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INTRODUCTION

Most vegetable proteins are deficient in one or more amino acids which
can be corrected by supplementing synthetic amino acids or by using two or
more protein sources to supplement each other in poultry diets (Almquist,
1972).

In most practical diets, soybean oil meal which is complete in most
nutritionally known amino acids except sulfur amino acids, is used as a
protein supplement. In_recent years, there has been much interest in feed-
ing whole soybeans to poultry in order to utilize the protein and the oil
(Nelson, 1970). Some countries have richer sources of vegetable oil than
soybeans, and do not extract the oil before utilizing soybeans in poultry
rations., Nigeria, for example, does not extract the oil from soybeans
(18% o0il) but from peanuts (50% oil). Practically all of Nigeria's soy-
beans are exported, and the soybean meal which is used in poultry feeding
is imported. This increases the price of feeds which is a major cost in
poultry production.

Soybeans are a relatively new crop in Nigeria, where production has
been concentrated in the middle zone since about 1950. Production was
27,000 tons in l963, all of which was exported because there was no taste
or desire for it (F.A.0., 1966). There is great potential for increasing
production since soybeans can be grown extensively from the southern part
of Northern Nigeria to the south because its ecclogical requirements are
gimilar to those of corn which is adapted to these areas (F.A.0., 1966).

The use of heat processed full-fat soybean to feed poultry or to cor-
rect the amino acid deficilencies in peanut meal cculd be considered as a

means of lowering feed cost.



The study reported here involved the use of infrared cooked and ground
soybeans, and gxtruded soybeans to supplement peanut meal, full-fat roasted
and extruded peanut meal. The study further reexamined the use of these
full-fat heat processed products and peanut meal as the main sources of

protein in broiler diets.
REVIEW OF LITERATURE

Peanut meal is deficient primarily in methionine, lysine and possibly
threonine (Grau, 1946). There is disagreement on the nature or order of
the most limiting essential amino acids in peanut protein (Wessels, 1967).
Fisher (1965) found the amount and availability of amino acids in peanut
meals depend on processing, and the level of peanut protein used in the
diet (Fisher, 1964). Grau (1946) found that methionine was the first
limiting amino acid in peanut meal followed by lysine at dietary level of
20% protein. This finding is in agreement with the work of gnderson and
Warnick (1965) at 18% protein, Wessels (1967) at 11% protein, Daghir et al.
(1969) at 20% protein for chicks, and Pieterse (1963) at 10% protein for
rats.

Fisher (1964) compared 12% protein and 24% protein and found that at
122 protein lysine, threonine and methionine were limiting in that order.
At 24% protein level, lysine was first limiting followed by methionine, but
threonine was not limiting at that level. This order of limiting amino
acids agrees with the findings of Douglas and Harms (1959). Waldroup and
Harms (1963) using a 32% protein diet found lysine, methionine and trypto-
phane limiting in that order. A good review of the amino acid deficiencies

in peanut meal has been given by Anderson and Warnick (1965).



In roasted peanuts, lysine, threonine and methionine were limiting for
rats (McOsker, 1962). In studies with chicks, Anantharaman and Carpenter
(1965) found lysine, methionine and threonine limiting in that order in
heated peanut flour. This was in agreement with the findings of Grau (1946)
who used peanut meal.

Using mixtures of peanut meal (30%) and soybean meal (20%), Blaylock
and Richardson (1950) found methionine to be the first limiting amino acid.

Attempts have been made to correct amino acid deficiencies of peanut
meal by adding the limiting amino acids in concentrated form.

Grau (1946) used a 20% protein diet supplemented with 0.46% lysine,
0.2% and 0.4% D-L methionine and 0.5% threonine. Growth was decreased most
by omission of methionine. A smaller but significant decrease was noted
when lysine was omitted. Omission of tryptophane did not produce a signifi-
cant reduction in growth rate. Grau (1946) concluded that peanut meal was
lacking primarily in methionine, but was also slightly deficient in lysine.

Douglas and Harms (1959) supplemented peanut meal with 0.35% L-lysine,
0.3% methionine hydroxy analogue and 0.15% glycire and produced growth rate
equal to that of feeding all soybean meal.

Blaylock and Richardson (1950) produced a rate of growth in chicks
equal to that obtained with soybean meal when a 207 protein peanut meal
diet was supplemented with 0.3% D-L methionine and 0.2% L-lysine. When
higher levels of 0.6% D-L methionine and 0.4%Z L-lysine were added, the
chicks were slightly heavier, but the weights were not significantly differ-
ent from those obtained with smaller amounts of lysine and methionine.

Waldroup and Harms (1963) used 0.3% lysine, 0.3% D-L methionine and

0.10% tryptophane in a 22% protein diet, and found no significant difference



in weights of chicks from the soybean meal control diet, but the performance
on peanut meal diet was below those of soybeap meal.

At a much higher level of a 247% protein peanut meal diet, Fisher (1964)
supplemented 0.4% lysine and 0.3% D-L methionine and obtained weights which
were generally equivalent to those obtained with high-quality proteins such
as fish meal. Fisher (1965) recommended the addition of 0.2% threonine.

The various levels of amiﬁo acids thus supplemented could be asso-
ciated with the various percentages of peanut meal protein in the diet.
Almquist (1972) indicated that as the gross protein level is raised, the
percentage of essential amino acid required may decrease. This would mean
that a higher level of amino acid supplementation would correspond with a
higher peanut protein in the diet.

Except for sulfur containing amino acids and lysine, it is too expensive
to add the missing amino acids in concentrated form in practical nutritiom
(Almquist, 1972). A more practical method of balancing aming acid defi-
ciencles in a diet is to choose a combination of proteins so that defi-
clencies of one protein will be compensated for by an abundance of certain
required amino acids in other proteins. To accomplish this soybean protein
has been used as a protein supplement.

