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The Compositions Change and Antioxidant Activity of
Volatile Components Coffee Beans (Coffea arabica L.)
during the Roasting Process

REN Hongtao, ZHOU Bin

(Aromatic Biotechnology Research Center of Yunnan, Institute of Flavor and Fragrance,

Yunnan Agricultural University, Kunming 650203, China)

Abstract: [ Purpose ] In order to study the composition changes and antioxidant activities of volat-
ile components in Yunnan Arabica coffee beans during baking. [ Method ] The change of volatile
components in coffee beans during the roasting degree was determined by simultaneous-dist extrac-
tion and gas chromatography-mass spectrometry. The different volatile oils of coffee beans were eval-
uated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing power (FRAP) methods. The rela-
tionship between the antioxidant activity and the content of main volatile components were analyzed.

[ Result ] The contents of heterocyclic compounds increased distinctively during the roasting. Com-
pared with the beginning of roast, the scavenging activities on DPPH and the antioxidant activity of
FRAP were increased gradually. [ Conclusion ] The antioxidant activity was highly correlated with
the content of pyrrole, pyrazine, furan and phenol compounds.

Keywords: coffee beans; volatile components; simultaneous distillation extraction; gas chromato-

graphy-mass spectrometry (GC-MS); antioxidant activity
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1.1 AS[EIBE S IS [R] 0 4 R R o () 1) 28 T v
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Fig. 1 Change of volatile oil content of Yunnan Arabica coffee beans during the roasting degree
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Fig. 2 GC-MS total ion chromatogram of Yunnan Arabica coffee beans during the roasting degree
R 1 TREIBEMERIMEZ E LM T EHEN S E (%) RESIEWEEREXRE ()
Tab. 1 The correlation coefficients (r) between the antioxidant activity and the aromatic components and GC peak area (%) in
coffee beans of different roasting degree
R B I [A)/min S HHT & &/% relative content
S &) compounds . - - ; : - } . r
retention time retention index Omin 3min 6min 9min 12min 15 min 18 min
4310 Cl% hexanal 769 — 1.10  0.68 043 037 024 — —0.459
2- P 3 10 1 g - 3-
4.510 dihydro-2-methyl-3(2H)-furanone 772 — 0.03 1.58 1.08 0.72 0.05 — —0.469
2-H N
4.956 A . 825 — 145 676 450 4.67 1.18 0.29 —0.404
2-methylpyrazine
5.309 FRRE furfural 831 — 068 9.74 4.6l 1.86 0.76  0.54 —0.463
5.998 HEEE furfuryl alcohol 849 1.51 846 21.16 29.94 2798 416 2.05 -0.351
3-FE 2L
6.192 Eﬁi i 852 — 0.08 0.03 — 005 132 0.86 0.936%*
pyridine, 3-methyl-
Hot R
6.490 1= 862 — 123  0.10 048 045 053 — —0.043

