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Fermentation Characteristics of Mixed Cultures of Lactic Acid Bacteria for the Production of a Germinated Brown

Rice-Based Fermented Beverage
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(National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural and
Aquatic Products, College of Food Science and Technology, Bohai University, Jinzhou 121013, China)

Abstract: Ternary mixed starter cultures of Lactobacillus plantarum, L. rhamnosus, L. acidophilus and L. casei were used
for the fermentation of germinated brown rice milk. The best starter culture was determined by evaluating acidity, viable
cell count, syneresis susceptibility, proteolytic activity and rheological property after culture at 4 °C for 21 days. The
results showed that germinated brown rice milk fermented by a starter culture consisting of L. plantarum, L. acidophilus
and L. casei displayed good quality, and exhibited weak post-acidification during the subsequent 21 days of storage at
4 °C, with the pH being reduced by only 0.71. Additionally, the viable cell count changed somewhat during the refrigerated
storage, remaining higher than 8.7 (1g(CFU/mL)), and the average content of free amino acids was up to 0.86 mmol/L.
The rheological measurement indicated that its shear thinning behavior was weaker. In consequence, the co-culture of
L. plantarum, L. acidophilus and L. casei was suitable for the fermentation of germinated brown rice milk.
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Fig.1  Changes in pH of brown rice milk during fermentation by
mixed LAB
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Fig.2  Change in titratable acidity during fermentation of brown rice
milk by mixed LAB
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Table 1

(1g (CFU/mL) >

. TSI ) /d

ERES 0 1 7 14 21
Lp-Lr-La 8.9640.04 9.01+0.05 8.624+0.03 8.67+0.07 8.54+0.05
Lp-Lr-Lc 9.2440.04 9.02+0.05 9.084+0.06 9.04+0.07 8.79+0.08
Lp-La-Le  9.1240.07 9.134+0.09 9.02+0.02 8.76+0.04 8.7240.02
Lr-La-Le - 8.95+0.02 9.044+0.13 9.06+0.06 8.95+0.07 8.70+0.06

BN 1R) & 2H I FLBR B TR R B0 B, I 785
(lg (CFU/mL) ) . AR MEKBANE - TG TR,
FERTERTT VS W ER S, RS E9 (g (CFUmL) ) .
TSR B, BRI 2% A T AR IR TSR W] LB AR K,
{E W] RE R A e o R oK L 0 TR P Sl e oK, AR =4
IR R 255 A i O 2L A 0 T R Y, B e p A
T ERRE RN BREBFLE T 8 A2 B 7= S 7E SR 22 1 Y
EHE RS EMRFE6 (Ig (CFU/mL) ) b EPY, jiAk
Bt 5 ) B P 52 A LR B R I R K 7L A TG B e T I — 4
100 f5LA b, SEARFERE . A A BE A & 7E A BT P
NEHBAEEEZE S, HALp-Lr-LefLp-La-LefB A (3% 1
B XA, ATRE S IX PR TR Lp A Le 2 Fb L BR 1 o 3% B
B DT R
2.4  STSIEZ: R

RIFREKFLIISTS B ¢, B VR I R 9%



XY TR

2017, Vol.38, No.0§8 83

BRI A ZURE G BIF R FFER o AR TS INAS &
G A AT T, AIE ST BB, R E
an B, BTN R . WA pHAE R R R, K
BEOKFLSTS TR, BB LR IERS . X5
OlsonZ5 P 7 45 AT & o ANFA A HSTSEAAE %
Jt, HeLp-Lr-Lafl & 18 KBGO & T HoAh 2 &K T
30%, {HRJEWISTSE /N, 21 difB#5113.67%; Lp-La-
LA WISTSEBAAEAL, 21 dif FF5£]14.96%

351 O Lp-Lr-La
30 O Lp-Lr-Lc
B Lp-La-Le
w25 B Lr-La-Lc
320
215
10
5
Il Il Il Il
0 0 1 7 14 21

T g It 1) /d
E3 SOHRERERKISTSER

Fig.3  Changes in STS during fermentation of brown rice milk by
mixed LAB
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milk by mixed LAB

