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Abstract: In order to explore the effects of lactic acid bacteria fermentation on the quality, flavour and antioxidant activity

of rice milk, different rice varieties (black rice, red rice and brown rice), auxiliary ingredients (milk powder and sucrose)
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and lactic acid bacteria were used to produce rice milk in this study. The stability, protein content, reducing sugar content,

total phenolic content, DPPH- and ABTS" scavenging activity, and volatile flavor compounds of fermented and non-

fermented rice milk were evaluated. The results showed that the acidity, protein content, total phenolic content and

antioxidant activity of rice milk increased significantly after fermentation by lactic acid bacteria, while the pH, soluble

solids and reducing sugar content decreased significantly (P<0.05), and the centrifugal precipitation rate did not change

significantly. The results of gas chromatography-mass spectrometry (GC-MS) and electronic nose (E-nose) analyses

showed that the types and contents of flavouring substances were significantly higher in the rice milk fermented by lactic

acid bacteria compared to the control. The contents of n-hexanol and benzaldehyde, which were the main aroma

components of rice milk increased by 0.23%~2.42% and 0.11%~0.72%, respectively. And the rice milk fermented by lactic

acid bacteria had a unique fermented flavour. The results of this study could provide a theoretical basis for the in-depth

understanding of the effects of lactic acid bacteria fermentation on the quality, antioxidant activity and volatile flavour

substances of rice milk.
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Table 2 Physicochemical properties of different
types of rice milk

RIS BLUIER

KFLRIE pH R (mg/mL) (°Brix) (%)

BT 6.28+0.11°  5.80+0.56° 8.47+0.25°  0.30+0.04*
KREEKZL 3.87+0.09°  34.27+0.40 8.43+0.06°  0.38+0.04"
ZIKFL 6.37+£0.10°  5.33+0.21° 8.07+0.15° 0.33+0.03°
KRELIKEL 3.95+0.18°  33.50+0.30° 8.01+0.12° 0.36+0.08°
KEKFL  6.70£0.17°  5.87+0.38° 9.00£0.10°  0.29+0.04*
KEEREKEL 3.9840.25°  33.67+0.15% 8.92+0.17°  0.38+0.05"

T RIS Rl TR Rl 22 57 .35 (P<0.05), K3[]

22 EFmR

22 3 U A MK L R R S 105 SR A T AR
fbo H1Z% 3 Al =Rk FLEI FLR R A TS, SR H
JEF 3 (P<0.05) I, Hih ZLIR B A TS, SEoK
FLEEFESEREE T 27.40%, ZKFLE R &
EEET 991%, BARAMWEARSTERST

11.58%. AT 3L AR AR 1 & B A3 fin e W 3 o
FUE IR RIS £, BRI A8, T E e R Kad
R PR 8 R Ao A A, I R
2, RIS ) R B, LR A Bt —
AR AR T, B0 T 3 A AR R o T, L AN
AR G R ZE Ry IRV E R A A R, e fe A T
KRGS I 2 Wi 2 22 Ok AR R R e e
Tt. Mendes %50 HlVE T —Fpr AR B L TR, F5T
ZE I KL S OB R U S e BT, AR
PR A S AR SOk A — 3. BRIk 40, AR 3
FR AT LU 3] = ROKFLAFLRR I A S, KFLH AR
JEOBH R4 I 35 (P<0.05) R R, Horp KLY JEo0E
TR PR T 3.06%, £1 K LI JEORE & m B AIR T
12.57%, BERZLAVIETFENE S m BRI T 12.89%., X2
FH RS R LBR o 2 S 3, S HAR LR = Y
C IR, K P ash 7 v 2L R PR AS TR FH 3268 I v i 2
Jo, AT R WIS KL S B R M. e S
FHAEIGIT A WA IE AL I 5905 H B 2K
PERTZE SRS R T M R i e3P, f e 3 A,
SEOR R Y BB i B 2 (P<0.05) 5 T A K FITRE K o
KeWE)T , —ReARFL T S S R B 3 (P<0.05) |
Ft, Forp RECR L A S R S 2 A5 A, 2K EL
ORI S R T 1A, RO LA B S R e T
2 A5, FLIR B A 1R w5 3 = T oK ELHR Y R
T, DR TR R R R W AR T I I AT 4 2R
IKFREEE, VET T EEK | LI RS ik i, e T
FR e b Z W R, Huang 25122 DL FNZERE K
FLJ, XFAN[RIBE R LU B e 2EA T LR T 42, 45
W, RS T REZEEAA S &, AR
MpFsTaE R 52 2.