p-xylene
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F1(8
SA ] ] /mi BT HHXT /% relative content
ﬁ'wuﬁjj‘l J/@m {44 compounds {%EH?FI.@ &l .
retention time retentionindex  Omin 3min 6min 9min 12min 15 min 18 min
7.228 2K L% styrene 870 221 074 028 0.14 0.19 033 020 —0.393
2- LT Lk
8.058 A1 879 — 250 6.65 430 426 212 204 —0.281
ethanone, 1-(2-furanyl)-
2-ZFENE R
8.184 . 895 — 0.44 224 1.77 1.65 1.26  0.26 —-0.103
2-ethylpyrazine
2,3 F3EN
8.332 .Eﬁiﬂju% . 899 — 014 067 042 053 025 — —0.254
2,3-dimethylpyrazine
9.734 2K % benzaldehyde 928 — 050 026 033 056 1.04 048 0.839%*
5- LRI
10.003 5-methyl-2-furancarboxaldehyde 931 — 007 10.19 626 265 053 0.07 -0.470
3-Z 3kt e
10.387 L 937 — — 012 0.11 0.18 1.69 1.82 0.910**
pyridine, 3-ethyl-
10.513 Sﬁiﬂ:% 945 — — 0.18 025 029 0.18 0.55 0.526
isomaltol
gL}
10.724 973 — 0.07 063 0.74 208 1334 26.69 0.774*
phenol
11.113 LIRFERS furfuryl acetate 976 — — 295 390 498 148 0.99 —0.018
2- 2 AE-3-FA kL R
11.148 . 977 — 0.37 1.23  0.60 0.56 1.07 0.54 0.301
2-ethyl-3-methylpyrazine
2,3,5-= HI 3L
11.291 . i ku% 978 — — 073 056 060 035 0.17 —0.048
trimethylpyrazine
1- F AL -2 i
11.359 il 981 — — 1.53 1.16 1.13 099 0.3 0.195
2-formyl-1-methylpyrrole
2- TR P R MR
11.514 IM.%#] 983 — — 036 031 041 — — -0.351
2-propionylfuran
2- i
11.668 i 998 — — 028 087 024 — — -0.318
2-formylpyrrole
2- 2 Fk-6- AL g
11.743 2-ethyl-6-methylpyrazine 1001 — 016 026 022 026 0.15 — -0.221
LI FE-4(H)-HLBE
11.909 4(H)-pyridine, N-acetyl-N- 1012 — — 084 081 0.87 0.81 0.55 0.378
LIRS 07 1
12.027 MRS AR 1015 — — 0.13 043 010 067 0.15 0.664
corylone
2- LB LD
12.321 LI L 1024 — — 019 040 022 026 0.20 0.366
ethanone, 1-(2-pyridinyl)-
S-FFE- 0 7, ik LI
12.481 - LAV 1025 — — 02 016 017 018 020 0.488
2-acetyl-5-methylfuran
2,3- UL 2-H KR
12.567 2-eyclopenten-1-one, 2.3-dimethyl- 1032 —  — 045 052 055 074 088 0.753
R OWE
12.704 1048 1.61 201 051 029 026 027 0.17 —0.555
benzeneacetaldehyde
A
13.150 I° B 1051 — 0.14 043 0.61 090 1.03 098 0.839*
3-methyl-phenol
2- LT L
13.396 cthanone, 1-(1H-pyrrol-2-yl)- 1028 — 027 087 147 177 120 043 0.283
2- Z. i 3E-1-F S
13.745 |-(L-methyl- 1 H-pyrrol-2-yl)-cthanone 1050 —  — 075 063 08 069 039 0.330
13.837 YRR 1053 — — 0.12 034 050 091 134 0.873*
p-cresol
13.911 3-2.22,5-F i 1056 132 140 076 071 038 043 ~0.445
’ 3-ethyl-2,5-dimethyl-pyrazine o : : ’ : : ’ ’
2, a- Mg 5 F 4
14.072 a,)\ﬁiEﬁh 1061 — — 037 041 098 059 026 0.433
2,2'-methylenebis-furan
14.249 AB) 1059 — 0.27 1.34 133 280 576 521 0.955%*
2-methoxy-phenol
1-FBE 2 J kit
14.770 R LI 1081 — 005 058 064 088 117 111 0.829%
pyrazine,(1-methylethenyl)-
Fy
14.810 ol 1083 — 003 056 061 082 022 — -0.150
maltol
14.890 Hm 1084 561 173 013 0.07 0.15 —0.451
’ phenylethyl alcohol ) ) ) ) ) o o ’
2-FRE-5-(1-HI Bk 2 ) ) it e
15.044 ( ) 1093 — — 077 067 095 092 089 0.612

pyridine, 2-methyl-5-(1-methylethenyl)-
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#1D)
(BRI i /min (54 compounds R EE e K HHXT /% relative content .

