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Abstract: In order to investigate the effects of yeast species and fermentation conditions on the higher alcohol content of pomegranate
wine, pomegranate juice was used as raw material, and two different fermentation processes was adopted to screen Saccharomyces cereviscerae.
The brewing conditions were optimized to produce pomegranate wine with low yield of higher alcohol. Through the determination of physical
and chemical properties of pomegranate wine, the higher alcohol content was considered as the main index to screen out the best yeast and
optimal conditions. Results show that WY-T21 yeast could produce the lowest content of higher alcohol, and the total yield of higher alcohol
was 272.26 mg/L, which was 27.74% lower than that of WY-1 yeast. The higher alcohol content was used as the main index and other physical
and chemical properties analysis was also considered. It can be concluded that temperature had the greatest influence on the fermentation speed,
while the dipping time had the greatest influence on the ethanol content. The optimum fermentation conditions for low yield of higher alcohol
pomegranate wine were as follow: immersion time of 6 days, addition of sulfur dioxide of 80 mg/L, and fermentation temperature of 20 C.
Under this optimal fermentation process, the total content of advanced alcohol was 245.35 mg/L, which was 9.88% lower than that of the control.
In conclusion, the research and development of low content of higher alcohol pomegranate wine could provide new research ideas for the
development of higher quality wine.
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Table 2 Content of endol esters in yeast screening experiment

Bl TERTEE  TESTREE LR B EREE FTB FRBE KB
WY1 18.09+032  429+0.17  5.03+0.11 25.71+1.11 19.01£0.23 39.49+0.66 242.74+1.01 20.83+0.23
WY-T21 16.68+0.77  3.86+0.13  4.97+0.88 26.36+0.98 19.43+0.88 33.1+0.32  174.3+1.20  19.07+0.44
WY-T22  17.55£096  4.05£0.33 - 2433£0.17 18.66£0.79 34.46+0.33 185.91£0.97 19.47+0.11
RC212  1525242.11 19.99+0.87 4.96+045 21.96£023 18.95:0.63 32.32+032 121.87+0.99 21.52+0.12

* 3 BERFESIAEBEARKIREE (/L)

Table 3 Content of other flavor substances in yeast screening experiment

kil Ea: FRI T LABAm ;-3 ATARER G B LB
WY1 20.83£0.12  0.97+0.04  0.11£0.03  0.19+0.01  79.37+0.53  1.89+0.07  2.05£0.03  0.11£0.05
WY-T21  19.07£0.07 0.96+0.11  0.15£0.02  0.09+0.02  78.95:0.71  1.93+0.11  2.07£0.04  0.10+0.01
WY-T22  1947+0.13  0.97+0.05  0.15£0.03  0.07+0.01  77.79+042  195+0.09  1.50+0.14  0.36+0.01
RC212  21.52+0.17 0.85+0.06 0.11+0.07  0.07£0.04 77.504031 1.81%0.05  1.70£0.13  0.1120.01
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Table 4 Optimization of alcoholic ester content of garnet wine by impregnation

