R AR AR

—114— CHINESE JOURNAL OF FOOD HYGIENE 2015 56 27 B 2 )
Microbiol ,1995,33(9) :2233-2239. resistance among Escherichia coli isolates from chickens in China
[14] Lukinmaa S, Takkunen E,Siitonen A. Molecular epidemiology of between 2001 and 2006 [ J]. FEMS Microbiol Lett, 2008, 286
Clostridium perfringens related to food-bome outbreaks of disease (2):178-183.
in Finland from 1984 to 1999 J]. Appl Environ Microblol,2002, (18] ZEBbk. X Y5 A 1 14 Tf 24 M3 A7 KA 4 T B- P TG g g 32k [R1 4 A
68(8) :3744. FHERFFE (M ], db st o ol iidt:,2009.
[15] SR, T2, K, 5. @R WE LA B 4R 43 B bk MLST [19] F# 55, R, 5 REEMLPRBRAE 0157 fif 2
Sy EVFSE L] o E TR R AR ,2014,36 (1) :23-26. K PFGE 43 F 43 BURFAE A AT LT ] o [ & TLAE 2935 ,2014,26
[16] MENG Q,BAI X,ZHAO A et al. Characterization of Shiga toxin- (5):422-428.
producing Escherichia coli isolated from healthy pigs in China [20] st 22808 RIS, 55, 09 4 3L 55 4R 43 88 K F 1A 1 Tt 24
[J7. BMC Microbiol ,2014(15) 5. P e kb 7 eI L vk 2 BUBIT T [0 ] [ B R A R, 2013, 49
[17] DAIL,LUL M,WU C M,et al. Characterization of antimicrobial (9) :6-11.

£

%
i 100 0 P 3 Xk 7 ol A T LM A R A ) BB 5T

ehE,E, w2 ke’
(l.Ei#ET 9%, bl 201101; 2. LiEXABAFEGRFREAFR, £ 200240)
i E.BM FRAFRABZROMAABEAR, TRLEFSORDEARNY, HiE ATHKEL NN
AT AT Mt K B ARG AP 3R IR DNA, 5t 16S tRNA K B 89 V3 K #t 47 PCR # 3%, il it &8 0 5 A=
B o T AR mifamarit, R BSHRERFINATFHH430T %, BASHERANT HERT R
BANZHANDHBANARAE NG ELFRBEN 97.4% ;A B ENMKFLEA4~13 £, EBRKTF L HS
MHBARI L XS HMB SO MARBAEIO LR L A AAESHABARS R AR EL L %,
A, AR ERSGFENALTHRALE DIAR LFEFREFHRAR, AIKNEE MR R EBAFR S
SHERER R, 18 FRFIEHEZRAFTHEALANZOZ 0 AAAHLROLESEXERZRBRA
EUECR A o 1 Rl A ol A o
KEEIW A0 2 16SRNA LB M AF; RRBEFBH; BHE4
hE4ES:RI155.5; S432.472; TS214 XEkfrEML:A XEHS :1004-8456(2015)02-0114-06
DOI:10. 13590/j. cjfh. 2015. 02. 004

The comparison of bacterial compositions of seven types of fermented tofu using
high-throughput sequencing technology
JIN Lin-yi, HUANG Fei, TIAN Hao, WANG Yun, ZHANG Xiao-jun
(Qibao High School, Shanghai 201101, China)

Abstract: Objectives

Fermented tofu is a type of traditional Chinese food. The aim of this study was to compare the
bacterial composition and its effect on the quality and safety of fermented tofu. Methods The total DNA was directly
extracted from seven brand of fermented tofu samples produced in four provinces. The V3 region of 16S rRNA gene were
amplified, and PCR products were mixed for pyrosequencing. Results According to the analysis of the sequences,
Firmicutes, Proteobacteria, Bacteroidetes and Fusobacteria were predominant, accounting for 97. 4% of all the bacteria. In
terms of genus, most types of the fermented tofu had more than 10 genus members. It was also found that the composition of
bacterial communities related to the geographic location and the production processes of fermented tofu. On the other hand ,
bacterial communities in some of fermented tofu showed relatively high abundance of pathogen or opportunistic pathogen ,

such as Klebsiella, Salmonella, Cronobacter, Vibrio, Enterobacter and Bacteroidetes. Conclusion These results suggested
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that the existing fermented tofu production model needed to be updated, and some products might have a risk of food safety.

