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ABSTRACT

The effect of substituting fish meal protein with Lima bean on weight and some haematological indices was assessed using Oreochromis niloticus.  Five diets, isonitrogenous and isocaloric, were fed in which 40% of the fish meal protein was substituted with either soaked, cooked, autoclaved or toasted lima bean protein.  Fish fed the toasted lima bean diet had the highest growth while those fed the soaked bean diet had the least.

The results showed significant (P<0.05) differences in packed cell volume (PCV), red blood count (RBC), haemoglobin (Hb), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and plasma protein (PP).  Fish fed the control diet had the highest value of PCV; RBC, HB and MCH was least in fish fed the soaked bean diet.  The total white blood cell (WBC) count, lymphocyte, eosinophlis and neutrophils as well as erythrocyte sedimentation rate (ESR) were significantly (P<0.05) different.  Fish fed toasted lima bean diet had the highest WBC and eosinophils while those fed cooked lima bean diet had the least.  Fish fed soaked lima bean had the highest value of ESR while fish fed on toasted had the least.  Fish fed the control diet had the highest level of blood calcium, magnesium and phosphorus while fish fed the toasted had the least. Copper was not detected in any of the blood of fish on all diets.

INTRODUCTION

The demand for animal protein has gone far beyond supply as a result of the rapid human population in the developing countries.  This therefore necessitates an urgent and immediate need to increase the production of protein sources.  Fish is one of the main animal protein sources and it has been cultured using different sources of feed ingredients (FAO 1990).  Fish meal has been the main source of animal protein in fish feed.  Its high cost and dwindling availability has called for the search for alternative sources of protein.  Legumes have been severally tried as alternative protein sources in feed of several fish species.  The main limitation to the use of legumes has been the presence of anti-nutritional factors (ANF).  Such ANFs are reportedly responsible for the low digestibility of some plant proteins (Adeparusi and Jimoh 2000, In Press).  Many techniques have been used to improve the nutritional quality of legumes such as soaking in water, with or without mineral salts (Giami and Ikpimi 1992), thermal processing (Adeparusi 1994; Adeparusi and Balogun 1998), germination (Bau et al. 1997), micronization (Igbasan et al. 1997) extrusion among others.  Lima bean, Phaseolus lunatus is an underutilized legume grown in Nigeria and warmer areas of the World (McDonald and Law 1984).  Lima bean has amino acid profile similar to soybean and cowpea (Aletor and Aladetimi 1989; Evans and Boulter 1974).  Lima bean is used in some countries as green lunas either frozen, canned or fresh (Martins et al. 1976).  Lima bean contains some ANFs that could be eliminated by some processing methods (Adeparusi 1999). Among the several methods used in assessing protein quality in feed, blood evaluation is rarely used.  Analyses of blood has been developed and well utilized in assessing the health of man and livestocks.  It is therefore an important factor that could be considered in fish feed assessment.  Everett and Olusanya (1988) reported that fish blood consists of a fluid containing suspended cellular constituents that circulates round the body.  Svobodova (1991) reported that ichthohaematology would be useful in the assessment of suitability of feeds and feed mixture, evaluation of fish conditions, determination of toxic effect of substances as well as diagnosis of disease.

The Nile tilapia, Oreochromis niloticus made up 36% of the total fish produced in Nigeria in 1995 (FAO 1997).  It is a highly favoured culture fish with worldwide acceptance.  The dietary requirements of the Nile tilapia are well documented (NRC 1983; Wilson 1991).  This fish is used in this study to assess the effect of feeding differently processed lima bean on haematological parameters.  

MATERIALS AND METHODS

Preparation of Meal Treatments

1)  Soaking:  Lima beans were soaked in a 10% trona solution for 9 hours.  The seeds were drained and the beans were dried in an oven at a temperature of 50oc for 2 hours.

2)  Normal cooking:  Lima bean seeds were put in boiling water at atmospheric pressure for 1 hour, drained and dried in an oven at a temperature of 50oc for 2 hours.

3)  Autoclaving:  Lima beans were put in an autoclave at 121oc, 15 PSI for 30 minutes.  The cooked beans were removed and the cooking broth discarded.  The beans were dried in an oven at a temperature of 50oC for 2 hours.

4)  Toasting:  Lima beans were put in a beaker and heated at 204o C for 10 minutes. 

Diet Preparation

Fishmeal content of the control diet was replaced with any of the processed lima bean meals on equal nitrogen basis (Table 1).  All feed ingredients were milled to pass through a 2 mm diameter sieve, mixed together in a Hobalt mixer and pelleted.

