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INTRODUCTION

Prior to 1940, the word protein meant "meat" to the
najority of Americans., Since then nutritionists have
promoted the use of plant proteins which had been considered
of "poor quality". The proteins of the nuts, the yeasts,
the lecumes and the grains long have been used in the Orient
(Vickery, 19l1)s Now, many Americans are aware of the more
common plant sources of protein such as the peanut and the
soybean,

Though yeast, as a source of protein, 1s less well

known, Time and Reader's Direst published articles in

October, 19L3%, which brought it to the attention of the
general public, During the World War of 1914-1918 the
Germans used yeast in thelr dietary but it was not well
tolerated because too large quantitles were fed (Burton,
19/;3). Thirty million pounds per year of surplus yeast

are produced as a by-product of brewing and only need to

be debittered to be palatable (Gortner and Cunderson, 19ll).
The production of large quantitlies of palatable yeast makes
practical its introduction for dietary use,

Many of the plant sources of proteln including sun-
flower seed, wheat germ and corn germ are used in livestock
feeds, Plants are a less expensive source of protein than
animals because animals are inefficient converters of vegetable

protein (throuch loss of nutrients) into the more palatable
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protein of meat and dairy products (Gortner and Gunderson,
1941

Once grown to attract birds to the garden and later
for use 1In livestock and poultry feeds the sunflower seed,
as a meal, now 1s belng used as a source of protein in
Canada. The seeds have been recommended to the general
reader as good eatins when roasted and they may be
processed to produce an egawhite substitute.

The grailns, too, have been used in livestock and
poultry feeds; particularly the germs of vineat and corn
which are by-products of refining of flour. Present milling
of wheat which yields about 0.5 per cent of the wheat as
germ produces an estimated 30 to 50 million pounds annually
and indicates a potential production of 150 million pounds
of wheat germ. Thils production may be increased by a
higher yield during milling (Gortner and Gunderson, 194)1).

Dry milling of corn which 1s used in the manufacture
of hominy and such products ylelds a germ which can be
defatted to a relatively stable, attractive and palatable
product (Weber, Siebel and Singruen, 194%). Large
quantities of corn germ are avallable; Gortner and Gunderson
(19l]y) state that about ;5 million pounds of corn germ is
recovered annually from the dry-milling process and used in
rnaking corn oll and livestock feeds. Mitchell and Beadles
(Nutrition Review, 19ll;) estimate a per capita production of
defatted corn germ of avproximately seven pounds annually in

America., This contalns enourh protein to supply the individual
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requirement for ten days énd enough thiamine to supply the
requirement for two to three months.

The proteins of yeast, sunflower meal, wheat germ and
corn germ are a few of the plant proteins which are potential
supplements to the animal proteins of the human dietary.

This investication was conducted to determine how the growth
response of rats fed these proteins would compare with the

growth of animals on an equivalent amount of casein.
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REVIEW OF LITERATURE

The biological value, digestibility and versatility
of plant proteins as foods for the table have renewed interest

in these foods.

The protein of yeast makes up about 50 per cent of the
weisht of dry yeast (Hawk, Smith and Holder, 1919). Dr.
Russell M. Wilder of the Mayo Clinic found yeast to be a
biolosically superior protein containing the essential amino
acids (Wilder and Keys, 1942). Work done at the Vitamin
Research Institute of the United States of Soviet Russia shows
the tryptophane content to be slightly lower than that of
other complete proteins. Elichty-eicht hundredths per cent
of tryptophane was found in the thermolabile fraction and
0.43 to 0.72 per cent in the thermostabile fractions (Kazakov,
191,0). Block and Bolling (1943) reported that four different
strains of yeast, corn germ, wheat germ and soybean protein
yielded approximately the same proportion of amino acids as
did animal proteins: 1 per cent amino acid containing sulfur,
i to 7 per cent arginine, 2 to 3 per cent histidine, 5 to 8
per cent lysine, 3 to 5 per cent phenylalanine, li to 6 per
cent threonine, li to 6 per cent valine, 10 to 20 per cent

