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	        ABSTRACT
Fish feed contamination by mycotoxins presents serious challenges to farmers, as 
consuming aflatoxin-contaminated feed can result in toxin accumulation in fish, potentially 
posing risks to human health. This study assessed the detoxifying effects of garlic and 
turmeric powders on mycotoxin-contaminated feed and their impact on the growth and 
hematological parameters of juvenile Oreochromis niloticus (17.18±0.798g). Conducted in 
circular concrete tanks (0.5 m deep and 0.58 m in diameter), the experiment involved eight 
treatments (TDs) with three replicates each: TD1 (mold-free feed), TD2 (feed contaminated 
with Aspergillus flavus mold), TD3 (20 g garlic.kg-1 contaminated feed), TD4 (40 g garlic.
kg-1 contaminated feed), TD5 (60 g garlic.kg-1 contaminated feed), TD6 (20 g turmeric.kg-1 
contaminated feed), TD7 (40 g turmeric.kg-1 contaminated feed), and TD8 (60 g turmeric.
kg-1 contaminated feed). Feeding trials spanned ten weeks to evaluate the effects of garlic 
and turmeric in mitigating aflatoxin impacts on fish growth and nutrient utilization. Some of 
the key findings are: Aflatoxin levels in analyzed feeds before (2.6448 µg.kg-1) and after 
(123.168 µg.kg-1) the inclusion of Aspergillus flavus varied. Feed processing methods, such 
as pelleting and drying, reduced aflatoxin concentrations. Significant reduction (P<0.05) in 
weight gain at TD2 (9.7 g) was observed compared to other treatments with the inclusion of 
garlic and turmeric. TD6 (turmeric at 20 g.kg-1) showed the most pronounced improvement 
in fish growth parameters, with the highest final weight (16.07 g), weight gain (14.00 g), feed 
intake (10.98 g), and specific growth rate (2.95%.day-1), while also achieving the lowest 
feed conversion ratio (0.78). Though pelleting and drying contributed to reducing aflatoxin 
levels, aflatoxins did not necessarily impact protein efficiency ratio (PER), nor did garlic and 
turmeric significantly enhance it. The inclusion of garlic and turmeric showed an improved 
nutrient utilization in Oreochromis niloticus despite the presence of aflatoxins in the feed.

INTRODUCTION

Fish are an essential and affordable source of protein in the diets of many 
consumers in Nigeria and other developing countries. However, mold growth in 
fish feed poses a significant challenge for farmers, especially in tropical regions 
where storage facilities are inadequate (Marijani et al. 2019). High moisture 
levels in fish feed promote the proliferation of molds, which can produce toxic 
substances known as mycotoxins. These compounds, including aflatoxins, 
ochratoxins, and fumonisins, are harmful to both fish and humans who consume 
contaminated fish. Among them, aflatoxin is the most prevalent and is frequently 
found in locally produced animal feeds, including fish feed (Odoemelam & Osu 
2009). Under favorable conditions for mold growth, aflatoxin contamination can 
occur in feed ingredients and finished feeds. Ogunbanwo (2005) reported that 
major feed ingredients are highly susceptible to aflatoxin contamination, whether 
in the field or during storage. This poses a serious challenge to farmers, as fish 
consuming aflatoxin-contaminated feed may accumulate toxins that negatively 
impact human health (Pietsch 2020).
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Aflatoxins are toxic secondary metabolites primarily 
produced by Aspergillus species, such as Aspergillus flavus 
and Aspergillus parasiticus (Abila 2003). These toxins 
commonly contaminate oilseed crops such as cottonseed, 
peanut meal, and corn, as well as wheat, sunflower, soybean, 
and fish meal. Four major types – aflatoxin B1 (AFB1), 
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 
(AFG2) – are direct contaminants of grains and finished feeds 
(Pitt 2000, Marijani et al. 2019). The presence of aflatoxins 
in fish feed raises serious concerns due to their adverse 
health effects, which are further exacerbated by climate 
change (Nešić 2018). Rodrigues et al. (2011) emphasized 
that mycotoxin contamination results from poor agricultural 
practices, inadequate storage, and improper handling by 
farmers, grain processors, and feed millers. Aflatoxins, which 
are classified as potential carcinogens, represent a major food 
safety risk (Bennett & Klich 2013, Ilesanmi et al. 2023).

Aflatoxin contamination in feed and food has led to 
significant economic losses and health risks for both animals 
and humans. Various strategies have been developed to 
mitigate mycotoxin contamination, including pre-harvest, 
harvest, and post-harvest measures aimed at controlling 
mold growth or detoxifying contaminated products. Among 
these strategies, the use of plant-based detoxifiers has gained 
attention due to their safety and environmental friendliness 
compared to chemical treatments. Research suggests that 
plant extracts from garlic, ginger, and turmeric, along with 
their essential oils, can inhibit Aspergillus growth and reduce 
aflatoxin production (Agbebi et al. 2013).

This study, therefore, investigates the detoxification 
effects of garlic and turmeric powder on mycotoxin-
contaminated feed and its impact on the growth and nutrient 
utilization parameters of Nile tilapia (Oreochromis niloticus) 
– a widely cultured and economically important fish species 
in Nigeria.

MATERIALS AND METHODS

Experimental Site 

The experiment was carried out in the Department of 
Biology, Federal College of Education, Osiele, Abeokuta, 
Ogun State. The experiment was conducted in a circular 
concrete tank (0.5 m depth and 0.58 m diameter).

Inclusion of Aflatoxin in the Formulated Feed

The feed ingredient was purchased and pelleted at the 
Agro-Allied Company mill at Odo Eran, Abeokuta. The 
experimental feed was prepared in the laboratory and 
formulated as in Table 1. The compounded ingredients 
were sprinkled with a small amount of distilled water to 

make the feed moist and then mixed with a cultured strain 
of Aspergillus flavus from the Microbiology Department, 
University of Lagos. The mixed feed was covered with a 
plastic sac for 72 h to encourage mold growth in the feed.  