impregnation

TR E)/d LB LA LRt X B ¥ B3 IEREF 7 TEE 7 I%E% RUBE
2 35.65+0.17 5.12+0.13 81.64+0.77 28.48+0.13 45.73+0.88 260.32+0.98 18.59+0.55
4 31.52+0.88 4.91+0.21 79.04+0.22 25.27+0.25 41.93+0.45 250.83£1.77 17.89+0.34
6 27.79+0.73 4.473+0.55 77.85+1.01 25.06+0.33 40.68+0.71 235.77+1.23 17.02+0.27
R 5 RAMHABARIEREMNRIREE (/L)
Table 5 Content of other flavor substances in fermented pomegranate red wine
Zaatla/d ERBR Hih T LAEIR B AR BB ) BRI ER & JRAE
2 1.55+0.12 6.23£0.11 0.12+0.08 0.2+£0.01 102.62+1.32  4.02+0.91 2.57+0.17 4.43+0.23 4.70+0.11
4 1.52+0.22 5.75+0.53 0.11+£0.03  0.2+0.03 92.9+1.44 3.52+0.22 2.83+0.09 4.08+0.56 5.00+0.11
6 1.35¢0.13  4.92+0.23 0.11+£0.02 0.21£0.02 78.82+0.98  2.93+0.37 2.44+0.07 3.49+0.27 3.90+0.08
R 6 SO. MU KB AMRLLEMEIESRREE (mg/L)
Table 6 SO, Optimization of alcoholic ester content of garnet wine
= AMHL g se vEe 2 ms7oEs s s s g
B/ mgll) LR Lbg TR/ B FLER LB VA IE A B A TE: 7% B
60 29.31+0.17 3.83+0.03 4.86+0.02 140.66+0.22 26.42+0.09 39.73+£0.01 188.62+0.99
80 31.07+0.22 3.74+0.02 5.43+0.06 129.32+0.17 22.34+0.07 37.09+0.01 175.69+0.79
100 31.15+0.09 3.71+0.04 5.17+0.04 123.42+0.16 21.55+0.07 35.35+0.01 164.69+0.82
R7 SO MULEEABLLBERENRYIREE (2/L)
Table 7 SO, Optimization of other flavor substances in fermented pomegranate red wine
ZRqeE @ . " N o . " B s
FAoE/(me/l) FRER Hih LER TABIR LEg APARER BA R RLEL L RHE
60 1.42+0.05 4.47+0.11 0.12+0.01 0.17+0.03 73.71£0.98 1.18+0.02 0.72+0.03  6.03+0.55  2.8+0.09
80 1.43+0.07 4.55£0.09 0.12+0.01 0.35+0.02 73.43+1.11 1.19+0.04 0.73£0.03 6.13+0.56  4.3+0.03
100 1.34+0.04 4.30+0.07 0.11+£0.03 0.09+0.01 69.46+1.17 1.11+£0.04 0.66£0.01 5.76+£0.11 2.84+0.02
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%8 REMAABAMLENERRELIRESE (ng/L)
Table 8 Content of alcoholic est in garnet wine by temperature optimization
KBRS/ C LB L TR R B WES iEREE FTE I BE FLBE
16 16.37+0.08 3.65+0.02 22.64+0.03 23.23+0.02 23.18+0.04 118.46+0.22 14.59+0.04
20 17.68+0.07 3.81+0.01 22.74+0.04 21.63+0.07 28.24+0.08 155.89+0.18 16.35+0.06
25 17.19+£0.04 3.64+0.05 22.8120.05 22.33+0.08 28.98+0.01 155.29+0.11 17.51+0.08
=9 BEMKAREABLOEEEXNERYIEESE (/L)
Table 9 Content of other flavor substances in fermented pomegranate red wine
ABRE/C  FRER i LB TABAR LB R BEAR AR LR
16 2.28+0.12 3.78+0.09 0.12+0.01 0.14+0.02 76.83£1.11 2.61+0.15 4.05£0.06 3.06x£0.06 5.83+0.08
20 1.24+£0.07 4.36+0.07 0.12+£0.01 0.11+0.01 78.00+1.65 1.97+0.04 3.82+0.04 3.47+0.11 5.80+0.05
25 1.08+£0.07 5.16+0.11 0.19+0.01 0.14+0.01 78.23+0.96 2.35+0.01 1.76+0.02 4.27+0.08 4.80+0.04
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Fig.5 SO, Ejection CO, optimized fermentation experiments
TE SR R R AR HR o s N — S8 AR A B A T
0], FERAEE VA SRR LT R
H AW BE it T LGRS A, ALK
Pt R e, MERNE, AR
KR ETRRE T, Sy 2 Akes &
B RE O EWIRIR R B, DREFERIIRE
BT, B AR AR R i B S (AR LT R A vk i S8
CLWRAR VAT T %, HATKELZE, UK
WP, K 6 Mk 7 PRI & BRI,
PRI 5 1) SO, e HHI R BER WIS oAb 28, At
TSI 100 mg/L i, H 2B B A inE
960, 80 mg/L N4 g/l kiAdi, —HEALBINE T
Ky, SBURMMBES & I, AFT NEfE. 1t
o L 5 A g PSVRTIT T SO, VS I BN WA A A B 4 SR
—8, HTEERN AR SO m,
ANFI TR R BT S AR ARAEIE 5, CO, BElE
AL, ASE) AR I B A A P AR P P
WA RER . —EAIRARINE N 60, 80 100 mg/L
I, BRI SR RN 414.18.381.41.361.92 mg/L,
Rk, 25525 R AR INE N 80 mg/L I A&
H AR I E

