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Abstract

Aflatoxins (AFs) are highly toxic and carcinogenic secondary metabolites produced by Aspergillus flavus and Aspergillus parasiticus, posing
significant risks to food safety and public health. These mycotoxins commonly contaminate oilseeds such as peanuts, sunflower, cotton and
maize seeds, particularly under warm and humid conditions. Controlling and reducing aflatoxin levels in these products is critical to ensuring
food safety and complying with international regulatory standards. This review provides a comprehensive overview of current strategies for
aflatoxin degradation in oilseeds, with a particular emphasis on physical and microbial approaches. Physical methods including thermal
treatment, ammoniation, irradiation and advanced radiation techniques have been explored for their effectiveness in reducing aflatoxin
levels. Microbial strategies involving specific bacteria, fungi and their enzymatic systems offer environmentally friendly and biologically based
solutions for detoxification. The review critically examines the efficacy, mechanisms of action and limitations of each approach, highlighting
the key factors that influence their success in practical applications. Moreover, it discusses the advantages and challenges associated with
integrating these methods into existing food processing systems, considering factors such as cost-effectiveness, preservation of nutritional
quality, regulatory acceptance and scalability. Finally, the review identifies key areas for future research, emphasizing the need to develop
more efficient, sustainable and industrially viable technologies for large-scale aflatoxin decontamination in oilseeds. These advancements are
essential for enhancing global food safety, protecting public health and supporting international trade.
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have been driven by the adoption of high-yielding varieties,

improved agronomic practices and policy support under initiatives
such as the Technology Mission on Oilseeds (TMO).

Introduction

Oilseeds play a crucial role in global agriculture as a source of
edible oils, protein-rich meal and bio-based industrial products.
Their economic and nutritional significance makes them a vital
component of food and energy security, particularly in developing
countries. Among the leading oilseed crops worldwide, soybean,
groundnut, rapeseed-mustard, sunflower and sesame are widely
cultivated due to their adaptability and diverse uses (1).

Despite being one of the largest producers, India still faces
challenges in meeting its domestic edible oil demand and
ensuring quality standards for export. Contaminants such as AFs in
oilseeds like groundnut and maize pose a serious threat to food
safety and trade. Therefore, enhancing productivity while ensuring
safe and contamination-free oilseed production is critical for the

In the Indian context, oilseeds are a cornerstone of the sector's sustainable growth and global competitiveness.

agricultural economy, contributing significantly to rural
livelihoods and the edible oil industry. During 2017-2018, oilseeds
occupied 15.7 % of the total arable land, reflecting their
agricultural importance. Among the nine major annual oilseed
crops, groundnut, soybean, rapeseed-mustard and sesame
together accounted for 89.2 % to 94.4 % of the total cultivated area

Crop productivity can be significantly enhanced through
the use of healthy, high-quality seeds. The physiological and
pathological quality of seeds plays a vital role in determining their
performance, as seeds are known to act as carriers of plant
pathogens. According to studies, infected seeds can not only

and 90.4 % to 95.0 % of the total production between 2012-13 and
2018-19 (2). Over the long term, from 1950-51 to 2018-19, India
witnessed a substantial transformation in oilseed production. The
area under oilseeds expanded by 131.1 %, production increased by
510.9 % and productivity improved by 164.2 % (3). These gains

reduce germination and vigour but also serve as a primary source
of disease transmission in the field. Pathogens may be present
either on the seed surface or internally and can affect plants
before or after germination. Ensuring seed health through proper
testing and treatment is therefore essential for sustainable crop
production and effective disease management (4-6).
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Among seed-borne pathogens, aflatoxin-producing fungi
are of major concern due to their toxic and carcinogenic effects.
Agents that can be detected inside or outside of seeds are known
as seed-borne pathogens, which can cause serious plant diseases
and also contribute to post-harvest contamination. AFs, primarily
produced by A flavus and A. parasiticus, pose a significant threat to
food safety. Many crops, including oilseeds, spices, cereals and tree
nuts are susceptible to AFs contamination. Therefore, the
development of efficient methods for AFs degradation is essential. A
variety of physical, chemical and biological methods have been
investigated to reduce AF levels. Physical methods, though often
time-consuming, include heating, radiation and the use of
absorbents to bind toxins (7-9). While the primary focus of this review
is on physical and microbial detoxification, chemical methods are
included to provide a comprehensive perspective, given their
established efficacy and widespread industrial use. Chemical
detoxification has shown great promise in breaking down or
changing AFs into less harmful substances, despite its somewhat
contentious nature. To detoxify aflatoxin B: (AFB;) in oilseeds like
groundnut and maize, for e.g. ammoniation that has been approved
in number of countries including USA and parts of Africa can
effectively transform it into less toxic or nontoxic products such as
aflatoxin D; (AFD;) (10). Chemical treatments such as formaldehyde,
ammoniation and calcium hydroxide have shown promise in
detoxifying contaminated products (11). These interventions, when
applied strategically and safely, can reduce the AF burden and help
preserve both seed health and food safety.

The two most dangerous AFs that contaminate crops like
peanuts, cereals, spices and tree nuts are AFB; and AFB;
(aflatoxin B). The most favourable conditions for AF-producing
fungi to infect peanut oilseeds typically occur in hot and humid
regions, which are common in major peanut-growing areas (12).
As secondary metabolites, A flavus and A. parasiticus produce AFs
that are highly toxic, carcinogenic, mutagenic, immunosuppressive
and teratogenic in nature (13). In groundnut, AF contamination can
result from infection by A. flavus and A parasiticus and may occur in
the pods and seeds at any stage as before harvest, during harvest
and post-harvest (14). This contamination renders the groundnut
unfit for both human consumption and commercial sale due to
health risks and failure to meet food safety standards (15).

Aflatoxin especially Aflatoxin B; represent highly toxic and
cancer-causing secondary metabolites that primarily develop
from two Aspergillus species such as A. flavus and A. parasiticus
(16). The mycotoxins affect oilseeds including peanuts, sunflower
seeds, cottonseed and sesame seeds for endangering food
security, global trade activities and human health (17, 18). AF
detection in oilseeds is a major international concern,
particularly because these crops are predominantly cultivated in
tropical regions where storage conditions are often inadequate,
especially in developing countries. A useful post-harvest method
for reducing AF contamination is the use of hermetic storage
technologies such as Purdue Improved Crop Storage bags (PICS),
which restrict moisture and oxygen to prevent fungal
development and creation of AF (19). Complete prevention of AF
contamination is challenging, which is why increasing attention
is being given to post-harvest degradation strategies. These
strategies are often employed as critical control points within the
food supply chain to minimize AF levels and reduce associated
health risks (20, 21).

2

Researchers have developed various physical and
microbial degradation methods to detoxify AFs in oilseeds, many
of which are considered safe and environmentally friendly (22).
The breakdown of AFs by whole microbial cells (fungi, yeasts,
bacteria) is referred to as microbial degradation. This occurs
frequently as result of metabolic activity of cells during
development or fermentation (23). Any biological activity that
results in breakdown of AF, including microbial and enzymatic
processes referred to as biodegradation (24). The breakdown of
AFs by extracellular or isolated enzymes, either purified or produced
by microorganisms is specifically known as enzymatic detoxification
(25). Among the physical approaches, thermal processing,
irradiation and adsorption are widely used. These methods reduce
AF concentrations by applying heat, light radiation or binding agents
that inactivate or remove the toxins from the contaminated matrix
(26). The effectiveness, simplicity and scalability of these physical
methods can vary depending on several factors, including the
composition of the food matrix and environmental conditions
during processing (27).

The microbial degradation process employs specific
bacteria, fungi and yeasts that utilize enzymatic pathways to convert
AFs into non-toxic degradation products including aflatoxicol (AFL),
aflatoxin B (AFBss), AFD: and AFQ.. Laboratory studies have
demonstrated that oxidative enzymes produced by
microorganisms such as Bacillus subtilis, Trichoderma spp. and
Saccharomyces cerevisiae are capable of breaking down AFs
through the activities of laccase, peroxidase, AF oxidase,
cytochorome P450 monooxygenases and esterase enzymes (27-
30). These biotransformation methods, when applied to oilseeds,
offer environmentally friendly detoxification while preserving the
nutritional quality of the seeds, without causing undesirable changes
(31). Despite their potential, the industrial adoption of physical and
microbial detoxification methods faces several challenges. These
include issues related to process standardization, cost-effectiveness,
regulatory approval and scalability, which continue to hinder
widespread implementation in commercial food systems (32).

Physical treatments often pose challenges for complete
AF detoxification and may negatively impact the quality and
nutritional value of oilseeds, especially when high temperatures
are applied for extended periods (33). Additionally, some
adsorbents may bind essential nutrients during processing or fail
to effectively degrade AFs, potentially resulting in the formation
of toxic residues. Microbial-based solutions offer targeted and
eco-friendly detoxification, but their industrial application faces
several limitations. These include the specific growth requirements
of microorganisms, the need for prolonged processing times and
concerns regarding the safety, consistency and reliability of
microbial byproducts (34). Furthermore, regulatory approval and
public acceptance of food products derived from microbial
interventions require more extensive research, particularly in the
areas of standardization, risk assessment and compliance with
food safety norms. Given these constraints, there is a clear need for
the development of more efficient, scalable and safe degradation
technologies for managing AF contamination in oilseeds (32-34).
The categorization of AF degradation strategies such as physical,
chemical and biological methods isillustrated in Fig. 1.
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Fig. 1. Categorization of AF degradation strategies.

Physical degradation of AFs

In this study, physical degradation of AFs in oilseeds is explored
through methods such as thermal processing, ammoniation,
irradiation and radiation. These techniques aim to reduce toxin
levels by breaking down AFs or removing them using heat,
radiation or binding agents (Table 1 &2).

