groups receiving supplementary ascorbic 

acid were consistently lower in total serum protein than were the cor­

responding protei.r.. groups with no added ascorbic acid at the final test 

period. 

BLOOD SERUM ALBUMIN 

As shown in Table XI, the average values for blood serum albu­

min for the animals on the ZS. z. 40. Z, and 78. 2 per cent protein diet, 
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were cloeely similar (range 3. 20 to 3. 93 mg. per HW ml.). Within this 

narrow range, howe'lfer, the animals with added ascorbic acid fell 

consistently lower at the final teBt period than did those with 1\0 ascorbic 

acid supplement. 

These lower blood total protein and albumin values i.n the blood 

which were found at the last test period for the animals vtith added as­

corbic acid could possibly be explained on the basis of the greater tend­

ency toward growth progress with these animals. 

VITAL OilGANS 0.If EXPERIMENTAL ANI~LA.LS ------
VI EIGHTS OF OR.GANS O.t ANIMALS 

ON ALL DIETARY LEVELS 

Table XII has given the weights of the lungs, heart, livel', spleen, 

brain, suprarenals, and kidneys of both sexes of the experimental ani-­

mah. as well as the testicles of the males, on each level of dietary t>ro­

tein, both with and without added ascorbic acid. 

}~or the animals on the 3. 2 per cent protein diet, the weights 

of the organs were consistently lower tha,-:. those of the animals on the 

three higher levels of protein. There appeared to be no notable difier­

en~e between the groaps with and without added ascorbic acid. 1'he fe ~ 

males in every caee showed greater organ weightE than did the males on 
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the low protein diet witho1.1t added ascorbic acid. those animals receiv­

ing ascorbic acid supplement had less marked sex differences (with the 

male in most cases having higher organ weights). 

In the three highest levels of dietar1r proiein (25. Z per cent, 

40. 2 per cent, and 78. 2 per cent), the vital organs of the rnales (with 

only a few exceptions) weighed m ore than did those of the females. 

The female s consuming 40. 2 ~ler cent pl"otein and the males and 

females on 7S. 2 i;,er cent protein receiving ascorbic acid supplements had 

vital organ9 weighin~ more thmn did tbose without added ascorbic acid. 

The rerna.ining groups showed an erratic pattern for ascorbic acid differ­

ences, except for the fact that males on 40. Z per cent protein without 

added ascorbic acid consistently showed greater organ welgbts than those 

with ascorbic acid supplements. 

As the protein content of the diet rose, there was a correspond­

ing rise in the weights of all the vital organs of the n,a.1ee receiving up 

to the 40. 2 per cent level of protein, followed by a slight drop with the 

78. 2 per cent group, all with no added ascorbic acid, with the one ex­

ception of the suprarenals, which weighed most at the 25. Z per cent 

. . 
protein level, showing a gradual decline for the remaining two groups. 

The females, both with and without ascorbic acid supplements, 

followed this same pattern, generally speaking. The females on a 
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dietary without added ascorbic acid showed the highes~ weightra for lungs 

and brains at the ZS. i per cent protein level, but the highest weights for 

·l.i ·1er and kidneys occurred at the 78. Z per cent protein level. 

The males receiving massive dosages of ascorbic acid in their 

food showed a general decline in vital organ weights at the 40. Z per cent 

protein .level, with the highest weights of each organ showing only an 

irregular pattern among the three higher levels of protein. 
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l ' HE RATIO OF THE WEIGHTS OF tHE VITAL - --- ---
OUGANS TO TOTAL BODY WE IGHT 

Th e data on the ratio of average weights of vita! organs to aver­

age body weights of the experimental animals in the various groups (x 100) 

have been given in Table XIII. Figure 5 also shows these data in graphic 

form. in this case. in or der to place t 1.vo ordinates in a proper scale, 

the organ weights have been multiplied by 100 before dividing b y the to­

tal body weight iti each case. 

'fhe ratio of the weight of the ~gs to the body weight was great­

e st for the experimental animals on the 3. 2 per cent prote in le vel, 

whether they had received s upplementary ascorbic acid or not. (~ee 

Figure 5, Part A). The r a tio for the males was 1. 70, and for the fe-

males, 2. 10, without added ascorbic acid, at this protein level. When 

ascorbic acid was added, the ratio was 1. 84 aud 1. 80 for males and 

females, respectively. 

'Ihc animals on the three highest protein dietaries showed ap­

proximately the oame results, except for a slight drop in ratio for the 

males receiving 40. 2 per cent p rotein. l 'here was little sex or ascorbic 

acid differences other than tbe one previously mentioned. 

The ratio of the spleen to total body weight (.F'igure 5 , Part B) 

was lowest for the four protein groups among the males with added 
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ascorbic acid in L'leir diet. These aforementioned ratios were compara­

tlvely the same. For the remaining groups, there was a gradual increase 

in this ratio a.o the protein content of the diet increased, with the two in­

termediary groups showing pt>actically the same values. The females 

showed an over-all higher ratio than did the males. There were, how­

ever, negligible differences between the groups with and without supple­

mentary ascorbic acid. 

The 3. 2 per cent protein a-oup had the highest ratio of weight of 

kidneys to total body weight of any of the other dietary groups (see 

Figure 5, Part C). The three higher dietary protein levels showed an 

increase in ratio with the protein increase, with the ratio of the ZS. 2 per 

cent group of animals being approximately one-half that of the loweot 

protein group. There were little sex or ascorbic acid differences. 

The ratio of the weight of the ~!!. (Figure 5, Part D) to the 

weight of the experimental animal was consiste·nt1y higher for the 78. 2 

per cent protein group. although there was less marked difference for 

the malee receiving no added ascorbic acid than for the males with the 

ascorbic acid supplement. 

In general, there was an increase in the ratio of liver weight 

to body weight with an increa.se in the protein content of the diet, with but 

one exception, that of the animals on ZS. 2 per cent protein with added 



ascorbic acid being slightly lower in the ratio than those on the lowest 

protein level. 

There was no pattern of sex or ascorbic acid difference in the 

liver to body weight ratio. 

The suprarenal2 (lfigure 5, Part E) showed the lowest ratio to 

total body weight of any of the vital organs. The groups without added as ­

corbic acid consistently showed greater ratios than the parallel groups 

with massive dosages of ascorbic acid. 

The males had lower ratios than the females, except at the 25. Z 

per cent protein level without added ascorbic acid (fc1Tiales, O. v34; 

males, O. 056). On an average, the 3. 2 per cent protein group, both 

male and female, with and without added ascorbic acid, had a higher 

ratio of suprerenal weight to total body weight than did the other dietary 

protein groups. 

