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Abstract

Based on the perspective of risk control, this article introduces related technology of eliminating mycotoxins in agricultural products

and the current situation of application, including traditional physical, chemical and biological methods as well as the contemporary situation of
relatively advanced technology at home and abroad, which provides reference for the policy-making and technology application of mycotoxin con-

trol in agro-products in China.
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Mycotoxins are a kind of toxin produced by secondary metaboliza-
tion of fungus, which are prevalent in agricultural products like
maize , wheat, cereal, sorghum, nut and dairy products as well as
forage. Compared with plant-derived and animal-derived toxins,
mycotoxins have captured wider world attention. From the per-
spective of risk evaluation, it is "dose" , not "toxicity" , that de-
termines final risks. Mycotoxins attract relatively high attention
since the toxin affects a variety of agricultural products, involves a
large amount of people and is hard to be eliminated. According to
the report of FAO/WHO, 25% of crops were polluted by mycotox-
ins every year and nearly 2% of crops lose nutrition and economic
value because of pollution in the world. The direct and indirect

economic loss reaches 100 billion dollars'".

1 Comprehensive Strategies of mycotoxin risk pre-
vention

Currently, comprehensive risk prevention and control of mycotox-
ins is greatly emphasized in the world(Fig. 1), including strategy
of field and collection control in stage one, risk evaluation strategy
in stage two and toxin degradation and elimination strategy in stage
three, which aims to minimize the threat of toxin in agricultural
products to humans and livestock, optimize the control cost and
operation method as well as amplify the profit of agricultural pro-
duction. Field and collection control and risk evaluation belong to
risk " prevention" while toxin degradation and elimination belong
to risk " elimination". " Prevention" aims to decrease risk while
"elimination" aims to transfer risk. From the perspective of risk
management, "prevention" is more active while " elimination" is
more pertinent. This article mainly reviews the researches and ap-
plication of mycotoxin risk elimination technologies in agricultural

products at home and abroad.
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Field strategy
Decrease i . :
toxin risk |Main content: 1 preventing diseases, pests and
infections as well as fungal infection
2 breeding (including transgene) and planting
anti—fungal infection variety
3 using pesticides

Collection strategy
1 proper collection 2 promptly drying grains
and keeping low moisture 3 keeping the storage
environment dry and ventilated 4 eliminating
mildewed agricultural products

Risk evaluation strategy
Bvaluating the safety of objects (animals and
humans), main content: 1 toxicology evaluation
and dose-response evaluation 2 exposure
assessment

= Risk elimination strategy
Main content: 1 physical method; 2 chemical
method; 3 biological method; 4 other measures

Acceptable risk level

Fig.1 Risk comprehensive control framework

2 Research progress of mycotoxin risk elimination technolo-
gy

Currently, the traditional ways of degrading mycotoxin produced
by food chain mainly involve physical, chemical and biological
methods. With the sustained development of technology, some
new degradation methods occur, including degradation technology
integrating the above three methods, regulation based on diet and
optimized degradation technology using transgenic technique. Deg-
radation technology is generally defined and classified according to
the " method" , not " mechanism" , therefore different kinds of
degradation technologies may share the same mechanism.

2.1 Physical elimination technology Physical method means
to kill fungus or degrade mycotoxin with physical means including
washing, picking, absorption ( activated carbon, clay, silicate
and zeolite) , heating ( baking and pressure cooking) and radia-

tion method (ultraviolet rays and y-ray).
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2.1.1 Washing and picking. Washing and picking are relatively
easy to operate, but residual dirtiness and untimely drying may
cause even worse toxin production. Besides, they are more suit-
able for grains like maize requiring wet milling and alkali treat-
ment. Picking is relatively labor-consuming.

