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Identification of Volatile Compounds of 4 Grape Species by Storage Conditions
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Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Volatile flavor compounds of 4 grape species (Campbell, Sheridan, Red globe, and Meoru) were identified
during 3-day storage at either 4°C or room temperature. Each sample was analyzed by solid-phase micro-
extraction (SPME) method combined with gas chromatography-mass spectrometry. Also electronic nose
composed of 12 different metal oxide sensors was used to differentiate flavors of grapes. Sensitivities (delta
Rgas/Rair) of sensors from electronic nose were obtained by principal component analysis (PCA). Proportion
of the first principal component was 99.30% at 4°C and 99.36% at room temperature, respectively. In our result,
flavor patterns of grape can be differentiated according to the storage period. The major volatile flavor
compounds were 1-hexanol, hexanoic acid and its ethyl ester, and phenylethyl alcohol with the presence of
butanoic acid and its ethyl ester, acetic acid, benzeneacetic acid and its ethyl ester.
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Table 1. Volatile compounds identified in Campbell by SPME-GC/MS

Peak No. RTV Volatile compounds

Area {(total ion counts X 10%)
1 day 2 day 3 day

Ody —gp ¢ R 4C R 4C
1 12916  Butanoic acid/ethyl ester 55.6 217 19.0 8.2 30.6 5.0 59.8
2 15.529 2-Butenoic acid/ethyl ester 68.9 35.2 20.3 6.8 30.3 6.6 73.8
3 16963  1-Hexanol 25 2.2 nd® 41 nd nd 29
4 17.323 1-Butanol, 3~metyl-, acetate 09 1.2 nd nd nd nd nd
5 20.136  1R-,alpha,—pinene/3-carene 0.9 0.7 nd nd nd nd nd
6 21.600 Ethanone/2-hydroxy-1-phenyl 36 3.1 nd 0.7 16 nd nd
7 23.233  Hexanoic acid, ethyl ester 2345 1406 86.6 53.0 1475 485 3286
8 23277  3-Carene nd nd nd nd nd nd nd
9 23433  3-Hexenoic acid, ethyl ester 19.9 105 5.8 4.2 89 34 16.9
10 24451  Benzene, 1-methyl-4(1-methylethyl) 2.0 15 nd 0.9 1.0 5.6 1.7
11 24575  2-Decene, 8-methyl-(z)/1-dodecanol 15 10.8 125 10.2 6.1 nd 16.2
12 25.279  2-Hexenoic acid/ethyl ester 18.3 84 6.9 38 10.7 4.3 26.0
13 25.846  3(2H)-Furanone, 4-methoxy-2,5-dimethyl 26.8 19.1 56 6.9 58 9.6 18.1
14 26.328 1,2-propanedione,1-phenyl- 1.8 24 1.2 1.7 1.1 1.3 nd
15 27603  Heptanoic acid/ethyl ester 8.3 99 38 6.0 86 49 17.7
16 28.003  2-Nonen-1-ol, (E) 8.1 49 1.3 0.8 1.7 0.7 nd
17 28.385  Phenylethyl alcohol 1410 1324 71.6 61.8 66.3 778 1733
18 20545  Benzenepropanoic acid, alpha-(hydroxyimino) nd 11.7 nd nd nd 2.0 27
19 30910  1-Nonanol 29 134 nd nd nd nd nd
20 31.607  4-Octenoic acid/ethyl ester 6.1 43.2 19 23 29 24 9.1
21 31.990  Octanoic acid/ethyl ester 40.0 436 10.2 15.2 16.6 12.7 454
22 34.126  Benzeneacetic acid/ethyl ester 34.0 46.4 17.0 288 26.2 377 43.8
23 34657  Acetic acid, 2-phenylethyl ester 50.0 575 387 475 577 37.2 729
24 44317  Ethyl 2,4-decadienoate 39.5 435 7.1 174 11.0 20.2 28.1
25 50.305  2-Ethylhexyl-2-ethylhexanoate 3.0 nd nd nd nd nd nd

Total

77101 6699 3095 2803 4346 2799 9370

YRT: retention time (min). ?R: room temperature. nd: not detected.

EFAEE A7 AF o] B A A= butanoic acid/
ethyl ester, hexanoic acid/ethyl ester, octanoic acid/ethyl
ester 5 42 esteri2} 1-hexanol, 1-nonanol 5%} alco-
holfi7F B4 = At B ol & FFAM A&=A
oF-8. 3(2H)-furanone/4-methoxy-2,5-dimethyl, heptanoic
acid 5] A& we} o2 FE79 AEAdE ool

