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ABSTRACT

A six-week feeding trial was conducted 10 deter-
mine whether a combination of groundnut cake
(GC), soyabean meal (SBM) and brewer ‘s dried
yeast (BDY) can efficiently replace fishmeal in
broiler diets. One _hundred and eighty (180) 2-
week old AF Bosbek commercial strain of
broiler chickens were allotted to three dietary
trearments in a completely randomised design.
The dietary treatments were designated as T,
(containing 180 g fishmeal kg ' with no GC,
SBM or BDY). T; (containing 90 g fishmeal kg’
and 50 g each of GC, SBM and BDY kg''). and
I (contaimng 100 g each of GC, SBM and BDY
kg' with no fishmeal). The experimental diets
were formulated to be isonitrogenous and
isoenergetic. Birds had free access to food and
water throughout the study.

Replacemeni of fishmeal with the plant profein
supplements, significantly decreased (P 0.05)
body weight gain and feed conversion efficiency
but not feed consumption, carcass dressing per-
centage, percentage blood and feathers. The
dietary treatments had significant impaci on the
moisture, crude protein and ether extract {fat)
T levels of the mear,

Feed cost kg as well as cost of feed to produce a
kg liveweight reduced considerably as the levels
of SBM, GC and BDY in the diets increaved.
Health-related problems or mortalities atrribut-
able to dietary reatments were not abserved.

Keywords:  Plam proteins, Fishmeal, Brovler
Chickens, Growth Performance.

INTRODUCTION

One of the major problems facing the animal
industry in most developing countries has been
the unavailability of feed resources in high
amounts for the feeding of farm animals. Feed
represents the major item of expenditure in
poultry production. The problem is worsened in
situations where farm animals, for example,
poultry tend to compete with man for feed in-
gredients such as maize and fish. Fish, which is
the main protein source in poultry diets in
Ghana is expensive. This brings about an
equally high increase in the prices of poultry
meat and eggs It is envisaged that the situation
with respect to fish can be remedied by substi-
tuting it with inexpensive high protein ingredi-
ents such as the oil seed cakes and meals that
are readily available and which are not directly
consumed by humans. Oil seed cakes and
meals such as soyabean meal (SBM) and
groundnut cake (GC) are very valuable poultry
feeding-stuffs [1]. As a group the pilseed cakes
and meals are high in crude protein, most being
over 400 g kg' DM. Gohl [2] has reported that
because of its low fibre and high protein con-
tent, decorticated GC is a valuable ingredient in
poultry diets. According 10 Church and Pond
[3], SBM is one of the best plant protein sources
available and is a highly favoured feed ingredi-
ent as it is of high energy value, quite palatable,
highly digestible and results in excellent per-
formance when used for feeding different ani-
mal species. Brewer's dried yeast (BDY) is an
excellent source of protein with high biological
and digestibility values and has been found to
be a very valuable component of poultry and
pig rations [2]

Parkhurst and Mountney [4] have indicated that
several different protein sources give a more
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adequate amino acid balance than one alone.
GC, SBM, and BDY have been used individu-
ally with fishmeal to meet the protein require-
ments of poultry. However, there is paucity of
information on the effect of combining these in-
gredients to replace fishmeal in broiler diets.

This study was therefore undertaken to ascertain
whether a combination of plant sources of pro-
tein such as GC, SBM and BDY can efficiently
replace fishmeal in bioiler diets and to provide
poultry farmers with a feed package devoid of
fishmeal at affordable prices.

MATERIALS AND METHODS
Source of Plant Protein Supplements

Brewer’s dried yeast (BDY) was obtained from
Guinness {Ghana) Limited, Kumasi, while the
soyabean meal (SBM) and groundnut cake (GC)
were purchased from a commercial feed supplier
in Kumasi

Dietary Treatments

Three experimental diets were formulated Diet
1. which was designated as T,. served as the
control diet and contained fishmeal (180 g kg'™)
as the main protein source with no plant protein
supplement Diet 2, designated as T, contained
both fishmeal (90 g kg') and plant protein sup-
Plements namely: SBM (50 g kg ). GC (50 g kg’
) and BDY (50 g kg'). Diet 3, designated as
T:, contained 100 g each of SBM. GC. and BDY
kg' diet but no fishmeal. The composition and
analysis of the experimental diets are shown in
Table 1. The experimental diets were formulated
to be isonitrogenous and isoenergetic.

