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A B S T R A C T   

Background: Aflatoxin is considered to be the most important mycotoxin in the world for human food and animal 
feed. Current strategies for the reduction of mycotoxins in food and feed includes both prevention and removal. It 
is clear that the development and implementation of novel decontamination methods is critical for the protection 
of human and animal health. 
Scope and approach: This review focuses on post-harvest- biological, chemical and physical processes that could 
potentially be applied to aflatoxin decontamination. The application of novel technologies are reviewed in detail, 
as well as the advantages, disadvantages and limitations of these methods. This review investigates the potential 
for novel approaches to achieve aflatoxin decontamination. 
Key findings and conclusion: The limitations that are associated with conventional methods of mycotoxin removal 
have led to ongoing research into alternative decontamination methods using novel technologies. The combi
nation of fluorescence-based sorting to remove highly contaminated produce, paired with a secondary decon
tamination process is believed to have great potential to deliver effective reduction in aflatoxin contamination, 
whilst retaining the organoleptic and nutritional profile, and preventing significant food waste. Novel decon
tamination approaches when applied to aflatoxin decontamination are of huge interest and a growing need for 
global food security.   

1. Introduction 

The quality, safety and availability of food are growing worldwide 
concerns especially as the global population continues to increase 
against a backdrop of massive changes to the global climate. Mycotoxins 
are secondary metabolites produced by filamentous fungi that contam
inate a number of food and feed crops. Contamination of food and feed 
poses a very serious health risk for both humans and animals, but also 
has the potential to impact the health of the environment and negatively 
influence the global economy (Bueno et al., 2015). The Food and Agri
culture Organization of the United Nations (FAO) estimated that 
approximately 25% of the world’s crop may be contaminated with 
mycotoxins, with contamination occurring both pre- and post-harvest, 
but recently this figure has been shown to range between 60 and 80% 
(Eskola et al., 2019). Better detection methods and climate change are 
the major factors that have likely elevated these figures. The effects that 

some food-borne mycotoxins have on health (“mycotoxicosis”) can vary 
quite markedly from a very acute and severe sickness to a more chronic 
disease, with many studies showing them to have the ability to be 
carcinogenic, mutagenic and immunosuppressive. Of the many known 
fungal toxins, there are approximately 400 with recognized toxigenic 
effects (Jard et al., 2011), and those of greatest concern are produced by 
fungal species belonging to the Aspergillus, Fusarium, and Penicillium 
genera (Reddy et al., 2010). Many fungal species can produce more than 
one mycotoxin. The production of mycotoxins is dependent on a number 
of physical, biological and environmental factors that can be conducive 
to fungal contamination and growth. The most important are tempera
ture and relative humidity, however insect infestation, physical damage, 
carbon dioxide levels, availability of nutrients, inoculum concentrations 
and microbial interactions all influence infection and contamination 
(Wielogórska et al., 2016). The use of pesticides, fungicides and fertil
izers also help to promote mycotoxin production (D’mello & Macdonald, 
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1997). 
There are six major groups of mycotoxins that are most toxic to 

humans and animals and highly regulated globally: fumonisins, ochra
toxin A, zearalenone, deoxynivalenol, T-2 toxin and the compounds that 
this review will primarily focus on, aflatoxins (Karlovsky et al., 2016). 

