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Aflatoxins are produced mainly by moulds Aspergillus flavus and Aspergillus 

parasiticus.  They cause toxicity called aflatoxicosis in animals and human 

beings which is of great concern in aquaculture also. Aflatoxin B1 is the most 

potent of all the known aflatoxins which mediates its effects by producing 

reactive oxygen species (ROS) and by irreversible damage to DNA and 

proteins leading to genotoxicity and cytotoxicity. Vitamin C is a potent 

antioxidant and reduces reactivity of ROS by donating electrons to them.  

Previous investigations suggest its role in alleviating aflatoxicosis in Nile 

tilapia.  Present studies were conducted to determine the reduction in the 

negative effects of aflatoxin B1   on haematological parameters of fish Clarias 

batrachus by dietary supplementation of vitamin C. In the present 

investigation 60 fish were divided into four groups. Each group comprised 

fifteen fish. Four types of feed were prepared on the basis of presence of 

aflatoxin B1and vitamin C. Feed I consists of a basal diet given to the first 

group of fish or control. Feed II consisted of aflatoxin B1contaminated feed 

given to second group of fish. In feed III and IV 300 mg/kg and 600 mg/kg 

vitamin C was added to aflatoxin B1contaminated feed. The objective of the 

present investigation was to explore the role of Vitamin C in reduction of 

adverse effects of aflatoxin on plasma biochemical parameters and liver 

glycogen of the fish Clarias batrachus. The group of fish that was given the 

feed II showed a significant increase in serum level of ALT, AST, bilirubin, 

blood urea, glucose and albumin globulin ratio but significant decrease was 

observed in total serum proteins and liver glycogen as a result of dietary 

aflatoxin. Supplementation of Vitamin C in the feed significantly decreased 

the adverse effects of aflatoxin and the parameters showed significant 

improvement. The group of fish fed with 600 mg/kg vitamin C showed best 

results and were nearly similar to those of the control. The present 

investigation revealed that feed containing 600 mg/kg vitamin C diminishes 

the effect of aflatoxin B1in the fish reducing the health risk in humans 

consuming the fish as aflatoxins has the potential to accumulate and stay in 

the tissues of animals for long period of time. 
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INTRODUCTION 

 

Fisheries and aquaculture are one of the fastest growing industries in the 

world (Tacon et al., 2020) and provides livelihood for more than 10 % of 

world population (Anonymous, 2020). Fish flesh is considered as a rich 

source of protein, essential amino acids, omega 3 fatty acids and vitamins  
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(Jayasankar, 2018). The national per capita 

consumption of fish   is   about   11   kg   which   makes   

fish   an      important component of domestic food 

security in India (Jayasankar et al., 2015).To meet the 

requirement   aquaculture   production   in   India   has   

been increasing over the years contributing 

significantly in national economy  and  employment  

opportunity  particularly  in  the economically    less  

developed    rural  area   (Kumar et al., 2015).However  

fish farming is also associated with the risk of 

infectious diseases, contamination   and   decrease   of   

food   quality   that   can adversely  affects  the  fish  

health(Nomoto,2005).One  of  the  risks  associated 

with  aquaculture  is  contamination  of  aflatoxin  in  

the  feed (Conversano et al., 2008). Aflatoxins are 

mainly produced by two moulds Aspergillus flavus and 

Aspergillus parasiticus (Oliviera et al., 2013) which can 

grow on a variety of improperly stored food (Cheeke et 

al., 1985, Pitt et al.,1997, Ellis, 2000) and produce 

mainly four types of aflatoxins, B1, B2, G1 and G2 

(Kurtzman et al., 1987, Kosalac and Pipeljnjak 2005).   

Among them, aflatoxin B1is the most fatal and found in 

maximum quantity in culture (Yu 2012). It shows 

resistance to both heating and freezing which enables 

it to remain in the food chain for an indefinite period 

of time (Zaki et al., 2011). The toxic effects of 

aflatoxinB1 are attributed to is ability to increase 

production of reactive oxygen species (ROS) which 

harms both human and animals through oxidative 

stress. The toxicity depends upon the species, dose of 

the aflatoxin as well as the time of exposure (coulombe 

et al., 1984, Ngethe et al., 1993, Centoducati et al., 

2009).   The   principal   target   organ   is   liver   and   

long-time exposure to aflatoxin retards growth and 

increase mortality due to immunosuppression, kidney 

and liver dysfunctions Caguan et al., 2004, Sephadari, 

et al., 2010, Zaki et al., 2012, Mahfouz et al., 2015). 

