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JE 95 °C (BF 1) 50 min; & AL 4 KA AE AL F 4 S B e E
100 U/g B & 70 °C \BF 1] 2.5 h, B4 F A I47. 8
ZER RAER B AR 1 D4 (g/mL) BB F e
FL0% KBRE 30 CimEMRSHEEZRBH A LA
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Abstract: Conditions for the production of Chinese quinoa rice
wine by liquefaction method were optimized using Qingli 2 as raw
material, and the changes of antioxidant characteristics of the fer-

mentation liquid were studied. Results showed that quinoa opti-
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mized liquefaction parameters were: high temperature a-amylase
dosage of 6 U/g, liquefaction temperature 95 ‘C, time 50 min.
The optimal saccharification processes for quinoa was saccharifi-
cation enzyme dosage of 100 U/g, saccharification temperature of
70 °C and saccharification time of 150 min. The best main fer-
mentation conditions of the quinoa saccharide were; material to
water ratio of 1 : 4 (g/mL), yeast addition amount of 4.0% , and
the fermentation temperature of 30 °C. The phenolic compounds
increased first and then decreased during the main fermentation
period, and the total phenolic and total flavonoids content reached
the maximum of 163. 75 and 14. 00 pmol/100 g « DW,
respectively. During the fermentation period of 1~8 d, polypep-
tide content also increased first and then decreased, and further
tended to be stabilized. The maximum polypeptide content of
4,95 g/I. was obtained at fermentation 4th day. DPPH and
ABTS™" free radicals scavenging activity of the quinoa fermentation
liquid were the highest at the 3rd and 4th day, respective-ly. While
it’s FRAP iron reducing power remained at a high level at the first
1~3 d, and decreased to 12.86 umol/100 g « DW at 7~8 d and ten-
ted to be stable. Dynamic changes of these active substances
might be the important material basis for the formation of
Chinese quinoa rice wine anti-oxidation activity.

Keywords: Chinese quinoa rice wine; fermentation; processing

optimization; antioxidant activity
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W (1 mg/mL) &4 0.0,0.2,0.4,0.6,0.8,1.0,1.2,
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80,90,100,110 U/g) . #i fk i/ & (40,45,50, 55,60, 65,
70,75 °C) . WAL PR R I [ A2 A A R AL B E] 40 min,
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N5 J 7 s Tk o A T VR o R > YA TR > W AR I ) O
B4 AR AB; Cou B3 AL B 1A 50 min. B 7R I &
6 U/g AR 95 °C 5 B I I ik A8 A6 R 32 of Y Ak 4 38
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Table 3 Variance analysis of quinoa liquefaction test
kIR FRM BB BIr F P WEM
WIERR  0.352 6 0.059 29.210  0.033
i 27.598 1 27.598 13 722.519  0.000  x x
A 0.022 2 0.011 5.510  0.154
B 0.183 2 0.091 45.420  0.022
C 0.148 2 0.074 36.700  0.027 x
% o004 2 o002
it 27.954 9
KIE B3l 0.356 8

T R2=0.988 7;R%4=0.954 9; * /R WFH(P<0.05); * » 3
TR i 2 (P<C0.01)

55X AT BT 4 R AR — B
22 FEEBUIZMRUL

A B DY BRI 45 R e 63 L B BOK - (LR D L B
MR JERE & o AR R BT ISR I 2 R W 5 &
IR 6.
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Table 4 Factor and level of orthogonal design for