Aflatoxin contamination is an important issue globally for both 
human food and animal feed (Williams et al., 2004). They are potent 
carcinogens and are the most toxic of all mycotoxins. Aflatoxigenic 
fungi, most commonly Aspergillus flavus and Aspergillus parasiticus, are 
ubiquitous worldwide and often found in soil used for crop cultivation in 
both temperate and tropical areas. There are more than 18 different 
aflatoxins, however, Aflatoxins B1, B2, G1 and G2 are considered the 
most toxic, and are listed as Class 1 carcinogens by the International 
Agency for Research on Cancer (IARC, 2002), meaning that they are 
known to cause cancer in humans. In the DALY estimates in the 2015 
FAO/WHO report, four chemicals which already have a substantial 
impact on the foodborne burden of disease, including aflatoxins, were 
evaluated and the chemical with the least uncertainty and the greatest 
number of DALYs was aflatoxin (WHO, 2015). Aflatoxin is not only of 
concern to human health but also to that of livestock. In poultry, con
sumption of high levels of aflatoxin B1 (AFB1) can result in liver damage 
which can ultimately lead to death. Furthermore, aflatoxins impair 
productivity and reproductive efficiency, resulting in decreased egg 
production, inferior shell and carcass quality and a greater susceptibility 
to disease. Chronic exposure in pigs presents as liver damage and in 
cattle, symptoms include reduced weight gain, damage to the liver and 
kidney and reduced milk production (Monson et al., 2015). Aflatoxin B1 
contamination in dairy animals is highly detrimental as the toxin can be 
carried into the milk in the form of aflatoxin M1 (AFM1), the hydrox
ylated metabolite of AFB1 (Creppy, 2002). AFM1 in both milk and other 
dairy products could be a risk to human health. As well as being found as 
a contaminant in cow’s milk, AFM1 has been detected in human breast 
milk (Fakhri et al., 2019). 

To safeguard the health of consumers, many countries have set 
maximum permitted limits for aflatoxin and other mycotoxins, in human 
food and animal feed. For example, within the European Union (EU), the 
permitted levels range from 0.1 to 12 ppb for AFB1, from 4 to 15 ppb for 
total aflatoxins and 0.025–0.05 ppb for AFM1 in particular foodstuffs 
(Commission Regulation EU No 165/2010) (Commission, 2010). 
Whereas, in the United States of America (USA), the Food and Drug 

Administration (FDA) have set a maximum concentration of 20 ppb for 
AFB1 in foods. Likewise, different guidelines exist between the EU and 
USA for animal feed. The FDA regulatory levels for animal feed products 
intended for finishing cattle, swine and poultry are set at a maximum of 
300 ppb for cottonseed meal, corn and peanut products, 100 ppb for 
those used in breeding and 20 ppb for all other animals (FDA, 2019). In 
the EU, the legislative limits for AFB1 range from 5 to 20 ppb for animal 
feed materials (EU, 2003). 

Aflatoxins are highly stable chemical compounds with decomposi
tion temperatures that fall within the range of 237–306 ◦C (Rustom, 
1997) and are therefore not destroyed by regular thermal processing or 
cooking. Unfortunately, there is no single step that can be taken that can 
prevent or eradicate mycotoxin contamination but there are a range of 
control strategies that can be implemented to help tackle the issue. 

Aflatoxin control can be targeted at two stages along the supply 
chain: pre-harvest and post-harvest (Fig. 1.). Pre-harvest primarily fo
cuses on the prevention of toxin formation where possible, by prevent
ing or eliminating fungal growth. Pre-harvest mitigation focuses on good 
agricultural practice which includes pest control and the correct use of 
fungicides. A novel pre-harvest approach is based on biocontrol mea
sures. Nontoxigenic strains of the Aspergillus fungi that are unable to 
produce aflatoxin are applied to the crop field, establish themselves, 
compete and displace toxigenic strains, resulting in the reduction of 
aflatoxins (Senghor et al., 2020). Reducing the risk of aflatoxin 
contamination post-harvest depends largely on correct crop storage, 
ensuring it remains dry, as Aspergillus like many fungi, thrive in humid 
environments. Although prevention of fungal contamination may be the 
key to reduce the impact of mycotoxins on both human and animal 
health, current practices do not fully address this issue, especially in 
lesser economically developed countries (Wielogorska, Mooney, et al., 
2019). The combination of good agricultural practices and the use of 
proper controlled storage conditions are used to minimize the potential 
for mycotoxin contamination, however these strategies have been 
shown to be unable to assure elimination of mycotoxin producing or
ganisms. Decontamination techiques are further needed to control 
aflatoxin risk. 

