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ABSTRACT

To determine the effects of aflatoxin B1 on reproductive performance in Oreochromis niloticus and Oreochromis aureus, 300 fish per sex per species were divided into five equal treatments.  In treatments 1-3, fish were fed diets containing either 0, 1 or 3 mg aflatoxin B1 per kg dry feed.  Fish in treatments 4-5 were fed diets containing 1 or 3 mg aflatoxin B1 per kg dry feed plus 1% activated charcoal.  Fish were held in aquaria for three months.  Plasma samples were taken at two-week intervals and assayed for testosterone (in males) and oestradiol-17( (in females).  Aflatoxin B1 had a significant (p< 0.01) negative effect on gonadosomatic index, fecundity, sperm count and sperm activity.  Addition of activated charcoal either prevented these effects or significantly reduced them.
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INTRODUCTION

Mycotoxins are among the most common contaminants in animal feeds, causing great economic loss in both the livestock industry and aquaculture (Sharlin et al.1981; Hafez et al.1982; Jantrarotai and Lovell 1990).  Problems associated with mycotoxins tend to be worse in the tropics where high humidity and temperature create optimal conditions for fungal growth.  The increased use of feed in Egypt’s aquaculture industry raises concerns about the possible presence of mycotoxins in feedstuffs.  Hagazy (1988) reported that 32% of examined cereal grains and 6% of examined concentrates and fish meals contained 1-50 ppb of aflatoxin; 9% of cereal grains and 3% of concentrates and fish meal contained 51-200 ppb and 8% of cereal grains and 16% of concentrates and fish meal contain 201-2000 ppb.  Abd El-Hamid (1990) found up to 400 ppb of aflatoxin in Egyptian maize, rice, rice germ, rice germ cake, rice bran, wheat bran, cotton seed, cotton seed cake, groundnut and mixed feed.

Aflatoxins are hepatotoxic and carcinogenic mycotoxins produced by species of Aspergillus (Abou El-Magd 1996).  Recently, zeolites (Harvey et al. 1993) and hydrated sodium calcium aluminosilicate (Kubena et al. 1990, 1993; Harvey et al. 1991) have been tested for their efficacy in reducing gastrointestinal absorption of aflatoxin.  Activated charcoal has been shown to be non toxic and an avid and tenacious adsorbent for a wide variety of toxic agents.  Jindal et al. (1993) found that activated charcoal in broiler chicken diets at a rate of 200 mg/kg could reduce aflatoxin accumulation in liver and muscle tissue.  The aims of the project reported here were to investigate the effects of aflatoxin B1 on reproductive traits of Oreochromis niloticus and Oreochromis aureus and to test the use of activated charcoal as a detoxification agent.

MATERIALS AND METHODS

A total of 600 fish averaging 30g each of O. niloticus and O. aureus (150 males and 150 females for each species) were divided into five equal groups of 60 fish.  Each treatment was divided into 5 replicates of 12 fish each and maintained in glass aquaria containing de-chlorinated and aerated tap water at a temperature of 28 ± 2(C, pH 7.4 and total hardness of 104 mg/l as CaCO3.  The fish were kept under natural daylight and fed pelted rations containing: 0, 1 and 3 mg / kg of aflatoxin B1 (Abou El-Magd 1996) for control, treatment 1 (T1) and treatment 2 (T2), respectively, while those in treatment 3 (T3) and treatment 4 (T4) were fed a ration containing 1 and 3 mg/l of aflatoxin B1 and 1% activated charcoal, respectively.  Experimental diets were prepared according to Jantrarotai and Lovell (1990). 

