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Abstract 

The study investigated the contamination of stored crop grains used as 

fish feed in Iraq by fungi capable of producing Ochratoxin A (OTA) and 

assessed its impact on fish farming and health. A survey revealed that 

all tested grain samples were contaminated with various fungi, with 

Aspergillus niger being the most prevalent. Among 1,400 isolates of A. 

niger, nine were confirmed to produce OTA at varying levels. The 

highest OTA concentration (80.90 µg/kg) was recorded for isolate 

ANK1, while the lowest (35.9 µg/kg) was found in isolate ANA1. 

Molecular and morphological diagnoses of the toxin-producing isolates 

were consistent, and their genomic sequences were archived in the 

NCBI database under accession codes OR452868.1 and OR449322.1. 

Chromatographic analysis detected OTA contamination in five out of 

nine samples, with the highest contamination level (6.90 µg/kg) found 

in sample K1F. Contamination impacted fish growth and health, 

increasing mortality rates to 10.8% compared to 3.5% in the control. 

Weight loss percentages ranged from 13.7% to 27.2% over 60 to 180 

days. Blood analysis showed decreased WBC, RBC, HGB, MCHC, and 

PLT levels, while HCT levels significantly increased. The findings 

underscore the risks posed by OTA contamination to fish farming and 

emphasize the need for improved feed safety measures. 
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introduction  

       Many field crop grains, such as wheat, barley, maize, and others, are infected in the 

field, during harvest, and in the storeroom by many fungi belonging to the genera 

Aspergillus spp., Penicillium spp., Fusarium spp., Alternaria, Rhizopus, Rhizoctonia, 

Trichoderma, Stemphylium, and other fungi [1].  Many of these fungi raise concerns and 

risks because they produce toxic compounds called mycotoxins, especially aflatoxins, 

ochratoxins, fumansins, and others  [2]. Recently, the use of field crop grains in the 

production of animal feed for feeding fish has increased. It is a mixture of products of plant 

origin in their natural state, fresh or preserved, or products derived from their industrial 

processing, for oral feeding in the form of complete feed, providing the necessary nutrients 
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to support the life of the animal. This new trend of using plant-based materials in aquafeeds 

faces great challenges, the most important of which is the contamination of these 

components with potentially toxic fungi, especially when they are contaminated with the 

two fungi A. flavus and A. niger, which are widely spread in stored crop grains and cause 

significant contamination with toxins. Fungi such as aflatoxins and ochratoxins, as the 

mycotoxin ochratoxin A was detected in grains of maize, wheat, and barley intended for 

the production of fish feed [3] The researchers also recorded particularly high levels of the 

mycotoxin ochratoxin in soybeans. [4] While in another study, ochratoxin was detected in 

samples of soybeans, bran, corn bran, and other grains from fish farms [5]. 

     The use of plant crops or grains in fish feed leads to an increased risk of contamination 

with fungi and mycotoxins and a higher incidence of mycotoxicosis in fish [6]. This may 

reduce the productivity of aquaculture and thus lead to the occurrence of mycotoxicosis, 

and as a result there will be a decrease in Body weight, poor growth, and higher rates of 

disease and mortality in fish. In addition, some mycotoxins in fish may accumulate in the 

muscular system. These risks are transmitted to humans through the food chain [7]. 

 

Materials and research methods   

Sample collection 

     Forty eight different samples of stored field crop grains in their individual forms wheat, 

barley, yellow corn, and soybeans, mixed in the form of manufactured local fish feed and 

samples of imported feed, were collected randomly from eight laboratories for the 

production of animal feed, with two laboratories for each governorate, which included the 

governorates of Baghdad, Karbala, and Babylon. And Anbar. Three replicates per sample, 

with weights of 2-4 kg per replicate. 

Isolation and identification of the fungus Aspergillus niger associated with wheat, 

barley, maize, soybeans, and fish feed. 

     The grains were surface sterilized with a 2% sodium hypochlorate solution for one 

minute, then washed with distilled water, dried with Whatman No.2 filter paper, and 

planted in Petri dishes containing PDA culture medium, with 100 grains for each sample, 

and then the dishes were incubated at a temperature of (25 ± 2°C). for a period of 3-5 

days), after which the fungi accompanying and contaminating the grains, A. niger, were 

isolated. Toxin-producing isolates were identified and confirmed according to the 

taxonomic key [8] and the phenotypic characters mentioned by[9,10,11,12,13] Fungi to 

the species level using molecular methods. 

