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The Helanshan Donglu wine zone (China) is one of the most successful wine region of China, and the
phenolic characterisation and antioxidant capacity of the primarily young, monovarietal wines from there
were evaluated. The result showed that Helanshan Donglu wines contained abundant phenolic compounds,
especially flavan-3-ols, and possessed high antioxidant capacity. In different grape varieties, the phenolic
profiles varied greatly in both red and white wines. For red wines, Cabernet Sauvignon represented the
highest total phenols (2 631 mg/L. GAE), total flavonoids (1 840.83 mg/L. CTE) and antioxidant capacity.
Gamay and Cabernet Gernischt possessed the highest total flavan-3-ols (1 108.08 mg/L. CTE) and total
anthocyanins (258.78 mg/L CGE). Amongst the white wines, Chardonnay and Chenin blanc showed
the highest phenolic contents and antioxidant capacity. (+)-Catechin and (-)-epicatechin were dominant
phenolic constituents in both the red and white wines. Gallic acid and salicylic acid were the second most
abundant in red wines, while gentisic acid was the second most abundant in white wines.

INTRODUCTION

Phenolic compounds are one of the main characteristics of
wine. These compounds are abundant in both red and white
wines. A large number of studies have shown that these
compounds significantly influence the sensory characteristics
of wines, such as mouthfeel, colour, palatability, bitterness
and astringency (Hogan ef al., 2009; Li et al., 2009; Liang
et al., 2012; Meng et al., 2012, 2013). What is more, since
the discovery of the ‘French Paradox’, the health properties
of wines have been proved to be related mainly to the
antioxidant capacity of the phenolic compounds of wines (Li
et al., 2009; Meng et al., 2012). As a result, phenolics in
wines have attracted more and more interest from researchers
in both food science and medicine.

In recent years, the emerging wine market in China has
started attracting attention from all over the world. Chinese
wine consumption is ranked fifth in the world and is still
growing very fast (OIV, 2012). At the same time, the Chinese
wine region has also attracted the attention of the world.
China’s wine industry history is very short, but it has ample
potential. In fact, Chinese wine production was ranked the
sixth in the world in 2012 (OIV, 2012). As regions suitable
for viticulture in China are vast, huge parts of Chinese are up

for grabs. The Helanshan Donglu wine zone, a rising grape
and wine region of China which has been called the Chinese
Bordeaux, is one of the most successful wine regions in
the country. With its excellent climate and geographical
features suitable for viticulture, this region had attracted
not only Chinese wineries, including Changyu, Dynasty,
the Great Wall, etc., but also many foreign vintners, such
as Moét Hennessy-Louis Vuitton and Pernod Ricard. It also
has the honour of receiving China’s product of geographical
indication, ‘Wine in Helan mountain east region’ in 2011.
Monovarietal wines are popular in the new world,
and there have been papers reporting on the phenolic
characterisation and antioxidant capacity of monovarietal
wines in the new world wine region (Li ef al., 2011; Fanzone
et al., 2012). However, to the best of our knowledge,
there has been no report on the phenolic characterisation
and antioxidant capacity of monovarietal wines from the
Helanshan Donglu wine zone. In this study, we chose the
main monovarietal wines, including five red varieties and five
white varieties, to investigate the phenolic characterisation
and antioxidant properties of Helanshan Donglu wine. Thus,
the study was expected to provide some parameters that
could facilitate the development of monovarietal wines and
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provide some references to consumers of and researchers on
Helanshan Donglu wine.

MATERIALS AND METHODS

Chemicals and standards

Standards of (+)-catechin, (-)-epicatechin, (-)-epigallocat-
echin gallate, (-)-epicatechin gallate, quercetin, rutin, caffeic
acid, trans-ferulic acid, chlorogenic acid, p-coumaric acid,
vanillic acid, gallic acid, gentisic acid, salicylic acid and
trans-resveratrol; folin-Ciocalteu’s phenol reagent, 2,2-di-
phenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis-(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid
(Trolox) and p-dimethyl-aminocinnamaldehyde (DMACA)
were obtained from Sigma-Aldrich (St. Louis, MI, USA).
Methanol, acetonitrile and glacial acetic acid (HPLC grade)
were from Spectrum Chemical Co. (California, USA). De-
ionised water was from Wahaha Co. (Hangzhou, China). All
other reagents used were analytical grade unless specially
noted.

