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Process Optimization and Safety Analysis of Raw Seedless White Grape Wine Based on Pervaporation
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Abstract: Fresh seedless white grapes were used as raw materials, and the fermentation process was opti-
mized through a single factor combined response surface methodology. The best fermentation technology for
raw seedless white grape wine was determined. The safety of seedless white grape spirits was evaluated by mea-
suring the content of methanol, ethyl carbamate (EC), ochratoxin A (OTA), biogenic amine (BA), and iron
ions (Fe**). The results showed that the optimal fermentation process for seedless white grape spirits was yeast
addition of 0.4 g/L., fermentation temperature of 17 °C, and initial sugar content of 24 °Brix. Under this fer-
mentation process, the alcohol content of seedless white grape spirits was 12.2% vol. The alcohol content of
seedless white grape spirits prepared by pervaporation membrane separation technology was 53% vol. In addi-
tion, the methanol content was 190.88 mg/L; the EC content was 1.02 pg/L, with no OTA detected. Four out of
nine kinds of BA were detected (tryptamine, phenylethylamine, octopusamine, and spermidine) , with a total

content of 4.074 mg/L. and Fe** content of 1.30 mg/L, all of which did not exceed the relevant limit standards.
Key words: seedless white grape spirits; pervaporation membrane separation technology ; safety of grape spir-

its; biogenic amines; ethyl carbamate
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i F TC A A 4 20 T VR BRAE R AR IO, 430 R
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Table 1 Factors and levels of single factor test

K- WIAKEEE/ Brix REERBESC BB NE/ (g/L)
1 19 12 0.1
2 21 14 0.2
3 23 16 0.3
4 25 18 0.4
5 27 20 0.5

1.3.3 W i R A i i
1 AR R 2 LR L R T = R 3R = KAl
JO7 RTS8 , AT AR B2 oAy Wi IO, B 52 TG A% (4 4 210G )it
W T 2280 ma TR P 3R 57K L3 2.
®2 WEERBRERSKE

Table 2 Factors and levels of response surface test

K ABERRIE/ (/L) B EBEHREESC € WIHBEEE/ Brix
-1 0.2 14 21
0 0.3 16 23
1 0.4 18 25

1.3.4  FABALIE bR E

TS PR GB 5009.225—2016( £ 522 4 [ 5 bk
THE 0 T 2 A B A I ) AT I s R AR
GB/T 1503820006 i 251 . V8 38 43 M Iy v ) 24 7
5 040 Bl A ARG 2 BRI 28 7R 05 vk A 10 5 o
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Fig.1 Process of producing seedless white grape spirit by pervaporation membrane
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12.2 Continue table 3 Response surface design results of seedless
12.0
Tg nst white grape fermentation conditions
S 16}
=Y e NN , Y KGR/
S FBE ARHRNEE BABRRE  ColmE
= 112} % vol
T o1of 7 -1 -1 0 9.7
1081 8 0 0 0 11.9
10.6 -
. : : . ! 9 0 0 0 11.7
18 19 20 21 22 23 24 25 26 27 28 10 | 0 | 10.8
T HE B E T Brix )
. 11 0 0 12.0
C. AN[EH U b
ENGEIE G5 12 0 0 11.8
H2 BEFINE A . &R T E S E AR " 0 N N 10,0
TR REEEN N 14 0 -1 1 10.6
Fig.2 Effect of yeast addition, initial sugar content, and fermen- 15 1 0 1 12.0
tation temperature on alcohol content of raw seedless white grape 16 -1 1 12
wine during fermentation 17 0 1 1 11.6

FH & 2A FTHT, RS B S BRI i 2 OE L, BERE
IR B, R 30 D) 406 6, RS Ak B R A TR
BEAS IR RR LN, WORE S AL IR W] 5, L RE R
A XU A S B A, AR AT 1R RAE , B e R A
4 0.2.0.3.0.4 o/L 475 L2 7 1A 55 5 i & 2B AT
B A R IR R T TR e AL RS I, ELUE R K
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R 22 WO E R IR N 14,16 18 “CHEAT 5 SL0 [
TGS 5 B & 2C AT, 0 Ih b A ey, TPA 7 B
WEEELE 27 °Brix BHPRG B2 A i, (HL ok v b s 5 i 1 B
A TR B kB 5 R T, i R T SR B a4 SR
SEWIIARERE N 21.23 .25 °Brix FH47 5 220 R
I WASK [k EUN YA S RN
2.2.1 W TR T A5 R

