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Characterization of Aroma Volatiles in Xilin Fire Ginger Oils by 
HS-SPME-GC-MS
Lulu Zhang a, Houzheng Wangb, Xingyue Tangc, Shunzhong Luc, Yuying Tana, Qiuting Lia, 
and Jianwen Wua,c

aLight Industry and Food Engineering College, Guangxi University, Nanning, China; bSchool of Food Science and 
Technology, Jiangnan University, Wuxi, China; cGuangxi Zhuang Autonomous Region Forestry Research Institute, 
Nanning, China

ABSTRACT
Ginger is widely used as either a food product or a herbal medicine around 
the globe. In the current study, we used headspace solid-phase microextrac-
tion and gas chromatography-mass spectrometry technology (HS-SPME-GC- 
MS) with n-butyl acetate as an internal standard to characterize three kinds of 
ginger oil in Xilin fire ginger, which included ginger essential oil (GEO), ginger 
oleoresin extracted with petroleum ether (PEGO) and ginger oleoresin 
extracted with absolute ethanol (AEGO). Cluster analysis of heatmap was 
used to reveal the differences in concentration in these oils. Odor activity 
value, in combination with principal component analysis, was further used to 
analyze the contribution to the aroma. This study demonstrated that despite 
the similarities in the aroma compounds and content of three kinds of ginger 
oil, GEO exhibited a better aroma quality, followed by AEGO and PEGO.
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INTRODUCTION

Ginger oils are an essential kind of extract of ginger, with vital phytochemical characteristics that 
reflect the sensory characteristics and biological activity of ginger. Based on the extraction 
method, it can be classified into two categories, ginger essential oil (GEO) and ginger oleoresins 
(GOs).[1,2] Ginger essential oil is mainly prepared by hydrodistillation, while ginger oleoresins 
are prepared by various methods, such as pressing method, liquid CO2 extraction method, 
supercritical CO2 extraction method and solvent extraction method that can also be combined 
with ultrasonic method and microwave.[3,4] Due to different extraction methods, the compounds 
and aroma of ginger oils are quite different. Volatiles, including sesquiterpene and monoterpe-
noid hydrocarbons in GEO, are the main constituents to provide distinct aromas and tastes. 
GOs, which also contain nonvolatile phenolics known as gingerols, embody pungent 
characteristics.[5–8]

The aroma is one of the vital categories for the sensory evaluation of ginger oils, and plays 
a substantial role in defining the product’s quality, and greatly influences consumers’ attraction and 
purchasing.[9] The headspace compounds are more similar to that of inhaled or sniffed aroma.[10] HS- 
SPME is also one of the main measurement methods of aroma compounds, with a simple device, easy 
operation, fast sampling, good reproducibility and avoiding chromatographic column contamination, 
etc.[11] It in combination with GC-MS has been widely used in many oils for quantifications, such as 
grape seed oil,[12] camellia seed oil,[13] garlic oil,[14] tuna oil[15] and ginger oleoresins.[16] Previously, 
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different multivariate statistical techniques, such as principal component analysis (PCA), generalized 
procrustes analysis (GPA), and cluster analysis, were tried to find patterns in volatiles that correspond 
with specific sensory aroma profiles.[10]

Xilin fire ginger has pungent aroma, spicy flavor and good taste. It has been listed as China’s 
national geographical medicinal product due to its various therapeutic uses, including cough expec-
torant, removing puff from eyes, helping in digestion and spleen disorders.[17] To the best of our 
knowledge, there are no studies documented on Xilin fire ginger oil. Therefore, the present study aims 
to characterize three kinds of Xilin fire ginger oil by the HS-SPME-GC-MS with n-butyl acetate as the 
internal standard. The content of aroma compounds were compared by heatmap, their aroma 
contributions were characterized by odor activity values (OAVs), and the differences in aroma of 
ginger oils were further explored by PCA.

Materials and Methods

Reagents and materials

Dried ginger slices of Xilin fire ginger were obtained from Xilin county Guangxi Province fuyuan plant 
development co., LTD. The parameters set for processing through hot air drying are: temperature 60 °C– 
80 °C and time 8 h. Petroleum ether (analytical grade), absolute ethanol (analytical grade), and methanol 
(chromatographic grade) were provided by Sinopharm Group Chemical Reagent Co., LTD (Shanghai, 
China). C8-C40 normal alkane standard was purchased from Beijing Balinway Technology Co., LTD 
(Beijing, China). A SPME holder and a fiber with a 100 μm layer of polydimethylsiloxane (PDMS, 
100 μm) were purchased from Shanghai ANPEL Laboratory Technologies Co., LTD (Shanghai, China).

