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[52E) BR 5510 25tk 5 A is Yok, F0xH5 YL i 5 i s oF
JREFEVERFSY ., FiE AR ChEZEM (2020 4E0T ) ) Ak PR BER A 71, AR A i
TAEBE (TAMC) | BHEAEAEBE (TYMC) | HHAE S (THRC) 13 Fha il
BT L SR B X (1TS) F1 16S BMHA DNA (16StDNA ) = 18 f I 7 B AR B 58 1k H v Y
L AT O REVR AR E . B8R 28% (14/50 ) TAMC KT 10° cfulg, 20% (10/50 ) TYMC
KF 10" cfulg, 68% (34/50) THRC KT 10 cfulg, 40% (20/50 ) K H it HER 4 2% B,
2R KR A, IR KR SRR U T TR B il P 2 R R R s Y
HEMT 1207, 7778 1467 Fh, THRES TS5, 5708, 74 %0 KA &
BETR D SR VE N AT A . RN A A BR R RN IR A AT ER A S T AR EOR 1 . 583X 10 il
TR i A7 A s e, AR S R LA B PR A, AR 2 A WA
(1 Bl - 0 AU

[C8RIR]) P2yik ;s MATaYs; WHImE0GA,; BiE,; WA, mmEly; @
Fhssre s BMEETE; MRUEM AT, SR BKIE ; IR ICRIATERIA

[HE5SZES]T R286.0 [ ZikFRiREE] A

Community characteristics of contaminated microorganisms in 10 kinds of
Chinese herbal pieces

LAN Fusheng, WU Yanyan, LIN Yushuang, ZHENG Yuru, GAO Danling

Fujian Institute for Food and Drug Quality Control, Fuzhou 350001, China
Corresponding author: GAO Danling, Email: gaodanling@{jifdc.org.cn

[ Abstract] Objective To evaluate the microbial contamination levels of 10 kinds of
Chinese herbal pieces, and explore the diversity of fungi and heat-resistant bacteria. Methods
The total aerobic microbial count (TAMC), total yeast and mould count (TYMC), total heat-
resistant microbial count (THRC) and 3 types control bacteria were detected according to the
microbial limit inspection method of Chinese Pharmacopoeia 2020. Besides, the community
characteristics of contaminated fungi and heat-resistant bacteria on prepared slices were analysed
based on internal transcribed spacer (ITS) and 16S ribosomal DNA (16SrDNA) high-throughput
sequencing method. Results The TAMC of 28% (14/50) samples exceeded 10° cfu/g, the TYMC
of 20% (10/50) samples exceeded 10* cfu/g, the THRC of 68% (34/50) samples were higher
than 10 cfu/g, and the bile-tolerant gram-negitive bacteria were detected in 40% (20/50) of the

samples. Escherichia coli were found in 2 batches of the Pogostemon cablin, but Salmonella was
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not found in any sample. High throughput sequencing results showed that the fungi contaminated

distributed in 12 phylums, 777 genera and 1 467 species; the heat-resistant bacteria were mainly

distributed in 5 phylums, 57 genera and 74 species. The decoction pieces contained Aspergillus

flavus and heat-resistant pathogens such as Bacillus amyloliquefaciens, Staphylococcus lentus,

and Staphylococcus warneri. Conclusion The 10 kinds of decoction pieces are generally

contaminated by microorganisms, and some of them contain toxic fungi and pathogenic heat-

resistant bacteria, which poses a potential risk of microbial pathogenicity for patients.

[Keywords ] Chinese herbal pieces; Microbial contamination; Control bacteria test;

Fungi; Heat-resistant bacteria; High-throughput sequencing; Species identification; Aspergillus

flavus; Bacillus amyloliquefaciens; Staphylococcus lentus; Staphylococcus warneri
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1 W#
1.1 FENHR