Physical, chemical and biological decontaminations are three major 
ways. Many of the traditional methods employed to tackle aflatoxin 
contamination involve basic physical processes such as sorting and 
sieving, washing, milling and thermal treatment (Özer et al., 2018, 

Fig. 1. Pre- and post-harvest prevention and decontaminations processes for mycotoxin control.  

H. Marshall et al.                                                                                                                                                                                                                               



Trends in Food Science & Technology 106 (2020) 489–496

491

Yilmaz et al., 2018). Aflatoxins can be broken down not only by 
chemicals, such as certain acids, alkalis and oxidising agents, but also by 
microorganisms/enzymes (Boudergue et al., 2009). It is clear that the 
various preventative measures that are in place are not sufficient to 
eliminate all the potential risks of aflatoxin contamination in feed and 
food commodities. The development and implementation of highly 
efficient novel decontamination strategies will become increasingly 
critical for the protection of both human and animal health. This review 
aims to investigate innovative approaches with great potential to ach
ieve aflatoxin decontamination at postharvest stage. 

2. Novel methods for Aflatoxin decontamination 

How to effectively minimize the loss of crops due to aflatoxin 
contamination is an urgent but complex issue, when aflatoxins are 
observed in food/feed at the postharvest stage. A two-step aflatoxin 
decontamination strategy is discussed below (Fig. 2). When considering 
the potential combination of technologies, it is important to examine the 
advantages and disadvantages of each method (Table 3) beyond solely 
being effective in detoxifying aflatoxins. While this is the most impor
tant goal, if during the processing the product is damaged or the nutri
tional profile negatively affected, that technique cannot be considered as 
fit for purpose for uptake within the human or animal food chains. 

2.1. Sorting 

Unprocessed cereals and grains may contain dust and admixtures, 
with damaged kernels usually containing most of the mycotoxin 
contamination (Johansson et al., 2006). Generally, these agricultural 
products will initially go through the process of sorting. This practise is 
supported by the fact that mycotoxin contamination tends to have a 
skewed distribution, with the majority of toxin found in a small number 
of grains or kernels (Kabak et al., 2006). 

Hand sorting is still a primary method to remove aflatoxin contam
ination, especially in lesser economically developed countries 

(Matumba et al., 2015). Various versions of sorting machines have been 
in use since the late 1800s (Karlovsky et al., 2016) that separated sam
ples based on weight and size, however technology has significantly 
advanced since then. Studies have shown that machine sorting using 
pre-defined parameters of physical characteristics (colour, size, density) 
to be effective (De Mello & Scussel, 2009), whereby, if any sample differs 
from the pre-set limits, it is rejected and removed (Fraenkel, 1962). 
Fluorescence based sorting (based on the Bühler Lumovision™) is a new 
technology which facilitates analysis at a scale which minimises the risk 
of aflatoxin contamination whilst reducing the amount of food waste. 
The ability to detect aflatoxin using ultraviolet (UV) light is well known. 
The Bright Greenish Yellow Fluorescence (BGYF) test is used as a pre
sumptive test to identify aflatoxin contamination. The 
BGY-Fluorescence is produced by the reaction of kojic acid formed by 
A. flavus or A. parasiticus, aflatoxin producing fungi, or the mycotoxin 
itself and peroxidase enzyme present in the plant tissues. Technological 
advances have resulted in the development of a novel platform for the 
significant reduction of aflatoxin contamination in maize. This approach 
exploits the fluorescent properties associated with kojic acid and com
bines a camera built and optimised using hyperspectral fluorescence 
data with an LED-based UV lighting system to detect and sort out 
contaminated kernels at the speed of 15 tonnes per hour, with a 
reduction in aflatoxin contamination averaging at 85–90% in tests to 
date. Furthermore, losses of non-contaminated produce have been re
ported to be less than 5% (Bühler, 2018). Reducing food waste is critical 
in terms of feeding the world’s growing population and to avoid the 
economic losses associated with aflatoxin contamination. The imple
mentation of such technologies is hugely important, as testing for afla
toxin can be unreliable due to the heterogeneous distribution of the 
toxin in dried food products. Considering the accuracy, speed and low 
losses, the authors of this review are of the opinion that this approach 
presents itself as a promising technology that could make a significant 
impact in preventing aflatoxin contaminated feed and food reaching the 
markets. Limitations are that it has not yet been extensively tested across 
the full range of important cereal crops and a broader evidence base will 