leucine and 3 to 5 per cent isoleucine,



Csonka (1935) of the United States Department of
Arriculture guantitatively analyzed btaker's and brewer's
yeasts and found that the amounts of cystine, tryptophane
and tyrosine obtained from these yeasts were about eaqually
soluble in water after treating the ycasts with ether.
When the residues of this water extraction of nitrogen
were subjected first to salt and then to alkali extraction
there were wider varlations in the amounts of these amino
acids recovered from the two types of yeasts. Acld hydrolysis
of the yeasts caused histidine and cystine to decoripose.
Woolley and Peterson (1937) report a histidine content in
dried baker's yeast of 1,03 per cent and state that this
amino acld is not destroyed durings the acid hydrolysis of
the yeast,

Pyrimldines, choline, clucosamine and a high percentare
of purines accompany the proteiln nitrozen of yeast (Carter
and Phillips, 19ll;). Two other nitrogenous compounds of
high nutritive value present are lecithin and glutathione
(Meber, Siebel and Singcruen, 19L3).

There is some variability in the studies on the bilo-
lorical value of the protein of yeast., Weber, Slebel and
Sincruen (19l:3) report that dried brewer's yeast has a bio-
losical value of 100 per cent as compared with skim milk,
biolorical value of 95 per cent. Andreas Hock (1942)
found no difference 1in the growth response to beer veast

LY
and wood-sugar yeast but found that a basal diet of a
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mlxture of proteins from yeast, wheat and rye was not
biologically complete unless the diet was supplemented with
fish meal., Xon and Markuze (193%1) report that wheat breads
supplemented with 8 to 12 per cent of yeast yielded hicher
biolocical values than either the proteins of wheat or of
veast alone and concluded that there was a supplementary
relation between the proteins of wheat flour and balker's
yeast,

Mitchell (1923) reports a biolosical value of 85.5 per
cent for yeast as determined by the nitrormen-balance method
when animals were fed a diet of 5 per cent protein. Various
workers usineg the method of Ostorne, lMendel and Ferry (1919)
where the growth value 1s expressed as the gain in weight
per gram of protein Inrested per week report ratios of 1.h8,
1.%22, and 1.%26 (Boas-Fixsen, 193%l;)s Still and Koch (1928)
reported a biological value of L5 per cent for dried raw
yeast proteins and of 27.9 per cent for coagulated yeast
proteins as compared with casein. They assumed all the
nitrogen to be protein nitroren. Nelson, Heller and Fulmer
(192%3) reared three generations of animals on’ diets of 25,
20, %5, 1,0 and L5 per cent yeast containing 11.%5, 13,8, 16.1,
18.L and 20.7 per cent, respectively, of crude yeast protein;
no other proteln was offered. The proteins of yeast in the
diet containing |}5 per cent yeast furnished all the amino
acids necessary for growth and reproduction; sodium chloride
and calclum carbonate were the only inorranic constitvents

which it was necessary to add to the diet to obtain normal
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growth. Macrae, El-Sadr and Sellers (19L,2) supplemented
a maize diet with casein and with pure dried yeast (Tortula
utilis grown on a molasses medium) and found that yeast had
the same supplementary value as casein.

Hawk, Smith and Jolder (191G) report that yeast nitrogen
is utilized by certain individuals to better advantage than
the nitrogen of such staple proteins as meat. From 10 to 30
per cent of the nitrogen of an ordinary mixed diet was replaced
by yeast nitrogen in the form of compressed yeast wilthout
detriment to the individual's nutritive interests as shown by

an Improved nitrogen balance and a gain in weilght,

Sunflower

The composition of varleties of sunflower seed grown
in South Africa is shown in Table I, Blagoveshchenskiiiand
Schubert (193l.) report 9.1 per cent arginine, 1llj.Z per cent
histidine, 1.8 per cent lysine and 5.2 per cent proline
present in the globullin of sunflower seed.

