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The effect of dietary treatments on growth performance, haematological and biochemical 
indices of finisher broilers as well as economics of broiler production were determined in this 
experiment.  Four broiler finisher diets were formulated with different inclusion levels of 
fermented cassava flour/blood mixture code-named “cassablood”. The control diet (T ) 1

contained 0% cassablood, while diets 2, 3 and 4 contained 20%, 25% and 30% cassablood 
respectively. 120 four weeks old Anak broiler chicken  were randomly allocated  the 4 diets 
with 30 birds per treatment replicated 3 times with ten 10 broilers per replicate in a 
completely  randomized design (CRD).Treatment effects on final body weight, final weight 
gain, feed intake and feed conversion ratio were significant (P<0.05). Birds fed cassablood-
based diets compared favourably with the control diet. 20% cassablood inclusion performed 
equally with the control diet in feed intake, body weight gain and feed conversion ratio.All 
dietary groups also showed no significant differences (P>0.05) in most haematological and 
serum biochemical indices of broilers except in cholesterol, glucose and triglyceride 
contentswhichdiffered (P<0.05) significantly Similarly, chicken on 20% and 25% inclusion 
levels produced significantly (P < 0.05) higher economic gains in terms of feed cost per 
kilogram of broiler among all the treatments. Therefore, 20 - 25% cassablood dietary 
inclusion level was recommended in broiler diet for production and profit maximization.

.

Introduction
The poultry industry fell short of its aim of 
self-sufficiency in animal protein 
consumption in the country which is 
presently 5 g/caput per day and is grossly 
below recommended level of 35 g/caput per 
day (FAO, 2010). Poultry remains excellent 
source of animal protein to Nigerians. 
However, potentials of poultry as a panacea 
to insufficient animal protein intake of 
Nigerians have not been achieved because 
of inadequate and expensive feeds. Feed 
cost, particularly, protein and energy 
concentrates such as fish meal, soybean 
meal and maize remains the main factor 
limiting the development and expansion of 
poultry farming. Cereals are also very poor 
in sulfur amino acids especially lysine 
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(Atteh, 2002), thus requires fortification. 
The reliable source of these limiting amino 
acids is fish meal which is scarce and very 
expensive (Aniebo et al, 2008). There is 
need to search for sustainable alternatives 
to replace expensive energy and protein 
concentrates (Adeyemi, 2005) as a means 
of lowering feed and total production costs.
Blood from abattoir is rich in lysine and is a 
good source of arginine, methionine, 
cysteine, leucine but very poor in isoleucine 
and contains less glycine than either fish 
meal or soybean meal (Kamalak et al., 
2005). Blood when processed into meal, is 
unpalatable, particularly if overcooked, so 
care must be taken not to add more than 4% 
(Donkoh et al., 2002) or exceed 6% in 
poultry ration (Feedipedia, 2015). 
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However, Hassan Khan and Ansari (2007) 
reported unfavorable influence in diets 
containing more than 3% blood meal. Also 
feed intake and body weight gain of broiler 
chicken were affected. There is then the 
need to further investigate better methods of 
processing blood, which is cheaper, more 
readily and locally available to improve its 
nutritional value. In addition, there is the 
need to exploit cheaper energy source like 
cassava to replace expensive cereals such as 
maize for livestock production to forestall 
future food-feed competition. 
Cassava meal is rich in energy but poor in 
protein and sulfur amino acids (Ayasan, 
2010). Substantial efforts have been made 
to replace cereals with cassava in poultry 
feeding (Oruwari et al., 2003; Aniebo, 
2011: Adeyemi et al., 2012). The results, in 
terms of its feeding value, encountered 
nutritional problems, physiological 
response and productive performances of 
fed chicken on cassava products were of 
wide variability. Adeyemi et al. (2012) 
observed that combination of blood meal 
and cassava meal gave good protein/energy 
concentrate with better amino acid content. 
Dustiness and poor protein content in 
cassava based meal ,  as  wel l  as  
indigestibility and unpalatability of blood 
meal could be addressed by absorbing 
abattoir blood with cassava flour. Nigeria is 
currently the largest producer of cassava in 
the world with an annual production of over 
34 million tonnes of tuberous roots. 
Cassava is largely consumed in many 
processed forms in Nigeria. Its use in the 
industry and livestock feed is well known 
(Adeniji et al., 2005) It is estimated that 2.8 
million tonnes of cassava was used as feed 
in 2009 in Ghana (FAO, 2013)and an annual 
metric tonnes of 45,420 animal blood were 
generated from various abattoirs in Nigeria 

in 1991 (Igene 1991) and 90,648 metric 
tonnes in 2007 (Aniebo et al., 2009) This 
study was designed to evaluate the effect of 
mixture of cassava flour and abattoir blood 
(cassablood) on growth parameters, 
haematological and biochemical indices as 
well as the  cost benefit for broiler finishers 
production.