Culture Conditions

A total of 200 Nile tilapia fingerlings were stocked into ten 45 L glass aquaria at the Fish Nutrition Laboratory of the Federal University of Technology, Akure, Nigeria.  Water was continuously supplied from a borehole at the back of the laboratory.  Water level in the tanks was maintained at a level of 30 cm throughout the experimental period.  20 fingerlings were randomly stocked into each tank.  There were three replicates per treatment.  Fish were fed at 3% body weight with adjustments made in quantity of feed supplied every week.  Feeding was done twice a day between 08.00 and 09.00Hrs and 18.00 and 19.00Hrs with the daily ration divided into two.  Feeding was carried out for 8 weeks.  Dissolved oxygen, water temperature and pH of the water were monitored throughout the experiment.

Statistical Analyses

Data were analysed using Microsoft Excel, 1997 (Microsoft Corporation Nevada, USA) ANOVA procedure.  Duncan’s multiple range test was used to determine differences among means.  Correlation, regression and prediction equations were determined among some blood parameters (Zar 1984). 

RESULTS AND DISCUSSION

Water quality parameters are presented in Table 2.  All measured water quality values were within acceptable limits for culture of Nile tilapia (Wilson 1991).  Table 3 shows the weight gain and the haemogram of the fish to feeding.  Fish fed dry heated diet had the highest weight gain while fish on the soaked bean diet had the least (Fig 1).  Lower growth of fish fed the soaked beans could be due to the presence of anti-nutrients which reduces the digestibilty and availability of nutrients (Kilgour 1987).  Higher growth of fish on processed diets shows that the tested processing methods were suitable and adequate for the removal/elimination of the anti-nutrients.  Oliveiria (1991) found out that cooking increased the PER of rats fed cooked soybean.  Dry heat was reported to have increased nutrient availability in pigeon pea fed to Clarias gariepinus (Adeparusi 1994).  Dry heat has been reported to improve the quality of soybean fed to rainbow trout (Smith 1980).

Fish on the control diet had the highest values in PCV, RBC, HB and MCV but the least MCHC.  Fish on the soaked bean diet had the least HB and MCH.  Badawi and Said (1971) listed some blood parameters of Nile tilapia, Tilapia zilli and Tilapia aureus.  Changes in blood indices of fish as result of feed has been reported by Kelly (1979), Kilgour (1987) and David and Tiggre (1996).  Ologhobo et al. (1986) reported that the blood variables most consistently influenced by diet are the RBC, PCV, PP and glucose levels.  Fish fed the cooked bean diet had the least values of  RBC and PCV.  This is in agreement with the findings of Ologhobo et al. (1986), who reported a lower RBC and PCV in chickens fed cooked soybean in comparison with the raw.  Fish fed the dry heated bean diet had the highest mean cell haemoglobin concentration (MCHC).  Although the values of PCV, HB and RBC were higher in fish on the control diet, they had the least MCHC. 

Table 4 shows the total and differential WBC of fish blood on the different diets.  Fish on the dry heated diet had the highest WBC and eosinophil while fish fed the cooked bean diet had the highest monocyte and neutrophils.  This could be due to optimal health conditions in fish on the cooked diet.  The range of monocytes of Nile tialpia in this study is within the normal range.  Kelly (1979) reported that monocytes comprise less than 10% of the total WBC production in animals of all species.  Basophil was not recorded in fish on this study.  This may be similar with what is obtained in most livestocks.  Kelly (1979) reported that basophil occur rarely in the blood of dogs and cats and are very rare in all species of livestock. Lymphocytes were the highest proportion of the WBC in the blood of fish in this study.  This is in contrast with the WBC composition of most livestock with neutrophil being the highest in dog, horse, pig and cat while the highest in ruminants was eosinophils.   

The highest ESR was recorded in fish fed the soaked bean diet while the least value was in fish on the dry heat diet.  High ESR in fish fed SLS could have been due to low frictional resistance of the surrounding plasma.  Low plasma protein causes reduced frictional or gravitational force on the erythrocytes thereby causing it to have a high ESR (Kelly 1979). Aletor and Egberongbe (1992) reported higher ESR in the blood of chicks fed unprocessed soybean than on those fed the processed soybean.  Fish fed the dry heated beans had the highest PP but the least ESR.  The low ESR could have been due to the high quantity of PP in the blood, which could increase the frictional force thereby reducing the velocity of the RBC.  The mineral composition of the blood of fish on the diets is presented in Table 5.  Fish fed cooked bean had the highest values of minerals while blood of fish on the dry heated diet had the least.  Fish fed the CLS had the highest levels of calcium and magnesium.  This could be due to the release of such metals usually chelated by phytic acid in the raw or soaked bean. Egberongbe (1992) reported that broiler chicken fed unprocessed soybean have lower levels of calcium and magnesium.