Fresh garlic bulbs and turmeric root were purchased, 
dried, and ground at the Mile-1 Market, Kebbi State. They 
were rinsed with clean water and grated before being sun-
dried. The dried form of each was then ground into powder 
with a locally fabricated hand grinder. The experimental 
feed was mixed appropriately according to treatment. There 
were 8 treatments (TD) in 3 replicates each adopted for the 
study (Table 2). These are TD1 (feed uncontaminated/mold-
free), TD2 (contaminated feed of A. flavus), TD3 (20 g of 
garlic.kg-1 of moldy feed), TD4 (40 g of garlic.kg-1 of moldy 
feed), TD5 (60 g of garlic.kg-1 of moldy feed), TD6 (20 g of 
turmeric.kg-1 of moldy feed), TD7 (40 g of turmeric.kg-1 of 
moldy feed), TD8 (60 g of turmeric.kg-1 of moldy feed). The 
compounded feeds were pelletized with a pelleting machine 
and sun-dried immediately. Thereafter, the feed was kept in 
an airtight container for further study.

The proximate analysis of all diets was determined before 
the start of the experiment. Briefly, a known weight of the 
feed sample was dried at 105°C until a constant weight was 
achieved, and the moisture content was calculated based on 
weight loss. The dried sample was incinerated at 550°C, 
and the remaining weight was used to calculate ash content. 
This was followed by the Kjeldahl method, where nitrogen 
compounds were converted to ammonia, distilled, and titrated 
to calculate crude protein, on the assumption of 16% nitrogen 
in proteins. The crude fat (lipids) was determined using the 
Soxhlet method, involving solvent extraction and weighing 
the fat residue. Crude fiber is measured by degreasing the 
sample, digesting it with sulfuric acid, drying, and then 
incinerating it to obtain the fiber content from the weight 
difference.

The carbohydrate content of the feed was calculated as 
follows:

CHO = 100 - (moisture + ash + crude protein + fiber + lipid) 
(AOAC 2006)

Determination of Aflatoxin

The mycotoxin analysis of each feed treatment was done 
at the Nigerian Stored Product Research Institute, Ilorin 
Laboratory, before the commencement of the experiment 
with the HPLC method modified from Barbas et al. (2005).

Sample Preparation and Extraction

The sample preparation began by accurately weighing 5.0 g 
of the homogenized test material using a calibrated analytical 
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balance (±0.0001 g precision). The weighed sample was 
transferred into a 50 mL polypropylene centrifuge tube, and 
20 mL of a methanol-water mixture (85:15, v/v) was added. 
The mixture was vortexed for 30 sec to ensure thorough 
wetting, followed by mechanical shaking at 250 rpm for 2 h 
at 4°C to minimize degradation. After extraction, the mixture 
was centrifuged at 10,000 rpm for 10 min (4°C), and the 
supernatant was carefully decanted into a clean glass vial.  

Extract Concentration and Defatting

The collected supernatant was concentrated to near dryness 
under a gentle stream of nitrogen at 40°C using an evaporator. 
The residue was reconstituted in 5 mL of 10% NaCl (w/v) 
solution to precipitate interfering compounds. For defatting, 
10 mL of redistilled n-hexane (HPLC-grade, ≥99.9% purity) 
was added, and the mixture was vigorously shaken for 1 min 
before phase separation. The upper hexane layer (containing 
lipids) was discarded, while the lower aqueous-methanol 
phase was retained for further cleanup.  

Solid-Phase Extraction (SPE) Cleanup

A disposable silica gel SPE column (500 mg.mL-1, 55-105 
μm particle size, 60 Å pore size) was preconditioned with 
10 mL of methanol, followed by equilibration with 10 mL 
of deionized water. The defatted extract was loaded onto 
the column at a flow rate of 1 mL.min-1 under vacuum. 
Sequential washing steps were performed to remove matrix 
interferences:  

	 •	 First wash: 30 mL of n-hexane (discarded).  

	 •	 Second wash: 3 mL of ethyl acetate (discarded).  

	 •	 Third wash: 3 mL of methylene chloride (discarded).  

The target analytes (aflatoxins B₁, B₂, G₁, and G₂) were 
eluted with 6 mL of chloroform-acetone (90:10, v/v) at 
a controlled flow rate of 0.5 mL.min-1. The eluate was 
collected in a salinized glass tube and evaporated to dryness 
under nitrogen. The residue was reconstituted in 200 µL of 
methanol and filtered through a 0.22 µm PTFE syringe filter 
before HPLC injection.  

HPLC Analysis

Instrumentation and Chromatographic Conditions

	 •	 HPLC System: Agilent 1260 Infinity II (or equivalent), 
equipped with a fluorescence detector (FLD).  

	 •	 Column: C18 reversed-phase column (150 mm × 4.6 
mm, 3.5 μm particle size) maintained at 40°C.  

	 •	 Mobile Phase: 

	 •	 A: Water-methanol (60:40, v/v) with 0.1% formic acid.  

	 •	 B: Methanol-acetonitrile (50:50, v/v).  

	 • 	 Gradient Program: 

	 • 	 0–5 min: 20% B → 50% B (linear).  

	 • 	 5–10 min: 50% B → 80% B (linear).  

	 • 	 10–15 min: 80% B (isocratic).  

	 • 	 Post-run re-equilibration min at initial conditions.  

	 • 	 Flow Rate: 1.0 mL.min-1.  

	 • 	 Injection Volume: 20 µL.  

	 • 	 Detection: 

	 • 	 FLD Settings:  

	 • 	 Excitation: 365 nm.  

	 • 	 Emission: 435 nm (for aflatoxins B₁ and G₁).  
	 • 	 Emission: 465 nm (for aflatoxins B₂ and G₂, via post-

column photochemical derivatization).  

Quality Control and Validation 

	 • 	 Calibration Standards: Aflatoxin working standards (0.5– 
50 µg.L-1) were prepared in methanol.  

	 • 	 Recovery Test: Spiked samples (5, 10, 20 µg.kg-1) 
were analyzed in triplicate, with recoveries between 
85–110%.  

	 • 	 Limit of Detection (LOD): 0.05 µg.kg-1 (S/N = 3).  

	 • 	 Limit of Quantification (LOQ):0.15 µg.kg-1 (S/N = 10).  

