
Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Abstract

Toxic mycobiota create ochratoxins, a class of mycotoxins, as secondary metabolites. All 
ochratoxins (A, B, and C) are structurally composed of polyketide dihydrocoumarin moiety 
derivatives connected to L-b-phenylalanine via an amide bond via the 7-carbon group. Among 
these, ochratoxin A (OTA) poses a serious hazard to public health globally and is frequently 
discovered in food and agricultural products to contaminate them. OTA's severe nephrotoxicity, 
immunotoxicity, neurotoxicity, and teratogenic mutagenesis need the development of efficient, 
affordable, and ecologically friendly decontamination and detoxification techniques. Maize is 
widely consumed crop and approximately 4.5 million tons of maize produces in Pakistan. 20 
samples of maize from the Lahore market were collected, in which the ochratoxin content was 
determined by ELISA and positive sample were detoxified by biological method. Out of 20 maize 
samples 60% positive OTA (12/20) were found ranging from 3.5±0.08 to 40±1.67 ppb. 42% (5/12) 
of positive samples had the level higher than 5 ppb (as the EU standard allowed). The highly 
positive sample was detoxified by neem, moringa and olive leaf powder extracts (2.5, 5 and 
10%)and result revealed that all extracts detoxify the ochratoxin-A up to 93.67±1.25 %, 
88.15±1.12 and 82.79±1.05%, respectively at 10% concentration. In the present study significant 
variation in OTA content was observed in the maize samples and these extracts are excellent for 
detoxification of ochratoxin. Further assessments in other similar products and improvements 
were recommended in order to reduce the level of ochratoxin.

 Keywords: Maize; Ochratoxin; ELISA; Detoxification; Olive; Moringa; Neem; Leave
extracts
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Introduction

When consumed, inhaled, or absorbed through the skin, 
mycotoxins secondary metabolites generated by 
filamentous fungus like Aspergillus, Penicillium, 
Fusarium, etc. can have both immediate and long-term 
negative effects on human and animal health. Everybody's 
health is greatly impacted by the worldwide presence of 
mycotoxins in food and feed, which also causes annual 
economic losses of billions of dollars (Santos et al. 2025). 
The most common mycotoxins found in feed include 
aflatoxin, ochratoxins, fumonisins, patulin, zearalenone, 
and trichothecenes, which include T-2 toxin and 
deoxynivalenol. Following aflatoxins, ochratoxin (A, B, 

and C) frequently contaminate agricultural items 
including corn, barley, oats, rice, wheat beans, coffee, and 
groundnuts. They also seep into animal products like eggs, 
milk, and meat including human milk. Secondary 
metabolites called mycotoxins is created by filamentous 
fungi. Ochratoxin A (OTA), the most deadly and prevalent 
member of the ochratoxin family, is one of several 
extremely toxic mycotoxins. OTA's nephro-toxic, 
genotoxic, cytotoxic, teratogenic, mutagenic, and 
immuno-toxic properties make it one of the top five 
mycotoxins that are strictly regulated by the law 
(Mwabulili  et al. 2023).
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Fig. 1. Ochratoxin-A toxicity (Source: Khan et al. 2025)
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.

References

Abraham R, Baka E, Al‑Nussairawi M and Tancsics A 
(2025), Molecular insights into ochratoxin A 
biodegradation, Biologia Futura 76: 315–328. 
https://doi.org/10.1007/ s42977-025-00258-2

Ahmad MS, Alanazi YA, Alrohaimi Y, Shaik RA, 
Alrashidi S and Al-Ghasham (2024), Occur-rence, 
evaluation, and human health risk assessment of 
ochratoxin A in infant formula and cereal-based 
baby food: A global literature systematic review, 
Food Additives and Contaminants: Part A 41: 
1171–1186. https://doi.org/10.1080/ 19440049. 
2024.2376157

Awuchi CG, Ondari, EN, Ofoedu, CE, Chacha JS, Rasaq 
WA, Morya S and Okpala COR (2021), Grain 
processing methods' effectiveness to eliminate 
mycotoxins: An overview, Asian Journal of 
Chemistry 33(10): 2267–2275. https://doi.org/10. 
14233/ ajchem.2021.23374

Awuchi CG, Ondari EN, Nwozo S, Odongo GA, 
Eseoghene IJ, Twinomuhwezi H, Ogbonna CU, 
Upadhyay AK, Adeleye AO and Okpala COR 
(2022), Mycotoxins toxicological mechanisms 
involving humans, livestock and their associated 
health concerns: A Review, Toxins 14: 167-179.  
https://doi.org/10.3390/toxins14030167