BSA2201 B A1 5 K F ( f8[H Sartorius) ;
HVAL10 B 287K R ( HA HIRAYAMA) 5
BSC1600-T1-A2 A4 A 1y 2¢ 4 A (1l 20T 4R B2 )7
i B A R A | ) 5 PURA22 AU i K i 5
( f4 [ JULABO ) ; IPP410 %I {i ji5 15 9246 (14
MEMMERT) ; Ci-S % % 3 8 ( H 7% Nikon) ;
VITEK2 Compact 30 %4> [ sh i/ E W45 R 40 (1
A Wit L3R ) 5 Pico-21 WG B LML (EH
Thermo Fisher ) ; ETC811 % PCR 1 ( Jb 5t 4 41
HADBARATE ) 5 DYCZ-21 RIBREBEGERL
HUPKAL (AERtHIA—1ER) 5 FR-1000 BUEE AL
BER% ( LigE HRHABRAFR] ) 5 Hlumina Miseq
A R I R v i e
1.2 FE#HmEIRXH

pH 7.0 5 1L 8 & 1 Wk 22 b W (1t .
210922 ) . JEE&E KT FEE (trypticase soy agar,
TSA) Hi %3k (#5: 220517) . JBE & K MR
AR (tryptic soy broth, TSB) 1% ## 4k ( it 5
220914 ) . W MHLLBAE (rose bengal agar,
RBA) ¥ 33k (4t 5. 211216) | 7 if W B4 1A
( enterobacteriaceae enrichment, EE) 7 (L%
210927 ) . %21 5 £ % %5 B BE (violet red bile
glucose agar, VRBGA ) Hi323& (L5 . 210624 ) |
# YLK ( MacConkey broth, MacB) X% #% J&
(it 5. 221021) . % J Bl 3 A5 (MacConkey
agar, MacA ) Hi#3E ( 4t 5. 220321) . Vb ]
I B 4 T8 A ¥ (rappaport vassiliadis salmonella
enrichment broth, RVSEB, RV ) }i3E % (4t 5.
201123 ) A # & W B A IR 2 (xylose
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lysine desoxycholate, XLD ) By fig 35 7% 3t (it
220927 ) . = BEER (triple sugar iron, TSI) 3 fig
Brggdt (b5, 151117) B FIb st = 2R
% A BR 2 Fl. EZN.A" Mag-Bind® DNA $2 B %
# & ( 36 [ Omega, Ht5: M5635-02) ; Qubit”
dsDNA HS € #5774 ( 2€ [ Thermo Fisher, #t
51 (032854) 5 2 x Hieff® Robust PCR i 1 4 ¥ W
(#t5: 10105ES03 ) Al Hieff NGS® DNA Selection
Beads (L5 : 12601ES56 ) Mg H & MR (1
) A A PR AT
TR . EAE 10 B 50 HE IR A A
S A AR N R LN, S A 2 T
sk BB B T 2 5 R SR 2 ke 0 i X o e A
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A, SRS CrhE 2 (2020 4R )
— AR B UL . BRI 1,
1.3 FREBERR

K W % 75 Wi [Escherichia coli, Z: CMCC
(B)44102], ZHREIGIEITINE [Salmonella
paratyphi B, 5 : CMCC(B) 50094]. 4 2% {i& .
fl & [Pseudomonas aeruginosa, T#H 5 : CMCC(B)
10104]. #2525 #9AF B [Bacillus subtilis, 5 :
CMCC(B) 63501], 45 {45 % BR 18 [Staphylococcus
aureus, ® 5 : CMCC(B) 26003]. M {1 &k
[Candida albicans, 5 : CMCC(F)98001], &
[Aspergillus niger, "5 : CMCC(F) 98003] ¥l [ rf
LB 24 i A R BIF 9 Bt R 2 B T R R O

xz1 RRER
Table 1. Information of decoction pieces

it=

KHl WA P FEH
Haph AR Sch-1~7 I 1077, FHAK, L7 LT
Tk U N VA o
LINF Per—1~4 4L, ML, EHAK. L
R For-1~4 IIPE, INPE. ILPE, IH7E
HAE O Lil-1~4 WL, . WS, Wi
AT Am-1~3  NEEE WL, AL
HIT Fru-1~3 VP4, VOPY. V04
THT Sib-1~3  HJpir, Wz, ik
SR TR Pog-1~9 TR, TR TR TR TR,
FR TR TV TR
MRZEH WEMR Tsa-1~8  Zefk. Z#k. Wdt., Wb, Hift.
Hol . g, e
KIS IRGE, Fer-1~5 o[t f[db, fwidb. EJpyr, e

