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INTRODUCTION

An investigation of factors affecting the protein quality of oats
was initiated in this laboratory in 1950. Results of earlier studies
df the effects of variety andﬂof location and time of planting were
reported by Thomas (3#); The present report includes further studies
of varietal differences as well as the effecfs of amino acid supplement-
ation on the protein quality of certaln oat varieties..
| .Biological value of the proteins studied was estimated by the pro-
tein efficiency quotient method. Eighteen oat varieties were compared
in two experiments conducted in.i952 and 1953. Two of these varieties,
Desoté-and Forkedeer, were selected for use in the supplementation
studies. Iysine, methionine, and leucine were the amino acids used in
an attempt to enhance the biological value of the protein of these

varieties,



LITERATURE REVIEW

The nutritional value of any protein is determined to a large ex-
tent by the relative amounts and nature of the amino acids which it sup-
plies to the animal body. Evaluation of the relative protein quality
of different food sources by animal assay, however, is affected not only
By the amino acid composition of the food proteins but also by the digest-
ibility of the proteins and the extent to which the end-products of di-
gestion, largely amino aclds, are absorbed from the alimentary canal
and utilized by the animal. Mitchell (20) points out three avenues of
approach to the evaluation of relative protein values: (a) the analyti-
cal determination of amino acid compbnents of the food protein by either
ghemical or microbiological methods; (b) the measurement of the amount
of nitrogen retained in the animal body; and (c) the measurement of the
ratio of gain in weight to protein intake for growing animals.

Of the three assay methods mentioned, the one most commonly em-
ployed for protein evaluation involves the determination of the ratio,
commonly kn&wn as the protein efficiency quotient, of gain in body
weight to protein consﬁmed, when growing albino rats are fed a cémplete
dief in which'protein is the oﬁly limifiﬁg factor. This ié a modifica-
tion of a2 method originally proposed 45 years ago by Osborne, Méndel,
énd‘Ferry (31)., This method eséentiall&lconsists of compaiing the max-
imum ratio of gain in weight to protein consumed on an experimenﬁal diet
' §ver a period of from four to six wéeks. Although this method énjoys
éxtensive and widespread useage, it has several critical disadvantages
ﬁhich have been pointed out by Mitchell (20, 18, 19)° In the use of

this method most investigators have employed one arbitrarily selected
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Rrotein ievel, usually around 10 psrcent, which is the value selected by
6sborne, Mendel and Ferry (31). These authors point out, however, that
ﬁhen protein is fed at a single level or food intake is restricted arbi-
trarily, only relative values are obtainable, depending on the degree of
retention of the protein in the diet. The ideal condition, as stated by
ﬁhese authors, would be if animals of the same starting size were to
deat the same amount of food in the same number of days and gain the
same amount of weight, the protein factor being the only variable.®
Mitchell (19) has pointed out that it is necessary to control food in-
take if true differences are to be measured. Ad Libitum feeding may not
only grossly exaggerate the difference in the nutrititive value of two
pfotein mixtures, due to the fact that the better mixture will be con=
sumed in greater amounts, but it may also have an unpredietable effect
on the measurement arising from differences in the palatability of the
test rations. Another source of error encountered in ad libitum feed-
ihg is that as the amount of dietary nitrogen consumed is raised from
low to high levels, there is a level at which nitrogen equilibrium will
be met. When this level is surpassed, the amino acids will be deamin-
ized and the residue used for storage of fat and glycogen (19). There-
fore, as the level of protein in the diet is increased, the efficiency
utilization of food nitrogen as tissue nitrogen decreases.

Ghemical‘and microbiological methods for assaying protein have
¢ertain disadvantages that are not necéssarily applicable to the other
ﬁethods used for measuring protein values. For example, they do not
take-into consideration the differential rates of availability of'amin@
?cids in digestion. The ultimate synthesis of body protein from anime
acids made available through digestion and absorption is dependent on

the simultaneous appearance in the blsod stream of each of the essential
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émino acids in suitable‘ proportions. FKuiken and Iyman (14) have found
é wide range of availibility of different amino acids in various food
étuffs. There is also the differential sparing effect of carbohydrate
and fats in fhe diet on amino acids. Munro (26) found that nitrogen
balance improved when carbohydrate was fed in the same diet with protein
as compared to protein fed apart from carbohydrate. Fat seems to exert
ﬁo statistically significant effect on nitrogen balan;:e° Digestibility
is a third factor of considerable importance in an assay of protein '
quality. Mitchell and Block (21) have noted that protein sources differ
in their percentage digestibility. The protein of beef muscle, for ex-
émple, is iOO percent digestible, while the protein of white rice is
78 percent digestible. |

As Mitchell and Carman (22) point out, “the composition of the gains
in weight made by growing rats varies considerably even though the rations
consumed, the initial weight of the rats, and the length of the growth
period may be the same. The gain in weight of an animal, no matter how
carefully experimental conditions may be prescribed, is not a definite
measure of thé nutritive effeect of the rations fed, but is subjeét to
eonsiderable vériation due to the operation of unknown factors.”

It is generally agreed among investigators that cereal grains when
fed alone do not result in satisfactory mutrition (17, 11, 23, 2, 3).
Osborne and Mendel (30) partially attribute this to the biological incom—
pleteness of grain protein, resulting from en amino acid deficiency.
Although oat protein is superior to other cereals such as rye, corn,
wheat, and barley, (11, 30, 13) it does not approximate the biological
%alue of whole egg protein or casein, even though the latter is defic-
ient in the essential amino acid methionine (21). 4As early as 1914 Os-

borne and Mendel (28) supplemented corn with lysine and tryptophan and



obtained normal growth. Similar results were obtained by Hogan (10) and
Mfa.rais and Smuts (17). Miﬁchell and Smuts (25) demonstrated that oats
;nd other céreals are deficient in lysine. They further showed ﬁha$ the
supplementation of oats with lysine resulted in a slight increase in
growth-promoting value. In experiments with corn and oats, Mitchell and
Block (21) found that lysine supplementation camsed a distinct though
élight increaée in the growth-promoting values of these cereals tut that
because of a secondary deficiency, tryptophan in the case of cdrn, and
an unidentifigd factor in the case of oats, superior growth did not re-
sult, OCasein is known to be lacking in the essential amino acid_methi;
6nine and supplementation with this amino acid results in a better growth-
promoting value.

