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Abstract

The study was designed to detect fungi and quantify aflatoxins B, and B, microbial load levels and toxin binding
efficacy of hydrated sodium calcium aluminosilicate (HSCAS) on growth and nutrient utilization of Clarias gariepinus
African catfish fingerlings diet formulated with mouldy groundnut cake (MGNC). MGC containing 185.00 + 7.07 pg/kg
and 137.50 + 10.00 pg/kg of aflatoxins B, and B, was incorporated into practical diets. Three practical isoproteinous
diets were formulated. Diet 1 contained Groundnut Cake (GNC) with 0.20 + 0.14 cfu microbial load but no apparent
mould contamination. Diet 2 contained MGC 4.38 + 0.40, 1.99 + 0.01 ug/kg of aflatoxins B,, B, and 2.20 + 0.14 cfu
microbial load. Diet 3 contained MGC, HSCAS; 3.49 £ 0.20, 1.34 £ 0.01 ug/kg and 1.35 + 0.20 cfu of aflatoxins B,,
B, and microbial load, respectively. The diets were fed twice daily to Clarias gariepinus fingerlings mean body weight
1.68 + 0.01g in triplicate of 20 fish each for 12 weeks. Six fungi; Aspergillus parasiticus, A. flavus, A. niger, A. tamarii,
Penicillium citriinum and P. oxalicum were isolated from MGNC diet. Addition of HSCAS reduced fungi present in diet
3 to A. flavus, A. tamarii and P. oxalicum. Also aflatoxins B,, B, and microbial load in the diet and carcass of Clarias
gariepinus were reduced with HSCAS inclusion in diet 3. Feeding African catfish fingerlings with mould contaminated
diet (2) significantly (P<0.05) reduced growth performance and feed utilization but had no significant (P>0.05) effect
on survival of Clarias gariepinus fingerlings. The results of this study show that the inclusion of HSCAS reduced the
number of fungi, microbial load and aflatoxins B, and B, in the carcass and diet of African catfish formulated with
mouldy GNC. But was not effective in alleviating the growth depression induced by mould contamination of the diet.
Hence the need for identification of toxins present in mould contaminated feedstuffs in order to design effective

toxins management strategies.

Keywords: Mouldy groundnut cake; HSCAS; Aflatoxin B ; Aflatoxin
B Microbial load; Clarias gariepinus; Feed utilization; Growth
performance

Introduction

Feed ingredients contamination with toxins may occur anywhere in
the supply chain from the field, manufacturing process, transportation
to storage. In the tropics conducive environmental condition has
majorly been attributed to production and growth of micro-organisms
and toxic substances; particularly fungi. This is exacerbated by the
cultural practice and lack of adequate regulatory and control system
by government for food and feedstuffs contaminant screening in most
developing countries in the humid tropics.

Fungi, Aspergillus flavus and A. parasiticus contamination are
mostly responsible for the production of aflatoxins in the humid
tropics [1]. They are found when environmental temperature is above
27°C, humidity levels greater than 65% and moisture levels in feedstuft
is above 14%. Also suboptimal handling and storage are considered
as important factors favouring the growth of aflatoxin-producing
fungi [2]. Aflatoxins are the most potent toxic substances occurring
naturally. Large yield of aflatoxins are found in feed ingredients with
high carbohydrates concentration as found in cereals and to a lesser
extent in oil seeds. But in West Africa aflatoxins are of major concern
in groundnut. Four major forms of aflatoxins are found in feedstuffs:
B, B,, G, and G, Aflatoxin B, is regarded as carcinogenic, most
prevalent and toxic of the four. It has significant economic and health
implications in both animal and man. Hence efforts have been focused
on reducing the impact of aflatoxin B, contamination in livestock and
fish, with dearth of information on the other aflatoxins.

Recently studies have reported the co-occurrence or co-
contamination of substance(s) with more than one aflatoxins
[3,4]. This is because in practical situation contaminants are rarely

found individually [5]. Especially when environmental condition is
conducive, the probability of multiple or co- contamination is always
high. Hence there is need to assess contaminants present naturally in
feed raw materials particularly in endemic environment like the humid
tropics. Sequel to this, there might be need for the identification of
fungi present in such substances which are potential toxins producers.
This could provide necessary information for designing strategies in
the management of these toxins.