Longtime exposure to aflatoxin B1 causes 

hepatocellular sarcoma and hepatocellular   carcinoma   

in   rainbow   trout O. mykiss (Nunez et al., 1991).  

Dietary administration of aflatoxin B1   decreased   

growth performance and haematological parameters 

but increased serum ALT, AST and creatinine in 

Oreochromis niloticus (Selim at.al., 2014). In catfish 

Rhamdia quelen, low level of aflatoxin B1 decreased.  

 

Total Leucocyte Count but TLC increased when the fish 

is exposed to a higher level of the toxin (Anatar et al., 

2020). Aflatoxin B1 residues were detected in the 

tissues after exposure to the mycotoxin in seabass 

Dissentracus labrax (El Sayed et al., 2009) and 

Oreochromis niloticus (Deng et al., 2020).  This may 

lead to health risk in human also due to consumption 

of contaminated fish. (Murjani et al., 2003). Maximum 

accumulation of aflatoxin B1 was reported in tissues of 

African catfish Clarias gariepinus when compared with 

Carp Cyprinus carpio, Tilapia Oreochromis niloticus and 

Canga Heterotis niloticus (Tacadong et al., 2020). 

Previous investigations suggested that   aflatoxins   are   

mutagenic, hepatotoxic   and   hepatocarcinogenic in 

both animals and humans. Even small amount of the 

toxin causes oxidative stress leads to dysfunction of 

cellular components such as enzymes, nucleic acid, 

proteins and   membranes (Meki, et al., 2004, Rastogy, 

et al., 2001). Vitamin C is recognised for its antioxidant 

and immune boosting properties (Chambial, et al., 

2013) and considered as an important component of 

the diet for growth and other biological functions.  It 

increases protein synthesis (Lovel, 1972). Dietary   

administration   of   vitamin   C improved the growth    

performance in Asian catfish Clarias batrachus (Pal 

and Chakrabarti, 2012). Positive   effects of   vitamin   C 

on growth performance, plasma proteins and 

haematological parameters have been reported in 

Catla catla (Reddy, 2018). Japanese sea bass 

Lateolabrax   japonicus (Ai et al., 2004) and   starry   

flounder Platichthyes stellatus (Young et al., 2020).  

 

Vitamin C Improved immunity through enhanced 

phagocytosis, lysozyme activities, increased antibody 

level and respiratory burst activity of phagocytes in 

Indian major carp Labeo   rohita exposed   to   aflatoxin   

B1(Nayak, et al., 2007, Sahoo et al.,2003). Dietary 

supplementation of    vitamin    C    improved    the    

growth performance, improved blood level of liver 

function enzymes and total serum protein in Nile 

tilapia Oreochromis niloticus exposed to aflatoxin B1 

(Shehata et al., 2009). Vitamins C also inhibits 

Aspergillus growth and aflatoxin gene expression 

(Maryam, et al., 2018). Asian catfish Clarias batrachus   

popularly   known   as   Mangur   is   found throughout 

Asia and Africa. It is considered as an important fish 

due to its taste and excellent nutritional profile (Rui et 

al., 2007). In many parts of India, it is frequently 

prescribed to lactating pregnant, anaemic and 

malnutritional individuals (Debnath 2011). However, 

the fish showed a drastic decline from their natural 

habitat in India during the last few years. The objective 

of the present investigation was to explore the role of 

Vitamin C in mitigation of adverse effects of   aflatoxin 

on haematological parameters of the fish Clarias 

batrachus. 
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MATERIALS AND METHODS 

 

Experimental Design 

A total of 60 apparently healthy Clarias batrachus were 

obtained from a private fish farm at Dholpur. The 

length of the fish was about 10 to 20 cm, and the 

weight was about 40 to 50 grams. The fishes were kept 

in twelve aquariums measuring 2' × 1' × 1'. Five fishes 

were kept in each aquarium. Three aquaria were kept 

as control, and nine aquaria were divided into three 

sets. Each set consisted of three aquaria and were kept 

as experimental sets. 

 

Preparation of feed  

Four types of feeds were prepared for the fishes on the 

basis of the presence of aflatoxin or vitamin C in the 

feed, and they were distinguished as Feed I, Feed II, 

Feed III, and Feed IV. Feed I (good feed) contained 

100% good feed and no mouldy feed or vitamin C. 