Detection of the ability of fungal isolates to produce the mycotoxin Ochratoxin A  

Development of fungal isolates to produce mycotoxins 

     To detect the ability of fungal isolates to produce mycotoxins, nine fungal isolates of 

the fungus A. niger were grown on sorghum medium. The medium treated with the fungal 

isolates was incubated for 21 days at a temperature of 25±2 °C for nine isolates belonging 

to the fungus A. niger (Table 1) with stirring. Continuously to ensure the mushroom is 

distributed throughout all parts of the medium. 
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Table (1): Coding of fungal isolates grown on sorghum media to detect their ability to 

produce the mycotoxin Ochratoxin A. 
Samples from which it was isolated Symbol of 

isolation 

Isolated fungi No 

Isolated from the local bush/Al-Anbar 

1/Fallujah laboratory 

AN A 1 A. niger  1 

Isolated from the local shrub/Al-Anbar 

Laboratory 2/Al-Saqlawiyah 

A N A 2 A. niger  2 

Isolated from the local bush / Baghdad 1 

laboratory / Yusufiyah 

A N B 1 A. niger 3 

Isolated from the local bush / Baghdad 

Laboratory 2 / Mahmoudiyah 

A N B 2 A. niger  4 

Isolated from the local bush / Babylon 1 

laboratory / Al-Musayyib  

A N H 1 A. niger  5 

Isolated from the local bush / Babylon 2 

laboratory / Al-Mahawil 

A N H 2 A. niger  6 

Isolated from the local bush / Karbala 1 

laboratory / Hindia 

A N K 1 A. niger  7 

Isolated from the local bush / Karbala 2 

laboratory / Al-Hurr 

AN K 2 A. niger  8 

Isolated from imported bushes / Anbar / 

Fallujah 

A N F A. niger  9 

 

Ochratoxin A mycotoxin extraction 

    Samples of white corn grains on which the fungal isolates were grown were ground 

using an electric grinder to obtain fine and homogeneous particles. Then 10 grams of 

powder from each sample was weighed and added to the extraction solution (methanol 

CH₄O: potassium chloride KCL 4%) at a ratio of (1:9) and in a volume of 60 ml, until it 

became homogeneous. The mixture was obtained using an electric shaker (45 minutes, 

200 rpm, room temperature). The mixture was filtered after 24 hours with Whatman No.2 

filter paper (primary filter), from which 30 ml was taken and mixed well with 30 ml 

ammonium sulphate solution (NH₄). )₂SO₄ 30%, then filtered again in the same way[14]. 

Purification of the extract of Ochratoxin A 

     The initial extract of the toxins was purified using a chromatographic column 50 cm × 

12 mm prepared according to the method used by [15] by activating the silica gel by 

heating it in an electric oven (130 °C, 45 minutes) with a wool ball placed at its base. 

Then add 0.5 g of anhydrous sodium sulfate (Na₂SO₄) to give an equal base for the silica 

gel. After that, add CHCL₃ until the column is approximately half full, then slowly add 

2.0 g of silica gel while washing the sides of the column with chloroform CHCL₃. Stir the 

mixture with a glass rod to remove the formed air bubbles. To compact the silica, the 

CHCL₃ was pulled to the bottom, leaving a distance of 3 cm above the silica gel to avoid 
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drying out of the column. After that, 0.5 g of anhydrous sodium sulfate (Na₂SO₄) was 

added, and thus the column was ready for use. 

     The previously prepared extract was added and placed slowly in the column. Then the 

final filtrate was collected in opaque vials (25 mL). Separation was done by adding 50 

mL of chloroform (CHCL₃). The mixture was placed in a separating funnel and shaken 

well, taking care to open the valve from time to time to empty the formed gases. It was 

left on the stand for separation. It was neglected. The upper layer and the process was 

repeated twice, then the filtrate was passed over 10 g of anhydrous sodium sulphate 

(Na₂SO₄). The solvent was evaporated at a temperature of 50 °C and the filtrate was kept 

in an opaque Vilas (2.0 mL, at a temperature of -20 °C) until qualitative and quantitative 

detection was performed [14] . 

Equip standard poison 

    The standard material for the toxin, Ochratoxin A purity˃98.9% (2mg), was prepared 

from Segma-Aldrich (Germany) and stored at a temperature of -20°C until analysis was 

performed. 

Qualitative detection and quantitative determination of Ochratoxin A using HPLC 

technology for fungal isolates 

    Chromatographic analysis was conducted at the Ministry of Science and 

Technology/Department of Environmental and Water Research and Technology using a 

high performance liquid chromatographic (HPLC) system (SYKAMN, Germany) 

coupled to an RF-10A XL fluorescence detector. OTA toxin separation was performed 

using a C18 reversed phase column. (150mm × 4.6 mm, 3.5 μm), fluorescent reagent: 

(FLD, exc=333 nm, em=460 nm; gain=100) The sample was filtered at a flow rate of 1 

ml/min and the injection volume was 10 μl. The mobile phase was a mixture of 

acetonitrile/water/acetic acid (99:99:2, v/v/v) and the column temperature was 30 °C [16]. 

Detection of the mycotoxin Ochratoxin A in fish feed samples 

     This test was carried out to detect contamination of animal feed manufactured for 

feeding fish with mycotoxins, regardless of its contamination with associated fungi. The 

mycotoxin Ochratoxin A was extracted from these studied samples: 9 main samples 8 

local pellet samples made from collecting stored grains for each laboratory and one feed 

sample. Imported Babel / Al-Musayyab (detection and quantification using a high-

performance liquid chromatography (HPLC) system. 