It is known from analysis and experiments that soybean protein is com-
plete in essential amino acids except for the sulfur-amino acids (Almquist,
1972; Warnick and Anderson, 1968).

Douglas and Harms (1959), Driggers and Tarver (1958) have a good review
of the supplementary effects of soybean meal on peanut meal with satisfac-
tory results,

Douglas and Harms (1959) found that when 50% of soybean meal was

replaced with peanut meal, a significant reduction in growth rate of chicks



occurred. Addition of 0.15% L-lysine, 0.2% methionine hydroxy analogue and
0.15% glycine produced growth rate equal to that obtained from feeding all
soybean meal.

Driggers and Tarver (1958) obtained results equal to that of soybean
meal when peanut oll meal replaced one-half the soybean oil meal. (The
diet included 3% of a fish solubles blend.) They indicated that fish meal
with condensed fish solubles added appeared to be a good supplementary
source of lyéine.

Altschul et al. (1948) found 5.5% of peanut meal could satisfactorily
replace an equal amount of soybean meal.

Heuser et al. (1946) also indicated that peanut meal satisfactorily
replaced half of the soybean protein when the diet contained 207 protein and
3% fish meal. The level of peanut meal in the diet was 153%. This level was
also found to be satisfactory by Hammond (1944).

In areas where soybeans are not processed, unextracted soybeans have a
greater nutritional value as a main source of protein or as a supplement to
peanut meal or unextracted peanut meal. Unextracted soybeans are an excel-
lent source of protein since they are complete in amino acids except sulfur-
containing amino acids (Almquist, 1972). Soybeans are high in polyunsatu-
rated vegetable fats which are an excellent source of metabolizable energy
and linoleic acid (Carew et al., 1959; Scott et al., 1969; Waibel, 1972).

Raw soybeans need to be subjected to two types of treatment to be
comparable nutritionally to soybean meal. These are heat treatment, and
mechanical pressure to cause cellular disruption of the cell walls to allow
proper digestion (Nesheim, 1961; Nelson, 1970; Carew et al., 1961; Carew

et al., 1962).



Detrimental effects of raw soybeans are ascribed to theilr heat labile
toxic factors, notably trypsin inhibitors and hemaglutinins (Coates et al.,
1970; Nelson, 1970; Hains and Lyman, 1961). Wood et al. (1971) called the
toxic factor soyin. Enlarged pancreas and depressed growth were demon-
strated. The mechanism of growth retardation has been explained by many
workers. Hains and Lyman (1961) associated growth depression with restricted
feed intake and trypsin inhibitor, soyin, which stimulates the pancreas to
secrete large quantities of enzyme protein which are ultimately lost to the
animal. Contrary but direct evidence was given by Lepkovsky et al. (1971).
They found that raw soybean diets have a lower nutritional value than heated
soybean diets, because raw soybean trypsin inhibitors impair @roteolysis,
not by decreasing the activities of protease in the intestine, but rather
by their action on intestinal proteins causing the formation of trypsin
inhibitor-protein complexes which resist proteolysis even in the presence
of high concentrations of proteases. These complexes are lost in feces.

A similar result was found by Bouthilet et al. (1950) who used
colostomized chickens. A methionine-rich complex was detected in the feces
of chickens fed raw soybeans. High nitrogen and methionine values in feces
indicated poor digestibility. This concurs with the findings of Haywar&
and Hafner (1940) that raw soybeans are deficient in methionine and cystine.

Using free amino acids values as good indication of digestibility of
dietary protein, Bielorai et al. (1972) found that free amino acid levels of
the intestinal contents were higher for heated soybean than for raw soybeans
at both 15% and 22% protein level in the diet.

A similar heat labile, anti-tryptic factor has been found in raw pea-

nuts. Bielorai (196S) found that raw peanut meal fed to chicks produced



growth retardation, pancreas hypertrophy, but to a lesser extent than raw
soybeans. He indicated that amino acid imbalance and anti-tryptic activity
are problems of raw peanut meals.

Many workers agree that trypsin inhibitor is heat labile. Bouthilet
et al. (1950) showed that heat treatment above 100°C was necessary to
destroy trypsin inhibitor. Hayward and Hafner (1940) found that heating
was equivalent to supplementing cystine and methionine. A good review of
the effect of heating temperatures and duration of heating on raw peanuts
has been given by Anantharaman and Carpenter (1965, 1969), Neuccere et al.
(1972), and McOsker (1962).

For raw soybeans, the various temperatures and periods of heating used
to destroy the trypsin inhibitor has been shown by Mustakas and Griffin
(1964); Hayward et al. (1937); Runnels (1961); Featherston and Rogler
(1966); and Renner and Hill (1960).

Most of these workers agree with Bouthilet et al. (1950} that a
temperature of over 100°C (212°F) is necessary to destroy the trypsin
inhibitor. Mustakas and Griffin (1964) reported that a temperature range
of 240-250°F (128-138°C) was adequate to remove trypsin inhibitor.

Mechanical pressure on the beans will cause cellular disruption allow-
ing proper digestion of soybean oil by chickens (Nesheim, 1961).

