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A COMPARISON OF INTACT PROTEIN WITH AMINO ACID 
MIXTURES IN PROTEIN NUTRITION 

SECTION 1 

INTRODUCT ION 

Although protein chemi8try in the broadest sense 

datos fron the ancients (manufacturing of cheese, glue; 

working of leather; producing arrionia from dung), mod- 

orn protein chemistry probably should be dated from the 

period in the nineteenth century when it was found that 
as a constituent in the diet, protein was essential for 
the maintenance of life; or perhaps lt should be dated 

from the isolation of the sulfur-containing amino acid 

cystino from urinary calculi by Wollaston in 1810. In 

either case the first years were tedious, since the "iod- 

orn" tools for isolation were not developed until about 

1900. 

According to Wretlind (9) it was Magendie in 1816, 

Prout in 1831j, and von Liebig in 1814.3 who were the first 
to recognize the essential nature of protein. Many amino 

acids wore isolated by various chemists during the por- 

bd of i8io-1868, and indeed a. great deal of analytical 

work was carried out in attempts to establish the corn- 

position of these acids. However, it was not until the 
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work of Rltthausen in 1868 that the Inter-relationship 
of amino acids to proteins was shown. 

With the discovery of the esterificatlon method 

by Fischer in 1901 (11) and the method for isolation of 

basic amino acids by Kossol (2L), lt became possible to 

study the composition of proteins in an organized man- 

ne r. 
As the composition of proteins became known, the 

interest of chemists bean to shift from amino acid an- 

alysis to protein nutrition so that by 1911 the problem 

of the essential nature of protein moved to the center 
of focus. 

Henderson and Dean in 1903 (18), feedIng acid hy- 

drolyzed protein to dogs failed to obtain nitro 'en o- 

quilibrium and protein synthesis. Abderhaldon, (1) on 

the other hand, gave previously digested (enzymatic, 

negativo bluret test) lean beef rectum to a patient 
(a fourteen year-old boy) unable to swallow food, and 

reported that the patient was kept in positive nItro- 
gen balance. In another experiment using a niixture of 

sixteen fairly pure amino acids, Abdorhalden (2) was 

unable to maintain dogs In positive nitrogen balance. 

It is interesting to note that although he did add var- 

bus amino acids to the ration, he did not attempt to 

add protein j se. Many other workers tried amino acid 



mixtures and likewise railed to maintain the animals 

in nitrogen balance. One reason for failure was that 
the animals refused to eat the food. nose (37) makes 

the point that had some of the earlier investigators 
been encouraged (less discouraged) by the failure of 

their animals to eat adequate quantities of the diet 
and had they interpreted the failure as a nutrItional 
deficiency rather than a lack In taste or texture, they 

might have boen more successful. As wIll be pointed 

out later, recent work soeris to indicate a correlation 
between "tast&' and adequacy. 

At this tirio Osborne and ?Aendol (33) studying the 

role of gliadin in nutrition said, "...the animal must 

construct its tissue proteins from the amino acid frag- 
ments which aro furnIshed by protein hydrolysis; it is 
obvious that defIciencies In Bausteine or a lack of one 

or ore of thorn must lead to serious nutritive distur- 
bances.Tt From this, one would assume that they felt 
that all amino acids were essential; however they point 
out that they differ with the hypothesis and belief of 

Abderhalden, who contended that the extent of protein 
construction in the body is limited by the limiting 
amino acid, since he felt that no evidence existed for 
the belief that one amino acid could be transformed in- 
to another. This, Osborne and Mendel stated would lead 



to the conclusion that those food proteins no3t nearly 

approaching tissue proteins in their amino acid corn- 

position should most easily supply the needs of the 

animal. Using the results of their experiments with 

gliadin (33), in which they established the essential 
nature of lyslne, they felt that Abderhalden's hypo- 

thesis was untenable, as the addition of lysine to 

gliadin, a ver'etable protein, yielded a material cap- 

able of suportthg growth and positive nitrogen bal- 
ance in the rat. 

l9lLi. the trend had developed to the point that 
Osborne end Aendol remarked (33), "The current trend of 

the investigation of the chemistry of nutrItion is em- 

phasizing the significance of the amino acids as the 

fundamental factors in all problems in which hitherto 
the role of proteins has been involved... The question 

of protein synthesis has now become a problem of the 

biochemical deportment of the ai-nino aeids.T These 

workers then had realized that when certain amino acids 

were missing, nitrogen equilibrium and growth was ira- 

possible. The basis for their reasoning was that when 

lysine was added to purified gliadin, and lysine and 

tryptophan to zein, the proteins became capable of sup- 

porting growth and positive nitrogen balance. As Rose 

points out (37), referring to the preceding work, it 



became a matter of unusual importance to determine which 

amino acids were Indispensable for physiological pro- 

cesses. 

It is of interest to add hero that Osborne and 

Mendel (33) had observed that in addition to overcom- 

ing an amino acid deficiency in a protein by addition 

of the proper amino acid, it was also possible to at- 

tain the same effect by mixing in another protein not 

deficient In the particular amino acid. 

Attempts to use amino acid mixtures for the sup- 

port of growth invariably led to failure. Hopkins in 

ßrigland (20), Osborne and Mendel (3L.) and Mitchell (30) 

in this country all were unsuccessful. Hopkins (20) 

found that rats receiving cystino, tyrosine, lysine, 

tryptophan, and histidine as a sole source of dietary 

nitroen showed a slow weight loss. Substitution of 

leucino, valine, alanine, glycine, and glutamic acid 

led to rapid weIght loss and fatality. The chief 

reason for these failures, as wo well know by now, was 

the lack of knowledge of all of the essential amino 

acids. 

Thus we have two methods available for studying 

protein requirements or moro specifically, the require- 

ments of the amino acids: (a) to prepare a highly pur- 

ified protein known to be deficient In one or more amino 



acids, end to study growth response or nitrogen balance 

with this protein. If the animals show good growth, 

it is safe to assume that the missing amino acids are 

not essential; (b) to prepare protein hydrolysates and 

to rciove almost quantitatively certain amino acids. 
Again, if the animals show growth, one may conclude 

that the amino acid removed is non-essential. 
Rose (37) began the research which added a third 

method of studying the role of amino acids in nutri- 

tiou0 This work culminated in the discovery of a mie- 

sing essential amino acid. To quote frein his report 

(37), "These considerations led us to conclude that 
growth-promoting proteins contain at least one es- 
sential amino acid other than the twenty-one amino 

acids then recognized..." Rose and his co-workers 

then launched a search which ended in the discovery 

of the "missing link, " threonine (27 ) . This work by 

Rose opened entirely new vistas of research, since it 
now became possible to determine the essential or non- 

essential nature of each amino acid. By using amino 

acid mixtures containing all of the known amino a- 

dde, wIth the exception of the one being tested for 
its growth-promoting action, it became possible to de- 

termine whi. ch amino acide we re es s ont i al fo r growth of 

the white r at The basi s of the amino acid mixture 
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used by Rose was the amino acid composition of casein 

(37), (38). The same work was later extended to the nu- 

tritional requirenents of other n1am!ua1s (39), (1t0). 

