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Abstract
In this study, headspace solid-phase microextraction coupled with gas 
chromatography-mass spectrometry (HS-SPME-GC/MS) was used to identify indi-
vidual volatile compounds in five jujube varieties, and E-nose was used to identify 
their flavor. The results showed that a total of 45 volatile compounds were detected 
by GC-MS in the five varieties, and the proportion of acids was the highest (38.29%–
54.95%), followed by that of aldehydes (22.94%–47.93%) and esters (6.33%–26.61%). 
Moreover, different varieties had obviously different volatile components. E-nose 
analysis showed that the R7 and R9 sensors were more sensitive to the aroma of ju-
jube than other sensors. The strong response of R7 sensor was attributed to terpenes 
(or structurally similar substances) in jujube fruit, such as 1-penten-3-one, 2-octenal, 
(E)-2-heptanaldehyde, and (E)-2-hexenal and that of R9 sensor was attributed to the 
cyclic volatile components such as benzaldehyde, benzoic acid, and methyl benzoate. 
The multivariate data analysis (PCA, OPLS-DA, and HCA) of the results of GC/MS and 
E-nose showed that the five varieties could be divided into three groups: (1) Ziziphus 
jujuba Mill. cv. Huizao (HZ) and Z. jujuba cv. Junzao (JZ). Acids were the main volatile 
components for this group (accounting for 47.44% and 54.95%, respectively); (2) Z. ju-
juba cv. Hamidazao (HMDZ). This group had the most abundant volatile components 
(41), and the concentrations were also the highest (1285.43 µg/kg); (3) Winter jujube 
1 (Z. jujuba cv. Dongzao, WJ1) and Winter jujube 2 (Z. jujuba cv. Dongzao, WJ2). The 
proportion of acids (38.38% and 38.29%) and aldehydes (40.35% and 38.19%) were 
similar in the two varieties. Therefore, the combination of headspace solid-phase 
microextraction coupled with gas chromatography-mass spectrometry and E-nose 
could quickly and accurately identify the volatile components in jujube varieties from 
macro- and microperspectives. This study can provide guidance for the evaluation 
and distinguishing of jujube varieties and jujube cultivation and processing.
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1  | INTRODUC TION

Jujube (Ziziphus jujuba Mill.), a member of Rhamnaceae family, 
originates from the Yellow River basin in China. It has been culti-
vated for more than 4000  years (Zhang et  al.,  2018). Jujube fruit 
is favored by many consumers for the abundance of components 
such as triterpenoids, phenolic acids, flavonoids, and polyphenols 
that have anti-inflammatory, antiallergic, and antioxidant effects 
(Cheng et al., 2020; Jiang et al., 2019). Moreover, jujube products, 
such as fruit wines and jam, are considered healthy foods that are 
increasingly preferred by consumers around the world (Wojdylo 
et al., 2016). The aroma of jujube gives a special flavor characteristic 
to jujube products. However, most researches focus on the preser-
vation and processing of jujube fruit (Cheng et al., 2020), while few 
studies focus on the volatile components in jujube fruit.

Volatile components are the secondary metabolites of fruit. The 
release of volatile components brings unique flavor profile for fruit 
(Janzantti & Monteiro, 2014). Therefore, volatile components can be 
used to evaluate the fruit quality (Liu, Du, et  al.,  2019). However, 
the volatile components may significantly vary in varieties (Barros-
Castillo et al., 2021; Chen et al., 2020), and the volatile components 
of a variety may also vary in production areas (Li et al., 2013; Spizzirri 
et  al.,  2019). Therefore, a comprehensive exploration of the vola-
tile components of jujube fruit is essential, which is helpful for the 
raw material cultivation and selection for fruit processing industry 
(Wang, Wang, Deng, et al., 2019).

Headspace solid-phase microextraction (HS-SPME) is commonly 
used to extract the volatile components from fruit using fused silica fi-
bers. Compared with simultaneous distillation extraction and volatile oil 
extraction, HS-SPME can avoid thermochemical influence on volatile 
components during the extraction process. Moreover, the headspace 
solid-phase microextraction coupled with gas chromatography-mass 
spectrometry (HS-SPME-GC/MS) provides a rapid and accurate tool 
for qualitative and quantitative analysis of the volatile components in 
fruit (Chen et al., 2020). Galindo et al. (2015) used this method to de-
tect the volatile components in jujube fruit, finding that there were a 
total of 18 volatile components detected, and the aldehydes and acids 
such as hexanal, (E)-2-hexanal, benzaldehyde, hexanoic acid, and deca-
noic acid accounted for 95%. Wang, et al. (2019) also used this method 
to detect the volatile components in jujube fruit, finding that there was 
significant difference in volatile components among different varieties.

The electronic nose (E-nose) is a bionic equipment with mul-
tiple chemical sensors that can accurately evaluate the volatility 
characteristics of fruit (Yang et al., 2016). The combination of HS-
SPME-GC/MS and E-nose can analyze the volatile components of 
fruit from macroscopic and microscopic perspectives. Currently, 
this method has been widely used for shelf-life assessment (Wang, 
Baldwin, et al., 2019; Yang et al., 2020), freshness assessment (Dou 
et  al.,  2020; Pennazza et  al.,  2013), and fruit processing monitor-
ing (Xu et al., 2019; Yang et al., 2016). Chen et al.  (2018) used this 
method to analyze the volatile components in jujube fruit, finding 
that there were significant differences in the volatility characteris-
tics among different varieties.

