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AMINO ACID DEFICIENCIES OF GRAIN PROTEIN 

INTRODUCTION 

Results of amino acid assays indicate that grains are 

lacking in certain amino acids and thus theoretically supple¬ 

mentation of grains with deficient amino acids should increase 

their nutritive value. However, results of rat feeding experi¬ 

ments conducted in the Department of Animal Science in 19^7, 

to study the effect of supplementing farm grains with a number 

of amino acids were inconclusive. Rats fed a basal ration of 

low protein barley supplemented with the amino acid lysine made 

more rapid gains and required less feed per gram gain than did 

control rats fed the unsupplemented ration, but supplementation 

with tryptophan or methionine, threonine, valine and tryptophan 

in addition to lysine failed to bring about any further Improve¬ 

ment in rate of growth. 

Animal feeding trials were discontinued at that time 

until fundamental information regarding the amino acid composition 

of grains could be obtained. As detailed data with respect to 

nine essential amino acids in Alberta grains are now available 

from results of microbiological assays, the feeding trials 

reported herein were conducted to supplement the earlier experi¬ 

ments in which grains, fortified with pure amino acids, were 

fed to rats* The preliminary experiments, summarized in Part I 

of this report, were devoted to amino acid assays on the grains 



o ii o r. :. .... i. ' • i o..i. 

. 

■ ■ • ■ - 

Eb i ©moerf ■ if oe ' ' 2 1 ' ' 

ssseioal biuode sblo.e.oalmB Is ! " tt t td m 

- ■■ t * 

, ~ : 

. . . • - r - - ; . ' ' '' - 

» ll ' ’ ' 

' ' ' ' ' ’ 

■ ■ £ -T; p £6 ' B ■ % 

f - " 

r.' . t t ©i 

/ - ml :; - : - jb ' J ’ 

T tb-t ' dfis;” 

e ! q; Idnoosi ' ■ " 

elrf • X tb' :.'f ..'i?1- an ' ei'ie’I :J: zbbop oilrrs in irmsEa© eru. r; 

r; - 1/. • . ' ’ ' r.- I' ~ tvOi'ol 0‘XC/:.'■ "G 57" 3&1 POT'! 

' ■ ■ ■ ' " ' . . _ v‘ Jtjf BIS ff bS j'TOvS" 

. ' • ' ' v ’ ' : - ;g ■ -"r * ■ ' 

■ ' ■ . ' 



-2- 

selected for use in future feeding trials involving supplementa¬ 

tion with pure amino acids and to repetition of a rat feeding 

experiment previously reported from this laboratory (5) in 

which rats were fed rations containing oats, barley or wheat 

as the sole source of protein. 
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PART I 

AMINO ACID ASSAYS AND 
FEEDING EXPERIMENTS WITH GRAINS 

OF DIFFERENT SPECIES AND PROTEIN CONTENT 

Literature Review 

A number of early investigators, Sherman and Winters 

(28) and McCollum, Simmonds and Parsons (iLj.) concluded that rye, 

wheat, corn, barley and oats varied little with respect to the 

nutritive value of their proteins* However, it has since been 

shown that differences do exist when a diet is fed that is 

nutritionally complete except for the protein* By means of 

nitrogen metabolism experiments with rats Mitchell (l8) showed 

•a distinct superiority of oat protein over corn protein at 

different levels of intake* In 19l|6 Mitchell and Block (19) 

concluded that the protein of rolled oats was definitely superior 

to that of other cereals tested. Recently Jones, Caldwell and 

Widness (12) in an experiment comparing cereal grains by rat 

growth studies showed that growth was proportional to protein 

level ,and at the 12% protein level, oats had a strikingly higher 

value than hard wheat* These results agree with those reported 

by McElroy, Lobay and Sinclair (1?) who found that rate of 

growth was markedly in favor of high protein grains and that 

both barley and oats produced more rapid growth than wheat of 

similar protein content* 

The results of rat growth experiments reported in the 

literature substantiate results recorded for the amino acid 
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composition of cereal proteins. In 19^9 McElroy, Clandinin, 

Lobay and Pethybridge (l6) from results of microbiological 

assays presented evidence indicating that the protein of Marquis 

wheat may contain significantly less of certain of the amino 

acids, notably lysine, than do the proteins of Victory oats and 

Newal barley* Thus, the lower lysine consumption of rats 

receiving wheat may partially explain the difference in growth 

promoting value of wheat, oats and barley. As McElroy et al. 

(17) did not record feed consumption, correlation coefficients 

to assess the relationship between lysine consumption and growth 

could not be calculated. 

Therefore the following experiment was conducted to: 

(1) determine if the grains available for the present 

experiments would give essentially the same results as were 

obtained in an earlier trial (1?) in regard to the growth promot¬ 

ing value of high and low protein grains, and the relative 

growth promoting value of wheat, oats and barley* 

(2) secure further information from feed consumption records* 

Experiment 1 

Grains Used and Methods of Analysis 

The grains used, together with their protein content 

and amino acid composition, are listed in Table I. The methods 

of analyses employed were the same as those reported by Pethy¬ 

bridge (22) » 
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Experimental Animals 

Weanling white rats from the University of Alberta, 

Department of Biochemistry rat colony were used as the test 

animals* Forty-two male rats were divided into seven groups of 

six rats each, and were allotted as uniformly as possible with 

respect to breeding and weight. The rats were put on trial at 

21 days of age and were maintained on the experimental ration 

for 6 weeks. 

Test Groups 

The test group numbers and the rations fed were as 

follows: 

1. Low Protein Oats. 
2. High Protein Oats. 
3. Low Protein Barley. 
It. High Protein Barley. 
5>• Low Protein Wheat. 
6. High Protein Wheat. 
7. Low Protein Barley + 8% Casein. 

Rations 

With the exception of the"ration for group 7 the only 

source of dietary protein was grain. All rations were supple¬ 

mented with fat, minerals and vitamins in amounts estimated to 

be adequate to support normal growth in rats, so that any differ¬ 

ence between groups in growth response could be attributed pri¬ 

marily to the differences in the amount, or the amount and quality 

of protein in the grain used in the rations. 

Details of the ration are shown below. 
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(a) Basal Ration 

Basal Mixture for groups 1-6 

Grain# 930 g* 
Crisco 30 g* 
Salt Mixture*-*- U-0 g* 

Total 1000 g« 

i.l Mixture for group 7 

Grain* 850 g« 
Crisco 30 go 
Vitamin-free Casein 80 go 
Salt Mixture** liO go 

Total ToocT go 

■55-All grains were ground in a Wiley mill to pass 
through a 1 mm. screen mesh. 

•shc-Mc Co Hum’s salt mixture (15) 

Calcium lactate Ca./Tc^CHCOH) C0C>7p.^HpO 
Calcium phosphate Ca (HpPOf,) p »HpO 
Potassium acid phosphate KHpPOfT 
Sodium acid phosphate NaHpPOj, .npO 
Sodium, chloride NaCl 
Magnesium sulfate MgSOj, »7HpO 
Iron citrate 

(b) Vitamin Supplements 

352 
II4.6 
2 58 
9b 
bl 

iii-7 
32 

1076” g. 

The following vitamin supplements were added' to each 

kilogram of basal mixture: 

Pish oil (2l|00A - I+00D) k go 
Thiamine 10 mg 
Riboflavin 20 mg 
Pyridoxine 10 mg 
Pantothenic acid 20 mg 
Nicotinic acid 10 mg 
Choline chloride 1 go 
Biotin 10^ g 

In addition each rat was dosed orally once a week with 

2 mg. of alpha tocopherol in soybean oil and 2 drops of 

fish oil. 
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Housing, Feeding and Weighing 

All rats were housed in individual wire screen cages. 