Materials and Methods
Location
The experiment was carried out at the 
Poultry Research Unit of the Department of 
Animal Science, Teaching and Research 
Farm, Chukwuemeka Odumegwu Ojukwu 
University, Igbariam Campus, Anambra 
State, South Eastern Nigeria  
Source and processing of cassablood
Peeled, dried cassava (TMS-30555) was 
milled with a hammer mill of 10mm mesh-
size into floor while fresh cattle blood was 
collected with clean plastic containers from 
Odumodu abattoir, Umunya in Oyi LGA, 
of Anambra State. The cassava floor was 
mixed with the cattle blood at a ratio of 3:4 
respectively and sun-dried for four days to 
90% dry matter. The dried crumbs (test 
ingredient) were ground to a meal with the 
same hammer mill and code-named 
“cassablood”. Proximate analysis of the 
processed cassablood was undertaken 
according to the methods of AOAC (2000). 
The metabolizable energy (Kcal/kg) of 
cassablood was estimated using Pauzenga 
(1985) formula: ME ~ 35xCP% + 81.8 x 
EE% + 35.5 x NFE 
Formulation of cassablood-based 
experimental diets
Four broiler finisher diets were formulated 
w i t h  d i f f e r e n t  i n c l u s i o n  l e v e l s  
ofcassablood. The control diet (T ) 1

contained 0% cassablood, while diets 2, 3 
and 4 contained 20, 25 and 30% cassablood 
respectively (Table 1). 
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Table 1:   Composition of experimental diets (%)  
                                                                                           Treatments  
Ingredients  T1

 
T2

 
T3

 
T4  

Cassablood
 

-
 

20.0
 
25.0

 
30.0

 Maize
 

50.0
 

38.0
 
35.0

 
35.0

 Soybean meal
 

31.0
 

27.0
 
25.0

 
20.0

 Wheat bran

 
8.0

 
5.0

 
5.0

 
5.0

 Fish meal

 

5.0

 

4.6

 

4.6

 

4.6

 
*Vitamin/mineral premix

 

0.6

 

0.5

 

0.5

 

0.5

 
Bone meal

 

3.5

 

3.0

 

3.0

 

3.0

 
Limestone

 

1.0

 

1.0

 

1.0

 

1.0

 
DL Methionine

 

0.2

 

0.2

 

0.2

 

0.2

 
Lysine

 

0.2

 

0.2

 

0.2

 

0.2

 

Salt

 

0.5

 

0.5

 

0.5

 

0.5

 

Total

 

100

 

100

 

100

 

100

 

Nutrient

     

Crude protein                

 

21.81

 

21.72

 

21.70

 

21.63

 

M.E Kcal/kg

 

2850

 

2822

 

2812

 

2805

 

*Vitamin/Mineral

 

premix to provide the following per kg of diet; Vitamin

 

A, 10,000iu; Vitamin D2, 
1,500iu; Vitamin

 

E, 3iu; Vit amin

 

K, 2mg; Riboflavin, 3mg; Vitamin B 12 , 0.08mg; Folic acid, 4mg; Mn, 
8mg; Zn, 0.5mg; Iodine, 1.0mg; Co, 1.2mg; Cu, 10mg; Fe. 20mg

 
 

