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Microbial community composition analysis of six Chinese herbal
pieces through 16S rRNA high—throughput sequencing

LI Qiong—qiong, FAN Yi-ling, SONG Ming—hui, QIN Feng, YANG Mei—cheng’

( Shanghai Institute for Food and Drug Control, NMPA Key Laboratory for Testing Technology of
Pharmaceutical Microhiology, Shanghai 201203, China )

Abstract Objective: To study the microbial community composition of six Chinese herbal pieces, and provide
support for the establishment of microbial limit standards. Methods: According to the Pharmacopoeia of the
People’ s Republic of China 2015 edition, a total of 60 batches Chinese herbal pieces were tested for bile—tolerant
Gram—negative bacteria and Salmonella, the microbial colonies on selective isolation medium were identified by
VITEK system, and the microbial community composition of six Chinese herbal pieces were further studied based on

16S rRNA high—throughput sequencing method. Results: A total of 28 batches were positive for bile—tolerant Gram—
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negative bacteria, the detection rates of bile—tolerant Gram—negative bacteria in different types of Chinese

herbal pieces showed significant difference, but Salmonella was not detected in any samples. The results of
biochemical identification of strains on selective isolation medium demonstrated that the microbes all belong to
the Proteobacteria, distributed in 14 genera, including Enterobacter sakazakii, Proteus mirabilis, Acinetobacter
baumannii, Klebsiella pneumoniae , Pseudomonas aeruginosa; 16S rRNA microbial diversity analysis showed
that the contaminated microorganisms of six Chinese herbal pieces were mainly distributed in 6 phylum and 27
genera, and the dominant group in different types had significant differences. Conclusion: This study revealed
that 16S rRNA high—throughput sequencing method can provide more comprehensive information on the microbial
community composition of Chinese herbal pieces than the traditional culture method. The contaminated microbial
communities in different types of Chinese herbal pieces show significant differences, and various pathogenic
bacteria are detected in Chinese herbal pieces, implying the potential risk of contaminated microorganisms in
Chinese herbal pieces.

Keywords: Chinese herbal pieces; microbial contamination; control microorganisms; species identification; 16S

rRNA high—throughput sequencing
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Tab.1 Sampling information for the tested

Chinese herbal pieces

AP
. . L T2 Fom Hue /it
Bes ol i L e . K
( processing ( number of ( number/
(‘sanyple ) (part ) T )
technology ) "'''* production  batch )
company )
S M (root) — Wifil, VA, T4 6 10
( Bupleuri ( net, sliced, dried )
Radix )
B i Croot) ¥l D, T8 9 10
( Astragali (net, sliced, dried )
Radix )
HIfe T SRS (fruit) BRI, T4 9 10
(Lycii ( remove impurities,
Fructus ) dried )
BRI 25 Cstem) il A4 AL 9 10
( Dendrobii BRI B SRR, Ak
Officinalis T
Caulis ) ( net, twisted into a
spiral or spring when
heated, dried )
AR R (root ) Wil WA T4 7 10
( Platycodonis ( net, sliced, dried )
Radix )
R BZIL7 RN NS B Y 9 10

( Eupolyphaga ( dry animal ) HEEBE
Steleophaga ) (net, dried, stir—fried

to micro—focus )

2.2 SR A H A

FEHEIMBCR DT 100 g BESRIA TR A2 i
HURE SRy K 25 g, I A 0.9% TG i & Ak 8 7 T 225
mL, FHY B 284A4T 1~2 min, BE 1 min J5, B EIE W
PEA 1210 A

