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The phenolic compound profiles in the skins of white grapes, containing ten wine grape and six table grape 
cultivars grown in the National Grape Germplasm Resource Nursery at the Zhengzhou Fruit Research 
Institute of China, were investigated using ultra-high performance liquid chromatography coupled with 
mass spectrometry (UHPLC-MS/MS). The objective of this study was to evaluate if phenolic compound 
profiles can be used as indictors to differentiate the quality of wine and table grape cultivars. Significant 
differences in phenolic compound profiles were observed among these grape cultivar skins. The highest 
content of total hydroxybenzoic acids, total hydroxycinnamic acids, total flavan-3-ols, total flavones and 
flavonols and total stilbenes was observed in the skin of the Canada Muscat, Rommel, Kadin parmac, 
Bacchus and Silvaner cultivars respectively. A great compositional difference was observed among these 
grape cultivars regarding the individual hydroxycinnamic acids and flavonols. Cluster analysis showed that 
three table grape cultivars, namely Canada Muscat, Rommel and Kadin parmac, possessed significantly 
different phenolic compound profiles compared to the other grape cultivars. These results suggested that 
phenolic compound patterns and contents played important roles in evaluating the quality of table and 
wine grapes and might provide useful information on grape breeding and winemaking in China.

INTRODUCTION
Phenolic compounds have been confirmed to play important 
roles in the quality and functional properties of grapes and 
wines (Haslam, 1996; Kaplan et al., 2001; Majo et al., 2005; 
Li et al., 2010). Phenolic compounds are structurally divided 
into flavonoid and non-flavonoid phenolic compounds. 
Flavonoids are comprised mainly of anthocyanins, flavan-3-
ols, flavones and flavonols, whereas hydroxybenzoic acids, 
hydroxycinnamic acids and stilbenes are predominant non-
flavonoids (Li et al., 2011). Phenolic compound profiles 
are determined primarily by grape genotypes, and their 
biosynthesis and accumulation are affected by development 
stages and growing conditions. During the winemaking 
process, phenolic compounds are transferred from grapes 
to wines and experience further evolution during wine 
ageing (Gil-Muñoz et al., 1999; Cozzolino et al., 2004; 
Jin et al., 2009). Therefore, genotype determines phenolic 
compound profiles in different grape varieties and provides 
the corresponding wines with unique sensory attributes 

(Poudel et al., 2008; Rockenbach et al., 2011). Therefore, 
understanding phenolic compound profiles in grapes is 
critical to investigate the properties of different grape 
varieties. The results could provide useful information on 
nutritional and quality improvements of grape cultivars in 
China.

Compared with table grapes, wine grapes normally 
possess much smaller berry sizes, resulting in bigger skin 
surfaces (grape surface-to-volume ratio). This feature 
favours the accumulation of phenolic compounds in grapes 
and the extraction of more phenolic compounds in wines 
during the fermentation process (Cantos et al., 2002; Pomar 
et al., 2005). Moreover, we hypothesised that the phenolic 
compound composition and content of the grape can be 
considered an important factor that determines whether 
grapes can be consumed directly or applied for winemaking. 
Therefore, we selected ten wine grape and six table grape 
cultivars grown in the National Grape Germplasm Resource 
Nursery at the Zhengzhou Fruit Research Institute of China 
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and investigated their phenolic compound profiles using 
ultra-high performance liquid chromatogram coupled with 
mass spectrometry (UHPLC-MS/MS). The National Grape 
Germplasm Resource Nursery at the Zhengzhou Fruit 
Research Institute was established in 1960, and is located at 
latitude 34o43’ and longitude 113o39’. The average annual 
temperature is about 14°C. The average relative humidity 
and annual precipitation are 66% and 636 mm respectively. 
The soil type of the nursery is loam. This nursery contained 
more than 1 400 grape varieties and cultivars by 2010. 
The objectives of this study were to evaluate the effect of 
genotype variation on phenolic compound profiles, and 
further to compare the phenolic profile differences between 
winemaking and table grape varieties. These could provide 
useful information on the improvement of grape quality 
and nutritional values and benefit variety cultivation and 
breeding.

MATERIALS AND METHODS
Chemicals and standards
Methanol, acetic acid and acetonitrile were purchased from 
Fisher Scientific (Fairlawn, NJ). Ethyl acetate was obtained 
from the Beijing Chemical Reagent Plant (Beijing, China). 
The external standards of gallic acid, catechin, quercetin, 
caffeic acid and trans-resveratrol were obtained from Sigma-
Aldrich (St. Louis, MI). Millipore water was generated with 
the Milli-Q Element water purification system (Millipore, 
Bedford, MA). 