2.1.2 Heating. Pressure cooking is one of the most popular pro-
cedures of food disinfection. Compared with traditional methods,
high-pressure cooking is poisonless and harmless, thus it is easy to
be operated at home. Cetin Y treated maize with cooking and
discovered that the content of Zearalenone decreased by 83% . Ja-
lili M inoculated 5 mg/kg of fusarium mycotoxins to the flour of
maize, wheat, soybean and rice and heated at three different tem-
peratures of 160, 180 °C and 200 °C successively for 3, 6, 10, 15
and 20 min respectively. Toxin bioactivities of treated dough were
analyzed with LC-mS/MS and the result showed that there was no
obvious difference in degradation rate among different kinds of
flour and degradation rate after thermal treatment ranged from
20% to 90% . Toxin was decreased to 2. 89 +0. 13 mg/kg after 3-
minute heating at the temperature of 160 C and was completely
degraded after 20-minute heating at the temperature of 200 C.
2.1.3 Adsorption. Adsorption means to decrease toxin content
in agricultural products through adsorption. Huwig A. " used the
clay of sodium aluminosilicate hydrate and aluminium silicate to
absorb ZEN while the effect was not obvious. However, the ad-
sorption force of cetylpyridinium and montmorillonite modified
from hexadecyl reached 0. 108mg/kg. The degradation mechanism
may be that the surface of clay has hydrophobic property and ZEN
shows high affinity to hydrophobic substances. Avantaggiato G’
used colestyramine, a mix of bile acid and resin, and activated
carbon as adsorbent of mycotoxins. The result showed that these
two substances were excellent adsorbent of ZEN degradation and
could be used as forage additive to prevent livestocks from feeding
ZEN and suffering intoxication. However, the cost of this kind of
adsorbent is relatively high and the commercial application is not
mature.

2.1.4 Radiation. Radiation means to degrade toxin in products
by using rays, solar energy or microwave radiation. For example,
Shahzad Z. 1. used ~v-rays with the dose of 2, 4 and 6 kGy to
irradiate pepper infected with aflatoxin B (AFB). The result dis-
covered that y-ray irradiation with the dose of 6kGy can decrease
five logarithmic series of AF. Besides, vy-ray irradiation with the
dose of 6kGy can decrease one to two logarithmic series (o <
0.05) of the total AFBI in pepper surface and the whole pepper as
well as AFB content. Furthermore, microwave irradiation can de-
stroy monospore while solar energy can degrade AFB in maize.
2.2 Chemical elimination technology Chemical method means
to add chemicals to destroy fungus and mycotoxins to eliminate risk
mainly including acetic acid (ethyl alcohol) , ammonia or 3% -5%
ammonium salt, calcium hydroxide, formaldehyde, hydrogen perox-
ide, methylamine, ozone, phosphoric acid, phosphine, sodium bi-
carbonate, sodium bisulfite and sodium hypochlorite.

2.2.1 Ammoniating. High pressure/ high temperature is mainly

used in feed-processing plant while pressure/ temperature is main-
ly used on the farm.

2.2.2 Ozone treatment. With ozone treatment, Mckenzie K.
S. "1 discovered that ZEN degradation rate in maize 15S reached
over 80% by using HPLC and no by-product was found.

2.2.3 Hydrogen peroxide processing. Abdulkadar A. H. W.™
adopted hydrogen peroxide process with concentration of 3% , 5%
and 10% in maize polluted by ZEN. The result showed that ZEN
degradation rate was in direct proportion to the concentration of
hydrogen peroxide, time and reaction temperature. When 10%
hydrogen peroxide reacted 16 hours at the temperature of 80 °C,
the highest ZEN degradation rate reached 83.9% while the highest
ZEN degradation rate amounted to 75% with the reaction time of 8
hours under the same condition.

2.2.4 Electrolyzed oxidizing water processing. Sudha S. M.
K. "’ used electrolyser of ion-exchange membrane to prepare acid-
ic electrolyzed oxidizing water (AcEW) with pH < 3.0, oxida-
tion reduction potential (ORP) > 1000 mV and high concentra-
tion chloride and adopted AcEW process in AFB1 polluted peanut
to observe the effectiveness of toxin degradation. The result
showed that 15 minutes after the polluted peanut immersed in
AcEW solution (liquid — solid ratio V/ M was 5:1) at room tem-
perature, AFB1 content in peanut decreased from 34. 80 mg/kg to
nearly 5 mg/kg and degradation rate reached 85% . At the temper-
ature of 25°C or 45°C , elimination rate of AFB1 achieved 100% .
Additionally, high concentration chloride was the main factor of
eliminating AFB1 and perchloric acid would be more effective in
eliminating AFBI1 than hypochloric acid.