Pood and water were supplied to each rat ad libitum daily. All 

animals were weighed once a week and daily records were kept of 

their feed consumption. 

Results 

The results of this experiment are summarized in 

Figure 1 and Table II. 
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Pig.l Growth curves of weanling rats fed grains 
of different species and protein content* 
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Discusslon 

The results of this experiment are essentially the same 

as those secured by McElroy ejfc al. (17)* As in their experiment, 

the rate of gain of rats was markedly in favor of the high protein 

grains.. However, while in their experiment rats fed high pro¬ 

tein barley made practically as rapid gains as those fed low 

protein barley + Q% casein, in this experiment rats fed high 

protein barley or high protein oats gained at a somewhat slower 

rate • 

From an examination of the da'ta in Table II it will be 

noted that rats fed high protein barley gained at a slower rate 

than rats fed high protein oats. It will also be noted that 

rats fed high protein oats consumed more feed daily than rats 

fed low protein barley + Q% casein or high protein barley. Thus 

when the rations are compared on the basis of grams nitrogen 

consumed per gram gain, it will be noted that rats fed low protein 

barley + Q% casein made the most efficient use of the nitrogen 

in their ration, while those fed high protein oats or high protein 

barley consumed approximately the same amount of nitrogen per 

•gram gain. Therefore it would seem from results of this experi¬ 

ment that the ration of low protein barley + Q% casein contained 

protein of higher quality for the rat than the high protein 

oat or barley ration, while high protein oats and barley seem to 

contain protein of approximately the same quality. This is 

substantiated by the fact that if the quality of the protein as 
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indicated from results of microbiological assay given in Table I 

is taken as the criterion it will be noted that high protein oats 

and barley contain approximately the same total amount of the 

nine essential amino acids. 

The data in Table II also indicate that, although rats 

fed the rations containing either low protein oats or barley made 

slower gains, they made more efficient use of the nitrogen in 

the ration than rats fed rations containing either high protein 

oats or barley. One explanation of this apparent increase in 

the efficiency of use of nitrogen may be that the rats fed rations 

containing low levels of protein used a higher proportion of the 

dietary protein for growth and a smaller proportion for energy 

than those fed high protein grains. It is shown in Table I and 

in the report of ^cElroy, Clandinin, Lobay and lethybridge (l6) 

that the quality of the protein in low protein grains may be 

slightly better than that of high protein grains as measured by 

lysine content or by content of nine essential amino acids. 

Better quality of the protein in low protein grains may have 

contributed to the more efficient utilization of nitrogen ob¬ 

served in the groups fed low protein grains in the present 

experiments. Conclusions regarding this possibility must await 

further experimentation. 

Comparison of the figures in Table II for average daily 

gain and nitrogen Intake shows that, as would be expected, the 

rate of gain of rats fed grains of the same species, but of 

different protein content, tended to be directly proportional 
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to the nitrogen intake. However, when the results for rats fed 

wheat are compared with those for rats fed oats or barley, the 

relationship between daily gains and nitrogen intake is found to 

be less direct. For example, rats fed high protein wheat con¬ 

sumed 0.2233/0.1226 or 1,82 times as much nitrogen per day as 

those fed low protein oats, but their rate of gain was only 

1.7/1.5 or lol3 times that of those fed the low protein oats. 

In an earlier paper from this laboratory (6) it was re¬ 

ported that oat and barley protein contained 1.4 to 1.5 times 

as much lysine as wheat protein. It is shorn in Table I that 

similar results were obtained for the grains used in the present 

experiments. The lysine values listed in Table III were there¬ 

fore calculated to determine the relationship that existed be¬ 

tween lysine intake and daily gains of rats fed wheat as compared 

to those fed oats or barley, 

TABLE III 
Lysine Consumption and Growth of Rats 

on Crains of Different Species and Protein Content 

Av. Total Lysine Daily 
Ration Consumption per rat 

g» 

Gains 

g» 

L.P. Oats 1.21 1.5 
H.P, Oats 2,78 3.3 
L.P. Barley 1,06 1.4 
H.P. Barley 2,19 2.7 
L.P. Wheat 0.70 0.8 
H.P. Wheat 1.31 1.7 
L.P. Barley + 8^ casein 4*69 3.9 
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If the data for groups fed high protein wheat and low 

protein oats are compared on this basis it will be noted that 

rats fed high protein wheat consumed 1.31/1.21 or 1,08 times 

as much lysine and grew 1.13 times as fast as those fed low 

protein oats. These, and other factors that may be derived from 

the data in Tables II and III, Indicate that in feeding trials 

involving comparisons of wheat with either oats or barley, lysine 

consumption is likely to give a better indication of growth to 

be expected than nitrogen consumption. 

However, it will be noted from Table II that the rats 

fed wheat ate considerably less than those fed either oats or 

barley. These inter-species differences In feed consumption do 

not appear to be related to either the total nitrogen or total 

lysine content of the grains. Two possible reasons for the 

relatively low feed consumption of rats fed wheat are: 1. that 

wheat is less palatable to rats than either oats or barley, and 

2. that the amino acids of wheat protein are less available than 

those of oats or barley. Since a number of workers have shown 

that the nutritive value of some proteins can be increased by 

heating for short periods, the experiments described in Tart II 

were carried out to determine if heat treatment would improve the 

palatability or increase the nutritive value of wheat. 
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PART II 

EFFECT OF HEAT 
ON THE NUTRITIVE VALUE 

OF GRAIN PROTEINS 

Literature Review 

From a brief review of the literature it was noted that 

in some cases heating for short periods of time increased the 

nutritive value of proteins. In 19^7 Riesen, Clandinin, Elvehjem 

and Cravens (23) concluded that the nutritive value of soybeans 

was increased when they were heated in an autoclave for lp-l5 min. 

at 15 lb. pressure. They concluded from results of microbiological 

assay that the increase in nutritive value following proper heat 

treatment was apparently due, not only to the destruction of the 

trypsin inhibitor but also to an alteration in the protein 

that made it more readily attacked by proteolytic enzymes. 

The decrease in the nutritive value of soybeans by 

overheating was attributed by the above workers to the destruc- 

tion of lysine, arginine and tryptophan by the combination of 

the free,carbonyl groups with sugars. Clandinin (5) has also 

concluded from results of microbiological assays and chick growth 

experiments that herring meals dried by the flame method at a 

stack temperature of 220°F. are decidedly inferior in nutritive 

value to meals dried by the same method at 185°F, Overheating 

in this case results in decreased liberation of all essential 

amino acids by enzymatic hydrolysis and a decreased liberation 
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of lysine, arginine and probably threonine by acid hydrolysis. 

Thus to avoid the possibility of decreasing the nutritive 

value of wheat by overheating it was decided to heat in the 

autoclave for 8 min. at 15 lb. pressure. 

Experiment 2 

Experimental Grains and Animals 

The low and high protein wheats used were from the same 

Source as those used in Experiment 1. To prepare the heated 

grain, the wheat was ground coarsely and mixed with 20% HgO, 

heated in an autoclave for 8 min. at 15 lb. pressure, dried at 

97°F. and reground in the Wiley mill to pass through, a 1 mm. 

mesh screen. The rats used were from the high and low protein 

wheat groups- in Experiment 1. Half the rats from the respec¬ 

tive groups were placed on high and low protein heated wheat 

rations. The remaining rats were maintained as controls on 

the unheated high and low protein wheat rations. The animals 

were weighed daily. 

