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Abstract: In this study, Robusta green coffee beans were used as the research object, and head space-solid phase microextraction coupled
with gas chromatography-mass spectrometry (HS-SPME-GC/MS) and electronic nose technology were used to analyse the volatile compounds
of the coffee beans during an accelerated storage. Results showed that a total of 56 volatile compounds were identified in the green coffee bean
samples. With the extension of storage time, the content of acids increased first and then decreased, the content of the ester compounds increased
gradually, whilst the content of aldehydes decreased first and then increased (increased from 13.72% before storage to 25.46% after the storage
at 60 ‘C). The higher the accelerated storage temperature, the faster the increasing rate of volatiles (the volatile content increased from 24.12
ng/g DW to 31.34 pg/g DW). Electronic nose data analysis could discriminate samples subjected to different storage periods. The samples
derived from different storage stages were clustered into different classes respectively, with a more compact cluster achieved at 60 “C. Through
the analyses of the changes in the contents of volatile compounds and the characteristic response values of electronic nose sensors, as well as the
principal component analysis (PCA), it can be preliminarily speculated that hexanal, benzaldehyde, phenylacetaldehyde, acetic acid, hexanoic
acid, and benzoic acid were the characteristic compounds that contributed greatly to flavor deterioration of green coffee beans during the

accelerated storage. Thus, HS-SPME/GC-MS, electronic nose technology combined with PCA can evaluate comprehensively the flavor

characteristics of green coffee beans during storage.
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Table 2 Volatile compounds identified and quantified in green coffee beans under accelerated storage conditions at 40 C

