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3 Uit AN [ B A GS-1 P TRIIE, s S AG I SR Bk L A 4 R . BB S B AL, THRBERR L ORBUE R B, W
S0k LU 2 1 fpe A TR MO AR UE A e EOR TR] T AE VR B SRR L A R SR AR T R L W AR
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MTERD . ERERE . BEE . HEAE 4 DB RIETREFRIRE, JRERE R IR SR T SR, kLA
WREBET 2. [ZRY (1) L0k L% 10 4 2w 1 X & B A T RYCH B8 9 A T A), HoR W3 E R 8
(MAE) WTLATRE] 21 LU L (2) 208Kk 102 2 76 Wi B 300 £5 GS-1 n 1 A5 ol i 3 e 8 s s, HLBks . JRAE
HE. FEAEAE. G, SIS E 5 AR 5 3.79%. 26.99%. 35.41%. 13.91%. 24.12%; (3) fifk
JE SRR IL R AT & B T2 5800 VAR P2 BT FERE, KBEIRE 24 °C, BeFhi 1%, KEERIAI10d, [45i8) @il mi
Jiti GS-1 I T A 0 B0 FE WT) , TT LA T I e X8 B L A A T 5 S R BK L T T A A R LR T AR
b, BT EBOLH A EE R, RO R Al R PR A S
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Quality Improvement and brewing optimization for Wine Made from Ziqiu Wild Grapes
LIN Mei'”, SU Hao’, LI Weixin’, ZHANG Yi, REN Xiangyun’, ZHENG Chunfeng’, JU Yanlun', ZHANG Huining’
(1. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China; 2. Institute of Food
Science and Technology, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China; 3. Fujian Chunqiu Agriculture
and Forestry Technology Co., Ltd., Quanzhou, Fujian 362508, China; 4. College of Enology, Northwest Agricultural and Forest
University, Yangling, Shaanxi 712100, China; 5. Fujian Lanjiadu Winery Co., Ltd., Sanming, Fujian 353000, China)
Abstract: [Objective] Improvement on quality of wine made from Ziqiu wild grapes southern grapes was explored through
vine fertilization and vinification optimization. [Method] Ziqiu wild grape vines were foliar-sprayed with GS-1 solutions in
various concentrations 3 times after the grape color began to change. Application concentration was selected to maximize the
contents of proanthocyanidins, free anthocyanins, total phenolics, and total flavonoids in the grapes. Contents of total acid and
sugar in the grapes were monitored regularly and ratio of sugar to acid (ripeness coefficient) calculated to determine the time
for harvesting and processing. Sensory evaluation and physiochemical parameters on the wine were used to optimize the
inoculum species and amount, temperature, and time of the fermentation process in a single factor test followed by an
orthogonal experiment. [Result] (1) Late September, when grape maturity coefficient, M, reached over 21, was the time for

harvesting and starting fermentation. (2) By spraying 300x dilution of GS-1 on the vines, the harvested grapes produced
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significantly increased amount of key nutrients in the wine. For instance, total sugar, proanthocyanidins, free anthocyanins,

total phenolics, and total flavonoids rose 3.74%, 26.99%, 35.41%, 13.91%, and 24.12%, respectively, over control. (3) The

optimized fermentation applied JP2 Saccharomyces cerevisiae asthe inoculum at 1% to culture at 24 °C for 10 d.

[ Conclusion] The Zigiu wild grapes grown on the vines sprayed with GS-1 and picked at the time closely scrutinized by the

fruit maturity coefficient produced a wine made by the optimized process with significantly improved nutritional and sensory

quality.

Key words: Ziqiu wild grape; nutritional quality; maturity; harvest period; process optimization
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1 HHS57%

1.1 MR5E5

SR, HREE FRAMBHE AR A
Pt GS-1 AR (WA MR B . 10 mg L 4H UK
Iy BIERR =20%, =0.1%), F&EERRFRE
A B 5E T T PR T RE BVSLS, SRR
WA RAF A= IP2 BRI EERE, AR ROl R 2 b
A 77 fb N T 5T T PR A B AR 5 ER B % B Excellence
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v d] ) FE28 B pH iR i i1 (e 2 R Rl =LA
FRZA W] ); HH-8 % i i BVE R K 8 (R N AL 4y
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A, wiptitEE 8 H6e H. 8 H 19 HA 8 A 30 H.