Molecular diagnosis of fungal isolates of Ochratoxin A 

      Two isolates of the fungus Aspergillus niger were targeted according to their ability 

to produce mycotoxins. The highest producing isolate of ochratoxin and the lowest 

producing isolate of the fungus  A. niger were selected to study the genetic and hereditary 

structure between the ability of these isolates to produce mycotoxins, which were 

determined by analyzing the sequence of DNA bases. And compared to the genomes of 

previously diagnosed isolates, the PCR products were sent to Macrogen Company in 

South Korea for the purpose of determining the nucleotide sequence of the genetic region 

Internal Transcribed Spacer ITS. After receiving the nucleotide sequences of the fungal 
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isolates, the sequences were analyzed using the Basic Local Aligment Search Tool 

(BLAST) program to compare them with the data. Available at the National Center for 

Biotecnology Information (NCBI) within the electronic gene bank that belongs to the 

same fungal isolates that have been diagnosed globally. [17] 

     The fungal isolates that did not match any of the nucleotide sequences were registered 

100% at NCBI. Nucleotide analyzes were also conducted using the MEGA Neighbor 

joining, which was built from the nucleotide molecular sequence of the ITS region 

belonging to each of the isolates [18] . 

Biotests of the effect of feed contaminated with mycotoxins on fish growth. 

    This experiment was carried out in early June 2022 in one of the areas of Al-Musayyib 

District (Abu Luka), where three floating cages were used in the Euphrates River. Small 

fish (hatches) were placed at a rate of 100 grams and 500 hatchlings per cage, with a total 

of 1,500 carp hatchlings. Using the imported diet remaining from the previous experiment 

(testing storage periods) in feeding the fish. Which was contaminated with each of the 

fungal isolates, ANK 2, the highest ochratoxin A-producing isolate from the fungus A. 

niger. Adding this feed to the fish and feeding them for six months [19] 

     The results were taken periodically, as the weights and deaths of each cage were 

checked in three stages. Every two months from the beginning of feeding and comparing 

the results. The examination was carried out at three times for each cage using a plastic 

box. It calculates the total weight and number of fish, and the total number of fish for each 

stage. 

Average weight of one fish = (total weights)/(fish to total number) x 100%  

     After the end of each stage of the experiment every 2 months, the final results of 

weights and deaths were taken, as well as an analysis of the blood parameters of these 

fish along with some anatomical characteristics of the fish to study the effect of 

mycotoxins on them. 

 

Results and Discussion 

Isolation and diagnosis of the fungus Aspergillus niger associated with study samples. 

     The results of the microbial survey showed that all stored grain samples were 

contaminated with various fungal isolates. The survey included stored field crop grains, 

including wheat, barley, yellow corn, and soybeans in their individual forms and mixed 

in the form of local and imported animal feed, from eight laboratories for the production 

of animal feed, with two laboratories for each governorate, which included the 

governorates of Baghdad. Karbala, Babylon, and Anbar. The survey showed that all of 

these samples were contaminated with many fungal isolates, which are characterized by 

their great danger due to their high ability to produce mycotoxins. 

    The most abundant and frequent fungal genera was A. niger (Table 2 and Figure 1), 

with the highest occurrence rates reaching 100% in stored grains and local feed, and 50% 

in imported feed, with a total of 1,400 isolates. Yellow corn topped the list with the highest 
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number of isolates, reaching 333 isolates from all samples, followed by wheat, with 311 

isolates, and third place was 276 isolates, represented by soybean grains, while the least 

contamination was in imported fish feed samples, which amounted to only 8 isolates. 

Table (2): Level of contamination of study samples with the fungus Aspergillus niger 

the 

total 

Anbar Governorate Babylon Governorate Karbala Governorate Baghdad Governorate Source 

The 

second 

laborator

y 

The first 
laboratory 

The second 
laboratory 

The first 

laboratory 

 

The second 
laboratory 

The first 
laboratory 

 

The second 

laboratory 

The first 

laboratory 

311 38 38 42 39 36 37 39 42 
Wheat 

grains 

264 32 34 32 31 41 31 29 34 
Barley 

grains 

333 42 40 42 45 39 42 39 44 
Yellow corn 

grains 

276 32 34 36 31 38 36 38 31 
Soybean 

beans 

208 23 26 28 92 24 26 28 24 Local bush 

8 2 3 0 0 1 2 0 0 
Imported 

blackberries 

1400 169 175 180 175 179 174 173 175 The total 

 

  

   

Figure (1): Models of contamination of study samples with isolates of A. niger 
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Detecting the ability of Aspergillus niger isolates to produce Ochratoxin A 

     The results of chromatographic analysis using HPLC technology showed that all nine 

fungal isolates of the fungus A. niger showed a great ability to produce the toxin 

Ochratoxin A in varying proportions as well (Table 3 and Figure 2), as the highest 

production concentrations reached 80.90 µg/kg for the fungal isolate ANK1, followed by 

the fungal isolate ANK2 at a rate Ochrotoxin production reached 74.50 micrograms/kg. 

Then came the two isolates from Baghdad Governorate, where the ability of isolate ANB2 

to produce ochratoxin reached 72.60 micrograms/kg. Isolate ANB1 reached 68.90 

micrograms/kg. While the ANF fungal isolate isolated from the imported forage and the 

Fallujah group, Anbar Governorate, recorded the lowest level of mycotoxin ochratoxin 

production, amounting to 22.90 micrograms. 

