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Comparative analysis of aromatic components of
roasted coffee beans from different gengraphical origins
in Yunnan province by HS-SPME/GC-MS
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Abstract: Headspace solid-space microextraction (HS-SPME)/gas chromatography-mass spectroscopy ( GC-
MS)was applied to analyze the aromatic components of coffee beans collented from three areas( Puer,Baoshan,
Lincang)in China. Different extraction conditions ( SPME fibers, sample weight, extraction temperature, extraction
time) were applied to test the influence on extraction efficiency.Samples discrimination was achieved by principal
component analysis(PCA) and hierarchical cluster analysis( HCA).The results indicated that a total of 65 aroma
components were identified in coffee beans under optimum conditions,among them, furans compounds were the
most abundant component(46.15% ,41.45% and 41.16% respectively) ,whereas sulfurs and furanone compounds
accounted for less, respectively. PCA and HCA showed that these coffee samples could be clearly differentiated
according to geographical origins.

Key words ; Yunnan coffee;volatile components; GC-MS; hierarchical cluster analysis( HCA) ; principal component
analysis( PCA)
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FEP TG 25 7 1 X AR i R AT X 45, 3R X [F] Hb
[ R AR R 5 R B AR AL & 0, R 2= 1 i X i
M=l A e B RS S
1 #RlEF*

1.1 5N
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Wik =k A RS TR 432 7], No: 7-9 5 1B n
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Table 1 A brief description of selected aromatic components
A EY 455
1 2. 1% (Acetic acid) AC
2,5— — W He— ik (2 ,5- Dimethylpyrazine ) DMP
6 JERS (Furfural ) FUR
12 B ( Furfuryl alcohol ) FA
15 REEEH B ( Difurfuryl ether) DE
17 2,3— 1% [ (2 ,3-Pentanedione ) PEN
35 2— H 3-5- Z s Benik g (2— Methyl—5—vinylpyrazine ) MV
38 2— Pk FE—3— FF Ll B2 (2— Acetyl-3—methylpyrazine ) AM
45 2— BRI (2— Acetylpyrrole ) PE
47 M IE ( Pyridine ) PYD
52 4- 2, FH-2 - A FL K1) (4- Ethyl-2-methoxyphenol ) EMP
55 B 5L FH BLA % ( Furfury]l methyl sulfide) FMS
57 2— H EL P (2— Methylbutanal ) B2M
59 2 F % ( Benzaldehyde ) BA
64 72 ZE i ( Maltol ) MAT
2.00E+009 I B R] A SEHS , HE R PR B T R B Zs v, 5 5
m= CAR/PDMS FERNME ST 58 0 W M 22 BURZ , S EE WM TR IR Z
1.50E+009 == DVB/PDMS

=)
i
= 1.00E+009
=
=
i

¥ 5.00E+008

0.00E+009 =

UASE/EEES

BT ZEBCK A P 5 P ) o A IO B 52 )
Fig.1 Effect of SPME fibers on extraction efficiency

of aroma compounds for PE1 sample
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Fig.2 Effect of different extraction temperature on

extraction efficiency of aromatic components
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Fig.3 Effect of different extraction time on
extraction efficiency of aromatic components
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S TR R B e D e DA i, R 1.00g,
2.1.5 HS-SPME s PESZL: SRR BIEA,
FZ4r HS-SPME HBIME, 45 1R N3k 2 o . HARfES
Wy B B A 9 AR X B o A 22 (RSD) Y [l 2l 2.28% ~
12.22% , H:+p PEN ) RSD {H % K, H:¥x & FUR,RSD
{t 4 9.88% ,EMP [y RSD {E /NN 2.28% ., [ PEN
Sh, FIA AL E P9 RSD (E /N T 10.00% , 75 5256 =
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# 2 HS-SPME-GC-MS I AL s b H AR fb 5 9 r0 B4 2R
Table 2 Reproducibility of targeted aroma compounds in roasted coffee by HS-SPME-GC-MS

