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Abstract: Problem statement: In an effort to increase growth, improve feed utilization, reduce stress 
and prevent certain diseases, a 14 week feeding trial was conducted to determine the effects of 
different levels of dietary vitamin C (ascorbic acid) on growth, feed utilization and hematological 
changes in Clarias gariepinus fingerlings. Approach: Diets were formulated to contain 0, 50, 100, 
150, 500, 1000 and 1500 mg L-ascorbic acid kg−1 of feed contributing 0, 0.05, 0.10, 0.15, 0.5, 1.0 and 
1.5% to the formulated diets respectively. Fish of mean weight 10.12±0.7 g were fed on experimental 
diets in triplicate groups. Weight gain of fish fed diet with 0% of vitamin C were significantly (p<0.05) 
lower than those fed on supplemented vitamin C diets. Fish fed diet with 1.5% of vitamin C showed a 
significantly (p<0.05) higher weight gain than fish fed on other diets. However, there were no 
significant (p>0.05) differences in weight gain among the fish fed diets containing 0.05, 0.10 and 
0.15% of vitamin C. Generally, fish fed vitamin C supplemented diets showed better growth rate, feed 
conversion ratio and protein efficiency compared with those without vitamin C supplementation. 
Results: The results of hematological analyses of fish showed that red blood cell, white blood cell, 
haemoglobin concentration and packed cell volume were not significantly (p>0.05) affected by vitamin 
C supplemented diets. Fish fed the vitamin C-free diet begin to show deficiency signs such as erratic 
swimming, flashing, skin darkening and reduced growth at 12 weeks of feeding trial. Conclusion: This 
study indicated that 50 mg kg−1 of ascorbic acid is sufficient to prevent C. gariepinus fingerlings from 
developing clinical symptoms relating to vitamin C deficiency. A mega dose of 1500 mg kg−1 of 
ascorbic acid gave maximum growth performance and feed utilization efficiency.  
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INTRODUCTION 

 
 The African catfish, Clarias gariepinus is the most 
popular and widely cultivated fish in Nigeria[1]. The 
fingerlings are produced in over 70% of the functional 
hatcheries in the country. Most of these catfishes are 
cultured in tanks under semi-intensive and intensive 
conditions with high stocking densities. This condition 
can be very stressful to fish and may hinder their 
growth and susceptibility to diseases. It is therefore, a 
standard practice to supplement the diets of intensively 
grown fish with vitamins. The vitamin nutrition of 
catfish has been the subject of numerous research 
reports especially vitamin C (Ascorbic acid).  
 Ascorbic acid is an indispensable and 
multifunctional micronutrient. It plays important roles 
in improving immune function[2], improving growth[3], 
providing good health, feed conversion, survival[4], 
resisting stress[5] and oxidation[6]. Several authors have 

reported that most fish species are highly sensitive to 
dietary inadequacy of vitamin C. Deficiencies in fish 
can cause reduced growth rate, deformation of skeletal 
and cartilaginous tissues, slow wound repairs, increased 
mortality rate, abnormal pigmentation[7]. 
 It has been found that some animals are able to 
synthesize certain vitamins in their bodies in quantities 
sufficient to meet their metabolic needs; these vitamins 
do not have to be provided in their diets[8] However, 
some fish species cannot synthesis vitamin C in their 
bodies due to lack of gulonolactone oxidase and this 
enzyme is required for biosynthesis of ascorbic acid from 
glucose or other simple precursors[9,10], therefore, it must 
be provided in their diets. Over the years, the ascorbic 
acid requirements of some commercial important fish 
species have been reported[11]. There has been 
considerable interest among catfish researchers and 
catfish producers concerning the use of mega dose level 
of vitamin C to enhance disease resistance and improve 
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growth of fish. Early evidence indicated that high level 
of vitamin C reduced mortality from certain bacteria 
diseases of catfish. Some catfish producers provide high 
vitamin C in feed, which contained more than 1000 mg 
kg−1 hoping to enhance immune function of fish[8]. There 
is paucity of information on the amount of vitamin C 
required by catfish, C. gariepinus. This information will 
assist the fish feed milling industries and small fish 
farmers that compound their feed locally to know the 
correct inclusion rate of vitamin C in their feeds. 
 This study was therefore designed to evaluate the 
growth performance, feed utilization, haematology and 
clinical symptoms of C. gariepinus fed on various 
levels of vitamin C. 
 

