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B OE: BW 0o R BB A S S SR ] B B (deoxynivalenol, DON) K HAS MR R () F= A= HLEE . Fo 3k LI/NEFTF
RCNFETATRL, A8 BUK W R ARSI, JF0 EARERREE(10. 20, 30 °C)FI/KIGEE(0.95. 0.98 a,) T4
FEAREE(7, 14, 21, 28, 35 d)J5, is FIH = 80OAR €335 - ER BC BT Al DON, 3- 2 Tk A Mot 40 5 Fi 4k 70 T s
fi2(3-acetyl-deoxynivalenol, 3-ADON), 15-Z B0 455 6 4k /) 18 M5 B (1 5-acetyl-deoxynivalenol, 15-ADON)AI
T8 48025 TS Sk T T M - 3-8 4 Wi (deoxynivalenol-3-glucoside, D3G)/= ., &R A REIELMAT, HER
DON (147 B iR [R] S T34 ;. 5 F 0.98 ay, 20 °CF W5 35 d AT = {E 100490.0 pg/kg; ARG IR 444
T, &M% DON 4L L& A HHIE, 3-ADON. 15-ADON 1 D3G 4331 F 0.98 a,, 20 °CFHY4S 14, 28
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D3G/DON F {8 Fifi B [8] 4 < 563 & J5 WA, T 20, 30 °CF D3G/DON H {3 B i 1] 4 4 2 45 50 F&(r*>0.90)
88 NERR PR AL AR DON IS = A 4514 0.98 a,, 20 °C. A5 AT 2 DON K HAB M ALY 4=
W . HAE WA T B SR R FE Rl AR 2 AR
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Production of free and modified forms of deoxynivalenol in wheat grain
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ABSTRACT: Objective To investigate the production mechanisms of free and modified forms of deoxynivalenol
(DON). Methods Irradiated wheat grains were inoculated artificially with Fusarium graminearum and then
incubated at different temperatures (10, 20, 30 °C) and water activities (0.95, 0.98 a,,). After incubation of 7, 14, 21,
28 and 35 days, the production of DON, its modified forms of 3-acetyl-deoxynivalenol (3-ADON),
15-acetyl-deoxynivalenol (15-ADON) and DON-3-glucoside (D3G), were quantified by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Results DON contents increased gradually in time
dependent manner in all conditions, and the highest yield was 100490.0 ng/kg on day 35 at 20 °C and 0.98 a,,.
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However, the highest yields of 3-ADON, 15-ADON and D3G were observed on day 24, 18 and 35 at 20 °C and 0.98
ay (3-ADON: 7583.5 ng/kg; 15-ADON: 592.0 pg/kg; D3G: 6806.4 pg/kg), respectively. In addition, the ratio of
D3G/DON increased firstly and then decreased at 10 °C, and declined gradually at 20 °C and 30 °C, which could be

well described by exponential model (r*>0.90). Conclusion The optimum temperature for free and modified forms

of DON production was 20 °C and the optimum water activity was 0.98 a,, Our results could provide theoretical base

and scientific foundation for biosynthesis, routine supervision, prevention and control of free and modified DON.

KEY WORDS: Fusarium graminearum; wheat grain; deoxynivalenol; acetyl-deoxynivalenol; deoxynivalenol-3- glucoside
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W6 485 JE Bk U1 T 9% B (deoxynivalenol, DON), X MK
it # ZE (vomitoxin), & H1 A& & #E JJ W (Fusarium
graminearum)FI & {445 77 i (Fusarium culmorum)s 7 Az )
— A EENRIRAERRITAER, T EAETER. /D
A K L Rt DON AT Sk bh (s . MRt
EL A R M R OR & AR KRB A RS,
TR E ARG R, TS ERAR AL R A
DAL IR S I e z —P,

