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ABSTRACT

Experiments were designed and conducted to study the nutritive
val ue of fullfat soybean for chickens. The study exam ned the
utilization of raw, roasted, autoclaved and cooked fullfat soybean by
broil er chickens and the utilization of raw and cooked fullfat soybean

by pul lets and | ayi ng chi ckens.

Resul ts showed that broiler chickens fed rations containing fullfat
soybean cooked in boiling water or autoclaved for 30 ninutes at 15 Ib
pressure per square inch (p.s.i) i.e. 1.0546 kg/cnf, grewnore rapidly
than chicks fed rations containing raw fullfat soybean. Autoclaving
or cooking fullfat soybeans for 30 nminutes in boiling water was nore
beneficial than roasting or cooking for 15 mnutes. No further
advant age was obt ai ned by cooking fullfat soybean for 45 nm nutes.

A der chicks between the ages of 6-9 weeks were nore able to utilize
raw, roasted or fullfat soybean cooked for only 15 mnutes in boiling

wat er .

The rations which contained raw full fat soybean caused significant
enl argenent of the pancreas. Cooking for 30 or 45 minutes in boiling
water or autoclaving for 30 mnutes at 15 Ibs p.s.i. reduced the effect
on the pancreas. The feeding of raw, roasted or fullfat soybean cooked
for 15 mnutes had no significant effect on the relative wei ghts of
the heart, liver and the spleen or on the relative weights of the

t hyroi d.



Vi .

Bimnation of maize by increasing the level of fiillfat soybean
to serve as nain energy source in the ration, tended to |lower the
nmet abol i zabl e energy of such rations and when fed, resulted in reduced
growt h performance. Results indicated that although adequately cooked
full fat soybean coul d repl ace commercial soybean neal in the rations
of chicks, provided such rations were adequate in ME and protein, it
coul d not probably repl ace nai ze conpl etely w thout adversely affecting

growth rate and efficiency of feed utilization.

The use of fullfat soybean in the rationsfor pullets indicated
that raw or cooked fullfat soybean could be used in the rations to
rai se egg type pullets from8-20 weeks of age without adversely
affecti ng body wei ght and feed i ntake. However, when the rations
were fornmulated with fullfat soybean |evel as high as 37.00%to repl ace
nmai ze as energy source, the ME of such rations becane suboptinal .
The protein tended to be higher than normal for pullets. Feeding of
such rations resulted in reduction of body weight and resulted in

del ay in onset of |aying.

The inclusion of raw fullfat soybean at 20.40%level in the rations
of laying chickens did not significantly affect egg production, egg
weight or nortality. However, attenpts to use fullfat soybean to
repl ace nai ze as energy source resulted in reduction of ME content
of the ration. Feeding of such rations containing either raw or cooked
full fat soybean reduced egg production and rai sed age at 50% producti on.
Results indicated that although cooked or raw fullfat soybean coul d
repl ace commerci al soybean meal in iso-caloric equi-protein rations of
laying birds, it probably cannot replace nmaize in the rations w thout

adversel y affecting perfornance of the birds.
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INTRODUCTION

Lepune seeds have been important as valuable protein sources for
farm animals, particularly the monogpastric species. Soybean in parti-
cular has played a significant role in sustaining the poultry industry
in most of the advanced countries of the world, such as the United

States of America, CGreat Britain, Canada, etc.

Commercizlly processed soybean meal has been used as a primary
protein source. In Niperia, although soybean is produced, little
attention is paid to commercial processing of soybean to produce both
soybean meal and soybean oil. As a result, large quantities of soybean
may be available for use in poultry feeds. It would therefore be
worth while to assess the nutiritonal velue of fullfat soybean in
poultry rations. However, raw soybean contains certain anti-nutrition-
al factors which must be removed if its nutritive properties are to
be fully explored. This fact, coupled with growing shortape of
supplementary protein sources world wide, lends impetus to any attempt
to explore methods of rendering available protein sources such as
soybean suitable for use in livestock production. In the circumstance
of Nigeria's economy and the low level of industrialization therefore,
where few or no processing plants exist for soybean extraction to make
soybean mez1 available as a by-product, and in view of the established
need of the poultry industry for protein supplement, an evaluation of
the effect of simple easily applicable processing methods on the



o

nutritive value of fullfar soybean becomes necessary.

The need to explore the use of fullfat soybean in poultry rations
is further strcngthened by the fact that soybean, because of its high
fat and protein cortent, may play an important role in serving as a
good source of encrpy, replacing part of the often scarce cereal grain
as well as serve as an important protein source in diet formulation
for poultry.

The object of this study therefore was to evaluate the nutritive
value for chickens of feeding fullfat soybean both as a protein and
energy source. Raw, roasted, cooked and autoclaved fullfat soybeans
were evaluated to determine the treatment method that enhanced the

nutritional value of fullfat soybean the most for chickens.
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FEVIEW OF LITERATURE

Soybean (Clycine Max) is one of the oldest crops in cultivation
dating back to 2838 BC (Oyenuga, 1968). 1t is cultivated primarily
for its 0il bearinp seeds which are used widely for human consumption
or as a concentrate for farm animals or for the extraction from them
of 0il, lezving soybean 0il meal. As a lepune, soybean contains o
number of snti-nutritional factors which make the feeding of raw
soybeans harmful to all monogastric animals unless the seeds are
properly processed to destroy these factors,

Action of Trypsin Inhibitor (TI) in Soybean

Onc of the earliest references to the effect of heat in improving
the nutritional value of soybean was the work of Osborne and Mendel
(1917), following the feeding of soybean as the sole source of protein
to rats, The rats in the experiment did not grow as well as those on
cooked soybean diets. Analysis of soybean protein by Kumitz (1945),
showed that it contained a protein with the characteristic ability io
combine with the enzyme trypsin to form a complex, thereby inhibiting
the enzyme activity. Carrol, Hensley and Graham (1952) measured
digestion in the various parts of the intestines of rats by using
chromic oxide as a marker and observed that 77% of umheated soybean
meal was dipested compared to 85% for autoclaved soybean meal. Most
digestion of the unheated soybean meal was reperted to occur in the
distal part of the intestine. The high level of unabsorbed nitroscen
in the distal part of the intestinal tract was high in enzvmic activity

which was thought to be of pancreatic origin.



Salman and kcGinnis (1968) reparted higher trypsin activity and
lower amylase activity in pancreatic homopenaics from fasted birds
previously fed unheated soybean meal. The lovels of enzymes were
maintained fairly constantly during feeding in contrast to the
variations obscrved when autoclaved scybean meal was fed after
16 hours fasting period. Earlier, Applerarth, Furuta and Lepkovsky
(1964) had shown that pancreata from chicks fod unheated soybean meal
were completely depleted of zymogen and this was attributed to a
loss of zymogen granules as a result of the decreasc in proteolytic

activity following feediny of unheated soybean meal.

Of intcrest was the work of Salian and McCinnis (1968) which
indicated an increazse in the synthesis of digestive enzymes in the
pancreata of chicks adapted to unheated soybean meal as well as an

increase in the rate of release of zymogen from the pancreas.

The influence of raw soybean diet on the chicks intestinal
proteolysis had earlier been studied by Alumot and Nitsan (1961) in
order to expisin the growth retarding effcct., These workers observed
that in chicks um to 3 weeks of age, intestinal proteolysis was
almost completely inhibited. However, from the 4th week proteolysis
increased,approaching the normal at 6 weeks. Hypertrophy of the
pancreas developed in the raw soybean proup which was associated with
increased enzyme production to overcome the inhibitor. These workers
considered the chick growth retardation by antitrypsin to be due to
unavailability of protein, especially in the first 3 weeks of life,
and increased protein requirement by the stimulated pancreas. They
explained that in some way, the pancreas reacted to the presence of

the trypsin inhibitor in the intestines and so secreted morc enzyme



to compensate for the effect of the inhibitor, Hypertrophy, they

concluded, was a result of the increased activity of the pancreas.

An evidence that aminc acid supplementation may overcome the
deleterious effects of unheated soybean was earlier given by Fisher
and Johnson (1958). Thesc workers observed pood growth when raw
soybean ration was supplemented with fourteen essential amino acids
for poultry which perhaps indicated the cffectiveness of essential
amino acid supplementation to overcome the depression caused by

unheated raw soybean meal.

Khayambashi and Lyman (1966) reported that soybean trypsin
inhibitor (SBTI) produced a significant prowth depression in rats
and that supplementation of the diet with methionine, threcnine and
valine completely prevented the deleterious effects, which probably
indicated that amino acids other than methionine could play a supple-

mentary role in improving the nutritional value of raw soybcan meal.

Other deleterious factors in soybean

Kornberz and Davies (1955) reported that other inhibitory factors
found in soybean, in addition to trypsin inhibitor arec saponins as
well as hemagplutinins. In addition scybean contains the enzymes
urease and lipoxidase. Lipoxidase oxidises unsaturated fatty acids
releasing peroxides which interact with other compounds to cause
harmful effects in animals. Urease hydrolyses urea to ammonia (M)
and carbon dioxide (Q0,). Its activities in mammals are largely

confined to the pastrc-intestinal tract.

Soybean contains other anti-nutritional factors, one of which

is soyin. This factor appcars to be primarily responsible for appetitc



depression at least in rats (Liener, 1953). Liener (1953) was probably
the first worker to observe that in addition to SBTI, there was yet
another toxic protein in association with SBTI., Following experiments
with rats, he observed that soyin is an appetite reducer associated
with the feeding of raw soybean meal diets. However, as is the case
with SBTI, soyin is a heat labile factor and can be destroyed by
proper heat treatment to prevent any deleterious effect on the animal
when soybean meal is fed.

Apart from these factors already mentioned, raw soybean contains
goitrin. Thss factor acts principally by inhibiting the organic
binding of iodine in the thyroid and interferes with the synthesis of
thyroxine. As a result, the anterior pituitory is stimulated to
produce a thyroid stimulating hormone which acts on the thyroid gland
causing hypertrophy and hyperplasia. Olomu (1974) quoted Josefsson
(1972) who reported that growth depression may result as a consequence

of this action.

Patton, Wilpus and Harshfield (1939) were probably the first
workers to produce goitre in chickens by feeding raw soybean meal.
Later, Wilgus, Gassner, Patton and Gustafson (1941) demonstrated the
presence of a poitrogenic substance in soybean by producing goitre
following the feeding of soybean to rats. Sharpless, Pearson and
Prato (1939) had earlier shown that the substance could be inactivated
by heat while "ilgus et al,(1941) demonstrated that it could also
be destroyed by fat solvents.

Although goitre has been produced by feeding soybean to rats
(Wilgus et al, 1941), and Patton et al (1979) reported the production

of goitre experimentally in chickens, practical diets containing soybean



meal have not been known to cause goitre in chickens. Clandinin,
Bayly and Caballerc (1966), observed that although thyroid enlarge-
ment occurred when goitrin was fed, the animel appeared to reach
physiclogical enuilibrium with respect to thyroxine hormone production
rate at increased thyroid to body weight ratio.

Hemagglutinin in raw soybean
The presence of hemagglutinins in soybean has been demonstrated.

This substance causes non-specific interference with nutrient absorp-
tion in the intestines by combining with the cells of the intestines
{Liener 1977). Heat treatment may not always destroy all the hemagelu-
tinins in soybean and this may result in vomitting and diarrhoez in
some subjects (Korte 1973). The presence of hemapplutinins may also

interfere with the absorption of certain amino acids (Korte, 1973).

Enzyme in raw soybean
Soybean as most other legume, contains the enzyme urease which

upon hydrolysis yields ammonia (Ni;) which the body has to detoxify
to render it hammless. In the process energy is expended. Where
soybean is well heated to destroy the enzyme, less N{S is formed
during digestion and so energy is reserved and utilized for growth
and other body activities rather than for detoxication of N, from

hydrolysis of urease.

Urease activity in legume seeds can be used to test the effective-
ness of cooking soybean (Bird, Boucher, Caskey, Havward and Hunter
1947), or as 2n indicator of enzyme destruction. Attempts have been
made to establish a relationship between uresse activity in soybean

and the decree of processing. The intensity of heat treatment required



for developuent of hish nutritive valuc of soybean meal appears to be
the same as that required for destruction of the enzyme urease.
Inadequately heated soybean meal could be determined by measuring

their ureasc content (Bird et al, 1947).

Urease activity is demonstrated by increase in acidity. Hayward
(1967) showed that there was definite relationship between protein
efficiency, protein denaturation and ureasc ~ctivity. He further
demonstrated that raw soybean had a pH risc of about 2.0 which feil
rapidly as the meal was toasted. A pH rise of 0.2 was associated with
adequately cooked soybean meal. Hayward (1967) recommended a pH rangc
of 0.05 to 0.2 for properly cooked soybcan. However, Rackis (1965)
recommended that a pH range of 0.05 to 0.15 should be associated
with properly processed soybean meal. In larpgc scale commercial
processing of soybean, based upon the above studies, urease activity
test has been used as a measurement of proper processing because the

level of heat that destroys urease also destroys SBTI.

From the iliterature, it has been shown that soybean contains
a mmber of anti-nutritional factors which make feeding it in the raw
form detrimental to chickens. Most of these factors are heat labilc
and as a2 result, once raw soybean is pronerly heated it could be used

as a dietary component for chickens.

Effect of heat on the nutritive value of raw soybean

Since the initial report of Osborne and Mendel (1917) that
heating improved the nutritional value of soybeans for monogastric
animals, many attempts have been made to determine optimum heating

conditions that would destroy all the harmful components in soybean,



but at the same time preserwve its nutritional properties. Many
processing methods have been used ameng which are roasting, infra-red
cooking (Featherstone and Rogler, 1966), heating in the autoclave
(Renner and Hill, 1960) and heating in the oven at a hipgh temperature
of 288-357°C (Simovic, Summers and Bilanski, 1972).

Processing heat appears to be able to destroy or at least
inactivate one or more of the anti-nutritional factors known to be
present in raw soybean .as propounded by Borchers, Ackerson,
Sandstedt and Kimmett (1948). Featherstone and Ropler (1966). Salman
and McGinnis (1968) and Simovic et al, (1972) all showed that in
addition to improving protein utilization and the performance of

chicks, heat treatment of soybean prevented pancreas hypertrophy.

In addition to destroying most of the toxic principles, Hayward
and Hafner (1941) rwported that proper heat treatment rendered the
sulphur amino acids in soybean more available to the animals.

Melnick, Oser and Weiss (1946) observed that methionine was released
earlier from heat treated soybean meal than from raw soybean meal.

The late release of methionine when raw soybean meal was fed would

not allow optimum supplementation by other amino acids for proper
utilization. These workers observed that for a protein to be properly
utilized, the amino acids it contains must be liberated during digestion

at the rate that allows mutual sunplementation with other amino acids.

Reisen, Clandinin, Elvehjem and Cravens, (1947) made an extensive
study of the liberation of essential amino acids from raw, properly
heated and overheated soybean 0il meal and reported that the amount
of each essential amino acid liberated by pancreatic hydrolysis was

increased by proper heat treatment and decreased by excessive heat.
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These workers observed that the liberation of essential amino acids
from raw soybean o0il meal in the presence of sufficient pancreatin

to give at least the same active enzyme concentration as used in the
properly heated meal was not as complete as with the properly heated
meal except in the case of lysine. This result was probably an
indication that trypsin inhibitor was not the only factor involved

in raw soybcan. Riecsen et al, (1947) observed that the liberation

of methionine and lysine was decreased by prolonged heating,

Clandinin, Cravens, Elvehjem and Halpim (1947) observed that time

and temperature were important in the processing of soybean meal.

They reported that the heating of solvent extracted soybean meal in
the autoclave for 4-15 minutes at 15 1bs pressure yielded a meal of
excellent quality for chicks. These workers further observed that
increasing the heating time beyond 15 minutes caused a drastic decrease
in nutritional quality of the product. For improvement in performance,
diets containing such overheated soybean meal had to be supplemented
with methionine, lysine and vitamins. In a review of the utilizaticn
of heated soybeen protein by chickens, Eving (1963) reported that the
improved utilization of lysine when heated soybean was fed was not
brought about by increased absorption, but that the heat trcatment
increased the utilization of this amino acid after absorption. Seversl
other feeding experiments have been conducted to evaluate the effect
of heat on the nutritive property of soybean protein. Hayward (1967)
reported that moist heat treatment, such as in boiling or autoclaving,
had been most effective in enhancing the nutritive value of soybean
protein. In contrast, dry heat treatment, such as in roasting, was
less effective. The author reported that over-heating impaired the

nutritional value%oybem by rendering cne or more of the essential
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amino acids, particularly lysine, less available. Renner, Clandinin
and Robblee (1953), on their part, studied the effect of moist heat
and reported that it was capable of improving the nutritive value of
soybean meal and suggested that large amounts of moisture could prevent
the detrimental effect of overheating.

Although heat treatment had been seen generally to improve the
nutritive value of soybean meal, the response of the chick would
appear to depend upon the amount of the inhibitor that the heat has
been able to destroy during processing. Rackis, McGhee and Booth
(1975) reported that at least 79% of the inhibitor must be destroyed
before maximm protein utilization could be observed. A major
criterion cammonly used to evaluate the effect of heat treatment of
soybean meal is the rate and extent of protein digestion. In experiment
with chickens, Evans, McCGinnis and St. John (1947) reported that the
digestibility of the protein of raw soybean 0il meal was only about
80% that of heated soybean meal. However, on the contrary, in rat
experiments, although Hayward, Steenbock and Bohstedt (1936) recorded
a slower rate of digestion for the raw soybean protein, the difference
in digestibility between raw and heated soybean protein was relatively
small. In their own study, Nesheim and Garlich (1964) reported
digestibility co-cfficients of 55% and 85% for unheated and autoclaved
soybean mea! respectively and observed a2 poor nitrogen retention which
was associated with the low level of methionine in the unheated soybean
diet. In feeding experiments involving autoclaved and unheated soybean
meal, Salman and McGinnis (1968) observed that protein dipestibility
values of the autoclaved soybean meal was hiph compared with values

obtained with unheated soybean meal. The size of the pancreas was
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twice as larpe when unheated soybean meal was fed compared with the
size of the birds fed autoclaved soybean meal.

In experiments in which ground soybean and extracted dehulled
soybean flakes were used, Renner and 1iill (1960) reported that optimum
heat treatment as indicated by the ratc and efficiency of chick growth
was achieved by 10, 40 and 60 minutes heating at 107°C. The differences
between these treatments were not statisticelly significant. However,
unheated flakes and the overheated flakes promoted significantly less
rapid and less efficient growth., These workers then supported the
concept that the low nutritive value of raw soybecan was due to its
poor digestion and absorption. Working with field beans, Coatcher
and McGinnis (1973) observed that increase in the nputritive value of
beans in general with autoclaving was probzbly due to increased diges-
tibility of the protein as a result of inactivation of toxic factors

known to be present in lepumes.

Time-temperature relationship was investigated by Simovic et al,
(1972) in two experiments. Temperatures varying from 288 to 357°C
and time from 30 seconds to 3 minutes were investigated. An optimum
treatment time was found at each temperature used, indicating that
shorter treatment time could be used provided the total heat input
was similar. It was not possible to reduce treatment time to less
than 30 sccondssince it would reauire temperatures beyond 357°C, which
would char the beans. They observed that at the high temperature used,
moisture level of the beans had little or no effect on the processing
tenperature as measured by weight gain and efficiency of feed utiliza-

tion.

The degree of heat treatment can either improve the nutritive
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walue of soybean or impeir it according to whether it was optimal or
excessive. Pwing (1963) discussed the biocchemical changes occuring
in soybean oil meal protein as a result of autoclaving and the effect
of these changes on cystine #nd methionine metabolism by the chick.
According to Ewing (1963), autoclaving or steaming (100°C for 30 minutes)
of raw sovbean cil meal increased the purcentage of the cystine and
methionine present in the meal that was retained and metabolized by
the growing chick. Steaming apparently incrcased the digestibility
of the soybean cil meal protein probably by destruction of the TI.
However, more drastic autoclaving (130°C for 60 minutes) reduced the
percentage nf the cystine and methionine present in the meal, The
growth response produced by autoclaving raw soybean 0il meal at 100°C
for 30 minutes was more than twice as good as the response produced
by a supplementation with methionine. From these results, Ewing (1963)
considered that autoclaving probably improved the nutritive value of
raw soybean by affccting the availability of nutrients other than
cystine and methionine. More recently, Amold, Summers and Bilanski
(1971) attempted to develop an on farm soybean heat treater suitable
for use in processing of small quantities of soybean, Feeding trials
carried out indicated that fullfat soybean when properly treated with
their machine, cculd be well utilized by chickens. These workers
recorded marked improvement in weipht pain and efficiency of feed
utilization and decrease in pancreas size with the heated sample as

compared to the untreated sample.

