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Process Optimization and Quality Analysis of Fermented Foxtail
Millet Alcoholic Beverage with Liqueur Koji

ZHANG Rui'?, LIU Jingke', LIU Junli"*, CHANG Shimin>"

(1.Institute of Biotechnology and Food Science, Hebei Academy of Agriculture and Forestry Sciences,
Shijiazhuang 050000, China;
2.College of Life Sciences and Food Engineering, Hebei University of Engineering, Handan 056038, China)

Abstract: In order to increase the utilization rate of foxtail millet resources, the brewing conditions of fermented foxtail
millet alcoholic beverage were optimized by single-factor experiment and response surface methodology. For the
fermentation of the liquor koji, foxtail millet was used as the primary ingredient. As part of the comprehensive evaluation
index, which included the soluble solid, total acid, and sensory score, the nutritional value, antioxidant potential, and
volatile flavoring compounds were also identified. Results showed that the optimal fermentation conditions of foxtail millet
alcoholic beverage were as follows: addition amount of liqueur koji 1%, fermentation time 3 d, fermentation temperature
32 °C. The soluble solids of the beverage were 22.05%, total acid was 19.33 g/L, sensory score was 89.37, alcohol level of
0.7%vol, flavone was 66.78 mg/L, and polyphenol was 65.13 mg/L. In the beverage, potassium was the most abundant
mineral and nicotinamide was the most abundant vitamin. The clearance rates for DPPH radical, ABTS" radical, and
hydroxyl radical were 73.19%, 34.29% and 53.72%, respectively. In addition, a total of 46 volatile flavor compounds were
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found in the beverage, with esters and alcohols being the most prevalent ones. These molecules were recognized as flavor

compounds giving the fermented foxtail millet alcoholic beverage a distinct scent. As a result, the product serves as a

theoretical guide for the creation of functional foods using foxtail millet as a raw ingredient. It is nutrient-dense and has a

pleasing aroma and flavor.

Key words: foxtail millet; liqueur koji; fermented alcoholic beverage; active ingredients; antioxidant; volatile flavor
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Table 3 Response surface experimental design and results
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11.29, B, X/ INKIPDRE CORHSE SRS M /N R
IR N KR E] (B )> & B 2 (C ) > il s &
(A)o TRI A2, B, C? XKL & P43 B2 i #R
B 2 (P<0.01) .

FIFH Design-Expert 10 3413 4 s 34T
—onZREERIE, AL B, C =R EXZEE RS
(Y) s 32 EAEFHSC R ILIA 4.

2.3 1RBUIIESEIS

2t Design-Expert 10 455301745, TEREE T2
S IR AL 1.03% . A TEERTA] 2.90 d. KRR
32.28 °C B, MARAILE G PSR 13.09 43, HE
SRR ETE, B VR S ENE AN 1% K EE
BFE] 3 d. BEAEE 32 °C. R T2 T rgeirss
5, 15 H RN B PES R 89.37 4y, TTIFTERIIEY)
S 22.05%, SR 19.33 g/L, L8614 13.08 43,
SEINMEARZERN, 1A FYE R Z Y, BT LS
iz FHm N T A 2 B T 2 B a &bk
24 NKERETRREEE

MG N ARG OB RS B 28 0.7%vol, GB/T
17204-2021 HEEZNTHE EETE 0.5%vol DL RIFR A
A, BEBZE OB AT k]

2.5 ZREHINCKEREIRRIIEMR S RTINS L EE
2.5.1 /KRS ORMT ISR T SRR T
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Fig.4 Response surface diagram of the interaction of each factor on the comprehensive score of beverages

W BB FRICER, MAMRRIE W R H B2 XCHE 2, HE
W PNEABE A &G, 75 ZEAWH BT i sk
Z AN AR AR W) A S B LA L ST eV R
FNZETL, T AT 200 A i IR B B B
AT A0, LLAAERFAILA TE B 19 2B frid sl
25 AR POR R 8 5 R b s BUERAR U B> >
ES>PEAR>-i . AURITACR P S RS OTER, 5

ZHTAFSE 2

2.5.2 /KRR B 4R R SR B R4 R
0 H DL B B XS S B L SR Ak
IKAEA WS B R, X2 LA Ao R A Kk 5]
BURAERHP, [0 B iR4EA: K 5) 2 BB 520, 7F
Jin T A aeh R v T R A — R4 B R 4EAE R
e, NG 6 AT LIE H, AR P 5 431.36 pg/L