Wines
The Ningxia Helan Zone is located on the alluvial plain
at an altitude of about 1 000 m with a cool and semi-arid
climate and large temperature differences between daytime
and night time; it lies beyond the mountains and has gravelly
soils. It has an annual accumulated temperature of 24°C,
with abundant sunshine and annual rainfall of 150 to 200
mm. The data were supplied by Qingtongxia weather station.
Ten monovarietal wines, including five red grape variety
— Cabernet Sauvignon, Cabernet Gernischt, Gamay, Cinsault
and Merlot, and five white grape variety — Semillon, Ugni
blanc, Chardonnay, Italian Riesling and Chenin blanc, which
were the main grapes planted in this region, were collected.
The vintage was 2011, and the vines were eight years old
and trained on a Guyot training system. All ten monovarietal
wines were made from grapes grown in the designated areas
in strict accordance with the local wine production technical
rules and proper maturation coefficients. In order to avoid
and reduce the potential impact of the brewing technology,
all the pre-fermentation treatments and winemaking with
different varieties were done using just the same procedure
with the red and white wines respectively (Li et al., 2007).
Some important physicochemical parameters of the ten
varieties of grape wines are described in the Appendix. Fresh
wines of about 2 500 mL for each variety were sampled from
at least two independent fermentation processes and then
pooled together to eliminate the influence of the fermentation
conditions and to guarantee that the result only reflected
varietal characteristics. Each pooled sample was divided into
three parts and then stored at 15°C in bottles in darkness, and
each bottle was opened immediately before the analysis.

Determination of total phenols, total flavonoids, total
flavan-3-ols and total anthocyanins of the wine samples

The total phenol content was determined according to the
Folin-Ciocalteu colorimetric method (Singleton & Rossi,
1965). Absorbance was measured at 765 nm. The results were
expressed as mg/L gallic acid equivalents (GAE). Gallic acid
standard solutions were prepared at a concentration ranging

from 0 to 1 000 mg/L.

The total flavonoid content was determined according to
apreviously described protocol (Li e al.,2009). Absorbances
were measured at 510 nm. Results were expressed as mg/L
catechin equivalents (CTE). Catechin standard solutions
were prepared at a concentration ranging from 0 to 125 mg/L.

The total flavan-3-ol content was estimated using the
slightly modified DMACA method (Meng et al., 2012).
Absorbances were measured at 640 nm. Results were
expressed as mg/L catechin equivalents (CTE). Catechin
standard solutions were prepared at a concentration ranging
from 0 to 1 000 mg/L.

The total anthocyanin content was estimated using
the pH differential method (Wrolstad, 1976). Absorbances
were measured at 510 nm and 700 nm in pH 1.0 and 4.5
buffers and calculated using the equation A= (A510 - A700)
pH 1.0 - (A510 - A700) pH 4.5. Each wine was diluted so
that the sample in the buffer at pH 1.0 had an absorbance
of < 1. The TA content was calculated using the following
formula: TA content (mg CGE per litre wine) = (A X MW X
DF x 1000)/(e x 1), where A is the absorbance, MW is the
molecular weight of cyanidin-3-glucoside (449 g/mol), DF is
the dilution factor, and ¢ is the molar extinction coefficient of
cyanidin-3-glucoside (29600). The results were expressed in
terms of cyanidin-3-glucoside (CGE).

All spectrophotometric measurements were performed
on a UV-Vis double beam Hitichi U-3010 spectrometer
(Hitichi, Kyoto, Japan).

Phenolic compounds analysis by HPLC

Preparation of sample

For the red wines, a wine sample of 30 mL was extracted
thrice with ethyl acetate (with triple volume of wine).
The combined ethyl acetate phase was removed by rotary
evaporation at 35°C, and the remainder was resolved in
methanol (chromatography grade) up to a final volume of
10 mL. White wines were treated in the same way as the
red wines, except the wine sample volume and final volume
of methanol were 100 mL and 5 mL, respectively. Final
samples were filtered by 0.22 um organic membranes prior
to analysis by high performance liquid chromatography
(HPLC) (Li et al., 2011; Meng et al., 2012).

A Waters Breeze liquid chromatograph, equipped with a
1525 Bin pump, a 2487 DAD Detector, an Autoscience AT-
130 column heater and a Waters XBridge™ Shield RP18 (4.6
x 250 mm, 3.5 um), was used. The mobile phase comprised
(A) 98% (v/v) acetonitrile containing 2% (v/v) glacial acetic
acid and (B) 2% (v/v) glacial acetic acid. The elution gradient
was from 5% to 15% A for 60 min, 15% A for 5 min, from
15% to 20% for 1 min, 20% A for 7 min, from 20% to 30%
for 1 min, 30% A for 6 min, from 30% to 40% for 1 min, 40%
A for 12 min, and from 40% to 5% A for 2 min, with a flow
rate of 0.8 ml/min. The injection volume was 20 ul and the
detection wavelength was 280 nm and 320 nm. The column
temperature was 30°C. The data of the HPLC validation
method are described in the Appendix.