retention time

retention index  Omin 3min 6min 9min 12min 15 min 18 min

3- 2 FE-2-FRFE-2- IR IR AR

N *
15.188 3-ethyl-2-hydroxy-2-cyclopenten-1-one 1100 022 041 091 083 132 0.87 0.831
SH-5-FiE-6.7- A Rt R
— — kK
15.857 SH-5-methyl-6,7-dihydrocyclopen tapyrazine 1109 024 0.19 057 088 0.79 0.931
16.360 23-—Z.8.5-FEMR 1125 015 017 023 044 044 0.904%*
’ 2,3-diethyl-5-methyl-pyrazine o o ’ ’ : ’ ’ ’
4- %/‘:‘ﬁlb
16.423 i giz{:% 1127 — 0.11 040 036 052 040 0.28 0.391
4-(methylamino)-phenol
4- KR
16.698 - 1136 — — — 0.18 043 092 097 0.963%*
4-ethyl-phenol
5- P -2 FE AL IR
— *
17.150 2-(2-furanylmethyl)-5-methyl-furan 1148 033 014 012 030 049 041 0.837
1R L
17.196 1-(2-furanylmethyl)-1 H-pyrrole 1151 — — 0.69 049 1.12 075 0.63 0.490
4 T
17.533 BRI 1223 — — 033 029 053 1.06  1.03 0.923**
phenol, 4-(2-propenyl)-
AN Rl
— — ek
17.934 5.6.7,8-tetrahydroquinoxaline 1230 0.07 0.16 101 153 1.76 0.935
i i 7
18.346 i 1239 — — 024 021 036 025 — 0.188
furfuryl pentanoate
TR O
19.891 & .2& § 1241 — — 038 131 096 0.78 037 0.307
resorcinol, 2-acetyl-2,6-
LA BRI
— — ok
20.005 4-cthyl-2-methoxy-phenol 1243 072 077 228 647 6.55 0.952
5] e
20.400 . 1265 — 1.80 049 0.62 095 276 291 0.834%*
indole
20.658 IR 1305 049 059 129 056 021 0.244
’ 2,2’-difurfuryl ether o o : ’ : : ’ ’
3- 1 -2 0-FF UUR
—_ —_— _ *
20.841 3-butyl-2-hydroxy-2-cyclopenten-1-one 1296 032 0.12 041 037 0.830
4- LRI AR
20.984 . 1272 2643 27.64 142 246 249 071 0.23 —-0.521
2-methoxy-4-vinylphenol
2435
21.035 B2, % e 1288 — — 021 — 0.07 039 070 0.714
2,4-decadienal
21.851 24 1300 0.16 033 052 055 133 035 0.799*
’ 2(1H)-quinolinone, 4-methyl- o : : ’ : : ’ ’
TIPEIET A 4-
22414 ethenyl-1,2-dimethoxy-benzene 3,4- 1362 — — 0.14 020 033 071 — 0.677
L - i
22.901 AS+H 1365 — 035 012 024 036 041 — 0.307
damascenone
FF 5 e
J— J— EES
22.906 Ih-indole, -3-methyl-3 1 400 0.12 024 031 144 096 0.970
IR R -0 A I
23.656 a-EXH Fﬁi - SR . 1479 — — 032 047 045 024 0.16 0.109
a-furfuryliden-o-furylmethylamine
TORCT X PR R
26.128 butylated Hydroxytoluene 2,6- 1488 — 052 — 0.09 0.12 027 043 0.413
15 =T
27.724 > 'Jﬁfﬁﬁﬂ . 1473 — 0.30 0.07 0.08 0.09 0.05 — -0.318
megastigmatrienone
FEL
33.440 1758 2.83  0.87 0.17 — 0.04 — 0.05 —0.460
phytone
wim A
33.492 . 1760 3.14 111 008 224 003 385 022 0.271
caffeine
AR A
35.054 FRAARR n 1908 — 018 013 009 046 222 285 0.891**
hexadecanoic acid, methyl ester
bR
35.769 . . 1942 3491 1751 037 122 076 174 0.87 —0.446
n-hexadecanoic acid
S 1T/% total 78.25 7494 86.48 87.67 87.72 8120 7598

T fE 0.05 KT U EREFARS; oo FE 0.01 KT (RUI) B BEAR; < RaRARR .
Note: “*” significant correlation at the 0.05 probability level; “**”. significant correlation at the 0.01 probability level; “—”. No detected.

BF EIHER, FERUE 15 min (IR R Rm ., MESLFIALES 3 min FUBMMETZ, L PEYI BT 1Cs,
ICso {0 0.373 mg/mL, ZJEM&A TR, mAm  fH5 5124 0.612 mg/mL A1 0.576 mg/mL, M T #%
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Fig. 3 ICs, of the volatile oil of Yunnan Arabica coffee
beans at the roasting degrees
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Fig. 4 FRAP value of the volatile oil of Yunnan Arabica
coffee beans at the roasting degrees
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Fig. 5 Pathway for the formation of phenolic compounds during Arabica coffee beans roasting
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