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In a study to assess the replacement value of enzyme 

fortified cassava peels meal (EFCPM) for whole maize in 

the diets of 180 Nera birds laying hens, graded levels of 

EFCPM (0%, 15%, 35% and 50%) were used to replace 

corresponding levels of whole maize in four diets as 

treatments T1, T2, T3 and T4 (representing 0%, 15%, 35% 

and 50% inclusion levels respectively). Each treatment 

was replicated three times in completely randomized 

design. The study lasted for 12 weeks from the point of 

40% hen day production. Haematological and serum 

biochemical indices were determined from blood samples 

taken from the birds in the different treatments. All the 

haematological and serum biochemical indices fell within 

normal range for normal chicken. While the 

haematological indices of  Haemoglobin (HB), Packed 

Cells Volume (PCV), Red Blood Cell (RBC), Erythrocytes 

Sedimentation Rate (ESR) and White Blood Cells (WBC) 

differed significantly (p <0.05) among treatment means, 

all the others were statistically similar (p >0.05). The 

haemaglobin (Hb), white blood cells (WBC), Red blood 

cells (RBC) and mean cell haemaglobin concentration 

(MCHC) values decreased as % inclusion level of EFCPM 

increased. The serum biochemical indices of Albumin, 

Albumin/globulin ratio, and serum enzymes Alanine 

Aminotransferase (ALT) and Alkaline Phosphotase (ALP) 

differed significantly (p <0.05) between treatment means 

all the others were statistically similar (p >0.05). All 

serum biochemical parameters including cholesterol 

decreased as the inclusion level of EFCPM increased. 

Results showed that there were no observable deleterious 

effects on the blood indices as no mortality was recorded. 

EFCPM did not impact negatively on the blood 

parameters of the laying hens.  
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INTRODUCTION 
 
The different types of feed ingredients used in formulating 
animal feeds both for monogatrics and ruminants has 
some measurable effects on the constituent of animal 
blood. Therefore feed consumed by an animal could be 
used to determine the metabolic state of the animal as 
well as its health status both of which will determine the 
quality of the feed (Madubuike and Ekenyem, 2006). The 
use of non-conventional feed ingredients in animal feed 
formulations targeted at reducing cost of feed has made it 
imperative to study the effect of feeding such ingredients 
like cassava peels meal which   is   reported   to   contain  

 
 
some anti-nutrients like hydrocyanic acid on the 
performance and physiological status of laying hens. The 
study on the changes in blood characteristics of livestock 
have been widely studied particularly in regard to 
detecting the health status from diseased or stressed 
animals exposed to different toxicants and metabolic 
stress (Emenalom et al., 2009; Obidimma, 2009; Khan 
and Zafar, 2005). Blood as a good indicator of health 
status of organisms is considered as a vital tool in the 
development of animal agriculture. Isaac et al. (2013) 
reported that animals with full blood   composition are likely 



 
 
 
 
to show good performance. This study was designed to 
determine the effect of enzyme fortified cassava peels 
meal diets on the haematological and serum biochemical 
indices of laying hens.  
 
 
MATERIALS AND METHODS  
 
Experimental site 
 
This study was carried out at the poultry unit of the Imo 
State University Teaching and Research Farm, Owerri, 
Nigeria situated on longitudes 7°, 01

1
, 06

11
 E and 7°, 03

1
, 

00
11

 E and latitudes 5°, 28
1
, 24

11
 N and 5°, 30

1
, 00

11
 N 

(Imo State Ministry of Lands and Survey Atlas, 2004).  
 
 
Preparation of experimental diets 
 
Cassava peels were obtained cost free from local 
processors of cassava tubers, washed clean of sand and 
dirt and sundried to moisture level of about 10%. The dry 
crispy peels were subjected to hammer milling above a 
4.00 mm sieve after which a proximate analysis (Table 1) 
of it was carried out  in the Animal Nutrition Laboratory of 
the Department of Animal Science, Imo State University 
Teaching and Research Farm, Owerri, Nigeria according 
to AOAC, (2010). Other ingredients were procured from 
reputable local dealers and crushed (where necessary) 
and mixed according to the formulae in (Table 2).  
 
 

Table 1. Proximate composition of sundried cassava peels 
meal. 
  
