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Difference analysis on the berry quality among six juicing grape cultivars

XUN Zhili"?, MA Xiaohe"?, HUANG Liping"*, WANG Min"?, LIU Xiaoting"?, ZHAO Qifeng"*
('Pomology Institute, Shanxi Agricultural University, Taigu 030815, Shanxi, China, *Shanxi Provincial Key Laboratory of Innovation and
Utilization of Fruit Germplasm Resources, Taigu 030815, Shanxi, China)

Abstract: [Objective] In China, the number of juicing grape varieties is few, excellent parents are few-
er and varieties suitable for production are scarce, which cannot meet consumer’s demands for high-
quality grape juice. Evaluation on berry quality of juice grape cultivars is key for development of grape
juice industry. The study aims to analyze the berry quality and aroma components of different juicing
grape varieties, and screen out the excellent juice-making varieties. [Methods] Six juicing grape variet-
ies, Triumph, Roudingxiang, Wyoming Red, Delaware, Heihuxiang and Campbell Early, in Taigu Grape
Nursery of National Germplasm Resource Nursery were used as experimental materials. The berry
weight, the contents of soluble sugar, total acid, vitamin C (Vc) and total phenol, and components and
content of aroma in the mature berry were determined and analyzed. The berry weight was measured
with a 1/10 000 electronic balance, the vertical diameter and transversal diameter were measured with a
vernier caliper, the content of soluble solids was determined with a digital refractometer, the content of
soluble sugars was determined by the anthrone- H,SO, method, the total content of acids was titrated
with alkali solution, the content of Vc was determined by molybdenum blue colorimetry, and the total

content of phenols was determined by Folin-Schoka method. Aroma components were analyzed by the
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headspace solid phase microextraction gas chromatography-mass spectrometry. Extraction method: the
berry pit was removed, 2 mL Ve (50 mg- L") was added, the sample was homogenized with a juicer and
centrifuged for 20 min. 6 mL supernatant was taken and 1.5 g NaCl and 5 pL internal standard (2-octa-
nol, 155 mg- L") were added into the 20 mL headspace bottle. Extraction conditions: It was balanced at
40 °C for 15 min (rotating speed: 250 r- min’', shaken for 3 s, intermittently for 4 s), and extracted at
50 °C for 40 min. The flow rate was 1 mL - min’', with SPME automatic injection. The temperature pro-
cedure of the column temperature box was 40 °C for 5 min. When the temperature rose to 230 °C at the
rate of 5 °C-min’', and then the temperature raised to 250 °C at the rate of 20 °C - min"' for 5 min. The
mass spectrometry interface temperature was 280 °C, the ion source temperature was 230 °C, the ioniza-
tion mode was EI, the ion energy was 70 EV, and the mass scanning range was 20400 m-z"'. [Results]
The berry mass of 6 juice grape varieties was 2.57-4.78 g, and the juice yield was 68%—75%. Except
for soluble solids, the soluble sugar, total acid, total phenol and Vc contents were significantly different.
A total of 65 aroma compounds were detected from 6 juice grape varieties, with different compositions
and contents. According to chemical functional groups, it was divided into Cs compounds, alcohols, es-
ters, aldehydes, acids, terpenes, ketones, C;- hypoisoprenes and aromatic benzene- containing. There
were the most kinds of aroma compounds in the Roudingxiang berry, especially for the terpenes. Tri-
umph was followed, it contained 58 kinds of aroma compounds, and the kind of esters was the most.
There were only 41 kinds of aroma compounds in the Delaware berries. The data showed that aroma
compounds were different according to the juice grapes varieties, and the main compounds were esters
and terpenes. OAV (odor activity value) is a measurement of the contribution of aroma compounds to
fruit flavor, so the presentation of berry characteristic aroma was related to the composition and content
of aroma compounds and OAV. Only when OAV value was larger than or equal to 1, was this com-
pound considered as contributing to aroma. Among aroma components, the number of compounds with
OAV=1 was 19. Principal component analysis was carried out for the aroma compounds with OAV=1
in the berries of six juicy varieties. And the results showed the contribution rate of PC1 was 35.71, the
contribution rate of PC2 was 56.67, and the cumulative contribution rate was 92.38. There were obvious
differences among varieties, Triumph, Roudingxiang, Wyoming Red and Campbell Early can be clearly
distinguished in location, Roudingxiang and Wyoming Red were on the positive half axis of the first
principal component, while Triumph and Heihuxiang were on the positive half axis of the second princi-
pal component. Aromatic compounds such as linalool, rose oxide, ethyl phenylacetate, heptaldehyde,
nonaldehyde, phenylacetaldehyde, damastone, ethyl valerate and myrcene were more contributed. Hier-
archical cluster analysis was carried out for the aroma compounds with OAV=1 in the berries of six
juice grape varieties. And the result showed that the aroma compounds were divided into four catego-
ries, with Delaware and Heihuxiang were the most similar, followed by Triumph, Campbell Early, Wyo-
ming Red and Roudingxiang. [Conclusion] According to the contents of berry soluble sugar, V¢ and to-
tal phenol, and pH of grape juice, the quality of Delaware grape was better; According to the composi-
tion and content of aroma compounds, six grape varieties were distinguished clearly. The kinds of aro-
ma compounds with Roudingxiang berries were the most abundant, and the contribution rate of ter-
penes was higher. In Heihuxiang berries, the contribution rate of C:-pentadiene was the highest. Among
the six juicing grape varieties, the aroma of Roudingxiang and Heihuxiang was more special. Grape va-
riety with different aroma feature should be chosen according to different consumers.