) L= 8NN 76.83 g/L, TMAE 20 ‘CH125 CHAER,
BB =5k B 78 g/L it EM KRR
K, AU R S Sh AR R L RE = Ik, BERRA
A AR A E R, ERBEREAMR. B
RAEE 6, CO, B SR IC R A, 5200 K EE
I EER R R RKEARE, KPR, BERER
T2k s, R R R . AR R R N
25 Ciy, AN 6d, TAFEE N 16 CH, £
REHARERZE 8 d, (R, 45525 e KURFR AR AR T AL
71, H5E 20 “C AR S R P B

14r
12+

W 107

B 8r

>

& 6

A +16C

20 C

2r 25T
O 1

24 48 72 9|6 12|0 14|l4 16|8 19|2
KR A / h
6 mEMILEESL CO. B E
Fig.6 Temperature optimized fermentation experiment CO,

yield

69



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.4

3

g

AR FCAARNT R, s e R BT,

R PR [E] (1 T 20 BB R R Tk, SRIGRtE
FRIPEERE R R WY-T21, HORBEEEER. K fae H
AR R A R R B BRI, R =N
27226 mg/L; FF HAIERIE AT 7O, R AE
REEFANIREISA] 6 dv AL INE 80 mg/L.
REERFE 20 C, HARE T 200G AR Sl &
7924535 mg/L, BARMALHT TP T 9.88%. FIHAHT
FUEAR ] DA P AR S (A R A AR L, ™
g o o R SRR T — P R B

(1]

70

Gumienna M, Szwengiel A, Gorna, Barbara. Bioactive
components of pomegranate fruit and their transformation by
fermentation processes [J].
Technology, 2016, 242(5): 631-640

Mena P, Girones-Vilaplana A, Marti N, et al. Pomegranate

European Food Research &

varietal wines: phytochemical composition and quality
parameters [J]. Food Chemistry, 2012, 133(1): 108-115

T ZR I FR AR BT TUHE R [T]. 5 H AR R 2£,2009,37(7):
155-158

WEN Su-qing. Advances in pomegranate research in China
[J]. Guizhou Agricultural Science, 2009, 37(7): 155-158

Silva J A T D, Rana T S, Narzary D, et al. Pomegranate
biology and biotechnology: a review [J]. Entia Horticulturae,
2013, 160: 85-107

Singh B, Singh J P, Kaur A, et al. Phenolic compounds as
beneficial phytochemicals in pomegranate (Punica granatum
L.) peel: a review [J]. Food Chemistry, 2018, 261: 75-86
Al-Muammar M N, Khan F. Obesity: the preventive role of
the pomegranate (Punica granatum) [J]. Nutrition, 2012,
28(6): 595-604

Banihani S, Swedan S, Alguraan Z. Pomegranate and type 2
diabetes [J]. Nutrition Research, 2013, 33(5): 341-348