0il in heated, ground soybeans was poorly abscrbed because of less
cellular destruction (Carew et sl., 1962; Nesheim, 1961). Tian et al.
{1970) fed turkey poults infrared cooked and ground soybean and 447 protein
soybean meal and found that poults fed infrared cooked soybeans had a
slower growth rate and slightly reduced feed efficiency compared to those

fed soybean meal. This was further confirmed by White et al. (1967),



Hull et al. (1968), and Mitchell et al. (1972), who found that diets con-
taining infrared cooked and ground beans were inferior to diets containing
solvent extracted soybean meal, but of equal value when fed to chicks in
pellet form. The improvement due to pelleting was assoclated with the sheer
force in pelleting causing cellular disruption. Heat treatment during the
pelleting process can improve the nutritional value of slightly underheated
beans (Carew and Nesheim, 1962). - They did not find beneficial effect of
pelleting from properly heated ground soybeans.

Mitchell et al. (1972) found that finely ground soybeans were signifi-
cantly better than coarsely ground beans. The percent digestibility
increased from approximately 55% in coarsely ground beans to 90% in finely
ground beans.

Hull et al. (1968) suggested the lower fat digestibility resulted when
infrared cooked beans were cooked whole and then reground through a 1/32
inch screen, thus the cell rupture was probably not as complete as in the
extruded soybeans. They postulated that flaking infrared cooked soybeans
rather than grinding would increase the nutritional value of roasted soy-
beans by causing greater cellular rupture.

Heat treated and flaked soybeans stimulated growth equal to soybean
meal with soybean oil added because of cellular disrupture (Carew et al.,
1959; Nesheim, 1961; Carew et al., 1962; Teatherston and Rogler, 1966).

Extruded unextracted soybeans supported chick performance equal or
superior to soybean meal with oil added (Hull et al., 1968; Mustakas and
Griffin, 1964; Carew and Nesheim, 1962).

Sloan et al, (1971) found that performance of extruded soybeans did not

equal that of solvent extracted soybean meal. These results were supported



by Wood et al. (1971), White et al. (1967) that efficiency of nitrogen and
energy utilization were slightly lower in extruded soybeans than the control
diet., They suggested that heat treatment during extrusion process was
insufficient to reduce completely the anti-tryptic factors to innocous
levels.

Waibel (1972) summarizing all the various heat treatments for soybeans
reported that all heat treated soybeans depressed growtﬁ at four weeks of

age, after which growth recovery was noted.
MATERIALS AND METHODS

Raw, full-fat soybeans and peanuts were ground and extruded using a
Wenger X-25 extruder at 250°F (121°C) at the Department cf Grain Science
and Industry, Kansas State University. The extruded products were spread
on concrete floor to cool and dry. The complete process 1s reported by
Wood et al. (1971).

Roasting of full-fat soybeans and peanuts was dome at Frankfort, Kansas
which is 50 miles northeast of Manhattan. A gas-fired Roast-a-Tron which
emits infrared heat was used. A temperature of 122°C to 125°C was used.

The hot roasted beans were spread out to cool, them ground through a 3/32
inch diameter screen using a hammer mill at the Kansas State University
Small Animal Research Laboratory. Peanuts were ground through a 3/16 inch
screen as they clogged the 3/32 inch screen. A complete infrared processing
condition is described by White et al. (1967).

Diets containing the heat processed products were mixed at the Kansas
State University Poultry Research Center. The main ingredients were weighed

in pounds on a large platform balance, whereas the microingredients were
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weighed in grams on a double pan computagram balance. The microingredients
were premixed with yellow corn for 5 minutes in a small electrical Hobart
mixer. The premix was added to the remaining amount of 100 pounds of macro
ingredients in a 100-pound horizontal mixer. Mixing continued for 5 minutes.
Ten isonitrogeneous diets of 247% protein (starter) and 20% protein (finisher)
were mixed. One diet was the K.S.U. corn-soybean meal control diét (Tables
A-1l to A-2).

The dieﬁs were placed in labeled paper bags and stored in the Nutritiom
Laboratory. The feed was weighed out in kilograms into previously wéighed
cans, At the end of each two-week period, feed remaining in the feeders and
diet storage cans were weighed back, and this amount was subtracted from the
total feed weighed out to give the amount of feed consumed in kilograms.

Day~old meat-strain broiler-type male chickens were randomized into 30
lots of 10 chicks per lot making a total of 300 chicks for each experiment.
The lots were randomly assigned to cage tiers. The chicks were wing banded,
weighed and placed in electrically heated brocder batteries with wire floors
for 4 weeks. The chicks were transferred at 4 weeks of age to unheated
finisher batteries for the last 4 weeks of the experiment.

Feed and water were supplied ad libitum. The room temperature was
kept at about 70°F. Every two-week period birds were weighed individually
in grams and the feed was weighed back. Hence body weight-gain and feed
consumed wererdetermined. Feed utilization was determined by dividing feed
consumed by weight gain for that period (Tables A-4 to A-17).

&/’/ The data were analyzed using one way analysis of variance in testing
for significant difference between treatment means for weight gain aﬁd feed

utilization as described by Snedecor and Cochran (1971).
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The above procedure was repeated for experiment II, but with a differ~
ence in that amino acids were added to diets 2, 4,‘6, 7 and 9. The complete
diets 7, 9 and 10 containing full-fat peanuts were extruded before adding
amino acids and vitamins. This was due to the difficulty of extruding full~

fat peanuts in experiment I.
RESULTS AND DISCUSSION

Weight gains and feed utilization of treatment groups were used as the
criteria for evaluating the experimental diets as compared with the soybean

meal control diet.

Experiment I

Weight gain: The chicks fed diet 10 containing extruded full-fat soy-
bean and peanuts gained significantly better than the soybean meal control
diet (no. 1) as shown in Table 1 and Tables A-8 to A-10. Diet 3 containing
roasted and ground full-fat soybeans gained better than the control diet,
but there was nc significant difference between them from 2-8 weeks
(P > .05). There was no significant difference between diet 5 containing
extruded soybeans, diet 8 containing infrared roasted and ground full-fat
soybeans and peanuts and the control diet at 0-4, 0-8 weeks as shown in
Tables A-8 and A-10.