Feed I was given to the control or fishes of the first set 

of aquaria comprising IA, IB, and IC. Feed II consisted 

of 100% mouldy feed without vitamin C. Feed II was 

given to fishes of the second set of aquaria comprising 

2A, 2B, and 2C. Feed III consisted of 100% mouldy feed 

mixed with vitamin C at a concentration of 300 mg 

vitamin C per kg of feed. Feed III was given to fishes of 

the third set of aquaria comprising 3A, 3B, and 3C. 

Feed IV consisted of 100% mouldy feed mixed with 

vitamin C at a concentration of 600 mg vitamin C per 

kg of feed. Feed IV was given to fishes of the fourth set 

of aquaria comprising 4A, 4B, and 4C. 

Mouldy feed was prepared in the laboratory. The 

commercial fish feed procured from the market was 

first sprinkled with a small amount of water to make 

the feed moist and then mixed with cultured 

Aspergillus flavus procured from ICAR, New Delhi. The 

inoculation was made in a transfer chamber to avoid 

contamination. The mixed feed was then covered with 

a plastic sac. For the preparation of feed III and feed IV, 

300 mg and 600 mg of vitamin C per kg of feed were 

added to feed III and feed IV, respectively. The infected 

feed was kept in conditions favourable for the growth 

of the mould. The feeding started from the second day, 

two times a day, at a feeding rate of 4% of the body 

weight. 

Estimation of parameters  

• RBC count was carried out by the method of 

Blaxhall and Daisley (1973).  

• Haemoglobin was estimated by 

Cyanmethemoglobin method (Blaxhall and 

Daisley,1973; Dacie and Lewis, 1991).  

• WBC count was done by the method of Shah and 

Altindag (2005).  

• Differential Leucocyte Count (DLC) was carried out 

by the method of Lilli (1972) using Wright Giemsa 

stain for the preparation of blood film.  

• Packed cell Volume (PCV) was determined by the 

microhematocrit technique of Blaxhall and Daisley 

(1973).  

 

The following RBC indices were calculated according 

to the method of Dacie and Lewis (1975).  

MCV (fl) = 𝑃𝐶𝑉/ 𝑅𝐵𝐶(𝑚𝑖𝑙𝑙𝑖𝑜𝑛/𝐿) 𝑋 100  

 

MCH (pg.) = 𝐻𝑒𝑚𝑜𝑔𝑙𝑜𝑏𝑖(𝑔/𝐿) /𝑅𝐵𝐶(𝑚𝑖𝑙𝑙𝑖𝑜𝑛/𝐿)  

 

MCHC (%) = 𝐻𝑒𝑚𝑜𝑔𝑙𝑜𝑏𝑖𝑛(𝑔/𝑑𝑙) 𝑋 100/ 𝑃𝐶𝑉 

 

Statistical analysis 

Statistical analysis was carried out by one-way analy-

sis of variance (ANOVA) of Guenther (1964). The data 

were presented as mean ± standard deviation (SD). A 

probability value (p) of less than 0.05 was considered 

statistically significant. Besides, graphs were drawn on 

the basis of data obtained as mean ± SEM. 

 

RESULT AND DISCUSSION 

 

Reduction of the growth of toxigenic fungi and 

elimination of the effects of toxins produced by these 

fungi has been a priority in agriculture and 

aquaculture. There are several studies investigating 

this domain. Bluma et al. reported that clove oil 

reduces the production of aflatoxin. Kim et al. (2010) 

suggested that freeze-dried green onion inhibits the 

growth of A. parasiticus. Maryam et al. (2018) found 

that vitamin C inhibits the growth of A. parasiticus and 

reduces the expression of genes responsible for the 

production of aflatoxin. 

 

In the present investigation, Table I shows the impacts 

of vitamin C supplements in the feed of fish exposed to 

aflatoxin B1. In the present study, it was observed that 

RBC count, haemoglobin concentration, and packed 

cell volume were significantly lower in fish exposed to 

aflatoxin B1 alone (*p* > 0.05) as compared to the 

control, but a significant reduction in the negative 

effects of aflatoxin was observed in groups 

supplemented with vitamin C. 
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Table I- Showing effects of aflatoxin B1 and Vitamin supplementation on haematological parameters 

Feed I II III IV 

Hemoglobin(g/dl) 7.76 + 0.13 4.38 + 0.05 5.29 + 0.03 6.25 + 0.02 

RBC (million/mm3) 1.96 + 0.06 1.33 + 0.07 1.63 + 0.04 1.79 + 0.03 

TLC(Thousand/mm3) 11.21 + 0.05 6.37 + 0.02 8.56 + 0.03 10.39+ 0.37 

PCV 39.96 + 0.02 26.13 + 0.17 29.58 + 0.08 33.38 + 0.04 
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Fig 1:Effects of Aflatoxin B1 and Vitamin C supplementation on lymphocyte % and neutrophil 