Ginger oils samples

The dried ginger slices were pulverized into a 40 mesh molecular sieve and were used for extraction. 
The essential oil was extracted by hydrodistillation process using a Clevenger’s type apparatus with 
material ratio of 1:16 (g: mL), and the volume of oil kept constant indicating extraction end. The clear 
and transparent yellow oil was collected from the upper layer and dried with a minimum amount of 
anhydrous sodium sulfate to remove any remaining moisture traces.

Two oleoresins were extracted from the Soxhlet apparatus using petroleum ether and absolute 
ethanol at a temperature of 85 °C and 95 °C, respectively, and the material ratio of 1:8 (g: mL). The 
extraction process was continued until the reflux liquid became colorless and transparent and 
concentrated at 50 °C. The essential oil and oleoresins were stored at low temperature (4 ± 2 °C) in 
the dark for further use.

HS-SPME
The best HS-SPME conditions as follows were optimized in our previous studies. 0.1500 g ginger 

essential oil (GEO), 0.4000 g ginger oleoresin extracted with petroleum ether (PEGO) and 0.4000 g 
ginger oleoresin extracted with absolute ethanol (AEGO) were, respectively, added to 0.5500 g, 
2.0000 g, and 1.000 g of n-butyl acetate methanol internal standard solution (0.0010 g/g), respectively. 
Then, each solution was placed into a 15 mL headspace vials and thoroughly mixed. After adsorption, 
the SPME fiber was inserted through the septum and exposed to the headspace for desorption and 
further analyses. GEO was adsorbed for 3.5 min and desorpted for 3 min, each oleoresin was adsorbed 
for 7.5 min and desorpted for 2 min.

GC-MS analysis

A gas chromatograph (Hewlett Packard 7890) coupled with HP 5973 C MS detector (Agilent 
Technologies, USA) with a BR-5 ms capillary column (selectivity similar to 5% diphenyl/95% dimethyl 
polysiloxane, 60 m × 0.25 mm, 0.25 μm film thickness) was used to analyze volatile aroma compounds. 
Helium (99.999%) was used as a carrier gas at a constant flow of 1.20 mL/min. The split injection was 
applied, and the split ratio was set at 10:1. The oven temperature parameter was set as: 50 °C for 
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1 min; 3 °C/min ramp to 150 °C and holding for 2 min; 20 °C/min ramp to 250 °C and holding for 
2 min. The mass detector was conducted with electronic impact (EI) mode at 70 eV, and the ion-trap 
manifold temperature of 230 °C and source temperature of 250 °C, the scanning rate of 1 scan s−1 and 
mass acquisition range was set between 35 and 550 amu.

The volatile compounds were identified by NIST 11 Database, which required positive and 
negative matching degrees greater than 800 and comparing their retention indices (RI) with 
those previously reported in the literatures. The RI of volatile compounds was calculated by 
sample injection with a homologous series of straight-chain n-alkanes (C8-C40) under the same 
conditions. Each volatile concentration in ginger oils was calculated by comparing it with the 
concentration of the internal standard.

Statistical analysis

To quantify the volatiles, each sample was analyzed in triplicate, and the results are expressed as the 
mean ± standard deviation of three measurements. Heatmap analysis was performed by an online 
platform using Metabo Analyst 3.5 at https://www.metaboanalyst.ca. Data were compared using 
a one-way analysis of variance followed by Duncan’s post-hoc tests (among groups) using SPSS 
25.0. Principal component analysis (PCA) was conducted using SIMCA14.1, and the data were 
preprocessed by log2-transformed and UV scaling prior to analysis.

RESULTS AND DISCUSSION

Aroma compounds analysis of ginger oils

Lowercase letters a, b, and c in the same row represented significant differences (P < .05).
Odor descriptions were obtained from https://webbook.nist.gov/chemistry/name-ser/, and related 

literature h,[18] i,[19] j.[20]

Odor thresholds in water (mg/kg) were obtained from 《Compilations of odor Threshold Values in Air, 
Water, and Other Media (second enlarged and revised edition)》, and related literature d,[21] e,[22] 

f,[23] g.[24]