Data Analysis

Quantification was performed using Agilent OpenLab 
CDS ChemStation (v.2.4) or equivalent software. Peak 
identification was based on retention time (±2% tolerance) 
and spectral matching.  

The compounded feeds were pelletized with a pelleting 
machine, dried immediately with an electric dryer at 45 °C for 
24 hrs, and then kept in labeled airtight containers for further 

Table 1: The dietary composition of formulated feed used for the experiment.

Ingredient Feed [kg]

Maize 22.5

Groundnut cake 30.50

Fishmeal 15.50

Soya-bean meal 30.50

Mineral premix* 0.50

Methionine 0.25

Lysine 0.25

Total 100
1 *Contains VitA 4000000IU, Vit D. 800000IU, Vit. E 40000 mg, Vit. K3 
800 mg, Vit. B1 1000 mg, Vit. B2 6000 mg, Vit. B6 5000 m, Vit. B12 25 mg, 
Niacin 6000 mg, Patothenic acid 20000 mg, Folic acid 200 mg, Folic acid 
200 mg, Biotin 8 mg, Manganese 300000 mg, Iron 80000 mg, Zinc 20000 
mg, Cobalt 80 mg, Iodine 400 mg, Selenium 40 mg, Choline 800000 mg.
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use. The proximate analysis of all diets was determined 
before the start of the experiment according to AOAC (2006).

Experimental Procedure

12-week-old healthy juvenile fish (17.18±0.798 g) were 
selected and arranged in a group of 10 juvenile fish per tank. 
The 1.2 m3 circular concrete tanks used were 24 for the 
experiment for 10 weeks. The juvenile Oreochromis niloticus 
were obtained from Taiwo Farm, Ndele, Ota, Ogun State, 
acclimated to the experimental environment for 7 days, and 
maintained on Top® feed (45% CP) before the treatments.

Fish in every treatment group received 3% body weight of 
the prepared diet. The fish were fed the experimental diets twice 
a day at 9:00 am and 4:00 pm. The fish fed in each treatment 
group were monitored daily in the morning, at noon, and in the 
evening for swimming movement, breathing, possible bruises, 
and mortality. Weekly weight changes were noted using a 
weighing scale, and the aquarium water was changed every two 
days. After 10 weeks, the potential effects of garlic and turmeric 
on aflatoxin-induced feed were studied based on observed 
experimental growth and hematological characteristics.

Assessment of Growth Performance Parameters and 
Survival Rate

Average fish growth performance was assessed based on 
weight gain, average daily growth, specific growth rate, feed 
conversion ratio, feed efficiency ratio, and protein efficiency 
ratio were evaluated to determine the effects of the various 
treatments.

Average Weight Gain (AWG)

The average weight gain represents the variation between 
the starting weight and the weight after the trial. This is 
calculated according to (Sepahdar et al. 2009) using the 
formula:

Final mean weight (g) - Initial mean weight (g) = the 
average weight gain (g).

Average Daily Growth (AWG)

The average weight gained per day was calculated as:

ADG (mg) = 	(Average Weight gain (mg))

(Duration of the experiment (days)) (Hung et al. 1989)

Percentage Weight Gain (%WG)

Percentage weight gain is weight gained over time 
relative to the total weight, and it is calculated as:

(%WG) = (Weight gain)

(Initial Weight) X 100	  (Sepahdar et al. 2009)

Specific growth rate (SGR)

Specific growth rate (SGR) is the coefficient of the 
percentage increase in fish weight per day.

Specific growth rate, [SGR (%.day-1)] = 100 (log W2- 
log W1) 

(T2-T1) 	 (Arnanson et al. 2009)

Where W1 and W2 are the weights at time T1 and T2, 
respectively. 

Feed conversion ratio (FCR)

Feed conversion ratio (FCR) represents the ratio or rate 
of efficiency with which the bodies of fish convert feed into 
the desired output, and it is calculated as follows:

Feed Conversion Ratio (FCR) = (Total dry feed fed (g))

(Total wet weight gain (g)) (Sepahdar et al. 2009)

Protein-efficiency-ratio (PER)

This is the connection between the amount of protein in 
feed and the moist weight increase of fish. 

Protein Efficiency Ratio (PER) = (Wet weight gain (g))

(Amount of Protein fed (g)) (Sepahdar et al. 2009).

Physico-Chemical Analysis of Culture Medium

A daily assessment of temperatures, conductivity, dissolved 
oxygen (DO), pH, and total dissolved solids (TDS) of aquaria 
is done using digital methods. The digital instruments used 
are as follows: 

	 •	 Temperature meter with the range of 0.1-80.0°C and 
32.0-176.0°F. 

	 •	 A digital pH meter, (JUANJUAN®) with the range of 
0.00-14.00pH. 

	 •	 The EC meter made in Pakistan with a range of 0-9900 
µs.cm-1 

	 •	 The RCYAGO® Dissolved Oxygen Meter (range is 
0.0-20mg.L-1) from the United States 

	 •	 The TDS meter made in Pakistan with a range of 0- 
9999 mg.L-1

Statistical Analysis

The growth and nutrients utilization data, as well as water 
quality parameters, were subjected to One-Way Analysis 
of Variance using statistical analysis software (SAS 1999). 
Duncan’s Multiple Range Test (DMRT) was used to evaluate 
significant averages between treatments at a probability 
level of 5%.

RESULTS AND DISCUSSION

During the first 3 days of the trial, the fish showed little 
reaction to the experimental feed, but they had assumed 
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full feeding by the 5th day. The experimental fish were 
active throughout the experimental period and showed no 
stressful movement or sustained any external injuries across 
the Treatments.

