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A total of 55 volatiles including esters (29, 52.73%), alcohols (10, 18.18%), acids (3, 5.45%), alkanes (8, 14.55%), and other
components (5, 9.09%) were evaluated in five regions. Total concentrations were 0.05–222.23mg/L, which covered the highest
esters (222.23mg/L) and alcohols (120.65mg/L) in Turpan, acid (0.53mg/L) in Shihezi, and alkanes (1.43mg/L) and others
(3.10mg/L) in the Ili River valley. It proved that numbers and concentrations of volatile compounds, including common in-
gredients of variety, were closely linked to ecological characteristics of a region. Esters and alcohols were the major ingredients in
Xinjiang Cabernet Sauvignon wine. Additionally, appellation could affect performance of concentration, ODE, and OTH, es-
pecially for the same flavor substance by fermentation, aging, and even formation and transformation in wines. 1erefore, three
conditions for formation of flavors were successively appellations, metabolism and fermentation, and and appropriate altering
according to technology and their decisive role in wine quality. Each volatile compound had its own flavor, the combination of
which complicated the flavor. 1e unique materials in the region were grounded for the development of products with cor-
responding flavors by producing substrate for fermentation. When choosing a wine you enjoy, the right appellation should be
considered first.

1. Introduction

Grapes have been cultivated in Xinjiang for over 7,000 years,
mainly in the Turpan basin in the east, Shihezi and Manas
basins in the north, Hoxud County in the south, and the Ili
River valley in the west. Xinjiang has a geographical feature
of “two basins sandwiched with three mountains.” Tianshan
Mountain becomes the boundary against cold air from
invading southward. 1e northern region is a middle
temperate zone, while the southern region is a warm tem-
perate zone. Resources of Xinjiang include unique snow
water, soil, and optothermal condition, such as long sun-
shine time, high accumulated temperature, large tempera-
ture difference between day and night, long frost-free period,

and the extent of annual solar radiation second only to Tibet,
which are very beneficial for the growth of grapes. Most of
the areas at the northern foothill of Tianshan Mountain are
alluvial plain or diluvial plain, flat and open, with little relief
and large slopes, gradually tapering from south to north, and
an altitude below 1200 meters.

Aroma is an important flavor characteristic of wine. 1e
ecological characteristics of different regions lead to the
difference in the aroma components of wines. Even the same
variety of wines showed diverse aroma styles in disparate
regions [1–4]. Jiang and Sun [3] elucidated the influence of
terroir on aroma components of Cabernet Sauvignon red
wines in different extents in China. Research of Tang et al.
[4] on the aroma profiles of Cabernet Sauvignon wines
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established the correlation of sensory characteristics and
aroma compounds, and demonstrated significant differ-
ences between blackcurrant, pear and dried plum,
mushroom, and smoked and green pepper on the five
vineyards from a new Loess Plateau. Detection of the
aroma characteristics of Cabernet Sauvignon wines by
Yue et al. [1] from five different altitudes in Yunnan
plateau showed that the numbers of volatile compounds
increased with uplifted altitude, while their concentration
decreased except for Xidang-2110. Twenty-two percent
components in five wines had higher than corresponding
threshold values (OAVs > 1). 1ree most powerful
odorants were ethyl hexanoate, ethyl butyrate, and 1-
octen-3-ol in the Xidang-2110 sample, and β-dam-
ascenone, ethyl hexanoate, and 1-octen-3-ol in Jiu-
nongding-2330 and Jiangpo-2788 wines, respectively.
However, odor activity values and relative odor contri-
bution of 1-octen-3-ol were the highest compared with
ethyl hexanoate and ethyl butyrate in Dari-2249 and
Adong-2610 ones, respectively. Research, on effect of
regulated deficit irrigation (RDI) on fatty acids and de-
rived volatiles of Cabernet Sauvignon grapes and wines in
the semi-arid area, showed that received water with 60%
(RDI-1) increased the content of unsaturated fatty acids in
berries and decreased the level of alcohols and esters in
wines. 70% (RDI-2) and 80% (RDI-3) enhanced 1-hexanol
and esters in wines in comparison with CK [2].

Xinjiang, as an important wine-producing area of high
quality in China, has a vast territory and distinct ecological
characteristics. Cabernet Sauvignon is the most widely
cultivated wine grape in Xinjiang. Long-term production
practice and various researches showed that Cabernet
Sauvignon in different wine-producing areas displayed
visible differences, among which the most prominent is
concerning the flavor composition. Based on the above,
Cabernet Sauvignon wines from Shihezi, Manas, Turpan,
Hoxud County, and Ili River valley were taken as the re-
search objects in this study owing to their own distinct
territory to reveal preliminarily differences in the flavor
through GC-MS and lay a foundation for further research.

2. Materials and Methods

2.1. Sample Collection and Vinification. 1e original and
healthy Cabernet Sauvignon grapes (200 kg per sample,
totally 2000 kg grape samples) were collected manually from
five wine-grape-growing regions with distinct terroir
characters, including Shihezi (September 26), Manas (Sep-
tember 19), Turpan (September 7), Hoxud County (Sep-
tember 13), and Ili River valley (October 5), in 2016 and
2017, respectively, in Xinjiang, China.

Technological processes of every sample could be du-
plicated entirely as described by Jiang et al. [5], with slight
modifications. Briefly, grapes were crushed on an experi-
mental destemmer-crusher (150825, Xinxiang, China) and
then transferred to stainless steel containers. Meanwhile,
30mL of 6% sulfurdioxide was immediately added. Fol-
lowing 4 h of blending, 0.02 g/L of pectinase (Lallzyme Ex,
Bordeaux, France) was also added according to commercial

specifications. During the whole alcoholic fermentation
(AF) after another 4 h, 0.2 g/L of dried active yeast (Sac-
charomyces cerevisiae RC 212, Lallemand, Danstar Ferment
AG, Switzerland) was replenished onto the supernatant and
liquid temperature was monitored between 25°C and 29°C.
After adding residual sugar <4 g/L, wines were transferred,
respectively, to 10 L–50 L of vitric vessels by siphonage to get
rid of air. Afterward, malolactic fermentation was finished
favorably by adding Lactobacillus acidophilus. Subsequently,
wine was stored in aphotic surroundings at 4°C –6°C for 12
months before some conventional parameters were assessed
(Table 1).

2.2.VolatileComponentsAnalysis. Aroma components were
analyzed by using Gas Chromatography-Mass Spectrometer
(GC-MS, TRACE DSQ, 1ermo-Finnigan, USA) with
special configuration: one injector was connected to a
capillary column with a flow splitter. Aroma compounds
were extracted by solid-phase micro-extraction (CAR/DVB/
PDMS, Supelco, USA) technology. A 16-mL sample was
extracted for 30min by the oscillator (150 r/min) with 16 μL
of 2 octanol (99% optical purity, Aldrich Milwaukee, WI,
USA) as the internal standard. 1en, the filtrate by 0.4 μm of
membrane was injected in the GC. All samples were ana-
lyzed in triplicate. 1e injector temperature was set at 260°C.
1e oven temperature was kept at 40°C for 3 minutes, then
heated up to 120°C at a rate of 5°C/min, followed by 230°C at
a rate of 8°C/min for 10 minutes. 1e temperatures for
transfer line and ionic source were set at 230°C, respectively.
Mass range (m/z) was 33–450Da. Helium was used as the
carrier gas (continuous flow 1.0mL/min).

Solid-phase micro-extraction: 16mL of wine sample,
little amount of NaCl, 16 μL of 2-octanol and magnetic rotor
were put into a 20mL headspace bottle to balance for 10min
in a magnetic stirrer with constant temperature heating.
After extraction at 30min, the sample was desorbed at GC
inlet for 5min at 260°C.

1e semi-quantification of volatile compounds was
calculated using internal standards according to Pino and
Barzola-Miranda [6]. Identification of compounds was
achieved by matching lineal retention indexes and mass
spectra with those of chemical standards and commercial
libraries (NIST 05, Wiley 6, NBS 75 k and Adams 2001).

2.3. Odor Activity Values (OAV). To evaluate the contri-
bution of aroma compound to wine, the odor activity value
(OAV) was introduced. OAV= x/OTH, where x is the
concentration mean value of each volatile compound and
odor threshold (OTH) is its odor threshold [7].

