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4 58 4L X HUE & B B R & R R M IR 2 Tl
Pl k' HIE ERR EEE BV o AR

(W) K% B2 58 %8, I RA8,610065) 2(EFESEBE TREATR F.O, W ¥5H,645000)
3Pk HEBEERERTRLRE, M) B#,610065) 4(RAFWARDARAF, W HLA,611741)

# E #% 7 B A% KA % (phosphoric acid fatty acids, PLFAs) R % & B 4 R K B - $ 4% £ % K % 3 (pol-
ymerase chain reaction-denaturing gradient gel electrophoresis, PCR-DGGE) £ A #F 4 #f 4 4y 58 1t X ® WABRESH
HELKAE, FEXN, BEABEREN R AW EEF K A TRANESE AEANERREAS
RFE,EBESHURRLPELRE ¥ BLB T Y Candida versatilis BURB T REL L HE S KBHE Zy-
gosaacharomyce rouxii W AT K ; £ 8 F B AR E T MK L Tetragenoccus 1 Zygosaacharomyces ¥ £ Wy th 3 8 & 4 4
B FIot % A% % WA R & Teragenoceus halophilus 3t Vagococcus RH B B WM ko BRAREF, FH &
HFREFBHER(TA) ERFRS)MAXAZAA(FN) S5 M A2 R, TREATANERRAIABRT
B, E4 HREABAMEREERULEL L2 ER B T28.46% ., ZAXRBFTBLABAMARENRESE
BB AL AMENBALBAERLABO AR - EHEREA,

K@ MAENHE EEENEL ML % A R (phosphoric acid fatty acids, PLFAs) ; X & 8 # & K pi-%
¥ # % K W 3%k (polymerase chain reaction-denaturing gradient gel electrophoresis, PCR-DGGE)

BiHL ( Capsicum annum L. ) R7EBVEE ENE M
FPEESNMEFLEMEN - FESSEENESR
WY, EBEANERARREERARRFEREH
BR A R . b, B HE LA BRORUR IR S B T
i EL A R ) S B K | S £ 0 R T B 4K 4 TR R
AU AR eE SR T RERERS PSR, B
BEABERERRELETNEETZ  BBA ™4
[ P U5 B B R B AR o B AR T A B R R4 ) X A
EWAMA R RAEERR, B, R . FV
ERATHRESHREE R HR= LEALE
MEARMERS , HEYRICR B AR R —MEE R
BREER, BE R RINE X AR R R BHRE" " T
ITHMBRUARE T =RBAEMEE, R, HHE
A S Rl L b R B B R B 22 S B M SR AT AR
ENSR NTIMEDRE K ERERASERS,
BT LAXE LA N B AT 35 SR B AR T % 3 AL o8 bk B9 4R LB
i T2, AXCMET & T BN ®R
( phosphoric acid fatty acids, PLFAs) & 78 ¥4 86 & 5 &
B, 3k ( denaturing gradient gel electrophoresis, DGGE ) 4

E L AERLHARE(AEFHAR AV ERAEE, E-nail:
zhourqing@ scu. edu. cn) ,

EeTH - EXARELSTE K (31171742) ; W1 & B8 32
#3511 (2014520129)

IR B #9:2015 - 08 — 15, 2 & B #§:2015 - 09 - 11

WHBERVIR T B LB/ Candida versatilis , & KB
Bt Zygosaacharomyce rouxii I ¥g ik VU &% BR B Ter-
ragenoccus halophilus 5 3 Bk 15 4 9 3t 3% XF U 3F S 46
YIBEEHNE AR, ARFRTHERR.AS
AR EAERFEAERRERHATNEL,HR
T F BRI PR FRAR 5L, AL N IR IR AL U A B AR
HITZMRLRERFAELIEN,

