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ABSTRACT

All of the chiok experiments were studied for a 
period of 4 weeks0

Protein utilization studies were evaluated by cal
culation of protein efficiency ratios and by estimation of 
percent nitrogen retention* Metabolizable energy values 
were determined also*

Approximately equal protein levels were supplied 
from soybean protein, from wheast, and from other test 
ingredients*

At each dietary protein level, wheast produced a 
greater gain in body weight than was obtained with an equi
valent amount of protein from soybean protein*

Feed conversion (gm* feed/gm* gain) was also gener
ally better with wheast treatments*

Protein efficiency ratios showed that the protein • 
quality of wheast was better than that of the soybean
supplement*.........  . , ....

Nitrogen retention values also indicated that chicks 
fed wheast retained more nitrogen than those fed from soy
bean protein* ,

The feeding of wheast and a combination of three 
unidentified factor mixtures to the chicks failed to
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demonstrate a significant response due to any of these two 
UGF sources 0 Generally9 "birds fed wheast diets were all 
numerically heavier in "body weight than the other groups =

The treatment diets containing either lower or 
higher energy at the same protein levels were fed to the 
chicks; again wheast produced more gain in body weight during 
the 4-week experimental period0 However9 neither of these 
treatments was statistically different from soybean protein 
treatmentso

/



CHAPTER I 

REVIEW OF LITERATURE

INTRODUCTION

Unidentified growth factors may be defined as sub
stances of unknown structure which stimulate growth when fed 
in a diet containing adequate levels of all nutrients known 
to be required by the experimental animals0 Such substances 
have been reported to be present in condensed fish solubles, 
fish meal, dried whey, dried brewer0s yeast, various fer
mentation materials, dehydrated alfalfa meal, some vegetable 
fats and oils as well as other feedstuffs,, Before vitamin 
Big was isolated, many of the products mentioned above were 
found to be good sources of the known B-vitamins as well as 
the so called 61 animal protein factoro** Many investigators 
obtained increased growth rate from these ingredients and 
hence the term "unidentified growth factor" was coined0 
Unidentified, growth factor activity has been reported in 
condensed fish solubles by Heuser and Morris (1951)§ Novak 
et al. (19^7)S Hill (1948); and Mishler et al* (1948).
Berry et al (1943) reported that the growth promoting acti
vity of whey solubles could not be explained by the known 
composition of this ingredient. Feeding dried whey produced



similar results (Hill 1948)„ Novak et al„ (194?) postulated 
that distillers0 dried solubles contained an unidentified 
growth factor essential for maximum growth of chicks* Fish 
meal was investigated by Heuser et al* (1944) and by Hill 
(1948) and was found to contain.an unidentified growth fac
tor* Newell et al* (194?) postulated that dried penicillin 
mycelia was a good source of unidentified growth factors*
The investigations cited above were conducted before Hiekes 
et al* (1948) isolated vitamin B^g*

After the isolation of many investigators
thought that this was the unknown growth factor reported by 
earlier workers* This probably is not the case since growth 
stimulation has been reported to occur with condensed fish 
solubles when vitamin B^g was present in the diet by Novak 
et al* (1947)5 Combs and Shaffner (1950)5 Couch et al* (1949) 
Arseott and Combs (1950)5 Couch and German (1950)5 Scott 
(1951)l Sunde et al* (1950)5 Lillie et al* (1953)5 Combs 
et al* (1954)5 and Arseott and Combs (1955)» According 
to Henge et al* (1952)9 Couch et al* (1952)9 and Combs et al*
(1954)9 the unknown growth factor in fish meal is thought 
to be identical with the one found in condensed fish 
solubles* Another9 apparently different growth factor is 
thought to be present in several other feed ingredients and 
has been called the "whey factor*



3
The belief that the "whey factor" is different from 

the "fish factor" is based on the increase in the growth of 
chicks and poults obtained when the "whey factor" is added 
to a diet containing all of the nutrients known to be re
quired; including a source of the "fish factor=" One source 
of the "whey factor" is dried whey (Couch et al„9 1951I 
Menge et al, 9 1949; and Couch et al<, 9 1952)» Dried brewer6s 
yeast is thought by some investigators to contain the "whey" 
or a similar factor essential for maximum growth rate of 
chicks and poults (Couch et al»9 i960 and Lillie et al,0 
1953)o Bacterial fermentation products have also been 
reported to contain certain growth factors for chicks 
and poults (Schaefer et al,9 1955! Fritz et al,9 1955)o

Another chick growth factor of unknown composition 
has been termed the "alfalfa" or "grass juice factor," Its 
existence in dehydrated alfalfa meal was postulated by 
Emerson et al, (1949)9 Couch et al, (1955 and 1957)9 Fisher 
et al, (1954)9 Scott (1951)a and March et al, (1955)o Dam 
et al, (1959) and Scott and Zeigler (i960) have shown the 
presence of a growth factor in corn, cottonseed, soybean and 
peanut oils, which was absent from hydrogenated vegetable oil 
and present only to a limited extent in lard. Unidentified 
growth factors were shown to be transmitted from the diet of 
hens to chicks or poults (Menge et al,, 1952 and Maibel,
1958), Variability in the response due to breed and sex



of the experimental animal used in the test assay for 
unidentified growth factors was observed by Lillie et alo 
(1953)si Norris et alo (195^) 9 Couch et alo (195^)9 and 
Combs et alo (1957)° fhe physical surroundings and seasonal 
variation in environmental conditions have been reported to 
affect unidentified growth factor studies (Barnett and'Bird„ 
1955 and 1956| Couch et al»9 1954; Norris et alo, 1956)0 
Reports by Couch et alo (1955)9 Dannenburg et alo (1955)9 
Norris et alo (1955)9 Scott et alo (1955) and Reid et alo 
(1955) and Camp et al0 (1956) indicated that part of the 
activity in the various sources of unidentified growth fac
tors was in the mineral (ash) portion. The growth response 
obtained with dietary corn distillers6 dried solubles appears 
to be due in part to an organic constituent, Reid et_ al. 
(1958)o Camp et alo (1956) and Summers et alo (1959a,b), 
experimenting with chicks, supplemented practical diets with 
condensed fish solubles, dried whey and antibiotics which 
did not result in any significant improvement in feed effi
ciency.

