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of the volatile organic
compounds produced from green coffee in
different years by gas chromatography ion mobility
spectrometry

Chen Min,ab Mai Biyi,a Lu Jianneng,c Li Yimin,b Liu Yijun *ab and Cheng Long*d

The effect of storage time on green coffee volatile organic compounds (VOCs) was studied by their

separation via head space solid-phase microextraction and identification via gas chromatography-ion

mobility spectrometry. In total, 38 kinds of VOCs, mainly composed of alcohols, aldehydes, esters and

ketones, were identified. The fingerprint showed that the VOCs produced by green coffee in different

years had obvious differences, especially, acrolein, 3-methylbutyl acetate, butanoic acid, heptan-3-ol,

and so on, that could be used to predict the storage time. In addition, with the increase of storage time,

the contents of butanal, ethanol, dimethyl sulfide, propanal, butan-2-one had no obvious change, and

could be considered as typical aroma characteristics of green coffee or special aroma components for

variety identification. Meanwhile, principal component analysis (PCA) and “nearest neighbor” fingerprint

analysis could also effectively distinguish green coffee with different storage times. Comprehensive

analysis showed that GC-IMS technology could provide strong and favorable support for coffee storage.
1 Introduction

Coffee is one of the three major beverages in the world, and the
global coffee harvest area is 10.8401 million hectares in 2018.
With the increasing demand for coffee in the world, the coffee
production and trade in China have also made great progress.
In 2018, the coffee planting area in china was 122 700 hectares,
with a total output of 137 900 tons, which is more than ve
times higher than that in 2006, and the planting area and
output of Yunnan Province accounts for more 98% of the whole
country, and the coffee has become one of the eight plateau
characteristic industries in Yunnan Province.1,2 Coffee not only
contains caffeine, tannins, and other components benecial to
the body in terms of diuretic, central nervous system stimula-
tion, and respiratory system, but its VOCs also havemany health
benets. Pachimsawat et al.3 showed that VOCs could reduce
salivary a-amylase (sAA) and cortisol (sCort) levels of patients
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during dental surgery (exploration and scraping), which proved
that VOCs of coffee have a sedative effect.

The avor of coffee is regarded as one of the important
indexes to evaluate the quality and acceptability of coffee.4 The
aroma of coffee is complex and volatile, composed of aldehydes,
ketones, furanone, furan, sulfur-containing compounds, and
pyrazine, and so on.5 For example, VOCs in Arabica coffee were
dominated by furan and pyrazine derivatives.6 The aroma of
coffee is not only related to the variety but also to the
pretreatment process (dry or wet process),7–9 roasting
method10,11 and other factors. Yu Fei et al.12 showed that three
roasting methods, fast, medium and slow roasting, had an
impact on the species and contents of VOCs. Juerg et al.13

showed that high temperature and roasting time had a signi-
cant effect on VOCs in coffee, with high temperature inducing
2,3-pentanedione, dimethyl trisulde and other VOCs
decreased signicantly and 2-furfurylthiol, pyridine, N-methyl-
pyrrole and other VOCs increased signicantly. Li Na et al.14

showed that mild, moderate and deep roasting had signicant
effects on the VOCs of Robusta coffee. The overall aroma of mild
roasted coffee beans was thin and the overall aroma of deep
roasted was strong and burnt bitter etc. Ralph et al.15 found that
ferulic acid decarboxylated, hydrolyzed and oxidized during
coffee roasting to produce guaiacol and other phenolic volatile
compounds. Chen et al.16 studied the effects of cold extraction
and hot extraction on the aroma of Arabica coffee in Yunnan,
and identied 111 kinds and 108 kinds of VOCs from the
extracted coffee leaves, among which the content of furfuryl
© 2022 The Author(s). Published by the Royal Society of Chemistry
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acetate in cold extraction was the highest. Sun17 revealed that
the aroma intensity of freshly brewed coffee liquid will decrease
signicantly, and 2-furfuryl mercaptan and some characteristic
aroma will fade rapidly during the placing process. According to
the premise research, it was found that the aroma of green
coffee was getting weaker due to the inuence of temperature
and humidity during storage, and few studies in this area had
been reported.