Further instances of the complexities of amino acid suplementation
have been cited by Rose et al (32). These investigators found that glu-
tamic acid and possibly other amino scids, which are neither stimula~
tory nor essential at a low rate of growth, become stimulatory when
added to rations which pernit a higher growth rate. IThey also observed
(36) that the addition of tyrosine to a diet which gave indications of
a partial deficiency of the amino acid phenylalanine, caused an increased
rate of growth: tyrosine greatly spared the requirement for phenylala~
nine to which it appeared to be a precursor. A similar relatiénship was
noted between methionine and eystine; cystine stimulates growth when
@ethionine is fed in suboptimal amount;s‘(35)o
| As early as 1929 Mitchell and Hamilten (EH) noted the poor nutri-
tive quality of the alcohol=soluble proteins of cereal grains, especially
corn, wheat; and oats. They attributed this to a deficiency in one or
éwo smino acids, possibly lysine and tryptophan. Frey (7 :ecently den=

onstrated a positive correlation between the total nitrogen and the



%lcoholwsoluble nitrogen content of oats. Application of this cerrela-
éioﬁ to nineteen different oat varieties showed that ¥it is evident that
fhe alcohol-soluble nitrogen remains a constant proportion of total ni-
trogen in the oat grain regardless of thetotal nitrogen parcentage.t If
this relationship is true, then oats differ significantly in this respect
from corn. Frey (6) has shown that as the percentage of total protein
in corn increases, the percentage of zein increases. Since zein is low
in tryptophan and lysine, the quality of the protein of high protein
stfains is consequently inferior to that of strains of lower protein
content,

~ Frey (8) endeavored to correlate ihgreased protein content to an
increase in certain essential aming acids in oat wvarieties grown’ih 1947
and 1949. Data from fourteen oat varieties tested showed that the per-
centages of protein, leucine, and lysine in the earlier year were sig-
nificantly correlated with those in 1949, exceeding the one percent
levgl 6f significance, while the percentages of tryptophan and methi-
onine were not significantly correlated at the dne percent level in
these two years. 4The average content of lysine, leucine, and méthionine
were, 47, 47, and 43 percent higher, respectively in 1949, than in 1947
but the average content of tryptophan was only 12 percent higher.
Since all varieties employed did not change as much in their amino
acid composition as did others, it seems probable that his'previgus
suggestion for improving oats as a source of protein by selection of a
gigh protein strain appears applicable for some varieties, but not for
others.
i The various proteins in oats have not been as well defined as those

in corn. OClassification of the various proteins in oats has been based

largely on solubility. In the latter part of the nineteenth century
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storne (27) isolated and separated cat proteins into thres fractions.
AAn oat sample containing 11.20 percent protein gave the following frac-
ﬁionss (a) a prolamin, glisdin, soluble in weak alcohol, amounting to
1.25 percent of the grain: (b) a globulin or salt soluble fraction,
avenalin, amounting to 1.50 percent of the grain; and (c) an "insoluble
fraction", a glutelin called avenin, which was determined by difference
and constituted 9.00 percent of the grain. Iumers and Siegert (16) iso-
lated five proteins from oats;. (a) an albumin, (b) a globulin, soluble
in 10 percenﬁ cold salt solution9 (c) a globulin soluble in 10 percent
salt solution at 65° C., (d) a prolamin, and (e) a glutelin. Oat pro-
lamin is known to be free of tryptophan and very low in lysine (5), and
oat gliadin contains 10 tryptophan (12). Csonka (5) has drawn attention
to the fact that rolled dats become riéher in protein than the original
grain and have a higher percentage of the émino acids, lysine, tr&ptd=
phan, and histidine. This’is accounted for by the elimination of oat
shorts and middlings which are separated in the milling process. These
by=products~bf rolled oats contain a small amount of lysine and véry iit=
tle, if any, tryptophan., A&venin has been reported by Lamour (15)‘to be
high in arginine and basic nitrogen. Csonka (L) found only one glutelin
in oat protein; it had an isoelectric point of about a pH of 6,L5,
Practically all the oat protein is concentrated in the kernal, only
a small amount being present in the busks (33). From the viewpoiﬁt of
the oaf grower it would hardly seem economical to remove the husks from
whole oats before feeding, but it might be possible to supplement whole
oats to relieve amino acid deficiencies and thus promcte more normal
growtho It is the purposs of this research to explore these possibil-

ities.



EXPERIMENTAL PROCEDURE

Material and Methods
Protein Sources
Cereal grains used in this experiment were furnished by Dr. A. M.
Schlehuber of the Agronomy department of Oklahoma A. and M. College.
They were planted in special plots specifically for this purpose, and
were harvested by hand to avoid mixing of the different varieties.
Eighteen oat varieties and one wheat variety were used in the experiments.

All varieties were grown at Perkins, Oklahoma.
Chemical Analysis

Each variety was thoroughly mixed and sampled at random. The sam-
ple was finely ground in a Wiley Mill, mixed, and analyzed for proximate
constituents by the official methods of the Associlation of Official Agri-
cultural Chemists (1). Since these methods are well known, they need
only a brief description.

Moisture was determined by heating a two-gram sample at 105o C. for
six hours. The percentage of moisture was calculated from the weight
loss.

Ash was determined on the above moisture sample by heating the dried
sample in a muffle furnace at 625° C. for two hours. The sample was
cooled in a desiccator and the weight of the ash determined.

Ether extract was determined by placing a 2-gram sample in fat

tubes and extracting with anhydrous diethyl ether for 16 hours. The sam-
ple was then dried and reweighed. The percentage of ether soluble mate-

rial was estimated from the loss of weight during extraction.



‘ Crude Fiber was determined by digesting the above ether-extracted
;esidues first in dilute sulfuric acid for thirty minutes, then in dilute
sodium hydroxide for an equal léngth of time. The residue remaining af-
ter filtration through a linen cloth was thoroughly washed and dried at

a temperature of 105° C. for six hours. The crucibles were cooled,
veighed,vand the loss in weight on ashing calculated as the percentage

of crude fibver.

Protein nitrogen analyses were made in triplicate. Two-gram sam=
ples were taken of each of the varieties of oats and whéat; a 0.5~gram
sample of casein was used for analysis. The conventional Kjeldahl pro-
cedure was applied, using copper sulfate and sodium sulfate to elevate
the boiling point. Nitrogen was determined and the percentage of pro-

tein calculated, using the factor 6.25.