Samples were taken biweekly for 12 weeks.  At each sample, one male and one female from each replicate of each treatment were weighed.  Blood samples were taken from the caudal vein in heparinized tubes, and centrifuged under refrigeration.  Plasma was separated and stored at -20(C until analysis.  The gonads were removed, weighed and the gonadosomatic index (GSI) was determined (Munkittrich and Dixon 1988).  Egg numbers in the ovaries of the female were counted (Munkittrick and Dixon 1988).  Milt samples from the males were taken by stripping.  Sperm cell concentration (Cochran 1987), sperm motility (Withler and Lim 1982) and live-dead ratio were measured (Swanson and Bearden 1951).  Hormonal levels were estimated by using radioimmunoassay (RIA) for testosterone (Carlstrom et al. 1988) and estradiol-17( (Abraham 1976).  Results were analyzed through Analysis of Variance (ANOVA) followed by Duncan’s New Multiple Range Test (SAS 1989).

RESULTS

Feeding male O. niloticus and O. aureus 1 mg/kg (T1) and 3 mg/kg (T2) aflatoxin B1 significantly decreased (P<0.01) the GSI (Table 1).  The inclusion of activated charcoal at 1% in the diet significantly (P<0.01) reduced aflatoxin toxicity in T3, but not in T4.

Aflatoxin B1 significantly (P<0.01) reduced sperm count (Tables 2 & 3) in both O. niloticus and O. aureus throughout the study at both concentration levels (1 & 3 mg/kg diet).  Activated charcoal at 1% in the diet generally prevented this effect in O. niloticus at the level of 1 mg/kg during the whole period of study, but was less effective against 3 mg/kg.  In the case of O. aureus, activated charcoal prevented the effect of aflatoxin B1 (1 mg/kg) at 2 and 4 weeks and 3 mg/kg at week 2 while improving its effect during the rest of the period of study.

Sperm motility was also decreased significantly (P<0.01) by aflatoxin B1 (Tables 2 & 3) in both O. niloticus and O. aureus at both treatment levels.  Activated charcoal generally prevented this effect except in the later stages of treatment 4 (3 mg/kg).  The duration of sperm motility (Tables 2 & 3) was significantly reduced (P<0.01) in both species by aflatoxin B1 at both levels of treatment.  Activated charcoal 1% reduced this effect during the early weeks of the experiment, but had virtually no effect during the later stages.  Aflatoxin B1 significantly (P<0.01) reduced the percentage of live sperm in both species (Table 4).  The effect was reduced, but not eliminated by the inclusion of charcoal.  Plasma testosterone concentrations were lowered somewhat in both species after treatment with aflatoxin B1 (Table 5).  Charcoal 1% was generally able to negate this effect.

In females, aflatoxin B1 produced a significant decrease (P<0.01) in GSI in both O. niloticus and O. aureus (Table 6) at both levels of treatment during the whole period of study.  Charcoal at 1% generally prevented this effect in both levels of treatment.

Aflatoxin B1 caused significant decrease (P < 0.01) in number of O. aureus eggs per gram of ovary at both treatment levels (Table 7).  The effect was only measurable in O. niloticus fed at 3 mg/l of aflatoxin.  Mixing activated charcoal into the aflatoxin-laced diet prevented the effect of 1 mg/l of aflatoxin B1, but could only reduce the effect of 3 mg/l. 

Plasma estradiol–17B concentrations were decreased significantly (P<0.01) after treatment with aflatoxin B1 at both levels (1 and 3mg/kg dry diet) in female O. niloticus and O. aureus during the whole period of study (Table 8).  Charcoal added at 1% of the diet generally controlled this effect.

DISCUSSION

The reduction of GSI in male O. niloticus and O. aureus may be due to a decline in androgen levels (Morrison et al. 1985; Thomas 1988).  In females, it may be due to an aflatoxin-induced reduction in the fish’s ability to meet energetic demands of both growth and reproduction after sexual maturity by decreasing the efficiency of energy conversion (Munkittrick and Dixon 1988 & 1989).