TR (1 B T A3 0] T G R R K L 1 o AT X
WRANTT R, I HL 22 B R A0 BRI LA A B 75 EE Y
(K AR R . REPAE A R R G AL RN T
BIEAZWSEN, SEEENEORENT K TE
FUTUE AR, /MK, SRR S = B3gin, FFTA
PRIV AAIIRS . ¥ 5B (R S B R 1) 2 2 1 I a3,
A 24 PG AR NEAHFA—E Lp-Lr-La & T 1
Ft, Lp-Lr-LefLp-La-LeH A% TG T B, Lr-La-LeH &
—HAESE LT, HdLp-Lr-La. Lp-La-LeMLr-La-Le# 4
MR SRR, “FHRE290.81 mmol/L, Lp-La-Lc&
U 7551£0.86 mmol/L. Z8 IR A & T B ] g f& RN B AY H &
THFEI R 2 i T PR P AR I R R R, TS T
THE N TR, S5 ERTIAE IS BRI, £ R R R
RSB T B R R AL R B i ™, X5 R
APV RS R R, TRA R IR AT T R — T bR
FEB R A UK AR T -

2.6 FhEpvEI e g
2.6.1  BULIFHSE R

10°
~ —a—Lp-Lr-La
o107 ——Lp-Lr-Lc
£ ——Lp-La-Lc
Z 10! —+—Lr-La-Lc
=
&é 1 0\]
®
107 1 1 1 1 1 1 1 1 ]
—20 0 20 40 60 80 100 120 140 160

LR T
S SaILMERERKILN DIER-FURE &
Fig.5 Plot of apparent viscosity against shear rate for fermented

brown rice milk

EH IS AT RN, Bl B U 2R 36 K, R R K FL R
FEHBIE T, £0.01~1s "2 AL MWE T 2E T
B, 1~150s ' ZIAIRMEE FRFaT VPR, 25 ih%
BB, UL R A B D) AR B PR IG OR, (R I
RRE B RAYIIFE, TR NI &MEaES,
BT AR . 3X4 BB Fh 4B 0 R BERE R LI AR BB R
&, Lr-La-LeH AR T it (BT DIFG LR PE, Lp-Lr-
LaflLp-La-LcH & BT YIRGACAE F 55, Al 28 A THI A
H°4500.98. 539.25 Pa/s. Ui WIiX2 KBRS KA L4 D
TERG, FHEARNAN, KBRIN I R RS FL 3 R
AN FIE I R ZS BT 75 I ke, OB RE K
B[] 59 U)X — AR AL R . A S B R R
BERE K FLAILL, b 28 AT RN, B A A LR
RIFRER LM MR E R G IE . FiREE L,

B TR ol R Tt oK 7L B I A 2 1 R AR T B — TR B R T
Rk
2,62 SRR

—a—Lp-Lr-LaG'" —o—Lp-Lr-La G”
—e—Lp-Lr-Lc G' —o—Lp-Lr-Lc G"
——ILp-La-Lc G' ——Lp-La-Lc G"

300 o+ prlaleG ——LrLaLeGr 160

A% /Hz
6 HALMARERKILG MG HEMENEL

Fig. 6  Plots of storage modulus and loss modulus against frequency for

fermented brown rice milk

WA (G i 1 A2 A IR K 3L R B R AE
PURBR (G") i K BEREOK FLIO R VERRE . 216
Fzs, A£0.1~10 HzIMR A Va A, B S H R 10
R, G HIG" K. 4 MR BEREKILNG # s TG,



84 2017, Vol.38, No.08 B5aitl

XY TR

FE S B A SR . Lp-Lr-Le &G MG ¥ N
W, A3 G MGMEMIL . ANFEEIGE R T R Yk
A AN [P, GBI /N R /0N, g i 435 R AR X
Bikn. 5K R EROKRFUAR L, Hattk . FERR e
Yok /NS, Tl LR T DA P K AR A 8 o ek R A
KA

263  WESEIMA R

£2 AOURERBRERIAEREZBHEAER

Table2 Changes in consistency coefficient during fermentation of
brown rice milk
Pa-s"

- i) [B)/d

AL 1 7 14 21
Lp-Lr-La 8.361+0.01 9.27£0.02 8.41£0.02 10.23£0.03
Lp-Lr-Lc¢ 9.67+£0.15  12.074+0.03 12.21£+0.01  11.5840.01
Lp-La-Lc¢ 9.944+0.15 10.23+0.02 11.67£0.02 12.4240.02
Lr-La-Lc ~ 14.35+£0.02  9.124+0.02  13.62+0.02  6.38+0.05
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Table3 Change in flow behavior index during fermentation of
brown rice milk

- S [a)/d

WAL & 1 7 14 21
Lp-Lr-La 0.11£0.01 0.1240.00 0.1240.01 0.1240.02
Lp-Lr-Lc¢ 0.0740.01 0.0940.01 0.08+0.01 0.08+0.01
Lp-La-L¢ 0.13+0.00  0.1140.01 0.09+0.01 0.07£0.01
Lr-La-Lc 0.0540.01 0.12+0.01 0.084+0.01 0.12+0.01
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