Mena P, angel Gil-Izquierdo, Moreno D A, et al. Assessment
of the melatonin production in pomegranate wines [J]. LWT -
Food Science and Technology, 2012, 47(1): 13-18
Andreu-Sevilla A J, Mena P, Marti, Nuria, et al. Volatile
composition and descriptive sensory analysis of pomegranate
juice and wine [J]. Food Research International, 2013, 54(1):
246-254

K, FHIGEAR BRHR BF, 55 A A BRI I 2w 7 [0, 74
ABAMRIH R 4R (F 28R #41),2008,36(12):172-180

[11]

[15]

[16]

[17]

(18]

ZhANG Bao-shan, TIAN Xiao-ju, CHEN Jin-ping, et al.
Study on the processing technology of pomegranate
fermented wine [J]. Journal of Northwest Agricultural and
Forestry University (Natural Science Edition), 2008, 36 (12):
172-180
Akalin A C, Bayram M, Anli R E. Antioxidant phenolic
compounds of pomegranate wines produced by different
maceration methods [J]. Journal of the Institute of Brewing,
2018, 124(1): 38-44
Berenguer M, Vegara S, Barrajon E, et al. Physicochemical
characterization of pomegranate wines fermented with three
different Saccharomyces cerevisiae yeast strains [J]. Food
Chemistry, 2016, 190: 848-855
HINIES, ZR 5 0, 0N 5, A8 IR P B v R 5 U AR SR
FRFELH[J]. 7 E BRI, 2018,8:9-13
LIU Can-zhen, QIN Wei-shuai, SUN Yu-xia, et al. On the
synthesis pathway and key genes of Saccharomyces
cerevisiae advanced alcohols [J]. Chinese Brewing, 2018, 8:
9-13
Pires E J, Teixeira Jos¢ A, Branyik Tomads, et al. Yeast: the
soul of beer's aroma-a review of flavour-active esters and
higher alcohols produced by the brewing yeast [J]. Applied
Microbiology and Biotechnology, 2014, 98(5): 1937-1949
De-La-Fuente-Blanco A, Saenz-Navajas M P, Ferreira V.
Levels of higher alcohols inducing aroma changes and
modulating experts' preferences in wine model solutions [J].
Australian Journal of Grape and Wine Research, 2017, 23(2):
162-169
De-La-Fuente-Blanco A, Saenz-Navajas M P, Ferreira V. On
the effects of higher alcohols on red wine aroma [J]. Food
Chemistry, 2016, 210(nov.1): 107-114
W SIS, 5K R =L, S R I P e R R T FEE ).
rhEERIE,2015,34(5):11-15
ZENG Chao-zhen, ZHANG Yong-mao, KANG San-jiang, et
al. Advances in research on advanced alcohols in fermented
wine [J]. Chinese Brewing, 2015, 34(5): 11-15
TR AR UL TR h 5 B R R T IEIEAL).
A7 5T K,2018,18:151-154
YU Hong-mei. Analysis of 5 advanced alcohols in beer by
gas chromatography [J].] Method Food Research and
Development, 2018, 18: 151-154
2R 5, 2B e, 55 A v RO i A D e a1
P LR S R )]. ZRARLARF,2013, 3: 1286-1287, 1290
YANG Dong-wei, LI Xiao-jing, WANG Fen, et al

Determination of 11 organic acids in wine by HPLC [J].



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.4

[20]

[21]

[22]

Anhui Agricultural Science, 2013, 3: 1286-1287, 1290

Lan Y, Wu J, Wang X, et al. Evaluation of antioxidant
capacity and flavor profile change of pomegranate wine
during fermentation and aging process [J]. Food Chemistry,
2017,232:777-787

U558, FE DR v 55 08, 55 R h AR B S IR
W FURE R[] AL TREBA A i Talk,2008,2:12-17
FANG Qiang, JIAN Bao-ping, QIAO Yong-jin, et al
Advances in Research on Sulfur Dioxide and Its Control
Technology in Fruit Wine [J]. Agricultural Engineering
Technology: Agro-processing Industry, 2008, 2: 12-17