Diets 4, 6 and 9 were not significantly different from one another in
weight gain at 8 weeks (Table 1 and Table A-10), but they were significantly
poorer than the control diet at (P < .05) level.

Diet 7 containing infrared roasted and ground full-fat peanuts, and
diet 2 containing peanut meal as the main source of protein were signifi-

cantly poorer than all othar diets (P < .05) (Table 1).
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Feed utilization: During periods 4-6 weeks and 6-8 weeks, there were

no significant differences between all the experimental diets and the soy-
bean meal control diet in feed utilization (P > .05) (Table 2). During
other periods, diets 5, 3, 9, 10, 7 and 8 were equal or better than the
control diet (Table 2). Diets 4 and 6 were not significantly different
from the control diet but were slightly poorer than the control diet. Diet
2 containing peanut meal was significantly poorer than the control diet
(Table 2).

Peanut meal as the sole source of protein, diet 2, was deficient in
lysine and methionine, lysine being the most limiting (Table A-3). This
was also confirmed by Fisher (1964) using 24% protein diet, and Douglas and
Harms (1959). This would account for the poor weight gains, poor feathering
and feed utilizatiom.

Diets 7 and 9 containing full-fat peanuts were limiting in lysine,
methionine and threonine in that order (Table A-3). This co;responds with
the finding of Anantharaman and Carpenter (1965). The extruded diet 9 was
significantly better in weight gain than the roasted and ground peanuts in
diet 7 (Table A-10), but the two diets were not significantly different in
feed utilization. Both diets contained 38.52% fat by calculation (Table
A-3). This level of fat was too high for a practical ration as manifested
by clogging of the hammer mill and the extruder die. It was difficult to
mix with minerals and vitamins as it was sticky and oily., It was easily
compacted and baby chicks had difficulty in eating it.

In diet 8, the complete diet had to be ground as the peanut component
alone would clog the hammer mill. Diet 10 had to be extruded as a complete

diet for the same reason.
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When one-half of soybean protein was replaced with one-half of peanut
meal protein in diets 4 and 6 (Table A-~1l) deficiency of lysine was created
at 0.04% in each diet (Table A-3). These diets were not significantly
better than each other although diet 4 containing roasted and ground soybean
was better in both weight gains and feed utilization (Tables A-7 to A-10),
The poorer feed utilization and weight gain of diet 6 containing some
extruded soybeans was in part attributed to possible underheating which may
not have completely destroyed the trypsin inhibitor (Wood et al., 1971;
White et al., 1967).

When one-half of full-fat soybean protein was replaced with one-half
of full-fat peanut protein (Table 1) diets 8 and 10 were adequate in lysine
and methionine as shown in Table A-3. Birds fed diet 10 gained signifi-
cantly better than the control diet at 8 weeks as shown in Table A-10.
There was no significant difference in weight gain between the control diet
and diet 8., The significant difference in weight gain in diet 10 over diet 8
was associated with extrusion processing which made the nutrients more
available (Nesheim, 1961), however, there was no significant difference
between them in feed utilization.

Full-fat soybean as a sole source of protein in diets 3 and 5 were not
significantly different from each other in feed utilization and weight
gained at 8 weeks (Table A-10), but diet 3 was better than diet 5 which was
extruded., This was attributed to underheating of the extruded beans due to
extrusion processing (Wood et al., 1971; White et al., 1967).

For weight gain and feed utilizatiom, diets 10, 8, 3, and 5 were equal
or better than the soybean meal control diet. These diets were adequate in
amino acid content and were relatively high in energy due to higher fat

content (Table A-3}.
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Experiment II

Weight gains: There was no significant difference between diets 1, 2,

3, 4, 9 and the control diet at 8 weeks as shown in Tables 3 and A-17.

Diet 2 containing peanut meal as sole source of protein was supple-
mented with 0.3% L-lysine and 0.06% D-L methionine (Table 5) and produced
weight gain which was not significantly different from the soybean meal con~
trol diet at 8 weeks (Table 3). This result is in agreement with the
finding of Blaylock and Richardson (1950), Douglas and Harms (1959),
Waldroup and Harms (1963), and Fisher (1964). The level of lysine supple-
mented in this experiment at 0.37 L-lysine was also used by Waldroup and
Harms (1963), but their levels of methionine supplement was different at
0.3%.

Diet &4 containing half peanut meal protein and half infrared roasted
and ground soybean protein was supplemented with 0.04% L-lysine and produced
weight gain which was not significantly different from the control diet
(P > .05) (Table 3). Diet 6 which contained similar ingredients as diet 4
but contained extruded soybean, produced weight gain which was signifi-
cantly poorer than the control diet (Table 3). Diet 6 was not signifi-
cantly different from diet 4, although diet 4 was slightly better (Table
A-17). This was explained as inadequate heat treatment during the
extrusion (Wood et al., 1971; White et al., 1967).