2.3 PR

ARWFTEIE 6 P 2K R BRI IR R, 5
B[R 25 81 ) 2015 4F R < JE TCEE 7= il 0 BR
A s Tl RS A 78 >, EA T AR R 4 2% BRI T A b
IR R A
231 T RER AL B R A A 10 o A A R
1% R o R A A 5 35 L (TSB) 7l 46 8 12 10 A4t
VWL, 20~25 CHiFE 2 he HBUARY T 1 g KE&
(LR T SR B3 AP 2= 100 mL 0 38 T B9 B VAR B
Feder, 30~35 CHFF 24~48 h )i, QI mh T 4241
JIFL #6285 4 B T B 7R 67 A I, 30~35 CHE 5% 18~
24 h,
232 WITREKA  BU10 g BEA R E 200 mL TSB
RS, 33 CRESE 18~24 hy I EAREEFEY) 0.1 mL,
FAPE 10 mL RV VI 138 R AR K 77 3, 33 C 1%
I 18~24 h, HU/ i RV VI TR 3G BR324, K1)
LRPLRP T AR R M S IR R ER B 5 R 3 Al L
33 CH;F: 18~48 h.
233 WIEME PRECE IR SR AT I A A BB
FRILFNA NI 2 R I E AN R ER BN 15 97 3% AR KA
ARG A FRAE B W VK, R 2R T TSA AR
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Vit Ar s , ¥ —1kIR 4 )5 R ] MiSeq Reagent
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242 JyHVALELR T DY SE RS , AR HE barcode
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Tab. 2 The control bacteria test results of

six kinds of Chinese herbal pieces

PR %
( number of positive samples )
ik ek
o E D # 22 BH
( Chinese herbal pieces ) (batch) M AR =2 I ——
(bile salt tolerant VI
gram negative ( Salmonella )
bacteria )
515 ( Bupleuri Radix ) 10 9(90% ) Bk
( not detected )
T ( Astragali Radix ) 10 7(70% )
FIAEF ( Lycii Fructus ) 10 5(50% )
R ( Dendrobii 10 0
Officinalis Caulis )
EAT ( Platycodonis Radix) 10 6(60% )
4% i1 ( Eupolyphaga 10 1(10% )
Steleophaga )
227 (total ) 60 28(47%) 0

T Cnote ) s 45 5 P8 A 25 01 R BE o T AEL 38 % 2% A P 4G 1 R
(indicates the positive rate of bile salt tolerant gram negative bacteria in the

parentheses )

10 41 B 1S LA AT T 6 4 4k B AR S 10 L 4 AR
F10 41t £ 8 RE AR 8 110 328 5 IR W P, AR 7S
AL PCR Y4 K@y, AR R kS0 E
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% 1A ST 51 (186 748 2% ), H vk S 4 i (168 998
50, RN BRAR B A 30T 5 8520 (86 073 5% ), )T 51
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Tab.3 Identification results of contaminated microorganisms from six Chinese herbal pieces

R B & i
( Chinese herbal pieces ) (family ) (genus ) (species )
4695 ( Bupleuri Radix ) AT B RF ( Enterobacteriaceae ) 12 )& ( Pantoea ) WAZ 1 ( Pantoea agglomerans )
12 B SR ( Pantoea spp. )
JAFT 1A ( Enterobacter ) BT ( Enterobacter cloacae )
T A FF R ( Enterobacter intermedius )
S W R ( Cronobacter ) BT 5 B T B ( Cronobacter sakazakii )
ST AT JE ( Klebsiella ) fili 4 72 FEAIT ( Klebsiella pneumoniae )
LB} ( Pseudomonas ) B E ( Pseudomonas ) M ELIBA T ( Pseudomonas putida )
MR ( Pseudomonas aeruginosa )
H#EE ( Astragali Radix ) ¥R ( Enterobacteriaceae ) & SCH RS ( Ewingella ) SN ST ( Ewingella americana )
Y7518 ( Escherichia ) B G375 1 ( Escherichia hermannii )
WAFT B ( Enterobacter ) BT ( Enterobacter cloacae )
1Z#)& ( Pantoea ) BAZ i ( Pantoea agglomerans )
12 HERELEBh ( Pantoea spp. )
SRR ( Moraxaceae ) NEhFTFEE (Acinetobacter ) WIASIATE (Acinetobacter hemolyticus )
B [CASSIFFI ( Acinetobacter baumannii )
B M R ( Pseudomonas ) BT R ( Pseudomonas ) SR TE ( Pseudomonas putida )
HIASF ( Lycii Fructus ) JFFETR} ( Enterobacteriaceae ) #IL[K#J& ( Leclercia ) LR LR ( Leclercia adecarboxylata )
P I# & ( Enterobacter ) BA AT ( Enterobacter cloacae )
Z )& ( Pantoea ) 12 B SELEHh ( Pantoea spp. )
BR Bz BR3L- ( Dendrobii JAFF#R} ( Enterobacteriaceae ) 1Z )& ( Pantoea ) 12 & SR ( Pantoea spp. )

