< 2% eS8 (Scopus) <LK BRI
\ « BUIPHOEE I Fl 5% DOAJ o oL BT
2 i * % CHE2F3CH) CA * LB D BITICSTPCD

o Bell (RRAFHE SCHY) FSTA o B DA BITIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

E I Am-07-22 K BERT K IR PR AR S8R i B LI 4R

IR, MFH, FAF, GWE, F T, ank, &, AFR

Effect and Mechanism of Armillaria mellea 07-22 Fermentation on the Degradation of Zearalenone
WANG Zexian, ZHAO Yunan, JIA Dandan, JI Wantang, XU Ding, XIANG Yangling, CAI Dan, and LIU Jingsheng

TELR I View online: https:/doi.org/10.13386/j.issn1002-0306.2023030070

TRAT RIS HAN SO

Articles you may be interested in

AR i A IR B s ) A R ) S I LR R AR A

Identification of Degradation Zearalenone Strain and Its Fermentation Conditions Optimization

B hin Tk RME. 2018, 39(21): 119-123  https:/doi.org/10.13386/j.issn1002-0306.2018.21.022
FAIRERH 5 B 7 2K B 6 HepG2AM L I 5 REME I 7T
Joint Toxicity of Zearalenone and Aflatoxin B, on HepG2 Cells

£ Tl BHE. 2019, 40(18): 91-96  https:/doi.ore/10.13386/j.issn1002-0306.2019.18.015
I A A B Y A —VBOREL €  — F RO I 3t Y0500 e A o v o A =5 T8 S ) T s Pt S FEATT A W R R K AR s Tl

Determination of deoxynivalenols and zearalenone in pastry by solid phase extraction coupled with liquid chromatography—tandem

mass spectrometry

B TAkBHE. 2017(14): 31-34  https://doi.org/10.13386/j.issn1002-0306.2017.14.007

QuEChERS -2 0B (3 — H3 IR T 1A I 7y rh R AR A i B A G )

Determination of Zearalenone and Its Metabolites in Milk Powder by HPLC-MS/MS with QuEChERS Cleanup

B TkEHE. 2020, 41(7): 233-238  hitps://doi.org/10.13386/j.issn1002-0306.2020.07.038

Wl [ T 925 10 P VS B MU AR T 22 I B A0 57 16 1

Optimization of enzymatic hydrolysis of Armillaria mellea Vahl ex Fr peptides by response surface methodology and its anti—fatigue
ability

B TRHE. 2017(23): 85-91  https://doi.org/10.13386/j.issn1002-0306.2017.23.018

FUH TR DONHIZENRIRSNG 3 FE M

Combinative toxicity assessment of mycotoxins DON and ZEN in vitro

B T RHE. 2017(23): 268-274  https://doi.org/10.13386/j.issn1002-0306.2017.23.049



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023030070
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.21.022
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.18.015
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.14.007
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.07.038
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.23.018
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.23.049

KEMAF AT, PAFHEZFENLEE



545 % 51 i Tl B Vol. 45 No. 1
2024 4F 1 H Science and Technology of Food Industry Jan. 2024

FEEYE, BT, BT, S B Am-07-22 K Xt K R B B A R R R B HLERIAR (0], B Tl B, 2024, 45(1):
162—169. doi: 10.13386/j.issn1002-0306.2023030070

WANG Zexian, ZHAO Yunan, JIA Dandan, et al. Effect and Mechanism of Armillaria mellea 07-22 Fermentation on the Degradation
of Zearalenone[J]. Science and Technology of Food Industry, 2024, 45(1): 162—169. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023030070

CEYTIR -

EBIFE Am-07-22 EBEXT TR INE M B R
R AL

FEE, 85 EAH, L88FE,F T,08%,8 A,XEE
(FHERL R FELASE ISR, N EREREN IR R IEFRL TS, THEA 130118)