Determination of antioxidant capacity
Free radical scavenging activity on DPPH
The ability of wines to scavenge DPPH free radicals was
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determined. Scavenging activity was based on the slightly
modified method (Ma et al., 2013). Briefly, 0.1 mL of red
wine (diluted at 1:20) or white wine (without being diluted)
was added to 3.9 mL of a 6x10° M solution of DPPH in
methanol. A control sample containing the same volume of
solvent instead of extract was used to measure the maximum
DPPH absorbance. After the reaction had been allowed to
take place in the dark for 20 min, the absorbance at 515 nm
was recorded to determine the concentration of remaining
DPPH. The percentage inhibition of the initial concentration
of DPPH radical was calculated as: % inhibition = [(A,,,;—
AV Appea] % 100. The results were expressed as trolox
equivalent antioxidant capacity. Trolox standard solutions
were prepared at a concentration ranging from 0 to 1 200 M
per litre.

Free radical scavenging activity on ABTS

The ABTS assay was based on a slightly modified method
(Lietal., 2009). ABTS radical cation (ABTS") was produced
by reacting 7 mM ABTS solution with 2.45 mM potassium
persulphate aqueous solution and allowing the mixture to
stand in the dark at room temperature for 12 to 16 h before
use. The ABTS" solution was diluted with ethanol to an
absorbance of 0.70 + 0.02 at 732 nm. After the addition of
100 pL of red wine (diluted at 1:100) or white wine (diluted
at 1:10) to 3.9 mL of diluted ABTS" solution, absorbance
was measured at exactly 8 min. The percentage inhibition
of the initial concentration of ABTS' radical was calculated
as: % inhibition = [(A ;A /A 5rs] X 100. Results were
expressed as Trolox equivalent antioxidant capacity. Trolox
standard solutions were prepared at a concentration ranging
from 0 to 1 200 M per litre.

Statistical analysis

Experimental results were means = SD of three parallel
measurements. Statistical analyses were performed by DPS v.
7.05 for Windows. One-way analysis of variance (ANOVA)
was applied to all wine samples to verify significant
differences at the 5% level. Hierarchical cluster analysis
was carried out to ascertain the distinguishing aspects of the
variety, And correlation was calculated by linear regression.

RESULTS AND DISCUSSION

Comparison of total phenols, total flavonoids, total
flavan-3-ols and total anthocyanins of the wine samples
Phenolic compounds, an important group of plant secondary
metabolites, are present in large amounts in fruits of
different Vitis species, among which V. vinifera is the most
representative (Ma et al., 2013; Meng et al., 2013). These
compounds are also abundant in one of the end products of
grapes, i.e. wine. These constituents can be divided into two
groups: flavonoid compounds (anthocyanins, flavan-3-ols and
flavonols) and non-flavonoid compounds (hydroxybenzoic
and hydroxycinnamic acids and stilbenes) (Li et al., 2009).
These compounds are considered major contributors to
the sensory characteristics and antioxidant activity of
wines (Meng et al., 2012). We examined the correlative
phenolic composition (including the total phenols, the total
flavonoids, the total flavan-3-ols and the total anthocyanins)
of the samples; the detailed results are shown in Table 1. As

expected, the red wines had significantly higher amounts of
total phenols, total flavonoids and total flavan-3-ols than the
white wines. Grape pigments or anthocyanins are present
in red grapes only. This is due to the greater contact time
between the grape skin and the seed and higher temperature
for the fermentation process for red wines (Li et al., 2009).

In Table 1, the total phenol content of red wines is shown
to range from 1 626 to 2 631 mg/L GAE, while the total
flavonoid content ranged from 1 074.17 to 1 840.83 mg/L
CTE. Both the total phenol content and total flavonoid
content decreased in the order: Cabernet Sauvignon > Gamay
> Merlot > Cinsault > Cabernet Gernischt. The total flavan-
3-ol content varied from 601.67 mg/L to 1 108.08 mg/L
of CTE. In contrast to total phenols and total flavonoids,
Gamay displayed the highest total flavan-3-ols, followed by
Cabernet Sauvignon and Merlot, while Cabernet Gernischt
and Cinsault represented the lowest content of total flavan-
3-ols. With respect to the total anthocyanins, values ranged
from 115.28 mg/L to 258.78 mg/L of CGE. The total
anthocyanin content of Cabernet Gernischt and Cabernet
Sauvignon was more than twice that of Gamay and Cinsault.
Interestingly, Cabernet Gernischt showed significantly lower
total phenols, total flavonoids and total flavan-3-ols, but
represented the most total anthocyanins.