3 ARZERDRFLAYE SRR

Table 3 Nutritional qualities of different types of rice milk

KK EHEV i W JEE S
(g/100 g) (mg/mL) (mg/mL)
L SN 4.20+0.06° 19.44+0.14* 0.32+0.09°
RIEERKEL 5.35+0.01° 18.84+0.12° 0.87+0.04°
21KFL 4.24+0.04° 17.02:0.40° 0.13+0.03¢
KL EL 4.66+0.06° 14.88+0.05° 0.44+0.04°
BEKEL 4.49+0.01¢ 18.91:£0.06" 0.08+0.03¢
KRR EL 5.01+0.05" 16.47+0.07 0.40+0.05%

2.3 FLEAEA BRI E A TEERS M

2.3.1 DPPH-{EI&IHTE  A[FIZERKFLFE: DPPH-
MIRE T AN 1 I, Z5SRRHH, ToiR 5 AW, oK
FLBY DPPH- 7% B 3%t 35 (P<0.05) /5 T 21 oK FL AN KE
KFL, X R A T RROK T s e S A
Yy, PraE AL E T . PRk Ab, AR & KLY
DPPH -1 & AT 11.2%~56.9%, KK F. DPPH-
RN T 16.5%~68.7%., HEAKE, FLER I K
2 T RS A OK LAY DPPH - BRBE 11 (P<
0.05) . IXATHESE R A= f Hh 18R SRR K AL 54



PR/ INR |, A FLBRER X RFLA B USRI LT PR R - 131 -

%465 5 4l
g 60 9%
4% 40
- 7 a
é 20 % b a
LN AP S LN

ANIFIZERY K FL
Bl 1 AFZREDKFLR DPPH-{EBREE S
Fig.1 DPPH- scavenging capacity of different
types of rice milk
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Fig.2 ABTS" scavenging capacity of different
types of rice milk
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6 PR LB H T S BRI AnEl 3 s . NE
A LU H, ASRVICRH R R 38 2 TR A 7E 25 5%, UiEH
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Fig.3 Electronic nose radargrams of different types of rice milk
before and after fermentation
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Fig.4 Electronic nose PLS-DA analysis of different types
of rice milk before and after fermentation
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2.43 GC-MS

X 6 FiAS [RIZE Y () A P A R A B KR FL Y XU ) o it
AT BT HEAR, 45 2R N5R 4 R . SAERBEKFLAHLL,
F PR F LI SR IR Y JAy D B 28 . LR B
KR, SRORFL P SAG I HY 21 AT, 21oKFLrhdE

K thy 23 Fhigy o, Bl K L A HEAG I Y 23 Fp A 5.
FURR B A TR, SRR FL A ANt 29 APy o, 21K
FLA AN I 25 FhPp 0T, BE K FL A HAG I HY 27 Fb
Yy, IX 5 Z BTHIWE TS AR, RIZLIR o A 1 2=
PR ZZ R A R

SARRBEKRFLAA LY, A AR L4 K R XU )

K4 AFEERORFUE R TEL S P E S5 R

Table 4 Results of volatile compounds in different types of rice milk

AAXFUAE IR (%)