The OAVs were calculated by dividing the concentration of the odorants by their threshold.
Figure 1 shows typical GC-MS total ion chromatogram (TIC) levels of ginger oils aroma 

compounds. The base line of the total ion flow diagram was stable, with a good degree of 
separation of individual substance peak and no supersaturation state. GEO, PEGO, and AEGO 
contained 45, 42, and 45 aroma compounds, respectively, and their concentrations are shown in 
Table 1. GEO was detected in 28 monoterpenes with a content of 144.31 g/kg, mainly β- 
phellandrene (40.00 g/kg), camphene (36.33 g/kg), α-pinene (17.85 g/kg), α-citral (9.04 g/kg), β- 
citral (8.11 g/kg), β-myrcene (7.84 g/kg), eucalyptol (4.63 g/kg), and 8 sesquiterpenes, with 
a content of 12.52 g/kg, mainly (-)-zingiberene (7.61 g/kg), β-sesquiphellandrene (2.03 g/kg), α- 
curcumene (1.79 g/kg), β-bisabolene (1.20 g/kg). PEGO was detected in 22 monoterpenes with 
a content of 24.39 g/kg, mainly β-phellandrene (6.92 g/kg), camphene (5.81 g/kg), eucalyptol 
(4.43 g/kg) and 13 sesquiterpenes, with a content of 12.52 g/kg, mainly (-)-zingiberene (6.89 g/ 
kg), β-sesquiphellandrene (1.64 g/kg), α-curcumene (1.11 g/kg) and β-bisabolene (0.98 g/kg). 
AEGO was detected in 21 monoterpenes with a content of 9.18 g/kg, mainly eucalyptol (3.54 g/ 
kg), β-phellandrene (2.49 g/kg), and 19 sesquiterpenes, with a content of 14.9 g/kg, mainly (-)- 
zingiberene (7.95 g/kg), β-sesquiphellandrene (1.96 g/kg), α-curcumene (1.35 g/kg) and β- 
bisabolene (1.17 g/kg). The aroma compositions of ginger oils were similar, mainly terpene 
hydrocarbons, alcohols, aldehydes, ketones and esters, and terpene hydrocarbons were the most 
abundant aroma compounds, accounting for more than 70% in all (Figure 2).

(GEO (a), PEGO (b), AEGO (c))
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Heatmap clustering analysis

Heatmap can simply and intuitively display the similarity and difference of multiple samples at various 
classification levels through the color gradient and degree of similarity, it is often used to study the 
similarity in data between samples.[25] The heatmap of 55 aroma compounds’ concentrations in 
Table 1 expecting δ -Eiemene, α -selinene and (Z,E)-α -farnesene who were automatically filtered 
out because only little was detected in AEGO of the three kinds of ginger oil are shown in Figure 3.

(GEO (A1, A2, A3), PEGO (B1, B2, B3), AEGO (C1, C2, C3), and each number corresponding to 
substance is consistent with that in Table 1)

As shown in Figure 3 the color orange (blue) represents a larger (smaller) value. The differences in 
the concentration of 52 aroma compounds were clearly shown. And the closer the color is, the closer 
the clustering relationship is. As a result, the three kinds of ginger oil also successfully carried out 
hierarchical clustering through these compounds. First, the heatmap accurately clustered three kinds 
of ginger oil represented by each parallel sample (A, B, and C) and then clustered the ginger oleoresins 
(B and C) together, and finally clustered with ginger essential oil.

The content of all monoterpenes and most sesquiterpenes aroma compounds in ginger essential oil 
were much higher compared with the ginger oleoresins. This may be due to the hydrodistillation 
method, which is the main extraction method to extract volatile compounds, and ginger essential oil 
has good fluidity that is more conducive to aroma compounds volatilization. In addition, the presence 
of citronellol acetate, α-bergamotene, γ-elemene, (E)-β-famesene, aromandendrene, (-)-α-muurolene 
and (+)-δ-cadinene in ginger oleoresins were not detected in ginger essential oil. Therefore, the 
clustering relationship was far.

In ginger oleoresins, the species of monoterpenes were rare and their content was lower, while the 
sesquiterpenes were abundant and the content was higher in AEGO, such as the content of (+)- 
cyclosativene, copaene, trans-α-bergamotene, (-)-zingiberene, (E,E)-α-farnesene, β-bisabolene and β- 
sesquiphellandrene in AEGO were significantly higher than PEGO. And citronellol acetate, trans-α- 
bergamotene and (-)-α-muurolene were not detected in PEGO. However, the content of camphene 
and eucalyptol in PEGO was significantly higher than AEGO, and tricyclene, α-pinene, (-)-verbenone 
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Figure 1. Total ion current chromatogram of ginger oils aroma compounds by HS-SPME-GC-MS.
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were not detected in AEGO. This may be due to sesquiterpenes and total terpenoids, which increase 
with the increasing polarity of the extraction solvent. While monoterpenes decreased with the 
increasing polarity of the extraction solvent. However, the total terpenoid content of AEGO was 
lower than that of PEGO, which may be due to high viscosity of AEGO than PEGO, which affects the 
volatilization of aroma compounds. The contents of other aroma compounds were slightly different, 
so they showed an excellent clustering relationship.