W WEREAYIEA R A JRE DON, o pidH
fib 5 2B B, W3- 2 Bk Ak R T R ) I e
(3-acetyl-deoxynivalenol, 3-ADON)FI 15-Z Btfb B 52 5 5
Bk JJ B M5 851 5-acetyl-deoxynivalenol, 15-ADON)P!, 5 —J5
T, T AR HLH, PR EY B B2l o i
1k A EH AL SRR FDRE JF R DON # 4L h IR Ay I
i %1”DON(masked DON), H:H 5 UL A4 Ay JIiE 405 5 e 71
A -3 -3 2 T (deoxynivalenol-3-glucoside, D3G)™, 4
H: 7 DON R DON A RN &M% DON(modified
DON), ZUiji# &, iM% DON H4: 5% DON It
HETAY RS T, W Boevre SEARFMERN S AT
St FARLRRE S AR 246 DON, 3-ADON ., 15-ADON il
D3GP, 22 KBRS TR E 7 NE TR . INERES,
¥ DON. 3-ADON. 15-ADON Fl D3G By Hi 243 51|y
61%, 25%, 35%F 38%\; AL piT AR I T 31 33
FE AN ) b X ) B i, 2 3 DON, 3-ADON., 15-ADON
1 D3G W R 51K 74%, 58%, 42%F1 55%!7,

BHi# DON AMEHA &= 5 4ok F, Hofs ERRE
RNEZAM, PF5EFY 3-ADON 1 15-ADON HA 555
DON Kfulfgaitt, HHAESARMN IR, fodm AP,
1M D3G HAX H SRR, EHEA SR 0 5 2 8ok
TR B 7R DON, - A s 2 B+ ] 45 2 o 8 K S 1
FPEPL i, B4R DON ok MAg 2 AMTH T S E
Mo Bed EARA LRI AR TAE U B S a4
+ % 7= 51 4 (Joint FAO/WHO Expert Committeeon Food
Additives, JAFAC)F 2010 4F$£H#, DON. 3-ADON ,

il

15-ADON FPEAH A, BAFPFLE AL E H N KA
YRGS 1 pg/kg bw )M BRI E 54 4R (Buropean
Food Safety Authority, EFSA)F A £ ¥4 75 Y« ¥ /4
(CONTAM Panel)thF 2014 42 7 2547 KU PEAR A,
D3G i fIJEAE DON [RlFEXFARFY . Rk, in s X 46 i 72
DON Wi, BImfHAEA Py rb a0 AR AR O 2, AR,
HETXMEM A DON HIBFFE LA RAR 784y, HAER Y+
77, AR . M AR PR IR R B R B = RGEE L,
PR BR T J5 SEA O TARRITTJE

AT LATT R ZF /N RFRL R e IR MR, A B TR R
R ARAT Bl 1T, R T o S0 AR (038 A K 5T (ultra
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) - HT TEA [l IG TR IR . B 70T
[A]FI7K &N DON. 3-ADON. 15-ADON #il D3G 1,74
i, RIIEE DON K HAB M B A [ 5 35 250 T 17 2R
R, WA RS 7 R AR, N RAE . B
SRt PSFIRL AR, X PR BB R dh i i 42 FR AR Al B 45
AARERENEX.

2 MREREE

2.1 U5

ESS-010-03 F £ HL T il # (H A< THI A F]); 5804R %
% .OHL(E E Eppendorf /A w)); Heraguard ECO #i5 5 (35
[E Thermo Fisher 23 7)); MIP-250 %5 135 3746 (- H9hS 72 52
& A BRAE]); SX-500 = KB E (H A TOMY AH]);
4TE 7K % AL (ZE[E Aqua Lab 23 #]); HSC-24B A MAX( | i
HESTIEHA IR E]); ACQUITY UPLC # Ul A €
FE4Y (25 E Waters 23 1]); TRIPLE QUADTM 5500 = Uk
FF BB (3 [ AB SCIEX 22 #]).