230301, A230820. 202104001-1. 211201

085210901, 220701, 230703

230301, 230301, 2212013042, 22032601

230301, 221201, 221226, 220901

23040101, 230301, 230530, A211023

230106, 22102801, 230501

22080113046, 202304038, 1706003

2212013031, 230501, 1802001

202207001-3, 211101, 221220, 221102, B22122202-01.
72201001, 2112210072, 230201, 22082208

221228, 22091703, 202012001-7. 22042014, 220101,
20210701, 20210924, 202012001-6

230315, 36923006, 2105002, 20230601, 444221002

2 HEEH#R

21 AR BN 7T ERE L
211 HikeH &

PR (2 (2020 4RRR) ) PUES “1105
AT i i A W IR A Ay . RUEYIHEGE”

“1106 AETCH ™ A UV R EERG A 4 R AG AT

7 PV RYER, Kyl PR B R R
J¥ <100 cfu/mL R
212 BHKiR a4 &

PRICEK R 25 ¢ BRI A FR g mdsrh, A
225 mL 1) pH 7.0 EALEHEE AR b, FAdiiR
A1 min, 81 2 10 B BGE S 12 10 fEi
Wl Fe 2 IR, B KA 30 min fEHREY
H, Ve AT BT (total heat—resistant microbial
count, THRC ) Tt -

213 xR

HC “2.1.2"7 3R THRC HEBUA MR, %
T FEAT I A 8R4 o T A Ty i ] ik
5. 25 R I FF AU B 8L (total aerobic microbial
count, TAMC) . % B A1 B 1 280 (total yeast
and mould count, TYMC) . THRC ARHL 107'~107°
R8s JEE A R T A A ks AR AT AN 5 T I 2= B
P4 & ( bile—tolerant gram—negative bacteria, BGB )
{14 5 ARSI AT SR IR 107'~107 (BB EEAR BEE 1 mL,
SRJGHEFN 10 mL EE, FRARHE VRBGA A LAY
EA KM, 454 MPN (most probable number )
RHE s RIGBRA WA B TSB 5331y HI &
¥979 100 mLs; AP TIRER, BR IR T/ TSB
FiFR B 500 mL Ah, HAR 200 mL.
2.2 HiEAbIE

RO 15 G AU W A A I 45 2R LU 1g (R
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7%, TAMC. THRC K TYMC [ 1g {6 b 0.5, #*
NI B <10 cfu/g; BGB AREREL (N) 1Y lg
M 0.5 F /8 N<10 cfu/g. 1.5 F£ /R 10 cfu/g<N
<10° cfu/g., 2.5 %R 10° cfu/g<N<10’ cfu/g. 3.5
IR 10° cfu/lg<N<10* cfulg, LIIZEHE,
2.3 HEWIRER
231 mAMITH

2 “2.1.37 TR Ir RO TG R Y
BEETFA3HT, A B 1sTAMC>1.0, 28% ( 14/50 )
(9% A 1eTAMC>6.0, 1gTAMC {8 5.0, % K18

409

7.9, WLFPFEUR A 1gTAMC ¥IH 4.5, 7F 4 R0k
AR, 74% (37/50) B A 1gTYMC>1.0,
20% (10/50) B9 ik F 1gTYMC>4.0, 1gTYMC )
B 2.5, mKME 5.6, RELFFIIRA 1gTYMC H
H 24, IRTRFLRMEE T LBISMR LR, B
7K 30 min Ji , 68% ( 34/50 ) iYEK F 1gTHRC>1.0,
20% (10/50 ) FIEK A 1gTHRC>3.0, 1gTHRC (i
1.9, FKMH 7.7, PALFRERES ) TAMC SF3F
[ 63.2%, HAIRE N TAMC AL R % 19.9%, #
BZAR R BAT BRI AR T2 (% 2) .