Thermal processing of AF-contaminated seeds

Solar heat treatment has shown promise as a sustainable thermal
processing method for AF degradation in oil-bearing crops. For
instance, treating coconut oil using a parabolic solar concentrator for

is necessary for industrial-scale applications. In another approach,
heat-treated microorganisms have been evaluated for their
efficacy in AF removal. The effect of thermal processing on S.
cerevisiae and Lactobacillus rhamnosus GG in removing AFB,. The
heat-treated L. rhamnosus GG exhibited a high toxin adsorption
capacity of 97.74 % (17). Heat treatment enhanced the AF-binding
ability and thermal stability of microbial cells. However, one
limitation noted was that excessive heating might increase AF
formation under certain conditions.

Roasting is another widely applied
thermal detoxification technique. For example, roasting peanuts
at 150 °C for 40 min led to reductions of 37.9 %, 39.8 %, 37.4 %
and 40.4 % in AFs By, B,, G: and G; respectively, when the initial

Table 1. Critical factors influencing the efficiency of AF degradation
methods

Method Key factors affecting efficiency

Concentrated solar
radiation

Digestion & thermal
processing

X-ray irradiation
Gamma radiation
Ammoniation
Ammonia-treated diets
for livestock
Biodegradation

Lignolytic fungi

Recombinant oxidase

S. acidaminiphila & BSF
larvae

Radiation intensity and temperature
control
Heat treatment and stability of AFB:
complex
Irradiation dose and time of exposure
Radiation dose and precision control
Ammonia concentration and handling
safety
Ammonia concentration and diet
composition
Fungal activity and AF concentration
Fungal species and environmental
conditions
Specific crop and oxidase activity
Substrate type and microbial/larval
interaction

10-30 min resulted in 100 % removal of total AFs (16). This method is

Enzymes from . .
environmentally friendly, energy-efficient and economically  Trichoderma spp. Enzyme activity and environmental control
advantageous. However, its effectiveness is highly dependent on ~ Blackseedoil Oil composition and food matrix
;. . Physical & chemical Method choice, treatment conditions and
favourable weather conditions and further technological refinement . cihods AF type

Table 2. Comparative overview of physical and microbial AF detoxification strategies and their applications

Methods Objectives Applications across domains Reference
Concentrated solar radiation Reduction of AF contamination in coconut oil Food sagsct))é:]nc;%cnonut oil (16)
Thermal processing and digestion analysis ~ The effect of thermal processing on AFB, stability Food |ndl;)sr’gé/ésssaefse cooking (17)
X-ray irradiation Degradation of AFB1 through X-ray exposure Post-harvest food sterilization (18)
- : . Grain and spice storage
Gamma radiation Preserve hemp flour and inactivate AF treatments (20)
Ammoniation treatment Detoxification of groungpgt press cake to remove Animal feed detoxification (32)
- - Evaluate the impact of ammonia-treated AF- - -
Ammonia treatment in diet contaminated diets in sheep Livestock industry feed safety (57)
Biodegradation using T. harzianum AYM3 ~ Reduce AFB1 in maize grains using endophytic fungi Bioremediation of crops (46)

Agricultural waste biotreatment (58)
Targeted enzymatic (22)
detoxification

Lignolytic phenoloxidase from T. hirsuta The biodegradation of AFB;

Recombinant oxidase from A. tabescens Biodegradation of AFB1 in rice and peanut seeds

Waste management, feed

S. acidaminiphila combined with BSF larvae AFB1 degradation in a novel combination method production (58)
: Evaluate Trichoderma enzymes for AFB; and Industrial enzyme

Trichoderma enzymes ochratoxin A degradation detoxification (27)

Black seed oil detoxification process Detoxification of AFs in spices using black seed oil Spice det?r)‘(c'jfl'f;;g/on in food (28)

Physical and chemical methods (e.g. heat, - - Food regulation, technology

UV light) Reduction of AFs in food and feed development (21)

HPTLC Assessment of total AF in fish feed and feedstuffs Fish feed safety, quality control (29)

in animal feed production

Ultraviolet-LED cold-light irradiation Degradation of AFB; in peanut oil Food safety, oil industry (74)
Enzymatic extract from Pleurotus eryngii Degradation of AFB1 :)s(lccgcstustamable enzymatic Bioremediation, food industry (80)
Gamma-ray irradiation Inactivation of AFs in almonds Food pressteé)réagtéon, grain (46)
Gamma radiation Reduction of ZEA in grains Grain safety, food processing (47)
Green antioxidants Reduce AFs in peanut oil seeds during storage Food industry, agriculture (89)
- - - Evaluation of AF levels in industrial and non- - - -
Physicochemical analysis industrial sesame oil Food industry, oil production (73)
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AF concentration was 10 ng/g (35). Similarly, when peanuts
contaminated with AFs (initial level: 85 pg/kg) were roasted at
160 °C, 180 °C and 200 °C for 5 to 25 min, AF levels were reduced
by 61.6 %, 83.6 % and 89.7 % respectively (36). Mild heat
treatment combined with gaseous ozonation has also proven
effective. In peanut kernels, ozonation at 75 °C for 10 min
resulted in 77 % degradation of AFB; and 80 % degradation of
aflatoxin G: (AFGy) (37). Another emerging technique is
microwave heating, which offers benefits such as rapid drying,
reduced energy consumption and minimal quality loss. For
example, artificially contaminated peanuts treated with
microwave radiation at 360 W, 480 W and 600 W showed AF
degradation ranging from 59 %to 67 % (38).

Chemical detoxification of AFs using ammoniation

Ammoniation, a chemical treatment process that utilizes
ammonia gas, has been investigated for the detoxification of AFs
in groundnut press cake. According to studies, ammoniation can
successfully bring AF levels, especially AFB; down to safe levels
when used under carefully monitored circumstances. These
conditions include maintaining ideal moisture content (12 % - 16 %),
temperature (80 °C - 100 °C) and exposure time (30 - 60 min) followed
by sufficient aeration to eliminate any remaining ammonia (39). Due
to its efficiency and scalability, this method is already employed in
some regions for the detoxification of animal feed. However, several
limitations hinder its broader application in the human food sector,
particularly within the European Union (EU).

Framework for regulation of AF detoxification in oilseeds

AF contaminated oilseeds detoxification particularly using
chemical, physical or microbiological methods, present serious
regulatory issues. While only a handful specifically address
detoxification procedures, numerous international organizations
and national authorities have established standards or maximum
allowable limits for AFs in food and feed products.

Codex Alimentarius (WHO/FAO)

The Codex Alimentarius Commission establishes global guidelines
for food safety. There are currently no approved chemical
detoxification procedures for AFs in human-consumed food,
despite the fact it sets maximum limits for AFs (e.g. 10 - 15 pug/kg for
total AFs in peanuts). Instead, Codex places a strong emphasis on
good agricultural practices and preventive measures (40).

The European Union

Strict EU regulations forbid the use of chemical detoxification
methods for food. Commission Regulation (EU) No. 2015/786 on
other hand, establishes standards for authorized detoxification
techniques for animal feed, including controlled microbiological
and physical processes. Before being approved for sale, detoxified
feed ingredients must be evaluated for efficacy and safety (41).

The Food and Drug Administration (FDA)
in the United States (US)

Chemical detoxification of AFs in human food has not been
approved by FDA in US. Ammoniation has however, been
provisionally permitted for AF contaminated feed under certain
conditions, especially for maize and cottonseed used for animal
consumption. For safety, the FDA mandates appropriate record
keeping and residue analysis (42).

African nations

Following the guidelines of the EU and Codex Alimentarius, many
African nations have adopted regional regulations specifying
maximum permissible levels of AFs in food commodities. Under its
Bureau of Standards, Kenya has instituted AF regulation, but
Nigeria’s National Agency for Food and Drug Administration and
Control (NAFDAC) mandates that all detoxified food and feed
undergo a pre-market safety evaluation (43).

These include concerns about nutritional degradation, the
potential formation of harmful byproducts and low consumer
acceptance. As a result, while ammoniation remains a viable
option for feed-grade detoxification, its adoption for food-grade
oilseeds is limited and subject to stringent regulatory oversight.

Irradiation-based decontamination of AFs

X-ray irradiation has emerged as a promising method for the
degradation of AFB,. In this process, electrons accelerated by
high voltage strike an anode metal target, leading to energy loss
and deceleration. While most of the energy is dissipated as heat,
a portion is emitted as X-ray photons (44). X-ray irradiation at a
dose of 10 kGy achieved an AFB; degradation rate of up to 81 %.
AFB; samples with initial concentrations of 5, 10 and 20 pg/mL
showed degradation rates of 81 %, 77 % and 38 % respectively,
demonstrating dose-dependent efficacy (45).

AFB, B;, Gy, G; have also been successfully broken down by
gamma ray irradiation in solution and in spiked almonds, however
research has indicated that high doses may alter sensory
characteristics like texture, flavour, colour depending on product
type and irradiation level. The treatment led to significant reductions
in toxin levels and microbial populations (46). The key advantages of
gamma irradiation include high effectiveness, microbial control and
extension of product shelf life. However, potential drawbacks
include alterations in food quality and regulatory restrictions,
especially in products intended for human consumption. In another
application, hemp flour exposed to gamma radiation showed
successful decontamination. A dose of 4 kGy effectively reduced
aflatoxin levels, while 8 kGy eliminated both molds and
microorganisms. Additionally, 3 kGy was sufficient for complete
bacterial elimination. Importantly, the treatment preserved the
nutritional value of hemp flour, making it a viable method for safe
decontamination. However, precise dosage control is essential, as
different contaminants require varying dose levels for effective
removal (20).