Ration Composition and Preparation

In each experiment the level of protein was held constant in all
diets and was determined by the protein éontent of the oat variety
having the lowest percent of protein. Protein level was adjusted by
the addition of corn starch. Fiber content was compensated in those
rations which were low in this product by the addition of commerciéll
celiulose. Mineral requirements were met by the inclusion of two-per-
cent Hégsﬁed salt mixture (9) in the diet. All nown vitamins were
provided by a vitamin mixture which was included in the diet and by the
gddition ofifortified cod liver oil to the diet at each feeding. ‘The
quentity of vitamin per kilogram of ration is shown in Table 1. A me~
phanical feed mixer was used in preparing the rations. The dry ingred-
1
ients were mixed first and after a homogeneous mixture was obtained,

corn o0il waé added. In the last two experiments in which amiﬁo acids
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were included in the rations, hand mixing was employed to insure the

|
proper distribution of the supplements.

Table 1. Composition of vitamin mixture.
|
Amount (mg.)
Vitamin per kilogram
of ration
Thiamin 4,0
Riboflavin 6.0
Pyridoxine-HC1 3.0
Nicotinic acid 20.0
Ca, Pantothenate 20.0
Inositol 20.0
Para~amino benzoic acid 20,0
Pteroylglutamic acid 20.0
Choline-Cl 100.0

The rations were stored in a deep freeze prior to and during each exper-

iment to prevent detericration.

Rat Assay

For use in the assays female albino rats weighing approximately
50 grams were obtained from Sprague-Dawley of Madison, Wisconsin. On
arrival, they were randomly selected and placed in individual cages in
‘s room in which the temperature was maintained around 750 ¥. The mean
weight of the.different groups in an éxperiment was adjusted so as not
‘to vary more than two gi"amso Each rat was offered 70 grams of food
ieadh week; 20 graﬁs on alternate days, three times a week, and 10 grams
on the seventh day. Once each week the animals were weighed and non-
:consumed food collected and weighed. The total amount of food consumed

|
{during the period was calculated for each rat.



Table 11, Percentage proximate composition of pretein
‘ ' sources in experiment 1.

e

Protein Total Ash Ether Crude Mols-
source protein extract Tiber ture

Oat Varieties

Winter
Stanton Strain 1 10.25 3.28 7.05 7.05 8.5
Forkedeer 10.84 3.71 5.26 6.96 8141
Tennex 11.06 3.84 5455 9.08 6.5U
Wintok | 11.28 3.49 7.19 6.47 6.58
Traveler 11,72 327 5,47 8.19 6.16
Desoto | 10.06 3.17 6.17 8.25 6.74
W. Fulghum Sel. (6570) 9,83 3,58 7.18 6.89 5062
Wa. Comp. Sel. (4829) 10.39 4,08 5. 30 g.u7 6.80
bErr e (5106)1 10.84 3.80 6.07 7.89 6.91
b1 (5106), 11,22 3.53 5.86 5.95 6.38
Spring
Cherokee 12.98 3.55 b, 26 4,26 6.53
Neosho 13,40 3,54 4,65 8.67 §.u1
Andrew 11.82 3.53 2.7h 9.02 | 6.02
Clinton 12.19 3.57 3.7%  11.13 6.46
Nemaha 13.30 3.35 3.78 10.88 6.34
0-200 11.55 3.58 3.9k 10.80 6.29
Kanota 12.92 3.86 - 6.11 8.91 6.11
Wheat
iComanche 11.84 1.37 1.05 1.09 7.17
Casein - 82,50 3,20 0.45 e £.10

1 Spring seeded , Fall seeded
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Table III. Composition of diets used in experiment 1.
‘ Protein level 9.Wh%,

Percentage constituent in diet

Protein
source Protein Corn Corn Salt
Starch 0il mixture
Oat Varieties
Winter
Stanton Strain 1 92,10 3.90 2,00 2.00
Forkedeer 87.09 9.91 2,00 2.00
Tennex 85.35 10.65 2,00 2,00
Wintok 83.69 12,31 2,00 2,00
Traveler 80.55 15.45 2,00 2,00
Desoto 93,84 2.16 2.00 2,00
W. Fulghum Sel. (6570) 96.00 0.00 2.00 2,00
Wd. Comp. Sel., (4829) 90.86 5.1 2.00 2.00
oty 8y (5106) 4 87.09 8.91 2.00 2,00
A (5106)2 gh, 1k 11.86 2,00 2.06
Spring
Cherokee 12.73 23.27 2,00 2,00
Neosho 70.45 25.55 2.00 2.00
Andrew 79.86 16,14 2.00 2,00
Clinton 7744 18.56 2,00 2,00
Nemaha 70.98 25.02 2.00 2.00
0-200 81.73 .27 2,00 2.00
Kanota 73.07 . 22.93 2,00 2.00
Wheat |

Comanche 79.73 16.27 2.00 2.00
Caseiny 10.21 €3.79 2.00 2.00

Spring seeded » Fall seeded 3Agar added to the 2 percent level.
Each diet contained 2 gram vitamin mixture per kilogram.
Fortified cod liver oil added at each feeding.



i Experiment 1

! The seventeen oat varieties compared in the first experiment in-
cluded both Spring and Winter types. Winter varieties were Stanton
Strain 1, Forkedeer, Tennex, Wintok Traveler, Desoto, Winter Fulghum
Selection (6570) and WOodward.Gomposite Selection nos. 4929 and 5106
the latter was both spring—and winter-seeded. Spring varieties were as
follows; Neosho, Andrew, Clinton, Nemaha, 0-200, and Kanota.

The proximate composition of these varieties and of Comanche wheat
and casein which served as protein sources in control diets is presented
in Table II.

-Quality of the protein from the 19 sources was compared in repli-
cated assays; the first extended from January 10, to February 21, 1953,
the second from April 9, to May 21, 1953, 1In the first replication
there were 5 rats on each diet; in the second, there were six.

