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Abstract: In this study, dried red jujube fruits from the Hetian area of Xinjiang were used as the raw materials to brew brandy. The effects
of different conditions of pretreatment prior to fermentation on the methanol content, alcohol content, higher alcohol and sensory score of jujube
brandy were investigated. On the basis of single factor experiments, the methanol content was chosen as the response value, low amount of
added methanol pectinase, enzymolysis temperature and boiling time, were selected for the three-factor three-level Box-Behnken test. The
experiment data were analyzed using Design-Expert 11.0 software to obtain the optimal pretreatment conditions for reducing methanol content.
The results showed that the optimal pretreatment process conditions for producing low-methanol dried red jujube brandy were: boiling
immersion time, 11.00 min; amount of added methanol pectinase, 1.00 mL/kg; enzymolysis temperature, 46.00 “C; enzymolysis time, 6.00 h.
Under the conditions, the methanol content was 1.37 g/L (similar to the response surface minimum methanol prediction value: 1.39 g/L), alcohol
content was 31.50% vol, and comprehensive sensory score was 94.63. Therefore, the Box-Behnken response surface method can be used to
optimize the pretreatment process of dried red jujube brandy fermentation, to reduce the methanol content while improving the quality of brandy.
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Table 1 Factors and levels of response surface methodology
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20 “C/min F+# 200 C, {#4F 5 min.
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Table 2 Sensory evaluation standards of cider
H oA NP
BHEERANE, RIUEREF 18~20
ERES BEERANE, RIRAET 15~17
BoARFES, HiER, AV ERRAET 12~14
RAA, BEBE A AR AR 28~30
AHARLRS, BE 25~27
A SRE. BABGK, 2RA% 22-24
FATR, AR, 19v21
BARE, AR FHA 19 VA F
BHRFHEEE, mIRGIE, RO, Bk 37~40
ERFAe, K. BAWGE, HELSE 33~36
o RFAR, iR, Bz 29~32
ERER, MIEAEA IR 26~29
B, BARER 26 HVAT
BAT AR G R A, ARARIRAF 9~10
s SRR A, KA R 7~8
SRR R, E R, 5~6
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RE VR IZHEAC. X T REPRIRI &, A A
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Table 3 Effect of low methanol gel enzyme addition on the
advanced alcohol content and sensory score of red jujube

brandy
BrfmE  FTHE FRE RERS
/(mL/kg) /(mg/L) /(mg/L) 1%
0.00 105.84 431.79 85.40
0.40 107.16 437.51 85.14
0.80 112.43 440.68 89.72
1.20 110.71 444.76 91.82
1.60 136.47 550.16 88.17
2.00 126.74 512.90 86.33
40 - 7 13.0
—=— PR
— AR i .
— 35r 28 o
2 2
= —1 {26 =
m 30F —f—1 ~ L]
4z ; . i ol &
& £ — 2
= sl / B
# 122
20— 20

0.0 04|4 OTS 14|2 1.|6 2.0
I F B R BER N B / (mL/kg)
Bl R RRE RN EXN IR A L b RS BAERE
N
Fig.1 Effect of low methanol gel enzyme addition on the content
and alcohol content of red jujube brandy methanol
EHIEL 1 mI%n, BEASINE A 0.40 2 2.00 mL/kg, H
B S ERICN 2.52, 2,500 2.51. 2.60. 2.61 gL, 5
XTHEZH AT 2.36 mL/kg AHEE, 433G 00T 0.164 0.144
0.15.0.24. 0.25 g/L, 75 =453 Hr 7w 0.4, 0.8+ 1.2 mL/kg
AbFEAH A2 TR (p<0.05), 1.6+ 2.0 mL/kg
AbFREH M 2 IR (p<0.01). MBS INE IR
F1] 1.60 mL/kg J&, AL A 13 H 0 SRR ot B AN e
58, FTSFEAH RS BN 30.22% vol, ik EH = 1E,
A A F R S A IR BIEAE . SR, BEE R FHK
B, TR A ORI, dRainiy, HAME
AR AE o AN [FIFPSE AR B AR [ =2 th A B 5 =