      These results are consistent with many previous studies, which indicate that the main 

producer of ochratoxin is the fungus A. niger, as in the study of It has also been proven 

that Ochratoxin A is produced primarily by A.niger [20] While the variation of isolates in 

producing mycotoxins is attributed to the genetic ability of the fungal isolate, and the 

preferential conditions suitable for each isolate to produce a specific toxin, mainly 

humidity and temperature during storage [21] . 

 

Table (3): Ability of Aspergillus niger isolates to produce Ochratoxin A 

OTA(ppb) Isolation place Symbol of 

isolation 

isolation 

Fungal isolation       No 

142.5 Local fish feed / Laboratory 1 / 

Anbar 

AN A 1 A. niger1  1 

155.9 Local fish feed / Laboratory 2 / 

Anbar 

ANF A 2 A. niger 2 2 

142.8 Local fish feed / Laboratory 1 / 

Baghdad 

AN B 1 A. niger 3 3 

134.9 Local fish feed / Laboratory 2 / 

Baghdad 

AN B 2 A. niger4  4 

174.9 Local fish feed / Laboratory 1 / 

Babylon 

A N H 1 A. niger 5 5 

170.8 Local fish feed / Lab 2 / 

Babylon 

AN H 2 A. niger 6 6 

214.5 Local fish feed / laboratory 1 / 

Karbala 

AN K 1 A. niger 7 7 

226.9 Local fish feed / laboratory 2 / 

Karbala 

AN K 2 A. niger 8 8 

42.65 Imported fish 

feed/Fallujah/Anbar 

A NF A. niger  9 9 
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Ability of the fungal isolate A.niger (ANA1) to 

produce OTA 

Ability of the fungal isolate A.niger (ANA2) to produce 

OTA 

  
Ability of the fungal isolate A.niger (ANB1) to 

produce OTA 

Ability of the fungal isolate A.niger (ANB2) to produce 

OTA 

 

  
Ability of the fungal isolate A.niger (ANH1) to 

produce OTA 

Ability of the fungal isolate A.niger (ANH2) to produce 

OTA 

  
Ability of the fungal isolate A.niger (ANK1) to 

produce OTA 

Ability of the fungal isolate A.niger (ANK2) to produce 

OTA 
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Ability of A.niger (ANF) fungal isolate to produce 

OTA 

Standard substance for OTA toxin at a concentration of 

10 ppb ) 

  

Figure (2): Quantitative and qualitative estimation of OTA toxin produced from isolates 

of the fungus Aspergillus niger 

Detection of mycotoxin Ochratoxin A in fish feed samples 

    Chromatographic analysis to detect contamination with ochratoxin A showed that five 

out of nine samples were free of contamination with the mycotoxin ochratoxin, which are 

(the local Anbar samples (A1F and A2F), the local Babylon samples (H1F and H2F), and 

the imported Babylon sample (H1FF)) (Table 4, Figure 3) While four samples appeared 

to be contaminated with ochratoxin in varying proportions, with the highest percentage 

of ochratoxin A contamination recorded, reaching 6.90 micrograms/kg for sample K1F, 

followed by B2F, K2F, and B1F at concentrations (6.20, 5.70, and 5.50 micrograms/kg, 

respectively). 

    The absence of contamination with mycotoxins in some samples, despite the fact that 

they are accompanied by some fungi known for their ability to produce these toxins, may 

be due to good storage conditions, or they will not be exposed to sufficient storage periods 

for the fungi to be active and produce mycotoxins in them [22] The discrepancy between 

the concentration of Mycotoxins in samples contaminated with mycotoxins are mainly 

due to climatic conditions and water activity during storage that favor fungal growth and 

mycotoxin production [23] Although the samples were contaminated with small levels of 

the mycotoxin ochratoxin, they exceed the maximum limits permitted by the European 

Union for all samples, which are 5 micrograms/kg. 
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Table (4): Contamination of local and imported fish feed samples with Ochratoxin A 
OTA (ppb ) Sample code Sample type No 

UDL A 1 F Local fish feed / Laboratory 1 / Anbar 1 

UDL A 2 F Local fish feed / laboratory 2 / Anbar 2 

5.5 B 1 F Local fish feed / Laboratory 1 / Baghdad 3 

6.2 B 2 F Local fish feed / Laboratory 2 / Baghdad 4 

UDL H 1 F Local fish feed / Laboratory 1 / Babylon 5 

UDL H 2 F Local fish feed / Laboratory 2 / Babylon 6 

6.9 K 1 F Local fish feed / laboratory 1 / Karbala 7 

5.7 K 2 F Local fish feed / laboratory 2 / Karbala 8 

UDL H1FF Imported fish feed/Babylon/Al-Musayyab 9 

      The discrepancy between the concentration of ochratoxins in the samples may be 

mainly attributed to the intensity of fungal growth of the fungus A. niger, as well as the 

moisture content. If the environmental conditions that accompanied the manufacture of 

the feed, the moisture content, and the temperature and humidity of the store were suitable 

for the growth of the fungus, this would lead to the presence of ochratoxins to very high 

levels[24,15] . 