F B R R 4 SR 25 G i, BRI R RS
H(A) R (B) WA BEEE (O FEh A As & ffi
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®3 EZAFHABEEGWEEREEITER
Table 3 Response surface design results of seedless white grape

fermentation conditions

K5 ARG B RRHEEE VIR Yﬁﬁ?/
1 5 | 1 10.6
) » 0 1 9.7
i . o 0 115
. | 1 0 12.2
) o 0 0 1.7
. O 1 0 11.2

e Mt AVADY (S W ASE KoLl
T SO PSR B A PR AR LA R A B (Y) =
11.82+0.54+0.48B+0.54C~0.2AB-0.075AC+0.1BC-0.2242-
0.45B°-0.67C* Xz A J5 F2 b A7 7 225387, 45 S L
4,
F4 EEAEEBFENN

Table 4 Analysis of variance of regression model

TSR CFOSR AmE ¥y F{E PE REMNE
LAY 10.33 9 115 2199  0.0002 %
A 2.76 1 276 5288 0.0002
B 1.81 1 1.81 3457 00006  **
C 2.31 1 231 4426 0.0003
AB 0.16 1 0.16  3.06 0.1235
AC 0.023 1 0.023 043 05325
BC 0.040 1 0.040 077 04105
A2 0.21 1 0.21 3.99  0.0859
B 0.84 1 0.84 1615 0.0051  *x
foe 1.90 1 190 3647 0.0005 =
i 0.37 7 0.052
I 0.30 3 0.099 583  0.0607
4R 0.068 4 0.017

B 10.70

—_
(=)}

T ORI R (P<0.01).

2 4 v LUA H, Zo0mIER F=21.99, P<0.01,
PRI 53 R IH F=5.83, P>0.05, < I A i 35
KW HZ(AB.C) 5 WAH (V) Z M AAE R R R AT
2R PE G R 5 T R B R>=0.965 8, 1% IF R 2L R2yy=
0.921 9, ANREBL 12 [0 V3 )7 R AR B A9 A8 S R 51 1%, 136
[l U5 5 R AU B 5 R e 5, BB 0 2 O o i e X ) 7 (L
A B ) AT 0T 0 . X 3% 4 BEAT S5 500, T LA
F BRI — YRI5 A B .C LK YR IT B> C A



RRAKA

RetirnSHR

202443 A

BasEHESH
45 5 167 —

F(P<0.01) , B = A 2 5 i [0 (8 22 [B) 47 76 58 0 B 2%
BILRTESC &, BRI =R A9 F (B AT A1, 45 PR 28 % i
IEAE ARG EE ) (52 W T Sk A>C>B, BV EEBE S i 2 %F
TCAZ P4 746 0TS SRS TP RS R i e K, ORI AR
W, 2 Tl 3 6T I A% 1 7 25 B DG 1 5 ) e/

E

IS

X

E

£

E

IS

X

¥

=
1

ERS

g

by

E

&
25.00 :

24, X
07;0 °C
4% 0 15.00 @af;\
0 21.00 14.00 :
“?/31.1;’r B'—}y’_@'

A IR FAERT LA AC & BC 0 I 4
FUE SRS B i s BHAE /N T AB.
2.2.2 Wi N T 43T

Sk 56 IE P PR 2R A8 E AR X o) o
K] Al 7 1] S A R 2R LA 3

IR0, 25 [

TG 1% vol

18.00-

17.00

B K EERIEIC
>
S
|

15.00

14.00 T T T '
0.20 0.25 0.30 0.35 0.40
A TR I/ (g/L)
TG 1% vol
25.00
% 24.00

C WILHE L Br
3
(=]
(=]
1

22.00

105
21.00

0.20 0.25 0.30 0.35
A BERFHS I/ (/1)

T
0.40

WA 1% vol

25.00

24.00

1X

g2 23.00

C WU HEEE S Br

22.00

21.00 -4

T
14.00 18.00

T
17.00

16.00
B R C

T
15.00

3 HiXIFE R X E1E R RN E S Lk

Fig.3 Response surface and contour plots of interaction of experimental factors
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FEAR A5 50/ Jo A 1138 25 Z00 RS 2 A 53% vol , 51
SR GRS R EEAY) G R B AR A T Ie% H
A I RN R T A SR T
2.2.4  JON% R Z0E O BRAL AR BRZE SR

ToH% VR4 ZUP A TS B - 41 P B 8<40 CFU/mL;
K7 FF B <3 MPN/100 mL; B K5 B 53% vol, 2R & 1
0.28 o/ L AKG I BUR 176 1 it
22,5 JoRE R ZNI e A I 45 2R A B
2251 JCEAEEZIG D EE Fe & BT

3 25 X O A% 2 B R, DL B B R AR —
R B R B R (JCAZ P 4 2 B ) Hh 1 R B L e
AT E B A2 e PEPEAh , 45 A3 5 Fis .,

%5 ERAWHAEEBERIEDRE. FSE

Table 5 Content of methanol and Fe** in raw seedless white

grape wine and its spirits

mg/L
. R ol g s
L PEFE bR N e NI Z0
LA VER bR T TR Jek% I A 2L
FH s 98.64+0.03 149.70+0.12 190.88+0.05
Fet 5.00+0.03 3.40+0.02 1.30+0.08