‘Chemical Analyses of Feed

Proximate analyses of diets (dry matter. crude
protein, ether extract, ash and crude fibre) were
carried out using the standard procedures of the
Association of Official Analytical Chemists [5].

Experimental Animals and Management

A total of 180 unsexed |4-day-old commercial
broiler chickens (AF Bosbek strain) were ran-

domly divided into 3 triplicate groups of 20
chicks per replicate and allotted to the three die-
tary treatments, in a completely randomised de-
sign Each replicate lot was placed and reared
in a deep litter pen measuring apgrnximmely 30
x 1 7m, a floor space of 0.26m" per bird. The
study was conducted for 42 days (2-8 weeks of
age) Before the start of the feeding trial, the
birds were weighed and subsequently allocated
to the treatments in such a way that the mean
weights differed as little as possible. Birds had
free access to feed and water throughout the ex-
perimental period. Chickens were vaccinated
against Gumboro and Newcastle diseases. They
were protectively medicated for Coccidiosis at 3
days of age and again during the third week us-
ing Sulfadimidine Sodium 33% (Bremer
Pharma GMBH, Germany) via the drinking wa-
ter.

Parameters Measured

Feed consumption, liveweight changes and feed
conversion ratios were recorded weekly for in-
dividual replicate of each dietary treatment. Re-
cords of mortality were also kept. All sick and
dead chickens were sent to the Veterinary Labo-
ratory for post-mortem examination. At the end
of the feeding trial, 4 broilers (2 males and 2 fe-
males) per replicate were randomly selected,
starved of feed for 18 h to empty their crops and
killed by cutting the jugular vein to allow
proper bleeding Determination of percentage
blood was by the difference between live
weight and dead weight expressed as percentage
of live weight. The slaughtered birds were de-
feathered and eviscerated. The weight of the
feathers was calculated as the difference be-
tween the dead weight and the defeathered
weight and expressed as a percentage of the
liveweight, The carcass dressing percentage
was calculated as the ratio of the eviscerated
weight to the liveweight and expressed as a per-
centage.

The composition of carcasses was determined
by removing the right thighs and peeling off the
skins of two slaughtered birds in cach replicate.
The muscle of each bird was separated from the
bone and ground separately 3 times inm an elec-
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tric grinder. After thorough mixing, aﬁqum.s.

were obtained for moisture, protein and ether ex-
tract analysis. The samples were prepared and
analysed for moisture, protein and ether extract
using the procedures described for meat and
products by the Association of Official Analyti-
cal Chemists [3]

Economics of production was based on the feed
cost per kg diet and feed cost per kg weight
gain  Feed cost per kg live weight gain, i e the
cost of feed required to produce a kg of weight
gain was calculated as a pheduct of the feed cost
kg diet and feed conversion efficiency for indi-
vidual dietary treatments

Statistical Analysis

Data obtained were subjected to amalysis of vari-
ance technique using the general linear models
procedure of SAS [6] and differences between
treatment means were determined by Duncan's
multiple range test [7] The probability level for
determining significance was 0 05

RESULTS AND DISCUSSION

The general performance of the experimental
population is shown in Table 2. Feed intake by
birds was not significantly (P=0.05) influenced
by the dietary treatments This suggests that
birds will consume diets which the fishmeal por-
tion has wholly been replaced by plant protein
supplements. Table | indicates that the energy
contents of the experimental diets were similar.
Chickens generally eat to satisfy an inner meta-
baolic need for energy and will therefore eat simi-
lar amounts of diets containing similar levels of
energy.

