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Research on fermentation process optimization, antioxidant and
hypoglycemic activity of pigmented rice lactic acid beverage
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Abstract: Objective: To develop pigmented rice lactic acid
beverage with good antioxidant and hypoglycemic activity. Meth-
ods: Taking black and purple rice as the main material, the effect
of mass ratio of purple rice to black rice, the addition amount of
Lactobacillus bacteria, fermentation time and solid-liquid ratio on

the sensory evaluation value, total phenolics content, ferric ion
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reducing antioxidant power (FRAP), ABTS free radical scaven-
ging ability, and the inhibition rate of a-glucosidase of pigmented
rice lactic acid beverage were explored. Results: The optimal
technology of pigmented rice lactic acid beverage was as follows:
the mass ratio of purple rice to black rice was 1 : 5., the solid-lig-
uid ratio was 1 : 8 (g/mL), the addition amount of lactic acid
bacteria was 5% . and the fermentation time was 40 h. Under
these conditions, the sensory score of pigmented rice lactic acid
beverage was 83.6£2.51, ABTS radical scavenging capacity was
(145.02 + 7. 88) mmol TE/g « DW. FRAP was (33.41 +
1.70) mmol Fe?" /g « DW, total phenolics were (4 208.78 +
281.26) pg GAE/g « DW, a-glucosidase inhibitory rate activity
was (13.9440.01) %. Conclusion: The pigmented rice lactic acid
beverage possessed purplish red color, soft in taste, moderate in
sour and sweet taste, with good antioxidant activity and a-gluco-
sidase inhibition effect.
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Table 2 The effects of mass ratio of purple rice to black rice on the quality of pigmented rice lactic acid beverage

EERER 934 . ST/ BT RIERE S/ ABTS A HBETEBRAE S/ o 4 1
‘ BT )

1| 1) g G e g e mmol Fe g e mmo g e RSN

151 ¥4 A, (pg GAE L« DW) ( | Fe?" e DW) ( | TE LeDW) IR/ %

mak P mumpe N 11 83.62+1.34 2 460.214-27.35 18.0741.04 56.39+2.16 28.78+2.11
muk tmuwx N 13 79.4341.34 2 350.434112.61 17.83+1.04 72.58+13.32 28.0442.73
muk tmux M 15 79.0241.58 2 152.50413.41 16.78£1.52 70.2047.99 22.7242.47
mygk P mumx M 11 82.6441.14 1 462.78-£100.30 7.3340.24 53.2544.62 18.48+0.34
mygx tmux A 1:3  83.4540.55 2 241.754144.95 15.36£0.46 59.2141.11 20.1542.30
maygx tmmx A 15 86.2041.41 2 997.17442.65 24.524-1.30 77.0841.17 25.7141.31

*3 ABEEZBHMINMEXNFEXABRRIMKROZME

Table 3 The effects of the addition amount of Lactobacillus on the quality of pigmented rice lactic acid beverage

FLIR A K BEAY R M/ BB il Re S/ ABTS HHBETERAE ST/ o~ 40 B 1T 5
wmi/ % (pg GAE « g7 « DW) (mmol Fe?* « g=! « DW) (mmol TE+ g ! « DW) i/ %
3 83.43+1.67 2 901.154374.04 25.67+1.27 94.8943.99 21.8043.15

4 86.24+1.67 2 880.58+212.16 23.14+1.28 78.49+4.30 24.54+2.64

) 83.264-0.84 2 550.984-148.71 21.4940.94 75.38+4.71 25.1342.49

6 84.22+1.48 2 649.154208.38 20.9040.96 90.44+3.77 27.2143.29
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BRI = W e BE B T AR R R T

2.1.4  BIBE A oK IR OB R S e R 5 Al
AL YRR LN 1 4 (g/mL) I, A K FLIR YOk i R
PEor e b B2 RE A B 0, B PR A AR, T RE R B T
KR BTN 3 BT XU B TR Y e BE A AR L 1 R R X A B
WL FUIR & B KU AR X B 225 . R B BRI 1L B3 K
BERETFHEFHEMEE, SR N 1 8 (g/mL) A, &
& A R, T BE R R T B R AR i T 3L R BRI
i B4 78 43 2 i R s g R T LR TR XS R % R
B 22 T BRI, 22 W3 e 8 18 A 5 K B 44 5 386 i RS R F
T2 (14 4 SR AT . IR I 22 10 M A 008 T e I 5 T
. B EKRFLBRIKR FRAP {8 bR L f38 k5E BTG
TR T BE ORIV L E — 5 3 TR P AL K i Y 3 2T L) AR
b LR DA IR S 14 78 4 B A s 17 A ) T 2L R TR X AR o
4 ] RN 25 e S T 5 e 0 T % R I L ] B A 4 o
B A G T T R FR R SR T X FRAP il =4 T —
FES L FRAP H 2 T RS . ABTS A &g 2
iR P 2% 1 BB R 22 /0N o R IR L A K L T e 4T 43 A
Xif 58, fE — T N {2 BE T ABTS H t B BRfE I Y
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Table 4 The effects of fermentation time on the quality of pigmented rice lactic acid beverage