The bilolosical value of sunflower proteln has been
tested in livestock feeds. Sotola (1930) reported a bio-
logical value for sunflower silage of 67 per cent for lambs
as determined by the nitrogen-balance method. Using the
same method on pigs, Ganchev and Popox (1936) state that
sunflower cake has a bilological value of 1;9.0 per cent but
when mixed with corn the biolorical value 1s raised to 66.7
per cent which is higher than that of either corn ar sunflower

cake,
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Table T
Composition of Sunflower Seed
Per cent of Carbohy-
Foodstuff Water Ash Protelin 011 Fiber drates
Sunflower
scedy -- -- -- 29.18 -- -

Strain B, 6.7 1.9 1,.0 24.6 21.9 20.9
Strain St.3, 6.8 2.6 18.l;  26.0 28.0 18.7

Black Sel., 5.76 2.28 1Lh.27 26.77% 25.2L4 @ 25.58
Sunflower
silages 11.140 10.79 1L.06  5.26% 1448 .01

ether extract

Thadani, 193k

Fielding and Rose, 193l

Rhodesia Agriculture Journal, 193l

W N ok
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Wheat Germ

It has been known that the grains contained proteiln
and that a large percentace of this was in the germ which
was removed in milling in order to obtain a product more
stable to storage. Wheat germ contains from 25 to 33 per
cent protein depending upon the variety of wheat (white,
25,2 per cent; soft red winter, 25.6 per cent; hard red
winter and durum, 3%1.2 per cent and hard spring, 33.1 per
cent; Grewe and LeClerc, 19l;3). The ' germ proteins and
those of wheat bran are superilior in nutritlve value to
those of the endosperm which are adequate for mainterance
of adult animals but inadequate for growth (Osborne and
Mendel, 1919; Boas-Fixsen and Jackson, 193%2).

Hove and Harrel (19;3) report that wheat germ has
g biological value of 2.87 to 2.li1 as determined by the
method of Osborne, Mendel and Ferry when fed to rats at
levels of 9.3 to 11.7 per cent protein making it as
effective as casein in promoting growth. They also state
that the blological value 1s not affected by heat
processing designed to increase the keeping qualities of
the wheat germ, Boas-Fixsen and Jackson (1932) report a
biological value of 69 per cent as determined by the
balance sheet method when the protein of'wheat germ was
7 per cent of the diet. LaPorta, Bux and Piccoli (1938)
enriched wheat flour by adding about 60 per cent wheat
germ., When tested on ten rats by Mitchell's method a

biolorical value of 85 per cent was found.



Morgan (1931) made a study of the effect of heat
upon the biological value of wheat proteins and casein.
¥hen raw and toasted wheat gluteh was fed to rats on a
diet of 18 per cent protein the toasted wheat gluten
supported less growth than did the raw gluten. The same
results were obtained when the nitrogen balance method
of Mitchell was used with the protein fed at 8 and 12 per
cent of the diet. 'When supplemented with 5 per cent
casein, toasted whole wheat had a biological value equal
to that of raw whole wheat but toastins decreased the
blolorical value of the casein as it did that of wheat.

Chick, Boas-Fixsen, Hutchinson and Jackson (1935)
report that when caseinogen was heated at 112 to 125
degrees Centlgrade for 72 hours aﬁd further purified the
blological value was not lowered significantly; that when
it was heated at 150 degrees Centigrade for 66 hours the
biological value was reduced from 6l to )i per cent. How=-
ever, Seegers, Schultz and Mattill (19%6) state that so
long as digestibility is unchanged by heating the blological
value remains unaltered. This statement 1s substantlated by
work on beef muscle and Easein, the latter heated at 120
degrees Centigrade for 2 hours or at 150 degrees for 30
minutes. Murlin, Nasset and Marsh (1938) account for the
low blological value of a puffed wheat and a flaked wheat
cereal by the high degree of heat used 1In the process of