The protein level on all diets in the two assays was 9.4%4 percehto
This was determined by the protein content of a diet containing 96 per-
cent of the oat variety, Winter Fulghum Selection (6570) which had a
lower protein content than any of the other varieties. Composition of
the diets employedlis given in Table III°

Experiment 2

Ten oat varieties of the Winter type were compared in experiment 2,
These were Wintok, Forkedeer, Woodward Composite Selection (5106), Ten-
gnexs Stanton Strain 1, Woodward Composite Selection (4828), Winter Pul-
~ ghum Selection (6570), Desoto, Woodward Conﬁosite‘Selection (4829), and
Traveler. The proximate composition of each of these varieties and of

i

ithe two control protein sources, Comanche wheat and casein, is shown inv

DPable IV.
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3Gasein

i
|

iable IV, Percentage proximate composition of protein

‘ gources in experiment 2.

Protein Total Ash Ether Crude Mois-

source protein ' extract fiber ture

Oat Varieties
Winter

Desoto 12,34 3.09 5.2 12,93  8.21

forkedeer 15.97 2.96 5.75 9.01 9.04
~ Stanton Strain 1 13.47 2.97 7.10 10.00 7.92

Tennex 14,37 3,56 5.62 9.56 8,38

Traveler 13.62 2,70 6.09 9.51 g.24

Wintok 11.97 2.71 7.30 7.47 8.99

Wd. Comp. Sel. (u4828) 13.81 2.87 5.29 10.37 g.40

e 0 (4829) 14.81 3.13 6.10 11.17 8.49

R T (5106) 14.84% 2.78 6.15 9.21 8,61

¥. Fulghum Sel. (6570) 15.59 3.10 6.36 11,01 8.02

© Wheat

Comanche 14,72 1.4 1.55 2.98 9.90

81,37 3,52 0.43 o 7,86




?able V. Composition of diets used in experiment 2.
Protein level 11.50%.

15

Protein Percentage constituent in diet
source Protein Corn Corn Salt
? starch oil nixture
Oat varieties
Winter
Desoto 93.11 2.89 2.00 2.00
Forkedeer 71.95 24,0k 2,00 2.00
Stanton Strain 1 85.30 10.70 2,00 2,00
Tennex 79.96 16.04 2,00 2,00
Traveler 8L.36 11.64 2.00 2.00
Wintok 96.00 e 2,00 2.00
Wd. Comp. Sel. (4828) 8k4.36 11.64 2,00 2,00
oo (4829) 77.58 18.42 2,00 2,00
TEEETINY (5106)  77.43 18.57 2,00 2.00
W. Fulghum Sel. (6570) 73.70 22.30 2.00 ‘2.00
Wheat
Comanche 78.06 12,45 2,00 2.00
Casein 14,14 T4.05. 2,00 2,00

Each diet contains 2 grams of vitamin mixture per kilogram.
Fortified cod liver oil added at each feeding.
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The protein level for all diets in this experiment was determined
in the same manner as in experiment 1. Wintok was the oat variety hav-
-ing the lowest protein content, 11.97 percent, and the level of protein
for the experiment was 11.50 percent. Gomposition of the diets is given
in Table V. The-assay was conducted over a period of six weeks, from
November 5, to December 17, 1953.
| | Experiment 3

The third experiment was conducted to determine whether the nutri-
tive value of the protein of a wvariety having a low protein éfficiency
quotient could be increased by amino acid supplementation to equal that
of a variety having a consistently high PEQ and, further, to determine
whether the nutritive value of the better variety might also be increased
in a similar manner. Desoto and Forkedeer were the two varieties se-
lected for use in this experiment; the former having previously shown a
relatively low, the latter a comparatively high, PEQ. Casein served as
the protein source in a control diet. The proximate composition of the
protein sources is given in Table VI. Protein level of the three basal
rations wés 12.42 percent and was determined by the protein content,
12.94 percent, of the Desoto variety. The basal diet was prepared in

Table VI, Percentage proximate composition of
protein sources in experiment 3.

Constituent Desoto Forkedeer Casein
Protein 12.94 1. 41 81.25
Ash 2.96 2.86 3,32
Ether extract 6.71 7.17 0.U47
Crude fiber 10.54 9.17 = emee=
Moisture 7.09 7.47 8.51

%he same manner as in experiment 1. All necessary additives as vita-
mins, minerals, fats, and carbohydrates were supplied to make the diet

biologically complete.
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i The experiment was conducted over a period of five weeks and included

%even experimental groups, with seven animals in each group. Four groups
%e:e fed the Desoto basal diet; the first group received no amino acid
supplement; the second group received lysine; the third, lysine and
methionine; and the fourth group, lysine, methionine, and leucine. Two
groups received Forkedeer basal ration. The first group received no sup-
élements and the second was given lysine, methionine, and leucine during
thé first three weeks after which they received-in addition, tryptophan
and histidine;l The casein diet was not supélemented. The lével at which
the amino acids were fed is presented in Table VII.
Experiment 4

.The fourth experiment was carried out with one oat variety, Desoto,
to determine the effect on nubtritive gquality of supplementing the protein
of this variety with three amino acids, lysine, methionine, and leucine;
alone and in all possible combinatiens, OCasein served as the source of.
protein in a control diet. The level of protein in the three basal ra-
tions was 9.50 percent.

Proximate composition of the protein sources is given in Table VIII.

Table VIII. Percentage proximate composition of
protein sources in experiment 4.

Constituent Desoto Casein
Protein 12.19 £3.00
Ash 3.05 3,06
Ether extract 6.67 0.47
Crude fiber 16,00 = sexea
Moisture g.10 g.28

The basal diets were made up as in previous experiments with the
{required additives being supplied in the proportions that were needed

to complete the diet.
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?able ViI.  Percent amino acid supplementation in experiment 3.

i

Basal I~lysine DIL~methio- I-leucine L-histi- IL-trypto-
diet nine dine phan
Desoto e - — - —

tH O o 58 : o o R <t e ey

v 0.58 0.41 - — -

v 0.58 0.4 0.92 — e
Forkedeer e e = o ——

re 0.58 0.41 0.92 0.16* 0.16*
Casein e - e — -

* TIntroduced at end of third week

Table IX. Percent amino acid supplementation in experiment u.

