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INTRODUCTION 
 
Protein is an essential nutrient that is vital for the growth of animal/fish. Presently fish feed alone accounts for between 60 and 

75% of the total cost of fish production [1, 2]. Therefore, conventional protein feedstuffs such as groundnut cake, fishmeal and 

soybean, which is quite expensive, can be replaced by underutilized plant protein like castor seed meal in the diet of fish, 

because they are readily available and relatively cheap. Castor seed meal can be used to replace plant protein such as groundnut 

cake, soybean meal in the diet of fish. 

 

Castor seeds are obtained from castor plant - Ricinus communis – a crop from the Euphorbiaceae family, which is widely 

cultivated in temperate tropical and subtropical countries [3]. Unprocessed castor seed meal contains about 35 to 40% crude 

protein content [4]. The residue obtained after oil extraction of the seed contained 39% crude protein, 18% crude fiber, 7.5% 

mineral matter, 3% soluble carbohydrate and 40% ether extract [5]. Compared with other plant protein, castor seed meal is high 

in essential amino acids and minerals. Annongu and his colleague [6] gave the report that castor seed meal is richer in 

methionine, arginine and alanine (essential amino acids) when compared with soybean meal. It contains 2.8% methionine, 9.36 
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The purpose of this study was to evaluate the effects of replacing soybean meal with fermented and autoclaved castor seed 

meal on growth performance, carcass quality and haematological parameters of Clarias gariepinus fingerlings. 150 Clarias 

gariepinus fingerlings with initial body weight 5.61 ± 0.03 were used in this study. The fish were equally distributed over 

15 aquaria (120 l each, triplicate per treatment). Fermented and autoclaved castor seed meal (FACSM) was prepared by 

soaking de-oiled seed in water to allow natural fermentation for five days, dried and autoclaved at 15psi pressure and 

temperature of 120
0
C for 30 minutes. The resulting cake was incorporated into five isonitrogenous and isocaloric diets. 

The diets consisted of five levels of soybean meal substituted with FACSM. The control diet (FACSM0) contain no 

FACSM, in the other four diets soybean meal was partly replaced with FACSM resulting in the FACSM50, FACSM100, 

FACSM150 and FACSM200 diets. At the end of the study, no significant differences were observed in the growth 

performance of fish fed the control diet and fish fed diets containing FACSM up to 100 gkg
-1

 (diet FACSM100). The 

carcass quality of the fish indicated that fish fed diet FACSM50 was as good as the fish fed the control diet. The fish health 

status based on the haematological parameters measured, was not affected by the incorporation of FACSM in the diet up 

to 50 gkg
-1 

(FACSM50). The use of fermentation with 30 minutes autoclaving of castor seed meal led to improvement of 

growth, carcass quality and haematology of C. gariepinus fingerlings. Therefore, the inclusion of FACSM in the diets of C. 

gariepinus at 50 gkg
-1 

(diet FACSM50) is recommended because it improved growth performance, carcass quality and fish 

health status. 

 

Keywords: Soybean meal, growth performance, fermented and autoclaved castor seed meal, Clarias gariepinus, 

haematology, carcass quality. 

 

 

 

 



24  
Citation: Babalola T.O. et al., 2020 The effect of fermented and autoclaved castor seed meal on performance, tissue composition and haematology of 

Clarias gariepinus fingerlings. Advances in Environmental Biology, 14(8): 23-28. DOI:10.22587/aeb.2020.14.8.3 

 

arginine and 5.02 alanine against 1.60%, 8.10% and 4.30% respectively for methionine, arginine and alanine in soybean meal. 

The mineral of castor seed meal includes phosphorus 6.40, calcium 32.21, magnesium 48.09% and potassium 23.17% [6].  