2.4. Statistical Analysis. Statistical analyses were performed
using Microsoft Excel 2000 software (Microsoft Corpora-
tion). 1e results obtained from each treatment were
compared by Duncan analysis of variance test, and least
significant difference (LSD) at the 5% level was used to
identify variant mean values.
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3. Results and Discussion

3.1.GeneralAnalysis. General properties of wines, including
alcohol (12.33–15.30 %, v/v), pH (3.45–4.05), total soluble
solid (TSS, 4.96–6.90 %), total acid (TA, 4.96–6.90 g/L
expressed as tartaric acid), and residual sugar (3.10–5.50 g/L
expressed as glucose) after a year of aging, including ma-
lolactic fermentation (MLF), were determined according to
GB 15037 2006. All parameters were analyzed in triplicate
(Table 1).

3.2. Volatile Compounds. 1e quantification of volatile
compounds was calculated using internal standards. 1e
quantitative data for compounds in free aroma fraction of
Cabernet Sauvignon wines in 5 regions of Xinjiang during a
year of aging are shown in Tables 2–6. GC-MS analysis of the
wines allowed the identification and quantification of 55
volatile compounds, which included esters (29, 52.73%),
alcohols (10, 18.18%), acids (3, 5.45%), alkanes (8, 14.55%),
and other components (5, 9.09%). Like most studies, the
majority of volatiles were esters, and alcohols accounted for
more than 62.9%.

Esters have long been considered important contributors
to wine aroma [8]. It proved that the numbers and con-
centrations of volatile compounds were closely linked to
okanagan wine region. With rising altitudes (-155 m in
Turpan, 450.8 m in Shihezi, 578 m in Manas, 663 m in the Ili
River valley, 932 m in Hoxud County), temperature de-
creased generally and light intensity increased in corre-
sponding appellations [9]. 1erefore, local temperature
could affect wine aroma by adjusting berry composition in
vineyard altitude [1].

3.2.1. Esters. From Table 2, 29 types of volatile esters,
0.05–222.23mg/L, was quantified in 5 wines. Twenty four,
22, 20, 23, and 22 kinds of esters were identified from
Shihezi, Manas, Ili River valley, Turpan, and Hoxud County
samples, with concentrations ranging from 0.10–133.50mg/L
(254.79mg/L), 0.08–99.29mg/L (239.54mg/L), 0.09–47.16mg/L
(126.67 mg/L), 0.23–222.23 mg/L (337.51 mg/L), and
0.05–100.28 mg/L (174.64 mg/L), respectively. Esters in
Turpan wine had the highest total value in five regions.

Esters, responsible in large part for the fresh flowery and
fruity aroma of wine, could be produced from an activated
fatty-acyl CoA molecule and alcohol, catalyzed by alcohol
acetyltransferase and other enzymes [10] during the alco-
holic fermentation and slow aging. Ethyl esters and butyl

esters were the most complex volatiles. Ethyl acetate was an
important compound for aroma deterioration [11]; isoamyl
acetate and acetate phenethyl, with fruity and floral notes,
correlated with the fermentation for yeast [12].

1ese esters, such as propanoic acid 2-hydroxy-ethyl
ester, (L)-, butanoic acid ethyl ester, butanedioic acid diethyl
ester, hexanoic acid, ethyl ester, octanoic acid, ethyl ester,
nonanoic acid, ethyl ester, decanoic acid, ethyl ester, acetic
acid, 2-phenylethyl ester, tetradecanoic acid, ethyl ester,
hexadecanoic acid, ethyl ester, 1-butanol, 2-methyl-, acetate,
1-butanol, 3-methyl-, acetate, octanoic acid, 3-methylbutyl
ester, were characteristic components of the more flavorful
substances found in every Cabernet Sauvignon dry red wine.
Like previous studies by Tao et al. [13] and Jiang et al. [5],
octanoic acid, ethyl ester, decanoic acid, ethyl ester, 1-bu-
tanol, 3-methyl-, acetate, hexanoic acid, and ethyl ester were
the four esters of higher concentrations in Shihezi, Manas, Ili
River valley, Turpan and Hoxud counties, respectively, es-
pecially the highest concentrations of ethyl ester. Butanoic
acid, 3-methyl-, and ethyl ester were detected only in wines
of Turpan and Hoxud counties, which was related to the hot
climate, higher temperatures, and almost no snow in winter
compared with the other three wine-producing areas,
unique soil structure on the two fields. Pentanoic acid, 2-
hydroxy-4-methyl-, and ethyl ester was formed in the Ili
River valley and Hoxud County; pentanoic acid, ethyl ester
in Turpan; 2-hexenoic acid, ethyl ester in Shihezi andManas;
heptanoic acid, ethyl ester without Shihezi and Manas; ethyl
9-decenoate, n-caprylic acid isobutyl ester in Shihezi and
Turpan; isobutyl acetate, isopentyl hexanoate and acetic acid,
hexyl ester in the Ili River valley; butanedioic acid, ethyl 3-
methylbutyl ester without Hoxud County; methoxyacetic
acid, pentyl ester, arsenous acid, tris (trimethylsilyl) ester,
decanoic acid, decyl ester without Turpan; propanoic acid,
pentyl ester in Manas; isopentyl hexanoate and acetic acid,
hexyl ester without the Ili River valley; ethyl oleate only in
Shihezi, the Ili River valley, and Turpan. Selection of specific
ester needs to meet the appropriate producing conditions.
Although the contents of some esters, such as heptanoic
acid, ethyl ester (Hoxud County), propanoic acid, pentyl
ester (Manas), decanoic acid, decyl ester (Shihezi) and
heptanoic acid, ethyl ester (Ili River valley), were trace
quantities in wines, they promoted wine aroma more
abundant and complex [14]. Avellone et al. [15] detected out
butanedioic acid, ethyl-3-methylbutyl ester in Sicilian Nero
d’Avola wines influenced by spray-drying technology,Welke
et al. [16] did decanoic acid, decyl ester (decyl decanoate) in
Merlot wines, which existed also in the Carbernet Sauvignon

Table 1: General parameters of Cabernet Sauvignon dry red wine in the different regions.

Regions Alcohol level (%) PH TSS (%) TA (g/L) Residual sugar (g/L)
Shihezi 15.28± 0.45a 4.05± 0.05a 20.3± 0.48a 6.70± 0.04a 5.50± 0.03a
Manas 12.73± 0.35a 3.71± 0.08ab 26.57± 0.81a 5.50± 0.24a 3.56± 0.28ab
Turpan 12.40± 0.02b 3.92± 0.02b 8.50± 0.05ab 4.96± 0.02a 3.98± 0.04ab
Hoxud County 15.30± 0.06b 3.60± 0.13b 27.24± 0.53b 6.90± 0.03b 3.50± 0.03c
Ili River valley 12.33± 0.07a 3.45± 0.48c 27.92± 1.33b 6.48± 0.34ab 3.10± 0.43bc
Note: the format of data in Table 1is X± SE, where Xmeans the average and SE is the standard error; different letters after the same column of data indicate a
significant difference of the same index on different regions (P< 0.05), hereinafter inclusive.
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Table 2: Comparison of esters in Cabernet Sauvignon dry red wine from 5 regions in Xinjiang (mg/L).