1 EERUEZTKRBEERKESR quinoa saccharification
Table 1 Factor and level of orthogonal design for N B v/ C 5 AL 5 ] /
quinoa liquefaction K °C (Ueg™ b min
AP AVRALEE]/min B B IE /(U - g 1) CHALIREE/C 1 65 80 120
1 30 4 90 2 70 90 150
2 40 5 95 3 75 100 180
3 50 6 100
x5 BERUETHKBER
K2 BERUEXTREER Table 5 Optimization test results for quinoa
Table 2 Optimization test results for quinoa liquefaction saccharification
e A B I JFRE S i/ e A B I JFRE S R/
(1072 gemL™ 1) (1072 g+ mL™ Y
1 1 1 1 1.53 1 1 1 1 2.13
2 1 2 1.95 2 1 2 2.16
3 1 3 3 1.74 3 1 3 3 2.18
4 2 1 2 1.68 4 2 1 2 2.24
5 2 2 3 1.58 5 2 2 3 2.12
6 2 3 1 1.83 6 2 3 1 2.20
7 3 1 3 1.45 7 3 1 3 2.23
8 3 2 1 1.92 8 3 2 1 2.21
9 3 3 2 2.08 9 3 3 2 2.35
RV 5.2 4.66 528 ko 6.47  6.60 654
ko 5.09 5.45 5.71 ko 6.56 6.49 6.75
ks 5.45 5.65 4.77 ks 6.79 6.73 6.53
R 0.36 0.99 0.94 R 0.32 0.24 0.22
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Table 6 Variance analysis of quinoa saccharification test Table 8 Optimization test results of main fermentation
K OPHE AMIE Ky F P BEH for quinoa rice wine
IR 0.038 6 0.006 43.923 0.022  x s A B C WK & 5/ % Vol
WUE  43.648 1 43.648 302 178.769 0.000 x x 1 1 1 1 6.8
A 0.018 2 0.009 62.850 0.016 2 1 2 2 8.7
B 0.009 2 0.005 33.310 0.029  * 3 1 3 3 6.9
C 0.010 2 0.005 35.620 0.027 4 2 1 z 9.1
% 0000 2 0000 5 2 2 3 9.6
il 43.686 9 6 2 3 ! 8.5
E#IF 0.038 8 7 3 1 3 5.8
T R2=0.992 5;RA4=0.969 9; * 5 .35 (P<C0.05); * x ’ ’ ! o
R g E(P<o.0, g ,,,,,,,,,,,,, 33 ,,,,,,,,,,,, 270 ,,,,,,,,,,,,,,,
ki 22.4 21.7 23.0
Hi 3% 5.6 W] 1. 2% DR 3R X 28 A2 A AL AR BE Y 82 32K ks 27.2 26.0 25.3
N5 J A 5 i B = W Ak it R o i > Ak B T e AR 1 ks 21.0 22.9 22.3
HAE R A By Co, BIHE AL IR B 70 °C L b B R i & R 6.2 4.3 3.0
100 U/g Ak} ] 150 min,‘iilj“ ek R P S
3 ANBEAL B e DR X6 0 M 5 A 0 8 e 34 3K B B K P R FEFLABETRBAZENIHE'

(P<<0.05),
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HEIR G » FLU A T B 12 b4, % T AL 2 82 o) A X A8/ s e
WA AuB, Co  BIVBK EE 10 4 (g/mL) | BEER3EF &E
4,02 R BERLEE 30 “C s RhAK Ll R B H2 i ek o 17 K5 2 %
i i 3 (P<<0.05)
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Table 7 Factor and level of orthogonal design for

quinoa rice wine fermentation

A BLK H B 3 Fh C KR/
K .
(g/mL) /% C
1 1.0 : 3.5 3.5 28
2 1.0 > 4.0 4.0 30
3 1.0 : 4.5 4.5 32

Table 9  Variance analysis of quinoa main

fermentation test

kU PR AdmE ¥ F{H P{H ®EM
RIERERS 11,973 6 1.996 26.806  0.036 *
M 553.818 1 553.818 7 439.943  0.000 % x
A 7.049 2 3.524  47.343  0.021  *
B 3.282 2 1.641 22.045  0.043 =«
( 1.642 2 0.821 11.030  0.083
w2 003 2 oo

BIE BT 14.676 8

t R?=0.987 7;RAq;=0.950 95 » /R BFH (P<C0.05); » * %
R 2 (P<0.01)
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Figure 1 Changes in total polyphenol and total flavonoid

contents during the fermentation of quinoa sac-

charide

177



178

F & B2 | DEVELOPMENT &. APPLICATION

SEVEFIA G2 s R 6 d T RIER 2 b 43 0 /b 545 %
T  ELBE e T F [ 9 A28 SORHBOT R B2 38 I 22 12 3R e 4
T R e By R A S 1Y AR B 26 A 45 Wy 5 R PO A
2.4.2 ZIKEE WA 2 W Bl A TN E] A AE S A
T P 2 I S T R R AR SR 4 R 2R ik
BB ORME 4.95 ¢/ L Kl 7 d R Z2 IS BB TRE . R
15 3.20 g/L it BERMER P ZKEZRIFT A
i@ WUEM AW @ OB PR E A R R TE B
03I e A Ok BB R R T B A0 R 2 IR A R
T P ) N 3 1 B 2 e R O 22 i 5 T 7 R T O OB Ak
WA R B RE O R W B R e 2K TE AR
55 53 M ARDRE P4 L R W P 2 Ik R R A TR E .

I

6
5
ar

SRR

24

1F

Jik
Polypetide content/(g * L)

0 s s \ \ s s |
1 2 3 4 5 6 7 8

K P ]
Fermentation time/d
B2 EEBAHAFEIRFZKREZHEL
Figure 2 Changes in peptide contents during the

fermentation of quinoa saccharide

2.4.3 PUAEALME & 3 AT, DPPH [ 5 B ).
ABTS' [t ZE 5 BR 1 B k0 I 03 7 % e 3k i v AR 5
¥R WM& . DPPH B diSL 3 BRAE I 78 L BE4 3 Kk
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HIEBRAE I E R BSR4 Rk 4 4~6 RYUEFER, T
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Figure 3 Changes in antioxidant activity during the

fermentation of quinoa saccharide
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