Nutrients  Values (%) 

Dry matter (%) 88.80 
Crude protein (%) 5.64 
Crude fibre (%) 12.35 
Ether extract (%) 3.94 
Ash (%) 5.64 
NFE (%) 73.12 
ME (kcal/kg) 3190.45 
Hydrocyanic acid (mg/kg) 50.00 

 
 
 
Procurement and rearing of experimental birds  
  
A total 180 point of lay (18 weeks old) Nera black breed 
of pullets were procured from a reputable farm, 
acclimatized for seven days and reared on deep litter in a 
standard tropical poultry building. Twelve pens (each to 
accommodate 15 pullets) were carved out within the 
building. The 180 pullets were randomly divided into four 
treatment groups and assigned to dietary treatments 
designated T1, T2, T3 and T4 having 0, 15, 35 and 50% 
cassava peels meal respectively. Each of the treatments 
was further replicated   three    times    in   a   completely  
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randomized design. Standard and sound management 
practices of sanitation, appropriate vaccination and 
medication were strictly adhered to throughout the period 
of the study. Feed and water were supplied ad libitum. 
The study lasted for 12 weeks from the day of 40% hen 
day production.  
 
 
Experimental design, data collection and data 
analysis 
 
The experimental design was completely randomized 
design (CRD). Each of the four treatments had 45 pullets 
and each replicate had 15 pullets. At the 12

th
 week, two 

birds were randomly selected from each replicate, 
starved of feed but not water for 12 h. 10 mls of blood 
was collected from each of the birds through the wing 
vein with a sterile syringe. 5 ml of the blood collected 
were put into Bijon bottles containing ethylene diamine 
tetraacetic acid (EDTA) as an anti-coagulant and used for 
haematological assay. The remaining 5 ml of blood 
samples were put into sterile bottles (without anti-
coagulant) and was allowed to coagulate to produce sera 
used for serum biochemical analysis. The blood samples 
were analyzed using Sysmex auto analyzer for 
haemogloblin (Hb), packed cell volume (PVC), Red blood 
cell (eruthrocyte) count RBC), Mean cell volume (MCV), 
Mean cell haemoglobin (MCH), Mean cell haemaglobin 
concentration (MCHC) and white blood cell (leukocyte) 
count (WBC). The erythrocyte sedimentation rate (ESR) 
was determined according to the method described by 
Orji et al. (1986). Serum biochemical parameters were 
determined for total serum protein (TSP), serum 
albumen, serum globulin, serum urea, serum glucose, 
serum creatine, serum cholesterol, serum electrolytes 
and enzymes. All data collected were subjected to one 
way analysis of variance (Steel and Torrie, 1990) while 
differences within treatment means were separated using 
the Duncan’s Multiple range test as a outlined by Onuh 
and Igwemma (1998). 

 
 
RESULTS AND DISCUSSION  
 
Results of Haematological and serum biochemical 
indices of laying hens fed varying levels of enzyme 
fortified cassava peels meal (EFCPM) are shown in 
(Tables 3 and 4) respectively. The values for 
haemoglobin (g/aL), PVC (%), RBC and ESP in this study 
differed significantly (p<0.05) among treatments means, 
declined as the % inclusion level of EFCPM increased 
from 0% in T1 to 50% in T4 and fell within normal range 
for normal chicken Doyle, (2006); Merck, (2012); 
Bonnuous and Steadman, 2009;  Edoziem and Switzer, 
1997) reported that Hb values increased with increasing 
dietary protein intake but Emenalom et al. (2004) 
observed that poor nutrient   utilization   might   result   in  



Obih          56 
 
 
 

Table 2.  Ingredients and nutrient composition of experimental diets. 
  
Ingredients  T1 T2 T3 T4 

Whole maize 50 35 15 0 
Cassava peels meal + enzyme  0 15 35 50 
Soybean meal 8.50 9.50 9.50 9.50 
Groundnut cake 7.00 9.00 10.00 11.00 
Fish meal 4.00 4.00 4.00 4.00 
Palm kernel cake 12.00 12.00 12.00 12.00 
Wheat offal 10.20 8.20 9.20 10.20 
Bone meal 7.50 7.50 7.50 7.50 
Common salt  0.30 0.30 0.30 0.30 
Vitamin/mineral premix 0.25 0.25 0.25 0.25 
Lysine  0.15 0.15 0.15 0.15 
Methionine  0.10 0.10 0.10 0.10 
Total  100 100 100 100 
Calculated nutrient composition      

% Dry matter 87.50 87.55 87.57 87.58 
% Crude protein 17.93 17.92 17.90 17.91 
M.E (Kcal/kg) 2760.45 2760.36 2760.35 2760.36 
% Crude fibre 4.75 5.66 6.74 8.65 
% Ether Extract 3.80 3.45 3.82 3.75 

 

 

Table 3. Haematological indices of laying hens fed varying levels of 
enzyme fortified cassava peels meal. 
 
