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Haematology, serum biochemistry and organ weight changes of wistar rats fed 
processed dehulled jack bean (Canavalia ensiformis)

Amusa1, H. O. Kehinde2, R. A., Atoyebi2, R. O. and Abu2’, O. A.
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*Corresponding authors E-mail: oa.abu@mail.edu.ui.ns

: 15 \igerian Society for Animal Production

\bstract________________________________________________________________
:: tal offifty Wistar albino rats weighi ig 50-60g were randomly allocated to five dietary 

:  ztments in a completely randomized design ,to investigate the haematology, serum 
:. ochemistry and organ weight changes on diets containingprocessed dehulled jack bean. 
r : ur diets containing 10% crude protein were formulated to contain casein (Tl)-control 

e: dehulled jack bean soaked in filtrate obtained from 24hr water-steeped whole maize 
zms (T2), dehulled jack bean soaked in lye solution (T3), dehulled jack bean boiledfor 15 

rinutes (T4) while a protein free diet served as a negative control (T5). The feeding trial 
zsted for 28days after which four rats per treatments were sampled to evaluate 
zematological and serum biochemical indices while three rats per treatment were 

sacrificed by cervical decapitation and the heart, liver, kidneys and the lungs removed and 
• i  eighed separately. Haemoglobin (Hb), white blood cells (WBC), eosinophil and Mean 
Corpuscular Haemoglobin Concentration (MCHC) were not affected by dietary treatments 
while the packed cell volume, red blood cells, lymphocytes, neutrophils, monocytes, Mean 
Corpuscular Volume (MCV) and Mean Corpuscular Haemoglobin (MCH) were 
significantly affected (P<0.05) by dietary treatments. Rats on T4 had the highest PCV 
(47.00%), and neutrophil (25.67%) values, while rat on control had the highest value ofRBC  
5.95 (*106/mm3). Rats on T2 had the highest lymphocyte (80.33%) and monocyte (3.50%) 
values, while the lowest value was fo r  rats T4 (73.25%) and T3 (2.00%). Rats on T3 had the 
highest MCV (1.57fl) and MCH (0.40pg) values the total protein and alkaline phosphatise 
(ALP) were similar (P>0.05) fo r  all group, while the albumin, globulin, cholesterol, 
Aspartate aminotransferase (AST) andAlanine aminotransferase (ALT) were influence by 
dietary treatments (P<0.05). Albumin values ranges from 5.83g/dl to 7.68g/dl with rats on 
T4 having the highest albumin value (7.6 ig/dl). Globulin valuefor rats onT4 is significantly 
(P<0.05) different from rats on TI, T2, T3, and T5 with rats on T3 having the highest value 
(3.42). Rats on TI had the highest Cholesterol (55.37mg/dl) and ALT (17.49IU/L) value, 
while Rats on T2 had the highest AST (16.13IU/L) value. Kidney weights were similar fo r  all 
group (P>0.05) while the liver, lungs and heart relative weights were significantly affected 
(P< 0.05) by dietary treatments. Rats on control diet had the lowest relative weight for liver 
(3.74), lungs (1.03), kidney (0.92) and heart (0.49). Rats on T3 and T5 had the highest value 
for heart weight (0.75) and liver weight (5.67)while rats on T4 had the highest value for  
lungs (1.59).Rats fed  dehulled jack bean seed soaked in ogi liquor showed slight 
improvement on haematological, serum profile and organ weight changes over those fed  lye 
soaked jack bean and boiled fo r  15minutes. However, all the processing methods were
ineffective when compared to theperformance o f rat fed  casein based diets.______________________________________

Keywords: Jack bean, rats, haematology, blood serum, carcass
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Blood profile and organ weight changes o f  wistar rats fedprocessed dehulled jack bean