The economic availability of fats for animal feeding 
has made it possible to increase the dietary energy content 
of poultry rations. Scott et al. (194?) reported that 
rations high in energy promoted more rapid chick growth and 
better feed efficiency than those with lower energy. 
Quisenberry and Skinner (1950) reported that hens fed a low



fiber-high productive energy ration exhibited increased egg 
production and body weight with less feed consumed per dozen 
eggs. This finding was confirmed by Singsen et al. (1952) 
who reported higher egg production efficiency9 measured as 
feed required per dozen eggs„ with rations high in energy 
as compared to low energy rations. Hill and Dansky (1950) 
have shown that growth of birds fed a high energy-low protein 
ration was reduced9 and that growth was restored when the 
energy level was lowered. It has been shown by Waibel (1955) 
and others that the presence of fat in the diet of the chicken 
has a beneficial effect on efficiency of feed utilization and 
growth rate. Other workers have shown that added dietary 
fat increases the requirements of chicks for choline9 ribo
flavin and methionine (Kummerow et al.9 1959» and larch and 
Biely, 1955 and 1956)= Similarly9 Baldini and Rosenberg
(1955) have demonstrated that the methionine level in the 
feed must be increased as the energy level of a ration 
increases. The protein level required in high energy diets 
has not been clearly established, particularly for birds 
maintained in laying cages9 although most workers have 
indicated that a higher level of protein may be required 
(Reid et al.9 1951)= Yacowitz (1953) found that increasing 
the levels of added fat from 2.5 and 5$ to 10 and 15$ with 
a constant dietary protein level induced protein deficiency 
symptoms. Results of studies on the relationship between



dietary energy and protein levels (Combs and Bomoser9 1955s 
Leong et aJL = 9 1955l Matterson et al<> 9 1955 and Donaldson 
et alo9 1956) have generally indicated that as the energy 
content of a ration increased9 protein level also must be 
increasedo

These effects of added fat in poultry feeds have led 
to the development of more efficient feeds and have empha
sized the need for more precise information regarding the 
energy content and utilization of the various types and 
grades of fat* Siedler et al. (1955) studied the effects 
of the addition of 3 or 6% stabilized animal fat to a high 
energy broiler ration. These workers reported excellent 
utilization at the 3% level, with some reduction in caloric 
efficiency when the 6$ level was fed.

Donaldson et al. (195?) reported that carcass fat 
content of the growing chick was related directly to the 
energy % protein ratio in the. diet. They found that a high 
ratio (excess energy in relation to protein) produced greater 
fat deposition in chicks than was obtained with a low dietary 
ratio of energy to protein. Hill (1956, 1957) proposed that ' 
low energysprotein ratios cause increased caloric consump
tion. Sibbald et al. (1961) observed a significant effect 
of protein level on the metabolizable energy (M.S.) values 
obtained for various fats. Little is known about the effect 
of protein quality on dietary M.S. values. Baldini (1961)
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indicated that a methionine deficient diet contained more 
MoSo than did the same diet supplemented with methionine. 
However9 Carew and Hill {1961) were unable to confirm this 
.finding. This discrepancy has not yet been resolved.
Slbbald et al. (i960) observed that the type of protein 
employed in the basal diet may influence energy availability 
Of the test material. Evidence presented by Kalmbach and 
Potter (1959) showed that M.S. values of fats were variable9 
while Sibbald et al. (1959) demonstrated that dietary pro
tein quality may influence energy availability. Dietary 
protein level was implicated as a possible source of varia
bility for M.E. values by Olson et al. (1961) although it 
was suggested that sodium chloride rather than protein level 
might have been the agent which caused the observed varia
bility. Sibbald et al. (1960bs 1961a) observed that the M.E. 
values of fats were influenced by the rations with which they 
were combined; however, the M.E. values of cereal grains do 
not appear to be affected by the amount of protein in the 
ration (Sibbald et al., 1961b, 1962b). I.E. values obtained 
for fats have been shown to vary in peculiar ways. Sibbald 
et al. (.1960b, 196la) found that not only the M.E. values 
of tallow and undegummed soybean oil were influenced by the 
level of dietary inclusion and dietary protein content, but 
that mixtures of these fats had M.E. values greater than 
their combined arithmetic mean. Other factors, such as a

0



higher dietary content or a better amino acid balance in 
the test diet9 may also influence MoE0 values (Praps and 
Carlyles 1939)« Sibbald (1961c) observed that dietary 
calcium* phosphorus and antiobiotic levels exert small and 
variable influences upon energy availability» Osborn and 
Mendel (191^s 1915) also indicated that the utilization of a 
dietary protein for anabolic purposes is greatly dependent 
upon the pattern of the essential amino acids provided by 
the proteino If the amount as well as quality of dietary 
protein has an effect upon utilization of energy, then it 
would be reasonable to assume that, under certain circum
stances , the level of protein in the ration might affect 
the utilization of the energy of the other ration com
ponents 0 This is a matter of considerable practical import
ance since M.E, values are generally derived by assaying a 
control ration and the same ration partially replaced with 
the feed ingredients being tested. Generally, both the 
quantity and quality of the protein in the test diet will 
differ from that in the control ration. Therefore, a 
significant protein effect on M,E, values could invalidate 
all such data presently available,

The test materials used in the experiments reported 
herein were s (1) wheast (whey-yeast) which is produced by 
controlled fermentation of a dairy yeast in cottage cheese 
whey. The crude protein nitrogen x 6,25) content of the
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feed grade product is 5^ - 51% and is essentially lactose- 
free = Metabolizable energy determined for this test material 
with the chicks at feeding levels of 25 and 50$ of the diet 
was 1315 Calories/lb; (2) CBSII (unfermented medium) product 
contains 2807$ crude protein and its metabolizable energy 
determined with chicks at feeding levels of 10 W d  15$ of 
the diet was 989 Calories/lb0 and (3) dynaferm (fermentation 
product) which contains 3^$ crude protein and its meta
bolizable energy determined with chicks at feeding levels 
of 10 and 15$ of the diet was 973 Calories/lb. respectively.