1 A#ET%®

1.1 REDEFEREREH
WY . B C. versatilis CGMCC 3790 F1
Z. rouxii CGMCC 3791 ;i 3LMRE T. halophilus CG-
MCC 3792, ALK ESEHRBTHELEREY
B AR #% 5 3 & .0 ( China General Microbiologiocal
Culture Collection Center, CGMCC) .
FhFiEsest. (1) BEE: & 120 g/L NaCl ) YM
B (2) LMW & 90 g/L NaCl i) MRS #5 3¢
#". YM FI MRS #5372 & pH 4 51985 5.0.7.0
F 115 CKE 15 min J5, 53 5 W76 10 89 8 Bk 2 iR
BEhP2~33F, 4RET30+1 CH3T7 £1 CHIE
FAPHEEFEXNEN
1.2 SLWHE
1.2.1 BRHELEHZHE&
FHM (EEL, Hi#,2013 ) 2Pk HB%.
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BUEHMBERE, 2 HBHI>AKFAEY 15%
63% , 5B T. halophilus.C. wversatilis Fl Z. rouxii
WA F Y ERBIBE D, IR ER SR 5.2 x
10" CFU/g (CS4) 4.1 x 10° CFU/g (CS5) 1 5.3 x
10° CFU/g (CS6) , ¥ 5 —#B4r#Hh T. halophilus 4fi
BRY (MBHEKNR 5.2 x10" CFU/g) MR KB E
pHS. 8 AT i, B#EA Z. rouxii Fl C. versatilis 4 5t
FY,FHIEES K 4.8 x 10° CFU/g 1 5. 8 x 10°
CFU/g (CS3), REMAEEMAENBREEA
(CS2), BBl BFHMTEEFERARH AR J,
B 6 dHiHE 1 IK,CS1 hk RBERUIRRE S
1.2.2 miLIireg s

JK 4+ %8 : GB/5009. 3—2010 {8 —8: (HET
#3E) ; NaCl & B 3l £ : GB/T 12457—2008 ; FN f
i % :GB/T 5009,39; TA #9#lj  : GB/T 12456—2008
(LAFL®31) ; RS B3 %2 . GB/T5009. 7—2008 ( H #
BEE) . WWERER(FAA) BRI O # # BUS &
5.00 g, WHEE S5 , 2518 /K €A 2 50 mL, B 10 mL JE¥K,
S mL10% Z=HLMRBEWR, ERHBE2h 5, BL
(10 000 x g,4 C) 10 min, F#E £ 0. 45 mm I8
BHELYHES, HEhEERRMIL(A300, mem-
brace Pure GmbH , 2 ) %l FAA ¥ & &,
1.2.3 BERHEASHM

R B TR 75 - [ A 4 2K BOSAH fB 3-E E u (HS-
SPME-GC-MS) il & ¥ @ B9 #E &t 1" o FRERBR
BREROHEMO0.50 g FTHREMSD , MAHNIFER
FFEBMRT B 10 wL,60 CFH4 15 min, 37 A B A
FH3k (CAR/PDMS,85 wm,supelco, USA) , ZX Y 45
min, RFEHAFEOTHR 3 min, K0 E KA 5
3% & 1 615 4y HP-INNOWAX £ 4% & 3% 4
(30.0 m x0.32 mm x0.25 pm,J&W ,USA) ; B &

FF:40 CA£4% 5 min, L 4 C/min F % 100 C,HLL 6
C/min F+ & 230 C, £ 10 min, £ OB F 250
C;BANBHAAS, WHE 1.0 mL/min; B FH R E
MEELEE 0 230 #1250 C;EI B FHEN
70 eV; R BT E 35 ~400 amu,
1.2.4 PLFAs

B & PLFAs REUHI 41, 2% 30 i
75 B IR BUAE o PLFAs, % W 5% 44 . &35 4 5 HP-
INNOWAX £ 64 (30.0 m x0.32 mm x0.25
wm, J&W USA ) #EHE O B2 AR BE 250 °C L4
0.5 pl, Wik 10: L, BAFEELWE 1.0 mL/
min;;BIEHIE 40 C, 5% 2 min, BLL S C/nin HFE
220 C {2 +F 10 min; i (EI) W H FRER 70 eV; B
FIRBE 230 C ;3 EFE 35 ~400 amu,
1.2.5 PCR-DGGE

FRELS.00 g e BB ERA RE B KRN E LE
f 1A 20 mL PBS (0. 1mol/L,pHS. 0) , & 1 i 25 4
WS, B4 10 min (800 x g,4 C) ,#[F PBS B RITIE
Y12 W ICEM EEEEL (10000 xg,4 C)10 min,
FEEWRUEREA 3 K, EBH 1.5 mL i EP B,
-20 CHREHM. TR R T ERRE
DNA, 2 A7 & (Universal DNA Purification Kit, Tian-
gen Biotech (Beijing) Co. , Ltd. ) 4li{b )5, 3 1 HHiIR
K519, 5B E R TR TR R K PCR, %
L% 3CE'" ™ 4T DGGE 4. YIFI BB REMESK
WoMAE R ddH,0 FE T 4 CHRBHI IR, W E
DNA B A B, & 1% SRR KRN A G , X E
LM THATRIFF 24T, KA %A DNA J¥5]5 NCBI
%) BLAST ( www. ncbi. nlm nih. gov/BLAST) L1 % RDP
CLASSIFIER (http://rdp. cme. msu. edu/index. jsp) ¥

