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ARG J5T b B T A 0 R K 5 A R A
HRE KR A, JF AR i . EH 40% k6 K -60%
B R SR}, LUK 5 K i T VR v i 45 28] 7 7 R
et K G BR ZLAT B (Lactobacillus acidophilus
HSPOO1), 77 Bn 28 B JR 1% 24 4 XU 1) Joit 5 13 1) 75
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VE R R R, W0 2L IR 1 & I XTHR 5 Kk 1 15
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KA AR | B A AR A R R R I IR 5T
S R A T 45 04 AF K B4 SR R P AR A R
SRR B S AR My, LU R R R I Y
st JoT AL R R A ER O

1 MRERE
1.1 MRS 0EE

R K WA IR R — A AR = A BR 2
Al ;MRS it db ot g R A YR A IR STHE A
F) BERRFLAF R (Lactobacillus acidophilus HSPOO1) |
V& W FLFF B (Lactobacillus sakei HSP002) , Y3 H A<
SEYG TN 5 MK K & B O i 3K A

I3 MT KV (AES23), 1 ifg 5% 540 7 Bl #4048
AR B (TAXTC=18) , b ¥ %50 &
JRA RS F A2 A (H-PTD200) , ¥ 45 #] Anton
Paar 7% 6] ;RVA P 3 Kl B A (TecMaster ) , Fi L
i 5 T AE A (DL-CJ-INDID) , b 50 4R B g
IRASCER 1 15 A PR B E IR 15 #7 4 (DHP-9162B ) ,
U E R AR A R F] B O HL(TG16-WS) , |
Vg 75 RSB O LA RS A B 2 ] 5 4 IR 7K 7 B (DK -
8D), L UREHG SR A R W) 5 -80 CHEAIR IR
VKA (DW-HL528) , B} 55 25 4 BRA R ¥ Uk T8
HL(LGI-10C) , Jb 5t DU J5 ik A BR A W],
1.2 REHE
12,1 BRI H—80 AR LAY ME FR FLAT I T
T FLAF B R R kA . PR EETE TS
ml MRS WA E: F2 Serh Bs g i, 4% 2 BRELIR A
DL 1% H R i3 A MRS WA 1 3% 4L vh |30 °CHE
AR 18 h, Fi H .
122 REERA AR IE  BRRK BEK K
FifE b 2:3:10 WA, FLER P HE N 2x10° CFU/
o RAEKRMSARLKBEREEE LS BE 1, AR
BKFE S BB 22 CHEFRAE R R BE T d, Kk
Ve RBRIRWL, /KA 2 min, 4 000 r/min &0
10 min, B UOVE P V- Fli 7 85 5 L, & T -80 °C
AR AR IR VKRS TR 24 b BUH | TN B2 Y R L
24 h, RV R TR I A5 RE S BCAR B AIL S AL
BspkoR i 60 Hifi, & M. IR G K R1~R6 il
R A AR BRI KB AR F1~F6,
1.2.3  REER A KM MR K T3 0522 o 6 AR B
KK HRE AL 2.00 g, Ji 10 mL ZE48 K IR 2,4 000 1/

x®1 RBREAAERAEARLEBREKLL
Table 1 Sample grouping of fermented mixed rice and

proportion of fermented strains

R
HE%5 o LA B
HSP001/% HSP002/%
4K RI 100 0
Ak R2 0 100
w4k R3 50 50
Ak Ra 33.3 66.7
B4k RS 66.7 33.3
*t BB S (4K R6) 0 0

