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PCR ¥ 34, W, MFLE 52 NCBI FVRMELLNT . MEGA 7.0 S R0 R W HHAT 2 T AV 508 B S 800 6
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Abstract: Objective Aflatoxins (AFTs) producing strains (referred to as toxin-producing microorganism) during the processing of
Sojae Semen Preaparatum (SSP) were screened, identified, quantitatively analyzed, and tested for their toxin-producing ability.
Methods Preliminary screening of various toxin-producing microorganism in SSP processing by ultraviolet fluorescence method,
then count the colonies; Analyse the 18S rDNA of those strains by PCR amplification and sequencing. The sequences are compared by

NCBI homology, and the phylogenetic tree be constructed by MEGA 7.0 for molecular biology identification; Ultra performance liquid
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chromatography-tandem mass spectrometry (UPLC-MS/MS) were used to detect the AFTs content in the culture solution of each strain
to determine their toxin-producing ability. Results Fifteen toxin-producing strains were screened and identified by ultraviolet
fluorescence & molecular biology analyze, which were Aspergillus flavus or A. tamarii; During the processing of SSP, the toxin-
producing microorganism gradually increased during the ‘yellow cladding’ stage, and it became the maximum at the 6th day, which
was 1x10%3% CFU/g, then it gradually decreased in the ‘secondary fermentation’ stage, even no toxin-producing strains be found during
day 9 to day 15; With UPLC-MS/MS, we found that five strains did not produce toxin, 10 strains produced toxin. Though they can
make toxin, all the toxin the microorganism made below 5 ng/mL. It’s much lower than 4. flavus standard strain (654.90 ng/mL).
Conclusion In the processing of SSP, some A. flavus and A. tamarii with different toxin-producing ability were found, and these
strains increased at first and decreased later. This study will lay the foundation for studying the law and mechanism of AFTs content
changing in SSP processing. It also proved the importance of 'secondary fermentation' and the rationality of 'secondary fermentation’
time, from the perspective of safety for the first time.

Key words: Sojae Semen Preaparatum; processing; aflatoxins; toxin production capacity; ultra performance liquid chromatography-

tandem mass spectrometry; Aspergillus flavus; Aspergillus tamarii

¥R 5.9 Sojae Semen Praeparatum (SSP) N &}
REJBHEYIKE. Glycine max (L.) Merr. J5 2 Fh 111
R T, VARG R /KT AR, S
T e JARRLEE B SR T o 1 P ARAR B [ i
EZ) ook, ZIATPAMEMAEmAAR, H
WL SE, MEaG HIE. B4, BAMER. BRI
BRI T, AR IVE TR BRI B LA |
FUMRIE S A AR JHER G AE RIS 55 EE R (1)
TSI A ] e oA T R S AU

H MR (aflatoxins, AFTs) A& FE 3l
% Aspergillus flavus 27 LM% A. parasiticus T
B A. tamarii 5B AEB)— RAL EEE R R
R, BETKIL AFTs F 20 £2F, FEEH
i35 K Br (AFB1). HHi%# % B, (AFB2). #
HHER G (AFG). HIERR G, (AFGy), H
UL AFB, #ihfom. BEFLRM, AN &E KRR
T AFTs 2 FEOL M . EIRAREA R A4,
e RWETE 0 uh 260 DA B ™ 26 1 40 e AR 45
FEARTE R Bt W E A4 AFTs, 788
M2z 5 HAR A AN 30%~60%, FEr=5 3 il
AP T TR 2GS R Ll sl

RSSO A, — i 20d A, &g
A b ” AR 2 AN BB, fE AR
il s RN I R T Re s A th & . W h &I A
AFTs. AURBUHTH CR AL R SR K] AFTs
SR EHEREMN, AR M A dhweS), HR
X EA TR S5 L B Re AT AL, 125k
ST AFTs 778 B A O i RoE . AHE AT
VR B 7 ASASFEI A SFEA R = AFTs i
AW AT TR S . VR T ECRI AFTs fig /730 5E o
WFFE 45 B a7~ IR S BRI R T AFTs KA