Banahene JCM, Ofosu IW, Lutterodt HE and Ellis WO 
(2025), Assessing the fungal contamination and 
potential impact of ochratoxigenic Aspergillus 
species on cocoa beans from cocoa-growing regions 
of Ghana, Science Progress 108(1): 1–23. https://doi 
10.1177/00368504241311963

Banahene JCM, Ofosu IW, Odai BT, Lutterodt HE, 
Agyemang PA and Ellis WO (2024), Ochratoxin A in 
food commodities: A review of occurrence, toxicity, 
and management strategies, Heliyon 10: e39313. 
https:// doi.org/ 10.1016/ j.heliyon. 2024.e39313

Ding L, Han M, Wang X and Guo Y (2023), Ochratoxin A: 
Overview of prevention, removal and detoxification 
methods, Toxins 15: 565. https:// doi.org/10.3390/ 
toxins15090565

EFSA CONTAM Panel (EFSA Panel on Contaminants in 
the Food Chain) (2023), Schrenk D, Bignami M, 
Bodin L and Chipman JK Risks for animal health 
related to the presence of ochratoxin A (OTA) in 
feed, EFSA Journal 21(11): 1–89 https:// doi.org/ 
10.2903/j. efsa.2023.8375

Eskola M, Altieri A and Galobart J (2018), Overview of 
the activities of the European Food Safety Authority 
on mycotoxins in food and feed, World Mycotoxin 
Journal 11: 277–289. https://doi. org.10.3920/ 
WMJ2017.2270

Gonzalez AL, Lozano VA, Escandar GM and Bravo MA 
(2020), Determination of ochratoxin A in coffee and 
tea samples by coupling second-order multivariate 
calibration and fluores-cence spectroscopy, Talanta 
219: 121288. https:// doi.org/10.1016/ j.talanta. 
2020.121288

Gumus R, Ercan N and Imik H (2018), Determination of 
ochratoxin levels in mixed feed and feed stuffs used 
in some laying hens and ruminant enterprises of 
Sivas city, Brazilian Journal of Poultry Science 
20(1): 085-090. https:// doi.org/ 10.1590/ 1806- 
9061-2017-0674

Jafarzadeh S, Yildiz Z, Yildiz P, Strachowski P, Forough 
M, Esmaeili Y, Naebe M and Abdollahi M (2024), 
Advanced macro-molecular technologies in 
biodegradable packaging using intel-ligent sensing 

to fight food waste: A review, International Journal 
of Biological Macromolecules 261: 129647. 
https://doi.org/10.1016/j. ijbiomac.2024. 129647

Khalil OA, Hammad AA and Sebaei AS (2021), Aspergillus 
flavus and Aspergillus ochraceus inhibition and 
reduction of aflatoxins and ochratoxin A in maize by 
irradiation, Toxicon 198: 111–120. https://doi.org/ 
10.1016/j.toxicon. 2021.04.029

Khan R, Anwar F, Ghazali FM, Mahyudin NA and Iqbal A 
(2025), Decontamination of ochratoxin A in food: 
emerging strategies and safety perspectives, 
International Journal of Food Science and 
Technology 60(2): 1-20. https://doi.org/10. 1093/ 
ijfood/vvaf140

Khan R, Anwar F and Ghazali FM (2024), A 
comprehensive review of mycotoxins: Toxicology, 
detection, and effective mitigation approaches, 
Heliyon 10: e28361. https://doi.org/ 10.1016/j. 
heliyon.2024.e28361

Liu WC, Pushparaj K, Meyyazhagan A, Arumugam VA et 
al. (2022), Ochratoxin A as an alarming health threat 
for livestock and humans: A review on molecular 
interactions, mechanism of toxicity, detection, 
detoxi-fication, and dietary prophylaxis, Toxicon 
213: 59–75. https://doi. org/10.1016/ j.toxicon. 
2022.04.012

Majeed M, Khaneghah AM, Kadmi Y, Khan MU and 
Shariati MA (2017), Assessment of ochratoxin a in 
commercial corn and wheat products, Current 
Nutrition & Food Science 13: 1-5. https://doi. 
org/10.2174/15734013136661703301558231

Marrez DA, Shahy EM, El-Sayed HS, Sultan YY (2018), 
Detoxification of Aflatoxin B1 in milk using lactic 
acid bacteria, J Biol Sci 18(3): 144-51. https:// 
doi.org/10.3923/jbs.2018. 144.151 