Although Rose and others found that they could ob- 

tain growth in the rat when the ten essential amino 

acids were fed, Womack and Rose (Su) showed that wean- 

ling rats receiving, a standard casein diet had an ave- 

rage gain of lL3 g. in twenty-eight days; whereas those 

receiving an amino acid ration composed of ntneteen am- 

mo acids including the ten essential amino acids had 

an average gain of 97 g. Moreover when five por cent 

of the amino acid mixture was replaced by intact casein 

(5)), the average weight gain rose to 126 g. They con- 

eluded that it was possible that an unidentified sub- 

stance was present in protein, which is necessary for 

maximum growth, and that it might be identical to stre- 

pogenin. On the other hand, since no food intakes were 

given, it must not be overlooked that these differences 

might be due to different food consumptions. 

Strepogenin is the name given to a factor which 

Sprince and Woolley () (tJ3) concentrated, and which 

is essential for the growth of certain hemolytic strep- 

tococci. it also has been found essential for the growth 

of Strep. fecalis (SO) and Lactobacillus casai (I5). 

Woolley (6) describes the preparation of a standard 
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liver fraction with strepogenin activity, which indi- 

cates that the factor is water-soluble, alcohol-insol- 

uble, non-dialyzable. He has proposed a method Íor 

assay. Using ice as the experimental an1na1s, a co:- 

relation was established (7) between the growth-pro- 

nioting powers of a protein n d its strepogenin con- 

tent, When a protein source low in strepogenin was 

fed, he reported (S7) that. addition of a strepogenin- 

rich source irtiproved growth. The sanie phenomena have 

been reported for rats (9) and chickens (i4)(26). 

Woolley (8) on the basis of previous experiments, con- 

cluded that the factor was a peptide, which probably 

contained glutaniic acid. This conclusion was reached 

because all synthetic peptides having strepogenin ac- 

tivity contained glutaiic acid, 

In contrast to the above, recent investigations 

have tended to show the relative unimportance of pro- 

formed peides in the utilization of dietary nitro- 

gen, In protein-depleted, adult rats it was found (13) 

that a greater response was obtained with hydrolysates 

than with an isonitrogenous amount of casein. fhis 

was true despite the presence of added amino acids in 

the DL form. Moreover, progressive destruction of 

strepogenin did not reduce the repletion responso. 

Raniasarma et al (36) likewise demonstrated that strep- 



ogenin-deficlont hydrolysates prop3rly supplemented gave 

growth comparable to that of Intact casoln, and that re- 
p1aceient of part of the hrdro1ysate by % casein or egg 

albumin did not significantly enhance the growth re- 
sponse. In mice 'lt was found also (28) that when the 

mice were ted casein or amino aeld mixtures a a o1e 

source of nitrogen, the rn1no acid mixture gave growth 

response closely approaching 1rtaet casoiri; iioreover, 

addt1on of Intact proteins rich in strepogenin failed 
to improve growth over that obtained when proteins poor 

in strepogeniri were added, Brand and Bosshardt (7) re- 
port that miee fed an amino acid mixture comprised sole- 

ly of L-smino acids compounded to conform to the amino 

acid composition of beta lactoglobulin grew at a rate 

comparable to that of mice receiving intact beta lac- 

toglobuliri. Puppies also grew well on a ration de- 

ficient in peptides (L7). It is probably appropriate 

at this point to quoto Swanson end Clark (19), "In 

view of the significsnce of amino acid irnbalaice, it 
is clear that the optimuìn requireiients for each amino 

acid must be determined before the need for accessory 

peptide-containing compounds can b° settled." 
Since the advent of Rosets papers on the ten essen- 

tial amino acids much work has been dono in studying the 

comparison of amino acid mixtures and proteins to sup- 
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port growth. Aimquist (Li) In evaluating the wnino acid 

requirements of the chick, found that andno acid niix- 

tuzies vei»e not so $atlsfactol7 as the intact protein for 

8upport of growth, but in each case the same specific 

requirement was shown for specific amino acids. He lists 

six possible reasons for the difference: (a) decreased 

appetite and food consumption, (b) increased nietabolic 

destruction of the more rapidly absorbed free anino a- 

cids, (e) increased urinary loss of amino acids, (d) in- 

creased destruction by intestinal bacteria, (o) release 

during digestion of some simple peptides wtich may be 

used por se, and (f) presence of a growth factor. 

Ramasarma et a]. (36) found that rats fed casein 

!. had a signIficantly greater growth response 

than rats fed an essential amino acid mixture supple- 

mented with non-essential riino acids; however this 

difference disappeared with forced feeding. In another 

interesting aspect of the problem Rose (t.l) found that 

when the essential amino acids wore fed at the minimum 

level, the non-essential amino acids became the limit- 

Ing factor and that striking results were observed when 

additional nitrogen was furnished in the forni of various 

compounds (diammonium citrate, L-glutaìnic, glycine, urea, 

end smrionium acetate). Prom the results it was conclu- 

ded that () nitrogen of nan-essential amino acids may be 
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derived from various coiipounds, and (b) the effective- 
ness is correlated with the abIlity of the cell to 

convert aiionia for use by the cell in sminating keto 

analogue s. 
Since It was freque-itIy necessary in supplementing 

protein hydrolysates or making up amino acid mixtures 

to use the synthetic DL nixtures, lt became necessary 
to determine (1) the effect of the D amino acid se 

In the diet and (2) the extent of availability of the D 

component In the mixture. As a means of summary the 

following table is offered. 

PABLE I 

Availability of the Unnatural Isonors 
of the Pen Essential Amino Acids 

(+denotes that Isomer is used) 

Amino Acid D Reference 

Arginina + (L.l) 
liletidine .fr (38) 
Isoleucine - (19) 
Leucina - (19) 
Threonine - (39) 
Lysino - (140) 
Methionine + (37) 
Phonylalanimo (36) 
Tryptophan + (3S) 
Valine - (19) 

As to the effects of the DL mixtures in the diet, both 

Van Pilsum and Borg (51) and Wretlind (9) have shown 
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that at ordinary levels (not e:eeod1ng 20% In tha dio b) 

the ten essential aiino acids supplied as the DL iix- 

tures produced no. apparent ill effect. 

In light of the numerous papers in the literature 

dealing with the use of protein hydrolysato$, amino acid 

mixtures and the still debatable question of the necos- 

sity of strepogenin in the nutrition of the growing rat, 

this study was undertaken to deteriiine the availability 

of a protein hydrolysate, supplemented vith amino acids 

in such a manner that ts amino acid composition was the 

same as the intact protein, as compared with the intact 

protein In supporting growth In the woariling rat. 



SECTION II 

EXPERIMENTAL 

Preparation of Protein Hydro1yates 

Sulfuric Acid as ydro1yz1n Aíent: The uso o1 sui- 

furie acid to hydrolyze proteins has the distinct ad- 

vantage of allowing the use of an autoclave, which means 

that the method is faster, However it presents a major 

difficulty In thatit is virtually Impossible to pre- 

paro a dry hydrolysate free of barium ions, which cause 

excessive diarrhea in the rat, For the latter reason 

this hydrolyzing reagent had to be discarded in favor 

of other reagents. 