Consequently with the recent trend in increase utilization of plant
feedstuffs (which are good substrates for aflatoxins) in warm water
fish species, there is need to investigate the implications of natural
aflatoxins contamination. Also the practice of inclusion of toxin binder
like Hydrated Sodium Calcium Aluminosilicate (HSCAS), which
is generally routinely added to suspected contaminated (mouldy)
feedstuffs in endemic environment [6].

From the foregoing, this study was designed to detect fungi,
quantify microbial load and aflatoxins B,, B, of the diets formulated
with mouldy groundnut cake. Also the toxin binding efficacy of HSCAS
on growth performance and aflatoxins B, and B, levels in the diets and
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carcass of the African catfish; Clarias gariepinus fingerlings fed diets
formulated with mouldy groundnut cake was evaluated.

Materials and Methods
Dietary Design and Feeding

A 50 kg bag of Mouldy Groundnut Cake (MGC) suspected to
be naturally contaminated was obtained from a commercial feed
ingredients seller at Ojo, Lagos, Nigeria. MGC contained 185.00 + 7.00
and 137.50 + 10.00 ug/kg of aflatoxin B, and B, respectively. Three
experimental diets were formulated to contain 35% crude protein
each. Diet one contained uncontaminated groundnut cake and other
feed ingredients which served as the control, diet two contained
contaminated groundnut cake and other feed ingredients while diet
three contained contaminated groundnut cake, other feed ingredients
and toxin binder (HSCAS) at the manufacturer’s recommended
inclusion rate of 0.3% of the diet. Percentage gross composition of
the experimental diets is shown in Table 1. The feed preparation was
done at a reputable commercial fish feed manufacturer: Act livestock
consult, Badagry Expressway, Lagos-Nigeria, where all ingredients
were weighed, ground into fine powder, thoroughly mixed and pelleted
(into 2 mm) with a 350 kg/hr table top pelleting machine. The pellets
were crushed into pieces and stored in air tight containers. Fish were
fed twice daily at 8.00 and 16.00 hours at the rate of 3% body weight
for a period of 12 weeks. Feeding was done by hand and spread evenly
across the water surface of each aquarium.

Fish management

The experiment was conducted at the indoor of Lagos State
University Hatchery, Ojo, Lagos, Nigeria. Nine (9) plastic aquaria tanks
with 80 L water capacity and 0.5 m depth were filled with borehole
water to three quarter capacity. The water in the experimental tanks
was aerated by electric air pump (Shining model; horsepower 50Hz).
Clarias gariepinus fingerlings of mean weight of 1.68 + 0.01 gm were

Ingredients Diet 1 Diet 2 Diet 3
Maize (CP 9%) 29.50 29.50 29.20
GNC (CP 45%) 21.00 0.00 0.00

MGNC (45%) 0.00 21.00 21.00

SBC (CP 45.30%) 21.00 21.00 21.00
Wheat offal (CP 16%) 8.00 8.00 8.00
Fishmeal (CP 72%) 18.50 18.50 18.50
Soy oil 1.00 1.00 1.00
Premix* 0.50 0.50 0.50
Salt 0.25 0.25 0.25
Vitamin C 0.25 0.25 0.25
HSCAS 0.00 0.00 0.30

Gross energy** 4212.50 4193.80 4207.30

Proximate composition

CrudeProtein (Nx6.25%) 34.97 34.72 35.00
Fibre (%) 3.71 3.68 3.70
Ether extract (%) 4.41 4.30 4.38
Total ash (%) 4.92 4.95 5.02
Dry matter (%) 92.40 92.18 92.39

*Each kg of diet contained 2,000.000 IU vit A; 4,000.000 U vitD,; 2,000.000 vit E;
1,200 mg vit K; 10,000.000 mg vitB,; 30,000 mg vitB,; 19,000 mg vitB;; 1000 mg
vit.B1,; 5000 mg Panthotenic acid; 200,000 mg Niacin; 5,000 mg Folic acid; 30
Mn; 40 gm Zn; 40 mg Fe; 4 gm Cu; 5gm 1,; 0.2 mg Co; 600 gm calcium; 400 mg
choline chloride; 40 mg biotin; 400,000 mg phosphorus; 100,000 m glysine; 400
gm methionine and 125 U antioxidant. Gross energy** (KCal kg™'); calorific value
of protein 5.65; nitrogen free extract 4.1; lipid 9.45.