Key words: Fermented tofu; 16S rRNA gene sequencing; foodborne pathogens; food safety
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Titanium FLX + ] 54X ( #5-+ Roche) , £ 3K 55 8 4 7
B,

RNA i (R4875, 3¢ [# Sigma,RNase) .DNA 4fi{k

F1 LBEEHT LHXEER

Table 1 ~ Number of fermented tofu and their background
information
REELBHE WY 7 A (e
XYCDF SH-1 L NN 3
QMCDF SH-2 it KE R GEATE A& W i
CMCDF 7J-1 L PNCA AT N
ZMCDF VAR WL KRB
HGDCDF HN-1 i &% & iy ) BH 8 A ik
LICDF HN-2 K B R
MDF AH-1  ZRY MAZBRK

W& (P E SIS B 7)) \DNA R4 Pfx DNA
polymerase ( 3% [E Invitrogen ) . PCR 7= # [o] i 3 ] &
(2 E Geneaid) .
1.2 i
1.2.1 ¢ 5hanab 2

WS ¢ KU TE KW EA S ¢ WK
50 ml B0, A OB P I 25 ml 0.1 mol/L
PB ZZth i, 58 73 W iE 4k ¥ 5 min, UK S5 min, H &
3o RM2ZEHE LT, 100 x 2,200 x g.300 x g
£ 5min, 400 x g 500 x g .600 x g %% 3 min ¥ FEH,
MO FE A BT 50 ml B0 A B R RS0, 700 x g
800 x g £ 2 min, I EIE W HB AR W E.OCE T, 7
21 ml/% T 1.5 ml EP &, 11 000 x g & .0
20 min, F bV, 30% A= # R K H b E B UL vE,
-20 CHAf o
1.2.2 o5 ke Bk = W 34k B (CTAB) & 4@
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W2 03 1 ml ZR7 A0 BB AR (A2 T
0.2 ¢ JBHEM) B EP 4,11 000 x g BS.0> 15min, 5 |
WA IEPEDIIE . DUUE Pn 567 wl TE 2% shif, ik
FIHERDOEY . N30 wl + e Remi iRl A 3 pl 2R
i K(20 mg/ml)ig%),56 CHE 1 h, il 100 pl
5 mol/L NaCl, 5T /iR 2J, il 80 wl CTAB/NaCl ¥ K
R4A],65 CHHLE 10 min, B EHZ 390 wl AHAY EP
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oA 195wl Tris S A1 195 wl G4 -5 13 1 1 2
IR%) 12 000 x g .0 15 min, 2K AF B EP
L EEMAE - R R ERE A, UKL
Bl ml JDAEP 4, -20 Cid#k., 13000 xg 4 CE
> 30 min, Yt & DNA JU3E, 3 T30 pl R R K, il
A 1.5 ml RNase(10 mg/ml) , 37 C & )8 30 min,
-20 CHRAf.
1.2.3  HEdh 16S rRNA JEH V3 X915 alifk 57
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k270 ~290 bp.
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Tablet 2 Quantity of DNA extracted from 7 types of fermented

tofu and sequence numbers

B it 44 B DNA # it /ng WP/ 2%
SH-1 396 3247
SH-2 246 3 608
ZJ-1 564 4509
7]2 270 5453
HN-1 292 2 621
HN-2 288 5078
AH-1 222 5631

1 2 34 5 6 7 M

7 :M:Marker;1:SH-1;2:SH-2;3.2]-1;4.Z]4;5.HN-1;6 . HN-2;7 . AH-1
B 17 Mok e 4 B DNA () #1 16S rRNA JEH 444 (£7) Lk &

Figure 1

2.2 7 FhOK I LI R Al AR R 2 SR A

7 B kT IR S P I SR A A 2 R R
ZiK 15 A TR AT , {0 H R R BE TR ] (Firmicutes ) |
25 T 7] ( Proteobacteria ) | $8L#F 7 ] ( Bacteroidetes )
AR AT 18 1] (Fusobacteria ) 4f & 70 5] £ i 40.5%
(12 204/30 147).30.9% (9 327/30 147).23.0%
(6 922/30 147) K11 3. 0% (901,30 147) , M} 5 4340
B ) 97. 4% (29 354/30 147)

7 Fofr T G ARG R R AN T R R AR R A

Electrophoresis analysis of DNA extraction and PCR of 16S rRNA gene
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0
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Figure 2 Heatmap of predominant bacterial genera in seven