Fig. 2. Graphical representation of novel potential aflatoxin decontamination approaches (Lumovision image reproduced with permission from Bühler Group).  
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be necessary prior to industry implementation. 

2.2. Repurposing contaminated grains for feed 

Sorting effectively reduces the aflatoxin level of grains, whereby 
contaminated kernels are sorted out. In order to avoid aflatoxin 
contaminated food waste from re-entering the food chain, various 
decontamination methods have been reported. Under European legis
lation (Commission Regulation No 2015/786) (Commission, 2015), a 
detoxification process can only be carried out on products intended for 
animal feed. Decontamination processes must not result in the endan
germent of animal, public or environmental health, or adversely alter 
the characteristics of the feed. Application of detoxification methods 
may only be carried out following a scientific assessment by the Euro
pean Food Safety Authority (EFSA), and determination that the process 
complies with the predefined acceptability criteria (Table 1). According 
to this criteria, novelty and potential for application, one method in each 
category was selected and reviewed. 

2.2.1. Microbial degradation of aflatoxins 
There are studies that demonstrate the capability of a number of 

different microbial species to degrade aflatoxins, likely as a survival 
strategy. Microbial degradation primarily detoxifies aflatoxins using 
catabolic pathways that target the furofuran, lactone and difuran rings, 
leading to less toxic molecules (Cao et al., 2011; Mishra & Das, 2003). 
Bacillus subtilis ANSB060 isolated from fish intestines were to shown to 
effectively detoxify aflatoxin, alongside possessing antimicrobial activ
ity and resistance to the harsh intestinal environment. The protective 
effects of supplementation of B. subtilis ANSB060 in the 
aflatoxin-contaminated diets on layers, broilers, ducks, dairy cows have 
been verified in vivo (Fan et al., 2013, 2015; Guo et al., 2019; Zhang 

et al., 2017). 
With a greater number of aflatoxin degrading strains now well 

studied, solid state fermentation (SSF) would be a potential method for 
aflatoxin decontamination in feed. A study by Zhou et al. (2017) 
screened traditional fermented Chinese foods for their ability to detoxify 
aflatoxin from peanut meal, and found that aerobic SSF by Zygo
saccharomyces rouxii was effective in reducing residual aflatoxin. How
ever, SSF in combination with heating for 15 min at 100 ◦C reduced the 
residual AFB1 rate to 2.48% (Zhou et al., 2017). Heat treatment (10 min 
at 100 ◦C) combined with anaerobic SSF using Streptococcus thermophilus 
and Lactobacillus delbrueckii subspecies bulgaricus also demonstrated 
biotransformation of aflatoxin in peanut meal up to 100% (Chen et al., 
2015). SSF of cottonseed meal using Cellulosimicrobium funkei not only 
demonstrated significant aflatoxin degradation in vitro but was also 
shown in vivo to improve the growth performance of ducklings and 
alleviate AFB1-mediated aflatoxicosis (Liu et al., 2017). 