 EAFRARRE Am-07-22 A RPBREKR, RALHEWABG S XM ERFEHR (ZEN) , HEXH
%% ZEN 09 T5 R R HATHF 50, QAERARM REBKE ZEN 8952 R AR TR 35k ut ), 32 RIBE . #945 pH A=
B3RS ZEN 9% vh. KRG EMBAUESR TR, AT TR 44k, KRB EFR. @il 43 ZEN 8
B, FAART AR KB A pH. £ 8 & F 3 KB LiFREM ZEN 69 h, AREMAR SRR F0EE
UK. EREN: FFRE Am-07-22 3 ZEN 69164 R B4F, % ZENKREH 5 ugmL B, RESM &
3R] 8d, EAIBA 27 °C, ¥ pHT.0, BFE 10%, Hidst ZEN 694 M@ E N 78.72%. W4k, KEE
ik A AR ) A 3t ZEN 69 T R E 5 R 47.42%. 37.05% A= 13.08%, E IR HE Am-07-22 5 ik 69 I 91 B & 14 fif
ZEN ¢ £ 27 X, @ EL# K@t ZEN L — 2 9B MAE R B b, K LFRsT ZEN 6915 £ 5 A ahaE 50
AR EMEZH A 0973, B Cu st A8 EF R4 ZEN LA R4 34k A,
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Effect and Mechanism of Armillaria mellea 07-22 Fermentation on the
Degradation of Zearalenone

WANG Zexian, ZHAO Yunan, JIA Dandan, JI Wantang, XU Ding, XIANG Yangling,
CAIDan’, LIU Jingsheng

(College of Food Science and Engineering, Jilin Agricultural University, National Engineering Research Center for Deep
Processing of Wheat and Corn, Changchun 130118, China)

Abstract: This study used Armillaria mellea 07-22 as the experimental strain to degrade zearalenone (ZEN) by fungal
biological fermentation. The degradation effects of Armillaria mellea on ZEN were studied, including the degradation
effects of different concentrations of ZEN by the strain and the effects of different culture time, culture temperature, initial
pH value and inoculation amount on the degradation of ZEN by the strain. Then the degradation mechanism was explored,
the degradation effects of mycelium, fermentation supernatant and cell contents on ZEN were analyzed, and the effects of
different fermentation time, pH values, and metal ions on degradation of ZEN by fermentation supernatant were studied,
and the correlation between degradation effect and laccase production activity of the strain was illustrated. The results
showed that Armillaria mellea 07-22 had a good degradation effect on ZEN. When the ZEN concentration was 5 pg/mL, the
optimal degradation conditions were culture time of 8 days, culture temperature of 27 °C, initial pH of 7.0, and inoculation
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amount of 10%. At this time, the degradation rate of ZEN was 78.72%. The degradation rates of ZEN by mycelium,

fermentation supernatant and cell contents were 47.42%, 37.05% and 13.08% respectively. The extracellular enzymes

secreted by Am-07-22 were the main way to degrade ZEN, and the mycelium cells also had a certain adsorption effect on

ZEN. In addition, the correlation between the degradation rate of ZEN by fermentation supernatant and laccase activity was

0.973, and Cu** had the best promoting effect on the degradation of ZEN by fermentation supernatant.

Key words: zearalenone; Armillaria mellea; mycotoxin; microbial degradation; degradation mechanism
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1 68.16% K ZEN,
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WEREAH LR EE AR TS 1, RIS IgG A e 3l - DL R
KRB (ZEN) HFFERT 5, IR Am-07-22 &
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7INZE IR KN T R T AR ST H O i FoKAREE
Jastli ZEN [BARPRAE i (SERE>99%) T 5 3% i
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R 2R I AR RN B IR T, FCE TR A, T
27 C K THERES 12d % H.

PHHALIF P B Am-07-22 T kR A 81443 ri
BRFRabrp R 8 Bt 1 em® MY BAAREEFN 2 30 mL WA RS
FRH, F 27 C HEIRERR TR SR 6 d, #RIR 3
S 160 r/min, 353524551 B S il 45 0 — 2P T, T
4 °C WM T IRAT. FRI—RFh TR, L 8% 1Y
PRI 2 200 mL RIAFI RIS, T 27 “C.
160 r/min ME5FRFFA T FRIRZHTFR 6 d, 158 2
P . R PR T 4 °C 50 FIRAT
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1.2.2 ZEN PRGN 23505 3 P2 1 15 0 AH 258
) ZEN Kl S 430 AR, BAAR A I S5 44- 00 T

o, 3% 4 : Extend-C ¢ £, # 1< 150 mm, N &
4.6 mm, B 5 um. FHshAH: FHEE: K=70:30. FEiE:
25 °C. #iii#: 0.6 mL/min, #EFEHE: 20 pl, AN
I 236 nm.

