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Abstract

Zearalenone (ZEA) is secondary metabolite biosynthesized through a polyketide pathway by

fungi of genus Fusarium, including F. graminearum, F. culmorum, F. cerealis, F. equiseti, F.
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crookwellense, and F. semitectum. ZEA is toxic to several animal systems especially the
reproductive system. Since the structure of ZEA is similar to that of the estrogen hormone, it can
disrupt and/or stimulate estrogen receptors disrupting in the reproductive system. Additionally,
several reports have indicated that ZEA occasionally causes hyperestrogenic syndrome in humans.
ZEA contamination is found in cereal grains of foods and feeds, especially in temperate climates.
This review article focuses on ZEA contamination in Thailand, South East Asia, biotransformation
and chemical, physical, and biological ZEA reduction strategies. The joint FAO/ WHO expert
committee on food additives (JECFA) established a provisional maximum tolerable daily intake
(PMTDI) for the ZEA of 0.5 pg/kg of body weight and tolerable daily intake (TDI) of 0.25 pg/kg of
body weight.
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Figure 1 Chemical structure of zearalenone and its derivatives
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Figure 2 Global map of mycotoxin occurrence and risk in difference regions in 2011 (a) and 2017 (b)
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Tawdlnnivenaduansddalunsandsnaluud
ansadunldiduingievuluemisvesuywd
wardnd Feuenanansiudusduazlaaalngiiiu
ué Seilansgeduduiiannsaanuiinadsaluy
Taun Wasida (florisil) Flolas (zeolite) Luumne
Lusi (bentonite) lavi (celite) uousnosalalud
(montmorillonite) nilswadgan (yeast cell wall)
Dudu Fawansluansnsd 1 [35,37,38]

6.3 A9N9TINN

nsfnwiAgafunsanyInadnaluy
Tneldqaunigtuinumaenmasy iosnn
Juisnnsi fdunusuazlidarsiadand i
vudlouaglundnsasionns lnggdursnunly
1fun Sadf 1 wazuuaiiFe denalnildlunisan
Foalunvesduniamanil A nsvuiunisdunay
AS2UIUNNTEAY (binding and transformation)
6.3.1 LuATILSY
Faudd a.a. 2002 13 udinsdne
Aeafumsliwaduaniauedauuaiielunisan

USunaudsaluulae EL-Nezami wazanue [38] wuin

Table 1 Mycotoxin adsorbing agents and their properties [35,37]

Adsorbents

Activities

Activated carbon
atpH =3

The capacity of ZEA adsorption was 100 % at [ZEA] = 2 and 20 mg/kg (ppm);

Cholestyramine

The capacity of ZEA adsorption was 100 and 85 % at [ZEA] = 2 and 20 mg/kg

(ppm), respectively; at pH = 3

The capacity of ZEA adsorption was 61 and 52 % at [ZEA] = 2 and 20 mg/kg

Florisil
(ppm), respectively; at pH = 3
" The capacity of ZEA adsorption was 33 and 54 % at [ZEA] = 2 and 20 mg/kg
eolite
(ppm), respectively; at pH = 3
The capacity of ZEA adsorption was 42 and 49 % at [ZEA] = 2 and 20 mg/kg
Bentonite
(ppm), respectively; at pH = 3
- The capacity of ZEA adsorption was 25 and 57 % at [ZEA] = 2 and 20 mg/kg
elite
(ppm), respectively; at pH = 3
The capacity of ZEA adsorption was 21 and 9 % at [ZEA] = 2 and 20 mg/ kg
Glucomannan

(ppm), respectively; at pH = 3

Mycofix Plus

The capacity of ZEA adsorption was 100 and 85 % at [ZEA] = 2 and 20 mg/kg

(Biomin) (ppm), respectively; at pH = 3
Tl The capacity of mycotoxin adsorption was 73 and 54 % in synthetic gastric fluid
(SGF) and Synthetic body fluid (SBF), respectively
Diatomite The capacity of mycotoxin adsorption was 53 and 42 % in synthetic gastric fluid

(SGF) and Synthetic body fluid (SBF), respectively
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Table 2 Lactic acid bacteria group which were able to reduce mycotoxins