MATERIALS AND METHODS 
 
Experimental diets: Seven iso-nitrogenous diets 
containing 37% crude protein were formulated for 
fingerlings of C. gariepinus. Vitamin C (L-ascorbic 
acid, AA) was supplied by Titon Company Nigeria 
Limited, Lagos. This was included at 50, 100, 150, 500, 
1000, 1500 mg kg−1 feed contributing 0, 0.05, 0.10, 
0.15, 0.5, 1.0 and 1.5% to the formulated diets of 
fingerlings of C. gariepinus. The feed composition of 
each diet is presented in Table 1. The feed ingredients 
were obtained from Olabosco Agro farm product 
Company Ltd, where they were ground into fine 
particles with the aid of attrition mill and mixed. The 
premix used was devoid of vitamin C. Each of the diet 
was compounded and mixed separated. The mixture 
was pelleted using an improvised pelleting machine, 
dried in an oven at 60°C to a constant weight. 
 
Feeding trial: Fingerlings of C. gariepinus were 
obtained from Tuns Farm Nigeria Limited, Magon at 
Ijebu Ode, Ogun State. The fingerlings were sorted to the 
same average weight. Fish were acclimatized for 2 weeks 
prior to the start of the experiment, during this period, 
they were fed on the basal diet without vitamin C (which 

later served as control diet). All fish were starved for 24 
h before the commencement of the experiment 
 The feeding trial was carried out in 21 aquaria tank 
of 50 L capacity with depth of 0.50 m. The experiment 
comprised seven treatments with three replicates each. 
15 fingerlings were randomly stocked into each 
aquarium containing bore-hole water filled to 40 cm 
mark and covered with a mosquito net. Each of the 
diets was fed to fish at 3% body weight per daily at 
9:00 and 18:00 h for 14 weeks. Fish were weighed 
every two weeks and feed weight was adjusted 
accordingly. 
 
Water management: There was 50% exchange of 
water in all the tanks daily and continuous aeration was 
provided to each tank through air stones connected to 
air compressor. Water temperature, pH, dissolved 
oxygen and ammonia concentrations in water were 
monitored everyday except ammonia which was 
monitored once a week. Temperature was measured 
using a mercury glass thermometer. pH was measured 
with a pH meter (Jenway model 9060) dissolved 
oxygen with an oxygen meter (Hanna model H1-9142) 
while ammonia was determined in the laboratory[12]. 
The water temperature varied between 26-28°C, pH 
ranged from 6.5-7.5, dissolved oxygen levels varied 
from 4.5-5.5 mg L−1 while ammonia concentration in 
water was between 0.03-0.05 mg L−1 throughout the 
experimental period. 
 
Observations: Fingerlings in each bowl were observed 
daily for any behavioral and morphological changes, 
wounds and general well being. All observations and 
mortalities were recorded. 
 
Chemical analyses of fish samples: Proximate analyses 
of fish samples were performed using standard 
methods[13]. Moisture was determined after drying the 
samples in an oven at 60°C until constant weight was 
obtained. Crude protein (N×6.25) by Kjeldhal method, 