bR

| 1 2 3 4 5 EHE SD RSD(% )
B2M 0.095 0.087 0.101 0.090 0.078 0.090 0.009 9.58
PEN 0.100 0.107 0.098 0.087 0.121 0.103 0.013 12.22
PYD 10.255 9.850 11.074 10.102 10.537 10.364 0.469 4.52
DMP 1.575 1.736 1.612 1.549 1.709 1.636 0.082 5.04
AC 2.468 2.622 2.189 2.184 2.629 2.418 0.221 9.15
FUR 2.185 2.324 1.850 2.343 2.387 2.218 0.219 9.88
FMS 0.502 0.530 0.502 0.540 0.463 0.507 0.030 5.92
MV 0.244 0.264 0.243 0.241 0.255 0.249 0.010 3.93
BA 0.255 0.237 0.238 0.250 0.240 0.244 0.008 3.29
FA 9.922 10.110 10.303 9.197 9.973 9.901 0.420 4.24
AM 2.065 1.972 2.088 1.954 2.078 2.031 0.063 3.12
MAT 3.184 2.584 3.090 3.082 3.132 3.014 0.244 8.09
PE 1.774 1.589 1.662 1.769 1.612 1.681 0.087 5.15
DE 1.227 1.233 1.203 1.356 1.122 1.228 0.084 6.84
EMP 1.851 1.843 1.793 1.849 1.912 1.850 0.042 2.28
197 st
~ 18} ,
§1,7- EZE&JJLLAL.ML | Ilﬁi@
§ Ler £ 1.5F i
HEé’l.S' % I:LL; | [JL_LLJJMJ b s, ll.LLLL.L,ﬁlj
& a4t S
£ 15 03T l ﬁjl Lﬁﬁiﬂ-
= oLt L 1™ JiJ.“ T P
L2702 04 06 08 1 12 14 16 0 20 o 0o 60 80
P T R(R) LR 8 15 1] (min)
(&5 AN [m) i DX b il 55 <40 o 1Y)

Pl 4 e it B 0 A IOHCR 152 R
Fig4 Effect of sample weight on extraction of
aroma compounds for the PE1 sample according

to the sum of peak area
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FHP L ST M X i E R GC—MS B 1 A a3 &
WS Fros, I (PE) 411 (BS) (i (LC) HiL X
1 TIC B4 g HARL, A S W55 B |- 70 25 57 i 14
R IE 7 AR T AN R R 25 L R B2 A0 95 & P ) 5 T e s
B, XoF BT 7 b R s i i g 7 R 3 B STk 0 1k &
YW R L I I B S T B M 4%k
ey St L an s 3 FIEl 6 JiFas, Ferh 45 3 Wk,
Ieoy B M tH 65 AP, HirP RS 3 Fl, i
13 Ff W2 7 A, RS 15 Bl II% 2K 8 Fh, nbnEsk 3
FhLERIE S Bl GRALA 2 Fh, BE2E 4 Fb, Wi 1 Fb A0
4 FPHEAEY . Hod, nkmg2dy Bt e eEE 2 Y
J e v, XU o e P A s A R RN R Ak
MR AR BTG LA R S — T RSB, N TR X
& HET 7 LC > PE > BS; M 284 it i) & 14X
WT RGBT, BRI Bk R e Lk, H

276 )

