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Screening and identification of lactic acid bacteria and yeasts

and its application in fermented rice cake
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HE A AT B S R A B 0 WA 5 KB R R
THSLBR A AEER TR AL TR AHRE S
AR AR A R R AT R 1 R ALE W A 2 hEE
.52 16S rDNA A= 26S rDNA K%, % & A
SUAF # (Lactobacillus plantarum) | 4 ) 1B 4 B F §
(Candida humilis) #= 8% B B4 1§ (Saccharomyces cerevi-
siae) . ¥ 3ARK R A B AR LBE LA T RAAK P @
SRR BEPTAT S S 0 BB e AR A A B AT AT A
RERELBRE L, EREW: S HEY LA E (Lactoba-
cillus plantarum) | B 78 B 4 (Saccharomyces cerevisiae)
Fa 4k ME 2 8 T (Candida humilis) &9 5 Bkl A 1.
IO . TRREAEGBAER A RAKFRERIT. LY
GC-MS o) 2] 29 A28 4B Kok 4y . 3 b 5 7 8 R ZHE
o H A K AR R KL R Al 5 A Rk T
SRAKCE KFE KL T wikIZME 8. L
HHGRADRA 124, b OMABERY R, ZA AL
SRERNEABERBGREE LA BTG R H L LA
TR BN KB AE

KBERLBRE TR R L EGABA; BA
Abstract; In order to obtain starter cultures with good perform-
ance for fermented rice cake, lactic acid bacteria strains and yeast
strains were isolated from traditional fermented rice slurry.
Through the investigation of colonies, morphological characteris-
tics and growth properties one strain of lactic acid bacteria and
two strains of yeasts were screened. According to the 16S rDNA
and 26S rDNA sequence analysis, they were identifided as Lacto-

bacillus plantarum , Candida humilis and Saccharomyces cerevi-
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siae. Remixing three superior fermentation strains in fermented
rice cake, the optimum bacteria ratio was determined by
analyzing the sensory quality and texture characteristics of the
fermented products. The results showed that when the proportion
Saccharomyces cerevisiae and

of actobacillus  plantarum ,

Candida humilis was 1 . 3 . 6, the sensory quality and texture
property of fermented rice cake were the best and 29 kinds of vol-
atile flavor substances were detected by GC-MS. Five kinds of fla-
vor substances were detected together with the commercial rice
cake and the double bacteria compound starter, such as phenylac-
etaldehyde, benzaldehyde, phenylethyl alcohol, tetradecane and
ethyl palmitate. And 12 kinds of unique flavor substances were
detected. Among them, nine of which were esters. The rice cake
produced by the fermentation of the compound starter had better
quality, which was expected to be applied to the fermentation
production of rice cake.

Keywords: lactic acid bacteria; yeast; fermented rice cake; com-

pound starter culture; application
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KE AR AEAL A AL 2R 7 SR AL IR KR
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1.1 #RE5XEE

LT BB RH

1G5 R BEK I R B0 1| 48 e 42 T T 98 X3 9% o O
MBI IR R REAE D 36 5 15

SR | R - W IO )1 4 e T R T

MRS HF2 & A R 10 g 2F N 10 g [F R 6 g,
BEREA M 2 g IR 5 2 ¢, SR 5 g, W45 HE 20 g,
H3E-80 1 mL, MgSO, + 7H,0 0.58 g, MnSO, + 4H,0
0.25 g, 3817k 1 000 mL.pH (6.240.2) , [ 14 5% 35 3
Bifg 15~20 g, BkAR4S 15 g.121 ‘C K& 20 min;

AR AR 130 g, W& K 0.1 2. 718
7K 1000 mL,pH (6.00.2), [ {45 3 5 m i g 15~
20 g,121 “C KB 20 min"'";

BRI BB 2 R AR R e s
W EAEMEARGRTELAF

PCR Jz J# ik 5 \DNA Marker: 4= T /4% T ( F#§)
&0 R A 5

HoA 37 < 43 48, HE 4 T T B AR A ]

112 FEURFER

PCR {¥ :C1000 # , % [E Bio-Rad /3 # ;

B IR0 D-37520 AL, 35 [E Thermo 24l ;

Wik Ay #r AL : TA-XT plus &, 9% [F Stable Micro sys-
tems A A ;

SR 3 3 6O X 7890A-5975C M, 3%
Agilent 2y #] .