In an attempt to make maximum usc of encrgy content in experiment
with chicks, Simcvic, Summers and Bilanski (1972) used heat treatment
to enhance the energy of raw sovbean, They cbserved that heat treatment
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increased the availability of ¢il in the beans which was demonstratecd
by enhanced feed utilization. The authors reported that the heat
treated soybean meal diets were higher in energy than the control or
raw soybean dict. They obscrved that the temperature reouired for
maximum pain varied and maximum or similar weight gain were achieved
at several temperatures uitFin?’particular time treatment. From these
observations the authors concluded that shorter or longer heatine time
could be used provided the temperature was adjusted to provide the
necessary heat input. However, as VWoodly, Summers and Bilanski (1972)
pointed out, the optimum time-temperature relationship may not always

coincide exactly.

The body of evidence thus indicates that the nutritive valuc of
raw soybean is enhanced by proper heat treatment. Temperature of
heating and the extent of heat treatment were important considerations

in the heat treatment of soybean.,

Effect of heat on the metnbolizable enerpy of fullfat
soybean for chickens.

The beneficial effect of heat on the nutritive value of soybean

and soybean oil meal for chickens, rats and other monogastric species
has been well established., Ouite 2 major part of this beneficial
effect is due to the improvement in the metabolizable energy of
soybean. This improvement enhances the overall utilization and
poverns the metabolic sum of the processes of digestion, absorption
and utilization of the diet in enerpy units (fill and Anderson 1958;
Anderson, Hill and Renner 1958).

Renner and Hill (1960) reported that subjecting raw soybean to
10, 40 and 60 minutes heating at 107°C at 4 1b pressure in the
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autoclave improved its metabolizable energy and this resulted in
corresponding increase in body weight. Untreated raw soybean proup
and the 120 minutes 15 1b pressure overheated group weiphed less,
Renner and Hill (1960) also observed that moist heat treatment for

10 and 40 minutes at 4 1b increased the percentape of apparent
abscrbability of soybean 0il in both soybcan flakes and scybean dicts
with corresponding improvement in body weight. The poor nutritive
value of row soybean was found to be due to its poor dipestion and
absorption. The authors concluded that metabolizable enerpy values
were pood indicators of heat treatment. Underheating resulted in

low metabolizable energy values while overhcating of soybean resulted

in depression of metabolizable energy.

In experiments with laying hens, Hill and Remmer (1963) tested
the effect of graded levels of heat treatment (Autoclaving for 10, 40
and 60 or 120 minutes at 107°C) on the wutilization by adult hens as
measured by the metabolizable enerpy and fat absorbability. They
reported that the metabolizable energy values of the unheated materials
were significantly lower than those of the optimally heated samples
while prolonged heating reduced the cnergy value of the extracted
flakes but had little or no deleterious effect on the enerpy value of
the ground soybecan. Absorption of dietary fat was impaired in unheated
flakes probably because of the heat labile factor in raw soybean which
interferes with fat absorption and utilization (Brambila, Nesheim and
Hill, 1961). This effect was abolished by hcat while egp production

was reduced by feeding unheated soybean.

Renner and Hill (1960) also remorted that the samples cf soybean
flakes which promoted most rapid and most efficient growth also contained
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the hiphest metabolizable energy value per gram. All the soybean
samples heated at 107°C for 10, 40 and 60 minutes were of similar
values as measurcd by the rate and efficiency of growth, although the
maximal ME valuc was obtained with the sample heated for 10 minutes
at 107°C. The ME velues of the heated soybean samples were signifi-
cantly preater than those of the unheated samples,

Metabolizable energy values provide information on overall
utilization of the soybean without an indication of whether the meal
portion or the oil portion was efficiently utilized. Renner and Hill
(1960) therefore contended that the apparent MP of the heated soybean
was the same as the ME value of its parts i.e. the oil and the meal.
In this experiment the heat treatment which produced maximal rate and
efficiency cf chick growth also produced maximal utilization as
measured by ME value which they found to be consistent with the concept
that the growth retarding effect characteristic of unheated soybean
and soybean flakes was due to their poor digestibility. The authors
associated improvement in ME values entirely to increased fat absorb-
ability. The unheated material interferred with fat utilization and
the utilization of soybean 0il from the ground soybean was markedly

poorer than if it were added to the diet as such.

The body of evidence in the literature indicates that proper
heat treatment enhances the ME value of fullfat soybean meal for
chickens. Since the energy value of a fee? ingredient is only
important if that energy is available when the ingredient is fed,
the level of heat application should enhance the ME value without
deleterious effect on the protein of fullfat soybean or reducing

the utilization of its ME content.
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Effect of raw soybean meal on fat utilizaticn

In addition to the well known inhibitory action of raw soybean
on protein absorpticn, it has been reported that raw soybean meal
possesses @ heat-labile factor which depresscs fat absorption in
young chicks as shown by increased faeccal excretion of lipids
(Brambila, Nesheim and Hill, 1961; Nesheim, Garlich and Hopkins,
1962). Garlich and Nesheim (1965) reported that dietary addition
of sodium taurccholate restored normal fat excretion which led them
to conclude that raw soybean probably caused a deficiency in bile
acids in the young chicks which in turn was responsible for poor fat
absorption. In their study. Sklan, Budowski, Ascarelli and Hurwitz
(1973) observed that the most striking effect of raw soybean was the
markedly higher secretion of bile constituents, namely bile acids,
phospholipids and cholesterol as well as total fatty acids into the
duodemum of chicks, followed by a correspondingly faster disappearance
of the same components between the duodemum and the upper jejunum.
Scott et al, (1969) reported that dietary lipids enter the duodenum
and become emulsified upon contact with bile salt as a pre-requisite
for lipid absorption. However, as the bile constituents disappear
rapidly from the ducdenum scon after they have been secreted,
emulsification appears to be prevented, resulting in increased faecal
excretion of 1lipids in young chicks when raw soybean is fed as
reported by Brambila et al, (1961), Nesheim et al, (1962). Serafin
and Nesheim (1970) reported an increased turnover of bile constituents
in raw soybecan fed birds. This raw soybean effect namely increased
bile secretion into the duodenum, was considered to be part of a

ceneral stimulatory action by raw soybean on all digestive
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secretions (Sklan et al; 1973). In effect raw soybean increased

pancreatic secretion resulting in influx of water and protein into
the intestines. The authors concluded that the mechanism by which
this stimulating action was accomplished appeared to be related to

the presence of TI factors in raw soybean.

The investigation of Nesheim, et al, (1961) on fat digestibility
in chicks revealed that 2 week old chicks absorbed only 49% of dietary
soybean 0il while 3 week old chicks could absorb 73%. Soybean 0il in
diets containing completely heated meal was over 94% absorbed. From
this study, it appeared that there was effect of age of the chick on
the degree of digestibility of scybean cil resulting from dietary raw
soybean o0il meal. DPigestibility was poorer in very young chicks.

Most of the cffect on digestibility caused by raw soybcan oil meal
disappeared by the time the chicks were 4 weeks old. From this the
authors concluded that the TI in raw soybean oil meal may be involved
in the poor fat dipestibility because the addition of crude Trypsin
concentrate or crystalline trypsin was seen to cause a marked improve-

ment in absorbability.

Effect of amino acid supplementation on the nutritive value of FFSB.

The use of heat in the processing of soybean was mestly desipned
to remove any depression in nutritive value caused by the presence of
soybean Trypsin inhibitor (SBTI) and other anti-nutritional principles
so as to enhance the utilization of its protein. Meny workers have
attempted to indirectly improve the nutritive value of raw soybean by
supplementing diets containing raw soybean meal with amino acids.

#1ouict, Mecchi, Kratzer and Grau (1942) reported little or no
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response following supplementation of raw soybean meal diet with
cystine or choline. Hill et al., (1953) using a mixture of all
essential aminc acids did not obtain satisfactory growth response

in chicks. In their own study, Hayward snd Hafner (1941) reported
that 0.3% methionine supplementation of raw or cooked soybean meal

was effective in improving performance of chicks while 0.3% cystine

was not as effective. The authors concluded that methionine at that
level could replace cystine but not vice versz, Fisher and Johnson
(1957) noted that supplemental methionine could improve egg production
of birds on raw soybean meal diets containing vitamin B. Opundipe
(1980) reported that Yates (1963) did not support this observation
although he cbserved that supplemental methionine could improve the
utilization of raw soybean meal diet but would not prevent hypertrophy
of the pancress. The result reported by Booth, Robbins, Ribelin and
De Eds (1960) also indicated that supplementation of soybean meal diets
with methionine plus threonine, valine anl tryosine resulted in improve-

ment in nutritional value,

In a rat experiment, ¥hayambashi and Lyman (196€) reported that
supplementation cf diets containing SBTI with methionine, threonine
and valine completely prevented the growth depressing effect of SBTI.
They found thzt the rats in the experiment fed on SBTI containing
diets supplemented with the amino acids had more intestinal protease
activity anc a hiph concentration of insoluble nitrogen in the smell

intestines and greatly enlarged pancreas.

In their own experiment, Yen, Jensen, Hymowitz and Baker (1973)
compared the nutritional value of trypsin inhibitor variant soybean

varieties and used supplemental DL methionine to determine the effect
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of such supplementation on the utilizaticn of the varieties by chickens.
There was a significant interacticn between methionine addition and
protein source on pancreas weight which was increased by methionine
supplementation when the raw soybeans were fed, but not when heated
soybean meal was fed. Methionine addition resulted in increased
weight pain, feed intake and efficiency of feed utilization and protein
retention. The authors reported that methionine addition correcte!

the first limiting amino acid deficiency of the heated soybean dict.
The improved performance and nitrogen retention seemed to have resultod
from the incresscd availability of methionine for maximum prowth rather
than from the synthesis of pancreatic enzymes. This was reflected in
the greater protein retention, unaltered whole body composition and

no sigmificant chenge in pancreas weight. They observed that in the
case of raw soybean meal diets, methionine addition caused increased
pancreas weight and change in body composition. The authors explained
that if increased pancreas weight represented increased pancreas
function, then the effect of methionine addition tc diets containing

raw soybean may have been mediated through the pancreas,

Opundipe and Adams (1974) also reported the beneficial effect of
supplemental wethionine for layers. These workers found that 0.5%
supplemental methionine improved body weight of egp type pullets at
20 weeks of age, DMethionine (0.5%) addition to raw soybean based diet
also improver significantly the subsequent hen day epy production of
birds,

There is abundant evidence of the beneficial effect of supplement-
inp soybean meal based diets with amino acids particularly methionine,

which is the first limiting amino acid in such diets. The improvement
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in body weight of growing birds and in egg production of layers, points
to the nesd 2and value of supplementing soybean based diets with this

essential aminc acid.

Mode of action cf unheated sovbcan cn tissue utilization
of methionine and cystine.

In spite of the knowledge that heat treatment was necessary for
optimum utilization of raw soybean, the mode of action whereby the
trypsin inhibitor in unheated soybean exhibited its effect on tissue
utilization of methionine and cystine was not investigated until the
classic work of Kwong and Barmes (1963). Biochemically, oxidation
of carbon chain of methionine is kncwn teo be involved in the conver-
sion of methionine to cystine. Thesc workers reported that the
metabolic defect caused by trypsin inhibitor in raw scybean was
exhibited in an increased oxidation of methionine and this was related
to an increased conversion of methionine tc cystine. They also reported
specific increase in requirement for cystine. They observed that this
metabolic defect was responsible, at least in part, for growth
depression when unhcated soybean wos fed. Kwong and Barnes (1963) also
reported a decrease in apparent absorbability of nitrogen when unheated
soybeans werec fecd which was accounted for by increased metabolic faecal
nitrogen. In the chicken, much larper nitrogen and sulphur excretion
in the faeces were observed when unheated soybeans were fed and the
workers concluded that incomplcte absorption of protein might be a
major contributor to the low nutritive valuc of raw soybean for this

species.

These authors therefore supported the hypothesis of Hayward and

Hafner (1941) that the defect in cystine utilization for protein
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synthesis was the primary dcfect ir unheated soybean. Methionine
supplementation acted both to provide move cystine and also make up

the specific deficiency of methionine in the protein.

In observations with rats, Yen et al.,(1973) noted that trypsin
inhibitor from raw soybean caused an increase in pancreatic biosyn-
thesis of cystine from methionine and the cystine subsequently
incorporated into pancreatic enzyme. In chicks methionine addition
to raw soybean diets could similarly result in increased pancreatic
enzyme synthesis and result in improved intestinal proteolysis and
chick performance without really preventing pancreatic hypertrophy.
Niam, Gertler and Birk (1982) reviewed the work of Barnes and Kwong
(1965) who suppested cystine deficiency to be the reason for
endogenous loss of sulphur aminc acids leading tc an inbalance in
metabolic acid pool and growth depression. It would appear that
methionine (converted in vivo te cystine) is not the only amino acid
limiting the nutritional value of raw soybean. Earlier, Booth et al..
(1960) had observed that tyrosinc, threonine an! valine added to raw
soybean dicts resulted in supplementary effoct on growth, Niam et al.
(1982) suggested that another possible rcason for growth depression
caused by feeding raw soybean, was the delay in amino acid absorption
as observed in rats and that this could explain the low nitrogen
retention that resulted from the feeding of unheated soybean meal
diet to chicks. Melnick et al., (1946} had also reported the late

release and absorption of methionine when raw soybean meal was fed,

In the light of the fore-poing observations, it would appear
that methionine addition could play an important role in correcting

the specific deficiency of methionine in soybean protein as well as
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providing more cystine for tissue synthesis.

Bajjalieh, Orf, Hymewitz and Jensen (1978) supgested that with
raw soybean meal, methionine supplementation appreciably corrected
the deficiency of methionine and in addition probably counteracted
the effect of trypsin inhibitor through an increase in the pancreatic
biosynthesis of cystine from methionine and the cystine subsequently
incorporated into pancreatic enzyme. This increased pancreatic
synthesis should improve intestinal proteolysis and overall performance

though it would not prevent pancreas enlargcment.

Evidence is presented of the metabolic defect caused by TJ in
raw soybean which resulted in increased conversion of methionine to
cystine. Methionine supplementation has been seen to improve
intestinal proteslysis and improved prowth has resulted but without

preventing pancreas enlargement,

Effect of age on the utilization of raw sovbean diets by chickens

When Saxena, Jensen and McGinnis (1963) studied the utilization
of raw soybean meal diets by chickens, they observed the curious
mamner in which the meal was utilized by chickens of different ages.
They reported that althouph raw soybean meal caused marked prowth
depression, lower feed efficiency, puncreatic hypertrophy and poor
nitrogen retention in young chicks, it was completely ineffective in
causing any of these deleterious effects in older birds. Chickens
that were about 6 weeks old or more did not appear to be affected
by the toxic factcr in raw soybean which depressed prowth in younger
birds. But the pancreas enlargement was still evident even in the

older birds, However, this effect was preatly reduced in the birds
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about 12 weeks ¢l and completely absent in acdult birds. Poor nitrogen
retention which had been reported in chicks fed raw scybean diet

(Lyman, 1957) was not reported in hens. In fact results showed thot
hens fed raw soybean meal diets retained an equivalent amount of nitrogen
as the ones fed the heated soybean meal diet (Saxenz, et al., 1963).

The feeding of raw soybean meal did not affect either serum protein

or the albumin to globulin ratio as determined by paper strip

electovhoresis.

The effect of the raw soybean factor on performance of hens was
also assessed by Saxena ¢t al., (963. Egg production by hens fed raw
soybean meal diets was not different from that of the hens fed heated
soybean meal diets. No differences werc observed either in efficiency
of feed utilization. It appeared that as the chick grew older it
became less sensitive to the prowth depressing effect of raw soybesn
meal diet that caused physiological changes in the young bird. Saxenz
et al., (1963) considered that the deleterious factors present in raw
soybean meal escaped dipestion in young birds but was susceptible to
hydrolysis by the enzymes produced by the oller bird. They observed
that this toxic fraction in raw soybcan that is not digested by young
chicks causcd pancreatic hypertrophy by blocking the release of enzymes
in young birds. Vher they injected such young chicks fed on raw soybear
diet intra-peritoneally with pilocarpine, to stimulatc the pancreas,
they failed to release the pro-enzyme matcrial in response. Examination
of the pancreas of such chicks showed an accumulation of zymogen material
in the acinar cells. From these observations the authors hypothesized
that raw soybean meal had an active principle which could not be

digested by young chicks because of a lack of a specific enzyme.
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In their own study on the influence of raw soybean on the chicks
intestinal proteclysis, Alunot and Nitsan (1961) showed that up to
3 wecks of age, intestinal proteolysis was almost completely inhibited
by the TI. However, from the 4th weck, protcolysis increased and
approached normai at ¢ wecks of ape., These facts indicated that chicks
up to 3 weeks of ape were unable to fuliy digest the protein in raw
soybean because of its toxic principle. Bornstein and Lipstein (1963)
also reported suppression cof intestinal proteclysis this time in 8
week old birds by raw soybean diet, althouph proteclysis returned te
normal after about 21 to 28 days period. Urom these results the authors
considercd that birds required a period ¢f acciimatization or adapteticn
to adjust to raw soybean diet. Opundipe (1920) also reported that the
sensitiveness of poultry to raw soybean weal <ict had been shown to
decrease with age up to the onset of epp ~roduction. But for cge
production, Yates (1963) suppested that if raw soybean diet was to be

fed it should be started before egp production commenced.

In their own study on the use of raw scybean by chickens, Hill
and Renner (1963) reported that raw soybean dic not support satisfact-
ory egg production. Perhaps the lower ME reported in the raw soybcan
diet used in their experiment as compared to that in the heated
soybean meal dict failed to meet the energy requirement for epp
production. Rogler and Carrick (1964) irn their study of the
utilization of raw and heated uncrtracted soybean for layers,
observed a reduction in egg production when raw soybean was used.
However, Carver, McGinnis, Clary and Evans (1946) had earlier reported
that raw suybean meal diet supported excellent egg production when

the diet containe 13% protein. OCriminger and Fisher (1960) and



26

Fisher and Griminger (1961) also reported that satisfactory epg
production could be maintained on diets containing raw scybean as

a major source of protein.

From thase reviews, the hammful nature of raw soybean to chickens
would appear tc be an age dependent factor. However. there appears
to be some controversy about the theory of sensitivity with ape.

Bven some earlier workers (Fisher, Johnson and Ferdo, 1957) had
indicated that sensitivity of chickens to the prowth inhibitor factor
in raw soybesn did not show until after 14 weeks of ape. Investigations
by Salman ane’ McGinnis (1968) found no improvement in digestibility

of unheated scybean by chicks up te 6 weeks of ape and the dipestibility
coefficient for the unheated soybean meal was always lower than thosc
of the heat trcated soybean meal. Wood, Suwmers, Moran and Pepper
(1971) used white leghorn male chicks to determine the least critical
ape at which wmextracted raw and extracted fullfat soybean mipght be
incorporated in diets up to 6 weeks of age. The pattern of nitrepen
utilization and fat digestibility, pancreas weight and feed to gain
ratio were ceteruined up to 6 weeks of aje. Thuse workers observad

that chicks receivinp raw soybean meal dict showed significoantly

poorer body weipht gain throughout the =xperimental period. Two
physiological factors were affected namely, annctite and nitrogen
utilization with its associated phasic pancrcatic hypertrophy.
Similarly, when the chicks were chanped from the control to experi-
mental dietc 2t varying ages up te 5 wecl's of ape, the pattern was

the same. Scnsitivity to raw scybean in tcerms of feed refusal when

the dict was chanyed was maximal between 3 and 5 weeks of age.

There was poor nitrogen utilization resultine in poor weight gain.



27

The authars concluded that the depression resulting from raw soybean
intake did pot fayour its inclusion in the diect before 4 weeks of age.
However, such a phenomenon would be in disapreement with the observations
of Bornstein and Lipstein (1963), who recported that age had no effect

on the degrec of sensitivity to the inhibitory properties of raw

soybean meal.

In contrast to the report of Carver et al.,(1946), Grimminger
and Fisher (1960), Saxena et al., (1963), other workers like Renner
and Hill (1963), Rogler and Carrick (1964), Opundipe and Adams (1974)
reported a reduction in egp production when pround row  soybean meal

diets were fed.