as TF wemen RN e musn Od4ocﬁiWﬁﬁmifﬁ&%iim®Q2mi
1 2 15.55 CHO 22474  198+0.68 3.68+0.08 6.05£0.12 444141 2.68+0.42
2 23-T =8 3572 CqHie0» 149023  0.60£0.11 0.52+0.01 0.60+0.04 0.84+0.41 0.37+0.14
3 FAEE 35.92 CHsO 186541 0.70+0.52 1.03£0.40 020£0.03 0.47+0.08 1.10+0.15
4 BE RBE 15.01 CHpO 50818 ND ND 0.13£0.03  0.20£0.13  0.54+0.22
5 KB 60.49 CgHigO 86774  0.1120.16  1.10+0.23  1.94£0.49 0.43+0.02 0.22+0.08
6 B2 19.02 CHO  1583.42 ND ND ND ND ND
7 - 4i-3-B% 2939  GgHiO  809.57  0.12+0.02 0.10£0.01 0.09£0.01 0.11+0.01  0.10+0.01
8 7, 39 12.41 CHis 85501  0.32+0.04 0.37£0.36 0.20£0.03 0.68+0.02 0.19+0.02
9 . ARRAARTR 1565 CioHis 102853 2.13%0.12 ND 0.35+0.16 1.25+0.28 1.00+0.38
0 R gampEesm 1575 CoHu 103225 ND ND  0.53£027 206043 2.04£049
11 2-FA-Th 24.36 CsHy, 58538  0.07+0.01 ND 1.01£0.05 ND 0.19+0.01
12 ETHE 6.52 CHO 52072 040+0.03 046£029 0.24+0.04 0.19+0.02 ND
13 TE 6.64 CH;,0  1120.03 ND 0.63£0.20  0.66+0.46 139+0.88 0.58+0.06
14 SR B 4995  CGH,O  1243.15 ND ND ND ND ND
15 Rk 1S 2833 GH,O,  6790.49 ND ND ND ND ND
16 OB 41.16 CgHsO 870.43 ND ND ND ND ND
17 =i 2438  CoH;s0 98646  2.13+0.65 028+0.06 0.26£0.06 0.48+0.02 ND
18 P S 3237 CGHO  799.00 0.78£0.36 038+0.05 021£0.12 0.59£0.26 0.71+0.01
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BEER
19 (E,E)-24-F =¥l 13.82 CHi;0  1505.03 ND ND ND ND ND
20 Bk 6.88 CioHis 105234 02240.13 021+0.12  0.08£0.01 0.06+0.01  0.18+0.01
21 B35 8.55 CioHis 121882  0.06£0.01 0.08£0.04 0.07+0.03 0.87+0.05 0.60+0.06
22 AT 11.72 CioHis  1090.16  0.47+0.21 0.25+0.13 0.69+0.36 0.86+0.02 0.56+0.16
23 ok AT 11.76 CioHis 109293  0.78£025 025:0.13 0.50£029 0.67+0.47 0.47+0.02
24 KT M 3828 C4Hg 600.91 ND 0.50£0.02  0.36+£0.02  0.18+0.02 ND
25 ¥ 12.47 CsHig 662.67  0.11£0.04 0.52+0.12  0.39+0.04  0.05+0.01 ND
26 e 32.37 CioHig  1099.00 2.15£0.10 0.510.01 1.08+0.75 0.37£022 0.23+0.06
27 y-A b 12.03 CioHis  1114.87 ND 0.04£0.01 1.06£0.79 2.81+0.98 ND
28 2-THAIKRTH 1248 CeHiO 76422 1.29£0.07 0.73+0.36 ND ND ND
29 # KT 1609  CHzO,  446.73 ND ND ND 0.21£0.01 . 0.22+0.02
30 EAE oAt B 6597  C,H;NO 47320 ND ND ND ND ND
31 EX 4156  C4HNO  497.83 ND ND ND ND ND
32 T AL AR 67.65  C;HO, 44840 ND ND ND ND ND
33 TEg 2850  GH,O, 21461  140£055  0.86£0.66 0.62+0.15 1.03£0.13  1.51+0.06
34 3-WA-TE 4486  CsH;(0, 51286  345+03 3.17+0.12 1.18+0.81 3.68+0.16 3.36x0.29
35 3-FA-2-TE 5276 CsHyO,  514.74 ND 1.384£0.57 0.1120.01 0.61£041 0.730.03
36 TE 5725  CeHipO»  1051.83  040+£0.18 0.52+0.17 0.16£0.06 1.20+0.15 0.28+0.04
37 B 63.78 CH,,0, 73476 ND ND ND ND ND
38 PREE 5728  CsHyO;  965.64  3.03£0.65 1.40+0.85 1.18£0.80 0.54+0.05 0.18+0.01
39 A z,z-9,;gﬁ-ﬁ2/\zﬁ 8201  CioH30, 204896  0.48£022 0.80+027 0.11£0.09 0.46+0.31 0.25+0.01
40 Foom 77.88 CigHas 159893  026£0.13 025016 023£0.04 0.17£0.04 0.13+0.02
41 R B 7831 C/HeO, 83209 037+0.26 0.43+0.10 ND ND ND
42 ThHER 7646  CiHy0,  1884.84 ND ND ND ND ND
43 AL 3448  CHO,  627.19 ND ND ND ND 0.16+0.02
44 AR ER 79.10  CiHy0,  1859.11 ND ND ND ND 0.06+0.02
45 10-+A\HBEAFE 7955  CpoH30,  2040.87  0.24+0.02  0.50£0.02 0.27+0.02 0.26£0.03 0.32:+0.04
46 T A B 3932 C4HO, 40241  0.95:025 0.97+0.02 0.62+0.05 0.96£0.12 0.71+0.04
47 10’13';%:‘ B 5054 CioH30,  1886.55  2.11+0.10 ND 0.10£0.02  0.71+0.03  0.31£0.01
48 - + oL F Be 74.06  CiH30,  1618.64  0.04+0.02  0.13+0.01 ND 0.27£0.06  0.31+0.01
49 KB F B 50.41 CegHsO3  1773.11 ND ND ND NDN ND
50 9'+/\};Z§£(Z)"¥ 79.78  CioH30;  2175.87 ND ND ND 0.24+0.02  0.24+0.02
51 9’12'2;;; BB g0 CioH30,  1896.53 ND ND ND 0.27£0.02  0.79+0.01
52 Bk REy 6656  CGHsOH 79650  0.16£0.17  0.13+0.02 ND ND ND
53 S THHEAROAE 7321 CHyiO, 100657 ND ND ND ND ND
54 . ook ) 7837  CgHyN4O»  986.65  0.18£0.04 0.37+0.24 0.39+0.02 0.41£0.02  0.49+0.01
55 FAMRTR  27.06 CioHp  1471.90 ND ND 0.36+0.02 ND ND
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3 EWMEZ 50 CHNENIREHEL MR E M EE %R
Table3 Volatile compounds identified and quantified in green coffee beans under accelerated storage conditions at 50 “C