Compound name OTH ODE Shihezi Manas Ili River
valley Turpan Hoxud

County
Propanoic acid, 2-hydroxy-,
ethyl ester, (L)-/ethyl lactate 14a Lactic, raspberry

acidb,c 2.46± 0.02a 2.32± 0.03a 7.82± 0.12a 2.27± 0.03a 2.42± 0.01a

Butanoic acid, ethyl ester/
ethyl butanoate 0.02d Banana, pineapple,

sweet, strawberrye 2.07± 0.02a 1.43± 0.01a 1.35± 0.01a 2.67± 0.02a 1.68± 0.01a

Butanoic acid, 3-methyl-,
ethyl ester 0.0001f Fruity appleg,

mulberryh, bananaf N N N 0.25± 0.02a 0.28± 0.02a

Butanedioic acid, diethyl
ester/diethyl succinate 200i

Light wineb,c

Lavendere vinous,
fruity, wine,
cheese, earthy,

spicye,i

6.40± 0.12ab 4.54± 0.06ab 17.13± 0.22b 19.85± 0.33a 1.45± 0.02b

Pentanoic acid, 2-hydroxyl-4-
methyl-, ethyl ester/
ethyl 2-hydroxy-4-
methylpentanoate/ethyl
2-hydroxy-isohexanoate

0.126e Blackberrye N N 0.30± 0.01a N 0.11± 0.01a

Pentanoic acid, ethyl ester/
ethyl valerate 0.0015f Grassf N N N 0.23± 0.01a N

Hexanoic acid, ethyl ester/
hexyl acetate 0.67b

Fruity, green apple,
banana, wine-like,

brandyc,d,f,i,
brandy pineapple,

bananab,c

22.30± 0.32a 24.75± 0.36a 14.29± 0.14a 25.45± 0.34a 15.78± 0.23a

2-Hexenoic acid, ethyl ester 0.45± 0.11a 0.75± 0.01a N N N

Heptanoic acid, ethyl ester 0.021f Winelike, brandy,
fruityb,e,f,i N N 0.09± 0.01a 0.25± 0.01a 0.05± 0.01a

Octanoic acid, ethyl ester 0.580e

Sweety, flowery,
fruity, banana,

pearb,c,d,e brandyf

lentil flavor,
mustyb,c

133.50± 0.82a 99.29± 0.56b 47.16± 0.34a 222.23± 0.98a 100.28± 0.92a

Nonanoic acid, ethyl ester 0.2e Fruity, fatty, joyfule 0.60± 0.01a 1.49± 0.05ab 0.42± 0.03b 3.94± 0.12a 2.10± 0.02a
Ethyl 9-decenoate 0.1e Rosee 0.56± 0.01a N N 0.48± 0.01a N

Decanoic acid, ethyl ester 0.2d Sweet fruity, fatty,
pleasantb,c,i 38.49± 0.83a 73.79± 0.41ab 24.86± 0.35b 44.94± 0.33a 24.08± 0.61a

Acetic acid, 2-phenylethyl
ester/phenethyl acetate 1.8e Fruity, rosee 0.97± 0.03a 1.29± 0.02b 0.24± 0.01b 1.18± 0.01a 0.32± 0.01a

Tetradecanoic acid, ethyl
ester/ethyl tetradecanoate 1.0e Soap, mild, polishe

Sourb,c 1.50± 0.03a 2.70± 0.04b 2.98± 0.01b 2.26± 0.02a 2.94± 0.03a

Hexadecanoic acid, ethyl
ester/ethyl palmitate 1.5a N/A 1.93± 0.04a 1.93± 0.03b 3.42± 0.13bc 3.32± 0.12a 3.03± 0.14a

1-Butanol, 2-methyl-,
acetate/2-methylbutyl acetate 0.005a N/A 1.58± 0.04a 1.10± 0.02b 0.38± 0.03bc 1.29± 0.05a 0.59± 0.03a

1-Butanol, 3-methyl-,
acetate/isoamyl acetate 0.002i

Sweety, fruitye

Banana, pineapple,
strawberryi

35.62± 0.14a 19.36± 0.24b 4.25± 0.04c 38.10± 0.23a 16.69± 0.25a

Isobutyl acetate 1.605d Sweet, solventd 0.56± 0.02a 0.19± 0.01b N 0.59± 0.02a 0.40± 0.01a
n-Caprylic acid isobutyl ester 0.19± 0.02a N N 0.35± 0.02a N
Butanedioic acid, ethyl 3-
methylbutyl ester/ethyl 3-
methylbutyl succinate/ethyl
isopentyl succinate/3-
methylbutyl-ethyl-succinat/
butanedioic acid, ethyl-(3-
methyl-1-butyl) ester

N/Aa Pungentc 0.96± 0.03a 0.82± 0.02b 0.62± 0.04c 1.23± 0.07a N

Octanoic acid, 3-methylbutyl
ester 0.125i Fruityi 2.68± 0.13a 2.17± 0.05b 0.59± 0.01c 4.22± 0.13a 1.52± 0.12a

Methoxyacetic acid, pentyl
ester 0.11± 0.01a 0.12± 0.02b 0.09± 0.01c N 0.17± 0.01a
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red wine in the trial. Martins et al. [17] did decanoic acid,
decyl ester (decyl decanoate) in white (0.087%, relative peak
area), red (0.125%), and palhete (0.108%) wine, while
0.10mg/L (Shihezi), 0.16mg/L (Manas), 0.16mg/L (Ili River
valley), 0mg/L (Turpan), 0.11mg/L (Hoxud County) in
Carbernet Sauvignon red wine trial. Methoxyacetic acid,
pentyl ester in Sufu was detected out [18], Arsenous acid, tris
(trimethylsilyl) ester was also in the methanolic extract of
salvinia vermicompost [19]. 1erefore, these compositions
belong to common ingredients of the variety.

1e more ethyl esters were synthesized by esterification
of acids with an ample ethanol from both microbial
metabolism and chemical reaction during the fermentation
[18]. Among esters, hexadecanoic acid ethyl ester in the Ili
River valley owned the highest content, with a strong oil
fragrance and a greater contribution to wine [20]. Methoxy
acetic acid pentyl ester with the fresh fruit flavor was found
in relatively high levels in Hoxud County. In addition, wines
in Shihezi and Turpan showed also floral, fatty, and spice-
like aroma owing to ethyl 9-hexadecenoate (Table 2) by the
microbiological lipases [21]. Importantly, other esters could
also improve the wine flavor. For example, hexanoic acid
ethyl ester had intense fruity pineapple and banana [22]. At
the same time, octanoic acid ethyl ester and nonanoic acid
ethyl ester had strong brandy aromas. Beyond that, fruity
flavors afforded by ethyl esters might also modify the ran-
cidity odor by too high concentrations of carboxylic acids
[23]. 1erefore, the highest numbers of esters had various
unique odor characteristics, which were the paramount
compounds contributing to the wine flavor. Each ester could
release its own flavor characteristics, any combination of
which complicated the flavor of the product. As mentioned
above, esters were closely related to the appellation, the
flavored complexity of which on product was rooted in the
unique appellation characteristics. 1e unique raw materials
created the foundation for the development of unique flavors
in products. When choosing a wine you enjoy, the first
requirement is to consider the right region.

Clearly, dominant group of esters depended on several
factors, such as yeast strain, aeration degree, sugar contents,

and fermentation temperature [23, 24]. 1e esters originated
not only from the primary compounds of material [25, 26]
but also from the organic matter in the soil, and the con-
ditions forming the precursors of these flavors such as air
temperature and light in various territories. 1e results are
also the same in this experiment. Cheng et al. [27] verified
that themost abundant esters were ethyl hexanoate and ethyl
octanoate; however, ethyl octanoate, decanoic acid, ethyl
ester, 1-butanol, 3-methyl-, acetate and ethyl hexanoate
appeared in the trial, and the content of each ester displayed
out corresponding difference from the producing area, es-
pecially 1-butanol, 3-methyl-, acetate of 35.62mg/L in
Shihezi, 19.36mg/L in Manas, 4.25mg/L in the Ili River
valley, 38.10mg/L in Turpan, and 16.69mg/L in Hoxud
County (Table 2), which further proved that appellation was
the basic condition for the formation of esters.

Table 2 lists OTH and odor descriptors (ODE) for several
volatile compounds in wine. 1e significant contribution of
each to the characteristic flavor could be determined by the
OAV. Despite the limitations, OAV was still very useful to
aroma [28]. Due to the unavailability of the pure standard or
OTH in the literature, some OAV was not determined [29].
Among a total of 29 esters, hexanoic acid, ethyl ester, 1-
butanol, 3-methyl-, acetate, ethyl butanoate, decanoic acid,
ethyl ester, and ethyl octanoate had the relatively highest
OAV. Ethyl octanoate was associated with sweet, fruity, and
fresh notes [30]. 2-Hydroxy esters detected in wine (Table 2),
such as propanoic acid, 2-hydroxy-, ethyl ester, (L)- and
ethyl 2-hydroxy-isohexanoate, were also reported in mango
fruit [29]. Hydroxy esters originated from the esterification
of the corresponding hydroxy fatty acids with fruity-floral
notes [30, 31], or from the reduction of keto acids [32].
1erefore, metabolism and fermentation were secondary
conditions for the formation of flavor substances.

