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DU )R EL b 22 SR FH AL SR P A AR ) AR A DUSE A B3 483, (R RAKL 2 )5 5k B A A E A 1 2 S OB T T
BRAEE 22 80°C . 30min FAKL B S I 120d WAL P B BB KIRETRE . R I RERL, 0 R 16S
rDNA FITITS 411 % 52 50 B AN R B R RE, 548 ] PCR-DGGE 5273 Mk 4% s MU vh Al A BV 4 by . 5 SRR
W A3 BABCE TR E DR T 90% LL L, BR A ) B SR AT 1 (Bacillus sp.), FEIE 7R N fAE A B
w25 EFHE TR PCR-DGGE Kl A T 5 £ s Hob s 7 3 25% 7 41 B 4 FLIR 11 (Pediococcus sp.Fll Lac-
tobacillus sp.) Rk A 2E T B (Bacillus cereus). DRIk, 4 #E ] {8 BRAGE B 2 UE DAL . WBBLEEE N “AF
IGHAE R E23E” (viable but non-culturable, VBNC)YIRZS, 1H5% I (1) 2 #UAT & (Bacillus sp.) FTFLER B 7] fit 5 BB
PRI JEE T o AT 20808 ) 2 AT BRHE 2 S R B Bt SR ST 1) S B IR 32
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Analysis of Microbial Survival in Heat-Treated Pixian Chili Sauce during Storage
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Abstract: Heat treatment is often used to inhibit microbial growth in Pixian chili sauce for extending its shelf-life, but some
microorganisms are still likely to survive, causing Pixian Chili Sauce to spoil during storage. In this study, Pixian chili sauce
treated at 80°C for 30 min was enumerated for total aerobic bacteria, coliforms, moulds and yeasts during storage at room temperature
for 120 days. Bacterial and fungal strains isolated from chili sauce were identified by 16S rDNA and ITS sequence analysis
respectively, and PCR-DGGE technique was used to analyze the bacterial community at the end of the storage period. The total
number of bacteria in chili sauce decreased more than 90% after heat treatment at 80 ‘C for 30 min, and the majority of surviving
microbes were Bacillus sp. During the storage period of 120 days, the total number of bacteria in heat treated chili sauce increased
at first and then decreased. The dominant surviving bacteria in chili sauce at the end of the storage period, as detected by PCR-
DGGE, were Pediococcus sp., Lactobacillus sp. and Bacillus cereus. These results demonstrate that partial microorganisms in
chili sauce are killed or presented in VBNC (viable but non-culturable) state after heat treatment, and surviving Bacillus sp. and
lactic acid bacteria may be the reason for the spoilage of heat-treated chili sauce. Consequently, effectively controlling the
survival Bacillus sp. and lactic acid bacteria is the key to extend the shelf-life of chili sauce.
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SR, 1 AR R I TR S5 S AR rh il A W B e S s v )
B, HAMUE 7> — A2 K &(10% ~15%) , B
A Ji ST R 38 4 T Be(f1 80°C #4 kb 2 30min)ilk
AT I AP 7 o LA ORAIE JE B 4800 o AR S s 2 7 v AR Ak 382
RAMARNE, MRAFAE DT B 0] &, P LA
X R B S BB v ik B IR R AT VRS 43 AT AR )
L, NI A BEAT IR 55 % bR FH 3 >4 400 B 771 B e b 2K v
7720, DT R K BB 1) B 42 30

TR R, RS BRI TRAS
T ) B I O A B A B TR B AR . BFTURIL, BRI
FETH AT 4 2515 %) Lactobacillus xylosus. Pediococcus
acidilactici. Pediococcus pentosaceus. Rhodotorula
mucilaginosa &M, JikihE. FwthdE. R,
B DGR BRI R 7 DY B 3R 1 25 DA v v 7K = B0 1 AR R I
AR E LA R R B2, LR IRIEEE AR
ZAF BB, w7 Bm R R A R . TR,
WA 3 1B JTVE R R e, B Wl o Y - AR TR AR
JE B LUK (PCR-DGGE) R A ¥ v H 1 8 it rh i A= 0 1)
Rl w75 2 %32 H PCR-DGGE AR5 &I
Lactococcus lactis. Bacillus licheniformis. Bacillus
pumilus 55 4 1% 48 & % KR AR50 s SRS
X B8 B G SR I I R ) A B R R A R AR AT T
R8T, AP RILT Staphylococcus xylosus. Lac-
tobacillus plantarum. Weissella confusa 4. #75g550
8938 85 7R9L A1 16S rDNA-ARDRA S HTiIF 5 1 4 A% 1A
JIA A e TR A o 22 R, ARLTR] I ds 85 R A R A B 7t
FE A B VR LR . I oy T AR A T R
Gy B R IRIE I S G, I RE TN 4 T b e B T
T ) B B RV 5