The schematic diagram of gas chromatography-ion mobility
spectrometry (GC-IMS) is shown in Fig. 1. It can be seen from
Fig. 1 that the sample enters the instrument along with the
carrier gas, which is rst separated by the gas chromatography
column and then enters the ion transfer tube according to the
red dotted line. Aer being ionized in the ionization zone, the
molecule to be measured migrates to Faraday disk for detection
under the action of electric eld and reverse dri gas, thus
realizing secondary separation. Compared with the traditional
gas chromatography-mass spectrometry (GC-MS) method, the
GC-IMSmethod requires no pretreatment of the sample and the
analysis is performed at a lower temperature, which can truly
reect the original state of the samples. It has been widely used
in the elds of storage and processing of agricultural prod-
ucts,18–20 species identication and origin traceability.21 Based
on the differences of VOCs ngerprinting by GC-IMS, the
differentiation of coffee from different varieties22,23 and
different origins24 had been successfully achieved at home and
abroad, and it provided a certain reference and theoretical basis
for variety identication, origin traceability and quality control
of green coffee. In this study, GC-IMS was used to separate and
identify the VOCs of green coffee from Arabica in Yunnan in
different years, The VOCs were combined with thermogram
analysis to reveal the changes of volatile aroma during the
Fig. 1 GC-IMS schematic diagram, it was provied by Shandong Hanon

© 2022 The Author(s). Published by the Royal Society of Chemistry
storage process of raw coffee, which could provide basic data to
guide coffee storage, production and trade.
2 Materials and methods
2.1 Materials

Green coffee was provided by Yunnan International Coffee
Trading Center and made by wet processing technology, and
originated from the variety of Catimor in 2015, 2016, 2018, 2019
and 2020, which belongs to the Arabica coffee family. In addi-
tion, the green coffee in 2017 was not in stock, so no samples of
other species of green coffee in 2017 were collected. The state of
the green coffee was in grainy form for the measurement
process. The experimental consistency and uniformity were
better.
2.2 Conditions of head space gas chromatography ion
mobility spectrometry

Head space gas chromatography ion mobility spectrometry
(FlavourSpec 1H1-00206, G.A.S. Gesellscha für analytische
Sensorsysteme mbH) was described by Yijun et al.19 With some
modication about the parameters. The green coffee samples
(1.0 g each) was transferred to a 20 mL head vial and heated in
an incubator at an incubator at an oscillation rate of 500 rpm,
60 �C for 20 min. Then, the samples were injected into a quartz
capillary column (MXT-WAX, 30 m � 1 mm � 0.53 mm) by
nitrogen at a programmed ow as follows: 2 mL min�1 for
2 min, 10 mL min�1 for 8 min, 100 mL min�1 for 30 min, and
the syringe temperature was 85 �C and injection volume was 200
mL by a headspace automatic sampler (CTC CombiPAL, CTC
Analytics AG). The compound were driven to the ionization
chamber to be ionized in a positive ion mode by a 3H ionization
Instruments Co., Ltd.
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source, and each spectrum was scanned 12 times on average.
Then, the positive ions generated were separated in the dri
tube for a second time, the length of the dri tube was 98 mm,
the dri tube was operated at a constant temperature of 45 �C,
and a voltage of 500 v cm�1. The dri gas (nitrogen) was set to
150 mL min�1. All analyses were performed in triplicate.
2.3 Statistical analysis

The instrumental analysis soware includes LAV(Laboratory
Analytical Viewer), three plug-ins and GC � IMS Library Search,
in which LAV is used to view the analysis spectrogram, Reporter
plug-in directly compare the spectrogram differences between
samples (2D top view and 3D spectrogram), Gallery Plot plug-in
ngerprint analysis and visually and quantitatively compare the
VOCs differences between different green coffee samples,
Fig. 2 3D topographical visualization view of volatile organic compound
of volatile organic compounds in green coffee of different years (B).

15536 | RSC Adv., 2022, 12, 15534–15542
Dynamic PCA plug-in dynamic principal component analysis
and quickly determine the types of unknown samples, and the
NIST database and IMS database built in GC � IMS Library
Search application soware can conduct two-dimensional
qualitative analysis of VOCs.
3 Results and discussion
3.1 Comparative analysis of GC-IMS topographic plots of
VOCs produced from green coffee in different years

The tree-dimensional pattern of the gas chromatographic ion
mobility spectrogram of VOCs produced from green coffee in
different years is shown in Fig. 2(A) and the top view is shown in
Fig. 2(B). The relative retention index of each VOCs in the GC-
IMS spectrum is shown in Table 1. The background of
s in green coffee of different years (A), and 3D topographical (top view)

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 GC-IMS integration parameters of volatile organic compoundsd

No Compound CAS# Formula MW RIa Rt [sec]b Dt [a.u.]c
Identication
approach Classication