Test Groups 

Gro up No « 

1. 
2, 
3. 
h o 

Ration 

High Protein Wheat. 
High Protein Wheat (heated). 
Low Protein Wheat. 
Low Protein Wheat (heated). 

Rations 

The rations were compounded from grain, Crisco, salt 

mixture and vitamin supplement as described in Experiment 1. 
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Results and Discussion 

The results of this trial are summarized in Table IV. 

Prom this experiment it would seem that heating the 

wheat for 8 mins, at 15 lb. pressure has the effect of not 

only increasing rate of gain but increasing the efficiency of 

feed utilization. Heating low protein wheat decreased the feed 

required per gram gain by llwhile heating high protein 

wheat decreased the feed required per gram gain by l6^e It 

will also be noted that heating low protein wheat increased 

daily gain by 29^, while heating high protein wheat increased 

daily gain by 30%* 

As this was merely a pilot experiment, another feeding 

trial was run to determine if these results were reproducible 

with weanling rats. 
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Experiment 3 

In the preceding experiment using nine week old rats it 

was noted that rats fed heated wheat made faster gains and 

required less feed per gram gain than those fed unheated wheat. 

Therefore the object of this experiment was to repeat Experiment 2 

using weanling rats in order to determine if the same results 

could be obtained. 

As a forerunner to future experiments in supplementing 

with pure amino acids a group was included to determine if the 

addition of 0.5$ animal protein factor concentrate-* to the high 

protein wheat ration would improve the growth of rats or their 

feed utilization. 

Experimental Material 

The grain used, the source, allotment, housing and 

feeding of rats were the same as in Experiments 1 and 2. Rats 

were weighed twice weekly. 

Test Groups 

Test groups were designated as follows and were made 

up of ij. male weanling rats each, allotted as uniformly as poss¬ 

ible with respect to breeding and weight. 

1. Low Protein Wheat 
2. Low Protein Wheat (heated) 
3. High Protein Wheat 
4-.« High Protein Wheat (heated) 
5 * High Protein Wheat + 0,5$ A.P.P. 

"^Furnished through the courtesy of Merck and Co, Ltd.3. Montreal 0 
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Results and Discussion 

The results of this trial are summarized in Table V, 

Prom the data given in Table V it will be noted that the 

differences between groups fed heated and unheated wheat were 

not as great as in Experiment 2, In the case of low protein wheat 

there were no marked differences between groups fed heated and 

unheated wheat as far as daily gains and feed consumption were 

concerned® It should be noted that in this experiment heating 

low protein wheat decreased the feed required per gram gain by 

only 6*9$, while in the preceding experiment it was decreased 

lL|..2$. In this experiment heating Increased the efficiency of 

use of nitrogen only 6*7$ while in the preceding experiment 

nitrogen efficiency was increased by l6#7$* Thus it would 

appear that heating low protein wheat causes only a small in¬ 

crease in its nutritive value for weanling rats* An inadequate 

amount of protein in the low protein wheat ration is probably 

the first limiting deficiency. 
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It will also be noted from Table V that, although the 

differences between the groups fed high protein wheat, heated 

and unheated, were not as great as in Experiment 2, heating 

high protein wheat increased daily gains by 2br%9 decreased 

feed required per gram gain by 10% and increased nitrogen 

efficiency by 10 per cent* 

Prom comparison of results obtained in the groups fed 

high protein wheat and high protein wheat* A.P.F. it will be 

noted that the addition of A.P.F. to the ration did not bring 

about any real improvement in rate of gain or efficiency of 

utilization of feed orl nitrogen* As female rats in the Bio¬ 

chemistry Department are maintained on Purina Pox Chow which 

is supplemented with A.P.P. and also contains fish and meat 

meal, the weanling rats might be expected to have a reserve 

store of the animal protein factor. 

Experiment [}_ 

Prom previous experiments it was noted that rats fed 

wheat as the only source of protein in an otherwise nutrition¬ 

ally complete diet made much slower gains than rats fed oats 

or barley of a comparable protein content* It was also noted 

that if rats were fed heated wheat not only was their rate of 

gain Increased but they required less feed per gram gain* 

Although in previous experiments unheated oats and 

barley gave good growth, the results obtained with heated 
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wheat suggested the desirability of studying the effect of 

heat treatment on coarse grains. If the nutritional quality 

of these grains could be shown to be improved by heating 

it would be necessary to consider the advisability of heating 

barley for subsequent experiments involving amino acid supple¬ 

mentation of low protein barley. As both rats and cage space 

were limited it was decided to use only high protein wheat, 

oats and barley, as the effect of heating might be expected 

to be more pronounced with a high protein grain than with a 

low protein grain. 

Experimental Method 

The grain used, the source, allotment, housing, weigh¬ 

ing and feeding of rats were the same as in Experiment 3, The 

wheat, oats and barley were heated in the same manner as the 

wheat in Experiment 2. 

Test Groups 

Test groups were designated as follows and were made 

up of 6 male rats each allotted as uniformly as possible with 

respect to breeding and weight* 

1* High Protein Wheat* 
2. High Protein Wheat (heated)* 
3. High Protein Oats. 
!i* High Protein Oats (heated), 
5. High Protein Barley. 
6. High Protein Barley (heated). 

Results and Discussion 

Results of this experiment are summarized in Table VI* 
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Prom an examination of the data given in Table VI it 

will be noted that heating oats or barley did not increase 

rate of gain, efficiency of utilization of feed or nitrogen 

to any appreciable extent. This is in agreement with results 

obtained by Stewart, Hensley and Peters (29)« They concluded 

from gain in weight of rats per gram protein consumed that 

ordinary household preparation of oatmeal, precooking of oat 

flour by drum dried process and toasting of extruded oat flour 

did not impair protein quality* Although their heat treatment 

was more severe than the method used in this experiment, still 

no damage was done. 

However, it will be noted that, as in previous experi¬ 

ments, rats fed heated wheat grew faster and required somewhat 

less nitrogen per gram gain than did rats fed the unheated 

wheat. In order to determine if the difference In nitrogen 

utilization of rats was significant a statistical analysis was 

run according to Goulden (6 ), using.the jb test and pairing, 

as litter mates were being used* By this method of analysis 

the difference in nitrogen utilization of rats fed the heated 

and unheated wheat was significant at the level. That is, 

the probability that such a difference would occur by chance 

alone is less thah five times out of a hundred. Thus it can 

be concluded from results obtained in three experiments and 

summarized in Table VII, that high protein wheat heated in an 

autoclave for 8 min. at 15 lb, pressure with 20% water added 

has a higher nutritional value for the rat than unheated wheat* 
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TABLE VII 
Summary of Effects of Heat 

on High Protein Wheat, 

Experiment 
% Increase in 

Daily Gain 

% Decrease 
in grams N 

Consumed/g* gain 

2 30 l6»2 

3 2k 10.0 

k ko 9-3 

It will also be noted from data given in Table VI 

that rats fed unheated high protein wheat gained faster and 

made more efficient use of the nitrogen in the ration than 

did rats fed unheated high protein wheat In Experiment 1* 

In order to determine if the differences indicated by the 

results of Experiment k for the nutritional value of unheated 

wheat as compared to oats or barley were significant, a statis¬ 

tical analysis was run according to Goulden (6) using a complex 

randomized block type of experiment. Results of analysis, 

given in Table VIII, indicate that high protein wheat had a 

significantly lower nutritional value than oats or barley when 

compared on a basis of grams nitrogen consumed Jser gram gain 

and, as in Experiment 1, high protein oats and barley were of 

about the same nutritional value« 
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TABLE VIII 
Complex Analysis of Variance 

for Grams Nitrogen Consumed per Gram Gain 
by Rats Fed Heated and Unheated 

Wheat, Oats and Barley 

Variance due to D.F. Sum Square Mean Square F 

Species 2 0.00154-03 0.0007702 l|..37* 
Treatment 1 0.0001928 0.0001928 0.055 
Species x treatment 2 0.0005123 0.0002062 1.17 
Replicates in general 10 0.0015856 0.0001586 - 

Error 20 0.0035279 0.0001764 *» 

Total 35 0.0073589 

^Significant at 5^ level, " ' ”™ 

Minimum Significant Difference for Species Is 0.0108 g. N per 

g* gain. 