F2 PHRAMEMITHERS TR

Table 2. Distribution of microbial counting results in Chinese herbal pieces

o 1gTAMC 1gTYMC 1gTHRC
il TREIN THE PR W T RGE GEE FHE R
THRT 1.00~4.66 3.62 3.90 0.50~2.18 0.91 0.50 0.50~0.50 0.50 0.50
T 3.18~443 4.06 432 0.50~3.54 232 2.62 0.50~1.78 1.11 1.08
VE 3.00~6.38 475 4.82 0.50~3.52 1.98 2.01 2.43~3.40 3.07 3.23
[ERAS 3.15~6.70 4.44 3.95 0.50~4.15 2.57 2.82 1.00~3.08 1.78 1.53
AT 3.32~4.40 3.82 3.74 2.00~3.45 2.50 2.00 0.50~1.00 0.67 0.50
BT 4.95~6.04 5.39 5.18 0.50~4.85 2.82 3.11 1.90~2.30 2.15 2.26
LHF  448~6.25 5.27 5.08 0.50~4.43 2.86 3.66 1.00~4.40 2.31 1.54
TR 5.36~7.84 6.59 6.52 3.46~5.64 450 471 0.50~5.26 2.25 1.98
WO 3.85~6.52 4.70 4.53 0.50~5.52 2.20 1.89 0.50~1.70 0.91 0.75
WROH 4.04~7.90 6.23 6.69 0.50~3.99 1.58 1.18 2.74~7.66 4.99 3.74

232 FEHHE

P “2.1.37 TR AR R A T G A
40% (20/50 ) BYEK K BGB, 24% (12/50) 1)
KA 1gBGB>3.5, |7 4 7 1gBGB 4 0.5~4.5,
%R 3.5, BGB V54K i T HiAth 9 Fhik Ao
Z VITEK B R G % E, | aFI5Y BGB 2
WL 6 28 ZWJERM ., KD HEE . B
SO AT . IR ST ERAATE . A AR
. TR (Pog-9) TEWE/KIE 15 min J54/57]

Kiilh BGB, & Wiz wIEm A, 2 ) Ew A
KIGBRATE, AR VTR
2.4 357K e 18] X i 0 i 1 A =2 Ml

XF 1gTHRC 3 K ) & B+ (Sih-3) | J7 4
# (Pog-9) MR & B (Ferl~5) , 0, 15,
30, 45, 60, 90, 120 min 3 /K ¥ &b # J5, W
FE TAMC, e 3 nl%n,  BIE88 finsgh K o B[] &2
120 min, XA 75 LR EEW A] REOR RIS ME, 40
RGHE (Fer=5) , g {EHmIA 7.6,

*3 ARE#HKEREHTAMCIIEL R
Table 3. Results of the TAMC in different boiling bath time

f5FE] ( min ) Sib-3 Pog-9 Fer—1 Fer-2 Fer-3 Fer—4 Fer-5
0 6.56 7.98 7.17 7.65 7.66 4.68 7.64
15 4.60 6.18 5.44 6.30 7.47 3.57 7.61
30 3.79 5.00 3.34 5.99 7.32 3.51 7.67
45 3.36 4.56 3.14 5.25 5.47 3.51 7.63
60 2.69 3.00 2.77 2.95 5.30 3.46 7.59
90 1.47 2.67 <l <1 3.90 3.38 7.63
120 <l <1 <l <1 1.47 2.65 7.60
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25 BRARSHEENSEENRF
251 RNEZR BRI E-FINES M
Ve £E 10 B 3t 24 it 57 & B 5 Y R R
(1gTYMC>2.0) BiK F, #% “2.1.2"7 Wi K J5
Pl A 1 s 10 i, R A EZN.AL® Mag-
Bind® J1 B DNA #2 BURK ) & 32 B 1A H
W LR DNAAE I PR . SR 519 N
se[E]fE X (internal transcribed spacer, ITS)
1 F5'-CTTGGTCATTTAGAGGAAGTAA-3"Fl
ITS2 5'-GCTGCGTTCTTCATCGATGC=3"% ITSIT
ITS1~ITS2 X # 4T PCR 73 . £ 2% (wiv) 3
JIEARE U I P ARG i, TR SO AR 55 3 Wi P
ftr, FE T Tlumina MiSeq £ 48 #E47 00 6. i 7
USEARCH 3B 30T 5 R =97%
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Y 5 4F 43 25 B 0 (operational taxonomic unit,
OTU) , BE# 4B e i P 5I4E A4~ OTU 1)
RFEFHN S8 e xt, ST RE, JRTE
B LR A L. AR BRI
Z PP, Shannon (H M, FEVE 2 AR ME#E;
Simpson {H#/)N, HEE ZFEPEBRAIG
252 OTUE%

MFPEE R R, ARUFIEEIER 10°~10°,
JF 9 K BE 35 A A AE 200~300 bp, SEIEKE N
232 bp. WA RIS ERZ AT (109334 7%)
WOEAR RIS e DA ROF ] (76 717 45) o ke
i ErE A 4 822 4 OTUs, Hirh "2 1Y OTUs i
% (87441 ) , HPWEEHI (8054 ) , AH
) OTUs /b (136 4~) o EARUWLFE 4.