Gamma irradiation has also been successfully applied to
Zearalenone (ZEA) decontamination in grains. Using High-
Performance Liquid Chromatography (HPLC), ZEA residues were
measured in grain samples collected from Egyptian markets. ZEA
was successfully removed by gamma doses between 5 and 20 kGy
without negatively impacting the grain's nutritional value, as shown
by the negligible changes in protein, crude fat, carbohydrate and
vital minerals levels (46). Despite its effectiveness, the cost of
equipment, facility setup and strict process management are
important considerations when scaling this method (47). In peanuts,
onestudy reported an initial AFB; level of 158.68 ug/kg at 16 % moisture
content, which was reduced by 96 % following a 45 min gamma
imadiation treatment (48). These findings reinforce irradiation
technologies, both X-ray and gamma as viable and powerful tools for
AF mitigation, provided they are implemented with regulatory
compliance and process precision.
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Pulsed light (PL) treatment for AF degradation

PL treatment is emerging as a promising non-thermal method
for the removal of spoilage organisms and chemical
contaminants, including AFs. This technique works by delivering
a sequence of short, high-intensity light pulses, which can
effectively inactivate bacteria, yeasts, molds and even viruses. In
PL systems, a gas-discharge lamp releases electricity in a fraction
of a sec, storing the energy in a capacitor. A xenon lamp is
commonly used as the light source due to its ability to produce
broad-spectrum radiation ranging from ultraviolet to near-
infrared (200—1100 nm). Food products subjected to PL
experience a combination of photophysical, photochemical and
photothermal effects, which contribute to the degradation of
microbial and chemical contaminants (49). In groundnut, studies
have demonstrated the efficacy of PL treatment for AF reduction.
A previous study reported degradation rates of 82 % in peanuts
with skin and 91 % in peanuts without skin (50).

Microbial degradation of AFs in oilseeds

In this study, microbial degradation of AFs in oilseeds is explored
through the application of specific bacteria, fungi and microbial
enzymes that are capable of transforming AFs into less toxic or
non-toxic compounds. One particularly promising strategy is
microbial detoxification technology, which includes both
adsorption and enzymatic biodegradation.

One biological mechanism for AF reduction is microbial
adsorption, wherein microbial cells bind to AFs and form stable
complexes. However, this process is reversible and influenced by
factors such as temperature and cell concentration, making
optimization essential (51). Over the past few decades, various

microorganisms isolated from different environments have
demonstrated efficiency in AF removal, including B. subtilis, S.
cerevisiae, Enterococcus faecium and other Bacillus species (52). In
addition to adsorption, enzyme-mediated degradation is another
effective biological approach. Enzymes and secondary metabolites
produced by microorganisms such as Staphylococcus warneri,
Mycobacterium fluoranthenivorans and Trametes versicolor have
shown the ability to degrade AFB;(53). Comparative overview of
physical, microbial and chemical detoxification is shown in Table 3.

Different fungal strains also exhibit varying AFB, degradation
capacities. Notably, Aspergillus niger, A parasiticus, Trichoderma
viride, Mucor ambiguus and others have been reported to
significantly reduce AFB; levels under controlled conditions (53).
Additionally, several microorganisms including actinomycetes,
bacteria, yeasts and non-toxigenic strains of Aspergillus can inhibit
the growth of toxigenic Aspergillus species and suppress AF
production (54). Fermentative bacteria are considered excellent
candidates for biological detoxification because of their ability to
degrade various chemical bonds in mycotoxin structures using
enzymes (55). This enzyme-mediated breakdown of mycotoxins,
often referred to as biological detoxification, presents a viable
alternative to conventional chemical or physical methods.

For e.g. Trichoderma spp. produces a variety of defence
related enzymes including phenylalanine ammonia-lyase, B-1,3-
glucanase, peroxidase and chitinase. These enzymes are essential
for the breakdown of mycotoxin and inhibition of fungal infections
in addition to improving microbial survival in stressful
environments (56). Comparative analysis of the microorganism’s
efficacy, safety and industrial feasibility are shown in Table 4.

Fungal biodegradation of AFs

Table 3. Comparative overview of physical, microbial and chemical detoxification

Regulatory

Detoxification method Effectiveness Safety Cost Scalability status Nutritionlimpact Reference
. . . Verified in Minimal: heat may
Physical Moderate (40 %-80 %) High Low-moderate High numerous areas deplete certain nutrients (93)
Approved for . .
Chemical High (upto99 %) Moderate Low-High Moderate  feed; limited food Posable\}ﬁ;;c?;grotems/ (94)
use
Microbial Variable-High High Low-Moderate Low-Moderate Notyetapproved Minimal: may enhance (95)

probiotic value

Table 4. Comparative analysis of the microorganism’s efficacy, safety and industrial feasibility

Microorganisms Mechanism

AF reduction

Safety profile Industrial aspects Reference

AF binds physically to the cell
wall through adsorption,
involving attachment rather than
actual breakdown or degradation

S. cerevisiae

Produces the laccases,
peroxidases that break down

T. versicolor AFB; enzymatically into harmless

The binding efficiency ranges
from 60 %- 85 %, contingent on
cell concentration, pH, strain

In liquid cultures, deterioration Biotechnologically safe an
can reach 95 %

Itis highly effective,
easily adaptable to
processing systems (96)
and already in
industrial use

Widely used for probiotics,
baking and brewing

d Moderate: needs

hot harmful systems forenzyme  (97)

byproducts extraction
It exhibits adsorption through
B. subtilis ;?g&?ég%ﬂgg?:dnjiégg 90 % reduction under ideal Widely used in feed Stability in (98)
' enzymes that are capable of circumstances industries formulations
degrading aflatoxins
Ochratoxins may be
A niger Releases enzymes that can Degradation under controlled a?trhoguucﬁgtt;]é?swaf/zt:r?;)?:d Mﬁff;iﬁi;’:ﬁidnsta (99)
- g hydrolyze and oxidize AFB; lab ranges from 80 %-90 % 8 - ; h
safety record with GRAS tailored to strain
certification
AF is bound by components of Moderate: requires
E. faecium cell surface; enzymatic There has been reported 70 % Certain strains are safety testing prior (100)
: degradation potential is drop in in vitro experiments opportunistic infections  to use in food and
restricted feed
Utilizing hydrolases and .
; - . Usually nonpathogenic, itis High: often used as
0f- 0, >
T viride peroxidases, enzyme mediated  AFB: reduction of 75 %- 85 % regarded as safe for biopesticides and in  (101)

biodegradation involves some
competitive exclusion

were observed

biocontrol agriculture
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Fungi have shown great potential in the biodegradation of AFB,
through both direct enzymatic activity and gene-level suppression
of toxin biosynthesis pathways. Trichoderma harzianum AYM3, an
endophytic fungus isolated from maize, has demonstrated
significant biodegradation potential. When applied to AFB;-
contaminated maize grains, the fungus not only significantly
reduced AFB; content but also suppressed the expression of key
genes involved in AF biosynthesis. This method is
environmentally friendly, safe for food and feed applications and
exhibits dual functionality, both detoxification and gene
inhibition. However, its effectiveness can vary depending on crop
type and environmental conditions. In another study, laccase, a
ligninolytic phenol oxidase enzyme from the white-rot fungus
Trametes hirsuta, degraded AFB; (57). The enzyme was effective
in both model systems and actual food matrices, converting AFB;
into non-toxic derivatives via oxidative breakdown. This
enzymatic method is efficient, has a broad substrate range and is
highly suitable for environmental and food safety applications.
However, limitations include the sensitivity of laccase to
environmental factors and the high cost associated with enzyme
production and purification (58).

Post-harvest biodegradation of AFB; in rice and peanut
seeds was achieved using a recombinant oxidase enzyme
derived from Armillaria tabescens. The study demonstrated that
the enzyme efficiently degraded AFB; under storage conditions,
making it a promising post-harvest detoxification tool. Strengths
include high specificity, effectiveness in storage environments and
applicability to widely consumed crops. However, challenges
remain in the form of complex recombinant enzyme production,
cost constraints and the need for validation at commercial scales.

Additionally, the cell-free supernatant of Pantoea sp.
achieved 68.3 % degradation of AFB, demonstrating the
potential of microbial metabolites in AF detoxification (59).
Further highlighted the synergistic effect of co-culturing Pleurotus
ostreatus and A niger, which achieved a maximum AFB; degradation
of 934 %. Individually, P. ostreatus and A niger improved
degradation by 659 % and 37.6 % respectively, suggesting
enhanced performance through microbial combinations (60).

Bacterial degradation of AFs

Bacteria play a significant role in the biodegradation of AFB;
through enzymatic activity and microbial metabolism (61). An
integrated biological system involving Stenotrophomonas
acidaminiphila and black soldier fly (BSF) larvae showed efficient
degradation of AFB, and its combination with BSF larvae further
enhanced the detoxification process. This synergistic approach
has potential applications in feed bioconversion systems,
offering an eco-friendly, cost-effective and sustainable strategy for
managing agricultural waste and contaminated feed. However,
variability in microbial activity, the need for optimized
environmental conditions and regulatory concerns related to
insect-based feed remain significant challenges. Another study
reported that Bacillus amyloliquefaciens WF2020 could effectively
degrade AFB; in the concentration range of 1 to 8 pg/mL (62).
Similarly, Bacillus licheniformis (BL010) reduced AFB; levels by 89.1 %
and after three incubation cycles, its crude enzyme solution
achieved a maximum degradation of 97.3 %. A number of additional
bacterial strains have also been found to be effective aflatoxin
degraders. E. faecium HB2-2 and Myroides odoratimimus strain have

both shown significant degrading activity. The reductions of AFB,,
AFB,, AFM; by Pseudomonas aeruginosa N17-1 were 82.8 %, 46.8 %
and 31.9 %. Similarly, it was found that 89.5 % of AFB; was degraded
by Lactobacillus plantarum. Bacillus velezensis DY3108 reduced
AFB; levels by 91.5% (63-67).

Enzymatic degradation of AFs

Enzymes from Trichoderma spp. have been applied to degrade
AFB; and ochratoxin A, two of the most toxic mycotoxins
affecting food and feed safety. This study proved that certain
extracellular enzymes, such as oxidoreductases and hydrolases
from Trichoderma, could efficiently degrade the toxins under
gentle conditions. This enzyme degradation process has the
advantages of high specificity, environmental safety and use in
food systems without generating toxic residues. However,
efficacy depends on the purity and stability of the enzymes and
scaling up for industrial applications remains challenging.
Generally, the study supports using enzymes in detoxification as
avalid and natural solution for mycotoxin control (26).