Lactic acid bacteria Sources References
Lactobacillus rhamnosus GG Valio Co. Ltd. [38]
Lactobacillus rhamnosus LC705 Valio Co. Ltd. [38]
Lactobacillus casei lm4a1l Rumen (cow) [39]
Lactobacillus casei lm45 Rumen (cow) [39]
Lactobacillus curvatus Im9A Rumen (cow) [39]
Lactobacillus curvatus lm06 Rumen (cow) [39]
Lactobacillus coryniformis Im32 Rumen (cow) [39]
Lactobacillus brevis Im8828 Rumen (cow) [39]
Lactobacillus mucosae \m4208 Rumen (cow) [39]
Lactobacillus mucosae \m4209 Rumen (cow) [39]
Lactobacillus spp. Vegetable fermented product [41]
Enterococcus spp. Vegetable fermented product [41]
Weissella spp. Vegetable fermented product [41]
Pediococcus spp. Vegetable fermented product [41]
Lactobacillus plantarum Chinese traditional fermented food [40]

Lactobacillus rhamnosus GG wag L. rhamnosus
LC705 fanuansatunisanuSuna@saluy &
nalniild e nsyurun153U (binding process)
warlufanss wiaad unendanisyiufase)
YNNG Famu3nnisanus i saluuses
wuAi3eva 2 aneiug tiaduegresaaia g
HaduiiAsiteslunisandsnaluudueg fuaiu
NI AAALUATITY B9 IUATUL ANAINY
Junsn-re waznsiidinegvesvaduuniiie
[38-60] uona1nil Long uazamse [39] Lednw
AentunisanUSinadsaluulaglduuafisanse
WAARN 8 anenug fusnldannssinizonmsdin
$u (rumen) 109¥h NuigAuvEEvENTans0an
F518luusevay 25.64-69.33 lae L. mucosae
(m4208 fmnuannsalunisandsidluugean 49
wanslfiuinanuaunsalunsand s aluuves

¢

9

]

LUATILSENSALAARNUUTUBEAUTHALAY A 8N

U

2209

YBIULUATILTY lnudanAfaeiuIulIdeuns Adun-
phatcharaphon wazagne [41] ﬁwvﬁmwﬁuﬁ:maﬂ
wuafiFensauanfin 33 a1ewug Auenaindnusin
fianuasalunisandsialuumatiu (15199 2)
yonanfinisAnwmavewasalunisuunuin
wuATLSnsALaARNE1NITnanUSUIMNTINaluu
981959157 (Waust 30 ufiusnuesnisuy) [39,40]
agalsAny Auanunsalun1ssudsnaluuees
wuaiFerdulfAzeniifunduld (reversible) [40]
lngn1sanuIunuddluuvesuuaiiseasilangs
fgadsuuadiiFooylutieniseigivleuuy
stationary phase
UBNINUUATILSUNIALAARNLAD €3
fuvaiiFoaneiugd uiithundszgndlilunisan
F518luuladneae 1w Planococcus spp. S118,
Bacillus subtilis 168, Bacillus natto CICC 24640,
Pseudomonas otitidis TH-N1 [42-44]
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Table 3 Mycotoxin degradation by mold and yeast

Microorganisms ZEA degradation products References
Gliocladium roseum RRL 1859 i [45]
I
1-(3,5-dihydroxyphenyl)-10'-hydroxy-1 undecen-
6'-one and 1-(3,5 dihydroxyphenyl)-6'-hydroxy-
1-undecen-10"-one
Clonostachys rosea IFO 7063 OH O CHs [46,47]
(0]
HO Z 0]
OH 4’ CHy
cooH
HO Z Q
OH llr:Ha
HO
HO 7 o}
1-(3,5-dihydroxyphenyl)-10"-hydroxy-1
E-undecene-6"-one
Trichosporon mycotoxinivorans [54]
(55)-5-({2,4-dihydroxy-6-[(1E)-5-hydroxypent-
1-en-1-ylJbenzoyl}oxy) hexanoic acid
Aspergillus niger strain FS10 ZEA-A Way ZEA-B [48]