 

 
Fig 2: Effects of Aflatoxin B1 and Vitamin C supplementation on Mean corpuscular haemoglobin (MCH) 

 

 
Fig 3: Effects of Aflatoxin B1and Vitamin C supplementation on Mean Corpuscular Volume (MCV) 
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Fig 4- Effects of AflatoxinB1 and Vitamin C supplementation on MCHC % 

 

Haematological indices are crucial for assessing the 

health and physiological status of fish. In the present 

study, there was a significant effect of aflatoxin on RBC 

count, WBC count, haemoglobin content, as well as 

other haematological indices such as packed cell 

volume (PCV), mean corpuscular haemoglobin (MCH), 

mean corpuscular volume (MCV), and mean 

corpuscular haemoglobin concentration (MCHC). The 

results of RBC count, haemoglobin content, as well as 

RBC indices like PCV, MCV, MCH, and MCHC are shown 

in Table I and Figs. 1-4. These haematological 

parameters showed a significant (*p* > 0.05) decrease 

in the fish exposed to AFB1 alone as compared to the 

control and those groups supplemented with vitamin 

C. The present findings agree with Nurcan et al. 

(2012), Selim et al. (2013), Mahfouz et al. (2015), 

Palaniswamy (2018), and Olugbenga et al. (2025). The 

decrease in these parameters indicates anaemia, which 

is consistent with the known haematotoxic effects of 

AFB1 (Oloruntola, 2024). AFB1 causes hepatocellular 

carcinoma, and anaemia is one of the symptoms of HCC 

(Murray-Lyon, 1983). The decrease in RBC count, MCV, 

and MCHC may be due to inhibition of those enzymes 

which are responsible for the synthesis of heme 

(ATSDR, 2005). It may also occur due to haemopoietic, 

hepatic, and osmoregulatory dysfunction as a result of 

aflatoxin (Sepahdari et al., 2010; Deng, 2010; Selim et 

al., 2014; Mahfouz and Sherif, 2015). The decrease in 

these parameters may also be due to increased 

destruction of RBCs in the spleen and haemopoietic 

organs as a result of exposure to aflatoxin (Verma and 

Raval, 1989; Jenkins and Smith, 2003). The absence of 

any significant difference in these parameters between 

the control and vitamin C-supplemented groups 

suggests a potential ameliorative effect of the 

antioxidant vitamin C (Cotoraci et al., 2021; Olugbenga 

et al., 2025). 

The results of WBC count, neutrophil, and lymphocyte 

count are depicted in Table I. In the present study, 

there was a significant decrease in WBC count in the 

experimental fishes as compared to the control, which 

agrees with those of Rizkalla (1997) and Hussain et al. 

(2000) in Oreochromis niloticus. Witeska (2003) 

reported that stress increases epinephrine and causes 

a simultaneous contraction in the spleen, resulting in 

decreased WBC count. Thus, the decrease in WBC 

count in the present study may be due to increased 

stress as a result of aflatoxin. In the present findings, 

there was an increase in neutrophil percentage. This 

may be due to a non-specific immune response set in 

various organs as a result of aflatoxin (Jantrarotai and 

Lovel, 1990). In the present investigation, there was a 

significant fall in lymphocytes, which agrees with 

those of Sahoo et al. (2002) and Dimitri and Gobal 

(1996). It may be attributed to increased cortisol 

levels due to stress induced by AFB1, which in turn 

shortens the lifespan of lymphocytes, promotes their 

apoptosis, and reduces their proliferation in animals 

(Radhakrishnan, 2010; Zaki et al., 2012). Conversely, a 

higher leucocyte count, lymphocyte percentage, and 

increased neutrophil percentage in groups 

supplemented with vitamin C indicate a protective 

effect of vitamin C in fishes exposed to aflatoxin B1. 

These findings indicate the potential of vitamin C to 

ameliorate mycotoxin-induced oxidative stress and its 

negative haematological consequences (Alayash, 2022; 

Tzounakas et al., 2022). 
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CONCLUSION 

 

In the present study, it was found that 600 mg of 

vitamin C per kg of formulated feed significantly 

mitigated the adverse effects of aflatoxin 

contamination in the fish Clarias batrachus. Vitamin C 

supplementation significantly ameliorated the 

haematological indices of the fish exposed to dietary 

aflatoxin. Therefore, vitamin C may be supplemented 

in the fish feed used for aquaculture to achieve better 

results. 