GIEN FF5 RN 5 7k CAS
B FB R FR W FW
1 -2 -1 CgH,,0 18409171 0.29 0.30 - 0.31 0.48 0.51
2 1-PEffe-3-i C,H,,0 7383199 0.08 - - - - -
3 3 BE-3- T -1 CH,,0 763326 1.15 0.75 - - - -
4 IEC R CeH,,0 111273 - 0.23 - - 0.59 3.01
5 4-H B 1R C¢H,,0 626891 - - 0.31 0.34 0.15 -
[i=S 6 23-“HERCOE CeH,O 26001581 - 0.56 0.53 0.35 - 0.45
7 1w C, H,,0 112425 - - 3.24 - 5.36 6.26
8 BREE C,H,;0 111706 - 0.39 - 0.35 0.30 0.37
9 - CoH,,0 143088 - - - 6.81 - 1.92
10 1= CgH, 0 111875 - 121 - - - 2.34
11 WKL CeH,,0 60128 - - - - 0.28 0.43
1 N-F 5L SN ke CH;N 625434 5.81 5.67 0.83 0.56 1.41 0.14
2 RO C;H,N,0 107915 - 3.58 9.71 9.11 - 3.45
3 2- AL CgH,NO 103811 - 0.02 - 0.13 - -
JHeks 4 2-FRFE N Bk C;H,NO, 2043438 - - 0.68 - - -
5 S P C,H;)N 123820 - 3.24 - 0.46 - 2.78
6 13- T C¢H N 108098 - - - 0.65 0.53 0.87
7 1,5-—HIIE O CgH,pN 543828 - - - 0.45 0.35 0.49
1 IEC C¢H,,0 66251 0.78 - 0.29 - - -
2 (B)-2-Bfms C,H,,0 18829555 0.45 0.71 0.49 - 0.63 -
3 2 C,HO 100527 0.14 0.25 - - - 0.72
4 T CyH,0 124196 5.14 - 2.16 0.65 241 0.55
. 5 ZEE C,oH,00 112312 0.68 0.82 - - - -
6 S -2-BE I C,oH,s0 3913813 0.89 3.19 0.71 0.49 0.98 0.27
7 2,4-5% ZJaE C,oH,0 2363884 0.37 0.89 - - - -
8 B C¢H,,0 124130 - 0.61 0.33 - - -
9 R -2-FJs T CgH,,0 2548870 - - 0.14 - - -
10 CE C¢H,,0 66251 - - - - 0.44 0.49
1 TR C,H,O 67641 6.07 4.73 - - - -
2 2-T- CoH,0 821556 0.77 - 2.98 0.51 0.66 -
3 2 = C,5H,0 593088 0.67 0.53 - - 0.64 -
4 2,3-T Zfid C,H0, 431038 - 1.39 - - - -
[iFES 5 2,3-7% C,H 0, 600146 - 0.88 - - - -
6 2-J3E C,H,,0 110430 - 0.16 - - 0.27 -
7 5-H BE-2- L C,,H,,0 927491 - - 0.41 - - -
8 2~ R C,H,,0 6175491 - - 0.60 0.35 - -
9 3-FAE-2-THR C,H;0, 513860 - - - - 2.90 -
1 P C,,H,0 629594 1.01 - 0.31 0.27 - -
2 I C,,H,0 629925 0.93 0.61 - 1.28 0.70 0.46
3 WAy C¢Hyy 544763 133 - 1.10 0.40 - -
fke AT EY 4 2,3-FR4 Tt C,H,0 3266237 - 131 - - - -
5 ke C,;Hyq 629798 - 0.52 0.61 0.93 - 0.72
6 2,3- W -2-F 3L T He CH,,0 5076197 - - 1.38 - 8.65 12.38
7 ekt CsH,, 287923 - - - 1.30 - -




%4645 5 4 /N, S ZURRTA AR LT, KR A PR 2 ) <133 -
gk 4
ARRF T FR (%)
JEES has R MY 53 FR CAS
B FB R FR % FW
1 NI C,H,0, 141822 1.41 - - 0.97 - 0.92
3 IR C,H0, 65850 - 1.74 - - -
4 ki C,;H,,0, 112378 - 727 - 0.37 - 0.22
1% . SR 5 i C,oH500, 334485 - 3.19 2.07 224 1.18 0.03
7 PR LR C,H,0, 544638 - 0.16 0.44 - - 0.41
8 INBER C,6H;,0, 57103 - - 0.42 0.78 0.80 0.68
9 R CgH, 40, 124072 - - - 6.04 - 0.34
1 2,6-HI gz CoHgN, 108509 0.32 - - - - -
R 2 L}%ﬁ%#%% CHO 496162 1.11 0.86 0.63 - 0.77 0.25
3 ST St C4H,0, 108463 0.36 - - - - -
4 2,6-RUT HAKRT C,H,,0 128392 - 0.27 - - 0.27 -
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Ja, FEKFLP Y IE OB & T 2 0.23%, KK FL
FIE O RS 3 0.59% FHE = 3.01%, FLIRH A
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Fig.5 Clustering heat map of volatile flavour substances in different types of rice milk
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