g P e REEE s e S0 CHRFIGHH MAEARRD 55 1)

GES /min 0d 5d 10d 15d 20d
1 t:cd 15.55 CHQO 22474  1.98+0.68 1.76£0.55 0.90+0.43 0.87+0.02 0.84+0.28
2 23-T =B 3572 CH0; 149023  0.60+0.11 0.34+0.13 ND ND ND
3 F+REF 35.92 GHsO 186541 0.70+0.52 0.29+0.02 0.12£0.02 0.11+0.01 0.12+0.01
4 BE R 15.01 CsHi,0  508.18 ND ND ND 0.36£0.11 0.61%0.35
5 RTE 60.49 CsHigO 86774  0.1120.16 ND ND ND ND
6 SR 19.02 CHO 158342 ND ND ND ND ND
7 1 -5 43 -B% 2039  CgHiO  809.57  0.12+0.02 ND ND ND 0.23+0.02
8 B, 12.41 CHy 855.01  0.32£0.04 021£0.10 0.17£0.02 0.18+0.01  0.19+0.01
9 N AR AR T I 15.65 CioHis 102853  2.1320.12  0.80+0.02 ND ND 0.22+0.02
10 M FREFRF IR 15.75 CioHis  1032.25 ND 0.5120.34  0.98£0.61 0.10£0.03  0.87+0.54
11 2-FR-THR 24.36 CsHiz 58538  0.07+0.01 0.20+0.01 0.25+0.01 0.28+0.02 ND
12 ETE 6.52 CHsO 52072 0.40+0.03 ND ND ND 0.73+0.11
13 i3 6.64 CHpO  613.33 ND 0.25+0.05 2.27+030 2.40£0.72 2.01=0.40
14 SR B 4995  CH,O 124315 ND ND ND ND ND
15 . Bl S 2833 GsHiO,  6790.49 ND ND ND ND 0.35+0.02
16 - RUBE 41.16 CsHsO 87043 ND 0.03:0.01 0.05£0.02 1.29£0.13  2.10+0.08
17 BT 2438  CoHigO 98646  2.13+0.65 1.05£0.14 1.85+0.66 0.02+0.01 0.48+0.03
18 S 32.37 CHO  799.00 0.78£0.36 0.15£0.09 0.73+0.35 0.35+0.05 1.42+0.59
19 (E,E)-24-F=J#® 1382  CoH,,O  1505.03 ND ND ND ND ND
20 BT M 6.88 CiHis 105234  022+0.13 0.57+0.44 1.01£0.02 1.14+0.65 0.58+0.27
21 E2 8.55 CioHig 1218.82  0.06+0.01 0.32+0.07 0.53+£0.08 1.49+0.83 1.4620.16
22 T RATHE 11.72 CioHig 1090.16 0.47+021 236+0.33 141£0.02 0.86£0.07 0.60+£0.06
23 I APAR 11.76 CiHis  1092.93  0.78+025 2.36+0.33 1.25+0.06 1.00£0.01 0.53+0.02
24 BT ¥ 38.28 C4Hg 600.91 ND 0.15£0.04 0.47+020 0.53£0.02 0.86+0.02
25 B 1247 CsHio 662.67  0.11£0.04 ND ND ND ND
26 + et 32.37 CioHig  1099.00 2.15+0.10 0.27+0.16 0.23+0.03 0.09+0.01 0.23%0.02
27 y-Ao i 12.03 CioHis  1114.87 ND 0.16+0.03 ND 0.39+0.01 0.46+0.17
28 2-THAIKRTH 1248  CHy O 76422 1.29+0.07 021+0.10 0.61+0.04 0.67+0.02 0.72+0.01
29 TR 16.09 CHgO, 44673 ND 0.20£0.06 0.27£0.01 0.30£0.01  0.34:0.02
30 EAE 10O 6597  C4,NO 47320 ND ND ND ND ND
31 X TR 4156  C4HsNO  497.83 ND ND ND ND ND
32 TR R ER 67.65  C4HO, 44840 ND ND ND ND ND
33 i3 2850  GHO, 21461  140£0.55 040£0.18 1.77+0.65 0.15£0.03 1.05£0.04
34 3-FR-TE 4486  CHiO,  512.86 345403 1.75+1.15 5.85+0.65 0424022 2.93+0.10
35 3-Fh-2-TE 5276 CHO,  514.74 ND 0.34£0.18  2.38+1.16  0.02+0.01 ~ 0.49+0.02
36 gk TE 5725  CeHip0,  1051.83  0.40+0.18 0.22+0.08 147+0.61 0.19£0.12 0.28+0.04
37 By 6378  CH40, 73476 ND 0.70+0.02 ND ND ND
38 SRR 5728  CsHig0;  965.64  3.03+0.65 036+0.03 046+0.18 0.55+0.02 0.59+0.02
39 2o 79, I2HAR= g0 CioH3O0;, 204896 0.48+0.22 0.07+0.03 0.23+0.10 0.20£0.04  0.30+0.03