AR EPY, b PR g 45 R SRR 0.15%H]
TR, ZP ) RS B TR, (A
RIS 2 mL/kg (BUEDEHCN 0.2%) RIRHEE, Fih
oA B 2 KT 10.59% . 1% /2 T AR I8k
FH A A SR e 1 DA R R AL SRR BT 7 93 77 U R
i AT 3 1 PP i A P S b D) i 2l R P v FR
B PR, TEHR ey HH V2R R (R A 2] FR e 2 3
T SR 7 G R T R R I SRR i Ak 2 R A%
P G B SR P RO TR B, A SRR I A
0.80 mL/kg, ML, WAEEERIIN T 17%in HIRE & i
BT 0.59%, fFEFACHERR EAR, Ea T A
o
212 BafEREATLAREG L FEES S AIE
%R

A& 2 AT, RSB RS o 2 AL P 1)
WERIMIGE N, 77 ZE 50T iR, 35 ‘CACFRA I B & &
W52 i T HAR AL PR, (p<0.01), 50 ‘CAEFRL R H
O MR E T HA A (p<0.01), 40 ChbEE
L IRPRG FEAR S 25 v T AL B (p<<0.01) . iR
TFEHN 35 CHY, FEES SRR NE, e KN
RIS 40 C, HEEEERETRFC, TRk AR
RORAE. MBEEE KT 40 CJE, HEES EMTR
FEVIRGE K. 76 35 CHY, FIEES R3] 2.69 g/L,
x4 (30 CAbHEAL) 19 2.53 /L AHLEIEIN T 0.16
/L, PR B o (10 T A R A o o T e U 1 3
K, RGBS PEG R, 73 il R PR 2K, 78 40 °C
i, FEE SRR 2.62 o/L, (EIHI RS 1 N
32.05% vol. JEDERZFEE RIK K&l R
YRR, (B AW R0 7 RS, AR
IR PG, PR A R R A A
PIEERGIN . 25 RE 2 P P R I ORUE RS = P A, AL
BCEERHER A 45 °C,  MAHEREE EHA 29.10% vol,
FBE & E0h 2.49 g/L.
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Fig.2 Effect of enzymatic temperature on methanol content and
alcohol content of red jujube brandy
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x4 HREEXLLE R =P S REE S EMEEITS RN
Table 4 Effect of boiling time on the advanced alcohol content and sensory score of red jujube brandy

iz AT /min K EER T RAE(L) FTE/(mgl) FRE(mgl) REITFL/S

5 213.66 105.84 357.66 87.11

10 179.51 81.57 344.61 84.65

15 177.38 85.87 325.85 83.93

20 154.25 70.13 316.99 83.60

25 149.23 77.03 323.06 81.54
2.1.3 BEMERTIE TR G L FEEAERG B T 64.43 g/L. BRRACEEINH] T 248 B GBS,
A 7SR O RRIRRE IR, FEOLJERE & B, FEgi)
I 3 ATAL, SXTHRA GRETE 40 CHER/KG WA T 725 A0 2T rh i B e, AN

BANEED PR SR 2.75 g/L ML, ACFRA R
[EJM 3 2 12 h, FHEES =50 T 031, 0.23. 0.14,
0.28 g/L. TEAEEESest G PR, UEBRERT R 6 h
INF, VRS R IA BB KB 30.18% vol. &5 2400, KR
T 9 h AbFRAAL, FAR AN PR S B R
ZE 5t (p>0.05). BEARIEICT 6 h 50 BERIE P,
BEEfAE O b, TPIRE FE PR B A /M 25.58% vol, S F
RN 288 g/L. RFETREE, BEMRRTTRMEK, 4
T SRRl 75 A T TR B AR A AR B SRR, RN [A]
9 3~6 hivy, SRFEAY RGN EEE, FaEk
WP (B AH SIS0 T WA R G T e, FEH PP R)
Ja, ToiEPEEE SR E A, R R R,
TR RIS N REVH AR, Bo&
BT ) 3.5 h, SRIRMEIT D-F-FUNERERR IS N
T#)99%. HEIARRGHHETI LK, femiiFe
WASRIER, (HEGARS [RIAN B K, T DAA SO A i
IFA] 9 6 he