Mwabulili F, Xie Y, Li Q, Sun S, Yang Y and Ma W 
(2023), Research progress of ochratoxin a 
bio-detoxification, Toxicon 222: 107005.https:// 
doi.org/10.1016/ j.toxicon.2022.107005

Naeem Z, Jabeen K, Saeed MK and Iqbal S (2021), 
Phytochmical analysis and antifungal potential of 

Sorghum halepense (L.) for the management of 
mycotoxigenic fungi, Pak. J. Weed Sci. Res. 27(4): 
505-512. https:// doi.org/10. 28941/pjwsr. v27i4.1008

Naeem Z, Jabeen K., Saeed MK, Iqbal S and Javad S 
(2023), Ochratoxin detoxification and antioxidant 
efficacy of Amaranthusviridis and Sorghum 
helepense, Applied Ecology and Environmental 
Research 21(1): 393-407. http://dx.doi.org/ 10.156 
66/aeer/2101_393407

Palumbo R, Goncalves A, Gkrillas A, Logrieco A, Dorne 
J-L, Dallasta C, Venâncio A and Battilani P (2020), 
Mycotoxins in maize: Mitigation actions, with a 
chain management approach. Phytopathol, 
Mediterr 59: 5–28. https:// doi.org/ 10.14601/ 
Phyto-1114

Saeed MK, Zahra N, Saeed A, Syed Q, Abidi SH. 
Physico-Phytochemical Exploration, Antiradical 
and Reducing Power Potential of Oleanderum 
Leaves (2025), Bangladesh Journal of Scientific and 
Industrial Research 60(2): 107-14. https:// doi:10. 
3329/bjsir. v60i2.79782.

Santos J, Oliveira C, Teixeira F, Venâncio A and Silva C 
(2025), Enzymatic degradation of ochratoxin A: The 
role of ultra-pure water, Foods 14: 397-403. 
https://doi.org/10.3390/foods14030397

Shahdeo D, Khan AA, Alanazi AM, Bajpai VK, Shukla S 
and Gandhi S (2022), Molecular diagnostic of 
ochratoxin a with specific aptamers in corn and 
groundnut via fabrication of a microfluidic device, 
Front. Nutr. 9: 851787. https://doi.org/ 10.3389/ 
fnut.2022.851787

Shukla S, Park JH and Kim M (2020), Efficient, safe, 
renewable, and industrially feasible strategy 
employing Bacillus subtilis with algi-nate bead 
composite for the reduction of ochratoxin A from 
wine, Journal of Cleaner Production 242: 118344. 
https://doi.org/10.1016/j. jclepro.2019.118344

Walkowiak S, Taylor D, Fu BX, Drul D, Pleskach K and 
Tittlemier SA (2022), Ergot in Canadian 
cereals–relevance,occurrence,and current status, 
Canadian Journal of Plant Pathology 44: 793–805. 
https:// doi.org/ 10.1080/ 07060 661.2022. 2077451

Xiong K, Zhia H, Liua J, Wang X, Zhao Z, Pei P, Deng L 
and Xiong S (2021), Detoxification of ochratoxin A 
by a novel A. oryzaestrain and optimization of its 
biodegradation. Revista, Argentina de 
Microbiología 53: 48-58. https://doi.org/ 10.1016/ 
j.ram.2020. 06.001

Zahra N, Jamil N, Ahmad SR, Saeed MK, Munir S, Kalim 
I, Hameed A and Akram H (2020), Ochratoxin 
contamination of corn and applied approaches; A 
case study in Punjab, Pakistan, Pak. J. Agri. Sci. 
57(5): 1345-1352. https://doi: 10.21162/ PAKJAS/ 
20.9856.

Fig. 2. Percentage of contaminated milk samples by ELISA



Determination and detoxification of ochratoxin-A in maize by eco-friendly biological methods 61(2) 202680

Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Table 1. Detoxification of ochratoxin-A in maize sample by biological methods

Data are represented ± SD

Sl. 

No. 