'l'he 3. 2 per cent protein group of males showed the lowest 

ratio of. weight of testicles to total body weight of any of the other 

groups (see Figure 5, Part F). The three higher protein groups were 

very close in these values, with the 78. Z per ·cent protei11 group being 

the highest, whether ascorbic acid was added to the diet or not. The 

ratios £or the rats receivina the three highest levels of protein, both 

with and without added ascorbic acid, ranged between 0. 98 and 1. ZZ. 



These higher ilrotein level groups had ratios from four to five times 

greater than the 3. 2 pe? cent protein groups. There was no notable dif­

ference between those animals without added ascorbic acid in their dieta 

and those receiving massive dosages of this vitamin. 

'l'he ratio of the weight of the heart to the total body weight 

of the experimental animal was greatest at the 3. 2 per cent protein 

level (almost twice as grest as any of the other dietary protein levels). 

both with and without added ascorbic acid. The three highest levels of 

protein groups had ratios within a narrow range (0. 35 to 0. 46). An as­

c o rbic acid deviatiou was noted for the females on the 3. 2. per cent pro­

tein dietary. 'l'hose animals receiving added ascorbic acid had an aver .. 

age ratio £or the heart to the total body weight 0£ u. 68, while the fe .. 

males without added ascorbic acid showed an average ratio of. O. 89. 

The only sex difference with respect to the heart ratios was 

noted in this same area, with the females on 3. 2 per cent protein dieta1.·y 

without added ascorbic acid having the ratio of heart to body weight of 

O. 89, as compared with the ratio of 0. 77 for the males on this same 

diet~ 

The last of the vital organs evaluated in thi s test was the ~ 

(Figure 5, Part H). As in tile case of the lungs, kidneys, suprarenals, 

and heart, the weights of the brain, of the 3. z. per cent protein animals 
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showed a higher ratio to total body weights than did that of the remain ~ 

ing protein groups. The contrast was more outstanding for these organs 

than for any of the others studied. For this protein level. the ratio of t he 

brain to the total body weight was six times that of any for the other 

protein groups. When one considers th.at these animals are but one­

tenth tbe size of some of those with a more favorable protein diet. the 

question arises as to whether the brain is proportionately larger be­

cause of need, or whether stunting of the skeletal structure simply is 

not accompanied by a concurrent stunting of the brain itself. This r e ­

quires extensive f~rtber study. 

The females on the 78. 2 per cent protein diet with no ascorbic 

acid supplement had an average ratio of brain weight to total body 

weight of l . 01 as compared to the corresponding group with added as­

corbic acid, which bad a ratio which averaged only 0. 87. In thi~ saro'le 

protein group. females exceeded males in the sub-group with no as­

corbic acid supplement with a ratio of 1. 01 for the former as compared 

with O. S8 for the latter. Other than these. there were no notable sex 

differences or differences between those receiving or not receiving a s -

corbic acid supplements. 

In summary. the e~perimental animals receiving the lowest pro­

tein dietary showed the lowest vital organ ratio of any of the "t)roteb 

groups for the following cases: 
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Spleen. 

Liver (with one exception- the ZS. 2 per cent protein group 

£or the females with the ascorbic acid supplement). 

Testicles. 

The ratio of organ weight to total body weight was highest for the lowest 

protein levels ior the following organs: 

LW1gs. 

l{idneys. 

Heart. 

Brain. 

No distinct order was fow1d for the suprarenals. 

T he three higher protein groups showed relatively ::;imilar ratios 

for the individual vital organs, in most casea. In the cas~ 0£ the lr..id­

neys and the liver, however, there was an increase in the ratio with an 

increase in dietary protein. 

There were no definite patterns of sex or ascorbic acid differ­

ences in any of the ratios. Individual group differences have been dis­

cussed above. 
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BRAIN WEIGHTS AND BJ:tAIN MOISTURE ----- ---------~--~~~ 
The total weights and the moisture content of the brains of the 

experimental animals have been listed in Table XIV. 

Part A of this table has shown that the average total weights of 

the brains of the animals on the lowest protein level tended to be slightly 

lower than those of the animals on the three higher levels, with no 

marked differences in the latter three, and no distinct trends among the 

various other experimental groups. 

The percentage of total moisture of the brains ranged betweeu 

74. 5 per cent and 81. 4 per cent, with an average of 78. Z per cent. 

There were no noteworthy d.iffere.oces between any of the groups, either 

mde or female; and neither the percentage oi dietary protein .ior the 

addition of ascorbic acid seemed to influence markedly the percentage 

of moisture in th~ brains of the experimental animals. 

SKELI:;TAL STATUS OJ• EXPERIMENTAL ANIMALS 

The skeletal status of an experimental animal cannot be evalu­

ated by one criterion alone. ln order to achieve an adult status, the 

skeleton of the young animal must increase in size while maturing in the 

sense of achieving the skeletal pattern characteristic of an animal which 

bas arrived at the adult stage. In addition, the skeletal density may 



148 

suffer at the expense 0£ growth and maturation-if the diet is not optimum; 

or good skeletal density may be n1aintained throughout the groVJiilg 

period. 

In this study, the following aspects of skeletal status have been 

evaluated: skeletal maturation; skeletal density; ratio of total body 

weight to skeletal weight (final); and certain cranial measurements (final). 

The growth progress of the animal has been followed by means of over­

all bod.Y weight, although this does not specifically repl"esent skeletal 

growth per se. 

SKELETAL MATURATION 

Whei"eas the human being develops ma1"l.y ossific centers after 

birth, both the time of appearance of new ossific centers as welt as 

the time of closure of tbe space between certain long bones and the ad­

joi~ing ossific centers ma.y be used as criteria of maturation ?l'Ogrees. 

In the rat, on the other hand, all ossi£ic centers appear to be present at 

birth. Therefore, in this sttidy, the period at which the metacarpals and 

th~ phalanges fused with tbe adjoining ossific centers was U3ed to evalu­

ate maturation from the paws of the experimental animals. 

Table XV has given the data on this part of the study. ~·igure 6 

shows the same data ln graphic form. 
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~-Aaturation of Metacarpals 

In tbe case of the metacarpals. the higher the level of dietary 

protein, the longer the time required for bone closure. For both maleo 

and females. the 3. Z per cent protein consuming groups averaged 7. S 

weeks; the 25. 2 per cent protein gro':lpe averaged 10. 2 weeks; the 40. Z 

per cent protein groups required an average of 11. 0 weeks; and the 78. 2. 

per cent protein groups averaged 13. 3 weeks on the experiment before 

the metacarpals aud the adjoining ossific centers bad completely fus ed. 

There were b1,1t slight differences between the metacarpal-oasific 

center closure time of the rats without added ascorbic acid a.nd of those 

with ascorbic acid added to their diet. The time differences ranged 

from two to 10 per cent, with. uo definite pattern establir.hed. 