g, 2B (@igal, 8E Merck 7)), JMRER.
DON(100 pg/mL), D3G(50 pg/mL). 3-ADON(100 pg/mL)
F1 15-ADON(100 pg/mL)#RfE 5 (3E [E Sigma-Aldrich 24 A]);
PDA }i g 5L ( iR A W RHE AT BR/A Fl); PDB K32t
REFERHEA R AR, L= /KR Milli-Q M2tk
Millipore 23 Fl)o

RATEETI AR F4582 W 7 [ a2k 40 v A ik o
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L DSMZ; A] & 25 /INERERIIE B 7R 5 ST .
22 RWHE
221 W EATEIERAE

Ry B 2 40 T A5 el A W TR s O R R R A R 2R T
B NERPRLE T IR A A4S (B4E2Y 1.5 ke), 7E R RE
R AR BRA mlE 7 AR B B, 7L 10 kGy.
TR /N R T 4 °CIR A7 A
222 WHERER

BRI EFEE F4582 R T PDA AR FR3E,
28 CCEAIE SR 7 d 5, HFE PDB AR FR K, 25 °CF
150 r/min BHAKLLREFE 5 d BUIETFH, BHBEWE Tk
B, FCEKEEZE 10°A/mL, T IRsesEsh.
223 NEATEBAEA

HEE T HERR PRI 50 g BRIEKIR G /N AR T
250 mL JCIEHEIEIES, INAGE BICIEK, JHREKIE 45
4 0.95 a,, 1 0.98 a,, FATCHIETE DB E, BEHES.
FEERD 100 L RAGRII TG 508 T 10, 20
30 °ClEIRE FA B A FRE (7, 14, 21, 28 fi135 d),
BAREFRFARE 3 ANERE I, BRI HIE N,
TR 22 SRR TEA M, IR 1/ NFERRLE A, R
224 Hamgd

BFREW G, BUNEFRIEEFRY T 50 CHEH T %,
MRS S HESARIL 2 g ByREAEdh T 50 mL 2048, A
10 mL ZJE/7K(84:16, V:V), HEiZE% 1 min, 21 5 min J5,
HBAEHRE 1 h, 4000 r/min &0 10 min J5, B 5 mL FIEW,
1E 40 °C F AT, 1 mL ) 5 mmol/L Z, R /K % Ik / FP it
(80:20, V:V)ZfEFRTE, IRE 30 s, #A 1 min, FH-RHE 30 s,
AR, EERR, 1 0.22 pm JEIE, UPLC-MS/MS Il
E o
2.2.5 UPLC-MS/MS il &4

{3841 Agilent Poroshell 120 EC-C,g f,i%4£(100 mmx
3.0 mm, 2.7 mm); FEHAH: FishH A SH 5 mmol/L ZFRE
W, st B WHEEL BREENART: 0~1 min, 10%B; 1~
10 min, 10%B~25%B; 10~11 min, 25%B~90%B; 11~11.5 min,
90%B; 11.5~11.6 min, 90%B~10%B; 11.6~13 min, 10%B; ¥
0. 4 mL/min; #FFE 3 ul; AR 40 °C.

K LB 55 L B VR (EST) IE 7 B F U W i 3 %
A HERB SR, MRS R AIAR; FhA:

50 Psi; 41 50 Psi; S5fbiREE: 500.0 °C; Mi%5HF:
5500 V; WEZE L JEAAT ;35 Psi; Mi#E: 8 Psi; @it £
% Wl (multiple reaction monitoring, MRM)FEE X} HArfk
G W E B, DON, 3-ADON. 15-ADON # D3G U+
T, FET. WEREERESHILE 1.
22.6 FikFHEE

