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Abstract: Objective The effects of environmental factors on the content of aflatoxins (AFs) in the processing of Sojae Semen
Preaparatum (SSP) were investigated. Methods According to the 2020 edition of Chinese Pharmacopoeia, six groups were naturally
processed under different temperature, humidity, and whether they were sealed with water or not in the process of the “secondary

fermentation” stage. Conventional methods were used to detect the temperature, water activity (aw), and oxygen content of each group
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at different processing times. The contents of AFs (AFB1, AFB2, AFG1, AFG2) in the samples of each group on the 3rd day (F3) and
the 6th day (F6) of the "yellow cladding" stage, the 6th day (Z6) and the 12th day (Z12) of the "secondary fermentation" stage were
detected by method of ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The main environmental
factors affecting the production of AFs in natural processing of SSP were analyzed. Simulating the natural processing of SSP, the effects
of processing raw materials and the environment of the "secondary fermentation" stage on the production of AFB; by the standard
strain of Aspergillus flavus (abbreviated as toxigenic strain) were investigated through pure culture. Real -time quantitative PCR (RT-
gPCR) was used to detect the mRNA expression levels of the key genes afIR, afID, afIM, aflO and afIQ of toxigenic strains. Results
There was a significantly positive correlation between humidity and AFs content during natural processing (» = 0.435, P < 0.05), and
the AFs content of F6, Z6 and Z12 in group 6 (humidity of 90%) was the highest (159.11, 45.43 and 8.78 ng-kg™!, respectively). In
pure culture experiments, the toxin amount produced by toxigenic strain was reduced by 95.31% or more on black bean substrate
compared to PDB medium; and by 99.93% or more in sealed jar compared to out of jar culture. The mRNA expression of afIM, afiO,
and aflQ was significantly inhibited (P < 0.001). Conclusion Humidity was the main factor affecting the content of AFs during the
natural processing of SSP. Processing raw material and the environment of the "secondary fermentation" stage can significantly reduce
the amount of toxic production.

Key words: Sojae Semen Preaparatum; aflatoxins (AFB1, AFB2, AFG1, AFGz); temperature; humidity; "secondary fermentation"

stage; standard strain of A. flavus producing toxins; toxigenic gene (afIR, afID, afIM, aflO, aflQ)
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1 30+2 70+5 €]
2 30£2 705 Ak
3 25+2 70£5 2]
4 35+2 70£5 2]
5 30+2 50+5 7Kt
6 30+2 90+5 7Kt

22 BREFIEESHRMEE. S8E. AW
221 iRE K3 ADNBEEETOEKE T REY
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Fig. 1 Daily temperature changes in each groups
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2.3 UPLC-MS/MS ;:#&30 AFs

231 AR (B Hypersil GOLD-CN16-
G034 (100 mmXx2.1 mm, 3 pm); F:if 40 C; ¥
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0.3 mL'min”!, #FfF&E 1 L.
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Table 2 Mass spectrometric parameters of four AFs

e BET TET  EEHEE AR

(m/z) (m/z) \ \Y

AFB: 313 285 110 33
270 110 38

257 110 33

AFB:2 315 287 110 37
259 110 40

AFG1 329 243 100 37
283 100 34

AFG: 331 285 110 39
257 110 45

SRV, A% “2.3.17 “2.3.27 TR J7EAGI,  LUKHR
i TR B AR AR R (X0, XoF I T AR A SN AR B (YD
extilbriE Mgt . DRI AE L AR ) AFBL. AFB: i
B ZEREOR, YIS TARIKREE . SR BTG
FRAERTZE 772, DIASFE S K AFG . AFG, iR
FESBIRAR, 38 R Ze i) 1Ak B 3 [l A v ol 4% 07
T2, FELL SIN=3 B BRI EEAE AR, SIN=
10 B R E e IR, 4550 I3 3.

