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Abstract: In this study, the physicochemical properties and microbial profile of traditionally fermented sourdough for Chinese steamed
bread were examined. Six samples of sourdough were collected from northern China. Acidity and colony counts were measured. After isolation,
purification, and preliminary screening, 75 strains of bacteria and 60 strains of yeasts were obtained and identified by DNA sequencing. The pH
was between 3.73 and 5.46 and total titratable acid (TTA) values ranged from 8.3 to 19.8 mL. In all the samples, the number oflactic acid
bacteria (LAB) and yeasts ranged from 8.35#0.07 to 9.7540.12 Log cfu/g and 6.3140.22 to 8.6840.04 Log cfu/g, respectively. Eight LAB
species, including. Lactobacillus  brevis, L. plantarum, and L. sanfranciscensis, and six other bacterial species, including
Bacillusamyloliquefaciens, Bacilluslicheniformis, and three species of Acetobacter, were identified. Among the four identified yeasts, the
dominant species was Saccharomyces cerevisiae. The results indicate that Chinese traditional starter cultures for flour-based food are complex
bacterial floras dominated by LAB and yeast, in addition to several other microorganisms, including Bacillus spp., Acetobacter spp., and even
pathogenic bacteria. Differences:in microbial species compaositions among LAB and yeasts in samples from different areas were identified by
comparingspecies distributionsin different sourdough samples.

Key words: sourdough; elucidation of microbial florastructure; 16S/26S rDNA sequencing; biodiversity; phylogenetic tree

I A G0 1) T £ e PRI S AUL T Y 7 A e v L P e &M, BAE AR P, kel 80 44X, I
(RIRRIH 4], EFRE gl “im”, “BE 77 “TH FEPET BRI NI, IR (5, A&

WHE I HA: 2014-04-17 RIEFNZEH AR, (H B2 IAEAE IR 2 HiX JUH A&
£EWE: EREANFESANAE (31371826) RHBIX, ATHSR A o) 8 skss =, R4
feEEn: NEAK (1989 , B, EiEEt, WREE: GEEAS R B g kit iU L. FEH RN, TR TR
EEE: @EK (19570 , B, B+, 2%, WosmE: AREWEA BEN B GFPORIE, 5 AR50 R 7 TR R A 5% R I AH
REBTR b, REEIINE SRR BSAME, SRR

114



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

JRAIK, HZEMEREZER, Mithg K s DARERE
MIFLIRE (lactic acid bacteria, LAB) A BIK) ZFhi
AN, TR B SRR A MR AR, P RIEAT
A R e, P REERE, REREE,
DRI T AT P TR B R T A BRI R = AR K i
Sk, AR, T EEER LR R R T
B, o e, AR BRI A XU
B AN, LR B2 AT ot 22 B T DL AE SR THIfi]
2k, AR P AT LA R A T A A
A, IERKAESL . THEAR RGBT 55 . X LeHR 2
B — I REA Bl KR, AT SR A 458 T 2 AT 57
FERIEL. BFEEMAZMNMINERZ. Hi, H
TG R EHEIRE AR K, HOZHERZE. A
ZR0 SER A, 3 R e R AR E . T HL,
FE48 RIFFIK 20 FL IR %, 23 i A B XA 7=,
AR, PR RS A — e E R R A,
1M AR AR AL 4R 28 b TR BRI AR 1, 2
WS T AR RIS SO TG AT M AT SR IR I
PAH

Pa7 EZCHRR A &R 7L HER A, F
Jidfedt T A E R maE Ttk Mz T, 3K
X & K IEFIM B R D e, Hap, R4
X G IR AR TOIRIE AL, R IR FRI 2% T 2 e
R, LR EMELES SRS, wsh =0 BRI 4k B
PLER B 7E. Tk HOF RIR AW TR etk - & 1)
a5, AR TOWARAE 7, ORIIE B i 224 IR Al A
AESEE B LAERSERE BB 6R BB K
& 20 AR AR AT B LR TR DA S L Ath 2 P AT
ToEs. Atk 5%E, #—2 TER EfL GOk R
LA RENAFLE DR, N EEE T S e
WIAH ELA'E R R el BRI (AR P ) A LB B kAt