Basal I-leucine Dl-methionine L-lysine
diet

First period

Desoto - - oo

¢ Oago bt =
I3 - 0.60 -
re 0.80 0.60 S
Casein o s ==

Second period

Desoto == e ==
i 0.80 — cmem
1 . ©.60 -
v ——= = 1.00
ie 0.80 0.60 -

LA 0.80 == 1.00

B R - 0.60 1.00

8o 0.30 0.60 1,00

Casein = = ==
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j The experiment was conducted with 50 énimals over a period of eight
;eeks, During the first four weeks there were fivé experimental groups;
four received the Desoto basal ration diet; the fifth, the casein control
§iet. The first group on the Desoto diet received no supplement: ﬁhe sec-
ﬁnd reéeived leuncine: the third, methionine: and the foﬁrth9 leucine and
methionine, |
| Ax the end of four weeks each group except the casein control gfoup
was subdivided into two groups. Both subgroups continued to receive the
same supplements as during the first half of fhe experiment, but one of
Fhe subgroups also received lysine in addition to the supplements origin-
all& fed.

The form and levei of the amino acid supplements received by the
different groups during the two four-week periods of the experiment are

shown inJTable IX.



RESULTS AND DISCUSSION

Experiment 1

Nutritive values of the 19 protein sources used in the first ex-
perimenﬁ may be compared in Table X. This table presents mean welghts,
food intake, and PEQ values for eaéh protein source when included in a
diet at a 9.4Y4 percent level of protein. PEQ values obtained in the
two replications of the experiment are showﬁ graphically in Figures 1
and 2,

Overall means for weight gains and'PEQ_values for all groups and
for the 17 groups which received oats aé a sole source of protein are
- summarized below, together with significant effects of protein source

on growth and the least significant difference of mean weight gains.

| All diets (19) Qat diets (17)
Replication 1 2 1 2
Mean gain (gm.) 54 14 58 15 54 9 58 7
Significance of

effects of protein

sources . b % * *
L.S.D. 9.6 10.5 6.3 5.6
Mean PEQ _ 1.44 1.58 1.45 1.53

* Bignificant at 0.05 level
** Significant at 0.0l level

i The biological value of the protein of wheat was infefior‘to that

éf any of the sources studied. Growth on wheat protein was significantly
less than on any other protein source in each replication and the PEQ

- #alues for this protein, 1,07 and 1,12, in the two trials, respectively,
were exceeded by those for all other sources. The low quality of wheat

protein is attributed to a deficiency of two essential amino acids, ly-

20
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Table X. Mean weight gains, protein intake, and protein efficieﬁ@y Quo=
tients in two replications of experiment 1. Protein level 9.4u4%,

' Mean total Total Protein Protein
Type of Protein gain consumed efficliency
__oat __source (grams) _(grams) quotient

\

Replication 1

Wheat 35 33 1.07
W Wd., Comp. Sel., (4829) L5 © 35 1.29
V. Andrew 4g 38 1.29
v. Desoto 45 35 1.29
Sp. Neosho 50 38 1.32
Sp. Cherokee 50 35 1.41
Sp. Kanota 53 37 1.h3 -
Sp. Clinton 55 38 1.43
Sp. Nemaha A 57 39 1.5
Sp. 0-200 56 38 1.46
v. Stanton Str. 55 33 1.46
W. W. Fulghum Sel. 57 -39 1.47
v Wintok 1 55 37 1.h9
w. Wd. Comp. Sel. (5106) 59 39 1.53
W. Wd. Comp. Sel. (5106)2 &8 28 1.54
¥. Traveler , 56 36 1.56
V. Tennex 58 37 1.56
V. Forkedeer ' 61 38 1.61

Casein 61 36 1.73

Replication 2

Wheat - 38 3h 1.12
v. Andrew 52 38 1.37
Sp. Clinton 54 38 1.41
Sp. 0-200 56 39 l.h42
w. Tennex 57 79 1.47
Sp. Nemaha 57 28 T 1,48
W. Desocte 57 39 1.48
Sp. Cherokse k8 38 1.51
V. Wd. Comp. Sel. (U4829) 58 38 1.51
W. Wintok 57 37 1.54
w. Traveler 59 . 38 1.54
Sp. Neosho 59 38 1.55
V. Forkedeer 60 39 1.56
V. Stanton Str. 5 61 38 1.59
W. Wd. Comp. Sel. (5106) 61 33 1.60
W. W. Fulghum Sel, 1 61 33 1.61
V. Wd. Comp. Sel. (5106) 62 - 38 1,63
Sp. Kanota 65 37 1.73

Casein 69 37 1.87

1 Spring seeded e Fall seeded
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sine end tryptophan (29). Best growth and the highest PEQ values, 1,73
énd 1.87, in the two trials, respectively” were obtained with casein as
the protein source,

The nutritional quality of casein, however, was not superior to
that of all the oat varieties studied. Growth on the casein diet in the
first trial was significantly greater (0.05 level) than that of only
five varieties, the firét varieties listed in Table X. The mean PEQ
for casein in this trial was 1.73, as compared to a mean of 1.32 for
the five oat vérieties. In the second trial, growth on the casein diet
was significantly greater (0.05 level) than on nine oat varieties, the
first listed for this trial. The mean PEQ for casein in this instance
was 1,87, the mean for the nine varieties, 1.47. In both trials casein
was a consistently and significantly better protein than the protein of
four oat varieties: Andrew, Desoto, Cherokee, and Woodward‘Composité Se~
lection (4829), all but the iast of which are Spriﬁg varieties.

Mean growth response to the different oat varieties varied 16 grams
in the first and 13 grams in the second trial; PEQ values ranged‘ffom
1.29 to 1.61 in the first trial and from 1.37 to 1.73 in the second.
Differences between replicates in growth response to the same variety
were less than one gram in the case of five varieties, from 2 to 6 grams
'for seven varieties, and from 9 to 13 grams fqr five varieties. In both
the latter groups growth was greater in the second trial that in the
%irst. The greatest differences in growth between replicatés were ob-
tained with Neosho, Cherokee, Desoto, Kanota and Woodward Composite Se=
lectidn (4829). The cause for these differences in response is not clear:
it may be due tolinherent differences in the animals. %Results obtained
by Thomas (34) in_previbus experiments with three of these varieties

are in agreement with the lower values obtained in the first trial.
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Differences in growth reSponse.and the PEQ values obtained with the
éat varieties ars presumably caused by difference in the relative amounts
6f the amino acids present in the grain. This, in turn, is probably the
result in the shifting in the proportionality_of the different proteins
occufring in the oats. The results indicate.that, in general, winter
Qats'have a higher quality of protein than spring oats. Six of the ten
Qinter types used, Stanton Strain 1, Winter Fulghum Selection,‘Wintok,
Treveler, Forkedeer, and Woodward_Composite,Selection (5106) were the
only varieties giving PEQ values which were»above the average in both
trials. The latter variety showed superior quality even when plantéd
in thé épring. Three of the winter #arieties, however, Woodward Com—
posite Selection (74829)D Andrew, and Desoto were definifely inferior to
the other winter types and resembled thfée spring varieties, Cherokee,
Nemaha, and Clinton, in that they fell below the average PEQ in both
trials. Three spring varieties, Neosho, Kanota and 0-200, and one win-
ter variety, Tennex, exceeded the averagé in one trial: these varieties
appear to occupy an intermediate-position between the better and poorer
varieties. These findings are in essential agreement with those of