Parameters  T1 (0%) T2 (15%) T3 (35%) T4 (50%) SEM 

Hb (g/dL) 12.87
a 

12.30
b 

11.60
a 

11.10
d 

0.21 
PCV (%) 42.00

a 
38.33

b 
37.33

b 
35.00

b 
0.87 

RBC (x10
12

/L) 12.53
a 

11.87
b 

11.67
bc 

11.37
c 

0.14 
MCV (fh) 133.53 132.30 132.00 130.83 0.52 
MCH (pg) 10.30 10.40 10.00 9.71 0.11 
HCHC (pg) 32.80 32.10 31.73 31.37 0.30 
ESP (mm

3
/1

st
 hour) 16.67

d 
25.00

c 
35.00

b 
36.67

a 
0.14 

WBC (x10
9
/L) 11.37

a 
11.07

b 
11.07

b 
10.73

c 
0.07 

Lymphocyte 42.33 44.67 44.67 42.33 0.54 
Heterophils  54.33 51.67 51.68 54.68 0.14 
Monocytes % 2.00 1.67 1.67 1.68 0.13 
Basophils (%) 0.00 0.00 0.00 0.00 0.00 

  
abcd: Means within the same horizontal row with different superscripts are 
significantly different (p<0.05). 

 
 
variation in haemoglobin values. It appears that from the 
values obtained for Hb in this study, the quality of 
EFCPM protein was either not as high as that in whole 
maize or that the protein in EFCPM was not readily 
available for utilization by the birds hence the gradual 
decrease in Hb count from T1 to T4. Normal to increased 
PCW% shows a better transportation of both Oxygen and 
absorbed nutrients and thus results in an increased 
primary and secondary polycythemia, (Isaac et al., 2013). 

The progressive decrease in RBC count as the 
percentage inclusion level of EFCPM increased may be 
an indication that EFCPM did not either support RBC 
production or played a positive role in its destruction. 
MCV, MCH and MCHC values obtained in this study did 
not differ significantly (p>0.05) among treatment means 
and fell between normal range for normal chicken Iyayi 

and Losel, 2001; Okonkwo et al., 2010). Lower levels of 
HCH and MCHC are indicators of anaemia (Aster, 2004). 
MCH value is usually diminished by hypochromic 
anaemia (Praktikum der Hundeklimik, 2006). Erythrocyte 
sedimentation rate increased as the inclusion level of 
EFCPM increased but remained within normal range for 
normal chicken (Merck, 2006). This goes to suggest that 
EFCPM did not impact negatively on the birds with 
respect of ESR. WBC values decreased as the % 
inclusion level of EFCPM increased from 0% in T1 to 50% 
in T4 and differed significantly (p<0.05) among the 
treatment means. The WBC differentials were however 
statistically similar (p>0.05) and both the WBC and WBC 
differentials fell within normal range for normal chicken 
(Merck, 2006) and this suggests that EFCPM did not 
interfere with the ability of the    laying    hens    to    fight  
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Table 4. Serum biochemical indices of laying hens fed varying levels of 
enzyme fortified cassava peels meal. 
 