W HGE £ 19 ZEN BRyEns 85w, FH B Wi
B A 15,010, 5.2, 1, 0.5, 0.2 pg/mL YAR[EIHK
& ZEN TAEW, T 4 °C #CIRTE . fE TAER £
f 0.22 pm PEAELEDR)S , (8 S RORAH i SGHA TR
M. LA ZEN ¥ BE R Aa b, DA e 28080 A €338 46 I
ZEN [T R A AL R il bl i £k o
1.2.3 W Am-07-22 [%f# ZEN 2 5 K ZEN |[d]
WCRAGIAE Bl 2 4 BB Am-07-22 2 F
TIEFE U (AR R 75 o/L) BEREAL S, 35 2
ZEN &80 5 ug/mL 9 10 mL BAREFRIE P, J255h
HH 10%, SRJGHBARZRAE 27 °C, 160 r/min (Y1H
AR PR PR RGN 7 do B 1 mL _EIS WA
1 mL HEEAMRIE T ZEN FI32EHY, SRI57E 10000 r/min
B 254 T ARTR 25000 10 min, B B FHZ84d 0.22 pm
VRN YR f5 , A5 FH s SO (iSO ZEN 1 2 i,
FHHE ZEN BURE#S . ZEN PR 8A=nF .

ZENX AL &R -HE A SR
ZENX A S &

AP, ZEN XFHEZH . ZEN %8N 5 ng/mL K3
FHEEIAE Am-07-22 BIRAAREEFR3E

[F] s Xz B O e FEA T AR RN i 133, 4y
WIS 0.5, 2. 10 pg/mL ¥R FE Y ZEN bR TAER,
SR IR T B RS A, B R 3 AT
1.2.4 ZEN ¥ XTI Am-07-22 [ i%) 5 1
I TR 2B A Am-07-22 R/ F i 2 &4
ZEN ¥ E43r5120 2.5, 7.5, 10, 15 ug/mL A4 10 mL
WAREE FR AL, EFh RN 10%, B EEFP 3 1T,
IR ISR ZRTE 27 °C., 160 r/min BITE IR R PR
RGN 7 do HEE ZEN S i H e 0RO % Y
R K OR BRI IR 09 B i, B 3 AT, IR
ZEN [P A S8 RS i it
1.2.5 $FFEEFM]L IR . WIhE pH FIEERP R X 4 I T
Am-07-22 Bfi# ZEN B2 IR IR Am-
07-22 ZZMp-FIRERD B 545 ZEN MBS0 5 ne/
mL A 10 mL ¥J4h pH 5351k 4. 5. 6. 7. 8. 9 BI
RSE IR, RS 2.5% . 5%, 7.5%. 10%.
12.5%. 15%, RIS RN 2R AE 18, 21, 24, 27, 30,
33 °C, 160 r/min 418 75 $5 PR v 9% 353 6 56 53 591 = 7
4.5.6.7.8.9d, HAFRKRZREE KM EEFEET
(6] 7 d. FEFRIRE 27 °C . WIhh pH HER . H2FPi 10%.
et JFH v S5O CE 1 A SR T T K ol B s W) ) 5
2H 3 AT, IR ZEN MRS
1.2.6 HEINPE Am-07-22 BEff ZEN V5 EEFBA (A

PR Am-07-22 FHHERD T AR5 3 5%

FORARET R (ZEN) PR 2 (%) = 100

F, HE 27 °C EIRFEIR A LL 160 r/min 553 I 5AE R
PRZEE9% 6 do IR ARG H 4 2Bt ug, W r
A9 2 B0 PR 22 A B R T L T R, X IR ZEN [ B A4 F
TR ERIE PEFROLIEA TR, 3653 3 kAT, L&A
WeESh S pg/mL 19 ZEN FVE X B4, [4HE 3 2
SRS TR