2.2.5 Fugenol processing Komala V. V. " adopted antifungal
eugenol process in three different genotypes of sorghum (M35 -1,
C —43 and LPJ) with AFBI1. Eugenol with the concentration of 0.
008 mg/kg can completely restrict the formation of aflatoxins. Sor-
ghum genotypes with AFB infection ranked from the highest to the
lowest as C =43, LPJ and M35 -1.

2.3 Biological elimination technology Application of biologi-
cal method in toxin biodegradation will be the main trend in the
future, which mainly uses microorganism or bacterial stains to
compete with strains producing toxins or to be integrated with tox-
ins in order to decrease toxicity or reduce ability of producing tox-
ins, hence risk elimination.

2.3.1 ZEN degradation. Bennett J. W.'"! reported that if
maize is fermented to produce ethyl alcohol, ZEN will be in solid
residuals after fermentation, not in the target product ethyl alco-
hol, which is the result of interaction between yeasts and mycotox-
ins. Megharaj M'"™) reported that mixed culture medium of various
kinds of bacteria could completely degrade ZEN in the solution
and no by-product similar to ZEN was found with HPLC and
ELISA analysis. According to the report of Takahashi — Ando
N, (3

tively low estrogenic effect. El — Nezami H. "™ studied the inter-

acid lactonase can transfer ZEN to the product with rela-

action between lactobacillus strain in food ( lactobacillus rhamno-

sus GG and 1.C705) and ZEN as well as its derivative a — ZEN.
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The experiment proved that lactobacillus rhamnosus strain LGG
and LC705 can effectively combine ZEN and its derivative a —
ZEN and the combination efficiency amounted to 55% (w/w).
There was competitive inhibition between ZEN and a — ZEN in
combination with lactobacillus strain, which indicated that the two
toxins shared the similar surface binding sites. Molnar 0. ™! dis-
covered a new yeast strain ( sporotrichosis) which can degrade
ZEN and produce oxycarbide and other poisonless metabolites and
no a —ZEN or b —ZEN was detected in the by-products. Cho K.
J. U isolated and identified the subspecies of bacillus subtilis.
The bacterial strains were inoculated to liquid medium with 1 mg/
kg of ZEN for 24 hours and 99% of ZEN could be degraded while
over 95% of ZEN could be degraded in solid — state fermentation
medium with 0.25 mg/kg of ZEN for 48 hours. Yi P. J. ') sepa-
rated bacillus licheniformis from soil sample and the strain can de-
grade ZEN. After 36 hours of fermentation in LB medium with 2
mg/kg of ZEN, bacillus licheniformis can degrade 95. 8% of
ZEN. After 36 hours of fermentation in corn flour medium polluted
with ZEN, bacillus licheniformis can degrade over 98% of ZEN.
Besides, bacillus licheniformis is nonhemolytic and does not gen-
erate endotoxins. It has high content of extracellular xylanase,
cellulase and protease activity, therefore the bacterial strain can
also increase the digestibility of nutritions in forage. With in vitro
experiment, Samuel E. T. "™ discovered that both bacillus subti-
lis 168 and bacillus natto CICC 24640 can absorb and degrade
ZEN. In liquid solution with ZEN concentration as 20 pg/L, the
untreated cells, cells with high temperature sterilization (121°C
20min) and cells with acid — treatment of these two strains can ab-
sotb over 55% of ZEN after 1.5 hours of fermentation under aero-
bic condition at the temperature of 37°C. The two strains can de-
grade 81% and 100% of ZEN respectively after 14 hours of fer-
mentation under aerobic condition at the temperature of 30°C. Ad-
ditionally, carbon dioxide was released during the degradation,
which showed decarboxylation. Furthermore, ZEN degradation re-
action of extract of bacillus natto CICC 24640 changed with the
variations of ZEN concentration, time, temperature and pH value.
Mn’", Zn’", Ca’" and Mg’" can strengthen degradation reaction
while Hg’*, Cu®*, Pb** and 1. 10-phenanthroline would inhibit
degradation. Related enzymes in degradation reaction was metallo-
proteinase , whose molecular weight ranged from 31 to 43 kDa.
2.3.2 AF degradation. Mohsen F. ™’ separated bacillus subtilis
UTBSP1 from pistachio nuts and studied its degradability of afla-
toxin Bl. The content of AFBI was determined with HPTLC,
HPLC and LCeMS/MS and the result showed that the separated
strain can degrade 85. 66% - 95% of AFBl. The degradation
mechanism may lies in the fact that the strain can steadily express
and secrete extracellular enzyme, which makes AFBI lose active
groups.