 

Although castor seed meal has a high percentage of crude protein, the anti-nutritional factors present in the seed, which include 

ricin, ricinine and allergen [7, 8] is the bane. Detoxified castor seed meal has been used in the diet fed to poultry [9], fish such as 

Oreochromis niloticus and Carp [10], hybrid catfish [11] and another farm/experimental animals - rabbit [12,13], albino rat [14], 

lamb [15] and goat [16]. The improved growth performance of O. Niloticus and Carp fed detoxified castor seed meal shows that 

herbivorous fish can utilize detoxified castor seed meal. However, a similar response is yet to be obtained in catfish. Mustapha et 

al [17] revealed that feeding of detoxified castor seed meal by boiling in water for 30 minutes and fermenting for three days to 

broilers appeared to lower the anti-nutritional factors in the meal. Also, it was improved daily feed intake, daily body weight 

gain and feed conversion ratio more than those fed on the meal boiled in water for 30 minutes, soaked in water for 72hours or 

soaked in water for 72 hours followed by boiling for 20 minutes. This study elucidates the effects of substituting soybean meal 

with fermented and autoclaved castor seed meal in the diets of Clarias gariepinus fingerlings on growth performance, carcass 

composition and haematology. 

 

MATERIALS AND METHODS 

Test ingredient 

The castor seeds used for this study were obtained from the castor plants growing widely along Ikole – Oye road, Ikole-Ekiti, 

Ekiti State, Nigeria. The seeds were dehulled manually with mortar and pestle. Oil was extracted from the seed to obtain the 

cake using a hydraulic oil extractor. The residue (cake) after oil extraction was soaked in water to allow natural fermentation at a 

ratio of 1:4 in an air-tight plastic container for 5 days. The water was drained off at the end of the fermentation process, cake was 

washed several times with water to remove the sour taste and fermenting odour. The washed seeds were sun-dried to a moisture 

content of 10-12%, as described by Ani and Okorie [18] and Ani [4]. The dried seed cake was moistened and placed in the 

basket of an autoclave that was set at 15 psi pressure and temperature of 120
0
C for 30minute to further remove any anti-

nutritional factor present. After autoclaving, the sample was spread on the tray and sundried.  After drying, the cake was milled, 

packaged and used to compound the experimental diets. 

 

The Experimental Diets 

Five experimental diets were formulated to contain different levels of fermented and autoclaved castor seed meal (FACSM) (50, 

100, 150 and 200 gkg
-1

 diet), which replaced soybean meal. Control diet was free from FACSM (0 gkg
-1

 FACSM). Diets were 

formulated from ingredients commercially available in Nigeria except for fishmeal, which was imported from Denmark and 

purchased from local feed ingredient store. All diets were isonitrogenous and isocaloric (Table 1). The feeds were transformed 

into pellets with the aid of a laboratory pelletizer through 2mm die. The resulting pellets were properly dried and stored in the 

freezer at -20
0
C until used in feeding the fish. 

 

The feeding trial was carried out in fifteen plastic aquaria. Each aquarium was 70X45X40cm, with a total volume of 120l. The 

aquaria were supplied with fresh water from borehole water stored in a fiberglass tank. 150 Clarias gariepinus fingerlings were 

obtained from the hatchery of the Department of Fisheries and Aquaculture, Federal University Oye-Ekiti, Nigeria. They were 

acclimated under the laboratory condition for two weeks and randomly distributed to the experimental aquaria at a stocking 

density of 10 fish (5.61 ± 0.03 overall mean body weight) per aquarium. Three aquaria were randomly allocated to each of the 

dietary treatment and fed the corresponding experimental diet. Diets were given at a rate of 5% live body weight twice daily at 

9:00h and 16:00h over eight weeks. Water temperature, pH and oxygen were measured daily. Mortalities were checked daily, 

dead fish removed and weighed. Fish were weighed biweekly and the amount of feed offered adjusted according to new live 

body weight. At the end of the experiment, fish in each aquarium were counted and weighed. 