Dilute Hydrochloric Acid as Hydrolyzing Aíent: The 

use of constant-boiling hydrochloric acid presents the 

difficulty of removing the hydrochloric acid after th 

hydrolysis is complete, Even rorioval of the rnaor por- 

tion of the hydrochloric acid by vacuum distillation 

followed by neutralization of the remaining hydrochloric 

acid with sodium hydroxide, is not satisfactory because 

of the high sodium chloride concentration which results. 

As a means of avoidingaxcess hydrochloric acid, and 

consequently high levels of sodium chloride, attopts 

were nado to hydrolyze crude f ibrin and powdered egg 

albumin in the following mariner. 
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Twelve point five graine of protein were dlssolvod 

in 68 ml. of HCI, and aliquots of tha resulting 

solution were placed in heavy-walled test tubes and by- 

drolyzod for 18-72 hours at iS pounds pressure in tuo 

autoclave. Sixty-eight 'gil. of O.LN 1101 were calculated 

to be that sniount of acid which vihen neutralized with 

sodium hydroxide vouid give a level of sodium chloride 

three tiiies that amount nornaliy added to the diet 1f 

the protein wore fed at the l7.75 lovl. however at 

72 hours the ratio of amino nitxogen to Kjeldahl nitro- 

gen was only 31. 6; therefore the rethod wa pronoun- 

cod unsat1sfactorj and ori1tted. 

Sulfur Dioxide as Hydrolyzing Aont: Atteipts to 

hydrolyze proteins with sulfur dioxide under several 

atmospheres pressure were unsuccessful and the method 

was omitted. 

Constant-Bo1ling Hydrochloric Acid as Hydrolyzing 

Ajont: The following method was finally used for the pro- 

paratlon of both the fibrin and the egr, albumin hydroly- 

sates. This method made it possible to remove the x- 

malning ttfree1' hydrochloric acid and yielded a product 

which could be readily dried and ground. 

Five hundred g. batches of protein were hydrolyzed 

with 2 liters of constant-boiling 11Cl at reflux tem- 

perature for 72 hours. The humin was filtered off, and 
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the liquid hyth'olysate was docolorlzed by repeated treat- 

nnt with decolorizing carbon until a light unber sol- 

ution resulted. The deoolorlzed solution was then con- 

contratod to near-dryness under reduced pressure; water 

was then added and the process repeated until the dis- 

tillato was essentially free of hydrochloric acid, At 

tills point 95(1 ethyl alcohol was added, and the process 

was repeated several times. In order to renove the re- 

maining ttfre&' hydrochloric acid and rost of the bound 

hydrochloric acid, the syrup from above was treated in 

the following manner, The flask containing the syrup 

was equipped with a nechanical stirrer and placed on a 

hot water bath; 2.-parts by weight of absoluto ethyl al- 

cohol were thon added and stirring continued until a 

uniformi suspension resulted. (Absolute alcohol was used 

instead of 95% alcohol to reduce the loss of anino acids 

by solubility.) With continued stirrinC 6-parts by 

weight of pyridine were added which caused the amino 

acids to precipitate out of solution, and stirring was 

continued for 20-30 minutes. The flask was removed from 

the water bath and allowed to stand overnight (ca 12-16 

hours.) .Ihe precipitato was removed by filtration and 

washed by re-suspending several timos in the minimum 

quantity of absolute ethyl alcohol. The washings re- 

moved most of the pyridine hydrochloride. The result- 
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Ing product was dried over phosphorous pentoxide and sul- 

furie acid in a vacuum averi at 60 deg. G. for two days. 

11ho resulting dried hydrolysate was readily ground into 

a fine powder, free of pyridine odor and having a pleas- 

ant taste. 
Analytical Data: 

(a) Fibrin: Ke1d&il Nitrogen l6.61 
?tbz'in hydrolysate: Kjeldah]. Nitrogen 12.80%, 

Van Slyko Amino Nitrogen lO.38, Biuret 
test n*p:ative 

(b) gg Albwiiin:joldabl Nitrogen )4.50% 
Egg Albumin drolsate: KjeldaÌi]. Nitrogen 

11.38, Van Slyke Amino Nitrogen 1O.6O, 
Biuret test negative 

!!icrobIó1o1cal ASSaX 2. Intact Protein and Protein 
Hydrolylates 

Both the hydrolysates and the intact proteina were 

assayed microbiologically for 18 amino acids according 

to the method of Henderson and Snell (19). Table III 
gives the amino acids and the organisms used for their 
assay, The intact proteina were prepared for assay by 

hydrolyzing I g. of protein with 10 ml, of 3.SN 11Cl in 

a sealed tubo in an autoclave at 15 pounds pressure for 

io hours. The hydrolysatoc for tryptophan assay were 

prepared by hyro1yzing O mg. of protein with L. ml, of 

N NaOH in a sealed tube in an autoclave at 15 pounds 

pressure for ten hours. The results of the microbio- 

logical assays are siimniarized in Table II. 
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TABLE II 

iorcontage Coniposition of Crude Fibrin 
and A1buriIn 

(piesed in % 13aod on 16% N2) 

Fibrin 
Aiitho Acid. Fibrin droy!ate1 Albumin dro1y8ate1 

Arginine tj.71 t..68 L.3l 2.L8 
Histidino 3,21 3.ij.7 2.28 3.I,6 
Isoloucine Ì.I..41 S.72 t..86 5.00 
Leucine 3.2!. 3.89 3.LO 3.11 
Threonins 6.12 I..0 3.70 1.32 
Lysine 6.92 1O.SÓ L..78 9.11 
eth1onino 1.38 2.1t ?.17 2.3S 
Phenylalan5ne 3,63 1.L.O k.25 1.25 
Trypt.ophan t.37 0.00 1.214. 0.00 
Valine 5.15 S.31i- 5.75 .33 
Tyro3inG 5.214 0.97 3.26 0.31 
Glutamic Acidl2.12 8.66 10.89 5.11 
Aanartic 

Acid i6.ot. 12.80 3.53 3.28 
Sonne 8.96 5.51 8.88 L.O5 
Proline 7.62 1.06 6.39 0.00 
Cystlno 1k19 0.37 5.00 0.36 
Glycine 11.38 5.08 8.90 2.02 
Alanine 0.81 0.38 1.03 0.36 

1The hydro1ysate were supplemented with amino acids 
in such a nianner that they had. the sane composition as 
the intact; protein. Ariith was added as L-Arginlne- 
11Cl; Histidino as L-Histidino-HC1-112O and Lysine as L-. 

Lysine-HC1. 

The following amino acids wore added in twice the 
calculated aniount s mcc the D isoner is physiological 17 
inactive: DL isoleucine, DL leucine, DL threonine, DL 
valine, DL serine and DL alanino. The D isomer of the 
followIng amino acids is physiologically available, and 
hence only the calculated aniount was added: DL moth- 
ionine, DL tryptophan, DL phenylalanine, DL aspartic 
acid. 



TABLE III 

Microbiological Assai for Anino Acids 

Mio roorgani sm 

Streptococcus fecalis R, 

Leuconostoc rnesenteroides E-6O 
TT.C,i.A.) 