Key words: Juice grapes; Cultivar; Fruit; Aroma; Principal component analysis
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Table 1 Biological characteristics of six juice grapes

Tl i 42 R Pz e LS Y - 2
Germplasm name  Fruit color Vertical dimeter/mm Transversa Dimeter/mm Berry mass/g P Crude juice yield/%
SRS e 23.40+0.55 a 19.30+0.32 a 4.18+0.13 a 3.05+0.15a 75
Triumph Yellow green

FIE Lk 16.96+0.92 ¢ 12.19+0.75 d 2.78+0.06 ¢ 3.56£0.05a 71
Roudingxiang Yellow green

HMIAL 4L 15.44+0.95 ¢ 14.83+0.22 ¢ 2.69+0.05 b 2.98+0.02b 71
Wyoming Red Red

JRFLHE E AN 16.73£1.01 ¢ 14.960.14 be 2.57+0.03 ¢ 3.12+0.11a 73
Delaware Purplish red

R W 19.15+1.71 ab 16.79+0.42 b 3.08£0.05b 2.82£0.05b 72
Heihuxiang Blue black

FRFE/RELE pL 21.56+1.01 a 18.36+0.81 a 3.53+0.15 ab 2.96£0.02b 68
Campbell Early Blue black

i PR G R R p<0.05 KT B# %5 T,

Note: Different lowercase letters in the same column indicate significant difference at p<<0.05. The same below.
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Table 2 Physical and chemical indexes of six juice grapes

_ KR N W Yt B
FR 4,76 WO Wi TR WOERC) G

Total acid content/ . Soluble sugars content/  Vitamin C content/  Total phenols content/
Germplasm name B Soluble solids content/% . 0 o

(g-kgh (mg-g") (ng-g" (mg-kg")
175 #8 Triumph 7.04+0.29 b 19.46+0.84 a 248.1£9.12 ¢ 2.61+0.01 ¢ 262.73£17.98 d
Z2 T 7 Roudingxiang 6.13+£0.17 be 21.55+0.75a 392.3+10.35a 2.524+0.01 ¢ 286.28+19.02 d
HMBAZ Wyoming Red 6.47+0.15 be 18.77+0.82 a 386.1£9.73 a 4.61£0.01b 645.52+31.17 a
JEHz34: Delaware 6.03+0.06 be 21.17+£0.91 a 405.5+11.27 a 8.39+0.02 a 561.15+25.37b
%A Heihuxiang 9.72+0.11 a 18.43+1.02 a 345.2+14.52 ab 2.58+0.01 ¢ 495.32+30.11 be
FEFE/R LA Campbell Early  9.6440.05 a 18.82+0.37 a 218.749.48 ¢ 4.12+0.01 b 726.53+£36.26 a
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Table 3 The kinds and numbers of aroma components in

the six juice grapes
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W% Aldehydes 3 4 5 3 - 1 W A 6 ) A i A I AR O ZE T A A
B Acids - 21 2 WILT R B  BEFE/R AL L (I A, LR
J#2K T 14 21 16 1311 10 S 5 > =) : R
ﬁif erpenes 2R, MRS REQTEET R, N
fii 2% Ketones 3 1 3 - 2 2 e
i 46558 pg-L', BEE IR VR H
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Table 4 The contents of aroma components in the six juice grapes (pg LD
&Y SEiy FTE COLEAR | RES HIRE FREFE IR FLA
Compound Triumph Roudingxiang Wyoming Red Delaware Heihuxiang Campbell Early
Cb &4 Cs compounds 1008.94+£22.96a  415.45+11.37 ¢ 425.05£15.66 ¢ 955.95+15.48a 771.67+12.33b  1111.04+31.04a
2 Alcohols 0.85+0.02 ¢ 99.58£3.56a  53.02£231b  16.39+0.96¢  14.53+0.57 ¢ 1.38+0.05 d
{52 Esters 465.58+20.19a  149.39+10.84c  1.41+0.01 ¢ - 39.624+2.65 d 259.43£9.65 b
fi2% Aldehydes 2.56£0.03 ¢ 12.13£0.93a  16.20+0.81 a 5.72£0.08b - 0.38+0.02 d
2K Acids - - 0.15£0.002¢  0.5120.01b  0.56+0.01 b 8.61+£0.09 a
it} Terpenes 68.75+1.35 ¢ 336.26+15.37a 98.35+6.54b  68.67+1.42¢c  76.25+2.31c 24.18+1.39d
il 2% Ketones 1.75+0.02 d 0.96+0.02 ¢ 8.78+0.81 ¢ - 22.81+1.08 a 13.4240.95 b
Cu-F 5 % )2 Cip-hypoisoprenes 4.62+0.31 a 0.63+0.01 ¢ 1.35£0.04 b - 3.27£0.35a -
FHEREHRNED 5.12+0.46 d 43.29+238b 101.5129.35a  4.85+0.25d  15.47+1.04¢c 22.64+1.32 ¢

Aromatic benzene compounds

RN AR .
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Fig. 1 Contribution rate of total aroma compounds (A) and OAV (B) from different varieties
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Fig.3 Score plot (A) and loading plot (B) of aroma componentsin the six juice grapes varieties
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