GC-MS B T (i
Fig.5 GC-MS total ion—current chromatogram

of aroma compounds for roasted coffee beans

4.00E+009

zzza PE

= BS

=)
2 3.00E+009

& 2.00E+009
E 1 00E+009
0.00E+000 Z
' S L L & &
IRV NN\ S
S D > M &
A g}@@ <& <& & V}@% &8

(SEr/EiES
BI6 ARl DA i o U B 0

Fig.6 Comparison of the main aromatic components
of coffee samples according to different geographic origins
RO HE A AT BRSO B S 2,5 - TR SR g (2,
3- TR IR DL K 2 - £ PR AL -3 - F SRR, i E
J¥2h LC > BS > PE ; ML BESS NN ISPy JiT = 2R M
JR R R B AR R, (EUE i T X s fb & W (B A e, A
X R A STk s RIS RN 2R T
M5 \3— F -2 — T R SR R ik g iRk 5
B XORH L, 38 T b DX 1 TR SIS I e 5 B
ey It T ER B W R AR R R, U 2,3 -7T




h I e ol

@ésﬂﬁl’&l

Vol.36,No.11,2015

3 ANFHX A R R R e ) ) M

Table 3  Aromatic components identified from medium roasted coffee beans in Yunnan province by HS—SPME/GC-MS