2.2.2. Ozone 
Ozone (O3) is a strong oxidant that has many uses in the food in

dustry, such as water remediation, pesticide degradation, and decon
tamination of fresh produce. Ozone has WHO, FDA and FAO approval 
for use as an antimicrobial agent for the treatment, storage and pro
cessing of foods in gas and aqueous phases (FDA, 2001). During the 
decontamination process, ozone can be applied in three different forms – 
dry, watery and moist (Mallakian et al., 2017). Ozone-mediated afla
toxin degradation occurs due to an electrophilic attack on the C8–C9 
double bond of the furan ring in its molecular structure, leading to the 
formation of primary ozonides, which are followed by rearrangement 
into aldehydes, ketones and organic acids (Jalali & Avagyan, 2016). The 
application of ozone for aflatoxin decontamination is limited to certain 

Table 1 
Acceptability criteria for mycotoxin detoxification as defined by EFSA.  

(Micro)biological Chemical Physical 

The process is 
effective and 
irreversible 

The process is effective and 
irreversible 

The process is effective 

The process is 
performed 
with a fully 
characterized 
and acceptable 
(micro) 
biological 
agent 

The process is performed with 
a fully characterized and 
acceptable chemical substance 

The process does not 
adversely affect the 
characteristics and the nature 
of the feed 

The process does 
not result in 
harmful 
residues of the 
(micro) 
biological 
agent used in 
the detoxified 
feed 

The process does not result in 
harmful residues of the 
chemical substance used in the 
detoxified feed 

A safe disposal of the 
removed part of the feed is 
guaranteed 

The process does 
not result in 
metabolites of 
the 
contaminant 
that endanger 
animal, public 
and 
environmental 
health 

The process does not result in 
reaction products of the 
contaminant that may 
endanger animal, public and 
environmental health  

The process does 
not adversely 
affect the 
characteristics 
and nature of 
the feed 

The process does not adversely 
affect the characteristics and 
nature of the feed   

Table 2 
A summary of Ozone (O3) treatment parameters for reduction of aflatoxin.  

Food 
product 

Ozone parameters Outcome 

Peanuta, b O3 concentrations: 
13–21 mg/L 
Times: 24–96 h 

25% reduction in AFB1 and 30% 
reduction in total aflatoxin 

O3 concentrations: 3–7.5 
mg/L 
Times: 10–120 min 

65.9% reduction in AFB1 and 65.8% 
reduction in total aflatoxin 

O3 concentrations: 50 
mg/L 
Times: 60 h 

89.4% reduction in AFB1 

Cornc,d O3 concentrations: 
40–90 mg/L 
Times: 5–40 min 

Up to 88% reduction in AFB1 

O3 concentrations: 
20–40 mg/L 
Times: 120–480 min 

Up to 57% reduction in aflatoxin levels 

Wheate,f O3 concentrations: 
20–40 mg/L 
Times: 5–40 min 

84–97% reduction in AFB1 

O3 concentrations: 
40–60 mg/L 
Times: 30–180 min 

81–95% reduction in total aflatoxin 

Pistachiog O3 concentrations: 5–9 
mg/L 
Times: 140 and 420 min 

23% reduction in AFB1 and 24% 
reduction in total aflatoxin 

Red 
Pepperh 

O3 concentrations: 40 & 
80 mg/L 
Times: 20–40 min 

6.1–74.1% reduction in AFB1  

a de Alencar et al. (2012). 
b Chen et al. (2014). 
c Luo et al. (2014). 
d Porto et al. (2019). 
e El-Desouky et al. (2012). 
f Savi et al. (2015). 
g Akbas and Ozdemir (2006). 
h Kamber et al. (2017). 
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food products, with detoxification efficiency increasing with time and 
ozone concentration (Akbas & Ozdemir, 2006; Inan et al., 2007). 
However when applying ozone to certain food products, the time and 
concentration must be taken into account (Table 2) to mitigate damage 
to the product’s nutritional properties, for example, a low ozone con
centration and short treatment time is thought optimal to reduce the 
impact on the nutritional/micro nutritional value of peanuts (Chen 
et al., 2014). 