40 e PR 134

—a— HEEE & 132
— 35F — / i ~
: / —1 -
i { 12.8 D]lEH
" 30+ i/ | )
& i/ 2.6 g
b 55l —F 124 &

42.2

20 1 1 1 1 1 2.0

0 3 6 9 12
AR H] / h

& 3 ERfERTEIRTLIE B =i FEE & S FERE ST
Fig.3 Effect of enzymatic time on methanol content and alcohol
content of red jujube brandy
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L8, SBEL. EHENEH

HHE 4 AT, 30 SRR = R B AR IR N ]
HAE KT A . 24P N E) 2 25 min I, 34 J500E
EEIAPIRRAE 149.23 g/L, AHES 5 min FIALFEZ,
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Fig.4 Effect of boiling time on methanol content and alcohol
content of red herring brandy
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IRLR 2 b () R & AN R, R 9
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M RELLE § PR A (R  ER  B ) SR 3R

e FEWRIRE] 10 min I, SRR PRBRRER ARG,

SR AT R S ERISUIRANK, DLk A B BE

FF 1] 24 10 min.

22

] LT 25 R AT

221

PR L 7 A IKIR AT
MR R Z IR AR, B 2 PR S R
ONMERE, W TR] CAD | IR R SRIRBE S D& (B).

BEAAEIELRE (C) BRI BEAT 3 IE 3 /K-F BBC
. MmN IR SR N 5, TTEDE
W& 6.
75 MEEIRIRIT 54K
Table 5 Response surface test design and results

RIS A #PZEE/min - B BEAmE/(mLke) CEMRRE/C  FTE4SE/(gL)
1 5.00 0.40 45.00 1.89
2 15.00 0.40 45.00 1.87
3 5.00 1.20 45.00 1.73
4 15.00 1.20 45.00 1.55
5 5.00 0.80 40.00 1.81
6 15.00 0.80 40.00 1.71
7 5.00 0.80 50.00 1.86
8 15.00 0.80 50.00 1.59
9 10.00 0.40 40.00 1.76
10 10.00 1.20 40.00 1.69
11 10.00 0.40 50.00 1.83
12 10.00 1.20 50.00 1.42
13 10.00 0.80 45.00 1.43
14 10.00 0.80 45.00 1.43
15 10.00 0.80 45.00 1.41
16 10.00 0.80 45.00 1.45
17 10.00 0.80 45.00 1.46
% 6 MM EMEEYIHIENHGES LR
Table 6 Analysis results of response surface fitting regression equation
7 £ KR £ g R i E F{i  Prob>Ffd 2FMH
ARA 0.52 9 0.058 5583 <0.0001 ok
A 0.041 1 0.041 39.24 0.0004 ok
B 0.12 1 0.12 111.30 <0.0001 *k
C 9.113E-003 1 9.113E-003 8.80 0.0209 *
AB 6.400E-003 1 6.400E-003 6.18 0.0418 *
AC 7.225E-003 1 7.225E-003 6.98 0.0333 *
BC 0.029 1 0.029 27.92 0.0011 ok
A? 0.16 1 0.16 155.88 <0.0001 *K
B’ 0.069 1 0.069 66.91 <0.0001 *K
c 0.052 1 0.052 49.90 0.0002 HE
R 7.245E-003 7 1.035E-003
PEDE 5.725E-003 3 1.908E-003 5.02 0.0765
4hi% %2 1.520E-003 4 3.800E-004
EAn 0.53 16