The objectives of the experimental work undertaken 
with these three feed supplements as unidentified factor 
sources Included %

lc The evaluation of the protein utilization or 
quality of these three products for the chicks»

2o The determination of the metabolizable energy 
content of wheast, CBSII and dynaferm»

3= The evaluation of their unidentified factor or 
factors activity of these test materials in chickso



CHAPTER II

EXPERIMENTAL PROCEDURES

Five experiments of chick studies were conducted at 
the University of Arizona Poultry Research Farm during the 
course of this work.

All of the experiments were carried for a period of 
4 weeks, except (Exp* 293)o Four replicate lots of 8 birds 
(4 males and 4 females) were fed each of the dietary treat
ments for the same experimental period. The birds were 
housed in electrically heated battery brooders which had 
raised screen floors. The chicks were treated as nearly 
alike- as possible and were placed on the experimental diets 
at one day of age and feed and water were provided ad 
libitum. In each case the birds were weighed initially, 
and upon termination of the experiment the chicks (by treat
ment) and the unconsumed feed were weighed in order to de
termine the average body weight and feed conversion. ■Protein 
utilization studies were evaluated by calculation of protein 
efficiency ratios and by estimation of percent nitrogen re
tention by the method of Osborn, Mendel and Ferry (1919)° 
Chromium oxide indicator in the feed and feces was determined, 
using the modified method of Edwards and Gillis (1959)° Excreta 
samples were collected four times during the experimental

10



periodo The four excreta collections for each treatment 
were pooled and mixed § aliquots were removed and then frozen 
in order to prevent bacterial development until the final 
day of colleetiono The fecal samples were then dried in 
an electric oven at 80° G, for 48 hours prior to analysiso 
The dried samples were broken into small pieces and ground 
with a Wiley mill through a 20 mesh screen,,

Ground excreta and diet samples were then assayed 
for combustible energy using a Parr bomb calorimeter and 
nitrogen by the method of Kjeldahl (Aa0oAoCO9 1955)° Meta
bolizable energy values for each diet were calculated using 
the procedures outlined by Sibbald et al0 (1961)°

Wheast, dynaferm and GBSII were used to replace corn 
and soybean meal on an equal protein basis in the experi
mental dietso Animal fat used to adjust the energy level 
and to determine the relationship of dietary fat level to 
the use of unidentified factor sources«

A vitamin and trace mineral mixes were used to 
balance all.diets for these micro-nutrients. The type of 
chicks used in these studies were of heavy crossbreed 
chicks— a New Hampshire X Delaware Gross.

Statistical analysis of the body weight data were 
performed using analysis of variance (Snedeoor, 1956)9 and 
Duncan’s multiple range test (Duncan, 1955)°



CHAPTER III

RESULTS AND DISCUSSION

Experiment #1 - Effect of Unidentified Factor Sources on
Protein Utilization by Chicks from 18-28 
Days of Agec

The "basal diet used in the first two experiments is 
shown in Table 1. In order to evaluate the degree of pro
tein utilization for the three "unidentified factor sources 
by chicks, an experiment was designed to compare the per
formance of chicks fed the UGF sources with that obtained 
by feeding soybean protein* Dietary protein levels ranging 
from 11 *5-23$ were employed* All chicks were fed the 11*5$ 
protein basal diet for the first 18 days of the experiment, 
after which time they were placed on the respective dietary 
treatments* Body weighb gains for the 18-28 day period were 
used as an estimate of protein utilization, along with nitro
gen retention and protein efficiency ratios* The average 
body weight gains and feed conversions are presented in 
Table 2*

Increasing the dietary protein level by supplementa
tion with soybean protein increased growth with each incre
ment fed from 11*5 to 23$ dietary protein, with the exception 
of the 14*?$ protein level (Table 2)* The fermentation

12
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product (dynaferm) or the unfermented medium (CBSII) did 
not improve growth rate at either of the levels tested*
Under these conditions at either total protein level, the 
protein quality of these two products appeared to be such 
that the chicks were unable to use significant amounts for 
growth (Table 2)0 The only supplement which appeared to 
supply a superior amino acid balance when compared with soy
bean protein was the whey-yeast supplement (wheast)* The 
differences in gain due to dietary inclusion of the wheast 
were statistically significant in two instances, with the
1*$ protein diets and at the highest level employed (23%C
protein)„

In an effort to explain the observed growth responses 
with the feeding of wheast, protein utilization studies were 
carried out (Table 3)° These data indicate that the protein 
efficiency ratios (P*E*R*) varied considerably with the'in
creasing dietary protein levels. The basal diet exhibited 
a -P.EoR,. of 2.89o This value was reduced with the first 
■ increment of soybean protein to 1.94-9 followed by an increase 
for the two additional levels, and then a decrease to 1.6? 
at the highest supplement level employed (Table 3)= The 
fluctuations observed in the soybean protein groups may 
indicate that either the experimental period employed was 
not sufficiently long; the short feeding period of 10 days 
following a protein depletion period of 18 days may not have