 
Conflict of interest  
The authors declare no competing interests.  
 
Data Availability Statement: Not applicable. 
 
Correspondence and requests for materials should be 
addressed to Durreshahwar Ruby 
 
Reprints and permissions information is available at 
https://www.ijlsci.in/reprints  
 
 
REFERENCES  
 
Ai Q, Mai K, Zhang C, Xu W, Duan Q, Tan B, Liufu Z (2004) 

Effects of dietary vitamin C on growth and immune 
response of Japanese sea bass, Lateolabrax japonicus. 
Aquaculture 62: 1-12. 

Alayash AI (2022) Hemiglobin oxidation reaction in stored 
blood. Antioxidants 11(4): 747. 

Anatar A, Araujo CMTD, Roch DCC, Ostrensky A, Filho JRE, 
Ribiero DR, Pimpao CT (2020) Evaluation of growth 
performance, haematological, biochemical and 
histopathological parameters of Rhamdia quelen fed 
with a feed artificially contaminated with aflatoxin B1. 
Aquacult Rep 17: 10036. 

Anonymous (2020) Sustainability in action. State World Fish 
Aquacult: 220-244. doi:10.4060/ca9229en 

ATSDR (2005) Draft toxicological profile for lead. US 
Department of Health and Human Services, Atlanta, 
Georgia, USA, pp 102-125. 

Blaxhall PC, Daisley KW (1973) Routine haematological 
method for use with fish blood. J Fish Biol 5: 771-781. 

Caguan AG, Tayaban RH, Somga JR, Bartolome RM (2004) 
Effect of aflatoxin contaminated feed in Nile tilapia 
(Oreochromis niloticus L.). In: Remedios RB, Imir GC, 
Fitzsimmons K (eds), Proceeding of the 6th 
International Symposium on Tilapia in Aquaculture, 
Sept 12-16, Manila, Philippines, pp 172-178. 

Centoducati G, Santacroce MP, Lestingi A, Casalino E, 
Crescenzo G (2009) Characterization of cellular damage 
induced by aflatoxin B1 in seabream (Sparus aurata L. 
1758) hepatocytes. Ital J Anim Sci 8(sup2): 848-850. 
doi:10.4081/ijas.2009.s2.848 

Chambial S, Dwivedi S, Shukla KK, John PJ, Sharma P (2013) 
Vitamin C in disease prevention and cure: an overview. 
Indian J Clin Biochem 28(4): 314-328. 

Cheeke PK, Shull LR (1985) Natural Toxicant in feeds and 
poisonous plants. Avi Publishing Company, West Port, 
CT, pp 393-476. 

Conversano SMP, MC, Cassalino E, Lai O, Zizzadoro C (2008) 
Aflatoxin in aquatic species. Metabolism, toxicity and 
perspectives. Fish Biol Fish 18: 99-130. 

Cotoraci C, Ciceu A, Sasu A, Hermenean A (2021) Natural 
antioxidant in anaemia treatment. Int J Mol Sci 22(4): 
1883. 

Coulombe RA Jr, Bailey GS, Nixon JE (1984) Comparative 
activation of aflatoxin B1 to mutagens by isolated 
hepatocytes from rainbow trout (Salmo gairdneri) and 
coho salmon (Oncorhynchus kisutch). Carcinogenesis 
5(1): 29-33. doi:10.1093/carcin/5.1.29, PMID 6690084 

Dacie JV, Lewis SM (1991) Practical Haematology. Churchill 
Livingstone, London, pp 1-73. 

Debnath S (2011) Clarias batrachus, the medicinal fish: an 
excellent candidate for aquaculture & employment 
generation. In: IPCBEE, International Conference on 
Asia Agriculture and Animal, Vol 13. IACSIT Press, 
Singapore. 

Diaz DE, Hagler WM, Hopkins BA, Whitlow LW (2008) 
Aflatoxin binder I: in vitro binding assay for aflatoxin B1 
by several potential sequestering agents. 
Mycopathologia 156: 223-226. 

Deng SX, Tian LX, Liu FJ, Liang GY, Yang HJ, Du ZY, Liu YJ 
(2020) Toxic effects and residue of aflatoxin B1 in 
tilapia (Oreochromis niloticus x O. aureus) during long 
term dietary exposure. Aquaculture 307: 233-240. 