Lactobacillus arablnosus 17-S 

Amino AcIda Assajed for 

L-Arginine 
L-Histidino 
L-Me thionino 
L-Valine 
L-Tyrosine 
L-Al anirie 

L-Proline 
L-Glycine 
L-Sono 
L-Aspartic Acid 
L-Lys irie 
L.?hreonino 

Liso1eucine 
L.Leuc iris 
L-Phenylalarilne 
L-Tryptophan 
L-Glutaniic Acid 
L-ystine 

Calculation of Amounts of Individu1 Amino Acids 

a Added Uydrolysate: This iethod viLli be demon- 

stratod by a partial example. The basic formula used is 

MlOO--X+Y+Z... in which M is equal to the final weight 

of the mixture and X, Y, Z... are the amounts of the in- 

dividual amino acids to be added to one hundred grams of 

hydrolysato. If for oxam}.1e the percentage of arginino 

in the intact protein is 5.2, while in the hydrolysate 

it I ¿4.7, thon the following equation can be set up for 
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arin1ne: O.O2 M= L..7-t-X, which Is reasonable since the 

final mixture weighing M grams niust be 5.2 per cent ai'- 

ginine. It Is pos1b1e in a like manner to sot up an 

equ'tion for each amino acid. The sum of al]. of these 

equations will give an expression s1ii1ar to the follow- 

Ing : O. 8I.6 M = 76-+X±Y+Z. . . ; by subtrac t1n this equa- 

tion from M 100+X+Y+Z... all of the X,Y,Z... tois dis- 

appear and it becomes possible to solve for L Once M 

is known, X,Y,Z... in the indivtdual casez may be solved 

for. 

Table 1V sui'iarizez the supplementation of the hy- 

drolys atoe. 



TABLE IV 

Animo Acid Supplementation 

(gns Added pr loo ns Hyth'olysate) 

Amino Acid E,g Albumin1 Egg Albumin2 Fibrin3 FibrinI- 

Arginine 2.90 11.89 15.7 1.76 
Histidine .06 L.78 10.14.2 1.02 
Isoleucine 1.36 11.86 14.32 .92 
Leucine 1.t9 
Phreonine 2.77 

8. 
lO.L.6 

10,21 
21.92 

7t1. 

3.68 
Lysine 0.00 8.72 19.9S 0.00 
Methionine 0.37 L..86 6.03 .S2 
Phenylalanine 3.77 12.60 1L.O3 2,99 
Tryptophan l.3! L..6S l7.9S ¿..66 
Vaithe 3.12 1.O9 16,88 1.78 
Tyrosine 3.32 10.73 20.77 I.92 
Glutamic Acid - 30.87 13.2.87 6.91 
Apartic Acid - 2L.67 S.78 8.2 
Serine - 2.33 32.L8 5,73 Cystine - 15.213. - 
ro1ine - 20.60 - 7.Li.1 

Alanine - 3.02 - 62 
Glycine - 26.77 8,6o 

1Supplementation of egg albumin hydrolyate 
to bring levels of eleven amino acids to that 
of the original protein. 
2Supplerientatiori of egg albumin hydrolysate 
to bring levels of eighteen anino acids to that 
or the original protein. 
3Supplenientation of fibrin hydzolysate to bring 
levels of fourteen emmo acids to that of the 
original protein. 

1Supp1enient&ìtion of fibrin hydrolysato to bring 
levels of eighteen amino acids to that of the 
original protein. 
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Animal Expe riment s 

Twenty-eight day-old weanling rats of the Wlstar 

strain from the 0.3.0. colony were used throughout this 

study. The rats were weaned at 21 days and on the 25th 

day were placed n individua? wire-bottonod experimental 

caces and supplied stock ration and water ad libitum. 

It was felt that the three-day pro-experiienta1 period 

in the experimental cages woii1d help eliminate any fac- 

tor involved in removIng the animal from a group sur- 

rounding and also accustom the animals to being hand?- 

ed, On the twenty-eighth day the animals were weighod 

and given experimental ration. Animal weights were re- 

coided daily as were the food intakes. Care was always 

taken to collect spillings. 

Starch Rep1aoixg Sucrose 

Expeienoe had shown that amino acid diets becane 

quite tacky and that this frequently made the animals 

uncomfortìb1e by 3ti3kIng to fur and paws. As a moans 

of circumventing this difficulty, it was decided to re- 

place the sucrose in the diet wIth potato starch. Trial 

experiments in which starch replaced sucrose as the car- 

bohydrate source showed that the animals developed ex- 

treme diarrhea in almost all casos, and several of the 

animals died before twenty-eight days had elapsed. 

Moreover, weight gains re very poor. 



Parti Ftep1aceu3nt of Sucrose Starch 

In view of the diarrhea which the rats developed 

when starch completely replaced ucrose as a carbohydxate 

source in the diet, it was decided to try experiments 

in which IS% of the dietary carbohydrate was furni$hed 

as sucrose arid the remainder a potato starch. This 

diet possessed the same advantages as the dIet contain- 

Ing only starch as a carbohydrate source; that is, the 

diet did not become tacky. Moreover the diet posses- 

sed a dIstinct advantage In that It produced little If 

any diarrhea. The diet used in this experiment is 

shown in Table V; while the vitaniin supplement added 

poi' kilo of dIet is shown In Table VI. 



TABLE V 

Comppsition of Diet Thr iartia1 fl1acement of Sucrose a, DT t1 
Material Pep cent 

Sucrose 10,76 
Starch, potato1 6o.88 
Salt Mixture2 Loo 
"Cellu F.oup3 2.00 
Corn 0il- 2.00 
Vitamin A & D concentrato5 .05 
Choline chloride .20 
Inositol L .20 
Liver Puder° 
Proteine 19.51 

1Ida Potato Starch Co,, Blackfoot, 
Idaho 

2Jones and Foster (22) 
3Chicago Diabetes Supply Corripany, 

Chicago, Illinois 
P'Mazo1a Oil," Corn Products Re- 
fining Company, Argo, Illinois 

SContaining tO0 I. U. D and 300 
I. U. A per grsrn, Napco XX, 
National Oil Products Co. 

Wi1son's 1:20. Wilson and Company, 

-, 
Chicago, Iliinos 

'Egg Albumin F owd., General Chem- 
ical Div., National Aniline and 
Dye Carp, New York, N.Y.; Crudo 
Blood Fibrin, Armour and Co., 
Chicago, Illinois 



TABLE VI 

Vitanin Supplement Used in All Diets 

Vitamin 

Thiamine liC? 
Riboflavin 
?yriodoxlne MCi 
Niacinamids 
Ca Pantothenate 
p-Aminobenzoio acid 
aipha-Tocopherol 
2-me th1-1, L.-naphthoquinona 
Bjotjn 

21 

Milligrams Added per 
Kilo of Diet 

s 
10 
s 
s 

25 
300 

25 
2 

100 added per kilo 
of diet 

1Biotin was used only in egg 
albumin diets, and diets 
using egg albumin hydroly- 
sates, to avoid egg white 
injury. 