Results of this experiment indicate that when, as a 

result of heating the grain, consumption of wheat is increased 

to that of oats or barley, rate of gain and efficiency of nitro 

gen utilization of rats fed wheat is equal to that of rats fed 

oats or barley. An attempt to determine, by the use of a 

restricted feed intake technique, whether this increase in 

consumption was due entirely to increase in palatability, or 

whether heating caused some change in composition that improved 

protein quality, was the object of the next experiment. 



ij o
 '■ 

. 

inv .4 :/»T 
• ' xelcmoO 

n2&0 • r.c • ■ " ' j. -'C*' .'/i r^.0 
[oP c e - 

- r . 

- r- ’ ■ ■ r- p " „ , 

. - . 

„ * . 

. * S c nefflc . 
D. ‘ 

. . 

0 ^ . 

Or . ';i : - r r I" 

eeiosqS 
$£[ ' - O'lT 

' 

If^oT 

« ■ 

' 

• 13 , 

f ■ ■ • ■ 

- 

' r ' : C- - " 3 • * " 

- ■ • • t I • ?• ‘ B 

• ' 1 • 3 ■ • ' 6 

... olcr a • ■' - - ' atfr&ed *ied$pdw 

< ' ' 



-27~ 

Experiment 5 

The objects of this experiment were: 

1. To determine whether the apparent increase in the 

nutritive value of high protein wheat after heating for 8 min, 

at 15 lb, pressure is due to an increase in palatability, or 

whether it is due to some change in the protein, 

2, To determine the effect of lysine supplementation 

under restricted feed intake conditions. 

Experimental Method 

The grain used and the heat treatment were the same as 

in preceding experiments. Inasmuch as the animals fed the diet 

containing unheated wheat consumed the least food, rats on 

the other diets were pair fed with respect to this group. In 

making up pairs special attention was given to weight, sex 

and breeding. 

Lysine was added in an amount calculated to be equivalent 

to that supplied by 8% casein. 

Test Groups 

Test groups were designated as follows and were made 

up of 8 rats each. 

1. High Protein Wheat, 
2. High Protein Wheat (heated). 
3* High Protein Wheat + Lysine, 

Results and Discussion 

The results of this feeding trial are set forth in 

Table IX 
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From an examination of the data given in Table IX it 

will be noted that when the feed intake of rats fed heated 

wheat was restricted to that of rats fed unheated wheat, heat¬ 

ing did not increase rate of gain or nitrogen utilization. 

Therefore it can be concluded that heating wheat in an auto¬ 

clave at V~> lb, pressure for 8 min» simply causes some change 

which increases palatability and there is no change In the 

protein which makes it more nutritious® ^hus the increase in 

utilization of nitrogen obtained by heating wheat in previous 

experiments must be the result of increased consumption. 

It was noted that rations containing heated wheat were 

much easier to mix than rations containing unheated wheat, as 

the grain was more granular in texture and did not become 

gummy when the vitamin solution or choline solution was added. 

This may be one reason for the increase in palatability as 

heated wheat may be easier for the rat to eat than unheated 

wheat. 

Results summarized in Table IX also indicate that addi¬ 

tion of lysine to high protein wheat using a restricted food 

intake technique increased gain and nitrogen utilization. 

Thus it can be concluded that supplementation of wheat with 

lysine increases its nutritive value. Mitchell and Smuts (20) 

demonstrated as early as 1932 that supplementation of wheat 

with lysine gave a large increase In growth® 
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PART III 

SUPPLEMENTATION OF GRAIN 
WITH AMINO ACIDS 

Literature Review 

From early experiments comparing the growth promoting 

value of grains it was noted that grains lacked certain amino 

acids and beneficial effects could be obtained by supplementing 

grain with these amino acids, This was first demonstrated in 

the classical experiments of Osborne and Mendel (21) who demon¬ 

strated that gliadin and zein are nutritionally inadequate for 

the rat but may be rendered satisfactory by the addition of 

missing amino acids, lysine in the case of gliadin, tryptophan 

and lysine in the case of zein. Since that time many more 

attempts have been made to supplement proteins with their 

missing amino acids. In 1932 Mitchell and Smuts (20) demon¬ 

strated that the proteins of lean beef and soybeans are defici¬ 

ent in cystine and that supplementation with cystine consider¬ 

ably improved their growth promoting value, Hoagland et- al, (10) 

have shown that beef protein is deficient only in cystine and 

methionine, and when It is supplemented with 0.2-0.4$ of either, 

the growth promoting value is equal to that of egg protein. 

Mitchell and Smuts (20) also demonstrated that supplementation 

of wheat with lysine gave a large increase in growth and that 

supplementation of corn and oats with lysine resulted in a 

small but distinct increase in growth. They concluded that 
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in these cases a second amino acid deficiency apparently 

develops after the addition of a minimum proportion of lysine. 

In the case of corn the second limiting amino acid is tryptophan. 

Jeppeson and Grau (ll) have shown that a diet for chicks, In 

which all of the crude protein was provided by a concentrate 

of whole wheat protein, supplied adequate amounts of arginine, 

leucine, methionine and tryptophan, but that a lysine supple¬ 

ment was required to promote optimum growth. 

Thus for many years it has been known that grains and 

other proteins lack certain amino acids, but It was not until 

recent years, after the development of the microbiological 

assay method, that the amino acid composition of many proteins 

was determined and could be used as a guide in supplementing 

proteins with the required amino acids. 

Supplementation of proteins with amino acids was also 

hindered by the fact that the amino acid requirements of the 

rat, chick, dog and human were not known. However, since 

purified rations containing all the essentials necessary to 

support normal growth in experimental animals and humans have 

been developed, a great deal of research has been reported on 

the amino acid requirements of these animals - rat. Rose (2l|); 

chicken, Almquist (l), Hegsted (9); dog. Rose and Rice (2.7); 

mouse, Bauer and Berg (2) and man. Rose (25). 

With information now available on dietary amino acid 

requirements and amino acid composition of food proteins, 

attempts are being made to supplement proteins with pure amino 

acids and in doing so a great deal of information is being 



- 

' r ■ ■ ' ' \ ‘ ■ . 008 S ■ BO ©88fi 

- f ” : . ■ ■ 

T • S < £ ' . nooes ' . • S 

. . ■■ 6 i noas 

■ be ■ ‘ : ti to -££b 

, 

- I ’ , 

. 

■ 

„ 3,? 

! l ■ ~ d tB«1. ' 

1c l ■ boi tl ; , ■ ■ 
‘ 

, ■ : ' ‘ .' :: * ' dc c 

- i - ■ ' ■ ■ 

' ‘ . ■ ‘ ' 3f toe l 

. • ? ' - , ’ *£ 

■' ■ . 1 111*10 

. ffj >£g 3d [1 ■ e ■ ctwo* ' ■ ■ 

■ • . ■ ■ . 

