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Abstract
Wine contains a multitude of volatile and non-volatile compounds. The sensory characteristics of wine are strongly influenced 
by the volatile aromas. In this study, we used headspace solid-phase micro-extraction (HS-SPME) and gas chromatography 
mass spectrometry (GC–MS) to analyze the Cabernet Sauvignon Grape samples obtained from Ningxia (China) processed 
by drying, winemaking, and aging, respectively. Thirty-seven compounds that significantly influenced the wine aroma 
characteristics were analyzed quantitatively. Results showed a close correlation of grape or wine volatile components with 
the flavor characteristics. 16, 29, and 32 aroma compounds were characterized during the drying, fermentation, and aging 
processes, respectively. Drying of Cabernet Sauvignon decreased fruity aromas but enhanced herbaceous and caramel aromas. 
After fermentation, the aroma component showed substantial increase, with more pronounced caramel, floral, and fruity 
characteristics in the wine. The aging process decreased the aroma content, but there appeared to be a positive influence on 
the formation of aging aromas, such as furfuryl alcohol, furfural, and 5-methylfurfural. The aging process not only directly 
altered the general composition of wine, but also showed a positive influence on sensory properties. These findings shed 
new light on the mechanism of wine drying, fermentation, and aging process, which can help improve wine characteristics.
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Introduction

Recent years have witnessed rapid developments in the 
wine industry to cater to the increasing demand for high-
quality fruit wine. Dehydration of grapes is correlated with 
enhancement of grape flavor, accumulation of sugars, and 
improved quality of wines [1]. Although, dehydration of 
grape berry can reduce the wine yield by up to 25–30%, 
it improves the wine quality and its market value [2]. 
Dehydration of grapes through high and low temperature 
alternately leads to increase in anthocyanin concentration 
and antioxidant activity [3]. Fermentation of a mixture of 

dehydrated grapes and fresh grapes was shown to rapidly 
achieve organoleptic harmony and stabilization [5]. Studies 
have also shown significant differences between the sensory 
properties of shriveled and non-shriveled berries [4]. Wine 
makers have discovered that the process of grape dehydra-
tion not only decreases the water content in berries, but also 
increases the aroma compounds and chemical reactions [6, 
8]. Moreover, previous studies have shown enhancement of 
several flavor characteristics during the aging process. In 
the study by Tomašević et al. [7], the combination of high 
concentrations of free sulfur dioxide and glutathione was 
found to slow the decline of aromatic compounds in wines 
after 12 months of aging. Overall, many studies have sepa-
rately investigated the effect of drying, fermentation, and 
aging on aroma compounds. However, systematic study of 
the changes in aroma characteristics during drying, fermen-
tation, and aging has not been reported.

Recent developments in sorption methods coupled with 
aroma detection technology such as solid-phase extraction 
(SPE), headspace solid-phase micro-extraction (HS-SPME), 
stir-bar sorptive extraction (SBSE) methodologies, Gas 
Chromatography-Mass Spectrometry (GC–MS), and Liquid 
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Chromatography-Mass Spectrometry (LC–MS) have helped 
improve the analysis methods and enabled the simultaneous 
detection of hundreds of metabolites in complex systems [9, 
10]. Aroma is considered as one of the most important indi-
cators of the quality of wine. In this context, the detection 
of aroma presentation in wines offers new opportunities to 
study the factors that impact on the flavor, quality, and sen-
sory characteristics of wines [11]. Mayr et al. [12] reported 
a quantitation method for oxidative aromas in aged wines 
using GC–MS. Jiang et al. [13] identified and quantified a 
total of 52 and 51 volatile compounds in the Cabernet Sauvi-
gnon and Merlot wines, respectively, using SPME-GC/MS. 
Schueuermann et al. [14] found that the Pinot noir wines 
vineyard sites can be distinguished through detection of four 
compounds including β-citronellol, homovanillyl alcohol, 
N-(3-methylbutyl) acetamide, and N-(2-phenylethyl) aceta-
mide using GC–MS.

Cabernet Sauvignon is the world's most widely planted 
dark grape varieties. In particular, Cabernet Sauvignon is 
grown across all warm grape growing regions of the world 
and has excellent aging potential [15, 17]. China’s main 
Cabernet Sauvignon appellation is located in the eastern 
foothills of the Helan Mountains in Ningxia, with a large 
temperature difference between day and night, strong sun-
shine, and abundant heat. In consequence, Cabernet Sauvi-
gnon grapes produced in this district have the characteristics 
of luscious flavor, excellent color, and optimal proportion 
of sugar and acid [16]. However, there is a paucity of pub-
lished data on the relationship between the changes in aroma 
compounds and the sensory characteristics of Cabernet sau-
vignon during drying, fermentation, and aging. Therefore, 
the purpose of the current study was to systematically detect 
the changes in volatile aroma of Cabernet Sauvignon grapes 
in Ningxia, China, during drying, winemaking, and aging 
process using HS–SPME–GC–MS technology. One novel 
aspect of this study was that we profiled flavor characteristic 
changes of Cabernet Sauvignon during various stages of the 
production process of high-quality dry wine (i.e., drying fer-
mentation, and aging) by testing aromas during the different 
processes. Our findings may help improve the development 
of high-quality wine.