There are already numerous areas within the food industry that 
ozone is applied to, such as treating fruits and vegetables to extend shelf- 
life, sterilization of food plant equipment and waste water, as well as the 
inhibition of microbial growth. It is a rapid and highly efficient method 
for aflatoxin decontamination that could be upscaled with ease. In 
certain food matrices, such as cereals (Zhu, 2018), ozone has been 
shown not to significantly alter the nutritional components, however in 
other food products, non-optimised usage can lead to negative effects on 
physiology and quality, resulting in a change of colour and in some cases 
the production of an undesirable odour (Khadre et al., 2001). Ozone may 
also inhibit growth, germination and sporulation of mycotoxin pro
ducing fungi, though this effect is dependent on a number of factors, 
such as fungal species, O3 concentration, as well as exposure time. The 
use of ozone has a low energy consumption but still may not be a 
cost-effective option in developing countries. Though the FDA has 
already approved ozone as a direct additive to food for other applica
tions, further safety studies of degradation products and residues, both 
in vitro and in vivo are needed. 

2.2.3. Cold plasma 
Cold plasma is a unique form of the fourth state of matter, and an 

emerging technology that shows great potential in various applications 
within the food industry. Plasma is a quasi-neutral ionized gas which is 
primarily composed of free electrons, photons and ions (Pankaj et al., 
2014). Plasma can be generated using different combinations of tem
perature and pressure and sorted into two types of plasma – thermal and 

non-thermal. Thermal plasma is generated under high pressure and high 
power, resulting in plasmas with high temperature and uniform distri
bution between electrons and neutral species (Eliasson & Kogelschatz, 
1991; Scholtz et al., 2015). Non-thermal plasma is generated under low 
pressure and low power conditions, and differs from thermal plasma in 
that it is only partially ionized, having a greater number of neutral 
species, the temperature of which can be closer to ambient, and thereby 
leading to it also being known as cold plasma. The mechanisms of cold 
plasma depend on the system employed, but may comprise a combined 
effect of electric field, UV and reactive gas species. These may comprise 
ions (H+, H3O+, O+, H− , O− , OH− , N2

+), molecular species (N2, O2, O3, 
H2O2) and reactive radicals (O•, H•, OH•, NO•). 

Although cold plasma is still in its technological infancy, it has 
already demonstrated considerable potential in a number of areas within 
the food industry, such as pesticide degradation (Gavahian & Khane
ghah, 2019; Misra et al., 2014) and antimicrobial activity (Han et al., 
2020; Kim & Min, 2018; Misra et al., 2014), with a growing number of 
studies showing the potential for cold plasma treated food products, for 
example, flour (Menkovska et al., 2014), peanut (Ji et al., 2018) and 
wheat (Los et al., 2018) to name a few, and has been demonstrated as a 
potential alternative approach to aflatoxin decontamination (Wielo
gorska, Ahmed, et al., 2019). 

It is thought that the mechanism for degradation of aflatoxin is 
dependent on the gas used to generate the plasma, thus defining the 
reactive species produced that go on to interact with the mycotoxin 
structure (Shi et al., 2017). Microwave argon plasma at atmospheric 
pressure for 5 s was demonstrated to be sufficient for complete AFB1 
degradation on a glass substrate (Park et al., 2007), with 15 min of ni
trogen gas plasma generated using a static induction thyristor as a power 
supply leading to a 90% reduction in AFB1 also on a glass substrate 
(Sakudo et al., 2017). Radio frequency plasma at 300 W demonstrated 
an 88% reduction in AFB1 after 10 min (Wang et al., 2015). By sepa
rating degradation products of AFB1 following 5 min of high-voltage 
atmospheric cold plasma treatment, and determining the identity of 

Table 3 
The advantages and limitations of decontamination technologies.   