Method used for 

detoxification 

Initial levels 

(ppb) 

Levels after 

detoxification (ppb) 

Reduction (%) 

1  Neem leaf powder extract 
(2.5 %) 

Neem leaf powder extract 
(5%) 

Neem leaf powder extract 
(10%) 

40.50±0.80 

40.50±0.80 

40.50±0.80 

9.78±0.10   
 

5.29±0.3   
 

2.56±0.03   

75.85±0.95 
 

86.93±1.15 
 

93.67±1.25 
 

2  Moringa leaf powder 
extract (2.5%)  

Moringa leaf powder 
extract (5%)  

Moringa leaf powder 
extract (10%)  

40.50±0.80 

40.50±0.80 

40.50±0.80 

11.90±0.2   
 

8.30±0.5   
 

4.80±0.4   

70.62±0.76 
 

79.50±0.83 
 

88.15±1.12 

3  Olive leaf powder extract 
(2.5%) 

Olive leaf powder extract 
(5%) 

Olive leaf powder extract 
(10%) 

40.50±0.80 

40.50±0.80 

40.50±0.80 

13.20±0.3   
 

10.18±0.10   
 

6.97±0.16   

67.41±0.70 
 

74.86±0.94 
 

82.79±1.05 
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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Climate affects its production: Penicillium species are 
more prevalent in cold climates, whilst Aspergillus species 
flourish in warm, temperate climates. For several 
Aspergillus species, the ideal temperature range for OTA 
production is between 25 and 30°C. Penicillium 
verrucosum is common in colder climates, but Aspergillus 
ochraceus is a major OTA generator in warmer places 
(Banahene et al. 2025). Renal cancers were found to arise 
in humans who consumed more over 70 μg/kg of OTA 
daily (Awuchi  et al. 2022).

The IARC has designated ochratoxin A as a Group 2B 
probable human carcinogen. It is a powerful mycotoxin 
that is mainly recognized for its nephrotoxicity. Beyond 
the kidneys, it has teratogenic, mutagenic, hepatotoxic, 
and immune-suppressive effects (Figure 1). Low water 
solubility and high protein-binding affinity, with almost 
99.98% binding to plasma proteins, primarily albumin, are 
characteristics of the OTA toxicokinetics profile that 
contribute to its lengthy half-life of 35 days (Khan  et al. 
2024). The OTA uses a number of methods to cause 
toxicity, such as disruption of mitochondrial respiration, 
suppression of protein synthesis, damage to DNA, and 
creation of oxidative stress. Although the exact process by 
which plant extracts modify OTA is unknown, alkaloids 
are thought to be involved (Jafarzadeh et al. 2024). 

It is essential to concentrate on control measures to lessen 
OTA contamination in food. The significance of reducing 

mycotoxins for human and animal health has just been 
acknowledged in the last 60 years, since aflatoxins were 
discovered (Ding  et al. 2023). Since pre- and post-harvest 
techniques using chemical or physical removal are 
insufficiently efficient, biological detoxification 
approaches are thought to be the most promising but 
difficult way to reduce the buildup of mycotoxins 
(Shahdeo  et al. 2022).

In Pakistan, maize, rice and wheat are cultivated and 
consumed in large scales. These are considered as one of 
the primary energy sources in the world, being regarded as 
one of the highest yielding crops. Grown primarily for 
grain and fodder, maize is one of the most significant 
cereals produced worldwide for human and animal 
consumption. Over 80% of maize grain is utilized as feed, 
with the remaining portion being used to make semolina 
and starch. 

Agriculture is the primary source of income in the 
majority of nations, including Pakistan. Food is 
contaminated by toxic fungi known as mycotoxin during 
storage, shipping, harvesting, growth, and processing. 
One-fourth of the food crops used for both human 
consumption and animal feed, such as maize, rice, wheat, 
barley, etc., are affected by mycotoxin worldwide. 
Mycotoxin has been related to numerous chronic illnesses, 
including cancer, blood and nerve abnormalities, and 
immunological suppression. Therefore, any mycotoxin, 

such as ochratoxin-A, which can cause illness and 
financial losses if present in maize, must be removed from 
the diet and feed (Eskola  et al. 2018). The main non-tariff 
trade barrier for agricultural products is mycotoxin 
contamination, which has a detrimental effect on 
small-holder farmers' health and income, regional and 
international trade, and the global economy. Strategies to 
lower the synthesis and prevalence of these mycotoxins in 
maize, as well as their penetration into the food and feed 
chains have been developed at both the pre-harvest and 
post-harvest crop phases (Palumbo  et al. 2020). 
Ochratoxin knowledge in maize and its detoxification is 
crucial for maintaining food safety and public health. 
Strong carcinogens with a high cancer risk include 
ochratoxin-A. Therefore, it is crucial to employ effective 
methods to eliminate or reduce the amount of 
ochratoxin-A in maize. Keeping the view the present study 
the ochratoxin A was determined in various maize samples 
and positive samples were detoxified by various plant 
extract eco-friendly biological methods. 