Experimental birds and management
One hundred and twenty four-week old 
Anak broiler chicks were randomly 
allocated to four diets comprising 30 birds 
per treatment each. in triplicate of ten 
broilers per replicate in a completely 
randomized design (CRD).The birds were 
housed in deep litter pens.They were reared 
under similar managerial conditions, and 
the respective diets were given to 
experimental birds for 32 days. The 
experimental diets and clean drinking water 
were supplied to the birds ad libitum 
throughout the study period.  Prior to the 
commencement of the experiment, the birds 
were weighed to obtain their initial body 
weights and thereafter they were 
individually weighed at weekly intervals 
during the experimental period. Parameters 
measured include; body weight, feed intake 
and feed conversion ratio. Feed intake was 
recorded daily. Feed conversion ratio was 
calculated by dividing the feed intake by 
weight gain. 
Haematological and serum biochemical 
indices analyses
Blood analysis was carried out at the end of 

the experiment. Three birds per replicate 
were randomly selected for blood sample 
collection. Approximately, 2mls of blood 
sample was collected from each of the 3 
birds from their webal subclinical veins and 
transferred to Ethylene Diamine Tetracetic 
Acid (EDTA) bottles as an anticoagulant for 
haematological assay (Jain, 1986). Another 
2mls of blood samples was collected into 
bottles without anticoagulant for serum 
biochemical indices determinations. The 
samples were taken to Chukwuemeka 
Odumegwu Ojukwu University Teaching 
Hospital Awka for analysis. Blood samples 
were analyzed according to routinely 
available clinical methods. The following 
parameters Packed cell volume (PCV), 
Haemoglobin, Red blood cell (RBC), White 
blood cell (WBC), Mean corpuscular 
volume (MCV), Mean corpuscular 
haemoglobin concentration (MCHC), 
Triglyceride, Cholesterol, Total glucose, 
Total protein, Albumin, Globulin and 
Differential WBC namely; Monocytes and 
Neutrophils were evaluated. The PCV was 
determined using the wintrobe haematocrit 
method described by Wintrobe (1933). 
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WBC and RBC were determined using 
haemocytometer after appropriate dilution 
(Dacie and Lewis, 1984). Haemoglobin 
(HB), Mean corpuscular volume (Brown, 
1976). Cholesterol was measured (Roshlan 
and Bernet,1974). The serum protein, 
albumin and globulin were analysed using 
SIGMA kits (Feteris, 1965). 
Production cost analyses 
The prevailing market prices of the 
ingredients at the time of study were used to 
calculate the cost of feed/kg, total cost of 
feed consumed (N) and the cost of feed per 
kg body weight gain ( ) of broiler as a 
means of determining economics of broiler 
production with cassablood based 
diets.Feedstuffs were bought at the 
following rates ( /kg); 80/maize;  

N

N

60/cassava;  50/cassablood;  172/soybean;  
50/wheatbran; 20/cattle blood;  140/local 
fish meal; 100/salt; 520/vitamin/mineral 
premix; 40/bone meal; 20/limestone; 
1,300/methionine; 700/lysine.
Statistical analysis 
Data were subjected to analysis of variance 
with SAS General Model (2000), and 
means were separated at P < 0.05 using New 
Duncan's Multiple Range Test as outlined 
(Obi, 2002). 

Results
The result of the proximate analysis of 
cassablood meal is presented in Table 2. 
Effects of the treatments on growth 
parameters of finisher broilers are shown in 
Table 3.

Table 2: Analyzed proximate composition of cassablood  
Nutrient  Composition  
Dry matter (%)

 
83.0

 
Crude protein (%)

 
29.84

 Crude fibre (%)
 

3.5
 Fat (%)

 
1.5

 Moisture (%)

 

17.0

 Ash (%)

 

5.5

 Metabolizable energy (Kcal/kg)

 

3,285

 
  
Table

 

3: Effects of dietary cassablood on performance indices of finisher broiler chickens     

 
                                                                           

Treatments

  
Parameters

 

T1

 

T2

 

T3

 

T4

 

SEM

 

Feed intake/bird (g)

 

4680.0a

 

4604.2a

 

4546.6b    

 

4468.3 c

 

43.12

 

Initial weight/bird (g)

 

1193.33b

 

1166.67b

 

1106.67c

 

1186.67b

 

7.02

 

Final weight/bird (g)

 

3026.67a

 

2983.33a 

 

2803.33b 

 

2766.67c

 

48.42

 

Weight gain/bird (g)

 

1833.33a

 

1816.66a

 

1696.67b

 

1580.00c

 

33.23

 

Feed conversion ratio

 

2.55a

 

2.53a

 

2.68a

 

2..80b

 

0.07

 

abc

 

means within the same row with different superscript are significantly different (P 0.05).