1 RS

1.1 R 344k

111 H&mkiR

MELEESK A F R HX WSER T/ % et £k
7, AR BTSSR, BT R T
JEEFE R ZREEMN . BRI E Tk
a4 CIRAEEH
112 EHRAR EZKF

YPD K75 Q0 it , 2% H [k, 1%FERHE,
BRI 2% ik ). WL 355225051, SDB % 75 56
4= B R RS A (LFE 0.3%, SEE W 1%, NaCl
0.5%, ek 2%, pH7.2~7.4). MRS F-IE, Kl

WEEIR A RA R ML7 55, 5S4
ARARAF]; Axygen A 5 4 DNA $2 GG &
B Z A VARG PR A =) FEIZH DNA Pl
FARFIE (BERD, FIA TAEM TR FRA A ;
DNA R& T/, AWM TR KiE) ARAF.
113 Z&Z/H

YOQX- T BURSERE T2 40,  LilgHr i BT s il i
HBRAF; Powerpac Basic k1%, ALS-1296 PCR 1%,
BioRad A= i < 277 it BRA 75 BA1TR & R L,
74 [F] Eppendorf 2 &]; PB-10 ! pH i1, 7%[F Sartorius
A 7); ChamGel 5000 BEIMUGAL AL R ENERHE
AIRAH .

1.2 R¥®F =

121 BaRRES5EEL S0
1.211 pH1ES Al e FE (Titratable Acidity, TTA)
(I 2
FREX 10 g BRTH AR, IMNE] 90 mL 7818 /K,

s e gt 100 min Z R BIRE 5L R e 4 B
TF o AR B TR 2B R ) pH E, RUNERTHEIFE
it I pHAEL . LA0.2 mol/L 1) NaOH ¥ ¥ & 1% kil i
2 pH{E N 8.5 I, FriHAER NaOH AR (mL) R
RAZ BRI RS S TTAE . B FES AT I E 3K
1.2.1.2 ARV S E

To W 25 IR BRI AR 5 g, IIAE] 45 mL
KEEREF K (0.85%, mV) H, I KE Rk
BRI 2R RIS STEE, B 1 mL BRI 10 £
PEERRE AR 107, FERETEMITHECR PR R AV, B
BERE 104~10°, &FANFREE L 100 pL MRy S04
T YPD i dk b, 28 ‘CH55% 48 h 5 il AT 114, AR
ITHEBCR A A, BUBREE 10°~107, F/ MR L
B 1 mL iR o B I, 8]\ SDB ks 77 54 7R
A1, T30 ‘CRIREH:;F: 48 h~72 h JGit 3. B4R E
=47
1.2.2 JLBRHA 695 B il

FE MR T AR V& TG A . HORR B
105~107, MEEAMER FEVREL 100 pl #F SRR BRI 50
i T MRS, M17 #1SDB —Fi A A5 754k |, 7AlfE
37 C. H% (MRS, M17) 130 C. K& (MRS,
M17, SDB) Fifliks7R2&F T 48 h~72 h. JEILAIE T
Wl e (BTEHEUE 30~300 208D, HhikBEIFLIR b
10~15 fk, BEFPEIAHN (AR 7R 0E b, 1E LIRS
R 24 h R T RIZ4lith, & 3-5 Ralifufa 35 4l
BITR o WA B Al R =PI A T i S8 S A A 22
R th, JFBRIER. Bl LSl tE, HAE2K

115



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

Yt BEYE B ARV AN LRI s 2, Bk %% f5
PRI FLA MRS K FUA AR REsl AR PP A TR o
1.2.3 SLERE 694 K

PRI AR A BRI 25 R, FLIR B o AEAR
B /ANFEARANERAR s X6 T AR HRANE /AT R B AR B I 7
15 CAHI45 CHIPAKRE T /04 XHTERIRE,
HR 5 FLAE pH 9.6 AT 6.5% NaCl 514 T (4 K it 4T
I3 4.
1.2.4 BEEE AL tbm B 6y 55 sl