Thomas (34) .
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Experiment 2
i Of the ten winter oat varieties from the 1953 crep which were as-
_§§yed in experiment 2, all but one, Woodward Composite Selection (U4828),
b;d been tested previously in experiment 1. Protein content of all vari-
eties (Tables II and IV) was appreciably high&r in the second year, when
it varied from 11.97 to 15.97 percent, than in the first year, when it
;aried from 9.83 to 11.72 percent. Because of the generally increased
protein content of the oats, protein level on the diets in experiment 2
was established at 11.50 percent, which was 21,9 percent higher than the
level employed in the first experiment.

Mean weight gains, protein consumed, and PEQ values obtained for
the 12 groups in experiment 2 are presented in Table XI and the PEQ
values are shown graphically in Figure 3.

Differences in weight gains among all protein sources were highly
significant (0.0l level) in this experiment as were differences among
the oat varieties. Mean gain in weight was 70+24 grams for all diets and
70416 grams for the oat diets; the L.S.D. between weight gain means was
24 grams for all diets and 5.54 for diets containing oats. The mean PEQ
was 1.52 and 1.51 for all diets and oat diets, respectively.

As was observed in the preceding experiment, the lowest mean weight
gain and the lowest mean PEQ value were 6btained on wheat pfoteinv the
highest on casein. The mean weight>éainaon wheat was significantly lower
than that on caseih but was not significantly lower than the mean gain
on aﬁ& of the oat varieties. The mean gain on casein was significantly
greéter than that on all oat varieties.

Five oat varieties had a PEQ equal to or greater than the average;
Wintok, Forkedeer, Woodward Composite Selection (5106), Winter Fulghum

Selection; and Traveler. These varieties had been rated similarly in
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Table XI Mean weight gains, protein intake, and protein efficiency

quotients in experiment 2.

Protein level 9.50 percent

Protein Mean total Total protein Protein
source gain consumed efficiency
(grams) (grams) quotient
Wheat 59 46 1.28
Desoto 65 L7 1.39
Stanton Strain 1 65 46 1.43
Tennex ol 4l 1.46
Wd. Comp. Sel.(4829) 66 T3 1.46
rvo1e 9 (hg2g) 69 46 1.50
W. Fulghum Sel. 73 4g 1,52
Traveler 72 46 1.55
Forkedeer 75 h7 1.60
Wintok 77 46 1.65
Wa. Comp. Sel. (5106) 78 47 1.66
Casein | g8 ug 1.85
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ﬁoth trials in the first experiment. Four of the remaining varieties
gaving a PEQ which fell below the average were similarily rated in either
éne or both replicatiens of the first experiment. Thus when food intake
was held constant, an increase in protein level of diets from 9.4l per-
cent to 11.50 percent, and an increase in the protein content of the oats
did not affect the PEQ values of the oat varieties in respect to each
other. i
‘The effect on weight gains and PEQ values of increasing protein level

21.9 percent while maintaining food intake at a practically constant level

is shown in the following swmmary:

Mean weight gain Mean PEQ
Protein source Protein level % Protein level %

A B B-A 3I-4 A B B-A B-A

9.k 11.%0 % 9.4k 11,50 %
Wheat 3% 59 24 68.5 . 1.07 . 1.28 . 0.21 . 19.5
Desoto 45 65 20 Wl 1,29 1.39 0,10 7.8
Stanton Str. B5* 65 10 18.2 1.46 1.43  -0.03 2.0
Tennex , o8& ol 6 10.3 1.56 1.46 -0.10 6.4
Wd. Comp. Sel,” L5 66 21 h6.7 1.29 1.46 0.17 13,1
W. Fulghum Sel. 57* 73* 16 28.1 1.47 1.52 0.05 3.4
Traveler o*  72* 16 28.5 1.56 1.55 =0.01 -0.6
Forkedeer 61* 75* 14 22.9 1.61 1.60 ~0.01 =0.6
Wintok o D9 7% 22 40.0 1.h9 1.65 0.16 10.7
¥d. Comp. Sel.“ 5g&* 78% 20 b 154 1.66  0.12 7.8
Casein ’ 61 88 27 . k.2 1.73 1.85 0.18 6.9
*  Above average in trial - 1 (yg29) e (5106)

Ip no instance was the change in PEQ value occasioneéd by an augmented
piotein level commensurate with the iﬁcréase in weight gains. The great-
est change in PEQ, an increase of 19.6 percent, was obtained with wheat
and was associated with a 68.5 percent increase in weight gain. The
greatest increases in PEQ values for oat varieties, 13,1 and 10.7 per-
cént9 were obtained with Woodward Composite Selection (4829) and Wintok,
respectively, and were associated with increases in weight gains amount-

ing to 46.7 and 40.0 percent respectively. In the case of Desoto, Tennex,
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Winter Fulghum Selection, Woodward Composite Selection (51006) and casein,
increases in PEQ were small, from 3.4 to 7.8 percent and were associated
Qith increases in weight gains varying from 10.3 to b, b percent. Changes
in PEQ values for Stanton Strain, Traveler, and Forkedeer were negative

in sign and negligible in amount: increases in’weight gains by these var-
ieties were from 18.2 to 28.5 percent. These results suggest that an im-
provement in the protein quality of wheat and two oat varieties, Woodward
Composite Selection (U4829) and Wintok was effected by increasing the pro-

tein level of the diet.
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1 Experiment 3
| Results obtained in a study of the effects of amino acid supplement-
émion on the nutritive quality of two oat varieties, Desoto and Forkedeer,
ére presented in Table XII and Figure IV,