In order to assure a fairly even distribution of the 

vitamin supplement in the diet, the diet ws made up a 

kilo at a time; however, the proteins end the oil were 

not tdded. Thoso materIals were Incorporated into 200- 

300 g. batches of diet (a 2-3 day supply) in order to 

avoid rancidity and its effects. The complete ration 
as well as the basal ration was always stored in the cold 

box as a preservative measure. Table VII summarizes the 

results of the above rton with egg albumin as the pro- 

tain source, while the growth curve is given in Fig- 

uro I. 
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TABLE VII 

Growth Response of 28 Day-Old Rats to Diet in Which Starch 
Partially Re1aces orose as Dieta Carbohydrate, ad 

libitum ?eeding; Albumin as Protein Source 

Rat Sex Total Wt Gain Food Intake Gins Food Divided 
(gins) (gins) by Gma Gain (P.L) 

2 in 88 381 
26 m 82 tl3 
27 in 814. 1O2 14..8 

29 f 82 367 14.5 

30 f 87 5.0 
31 f 53 t.o14 7.6 
32 in 8o 5.14. 

Ave: 80 14.05 5.1 

Table VIII summarizes the results with crudo fibrin as 

the protein source, while the growth curve for this ex- 

poriment is shown in Figure II. 
TABLE VIII 

Growth Response of 28 Day-Old Rats to Diet in Which Starch 
Partially Replaces Sucrose as Dietary carbohydrate, ad 

1ibium Feeding; Fibrin as Protein Source 

Rat ¿. Total Wt Gain Food Intake Gins Food Divided 
(gins) (gins) by Gins Gain (?,L) 

33 In 107 140 3.8 
314. f 98 1400 

35 f 73 Li.19 5.7 
36 m 130 1414.]. 3.14. 

37 f 814. 3144 L.1 
38 m 82 14.09 5.0 

39 . 

f So 3149 !i..li. 

Ave: 93 396 
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Growth Response of 28 Day-Old Rats Receiving 
Diet I; Protein Source: Egg Albumin 
Ad Libitum Feeding 
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Diet I Ad Libitunt; Protein Source: Fibrin 
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Albumin Hydrolysate i1u 1]. Amino Acids 

In this experinient the egg albumin hydrolysate was 

supplemeribed ;ith the ten essenti1 amino acids in a- 

mounts necessary to brins the level to thn.t of the in- 

tact protein. In addition tyrosine was also supple- 

mented so thst it too was present at the same level as 

in the Intact protein. Vthen this mixture was fed ad 

libitum at the l7,7S level, sufficient glutamic acid 

was added to make the diet iso-nitrogenous to a control 

diet in which epg albumin was present at the l7.7o 

level. As a precautionary measure, the level of oho- 

line chloride in the diet was increased from O.2 to 

o.5) in order to avoid any toxicity from pyridine or 

pyridine hydrochloride which may not have been removed 

from the hydrolysate. The toxic effect of pyridine can 

be overcome by simultaneous administration of choline. 

Since methionine is also capable of detoxifying pyri- 

dine, the increase of choline is further justified in 

that the pyridine would be detoxified by the methionine 

in the absence of sufficient choline and thus intro- 

duce an undesirble factor. The experimental diet is 

given in Table IX, the vitamin supplement being the 

saine as in Table VI, and Table X suiniarizes the experi- 

mental findings. Figure Ill shows the growth curve for 

this experiment. The control diet is given in Table IX, 
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the vitamin supplement being the same as in Table VI, 

while Table XI swnmarizos the control results of this 
experi!nent. Figure III shows the growth curvo for tibe 

control animals. 

TABLE IX 

Albumin I&ydrolys ate pplemerxted 
With 11 Amino Acids 

Maton al 

Egg Albumin 
hydrolys ato 
(suppl.) 

igg Albumin 
Glutanilo Acid 
TVCO11u flour" 
Jones SaR 
Mixture 

Corn Oil 
Vitamin A & D 
concentrato 

Choline chloride 
Inositol 
Liver powder 
Sod, bicarbonate 
Sucrose 
Starch, potato 

Diet lia (ixptl) Diet lib (Control) 

19.101 - 
- l7.7 

2.00 2.00 

t1..00 

2.00 2.00 

0.05 o.o 0.0 o.;o 
0.20 0.20 
0.)-i0 0.Li0 
SUO .00 
9.30 10.22 
7.72 7.88 

1Phis value takes into account 
D..jsoers of amino acids which 
are not nutritionally available. 
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TABLE X 

Growth Response of 28 Day-Old Iats to Eg Albumin 
Hydrolysate Sup1lenented with 11 Adii Ac!ds 

Isonitrogenous with Intact Egg Albumin at 17.75$ 
Level; ad libitum Ieedïxig, Diet lia 

Anma1 # Sex Total 'Vt Gain Food Intake Gma Food Divided 
ftms) by Gins Gain J. L) 

1O ri 37 200 
t1 f t8 182 3.8 
1j2 t 176 3.6 
L9 1O 28h. 2.7 

in 99 329 3.3 
51 f 80 262 3.3 

Ave. 70 239 3J4. 

TABLE XI 

Growth Rosonse of 28 Day-Old Rats Intact 
Albumin, Diet II libitum 'eedin; Protein at 

l7.75 level; Iso-nitrogenous with Dot lIa 

Animal Sex Total :.t Gain Food Intake Gins Food Divided 
________ 

- 
( gins ) ( ns ) by Gris Gain ( .LL ) 

h.3 f 62 27 
h4 rn 80 257 3.2 
h-5 in 62 2Li7 
¿4k in 103 323 3.1 
tj.7 in 33 32L. 3.9 
t8 f 86 319 3.7 

Ave. 79 29]. 3.7 
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Growth Reaponse of 28 Day-Old Rata Receiving 
Supplemented Egg Albumin H7drolysate (Diet 
lia) Ad Libitum, Compared With Intact Egg 
Albumt ietTIb) 
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Fibrin Hydrolysate Plus Amino Acids 

As in the preceding experiment with eg a1buîiiu 
hydrolysato fibrin hydrolysate wa 8upplemented with 

tuo ten essenti,1 amino acids and four non-essential 

ainixic acids in anounts necessary to bring the level 

to that of the intact protein. When the supplemented 

hydrolysate was added to the ration, sufficIent glu- 

tniic acid was added to make the diet iso-nitrogenous 

with the control ration in which fibrin was fed at 

the l7.7 level, vitamin supplement being added as 

per Table VI. The experimental. and control rations 

wore fed libiturn. Table XII gives the experimental 

ration, while Table XIII summarizes the experimental 

data, Figure IV gives the growth curve for this 

experiment, 



TABLE XII 

Fibrin Hy'drolys ate Suppleionted With 
Amino Acids 

Maten £1 

Fibrin hydrolys ate 
(suppi.) 

Fibrin 
Glutmic acid 
tIC8llUTt flour 
Jones Salt 
Mixture 
Corn Oil 
Vitamin A & D 
concentrate 

Choline chloride 
Inositol 
Liver powder 
Sod, bic arbonata 
Sucrose 
Starch, potato 

33 

Diet lila ixpt1) Diet 11Th (Control) 

21.70 - 

- 17.75 
6.32 - 

2.00 2.QQ 

14..00 14..00 

2.00 2.00 

0.05 0.05 
0.50 0.50 
0.20 0.20 
O.t0 0.L0 
5.00 5.00 
8.67 10.22 
9.l6 57.88 

TABLE XIII 

Growth Response of 28 Day-Old Rats to Fibrin Hdro1y- 
sate Supplemented with Amino Acids, Diet lila; 
Iso-nitrogenous with Intact Fibrin, Diet Ilib, at 

17.75 Level; ad libitum 1'eedin 

Animo]. Total Wt Gain Food Intake Gma Food Divided 
(gins) (gns) by Gins Gain (i-.E.) 