i) B8 HE A, R RRTE R B TR R R 2
VA EEE L

1 UESHHR

1.1 Y&

MJ-15018 W 853546, Ll fERMEH IR A A
PTC-200 i@ PCR 1%, BIO-RAD /A #]; NexeraX2
P A, BRI AF; AB Sciex
QTRAP 4500 = 5 PYRRAT 24 B 5 Wk ef BB 54
Z[H AB Sciex Ao
1.2 ¥
121 SEREME  EE SRR, T EE
A B R L, RS CGMCC3.4408 .
122 WUF) M EREIRR FREE, S 20191026,
B 5 R AR IR A F] s AFTs TR A0 i
i (AFB;. AFBy. AFG;. AFG), #it*5 CRM46300,
JREWE/Y B 1.0, 0.3, 1.00 03 pug/mL, FESD
41=98.0%, Supelco AH]; HEYIIHEFL DNA 2K
RF#. 2X Taq PCR master Mix, k5 Cat#DP305-
02. Cat.CW0632S, Jbmt RIRAENWEHEAIRAH];
2,6- - HIE-B-IRRIKE (L5 402G021). ERfIERE (it
5 1209B022), ZEFEAVEHAIRAE; Hypersil
Gold (100mmX2.1 mm, 1.7 pm), FEER K iH/REHK
HIRAF; HEE. 4, #t5 2003191, 20022221,
g G B ARG R A H] .

2 FAEEHR
2.1 REEEHIITFE A & B8] A A & FOEURE

ARG ATIAZ I (FFEZ ) 2010 Fhr O
SEHERR GBI T2 (IR (R E 28 i0Ek
VR SBHIEAR, & 2020 £ERRD 109, 1R G M
HSFE A RE 3 REURE 1K, “3Ak i ” B B2 ilid
NRBENIIG K3 d. KEE6d, “Fii]” Mol
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CNFERR 3d. Fe 6d. R 9d. FERY 12d. FERY
15d FIZEJE R, 25 20 A FOL F3. F6. Z3. Z6-
79, Z12. Z15. SSP. il PRI & Tk FE A5 35
e CREZH) 2020 FERREER . SRS RE T
4 CHRAE, 1 BN SERAa .

22 REEIAHIEIED AFTs ZHSREMEE. B%
T

221 7 2,6- T HIE-B-EORIRG 1) Hh & R I IR R R A
L] 45.6 ¢ B RBUREREFREEIIN 2,6- — H -
B-PARAE 6 g, B 1000 mL Z& 1 /K N #A A, 121 °C
K 20 min.

222 AFTs PPEwIImEMEE T AR
TR A & EAREOR E B ) 2 A AN [ A 1]
FEA, WHEE, HUOFEE 5 (& FFd 1 g 9 mL JToE
HRERKHIRL 1 2 10 IR, 74 ¥R 30 min, HL
I mL BB 55 1 3R 9 mL Jo s A B Eh /K I
BB, KRUGHAT 10 f5F0RE, 2700k 0.1,
0.01. 0.001 1X104, 1X 1075, 1X10°6, 1 X107 ¥
TR, HcHE B 72 P A i B 7 B (IR v TG D
EREEIEN 3 NAFIREM R, F3. Z3. Z6 iEHF
0.001+ 1X1074, 1 X107 Mk, F6 IEFE 1X1074,
1X1075, IX 10 MR, 29, 212\ Z15 & 0.1,
0.01. 0.001 AR, 23 mWHL 100 uL MRERIEN
B 2,6- T FUER-B-EOMRG ) it B 2 T NG A R AR T L
o, HIRAFRIRAI S, BB ESE 3 I,
T 28 CHBIEFARTTE 5~8 d.