The analysis of the total aflatoxin present in the initial 
feed (A) bought before the inclusion of the Aspergillus flavus 
species was observed to be 2.6448 µg.kg-1 (Aflatoxin G2 - 
0.0005 µg.kg-1, Aflatoxin G1 - 0.0054 µg.kg-1, Aflatoxin B2 
- 0.1066 µg.kg-1 and Aflatoxin B1 - 2.5302 µg.kg-1) but after 
the mixture with Aspergillus flavus (B), the concentration 
was higher at 123.168 µg.kg-1 (Aflatoxin G2 - 0.072 µg.kg-1, 
Aflatoxin G1 - 0.84 µg.kg-1, Aflatoxin B2 - 22.678 µg.kg-1 
and Aflatoxin B1 - 99.589 µg.kg-1). Meanwhile, after 
the inclusion of the plant extracts (garlic and turmeric) 
according to the treatments and feed was pelleted, the total 
aflatoxin for TD1, TD2, TD3, TD4, TD5, TD6, TD7, and 
TD8 were 2.5908 µg.kg-1, 24.743 µg.kg-1, 23.515 µg.kg-1,  
23.713 µg.kg-1, 24.181 µg.kg-1, 23.493 µg.kg-1, 22.215 
µg.kg-1 and 25.431 µg.kg-1, respectively, as stated in Table 2. 

The proximate analysis of the experimental feed was 
analyzed as stated in Table 3. The results recorded for 
moisture, ash, protein, lipid, CHO and fiber dry matter and 
energy range from 40.12-39.62, 8.51-8.451, 7.03-6.88, 6.30-
5.83, 94.35-93.60 and 17.81-17.58 (kJ.g-1), respectively.

There were variations in the value of aflatoxin in 
the analyzed feeds. It was observed that the processing 
activities (pelleting and drying) had a reducing effect on the 
concentration of the total aflatoxin. 

There was no significant difference (P>0.05) in the initial 
weight of the experimental fish; they were evenly distributed 

Table 2: Total Aflatoxin analysis of the experimental feed.

Parameters A B TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8

Aflatoxin G2 [µg.kg-1] 0.0005 0.072 0.0005 0.008 0.005 0.006 0.008 0.004 0.004 0.008

Aflatoxin G1 [µg.kg-1] 0.0054 0.840 0.0075 0.075 0.058 0.066 0.069 0.056 0.042 0.06

Aflatoxin B2 [µg.kg-1] 0.1066 22.678 0.0974 0.591 0.785 0.832 0.426 0.838 0.855 1.621

Aflatoxin B1 [µg.kg-1] 2.5302 99.589 2.4854 24.069 22.667 22.809 23.678 22.596 21.314 23.742

Total [µg.kg-1] 2.6448 123.168 2.5908 24.743 23.515 23.713 24.181 23.493 22.215 25.431

Table 3: Proximate analysis of the experimental feed samples.

Samples Moisture [%] Ash [%] Protein [%] Lipid [%] CHO [%] Fiber [%]

TD1 3.15 18.02 38.81 6.1 8.36 25.56

TD2 6.17 15.67 39.30 6.1 8.92 23.84

TD3 2.67 16.80 39.75 6.5 9.80 24.48

TD4 3.82 15.27 39.13 6.3 10.27 25.21

TD5 4.47 14.11 38.34 6.2 12.20 24.68

TD6 4.87 9.68 39.25 6.0 12.29 27.91

TD7 3.07 18.88 39.13 8.2 15.28 15.44

TD8 5.61 12.01 39.25 8.4 13.36 21.37

into the tanks. Meanwhile, after the experimental period, 
there was a significant difference (P>0.05) in the final weight 
and weight gain of the experimental fish across the treatments 
(Table 4 and Fig. 1). TD6 had the highest final weight and 
weight gain, which was significantly different (P>0.05) 
from the others. TD2 was significantly low (P>0.05), both 
in the final weight (11.62 g) and weight gain (9.74 g). In the 
amount of the feed intake recorded, the experimental fish fed 
with TD1 (10.90 g) and TD6 (10.98 g) had the best response 
significantly (P<0.05) to the feed, and the feed intake of the 
experimental fish was significantly low (P<0.05) in the TD2 
(9.91 g) and TD8 (9.89 g) treatments.

The records during the experimental setup are presented 
in Table 5. The culture medium temperature was within 
24.300C and 27.200C. The pH was within the range of 7, 
that is, 6.90 and 7.03. Also, electrical conductivity was within 
the cultured system range lowest being 366.33 µ.cm-1 and 
the highest being 416.67 µ.cm-1. The oxygen (DO) level 
was observed to be the optimum value for cultured fish, 
ranging between 3.64 mg.L-1 and 4.59 mg.L-1. In addition, 
total dissolved solids (TDS) were also within the cultured 
system range (114.67 mg.L-1 and 205.00 mg.L-1) (Table 5).

The protein intake TD1 (4.91) and TD6 (4.94) were the 
highest and significantly different (P<0.05) from others, 
and TD2 (4.46 g) and TD8 (4.45 g) were significantly 
low (P<0.05). Meanwhile, the protein efficiency ratio was 
significantly low in TD2 (2.23) and TD4 (2.21). 

Based on the record from the period of the experiment, the 
experimental fish with the highest value of feed conversion 
ratio was TD2 (1.05) and significantly different (P<0.05) 
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Table 4: Growth parameters and survival rate of O. niloticus fed experimental diets.

Parameters TDI TD2 TD3 TD4 TD5 TD6 TD7 TD8 ±SME

Initial wgt [g] 2.02a 1.88a 1.87a 2.07a 2.23a 2.07a 2.00a 1.92a 0.0715

Final wgt [g] 14.48b 11.62d 12.06dc 12.20c 10.83e 16.07a 14.23b 13.66d 0.3460

Wgt Gain [g] 12.46b 9.74g 10.19e 10.13e 10.60f 14.00a 12.23c 11.74d 0.3458

F. I [g] 10.90a 9.91d 9.89d 10.19bc 10.13c 10.98a 10.87a 10.75ab 0.1158

P. I [g.kg-1] 4.25ab 3.86d 3.96c 3.97c 3.85d 4.28a 4.24ab 4.19b 0.0521

PER 2.03a 1.70a 1.66b 1.70a 1.70a 1.58c 1.58c 1.58c 0.0109

FCR 0.87d 0.93cd 0.97b 1.01b 1.16a 0.78e 0.88cd 1.10a 0.0254

SGR [%.day-1] 2.80ab 2.68c 2.56c 2.46c 2.16d 2.95a 2.78ab 2.47c 0.0550

Survival [%] 100 100 100 100 100 100 100 100 0.0000

1 Initial wgt – Initial weight, Final wgt – Final weight, Wgt Gain – weight gain - F. I – Feed Intake, P. I – Protein intake, PER – Protein Efficiency 
ratio, FCR – Feed Conversion Ratio, SGR – Specific Growth Rate.
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Fig. 1: Weight Gain of O. niloticus fed experimental diets. 
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pH 6.96bcd 7.12a 6.98bcd 7.04ab 6.90d 7.03abc 6.95bcd 6.92cd 0.004 6.0–9.0 (Davis 1993) 

1 EC – Electrical Conductivity, TDS – Total Dissolved Solids, TEMP – Temperature, DO – Dissolved Oxygen. 
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Fig. 1: Weight Gain of O. niloticus fed experimental diets.