K5 MK URT T YBUCR &
Table 5 Mineral element content in foxtail millet alcoholic beverages
JLE Se Ca Zn Mn Mg K
P12 (mg/500 mL) 0.044+0.001 24.250+0.012 1.865+0.020 0.750+0.020 37.300+0.013 92.500+0.039
F o6 KRR B E4EA R AR
Table 6 B vitamin content in foxtail millet alcoholic beverages
JLR 44 FKBI YA B2 TR IS ZR 413K B6
i (pg/L) 41.42+0.01 29.410.02 17.14£0.01 431.36+2.25 97.84+0.75 150.29+1.07
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PR KRIERZ . KRR 2 4 2R B3 2 A AR #4101
Y, R EA DR . 2 FBITIRLST, X0 R A £
REE YRR SRl DR iak (B3 A N ST R v e SR
B % 4 A 22 8 B s B UK Sy IR T e >4k A= 2R
B6>1Z >4k B1>4i/k 5 B2>4HRR .
2.5.3 /NKIREUCRHEER . 20 X PURALEE 14T
e 7 PR, ZEUCRHA R S A 66.78 mg/L, £
& f ol 65.13 mg/L. A5 30H, Bhds | HIRSS5E
FEWSTFEPUEA G R R B T BB AMEPY, it
M DPPH A k. ABTS™ A i3 52 355 [ i 305 R
AR HPTE AT, 55w/ AR O A
— 2 PTEARTEE, IR DPPH H H 2 X 54 H
FH BE I R SR 5 = TR B AT TS iAE (2L AR
L, BT AR H IR ORI BT R AT P A R

KT KIERYOR I, 28 KA LRE )
Table 7 Flavonoids, polyphenols and antioxidant capacity of
foxtail millet alcoholic beverages

A A MR W5 A
#if (mg/L) 66.78+2.21
£ (mg/L) 65.13+2.86
DPPH H H 375 BR#(%) 73.19+1.50
ABTS™ A EEBR (%) 34.29+0.13
2 B AR (%) 53.72+0.32

2.6 IAERBTRRHE & M XURHR 55347

FIH SPME/GC-MS XHAHE K il 3 i1 743
1, N3 8 H T LI Y, A 5] 46 b & M ali sy,
HoAr g 14 FPERZE . 3 FHRZS . 11 PSS, 8 FhiE
5. 5 FhERZSFN 5 FHEABZEY) T, BFFEIRI, /I Krh

RN IS F A T TS, RO -2
it Tl 251, (E,BE)-2,4-T )& . (BE,E)-2,4-2%
TR IX LRSS TR R B A R R IR
AP R A TS PT AR RS | s, s
Fheh L, ROkl iy I 2E A R, s S5 38 1|
G PRGEAS AL R R R R AR i a5 R — 2K
2.6.1 TRZEWR  ERIEW— e R BsE Y als 1k
reae, HA KRR AL AP, Ok lis2E) ot
2, UL O ERZEFITN ERZS B FNER S 5l 3=, BAT)
FEEMUK R HEE . WEAIEELSE ., 2RI
g . IE LR 2.1 . FEiElE 2108 . WL Z.BEiX J LRI S
W) B E/ NI DOk B B AR S R, BRI LA
RS AT REXT ORI S B S TR

2.6.2 EEEYIET SR BTULROR P R R M
YT —, KBS BRI BE = FR TS R IR B
A=, i H SR RS S R IAR) T . ARk
Rl DA, IECEE., 3-FHERENEE., - riEE S
mEZWEERY R, & =550 112,75, 153.78,
122.87 png/L, ENTEZTTHRII R IR | I
KRS, 1-TBA BT EEEE R, 12603 -a
s . BN H B AR, S LB T O A I 1)
FRERS, MR STE A 1R 2 E AP,

2.6.3 EEEYIT EEEY BT EEOR 0 TR A
WAV TR AT 19 AP, AR S SR AR R Y
BEEF T ol P A AN RIS T, BT TREUME &<
ZH 57, AR IR . AE R H, 55 i) JH UM e 22119
A G R IR R, S o, BT A2
BEAYEIA

8 NI YORHAE KA KR 57 A

Table 8 Analysis of volatile flavor substances in foxtail millet alcoholic beverages