Grape samples
All the fully ripened grape cultivars, including ten wine 
grape cultivars and six table grape cultivars, were harvested 
from the National Grape Germplasm Resource Nursery at the 
Zhengzhou Fruit Research Institute at the Chinese Academy 
of Agricultural Science (Zhengzhou, China) according to 
their physicochemical properties. The 100 berries in the 
grape samples were selected randomly from six to eight 
bunches for each cultivar, and the grape samples that were 
harvested were separated into skin, flesh and seed fractions 
immediately. Afterwards, the skin fraction was frozen using 
liquid nitrogen and immediately ground into a fine powder. 
The skin powders were stored at -80°C until analysis. The 
flesh portion was crushed to yield the juice and used to test the 
total sugar and total acid contents. The total sugar (expressed 
as glucose) and total acid (expressed as tartaric acid) content 
analyses followed National Standard method GB15038-
2006. The genotype, origins and application of these grape 
cultivars are listed in supplementary Table 1. In particular, 
Bacchus, Rommel and Rose Gueen are hybrids of V. vinifera 
and V. labrusca, whereas the other grape cultivars originated 
from V. vinifera. Regarding their application, Canada 
Muscat, Chasselas Napoleon, Koz ousioum, Rommel, Rose 
Gueen and Kadin parmac are used as table grape cultivars, 
whereas Gamay Blanc, Sheshi I Bardhe, Bahian chirei, Bela 
Breza, Vloshi, Grasa de Cotnari, Silvaner, Jiubai, Bacchus 
and Medovec are cultivars used for wine production. The 
detailed physicochemical properties of these grape cultivars 
are shown in Table 1.

Phenolic compound extraction from grape skin 
The grape skin powder (2.5 g) was mixed with 25 mL of 
water:ethyl acetate (1:9 v/v), and shaken at 160 rpm for 30 
min at room temperature. The supernatant was collected after 
centrifuging. The resulting residue was mixed with 25 mL of 
the same solvent five more times. The resultant supernatants 
were pooled and the ethyl acetate fraction was collected. 
Subsequently, the ethyl acetate fraction was evaporated to 
dryness using a rotary evaporator (Shanghai Shensheng 
Biotech Co., Ltd, Shanghai, China) and then re-dissolved in 
2.5 mL of methanol for UHPLC analysis. Each sample was 
conducted in triplicate.

UHPLC-MS/MS analyses 
An Agilent 1200 UHPLC system consisting of an 
autosampler, a quaternary pump, a column compartment, 
a diode array detector (Agilent Technologies, Santa Clara, 
CA) was interfaced with MSD trap VL mass spectrometry. 
A reverse-phase Zorbax SB C18 column (3 × 50 mm, 1.8 
µm, Agilent Technologies) was used to separate flavonoids 
with the column temperature maintained at 25°C. The binary 
mobile phase consisted of (A) 1% acetic acid:water (v/v) 
and (B) 1% acetic acid:acetonitrile (v/v). A 62 min gradient 
program followed a published method (Jin et al., 2009) and 
was used as follows: 0 to 10 min, 5 to 8% B; 10 to 18 min, 
8 to 10% B; 18 to 40 min, 10 to 15% B; 40 to 50 min, 15 
to 20% B; 50 to 53 min, 20 to 30% B; 53 to 58 min, 30 to 
50% B; 58 to 62 min, 50 to 100% B. The injection volume 
was 2 µL with a flow rate of 1.0 mL/min. The wavelength 
on the diode array detector was 280 nm. Electrospray 
ionisation in negative mode was performed using nebuliser 
30 psi, drying gas 10 mL/min, drying temperature 325°C, 
and capillary voltage 4 000 V. All scan mass spectra were 
recorded from m/z 100 to m/z 1 500. Catechin, quercetin, 
gallic acid, caffeic acid and trans-resveratrol were used as 
external standard to quantify flavan-3-ols, flavones and 
flavonols, hydroxybenzoic acid, hydroxycinnamic acid and 
stilbenes respectively. Data were collected and integrated 
using Chemstation software (Agilent Technologies, Santa 
Clara, CA). The identification of phenolic compounds was 
determined by MS data and further confirmed by comparison 
with a published work (Jin et al., 2009). The peak number, 
retention time, mass spectra and identification of the phenolic 
compounds are listed in supplementary Table 2. 

Statistical analyses
Data were expressed as the mean ± standard deviation. One-
way analyses of variance of mean (ANOVA) were performed 
using SPSS Version 16.0 Statistical Package for Windows 
(SPSS Corporation, Chicago, IL). A difference of p ≤ 0.05 
was considered as significant. Cluster analysis was achieved 
with the same software using the individual flavonoids as 
variables.

RESULTS AND DISCUSSION
Phenolic compounds are important compounds that 
contribute to good quality and favourable sensory attributes 
of grapes and wines (Li et al., 2009; 2011). More importantly, 
phenolic compounds have been demonstrated to possess 
health benefits for humans (Chen et al., 2009; Adams et al., 
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TABLE 1 
Physicochemical properties of different grape cultivars grown in China.