E R TERRE (0.01<p<0.05, U RTEFMEE (p<0.01), R™=0.9863, AdjR?=0.9686, Pre R*=0.82).
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FIF Design-Expert 8.0.6.1 #4505 0d 3k
T2 Tt Er, 3RO LT A 22 Hh ) A A
ISR [ [ 7 7
8% & 5 =1.44-0.071xA-0.12xB-0.034xC-0.040x
AXB-0.042xAxC-0.085xBxC+0.20x A*+0.13xB*+0.11
C2
HH# 6 1IN, AR EE (p<0.01), JALLII
REZ p>0.05), BRI E 75 R>=0.9863,
VAHE 2 % AdIR?=0.9686, B IZ [ IR iR B &
B, AT DU X 40 1 2 R = O B T
BN FEREURE VRSO TR, S RZA AR
by P B 5 1A R R A R A I R SR A Bl AN
(B) >PREHA] (A) >BHREE (C). —IKIA. B
ZHIF BC b I A2, B2, C2 Xitah mi b 2
(p<0.01), —&Ii C 55 HI AB. AC %45 520
BE (p<0.05), HAWFEXEREHMALE (p>0.05).
222 R AL B AT

———
IRV R

L
4
i
i
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Fig.5 Three-dimensional response between the various factors
and contour lines
X LA ] 2 P e S 2 2 P58 AR P F e
R A S L 5. 5 R, BEE SRR AT
ISER,  We BEAE 5 /N 1B E I . 22 HI
AB. BC 1 AC X F g2 B s mi (4 i L T 1) 52 30 )
i, RAGEH 3 AN E TR RGN, RS
EIAERIME . w2 SR, RO 3 A2
HITW SRR, 5T RS R 3.
iz Design Expert 8.0.6. 1 1 J3 [ 4347 8014 X606
SERATIRA, 19 BIRIRLR A 22t i S ) de i
RACFRZE A BRI TA] 10,71 min {5 FFH RGN I
B 0.97 mL/kg. BEHFEREE 45.57 Co fEMRMN LT,
ZIA 2 I S B/ NI 1.39 g/l ZRESK
BRERAEER, K bR AT AL B S A A iR T ]
11.00 min. IR SR BEA D& 1.00 mL/kg. iR



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

¥ 46.00 C, % FRATAHE T ZHWELARE M, #E
173 REERE, SRIMPESEN 137 gL,
TAE, HANRZETR LT 9ME N 31.50% vol,
TEES RN 87.92 mg/L, SFIEE S EN 306.46 mg/L,
JEVESr 94.63 J3o ULHA LM N VA AAS B 48
22 MR AR FE T 2R SE R AT AT

3 ZHig

AHFEAE R R A L, e 7 R
RAZH TR T2, R3] T R =i
HEEEREINE N, B staibl T28: #Rnh
11.00 min. i HEERAREHA IS 1.00 mL/kg FEAFHE
E46.00 C. fEMAMZIT, SRR
BB R A Z M AEEIE, TURAREREE, R
FUBE R, [RIsRHE, B AEHS, FRES
B 137 gL, TR 31.50% vol, 7 TEES &N 87.92
mg/L, FREESEAN 30646 mg/L, LZEREVEDE
1K 94.63 4. AIRK AL AT 2L MU BRIP4 TR R
ATACHEARIG IR, X TH8 S4TSR
TRERIEAN T S B — I

(1] 5k, TR, M A R 20 T2 AR 0]
[ it 2018,37(9):191-195
ZHANG lJie, ZHANG Da-wei, YAN lJia, et al. Optimization
of processing conditions of fermented red jujube wine [J].
Brewing in China, 2008, 37(9): 191-195

2] B R X, E S A AURITE R SRR T AT
R[] 2:2445,2010,37(12):2017-2024
LU Zhou-min, LIU Kun, YAN Zhong-xin, et al. Research
progress on the nutritional components and health effects of
jujube fruits [J]. Acta Horticulture, 2010, 37(12): 2017-2024

