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i OE: (T T HRAAHRRARTEM, A5R. SRALARLOXMFTESLE, Ah
FhEE, PERMGRGREEES. B0 oA R AT ALAGARAL T EFFOL
H. [7&] RAFBMAEEES B HEEABINRAT, FIASEFTHESHFIER DNA F 5 457
HATEHALL, RAZZRMEE-ZFTEPHFOBRAFRERABZRKSTFELEA w0 ERIEIT-EHEL
., [ERY AT R AR BIINRALAL 132K, 524 TER LI (Ascomycota, 98.48%)F= %
F B L 1 (Mucoromycota , 1.52%) , @ 4& 4% £ B W (Eurotiomycetes , 95.45%) . & & B W
(Dothideomycetes, 3.03%)F= £ F M (Mucoromycetes, 1.52%). 4~ & % )W) & & (Aspergillus spp.)&
BREE TTHR, AT HRKAMINRERANKREE, FF/EPenicillium spp.)KZ. HEALMIHEE 14
FHEAEE, 57 AE Y EAspergillus flavus) JXCP1-3. ZA# 7~ 4 % EH%4 B, (aflatoxin By,
AFB)), REH 1.52 ng/mL. [4£#&£)] 2@ GEEEOIIREARTELT, AT HEERSD
i AR A T AR ARG .
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Toxin-producing fungi and exogenous fungi on Citri
reticulatae pericarpium

CHEN Xuyu', LIU Xiaomin', ZHAO Xiangsheng', YANG Meihua
1 Hainan Provincial Key Laboratory of Resources Conservation and Development of Southern Medicine, Hainan
Branch of the Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union
Medical College, Haikou 570311, Hainan, China
2 National Engineering Laboratory for Breeding of Endangered Medicinal Materials, Key Laboratory of Bioactive
Substances and Resources Utilization of Chinese Herbal Medicine, Ministry of Education, Institute of Medicinal
Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China
Abstract: [Background] Citri reticulatae pericarpium is a widely used Chinese medicinal material
with both medical and edible values. The growing of fungi and the production of mycotoxins by fungi
during storage at proper humidity and temperature pose a threat to the quality and safety of Citri
reticulatae pericarpium. [Objective] In order to analyze the composition of exogenous fungi and the
toxin-producing fungi on Citri reticulatae pericarpium. [Methods] The exogenous fungi were isolated
by plate dilution method and identified based on the morphological characteristics and sequence
analysis. The toxin-producing fungi were detected by ultra-high performance liquid chromatography
coupled to tandem quadrupole mass spectrometry (UPLC-MS/MS). [Results] A total of 132 strains of
exogenous fungi were isolated from Citri reticulatae pericarpium. They were identified to belong to
(98.48%) (1.52%), (95.45%),

Dothideomycetes (3.03%) and Mucoromycetes (1.52%). Seventy-seven strains belonged to Aspergillus

Ascomycota and Mucoromycota including  Eurotiomycetes
spp., which was dominant on Citri reticulatae pericarpium, followed by Penicillium spp. The strains of
Aspergillus spp. and Penicillium spp. were detected by UPLC-MS/MS. One strain of toxin-producing
fungi was screened out and identified as 4. flavus JXCP1-3, which can produce 1.52 ng/mL aflatoxin B;.
[Conclusion] We comprehensively analyzed the exogenous fungi and toxin-producing fungi on the
surface of Citri reticulatae pericarpium, which provided a basis for the prevention and control of the

toxin-producing fungi.

Keywords: Citri reticulatae pericarpium; exogenous fungi; Aspergillus flavus; aflatoxins

MR Kz 0 =2 4 B AH W) W5 (Citrus  reticulata
blanco) S HAR KRG AR A T i R e M, HoAfg
PRA (R . RIRAERE 2 ok 2010 B (P E
)P E PR I RIBR S 2k
wRaWEhEGER, HhEMEER B
(aflatoxin B,, AFB)AJFRHEH 5 ugkg, %
HEBi. By, Gi. G)MEAER 10 pgkel. 2=
FE A= 2 U P R I 47 28 W% BRI 5 (enzyme  linked