L2 A%
1.2.1 TR BRI %

(1) 4388 BOK JE AR i 3047 B0 B2 70 B OF 43 ik A
MRS 85 75 M2 2F 1 R 92 46, MRS 8537 3L F 37 C(F %
TG FRET 28 “CHEE 3% 48 he 73 BI PR HCE A 1545 18 b A
[F) T 7% e 1L 1) S8 00 3L IR T T 9 REL A AN [ T 7 RR AL 17 B8
TR TR £ TR PR 9 HEAT R 2R 4tk

(2) T « Xof SE L) 7L W2 T E AT B =2 TR e €0 R TR RO 25
WLER e B e B 3 W2 T R AR 19 T R R AT AR T O 5 R
H A A R R R TBORT 60 00 Hatd% 10 1 B9 R B L A
HHE I E TS — 80 CUKAE N . X &E IR B TS
HEAT KB Bk, 6 % LA M R R B B RRAE R R AT R
P R 19 TR MR AT AR TET R FEC R T I VS R AR R (5 LR T
TR B T 12— 20
L.2.2 SFEYFEEE K0 IARE L E MRS
FigR e, 37 CHi g5 24 h, B T R 2K & GF T B AR O
28 C K535 24~48 h, FLMR T 16S rDNA % % ¥ ] 40 1
WS 27F F1 1492RVS B BE 4 26S rDNA % & % 1

H
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BETE MY NLT F NLAM i DI PRI A B 75 % 7 L
TC v K A B0 0 R RO AR HEA TS . PCR & 1%
B G R BE RS kA 5 % B AR TR TR (i) e hy
A RAFHEATIR . ¥ P18 7 51 76 NCBI B 2 #k 47
Blast [t . 848 A 00RE 55 85 19 )5 51, SR T MEGA 5.0
MRERRELEW

1.2.3 WHRAKMRRWE KI5 LE 0070 R W W R %
2% Wy H PR A MRS WM 35 37 56 (e B 1 B V45 () B
M ERAZFITEEFRE A 0~24 h iF, B 2 h W E
HITE 600 nm 4L 1Y OD {5 . DL=2S 1 15 97 3k g % AA

124 WA G REER SIS KRR EN AR R
TR VR (FLER VR B2 10° CFU/mlL, [ BE 14 ¥ B 2 107 ~
10% CFU/mL) , B .0> (4 000 r/min,30 min), A 0.9 % 44
FRERAKAG TR E B L & D2 K WHAR B 2 R FL
FF T8 43 500 5 TS T Bk A L 08 /N I 22 T B R 1 R TR R L
19 B, KBRS B AR R A B BT A SR RN AL A
o TR © 225 % A W) FLAT R 5 BB L ) Y R A
B R FLFE VA TR T B R R /MR 2 T B A B R
MmN 1.0:1.8:7.2,1.0:3.0:6.0,1.0 : 4.5 : 4.5,
1.0:6.0:3.0,1.0: 7.2 1 1.8URIK XTI 1~5 5 1Y K 4]
HEAT T . ) A WK A R A

L2.5 OKRAKERIHIME AR SCHRCA T B 8o R < okl ok
16 30 ‘CREML 21 h, WK G BE oKk #y IF 4t 60 H 5 . 4% Bir
AR 5okH 8 T 2 By & LIRS BKIK . IR EH
FEUE B AR B0R 5% M E A K BRI 6 g/100 mL 1)
H SRS, F 35 C kB 12 h, RS R )G . FmA
14 g/100 mL Ay 70 8 3E 47 R 0k 159 3 R BEOKR K . oK
W B AR WK 25 20 min, £ EK A RE .