1 Dimethyl sulde C75183 C2H6S 62.1 789 233.901 0.98681 RI, DT Thioethers
2 Propanal M C123386 C3H6O 58.1 823.4 256.108 1.06252 RI, DT Aldehydes
3 Propanal D C123386 C3H6O 58.1 822.9 255.789 1.14011 RI, DT Aldehydes
4 Butanal M C123728 C4H8O 72.1 836 264.262 1.11086 RI, DT Aldehydes
5 Butanal D C123728 C4H8O 72.1 833 262.305 1.2804 RI, DT Aldehydes
6 1 Unidentied — 0 835 263.6 1.19543 — —
7 1-Methylethyl acetate C108214 C5H10O2 102.1 842.6 268.491 1.15266 RI, DT Esters
8 Methyl acetate M C79209 C3H6O2 74.1 848.2 272.09 1.0306 RI, DT Esters
9 Methyl acetate D C79209 C3H6O2 74.1 844.5 269.742 1.1871 RI, DT Esters
10 2 Unidentied — 0 856.3 277.31 1.12705 — —
11 Acrolein M C107028 C3H4O 56.1 858 278.426 0.98492 RI, DT Aldehydes
12 Acrolein D C107028 C3H4O 56.1 856.5 277.469 1.06098 RI, DT Aldehydes
13 3 Unidentied — 0 877.3 290.86 1.11937 — —
14 Ethyl acetate M C141786 C4H8O2 88.1 883.4 294.845 1.0921 RI, DT Esters
15 Ethyl acetate D C141786 C4H8O2 88.1 883.2 294.669 1.33346 RI, DT Esters
16 Butan-2-one M C78933 C4H8O 72.1 900.3 305.759 1.06112 RI, DT Ketones
17 Butan-2-one D C78933 C4H8O 72.1 898.3 304.411 1.24153 RI, DT Ketones
18 Isopropanol C67630 C3H8O 60.1 908.5 311.055 1.21861 RI, DT Alcohols
19 3-Methylbutanal C590863 C5H10O 86.1 911.9 313.225 1.39859 RI, DT Aldehydes
20 tert-butanol C75650 C4H10O 74.1 915.5 315.56 1.32225 RI, DT Alcohols
21 4 Unidentied — 0 919.8 318.302 1.27969 — —
22 Ethanol M C64175 C2H6O 46.1 925.2 321.801 1.04364 RI, DT Alcohols
23 Ethanol D C64175 C2H6O 46.1 924 321.018 1.12992 RI, DT Alcohols
24 5 Unidentied — 0 948.4 336.781 1.02026 — —
25 6 Unidentied — 0 947.2 335.978 1.18486 — —
26 7 Unidentied — 0 981.8 358.328 1.18097 — —
27 Pentanal M C110623 C5H10O 86.1 986.1 362.484 1.19875 RI, DT Aldehydes
28 Pentanal D C110623 C5H10O 86.1 985.5 361.726 1.41986 RI, DT Aldehydes
29 8 Unidentied — 0 1006.5 388.647 1.04075 — —
30 9 Unidentied — 0 1006.8 388.952 1.28979 — —
31 Ethyl 2-methylpropanoate C97621 C6H12O2 116.2 1012.3 395.98 1.19587 RI, DT Esters
32 Butan-2-ol C78922 C4H10O 74.1 1013.1 397.049 1.15042 RI, DT Alcohols
33 1-Penten-3-one C1629589 C5H8O 84.1 1016.9 401.938 1.08074 RI, DT Ketones
34 Propan-1-ol M C71238 C3H8O 60.1 1025.7 413.243 1.10982 RI,DT Alcohols
35 Propan-1-ol D C71238 C3H8O 60.1 1025.2 412.48 1.25464 RI, DT Alcohols
36 10 Unidentied — 0 1026.4 414.072 0.94288 — —
37 11 Unidentied — 0 1035.5 425.771 1.03408 — —
38 12 Unidentied — 0 1035.3 425.465 1.20011 — —
39 Butyl acetate C123864 C6H12O2 116.2 1049.2 443.247 1.23877 RI, DT Esters
40 Ethyl 2-methylbutyrate C7452791 C7H14O2 130.2 1061.2 458.652 1.23727 RI, DT Esters
41 Hexanal M C66251 C6H12O 100.2 1071.3 472.612 1.27316 RI, DT Aldehydes
42 Hexanal D C66251 C6H12O 100.2 1071.8 473.568 1.56315 RI, DT Aldehydes
43 13 Unidentied — 0 1073.1 476.169 1.47648 — —
44 Isobutanol M C78831 C4H10O 74.1 1075.7 481.212 1.171 RI, DT Alcohols
45 Isobutanol D C78831 C4H10O 74.1 1075.2 480.257 1.36625 RI, DT Alcohols
46 14 Unidentied — 0 1081.8 493.319 1.09304 — —
47 15 Unidentied — 0 1097.1 523.333 1.21486 — —
48 3-Methylbutyl acetate C123922 C7H14O2 130.2 1099.9 528.845 1.30152 RI, DT Esters
49 4-Methyl-3-penten-2-one C141797 C6H10O 98.1 1104.1 537.112 1.1224 RI, DT Ketones
50 16 Unidentied — 0 1107.1 542.933 1.07423 — —
51 (E)-2-pentenal C1576870 C5H8O 84.1 1110.2 549.058 1.10448 RI, DT Aldehydes
52 1-Butanol M C71363 C4H10O 74.1 1119.4 567.211 1.18336 RI, DT Alcohols
53 1-Butanol D C71363 C4H10O 74.1 1118.9 566.256 1.3852 RI, DT Alcohols
54 1-Penten-3-ol C616251 C5H10O 86.1 1133.9 595.771 0.93615 RI, DT Alcohols
55 17 Unidentied — 0 1149.1 625.623 1.08241 — —
56 18 Unidentied — 0 1147.4 622.234 1.30772 — —
57 2-Heptanone C110430 C7H14O 114.2 1150 627.461 1.25901 RI, DT Ketones
58 Heptanal C111717 C7H14O 114.2 1157.1 640.936 1.34403 RI, DT Aldehydes
59 Limonene M C138863 C10H16 136.2 1165.1 654.411 1.21404 RI, DT Alkenes
60 Limonene D C138863 C10H16 136.2 1164.3 653.186 1.29988 RI, DT Alkenes
61 19 Unidentied — 0 1171.1 664.677 1.09192 — —
62 3-Methyl-1-butanol M C123513 C5H12O 88.1 1176.7 674.01 1.24541 RI, DT Alcohols