s E2) SRR RT{H (min) RIfH CASS b= Y& (pg/L)
fifiz
1 R IR e 7.11 876 123-92-2 C,H,,0, 5403.53+402.93
2 IR LTk RNy 9.134 939 5837-78-5 C,H,,0, 0.88+0.18
3 TR T i b2 10.416 963 6321-45-5 CeH,,0, 1.74£0.19
4 IECTRER W HH 11.28 1000 123-66-0 CgH (0, 757.26+99.11
5 RO R T 11.777 1011 142-92-7 CgH,,0, 12.63£1.36
6 TR BERR 17.899 1182 123-25-1 CeH 0, 5.0240.18
7 Fit R T MR, BR3E . T 19.011 1210 112-14-1 C,oHy0, 8.36+0.68
8 KRR LE NS 7 N 20.099 1246 101-97-3 CyoH,,0, 1.75+£0.23
9 ER YA SRR B AT 21.966 1296 123-29-5 C,,H,,0, 2.13+0.08
10 SR IEN TR BBk IR 28.276 1490 30673-60-0 C3H,0, 0.76+0.14
11 ZETR3-F AL T TR B HEHAE 32.826 1646 2306-91-4 C,5H;00, 34.73+1.79
12 +PURR A TR LS 37.697 1827 110-27-0 Cy;H;,0, 0.07+0.02
13 FiAHIR g A Rk 41.928 1993 628-97-7 C,sH;40, 2263.26+288.59
14 VR 2 R R 46.948 2162 544-35-4 C,oH340, 128.69+5.19
1 ¥z N B3 T 17.916 1180 124-07-2 CeH (0, 734.88+37.89
2 BRI LU NS T 21.218 1273 112-05-0 C,H,50, 161.48+19.11
3 Bz Bk G 24.443 1373 334-48-5 CyH500, 104.34+3.55
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P E4s LS RT{E (min) RIH CASH gl Y it (pg/L)
1 IEC LN i B 6.886 868 111-27-3 CH,,0 112.75+17.52
2 17 5-3-B k. B HAE 10.634 980 3391-86-4 CgH,y0 4.15+0.93
3 3-H G VAL T B 10.644 981 505-10-2 C,H,,08 153.78+6.67
4 2-2FEC MG 12.369 1030 104-76-7 CgH, 50 6.96+0.98
5 1-2F i BT B 13.943 1071 111-87-5 CgH,;0 122.87+7.1
6 PP L T e W5+ 16.399 1061 98-85-1 CH,,0 1.15+0.18
7 1- T HOL, BT IRk 17.65 1173 143-08-8 CyH,,0 13.04+0.1
8 (£)-1-FE-2- Py Ho 19.654 1212 698-87-3 CoH,,0 0.48+0.03
9 1-55 W5 i 21.208 1273 112-30-1 CoHx0 21.74+0.05
10 o-(2-FEPY 3L ) 2R 2 Fra. Wi 23.619 1366 7779-78-4 C,H 0 36.01+6.38
11 A-FERS A HA 32.799 1653 481-34-5 CsH,0 2.07£0.17
W2
1 2T A Ak 9.906 963 100-52-7 C,H0 1113.16+137.83
2 R L% Nl 12.902 1045 122-78-1 CgH, O 21.73+0.57
3 -2 BN, AR, 54 13.45 1060 2548-87-0 CH,,0 21.29+0.01
4 T B, Ak 15.202 1104 124-19-6 CyH ;O 45.5+15.69
5 Sk MG Aef 18.854 1206 112-31-2 C,H50 31.63+2.04
6 (E,B)-2,4-T-—Jiifi M AEF 19.194 1216 5910-87-2 C,H,,0 0.69+0.04
7 2RI R b 21.004 1279 4411-89-6 C,oH;00 31.92+1.43
8 (E,E)-2,4-%% It 201 NE NI 22738 1317 25152-84-5 CoH,40 0.58+0.00
ik
1 2- P i N 7.474 891 110-43-0 C,H,,0 0.4240.07
2 fifr== et KR 10.957 990 111-13-7 CgH, 0O 4.18+0.05
3 A 1L 13.732 1065 98-86-2 CgHO 23.34+1.45
4 Xof 2 2 Ll | Ak 16.787 1183 122-00-9 CoH,,0 4.41+0.36
5 A SE T k. BORATR 26918 1453 3796-70-1 C3H,,0 4.97+0.57
HoAth
1 ¥ =Hog NF 10.175 972 108-67-8 CoH), 175.62+5.21
2 2-1F LA g et 0. g 10.933 993 3777-69-3 Co,H,,0 8.65+1.05
3 12,3-=H% NF 11.059 1013 526-73-8 CoH,, 4.19+0.06
4 3-H Bk NF 17.372 1170 1002-43-3 C,Hye 1.740.07
5 1-A W ARBE, TH 26.061 1419 87-44-5 CsHy, 1.59+0.03

TH: NFRAR AR A SN2

3 4Hig

ARSC LI /N JEAA R}, 38 2 i AR fl A it
il — KA PR R, X HEE IR B A g X
BRY I TR, SEURZE IR, AT T 28R sk
4 B AR A IR 1%, A TERTTE] 3 d. AR EE
32 Co ZASYWIRE YRGS B 0.7%vol, I8 & &
ZFh sy, H DPPH., ABTS i [ i
4353 Wl 73.19%. 34.29%. 53.72%, BLEHZ KK
HABIFWPLEAGE ST . FIFH SPME/GC-MS X1k
BHE K PE RS AT 43 0T, FEREI E] 46 P45 &M%
5y, SKLE A3 HA  NATEARS UM B XU . 1A 5T
SHIF R LI/ N A R D RE M B S PR AR, Ry
SEIRAR P i g YR R TT & TR RO AR o
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