Table 5: Average water quality parameters in the culture medium.

Parameters TDI TD2 TD3 TD4 TD5 TD6 TD7 TD8 ±SME Aquaculture Mean Value

EC [µ.cm-1] 389.00b 366.33c 376.67bc 384.00b 410.67a 416.67a 381.67bc 391.33b 80.25 20-1500 (Boyd 2003) 

TDS [mg.L-1] 195.00b 181.67d 188.00c 192.50bc 205.00a 203.00a 193.33bc 114.67e 12.25 <400 (WHO 2004)

TEMP [°C] 25.43cd 27.20a 25.70bc 26.07b 25.07de 24.70ef 24.30f 25.17cde 0.11 25–30 (FAO 2006)

DO [mg.L-1] 3.93a 3.83a 3.64a 4.59a 4.10a 4.23a 3.70a 4.50a 0.24 3 – 20 (Boyd 2003)

pH 6.96bcd 7.12a 6.98bcd 7.04ab 6.90d 7.03abc 6.95bcd 6.92cd 0.004 6.0–9.0 (Davis 1993)

1 EC – Electrical Conductivity, TDS – Total Dissolved Solids, TEMP – Temperature, DO – Dissolved Oxygen.

from the others, while at TD6 it was significantly lower 
than the others. The specific growth rate at the TD6 was 

significantly higher (P<0.05) than others, but low at TD2 
and TD3 significantly (P<0.05) from others. All through 
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the 10-week experimental period, there was no mortality; 
therefore, the survival rate was 100% throughout.

Discussion

The experimental feed ingredients bought directly from the 
feed mill contained some concentration of aflatoxin, which is 
an indication that the feed got contaminated by mycotoxins 
before it got to the farm. The report of the Biomin survey 
(2017) supported this, that about 74% of the ingredients used 
in compounding aquaculture feed are contaminated with 
mycotoxins, which can have a substantial negative economic 
impact on the aquaculture industry. Likewise, the variation 
in the total concentration of the aflatoxin present in the feed 
might be because of the differences in the handling of the 
feed during the pelleting and drying. The aflatoxin content 
of the experimental diet is higher than the standard limit 
level by CECC (2003) in animal feeds, which is 20 µg.kg-1 
and 5 µg.kg-1 to 10 µg.kg-1 in compounded feeds for dairy 
animals and lambs, respectively. The processing effect of 
pelleting feed can contribute to the reduction in aflatoxin 
concentration in the feed. This is noticed in the TD2 (mold 
feed) before (123.168 µg.kg-1), and after (24.743 µg.kg-1) the 
pelleting of the feed, which supported the observation made 
by Neme and Mohammed (2017) and Ilesanmi et al. (2024), 
that processing techniques can reduce the concentration of 
mycotoxin. Also, the extrusion technique reduces AFs by 
50% to 80%, depending on the processing temperature and 
granule moisture content reduction (Shanakhat et al. 2018, 
Kabak 2006).

The growth rate parameters were recorded to track 
the development of Oreochromis niloticus. The growth 
observations recorded might be because of aflatoxin 
concentrations inside the experimental feed. The reduced 
weight gain observation at the TD2 of this experiment 
confirmed the report of low or reduced weight gain 
stated by Deng et. al. (2010) and Anh Tuan et. al. (2002), 
where fingerlings of Nile tilapia were given aflatoxin-B1 
contaminated feed for 20 days, 25 days, and 56 days, 
respectively. Although the concentration of aflatoxin in 
TD2 (24.743 µg.kg-1) was not the highest, TD8 had higher 
concentrations, but the improved weight gain at TD8 may 
be a result of the mitigating effect of turmeric over aflatoxin 
and its ability to improve weight gain (Teich et al. 2017, 
Shawky et al. 2022). The improved AWG recorded in TD6, 
TD7, TD8 and other treatments may be due to the addition of 
garlic and turmeric in them. Therefore, the presence of garlic 
and turmeric may be the reason for the improved weight 
gain recorded in the experiment, despite the concentration 
of total aflatoxin present in the feed; this was also observed 
by Saber et al. (2010). The inclusion of garlic extract in the 
feed of Juvenile Acipenser ruthenus demonstrated a notable 

improvement in feed efficiency and weight gain over a 10-
week feeding period (Lee et al. 2012).  Bello et.al. (2012) 
corroborated this importance of plant extracts when they 
observed a comparable rise in weight growth in Clarias 

gariepinus given meals supplemented with leftover walnut 
leaves and onion bulbs.

The feed intake at TD2 was significantly low (P<0.05) 
compared to others, which may be a result of the feed 
contamination with Aspergillus flavus, because there was a 
better feed intake in the feed without the fungi. Meanwhile, 
TD8 had a similar concentration level of aflatoxin  
(25.431 µg.kg-1) with TD2 (24.743 µg.kg-1), but the increase 
in the feed intake in TD8 and other treatments may be 
a result of the pleasant odour from these plant extracts 
(Hasegawa et al. 2015). In agreement with this, Agbon et al. 
(2013) stated that there is a low response to feed by juvenile 
Clarias gariepinus fed aflatoxin B1 contaminated feed for 
12 weeks. Meanwhile, other treatments with the inclusion 
of garlic and turmeric responded well to the feed, and it may 
be assumed that the taste of these spices is responsible for it. 
This is also observed by Agbebi et al. (2013) that there is an 
increase in the feed intake of Clarias gariepinus fed a diet 
mixed with ginger compared to the one without ginger for 
56 days. Comparing the feed intake with the treatment with 
the turmeric inclusion was better than that of garlic; this may 
be because turmeric has a more pleasant smell than garlic 
and a brighter color. According to this research, garlic or 
turmeric may have effects on the feed acceptability, which 
will directly influence the weight gain of the fish. 