• { - lo 8jt!S • • ' 

. * ( t (J £ brio 

, . 0 30 . : ^ ■ /••.? v ' } • :it: v. ■ ■ -'re. •• . £ 

J[cfeli • old 3lfii 

. ni ■ * Etc sc : - ‘ tl B d n 8*1 

i 

;yi.‘:eof el ncx - ' ■ 



-32- 

obtained on the metabolic interrelationships of amino acids* 

Rankes, Henderson, Brickson and Elvehjem (7), in supplementing 

a 9^ casein ration with amino acids, have discovered that the 

addition of dl-threonine or dl-phenylalanine in amounts present 

in 2% acid hydrolyzed casein aggravates a niacin-tryptophan 

deficiency which is reversed by the addition of niacin or 

tryptophan. From later experiments (8) they concluded that a 

tryptophan deficiency accompanied by an adequate or generous 

intake of threonine and cystine is much more serious than when 

these amino acids are supplied at a low level. They concluded 

that whether similar results can be obtained with other pro¬ 

teins limiting in tryptophan and fether amino acids remains to 

be seen. 

Results of experiments conducted at the University of 

Alberta in 19l|6 and 19i|7 by Lobay (13) showed that rats fed 

low protein barley supplemented with lysine made more rapid 

gains and required less feed per gram gain than did control 

rats fed the unsupplemented basal ration, but supplementation 

with tryptophan or a mixture of methionine, threonine, valine 

and tryptophan in addition to lysine, failed to bring about 

any further improvement in rate of growth. Experiments were 

discontinued at that time until fundamental information regard¬ 

ing the amino acid composition of grains could be obtained. 

As these data are now available (Table I) the following experi¬ 

ments were conducted to reinvestigate the problem of supplement¬ 

ing grains with pure amino acids. 
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Experiment 6 

The calculated amounts of ten essential amino acids 

supplied by a daily intake of 10 g. of barley are listed in 

Table X. Tryptophan values were calculated from the data of 

Baumgarten, Mather and Stone (3); values for the other nine 

amino acids were taken from Table I* Study of this table 

suggests that the amino acids most likely to be limiting in low 

protein barley are: methionine, histidine, tryptophan, lysine 

and phenylalanine. It will be noted, however, that arginine 

is the only amino acid supplied in an amount equivalent to that 

recommended by Rose (26). 

TABLE X 
Determination of the Degree to which 

Low Protein Barley fulfills the 
Requirement of Amino Acids 

for the Rat 

Barley 
mg./lO g. 

Daily 
Requirement, 

Rbse (26) mg. 

% "Requirement" 
supplied by 
10 g. barley 

Lysine 31.9 120 26.6 
Leucine 63 J+ 120 52.9 
Isoleucine 1*7.7 80 59.6 
Phenylalanine to 4 120 33.7 
Valine 1+8.6 100 Zj.8.6 
Methionine 13.1 80 16.1+ 
Arginine 53.3 h-o 113.3 
Histidine 16.3 70 23.3 
Threonine 31.8 70 ts .t 
Tryptophan 9.6 Ko 211.0 

Prom Table X it would seem that one possible explanation 
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of why Lobay (13) failed to get any improvement in growth on 

addition of tryptophan or a mixture of methionine, threonine, 

tryptophan and valine, in addition to lysine, may be that some 

amino acid other than those added was limiting; e.g. histidine 

or phenylalanine. Thus the object of this experiment was to 

compare the growth response of rats fed low protein barley plus 

lysine plus either histidine or histidine and phenylalanine. 

Experimental Material 

The low protein barley used was from the same source as 

that used in Experiment 1. The source, allotment, housing and 

method of feeding of rats were the same as in previous experi¬ 

ments, and the rats were weighed twice weekly. 

Test Groups 

Test groups were designated as follows and were made up 

of Ip rats each allotted as uniformly as possible with respect 

to breeding and weight. 

1. Low Protein Barley + casein. 
2. Low Protein Barley + lysine. 
3® Low Protein Barley + lysine + histidine. 
Ip. Low Protein Barley + lysine + histidine 

+ phenylalanine. 

Rations 

The rations were compounded from grain, Crisco, salt 

mixture and vitamin supplement as described in Experiment 1* 

The values reported by Block and Mitchell (Ip) were used to 

estimate the amounts of each essential amino acid supplied by 

casein. Rose (2ip), on investigating the nutritive value of 

the optical isomers of the essential amino acids, found that 
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onlv the naturally occurring forms of valine, leucine, iso¬ 

leucine, lysine and threonine were utilized, whereas both 

isomers of methionine, tryptophan and phenylalanine were 

effective* The amino acid isomers used and the quantities added 

to the basal ration to make 1 kilogram are shown in Table XI* 

The amino acids were finely ground in a mortar and were mixed 

thoroughly with the basal ration, 

TABLE XI 
Isomeric Forms and Amounts of 

Amino Acids Added to the 
Basal Ration. 

Natural Amt. Calculated Isomer Amount 
Amino Acid Isomer equiv, 8% casein Used added 

Lysine 1( + ) 

grams 

6.32 1(+)*** 

grams 

7.90 
Leucine l(-) 7.92 l(-) 7.92 
Isoleucine l(-) 5*20 d IO.4O 
Phenylalanine l(-) L}.*lj.8 dl# b-ks 
Valine 1(+) 5.36 dl**f 10.72 
Methionine l(-) 2.80 dl* 2.80 
Arginine k+) 3.36 1(+)*** 4.06 
Histidine l(-) 2.4 1(+)*** 2.96 
Threonine d (—) 3*28 dl** 6.56 
Tryptophan 1 (-) 0o96 dl'«* 0.96 

^•Unnatural isomer can replace the natural form. 
Unnatural isomer cannot replace the natural form. 

#**-:f-Monohydroehloride * 

Results and Discussion 

The results of this trial are surmarized In Table XII 



’ , .. . ' - ' • ' •'• c ' ' ' '■'Txt "'inc 

. _ ■ at . 

■ 

' 

r* t-■ zr- cf 

' a •.. ■ : 3 - ‘ ■' '• c • ' or.'T 

i ' ' v. ' :•••:ii- 

;X e ' , r-Tc::-: o*ie • a • • i 

3-i c- ■' . ■ :j • o .11 

1c 
. 

osi j 
4 

w - — 2 

. 
■« r 

> r 
. f ; 1 

. 

( + )1 

S - 

'.3 ': oahn/i 

© ••••: • I 
■ 

■ 
■ : ry f 

L 
‘ 

’ ’ 
‘ 
• - - . .. ;■ 

" , • 

1 ' 

, *1 *1 if i 38 j 

. : •_ . - - . •• 

©±d£T fix h.7 ‘ i ■ ' 



T
A

B
L

E
 
X

II
 

G
ro

w
th
 

R
e
s
p
o
n
s
e
 

o
f 

R
a
ts
 

F
e
d
 

th
e
 

B
a
s
a
l 

R
a
ti

o
n

 
S

u
p

p
le

m
e
n

te
d
 

w
it

h
 

A
m

in
o
 

A
c
id

s
 

(l
it
 

d
a
y
 
te

s
t)

 

f| , 
^6- 

© d 
s •H 
3 cd 
M bf 
d <s 

t.A cm in rH in 
o S 

qo p± CO o CM 
o CO • • • • 

d CM CO -=t -d- 
TJ bO 
© 
© 

d 
^ O 

rH •H 
•H -P 
cd A A O'- CO CO -d- 
Q bD 

• 
CM 

• 
i—) 

♦ 
o 

» 
o 

• W rH i—1 rH rH 
> d 
<! O 

o 

i>> C 
• rH •H 0 O'! O'- vO \A 

> «H cd bO • • • • 
<d cd C5 in CM CM CM 

P 

rH ■P Lf\ _d~ rH rH 
« cd « « • • 

> d hC « co CO _d- co 
•H bC CM CO co CO 

(L © rH 

rH 
cd O _d- o CO 

» nH tq 0 • • • « 
> P •H bD O'- t'- co CO 
"d *<-1 © -d~ -d- -d~ -d~ 

c te* 
M 

© 
© o £ 

«P G d *h 
c •H •h d 
© •o TJ © 
s •H •H rH 
© -P -P © 

rH © W rH 
A •H •H (>i 
o. ,£ A d 
P © 

CO + + £ 

G © © © , 
d •H £ G d + 
© © •H «H 

© © W © 
p © t>> 
d O rH rH rH 
o 
d • • • 
p rH (\) CO -d" 



■ Hi ■••V 

• V H) 

n~r 9 
n ns 

■ 
i : ■: r- i 

' Hi 
o 

» * ♦ * ft , * 

1 SP 
■-Q • C4* -i 

c 

• 

O 
1 H* "2 - 

H* 
V T> 

j !—i i-'* H* 

■ - CL. 