T LA A R (limit of detection, LOD)FIAE £
PR (limit of quantitation, LOQ) . [EIT4 ks 2 5 S TEAr T 1
SEAAT O B R AR . et R E E Y. B EGE &
DON 570 J 1 784 5 28 s o i 89 YD S T, o) o o R
1 mg/L BIR-AARE TAEMR . AT BARSER 1Y/ N PR
RES ARG, $% 2.2.4 H0E, B304 (LRI . s 3k
JE AR RARE TAEASE] 1, 2. 5. 10, 20, 50, 100
1200 pg/L WeEE LA TR, LABE R I R R AR KR |
VT AU ARPR, HEST 4 Fh LR B8 2 00 3L TTbr bk fh 2 3+ H
TFrMEEMNE., DEEEFEEN 3 HFEMRLEL
(signal-to-noise ratio, SIN)#fi € HAr7E Z ) LOD, Ew & 1
WY 10 F5EME e HAREE R 1 LOQ. SR IAR [T
G L I RIS 5 . IS /N R PRRE 5 4353
FEIRUSINMREE 5. 50 F1 100 pg/kg ANATE AR IE T AR,
FENRBE BRI S AN FATRE. $% 2.2.4 F1 2.2.5 AbFRAE 5 A
SEWRE, [ICR I E (A ES M & 2 e, H A3
I H ()RS 2 B 4 B R IRl — KA SE 5 d I 5 45 S A AR X B
1A 7% (relative standard deviation, RSD),

3 HRESR

3.1 FEELEHE DON &8N ENSGEFEIF

T B 2 AR, /N3 R RL P R A % A8 T A
DON 745 1 Y Fil 948 1 56 3R RLABE, HISE R B ()3 KT
0.99(% 2), DON ME KRN 2 pgkg, KR 1 pg/ke;
3-ADON, 15-ADON #1 D3G HJE BRI 1 pg/ke, ¥ HiMR
B0 0.5 pg/kgo MAR ENICGR K45 T, 4 Fh B 5 2 3% A ]
PRI 74.81%~114.28%(n=5), A% %% & (RSD) U
1.3%~14.4%(=5)(F 3). LA EEIE, KA
R, HEW . FTEE, W R AR X/ NEZ AR DON,
3-ADON, 15-ADON #il D3G ({EffEfE. bR ss
BreEfhis /N2 ¥k b DON | 3-ADON, 15-ADON #1 D3G
) MRM EEUNE 1 PR