The protein quality of Desoto was significently lower than that of
Eorkedeer when the dietary protein level was heldéét 9.44 percent and
11.50 percent in experiment 1 and 2, respectively. However, weight gains
and PEQ values obtained with these varieties did not differ signifiéantly
in experiment 3 when protein level in the diets was increased to 12.42
percent. Mean weight gains on the basal Desoto and Forkedeer diets over
a period of five weeks were 58 and 63 grams respectively; the PEQ values
1.%9 énd 1.,47. Incorporation of lysine alone, lysine and methionine, or.
lysine, methionine, and leucine in the basal Desoto diet did not signifi-
éantly affect weight gains, nor was there an appreciable incréase in PEQ
value., Mean weight gains by all groups receiving the supplemented De-
soto diet were significantly less than the mean gain on the casein,d.iei;_9
and the mean PEQ values were considerably below 1.85, the PEQ for casein.

Quality of the unsupplemented protein of Forkedeer was inferior to
that 6f casein. Mean weight gain, 63 grams, and PEQ, 1.147, for this pro=
tein were significantly less than the mean weight gain, 79 grams, and
PEQ., 1.85, for casein. On supplementation of the basal Forkedeer diet
with lysine, methionine, and leucine mean weight gain was increased to
73 grams and PEQ to 1.7%, which were not significantly different from
the corresponding values for casein. Further supplementation of the
Forkedeer diet with histidine and tryptophan during the last two weeks
of the experiment did not significantly affect weight gain: during this
period_the mean gain by animals on the unsupplemented diet was 24 grams

as compared to 27 grams for animals on the supplemented diet. Growth
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Table XII. Mean weight gains, protein intake, and protein efficiency

quotients in experiment 3. Protein level 12.42%,

Mean total Total protein Protein

Basal diet  Supplement gain consumed efficiency
(grams) (grams) quotient
Desoto None 58 42 1.39
K Lysine 63 k2 1.52
10 lysine, Methionine 63 42 1.50
i lysine, Leucine, 58 b3 1.h40
Methionine
Porkedeer  None 63 43 1.47
re Lysine, Leucine, 73 42 1.7k
Methionine, Histi-
dine, Tryptophan
Casein Nene 79 43 1.85
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c'iaurves for animals on the Forkedeer diets and a control casein diet are
gresented in Figure 5.

| Supplementation of thv.? ‘basal Desoto ration containing 12,42 percent
éjrotein with lysine, 1ysix;e and methionine, or lysine, leucine and methio-
nine failed to improve the nutritive quality of the protein, but supple-

mentation of the basal Forkedeer diet of equal protein content with these

smino acids markedly improved the quality of the protein.
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Experiment L

Results obtained in a further study of the effect of amino acid
supplementation on the nmutritive value of the ?rotein of Desoto are pre-
éented in Table XIII.

The mean gain in weight (47 grams) by ten animals receiving the
basal Desoto diet during the first four weeks of the experiment was not
Signifieantly different from the mean gain (50 grams) by an equal number
of rats on the casein diet, and the PEQ values for the two protein sources
1.88 and 2,06 respectively, are similar. Addition of either or both the
amino acids leucine and methionine affected neither growth rate nor the
PEQ obtained with similar gfoups of animals during this period: mean
weight gain in these groups varied from U5 grams to 49 grams, the mean
PEQ from 1.88 to 2.02.

Half of the animals on each of these dieis except casein were con-
tinued on the same diets for an additiomal four-week period. Differences
in mean weight gains by (Table XIII) the five groups during the eight
week period were statistically significant (0.05 level). The mean weight
gain for all groups was 87.3 + 19.3 grams, the mean PEQ was 1.69, and
the L.S.D. for group gains was 12, Growth was significantly greater
on the casein diet than on any of the other diets but supplementation
of the protein of Desoto with either leucine, methionine, or both, had
no effect on weight gains by these groups. The mean PEQ for casein
group was 1.98 as compared to 1.69 for the four groups on the Desoto
diet.

When lysine was added tothe diet of one-half of the animals of each
of the four Desoto groups in the last half of the experiment, differences
in growth response and PEQ values obtained for the various groups became

apparent. Significant effects obtained in this portion of the experiment
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%re indicated in the summary of the analysis of variance of weight gains
Jn Table XIV. The method of calculation used to determine significant

main effects and interactions is indicated in Table XV,

1 The difference between the mean gain in weight by animals on the De~
soto diets and those on the casein diet were highly significant (0,01
level). The mean gain in weight by all Desoto groups was 36 grams, and

. tﬁat by animals on the casein diet was Y47 grams; corresponding mean PEQ
values were 1.42 and 1.80, respectively. Inclusion of either lysine or
methionine in the basal diet had a significant effect on weight gain, the
effect of methionine was significant at the 0.01 level, that of lysine
was significant at the 0.05 level. The mean weight gain by the four
groups receiving lysine was 38 grams as compared to a mean gain of 3&
grams by the groups which did not receive this supplement; mean PEQ
values for these groups were 1,51 and 1.32, respectively. Groups which
received methionine made an average gain of 39 grams, those which re-
ceived no methionine, 33 grams. Mean PEQ values for these groups were
1.53 and 1.31, respectively.

In addition to the effects of lysine and methionine, there was a
highly significant (0.0l level) interaction of leucine x methionine.
Inclusion of methionine in the basal Desoto diet effected a greater in-
crease in weight in the presence than in the absence of leucine: the dif-
ference in the mean gain by the group receiving methionine in the pre-
sence of leucine was greater than the gain by the group receiving methio-

nine in the absence of leucine, as follows;

Methionine -~ No Methionine = @Gain
In presence of leucine 38,2 grams - 28.0 grams = 9.6 grams
In absence of leucine 37.2 grams = 33,3 grams = 3.9 grams
In presence of leucine 1.44 (PEQ) - 1.14% (PEQ) = 0.30 (PEQ)
In absence of leucine 1.42 (PEQ) - 1.28 (PEQ) =

0.1h (PEQ)
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Table XIII. Mean weight gains, protein intake, and protein efficiency quo-
: tients obtained in experiment 4 on a casein diet and a basal Desoto

] diet with and without amino acid supplementation. Protein level §.50%.