28 5 A, TR ) H e IS T JC A% 1
FUWY , W15 AL H B0y B B I e i
M. % GB 2757 —2012( & &2 4 E FAn il 751
T R P Y20 A SRR, 7K SR 2T ) R
<2 /L, BIVIE R T O A% 118 44 Z7 1) RS i 0
A% V7 2 B DG K B B4 A R SRR S B A
AT A S ) 4 R T R S AR AR A AR
PHL 2o e D) 2 760G rh 5 A Y T AR 2% RN L L
TP P A VE P FTDLE , S AT Y AT %, &8 Tt
UV Ry 3, FL Ak T 00 Ak O A S
2 ST Y Fed S8 R G ARG S B )&, GB/T
15037—2006 (75 2 11 Y231 X Fed* A WA oK , 4 257
W FeX N T 8 mg/L. W3 5 AIA, ok A ZL
WP R Z T Fer & BB A B R b, Hiliid B3
A — R B R IR EE P T BB TR, X
FIRESE Fe oMkl i B B AL IRFLAR T 3K
2.2.52  JoA% A ZLTG AR i T

X TG A% R 2 B SRR B8 TR AR I — v i
FE R kst BRI A (R oA 1 A 4 2008 ) i 9 BA
HEATE R A2 PEPERG , 85 A3 6 s,

M 6 AT, 7 e (A | e RS R 3 RS RR
oA e R BT DO PR Ay 4 Rl AR W
VK., 2B ERAE—- K EE R EEE, 0
i A A L N B R B, TR 2R | A e 4 i — Rt
JIEE | e P S R R 1 AR A, A M ) A A
PRI, X ] BB PR B 3 R AL X Ko F W I Y
BRIV . ABAE BA FRaEtERoR , 2 B 20 4

Fo6 IZAFFFRBORIESR BA KNER
Table 6 Test results of BA in raw seedless white grape wine and

its spirits

mg/L
g FRCIREE TR e st
o fi 2.94240.030  4.851x0.160  3.071x0.050
i 3.32240.050  0.124+0.340  0.071x0.070
Ji e 3.05120.120 ND ND
J ND ND ND
2 i ND ND ND
A 0.354+0.060  0.332+0.530  0.223+0.330
313 ND ND ND
MR 0.795+0.130  1.447+0.030  0.709+0.080
il ND ND ND
BAYNE 10.464 6.754 4.074

T :ND m Rl
9 A 2H e i s T T ) BR s v (ks [ L ) 4 T
rP R A I B <8 mg/L, MK F S FN Fi <10 mg/L) 124,
3 TR i v X SR A Y AL, O B A VR B
AR A JCAZ 9 4 e G B 22 AP o
2253 AL ZUR TG AR A IR
LRSI

Xof TCAZ 1 A F U B A VR R — R AR
TR R (B A A 20N ) Y OTA (EC HEAT E 1
XTI A VEVTEAL A I AS R ANSE 7 Bs .

x7 EZBFFIBERBERIES OTA K EC KillZER
Table 7 OTA and EC test results of raw seedless white grape

wine and its spirits

pg/L
~ AR R s
A=t N N N NN ?\Il
LR bR T e~ To VA Z0
MGEHEE A 0.35+0.15 0.21+0.03 ND
IR TR 3.43+0.02 1.8620.13 1.02+0.05

TE:ND FR R K

FH 2% 6 AT, 3 FE & o T A 11 2 200G A A
t OTA, B30 J5ir be— Uik R A v OTA 75 it A
. B % 5 % 1 41 21 (International Organization
of Vine and Wine, OIV) ¥ 2 , #4570 7 OTA R &= b5
WEH 2.0 we/ke®! 7E GB 2761—2017¢ & it % 4= [E K hp
T B LR B R R A )Pt AT BB R E , OTA &
AT 2.0 werke, oA 1 % Z0T R0 K Z0TH
OTA AT AR AR e, 3 AL b )
th EC, HIE B VA o B B AR il 25 09 oA 11 i 4
FU 5 F0 AR L, i N R I R S
() EC & BT B i M i FL e 27, R 25T b EC IR
R <30 pe/L KSR 22 1 EC T R <500 pg/L,
DRI I, JE A% FH 4 2 200 RO e 20 EC & e YA I
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R BERFGS N 0.4 /L & BEIRE 17 °C ) b 4
24 °Brix, H SRS BE R 12.2% vol, 33 18 % 15 AL
TEBAREES, ZUEIERE N 53% vol, [FIRT, X1&
25 VRV 2 285 H Al 25 00 TOAZ 1A A 28 N T A 7 i 4k
OYHT AR PR IR M S PR bR, et . &
BB 15 AR I 2 B AR T v BV A A 7= R
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SIS PR AT B SR E VRN IR T RIL T 2045 5
FETH () 0T, B i VAR S B B R N R S5
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