1.2.6 BEIWPE REIWFE/NAHE 10 NHR. BET
M b e 225 SCHR AT 3T, 2k 1

1.2.7  FUAgRePED SR P/36 R K X AE 5 #EAT
TPA W& . S8 8 5% 30ilk[14],

1.2.8 KR RRERBR Y BT W 5 5 OF AR 45 SOk
Lodw " HEAT &, & & & Pk 4 7 ¥ GC-MS & %
NIST. 11 % P A 4 3% o (4R 4 DG 1L B = 80 06 B %8 5 45
SRIF R U FRUA — A B T AR A o & R4 AR X
1.2.9 $4EAb¥ FJ Excel 2010 2241 &% . f] SPSS 19.0
BEATHOHE 43 0T, 10 38 M 53 R ] Duncan £ %5 , P<C0.05 #
N B E AL

2 RS0
2] KELR
200 TR R BMOL S EAE K o B AL

BT 7 B A 3RS 12 R H AT I 0 B R S Bk b 2
PR 2% PR R EL R A L B 0 3L TR B R R B RO S
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Table 1  The table of sensory evaluation
25 V535 1 W3
T ARG 7 10 LW 20 %5 2 5 L 3 A 16~20
B RIEAR W LIRS A 5 BE A 11~15
(20 43> LA KY o W7 T L IR BE AR 59 50 L BEAC TE 6~10
2 T BORG » T T8 FLR S 2 20 L AN RE AR 0~5
B 5 A (7 G 5 15 16~20
. BEESS, AFEE 11~15
(20 73) Bl IEA I 5] (A PRI 6~10
BUA AR 5] (P IR 0~5
T R H A SRR TR ST R IR 16~20
T AURE MR R IR A T R BT R R R 2R 15
DS URT
ok ,
(20 4 TR BBIR 5 K B R B 30 K IR 2 ok 611
TR B IR 5 K T R B 30 R R AR ok s
AR %
L EIREN 16~20
& BOEWR) FE R 11~15
(20 43> JGUE S, K 6~10
TR Ak 2 0~5
PR AITE s [T Bk 16~20
W FREHEGE . Wl R A A 11~15
(20 43) R MR LRy L B AR T ] ke 6~10
B R SR T [l o 0~5

FRIE A H A A 45 R R-1a . R-2b. X KHFE b (14 58
W BT HEAT 2> A A 3145 7 BRAGTA Bk, b 5 Bk HL A T
BJ TR L TR 1 TR 7 L TR R B S R AR HLZE B SR AR T R
YRA R 7 U RE K H o 45 Dy J-1a.]-2a.]-3a,
J-da.J-5a. B KA BRIE S RAE L 2,
2.1.2 TS E 2 Blast MRIER & B, R-1a
M R-2b 5 FAT B (Lactobacillus plantarum) 1 7] P&
PEXIR 9990, WK %5 5 S M W 3L AT I (Lactobacillus
plantarum) ,fH R-1a il R-2b (Y E FH) A Fr A6 sJ-1a.
J-4a 1 J-5a 5B LB B (Candida humili) {7 [5) I
PEF Ry 99 00 HLHE K 4 AR 7] o 50K 58 7 O /MR 24 T
5 (Candida humili) ;J-2a Fil J-3a 5 R B B # (Sac-
charomyces cerevisiae) B[R] P 35 100 %6 H 3 A 51 A
[/, i FF % @ b RO B2 B B (Saccharomyces
cerevisiae) ., WARINRG KB ILE 1. WIEEE . FH K
ESEE R ELE R, P R-1a.R-2b fil J-1a.]-2a #:47
IFE 358
2.2 EMWERENE

BRk 24 h WASAERITZR LI 2, R-1a Fl R-2b 7E24 h
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Table 2 Colonial and morphological characteristics of

