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Abstract: A new type of distilled liquor was brewed using Hovenia acerba and sorghum as raw materials, medium-
temperature Daqu as starter. Fermentation parameters were optimized by single factors experiment and orthogonal test. The
flavor components were detected and analyzed by headspace solid phase microextraction gas chromatography-mass
spectrometry (HS-SPME-GC-MS) and odor activity threshold (OAV). And the antioxidant capacity in vitro was evaluated.
The results showed that the optimal preparation conditions were determined as follows: Addition of Hovenia acerba was
20% and Daqu was 15%, and fermentation time was 35 d. Under the optimized conditions, the sensory score of 93.91, the
product yield of 40.21%. A total of 48 flavor substances were identified in the liquor prepared under the optimized
conditions, of which 20 were OAV>1. Ethyl butyrate, ethyl octanate, ethyl hexanoate ethyl and guaiacol were considered as
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the characteristic flavor substances of the Hovenia acerba-sorghum co-fermented distilled liquor. Compared with pure

sorghum distilled liquor, phenylethanol, 2,3-butanadiol, 9-ethyl decanolate, 10-bromodecanoic acid ethyl ester and other

volatile components were special in the Hovenia acerba-sorghum co-fermented distilled liquor. In addition, the total phenol

content, DPPH and ABTS free radical scavenging ability, and total reducing power of the Hovenia acerba-sorghum co-

fermented distilled liquor were higher than the pure sorghum distilled liquor. This study provides a scientific reference for

the industrial production of liquor and a new idea for the development of new health distilled spirits.

Key words: Hovenia acerba; distilled liquor; flavor; process optimization; antioxidant activity
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Table 1  Orthogonal experimental factors and level design
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Table 2  Criteria for comprehensive sensory evaluation
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Fig.1 Effect of Hovenia acerba addition on the quality of
Hovenia acerba-sorghum co-fermented distilled liquor
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Fig.2 Effect of Daqu addition on the quality of Hovenia
acerba-sorghum co-fermented distilled liquor

2.1.3  J PRt (A Xk AVURRL v 38 I PR 28 108 W Ja B PR
WA R FLURER N AR 3-a AT SR A
SR R i A ST [R]85 7~21 d $ g
SAAF-L%, AT RESE T L B TR A B MR 1 P iR
BRIETE. 265 21~28 d BERFLAMS &= 2T HE, T
28 d B T FFa, HER RAmE &l 0.34 g/L, iK% —
P A A T A R B ER 0.30 o/L; BER SRR
2.61 g/L, = T g e 75 7 w5 B P V05 A9 i B R
2.00 g/L. HHIE 3-b AT 50, HVE SRR E PF43bl & 1%
BF ()8 BTG 0, T 28 d Bk BB, i g %
9 39.1%, JEEPES 94.37 4y Bl & B A] A 9k
K, BYEPEOMISAE R B, AT RS T A TRt A e R
s 2 T AR, SEUBE ST R PRI,
PERERTE] 28 d SHL.
2.2 IEXMIRIE

MR LR 2R S0 2E B, X UR S I (A) L Kl
R (B) L RN (C) = AR ZE AT IEAS 56, H
ZEIRANGE 3 P

FHEE 3 AT, X ARAE e B e R 2R T Y R B A



- 228 - £ Tl B4

202345 1 H

(@ 0.6 Py 13.0
0.5} {25
~04F 20 &
- -
203 15 2
& =
B o2t 1.0
0.1} {05
0.0 : : : : : 0.0
0 7 14 21 28 35 42
KPR E] (d)

b) 50 f . - 100
®) - AR

45 195

40 {190 &
S35t 185 %
30 ls0 =
il {ELE[
F25 175 &

20 | 470

15} 465

10 : . . . : 60

0 7 14 21 28 35 42

ST (d)
P 3 I IR TRD X AR g SR TR A TR I 1) 2
Fig.3 Effect of fermentation time on the quality of Hovenia
acerba-sorghum co-fermented distilled liquor
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Table 3 Results of orthogonal array design

S AR Bkl C ki D5p BEW IR
R 75 15 |- e o - 2303 (%)
1 1 1 1 1 80.21 38.21
2 1 2 2 2 93.91 39.98
3 1 3 3 3 9231 41.09
4 2 1 2 3 84.17 38.11
5 2 2 3 1 9431 39.99
6 2 3 1 2 92.87 38.45
7 3 1 3 2 7931 3521
8 3 2 1 3 87.31 36.37
9 3 3 2 1 92.61 37.52

k, 88.810 81.230 86.797 89.043
g ke 90450 91.843 90.230  88.697
Pk, 86410 92.597 88.643 87.930

R 4040 11367 3.766 1.113

k, 39760 37.177 37.677 38.573

k, 38.850 38.780 38.537 37.880
HT

ky 36367 39.020 38.763 38.523

R 3393 1.843 1.086 0.693

EWIF: B>A>C
RIKF: A,B,C,
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BARAT: A B,C,

A PRI 2R B SO SRy s > A UR G > %
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mEk 4 . ALB,Cy T 2AHEE43(93.91 53)F1
HAPT 3% (40.21%) Fi i, PR S ARURE v S TR 25 1

W e A A B 125 A AR S I 20% . Kl #s in 2
15%. A& FEfTE] 35 d,

F 4 RIUBGE T 2500k
Table 4 Verification test results of optimal brewing process

TZHE TSR (43) (%)
A,B,C, 93.91£0.57 40.21+1.31
AB,C, 92.510.82 36.46+1.72
AB,C, 92.27+1.04 37.65+0.93
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2.3.1 HS-SPME-GC-MS S Hi A i 44 & vk sl 4y
SR T2 [ AH AR B -0 o - T 15 E06 FH e AR %o o
A T2 T A AR A vy SR SR R AR AR TP AN 4li vy SR 2R iR b
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LRI S o>, DRI R g SR L R AR 5 4l vy
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7 0.0072 F1 0.0613 g/L., A5 RH, HHE
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6750.26 F 2062.10, JZAHAH 5y BRI ER 2L T A &=
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Table 5 Identification of volatile compounds

N HEURR ey SR R 2 TRy 4l SRR WL B
B KAL) — — 1025 BRI
JRERIE(gL)  OAV  JREEIE(gL)  oav  (hgL)"
224
1 L 22075 88.66 2.4723 99.29 24900.00 e
2 ST 0.0210 0.74 0.1090 3.85 28300.00 —
3 IE TR 0.0022 0.81 0.0107 3.92 2730.00 —
4 TR — — 0.0157 0.08 188115.83
5 IEPT B 0.0331 0.61 0.0200 0.37 53952.63 —
6 SR 0.0525 0.29 0.0307 0.17 179190.83 KR, F, ]
7 23- T 0.0044 — — — — R
8 L 0.0116 0.40 — — 28900.00 BOIALT
LS
9 R 2T 0.2757 8.46 0.3489 10.70 32600.00 W PRFE
10 TR 0.0641 6750.26 0.0091 957.89 9.50 RFE | WEEE . OKEEAEF
11 S TR 0.0015 25.82 — — 57.50 AT, By
12 LIRS IR 0.0035 37.25 0.0005 5.32 93.90 MR
13 ZRBES 0.0043 — — — — —
14 IEC R 2T 0.0057 103.96 — — 55.30 WHH
15 ST RS IR 0.0023 — — — — Lo p il S eIV
16 L(-)-FLMR 2B 0.0049 — 0.0027 — — —
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Fig.4 Quantitative analysis of sensory flavor properties
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Table 6 Results of antioxidant activity detection in vitro

i BURR SRR Al sy
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