EPERRRE 103~10°, RFANBARENHEY 100 pL FEf
RIS SN AT YPD 5 AR B R R 77
5, AfE28 C. 37 CHAFTREFE 480 5, NAIE
(IFRRE (I TEEE 30~300 i) Pk BeREaAn4H
B, o, BN PREERE R 10~15Fk, 4R
MR PR ARG PRIE o B fe e P R, VR AR 77
Ferb, FHFEREE 260F TH5 9% 48h JE Rk 2litk, R1148 3~5
URARAT Al P T B AN 2 B BT
125 BHERE WLEAREM S £

P IRAF I il B Ak 2P T WL BfiR B3
K&, 28 CHiFR 5~7d J5, WRIBREENBE ST
W2, E56 SCHRRGERT P E I BRI .
1.2.6 DNA #¥ 5 PCR

AR 55 6 P e B 5 7 ol R L P R ) AR 4 D
FER 41 DNA, HiE47 PCR 3. Hd PCR ) R
ZoN: 10>buffer (Mg?") 5.0 pl, dNTPs (2.5 mM)
4.0 WL, 1E. JRIAI5I¥% 3 W, ExTag DNATE &1 (5
U/PL) 0.25 b, DNAEHR 2 oy F GBS 25 55 F 2K b
FE 50 pL. Hob, EERERE YRS Y08 NLL:
GCATATCAATAAGCGGAGGAAAAG, NL4: GGTCC
GTGTTTCAAGACGG;  FLI 1 AN HAha i i 4 185 51
¥1h 165 rDNAE ] 514 27F F1 1492R. E#EEE DNA
1) PCR 440 Ne 94 CTAZPESmin;  94°CAF 14 30
S, 55 CiB:k 30S, 72 C#EfH 60 S, 30 MEH; 72 °C
R SEMH 10 min. 4HEE DNA Y PCR %44 : 94 CTil
AP 5 min; 94 TRt 30S, 56 ‘CiBk30S, 72 C
M 60S, 30 MEH; 72 CALEAH 10 min.
1.2.7  FFAGAE E I w46 5 DNA W) 5 2 %
GRF A I

PCR F=#)% 0.8% (mN ) Bt bt Bk Al J
% bR YR BRA R . 5% NCBI £l
| TGS | RS <1 5 71 B A o o P S E W 2
MEGAG6.05 #4745 #r, KM Neighbor-Joining
AT RAGRKE i, M .
1.2.8 HAEG T AT

116

1% T A R R ) 5 TR e ) s e
Microsoft Excel 2010 AT dE 704, 45 HHFH41H +
SD {H#or. SLIGZH 2 (8] (2% 5 F ANOVA #4740 4T
L, P<0.05 WZE i3, P<0.01 Nzt .

2 #ER5TL

21 BWHA®RELEEITHLER

x 1 BRERAFRBRESEZEITHER
Table 1 The acidity and results of enumeration of LAB and
yeasts of the sourdough‘samples
) % #4k/(Log cfulg)

