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Abstract: Zearalenone (ZEN), one of the common mycotoxins in moldy grain crops such as
maize and wheat, brings health hazards to domesticated animals and humans, demonstrating
reproductive toxicity, immunotoxicity, hepatotoxicity, and nephrotoxicity. Physical, chemical,
and biological methods have been used to address zearalenone contamination. The physical and
chemical methods applied in feed production have a risk of secondary contamination.
Biodegradation as a detoxification method using microbial adsorption and degradation of
zearalenone is the characterized by high safety, environmental friendliness, high efficiency,
specificity, and high detoxification rate and does not affect the nutritional value of grains.
Therefore, biodegradation becomes a hot spot for the research on zearalenone degradation. This
article mainly introduces the microbial species capable of degrading zearalenone from the
detoxification capacity, methods, and products and summarizes the advantages and prospects of
microbial detoxification, aiming to provide new perspectives for the theoretical research and
practical application of microbial methods for degrading zearalenone.
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Table 1 Main microorganisms with degrading ZEN
Classification Microorganism Capability of ZEN degradation References
Gram-positive  Rhodococcus erythropolis The degradation rate is 87.1%; Completely eliminate the [22-24]
bacteria estrogen effect of ZEN
Rhodococcus pyridinivorans ~ Completely eliminate the estrogen effect of ZEN [25]
Bacillus subtilis Relieve ZEN toxicity; Improve reproductive damage of sows; ZEN  [26-33]
phosphotransferase and Cota laccase reduce the toxicity of ZEN
Bacillus amyloliquefaciens decomposition of ZEN into non-estrogenic substances; Fengycin [34-40]
inhibits ZEN production
Bacillus velezensis Reduce the toxic effect of ZEN [41-42]
Bacillus licheniformis Reduce the toxic effect of ZEN on piglets [43-44]
Bacillus coagulans The degradation rate was 84% at 40 °C and pH 6.4 [45]
Bacillus cereus Extracellular enzyme degradation and bacterial adsorption; The [46-48]
degradation rate was 100% at 37 °C, pH 6.5 and 180 r/min
Lactic acid bacteria Absorb and metabolize ZEN [49-50]
Lactobacillus plantarum Reduce the bioavailability of ZEN in gastrointestinal tract; [51-52]
Hydrophobic adsorption ZEN
Lactobacillus rhamnosus The adsorption rate is above 40%; The number of bacteria is [53-54]
proportional to the absorption capacity
L. delbrueckii subsp. bulgaricus The ZEN removal rate was 57% [55]
Lactobacillus paracasei Metabolism of ZEN into a-ZOL and $-ZOL [16]
Lactobacillus salivarius Inhibit ZEN production
Curtobacterium Yamada Degradation of ZEN by extracellular enzymes [56]
Corynebacterium glutamicum Degradation of ZEN by extracellular enzymes [56]
Streptomyces thermophilus Biodegradable aflatoxins B1 and ZEN [57]
Gram-negative  Pseudomonas aeruginosa It contains degrading enzymes; Pyocyanine can reduce the [58-59]
production of ZEN
Pseudomonas citronellolis The degradation rate is 91.59% [60]
Other strain name Efficient degradation of ZEN [61-64]
Sphingomorphic Bacillus Extracellular enzymes degrade ZEN and bacteria adsorb ZEN [65]
Fungus Aspergillus oryzae Degradation of ZEN by a-ZOL [66-67]
Aspergillus niger strain Enzymes containing ZEN degradation [34,68]
Clonostachys rosea Alkaline hydrolase can degrade ZEN; Lactamases degrade ZEN, [69-74]
a-ZOL and a-ZAL
Saccharomyces Mainly for absorption [75-76]
Saccharomyces cerevisiae ZEN was completely degraded by Saccharomyces cerevisiae [77]
after 48 h
Kluyveromyces lactis Degradation of AFB1 and ZEN [78]
Pichia pastoris The degradation rate is 87.29% [79-80]
Penicillium populus The degradation rate of 10 pg ZEN was 98% within 6 h [81]
Neurospora crassa ZEN degrades into nontoxic substances [82]
Rhinocladiella mackenziei Degrade ZEN and a-ZOL [83]
Lactobacillus reuteri Improves the expression of ZEN degradation enzymes [84]
Rhizopus Low degradation capacity [85]
Phialophora Degradation of ZEN by lactone hydrolase ZHD607 [86]
Fusarium graminearum Degradation of ZEN and inhibition of ZEN production [87]
Sphaerodes mycoparasitica Reduce ZEN production [88]
T. atroviride Suppress ZEN production [89]
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Figure 1 The main ways of microbial detoxification of ZEN.
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Table 2 ZEN degrading enzymes in different microorganisms
Microorganism Enzyme Degradants Degradability References
Bacillus subtilis Zearalenone phosphotransferase ZEN Reducing the toxicity of ZEN  [31]
CotA laccase ZEN Reducing the toxicity of ZEN [32]
Peroxidase BsDyP ZEN ZEN degenerated into [33]
15-OH-ZEN
Bacillus Zearalenone thioesterase 138 ZEN Break ZEN lactone bond [36]
amyloliquefaciens  Zearalenone hydrolase ZHD ZEN ZEN degrades to a non-toxic ~ [39]
product
Bacillus velezensis NADPH dehydrogenase ZEN Degradable ZEN [41]
Phenolic acid decarboxylase ZEN Degradable ZEN [41]
Peroxide protein ZEN Degradable ZEN [42]
o/P hydrolase ZEN Degradable ZEN [42]
(R4
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2232 2)
Microorganism Enzyme Degradants Degradability References
Acinetobacter sp.  Peroxiredoxin PRX ZEN ZEN degrades to low toxic [63]
product
Aspergillus nige Catalase ZEN Degradable ZEN
Gliocladium roseum Basic hydrolase ZEN ZEN degrades to low toxic [69]
product
Lactamase ZEN, a-ZOL and Break the lactone bond of ZEN [70]
a-ZAL
Zearalenone lactonohydrolase ZHD101 ZEN Degradable ZEN [71]
Degrading enzyme ZEN Degradable ZEN [74]
Pichia pastoris Carboxylic ester hydrolase ZEN Ester bond of hydrolyzed [80]
ZEN12-C
Phialophora Lactone hydrolase ZHD607 ZEN The enzyme activity was the  [86]
highest at 35 °C and pH 8.0
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