Characteristic aroma compounds

Concentration is one of the major factors affecting aroma, not directly proportional to aroma due to 
the odor threshold. OAV is used to estimate the contribution of a certain aroma compound in the 
total. Previous studies reported that compounds with OAV ≥ 1 contribute to aroma presentation, and 
the greater the OAV, greater will be the contribution.[26]

Thirty-nine aroma compounds in Table 1 were found to have corresponding thresholds, and 
OAVs were calculated as shown. All OAVs ranged from dozens to hundreds of thousands because 
ginger oils were undiluted. Ten major aroma compounds of essential oil and each of the oleoresins 
were as given under: GEO: β-linalool, β-myrcene, eucalyptol, α-pinene, β-phellandrene, geraniol, 
octanal, α-citral, β-citral, (-)-β-elemene; PEGO: eucalyptol, β-linalool, β-myrcene, β-phellandrene, 
α-pinene, geraniol, α-farnesene, (-)-β-elemene, copaene, α-citral; AEGO: eucalyptol, β-linalool, β- 
myrcene, β-phellandrene, (-)-β-elemene, α-farnesene, copaene, geraniol, 2-undecanone and α- 
selinene.

Our result showed that β-myrcene, β-phellandrene, eucalyptol, β-linalool, (-)-β-elemene and 
geraniol had significant aroma contributions in the three kinds of ginger oil, suggesting that these 
were important characteristic aroma compounds of fire ginger oils. Based on the odor descriptions of 

0.7%8.2%

10.93%

2.18%

77.99%

(a) 0.71%
15.52%

4.71%
1.43%

77.64%

(b)

1.26%
19.65%

3.13%
1.06%

74.9%

(c)

1.26%19.65%3.13%1.06%74.9%

terpene hydrocarbons
ketones
aldehydes
alcohols
esters

Figure 2. Aroma compositions of ginger oils.
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aroma compounds in Table 1, these compounds contributed a similar aroma profile to that of fresh, 
fruity, spicy, woody and sweet balsamic smells. These findings were consistent with the conclusions of 
Yingngam et al.[27] and Manuhara et al..[28]

Principal component analysis

(GEO (A1, A2, A3), PEGO (B1, B2, B3), AEGO (C1, C2, C3) and each number corresponding to 
substance is consistent with that in Table 1)

Although the overall aroma contour of the three kinds of ginger oil was very similar, but the aroma 
of GEO was significantly more refreshing, fruity, and woody. PEGO was bland and mild, while AEGO 
was stimulating, spicy, and herbal. PCA can reduce complex data to low dimensions on the principle 
of ensuring full utilization of data, and reveals hidden simple and useful important information, which 
is objective, fair, and scientific.[29] Therefore, PCA of OAVs was performed using the SIMCA14.1 
software to explore the fragrance differences of various ginger oils. Our results show that the initial 39 
variables were reduced to 2 principal components, variance with 82.6% and 15% were explained by the 
first principal component (PC1) and second principal component (PC2), respectively (Figure 4). The 
contribution rate of the principal component’s cumulative variance was 97.6%, replicating most of the 

Figure 3. Clustering heat maps of aroma compounds of ginger oils.
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information and successfully achieving dimension reduction. In Figure 4, PEGO and AEGO were 
closely clustered together, GEO and GOs (PEGO and AEGO) were located in obviously different 
regions, which suggests that the extraction method caused a big difference in aroma, while the 
extraction solvent caused a small difference. The main loading summary of ginger oils are shown in 
Table 2. And the main aroma compounds of different ginger oils were analyzed by combining Table 2 
and Figure 4.

Except eucalyptol, the geraniol, copaene, (E,E)-α-farnesene, α-selinene and citronellol acetate, the 
other 32 aroma compounds had high absolute load values in PC1, which played an important role in 
the expression of aroma. The loading values of 31 aroma compounds, such as terpinolene, citronellal, 
2-heptanol, β-citral, α-citral, (-)-camphor, endo-borneol and bornyl acetate were positively correlated 
with ginger essential oil, indicating that aroma contribution of them in ginger essential oil was higher 
than that in ginger oleoresins. Among them, α-pinene, camphene, sabinene, β-pinene, β-phellandrene, 
endo-borneol and bornyl acetate have typical fresh and cool odor of camphor and pine alike. Octanal, 
α-terpinene, p-cymene, α-citral, β-citral and 6-methyl-5-hepten-2-one have strong citrus and lemon 
aroma. β-linalool, citronellal, geraniol, 2-undecanone and geranyl acetate rich in flowers, besides the 
aroma of fruit; β-Myrcene and (-)-β-elemene are responsible for the spicy flavor. As a result, all these 
exhibit a fresh, fruity, and floral aroma of ginger essential oil compared with the ginger oleoresins. 
However, the load value of (E)-β-famesene was only positively correlated with ginger oleoresins, 
indicating that its aroma contribution in ginger oleoresins was higher than that of ginger essential oil. 
(E)-β-famesene mainly shows woody, citrus, and herbal flavor, so it plays a more significant role in this 
kind of aroma expression of ginger oleoresins.