Therefore, this research showed that the reduced or 
no concentration of aflatoxin in the feed can improve the 
weight gain of Oreochromis niloticus. On the other hand, 
the acceptability of the feed with the inclusion of garlic and 
turmeric may be responsible for the improved weight gain 
experienced in this research. Meanwhile, TD3 had the lowest 
feed intake value but with a better weight gain compared to 
TD2, meaning that the plant extracts also have effects on the 
weight gain apart from the feed acceptability. 

According to the proximate analysis of the feed and 
the subsequent protein intake by each treatment, TD6 had 
the highest protein intake compare to others but in protein 
efficiency ratio TD1 had the highest, this maybe as a result 
of the absence of plant extracts (garlic and turmeric) and low 
level of aflatoxin concentration in the feed that is responsible 
for the effective utilization of the quantity of PI available for 
the treatment.  There was no difference in the PER of feed 
with turmeric inclusion (TD6, TD7 and TD8). This result was 
similar to what was discovered by Onyeniyoma et al. (2024) 
when broilers fed with turmeric inclusion feed had low PER 
despite being fed with high protein intake. This may probably 
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be as a result of the presence of anti-nutritional factors in 
plant extracts like flavonoids, alkaloids, tannin, phytate and 
saponin that are associated with nutrient impairment (Ari et 
al. 2012). It is noted from this research that the presence of 
aflatoxin in feed may not necessarily affect the PER, and 
plant garlic and turmeric may not improve the PER.

The feed conversion ratio, which can relate to how 
economical the feed is or the utilization of the feed by the 
fish, has its highest value in the TD2, which was significantly 
different from the others in the group. These results may 
be attributed to the deteriorating effects of aflatoxin on 
the food conversion of the fish, which was in confirmation 
of the report of Ghafarifarsani et al. (2021). TD6 after the 
experimental period had the best feed conversion ratio, which 
is significantly different from the others in the group. 

The specific growth rate at TD2 and TD3 during the 
experimental period was significantly lower (P<0.05) 
compared to others in the group. The specific growth rate 
value recorded in the TD2 and TD3 might be due to the 
aflatoxin contamination and the low quantity of the garlic 
inclusion level, respectively. This was also supported by 
Ghafarifarsani et al. (2021) when rainbow trout were fed with 
aflatoxin B1 and zearalenone-contaminated feed.

The experimental fish used appeared to be in good 
condition during the experimental period, while fish survival 
was 100%. Fish respond differently to aflatoxin depending 
on the concentration and length of exposure (Zhang et 
al. 2021). Ten (10) weeks of exposing the fingerlings of 
Oreochromis niloticus to 50 ppb of aflatoxin-contaminated 
feed showed little or no effect on the performance of the fish 
(El-Banna et al. 1992). On the contrary, Effiong & Alatise 
(2009) in their research observed a low survival rate of 
catfish (Heterobranchus longifilis) when they were given 
mold-contaminated feed for 6 weeks. In fish, it has been 
commonly reported that aflatoxicosis comes with serious 
health challenges, poor growth rates, and reduced appetites 
(Sotolu et. al. 2014, Cagauan et. al. 2004). This research 
may not be able to ascertain the impact of the aflatoxin-
contaminated feed on the experimental fish, but reports of 
Agbon et al. (2013) and Agbebi et al. (2013) established 
that aflatoxicosis has a negative effect on the biochemical 
and histological aspects of Clarias gariepinus, respectively.

The water quality parameters (temperature, pH, 
conductivity, dissolved oxygen and total dissolved solids) 
recorded weekly during the experiment were within the 
recommendations by the legislation (Boyd 2003, Davis 
1993, FAO 2006), so the experimental feed did not have an 
influence on zootechnical parameters of juvenile O. niloticus. 
Fish survive and grow best in water within the recommended 
water quality parameters.  

CONCLUSIONS

In conclusion, the addition of garlic and turmeric improved 
the feed intake, weight increase, and feed conversion ratios 
of Nile tilapia (Oreochromis niloticus) despite aflatoxins, 
indicating their potential to lessen the negative impacts of 
mycotoxins. The results highlight how important it is to 
implement natural detoxifying techniques to improve food 
safety and sustainability in aquaculture, especially in areas 
where mycotoxin contamination is a problem. However, 
turmeric at 20 g.kg-1 produced the most advantageous 
results among the treatments, achieving the highest weight 
gain, specific growth rate, and feed conversion ratio, while 
ensuring a 100% survival rate across all treatments.

The research was just a 10-week feeding trial and did not 
examine the long-term physiological or histological impacts 
of aflatoxin exposure or the incorporation of plant extracts. 
Also, only two plant-based additives (garlic and turmeric) 
were tested, and their bioactive compound concentrations 
were neither standardized nor quantified. These can be for 
future research alongside the residual aflatoxin levels in 
fish tissues.

REFERENCES
Abila, R.O., 2003. Food safety in food security and food trade: Case 

study: Kenyan fish exports. 2020 Vision for Food, Agriculture and 

Environment, International Food Policy Research Institute, Washington, 
DC, pp.1-15. [DOI]

Agbebi, O.T., Ilesanmi, A.I. and Abdulraheem, I., 2013. Additive potentials 
of Zingiber officinale on the aflatoxin secreted in waste mould feed 
fed to Clarias gariepinus (Burchell, 1822). International Journal of 

Biological and Chemical Sciences, 7(1), pp.236-246. http://ajol.info/
index.php/ijbcs

Agbon, A.O., Omotainse, S.O., Alegbeleye, W.O. and Ilesanmi, A.I., 
2013. Effects of aflatoxin B1-contaminated feed on the hematological 
parameters of juvenile Clarias gariepinus (Burchell, 1822). Journal 

of Aquatic Sciences, 28(1), pp.69-81.
Anh Tuan, N., Grizzle, J.M., Lovell, R.T., Manning, B.B. and Rottinghaus, 

G.E., 2002. Growth and hepatic lesions of Nile tilapia (Oreochromis 

niloticus) fed diets containing aflatoxin B1. Aquaculture, 212, 
pp.311–319. [DOI]

AOAC, 2006. Official Methods of Analysis. 18th Edition, Association of 
Official Analytical Chemists, Gaithersburg, MD, pp.1-1200.