Esters were responsible for fruity aromas and the quality
of young wines [33]. Turpan sample was characterized by
higher ester content than the other four wines, which could
be one of the main reasons for total acid’s disappearance
(Table 4). In 5 samples, ten esters with an OAV >1 (butanoic
acid, ethyl ester, hexanoic acid, ethyl ester, octanoic acid,

Table 2: Continued.

Compound name OTH ODE Shihezi Manas Ili River
valley Turpan Hoxud

County
Propanoic acid, pentyl
ester/pentyl propanoate N 0.08± 0.02b N N N

Isopentyl hexanoate N/Aa Apple, fruityb,c 0.43± 0.01a 0.31± 0.02bc N/900.00 μg/
Lj 1.90± 0.04a 0.47± 0.02a

Acetic acid, hexyl ester 6.701f
Rage grape, apple,
pear, floral, green,
cherry, aniseb,c,f,i

0.95± 0.05a 0.87± 0.04c N 0.23± 0.01a 0.13± 0.01a

Decanoic acid, decyl
ester/decyl decanoate N/A N/A 0.10± 0.01a 0.16± 0.02c 0.16± 0.02c N 0.11± 0.01a

Arsenous acid, tris
(trimethylsilyl) ester N/A N/A 0.10± 0.01a 0.11± 0.01c 0.13± 0.02c N 0.06± 0.01a

Ethyl oleate N/A 0.30± 0.01a Nc 0.40± 0.03c 0.30± 0.01a N
Subtotal 254.79 239.54 126.67 377.51 174.64
Note: N = not detected and N/A=not available, hereinafter inclusive. aAvellone et al. (2018), bJiang and Zhang (2010), cYu et al. (2019), dFeng et al. (2017),
eZhu et al. (2016), fWu et al. (2019), gZhu et al. (2007), hXia et al. (2017), iWei et al. (2019), and jWang et al. (2015).
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ethyl ester, nonanoic acid, ethyl ester, ethyl 9-decenoate only
in Shihezi and Hoxud counties; decanoic acid, ethyl ester,
tetradecanoic acid, ethyl ester, hexadecanoic acid, ethyl ester,
1-butanol, 3-methyl-, acetate, and octanoic acid, 3-meth-
ylbutyl ester) contributed positively to the flowery and fruity
characteristics of the wine. Especially, octanoic acid, ethyl
ester contributed to sweet and fruity [34], flowery, banana,
and pear [35], or lentil flavor and musty [36]. In addition,
decanoic acid, ethyl ester aroused sweet and fruity [34], fatty
[37], 1-butanol, 3-methyl-, acetate induced sweety and fruity
[35], banana, pineapple, and strawberry [37]. Ethyl 2-hy-
droxy-4-methylpentanoate, directly contributed by a fresh
blackberry aroma, was identified in red and white table
wines for the first time; 900 μg/L of threshold and 400 μg/L
average concentration in red wine. Sensory omission tests
identified a perceptive interaction with ethyl butanoate [38].
In the trial, there were only 0.30mg/L in the Ili River valley
and 0.11mg/L in Hoxud County wine. 1erefore, changes in
appellation affect the performance of ODE in wines.

Concentrations of 2-methylbutyl acetate met
129–200mg/L in white wines and 181–359mg/L in red wines
[39], while 0.38mg/L (Ili River valley)—1.58mg/L (Shihezi)
in the experimental samples, which was usually associated
with banana and fruity descriptors, and the olfactory
threshold was 5mg/L in water and 160mg/L in wine [39–41].
Previous reports on a correlation between 2-methylbutyl
acetate and 2-methylbutan-1-ol demonstrated that the for-
mation of the ester depended on the corresponding higher
alcohol [40, 42]. 1e results in every region catered to the
above researches further. OTH of 2-methylbutyl acetate was
3.5-fold higher in fruity aromatic reconstitution (1083mg/L)
than in dilute alcohol solution (313mg/L) [43]. In our trials,
2-methylbutyl acetates in five samples surpassed 313mg/L,
namely 384mg/L, in the Ili River valley, 586mg/L in Hoxud
County, 1103mg/L in Manas, 1288mg/L in Turpan, and
1584mg/L in Shihezi. Increased concentrations of the
branched ester could contribute to the typical character of
fruity aroma and the complexification and intensification of
wine aroma during the aging. 1erefore, concentration and
OTH of esters were related closely to fermentation conditions
and aging time. Appropriate alterung was the third condition
for the formation of flavor substances.

Ethyl acetate is one of the main esters produced during
the fermentation. 1e lower concentrations, ≤80mg/L,
could impart a fruity aroma, and 160–170mg/L of con-
centrations was associated with undesirable nail Polish re-
mover and solvent sensory descriptors [44]. Only
M. pulcherrima with 0.05 volume of air/volume of culture/
minute (VVM) produced excessive ethyl acetate (280mg/L)
and impacted negatively the flavor profile of wines, while
without observation for 0.025 VVM treatments [45] also
increased scores of wines for the solvent sensory descriptor.
1erefore, an oxygen threshold was suggested for over-
production of ethyl acetate in wine.

3.2.2. Alcohols. Alcohols, accounting for 18.18% of the ar-
omatic content in five wines, were the second largest group
of volatiles (Table 3). 1e subtotal level of alcohols ranged

from 165.01 (Ili River valley) to 195.50mg/L (Manas). 1e
results showed that 10 volatile alcohols identified totally
covered 10 varieties (168.70mg/L) in Shihezi, 10 (195.49mg/
L) in Manas, 7 (165.04mg/L) in the Ili River valley, 8
(184.79mg/L) in Turpan, and 7 (168.09mg/L) in Hoxud
County.

1e alcohols significantly affected by the features of
region (Table 3), as expected, usually proceed from grapes
and yeast metabolism [46], which played a vital role in the
wine flavor [46, 47]. 1ese alcohols, such as ethanol, phe-
nylethyl alcohol, 1-butanol, 3-methyl-, 2, 3-butanediol, 1-
hexanol, could be detected in each region as characteristic
component. However, there were benzyl alcohol and
1-nonanol without the Ili River valley and Hoxud County;
1-butanol, 2-methyl- without the Ili River valley; (S)-3-ethyl-
4-methylpentanol without Turpan; and 1-octanol without
Turpan and Hoxud counties. In addition, only Shihezi and
Manas detected out all alcohols, which was related to the
ecological conditions forming the precursors of these
components. Isoamyl alcohol and phenylethyl alcohol, with
strong and pungent taste related to herbaceous notes [8],
were the higher concentrations in the five wines, in ac-
cordance with previous studies [5, 12]. 1e appropriate
content and proportion of higher alcohol played an im-
portant role in improving the wine taste [48]. Concentra-
tions of the higher alcohols below 300 mg/L contributed to
the desirable complexity of the wine, while a negative quality
was above 400 mg/L [7, 46]. In this study, all the alcohols
displayed concentrations below 300mg/L, which were
beneficial to the contribution of flavor in five different
samples. In addition, 2-phenylethanol, produced mainly by
the metabolism of phenylalanine during the yeast fermen-
tation, provided the fragrance of rose flowers at low con-
centrations [48, 49], the concentration of which, however,
decreased with the rising altitude [1] and was closely as-
sociated with some other integrated factors, such as the soil,
sunlight, and weather conditions. 1erefore, there was
37.71mg/L of 2-phenylethanol with a diverse degree of rose
flavor in Turpan (−155m), 15.54mg/L in Shihezi (450.8m),
34.86mg/L in Manas (578m), 22.93mg/L in the Ili River
valley (663m), and 13.92mg/L in Hoxud County (932m).
1e above studies show that yeast fermentation can sig-
nificantly affect the type and concentration of alcohols in
wine. Under normal circumstances, yeast fermentation
needs to meet the three main basic factors, such as substrate,
active yeast, and suitable environmental conditions for
fermentation, while the production area can produce the
substrate for yeast fermentation, which indirectly affects
significantly the type and concentration of alcohols.