Materials and methods

Chemicals

Lafase HE, Zymaflore F15, and Lactoenos 450 PreAC were 
purchased from LAFFORT (Bordeaux, France); HPLC-
grade ethanol, methanol and acetonitrile were purchased 
from Fisher Scientific (Beijing, China). Standard products 
(≥ 99%): 3-methyl-1-butanol, 1-octene-3-ol, 1-hexanol, 
phenylethyl alcohol, benzyl alcohol, cis-3-hexen-1-ol, 

trans-3-hexen-1-ol,citronellol, decanoic acid ethyl ester, 
butanedioic acid diethyl ester, octanoic acid ethyl ester, 
hexanal, phenylacetaldehyde, benzaldehyde, citral (neral 
and geranial), ethyl phenylacetate, 3-methyl-1-pentanol, 
ethyl butyrate, isoamyl acetate, 1-heptanol, ethyl caproate, 
ethyl heptanoate, methyl octanoate, decanoic acid methyl 
ester, isopentyl hexanoate, ethyl 3-methylbutanoate, beta-
damascenone, octanoic acid, linalool, nonanoic acid ethyl 
ester, 1-nonanol, 1-decanol, hexanoic acid, 3-methylthio-
1-propanol, 5-methyl furfural, furfural, and furfuryl alco-
hol were supplied by Sigma-Aldrich (Castle Hill, NSW/
Australia).

Dehydration process

Cabernet Sauvignon grapes were sourced from a commer-
cial vineyard located in Yinchuan (Ningxia, China). Grapes 
are harvested when the sugar content reaches 208–210 g/L. 
The ripe grapes were picked and delivered to the winery 
for immediate processing. Grapes were placed in baskets in 
groups of five kilos. The baskets and grapes were left to dry 
naturally in a cool and ventilated place for approximately 
12 days. Berry samples for each treatment and replicate were 
collected every 3 days to determine the glucose and acids. 
Dried Cabernet Sauvignon wines were produced when the 
sugar content of the grapes was maintained at 265–275 g/L.

Winemaking

In this experiment, grapes from Ningxia vineyards were used 
as raw materials. Fresh Cabernet Sauvignon was mechani-
cally destemmed and crushed before transferring into 50 L 
variable capacity stainless steel tanks. However, the steps in 
the production of dry Cabernet Sauvignon wines are slightly 
different. Crushing can only be done when the sugar level in 
the Cabernet Sauvignon grapes has dropped to 265–275 g/L. 
The must was added with 0.01% sulfurous acid (Fisher Sci-
entific, Beijing/China) and 0.02 g/L EXV pectinase (Laf-
ford, Bordeaux/France) and soaked in an environment of 
10 °C for 12 h. After impregnation, the temperature was 
raised to 20 °C naturally, and the must was inoculated with 
0.2 g/L of Zymaflore F15 (Lafford, Bordeaux/France). Fer-
mentation was carried in a temperature-controlled room to 
ensure a temperature range of 18–22 °C. The progress of 
fermentation was regulated every 3 days to measure total 
reducing sugar content using a PAL-1 Atago refractometer 
(Atago Inc., Bellevue/WA). When the reducing sugar con-
tent had dropped to 4 g/L and remained stable, the alcohol 
fermentation ended. After fermentation, the original wine 
was transferred to oak barrels (Seguin Moreau, Maybank/
France), respectively. Samples were maintained at 20 ± 2 °C 
and Lactoenos 450 PreAC (Lafford, Bordeaux/France) was 
added to allow malolactic fermentation.
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Aging process

After fermentation, the Cabernet Sauvignon wine was 
aged in oak barrels (Seguin Moreau, Maybank/France) 
for 18 months. After bonding, clarifying, and freezing, the 
samples obtained from the oak barrels were put in 750 mL 
glass bottles (BVS Burgundy wine bottle AG056, VinPro/
NZ). The samples were bottled at 18–20 °C and aged for 
24 months.

Handling of standards

In this study, the external standard method was used to accu-
rately determine the key aroma compounds shared by wine 
samples analyzed by HS–SPME–GC–MS. The method used 
in this work was that described by Nie Congning et al. [17] 
with some modifications. Ethanol was used as a matrix, and 
equipped with mixed standards of different concentrations 
first. Then, SPME was used for extraction, and GC–MS was 
used to analyze the aroma compounds of standers. The con-
centration of the compound to be quantified in the mixed 
standard was plotted along the x-axis, and the peak area of 
the standard was plotted along the y-axis. By adjusting the 
concentration of the external standards added to the sample, 
a standard curve was prepared. The compounds were accu-
rately quantified using the standard curves.

With ethanol dilution of 2-octanol as internal standard 
method, the content of 2-octanol in wine samples reached 
500 µg/L, and the aroma content was accurately quantified. 
The relative amounts of aroma volatiles were obtained by 
multiplying the area ratio of internal standard by the con-
centration (µg/L) of the internal standard.

HS–SPME–GC–MS data acquisition

Samples were analyzed by Gas Chromatography-Mass spec-
trometry (GC/MS) as reported in Alekandra Bojke et al. 
[18]. For the chromatographic separation, a Thermo Sci-
entificTM TRACETM 1310 gas chromatograph (Thermo 
Fisher Scientific Inc., Massachusetts/USA) equipped with 
Thermo ScientificTM TriPlusTM RSH autosampler and 
Thermo ScientificTM ISQ LT mass spectrometer was used. 
HS-SPME was performed with a 75 µm divinylbenzene/car-
boxen/polydimethylsiloxane (DVB/CAR/PDMS) capillary 
column, and allowed separation and qualitative and quan-
titative analysis. Wine samples (10 mL wines with 100 µL 
2-octanol and 3 g sodium chloride) were homogenized in a 
20 mL glass vial tightened with a silicon septum and mag-
netic metal crimp. Glass vials were maintained at 37 °C for 
30 min and headspace extraction was performed for 30 min. 
After sampling, the SPME fiber was attached to the Thermo 
Scientific TM TRACETM 1310 gas chromatograph injector 

for 10 min at 270 °C. At the same time, the instrument was 
started for analysis.