With regard to the white wines, the total phenol content
ranged from 252.6 mg/L to 296.1 mg/L GAE, while total
flavonoids varied from 73.67 mg/L to 101.17 mg/L CTE,
and total flavan-3-ols from 30.23 mg/L to 58.44 mg/L CTE.
Chenin blanc had the highest content of total phenols, total
flavonoids and total flavan-3-ols, followed by Chardonnay.
Moreover, no significant difference was found among the
total phenols of Semillon, Ugni blanc and Italian Riesling.
Apart from that, Semillon and Italian Riesling represented
the lowest content of total flavonoids and total flavan-3-ols
respectively.

In previous research, many authors reported that the total
phenol content decreased in the orders: Cabernet Sauvignon
> Syrah > Malbec > Merlot > Pinot Noir (Granato et al.,
2010); Cabernet Sauvignon > Agiorgitiko > Syrah > Barbera
(Kallithraka et al., 2006); Cabernet Sauvignon > Merlot >
Cabernet Gernischt > Muscat Hamburg (Li et al., 2009).
According to the present research, we could observe that
the order of phenolic compound contents in the different
cultivars which were collected from the different regions
was almost unchanged.

Compared with other regions, Helanshan Donglu wines
contained highly phenolic compounds. Take Cabernet Sauvi-
gnon for example; the total phenols of Cabernet Sauvignon
(2 631 mg/L GAE) from the other regions are as follows:
1 260 to 1 893 mg/L GAE in Brazil (Granato et al., 2010),
2 481 mg/L GAE in Greece (Kallithraka et al., 2006); 2 133
mg/LGAE in Chile (Minussi ef al., 2003) and 1 635 to 2 927
mg/L GAE in China (Li ef al., 2009).

Comparison of phenolic composition

For a better characterisation of the phenolic composition of
the ten monovarietal wines, a detailed study was performed
using HPLC. Fifteen phenolic compounds, including five
classes of individual phenolic compounds, were investigated
and analysed, including two flavonols, four flavan-3-ols, four
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2 181 +155.56°
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115.74 £ 1.50¢

Gamay

Red wines
Merlot
2076 £7.07°
1 665.83 +53.03°
95231 £0°
193.25+1.72¢
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Gernischt

1 626 + 49.50¢
1074.17 + 64.82¢
258.78 £ 12.87*
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2631 +42.43¢
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(mg I''CTE)

TFA*"
(mg I''CTE)

samples
TP
TA*

Wine

Total amount of polyphenolic substances in wines

TABLE 1
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hydroxycinnamic acids, four hydroxybenzoic acids and one
stilbene (Fig. 1; Table 2). These compounds are present in
numerous varieties of grapes and their content is abundant;
furthermore, these compounds have also been shown to
have great influence on the sensory characteristics of wine
(Hogan et al., 2009; Liang et al., 2012; Meng et al., 2012,
2013). In addition, these compounds have also been shown
to be potent antioxidants and have significant biological,
medicinal and pharmacological properties (Meng et al.,
2012). The phenolic content of various monovarietal wines
is listed in Table 2. The differences between the varieties of
monovarietal wines are reflected in the detailed individual
phenolic profiles. Statistically significant differences were
found between the varieties analysed for each compound
assayed.

Flavan-3-ols were the major class of phenolic compounds
present in this study. They are extracted from grape skins
and seeds during winemaking and are found in the solid
parts of the berry (seed, skin and stem) in monomeric,
oligomeric or polymeric forms; the latter two forms are also
called proanthocyanidins or condensed tannins (Meng et al.,
2012). They are mainly responsible for the astringency,
bitterness and structure of wines, and play an important role
in the stabilisation of wine colour during ageing (Fang et al.,
2008). In the red wines, the results showed that (+)-catechin
and (-)-epicatechin were the major flavonoid constituents.
Compared to other flavan-3-ols, the (+)-catechin and
(-)-epicatechin levels were significantly higher in all wines
(54% and above 32%, respectively). These results are in
agreement with those reported by other authors for other
varieties (Fanzone et al., 2010; Zhu et al., 2012). Consistent
with the spectroscopy method, Gamay contained both the
highest individual flavan-3-ols and the highest total flavan-
3-ols. The contents of the individual flavan-3-ols and the
total flavan-3-ols in Cabernet Gernischt and Cinsault were
all lower. The values of the total flavan-3-ols were one-third
of Gamay, and half of Cabernet Sauvignon and Merlot.
Moreover, the (-)-epigallocatechin gallate was not detected
in Cabernet Sauvignon, and it was also very low in the other
wine samples. In the white wines, the result also showed that
(+)-catechin and (-)-epicatechin were the major flavonoid
constituents. The proportion of (+)-catechin in white wine
was above 60%. However, the proportion of l-epicatechin in
white wine was lower than that in red wine, at above 16%.
(-)-Epigallocatechin gallate was not detected in Ugni blanc
and Chardonnay. Consistent with the spectroscopy assay,
Chenin blanc and Italian Riesling represented the wines with
the highest and lowest total flavonoids respectively. The total
flavonoids in Chenin blanc was more than three times that of
Italian Riesling, mainly attributed to its extremely abundant
(+)-catechin. The content of (+)-catechin in Chenin blanc
and Ugni blanc was over four times that in Italian Riesling
and more than two times that in Chardonnay and Semillon.