Maturation of Phalange a 

The phalanges of the experimental animals did not show a s con­

sistent a rate of maturation as did the metacarpals. As in the caoe 

of the metacarpals, those on the lowest protein level matured earliest 

and those 011 the higheot levels matured latest, £or the males. In the 

case of the females, however, the rats on 40. 2 per cent protein ma­

tured at about the same time as the 3. 2 per cent protein group. Aside 

from this. the 25. 2 and the 40. Z per cent rats performed similarly in 

the rate of maturation. The phalanges of the males on ZS. 2 per cent 
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protein bad an average closure time of 9. 1 weeks, while the females on 

the same dietary had a11 average closure of 9. Z weeks. The phalanges of 

the males on the next higher level of protein (40. 2 per cent) united at 

an average of 8. & weeks, while the females on corresponding diets, both 

with and without added ascorbic acid, averaged 7. 4 weeks. 

The mos.t notable difference in maturation of the phalanges be­

tween the groups with and without supplementary ascorbic acid appeared 

in the case of the females receiving 78. 2 per cent protein. With tbese 

animala, the aecorbic group matured in 9. 1 weeks, and the group withff 

out added ascorbic acid in 13. 0 weeks. 

Summary of Skeletal Maturation - -
When considering the average closure time both of the meta­

carpals and the phalanges, the same general pattern was noted as that 

found when these two areas were considered separately. In short, an 

increase of protein in tl1e diet appears to cause a slower rate of bone 

closure. This fact was consistently noted in the case of the male rats 

of both ascorbic acid groups. There was a deviation from this ob­

served pattern. however. in the case of the females in which the 40. z 

per cent level showed a faster rate of closure than did the 25. 2 per cent 

protein group, whether vitamin C was added to the diet or not. 
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No consistent differences in the rate of bone closure were ob­

served between the parallel groups of rats receiving diets with added 

ascorbic acid and those without this added vitamin. 

SKELETAL MlNERALlZATION 

The degree of skeletal mineralization of the experimental ani­

mals was determined from final X-rays of the left tibia of all rats., as 

noted. These values have been shown in Table XVI. '1'he mineralization 

values are expressed in terms of equivalent grams of ivory per cubic 

centimeter of bone. 

The lowest mineralization values were found in the rats on the 

3. 2 per cent level of dietary protein. The average mineralization 

value of the rate on this level which had been fed the ascorbic- acid-

3upplemented diet was O. 700 gm. of ivory per cc. of bone. Those with­

out added ascorbic acid had a higher final value (i>. 757 gm. of ivory per 

cc. of bone). The rats on this lowest protein level were the only ones 

in which the ascorbic acid-supplemented group had a lower degree of 

skeletal mineralization than those without added ascorbic acid. \.i'v'ith 

those on the ZS. Z per cent • 40. Z per cent, and 78. 2 per cent levels of 

dietary protein, the rats with added ascorbic acid had higher average 

skeletal mineralization values than did those without this supplement. 

The highest degree of average skeletal mineralization occurred in the 

animals on the 25. Z per cent protein level. 
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It is interesting to note that the mineralization values of all 

groups, except the lowest protein group, exhibited values in the region 
/ 

of 1. O gm. of ivory per cubic centimeter of bone, which is considered 

to be in the normal range in the case of human bone, as determined by 

Mack ( 14 ). The 3. Z per cent rats showed values only of 0. 7 gm. of 

ivory per cubic centimeter oI bone. which is equivalent to the poorest 

clasaification of bone density in the case of humans, as established by 

Mack and associates ( 15 ). 

In summary, the highest degree of skeletal mineralization was 

found in rats on the 25. Z per cent dietary protein level, while the poor­

est was found in those with 3; 2 per cent protein. In addition, in all 

cases except the 3. Z per cent protein level, the rats with added ascorbic 

add had a higher degree of skeletal mineralization than did those with­

out supplements of this vitamin. 

There were no sex trends as to the degree of skeletai minerali-

zation. 

RA 1'10 OF TOTAL BODY WElCiH'.fS ~SKELETAL ---
WEIGH'IS 01!'"' EXPERIMENTAL ANIMALS 

• 
Table XVll has given the skeletal weights of the experimental 

animals, as well as the total body weights and the ratio of total body 

weight to skeletal weight. 
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The experimental nnimala on 3. 2 per cent protein dietaries had 

the loweat skeletal weights, as well as the lowest total body weights; and 

the lo west ratio of total body weight to skeletal weight of any of the rats. 

The only marked difference between the males and the females 

on this lowest protein occurred in the ratio of total body weight to skeletal 

weight with the ratio for the me.les being sorllewhat higher tban that for 

the females (14. 6 and 12. 6, respectively, for the group without added as­

corbic acid, and 14. 1 and 13. 2, respectively, for the group with sup­

plementary vitamin C). The average male and female ratio was the 

same £or both groups. 

The 25. Z per cent protein groups were third highest in rank or­

der for those animals receiving no added ascorbic acid and second high­

est for the ascorbic acid supplemented group on the basis of the ratio 

of total body weight to skeletal weight. The males in this dietary level, 

both with and without added ascorbic acid, had greater skeletal and to­

tal body weight, as well as higher ratios than did the females. 

The ascorbic acid supplemented group showed greater values iu 

weights. but lower ratios (Z3. 4 and ZS. 2, respectively) than did the group 

without added ascorbic acid • 

.E~or the group of animals receiving 40. Z per cent dietary pro­

tein, the males and females followed a similar pattern to that of the 25. 2 
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per cent protein group. No ascorbic acid differences were noted for ·. 

any 0£ the values; the males and females on both groups averaged a ratio 

of ·2.6. 2. This group on 40. 2 per cent protein was fourth in rank order 

among the ratios of the other dietary groups. The high protein group, 

without added ascorbic acid, was second in rank order of ratios of total 

body weight to skeletal weight, and, for the gl"oup with added ascorbic 

acid, third. Both groups shared an average male and female ratio of 

24. 8. The males of this 78. 2 per cent protein group, both with and 

without added ascorbic acid, had higher skeletal and total weights than 

did the females, but there were no definite patterns of sex or ascorbic 

acid differences for the ratio of total body weight to skeletal weight. 

No pattern of ascorbic acid differences was noted for eith er of the calcu­

lated weights. 

CRANIAL MEAS U .tl.E.MENTS 

Table XVIII has given the average cranial measurements of the 

experimental animals, as follows: squarnosal distance. zygomatic width, 

and the ratio of the zygomatic to the cranial measurements. Figure Z 

has given a diagram of these measurements. 