%1 DON. 3-ADON. 15-ADON #1 D3G FIfRiE&#

Table 1 MS/MS spectrometry parameters for DON, 3-ADON, 15-ADON and D3G
BET ERTET AR L R /eV VT BT filf 4% L s /e V [EER %5
DON 297.3 203.0 28 175.1 28 ES’
D3G 517.2 457.2 18 427.2 27 ES”
3-ADON 339.1 231.2 16 203.3 19 ES’
15-ADON 339.2 137.1 15 261.2 16 ES’
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%2 /EFFHiTh DON, 3-ADON. 15-ADON #1 D3G By, R RMEER
Table 2 linearities, LODs and LODs of DON, 3-ADON, 15-ADON and D3G in wheat grain
T o4 ply £ r? ZEMETEI /(ug/kg) LOD/(ng/kg) LOQ/(ug/kg)
DON Y=3652.8X+22170.9 0.999 2~200 1 2
3-ADON Y=6799.0X+7730.1 0.999 1~200 0.5 1
15-ADON Y=4874.7X-4116.9 0.998 1~200 0.5 1
D3G Y=7094.9X+14688.8 0.994 1~200 0.5 1
%3 EFFRIF DON, 3-ADON. 15-ADON 1 D3G BIINARE KR 54 % & (n=5)
Table 3 Recoveries, intra- and inter-day precisions of DON, 3-ADON, 15-ADON and D3G in wheat grain (n=5)
RAINAF-(5 pg/kg) HIEIKT(50 ng/ke) FARIZKF-(100 pg/kg)
ek 3% ] gk 3R i k3% iy ] & 2% ek 3% ] gk 3R i
W, PR HEEE o, HPESE HRREE o, HIHSIE H RS
/% 1% 1% /% /% 1%
DON 98.33 9.9 11.0 84.26 7.5 8.3 82.28 8.4 6.9
3-ADON 79.02 6.2 4.9 74.81 4.4 5.8 80.13 3.6 3.2
15-ADON 9491 5.4 6.7 92.05 1.3 4.2 91.71 29 9.4
D3G 104.49 13.1 5.0 114.28 6.3 14.4 105.65 4.1 9.1
™ XIC of #MRM (6 paiss): Exp 1, 297.300/203.000 Da ID: DON 1 from ~ Sammple 3 (STD-DON-4kinds-100ppi-2) 0£20180716:DON3.. Max 5.5e4 cps. ™ XIC of “MRM (6 pairs): Exp 1, 339.100/231.200 Da ID: 3-ADON 1 £ e Max 3. Tod ops.
3.56 9.08
5.5¢4 360
5.0e4 3.4e4
¢ DON 3.2¢4
4.5¢4 3.0e4 3-ADON
2.8¢4
4.0e4 2,604
3.5¢4 2.4e4
) 5 2204
i 3.0c4 5 2.0e4
o B 1804
§ 2504 § 1ee
2.0e4 1.4e4
1.2¢4
1.5¢4 1.0e4
8000.0 943
1.0e4 6000.0
5000.0 4000.0
\\ 2000.0
0.0 0.0 A
00 1.0 20 30 40 50 60 70 80 90 100 11.0 120 13.0 00 10 20 30 40 50 60 70 80 9.0 100 110 120 130
it 8] /min 3 4R ) /min
™ XICof MR ( pair): Exp 1, 339200137100 Da D: 1-ADON | fom Srpe 3 (STDDON-kis- 100902 of 0180716.D.. M 20t . B XICof MR (2 e Exp? 17200457200 Da D D3G | fom Sl 3 STIXDON-Akids00ppb2)of 0180716 DON3A.. M 9304
2.8¢4 9.42 345
2.6¢4 9.0e4
15-ADON 8.5¢4
2:4e4 8.0e4
2.2¢4 7.5¢4 D3G
2.0e4 7.0e4
6.5¢4
L 18e4 6.0e4
5 1.604 2 5.5¢4
2 2 5.0e4
g 1.4e4 % 4504
1.2¢4 § 4004
1.0¢4 3.5¢4
8000.0 3.0e4
2.5¢4
6000.0 2004
4000.0 1.5¢4
1.0e4
2000.0 Son0.0 K
0.0 0.0
00 1.0 20 30 40 50 60 70 80 90 100 11.0 120 13.0 10 20 30 40 50 60 70 80 90 100 110 120 13.0
i [B] /min i ] /min
A

A FRUEFS TR (100 pg/L)o
K1 DON, 3-ADON, 15-ADON #l D3G () MRM &%
Fig.1 MRM chromatograms of DON, 3-ADON, 15-ADON and D3G