 

Table 1: Composition of the experimental diets and FACSM (g/kg) 
Ingredient FACSM0 FACSM50 FACSM100 FACSM150 FACSM200 

Fish meal 300.00 300.00 300.00 300.00 300.00 

Groundnut cake 109.50 109.50 109.50 109.50 109.50 

Maize 80.20 80.20 80.20 80.20 80.20 

Wheat offal 100.00 100.00 100.00 100.00 100.00 

Castor seed meal 0.00 50.00 100.00 150.00 200.00 

Soy-bean meal 320.00 270.00 220.00 170.00 120.00 
1Vitamin/mineral premix 20.00 20.00 20.00 20.00 20.00 

Vitamin C 0.30 0.30 0.30 0.30 0.30 

Methionine 10.00 10.00 10.00 10.00 10.00 

Cassava starch 20.00 20.00 20.00 20.00 20.00 

Vegetable oil 40.00 40.00 40.00 40.00 40.00 

Analysed proximate composition (n=3)  

Moisture 81.90 76.10 79.10 82.60 80.00 

Crude Protein 401.00 397.50 394.00 390.50 387.00 

Lipid 202.50 180.80 175.60 180.40 179.40 

Fibre 40.90 39.20 37.40 35.70 33.90 

NFE 273.70 306.40 313.90 310.80 319.70 
2Gross energy (kcal/g) 563.48 552.07 549.51 552.23 551.90 
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FACSM = Castor seed meal, FACSM0 contain 0 g/kg Castor seed meal, FACSM50 contain 50 g/kg Castor seed meal, 

FACSM100 contain 100 g/kg Castor seed meal, FACSM150 contain 150 g/kg Castor seed meal, FACSM200 contain 200 g/kg 

Castor seed meal 
1
Vitamin/mineral premix supplied the following (per kg of diet): calcium, 4500 mg; phosphorus, 4200 mg; 

potaddium,1700 mg; magnesium,400 mg; iron, 30mg; zinc, 30 mg; manganese, 20mg; copper, 5 mg; iodine, 1 mg; selenium, 

0.25 mg; vitamin A, 5000 IU; vitamin D, 2000 IU; DL-α-tocopherol acetate, 100 mg;  menadione, 15 mg; thiamine 

hydrochloride, 5 mg; riboflavin, 10 mg; pyridoxine hydrochloride, 10 mg; phanthothenic acid, 35 mg; nicotinic acid, 50 mg; 

biotin, 0.5 mg; folic acid, 2mg; ascorbic acid, 200 mg; inositol, 250 mg; choline, 400 mg; vitamin, B12, 0.1mg; and ethoxyquin, 

60 mg.  
2
Calculated based on physiological fuel value of 16.7, 16.7 and 37.7 kJ/g for carbohydrate, protein and lipid, respectively. 

 

Sampling and analysis 
Feeds and pooled samples of whole fish at the end of the experiment were analyzed for proximate composition using the 

association of official analytical chemistry [19] method. Moisture was determined by oven drying at 1050C for 10h, protein (as 

N x 6.25) by the Kjeldahl method. Lipid by using a Soxhlet apparatus. Ash was determined incineration in a furnace at 5500C 

for 4h. The crude fiber was estimated using Van Soest and Robertson [20] method. 

Fish were anesthetized with MS222 prior blood sampling. Blood samples were drawn from the caudal vein of five fish per 

aquarium for haematological analysis. Packed cell volume was determined immediately after blood sampling. Analysis of red 

blood cell count and haemoglobin was determined following the method of Sandnes et al., [21]. Mean cell volume (MCV), mean 

cell haemoglobin (MCH) and mean cell haemoglobin concentration (MCHC) were calculated using formulae proposed by 

Sandnes et al., [21]. 

 

Statistical analysis 

Data were analyzed by analysis of variance using the SAS program [22]. Tukey's test was used to verify the significance of 

treatment differences. The significance level was set at P < 0.05. 