fermented tofu
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Figure 3 Principal component analysis of bacterial composition in seven fermented tofu
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Table 3 Abundance of predominant bacteria in seven fermented tofu samples
! B2 : : % WIS
SH-1 SH-2 Z)-1 7]-2 HN-1 HN-2 AH-1
il H 5 @ (Alkaliflexus) 0.2 11.2 0.6 1.6 — 0.8 —
BT )& ( Bacteroides ) 15.7 212 21.8 6.1 8.6 1.9 0.1
AT Dysgonomonas ™ 5.9 0.4 0.04 — — — 0.02
( Bacteroidetes) 17 S FF 56 & ( Planobacterium ) 7.4 0.4 — — — — —
VUK 7 J& ( Sediminibacterium ) 29.2 2.1 0.02 — — — —
30 [C T JE ( Tannerella) 30.7 4.1 0.2 5.4 — — —
2 )8 ( Clostridium ) 0.03 0.1 1.9 1.7 44.8 4.6 0.3
Ih R A 1 @ ( Halanaerobium ) 0.5 19.0 — — — — —
LB ] W2 1 B} ( Lachnospiracea_incertae_sedis ) — 0.1 5.1 0.6 6.7 0.9 0.1
( Firmicutes) ¥ 75 1 J& ( Psychrosinus ) 2.0 6.0 0.3 1.1 — — —
2 W % )& ( Roseburia) — — 6.4 10.9 0.3 0. 04 0.1
HEBR T J&8 ( Streptococcus) 0.03 0.3 37.9 40.7 2.4 0.6 —
WEEREE ( Trichococcus) — — 1.0 0.3 11.2 28.6 —
RNENHTF 1 )@ (Acinetobacter) 0.1 — — 0.2 0.6 25.4 3.8
M\ T B0 5 ( Comamonas) 0.03 0.6 — 0.1 0.1 4.8 20. 1
5 B KT i ( Cronobacter) — — — 0.1 2.6 0.7 5.2
ST % K1 % J& ( Enterobacter) — — — — 0.2 0.1 6.76
( Proteobacteria) v T A # & (Klebsiella) — 0.1 — — — 0.2 7.8
2 4= @ ( Pantoea) — — — — 0.1 0.1 6.0
5% P M 7 @ ( Pseudomonas) 0.03 — — 0.02 — 3.5 19.3
T4 8 & ( Raoultella) — 0.1 — 0.1 5.4 — 5.6
YN E & (Vibrio) 0.2 8.4 0.2 0.02 — 2.9 —
HIB %‘n R AR JFAK & (Anaeroplasma) 1 — 0.4 5.6 - o o
( Tenericutes )
AT AT @ ( Fusobacterium) 0.2 5.0 5.1 8.4 0.1 0.4 —

( Fusobacteria)

T xSRI BT TOR R R SO AR 5 — S ARG D E % 0 B A s A28 > 5%

FF VA T AE 0 B 18 v RE h A = AN R R A A
A AR MR TR, K 2 68 4 A5 % B AR
CO, FLMR .22 . TR, . TEE 41 o o4y
W2 T R 4 T R AR AR 2T 2 2 HIN-D R P R
BB EJE Sl 44.8% LR A B S AR A
SRR JE 7 ) £ 4k 2 Il TR 2 4 2R K A R SE B Bk
PAME s Eh PR AR JE 7 SH-2 AR FE R ] 19.0%
HegfrrmmhmkEr A K e cm Nk T
M2 ORI R A & %k S R R A 6. 0% [
BRI & ( Psychrosinus ) , j& 2008 4F 7F §§ i FE & A
B s LA A, AR R R T L R B LR
FLFF o JE B8 & I Oy f A, W rh DL LR Ok
FhHE RO EpERE T
Wi )& (Roseburia) 7€ ZJ-1 (ZJ-2 v 3= B 3¢ &5 43 9 R
6.4% 1 10.9% ) ; {5 2. }d 1% J& ( Pseudomonas) 1
HN-2 F1 AH-1 1 2 B 25 40 0 3. 5% 1 19. 3%
CA 2040 T 18 98 5 % 0E % N K Bk 1 e
i, BEAMEE R B, A AR IR L A MR
(1 20 BB A — SE B 00 A a5, b Y AR A e AR
B E YA AT B &, WV RE & b A S R 3 B
BREE M IR E R A BRE R, &
PARE i LA 6 B B R R BRI R R O . R

] 20 al ™ Ml A9 % T W0, O NG TR R 4 AR
[l , A7 A T R A XU

TEFB I AE b P A7 78 B A E0R Pl 2
BUW T, AEX T PR SRR R T e R R R
(Klebsiella) Y0 111 J& ( Samonella) | %5 3 Aii /K 75 B
J& (Trabulsiella ) B2 , 764 5 £ i 42 AR w5, 40
7E AH-1 e A R 7. 8% , Honl g 0 Bows A 5 4
BRE A s R B e B VR AT I ( Cronobacter ) |, %
JoE 240 T R AL T UM A, RS B A LA R,
FET- 3o 5 b R BUA QIR J& ( Vibrio ) L AT 1 )
( Enterobacter) 55T AE A T W J@ A7 A, WNAE SH-2
RN 8. 4% o 5 B A e S e LI 1 i
AW AR AR AT 0 B, R IR T R AR AR T . B
Te RS e K I h R B4 A BRI L 1D
VB BB 3 R B AE AR o X Ul I A B AR A
PR 0] e 5 2 /N A B ol A 19 A T LU A7 A —
SE R 22 A R o F I 2 9 LB B9 AR Z2 A4
IR FATTE B TR R A PR BE AT e 1, BEA X A I8 T
HEBEAT O, B AR S e S8 R O7 SR I AR
I KON I R %, R e 26 PF R T s Pl , T2 5%
PREA PR AL, 5 32 BN 2% B i e, T A5 57 il B9
A S Pl o 4 I il LA e T T A A A AR T
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