P B P 5 L3RR B R Z R R R ERIF R o

®1 FRASIYMERET

Table 1 Primers used and sequence

Lo =R Bk R FOFI(37)
27¢ 5 -AGAGTTTGATCCTGGCTCAG-3’
B 1492r 5’ -GGCTACCTTGTTACGACTT-3"
L . 357£-GCY 5’ -CGCCCGCCGLECGCEECGCGGCCECGCCEGGGCACGGGGGGCTACGGGAGGCAGCAG-3’
Bt 517r 5’ -ATTACCGCGGCTGCTGG-3’
NL1 5’ -GCATATCAATAAGCGCGGAGGAAAAG-3®
Bk Ni4 5’ -GGTCCGTGTTTCAAGACGG-3’
AE _ NLI1-GC 5’ -CGCCCGCCGLGLGLEGLGGGLEGEGGLGECGGCACCCGCGGGCATATCAATAAGCGCGGAGGAAAAG-3’
ok LS2 5’ -ATTCCCAAACAACTCGACTC-3’

U TFRISEEY GC &,
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2.2.5 HERE

EREHES R E R . E SRS A
4 B BUHE 5 bR o % B (NISTOS ) B %, DT g B K F
800 (H AN 1000) B9 T LA E , R A g RIS
— BB RERRTEREYERN S E, &
REASEEUFHE  RHERE (n=3),

PLFAs % & RSB A0 B 2t R & &% 4 43
EE 5 NISTOS #R#Ei% PR L Xt , LA B AR B B R] 5 37
FAME #5315 (Accustandard , USA) {4 B3 B+ &) A9 HL 382,
His® PLFAs A RAMAR (19:0) B— it B &
HK &R FE S PLFAs & & A nmol/g dw &R,
S% 30E Y BT R 9 )7 th A & PLFAs, B% SCiR '™ 7
FrRF G BEREROAR KNSR, SBLUTFY
B + 4R E (n=3),

DGGE & HEH: 1 3. % DGGE L EEHE R A
ZZSTAT %4 (v2010) HHEHEMEH K ZHEERE

%A SPSS 16.0 # {4 ( SPSS, USA ) i# 17/ [l #¢
&R T8) G R 28 40T, BE B 1T O 1k O K ER BE B A HE ]
2R (FEEF £ 27 Two-way ANOVA,

Duncans test,P <0.05)

=
[=]

POk 4

2.1.1 AT PLFAs s m B A% 2 e T4

SR T 8 F PLFAs BrEEK B 14 ~ 18
28], 4 PLFAs & B K E CSt (4.78 nmol/g) >
CS5 (1.15 nmol/g) > CS3 (1.06 nmol/g) > CS2
(0.79 nmol/g) > CS4 (0.78 nmol/g) > CS6 (0.59
nmol/g) . G EEEFEMA BAEM K E B4
% PLFAs, Hop HEEA R B A PLFA L BIEEH BT &
L5l 43 B 7E 40.33% ~46.09% F127.32% ~44.09% ., H
i i14:0,16: 0 18: 269,11 £ % PLFAs,

WAL EYRMGESREN, 5YHEM LT
B, ABHAEMN G+ CHENERESEAALAZA
BEP<0.05), BABMFEGC+EMEBENLEH,
BRCse s, REREMWEYRBLEBEEER (P<
0.05)(%2), BRABEHHLEYERL .G+ H
R R A EBE., SERKBEMLL C. versatlis
Z. rouxi BMIRILB IS G + M G-HEMEFER,
H C. versatilis (F M EWEIE I, Z. rouxic W AH
R,XAERARE =YL ANREME LIKY
EREUHHESHB HE_ENERERNERREFR
ABI. BT T. halophilu 7= A F YLK M EER,
FHAENEERK, XERNELEHENEHE