Cultivar
Weight/ 
bunch(g)

Berry number/
bunch (pcs)

100 berry 
weight 
(g/100 berry)

Skin weight/ 
100 berries 
(g/100, FW)

Seed weight/ 
100 berries 
(g/100, FW)

Total sugar 
(g/L)

Total acid 
(g/L)

Gamay Blanc 148.7 ± 43.3 c 39.5 ± 12.1 de 358.4 ± 25.7 d 63.8 ± 5.9 b 13.0 ± 1.1 cd 182.5 ± 2.5 a 6.7 ± 0.1 b
Sheshi I Bardhe 140.4 ± 89.2 c 34.8 ± 22.2 de 383.2 ± 37.3 c 41.6 ± 3.4 cd 16.6 ± 1.6 c 171.9 ± 2.7 a 5.3 ± 0.2 c
Bahian chirei 291.9 ± 6.5 a 75.0 ± 1.7 c 365.9 ± 32.4 d 55.2 ± 4.2 b 21.0 ± 1.9 b 155.3 ± 2.4 b 7.1 ± 0.1 b
Bela Breza 87.5 ± 22.9 c 33.0 ± 9.6 de 262.7 ± 25.8 f 34.1 ± 3.1 d 12.9 ± 1.1 cd 117.2 ± 2.2 d 4.2 ± 0.2 d
Vloshi 115.4 ± 49.9 c 47.3 ± 17.9 de 228.2 ± 23.4 g 26.9 ± 2.2 e 16.6 ± 1.5 c 172.0 ± 2.1 a 8.7 ± 0.2 a
Grasa de Cotnari 90.6 ± 27.8 c 33.7 ± 12.8 de 297.9 ± 30.1 e 85.1 ± 6.7 a 19.8 ± 1.8 b 114.2 ± 2.1 d 4.8 ± 0.1 d
Silvaner 230.4 ± 90.6 a 111.0 ± 40.7 b 214.9 ± 18.7 g 32.4 ± 2.9 d 19.0 ± 1.8 b 100.9 ± 2.0 e 6.9 ± 0.1 b
Jiubai 87.2 ± 38.9 c 36.6 ± 16.7 de 275.6 ± 20.6 f 48.1 ± 3.7 c 15.9 ± 1.4 c 101.3 ± 2.0 d 5.9 ± 0.1 c
Bacchus 103.8 ± 37.8 c 24.4 ± 8.3 e 420.7 ± 30.2 b 44.1 ± 4.2 c 25.4 ± 2.1 a 160.9 ± 2.4 b 2.7 ± 0.1 f
Medovec 98.6 ± 42.2 c 38.5 ± 16.1 de 215.3 ± 12.3 g 40.1 ± 3.1 cd 15.9 ± 1.2 c 97.2 ± 1.7 e 4.3 ± 0.1 e
Canada Muscat 130.6 ± 56.1 c 40.3 ± 17.7 de 331.5 ± 30.5 de 41.7 ± 3.9 cd 16.9 ± 1.1 c 160.6 ± 2.4 b 3.9 ± 0.1 e
Chasselas Napoleon 274.3 ± 45.2 a 53.0 ± 9.9 d 495.0 ± 36.7 a 90.0 ± 7.6 a 26.1 ± 1.4 a 130.6 ± 2.0 c 4.0 ± 0.1 e
Koz ousioum 150.6 ± 58.8 c 37.3 ± 15.6 de 393.1 ± 29.8 c 46.8 ± 4.5 c 18.4 ± 1.3 bc 176.3 ± 2.5 a 5.0 ± 0.1 cd
Rommel 78.6 ± 18.7 c 28.8 ± 4.4 de 276.9 ± 19.5 f 36.9 ± 3.1 d 17.4 ± 1.2 c 132.0 ± 2.0 c 4.2 ± 0.2 e
Rose Gueen 219.8 ± 41.8 b 133.7 ± 15.5 a 164.9 ± 10.6 h 18.5 ± 1.6 f 14.7 ± 1.1 cd 152.2 ± 2.3 b 4.8 ± 0.1 d
Kadin parmac 80.0 ± 39.4 c 23.7 ± 10.4 e 348.1 ± 21.0 d 58.5 ± 4.4 b 11.8 ± 1.1 d 115.9 ± 2.1 d 4.1 ± 0.1 e

Berry weight and berry number per bunch were calculated from six to eight bunches in each grape cultivar; weight of berry, skin and seed was 
calculated using 100 randomly selected berries in each grape cultivar; “FW” represents fresh weight; total sugar (expressed glucose) and total 
acid (expressed as tartaric acid) contents were measured in triplicate according to the National Standard method GB15038-2006. Different 
letters in each column represent significant differences at p ≤ 0.05. 

TABLE 2 
Content of individual hydroxybenzoic acids in the skins of different grape cultivars grown in China.