Parameters  T1 (0%) T2 (15%) T3 (35%) T4 (50%) SEM 

Total protein (g/dL) 57.00
a 

53.00
b 

50.67
b 

50.00
b 

0.96 
Albumin (g/dL) 20.33

 
20.32

 
20.00

 
19.33

 
0.21 

Globulin (g/dL) 36.00
a 

32.67
b 

30.67
b 

30.67
b 

0.81 
Urea (mmol/L) 8.43

a 
8.13

b 
8.23

b 
7.80

b 
0.79 

Creatinine (mmol/L) 23.67
a 

22.00
ab 

21.33
b 

20.33
b 

0.44 
Cholesterol (mmol/L) 9.20

a 
8.73

b 
8.53

b 
8.64

b 
0.09 

Albumin/globulin ratio 3:50
 

3:50
 

3:50
 

4:7
 

 
Serum Electrolytes       

N
+
 (mmol/L) 44.32

a 
41.57

b 
40.51

b 
39.68

b 
0.61 

HCo3 (iu/L) 10.70
a 

10.63
ab 

10.37
ab 

10.33
b 

0.07 
CL

-
 (iu/L) 25.00

a 
23.67

a 
23.33

a 
21.00

b 
0.52 

K
+
 (mmol/L) 1.54

a 
1.28

ab 
1.27

ab 
1.05

b 
0.08 

Serum enzymes      

AST (iu/L) 12.00
a 

11.47
b 

11.80
ab 

11.07
c 

0.12 
ALT (iu/L) 7.13 6.80 6.77 6.78 0.07 
ALP (iu/L) 1.3 1.23 1.17 1.07 0.04 

 
abcd: Means within the same horizontal row with different superscripts are 
significantly different (p<0.05). 

 
 
 
infections and did not produce allergic reactions in the 
birds (Iwuji and Herbert, 2012; Soetan et al., 2013).  

With the exception of albumin (g/dL), albumin/globulin 
ratio, ALT (iu/L) and ALP (iu/L), all other serum 
biochemical parameters differed significantly (p<0.05) 
among treatment means. Total protein values decreased 
progressively as the % inclusion level of EFCPM 
increased but fell within normal range for normal chicken 
(Chrorasri and Aengwanich 2007). The values obtained 
for albumin and globulin were in agreement with those 
obtained by Bamgbose et al., (2007) but were higher than 
those reported by Bounous et al., (2000) for juvenile 
turkeys. This implies that EFCPM diets possessed 
identical dietary (nutritional) qualities with the control diet. 
Iwuji and Herbert, (2012) and Iyayi and Tewe, (2008) had 
suggested that the values of serum urea and total protein 
(TSP) depend on the quality and quantity of protein in the 
diets of animals. Results for both serum urea and TSP 
suggest that dietary protein utilization improved as the % 
inclusion level of EFCPM increased. All values obtained 
for serum urea and total serum protein fell within normal 
range for normal chicken (Bonuous and Steadman, 
2009). Creatinine values differed significantly (p<0.05) 
among treatment means, decreased as the % inclusion 
level of EFCPM increased and fell within normal range for 
normal chicken and this suggests that EFCPM had no 
deleterious effect on the kidney of the birds and 
confirmed the nutritional adequacy of EFCPM (Maikano, 
2014).  

Serum cholesterol values fell within normal range for 
normal chicken (Soetan et al., 2013) decreased as the % 
inclusion level of EFCPM increased. Madubuike and 
Ekenyem, (2006) reported that by measuring cholesterol 

in food, the fat metabolism can be assessed. The lower 
cholesterol level observed as the inclusion level of 
EFCPM increased is an indication of the health benefit of 
incorporating EFCPM in the diets of laying hens which 
will translate to eggs with lower cholesterol level for egg 
consumers.  

The serum electrolytes from this study differed 
significantly (p<0.05) among treatment means, and 
decreased as the % inclusion level of EFCPM increased. 
All the serum electrolyte values fell within normal range 
for normal chicken (Okonkwo et al., 2014; Ekenyem et al. 
(2009) indicating that EFCPM did not affect the birds 
negatively. The liver enzymes ALT and Alkaline 
phosphate (ALP) values were statistically similar 
(p>0.05).  While AST values differed significantly among 
treatment means and decreased as the % inclusion level 
of EFCPM increased. All the values obtained for the 
enzymes fell within normal range for normal chicken as 
reported by Sokumbi and Egbanike, (2002) and this 
suggests no tissue damage to the liver, heart and kidney 
as a result of dietary inclusion of EFCPM in the diets of 
laying hens.  
 
 
Conclusion 
 
All the blood indices investigated in this study fell within 
normal range for normal chicken. According to Khan and 
Zafar, (2005), blood parameters are good indicators of 
the physiological status of animals and Isaac et al. (2013) 
reported that animals with full blood composition are 
likely to show good performance. The laying hens fed the 
test material (EFCPM) performed well when compared  to  
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the control suggesting that EFCPM did not impact 
negatively on the laying hens and could be included in 
the diets of laying hens.  
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