manufacture,
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Corn Germ

Analysis of wheat germ anrd malze ~erm flours by Biscaro
and DeCaro (193%5) show that wheat germ flour 1s considerably
lower than malze germ flour in fat content (6.6h per cent
and 21,72 per cent, respectively) but hisher in nitrogenous
substances and carbohydrates. These workers Inferred from
these chemical data that wheat germ should have a greater
nutritive valne which they confirmed by feedins ten rats over
a five month period. However, Block and Bolling (19L3)
report that corn germ like yeast, wheat germ and soybeans
ylelds a balanced though not perfect mixture of the essential
amino acids similar to that found in some animal products
and is of pood biological value iIn animal and human nutrition.
They also state that corn germ proteins have approximately the
same proportions of essential amino acids as cow's milk
proteins and that these proteins are interchangea-le when fed
on an equal nitrogen basis,

Vlork reported by Eoas-Fixsen and Jackson (1932) shows no
significant difference 1in the blological values of the proteins
of wheat and malze. Mitchell (1923) reported that corn
proteins had a biolorical value of 72 per cent when the
protein was supplied as 5 per cent of the diet and of 59.%
per cent when 10 per cent of the diet. Mitchell and Beadles
(19hh) used the nitrogen-balance method to determine the
blolosical value of carn germ and found that although it was

only 85 per cent as digestible as the protein of beef, its
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biolozical value was as hish as that of beef (77.6 per cent

and 76.9 per cent, respectively).

e

Casein

There are nunerous btiolosical values reported for

casein as shown in Table II. GCreaves, lorgan and Loveen
(1938) found that the growth value of heated casein decreased
in proportion to the temperatwre and the length of time of
heatinz even when suprvrlemented by lysine, cystine, tyrosine,
tryptophane and histidine. Lysine was the first amino acid
affected, histidine the second when casein was heated for

20 minutes at 110 dersrees; histidine was not damaged at 130

decrees; cystine, tyrosine and tryptophane were not affected

at 140 degrees.
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EXPERIMENTAL PROC®DURE

SOURCEZS AND CHEMICAL ASSAY OF TEST FOODS

Sources

The food yesasts were supplied by Anﬁeuser-Busch,
Incorporated, St. Louis, lissouri. Strain K was a pure
debittered wveast ob*ained from brewine which had been
dried at above pasteurizing temperature. It was non-
fermentablzs and quite palatable. PRrewer's Type Yeast
No. 200 was a pure brewer's type yeast grown in a hop-
free media which was enriched with extractives of by-
products from corn products and malting operations. It
was dried at above pasteurizinec temperature and was non-
fermentable,

The sunflower meal, toasted wheat germ, defatted
wheat germ and defatted corn germ were supplied by the
VioBin Corporation, Monticello, Illinoils.,

The edible casein, with which the test foods were
compared, was obtained from The Casein Company of America,
350 Madison Avenue, MNew York City, through the Department

of Chemistry, llichizan State College, Zast Lansing, Michigan.

Chemical Deternination of MNitroren

The test foods which were to be used as the sources
of proteln in the dlets of the animals were analvzed for

nitrogen by the Kjeldahl Gunning method (Official and Tentative



19
lMethods of Analysis of the Associlation of 0fficial
Arricultural Chemists, 194%). The determination was run
on triplicate samples. If the results were not consistent
two more samples were analyzed., The results are shown in

Table IIT.

v

Determination of Molsture Content

The molsture content of the test foods was determined
by placin;y a small sample iIn a tared moisture dish and
weirghinge These were then put in an electrically controlled
oveﬁ set at 100 depgrees Centigrade for 18 hoursit, cooled in
a dessicator and again weighed. Four samples of each food
were dried and the average of the closest three of these

was used In the data shown in Table III.