Xinjiang Uygur Autonomous Region of China is the main pro-
duction area of jujube in the world, but the volatile components 
of different jujube varieties in Xinjiang have not been determined. 
Therefore, in this study, five jujube varieties mainly cultivated in this 
area were used as test materials, to identify the volatile components 
using HS-SPME-GC/MS and E-nose, and the differences in volatile 
components among different varieties were determined by using 
multivariate data analysis. This study contributes to the breeding of 
excellent jujube varieties and the fruit processing industry.

2  | MATERIAL S AND METHODS

2.1 | Sample preparation

Jujube fruit of five varieties was collected from Xinjiang Uygur 
Autonomous Region, China, in September 2019. Among them, Z. 
jujuba cv. Huizao (HZ) and Z. jujuba cv. Junzao (JZ) were collected 
from Kashgar (75°56′36″N, 39°23′48″E) and Aksu (80°20′32″N, 
41°11′42″E), respectively. The planting area of the two varieties 
is the largest, and the yield is the highest in Xinjiang. Z. jujuba cv. 
Hamidazao (HMDZ), a native jujube variety, were collected from 
Hami (93°35′53″N, 43°12′48″). Winter jujube 1 (Z. jujuba cv. 
Dongzao, WJ1) and Winter jujube 2 (Z. jujuba cv. Dongzao, WJ2) 
were collected from Aksu (80°27′28″N, 41°8′39″E) and Kashgar 
(75°49′51″N, 39°30′21″E), respectively. Winter jujube is a new in-
troduced variety in recent years. Fresh winter jujube is widely pre-
ferred by consumers. The fruit with similar size, uniform color, and 
no mechanical damages was collected by hand and delivered to the 
laboratory immediately. Fruit samples matured naturally (4–6 days) 
to the semired stage (the color of 50% of fruit surface became red) 
at room temperature of 25 ± 3℃, with relative humidity of 40 ± 5%. 
Then, the fruit of each variety (1 kg) was peeled, stoned, cut into 
small pieces (3 mm in thickness), frozen in liquid nitrogen, and stored 
at −80℃.

2.2 | HS-SPME extraction of volatile components

The volatile components of jujube fruit were extracted and de-
termined according to the method proposed by Song et al.  (2019), 
using an aged SPME extraction head (50/30 μm PDMS/CAR/DVB). 
Fruit sample (4 g) was equilibrated in a 20 ml sample vial at 50℃ for 
30 min, and the temperature of the solid-phase microextraction ap-
paratus was set at 50℃. After that, vials were stirred at 300 rpm and 
headspace extraction was performed for 30 min.

2.3 | Quantification of volatile components by GC/
MS

The extracted volatile components were analyzed with GC/MS (SQ-
456-GC-MS, Scion), and a DB-WAX (30.0  m  ×  250  μm, 0.25  μm) 
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chromatographic column was used. The temperature of the column 
incubator started at 40℃. After 3 min, the temperature increased 
to 100℃ at 6℃ /min. Then, it increased to 230℃ at 10℃/min and 
lasted for 6 min. The temperature of sample inlet was 200℃, and the 
temperature of detector was 250℃. The carrier gas was N2 at a flow 
rate of 0.8 ml/min. The MS cleavage was performed using electron 
ionization mode with an electron energy of 70 eV. The temperature 
of ion source was 200℃. The interface temperature was 250℃. The 
mass was in the range of 33–400 u.

2.4 | E-nose analysis of the volatility 
characteristic of jujube fruit

E-nose analysis was performed with the method of Chen et al. (2018). 
Fruit samples were crushed and sieved through a 60 mesh. After that, 
the powder (3.0 g) was transferred in 15-ml headspace vial, sealed, 
and equilibrated at 30℃ for 30 min. After equilibration, the samples 
were placed in an E-nose device equipped with 10 sensors (PEN3, 
AirSense) for detection, and the responses in 1 min were recorded.

2.5 | Data analyses

Data were analyzed using SPSS 18.0 (IBM). The concentrations of 
volatile components were expressed as mean ±standard (standard 
deviation). Duncan's test was used to detect the significant differ-
ence in the data of GC/MS and E-nose analysis for different varie-
ties. GC/MS and E-nose data were analyzed using PCA, OPLS-DA, 
and HCA, and plotting was performed using Origin 2018 (Origin Lab 
Co.).