ARSI 30 o 6o S SL AU AT FAKL L, AT g
AR AR Y ) BB AR A, g B S H P I T SRR
W, 454 PCR-DGGE HiARBE— 70 M il A= Wy i v 4
o, DU 98 73 R AL PHGT BRARUES T sk A 1 50 AN 2K 1) 5
Wi, ARG g v e SO W 1) 3 R R AR A, N
7 A S A M B 22 O ER AL — o (1 R A AR

1 MEETE

11 Mok W

BRABCE b DU 1 8 S G SRt

0.85% K E/EF /K. 1 X TE Buffer (pH7.6). 1 X
TAE Buffer (pH8.5); RWNMlIZ. JKE. HIIZ(IN
orpral)  BigEEAT IR RHEARAT A R TaKaRa Tag™
DR100AM 4 TaKaRa Aw; 2 X Taq PCR MasterMix
KT201 RRAMEHHE L) T RAF; Primer EU27F,
1492R. ITS1. ITS4 [ Invitrogen A,

DZKW-4 H-FEfEK R dbatdh X%k 2 A
S1000™ Thermal Cycler PCR Jx % {% . Universal Hood 11 #
% % 4. DCODE Universal Mutation Detection
System™ il ALK R4 5[ Bio-Rad A #H] .

12 Rt

PR EC R (PCA) B R BE 2 g 28 b Itk 21 J1H 5
TG (VRBA) B FEIE0 by 4 5577359, PDA f1 PDB
BrgRkno,

13 ik
131 BRI AL 5 5%

H4 547 (300 £ 0.1)g BHHE [¥) 500mL He A A FH L A FiE
FOWZ R ACE H, T+ 80°CHEIL /KA 30min FIRIE A 21 LA
UL S o T 20, ) M 0B rh R AR A . 5 I
RACFRA . L BORCEE 35) 73 B NTJC B PE 48(% 159/ 4¥) .
132 b ERBRE AT E

S 1. 7. 14, 20, 40, 60. 120 R&HL 3 4%
PO FRBRE, AR 1 ORI 3 SR VE I R AL EE A
T A N NEEASFRE 10g BB, i\ 90mL 0.85% K
BAEFER/K, 180r/min 4&R4% 30min, il 10 £5 76 B
Wi, JERBEEAGBE A 100 f5 A1 1000 3% Y BE B B W .
BTE B KWW BB B AR B B S
W SCHR[7-9]

133 AL BEBOROE GAE DR S o Hr
1331  TAE s E SR 4] DNA HH

R TR T T 25 B PO SEE 6 I BT 9 I B 45 R, JEBE N
PALFRBMGE S 1. 20, 60, 120 KR 7% S H00 &
PR BRI R TR, R Al ST AR R T R RS
7%, WL 1.5mL FEFRBCR H B R 1K) CTAB VAR I R 4
DNA 1E R J54: PCR [ MW AR o
1332  ZH# 16S rDNA #5144

TEH 411 16S rDNA il H 514 Eu27F (5’ -GAG AGT
TTG ATC CTG GCT CAG-3')#11492R (5' -CTA CGG CTA
CCT TGT TAC GA-3")if 479 4. PCR Jx A& Z (50 uL):
10 X PCR Buffer 5uL, 2.5mmol/L dNTP 4uL, 25mmol/L
MgCl: 4uL, Tag DNA KRG 0.25uL, 5% 1uL,
ddH.0 30.75uL, i DNA 4uL. KNVFEE: 94°C 5min;
94°C 60s, 50°C 60s, 72°C 90s, 30 AMEH; 72°C 10mint®,
P P= Y 1% B B L PRSI0
1333 R ITS 59 4