i
BT
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40 R 77.88 CigHzs 159893  026£0.13 0.35£0.06 0.69+0.18 0.08+0.01  0.04+0.01
41 EX Y 7831 CHeO, 83209 0.37£026 0.25£0.01 0.09£0.01 0.11£0.03 0.24+0.10
42 hER 7646  C;gHyO, 1884.84 ND ND 0.60£0.02  ND ND
43 B 3448  CHO,  627.19 ND 0.10+0.03 ND ND ND
44 F AR 79.10  CiHy0,  1859.11 ND ND ND ND 0.16+0.03
45 10- A\ K BE F B 79.55  CpH30,  2040.87  0.24+0.02 ND 0.36+0.02 ND ND
46 T A B 3932 CiHOr 40241 0.95£025 0.42+0.23 0.89+0.07 0.99£0.01 0.77+0.07
47 10’13'+'ga; BT 9054 Col0, 188655 2114010 ND ND ND ND

iR

48 + kB T By 7406  CigHpO,  1618.64  0.04+0.02 ND 0.07+0.01 ~0.44+0.02 ND
49 TKA B B 50.41 CsHgO;  1773.11 ND ND ND ND ND
50 9-+AMHBR(Z)-FE: 7978 CiHiOs  2175.87 ND ND 0.26+0.03  0.21£0.04 0.35+0.01
51 9,12-F AN ME FEE 8077  CipHuO,  1896.53 ND 0.09£0.01  1.59+0.01 1.64+£0.07 1.62+0.02
20 ok Ky 6656  CHsOH 79650  0.16£0.17 0.11£0.01  ND ND ND
53 4-THRATBI AR 7321 CoHyuO,  1006.57 ND 0.06+0.01 ND ND ND

54 . v ] 7837  CsHioNsOy  986.65  0.18+0.04 0.40+0.01 0.41£029 0.54£0.02 0.89+0.35
55 RLLE S 27.06 CioH, 147190 ND 0.47£024 0.13£0.07 0.20+£0.01  0.22+0.02