HEAQ % 8 AJE- esters, alcohols, acids, terpenes
Lo 2 B A3F A3} butanoic acid/ethyl ester®} 1-hexanol,
hexanoic acid, phenylethyl alcohol $o] 8 Ao 2 A
Hoyon BE ZEi FTEHOE vk ethanone/
2-hydroxy-1-phenyl, 2-decene, 8-methyl-(z)/1-dodecanol,
2-nonen-1-ol, (E) ¢ A#e] A&k A& A9
Uzl 25 F AddS 2ot ookt 79 Hd ARl
FA =2} area WA vl A FHo vlE) B} AL oF
o] b o] Jelydc) FAdg 273 H=Fzae}
w2 EZ20 ]-hexanol, ethanone/2-hydroxy-1-phenyl %
Zhzt 5, 77VA) ek} 3 A Eate] Fals|glen £ 257}
A2 A 2o F£2 U AL F FFHE 5449 F
kA Eahe %7)stgicH(Table 2-4). EEH 2 4 3¢
¥} peak area’} thEA vebge] whet Al A1t
EZ9 Fol7} A% Ao e £ AR ALREL A
Z 717kell W& peak®] WA wlwg Azl AWML 2-

butenoic acid/ethyl esterd] 7% A-&ol4 22 A] 27 7]
7o) Aol whe} peak area’} 68914 6622 A} 7143}
£ 4bd 4°C AR Al A3 2 689904 A 194 20302
Zraslgd eyt AA 3dA 7382 FUEe nydr) =&
phenylethyl alccholdl 7% 4°CollA A A Al x4 2d 141.0
olA A} 1, 244 716, 66.3¢ v AA 3dA] 173322
F7hstd e AL AL A3 7| 7ke] A el ot A3
3 1410014 7782 Frastolch A d s W 5= 4°C A
ZF 29 A o] ] 1-hexanol2 40.8, 2082 X.t} &2 peak area
& vehd 344 16, 14022 oA iy, d=F
2H EFME £C A% 144 204414 294 1422 7h4a
sttt AR 3d5) 2012 oAl Frlste 5 EF 7
A Qe it AgA-E 27] ofH i (Table 2, 4).
2E EF A 4°C AA A 2-nonen-1-ol, (E) A% A&
717ko] Aol wet peak areazt FrAdtetr} A7 v gt
el 3R o= A2 AEHA] Estrh o]} Zo] Ayt
ethyl 2,4-decadienoate A %3} ™ %2] phenylethyl alcohol
Aol AR FUolA AEHAL UHA AA7|ZE Foll=
A& A egkren] A#ete] hexanoic acid/ethyl ester,
phenylethyl alcohol, 1-hexanol 52} F8 33 ARLES
ARk o2 AL AAg Al 87} 4£°C AA4e Al vl8) B
T2 area #tol A& vbd A= A7 2y, 2l



AArZ GCMSE ol 48 X5 549 A% 24 & HuA P AL 47 877
K C°E“’g‘4 Campbell 0d (4C)
30
Q4
Campbell 1d (4C)
50 2
304 ! #
0] X ] A L )
2 17 73 Campbell 2d (4)
%7 1 { ; 15 i 2 |¥
30 . 13 )1 20 1
OJ A . *_J ] M i A A
71} 2 71 |2t 4 Carhipbelt 3d (4T)
50 [ 2 \ T 2 223# 7 Dbe!
30 ; 13 0 SH | s 3
N — h ‘ —
10 20 30 40 50 Time (min}
(a) storage at 4°C
K Cilgq b 2 \ 5" :_fa " 21 29 24 Campbel 0d {R)
20 3 4 5 5 0 4
N i
Campbell 1d (R]
40-] 18 mp| )
20+ 19 19
0
o] Campbel 24 (71
15 15
20 2 s s 12*14* 18
o ¥ + i
404 1 I o 1’ 17 L ” 29} |29 24 Campbell 3d (R)
j o s fne
204 2 21147V 19 i
R ETE 1T\ :
) 20 ) b 50 Time (min)
(b) Storage at room temperature
Fig. 1. Volatile profile of modified Campbell by headspace SPME-GC/MS.
Table 2. Volatile compounds identified in Sheridan using SPME-GC/MS
Peak Area (total ion countsx10%)
Iflo RTY Volatile compounds 0 da 1 day 2 day 3 day
' VTR 4C R £C R 4C
1 12916 Butanoic acid/ethyl ester 61.1 29.4 331 421 1215 533 1019
2 15529 2-Butenoic acid/ethyl ester nd® 09 35 79 6.9 72 37
3 16963 1-Hexanol 59 136 nd 41.1 40.8 22.5 1.6
5 20.136 1R-,alpha,—pinene/3-carene 77 59 nd nd nd 58 6.2
6 21.600 Ethanone/2-hydroxy-1-phenyl 45 37 2.1 2.3 2.7 15 1.2
7 23.233 Hexanoic acid/ethyl ester 30.0 12.2 6.3 14.9 39.1 21.1 14.7
9 23433 3-Hexenoic acid, ethyl ester 21 nd nd nd nd nd nd
10 24451 Benzene, 1-methyl-4(1-methylethyl) 15 1.2 09 1.6 23 1.3 14
11 24575 2-Decene,8-methyl-(z)/1-dodecanol 24 7.2 47 13.7 117 87 9.7
12 25279 2-Hexenoic acid/ethyl ester 22 nd nd 14 2.3 19 0.9
16 28.003 2-Nonen-1-ol, (E) 3.0 nd 0.8 1.0 31 1.0 nd
17 28.385 Phenylethyl alcohol 129 53 nd 12.0 38 7.6 1.0
18 29545 Benzenepropanoic acid, alpha-(hydroxyimino) nd nd nd 2.4 12 2.0 0.8
21 31.990 Octanoic acid/ethyl ester nd nd nd 0.7 0.7 0.9 nd
22 34.126 Benzeneacetic acid/ethyl ester 35 1.6 nd 6.2 35 55 0.8
24 44.317 Ethyl 2,4~decadienoate 13 nd nd nd nd nd nd
Total 138.1 81.0 51.4 1473 2396 1403 1439