e ﬁ%’ﬁl‘ﬁﬂ ey Hﬁ%’?‘é%ﬁz ‘ AR b (% ) ‘
(min) TIH S%1{E I il Il 76
kg2 46.15% 41.45% 41.16%
1 2.706 2— I L1 (2— Methylfuran ) 815 0.38 £0.04 0.69 +0.07 0.56 +0.07
2 15.676 L B BB ( Furfuryl methyl ether) 1226 1237 - 0.18 £0.00 -
3 31.774 B (Furfural ) 1445 1454 10.03 +0.05 6.34 +0.09 6.99 £0.13
4 34.671 2— Z, Bk KL (2— Acetylfuran) 1483 1483  3.33 +0.03 3.06 £0.19 3.24 £0.05
5 37.902 RS (Furfuryl acetate ) 1525 1518  3.18 £0.02 4.55 +0.07 4.16 +0.11
6 39.910 5— F LB ( 5— methylfurfural ) 1551 1574 1423 +0.26 9.55 +0.14 11.42 +0.16
7 40.104 2— PR E LMK ( 2— Propanoylfuran ) 1554 0.25 +0.01 0.23 £0.01 0.30 +£0.05
8 42.458 PR BERS ( Furfuryl propanoate ) 1585 1578 0.22 =0.00 0.35 +0.01 0.32 +0.01
9 47.465 HE B ( Furfuryl alcohol ) 1650 1649  11.50 +0.04  13.61+020  11.87 +0.23
10 60.331 2 A5 IR 1835 1.51 £0.02 1.68 +0.00 136 £0.14
(2- Acetyl-5—-methylfuran)
11 62975 4- (2-BRIGAL) -3 THe-2-H 1876 0.27 +0.01 0.21 +0.04 0.17 +0.01
(4-(2-Furyl) -3-buten—2-one)
12 67339 L ( Difurfuryl ether) 1965 1988  0.55 +0.07 0.86 +0.03 0.63 £0.04
13 79.230 2 ’3_.:%7'& IRIKT 2373 2389  0.14 £0.01 0.13 £0.00 0.15 +0.03
(2,3-Dihydro-benzofuran )
i 20.38% 21.63% 2321%
14 13.772 i 1% ( Pyrazine ) 1197 1223 0.58 £0.03 0.77 +0.01 0.65 +0.03
15 17.276 F S0 155 ( Methyl pyrazine ) 1249 1251  5.66+0.12 5.87 =0.06 6.10 £0.15
16 21212 2,5- —HI M (2,5~ Dimethypyrazine) 1307 1304  3.09 =0.04 3.20 £0.06 3.48 £0.00
17 21693 2,6- —HIHLNEHE (26— Dimethylpyrazine) 1313 1306 2.60 +0.03 2.59 +0.03 2.86 +0.01
18 22021 7.3 (Ethyl pyrazine) 1317 1334 1.08 +0.02 1.20 £0.01 1.13 £0.02
19  22.859  2,3- " HIBLALHE(2,3-Dimethylpyrazine) 1328 1335 0.53 £0.01 0.67 +0.00 0.59 +£0.01
20 25.939 2-23-6 Eﬁ%ﬂw% 1369 1390 - - 1.15 £0.04
(2-Ethyl-6-methylpyrazine )
21 26.331 2= L35 m%"w@? 1374 1363  0.76 £0.02 0.81 £0.02 0.82 £0.02
(2-Ethyl-5-methylpyrazine )
22 27359 = Ffl JL N ( Trimethyl pyrazine) 1388 1387  1.17 £0.02 1.13 £0.02 1.21 £0.03
23 29.547 Z KL (Vinyl pyrazine ) 1417 0.42 +0.00 0.53 +0.01 0.44 +0.01
24 33.545 2T H-6- Uﬁ%”t% 1468 0.49 +0.01 0.50 £0.01 0.48 £0.01
(2—Methyl-6-vinylpyrazine )
25 33.985 2 RS- ;%%”&ué 1474 0.42 +0.00 0.45 +0.02 0.42 +0.00
(2—Methyl-5-vinylpyrazine )
26 41332 SRS ( Isopropenyl—pyrazine ) 1570 0.32 £0.01 0.39 +0.01 0.35 £0.01
27 43.404 Z LM W ( Acetylpyrazine) 1597 1610  0.69 +0.01 0.67 £0.07 0.84 £0.03
28 48285 2= LHAE-3- 1 %”w@? 1663 2.56 +0.02 2.85 £0.02 2.67 £0.02
(2-Acetyl-3—methylpyrazine )
Wk 9.05% 5.46% 5.89%
29 30.886 7.1 ( Acetic acid) 1434 1447  7.96 +0.08 4.62 +0.09 5.09 +0.12
30 38.230 P2 ( Propanoic acid) 1529 1530  0.30 £0.02 0.20 +0.00 0.23 +0.00
3- HJE-2- TSR
31 56.806 (3-Methyl—2- butenoio acid) 1782 1819  0.80 =0.02 0.63 +0.00 0.57 +0.01
IS 6.34% 5.91% 5.76%
32 4363 2,3- T —fil(2,3-Butanedione) 973 0.39 +0.01 0.35 £0.02 0.35 £0.02
33 6.675 2,3- 1% il (23— Pentanedione ) 1043 1047  0.67 +0.02 0.42 +0.02 0.51 £0.03
34 19.389  1-%#23L 2— AR (1-Hydroxy—2—propanone) 1280 1278 1.89 £0.01 1.36 £0.03 1.29 £0.01
35 24744 1-¥3-2- T (1-Hydroxy-2—butanone) 1353 1363  0.27 +0.01 0.21 £0.01 0.19 £0.02