© 2022 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2022, 12, 15534–15542 | 15537
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Table 1 (Contd. )

No Compound CAS# Formula MW RIa Rt [sec]b Dt [a.u.]c
Identication
approach Classication

63 3-Methyl-1-butanol D C123513 C5H12O 88.1 1177 674.512 1.49281 RI, DT Alcohols
64 20 Unidentied — 0 1185.4 688.712 1.17888 — —
65 Pentanol C71410 C5H12O 88.1 1212.4 734.303 1.25276 RI, DT Alcohols
66 Dihydro-2-methyl-3(2H)-furanone C3188009 C5H8O2 100.1 1240.6 781.732 1.07297 RI, DT Ketones
67 21 Unidentied — 0 1243.4 787.328 1.09304 — —
68 Hexyl acetate C142927 C8H16O2 144.2 1244.3 789.165 1.41189 RI, DT Esters
69 22 Unidentied — 0 1252.5 806.576 1.07214 — —
70 23 Unidentied — 0 1268.8 841.379 1.25748 — —
71 Heptan-3-ol C589822 C7H16O 116.2 1300.6 908.979 1.32987 RI, DT Alcohols
72 24 Unidentied — 0 1333 977.867 1.48121 — —
73 Acetic acid M C64197 C2H4O2 60.1 1434.5 1193.909 1.04924 RI, DT Acids
74 Acetic acid D C64197 C2H4O2 60.1 1427.9 1179.901 1.16118 RI, DT Acids
75 25 Unidentied — 0 1595.9 1537.169 1.11253 — —
76 Butanoic acid C107926 C4H8O2 88.1 1682.6 1721.763 1.158 RI, DT Acids
77 3-(Methylthio)-1-propanol C505102 C4H10OS 106.2 1709.7 1779.34 1.08316 RI, DT Alcohols
78 4-Methoxyacetophenon C100061 C9H10O2 150.2 2127.9 2668.902 1.22641 RI, DT Ketones

a Represents the retention index calculated using n-ketones C4–C9 as external standard on FS-SE-54-CB-1 column. b Represents the retention time
in the capillary GC column. c Represents the dri time in the dri tube. d D represents a dimer, and M represents a monomer.
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Fig. 2(A) is blue, the red vertical line at 1.0 on the abscissa is the
reaction ion peak, and each dot on the right side represents
a VOC. The color is indicative of the concentration of the VOCs,
while white indicates a lower concentration and red indicates
a higher concentration, and a darker color indicates a higher
concentration. The difference comparison model was used to
compare the differences in green coffee samples, as shown in
Fig. 2(B). The gure was according to the spectrograms of green
coffee in 2015. If the concentration of VOCs in the gure is the
same, the colors cancel each other out to be white. The blue area
in the reference sample indicates that the concentration of VOC
Fig. 3 The percentage of the content of volatile organic compounds in