H&m5 Rk pH  TTAI(L0'mL/g

iz =) JLBR

SX WL 3.774).01 17.7740.20 7.8640.05 8.56+0.08
AH  2%3.8740.02 13.5540).08 7.49#40.05 8.5040.05

TA L %#3.7340.03 13.134).16 7.8540.07 9.5740.06

XA £93.884).03 17.2740.08 = 7.8140.03 9.5340.01

HN A #5.4640.01 8.3040.13 8.68+40.04 8.354).07

HB  3t4.0340.04 19.8040.05 6.3140.22 9.7540.12

T TH PR 1 1 T P 00 RO P 2t LR 1
T A BRI pHAE AL T 3.73~5.46 2 [A], TTATE 8.3~19.8
ZAR], AR P, 5] A CURIE Y R T [
FEF A28, Hodr, R pHE TTAE S
FARERAEZEROR, pH fHEm, TTA HRK. 76
(1) 5t R A AT R e i AT H AR A, Ferr 4 A
P8 S AERE I AF B RE R R, SRR PR
FARFENM pH EAHZEA KR, (AABZE, TTAEE
SIAFR ML AR pH ERE, WHEE
TN AR, B TTA {HE B35 & T ke i
(P<0.01); PEAES, 51l ARE i, 22 B0RE S B
mm i pHAE YA B3 255 (P>0.05), 1H TTA Z[E] 4]
HHEZFMZESR (P<0.01), FWXFEHEEANER
(A RAS RO ], 3T A 54 S BT B3 7 Rl A
YIRS A R A 2 . IERUN, BRI R
R SR AR HL Y 100:1, R R RTHI 1A 345
R R MR EEE RE, B I A5
108~108cfulg, TMFLERER VA& BUL B 10°~10° cfulg, 5
KLZBIE LSRR 78, NS FENRE, R
Ly ZR 0 [ 7 PRI ot LG R R I R A 1 1) B A 4z o
100: 1, JA[AbA rhpL R S RETR 1) E A Ak ik
7 1000:1, T L A2 FORE b IR EIAS B 1011, TR
FCAE BT LU, IR AR PR R S E R 2 T
R P A . X BRI, AL X R S AR
PIFLER B, AR IFLERE SR RER A AR




M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

Al E P R AR A, DRl AT A A 2
22 JBREW L BHENGER

20y BAlAL S A2 Rt 2, i AR AL G 56
Ja, 153 THMRE 176 ¥k, HAFTH 168 £k, BR1F 8
Fko MRS KAE JE TR 201 176 PRFLER

P& B o 2 0L, BRSO Y 10~ 12 PR LR kA T
16S rDNA M7 %55E Sk L T 65 PR $2H0X 65 P
FLIR K ZH DNA, FELA AR 315 16S rDNA,
SRR (B D, $ 36 2% K24 1600 bp.
PCR =45 45 5 7E NCBI Hiff AT Eoxt, HHE R4
REW (E2),

B9 A (GR 2) . RIS IR SRR, JF4a L
®2 IBREARBES A
Table 2 Phenotypic grouping of LAB

%
e [ Il 11 v \4 VI ult Vil X
(=100 (n=3) (n=47) (n=107) (n=2) (n=45) (=D  (n=2)“ ~(n=5)

2 AF A AF AT 44T #EAF % E2S EES
KRS

15C - - + + - + n.d. n.d. n.d.

45C - + - + - + n.d. n.d. n.d.

pH 9.6 n.d. n.d. n.d. n.d. n.d. n.d. - + +
6.5%NaCl n.d. n.d. n.d. n.d. n.d. n.d. - - +

A FRTUMBBREK, RFARNRBEAREK, ndZAFARRE, n&THELGHE R

750 bp
500 bp

250 bp

100 bp

1 EBHFLELE 16S rDNA | PCR #3874
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Fig.5 Phylogenetic tree of the yeast strains according to 26S
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AR R YR A, R PE R,
H & 0 LA PR Ve I L4 0) FRUE KD, DR UE R 20
DNUFEREESY, R TR DA WAE R A, 0 BEST R B
A A AR YE SR B . BRI LN, RO M
T KRR 2 Tk, B BRI A, BRa: B R
B4k, Candida humilis. 5% B 5o G B RE AN F13E 52
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Fig.6 Phylogenetic tree of the non-LAB strainsaccording to 16S