Table 1: Percentage composition of the experimental diets.

obtained from Lagos State Agricultural Cooperative farm, Ojo, Lagos,
Nigeria. The fish were transported early in the morning between the
hours of 6.30 and 7.00 from the hatchery and acclimatized for 5 days
prior to the start of the experiment. They were randomly distributed
to the 9 plastic aquaria at the stocking rate of 60 fingerlings per
experimental diet and 20 per replicate making a total of 180 fingerlings.
Daily 50% of water in each tank was gently siphoned in exchange for
fresh water. This was done to get rid of left over feed and faecal matter.

Fungi isolation and quantification of aflatoxins and microbial
loads

Mouldy groundnut cake was subjected to extraction and
quantification of aflatoxins B, and B, before the commencement of the
study and other major ingredients were screened against aflatoxins. The
coarse ingredients were ground, mixed before samples were collected
for analyses. Fungi present in the experimental diets were isolated; the
diets were also subjected to extraction and quantification of aflatoxins
B,, B, and microbial load. Twenty fingerlings were randomly picked
before the start of the experiment. The fingerlings were washed,
crushed under sterile condition for microbial load determination.
At the end of the experiment 20 fingerlings (divide into two groups)
from each treatment were randomly picked for microbial load and
aflatoxin B, and B, determination. The isolation of fungi, extraction
and quantification of aflatoxins and microbial load were done at the
Institute of Agricultural Research and Training (IAR&T), Ibadan,
Oyo-Nigeria [7-10].

Growth and feed utilization

Batch weighing of fish in each replicate aquarium was done at the
beginning of the experiment, subsequently biweekly, using a MettleR
20110 top-loading balance. The evaluation of experimental diets for
growth and feed utilization was carried out as follows.

Weight gain=Final Body Weight - Initial Body Weight
Specific growth rate (SGR% day™')=(log FBW-logeIBW)x100
Time

Where, FBW represents final body weight,

IBW represents initial body weight.

Time represents difference in days between final and initial body
weight.

Fish weight gain (kg)
Protein fed (kg)

Protein efficiency ratio (PER) =

(Initial number of fish stocked —number of dead fish)
Initial number of fish stocked

Percentage survival = x100

Economy analysis

A simple analysis was conducted to assess the cost effectiveness
of the experimental diets, only diet cost was used for the calculations
with the assumption that all other operating costs remained the same.
The average prices of each feedstuff ($) during the study period was
used to calculate the amounts required to make the different diets, cost
per kilogram of each diet was calculated. The economic conversion
ratio (ECR) was determined using this equation: ECR=COST OF
DIETXFCR.

Water quality parameters

Daily water temperature was measured using a mercury-in-glass
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Parameters
Specimen: Diet AFB,(ug/kg) |AFB,(ug/kg) |Microbial load (cfu) Fungiisolated
1 NDe NDe¢ 0.20 £ 0.14¢ 1*
2 4.38+0.40*° 1.99+0.012 2.20+0.142 6
3 3.49+£0.20° 1.34+0.01° 1.35+0.20° 3
Specimen: Carcass
1 NDe¢ NDe 0.25 £ 0.07° ND*
2 2.99+0.022 1.05+0.01° 1.70 £ 0.142 ND*
3 2.24 £0.01® 10.89+0.03° 0.95+0.21° ND*
;bsgrbé‘d**' N0.75+002: 0.16+0.02 0.75 % 0.20° ND*

1*= Aspergillusparasiticus6*= A. parasiticus, A. flavus;, A. niger, A. tamarii,
Penicillumcitriinum and P.oxalicum3*=A. parasiticus, A. niger and P. citriinum.
ND=Not detected; ND*=Not Determined. Toxin absorbed**with same superscript in
the same row are not significantly (P>0.05) different. Mean with same superscripts
in the same column are not significantly different (P>0.05).

a=highest mean, b=intermediate mean and c=lowest mean.

Table 2: Summary of aflatoxins and microbial load in the diets and carcass of
African catfish (Clariasgariepinus) fed the experimental diets.