Introduction
The interest in unconventional feed sourccs 
was bome out o f zeal to find alternative feed 
ingredients to replace expensive soya bean 
meal in the diets o f animals particularly in 
developing countries where there has been 
an acute shortage o f animal protein (Fasuyi, 
2005). The low protein intake had been 
attributed to low level o f animal protein 
production and high cost o f animal products 
(Ani and Adiegwu, 2005) hence the need to 
explore every possibility o f incorporating 
unconventional protein feedstuffs into 
livestock feed in order to reduce the cost o f 
feed and maximize retums. One such 
alternative ingredient with potentials 'o r 
substituting expensive soybean meal in 
livestock feeding is jack bean (Canavalia 
ensiformis.) due to its high protein and 
carbohydrate contents (Udedibie and 
Carlini, 1998).
Jack bean (Canavalia ensiformis) is an 
underutilized legume with crude protein 
content o f about 22-29% and has good 
amino acid profile (Udedibie et al., 1990). 
However, its utilization in livestock feed is 
limited by presence of anti-nutritional 
factors such as haemaglutinins and protease 
inhibitors (Laurena et al., 1994),lectins, 
canavanine, Con canavanine A and other 
non- protein amino acid (Arora, 1995, 
D'Mello, 1995a,b) as well as tannins, 
phytates and canavanine (Siddhuraju and 
Becker, 2001). Much emphasis has been 
placed on processing o f legume seeds by 
toasting, boiling and dehulling or soaking 
as a means o f eliminating these factors 
(Amaefule and Nwagbara, 2004), but thr ie 
processing methods are cumbersome and 
costly, thus limiting their use by farmers 
and feed millers in Nigeria. The aim of this 
study was to examine the effect o f 
processed jack bean in cheaply and less 
cumbersome methods such soaking in 
acidic, alkaline and boiled on the

h a e m a to lo g ica l p a ra m e te rs , serum  
biochemistry indices and organ weight 
changes of Wistar rats.

Materials and Methods
Experimental site
The experiment was carried out at the Rat 
House, Department o f Animal Science, 
University o f Ibadan. The position of 
Ibadan  is L a titu d e : 7 °2 3 .2 6 6 8 ' N 
L'ongitude: 3°53.7834' E o f about 255 
meters above sea level as referenced by 
WGS 84 is the latest revision of the World 
Geodetic System.
Collection ofandpretreatment o f seeds 
Jack beans were purchased from Bodija 

market in Ibadan. The beans were soaked at 
the rate o f lkg/1,5L of water for 12 hours to 
facilitate manual dehulling o f the soaked 
beans.
Processing ofjack bean seed 
Dehulled jack bean seed was soaked in raw 
filtrate obtained from water steeped whole 
maize grains at the rate o f lkg/3L for 24hrs 
(pH3.6-4.3) or 0.5% of cocoa pod ash 
solution (pH 6.3-10.9) for the next 48hrs. 
Another batch o f the dehulled jack bean 
boiled at 100°C at 1 atmosphere for 15min. 
The samples were sun-dried at 32-33°C for 
3days, milled and then included in the diet 
accordingly 
Experimental diets
Four dietary treatments were compounded 
to supply 10% crude protein on dry matter 
basis while the fifth diet was protein free 
(Table 1). Abasal diet TI with casein served 
as the control, the rats on T2 received 
dehulled jack bean soaked in raw ogi maize 
liquor, rats on T3 received dehulled jack 
been soaked in lye solution, and those on T4 
received dehulled jack bean boiled for 
15minutes while T5 received a protein free 
diet.
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Table 1. Gross composition of experimental diets (%)

Ingredients TI T2 T3 T4 T5

Com starch 55.00 24.70 22.60 26.70 65.00
Casein 10.00 - - - -
Jack bean meal - 40.30 42.40 38.30 -