A Trace-GOLD TG-5MS (30 m × 0.25 m × 0.25 µm) cap-
illary chromatographic column from Thermo ScientificTM 
(Massachusetts, USA) was used for GC/MS. The separa-
tion with helium (purity > 99.999%) flowing at a constant 
flow rate of 1 mL/min. The linear temperature program was 
as follows: the initial temperature was set to 80 °C, held 
for 1 min, then ramped up to 280 °C at a heating rate of 
10 °C/min, and maintained for 10 min. The GC was run in 
split-less mode. The GC operating time was approximately 
50 min, and the acquisition rate was set to 0.2 s. The ion 
source for MS detection was EI in positive mode at 70 eV 
with a temperature of 280 °C, and the transmission line tem-
perature was 250 °C. The m/z scan was carried out from 50 
to 350 m/z. Standard curves were established in the concen-
tration range of 5–3000 µg/L for each aroma component.

Sensory analysis

Sensory evaluation was conducted by nine professional 
tasters from across the country [19]. The same procedure 
was repeated three times for each of the wine samples. To 
ensure standardization of the review procedure, the panel 
was carried out in strict accordance with the unified regula-
tions (GB/T 15,038–2005), using a standard list of vocab-
ulary terms to describe the differences between the wine 
samples with respect to appearance, aroma, taste, and typi-
cality. The panel scored four aspects of the appearance (10 
points), aroma (30 points), taste (40 points), and typicality 
(20 points) of wine samples and used standardized words 
to describe. The researcher recorded the characteristics of 
Cabernet Vintage description and recorded the score of wine 
and took the average as the final result.

General composition

Along the aging process, alcohol concentration (%, 
v/v), total acid (expressed as g/L of tartaric acid), volatile 
acid (g/L), reducing sugar (g/L), polyphenol index, glycerol 
(g/L), and dry extract (g/L) in wine were measured by Oeno-
Foss™ (Foss, Denmark). Chroma was determined by spec-
trophotometric assays according to the methods reported by 
Ju Yanlun et al. [20].

Data analysis

Tables were constructed using Microsoft Word 2019. 
All data were presented as mean ± standard deviation 
(mean ± SD, n = 3), and data analysis was performed using 
SPSS 18.0 software (SPSS Inc., Chicago, IL/USA). The 
graphs were designed using the Origin 2021 software 
(OriginLab Corporation, Northampton/MA).
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Results and discussion

Changes of flavor substances in grapes

To illustrate the effects of dehydration on grape volatile aro-
mas, HS-SPME-GC/MS analyses were performed on meas-
ured aroma compounds of dried Cabernet Sauvignon berries 
before and after dehydrating. In addition, standard curves 
(Table 8) were developed for 37 external standards that have 
a strong influence on aroma characteristics [21]. In dried 
Cabernet Sauvignon berries, there are 35 aromas, including 
12 alcohols, 8 esters, 5 organic acids, and 5 aldehydes. On 
the basic of qualitative analysis, external standards method 
was adopted for quantitative analysis of 16 volatile compo-
nents, including 8 alcohols, 3 esters, 1 organic acid, and 4 
aldehydes in Cabernet Sauvignon and dried Cabernet Sau-
vignon berries, respectively. Table 1 shows the content of 
aroma compounds of Cabernet Sauvignon grapes before and 
after dehydrating.

We analyzed the changes in alcohols, esters, organic acids, 
and aldehydes before and after dehydrating (Fig. 1). In the 
present study, the contents of esters and organic acids were 
particularly affected by the dehydrating process, showing 

an increase by 83.5% and 88.27%. However, alcohols and 
aldehydes decreased from 7921.51 µg/L to 7621.04 µg/L, 
and 2925.53 µg/L to 962 µg/L, respectively, after drying of 
Cabernet Sauvignon grapes. Alcohol accounted for a large 
proportion of aroma ingredients. Among alcohol, there 
was a significant change in the content of 1-hexanol and 

Table 1   Quantification of aroma 
compounds before and after 
drying

Data presented as mean ± SE (n = 3)
*P < 0.05, **P < 0.01
Na indicates no significant difference

Number Odorant Concentration (µg/L) Significance

before drying after drying

1 3-methyl-1-butanol 1667.81 ± 158.97 2185.69 ± 760.98 **
2 trans-3-hexen-1-ol 188.23 ± 9.14 113.09 ± 39.41 **
3 1-octene-3-ol 4.14 ± 0.33 24.09 ± 9.86 **
4 citronellol 0.38 ± 0.01 0.37 ± 0.1 *
5 phenylethyl alcohol 436.39 ± 48.9 445.33 ± 140.11 Na
6 1-hexanol 4393.83 ± 151.3 3910.99 ± 1287.41 *
7 benzyl alcohol 696.66 ± 104.36 548.58 ± 163.48 *
8 3-hexen-1-ol 534.03 ± 31.29 392.86 ± 122.39 *