R4 NOMHPHR A BRENFBITES T
Table 4. High—throughput sequencing data analysis in ten Chinese herbal pieces

(=3 WP ARUT5) OTUs Chaol #5841 Acef§#(  Shannonff4L Simpsonfg§%y 78 35w
IR 5 94345 874 483.48 49455 251 0.19 1.00
A 2 109334 805 610.94 607.67 3.60 0.07 1.00
IR 3 98311 674 350.04 348.80 2.10 0.25 1.00
AT 2 98403 560 376.15 380.01 2.59 0.20 1.00
EITF 2 87934 440 279.52 289.21 2.04 0.25 1.00
LT 2 95314 426 289.35 292.41 2.38 0.19 1.00
VE 2 91372 336 246.28 254.78 1.31 0.48 1.00
AR 2 76717 299 221.34 225.35 1.34 0.57 1.00
wHF 2 91129 272 252.17 255.44 225 0.17 1.00
e 2 86478 136 13291 141.99 1.60 0.31 1.00
253 ARABELMR AR ELEARKZE T [l SR AN [FHE R

24 MR IS QL W o A T 12 1], 45 4,
126 H. 344 &L, 777 JEH1 1 467 Fh, LLFHER]
FHETFEITNE (£5) o MXTFEEBEEL 1% 1
HEBA 534, WA (184Y) . ke (12
)L HBERT (1A L BEHTF (114 L%
T (104 ) | JEE (84 ) HUER (64) .
HIF (54) C#H(34) L BHAE (34)
HH A LRI, 3 10 PR i Qe LR R R 24,

ZE, NESA. EHT . BEHTRTERFX 45/
KR T Y ELR RSB ARRL, b HARIAS
BEFRE SR NG T) R E S E2, wHFR) T ER U
M2 JE AR E o F, 2L EE N
Fo 91.6% (22/24) [FE SRR FMhE:, FHorp
L3R 15 Y B i B A AR AR, Fru—1 Al
Fru=2 43 3k 22.12% F1 40.29%.,

R5 HEmPEEEXNFERR

Table 5. Relative abundance of fungi in the samples

DS E224 JER WS REE BT 5T 2T M WER SHT AS
! TR 6558 7572 6893 5489 6488 9249  73.69 6641 6054 1991
Y] 2726 2377 2703 3128  14.82 355 2524 3022 11.14  80.08
EHI] <100 <1.00 239 <100 <100 <100 <100 <100 <100 <1.00
RAPEEHE 7.13 0.44 1.59 13.80 2020 373 <1.00 3.31 2830 <1.00
HoAth, <100 <100 <100 <100 <100 <100 <100 <100 <100 <I1.00

https://yxqy.whuznhmedj.com
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Figure 1. Statistical analysis of relative abundance at genus level in fungi

26 RABEMARENSEENF
2.6.1 16SAZ¥EARDNAY 3Z-F | 5 5 547
B “2.1.27 TR 4R 1010 8 10 mL,
B ZKIE 30 min, SRR 1 mL #5100 mL 19
TSB 1723, 30~35 CH;3: 48 h, UNAERFW.
FH E.ZN.A." Mag-Bind" 407 DNA 250X &,
PR 7 T T B TR A DNA PRI e iib . R
H 5% 515 F5'-GTGCCAGCMGCCGCGGTAA-3!
Il 909R 5'-CCCCGYCAATTCMTTTRAGT-3' X