The observation that aflatoxin B1 reduces sperm count, sperm motility and duration of sperm motility in male O. niloticus and O. aureus at the level of 1 and 3 mg/kg diet is consistent with the findings in studies of Japanese quail (Ottinger and Doerr 1980), Leghorn chickens (Sharline et al. 1981) and rats (Egbunike 1982 and Egbunike et al. 1980).  This may be due to either a direct effect of aflatoxin B1 on the seminiferous tubules which are responsible for sperm production or its effect on the duct system responsible for sperm maturation (Egbunike et al. 1980), or may be due to the reduction in the rate of oxygen consumption by adenosine diphosphate (ADP) utilization in gonadal mitochondria of fish (Davis et al. 1985).

Testosterone findings agree with those observed in Japanese quail fed a diet containing 10 mg/l aflatoxin B1 soon after hatching (Ottinger and Doerr 1980) and leghorn chickens fed a diet containing 20 mg/l aflatoxin B1 (Sharlin et al. 1981).  This effect of aflatoxin B1 may be due to a depressed Leydig cell function (production of testosterone) and responsiveness of these cells to LH hormone of the anterior pituitary gland (Egbunike 1982).  Alternatively, the observed effect may be due to aflatoxin’s documented impairment of lipid metabolism, directly affecting testicular and ovarian lipid accumulation (Kirubagaron and Joy 1992). Since lipids are also steroid precursors, this effect might be doubly important and might also have resulted in reduced estradiol 17-B concentration (Tulasi et al. 1992).

Female egg count results agree with those of Hafez et al. (1982) who reported that a depression in egg output as well as pathologic changes in the ovaries was observed in laying hens given dietary aflatoxin B1. 

Activated charcoal is favored by many clinicians as an excellent broad-spectrum gastrointestinal adsorbent.  The use of activated charcoal to detoxify aflatoxin in feed stuffs has been previously reported by Dalvi and McGowan (1984) and Jindal et al. (1994).  These authors suggest that, like other chemicals, aflatoxin B1 may be adsorbed by activated charcoal and become unavailable for gastrointestinal absorption.  Abou El Magd (1996) found that there were no changes in hepatic DNA, RNA or total protein of fish fed aflatoxin B1 with activated charcoal, findings consistent with those of our present investigation which found that activated charcoal can reduce or even prevent the deleterious effects on reproductive traits. 

Although estimating the economic impact in developing countries; Egypt included; is much more difficult, Aflatoxin B1 is responsible for significant financial losses in fish and extends through the food for the consumers.  Also at the storage levels, it leads to destruction and downgradation of grains and oilseeds as well as in nutritional value.  Aflatoxin B1 also depresses the profitability of fish production through decreased growth, feed conversion efficiency, livability and reproductive potential in fish.  Immunosuppression is also an important component of the costs attributed to Aflatoxin B1.  So, this study clarified that aflatoxin B1 has a deleterious effect on the reproductive traits of O. niloticus and O. aureus ; the addition of activated charcoal improved or prevented the worse effects and was valuable to fry production, in addition to other preventative measures; such as examination of the fish food ingredients for mycotoxins.  Also storage of fish food in correct manner to prevent the growth of the fungi.   
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Table 1.  Changes in gonadosomatic index (GSI) of male Oreochromis niloticus and Oreochromis aureus fed in rations containing different levels of aflatoxin B1 with or without charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).

Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
1.06 ± 0.07 a
0.89 ± 0.11 ab
0.62 ± 0.09 c
1.07 ± 0.03 a
0.77 ± 0.05 bc