The rats receiving tne lowest protein dietary (3. 2 per cent)9 both 

with and without added ascorbic acid, showed the highest ratios of zygo­

matic to cranial measurements, but the lowest measurements of the 
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bones themselves of any dietary protein group. These values generally 

rose to the animals on tbe 40. 2 per cent protein level, and then dropped 

slightly at the highest protein level. The groups on 40. 2. per cent and 

25. Z per cent protein, both with and without ascorbic acid supplements, 

showed very closely parallel data. 

The 3. 2 per cent protein group had pl'actically the same squa­

mosal and ci-anial measurements for males and female9, with no difier-

ences, whether ascorbic acid was added to the diet or not. The same was 

true of the various calculated ratios. 

As noted, the values for the animals on the 25. Z and 40. 2 per 

cent protein diets were closely parallel. Fo1· the former groups, the 

male measurements somewhat exceeded the female, whether the ani-

male had the additional ascorbic acid or not. The ratios went slightly 

in the opposite direction. 

For the animals on 40. Z per cent protein, there were no distinct 

sex differences. 

The males on the 78. 2 per cent protein dietary, both with and 

without added ascorbic acid, had greater measurements than did the 

females for all three measurements (squamosal, zygomatic, and total 

cranial). For the ratio of the zygomatic to cranial measurements, there 

was no sex pattern observed. For the ascorbic acid supplemented group, 
/ 
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as compared to the group without added ascorbic acid. the average male 

and fernale measurements were very similar except for the cranial 

measurements. These were 4. 38 cm. and 4. 21 cm., respectively, for 

those with and without added ascorbic acid. l'he ratio of zygomatic to 

cranial measurements averaged 1. 9Z for the ascorbic acid supplemented 

group and 1. 86 for the group without added vitamin C in the diet. 

To summarize the results of the cranial measurements of the 

e:,,.t>erlmental animals, it is noted that the lowest protein animals have 

smaller squamosal, zygomatic. and total cranial measurements and 

higher ratio of zygomatic to c ranial measurements, than did any of the 

other protein groups. 

The 25. 2 per cent and the 40. 2 per cent protein group3 had 

almost the same values recorded for all of these measurements; and 

they were somewhat higher than the highest protein group. 

The ascorbic acid supplemented groups 011 all levels of dietary 

protein (except 3. 2 per cent animals), for males and females combined, 

exceeded the group without added ascorbic acid in the ratio of th~ zygo­

matic to the cranial measurements. This same pattern was followed 

by the squamosal, zygoma.tlc, and total cranial measul:'ements with the 

one exception of the zygomatic width of the 40. 2 per cent males and fe. 

males. 
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GENERAL DISCUSSION 

The pathway for tb4! synthesis of ascorbic acid in tl1e rat has been 

of much interest in scientific investigations. Recent research reports by 

C. G. lG.ng and co-workers ( 2) have elucidated the major steps in the 

synthesis of vitamin C in the rat. 'l'his animal. like the majority of 

mammals, does not require an exogenous source oi this dietary essen~ 

tial. King and his co-workers state that the central compound in thia 

biosynthesis is glucuronic acid, a constituent of many polysaccharides in 

plants, bacteria, and animals (often considered eGsentially a protective 

agent important in many detoxification reactions). Glucuronic acid, 

which has a chemical structure resembling that of ascorbic acid, has 

been shown by Schmid ( 2 ) to arise from glycogen and henc-e glucose, 

as well as glycogenic amino acids. 

In continuation of earlier work, Horowitz and King ( 11) showed 

that glucose-6- 14c, when injected intraperitoneally into chloretone­

stimulated rats, was converted into and excreted in the urine as ascorbic 

14 
acid-1- C. 

Completing the scheme of biosynthesis of ascorbic acid £rorr1 

glucose to glucuronic acid to ascorbic acid, Horowitz and lung ( 10) ex­

perimented with chloretone-treated male albino rate. The conversion 

of c14 labeled glucuronolactone to ascorbic acid was ~rom four to eight 
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times greater than that of similarly la.belled glucose to ascorbic acid, 

indicating that the synthesis of ascorbic acid from glucose in the rats 

proceeds by way of glucuronolactone. On the basis of these experiments, 

t-<ing and Horowitz have suggested the following reaction: 

D-glucuronic acid-,gamma-lactone ~ Z keto-L-gluono­

gamma-lactone ~ L-ascorbic acid. 

Yanovskaya and Kraiko (32) experimented with male white rats 

fed on a synthetic diet of casein, starch, salt mixture, yeast, sunflower 

oil, and fish fat, which provided normal growth. Different groups were 

given 20 mg. chloretone, veronal or med.in.al in water; and· the amount 

of ascorbic acid excreted in the urine was estimated. The results which 

they obtained are considered to confirm the hypothesis that the biosyn­

thesis of ascorbic acid h1 rats is increased to compensate for increased 

dissipatioa thereof; and that ascorbic acid is mobilized. from those or­

gans whose functional activity is increased in response to an external 

stimulus or influence. 

The synthesis of vitamin C was studied by Yanovskaya (31) in 

white rats on two diets differing considerably in protein content ( l S and 

1. 5 per cent, respectively), but adequate in aU other components. At 

the end of the test pel'iod, the rats were killed and the vitamin C content 

ol the liver, intestine, spleen, kidneys, and adrenal glands was estimated. 
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The results showed that a decrease in the protein content of the diet, all 

other condition~ being equal, led to a significant decrease in the amount 

of ascorbic acid synthesized and to a lower ascorbic acid content of the 

tissues. h1 further experiments. rats on the low protein diet were given 

r.hloretone; and th~:se showed an increased synthesis of vitamin C to a 

level almost equal to that of rats on the higher protein diet. Yanovskaya 

did not attribute the low ascorbic acid content of tbe tissues of rats suf­

ferhlg from protein deficiency to ir,creased use of th2 vitamin or to the 

destruction of the activity of the enzyme system which acts in the biolog­

ical synthesis of ascorbic acid. 

The extent of the interaction of vitamin C and protein cam1ot be 

fully realized without a consideration of ascorbic acid deficiency. Rats 

in a. state of inanition and guinea pigs on a vitamin C deficient diet, 

both exhibit various symptoms of this deficiency. 