Officinalis Caulis )

4% ( Platycodonis Radix )

+ %5 Ht ( Eupolyphaga

Steleophaga )

JAFF T EL ( Enterobacteriaceae )

B EEE ( Pseudomonas )

3778 [C AR} ( Pasteuraceae )

SHHEEL ( Aeromonas )
AR HIR R} ( Sphingomonas )

Wit ERF ( Enterobacteriaceae )

1Z )& ( Pantoea )
FrIEIRFT & ( Citrobacter )
TR AN R ( Pseudomonas )

EL TP FC AR ( Pasteurella )

SR (Aeromonas )

A RN E ( Sphingomonas )

SETETEE ( Klebsiella )
A it E ( Cronobacter )
VT E & ( Enterobacter )

ARTEATF S ( Proteus )

12 BB LR ( Pantoea spp. )
FERAERATH ( Citrobacter sedlakii )
it FRAB S ] ( Pseudomonas stutzeri )
REWHERTE ( Pasteurella canis )

Z A ORI ( Pasteurella multocida )

S

Ak PR ( Aeromonas salmonicida )

DI I T ( Sphingomonas paucimobilis )

i 7B A B ( Klebsiella pneumonia )
B iy 58 B AT 7 ( Cronobacter sakazakii )
BRIABAAT I ( Enterobacter cloacae )

LA IEATE ( Proteus mirabilis )
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Tab.4 Statistical analysis of high-throughput SAETTRIE AT HET 15 Y MR = B 55
sequencing data in six Chinese herbal pieces G38Te L 2 AT ASTRIZE AR R s e 25 b T
ez o N A5 JE TR 1] Proteobacteria F1J5- BE T8 ] Firmicutes, —
I
EULE BHC et O S R AR 5 BT 25,
( Chinese herbal pieces ) (batches ) seilji(::s:;i of sequence) Eﬁém% l\j Cyanobacteria I%ﬁ%ﬁﬂ:%ﬁﬁ . ﬁ&k \%]
FoFRIRSAE T . TR ] Actinobacteria FUFFEA ]
4k i ix . N
;zi Bupleuri Rad )) 10 10 168998 390 Bacteroidetes )ﬂ']ﬁj\fﬁjflgﬁ:l:%ﬂ‘iﬁl* E‘J,ﬂ\:’ﬂﬂ 5 ;FEP/IZJ'L\'H‘
o Astragali Radix 10 10 155 686 197 NS ETRETIN
Hifd ¥ ( tLag'a'l F a ) 10 5 103543 176 fiEl e A T Planctomycetes (el ette A
c11 Fructus N
BOE M y%L ( Dendrobii FREH PR
Officinalis Caulis ) 10 6 86073 174 AN TR 28 531) v 24 0RO R i eP s G A A S oK P
§5H8 ( Platycodonis Radix) 10 10 186748 214 ERERY LR AT an & 3 B, A0 AR X R T
+ % Ht(Eupolyphaga 10 10 157916 280 1% E@?E%E%i‘l‘27/\,/ﬁ\q“7£%ﬂqjﬁf%7/l\,
Stcloophags) 0 1O A 4 AL T O A, B B ALk th 9 A
g7 2 ‘f .
S8 - E%‘
e
H#
2 ®
B
- i
T T T T T - T T T T T T
0 10000 20000 30000 40000 0 50 100 150 200 250
WFH R (number of sequence) YIFEL (0TUs rank)

A. TR ZE ] (rarefaction curve ) B. EFEAEL K] ( rank—abundance )
1 16SrRNA BB ENF AR SEEME %
Fig. 1 The diversity curves of tested samples through 16SrRNA high—throughput sequencing
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Fig. 2 Statistical analysis of relative abundance at microbial taxonomic phylum levels in six Chinese herbal pieces
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HREF
(Bupleuri (Astragali (Lycii
Radix) Radix ) Fructus)

= ZH/R (Pantoea)

FREHFHE® (Acinetobacter)
= H&IREE (Staphylococcus)
 ZFEB (Neisseria)