There appears to be a concensus that sensitivity of birds to
raw soybean meal diets decreases with age. In effect, much of the
reports of the deleterious effects of feeding raw soybean meal diets
have been in birds below the age of 6 weeks. However, some contro-
versy appears to exist with repard to the ability of the laying hen
to utilize raw soybean meal diets without adversely affecting
performance. Reduction in egg production has been reported in some
of the work reviewed while satisfactory egp production has also been
reported. It would appear that further work is necessary to establish

a definite concensus in this area as has been the case with chicks.
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SECTION 1

(i) Determination of gross chemical and amino acid composition
of fullfat soybean,

(ii) Detemmination of the metabolizzble energy of fullfat soybean.

I. Detemmination of gross chemical and aminc acid composition
of fullfat soybean

Egngriment

The proximate composition of three samples of soybean was

determined by AOAC wethods (1975). Amino acids were determined with
the Technicon T.S.l4. amino acid analyzer. Amino acid analyses were
conducted in 6 N hydrolysates prepared in duplicates of 1 gram samples.
The samples were from soybean crown in Shika under similar agronomic
conditions. Thesec samples represented early maturing, intermediate

and late maturing soybean varieties,

Results and Discussion

The proximate analysis of soybean obtained in this study is
presented in Table 1. The average dry matter content of 93.84% falls
within the range of values (84.8 ~ 95.8%) reported in the literature.
Percentage ash, and fibre values are also within thc range of values
in the literature (Fwing 1963, Cohl 1975). Except for sample 3, the

dry matter content of samples 1 and 2 were essentially similar.
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In terms of percentage fat, percentage ash and percentage fibre, all

the samples were essentially similar.

Table 1. Proximate analysis of soybean for dry matter, crude protein,
fat, ash and fibre,

Sample Dry Matter Crude Protein Fat Ash Fibre
% % % B %
1 63.84 39.31 19.55 5.39  7.61
2 93.71 40,12 19.20 5.61 187
3 94.04 40.31 19.07 5.65 7.59
Mean 93.806 39.94 19.27 5.55  7.59

The average crude protein content (% N x 6.25) of 39.94% is within
the range of crude prctein values of soybean (38-40%) given in the
literature (Bwing, 1963, Scott, Nesheim and Young 1969). However,

it departs remarkably from the data piven by Oyenupa (1968) who reported
variations of between 23.2 teo 50.2% in the protein content of samples
analysed by the U.S.A. department of Agriculture. This author also
reported the value of about 44.08% for some Niperian samples which
appears to be hipher than the 39.94% protcin determined in the present
study or the 40% reported by Fwing (1963), althcugh lower than the
50.2% reported for some U.S,A. samples. Several variations, however,
occur in the chemical composition of soybean. Most of the variations

in protein level have been attributed to environmental factors and
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cultivar differences (Oyenura, 1968).

The aminc acid profile of FFSB determined in this study is
presented in Table 2. The analysis shows methionine to be the most
limiting amiro acid in FFSB prctein. This is in agreement with the
literature which cites methionine as the most limiting amino acid in
protein of soybean and cther lepuminous plants (Scott et al., 1969;
McOsker 1962; PEwing 1963). The analysis shows that soybean is rich
in such cssential amino acids as arpinine, lysine, leucine ard
phenylalanine to make soybean protein an important ingredient in the
diet of monopastric aminals. However there were considerable
variabilities between the 3 varieties of soybean in respect of

methionine, leucine, tyrosine and phenylalanine contents.
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Table 2. Amino acid composition of 3 samples of fullfat soybean
representing carly maturing, intermediate and late
maturing varieties.

Snm?le Samgle Samgle
(Early maturing) (Intermediate) (Late maturing)

Lysine 5.55 3.01 2.88

Histidine 1.57 1.30 1.34

Arginine 2.87 2.53 2,83

Aspartic acid 4.99 4.56 4.56

Threonine 1.74 1.51 1.40

Serine z2.4 2.04 2.12

Glutamic acid 7.25 6.63 1.15

Proline 2,07 2.08 1.95

Glycine 1.87 1.53 1.52

Alanine 1.81 1.56 1.54

Cystine - - -

Valine 1.91 153 1.81

Methionine 0.56 0.54 0.78

Isoceucine 1.67 1.40 1.83

Leucine 3.80 2.83 2.

Tyrosine 1.61 1.35 1.20

Phenylalanine 2.28 1.99 2.20

Values expressed as 3N on air dry basis.
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IT1. Determination of the metabolizable enerpy of fullfat soybean

Experimental

Procedurc for determining the ME is outlined. It involved thc
use of a basal diet which was devoid of soybean., This basal diet
was used to make up the experimental dicts by ingredient substitution
at the expensc of the basal diet. Thus with the basal diet constituting
the control, the other dietary treatments consisted of (a) 80% basal
+ 20% fullfat soybean (b) 60% basal + 40% fullfat soybean for each
of the raw and cocked FFSB trcatments. There were therefore a total
of 5 diets in the experiment. The birds used had been reared on a
comnmon ration up to 5 weeks of ape. They were then divided into
eroups of 10 birds each on the basis of body weight equalizing both
mean weight and weight distribution ameng the groups. The birds were
placed in special mctabolism cages fitted with droppings trays for

exreta collection,

Each experimental ration was fed to tripiicate lots of birds
for 3 days acclimatization period. At the end of this period, the
birds were starved overnight and the droppings trays were cleared
out ready for excreta collection. Then weighed auantities of each
diet were given. Water was provided ad libitum., Feed intake data
were recorded for each gproup. Excreta was collected at 24 hours
intervals for 3 consecutive days. The excreta samples were weighed
and placed immediately in plastic containers and frozen after each

collection. Total excreta collection method was used.

At the end of collection, the excreta collccted were dried in
the laboratory oven at 105°C for 72-84 hours. After the dry weights

were taken, the 3 days collections for each replicate were ground
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together and samples from these were used to determine the gross energy
values using the adiabatic oxygen bemb caiorimeter. Gross encrgy values
of the feeds were also determined. The feed and excreta samples were
also assayed for nitrogen using the AGAC (1975) method.

From the data the classical or apparent metabolizable energy (AVE)

values of the basal and the substituted diets were calculated from

the equation:
AME/E feed = (f; x GEg) - (E x GE))
Fy
where F; = Feed intake (g)
E = Excreta output (p)
GEf = (ross enerpy of feed (kcal/g)

The ME of the test ingredient was then calculated using a simple

algebraic equation.

If ME of the basal diet "X" was "'a" kcal/kg and that of 20%
substituted FFSBE diet "y'" was 'b" kcal,kg, then the equation becomes:

100 X = a kcal
X = a kcal
100

B0X + 20y = b kecal
30xT§0+20y=bkca1

0.8a X + 0.2y = b kcal

y = b-~-_0.22
0.2
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Corrections were macde for retained nitrogen. Nitrogen corrected

apparent metabolizable energy (AME ) was calculated from the equation:

AVE = Classical ME - £.22 (pN/p fecd~pN/g excreta) according
to the methed of Hill and Anderson (1958).

Results and Discussion

The gross energy (GE), the classical ME and the ME corrected
for nitrogen evuilibrium are presented in Table 3, for the basal
ration and the substituted rations. The classical metabolizable
encrpy values (ME) determined for raw and FFSB cooked for 30 minutes
are presented in Table 4. The classical ME of 3629.44 kcal/ke for
raw FFSB was lower than the ME of 4039.50 determined for cooked
FFSB. Cooking might have improved the ME probably by improving oil
availability and absorbability. The value of 3625.44 kcal/kg
determined for the raw FFSB is sliphtly lower than the value of
3750 kcal/kg reported by Gohl (1975), althoush this author did not
indicate if the value of 3750 kcal/kg was classical ME or ME
corrected for nitrogen eouilibrium. Efficiency of utilization of
GE as ME or I'E of the basal and the 2 FFSB substituted rations did

not appear to show much variations.

Correction for retained nitrogen as a procedure in ME determina-
tion studies had been adopted since Armby and Fries (1918) first used
the method although some controversy still remsins as to its usefulness.
In support of this approach, Leeson, Boormar, Lewis and Shrimpton (1974)
arpued that during feeding to measure the ME of a feedstuff, net nitrogen
retention occurs, which means that a proportion of the protein is

retained in the carcass as protein, while thc remainder is catabolished
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to provide enerpgy with the excretion of nitrogen. Hill and Henderson
(1958) argued that had nitrogen not been retained it would have appeered
as uric acid. However, Sibbald and Slinger (1963) questioned the
validity of correcting for nitrogen. They argued that correction

does little to improve the usefulness of uncorrected ME values.
According to Leeson et al., (1974) some workers have tended to ayoid
the controversy by quoting both correcics and uncorrected values.

In the present experiment, correction for retained nitrogen did little

tc improve utilization.
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Table 3. Gross energy (CE), Classical m-tabolizable energy (ME), ni

troren corrected metabolizable encrey (ME)

anc officiency of utilization of raw and 30 minutes cooked FFSB diets by broiler chickens (5-6 weekS).

i »
Gross enerry Classical Metabo-

Mctabolizable
encrgy corrected

*Efficiency of

*Efficiency of utili-
zation of nitrogen

3 lizable energy (ME) 4 utilizaticn of s

Dietary treatment kecal/ko , for nitropen = corrected metaboliz-
Wﬂm”—..\rrﬂ Qnmﬂu WﬂUH\—QJ classical (ME) % able encroy Qmmﬂuw

Basal Ration (BR) 4248 .46 3452.14 3446.47 81.25 81.12

80% BR + 20% Cooked FFSB 4423.28 3565.62 3561.73 80.68 80.50

50% BR + 20% Row FFSB 4399.20 3487.60 3484.40 79.27 79.20

*Efficiency of utilization % = IE or ¥E X 100
GE




Table 4. Classical or Apparent metabclizable enerpy (ME) of Raw
and Cooked fullfat soybean by broiler chickens 5-6 weeks.

Classical or Apparent

Type of FFSB metabolizable energy
ME (kcal/kg)
Raw untreated 3629.44

Conked (30 minutes) 4039.50
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SECTION 2

EVALUATION OF THE NUTRITIVE VALUE OF FULLFAT SOYBEANS

Status of the problem

The biclopical value of the protein of soybean oil meal is fairly
high. The crude protein content of soybean is about 40% (Ewing, 1963).
It is rich in such amino acids as arginine, tryptcophan and lysine, etc
to form a pood source of essential amino acids for poultry and other
monogastric animals. It is however somewhat low in methionine.
Unfortunately, soybean protcir intrinsically contains trypsin inhibitor,
hemapglutinins, urease, goitropenic substances and other anti-nutritionnl
factors as already mentioned, which tend to make the feeding of unheated
soybean detrimental to monogastric species of animals. These factors
arc heat labile. It was then considered necessary to investipate heat

processing methods that will destroy most or all of these factors.

Source and preparation of sovbean

Most of the soybean used in these trials were prown at Shika.
Some quantities were also procured from Kachia area of Kaduna state

and some from Benue State.

Three heat treatment methods were used in the preparation of
the beans for the initial feeding experiments. These werc roasting,

boiling in hot water and autoclaving,
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This was done by heatins the raw fullfat scybeans (FFSB) in an
open pan containing sand and constantly stirring the beans and sand
together until the beans wore brown without becoming charred. In
this method, the heating time could not be accuratcly regulated. The
criterion for proper roasting was that the beans should become brown
without being charred as aiready mentioned. The roasted beans were

then pround for incorporation in the feed,

Cooking

The raw FFSB was poured inte a large tank of water which was
boilinp. The beans were then allowed to cook for 15, 30 or 45 minutes
as the case may be. The cocked beans were spread thinly over 2 wide
area of a concrete floor to dry before being pround for incorporation

in the feed.

Autoclaving

For autoclaving, the soybean was first ground. Then the ground
material was spread about 3-1 inch thick in shallow trays and autoclaved
for 30 minutes at 15 1bs pressure p.s.i., i.e. 1.0540 kg/cm?. Distillied
weter was provided in a separate tray to provide a moist aunospherc
within the autoclave during processing. The ground autoclaved FFSB
was then air dried before incorporation in the feed.
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SECTION 2

EXPERIMENT WITH BROILER CHICKENS

Bards and manapement

Ross typc broiler chickens were usad in all trials. Forty or
fifty chicks were used per replicate and three replicates were used
for each dietary treatment. The chicks were randomised at day old
for broiler starter experiments and at € weeks for broiler finisher
experiments in such 2 way that the number and mean weights of all
lots of chicks within a trial were similar. In making up the pens
for testing the finisher diets, the birds were always rondomised
into similar weight proups such that each treatment lot contained
equal mumbers of males and females so as to eliminate possible sex

effcct on the results.

The birds were brooded on deep litter, with wood shavings as
the litter material, in upen-sided houses in equsl size pens
(3.05 x 1.22 metres per per), Separated by wooden partitions and
wire netting. Hurricane lanterns provided continuous lighting during
the brooding period (4 wecks). Fecd and water were supplied ad libitum.
Weekly weight gains, fecd intale and mortality for the corresponding
period were kept according tc treatment proups. Feed efficiency was
calculated ot the end of each trial. The birds were renerally
innoculated against Newcastle disease and infectious bursal disease.
The trials were either for the starter or finisher periods that is,
0-5 weeks of age (except for irial 1 which was terminate?! at 4 weeks

of ape) or 6-9 weeks of ape resmectively.
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At the end of the cxpcriment the data collected were subjected
to analysis of variance, Sipnificance of treatment lifferences were
determined by applying the Duncan's Multiple Range Test (Steel and
Torrie, 1960) at (P<D.05).

TRIAL 1

Objective

The objective of this trial was to test the effect of roasting,
avtoclaving and boiling on the nutritive value of raw soybean for
starting broiler chickens (0-4 weeks) as measured by prowth

characteristics and efficiency of feed utilization.

Experimental

There were 9 diets (Table 5). Diet 1 served as the control and
contained groundnut cake(GNC) and Fish meal (FM) as the main supple-
mentary protein sources. Each of the raw, roasted, 30 minutes cooked
and autoclaved FFSB was tested at two levels namely 35% and 11%.
Thirty-nine percent FFSB replaced all the FM and GNC in 4 of the
experimental diets while 11% FFSB replaced only FM in the remaining
4 diets. The composition of the diets in this trial is shown on
Table 5. All diets contained 23% crude protein and metabolizable
enerpy of 3000 kcal/kg diet as recommended by Olomu and Offiong
(1980). The ME/crude protcin ratio for all dicts was about 130.

One thousand and eighty (1080) day old Ross broiler chicks

of mixed sexes were used in tlis trial. The birds were randomly
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Table 5. Composition of main diets used in trial 1.

Ingredients (Jonéro] F?’SE Digts
% % %

Maize 54 .60 37.7C 53.05
Fullfat soybean - 39.90 11.00
Groundnut cake 26.75 - 27,65
Wheat offal G.0C 19.75 3.7C
Fish meal 6.2 - -
Palm oil 2.95 - 1.00
Bone meal 2.00 2.00 2.00
Feriwinkle shell 1.00 1.00 1.00
Cormon salt 0.30 0.3C 0.30
Premix* 0.20 0.20 0.20
DL-Methionine - 0.05 0.10
Calculated Composition

Metabolizable energy (kcal/kg) 3000. 3000, 3000.
Protein % 23.04 23.04 23.04
ME/P ratio 130.1 130.2 130.2
Fat % 5.98 10.04 5.76
Fibre % 2.24 4.83 3.01
Calcium § 1.34 1.23 1.19
Total phosphorus % 6.84 0.92 0.75
Available phosphorus § 0.60 0,55 0.49
Lysine $ 1.1} 1.21 1.01
tethionine § 0.41 0,35 0.37
Cystine % 0.32 0.35 0.33

*Supplied per kg diet: Vitamin A 10,000 IU; vitamin D, 2000 ICU;
Vitamin E.5 IU; vitamin K 2.24 mg; riboflavin 5.5 me,"vitamin B

10 mg; calcium pantothenate 10 mg; niacin 25 mg; choline chlorlae
350 mp, folic acid 1 mg; manganese 56 mg; zinc 50 mg; copper

10 mg; iron 20 mg; cobalt 1.25 mg; amprolium 125 mg and tetracycline
100 mg.
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distributed into 27 cqual weight groups of 40 birds per proup, Three
such weight groups were alloted to each dietary treatment.

The treatments used are outlined in Table 6. Each group of
birds was placed in pens measuring 3.05 x 1.22 metres per pen.
Continuous lipghting was provided with hurricane lamps throughout the
experimental period. The birds were innoculated against Newcastle
disease at day old and Gumboro (infectious bursal disease) at 1 week
and 3 weeks of age. The trial was temminated when the birds were
4 weeks old.

Results and Discussion

The results of this trial are presented in Table 6. Inclusion
of 39% FFSB in the diet in the raw and roasted forms significantly
depressed the growth rate of chicks as compared to those of the birds
on the control diet (Group 2 and 3 vs 1). Cocking improved perform-
ance although the perfomance was still significantly lower than the
control (Group 4 vs 1). Autoclaving, on the other hand, resulted in
performance not significantly different from the contrel (Group 5 vs 1),

indicating satisfactory heat opplication by this method.

At the 11% level of inclusion, ccoked and autoclaved FFSB proups
were similar to the control proup (Groups 8, 9 and 1) in growth rate.
Raw and roasted FFSB (Groups O and 7) significantly depressed growth

rate as compared to those of cooked, autoclaved and control groups.

Except in the case of autoclaved FFSB treatments (Groups 5 and
9), performance tended to be poorer when 39% FFSB was fcd alone as
the main supplementary protein than when 11% FFSB was fed in combination

with GNC as supplementary protein sources at least in terms of growth
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Table 6. Effect of raw, roasted, boiled and autoclaved fullfat
soybean (FFSB) on the performance of broiler chickens
(0 - 4 weeks).
Dietary FFSB Wt.Gain Feed Intake Feed Efficiency Fe«d cost/
treatment % (g) a/Bird g feed/p rain kg pain (W)
1. Control - 3g3@b 7510¢ 1.96° 0.64°
2. Raw 39.0 2159€ s35% 3,02 0.728P
3. Roasted 39.0 201° 667%F 3,322 5.583P
4. Cooked (30
mins.) 39.0 305° 7892P 2.59P 0.80%
5. Autoclaved 39.0 397 8302 2.08° 5.718P
6. Raw 1.0 2384 5667 2,370 0.68°¢
7. Poasted 1.0 2765 g75def 2.45° 0.57°
8. Cooked .
(30 mins)  11.0 753" 7009€ 1.98P 0.50¢
9. Autoclaved 11.0 357° 7229€ 2.02° 6.58%
SB* 21 30 0.171 0,079

Colurn values with same superscripts or no superscript are not
significantly different (P>0.05).

*SI¥ = Standard error of means.
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rate (Groups 2, 3, 4 vs Groups 6, 7, 8). 11% FFSB with GHC appeared
to complement each other, resulting in improved perfommances in those

diets in which they were both components.

Cookine and autoclaving at the 39% level of inclusion, improved
intake which was significantly depressed by raw and roastec FFSB
below the level of the other treatments. At the 11% level of inclusion,
cooking and autoclaving =zlso improved feed intake although the
improvement was not significantly better than the roasted FFSB group.
Raw FFSB (Group 6) depressed feed intake significantly as compared
to the other treatment groups. Raw and roasted FFSB treatments at
the 39% level of inclusion rlepressed feed conversion but the efficiency
of feed utilization was not significantly affected in the other groups
by dietary treatments. At the 39% level of including FFSB in the diets,
autoclaving reduced feed cost per ke gain below the level of feed cost
obtained on the 30 minutes cooked FFSB diet (Group 5 vs Group 4)
although the difference was not significant. Feed cost per kg gain
was alsc similar for the raw and rvasted FFSB treatments (Group 2 and
3) and were not sienificantly different from the control group. At
the 11% level of inclusion autoclaving and cocking FFSB in boiling
water for 30 minutes showed similar feed cost per kg gain which was
significantly lower than that cbtained on the control diet(Group 1).
Raw FFSB treatment (Group 6) showed the highest feed cost per kg pain
at this level althouph not significantly better than the cther treat-

ments at the same level of inclusion.

In this preliminary study, autoclaving proved a satisfactory
method of processing FFSB. However, the primary aim of the study
was its emphasis on processing methods of low technology which would
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have a ready appeal at the local level, For this reason zlcre,
autoclavine as a processing method was net considered hishly feasible

because of the sophistication attached to it.