52 f 55 229 L.2 
53 f l48 2l).. 
5L. n 1..3 267 6.2 
61 ni 68 233 3.I 

62 ri 61j. 275 

Ave. 55 2t4 

The control ration for this experiment is given in Table 

XII, and the summary is given in Table XIV. The growth 
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curve for the control ration is given in Figuro IV, 

TABLS XIV 

Growth Responso of 28 Day-Old Rats to Intact Fibrin, 
Diet 11Th, ad libitum Feeding. î-rotoin at l7.75 

Level; Iso-nitrogenous with Diet lila 

Animal Sex Total Vt Gain Food Intake Gnis Food Divided 
(gms) (gms) y Gms Gain (.ß,) 

SS in 131 37i. 29 
56 ru lL3 LISt1. 3.2 
57 ru 1111 i1.2L1. 3.0 
58 r 105 LI.18 I1..o 

59 in 98 393 t1..0 

60 f 106 LISO 

Ave. 121 L1.19 3.5 

A1bunin Hydrolysato Suppomontod Vith j kino Acids 

In this experiment the egg albumin hydrolysata was 

supp1etonted with ten essentIal aiiino acids and eight 

non-essential amino acids, o that the supplemented hy- 

drolysate had the saine amino acid composition as the In- 

tact protein, in so far as the eighteen amino acids 

wore concerned. It was decided to feed the bydrolysate 

;L.!a. but to limit the food intake of the control an- 

imals to that of the exeriruental animals in order to 

ascertain whether or not lack of food consumption was 

a limiting factor. In the strictest sense this was not 

a paired feeding oxperient, since lhe control animals 

did not a1wiys have the sano total food intake as their 

experimental mates. As in the preceding hydrolysate 
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Growth Response of 28 Day-Old Rats Receiving 
Supplemented Fibrin Hydroly8ate (Diet lila) 

Ad Libitum, Compared With Intact Fibrin 
Tiet Tub) 
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3xperlmonts the experimnta1 ration was raade io-uitro- 

genou3 to the control diet at 17.75 lovol of Intact 

egg albumin. The diets wore supplemented with v1tni1ns 

as pe Table VI. Table XV gives the experlmoiital ra- 

tion in which account is taken of the -aiino acids 

present which are not nutritionally available. This is 

done at the expenso of carbohydrate. 

TABLE XV 

Albumin Hydrolysato Supplemented 
With Amino Acids 

Material 

ßgg Albumin 
hydrolys ate 
(suppi) 

Egg Albumin 
Glutamic Acid 
"Cellu'1 flour 
Jones Salt 
Ltxturo 

Corn 01]. 
VItmIn A & D 
concentrate 

Choline chloride 
Inositol 
Liver powder 
Sod. bicarbonate 
Suc ro se 
Starch, potato 

($xtl) Diet IVa (Control)Biet Va 

21.80 
- 17.75 

3.16 
2.00 2.00 

L..00 

2.00 2.00 

g:g 
0.20 0.20 
o.L.o 040 
5.00 .00 
9.13 10.22 

51.76 57.88 

Table XVI gives a summary of the results obtained with 

the experiiental ration, while Figure V cives the growth 

curvo for this experiment. 



37 

PABLE XVI 

Growth Response of 28 Day-Old Rats to Albumin y- drolysatoupp1emented With 18 Amino Acids, Diet IVa; 
Iso-nitrogenous to Intact Albumin?óUat 17.75v 
Level, Diet IVb. ad libitunt Feeding 

Animal Sex Liter Total Wt Gain Total Food Gma Food Di- 
(gma) Intake gma vi dod by Gma 

Gain (.E.) 
6L. ni a 60 2S8 
6 ni a 66 282 
66 f a 2 288 
73 f b ELi. 22L Li.l 
7L. f b t.2 196 

in b (4 2i 3,8 
76 ni o 72 310 ¿4.3 
77 ni C 63 2L.6 3.9 
Ave. 60 2% ¿4.3 

The ration for the control iimals with intact egg 

albumin is given in Pable XV. 

TABLE XVII 

Growth Response of 28 Day-Old Rats Intact 
buniin, Diet IVb;Thtake Limited to xermenta1 Mate 
Receiving Supplemented Albumin }lydrolysate, 

Diet IVa. Iso-nitrogenous Dieta 

Animal# Sex Liter Total Vit Total Food Gma Food Divided 
_______ - Gain gma Intake gma by Gins Gain (k .L) 

67 f a 3t. 21 7.2 
68 ni a Zi9 28]. S.? 
69 ra a 60 21j.7 

70 f b ¿46 222 
71 n b 311. 197 5.8 
79 f C 14.1 21.O 5.9 
8o f C 56 231 
8]. f C ¿4.7 189 

Ave. L.6 232 5.0 



Table XVII summai'tzes the results for the control ani- 

mais In the above experiment, the growth curve being 

given In Figure V. 

Fibrin Hydroiysate 3ujplexuen ted Wt ___ 
The fibrin hydrolysato was supplemented with 18 

amino acids as shown In Table Ii so that its coxnposi 

tion in so far as these amino acids were concerned was 

the satie as intact fibrin. The supplemented diet was 

incorporated into the ration shown in Table XVIII at 

the 17.7% level, account being taken of the D-amino 

acids which are not nutritionally available. The diet 

was made iso-nitrogenous to that of intact fibrin fed 

at the 17.7w level by the addition of g1utiic acid, 

The experimental ration was fed ad lib. as in the pro- 

coding experiment, and the control animais' intake was 

limited to their experimental mates' intake; however, 

if the control animal failed to consuie all of the ra- 

tion offered to it, the experimental animals' intake 

was paired to the control animals' intake. Thus the 

final food intakes were identical for the experlinon- 

tal-control pair. Table XIX summarizes the experi- 

mental findings for the experimental animals. 
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FIGURE S 

Growth Response of 28 Day-Old Rats Receiving 
Supplemented Egg Albumin Hydrolysate (Diet 
IVa) Ad Libiturn, Compared With Intact Egg 
AlbumI (Diet IVb) Restricted Intake 
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TIME IN DAYS 



TABLI XVIII 

FIbrin lidro1Xs ate Supp1eented 
W[1I Amino Acida 

Material Diet Va (Jbtpt1) Diet Vb (Contro1) 

Fibrin 
Hydrolyz ate 
(suppi) 19,20 _ 

Fibrin - 17,75 
Glutamic Acid 8.io - 
"Collu" flour 2.00 2.00 
Jones Salt 
Mixture L.0O 
Corn Oil 2.00 2.00 
VitamIn A & D 
concentrate 0.05 0.05 
Choline chioride 0.50 0.50 
Inositol 0.20 0.20 
Liver powder 0.LO O.140 