 
 

Result showed that treatment effect on feed 
intake, final body weight, final weight gain, 
and feed conversion ratio of broilers among 
the four treatments were significantly 
(P<0.05) different. Birds fed diet T1 
(4680.0g) and T2(4604.2g) recorded 
significantly (P < 0.05) higher feed intake 
when compared to those on T3 (4546.6g) 
and T4 (4468.3g). Final body weight and 

final weight gain also followed similar 
trend. Results also showed no significant 
difference (P > 0.05) in feed conversion 
ratio among those on 0, 20 and 25% 
cassablood inclusion levels. 
The effects of cassablood based-diets on the 
haematological and serum biochemical 
indices of finisher broilers are presented in 
Table 4 and 5 respectively. Blood profile of 
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broilers on experimental diets showed 
significant (P< 0.05) differences only in the 
triglyceride, cholesterol and total glucose of 
the birds among the treatment. Cassablood 
significantly decreased triglyceride at 30% 
inclusion level while glucose and 

cholesterol significantly reduced in all 
cassablood-based dietary groups. There 
were no significant differences in all other 
indices measured. The results of the cost 
benefit analysis of finisher broilers 
production with cassablood-based diets are 
presented in Table 6.

Table 4: Haematological indices of finisher broilers fed cassablood-based diets  
Parameters      T1

  T2
 

T3
 

T4
 

SEM  
Packed cell volume (%) 

 
31.67

 
32.03

 
32.07

 
32.33

 
0.3

 Haemoglobin (g/dl)
 

9.80      
 

9.70        
 

10.01         
 

9.93        
 

0.33
 Red blood cell (x106/L)

 
2.12

 
2.30

 
2.28

 
2.42

 
0.09

 White blood cell (x106/L)

 
23.06

 
23.02

 
23.09

 
23.07

 
0.03

 Mean cell volume (FL)

 

120.3

 

120.2

 

120.3

 

119.9

 

4.90

 Mean corpuscular haemoglobin (pg.)

 

41.43

 

40.87

 

40.73

 

41.23

 

1.84

 
MCH  Conc.(g/dl)

 

33.43

 

33.53

 

33.33

 

32.93

 

0.70

 
Differential WBC

      
Monocytes %

 

8.67

 

8.56

 

8.62

 

8.46

 

0.71

 
Neutrophils %

 

7.73

 

7.5

 

7.9

 

7.80

 

0.10

 

abc.means with different superscript differ significantly.

 
 

Table 5: Biochemical indices of finisher broilers fed cassablood-based diets

 

Parameters

    

T1

  

T2

 

T3

 

T4

 

SEM

 

Triglyceride (mg/dl)   

 

137.33b 

 

136.27b

 

137.00b        

 

132.13a         

 

3.48

 

Cholesterol (mg/dl)

 

116.67a

 

113.20b

 

112.70b

 

112.10b

 

2.02

 

Total glucose

 

66.13a

 

63.67b           

 

63.62b           

 

62.93b             

 

2.48

 

Total protein (g/dl)

 

5.34

 

5.40

 

5.32

 

5.35

 

0.01

 

Albumin (g/dl)

 

2.60

 

3.59

 

2.62

 

2.57

 

0.13

 

Globulin (g/dl)

 

3.33

 

3.32

 

3.33

 

3.34

 

0.02

 

abc.means with different superscript differ significantly.

 
 

Table

 

6: Economic analysis of cassablood-based experimental diets.

 

Parameters

 

T1

 

T2

 

T3

    

T4

 

SEM

 

Cost (N)/kg Finisher

 

118.37a

 

113.07b

 

107.34c

 

99.84d

 

2.34

 

Feed intake (kg)/bird

 

4.68a

 

4.60a

 

4.55b    

 

4.47c

 

0.15

 

Body weight gain (kg)/bird

 

1.83a

 

1.82a 

 

1.70b

 

1.58c

 

0.11

 

Cost of Feed (N)/bird

 

553.97a

 

520.12b

 

488.40c

 

446.29d

 

3.34

 

Cost of Feed (N)/kg body Wt

 

302.97a

 

285.78b

 

287.29b

 

282.46b

 

2.21

 

Feed cost (N)/ton

 

118,370a

 

113,070b

 

107,340c

 

99,840d

 

2.34

 

abcd

 

means within the same row with different superscript are significantly different (P 0.05)

 
 

All  cassablood-based die ts  were  
significantly cheaper than the control in 
producing 1kg broiler chicken (Table 5). 
25% inclusion level produced significantly 
(P < 0.05) best economic gains. However, it 
did not differ significantly from the rest 
cassablood–based diets in feed cost per 
kilogramme of broiler. Feed cost decreased 
with increased inclusion levels of 

cassablood with corresponding decrease in 
weight gain.