Sucrose 12.25 12.25 12.25 12.25 12.25

Groundnut oil 8.00 8.0 8.0 8.0 8.0
Glucose 6.0 6.0 6.0 6.0 6.0
Non-nutritive cellulose 5.0 5.0 5.0 5.0 5.0
Oyster shell 1.0 1.0 1.0 1.0 1.0
Di calcium phosphate 2.0 2.0 , 2.0 2.0 2.0
Table salt 0.25 0.25 0.25 0.25 0.25

Vit-min premix* 0.50 0.50 0.50 0.50 0.50

Total 100 100 100 100 100
*Composition o f  premix: Vit A 10.000000IU, Vit D3 2000.000IU, Vit E 20,000mg, Vit K3 2,000mg, Vit B, 3,000mg, Vit B2 5000mg, Niacin 
45000mg .Calcium pantothenate 10,000mg, Vit Bi 4000mg, Vit Bn 20mg, Choline chloride 300,000mg, Biotin 1000mg, Manganese 50mg, 
Iron 300,000mg, Zinc 120,000mg, Copper 80,000mg, lodine 15000mg, Cobalt 300mg, Selenium 120mg, Antioxidant 120,000mg

E xp e rim e n ta l design  and  an im a l 
management
Fifty 3-4 weeks old Wistar rats o f an average 
initial weight of50-60g were collected from 
the stock o f  Anim al House o f the 
Department o f Physiology, University of 
Ibadan and taken to the Rat House, 
Department o f Animal Science, University 
o f Ibadan. The rats were weighed and 
randomly assigned on the basis of body 
weight into five dietary treatments o f ten 
rats each in a completely randomized block 
d e s ig n  e x p e rim e n t. R a ts  in  each  
experimental animal group were housed 
individually in well-ventilated stainless 
metabolic cages and allowed access to one 
o f the five experimental diets. The trial 
commenced after a 5-day acclimatization 
period and lasted for 28-days. Water and 
diets were allowed ad libitum. Weight of 
animals was taken at the beginning and 
thereafter at weekly intervals.
Blood collection and analysis 
At day 28 o f the feeding trial, 2ml blood 
samples were collected from four rats per 
treatments into sample bottles containing

Ethylene Diamine Tetra- Acetate (EDTA) as 
a n t i c o a g u l a n t  to  d e te r m in e  th e  
haematological components. The blood 
samples were assayed for packed cell 
v o l u m e  ( P C V ) ,  h a e m o g l o b i n  
(Hb),Differential leukocyte counts,red 
blood cells (RBC), white blood cells 
(WBC), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Haemoglobin (MCH) 
and M ean Corpuscular Haem oglobin 
Concentration (MCHC) were determined 
using the appropriate formulae (Jain, 1996). 
Another 2ml was collected into a sterile 
sample bottles' without coagulant to 
d e te rm in e  the  se rum  b io c h e m ic a l 
components. The blood samples were 
assayed forSerum total protein, albumin, 
G lo b u l in ,  C h o le s te r o l ,  a s p a r ta te  
a m in o tr a n s fe r a s e  (A S T ) , a la n in e  
a m in o tra n s fe ra s e  (A L T ), A lk a lin e  
phosphatase (ALP). The rats were kiled by 
neck decapitation and the heart, lungs liver 
and kidney were removed and weighed 
separately.
Statistical analysis
Data collected was subjected to Statistical

73

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Bloodprofile and organ weight changes o f  wistar rats fedprocessed dehulled jack bean

analysis o f variance (ANOVA) using SAS 
(1999) version and means separated oy 
Duncan Multiple Range Test o f the same 
Statistical package.