PY=N=R

immunosorbent assay, ELISA)i{ 5| & 5 w5 A il

FIFRR P B A B TR B, SN 106 ng/g.
K8 i S DU R B PR A7 S 24 e S H B i 2
R, ERAEY 107 Gy FRE A 36.45%K00 31 1
MHER R BULATAL, R A7 R
PT5 g, DR A BT BR Bz o AR TS Y B K™ A
TER MR, X B 4a R e 18 52 A IR LR TS el
WELE,

e i & B £ (aflatoxin) g A 10 4= 40 41
(World Health Organization, WHO)JRSEMFFEHL
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wRlE Ry T AEEY©, E8hwEihE
(Aspergillus  flavus) & 2% £ M % (Aspergillus
parasiticus);” 4, JE— PP EETE IR Y ELR IR
Ru=P7, wELEMEEE . Bk, BoE%
BEPE, BN R R — Ho TS Y AR M oy B
HAE TR R, BRI RN 9% 0 A A i
RO R Ry T 26, e AL AR 5
K, DA 2o A R B SRS Y BUIE A9 Fh
KRR . HETRE M i EE 5 R
TR AR S B R LA M AR A, AWF S
25 8 WR H 2R B A AN L R A B R AR
REE, LUBHES ) R R R R TS )
B i SR B AR 5

WEERE

1.1 iR

W i 24 B B ) b o2 [ b 2 b &l T
Y. TR Y TR R 2
Y. WM BV R 25k sy o E R AR P 24
Mg s R b2y, trbE
P 2 k2 e A B R B 2 e 245 AR W 0F 9 i v
F 3 AT AT S A E TR B, S R BT
WAL RZ
1.2 FERFMUBRIERE

2xPCR Master Mix, DL2000 DNA Marker
iz gert, bt X E B ARBAAD AR
H], OMEGA Fungal DNA Kit, bR
YR H A B Al PCR AL R AR AL,
Bio-Rad A+l St BIMEE, Nikon AH); &
BORR €833 - — B R IR DUARFE B, Waters 2
Hl s ZIREHHLALE, W B TR AEY) TR R
YANEIS

# ZERE S B (malt extract agar, MEA) (g/L):
A ZERY 20.0, HAE 200, EOK 1.0, s
¥ 17.0,

1.3 FBREFREMNEERNS BFEL

SR S B 8 1 6o o Rz 2 1 A IR L 1
HEATAY B, SR SRt alifh 43 i 0 0k 5 5 AR
BB Tk, FOfE N 0 S PR IR 22 30815 4l
ko Falifb)E BT ERTE 4 °C F1-70 °C fA7M,
14 MEEEMETE

WAl BRI MEA 5533535 | 25 °C 5535
7d, WAEHRERE2Z, &M OMEGA Fungal DNA
Kit #475 DNA $EH, 7% & Fih 5 )| B R
A B-tublin 5|#¥)(Bt2a il Bt2b)Y 3 (% 1), PCR
VAR Z (25 uL): DNA#iA (10 pmol/L) 1 pL,
2xPCR Master Mix 12.5 pL, 1E. JIa5]4%
(10 umol/L)#% 1 uL, ddH,0 9.5 uL., PCR S/
2. 94 °C 5 min; 94 °C 40 s, 55 °C 40 s,
72 °C 1min, 35 MEH; 72 °C 10 min, HAME
B % rDNA ITS 5[#J(ITS1 1 ITS4)i#4T PCR
PHIGER 1), PCR WK FR (25 pl): DNA Hitl
(10 umol/L) 1 pL, 2xPCR Master Mix 12.5 pL,
E L RIEEI (10 pmol/L)% 1 pL, ddH,0
9.5 uL. PCR Wi 4fF: 94 °C 5min; 94 °C
1 min, 50 °C 1 min, 72 °C 1 min, 30 P& ;
72 °C 7 min. Fr3fkfSAY PCR =4/ 2k TA4E9 T
FECRW) B A BR2S /I, 3RAS 0 )3 513 ik
NCBI BLAST #f5 GenBank ¥ MR%H (http:/
www.ncbi.nlm.nih.gov/blast/)#Ff 7 BLAST Ftx,
1.5 FEEEBEKRGEN