B H I FILE RN B 365nm)
MEE,  WpE 7 ] BBl ARG R0k oh I R e Bl AR
RN E N AFTs 1, A7 A 5 (s 4
EERI B AT, BREG™ 2 6 T V& R IR RI 28
YA ARG TE . FHVRARA I BT R AT AT 57 7 25 B
IS, WHE “FA IR BB 3 RV B
HERG 5N F3-1. F3-2. F3-3 %%, %5 6 K45
()77 B B bR Gi 5 N F6-1. F6-2. F6-3 %5, 7 “Fije]”

-

F6

BrBCR 3 RV B P 8 kg 5 9 Z3-1. Z3-2.
73-3 %, 6 R¥IMAIN -8B Ekm s N Z6-1.
76-2. 76-3 %%,
223 RGBSR AS T 0O R I B T S
BRI R PO R B R I BT R TR
s, “EAK i Hr B KBS 6 R (F6)
WHIRZ, 15 1X10930 CFU/g, Z a9tk E
B, BRI 9 RIECRA T RIGE, £
77 TR 0 o G o R A A PR ) SO A A
PR HAESR IR AT, A= w8
A (] AFTs L AFB, B AFB, N, &5 AFTs [
FhRFNE BILTHH UPLC-MS/MS VEIAE, 455 1
F1AHE 1,
2.3 FAFTs BHRAVEE

TR HE R DNA S a7 & il B B2 B S
Bk DNA, F 18S rDNA i 54 ITS1/1TS4 i#47
1, 5I¥IFS N ITS1: 5°-CTTGGTCATTTAGAG-
GAAGTAA-3’, ITS4: 5>-TCCTCCGCTTATTGATAT-
GC-3’, PCR [RfA#: itk DNA2 uL, b FifE5l
Y45 1 uL GRFZ 10 umol/L), 2 X Taq PCR master Mix
12.5uL, #M7E ddH2O % 25 L. RMNFER: 94 C.
1 min; 94 C. 30s, 56 C. 30s, 72 ‘C. 1 min,
30 MEFR; 72 C. 10 mine YA 1%5R 5K
B LYK, o PCR FEYI6 I 7 A w1 o DU 45
£ NCBI Pl F RS N RIE I = P 91 A e
#1 REHEHITREPARRTE SR PRI R
Table 1 Colony number of fluorescence in samples at

different time points during processing of SSP

O ETotmEERY | PAETOREER
B, B
(CFUg ) (CFUg)
F3 1 X 10432 79 0
F6 1 X 10630 Z12 0
Z3 1X10%37 Z15 0
76 1X10332

z3 z6

Bl BEAEFOP-ERARROES

Fig. 1 Colonies producing fluorescence in each sample plate
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B PRI 51 #E MEGA 7.0 B4 L KRG K B W .
PG EME N T P45 R E NCBI
GenBank #5347 Blast ELXF R B, F6-1. F6-2.
F6-3. F6-4. F6-5. F6-6. F3-1. Z6-1. Z3-2. Z3-5
L5885 2 1 R ML 100%, Z3-1. Z3-3. Z3-4. Z3-
6+ 73-7 58 A 1 FVEMEE 100%. 2 H R PR
mE RS, SR MEGA 7 344 ) NJ %
MRS K EW, F6-1. F6-2. F6-3. F6-4. F6-5.
F6-6. F3-1. Z6-1. Z3-2. 73-5 5#H#iER T 3,
RGRF I, ¥ENElthdE; Z3-1. 73-3. 734,
73-6. 7371 SRMER T3, KR HRmk, &
ENTEIIE . “HAK IR BB RIS 3. 6 RN
s, R rBOy R AR AR, nTLR S
SRR AFTs B DA th & AR Hh & o9 .
L2 FE 2.
2.4 UPLC-MS/MS EME =S HAF AFTs gE
24.1 GiE%&ME Hypersil Gold (100 mmX 2.1 mm,
3um); KR 25 °Cs BN 0.1% T ER/KIFR-4
fi& s BEREEVEML: 0~1.0 min, 35%Zfif; 1.0~2.5 min,

