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ABSTRACT: A feeding trial was conducted with two 

hundred (200) Arbor Acre strain of broiler chicks to 

determine the effect of soybean residue (SBR) on blood 

constituents. Birds were fed for 28 days (starter phase) 

with diet containing 22% crude protein and 2,9892kcal/kg 

(ME). Five iso-nitrogenous experimental diets were 

formulated which contain SBR.  In the control diet (T1) 

groundnut cake was served as the only protein source. Four 

(4) test diets designated as: T2, T3, T4 and T5 were 

formulated with SBR replacing 25, 50, 75 and 100% of 

groundnut cake respectively in finisher phase. The birds 

were randomly grouped into five (5) experimental 

treatment groups in four (4) replicates of 40 birds per 

treatment in a completely randomized design. The finisher 

phase lasted for five (5) weeks and the birds were fed and 

given drinking water ad-libitum. The soybean residue was 

analyzed to determine its nutrient composition. 

Haematological parameters and serum biochemical indices 

were evaluated. The packed cell volume (PCV), 

haemoglobin (Hb), red blood cell (RBC) and mean 

corpuscular volume (MCV) of finisher broiler fed 100% diet 

were significantly higher (P<0.05) compared to chickens 

fed the control diet, while WBC values were statistically 

similar (P>0.05). The significant values observed for Serum 

biochemical indices: K+, glucose, total protein and globulin 

did not have adverse effect on the health status of the birds. 

Soybean residue can be used up to 100% to replace 

groundnut cake in the diet of broiler chickens thus 

providing a productive use for this hitherto neglected agro-

allied waste. 
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INTRODUCTION 
 
The demand for animal protein for human nutrition in the 
developing world is raising, especially for poultry products 
(OECD and FAO, 2010). Study by Ojo (2003) revealed 
that the poultry industry in Nigeria falls short of its aim of 
self-sufficiency in animal protein consumption in the 
country that is put at 5 grammes (g)  per caput, a far cry 
from F.A.O recommended level of 35g per caput.  

The need to provide feed is basic to any livestock 
enterprise including poultry; however, making the feed 
cheaply available is more compelling to profitability and  

 
 
 
 

sustainable livestock development (Ayuk et al., 2009). 
The high cost of feed and feed ingredients, has been a 
major problem of poultry production in developing 
countries today (Amaefule et al., 2004). In the event of 
the global feed crisis therefore, the only better approach 
to solving the escalating prices of feed ingredients is the 
use of alternative feed ingredients to the conventional 
ingredients that can partly or wholly replace them without 
compromising on the health status and performance of 
the animals (Poultry). The alternatives to the   high   cost  
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conventional ingredients are the discovery, processing 
and harnessing of unconventional sources of poultry 
feedstuffs for which there is little or no competition from 
human (Ogundipe et al., 1992). Grains residue or wastes 
like soybean residue is cheaper and represent unutilized 
protein sources. 

Soybean residue(SBR) has higher lysine content 
(2.8%) than groundnut cake (1.6%), and is a good source 
of protein which makes a good protein concentrate in 
poultry ration (Esonu, 2006). The importance of SBR in 
monogastrics, particularly poultry and rabbit, has been 
recognized by farmers because of its relatively high 
content of protein and energy (Ojebiyi et al., 2013). The 
utilization of SBR as a feed resource may help in 
reducing the pressure on conventional feedstuffs, control 
environmental pollution caused as a result of 
indiscriminate discarding of waste. The use of blood 
examination as a way of assessing the health status of 
animals has been well documented (Muhammed et al., 
2000; Owoyele et al., 2003; Muhammed et al., 2004). 
This is because it plays a vital role in physiological 
nutritional and pathological status of organisms 
(Muhammed et al., 2000). It has been reported that 
biochemical changes as a result of toxicity have effects 
on haematological parameters (Karnish, 2003; Levene 
and Gorgen, 2003). This study was designed to 
determine the effect of replacement of soybean residue 
for groundnut cake on haematology and blood chemistry 
of broiler chickens. 
 
 
MATERIALS AND METHODS 
 
Experimental site  
 
The feeding trial was carried out at the Livestock 
complex, College of Agriculture, Lafia in Nasarawa State 
of Nigeria. Lafia is located within the Guinea Savanna 
zone of Central Nigeria. The area is between latitude 07° 
52

/ 
N - 08° 56

/ 
N and longitude 07°

 
25

/ 
E - 90° 37/

 
E. The 

mean monthly temperature is between 20°C and 34°C, 
with the hottest months being March and April, and the 
coolest months being December and January (Layam, 
2000). 
 