min #5015 min, 845 FIEWR 0 T8 g g #F
ATHES ¥/ A N B RN

iK1 (g/g)=(10- HIFW BT /A BT (1)
124 RBHRG AR O AR PRI E R SR IR
TR EE 7 A AN R R i K o3 BE S 14% , th
AR B EFUK A, RS FUK T
L IR RN R B T L e )
FRORE i B A g, AR JF . 50 CPR
¥ 1 min, #RELL 12 C/min A9 R T+ £ 95 C
(3.75 min), 95 CA£FF 2.5 min, FL 12 °C/min K
R E 50 °C(3.75 min) , 50 CAAFF 1 min, AL
FEBT 24 13 min, T % 1 2 P e HE 4% 960 r/min {R£F
10 s, HAYIS ] AR5 7E 160 r/min,,
1.2.5 & BEIR A K W K8 3l 25 0 A2 2 R v
JE 2R A OKOBRE i S KR BT L 6:5 1Y LL IR
G PR A S 8 30 min, KK RE & F1~F6 il
B 0 K THD P AP A oK T TR i D1~D6, SR it A2
A 7 & i B A A8 REME . IKES 7 PPSO,
AR EAE 50 mm, 7 AR B 0.05% , & & 25 °C,F
HMEIBE 1 mm, AR 0~126 7' M54 5 1) 6if
AEM G PFERLE 67, PR AE IEVIME (tan &
=G"IG"),
1.2.6  AERERIHIVE KA KRB AR S K% BT L
6:5 MY LR AT, FRR A, A ZE 378 20 min 1%
G AE N AERE B R RCE TP 2R AR AR
SR LA SE RN ARE &, KR AR i FL~F6 Tl
WA RE BRI AF KERE i RC1~RCO,,
1.2.7 A KE Y A R 1 DU E 1 SR ] A B M
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(TPA) 3 B, #4268 4 149 A K Tl A 1 300 2 S b T
TE . WA IR Sk % H TA/0.5 EERE IR 3k, ik 2
BN I, BAREE B AE | H AR 30% , I [6]
3.00 s, P32 {7 33 B 3.00 m/s, M43 B 1.00 m/s,
W5 2 B 1.00 m/s, fil & s5 28R 07 fil & i )
4 5.00 of .

1.2.8 AFRERYZE B FEMEI E™ B 5 o AFRERE A
TAHEA 100 mL ZE 18 7K 1 BE AR o il 7Kk i 2 1 10
min, & E ¥ N AW B g AR 1 B 25 e Tm K

o3 BRJE R A A AR KRR AR B AR TR A Y
MK R, BR ZLAFRERE i 04 [ (R R i e e =
AET TR 105 CHUAR PR ZoR P LRSS TR,
PR TR 0 A TR 2R R

129 AEREMECE IR AFRERYECE PR H 10
A BINM N B, Hrp s 5 4 F 1A s
P R PR N GO AR AR B R R | R
SMWLHEAT LG VA PR AR v WL R 2,

x2 FRBRETMNRE

Table 2 Criteria for sensory analysis of rice cakes

R E A AR i
k(25 4) KAk R B A Aok 20~25
K AR T K B A Aok 15~19
T K BEH A ok SRR <14
k(25 4°) BRI P A Eek 20~25
L S AL 15~19
H ok B <14
R (25 4) s IR R BT B RIT R R RAE T 20~25
ok e FREEIE W AP BT AT 15~19
Mk UL E FEEE FRME KT <14
INHL(25 &) HAFE RE B R I T ELH 20~25
REFERR RER AR AHAILIIBR 15~19
HFE RERIR SPHIIFH <14
1.2.10 A5 RE A F & 1 10 I 0 R G 4 4 IAELS N
KERE A B T I, 0 3 mL 7 # NaCl I8 W%
B, T 80 °CFF4 30 min, I E A AE A B 2 ZHRESH

30 min, FFAEHUAS S, AR FESERE DRI S
min, A% H ; HP-5MS (30 mx 0.25 mmx 0.25 pum) ;
O3 HE s AN 3 U 5 2RI 2 1.0 mL/min; £ K TR
J& 240 °C; 34575 X Full Scan; B T W & . 230
°C; U2 ATF IR B2 180 °C; THR AR Y 2 Ih il B 45
C, #4454 min, LI 6 °C/min B HEEF &£ 130 °C, F
PL 10 °C/min B9 R T+ 2 240 °C, #4F 8 min, R4E
21 5T % LR NIST 35 5 HEA TR 2, S8 i v
W3R ALY, IFRF BUE — 4675 53 BT 45 1oy
IR ERO R
1.3 HiE4E