6.3.2 91

El-Sharkawy Wag Abul-Hajj [45]
WU7I157 Gliocladium roseum RRL 1859 f1A714

anunsalunisaanedsialuuuinissesay 80-90
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Tngtouleadl v nana1n G. roseum RRL 1859 il
AuENsalunsaatesumuLanlnu (lactone
ring) UulAS9E3 1999985181 demallassasng

yosasiwldsuluidu 1-(3,5-dihydroxyphenyl)-
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10'- hydroxy- 1- undecen- 6'-one hag 1-(3,5-
dihydroxyphenyl) - 6'- hydroxy- 1- undecen- 10'-
one Fananslumsnedt 3 wwieatuiouleyd

d

nd

1%

lactonohydrolase &31431n51 Clono-stachys
rosea IFO 7063 (3 afidnvaizdlunmilou fu G.
roseum) anunsaasulasadnedsaluuluidu
1-(3,5-dihydroxyphenyl)-1-hydroxy-1-undecen-
6'-one ey 1-(3,5-dihydroxyphenyl)-6"-hydroxy-
1-undecen-10"-one 7 lalifuiiwioszuusasluu
(estrogenic activity) [46,47] UBNaIN T amuin
Aspersillus niger strain FS10 @u130an@3518luu
wndsderay 89 [49] nenalniliieadas A n1s
Julaeld mycelium wazn1saatelneldiouleyd
(137971 3)
6.3.3 B

nsAnwInsUsvendlddaniunis
anasiwa1ns1 wuiinalniiieadeslunisan
a15MwaInNT Loin N159U (binding) Lagn1saane

a s

(biotransformation) Tagu NI Ne1A1@RNS WU

d‘ 1 £ 6l & @ ]

B-D-glycan Moy uunuigaaganiudiulsznau
PANTLA IV DIUNITIVASNWINNTT 1Y DENAN
nandul 1 laAsmendule Aeondiinduea way
F5180UU [49-52] LngwseNeTae Ao k9 van
der Waals [52] §aviansanudsenansliiuiinig
[ [ [ ..

Juilunalnuanaes Saccharomyces cerevisiae
TunisanansieaIns seundinmsAnwiuilway

WU S. cerevisiae UNANEWUTANNTOAAETINA

Trichosporon

OH CH, OH

mycotoxinivorans

) Postulated BVMO |
HO™ HO’

Zearalenone

CH,

~—-0

Hypothetical ZON-
intermediate

Tuuifosay 100 ety 48 2lus Tnenalnd
Aaduonaf adesivansi ey aeluiead
(intracellular fraction) waz /w5 ea157 nE LAY
Uangeanuinigusnigad (extracellular fraction)
(53] IngAuaunsalun1sanusunadsaluuves
fadd uoy fuanewug uenand Trichosporon
mycotoxinivorans vJu ad 8 nuilandlafianuse
aaneds1aluuluidunean ds1duea (a-ZOL)
\wéindsiauea (B-ZOL) wavansithiidufivseseuy
893 10U AD (55)-5-({2,4-dihydroxy-6-[(1E)-5-
hydroxypent- 1-en-1-yl]benzoyl}oxy) hexanoic
acid (ZOM-1) @ slea1nn151 3 A29unau macro-
cyclic ring fiAguaumIunUfi 6 (C6) Fanandlu
A15797 3 [54.55] Tag ZOM-1 1 Jundnisindnd
Igannsaanedsnaluuiasfuansiifdanuates

Fatunoulunisiin ZOM-1 uansisguil 3 [55]

7. @9d

o A

Fsralumduarsiwansindanud g

denalilAnanuiiaun@ng o a1elusienieues
AdiTinlagianizlugns Feannisdisanuiinis

Jutl ouvesd T lunduudlduiugalueeig

¢

Aol 0dlUNAANANIINISINEATLALBINITE R

YoNN LUI19EdnsAnYIISNstunsanansiy

Hognawnsvians usin1suszandldveusagds

[

4l
g31n

403NN AD Ty Uls 99v09N1SHAA AL

£%

PHAUNUAY  MIDNITANANUBIETLATI LY

9 Y

LASBIINT

Specific esterase/lactonase CH,

_ 5

OH
| COOH
=0

HO ~OH

ZON-metabolite (ZOM-1)

Figure 3 Algorithm of mycotoxin degradation by Trichosporon mycotoxinivorans
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