15538 | RSC Adv., 2022, 12, 15534–15542
is lower than that of the reference sample, and the deeper the
blue, the lower the concentration. The red area in the reference
sample indicates that the concentration of the substance is
higher than that of the reference sample, and the deeper the red
color, the higher the concentration.

It could be seen from the Fig. 2(A) and (B) that the retention
time of VOCs released from green coffee was 100–2000s, and the
signal peaks with strong differences were concentrated in 1000–
2000s. There were differences in VOCs released by green coffee
in different years, and the shorter the year, the more peaks and
the greater the peak intensity, and most VOCs gradually
green coffee in different years.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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disappear during storage. The fresher the green coffee, the
higher the amount of these compounds detected, and the most
VOCs emitted by green coffee (new green coffee) in 2020.

Table 1 and Fig. 3 showed that 78 kinds of VOCs were
detected, including 15 kinds of monomolecular compounds, 25
kinds of unidentied components, and 38 kinds of VOCs were
qualitatively detected through built-in NIST database and IMS
database. The 38 kinds of VOCs of green coffee were mainly
alcohols, aldehydes, esters and ketones, including 12 kinds of
alcohols, 8 aldehydes, 8 esters, 6 ketones, 2 acids, 1 alkene and 1
thioether. Due to the differences in varieties, sampling amount
and time, there were the differences in the types and numbers
compared to the reported by Du Ping et al., but more than 80%
of the VOCs were similar.24 Meanwhile, the VOCs in green coffee
were changed aer roasting, which were also the reason for the
difference.6 The results of signicance analysis showed that the
contents of acids and esters in fresh green coffee (in 2020)
changed signicantly from 2019 to 2015, alcohols, aldehydes
and alkenes changed signicantly from 2018 to 2015, and
ketones changed signicantly from 2016 to 2015.

3.2 Comparative analysis of GC-IMS ngerprint spectra of
VOCs produced from green coffee in different years

The ngerprint information of VOCs produced by green coffee
in different years was shown in Fig. 4. Each row in Fig. 4 rep-
resented all signal peaks selected in one sample, and each
column represented the signal peaks of the same VOCs in
different samples. Color represented the concentration of
compounds, where white indicated lower concentration and red
indicates higher concentration, and a darker color indicates
higher concentration.

As could be seen from Fig. 4, methyl acetate, ethyl acetate,
ethyl 2-methylbutyrate, 3-methylbutyl acetate, 1-methylethyl
acetate, isopropanol, propan-1-ol, butan-2-ol, 1-butanol, iso-
butanol, tert-butanol, pentanol, heptan-3-ol, 3-(methylthio)-1-
propanol, 3-methyl-1-butanol, propanal, 3-methylbutanal,
butanal, acetic acid, butanoic acid, 1-penten-3-one, 4-methox-
yacetophenon and other substances were higher in green coffee
with shorter years, and lower with longer years. The 3-
Fig. 4 Fingerprint spectra of volatile organic compounds in green coffe

© 2022 The Author(s). Published by the Royal Society of Chemistry
methylbutyl acetate, Butanoic acid, heptan-3-ol and other
substances in the red solid frame decreased rapidly from 2018.
The variation law of acrolein in the green dotted box was just the
opposite, and the longer the year, the higher the content.
Therefore, it could be inferred that Acrolein could be used as the
basis for characterizing the age of green coffee. Acrolein had the
risk of being converted into acrylamide which was harmful to
human body,25 so it had special signicance for guiding the
storage and consumption of green coffee. The contents of
butanal, ethanol, dimethyls sulde, propanal and butan-2-one
in the blue dotted box did not change obviously with the time
of year. Therefore, it could be considered that the compounds in
the blue dotted frame were the characteristic compounds that
distinguish Arabica coffee from other varieties and producing
areas. Under the action of high temperature, the VOCs of
roasted coffee were quite different from those of green coffee,
especially furans,26 and related reports show that pretreatment
process and roasting process conditions also had great differ-
ences in coffee aroma,27,28 so it was more meaningful to identify
varieties and producing areas based on the aroma characteris-
tics of green coffee.
3.3 Trend analysis of VOCs produced from green coffee in
different years