#3 EEFE. MERERENL. EER

Table 3 Regression equations, correlation coefficients, linearity ranges, LODs and LOQs

B4 2R T A (0 LR VIl (ng mLY) 5 H PR/ (ng mLY) EEIR/(ng mL™)
AFB1 Y=8102.6 X—293.16 0.9997 0.2~10.0 0.06 0.21
Y=6 263.2 X+48950 0.9993 10~500
AFB:2 Y=5961.4 X+482.45 0.999 3 0.50~6.25 0.10 0.35
Y=5535.2 X+2589.9 0.999 7 2.5~62.5
AFG; Y=5219.4 X—207.25 0.9991 0.5~10.0 0.09 0.32
AFG2 Y=1200.1 X+179.81 0.999 6 0.5~125 0.13 0.41
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“2.3.17“2.3. 270 FTIRIESLHFE 6 X, THH AFB.
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“2.3.47 TR 7 A, B 6 ki
FRVETRL, % “2.3.17 “2.3.27 TR AAEHERERIN, 1T
HBFES T AFB1. AFBay AFG. AFG, i &)
B399 9.39. 2.334 9.35. 2.36ng-g”!, RSD 734
N 1.44%. 1.37%- 1.58%- 2.30%, R JTiEEE M
ER/T

2.3.8 FaEtEEee HU“2.3.77 0 F FO RS
143, 205 0. 2. 4. 8. 12, 24h #ERERIN, it
HRE i AFB. AFB2. AFGi. AFG, -3 5t &3 31
31N 9.38, 2.34. 9.33. 2.35ng-g”!, RSD 735k
1.39%- 2.96%- 2.59%. 2.14%, FWHLRRERAE
24 h WHRGE o
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9 4y, S AREE NG F\ & 3 AR E ) AFs
TR A XTI S (1.0 5.0 10.0ng-g™!, ¥JLL AFB,
NG, RIS 34, 1% “2.3.47 Wik
FIA AR AT, 1% “2.3.17 “2.3.27 TR 4k RE
K, % AFB. AFBa. AFGi. AFG, IIFERISEER
434 92.81%- 89.85%-+ 90.50%- 91.20%, RSD %
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R
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FEAE TG, K0 AR AE AR N A B2V VG Bl A A 1

ek R, TFEAARIMEMIREE. SR E 3
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Kt M4 EI IE] A5 AFs &8 8256 ETHE RIER
fagh, {4 41 Z12 WA EIRE T .

TR (10 ng-mL-1) #H 1-F6 41 2-F6 4 3-F6
—AFG,
AFG,
—AFB,
AFB,
0 1 imin3 4 5 0 1 2,;/mm3 4 5 0 1 %&:nins 4 5 0 1 timn 3 4 5
41 4F6 41 5-F6 XA (250 mgml7) 41 6-F6
0o 1 2 3 4 5 0o 1 2 3 4 5 0 1 2 3 4 5 0O 1 2 3 4 5
t/min t/min #/min /min
B3 xtRMAKELE Fo HMmAR-FR e
Fig.3 HPLC-MS/MS chromatogram of control and F6 samples from each group
R4 KB4 NFHESR AFBi. AFB: 28 (X £5, n=3)
Table 4 Content of AFB1 and AFB: at four time points in each group ( X s, n=3)
FE i it [A] AFB1/(ug kg™ AFB2/(ug kg | FEdh i 8] AFBy/(ug kgt AFB2/(ug kg™t
M1 F3 0.45+0.10 0.00£0.00 4 4 F3 0.17+£0.05 0.00£0.00
F6 3.68+0.40 0.93+0.09 F6 1.05+0.12 0.00+0.00
Z6 1.33+£0.14 0.33+0.05 Z6 0.71+0.05 0.00+0.00
712 0.00+0.00 0.00+0.00 712 1.28+0.13 0.00+0.00
42 F3 0.27+0.06 0.00£0.00 415 F3 0.18+0.04 0.00+0.00
F6 2.55+0.39 0.26+0.00 F6 0.29+0.07 0.00+0.00
Z6 0.40+0.12 0.00£0.00 Z6 0.00+0.00 0.00+0.00
712 0.21+0.08 0.00+0.00 712 0.00+0.00 0.00+0.00
43 F3 0.47+0.11 0.00+0.00 46 F3 0.28+0.06 0.00+0.00
F6 0.76+0.14 0.00+0.00 F6 129.44+17.13 29.67+3.32
Z6 0.00+0.00 0.00£0.00 Z6 37.92+2.20 7.51+1.18
712 0.00+0.00 0.00£0.00 712 7.13+0.82 1.65+0.13