Flavonols are another important group of flavonoids.
They originate from the berry skins of both white and red
grapes and are transferred to the wine during the process
of winemaking. They seem to contribute to bitterness and
colour (Meng et al., 2012). They vary in colour from white
to yellow, closely related in structure to the flavones (Makris
et al., 2006). In addition, they also contribute to the colour

(mg I"'CGE)
Note: ND means not detected. ANOVA was applied to red wine and white wine samples. The same letters in each row are not significantly different at the 0.05 level according to

ANOVA. Values represent means of triplicate determination + S.D. a*: The total phenol content (TPC) expressed as gallic acid equivalents (GAE); b*: The total flavonoid content
(TFOC) expressed as catechin equivalents (CTE); c*: The total flavan-3-ol content (TFAC) expressed as catechin equivalents (CTE); and d*: The total anthocyanin content (TAC)

expressed as cyanidin-3-O-glucoside chloride (CGE).
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FIGURE 1
HPLC chromatogram of 15 kinds of monophenol standards. (B): HPLC chromatograms of Cabernet Gernischt. For gentisic
acid, the diode array absorption intensities were at 320 nm, for the others at 280 nm. Key to peak identification: (1) gallic
acid; (2) gentisic acid; (3) (+)-catechin hydrate; (4) vanillic acid; (5) chlorogenic acid; (6) caffeic acid; (7) (-)-epicatechin; (8)
(-)-epigallocatechin gallate; (9) p-coumaric acid; (10) trans-ferulic acid; (11) salicylic acid; (12) (-)-epicatechin gallate; (13)
rutin; (14) trans-resveratrol; (15) quercetin.

stabilisation of red wines by reinforcing the pigmentation due
to anthocyanins, a phenomenon known as co-pigmentation
(Boulton, 2001). The total concentrations of flavonols varied
widely among the sample of wines analysed, ranging from
2.03 to 10.57 mg/L in red wines and at about 1 mg/L in white
wines. These results are in agreement with those obtained by
other authors (Li et al., 2011). For the red wines, Cabernet
Gernischt contained the highest quercetin and rutin, and the
contents of quercetin and rutin in Gamay and Cinsault were
obviously lower than in the other cultivars. In contrast with
the results of the spectroscopy assay, Cabernet Sauvignon

and Gamay showed higher total flavonoids. The reason for
this discrepancy might be that, although quercetin and rutin
are important flavonols in wines, their proportion did not
account for much more in the total flavonoids. For the white
wines, Chenin blanc contained the highest content of rutin,
at two to five times that of the other varieties. Chardonnay
contained the lowest content of rutin. Chardonnay and
Chenin blanc represented the highest and lowest quercetin
contents respectively. The result of total flavonoids by HPLC
was consistent with spectroscopy assay.