 

RESULTS 

 

Growth performance 

Growth performance of the fish (Clarias gariepinus) fingerlings fed fermented and autoclaved castor seed meal after 56 days are 

summarized in Table 4. The Fish group fed on 50 g kg
-1

 FACSM had higher weight gain and specific growth rate, which was not 

significantly different. The fish group fed the control and 100 g kg
-1

 FACSM diets.  

The highest amount of dry feed intake was seen in fish groups fed the control (FACSM0) and 50 g kg
-1

 FACSM diets. However, 

the amount of dry feed intake by the fish group on a diet FACSM50 was not significantly different from those of fish fed 

FACSM100 and FACSM150. 

 

The feed conversion ratio of fish groups fed 50 g kg
-1

 and control were similar. However, they were significantly decreased 

compared to the fish group fed the other diets.  

 

The proximate composition of fish tissue at the end of the feeding trial is given in Table 3 and clearly shows significant (p<0.05) 

differences in the experimental fish carcass composition. The mean protein value (214.23) recorded for FACSM50 was 

significantly (p<0.05) higher than all other experimental fish groups except for FACSM0 which was similar (p>0.05). Crude 

lipid (13.13) and ash (50.43) were significantly (p<0.05) higher in FACSM200 than other diets. 

 

Table 4 summarizes the results obtained from the haematological measurement of Clarias gariepinus fed FACSM based diets. 

Packed cell volume, haemoglobin, red blood cell, MCV, MCH were similar in the fish group fed diets FACSM0, FACSM50 and 

FACSM 100. But the PCV, Hb, RBC, MCV, MCH of fish fed the control diet (FACSM0) was significantly different from those 

fish fed diets FACSM 150 and FACSM200. White blood cell counts of the fish group fed diets FACSM0 and FACSM50 were 

not significantly different and were significantly lower than the values in the other dietary groups. Similarly, the neutrophil and 

lymphocyte values were significantly lower in fish fed Diets FACSM0 and FACSM50 compared to the values in fish fed the 

other diets. 

 

Table 2: Growth performance of Clarias gariepinus fingerlings fed diets containing varying levels of detoxified Castor seed 

meal for eight weeks
1
. 

Parameter FACSM0 FACSM50 FACSM100 FACSM150 FACSM200 SEM 

Initial weight (g) 5.63
a
 5.44

a
 5.49

a
 5.65

a
 5.84

a
 0.219 

Final weight (g) 12.63
a
 12.51

a
 10.95

ab
 9.46

bc
 8.57

c
 0.784 

Weight gain (g) 7.00
a
 7.08

a
 5.46

ab
 3.81

bc
 2.74

c
 0.832 

Specific Growth rate (%)
 

1.44
a
 1.49

a
 1.23

ab
 0.91

bc
 0.68

c
 0.150 

Feed intake (g) 8.30
a
 7.43

ab
 6.69

ab
 5.47

bc
 3.92

c
 2.006 

Feed conversion ratio 1.19
bc

 1.05
c
 1.28

ab
 1.48

a
 1.44

a
 0.262 

Survival (%) 94.67
a
 95.57

a
 93.94

a
 94.00

a
 94.47

a
 4.972 

1
FACSM0 contain 0 g/kg Castor seed meal, FACSM50 contain 50 g/kg Castor seed meal, FACSM100 contain 100 g/kg Castor 

seed meal, FACSM150 contain 150 g/kg Castor seed meal, FACSM200 contain 200 g/kg Castor seed meal 
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Values are means from triplicate groups of fish, where the means in each row with different superscripts are significantly 

different (P < 0.05). 
2
Weight gain = final weight – initial weight. 