*V
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allowed sufficient time for the protein quality of the test 
diets to be expressed0

A measure of protein utilization usually independent 
of time is nitrogen retention* This estimation depends only 
on obtaining representative samples of feces and feed, and 
subsequent calculation of the ratios of nitrogen present to 
a chromium oxide marker* The results obtained using this 
parameter (Table 3) indicate fairly consistent nitrogen 
retentions among the various levels of soybean protein fed* 
These values varied from 58*8 to 65^» Wheast appeared to 
be slightly better in protein quality than soybean protein 
when nitrogen retention was used as the criterion (Table 3)» 
This was also indicated by the growth and P*E*R*. data, while 
both dynaferm and CBSII were substantially inferior to the 
other supplements fed, as judged by all measurements employed *
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TABLE 1

BASAL DIET PREMIX 
PROTEIN UTILIZATION EXPERIMENTS

Ingredients %

Ground Yellow Com 56.50
ADM Protein 8.00
Animal Fat 5.00
Vitamin Premix1 2.50
Mineral Premix^ 8.00

80.00
Test ingredient slack or cerelose 20.00

100.00

^Supplied the following per kilogram of diet:
vitamin A, 990 I.U.; vitamin D, 8140 I.C.U.; 
riboflavin, 4.4 mg.; niacin, 2?.50 mg.; 
calcium pantothenate (dextrorotatory), 11.0 mg.; 
choline chloride, 80.0 mg.; vitamin B^* 0.0132 mg.; 
vitamin E, 5*5 I.U.;
vitamin K, 2.2 mg. and ethoxyquin, 124.85 mg.

2Supplied the following per kilogram of diet:
calcium carbonate, 6.182 gms.; dicalcium phosphate, 
526.24 gms.; sodium chloride (NaCl), 62.48 gms.; 
manganese sulfate, 3*98 gms.; ferrous sulfate, 18.0 
gms.; cupric sulfate, 0.1980 gms.; zinc oxide, 1.20 
mgs.; potassium iodide, 0.0484 gms.; cobalt chloride, 
0.06l gms.; potassium chloride, 71.47 gms.; magnesium 
sulfate, 71.23 gms.; sodium molybade, 0.10 gms.; and 
glucose, 238.67 gms.



TABLE 2
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EFFECT OF PROTEIN LEVELS AND UNIDENTIFIED FACTOR SOURCES ON 
PROTEIN UTILIZATION COMPARED WITH SOYBEAN PROTEIN

(Experiment 1)
(18 - 28 days of age)

Protein
Supple
mented

Level
(Nx6.25)

%

At
18-28 days (gms.)

Feed p Conversion 
18-28 days

Related
WeightGain

None 11.50 650del 3-0
Soy Protein 14.74 51ef 3.5 100.0
Dynaferm 14.65 55def 3.7 107.2
Wheast 14.29 90bc 2.5 176.0
CBSII 14.03 48 f 3.9 94.5
Soy Proetin 16.06 73cde 2.9 100.0
Dynaferm 15.96 46f 4.4 63.5
CBSII 15.37 4lf 4.3 56.5
Soy Protein 16.44 84bod 2.7 100.0
Wheast 16.92 100ab 2.7 119.0
Soy Protein 23.00 91bc 2.6 100.0
Wheast 23.OO 119a 2.0 131.0

^Means with a common letter are not significantly different 
at the 0.05 level of probability.
2Grams of feed per gram of grain.
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TABLE 3

PROTEIN EFFICIENCY RATIO AND PERCENT NITROGEN RETENTION OF 
CHICKS FED UNIDENTIFIED FACTOR SOURCES COMPARED WITH

SOYBEAN PROTEIN 
(Experiment 1)

(18 - 28 days of age)

Protein Supplement

Dietary 
Protein 

(N x 6.25)
% P.E.R.1

Nitrogen
Retention

%

None 11.50 2.89 59.9
Soy Protein 14.?4 1.94 58.8
Dynaferm 14.65 2.2? 42.4
Wheast 14.29 2.82 63.7
CBS II 14.03 1.83 51-5
Soy Protein 16.06 2.10 65.4
Dynaferm 15.96 1.43 54.9
CBS II 15.37 1.52 56.1
Soy Protein 16.44 2.31 60.7
Wheast 16.92 2.81 64.1
Soy Protein 23.00 1.6? 63.9
Wheast 23.OO 2.18 66.6

1Grams gain in weight per gram of protein consumed, protein
efficiency ratio.
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Experiment #2 - Further Studies on the Protein Utilization

of Unidentified Factor Sources by Chioks 
from 1-28 Bays of Age.

The diets used in-this experiment were similar to 
- those fed in Experiment 10 Approximately equal protein 
levels were supplied from soybean protein, wheast, dynaferm 
and from CBSIIo The total dietary protein (determined by 
Kjeidahl Procedure) ranged from 14 to Z5%»

In this study, the average body weights and feed 
conversions were greatly improved over those obtained in 
the first experiment, Improved performance was due to the 
longer duration of the study since the experiment was started 
with day-old chicks= .