lactic acid bacteria and yeast

LIRS T V& R AE PR TR A REAE
WX HEL 0.8~1.0 , H . e

Rola lﬂ@g« mm zFElﬁ * G+ R
T S T [T A W R
7% H A% 0.5~0.8 VH s

R-2b W HE L 5 mm, 7 [, £ Gt KRR

TG > Mok B . A WS i 45

1 W% E A2 1.0~2.0 mm. A4 % %K 10 B S
-la 7] 124 I
Fok, RADOLHE . A A6, BJE

12 B A% 0.8~1.0 mm, A B AR 1Y SR S
-Za I A . of
A ok, RO FLE 6, B

W% EAR 1.0~1.5 mm., & AR
G R, E ORI G, R PRaRE 5

B EAZ 1.0~1.5 mm, A & B 15
J-4 T 1 5 R 3 5
Y Ek R AL 6L

BEVEEAR 1.0~1.5 mm. G &Kk 10
I B A
ok LN L 7

PR A R A 2 B 4 ) 5 A 1 T B v O IO AT R T8
T & B, R AT B M OR BRI E R 2 R AU R,
PRI 396 FHHG Hv 1 R 2L IR A 1R O oK R R R T 3R] 5 T T ok =2
—o £ 0~10 h i} J-2a ZE K BRI B AR T J-1a,2 BREERER
KEAE 10 h J5 AT @ W H i J-2a 7ERE I 9 OD {8
m T J-la, BORE/MRZFERE HAETET R IR i B A0A
S R R T AT R LI — R R T T A i 2 R
BRI P W T R A BF T b R Il . A B gt )
0 /M B 2 WP B R TR PG 1 B Xy R BRI 7 R R H
B R T T A0 Sk A S B R R LA R R AL TR U
Bt R2bCH W AL B Lactobacillus plantarum) | J-1a G /)
2% R Candida humilis) J J-2a (R % £ Saccharom-
yees cerevisiae) 5 FLHIER B HE =W E A K EEH .
2.3 EERBEHLWNKREEBRERROFI

5 AN [A) 2 T A LG BT AR oK R RS B R DE A 4 R L
Bl 3. 4, TETBASTT N2 5 K R KL 8 LI 4t %% 35 57
i 4 20K kG TR AL K/ B3 A A ¥ HAR AN n 2 Y50k
RKETE RN s T2 SOFNHE VR J7 T 2 5 K R KR AR ¢ T A
4 2K R A L HAA R A B kI ALK A A BRI OE P AE
HRFI T .5 AR EREZER AU, TR 2 A FE
TE A L 25 T T 5 T 104 7 KRR ) 8 A5 0K R KR 19 N #B 41
U7 R 22 5 [m) B AS [m) 52 T T BL 23 52 e 3 A 7 AR Y
it e AR 7= W% OR VE R AR AR L AR S BOK
K RETE SR R 5 A B R AT SR R PR A%
SRR 2 B A BRI R2b 1 J-2a 1 J-la=1:
316 15 B YK AR BB AT A R .
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100
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68| Lactobacillus plantarum strain nF'1(AB725347.1)
AR-2b
100
" %Lacmbacillw plantarum strain K7(MG754599.1)
Lactobacillus rhamnosus strain MA3(MK253472.1)

100 U Lactobacillus casei strain M3(MF179536.1)

98" Lactobacillus casei strain YQ336(KY885466.1)
Lactobacillus delbrueckii strain SMNI-6(KY007528.1)
Lactobacillus acidophilus strain NX2-6(EU878007.1)

Lactobacillus acidophilus strain C(LY486205.1)

[ Sporolactobacillus laevolacticus strain NBRC 102473(NR_112761.1)
100 Sporolactobacillus laevolacticus strain: TAM 12326(D16274.1)

(a) T 16S iDNAKEFE FHNFLIR B RS L T

AJ-2a
100/ A J-3a

84 Saccharomyces cerevisiae strain DP(KY296071.1)

Saccharomyces cerevisiae strain GITA11(MH029909.1)
Saccharomyces bayanus strain SF5310-412(MH041896.1)
99~ Saccharomyces pastorianus strain 3-C1-P1C1(KP979630.1)
AJ-5a
A J-4a
0 AJ-la
Candida humilis strain Hl7(KM655849.1)
Candida humilis genomic strain ABM5099(HG532109.1)
| Candida tropicalis strain S07-1.5(F]475229.1)

0' Candida tropicalis strain XJURML(EF151501.1)

