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Abstract: [Objective]The maturity of wine grapes is one of the important factors affecting the quality
of wine. A fully ripe grape berry is characterized by high sugars and low acids, and also by high levels
of pigments, antioxidants and flavor compounds. Therefore, multiple components should be used to
evaluate the optimal harvest time of grape berries. High sugars and lower acids are crucial for high qual-
ity of wine. Farmers tend to delay the harvest time to obtain the desired component contents in grape
berries. However, with the decrease in photosynthesis, the accumulation of sugars may be reduced rela-
tive to the accumulation of acids, leading to decrease in berry quality. The aim of this work is to deter-
mine the optimal harvest time for the wine grape ‘Marselan’ in the east foot of Helan Mountain by
comparing the components in grape berries in different harvest times. [Methods]Samples were collect-
ed from August 21 to September 20 at an interval of 5 days. Approaching the commercial harvest time
estimated by previous experience, the sampling interval was reduced to 3 days. Samples were collected
from 10 marked grape vines, and berries were randomly harvested from the top, middle and bottom
parts of clusters obtained from both the sunny and the shady sides of the canopy. Some of fresh samples

were stored at —4 ‘C for a short period, and the remaining samples were frozen in liquid nitrogen and

ks H #1:2019-11-04 P H#1:2019-12-25
BETH K 5 AR I 4 41675114); 7 H =K B A X E AR TR (2018BFH03012) 5 S 55 G R M Hh O A A PR BT I B A
BT 1A
PEZW N T 8, 0 AR e, BRI S RIS . Tel: 15261812722, E-mail : dingq9424@foxmail.com
*Ji{Z £ Author for correspondence. Tel: 13914709376, E-mail: liqix123@sina.com



534 R i) = H

NERAT BA SRR BT A A 4 SR S, 7R RSB AR
WA AR A B A AR (A S Y, A 3
TR 2 R IR 2 i R MAT ST A 408 v o 2 1 o (19
FREE, AR S, HOR I AT R
JEAEAE s R RS 1 2 SRS 0 2R A, R £
B S AR A S At s i 2 9 DU K i SR

stored at —80 ‘C in an ultra-low temperature freezer. Soluble sugars (S) were determined by thermal ti-
tration with Fehling reagent (GB/T 15038—2006). Titratable acids (A) were determined by acid-base ti-
tration (GB /T 15038—2006). The sugar-acid ratio (S/A) was then calculated. The pH value was deter-
mined using a pen electronic pH meter (kedidGT-6023). Total soluble solids were determined with an
ATAGOPAL-1 handheld saccharometer. Total phenols were determined with Folin-Ciocalteu reagent,
and tannins with Folin-Denis reagent. Total anthocyanins in fruit was determined using the pH differen-
tial method. Cluster analysis and principal component analysis (PCA) were used to comprehensively
evaluate the grape berry quality. [Results] The content of soluble sugars in the berries showed a con-
stant increasing trend during ripening. In the early stage of ripening, the content of soluble sugars in-
creased rapidly, while in the late stage, the growth rate slowed down, and the content of soluble sugars
stabilized gradually. The content of titratable acids decreased continuously, while the content of soluble
solids, sugar-acid ratio and solid-acid ratio increased slowly but decreased slightly after September 13.
The pH value in the berries was relatively stable. Total phenols fluctuated in the early stage, then gradu-
ally increased towards mature stage; tannin content decreased in a fluctuating manner. As for PCA, the
first two principal components were selected as the effective principal components. Principal compo-
nent 1 had a good correlation with pH value, sugar-acid ratio and solid-acid ratio. Principal component
2 had a good correlation with soluble sugars, soluble solids, total phenols and tannins. In addition, the
principal component 1 reflected the quality index of grape berry, and the principal component 2 was re-
lated to the quality index of wine.[Conclusion]The combination of cluster analysis and principal com-
ponent analysis can effectively determine the optimal harvest time of the wine grape. The main factors
affecting the harvest time of wine grape are sugar-acid ratio and solid-acid ratio. In addition, the suit-
able harvest time of wine grape ‘Marselan’ in the east foot of Helan Mountain was suggested to be Sep-
tember 10 to 20, and the optimal harvest date was September 13 in 2018.
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Table 1 Fruit quality indexes of ‘Marselan’ grape at different harvesting period
- e Al L. 2 SR VAR
e ST HERD PpCAIRE LD LI W(T{ﬁ‘H: B L wCR ST w(%ﬁ?) w(REF R
. Titrate acid EibiZyD) .., Total phenols Tannins  Total

Harvesting Soluble sugars Soluble sugars/ pH . Soluble solids/ .