3  | RESULTS AND DISCUSSION

3.1 | HS-SPME-GC/MS analysis of volatile 
components of jujube fruits

3.1.1 | Qualitative and quantitative analysis of 
volatile components

A total of 45 volatile components were detected in jujube fruit 
(Table 1), including acids (14), aldehydes (14), esters (10), ketones (5), 
and alcohols (2). Acids and aldehydes were the main volatile compo-
nents in jujube fruit, accounting for more than 70%. Saturated fatty 
acids such as hexanoic acid (40.44–91.88 µg/kg), lauric acid (14.42–
77.88 µg/kg), and decanoic acid (10.94–85.39 µg/kg) were the main 
sources of jujube aroma. The concentration of acetic acid (the source 
of tart flavor of fruit) in HZ, HMDZ, and JZ (48.136–138.044 µg/kg) 
was significantly higher than that in WJ1 and WJ2. Aldehydes includ-
ing hexanal (4.34–53.65 µg/kg), (E)-2-hexenal (11.31–131.43 µg/kg), 
(E)-2-heptenal (10.24–30.76  µg/kg), 2-octenal (14.44–114.52  µg/
kg), and benzaldehyde (5.56–239.26 µg/kg) contributed to the green 

aroma of jujube fruit. Esters, mainly including methyl hexanoate 
(7.97–73.59 µg/kg), methyl decanoate (3.86–11.92 µg/kg), and me-
thyl laurate (4.02–12.54 µg/kg), accounted for 6.67%–26.24%. They 
were mainly generated from the primary metabolite, alcohols, etha-
nol dehydrogenase, and ethanol aminotransferase (AAT) in jujube 
fruit and contributed Fruity aroma (Pott et  al.,  2019). In addition, 
1-penten-3-one, 3-octanone, formic acid, lauric acid, palmitic acid, 
oleic acid, 2-octenal, (Z)-6-nonenal, and 3-octanol, which were not 
reported in previous studies, were found for the first time in our 
study (Chen et al., 2018; Song et al., 2020). These volatile compo-
nents may be related to the growth environment and jujube variety 
(Liu et al., 2018).

In this study, 36, 41, 37, 33, and 31 kinds of volatile compo-
nents were identified in HZ, HMDZ, JZ, WJ1, and WJ2, respectively, 
of which 24 kinds of components were found in the five variet-
ies (Figure  1 and Table  1). HMDZ had the most abundant volatile 
components (41) among the five varieties, and the concentration 
reached 1285.43 μg/kg. Moreover, 3-octanol and 3-octanone deriv-
atives were only found in HMDZ, which were derived from octanoic 
acid (40.88  μg/kg) in HMDZ. HMDZ contained a large amount of 
volatile benzene derivatives, such as benzaldehyde (239.25 μg/kg), 
benzoic acid (3.62 μg/kg), and methyl benzoate (7.59 μg/kg), which 
might be due to the volatile substances produced by the side chain 
reaction of phenylalanine under the action of phenylalanine am-
monia lyase in the shikimic acid pathway (Fock-Bastide et al., 2014; 
Martin et al., 2016). A total of 37 kinds of volatile components were 
identified in JZ, and the concentration was 457.06 μg/kg, second to 
HMDZ. Acids were the main volatile components in JZ, accounting 
for 54.95% of the total volatile components. HZ had the highest 
concentration of esters (20.86%) among the five varieties. High con-
centration of methyl hexanoate (73.59 μg/kg) made JZ significantly 
different from other varieties and contributed greatly to the aroma 
of JZ. WJ1 and WJ2 were the same variety from different production 
areas. GC/MS results showed that they had similar volatile compo-
nents (33 and 31 kinds) and concentrations (388.01 and 403.51 μg/
kg). Moreover, the high concentration of hexanal (47.98–53.65 μg/
kg) and (E)-2-hexanal (117.87–131.43  μg/kg) contributed greatly 
to the Green and Leaf aroma. Surprisingly, 1-penten-3-one and 
3-hexenal were the volatile components only found in WJ1 and WJ2.

The GC/MS analysis showed that acids were the main volatile com-
ponents in HZ and JZ, accounting for 47.44% and 54.95%, respectively, 
and aldehydes accounted for 22.95% and 29.12%, respectively. The 
proportions of acids and aldehydes in HMDZ (accounting for 45.97% 
and 47.93%, respectively), WJ1 (accounting for 38.38% and 40.35%, re-
spectively), and WJ2 (accounting for 38.29% and 38.19%, respectively) 
were similar. Volatile acids are generated passively during plant growth 
or accumulated due to the amino acids under the action of amino acid 
dehydrogenase and amino acid transferase (Pott et al., 2019), while al-
dehydes are mostly generated from the oxidation of unsaturated fatty 
acids (Kostyra et al., 2021). The acids and aldehydes might be regulated 
by the content of amino acids and fatty acids in jujube fruit. This result 
differs from the reports of Wang et al. (2018) and Song et al. (2019). 
Their results showed that aldehydes were the most important volatile 
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components in jujube fruit, accounting for more than 50%. It seems 
that there are more acids in jujube fruit cultivated in Xinjiang, China, 
which may be attributed to the growth environment.