% ] Microsoft Excel 2010 Fi1 SPSS Statistics
26 HEATHUHE AL B 5 4 BT, Origin 2017 FE474H 56 K]

21 FEREXEXESKMELFENIE
2.1.1  REHREKBFEK 0 W 1A,
LR 81 I 1) 28 KB A i 15 7 P 287 g 10 BEOK
FEf (F6)  JF BAFE R E M2 . Hob  E TR
W R T FE Y F3 F4 F5 Rk EZ R A B, T
MTH R PR 25 T AR FLAT F2, g ml o, e
PR A AR RE AR D T, A2 IE LR A I LE
— R R A 1K Z IR A KRR T
B EE RN ER-EmE G ELENREY
M o A5 F LR I A I fo TR 45 K by R A B4 1
FERAE PR A T 1R 5 KO 1l A ThT AT Pk A
FHAHEL o Fie] 5 S 1) 228 7 5 00 AT 2R K 2R
JiUT B B4 TRl AL
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Fig.1 Effects of lactic acid bacteria fermentation

on the water-holding capacity of mixed rice flour

2,12 REHRA A IRILERE ST ORI AL
R i 28 2800 5 PR, i 5 AW
LALE) Ty m B AR OGO WFFY A S LR 3, X IOk
Wi FE i (F6) 14 18 {1 % i (Peak  Viscosity , PV) B i
[ERE N A ANENEE Ny S S
5o VEAE ZE I S R TE A B Ak 3 R e 3 ey BURE 1) R
JHC R B R B A R, X 7 1) W {1 8 B R L
55 S HETE R 1) B DM ORIV OGN g R
Vi I 2L R TR & i o R v ™ A ) TR Rl 45 ) I A
3 7Kt | 52 M) L T B | SR T R S ) B 1) A
i, FEGE R KRR B TR PV kA WE A,
MR IR B WA 2 BE I, T8 R ORI iR e 24, 6 2

®3 IBEXREEI

R 1) d5e /A BP 2 {E 25 BE (Trough Viscosity , TV )1,
JIA R B RE S 9 TV 25 TAES F6, BRAES
F1 4k #f i F2 F3 F4 F5 5 F6 f776 352 5+
Hop A F2 /) TV & s . % 08 { (Breakdown
value, BDV') 52 W 3 45 B 76 /= T 2578 F 1Tt 85 D RE
FIUL R B O B AR E PP, R BERE A F1~FS
f¥) BDV B A% T-#F i Ko, HAE M/ | infhad B o
BT EE E VAT BT D) MR AR AL A
B E PR F2 1 BDV die/, UL AL /S
IR F2 SRckese . R 23 AR st A S 286 5 o e ¢
Zh B (Final Viscosity ,FV) , B X 7= i 19 2 4 &2 ¢
BEAERT . BREES: F1 AN, E R BERE MY FV 21
B F6 5, PR F2 R FS 1 fc 386 1 15 R b
F6 fA(E R FEMEZE S JF HARM F2 9 FV K,
KR E S A R R 2 6] 1y 22 [ A {H (Setback
value ,SBV ), 52 B JE 8 (1) [0] A R B0 Horp R
F4 19 SBV f ik, P A ABEAR R SRS F6 1)
SBV L3 2 5, RUIFLIRE K WL DTk )7
PRI A AR WAL T B2 (Pasting Temperature )
S VE WA A I T BOURL IS I T it 24 1) e A1 UL B
J2 WA it AR A X 2 R EE Y, 4% R IR Ry i Y
BRI SRR F6 22 58 & L & KK B A i
i B W 1 B 1) (Peak  Time ) B & %6 F XF IEAE &
HAEGh FI~F4 Z 8] 2258 03, WA I a8
FE S A ARG R K B K, I B I ) I 1)
K, BRI FLIR T & B AR B S WAk