Dimitri RA, Gobal MA (1996) Immunosuppressent activity of 
aflatoxin ingestion in rabbits measured by response to 
Mycobacterium bovis antigen-I cell mediated immune 
response measured by skin test reaction. Human 
Toxicol 38: 333-336. 

El-Sayed YS, Khalil RH (2009) Toxicity, biochemical effects 
and residues of aflatoxin B1 in marine water sea bass 
(Dicentrarchus labrax, L). Food Chem Toxicol 183: 179-
188. 

Guenther (1964) Analysis of variance. Prentice Hall Inc., 
Eaglewood Cliffs, NJ, pp 100-110. 

Hussain SY, Mekkawy IA, Moktar ZZ, Mubarak M (2000) 
Protective effect of Nigella Sativa seed against 
aflatoxicosis in Oreochromis niloticus. In: Mycotoxin 
Conference, Mycotoxin and Environmental Poland, 
Bydgoszcz, pp 109-130. 

Jantrarotai IV, Lovell RT, Grizzle JM (1990) Acute toxicity of 
AFB1 to channel catfish. J Aquatic Anim Health 2: 248-
254. 

Jayasankar P (2018) Present status of fresh water 
aquaculture in India - A review. Indian J Fish 65(4): 157-
165. 

Jayasankar P, Barik NK (2015) Promotion of PPPs for wider 
adoption of freshwater aquaculture technologies: scope 
and strategies. In: Sinha VRP, Krishna G, Keshavanath P, 

https://www.ijlsci.in/reprints


 
"Vitamin C Mitigates Aflatoxin-Induced Haematological Alterations in Clarias batrachus  

 

www.ijlsci.in                 Int. J. of Life Sciences, Volume 14 (1) 2026 |  67  

Kumar NR (eds), Social entrepreneurship in 
aquaculture. Narendra Publishing House, New Delhi, 
India, pp 57-67. 

Jenkins F, Smith J, Rajana B, Shamim U, Umadevi K, Sandhaya 
R, Madhavi R (2003) Effects of sublethal concentration 
of endosulphan on haematological and serum 
biochemical parameters in the carp Cyprinus carpio. 
Bull Environ Contam Toxicol 70: 993-997. 

Kim JG (2010) Inhibitory effects of green onion leaf on the 
growth of Aspergillus parasiticus. Department of Public 
Health, Keimyung University, Daegu, Republic of Korea, 
pp 456-462. 

Kosalec I, Pepeljnjak S (2005) Mycotoxigenicity of clinical 
and environmental Aspergillus fumigatus and 
Aspergillus flavus isolates. Acta Pharm 55(4): 365-375. 
PMID 16375826 

Kumar ST, Shivani P (2014) Marine fisheries; its current 
status, sustainable management and socio-economic 
status of the marine fishers of Odisha, through Indian 
Marine Policy: A case study. Res J Anim Vet Fish Sci 2(7): 
10-19. 

Kurtzman CP, Horn BW, Hesseltine CW (1987) Aspergillus 
nomius, a new aflatoxin-producing species related to 
Aspergillus flavus and Aspergillus tamarii. Antonie 
Leeuwenhoek 53(3): 147-158. 
doi:10.1007/BF00393843, PMID 3116923 

Lovel RT (1972) Protein requirement of cage-cultured 
channel catfish. Proceedings, Southeast Asian 
Association of Game and Fisheries Commission 26: 357-
361. 

Lillie RD (1972) H. J. Conn's Biological Stains (8th ed.). 
William & Wilkins, Baltimore, pp 438. 

Mahfouz ME, Ahmad HS (2015) A multiparameter 
investigation into adverse effects of aflatoxin on 
Oreochromis niloticus health status. J Basic Appl Zool 
71: 48-59. 

Maryam AD, Kordbacheh P, Daei Ghazvini R, Moazeni M, 
Nazemi L, Rezaie S (2018) Inhibitory effect of vitamin C 
on Aspergillus parasiticus growth and aflatoxin gene 
expression. Curr Med Mycol 4(3): 10-14. 
doi:10.18502/cmm.4.3.170, PMID 30619963 

Meki AMA, Esmail EEF, Hussein AA, Hassanein HM (2004) 
Caspase-3 and heat shock protein-70 in rat liver treated 
with aflatoxin B1: Effect of melatonin. Toxicol 43(1): 93-
100. doi:10.1016/j.toxicon.2003.10.026 

Murjani G (2003) Chronic aflatoxicosis in fish and its 
relevance to human health. Central Institute of 
Freshwater Aquaculture, India. 