3.1.2 | Multivariate data analysis by GC/MS

PCA analysis can reduce the dimension of the original data and retain 
the variability to separate samples (Khalil et al., 2017). The PCA results 
showed that PC1 and PC2 could explain 49.04% and 15.42% of the total 
variation, respectively (Figure 2a). The varieties, except for HMDZ, had 
overlapping areas, indicating that clear distinction did not exist. Therefore, 
to maximize the separation among samples, OPLS-DA (a supervised clas-
sification method) was used to remove the variation of unrelated vari-
ables. After cross validation, the explanatory bias (R2Y) and predictive 
power (Q2Y) of the model were 0.975 and 0.895, respectively, which in-
dicated that the model could distinguish the five samples well. According 
to the results of OPLS-DA analysis (Figure 2b), the samples with inter 
group differences were divided into three groups: (1) HMDZ, (2) HZ and 
JZ, and (3) WJ1 and WJ2. According to the analysis of variable importance 
in projection (VIP), 12 volatile components (methyl caproate, decanal, 
methyl heptenone, methyl laurate, methyl myristate, methyl decanoate, 
myristic acid, (E)-2-hexenal, hexanal, palmitic acid, 2,4-heptadienal, and 
1-octen-one) with VIP >1 and p < .05 were considered as the main causes 
of sample separation (Liu, Deng, et al., 2019). HMDZ was mainly related 
to horizontal axis. It contained the most abundant volatile components 
(41) and had the highest concentration (1285.43 µg/kg), which might be 
the reason why it was separated alone. The kinds (37 and 36) and con-
centrations (436.10 and 457.06 μg/kg) of volatile components in HZ and 
JZ were similar, and the concentrations of many substances, such as ace-
tic acid (55.52 and 48.14 μg/kg), hexanoic acid (58.19 and 40.44 μg/kg), 
and (E)-2-hexenal (12.87 and 11.39 μg/kg), were also similar. Therefore, 
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F I G U R E  1   Venn diagram of volatile components in the fruit of 
different jujube varieties analyzed by HS-SPME-GC/MS
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both of them were in the same quadrant in OPLS-DA analysis and posi-
tively correlated with horizontal axis. According to the factor loading, the 
most important volatile components were (E)-2-hexenal, methyl laurate, 
methyl myristate, methyl palmitate, and methyl heptenone. WJ1 and 

WJ2, the same variety of jujube from different areas, formed the third 
group because of their similar volatile components and concentrations. 
Moreover, our result showed that variety had a more significant influence 
on volatile components than production area, which was consistent with 

F I G U R E  2   Volatile components in the fruit of different jujube varieties. (a) PCA analysis of the volatile components; (b) OPLS-DA analysis 
of the volatile components; (c) HCA analysis of the volatile components
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the results of Liu et al. (2018), Lukić et al. (2019), and Zhu et al. (2020). 
To verify the results, HCA analysis was performed using the squared 
Euclidean distance method (Wang, Wang, Deng, et al., 2019). The heat 
map shows the distribution of main volatile components of jujube fruit 
(Figure 2c). Similar to the distribution in OPLS-DA analysis, the quantita-
tive results were also divided into three groups by hierarchical clustering: 
(1) HMDZ, (2) HZ and JZ, and (3) WJ1 and WJ2, which verified the accu-
racy of previous multivariate analysis.

3.2 | Analysis of volatile components in jujube fruits 
by E-nose

3.2.1 | E-nose analysis

The E-nose is very sensitive to fruit aroma. A slight change in the 
aroma can be detected by the sensor (Yang et al., 2016). The E-nose 

equipped with 10 metal oxide semiconductors (sensors) was used to 
analyze fruit aroma in this study. Among the sensors, only R2 (broadly 
sensitive), R6 (sensitive to methane), R7 (sensitive to terpenes and 
sulfides), R8 (sensitive to alcohols, aldehydes, and ketones), and R9 
(sensitive to aromatics and organic sulfides) responded. The response 
value of R3 (ammonia, sensitive to aromatic components), R4 (mainly 
sensitive to hydrogen), R5 (sensitive to alkanes, aromatics, and small 
polar compounds), and R10 (sensitive to high concentration aliphatic 
compounds) were about 1 (Figure 3), which meant almost no response. 
The response value of R7, R9, R6, and R2 was 4.73–44.45, 4.25–29.36, 
2.25–15.07, and 2.32–12.18, respectively, which were similar to the 
results of Chen et al. (2018) and Song et al. (2019). According to the re-
sponse value, HMDZ had the strongest aroma. The strong response of 
R7 and R9 sensors indicates that HMDZ contains terpenes and sulfides. 
Moreover, the response of R1 (benzene and structural analogues) was 
only found in HMDZ, which might be caused by the aromatic com-
pounds in HMDZ. The responses of R7, R9, and R2 sensors to HZ and 
JZ were similar. The response values of all sensors to WJ1 and WJ2 
were low, and there was no difference between them (p > .05), which 
indicated that the aroma of WJ1 and WJ2 was similar. However, it is 
not convincing to identify different jujube varieties by determining the 
response values. Therefore, PCA and HCA analyses were performed.