HWzEaIrn (8 H19H ), WaEALHH
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®1 EXRERIT
Table 1 Orthogonal experiment design

%Eﬂ% AR B%W% ClBE D75
Processing Strain Inoculation  Temperature/ Empty
number amount/% T column
1 1 (BV818) 1 (0.5 1 Q0 1
2 1 (BV818) 2 (1.0) 2 (24) 2
3 1 (BV818) 3 (1.5 3 (28 3
4 2 (JP2) 1 (0.5 2 (24) 3
5 2 (JpP2) 2 (1.0 3 (28 1
6 2 (JP2) 3 (1.5 1 (200 2
7 3 (XR) 1 (0.5 3 (28 2
8 3 (XR) 2 (1.0) 1 (200 3
9 3 (XR) 3 (1.5 2 (24) 1

1.4 $BARNE 7 X

14.1 B4

Z & GB 5009.7—2016 £ iy 1 i JFOE 1) 0 72 7 9%
i
142 2B

Z: M GB 12456—2021 £ 5 W SR 19 I 52 7 i
#AT .
143 REFFSZMNZ

AR I BT R G . B 10 g A%
WKW, A 40 mL #2HUE (Vipge:Vy=1:1), & T
PR 30 min, 4 °C, 9000 rmin ' #5.0> 10 min, #%
R BRKG E O M TTTE Y R PR A 1K, IR A
I, HHRBURE A S 100 mL, HlAEER . W 1 mL
FEWL, WA SsmL AR EF, T (30=1) CHERK
% 0.5h, BURBR KR, 7€ 496 nm (1 K 4544 T I
FEHWOCREAE, HA 3 W, HARdEM LI s e R
i, HOGEE (4) 5EAEHERBRMMKE (C) %
Z kg mE IR : 4=0.6116C-0.0004, R'=0.9996.
144 HHREFHZNE
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GEoBRRRE 5 A%, SRS T BITESCRI G AL FT 700 nm
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BT 25 mL W45, FZEIRKANE 1 mL, P47
SAMA 1 mL Foline-phenol i3 & 5 mL 5% B R £l 1%
W, $E5), 7830 °C Wik # 10 min J5 & 45 & 25 mL
J& ., T 760 nm AR E WOGAE, R 3K, HROGE
(4) 5SEETRERNIKRE (C) KRMLW A
JiFE: 4=0.4547C—-0.0037, R'=0.9973.
146 EXEZERASZN T
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FEZIFE, JCE 12 min J5, 0 RS A RS ROE
JEXME A, EE 3R, BULE (4) 54T HER
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1.5 HIEAIE

¥ H Origin 2018 3 #4745 Kl ; >k HIii DPS %X

X B PE R AT BB TR S, 45 AL B K Rl Y 2
K ) Duncan B B £, 2R B EFKEH
P<0.05, Hi /KR P<0.01,

2 ZRE55H

2.1 MEAELGEEFLEB RIS IEEREL A E
EEFYRMNEI
211 FRAKEHHREARAIAZY LRGTHR
AT R T E R UR TR A R, MR
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AR AR BE R R R 18, 3 W I e S L Gk B R Bk
o B9H 20 H, X B 600 5. R 300 fiF
b B G 3R S R B M 6,13, 5.96. 6.06 gkg
(LA IR ). N EMEST s Relm, =HZ
B ANTEAE B E 2R (P>0.05), Vil GS-1 M- iE
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Table 2 Changes in total acidity of Ziqiu wild grape fruit during ripening after foliar fertilizer treatment

fhm 8H19H 8H24H 8H29H 9H2H 9H5H 9H8H 9H11H 9H14H 9H17H 9H20H 9H23H 9H26H
G i August August August September September September September September September September September September
roup l9'h P 4m P 9m an Sth 8“‘ 1 llh 1 4m 1 7m 2 O‘h P 3rd 2 6|h
pagit 15.00+ 11.34+ 9.65+ 937+ 8.66+ 8.08+ 771+ 733+ 726+ 6.81+ 6.34+ 6.13+
Control 0.69Aa 0.13Aa 0.15Aa 0.19 Aa 033 Aa  0.26 Aa 0.09 Aa 0.31 Aa 0.03 Aa 0.07 Aa 0.03 Aa 0.02 Aa
ffﬁ?i&) 12.10+ 11.05+ 9.24+ 9.04+ 8.55+ 7.96+ 7.38+ 731+ 7.03+ 6.46+ 6.43+ 596+
! I:I:ICS 0.20 Ab 0.06 Aab 0.09 Aab 0.12Aab 0.03Aa  0.16 Aa 0.04 Aa 0.13 Aa 0.18 Aab 0.05 Bb 0.21 Aa 0.18 Aa
i
< -
1??1%2303& 1190+ 10.63+ 891+% 8.72+ 835+ 7.63+ 7.38% 6.81 % 6.55+ 642+ 6.06 6.06t
rimes 0.10Ab 0.15Ab 0.06 Ab 0.05 Ab 0.09Aa  0.09 Aa 0.11 Aa 0.10 Aa 0.07 Ab 0.06 Bb 0.09 Aa 0.07 Aa

ARAK. NEFERERERBEE (P<0.01) HEREE (P<0.05). #3. 4.