Table 6 shows the regression, correlation analyses and prediction equation of blood parameters of fish.  There is a negative correlation between PCV and PP with a very low regression factor.  There is high and positive relationship between PCV and HB while a very weak positive relationship occurs between PCV and RBC.  Relationship between RBC and HB was positive and equally high.  This shows that PCV could be used to predict the HB content of blood while RBC will be a reliable prediction of RBC.   

Results from this study show that processed lima bean could be well utilized by Nile tilapia. Fish fed on the cooked diet had the second highest growth while cooking reduced the RBC and HB contents of fish.  This could be due to the leaching of minerals that are required in the formation of blood.  The highest weight gain, PP, HB, RBC and MCHC were recorded in fish fed the dry heated beans.  This shows that the processing methods used in this study were effective in reducing the ANF, thereby making the nutrients available to the fish and increasing utilization.  
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Table 1: Gross and Proximate composition of lima bean diets (%) fed to O. niloticus
Ingredients
CTR
SLD
CRD
ALD
TLD

Fishmeal
23.17
13.87
13.87
13.87
13.87

Lima bean
-
23.40
23.40
23.40
23.40

Soyabean
30.50
16.35
16.35
16.35
16.35

Blood meal
4.62
4.62
4.62
4.62
4.62

Maize
30.91
27.41
27.41
27.41
27.41

Vegetable oil
2.34
4.35
4.35
4.35
4.35

Vit/min premix*
3.51
5.00
5.00
5.00
5.00

Rice bran
5.00
5.00
5.00
5.00
5.00

Total
100
100
100
100
100

Nutrients composition (%)

Crude protein
30.40
30.28
30.22
30.22
30.27

Crude fibre
5.60
6.48
6.11
6.18
5.11

Ether extract
10.05
10.00
9.90
9.91
10.12

Ash
9.98
10.34
10.33
11.05
10.81

NFE
42.45
41.12
42.59
40.36
41.87

Gross energy Kcal/100 g
439.76
433.16
437.90
428.69
437.32

Vitamin/mineral premix provided the following :

Vitamins (IU or mg/kg): A, 5405.24 IU: D3, 2500 IU: E,72.2 mg: K, 4.9 mg: B12,19mg: riboflavin, 14.48mg: pyridoxine, 38 mg: thiamine, 12.2 mg: panthothenic acid, 144.57 mg: nicotinic acid, 240 mg: folic acid, 14 mg: biotin, 0.31 mg:

Minerals  (mg/kg) copper, 8.0: zinc,140.9 : iron,320 : iodine,  8.00: selenium, 0.16: manganese, 128:cobalt, 4.13

Table2:  Mean Weekly Water Parameters.

Parameters
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks
Weeks


0
1
2
3
4
5
6
7
8
x
SD

Tem (0c
24.35
24.38
24.30
23.19
24.33
23.14
26.04
24.54
24.54
24.31
0.35

DO2 (mg\1)
6.38
6.72
6.06
6.16
5.60
5.46
6.90
5.44
6.64
6.15
0.56

PH
6.90
7.30
7.60
7.90
7.40
7.10
7.90
7.50
7.30
7.40
0.30

Table 3: Mean Values of weight Gain and Haematological Indices in O. niloticus Fed Differently processed Lima Bean Diets.

Diets
Weight gain (g)
PCV (%)
RBC (count) (x1012)TL-1
Heamoglobin G/100ml
MCHC (%)
MCH (P.g)
MCV (FL)
Pp G/100ml

SLD
1.995e
17.50bc
2.38cd
47.86c
28.50c
20.65d
7234.5c
1.27b

CLD
6.3b
18.50b
1.35e
47.86c
26.50d
36.85a
13846.16b
1.27b

ALD
3.31c
15.50d
2.28a
54.77b
36.50b
24.b
6637.08d
0.36d

TLD
6.745a
16.50cd
2.66b
54.77b
34.50b
20.95d
6131.13e
1.57a

CRD
2.78d
40.50a
2.90a
68.59a
17.50e
23.96c
14035.54a
0.96c

X
4.24
21.70
2.31
54.77
28.70
25.41
9576.88
1.09

SD
2.17
10.57
0.59
8.46
7.49
6.64
4003.39
0.46

Table 4: Differential count of fish on the different diets

Diets
WBC (count) (x103/CM3)
Lymphocyte (%)
Monocytes
Neutrophils (%)
Eosinophils (%)
Basophils (%)