3.2.2 | Analysis of multivariate data of E-nose

PCA and HCA were used to classify the response values in E-nose 
analysis. The PC1 (91.10%) and PC2 (6.97%) could explain 98.07% 
of the variation (Figure 4a). This means that PCA analysis can effec-
tively distinguish the volatile characteristics of different varieties. 
The PC1 of JZ was the highest, followed by that of HZ, HMDZ, WJ1, 
and WJ2. The PC2 of HMDZ was the highest, followed by that of HZ, 
WJ1, WJ2, and JZ. To verify the results of PCA, HCA analysis was 
performed (Figure  4b). The Euclidean distance (D) of 30 indicates 
significant separation between samples. According to the results 
of PCA and HCA analysis, JZ and HZ were divided into one group. 
There was no difference in the results of E-nose analysis between 

F I G U R E  3   Radar map of E-nose responses to the volatile 
components of different jujube varieties

F I G U R E  4   E-nose responses to the volatile components of different jujube varieties. (a) PCA analysis of E-nose responses to the volatile 
components of different jujube varieties; (b) HCA analysis of E-nose responses to the volatile components of different jujube varieties
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WJ1 and WJ2, so the distribution of WJ1 and WJ2 was almost over-
lapped. HMDZ was separated alone, indicating that the volatile com-
ponents of HMDZ were significantly different from those of other 
jujube varieties.

3.3 | Combining analysis of HS-SPME-GC/MS and 
E-nose

The comparison of the results of GC/MS and E-nose (Figures 2 and 4) 
showed that the classification results were consistent: (1) HMDZ, (2) 
HZ and JZ, and (3) WJ1 and WJ2. Among the sensors, R7 and R9 had 
stronger responses, indicating that jujube fruit might contain a variety 
of terpenes and aromatic components (or structural analogues). The 
responding volatile components were identified by GC/MS. For exam-
ple, 1-penten-3-one, 2-octenal, (E)-2-heptanal, and (E)-2-hexenal (ter-
penes and structural analogues) might cause the response of R7 (Chen 
et al., 2018). The response of R9 to HMDZ was the strongest, followed 
by that to JZ and HZ. According to the quantitative results, it was 
speculated that the response of R9 (sensitive to aromatic substances) 
might be due to the volatile components such as benzaldehyde, ben-
zoic acid, and methyl benzoate, and the high response value to HMDZ 
might be due to benzaldehyde (239.2583 μg/kg). In addition, it was 
noticed that R6 (broadly sensitive to methane) also responded, which 
might be due to the volatile components containing methyl such as 
methyl valerate, methyl hexanoate, methyl decanoate, ethyl benzoate, 
methyl laurate, acetoin, and 3-octanone.

4  | CONCLUSION

In this study, a total of 45 kinds of volatile components were identi-
fied from the fruit of five jujube varieties (JZ, HZ, HMDZ, WJ1, and 
WJ2) cultivated in Xinjiang, China, and quantified by HS-SPME-GC/
MS and E-nose. HMDZ has the most abundant volatile components, 
and aldehydes and acids are the main volatile components. WJ1 and 
WJ2 have few differences in volatile components, which may be due 
to that they belongs to the same variety. Moreover, their volatile 
components are similar to those of HMDZ, and acids and aldehydes 
are the main components. In HZ and JZ, acids are the main volatile 
components, and the concentration is almost twice that of alde-
hydes. This study provides guidance for the selection of raw materi-
als and jujube fruit processing. It also verifies that HS-SPME-GC/MS 
and E-nose technology can quickly and accurately identify the flavor 
differences among jujube varieties.

ACKNOWLEDG MENT
This work was supported by the Support Plan for Innovation 
and Development of Key Industries of Xinjiang Production and 
Construction Corps (2021DB007), Innovation Project for the South-
Forward Development of Xinjiang Production and Construction 
Corps (2018DB002), and Innovation Project for the South-Forward 
Development of Shihezi (2019BX01).

CONFLIC TS OF INTERE S T
The authors have no affiliation with any organization with a direct 
or indirect financial interest in the subject matter discussed in the 
manuscript.

AUTHOR CONTRIBUTIONS
Yuxing Liu: Conceptualization (equal); Formal analysis (equal); 
Investigation (equal); Writing-original draft (equal). Yueying Sang: 
Conceptualization (equal); Formal analysis (equal); Investigation 
(equal); Writing-original draft (equal). Jingyu Guo: Investigation 
(equal); Writing-review & editing (equal). Weida Zhang: Investigation 
(equal); Writing-review & editing (equal). Tianyu Zhang: 
Methodology (equal); Writing-review & editing (equal). Hai Wang: 
Formal analysis (equal); Methodology (equal); Writing-review & ed-
iting (equal). Shaobo Cheng: Conceptualization (equal); Funding ac-
quisition (equal); Project administration (equal); Resources (equal); 
Supervision (equal); Writing-review & editing (equal). Guogang Chen: 
Conceptualization (equal); Funding acquisition (equal); Project ad-
ministration (equal); Resources (equal); Supervision (equal); Writing-
review & editing (equal).

ORCID
Guogang Chen   https://orcid.org/0000-0002-3223-4034 

R E FE R E N C E S
Barros-Castillo, J. C., Calderón-Santoyo, M., Cuevas-Glory, L. F., Pino, J. 