Results and discussion
The proxim ate  and fibre fractions 
composition o f experimental diets are 
presented in Table 2. Dehulled jack bean 
soaked in lye solution had the highest crude 
protein (14.30) and ash (6.60) than the other 
diets, while the protein free diet had the 
highest ether extract (8.50). The results of 
the h aem ato lo g ica l ind ices, serum  
biochemical profile and organ weight 
changes o f rats fed processed jack bean are 
shown in Table 3, 4 and 5 respectively. 
Haemoglobin, white blood cells (WBC), 
eo s in o p h il and M ean C o rp u scu la r 
Haem oglobin Concentration (MCHC) 
were not affected by dietary treatments. 
The packed cell volume, red blood cells, 
lymphocyte, neutrophils, monocyte, Mean 
Corpuscular Volume (MCV) and M<an 
Corpuscular Haemoglobin(MCH) were 
significantly affected (P>0.05) by dietary 
treatments. Rats on boiled dehulled jack 
bean had the highest PCV value of (47.00), 
and neutrophil (25.67), while rat on control 
had the highest value o f RBC (5.95). Rats 
on T2 had the highest lymphocyte and 
monocyte value o f (80.33) and (3.50) while 
the lowest value was in T4 (73.25) and T3

(2.00). MCV and MCH of rats on T3 is 
significantly (P<0.05) different from other 
treatment group with T3 having the highest 
MCV (1.57) and MCH (0.40) values. The 
total protein and alkaline phosphatase 
(ALP) were similar (P>0.05) for all group, 
while the Albumin, Globulin, Cholesterol, 
Aspartate aminotransferase (AST) and 
Alanine aminotransferase (ALT) were 
influence by dietary treatments (P<0.05). 
Albumin values ranges from 5.83 to 7.68 
v^ith rats on T4 having the highest albumin 
value (7.68)
G lobulin  value for rats on T4 is 
significantly (P>0.05) different from rats 
on T I, T2, T3, and T5 with rats on T3 
having the highest value (3.42). Rats on TI 
had the highest Cholesterol (55.37) and 
SGPT (17.49) value while Rats on T2 had 
the highest AST (16.13) value.
Kidney weight were similar for all group 
(P>0.05) while the liver, lungs and heart 
weight were significantly affected (P<0.05) 
by dietary treatments. Rats on control diet 
had the lowest weight for liver (3.74), lungs 
(1.03), kidney (0.92) and heart (0.49). Rats 
on T3 and T5 had the highest value for heart 
weight (0.75) and liver weight (5.67) while 
rats on T4 had the highest value for lungs 
(1.59).
Packed cell volume is an index o f toxicity, 
any reduction in its concentration in the 
blood usually would suggest presence of

Table 2. Petermined proximate composition and fibre fraction of experimental diets

Treatments DM CP EE Ash CF NFE NDF ADF ADL

Control diet 90.10 14.30 5.70 4.60 7.37
58.13

32.50 6.14 1.25

Soaked in ogi liquor 91.40 10.30 4.80 5.30 7.37 63.6 57.40 8.39 1.24
Soaked in lye solution 88.70 16.90 7.10 6.60 7.04 51.1 5.90 6.15 8.62
Boiling for 15minutes 90.00 14.50 5.70 5.00 7.34 53.50 25.60 6.90 2.27
Negative control 88.90 3.09 8.50 3.60 7.72 65.9 17.9 6.59 1.24
DM-dry matter, CP-crude protein, EE-ether extract, CF-crude fibre, NFE-nitrogen free extract, NDF- 
neutral detergent fibre, ADF-acid detergent fibre, ADL-acid detergent lignin
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Table 3: Haematological proflle of Wistar rat fed processed jack bean

Parameter TI T2 T3 . T4 T5 SEM

PCV (%) 46.00a 39.00b 45.00ab 47.00“ 41 33“b 2.00
Haemoglobin (g/100ml) 15.32 13.00 14.32 15.00 13.80 0.79

RBC (106/mm3) 5.95a 5.4 l a 3.88b 4.90“b 5.28“ 0.36

W B C (xl03/mm3) 6.37 6.08 6.08 5.46 5.43 0.47

Lymphocytes (%) 75.67ab 80.33“ 74.50ab 73.25b 74.25“b 1.98

Neutrophils (%) 21.33d“ 18.33d 21 .67* 25.67“ 24.67“b 1.03
M onocytes (%) 3.00ab 3M )“ 2.00b 3.00“b 2.67“b 0.35
Eosinophils (%) 0.25 1.25 0.50 1.00 1.00 0.61