  
Amount of sample contamination (A1F) with mycotoxin 

OTA 

Amount of sample contamination (A2F) with mycotoxin OTA 

 
 

Amount of contamination of the sample (B1F) with 

mycotoxin OTA 

Amount of sample contamination (B2F) with mycotoxin OTA 
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Amount of contamination of the sample (H1F) with 

mycotoxin OTA 

The amount of contamination of the sample (H2F) with 

mycotoxin OTA 

  
Amount of sample contamination (K1F) with mycotoxin 

OTA 

Amount of sample contamination (K2F) with mycotoxin OTA 

  
Amount of sample contamination (FF) with mycotoxin OTA Standard substance for OTA toxin at a concentration of 10 

ppb ) 

Figure (3): Quantitative and qualitative estimation of OTA toxin as a natural contaminant 

of the study samples 

Nucletide sequence analysis of Aspergillus spp isolates 

    The results of the nucleotide sequence analysis of the two isolates of the fungus 

Aspergillus spp that were isolated from the local fish feed (pelt) confirmed that the first 

of the two isolates was characterized by the highest production of the fungal toxin 

Ochratoxin A, and the other isolate produced the least of it in samples of the local fish 

feed. The results of the nucleotide sequence analysis showed that the two isolates belong 

to For the fungus A. niger. 

    The two fungal isolates were registered at the National Center for Biotechnology 

Information (NCBI) under the special codes (OR452868.1 and OR449322.1). The 

molecular nucleotide sequences achieved the highest percentage of identity, ranging 

between 99.68-98.77%, with the ITS genetic region when compared with the equivalent 

nucleotide sequences retrieved from the gene bank at the National Center for 
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Biotechnology Information (NCBI) using the (BLAST) program for each fungal isolate 

individually. 

    Nucleotide analyzes were also conducted using the (MEGA) program to analyze the 

isolates and draw a kinship tree between each of these isolates and similar isolates 

registered at the NCBI Center, which was built from the nucleotide molecular sequence 

of the ITS region belonging to each of the isolates. 

Analysis of the nucleotide sequence of the isolate A. niger isolate y.n.174.Khafori and 

comparison of the similarity percentages of the nucleotide base sequences of the ITS 

gene region with global fungal isolates of the same fungus. 

    It was observed by comparing the nucleotide sequence of the DNA band of the fungus 

A. niger isolate y.n.174.Khafori isolated from local fish feed with the data available at the 

Center for Biotechnology Information (NCBI) that the percentage of genetic similarity 

reached (99.68 - 98.77%) with all isolates of the fungus A. niger (Table 5). While Figure 

(4), represented by the genetic tree, showed that this isolate did not show genetic closeness 

to any of the recorded isolates (it did not appear with the same branching. clade), while it 

appeared with separate branches (clades) from the recorded fungal isolates, especially 

from the two American isolates (KX664401.1). and Kenyan (OP737610.1) due to the 

large genetic divergence between them. 

Table 5: Comparison between the similarity ratios of the nucleotide base sequences of 

the ITS gene region of the fungal isolate (A. niger isolate y.n.174.Khafori) and other 

fungal isolates of the same fungus registered globally at the National Center for Technical 

and Biological Information (NCBI). 
Date of 

registration 

with NCBI 

Sequence 

similarity 

% 

GenBank 

Accession 

Number 

Origin Isolate name Fungal 

name   

No 

2023 100% OR452868.1 Iraq Y.n.176.Khafori A. niger  1 

2019 99.12 % MN180811.1 India isolate T8 A. niger  2 

2024 99.64 % PP070353.1 China isolate 596 A. niger  3 

2016 98.77 % KX664401.1 USA isolate F43-02 A. niger  4 

2023 98.77 % OP737610.1 Kenya isolate CA60 A. niger  5 

2021 99.11 %  MW897780.1 Iran strain S5F A. niger  6 
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Figure (4): Genetic affinity tree for the fungal isolate A. niger isolate y.n.174.Khafori 

Analysis of the nucleotide sequence of the isolate A. niger isolate y.n.175.Khafori and 

comparison of the similarity percentages of the nucleotide base sequences of the ITS 

gene region with global fungal isolates of the same fungus. 

     It was observed by comparing the nucleotide sequence of the DNA band of the fungus 

A. niger isolate y.n.175.Khafori isolated from local fish feed with the data available at the 

Center for Biotechnology Information (NCBI) that the percentage of genetic similarity 

reached (99.68 - 98.77%) with all isolates of the fungus A. niger (Table 6). While Figure 

(5), represented by the genetic tree, showed that this isolate showed genetic closeness to 

the Indian isolate (MN180811.1) (it appeared with the same branching. clade), while it 

appeared with separate branches (clades) from the recorded fungal isolates, especially 

from the Chinese isolate (PP070353.1). ) due to the large genetic divergence between t. 