3
Feed conversion ratio = dry feed intake/wet weight gain. 

4
Protein efficiency ratio = wet weight gain/protein intake. 

5
Specific growth rate = (loge final weight – loge initial weight) x 100/days. 

6
Survival = (total fish – dead fish) x 100/total fish. 

 

Table 3: Tissue proximate composition of Clarias gariepinus fed diets containing Castor seed meal for eight weeks (g/kg)
1 

Parameters FACSM0 FACSM50 FACSM100 FACSM150 FACSM200 SEM 

Moisture 734.90
a 

731.10
b
 728.40

c
 720.67

d
 719.60

d
 0.066 

Protein (%) 213.53
a
 214.23

a
 191.33

b
 170.90

c
 150.40

d
 0.060 

Lipid (%) 6.53
d
 6.97

d
 9.17

c
 11.07

b
 13.13

a
 0.030 

Ash (%) 35.67
d
 38.63

c
 40.23

b
 50.13

a
 50.43

a
 0.041 

1
FACSM0 contain 0 g/kg Castor seed meal, FACSM50 contain 50 g/kg Castor seed meal, FACSM100 contain 100 g/kg Castor 

seed meal, FACSM150 contain 150 g/kg Castor seed meal, FACSM200 contain 200 g/kg Castor seed meal 

Values are means from triplicate groups of fish, where the means in each row with different superscripts are significantly 

different (P < 0.05). 

 

Table 4: Haematological profile of Clarias gariepinus fingerlings fed diets containing Castor seed meal for eight weeks
1
. 

Parameter FACSM 0 FACSM50 FACSM100 FACSM150 FACSM200 SEM 
2
PCV (%) 44.00

a
 41.33

ab 
39.67

ab
 32.67

b
 32.00

b
 4.123 

3
Hb (gdl

-1
) 14.67

a
 13.22

ab
 13.78

ab
 10.89

b
 10.67

b
 1.374 

4
RBC (x10

6
µl

-1
) 3.40

a 
2.97

ab
 3.13

ab
 2.27

b
 2.20

b
 0.412 

5
MCV (fl) 129.48

b
 133.87

ab
 133.46

ab
 144.49

a
 145.71

a
 5.25 

6
MCH (pg) 4.32

b
 4.46

ab
 4.45

ab
 4.82

a
 4.86

a
 0.175 

7
MCHC (gl

-1
) 31.40

c
 30.93

b
 33.33

d
 33.33

d
 29.81

a
 0.107 

8
WBC (x10

9
 µl

-1
) 51.00

d
 63.00

d
 83.17

c
 134.67

b
 171.33

a
 988.180 

Neutrophill (%) 49.00
a
 40.00

a
 17.67

b
 25.67

b
 26.00

b
 3.992 

Lymphocyte (%) 51.00
c
 60.00

b
 82.33

a
 74.33

a
 74.00

a
 3.679 

FACSM0 contain 0 g/kg Castor seed meal, FACSM50 contain 50 g/kg Castor seed meal, FACSM100 contain 100 g/kg Castor 

seed meal, FACSM150 contain 150 g/kg Castor seed meal, FACSM200 contain 200 g/kg Castor seed meal. 
1
Values are means from triplicate groups of fish, where the means in each row with different superscripts are significantly 

different (P < 0.05). 
2 
Packed cell volume.

 

3 
Haemoglobin 

4 
Red blood cell. 

5 
Mean corpuscular cell volume. 

 
6 
Mean corpuscular haemoglobin 

7 
Mean corpuscular haemoglobin concentration 

8
 White blood cell. 

 

DISCUSSION 

 

The outcome of this trial shows that the Clarias gariepinus fingerlings accepted the diets up to 100g/kg of the diet as evident in 

the growth performance in fish. The study also reveals that replacing soybean with FACSM up to 100 gkg
-1

 diet positively 

improved the weight gain and specific growth rate of the fish. However, optimum growth was achieved with the diet FACSM50, 

which corresponds to 15.63% soybean meal replacement with FACSM and higher substitution beyond this level could not 

produce further weight gain increase.  Previous studies showed that processed castor bean meals can be included in heteroclarias 

diet with DL-Methionine and L-Lysine supplementation [11]. 