A., & Ragazzo-Sánchez, J. A. (2021). Volatile profiles of five jack-
fruit (Artocarpus heterophyllus Lam.) cultivars grown in the Mexican 
Pacific area. Food Research International, 139, 109961. https://doi.
org/10.1016/j.foodr​es.2020.109961

Chen, J.-N., Gao, Q., Liu, C.-J., Li, D.-J., Liu, C.-Q., & Xue, Y.-L. (2020). 
Comparison of volatile components in 11 Chinese yam (Dioscorea 
spp.) varieties. Food Bioscience, 34, 100531. https://doi.
org/10.1016/j.fbio.2020.100531

Chen, Q., Song, J., Bi, J., Meng, X., & Wu, X. (2018). Characterization of 
volatile profile from ten different varieties of Chinese jujubes by 
HS-SPME/GC-MS coupled with E-nose. Food Research International, 
105, 605–615. https://doi.org/10.1016/j.foodr​es.2017.11.054

Cheng, S., Yu, Y., Guo, J., Chen, G., & Guo, M. (2020). Effect of 
1-methylcyclopropene and chitosan treatment on the storage quality 
of jujube fruit and its related enzyme activities. Scientia Horticulturae, 
265, 109281. https://doi.org/10.1016/j.scien​ta.2020.109281

Dou, T. X., Shi, J. F., Li, Y., Bi, F. C., Gao, H.-J., Hu, C. H., Li, C. Y., Yang, Q. 
S., Deng, G. M., Sheng, O., He, W. D., Yi, G. J., & Dong, T. (2020). 
Influence of harvest season on volatile aroma constituents of two 
banana cultivars by electronic nose and HS-SPME coupled with GC-
MS. Scientia Horticulturae, 265, 109214. https://doi.org/10.1016/j.
scien​ta.2020.109214

Fock-Bastide, I., Palama, T. L., Bory, S., Lecolier, A., Noirot, M., & Joet, 
T. (2014). Expression profiles of key phenylpropanoid genes during 
Vanilla planifolia pod development reveal a positive correlation 
between PAL gene expression and vanillin biosynthesis [Article]. 
Plant Physiology and Biochemistry, 74, 304–314. https://doi.
org/10.1016/j.plaphy.2013.11.026

Galindo, A., Noguera-Artiaga, L., Cruz, Z. N., Burló, F., Hernández, F., 
Torrecillas, A., & Carbonell-Barrachina, Á. A. (2015). Sensory and 
physico-chemical quality attributes of jujube fruits as affected 
by crop load. LWT - Food Science and Technology, 63(2), 899–905. 
https://doi.org/10.1016/j.lwt.2015.04.055

https://orcid.org/0000-0002-3223-4034
https://orcid.org/0000-0002-3223-4034
https://doi.org/10.1016/j.foodres.2020.109961
https://doi.org/10.1016/j.foodres.2020.109961
https://doi.org/10.1016/j.fbio.2020.100531
https://doi.org/10.1016/j.fbio.2020.100531
https://doi.org/10.1016/j.foodres.2017.11.054
https://doi.org/10.1016/j.scienta.2020.109281
https://doi.org/10.1016/j.scienta.2020.109214
https://doi.org/10.1016/j.scienta.2020.109214
https://doi.org/10.1016/j.plaphy.2013.11.026
https://doi.org/10.1016/j.plaphy.2013.11.026
https://doi.org/10.1016/j.lwt.2015.04.055


6626  |     LIU et al.

Janzantti, N. S., & Monteiro, M. (2014). Changes in the aroma of organic 
passion fruit (Passiflora edulis Sims f. flavicarpa Deg.) during ripe-
ness. LWT - Food Science and Technology, 59(2, Part 1), 612-620. 
https://doi.org/10.1016/j.lwt.2014.07.044

Jiang, T., He, F., Han, S., Chen, C., Zhang, Y., & Che, H. (2019). 
Characterization of cAMP as an anti-allergic functional factor in 
Chinese jujube (Ziziphus jujuba Mill.). Journal of Functional Foods, 60, 
103414. https://doi.org/10.1016/j.jff.2019.06.016

Khalil, M. N. A., Fekry, M. I., & Farag, M. A. (2017). Metabolome based 
volatiles profiling in 13 date palm fruit varieties from Egypt via 
SPME GC–MS and chemometrics. Food Chemistry, 217, 171–181. 
https://doi.org/10.1016/j.foodc​hem.2016.08.089

Kostyra, E., Król, K., Knysak, D., Piotrowska, A., Żakowska-Biemans, S., & 
Latocha, P. (2021). Characteristics of volatile compounds and sensory 
properties of mixed organic juices based on kiwiberry fruits. Applied 
Sciences, 11(2), 529. https://doi.org/10.3390/app11​020529

Li, G. P., Jia, H. J., Wu, R. Y., & Teng, Y. W. (2013). Changes in volatile organic 
compound composition during the ripening of 'Nanguoli' pears (Pyrus 
ussuriensis Maxim) harvested at different growing locations [Article]. 
The Journal of Horticultural Science and Biotechnology, 88(5), 563–570. 
https://doi.org/10.1080/14620​316.2013.11513007