PC2 was mainly affected by 14 aroma compounds including (E,E)-α-farnesene, copaene, citronel-
lol, (Z,E)-α-farnesene, citronellol acetate, α-selinene, (-)-β-elemene, β-pinene, geranyl acetate, 2-unde-
canone, α-pinene, camphene, 6-methyl-5-hepten-2-one and eucalyptol. Among them, the load values 
of α-pinene, camphene, and 6-methyl-5-hepten-2-one and eucalyptol were positively correlated with 
PEGO, indicating a higher contribution to the aroma of PEGO. Except for 6-methyl-5-hepten-2-one 
which has an intense fruity aroma, the camphoraceous aroma could be attributed to others; hence, this 
aroma in PEGO is more intense. The loading values of (E,E)-α-farnesene, copaene, citronellol, (Z,E)- 
α-farnesene, citronellol acetate, and 2-undecanone were positively correlated with AEGO, indicating 

Figure 4. Biplot of principal component analysis of aroma compounds of ginger oils.
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that the aroma contribution to AEGO was higher. Among them, geraniol, citronellol acetate, (E,E)-α- 
farnesene, (Z,E)-α-farnesene, and 2-undecanone create a fruity and flowery aroma. α-selinene is 
resinous, (-)-β-elemene, eopaene, and β-pinene are spicy and fennel. Taken together, these results 
show that AEGO is more fruity and pungent than PEGO.

α-Pinene, camphene, β-pinene, 6-methyl-5-hepten-2-one, 2-undecanone, geranyl acetate, and 
(-)-β-elemene had significant absolute load values in both PC1 and PC2, therefore they were the 
main compounds responsible for the difference in aroma among three kinds of ginger oil. There are 16 
aroma compounds, which could not use OAV for aroma evaluation due to the lack of odor threshold. 
Previous studies have found that (-)-zingiberene, β-bisabolene, β-sesquiphellandrene, and α- 
curcumene are highly significant for aroma characteristics of ginger.[30,31] In addition, they also had 
high content in this study, so the effect of aroma was analyzed based on the results of one-way analysis 
of variance of their concentrations. The concentration of α-curcumene shows a significant difference 
among GEO, PEGO and AEGO, while (-)-zingiberene, β-bisabolene and β-sesquiphellandrene did not 
show significant differences between GEO and AEGO, which were significantly different when 
comparing GEO with PEGO. These aroma compounds are mainly responsible for the expression of 
stimulating, spicy, and herbal smells in all compounds (Table 1). So, they were the main reasons why 
the aroma of GEO and AEGO were more stimulating, spicy, and herbal compared with the PEGO.

Table 2. Loading matrix of principal components of ginger oils.

No. Compound PC1 PC2

1 2-Heptanone 0.173 0.074
2 2-Heptanol 0.176 −0.011
4 α-Pinene 0.158 −0.180
5 Camphene 0.152 −0.205
6 Sabinene 0.174 −0.058
7 β-Pinene 0.167 0.123
8 6-methyl-5-Hepten-2-one 0.145 −0.231
9 β-Myrcene 0.171 −0.099
10 Octanal 0.173 0.073
11 α-Phellandrene 0.172 −0.085
12 α-Terpinene 0.173 0.073
13 p-Cymene 0.173 0.074
14 β-Phellandrene 0.173 −0.077
15 Eucalyptol 0.111 −0.259
16 2-Heptanol, acetate 0.175 0.040
17 γ-Terpinene 0.173 0.074
18 Terpinolene 0.176 0.012
19 2-Nonanone 0.173 0.075
21 β-Linalool 0.173 0.081
22 2-Nonanol 0.173 0.069
24 (-)-Camphor 0.176 0.025
25 Citronellal 0.176 −0.022
26 endo-Borneol 0.174 0.057
27 Terpinen-4-ol 0.175 0.007
29 α-Terpineol 0.174 0.057
30 Citronellol 0.105 0.323
31 β-Citral 0.176 −0.030
32 Geraniol 0.175 0.046
33 α-Citral 0.176 −0.030
34 Bornyl acetate 0.173 0.073
35 2-Undecanone 0.170 0.104
37 Citronella acetate −0.115 0.308
39 Copaene 0.058 0.337
40 Geranyl acetate 0.168 0.120
41 (-)-β-Elemene 0.146 0.226
45 (E)-β-Famesene −0.173 −0.066
49 α-Selinene −0.115 0.307
51 (E,E)-α-Farnesene −0.044 0.343
55 (Z,E)-α-Farnesene −0.115 0.308
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CONCLUSION