rDNAsequences
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B¢ Lactobacillus plantarum 4 % 3L BR & AS [/
Lactobacillus sanfranciscensis 7E7] JbA% 5 = S b
fr, HEARKWATPFEE. Lactobacillus sanfrancis
censis J& TRRIMAIEAG B, F BRI, A A
PR E S BT, FEPE 7 BRI A1+ 47556 B2 A
., Candida humilis % 5 Lactobacillus sanfranciscensis
P RIAEAE, EARPEVERE R L T Lactobacillus
sanfranciscensis, %1 & ¥ Candida humilis, 7] f&/2 4]
NERVERE SR Lactobacillus plantarum R34, ToiERIE
Candida humilis 4= K75 Z20 % BE.  BEPEAEM ThR I
T4 PR, AFEMURILT i Lactobacillus
mindensis, FRP R H HME— EERE, AR I
HAhAmE . I EF 2 B, Saccharomyces cerevisiae
SAiE), AEET T FEA ;s Lactobacillus brevis Al
Lactobacillus plantarum 7€ 67% (44> HIFES FRk &
W, HHHEFRNAETIRE RS, 1%
HAEHILMME s T HAMARE MW HAS . B.
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amyloliquefaciens 1 B. licheniformis [F] B /£ ZE T3k
AR PRE e, B. amyloliquefaciens WU B AE T 1L
AR it 3K PR A 240 ] R T A v E I AR R
FAh SE P IR PR AR AR, R ANAE —Fie
ORI e RN, FRIFE A4 T AR AR B
W BE ML IR I 500 7% e R AR A — B,
Z B EIR AN LER, P87 BRI RIS AT LA
A THIF Fo At 455 1B R IR B R AT O .
4 T[E1 & BEIHE R P AT B A SR R R B B B A
Table 4 Distribution of LAB and yeasts species in the

sourdough samples

# e KR

A &
Mk BE LE T LR 2R

LB
Lactobacillus brevis + + + o+
Lactobacillus plantarum + + + +

Lactobacillus sanfranciscensis  + +

Lactobacillus crustorum + +
Pediococcus pentosaceus +

Lactobacillus paralimentarius  + +

Lactobacillus mindensis +
Enterococcus faecium +
BAH
Saccharomyces cerevisiae  + + + + + 0+
Candida humilis +
Wickerhamomy ces anomalus +
Saccharomycopsis fibuligera +
A imE
B. amyloliquefaciens + + +
B. licheniformis + +
M. luteus +
A. tropicalis +
A. pasteurianus +
A. orleanensis +
E: RS SE T R IEF
3 Z5ig

T I X7 A BT B TR o PRI P i AR Ak
AW FebR AT IR ST R, R THI RE i A BRI
PH BRI i () B P AL, G P A7 A R DA L 1A
AEERFR N, H FZORFLERT b E AR BE, A
[ AV FR) TR T AT BT A2 T Ko o R ) 4 Ry 57 B
AT E, RIL 8 MIALME, I #
(Lactobacillus brevis). tH#) 7.4 (Lactobacillus
plantarum ) . IH & (I # FF ( Lactobacillus
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sanfranciscensis ) . T 9 F T ( Lactobacillus
crustorum). [KEF BRI (Pediococcus pentosaceus)
KA mFLATE (Lactobacillus paralimentarius). B &
A ( Lactobacillus mindensis ) . 3% iz Bk
(Enterococcus faecium), MEEM 340 L&, I
B S5 FAT RO ER . K 4 R EEE, 50 )
N ER P B% B} ( Saccharomyces cerevisiae ). Candida
humilis . 5 % & e I 48 5% £F - ( Wickerhamomyces
anomalus, PR 5 5 BRI BED L H09E B B B
( Saccharomycopsis fibuligera ), R E% £ 2 10 34
By 6 MOHARAHET, 5wl N fFTE B 2F 0T B (B.
amyloliquefaciens), HiAKZFfAF B (B. licheniformis),
FETER T (M. luteus), #AiliEfREE (A. tropicalis),
ERESRE AT 8 (A. pasteurianus), PR 2EEFT T (A.
orleanensis). A% G T A%, ANIE] FORF: St Ak
AW A AN SAR AT, & B i 03 [RIE A T T
PRea A, TR, A T ot R B XU 1R XA
G R TR AT BRI AMURIR A FEH K TR 1)
HIPEocE, R ORI o2 Al R, (A
REFHES BRI, SCUfEgGE B T, bRk
WA = B8 e Akl
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