Materials and methods

Sampling and extraction

During the months of January-March 2026, the total of 
twenty (n=20) maize samples were purchased from local 
markets Lahore, Pakistan. Uniformly sized sample was 

prepared by grinding with warring crusher, stored in a 
plastic container in a refrigerator (4°C) and analyzed.

Ochratoxin A was extracted as described by Majeed 
(2017), briefly, a sample of 100 g was ground using the 
grinder to acquire a uniform size of 25 mm-mesh sieves 
and then stored at 4°C for analysis.

Quantitative analysis by ELISA 

BIO-RAD (Modal 680, Germany) ELISA instrument was 
used to measure the levels of ochratoxin A in maize 
samples using the commercial kit (Neogen 8632 Veratox® 
HS ochratoxin) and a competitive inhibition enzyme 
immunoassay approach that followed the instructions 
given by the supplier. The limit of detection according to 
the ELISA kit technique is 2.0 ppb. Samples of maize were 
first processed by weighing 10g from each grinded 
sample. Each sample was shaken and mix well for 15 
minutes with an addition of 40 ml of 70% methanol shake 
on a wrist action shaker for 30 minutes. After adding 100 
µl of sample and 100 µl of conjugate enzyme to the wells, 
they were left in the dark at room temperature for 30 
minutes. Following the washing procedure, substrate was 
added and after 15 minutes of incubation under the same 
conditions, absorbance at 650 nm was measured (Gumus  
et al. 2018).

Biological detoxification of Ochratoxin A

Treatment with neem, olive and moringa leaves were 
bought was prepared by drying its leaf after washing and 
grinding. 100 ml of water was added to 2.5, 5.0 and 10 g 
of neem, moringa and olive leaf powder and well mixed by 
shaking. A 10g contaminated sample of maize was 
immersed in these solutions all day. The samples were 
filtered, cleaned and examined to see if the amount of 
ochratoxins has decreased.

Statistical analysis

SPSS software (SPSS 16.0 for Windows; SPSS Inc., 
Chicago, IL, USA) was used to examine the variance 
(ANOVA) of all the data. Duncan's multiple range test was 
used to determine significant differences between groups 
at p<0.05.

Results and discussion

Ochratoxin-A was quantitatively examined utilizing the 
ELISA Technique. Out of 20 maize samples 60% positive 
OTA (12/20) were found ranging from 3.5±0.08 to 40 
±1.67 ppb while other (8/20) 40% samples have no 
ochratoxin. Out of positive samples 58% (7/12) had the 
level higher than 5ppb (as the EU standard allowed) while 
other (5/12) samples have ochratoxin within the limit as 
shown in figure2.

Food crops are inevitably affected with mycotoxins due to 
a variety of reasons, including agricultural practices, 
geographic location, agronomic methods, storage times, 
etc. If maize, rice, and wheat are not properly stored after 
harvest, they may get contaminated. There are numerous 
ways to lessen mycotoxin contamination, including 
chemical, physical, natural, and biological approaches 
(Marrez  et al. 2018). Reducing mycotoxins in crops 
requires safe or biological techniques. Ochratoxin-A in 
maize can be effectively reduced by using medicinal plant 
extracts such as neem, moringa, and olive leaf powder. As 
far as we are aware, no one uses these plant extracts to 
detoxify maize of ochratoxin. Additionally, using these 
plant extracts may guarantee that the breakdown process 
preserves the nutritional value rather than introducing new 
toxic or carcinogenic-mutagenic substances. It may also 
eliminate Aspergillus spores and mycelia, preventing the 
growth and production of new toxins under favorable 
conditions (Awuchi  et al. 2021).

The highly positive sample was detoxified by neem, 
moringa and olive leaf powder extracts (at concentration 
2.5, 5 and 10%) and result revealed that all extracts 
detoxify the ochratoxin-A ranging from 
67.41±0.70–93.67±1.25% the difference between samples 
were p<0.05. Maximum ochratoxin-A reduction was 
observed (93.67±1.25%) in maize sample by using neem 
leaves extract (10%). The moringa extract reduced 
ochratoxin-A in maize (88.15±1.12%) while olive leaves 
extract reduce ochratoxin-A up to 82.79±1.05% by using 
10% extract. The sequence of reduction level are neem 
extract> moringa>olive leaf extract (Table 1).