—
0.05

F2 FEIRAIMIKEEY NCBI EREFFILE T4 R
Table 2 Results of NCBI gene sequence alignment of

fluorescence producing microorganisms

Wbk 5 HEF T I bp bR A FR AERLEE/ % BT
F3-1 553 A. flavus 100 MW699670
Fé6-1 549 A. flavus 100 MW699671
F6-2 550 A. flavus 100 MW699672
F6-3 568 A. flavus 100 MW699673
F6-4 551 A. flavus 100 MW699674
F6-5 460 A. flavus 100 MW699675
F6-6 550 A. flavus 100 MW699676
Z3-1 567 A. tamarii 100 MW699677
Z3-2 460 A. flavus 100 MW699678
Z3-3 566 A. tamarii 100 MW699679
73-4 565 A. tamarii 100 MW699680
Z3-5 547 A. flavus 100 MW699681
73-6 556 A. tamarii 100 MW699682
73-6 550 A. tamarii 100 MW699683
76-1 547 A. flavus 100 MW699684

MT594359.1 A. flavus strain
MT447545.1 A. flavus strain
F6-1
Z6-1
73-5
65| F3-1
F6-4
F6-3
Z73-2
F6-6
99
F6-2
F6-5
Z3-1
73-6
74 73-3
65 73-4
73-7
EU645669.1 A. tamarii strain
99 MG772816.1 A. tamarii strain

99

KY198375.1 A. niger
99" MK534501.1 A. niger

JQ712839.1 Penicillium citrimum
98 ' MH427065.1 P, citrimum
91 AJ853744.1 A. fumigatus
99 ' LC317450.1 4. fumigatus

| MF522822.1 Rhizopus oryzae

99 | MN955397.1 R. oryzae
~ MH714745.1 A. parasiticus

98 L MH714746.1 4. parasiticus

S50228.1 Rihizopus nigricans

2 FRANRHHBERRRLEN

Fig. 2 Phylogenetic tree of Aspergillus producing fluorescence
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35%~50% s 2.5~3.0 min, 50%~80%ZJ:

3.0~3.1min, 80%~35%ZJE; 3.1~5.0min, 35%
MG AR 0.2 mL/min; HEFEE 2 pl.

242 Jik &M MW EE YR Celectrospray
ionization, ESD), IEEF#; EFWiSHE (ion
spray voltage, IS) 4.5kV; 2T J5#EE (ion source
temperature, TEM) 500 C; %4t (nebulizer gas,
GS1) £ 77 310.264 kPa (45 psi), JN#< (heater gas,
GS2) JE 7] 344.738 kPa (50 psi), i A4K (curtain
gas, N2), JE7J241.316kPa (35psi). TN
% i J %7 5 ] Cmultiple reaction monitoring, MRM ).
4 Fp th BT R U I S UL 3.

R3 4MAFTs EMFRIES TS

Table3 Mass spectrum analysis parameters of four types of
AFTs

o BT

THET ENiS ilf4

& (m/z) (ml2) EREAY EREAY
AFB, 313.0 285.1 150 32
254.0 150 32
AFB; 315.0 287.1 156 35
259.0 156 35
AFG, 329.0 243.0 150 36
283.1 150 36
AFGy 331.1 285.1 60 37
314.0 60 37
243 OO MEIERINHI S RS E R AFTs V&%

fE (AFBi. AFB.. AFGi. AFG, &R0 H1H
1.0, 0.3, 1.0~ 0.3 pg/mL) K 0.5mL T 1 mL £
e, ARERBEEZIE, ENE&R, T
—20 CUKFEBOGIRAT, &H .

2.4.4  HERASERBIHIR R ORAT IR B b A B it
BRRERR 2> AT IS, 28 CHEFR 5d, MMAER
(0 TG TR A 3 SR K e i A 1, T B 2 A BB LAUE R T
23k, BRI, IMERHEOGH L A
TUREE N 1X105% CFU/mL. W(EL 2 mL 1X106%
CFU/mL & &1 207 T 25 mL AR K PeRs 77
Kb, B 28 C. 120 r/min AR TIEFE 5d. 40 B
B 15 mL REECT 2 mL B0, 10 000X g B
> 10min, B 1mL & K& LERHRASKEITLT,
IHHEEE A, 12 000X g B0 10 min, B EiERSE
0.22 pm JEMBEPELL, EHLIE .