AFs: Characteristics and Impacts
Chemical structure and properties

The chemical nature of AFs, particularly the difuran ring structure
of AFB,, contributes to its exceptional thermal stability. This
makes it highly persistent in food and feed systems. This
structural resilience necessitates rigorous physical or chemical
treatments for effective breakdown (28). A clear understanding of
the molecular structure enables the development of targeted
detoxification strategies such as ozonation and acidification, which
act on specific chemical bonds. However, due to the chemical
stability of aflatoxin, such methods often require harsh processing
conditions that may compromise the nutritional quality and safety
of treated products. The occurrence of AFB,, AFB,, AFG, and AFG; in
fish feed has been studied using High-Performance Thin Layer
Chromatography (HPTLC), which relies on the chemical stability and
fluorescence characteristics of AFs (29). The difuran ring structure in
aflatoxin allows detection via UV-induced fluorescence without prior
breakdown. Additionally, structural variations such as the C8 - C9
bond saturation in B, and G;enable clear differentiation between AF
types. While HPTLC is a high-throughput, cost-effective screening
tool, it does not neutralize or degrade AFs. The remarkable chemical
stability of AFB, continues to hinder effective detoxification, as
reflected in its intricate molecular structure and the structural
variations observed among different aflatoxins (AFs). These
classifications and distinct chemical configurations underline the
resilience of AFs against degradation by conventional physical and
chemical methods in Fig. 2.

Toxicity and health effects

Thermal treatment may influence aflatoxin stability; however,
prolonged exposure can deteriorate food quality (68). X-ray
irradiation has also been investigated for AF degradation, though
cost and radiation safety remain concerns (69). Gamma radiation
has proven effective in inactivating AFs in hemp flour, but
requires specialized equipment and facilities. Ammoniation is
another detoxification process widely used for animal feed,
although its efficacy depends heavily on processing conditions.
While ammonia treatment has shown potential for improving
livestock health, its long-term effects on feed quality need further
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Fig. 2. Chemical structures and classification of major AFs.

evaluation (70). The use of phenol oxidase enzymes to degrade
AFs has shown promise, but its effectiveness is limited to specific
food matrices. Similarly, the recombinant oxidase enzyme from
A. tabescens can degrade AFs efficiently, but issues related to cost
and potential allergenicity must be addressed.

Microbial degradation provides another promising route,
although environmental concerns and ethical considerations,
such as the use of insect larvae, may hinder widespread adoption
(71). Enzymatic detoxification using Trichoderma-derived enzymes
is also promising, but possible allergenic responses require
caution. Natural products like black seed oil have been found to
detoxify AFs in spices, though scaling up this approach for
industrial application remains a challenge (72). Finally, physical
and chemical treatments such as heat treatment and adsorption
can reduce AF levels but tend to be energy-intensive and may alter
the sensory and nutritional qualities of food products (73).

Factors affecting AF degradation efficiency

The efficiency of aflatoxin degradation is influenced by multiple
factors, including treatment intensity, method type, food matrix
and processing conditions. For example, concentrated solar
radiation has proven effective in reducing AFs in coconut oil;
increased radiation intensity and controlled temperature
enhance degradation efficiency. However, overexposure may
deteriorate the quality of the oil, presenting a key limitation (74).
Digestion and heat treatment also play a significant role,
particularly affecting the stability of the AFB; complex. While
thermal processes offer rapid degradation, they may also reduce
the nutritional value of the treated food or feed (75).

X-ray irradiation has been shown to degrade AFB;
effectively, with higher doses resulting in better degradation rates.
However, excessive irradiation can damage food quality, limiting
its use to specific applications. Similarly, gamma radiation is
another potent inactivation method, but it requires sophisticated
equipment and precise dose control to avoid compromising food
safety and quality (76). Ammoniation has been applied for
detoxifying AFs in groundnut press cake, though challenges
remain in handling ammonia safely and avoiding chemical
residues in the final product. While ammonia-treated feed has

shown benefits for animal health, the process can alter the
nutritional composition, which is a notable drawback (77).

Biodegradation using endophytic fungi offers an eco-
friendly solution, but its effectiveness decreases at higher
aflatoxin concentrations. Lignolytic fungi such as Trametes species
spp. can degrade aflatoxin using oxidative enzymes, although the
process is slow and not suitable for large-scale industrial use (78).
The use of recombinant oxidase enzymes has shown promise in
degrading AFB, in peanuts and rice, but its effectiveness is crop-
specific and may not extend to other food systems. While enzymes
have demonstrated excellent degradation efficiency in controlled
environments, production costs and scalability issues remain key
limitations for industrial application (79). As a low-cost biological
alternative, black seed oil has been explored for detoxifying AFs
in spices. However, its application is limited by processing
challenges and variability across different food matrices (80).

In summary, the efficacy of AF degradation treatments is
highly dependent on multiple factors, including the type of AF, the
nature of the food or feed matrix and the treatment conditions.
Although chemical treatments are generally effective, concerns
regarding safety, toxicity and residual chemicals must be
addressed, as summarized in Table 1.

Current trends in microbial degradation of AFs
Utilization of specific microbial strains

Various microorganisms such as B. subtilis, Pseudomonas spp.
and Rhodococcus erythropolis can enzymatically degrade AFs
into less harmful compounds, while fungi like A niger and
Trichoderma spp. reduce AF levels by breaking them down into
smaller, less toxic molecules. In competitive exclusion, non-
toxigenic strains of A. flavus can suppress the growth and toxin
production of toxigenic strains. These microbes are being
extensively studied for their detoxification potential and stability
across various oilseed environments (81).

Enzymatic degradation

Enzymatic degradation involves the use of specific enzymes such
as laccases, peroxidases and aflatoxin oxidases (AFOs) to break
down AFs into non-toxic compounds. Researchers are actively
purifying these enzymes from microorganisms and exploring their
application in oilseed processing, with enzyme immobilization
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techniques enabling their reuse. This method offers high
specificity, a low environmental footprint and minimal impact on
the nutritional quality of oilseeds (82).

Probiotic and fermentation approaches

Probiotic-mediated degradation by strains such as Lactobacillus
and S. cerevisioge offers an environmentally friendly approach to
reduce AF levels, particularly in animal feed. These microorganisms
can adsorb and degrade AFs during fermentation, while also
enhancing the digestibility and nutritional quality of oilseed
byproducts. This method shows promise for developing safer feed
ingredients and potential applications in food-grade products (83).

Genetically Modified Microorganisms (GMMs)

GMMs are being developed to improve AF degradation by
introducing genes for more effective enzymes. Such "super
strains" are being tested for efficacy, safety and regulatory
approval, with potential applications in the food and feed
industries. Commercialization is restricted, but ongoing studies
intend to develop microbial agents for safe and efficient AF
removal in oilseed processing, storage and fermentation (84).

Challenges in physical degradation

Solar radiation used for thermal processing is highly dependent
on weather conditions, which limits its reliability and scalability
for industrial applications (85). A major drawback observed in
heat-treated systems is the potential for microorganisms to
release secondary toxins, even when adsorption capacities are
improved (86). Likewise, while ammoniation has proven effective
in reducing AF levels, especially in animal feed—its application in
human food systems remains controversial. Nutritional
alterations and the possible formation of toxic byproducts are
notable concerns. As a result, regions such as the EU prohibit
ammoniation as a food additive for human consumption,
despite its successful use in livestock feed (39).

The adoption of irradiation techniques such as X-ray, UV-
LED and gamma rays presents further challenges due to the
need for sophisticated and costly equipment. These treatments,
while effective in degrading AFs, may cause undesirable changes
in food texture, taste and nutritional composition. Scaling up
these methods for large-scale commercial use remains difficult
because of the complexity and financial burden involved (87).
Furthermore, gamma radiation treatments require highly accurate
dosage control to maintain food quality while ensuring
detoxification. Improper dosing can compromise both efficacy and
product integrity. Despite its potential, widespread implementation
of radiation technology is still constrained by high operational costs
and the need for substantial infrastructure investment (88).

Challenges in microbial degradation

The effectiveness of fungal biodegradation methods is highly
influenced by environmental parameters such as temperature, pH
and humidity. These factors must be maintained at optimal levels
for consistent results. However, fungal treatments often show
variability in performance across different crops and
environmental conditions, which limits their widespread adoption
(89). Additionally, the high cost of enzyme production and
purification presents a major barrier to the commercial application
of enzymatic detoxification. In particular, recombinant enzyme
technologies, while effective, remain economically unfeasible for
large-scale post-harvest use due to their complex and costly

production processes (90).

Another significant limitation lies in the application of
combined biological systems. Maintaining synergistic activity
between multiple microorganisms or enzymes requires precisely
optimized conditions, which complicates their implementation in
practical settings (91). Furthermore, the reliability of extracellular
enzyme-mediated degradation of mycotoxins depends on factors
such as enzyme purity and stability. These limitations make it
challenging to develop robust enzymatic detoxification systems
for industrial-scale use in food and feed processing (92). The
comparative data supporting the discussed detoxification
strategies and relevant studies cited exclusively in Table 3 &4.

Future scope

1. Ensuring the safety of thermally processed food requires
integrated systems capable of neutralizing microbial toxins
generated during heat treatment. Affordable UV-LED or
gamma irradiation devices can be introduced at small and
medium scales, offering a viable solution for local food
Processors.

2.To improve fungal strains’ environmental adaptability for
more efficient detoxification, bioengineering breakthroughs
are required. Strains with increased resistance to abiotic
stresses and greater mycotoxin degrading ability can be
engineered using tools like CRISPR-Cas9 for targeted gene
editing, transcriptome profiling for stress response research
and synthetic biology techniques for pathway optimization.
Field validation of enzyme-based methods under diverse agro-
ecological conditions is crucial to assess performance and cost
-efficiency. Future research should focus on developing stable
enzyme variants through protein engineering to ensure
functionality across varying conditions.