Parameters Diet 1 Diet 2 Diet 3
Initial weight/fish (g) 1.68 £ 0.01° 1.68 + 0.01° 1.68 + 0.00°
Final weight/fish (g) 9.92 + 1.06° 5.22 + 0.64° 6.12 £ 1.00°
Weight gain/fish (g) 8.24 +1.072 3.54 +0.64° 4.44 +0.97°
Specific growth rate 1.58 £ 0.102 1.01 £ 0.11° 1.15+0.14°
Feed intake/fish (g) 14.64 + 1.142 9.93 + 0.64° 10.84 + 0.96°
Feed conversion ratio 1.78 £ 0.0° 2.85+0.41° 2.50 £ 0.462
Protein efficiency ratio 1.61 +£0.082 1.01£0.33° 1.20£0.13°
Survival percentage 71.67 +3.007 74.00 £ 1.012 70.00 + 4.047
Economic conversion analysis

Feed cost/kg ($) 0.79 £ 0.07 0.78 + 0.06 0.78 £ 0.07
Fish cost/kg ($) 1.41+£0.06 2.21£0.06 1.94 £ 0.06

Means with the same superscripts along each row are not significantly different
(P>0.05).

Table 3: Growth, feed utilization, survival and economic analysis of
Clariasgariepinus fingerlings fed the experimental diets.

Parameters Diet 1 Diet 2 Diet 3

pH 6.56 +0.43 | 6.49%0.10 6.54 +0.32
Temperature (0C) | 27.67 +0.01 | 27.40 £+ 0.40  27.60 = 0.20

DO* (mg/l) 5.77 £0.10* | 3.59+0.30°  3.67 +0.50°

Means with the same superscripts along each row are not significantly (P>0.05)
different. DO* represents dissolved oxygen.

Table 4: Water quality analysis of Clariasgariepinus fingerlings fed the experimental
diets.

thermometer, hydrogen ions (p") concentration measured using
p" meter (Jenway Model 9060) and weekly dissolved oxygen (DO)
concentration was measured by oxygen meter (Hanna Model HI-9142).

Observation

The fish were observed for behavioural and physical abnormalities
that could suggest possibility of disease situation.

Statistical and chemical analyses

Feed proximate composition was done according to the method
of Association of Analytical Chemists [11]. Data collected from
feeding trial were subjected to one-way analysis of variance (ANOVA).
Significance difference in means was evaluated by Duncan’s Multiple
Range Test using SPSS for windows (version 11). Values are expressed
as Means + SD.

Results

Fungi, aflatoxins content and microbial load of the
experimental materials:

The results of the fungi isolated, aflatoxins and microbial load of the
experimental diets, fish and carcass are presented in Table 2. Summary
of growth performance characteristics and water quality results are
presented in Tables 3 and 4, respectively.

Six fungi from two genera comprising of Aspergillus and Penicillum
were isolated from the three diets. Aspergillus parasiticus was found in
all the experimental diets. In addition diet 2 contained five other fungi;
A. niger, A. flavus, A. tamarii, Penicillum citriinum and P. oxalicum.
Inclusion of HCSAS to diet 3 reduced the number of fungi isolated to
two; A. niger and P. citriinum.

Aflatoxins B, and B, were not detected in the diet and carcass of
African catfish fed diet 1 (uncontaminated). Generally addition of
HCSAS significantly (P<0.05) reduced the concentrations of aflatoxins
B, B, and microbial load in the diets and the carcass of African catfish
(Clarias gariepinus) in this study.

Feed utilization, growth and economic analyses:

Inclusion of mouldy groundnut cake in the diet of Clarias gariepinus
had no significant (P>0.05) effect besides survival, but significantly
(P<0.05) reduced final weight, weight gain, specific growth rate, feed
intake, feed conversion ratio and protein efficiency ratio. However,
addition of HCSAS to diet 3 slightly but not significantly (P>0.05)
improved all growth and feed utilization parameters assessed.

Economic analysis showed that mould contaminated diet (2) had
the least cost of production ($ 0.791), but most expensive ($ 2.21) for
African catfish to attain a kilogram body weight when fed with this diet.

Water quality analysis:

Inclusion of mouldy groundnut cake to the diet of Clarias gariepinus
significantly (P<0.05) reduced dissolved oxygen concentration of
catfish fed the contaminated diet.

Observation:

No external changes or unusual behaviour was observed in any
of the fish fed the experimental diets throughout the study. Fish in all
experimental diets appeared healthy and normal throughout the period
of study.