16S rDNA [ V4~V5 [XiE4F PCR 34, H A5k
[ “2.5.17 Wi,
262 OTUEX

R FBK 4, FLA 9 R AL 43 HHE ik 3R
AT H, AT IEE N FE 10°~10°, JF51
K H 350~500 bp. 7 AR5 i 2 A 2T 5
(80897 %% ) , HrAi ki) OTUs 7£ 45~60 Z[H] .
FLARWF 6,

x6 OMPAR R RRENFHIEST
Table 6. High—throughput sequencing data analysis in nine Chinese herbal pieces

e Ha] i e AT OTUs Chaol 8% Acef8 %k Shannontg 4% Simpson?ﬁ‘ B BEILHE
Mg AR 8 62235 60 60.00 61.94 0.62 0.79 1.00
IR 5 70723 55 65.62 67.78 0.85 0.65 1.00
HE 4 69744 55 61.60 70.24 0.46 0.85 1.00
A 3 80897 54 58.50 61.61 0.45 0.85 1.00
EHT 4 67761 53 55.50 56.54 0.67 0.77 1.00
LT 3 66487 53 58.60 59.42 0.69 0.77 1.00
wHF 3 66066 53 68.60 79.31 0.98 0.52 1.00
R 4 59044 47 91.00 65.64 0.52 0.83 1.00
JREAT 9 77738 46 55.61 57.86 0.74 0.69 1.00

2.6.3 WA B LR,

43 MR A TG Y AR oA T 511, 94, 24
H. 348, 57 J@F1 74 B, 72T K, WA
JEREDEI T, BT, AR, T TR
PR TALRE, P JERETR T (5 99% DL 1; AERIKF-,
PESAR R ZEAAT RN R 2R AT iR )R

https://yxqy.whuznhmedj.com
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R7 M AEAEXEEBR
Table 7. Relative abundance of heat-resistant microbial in the samples
GES e WER REE AR WA BT EHTF  #W BHTF )RR
Il JERE] 99.77 9975 9973 9980  99.71  99.79 9971  99.79 9981
oA <100 <100 <1.00 <100 <100 <1.00 <100 <100 <1.00
Ft SRR 9531 9673  80.54 9535 9543 9431 9645  92.88 9475
T2 AT R 1.76 128  15.87 1.56 1.61 4.09 1.45 1.29 1.86
MR <100 <1.00 <1.00 <100 <100 <100 <1.00 247  <1.00
IR R <1.00 <1.00 137 <100 <100 <I1.00 <1.00 <1.00 <I1.00
HAlh <100 <100 <1.00 <100 <100 <100 <100 <100 <I1.00
& ZEHUAT RS 95.02 9639  80.19  95.12 9514 9409  96.14 9247  94.49
BE R S 1.76 129 1588 1.56 1.61 4.10 1.46 1.30 1.86
pdes)pe <100 <100 <100 <100 <1.00 <100 <1.00 247  <1.00
it ER T 8 <100 <100 <I1.00 <100 <100 <100 <1.00 1.60 <1.00
RIFHF R R 171 <100 <I1.00 1.45 1.05  <1.00 1.05  <1.00 2.12
KRR ER <1.00 <1.00 137 <1.00 <1.00 <1.00 <100 <1.00 <1.00
oA <100 <1.00 1.15 .12 <1.00 <100 <1.00 1.09  <1.00
#8 HHRATLAMAREMMEEER
Table 8. Identification results of heat resistant bacteria in Chinese herbal pieces
iy & i otk
M AR LRI IR B FETE D 2 AT IR SAFEOR A
2T I tR AT
A AT I i AL T
BERR SR 1A S 1% - R PR S 1RAT 1A [T
AR R IR BRI SR A
EIF g GG IR SATEURIA
LRI IR B A 2T P ta AL TR
MR E ARG AT RS S TE R ZE AR A SR A
AT I frvasti)
LT LRI IR B FETE D 2 AT IR SAFEON A
VR B S| tR AT
A AT P i AL T
B HF R IR B A 2T P 2 AL TR
TR AT RS S TE R ZE AR A SR A
AT I frvasti)
WEIATE N SFRAT 1A [T
AR ZF FOAT TR tR AT
T [T A R
AT TR WA 2 AR 1R [T
AR R IR I BRI e
. TFHAKHF . FHF TAMC Fl TYMC fi& T 2 4 F
3 itit

o SRR BRI A, HA o Fik A
- HAG e AR W Rk, X IR SMPRHE A B
ZARFEMAT 44% (22/50 ) RF54H USPPHLAE, 8%
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