 

 

 

 

 

 

 

 



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024) 

121 
 

Table (6): Comparison between the similarity ratios of the nucleotide base sequences of 

the ITS gene region of the fungal isolate (A. niger isolate y.n.175.Khafori) and other 

fungal isolates of the same fungus registered globally at the National Center for Technical 

and Biological Information (NCBI). 
Date of 

registration 

with NCBI 

Sequence 

similarity 

GenBank 

Accession 

Number 

Origin 
Isolate name Fungal name 

2023 100% OR449322.1 Iraq Y.n.177.Khafori A. niger 

2019 99.12 % MN180811.1 India isolate T8 A. niger 

2024 99.64 % PP070353.1 china isolate 596 A. niger 

2016 98.77 % KX664401.1 USA isolate F43-02 A. niger 

2023 98.77 % OP737610.1 Kenya isolate CA60 A. niger 

2021 99.11 % MW897780.1 Iran strain S5F A. niger 

 

Figure (5): Genetic affinity tree for the fungal isolate A. niger isolate y.n.175.Khafori 

Biological tests for the effect of feed contaminated with mycotoxins on the growth 

rates and health of fish. 

    This experiment was carried out to evaluate the effect of continuous exposure to fish 

feed contaminated with the mycotoxin ochratoxin on the feeding of carp fish, and to study 

the deterioration of their final weights and deaths and some health standards represented 

by their effects on blood components.  The results of the effect of the mycotoxin 

ochratoxin A on growth rates and the number of fish kills during the rearing periods 

showed a high level of fish kills, with the percentage of kills reaching 10.80% compared 

to the control treatment, which amounted to 3.5% (Table 7). At the same time, the 
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percentage of weight loss in fish increased, as the highest percentage of weight loss was 

recorded in the 180-day period, amounting to 27.20%, while the 120-day period recorded 

a weight loss percentage of 20.20%, and the lowest percentage of loss was in the first 60 

days, which amounted to 13.70%, compared to the control treatment of 0.00%. . While 

some negative phenotypic effects were recorded on the experimental fish (Figure 6), such 

as some cases of spots on the fish’s body, cases of gill deformities, cases of eye opacity, 

and others. 

Many previous studies have shown the health and behavioral effects on fish when raised 

on feed contaminated with the mycotoxin ochratoxin A. The most important of these 

effects are decreased feed intake, weight loss, poor performance, changes in swimming 

behavior, the appearance of abdominal skin spots, as well as yellow spots in the thoracic 

region and cord bending. Spinal fluid accumulation in the ventricle and kidneys. Hepatitis 

and liver cancer. And hyperinflammation of the gallbladder. [25,26] . 

Table (7): Effect of the mycotoxin ochratoxin A on fish weight, growth rates, and number 

of kills. 
 

Numbe

r of 

deaths 

 

 

% 

Lose 

weigh

t 

 

Average 

per fish 

 

Numb

r of 

fish 

 

Average weight of the 

box 

Transactions 

Mycotoxins / Breeding 

periods 

NO 

 

 

 Third 

lift 

Another 

lift 

First 

raise 

20 13.7% 500 g 242 42 39 40 addition  OTA after 

60 

day 

1 

 
3 0.00 580 g 200 39 38 39 Control 

21 20.2% 1487 g 87 42 45 39 addition  OTA Afte

r 

120 

day 

2 

 7 0.00 1865 g 67 46 41 40 Control 

13 27.2% 2000 g 63 39 44 40 addition  OTA Afte

r 

180 

day 

3 

8 0.00 2750g  45 39 40 45 Control 

 4.12 LSD  at level  0.05 

 



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024) 

123 
 

  

A model of the effect of Ochratoxin A on fish eye 

opacity 

A model of the effect of Ochratoxin A on fish gills 

  

A model of the effect of Ochratoxin A on fish back 

spotting 

A model of the effect of Ochratoxin A on fish 

mortality 

Figure (6): Effect of the mycotoxin ochratoxin A on some phenotypic conditions of fish. 

Effect of the mycotoxin ochratoxin A on physiological blood parameters of fish. 

     The results of physiological blood components showed different effects, as an effect 

was found in reducing the number of white blood cells (WBC) in the treatment of adding 

ochratoxin B1, which caused immunosuppression, with the highest effect recorded, 

resulting in a decrease in the number of white blood cells compared to the control 

treatment (Figure 7), as well as a significant reduction in Treatment to control the number 

of red blood cells (RBC), especially during the last stage of fish farming (after 180 days 

in the soil). The reason may be attributed to low levels of iron in the body, which may 

cause problems with vital organs such as lung, heart, kidney, and liver diseases, or the 

destruction of red blood cells before Replace it. 