TRIAL 2

Cbjactive
This trial was an attempt to assess the response of broiler
chickens at the finisher stage (6~9 weeks cld) to raw, roasted and

cooked fullfat soybean,

operinental

The peneral features of thie experimertal procedure uscd were
as outlined under materials and methods for broiler chickens. Seven
diets were used in the trial. Five Pundred and sixty (560) Poss type
broiler chickens were used in the triai. The chickens were divided
into 14 similar proups of <9 birds each and two groups were placed
on each experimental ration., The compositicn of the diets used are
outlined in Table 7. The diets contained 20% crude protein and I'F
of 3000 kcal/ke diet (Olomu and Cffiong, 1980). FFSE treate’ in
various ways was tested at two levels (35% and 12.5%) for corparison
with the contrel diet ir which Plood meal (BLID) and Groimdnut cake
(CI'C) were the main sources of supplementary nrotein, Thirty-five
vercent (35%)FISB replaced both ELY and GNC in 3 of tle exverimental
diets; while 12.5% replacea oniy BL} in the remainin- 2 diets. The
trestiients that were applied are outlined in Table 8. Tre diets were
fed ad libitum. Continuwous 1is'ting was provided throughout the
experimental period. Tie trial lasted between the period 6 to 3

weeks of age.



Table 7. Composition of (“ain or basal) diets used in Trial 2.

1 2,4 86 3,587
Ingredient Control FFSB Diets

$ ) %
Maize 58.00 46.15 48.35
Fullfat soybean - 35.00 12.50
Groundnut cake 21,00 - 18.00
Wheat offal 10.25 15.00 15.00
Blood meal 5.00 - -
Palm 0il 2.00 - 2.30
Bone meal 2.25 2.25 2,25
Periwinkle shell 1.00 1.00 1.00
Common salt 0.30 0.30 0.30
Premix* 0.20 0.20 0.20
DL~l‘ethionine ~ 0,10 0.10
Calculated Composition
Metabolizable energy (kcal/kg) 3000.2 3000,1 3000.1
Protein (%) 20.6 20.6 20.6
Fat (%) 6.61 5.12 8.87
Fibre (%) 2,36 3.66 3.24
Calcium (%) 1.25 1.30 1.27
Total phosphorus (%) 0.79 0.90 0.87
Available phosphorus (%) 0.54 0.56 0.56
Lysine (%) 1.10 1.1C 0.94
vethionine (%) 0.26 0.38 0.35
Cystine (%) 0.32 0.33 0.30

*See table 5 for composition of the Premix
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Results and Discussion

Results of this trial is summarized in Table 8. At 35% level
of inclusion, raw FFSB significantly depressed rate of growth of birds
as compared to the control group (Group 2 vs 1). Roasted FFSE at this
level was not significantly different from the control while cooked
FFSB was significantly better than the control. At 12.5% level of
inclusion, raw and roasted FFSE were statistically similar to the
control in growth rate, although there was slight depression by raw
FFSB treatment. Cooked FFSB was significantly better than raw FFSB
but not better than roasted FFSE at this level of inclusion. As in
trial I, combining FFSB with GNC resulted in better growth rate of
the birds than feeding FFSB alone as the only source of supplementary
protein (Group S vs Group 2 and Group 6 vs Group 3), except in the
case of cooked FFSB in which performances were similar (Groups 4 and 7)
irrespective of whether FFSB was fed alone as the only supplementary
protein or in combination with GNC. No significant differences
occurred in feed intake. Efficiency of feed utilization was similar
in 211 treatments except in the 35% raw FFSB group in which efficiency
was significantly poorer than the other groups. At 35% level of
inclusion, feed cost per kg pain was lower when FFSB was cooked for
30 minutes than when it was included in the diet as raw FFSB and was
similar to that on the control diet (Group 1), Feed cost per kg gain
was also lower at 12.5% level of inclusion when FFSB was cooked or
roasted than when it was fed raw although it was not significantly

different from that of the raw FFSB treatment.
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Table £. Effect of raw, roasted and boiled fullfat soybean (FFSB)
on the performance of broiler chickens (6-S weeks).

Feed

Feed

Dietary FFSB Wt.Gain e ) . Feed cost/
Intake Efficiency Mortality :
treatment V@ obind g feed/ ) % e
g gain

1. Control -  819° 2636  3.22% 0 0.79P

2. Raw 35.00 585% 2570  4.39° 0 1.122

3. Roasted 35.00 7517 2635  3.512 0 0.90°

4. Cooked é & b
(30 mins) 35.00 901 2703 3.00 0 0.91

5. Raw 12,50 762° 2508  3.413 ¢ 0.89"

6. Roasted 12.50 814°¢ 1711 3,333 0 0.76°

7. Cooked " " b
(30 mins) 12.50 901 2600 2.88 0 0.76
S 45 104 0.32 0 0.08

Colum values bearing the same superscript or no superscript are

not significantly different (P>..03),
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Generally there was no significant difference in feed cost per kg gain
between the control (Group 1) and the other treatments except the raw
FFSB diet (Croup 2) which had the highest feed cost per kg gain.
Results indicated that heat generally improved the nutritional value
of raw FFSB for broilers. Although raw FFSE depressed growth at 35%
level of inclusion, general performance indicated that during the
finishing (6-9 weeks) stage, broiler chickens may not be so sensitive

to raw FFSB especially when the lower levels of inclusion are compared.

TRIAL 3

Objective

The two previous trials had indicated that cooking for 30 minutes
was effective in improving the nutritional value of FFSB. This trial
was therefore undertaken to determine the optimum cooking time that
was required to effectively improve the nutritional value of FFSB for
broiler chickens during both the starter (0-5 weeks) and finisher

(6-9 weeks) periods.

Experimental

The cooking times evaluated were 15, 30 and 45 minutes. The FFSB
was thus cooked in boiling water for 15, 30 or 45 minutes as previously
described. The cooked FFSB was spread out to dry at room temperature
and ground before incorporation into the diet. The composition of
the starter diet is similar to diets 2 in trial 1 (Table 5) - raw,
roasting, 15, 30 and 45 minutes cooking being the differences in the
treatment of FFSB in the experiment. FFSB autoclaved at 151bs pressure
p.s.i i.e. 0.0546 kg/cm* for 30 minutes was also tested,



Table 9. Composition of finisher diets used in Trial 3.

ws :

Ingredients uc:vntrtgl Diet FFSB$Diets
Maize 8L 42.50
Fullfat soybean - 35.00
Soybean meal 27.21 -
Wheat offal 11.99 18.60
Fish meal 1.98 -
Palm o0il 1.98 -
Bone meal 2.20 2.20
Periwinkle shell 1.00 1.00
Common salt 0.30 0.30
Premix* 0.20 0.20
DL-Methionine - 0.20

Calculated Composition

Metabolizable energy (kcal/kg) 3000 3000
Protein 20.2 20.2
Fat (%) 5.35 9.27
Fibre (%) 3.61 4.6
Calcium (%) 1.44 1.28
Total phosphorus (%) 0.83 0.93
Available phosphorus (%) 0.56 0.58
Lysine (%) 1.14 1.12
Methionine (%) 0.26 0.48
Cystine (%) 0.29 0.37

ISee Table 5 for the composition of the premix.
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The same control diet was used as in Trial 1 and the broiler chicks

were managed as described in Trial 1.

To study the effects of the dietary treatments on organ weights,
the birds were fed the experimental diets up to 6 weeks of age. At
the end of this period, 6 chicks, made up of 3 males and 3 females from
each replicate, were randomly selected from each experimental group
and killed by cervical dislocation. The pancreas, liver, heart, thyroid
and spleen were removed and weighed. The organ to body weight ratios

(relative orpan weight) were then calculated.

In the finisher diet, commercially-processed soybean meal (SBM)
and FM were the main sources of supplementary protein in the control
diet, while FFSB alone was the source of protein in the experimental
diets. Each of the treatments was tested at 35%. The composition of
the diets used during the finishing stages is presented in Table 9.
The procedure for alloting the birds to treatment was a outlined in
the general experimental procedure. One thousand and fifty (1,050)
birds were used in the trial and there were 3 replicates of 50 birds

each per treatment.

Results and Discussion

(a) Effects on performance characteristics

The effect of feeding raw, roasted and autoclaved FFSB, and
FFSB cooked for 15, 30 and 45 minutes on averapge weight gain, feed
intake, efficiency of feed utilization, mortality and feed cost

per kg gain are sumarized in Table 10 for broiler starter chicks.
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Table 10: Effect of cooking time on the nutritive quality of fullfat soybean
(FFSB) for broiler chickens (0-5 weeks)

Dietary treatment Weight  Feed Feed Mortzlity Feed cost
gain 1take efficiency per kg gain
(g) g/Bird g/feed/g gain (N)
1. Control 779.5% 15963 2,049 3.20  0.58°
2. Raw FFSB 357,89 1376  3.83 6.88  0.99"
3. Roasted FFSB 357.2% 1260 3,58 4,20 0.92°
4. Autoclaved FFSB 776.0* 159022 2,109 4.8 0.61%
5. 15 Minutes cooked FFSB  298.2° 1353°¢  4.52° 5.7 L.17P
6. 30 Minutes cooked FFSB  644.1° 1664  2.56° 4.0 0.66%
7. 45 Minutes cooked FFSB 442,95 1530%P¢  3,45° 4.2 0.87°¢
SEM 27 153 0.27 0.8 0.071

-

J =
Colum values bearing the same superscript or no superscript are not significan %
different (P>0.05), i el
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In the starter period (0-5 weeks), raw, roasted and 15 minutes cooking
depressed growth rate significantly below the control group (Groups 2,
3and 4 vs 1), Forty-five (45) minutes cooking (Group 7) also depressed
growth rate significantly below the control but not as did the raw,
roasted and 15 minutes cooked FFSB. The better performance of the

raw FFSB group (Croup 2) over the 15 minutes cooked FFSB group (GroupS)
was unexpected because the heat input of 15 minutes cooking time should
have improved utilization of FFSB in diet 5 over the utilization of the
raw FFSB in diet 2. Thirty minutes cooking and autoclaving significantly
improved growth rate above those obtained for the raw, roasted, 15 and
45 minutes cooking (Groups 6 and 4 vs 2, 3, 5 and 7). The growth rate
obtained on the 30 minutes cooked FFSB diet was, however, still
significantly less than that of the control (diet 6 vs 1), but auto~
claving was similar to the control. Feed intake on raw, roasted, 15

and 45 minutes cooked FFSB diets were similar, but were all significantly
lower than feed intake on the 30 minutes cooked FFSB diet. Autoclaving

was generally similar to the control.

Efficiency of feed utilization was better on the control, autoclaved,
FFSB and 30 minutes cooked FFSE diets (Groups 1, 4 and 6). Each of these
was significantly better than raw, roasted, and 45 minutes cooked FFSB
diets which were similar (Groups 1, 4 and 6 vs 2, 3 and 7)., Fifteen
(15) minutes cooked FFSB had the poorest feed efficiency value.
Mortality was high generally but was not significantly affected by

treatments.

Feed cost per kg of gain was lowest in the control group (Group 1],
Of the 6 experimental groups feed cost per kg gain was lowest on 30
minutes cooked FFSB group and autoclaved FFSB group and highest on
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the 15 minutes cooked FFSB group (Group 6 and 4). Surprisingly feed
cost per kg pain for the 45 minutes cooked FFSB, the raw and roasted

FFSB (Groups 7, ? «.” ) were sim’lar.

{(b) Effects on organ weights

Data on the relative weights of the organs are shown in Table 11.
There was no interaction between sex and treatment as far as the
pancreas weights were concerned. Autoclaving FFSB for 30 minutes at
15 1bs pressure p.s.i., i.e. 1.0546 kg/om* and cooking for 30 and
45 minutes before including in the rations significantly decreased
relative pancreas weights. (Groups 4, 6 and 7). Roasting (Group 3)
was not as effective. Raw FFSB (Group 2) and 15 minutes cooked FFSB
(Group 5) significantly increased the relative pancreas weights.

No pattern was established in the relative heart weights of the chicks.
Raw and roasted FFSB produced similar relative heart weights,

Also autoclaving a~d cooking FFSB for 15 minutes produced similar
relative heart weights. Cooking FFSB for 30 and 45 minutes respect-
ively were similar to raw and roasted FFSB in this respect (Group 6,

7 and Groups 2, 3).

Although raw, roasted and 15 minutes cooked FFSB (Groups 2, 3
and 5) increased the relative liver weights, the differences in the
treatment means were not significant. The relative spleen weights
were not affected by treatment. No effect of treatment was observed
in the relative thyroid weights, although slight increases were
roticeable in the relative thyroid weights of 30 and 45 minutes
cooked FFSB treatments (Group 6 and 7). Relative thyroid weights,
of Groups 2, 3, 4 and 5 were similar to that of the control group.

The results obtained with broiler finishers are shown in Table 12.
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Table 11, Effect of raw, roasted, autoclaved and cooked fullfat
soybean on the relative organ weights (g/100 g live
body weight) of broiler chicks (0-6 weeks).

Relative croan weights p/100p body weight

Treatment Body weight Pancreas Heart Liver Spleen Thyroid
(g)

d a b
1. Control 603.0 0.316%  0.504% 2.653 0.137 0.072
2. Raw FFSB 385.0 0.573%  0.459° 3.089 0.133 0.058°
3. Roasted FFSB  465.8 0.463° 0.441° 3.141 0.156 0.060°
4. Autoclaved FFSB 537.5 0.358% 0.432° 2.755 0.145 0.074%°
5. 15 minutes b - b
cooked FFSB 482.5 0.516° 0.443° 3,037 0.129 0.058
6. 30’ minutes d b a
cooked FFSB 582.3 0.305 0.445° 2,258 0.136 0.089

7. 45 minutes c b
cooked FFSB 587.5 0.375  0.456° 2.630 0.128 0.0932
SEM - 0.079  0.057 0.304 0.035 0.029

Colum values bearing the same superscript or no superscript are not

significantly different (P>0.05).
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At the finisher stage (6-9 wecks) raw, roasted and 15 minutes
cooked FFSB, depressed growth rate significantly below those of the
control, 30 and 45 minutes cooked FFSB groups, with the raw FFSB
being the poorest. Thirty and 45 minutes cooked FFSB were similar
and improved growth rate significantly more than the control (Groups
5and 6 vs 1). The effect of the 30 minutes cooking on growth rate
was thus similar to that observed in Trial 2. No significant dif-
ferences occurred in feed intake values. However, in the cfficiency
of feed utilization, 30 and 45 minutes cooked FFSB were similar and
significantly better than the control (Groups 5 and 6 vs 1), Roasted
FFSB and 15 minutes cooked FFSE were similar, while raw FFSB had the
poorest efficiency value. Treatments had no effect on mortality.
Feed cost per kg gain was lowest for the 30 minutes and 45 minutes
cooked FFSB and significantly lower than that on the control group
(Groups 5 and 6 vs Group 1).Feed cost per kg gain was similar for the
contrcl, roasted and 15 minutes cooked FFSB groups (Grous 1, 3 and 4).
Feed cost per kg gain was higlest “or raw FFSB (Groun 2) which seemed

te irZicate the pocrest utilizacion when FFSB was included raw in the diet
From these results, it became clear that cooking FFSB belcw
30 minutes was not beneficial at least in terms of weight pain of
broiler chickens during 0-5 weeks of age. However as the birds
entered the 6-9 weeks of age the deleterious effect of undercooking
was not so severe as evidenced by growth rate results of birds fed
roasted and 15 minutes cooked FFSB (Croups3 and 4) in comparison to
the control (Group 1). However, the cooking time of 30 and 45 minutes
were similar and significantly more beneficial during 6-9 weeks of
age than 15 minutes although 45 minutes cooking time did not appear
so beneficial during 0-5 weeks of age.
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Table 12. Effect of cooking time on the nutritive quality of
fullfat soybean (FFSB) for broiler chickens (6-9 weeks).

Dietary Wt. Gain Feed intake z‘;gﬁcﬁfgi' M:ortzl ity Feed cost

treatment (g) g/bird feed/g gain perﬁkg pain

1. Control 8830 2501 2.82° 0 0.81°

2. Raw FESB 5829 2332 4.00® 0 1.04%

3. Roasted FFSB 7095 2401 3.38° 0 0.87°

4. 15 Min. cooked . 1 "
FFSB 744 2345 3.15 0 0.82

5. 30 iin. cooked i d &
FFSB 950 2421 2.54 0 0.66

6. 45 Min. cooked X 2 .
FFSB 947 2326 2.45 0 0.64
SEM 19 134 0.14 - 0.08

Colum values bearing the same superscripts or no superscript are not
significantly different (P>0.05).
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TRIAL 4

Objective

The purpose of this trial was to assess the performance of broiler
chickens in the starter period, when they were fed on fullfat soybean
diet containing no maize. This was an attempt to utilize fullfat

soybean in replacing maize in the diet.

Experimental

There were 10 diets in this trial. The composition of the main
diets is shown in Table 13. There were 2 control diets. One control
diet (Diet 1) contained soybean meal (SBM) and Fish meal (RM) as the
main supplementary protein sources without added methionine. The
other (Diet 2) contained only SBM + added methionine but without BM,
Diet 3 contained FFSB replacing all the SBM in control diet 1. Diet
4 contained FFSB without fishmeal but with added methionine. Diet 5
and 6 were similar to 3 and 4 respectively except that while diets
3 and 4 contained raw FFSB, diets 5 and 6 contained FFSB cooked in
boiling water for 30 minutes, All these six diets were isocaloric
and isonitrogenous, In addition to these, four other diets were
included in the trial. In these diets, maize was eliminated. In
diet 7 (with cooked FFSB) and diet 9 (with raw FFSB), the protein
levels were retained at 23% but the cnergy level was 1835 kcal/kp
diet. In diets 8 and 10 with cooked and raw FFSB respectively, the
energy level was 3000 kcal/kg diet, while protein level was 32.6%.

It was not possible to formulate rations containing 23% crude protein
and ME of 3000 kcal/kg diet as contained in the first 6 diets.
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|
“'ee¢ Table 5 for the composition of the premix,

Table 13 Composition of dicts used in trial 4.
Control FFSB Diets
diets
Ingredients 1 2 3&5 486 789 8810
- ‘S 1 % % % )
Maize 53.00 49,05 43.60 33.10 - -
Soybean meal 28,50 43.35 - - - o
Fullfat soybean - - 28,70 43,50 30.30 73.60
Palm oil 3.00 3,50 - - - -
Wheat offal 5.00 - 17.20 19,70 66.00 22.70
Fish meal 7.50 - 7.50 - - -
Bone meal 1.75 2,50 .75 2.50 2.50 2,50
Periwinkle shell 0.7 0.50 0.75 0.50 0.50 0.50
Common salt 0.30  0.30 0.30 0.30 8.30 0.30
Premix* 0.20 0.20 0.20 0.20 0.20 0.20
DL-Methionine - 0.20 - 0.20 0.20 0.20
Calculated Composition
Metabolizable tnergy(kcal/kg) 3000 3000 3000 3000 1835 3000
Protein % 23.2 23.2 23.? 32.2 23.2 32.6
Fat % 6.71 7.99 7.94 10.4 .14 15.06
Fibre $ 3.45 4,15 3.64 4.50 8.64 6.13
Calcium % 1.14 1,21 1.39 1.21 1.23 1.29
Total phosphorus % 0,73 0.85 0.96 1.03 1.43 1.19
Available phosphorus % 0.48 0.58 0.62 0.63 0.78 0.69
Lysine % 1.66 1.75 1,36 1.30 1.25 1.9
Methionine 4 0.33 0.49 o0.40 0.52 0.46 0.61
Cystine % 0.383 0.38 0.38 0.57 0,32 0.51
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Attempts to use FFSB to fommulate z ration containing 23% crude protein
in the absence of maize, resulted in low dietary ME. In the absence
of maize, attempt to formulate rations containing ME of 3000 kcal/kg

resulted in higher protein diets.

One thousand five hundred (1,500) birds were used in this trial,
They were alloted to similar groups of 50 birds per group. Three
replicates of 50 birds each were alloted to each dietary treatment,

Results and Discussion

The results obtained in this trial are summarized in Table 14,
The results indicated that fish meal was a better supplement to
soybean meal than methionine alone. The results obtained confirmed
earlier findings in that cooking of FFSB improved its nutritive value
at least in terms of weight gain and feed efficiency (Groups 5 and 6
vs Groups 3 and 4). The use of FFSB in place of commercial SBM resulted
in similar weight gain and feed efficiency (Groups 5 and 6 vs 1 and 2).
These results thus confirmed earlier results in this investipation
which showed that properly processed FFSB can be used as a source of
supplementary protein in poultry diets replacing all of the plant

protein supplement in the diet.

Diet 8 containing no maize and a higher level of cooked FFSB
(73.60%) improved growth rate significantly more than group 7 with
only 30.30% cooked FFSB and containing no maize, probably because
diet 8 had an optimal ME value of 3000 kcal/kg diet as compared to
1835 kcal/kg diet in diet 7. However, feed intake and efficiency
of feed utilization were similar. Diet 8 had a protein level as

high as 32.60% and although the ME was similar to the control ration,
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" Table 14: Effect of elimination of maize in fullfat soybean diet on the performance of broiler chickens 0-5 wecks cf age.