4
1.22 ± 0.02 a
0.83 ± 0.09 b
0.51 ± 0.08 c
0.99 ± 0.11 ab
0.86 ± 0.08 b


6
1.05 ± 0.07 a
0.72 ± 0.09 bc
0.48 ± 0.07 c
0.93 ± 0.07 ab
0.68 ± .12 bc


8
1.07 ± 0.05 a
0.71 ± 0.11 b
0.44 ± 0.07 c
0.87 ± 0.06 ab
0.71 ± 0.06 b


10
1.08 ± 0.08 a
0.87 ± 0.06 b
0.42 ± 0.04 c
0.80 ± 0.05 b
0.75 ± 0.07 b


12
1.05 ± 0.14 a
0.89 ± 0.05 a
0.47 ± 0.07 b
1.06 ± 0.10 a
0.84 ± 0.07 a

O. aureus
2
1.15 ± 0.07 ab
1.08 ± 0.16 a
0.56 ± 0.10 c
1.28 ± 0.20 a
0.84 ± 0.07 bc


4
1.31 ± 0.14 a
0.94 ± 0.10 b
0.58 ± 0.09 c
1.05 ± 0.09 ab
0.86 ± 0.13 bc


6
1.29 ± 0.13 a
0.88 ± 0.11 b
0.46 ± 0.05 c
1.18 ± 0.07 a
0.81 ± 0.05 b


8
1.25 ± 0.16 a
0.91 ± 0.11 b
0.54 ± 0.08 c
1.01 ± 0.09 ab
0.96 ± 0.03 ab


10
1.24 ± 0.13 a
0.74 ± 0.10 b
0.55 ± 0.11 b
1.16 ± 0.14 a
0.90 ± 0.09 ab


12
1.24 ± 0.15 a
0.74 ± 0.09 b
0.44 ± 0.06 c
0.98 ± 0.10 ab
0.84 ± 0.10 b

Table 2.  Changes in sperm count (106 cells/l) and motility (%) in Oreochromis niloticus fed on rations containing different levels of aflatoxin B1 with or without activated charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).
Week
Parameter
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4


Count
9.17 ± 0.61 a
5.90 ± 0.55 b
3.80 ± 0.87 d
7.32 ± 0.51 ab
4.47 ± 0.60 b

2
Motility
85.00 ± 2.31 a
78.00 ± 4.04 ab
72.00 ± 2.89 b
81.00 ± 2.89 ab
80.00 ± 3.46 ab


Duration
20.43 ± 2.37a
16.77 ± 3.41 a
14.67 ± 2.71 a
18.53 ± 2.86 a
16.47 ± 2.20 a


Count
9.17 ± 1.27 a
5.51 ± 1.25 bc
4.63 ± 0.84 c
8.24 ± 0.60 ab
7.64 ± 0.71 abc

4
Motility
82.00 ± 2.89 a
65.33 ± 3.14 c
62.00 ± 2.89 c
76.00 ± 3.46 ab
71.00 ± 2.89 bc


Duration
19.23 ± 2.91 a
12.40 ± 2.45 a
11.40 ± 2.37 a
17.30 ± 2.20 a
15.53 ± 2.71 a


Count
10.31 ± 0.64 a
6.24 ± 1.22 b
2.06 ± 0.54 c
9.34 ± 0.64 a
8.72 ± 0.71 a

6
Motility
75.00 ± 4.04 a
61.00 ± 3.46 ab
53.00 ± 3.46 b
68.33 ± 5.78 a
66.00 ± 4.04 ab


Duration
22.23 ± 2.63 a
10.5 ± 2.77 bc
8.77 ± 2.22 d
17.60 ± 2.48 a
13.63 ± 2.69 bc


Count
9.39 ± 0.75 a
5.50 ± 0.54 dc
3.81 ± 0.35 d
7.70 ± 0.50 ab
6.78 ± 0.67 bc

8
Motility
78.00 ± 9.24 a
55.00 ± 4.62 bc
50.00 ± 4.62 c
70.00 ± 2.89 ab
63.00 ± 2.89 abc


Duration
22.43 ± 1.70 a
9.77 ± 1.24 bc
6.57 ± 1.91 c
15.43 ± 3.21 b
12.30 ± 2.25 bc