S G AH SO BT R AN R LA A T AR EE, A 2H
(R LW : BUS /W L2 KB, 78 4 C,
10000 r/min 4454 MR ES.Cr 10 min, WAE I
1 mL. B ZH(BHLLIRA): FREBGLIEF 1 T2 224k
1 g, H PBS 22 sh i 52208808 3~5 K. C 4 (4 i
WRLHD) : FREBUGIE S 0 N IR 2214 1 g, JH PBS 22 0P
IR 3~5 IR, HE TR S i EEALFE 2 h(200 W,
TAE 5s, [B]1EK 5 s), RS 7E 10000 r/min B 254 K
HRES L 10 min, WAEMLNWE | mL. Bl 455 iS5
HANAFG RIS 1Y ZEN dRifEMER (UL 1.1), iR Fp
ZEN MJHREEA 5 pg/mL, WA FRFE 27 °C | 160 r/min
A TR YRS 7 do
1.2.7 #EEIRH Am-07-22 [Ff# ZEN 16 TEY) e s iy
VIEAHT S22 SUEUEPY (BRI e ) S
T75307, 43 3 dHALEE: 1 tH(FEAEE K 4H): BL 5 mL &
T L VE W, TN 250 pL & H I KRS 0.1 mg/
mL), 55 °C ZbFH 2 h. 2 41 (SDS 4H): B 5 mL & %
_EVER, A 250 pL SDS (B M 0.5 mg/mL), 55 °C
ALFR 2 h, 3 4 (GEEBE K+SDS 2H): B 5 mL & 18 |-
W, A 250 pL SR B K(ZHFEEA 0.1lmg/mL)
1 250 pL SDS(ZLH JF N 0.5 mg/mL), 55 °C 4b
2 he 4£H(100 °C #7K4H): BU 5 mL K lE L35 W,
TE 100 °C 4544 T /KA HE 20 min.

PRI BRSS9 4 20 R D3SO 0.22 pm 38
JE e s, M I ZEN %4, K& ZEN 19
Wl 5 pg/mL, KWV ARZRLE 27 °C. 160 r/min 5514
THEOCIRE EEFE 7 do SEER A S RO A 35X
Kl ZEN & 5 TR . IR R Ah ke BE R
5 ng/mL ZEN )& 1% _LVEWRAE % IR .

1.2.8 #HEHH Am-07-22 J7EEEEFE N & =% X
RAFER) (07 B3 AR, W 1 L 38 T H BURE
M E B IR Am-07-22 28 1 d =56 10 d F=E i ad it
W% 71, SR ABTS L8 BEEG A, DL ABTS NS
Wy, 18 EE RSO R AR J) . FE 200 pL FTE RN
R Z P SEhA 50 puL 0.5 mmol/L 1 ABTS &% 100 pL
0.2 mol/L FrigER eM 2% vhi ik (pH4.0) , IR G395,
INAFERE 10 A5 /5 WIBER 50 pL J5 320, 4% 1 min
IS 420 nm WOGEE(E ARG, TERF LRI SC R AR
RIS R BTG 7 o BREEGE P XN LA
SrePaEAk 1 pmol ABTS FIrs B BFEEAE 1 it
FATS 1 BAA, BN BN A U/L . BRMEENG ST