SLD
25.5b
67.5s
0.5c
31.5c
2.5ab
0.0

CLD
18.5d
54.5e
5.5a
41.5a
0.0c
0.0

ALD
22.5c
72.5b
2.5b
24.5 d
0.0 c
0.0

TLD
27.5e
64.5d
0.5e
33.5b
3.5 a
0.0

CRD
23.5c
24.5a
0.5e
25.5d
1.5-b
0.0

 Mean with dissimilar superscripts within the same vertical colum are significantly different (P< 0.05).

Table 5: Physical property of blood of fish fed different processed lima bean 

Diets
SLD
CLD
ALD
TLD
CRD

ESR milli
39.75b
27.15a
28.65c
18.85d
35.75C

Mean with different superscripts within the same column are significantly different (P,0.0)

Table 6: Means Of Mineral of Blood of O. niloticus fed differently processed Lima Beans.

Diet
Na (%)
K (%)
Fe (%)
Ca (PPm)
Mg (PPm)
Cu (PPm)
P (PPm)

SLD
0.065b
0.085b
0.025 a
439.0 c
315.0b
ND
563.5d

CLD
0.25a
0.27a
0.055 a
1305.0a
1105.0a
“
934.45a

ALD
0.075 b
0.095 b 
0.025 a 
607.5 b 
357.85 b
“
605.0 c

TLD
0.065 b
0.12 b
0.03 a 
363.5e
305.0 b 
“
400.5 e

CRD
0.085 b
0.115 b 
0.035a
389.0 d
321.0 b 
“
704.0 b

With dissimilar superscripts within the same vertical column are significantly different (P<0.05).

Table 7:Regression and Correlation Analysis of blood parameter of fish fed on Lima bean based diets

Subject
A
B
r
Prediction equation

PCV/PP
1.13
-0.004
- 0.088
Y = 1.13 – 0.004 x

PCV/Hb
39.91
0.69
0.87
Y = 39.91 + 0.69 x

PCV/RBC
1.64
0.03
0.02
Y = 1.64 + 0.03 x

RBC/Hb
31.83
9.98
0.71
Y = 31.83 + 9.98 x


%Wb
Hb
Pcv
RBC
MCH (pg)
McHC (Hb/100ml)
PPC
MCV
RBC
RBC

Rw
49.6
2.05c
9.00d
15.00ba
6.02e
11.40 c
26.2c
60
15.00b
15.00b

S3H
63.12
2.73c
11.76
30.00ab
6.83e
11.55c
33.8b
59.97
30.00ab
30.00ab

S6H
113.56
3.41bc
20ab
33.30ab
8.20cde
13.65c
28.4bc
59.95
33.30ab
33.30ab

89H
179.55
4.77bc
22ab
36.70ab
9.29cde
15.50bc
21.5c
60.06
36.70ab
36.70ab

C60
271.68
5.44b
23aw
28.30ab
18.17cd
20.74bc
18.5cd
60.00
28.30ab
28.30ab

C90
112.07
4.77bc
18abc
30.00ab
14.45cde
24.06bc
18.5cd
60.05
30.00ab
30.00ab

C120
129.59
4.09bc
17.99abc
38.30
12.45 cde
30.28b
13.8e
60.07
38.30
38.30

T10
85.
5.45b
15bc
25.00b
20.41 b
34.06ab
15.4d
69.93
25.00b
25.00b

T15
177.78
7.50a
16bc
26.70ab
20.44 b
34.09ab
16.9 d
66.00
26.70ab
26.70ab

T20
105.46
5.45b
22ab
36 .70 ab
21.80 b
36.33 ab
43.1a
59.95
36 .70ab
36 .70ab

Tmc
66.98
4.646
25 a
21.70 b
27.81 ab
46.34 ab
30.8b
60.00
21.70b
21.70b

X
123.126
1.516
17.977
29.245
15.079
25.268
24.264
61.453
29.245
29.245

SD
65.130
2.05-7050
4.679
7.042
7.157
11.751
9.087
3.338
7.042
7.042

Range
49.6-271.68

9.00-23.00
15.00-38.30
6.02-27.81
11.40-46.34
13.8-43.1
59.95.69.93
15.00-38.30
15.00-38.30