Discussion

There is dearth of information on natural aflatoxins contamination
of feedstuffs and diets of the African catfish in spite of their prevalence
and the economic importance of the fish in this part of the world. The
results of fungi isolated in the three experimental diets showed the
presence of two of the three fungi genera (Aspergillus, Penicillum and
fusarium) associated with mycotoxins production of agriculture and
human health significance. The presence of Aspergillus parasiticus in
the three diets suggests potentials for the production of the four forms
of aflatoxins. Although aflatoxins B, and B, were not detected in diet 1;
which may be due to insufficient availability of conditions necessary for
their production in this study [12,13]. The co- occurrence of A. flavus,
A. niger and Penicillium in the contaminated diet could probably
encourage the production of ochratoxins and cyclopiazonic acid (CPA),
which have been reported to be commonly found with aflatoxins [13-
15]. Also possibilities exist for the production of citrinin, secalonic and
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oxalic acid by P. citrinin and P. oxalicum [16,17]. Their co-occurrence
may encourage additive, synergy and or antagonistic reactions among
these toxins. The addition of HSCAS (diet 3) reduced the number of
fungi isolated, however potentials exit for the production of all toxins
listed against MGC diet, except secalonic acid which is produced by
P. oxalicum [18]. The increased microbial load observed in the mould
contaminated diet could have resulted from the high number of fungi
present in the MGC diet compared to other diets. Therefore from the
fungi isolated, there might be need to investigate the presence of other
mycotoxins when mouldy groundnut cake is used in diet formulation.

The reduced levels of aflatoxins B, and B, in HSCAS diet further
attest to the ability of HSCAS in reducing aflatoxins levels particularly
B, [19,20]. The reduced aflatoxins levels may have contributed to lower
microbial load observed in the diet and carcass of African catfish
fingerlings fed diet containing HSCAS. It is however imperative to
note that the level of aflatoxin B, (2.24 + 0.01) found in fish carcass was
more than 0.05 ug/kg [21]. Consequently, the addition of HSCAS alone
may not be effective in combating mould contamination in the diets of
African catfish.

The feed utilization parameters measured showed that African
catfish fed mouldy GNC diets had lower weight gain compared to
uncontaminated diet. The reduced weight gain was slightly but not
significantly improved by the addition of HSCAS to the diet. This is in
agreement with the findings [20,22,23]. The lower weight attained may
have emanated from low feed consumed by fingerlings on these diets,
occasioned by mould contamination which is known to have negative
effect on feed taste and nutritive quality [6,24,25]. The low feed intake
and nutritive quality may have contributed to the lower growth and
feed utilization; feed conversion and protein efficiency ratio observed
with the aflatoxins contaminated diets. However, the results of this
study disagree with the findings of [26,27] who reported no significant
change in growth when tilapia and channel catfish were fed 250 and 2150
ppb purified aflatoxin B,. The discrepancy might be due to the different
species of fish, as well as the nature of toxins used (purified toxin was
used in their study as against natural toxins present in feedstuff used
in this study). This is besides the fact that more than one toxin was
assessed in this this study. These might have aggravated the observed
adverse effects. Also the inability of HSCAS to significantly improve
the growth, feed utilization and economy of production is in agreement
with the findings of [20,28,29] who reported ineffectiveness of HSCAS
in diets containing multiple mycotoxins. Consequently supporting the
need to determine fungi and all toxins present when mouldy feedstuffs
are used in diet formulation. The low dissolved oxygen recorded with
contaminated diets could have arisen from the quality of the feed
fed. This assumption is based on the fact that aflatoxin is known to
reduce nutritive quality of feed [26,30]. The reduced nutritive quality
could have reduced fish’s appetite resulting in reduced feed intake and
increase feed or solid suspension in the culture medium, hence the
reduced dissolved oxygen. However, the low dissolved oxygen values
were within tolerable levels for catfish production.

Conclusion

The results of this study showed the co-occurrence of six fungi; A.
parasiticus, A. niger A. flavus, A. tamarii, P. citriinum and oxalicum in
diets formulated with mouldy GNC. These fungi have potentials for
production of the four forms of aflatoxins, ochratoxins, CPA, citrinin,
secalonic and oxalic acid. The co-occurrence of aflatoxins B, and B,
evaluated in this study adversely affected growth, feed utilization and
resulted in deleterious impact on production cost of African catfish

(Clarias gariepinus) fingerlings. The addition of HSCAS slightly
improved the adverse effects of the contamination with the elimination
of potential for secalonic acid production. However, aflatoxin B, levels
in the carcass of African catfish; Clarias gariepinus is beyond the 21
acceptable level. Consequently, there might be need for identification
and quantification of all toxins present in diets formulated with mould
contaminated feedstuft (in this study MGC) to proffer needed strategies
for the toxins management in catfish diets.