B &KL SRR m

Table 3 Effects of lactic acid bacteria fermentation on the pasting properties of mixed rice flour

o AL FEJE cP AR RE R /P B AL/cP RALFE P ® AAE/cP AR AT A /min - B4R E/C
- 1794.67 + 1212.00 + 566.00 + 1735.67 + 523.67 + 3.78 + 68.22 +
29.28¢ 16.70 38.30° 51.08¢ 34.50° 0.04¢ 0.41*
o 1689.33 + 129533 + 394.00 + 1827.00 + 531.67 + 3.80 + 68.55 +
6.80° 11.02¢ 11.27° 13.08* 5.86" 0.00° 0.00*
o 1801.67 + 124333 + 55833 + 1781.00 = 537.67 + 3.80 + 68.52 +
8.33¢ 12.22% 10.07¢ 10.15% 2.08* 0.00° 0.03*
— 1739.00 = 1264.67 = 474.33 = 1773.00 + 508.33 + 375+ 68.45 +
18.19¢ 16.01* 33.00¢ 17.00% 33.00° 0.04¢ 0.00?
5 FS 1945.67 + 1256.67 + 689.00 + 1812.00 + 55533 + 3.87 68.80 +
27.74" 30.35" 3.46" 23.43® 10.69* 0.00" 0.52¢
5 ¥ 2 039.00 = 1206.33 + 832.67 = 174233 + 536.00 + 4.89 + 68.3 +
17.00° 14.74¢ 29.67" 5.69¢ 19.97¢ 0.03¢ 0.48°

T« R G A ] /N - B WA i 28 53 1 35 (P<0.05) .
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ik, Hrp RS D1 R R s tan S E (/NI
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L BRAG B R PR . DHSR R ZLIR TR R 8
A Gk 3 AT AT R 7™ i %) A R IEL IR | 7
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Fig.2 The G' of fermented mixed rice dough
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Table 4 Effects of lactic acid bacteria fermentation on the texture characteristics and sensory score of rice cakes

L T A A L
o th % , . B
A fgf Btk oL o 1 /gf B R ) 5

H&RCI 391.52+5.65'  0.88+001°  28584+428, 083:001°  0.50£001°  79.8%1.03
H&RC2 419.66+9.55  0.88+0.01°  292.94x10.80°  0.79+0.02*  049£002 822079
& RC3 39423:7.56°  0.86+0.01*  27244+591"  080+001*  051+001* 782 1.40'
#& RC4  42945:9.89°  0.88+0.01°  301.11=1516% 0.80+0.03"  049£0.02  86.9=0.99
H&RCS  45655+1295"  0.88+003"  31892+12.62" 080+001*  050+0.04° 827082
& RC6  479.87+9.14°  0.87+001"  330.64+851°  079+001"  0.50£001" 754084

TE [ BAR TA) /NG 5 R 3R W R i 22 53 2% (P<0.05)
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3 ANAFRE A il A 92 A XU 9y S5 ) R x5
R R AR, HA 5 Mooy R e 3 4>
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B RFRAE 1.57%~2.29% 2 18], Horh ke 5 RCS (1)
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i RC6 5 RC4 RC5 L #FH M2 5,5 RC1.RC2,
RC3 fE7E 0 35 PE 22 5 Wy ] 0 ZLIR 11 & W% g 32
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P T s B R T, R AT R R R R TR R
FEEAT R KA T B0 08 I B I I 2%, TE AP A2
AR s B P 0 B

233 FREMIERMER T PR R AR AR RE
i RC1 A9 26 B ME b RC2 10 B IR B 5 7 0, RC4
A SRR it BRI AR PR 5 R AL R GC-MS T
P22 FE S RC1RC2 & RC4 WYHE K MRS . H
F 5 AHL N 3 AMAERERE AL R AR A 63 PR

B5 IBMELEMNERZRSENZN

Fig.5 Effects of lactic acid bacteria fermentation the

cooking characteristics of rice cakes
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1452 BC A W AE SE PP R JEE b 2 1) B B
i R 2 A A il O B AN DR SZ o I R 2
MNEARRES BT AR , Y B AR Y
AR 2 RN B B B SRR, R il LA P

ARG BIAME o HAERE i RC2 A A 35 4

PEXRYI BT, EEAHE 12 FEEZE 11 MORMRE |

w L, B RCA R & B IR FEA RCL & 2 Ak,
DL g5 SR T LT O A R LT B 3k &
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Table 5 Comparison of volatile flavor compounds of rice cakes