As the second largest group of volatile compounds, al-
cohols were similarly released as secondary products of yeast
metabolism through either the anabolic pathway from
glucose or the catabolic pathway from corresponding amino
acids [21, 50]. Isoamyl alcohol, phenethyl alcohol, 2-methyl-
1-butanol, and alcohol were the main alcohols in 5 samples,
which were in agreement with Liberatore et al. [51].
However, these alcohols were present in significantly dif-
ferent proportions. For example, some alcohols were seldom
present in certain samples, including 2-methyl-1-butanol in
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the Ili River valley samples, (S)-3-ethyl-4-methylpentanol in
Turpan, benzyl alcohol and 1-nonanol in the Ili River valley
and Hoxud counties, and 1-octanol in Turpan and Hoxud
counties, which were up to respective ecological conditions
in five regions. Cabernet Sauvignon wine detected 40 µg/L of
(S)-3-ethyl-4-methylpentanol without threshold [52], which
were less than the results of trials, 0.08mg/L in Shihezi,
0.10mg/L in Manas, 0.30mg/L in Ili River valley, and
0.16mg/L in Hoxud County, except for no detection in
Turpan, respectively. However, the results of He et al. [53]
found that (S)-3-ethyl-4-methylpentanol in Cabernet Ger-
nischet wine was 193.4 μg/L and 86.7 μg/L in Jingyang
County in China in Vintage 2010 and 2011, respectively, and
showed further that the number and concentration of
volatile compounds quantified in wine were lower under
rain-shelter cultivation compared with open-field cultiva-
tion. However, effects of rain-shelter cultivation improving
the wine quality were obvious in some rainy regions, which
demonstrated the obvious contribution of ecological con-
ditions in producing areas. 1e above studies further in-
dicate that, regardless of the fermentation conditions, the
ecological conditions in the producing areas are the most
basic control factors. Without a good producing area, no
fermentation substrates satisfying the yeasts can be pro-
duced, so no pleasant volatile alcohols can be obtained. Each
region has its own ecological characteristics that make it
possible to produce own, unique style of wine.

Alcohols were characterized by the vegetal and herba-
ceous aromas, varieties of which depended widely on the

β-glucosidase [54]. As listed in Table 3, the lowest alcohols
were found in the Ili River valley wine (165.01mg/L), while
the richest were in the Manas sample (195.50mg/L), which
indicated that the ecological conditions played the same role
as the enzyme. 1erefore, Shihezi and Manas had a stronger
ability to release more 2-methylbutanol, analogously, Ili
River valley andHoxud County had the same capacity to (S)-
3-ethyl-4-methylpentanol, and Turpan and Manas to phe-
nylethyl alcohol (Table 3), which promoted discrepant flavor
substances in every wines. Interestingly, formation of some
higher alcohols contributing to fruity and floral notes cor-
related also with the fermentation of yeast [12]. 1e content
of higher alcohols increased significantly after the yeast
fermentation. However, the concentrations of 1-octanol,
typically contributed floral aroma, showed a significant
decrease owing to previous esterification with fatty acids to
esters with S. cerevisiae [55]. 1erefore, 1-octanol was
esterified into octanoic acid, ethyl ester, n-caprylic acid,
isobutyl ester, and octanoic acid, 3-methylbutyl ester in the
trial (Tables 2 and 3).

Isopentyl alcohol and phenethyl alcohol were found in
higher concentrations in amphora wines [17], including the
trial. 1e only difference was that isopentyl alcohol and
phenethyl alcohol represented about 50% of alcohols in the
total concentration in amphora wines analyzed compared
with 80% of those in our trial. 1e high amount could
probably be explained by the clay material of the amphorae
allowing some oxygen transfer during the fermentation,
which was consistent with the previous conclusion that the

Table 3: Comparison of alcohols in Cabernet Sauvignon dry red wine from 5 regions in Xinjiang (mg/L).

OTH ODE Shihezi Manas Ili River valley Turpan Hoxud
County

Ethanol 100a 12.76± 0.52a 18.28± 0.43a 17.59± 0.32a 7.78± 0.14a 23.52± 0.43a

Benzyl alcohol 200b Roasted, toasted, sweet,
fruityf 0.12± 0.01a 0.12± 0.02a N 0.37± 0.01a N

Phenylethyl alcohol/2-
phenylethyl alcohol 14a

Floral, rose, honey,
flowery, pollen,

perfumed,e,i, rose-like,
bitter, sweet, peachc

15.54± 0.56a 34.86± 0.46a 22.93± 0.33a 37.71± 0.47a 13.92± 0.23a

1-Butanol, 3-methyl-/
Isopentanol/Isoamyl
alcohol

30b Cheeseb, solvent, sweet,
alcohol, nail polishk 120.30± 1.28a 119.50± 1.46a 119.30± 1.33a 120.70± 1.42a 119.40± 1.21a

1-Butanol, 2-methyl-/2-
methyl-1-but/2-methyl
butanol/2-
methylbutanol-1

Harsh, nail Polish
removerl 14.33± 0.47a 15.45± 0.53a N 13.15± 0.25a 7.66± 0.34a

2, 3-Butanediol 120b Fruitym, butter,
creamyb 1.10± 0.23a 1.06± 0.37a 0.56± 0.03a 0.20± 0.02a 0.86± 0.25a

(S)-3-ethyl-4-
methylpentanol N/A 0.08± 0.02a 0.10± 0.02a 0.30± 0.01a N 0.16± 0.01a

1-Hexanol 8b
Flower, green, cut grass,

resinf,n, grass,
herbaceous, woodf

3.57± 0.27a 5.26± 0.25a 3.71± 0.12a 3.70± 0.14a 2.58± 0.13a

1-Octanol 0.8o Jasmine, lemon, roseo 0.44± 0.13a 0.41± 0.12a 0.66± 0.11a N N

1-Nonanol 0.6o
Fresh, clean, fatty,
floral, rose, orange,

dusty, wetp
0.47± 0.11a 0.45± 0.12a N 1.18± 0.15a N

Subtotal 168.70 195.50 165.01 184.74 168.10
Note: kWang et al. (2017), lMolina et al. (2009), mPeinado et al. (2006), nSánchez-Palomo et al. (2017), oMoyano et al. (2002), and pCharlier et al. (2012).

Journal of Food Quality 7



proportion of fruit stalk could regulate the influence of the
proportion of oxygen infiltration on the aroma of wine
during the fermentation [56] except for the ecological and
fermentation conditions of the region. Isopentyl alcohol,
with a cheese odor owing to a low odor threshold [34], was
the major higher alcohol found in wines [57], thus sup-
porting the results obtained. For benzene-derived higher
alcohols, phenethyl alcohol was themost important and only
fusel alcohol with positively perfumed, sweet and dry rose
[58]. Both phenyl ethyl alcohols including related acetate
ester contributed to floral notes. 1e fining process might
have a limited impact on the aroma traits related to these
specific components [59]. In addition, other higher alcohols,
namely, hexyl alcohol, octyl alcohol, and benzyl alcohol, had
been detected with very important contributors to the wine
aroma [13]. Benzyl alcohol was also an important raw
material for the synthesis of resveratrol, which played an
important role in the improvement of flavor substances and
antioxidant properties of wine. 1erefore, these alcohols
were very important components of wine flavor.

Jung [60] found that volatile compounds in the root
peels were mainly composed of monoterpene hydrocarbons,
while the stem peels and fruit peels were characterized by
alcohols. 1erefore, volatile components in wine were not
produced entirely by the fermentation and aging but partly
by exotic substances, such as stalks, stems, and leaves.
Furthermore, the optimal choice was retaining 20% stalk
compared with zero stalk, 40% stalk, and all stalk [56].
Oxygen supplementation could increase the concentration
of ethyl esters [60, 61], decrease the level of acetate esters
[62], and alter the proportion of acetate to ethyl esters and of
branch-chain acids to medium-chain fatty acids [61], by the
different strains, media, and fermentation conditions. In the
current study, esters and higher alcohols in 5 samples
showed significant differences, which was perhaps related to
the oxygen intake including its amount induced by the space
of grape juice with fruit stalks formed during the fermen-
tation except for ecological characteristics of the appellation,
such as atmospheric pressure.