2311 BREERTESN A 1 b, A
[F) A 58 AR 0 ik 525 1 R Mo o R A [ B (] R
AFBl S&EIM . AFIRE. WBE. 2HKE “H
b7 SR &AL AFBL B IE AN EIRR ) R
EVEESPAENKS, &4 M5 ATH: AFBl &
fE F6. Z6 W4 1 W& s T4 3. 4l 4. 45, mikT

6, R IR LR EE mII AR T AFs 1774, 1
TR R T AFs 4. 411 1) AFB1 &R
Fmm a2, BB ATs, 2 BRI B SRR
T4 1, TJa MR B SRR s T4 1 %2,
TR AT e SR AFs & 2 S B E A
Z—o H 1. H3. H5HZI2F AFs FE¥IRN O,
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x5 TREMEZFGTESRGEPH AFB S ERERFENNER P B
Table 5 Analysis results by ANOVA of AFB: content in SSP under different processing conditions (P value)

at il AN [ER ENGEES T KE
2H 1vs 21 3 2 1vs 4 4 “H3vs 4 4 2 1vs 24 5 #H 1vs 4H 6 #H 5vs 41 6 2H 1vs 21 2

F3 0.797 0.009™ 0.007*" 0.005™ 0.030" 0.172 0.056

F6 <0.001"" <0.001™" 0.212 <0.001"" <0.001™ <0.001™" 0.022"

Z6 <0.001"" <0.001"" <0.001™ <0.001"" <0.001™ <0.001™" <0.001""

Z12 1.000 <0.001™" <0.001™" 1.000 <0.001™" <0.001™" 0.009™

FAMPIF LR "P<0.05 ™P<<0.01 ™P<0.001.
*P<0.05 **P<0.01 ***P<0.001 vs different group.

R KRB S RGO . W2 DL R 7Kk 3t
“PERRXVR B AFs 15 GBSk .
2.3.12 AFEMEHIFEES AFs MHES T KA
SPSS21.0 X #-2HAN RIS 1] B i ) AFs &8 5 8
At T AL BRI « R RE AR LA AR 7K “ P fe) Sk Atk
1T Pearson FHRMHT. SR NEK 6, KEEZRiH
AFB;. AFB; &8 A 5BEZEEHEHIEMRK (P<
0.05), UtHIREENIR GBI TR AFs &85
Mg k. HLEHIEE 4 71, 6 MNMHFAH 6 (1 F6. Z6.
Z12 1 AFB, S 1 (PR sh2gior IR
BEhriE (5 pgkg Do AR RN R E BT
T AFs SR ERR.

#6 AFs RE5EFEE. BEUREEKE “Hi”

ok iEPS k2
Table 6 Correlation analysis of AFs content with culture

temperature, humidity and whether "secondary

fermentation" sealed

Mt
AFs . R —
WO REAERR
AFB1 -0.002 0.437" 0.119
AFB:2 0.000 0.425" 0.120
*P<<0.05

24 R BEREFIZEERETIER. “BiES
EXFHEERMEREIMERT AFB, B2 1%
241 BRAFRKMRFRTERMERMEE %
ARG AR Tk % . gy, i)
8 mL Z57tF 100 g KRR EBEF, B4 CiK
6 48 h B2 RGA I RUIRAS s P T8 27 2 B
fE (PDA) I&{b/=#bk, Fiiil 1X107 CFU-mL™" (1)
6T BRI W 100 L 78 7B i ph AR 1
2V B S AR R (DL S #aR) 25 mL (5
KRN (PDB) R59R3k (3% Ml 4w M
BRIRED o (LLP 2R, TR R =S pk 1R 7%
FESPATHI 12 4