Count
9.94 ± 0.83 a
4.75 ± 0.61 bc
2.95 ± 0.46 c
6.53 ± 0.36 ab
6.43 ± 0.55 b

10
Motility
79.33 ± 5.21 a
47.00 ± 4.04 c
35.00 ± 3.46 c
68.00 ± 3.46 ab
61.00 ± 3.46 b


Duration
17.83 ± 2.92 a
5.50 ± 1.19 b
5.33 ± 1.13 b
11.60 ± 2.17 b
8.50 ± 1.76 b


Count
10.66 ± 1.27 a
5.74 ± 1.22 bc
3.48 ± 0.65 c
8.82 ± 0.56 a
7.77 ± 0.45 ab

12
Motility
77.00 ± 4.62 a
40.00 ± 4.04 c
26.00 ± 3.46 d
65.00 ± 4.04 ab
58.00 ± 3.46 b


Duration
22.50 ± 3.12 a
4.56 ± 1.28 b
3.63 ± 1.10 b
10.70 ± 2.66 b
8.63 ± 1.62 b

Table 3.  Changes in sperm count  (106/l) and motility (%) in Oreochromis aureus fed on rations containing different levels of aflatoxin B1 with or without activated charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).

Week
Parameter
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4


Count
11.53 ± 0.64 a
4.65 ± 0.46 c
2.64 ± 0.04 d
10.24 ± 0.64 a
7.62 ± 0.73 b

2
Motility
80.00 ± 4.04 ab
75.00 ± 12.89 ab
70.00 ± 3.46 b
85.00 ± 3.46 a
80.00 ± 3.46 ab


Duration
35.40 ± 3.99 a
20.37 ± 2.63 b
15.83 ± 2.80 b
25.40 ± 3.58 ab
25.87 ± 2.05 ab


Count
11.41 ± 0.62 a
5.36 ± 0.71c
2.93 ± 0.53 d
10.31 ± 0.78 ab
8.75 ± 0.68 b

4
Motility
85.00 ± 3.46 a
63.00 ± 2.31 cd
58.00 ± 2.89 d
79.00 ±3.46 ab
71.00 ± 3.46 bc


Duration
25.77 ± 3.44 a
15.57 ± 2.48 b
12.80 ± 2.37 b
20.60 ± 3.00 ab
18.70 ± 2.83 ab


Count
12.53 ± 0.56 a
4.58 ± 0.49 c
3.50 ± 0.85 c
10.17 ± 0.60 b
8.30 ± 0.67 b

6
Motility
76.00 ± 2.89 a
56.00 ± 2.89 b
35.00 ± 4.04 c
75.00 ± 2.89 a
70.00 ± 2.89 a


Duration
25.60 ± 2.83 a
12.57 ± 2.05 b
10.57 ± 2.89 b
19.20 ± 2.80 b
16.30 ± 2.51 b


Count
11.65 ± 0.47 a
6.31 ± 0.55 c
3.66 ± 0.80 d
8.35 ± 0.54 b
6.37 ± 0.51 c

8
Motility
71.00 ± 8.08 a
52.00 ± 4.04 b
30.00 ± 2.01 c
78.00 ± 4.04 a
66.00 ± 3.46 ab


Duration
19.70 ± 2.77 a
10.93 ± 2.83 ab
9.60 ± 2.37 b
16.33 ± 2.48 ab
12.83 ± 2.61 ab


Count
11.54 ± 0.83 a
8.53 ± 0.60 b
6.12 ± 0.55 c
8.38 ± 0.55 b
8.47 ± 0.69 b

10
Motility
80.00 ± 0.46 a
45.00 ± 2.89 c
26.00 ± 2.89 d
72.00 ± 2.89 ab
63.00 ± 3.46 b


Duration
20.40 ± 3.41 a
7.43 ± 2.31 b
6.50 ± 1.94 b
13.73 ± 2.31 b
10.73 ± 2.86 b


Count
12.37 ± 0.66 a
6.57 ± 0.54 b
4.52 ± 0.82 c
8.36 ± 0.68 b
7.36 ± 0.47 b

12
Motility
85.00 ± 2.88 a
42.00 ± 3.46 c
24.00 ± 2.31 d
77.00 ± 2.20 a
61.00 ± 4.04 b


Duration
24.60 ± 2.25 a
7.30 ± 2.25 b
5.03 ± 1.30 b
12.27 ± 2.20 b
9.77 ± 2.86 b

Table 4.  Changes in live/dead ratio in sperms of Oreochromis niloticus and Oreochromis aureus fed on rations containing different levels of aflatoxin B1 with or  without charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).
Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
95.00 ± 1.48 a
80.80 ± 2.85 dc
77.40 ± 1.21 d
89.00 ± 2.43 ab
86.40 ± 1.97 bc