In this study, HS-SPME-GC-MS combined with multivariate statistical techniques made aroma 
compounds of Xilin fire ginger oils qualitative and quantitative, and made a detailed material analysis 
on aroma presentation and difference. GEO, PEGO, and AEGO, respectively, were determined 44, 41, 
and 44 aroma compounds and were clearly reflected in their differences and divided into ginger 
essential oil and ginger oleoresins by heatmap based on the concentration. The OAVs of 39 aroma 
compounds were used to analyze the aroma contribution. β-Myrcene, β-phellandrene, eucalyptol, β- 
linalool, β-elemene and geraniol were important characteristic aroma compounds of ginger oils. PCA 
was used to further explore the aroma differences of ginger oils, 32 aroma compounds, such as 
terpinolene, citronellal, 2-heptanol, β-citral, α-citral, (-)-camphor, geraniol, 2-heptanol, acetate, terpi-
nen-4-ol, and α-terpineol sufficiently explained the large difference in aroma of ginger essential oil and 
ginger oleoresins due to different extraction methods. And, 14 aroma compounds, consisting of (E,E)- 
α-farnesene, copaene, geraniol, (Z,E)-α-farnesene, citronellol acetate, α-selinene, (-)-β-elemene, β- 
pinene, geranyl acetate, 2-undecanone, α-pinene, camphene, 6-methyl-5-hepten-2-one, and eucalyp-
tol showed that different extraction solvent of two kinds of ginger oleoresin had small difference in 
aroma. The results of single-factor analysis of variance of (-)-zingiberene, β-bisabolene, β- 
sesquiphellandrene, and α-curcumene whose OAVs cannot be calculated, showed that they had an 
important effect on the aroma of GEO and AEGO. The findings of the current study can provide 
significant applications in food, spices, perfumes, and other products. Nevertheless, using OAV to 
analyze aroma contribution is only limited to known aroma threshold volatiles, so further studies will 
be required to measure and supplement the threshold value of these substances or combined with 
other methods.

Acknowledgments

This research was supported by Guangxi Zhuang Autonomous Region Forestry Research Institute. This article does not 
contain any studies with human or animal subjects. The authors declare that they have no conflict of interest.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Lulu Zhang http://orcid.org/0000-0002-8162-9219

References

[1] Jaiswal, S. G.; Naik, S. Contribution of Agricultural Produce Spice Zingiber Officinale to a Sustainable Food 
System: Green Extraction and Stability Study of Antioxidant Compounds. Open Agr. 2018, 3, 326–338. DOI:  
10.1515/opag-2018-0036.

[2] Yaqing, S. Study on Extraction, Analysis and Purification of Ginger Essential Oil; China Agricultural University, 
2004.

[3] Zancan, K. C.; Marques, M. O. M.; Petenate, A. J.; Meireles, M. A. A. Extraction of Ginger (Zingiber Officinale 
Roscoe) Oleoresin with CO2 and Co-solvents: A Study of the Antioxidant Action of the Extracts. J. Supercrit. 
Fluids. 2002, 24, 57–76. DOI: 10.1016/s0896-8446(02)00013-x.

[4] Pang, X.; Cao, J.; Wang, D.; Qiu, J.; Kong, F. Identification of Ginger (Zingiber Officinale Roscoe) Volatiles and 
Localization of Aroma-Active Constituents by GC-Olfactometry. J. Agric. Food Chem. 2017, 65, 4140–4145. DOI:  
10.1021/acs.jafc.7b00559.

[5] Munda, S.; Dutta, S.; Haldar, S.; Lal, M. Chemical Analysis and Therapeutic Uses of Ginger (Zingiber Officinale 
Rosc.) Essential Oil: A Review. J. Essent. Oil Bear. Plants. 2018, 21, 994–1002. DOI: 10.1080/ 
0972060x.2018.1524794.

INTERNATIONAL JOURNAL OF FOOD PROPERTIES 63

https://doi.org/10.1515/opag-2018-0036
https://doi.org/10.1515/opag-2018-0036
https://doi.org/10.1016/s0896-8446(02)00013-x
https://doi.org/10.1021/acs.jafc.7b00559
https://doi.org/10.1021/acs.jafc.7b00559
https://doi.org/10.1080/0972060x.2018.1524794
https://doi.org/10.1080/0972060x.2018.1524794


[6] Singh, G.; Kapoor, I. P.; Singh, P.; de Heluani, C. S.; de Lampasona, M. P.; Catalan, C. A. Chemistry, Antioxidant 
and Antimicrobial Investigations on Essential Oil and Oleoresins of Zingiber Officinale. Food Chem. Toxicol. 
2008, 46, 3295–3302. DOI: 10.1016/j.fct.2008.07.017.