BEALEL S\ P % 6 10 B T R BN KEEH I
Wi b5 (AN R, 6N SN, P-N, ML E
H AR R F o IR I TR 5 7% AR S, P EES (H
W R, 6N S-W. P-W, JN“H ) PREE %] I A
Mo BRI R R E RSN EE FR E T R
30 °C. B 70%HHIRE FRAMEOLE TR, 3 3 K
HUH PR S 700, FRRIahBE N R B SR, B
R IR G T R A B R, A RS IR e R R
PR IR 3d. RGN )G, TR IR 3
B F T AFB, 5 &, Fl A% i H T HE BB PR RNA
242 WEFARGFMHEMEREKEN &
FeEdheh, BN P-W. S-W AEKEZ )53 774 T K&
17, RN P-N. SN AKEMEL#ESEL, H
PR FI R N3 R WA AT A . 3300
P B R A AR L LI 4.

B4 HHEFERTEHEEEKIER
Fig. 4 Growth status of Aspergillus flavus in each pure

culture sample
243 JFAREFEYFES T AFB SR BE
B 7 HE G IR BORE A S IR 1 544 S5 107 ki) £ fi ik
iii, PDB 57 LA S 2R 3 S5 BT V1 % it
Kb %R “2.37 U7 AR I AFB, &
WRE, SR N 7.

S a i R TR RN P-W AR TR
SEAHE, P-N 1 AFB; J#/> 99.93%. S-W 1 AFB,;
I8/ 95.31%, S-N 71 AFB; Ji/> 99.97%, w] WL
JERE GRIE T 257 RI D FKE “FR” it
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REAR X b 00 1) s v 35 1 5 11 1) P B
2.4.4 SEIFS%EE PCR (QRT-PCR) HER NS
RAHSTRIA R F Oligo 7 8- BET TR IR 1) 51 47,
DL B-tub BRI S, SR 57 5 N 8.
B “2.4.17 TUN &IP3 0 FE o P 1E
FHW % B, B M5 Plant RNeasy Plus Mini Kit 147
FEHUS RNA; S AR &2 [1 qRT-PCR £
R % B R ) C B,
PL P-W NS X, qRT-PCR Kl C H 45
FAS R ARG 2 fvk 2720 B R IE A, (A

FELECR A ¢ /5, L P<0.05 NZERFHA Y=
SO, SERWE 7. HE T M, 5 P-W g
I L5 SRR, P-N H, aflR. aflD mRNA
FKiEBELEZET (P>0.05), aflM. aflO aflQ
mRNA RAEEZE A (P<0.001); S-W H afIR,
afIM. aflO+ aflQ mRNA KA EZE i (P<0.05,
0.001), afID mRNA FKik&E# il (P<0.001); S-
N # aflD, aflR. afiM. aflO. aflQ mRNA Fik15 @
Z N (P<0.05. 0.001), HUL afIM. aflO. aflQ
mRNA & T HERE.

FT7T HAEFEHRD AFB 2R EERE mRNA HRIEE (X £s, n=3)

Table 7 AFB; content and mRNA relative expression of each gene in pure culture samples (X s, n=3)

PRE g ﬁ;le{ ke afIR/p-tub afID/p-tub afIM/p-tub aflO/p-tub aflQ/p-tub
P-W 4 495.50+62.60 1.000+0.016  1.000+0.080  1.000+0.030  1.000-0.09 1.000+0.103
P-N 3.06+0.13 1.001+£0.033  0.954+0.388  0.021£0.008"  0.004+0.002""  0.002-0.001"""
s-w 527.13+7.98 0.6774+0.129°  1.928+0.113™ 0.04740.007"" 0.142+0.014™  0.024+0.005""
S-N 3.3440.12 0.236+0.016™ 0.804+0.023°  0.019+0.002"" 0.013£0.002"" 0.008+0.001""