Body weight gains, protein efficiency ratios and per
cent nitrogen retentions for the 4-week growth period were 
used as criteria for judging protein utilization (Tables 4 
and 5) o Examination of the, data in. Table 4 indicates that 
at each protein level, wheast produced a greater gain in 
body weight than was obtained with an equivalent amount of 
protein from soybean protein dynaferm, or CBSIIo The 
growth data when subjected to an analysis of variance and 
the means separated by Duncan5s multiple range test showed 
a significant improvement.in.growth due to wheast compared 
with soybean, protein at only the highest protein level 
studied (Table 4)0 Feed conversion (gm feed/gm gain)
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obtained with the wheast fed groups were also generally better 
than those obtained with the soybean protein, dynafera or 
GBSII treatmentso Per cent weight gain response calculations 
showed that wheast is slightly superior, ranging # to 14^, 
to the soybean protein treatments, while dynaferm and CBSII 
were inferior to both wheast and soybean proteins (Table 4)„

As shown in Table 5s the FoE0Bo values, as would be 
expected, vary with increasing dietary protein levels» The 
basal diet allowed a PoEoRo of 2<,41* Dietary inclusion of 
soybean protein (17*?6^ total-protein) reduced the 
to 2*29 while the next level (18*29^ total protein) produced 
a PoEoR* of 2<>39o The highest two levels of soybean protein 
fed allowed PoE.R* values of 2*33 and I*83$ respectively 
(Table 5)« The PoEoR* values obtained in this experiment 
are similar to those found in the first experiment in that 
the values obtained for dynaferm and CBSII were numerically 
depressed when compared to their soybean protein control and 
wheast was better than that of the soybean protein and the 
other test supplements (Table 5)°

Osborn, lendel and Ferry (1919) have shown that the 
level of test protein in the diet at which maximal protein 
efficiency ratios are obtained varies with the type of 
dietary protein fed* These data also indicated that protein 
or poorer quality must be fed at relatively high levels to 
obtain maximum protein efficiency ratios* In general, chicks
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in these studies showed depressed growth rate, feed effi
ciency and FoEoBo’s when dynaferm or GBSII were used to 
supply supplemental protein as well as unidentified growth 
factorso Both of these feed ingredients are in liquid form 
and were difficult to blend into the feed at high levels; 
therefore,, they were not fed at levels which might have 
produced more uniform PoEoRo values, Also, since dynaferm 
contains a high level of NaCl (8$), only a low level of
dietary inclusion could be usedo -

)

The nitrogen retention data (Table 5) indicated that 
wheast and soybean protein were substantially equal under the 
conditions of this study. Both dynaferm and GBSII were 
substantially equal to soybean protein for nitrogen retention 
in this study, while the results of the first experiment had 
shown these two supplements to be inferior to both soybean 
protein and wheast. The longer feeding time and the higher 
basal protein level employed in the second experiment may be 
responsible for the differences in the results of the two 
experiments. In this second experiment the test ingredients 
supplied a smaller percentage of the total protein in the 
experimental diets than those fed in the first experiment.
It would be expected that a more sensitive measure of pro
tein quality would be obtained with the use of a test sub
stance as the sole or major source of dietary protein. In 
any event, these data suggest that under the conditions



studied only wheast could be assigned any unidentified 
growth factor activity and that the increases in growth rate 
obtained were more likely due to an improvement in dietary 
protein quality by the supplementation of wheast compared 
with the soybean protein.
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TABLE 4

AVERAGE BODY WEIGHTS AND FEED CONVERSIONS OF 4 WEEK OLD 
CHICKS FED VARYING PROTEIN LEVELS SUPPLIED BY DIFFERENT 
UNIDENTIFIED GROWTH FACTOR PRODUCTS IN A PURIFIED DIET

(Experiment 2)
( 0 - 4  Weeks)

Protein
Supplement

Dietary 
Prot. Level 

%

Average Body 
Wt at 4 Wks 

(gms)
Feed Conx. 
at 4 Wks

Relative Wt 
Response 

%

Basal 14.00 176s1 2.96 -

Soy Protein 17.76 230f 2.45 100.0
Wheast 16.94 240ef 2.50 104.3
Dynaferm 16.93 171® 3.01 74.5
CBSII 16.22 177® 2.8? 77.0
Soy Protein 18.29 251de 2.28 100.0
Dynaferm 18.75 180s 3.08 71.9
CBSII 18.42 177S 3.18 70.6
Soy Protein 19.50 264cd 2.20 100.0
Wheast 19.33 38lbc 2.05 106.3
Soy Protein 25.72 00<N 2.16 100.0
Wheast 25.26 328 1.85 114.00

^Means with a common letter superscript are not signifi 
cantly different at the 0.05 level of probability.

2Grams of feed per gram of gain.
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TABLE 5

EFFECT OF VARYING LEVELS OF PROTEIN AS SUPPLIED BY VARIOUS 
SOURCES OF UNIDENTIFIED GROWTH FACTORS ON PROTEIN 

EFFICIENCY RATIO AND NITROGEN RETENTION
(Experiment 2)

Protein Supplement
Dietary Protein 
Level (N x 6.25)

%
P.E.R.1 %NitrogenRetention

Basal 14.00 2.41 54.2
Soy Protein 17.76 2.29 54.4
Wheast 16.94 2.36 49.0
Dynaferm 16.93 1.96 51.0
CBSII 16.22 2.14 38.3
Soy Protein 18.29 2.39 55.0
Dynaferm 18.75 1.73 52.3
CBSII 18.42 1.70 51.0
Soy Protein 19.50 2.33 51.3
Wheast 19.33 2.52 48.6
Soy Protein 25.72 1.83 45.5
Wheast 25.26 2.10 49.9

^Grams gain in weight per gram of protein consumed, protein 
efficiency ratio.
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Experiment #3 - The Growth Promoting Activities of Wheast«

Dynaferm and CBSII with Broiler Chicks Fed 
Practical Diets from 1-28 Days of Age.

Growth responses of chicks to wheast were fairly con
sistent when semi-purified.type rations were supplemented in 
Experiments 1 and 2. However, when practical type rations 
are supplemented with UGF sources, growth responses have 
been reported to be quite variable (Camp et al., 1956, Summers 
et alo, 1959a,b)o Some workers have attributed the lack of a 
response to UGF sources to the presence of antibiotics in the 
ration (Combs et al., 1954ag Barnett and Bird, 1956). The 
objective of this experiment was to determine the magnitude 
of any growth responses with broiler chicks when adequate 
diets were supplemented with wheast, dynaferm, CBSII, and a 
mixture of feedstuffs assumed to contain unidentified growth 
factor activity, in the absence of added antibiotics.