vinl <= i N W= >3 6 s 23
%59 WM, & ANEERTRLHR R R A R SRS T e T TR A I ) P A R 5 2549
™ XICof +MRM(6 pairs): Exp 1, 297.300/203.000 Da I DON1 from Sample 34 (28-25-21) of Data20180118-3,15-ADONwiff{ Tur. Max. 1.2¢6 cps. W XIC of +MRM (6 pairs): Exp 1, 339.100/231.200 Da ID: 3-ADONif Sample 34 (28-25-21) of Dat20180118-3,15-ADON. wiff.. Max 51500 cps.
379
1.20¢6 9000
1.10e6 DON
1.00¢6 8000
9.00¢5 7000
8.00¢5
2 7000 6000 3-ADON
.00e: @
= & 5000 333
’;ﬁ 6.00e5 ]
E 5005 g 4000
4.00e5 3000
3.00e5
2000
2.00e5
1000
1.00e5
5.00e4 3.38
0.00 0 by T
00 10 20 30 40 50 60 70 80 90 100 11.0 120 13.0 00 10 20 30 40 50 60 70 80 90 100 11.0 120 13.0
i ] /min HH I B /min
W XIC of +MRM (6 pairs): Exp 1, 339.200/137.100 Da ID: 15-ADONcin Sample 30 (28-25-14) of Data20180118-3,15-ADON.wi... Max 5288.0 cps. - i ID: D3G 1 frémmple. Max. 1.4eS ops.
9.63 344
5000 1.3¢5
15-ADON
4500 1.2¢5 D3G
1.1e5
4000 1.0¢5
3500 9.0e4
2. 3000 2 8.0c4
o i 7.0c4
#® -
= 2500 B 6.0e4
£ 2000 T 5 0ea
1500 4.0c4
3.0e4
1000 209 S ©
2.0e4
500 10.23 Loed k&
0 = 0.0 o
00 10 20 30 40 50 60 70 80 90 100 11.0 120 13.0 00 10 20 30 40 50 60 7.0 80 90 100 11.0 120 13.0
H i ] /min Hi I ] /min
B
T B /NERRL,
2:F 1 DON, 3-ADON. 15-ADON £l D3G ) MRM [&li
Fig.1 MRM chromatograms of DON, 3-ADON, 15-ADON and D3G
S Gz N 5 3-ADON i I, 15-ADON £ /N32 #7177 8 45
3.2 ANEEFFHTNEFRS DON FEIFR ’

ARG SR A T RN Z KPR DON 1™ A= 15 L
WE 2 iR AT, FEASFEIK TG EE R E R 3% T, DON 1)
J7 i A B BT () S T3 s A [ — B )5, DON [y it
EKi% BERGIE e, T 20 °CH} DON K= htHLTE 10 °CHIl
30 °CHFEET . M2z, TE 0.98 ay, Fl 20 °CHEFR AR, /A
Kk DON F=htfe s, 56 35 d il ik 100490.0 pg/kg; 1E
0.95 a, fl 10 °CHFRL&MFT, DON = mifk, #5535 d N
9831.9 ng/kg.

33 AEBHFREHTMEFRNF 3-ADON F
15-ADON =4 1551

ARG T /N APRLR 3-ADON 977 A % 5 4
B 3 fiR. 2 FUKIEE 4R, 10 °CHY, 3-ADON &y
Fifi st ) 2 4 T4 hn; 10 20 °CA 30 °CHs 3-ADON (5 B
Wi R I S0 4 T S 34 0 5 B AR, 20 0 6585 28 d IS 14 d 3]
AR . 0.98 a,, 20 °CHY, 3-ADON 7E55 28 d F= B iR i,
iAF 7583.5 ug/kg.

iR (& 4). f£ 10 °CHI 20 °CHF, 2 FhK & & &84T,
15-ADON (1 7 & 35 i B[] SE 4 T 38400 Wi € 30 °CH,
0.95 a,, 1 0.98 a,, I, 15-ADON /= > BITESS 21 d Fi
14 d k3 mfE, BRI TR, 5 3-ADON —Ff, 7
20 °C. 0.98 a, I, 15-ADON j=& 5, 7E545 35 d k3
592.0 ug/kg.

NEEFFHTNEFRF D3G FEFER
AR K BE R R SR [R] R e Fh /N AR D3G
B = AR BN E 5 TS . T 0.95 ay,. 10 °CH, D3G &5k
BT, 5528 d kPR mE, BEE R T 20 °CHI
30 °C4F, D3G ISR 7 d BlA I &, BEJS BERT
()38 T R R 7E 0.98 a,, ', 10 °CHlI 20 °CH}, D3G &4
TR RAR, 439 F45 28 dFl 14 d = ik BB ;1 30 °C
N, D3G &R RAAESE 7 d fedh, BEIREWT NI, R, 78
0.98 a,, 20 °C, H5FREE 14 d B/NEFFRL D3G B & F
5, Ak 6806.4 ng/kg.