M CV  (fl) 0.78b 0.77b 1.57“ 0.8 l b 0.72b 0.12
MCH (pg) 0.26b 0.24b 0.40“ 0.27b 0.23b 0.02
MCHC (gm/100ml) 33.33 33.33 33.33 33.33 33.37 0.03

a,b,c,d: Means with different superscript on the same row are significantly difference (P>0.05)

SEM-Standard error o f  mean, PCV-packed cell volume, RBC-red blood cells, WBC-white blood cclls, MCV-Mean 
corpuscular volume, MCH-Mean corpuscular haemoglobin, MCHC-Mean corpuscular haemoglobin concentration

Table 4: Serum biochemical indices of Wistar rat fed processed jack bean

Parameters TI T2 T3 T4 T5 SEM

Total protein(g/dl) 10.4 10.05 9.42 9.71 9.86 0.56
Albumin(g/dl) 5.83b 7.43“ 7.04“ 7.68“ 5.88b 0.27
Globulin(g/dl) 3.37“ 3.38“ 3.42“ 2.30b 2.95“ 0.21
Cholesterol(mg/dl) 55.37“ 38.33“ 49.52“b 42.73b“ 51.23ab 2.92
ALP (IU/L) 105.55 107.28 135.98 133.60 107.30 25.8
AST(IU /L) 14.57“b 16.13“ 12.18“ 13.16* 13.11b“ 0.73
A L T (IU A ) 17.49“ 16.53“b 16.95“b 15.30b 12.57“ 0.63

Means with different superscript on the same row  are significantly different (P > 0.05)

SEM-Standard error o f irwrtf; ALP-Alkaline phosphatase, Aspartate aminotransferase (AST) and Alanine aminotransferase(ALT)

Table 5: Relative organ weight of W istar rats fed processed jack bean_________
Organ TI T2 T3 T4 T5 SEM
Liver 3.74b 4.81“ 5.13“ 5.27“ 5.67“ 0.28
Lungs 1.04b 1.06b 1.54“ 1.59“ 1.29ab 0.07
Kidney 0.92 0.93 1.77 1.11 0.97 0.25
Heart 0.49b 0.55ab 0.75“ 0.63* 0.59ab 0.05

means on the same row but with different superscripts are significantly (P<0.05) different.
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toxic factors (haemagglutinins) which has 
adverse effect on blood formation (Oyawole 
and Ogunkunle, 1998). The PCV values 
recorded for various treatment groups could 
be viewed as coefficient of efficiency of 
various processing methods in reducing the 
ANFs. The higher the value, the more 
capable the method. This implies that jack 
bean boiled for 15minutes based diet 
compare favourably with the control diet. 
Red blood cells values of rats on control diet 
and negative control (protein free diet) were 
significantly (P<0.05) different from rats on 
Diet 4 (boiling for 15minutes). The 
observed decrease in red blood cell value of 
rats on T3 and T4 could be attributed to the 
destruction o f RBC cells by the residual ant- 
nutritional factor and toxicants. This agrees 
with the findings o f  (Oyawole and 
Ogunkunle, 1988) who reported that 
biochemical components o f blood are 
sensitive to element of toxicity in feed. 
However, haematological components are 
also valuable in monitoring feed toxicity 
especially with feed constituent that affects 
the formation o f blood. This confirms the 
poor ability o f rats on T3 and T4 to support 
blood formation and eventually leading to 
poor growth. The non-significant (P>0.05) 
difference in white blood cells suggested 
that there is no microbial infection or the 
presence o f foreign body or antigen in the 
circulatory System.
The values obtained for MCV and MCH 
followed a similar trend with the values 
being the highest for rats on T3, the values 
suggest nutritional inadequacy of the diet. 
Total protein was not influence by dietary 
treatment which suggested that the heaiili 
Status o f the rats was better for the tested 
diet as they compare favourably with 
control. The globulin values o f rats on TI, 
T2, T3 and T5 were significantly (P<0.05) 
different from rat on T4, this signified the 
ability o f rats in the treatments to fight