As reported in Nutrition Reviews, Gersh and Catchpole (21) 

ha\'e suggested that the depolymerization of the glycoprotein constituents 

of the ground substance of healing wounds of scorbutic animals would 

lead to an increase of their water solubility and to an increase of their 

concentration in blood serum. Pirani and Catchpole ( 21) have studied 

the level of serum glycoproteins in experimental scur·"y and have 

found their concentrations higher in guinea pigs with acute or chronic 
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scurvy t.l>ian in normal animate, with a close correspondence between the 

seruin glycoprotein levels and the estimated severity of the disease. Ia 

a group of scorbutic anin,als treated with ascorbic acid, there was a clin­

ical improvement in some, but not all, while the serum glycoprotein con­

centrations fell sornewhat (tbough still significantly higher than the levels 

of normals). These workers point to earlier work by Catchpole, and in­

terpret his findings of increased serum glycoprotein concentrations in 

scorbutic animals as lending support to the concept of a depolymerized 

ground substance as a feature of scurvy. They auggeat that tl1e elevated 

serum glycoproteins could result either frora the failure of glycopro­

teins to be polymerized in the absence of ascorbic acid, or from the 

depolymerization of glycoproteins. However. depolymerization and the 

elevation of serum glycoproteins may occur in a variety of conditions 

and sometimes in the presence of presumably adequate amounts of as­

corbic acid intake and aynthesre. 

Whether or not the guinea pig in a scorbutic condition could be 

attempting an adjustment of the a,;corbic acid deficiency by au effort to­

ward the synthesis of vitan,in G by the accumulation of glycoproteins, 

even though this animal does not normally produce this vitamin. is of 

interest to this author, considering the very recent elucidation of as­

corbic acid synthesis in the re.t by C. G. King and his co-workers ( 2 ). 
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Brown and Sturtevant ( 4) agree with other lnvestlga.tors that 

the rat is not dependent upon a dietary source of vita.min C ; but the site 

of the synthesis of this factor has not been de termined (either in the in­

testinal flora or in the tissues). 

A scorbic acid treatment of rat& in certain types of sterility 

high-lighted the synthesis of ascorbic:: acid in the animal body0 in a series 

of expcriml!nts by Sutton, Kaesar, and Hancord (24). T heir results 

indicated that many of the animals showing abnormal reproductive per­

formanced b.ad lower ascorbic acid concentrations in certain body fluids 

than is normally found. Thes<: workers also found a decrea sed concen­

tration of blood plasma ascorbic acid and a decrease in the urinary as­

corbic acid for animals of vitamin A deficient diet. They fou,,d no par­

ticular §Jland or organ to be involved, but felt tb.at ascorbic acid syn­

thesis was a genl!ral metabolic function. 

Morehouse and Guerrant (16 ) made a study to learn more about 

the effect of age and sex of the albino rat upon the hepatic ascorbic 

acid of normal healthy animals. They found the ascorbic acid content 

of the adult female to be considerably higher in pregnant animals. The 

concentration of hepatic amino acid in rats (over eight weeks of age) re­

mained relatively constant. 
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Ac cording to Follis ( 6 ), a relationshtp may exi st betwee11 as. 

corbic acid stat'..is and the production of adr enal cortical hormones. which 

is of interest in view of the extremely large concentrations of ascorbic 

add in the adrenal. gland. When pituitary corticotropic hormone is in­

jected into rats, there is a decrease in ascorbic acid concentration of 

the adrenals. This anterior pituitary growth hormone :reflects protein 

anabolic properties as well (12). The increase in plasma alpha-amino 

nitrogen following the administration of adrenocorticotropic hormone is 

a reflection of ita growth-inhibiting properties. 

H. Selye and D. J. Ingle ( 1) have reported that, if stimuli are 

continued over a sufficient period, the adrenal gland enlarges and as­

corbic acid concentration increases rather than decreases. Some evi­

dence suggests that ascorbic acid m ay be synthesized h1 the adrenal 

gland ( 1 ). 

Mulinas, Pomerantz, and Jojki n (17), in studying tl1e effects of 

pseudo-hypophysectomy in albino rats, found that a substantial increase 

in the ascorbic acid content of the adrenal glands occurred. this increase 

being greater in males than in females . 

1'be fact that the blood is an indication of nutritional status has 

been elucidated by several investigators, both for vitamin G and for 

protein. Todhunter and McMillan {22 ) determined the ascorbic acid 
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content of whole blood plasma a s an indication of normal values for ex­

perimental animals. The agcorbic acid content of the plasma of male 

rats ranged from O. 87 to O. 28 mg., and of females from O. 33 too. 019 

mg. per 100 ml. 

Wortis, ~ ~· (30) established the fact that blood is an adequate 

and accurate index of the state of vitamin C nutrition. Also, the plaoma 

amino_ acids apparently are in dynamic equilibrium with tissue am ino 

acids and protein, according to E ngel, Winton, and Long ( 12). 

The importance both of protein and of ascorbic acid on wound 

healing has been emphaeized by Wohl {28), who states that a high-protein 

diet stimula tes fibroblastic activi ty and decreases the quality of wound 

secretion; and the benevolent influence of vi tamin C on collagen forma­

tion has been demonstrated amply. 

The nucleic acids and proteins in the liver of guinea pigs dying 

from experimental ascorbic acid deficiency was compared with controls 

and fasting rats by M. Fukuda and A . Sibatani ( 7 ). Values for total 

deoxypentose nucleic acid, a a well as the amounts per nucleus were 

similar in scorbutic guinea pigs and fasting rats, showing that there 

was no necrotic degeneration before death. Loss of body weight of these 

two groups was comparable. but the amount of total pentose nucleic acid 

remained normal in scorbutic guinea pigs and decreased ln the rata to 
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one-third that of normal. Liver weight remained higher in the guinea 

pigs than in the rats. ?E'otein N of scorbutic am.mah showed a loss 

comparable in order wi~ that of body weight; but the decrease was lees 

than in fasted animals. In prolonged starvation, loss o! pentose nucleic 

acid was greater than that of protein. 

Womack, Marshall, and Parks ( 29) found that the negative nitro­

gen balances of adult protein-depleted or undepletC!d rats fed rations con­

taining low lavels of amino acids (14. 4 to 14. 7 mg. essential amino acid 

nitrogen per day) with sucrose as thee carbohydrate, were significantly 

improved when the essential an,ino acid nitrogen intake was increased to 

24. 7 and ZS. 1 mg. per day. Nitrogen losses of protein-depleted animals 

were lese than those of undepleted animals at ·the same levels of total 

and essential amino acid nitrogen intake. 

Beznak ( 3 ), studying the effects of prolonged administi'ation of 

1-ascorbic acid and d-gluconic acid on the body weight, .food. water, and 

salt s olution consumption of albino rate. found that the effect of consuming 

ascorbic acid did not be<:ome apparent until after 70 days, when there 

was a marked increase in body weight and growth. Also, the animals 

receiving ascorbic acid supplements consumed more food and water. 