Principal component analysis (PCA) is a statistical method of
dimension reduction. It is a statistical method of transforming
the original random vector related to components into new
random vectors unrelated to components by means of orthog-
onal transformation, and the new random variables reect the
information of the original variables as much as possible. This
method has been widely used in classication analysis and
quality evaluation of agricultural products.29–32 In order to
highlight the differences of VOCs in different green coffee
samples, PCA was used for cluster analysis, as shown in
Fig. 5(A). It could be seen from Fig. 5(A) that the rst and second
main component variance contribution rates were 76% and
13%, respectively, and these components showed the similarity
among the different green coffee samples.
e of different years.
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Fig. 5 PCA plot of VOCs produced from green coffee in different years (A) and The “nearest neighbor” fingerprint plot of VOCs produced from
green coffee in different years (B).
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It could be seen from Figure that the green coffee in 2015,
2016 and 2018 could be well distinguished in the distribution
map, while the VOCs of green coffee in 2019 and 2020 were
similar and could not be well distinguished. When the value of
PC_1 was less than �1500, it could be judged as green coffee in
2015. When the value of PC_1 was greater than �1000 and less
than 0, and the value of PC_2 was greater than �250 and less
than 250, it could be judged as green coffee in 2016. When the
value of PC_1 was greater than �1000 and less than 0, and the
value of PC_2 was greater than 500, it could be judged as green
coffee in 2018. When the value of PC_1 was greater than 1000, it
could be judged as green coffee in 2019 or 2020 (fresh green
coffee).

The “nearest neighbor” ngerprint analysis based on
Euclidean distance algorithm is to compare samples quickly
according to the intensity of compounds in the selected evalu-
ation area. The algorithm calculates the Euclidean distance
between every two samples. In this way, you can nd the
“nearest neighbor” by retrieving the minimum distance.33

Firstly, two measured values of the farthest Euclidean distance
(minimum similarity) of the two measured values are deter-
mined. A box representing the measured value was drawed and
placed on the lemost side. Then, its “nearest neighbor” is
placed on the right side, and so on, until all measured values are
displayed. The bottom area of the graph represents the normal
distribution of each sample (color). The method to interpret the
map is not to nd the farthest, but to observe the relatively close
group measurement results compared with the farther group.
The “nearest neighbor” map of green coffee in different years
was shown in Fig. 5(B). It could be seen from Fig. 5(B)that there
were certain differences in VOCs released by green coffee in
different years, among which the green coffee in 2015 were
obviously different from other years, the green coffee in 2018
and 2016 were some different but not very big, and the green
coffee in 2019 and 2020 were very similar. It could be inferred
that the VOCs released from green coffee begun to change
signicantly aer the second year of storage.

4 Conclusion

In this study, 38 kinds of VOCs, composed of alcohols, alde-
hydes, esters and ketones, were identied by GC-IMS in green
15540 | RSC Adv., 2022, 12, 15534–15542
coffee from different years. The VOCs released by green coffee
were affected by different storage time. From the third year, 3-
methylbutyl acetate, Butanoic acid and heptan-3-ol in most
green coffee decreased rapidly. Meanwhile, the longer the year,
the higher the content of acrolein in VOCs, so the storage life of
green coffee could be inferred by detecting the changes of these
compounds. In addition, acrolein had the risk of being con-
verted into acrylamide which was harmful to human body, so it
was suggested that the storage period of green coffee should be
less 2 years. The contents of butanal, ethanol, dimethyls sulde,
propanal and butan-2-one did not change obviously with the
years, they could be used as typical VOCs of green coffee or as
characteristic aroma components for variety identication. PCA
and nearest neighbor ngerprint analysis could effectively
distinguish green coffee in different years and provided basic
data support for green coffee storage.
5 Author contributions

Chen Min: Writing - original dra, Conceptualization, Investi-
gation. Mai Biyi: Data curation, Formal analysis, Methodology.
Lu Jianneng: Data curation, Formal analysis. Li Yimin:Data
curation. Liu Yijun: Writing - review & editing, Validation,
Methodology, Funding acquisition. Cheng Long: Validation,
Methodology, Writing - review& editing.
Conflicts of interest

The authors declare no conict of interest. The founding
sponsors had no role in the study's design, in the collection,
analyses, or interpretation of data, in the writing of the manu-
script, and in the decision to publish the results.
Acknowledgements

This work was supported by nancially supported by the
Hainan Provincial Natural Science Foundation of China (No.
320QN326), and Central Public-interest Scientic Institution
Basal Research Fund for the Chinese Academy of Tropical
Agricultural Sciences (No. 1630122017014), and Thank you for
the support of the “2021 Guangdong Standard Strategy” project.
© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra01843h


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
M

ay
 2

02
2.