RN R AN A0 5 F 1%

E ¥l AR B R R A S 4 AR

# & RC1 # & RC2 # & RC4
IS [9%::3 0.89 - 1.31
IE X B 1.31 0.5 1.67
NS 12.39 6.21 15.62
KBS 1.38 2.01 2.48
2,4-F = H Bk 5.16 - -
P B - 1.32 1.58
S - 1.35 -
ERaY:S - 0.72 -
B_—=2—3 Hi - 1.87 -
223 - 7 -
+ =Bk - 0.44 1.48
s - 3.34 -
5 % 1-/% 5% 1.07 - -
3-RAHA-1-R B 1.27 - -
2- K IR T B 5.35 - -
3-¥A-1,5- =8 2.03 - -
IE T AR - 2.27 -
(S)—(+)-5-F A-1-T A - 1.57 -
[oy::3 - - 0.69
1-L 8% - - 0.75
B R —-2—F My —1-8% - - 3.55
2-F AR5 KR R = 7 B - - 0.7
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3-F A -1-R K 14 - -
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1,1-=% A3 X% 0.88 - -
-4 - 0.37 -
3-W A -1-R M - 0.73 -
1- %M - - 0.79
R - - 0.77
B % TR R AR AUER B 0.64 - -
a— T K H) #) HE By - 0.48 -
AR AR IR T B - 0.6 -
AP B OE T - - 8
w45 £ A B - - 5.49
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o % Y3 0.76 - -
N-YF 3k 5 7 ke 1.17 - -
=N e 1.9 - -
iE TR - 0.51 -
N-F Bt T Jae - - 1.13
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A B i 1.09 - -
N,N-=F & ¥ Bt fic 1.46 - -
AR E BE BR 13.21 3.13 7.86
2-RIL-5-F KK T 8 0.75 - -
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Table 6 Changes in types and contents of volatile flavor compounds of rice cakes
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Effects of Lactic Acid Bacteria Fermentation on the Physicochemical Characteristics
of Mixed Rice Flour and the Quality of Rice Cakes

Wang Dengyu'?, Kong Chuiqin'?, Wang Bing'?, Liu Linlin'?, Shi Yanguo'?, Fan Hongchen'?*
(‘College of Food Engineering, Harbin University of Commerce, Harbin 150076
*Key Laboratory of Grain Food and Comprehensive Processing of Heilongjiang Province, Harbin 150076)

Abstract Glutinous rice and japonica rice were selected as the raw materials. In addition, Lactobacillus acidophilus
HSPOO1, Lactobacillus sakei HSPO0O2 and their compound strains were used as starters to investigate effects of Lactic
acid bacteria (LAB) fermentation on the physicochemical characteristics of mixed rice flour and the quality of rice cakes.

The results showed that, LAB fermentation significantly improved the water—holding capacity of mixed rice flour. Further-
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more, the mixed rice flour fermented by Lactobacillus sakei HSP0O2 exhibited excellent pasting properties due to the
highest trough viscosity (1295 cP), the lowest breakdown value (394 cP), and the largest final viscosity (1295 cP). In
the dynamic rheological characteristics study, the mixed rice dough prepared using Lactobacillus acidophilus HSPOO1 pos-
sessed good viscoelasticity, which was attributed to the largest storage modulus (G”) and loss modulus (G”), and the
samllest tangent value (tan 8). In terms of texture and cooking properties of rice cakes, the rice cakes prepared using
Lactobacillus acidophilus HSPOO1 owned the lowest hardness and chewability, the best cohesiveness, and the least cook-
ing loss rate. Moreover, the rice cakes prepared using compound starter presented good sensory quality. Compared with
rice cakes prepared using a single strain, the types and contents of aldehydes and ester in rice cakes prepared using
compound starter increased, and the products had a unique fermentation flavor. These results provide a reference for the
research and production of traditional rice-based fermented foods.

Keywords lactic acid bacteria fermentation; mixed rice flour; rice cakes; pasting properties; texture properties