T4 EMIMEE A CHEMREHEL MRS EMEE AR

Table 4 Volatile compounds identified and quantified in green coffee beans under accelerated storage conditions at 60 C

gy M paman FEIE e megun O PAREAR A ER MRS S gD
GiES /min 0d 5d 10d 15d 20d
1 -2 1555  CHO 22474  198+0.68 0.57+0.17 0.54£0.02 0.47£0.02 0.32+0.03
2 23-T=B 3572 CiHygO» 149023  0.60+£0.11 0.69+0.12  ND ND ND
3 FFEE 3592 GHgO 186541 0.70£0.52 0.24+0.07 0.19+0.01 0.07£0.01 0.13+0.02
4 BEE KRBz 1501 CsH; ;0 508.18 ND 0.31£0.01 0.46£0.02 0.55+0.02 0.64+0.04
5 KO 6049  CgHi O  867.74 0.11£0.16 0.06+0.01 ND ND ND
6 B 19.02  CH O 1583.42 ND ND ND 0.71£0.02 ND
7 1-FHi-3-B% 2939 CsHiO  809.57  0.12+0.02 0.06+0.01 ND ND ND
8 79204 1241 CHis 85501  0.32£0.04 0.31+0.04 0.100.01 0.18£0.01 0.19+0.01
9 - AR A ART I 1565  CiHis 102853  2.13+0.12 0.53£0.28 0.54+0.19 0.20£0.01 0.85+0.49
10 M FRER TR 1575 CyHi 103225 ND  0.79+0.10 0.56x0.05 ND  0.67+0.15
11 2-FR-TH 2436 GCHp 58538 007001  ND 0374003 0.45+0.02 0.51%0.01
12 JE TR 6.52 CHsO 52072  040£0.03  ND ND  0.03£0.01 0.51+0.04
13 T 6.64  CHi 0  613.33 ND  0.70£0.12 3.43£045 437+0.17 4.18+0.09
14 B 4995  CHiO 124315 ND ND 028001 ND  0.11£0.02
5 % 1S 2833 CH4O,  6790.49 ND ND  032+0.09 046+0.02 0.52+£0.20
16 S 41.16  CgHiO 87043 ND  0.05:0.01 133£042 025£0.03 1.16+0.13
17 eSS 2438  CoH;s0 98646  2.13£0.65 0.24:£0.04 022+0.02 0.13£0.02 0.12+0.02
18 E S 3237 GHO  799.00 0.78£0.36 0.37+0.04 1.08+0.45 1.24£0.59 1.90+0.51
19 (E,E)-2,4-F —Jiiik 1382 CoHisO  1505.03 ND ND ND ND  0.12+0.01
TR
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20 B-FH 6.88 CioHis 105234  022+0.13 0.51£0.04 0.20+0.02 0.48+0.03 0.530.02
21 H 8.55 CioHjs 121882  0.06£0.01 0.45£0.16 0.59+0.12 1.89+0.78 0.74+0.10
22 T RATE I 11.72 CioHis  1090.16  0.47+0.21 0.7620.03 0.97£0.12 0.45+0.02 1.30+0.09
23 I AN 1176 CyoHys 109293  0.78£025 0.68£0.02 0.69+0.01 0.72+0.03 2.81%0.15
24 BT H 38.28 CHg 600.91 ND  0.15:0.02 ND  0.44+0.08 0.34+0.03
25 IR M 1247 GsHyy  662.67 0112004  ND ND ND ND