OS 
. :<1 Hr* s- 

Q 'X 

! : + 

Tj 

;• + E3 r<- 
—.* o 

. >•) ‘ to CO 
c<* 

y—% Hi o 

* # * 
- l/> r-i a 

f . 
>» 0 

* * * * 

.—$ 1/) 

Hi 1« * t» '—1 
r— 

o n 

i 

O CD 
3 'i. 

u. 

t- n.; LC;- -. 

(" • 

—i* 

<£ Hi 

CO to 

* ♦ 

* 

* 

-r-. OD = O' O' 
CO co ' i ‘» . - •i '■> 

. 
>-3 

■ -i r~? 

S> <$> K 
Hi S 

~>.o 
Q CO 

o 
►3 a 



-37- 

Prom an examination of the data in Table XII it may be 

noted that supplementation of low protein barley with lysine 

and histidine or lysine, histidine and phenylalanine was of no 

greater value in promoting growth than supplementation with 

lysine alone* Similar results were obtained by Lobay (13) when 

he supplemented L.P.B. with tryptophan or tryptophan, methionine, 

threonine and valine in addition to lysine. He concluded that 

such supplementation of L.P.B. had a slight inhibitory effect 

but whether or not an actual growth inhibition occurred in 

either the present experiment or the earlier trial conducted 

by Lobay cannot be stated without repeating the experiments 

with larger numbers of rats* 

As, at the end of two weeks, no differences in growth 

were being obtained, it was decided that a better approach 

would be to supplement barley with the amino acids in which 

it is most lacking and then attempt to determine which amino 

acid3 were giving the increase in growth response. Thus to 

the ration of half the rats on the low protein barley + lysine 

+ histidine + phenylalanine, methionine and tryptophan were 

added to give a group receiving a ration in which the low 

protein barley was supplemented with the five amino acids 

in which it is calculated to be most lacking (Table X)* 

Also, half the rats on the low protein barley + lysine + 

histidine ration were placed on a ration containing low 

protein barley supplemented with these five amino acids plus 

threonine and valine. Prom the data in Table X, these seven 

appear to be the amino acids most likely to be limiting in 
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barley. 

Thus, the following 6 groups of rats were made up from 

the four original groups of Experiment 6, 

+ casein 
+ lysine 
+ lysine + histidine 
+ " + n + phenylalanine 
+ '» + » + ' » 
+ methionine + tryptophan 
+ as £ + threonine + valine. 

Results and Discussion 

The results of this trial are summarized in Table XIII, 

Prom a comparison of the data in Tables XII and XIII 

it may be noted that supplementation with 5 amino acids failed 

to bring about any improvement in rate of growth or economy 

of feed utilization* However, the addition of the mixture con- 

taining 7 amino acids (group 6) appeared to promote more rapid 

growth and efficient use of feed. 

1, Low Protein Barley 
2» 

6, 
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Experiment 7 

Supplementation of low protein barley with lysine, 

histidine, phenylalanine, methionine, tryptophan, valine and 

threonine was found to increase the rate of gain and decrease 

feed consumed per gram gain in the preceding experiment® 

Experiment 7 was set up with the object of determining whether 

the growth stimulating effect of the above seven amino acids 

could be duplicated with weanling rats. In addition the experi¬ 

ment was designed to study the effect of adding (a) leucine, 

(b) isoleucine, and (c) leucine and isoleucine to the above 

mixture of seven amino acids. 

Experimental Material 

The grain used, the source, allotment, housing, feeding 

and weighing of rats were the same as in Experiment 6® Amino 

acids were added in an amount calculated to be equivalent to 

that supplied by 8% casein as set forth in Table XI* 

Test Groups 

Test groups were designated as follows and were made 

up of three male rats each, 

1, Low Protein Barley + casein 
2. " " ” + lysine 
3* M M ” + 10 essential amino acids, 
4-* M " M + lysine + histidine + phenylalanine 

+ methionine + tryptophan + valine 
threonine 

5, As 4 + leucine 
6* As 4 + isoleucine 
7* As 4 + leucine + isoleucine 
8, Low Protein Barley* 



_ „ 

. 
, ' - 

' 

* ■ ■ ' ■ - - ■ 
, 

c 

. ■ • - - 

* 

te is) ' 

... - ■ 

•: . ■ 1 ~1 ■. ■ . £ 

. ' ' ■! . 

* 

I--'• _■J ■ £2r.._ 

,©o*i . ' ■ ’ • 

cr in ' 

, ; ' - ' ' C : • - ' L - 1 ' 

■ • : •' •' ■ ■ • 

e b e*ie,v bnr: es be :* rn;p -t-s'' oc'f equc-^ •:’> s©’j‘ 

, 

r;' 0 c r c + 
e;■?o vl + 

' 

?! !! M 

, 'r r-r.' I •' r 01 + 1! >( 
S ' ' ' ' Ti - f;I + srelB" - ' + 

or ■ . vr: t •' or "'d-.'v 
9nince^..D\‘ 

sn • c rel h . a ;• 
aniojje'Ioei + J. eA 

eniouoIoaJ. + Errors! + 4I eA 
„ ? n: : . . 3 

. 

. 

,r*
> 

i-0
 !

->
 



Results and Discussion 

The results obtained over a 21-day period are summar¬ 

ized in Table XIV® 

Supplementation of low protein barley with the ten 

essential amino acids was almost as effective as supplementa¬ 

tion with &/o vitamin-free casein as measured by the growth 

rate and economy of feed utilization of the rats in groups 1 

and 3« Similar results were reported by Lobay (13), who found 

that the growth of rats supplemented with 10 essential amino 

acids was of that of control rats supplemented with 

casein. The corresponding figure for the present experiment 

was 88 per cent® If the ration of low protein barley + casein 

is assigned a nutritional value of 100 the remaining rations 

could be evaluated as shown below. 

Low Protein Barley + casein 
tt tt tt + 10 E.A.A. 
tt tt ft + 7 E. A . A e + leucine + isoleucine 
tt ft ft + 7 E.A.A. 
ft ft ft + 7 E.A.A. +isoleucine 
tt tt ft + lysine 
tt tt ft 

tt »! ft + 7 E.A.A. + leucine 

100 
88 4 
86.3 
68.2 
55.6 
ltf.2 
38.1 
26.6 

Supplementation of low protein barley with lysine in¬ 

creased the gain significantly, but the increase was not as 

great as that reported by Lobay (13). In this experiment 

addition of lysine gave a 10 point increase over the basal 

diet while Lobay (13) reported a 17 point increase. It should 

also be noted that addition of lysine decreased feed required 

per gram gain by 13% as compared to l6$ in Lobay*s experiments. 
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Supplementation of low protein barley with 7 E.A.A. (group 1|) 

increased gain and efficiency of food utilization significantly 

and it can therefore be concluded that the growth stimulating 

effect of these 7 E.A.A., observed in the previous experiment, 

was real* Although lysine accounts for 10 of the 30 point 

increase it will remain for future experiments to determine 

which of the other six contribute most to the remaining 20 point 

increase. 