The basal diet used in this study (Table 6) was an 
all-vegetable protein diet adequately supplemented with 
methionine in addition to the vitamins and minerals known 
to be required by the chick. The UGF supplements were 
substituted for corn and soybean meal in order to maintain 
all diets isocaloric and i^©nitrogenous.

This study consisted of two experiments. In the 
first experiment, using New Hampshire and Delaware chicks, no 
significant responses were obtained due to the supplementation
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of any of the unidentified growth factor sources (Table 7), 
Generally, birds fed the treatment diets, were all numerically 
heavier in body.weight than the control groups by 2,5 to 
The per cent growth responses for the 2,5 and 5$ wheast fed 
birds ranged from 3 to 3% while the birds fed dynaferm (2,5^)» 
CBSII and the mixture of UGF sources showed 2,5 to (Table
7)- •

In a second experiment, using a faster-growing 
broiler cross, the supplemehf&tion of 2,5^ wheast in the 
diet was significantly better for weight gain than an equi
valent amount of the three unidentified growth factor mix
ture (Table 8); however, neither of these treatments was 
statistically different from the unsupplemented control 
birds or the higher levels of supplementation. The 2,5$ 
level of wheast again allowed 4$ more growth to 4 weeks of 
age.

The feeding of the unidentified growth factor sources 
in a well-balanced practical type diet failed to produce a 
significant stimulation of growth rate under the conditions 
of these studies,
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TABLE 6

COMPOSITION OF THE BASAL DIET 3

Ingredients %

Ground Yellow Corn 49.50
Soybean Oil Meal 38.00
Animal Fat 7.00
Vitamin Premix^ 2.50
Limestone 1.25
Dicalcium Phosphate 1.50
Salt (Trace Mineral) 0.25

2Trace Mineral Mix 0.10
Methionine Hydroxy Analogue 0.20

100.3

^Supplied the following per kilogram of diets
vitamin A, 9900 I.U.; vitamin D, 8140 I.C.U.; 
riboflavin, 4.4 mg.; niacin, 27*50 mg.; 
calcium pantothenate (dextrorotatory), 11.0 mg.; 
choline chloride, 80.0 mg.; vitamin B]_2i 0.0132 mg.; 
vitamin E, 5*5 I.U.; vitamin K, 2.2 mg., and 
ethoxyquin, 124.850 mg.

2Supplied the following in ppm:
20 iron, 60 zinc, 1 molybdenum, 60 manganese,
168 calcium, 4 copper, 1.5 iodine, and 1.5 
cobalt.
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TABLE ?

AVERAGE WEIGHTS, FEED CONVERSIONS AND PER CENT RELATIVE WEIGHT 
GAINS OF 4-WEEK OLD CHICKS FED VARYING PROTEIN LEVELS FROM 

DIFFERENT UNIDENTIFIED GROWTH FACTORS
(Experiment 3)

Protein
Supple
ment

Dietary
Protein
Level
$

Av. Body 
Wt.-4 Wks 
(gm)1

Aver. 
Feed 
Conv. 4 Wks^

Relat. 
Growth Resp.
$3 P.E.R.

Basal u 
(22.5/1039) 22.45 422 1.83 100.0 2.43
+ 2.5$ Dynaferm 23.96 432a 1.78 102.5 2.34
+ 5$ Dynaferm 23.65 413a 1.88 98.0 2.24
+ 2.5$ CBSII 23.91 442a 1.76 104.8 2.37
+ 5$ CBSII 23.54 438a 1.83 103.0 2.32
+ 2.5$ Wheast 23.54 442a 1.80 105.0 2.36
+ 5$ Wheast 23.62 434a 1.82 103.0 2.32
5$ UGF Mixture  ̂ 24.00 439a 1.74 104.0 2.39

^Means with a common letter are not significantly different 
at the 0.05 level of probability.
2Grams of feed per gram of gain.
^The basal diet was considered to be 100$.

protein/Cal. productive energy/lb.).
^Consisted of 1.25$ fish meal, 0.5$ fermentation residue, 
and 1.25$ distillers' dried solubles.
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TABLE 8

AVERAGE WEIGHTS, FEED CONVERSIONS AND PER CENT RELATIVE WEIGHT 
GAINS OF 4-WEEK OLD CHICKS FED VARYING PROTEIN LEVELS FROM 

DIFFERENT UNIDENTIFIED GROWTH FACTORS
(Experiment 3)

Average 
Wt. at 4 Wks. 

Dietary Treatment (gms)l

Average 
Feed 

Conversion at 4 Weeks^

Relative
Growth

Resj^nse

Basal Dleth
(22.5/1039)

549ab 1.70 100.0

Basal Diet 
+ 2.5$ Dynaferm 545ab 1.74 99*3
Basal Diet 
+ 5*0$ Dynaferm

548ab 1.70 99*8

Basal Diet 
+2.5$ Wheast 57la 1.68 104.2

Basal Diet 
+ 5*0$ Wheast 549ab 1.64 100.0

Basal Diet q 
+ 2.5$ UGF Mixture^

528b 1.65 96.4

Basal Diet z 
+ 5*0$ UGF Mixture 569ab 1.61 103.8

^Means with a common letter are not significantly different 
at the 0.05 level of probability
2Grams of feed per gram of gain.
^The basal diet was considered to be 100$.

protein/Cal. productive energy/lb.).
^Consisted of 1.25$ fish meal, 0.5$ fermentation residue 
(antibiotic) and 1.25$ distillers* dired solubles.