Liu, R., Du, Z., Zhang, Y., Shi, Y., Chen, X., Lin, L., Xiong, Y., & Chen, M. 
(2019). Volatile component quantification in combination with pu-
tative gene expression analysis reveal key players in aroma forma-
tion during fruit ripening in Carica papaya cv ‘Hong fei’. Postharvest 
Biology and Technology, 158, 110987. https://doi.org/10.1016/j.
posth​arvbio.2019.110987

Liu, X., Deng, J., Bi, J., Wu, X., & Zhang, B. (2019). Cultivar classifica-
tion of cloudy apple juices from substandard fruits in China based 
on aroma profile analyzed by HS-SPME/GC-MS. LWT - Food 
Science and Technology, 102, 304–309. https://doi.org/10.1016/j.
lwt.2018.12.043

Liu, Y., He, C., & Song, H. (2018). Comparison of fresh watermelon juice 
aroma characteristics of five varieties based on gas chromatography-
olfactometry-mass spectrometry. Food Research International, 107, 
119–129. https://doi.org/10.1016/j.foodr​es.2018.02.022

Lukić, I., Carlin, S., Horvat, I., & Vrhovsek, U. (2019). Combined targeted 
and untargeted profiling of volatile aroma compounds with com-
prehensive two-dimensional gas chromatography for differentia-
tion of virgin olive oils according to variety and geographical ori-
gin. Food Chemistry, 270, 403–414. https://doi.org/10.1016/j.foodc​
hem.2018.07.133

Martin, V., Giorello, F., Farina, L., Minteguiaga, M., Salzman, V., Boido, 
E., Aguilar, P. S., Gaggero, C., Dellacassa, E., Mas, A., & Carrau, F. 
(2016). De novo synthesis of benzenoid compounds by the yeast 
Hanseniaspora vineae increases the flavor diversity of wines [Article]. 
Journal of Agricultural and Food Chemistry, 64(22), 4574–4583. https://
doi.org/10.1021/acs.jafc.5b05442

Pennazza, G., Fanali, C., Santonico, M., Dugo, L., Cucchiarini, L., Dacha, M., 
D'Amico, A., Costa, R., Dugo, P., & Mondello, L. (2013). Electronic nose 
and GC-MS analysis of volatile compounds in Tuber magnatum Pico: 
Evaluation of different storage conditions [Article]. Food Chemistry, 
136(2), 668–674. https://doi.org/10.1016/j.foodc​hem.2012.08.086

Pott, D. M., Osorio, S., & Vallarino, J. G. (2019). From central to specialized 
metabolism: An overview of some secondary compounds derived 
from the primary metabolism for their role in conferring nutritional 
and organoleptic characteristics to fruit. Frontiers in Plant Science, 10, 
835. https://doi.org/10.3389/fpls.2019.00835

Song, J., Bi, J., Chen, Q., Wu, X., Lyu, Y., & Meng, X. (2019). Assessment of 
sugar content, fatty acids, free amino acids, and volatile profiles in 
jujube fruits at different ripening stages. Food Chemistry, 270, 344–
352. https://doi.org/10.1016/j.foodc​hem.2018.07.102

Song, J., Chen, Q., Bi, J., Meng, X., Wu, X., Qiao, Y., & Lyu, Y. (2020). 
GC/MS coupled with MOS e-nose and flash GC e-nose for volatile 

characterization of Chinese jujubes as affected by different drying 
methods. Food Chemistry, 331, 127201. https://doi.org/10.1016/j.
foodc​hem.2020.127201

Spizzirri, U. G., Ieri, F., Campo, M., Paolino, D., Restuccia, D., & Romani, 
A. (2019). Biogenic amines, phenolic, and aroma-related compounds 
of unroasted and roasted cocoa beans with different origin [Article]. 
Foods, 8(8), 19, Article 306. https://doi.org/10.3390/foods​8080306

Wang, L., Baldwin, E., Luo, W., Zhao, W., Brecht, J., & Bai, J. (2019). 
Key tomato volatile compounds during postharvest ripening in 
response to chilling and pre-chilling heat treatments. Postharvest 
Biology and Technolog, 154, 11–20. https://doi.org/10.1016/j.posth​
arvbio.2019.04.013

Wang, L., Wang, P., Deng, W., Cai, J., & Chen, J. (2019). Evaluation of 
aroma characteristics of sugarcane (Saccharum officinarum L.) juice 
using gas chromatography-mass spectrometry and electronic nose. 
LWT - Food Science and Technology, 108, 400–406. https://doi.
org/10.1016/j.lwt.2019.03.089

Wang, L., Wang, Y., Wang, W., Zheng, F., & Chen, F. (2019). Comparison 
of volatile compositions of 15 different varieties of Chinese jujube 
(Ziziphus jujuba Mill.). Journal of Food Science and Technology, 56(3), 
1631–1640. https://doi.org/10.1007/s1319​7-019-03689​-7