Jolly (1 3), who conducted a preliminary study on feeding ascorbic 

acid to rats in the same laboratory as those in which the autl1or worked, 
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fed O. 25 per cent of ascorbic acid to on~ group of animals in comparison 

with no supplementary vitamin C to a comparable group. All other dietary 

factors were the same for the two groups of animals. Although the 

amount of ascorbic acid fed was only one-fourth that used in the study 

presently reported, with the experiment continued only 70 days, there 

was an indication toward the close of this study that growth was being fa­

vored by the ascorbic acid supplement. She also foWld indications of im­

proved skeletal status and blood plasma ascorbic acid levels in the rats 

receiving an exogenous aou.rce of this vitamin. 

'£he administration of thyroxine, a protein-like substance, leads 

to a rioe of ascorbic acid content of the suprarenals and liver of rato, 

according to Paal and Brecht {18). 

Schwartz and Williams {20) studied tbe effect of vitamins and 

natural product6 of liver ascorbic acid on sulfaeuxidine-fed rats, and 

found that the effect of a natural stock ration in maintaining a high level 

of ascorbic acid in the liver, even in the presence of sulphaauxidine, 

was not dne to the presence of increased amounts of the known ;,itamins 

in the ration. Graded increasing amounts of vitamins added to a puri­

fied diet did not have the same effect. Change in the protein intake also 

was not responsible, though the possibility that specific amin~ acids 

might contribute to the increased liver ascorbic acid could not be ruled 

out. 
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In studies undertaken by Patte!'son and Bourquin (19), and also 

repol'ted by Sherman (22 ), it appeared that the ascorbic acid requirement 

was increased when the diet contained more than the average amount of 

protein. This confirms and extends the findings that vitamin C is con" 

cerned in the metabolism of certain amino acids, especially the aromatic 

amino acids, phenylalanine and tyrosine. 



SUMMARY 

Eight groups of albino rats were maintained on experimental 

diets varying in protein and ascorbic acid. The protein (casein) content 

of these diets was at four levels: 3. z. ZS. z. 40. z. and 78. 2 per cent o.f 

the total ration. One group of diets contained these four levels of pro­

tein without added ascorbic acid, while a second group contained these 

same levels of protein with one per cent ascorbic acid supplemented. 

These diets (made isocaloric as the protein content in the diet rose. by 

substituting cornstarch for casein) are considered adequate. according 

to present standards, for optimum growth. except for the 3. Z per cent 

protein diets, which were deficient in methionine for the amounts con­

sumed by the experimental animals. 

These animals were kept on the experiment for 140 days 9 un­

less death occurred earlier. 

~·ooo CONSUMPTION. On all dietary levels the males ate more 

than did the females, except on the lowest protein level. .'.rith the ex­

ception of the femw.es receiving 40. Z per cent protein, the groups re­

ceiving added ascorbic acid consumed more food than did those without 

the ascorbic acid supplement. The most food was consumed by the 

168 
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males on 40. Z pe?' cent protein with added ascorbic acid, while in the 

group with no added ascorbic add the most food was eaten by the males 

at the 25. Z per cent dietary protein level. The animals on the 3. 2 per 

cent protein consumed the least amou.at of food. '!hose on 40. 2 per cent 

protein l~vel, regardless of sex or of ascorbic acid supplement, aver­

aged the highest amount of total food of any of the protein level groups. 

GROWTH CHARACTElU&TICS. The rats on 3. Z per cent protein 

showed no gi'owth during the experimental periodo and, with the excep­

tion of one female (without added ascorbic acid), died before the end of 

the test period. 

Males tended to exceed females in growth progress. The rats 

with supplementary ascorbic acid exceeded the corresponding &ex-pro­

tein group without added vitarn in C (except for the 3. Z per cent group). 

The rats on the 40. 2 p~r c~nt protein produced the beot growth, with 

the exception of the male a receiving added ascorbic acid, which were 

very slightly below the ZS. Z per cent protein consuming group. This 

was followed closely by the 25. 2 per cent group, with the highest pro­

tein level ranldng next to the poorest. In general, the growth pattern 

tended to follow the food consumption pattern. 

FOOD CONSUMPTION' PER GRAM. OF BODY WEIGHT. The 

rats on the 3. Z per cent protein diet consumed the most food per gram of 
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body 1.veight, with no sex-ascorbic acid differences noted. 

The 78. 2 per cent protein group ate the least amount of total 
,/ 

food p~r gram of body weight. l'he two intermediary groups (25. 2 per 

cent and 40. 2 per cent) showed closely paralleling values for food con­

sumption per gram of body weight. 

PHYSICAL APPEARA.l.~CE. The 25. Z per cent and the 40. Z per 

cent protein groups exhibited the best physical appearance. The 78. 2 

per cent protein groups were slightly less optimum in appearance, 

while the 3. 2 per cent protein groups had the poorest appearance and 

many manifestations of dietary deficiencies. 

BLOOD VALUES. a) When the values for the animals on both 

ascorbic acid groups wer~ compared, those animals having massive 

dosages of ascorbic acid added to their diet averaged a higher blood 

plasma ascorbic acid content than did those animals not receiving addi­

tional vitamin C. The values averaged lowest for the low protein groups. 

There was no other pattern noted. 

b) The 3. 2 per cent protein groups had the lowest serurn pro­

tein value of any of the dietary groups. .t'U the final test (140 days) the 

ascorbic acid supplemented groups were consistently lower in total 

serum protein than the corresponding protein groups without additional 

ascorbic acid. 
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c) l'he blood serurn albumin values for all dietary groups bad 

averages whic h fell within & narrow range, \vith a trend toward lower 

values at the final test pe1·iod for the groups with added ascorbic acid. 

VITA.L ORGANS . a) l'he lowest protein group of rats showed 

the lowest organ weights, with no outstanding sex-ascorbic acid differ­

ences. In the three highest levels of dietary protein, the vital organs 

of the males generally 'i'Jeighed more than did those of the fc ~t,alea. 

There also was a trend toward an inc rease in organ weights with the rise 

in body weight. 

b) The experimental animals receiving the 3. 2 pet" cent pro­

tein dietary generally showed the lowest vital organ weight ratio to to­

tal body weight in comparison with all of the other protein groups 

for the spleen. liver, and testicles, but the highest ratio for the lungs, 

kidneys, heart, and brain. There was no distinct order noted for 

the suprarenals. 

Relatively the same ratios were showu for the ratio of weights 

of vital organs to total body weight of the three higher protein levels 

(with the exception of an increased ratio for the kidneys and the liver 

with an increase of protein in the diet). 

No sex or ascorbic acid differences were notable. 
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c) 'The percentage moisture of the brains averaged 78. 2 per 

cent. There were no notable differeoces between any of the groups in 

this factor in relation to sex, or to ascorbic acid or protein content of 

the diets. 

SKEL E 'I AL MA TURA 'l'ION. An increase of dietary protein tends 

to cause a slower rate of bone closure (one exception was the females 

on the 40. Z per cent protein level which had a faster rate of closure 

than did the 25. 2 per cent group, regardless of ascorbic acid supplemen­

tation). 