Alcohols 7921.51 ± 449.86 7621.04 ± 2521.01 Na
9 hexanoic acid 1371.13 ± 121.06 2515.98 ± 820.05 **

Acids 1371.13 ± 121.06 2515.98 ± 820.05 **
10 hexanal 2711.73 ± 353.41 739.79 ± 241.53 **
11 phenylacetaldehyde 205.09 ± 30.33 213.08 ± 78.54 **
12 benzaldehyde 8.42 ± 0.38 8.85 ± 2.85 *
13 citral 0.28 ± 0.01 0.29 ± 0.08 *

Aldehyde 2925.53 ± 332.76 962.02 ± 318.44 **
14 butanedioic acid diethyl ester 0.73 ± 0.01 1.5 ± 0.82 **
15 decanoic acid ethyl ester 0.18 ± 0.01 0.21 ± 0.04 *
16 octanoic acid ethyl ester 0.17 ± 0.01 0.33 ± 0.18 **

Esters 1.09 ± 0.01 2.05 ± 1.03 Na
Total 12,219.27 ± 506.13 11,101.1 ± 3649.85 **

Fig. 1   Aroma components of Cabernet Sauvignon
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3-methyl-1-butanol from 4393.83 to 3910.99 µg/L, and from 
1667.81 to 2185.69 µg/L, respectively. Organic acid showed 
the same trend as the esters, which were mostly contributed 
by octanoic acid and butanedioic acid diethyl ester.

According to the U.C. Davis description about aromas 
[22], 16 aroma volatile components were divided into 6 
distinct categories including herbaceous/vegetative, floral, 
fruity, caramel, earthy, and nutty. After dehydration, fruity 
decreased from 2918.2 to 955.22 µg/L, while nutty increased 
from 4.14 to 24.09 µg/L. Notably, during the dehydrating 
process, the content of herbaceous, nutty, and caramel were 
both enhanced, which is consistent with the evaluation of 
sensory properties. There was a 5.8-fold increase in the 
1-octen-3-ol content, which contributed to the earthy aroma. 
Of note, 3-methyl-1-butanol increased by 23.69%, which 
reflected the flavor characteristics of Cabernet Sauvignon 
berries after dehydrating (Table 2).

Changes in flavor substances during fermentation

During the fermentation process, 46 compounds were iden-
tified, including 16 alcohols, 22 esters, 5 organic acids, 2 
ketones, and 1 alkene. On the basic of qualitative analy-
sis, external standards method was adopted for quantitative 
analysis of 29 volatile components. The aroma content of 
alcohols, esters, acids and ketones showed an increasing 
trend during the fermentation of dried Cabernet Sauvignon 
grapes (Figs. 2, 3, 4, 5). During the fermentation process, 
the trend of increase in alcohols was similar to that of esters. 
Alcohols and esters showed a gradual increase during the 
first 3 days of fermentation, followed by a rapid increase 
from 3 to 8 days, indicating the production of a large num-
ber of alcohol and ester substances during the active period 
of alcohol fermentation of dried Cabernet Sauvignon. The 
alcohol and ester content plateaued after 8 days. In particu-
lar, the content of octanoic acid ethyl ester, ethyl caproate, 
ethyl butyrate, nonanoic acid ethyl ester, and decanoic acid 

Table 2   Variation in aroma characteristics of grape

Aroma type Odorant Concentration (µg/L)

before drying after drying

caramel 3-methyl-1-butanol 1667.81 ± 158.97 2185.69 ± 760.98
fruity decanoic acid ethyl ester, butanedioic acid diethyl ester, octanoic acid ethyl 

ester, citral, phenylacetaldehyde, hexanal
2918.2 ± 332.86 955.22 ± 315.54

floral phenylethyl alcohol 436.39 ± 48.9 445.33 ± 140.11
herbaceous hexenal, citronellol, hexanoic acid, trans-3-hexen-1-ol, 3-hexen-1-ol, 6487.63 ± 288.7 6933.3 ± 2263.99
earthy 1-octen-3-ol 4.14 ± 0.33 24.09 ± 9.86
nutty benzyl alcohol, benzaldehyde 705.08 ± 104.71 557.44 ± 166.34

Fig. 2   The changes in alcohols during the fermentation of dry Caber-
net Sauvignon wine

Fig. 3   The changes in esters during the fermentation of dry Cabernet 
Sauvignon wine
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ethyl ester showed at least a tenfold increase, contributing 
to the sense of the fruit (P < 0.05). The aroma content of 
ketones shows an increasing trend during the fermentation 
process of dried Cabernet Sauvignon grape. It should be 
noted that ketones were greatly reduced on the fourth day 
of fermentation, induced by separation of waste residue of 
grape skin [23].   

A great number of aromatic substances were produced 
in wine during fermentation, such as caramel, fruity, floral, 
herbaceous/vegetative, earthy, and nutty aromas (Table 3). 
At the beginning of fermentation, the aroma content of floral 
and caramel showed an increase, which is the main charac-
teristic of grape berries. Conversely, the aroma substances 
with herbaceous/vegetative characteristics showed a gradual 
increase, only in the range of 32.8%, at the end of fermenta-
tion. The content of fruit aromas increased over the course 

of the 5 days and then began to decrease. It is worth not-
ing that the fruit aromas on the fifth day of fermentation 
were similar to that at the end of fermentation. This may be 
attributable to the different ferment rate [24]. At the peak of 
fermentation (5–8 days), high production of carbon dioxide 
volatilizes a large number of esters which are associated with 
flavors. Therefore, the fruity aromas were low. Conversely, 
fermentation rate decreased after 8 days leading to a gradual 
increase in the fruity aroma.