In wine there are two groups of phenolic acids:
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hydroxybenzoic acids and hydroxycinnamic acids (Meng
etal.,2012). In some of the literature, hydroxycinnamic acids
are reported as the dominant phenolic acids in wines (Fanzone
et al., 2010, 2012), but in this study, hydroxybenzoic acids
were the dominant phenolic acids. Hydroxybenzoic acids
are derived from benzoic acid. With regard to red wines,
the results showed gallic acid and salicylic acid were the
major hydroxybenzoic acid constituents. Compared to other
hydroxybenzoic acids, their proportion was significantly
higher in all the wines, accounting for 37.5% in Gamay
and above 50% in the other varieties. Cabernet Sauvignon
contained the highest gallic acid, and Cinsault contained
the lowest gallic acid, only half of the content in Cabernet
Sauvignon. For salicylic acid, the highest level was observed
in Gamay, which had nearly five times that in the other
varieties. Moreover, the salicylic acid in Gamay was both
higher in proportion and value. Highly salicylic acid content
could be helpful to distinguish Cinsault from other red
grape varieties. The proportion of vanillic acid and gentisic
acid in the hydroxybenzoic acids in red wines was lower.
Specifically, Gamay and Cinsault represented the highest and
lowest vanillic acid contents respectively. For gentisic acid,
the content of it in both Gamay and Cinsault was higher than
that in other varieties; its contents in Cabernet Sauvignon,
Merlot and Cabernet Gernischt were only one-third of that
in Gamay and Cinsault. As seen in Table 2, Gamay had the
highest level of total hydroxybenzoic acids, which can be
attributed mainly to its extremely abundant salicylic acid.
Compared with the wines from the other varieties, Cinsault
contained significantly lower gallic acid and salicylic acid
contents, thus leading to a relatively lower content of total
hydroxybenzoic acids. This is inconsistent with most vinifera
wines dominated by gallic acid (Fanzone et al., 2010, 2012;
Meng et al.,2012). In contrast to red wines, gentisic acid was
the major hydroxybenzoic acid constituent in white wines. Its
proportion was significantly higher in all the wines compared
to other hydroxybenzoic acids, at above 90%. The contents
of gentisic acid in Chardonnay, Semillon and Italian Riesling
were over three times more than that in Chenin blanc and
Ugni blanc. The secondary hydroxybenzoic acid constituent
in white wines was gallic acid. Ugni blanc had the highest
content of gallic acid, and the highest content of vanillic acid.
For salicylic acid, Chenin blanc and Chardonnay represented
the highest and lowest contents respectively.

With regard to hydroxycinnamic acid in the red
wines, the result showed that caffeic acid was the major
hydroxycinnamic acid constituent. Gamay had the highest
content of caffeic acid, almost twice that of Cabernet
Sauvignon and Cabernet Gernischt and nearly five times that
of Merlot and Cinsault. Merlot and Cinsault represented the
highest and lowest trans-ferulic acid contents respectively.
With regard to p-coumaric acid, Gamay had the highest
levels, almost four times that of Cinsault. Moreover, Cinsault
had much higher chlorogenic acid than the other varieties,
while the contents of the other compounds were usually
lower. The character of high chlorogenic acid and low
other phenolic compounds could be helpful to distinguish
Cinsault from the other red grape varieties. In the case of the
white wines, caffeic acid was the major hydroxycinnamic
acid constituent. Italian Riesling and Semillon had the

highest and lowest caffeic acid respectively. Chenin blanc
and Semillon represented the highest and lowest trans-
ferulic acid respectively. Chenin blanc showed the highest
chlorogenic acid which was almost five times that in Ugni
blanc and Chardonnay. In relation to p-coumaric acid, Italian
Riesling possessed the highest content.

Among the non-flavonoids, stilbenes are the important
compounds due to their putative protective effects against
cardiovascular diseases (Meng et al., 2012). It was suggested
that the concentrations of these compounds in wines vary
from values of < 1 to 30.0 mg/L (Vitrac et al., 2002),
depending on multiple factors, such as grape variety, fungal
infections, winemaking procedures and weather conditions.
In this study we detected only trans-resveratrol. In the
red wines, the highest trans-resveratrol was observed in
Gamay (3.42 mg/L) and the lowest in Cabernet Sauvignon
(1.55 mg/L). In the white wines, Ugni blanc had the highest
(0.27 mg/L), and no significant differences was observed in
the other varieties.

Cluster analysis

Finally, in order to better understand the similarities and
differences in the profiles of the phenolic compounds among
these monovarietal wines, cluster analysis was performed
using these identified phenolic compounds as variables.
As shown in Fig. 2, of the red wines, Cabernet Sauvignon
and Merlot could be clustered within a short hierarchical
distance, indicating they had similar profiles of phenolic
compounds. A similar fingerprint of phenolic compounds
was also observed in Cinsault and Cabernet Gernischt.
However, Gamay showed great differences from the other
grape varieties. It is suggested that the profiles of phenolic
compounds in Gamay are significantly different from those
in other grape varieties. Interestingly, Cabernet Sauvignon
and Cabernet Gernischt were not clustered within a short
hierarchical distance, although they seem to belong to the
same class from the naming rule.

With regard to the white wines, a similar fingerprint
of phenolic compounds was observed in Chardonnay
and Semillon, indicating that they had similar phenolic
compound profiles. Chenin blanc and Ugni blanc could be
clustered within a short hierarchical distance. Moreover,
Italian Riesling showed greater differences from Chenin
blanc and Ugni blanc than Chardonnay and Semillon, which
might mean that the profile of phenolic compounds in Italian
Riesling was significantly different from that in Chenin blanc
and Ugni blanc. Chenin blanc and Ugni blanc were clustered
within a short hierarchical distance, just like their names in
terms of the naming rule.