2 #RE5H®
BEREAERE.
2.1 WNAEBESHMENRID
2 HREMEYHENR
Table 2 Difference of microbial communities in samples
wEY cs1 cs2 CS3 CS4 (o] CS6
G+ 0.35£0.07°Y 0.19 £0. 03" 0.24 £0.02° 0.19 £0. 02" 0.16 £0.03"™ 0.12 £0.01°
G- 0.014 0. 005° ND ¥ 0. 007 0. 000° 0. 005 0. 003" 0. 004 +0. 002" 0. 003 £0.002"
BAE 0.71 £0.08° 0.34 £0.07* 0.45 +0.03® 0.33 £0. 04" 0.45 0. 15" 0.23 0. 05°
BHHE 0.42 +0.01° 0.22 £0. 06" 0.29 +0. 08" 0.20 £0. 03" 0. 46 +0.05" 0.19 £0.03°
HEE 0.3510.10° 0. 008 £0.001" 0.03 £0.03" 0. 003 0. 000" 0.04 £0.01° 0.002 +£0.001°
ReH 0.38 +0.07° 0.22 +£0. 04" 0.27 0. 05" 0.21 £0. 04" 0.18 £0. 06™ 0.13 £0. 06°
G+/G- 25.00 -4 34.29 38.00 40. 00 40. 00
LA/ LEE 1. 69 1.55 1.55 1.65 0.98 1.21
REHE/FEHE 1.09 27.50 9.00 70. 00 4.50 65. 00

D S RETNEE £ AREE nmol/g dw;? B —iT F R HEFH R R ER B E (Duncan’s test, P<0.05) ;Y ND FRELE ;Y BREHE,

2.1.2 % F PCR-DGGE ¢4 A M H LA HR
4% DGGE EHE (A 1a) BRI R TE R
XU, HRREEME S A HEEW D, D B M, 3
L& BEWIfE D F5 50/, S 1 H 550 k. HE
PR AR F AR 7 AR, B R AE YRR S
RWIREER,C. versauli FFLEE S 1 H #E1E &
F T. halophilus 1 Z. rouxii, D & U f& 8 3 K (%
3), #% DGGE M ¥ 32 & ¢ i B 8 W #%, CS5

(C. versauli) B—F%, HRHEMB R R 5D —H, L
FEK T 59.60% ,CS2 1 CS6 Ll 32 3 ifii T 46 IR I
%% ,CS3 f1 CS4 [H T. halophilus & 554k, KAV E
AROME T R, SRR FE LR (E 1b) .
il )55 45 5.7 NCBI # RDP CLASSIFIER $ ¥ &
FHUMERRI(ERL) WEY L3 DHAEM(En-
terobacteriaceae . Enterococcaceae I Bacillaceae ), H

Pantoea . Tetragenococcus | Vagococcus , Bacillus #1 Enter-
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Effect of strengthen fermentation on the microbial diversity and the
physicochemical properties of minced chilli ( Capsicum annum)

LIANG Ru', HUANG Jun', ZHANG Li-giang', CUI Rui-ying',
WU chong-de', LIAO Chang-ming’, LI Hong', ZHOU Rong-qing "

1( College of light industry, Textile &Food Engineering, Sichuan University, Chengdu 610065, China)
2(National Research Center of solid-staie Brewing, Luzhou 646000 ; China)
3( National Engineering Laboratory for Clean Technology of Leather Production, Chengdu 610065, China)
4( Chengdu Xin-Hong Wang Food Co. Ltd. ,Chengdu 611741, China)

ABSTRACT In the present research,the changes of the microbial community diversity in the strengthening fermen-
ted minced chilli ( Capsicum annum L. ) were investigated by phospholipid fatty acids (PLFAs) combined with poly-
merase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE). The result showed that total biomass of
bacteria was decreased significantly through high-salt fermentation. The difference of microbial community diversity
and dominant strains was also observed due to the difference of strains inoculated and the strengthening patterns. Total
biomass was increased by Candida versatilis, while that was decreased by Zygosaacharomyces rouxii, and that of the
co-culturing sample, which were mainly composed of Tetragenoccus and Zygosaacharomyces, was increased compared
with natural fermentation. It was worthy to note that Tetragenoccus halophilus showed significant inhibition effect on
Vagococcus. The physiochemical properties of various samples, which were major titratable acidity (TA) , reduce sug-
ar (RS) and free amino nitrogen (FN), were slightly different due to the divergence of microorganisms inoculated.
The influences of strengthening patterns on total content of volatile components were different, especially co-culturing
sample showed the highest augmenter about 28. 46% compared with natural fermentation. The results of this study
suggested that not only the microorganisms but also the strengthen patterns had significant effect on the microbial com-
munity and the quality of minced chilli.

Key words microbial community; co-culturing; volatile compounds; PLFAs; PCR-DGGE
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