It should also be noted from Table XIV that the per¬ 

formance of rats supplemented with 9 amino acids (arginine 

omitted, group 7) was essentially the same as that of rats 

supplemented with 10 amino acids (group 3)* This substantiates 

the results of microbiological assays (Table I and X) which 

show that barley is relatively rich in arginine. 

The apparent inhibitory effect of leucine and isoleucine 

in the absence of one or the other (groups 5 and 6) is difficult 

to explain. It will be noted that the addition of leucine to 

the ration containing L.P.3. + 7 E.A.A, caused a decrease in 

growth of Il1.6 points, while addition of isoleucine to the 7 E.A.A. 

depressed growth 12.6 points. However, the addition of both 

leucine and isoleucine to the 7 E.A.A. resulted in an increase 

in growth of 18.1 points (Group ?). 

Experiment 'Jk 

At the end of 21 days groups 2, 3 and 8 were taken off 

trial. The remaining groups were maintained for 7 days to 

determine if removal of leucine or isoleucine from the diet 
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would result in any change in rate of growth, and to determine 

if addition of leucine or isoleucine to the ration containing 

7 E.A.A. would depress growth. The rations for groups 1, 

5>, 6 and 7 were therefore changed as follows: 

Experiment 7 Experiment 7 A 

1 • L.P.B. + casein 1. L .P .B . + casein + leucine 

k- L.P.B. + 7 E.A.A* k* L.P.B. + 7 E.A.A. +leucine 

5. L.P .B. + 7 E.A.A. + leucine 5 • L.P.B. + 7 E.A.A. 

6. L.P .B. + 7 E.A.A* + isoleucine 6 * L. P . B . + 7 E.A.A. 

7. L.P.B. + 7 E.A.A. 
“t* 

+ leucine 
isoleucine 

7. L.P.B. + 
4* 

7 E.A.A. 
isoleucine. 

Results and Discussion 

The results of this trial are summarized in Table XV. 

From this experiment it can be concluded that the addi¬ 

tion of leucine or isoleucine singly to the low protein barley 

+ 7 E.A.A. has an inhibitory effect on growth which can be 

overcome by removing them from the ration. The effect of 

adding and removing leucine or isoleucine to and from the diet 

of the same rats is set forth in Table XVI and Figure 2. 
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Fig.2. Growth curves of rets on addition and 
removal of leucine or isoleucine to 
or from the diet. 



TABLE XVI 
Effect of Addition and Removal 

of Leucine or Isoleucine from Diet 
of Low Protein Barley + 7 E.A.A. 

Daily Daily Feed Feed Consumed 
Group and Supplement Gain Consumption per gram gain 

go g» go 

Effect of removing leucine: 
■3. 7 E.A.A. + leucine 

Table XIV 1.2 7.1 5.7? 
5. 7 E.A.A. Table XV I4-.O 11.5 2.86 

Effect of adding leucine: 
4* 7 E.A.A. Table XIV 3a 11.4 3.63 
4» 7 E.A.A. + leucine 

Table XV l.Q 10.7 11.13 

Effect of removing isoleucine 
6. 7 E.A.A. + isoleucine 

Table XIV 

♦ 

2.6 9*9 3.67 
6. 7 E.A.A. Table XV 3.9 14.1 3.65 

Effect of adding isoleucine: 
7. 7 E.A.A. + leucine 

+isoleucine 
Table XIV 4.0 12.2 3.08 

7. 7 E.A.A. + isoleucine 
Table XV 2.9 15.G 5.23 

Prom the data given in Table XVI and Figure 2 it will 

be noted that when leucine was removed from the ration gains 

Increased from 1.2 to [|_,0 g. dally and feed required per gram 

gain decreased from 5.77 g. to 2.86 grams. Addition of leucine 

to the ration of rats previously receiving low protein barley 

+ 7 E.A.A. decreased daily gain from 3®1 to 1.0 grams and 

increased feed required per gram gain from 3*63 to 11.13 grams. 

Removal of isoleucine from the ration had a similar 

effect although not as marked. When Isoleucine was removed 
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from the ration (Table XVI and Figure 2) daily gains increased 

from 2o6 to 3.9 grams* As daily feed consumption also increased 

the difference in economy of gain was not very large* Feed 

required per gram gain decreased from 3.8? to 3*65 grams® 

Similarly feeding a ration containing low protein barley + 

7 E.A.A® + Isoleucine decreased daily gains from ii_»0 to 2*9 g* 

and increased feed required per gram gain from 3©08 to 5*23 

grams• 

Supplementation of low protein barley + Q% casein wIth 

leucine had no effect on gain or economy of utilization of 

feed. This was to be expected as the Inhibitory effect of 

leucine was noted only when isoleucine was not added* As 

sufficient isoleucine to meet the requirements of growth was 

present in the casein supplement, addition of leucine had no 

effect * 

Why the addition of leucine or isoleucine singly to the 

7 E.A.A. should have an inhibitory effect on growth is difficult 

to explain. It seems that leucine and Isoleucine should be 

added either together or not at all. Applying the theory of 

Hankes, Henderson and Elvehjem (8) it would seem that the 

addition of leucine to such a mixture causes a marked Increase 

in the requirement for Isoleucine with consequent growth retarda¬ 

tion, while addition of isoleucine causes an increase in the 

requirement for leucine* 
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Experiment 8 

As only a limited number of rats were available at this 

time, it was decided to duplicate Groups ij. and 5 of Experiment 

7 and 7 A to obtain additional data on the apparent inhibitory 

effect of supplementing a ration of low protein barley plus 

7 E.A.A. with leucine* 

Experimental Material 

The grain used, amino acid supplementation, source, 

allotment, housing, feeding and weighing of rats were the 

same as in Experiments 7 and 7A. 

Test Groups 

Test groups for the two periods were designated as 

follows and were made up of l|_ rats each. 

First Period 

1* Low Protein Barley + 7 E.A.A.* 
2. n M " + n + leucine 

Second Period 

1* Low Protein Barley + 7 E.A.A® + leucine 
2. " " " + " 

#7 E.A.A. - lysine, histidine, phenylalanine, methionine, 
tryptophan, valine, threonine, in an amount equivalent to 
that supplied by Q% casein as set forth in Table XI. 

Results 

Results of this trial are summarized in Table XVII* 
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Prom the data presented in Table XVII it will be noted 

that as in Experiment 7 and 7A addition of leucine to the 

supplement of 7 E.A.A. dedreased rate of growth of rats and 

increased feed required per gram gain, while removal of leucine 

increased rate of growth and efficiency of utilization of feed, 

Hankes, Henderson, Erickson and Elvehjem (7) concluded 

that the addition of dl-phenylalanine or dl-threonine, in amounts 

equivalent to those present in 2% acid hydrolyzed casein, to 

a diet containing 9$ casein and,2% 1-cystine, aggravated a 

niacin-tryptophan deficiency. In a later paper from the same 

laboratory (8) it was concluded that 1-threonine and d-phenvl- 

alanine are the isomers responsible for the growth inhibitory 

effect. 