# Tnpublished data from the Foods and Nutrition Department
indicated that 18 hours was sufficient to dry samples to
constant weight,.



Table ITIT

Protein and Moistire Content of the Test Foods

Food Nitrogen Protein Moisture
N x 6.25

per cent per cent per cent
casein, edible 15.290 95.56 7.60
Yeast, Strain K 8.8%2 55420 5.05
Yeast, No. 200 8.767 5l1.79 .75
Sunflower Meal 10,213 62,49 5e)12
Toasted Wheat Term 6,736 L2.20 L.6%
Defatted Wheat Germ 6.530 1,0.82 6.1

Defatted Corn ferm 3,761 23,51 7.06
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BIOLOGICAL ASSAY

Animals

Eizht litters of three-week 0ld albino rats were
obtained from the Chemistry Department of Michigan State
College for this experiment; two litters, G and H, were
taken from the stock colony maintained by the Foods and
Nutrition Department. Zach animal of a litter received
a different diet. In order to have litter control it
was necessary to use both males and females. The animals
of a litter were allocated as shown in Chart I. The rats

were housed in individual screen-bottomed wire cages.,

Diet

The diet used was a modification of the Iverson and
Heckert (19l)1) and Hove and Harrel (19/;3) diets and
consisted of the following ingredients:

10% protein ( N x 6.25)

80% cornstarch

1\ Osborne and Mendel salt mixture
59 Mazola

19 Patch's Cod Liver 0il

Ten per cent of protein is suboptimal for normal
growth of rats (Osborne, Mendel and Ferry, 1919) but has
been found by several investigators (Everson and Heckert,
19l);; Hove and Harrel, 193) Mitchell and Readles, 1929;
and Stewart, Hensley and Peters, 19L3, to be a satisfactory

intake estimatins the quality of the protein of various foods.
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Chart I
Sex Distribution
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Since the wheat germs and the corn ;erm were defatted
and the yeasts were of low fat content, all non-nltrogenous
material was assumed to consist of carbohydrate and was
subtracted from the cornstarch so that the total carbohydrate
content would not be more than 80 per cent of the diet,

To prevent vitamin B-complex deficiencies, yeast No, 200,
which contained 600 microrrams of thlamine per gram of yeast,
was added to all diets except those using yeast as the protein
in an amount necessarv to supoply l} millirrams of thiamine to
each kilorram of diet (Everson and Hecker, 19l);). The other
components of the B-complex then were assumed to be present
In guantities sufficlient to prevent deficiencies.

To insure an adequate intake of cystine, this amino
acid was added to the casein diet to the extent of one-half

of one per cent of the entire ration,

llethod of Feedinc and Care of Animals

The paired fzedin~ method of Mitchell (lMitchell and
Beadles, 1929; kitchell, 1933) was modified so one animal
controlled the food intake of its litter mates during the
experiment. Before beins placed on the special diets the
animals were ear marked, weiched and placed on the casein
diet for three days. At the end of this preliminary
period each animal was weiched and its food consumption

recorded,



Litters A, B, and C, the first animals put on
experiment, were subjected to varions treatments. Fach
was riven 30 grams of casein for the three day preliminary
period. At the end of this period the animal in each
litter welshinsg approximately the averare for fhe litter
was continued on the caseln diet, each of the remaining
six animals was placed on a different dlet. .After the
first day when 30 grams of the diet were fed, each animal
was oslven the amount consumed by the animal in the litter
who had the lowest food intake on the preceeding daye.
However, by thls method the animals prorressively received
less food; therefore, all were civen 15 grams a day for
a week to see if their food intekes would equalize. At
the end of this time the animal on the casein diet was given
18 csrams each day. The food remainin~ in the cup the
following day was weighed back and the amount he had
consured was civen to his litter mates,

Litters D, E, and F were given 20 grams of the casein
diet on the first two days of the preliminary period and
15 pgrams on the third day. The averace-welght animal of
each litter was continued on the caseln diet as the control,
The amount of food this animal had eaten on the third day
Of the preliminary period was the amount used to start the
Other six animals on the assay period. During the assay
Pe riod of eight weeks (Everson and Heckert, 19Ll;; Mitchell,

Hamilton and Beadles, 193%7; and Shields, Fairbanks, Berryman
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and Mitchell, 19,,0) the animals of a litter were glven the
amount of diet conswmed by the control animal.