^Same as 5 - doubled.
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Experiment #4 - Metabolizable Energy Estimation - Wheast, .

Dynaferm, and CBS11 Fed to Chi oks from 2-4 
Weeks of Age.

This experiment was designed to determine meta
bolizable energy values' of wheast9 dynaferm and CBSII. The 
basal diet used in this experiment is shown in Table 9 and 
was supplemented with methionine in addition to the vitamins 
and minerals known to be required by the chicks.

The I.E. values/gm. of feed were calculated using a 
chromium oxide marker technique (Sibbald and Slinger, i960). 
The chicks were fed a chick starter diet for the first two 
weeks of - the experiment 9 after which time they were fed the 
experimental diets. The-M.E. values derived for the basal 
and test diets in a two week experimental period are pre
sented in Table 10.

The data indicate that wheast was higher in energy 
value (2.60 Cal./gm.) than either dynaferm (2.21 Cal./gm.) 
or CBSII (2.20 Cal./gm.). The feeding of wheast at a higher 
level (50$ of the diet) produced a mean 1.1. value of 2.74 
Cal./gm.

. M.E. values obtained for dynaferm and CBSII were not 
numerically different for these feedstuffs. Dynaferm and 
CBSII contained less M.E. per gram than was found for wheast 
(Table 10).
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TABLE 9 

COMPOSITION OF BASAL DIET 4

Ingredients %

Ground Yellow Corn 20.0?
Milo 10.00
Soybean Oil Meal 46.88
Fish Meal 4.1?
Whey 1.67
Alfalfa 3.33
Distillers Dried Solubles 1.66
Fat 1.67
Calcium Carbonate 2.92
Dicalcium Phosphate 2.08
Salt (Trace Mineralized) 0.33
Manganese Sulfate (Techmangan) 0.05
Vitamin Premix'*" 5.00
MHA (Methionine Hydroxy Analogue) 0.17

100.00

^Vitamin premix supplied the following per kilogram of 
diet:

vitamin A, 9900 I.U.; vitamin D, 8140 I.C.U.; 
riboflavin, 4.4 mg.; niacin 2?.50 mg.; 
calcium pantothenate (dextrorotatory) 11.0 mg.; 
vitamin E, 5*5 I«U.; vitamin K, 2.2 mg., and 
ethoxyquin, 124.85 mg.
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TABLE 10

METABOLIZABLE ENERGY ESTIMATION - WHEAST, DYNAFERM, AND
CBS II

(Experiment 4)

Levels of Feeding M.E. cal./gm. M.E.2 Cal./lb.

25$ wheast 2.60 1280
50$ wheast 2.?4 1350
10$ Dynaferm 2.21 990
15$ Dynaferm 2.17 956
10$ CBS II 2.20 934
15$ CBS IX 2.24 995

^Average metabolizable energy Cal./gm. for wheast, 2.67; 
dynaferm, 2.19 and CBS II, 2.22.

2Average M.E. Cal./lb. for wheast, 1315; dynaferm, 973 and 
CBS II, 989.
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Experiment #5 - Effect of Dietary Energy and Protein Level ,v::

on the Growth of Chicks Fed Wheast or Soybean 
Protein in A Corn-Based Diet.

The previous studies (Experiments #19 #2, and #3)9 
showed wheast to be superior in protein quality to soybean 
proteins, and wheast also improved weight gains of the chicks 
at 4-weeks of age* Another study (Experiment #4)s showed 
wheast to contain a higher metabolizable energy level than 
the other test ingredients (Table 10)« Therefore$ this 
experiment was designed to determine the nature of the 
weight gains with soybean protein and wheast fed birds in 
order to provide information regarding the utilization of 
these materials for tissue produotione In addition, it was 
planned to evaluate the dietary metabolizable energies with 
low fat and high fat diets= P.EoR.'s as well as per cent 
nitrogen retention were also determined* Dietary protein 
levels ranging from 10 to 25$ were employed with two dietary 
energy levels at each of the protein levels* The energy 
levels were obtained by the use of either 3 or 10$ added 
animal fat* The composition of the low protein control diets 
using soybean protein or wheast as sources of supplemented 
protein is shown in Table 11*

The growth and feed efficiency data presented in 
Table 12 and 13 allow comparisons between rations containing 
soybean protein and rations in which wheast replaced soybean 
protein*
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At each of the dietary protein levels employed in 

the low fat diets (Table 12), wheast produced increased gain 
in body weight during the 4-week experimental period; however, 
the differences between the two test diets was quite small 
and not statistically significant= Feed conversions 
(gmo feed/gm, gain) were also generally better with the 
wheast treatments (Table 12)«

The metabolizable energy kilocalories required to 
produce one gram of weight gain (MoEo Cal=/gm0 gain) was 
reduced as the percentage of dietary protein from either 
soybean protein or wheast was increased. Birds fed soybean 
protein diets consumed more MoE, Calories than the birds 
fed wheast diets for an equivalent gain in weight. This 
could result from a higher dietary content or a better amino 
acid balance in the test diet (Praps and Carlyle9 1962),
Table 12.

The calculated P.E.R.'s indicate that wheast was 
superior to soybean protein in protein quality. This was 
also in agreement with data obtained with nitrogen retention 
which allowed 29=55^ with soybean protein, 41.88$ for wheast 
with the lowest protein diets; and 45*87$ for soybean pro
tein and 53=30$ for wheast when fed at the highest dietary 
protein levels (Table 12).