Cultivar

Content (mg GA/kg FW)
hexose ester of
p-hydroxybenzoic acid

hexose ester of 
protocatechuic acid

hexose ester of 
vanillic acid

Gamay Blanc -- -- --
Sheshi I Bardhe -- 0.18 ± 0.01 b --
Bahian chirei -- -- --
Bela Breza -- 0.07 ± 0.01 c --
Vloshi -- -- --
Grasa de Cotnari 0.10 ± 0.02 a -- --
Silvaner 0.23 ± 0.01 a -- --
Jiubai -- 0.17 ± 0.04 b --
Bacchus -- -- --
Medovec -- -- --
Canada Muscat -- 0.35 ± 0.05 a 3.81 ± 1.85 a
Chasselas Napoleon -- 0.11 ± 0.01 c --
Koz ousioum 0.10 ± 0.03 a -- 0.10 ± 0.01 b
Rommel -- -- --
Rose Gueen -- 0.20 ± 0.01 b --
Kadin parmac -- 0.16 ± 0.03 b --

Data are mean ± standard deviation of triplicate extracted samples; “--” represents not detected; “FW” represents fresh weight; different 
letters in each column represent significant differences at p ≤ 0.05. GA represents gallic acid.
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2010). Grapes contain high levels of phenolic compounds, 
and these functional compounds can be transferred to wine 
during the maceration process. During fermentation and 
ageing, phenolic compounds can undergo a further series 
of reactions that affect the sensory attributes of final wines, 
such as colour, mouthfeel, astringency and aroma. According 
to the components and properties of grape berries, grapes are 
divided into wine and table grapes. Wine grapes are generally 
used to make wine, whereas table grapes are suitable for 
oral consumption. The present study was conducted to 
investigate whether or not phenolic compounds can be used 
as an indicator for distinguishing wine and table grapes. To 
this end, ten wine grape and six table grape cultivars grown 
in the National Grape Germplasm Resource Nursery at the 
Zhengzhou Fruit Research Institute of China were selected. 

Regarding the physicochemical properties (Table 1), 
the bunch weights of the wine and table grapes in this study 
were similar and ranged between 80 g and 150 g, except 
for Bahian chirei and Silvaner, and Chasselas Napoleon 
and Rose Gueen in the wine and table grape cultivars 
respectively. More importantly, the sugar/acid ratio is a 
common indicator that evaluates the ripeness of grapes and 
it is known that table grapes display much higher sugar/acid 
ratios compared to wine grapes (Table 1). The sugar/acid 
ratios in the table grapes varied from 30 to 40. However, the 

ratios in the wine grapes were between 14 and 32, except for 
the Bacchus grape cultivar (a ratio of 59.6).

Comparison of hydroxybenzoic and hydroxycinnamic 
acid 
The majority of phenolic acids in grapes are hydroxybenzoic 
and hydroxycinnamic acids, and their derivatives such 
as ester forms. They are initially accumulated before 
véraison (Khater et al., 2011). These hydroxybenzoic and 
hydroxycinnamic acids and derivatives are present mainly 
in the skins and flesh of grape berries, and they play 
important roles as precursors in the synthesis of volatile 
phenols (Etievant, 1981; Khater et al., 2011). It also has 
been reported that the synthesis gene of hydroxybenzoic 
and hydroxycinnamic acids has the potential to regulate the 
biosynthesis of proanthocyanidins in berries (Romeyer et al., 
1983; Kennedy et al., 2001). 

Regarding the content of total hydroxybenzoic acids 
(Fig. 1A), the highest content was observed in Canada 
Muscat grape skin, whereas a similar content of total 
hydroxybenzoic acids was observed among the other grape 
cultivars. However, it should be noted that Gamay Blanc, 
Bahian Chirei, Vloshi, Bacchus and Medovec of the wine 
grape cultivars and Rommel of the table grape cultivars did 
not detect hydroxybenzoic acids in the skin. Compared to 
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FIGURE 1 
The content of (A) total hydroxybenzoic acids, (B) total hydroxycinnamic acids, (C) total flavan-3-ols, and (D) total flavones 

and flavonols in the skins of grape cultivars.
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total hydroxycinnamic acids (Fig. 1B), the Rommel grape 
cultivar skin contained the highest content, followed by 
Medovec and Silvaner. Bela Breza and Gamay Blanc 
cultivars of the wine grape cultivars and Rose Gueen of the 
table grape cultivars did not contain hydroxycinnamic acids, 
whereas the other grape cultivar skins showed a comparable 
content of the total hydroxycinnamic acids.

Regarding the individual hydroxybenzoic acids, three 
hydroxybenzoic acid derivatives were identified, including 
the hexose ester of p-hydroxybenzoic acid, hexose ester of 
protecatechuic acid and hexose ester of vanillic acid (Table 2). 
Their distributions in these grape cultivars were significantly 
different. For example, the hexose ester of p-hydroxybenzoic 
acid was observed in the skin of two wine grape cultivars 
(Grasa de Cotnari and Silvaner) and one table grape cultivar 
(Koz ousioum). The content of this hydroxybenzoic acid 
derivative was not high in these three grape cultivar skins 
(0.10 to 0.23 mg GA/kg FW). Similarly, Canada Muscat and 
Koz ousioum in the table grape cultivar group contained the 
hexose ester of vanillic acid in the skin. It should be observed 
that the accumulation of this derivative was much higher in 
Canada Muscat skin (3.81 mg GA/kg FW) in comparison 
with that in Koz ousioum skin (0.10 mg GA/kg FW). Hexose 
ester of protocatechuic acid was present in the skin of only 
three wine grape cultivars (Sheshi I Bardhe, Bela Breza and 
Jiubai) and four table wine grape cultivars (Canada Muscat, 
Chasselas Napaleo, Rose Gueen and Kadi parmac) (Table 2). 
Within these cultivars, the contents in the wine grapes and 
table grapes were between 0.07 and 0.18 mg GA/kg FW, and 
between 0.11 and 0.35 mg GA/kg FW respectively.