Diet Dietary Treatment Met.Energy %  Wt.Gain Feed intake Feed Efficiency Feed cost per kg
Number Protein  (g) g/Bird . ‘eed{p Gain gain (W)
s { % 4
Maize SBM FFSB ™
1 53.00 28.50 -  7.50 3000 23.2 806 1461°€ 1.81% 9,59
z 49,05 43.35 - - 3000 3.2 7137 15454 2.005¢ 0.66°
3 43.60 - *28.70 7.50 3000 23,1 595° 1609% 2.69% 0.78°
4 33,10 - *43.50 - 3000 23.2  8a® 1657° 1.9720 0.57°
5 43.60 - +28.70 7.50 3000 5.1 sosd 1530%4 3.02° 0.75°
6 3310 - +43.50 - 3000 3.1 750° 1565 2.0820 0,529
7 . - 43030 - 1835 3.2 sos% 1414%P 2.809€ 0.45°
g - - +73.60 - 3000 32.6  565° 137930 2,444 0.61
9 . - *30.30 - 1835 23.2  340° 13462 3,95 0.63°
19 - - *1360 - 3000 2.6  320° 13502 4,248 1.06%
SEM 34,7 75.6 0.20 0,045

S —— —

m&ﬁﬂ values tearing the sarme superscript or no superscript are not significantly diffcrent (P>0.05).
w FFSB
+ (Cooked FFSB.
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the abnormally high protein level must have created an imbalance effect
such that performance characteristics were affected, On the other hand,
diet 7 was similar in protein content to the control ration but low in
ME. The energy in the diet proved inadeguate to meet growth requirements
and this resulted in growth depression as compared to the control diet
(Diet 1). Diet 9 and 10 were similar to 7 and 8 in all respects except
that diets 9 and 10 contained raw FFSB whereas diets 7 and 8 contained
cooked FFSB., In the two diets (Groups 9 and 10) the raw soybean factor
also appeared to depress the performances of the birds fed on these
diets. On the whole, the generally poor performance of thc birds fed
on these 4 diets in which maize was eliminated i.e. 7, 8, 9 and 10
appeared in a large measure to be due to the effect of protein-energy
imbalance. FFSB diets without maize resulted in diets which were
either too high in protein or too low in ME. Neither of these condi-
tions was conducive in supporting satisfactory growth performance.
Attempts to formulate rations with cooked FFSB (in the absence of maize)
containing the same levels of protein and energy as the control ration

were not successful with the ingredients used in ration formulation.

The enhancement of efficiency resulting from addition of FM in
diet 1 resulted in lower feed cost per kg gain compared to diet 2 with
only SBM + added methionine. In diets 3 and 5, which were similar
except for the fact that diet 3 contained raw FFSB while diet 5 contained
cooked FFSB, cooked FFSB in diet 5 resulted in greatly improved
efficiency which resulted in lower feed cost per kg gain compared to
diet 3. Similarly feed cost per kg gain was lower in group 6 compared
to group 4. Also in similar diets in which maize was eliminated (7 vs
9 and 8 vs 10), cooking of FFSB tended to improve efficiency and resulted

in lower feed cost per kg gain.
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TRIAL 5

Objective

Although result in trial 4 indicated that complete elimination
of maize in fullfat soybean diets resulted in growth depression for
broiler chickens from day old to 5 weeks of age, it was considered
necessary to test similar treatments on broiler finishers (6-9 weeks

of age).

Experimental

There were 9 treatments in this trial. The composition of the
diets used is outlined in Table 15. The control diet (Diet 1)
contained SBM as the main supplementary protein source. Diet 2 was
similar to diet 3 but diet 2 contained raw FFSB while diet 3 contained
30 minutes cooked FFSB at the same level of inclusion. Diets 4 to 9
were formulated to contain no maize as energy source. Rather, raw or
30 minutes cooked FFSB was used in the attempt to replace maize

completely as energy source in the diets.

The high level of FFSB required to raise the ME level to 3000
kcal/kg diet in the rations which contained no maize, raised the crude
protein to abnormally high level. Rations containing the least FFSB
level resulted in suboptimal ME values.

One thousand, three hundred and fifty (1,350) birds were used in
the trial. Bqual number of male and female birds were randomly alloted
into similar weight groups of 50 birds per group. Three such groups
were alloted to each dietary treatment. The dietary treatments

employed are outlined in Table 16.
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Table 15: Cwposition of diets used in trial 5.
Control FESB Diets

Ingredients 1 283 a6 5&7 8 9

: . 3 T
Maize 56.35 44,10 - - . -
Soybean meal 33.10 - - - - -
Fullfat soybean - 33.45 15,80 73.60 35.80 55.80
Wheat offals 3.80 18.75 80.50 22.70 60.50 40,50
Palm oil 3.058 - - - - -
Bone meal 3.00 3.00 3.00 3.00 3.00 3.00
Common salt 0.30 0.30 0,30 0.30 0.30 0.30
Premix* 0,20 0.20 0,20 0.20 0.20 0.20
Di~Methionine 0.20 0.20 0.20 0.20 0.20 0.20

Calculated Composition
Metabolizable Energy keal/kg 33000 3000 1445 3000 1983.2 2521.4

Protein (%) 20,00 20.00 20.00 32.6 24,6 28.73
ME/P ratio 150 150 7242 92.0 81.3 87.7
Fat (%) 7.06 8.94 713 15.14 9.9 12.68
Fibre (%) 3.68 4,57 9.24 6.13 8.32 7.16
Calciun (%) 1.17 1.17 1.18 1.27 1.21 1.24
Total phosphorus (%) 0,93 1.07 1.59 1.25 1.47 1.35
Available phosphorus (%) 0.67 0.72 0.89 0.78 8.84 8.81
Lysine (%) 1.42 1.08 1.02 1.94 1.34 1.65
Methionine (%) 0.46 0.48 0.42 0.61 0.48 0.55
Cystine (%) 0.33 0.33 0.26 0.51 0.34 0.43

* See Table 5 for the composition of the premix,
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Results and Discussion

Results of this trial are sumarized in Table 16. In combination
with maize, cooked FFSB (Group 3) significantly improved growth rate
more than raw FFSB at the same level (Group 2). Feed intake values
for raw FFSB (Group 2} and the cooked FFSB (Group 3) were, however,

similar to the control.

When maize was completely eliminated, growth rate was significantly
depressed Croups 4 and 5 vs 1).

The higher level of 73.60% cooked FFSB significantly improved
growth rate as compared to 15,80% cooked FFSB (Group 5 vs 4); 73.60%
raw FFSB also significantly improved growth as compared to 15.80% raw
FFSB (Group 7 vs 6) and 55.80% cooked FFSB significantly improved growth
rate as compared to 35.80% cooked FFSB (Group 9 vs 8). Improvement in
growth performance in these pairs of treatments was probably related
to those diets in which the ME was optimal or approached the optimal
as in the case of group 9. In these results optimal ME level appeared
to be more beneficial than protein level because where ME levels were
optimal growth performance was better (Group 5 vs 4, Group 7 vs 6)
although these values were all significantly less than the control
{(Group 1) or the cooked or even the raw FFSB in combination with maize.
On the other hand, whore ME was sub-optimal, growth was depressed
irrespective of optimum protein level (Group 4 vs 5, Group 6 vs 7).

Although protein levels werc also higher in Groups 5, 7 and 9
than in Groups 4, 6 and 8 respectively, the higher protein levels
did not appear to be responsible for the improvement in performances
in those treatments. Olomu and Offiong (1980) observed that there

was no beneficial improvement in performance of broiler chickens fed
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Table 16+ Effect of eliminating maize in fullfat soybean diet on the performance of broiler chickens 6-9 weeks of age.

Diet Dietary Treatment Met. Energy $  Wt.Grain Feed Intake Feed Efficiency i Feed cost per
Number Protein (g) g/bird g feed/g gain Mortility kg gain (N)
$ Maize § FFSB
a ab a ah ¢
1 56.35 + ~ (Control) 3000 20.00 973 2528 2.59 0.67 0.77
2 44.10 + 33.45 Raw 3000 20.00 6660 26272 3,942 0.67% 0.98%€
3 44.10 + 33.45 Cooked 2000 20.00 7792 2574 @ 3.27° 0.33° 0.82°
1
4 -+ 15,80 Cooked 1445 20.00 330° 2291€ 6.94<“ 2.00% 0,97°
5 -+ 73.60 Cooked 3000 32.6 4529 24967 5.52° 0.33° 1.38%€
6 -+ 15,80 Raw 1145 20.00 234f 2300° 9,82° 2.3 27
|}
7 -+ 73.60 Raw 3000 32.6  322° 25942 w.omm 1.00%° 2,012
3 - + 35,80 Cooked 1983.2 4.8 322° 2393%€ 7.43% 0.67% 1.33¢
3
9 - + 55.80 Cooked 2521.4 28,73 433° 25040 5.770¢ 0.67%P 1.21%
SEM 38 97.9 1.47 1.018 0.156

Column values bearing the same superscript or no superscript are not significantly different (PJ.05).
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on rations containing more than 23% crude protein, at least in terms
of growth rate, feed efficiency and feed cost per kilogram of gain.

Rather, efficiency deteriorated significantly at 26% crude protein.

Similarly, protein levels above 20% did not exert any additional

advantage to broiler finisher chickens (6-9 weeks) of age.

Diets containing higher levels of raw or cooked FFSB to replace
maize and were optimal in ME or nearly so, had the effect of improv-
ing feed intake (Group 5 vs 4; Group 7 vs 6; Group 9 vs 8). In each
of these pairs, except in group 9 vs 8, feed intake was significantly
depressed in those diets in which the ME was sub-optimal.

Although this seems to follow the pattern of performance in weight
gain, it departed from the concept that the higher the energy content
per unit of the diet, the lower its consumption. The groups with the
poor feed intake values in these pairs were on diets containing high
levels of fibre which must have decreased nutrient density. Efficiency
of feed utilization was similar for raw and cooked FFSB when in combi-
nation with maize and the values were similar to that of the control
(Groups 2, 3 and 1). Efficiency of feed utilization for each of the
other treatments was significantly lower than the value for groups 2,

3 and 1. Mortality was generally low and did not appear to be affected
by treatment.

As in trial 4, the use of large amounts of FFSB in the diets to
obtain similar ME to the control diet but in the absence of maize
resulted in diets that were too high in protein resulting in an imbalance
effect. Similarly, broiler finisher diets designed to obtain 20%
protein and based on FFSB as sole protein source and in the absence

of maize resulted in diets too low in ME and also resulted in creating
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a protein-enerpy imbalance. In either case the result was a marked
depression in performance by those FFSB diets in which maize was
eliminated. As in the starter (0-5 weeks) period, optimum ME appeared
to be more beneficial than protein level in FFSB diets in which maize
had been eliminated. It appeared that FFSB could not fully replace
maize in diets for broiler chickens. Where this has been attempted
performance characteristics were depressed significantly. However, in
combination with maize, cooked FFSB diets could be as good as conven-
tional maize - SBM diet for broiler chickens (Group 3 vs 1) provided
ME values of the diets are optimal. The results also confirm earlier
findings in the present studies that cooking of FFSB improved its
feeding value, Feed cost per kg gain was lowest in the control diet
(Group 1) and highest in Group 7 which was raw FFSB diet without
maize and containing abnomally high protein level of 32.6%. Feed
cost was also significantly higher in Groups 5, 6, 8 and 9 than the
contrcl (Group 1). These rations which were without maize, were
either sub-optimal in ME or contained higher than the required.level
of 20% protein. These factors probably impaired efficiency and
resulted in higher feed cost per kg gain. Feed cost per kg gain ou
Groups 2, 3 and 4 did not differ significantly from the control

(Group 1).

TRIAL 6

Objective

The previous trials (Trials 4 and 5) had underlined the importance
of an optimal energy level in FFSB diets for broiler chickens.
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Performance was greatly depressed in groups in which maize was
eliminated and replaced by FFSB. Trial 6 was undertaken to further
assess the effect of combination of FFSB with maize at two different

levels.

Experimental

FFSB was tested in combination with 2 levels of maize. Raw and
cooked FFSB were tested at 43.50% in combination with 33,10% maize
(Treatments 2 and 3 - Table 17). Then 50% of the maize level was
tested in combination with 36.80% or 42.18% cooked FFSB. (Treatments
4 and 5). These were compared to a control SBM-Maize ration and another
cooked FFSB ration in which maize was absent to serve as a negative
control. It was not possible to adjust the variable components of
the rations to make rations 4 and 6 . isocaloric with the other rations
without altering the protein level. In the case of ration 5, oil was
used to make it isocaloric with the other rations without altering
the protein level and this resulted in a high fat diet. The composi-
tion of the diets used in the trial is shown in Table 17. The treatments

employed are shown in Table 18.

Mine hundred (900) chicks were used in the trial. The birds were
divided into similar weight groups of 50 birds per group. Three such
groups were randomly alloted to each dietary treatments. Other aspects
of management of the birds were as outlined in the general experimental

procedure.
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Table 17: Composition of diets used in trial 6

N Contro M Tud Cooked FIEB Ticts

Ingredicents _—:1__ 28 5 (O A% % f,i

Maize 49.05 33.10 16,55 16.55 -

Fullfat soybean - 43.50 36.30C 42.18 35.00
Soybean meal 43.35 - - - -

Wheat offals - 19.70 42,95 3.3 57.10
Palm oil 3.90 - - 6.26 4.20
Bone meal 2.50 2.50 2.50 2.50 2.50
Periwinkle shell 0.50 0.50 0.50 0.50 0.50
Common salt 0.25 0.25 0.25 8.25 0.25
Premix* 0.25 0.25 0.25 0.25 0.25
DL-4ethionine 0.20 0.20 0.20 0.20 0.20

Calculated composition

Metabolizable Energy kcal/kg ) 3000 3001 2415 3000.7 2253
Protein % 23.5 2.3 B8 23.3 2553
Fat § 7.9  10.49  6.80 16.58 8.42
Fibre % 3.7 4.96  4.39 4.04 4.68
Calcium $ .22 1.22 1,22 1.25 1.23
Total phosphorus % 0.85 1.03 1,22 1:12 Y33
Available phosphorus % 0.59 0.64 0,70 0.65 0.74
Lysine ¢ 1.75  1.30 1.27 1.31 1.29
Methionine * 0,49 0.51  0.49 0.49 0.47
Cystine % 0.37 0,37  0.35 0.36 0.34

——— e

/:Sce Table 5 for the composition of the premix,
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Results and Discussion

The results obtained in this trial are summarized in Table 18.
The analysis of variance results showed a significant influence of
dietary treatment on weight gain, feed intake and efficiency of feed

utilization.

Results of the previous trials (Trial 4 and 5) had shown that
growth improved when dietary ME was optimal. Those results tended
to show that optimal ME was more beneficial than protein level.

In this trial, although only two levels of maize were used,
results showed that reducing the maize level from 33.10% to 16.50%
affected performance characteristics. With such reduction and or
elimination of maize, the ME of diets 4 and 6 became sub-optimal
and growth was significantly less than that of the control (Croup 1)
and Group 3 birds which were fed on ration containing 33.10% maize
and having optimal ME level. Reduction of maize level in diet 5
reduced growth rate below the level of group 3 and the control,
although the ME of the diet was optimal. Maize had been eliminated
in diet 6 to serve as negative control and this resulted in sub-
optimal ME level. The performance of diet 6 was similar to that of
diet 2 which contained raw FFSB and was expected to depress performance

as in all previous trials.

In efficiency of feed utilization all the treatments were poorer
than the control group. Treatments 2, 4 and 6 were not significantly

different and 3 and 5 were not significantly different.

Feed intake of treatments 4, 5 and 6 were not significantly different

while feed intake of groups 2 and 3 were not significantly different
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Table &  Effect of mize level in fullfat soybean diets on the performance of broiler chickens 0-5 weeks.
Diet Dietary Treatment ME Kcal/kg § Protein Wt. GCain Feed Intake Feed Efficiency Mortality Feed cost
Number (g) g/Bird g feed/ g gain \wmAmWHn
s
§ Maize $ Soybean
1 Maize + SEM(Control) 3000 23.3 8%. 1483° 2.342 5.5 0.75°
2 33.10 + 43.70 Kaw FFSB 3001 s P . ™ 3,634 5.7° 1,082
3 33.10 + 43.50 Cooked FFSB 3001 233 510° 1450 2.85° 12,77 0.90%
4 16.55 + 36,80 Cooked FF®B 2425 23,3 357° 1264 3.54°% 8.0° 0.733%€
5 16,55 + 42,18 Cooked FFS3 30007  23.2  410° 13317 3.24% 8.0° 0.6
6 - - 35.0 Cooked FFSB 2253 23.3 3307 12622 3,87 e 1.00%
SEM 28 78 0.22 6.39
0.105

Column values bearing the same superscript or no superscript are not significantly different (F-U.05).

——

— P—
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from the control (Croup 1). Lowering the level of maize as in
treatments 4 and 5, or eliminating maize as in treatment 6, had the

same effect on feed intake.

The birds on treatments 3 and € recorded the hiphest mortality,
but there was no difference between treatment 2 and the control
(Group 1). Also treatments 4 and 5 were similar inspite of the

difference in their ME values.

Groups 4 and 6 were similar in weight gain, feed intake and
efficiency of feed utilization, although maize was eliminated in
diet 6 and vegetable oil used to raise the ME level. In both 4 and
6 ME was sub-optimal. Diet 5 which had optimal ME, produced better
growth response than diet 4 probably because of its optimal ME value.

Results showed that group 3 with cooked FFSB was significantly
better than group 2 with raw FFSB in weight gain and efficiency cf
feed utilization. This confimms findings reported in earlier trials
in these studies that cooking of FFSE improved its nutritional value.
However, group 2 consumed less feed although the difference was not
sipnificant. This seemed to be a direct effect of treatment which

improved utilization of cooked FFSB in diet 3.

Although generally performance was below expectation, performance
was better at optimal ME level except in group 2 in which raw FFSB
impaired growth rate even though the ME of the diet was optimal.

Feed cost per kg pain was highest for CGroups Z and 6 (raw
FFSB ration containing maize and cooked FFSB ration containing no
maize). These were not significantly different from Group 3.
Groups 1, 4 and 5 were not significantly different in feed cost per
kg pain although diet 4 contained 2415 kcal/kg diet as compared to
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about 3000 kcal/kg in diets 1 and 5. The feeding of cooked FFSB
tended to lower feed cost per kg gain compared to the feeding of raw
FFSB (Treatment 3 vs Treatment 2) although the difference was not
sipnificant. Elimination of maize and therefore lowering the ME
value of the diet also increased feed cost per kg pain (Treatment 6

vs Treatment 5).

TRIAL 7

Qbjective

Studies with broiler starter (0-5 weeks) in trial 6 indicated
that efficiency of FFSB rations was governed by energy level of the
diet. The maize level in FFSB diet was important in meeting optimm
energy level. Varying maize level affected ME value and this
depressed performance. Trial 7 was designed to test similar treat-

ment on broiler finishers (6-9 weeks of age).

Experimental

Since the trial was designed to test similar treatments as were
applied to broiler starters (0-5 weeks) in Trial 6, the basic
experimental design of Trial 6 was not altered. Five diets were
used in this trial. Diet 1 was a maize - SBM diet to serve as the
control ration. Diets 2 and 3 contained 42.10% maize and 35.25%
raw or cooked FFSB respectively. Fifty percent of the maize level
in rations 2 and 3, i.e. 21.05% was incorporated into another
cooked FFSB ration to constitute treatment 4 while treatment 5

which was made up without maize as energy source served as negative
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control (Table 19). Elimination of maize in diet 5 affected the energy

value and resulted in the ME value of this diet becoming sub-optimal.

Seven hundred and fifty (750) chickens were used in the trial.
They were divided into similar weight groups made up of equal number
of males and females per group. Three such groups were randomly
alloted to each dietary treatment., There were thus three replicates
per treatment. The birds were managed as outlined in the general

experimental procedure.

Results and Discussion

The treatments used and the results are sunmarized in Table 20.
In these results, apart from group 2 in which the raw FFSB factor may
have depressed growth, the important facto r which influenced perform-
ance characteristics in the FFSB diets appeared to be optimal ME.
In Treatment 5 where there was no maize, the diet did not meet optimal
ME value and this resulted in growth rate significantly lower than all
the other treatments. Feed intake and efficiency of feed utilization
of this group (Group 5) was however, similar to group 2 which was
raw FFSB treatm=-<. Vhen maize level was dropped from 42.01% (on
which performance was similar to the control) to 21.05% in group 4,
it depressed growth rate slightly below that of the 42.10% maize
level (Group 3) although there were no differences in feed intake
or efficiency of feed utilization. The results thus underlined
the importance of optimal ME value in a FFSB diet and the role of
maize in meeting optimal ME, However, it is pertinent to observe
that other feed ingredients such as oils could be used to raise the ME

level in the feed, but such practice mipght affect cost considerably.