 
Table 1: Percentage composition of experimental diets 
Ingredients 0% Vit. C 0.05% Vit. C 0.10% Vit. C 0.15% Vit. C 0.50% Vit. C 1.00% Vit. C 1.5% Vit. C 
Maize  34.25 34.20 34.15 34.10 34.00 34.00 33.86 
Soybean 37.00 37.00 37.00 37.00 36.88 36.75 36.63 
Fishmeal 18.00 18.00 18.00 18.00 18.00 18.00 18.00 
Wheat offal 8.00 8.00 8.00 8.00 7.88 7.50 7.25 
Ca (Po4)2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Vitamin C  0.00 0.05 0.10 0.15 0.50 1.00 1.50 
Premix* 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Palm oil 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Common salt (NaCl) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
*: Premix (Vitamin C free) mg/100 g diet supplied by Animal care, Limited, Lagos Nigeria; Thiamine (B1) 2.5 mg; Riboflavin (B2), 2.5 mg; 
Pyridoxine 2.0 mg; Pantothenic acid 5.0 mg; Inositol 3 mg; Folic acid, 0.75 mg, Para-amino benzoic 2.5 mg; Choline 200 mg; Niacin 10.0 mg; 
Cycobalamin (B12) 10.0 mg; Menadione (k) 2.0 mg; Minerals; CaHP04 727.8 mg; mg SO4,1275 mg; KCL 60 mg; FeSO4 50.0 mg; ZnSO4 250 
mg; Mn2SO4 5.5 mg; CuSO4 2.5 mg; CoSO4 0.79 mg; Caclo3 0.48 mg; Crcl3 0.3 mg 
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crude fiber after acid/base digestion process, crude lipid 
was done by ether extraction using soxhlet, ash content 
in muffle furnace at 600°C for 12 h. Nitrogen Free 
Extract (NFE) was computed by taking the sum values 
for crude protein, crude lipid, crude fiber, total ash and 
subtracting this from 100. 
 
Haematological analyses: At the end of the 
experiment, about 1 mL of blood was collected from 
fish anaesthetized by MS-222, (Sandoz, Basel, 
Switzerland). Fish were cut at the caudal peduncle and 
blood was collected in coded 1.5 mL heparinized 
plastic tubes,  stored  on  ice  and  centrifuged  within 
30 min of their collection. The blood samples were 
analyzed at the Chemical Pathology Department Olabisi 
Onabanjo University Teaching Hospital, Shagamu, 
Ogun State within 2 h of collections. The Packed Cell 
Volume (PCV) of each of the blood samples was 
determined in the laboratory using the hematocrit 
reader method[14] and values expressed in percentage. 
 The Haemoglobin concentration (Hb) of each 
blood samples was determined in the laboratory[14]. The 
Hb concentration in grams/deciliter was calculated 
using a standardized graph. The Red Blood Cell (RBC) 
and the White Blood Cell (WBC) count of each of the 
blood sample was determined in the laboratory[14].  
 
Calculations and statistical analysis: Mean Weight 
Gain (WTG), Specific Growth Rate (SGR), Percentage 
Weight Gain (PWG), Protein Efficiency Ratio (PER), 
Feed Intake (FI), Protein Intake (PI) and Feed 
Conversion Ratio (FCR) were calculated according to 
the following: 
 
WTG = Mean final body weight-mean initial body 

weight  
 

Mean weightgain
PWG 100

Mean initialgain
= ×  

 
e f e i(log W log W 100

SRG(BW% / day)
T

×=  

 
Where: 
T  = Represents trial duration (day) 
Wf and Wi  = Represent mean final and initial 

weights (g), respectively 

FCR = 
Weight of dry feed (g)

Weightgain of fish (g)
 

PER = 
Gain in weight of fish (g)

Protein Int ake(PI)(g)
 

PI = Feed Intake (FI) X % protein in diet 
F1 = 3% Body weight of fish per day 
Survival (%) = S1/S2×100 
S1 = No. of fish at the end of experiment 
S2 = No. of fish at the beginning of experiment 
 
 Data were subjected to one way analysis of 
variance (ANOVA) to determine significance between 
mean values using SAS ANOVA procedure (statistical 
analysis system 1995). 
 Duncan’s multiple range test[15] was used to 
compare differences among means[16] Significant level 
was chosen at p<0.05.  
 