IS 1#ITS] (5-TCC GTA GGT GAA CCT GCG G-3)
HMIITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3). PCR 2.
MNAKZ(50uL): 10 X PCR Buffer 5uL, 2.5mmol/L dNTP
4uL, 25mmol/L MgCl: 3uL, Tag DNA 4 0.25uL,
S 1uLl, ddH20 31.75uL, #ik DNA 4ul. &
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M F£R5: 95°C 5min; 95°C 60s, 55°C 60s, 72°C 90s,
30 MIEHN; 72°C 10min. 34 =P H] 1% SIEHE EpicR .
1334  PCR-DGGE/r Mol # vk

TE 55 120 RIS f B Ak 10 5 R R, X 1.5mL
13 500r/min &0 2min, BX_E35 ¥ 10000r/min 2.0 5min,
WCAE T IE 2 0 B CTAB VAR 22 3 4] DNA.

K H Nested PCR 5. 56 EU27F F1 1492R 33441
I 16S IDNA, [ WAL 1.3.3.2 1. 4R )5 I GC clamp
(CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA
CGG GGG G)(3i FH 514GC-338f (5'-GC clamp-ACT CCT
ACG GGA GGC AGC AG-3 ")#i1518r (5 ' -ATT ACC GCG
GCT GCT GG-3'), 4[4 PCR¥ 1 16S rDNA V3 X,
VTR : 94°C 5min; 94°C 30s, 60~55C 30s (&4
PEIRBEAK 0.5°C), 72°C 30s, 10 MEFF; 94°C 30s, 55°C
30s, 72°C 30s, 25 ME¥F; 72°C 10minisl, PCR %
A Z I J(50uL): 2 X Taq PCR MasterMix 25ul, 5l
Y& 1ul, ddH.0 19uL, ikt DNA 4uL. 16S rDNA
TG 1% SR RE UK A ; 16S rDNA V3 X414
PP 2% BhNE R L KA

4l 16S rDNA V3 [X PCR 7=#) DGGE Hiik. Yett K &
B2 30R[5] . DIRRIRIARER M4, I 40uL TE
Buffer 4 CEIR, B i M, HAE GC clamp 1)
5|4 338f 1 518r FE X 14 16S IDNA V3 IX, [ NFEREH
b, RIAZ(EOuL): 10 X PCRBuffer5ul, 2.5mmol/L dNTP
4ul, 25mmol/L MgCl. 4pL, Tag DNA ZE&HE0.5uL, 5
W& 1uL, ddH:0 29.5uL, Hitk DNA 5uL.

1335 Fe 540

PCR 74l 5 J5 #£42 NCBI (http://www.ncbi.nlm.nih.
gov/)it 4T Blast #HEUFHII R, FFT GenBank 3R13)F 41
k5 (Accession No.).
14 et o

1 F Excel 2003 SP3 F1 SPSS Statistics 19.0 #AF 74T
i M. AT ANOVA 70 i A= ) B0 AR A0 22 55 Wk
E N

2 HRESW

21 PUREBRCE AP S R

BRAUE O A P F I R B BT, AbEE
SERN A B iR 57°C o AACBERT G Kb ot i rp ok
UG 1) R VR i B A A TP 1o BAA R I MU 1RV S B
(5.25 £ 0.05)(Ig(CFU/g)) k% 4 (4.06 + 0.03) (Ig(CFU/g)), it
B 80°C #Aukb 3 30min A R K T BRI 90% (1A
Yo BT B BUE RN B S 55 7 R IA B 5 A 1 B KA
(444 £ 0.04) (Ig(CFU/g)), HHLEZE 1 33880 14 0.4 (Ig(CFU/g))
(P < 0.05). Ixn] e KA #AAbPE 5 AT PRI AL BRARAN S
W, HAE M HERL, AT 35T BOROE b ik B R

A A o F A A B A BRARCE rh i A 0 Bl ™ A T A
ATHE G, NS T A K IG5, R
TR S 7~40 R YERFE—E KT, HEMEE 60 K
FFUf TR, 455 120 KA H(2.94 £ 0.10) (Ig(CFU/g)), #
o 1 K NI T 1.12 (Ig(CFUIg)) (P << 0.05). Hv& s BAEN”
G I T B, RTREE TR E A T O Rl A7
T {HAE AT K57 "(viable but non-culturable, VBNC)MIRZ .

