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Optimization of liquefaction process of germinated brown millet beverage
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ABSTRACT: Objective To prepare germinating brown millet beverage with germinated brown millet as the
main raw material, and optimize its liquefaction process. Methods Using dextrose equivalent (DE) value as
evaluation index, the effects of moderate temperature a-amylase addition, liquefaction pH, liquefaction
temperature and liquefaction time on the liquefaction effects of germinated brown millet beverage were optimized,
the processing parameters of liquefaction process were optimized through single factor and the response surface
test. Results The order of various factors on DE value was medium temperature a-amylase addition>liquefaction
time>liquefaction temperature>liquefaction pH; the optimal liquefaction conditions were as follows: Moderate temperature
a-amylase addition 12 U/g, liquefaction pH 6.0, liquefaction temperature 64 °C and liquefaction time 42 min. Under these
conditions, the DE value of sprouting rough millet liquid was (36.32+0.23)%. Conclusion The model can
reasonably predict and analyze the DE value of germinated brown millet liquid, appropriate addition of the medium
temperature a-amylase can effectively improve the degree of starch hydrolysis and improve the quality of beverage,

this study provides theoretical supports for the liquefaction process in the research and development of millet
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products in the future.
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KB 18 S/ K LA RARF 2 BE A T BT R4
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Fig.l Process flow diagram
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Table 1 Codes and levels of independent variables used for
response surface analysis

S
KA
A/(U/g) B pH C/°C D/min
-1 6 5.5 60 35
0 10 6.0 65 40
1 14 6.5 70 45

1.3.4 DEan &
DE {HZ¥E AR rh AR St LU 2 Y R, Blig

R T R E b, = IRA ()R

R HE S (%)

DE fH/%= ——— 2 72
[ TEA &5 7 (%)

x 100% (1)

(V)i B I

3,5- S K IR R R A R B K AR
6.5 g 1Y) DNS, JIlA 2 mol/L [} NaOH ¥ 325 mL F1 45 g
=, FEATELE 1000 mL 5, e P I,
%M.

FESACRE: B 10 mL, 8000 r/min N E5.L>5 min,
G R RRRE L, A5

SR EC T TR TR . A IR 0.,0.1.,0.2,
0.3.0.4.0.5 mL #ZJ MR E IR, FZEMKES 2 0.5 mL,
JA 1.5 mL DNS i{RITR 515 # KA R 5 min, KR H,
A 4 mL Z8080K, 1R5]. B3 540 nm TG EE,

DL 2 B v VR R BE (X, mg/mL) B AR AR, WROBEE AL
AFR(Y), hltrfEf g, BB EIH TR ¥=0.3302Xx+
0.0577, r*=0.9952,

FE Sl R SO S B 0.5 mL FAFIEESL S 1.5 mL
DNS HFNRE A5, JRgm iR BRiE . MIEAK(Q2)
TR b B i
cx DxV

m

o W ERR IR S, %; ¢ RN RO R AR H Y
R TS, mg/mL; D FORERMRMEL, v FoREUE
AT, mL; m /R BUFE i, mg.

) E I & i 22

22 ARSIy vk R A TR RO T AR A B
T ERBEAR T, BOAMEAS 105 cCRHEEETE ., HAELITF
ARG R &

W/%= x 100% 2)

Ml
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2

Kb MFIRETEYIE &, %; M R iR FR T, g M,
FORMEEFT R R, go
1.4 HIEALE

IR ER 3 IR, LIRSS LT A7 1 i 2=
#7x, ] Origin Pro 8.0, SPSS Statistics 26.0
Design-Expert 10 % 3258 0F1 740 3 A5 87
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K BEFROTC 5 35 1 25 F(P>0.05) . JR DR A fig 2 i 25 Aisf 7] 184
i, WS YN TR Ay RN, Y N R SR, K
AW L, BEE 1A, TER RG-S R TE R R AR 5 A,
TR IR R, ARSI IR AL AN 22 {2 iF DE {1
PR BRAE R S PR PR P g R AR 1
MIZE KGR — B BFILER G 5 BRI FEORE R, &
ARG H L PR 38 L A TR A IS (B B 5 24 40 min, FFE 4 35,40,
45 min AT HE— A5 00 0 1 SE BG4

22 MNEXEERSSH
221 e E & ERET AL R

1345 Box-Behnken HH A SLIRBET TR, ZEA AR
SEEGEEEL, W R AL & 2R IR ECRHRAE T2
DA a-JER BRI EE . WAL pH . AR | WAk Ta) s
4 FHZE 3 7K R AL SE R, SRR SE5 R 0L 2,
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Table 2 Response surface experiment design and results