34
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60000 - A) —=—10°C 120000 7 (B) —=—10°C
—— 20°C
50000 A 100000 A
% 40000 - % 80000 A
% 30000 - < 60000
2 g
A A
20000 A 40000 A
10000 A 20000 A
— T T 0
7 14 21 28 35 7 14 21 28 35
Al /d 1 /d
H: (AYKIEEE 0.95 a,, (B)/KIEE 0.98 a0
K2 AFEREFREE . KIEE . KE3REHRN DON 17 i (n=3)
Fig.2 Production of DON in different temperatures, water activities and incubation time (n=3)
8000 ) —m— 10°C 9000 7 (B) —m— 10°C
7000 —e— 20°C 8000 - —e— 20°C
—— 30°C —A— 30°C
6000 7000 -
oD =0 6000 -
< 5000 < 0
2 = 5000 -
Z 4000 Z
= K 4000 1
< 3000 <
Ry 3000 -
2000 2000 -
1000 1000 -
0 T T T J 0 v
7 14 21 28 35 7 14 21 28 35
IFE]/d ) /d
T (AYKIGEE 0.95 ay, (B)KIGHE 0.98 a0
K3 RIRIEFRIREE . K& EE . FiFRIfE] T 3-ADON HY7” 4 (n=3)
Fig.3 Production of 3-ADON in different temperatures, water activities and incubation time (n=3)
690 690 -
A —m— 10°C ()] —&— 10°C
590 —— 20°C 590 A —— 20°C
—a— 30°C —a— 30°C
~ 490 —~ 490 A
s 3
< 390 = 390 1
§ § 290
< 290 2
= e
190 190 1
90 90
-10 T ) -10 T
7 14 21 28 35 7 14 21 28 35
B fa)/d A al/d

T (AYKIEEE 0.95 ay, (B)/KTE B 0.98 ay.
B4 AFREFRREE . KGR, IR T 15-ADON 77 1 (n=3)

Fig.4 Production of 15-ADON in different temperatures, water activities and incubation time (n=3)
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5000 1 8000 -
(A) —— 10°C B) = 10°C
4000 A
6000 A
& 3000 =
)
2 é 4000
9] @)
A 2000 - ]
2000
1000 A
0 0 T
7 14 21 28 35 7 14 21 28 35
A fAl/d ) /d
H: (AKTEE 0.95 ay, (B)KIEJE 0.98 a,.
Fl5 RFEFRREE . KV EE . B53RESE] R D3G 1977 & (n=3)
Fig.5 Production of D3G in different temperatures, water activities and incubation time (n=3)
=n — 2| v = T L > ST A
35 FREEZHET/NEF B 3-ADON . A, ATREINGS T 4% )7 B BRI R AR SR AL 22

15-ADON %1 D3G &5 DON HJLb{&

ANIRIKTE BE | ELBE IR FRA 8] T /N2 AR 3-ADON
15-ADON #1 D3G ;i DON Y HEELUNE 6 IR . FEAR[H
K724 F, 3-ADON/DON F1 15-ADON/DON B[] )
ARG, G —E . TR LAY IS, 76 10 °C, 2 Fuk
{6 R, D3G/DON  F{E ¥ it i ) 428 4 56 T 5 )5 FAIG; i
20 °CH1 30 °CHY, 2 Fhi7Ki% B~ D3G/DON HAEITESS 7 d B
KR, BRI IR, 255 35 d Ik 0; 18 IR EUE
RIBA LA 1F F D3G/DON A AR K BL(1E] 7), R* #97E 0.90
DL k. [Hit, 7E 20 °CHI 30 °C, 0.95 a,, F1 0.98 a,, AY5535 5514
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