There was little difference in average chick
“weight after selection at 2 weeks of age. for
birds on the various dietary treatments There
were significant (P<0 05) differences among the
treatment means for weight gain There was.
however. no statistical difference in body weight
gains during the period of 2 10 8 weeks of age
between birds on dietary treatments | (T,) and 2
(T3), with those under treatment 3 (T:) gaining
significantly (P<005) less weight The effi-
ciency of feed utilisation (feed conversion ratio)

was significantly (P<005) affected by the die-
tary treatments Efficiency of fegd utilization
favoured birds on dietary trearmenmts | and 2.
with those on dietary treatment 3 being the least
efficient The differences observed in the bodv
weight gains could be attributed to many fac-
tors. Firstly. proteins from plant sources are of
poor quality and are deficient in certain essen-
tial amino acids compared to those of animal
origin. The fimitation of amino acids associated
with plant proteins, particularly for the sulphur-
containing amino acids, has been reported by
several authors [1, 4. 8] It is therefore probable
that for dietary treatment 3 cenain amino acids
were below the physiological optimum level
and this consequentlv atfected protein synthesis
and hence body weight gain. The enhanced per-
formance by broilers fed on the dietary treat-
ments | and 2 could be explained on the basis
of a greater efficiency in the conversion of feed
into tissue which 1n turm was the result of ade-
quate amounts of the various nutrients required
for proper urowth, particularly amino acids.
such as !ysine. which 1s the first most limiting
amino acid Akiwande and Bragg [9) have
noted that the response of body growth in the
chick is directly related to the amount of lysine
available for tissue protein synthesis and liver
cell multiplication The data in Table | indi-
cated that as the concentration of the plant pro-
tein supplements increased and the fishmeal
content decreased, the lysine contents of the di-
ets decreased The broiler diets containing fish-
meal (ie T, and T.) for example, were calcu-
lated 1o contain 1132 and 10.70 g lysine k'
respectivelv. which were above the value of
105 g kg reported 10 be adequate for broiler
chickens by Shingari et al. [10] On the other
hand. dietary treatment 3. which contained only
plant protein supplements as the sole source of
protein, was calculated w contain 9.97 g lysine
ki'. The dietary requirement for poultry is ac-
tually a requiremem for amino acids. Thus. the
lower urowih rate observed for birds fed on the
diet containing only plant -protein supplements
as the sole source of protein might be caused by
the decreased amount of lysine available for
growth when true growth is considered as depo-
sition of amino acids (of which lysine is the
most critical under practieal conditions of feed
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formulation). This ultimately affected the effi-
ciency of feed conversion into tissue.

Another probable reason for the differences ob-
served in the growth performance is that feed-
stuffs of animal origin are good sources of vita-
min B,: (cyanocobalamin), whereas feedstuffs
of plant origin are either devoid of this vitamin
or are extremely poor sources of it [11]. Vitamin
B;; is involved in the synthesis of red blood
cells, deoxyribonucleic acid (DNA) and me-
thionine as well as fat and carbohydrate metabo-
lism. Consequently, probable lack of this vita-
min in dietary treatment 3 (T3) could have been
a contributory factor to the reduced growth rate
of the birds fed on this diet. Furthermore, plant
proteins are more often resistant to breakdown
in the alimentary tract than animal proteins [12,
13] and consequently could have contributed to
the decreased growth performance as a result of
a reduction in the amount of aminoacids avail-
able for growth for birds fed on the diet which
contained only plant protein supplements as sole
protein source

There were, however, no health-related prob-
lems nor mortalities during the experiment that
could be attributed to the various dietary treat-
ments.

Dietary treatments had no significant impact on
dressing percentage, percentage blood and per-
centage feathers.

Chemical analyses of the meat of birds indicated
that the various dietary treatments significantly
(P<0.05) influenced the moisture, protein and
ether extract (fat) contents. There was, however,
no statistical difference in moisture, protein and
ether extract (fat) contents of meat from birds on
dietary treatments 1 and 2, but those from die-
tary treatment 3 contained significantly the least
moisture (water) and protein as well as the most
far. The differences observed in the chemical
composition of the meat could be due to the
poor quality of the proteins supplied by the plant
protei supplements. Protein or amino acid con-
tent of a diet is directly related to the moisture
level of the carcass. which is inversely related to
the carcass fat level. Hence when a low protein
diet or a diet deficient in certain essential amino

acids is fed, carcass moisture level declines re--
sulting in a concomitant rise in carcass lipid lev-

els. This is in agreement with the findings of
Marion and Woodroof [14]. Several suthors

such as Leenstra [15], Marks [16] and Wang et

al, [17] have reported that dietary protein level

is one of several non-genetic factors that influ-

ence the amount of body fat '