Litters G, 1, J, and K mere gilven 20 grams of the
casein diet for the three dav oreliminary period. The
control animal was selected as before and his averare
dally food intske durins the preliminary period was the
basis for the amount of food fed on the first day of the
assay period. Since Litters J and K were the same age and
there were only six animals in Litter K, the casein animal
of Litter J was used as a control for both litters.

The animals were welirhed twice a week and dally food
consumption records were kept. Splllingcs were sifted and
returned to the food cup. Distilled water was given ad
libitum. At the end of the assay period, the animals were
chloroformed and autopsied for manifestations of deficlencies,
The growth response, or the gain in body weimght per gram of
proteln inrested per week, was calculated by the forrmula of
Osborne, liendel and Ferry (1919). The rains in weirht of
the animals durin~ the eircht-week period were analyzed by
analysis of co-variance &rainst the body weisghts at the
becinning of the experiment to determine whether there were
sirnificant differences 1in the growth responses of the

animals to the test foods,



RESULTS
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RESULTS

In Tables IV through X the individual protein intakes,
gains in weirht and pgrowth responses of the animals to the
various diets are shown., The animals whose source of
protein was casein ate an averase of 3%0.7 grams of protein
and rained an average of ;0.5 grams in the eirht week experi-
mental period. Those animals who consumed dried brewer's
yeast (Strain K) and defatted corn cerm ate an averace of
18,y and l:\9.7 ¢rams, respectively, in weircht. The animals
eatin~ the brewer's tvve yeast (No. 200) ste an average of
3142 grems of protein and rained an averare of 7.7 srams,
Those ahimals whose protein came from sunflower meal,
toasted and defatted wheat germ ate an averare of 31.2 grams
of protein and ~ained an avera~e of li15.0, 38.6, and [;3.3
grams, respectively,

Table XI shows the growth response of each animal to
the various proteins and Table XII the ration of each of
the test food protelns to the control protein, casein; the
ratios ranged between 0.9 and 1.2, calculated from the
means of weights and protein intake of all animals on each
protein. Only one of the foods tested, toasted wheat germ,
had a ratio below unity indicating that the animals were
able'to utilize the protein of the test foods at least as
well as the control protein.

Analysis of co-variance between the initial weight and

the total grams gained showed that the averare galn of the
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animals on one diet was not significantly different from the

average gains of the animals on each of the other diets.
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mable IV

Protein Intake, Gain in Weisht and Growth
Response of Animals Tating Casein

Animal Protein Intake “ain in Weight Growth Responses:

from grams ~rems
Litter (8 weelis) (8 weeks)
A 3565 63 0,222
B died at the end of 5 weeks
c 27.6 - 57 0.258
D 2641 67 0.232
E 31.9 35 0.137
F 2.6 23 0.168
G 1 29.0 28 0.121
H 31,1 28 0.103
J 26,6 13 0.061
K no animal of this litter on casein diet
llean 2047 l.o.5 0.16
Standard error1.5% 6.82 0.02

——— —_—

i* Grams palin per gram proteln incested per week
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Table V

Protein Intake, 7ain in Welcht and Growth
Response of Animals Zating Yeast, Strain K