B3 6 ik AR RP IS REY R FEN EELR TS

" REKER (Pseudomonas)
= FHIFHE (Bacillus)

u RS NE)R (Pelomonas) m %#IREIB (Streptococcus)
u GIRE® (Enterococcus)
= VRRKAER (Rickettsiella) = HAh (other)

Pantoea , ¥ 1 L H T &R BRI [C TR Weissella , 11
T F RHEEBREE Streptococcus , T 1 %5 A VIRV R/ AN

Rickettsiella

2 R S

(Platycodonis (Eupolyphaga
Radix) Steleophaga)

BB
(Dendrobii
Officinalis

Caulis)
BWKRE (Weissella)

= BE/RIKHER (Ralstonia)

u BB E R (Sphingomonas)
FK4+% (unclassified)

Fig. 3 Statistical analysis of relative abundance at microbial taxonomic genus levels in six Chinese herbal pieces
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2015 4F L, XS 8BS MRS T R B RS RN
T 3k 6 S 2y RO AR EAT T T R 22 B
WA TR R A, S5 AR, 47% BT 2R B
rPRG Hh S FELER 2 [P T T T ARG . AN
O P 2500 v I ER AR 2 B M B AAG L R 2 S
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g R A S 2 e e S R R R B i~ 40 28 B e A=
Vv % £ 2SR R TIAFT iRl i R s 558 . o,
R H 1 Bl e v B VT B AT S AR TR TR R A T TR R
(A B0 TR B S5 R B0 R, 1T 51 & A [ AR B2 1 i 1
S0 P AT AL B RIS TR IR 22 B
(LR i e VA | N s R L0 7 R (R
SRR B S N ST TR B ECAS S AT R A R TR
B SR BUR TR, 0T 5 A IR GE B | RS, B R
P31 et e A gy B RS I 1 IR | AR
s B T REPEAR /N A E TR AE H R 5 AN SR A
Al REAFAE 25 — 2 1 25 AR, ELZE AR R i TN
FH IR IR A7 7 28 Y75 G i T RE ARG MOl A B2 1Y
RS
4.3  ARFETHEU A A PR AR 2E 7 b
AWFFERET 16S rRNA Ryl =0l Fy 7 , WF5e T
6 SR b b s Y i MR TE A R
AT BT RN R TR 1205 e P 250K 1 R B 4
7% R AR T T T UE S (R 2 2 DI
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W, B TR R R R E s e 2D L
REERE, BA — @S0 tEREY ke
BRI B A A K B AE T 2R th il A —E i T
il BEAh AR 2GR F b A b s e P i 2
WEA —E 25, X AT REIR 250 H A B AR LA A K
IR EA AN, 58 TR E e TE B2 Tk
AR B v 250 b, el | B AR
FEHR SRR B T ALY AR ER , AR 85 U8 £ 25 D12, &
PEAT R PR I TR . AN, ST SRR B/ MAE 5
T b U I REVE Y 80% L) I, E Al TR 2k R
fn AR LB A, A ST 26 B, 37 50k /M
JBEEAE T s
4.4 16S rRNA =3 &£ 0 77 76 A W RE S I o i i
P

T 16S rRNA 7538 1 7 A ) 2 FE 53T
RIS RSE, I 6 B2 R T 6 4
TR 27 AN BB RS R M
AL G AR R AR O T AR A B RS 1 AT
B, 14 BB RIS I ED R B MR TG
Frvk, FE T 16S rRNA =y il 7 7 2 BE A% AR A5 5
ST A H 2R R TS e A TR A B R R —
SO AL 25 1 35 IO IR ARAT WA TS AR IR R I
SRR IR/MA R, LR T G AR R o,
VbR IS SEFR PR B JE 8 AT B8 SR A
TE 1% VLT A U AE AL Ge 5 3% 05 i vh AR ARASAH 1 1Y

2

F.oho

4.5 16S tRNA = s I 7 7E AR ey AU PP o
AN 2

PR — N T T2, i, 2 S8R A A
TS YL A )OS o T 16S TRNA T 3 0 7 3
R X RE i T ) DNA, FE 4 3 -t a] RE A
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