A =10°/exNx VE/VEx AOD/At
H, e S ABTS Y EE R Y6 Z Bk 36000 L/
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(mol-cm), N AR BAEEL, V B AR B G I 4
F2 N TR SRR, VR 3 S I ) T
1AFH
1.2.9 KPEERTTE] ., pH. 4@ & X E I Am-07-22
KW S W% ZEN BU5E S5 HmTEtY iy
BIImPst, #2208 R IR S A Am-07-22
A R T s, m HrPoin AR E SR S pg/mL ZEN A
HEVEW, T 27 °C, 160 r/min B2 F RGN . B
R 2 4 S istE] 7 dy pH 4R . RIBSING: &
BT BIER BB 1,2,.3.4.5,6.7.8.9.
10 d BUREII B I VAR 2P ZEN & A8k, If 118
Befiteo s S3rHTAS[RI B X236 A A Am-07-22 & I
T R ZEN BYR2M . 55 4B 18 L 7 W55
VA pH N 3.4.5.6,7.8.9., 10, LIKmHEPIIA
WK 10 mmol (1 Na*, K", Mg*", Zn*", Cu®*', Fe*",
Fe''. Mo &8 & F, [ =i A E S 5 ng/mL
ZEN FRUEEWL, T 27 °C, 160 r/min B TR
B, AASES N4 & 3100 K e is I s v, 7 d B
ST, B AR . VS HEEC 1 mL SV
ISR AN B B A T K AR BRI TR B B, 7843
¥4 JE7E 10000 r/min Y554 FAKIEES.C> 10 min, F-
Z535) 0.22 pm PERSEENE NS, 1 FH 80RO (i SR
TR IRBEIAGER A S 2, I ZEN BIREfR. 50T
ANE pH 5 AR 4 @ B F X B A B Am-07-22 & %
_ETERESR ZEN FURZI
1.3 HIELIE

T I B G 2 A — X =0y, I O I R
HEZE" B R 8. SR SPSS 23 ST i i 3
PESIHT, P<0.05 Fon BAT w255 . {31 Pearson
FH AT LS I3 HT ZEN [ A 5 55 748 18t 1t 7% = 1]
MIFH T R . f)a A Origin 2019 4k AT 80 8
Kb I R 2
2 HBRESH
2.1 ZEIE Am-07-22 Xt ZEN BIPEARHER

30 3 R SR A AL S X AR R 1 ZEN R4 T
M 78, B 245 2 00 b HE b v il 28 2Pk 18l 15 7 72
y=150.13x+5.0423, H:H" R*>=0.9999, FTHALEIEXRE
It dEAL B FRILP U0 5 pg/mL 9 ZEN, JfFH
IR Am-07-22 PERRIE TR IR, HIE 1 =L
AR 3% E AT A2 R Am-07-22 XF 5 pg/mL ZEN
PR AR RS BT, [ mT 3k 73.83%. oy ANE R
in 0.5, 2, 10 png/mL ¥REE Y ZEN, [EI R E 5351
H 96.38%+1.28% . 98.64%+0.37%. 97.63%+0.95%
FH Tt ZEN 1 RDSCRE s, HE I R4, 756
AR AE
2.1.1 ZEN ¥RJFEXT 2B Am-07-22 FEMRERCR a5
w2 s, IR Am-07-22 XEARFEHE ZEN
P B A T ASTR], SR AEH S 2 ng/mL B REfi
SKATIK 97.32%, ZEN HE g 5 ng/mL IFEA 73.83%+

401
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S W
n L
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Fig.1 Liquid chromatogram of strain Am-07-22
degrading ZEN
1.34% (& 1 F AR AR & Y 3 IR SR ) Y R A
SR, M4 ZEN I EETF = 10 pg/mL F 15 pg/mL B,
Rafi s U BB AR A3 51l 49.47% Fil 32.55%., HH AT Ul
R f 2B 5 ZEN W BE Tl B R, (HAE 3
A LAE SRR EE N 2 ng/mL X ZEN B4 B
BN 19.46 pg, WIHEHEE N 5 pg/mL B ZEN B
TN 36.5 pg, MAERTIARHE > 10 pg/mL #1115 pg/mL
Bf TR f# ZEN M2 T 48.82 pg, HHEH
AN 2 (P>0.05), B UL E PR Am-07-22 X} ZEN [
R i e Fa T RaE o TE(IRUREERT, #04f ZEN
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80 b
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40 r e

ZENFEARA (%)
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Fig.2 Effect of initial ZEN concentration on the degradation
rate of ZEN by Am-07-22
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Fig.3 Effect of initial ZEN concentration on the degradation
content of ZEN by Am-07-22
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A AR B RAIR, RV R AR i (H R 2L M R AR
SREGAIR, WIAE S BERT IR ZEN 19 & a4z i, Bpfa
R 5 JUT I o, (R Rt e S T3 v, e i i
ER B LR BEERXT ZEN W E N 2 ng/mL #Y
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