     At the same time, exposure to ochratoxin reduced the number of platelets (PLT) in the 

blood of treated fish. The reason for the decrease in PLT was likely to be a result of a 

bone marrow disorder or a problem in the immune system, liver and spleen, or cancer due 

to the direct effect of mycotoxins. These results agreed with what was indicated. [27] 

indicated that the most important effects of ochratoxin on fish were a decrease in the 

number of red and white blood cells and platelets, general necrosis of blood components, 

and the appearance of histological abnormalities in the intestinal mucosa, liver cells, 

pancreatic cells, and gastric glands, and a decrease in the size of blood cells Red blood, 

its number, and white blood cells in the spleen. 
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Effect of the mycotoxin ochratoxin A on the number of white blood cells in fish 

 
Effect of the mycotoxin ochratoxin A on the number of red blood cells in fish 

 
Effect of the mycotoxin ochratoxin A on platelet counts in fish 

    Figure (7): Models of the effect of the mycotoxin ochratoxin A on blood cells in fish 

   While the results did not record a clear effect in the amount of hemoglobin (HGB) in 

the ochratoxin treatment over the control treatment, as it reached (11 g/dl) during the first 

stage of rearing (within the first 60 days), while the amount of hemoglobin appeared to 

decrease gradually during the period of 120 - 180 days. From breeding (Figure 8), a 
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decrease in hemoglobin may cause failure of the respiratory system to transport oxygen 

and a deterioration in fish nutrition. It may result in kidney cancer or the production of 

red blood cells in larger quantities to compensate for the decrease in oxygen levels in the 

blood. While the results showed a decrease in the concentration of hemoglobin in red 

blood cells (MCHC) amounting to (24 g/dl, 25 g/dl), with a non-significant difference for 

the ochratoxin treatment compared to the control treatment, which amounted to (29 g/dl). 

 
Effect of the mycotoxin ochratoxin A on the amount of hemoglobin in the blood in fish 

 
Effect of the mycotoxin ochratoxin A on blood hemoglobin concentration in fish 

 
Effect of the mycotoxin ochratoxin A hemacarbit on the blood of fish 

Figure (8): Effect of the mycotoxin ochratoxin A on hemoglobin and hematocrit in fish 

blood 
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    While the results in the ochratoxin treatment showed a clear increase in the percentage 

of compressed cell volume, reaching 50%.  (Blood hemoglobin) at all stages of fish 

rearing, while in the control treatment it reached (40%). This increases the possibility of 

blood clotting in the blood vessels and may cause new deaths. Another study showed a 

decrease in the growth rate and a decrease in the amount of hemoglobin concentration 

and the number of red blood cells.  Upon continuous exposure to ochratoxin, apparent 

necrosis of liver cells and necrosis of the gastric glands occurs. Increased activity of 

components of hematopoietic tissues. Iron rust pigments may accumulate in the 

epithelium of the intestinal mucosa. [28,29]  

 

References 

1) Palencia, E. R., Hinton, D. M., & Bacon, C. W. (2010). The black Aspergillus species 

of maize and peanuts and their potential for mycotoxin production. Toxins, 2(4), 399-

416. 

2) Zakaria, L., & Zulkifli, N. (2017). Morphological and molecular diversity of 

Aspergillus from corn grain used as livestock feed. HAYATI Journal of Biosciences, 

24(1), 26-34. 

3) Henry, W. B., Williams, W. P., Windham, G. L., & Hawkins, L. K. (2009). Evaluation 

of maize inbred lines for resistance to Aspergillus and Fusarium ear rot and mycotoxin 

accumulation. Agronomy Journal, 101(5), 1219-1226. 

4) Tian, F., Woo, S. Y., Lee, S. Y., Park, S. B., Im, J. H., & Chun, H. S. (2022). 

Mycotoxins in soybean‐based foods fermented with filamentous fungi: Occurrence 

and preventive strategies. Comprehensive Reviews in Food Science and Food Safety, 

21(6), 5131-5152. 

5) Piotrowska, M., Slizewska, K., & Biernasiak, J. (2013). Mycotoxins in cereal and 

soybean-based food and feed. In Soybean-Pest Resistance (pp. 185-230). Brazil. 

6) Oliveira, M., & Vasconcelos, V. (2020). Occurrence of mycotoxins in fish feed and 

its effects: A review. Toxins, 12(3), 160. 

7) Fadl, S. E., El-Shenawy, A. M., Gad, D. M., El Daysty, E. M., El-Sheshtawy, H. S., 

& Abdo, W. S. (2020). Trial for reduction of Ochratoxin A residues in fish feed by 

using nanoparticles of hydrated sodium aluminum silicates (NPsHSCAS) and copper 

oxide. Toxicon, 184, 1-9. 

8) Samson, R., Rajput, V., Shah, M., Yadav, R., Sarode, P., Dastager, S. G., ... & 

Khairnar, K. (2020). Deciphering taxonomic and functional diversity of fungi as 

potential bioindicators within the confluence stretch of Ganges and Yamuna Rivers, 

impacted by anthropogenic activities. Chemosphere, 252, 126507. 

9) Lass-Flörl, C., Dietl, A. M., Kontoyiannis, D. P., & Brock, M. (2021). Aspergillus 

terreus species complex. Clinical Microbiology Reviews, 34(4), e00311-20. 

10) Schmidt, S., Hogardt, M., Demir, A., Röger, F., & Lehrnbecher, T. (2019). 

Immunosuppressive compounds affect the fungal growth and viability of defined 

Aspergillus species. Pathogens, 8(4), 273. 



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024) 

127 
 

11) Navale, V., Vamkudoth, K. R., Ajmera, S., & Dhuri, V. (2021). Aspergillus derived 

mycotoxins in food and the environment: Prevalence, detection, and toxicity. 

Toxicology Reports, 8, 1008–1030. 