Six individual hydroxycinnamic acids and their 
derivatives were detected, including p-coumaric acid, 

p-coumaric acid derivative, hexose ester of caffeic acid, 
ferulic acid, feruloytartaric acid, and hexose ester of ferulic 
acid (Table 3). Hexose ester of caffeic acid was observed 
only in the skin of Rommel, a table grape cultivar, with a 
content of 0.57 mg CA/kg FW. Bahian chirei and Vloshi wine 
grape cultivars contained p-coumaric acid derivative with 
high contents (0.71 and 1.93 mg CA/kg FW respectively), 
whereas this derivative was not detected in the other grape 
cultivar skins. Similarly, ferulic acid was observed in two 
wine grape cultivar skins, namely Grasa de Cotnari and 
Bacchus, with low contents (between 0.17 and 0.51 mg CA/
kg FW). However, the highest content of ferulic acid existed 
in the Canada Muscat table grape cultivar skin, at 2.92 mg 
CA/kg FW. Neither ferulic acid nor the hexose ester of 
ferulic acid was detected in several wine grape cultivar skins. 
These cultivars included Gamay Blanc, Sheshi I Bardhe, 
Bahian chirei, Bela Breza, Vloshi and Jiubai (Table 3). In 
the meantime, the table grape cultivars, including Koz 
ousioum and Rose Gueen, also did not contain ferulic acid 
and its hexose ester. The highest content of hexose ester of 
ferulic acid was observed in the skin of Medovec (5.63 mg 
CA/kg FW), followed by Rommel (3.37 mg CA/kg FW). 
The contents of hexose ester of ferulic acid detected in the 
other grape skins ranged from 0.33 to 0.67 mg CA/kg FW. 
p-Coumaric acid was present in the skin of three wine grape 
cultivars, Sheshi I Bardhe, Bahian chirei and Vloshi, with 
the content between 0.20 and 0.39 mg CA/kg FW (Table 3). 
A similar content of p-coumaric acid was observed in the 
skin of Koz ousioum table grapes (0.31 mg CA/kg FW). 
It should be noted that Rommel (a table grape cultivar) 
grape skin contained a significantly predominant content of 
p-coumaric acid (4.07 mg CA/kg FW). Feruloytartaric acid 

TABLE 3 
Content of individual hydroxycinnamic acids in the skins of different grape cultivars grown in China.

Cultivar

Content (mg CA/kg FW)
p-coumaric 
acid

p-coumaric 
acid derivative

hexose ester 
of caffeic acid

ferulic acid feruloytartaric 
acid

hexose ester 
of ferulic acid

Gamay Blanc -- -- -- -- -- --
Sheshi I Bardhe 0.39 ± 0.03 b -- -- -- 0.81 ± 0.09 c --
Bahian chirei 0.29 ± 0.13 b 0.71 ± 0.02 b -- -- -- --
Bela Breza -- -- -- -- -- --
Vloshi 0.20 ± 0.08 c 1.93 ± 0.23 a -- -- -- --
Grasa de Cotnari -- -- -- 0.51 ± 0.04 b -- 0.39 ± 0.04 d
Silvaner -- -- -- -- 3.67 ± 0.13 a 0.33 ± 0.04 d
Jiubai -- -- -- -- 2.15 ± 0.10 b --
Bacchus -- -- -- 0.17 ± 0.09 c -- 0.61 ± 0.03 c
Medovec -- -- -- -- -- 5.63 ± 0.49 a
Canada Muscat -- -- -- 2.92 ± 2.16 a -- --
Chasselas Napoleon -- -- -- -- -- 0.53 ± 0.06 c
Koz ousioum 0.31 ± 0.07 b -- -- -- 0.74 ± 0.45 c --
Rommel 4.07 ± 0.16 a -- 0.57 ± 0.05 -- -- 3.37 ± 0.18 b
Rose Gueen -- -- -- -- -- --
Kadin parmac -- -- -- -- -- 0.67 ± 0.15 c

Data are mean ± standard deviation of triplicate extracted samples; “--” represents not detected; “FW” represents fresh weight; different 
letters in each column represent significant differences at p ≤ 0.05. CA represents caffeic acid.
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was observed at high levels in the skin of Silvaner and Jiubai 
cultivars, but at low levels in the skin of Sheshi I Bardhe and 
Koz ousiooum cultivars. However, the other cultivars did not 
contain feruloytartaric acid in the skins.