3. Enzymatic detoxification in the food and feed industry can be
made more commercially viable by developing straightforward
recombinant expression systems such as yeast-based platforms
or bacterial hosts like Escherichia coli for the production of
enzymes like laccase and manganese peroxidase. Meanwhile,
improving fermentation and bioprocessing technologies can
lower the cost of producing enzymes.

4. Developing combined biological models under optimal
conditions may unlock new detoxification synergies. Broader
industrial adoption also requires harmonized regulatory
frameworks, particularly for insect-based feed products and
affordable purification strategies for extracellular enzymes
such as those from Trichoderma spp. Integrating these
biological methods into existing food and feed systems is
essential for widespread application.

Conclusion

The field of aflatoxin degradation in oilseeds is rapidly advancing
through the integration of innovative approaches such as solar
radiation, thermal processing, gamma irradiation and microbial
biodegradation. When combined with emerging technologies like
recombinant enzyme applications, these strategies hold significant
promise for enhancing food safety and promoting sustainable
agricultural practices. However, several challenges remain
particularly in terms of scalability, cost-effectiveness and the need for
method optimization across various oilseed types and processing
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environments. Future research should prioritize improving the
efficiency and field applicability of these techniques, exploring
synergistic hybrid methods and minimizing their environmental
impact. Continued innovation and interdisciplinary collaboration
in aflatoxin detoxification will play a critical role in strengthening
global food security, protecting public health and fostering
environmentally responsible agricultural systems. The integration
of cutting-edge techniques like solar radiation, thermal processing,
gamma irradiation and microbial biodegradation is accelerating
the field of AF degradation in oilseeds together with cutting edge
technologies such as applications of recombinant enzymes and
bioengineered microbial strains. However, despite promising
results at the laboratory scale, significant challenges still persist.

o Varying effectiveness in various oilseeds matrices.
e Standardized protocols are lacking for commercial use.

¢ Byproducts may be harmful, necessitating careful safety testing

Acknowledgements

The authors extend their deepest appreciation and utmost
respect to the Department of Seed Science and Technology for
their invaluable guidance and support throughout this study.
Special thanks are extended to the Chairman and advisory
members for their valuable feedback on the manuscript.

Authors' contributions

KN and KNN developed the concept for this manuscript. KN
carried out the literature review and wrote the initial draft. VM,
SM, PM and VKM contributed essential feedback and revisions.
KN and KNN finalized the manuscript. All authors reviewed and
approved the final version of the manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None

References

1. Mekouar MA. Food and Agriculture Organization of the United
Nations (FAO). Yearb Int Environ Law. 2023;34(1):yvae031. https://
doi.org/10.1093/yiel/yvae031

2. Estimates TA. Directorate of Economics and Statistics (DES).
Ministry of Agriculture and Farmers Welfare (MoA & FW), India. 2020.

3. Chauhan JS, Choudhury PR, Pal S, Singh KH. An overview of
oilseeds and oil scenario, seed chain and strategy to energize
seed production. Indian J Agric Sci. 2021;91(2):183-92. https://
doi.org/10.56093/ijas.v91i2.111573

4. Sharma KK, Singh US, Sharma P, Kumar A, Sharma L. Seed
treatments for sustainable agriculture. J Appl Nat Sci. 2015;7
(1):521. https://doi.org/10.31018/jans.v7il.641

5. Pérez-Pizd MC, Prevosto L, Grijalba PE, Zilli CG, Cejas E, Mancinelli
B, et al. Improvement of growth and yield of soybean plants
through the application of non-thermal plasmas to seeds with
different health status. Heliyon. 2019;5(4):e01495. https://
doi.org/10.1016/j.heliyon.2019.e01495

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Garuba T, AbdulRahaman AA, Olahan GS, Abdulkareem KA, Amadi
JE. Effects of fungal filtrates on seed germination and leaf anatomy
of maize seedlings (Zea mays L., Poaceae). J Appl Sci Environ
Manage. 2014;18(4):662-67. https://doi.org/10.4314/jasem.v18i4.15

Pedraza LA, Bautista J, Uribe-Vélez D. Seed-borne Burkholderia
glumae infects rice seedlings and maintains bacterial population
during vegetative and reproductive growth stage. Plant Pathol J.
2018;34(5):393. https://doi.org/10.5423/PPJ.0A.02.2018.0030

Jalili M, Jinap S, Noranizan MA. Aflatoxins and ochratoxin A
reduction in black and white pepper by gamma radiation. Radiat
Phys Chem. 2012;81(11):1786-88. https://doi.org/10.1016/
j.-radphyschem.2012.06.001

Natarajan KR, Rhee KC, Cater CM, Mattil KF. Distribution of
aflatoxins in various fractions separated from raw peanuts and
defatted peanut meal. J Am Oil Chem Soc. 1975;52:44-47. https://
doi.org/10.1007/BF02901821

Park DL, Lee LS, Price RL, Pohland AE. Review of the
decontamination of aflatoxins by ammoniation: current status
and regulation. J Assoc Off Anal Chem. 1988;71(4):685-703.
https://doi.org/10.1093/jaoac/71.4.685

Allameh A, Safamehr A, Mirhadi SA, Shivazad M, Razzaghi-Abyaneh
M, Afshar-Naderi A. Evaluation of biochemical and production
parameters of broiler chicks fed ammonia-treated aflatoxin-
contaminated maize grains. Anim Feed Sci Technol. 2005;122(3-
4):289-301. https://doi.org/10.1016/j.anifeedsci.2005.03.005

Ding X, Li P, Bai Y, Zhou H. Aflatoxin B1 in post-harvest peanuts
and dietary risk in China. Food Control. 2012;23(1):143-48. https://
doi.org/10.1016/j.foodcont.2011.06.026

Shapira R, Paster N, Menasherov M, Eyal O, Mett A, Meiron T, et al.
Development of polyclonal antibodies for detection of
aflatoxigenic molds involving culture filtrate and chimeric
proteins expressed in Escherichia coli. Appl Environ Microbiol.
1997;63(3):990-95. https://doi.org/10.1128/aem.63.3.990-995.1997

Guchi E. Aflatoxin contamination in groundnut (Arachis hypogaea
L.) caused by Aspergillus species in Ethiopia. J Appl Environ
Microbiol. 2015;3(1):11-9.

Waliyar F, Kumar KV, Diallo M, Traore A, Mangala UN, Upadhyaya
HD, et al. Resistance to pre-harvest aflatoxin contamination in
ICRISAT's groundnut mini core collection. Eur J Plant Pathol.
2016;145:901-13. https://doi.org/10.1007/510658-016-0879-9

Kasun BT, Vanniarachchy MP. Reduction of aflatoxin contamination
in coconut oil using concentrated solar radiation. Food Chem Adv.
2023;3:100513. https://doi.org/10.1016/j.focha.2023.100513

Balsini MS, Dovom MR, Kadkhodaee R, Najafi MB, Yavarmanesh M.
Effect of digestion and thermal processing on the stability of
microbial cell-aflatoxin Bl complex. LWT. 2021;142:110994.
https://doi.org/10.1016/j.lwt.2021.110994

Niu J, Li Y, Deng Y, Wei C, Jin J, Zhang H, et al. Degradation of
aflatoxin Bl by X-ray irradiation. LWT. 2025;117384. https://
doi.org/10.1016/j.lwt.2025.117384

Baoua IB, Amadou L, Ousmane B, Baributsa D, Murdock LL. PICS
bags for post-harvest storage of maize grain in West Africa. J
Stored Prod Res. 2014;58:20-8. https://doi.org/10.1016/
j.jspr.2014.03.001

Vujcic I, Masic S. Preservation of hemp flour using high-energy
ionizing radiation: The effect of gamma radiation on aflatoxin
inactivation, microbiological properties and nutritional values. J
Food Process Preserv. 2021;45(4):e15314. https://doi.org/10.1111/
jfpp.15314

Zhang M, Jiao P, Wang X, Sun Y, Liang G, Xie X, et al. Evaluation of
growth performance, nitrogen balance and blood metabolites of
mutton sheep fed an ammonia-treated aflatoxin Bl-contaminated
diet. Toxins. 2022;14(5):361. https://doi.org/10.3390/toxins14050361

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1093/yiel/yvae031
https://doi.org/10.1093/yiel/yvae031
https://doi.org/10.56093/ijas.v91i2.111573
https://doi.org/10.56093/ijas.v91i2.111573
https://doi.org/10.31018/jans.v7i1.641
https://doi.org/10.1016/j.heliyon.2019.e01495
https://doi.org/10.1016/j.heliyon.2019.e01495
https://doi.org/10.4314/jasem.v18i4.15
https://doi.org/10.5423/PPJ.OA.02.2018.0030
https://doi.org/10.1016/j.radphyschem.2012.06.001
https://doi.org/10.1016/j.radphyschem.2012.06.001
https://doi.org/10.1007/BF02901821
https://doi.org/10.1007/BF02901821
https://doi.org/10.1093/jaoac/71.4.685
https://doi.org/10.1016/j.anifeedsci.2005.03.005
https://doi.org/10.1016/j.foodcont.2011.06.026
https://doi.org/10.1016/j.foodcont.2011.06.026
https://doi.org/10.1128/aem.63.3.990-995.1997
https://doi.org/10.1007/s10658-016-0879-9
https://doi.org/10.1016/j.focha.2023.100513
https://doi.org/10.1016/j.lwt.2021.110994
https://doi.org/10.1016/j.lwt.2025.117384
https://doi.org/10.1016/j.lwt.2025.117384
https://doi.org/10.1016/j.jspr.2014.03.001
https://doi.org/10.1016/j.jspr.2014.03.001
https://doi.org/10.1111/jfpp.15314
https://doi.org/10.1111/jfpp.15314
https://doi.org/10.3390/toxins14050361