against infections

The Statistical similarities observed for rats 
on T I, T2, T3, and T4 for ALT, suggested 
that there was no necrosis and myocardial 
infection which agrees with the findings of 
(Fasina et al., 1999) who reported that 
increase in AST and ALT signal necrosis 
and m yocardial infection which are 
indications of poor protein in the diet.
The Statistical (P<0.05) difference in liver 
weight for rats on T2, T3, T4 and T5 when 
compared with rats on TI could be 
attributed to the effect o f processing on the 
anti-nutrients. The liver and the kidney are 
m a j o r  d e t o x i f y i n g  o r g a n s ,  h e n c e  
enlargement and increase in weight as a 
result o f increase in activity o f the Organs to 
detoxify residual anti-nutrient (Ologhobo et 
al., 1993, Ukachuku, 2000).The control diet 
provided the liver with enough protein for 
deamination and other functions while there 
was an enlargement in the liver of rat fed 
processed jack bean diets. Akanji et al., 
2003 reported that any processing methods 
that could not completely remove trypsin 
inhibitors actively could also not lead to 
complete removal of haemaglutinins (con 
canavanine A) a heat stable anti-nutrients 
and of course canavanine another related 
heat stable anti-nutrients. Canavanine has 
been reported to cause liver hypertrophy, it 
interfere with normal production o f liver 
proteins impairing liver fiinctioning and 
producing hypertrophic effect leading to an 
increase in weight (Oyawole et al., 1999). 
Rats on Ts had the highest value o f liver 
weight (5.67%) this might be due to excess 
carbohydrate in the body which yield higher 
glucose molecules which is converted to 
glycogen during glycogenesis, and might 
lead to build up of fat in the liver adding to 
the weight o f the liver observed in rat fed T5. 
it was observed that the kidney was not 
influence by dietary treatments, although
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rats on T3 had highest kidney weight 
(1.77%) which indicated the diet fed has a 
higher content of ANF present, the increase 
in weight o f the kidney agrees with the 
report o f Ologhobo et al., 1993 who 
reported increase in the weight of kidney of 
broiler fed raw lima bean and this was 
attributed to the fact that the key enzyme in 
cyanide detoxification is located mainly in 
the kidney therefore the increase activity of 
the kidney might have led to an increase. 
Ahamaefule et al., 2006 also reported that 
weights o f some internal organs like kidney, 
lungs, liver of animal may be used in animal 
feeding experiment as evidence of toxicity. 
Hence, presence o f some anti-nutritional 
compounds could account for the increase 
liver weight in an attempt to detoxify them. 
Rats on T4 had the highest lungs weight 
(1.59) while rats on T3 had the highest h ,art 
weight (0.55) this suggest that anti-nutrients 
present was able to cause observable 
damage to the lungs and heart for rats on T3 
and T4 respectively
In conclusion dehulled jack bean seeds 
soaked in ogi liquor when fed to rats 
s h o w e d  s l i g h t  i m p r o v e m e n t  on 
ha e m a to lo g ic a l  pa ra m e te r s ,  se rum  
biochemistry and organ weight changes o f 
the animal when compared to those fed lye 
based diets and boiled for 15minutes. 
However, all the processing methods 
showed poor results on rats when compared 
to the rats fed casein-based diet. Long 
duration o f soaking in filtrate obtained from 
steeped whole maize grains for more than 
2 4 h o u r s  m a y  p o s s i b l y  i m p r o v e  
haematological, serum biochemistry and 
organ weight changes o f rats.
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