Similar effects of inadequate heat treatment may explain the poor
weight gain in diets 5 and 10 (Table A-17). A urease test detected large
amounts of ammonia which was indicative of underheating of the extruded
products and confirmed that the trypsin inhibitor was not reduced to harm-

less levels.
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Table 5. Average welght gains and feed utilization due to soybean and amino
acid supplementation.
Diet Weight Gain Kg Feed per
in Grams Kg Gains

1  K.S.U. soybean meal control® 1767.83 2.19

2 All peanut meal 772.97 2.75
22 No. 2, + 0.3% lysine, 0.06 D-L methionine 1661.37 2.10

3 Roasted, ground soybeanl 1779.33 2,13

4 1/2? Peanut meal + 1/2 soybean, ground 1550.67 2.28
&% No. 4, + 0.04% lysine 1620.60 2.33

5 Extruded soybeanl 1653.10 2.20

6 1/2 Peanut meal + 1/2 soybean extruded 1492.50 2,33
62 No. 6, + 0.04% lysine 1530.20 2.40

7 Roasted, ground peanut 981.01 1.90
7% No. 7, + 0.25% lysine, 0.20% D-L methionine 414.10° 2.08

8 1/2 Roasted ground peanut + 1/2 extruded

soybean 1727.70 1.86
9 Extruded peanut 1454.33 1.99
9% WNo. 9, + 0.25% lysine, 0.20% D-L methionine 1629.33 1.66
10 1/2 Extruded peanut + 1/2 extruded soybeanl 1755.38 1..87
81pndicates amino acid supplementation.
1Averages of experiments I and II where amino acids were not

supplemented.

2Seriously burned peanuts, effect of amino acid supplementation is
shown in 92.
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Diet 7 which contained all full-fat infrared roasted and ground peanuts
as a sole source of protein was supplemented with 0.25% L-lysine and 0.2%
D-L methionine (Table 5). The response to this supplementation was poor due
to overheating. The peanuts were roasted in winter time off campus and
were returned in burlap sacks. The heat retained in the sacks in transit
caused overheating (browning) of soybeans and caramelization of peanuts.
The charring of peanuts could be attributed to its high fat content which
increased the heat. Anantharaman and Carpenter (1965) found that severely
heated peanuts supported poorer growth and showed greatest damage to lysine.

Diet 9 contained similar ingredients and amino acid supplementation
as diet 7 but the peanuts in diet 9 were extruded. This diet was not
significantly different from the control diet at 8 weeks (P > .05) (Table
3). This diet had a fat level of 38.52% by calculation and calorie:protein
ratio of 79:1 (Table A-3). The good weight gain response to this high fat
diet was not in agreement with the finding of Scott et al. (1969) that
excess energy caused a decrease in growth rate due to excess dietary energy
levels causing low feed intake below that needed for optimum growth or
production. The problems of the high fat diets were difficulty in grinding,
extruding, mixing due to sticking, oxidative rancidity and loss of energy
in the form of oil in paper bags. It seems obvious that if the amino acids
of a diet high in fat are adequate, the feed would stimulate good growth
rate.

Diet 8 which contained half infrared roasted and ground soybean protein
and half peanut protein was also overh_eated. The peanut component was
partially charred. The soybean portion was overheated but not charred.

Clandinin et al. (1947), Westfall and Hauge (1948) reported that overheated
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soybean was deficient in known vitamins, available lysine and methionine
and decreased protein efficiency.

Diet 10 was underheated and produced weight gain which was signifi-
cantly poorer than the control diet. The growth suppression was associated
with the toxic trypsin inhibitor which was not completely destroyed during

extrusion process (Sloan et al., 1971).

Feed utilization: At 8 weeks, there was no significant difference in

feed utilization between diets 3, 4, 5, 6, 8 and the control diet (Table
4), Diets 9 and 10 were significantly better than the control with feed
utilization of 1.657 and 2.017, respectively, as compared to 2.317 in the
control diet. Except diets 6 and 4, which were slightly poorer than the

control, all other diets were better utilized.

Mortality: The total mortality was 5% in each experiment. In experi-
ment I, the greatest mortality of 1.66% occurred in peanut meal diet 2.
The chicks were thin and poorly feathered. This could be associated with
lysine and methionine deficiency.

In experiment II, the greatest mortality, of 2.64%, was due to feeding
the diets containing charred peanuts and overheated soybeans. Probably

birds died from nutrient deficiency.
SUMMARY AND CONCLUSICNS

Two experiments were run in which peanut meal, and roasted and ground
soybeans and peanuts, and full-fat soybeans and peanuts singly and in
combination were fed to broiler-strain chickens. Nine experimental diets

and a corn-soybean meal control diet were used. A 24X protein starter and
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a 20% protein finisher diet were fed for 0-4 and 4-8 weeks, respectively, in
wire=floor cages.

d///fPouled analysis of variance of the data from the two experiments could
not be computed because some physical interference such as overheating or
underheating, and amino acid supplementation in experiment II. However,
some conclusions may be drawn on the basis of the diets which were not
supplemented with amino acids in both experiments and those diets which
performed poorly in experiment I but responded favorably to amino acid
supplementation (Table 5).

The following conclusions may be drawn:

1. Full-fat soybean, extruded or roasted and ground, as a sole source
of protein in broiler diets was adequate in amino acids and produced weight
gain and feed utilization which were equal or better than the corn-soybean
meal diet.

2. When one-half of soybean protein, roasted and ground or extruded,
was replaced by one-half of full-fat peanuts, extruded or roasted and
ground, the diet was adequate in required amino acids and produced weight
gain and feed utilization which were equal or better than the corn=soybean
meal control diet.

3., Peanut meal as the main source of protein in broiler diet was defi-
cient in lysine and methionine. Balancing the deficiency with calculated
amounts of 0.25% L-lysine and 0.06% D-L methicnine in the 247% protein diet
produced weight gain which was not statistically different from the corn-
soybean meal control diet.

4, Full-fat peanuts, extruded or roésted and ground, as the main

source of protein was deficient in lysine, methionine and threonine. It
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was sticky to grind or extrude, mix and feed. However, the supplementation
of 0.25% L-lysine and 0.2% D-L methionine to the extruded diet produced
weight gain which was not significantly different from the control diet, but
feed utilization was significantly better than the control diet.