 
Sources of experimental soy bean residues 
 
Soybean residue a by-products of soya bean milk or 
soyabean cheese (“Awara”) production which were 
collected from the producer in Lafia Local Government 
Area of Nasarawa State. Soybean seeds are soaked in 
water for about six to eight hours depending on the 
temperature of water. The rehydrated beans then 
undergo milling and filtering to obtain soybean residue 
and paste for making “Awara” (Soya cheese). The 
processing method used by the producers was presented  
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in (Figure 1). The wet (residue) material was collected 
and sun-dried to about 10% moisture. The extraction rate 
of soybean residue is about 0.52kg per 3kg of soybean 
seed processed into Awora or somilk. The soybean 
residue was ground into 0.73mm as recommended by 
Beneletti et al. (2011) to obtain a suitable meal for 
chemical analysis and broiler chicken diets.  
 
 
Experimental birds and management 
 
A total of two hundred (200), 28 days old Arbor Acres 
strain broiler chickens were randomly allotted to five 
dietary treatment groups replicated four times with ten 
(10) birds each to give randomized complete design. The 
experimental birds were fed a common broiler starter 
containing 22% CP and 300Kcal/kg (ME) for a period of 4 
weeks.  Five Iso-nitrogenous diets containing 20% CP 
broiler finisher were formulated with inclusion varying 
levels (0%, 25%, 50%, 75%, and 100%) of soybean. 
residue (Tables 1 and 2). Feed and water were provided 
ad libitum. The feeding trial lasted for 35 days. 
 
 
Data collection 
 
Parameters measured include haematology and serum 
biochemical indices. At the end of  thirty-fifth day, 2ml of 
blood was collected from each of 4 birds into four 
separate blood bottles each containing 1mg of EDTA 
(Ethylene diaminetetra acetic acid) for haematological 
studies, while another 2ml of blood, was collected in 
sterilized bottles which without EDTA. The sample of 
blood for the serum biochemical assay was allowed to 
clot at room temperature. The clotted samples were spun 
in the micro centrifuge to separate the blood cells from 
the serum. The serum samples were later stored at a 
temperature of 20°C for biochemical studies. Blood was 
analyzed for haematological and serum biochemistry 
parameters using the procedures of Dacie and Lewis 
(1991).  
 
 
Statistical analysis 
 
All statistical analyses was done using standard 
spreadsheet software of excel and one-way analysis of 
variance of the Statistical Package for Social Sciences 
(SPSS version 19). The level of statistical significance 
was defined as (P<0.05).  Fisher’s Least Significance 
difference (LSD) was used for separating the treatment 
means. 
 
 
RESULTS AND DISCUSSION 
 
The results of   diet   containing   soyabean   residue   for 
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Milling or grinding of soaked 

Soaking 3kg of soybean for 6-8 hours 

Adding of water (2-2.5 litre) 

First filtration 

Soybean residue Paste  

Addition of water (2-2.5 litre) 

Second filtration 

Soybean residue More paste 

Sun drying (2-3days) Awara (Soya cheese) 

Bagging of Dried SBR 

 
 
Figure 1: A flow chart showing the production of soybean residue. 

 
 
 
groundnut cake on haematological indices of chicken is 
presented in (Table 3). There were significant (P<0.05) 
differences due to treatment effects on all the 
haematological indices, except WBC. Blood variables in 
this study suggest that the test diets did not precipitate 
any severe effects on the health status of the 

experimental birds. The PCV of 28.25 to 32.00% in this 
trial was within the range of 30 – 35% (Anon, 1980). The 
values obtained for PCV and RBC were similar to those 
reported for broiler chickens fed roasted pigeon peas at 9 
weeks of age (Akanji, 2002). The RBC mean values were 
within the normal range of 2 – 4 x 10

12
/l (Banerjee, 2008).  
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Table 1:  Composition of Experimental Diets for Finisher Broiler 
Chickens (5 –9 weeks) Containing Graded levels of Soybean 
Residue as Replacement for Groundnut Cake. 
 