Physical Microbial Chemical 

Lumo-vision™ Cold Plasma Microbial degradation Ozone 

Decontamination mechanism n/a targets the furofuran 
ring* 

catabolic pathways that target the furofuran, 
lactone and difuran rings 

electrophilic attack on the C8–C9 double bond 
of the furan ring 

Decontamination target 
•Mycotoxin ⨯** ✓ ✓ ✓ 
•Whole fungus ⨯** ✓ ✓ ✓ 
•Spores ⨯** ✓ ✓ ✓ 

For the application to mycotoxins: 
•Laboratory-based n/a ✓ ✓ ✓ 
•Prototype ✓ ⨯ ✓ ⨯ 
•Commercially available ⨯ ⨯ ⨯ ⨯ 

Technique widely used ✓ ✓ ✓ ✓ 
•On mycotoxins ✓ ⨯ ✓ ⨯ 

Advantages and Limitations 
Industrial speed ✓ undetermined ✓ ✓*** 
Energy efficient ✓ ✓ ✓ ✓ 
Can handle bulk material ✓ undetermined ✓ ✓ 
Regulatory approval ✓ ⨯ ⨯ ✓**** 
Diversity of mechanisms ⨯ ✓ ⨯ ⨯ 

Decontamination Effects 
Negative effects on organoleptic 

properties 
⨯ undetermined ⨯ ✓*** 

Negative impact on food quality and 
nutrition 

⨯ undetermined ⨯ ✓*** 

Non-toxic degradation products n/a undetermined undetermined undetermined 

* Mechanism for degradation of aflatoxin is dependent on the gas used to generate the plasma. 
**Lumovision™ is regulatory approved as a sorting machine. 
*** Condition dependent. 
**** For other applications within the food industry. 

H. Marshall et al.                                                                                                                                                                                                                               



Trends in Food Science & Technology 106 (2020) 489–496

494

these compounds, Shi et al. (2017) showed that AFB11 degraded into six 
main products and as with many of the aforementioned detoxification 
mechanisms, cold plasma targets aflatoxin B1 at its furan ring, involving 
hydrogenation, hydration and oxidation. 

Cold plasma is a technology with scalability and the capacity to be 
optimised to suit varying food matrices and mycotoxins, it has the po
tential to be a cost effective, sustainable method, requiring a reduced 
energy input in comparison to many other methods. Studies to date have 
shown cold plasma to degrade mycotoxins on the surface of foods such 
as peanuts (Ji et al., 2018), without resulting in significant changes to 
the nutritional composition or organoleptic properties, whilst gener
ating degradation products that have been demonstrated to be less toxic 
(Wang et al., 2015). The actions of cold plasma are non-thermal and do 
not require the use of any applied chemicals and therefore do not result 
in heat damage or formation of chemical residues, thus aligning with 
many ecological and environmental regulations. However, some 
knowledge gaps remain concerning tailoring the technology to the 
product and specific toxin risk, as well as proving safety of the treated 
commodities, functional and nutritional characteristics which differ for 
each product. The effectiveness of this technology depends on a number 
of parameters, such as the surface characteristics of the food material 
and the structure and concentration of the target mycotoxin. As cold 
plasma will principally treat only the surface, poor penetration of the 
reactive species and irregularly shaped produce may potentially present 
a challenge, which may be addressed through process engineering to 
fluidise or rotate feed to enhance surface exposure. Many studies to date 
employ noble gases as inducer gases, which, while effective, is an un
economic path for large scale food processing. Engineering and design 
allowing air to be employed as a working gas for large scale grains 
processing is required. Furthermore, for any new technology to be 
considered for application to food processing, it is important to consider 
what degradation products are generated through treatment and assess 
the toxicity of these. Although a small number of studies have demon
strated some in vitro cytotoxicity (Boehm & Bourke, 2018; Patange et al., 
2018), these are often associated with liquid mediated treatments and 
further development of this technique will warrant additional con
firmative investigation in vitro and in vivo. 