NANTHINIET AL

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mikityuk O, Nazarova T, Sinelnikov |, Shcherbakova L. Post-harvest
biodegradation of aflatoxin B1 in rice grain and peanut seeds infected
with Aspergillus flavus using a recombinant oxidase from Armillaria
tabescens. In: International Conference on Agriculture Digitalization
and Organic Production. Singapore: Springer Nature Singapore; 2024.
p. 265-75. https://doi.org/10.1007/978-981-97-4410-7_22

Guan S, Zhou T, Yin Y, Xie M, Ruan Z, Young J. Microbial strategies
to control aflatoxins in food and feed. World Mycotoxin J. 2011;4
(4):413. https://doi.org/10.3920/WMJ2011.1290

Alberts JF, Gelderblom WC, Botha A, Van Zyl WH. Degradation of
aflatoxin B1 by fungal laccase enzymes. Int J Food Microbiol. 2009;135
(1):47-52. https://doi.org/10.1016/j.ijfoodmicro.2009.07.022

Wang J, Ogata M, Hirai H, Kawagishi H. Detoxification of aflatoxin
Bl by manganese peroxidase from the white-rot fungus
Phanerochaete sordida YK-624. FEMS Microbiol Lett. 2011;314
(2):164-49. https://doi.org/10.1111/j.1574-6968.2010.02158.x

Dini I, Alborino V, Lanzuise S, Lombardi N, Marra R, Balestrieri A, et
al. Trichoderma enzymes for degradation of aflatoxin B1 and
ochratoxin A. Molecules. 2022;27(12):3959. https://doi.org/10.3390/
molecules27123959

Saeed MK, Anjum S, Zahra N, Shahzadi I, Huma Z, Khan A, et al.
Determination of aflatoxin in various spice samples and its
detoxification using black seed oil: A biological approach. Diet Factor
J Nutr Food Sci. 2024;24-9. https://doi.org/10.54393/df.v5i2.134

Sipos P, Peles F, Brassé DL, Béri B, Pusztahelyi T, Pdcsi |, et al.
Physical and chemical methods for reduction in aflatoxin content
of feed and food. Toxins. 2021;13(3):204. https://doi.org/10.3390/
toxins13030204

Jaiswar R, Sarathchandra G, Shanmugam SA, Felix N, Narayanan
AL. Assessment of total aflatoxin (AFB1, AFB2, AFG1 and AFG2) in
fish feed and feedstuffs by using high-performance thin-layer
chromatography. Compr Rev Food Sci Food Saf. 2022;20(3):2332-
38. https://doi.org/10.22271/tpi.2022.v11.i95qg.15535

Wang HB, Mo ZM, Yuan GW, Dai XD, Zhou SY, Khoo HE, et al.
Degradation of aflatoxin B1 in peanut oil by ultraviolet-LED cold-
light irradiation and structure elucidation of the degradation
products. J Oleo Sci. 2023;72(4):473-80. https://doi.org/10.5650/
jos.ess22354

Ramezani M, Varidi M, Hashemi M, Rezaie M. Evaluation of the
physicochemical properties and aflatoxin levels of industrial and
non-industrial sesame oil. Iran J Chem Chem Eng. 2022;41(10).

Awuchi CG, Ondari EN, Ogbonna CU, Upadhyay AK, Baran K,
Okpala COR, et al. Mycotoxins affecting animals, foods, humans
and plants: Types, occurrence, toxicities, action mechanisms,
prevention and detoxification strategies - A revisit. Foods. 2021;10
(6):1279. https://doi.org/10.3390/foods10061279

Jallow A, Xie H, Tang X, Qi Z, Li P. Worldwide aflatoxin
contamination of agricultural products and foods: From
occurrence to control. Compr Rev Food Sci Food Saf. 2021;20
(3):2332-81. https://doi.org/10.1111/1541-4337.12734

Alameri MM, Kong ASY, Aljaafari MN, Ali HA, Eid K, Sallagi MA, et
al. Aflatoxin contamination: An overview on health issues,
detection and management strategies. Toxins. 2023;15(4):246.
https://doi.org/10.3390/toxins15040246

Farahmandfar R, Tirgarian B. Degradation of aflatoxins and
tocopherols in peanut (Arachis hypogaea): Effect of aflatoxin type,
time and temperature of roasting. Dry Technol. 2020;38(16):2182-
89. https://doi.org/10.1080/07373937.2019.1687513

Martins LM, Sant'Ana AS, lamanaka BT, Berto MI, Pitt JI, Taniwaki MH.
Kinetics of aflatoxin degradation during peanut roasting. Food Res
Int. 2017;97:178-83. https://doi.org/10.1016/j.foodres.2017.03.052

Proctor AD, Ahmedna M, Kumar JV, Goktepe I. Degradation of
aflatoxins in peanut kernels/flour by gaseous ozonation and mild
heat treatment. Food Addit Contam. 2004;21(8):786-93. https://
doi.org/10.1080/02652030410001713898

38.

39.

40.

41.

42.

43.

a4,

45.

46.

a7.

48.

49.

50.

51.

52.

53.

10

Patil H, Shah NG, Hajare SN, Gautam S, Kumar G. Combination of
microwave and gamma irradiation for reduction of aflatoxin B1
and microbiological contamination in peanuts (Arachis hypogaea
L.). World Mycotoxin J. 2019;12(3):269-80. https://doi.org/10.3920/
WMJ2018.2384

EFSA Panel on Contaminants in the Food Chain (CONTAM),
Schrenk D, Bignami M, Bodin L, Chipman JK, del Mazo J, Grasl-
Kraupp B, et al. Risk assessment of aflatoxins in food. EFSA J.
2020;18(3):€06040. https://doi.org/10.2903/j.efsa.2020.6040

FAO, WHO. Codex Alimentarius: General standard for
contaminants and toxins in food and feed. CXS 193-1995. 1995.

EFSA Panel on Contaminants in the Food Chain (CONTAM),
Schrenk D, Bignami M, Bodin L, Chipman JK, del Mazo J, Grasl-
Kraupp B, et al. Guidance for the assessment of detoxification
processes in feed. EFSA J. 2024;22(1):e8528. https://
doi.org/10.2903/j.efsa.2024.8528

Park DL, Troxell TC. US perspective on mycotoxin regulatory issues.
Mycotoxins Food Saf. 2002:277-85. https://doi.org/10.1007/978-1-
4615-0629-4_29

Mutiga SK, Were V, Hoffmann V, Harvey JW, Milgroom MG, Nelson
RJ. Extent and drivers of mycotoxin contamination: Inferences
from a survey of Kenyan maize mills. Phytopathology. 2014;104
(11):1221-31. https://doi.org/10.1094/PHYTO-01-14-0006-R

Mahmoud BS, Nannapaneni R, Chang S, Coker R. Effect of X-ray
treatments on Escherichia coli 0157:H7, Listeria monocytogenes,
Shigella flexneri, Salmonella enterica and inherent microbiota on
whole mangoes. Lett Appl Microbiol. 2016;62(2):138-44. https://
doi.org/10.1111/lam.12518

Bozinou E, Athanasiadis V, Samanidis |, Govari M, Govaris A, Sflomos
K, et al. Aflatoxin inactivation in gamma-ray-irradiated almonds.
Appl Sci. 2024;14(24):11985. https://doi.org/10.3390/app142411985

Sebaei AS, Sobhy HM, Fouzy AS, Hussain OA. Occurrence of
zearalenone in grains and its reduction by gamma radiation. Int J
Environ Anal Chem. 2022;102(11):2503-11. https://
doi.org/10.1080/03067319.2020.1756282

Jubeen F, Bhatti IA, Khan MZ, Zahoor-ul H, Shahid M. Effect of UVC
irradiation on aflatoxins in groundnut (Arachis hypogaea) and tree
nuts (Juglans regia, Prunus dulcis and Pistacia vera). J Chem Soc
Pak. 2012;34(6):1366-74.

Wang B, Mahoney NE, Khir R, Wu B, Zhou C, Pan Z, et al.
Degradation kinetics of aflatoxin B1 and B2 in solid medium by
using pulsed light irradiation. J Sci Food Agric. 2018;98(14):5220-
4. https://doi.org/10.1002/jsfa.9058

Abuagela MO, Iqgdiam BM, Mostafa H, Gu L, Smith ME, Sarnoski PJ.
Assessing pulsed light treatment on the reduction of aflatoxins in
peanuts with and without skin. Int J Food Sci Technol. 2018;53
(11):2567-75. https://doi.org/10.1111/ijfs.13851

Wang C, Li Z, Wang H, Qiu H, Zhang M, Li S, et al. Rapid
biodegradation of aflatoxin B1 by metabolites of Fusarium sp.
WCQ3361 with broad working temperature range and excellent
thermostability. J Sci Food Agric. 2017;97(4):1342-48. https://
doi.org/10.1002/jsfa.7872

Fernandez Juri MG, Dalcero AM, Magnoli CE. In vitro aflatoxin B1
binding capacity by two Enterococcus faecium strains isolated
from healthy dog faeces. J Appl Microbiol. 2015;118(3):574-82.
https://doi.org/10.1111/jam.12726

Verheecke C, Liboz T, Darriet M, Sabaou N, Mathieu F. In vitro
interaction of actinomycetes isolates with Aspergillus flavus:
Impact on aflatoxins B1 and B2 production. Lett Appl Microbiol.
2014;58(6):597-603. https://doi.org/10.1111/lam.12233

Haskard CA, El-Nezami HS, Kankaanpaa PE, Salminen S, Ahokas
JT. Surface binding of aflatoxin B1 by lactic acid bacteria. Appl
Environ Microbiol. 2001;67(7):3086-93. https://doi.org/10.1128/
AEM.67.7.3086-3091.2001