 Dietary levels of soybean residue 

 
Ingredients  

T1 
(0%) 

T2 
(25%) 

T3 
(50%) 

T4 
(75%) 

T5 
(100%) 

Maize  42.92 42.92 42.92 42.92 42.92 
Maize offal 14.30 14.30 14.40 14.30 14.30 
GNC 31.78 23.84 17.89 7.94 0.00 
SBR 0.00 7.94 17.89 23.84 31.78 
Rice offal  5.00 5.00 5.00 5.00 5.00 
Bone meal 2.00 2.00 2.00 2.00 2.00 
Limestone  1.00 1.00 1.00 1.00 1.00 
Palm oil 2.10 2.10 2.10 2.10 2.10 
Premix'  0.25 0.25 0.25 0.25 0.25 
Common Salt  0.25 0.25 0.25 0.25 0.25 
Lysine  0.20 0.20 0.20 0.20 0.20 
Methionine  0.20 0.20 0.20 0.20 0.20 
Total  100 100 100 100 100 
Calculated Nutrient      
ME (Kcal/Kg) 
CP (%) 

2908 
20.00 

2942 
19.92 

2979 
19.84 

3014 
19.80 

2908 
19.70 

CF (%) 4.02 4.19 4.35 4.52 4.68 
Ca (%) 1.16 1.17 1.17 1.19 1.19 
P (%)                                            0.64 0.64 0.64 0.64 0.64 
Lysine (%) 1.34 1.35 1.55 1.76 1.96 
Methionine (%)  0.74 0.58 0.61 0.64 0.67 
Feed cost Kg N/kg)  78.66 71.55 67.72 57.31 50.21 

 
T1 (0%) control diet, T2 Diet contained 25% SBR, T3 = Diet contained 50% 
SBR   T4 = Diet contained 75% SBR and T5 = Diet contained 100% SBR 
GNC = Groundnut cake, SBR = Soybean residue, ME = Metabolizable 
energy. 'Vitamin – mineral premix (Biomix®) will supply per Kg diet, vit. A 
500iU, vit. D3 888iU, vit. E12, 000mg, vit. K3 (500mg), niacin 12000mg,  
pantothenic acid 2000mg, Biotin 1000mg, vit. B12 300mg, folic acid 1,500kg, 
choline, chloride  600mg, manganese 1000mg, iron 1,500mg, zinc 800mg, 
copper 400mg, iodine 80mg, cobalt 400mg and selenium 800mg.  
ME (kcal/ kg) = 35 x CP% + 81.8 x EE % + 35.5 x NFE % (Pauzenga, 1985). 

 
 

Table 2. Nutrient Composition and 
Metabolisable Energy of Soybean 
Residue (dry matter basis). 
 
Nutrient % Content 

Dry matter   71.50 
Crude protein  44.00 
Crude fibre  5.90 
Nitrogen free extract 39.80 
Ether extract  4.50 
Total ash  5.80 
Calcium  0.30 
Phosphorus  0.60 
*Energy (KcalME kg 

-1
)  2973.10 

 
*Metabolisable energy (Kcal/kg 

+
) calculate 

by method described by Pauzenga (1985). 

 
The results of this trial indicated that RBC has the ability 
to carry oxygen and removing carbon dioxide (waste) 
from the birds. The high value of WBC observed 
associate with the ability for chicken to perform well 
under stressful conditions, having good level of immunity 

for defence against infectious agent and toxins.  MCV, 
MCH and MCHC values were lower than the values 
reported by Agbede and Aletor (2003) but however, 
within the range as reported by Frandson (1981). 
Similarity in the values of  each  of  these  haematological  
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Table 3: Effect of Experimental Diet Containing Soybean Residue for Groundnut Cake on 
Haematological Indices of Broiler Chickens. 
 
Haematological indices Experimental diets  

SEM T1 (0%) T2 (25%) T3 (50%) T4 (75%) T5 (100%) 

PCV (%) 30.50
c 

33.50
a 

30.25
c 

28.25
d 

32.00
b 

0.42* 
Hb (g/dl) 10.25

b 
10.98

a 
10.33

b 
9.63

c 
10.70

a 
0.11* 

RBC (10
12/l

) 3.05
c 

3.32
a 

3.02
c 

2.87
d 

3.16
b 

0.04* 
WBC (10

9/l
) 100.25 117.25 104.75 123.75 123.25 4.77

ns 

MCV (fl) 100.18
ab 

100.83
a 

100.25
ab 

98.34
b 

101.26
a 

0.38* 
MCH (pg) 33.67

ab 
33.28

b 
34.22

a 
33.50

ab 
33.85

ab 
1.13* 

MCHC (g/l) 33.61
a 

32.77
b 

34.13
a 

34.06
a 

33.44
ab 

0.14* 
 
*=(p<0.05), a, b, c, d Means on the same row with different superscripts are significantly different (P<0.05),  
ns = (P>0.05), SEM = Standard error of mean, Hb = Haemoglobin , RBC = Red blood cell, PCV = Packed 
cell volume, MCV = Mean corpuscular volume, MCH = Mean corpuscular haemoglobin, MCHC = Mean 
corpuscular haemoglobin concentration, WBC =  White blood cell. T1 = Control diet, T2= Diet containing 
25% of soybean residue, T3 = Diet containing 50% of soybean residue, T4 = Diet containing 75% of 
soybean residue, T5 = Diet containing 100% of soybean residue. 