245 ZMEXRFE  MESE R E R 0.1 mL

T 1mL &, IPREMBERZIE, 1EA TR,
W B T AR, P R R s g S b o fh 2 B FH
RYIFEIRE RO RS ER, TR, EALIE. &
JR R FEAE R AR (XD, 5 5 B TR P 56 o7 i U T
BUEDAAFR(Y), AFB, HnE I 267772 )y Y=35783
X+12495, r=0.999 6; AFB, [{brUERMLL TN Y=
38106 X+3381.7, r=0.999 6; AFG Ihxitk il 2k )y
FEN Y=22839.X+7820.1, r=0.9995; AFG; {I¥5
MR 285 FE N Y=9212.8 X+1372.9, r=0.999 6.
AFB;. AFG fF 0.80~25.60 ng/mL £k 1% 5¢ & B iiF,
AFB;. AFG;fE 0.24~7.68 ng/mL £kit% R B i .
24.6 FEEEEE  FLH] AFTs TR G MG IE TR
(AFB; fl AFG, Jli =R %A Sng/mL, AFB, 1 AFG»
JREWREEN 1.5 ng/mL), % “2.4.1792.4.2” TiZkAt,
HEALH TR 6 0 THEIEHAA, 455 AFB1. AFB).
AFGi. AFG, IETHI A RSD 43514 1.58%- 2.51%-
1.07%- 1.27%, REAIHEE L RUT

247 FoEMFESR BULE KR 14, I AFT iR
EXTHE (AFB1 A ARG &N Sng/mL, AFB:
M AFG2 IR 1.5 ng/mL), % “2.4.4” Tijrik
AR IR, 92417 “2.427 WA, 739
F 0. 4. 8. 12. 16, 20. 24 hill%E, UL 4 Fh AFT
FESRUA, RSD 205N 1.64%- 2.66%- 1.16%-
2.57%, FHMX S ERLE 24 h ]EE % R 4T .
248 BHEEMWHER PATHUCHKEN 6 1, K%
T AFTs JR&XHES (AFB,. AFG; N 5 ng/mL,
AFB,. AFG A 1.5ng/mL) ¥, % “2.4.47 T
IR SR A, 1% “2.4.17 “2.4.27 TISAE,
FHERE 2 uL HEATIE, DA 4 Fh AFTs iU BOk
5. AFB|.AFB,.AFG,.AFG; il RSD 7} i 9 2.08%.
3.50%- 1.18%. 1.66%, FIZIEELNERLT.
249 INFEEWERELSE SPATHUGE KR 6 1
SRS R IR & 2 M EIREL ) AFTs W& %
FESAWR (AFB, F1 AFGy 23 W8N 2 5 ng/mL 2 Fi
JREWEE, AFB2 fll AFG: 73 5l N 0.6+ 1.5 ng/mL
2 PhBUERIREE), P REIREES 3 4y, 1% “2.4.47
U7 v 2 AR AT, 1% “2.4.17 “2.4.27 T
Mg, THEINEEECR, 4 Fh AFTs [InRE IR A
F 91.47%~94.87%, RSD 7£ 1.01%~2.47%.
2410 KE” AFTs e J1 $% “2.4.47 DT
AR VAT, 3% “2.4.17 “2.4.27 TRZAFME, 1
S AFTs BT, 2 RR A 5 PR A" AFTs,
b 3 tiovmitha, 2 MOV E: A 10 e
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AFTs, (HEAT=#Re /)& AME, BI7E 5Sng/mL A
T, KT bR (CGMCC3.4408) 1778
& (654.90 ng/mL), FPEEH U™ AFB1. 455 W3R 4
A 3, v WA R B g H 7 5 e T % A AR
ASLIGBITRHIN 15 PRp= 96 1# £ UPLC-MS/MS Sk

115 PR AN H AFTs.

#4 EE” AFBi g

Table 4 AFB1 production capacity of each microorganism

E RS [Esf = AFB1/(ng'mL™")
CGMCC3.4408 B B AR AERE 654.90
F6-2 ik 2.90
F6-3 ik 2.00
F6-4 ik 3.08
F6-6 ik 2.85
F3-1 ik 221
Z6-1 ik 4.10
73-5 ik 2.25
Z3-1 i 2.14
73-4 A 4.05
73-6 i 3.19
F6-1 pfiiik 0
F6-5 pfiiik 0
Z3-2 iy 0
73-7 A 0
73-3 i 0