Ari, M.M., Ayanwale, B.A., Adama, T.Z. and Olatunji, E.A., 2012. 
Evaluation of the chemical composition and antinutritional factors 
(ANFs) levels of different thermally processed soybeans. Asian Journal 

of Agricultural Research, 6, pp.91-98. [DOI]
Arnanson, T., Björnsson, B.R., Steinarsson, A. and Oddgeisson, M., 2009. 

Effects of temperature and body weight on growth rate and feed 
conversion ratio in turbot (Scophthalmus maximus). Aquaculture, 295, 
pp.218-225. [DOI]

Barbas, C., Dams, A. and Majors, R.E., 2005. Separation of aflatoxins by 
HPLC. Agilent Technologies, 2005 (5989-3634EN), pp.1-12.

Bello, O.S., Olaifa, F. and Emikpe, B., 2012. The effect of walnut 
(Tetracarpidium conophorum) leaf and onion (Allium cepa) bulb residues 
on the growth performance and nutrient utilization of Clarias gariepinus 
juveniles. Journal of Agricultural Science, 4, pp.205-214. [DOI]

Https://doi.org/%2010.4236/oalib.1101472
http://ajol.info/index.php/ijbcs
http://ajol.info/index.php/ijbcs
HTTPS://DOI.ORG/10.1016/S0044-8486(02)00021-2
https://doi.org/10.3923/ajar.2012.91.98
http://dx.doi.org/10.1016/j.aquaculture.2009.07.004
https://doi.org/10.5539/jas.v4n12p205


9

Nature Environment and Pollution Technology • Vol. 25, No. 1, 2026

www.neptjournal.com

Bennett, J.W. and Klich, M., 2003. Mycotoxins. Clinical Microbiology 

Reviews, 16(3), pp.497–516. [DOI]
Biomin, 2017. Science & Solutions. Herzogenburg, Austria: BIOMIN 

Holding GmbH, pp.1-50.
Boyd, C.E., 2003. Guidelines for aquaculture effluent management at 

farm-level. Aquaculture, 226, pp.101-112. [DOI]
Cagauan, A. and Tayaban, R., 2004. Effect of aflatoxin-contaminated 

feeds in Nile tilapia (Oreochromis niloticus L.). In: Proceedings of 
the 6th International Symposium on Tilapia Aquaculture, Manila, 
Philippines, pp.172–178.

Commission of European Communities, 2003. Commission directive 
2003/100/EC. Official Journal Eurocommunities, 285, pp.33–37.

Davis, J., 1993. Survey of aquaculture effluents permitting and 1993 
standards in the South. Aquaculture Reports, 12, pp.1-25.

Deng, S.X., Tian, L.X., Liu, F.J., Jin, S.J., Liang, G.Y., Yang, H.J., Du, 
Z.Y. and Liu, Y.J., 2010. Toxic effects and residue of aflatoxin B1 in 
tilapia (Oreochromis niloticus x O. aureus) during long-term dietary 
exposure. Aquaculture, 307, pp.233–240. [DOI]

Effiong, B.N. and Alatise, S.P., 2009. Effect of mould infested feeds on 
the growth and survival of Heterobranchus longifilis fingerlings. 
Science Pub. Report and Opinion, 1(3), pp.9-14.

El-Banna, R., Teleb, H.M., Hadi, M.M. and Fakhry, F.M., 1992. 
Performance and tissue residue on tilapia fed dietary aflatoxin. 
Journal of Veterinary Medicine, Giza, 40, pp.17-23.

FAO (Food and Agriculture Organization of the United Nations), 2006. 
State of World Aquaculture. FAO Fisheries Technical Paper 500. 
Rome: FAO Fisheries Department, pp.1-180.

Ghafarifarsani, H., Imani, A., Niewold, T.A., Pietsch-Schmied, C. and 
Moghanlou, K.S., 2021. Synergistic toxicity of dietary aflatoxin B1 
(AFB1) and zearalenone (ZEN) in rainbow trout (Oncorhynchus 

mykiss) is attenuated by anabolic effects. Aquaculture, 541, 736793. 
[DOI]

Hasegawa, T., Nakatani, K., Fujihara, T. and Yamada, H., 2015. Aroma of 
turmeric: Dependence on the combination of groups of several odor 
constituents. Natural Product Communications, 10(6), pp.1047–1050. 
[DOI]

Hung, S.S.O., Aikins, K.F., Lutes, P.B. and Xu, R., 1989. Ability of 
juvenile white sturgeon (Acipenser transmontanus) to utilize different 
carbohydrate sources. Journal of Nutrition, 119(5), pp.272-733.

Ilesanmi, A.I., Bubu-Davies, O.A., Osemwegie, O.O., Abu, O.M.G., Dan-
Ologe, I.A. and Ayegba, E.O., 2024. Effect of pelleting on the total 
aflatoxin concentration in fish feed. In: A.E. Obayelu, O.M. Olosunde 
and P.B. Abdulsalam-Saghir (eds.), Advances in Fish Feed Science. 
Fictitious Press, pp.45-56.