References

1. Binder ME, Tan LM, Chi LJ, Handle J, Richard J (2007) Worldwide occurrence
of mycotoxins in commodities, feeds and feed ingredients. Animal Feed
Science Technology 137: 265-282.

2. Chulze SN (2010) Strategies to reduce mycotoxin levels in maize during
storage: A review. Food Addit Contam Part A Chem Anal Control Expo Risk
Assess 27: 651-657.

3. Ritchie JC (2007) Aflatoxin: In Molecules of Death (2nd edn). Imperial College
Press, London.

4. Manning BB (2010) Mycotoxins in aquaculture feeds. SRAC Publication.

5. Braicu C, Berindan-neagoe |, Chedea VS, Balacescu L, Brie | et al (2010)
Individual and combined cytotoxic effects of the major four aflatoxins in different
in vitro stabilized system. Journal of Food Biochemistry 34: 1079-1090.

6. Ayasha A, Rahman M, Hasan M (2010) Effects of aflatoxin B, on growth and
bioaccumulation in common carp fingerlings in Bangladesh. Asian-Pacific
Journal of Rural Development 20: 1-13.

7. Rodricks JV, Stoloff L (1997) Determination of concentration and purity of
aflatoxin standards. Journal of Association Official and Analytical Chemists 53:
92-95.

8. Hara S, Fennel D, Hesseltine CW (1974) Aflatoxin producing strains of
Aspergillus flavus detected by fluorescence of agar medium under ultra violet
light. Appl Microbiol 27: 1118-1123.

9. Robertson JA, Pons WA, Godblatt LA (1967) Preparation of aflatoxin and
determination of their ultra violet and fluorescent characteristics. J Agric Food
Chem 15: 798-801.

10.Lee PS (2009) Quantitation of Microorganisms: Practical Handbook in
Microbiology. 2ndEdn CRC Press, Taylor & Francis Group, U.S.

11. AOAC (1995) Official Method of Analysis 16" edition. Association of Official
Analytical Chemists, Arlington, VA.

12. Manning BB, Li MH, Robinson EH (2005) Aflatoxins from moldy corn cause no
reduction in channel catfish Ictalurus punctatus performance. Journal of World
Aquaculture 36: 59-67.

13. Dorner JW (1983) Production of cyclopiazonic acid by A. tamarii. Appl Environ
Microbiol 46: 1435-1437.

14. Balachandran C, Parthasarathy KR (1996) Occurrence of CPA in feeds and
feedstuffs in Tamil Nadu, India Mycopathologia 133: 159-162.

15. Fraga ME, Curvello F, Gatti MJ, Cavaglieri LR, Dalcero CA et al. (2007)
Potential Aflatoxin and Ochratoxina production by Aspergillus species in
Poultry feed processing. Vet Res Commun 31: 343-353.

16. Ciegler A, Hayew AW, Vesonder RF (1980) Production and biological activity of
secalonic acid D. Appl Environ Microbiol 39: 285-287.

17. Zaied C, Zouaoui N, Bacha H, Abid S (2012) Natural occurrence of citrinin in
Tunisian wheat grains. Food Control 28: 106-109.

18. Amadi JE, Adeniyi DO (2009) Mycotoxin production by fungi isolated from
stored grains. African Journal of Biotechnology 8: 1219-1221.

19. Arunlertaree C, Sonngam L, Hutachareon R (2007) Vermiculite and HSCAS as
the agent of aflatoxinB1 absorption for black tiger shrimp diet. Environment and
Natural Resources Journal 5: 50-58.

20. Agouz HM, Anwer W (2010) Effect of biogen and myco-ad on growth
performance of common carp (Cyprinuscarpio) fed a mycotoxin contaminated
aquafeed. Journal of Fisheries and Aquatic Science 6: 334-345.

2

=

. Aflatoxin contamination in foods and feeds in the Philippines. (2004) FAO/WHO
Regional Conference on food safety for Asia and Pacific, Malaysia.