In a second series of this study, using the high fat 
diets, substantially larger responses in weight were obtained



at. the same protein levels, due to the added fat (Table 13)° 
Wheast allowed more gain in body weight than was obtained 
with soybean protein diets during the 4-week experimental 
period at only the two lower protein levels«,

The nitrogen retention data followed the same pattern 
showed in low fat diets; these data suggest that the diets 
which contained wheast favored both the digestion, protein 
utilization and increased nitrogen retention compared with 
soybean protein.
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TABLE 11

COMPOSITION OF THE 10# PROTEIN DIETS 
(Experiment 5)

Ingredients

Soybean Protein WheastLow
Fat
%

High
Fat
%

Low
Fat
%

High
Fat
%

Ground Yellow Corn 89.30 81.48 88.50 80.22
Soy Protein 1.60 2.42 - -

Wheast - - 2.40 3.68
Animal Fat 3.00 10.00 3.00 10.00
Vitamin Premix^ 2.50 2.50 2.50 2.50
Dicalcium Phosphate 2.00 2.00 2.00 2.00
Calcium Carbonate 1.00 1.00 1.00 1.00
Salt 0.30 0.30 0.30 0.30
Trace Mineral Mix^ 0.10 0.10 0.10 0.10
Chromic Oxide 0.20 0.20 0.20 0.20

100.00 100.00 100.00 100.00

^The vitamin mix supplied the following per kilogram of feed:
vitamin A, 9900 I.U.; vitamin D, 8140 I.C.U,; 
riboflavin, 4.4 mg.; niacin, 2?«50 mg.; 
calcium pantothenate (dextrorotatory), 11.0 mg.; 
choline chloride, 80.0 mg.; vitamin B%2, 0.0132 mg.; 
vitamin E, 5*5 I.U.; vitamin K, 2.2 mg., and 
ethoxyquin, 124.85 mg.

2The mineral mix supplied the following in ppm:
20 iron, 60 zinc, 1 molybdenum, 60 manganese,
168 calcium, 4 copper, 1.5 iodine, and 1.5 cobalt.
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TABLE 12

EFFECT OF WHEAST AND PROTEIN LEVEL IN A LOW FAT DIET ON 
GROWTH AND FEED CONVERSION OF CHICKS TO 4 WEEKS OF AGE

(Low Fat Diet)

Protein
Supplement

Prot.
%

Av. Body 
Wt-4 Wks. 

(gms)
Feed
Conv?

M.E. Cal./ 
gm. gain P.E.R,

Nitrog. 
oRetent. 
/ %

Soy Protein 
(Control 10.0 128ef 4.70 11.65 2.12 29.55

Wheast
(Control) 10.0 l35ef 4.04 9.95 2.47 41.88

Soy Protein 15.0 294° 2.35 5.32 2.83 36.64
Wheast 15.0 304bc 2.22 5.02 3.00 54.72
Soy Protein 20.0 3l8bo 2.04 4.61 2.12 40.80
Wheast 20.0 321bo 2.35 4.96 2.45 65.67
Soy Protein 25.0 355ab 1.96 3.71 2.04 45.87
Wheast 25.0 363* l.?6 3.65 2.27 53.30

^Means with a common letter are not significantly different 
at the 0.05 level of probability.
2Grams of feed per gram of gain.
3vGrams gain in weight per gram of protein consumed - protein efficiency ratio.



37
TABLE 13

EFFECT OF WHEAST AND PROTEIN LEVEL IN A HIGH FAT DIET ON 
GROWTH AND FEED CONVERSION OF CHICKS TO 4 WEEKS OF AGE

(High Fat Diet)

Protein
Supplement

Prot.
%

Av. Body1 
Wt-4 Wks 

(gms)
Feed 2 
Conv.

ME Cal./ 
gm. gain P.E.R.3

Nltrog
Retent
%

Soy Protein (Control) 10.0 112f 5.20 13.55 1.92 20.74
Wheast
(Control) 10.0 l6le 3.46 8.30 2.89 51.58

Soy Protein 15.0 252d 2.35 5.76 2.76 38.44
Wheast 15.0 324abc 2.41 5.72 2.83 53.65
Soy Protein 20.0 296° 2.06 5.01 2.32 42.27
Wheast 20.0 328abc 2.15 4.80 2.42 45.97
Soy Protein 25.0 359* 1.84 4.40 2.03 40.82
Wheast 25.0 344ab 1.97 4.49 2.17 44.80

^Means with a common letter are not significantly different 
at the 0.05 level of probability.
2Grams of feed per gram of gain.
-'Grams gain in weight per gram of protein consumed - protein 
efficiency ratio.



SUMMABY

Five experiments with the UGF sources, wheast, 
dynaferm, and GBSII were set up to evaluate the effects - 
on body weight gains, protein efficiency ratio, nitrogen 
retention and energy utilization.

Under the conditions employed In these studies, 
wheast produced a greater gain in body weight than was 
obtained with an equivalent amount of protein from either 
soybean protein, dynaferm or GBSII,

Protein efficiency ratios indicated wheast to be 
superior in protein quality to soybean protein and other 
test ingredients.

Nitrogen retention values also showed that chicks 
fed wheast tended to retain a higher percentage of consumed 
nitrogen than of those fed the other, feed supplements,

None of the UGF sources or a combination of three 
UGF sources produced a significant stimulation of growth 
rate when fed in a well-balanced practical type broiler diet. 

The metabolizable energy content of wheast was found 
to be 1355 Gal,/lb,, while the value obtained for dynaferm 
was 973 Gal,/lb, and that for GBSII was 989 Gal,/lb.

The instances where wheast produced a significant 
improvement in growth rate may all be explained on the basis 
of the demonstrated superior protein quality for the whey- 
yeast product compared with soybean protein,

38
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These studies failed to demonstrate the presence of 

any growth promoting activity in the feed supplements tested 
which could not have "been due to the amino acid composition 
of the supplemento

Energy utilization studies9 measured as metabolizable 
energy, did not indicate the presence of any factors in the 
test ingredients which exerted a significant effect on this 
parameter*
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