Caramel aromas were the main aroma component in dry 
Cabernet Sauvignon wines, accounting for about 77.2% of 
the total aroma. In second place was the floral, accounting 
for approximately 18.9% of the total aroma. Of note, the 
fruity aroma has the highest number of aromas compounds, 
but only 1.9% in total. The content of herbaceous, earthy, 
nutty aromas was lower than 1% in dried Cabernet Sauvi-
gnon aromas.

After fermentation, the variety of aromas in wine showed 
an obvious increase. Several sensory descriptors aromas, 
such as fruity, floral, nutty, earthy, and caramel were sig-
nificantly accentuated in wines made from dried Cabernet 
Sauvignon grapes compared to dried grapes. However, the 
number of herbaceous/vegetative aromas of wine was sig-
nificantly decreased. Caramel and herbaceous/vegetative 
aromas are the main characteristics of the dried Cabernet 
Sauvignon berries. While, after fermentation, the wine 
reflects fermented characteristics such as caramel, floral, 
and fruity, but herbaceous/vegetative aromas are decreased. 
After fermentation, the aromatic characteristics are more 
prominent in the wine.

Changes in flavor substances during the aging 
process

During the aging process, the oak barrels function as an 
active vessel that releases a quantity of aromatic material 
compounds into the wine, promoting its gradual ripening 
and improving its physical, chemical, and sensory proper-
ties [25]. HS-SPME-GC/MS was used to analyze the aroma 
compounds of Cabernet Sauvignon wines. A total of 72 
odors, including esters, alcohols, organic acids, ketones, and 
aging odors were identified in dried Cabernet Sauvignon 
wine after aging (Table 4). On the basic of qualitative analy-
sis, external standards method was adopted for quantitative 
analysis of 32 volatile components, including 14 alcohols, 
13 esters, 2 acids, 1 ketone, and 2 aldehydes.

In addition to their concentration, the already known odor 
threshold values and the odor activity values (OAVs) (the 
lowest concentration of a compound in vapory phase which 
can be detected by smell) for each determined compound 
were also considered (Tables 4 for aged wine and unaged 
wines). The results showed that the variety of volatile com-
pounds in wines increased as they aged. In addition, some 

Fig. 4   The changes in acids during the fermentation of dry Cabernet 
Sauvignon wine

Fig. 5   The changes in ketones during the fermentation of dry Caber-
net Sauvignon wine
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aromas with floral and fruity characteristics, i.e., 3-methyl-
1-pentanol and citronellol were reduced in wines during the 
aging treatment in comparison to non-aged wines. Never-
theless, increased concentrations of some barrel and aging 
compounds were also noted in wines, such as furaldehyde, 
furfuryl alcohol, and 5-methyl furfural.

According to the research, compounds with larger OAVs 
are assumed to be the most dominant contributors to the 
overall aroma of a complex mixture along the lines of wine 
[26]. In dried Cabernet Sauvignon wines, 32 aromas were 
quantified by external standards after aging. These 32 odors 
with 29 aromas before aging were compared, along with the 
changes in OAVs (Table 4).

As stated above, approximately 48.19% odors and 14.8% 
OAVs in dried Cabernet Sauvignon were reduced after 
aging. A decrease in alcohols, esters, acids, and ketones 
aromas (Fig. 6), and an increase in aging odors was noticed 
with aging of dried Cabernet Sauvignon wines. After aging, 
the aroma of 1-hexanol, phenylethyl alcohol, 1-decanol, 
ethyl butyrate, isoamyl acetate, and ethyl caproate showed 
an obvious decrease, among which the components showed 
fruity and floral characteristics. But there was an increase in 
some of the aging and oak baking characteristics in wines, 
such as ethyl 3-methylbutanoate, 1-octene-3-ol, furfural, 
and furfuryl alcohol. These provide a deeper, longer-lasting 
characteristics along with cream, coffee, vanilla, roast, and 
caramel sensory properties.

These results indicate that the aging process affects the 
aroma characteristics. At the end of aging, the main present-
ing aromas (OAV > 10) in Cabernet Sauvignon dry red wines 
changed from 3-methyl-1-butanol, ethyl butyrate, octanoic 
acid, and beta-damascenone to 1-octene-3-ol, furfural, and 
beta-dammarone. The experimental results were consistent 

with those reported by Ferreira et al.  [30]. However, in the 
present study, 3-methyl-1-butanol and 1-octen-3-ol also had 
higher OAV values, which are unique ingredients contribut-
ing to the characteristics of Cabernet Sauvignon in Ningxia. 
During the aging process of dried Cabernet Sauvignon wine, 
simple aromas (such as flowers, fruit, and sweetness) were 
transformed into complex aromas (such as mushroom, dried 
coconut, caramel, spicy, and coffee aromas) (Table 5). The 
unique aromatic compounds after barrel storage were fur-
furyl alcohol, furfural, and 5-methylfurfural, which made 
the wines more mellow and aromatic. After aging, various 
aromas of the dried Cabernet Sauvignon wine tend to be 
balanced, integrated, and coordinated.