On the whole, significant differences could be observed
among different grape varieties in terms of phenolic profiles.
Many remarkable features could be observed, such as a
high chlorogenic acid content with lower contents of other
phenolic compounds in Cinsault, both highly in proportion
and value of salicylic acid in Gamay. With these remarkable
features, we could distinguish particular wines from other
varieties.

With respect to Helanshan Donglu wines, the result
showed (+)-catechin and (-)-epicatechin were the dominant
phenolic constituents in both the red and white wines. Gallic
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FIGURE 2
The hierarchical cluster of phenolic compounds of ten monovarietal wines using 15 individual phenolic compounds as variables
(cluster analysis, Ward’s method).

acid and salicylic acid were the second most abundant in red
wines, while gentisic acid was the second most abundant
in white wines. Many published HPLC analyses of wines
also reported that the main individual phenolic compounds
in wines were (+)-catechin and (-)-epicatechin (Kallithraka
et al., 2006; Makris et al., 2006; Fang et al., 2008; Li et al.,
2011). Compared with these reports, individual phenolic
compounds classed with flavan-3-ols and flavonols in
Helanshan Donglu wines were high, which was in accordance
with the results of total flavan-3-ols and total flavonoids
mentioned above. This might be related to the ‘terroir’ of the
Helan zone, as previous research showed that light, water
deficits, higher temperature differences between daytime
and night time, and infertile soil, which could provide more
composites and contents of inorganic ions than fertile ones,
could up-regulate the gene expression related to flavonoid
metabolism and thus significantly increase the contents
of flavonoids (Boulton, 2001; Gollop et al., 2002; Reeve
et al., 2005; Li et al., 2011). Under the particular ‘terroir’
of the Helan zone, the gene expression related to flavonoid
metabolism was up-regulated and thus significantly increased
the contents of flavonoids.

Antioxidant capacity of the wine samples

Antioxidant capacity

The antioxidant capacity detected by different methods
(DPPH and ABTS) in the red and white wines showed
significant differences. As shown in Fig. 3, the values ranged
from 11 927.38 to 19 388.62 M for red wines and 510.13
to 603.15 M for white wines in the DPPH assay, and from
20 172.76 to 34 165.30 M for red wines and 2 250.97 to
2 974.85 M for white wines in the ABTS assay. The magnitude

of the difference depends on the method employed. Other
authors have also reported this occurrence (Li et al., 2009;
Meng et al., 2012; Paixao et al., 2007). Cabernet Sauvignon
possessed the highest antioxidant capacity of the five red
grape varieties. In contrast, the antioxidant capacity of
Cinsault and Cabernet Gernischt was the lowest. Gamay and
Merlot yielded similar antioxidant properties. Specifically,
the antioxidant capacity values in Cinsault and Cabernet
Gernischt were only half that in Cabernet Sauvignon. In
the case of the white wines, Chardonnay and Chenin blanc
had the highest antioxidant capacity, while the antioxidant
capacity of Italian Riesling, Ugni blanc and Semillon showed
no significant difference. Compared with wines from other
regions of China (Li et al., 2009; Meng et al., 2012; Zhu
et al., 2012), the antioxidant capacity of Helan wine was
very high.

Correlation

A correlation analysis was made between the total
concentrations of each class of compounds and the antioxidant
capacity of the wines. The linear correlation coefficients (R?)
are shown in Table 3. Total phenols, total flavonoids and total
flavan-3-ols of the wines exhibited the strongest correlation
with antioxidant properties determined by the DPPH or
ABTS method, while total anthocyanins exhibited weaker
correlations. This was inconsistent with many other articles
in the literature, which also reported a very high degree of
correlation between the total phenols, total flavonoids, total
flavan-3-ol content and antioxidant properties of wines
(Minussi et al., 2003; Li et al., 2009; Porgali & Biiytiktuncel,
2012; Meng et al., 2012). But the role of anthocyanins in
antioxidant properties is controversial, as some researchers

S. Afr. J. Enol. Vitic., Vol. 35, No. 2, 2014



329

have reported a very high degree of correlation between the
total anthocyanins and the antioxidant properties of wines
(Meng ef al. (2012) nearly 1.0; Paixao et al. (2007) 0.9268).
Therefore, more research is needed on the role of the total
anthocyanins on antioxidant properties of wines. Overall, it
is suggested that polyphenols play the predominant role in
antioxidant action.