4
89.40 ± 3.71 a
76.60 ± 3.37 b
71.20 ± 3.44 b
83.00 ± 2.63 ab
79.20 ± 4.83 ab


6
89.80 ± 2.37 a
70.60 ± 6.95 b
64.00 ± 4.37 b
77.40 ± 5.33 b
74.60 ± 6.00 b


8
88.20 ± 1.93 a
71.60 ± 4.84 b
62.80 ± 5.05 b
74.0 ± 4.42 b
66.80 ± 5.32 b


10
91.40 ± 1.44 a
64.20 ± 6.04 b
58.00 ± 5.81 b
69.80 ± 3.69 b
65.80 ± 4.64 b


12
88.60 ± 2.22 a
63.20 ± 7.48 b
59.20 ± 6.17 b
69.00 ± 6.87 b
64.80 ± 6.68 b

O. aureus
2
94.40 ± 1.60 a
84.80 ± 3.65 b
80.40 ± 1.50 b
88.60 ± 3.93 ab
87.40 ± 2.29 ab


4
90.80 ± 3.22 a
82.60 ± 3.82 ab
73.00 ± 3.77 b
85.20 ± 2.76 a
82.40 ± 3.97 ab


6
90.00 ± 1.92 a
72.80 ± 5.32 b
67.00 ± 4.35 b
80.40 ± 5.07 ab
77.00 ± 5.04 ab


8
88.40 ± 3.36 a
77.20 ± 3.68 ab
64.40 ± 5.09 b
76.00 ± 4.18 ab
69.00 ± 4.90 b


10
90.20 ± 2.13 a
67.40 ± 6.59 b
59.80 ± 5.81 b
73.20 ± 3.58 b
69.40 ± 3.59 b


12
91.20 ± 2.29 a
65.80 ± 6.90 b
62.40 ± 6.22 b
64.20 ± 7.92 b
69.20 ± 5.81 b

Table 5.  Changes in plasma testosterone levels (ng/ml) of male Oreochromis niloticus and Oreochromis aureus fed on rations containing different levels of aflatoxin B1 with or without Activated charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are signficantly different (P<0.01).

Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
4.06 ± 0.49 a
2.63 ± 0.40 b
1.94 ± 0.24 b
2.45 ± 0.54 b
3.03 ± 0.57 ab