5. When one-half of full-fat soybean protein, extruded or roasted and
ground, was replaced by one-half of peanut meal protein, the diet was
slightly low in lysine and produced weight gain and feed utilization which
were significantly poorer than the control diet. Supplementation of 0.04Z%
L-lysine produced weight gain and feed utilization which were not statisti-
cally different from the control diet. It was slightly poorer than the
control diet and this could be associated with some overheating in the
roasted form and underheating in the extruded form.

The fat level of 23.20% of the diet with balanced amino acid had good
texture, flowability and stimulated good growth. It was observed that
38,52% fat in broiler diets created texture problems. The fged was sticky
and difficult to grind, mix and feed.

further work is needed which would investigate the economics of feed-
ing these diets, and to establish the level of peanut meal which could

replace some full-fat soybean to obtain adequate lysine in the diet.
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Table A-1. Composition of 24% protein control and experimental starter
diets 0-4 weeks of age, experiments I and II.

Quantity Percent

Ingredients

D-1 s D-3 D-4 D-7 D~8

(Control) and 51 and 62 and 93 and 104
Yellow corn, ground 27 29.5 23 26. 5 7.5 15,85
Sorghum grain, ground 27 29.4 23 26.5 7.5 15.85
Soybean meal, solv. ext.

44% prot. 36.31 - - - - -
Roasted ground soybean - - 44 21.05 - 23.7
Peanut meal, 50% prot. - 3l1.1 - 16.0 - -
Roasted peanut, ground,

26% prot- — — = —— 75 .O 34-6

Alfalfa meal, dehy. 17% prot. 2.0 2.0 2.0 2.0 2.0 2.0

Fish meal, 60% prot. 4.0 4.0 4.0 4.0 4.0 4.0
Distillers dried solubles 1.5 1.5 1.5 1.5 1.5 1.5
Calcium carbonate 1.0 1.0 1.0 1.0 1.0 1,0
Dicalecium phosphate 1.0 1.0 1.0 1.0 1.0 1.0
Sodium chloride 0.5 0.5 0.5 0.5 0.5 0.5
Total . 100.0 100.0 100.0 100.0 100.0 100.0
Added per 1005

1

Contains 447 extruded soybean.
2Contains 21.05% extruded soybean.
3Ccntains 75% extruded peanut,

4Contains 23.7% extruded soybean, 34.6% extruded peanut.



Table A-1 (continued)

3pdded per 100 1b.l
Trace minerals mix2 - 23 grams
Vitamin A (100,000 I.U. units/gm) 15 grams
Vitamin D, (15,000 I.C.U./gm) 8 grams
B-Complex vitamin mix3 46 grams
D=L methionine 35 grams
Vitamin 312 (20 mg/1b) 10 grams
Choline chloride, 25% mix 40 grams
Coccidiostat (Amprol Plus-20%) 23 grams

lAdded to all diets.

2Trace mineral mix supplying by %: Mn 10; Fe 10; Cu I; Zn 5; I
Co 0.1.

2 0.3;

3B-Comp1ex vitamin mix supplying in mg/lb: riboflavin 8,000;
pantothenic acid 14,720; niacin 24,000; choline chloride 80,000.
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Table A-2. Composition of 20% protein control and experimental finisher
diets 5-8 weeks of age, experiments I and II.

Quantity Percent

Ingredients

(Conlg;:-cl}l) D-2 a2;351 32;462 aE;793 ang-iol‘
Yellow corn, ground 32.5 34.5 30.0 32.5 17.0 25.0
Sorghum grain, ground 32.5 34.0 30.0 35.0 17.0 24.5
Soybean meal, solv. ext.

447 prot. 25.0 - - - - -
Roasted, ground soybean,

38% prot. - - 30.10 14.5 -- 16.0
Peanut meal, 50% prot. - 21.5 - 11.0 - -
Roasted, ground peanut meal,

267% prot. ‘ —— - - — 48.0 24.5
Alfalfa meal, dehy.,

17% prot. 2.0 2.0 2.0 2.0 10.0 2.0
Fish meal, 60% prot. 4.0 4.0 4.0 4.0 4.0 4,0
Distillers dried solubles 1.5 1.5 1.5 1.5 1.5 1.5
Calcium carbonate 1.0 1.0 1.0 1.0 1.0 1.C
Dicalcium phosphate 1.0 1.0 1.0 1.0 1.0 1.0
Sodium chloride 0.5 0.5 0.5 0.5 0.5 0.5
Total 100.0 100.0 100.0 100.0 100.0 100.0

Vitamin and mineral supplements5

1Contains 30.10% extruded soybean.

2Contains 14.5% extruded soybean.

3Contains 48% extruded snybean.

4Contains 16 extruded soybean, 24.5% extruded peanut.‘

5Same minerals and vitamins added per 100 as in Table 1.



Table A-3.

a3

Calculated amino acid content of the diets at 24% protein
compared to NRC requirements.
NBe p-1 b-2 a2535 a2;46 a§;79 325810
Arginine 1.4 1.76 2,14 1.74 1.90 2,67 2,15
Lysine 1.25  1.48  1.008  1.44 1.2 .ot 1.24
Tryptophane .23 .29 .27 <34 +30 27 «31L
Methionine .86 .48 .39 .91 64 260 676
Cystine 40 43 41t L4 41 .40 .41
Leucine 1.6 2,14 2.11 2.03 2,07 1.68 1.87
Isoleucine .86 1.30 1.04 1«23 1«13 .99 1.12
Threonine .80 .93 . 798 .94 .86 .721 +84
Phenylanin22 1.5 1.19 1.25 1.14 1,19 1.22 1.18
Valine 1.0 1.28 1.30 1.16 1.23 1.11 1.14
Histidine 46 «55 «54 +33 .53 «33 «536
Glycine 1,15 1.24 1.40 1.32 1.36  2.49 1.86
Fat 2.53 2.93 10.01 6.32 38,52 23.20
Energy Me
Cals/1b 1272.89 1342.44 1447.39 1394.24 1892.59 1652.77

C.P. ration

53:1

56:1 60.3:1

58:1 79:1

69:1

1

Limiting

amino acids:

lysine and methionine.