W REE R 22T MEA IR S5 25 °C.
120 r/min #5377 d, HEEBCRH ZDhaeE LAk
B, RIGEAT 0.22 pm BYUENE, SRR,

%£1 PCRII¥ER

Table 1 Information of the primers used for PCR
Gk B s Gk 21

Primer name Primer sequence (5'—3")

Bt2a GGTAACCAAATCGGTGCTGCTTTC
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
ITS1 TCCGTAGGTGAACCTGCGG

1TS4 TCCTCCGCTTATTGATATGC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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UPLC-MSMS #f4: faiitt: BEH C18 (100 mmx
2.1 mmx1.7 pm), #E: 35 °C; Wshk: 2 mmol/L
LREOKTETR(A)-F BB, 7 0.1%H R), #hE
PEE: 0 min: 25% B; 2 min: 45% B; 10 min:
90% B; 12 min: 90% B; 12.1 min: 25% B,
Ui 0.3 mL/min, #FFEE 2 plo B s0E: &
F U5 Sk I 25 2 1 i (electrospray ionization,
ESD), 1E& R, £ 5B+ W (multiple
reaction monitoring, MRM) 4, B 414 H
JE 2.5 kV; BRI 150 °C; ZE AR
JE 350 °C, Hir¥m BigaF HAk 2 0
Mk[12-13].

2 BERXR504

2.1 T BREIMNRSREERER

M A Bl P4 vh 2504 17 3 W8 S 0 T R B 53 15
27 MRAMEER, Hrbiihd 2 vk, BEihE
(A. tubingensis) 5 k. W& & % (P. citrinum)
6 tk . VIR & (Talaromyces purpureogenus)EL 1A
10 BRFIR {55 )& (Cladosporium sp.) B 4 k.
HR TS S T BREE 3 15 1 33 RSN
H, HAPBA . aculeatus) 5 tk, HIE
HH%E 20 ¥k . WHHHEE (4. fumigatus) 7 ¥k . H 558
1 tk, DUBEMENILAE . TLHRR b2
MWL PR 3588 1 29 PRI, Hrh Bt
B 8 bk, MHihE 4 MR, B Stk WEE
12 Bk, DINEE SN GE . |8 SR 2t
YW ) R e 3o 17 27 BRI, Hih A4
M 2 (4. parasiticus) 6 Pk . Z% 4 1 % (4.
versicolor) 4 Pk, HHEJE 13 ¥k, BREE
(Talaromyces sp.) 2 ¥&H1 T. funiculosus 2 ¥k, Lk
HERERENLHE. =P 2H g0k
JURREZ T 10 BRETE, Horpwilha s bk, M
e 2 BRATDIRGE R 3 tk. Adb E ey
MEN TG SEH ) BRE 8 T 6 BRAMNEE

w L, e 2 vh. EREAhEE 1 bk B E
1 BRI EE (Rhizopus microsporus) 2 BR(F 2). Ui
HHAN [vi] s DCMSCER T o B 3 T 175 % L T B8 S
Kz, HOLHFA 20,

T1E 6 MHIX T BRE AR TAIEERAT 132 BRAMNIR
B, FEHTFEREW](Ascomycota, 98.48%)
BB E W[ ] (Mucoromycota, 1.52%)2HR%, +
PEFDET T RBR RN R 132 BRINEE
AESSE N 3 N, G BRI AN(Eurotiomycetes ,
95.45%) . JE B 7 24X (Dothideomycetes , 3.03%)
1 E 5 W (Mucoromycetes , 1.52%) . BT A Wk
HUTER 5 8, iEhEE (Aspergillus spp.).
558 (Penicillium spp.). VIR I8 (Talaromyces
spp.) . K {5 J& (Cladosporium spp.) FIAR 5 J&
(Rhizopus spp.). MZEJEL 77 ¥k, HEE 32 Bk,
WORTEE 17 bk, B 4 bk, REE 2 Bk,
UL B ) R EAME B R LA,
HIRIRZ .