Although six out of ten of the amino acids used in the 

present study were fed in racemic form, good growth was obtained 

on supplementation of L.P.B. with 10 E.A.A. However, the 

possibility exists that unnatural forms may have an inhibitory 

effect when fed in incomplete mixtures. For example , Hankes, 

Henderson 'and Elvehjem (8) found that if adequate tryptophan 

or niacin was present dl-phenylalanine had no toxic effect. 

However, if adequate niacin or tryptophan was not present 

addition of d-phenylalanine caused growth inhibition, while 

addition of I-phenylalanine had no such inhibitory action. 

Thus, the relatively poor growth obtained with a number of the 

incomplete amino acid mixtures used in the present study (Expts. 

6, 7, 7A and 8) may be attributable to inhibitory effects of 

unnatural isomers when fed in such combinations, or possibly. 
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simply to an increased requirement for a limiting amino acid 

when others are supplied in adequate amounts. 

Experiment 9 

Tuba, Cantor and Richards (30) concluded from experiments 

using weanling rats, that supplementation of L.P.B. with in¬ 

dividual amino acids (lysine, histidine, phenylalanine, methio¬ 

nine, tryptophan, valine, threonine and leucine) produced no 

marked improvement in growth and in some cases, notably with 

phenylalanine and tryptophan, there seemed to be a retardation 

in growth* Lobay (13), using the same barley, obtained faster 

growth on his basal ration and a greater stimulation from lysine 

supplementation than did Tuba, Cantor and Richards. The differ¬ 

ences may be attributable to the fact that Lobay used a basal 

ration containing considerably less fat than that employed by 

Tuba, Cantor and Richards. 

The purpose of Experiment 9 was to determine the effect 

of supplementation of L.P.B. with individual amino acids using 

a diet containing 30 grams Crisco and Ij. grams fish oil per 

kilogram* 

Experimental Material 

As for previous experiments* 

Test Groups 

Test groups were designated as follows and were mad© 

up of three rats each. 
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1. L.P.B. 
2, " + 
3 c " + 

k* " + 

" + 

6* " + 

7. " + 
8. " + 
9. " + 

io. " + 

lysine 
histidine 
phenylalanine 
tryptophan 
methionine 
threonine 
valine 
leucine 
isoleucine 

Results and Discussion 

Results of this trial are summarized in Table XVIII0 

Prom the data given in Table XVIII it will be noted that 

supplementation with lysine increased growth and utilization 

of feed to the same extent as reported in Experiment 7® How¬ 

ever, it will be noted that supplementation of L.P.B. with the 

other 8 amino acids singly did not increase the rate of growth. 

These results suggest that lysine is the first limiting amino 

acid in barley protein, so that in the absence of supplemental 

lysine, addition of other amino acids singly is not beneficial. 

Additional experiments would be required to show whether the 

decreased rate of growth observed in the groups supplemented 

with histidine and phenylalanine is significant* 

It should also be noted that supplementation of the 

basal low protein barley ration simply with leucine or iso¬ 

leucine did not cause any decrease in rate of growth. These 

results are in contrast to those obtained in Experiments 7, 

7A and 8, which indicate that the addition of leucine or iso¬ 

leucine to a supplement consisting of 7 essential amino acids 

inhibits growtha 
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Experiment 10 

It was observed in Experiments 7, and 8 that a 

supplement made up of a mixture of seven amino acids was adequate 

to provide for reasonably good growth when added to the basal 

low protein barley ration. Previous experiments reported by 

Lobay (13), and in this paper, indicated that other mixtures, 

composed of from two to five amino acids that were estimated 

to be most limiting in barley protein, gave no greater growth 

than a supplement of lysine alone. The following combinations 

were found ineffective: 

1) lysine and tryptophan, 

2) lysine and histidine, 

3) lysine, histidine and phenylalanine, 

lysine, histidine, phenylalanine, methionine and 

tryptophan, 

5) lysine, methionine, tryptophan, valine and threonine. 

Thus, in summary, mixture I, outlined below, appeared 

to be effective, whereas mixtures II and III were not: 

I-lysine,histidine,phenylalanine,methionine,tryptophan,threonine,valine 

t y _ n n »» »» »» 

III- " — —* n n threonine, valine 

The primary purpose of Experiment 10 was to determine the 

effect of mixtures of the six amino acids remaining after threo¬ 

nine, valine, histidine or phenylalanine were deleted from 

mixture I above. 
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Experimental Material 

As for previous experiments, except that both male and 

female rats were used. In assigning the weanling rats to test 

groups an attempt was made to equate them for both sex and 

weight, 

Test Groups 

The following groups were placed on test, groups 1-5 

being included as controls for comparative purposes, 

' 1, Low Protein Barley, 

2. Low Protein Barley + casein, 

3, Low Protein Barley + 10 E.A.A. 

1}., Checkers, 

5* Low Protein Barley + lysine, 

6, Low Protein Barley + 7 E.A.A. 

7o As 6 - threonine 

8. As 6 - valine 

9. As 6 - histidine, 

10, As 6 - phenylalanine. 

Results and Discussion 

The results of this trial are summarized in Table XIX, 
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Prom a comparison of the results listed in Table XIX 

for groups 3, 5 and 6 with those for groups fed similar rations 

In previous experiments, including those of Lobay (13), It is 

evident that the rats used in Experiment 10 did not respond 

normally. Rats in groups 5 and 6, supplemented with lysine 

and a mixture of 7 E.A.A. respectively, failed to make appreci¬ 

ably more rapid growth than unsupplemented rats In group 18 

It is therefore not possible to draw any conclusions from this 

experiment» 
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SUMMARY AND DISCUSSION 

1. Results of feeding experiments with grains of 

different species and protein contents are essentially the same 

as those reported previously from this laboratory (1?) and by 

Jones, Caldwell and Widness (12), As in their experiments, 

rate of growth was markedly in favor of high protein grains, 

and unheated wheat was found to produce less rapid growth than 

either oats or barley0 

2o Heating wheat in an autoclave for 8 minutes at a 

pressure of 15 lb, per sq, in, was found to increase the 

palatability of wheat for ratse 

3, The average daily feed consumption of rats fed 

heated wheat was approximately the same as that of those fed 

oats or barley* Under these conditions the rate of growth 

qnd efficiency of gains for rats fed wheat, oats or barley were 

essentially the same, 

[|_, It was found that the amino acid content of grains, 

as estimated from the results of microbiological assays for 

9 essential amino acids, constituted a fairly reliable index 

of the relative growth promoting value of these grains for 

rats, 

5* Comparison of the amounts of eseential amino acids 

supplied daily by low protein barley, as estimated from results 
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of microbiological assays, with the daily requirements as 

listed by Rose (26), indicated that low protein barley was in 

varying degree^, deficient in all the essential amino acids 

other than arginine. Supplementation of low protein barley 

with single amino acids, other than lysine, or with mixtures 

of from two to five amino acids estimated to be most limiting 

in barley protein, did not result in any faster growth than 

supplementation with lysine alone. 

6„ It was found that a supplement of seven essential 

amino acids made up of lysine, histidine, phenylalanine, 

methionine, tryptophan, threonine and valine, was adequate to 

provide for reasonably good growth when added to the basal 

low protein barley ration. 

7« It was observed that the addition of either leucine 

or isoleucine singly to the above mixture of 7 essential amino 

acids resulted in a decreased rate of growth, while the addi¬ 

tion of both resulted in growth equivalent to that obtained 

with a supplement made up of all ten essential amino acids. 

8. The similarity between these results and those 

reported by Hankes, Henderson and Elvehjem (8) is discussed. 
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