Animal Protein Intake "ain in Weight Growth Responsest

T g eeks) (5 wooks)
A 28,6 77 0.2;9
B 2646 56 0,192
C 29.5 5l 0.229
D 3643 57 0.196
E 22,2 58 0.225
F 2l1.9 29 , 0.141
G 29,0 L)y 0.190
H 23,6 52 0.19l
J 26.5 28 0.122
K 2645 20 0.1l;2
Mean 21.l L8 0.2189
Standard error 1l.56 5.03 0.012

$# (Crams gain per gram protein in-ested per week
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Table VI

Protein Intake, Galn in Weicht and Growth
Response of Animals Fatine Yeast, No. 200

Animal Protein Intake %ain 1n Weicht Growth Responsest

Iitter (8 woows) (8" wooks)
A 28,2 82 0.269
B 3.2 57 0.208
c died at the end of |} weeks
D 264% 58 0.120
E 22,2 53 0.206
F 2l1.9 29 0.196
G 29.0 29 0.168
H 33,7 50 0.186
J 26.5 25 0.118
K 26.5 26 0.13L
giﬁﬁhardenmn»B%ZSB ug:g3 8:%??

¢ Grams gain per gram protein inpgested per week
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TABLE VII

Protein Intake, Gain in Weisht and Growth
Response of Animals %Wating Sunflower Meal

Animal Protein Intake Gain in Wei~ht OGrowth Responsest

Litger (8 weeks) (8 weeks)
A 27,0 65 0.220
B 35.1 60 0.21
Cc 20,7 L6 0.187
D 3643 5L 0.186
E 32.2 51y 0.210
F 2.9 23 0.166
G 29.0 29 0.168
H 3346 L7 0.175
J 26,5 21 0.099
K 2645 71 0.1L6

Stamtard error 21.38 2% 0511

* Grams gain per gram protein invested per week
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Protein Intake, Galn in Welght and Growth
Response of Animals Hating Toasted Wheat Germ

Animal Protein Intake ¢Gain in Weight

Crowth Responsest

Litser  (8°weers) (8"weoks)
A 2847 58 0.188
B 25,8 7 0.156
c 28.6 1,8 0.210
D 2643 L7 0.162
E 22,2 11 0.159
F 2L.9 20 0.151
G 29.0 25 0.151
H 3345 37 0.138
J 2645 15 0.071
K 26.5 28 0.132

lean 21,2 38.6 0.152

Stendard error 1.51 7,89 0.011

s
3¢

Grams gain per gram proteln in~cested per week



Table IX

Protein Intake, Gain in Weirht and Growth
Response of Animals Eatinm Defatted Wheat CGerm

Animal Protein Intake Gain in Weight Growth Responsest

Litter (8 weels) (6 wools)
A 270 6ly 0.21l
B 26,6 ’ 13 0.16L
C 29.7 50 0.218
D %26.3 59 0.20%
E 22,2 51 0.198
F 2lie6 30 0.152
¢! 29.0 26 0.155
H 33,6 inn 0.16l
J 26.5 26 0.123
K 26.5 25 0.118

gsan 31.2 uP.a 0.171
anderd error 1l.51 1o % 0.011

#* Grams galn per gram protein ingested per week



mable X

Protein Intake, Gain in Weight and Growth

Response of Animals Fating Defatted Corn Germ

Animal Protein Intake

Gain in Weirht

Growth Responsest

Litter (8 weeks) (8 wees)
A 27.0 69 0.231
B 2647 63 0.215
C 3149 55 0.216
D 264% 67 0.2%31
E 32,2 53 0.206
F 2.3 23 0.118
G 29.0 L7 0.20%
H 23,6 55 0.205
J 26.5 29 0.137
K 26.5 26 0.170

liean z21.0 1,9.7 0.193

Standard error 1,148 5.0 0.012

Grams gain per gram protein ingested psr week
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DISCUSSICHK OF RESYULTS