(31 UK FREERE, AR 2, A O TIAL T 30T £ A0 i i 1
SN[ B AT 5, 2020,41(18):79-84
LI Na, CHEN Yao-yao, SHAN Chun-hui, et al. The effect of
jujube pretreatment methods on the quality of jujube wine [J].
Food Research and Development, 2020, 41(18): 79-84

(4] S 5L R, AL S R P S e R BARE ZEL P s
)it o [J]. AR B i BH2,2014,30(1):211-216
MA Qian-li, TIAN Ying-zi, YING Li, et al. Evaluation of the
quality of Xinjiang jujube using the membership function
model [J]. Modemn Food Science and Technology, 2014,
30(1): 211-216

[5] B4, Eheid, 5 A AR TRt 7y S FLAE BT
AEl]. & ST 57 42,2018,39(16):210-214

[10]

[11]

[12]

[14]

XIAO Bo, LIU Quan-wen, WANG Xiao-jie, et al. Key
functional components of red dates and their physiological
functions [J]. Food Research and Development, 2018, 39(16):
210-214

ZHANG Hao, JIANG Lu, YE Shu, et al. Systematic
evaluation of antioxidant capacities of the ethanolic extract of
different tissues of jujube (Ziziphus jujuba Mill.) from China
[J]. Food & Chemical Toxicology, 2010, 48(6): 1461-1465
XL R AR R B I T g LRI T2 0], o [ R i,
2012,31(12):18-19

ZHAO Hong-yan. Research on the application of pectinase in
fruit and vegetable juice processing [J]. China Brewing, 2012,
31(12): 18-19

A, R 2 5 ) 75 i T R PR AR (0], R R,
2014,33(3):125-127

ZHANG Zhong, CHEN Hai-rong. Factors affecting the
methanol content of lychee wine [J]. China Brewing, 2014,
33(3): 125-127

ZHANG Hui, Woodams Edward E, HANG Yong-dong.
Factors affecting the methanol content and yield of plum
brandy [J]. Journal of Food Science, 2012, 77(4-6): T79-T82
RN 2. 5 T AL e 0 PRI A0 24 T et 42 o) [0, BRI R
2013,8:36-39

ZHANG Li-zhi. Methanol and fusel oil control in fermented
jujube wine [J]. Liquor Science and Technology, 2013, 8:
36-39

TGRS, o i, e By, 5% ALK FF I R I FR RE TEEIT
[T]. I fr 5 RH,2012,28(6):670-671,683

WU Xiao-na, KANG Fu-shuai, YAN Rui-ming, et al
Research on the brewing technology of low-methanol
sugarcane wine [J]. Modern Food Science and Technology,
2012, 28(6): 670-671, 683

PRI LA R B e 2R TR T2 R T[] B o,
2019,40(2):148-151

LU Lu-bin, YANG Fan. Research on the distillation process
of low methanol kumquat [J]. The Food Industry, 2019, 40(2):
148-151

XIA Ya-nan, MA Yan-li, HOU Li-juan, et al. Studies of boil
treatment on methanol control and pilot factory test of jujube
brandy [J]. International Journal of Food Engineering, 2017,
13(2)

U, R A O T BRI L LR v P R A ).
Fii9,2015,42(2):40-45

DONG Wen-juan, DU Jin-hua, FU Yuan-zhen. Research on

reducing methanol content in hawthorn wine [J]. Liquor

81



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

(21]

[22]

[24]

82

Making, 2015, 42(2): 40-45

GB 2757-2012 £ il 4= S ife CZR IR S LA [S]
GB 5009.225-2016 £ it 24 [ 5t il ZEEI FE I
SE) [S]

GB/T 15038-2006 (%5 SP@E A 4 1E) [S]

GB 5009.266-2016 £ it 2 2 [FE S0t (£ it v FR 25 R )
5ED [S]