Amino acids, precursors of higher alcohols, esters, al-
dehydes and ketones, made up the important aroma features
of wine [63]. However, almost all the amino acids, partic-
ularly serine, histidine, threonine, arginine, valine, isoleu-
cine, tryptophan, and leucine, had significantly changed in
concentration after fermentation [50]. 1e conversional
pathway of the specific amino acids into the flavor-related
key alcohols and esters had been clarified during the yeast
fermentation. For example, L-phenylalanine promoted the
yield of 2-phenylethyl hexanoate, 2-phenylethyl isobutyrate,
2-phenylethyl alcohol, and 2-phenylethyl acetate [64].
Leucine and valine were converted into isopentanol, buta-
nediodic acid diethyl ester, and isobutanol [65]. 1reonine,
the precursor of ethanol, endowed wine with a strong fruity
flavor [65]. Amino acids came from raw materials [66]. 1e
types and yields of amino acids in different wine regions
were different, which was one of the main reasons for the
differences in wine flavor substances. In the present study, 5
samples had a high content of alcohols, including 1-butanol,
3-methyl-, with 2-phenylethanol in Turpan andManas wine;

ethanol in Hoxud County; and esters such as octanoic acid,
ethyl ester, and isoamyl acetate in Turpan and Shihezi;
hexanoic acid, ethyl ester in Turpan, Manas, and Shihezi;
decanoic acid, ethyl ester in Manas, Turpan, and Shihezi,
which originated from higher concentrations of amino acids
improving the resulting wine flavor [50]. Note that pyruvate
carboxylase could convert pyruvate into oxaloacetic acid and
final alcohols [67], which, therefore, might also influence the
formation of volatile compounds. During the fermentation,
carbon dioxide was inevitably produced as the precursor
of HCO3, which was characteristic of stalked fermentation
for red wine [56]. Alkaline electrolyzed waters (AlW)
dissolved easily in proteins with a strong permeation
capacity [68]. However, the amount of volatile com-
pounds in wine with alkaline electrolyzed water (WAlW)
was much lower than that of wine with acidic electrolyzed
water (WAcW), due to the suppressive ability of yeast to
convert amino acids in alcohols and esters in AlW [50].
1us, alcohols and esters in wines need a certain pH
condition. In the final analysis, the environmental con-
ditions for fermentation and aging were created by grape
materials, and the composition of raw materials was
closely related to ecological conditions [69].

3.2.3. Acids. From Table 4, a total of 3 acids (0.14–0.53mg/
L) were identified in the 5 wines, which covered 2 varieties
(0.84mg/L) in Shihezi, 2 kinds (0.42mg/L) in Manas, 3
(0.66mg/L) in the Ili River valley, and 1 (0.35mg/L) in
Hoxud County. Volatile acids in Shihezi wine were from
0.31mg/L to 0.53mg/L with the highest total value in five
regions. Similarly, the Ili River valley sample obtained
0.14mg/L–0.36mg/L of volatile acids with the second
highest total number in five regions, followed by Manas
(0.16–0.26mg/L), Hoxud County (0.35mg/L), and Turpan
(0mg/L). 1ese characteristic constituents could not be
ignored although less. A cool climate in Shihezi and the Ili
River valley increased the concentration of fatty acids. On
the contrary, hot Turpan eliminated them in the trial.

Within the volatile acids, particular attention had to be
paid to medium chain fatty acids owing to the aroma de-
scriptors of cheese or rancid. Furthermore, other acids,
including octanoic, hexanoic, and decanoic acids, were not
observed from lees [51]. In the trial, octanoic acid was only
detected in wine in Shihezi, Manas, and the Ili River valley
(Table 4). 1erefore, these three regions had no release of
these acids from lees. However, octanoic acid, ethyl ester and
octanoic acid, and 3-methylbutyl ester were obtained by the
esterification in every wine (Table 2), which demonstrated
that octanoic acids in Shihezi, Manas, and the Ili River valley
were accumulated more compared with that in Turpan and
Hoxud County. A mass of of 1-butanol, 3-methyl- (more
than 100mg/L) (Table 3) revealed the higher ripeness of
grapes; however, less than 5mg/L of octanoic acid, 3-
methylbutyl ester (Table 2) indicated an indisputable fact,
namely, higher sugar content and lower acid content in
grape berries. Rancid octanoic acid, 7.382mg/L, and
0.034mg/L butanoic acid, 4-hydroxy without aroma de-
scriptors were detected in Chardonnay white wine in
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stainless steel containers at 10months of aging [51]. Two
acids were also detected in our wine, which demonstrated
that, on the one hand, octanoic acid and butanoic acid, 4-
hydroxy were common volatile components in Chardonnay
white wine and Cabernet Sauvignon dry red wine and, on the
other hand, our wines were also fermented and aged without
lees in stainless steel containers except for production dis-
parities. In the trial, only the Ili River valley wine had more
than the butanoic acid, 4-hydroxy (0.14mg/L) in Char-
donnay white wine. Meanwhile, octanoic acid in Shihezi
(0.53mg/L), Manas (0.16mg/L), Ili River valley (0.15mg/L)
wine were much less than Chardonnay white wine
(7.382mg/L) in the output, which manifested that octanoic
acid was more propitious to cool climate conditions and
white wine, and even the concentrations were varied with
the cool ecological conditions in the growing areas. 1e
colder it is, the greater the decrease. In addition, 4-hydroxy-
butanoic acid was also obtained in carbonic maceration wine
[70] and clones of Pinot Noir grapes in Zhang Jiagang
vineyard [71]. 1erefore, the formation of 4-hydroxy-buta-
noic acid in wine relied on the combined action of various
factors, such as the grape variety, fermentation conditions,
and features of the region.When choosing a wine, appellation
factors should be considered first. Appellation factors would
affect the fermentation, aging, and even formation and
transformation of flavor substances in wines.

Odorant acids, with cheesy, fatty, fruity, and rancid notes
[72], were determined by the initial composition of must and
fermentation conditions with yeast metabolism [5]. In this
study, except for the fact that octanoic acid (0.53mg/L) in
Shihezi wine was of the highest content, phosphonoacetic
acid, 3TMS derivative were more in the Ili River valley wine
than those of other wines. Butanoic acid, 4-hydroxy- was
only detected out in the Ili River valley, and phosphonoacetic
acid, 3TMS derivative in Hoxud County. Relative contents of
phosphonoacetic acid of pomegranate wine drop with fer-
mentation time [73], while the difference of ecological
characteristics has more obvious influence on it in the trial.
It is noteworthy that Turpan did not produce any acid,
because of the extremely hot weather and sandy soil
structure leading to a small temperature difference between
day and night, which resulted finally in the rapid ripening of
grapes, a further sharp decrease in acidity, and the con-
version of acids to esters during the fermentation and aging
of wine [17].

Acids, originated mainly from lipolysis and proteolysis
[74], were the most important precursor substances

synthesizing some unique flavors, such as esters, aldehydes,
and alcohols [75]. Enzymes with lipolytic activity could
release linear-chain acids. Proteases and lipase derived
mainly from the metabolism of some microorganisms [76].
Proteolytic enzymes were responsible for the formation of
amino acids by deamination [77]. 1erefore, acids in wine
dependedmainly onmetabolic activity. In the trial, there was
very little acid in samples. 1ere were two reasons for this
phenomenon. On the one hand, there was less acid in the
rawmaterial originated from the ecological conditions of the
producing areas; on the other hand, the transformation
between other flavor substances during the fermentation and
aging led to little acid. In conclusion, the region could affect
activity of enzymes during the fermentation and aging. 1e
total content of acids was higher during the prefermentation
than that during the postfermentation, because vigorous
microorganism metabolism tended to increase lipolysis and
proteolysis during the prefermentation, which stimulated
acids to transform into esters during the postfermentation
[78], one of the main reasons for the few types and quantity
of acids in our experiment, especially the absence of acids.