General composition of wine

The ripening process of wines during aging generally entails 
a complex series of physical and chemical changes. After 
aging, the general compositions of the wines were measured, 
and the results are summarized in Table 6. After aging, there 
was an increase in the maturation and stability of the wine. 
However, there was no significant change in the alcohol, 
total acid, volatile acid, reducing sugar, polyphenol index, 
glycerin, chroma, or dry extract contents (P > 0.05). How-
ever, there was a decrease in the content of general composi-
tion of dried Cabernet Sauvignon wines, as reflected in the 
reduction of some indices (Table 6). The ethanol difference 
favoring unaged wines over aged wines, can be explained 
by the evaporative loss of ethanol via diffusion through the 
staves observed in oak barrels [27]. The decrease in poly-
phenol index and chroma was due to the precipitation of pig-
ment and the polymerization of pigment and tannin to form 
anthocyanin-tannin complex [28]. The decrease in total acid, 

Table 3   Variation in aroma characteristics during fermentation

Aroma type Odorant Concentration (µg/L)

Inception Day 5 Day 8 End

caramel 3-methyl-1-butanol, 3-methyl-1-pentanol, 
ethyl phenylacetate

6622.2 ± 206.13 264,632.13 ± 878.55 445,862.67 ± 608.79 581,264.95 ± 719.69

fruity 1-heptanol, isoamyl acetate, decanoic 
acid methyl ester, decanoic acid ethyl 
ester, octanoic acid ethyl ester, ethyl 
hexanoate, butanedioic acid diethyl ester, 
ethyl butyrate, octanoic acid, beta-
damascenone, ethyl 3-methylbutanoate, 
isopentyl hexanoate, methyl octanoate, 
ethyl heptanoate

397.27 ± 6.44 13,165.7 ± 90.57 11,374.82 ± 281.24 14,339.55 ± 267.64

floral 1-nonanol,1-decanol, phenylethyl alcohol, 
linalool, nonanoic acid ethyl ester

937.1 ± 11.58 69,345.61 ± 186.53 111,338.39 ± 1013.67 143,799.46 ± 276.3

herbaceous hexanol, citronellol, trans-3-hexen-1-ol, 
hexanoic acid

5387.33 ± 65.72 6342.63 ± 233.93 6772.52 ± 102.49 8027.38 ± 33.03

earthy 3-methylthio-1-propanol, 1-octene-3-ol 53.25 ± 1.74 2581.49 ± 112.58 3980.63 ± 265.82 5385.91 ± 128.44
nutty benzyl alcohol 25.3 ± 2.3 882.07 ± 68.57 1574.85 ± 147.01 1962.31 ± 302.02
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glycerol, and dry extract was due to the clarification effect 
during aging, which is conducive to the ripening and stabi-
lization of wine [29]. Conversely, there was a slight increase 
in volatile acid, ranging from 0.55 to 0.67 g/L during aging.

Descriptive sensory properties of wines

The aromas and flavors of dried Cabernet Sauvignon 
before and after aging were distinguished, although 

Table 4   Changes of aromas and OAV in dried Cabernet Sauvignon wine

— indicates that the olfactory perception threshold of the compound could not be found
 ND indicates that the analysis was not performed in that the sensory threshold of the compound could not be obtained
/ indicates that the compound has not been detected

Number Odorant Threshold (µg/L) Concentration (µg/L) Odor activity value (OAV)

unaged aged unaged aged

1 1-hexanol 4000 4582.78 ± 262.83 2945.06 ± 129.83 1.14 ± 0.06 0.73 ± 0.03
2 1-heptanol 1000 33.87 ± 1.07 0 0.03 ± 0 ND
3 1-nonanol 600 18.77 ± 0.8 14.8 ± 3.27 0.03 ± 0 0.02 ± 0
4 1-decanol 180 6.59 ± 0.11 3.93 ± 0.83 0.03 ± 0 0.02 ± 0
5 benzyl alcohol 80,000 1981.04 ± 212.7 2301.51 ± 382.22 0.02 ± 0 0.02 ± 0
6 phenylethyl alcohol 40,000 143,642.03 ± 5801.68 45,762.71 ± 543.75 3.59 ± 0.14 1.14 ± 0.01
7 linalool 15 5.11 ± 0.83 10.56 ± 1.7 0.34 ± 0.05 0.7 ± 0.11
8 citronellol – 13.1