GB/T 11856-2008 ==t} [S]

2B IO MR, A A R S RN B 125
K mt e[ BRI AH,2017,11:36-39

LI Feng-xia, HU Yuan-qing, LIN Rui-bing, et al. Research on
fermentation process parameters of banana and pineapple
compound fruit wine [J].
Technology, 2017, 11: 36-39
AR o 0 W 7 TR VAR AR I 20 S 1 22 b R B T 2 46 01,
i LAV RHE,2015,36(3):254-259,265

YANG Hui, YANG Man. Optimization of fermentation

Winemaking Science and

conditions for sea red fruit brandy by response surface
methodology [J]. Science and Technology of Food Industry,
2015, 36(3): 254-259, 265

PGB B A B I R R R v S L s B S [0 AR
B AHE,2012,28(11):1541-1544

SUN Jin-xu. Control of isopentyl alcohol in maotai-flavor
liquor Modern Food Science and
Technology, 2012, 28(11): 1541-1544

Wk AR 1, SRR A . A 1 2 919 I o e v Y e 2 T
AR LD, 1 T 9T 5 71 5,2020,41(13):31-36
CHEN Jing, HAO Jun-guang, CAI Qiu-xing. Study on the

fermentation [J].

change of methanol fusel oil during the fermentation of
kyoho wine [J]. Food Research and Development, 2020,
41(13): 31-36

KD 2 AR B 2T AR AR 1 [ 2 R 8 07U (D) R € :
el R A,2018

ZHANG Shao-yun. Study on solid-state fermentation
technology of low-methanol jujube distilled liquor [D].

Baoding: Hebei Agricultural University, 2018

[25]

[27]

[30]

Uro$ Milji¢, Vladimir Puskas, Vesna Vucurovi¢. Investigation
of technological approaches for reduction of methanol
formation in plum wines [J]. Journal of the Institute of
Brewing, 2016, 122: 635-643

SR A, T R AU, S RS H VTG AR LA '
57 R,2017,38(19):51-55

ZHU Xiang-hao, CAO Yu-shan, WU Shu-jie, et al. Research
on enzymatic hydrolysis of sugarcane juice [J]. Food
Research and Development, 2017, 38(19): 51-55

TR, A, IV B K A AR B L0 1 22 M e
EFIA] B RHL,2014,39(4):47-50

YIN Bao-ying, WANG Jie, SUN lJian-feng, et al. Effect of
cooking treatment on high alcohol content in jujube brandy
[J]. Food Science and Technology, 2014, 39(4): 47-50

oYt AR PHRE, T #E M, % HS-SPME-GC-MS 437 7~ BRIk
77 et 2 T R P B A TS 10 UK 20 5 (. B B R RHEE,
2018,34(3):248-254,230

LI Wei, CUI
HS-SPME-GC-MS  analysis

Dan-yao, WANG Jian-hui, et al

of flavor compounds in
fermented wine with high-yield esters and low-yield high
alcohol brewer’s yeast [J]. Modern Food Science and
Technology, 2018, 34(3): 248-254, 230

et AR, 50,55 R EER T LU & R LIRS
B RS B DN RE (D] BRI FH,2018,3:98-101,105
QI Xiao-ru, SHI Xu, WANG lie, et al. Determination of
methanol, ethyl acetate and higher alcohol content in
Cabernet Sauvignon dry red wine [J].
Technology, 2018, 3: 98-101, 105

K ICH 5 IR R S SRR LA SRR R R R
o A2 BRI B A RS [T 40 M B DMk 22 e 2 Al (B AR
RI2R),2015,30(Z1):1-5

ZHANG Wen-ye, ZHANG Lei, CHI Lei, et al. The effect of

Winemaking

pectinase on the content of methanol and main fusel oil
during the brewing of hawthorn wine [J]. Journal of
Zhengzhou University of Light Industry (Natural Science

Edition), 2015, 30(Z1): 1-5