3 g

R~ AFT TR H BT % 20715 07
RV LT 16 ARSRHR R AN I i = 8
B ARIE AFT 7R AMEHRESS Tl & o 1 J5 2,
PSRBT B R e R s, 5598 5~8d,
TSN AFT IR NRFFREE T, 7R AMT
JEHRGS T 2= ARk I8, AFB1. AFB: K%
)6, AFGi. AFGy RERa75G. ASLIGTER:I7F
TN T A BEBR G5 FE AL SE Y R RRG TR
FHERE o BLVEBRER T R [, H AR, nf
PRSI ORI B R R A S AFTSs B i

I AN CATINERT 7 ASAS R A A 8] A
KA AFTs WIFTRIT AL, S5 R BRr=%
TG AE B EAE IR S SRR R %
THE TREME A, “BAR B ” By B 9% e i v g
Wik, EREEE 6 KEF (F6) iAFIH M, N
1 X103 CFU/g, ZJaIFUR TR, & “FHil” 29 K

AFB;
F6-2
F6-1
AFB;
Z3-5
73-2
AFB;
F3-1 k
AFB;
CGMCC3.4408
0 1 2 3 4 5
t/min

B3 &E™ AFB: B NIiR R G ILE
Fig. 3 UPLC-MS/MS chromatogram of AFB: producing

ability of each strain

(Z9) Ja RATI I =5 e A » EIX —EaH A 5
PRI T RE fE vk S B K R A 2 MR LR 2
5, ANFML I 8] AR R P 3 R 16810, Ay
VF 2 SCHRARIE — Lo 2 1 A E B A H0H 7 AF TS
AR ST R -3,

AR SR % BT SR S B R v 20 A
SFAORFIE . OB R R Rl A PRIZERE
BRSPS AFTs B i a4 ST AT 0 4
A1, JEXE AFB AT BEMEAE T, e PRIGER TR . S ek
TR A e 25 R 1 X 7 2 2 i B T I 300 ) R 20K
30%LA L, e O BRI B o 6T 7 R B i B 1 AR AT
HIVER GRS 64.29%, [ AFB) RURERLS, &
43.65%!191,

SANFGIERN h AR I T R O
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YR, R AT, HENERZ
H R AR B PP B B LA A2 AFB) B AFB, 4
¥, Wi UPLC-MS/MS A4 7 55 B (1 7~
BRI R BN, RGN~ 8 W R P24 AFBy,
X5 AFB) fE AR B G MAAE) 12—
o WIS RAINFO IR A AFTs BT I, L0
et 15 #RER, e v th & AR th A, ot
FHEHRKZH, SHARA AFTs WH U IMERNE
AW £ . IR, 7E3R S8 AFTs 15 4%ph4% F, mTRLLA
s 3 00 1) 2 o 2R K BT RN B AFB (W TR AR 32

AWFFEiET UPLC-MS/MS 3246 4] 575 7 25 1
(Ir=8ERE /1, SEREIR, 15 WRYITR =8, A5
PRAK I 27 AFTs, & Wl 2 405 ik i 17
AFTs [ F] feox AT A, SERE 0 0 R T A g il
BF I ERG B AR R, AR B BOR S, 5
ANRICKTMNEIE & T RRLETGFRIE AFTs P2 &5 .
HHME 10 BRI EERE )& AME, B S
ng/mL AR, fiCT 5 M EbrdEtk CGMCC3.4408
=B 654.90 ng/mL. 5 B PR 88 A8 J1 IR A,
AR S5 EAT B B AR BRI BN [R] R R 1 A 5 45 TR
FAH K, RER R FEO” BRAH R EE R R LIS,
AFTs W& REDEHE 21 BEEERN, 4 30 £
ANEFSLFEZ 04, BRI, B e R AR A
AR BEEGD . BHEZHERER, (/=%
REJTPRAR B P2 B B8 0517, RSt == s HKG AN
A R AR AL RN O3 AR ) A SR T — A B R ATT
BRECA T EALE], IR E RS R AFTs (1B
IR UERL AR .
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