St11l and Koch (1928) report .that raw and coa~ulated
7nast protein are not as satisfactory as casein in the diet
of the rat as a source of protein. Macrae, El-Sadr and
Sellers (19l:2) state that yesast is as effective as casein
in supplementin; maize in the diets of pigse. Block and
Bolling (19l:13) found that yeast, corn rerm and wheat germ
supply the essential amino acids in approximately the same
proportions as animal proteln and state that these plant
protelns are of sood biological value in animal and human
nitrition. Carter and Phillips (19)}) report a studv made
by Von Soden and Dirr who found that only 80 per cent of the
nitrogen of yeast is actually protein nitrogen. The above
statement would indicate that the animals In this experiment
were not receiving a diet of 10 per cent yeast protein. If
so, these animals grew as well as those on caseln thourh
actually eating less protein and 1f allowance had been made
for such non-protein nitrosen of yeast they may have made
significantly greater rains. However, the animals consuming
the proteins of yeast and corn germ grew slishtly, but not
significantly, better and appeared to be slichtly more sleek
than the animals recelving the other protcins.

Biscaro and DeCaro (193%5) fed 10 rats for 5 months

diets of wheat germ and corn germ and report considerable
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differences between the pairs on each diet. Boas-Fixsen and
Jackson (1932) state that there is no significant difference
in the biological value of the proteins of wheat and maize,
Hove and Harrel (19!;3) report wheat germ to be of hich biolosg-
l1cal value and that it i1s as effectlve as caseln in supple-
rnenting poor-protein diets. The rats in this laboratory
eatins defatted wheat serm show a growth response which
comparcs favorably with casein and the other protein foods
testeds The o imals consuming sunflower meal showed approxi-
mately the same response,

Previous work-(Morgan, 1921; Seegers, Schultz and Mattill,
19%6; Creaves, Morran and Loveen, 1938) show that the temper-
ature and length of time of heatin~ effect the assortment of
amino acids and the utilization of them. Hove and ¥a»rel
(19!13) report no effect on biolorical value when wheat germ was
heat processed to increase its keeplng qualities and to make 1t
adegnate for human consumption. The anlimals in this experiment
recelving protein in the form of toasted wheat germ, though
consuming approximately the same amount of the diet as the
other animals, did not respond as well as the animals receiving
othér protein; this response is not sipgnificantly lower. The
degree and time of heatins required for the toasting process
apparently was not great enough to affect the quality of the
pﬁptein. A tendency toward temporary alopecia during the
natural shedding of halr was observed to occur more often in

these animals than in others of the same litter; particularly



39

in those consuming less than the mean protein intake. Thils
may be due to a deficlency of an essential fatty acid or a
vitamin of the B-complex.

Autopsy at the end of the experimental period disclosed
that most of the animals were normal thouch the kidneys of
the casein animals from Litters G and J had a slichtly
irrecular surface. Livers, which were mottled but not
abscessed, were found In 17 of the animals; the corn germ
consuming animals were the only ones entirely free of this
condition of the liver. This condltion was seen more often
in the first six litters than in the latter four and, 1f fat,
may be related to the greater gains in weight as the rains of
the last four litters was undulating due to environmental
factors and these animals were called on more often to use

body stores of fat.
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SUIMARY AND CONCLUSIONS

Seven groups of ten animals, one from each of ten
litters were fed an adequate diet, in so far as could be
determined, containing 10 per cent protein from casein,
dried brewer's yeast (Strain K), brewer's type yeast
(o. 200), sunflower meal, toasted wheat germ, defatted
wheat germ and defatted corn rerm for 8 weeks. The
peired feedins method was modified so all animals of
each litter were getting equivalent amounts of food.

The growth response was measured as grams pained per
gram of protein ingested per week,

Statistical analysis showed that there was no signi-
ficant difference in the cains made by the animals on the
various proteiln diets, Therefore, the plant proteins of
yeast, sunflower meal, toasted and defatted wheat germ
and defatted corn germ were as satisfactory as casein in
promotinq growth in this experiment when these foods were

~onsuried as the sole source of protein in the diet.
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