RESULTS 
 

Proximate composition of experimental diets: The 
results of the proximate composition of experimental 
diets are presented in Table 2. All the diets were 
isonitrogenous. The levels of crude lipid and crude fiber 
were between 4.11-6.61% and 1.27-2.18% respectively. 
Nitrogen free extract ranged from 46.94-48.74%.  
 
Morphological and behavioral observations: Fish fed 
on vitamin C free diet (0%) showed certain 
morphological and behavioral changes from 12 weeks 
of feeding. Some fish were shocked during the water 
exchange and during weighing exercise. These fish 
were easily shocked when disturbed. They hid at the 
corners of aquaria. They exhibited erratic swimming 
and some of them lost balance and showed erratic 
swimming. Dark skin coloration was also observed. 
However, fish given vitamin C-supplemented feed 
showed normal behavior and no external abnormalities 
were observed. 
 
Growth and feed utilization parameters: Growth and 
feed utilization parameters are presented in Table 3. 
Fish fed diet without ascorbic acid supplementation 
showed significantly lower percentage weight gain and 
specific growth rate (p<0.05) compared with those fed 
diets supplemented with various levels of ascorbic 
acids. 
 There were no significant differences in the 
percentage weight gain and specific growth rate of fish 
fed on diets containing lower concentrations of ascorbic 
acids (0.05, 0.10 and 0.15%) compared with fish fed on 
diets containing mega doses of ascorbic acid (0.5, 1.0 
and 1.5%) which showed significantly (p<0.05) higher 
values. 
 Fish given the diet without vitamin C 
supplementation had higher FCR (p<0.05) compared 
with those fed diets  containing  vitamin C supplements.



Am. J. Applied Sci., 6 (9): 1675-1681, 2009 
 

1678 

Table 2: Proximate composition of experimental diets (%) 
Parameters 0% VitC 0.05% VitC 0.10% VitC 0.15% VitC 0.50% VitC 1.00% VitC 1.5% VitC 
Crude protein 37.20 37.08 36.90 37.01 37.02 37.45 37.36 
Crude lipid 4.11 5.38 5.09 5.70 4.11 6.29 6.61 
Crude fiber 2.18 1.87 1.90 1.87 2.18 1.27 1.80 
Total ash 7.95 7.38 8.28 6.97 7.95 7.78 7.29 
Moisture 10.13 9.39 9.00 9.05 10.13 9.80 10.18 
NFE 48.56 48.29 47.83 48.45 48.74 47.21 46.94 
NFE: Nitrogen Free Extract. VitC: Vitamin C  
 
Table 3: Growth and Feed Utilization of Clarias gariepinus fed on diets containing various levels of Vitamin C 
Parameters 0% VitC 0.05% VitC 0.10% VitC 0.15% VitC 0.50% VitC 1.00% VitC 1.5% VitC 
Initial weight (g) 10.19±0.18 10.15±0.23 10.12±0.23 10.16±0.18 10.21±0.90 10.170±0.15 10.15±0.15 
Final weight (g) 98.15±2.35a 140.87±1.44b 141.83±1.89b 142.43±2.67b 162.67±2.26c 172.370±2.27d 230.50±5.20e 
Weight gain (g) 87.96±1.35a 130.72±1.64b 131.71±1.67b 132.28±2.85b 152.46±2.30c 162.200±2.87d 220.35±5.13e 
Weight gain (%) 863.67±26.65a 1288.51±44.70b 1301.70±13.09b  1302.94±50.17b  1493.88±31.73c 1.595±52.14d 2171.02±45.21e 
Specific growth rate 2.31±0.03a 2.68±0.32b 2.69±0.01b 2.69±0.04b 2.83±0.02c 2.890±0.03d 3.19±0.02e 
Feed intake (g) 150.41±0.16a 183.49±0.77b 185.36±2.29b 211.45±1.62c 244.63±2.26d 261.940±1.96e 302.96±5.65f 
Protein intake 55.65±0.06a 67.89±0.29b 68.58±0.85b 78.24±0.60c 90.52±0.84d 96.920±0.73e 112.10±2.09f 
Feed conversion ratio 1.71±0.05a 1.40±0.02b 1.41±0.003b 1.60±0.02c 1.61±0.03c 1.610±0.02c  1.37±0.01d 
Protein efficiency ratio 1.58±0.04a 1.93±0.02b 1.92±0.004b 1.69±0.02c 1.69±0.03c 1.960±0.01d 1.78±0.15e 