Fish Aquac J
ISSN: 2150-3508 FAJ, an open access journal

Volume 4 « Issue 1+ 1000083


http://www.sciencedirect.com/science/article/pii/S0377840107002192
http://www.sciencedirect.com/science/article/pii/S0377840107002192
http://www.sciencedirect.com/science/article/pii/S0377840107002192
http://www.ncbi.nlm.nih.gov/pubmed/20349375
http://www.ncbi.nlm.nih.gov/pubmed/20349375
http://www.ncbi.nlm.nih.gov/pubmed/20349375
http://www.worldscientific.com/worldscibooks/10.1142/p509
http://www.worldscientific.com/worldscibooks/10.1142/p509
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2010.00350.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2010.00350.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2010.00350.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2010.00350.x/abstract
http://cabdirect.org/abstracts/20113183413.html;jsessionid=371136D0292EA07AB3B1818936B4AC51
http://cabdirect.org/abstracts/20113183413.html;jsessionid=371136D0292EA07AB3B1818936B4AC51
http://cabdirect.org/abstracts/20113183413.html;jsessionid=371136D0292EA07AB3B1818936B4AC51
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC380219/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC380219/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC380219/
http://pubs.acs.org/doi/abs/10.1021/jf60153a019?journalCode=jafcau
http://pubs.acs.org/doi/abs/10.1021/jf60153a019?journalCode=jafcau
http://pubs.acs.org/doi/abs/10.1021/jf60153a019?journalCode=jafcau
http://www.crcpress.com/product/isbn/9780849393655
http://www.crcpress.com/product/isbn/9780849393655
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2005.tb00131.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2005.tb00131.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2005.tb00131.x/abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC239590/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC239590/
http://link.springer.com/article/10.1007%2FBF02373023#page-2
http://link.springer.com/article/10.1007%2FBF02373023#page-2
http://www.ncbi.nlm.nih.gov/pubmed/17216313
http://www.ncbi.nlm.nih.gov/pubmed/17216313
http://www.ncbi.nlm.nih.gov/pubmed/17216313
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC291324/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC291324/
http://www.sciencedirect.com/science/article/pii/S0956713512001776
http://www.sciencedirect.com/science/article/pii/S0956713512001776
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.ajol.info%2Findex.php%2Fajb%2Farticle%2Fdownload%2F60075%2F48327&ei=v8CJUuekGsPDrAe6zoCYAg&usg=AFQjCNH-Cfaocm_NOTZ7x2X1N0-8MJ1uuQ&bvm=bv.56643336,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.ajol.info%2Findex.php%2Fajb%2Farticle%2Fdownload%2F60075%2F48327&ei=v8CJUuekGsPDrAe6zoCYAg&usg=AFQjCNH-Cfaocm_NOTZ7x2X1N0-8MJ1uuQ&bvm=bv.56643336,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.ennrjournal.com%2F20081%2F6vermiculite_f.pdf&ei=b8yJUrSuE8PDrAe6zoCYAg&usg=AFQjCNH-LVWSVfhLciGlqSf5L1MBa-mn0A&bvm=bv.56643336,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.ennrjournal.com%2F20081%2F6vermiculite_f.pdf&ei=b8yJUrSuE8PDrAe6zoCYAg&usg=AFQjCNH-LVWSVfhLciGlqSf5L1MBa-mn0A&bvm=bv.56643336,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.ennrjournal.com%2F20081%2F6vermiculite_f.pdf&ei=b8yJUrSuE8PDrAe6zoCYAg&usg=AFQjCNH-LVWSVfhLciGlqSf5L1MBa-mn0A&bvm=bv.56643336,d.bmk
http://scialert.net/abstract/?doi=jfas.2011.334.345
http://scialert.net/abstract/?doi=jfas.2011.334.345
http://scialert.net/abstract/?doi=jfas.2011.334.345
http://www.fao.org/docrep/meeting/006/ad729e/ad729e00.HTM
http://www.fao.org/docrep/meeting/006/ad729e/ad729e00.HTM

Citation: Adeniji CA, Okiki PA, Rasheed AM, Bolaji R (2014) Mouldy Groundnut Cake and Hydrated Sodium Calcium Aluminosilicate in Practical Diet
for African Catfish Clarias gariepinus (Burchell, 1822). Fish Aquac J 4: 083. doi: 10.4172/2150-3508.1000083

Page 5 of 5

22. Oluwafemi F, Dahunsi O (2009) Performance of catfish fed different doses of
aflatoxin in the diet. Journal of Natural Sciences, Engineering & Technology 8:
15-24.