5 P-W L "P<0.05 *P<0.01 *"P<0.001.
*P<0.05 *P<0.01 **P<0.001 vs P-W.

%8 (RT-PCR 3|#1E8
Table 8 Primer sequences for qRT-PCR

ElE /RS 55 (53"

f-tub F: TGAGCCCTACAACGCCACT
R: TGGTTCAGGTCACCGTAAGAGG

aflR F: CCTTTCTCACTACTCGGGTTT
R: GCAGGTAATCAATAATGTCGG

aflD F: GCCTGAGGAGACGGTGTATT
R: GTGCTTTTGGGACGTTGGAG

aflM F: ATTGTATCGTTCGGTCACCTG
R: TCACGCAAGCAGTGTTAGAGC

aflo F: GAGCAGTGGACCCCTACAAG
R: GACCAAGGAGTCTGGGAGAAG

aflQ F: CCGAACGCAATAGGCAAGCA
R: CAACAAGAACCGTCGAATCCC

3 itig

ARG R TR, AFEZT BRI %R
Gah, RAH AFBi. AFBy, 5 AU i HIKG
SER 500, ANRIRIR ) v it A B e B A = 0,
RGO SRR E i EE TR R B %
AFs. BREENIBE R RARHE B ST 75.3%K,
AFB, F & BUAEE N ARSI FEs R, AR
BN MR RTEKE R X E SR M A R

[ AFB, W AAFERENES, HUIBERY
WA R, HIBEN 90%, KEEGHRIF AFs &
VR

T B S  ER RSN 28~30 C, AW
EEAFIT AFs BERIIA G AN FRIEE 5 H B IR 4
TRV 22 52 B0 AFs P2 AE I B 2R N, Pria s
THREINE] AFs ARG H AW, IR FE RS
IRl ¥~ 2 (8] 56 B &5 52 2% 19 5L AH 5 ) R0 22 B R 4
U2, FEATR AN B AR MR & 80d F2E R
. AW, SRR ZE RECR, A RRAEIERFA BIAL
HEmER. 42826 (BEEE) AFB, 5 &E
FRTH (RESEE), mMaik;szsmhiEs (5
AR BURREERENREN AFB R EE
mT N (REEE); 42 7F Z1~76 WREEH
42,1 CPZE 33.4 C, MEERT 36 CHEAE
1B/ 8020, R E AT RE R R A 2 “ R AR
PR R EEE R . ASAH B R R BRI
& AW ERIBIAARAHEN, 4b T R 2215
ARV RE TR G SR BEE AR A AR S
PRI, A8« Fri” S8 8 e H R EH S
AFPEE IR0 AFs SRR I T AR SR

TS 4 R S 020 HR it oA AR, 491 G R
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THER. AR, #HAEWE— TR AFs
B TEAIRGFR R I SREe . KE “FR” 3R
BT, PRERED T 99.93% & 0L, FERRE] T
HIF R4, ) AR A R e 2 h 25 1
(AR A= 1, KB A E B R S SO AT B 27K
B PR R R PR R E R R . Rao S5
PLJ Abd El-Aziz ARM 50435044 AFs AH I R 43
NEMIBZIER (afiD A afiR) IR EER
CafiM) FIHEIAIRRIEN (aflO. aflQ), B 5r=8kk
AHEL, JEF=EERRLE AFs £ 00 i B R ik o A7
TEBRBAE NI, RX LR~ BER AT BEAE AFs & %
(1 SRR B PR B kAR AL, (RAE s A B2 S
ASEG R, PEERAE B G R ERUKE “Fe” 3R
B RBILLR W afIM. aflO+ aflQ mRNA ik & 5
2, AT DAL PRI A T A 2 B i o] e
DRI () A T PG B3 TR ™ 83 e /T . P-N P afIR.
aflD mRNA FikWH BEZW, S-W H aflR. afID
Gr RN N AR R B, (2 SN HI afIR.
aflD 5y B B 3 T AR S T, S-N AR
BT <R RO E SRR, TR ER
AR T X afR aofiD IR EBE .

i LRTR, ARG RERH, BEREHIRE
B AR AR AFs S RO, MRk (2
HRIBM R G ETD MEE “Hi)” R R
FEFEH AR = FE R = B R T . JEaRsegarh, AR
AN — DRI SRR R RS AW S
SEINIE R 2R (AC TSI AFs & IR a5
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