U7, AR PR AR T B 72CFU/g B
AN E A Y, W R A BRGSO T T AT R K AR
HI 51T A 2 B Ak 2R TR SRR v B bR e AR 2D, R
PR T BE AN R T R T RE VR E, AN A AR BB 3
s Ik R T I T O RRT

KRR PR BT IS B RAS P2 R S Aol AT
L FRAENY/T 1070 — 2006 (BHHGE ) .

551 a
50
45F c
4.0F
35}
3.0f
2.5

% M4 (Ig(CFU/g))

0 1 7 14 20 40 60 120

] /d

AN F AR TR 25 5 i (P < 0.05).
Bl 1 Hsh B BORUE GRS AR P B B R
Fig.1 Total bacterial count in chili sauce before and after heat
treatment

22 FAKC PSS T (K 20 e

F1  HHEBEAE 16S rDNA JFFI5HT
Table 1 16S rDNA sequence analysis of bacteria isolated from chili
sauce

HHABL R
(FHEFRT)
Bacillus pumilus MTCC 7514 (HQ124006) 99
Bacillus subtilis subsp. subtilis
B2 JF338809 100
CICC 10076 (GQ375227)
B5 JF338810 Bacillus licheniformis strain dhs-55 (GQ903333) 99

B6 JF338811 Bacillus subtilis CICC 10023 (GU980947) 99

Hibk Pl
G R
Bl JF338808

AHABLRE 1%

Bacillus amyloliquefaciens strain
B8 JF338812 99
EXWB3-03 (EU334107)

B11 JF338813 Bacillus pumilus MTCC 7514 (HQ124006) 99

M FA A AR oy B Al A4S 2 6 RR TS R AN A
16S rDNA %45 IR 1. Al LLEH, M FAb P B
Fa b oy B T B IR 40 R 40 ZF kT 1R JE (Bacillus sp.),
HEM AT g2 1T Bacillus sp. 41 B 7] T B 2 78 M iy 266 1
AL F, MK EA7IG . Bacillus sp. 41 B ] fg
SEIRBE R, R B A — i R R R . A
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FUERHY, 2R Y SR I it b - 22 Bacillus subtilis,
Jf H. Bacillus subtilis #1 Bacillus amyloliquefaciens m] ;=
A B BRI SR AT, s AEERa N H
SRR IR (R B L e R 43 59 43 21— KK Bacillus subtilis (L4),
T R A RN TR R i R A K R FBE R G . ik
U UG N A N R (SN R P e el e |
1 MREEBER FL. 2 1TS FAI TR, F1 5 Bfk
Rhodotorula mucilaginosa PYCC 4349 (AF444584) 1114
% 100%, FAHRAT GenBank Jf 3575 % 5% 5 JF338814.
HEMBHE ) Rhodotorula mucilaginosa ] B8k B F it
RLBHRE . AL LA AL A4, Bacillus sp. 40 b 4 # b 3
BN RAEAAENAAERE)), HBEAT IR i EH
Petgr, HABAMBUE TR, H2, AR
) PCA B5 R FE RIS 2 4 F(37°C L 48h., JRIR&) HiEH
W w A, XTEFRERER, AKEREEK
S A SR T (R Al B R RE VR I RS R . kA, R
WFAER, B MCAED AN ] BE AL T VBNC R, R
AR A BE ) S 0, R R Rk — 20 56 UF A
Frth o XL AL TR B A R A R
2.3 BURCE L R4 R PCR-DGGE 73 #t

5 120 RN HUBUE 4N B V% PCR-DGGE fir 8814 I
K2, DGGE &t &M FLixt, Falsedi & 2.

a~g. H Quantity One % {1:(4.6.9 i) 7 A Al Hi 1)
DGGE fREUEE A4 ; ALPEERE A 30%~60%.
B2 JRRes B E 4 B A ¥F DGGE 4Rl
Fig.2 PCR-DGGE fingerprint of V3 region of 16S rDNA of bacteria
isolated from chili sauce at day 120 of storage

K2 F 120 REMEMERIE DGGE £ HLX 447
Table 2 Identification of DGGE bands of bacteria isolated from chili
sauce at day 120 of storage