23. Lopes PRS, Povey JLOF, Enke DBS, Mallamnn CA, Kich HA et al (2009) Use
of adsorbent in diets containing aflatoxin for silver catfish fingerlings. R Bras
Zootec 38: 589-595.

24. Giambrone JJ, DeinerUl, Davis ND, Panagola AS, Hoerr J (1985) Effects of
purified aflatoxin on turkeys. Poultry Science 64:859-865.

25.Lim HA, Ng WK, Lim SL, Ibrahim CO (2001) Contamination of palm kernel
meal with Aspergillus flavus affects its nutritive value in pelleted feed for tilapia
Oreochromis mossambicus. Aquaculture Research 32: 895-905.

26. Tuan NA, Grizzle JM, Lovell RT, Manning BB, Rottinghaus GE (2002) Growth
and hepatic lesions of Nile tilapia (Oreochromis niloticus) fed diets containing

2

BN

28.

2

o

30.

aflatoxin B1. Aquaculture 212: 311-319.

. Jantrarotai W, Lovell RT (1990) Sub chronic toxicity of dietary aflatoxin B1 to

channel catfish. Journal of Aquatic Animal Health 2: 248-254.

Garcia AR, Avica E, Rosiles R, Petrone VM (2003) Evaluation of two mycotoxin
binders to reduce toxicity of broiler diets containing ochratoxin A and T-2 toxin
contaminated grain. Avian Dis 47: 691-699.

. Kolosova A, Stroka J (2012) Evaluation of the effect of mycotoxin binders in

animal feed on the analytical performance of standardized methods for the
determination of mycotoxins in feed. Food Addit Contam Part A Chem Anal
Control Expo Risk Assess 29: 1959-1971.

Akande KE, Abubakar MM, Adegbola TA, Bogoro SE (2006) Nutritional and
health implications of aflatoxins in animal feeds: A review. Pakistan Journal of
Nutrition 5: 398-403.

Fish Aquac J
ISSN: 2150-3508 FAJ, an open access journal

Volume 4 « Issue 1+ 1000083


http://journal.unaab.edu.ng/index.php/JNSET/article/view/1002
http://journal.unaab.edu.ng/index.php/JNSET/article/view/1002
http://journal.unaab.edu.ng/index.php/JNSET/article/view/1002
http://www.scielo.br/scielo.php?pid=S1516-35982009000400001&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S1516-35982009000400001&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S1516-35982009000400001&script=sci_arttext
http://ps.fass.org/content/64/5/859.short
http://ps.fass.org/content/64/5/859.short
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2109.2001.00625.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2109.2001.00625.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2109.2001.00625.x/abstract
http://www.sciencedirect.com/science/article/pii/S0044848602000212
http://www.sciencedirect.com/science/article/pii/S0044848602000212
http://www.sciencedirect.com/science/article/pii/S0044848602000212
http://www.tandfonline.com/doi/abs/10.1577/1548-8667%281990%29002%3C0248%3ASTODAB%3E2.3.CO%3B2#.UonB1FcbFKk
http://www.tandfonline.com/doi/abs/10.1577/1548-8667%281990%29002%3C0248%3ASTODAB%3E2.3.CO%3B2#.UonB1FcbFKk
http://www.ncbi.nlm.nih.gov/pubmed/14562898
http://www.ncbi.nlm.nih.gov/pubmed/14562898
http://www.ncbi.nlm.nih.gov/pubmed/14562898
http://www.ncbi.nlm.nih.gov/pubmed/22971076
http://www.ncbi.nlm.nih.gov/pubmed/22971076
http://www.ncbi.nlm.nih.gov/pubmed/22971076
http://www.ncbi.nlm.nih.gov/pubmed/22971076

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Dietary Design and Feeding 
	Fish management
	Fungi isolation and quantification of aflatoxins and microbial loads 
	Growth and feed utilization 
	Economy analysis 
	Water quality parameters 
	Observation
	Statistical and chemical analyses 

	Fungi, aflatoxins content and microbial load of the experimental materials: 
	Feed utilization, growth and economic analyses: 
	Water quality analysis: 
	Observation: 
	Discussion
	Conclusion
	Results
	Table 1
	Table 2
	Table 3
	Table 4
	References