Among the most impacted crops are cereals, such as rice, 
corn, wheat, and oats, which cause large financial losses 
(Liu  et al. 2022). Because it frequently occurs in nature 
and produces clinical disorders, ochratoxin A is an 
extremely significant toxin. Cereal grains, fresh and dried 
fruits, animal feed, beef and meat products, and fresh 
cheese have all been shown to contain OTA, which spoils 
about 10% of the world's agricultural products and results 
in losses of billions of euros (Abraham  et al. 2025). 
Notably, 50% of agricultural products contaminated with 
OTA come from cereals alone, despite the fact that OTA is 
widely present in a variety of food and feed sources 
(EFSA, 2023). OTA contamination is, however, spreading 
more extensively than previously believed, according to 
new findings. For instance, OTA has been detected in 85% 
of Tunisian wine samples (Ahmad et al. 2024) and 91.5% 
of Nigerian cocoa beans (Banahene  et al. 2024). OTA was 
found in 3,657 out of 6,857 cereal-based products in 
Canada, with a maximum content of 631 μg/kg 
(Walkowiak et al. 2022). Effective solutions, including as 
interventions during food processing and preventive 
measures during production and storage, are necessary to 
mitigate OTA contamination. The possibility to lower 
OTA levels has been investigated using chemical 
techniques like adsorbents and ozone (O3), as well as 
physical techniques like gamma ray or electron beam 
irradiation (Khalil  et al. 2021; Gonzalez  et al. 2020). In a 
similar vein, biological techniques that employ extracts, 
enzymes, bacteria, and yeasts have potential due to their 
efficiency, specificity, and low influence on food quality 
(Shukla  et al. 2020).

The findings of this study are constant with those of Zahra  
et al. (2020), who detoxified the ochratoxin-A in corn 
using black seed oil and adage a reduction level of 
49.49%. According to Xiong  et al. (2021), biological 
approaches are highly effective and selective for 

detoxifying ochratoxin-A while not reducing the nutritional 
content of food. In this competition, Naeem et al. (2023) 
detoxify the ochratoxin-A by using Amaran thusviridis and 
Sorghum helepense and obtained promising results. They 
also manage the ochratoxigenic fungi by using Sorghum 
helepense (L.) extract and found 84% inhibition in its 2% 
methanol leaf extract against C. cladosporoides (Naeem  et 
al. 2021). These plant extracts are being used for the first 
time to detoxify ochratoxin-A in maize. They contain 
phytochemicals such as polyphenols, alkaloids, flavonoids 
(quercetin, kaempferol, apiginin), and rutin. Flavonoids have 
a biochemical impact that inhibits the interest of enzymes and 
hormone regulation and feature antimicrobial, antiviral, 
anticancer, and antioxidant activities (Saeed  et al. 2025). 
Therefore, the utilization of these plant extracts in the current 
study was highly promising in controlling the fungus that 
produce ochratoxin.

A basic human right is the availability of wholesome food 
free from unwanted contamination. Certain mycotoxins, 
particularly ochratoxin-A (OTA) pollution in food and 
feed, can lead to teratogenic issues, acute liver injury, 
inflammation, and liver cancer. Biological methods have 
been taken into consideration among the physical, 
chemical, and biological methods used to prevent the 
production, reduction, elimination, and deactivation of 
OTA in contaminated food because of their maximum 
efficiency, low cost, eco-friendliness, and non-degradation 
of nutritional quality. The use of powdered plant leaves 
(such as neem, moringa and olive) or their extract is very 
promising to break down these toxic compounds into 
non-toxic metabolites. It prevents nutritional loss in food 
and feed containing maize, providing a safer, more 
environmentally friendly option than chemical or physical 
approaches. Due to their low cost and high value 

(antioxidant rich extracts), these are particularly practical 
and efficient for detoxifying ochratoxin-A on a 
commercial and industrial level.

Conclusion

In this study the maize samples analyzed, it was found that 
the quantities of ochratoxin-Ain 60% were positive and 
25% higher the allowed limit for maize. The highly 
positive sample was detoxified by neem, moringa and 
olive leaf powder extracts (at concentration 2.5, 5 and 
10%) and result revealed that all extracts detoxify the 
ochratoxin-A ranging from 67.41±0.70–93.67±1.25%. 
The highest OTA reduction rates (93.67±1.25%) in maize 
were found by utilization of neem leaf extract. However, 
in order to preserve maize quality and safety in the face of 
rising global demand, ongoing monitoring and 
evidence-based practices are essential.
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