C6–C10 fatty acids, <4mg/L, gave a positive effect on the
global aroma quality; 4mg/L–10mg/L of acid imparted a
mild and pleasant aroma; and >20mg/L did affect wine
negatively. 1erefore, there was no significant impact of acid
on the aroma of the five wines because all had far below than
4mg/L of C6–C10 fatty acids in the current study, which was
consistent with the result of Yue et al. [1].

3.2.4. Alkanes. From Table 5, 8 types of volatile alkanes,
0.07–80.21mg/L, were quantified in 5 wines, which covered
7 varieties (16.63mg/L) in Shihezi, 7 kinds (48.32mg/L) in
Manas, 8 (189.83mg/L) in the Ili River valley, 8 (86.55mg/L)
in Turpan, and 8 (84.89mg/L) in Hoxud County. Volatile
alkanes in the Ili River valley wine were from 0.13mg/L to
80.21mg/L, the highest total value in all the five regions.
Similarly, volatile alkanes in Turpan wine were from
0.20mg/L to 38.88mg/L, the second highest total value,
followed by Hoxud County (0.07–33.09mg/L), Manas
(0.19–18.86mg/L), and Shihezi (0.17–8.52mg/L). 1ese al-
kanes were found in almost every region except for pen-
tasiloxane, dodecamethyl- found only in the Ili River valley,
Turpan, and Hoxud County, which demonstrated that these
alkanes were characteristic of the volatile constituents of
Cabernet Sauvignon red wine, and formation of dodeca-
methyl pentasiloxane needs a hot climate.

Table 4: Comparison of acid components in Cabernet Sauvignon dry red wine from 5 regions in Xinjiang (mg/L).

OTH ODE Shihezi Manas Ili River
valley Turpan Hoxud

County
Butanoic acid, 4-hydroxy- N N 0.14± 0.01a N N

Octanoic acid 0.5b Rancid, harsh, cheese,
fatty, sweatb,i 0.53± 0.01a 0.16± 0.01a 0.15± 0.01a N N

Phosphonoacetic acid, 3TMS
derivative 0.31± 0.01a 0.26± 0.01a 0.36± 0.02a N 0.35± 0.01a

Subtotal 0.84 0.42 0.66 0 0.35
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1e total content of alkanes in wine increased to a
maximum in the Ili River valley but decreased to the
minimum in Shihezi during the aging (Table 5), which
depended mostly on indole playing an important role in
content variation based on the local ecological charac-
teristics. However, the indole content decreased because
of unstable and easily oxidized chemical properties in the
postfermentation period [79]. Alkanes had little contri-
bution to the characteristic flavor of our results because of
high threshold values [80], which was corresponding with
Kedong sufu [81]. Nevertheless, some compounds iden-
tified, OAVs <1, could also contribute to the fruity
character of wine due to synergistic effects [29].

3.2.5. Other Aroma Compounds. 1e other ingredients,
though very few, are likewise very important in regulating the
wine flavor. FromTable 6, 5 types of volatile other components,
0.21–3.10mg/L, was quantified in 5 wines, which covered 3
varieties (3.03mg/L) in Shihezi, 3 varieties (2.59mg/L) in
Manas, 3 varieties (4.92mg/L) in the Ili River valley, 1 variety
(1.55mg/L) in Turpan, and 1 variety (1.52mg/L) in Hoxud
County. 1ymol, TBDMS derivative, and benzaldehyde were
only in Shihezi and the Ili River valley wine, nonanal only in
Shihezi and Manas, 2-buten-1-one, 1-(2, 6, 6-trimethyl-1, 3-
cyclohexadien-1-yl)-, (E)- only in Manas and the Ili River

valley, which indicated that the existence of these ingredients
needed also to meet certain ecological conditions.

In Table 6, aldehydes and ketones detected from five
wines were nonanal (0.38mg/L in Shihezi and 0.21mg/L in
Manas), benzaldehyde (3.10mg/L in the Ili River valley), and
2-buten-1-one, 1-(2, 6, 6-trimethyl-1, 3-cyclohexadien-1-
yl)-, (E)-(0.79mg/L and 0.28mg/L in Manas and Ili River
valley, respectively). Yue et al. [1] found that the concen-
tration of benzaldehyde was inversely proportional to the
altitude. In the trial, only wine in the Ili River valley yielded
benzaldehyde, which could rely on the unique ecological
conditions in the Ili River valley except for the altitude.
However, nonanal was suitable for environmental condi-
tions for medium altitude based on discovery only in Shihezi
(450.8m) and Manas (578m). Octanal, nonanal, and 2-
decenal could be derived from oleic acid [82].1ere was only
nonanal in Shihezi and Manas (Table 6), and ethyl oleate in
Shihezi, the Ili River valley, and Turpan (Table 2) without
oleic acid (Table 4) in the trial, which meant that envi-
ronmental conditions in Shihezi could promote maximum
nonanal, including precursor such as oleic acid, and Hoxud
County did not have the ecological conditions to form oleic
acid and nonanal.

Aldehydes, the main products of lipid oxidation and
degradation or the autooxidation of unsaturated fatty acids
via hydroperoxides [83], might be converted to alcohols or

Table 5: Comparison of alkanes in Cabernet Sauvignon dry red wine from 5 regions in Xinjiang (mg/L).

OTH ODE Shihezi Manas Ili River valley Turpan Hoxud County
Cyclononasiloxane, octadecamethyl- 0.79± 0.04a 0.82± 0.03a 0.65± 0.02a 1.03± 0.03a 0.58± 0.01a
Cyclotrisiloxane, hexamethyl- 0.50± 0.01a 0.58± 0.02a 0.66± 0.02a 0.41± 0.03a 0.07± 0.02a
Cyclotetrasiloxane, octamethyl- 0.17± 0.04a 0.19± 0.01a 0.13± 0.01a 0.20± 0.02a 0.16± 0.01a
Cyclopentasiloxane, decamethyl- 2.17± 0.25a 18.86± 0.13a 59.52± 0.48a 38.88± 0.34a 29.39± 0.62a
Cyclohexasiloxane, dodecamethyl- 1.79± 0.03a 14.90± 0.23a 80.21± 0.45a 27.24± 0.36a 33.09± 0.22a
Cycloheptasiloxane, tetradecamethyl- 8.52± 0.11a 10.00± 0.33a 42.45± 0.46a 14.54± 0.12a 17.83± 0.15a
Cyclooctasiloxane, hexadecamethyl- 2.69± 0.31a 2.97± 0.13a 5.83± 0.22a 3.80± 0.15a 3.58± 0.23a
Pentasiloxane, dodecamethyl- N N 0.38± 0.01a 0.43± 0.02a 0.19± 0.01a
Subtotal 16.63 48.32 189.83 86.55 84.89

Table 6: Comparison of other components in Cabernet Sauvignon dry red wine from 5 regions in Xinjiang (mg/L).

OTH ODE Shihezi Manas Ili River
valley Turpan Hoxud

County
1ymol, TBDMS derivative 0.26± 0.01a N N N N

Nonanal 0.001i Green, slightly pungentb,e

Fat, citrus, green, fruityf,i 0.38± 0.02a 0.21± 0.01a N N N

2,4-Di-tert-butylphenol 0.2a 2.39± 0.15a 1.59± 0.11a 1.54± 0.08a 1.55± 0.05a 1.52± 0.04a

2-Buten-1-one, 1-(2,6,6-
trimethyl-1,3-cyclohexadien-
1-yl)-, (E)-(β-damascenone)