SRR R A/ BB TR RS/ ABTS H 5V BRBE ST/ o % W T

(pg GAE « g7! « DW) (mmol Fe?* « g=! « DW) (mmol TE+ g~! « DW) IR/ %

24 77.20+1.30 2 742.444315.48 24.66+0.60 76.71+7.58 40.32+1.35

28 81.8240.84 2 791.024+503.13 27.20+1.01 92.47+2.46 40.62+2.30

32 82.8241.30 2 950.234229.85 28.4040.63 98.91+2.02 41.1043.48

36 84.0341.22 3 393.754365.30 26.0640.83 109.29+7.61 34.7942.42

40 85.6440.89 3 028.814243.30 24.2040.89 78.13+2.15 30.06+3.45

44 86.38+1.30 2 938.074+129.82 23.6040.46 70.60+4.98 28.22+1.23

F 5 RHEEXE EKILE R &R

Figure 5 The effects of the ratio of material to liquid on the quality of pigmented rice lactic acid beverage
BRI L o S/ BRE TR RS/ ABTS FI HEEBRAE T/ o~ 2 W 11

(g/mL) (pg GAE « g7! « DW) (mmol Fe?* « g=! « DW) (mmol TE+ g~ '« DW) IR/ %
1:4 86.4140.89 2 478.74+108.88 22.37+£2.43 70.46+2.07 20.3241.35
1:6 85.4240.89 2 823.514+270.71 24.2042.06 79.90+7.88 26.6242.30
1:8 76.82+0.84 3311.894217.34 28.4141.34 166.15+8.83 31.10+3.48
1:10 76.22+1.48 2 674.25+114.50 24.45+2.16 194.28+4.25 34.7942.42
1:12 74.22+1.58 2 834.144254.24 13.4340.86 208.5449.16 36.06+3.45
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2.2 EXKR

e R 2 A I, vk B IR I TR) L LR Bk IR R
PRI A K L B AR U L HEAT PO R =K PR
AR L R G0 B R K K 6, IR RS R K 7.

3R 7 AL DURE TR N BB A B T
BCT5 4 As By Co Dy 25 B 3R AT IER B 1T 43 19 52 il 2 M o= )
1% S LR B8 & TR O (B > & WIS A] CAD > R L
(D) >H K L FIF R (O . LUBEY & = AE N FEE prit,
BETEE S N A B C D, . 45 K4 A& 5 8 5 m

X BEFERIBUANABRIZAURAKUMEDEEERR

BE M IR S B HE (D) > FLIR B K B 0 I8k (B) > &
T A CAO > K L BB (C) . BLBR B 1 18 JRfE )
PRl BRI R EE L2/ TN AsByCo Dy, 2 LR X
B T30 BRI B 5 e A A s AR Sy Az TR I ) CAD >
R L (D) > (4K Lo 44 W (C) > LR T % 1 5

6 RBWEEHERSKEGITE
Table 6

Test factors and level design

o A RWE BILRA A CA K D RHR H
TME/ B b 0 (g/mL)
1 36 3 myox tmyx M5 1:6
2 40 4 mux Pmmgp N 13 1:8
3 44 5 max tmux H1:5  1:10