Table 19, Composition of diets used in Trial 7

Control Raw & Cooked Cooked FFSB

Inpredients diet FESB Diets Diets

1 283 4 5

1] ] b )

Maize 56.35 42.10 21,05 -

Soybean meal 33.10 - - -
Fullfat soybean - 35.25 32.10 21.00
Wheat offals 3.80 18.95 34.45 70.05
Palm o0il 3.05 - 8.70 5.25
Bone meal 3.00 3.00 3.00 3.00
Common salt 0.30 0.30 0.30 0.30
Premix* 0.20 0.20 0.20 0.20
DL-Methionine 0.20 0.20 0.20 0.20

Calculated Composition

Metabolizable energy

kcal/kg 3000 3000.2 3000.7 1949.0
Protein % 20,0 20.5 20.3 20.2
Fat § 5.06 8.33 17.33 12.84
Fibre % 3.39 3.64 5.75 8.61
Calcium % 1.18 1.18 1.18 1.19
Total phosphorus § 0.93 1.08 1.19 1.50
Available phosphorus % 0.66 0.72 0.76 0.86
Lysine % 1.41 1:12 1.07 1.00
Methionine % 0.50 0.50 0.46 0.43
Cystine % 0.33 0.34 0.31 0.27

*See Table 5 for the composition of the premix.
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Feed cost per kg gain in this trial was lower for cooked FFSB
diet at the higher level of maize inclusion i.e. 42.10%, when compared
to the raw FFSB diet at the same level of inclusion (diet 3 vs diet 2).
Feed cost per kg gain for raw FFSB diet containing maize (Group 2)
was, however, similar to that of the control diet (Group 1) and
Group 4 vhich was cooked FFSB diet with 50% of the maize level in
treatments 2 and 3. The feeding of diet 5 in which maize was eliminated
seemed to result in higher feed cost per kg gain. Although thesc
observed values showed some variabilities the differences were not
significant.

Results of these experiments confirmed previous observations with
broiler chicks in these studies in which lowering the maize level in
the rations significantly reduced the performances of the birds. It
seems therefore that lowering of maize level in FFSB rations or
eliminating it completely, in attempt to use FFSB as major energy
source may invariably result in suboptimal ME value of the rations.
Feeding of such rations will probably result in reduced growth and
efficiency of feed utilization because of reduced available utiliz-

able energy for maximum growth.



Table 20: Effect of maize level in

fullfat soybean diets on the performance of broil

78.

er chickens 6-9 weeks trial 7.

{ Maize % SBM 4FFSB  ME Kcal/ Weight Gain Feed Intake Feed Efficiency % Mortality Feed cost/
kg (2) g/Bird g feed/ ¢ gain kg gain (M)
1. 56.35 33.10 - 3000 1108° 2558 2.30° - 0.68
2. 42.10 . *35,25 3000 923” 2564 2.77%° - 0.69
3 42.10 - +35.25 3000 1094° 1613 2.39% . 0.59
4 21,05 - 432,10 3000 995° 2475 2,48 a 0.66
5 - F 421,00 1947 688 2297 3.32° - 0.713
SEX 46 379 0.40 - 0.147

Colum values bearing the same superscr

* Raw FFSB
4+  Cooked FFSB

. -

ipt or no superscript are not significantly diffcrent (P>0.05).
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SECTION 3

PULLET EXPERIMENT

Objective
The purpose of this trial was to test the effect of fullfat soybean

as a protein source and an energy source for pullet development from

8-20 weeks of age.

Experimental

The pullets used in this trial were Shaver Starcross egg type
pullets. They were reared to 8 weeks of age on deep litter on a
common diet devoid of soybean meal. At 8 weeks of age, the birds
were randomised into similar weight groups of 40 birds each. Three
such groups were placed on each treatment. There were thus three
replicates per treatment. The average initial weight per bird was
390 grams. They were innoculated against Newcastle and infectious

bursal discases.

Five dietary treatments were ermployed in the trial. There was
a control dict (Diet 1) in which commercial SBM served as the main
source of supplementary protein for comparison with the 4 experimental
diets in which FFSB was the main source of supplementary protein. Of
the 4 experimental diets, 2 were raw and cooked FFSB diets, each of
which contained 18.75% FFSB and 55.25% maize on the one hand and the
other 2, raw and cooked FFSR diets each containing 37% FFSB and no

maize. These two diets without maize were not isocaloric or
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isonitrogenous with the other diets. These were one raw and one cooked
FFSB diets in which 37.00% FFSB was the main source of supplementary
protein. This resulted in a dietary crude protein value of 24.82% and
ME of 2027.14 kcal/kg diet respectively. The composition of these
diets is presented in Table 21. There were only 2 variable components
in these two rations, namely FEFSB and wheat offals. It was difficuit
to adjust these variable components further without either further
lowering the ME or raising the crude protein beyond the value in the
table. Feed and water were supplied ad libitum and the experient

lasted from 8 to 20 weeks of age.

Record of weight pain,feed consumption and mortality were kept.
Weights of the birds and feed consumption were determined every 23
days throughout the duration of the cxperiment.

At the end of 20 weeks, the birds were weighed and distributed
into 36 cm? laying cages, two birds per cage, and fed layers rations
in order to study the effect of the rearing rations on their laying
performance. No artificial light wes provided during the laying
period. The ages at first epg, 5% production were recorded and
taken to be the day on which the respective percentages were attained

and maintained for 3 consecutive days.

Results and Discussion

The result of this trial is summarized in Table 22. Diets 2 and
3 can be compared directly with the control group because in terms of

protein level and ME level they were similar., In terms of body weight



Table 21. Composition of diets - pullet trial
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Control FFSB Diets

Ingredients 1 283 485
) Raw & Cooked Raw & Cooked
FESB Diets FFSB Liets
) %

Maize 66.30 55.25 -
Soybean meal 18.90 - -
Fullfat soybean - 18.75 37.00
Wheat offal - 11.70 23.40 60.40
Bone meal .15 2.18 2.15
Common salt 0.25 0.25 0.25
Premix* 0.20 0.20 0.20
Calculated Comnosition
Metabolizable energy (kcal/kg) 2890 2890 2027.14
Protein % 16.00 16.03 24.82
Fat % 4.06 6.80 10.13
Fibre % 5.82 4.56 8.37
Calcium % 0.84 0.84 0.91
Total phosphorus % 0.81 0.91 | P
Available phosphorus % 0.52 0.56 0.70
Lysine % 0.98 0.80 137
Methionine % 0.43 0.43 0.49
Cystine % 0.27 0.26 0.35

*See Table 5 for the composition of the premix,



82

performance, the cooked FFSB diet (Group 3) was significantly better
than the raw FFSB diet (Group 2) and similar to the control diet

(Group 1). Body weight of the birds fed raw FFSB was not sipnificantly
different from that of birds fed the control diet. Raw FFSB (CGroup 2)
tended to depress feed intake although not significantly below cooked
FFSB (Group 3). Food conversion was similar for the control (Group 1),
raw FFSB (Group 2) and cooked FFSE (Group 3). However, this parameter,
namely feed conversion, may not be of particular significance in

pullet growth studies, except in so far as it hiphliphts the
quantitative utilization of the different rations used in the

experiment.

Elimination of maize from the diets containing raw or cooked
FFSB resulted in diets that were lower in ME but with protein level
of 24.82% as compared to 16%. Feeding of these diets (Croups 4 and
5) resulted in body weight and weight gain which were significantly
less on the raw FFSB diet than on the cooked FFSB. Both of these
(Groups 4 and 5) were significantly less in body weight and weight
pain than the control (Group 1). Feed intake of birds fed FFSB
diets without maize were slightly higher, but not significantly so,
than that of birds fed cooked FFSB with 55.25% maize (Group 3) and
also not significantly different from the control (Croup 1). In
efficiency of feed conversion, raw and cooked FFSB containing no
maize were significantly different and were significantly less than
that on the control diet (Group 1). Thus the high protein and sub-
optimal ME level tended to result in poor efficiency of feed

utilization inspite of increased feed consumption.
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Teble 22: Effect of fulifat soybean and eliminating maize in FFSB diets on the development of egg type pullet 8-20 weeks
of age.

Diet No. Dietary Treatment § Protein ME Kcal/ Body Weight Feed Efficiency Feed Age at Age at Age at 50% Pr
kg wt. gain intake of feed uti-cost first 5% pro- ductiocn
(8) (g) g/bird lization to 20 egg duction (days)
r@Mm (days) (days)

$FFSB $SBM Iaize

_ _ 12Cd cd .
1.Control 18.90 66.90 16,00 2890 1343°¢ 952°¢ (b 4 000 175 142.60% 150.20° g, cob
2 .Raw 18.75 -  55.25 16.03 2890 12865 891 6257 7.022 1.50  147.60° 155.60° 179.40%
3. Cooked  18.75 -  55.25  16.03 2890 i3858 0ga®d 63783 6.452  1.53 145.40%P150.40%°  177.60%
4 .Raw 37.00 - - 24.82  2027.14 1095 700%° 6522%° 0.32° 1.10  165.80% 171.40°  194.80°

. ‘ b b ab b " o C e b
5.Cooked 37.00 - = 24.82  2027.14 1177° 782° 6504%° 8,32 1.10  167.806% 170.60°  189.40
SEM 44.2  41.3 215.5 0.44 0.0514 2.28 1.99 2.33

Colum - ilues beariip same superscripts or no superscripts are not significantly different (¥ J.05)
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Judged by the similarities in weight gain of groups 1, 2 and 3,
it can be surmised that raw or cooked FFSB could be used in pullet
diets to raise egg tvpe pullets from 8 to 20 weeks of age without
adversely affecting body weicht, feed consumption or efficiency of
feed utilization. However, where these diets are without maize the
ME may become sub-optimal, This may create an imbalance in the
nutritive ratio due to high protein level. This will result in
reduction in body weight which may increase the age at first egg.

In this trial age at first egg was similar for cooked FFSB and
control (Groups 3 and 1). Raw FFSB significantly increased age at
first egg by 5 days as compared to that of the control (Group 2 vs 1),
There was no significant difference between raw FFSB and cooked FFSB
in the age to first egg. (Croup 2 vs Group 3). Eliminating maizc
completely in raw and cooked FFSB diets, significantly increased

age at first egg by between 23 - 25 days. This productive character-
istic namely, age at first epp, is a2 function of dietary treatment
during the growing period and is in some large measure influenced

by the quality of the diet. Quality of pullet ration is also
important up to age at 5% production. Age at 5% production was
similar for cooked FFSB and the control group (CGroups 3 and 1), but
was significantly increased by raw FFSB by about 5 days. The raw

and cooked FFSB diets in which maize was c¢liminated significantly
increased age at 5% production by between 20 and 21 days. However,
feed cost to 20 weeks of age was lowest on those diets (Treatments 4
and 5) in which maize had been eliminated. Maize elimination from
these diets necessitated the use of larger proportions of wheat

offal in the diets in order to razise the ME value. This resulted

in relatively cheaper rations compared to the rations containing
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maize which is a more expensive feed ingredient. The lower feed cost
(Table 22) in this case does not, therefore, reflect better biological
efficiency as does feed conversion ratio, which was poorer on those

rations in which maize had been climinated.

From the result of the pullet experiment, feeding of egg type
pullets on rations containing raw FFSB does not appear to pose serious
problems other than slight delay in onset of production. However,
feeding of raw or cooked FFSB diets in which maize has been eliminated
appears to significantly raise age both at first egg and at 5%
production.
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SECTICN 4

EXPERIMENT WITH LAYINC BIRDS

Objective

Experiments with broiler chickens had shown that this category
of chickens were not able to efficiently use raw fullfat soybean.
Results showed that proper heat treatment was necessary to achievc
maximum growth when FFSB was fed. Pullet chickens seem more able to
tolerate the presence of raw FFSB in the diet than was the case with
broiler chickens. It was then considered necessary to study the
utilization of raw and cooked FFSB in the diets of laying birds.
The objective of the present trial was to determine the relationship
between heat treatment and the utilization of raw and cooked FFSB

by laying hens, in the presence cr absence of maize in the diet.

Experimental

The birds used in this trial were Shaver Starcross egg type
pullets. These birds were raised on the floor on conventional
starter and grower diets until 21 weeks of age when they were weighed
and randomly distributed into similar weight groups of 24 birds each
and placed in laying cages at the rate of 2 birds per 36 cm?® cage.
These birds were housed in open sided poultry house having 0.9
meter high dwarf walls. The group initial weights of the birds
were determined.
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The composition of the main diets is shown in Table 23. There
were 5 diets in the experiment. The control diet was a maize - SBM
diet while the experimental diets contained FISB in either raw or
cooked form. The control diet contained 16% protein level and enerpy
of 2400 kcal/kg diet in accordance with the recommendation of Olom:
and Offiong (1983). Treatments 2 (raw FFSB diet), and 3 (cooked
FFSB diet) also had ME value of about 2400 kcal/kg. Diets 4 and 5,
raw and cooked FFSB diets respectively, had ME value of 1120 kcal/kg.
These 2 diets contained no maize but had FFSB and wheat offal serving
as the main sources of energy. All the diets were supnlemented with
0.2% DL-Methionine., Calcium level was maintained at about 3.7%. The
levels of available phosphorus in the five treatments were almost
similar (1.4 - 1.6%). The calculated contents of total sulphur
amino acids (methionine and cystine) are also shown. The calculated
methionine + cystine level (0.58 - (.68) was above the 0.53% recon-
mended for layers by the NRC (1971) and 0.5 - 0.6% recommended by
Olomu (1978).

Each experimental diet was fed to 5 groups of 24 birds for a
total of 336 days. These 336 days were divided equally into twelve
28 day periods. Data collected were summarized on the basis of
these 28 days periods. Feed and water were supplied ad libitum,

No artificial lights were provided.

Records were kept of feed consumption, daily group egp production
and mortality. One day in each week, average weight of eggs laid by
each group was determined. At the end of the 336 days, final body
weight was taken before the experiment was terminated., Data collected,

based on 28 day intervals, were subjected to analysis of variance.



Table 23: Composition of main diets used in experiment with laying birds.

Control Raw and Cooked Raw and Cooked

1 FrSB FFSB

Ingredients S A 2583 485

% . %

Maize 50.40 36.65 -

Soybean neal 18.10 - . -
Fullfat soybean . - 20,40 6.10
Wheat 0 ffal 21.60 33.05 84.00
Periwinkle sheil ' - 1.00 7.00 7.00
Bone meal o o 2.25 2.25 2.25
Common salt e 0.25 0.25 0.25
Premix * PR 0.20 0.20 0.20
DL-Methionine . . 0.20 8.20 0.20

Calculated Composition " '

Metabolizable Energy kcal/kg =~ 2401 . 2401 - 1120
Protein $ . ©16.0 16.8 16.8
Fat $ IR 3,92 6.91 5.47
Calcium % BRI 3.67 7 3,67 3.68
Total phosphorus § 1.76 1.86 - 2.30
Available phosphorus % 1.42 1.46 ~ 1.60
Lysine % 0.99 .66 -~ - 0.81
Methionine % 0.44 8.42 - 0.37
Cystine % 0.25 0.26 0.21

*See Table 5 for composition c¢f the premix.

. { )
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Significance of difference between means was determined by applying
Duncan's Maltiple Range Test (Steel and Torrie, 1960) at the 5% level
of probability.

Results and Discussion

The results obtained in the trial are summarized in Table 24.
Analyses of variance of these data showed that there were no signi-
ficant differences in egg production between the control, raw and
cooked FFSB where maize was a component of the diet (Groups 1, 2 and
3). Treatments 4 and 5 containing no maize depressed egg production
significently below the level of the other three treatments. Cooking
FFSB did not improve egg production in dicts where maize was absent
(Groups 4 and 5k whereas in those diets containing maize (Groups 2 and
3) egg production of the raw and cooked FFSB groups were similar to
that of the control (Group 1).

Although there were variations, feed consumption showed no
significant difference between sroups 2 and 3 which were raw and
cooked FFSB diets with maize, nor were these treatments different
from the control diet (Croup 1) in terms of feed intake. It would
appear that there was no difference in the utilization of raw or
cooked FFSB by layers. Eliminating maize completely from the diet
resulted in diets which, although isonitrogenous with the other
experimental diets, was sub-optimal in ME. This resulted in increased
feed consumption (Treatments 4 and 5). This was in agreement with
the concept that the lower the dietary energy the greater the
consumption of such feed. The consumption of raw and cooked FFSB
diets which had no maize (Treatments 4 and 5) was statistically



Table Z24: Zifect of raw and cooked FFSB and replacement of maize with FFSB on the performance of layers.

90,

1 2 3 4 5 S.E
Control Raw FFSB Cooked FFSB Diet Raw FFSB  Cooked FFSB
Diet with  with Diet without Diet without
malze maize malze malize
ken Day Production (%) 56.207  54.68% 53,702 35050 39,47° 1.82
Hen housed | roduction (%) 54.76* 50,34 50,433 34,070 38.30° 1.82
Feed/biri/cay (5) 132,88 138.77%  140.77%¢ 157.17°¢ 160.97° 2.63
Feed/doz. ef3s (kg) 2.9 3,262 327 7.18° 6.06 0.3
Feed cost/cuz egg (kg) 0.73 0.75 0.75 0.92 0.78 6.03
Initial Lody weight (kg) 1.24 1.23 1.2 1.24 1.24 .
Final bodv veight (k) 2.05 1.89 1.9 1,78 1.76 9.0
Fge weight (2) 59.56  59.30%0 59,687 55.42° 57,74 0.37
Age at 50% “rodiction (days) 184.60°  175.40% 177.60° 194.80° 189.40” 2.33
Age of Peak procuction (days) 236,20  254.8%0 276.00°¢ 335,009 300.40°%  17.58
Mortality (3) 0.55 1.80 1.00 0.29 0.3¢ 1.084

Colurmn valucs bearing the same superscript or no superscript

are not significantly diff-rent (20.05.
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similar and significantly higher than the control. The consumption

of these 2 diets was more probably because of their reduced ME valuc.

The dietary methionine and the total sulphur amino acid levels
in the diets were between 0.42 - 0.44 and 0.68% respectively for
diets 1, 2 and 3. Diets 4 and 5 containcd dietary methionine and
total sulphur amino acid 0.37 and 0.58% respectively. These were
higher than NRC (1971) recommendation. The significantly poorer
productive performance of proups 4 and 5 did not appear to be
attributed to sulphur amino acid being limiting. Rather, sub-optimal
ME value appeared to be incriminated and this was directly related
to the diets being devoid of maize or any other high energy ingredient

to raise the ME value while maintzining an optimum protein level.

Efficiency of feed utilization, expressed as feed/dozen eggs,
was similar for both raw and cooked FFSB (both containing maize).
It would appear that cooking added no beneficial improvement to
group 3 birds that were fed cooked FFSB diets in this respect. The
control group consumed less feed per dozen eggs although statisticelly
the FFSB diets (Groups 2 and 3) were similar in efficiency to the
control group. Efficiency was poorer in treatments 4 and 5 from
which maize was absent and this raised feed cost per dozen eggs
especially in the case of cooked FFSB (Diet 5). Although the protein
value of treatments 4 and 5 were similar to that of 1, 2 and 3, their
perfermance characteristics in this respect was significantly poorer
than that of the control and the other 2 experimental groups
(i.e. Groups 2 and 3) in which maize contributed to make the ME
optimal. In those diets without maize, namely treatments 4 and S,

efficiency of feed utilization was depressed even though the diets
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were adequate in methionine. The best feed conversion was obtained
from the proups in which the ME was ortimum (2400 kcal/kg) and poorest
in groups fed on diets in which the VE was sub-optimal (1120 kcal/kg).

Dietary treatment did not have any significant effects on final
body weight of the birds after 336 days of the experiment, although
birds on treatments 4 and 5 (raw and cooked FFSB diet without maize)
tended to be lighter. These same treatments depressed egeg weight.
Treatments 2, 3 and the control group were similar in this respect
and were significantly better than treatments 4 and 5. This resuit
tended to show that reduced egg size could probably be affected by

factors other than protein level.