 D
ow

nl
oa

de
d 

on
 1

/2
0/

20
26

 3
:3

4:
37

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
References

1 Y. Q. Li and M. Sheng, Study on the Development Status and
Countermeasures of Yunnan Small Coffee, China Southern
Agricultural Machinery, 2021, 52, 42–43.

2 J. Zhang and Y. Zhang, Analysis on the present situation of
coffee industry competitiveness in Yunnan Province and its
promotion countermeasures, Rural Economy and Science,
2021, 31, 186–188.

3 P. Pachimsawat, K. Tangprasert and N. Jantaratnotai, The
calming effect of roasted coffee aroma in patients
undergoing dental procedures, Sci. Rep., 2021, 11, 1384.

4 V. Gonzalez, E. Tongson and S. Fuentes, Integrating a Low-
Cost Electronic Nose and Machine Learning Modelling to
Assess Coffee Aroma Prole and Intensity, Sensors, 2021,
21, 2016.

5 S. Angeloni, A. Mustafa, D. Abouelenein, L. Alessandroni and
G. Caprioli, Characterization of the Aroma Prole and Main
Key Odorants of Espresso Coffee, Molecules, 2021, 26(13),
3856.

6 P. Zakidou, F. Plati, A. Matsakidou and M. V. Evi, Single
Origin Coffee Aroma: From Optimized Flavor Protocols and
Coffee Customization to Instrumental Volatile
Characterization and Chemometrics, Molecules, 2021,
26(15), 4609.

7 L. Chujiao, Y. Qian, L. Robert, D. F. Ian and Y. Ni, Modifying
Robusta coffee aroma by green bean chemical pre-treatment,
Food Chem., 2019, 272, 251–257.

8 E. Hosam, C. Julian, F. Damian and Z. Jian, The role of wet
fermentation in enhancing coffee avor, aroma and
sensory quality, Eur. Food Res. Technol., 2021, 247, 1–14.

9 X. H. Zhu, Analysis of colombia coffee extracts’aromas at
different extraction temperatures, Beverage Ind., 2021, 24,
12–20.

10 B. Natnicha, A. Koushik and C. Edgar, Evolution of sensory
aroma attributes from coffee beans to brewed coffee, LWT–
Food Sci. Technol., 2011, 44(10), 2185–2192.

11 R. C. Zanin, S. K. Smrke, E. Y. Louise and Y. C. Fabio,
Modulation of aroma release of instant coffees through
microparticles of roasted coffee oil, Food Chem., 2021,
341(30), 128193.

12 F. Yu, W. J. Dong, R. S. Hu, Y. Z. Long, Y. Zong, Z. H. Chen
and K. L. Jiang, Effects of Different Roasting Speeds on the
Volatile Components of Xinglong Coffee Beans, Chinese
Journal of Tropical Crops, 2021, 42(11), 3316–3326.

13 J. Baggenstoss, L. Poisson, R. Kaegi, R. Perren and F. Escher,
Coffee roasting and aroma formation: application of
different time-temperature conditions, J. Agric. Food Chem.,
2008, 56(14), 5836–5846.

14 N. Li, F. X. Zhang, M. Q. Li and J. N. Lin, Effect of different
roasting degree on the aroma components of robusta
coffee beans, Beverage Ind., 2019, 22, 49–55.

15 R. Dorfner, T. Ferge, A. Kettrup, R. Zimmermann and
C. Yeretzian, Real-time monitoring of 4-vinylguaiacol,
guaiacol, and phenol during coffee roasting by resonant
© 2022 The Author(s). Published by the Royal Society of Chemistry
laser ionization time-of-ight mass spectrometry, J. Agric.
Food Chem., 2003, 51, 5768–5773.

16 Z. N. Chen, Y. Xie and X. R. Xie, Aroma analysis of Yunnan
arabica coffee cold extract and hot extract, Beverage Ind.,
2019, 22, 44–52.