JER, 568 B A AR A B R T A B AR A
(0] &5 R EET MY, 2019,45(6):197-202

TANG Ke, WANG Xi, ZHOU Xia, et al. Changes of aroma
dynamics during fermentation of pomegranate wine [J]. Food
and Fermentation Industry, 2019, 45(6): 197-202

FIE 2, i, A SR, A5 S N E 3 2R OB
ERJFAD] a5 71K,2013,16:91-93
WANG Yan-yun, HU Qiang, LI Chao-hao, et al

Determination of ethyl acetate in liquor by gas
chromatography [J]. Food Research and Development, 2013,
16:91-93

2 LSRR A B R T SRR A A LR D] T

1£,2019,40(3):60-63

[26]

LI Nan. Changes of quality characteristics of hawthorn fruit
wine during fermentation [J]. Food Industry, 2019, 40(3):
60-63

Shi Y, Yuan L U, Liu B, et al. Antioxidant activity of ethanol
extract of pomegranate seed [J]. Agricultural Science &
Technology, 2014, 2: 138-140

AR SR, IR IR, K 4 77 HS-SPME-GC-MS 43+ #7 A1 1
DERNEIOT 0] B i ARF,2014,35(8):263-268

LI Mei-ping, MIAO Xiao-xiao, ZhANG Sheng-wan.
HS-SPME-GC-MS  analysis
pomegranate wine [J]. Food Science, 2014, 35(8): 263-268
JE R L A 30 5, A R A R 1) 3R [ ] 8
BT I,2011,37(3):113-117

ZHUANG Hui-ting, DU lJin-hua, GUO Chun-bao, et al.

of volatile componentsin

Color change of fermented pomegranate wine [J]. Food and
Fermentation Industry, 2011, 37(3): 113-117

22 RN SR R B IR A 0 W R A
T P2 HpT A T 7 [0]. o BRI, 2020,39(2):
146-151

LI An, LIU Xiao-yu, ZHANG Wei-guang. Effects of
fermentation and storage conditions on stability of
anthocyanin and its antioxidant properties in blueberry wine

[J]. Chinese Brewery, 2020, 39(2): 146-151

(E3EE 437D

(32]

[33]

[34]

Feng X J, Yu W, Li X D, et al. Apigenin, a modulator of
PPARy, attenuates HFD-induced NAFLD by regulating
hepatocyte lipid metabolism and oxidative stress via Nrf2
activation [J]. Biochem Pharmacol, 2017, 136: 136-149

Hsiao W Y, Jung S M, Tang Y F, et al. The lipid handling
capacity of subcutaneous fat is programmed by mTORC2
during development [J]. Cell Rep, 2020, 331(1): 1-24

Zhu X P, Bian H, Wang L, et al. Berberine attenuates
steatosis through the

nonalcoholic hepatic

[35]

AMPK-SREBP-1¢-SCD1 pathway [J]. Free Radic Biol Med,
2019, 141: 192-204

PRI i 0, S R 7 25 %5 NAFLD K BT
4/l SREBP-1c. SCD-1 mRNA K& HEIAMIFLIAI].
7}, 2014,37(1):80-86

XU Yong-jian, YANG Qin-he, HAN Li, et al. Effects of
soothing liver and invigorating spleen recipes on SREBP-Ic,
SCD-1 mRNA and proteins expression in hepatocytes of
NAFLD rats [J]. Zhong Yao Cai, 2014, 37(1): 80-86

(#8878 50)

[13]

Roth Stephanie, Kumme Jacqueline, Schii ller Hans-Joachim.
Transcriptional activators Cat8 and Sip4 discriminate

between sequence variants of the carbon source-responsive

promoter element in the yeast Saccharomyces cerevisiae [J].

Current Genetics, 2004, 45(3): 121-128

71