4
4.15 ± 0.43 a
2.04 ± 0.31 b
2.80 ± 0.45 ab
2.76 ± 0.59 ab
3.19 ± 0.55 ab


6
4.07 ± 0.71 a
3.35 ± 0.71 a
2.16 ± 0.35 a
2.63 ± 0.49 a
3.15 ± 0.66 a


8
4.88 ± 0.52 a
3.25 ± 0.50 b
2.64 ± 0.30 b
3.53 ± 0.40 b
3.59 ± 0.47 b


10
4.58 ± 0.43 a
3.38 ± 0.49 ab
2.77 ± 0.24 b
2.95 ± 0.52 b
3.49 ± 0.58 ab


12
4.82 ± 0.73 a
3.43 ± 0.65 ab
2.92 ± 0.63 b
3.30 ± 0.63 ab
3.53 ± 0.47 ab

O. aureus
2
4.32 ± 0.59 a
3.33 ± 0.45 a
2.78 ± 0.29 a
3.49 ± 0.42 a
3.75 ± 0.65 a


4
5.57 ± 0.68 a
3.24 ± 0.56 b
3.15 ± 0.71 b
3.35 ± 0.67 b
3.36 ± 0.51 b


6
3.40 ± 0.64 a
2.79 ± 0.38 a
2.42 ± 0.45 a
3.55 ± 0.61 a
3.04 ± 0.49 a


8
5.17 ± 0.63 a
3.22 ± 0.45 b
2.57 ± 0.33 b
3.12 ± 0.51 b
3.82 ± 0.53 ab


10
4.57 ± 0.51 a
3.55 ± 0.48 a
2.98 ± 0.37 a
3.19 ± 0.64 a
3.63 ± 0.68 a


12
4.22 ± 0.48 a
3.23 ± 0.52 ab
2.70 ±  0.30 b
3.02 ± 0.44 ab
3.68 ± 0.21 ab

Table 6.  Changes in gonadosomatic index in female Oreochromis niloticus and Oreochromis aureus fed in rations containing different levels of aflatoxin B1 for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).

Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
1.39 ± 0.10 a
0.75 ± 0.07 b
0.48 ± 0.09 c
1.42 ± 0.04 a
1.42 ± 0.04 b


4
1.63 ± 0.11 ab
0.64 ± 0.12 c
0.51 ± 0.06 c
1.23 ± 0.17 ab
1.10 ± 0.18 b


6
1.52 ± 0.14 a
0.60 ± 0.06 b
0.50 ± 0.10 b
1.24 ± 0.17 a
1.31 ± 0.18 a


8
1.53 ± 0.09 a
0.73 ± 0.09 dc
0.48 ± 0.13 d
1.24 ± 0.16 ab
0.95 ± 0.08 bc


10
1.52 ± 0.07 a
0.62 ± 0.09 b
0.63 ± 0.09 b
1.34 ± 0.15 a
1.21 ± 0.13 a


12
1.39 ± 0.17 a
0.65 ± 0.09 b
0.43 ± 0.06 b
1.31 ± 0.17 a
1.21 ± 0.13 a

O. aureus
2
1.28 ± 0.10 ab
0.86 ± 0.49 c
0.55 ± 0.81 d
1.41 ± 0.14 a
1.08 ± 0.11 bc


4
1.24 ± 0.14 ab
0.89 ± 0.05 b
0.48 ± 0.10 c
1.36 ± 0.11 a
1.14 ± 0.15 ab


6
1.23 ± 0.14 a
0.79 ± 0.06 bc
0.62 ± 0.06 c
1.17 ± 0.15 a
1.11 ± 1.00 ab


8
1.24 ± 0.93 a
0.88 ± 0.05 b
0.55 ± 0.11 c
1.19 ± 0.15 a
0.98 ± 0.09 ab


10
1.24 ± 0.13 a
0.90 ± 0.46 a
0.52 ± 0.07 b
1.13 ± 0.14 a
1.07 ± 0.12 a


12
1.19 ± 0.12 a
0.78 ± 0.08 bc
0.51 ± 0.07 c
1.25 ± 0.11 a
1.01 ± 0.10 ab

Table 7.  Changes in fecundity of female Oreochromis niloticus and Oreochromis aureus fed on rations containing different levels of aflatoxin B1 with or without activated charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).
Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
1126.67 ± 103.80 ab
1360.0 ± 101.11 a
855.33 ± 50.15b
113.33 ± 88.50 ab
998.67 ±  71.59 b


4
1361.67 ±  70.49  a
1332.0 ± 63.59 a
733.0 ± 60.70 b
1291.33 ± 95.81 a
1216.67 ± 59.18 a


6
1041.67 ± 91.12 b
1039.00 ± 37.55 b
734.67 ± 56.68 c
1267.00 ± 65.28 a
981.00 ± 12.49 b


8
1204.33 ± 158.10 a
1315.67 ± 56.00 a
712.00 ± 62.07 b
1198.00 ± 72.86 a
1134.33 ± 71.69 a


10
1296.67 ± 151.92 a
1277.67 ± 62.15 a
624.00 ± 62.16 a
1310.33 ± 86.64 a
1150.33 ± 104.53 a