The phalanges closed sooner than the metacarpals on all dietary 

levels, except for the lowest protein groups; and the phalanges of the 

ascorbic acid supplemented groups closed sooner than did the phalanges 

of the groups without added ascorbic acid (except on the lowest protein 

dietaries). There was no notable difference between the males and the 

females in this respect. 

SKELE TAL MINERALIZATION. The highest degree of skeletal 

mineralization was found in the rats on the 25. Z per cent dietary pro­

tein level, while the poorest was noted for those animals consuming a 

3. 2 per cent protein dietary. In all except .the lowest protein group. 

additional ascorbic acid gave a higher degree of mineralization. No sex 

trends, however, were noted. 
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RATIO OF TOTAL .SODY WEIGHTS TO SKELETAL WEIGHTS. -
The lowest 1>rotein groups had the lowest skeletal weights and body . 

weights, and the 1 ow.est ratio of total body weight to skeletal weight of 

any o£ the other dietary protein groups. 

'Ihe males on the ZS. 2 per cent level. both with and without added 

ascorbic acid. had higher ratios than did the females. The ascorbic acid 

supplemented group showed greater values in weight5 but lower ratios 

than did the group without added ascorbic acid~ 

The two intermediary protein groups shared the distinction of 

having the highest skeletal weight. The 40. 2 per cent protein groups 

had the highest ratio of skeletal weight to total body weight o£ any of the 

protein groups. The males and females followed the same general pat­

tern as did the 2S. 2 per cent protein groups. 

In the highest protein group, the males had higher skeletal and 

total body weights than did the females. No other pattern for sex or 

ascorbic acid differences was observed. 

CRANIAL MEASUREMENTS. The lowest protein animals had 

smaller squamosal, zygomatic, and total cranial measurements and 

higher ratio of zygomatic to cranial measurements than did any of the 

other dietary protein groups. 
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l 'he two groups on intermediate levels of protein shared almost 

identical values (being somewhat higher than the 78. Z per cent group). 

Ascorbic acid supplemented groups on all levels of dietary pro­

tein (except the lowest protein), both males and fei.-nales, exceeded 

those animals on corresponding dietary protein levels without added 

ascorbic acid in the ratio of zygomatic to cranial measurements. This 

same pattern wa.s found for the other measurements, with the exception 

of the males and females on 40. 2 pe? cent protein (squamosal distance). 

CONCLUSlONS. On the basis of these experimental findings, 

the follo\ntig conclusions have been drawn: 

( 1) Auimals on an optimum diet consume more food than do 

those animals on a deficient diet. }A.ales average higher food consump­

tion than do females. Ascorbic acid tenda to increase the food consump­

tion of the experimental animals. 

(2) The 25. Z per cent and the 40. Z per cent protein dietaries 

gave optimum growth for animals on this experiment. Ascorbic acid 

supplements to the dh:ts of the animals tend to produce better growth 

than in those not receiving added ascorbic acid. Males average greater 

growth than do females. 
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(3) The lntake of food per gram of e,q,erimeutal animal weight 

cannot be related directly to growth. 

(4) Ascorbic acid supplements tend to increase blood plasma as­

corbic acid valu12s for the experimental animals. 

(5) Total protein and albumin values are not markedly altered 

in any dietary protein level above the lowest protein group (3. 2 per cent). 

Ascorbic acid supplementation seemed to cause a decrease in blood 

serum total protein and albumin for animals on experiment for 20 weeks. 

(6) Animals on 3. 2 per cent protein have vital oE"gane weighing 

leas than do tll.e animals on higher p.rotein intakes. There tends to be 

an increase in organ weight with the increase in body weight. The x-atio 

of organ weights to total body weight shows some changes, as described. 

with the various diet groups. 

(7) 3. 2 per cent protein promotes more rapid fusion of the 

epiphyse&l centers to the adjoining bones. An increase in dietary pro­

tein tends to cause a slower rate of bone closure. 

(8) The phala.nges of the males and females receiving an ade­

quate diet close earlier than do the metacarpals~ also, ascorbic acid 

influences a11 earlier closure of the phalanges. 

., 
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(9) Animals on thra lowest protein level have!: the lowest skeletal 

weights. and the lowest ratio of total body weight to skeletal weight. 

/ 

(10) Males receiving an adequate protein dietary have higher 

skeletal weights than do females. 

( 11) Neither dietary protein nor ascorbic acid supplementation 

influences the percentage of brain :i:noisture. 

(12) Animals on 3. 2 per cent protein diets have smaller cranial 

measurefuents than do those on higher dietary levels. They also have 

a higher ratio of zygomatic to crardal measurements. 

(13) Ascorbic acid seems to cause an increase in tlte ratio of 

the .zygomatic to cranial measurements for those animals receiving op­

timum dietaries. 



BIBLIOGRAPHY -
1. "Ascorbic Acid and Adrenal Function," Nutritio11 Reviews, 8:52-54 

(1950). 

Z. "Ascorbic Acid Synthes.is in Animals," Nutrition aeviews, 12:155-
156 (1954). 

3. Beznak , A. B. L., M. Beznak , and Z . Ga spar-Rady. 11Efiects of 
Prolonged Ad.ministration of I-Ascorbic Acid and d-Gluconic Acid 
on the Body-weight, Food. Water, and Salt Solution Consumption 
of Albino Rats," Archives 4!f ~ 1?~1·, !_?:2.94-30 8 (1947). 
Abotracted through Nutrition Abstracts ~ Reviews , .!1:9 2 0 (194"1). 

4. Browa, R. A. • and M. Sturtevant. "Vitamin Requirements of the 
Growing fla t~" Vitamins ~~mones, ]:186 (1949). 

5. Donaldson, Henry H. ~ ~· 2nd ed. P hiladelphia, 1924. 

6. Follis, R ichard H., J r. ~ Pathology of ~tritional Disease. 
P ublished by Charles C . 'I'homas, Springfield, Illinois (1948). 

7. Fukuda, ~'1. , and Sibatani, A. 11 Nucleic acids and proteins i n the 
liver of guinea.pigs dying from experimental ascorbic acid de­
ficiency. " E e rient ia, 1953, 9 :27- 28 (Microhiol. Dis. R e s. 
Inst.• Univ. Os aka • Abstracted through Nutrition A bstl'acts 
~ Reviews. ~:567 (1953). 

8. Greulich, William ·w. , a nd S. Idell Pyle. Radiographic Atl~ of 
~:ketetal Development of the~~ Wrist. Stanford: Stanfo rd 
University Press (1956). 

9. Hawk, Philip B., Bernard L . Oser, and William H. Summerson. 
Practical Physiolo ical Chemistry. 12th ed., The Blakiston 
Company, New York 1951). 