2Tyrosine furnishes remaining deficiency in phenylanine.
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Table A-4. Average 0-2 week weight gains and feed utilization for all lots,
experiment I.
Diet No. 7 Lot No. Gains in Grams Kg Feed per Kg Gain
1 1, 2, 3 178,367 1.573
2 4, 5, 6 €3.400 2.540
3 7, 8, 9 218,200 1.377
4 10, 11, 12 148,900 1.647
5 13, 14, 15 184,733 1,587
6 16, 17, 18 143.000 1.757
7 19, 20, 21 108.433 1.433
8 224 23, 24 174.667 1,360
9 25, 26, 27 151,933 1.327
10 28, 29, 30 240.733 1,350
Ranked diets based upon Fisher's L.S.D. for weight gain.1
Ranked diets for
R EHE il 10 1 8 9 6 7 2
1

Any lots not underscored by the same line are significantly different.
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Table A-5. Average 2-4 week weight gain and feed utilization for all lots,
experiment I.

Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
1 1, 2, 3 416.366 1.957
2 4, 5, 6 124.967 3.223
3 7, 8, 9 434.833 1.720
4 10, 11, 12 350.433 1.990
5 13, 14, 15 403.066 1.757
6 16, 17, 18 331.866 2.110
7 19, 20, 21 269.533 1.417
8 22, 23, 24 397.200 1.577
9 25, 26, 27 367.466 1.553
10 28, 29, 30 497,000 1.653
Ranked diets for 10 5 8 9 7 2

welght gain
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Table A-6. Average 4-6 week weight gain and feed utilization for all lots,
experiment I.

Diet No. Lot No. Gain in Grams Kg Feed per Kg Gain
1 1, 2, 3 595.166 2,290
2 b4y, 5, 6 232.039 2.693
3 7, 8, 9 619.266 1.940
4 10, 11, 12 483.733 2,207
5 13, 14, 15 563.266 2,137
6 16, 17, 18 485.100 2.330
? 19, 20, 21 236.100 2.767
8 22, 23, 24 546.433 1.877
9 25, 26, 27 469.500 1.947

10 28, 29, 30 603.133 2,027

Ranked diets for
wBlghe gEin 3 10 1 5 8 () 4 9 .7 2
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Table A-7. Average 6-8 week weight gain and feed utilization for all lots,
experiment I.
Diet No. Lot No. Gain in Grams Kg Feed per Kg Gain
1 1, 2, 3 624.867 2.593
2 4, 5, 6 322.010 2,483
3 7s 8, 9 576.566 2.577
4 10, 11, 12 567.600 2,677
5 13, 14, 15 615.233 2.427
6 16, 17, 18 532.533 2.650
7 19, 20, 21 349.233 2.313
8 22, 23, 24 609.400 2,170
9 25, 26, 27 511.100 2.350
10 28, 29, 30 643,100 2.297
Ranked diets for 10 8 3 4 7 2

weight gain
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Table A-8. Average four week (0-4 week) weight gain and feed utilization
for all lots, experiment I.
Diet No. Lot No. Gain in Grams Kg Feed per Kg Gain
1 1y &5 3 594.733 1.840
2 4, 5, 6 188.367 2,990
3 7, 8, 9 653.003 1.603
4 10, 11, 12 499.333 1.887
5 13, 14, 15 587,800 1.703
6 18, 17, 18 474,866 2.003
7 19, 20, 21 377.967 1.380
8 22, 23, 24 571.866 1.507
9 25, 26, 27 519.400 1.490
10 28, 29, 30 737.900 1.553
Ranked diets based upon Fisher's L.S.D. for weight gain
Ranked diets for 10 5 8 9 7 2

weight gain
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Table A-9. Average six week (0-6 week) weight gain and feed utilization
for all lots, experiment I.

Diet No. Lot No. Gain in Grams Kg Feed per Kg Gsin
1 1y, 2y 3 1180.866 2,027
2 4, 5, 6 420.410 2.873
3 1, 8, 9 1272.300 1.767
4 10, 11, 12 983.066 2.043
5 13, 14, 15 1151.066 1.917
6 16, 17, 18 959.966 2.170
7 15, 20, 21 614,066 1.740
8 22, 23, 24 1118.300 1.690
9 25, 26, 21 988.900 1.707
10 28, 29, 30 1340.866 1.763
Ranked diets for 10 5 8 9 6 7 2

welght gain
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Table A-10. Average eight week (0-8 week) weight gains and feed utilizaticn
for all lots, experiment I.

Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
1 L, 2, 3 1814.767 2.267
2 4, 5, 6 742.416 2.677
3 7, 8, 9 1848.866 2.020
4 1o, 11, 12 1550.667 2.277
5 | 13, 14, 15 1766.300 2.093
6 16, 17, 18 1492.500 2.330
7 19, 20, 21 981.066 1.903
8 22, 23, 24 1727.700 1.860
9 25, 26, 27 1500.000 1.920
10 28, 29, 30 1983.967 1.930
Ranked diets for 10 5 8 4 7 2

welght gain
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Table A-11. Average 0-2 week weight gains and feed utilization for all

lots, experiment II.

Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
1 1, 2 3 197.167 1.573
2 4, 5, 6 131.900 1.767
3 7, 8, 9 190.467 1.500
4 10, 11, 12 180.033 1.650
5 13, 14, 15 140.933 1.887
6 16, 17, 18 145.667 1.733
7 19, 20, 21 25.467 4.750
8 22, 23, 24 95.833 1,990
9 25, 26, 27 120.667 1.793
10 28, 29, 30 123.567 1.730
Ranked diets for 1 6 5 9 10 9 8 7

weight gain




Table A-12. Average 2-4 week weight gains and feed utilization for all
lots, experiment II.
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Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
1 1, 2, 3 432.066 1.987
2 4y, 5, 6 400.366 1.850
3 7, 8, 9 437.766 1.763
4 10, 11, 12 428.233 1.863
5 13, 14, 15 358.800 1.943
6 16, 17, 18 379.333 1.903
7 19, 20, 21 33.500 4.533
8 22, 23, 24 220.067 2.037
9 25, 26, 27 375.967 1.293
10 28, 29, 30 337.333 1.657
Ranked diets for 3 2 6 9 10 7

weight gain




Table A-13. Average 4-6 week weight gains and feed utilization for all

lots, experiment 1I.

Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
l. 1, 2 3 526.667 2,463
2 4, 5, 6 521.400 2,303
3 7, 8, 9 502.467 2.533
4 10, 11, 12 483.167 2.597
5 13, 14, 15 448,633 2.620
6 l6, 17, 18 459.767 2.650
7 19, 20, 21 138.500 1.613
8 22, 23, 24 332.333 2.483
9 25, 26, 27 515.833 1.577
10 28, 29, 30 495.567 1.957
Ranked diets for 1 3 10 4 5 8 7

weight gain
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Table A-14. Average 6-8 week weight gains and feed utilization for all
lots, experiment II.

Diet No. Lot No. Gain in Grams Kg Feed per Kg Gain
1 1y 25 3 565.000 2.707
2 4, 5, 6 607.700 2,167
3 7, 8, 9 579.066 2.620
4 10, 11, 12 526.166 2.700
5 | 13, 14, 15 591.533 2.430
6 le, 17, 18 545.433 2.693
7 19, 20, 21 216.633 1.720
8 22, 23, 24 416.566 2.070
9 25, 26, 27 616.867 1.923
10 28, 29, 30 570.333 2.343
Ranked diets for g 2 5 3 10 1 6 4 8 7

weight gain —_—




Table A-15.
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Average four week (0-4 week) weight gains and feed utilizatiom
for all lots, experiment II.

Diet No. Lot No. Gains in Grams Kg Feed per Kg Gain
1 L, 24 3 629.233 1.857
2 4, 5, 6 532.266 1.857
3 7, 8, 9 628.233 1.680
4 10, 11, 12 611.267 1.800
3 13, 14, 15 499.733 1.930
6 16, 17, 18 525.000 1.877
7 18, 20, 21 58.967 4,617
8 22, 23, 24 315.900 2,020
9 25, 26, 27 496.633 1.400
10 28, 29, 30 460.900 1.680
Ranked diets for 1 2 6 5 10 7

weight gain
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Table A-16. Average 0-6 week weight gains and feed utilization for all
lots, experiment II.

Diet No. Lot No, Gains in Grams Kg Feed per Kg Gain
1 1, 2, 3 1155.900 2.130
2 4, 5, 6 1053.666 2.060
3 7, 8, 9 1130.700 2,053
4 10, 11, 12 1094.433 2.150
5 13, 14, 15 948.367 2.253
6 16, 17, 18 984.767 2.237
7 19, 20, 21 197.467 2.437
8 22, 23, 24 648.233 2.253
9 25, 26, 27 1012.466 1.493

10 28, 29, 30 956.466 1.820

Ranked diets for
weight gain
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Table A-17. Average eight week (0-8 week) weight gains and feed utilizationm,
experiment II.

Diet No. Lot No. Gain In Grams Kg Feed per Kg Gain
1 1, 2, 3 1720.900 2.317
2 4, 5, 6 1661.366 2.100
3 7, 8, 9 1709.800 2.247
4 10, 11, 12 1620.600 2,330
5 13, 14, 15 1539.900 2,313
6 16, 17, 18 1530.200 2,400
7 19, 20, 21 414,100 2,083
8 22, 23, 24 1064.800 2,183
9 25, 26, -27 1629.333 1,657
10 28, 29, 30 1526.800 2,017

Ranked dilets for
weight gain
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Two experiments were conducted in which broiler chicks were fed infra-
red cooked, groun&, full-fat peanuts and soybeans, their extruded forms, and
peanut meal as the main sources of supplementary protein. Combination of
these were also fed up to one-half of each vegetrable protein to formulate
a 24% protein starter and 207 pfctein finisher diets for 0-4 and 4-8 weeks,
respectively. Corm-sorghum grain-soybean meal diet was used as the control
diet,

Weight gain and feed utilization were obtained every 2 weeks from chick
weight gain and feed consumed.

It was found that peanut meal as a single source of protein was defi-
cient in lysine and methionine while full-fat peanuts were deficient in
these and threonine. Weight gains and feed utilization were significantly
poorer than the sgovbean meal contrel diet.

Wnen peanut meal replaced one-half of soybean protein in the diet,
lycine was deficient and poorer weight gain and feed utilization resulted.

When full-fat peanut protein replaced one-half of full-fat soybean
protein, weight and feed utilization were equal or better than the control
diet. Similar favorable results were obtained with full-fat soybeans.

Nonsignificant weight gains and feed utilization were obtained by

supplementing with calculated levels of the deficient amino acid.