Survival (%) 62.22±3.85a 95.56±3.85b 97.78±3.85 b 95.56±3.85b 95.56±3.85b 97.78±3.85b 95.56±3.85b 
Mean values in the same row with different superscript are significantly different (p<0.05). VitC: Vitamin C 
 
Table 4: Proximate body composition of Clarias gariepinus fingerlings fed diets with various levels of Vitamin C 
Parameters Initial 0% VitC 0.05% VitC 0.10% VitC 0.15% VitC 0.5% VitC 1.0% VitC 1.5% VitC SEM 
Crude protein 67.84 68.83 70.45 70.71 69.61 68.05 68.33 68.50 0.74 
Crude lipid 5.00b 4.00a 4.97b 5.43c 5.60c 5.54c 7.33d 7.50d 0.24 
Crude fiber 1.24 1.26 1.18 1.17 1.17 1.18 1.20 1.21 0.03 
Total ash 17.36 17.05 17.79 17.45 17.41 17.46 16.70 17.00 0.63 
NFE 8.56 8.86 8.61 8.26 6.80 7.77 6.44 5.79 0.69 
DM 92.30 92.67 92.41 92.75 92.69 92.75 93.44 93.47 0.30 
Mean values in the same row with different superscript are significantly different (p<0.05). VitC: Vitamin C 
 
Table 5: Haemotological parameters of fingerlings of Clarias gariepinus fed on various levels of vitamin C 
Parameters Initial 0% VitC 0.05% VitC 0.1% VitC 0.15% VitC 0.5% VitC 1.0% VitC 1.5% VitC SEM 
RBC (%) 86.33 86.00 86.97 87.67 87.33 86.90 87.33 87.00 0.89 
WBC (%) 53.35 54.00 54.33 55.67 55.33 55.67 56.00 56.50 0.99 
Hb (g dL−1) 8.66 8.62 9.08 9.00 8.54 9.04 8.97 8.65 0.35 
PCV (%) 35.43 35.33 36.67 35.00 34.86 36.55 36.33 35.67 0.55 
RBC: Red Blood Cell count; WBC: White Blood Cell count; Hb: Haemoglobin concentration; PCV: Packed Cell Volume VitC: Vitamin C 
 
PER value was lowest in diet without vitamin C 
supplementation compared with other diets that were 
supplemented with vitamin C. 
 The general trend is that fish fed diet without 
vitamin C supplementation had the lowest growth and 
performance followed by fish fed diets containing 
lower doses of vitamin C (0.05, 0.10 and 0.15%) and 
the highest growth performance was exhibited with fish 
fed diets containing the largest (mega) dose of vitamin 
C (1.5%). 

 
Body composition: The results of carcass analyses of 
fish fed on diets containing various levels of vitamin C 
are shown in Table 4. The percentage crude protein, 
crude fiber and total ash were not affected by dietary 
treatments. However, fish fed diet without vitamin C 
supplementation (0%) had the lowest percentage of 

body lipid compared with fish fed on other diets with 
vitamin C supplements. 
 
Blood components: The results of blood analysis of 
fish fed diets containing various levels of vitamin C are 
presented in Table 5. The hematocrit and haemoglobin 
values are similar among groups (p>0.05). The red and 
white blood cell counts were not different (p>0.05) 
among treatments. 
 