Flavan-3-ol comparison
Flavan-3-ols exist widely in grape berries, especially in 
the skins and seeds (Saito et al., 1998; Jin et al., 2009)Y. 
Monomeric flavan-3-ols, such as (+)-catechin, (-)-epicatechin 
and epicatechin gallate, are important substrates for the 
biosynthesis of proanthocyanidins, which play important 
roles in the mouthfeel and astringency of grapes and wines 
(Jin et al., 2009; Li et al., 2011). It has been reported that 
flavan-3-ols initially were accumulated after fruit set and 
reached an accumulation peak around véraison (Kennedy et 
al., 2001; Khater et al., 2011). Like other flavonoids, flavan-
3-ols are synthesised via phenylpropanoid metabolism 
and flavonoid metabolism, and VvMybPA2 was reported 
to regulate flavan-3-ols biosynthesis in the skins of grape 
berries (Bogs et al., 2005; Pfeiffer et al., 2006; Khater et al., 
2011). Due to the limited accumulation of flavan-3-ols and 
their derivatives (oligomers and polymers), white grapes are 
always used to yield fresh wines with fruity aroma properties, 
whereas their favourable flavan-3-ols composition makes 
red grapes, such as Cabernet Sauvignon, suitable for ageing 
(Edwin, 1980; Li et al., 2011). 

These white grape cultivars do not contain too much 
flavan-3-ols in the skin. The highest content of total flavan-
3-ols was observed in the skin of Kadin parmac, a table 
grape cultivar, followed by Canada Muscat skin (Fig. 1C). It 
should be noted that the wine grape cultivars Gamay Blanc, 
Bela Breza, Vloshi, Grasa de Cotnari and Jiubai contain no 

flavan-3-ols in the skin, whereas the table grape cultivars, 
Chasselas Napoleon, Rommel and Rose Gueen, appeared to 
contain no flavan-3-ols in the skins.

In comparison to the individual flavan-3-ols in these 
grape skins (Table 4), catechin appeared to exist in many 
cultivars. Kadin parmac skin showed the highest catechin 
content (8.96 mg CE/kg FW), followed by Canada Muscat 
skin (6.86 mg CE/kg FW). It should be noted that these two 
cultivars are table grape cultivars. The wine grape cultivars 
that contained catechin had a content ranging from 0.62 to 
1.85 mg CE/kg FW. Bahian chirei, a wine grape cultivar, 
was the only cultivar that contained (epi)-catechin gallate, 
with a content of 3.55 mg CE/kg FW (Table 4). Moreover, 
procyanidin dimers and trimers did not exist in almost all 
the grape cultivar skins. Only two table grape cultivar skins 
contained dimers and trimers with a relatively high content. 
For example, Kadin parmac skin had procyanidin dimers 1 
and 2, and trimers 1 and 2 of 32.79 and 13.81, and 16.88 
and 12.35 mg CE/kg FW respectively. The Canada Muscat 
skin only contained procyanidin dimer 1 and trimer 1, but 
the contents were at high levels (19.41 and 12.46 mg CE/
kg FW). 

Flavone and flavonol comparison
Flavones and flavonols are accumulated as secondary 
metabolites in fruits, and are reported to have resistant 
capacity to UV and pathogens (Cuadra et al., 1997; Jin et 
al., 2009). They also help to contribute to grape colour via 
co-pigmentation with anthocyanins, and provide grapes and 
wines with multiple health benefits, such as antioxidant 
capacity, anti-cancer properties, and anti-coronary disease 
properties (Eiattar & Virji, 1999; Murakami et al., 2008). 

TABLE 4 
Content of individual flavan-3-ols in the skin of different grape cultivars grown in China.

Cultivar

Content (mg CE/kg FW)
procyanidin 
dimer 1 catechin

procyanidin 
trimer 1

(epi)-catechin 
gallate

procyanidin 
dimer 2

procyanidin 
trimer 2

Gamay Blanc -- -- -- -- -- --
Sheshi I Bardhe 1.57 ± 0.21 c 1.85 ± 0.20 c -- -- -- --
Bahian chirei -- 0.62 ± 0.05 c -- 3.55 ± 0.21 -- --
Bela Breza -- -- -- -- -- --
Vloshi -- -- -- -- -- --
Grasa de Cotnari -- -- -- -- -- --
Silvaner -- 1.53 ± 0.11 c -- -- -- --
Jiubai -- -- -- -- -- --
Bacchus -- 1.70 ± 0.05 c -- -- -- --
Medovec -- 1.60 ± 0.11 c -- -- -- --
Canada Muscat 19.41 ± 1.41 b 6.86 ± 1.95 b 12.46 ± 1.67 b -- -- --
Chasselas Napoleon -- -- -- -- -- --
Koz ousioum -- 1.16 ± 0.12 c -- -- -- --
Rommel -- -- -- -- -- --
Rose Gueen -- -- -- -- -- --
Kadin parmac 32.79 ± 0.86 a 8.96 ± 1.13 a 16.88 ± 0.13 a -- 13.81 ± 1.03 a 12.35 ± 0.06

Data are mean ± standard deviation of triplicate extracted samples; “--” represents not detected; “FW” represents fresh weight; different 
letters in each column represent significant differences at p ≤ 0.05. CE represents catechin.
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Flavone and flavonol biosynthesis follows the flavonoid 
metabolism in grapes. Flavonol synthase appears to be the 
critical enzyme that regulates flavonol formation (Downey 
et al., 2003; Mattivi et al., 2006). Flavone synthases play 
primary roles in synthesising flavones (Dixon & Paiva, 1995). 
Furthermore, several glucosyltransferases help to conjugate 
the sugar moiety to aglycones (Mattivi et al., 2006). 