Sod. bicarbonato 5.00 5.00 
Sucrose 8.78 10,22 
Starch, potato 9.77 57.88 

TABLE XIX 

Growth Repone of 28 Day-Old Rats to Fibrin Hydroli- 
sato SuplenteWTEh 13 Amino Aci, Di Va, Iso- 
n{troenou to Intt FTr[n 17 . 75 Level ; DiVb -- 

di 

Anima1 Sex Liter Total Wt Total Food Gins Food Divided 

_______ 
-. 

gnis Intake gs by Çis Gain (k'.i) 

loo in a 13.8 220 L.6 
102 f a t5 21L L,3 

in a 51 231 
106 m b 1a4. 223 5.1 
108 t b 50 300 6.0 

110 f b 1i4 28. 6.5 
112 n o 61 303 5.0 

11tl nl e 37 280 7.6 

116 f e 51 297 5.8 
118 t C IL2 256 6.1 

Ave, 147 261 5.5 
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The growth curvo for this precedIng experiment is given 

in Figure VI. The control diet composition is as given 

in Table XVIII. Table XX sunuarizes the control findings 

for this experiment and Figure VI shows the growth curve 

for the control animals. 

TABLE XX 

&rowth Response of 28 Day-Old Rats on Intact Fibrin at 
I7.75 Level DieVb. Iso-nitr5gonous with ]iot Va. 

Paired eedia 

Animal # Sex Liter Total Wt Total Food Onts Food Divided 
Gain ii Intake gnts by Cnia Gain (P.1.) 

101 lit a 23 220 9.6 
103 f a 37 2]4 
los ni a 36 231 6.Li. 

109 f b 61j. 300 
111 f b 37 28t' 7.7 
113 m e 5.5 308 .5.6 

11.5 e 33 280 8.5 
119 f c 38 2.56 6.7 

Ave. 110 262 6..5 

Albumin Hydrolysate Supplemented With 18 Amino Acids 

This experiment was set up in an identical manner 

as the preceding egg albumin hydrolysate experiment, the 

only difference being that strict paired feeding was 

used. This was necessary to eliminate the variable of 

different food intakes. Table XV gives the experimental 

diet, and the control diet Is also given in Table XV. 

The findings for this experiment are summarized in 
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Growth Response oÍ 28 Day-Old Rats To 
Supplemented Fibrin Hydrolysate (Diet Va) 

Compared With Intact Fibrin (Diet Vb) 
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Tables XXI and XXII. Tho growth curves for th1 exper- 

iment are given in Figuro VII. 

TABL} XXI 

thowth Rostonse of 28 Day-Old Rats to Albumin y- 

dro1yste ith 18 ArinAcids,iiet IVE, 
130-nitrogenous to ATbumi d at 7.Tevel, 

Djo t I Vb . Paired 

Animal # § Liter Total Wt Total Food Gins Food Divided 
gma gma b Gnis Gain (rE.) 

120 f a 9 296 
122 m a 77 292 3.8 
12)4. f a 69 29L. 
126 ni b 72 212 2.9 
126 f b 66 2011. 3.1 
130 f b 62 196 3.2 

Ave. 68 2t9 3.7 

TABLE XXII 

Growth Response of 28 D -Old Rats to intact Egg Albumin 

. 

Animal # Sex Liter Total Wt ___-__ 
12]. f a 61 
123 ni a 66 
12 m a 
127 m b 71 
129 f b 59 
13]. f b 65 

Total Pood thn Food Divided 
tako 'ris by Gms Ga1n(j.L) 

296 
292 
2%. 
212 3.0 

-). _) 

3.0 

Ave. 65 2Li9 3.8 
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FIGURE 7 

Growth Response of 28 Day-Old Rats To 
Supplemented Egg Albumin Eydrolys ate 
(Diet IVa), Compared With Intact Egg 
Albumin (Diet IVb), Paired Feeding 
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SßCTION III 

DISCUSSION 

The results obtained in this study indicate that 

when paired feeding is used, an saino acid mixture 

having the same omino acid composition as intact fib- 

rin or egg albumin is capable of eliciting the saine 

growth response as the intact protein studied. 

As a control experiment two groups of rats were 

fed Diet I. In one case fibrin was the protein source 

and in the other egg albumin was used. The animals 

did not develop diarrhea as did those receiving starch 

as the sole source of carbohydrate. In this connec- 

tian it should be pointed out that others (23) using 

only starch as the carbohydrate source do not mention 

diarrhea as a complication. Although both groups of 

animals ate approximately the same amount of food 

( average ) , a comparison of the grsms of food eaten 

per gram of gain (protein efficiency, F.E. ) shows the 

fibrin to be slightly superior to the egg albumin at 

the levels fed, Tables VII, VIII and Figures 1, II. 

It has been pointed out (Lt9) that in studies in- 

volving the utilization of amino acids, food intakes 

are important and should be reported. It is difficult 
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to compare two experirnent In which the total food In- 

take differs by a hundred or o crains. 

Many workers point to the failure of the expon- 

mental animals to eat as a criterion of dietary made- 

quacy (3) (12). The failure of an animal to oat an 

animo acid mixture but Its willingness to consumo the 

Intact protein presents many Interesting facets. Is 

it because inherently the polypeptide nature of the 

protein makes It "tasty," or on the other hand, is It 

the acidic nature of the amino acid mixture that makes 

lt behave like an "anti-condimant"? One is almost lead 

to the conclusion that "taste" should be included as a 

growth factor. Yet when an amino acid mixture known 

to he deficient in tryptophan was supplemented with a 

few milligrams of the deficIent ailno acid, there was a 

marked increase in food intake (12). This partIcular 

aspect of ai1no acid nutrition Is not likely to be an- 

swered until the absolute amino acid requirements, un- 

der the particular experimental conditions being used, 

aro known, The same problem exists In Intact protein 

nutrition, for it has been found that supplementation 

of a defIcient protein either by the addition of nIno 

acids (32) (33), the addition of a second protein rich 

in the missing amino acids, or increasing te level at 
which the deficient protein is fed (ls) (60) (t3) has 



16 

led to an increased food consumption and efficionoy of 

nitrogen utilIzation. 

It is not always possible on the basis of anino 

acid composition to predict tii ability of a protein 

to support growth, for In certain instancos the amino 

acids riay be bound in an unavailable forni. Mitchell 

und Block (31) make It clear that the preceding state- 

nient must not be misconstrued, for in the basic sense 

5t is the amino acid con,position of protein which do- 

fines Its ultimate value, but the statement must of 

necessity be emended to Include tprovided the amino 

acids are available for utilization by the experi- 

mental animal being used.' An extensive study (25) 

has shown that amino acids In the proteins are not 

always available. Others have also shown this to be 

true (L6). 