DISCUSSION 
 
 In the present study, growth, feed utilization and 
survival of C. gariepinus improved with the inclusion 
of vitamin C in fish diets. Fish fed vitamin C- 
supplemented diets showed better growth, feed 
utilization efficiencies and survival compared with 
those without supplementation. This is in agreement 
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with other reports[3,17-20]. The reduction in growth 
performance of fish fed the control diet is an indication 
that ascorbic acid has an effect on growth of fish as 
originally pointed[21].  
 It was observed in this study that increasing the 
concentration of vitamin C from 50-150 mg gives no 
significant difference (p<0.05) in terms of growth 
performance. This observation is in line with previous 
studies[3]. It has been reported that low vitamin C 
activity levels are sufficient for optimum growth and 
feed conversion for cultured fish[10]. However, when 
fish were fed diets containing mega doses of vitamin C 
(500-1500 mg) there were significant (p<0.05) increase 
in the growth performance compared with fish fed diets 
containing lower doses of vitamin C (50-150 mg). 
Generally, the diet supplemented with 1500 mg kg−1 
gave the best growth performance compared with other 
diets[8]. It has been reported that mega doses of vitamin 
C increased growth, survival and immune system of 
fish. It was reported that some catfish producers include 
up to 2,000 mg kg−1 of vitamin C in catfish feed to 
enhance their immune function and growth[8]. 
 A number of previous studies have shown the 
beneficial effects of high vitamin C intake in enhancing 
resistance to stress and improving growth[3,5,8]. Clinical 
symptoms of ascorbic acid deficiency such as dark skin 
coloration, reduced growth rate, flashing and erratic 
swimming were observed in fish fed un-supplemented 
vitamin C diet (control) after 12 weeks of feeding trial. 
The time of occurrence of deficiency symptoms in fish 
fed diet devoid of vitamin C suggest that C. gariepinus 
fingerlings were able to depend on stored ascorbate for 
12 weeks excluding the 2 weeks of acclimation period. 
This time is longer than the 9 weeks observed for 
Heterobranchus longifilis[20]. The reasons for earlier 
occurrence of symptoms in H. longifilis may be 
attributed to higher stocking rate and the size of fish 
used. It was found that 9 weeks were sufficient to 
develop deficiency symptoms in smaller fishes fed 
ascorbate-free diet[22]. However, bigger fish did not 
show any deficiency sign after 18 weeks[23]. Some 
workers observed that young fish need to increase their 
mass about 10 times to develop deficiency 
symptoms[24]. 
 Different signs of deficiency symptoms in terms of 
behavior, dark skin coloration, reduced growth, 
hemerrage, have been reported, in catfishes such as 
Heterobranchus longifilis[19,20]; Clarias gariepinus[25]; 
channel catfish[26,27]; hybrid Clarias[3]. There are similar 
reports on vitamin C deficiency in other kinds of fish 
such as rainbow trout[22], hybrid tilapia[28]and 
Seabrass[29]. However, the usual vitamin C deficiency 

signs, such as scoliosis and lordosis were not observed 
in this study.  
 Haemoglobin concentration, red blood cell, white 
blood cell and packed cell volume values of fish in the 
present study were not significantly (p>0.05) affected 
by vitamin C supplementation. This is in line with 
previous reports that blood parameters of fish fed on 
diets without vitamin C were not significantly different 
from that of the supplemented diets[3]. The result, 
however, conflicts with other results[20] that blood 
parameters were elevated in Heterobranchus longifilis 
given dietary vitamin C supplementation. The lower 
percentage of body lipid observed in fish fed on vitamin 
C free diet compared with fish fed on vitamin C diets 
might be as a result of the erratic swimming, flashing 
and other restless activities of fish which made use of 
body lipid as energy. 
 

CONCLUSION 
 
 In conclusion, the results of this study show that a 
minimum of 50 mg kg−1 of ascorbic acid is sufficient 
for Clarias gariepinus fingerlings not to develop 
clinical symptoms relating to vitamin C deficiency. A 
mega dose of 1500 mg kg−1 of ascorbic acid gave the 
best growth performance and feed utilization efficiency. 
Clarias gariepinus fingerlings have a latency period of 
12 weeks before showing vitamin C deficiency 
symptoms. 
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