Significant differences in the total flavone and flavonol 
content were observed in these grape cultivar skins (Fig. 1D). 
Bela Breza and Bacchus showed the highest total flavone 
and flavonol content in the skin among these cultivars (about 
60 mg QE/kg FW), whereas Rose Gueen did not contain 
flavone and flavonol in the skin. The skins of the other grape 
cultivars had a total flavone and flavonol content ranging 
from about 5 to 40 mg QE/kg FW.

Regarding the individual flavones and flavonols in 
the skin, isoquercitrin and quercetin-3-O-glucuronide 
appeared to exist in almost all the grape cultivar skins, and 
their contents were at a high level (Table 5). For example, 
Bela Breza of the wine grape cultivars and Koz ousioum 
of the table grape cultivars showed the highest content of 
isoquercitrin in the skins, with contents of about 14 mg QE/
kg FW. The other cultivar skins had a content of about 1 to 7 
mg QE/kg FW. It should be noted that Grasa de Cotnari and 
Silvaner among the wine grape cultivars and Rose Gueen 
of the table grape cultivars did not contain isoquercitrin in 
the skin. Similarly, significant differences in quercetin-3-O-
glucuronide were also observed in these grape cultivar skins 
(Table 5). For example, the highest content of quercetin-3-
O-glucuronide was observed in Bacchus skin (53.73 mg QE/
kg FW), a wine grape cultivar. However, the Gamay Blanc 
wine grape cultivar did not have quercetin-3-O-glucuronide 
in the skin. Koz ousioum turned out to be the table grape 
cultivar that showed the highest content of quercetin-3-O-
glucuronide in the skin (24.36 mg QE/kg FW), whereas Rose 
Gueen skin did not contain this flavonol. The other flavones 
and flavonols were detected specifically in only one or two 
cultivars (Table 5). For example, astilbin, kaempferol-3-
O-glucoside and engeletin were present in Bela Breza and 
Chasselas Napoleon skins. Hyperoside was observed only in 
the Bela Breza and Koz ousioum skins. Rommel specifically 
contained apigenin-O-xyloside, quercetin and quercetin-O-
xyloside in the skin, whereas apigenin was observed only in 
the Kadin parmac cultivar skin.

Stilbene comparison
Stilbene has been proposed to be derived from the 
phenylpropanoid pathway, and it can be accumulated in 
response to environmental stresses in plants (Sparvoli 
et al., 1994, Versari et al., 2001). It has been confirmed 
by a number of studies that trans-resveratrol, a major 
stilbene accumulated in grape berries, can prevent cancer 
and cardiovascular diseases (Martinez & Moreno, 2000; 
Kuroyanagi et al., 2014). 

Only trans-resveratrol was detected and its content in 
these grape cultivar skins was different (Table 6). Gamay 
Blanc, Sheshi I Bardhe, Jiubai and Bacchus (wine grape 
cultivars) did not contain trans-resveratrol in their skins. 
Similarly, table grape cultivars Chasselas Napoleon, Rommel 
and Rose Gueen also did not contain trans-resveratrol in the 

skins. However, the highest trans-resveratrol content was 
observed in the skins of the wine grape cultivars Silvaner 
(9.73 mg/kg FW), followed by Bahian chirei and Medovac 
(about 5 mg/kg FW). 

Cluster analysis 
In order to better understand the phenolic compound profiles 
of the wine and table grape cultivars, cluster analysis was 
carried out using all the detected phenolic compounds 
as variables (Fig. 2). These grape cultivars were clearly 
divided into two groups in terms of phenolic compound 
profiles. Group A included Canada Muscat, Kadin parmac 
and Rommel, whereas the other cultivars were clustered in 
group B. It should be noted that all the grape cultivars in 
group A were the table grape types, although their relative 
distances were not close. These results suggest that their 
phenolic compound profiles were significantly different 
from the other grape cultivars, although the phenolic 
compound profiles in themselves were not similar. In group 
B, the Bela Breza cultivar was separated significantly from 
the other cultivars, indicating that its phenolic compound 
profile was distinct. Such a difference might be caused by 
the lack of hydroxycinnamic acids and flavan-3-ols, and 
by the specific flavonols, such as astilbin, kaempferol-3-O-
glucoside and engeletin. The Silvaner grape cultivar also 
showed a long distance from the other grape cultivars in 
group B. This segregation might be caused by low content 
of hydroxycinnamic acid, flavan-3-ols and flavonol. In the 
meantime, much higher contents of trans-resveratrol might 
also contribute to such a significant difference in phenolic 

TABLE 6 
Content of individual stilbene in the skin of different grape 
cultivars grown in China.