Feed' cost per kg as well as feed cost per kg
liveweight gain declined s the amount of fish-
meal in the diet was decreased by replacement
with plant protein supplements, GC, SBM and
BDY. The decline in feed cost as well as feed
cost per kg liveweight gain as the amount of
fishmeal in the diet was reduced by réplacement
with the plant protein supplements, was due
solely to the huge price disparities betweenfish-
meal and the plant protein supplements. Based
on the results obtained in this study, it appears
that under some feed price conditions, slower
and less efficient gains from diets containing
only plant protein supplements as the main pro-
tein source may be more economical than fast
and more efficient’ gains from high cost diets
based on fishmeal.

Findings of this study indicate that plant protein
supplements should be used in combination
with fishmeal or any other animal ' protein
source, such as blood meal to meet the protein
requirements of broiler” chickens because of
their deficiency in certain amino' acids! A com-
bination of high quality protein squrces: might
appear to be a sound; policy, since one protein
source can compensate for the inadeguacies or
the excesses of another. However, if a combina-
tion of only plant protein supplements siich as
GC. SBM and BDY are to be included in broiler
diets. then the diet should be supplemented with
synthetic amino acids such as DL-methionine
and lysine and also vitamin premix to make up
for the possible amino acid and cyanocobalamin
(vitamin B,) deficiencies.
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Table 1: Composition and Nutrient Analysis of Experimental Diets =
Dietary Treatment
T T Ts
Ingredients (gkg")
Maize 620 620 620
Fishmeal 181 90 1]
Groundnut cake 0 50 100
Sonabein meal L] S 100
Brewer's dned yeast i 50 100
Wheai bran 170 110 50
Onwster shell 20 20 20
Sah 5 5
Vitamin/numeral premis” ' 5 5
Chemical Composition (g kg")
5 Crude protein 20590 207.50 ' 209.10
€. | Crude fibre 43.40 7.0 50.90
Lysine .32 10,70 9.97
Melluoning .00 1.00 300
Calbcium 15.00 13.80 12.00
Phosphorus 7.50 5.40 4.50
Metabolisable energy (MJ kg') 11.56 1.6l 11.65
Premix supphid thg diety, vitamin A, (0000 JEs vitamn Dy 2000 IL vilamin E, 10 1L vitantin K. 3 mg: riboflavin, 2.5
g coherlamien, (L0035 mige; pettetfrenic uo af. 3 aue; aaein, 12,3 my; cholive, 173 my; folic acld, 0.5 mg: Mg 2.8 mg; Fe, 0.3
po: €, T e A, 25 muggz U, 62,5 myg.
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Table 2 Effect of different protein sources on growth performance, carcass characteristics
and economy of gain of broiler chickens from 14 to 56 days of age

DIETARY TREATMENTS

PARAMETER T % T SEM
Growth Performance
Feed intake (kg) 3.53° 3.70" 1,60 0.092
Initial body weight (kg) 0.23* 0.23* 024 0.007
Total weight gain (kg) 1.43° 143 1.20° 0.041
Feed conversion ratio 247 259 300 0.048
Mortality 1 0 0 .
Feed cost/kg (e/kg) 01,05 629.01 557.09 -
Feed cost/ kg weight gain (¢) 1731.59 1629.14 1671.27 .
Carcass Characteristics .
Dressing percentage T2.98° 73.36* 7241° 0.509
Percentage blood 439 147 4.40° 023)
Percentage feathers 7.30% 7.58" 727 U741
Moisture (3 kg") 7015 T05.0° 678.2 10.33
Crude protein (g kg') 181.0° 177.2* 162.4° 108
Ether extract (fat) (g kg™ 940" 95.4* 125.4" 12.55

SEM: Standard Error of Mean

Means within each row bearing different supcrscnpts are significantly different (P>0.05)
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