The correlation between individual phenolic compounds

Phenolic Characterisation of Helanshan Donglu Wines

and antioxidant capacity was also investigated. The
contribution of different individual phenolic compounds to
the antioxidant properties of wines varied greatly. R?> among
trans-ferulic acid and gentisic acid with antioxidant capacity
determined by the DPPH or ABTS method was almost
zero, which means the contribution of trans-ferulic acid and
gentisic acid to the antioxidant capacity of wines is very
low. A good correlation was obtained between (+)-catechin,
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FIGURE 3

Antioxidant capacity of wines. a: DPPH value of red wines. b: DPPH value of white wines. ¢: ABTS value of red wines. d:
ABTS value of white wines. A: Cabernet Sauvignon; B: Cabernet Gernischt; C: Merlot; D: Gamay; E: Cinsault; F: Semillon;
G: Ugni blanc; H: Chardonnay; I: Italian Riesling; J: Chenin blanc.

TABLE 3

Lineal correlation coefficients (R?) between polyphenolic compounds and antioxidant activities in wine samples
Phenolic compounds DPPH value ABTS value Phenolic compounds DPPH value ABTS value
Flavan-3-ols Flavonols

(+)-Catechin hydrate 0.5270 0.5472 Quercetin 0.4387 0.4182
L-Epicatechin 0.6072 0.6254 Rutin 0.4570 0.4409
(-)-Epicatechin gallate 0.6248 0.6536 TFO* 0.9867 0.9888
(—)-Epigallocatechin gallate ~ 0.4691 0.5423

TFA® 0.9652 0.9607

Hydroxycinnamic acid Hydroxycinnamic acid

Caffeic acid 0.2619 0.3050 Vanillic acid 0.6917 0.7157
Trans-ferulic acid 0.0044 0.0035 Gallic acid 0.6760 0.6648
Chlorogenic acid 0.3941 0.3814 Gentisic acid 0.0002 0.0001
p-Coumaric acid 0.5788 0.5893 Salicylic acid 0.3231 0.3785
Stilbenes TA" 0.0200 0.0068
Trans-resveratrol 0.6835 0.7275 TP" 0.9990 0.9962

Note: Values expressed as Pearson correlation coefficient (r), with the P value in brackets. * The contents of TFA, TFO, TA and
TP were measured with methods of comparison on phenolic composition.
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(-)-epicatechin, (-)-epigallocatechin gallate, (-)-epicatechin
gallate, quercetin, rutin, p-coumaric acid, vanillic acid, gallic
acid and trans-resveratrol content and antioxidant capacity
measured by DPPH or ABTS. The correlation between
caffeic acid, chlorogenic acid, salicylic acid content and
antioxidant capacity was slightly lower. Similar results have
been reported by other scientists (Prior et al., 2005; Stasko
et al., 2006; Paixao et al., 2007).

Thus, the antioxidant efficiency of wines appeared to be
largely influenced by total phenols, total flavonoids and total
flavan-3-ols, while total anthocyanins played a minor role,
and individual phenolic compounds had different effects on
the antioxidant capacity of wines.

The phenolic composition of the wines was determined
largely by the phenolic composition of the grape berries.
Similarly, the phenolic composition of the grape berries
depended mainly on the genotypes of the grape cultivar
(Mattivi et al., 2006; Tian et al., 2008; Li et al., 2011).
Hence, grape variety has a statistically significant effect on
the antioxidant properties of the wines. In the present study,
Cabernet Sauvignon contained high total phenols, total
flavonoids and total flavan-3-ols, and also showed the highest
antioxidant properties. Cabernet Gernischt and Cinsault
contained lower total phenols, total flavonoids and total
flavan-3-ols, and possessed lower antioxidant properties.
The same phenomenon was observed in the white wines.

CONCLUSIONS

The phenolic characterisation of young wines made from
different grape varieties grown in Helanshan Donglu wine
zone, China was evaluated in the present study. Under the
particular ‘terroir’ of the Helan zone, Helanshan Donglu
wines had a high phenolic content and antioxidant capacity,
and were especially abundant in flavan-3-ols and flavonols.
Phenolic profiles and antioxidant capacity of the wines
were totally different in the different varieties. For red
wines, Cabernet Sauvignon represented the highest phenolic
contents and antioxidant capacity. Cabernet Sauvignon and
Merlot, Cinsault and Cabernet Gernischt were arranged in
one group, characterised by contents of individual phenolic
compounds, while Gamay was significantly different from
the other red grape varieties. Amongst the white wines,
Chardonnay and Chenin blanc showed the highest phenolic
contents and antioxidant capacity. Chardonnay and Semillon,
Chenin blanc and Ugni blanc could be clustered in one
group. The phenolic profiles of the different grape varieties
also showed large differences. Many of the remarkable
features of the phenolic profiles of grape varieties could
help us characterise these monovarietal wines. Furthermore,
the trends in antioxidant capacity were consistent with the
phenolic compounds in wines.
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