DGGE ¥4 AR B A FAAL

G By (GRIE=35)) ¥ 1%
a JF345247 Pediococcus acidilactici strain MS200 (HQ315859) 100
c JF345248  Lactobacillus brevis strain NWL64 (HQ293087) 100
d JF345249 Pediococcus pentosaceus strain PP (HQ286591) 100
e JF345250 Lactobacillus sp. FS1111 (AB023837) 99
f JF345251 Lactobacillus acidipiscis NBRC 102163 (AB326356) 100
g JF345252 Bacillus cereus strain HB-0507 (GQ487537) 99

HHER 2 ATAN, BRI J 2% 55 58 120 KB [ 41 s #
7% 1% 4 3. # i (Pediococcus sp. il Lactobacillus sp.).
FL IR 1 0] BT T BRARCE 1 Bk ke KUK T BB — 8 [ 5%
W, T B AR p H AR AR BRS04 A T R AR
K. #4414, Lactobacillus brevis /& [44R kK % b
S RIL A, Lactobacillus acidipiscis N 5 7E 7% [+
SRR BT, T4 RS Y Bacillus cereus NI E
AV AE 1 BB T S B0t

55N B b o) B IR I Al e S A AL,
DGGE Klif% & 4 rARR M @ MR 2 . X—J7 1
A] e F T 70 A B BURCE  Bacillus sp. 4l 4 14k
TOLAHAT, 755 BT FE il T Pediococcus sp.
Fi Lactobacillus sp.4H g 2E K, SO R SRk A5 IR b 2l 5
FEWAR; 53— AL T A8 /& 1 T Pediococcus sp. Al
Lactobacillus sp. 4l B 75 #u b B BRCE Ak T 28T 52
VBNCRZS MM Jo kil ik 5578340l A Al i PCR-DGGE
WA ETHREH . AU Y, HTH3ETF DNA
(1) PCR-DGGE ] RE K JE 4l Ji i A 7RI 7 AE 1R 22, 1) IRNA
F A e A ) AR A BB A O, BT LR T RNA )2 #r
D3 VE TG BE T BRI OC T AR WD T A0 5 A TR I
FH15 . Han Yanging 20905 Lk T 25T rDNA Fil rRNA 1)
PCR-DGGE £, %W.7x RNA-DGGE i FLA7 # m itk
W2 R

A —TJ71H, AW DGGE Kl i A EL 1 4
iy, £4%5E K Bacillus sp.4i i (Bacillus cereus, AH1L
BE99%), ZAEME/NTEFRIE, Xl Re & W T8 A A
5514 338 A1 518r ¥ 4% 16S rDNA V3 X % F-##iH Bacillus
Sp. A B ARSI R BB A v, B A A AT — R R
Kim 200 75 b il 7 16S rDNA 46 2 5 3 n—%¢
WEHME PCR (514 pB F1 1492R), 4R Jriidk [ 514 Ec1055 Al
GC-Ec1392 1 16S rDNA V9 [X, JH+ DGGE 4§55
M Bacillus sp. 4w, BfF 7RIS

3 & #

ARSI A B FRVE AR 7775 (PCR-DGGE)WF 5T T 4
A ARG I TR B A, SRR, ARk B X R
PO A AR R B T — 0 R, K T BRGE
90% LA LBk A ds R, HAd BRBRRUK ) S e 5k B
AR (i Bacillus cereus) 434k B AW 7E 1 205 M A EUR
PE, AR B 1) 2 FOA B A e S0 A 0 S K BRORUE 1) B
2.

A FH A 5 1) 55 SR VR A RS v e, AR
B R IL A L BRI, PT fE S SOU AR (L 2F AR AT 1)
FERI P K E AR oAk, BRSSP mT BEAE Sk B S
AR J) VBNC RS LB 5 78k, X Al 5
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FEVFRI N G RAEEA 210 17 dERF 7775 (PCR-DGGE) ki
TR SRR B A, IR T B R I R i
I FLIR W . Dk, At g b sl B 370,
B 977:(PCR-DGGE) 51 FRIA M & N, RefS BT n4x1i
b S5z B YR A M 00 BB T (R A A R S, ATk B
1 00 BT ) Bt K g R R R A A
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