R7T L3 EZRKEEITRER
Table 7 1, (3") orthogonal test results
- A 5 X . RE S/ FRAP {t/ ABTS {8/ o T il
W4 (ug GAE + g ! « DW) (mmol Fe?* « g=! « DW) (mmol TE « g~ « DW)  #ifil%/ %
1 1 1 1 1 73.2 25319 34.5 98.55 20.6
2 1 2 2 2 80.0 3 640.6 48.4 166.00 22.8
3 1 3 3 3 79.6 31132 40.7 183.37 15.5
4 2 1 2 3 79.0 32909 34.9 188.88 9.2
5 2 2 3 1 80.6 2 452.8 21.6 122.09 135
6 2 3 1 2 84.0 42088 334 145.02 13.9
7 3 1 3 2 79.0 3 382.9 40.2 167.67 6.3
8 3 2 1 3 82.2 3 148.1 42.0 187.00 6.0
9 3 3 2 1 83.8 3299.5 42.8 119.26 8.6
"""""" kTI6 TIL 798 12
O ke 81.2 80.8 80.8 80.9
Wi ks 81.7 82.5 79.7 80.3
R 4.1 5.4 1.1 1.7
ki 30952 30686 32963 27614
M Wy ke 33482 29047 32345 35683
Ei ky 32768 35405 29830 31841
R 2530 6358 2515 8069
k 41.2 36.5 36.6 33.0
i ko 31.7 34.8 39.5 38.1
- Eﬁ/« 4.7 39.0 34.2 39.2
wn b . X . .
R 10.0 5.2 5.3 6.2
ABTS k1 14931 1570 14352  76.67
i b, 10830 12753 163.84  165.35
WOBR ks 15798 14921 12108 186.42
BEF R 4968 2417 4276 109.75
ok 19.6 12.0 135 14.2
o fH ks 11.2 1.7 111 119
il k 7.0 12.7 118 10.2
ITTE S ' ' ' '
R 12.6 1.0 17 4.0
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(B, LI ABTS A B3R AR ) o8 R EAR bR e, i T
T AsB Co Dy 45 R X 4K B F 18 JR g 71 89 5% i 72
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W& 1A T A3 W i T LB AsBCD, .
AyB;C D, A B,CoDy L Ay B CoDs Ay By Cy Dy s He i DL
By o EES BRI R A.B,C D, HIE
IR ERE 6 41, oA T A5 Y F B TG O R 2 GE 38 46 Y
ML s HLAT — 8 2500 35 647 3E— 25 90 A G AR 5
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M2 8 AT, A, B, C, D, ML &AL ME T o 25 4% 1 il
il Re 1 30k de A, OB T 45 O 83.60 £ 2,51, BE KT
A;B;C.D, B, HXEA RIF B bae )y, S & &l
(4 208.784-281.26) ug GAE/g + DW,ABTS H i 5% %
fit 71 4 (145.02+7.88) mmol TE/g « DW, & iy & &
ABTS A i ERAE ) 2% = TR 8 — T Fh & 5 —
WA A KPR AR 2 TR R GE 1 (FRAP)
M (33.41+1.70) mmol Fe*" /g « DW .o~ %5 #4 11 BE 411 il
WAL A (13,94 + 0,010 %, H b, i B AER TN
A, BsCiDy JHIVECKR BRI B L 12 5, BB 1 ¢
8 (g/mL), FLERTH & WM VR n it 5% , K WERT (A1 40 h,
WA T A OKRFLRR OB ™ M Pty — B2 6, A i
AU o T A R, 1R R, BRI R TS P, TR UTIE Y .

xS WIEAMBETN, 2BEE, 9B TEEEN, ABTS EHEFRENT o« AEEEBEINH X

Table 8 Sensory evaluation value, total phenolics content, FRAP, ABTS free radical scavenging ability,

and the inhibition rate of a-glucosidase of the validation group

a5 RN S/ R TR g S/ ABTS AHBEIRAES/ oM R HE
(pg GAE » g~ + DW) (mmol Fe?t « g=! « DW) (mmol TE+ g ! « DW) %/ %
AsByCoDy 84.0642.65 2 695.214182.92 16.3142.43 118.94+3.56 12.8740.60
A:B;CiD; 83.60+2.51 4 208.78+281.26 33.4141.70 145.02+7.88 13.9440.57
AsB;CpDs  82.824+1.92 2 222.52+187.30 11.5941.32 138.55+1.97 6.4540.33
AsBiCoD;  80.8143.56 2 894.13£118.90 13.2040.77 133.1541.41 5.4440.93
AiB;CiDy 82.8442.39 3 230.95+135.03 13.01£1.55 100.1742.10 10.8340.95
3 [4] B0, BBAIT, Mok Ah, 45 SOk B 4 HUW i IR A Bt S Ak AR

IR A ORI ORI S AR R B T 55N
SORFNBAKBIIE LR 1 5 RK LN 1t 8 (g/mL), FLIR
R BER BN G 5%, K BERTE R 40 h. i KM T A &
KFLR VOB E I 1T 84, 7 R —, BB 6,
H ALY A A R, LU L IR AR IE R RULREY . R
2 T A Bl 5T A T BEWR AT A GOK FLIR OB A T i 7 R By
W2 b A6 (01 45 2 B 2 0% 1 2 A 2L A 5 8 AR AL L
5 HH FLRR O Hh 2% T PG 2 K BE— 2 B T LA
PN AR T AR AL EE
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