Different uppercase and lowercase letters indicate extremely significant difference (P<<0.01) or significant difference (P<<0.05).

Same for Table 3 and 4.

212 FRAXKEHNEHREERBAIAZF EHEG T

2 S0 0 A AR PR BEE R R R, e
JE T 1 i B R R RS A . AR 3 AT,
5 Ab B SR BA LA A S R R ARG (5 J5 SO T
FH, Z9OH 26 H, XFH. B 600 15 . B 300 1
GS-1 M- [ AE Ak 1 55 Bk L 4 7 1Y OB S AR U
13170, 13270, 136.63 g'kg (LA & it ). M
3R FRY B E TS SR T H, S 2 AR
H25% (P<0.01), HrhmijE# R 300 f5 GS-1 b I
JIES Ach B 4 b B v, ER R 3.74%, MRV I
A, TR A g AR T A R SR A R R

213 FRXAETHHRFARBIAFHERIL (ML)
a9 T

BERR L (M E ) J2 BRI 45 i T/ 2248 4,
— M O A R A ME A E) 20 DL L. 7RI
e LAWY, R AR EREIG, BERR LA, HiR 4
A, FE 8 19 H , X R OB 600 fi% . i RE
300 fi5, X 3 NARFRE) M EISEAL, B & LRk L
2] AN [B] A SEAG A AG R MOELE LB, =9 H
23 H, PrAARR MEAREL T 20, SEHIHCREIA
IR R EOR, X FRRE 600 1% . RS 300 1
1) GS-1 i I Ak #1555 20.32, 2034, 21.95. &
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Table 3 Changes in total sugar content in Ziqiu wild grape fruit during ripening after foliar fertilizer treatment

8H19H 8H24H 8H29H 9H2H 9IH5H 9H8H

IH11H 9H14H 9IH17H 9H20H 9H23H 9H26H

b
G&: S August August August September September September September September September September September September
oup 191}1 241}1 29m 2nd 5|h 81h 1 llh 14111 17m 20111 23rd 26”1
X HE 4740+ 71.60f 90.60+ 99.25+ 103.50%x 11025+ 11420+  118.20*+ 12095+  123.75+ 128.85+ 131.70+

Control 290Bc 1.80Ab 2.80Aa 1.95Ab 1.40 Ab 1.25 Ab

foy o
ﬁﬁggbsmw:%ﬁi 9470+ 10370+ 10665+ 11435+
l;m 0.50 ABb 3.75 Aab 0.10 Aa  0.50 Aab 025 Aab  1.35 Aab
baa (~7.
ﬁﬁ?g; 6790+ 83.50+ 97.70+ 10593+ 10873+ 116.80+
IEC 0.10Aa 0.10Aa 0.13Aa 0.18Aa 028 Aa
1mes

0.30 Aa

1.20 Ab 0.70 Bb 0.55 Be 0.95 Be 0.65 Bb 0.10 Cc

118.40+ 120.65+ 12385+ 12695+ 130.70 13270+
0.90 Aa 0.65 Bb 0.35Bb 0.75 ABb  0.30 ABb 0.10 Bb
121.13+ 126.13+ 128.18+ 130.98+ 133.00+ 136.63+
0.43 Aa 0.38 Aa 0.18 Aa 0.08 Aa 0.10 Aa 0.08 Aa

F4 MERLEREMRUEEREERAAEERLE (ME) BEKR

Table 4 The change in sugar-acid ratio (M value) of Ziqiu wild grape fruit during ripening after foliar fertilizer treatment