Murray-Lyon IM (1983) Primary and secondary causes of the 
liver, biliary tract and pancreas. In: Genet J (ed), Edward 
Arnold Ltd, Bedford Square, London. 

Nayak SK, Swain P, Mukherjee SC (2007) Effect of dietary 
supplement of probiotic and vitamin C on the immune 
response of Indian major carp Labeo rohita (Ham.). Fish 
Shellfish Immunol 23(4): 892-896. 
doi:10.1016/j.fsi.2007.02.008 

Ngethe S, Horsberg TE, Mitema E, Brigtsen N (1993) Species 
differences in hepatic concentration of orally 

administered 3H-AFB1 between rainbow trout and 
tilapia. Aquaculture 114: 355-358. 

Nomoto K (2005) Prevention of infection by prebiotics. J 
Biosci Bioeng 100(6): 583-592. 
doi:10.1263/jbb.100.583, PMID 16473765 

Nunez O, Hendricks JD, Duimstra JR (1991) Ultrastructure of 
hepatocellular neoplasms in aflatoxin B1 (AFB1) 
initiated rainbow trout (Oncorhynchus mykiss). Toxicol 
Pathol 19(1): 11-23. 
doi:10.1177/019262339101900102, PMID 1646478 

Nurcan D, Donmez HH, Keskin E, Kisadere I (2012) Effects of 
aflatoxin on some hematological parameters and 
protective effectiveness of esterified glucomannan in 
Marino rams. Sci World J 34: 246-248. 

Oliviera CAF, Bavo F, Corrasin CH, Jager AV, Reddy KR (2013) 
Recent trends in microbiological decontamination of 
aflatoxin in food stuffs. In: Razzaghi-Abyanah M (ed), 
Aflatoxin recent advances and future perspectives. Tech, 
Croatia, pp 59-92. 

Oloruntola OD, Adeyeye SA, Abdulkadir MT, Ayodele SO, 
Oloruntola DA, Agbede JO, Oladebeye FS, Adeyeye EO 
(2024) Investigating the effects of dietary 
supplementation with Moringa leaf powder and vitamin 
C in aflatoxin B1-exposed broilers. Journal of 
Agriculture and Rural Development in the Tropics and 
Subtropics 125(1): 127-137. 

Olugbenga DA, Samuel AA, Deborah AO, Emanuel OA (2025) 
Evaluating the effects of including vitamin C and Parque 
nigerescencs leaf powder in the diets of broiler chicks 
exposed to aflatoxin B1. Acta Fytotech 28(3): 190-201. 

Pal H, Chakrabarty D (2012) Evaluation of body composition 
and growth performance by applying different dietary 
vitamin C levels in Asian catfish, Clarias batrachus 
(Linnaeus, 1958). Int J Pharm Biol Sci 3(4): 1186-1193. 

Palaniswami S, Subramanian K, Arumugam VA, Thangavelu 
S, Purusothaman S (2018) Impact of Tridax procumbens 
on haematological parameters in aflatoxin induced liver 
toxicity in albino rats. Pharmacogn J 10(2): 304-308. 

Pitt JI, Hocking AD (1997) Fungi and food spoilage (2nd ed.). 
Blackie Academic & Professional, London. 

Ellis RW, Clements M, Tibbetts A, Winfree R (2000) 
Reduction of 20-µg/kg aflatoxin in trout feed containing 
clay. Aquaculture 183(1-2): 179-188. 
doi:10.1016/S0044-8486(99)00292-6 

Radhakrishnan MV (2010) Immunological effect of Cadmium 
in Heteropneustes fossilis Bloch. Glob Vet 4: 544-547. 

Rastogi R, Rastogi KA (2001) Long term effects of aflatoxin 
B1 on peroxidation in rat liver and kidney: effect of 
picroliv and silymarin. J Phytol Res 15: 307-310. 

Reddy SJ (2018) Immunostimulatory effect of 
supplementary diet vitamin C on growth haematology, 
survival and immunity of fish Catla catla. IOS J Pharm 
8(12): 46-54. 