26 e 3237 CiHis  1099.00 2.15+0.10 0.28+0.01 0.30£0.02 0.69+0.08 0.57+0.01
27 Y- M 12.03 CioHis  1114.87 ND 0.61£0.02 0.48+0.02 0.45+£0.03 0.27+0.04
28 2-LHARKTE 1248  CeH;g0 76422  129+£0.07 031+0.04 038+0.01 0.92+0.04 1.00:+0.02
29 F2 TR 1609  CHsO,  446.73 ND  036+0.03 044+0.03 0.48+0.03 0.52+0.02
30 B PHeA b5 6597  CH,NO 47320 ND ND ND ND - 0.17+0.02
31 F TR 4156 C4HgNO  497.83 ND ND ND  0.92+0.03 0.18+0.01
32 B A A R 67.65  C4HsO,  448.40 ND ND ND © 0.06+0.02 0.08+0.02
33 LB 2850  CGH,O, 21461  140£0.55 0.54£0.04 295+1.07 1.93£0.59 1.46:0.82
34 3-FA-TER 4486  CsHigO; 51286  345+03 2.68+0.81 0.85£0.06 0.24+0.16 2.04+0.13
35 3-FHR2-TE 5276 CsHyO,  514.74 ND  0.54+0.13 1.33£0.65 1.22+0.19 0.37+0.02
36 TE 5725  CgHpO,  1051.83  0.40+£0.18 0404025 0.96£0.67 1.01£0.52 2.09+0.06
37 )3 63.78  CH,0, 73476 ND ND  0.16+002 ND  0.45+£0.02
38 " JRER 5728  CsHygO» 965.64 3.03£0.65 032+0.01 030£0.07 0.26£0.05 0.20+0.01
39 Z, 79, 12+ B =Mfs 8201  CiHi0, 204896 0.48+0.22 0.05+£0.02 1.28+0.04 0.410.05 0.47+0.01
40 F BB 7788  CiHsy 159893 0.26+0.13  0.30+0.02 0.24+0.05 0.18£0.02 0.12+0.01
41 AT 7831  CHeO,  832.09 037£026 028+0.01 143+042 148+0.03 1.57+0.02
42 hER 7646  CHyO, 1884.84 ND ND 0534003 0.05£0.01 0.24+0.02
43 i 3448  (CHO, 627.19 ND ND ND ND  0.1120.01
44 AR 79.10  CisHi0, 1859.11 ND ND ND ND ND
45 10-+ A\ B B 79.55  CioH340,  2040.87  0.24+0.02 ND ND ND ND
46 TABEE 3932 CHeO; 40241 095025 0.55+0.10 1.30£0.06 1.65£0.49 0.76+0.03
47 10,13t A\ MB FEE  80.54  CpHO, 1886.55 2.11x0.10 ND ND ND ND

48 EES B F A 74.06  CigHxO; 1618.64 0.04£0.02 0.24+0.02 0.26£0.01 0.35+0.02 0.41+0.02
49 KA L B 5041 CsHsOs 177311 ND ND ND ND  0.97+0.02
50 9+ A\MEL (Z) -FE 7978  CiHy0;  2175.87 ND ND 1.08+0.74 1.80£0.03 1.90:0.02
51 9,12-+ A\ M B4 F B 80.77  CioH3Or  1896.53 ND ND 1.82+0.04 2.03+£0.02 2.04+0.05
52, REy 6656  CeHsOH 79650  0.16£0.17 0.07+0.01 0.09£0.01 0.24£0.09 0.31:£0.02
53 4- THi AR B 7321 GoHyOr  1006.57 ND  0.04+0.01 023£0.02 036£0.01 0.93+0.02
54 o whovdE ] 7837 CgHioN4O, 986.65 0.18+0.04 0.20+£0.01 1.84+0.61 1.88+0.02 1.96+0.06
55 S rFH AL R 2706 CyHp 147190 ND ND  0.88+0.02 0.56£0.03 0.47+£0.02

2.1.8 BRIELR HAEMEE TAIAESAT
B2a~cHT R AN RIS AT AR S B R
WEIRIEEXT L, RUCNEEZE, BelEds. Bk,
WE2s. MRS, BRIS. BER. My R AhRyRR. M
WA, BRI R A2 S e R R S
K, FEFETCFRI A RER:, BRZRR & & 2
JEURD R, TR, BRI A R ik
KRR, HRORAEN13.55 pg/g DW (=50 °C, i
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Fig.2 Changes of volatile components content of green coffee
beans under different storage temperatures
E: a: 40 'C; b: 50 C; c: 60 C.
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Fig.3 Response values of six sensors from electronic nose for

green coffee beans under different storage conditions

E: a: T70/2; b: T30/1; c: P30/2; d: PA/2; e: LY2/gCT;
f: LY2/AA.
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Fig. 4 PCA analysis of green coffee beans using electronic nose
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