. content/ . . Soluble solids . . content/ content/ anthocyanins
period content/(g-L") L Titrate acid Titrate acid . . o

LD content/% (mg-g") (mg-g')  content/(mg-g")

08-21 181.38 a 740 a 24.51 ab 3.11a 19.40 a 2.62 ab 4.77 ab 1.87 ab 0.38 bed
08-26 179.06 a 8.25b 21.70 a 2.96 b 20.20b 245a 3.09a 1.73 b 0.41cd
08-31 206.32 b 8.26b 24.97 be 299¢ 21.85¢ 2.64 ab 4.28 ab 1.69 b 0.40 cd
09-03 201.86 b 731a 27.61 bd 3.07d 19.95b 2.73 ab 28la 1.71a 030 a
09-06 160.42 ¢ 6.13 ¢ 26.19 bed 330e 21.60 ¢ 3.53d 273 a 1.63b 0.32 ab
09-10 241.30d 731a 33.00 e 3.15¢F 22.50d 3.08 ¢ 5.44 ab 1.50 ab 0.34 abc
09-13 233.87¢ 6.00 ¢ 38.98 f 324g  2320¢ 387¢ 11.07 ¢ 1.42 ab 049e¢
09-17 226.59 f 8.06 b 28.10d 3.19h 2297e 2.85b 4.42 ab 1.48 ab 0.46 de
09-20 241.30d 6.85a 3523 ¢ 3.18h  23.15e¢ 3.38cd 6.00 ab 1.27 ab 0.52¢

-« RS H 5 - BEAS R AL FE IR 22 5 2 25 (p < 0.05).

Note: Different small letters after means in the same columns indicate significant difference at p << 0.05.
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Table 2 K-means clustering analysis results

R % B
Harvesting period Clustering Distance
08-21 2 4.794
08-26 2 7.582
08-31 2 20.581
09-03 2 16.315
09-06 2 25.498
09-10 1 5.563
09-13 1 6.053
09-17 1 13.100
09-20 1 4.622
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Table 3 Comparison of berry components between stages

SPE Sz g 7Y VR M 73 - e
veppy  POTTRERD  HEERLL w R A PR R B wCR A8 . wCRIEF )
e pCTIFEERD Titrate acid Soluble sug- e Soluble Total phenols we %EF;T ) Total anthocya-
Soluble sugars . . . Tannins con- .
Category content/(e- L) content/ ars/Titrate Soluble sol-  solids/Ti-  content/ tent/(mg- o)  DINS content/
S (g-LH acid ids content/% trate acid  (mg-g') £'e (mg-g")
I 185.809 7.470 24.996 3.085 20.600 2.794 3.535 1.526 0.363
I 235.767 7.056 33.827 3.188 22954 3.293 6.734 1.420 0.456
x4 ERDONHERE
Table 4  Analysis of variance of the principal components

N5 % RAIEAE T3 ZE DR ESIWE TR e
Principal component Eigen value Variance contribution/% Cumulative variance proportion/%

1 5.485 60.946 60.946
2 1.659 18.435 79.381
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Fig.1 The load diagram of the principal components
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Table 5 Comprehensive evaluation of ‘Marselan’ grape

berry quality at different harvest times

SR HEF,
Harvesting period A e r Ranking
08-21 -1.6755 -0.9282 -1.5019 8
08-26 -1.9423  -02785 -1.5559 9
08-31 -09951  0.1824 -0.7217 5
09-03 -1.1596  -0.5662 -1.0218 6
09-06 -0.6876 22505 -1.0505 7
09-10 02317 -0.0781 0.1598 4
09-13 24122 13823 21730 1
09-17 03233 07194 04153 3
09-20 12741 16547 13625 2
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