Wang, L., Zhu, J., Wang, Y., Wang, X., Chen, F., & Wang, X. (2018). 
Characterization of aroma-impact compounds in dry jujubes 
(Ziziphus jujube Mill.) by aroma extract dilution analysis (AEDA) and 
gas chromatography-mass spectrometer (GC-MS). International 
Journal of Food Properties, 21(1), 1844–1853. https://doi.
org/10.1080/10942​912.2016.1273234

Wojdylo, A., Figiel, A., Legua, P., Lech, K., Carbonell-Barrachina, A. A., 
& Hernandez, F. (2016). Chemical composition, antioxidant capac-
ity, and sensory quality of dried jujube fruits as affected by culti-
var and drying method. Food Chemistry, 207, 170–179. https://doi.
org/10.1016/j.foodc​hem.2016.03.099

Xu, M., Wang, J., & Zhu, L. (2019). The qualitative and quantitative as-
sessment of tea quality based on E-nose, E-tongue and E-eye com-
bined with chemometrics. Food Chemistry, 289, 482–489. https://
doi.org/10.1016/j.foodc​hem.2019.03.080

Yang, C., Duan, W., Xie, K., Ren, C., Zhu, C., Chen, K., & Zhang, B. (2020). 
Effect of salicylic acid treatment on sensory quality, flavor-related 
chemicals and gene expression in peach fruit after cold stor-
age. Postharvest Biology and Technology, 161, 111089. https://doi.
org/10.1016/j.posth​arvbio.2019.111089

Yang, W., Yu, J., Pei, F., Mariga, A. M., Ma, N., Fang, Y., & Hu, Q. (2016). 
Effect of hot air drying on volatile compounds of Flammulina velutipes 
detected by HS-SPME-GC-MS and electronic nose. Food Chemistry, 
196, 860–866. https://doi.org/10.1016/j.foodc​hem.2015.09.097

Zhang, C. M., Bian, Y., Hou, S. H., & Li, X. G. (2018). Sugar transport played 
a more important role than sugar biosynthesis in fruit sugar accumu-
lation during Chinese jujube domestication [Article]. Planta, 248(5), 
1187–1199. https://doi.org/10.1007/s0042​5-018-2971-1

Zhu, C., Lu, Q., Zhou, X., Li, J., Yue, J., Wang, Z., & Pan, S. (2020). Metabolic vari-
ations of organic acids, amino acids, fatty acids and aroma compounds 
in the pulp of different pummelo varieties. LWT - Food Science and 
Technology, 130, 109445. https://doi.org/10.1016/j.lwt.2020.109445

How to cite this article: Liu, Y., Sang, Y., Guo, J., Zhang, W., 
Zhang, T., Wang, H., Cheng, S., & Chen, G. (2021). Analysis of 
volatility characteristics of five jujube varieties in Xinjiang 
Province, China, by HS-SPME-GC/MS and E-nose. Food Science 
& Nutrition, 9, 6617–6626. https://doi.org/10.1002/fsn3.2607

https://doi.org/10.1016/j.lwt.2014.07.044
https://doi.org/10.1016/j.jff.2019.06.016
https://doi.org/10.1016/j.foodchem.2016.08.089
https://doi.org/10.3390/app11020529
https://doi.org/10.1080/14620316.2013.11513007
https://doi.org/10.1016/j.postharvbio.2019.110987
https://doi.org/10.1016/j.postharvbio.2019.110987
https://doi.org/10.1016/j.lwt.2018.12.043
https://doi.org/10.1016/j.lwt.2018.12.043
https://doi.org/10.1016/j.foodres.2018.02.022
https://doi.org/10.1016/j.foodchem.2018.07.133
https://doi.org/10.1016/j.foodchem.2018.07.133
https://doi.org/10.1021/acs.jafc.5b05442
https://doi.org/10.1021/acs.jafc.5b05442
https://doi.org/10.1016/j.foodchem.2012.08.086
https://doi.org/10.3389/fpls.2019.00835
https://doi.org/10.1016/j.foodchem.2018.07.102
https://doi.org/10.1016/j.foodchem.2020.127201
https://doi.org/10.1016/j.foodchem.2020.127201
https://doi.org/10.3390/foods8080306
https://doi.org/10.1016/j.postharvbio.2019.04.013
https://doi.org/10.1016/j.postharvbio.2019.04.013
https://doi.org/10.1016/j.lwt.2019.03.089
https://doi.org/10.1016/j.lwt.2019.03.089
https://doi.org/10.1007/s13197-019-03689-7
https://doi.org/10.1080/10942912.2016.1273234
https://doi.org/10.1080/10942912.2016.1273234
https://doi.org/10.1016/j.foodchem.2016.03.099
https://doi.org/10.1016/j.foodchem.2016.03.099
https://doi.org/10.1016/j.foodchem.2019.03.080
https://doi.org/10.1016/j.foodchem.2019.03.080
https://doi.org/10.1016/j.postharvbio.2019.111089
https://doi.org/10.1016/j.postharvbio.2019.111089
https://doi.org/10.1016/j.foodchem.2015.09.097
https://doi.org/10.1007/s00425-018-2971-1
https://doi.org/10.1016/j.lwt.2020.109445
https://doi.org/10.1002/fsn3.2607