When ec albumin hydrolysate was supplemented 

vith eleven amino acids as shown In Pable IX and 

the diet (Diet Ita) made Iso-nitrogenous with intact 

egg albumin fed at 17S7 level In the diet (Diet lib), 

It was observed that the experimental snimals gained an 

average of 70 g. as compared with an average gain of 

79 g. for the control animals. Based on weight gains 

the control diet appears superior, Figure III, and the 

results are not at all out of line with those obtained 



by other workers (31) (12) (!1) (36). It has been f-1t 
that growth alone should not be uod In judging the res- 

ponse of anImals to exper1renta1 ration, and for this 
reason we have used grams food per gram of gain, which 

we ca).? protoin efficiency (?.E.) Phis is the recipro- 

cal of the term as used by He3ted and Worcester (17) 

who point out that this tein i equzilly as sign1ficmt 

as gain in weight. Jhen the results of the above ex- 

perLiient aro examined with respect to protein efficion- 
cy, it; 13 found that the supplemented hzjdrolysate has 

a ?.1. of 3.L. as compired with a f.ß. of 3.7 for the 

control animals, Tables X, XI. Although the data were 

riot tested statistically, lt would seorn reasonable to 

conclude that the ability of the amino acid Ttxture 

to support growth was coaparab1e with the intact pro- 

tein. Moreover, lt would appear that the D animo 

acids present th the racelo for!rIs used did not pro- 

duce sny apparent 111 effects, a itter already ea- 

tablishod with reasonable certainty by others (9) 
(23). 

Fibrin hydrolysate, suppleriented with fourteen 

animo acids so that they were present at the sarao 

levels as in the intact protein gave poorer growth 

response when compared with intact fibrin, Diets IIIa,b. 

These results are surirnarized in Tables XIII, XIV and 



Figure 1V. The diets were iso-nitro1enou3 but fed ad 

ilbiturn. It will be noted in this experiment that the 

control animals ate an average of 17S g. more food in 
the twenty-eight-day period than the experimental ani- 

mais. Moreover the i.E. for the experimental animals 

was compared with 3. for tho control animals. The 

results of this experiment led us to the decision that 
paired feeding should be tried. 

The results obtained with egg albumin supplemented 

with eighteen amino acids, Diets IVa,b, in which the 

control animals were limited in their food intake so 

that they equaled the food intake of the experimental 

animals, confirmed the results obtained using Diet lia. 
Although the protein efficiency was lower, the animals 

ate more food, Table XVI, XVII and Figure V. In fact, 
failure of several control animals to consume all of 
the ration offered to them gave an average total food 

intake for the control animals which was lesa than that 
consumed by the experimental animals. ilils variable 
was eliminated in subsequent experiments by correct- 
Ing for the experimental animals' food intake when the 

control animal railed to consume all of the ration of- 

fered to it. However, the P.E. values were in the same 

order although in different magnitudes. It might well 

be that one should limit the use of protein efficiency 
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in so far as the absolute value is concerned, to the par- 

ticular experiment, but this does not do away with their 

comparative value. In both egg albumin hydrolysate ex- 

periments previously discussed the bydrolysates have 

had small values, that is, greater efficIency. 

Fibrin hydrolysato supplemented with eighteen am- 

mo acids and compared with intact fibrin, Diet Va,b, 

In a paired feeding experiment showed a greater pro- 

tein efficiency, Table XIX, than the intact fibrin, 

Table XX. hen the weight gains are compared, Figure 

VI, the hydrolysato shows slightly better growth, but 

the statistical significance of the difference has not 

been determined. According to Mitchell and Block (31) 

the biological value of a protein Is limited by the 

relative proportions of the esential amino acids con- 

tamed in it; whereas Grace and Kamli (ls) found that 

increasing the level at which a deficient protein is 

fed tended to overcome the deficiency. The results 

obtained in this study confirm the results obtained 

by these workers. When fibrin wes compared with whole 

egg protein as a standard, Isoleucine was found to be 

the limiting amino acid (31), and fibrin showed very 

large deviations from the whole egg protein, amino acid 

composition both in the positive arid negative direction. 

When the animals were allowed to consu'ie fIbrin diet 
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ad lib., they ate an average of tl9 g; whereas on the 

paired feeding experiment they were limited to an ay- 

erage of 262 g, so that it is entirely conceivable 

that they were consuming a sub-optimal amount of sone 

of the essential amino acids. 

As a means of checking the results of the egg al- 
bumin hydrolysate experiment in wiieh the control ani- 

mais failed to consume the same amount of food as the 

experimental snirnals, he experiment was ro-rrn, and 

the following results worse obtained, Tables XXI, XXII 

and Fire VII. The avoraçe food consumption was 2L1.9 

g, which compared quite favorably with the food con- 

sumption in the earlier experiment. The protein off i- 
ciencT ias 3. 7 for the experimental animals as com- 

pared with 3.8 for the control animals, and the total 
gain for the two groups was 68 and 65 grams respoc- 

tively. The results obtained leave little doubt that 
when paired feeding was used, the egg albumin bydroly- 

sate suppleiented with amino acids is comparable with 

the intact egg albumin in ability to support growth. 

Brand and I3osshard (7) found that when they fed 

to mice a mixture of L amino acids having the same per- 

conitage composition as crystalline beta-lactoglobulin, 

they obtained the saine growth response. They also 

found that DL amino acids gave an impaired response. 



Po date no report of a coriparabIe study with rats has 

been reported, a ilidtation being the extrexo expenso 

and difficulty in obtaining sufflcient quaititiei of 

sorne of the L mnino acids. 

Kuiken end Tyman (2S) point out that the bioiog!. 

leal values of proteins differ because the amino acids 

are not always available as needed, and the value la 

dependent upon the i r appe arance s irnult aneously. Phi s 

factor was also pointed out by Melnick et al (29) who 

feel on the basis of their studios that protein hydro- 

lysates should be superior in biological valuo to in- 

tact proteins. They iL so feel that mutual supple- 

mentatlon is possible in the cace of protein hydroly- 

sates. It has boen shown by sono workers (1h) (8) (16) 

(3g) that when auiino acid mixtures or incompleto pro- 

teins are fed, all of the essential amino acIds must 

be present siniultaneously. If one essential emmo 

acid is not present in the diet but is presented to 

the animal later, the animal exhibits syriptonis simi- 

lar to amino acid deficiency. 



SUMMARY 

SECPION IV 

1. A method is described for the preparation of 

dry protein hydrolysates, relatively free of hydro- 

chloric acid. 

2. Egg albumin hydrolysate suppleïonted with el- 
oven amino acids is s'own by protein efficiency cal- 

culations to be comparable with intact egg albumin 

when diets aro fed ad libitum and diets are iso-nitro- 

genous. 

3. Fibrin hydrolysate supplemented ith four- 

taon amino acids, and compared with intact fibrin 
when both are fed ad libitum and diets aro iso-nitro- 
genous, is found to be inferior t;o the intact rotein 

by protein efficiency calculations. However, control 

animals consumed an average of l7 g. moro food than 

the experimental animals. 

ti.. Egg albumin hydrolysate supplemented with 

eighteen amino acids is shown to be comparable with 

intact egg album .. in when the control animals' food in- 

take is restricted to tht of the experiìental ani- 

Th- is under ad lib. feeding. 

. Fibrin hydrolysate supplemented with eighteen 

amino acids is found to be comparable with intact 



fibrin when paired feeding is used. 

6. Egg albumin hydx'olysate ihen supplemented with 

eighteen amino acids is comparable vith intact egg al- 

bumin when paired feeding is used. 
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