0.00005a
Sweet, perfume, floral,

fruity, (Stabilwax Column)
q sweet, cooked pineapple

(DB-5 Column)q
N 0.79± 0.01a 0.28± 0.01a N N

Benzaldehyde 0.35f
Sweet, fruity, roasted,

cherry or almond, fragrant,
burnt sugarf

N N 3.10± 0.24a N N

Subtotal 3.03 2.59 4.92 1.55 1.52
qKlesk et al. (2004).
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acids in the fermentation [84], and also help enhancing the
flavor under the low content and cause off-flavors with high
concentration [84, 85]. 1ese aldehydes had been catego-
rized as sweet, fruity, nutty, and caramel-like odors [86].
Among nonaldehyde and benzaldehyde (cherry or almond-
like odor) from microorganism transformation and amino
acid degradation [87], benzaldehyde was detected only in the
Ili River valley wine, accounting for more than 84.01% of the
total aldehydes (Table 6), which was comparable to Guyue
Longshan rice wine [88]. Benzaldehyde depended mainly on
chemical characteristics of grape [51], which was related to
bitter almond notes with a nondesirable trait [59] or a mix of
fruity and nutty aromas [18].1e nonaldehyde was higher in
Shihezi wines than that in Manas samples. Furthermore, the
content of aldehydes varied from region to region, which
reflected the oxidizing reaction of alcohols among different
regions during the aging. 1e relatively small amounts of
aldehydes in wines (Table 6) were due to the reduction of
aldehyde to the corresponding alcohol during lipid meta-
bolism [17]. 1e aliphatic aldehyde series presented a range
of fragrances from the green aroma associated with lower
aldehydes to the citrus fruit fragrance of aldehydes with
C8–C11 [89]. C8–C11 family of aldehydes is quite common
in nature. Nonanal was the most powerful aldehyde with
thresholds in 1.0 μg/L of water, well below the thresholds of
other linear aliphatic aldehydes. It must be remarked that a
very low level of nonanal, with a powerful fatty-floral odor
[90], had been often identified as potentially active odorants
of wine [90, 91], which was in accordance with our results.
Altogether, the levels and sensory roles of these elements in
red wines were not well understood today, and more
quantitative data would be necessary. Another relevant
question on aldehydes could be established on different
chemical or physicochemical interactions with other species
in wine, such as sulfur dioxide [92, 93], which could be
important contributors to the citrus aroma of some specific
wines [89]. 1erefore, there were many factors that affected
the yield of aldehydes.

Volatile phenols are one of the key aromatic molecules
responsible for olfactory defects in wine. It’s worth noting that
2, 4-di-tert-butylphenol (2, 4 DTBP) with a known antioxi-
dant was a characteristic component of Cabernet Sauvignon
dry red wine [13] and amphora wines [17]. Because of the
difference in content in the trial, antimicrobial activity of wine
in Shihezi (2.39mg/L) was higher than other samples, such as
Manas (1.59mg/L), Ili River valley (1.54mg/L), Turpan
(1.55mg/L), and Hoxud County (1.55mg/L). Result of Choi
et al. [94] confirmed the antifungal activity of 2, 4 DTBP in
fruits and seeds against the plasmodial growth in vitro [95]. 2,
4 DTBP could inhibit the assembly of spindle microtubules,
disturb the chromosomal alignment at the metaphase plate
and microtubule– kinetochore interactions, and cause further
chromatid loss, which reduced the mycelia growth and the
germination of spores [96]. 1erefore, the presence of 2, 4
DTBP could enhance the antibacterial properties of wine.

Terpenes with floral and citric aromas had low olfactory
thresholds [97], which were thought of as a good indicator
for the variety and quality of grape during the fermentation
[98]. β-damascenone was isolated from Bulgarian rose (Rosa

damascena) oil [99] and first identified in grapes and wines
by Schreier and Drawert [100]. Although having a very low
odor threshold (0.05 μg/L) and concentration in Chinese
wild/hybrid species wines [37], β-damascenone, as an im-
portant terpene compound with a rose-like fruity, perfume,
sweet, and berry odor, exceeded the odor threshold in wines
from Jiunongding-2330 (OAV 85.60) and Jiangpo-2788
(OAV 78.00) [1]. 1ere were similar results in the trial; for
example, β-damascenones far exceeded the entire odor
threshold (15791 in Manas and 5615 in the Ili River valley).
Additionally, β-damascenone also showed a significantly
higher aroma impact in Arkansas than that in Oregon [101],
which displayed that producing areas could affect the dif-
ference of concentrations of β-damascenone. Just in the
experiment, there were 0.79 mg/L (Manas) > 0.28 mg/L (Ili
River valley) > 4000 ng/L [102].1is value was also estimated
at 4.5 μg/L in sweet white wine [103] and 50 ng/L in a model
wine [97].1erefore, concentrations and thresholds rely also
on types of product; the compound was considered as a
positive contributor to wine aroma [91], and the region
affected the threshold, especially for the same flavor
substance.

β-damascenone could enhance some fruity aromas and
mask the herbaceous aroma of methoxypyrazine, owing to
more of an indirect than a direct sensorial impact on red
wines [104]. 1e enhancement of β-damascenone proposed
as carotenoid breakdown products chemically degraded in
Uruguayan wines [91] and aged Spanish red wines [105],
which played an important role in the evolution of aroma
during the aging. 1is complexity of the aroma ingredient
complicated the aroma properties of a wine, because of the
effect of other volatile compounds on the perception.
Moreover, the long period of aging (more than 4 years both
for bottle-aged vintage category after barrel-aged tawny
category) also led potentially to chemical reactions with the
norisoprenoid and other constituents of oak woods [106],
which was one of main reasons promoting β-damascenone
reduce or even disappeared in five regions in the research
(Table 6).

Moreover, the long period of aging (more than 4 years
for bottle-aged period after barrel-aged period) also led
potentially to chemical reactions with the norisoprenoid and
other constituents of oak woods [107, 108] which was one of
the main reasons promoting β-damascenone to reduce or
even disappear in five regions in the research (Table 6). 1e
threshold of thymol in honey was 1.1mg/kg–1.3mg/kg
[109], which was conducive to revealing further its contri-
bution to the flavor of wine.

Research found that alcohols, alkanes, aldehydes, and
esters originated from fruit peels and stem peels, and car-
boxylic acids from fruit peels [55, 59], which gave us a useful
hint on supplementing a proportion of fruit peels and stem
peels for the fermentation in red wine [56] tomake up for the
defects in the production area with regard to aroma.

4. Conclusions

Wines from Shihezi, Manas, Hoxud County, Turpan, and the
Ili River valley allowed the identification and quantification
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of 55 volatile compounds, which included esters (29,
52.73%), alcohols (10, 18.18%), acids (3, 5.45%), alkanes (8,
14.55%), and other components (5, 9.09%). 1e majority of
volatiles were esters and alcohols.1e concentrations of total
volatiles in the five samples ranged from 0.05mg/L (Hoxud
County) to 222.23mg/L (Turpan). Turpan had the highest
concentrations of esters (222.23mg/L) and alcohols
(120.65mg/L), Shihezi had the highest acid concentration
(0.53mg/L), and the Ili River valley had the highest con-
centration in alkanes (1.43mg/L) and other components
(3.10mg/L). It proved that the numbers and concentrations
of volatile compounds were closely linked to the wine region,
no matter whether it is common or a large number of or
trace components, which was the indispensable part of wine
flavor. Each region has its own ecological characteristics that
make it possible to produce unique styles in wine, in term of
esters, alcohols, acids, alkanes, and others. Some composi-
tions were common for the variety. Esters and alcohols were
the major components of Cabernet Sauvignon wine in
Xinjiang.

In addition, changes in appellation were related closely
to the performance of concentration, ODE, and OTH in
wines, especially for the same flavor substance. Appellation
factors would affect the fermentation, aging, and even
formation and transformation of flavor substances in wines.
1e environmental conditions for fermentation and aging
were created by grape materials related closely to ecological
conditions. 1erefore, three conditions for the formation of
flavor substances were in turn appellation factors, meta-
bolism and fermentation, and appropriate alterung
according to production processes and their decisive role in
wine quality. Moreover, an oxygen threshold and the
amount of oxygen intake induced by the space of grape juice
with fruit stalks formed were necessary during the
fermentation.

Each volatile matter had its own flavor characteristics,
any combination of which complicated the flavor of the
product. 1e unique raw materials created in the region laid
the foundation for the development of products with unique
flavors. However, the production area can produce disparate
type and concentration of the substrate for fermentation.
When choosing a wine you enjoy, the first requirement is to
choose the right region.
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Additional Points

Practical Applications. It is a technique to select the right
region to extract the potential quality of wine grapes, im-
prove the quality of wine, and make wines with different
styles. 1e quality of grapes is fully reflected in this region,
which can increase its added value and reduce the pro-
duction cost of wine, which is also very beneficial for the
development of the grape and wine industry in the arid and
semi-arid high-quality wine-grape-producing areas.
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