 

The feed intake of the fish reduced progressively as the level of FACSM increase in the diet. Probably because of the low 

palatability of the diet as a result of residual toxins in the feed. A similar observation was made by Ani [23], who attributed the 

poor palatability of the diet to the increased concentration of residual ricin in the diet when the dietary level of castor seed meal 

is above 10%. It is well established that poor palatability will cause depressed feed intake leading to decreased final weight and 

weight gain and consequently resulting in poor feed conversion ratio, as evident in this study. The resultant effect of poor diet 

palatability is an inadequate intake of nutrients required to sustain rapid growth and development [24,25]. 

 

The first step in estimating animals’ nutritional requirements is the determination of animal body composition [26]. It is, 

therefore, important to determine the proximate composition of fish tissue in this study. The composition of the tissue is directly 

related to its quality. The results obtained this study indicated that the incorporation of FACSM at 50gkg
-1

 in the diet of C. 

gariepinus fingerlings improved the quality of the fish carcass with an increase in protein content and reduction in the level of 

fat, which is known to have deleterious effects on stored products if present in high concentration [2]. There is a scarcity of data 

in the kinds of literature on fish tissue composition when castor seed meal is used in the diets. 
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The dietary inclusion of FACSM revealed significant effects on haematological parameters of C. gariepinus fingerlings in terms 

of Hb, red blood cells, haemoglobin concentrations and white blood cells. Lower Hb was observed when fish were fed diets 

containing 50 – 200 gkg
-1

 FACSM. This agreed with the findings of Akande and colleagues [27] when broilers were fed diets 

containing 10 – 20% heat treated and fermented castor seed cake. Increased red blood cells in birds were attributed to the toxic 

effects of ricin and the ability of the animal to develop immunity against the residual effects of ricin [9]. Ricin is a protein that is 

capable of inducing immunity in animal consuming it in small quantities over a period [9,28]. The red blood cell counts obtained 

in this study was in consonance with the findings of Ayorinde et al., [9], who used fermented castor cake supplemented with 

different methionine sources for broiler chicken, and was contrary to the report of Nagalakshimi and Dhanalakshimi [29] who 

reported higher RBC values for lamb fed castor seed meal-based diet. This is likely to be because of species differences. 

Similarly, the white blood cell counts increased as the level of FACSM increases in the diets. WBC has been known for its 

significant role in the production of antibodies and the recognition of foreign bodies [30]. The elevated values of WBC may be 

attributed to the physiological effort of fish in increasing its immunity, which might have been reduced as a result of the 

antinutritive factors (especially ricin) present in castor seeds.  An increased number of lymphocytes and a reduced number of 

neutrophils was reported by Purushotham et al. [31] when adult sheep were fed daily with 250g concentrate containing 30% 

castor seed cake. Higher mean corpuscular volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin 

concentrations in fish fed various level of FACSM diets could be an indication of anemia as reported by Ayorinde et al., [9]. 

Similarly, when broiler chicken was fed differently processed Jatropha kernel meal, higher mean corpuscular haemoglobin and 

mean corpuscular haemoglobin concentration recorded were attributed to anemia [32]. In this study, the inclusion of 50 gkg
-1

 

FACSM in the diet had no deleterious effects on the haematological constituents of the fish. This corroborated the results of 

Gowda et al. [33] in sheep fed 12.5% castor seed cake, Adedeji et al. [34] in rabbit fed 15% castor seed cake and Oso et al. [35] 

in broiler fed 15% fermented castor seed cake. 

 

CONCLUSION 

 

The inclusion of fermented and autoclaved castor seed meal in the diet of C. gariepinus fingerlings in this study produced 

improved growth performance and carcass quality and had no negative health impact up to 50 gkg
-1

 levels. Therefore, FCSM 

could be included at 50 gkg
-1

 in C. gariepinus fingerlings diets without any deleterious effects on growth response, tissue quality 

and haematological parameters. 
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