Age at 50% production is a useful production parameter.
Analysis of the data on this showed that the complete replacement
of maize in the ration and the presence of raw FFSB (Treatment 4)
significantly increased age at 50% production as compared to the
control group. However, replacing maize conpletely and in the
presence of cooked FFSB (Treatment 5) resulted in age at 50% production
similar to that of the control group (Treatment 1). The treatments
containing raw and cooked FFSB with maize (Treatments 2 and 3)
respectively, attained age at 50% production 5-7 days earlier and
were significantly better than the control group (Treatment 1) in
this respect. Age at peak production was lowest for the control
whereas FFSB diet without maize depresscd it significantly.
Surisingly, age at peak production was significantly higher on the
diet containing cooked FFSB with maizc (Treatment 3) as compared to
the control dict (Treatment 1); but age at peak production on raw

FFSB diet containing maize (Treatment 2) was not significantly
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different from the control. Both raw and cooked FFSB diets without
maize increased the age at peak production sipgnificantly above those
of the control and the other treatwent groups (Groups 4 and 5 vs
Groups 1, 2 and 3).

Throughout the trial, mortality was extremely low and was not
affected by treatment. Although the observed values showed higher
mortality percentage lcvels for groups 2 and 3 (Table 24) than the

other treatments, these values were not sipnificantly diffcrent.

Apart from slight differcences in the ages at 50% producticn
and at peak production, there weic no sipgnificant differences in
any of the other parameters evaluated on the control, raw and cooked
FFSB treatwents containing maize (Croups 1, 2 and 3). These
similaritics in the results appeared to indicate the ability of
the laying bird to utilize raw FFSB as efficiently as it utilizes
cooked FFSB. The marked depression in performance when raw or
cooked FFSB was fed in diets in which maize had been eliminated,
would be associated with the reduced VE level of those diets which

probably did not meet the energy requirement of laying birds,
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GENERAL DISCUSSION

One of the important considerations of a feedstuff that is to
serve as a protein source for poultry is its balance of amino acids.
In the protein of plant origin, the amino acid lvsine and the sulphur
amino acids, methionine and cystine, may be limitine for growth and
other productive function;. Although soybean protein is somewhat
deficient in methionine, (Lepley, 1932) argues that soybean has an
excellent amino acid balance and can be used as the only source of
supplementary protein, but not in its raw form. The relative lysine
level does not appear to be limiting. However, the level of sulphur
amino acids per wo%rude protein is low and this suggests that

methionine should be added to soybean containing diets,

From the beginning of research on soybean (Osborne and Mendel
1917), it had become obvious that raw soybean was not a satisfactory
source of supplementary protein for monogastric species of animals.
Proper heat treatment was shown to be an effective way to inactivate
components which interfere with protein digestion. The major toxic
factor is the trypsin inhibitor. This substance which interferes
with protein digestion and absorntion, decreases systemic protein
utilization either by increasing tissue catabolism or by disrupting
protein synthesis and it increases pancreatic enzyme and the pancreas
weight in rats and chickens (Myer et al., 1983). Attempt to
inactivate the toxic protein in raw soybean to improve its
nutritional quality for chickens has been a continucus process.

and has bcen the basis for the present study.



Broiler Experiments

Effects of heat treatment

The first trial was conducted to study the effects of 3 methods
of treatment namely roasting, autoclaving and cooking on the nutritive
value of fullfat soybean for broiler chickens. Results indicated
that during the starting stages (0-5 weeks), the use of raw and roasted
FFSB in diets resulted in lower weight gain, decreased feed consumption
and a peor efficiency of feed utilization compared to the control and

the groups fed cooked and autoclaved soybean diets.

The relatively poor performance of the raw and roasted FrGB
groups as compared to the control group and the eroups fed on diets
containing cooked and autoclaved FFSB seemed to indicate the bene-
ficial effect of cooking and autoclaving in destroying most of the

anit-nutritional factors and improving the protein utilization.

The poor performance of the birds fed on diets containing raw
soybean appeared to be related to the presence of the inhibitor
factor which resulted in poor utilization of raw soybean protein.
This was in agreement with the results of Carew and Nesheim (1962)
who reported very poor growth rate when chicks received diets

containing unheated soybean protein.

There scems to be some controversy as to whether the utilization
of unheated soybean by chicks is dependent on the physiological
development of the proteolytic enzyme system with age as proposed
by Alumot and Nitsan (19261) or whether unheated soybean is inferior
to properly heated soybean because of poor availability of amino acids
as proposed by Smith and Scott(1965). However, Salman and McGinnis
(1968) found no improvement in digestibility of unheated soybean
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by chicks up to 6 weeks of age, although the digestibility coefficient
for unheated soybean meal was always lower than those of the heated
meal. In addition to poor protein utilization, the action of the
inhibitor stimulates the pancreas to produce more enzyme to offsct

the effect of the inhibitor as first reported by Lyman (1957) and
Lyman and Lepkovsky (i957), although the increased enzyme production
does not appear to improve protein ligestion, This stimulation
causes increased protein requirement and probably results in poor
performance of birds when raw scybean is fed. In the present invest-
igation, such increased protein roquirement could probably explain

the poor perfomance of the birds fed raw FFSB diets.

Pwing (1963) reported that the digestibility of raw soybean
protein was eguivalent to that of heated soybean protein and that
the difference in value was in the different availabilities, The
nature of the difference between raw and heated soybean protein
involved the availability of sulphur bearing amino acids. He explained
that in the raw soybean, methioninc was present in moderate quantities
analytically,and appeared to be combined as to be only poorly
available. Heating released the mcthionine from an unavailable
combination of an unknown nature. Diets containing raw soybean
protcin werc defficient in available cystine and supplied a sub-

optimal level of available methionine.

From the result of the experiments with chicks appetite, protein
digestibility and nitrogen utilization with its associated pancreatic
hypertrophy were probably responsible fcr the poor performance of the
birds on diets containing raw FFSB. In the present trials, feed
intake was depressed by raw FFSB diets. Liener (1953) estimated
that onc half of the growth depression associated with the ingestion
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of raw soybezn was due to the anti-nutritional factor soyin, which
interferes with normal appetite, at least in rats. Liener (1953)
also implicated hemmaglutnin, ancther anti-nutritional factor as a
possible feed intake reducer in soybean, The presence of these mnti-
nutritional factors could explain the lowered feed intake and poor
performance of raw FFSB fod birds reported in these studiecs with
chickens. These observations are in agreement with those of Food

et al., (1971) who cbserved that in young chicks receiving diets
containing raw soybean, both appetite depression and antitrypic
factors were at work. They associated increased sensitivity (weight

loss) to suppression of appetite.

The improvement in performance on diets containing cooked FFSB
suggests that the heat treatment during cooking destroyed or
sufficiently reduced the anti-tryptic factor to an innocuous level,
so that proteclytic activity and nitrogen utilization progressed

un-impairec.

Roasting in this study did not appear to be a satisfactory
treatment method to enhance the nutritive value of fullfat soybean
protein, Other researchers have shown that roasting was not an
effective method of enhancing the nutritional value of soybean.
Featherstone and Rogler (1966) and White et al., (1967) showed that
soybean roasted in an infrared cooker did not promote chick growth
as rapidly as soybean meal and added oil. These authors reported
that pelleting, however, eliminated the growth depression due to
the roasted soybean. Mitchell et.al.,(1972) subjected roasted soybean
to further processing and reported that grinding of the roasted soybean

through screens smaller than 160 milimeters had no significant cffect
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on weight pain whether the fced was fed in mash or pellet form. The
poor performance characteristics of the group fed on diets containing
roasted FFSH indicated the inadecvacy of this method in improving
the nutritional value of FFSB. It could be that the dry heat
employed in roasting rendered other factors umavailable. Evidence
of the destructive effect of roasting to legume protein could be
advanced in support of this consideration, Methionine has been cited
in most literature as the most limiting amino acid in most lepume
protein followed by lysine. But lMcOsker (1962) found lysine thc most
limiting in roasted legumes. He explained that the chanpe in the
sequence of limiting amino acid upon roasting might be caused by
actual alteration or a decreased avnilability of lysine. Data in his
experiment showed a decreasc of a2bout 15 percent of lysine content
while methionine was decreascd tv 10 rorcent, McOsker (1962)
concluded that destruction of lysine, as well as a probable lowering
of biological availability was responsible for lysine being limiting
following roasting. Other hypotheszs can be advanced for the poor
performance of the birds fed on diets containing roasted FFSE.

Scott, Nesheim and Young (1969) pointed ocut that most plant proteins
contain reducing carbohydrates which readily react with the free
amino group of proteins. This caerbohydrate-amino acid reaction results
in the formation of linkages that are resistant to hydrulysis by
digestive enzymes. Lysine is particularly subject to this reaction.
Dry heat (as in roasting) accelerates this rcaction. Lea and Hannan
(1950) reported that even mild heating of protein-carbohydrate mixture
can lead to the reaction of the sminc group of lysine with the
carbonyl group of reducing sugars, producing a bound form of lysine
vhich is unavailable. Evans and Butts (1948) cbserved that dry heat
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treatment of proteins appears to bind Iysine in such a manner that
it cannot be utilized by the animal. Acid hydrolysis, but not
digestion in vivo, can free the lysinc that is so bound. Two types
of reactiors take place when soybear is subjected to dry heat
treatment: one is the destructicn of lysine and the other a binding
of the lysine so that digestive enzymes arc unzble to effect its
liberaticn. [Lvans and Butts (1948) observed that lysine is thus
made biolopically inactive when 2 comrlex material such as soybuan
is subjected te drastic heat treatment, such as roasting. The
possibility of reactions of the type in the roasted FFSB used in
the trial could not be ruled out 2s a nossible explanation for the
poor growth performance of the birds fed rations containing roasted

FFSB as a protein supplement.,

Chemical availability of lysine has been used to determinc soybean
quality under experimental conditions and reported availability vaiues
have ranged from 76 to 110% (Hill et al., 1966; Kelly and Scott, 1966;
Combs et al., 1965; Gupta et al., 1958).

In tie present trial, cooking in boiling water significantly
improved weight pain, feed intake and feed conversion ratio, indicaiing
satisfectory processing by this method. These findings agree with
those of earlier workers (Lepley 1983). Cooking of soybean in water
is probably the oldest method of treatment (Lepley 1983). It has
been shown that moisture and heat tend to destroy the anti-nutritional
factors much faster than dry heat 2lcne (Mustakas et al., 1964;

Rackis 1974; Rackis et al., 1975). CSoybean subjected to steam heat
at 100°C improved the protcin efficicncy ratio much better than dry

heat even over extended period of time (Lepley 1983). It was also
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showr. by the same author that protein in steam-heated sovbean meal did

not deteriorate until after 90 minutes of heating,

Autoclaving of fullfat soybeen sismificantly improved performence
in the present trial and resulted in perforrence similar to the control

in temms of growth rate and efficiency of feed utilization.

This observation did not differ frum that of White et al., (1967},
who reported that diets containing raw unextracted soybean produced
significantly lower body weight of chicks fed from 7-28 days than did
similar diets containing soybcan that had been autoclaved. White
-et al.,(1967) used autoclaved unextracted soybean and extruded scybean
meal diets ond found that they did not differ significantly from the
control diet in supporting body weight and feed utilization, but
autoclaving improved the feoding value cf unextracted soybean and -
the quality approached the nutritional value of extracted soybcsn
meal and cil in isocaloric-isonitrogenotls dicts. However in the
present stucdies birvds on the autoclaved FFSB consumed more at 39%
level of inclusion of fullfat soybesn and less than the controlat the

11% level and showed sipnificant differences at beth levels.

- The labcratory autoclaved is not copsidered a practical processing
method for soybeen for use in livestock feeding because large auantities
of the product would be required. However the resuit of the experiment
showed that it was a method of effectively removing some of the anti-
nutritional factors in raw soybean. Heat processing, such as autocliav- _. _
ing has been shiown to decreasc the detrimental effect of many anti- |
nutritional fectors in legume sexls (Yyer et al., 1983). On the basis
of the foregoing observations it may be concluded that the combined
poor utilczation of nitrogen and the depressing effect on appetite

-
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shown when raw and rvasted FFSB were fed, does not justify recommﬁmding
the inclusion of row FESB or rozsting as a method of treating if for
use in the diet of broiler chicks in the starter perind 0-5 wecks of
ape. Cocking in boiling water for 30 winutes is the most practical
method of choice. Autoclaving is alsc effective althouph laboratory

autoclaving is net practical.

Turing the finishing period vaw FESB depressed performance a
39% licovel of inclusion while roasted FPRSE  was similar to the control
diet in all the parameters studied, Raw FFSB and the control proup
were not significantly different at lower inclusion level of 12.5%.
At both levels cooked FFSB was superior to all other treatments

including the control group.

Althoush raw FFSB caused a depression in perfommance at the
35% level, the apparent lack of difference in performance among tho
control, raw and roasted FFI5 at the 12.5% level seemed to indicate
that during the finishing period (6~9 weeks of age) broiler chickens
might not be so sensitive to soybean trypsin inhibitor (SBTI) and
perhaps to other anti-nutritional factors in soybean. This result
is in spreement with the observation of Alumot and Nitsan (1961) that
chickens from 4 woeks of age could use raw soybean and that indestinzi
proteolysis progressed ant appronached novmal by the age of & woeks.
Similarly, Mesheim et al., (1961} indircated that most of the cffect
on digestibility caused by raw scybean meol disappeared by the time
chickens were 4 weeks of age. Scxong et al., (1963) also reported
that chickens that were older than 6 wecls or mors did not appear
to be affectcd by the toxic factcr in raw soybean. Contrary to these

observations, Bornstein and Lipstein (1502) reported that age had no
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effect on the degree of sensitivity of chicks to the inhibitory

propertics of raw soybean meal.

In the present trials, the ontinuum cooking time in boiling water -
for processing whole sovbesns, was found to be 30 minutes of the
three durations of cocking emploved (15, 30 and 45 rinutes). The
dguration of cooking can either imprcve or impair the mutritive value
: of soybean depending on whether it is opftimal or excessive. Under-
cooking on the other hand, can render SPTI and other anti-nutritional
factors.still potent in the beans. The increase in the nutritional
value of FESB with 30 minutes cooking time in thesc trials was
probably due to increased direstibility of its protein as a result
of inactivation of toxic factors present in soybean. VFhile roasting
and 15 minutes cooking were not sigmificantly diffcrent during 6-9
weeks of apge in any respect, they differed during the starter period
with roastcd FFEB being significantly better than 15 minutes cooking
in weicht pain and feed conversion ratic. Infact 15 minutes coqking
appeared infericr to raw FFSBE in weight gain and feed efficiency, whichk
was not easy to explain. Forty-five minutes cocking also appeaved |
inferior to 30 rinutes cooked FEER during the starter neriod whercas

during the period 6-9 weeks they were similar.

Cooking tine of 30 and 45 minutes proved superior to the control
group in weight eain during the 6-9 weeks period. The finding of
Simovic et al, (1572) may help to explain this cbservation. Sinovié
et al, (1972} ncted that heat treztment increased the availability
of the 0il in sovbean which resulted in enhanced feed utilization,
Thus, the 30 and 45 minutes cooked FFSE scybean diets in the present

trials might have been hipher in enerpy than calculated and were
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pethaps also higher than the control. This supgests that rore
utilizable calcries were probably aveilable to the chickens fed on
the 30 and 45 rndnutes cooked FFSR diets than were available from the
other dicts. This is in addition to improved protein utilization

as a result of adeguate heat arpplication.

Arnold et al, (1971) pointed ~ut that in this type of study
feed: pain ratio was probably a better criterion for evaluating
optirum time and temperature treatment than weipght pain alone.

The improvement in perfommance and the similarity in the results

for 30 and 45 minutes cooking tise pericds both in weight gain and
feed grin ratio and even feed intake indicates that the optimum
cooking time lies between 30 and 45 minutes. Using feed gain ratie
of the econtrol as a criterion for measuring optimum performance, the
best cooking time appeared tc be 45m minutes but 30 minutes seemed
attractive because it is shorter and would mean savings in labour

and other inputs.,

vben Simovic et al, (1972) investigated time temperature rela-
tionship using temperatures of 262 - 357°C and times from 30 seconds
to 3 minutes, an optimum time was found at each temperature, indicating
that shorter treatment time could be used provided the total heat
input was similar, This is similar to the high temperature - short
time or low temperature - lonp time heat treatment used in milk

pasteurization.

Effects on-organ.weiphts

Cne of the most sensitive tests to measure the effectivencss of

processing in destroying the trypsin inhibitor in legume seeds is the
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effect of feeding the treated seeds on certain organs particularly the
pancreas of the test animals., In the current trial, raw FFSB diet
produced relative pancreas weight which was significantly higher
than that of the other treatments. Pancreas size of the birds fed
the cooked FFSB were not significantly different from the control
group. More reduction was observed in the pancreas weight of the

45 minutes ccoked FFSB group below the level of the 15 and 30 minutes
cooked FFSB group which seemed expectec in view of the fact that there
was preater he2t ipput in 45 minutes cocking than in 15 minutes
cooking to destroy more of the TI in thc FFSB. The decrease in
relative pancreas weight when cooked FFSB was used in place of raw
FFSE agrees with the findines of earlier workers. For example,
Featherstone and Ropler (1966), Salman and McGinnis (1968) and
Simovic et al., (1972) showed that in addition to improving protein
utilization and the performance of the birds, heat treatment of
soybean prevented hypertrophy of the pancreas. The increase in
pancreas size first reported by Chernick et al.,(1948) was thoucht

to be 1 compensatory action. Alumot anc Nitsan (1961) associated
hypertrophy of the pancreas in raw soybesn fed birds with increased
enzyme production as the pancreas reacts in the presence of TI in
the intestines and secretes more enzynme to compensate for the effect
of the inhibitor, This incrcased stimulation of the pancreas results

in hypertrophy.

Liver and spleen weiphts were not affected by treatment. All 3
durations of cocking produced similar spleen weights. Small and
insignificant differences werc observed in the relative liver weichts

of the different treatments. Treatment did not seem to have any
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effect on relative thyroid weight.

Use of FFSB in rations without maize

Attempt was made to take advantage of FFSB and eliminate muize.
When FFSB was used in diets from which maize was absent, the dietary
ME were either optimal or sub-optimal depending on the amount of FFSB
in the diet., Diets containing higher levels of FFSB were optimal in
ME but resulted in protein values above the optimal. Diets containing
lower levels of FFSB and were optimal in protein resulted in sub-optimal
ME values. Irrespective of whether FFSB was cooked or raw in the diet,
optimal ME and sub-optimal protein level or sub-optimal ME and optimal
protein resulted in prowth depression and poor efficiency of feed
utilization. Infact in thosec diets in which maize and cooked FFSB
were both components, perfommance characteristics were improved and
were similar to the control although such combinations in the case
of raw FFSB showed a depression in body weight.

Apart from the imbalance effect created by optimal ME with
exceedingly hiph protein levels or sub-optimal ME with optinum
protein levels, feeding of the dicts with sub-optimal ME resulted
in reduced intake of utilizable calories available to the chickens
fed on such diets. This might have been the case in those diets
containing sub-optimal ME.

In the case of raw FFSB diets in which maize was eliminated

other factors might have contributed to the poorer rerformance as
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compared to the cooked FFSB treatment. One is the SBTI and the other,
as some reports have indicated, is that raw scybean posscsses a heat -
labile factor which depresses fat absorption in youny chickens
(Brambila EE.%E.(1961}' In addition, the effects of other anti-
nutritional factors such as soyin and hemagiutinips probably

contributed to the poor performance of the raw FFSB fed birds,

These results thus indicate that advantage may be taken of the
higher ME of FFSB, as compared to SBM, in reducing the maize content
of broiler diets. However, the results also show that within the
limitations imposed by the dietary ingredients used in these trials,
it is not possible to eliminate all the maize in broiler diets
without detrimental effects. The reason is probably because the
restriction in the number of ingredients used does not allow for the
formulation of broiler diets of the right (/P ratio using FFSB and
in the absence of maize. Morve research efforts are resuired in this
direction to maximally cxplorc the potertial of FFSB in providine

most of the energy in broiler diets.

Experiment with Pullets

The use of raw or cooked FFSB in raising epg type pullets from
8 to 20 weeks of age on isocaloric 16% protein diets was investigated.
The results showed that raw FFSB fed pullets did not differ from the
cooked FFSB fed birds and the control in weicht cain, feed intzke or
efficiency of feed utilization. However, raw FFSB depressed age to
5% epg production by 5.2 - 5.4 days as compared to the control and ;_'

cooked FFSB treatment.
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The relatively little difference in performance between raw FFSB
and cooked FFSB groups is probably an evidence of the ability of birds
older than 4 weeks to utilize unheated FFSB diets as postulated by
Alumot and Nitsan (1961}, Nesheim ¢t al, (1961} and Saxena et al. (1963).
Also the apparent similarity in feed intake, efficiency of feed
utilization between raw and cooked FFSB groups supports the observation
by Alumnt and MNitsan (1961} that proteclytic activity and protein
utilization was not affected after 6 weeks of age. On the whole, the
use of raw FFSB did not seem to result in any deleterious effect other
thandelayhu%ge at first epr, by about 5 days, a fact which might even5:;
 be an advantage considering the fact that poultrymen somctimes favour
delaying the onset of production in pullets to prevent the production

of many small epps.