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1007/978-981-97-4410-7_22
https://doi.org/10.3920/WMJ2011.1290
https://doi.org/10.1016/j.ijfoodmicro.2009.07.022
https://doi.org/10.1111/j.1574-6968.2010.02158.x
https://doi.org/10.3390/molecules27123959
https://doi.org/10.3390/molecules27123959
https://doi.org/10.54393/df.v5i2.134
https://doi.org/10.3390/toxins13030204
https://doi.org/10.3390/toxins13030204
https://doi.org/10.22271/tpi.2022.v11.i9Sq.15535
https://doi.org/10.5650/jos.ess22354
https://doi.org/10.5650/jos.ess22354
https://doi.org/10.3390/foods10061279
https://doi.org/10.1111/1541-4337.12734
https://doi.org/10.3390/toxins15040246
https://doi.org/10.1080/07373937.2019.1687513
https://doi.org/10.1016/j.foodres.2017.03.052
https://doi.org/10.1080/02652030410001713898
https://doi.org/10.1080/02652030410001713898
https://doi.org/10.3920/WMJ2018.2384
https://doi.org/10.3920/WMJ2018.2384
https://doi.org/10.2903/j.efsa.2020.6040
https://doi.org/10.2903/j.efsa.2024.8528
https://doi.org/10.2903/j.efsa.2024.8528
https://doi.org/10.1007/978-1-4615-0629-4_29
https://doi.org/10.1007/978-1-4615-0629-4_29
https://doi.org/10.1094/PHYTO-01-14-0006-R
https://doi.org/10.1111/lam.12518
https://doi.org/10.1111/lam.12518
https://doi.org/10.3390/app142411985
https://doi.org/10.1080/03067319.2020.1756282
https://doi.org/10.1080/03067319.2020.1756282
https://doi.org/10.1002/jsfa.9058
https://doi.org/10.1111/ijfs.13851
https://doi.org/10.1002/jsfa.7872
https://doi.org/10.1002/jsfa.7872
https://doi.org/10.1111/jam.12726
https://doi.org/10.1111/lam.12233
https://doi.org/10.1128/AEM.67.7.3086-3091.2001
https://doi.org/10.1128/AEM.67.7.3086-3091.2001

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Akbar A, Khan MI, Khan Gl. Probiotics in biodegradation of
microbial toxins: Principles and mechanisms. In: Probiotics,
Prebiotics and Synbiotics: Technological Advancements Towards
Safety and Industrial Applications. 2022. p.161-71. https://
doi.org/10.1002/9781119702160.ch7

Eslahi N, Kowsari M, Zamani MR, Motallebi M. The profile change of
defense pathways in Phaseolus vulgaris L. by biochemical and
molecular interactions of Trichoderma harzianum transformants
overexpressing a chimeric chitinase. Biol Control. 2021;152:104304.
https://doi.org/10.1016/j.biocontrol.2020.104304

Madbouly AK, Rashad YM, Ibrahim MI, Elazab NT. Biodegradation
of aflatoxin B1 in maize grains and suppression of its biosynthesis-
related genes using endophytic Trichoderma harzianum AYM3. J
Fungi. 2023;9(2):209. https://doi.org/10.3390/j0f9020209

Soylemez T, Berger RG, Krings U, Yama¢ M. Aflatoxin B1 (AFB1)
biodegradation by a lignolytic phenoloxidase of Trametes hirsuta. Sci
Rep. 2025;15(1):6330. https://doi.org/10.1038/s41598-025-90711-y

Xie Y, Wang W, Zhang S. Purification and identification of an
aflatoxin B1 degradation enzyme from Pantoea sp. T6. Toxicon.
2019;157:35-42. https://doi.org/10.1016/j.toxicon.2018.11.290

Wang L, Huang W, Shen Y, Zhao Y, Wu D, Yin H, et al. Enhancing the
degradation of aflatoxin B1 by co-cultivation of two fungi strains
with the improved production of detoxifying enzymes. Food Chem.
2022;371:131092. https://doi.org/10.1016/j.foodchem.2021.131092

Suo J, Liang T, Zhang H, Liu K, Li X, Xu K, et al. Characteristics of
aflatoxin B1 degradation by Stenotrophomonas acidaminiphila
and its combination with black soldier fly larvae. Life. 2023;13
(1):234. https://doi.org/10.3390/life13010234

Chen G, Fang QA, Liao Z, Xu C, Liang Z, Liu T, et al. Detoxification of
aflatoxin Bl by a potential probiotic Bacillus amyloliquefaciens
WF2020. Front Microbiol. 2022;13:891091. https://doi.org/10.3389/
fmicbh.2022.891091

Wang Y, Zhang H, Yan H, Yin C, Liu Y, Xu Q, et al. Effective
biodegradation of aflatoxin B1 using the Bacillus licheniformis
(BLO10) strain. Toxins. 2018;10(12):497. https://doi.org/10.3390/
toxins10120497

Mwakinyali SE, Ming Z, Xie H, Zhang Q, Li P. Investigation and
characterization of Myroides odoratimimus strain 3J2MO aflatoxin
Bl degradation. J Agric Food Chem. 2019;67(16):4595-602.
https://doi.org/10.1021/acs.jafc.8b06810

Feng J, Cao L, Du X, Zhang Y, Cong Y, He J, et al. Biological
detoxification of aflatoxin B1 by Enterococcus faecium HB2-2.
Foods. 2024;13(12):1887. https://doi.org/10.3390/foods13121887

Sangare L, Zhao Y, Folly YM, Chang J, Li J, Selvaraj JN, et al.
Aflatoxin B1 degradation by a Pseudomonas strain. Toxins. 2014;6
(10):3028-40. https://doi.org/10.3390/toxins6103028

Zhu 'Y, Xu Y, Yang Q. Antifungal properties and AFB1 detoxification
activity of a new strain of Lactobacillus plantarum. J Hazard Mater.
2021;414:1255609. https://doi.org/10.1016/j.jhazmat.2021.125569

Shu X, Wang Y, Zhou Q, Li M, Hu H, Ma Y, et al. Biological degradation
of aflatoxin B1 by cell-free extracts of Bacillus velezensis DY3108 with
broad pH stability and excellent thermostability. Toxins. 2018;10
(8):330. https://doi.org/10.3390/toxins10080330

Bhat ZR, Hakeem KR. Removal and detoxification of aflatoxins. In:
Aflatoxins in Food: A Perspective. Cham: Springer Int Publ. 2022.
p. 195-205. https://doi.org/10.1007/978-3-030-85762-2_9

Pandey V. Promising detoxification approaches to mitigate
aflatoxins in foods and feeds. In: Aflatoxins - Occurrence,
Detoxification, Determination and Health Risks. IntechOpen;
2021. https://doi.org/10.5772/intechopen.96813

Fang L, Zhao B, Zhang R, Wu P, Zhao D, Chen J, et al. Occurrence
and exposure assessment of aflatoxins in Zhejiang province,
China. Environ Toxicol Pharmacol. 2022;92:103847. https://
doi.org/10.1016/j.etap.2022.103847

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

11

Finotti E, Parroni A, Zaccaria M, Domin M, Momeni B, Fanelli C, et al.
Aflatoxins are natural scavengers of reactive oxygen species. Sci
Rep. 2021;11(1):16024. https://doi.org/10.1038/s41598-021-95325-8

Ramezani M, Varidi M, Hashemi M, Rezaie M. Evaluation of the
physicochemical properties and aflatoxin levels of industrial and
non-industrial sesame oil. Iran J Chem Chem Eng. 2022;41(10).

Wang C, Li J, Wang Q, Wu Q, Shi X. Fluorine-functionalized
covalent organic framework as efficient solid phase extraction
sorbent for adsorption of aflatoxins in nuts. J Hazard Mater.
2024;464:133017. https://doi.org/10.1016/j.jhazmat.2023.133017

Alvarez-Dias F, Torres-Parga B, Valdivia-Flores AG, Quezada-
Tristan T, Alejos-De La Fuente JI, Sosa-Ramirez J, et al. Aspergillus
flavus and total aflatoxins occurrence in dairy feed and aflatoxin
M1 in bovine milk in Aguascalientes, México. Toxins. 2022;14
(5):292. https://doi.org/10.3390/toxins14050292

Schamann A, Schmidt-Heydt M, Geisen R, Kulling SE, Soukup ST.
Formation of B- and M-group aflatoxins and precursors by
Aspergillus flavus on maize and its implication for food safety.
Mycotoxin Res. 2022;38(2):79-92. https://doi.org/10.1007/s12550-
022-00452-4

Kortei NK, Annan T, Akonor PT, Richard SA, Annan HA, Wiafe-
Kwagyan M, et al. Aflatoxins in randomly selected groundnuts
(Arachis hypogaea) and its products from some local markets
across Ghana: Human risk assessment and monitoring. Toxicol
Rep. 2021;8:186-95. https://doi.org/10.1016/j.toxrep.2021.01.002

Ismail AM, Raza MH, Zahra N, Ahmad R, Sajjad Y, Khan SA.
Aflatoxins in wheat grains: Detection and detoxification through
chemical, physical and biological means. Life. 2024;14(4):535.
https://doi.org/10.3390/life14040535

Saka HK, Bala I, Ahmad FU, Adamu AA, Yerima AK, |brahim AT, et
al. Aflatoxin total and microbial contamination of grains, oil
seeds, yam chips and fish sold in Maiduguri Market. Equity J Sci
Technol. 2021;8(1):65-69. https://doi.org/10.4314/equijost.v8i1.10

Brana MT, Sergio L, Haidukowski M, Logrieco AF, Altomare C.
Degradation of aflatoxin B1 by a sustainable enzymatic extract
from spent mushroom substrate of Pleurotus eryngii. Toxins.
2020;12(1):49. https://doi.org/10.3390/toxins12010049

Mohsen E, El-Metwally MA, Ibrahim AA, Soliman MI. Impact of green
antioxidants on decreasing the aflatoxins percentage in peanut oil
seed (Arachis hypogaea L.) during storage. Sci Prog. 2023;106
(2):00368504231176165. https://doi.org/10.1177/00368504231176165