JUBRE Ay B 77 tRith R,
26 tk, s 17 ¥k, BddhE 13tk WihE
11 #k, 2rEmhs o tk, Zetaihs 4 tk, UiBHh
FEHEREREDEREME YT R R
B 32 MR EIR T, R 18 bR, REEF]
TR 14 0k, HREBUMEENEGE2).
22 FEEERD

s rihd . wuihd . Boaihes . ihE
A Aealhs . BESMHMETERE
WHFTEERMNE, KMHEP 1 bREihE
JXCP1-3 FRAERERR , HA B AR ARAG I 5175 R 1)
P, Bl 1A Oy UPLC-MS/MS A6 1) # fHh 55 75
ZFREM Y AFB,. AFB,. AFG, fil AFG, I,
o & JXCP1-3 FE A MM EE R B
(AFB)), KRAzMF| B %R AFB,. AFG,
AFG, (A 1B).
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Table 2 Isolation and identification of exogenous fungi from Citri reticulatae pericarpium

X I NENEEUES MR MR HRE WREE  BEE Wigw  Ait
Region Phylum Species Strains Aspergillus Penicillium Talaromyces Cladosporium Rhizopus Total
Hl Ascomycota  Aspergillus 2 S 27
Gansu, Sflavus
China Ascomycota  Aspergillus 5 \/
tubingensis
Ascomycota  Penicillium 6 \/
citrinum
Ascomycota Talaromyces 10 \/
purpureogenus
Ascomycota Cladosporium 4 \
EUS Ascomycota  Aspergillus 5 \/ 33
Chonggqing, aculeatus
China Ascomycota  Aspergillus 20 S
tubingensis
Ascomycota  Aspergillus 7 S
fumigates
Ascomycota  Penicillium 1 Y
bINL) Ascomycota  Aspergillus 8 \/ 29
Jiangxi, Sflavus
China Ascomycota  Aspergillus 4 \/
fumigatus
Ascomycota  Aspergillus 5 \/
aculeatus
Ascomycota  Penicillium 12 \
citrinum
il Ascomycota  Aspergillus 6 S 27
Guangxi, parasiticus
China Ascomycota  Aspergillus 4 S
versicolor
Ascomycota  Penicillium 13 Y
Ascomycota Talaromyces 2 \/
Ascomycota Talaromyces 2 \/
Sfuniculosus
] Ascomycota  Aspergillus 5 \ 10
Yunnan, flavus
China Ascomycota  Aspergillus 2 \/
aculeatus
Ascomycota Talaromyces sp. 3 S
Tk Ascomycota  Aspergillus 2 \/ 6
Hebei, flavus
China Ascomycota  Aspergillus 1 S
tubingensis
Ascomycota  Aspergillus 1 S
aculeatus
Mucoromycota  Rhizopus 2 \/
microsporus
47T Total 77 32 17 4 2 132

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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A
100 - AFBI1
AFG1
Al IF 2
AFG2 ‘ W
v ANV AN A At VY
0
0.00 2.00 4.00 6.00 8.00 10.00
¢ (min)

1 FRESEEHEZ UPLC-MS/MS MRM &t [E

1081
100 AFBI1
% F
&‘__N J’\AA.\f’uJ\\/-\/ AN \/\,‘ /\'\_/\n/\/\‘ i \f\ 1\'"\_ [’\/\\/\}‘V\f\ﬂ JW
(9.00 2.00 4.00 6.00 8.00 10.00
t (min)

A: FRUESY AFB,. AFB,. AFG, il AFG, ) MRM

(@il B #EE IXCP13 7k B B, i) MRM (a4

Figure 1

UPLC-MS/MS MRM chromatogram of standard concentration and Aspergillus flavus. A: MRM

chromatogram of AFB;, AFB,, AFG, and AFG, standard concentration; B: MRM chromatogram of AFB, of 4.

flavus JXCP1-3.