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o ﬁé%’q’ﬁﬂﬂ ey Hﬂ%%’i‘ééﬁz ‘ AR i (%) ‘
(min) SR BHH W 1l Il 76
36 32571 1= LB AE-2- I 1456 1461  2.35+0.02 275 +0.04 2.69 +0.05
(1-Acetyloxy—2—-propanone )
37 3602 T 1= SN ) S Methyl 1501 0.28 +0.00 0.32 +0.00 0.32 +0.01
(2-methyl-2-cyclopenten—1-yl ) ketone )
38 62768 S 1873 1905  0.49 +0.01 0.50 +0.03 0.40 +0.00
(3-Ethyl-2—-hydroxy—2-cyclopentenone )
LSS 6.46% 8.50% 7.44%
39 9.826 N— I £ % ( 1-Methyl-1H-pyrrole) 1123 1138 - 0.16 £0.01 0.11 £0.01
40 35827 ML ( Pyrrole) 1498 - 0.27 £0.02 0.26 +0.01
41 42.831 N= AL -2 IE S T 1590 1620  1.92 +0.02 3.06 £0.17 2.37 +0.02
(2-Formyl-1-methylpyrrole)
42 45618 2= ZHHE 1 - AL 1627 1683  0.39 +0.01 0.50 +0.01 0.48 +0.01
(2-Acetyl-1-methylpyrrole )
43 55836 3-HI%k-1 SnLME (3-Methyl-1H-pyrrole) 1769 0.38 +0.05 0.27 £0.01 0.40 +0.01
44 58201 1- B SEMEE (1-Furfurylpyrrole ) 1802 1838  1.10 +0.02 1.17 £0.01 0.96 +0.13
45 66.583 2— Z TN (2 Acetylpyrrole ) 1948 1970  1.16 +0.01 1.64 £0.10 148 £0.13
46 68.585 2= 1994 1965  1.51 +0.01 1.41 £0.02 1.37 £0.01
(1H-pyrrole-2-carboxaldehyde )
MK 3.83% 7.23% 5.12&
47 12.146 M WE ( Pyridine ) 1167 1170 3.58 +0.03 6.49 £0.05 479 £0.25
48 25385 3— 2 FLNENE (3—Ethylpyridine) 1362 - 0.22 £0.01 0.16 £0.02
49  79.786 3— 2 JLAEIE (3—Pyridinol) 2397 0.25 £0.02 0.52 £0.05 0.17 £0.02
T2k 3.78% 4.54% 3.70%
50  59.480 1-Z£} ( 1-Naphthalenol ) 1822 0.16 £0.00 0.18 £0.02 0.14 £0.04
51 68.228 KT ( Phenol ) 1985 1995  0.42 +0.01 0.76 +0.02 0.52 £0.01
52 69.015 4 L2 R 2004 2013 0.45 +£0.01 0.87 +0.02 0.57 +0.02
(4-Ethyl-2—-methoxy—phenol )
53 71231 3— 1 ( 3- Methyl—phenol ) 2071 2071 0.16 £0.00 0.15 £0.02 0.13 £0.03
54 74247 ( ;;éﬁf_i: j?ﬁ;‘ffol) 2172 2173 259 £0.06 2.58 +0.05 234 £0.11
THmAEY 0.00% 0.49% 0.42%
55 33380  fEILHRLAGEE( Furfuryl methyl sulfide) 1466 1487 - 0.27 £0.01 0.18 £0.00
56 65.420 2—BEW; B % ( 2— Thiophenemethanol ) 1921 - 0.22 £0.10 0.24 £0.01
e 0.95% 1.00% 0.98%
57 3211 2— I 3£ T % (2— Methylbutanal ) 913 0.11 £0.03 0.13 £0.02 0.15 £0.03
58 3.273 3— I 5L T % (3— Methylbutanal ) 922 0.18 £0.03 0.19 £0.01 0.21 £0.03
59 35437 JE I ( Benzaldehyde ) 1493 1496  0.25+0.01 0.27 £0.01 0.26 £0.00
60 44493  3—HIFLJEHIE(3-Methyl-benzaldehyde) 1612 1630  0.41 £0.02 0.41 £0.02 0.36 £0.00
PR 0.82% 0.00% 0.78%
2,5- HIE-4- 3533 (2H) - KT
61 69.402 (2.5 Dimethyl—4—hydroxy-3(2H) faranone) 2016 2026 0.82 +0.00 - 0.78 £0.03
HAbfb & 2.24% 3.80% 5.55%
62 50.672 H 4% (Azulene ) 1696 1706 - - 3.22 +0.11
63 54.066 A5 FH 1% ( Methyl nicotinate ) 1744 1767 - 0.50 £0.00 0.32 £0.01
64  66.198 3 2E i (Maltol ) 1939 1955  2.10 +0.03 3.16 £0.22 1.92 £0.25
65  80.192 18| ( Indole ) 2413 2427 0.14 £0.00 0.14 £0.01 0.10 £0.00
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Fig.7 PCA plot obtained from

aroma compounds data on nine coffee samples
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Fig.8 Dendrogram of hierarchical cluster analysis

using aromatic compounds data matrix
(9 samples x 10 variables) as input variable
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