[7] Bartley, J. P.; Jacobs, A. L. Effects of Drying on Flavour Compounds in Australian-grown Ginger (Zingiber Officinale). 
J. Sci. Food Agric. 2000, 80, 209–215. DOI: 10.1002/(sici)1097-0010(20000115)80:2<209::Aid-jsfa516>3.0.Co;2-8.

[8] Butt, M. S.; Sultan, M. T. Ginger and Its Health Claims: Molecular Aspects. Crit. Rev. Food Sci. Nutr. 2011, 51, 
383–393. DOI: 10.1080/10408391003624848.

[9] Hussain, A.; Li, Z.; Ramanah, D. R.; Niamnuy, C.; Raghavan, G. S. V. Microwave Drying of Ginger by Online 
Aroma Monitoring. Drying Technol. 2009, 28, 42–48. DOI: 10.1080/07373930903423954.

[10] Noble, A. C.; Ebeler, S. E. Use of Multivariate Statistics in Understanding Wine Flavor. Food Rev. Int. 2002, 18, 
1–20. DOI: 10.1081/fri-120003414.

[11] Wu, Y.; Lv, S.; Lian, M.; Wang, C.; Gao, X.; Meng, Q. Study of Characteristic Aroma Compounds of Baked 
Wujiatai Green Tea by HS-SPME/GC-MS Combined with Principal Component Analysis. J. Food. 2016;1:548.

[12] Bail, S.; Stuebiger, G.; Krist, S.; Unterweger, H.; Buchbauer, G. Characterisation of Various Grape Seed Oils by 
Volatile Compounds, Triacylglycerol Composition, Total Phenols and Antioxidant Capacity. Food Chem. 2008, 
108, 1122–1132. DOI: 10.1016/j.foodchem.2007.11.063.

[13] Cao, W.; Lin, L.; Niu, Y.; Xiao, Z.; Fang, X. Characterization of Aroma Volatiles in Camellia Seed Oils (Camellia 
Oleifera AbeL) by HS-SPME/GC/MS and Electronic Nose Combined with Multivariate Analysis. Food Sci. 
Technol. Res. 2016, 22, 497–505. DOI: 10.3136/fstr.22.497.

[14] Wang, Y.; Wei, K.; Han, X.; Zhao, D.; Zheng, Y.; Chao, J.; Gou, J.; Kong, F.; Zhang, C. S. The Antifungal Effect of 
Garlic Essential Oil on Phytophthora Nicotianae and the Inhibitory Component Involved. Biomolecules. 2019, 9. 
DOI: 10.3390/biom9100632.

[15] Zhang, M.; Li, L.; Song, G.; Wang, H.; Wang, H.; Shen, Q. Analysis of Volatile Compound Change in Tuna Oil during 
Storage Using a Laser Irradiation Based HS-SPME-GC/MS. Lwt. 2020, 120, 108922. DOI: 10.1016/j.lwt.2019.108922.

[16] Na, L.; Xuecai, H. Study on Aroma Compounds and Fingerprint of Ginger Oil resin from Different Habitats. 
Jiangsu Condiment Subsidiary Food. 2015, 000, 4–10. DOI: 10.3969/j.1006-8481.2015.04.002.

[17] Wei, S.; Xiangtao, C.; Haiting, W.; Taozhen, R.; Lujiao, G.; Wenfang, Z.; Doudou, Z. Development of Xilin 
Turmeric and Lycium Barbarum Compound Beverage. Farm Prod Process. 2019;2:458.

[18] Bao, C.; Donghua, J.; Famei, L.; Hongping, M.; Zhenggang, L.; Yanping, H.; Liuxia, Y. Aroma Compounds of 
Zijuan Tea Processed by Four Different Methods. Modern Food Sci. Technol. 29 (10), 2–2486. 2013.

[19] Lei, Z.; Jie, W.; Liyong, L.; Liang, Z. Analysis of Characteristic Aroma Constituents of Hawk Tea. Food Sci. 2019, 
40, 228–236. DOI: 10.7506/spkx1002-6630-20180128-384.

[20] Yanbin, X.; Zuo, D. Comparative Analysis of Volatile Components in Stevia Dry Leaves and Its Tea Products. 
Modern Food Sci. Technol. 29 (11), 2752–2756. 2013.

[21] Iwasa, M.; Nakaya, S.; Maki, Y.; Marumoto, S.; Usami, A.; Miyazawa, M. Identification of Aroma-active 
Compounds in Essential Oil from Uncaria Hook by Gas Chromatography- Mass Spectrometry and Gas 
Chromatography-Olfactometry. J. Oleo Sci. 2015, 64, 825–833. DOI: 10.5650/jos.ess15048.