(b)) FET26S rDNAJE 551 I RE TR 10 R L R H R
Bl SLmAARMEEY AALEHR

Figure 1
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Figure 2 Growth curve of lactic acid bacteria

and yeast strains

AR [aakES

g

B3 ZHALRRAERE
Figure 3

AR AT S
The singer index score of the rice steamed

sponge cake by three strains compounded

2.4 EEE LXK &R B R R R
A2 3 AT, 5 414N R 2 IC T LE A B A B 1) K R A
FEI M b T8 W 25 S (P>0.05)  FE M AN SR 1

Phylogenetic trees of lactic lactic acid bacteria and yeast strains

1~5 Xt R 4l 1~5 %5

B4 RABNFARZEMA

Figure 4 Internal organization chart of fermented rice cake

12 3 5H1 5 547 #2555 (P<C0.05) , BB I Ve 0 & LI
A T R VG T K R KR B A L BT . K R RE I B
e 5 42k 0 R UG 5 K R R A R R AR SR i R
B (5 E 0 8, oK JRRE B B L A 1 R ML R 2 s /)
JE B YR AT AT R R R 0N (IR 24 R 1 R R
Eh 10306 B, oK K Ak Y R B L RS 3 Ik RN L O P B I
/N UL 92 T R LA R T R Rk 8] P [R) % TR A L AT L
K R RE I AL T
2.5 FEEFIITREBEIE R XK R R0

K i HS-SPME-GC-MS 343 01 4 Fl K &okE ¥ #5  H
DRV A9 50 R 12 R T 30 S W0 2T 1 5 0 /N M1 22 e
109 MBI E T B 2. R T N R 0 LT T S R
R 109 M PRFRLL R C : 4 5 3 & 00 S A 4 FLAT
P RS T AR N 22 B R AR 1 30 6 MR AR L L
FEM A TTE B LB KR .

H1 45 AT R, AR OK AAE b 3G R K ) XUBR ) A
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Table 3 The result of TPA and sensory evaluation

W fipE /g P A R JBe Pk NEL I =Rin EE IS
15  4624.3624+16.19¢ 0.8024+0.05*> 0.663+0.02*> 3 033.494+11.21° 2 543.627+26.68° 0.34+0.01*  80.2+1.55%
25 3124.398+15.25¢ 0.868+0.05" 0.650+0.01"" 2 036.8814+10.58* 1 524.938+32.20° 0.314+0.01* 87.7+1.34°¢
3% 3552.802+56.93> 0.756+0.01* 0.63240.03* 2 294.254419.01> 1 817.463+43.86> 0.31+0.03*  82.1£0.88"
45 4153.473+10.169 0.89540.02 0.66940.02% 2 644.076+65.99¢ 2 358.0264+14.63¢ 0.33140.04* 78.0+1.25%
5%  3981.609+77.52¢ 0.948+0.01¢ 0.687+0.02> 2 735.787+8.75¢ 2 744.153+55.43¢ 0.353+0.01* 75.6+0.97°

T RSB T A /NS TR i R 28 57 1 3% (P<C0.05)

5A AT N R OB R O DB AR R 2
4 PRl RO b B 2 RO O IR RO K OB X
55 M B ST A 4 R — B R L LA B R
B EARRRE R EE R FY T

B 1.2.3 K4 PRl 16.17,29.13 i A 1
PR T AN TR ity o 1) XUR ) o A P 22 5> 2 2R B AE
PR EJE RER MR EY R L. MEdh 1 BRI AR K
AR 5 A R TR 2 T Y G S W Y A X
TRV RAR TR 2 09, b /R R S DL BRE i 2
FRAT B 2,3- T B 1 22 S Y 2 FE RN L AT RE R R
Fr g B AR SRR . RERER 1.2 PR MR
RO AR X 55 A A i (EL TR 2 4 JB Y 5 3 IR e LT
BERSMEY RS RHASEHEY RN & 2IE
FEEY L SRR 1.2 AR RE 3 o IR 2 R R 2 ) 5T AR
X ik WY el 2 o L SIS 0 SR X 5 R R S
AT HE R R /ML 2 T R R TR T B 1 T A T B ] A
P HE T RS BOR A . TE S BT B0 B 4RI R T B
fin DR 1 T R4 B 1.2 R 3 R A T 4 R
BRI 46 LR AR TR (B & AR 1) (38 R & iR
CHAFED IR OBE AR LB ERF W ED .
BEAI B 3 FP B A O BRSBTS W 5T B4 A A R
PR Rl s 110 8 5 R 0 0 il 0D Lol R PR 1 9 PR
F R I ik PR TR (B KA IR B D L o IR K-
T AR CR A S5, X 261 28 1) 5 AT W oK KR 2R A A
LR