2.3.3 Deoxynivalenol (DON) degradation. Yoko 1. separa-
ted nocardia bacteria from soil sample of wheat field, which was
called WSNO5 —2. After 10 days of fermentation in the medium
with 1000 mg/1 of DON, the degradation rate of this strain reached

100% . With the analysis of MS, 1H and 13C — NMR, the main
metabolite of DON in culture supernatant was identified as 3-epi-
dON3. The result first confirmed that nocardia can degrade DON
and the metabolite 3-epi-dON3 was discovered for the first time.
2.3.4 Ochratoxin (OTA) degradation. Peteria Z. J. 21 discov-
ered that after 15 days of treatment at the temperature of 20°C ,
Phaffia yeast can degrade over 90% of OTA and the metabolite
was OTAa. Besides, it was also found that chelate EDTA and 1,
10-phenanthroline could inhibit Phaffia yeast from degrading
OTA, which suggested that the active carboxypeptidase was a kind
of metalloproteinase, similar to carboxypeptidase A, whose opti-
mal temperature was over 30°C while the optimal temperature for
Phaffia yeast cell growth was 20°C. Furthermore, both active
Phaffia yeast cell and the dead Phaffia yeast cell after thermal
treatment can greatly absorb 0.25 mg/kg of OTA.

2.4 Other elimination technologies

2.4.1 Integrated degradation technology. Hossein A. M.
studied the combined effect of y-radiation of 0 kGy, 300 kGy, 600
kGy, 900 kGy as well as 1200 kGy and 1°C low — temperature on
physico-chemical qualities of Hongyuanshuai Apple inoculated
with Penicillium and the penicillium lesion. The result showed
that mould stains on apples inoculated with penicillium at low tem-
perature but without vy-radiation would still increase obviously after
three months of storage. 900 — 1200 kGy of y-radiation will obvi-
ously decrease apple phenolic content, antioxidant activity and
water proportion, which may decrease the disease resistance of ap-
ples. However, the integration of 300 — 600 kGy of vy-radiation
and cold storage was the best way. Besides, Jalili M. ™) studied
the combined effect of sodium sulfite and different pressure as well
as temperature on AFB1, AFB2, AFG1, AFG2 and OTAa in
black pepper. The first treatment was 30 minutes of treatment in
boiling water at atmospheric pressure while the second was 15 sec-
onds of treatment at the temperature of 121°C under 1.5 bar high
pressure to detect AF and OTA concentration with HPLC and fluo-
rescence detection. The result showed that the elimination rate of
high pressure and sodium sulfite treatment with the concentration
of 2% on OTA, AFB1, AFB2, AFGl and AFG2 was 96. 0%,
96.1% , 77.7% , 100% and 100% respectively.

2.4.2  Field and postharvest comprehensive control. Akos M. "
studied the effect of fungicide like mancozeb, captan and carben-
dazim, biological agent and plant extract on AEB infection in
crops, such as maize and pepper, in field stage. The result
showed that the inhibitory effect of mancozeb with the concentra-
tion of 0.3% was 91. 1% , that of captan was 85.2% , that of the
biological extracts of pseudomonas fluorescence was 74.9% , that
of carbendazim was 73% while that of trichoderma harzianum was
70.4% . For pepper, the inhibitory effect of biological extracts of
pseudomonas fluorescence was 2% while that of captan was
1.6%.

2.4.3 Natural non-toxic substance using. Degradation technolo-
gy and harmless degradation products are important index of evalu-

ating mycotoxin degradation method. Meca G.'™' added natural
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non — toxic substances like soluble dietary fiber B-1, 3-glucan,
low-molecular chitosan, middle molecular chitosan, fructooligo-
saccharides, inulin and pectin with the concentration of 1% and
5% respectively in crispy bread. The bioavailability was measured
with imitative gastrointestinal tract and the secondary metabolite,
Beauveria (BEA) , generated by fusarium in intestine was detec-
ted with LC-MS, which discovered that the average bioavailability
of BEA ranged from 31.8% to 54.0%.