Mean total Total protein Protein
Protein source gain consumed efficiency
Basal diet Supplements (grams) (grams) quotient

First 4 weeks (10 animals on each diet)

Desoto None 47 25 1.88
] Leucine 46 o4 1.88
1y Methionine ITe] 25 2,02
' Leucine, Methionine 45 23 1.95
Casein None 50 2L 2.06

Eight weeks (5 animals on each diet)

Desoto None gh 51 1.63

v Leucine 17 50 1.55
' Methionine g5 51 1.68
8 Leucine, Methionine - 80 g 1.61
Casein None - 99 50 1.98

Second 4 weeks (5 animals on each diet)

Desoto None 33 26 1.28
v Leucine 29 25 1.1
i Methionine 3 26 1.h2
e Lysine Lo 26 1,22
v - Leucine, Methionine 38 27 1.h4h
b Lencine, Iysine 31 25 1.28
vt Methionine, ILysine = 40 26 1.58
1 Leucine, Methionine, u2 25 1.66

Lysine ’

(]
L]

[0
(@]

Casein ¥one b7 26
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Table XIV. Summary of analysis of variance of weight gains in the second
? half of experiment Y.

Source of D.F. Sum of squares Mean sum Standard

variance squares deviation
Total 4g 2,712.08
Treatments 8 1,684,.78 210.597 14,51
Within treatments 41 1,027.30 25,056

_ Fl value
Treatments 8 1,684,.78 ‘
Casein vs. Desoto 1 928.77 37.07%*
Ty ILysine 1 133.23 ~ 5.316%
T, Leucine 1 50.63 Neo.
T3 Iysine and Leucine 1 - 2.03 N.S.
T, Methionine 1 429,03 17.123%%
T. Iysine and Methio. 1 0.63 ¥.S.
Tg Leucine and Methio. 1 133.23. 5.316%
T, Iysine x Leucine x 1 7.23 X.S.

1 Methionine

1 P = Treatment mean sguares

Within treatment mean square

Table XV, Main effects and interactions in a 3= factor experiment (No. 1),

f

dombinétion of treatments

Ly. M. Leu.
None ILy. Leu. Leu. M. Iy. M. All
¢ - Sum of
Suml 166 192 143 156 186 201 191 210 Total squares®

Effect of .
Iysine -1 1 -1 1 =1 1 =1 1 73 133,25
Leucine <1 =1 1 1 =1 =1 1 1 =5 50.625
Iysine x Leu. 1 =1 =1 1 l -1 =1 1 - 9 - 2.025
Methionine <1 -1 =1 =1 1 1 1 1 131 W29 .025
Iysine x Meth., 1 -1 1 =1 =1 =1 1 1 -5 0.625
Leucine x Meth. 1 1 =1 =1 -1 =1 1 1 73 133.225
Iy, x lewe x M=l 1 1 =1 1 -1 1 1 17 7.225

1" Sum of weight gains by animals in group
2 Sum of squares = Total square
: 30 (No. of animals)
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SUMMARY AND CONCLUSIONS

. Experiments were conducted to study varietal differences in the
nutritive quality of bat protein and to determine the effect of amino
acid supplementation on the biological value of the protein of certain
oat varieties.

Protein quality was evaluated by determination of weight gain and
the ratio of gain in weight to the amount of protein consumed (PEQ) over
a period of four to six weeks by young female rats on diets in which
protein was the only limiting facter. In each experiment protein sources
were incorporated in all diets at the same level of protein and food in-
take was restricted to 10 grams per day. Casein and wheat served as
protein sources in control diets.

Seventeen oat varieties were used in two experiments. The first
experiment included replicated trials with 16 varieties from the 1952
crops; six of the spring type, ten of the winter type, one of which was
both winter and spring seeded. Protein level in tﬁis experiment was
9.ul percent. The second experiﬁent was a single trial with ten winter
varieties from the 1953 crop, nine of which had previously been tested
with varieties from the 1352 .crop. Protein level in this experiment was
11,50 percent,

Quality of oat protein, as evaluated by PEQ values, differed with
variety. in general, the protein of winter oat varieties was of bet-
ter nutritional quality than that of spring varieties. On the basis of
protein nutritive quality the varieties studied may be grouped as

follows:

41
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l
Better than average Intermediate - Below_average

|

Stanton Strain 1 (W) Neosho (Sp) Woodward Comp.
Winter Fulghum Sel. (W) Kanota (Sp) Sel. (h829)(w)
Wintok (W) 0-200 (Sp) Andrew (W)
Traveler (W) Tennex (W) Desoto (W)
Forkedeer (W) Cherokee (Sp)
Woodward Composite Sel. (5106) Nemaha (Sp)
(winter or spring seeded) Clinton (Sp)

Woodward Composite Sel. (4828) (W)

Results with nine varieities produced and tested in successive
years suggest that a change in the protein content of a variety was not,
in all probability, accompanied by a marked change in the percentage of
the various essential amino acids present. The relationship of PEQ
values for the different varieties was about the same in both years de-
spite the fact that there was a general increase in protein content in
the second year.

| A difference in response to amino acid supplementation of the pro-
tein of two oat-varieties incorporated in basal diets at the same level
of protein suggests a varietal differsnce in amino acid compositions. In-
clusion of lysine (0.58 percent), methionine (0.4l percent), and leucine
(0.92 percent) in a basal diet in which Desoto supplied protein at a
12.42 percent level had no effect on the PEQ which was 1.39 on both un-
supplemented and supplemented diets. On the other hand, addition of
fhese amino acids to a similar basal diet in which Forkedeer was the
protein source caused the PEQ to increase from 1.43 to 1.7k,

Evidence of a deficiency ofiboth lyéine end methionine in the pro-
tein of Desoto was qbtainéd in a factorial experiment in which lysine
(1.0 percent), leucine (0.8 percent) and methionine (0.6 percent) were
included, separately and together, in a basal Desoto diet having a 9.50
percent protein conﬁent. The effect of supplementation of thé protein

of Desote with lysine or methionine was an increase in weightsgain and
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?EQ significant at the 0.05 level for lysine and at the 0.01 percent level
for methionine. The effect of leucine was not significant but there was

a significant interaction of methionine and leucine. The effect of

methionine was greater in the presence than in the absence of leucine.
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