12) Houbraken, J., de Vries, R. P., & Samson, R. A. (2014). Modern taxonomy of 

biotechnologically important Aspergillus and Penicillium species. Advances in 

Applied Microbiology, 86, 199-249. 

13) Atallah, O., & Yassin, S. (2020). Aspergillus spp. eliminate Sclerotinia 

sclerotiorum by imbalancing the ambient oxalic acid concentration and parasitizing 

its sclerotia. Environmental Microbiology, 22(12), 5265-5279. 

14) Hackbart, H., Prietto, L., Primel, E. G., Garda-Buffon, J., & Badiale-Furlong, E. 

(2012). Simultaneous extraction and detection of ochratoxin A and citrinin in rice. 

Journal of the Brazilian Chemical Society, 23, 103-109. 

15) Alegaieli, W. F. K., & Alhamiri, Y. N. H. (2023). Simultaneous occurrence of 

mycotoxins citrinin and ochratoxin A in popcorn grains and their biological effect on 

some physiological blood parameters. In IOP Conference Series: Earth and 

Environmental Science (Vol. 1225, No. 1, p. 012078). IOP Publishing. 

16) Zou, D., Ji, J., Ye, Y., Yang, Y., Yu, J., Wang, M., Zheng, Y., & Sun, X. (2022). 

Degradation of ochratoxin A by a UV-mutated Aspergillus niger strain. Toxins, 14(5), 

343. 

17) Ashtiani, N. M., Kachuei, R., Yalfani, R., Harchegani, A. B., & Nosratabadi, M. 

(2017). Identification of Aspergillus sections Flavi, Nigri, and Fumigati and their 

differentiation using specific primers. Infezioni in Medicina, 25(2), 127-132. 

18) Moore, G. G., Mack, B. M., & Beltz, S. B. (2015). Genomic sequence of the 

aflatoxigenic filamentous fungus Aspergillus nomius. BMC Genomics, 16, 1-10. 

19) Eissa, E. S. H., Alaidaroos, B. A., Jastaniah, S. D., Munir, M. B., Shafi, M. E., Abd 

El-Aziz, Y. M., ... & Saadony, S. (2023). Dietary effects of nano curcumin on growth 

performances, body composition, blood parameters and histopathological alteration 

in red tilapia (Oreochromis sp.) challenged with Aspergillus flavus. Fishes, 8(4), 208. 

20) De Santis, B., Gregori, E., Debegnach, F., Moracci, G., Saitta, C., & Brera, C. 

(2020). Determination of ochratoxin A in pork meat products: Single laboratory 

validation method and preparation of homogeneous batch materials. Mycotoxin 

Research, 36(2), 235–241. 

21) Twaruzek, M., Kosicki, R., Kwiatkowska-Giżyńska, J., Grajewski, J., & Ałtyn, I. 

(2020). Ochratoxin A and citrinin in green coffee and dietary supplements with green 

coffee extract. Toxicon: Official Journal of the International Society on Toxinology, 

188, 172–177. 

22) Csenki, Z., Garai, E., Faisal, Z., Csepregi, R., Garai, K., Sipos, D. K., ... & Poór, 

M. (2021). The individual and combined effects of ochratoxin A with citrinin and 

their metabolites (ochratoxin B, ochratoxin C, and dihydrocitrinone) on 2D/3D cell 

cultures, and zebrafish embryo models. Food and Chemical Toxicology, 158, 112674. 



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024) 

128 
 

23) Li, P., Su, R., Yin, R., Lai, D., Wang, M., Liu, Y., & Zhou, L. (2020). 

Detoxification of mycotoxins through biotransformation. Toxins, 12(2), 121. 

24) Mohamed, H. M., Emeish, W. F., Braeuning, A., & Hammad, S. (2017). Detection 

of aflatoxin-producing fungi isolated from Nile tilapia and fish feed. EXCLI Journal, 

16, 1308. 

25) Farabi, S. M. V., Yousefian, M., & Hajimoradloo, A. (2006). Aflatoxicosis in 

juvenile Huso huso fed a contaminated diet. Journal of Applied Ichthyology, 22. 

26) Deng, S. X., Tian, L. X., Liu, F. J., Jin, S. J., Liang, G. Y., Yang, H. J., ... & Liu, 

Y. J. (2010). Toxic effects and residue of aflatoxin B1 in tilapia (Oreochromis 

niloticus× O. aureus) during long-term dietary exposure. Aquaculture, 307(3-4), 233-

240. 

27) Jantrarotai, W., & Lovell, R. T. (1990). Subchronic toxicity of dietary aflatoxin B1 

to channel catfish. Journal of Aquatic Animal Health, 2(4), 248-254. 

28) Jantrarotai, W., Lovell, R. T., & Grizzle, J. M. (1990). Acute toxicity of aflatoxin 

B1 to channel catfish. Journal of Aquatic Animal Health, 2(4), 237-247. 

29) El-Sayed, Y. S., & Khalil, R. H. (2009). Toxicity, biochemical effects and residue 

of aflatoxin B1 in marine water-reared sea bass (Dicentrarchus labrax L.). Food and 

Chemical Toxicology, 47(7), 1606-1609. 

 