SRR L 3 HTEE L TT 45 oK KK Hh I SIS R Rk il 26 W) T Y
R B 42 5 22 L1 2 I 2 ) T F) Fof 26 R AR X 55 ek
B D L ATRESE 2 R R BUE M IR R AR E R
Chn e ol 28 B 8% LG 09 AN TRDD 38 BRI . e A, X RE R 3.4
PATIRE TR L A5 R WAL 6. AR 3 MIRE S 2w T AR
il s (R 32 3N 51 B = T A2 A R I A B IR OK R R
A3k E IR A B R 7 0 R LA SR R0 R T R R A
WL T T 6 K AR B9 U IR T R TR . B UBIR . HE R GG
MS 7 5 R AT S Al 3 MORAREM L, ZHE B K
TRRE 750 A4 1) 9 0K 2 K T 5 A 4 S R KUK A o R 2 TR O =
R 2 XUBR ) 5 R R O R OE A
— 5.

B
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Total ion current map of volatile components

of four kinds of fermented rice cake



&M | Vol.35, No.5

Table 4 Volatile flavor composition and relative content of rice cake
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R4 REBERMENUKBRSREE

[ax?] A4 B4 1wk ] / AAXT B i/ %
LS min Lt FEfL 1 R 2 FERL 3 FE il 4
3.491 2.k 8.67 4.86 4.18
[i7ES 23.123 T’ 0.98
26.178 ISR 0.09 — — —
4.088 5 I8 Fi 8.37 8.51 4.35 —
N 6.026 2,3-T —f — 15.29 8.66 —
17.230 H 56.82 46.51 48.80 66.35
19.262 IE T — — — 1.08
11.161 7% H 13.84 4.09 4.23 6.44
i 14.408 K 0.81 0.84 0.65 2.28
5 .
16.698 T — 0.48 0.63 4.14
20.758 3, 4= TR R — — 0.20 —
20.177 + = 0.53
26.939 + P g 0.10 0.14 0.17 0.28
—_— 32.585 WAy 0.23 0.16 0.45
34.380 T 0.13 — 0.14 —
34.470 EIR — — 0.04 —
35.819 RN S 0.19 0.10 0.28
15.405 7L 5 IR — — — 1.06
20.128 ¥ 2T 0.31 0.56 0.56 —
22.231 LRH LT 2.41 2.55 3.55 —
23.573 T £ Tig 0.11
25.807 a- N F-y-T R — — 0.19 —
26.845 2142 7, TG 0.20 0.31 0.38
34,013 14-F 575 et 2 H g — — 0.16 —
36.236 {2 R 0.67
[[FES 36.412 TR H g 4.60
37.042 i i 1% Y i — — 2.67 —
37.364 5 e 1R FH 0.04 0.22 0.15
38.106 T 1% 2 1 0.11 0.08 0.17 0.20
38.421 5 R 57 7 g 0.11 0.16 — —
39.434 16-F1 - e R Y i 0.08
39.797 AR Z B — — 0.21 —
39.996 11-F L\ Bk 2 FF g 0.30
40,288 bR W g — — 0.20 —
W I 2 12.372 2- 13, 35 1ok g — 0.44 0.57 1.82
- 13.752 pay — — — 0.32
23.048 A= AR — — 1.46 —
CRekmEFXSE 6FH EH 297 3R

e T

RS FREREZHEHERPTELZERKRY RENEITER

Table 5 The result of volatileflavor substances in different rice cake samples
o HXF &/ %
" Mm% B MEX WX X wEm% X
ol 9.74 65.19 14.65 0.65 3.14 — —
Fedh 2 4.86 70.31 5.41 0.40 3.70 0.44 —
b 3 4.18 61.81 5.71 1.08 13.96 0.57 1.46
FEN 4 67.43 12.86 0.81 1.52 1.82 0.32
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Table 6 Sensory evaluation results of two samples
FE S B % ok & N E 1R
SWEAKEE  17.5020.52 17.00+0.41 18.67+0.82 16.83+0.63 17.50+0.52 87.50+1.38
T 18.83+0.63 18.67+0.82 14.5040.55 17.334+0.52 15.334+0.75 84.67+0.82
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