17 Z. C. Sun, Mechanism and control of coffee aroma fading,
Jiangnan university, 2020.

18 Y. J. Liu, M. T. Bu, X. Gong, J. N. He and Y. Zhan,
Characterization of the volatile organic compounds
produced from avocado during ripening by gas
chromatography ion mobility spectrometry, J. Sci. Food
Agric., 2021, 101, 666–672.

19 Y. J. Liu, X. Gong, W. Jing, L. J. Lin, W. Zhou, J. N. He and
J. H. Li, Fast discrimination of avocado oil for different
extracted methods using headspace-gas chromatography-
ion mobility spectroscopy with PCA based on volatile
organic compounds, Open Chem., 2021, 19, 367–376.

20 Y. J. Chen, J. N. Yu, G. X. Jing, W. S. Li, W. Liu and W. J. Liu,
Application of gas chromatography-ion mobility
spectrometry in agriculture, Chin. J. Anal. Lab., 2020, 39,
1480–1488.

21 X. Y. Chen, T. Chen, D. L. Lu and B. Chen, Application of GC-
IMS in variety discrimination of edible vegetable oils, Food
Ferment. Ind., 2018, 44, 245–249.

22 S. Y. Moon, S. Y. Baek and K. Miri, Determination of aroma
proles of coffee cultivated in Goheung, Korea by gas
chromatography-ion mobility spectrometry, Korean J. Food
Preserv, 2019, 26, 576–585.

23 P. Du, Z. J. Chen, F. Yang, X. L. Li, J. Yang, C. X. Liu,
J. S. Liang and F. Ren, A rapid method for the
discrimination of different varieties of green coffee beans
by Headspace-Gas Chromatography-Ion Mobility
Spectrometry, Food Sci., 2019, 40, 228–233.

24 Z. S. Hong, C. Tan, Y. Miao and J. S. Gong, Fingerprint
analysis of volatile organic compounds in coffees from
different geographical origins by Headspace-Gas
Chromatography-Ion Mobility Spectrometry, Food Sci.,
2020, 41, 243–249.

25 T. Y. Xu, S. D. Zeng, M. Y. Wang and C. L. Yang, Research
status of acrylamide in roasted coffee, J. Food Saf. Qual.,
2015, 4063–4069.

26 F. Zhang, W. J. Dong, K. L. Wang, F. L. Gu, S. B. Xiong and
J. P. Zhao, Comparative analysis of aromatic components
of roasted coffee beans from different gengraphical origins
in Yunnan province by HS-SPME/GC-MS, Sci. Technol. Food
Ind., 2015, 36, 273–280.

27 Y. F. Wang, Analysis of coffee aroma and study on preparation
of coffee essence by Maillard reaction, Shanghai University,
2014.

28 B. Zhou, H. T. Ren and T. F. Qin, Comparison of two
pretreatment methods in the analysis of aroma
components of Yunnan small coffee, Mod. Food Sci.
Technol., 2013, 29, 1716–1720.

29 Z. L. Hao, M. Yang, Y. M. Liu and Y. F. Chen, Principal
component analysis of the effects of different enzymatic
treatments on volatile avor components of cod, China
Condiment, 2021, 46, 57–59.
RSC Adv., 2022, 12, 15534–15542 | 15541

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra01843h


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
M

ay
 2

02
2.

 D
ow

nl
oa

de
d 

on
 1

/2
0/

20
26

 3
:3

4:
37

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
30 D. M. Kong, R. Dong, Y. Y. Cui, S. T. Wang and H. C. Shi,
Study on oil identication method based on three-
dimensional uorescence spectrum combined with two-
dimensional linear discriminant analysis, Spectrosc.
Spectral Anal., 2021, 41, 2505–2510.

31 F. Li, L. Liu, J. Li, B. L. Zhong, X. J. Liu and T. Peng, Study on
fruit quality evaluation of ve pomelo varieties under
different storage conditions, China Fruits, 2021, 43–47.
15542 | RSC Adv., 2022, 12, 15534–15542
32 Z. Zhao, Y. N. Xia, H. Liu and Q. Shuang, Comparison of
organic acid composition in 15 varieties of cheese using
GC-MS and PCA, Food Res. Dev., 2021, 42, 163–171.

33 P. Santhi and V. M. Bhaskaran, Improving the efficiency of
image clustering using modied non euclidean distance
measures in data mining, Int. J. Comput. Commun. Control,
2014, 9, 56–61.
© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra01843h

	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry

	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry

	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry
	Characterization of the volatile organic compounds produced from green coffee in different years by gas chromatography ion mobility spectrometry