8 19H 8H24H 8H29H 9/2H 9H5H 9/18H

9H11H

9H14H 9IH17H 9H20H 9H23H 9H26H

b
GL * August August August September September September September September September September September September
roup 1 9m 2 4m b 9m 2nd 5“‘ 8“‘ 1 llh 1 4|h l7‘h D) Om 23rd 2 6|h
X R 317 631+ 940+ 10.60+ 11.98+ 13.66 14.82+ 1631+ 1649+ 18.17+ 2032+ 2147+
Control 034Bc 023 Ab 044 Ab 0.42 Ab 0.62Aa  0.59 Aa 0.03 Ab 0.61 Ab 0.03 Bb 0.05 Cc 0.05 Aa 0.07 Aa
¥ o
g@ﬁ(’g?&) 460+ 680+ 1025+ 1147+ 12.48+ 1437+ 16.05+ 16.52+ 17.63 £ 19.66 & 20.34+ 2227+
! lt]ir:les 0.12 ABb 0.38 Aab 0.08 Aab 0.10 Aab  0.07 Aa  0.47 Aa 0.12 Aa 0.19 Ab 0.50 ABb 0.13 Bb 0.71 Aa 0.68 Aa
e ™
]i%l*isg(;i;) 571+ 787+ 1097+ 12.13% 13.00+ 15.35+ 16.47+ 18.46+ 19.59+ 20.43+ 21.95+ 2251+
136 006Aa 013Aa 008Aa 005Aa 007Aa 025Aa 036Aa  0.17Aa  015Aa  009Aa  035Aa  022Aa
imes

9 H 26 H, ikt 600 175 GS-1 M- A Ak 28 A B8 43 1)
2227, 21.47, VIFE B 300 £i% GS-1 M- Ti AR 4b R FY
M Ef R, 58] 22,51, M 3 ASKhEE Y 3 o M 4
WA, = HZEESARE (P>0.05), KFHR
W B, 76 A ) g b X, SRk LR 4 38 LAY i T
FUCH N 9 N A), H RO E 28 (MAE)
ATLLIRE] 21 DLk
214 FRKAEMEKLTEH LI ZERD AN R
IR RS, RRULIFAAT R R
. OBm . BIEERE REMNE IR, XA
B & AT % TR B A2 R . GS-1 I T AR Ak B ES Ak 1 A

A, BRT R SRS, XIHRSH R E RS
HWEWRZW . K S TTH, B GS-1 1 1E AT
bR, G, JFAEFER . RO . Al A
TR Y Y W TR, o T i A R
300 5 GS-1 W [ A P A 50 R B i, i Ak B AR 5
. RAET R . ST S, SZREEN S
i, XA R T 3.74%. 26.99%. 35.41%.
13.91%. 24.12%, HA&fEtn & & 5% A n 2 54
KRR EIK (P<<0.01), R GS-1 MY
AT LR T L 2 RO R, 3 AT AR T L A Y AR

Eﬁ%ﬁo

x5 TRMERLENZRLBEETEE T mRIFME

Table 5 Effects of foliar spray on major nutrients in grapes

e S BR FAeH & AN v ISES |
G Total sugar/ Total acid/ Proanthocyanidins/ Free anthocyanins/ Total phenolics/ Total flavonoids/
rou - N - - _ -
P (gkg™ (gkg™ (mg'g ") (mg'kg D) (mg'g " (mg'g ")
Xt #8 Control 131.701+0.10Cc 6.131£0.02Aa 7.52+0.12Bb 472.15+3.68Bb 3.02+0.06Bb 16.54+0.29Bb
FE6001%
. g 1',4 132.70+0.10Bb 5.96+0.18Aa 8.4310.24Ab 610.421+6.19Aa 3.33+0.05ABa 18.75+0.33Ab
Diluted 600 times
iFE3001%
. it 1',1 136.63+0.08Aa 6.061£0.07Aa 9.55+0.07Aa 639.33+6.51Aa 3.44+0.02Aa 20.53+£0.28Aa
Diluted 300 times

ANAKEGFRHERERREE (P<001), NEFEEREREE (P<0.05).

Data with different uppercase letters indicate extremely significant difference at P<<0.01; those with different lowercase letters, significant difference at P<<0.05.
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22 ERLEEHBELABTIZMHK
22,1 #FEAEIEALE H BRI R

M2 6T, TEREFI N 0.5%~2.5% if, BE#H
P B 4 b i S WS N, SERK LR AT I R L R
g S PLSE RIS B m s MR R RE, A
IHER T & e Ja shit ], T HL3E KT & Wik FR s g
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Table 6 Physiochemical indexes on wine affected by inoculation amount

i MR b
Inoculation amount/% Total acid/ (g'L™") Total sugar/ (g-L™")
0.5 6.08+0.07 3.461+0.02
1.0 5.5540.06 3.7940.03
1.5 5.361+0.06 3.8940.06
2.0 5.86+£0.06 3.7440.04
2.5 6.03+0.03 3.651+0.05