.5 ± 2.99
0 ND ND

9 3-methylthio-1-propanol 1000 5354.95 ± 336.8 1814.5 ± 226.87 5.35 ± 0.33 1.81 ± 0.22
10 3-methyl-1-butanol 50,000 587,508.14 ± 1513.96 311,944.07 ± 1850.87 11.75 ± 0.03 6.23 ± 0.03
11 3-methyl-1-pentanol 500 158.07 ± 38.41 0 0.31 ± 0.07 ND
12 trans-3-hexen-1-ol 13,000 129.37 ± 7.17 158.64 ± 38.81 0 ± 0 0.01 ± 0
13 1-octene-3-ol 1.2 8.66 ± 0.3 22.69 ± 6.08 7.21 ± 0.25 18.9 ± 5.07
14 furfuryl alcohol 14,100 / 20,865.36 ± 733.3 / 1.47 ± 0.05
Alcohols – 743,442.53 ± 4344.65 385,843.83 ± 1852.85 ND ND
15 isoamyl acetate 2000 2064.88 ± 148.86 672.02 ± 200.82 1.03 ± 0.07 0.33 ± 0.1
16 ethyl 3-methylbutanoate 3 8.45 ± 3.92 20.6 ± 3.32 2.81 ± 1.3 6.86 ± 1.1
17 ethyl heptanoate 400 2.47 ± 0.29 1.58 ± 0.44 0 ± 0 0 ± 0
18 methyl octanoate – 3.79 ± 0.21 2.47 ± 0.34 ND ND
19 isopentyl hexanoate 1000 2.99 ± 0.25 1.84 ± 0.22 0 ± 0 0 ± 0
20 decanoic acid methyl ester 1200 2.36 ± 0.53 0.66 ± 0.12 0 ± 0 0 ± 0
21 nonanoic acid ethyl ester 1300 4.44 ± 0.7 2.18 ± 0.46 0 ± 0 0 ± 0
22 ethyl phenylacetate 250 3.5 ± 0.33 2.99 ± 1.35 0.01 ± 0 0.01 ± 0
23 ethyl octanoate 1200 761.17 ± 71.51 405.61 ± 58.82 0.63 ± 0.05 0.33 ± 0.04
24 ethyl caproate 200 305.82 ± 8.44 231.71 ± 38.76 1.52 ± 0.04 1.15 ± 0.19
25 decanoic acid ethyl ester 1100 354.13 ± 81.13 79.5 ± 23.41 0.32 ± 0.07 0.07 ± 0.02
26 butanedioic acid diethyl ester 200,000 142.03 ± 43.28 130.68 ± 17.22 0 ± 0 0 ± 0
27 ethyl butyrate 20 382.09 ± 38.89 99.31 ± 17.29 19.1 ± 1.94 4.96 ± 0.86
Esters – 4038.12 ± 366.7 1651.15 ± 10.0 ND ND
28 octanoic acid 500 9289.48 ± 1849.24 2347.8 ± 283.65 18.57 ± 3.69 4.69 ± 0.56
29 hexanoic acid 420 3283.5 ± 384.17 2338.34 ± 377.15 7.81 ± 0.91 5.56 ± 0.89
Acids — 12,572.98 ± 2232.13 4686.14 ± 455.43 ND ND
30 beta-damascenone 50 1023.09 ± 229.41 792.69 ± 170.24 20.46 ± 4.58 15.85 ± 3.4

Ketones – 1023.09 ± 229.41 792.69 ± 170.24 ND ND
31 5-methyl furfural 145 / 309.93 ± 22.53 / 2.13 ± 0.15
32 furfural 75 / 1028.86 ± 89.93 / 13.71 ± 1.19

Aldehydes – / 1338.79 ± 96.68 ND ND
Total – 761,076.72 ± 7117.58 394,312.6 ± 1361.46 ND ND
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the differences were subtle. Consequently, the panel of 
experts evaluated the wines and provided a summary of 
the sensory properties. There were obvious differences 
between the unaged and aged dried Cabernet Sauvignon 
wine in appearance, aroma, taste, and typicality (Table 7). 
After aging, dried Cabernet Sauvignon wines with a high 
content of concentrated berries and dried fruit aromas 
showed stronger structure, fuller taste, and greater typi-
cality. As the wine aged, the aromas of dried Cabernet 
Sauvignon wines increased and became more complex.

Conclusions

This study demonstrated significant differences between 
dried Cabernet Sauvignon grape and non-dried Cabernet 
Sauvignon grape, both with respect to aroma character-
istics and the sensory properties, and also demonstrated 
the significant changes in these attributes during the win-
emaking and aging process of dried Cabernet Sauvignon. 

The results show that dried Cabernet Sauvignon had 
decreased fruity aromas but enhanced herbaceous and 
caramel aromas. After fermentation, the dried Cabernet 
Sauvignon wine had prominent fermented characteris-
tics such as caramel, floral, and fruity, with more pro-
nounced aromatic characteristics. The aging process not 
only altered the general composition of the wine, but also 
had a positive influence on the sensory properties and 
formation of complex aromas, such as mushroom, des-
iccated coconut, caramel, spicy, and coffee. This study 
provides important insights from an industry perspec-
tive, as it provides evidence of the influence of handling, 
production, and storage processes of grapes on the aroma 
characteristics of the wine.

Fig. 6   Aroma components of Cabernet Sauvignon wine

Table 5   Variation in aroma characteristics of aged wines

Aroma type Odorant Concentration (µg/L)

unaged aged

caramel 3-methyl-1-butanol, 3-methyl-1-pentanol, ethyl phenylacetate 587,669.71 ± 1481.7 311,947.06 ± 1852.22
fruity 1-heptanol, isoamyl acetate, decanoic acid methyl ester, decanoic acid ethyl 

ester, octanoic acid ethyl ester, ethyl hexanoate, butanedioic acid diethyl 
ester, ethyl butyrate, octanoic acid, beta-damascenone, ethyl 3-methylbu-
tanoate, isopentyl hexanoate, methyl octanoate, ethyl heptanoate

14,376.62 ± 2426.2 4786.47 ± 224.78

floral 1-nonanol,1-decanol, phenylethyl alcohol, linalool, nonanoic acid ethyl ester 143,676.94 ± 5802.7 45,794.18 ± 544.5
herbaceous hexanol, citronellol, trans-3-hexen-1-ol, hexanoic acid 8008.8 ± 482.04 5442.04 ± 461.11
earthy 3-methylthio-1-propanol, 1-octene-3-ol 5363.61 ± 337.07 1837.19 ± 232.89
nutty benzyl alcohol 1981.04 ± 212.7 2301.51 ± 382.22
aged 5-methyl furfural, furfural, furfuryl alcohol 0 22,204.15 ± 803.3