12
1447.33 ± 81.87 a
1399.00 ± 90.70 a
565.00 ± 45.35 b
1340.33 ± 29.55 a
1349.00 ± 80.87 a

O. aureus
2
816 .67± 11.04 a
511.33 ±16.75b
498.67 ±17.03 b
600.33 ± 17.32 b
587.33 ±16.48 b


4
760.o ± 17.32a
561.67 ±16.18 b
527.00 ±15.62 b
592.33 ± 18.76 ab
527.67 ± 18.76 b


6
690.0± 17.32 a
514.67 ± 19.38b
515.33 ± 17.90b
610.0 ± 20.21 ab
522.67±18.41 b


8
654.33 ± 17.61 a
565.0 ±  16.25bc
515.33 ± 19.43 c
622.0 ± 15.89 ab
596.0 ± 20.88 ab


10
706.0 ± 17.32 a
519.67 ±17.32 b
478.67 ± 13.30 b
693.33 ± 15.90 a
681.33 ± 4.10 a


12
659.33 ± 3.53 a
626.33 ± 16.18 c
481.67 ± 8.76 b
612.67 ± 18.76 b
572.67 ± 11.68 b

Table 8.  Changes in plasma estradiol - 17B (ng/ml) levels in Oreochromis niloticus and Oreochromis aureus fed on rations containing different levels of aflatoxin B1 with or without activated charcoal for three months.  Treatment 1 = 1.0 mg/kg aflatoxin in the diet, Treatment 2 = 3.0 mg/kg in the diet, Treatment 3 = 1.0 mg/kg aflatoxin + 1% activated charcoal in the diet, Treatment 4 = 3.0 mg/kg aflatoxin + 1% activated charcoal in the diet.  Values (mean ± SE) in rows with different associated letters are significantly different (P<0.01).

Species
Week
Control
Treatment 1
Treatment 2
Treatment 3
Treatment 4

O. niloticus
2
5.02 ± 0.79 a
2.57 ± 0.43 b
2.50 ± 0.47 b
4.72 ± 0.66 a
4.40 ± 0.47 a


4
5.52 ± 0.76 a
2.73 ± 0.34 b
1.18 ± 0.19 c
3.52 ± 0.43 b
3.10 ± 0.39 b


6
4.92 ± 0.51 a
1.39 ± 0.16 c
1.93 ± 0.16 c
4.62 ± 0.37 ab
3.65 ± 0.45 b


8
6.25 ± 0.54 a
2.43 ± 0.26 b
1.27 ± 0.24 c
2.18 ± 0.22 bc
5.18 ± 0.48 a


10
4.70 ± 0.49 a
2.22 ± 0.19 b
1.88 ± 0.29 b
4.32 ± 0.54 a
5.13 ± 0.51 a


12
4.45 ± 0.84 a
2.30 ± 0.32 b
2.08 ± 0.21 b
4.57 ± 0.75 a
5.07 ± 0.54 a

O. aureus
2
8.56 ± 0.45 a
3.17 ± 0.37 c
3.02 ± 0.47 c
4.53 ± 0.45 b
5.13 ± 0.45 b


4
7.22 ± 0.55 a
2.75 ± 0.23 c
2.62 ± 0.23 c
6.40 ± 0.42 a
4.83 ± 0.48 b


6
7.40 ± 0.50 a
2.50 ± 0.39 c
2.09 ± 0.30 c
5.22 ± 0.50 b
2.33 ± 0.49 c


8
6.30 ± 0.77 a
3.22 ± 0.65 b
2.25 ± 0.71 b
4.78 ± 0.72 a
2.45 ± 0.30 a


10
4.05 ± 0.51 a
2.90 ± 0.42 b
2.40 ± 0.36 b
3.42 ± 0.69 a
3.85 ± 0.62 a


12
5.20 ± 0.63 a
3.10 ± 0.66 b
2.08 ± 0.44 b
4.48 ± 0.66 a
4.30 ± 0.45 a
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