SIS A B C D Ri/% (n=3)
1 -1 0 -1 0 26.06+0.07
2 0 -1 0 1 26.89+0.06
3 0 1 0 -1 23.89+0.12
4 -1 0 1 0 28.13£0.07
5 0 0 1 -1 23.97+0.06
6 -1 1 0 0 25.97+0.29
7 1 1 0 0 26.29+0.17
8 1 0 1 0 27.73+0.07
9 0 0 0 0 34.54+0.17
10 1 0 0 -1 28.15+0.11
11 1 0 0 1 33.69+0.07
12 0 1 1 0 27.05+0.18
13 1 -1 0 0 28.93+0.12
14 -1 - 0 0 23.90+0.23
15 1 0 -1 0 32.41+0.14
16 -1 0 0 -1 28.90+0.13
17 -1 0 0 1 28.23+0.12
18 0 0 0 0 36.82+0.18
19 0 0 0 0 32.35+0.35
20 0 0 0 0 33.22+0.24
21 0 1 0 1 30.47+0.18
22 0 0 -1 -1 30.52+0.13
23 0 0 -1 1 28.36+0.21
24 0 1 -1 0 27.09+0.07
25 0 -1 0 -1 27.83+0.07
26 0 -1 1 0 25.86+0.21
27 0 0 1 1 31.03+0.07
28 0 -1 - 0 29.24+0.11
29 0 0 0 0 33.23+0.14

222 CEEERGE T B G ENH
F|F Design Expert 10.0.7 #f4:%F 4% 2 H 5 47 £
JCEILE, 3R A IR & ot [l ) 7
R=34.03+1.334-0.16B-0.83C+1.28D-1.184B-1.694C+
1.554D+0.83BC+1.88BD+2.30CD-2.664-4.53B°-2.78 C*~

2.220%, NIRRT 7 22004, SESR L 3.

2% 3 Al 4, R F=16.24. P<0.01 %, H
RAUIT P=0.9840, A2, ULBHRIRI ST & AR, I
HE Z50 R 0.9420, FEHY 1A FERE By, 0 IH it [ml
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Hr R FIE BN . 2 3 BIERR R0 B

0T, BN EESUSIRR, LS BB H RN
R,=34.03+1.334-0.83C+1.28D-1.694C+1.554D+1.88BD

+2.30CD-2.664>-4.53B>-2.78C*2.22D?

IR EE—IRIIE F (R, FHE 4 A FDR RO R I
DE {HRWR/PIRFF N 4>D>C>B, Bl o-BE R AN
S AR I ] > AR > WAL pHo AAER 3 R,

A*. B*. C*. D’ %} DE {HR ik $IM 2 2 (P<0.01); — K
A. C. D, ZHIM AC. AD. BD. CD % DE {H# 55|
1235 (P<0.05); HAWIXT DE B A5 A B2 .
223 AL EE R EAR

SRR AT, AR B R 22 22 B AEHXT DE {H2
i 14 55 1 246 S o7 T 51, U] 2 B

®3 ERAESESH

Table 3 Regression equation analysis of variance

E-> 3 R H ¥ F P B
e 292.57 14 20.90 16.24 <0.0001 o
A-HPilk o-TE R BN N 21.32 1 21.32 16.56 0.0011 *
B-WiAk pH 0.29 1 0.29 0.23 0.6406
C- AL B 8.18 1 8.18 6.36 0.0244 *
D-W Ak Ta] 19.74 1 19.74 15.34 0.0016 *
AB 5.56 1 5.56 432 0.0565
AC 11.40 1 11.40 8.86 0.0100 *
AD 9.63 1 9.63 7.49 0.0161 *
BC 2.78 1 2.78 2.16 0.1635
BD 14.09 1 14.09 10.94 0.0052 *
CcD 21.22 1 21.22 16.49 0.0012 *
A2 45.84 1 45.84 35.62 <0.0001 o
B’ 133.08 1 133.08 103.39 <0.0001 o
c 49.95 1 49.95 38.81 <0.0001 o
D? 31.84 1 31.84 24.74 0.0002 o
k2% 18.02 14 1.29
S 5.87 10 0.59 0.19 0.9840 ENTES
R 12.15 4 3.04
¥l 310.59 28

0 * ik B3, P<0.01, % B3, P<0.05,
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Fig.2 Contour lines and response surface diagrams of interaction effects of various factors on DE values
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Fig.2 Contour lines and response surface diagrams of interaction effects of various factors on DE values
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PR PR o-TER BN E R 11.5824 U/g. Witk pH K
5.9981 . ALK N 64.4079 °C ., WAL E] 41.8278 min, 1t
ZA4 T 1) DE {2 34.58%. % RERIL e, Kakivh
T o-VERTERR NN 12 Ulg, WAk pH 4 6.0, TRALIEEE A
64 °C. W ALHF(A] 42 min, FATERIEMESIR . 8RR E
54 31k, 185 DE i }(36.32+0.23)%, HXTIRZEH 0.05, 5

RSB, V2R BB ALRAL T 2117
3 %

WAL T2 2R/ R ORH R 77 B LAY, e T
OBH AR AN TR S A T il NI, B KRR
PRE/NKIGE SRRy, B kIR A TTRED, 2 3w okt i
J3t o AN FE ) FH BRLIA 28 i o7 0 S 36 A A 2 2 /N R ARG
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