 
 

Table  4:  Effect of Experimental Diet Containing Soybean Residue for Groundnut Cake  of 
Blood Chemistry of Broiler Chickens. 
 
Serum biochemical   indices Experimental diets  

 T1 (0%) T2 (25%) T3 (50%) T4 (75%) T5(100%) SEM 

Na
+
 (mmol/l) 125.25 128.75 123.25 129.25 122.00 1.55

ns
 

K
+
 (mmol/l) 10.53

b 
10.60

b 
11.73

ab 
11.10

ab 
12.88

a 
0.33* 

Ca
++

 (mmol/l) 1.28 1.35 1.33 1.33 1.35 0.03
ns 

Glucose (mmol/l) 6.33
ab 

5.13
b 

5.55
ab 

6.65
a 

6.50
a 

0.21* 
Total protein (g/l) 57.25

a 
55.00

ab 
53.00

b 
55.75

ab 
54.50

ab 
0.59* 

Albumin (g/l) 24.00 25.00 26.75 25.00 26.25 0.48
ns 

Globulin (g/l) 33.25
a 

30.00
abc 

26.25
c 

30.75
ab 

28.25
bc 

0.72* 
Creatinine (mmol/l) 47.00

d 
51.00

bc 
49.50

c 
53.00

b 
56.75

a 
1.51

*
 

PO4 (mmol/l) 2.05 2.20 2.28 2.08 2.18 0.07
ns 

 
*=(p<0.05), a,b,c,d Means on the same row with different superscripts are significantly different (P<0.05),  
ns = (P>0.05), SEM = Standard error of mean,T1 = Control diet, T2= Diet containing 25% of soybean 
residue,  T3 = Diet containing 50% of soybean residue, T4 =  Diet containing 75% of soybean residue, T5 =  
Diet containing 100% of soybean residue. Na

+
 = Sodium, K

+
= Potassium, Ca

+
 = Calcium, PO4 = 

(Phosphorus oxide). 

 
 
indices irrespective of the diet group suggested that 
these parameters were not affected by SBR. 

Serological analysis in this study (Table 4) revealed 
that dietary treatments produced no significant  (P>0.05) 
effect on blood serum vairables, namely  sodium (Na

+
), 

calcium (Ca
+
), phosphorus (P04), albumin and creatinine 

of birds. This finding is similar with the report of Odeyinka 
et al. (2007) that the serum biochemistry parameters on 
monogastrics  animals (birds/swine) fed soybean milk 
residue were not influenced significantly  by dietary 
treatment. Albumin and  creatinine levels were within the 
normal range of mature broiler bird reported by Aduku ( 
2004), Aguihe et al. (2012) and Ojediran (2012). The 
non-significant difference (P>0.05) of albumin suggest 
that protein made by the liver and its synthesis in the 
blood stream were not affected hence, there was no 
issue of malnutiriton on chicken. The serum glucose 
levels were significantly (P<0.05) higher in birds fed diet 

75% (6.65mmol/l  and 100% (6.50mmol/l) compared to 

the control diet (6.33mmol/l). However, the use of SBR as 
a replacement for GNC did not depress energy level in 
the blood serum of birds  as reported by Banerjee (2007).  
Total protein values of 55.00 g/l to 57.30 g/l are lower 
compared to  normal  value range of 53.00 g/l to79.00 g/l 
reported by Aguihe et al (2012). The values obtained 
indicated that the experimental diets were not nutritionally 
inferior to GNC  based control diet even at 100% dietary 
inclusion  of  soybean residue. The normal range could 
be related to the nutritional adequacy and safety of the 
test ingredient given to the birds. The results from this 
study therefore revealed that GNC could be completely 
replaced with SBR in broiler diets without adverse effects 
on blood constituents. 
 
Conclusion 
 
The results of PCV, Hb, RBC and MCV of finisher broiler 
fed 100% diet were significantly higher (P<0.05) compared  
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to chickens fed the control diet, while WBC values were 
statistically similar (P>0.05). The significant values 
observed for Serum biochemical indices: K

+
, glucose, 

total protein and globulin did not have an adverse effect 
on the health status of the birds. 
 
 
Recommendation  
 
Soybean residue can be used up to 100% to replace 
groundnut cake in the diet of broiler chickens thus 
providing a productive use for this hitherto neglected 
agro-allied waste. 
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