23 EMESZIENNE

HATE MEA IR R EEGF: 7d 5, Wk
FFHEBRERNER, S ZRed b
5, il 0.22 pm YA HLIEREEAE . g
KB, #E JXCP1-3 AR E#H R B
(AFB,), #¢BEH 1.52 ng/mL, ARK:MF] AFB,.
AFG, fil AFG,o UGB YR IMCEE B BR B2 A i A
RIS B IME R 2 A WM& 8 R Bl

3 L& #

MR B o3 B RSN LA R, TTRF
b, TR R A EH R &K
b, WREEE N BR AN L A AR,
HERZ . BB EFEN R 58S 43 8 S
HE, seZAMMNREUMER N E, HER
W2, LW BR B M S o B SN E R AL
R EEMEE N F, HFEERZ, Fe
S P EAR A P ESNETS R R B, e .
Fpoeme W R F G Y . UL ih & R A
TR A2 SN 2R . Guo 41
A Ao v 2 I e A R AR NIRRT, K
b, PR TR AR, TRk
R LR . Jiang U o v aE R

ST R G R AN TS Y B, iR O R S
SN R E o IR, B Tk R
3 0 A3 BT RGI F e 2R AR S YRR, iR
J& S 25 1A SN IR B R I R R

IR B ok I ) ) i A e g B i A . B
. Bt . FFEME . A @ A
s BhE . ar A M E g thdE o AR
TR E R, R i SR AL
WIAEYIA 20 ZF0, Hode HAR R i) 12
w7 # R AFB,. AFB,. AFG, fil AFG, %
4Fh, OB 7T AR AR R T, 6 bR A AR AR
FH A & fh & SRR B B 2, 17 BRETHh
A1 BT EEINEERER AFB,, T AFB,.
AFG; I AFG, ¥R E], BaBIA T A 1 il
BIBAR AR, AT A A A A
FERE R R . VLRI 250 T S e 4
)RR R Fe TR I ) AR s R p i A, A
b DA P T AR Rz 2% TR 43 5 ) L AR A I 1)
ARRMIE, DR RI AT R R
KA ERFERE AR M H R
SEAF B A AT, e
SEEAA NG kAL, #RENAFETT
JEAL kR AR BT Y5 Y R A AR, R
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TR B i

W Bz r ) B ot 7 R R 0 i A gk
S FIAT R O (g ik | IR G 2 W o A vy
ROBAR TSR G AT AR RS . s OO
925 27 FIAT: 2 RICVRAR i v Ao ) B B By . K4
R RL EFEMOK R ES RS
Yoo FMHLEENTIR G002 SRR R s50BOR 23k
DE 23 DASFESRIE A BR R rh A B 4 5 & By
B,. G MGy i, 255 AR R rpope ) 1) 25 iy
FHAHE B, By, GG H &4 ITE 0-6.20
0-3.34. 0-54.80 F1 0-20.13 pg/kg Z[a], Z=FE/:
S5 IR G2 W BRI ARG w22 b 0 e B 24 )
WHEHEER B, SN 106 ng/g. FHFZ&
K R RORAR EE A S A A I E R 55 4 B
i e A T R R R, FRECR R
N 15%, BREch FERGH 2RISR R Gio
2 DR R R e 2B AT AR -HPLC A6
Zipph i e R, HBR R R 2 th
FHE G RN 1.0l ng/g. 0 WTZFITERGE
TEBR B R 2 th s T R o R P A e A )
BEMGY, FEERY A EER B,
B, Gyl Gyo (HICFMFFPIS A BT ™ A 5 i 5
BER AR WARIE , A SR @ RO AH 83 - — &
FP IR OB AT IO 55 3K FH B AR AR ) s B 3 T L T
A, A —theihE A EhEER
By, U B IR I Y ) R R A it B R
By 1YL, RE A ERER By, G
Gy, VR BH IEURKS I A A i o AN AE B R 43
R AR EE R By, G M Gy M.

AR B A AT Hh 24 {0 A R 4
Jn, g b FLTR TG G )k g | ]
() v BE EE A o AR ST T R I T R R b A SRR
TSY TR AT, ST R B AR A
BHRMRE ., REHFZmbX =t
R MZ W LTS e T A, R

TRMIX = EAF R R R T R KR,
RAFTE o N RS Y XU, SR AT B
HHES e SN E SN NG S i HE S
AR o 5t B AN [R] B 25 M A7 AE A TR 2R Y RE 2K T
QERI XL, A R — T R e R, A1
FAEE TR RN, T PR UEH 2501 1 5
, ACRBCT MRl A R S F it , kA
SN ECR Y T5 T
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