2.4.4 Risk assessment modeling Baert K. ™ collected apples
with three different kinds of HACCP treatment and measured the
patulin contents at critical control points to formulate the quantita-
tive risk assessment model of the whole industrial chain from apple
picking to apple juice storage in order to further evaluate the deg-
radation effectiveness of process control. The result showed that
selection before processing could effectively decrease patulin in
apple juice. Besides, selecting apples which were infected with
patulin over 10 ¢cm2 area before processing could control the patu-
lin concentration under 25 pg/kg in 99. 7% - 99.9% of apple
juice. Furthermore, Heinl S. ") studied and reduced the dynamic
enzymatic reaction during fumonisin Bl degradation with simula-
tion method and quantitative analysis, which was deesterification
at first and then deamination. The two genes of sphingomonadales
in degrading umonisin B1 were identified to be in the same gene
cluster. The first protein-coding gene was similar to B carboxyles-
terase while the second homopolypeptide-coding gene stemmed
from transaminase of type 3.

2.4.5 Dietary intervention. Meca G. ™ studied and discovered
that with reasonable dietary structure, autoimmunity and adjust-
ment can partly degrade mycotoxins since the joint effect from cho-
line, methionine, vitamin, protein, dietary fat, antioxidant and
metabolic enzyme in body or food could form the inducer of de-
grading mycotoxins and promote toxin degradation.

2.4.6 Gene expression promoting. Petr K. discovered that
arabidopsis thaliana, tobacco, wheat, barley and rice after genetic
engineering could acetylate the third carbon atom of DON, there-
fore the genetically engineered wheat which can express DON
acetylation activity can increase the resistance to wheat scab.
However, the effect is to be improved. The reason why effect was
not obvious may be that the genetically engineered wheat used
Tril01 gene from fusarium which enzyme from fusarium graminea-
rum had higher activity to DON. Furthermore, fungal acetyltrans-
ferase using the third carbon atom of fusarium toxin and plant gly-
cosyltransferase were discovered to be the effective genes of scab

resistance.

3 Conclusions and discussions

The potential danger and huge risk caused by mycotoxins to hu-
mans and livestocks have captured growing world attention. The
technology development and application may represent two main
trends.

3.1 Mycotoxin elimination technology should be friendly

and sustainable  There are still many " black boxes" to be

opened in eliminating mycotoxin risk. Social and economic re-
quirements bring great challenges for the elimination technology,
which are mainly reflected on whether toxin degradation effect is
obvious or not, whether degradation cost is low so as to be promo-
ted and applied easily, what the degradation products are and
whether the products have potential risks. For example, Hussein
H. S. ™ reported that rumen microbes could effectively degrade
ZEN with the degradation rate reaching 90% —100% . However,
the main metabolite was a — ZEN which had more estrogenic effect
than ZEN, so the degradation obviously increased toxin. Although
the degradation effect was obvious, the degradation technique can-
not be applied. Besides, the features of degradation inducing mi-
croorganism, degradation products and degradation mechanism are
not clear enough, such as transgene dispute. If the degradation
products and mechanism cannot be identified, the degradation
method will not be feasible even though toxin degradation rate is
largely improved.

3.2 Integration model should be developed " Integration
technology" provides new thoughts for mycotoxin degradation,
combining various controlling measures to eliminate mycotoxins.
To be harmless to humans and animals and friendly to the environ-
ment is necessary in the future. Moreover, over emphasizing risk
elimination will be overdependent on the back-end risk control and
cause unnecessary economic loss to agricultural production. There-
fore, properly utilizing the front-end " prevention" and back-end
"control" in risk comprehensive control system can not only truly
decrease and even eliminate the impact of mycotoxins on humans
and livestocks but also keep the sustainability of future develop-

ment.
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About The Rural Development Foundation
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The Rural Development Foundation (RDF), founded in 1996, is an Indian nonprofit organization with the mission of providing
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quality education for underprivileged rural children. RDF founded and continues to operate five schools and one junior college in Andhra +
Pradesh State, taking a unique holistic approach to education through innovative programs and methodology. Rather than using the con- ¢

*
ventional method of rote memorization, RDF focuses on cultivating critical thinking skills and encouraging students to understand and |

apply concepts. RDF does this through special programs such as Social Awareness, Youth Empowerment, Student Leadership, and ¢
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Sports. RDF strives to develop students who will become empowered leaders of their communities, thus working towards the vision of a
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transformed and prosperous rural India. .
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