Kabak, B., Dobson, A. and Var, I., 2006. Strategies to prevent mycotoxin 
contamination of food and animal feed: A review. Critical Reviews 

in Food Science and Nutrition, 46(8), pp.593–619. [DOI]
Lee, D.H., Ra, C.S., Song, Y.H., Sung, K.I. and Kim, J.D., 2012. Effects 

of dietary garlic extract on growth, feed utilization and whole body 
composition of juvenile sterlet sturgeon (Acipenser ruthenus). Asian-

Australasian Journal of Animal Sciences, 25(4), pp.577–583. [DOI]
Marijani, E., Kigadye, E. and Okoth, S., 2019. Occurrence of fungi and 

mycotoxins in fish feeds and their impact on fish health. International 

Journal of Microbiology, Article ID 6743065, pp.1–17.
Ndong, D. and Fall, J., 2011. The effect of garlic (Allium sativum) 

on growth and immune responses of hybrid tilapia (Oreochromis 

niloticus x Oreochromis aureus). Journal of Clinical Immunology 

and Immunopathology Research, 3(1), pp.1–9.
Neme, K. and Mohammed, A., 2017. Mycotoxin occurrence in grains and 

the role of postharvest management as mitigation strategies: A review. 
Food Control, 78, pp.412–425. [DOI]

Nešić, K., 2018. Mycotoxins – climate impact and steps to prevention 
based on prediction. Acta Veterinaria-Beograd, 68(1), pp.1–15. [DOI]

Odoemelam, S.A. and Osu, C.I., 2009. Evaluation of the phytochemical 
content of some edible grains marketed in Nigeria. E-Journal of 

Chemistry, 6(4), pp.1193–1199. [DOI]
Ogunbanwo, S., Enitan-Folami, A., Emeya, P. and Okanlawon, B., 2019. 

Influence of lactic acid bacteria on fungal growth and aflatoxin 
production in ogi, an indigenous fermented food. Advances in Food 

Sciences, 27(4), pp.1–10.
Onyeniyoma, O.I., Ari, M.M. and Adu’a, M.M., 2024. Effects of turmeric 

(Curcuma longa) and Quantum Blue® as phytogenic and exogenous 
enzyme supplements on the performance of broiler chickens. In: 
Proceedings of the 49th Conference of the Nigerian Society for Animal 

Production, Univ. of Ibadan, Nigeria, pp.24–27 March, 2024, pp.45–52.
Pietsch, C., 2020. Food safety: The risk of mycotoxin contamination in 

fish. IntechOpen. [DOI]
Pitt, J.I., 2000. Toxigenic fungi and mycotoxins. British Medical Bulletin, 

56(1), pp.184–192. 
Rodrigues, A.P.O., Gominho-Rosa, M.D.C., Cargnin-Ferreira, E., Francisco, 

A. De. and Fracalossi, D.M., 2011. Different utilization of plant sources 
by the omnivores jundiá catfish (Rhamdia quelen) and Nile tilapia 
(Oreochromis niloticus). Aquaculture Nutrition, 18(1), pp.65–72. [DOI]

Saber, A.S., Hoda, A.M. and Hawazen, A.L., 2010. Protective effect of 
ginger (Zingiber officinale) on adriamycin–induced hepatotoxicity in 
albino rats. Journal of Medicinal Plants Research, 5(1), pp.133–140.

SAS Institute Inc., 1999. SAS User’s Guide: Statistics. SAS Institute, Cary, 
NC, pp.1–1024.

Sepahdar, A., Ebrahimzadeh, H.A., Sharifpour, I., Khorsaivi, A., Motallebi, 
A.A., Mohseni, M., Kakoolaki, S., Pourali, H.R. and Hallajian, A., 
2009. Effects of different dietary levels of AFB1 on survival rate and 
growth factors of beluga (Huso huso). Iranian Journal of Fish Science, 
9, pp.141–150.

Shanakhat, H., Sorrentino, A., Raiola, A., Romano, A., Masi, P. and Cavella, 
S., 2018. Current methods for mycotoxins analysis and innovative 
strategies for their reduction in cereals: An overview. Journal of the 

Science of Food and Agriculture, 98, pp.4003–4013.
Shawky, S., Fathalla, S., Orabi, S., El-Mosalhi, H. and Said, I., 2022. 

Turmeric powder supplementation in broiler diet improves growth 
performance and immunity via increasing mRNA expression of 
growth hormone, insulin-like growth factor-1, interferon gamma and 
interleukin12. Research Square. [DOI]

Sotolu, A.O., Sule, S.O., Oshinowo, J.A. and Ogara, I.M., 2014. Implication 
of aflatoxin in fish feeds and management strategies for sustainable 
aquaculture. PAT, 10, pp.38–52. Southern Regional Aquaculture Centre, 
SRAC Publication No. 465, USA, 4pp.

Teich, T., Pivovarov, J.A., Porras, D.P., Dunford, E.C. and Riddell, M.C., 
2017. Curcumin limits weight gain, adipose tissue growth, and glucose 
intolerance following the cessation of exercise and caloric restriction 
in rats. Journal of Applied Physiology (Bethesda, Md.: 1985), 123(6), 
pp.1625–1634. [DOI]

WHO (World Health Organization), 2004. Guidelines for Drinking Water 

Quality Recommendations, 1, pp.515. Geneva: WHO.
Zhang, Z., Jiang, Z., Lv, H., Jin, J., Chen, L., Zhang, M., Du, Z. and Qiao, 

F., 2021. Dietary aflatoxin impairs flesh quality through reducing 
nutritional value and changing myofiber characteristics in yellow catfish 
(Pelteobagrus fulvidraco). Animal Feed Science and Technology, 274, 
114764. ISSN 0377-8401.

https://doi.org/10.1128/CMR.16.3.497-516.2003
https://doi.org/10.1016/S0044-8486(03)00471-X
HTTPS://DOI.ORG/%2010.1016/j.aquaculture.2010.07.029
HTTPS://DOI.ORG/10.1016/j.aquaculture.2021.736793
HTTPS://DOI.ORG/10.1177/1934578X1501000663
HTTPS://DOI.ORG/%2010.1080/10408390500436185
https://doi.org/10.5713/ajas.2012.12012
https://doi.org/10.1016/j.foodcont.2017.03.012
https://doi.org/%2010.2478/acve-2018-0001
https://doi.org/10.1155/2009/820421
https://doi.org/10.5772/intechopen.89002
https://doi.org/10.1111/j.1365-2095.2011.00877.x
https://doi.org/10.21203/rs.3.rs-1745068/v1
https://doi.org/10.1152/japplphysiol.01115.2016