When raw and cooked FFSB were fed 1n diets without maize but
with higher proportions of wheat offal, reduced body weights, depressed
efficiency of feed conversion and delay in age to 5% production by
about 21 days were observed. However, the feed cost for rearing these
pullets to 5% production was considerably reduced when compared top_

the control dicts and those raw cooked FRSB diets with maize,

These observations were probably as a result of the sub-optimal
ME and very high protein levels in these maize less diets. These
resulted in a disproportion of the calorie protein ratio and a
reduction in intake of essential nutrients required for optimum
performance, The reduction in the cost of production of pullet is
due to the relative cost of wheat offal compared to maize, The results
however show that in the absence of maize, healthy pullets can be

produced with FFSB serving as one of the main feed ingredients. The
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only apparent adversc effect to some producers is the delay in coming
tc lay which may be an advantape to those producers who want to prevent

their hirds from coming to lay too early.

Experiment with laying hens -

The effect of feeding cooked and raw FFSB on egr production was
examined. over a 12 month production period in diets which were
adequately supplemented with methionine. Productive performance was
similar on the control, raw and cooked FFSB dicts in terms of hen day
or hen housed production, There was also similarity in fecd intake,
efficiency of feed utilization, final body weipht and average epg

weipht.

Surprisingly, however, the raw and cooked FFSB improved ape at
50% production significantly better than the control group, but at
peak production the raw was similar to the control and was not poorer
than the cooked beans proup. These similarities in performance
following the use of raw and cooked FESB by the laying hen was in
apreement with BPwing (1963) who observed that chickens would not be
adversely affected when some raw scybean meal was incorporated intc
practical laying rations. PBwing (1963) observed that raw soybean
- meal when fed at 15% protein level and properly supplemented with
methionine and Vitamin 312’ would support good egy production as
properly heated meal under the same condition. Bwing (1963) contended
that the major difference in the utilization of raw soybean meal
between laying hens and growing chickens was in the insensitivity
of the former to soybean inhibitors. Similarly, Summers et al (1966)

found that there were no differences in epp production and egp
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quality measurerents when the dietary protein was suppiied by raw
soybean meal, as compared to when it was supplied by heated SBM,

This similarity between raw and ccoked FFSB for the laying hen is
also supported by the work of Fisher et al, (1957) and Saxena

et al, (1957) who reported that unextracted unheated soybean flakes
supported erg production when the diet was adecuate in methionine,
Lathshaw (1973) noted that when the dicts were adequate in the
sulphur aminc acids the form of soybean meal whether raw flakes,
hecated or roasted soybean had no sipnificant effect on epp production,
feed intake or mortality althourh it lowercd epp weight and affected

body weight,

More recently, Scott (1973) has reported on feeding trials which
- showed that substituting commcrcially processed and ground whole
soybean for soybean meal in laying hens rations WRS an attractive
alternative to the vasaries of today's protein markets. Scott (1973)
reported that epp production and efficiency of feed utilization in
hens  receiving diets in which the protein and the fat supplements
were supplied in the form of processed ground whole soybean were
approximately equivalent to the values obtained when cormercial
dehulled soybean meal and feed fat were used in isocaloric equi-
protein diets. This worker found ne danger in using processed ground
whole soybean in the laying hens rations. The methed of processing
FFSB in the present study namely cooking for 30 minutes, had satis-
factorily improved the nutritive value of soybean for chickens. The
inexpensive procedure involved and the recent trend in the price of
soybean meal,  should make commercial processine of FFSB . an

attractive altermative,
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When maize was compietely gliminated from the diets and raw or
cooked FFS5 vsed as the moin enerpgy source, the ME of the diets became
sub-optimal although the diets were still isonitropenous with the other
diets in the erperiment. Productive performance in terms of hen day
~and hen houced production were depressed. Because of the low energy
level, feed intcke was hipher on these diets resulting in poor feed
efficiency. Epg weipht on the raw FFSB diet without maize was depressed
more than that of the cooked FFSB treatment without maize, Ape at 50%

production and at peak production were substantially increased.

The reiatively poorer performance in the absence of maize seemed
to indicate that FFSE <~ sl not probably be used as the main source
of dietary enerpy. However, in combination with maize FFSB diets

had proved to bz similar to the contrel in isocaloric egui-protein diets. |

However, it would appear that fescarch ﬁaS not established a
definite consensus as to whether or not raw FESB can be fed te laying
hens withecut adversely affecting producticn., hill and Remner (1963}
reported that neither ground raw soybean nor unheated extracted soybeah
flakes maintained maximum epr producticn in laying hens, This viow
had been surported by Ropler and Carrick (1964). Even BEwing (1263} )
reported that i arother experiment when the effects of protein levels, o
vitamin BTf; methionine and crude soydean inhibitor were studied; that t
raw soybean meal was poorly utilized at 12.21% protein level but this
level supported pood egp production with the heated meal. From thé“:
overall results of the layer feeding trial, it is concluded that raw =
or cooked I'FSB mmy be included in the rations of laying birds without
any adverse cffect on the performance of the birds provided the ME

and methionire levels are adequatc. FFSB rations formulated to
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exclude maize cr other cnerey sources may result in sub-optimel ME

value and may acversely affect the birds performance.

Pullfat soybean - Its potential as an enerpy source

The potential which FFSD has as an cnergy source in diets for
chickens rests on the fact that soybean is rich in oil. The oil
content ranges between 18 and 20% {Bwing 1963; Cyenuga 1968). Howevér,
for the oil to serve as energy source its availability and absorbability
when fed in the diet are tc be considered. Renner and Hill (1960) ' |
observed that the ME of soybean was lower than expected because of the: E;i
poor absorbability of its oil. Working with flaked soybeans, Carew
et al, {1961} reported that the compraession of the product during |
flaking seemed to cause disruption of the cellular structure and make
the vil more available to the dipestive enzymes. This improvement
in availability and ahsorbability brinps about improvement on the ME
of soybean. When Nesheim et al, (1961) investipgated the effect of
raw soybean on fat dipestibility anc discovered that 2 week 0ld chicks
absorbed cnly 49% of dictary soybean oil while 3 week old chicks could
absorb 73%, they thought that the TI in raw soybcan cil meal micht be
involved in poor digestibility of the oil, Diets containing completely
heated soybean meal was over 9% nhsorbed by the chicks, But sub-
sequent rescarch findings (Brambila et al, 1961, Sambath et al, 1967;
Garlich and Nesheim 1965) have shown that there is a heat-labile
factor in raw soybean which depresses fat absorption in young chickens.
Even in laying hens, Hill and Renner (1963) reported that unheated
soybean interfered with fat utilization, The utilization of oil in

ground soybean is reported to be markedly poorer than if it had been
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added to the diet as such.

In the light of the foregcing observations, it would seem that

the relatively poor perfomisnce of the broilers on diets containing
raw FFSB in the present experiments wes due not only to the presence i
of the inbibitor factors in soybean, but also to low level of avail-
able utilizable calories because of poor level of ¢il absorpticn.

though cooking FFSE destroyed or censiderably reduced the TI levcl
and resulted in diets that gave performances that were similar to or
even scmetimes better than the control in some respects in these
experiments, FFSB was only ground and not subjecnaijhny other trestment
to further improve the availability and absorbability of the oil sc that
more utilizable calories could become available to the birds. Carew
and Nesheim (1962) had obscrved that maximum value from heat treated
scybean as a poultry feed inpredient can be obtained only if a
processing method is used that will allow maximum availability of the
oil present in the beans. They reported that poor availability of -
soybean oil in pround soybean limited its usefulness as an enerry :
source for the chickens. Carew et al, (1961) reported that ground _-2:
soybean had an ME value that was only 86% of that which would be
anticipated on the basis of its composition. Availability of the
0il can be improved by flazking before including in the ciet and this
would improve performance. Eanrlier Carew EE.EEJ(1959) investipated
the use of heat treated pround soybeans as a source of soybean 0il
for improving growth on practical diets but without success and
explained that the ME of heated groumd soybean was substantially
less than that expected from the prior knowledpe of the value of

soybean oil meal and soybean ©il due tc poor digestibility.
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1t seems probably that the improvement in performance resulting
from cooking FFSB in the present study could be further enhanced hal
the beans been subjected to further processing to improve oll avail~
ability and absorbability. Vhen White et al (1967) experimented with
extruded soybean meal and observed a2 slightly lower weigpht gain in
chicks receiving the extruded soybean versus the control diet, they
found that pelleting extruded soybean resulted in improved live
performance which they attributed to reduction in bulkiness. However,
Wood et al, (1971) contended that the extra response was not necessarily
due to increased diet density per se but more likely a consequence of
further heat involved in the pelleting process, But stulies on the
‘availability of the 0il in extracte! soybean by Featherstone and
Rogler (1966) showed that prinding alone was not sufficient to make
the oil more available. These workers reported that further treatment
such as flaking or pelleting resultec in an increase in oil availability.
From these obscrvations it would seem that the full eneresy potential
of FFSB would be derived if ground beans are subjected to further

treatment.
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SIMMARY OF FINUINGS AND CONCLUSIONS

Nine feeding experiments (seven with broiler chickens and onhe each

with pullets and laying hens) were carried out to evaluate the nutritive

value of fullfat scybcan for chickens. The observations made from the

study are summrized hercunder:

Broiler fecding trials

1.

2,

Inclusion of 39% or 11% fullfat ground soybean in the diets
in the raw or roasted form depressed growth rate of broiler
starter chicks (0«5 wecks). Cocking and autoclaving of the
fullfat soybean iﬁproved performance significantly at both

levels of inclusion. At 39% level, autoclaving was much

 superior to cooking in weight pain, but not in the other

parameters studied. Broiler chickens fad the diets containing
conked or autclaved fullfat ground soybean compared favourably
with the birds fed the control diet in weisht gain and efficiency

of feed utilization.

Althouch raw FESB at 35% level of inclusion depressed growth
rate during 6-5 wecks of age, the depression was not as severc
at 12.5% level of inclusion. At this level (i.e. 12.5%) the
birds fed raw fullfat pround soybesn diet were similar to
those fed the control diet. At both 35% and 12.5% levels,

birds fed the roasted FFSB diet were similar to the birds in

the control group in all the parameters tested. Cooked fullfat

ground soyhean dietar? groups were superior to the control

group in weight gain but not in feed intake and feed efficiency.
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" Sensitivity to the feeding of raw or roasted FFSR seemed to

diminish during the 6-9 weeks of age.

EBffect of cooking for 15, 30, and 45 minutes showed that the
best cooking time ranged between 30-45 minutes. Differences
between raw, roasted and 15 minutes cooking on the one hand and
30 and 45 minutes cocking were very precise during 6-9 weeks
of age. Raw, roasted and 15 minutes cooking depressed growth
rate but 30 and 45 minutes cooked FFSB were similar and improved
growth significantly more than the control group., Birds fed the

raw, roasted and 15 minutes cooked fullfat ground soybean diets

weighed significantly less than 30 minutes and 45 minutes cooked

7.

ground soybean dist groups., This fact misght be associated with

appetite depression which could be associated with under heating;

Raw grovnd soybean dictary treatment significantly increased
pancreas weight, Roasted and fullfat soybean cooked for 15, 30
and 45 minutes had mno hypertropbic cffect on the pancreas.
Autoclaving alsn decreased relative pancreas weight. |
Addition of 7.5% Fish meal to raw fulifat ground soybean diet
with maize, improved growth rate and feed efficiency. Fish meal

addition proved more beneficizl than addition of 0.2% methionine.

Complete stsence of maize in the presence of FFSB to serve as
main energy source resulted in diets which were too high in

protein or too low in metatolizable energy., Each of these |
conditions resulted in growth depression presumably from effect

of imbalance.



g.

10.
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It would seem that FFSB could not fully replace maize as an energy

source in broiler dicts without adversely cffecting performance.

In conbination with maize, cooked FFSB meal could be as pood as
conventional soybean meal for broiler chickens if the MW value of

of the diet is made optimal.

The level of maize inclusion tended to influence the ME value
in fullfat ground soybean diets. Low maize levels tended to
depress ME in the diets and resulted in less utilizable calories

available to the birds for prowth.

In pullet raising, raw or cooked fullfat ground soybean could

be used in the diets of eng type birds without adversc effect.
When maize was eliminated from the diet the ME value became
Sub-optimal and resulted in reduced body weight. This increased
the age at first ege. Eldminating mize compietely in raw

or cooked fullfat ground soybean diets in the present experiment

significantly increased age at first ege by 22-25 days.

Le=+s feeding trial

11

The performance of binds that were fed sither raw or cooked
fullfat ground soybean diets with maize, was similar to that
of the birds fed the control diet in all the parameters
studi. . o |



12.

13.

14.

The birds that were fed either raw or cooked FFSB without
maize did not perform as well as those fod on fullfat ground
soybean diets with maize as dietary component. Hen day and
hen housed production were significantly depressed. Those
birds fed on the diets without maize had a poor efficiency

of feed utilization as compared to the other dictary treatment
groups and the control groups. Feed intake was high probably
because of low energy level in the diets. Elimination of maize
in the layers diets tended to depress egf weight, agé at 50%

production and age at peak production.

Althouph all the diets had the same level of methionine
supplementation, this did not alleviate the effect of low

energy in the diets in which maize had bheen eliminated.

Judging from the overall results of the layer feeding trial,
it is concluded that FF53 in the raw or cooked form can

serve as a suitable protein supplemcnt without adversely
affecting productive performance. However, it does not appear
to be able to replace maize complotely as the nain energy
source. In the present study, in ccmbination with maize, raw
or cooked fullfat ground soybean diets had given results which
were comparable to that of the isocaloric equi-protein control

diet.

117,
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Appendix 1: Analysis of Variance of 4-week body weight gain of broiler
chickens (Experiment 1)

Source of | "~ Degrees of Sum of Mean F. Value
Variation Ereedom Squares Square

Treatment 4 133359.6  33339.9 76.744%*
Residual | 20 3394.2  3394.2  7.813
Total 29 11595.2  2898.8  6.673
Grand Total 29 8638.6  434.4
Grand Mean 310.8  157037.5  5415.1

Total number of observations 30 157037.5 100.0

S.E.M, 20.84

** Indicates significant differences due to - treatment.
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Appendix 2: Analysis of Variance of 9-week body weight gain of broiler
chickens (Experiments 2).

cource of | - Deprces of Sum of Mean F, Value
Variation - Freedom  Squares Square -

103752 61876  25.434%#
Treatment - 2 19200 19200 9,413

Residual , 0 10060 8030 3.957
Total _ 11 151251 13750

Grand Total 11

Grand mean C | 786

Total number of observations 12

S5,E.M. 2.2

*

Indicates significant differences due to treatment
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Appendix 3¢ Analysis of Variance of 5-week body weight of broiler
chickens (Experiment 3)}.

Source of Degrees of Sum of Mean F. Value
Variation Freedom Squares Square
~ Treatment 5 551050.0 110210.0 156,117**
© . Residual 12 8471.3 705.9
Total 17 559521.3 32913 .0
Grand Total 17
.. Grand Mean 478.3
e Total number of observations 18

SEM 26.57

L. W Indicates significant differences due to treatment.
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Appendix 4.  Analysis of variance of 9-weck body weight gain of

broiler chickens (Experiment 3).

Source of Deprees of Sum of Mean F. Value
variation Freedom Squares Square

Treatment 5 66341 13268 2.955%*
Residual 12 53871 4489

Total 17 120212 7071

Grand Total 17 120212

Grand Mean 2403

Total number of

observations 18

SEM 67,0

**Indicates significant differences due to treatment.
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Appendix 5. Analysis of variance of effect of treatment on
relative organ weights of hr0110r chlckens
0-6 weeks of ape,

Source of ' Qegrees of Sum of Mean F. Value
variation Freedom . Sguares Square

Treatment 6 0.771417 0.128570  20.385*%*
Sex 1 0.003707 0.003707 0.589
Diet Sex .. 6 0.007123 0.001187 0.189
Residual 68 0.428863 0.006307

Total 81 1.211109 0.014952

Grand Total 83 1.236904

Grand Mean 0.4156

Total number of
aobservations 84

SBl = 0.07942

**Indicates significant differences due to treatment.,
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Appendix ¢, Analysis of Variance of S-week body weight gain of broiler
chickens (Experiment 4).

Source of Degrees of Sum of Mean F. Value
Variations Freedom Squares  Square

Treatment 9 921000 102333  97.63**
Residual 20 23355 1168

Total 29 944355 32564

Grani Total 29

Grand Mean 596.5

Total number of observations 30

SEM 34.7

Indicates significant differences due to trcetmernt
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Appmalx 7. Analysis of Variance of Y-weck body wes gt gain of broiless
chickens (Bxperiment 5).

Source of Degrees of Sum of Mean F. Value
Variation Freadom  Oquares Square

Treatment 8 1497014 187127  126.552%*
Residual 18 26595 1477

Total 26 1523609 58500

Grand Total 26 1523609

Grand Mean 501.1

Total number of observations 27

SEM 38.4

Wk

Indicates significant differences due to trestment -
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Appendix 5 Analysis of Variance of 5-weck body weight gain of broile
* chickens (Experiment 6).

Source of Deprees of Sum of Mean F., Value
Variation Freedom Squarcs Square

Treatment 5 201242.7 40248,5 51,553**
Residual 12 9535.1 794.6

Total 17 210777.8 12398.7

Grand Total 17 210777.8

Grand mean 436.1

Total mumber of observations 18

SEM 28.19

" Indicates significant differences between dicts due to treatment
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Appendix 9, Analysis of Variance of 9-week body weight gain of broiler
chickens (Experimcnt 7).

Source of Degrces of Sum of Mean F, Value
Variation Freedom  Sguares  Square

Treatment c o 4 349284 97321 41.790**
Residual o 19 20895 2090

Total 14 370179 26441

Grand Total : 14 370179

Grand Mean 952

Total number of cbscrvations 15

SEM 45.7

" Indicates significant differencss due to diet,.
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Appendix 10. Analysis of Variance of age (days) to 5% Production.

Source of Degregs of Sum of Mean F. Value
Variation Freedom Squarcs Sguare

Treatment 4 2246.160 561.540 90,864%*
Residual 20 123.500 6,180

Total 2% 2369.760 98,740

Grand Total 24

Grand Mean 159,64

Total number of observations 25

SEM 2,486

- Indicates significant differences due to treatment
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Appendix!!. /malysis of Variance of age (days) to 50% Production.

Source of Degrees of Sum of Mean F. Value
Variation Freedom Squares Square

Treatment 4 1007.76  251.94  2.563*
Residual 20 1965.60 90.28

Total 24 2973.36  123.89

Grand Total 24

Grand Mean 185.2

Total number of observations 25

SEM 3.91

* Indicates significant differences due to treatment.
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Appendix 172. Analysis of Vhrlanro of percentage Hen Day Productlon
(Layers Experiment)

Source of , Degrees of Sum of  Mean F. Ratio

Variation - ' Freedom Squares Square
Treatment : _ 4 454,12 113,53 14.630*
Residual : , 44 334%.95 76.11
Total o 48 7803.07 152,56
Grand Total - 59 - 11636.06
Grand Mean ’ : 47.7
Tot4l number of gbservations 10
%
SEM i o83

o Indicates significant differences due to diets.
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Appendix 13. Monthly egg production of layers fed on dicts containing
raw and cooked FFSB diets and cooked FFSB diets in
which maize had been eliminated.

Dietary Treatment

28 Day Periods

1 2 3 4 5
1 2.7 13.2  11.6 11.5 13.0
2 17.2 17.8 14.9 10.3 14.8
3 17.0 18.1  16.9 4.9 12.2
4 19.8 17.9 16.7 12.7 12.4
5 13.5 10.5 7.3 4.8 6.1
6 19.1 18.3 18.8 10.7 8.6
7 17.8 17.2 17.7 11.9 7.5
8 17.9 13.8 15.3 4.7 4.5
9 14.4 1.8 13.4 3.5 10.5
10 15.3 13.6 1.7 15.2 13.6
1 11.9 12.9 12.2 13.9 14.4
12 8.3 g.8 9.6 4.6 4.5
Total Eggs 184.9 173.9 166.1 98.7 1221

Average for each
28 day period 15.4 14.5 13.8 8.2 10.2