Cultivar
Content (mg/kg FW)
trans-resveratrol 

Gamay Blanc         --
Sheshi I Bardhe         --
Bahian chirei 5.24 ± 0.45 b
Bela Breza 1.76 ± 0.11 c
Vloshi 1.09 ± 0.10 d
Grasa de Cotnari 0.37 ± 0.02 e
Silvaner 9.73 ± 0.50 a
Jiubai         --
Bacchus         --
Medovec 5.10 ± 0.03 b
Canada Muscat 1.03 ± 0.38 d
Chasselas Napoleon         --
Koz ousioum 0.54 ± 0.10 e
Rommel         --
Rose Gueen         --
Kadin parmac 1.98 ± 0.15 c

Data are mean ± standard deviation of triplicate extracted samples; 
“--” represents not detected; “FW” represents fresh weight; different 
letters in each column represent significant differences at p ≤ 0.05.
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compound profiles. Furthermore, Bahian chirei, Vloshi 
and Medovec were assembled together at relatively close 
distances, indicating that they might have similar phenolic 
compound profiles. Sheshi I Bardhe and Rose Gueen, and 
Gammy Blanc and Grasa de Cotnari, were clustered at close 

1 
 

1 

FIGURE 2 
The hierarchical cluster of phenolic compounds in the skin of different grape cultivars grown in China using phenolic compounds 

as variables.

SUPPLEMENTARY TABLE 1 
Genotype, origin and application of different grape cultivars grown in China.
Cultivar Genotype Origin Application
Gamay Blanc V. vinifera France wine grape
Sheshi I Bardhe V. vinifera Albania wine grape
Bahian chirei V. vinifera the Soviet Union wine grape
Bela Breza V. vinifera Bulgaria wine grape
Vloshi V. vinifera Albania wine grape
Grasa de Cotnari V. vinifera France wine grape
Silvaner V. vinifera Switzerland wine grape
Jiubai V. vinifera Unknown wine grape
Bacchus V. vinifera × V. labrusca Unknown wine grape
Medovec V. vinifera Hungary wine grape
Canada Muscat V. vinifera America table grape
Chasselas Napoleon V. vinifera Unknown table grape
Koz ousioum V. vinifera the Soviet Union table grape
Rommel V. vinifera × V. labrusca America table grape
Rose Gueen V. vinifera × V. labrusca Unknown table grape
Kadin parmac V. vinifera Balkan Peninsula table grape

distances respectively. However, these cultivars were a 
long distance from the Bacchus and Koz ousioum cultivars 
in the dendrogram. These results indicate that there was a 
significant variation in phenolic compound profiles in the 
grape cultivars.
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SUPPLEMENTARY TABLE 2 
Peak number, retention time, and deprotonated/product ion of phenolic compounds observed in the grape skins.
Peak number Retention time MS(MS2) Phenolic compounds
1 0.98 299 (137) hexose ester of p-hydroxybenzoic acid 
2 1.03 315 (153) hexose ester of protocatechuic acid 
3 1.59 163 (119) p-coumaric acid
4 1.98 577 (425, 289) procyanidin dimer 1
5 2.52 341 (179) hexose ester of caffeic acid
6 2.55 289 (245, 179) catechin
7 2.74 193 ferulic acid
8 2.75 329 (167) hexose ester of vanillic acid 
9 2.85 325 (163, 193) feruloytartaric acid
10 2.87 163 (119) p-coumaric acid derivative
11 2.92 269 (161) apigenin
12 3.35 865 (695, 577) procyanidin trimer 1 
13 3.48 577 (425, 289) procyanidin dimer 2
14 4.24 355 (193) hexose ester of ferulic acid
15 4.63 401 (269) apigenin-O-xyloside
16 8.66 865 (695, 577) procyanidin trimer 2
17 14.53 441 (289) (epi)-catechin gallate
18 16.11 301 quercetin
19 16.66 449 (285, 303) astilbin
20 16.85 433 (301) quercetin-O-xyloside
21 17.01 463 (301) hyperoside 
22 17.96 477 (301) quercetin-3-O-glucuronide
23 18.88 463 (301) isoquercitrin
24 22.76 227 trans-resveratrol
25 23.54 433 (267) engeletin
26 24.91 447 (285, 301) kaempferol-3-O-glucoside

CONCLUSIONS
In conclusion, the grape cultivar skins investigated showed 
significant differences in phenolic compound patterns and 
contents. Canada Muscat had the highest level of total 
hydroxybenzoic acids, whereas the highest amount of total 
flavan-3-ols was observed in the skin of Kadin parmac. The 
total flavonols and total stilbenes existed at the highest level 
in the skins of Bacchus and Silvaner respectively. Phenolic 
compound patterns and contents played important roles 
in differentiating the breeding and quality of these grape 
cultivars regarding cluster analysis. This study might provide 
useful references for grape breeding and winemaking in 
China. 
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