10. Horowitz, H. H., and .King, C . G. 11Glucuronic acid as a precursor 
of ascorbic acid in the albino rat." Journal of Biological Chem­
istrx, ~:81S-821 (1953). 

177. 



. 178 

11. Horo~tz, H. H .• and Ki.11g, C. G. "The conversion of glucose-6-
c14 to ascorbic acid by the albino rat. 11 J. Biol. Chem., 1953, 
200:125-128 (Dept. Chem., Columbia University. New York). 
Abstracted through Nutrition A bstieacts and Reviews, 23:S64 (19 53). - -

/ 

12.. "Individual E ssen tial Amino A cids i n Plasma and Urin e 0£ Surgical 
, Patients, 11 Nutrition Reviews, 10:99 (1952). 

13. Jolly, Crieteen M. "Some E ffec ts of Massive Doses of Ascorbic 
Acid on Growth and Physical Statue. " Unpublished Master• s 
Thesi s, College of Hou::.,eholci Arts and Science, Texas State 
Coll0ge for Women (1953). 

14. Mack, Pauline Seel:'y . Nutrition in Relation to Health and Di sease. 
Results from the Study of Bone -Dens ity inthe AppraG'ai- of Cal­
cium Status, pp. 30-57. l'Ailba.nk Memorial Fund, New York 
(l 9SO). 

15. Mack, Pauline Bee ry, Walter .N. Brown, Jr., and Hugh es T rapp. 
"The C::u.antitat ive E va luation of Bone Densit y," reprinted from 
the American Journal~ Roentgenol~ and Radium Therapy, 
41:6 (June, 1945). 

16. Morehouse, A. L., and M. B. Guerrant. "Influence of Age and Sex 
of the Albino Rat on Hepatic A s corbic Acid ," Journal of Nutrition.g 

46:S51 - 563 (1952). -

17. Mulinas, Michael G. , Leo Pomerantz, and Mary E. J ojkin. 11E f ­
!ects of Pseudohypophyse ctomy Starvation and Hormone s and 
Aging u pon the Ascorbic Acid Content of the Adrenal Glands and 
Liverf.i of Rats, 11 E ndocrinology, 31:276-281 (1942). 

18. Paal, H., and K. Brecht . 11 Ascorbic Acid and Thyl"oid F wu:tion.'' 
l<J.inische Wochens chrU't, 16:261-264 (1937). Abstracted through 
Nutrition Abstracts~ Review~. 7:78 (1937). 

19. Patterson, I. , and Bourquina .A. "li'urther Studies on th.e Relation­
ship between the Compos ition of the Diet and the Metabolism of 
Ascorbic Acid," Amer. J. Digest. Dis., 1943, 10:390-394 . 
Abs tracted through Nutrition Abstractsa11d R.evi~s, 13: 632 (1 944). - - . --

20. Schwartz. M. A., and Williams. J . N., Jr. "Effects of Vitamins 
and Natural Products on Liver A s corbic Acid of Sulfasuxidine-fed 
Rats, 11 J. Nutrition, l9S3, 49:387-396. (Dept. Chem., Coll. Agr.ic., 
Univ. Viisconain, .Madison. ) Abstracted through Nutrition Ab­
s tracts and Reviews, 23:80S ('1953). · ----- -



179 

i?l. "Serum Glycoproteins in Experimental Scu1·vy, 11 Nutrition Reviews, 
_!2:124- 126 (1952). 

22. !:>hermw.1, Henry Clay. Chemistry~ ~ and Nutrition. 8th ed. 
New York: Macmillan Company, p. 135(1952). 

23. Smith. Janice Minerva, Mary Lenore Presper, and Arista Mercedes 
McCormick. Blood Plasma Ascorbic Acid Tests in Mass Studies 
,!.!: Human Nutrition. Bulletin 432, September, 1942, °1iennsyl­
vania State College, State College, Penn. 

Z4. Sutton, T. s., Harold E. !<aeser, and S. L . Ha.ncorcl, 0 Some Fac­
tors Affecting the Synthesis of Ascorbic Acid in the Albino Rat, '' 
Journal°.! ~jic&.!_ Chemistry, ~-~!=183-191 (1942). 

25. Todd. Ercelle Doss. '' Relationships of Dietary Protein Levels to 
Growth, E:keletal Maturationo and Density and Other Aspects of 
Nutritional Status, 11 Unpublished Master's Thesis, College of 
Household Arts and Sciences, Texas State College for Women 
(195'3). 

26. Todd. T . Vl ingat(.?. Atlas of Skeletal .Maturation (Hand). St. Louis: 
C. V. Mosby (1937). - -

27. Todhunter, E . N., and I'llelma. J. McMillan. ''Ascorbic Acid Con­
tent of Whole Blood Plasma oi Normal Rats with Evidence of a 
Sex Difference." Journal!!.!. Nutrition, _!!:573-578 (1946). 

28. Wohl, Michael G. , and Wilder, Russell M. _Dietotherapy: Clinical 
Application of .Modern Nutrition. V! . B. Saunders Company, . 
Philadelphia, p . 549 (l 94S). 

29. Woinack, Madelyn, Marshall, Mary W., and Parks, Albert B. 
''Some Factors Affecting Nitrogen Balance in the Adult Rat, 1

' 

J .ournal <!! Nutrition, .?.!_: 117-1 Z9 (Sept. , 19 53). · 

30. Vvortis, Herman, Jan1es Liebmann, and Ethel. Wortis . "Vitamin C 
in the Blood, Spinal Fluid, and Urine, ' ' Journal of the American 
Medical Association, 110:1896-1899 (1938). - -



180 

31. Yanovskaya, B. 1., "Regulyatsiya biosinteza vitamina C v zhivotnom 
organisme v zavisimosti ot kolichestva belka v cliete (Regulation of 
the biosynthesis of vitamin C in the living organism as depend-
ent on the quantity of protein iu the diet), ·, Biokhimi}'!, 1952, 
17:414-419 (Otdel Izuch. Vitamin Inst. Pitan., Akad. Med. Nauk 
Moscow). Abstracted through Nutrition Abstracts and .Reviews, 
23:804 (1953). . . -

32. Yanov skaya B. 1. , and Kraiko, E. A. 11 Biosintez vitamina C v 
proyav1enii regulyatouykh svoistv organizma (Biosynthesis of 
vita.min C as a manifestation of the regulating properties of the 
organism)," Biokhimiya, 1952, 17:161-166 (Inst. Pit. , Akad. 
Med. Nauk S. · s. S. R. , Moscowr.- Abatracted through !-~uh·ition 
Ab'-!trac~ and Reviews.! 23:564 (1 953). 