3. Summary and future perspectives 

With an estimated 60–80% (above the detectable levels) of crops 
globally contaminated with mycotoxins, there is an urgent need for new, 
post-harvest measures to cope with the challenge (Eskola et al., 2019). 
Mycotoxin decontamination approaches when applied to food products, 
must be multidimensional as there is no single technique that can be 
applied universally to deal with the growing problem. These approaches 
must be proven not to cause changes to the nutrient profiles and 
organoleptic properties of crops, it is also critical that the appropriate 
toxicity/cytotoxicity testing is performed to ensure that any secondary 
degradation products formed are not harmful to animal or human 
health. 

This review has set out to understand the state of the art in terms of 
detoxification of cereal crops from aflatoxins and the innovations that 
are emerging. Aflatoxin contamination is not a new problem, however it 
continues to increase in severity and causes massive food safety issues as 
well as substantial economic losses and increasing levels of food waste. It 
must be considered as one of the major challenges to global food security 
and innovative solutions are required. The combination of two novel 
technologies has the potential to have a substantial impact on addressing 
this challenge. 

The use of fluorescence-based sorting prior to any further decon
tamination procedure has the primary benefit of preventing significant 
loss of produce as a result of aflatoxin presence. Fluorescence-based 
sorting also has the potential to mitigate the need for further decon
tamination due to the ability of the technology to mimimise rejection. 
The use of cold plasma or ozone, as secondary decontamination steps, 

would be minimally invasive and leave behind no chemical residue or 
bacterial product. In testing to date, cold plasma treatment has not 
resulted in negative effects on nutritional and organoleptic properties of 
the food matrices studied. The application of ozone in a non-optimised 
manner can however lead to nutritional degradation and undesirable 
changes to the sensory profile. All three techniques have however 
demonstrated a level of efficacy in reducing a number of mycotoxins 
present, though it has not been established how these technologies may 
handle large quantities of materials. 

Originally developed by NASA, Technology Readiness Level (TRL) is 
a term used to describe a measurement system that assesses the maturity 
of a specific technology. There are nine technology readiness levels, TRL 
1 being the lowest, representing a technology that is in its infancy and 
defined only by its basic principles, and TRL 9 being the highest and 
assigned to systems that are proven in their operational environment. 
When assessing TRL levels for the technologies discussed in this review, 
it is important not to just consider how advanced the technique may be 
in principal, but how operational that system would be in terms of in
dustrial uptake. Fluorescence-based sorting, specifically Lumovision™ 
technology (Bühler) has been explicitly designed for use against afla
toxin and is in pilot scale testing currently, so would therefore, in the 
authors opinion, have a designated TRL of between 6 and 8. Microbial 
degradation, cold plasma and ozone are commercially available tech
nologies that are continually being improved. However, in this capacity, 
though a higher quantity of research has been carried out regarding 
mycotoxins and both ozone and cold plasma, knowledge gaps remain for 
scalability, efficacy and safety, with limited combinatorial evaluations 
performed. Whilst these are under intensive investigation currently, 
employing cold plasma or microbial degradation alone or in combina
tion sits at a lower TRL (TRL 3–5), however the authors believe ozone 
should be assigned a higher TRL of 5–7. 

Naturally occurring toxins pose a unique challenge to food safety. 
They are unavoidable and their occurrence is ubiquitous and unpre
dictable. The destruction of contaminated products or their diversion to 
use in feed is not always practical, particularly in countries where there 
are high levels of food insecurity. A range of strategies to reduce 
mycotoxin formation in the field as well as during storage have been 
developed but despite these efforts, substantial contamination of feed 
and food continues to occur. Novel approaches will be required in 
helping to address the needs of global food safety and security, thus 
further research should be focused to better understand the safety, ef
ficacy and economic benefits of these novel approaches, when applied to 
aflatoxin decontamination. 
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