[22] Lu, J.; Li, H.; Quan, J.; An, W.; Zhao, J.; Xi, W. Identification of Characteristic Aroma Volatiles of Ningxia Goji 
Berries (Lycium Barbarum L.) And Their Developmental Changes. Int. J. Food Prop. 2017, 20, S214–S227. DOI:  
10.1080/10942912.2017.1295254.

[23] Tingting, C. Identification of Aroma-active Compounds and Modeling of Aroma Quality Evaluation of Citrus 
Fruits; Southwest University, 2018.

[24] Kim, T. H.; Thuy, N. T.; Shin, J. H.; Baek, H. H.; Lee, H. J. Aroma-active Compounds of Miniature Beefsteakplant 
(Mosla Dianthera Maxim). J. Agric. Food Chem. 2000, 48, 2877–2881. DOI: 10.1021/jf000219x.

[25] Netek; Brus; Geo-Information, T.J.I.J.o. Performance Testing on Marker Clustering and Heatmap Visualization 
Techniques: A Comparative Study on JavaScript Mapping Libraries. 2019, 8 , 348.

[26] Pang, X.; Guo, X.; Qin, Z.; Yao, Y.; Hu, X.; Wu, J. Identification of Aroma-active Compounds in Jiashi 
Muskmelon Juice by GC-O-MS and OAV Calculation. J. Agric. Food Chem. 2012, 60, 4179–4185. DOI:  
10.1021/jf300149m.

[27] Yingngam, B.; Brantner, A. Boosting the Essential Oil Yield from the Rhizomes of Cassumunar Ginger by an 
Eco-friendly Solvent-free Microwave Extraction Combined with Central Composite Design. J. Essent. Oil Res. 
2018, 30, 409–420. DOI: 10.1080/10412905.2018.1503099.

[28] Manuhara, G. J.; Mentari, G. P.; Khasanah, L. U.; Utami, R. Aqueous Extract Composition of Spent Ginger 
(Zingiber Officinale Var. Amarum) from Essential Oil Distillation. Iop Conf. 2018, 333, 012069. DOI: 10.1088/ 
1757-899X/333/1/012069.

[29] Abdi, H.; Williams, L. J. Principal Component Analysis. Wiley Interdisciplinary Rev. 2010, 2, 433–459. DOI:  
10.1002/wics.101.

[30] Ziegler, H. Flavourings: Production, Composition, Applications, Regulations (Wiley-VCH); 2008.
[31] Yeh, H. Y.; Chuang, C. H.; Chen, H. C.; Wan, C. J.; Chen, T. L.; Lin, L. Y. Technology. Bioactive Components 

Analysis of Two Various Gingers (Zingiber Officinale Roscoe) and Antioxidant Effect of Ginger Extracts. LWT. 
2014, 55, 329–334. DOI: 10.1016/j.lwt.2013.08.003.

64 L. ZHANG ET AL.

https://doi.org/10.1016/j.fct.2008.07.017
https://doi.org/10.1002/(sici)1097-0010(20000115)80:2%3C209::Aid-jsfa516%3E3.0.Co;2-8
https://doi.org/10.1080/10408391003624848
https://doi.org/10.1080/07373930903423954
https://doi.org/10.1081/fri-120003414
https://doi.org/10.1016/j.foodchem.2007.11.063
https://doi.org/10.3136/fstr.22.497
https://doi.org/10.3390/biom9100632
https://doi.org/10.1016/j.lwt.2019.108922
https://doi.org/10.3969/j.1006-8481.2015.04.002
https://doi.org/10.7506/spkx1002-6630-20180128-384
https://doi.org/10.5650/jos.ess15048
https://doi.org/10.1080/10942912.2017.1295254
https://doi.org/10.1080/10942912.2017.1295254
https://doi.org/10.1021/jf000219x
https://doi.org/10.1021/jf300149m
https://doi.org/10.1021/jf300149m
https://doi.org/10.1080/10412905.2018.1503099
https://doi.org/10.1088/1757-899X/333/1/012069
https://doi.org/10.1088/1757-899X/333/1/012069
https://doi.org/10.1002/wics.101
https://doi.org/10.1002/wics.101
https://doi.org/10.1016/j.lwt.2013.08.003

	Abstract
	INTRODUCTION
	Materials and Methods
	RESULTS AND DISCUSSION
	Aroma compounds analysis of ginger oils
	Heatmap clustering analysis
	Characteristic aroma compounds
	Principal component analysis

	CONCLUSION
	Acknowledgments
	Disclosure statement
	ORCID
	References