R RS EHEIPN S
Volatile acid/ (g'L™) Alcohol content/% Sensory evaluation score
0.4240.03 13.1£0.05 83.09
0.37%0.02 13.140.03 89.45
0.3540.02 12.8+0.02 88.18
0.44+0.01 13.140.00 85.45
0.4540.03 13.1£0.02 82.00

222 REERAIEALE HBSA YA

M 7 Al 1, TERBEIRIE N 16~24 C I, ZEFk
LA RS . B IR S R TR Y
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MR EE >24 °C Z 5, SRk 1L 7 18 B 0 A 2
CE TR R IR B S O R IR R T
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223 REEE AL IE SR
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BCEWN AT AR, KB 13, 16 d R IERE 9
AN, AT RE S T I )R R R — R ) AR
SR, R AR, ZRA B, B H R )
[ 10 d.
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Table 7 Physiochemical indexes on wine affected by fermentation temperature

KRB SR PEb:
Fermentation temperature/'C  Total acid/ (g'Lfl ) Total sugar/ (g-L™")
16 5.8240.01 4.29+0.09
20 5.67%0.01 3.161+0.06
24 5.59+0.03 3.69£0.10
28 5.56+0.02 3.27%0.05
32 5.5240.03 3.261+0.07

1 R P
Volatile acid/ ( g'Lil ) Alcohol content/%  Sensory evaluation score
0.594+0.01 12.41+0.02 81.64
0.3940.02 12.840.02 83.82
0.35£0.00 13.31+0.00 89.64
0.481+0.01 12.840.03 71.27
0.5740.02 12.6+0.04 70.73
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Table 8 Physiochemical indexes on wine affected by fermentation time

T I TE) uNivy 5y R AL E N5
Fermentation time/d Total acid/ (g'L™") Total sugar/ (gL Volatile acid/ (g'L™") Alcohol content/% Sensory evaluation score
4 5.88£0.09 22.35%1.15 0.45+0.01 12.34£0.02 76.73
7 5.68+0.03 4.124+0.09 0.38+0.03 13.1£0.03 81.64
10 5.56+0.01 3.73+£0.04 0.35+0.02 13.34+0.03 89.09
13 5.64+£0.04 3.781+0.03 0.41£0.01 13.340.00 72.55
16 5.78+0.10 3.74+0.02 0.44+0.03 13.34+0.02 67.09

®9 TEEMERLEE LR IERERE

Table 9 Physiochemical indexes on wine by inoculum species

R R A R T EE VR
Strain Total acid/ ( g-Lil) Total sugar/ ( g-Lil) Volatile acid/ ( g'Lfl) Alcohol content/% Sensory evaluation score
JP2 5.5440.07 3.671+0.09 0.5940.01 13.1+0.03 89.73
BV818 5.784+0.03 2.27+0.12 0.61+0.03 13.140.00 82.64
XR 5.6610.02 2.124+0.09 0.811+0.02 13.3+0.03 88.64
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PEN S0 48R, BEATIEACIRER , HEE R AT 25
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o TR, A 248 R ROBIEY .
PEIRIE A F S5 O TR R AT 23 o AN IS e 7 A 4
B AN W) VR BE (9 GS-1 RETETIE , #R5E GS-1 it

I X 4 4 ity S A 52 00, A s 5 K L A 4 A AR A 1
i X ) R WA R e R O R
7] SR WS P T] 2 RS 44 000 5 6 280 109 B9 T4 2% 1 Tl

F10 EXRIEER
Table 10 L, (34) orthogonal experiment and results on

fermentation
RE
ﬁi‘@%’ AR B%Wé ClRE  DZF NS
Processing Strain Inoculation Temperature/ Empty ~ Sensory
number amount/% C column evaluation
score
1 1 (BV818) 1 (0.5 1 (200 1 87.05
2 1 2 (1.0) 2 (24 2 87.77
3 1 3 (1.5 3 (28 3 84.68
4 2 (JP2) 1 2 3 88.5
5 2 2 3 1 86.32
6 2 3 1 2 87.23
7 3 (XR) 1 3 2 83.41
8 3 2 1 3 85.05
9 3 3 2 1 83.95
K1 259.50 258.96 259.33
K2 262.05 259.14 260.22
K3 252.41 255.86 254.41
k1 86.50 86.32 86.44
k2 87.35 86.38 86.74
k3 84.14 85.29 84.80
R 3.21 1.09 1.94
E XM
Primary and A>C>B
secondary order
AT A B, o

Optimal level
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