Discussion
The proximate composition of the test 
ingredient showed that blood component 
addressed the major deficiencies in cassava 
(Phuc et al., 2000; Ayasan, 2010) and vice-
versa. It agreed with the report of Adeyemi 
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et al. (2012) that the combination of blood 
meal and cassava meal gave good 
protein/energy concentrate with better 
amino acid content which can be useful in 
monogastric animal feeding. The 
favourable performance of birds fed 
cassablood-based diets comparable with 
the control diet indicated that cassablood 
was acceptable to broiler chicken 
compared with reported rejection (Hassan 
Khan and Ansari (2007) of high blood 
meal-based diet (Feedipedia, 2015). 
This study showed that some positive 
chemical reactions could have taken place 
between cassava and blood before the 
mixture dried. This could have contributed 
to utilization of higher level of blood 
component and thus contrasted Hassan 
Khan and Ansari (2007) who reported that 
diets containing more than 3% blood meal 
unfavorably influenced feed intake and 
body weight gain of broiler chickens. The 
relative consumption and utilization of 
both the maize-based and cassablood-
based diets is an indication that cassablood 
could efficiently replace cereal grains and 
still supply the energy requirements. 
Nahashon et al. (2005) affirmed that birds 
will consume sufficient feed to satisfy their 
energy requirement and is one of the main 
factors limiting feed intake. The equal 
performance of birds on T and those on 2 

control diet in terms of the feed intake, 
body weight gain and feed conversion ratio 
relative to significantly better performance 
of those on diets T  and T  showed that 3 4

broiler chicken conveniently and 
efficiently utilized 20% cassablood 
inclusion than at 25 and 30% inclusion 
levels. Probably, the digestive system of 
broiler chicken could not utilize higher 
inclusion level of the test ingredient due to 
manifestation of the imbalance amino acid 
in blood (Hueze and Tran, 2016) as their 
quantity increased.

The obtained values in the blood profile 
were within reported normal ranges 
(Dukes, 1975; Swenson, 1970; Anon, 1980; 
Talebi et al., 2005) for broiler chicken. The 
non-significant (P>0.05) differences in 
determined haematological indices among 
the treatment groups, is a manifestation that 
cassablood did not pose any health threat to 
broilers and therefore safe and wholesome 
for human consumption. Talebi et al, 
(2005) observed that measurement of 
haematological parameters provides 
valuable information for evaluation of 
health status of man and animals. The 
marked (P<0.05) variations in the blood 
triglyceride of broilers on  diet 4 and blood 
cholesterol and blood glucose of all 
cassablood-treated groups indicated a 
positive effect of cassablood as against 
maize-based diet. It suggests nutritional 
adequacy of the cassablood for finisher 
broilers. Esonu et al. (2001) observed that 
hematological constituents reflect the 
responsiveness of the animal to its internal 
and external environments which include 
feed and feeding. 
Data on production cost showed that 20 and 
25% dietary-inclusion levels produced 
significantly higher (P<0.05) economic 
gains on feed cost per kilogram of broiler 
among all treatments though, all 
cassablood-based diets were significantly 
(P < 0.05) cheaper than the control in 
producing broiler chicken. Oruwari et al. 
(2003) reported that researchers had 
concluded that replacement of expensive 
conventional feed ingredients with cheap 
and available substitutes represents a 
suitable strategy at reducing feed costs and 
encouraging production.

Conclusion
Results from this study showed that 
cassablood holds great potentials in poultry 
feed industry. It supported broiler growth 
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and did not pose any health threat to broilers 
and therefore safe and wholesome for 
human consumption. The recorded 
economic advantage of cassablood 
confirmed it as cheaper alternative to 
conventional and more expensive 
ingredients. Therefore, 20 - 25% 
cassablood inclusion level is recommended 
in broiler diet for optimal, wholesome meat 
and profit maximization.
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