Rizkalla EH, Zahra MH, Deab A, Farag MF (1997) 
Hematological responses of Oreochromis aureus to 
dietary aflatoxin contamination and the role of selenium 
and vitamin E. Alex J Vet Sci 13: 423-438. 

http://www.ijlsci.in/


 
Fatmi and Durreshahwar, 2026 

 

68 | Int. J. of Life Sciences, Volume 14 (1) 2026 

Rui R, Bandara N, Nunes ML (2007) Nutritional quality of 
African catfish C. gariepinus [Burchell 1822]: a positive 
criterion for the future development of the European 
production of Siluroidei. Int J Food Sci Technol 42(3): 
342-351. 

Sahoo PK, Mukherjee SC (2003) Immunomodulation by 
dietary vitamin C in healthy and aflatoxin B1 induced 
immunocompromised rohu (Labeo rohita). Comp 
Immunol Microbiol Infect Dis 26(1): 65-76. 
doi:10.1016/s0147-9571(01)00038-8, PMID 12602688 

Selim KM, El-Hofy H, Khalil RH (2014) The efficacy of three 
mycotoxin adsorbents to alleviate aflatoxin B1 induced 
toxicity in Oreochromis niloticus. Aquacult Int 22(2): 
523-540. doi:10.1007/s10499-013-9661-6 

Sepahdari A, Ebrahimzadeh Mosavi HA, Sharif I, Khosravi A, 
Motallebi AA, Mohseni M, Kakoolaki S, Pourali HR, 
Hallajian A (2010) Effect of different dietary level of 
AFB1 on survival rate and growth factor of Beluga 
(Huso huso). Iranian Journal of Fishery Sciences 9: 141-
150. 

Shah SL, Altindag A (2005) Alteration in the immunological 
parameters of tench (Tinca tinca L) after acute and 
chronic exposure to lethal and sublethal treatments 
with mercury, cadmium and lead. Turk J Vet Anim Sci 
29: 1163-1168. 

Shehata SA, El-Melagy KHM, Ebrahim MS (2009) Toxicity 
reduction of aflatoxin B1 by vitamin C in fish. J Arab 
Aquacult Soci 4(9): 75-83. 

Tacadong JT, Mouafo HT, Manet L, Baomong AMB, Adjele JJB, 
Medio EK, Medoua GN (2021) Assessment of the 
presence of total aflatoxin and aflatoxin B1 in fish 
farmed in two Cameroonian localities. Int J Food Sci 
2020: Article ID 2506812. 
doi:10.22376/ijpbs/lpr.11.5.L157-164 

Tacon AGJ (2021) Trends in global aquaculture and aquafeed 
production: 2000-2017. Rev Fish Sci Aquacult 28(1): 
43-56. 

Tzounakas VL, Anastasiadi AT, Arvaniti VZ, Lelli V, Fanelli G, 
Paronis EC, Apostolidou AC, Balafas EG, 
Kostomitsopoulos NG, Papagiorgiou EG, Papassideri IS, 
Stamoulis K, Kreibardis AG, Rinalducci S, Antonelou MH 
(2022) Supplementation with uric acid and ascorbic 
acid protect stored red blood cells through 
enhancement of non-enzymatic antioxidant activity and 
metabolic rewiring. Redox Biology 57: 102477. 
doi:10.1016/j.redox.2022.102477 

Verma RJ, Raval PJ (1989) Morphological alteration in red 
blood cells after aflatoxin treatment. International 
Symposium on Agricultural and Biological Aspects of 
Aflatoxin Related Health Hazards, Delhi, March 22-25, 
1989, pp 21. 

Witeska M (2003) The effects of metals (Pb, Cu, Cd and Zn) 
on haematological parameters and blood cell 
morphology of common carp. Rozprawa naukowa nr 72, 
Wydownictwo Akadmii Podlaskiej Siedlce (In Polish). 

Young BY, Hee JP, Chan KJ (2020) Effect of dietary ascorbic 
acid on growth performance, haematological 
parameters, antioxidant and non-specific immune 

responses in starry flounder, Platichthys stellatus. 
Aquacult Rep 18: 100419. 

Yu J (2012) Current understanding of aflatoxin biosynthesis 
and future prospective in reducing aflatoxin 
contamination. Toxins 4(11): 1024-1057. 
doi:10.3390/toxins4111024, PMID 23202305 

Zaki MS, Fawzy OF, Imam MZ (2011) Reduction of aflatoxin 
in Clarias lazera catfish by ginseng extract and Nigella 
sativa oil. J Am Sci 7: 591-596. 

Zaki MS, Fawzy OF (2012) Effect of aflatoxin on endocrine 
status in catfish (Clarias lazera). Life Sci J 9: 419-422. 

 

© The Author(s) 2026 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Publisher’s Note 
IJLSCI remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