Dong X, Zhang Q, Zhang Z, Yue X, Zhang L, Chen X, et al. Inhibitory
effect of Enterobacter cloacae 3J1EC on Aspergillus flavus 3.4408
growth and aflatoxin production. World Mycotoxin J. 2020;13
(2):259-66. https://doi.org/10.3920/WMJ2019.2480

Yousef H, Abd-Elsalam KA, Abdel-Momen SM. Endophytic fungi for
reduction of mycotoxin contamination in crops. In: Fungal
Endophytes Volume II: Applications in Agroecosystems and Plant
Protection. Singapore: Springer Nat Singapore; 2025. p.185-224.
https://doi.org/10.1007/978-981-97-8804-0_7

Zhao LH, Guan S, Gao X, Ma QG, Lei YP, Bai XM, et al. Preparation,
purification and characteristics of an aflatoxin degradation enzyme
from Myxococcus fulvus ANSM068. J Appl Microbiol. 2011;110(1):147
-55. https://doi.org/10.1111/j.1365-2672.2010.04867.x

Peng Z, Liu Y, Zhang Y, Ai Z, Lei D, Xie Y, et al. Radio frequency
roasting promotes the degradation of aflatoxin B1 and achieves
better quality of peanuts (Arachis hypogaea L.). Food Control.
2024;158:110232. https://doi.org/10.1016/j.foodcont.2023.110232

Appugol KA, Mangang IB, Shanmugasundaram S, Manickam L.
Radiofrequency heating: A novel thermal treatment on the quality
of peanut during disinfestation of Caryedon serratus and its
potential in reducing aflatoxin. J Food Process Preserv. 2022;46
(11):€17029. https://doi.org/10.1111/jfpp.17029

Zhang ZS, Xie QF, Che LM. Effects of gamma irradiation on
aflatoxin B1 levels in soybean and on the properties of soybean

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1002/9781119702160.ch7
https://doi.org/10.1002/9781119702160.ch7
https://doi.org/10.1016/j.biocontrol.2020.104304
https://doi.org/10.3390/jof9020209
https://doi.org/10.1038/s41598-025-90711-y
https://doi.org/10.1016/j.toxicon.2018.11.290
https://doi.org/10.1016/j.foodchem.2021.131092
https://doi.org/10.3390/life13010234
https://doi.org/10.3389/fmicb.2022.891091
https://doi.org/10.3389/fmicb.2022.891091
https://doi.org/10.3390/toxins10120497
https://doi.org/10.3390/toxins10120497
https://doi.org/10.1021/acs.jafc.8b06810
https://doi.org/10.3390/foods13121887
https://doi.org/10.3390/toxins6103028
https://doi.org/10.1016/j.jhazmat.2021.125569
https://doi.org/10.3390/toxins10080330
https://doi.org/10.1007/978-3-030-85762-2_9
https://doi.org/10.5772/intechopen.96813
https://doi.org/10.1016/j.etap.2022.103847
https://doi.org/10.1016/j.etap.2022.103847
https://doi.org/10.1038/s41598-021-95325-8
https://doi.org/10.1016/j.jhazmat.2023.133017
https://doi.org/10.3390/toxins14050292
https://doi.org/10.1007/s12550-022-00452-4
https://doi.org/10.1007/s12550-022-00452-4
https://doi.org/10.1016/j.toxrep.2021.01.002
https://doi.org/10.3390/life14040535
https://doi.org/10.4314/equijost.v8i1.10
https://doi.org/10.3390/toxins12010049
https://doi.org/10.1177/00368504231176165
https://doi.org/10.3920/WMJ2019.2480
https://doi.org/10.1007/978-981-97-8804-0_7
https://doi.org/10.1111/j.1365-2672.2010.04867.x
https://doi.org/10.1016/j.foodcont.2023.110232
https://doi.org/10.1111/jfpp.17029

NANTHINIET AL

87.

88.

89.

90.

91.

92.

93.

94.

95.

and soybean oil. Appl Radiat Isot. 2018;139:224-30. https://
doi.org/10.1016/j.apradiso.2018.05.003

Al-Bachir M. Evaluation of the effect of gamma irradiation on
microbial, chemical and sensorial properties of peanut (Arachis
hypogaea L.) seeds. Acta Sci Pol Technol Aliment. 2016;15(2):171-
9. https://doi.org/10.17306/J.AFS.2016.2.17

Zhu Y, Xu Y, Yang Q. Antifungal properties and AFB1 detoxification
activity of a new strain of Lactobacillus plantarum. J Hazard Mater.
2021;414:125569. https://doi.org/10.1016/j.jhazmat.2021.125569

Adebo OA, Njobeh PB, Sidu S, Tlou MG, Mavumengwana V.
Aflatoxin B1 degradation by liquid cultures and lysates of three
bacterial strains. Int J Food Microbiol. 2016;233:11-19. https://
doi.org/10.1016/j.ijfoodmicro.2016.06.007

Xia X, Zhang Y, Li M, Garba B, Zhang Q, Wang Y, et al. Isolation and
characterization of a Bacillus subtilis strain with aflatoxin Bl
biodegradation capability. Food Control. 2017;75:92-98. https://
doi.org/10.1016/j.foodcont.2016.12.036

Trinh LL, Le KN, Le Lam HA, Nguyen HH. Cell-free supernatants
from plant growth-promoting rhizobacteria Bacillus albus strains
control Aspergillus flavus disease in peanut and maize seedlings.
Beni-Suef Univ J Basic Appl Sci. 2025;14(1):4. https://
doi.org/10.1186/s43088-025-00594-1

Pukkasorn P, Ratphitagsanti W, Haruthaitanasan V. Effect of ultra-
superheated steam on aflatoxin reduction and roasted peanut
properties. J Sci Food Agric. 2018;98(8):2935-41. https://
doi.org/10.1002/jsfa.8788

Emadi A, Jayedi A, Mirmohammadkhani M, Abdolshahi A. Aflatoxin
reduction in nuts by roasting, irradiation and fumigation: A systematic
review and meta-analysis. Crit Rev Food Sci Nutr. 2022;62(18):5056-
66. https://doi.org/10.1080/10408398.2021.1881436

Peng Z, Zhang Y, Ai Z, Pandiselvam R, Guo J, Kothakota A, et al.
Current physical techniques for the degradation of aflatoxins in
food and feed: Safety evaluation methods, degradation
mechanisms and products. Compr Rev Food Sci Food Saf. 2023;22
(5):4030-52. https://doi.org/10.1111/1541-4337.13197

Madbouly AK, Rashad YM, Ibrahim MI, Elazab NT. Biodegradation
of aflatoxin B1 in maize grains and suppression of its biosynthesis-
related genes using endophytic Trichoderma harzianum AYM3. J
Fungi. 2023;9(2):209. https://doi.org/10.3390/j0f9020209

12

96. Halasz A, Lasztity R, Abonyi T, Bata A. Decontamination of
mycotoxin-containing food and feed by biodegradation. Food Rev
Int. 2009;25(4):284-98. https://doi.org/10.1080/87559120903155750

97. Suresh G, Cabezudo I, Pulicharla R, Cuprys A, Rouissi T, Brar SK.
Biodegradation of aflatoxin B1 with cell-free extracts of Trametes
versicolor and Bacillus subtilis. Res Vet Sci. 2020;133:85-91. https://
doi.org/10.1016/j.rvsc.2020.09.009

98. Yang P, Wu W, Zhang D, Cao L, Cheng J. AFB1 microbial
degradation by Bacillus subtilis WJ6 and its degradation
mechanism  exploration based on the comparative
transcriptomics approach. Metabolites. 2023;13(7):785. https://
doi.org/10.3390/metabo13070785

99. Guan Y, Chen J, Nepovimova E, Long M, Wu W, Kuca K. Aflatoxin
detoxification using microorganisms and enzymes. Toxins.
2021;13(1):46. https://doi.org/10.3390/toxins13010046

100. Topcu A, Bulat T, Wishah R, Boyaci IH. Detoxification of aflatoxin B1
and patulin by Enterococcus faecium strains. Int J Food Microbiol.

2010;139(3):202-5. https://doi.org/10.1016/j.ijffoodmicro.2010.03.006

Yue X, Ren X, Fu J, Wei N, Altomare C, Haidukowski M, et al.
Characterization and mechanism of aflatoxin degradation by a
novel strain of Trichoderma reesei CGMCC3.5218. Front Microbiol.
2022;13:1003039. https://doi.org/10.3389/fmicb.2022.1003039

101.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.apradiso.2018.05.003
https://doi.org/10.1016/j.apradiso.2018.05.003
https://doi.org/10.17306/J.AFS.2016.2.17
https://doi.org/10.1016/j.jhazmat.2021.125569
https://doi.org/10.1016/j.ijfoodmicro.2016.06.007
https://doi.org/10.1016/j.ijfoodmicro.2016.06.007
https://doi.org/10.1016/j.foodcont.2016.12.036
https://doi.org/10.1016/j.foodcont.2016.12.036
https://doi.org/10.1186/s43088-025-00594-1
https://doi.org/10.1186/s43088-025-00594-1
https://doi.org/10.1002/jsfa.8788
https://doi.org/10.1002/jsfa.8788
https://doi.org/10.1080/10408398.2021.1881436
https://doi.org/10.1111/1541-4337.13197
https://doi.org/10.3390/jof9020209
https://doi.org/10.1080/87559120903155750
https://doi.org/10.1016/j.rvsc.2020.09.009
https://doi.org/10.1016/j.rvsc.2020.09.009
https://doi.org/10.3390/metabo13070785
https://doi.org/10.3390/metabo13070785
https://doi.org/10.3390/toxins13010046
https://doi.org/10.1016/j.ijfoodmicro.2010.03.006
https://doi.org/10.3389/fmicb.2022.1003039
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