Table 6   Comparison of main flavoring components measured in 
dried Cabernet Sauvignon wines

Na indicates no significant differences

Number Composition of 
wine

Type of wine Significance

unaged aged

1 alcohol (VOL) 15.73 ± 0.94 15.23 ± 0.29 Na
2 total acid (g/L) 6.47 ± 0.54 5.87 ± 0.25 Na
3 volatile acid 

(g/L)
0.55 ± 0.05 0.67 ± 0.04 Na

4 reducing sugar 
(g/L)

4.10 ± 0.29 4.35 ± 0.17 Na

5 polyphenol index 81.57 ± 2.02 79.17 ± 2.94 Na
6 glycerin (g/L) 10.67 ± 0.78 10.07 ± 0.95 Na
7 chroma 18.52 ± 0.82 16.23 ± 0.74 Na
8 dry extract (g/L) 33.17 ± 2.88 32.07 ± 1.59 Na
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Table 8   Standard curve of 
aromas

Number Standards Fitting equation Correlation coefficient

1 heptanol y = 6.232x + 0.0332 R2 = 0.9939
2 1-octen-3-ol y = 1.5466x + 0.0072 R2 = 0.9987
3 1-nonanol y = 1.5923x + 0.0079 R2 = 0.9991
4 1-decanol y = 1.2115x + 0.0154 R2 = 0.9956
5 1-hexanol y = 22.885x + 0.1377 R2 = 0.9914
6 benzyl alcohol y = 123.28x + 0.5622 R2 = 0.9995
7 phenylethyl alcohol y = 48.47x—8.267 R2 = 0.9966
8 3-hexen-1-ol y = 60.137x + 0.4079 R2 = 0.9852
9 3-methyl-1-Pentanol, y = 49.747x + 0.0322 R2 = 0.9998
10 3-methylthio-1-propanol y = 675.52x—0.7944 R2 = 0.9993
11 3-methyl-1-Butanol y = 198.44x + 1.0945 R2 = 0.999
12 trans-3-Hexen-1-ol y = 76.766x + 1.605 R2 = 0.9991
13 octanoic Acid y = 86.681x + 0.7327 R2 = 0.9819
14 hexanoic acid y = 54.697x + 6.9022 R2 = 0.9615
15 ethyl caproate ethyl heptanoate y = 0.2234x—0.0041 R2 = 0.9997
16 nonanoic acid ethyl ester y = 0.1145x + 0.0098 R2 = 0.9996
17 ethyl butyrate isoamyl acetate y = 2.8635x + 0.3161 R2 = 0.9742
18 methyl octanoate y = 0.137x—0.0011 R2 = 0.9998
19 isopentyl hexanoate y = 0.0965x—0.0002 R2 = 0.9992
20 decanoic acid methyl ester y = 0.0892x + 0.0103 R2 = 0.9992
21 ethyl phenylacetate y = 0.7916x + 0.0175 R2 = 0.9982
22 butanedioic acid diethyl ester y = 3.9009x—0.1789 R2 = 0.9468
23 octanoic acid ethyl ester y = 0.1205x + 4.3788 R2 = 0.9616
24 decanoic acid ethyl ester y = 0.0664x + 2.4138 R2 = 0.9616
25 ethyl caproate y = 0.3575x + 3.8686 R2 = 0.94
26 ethyl butyrate y = 9.2624x + 0.0886 R2 = 0.9989
27 ethyl 3-methylbutanoate y = 3.0515x + 0.1606 R2 = 0.9398
28 citral y = 2.7577x + 0.6614 R2 = 0.9953
29 hexanal y = 13.218x + 0.1298 R2 = 0.9851
30 benzaldehyde y = 2.5301x—0.4526 R2 = 0.9962
31 phenylacetaldehyde y = 9.2818x + 0.5475 R2 = 0.9957
32 citronellol y = 4.2417x + 0.1536 R2 = 0.9964
33 linalool y = 2.5146x + 0.0751 R2 = 0.9983
34 furfuryl alcohol y = 672.9x—0.3106 R2 = 0.9994
35 5-methyl furfural y = 17.078x + 0.4516 R2 = 0.9988
36 furfural y = 20.344x—0.1017 R2 = 0.9993
37 beta-damascenone y = 18.241x + 1.2214 R2 = 0.9991

Schedule

See below Table 8 here. 

Table 7   Sensory properties of dried Cabernet Sauvignon wine

Class Appearance (10) Aroma (30) Palate (40) Typicality (20) Total (100) Sensory properties

aged and dried 
cabernet 
sauvignon 
wine

9.60 ± 0.08 26.33 ± 0.94 37.33 ± 0.47 17.33 ± 0.94 90.60 ± 0.78 deep ruby red, clear, with ripe grape and berry 
aromas, dried fruit and sweet vanilla oak 
aromas. variable complex aromas. Full and 
harmonious on the palate

unaged 
and dried 
cabernet 
sauvignon 
wine

8.87 ± 0.12 23.00 ± 0.83 32.33 ± 1.70 15.67 ± 1.25 79.87 ± 1.32 deep ruby red, clear, intense aromas of black 
berries, blackberries, dried fruits and ripe figs. 
round mouth, full-bodied wine, strong sense 
of structure, lasting aftertaste, good quality, 
strong typicality
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