YRT: retention time (min). R: room temperature. “nd: not detected.
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Table 3. Volatile compounds identified in Red globe using SPME-GC/MS

Area (total ion counts x 10%)

Peak

RT” Volatile compounds 1 day 2 day 3 day
No.
° 0day —o £C R 4°C R 1°C
3 16.963 1-Hexanol 20.6 49.1 20.4 30.3 14.2 107.7 20.1
6 21600  Ethanone/2-hydroxy-1-phenyl 06 1.0 nd” nd nd nd nd
11 24575 2-Decene,3-methyl-(z)/1-dodecanol 2.2 124 129 9.0 29 9.3 9.9
16 28.003 2-Nonen-1-ol, (E) 5.2 6.0 2.8 nd nd nd nd
19 30910 1-Nonanol nd 09 nd nd nd nd nd
Total 28.6 69.4 36.1 39.3 171 117.0 30.0
PRT: retention time (min). ?R: room temperature. “nd: not detected.
Table 4. Volatile compounds identified in Meoru using SPME-GC/MS
Peak Area (total ion counts x 10%)
Neo RTY Volatile compounds 0d 1 day 2 day 3 day
‘ ¥R 4C R 4C R £C
2 15,529 2-Butenoic acid/ethyl ester nd® 1.4 nd nd nd nd nd
3 16.963 1-Hexanol 12.3 22.6 9.3 36.1 20.8 233 14.0
6 21.600 Ethanone/2-hydroxy-1-phenyl 20.7 24.7 9.5 134 38 132 78
7 23.233 Hexanoic acid/ethyl ester nd nd nd 1.1 nd 0.9 nd
11 24575 2-Decene,8-methyl-(z)/1-dodecanol 2.4 20.9 169 145 118 115 131
16 28.003 2-Nonen-1-ol, (E) 55 34 0.9 2.1 1.1 26 10
17 28.385 Phenylethyl alcohol 1.0 0.7 nd nd nd nd nd
Total 419 73.7 36.6 67.2 375 515 359
URT: retention time (min). ?R: room temperature. 9nd: not detected.
A2} 2, 349 £°C A# A total area”} =7 Vel o] = by AREES ZHAshY P40/1, SY/LG AAES F2

7+ Fk Aol el gkl th2y] o F-olet BkEr)
Z(grass)3F2 W+ hexanol(13)2 AMEH 0.2 A2 A7 e
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Table 5. Aroma intensities (4R/Ro)" of sensors for Campbell at 4°C storage and Meoru at room temperature storage using

electronic nose

Response of each sensor on Campbell at 4°C storage Response of each sensor on Meoru at room temp. storage
0 day 1 day 2 day 3 day 0 day 1 day 2 day 3 day

Sensors

SY/LG
SY/G -0.013%£0.001*
SY/AA  -0.004%0.000°
SY/Gh  -0.006%0.001*
SY/gCT1 -0.005=0.001°
SY/gCT -0.002%0.005°
T30/1 0.573+0.009°
P10/1 0.202+0.007°
P10/2 0.241 £0.005°
P40/1 0.272+0.007
T70/2 0.581 £0.009°
PA2 0.688+0.007°

0.0060.000°2 0007£0.001° 0.008+0.001° 0.008+0.000° 0.003+0.005
-0.015£0.001" -0.016+0.001° -0.017+0.000° -0.0040.001* -0.008+0.001° 0.01720.001° -0.018%0.002°
-0.002£0.005% -0.001 £0.004% -0.001+0.004* -0.003+0.001° 0.002%0.004* -0.001 +0.004* -0.003 +0.000°
-0.007£0.001* -0.0070.001% -0.007£0.001° -0.003 £0.000%> —0.001 £0.004* -0.007 +0.001° -0.007 £0.001°
-0.005+£0.001* -0.006+0.002% -0.006=0.002° -0.004+0.001* -0.001+0.003* ~0.006%0.001* -0.006 =0.001°
-0.003+£0.006° -0.007£0.002* -0.007+0.001* -0.002+0.004> -0.002+0.005% -0.008£0.000° ~0.007 =0.003°
0649+0.005° 0.68410.004° 068140007 0040+0.004° 0.147+0.004° 0.362%0.005° 0.414£0.031°
0.360+0005° 0.399+0.004° 0.398+0.009° 0030+0.003° 0.084%0.002° 0.19520.001° 0.214%0.020°
0286+0.004° 0.310+0.002° 0.307£0.007° 0.033%0.004°
0.340+0.003° 0.376+0.004° 0376+0009° 0026+0.003° 0070+0.002° 0.172£0.002° 0.194%0.019°
0657+0.004° 0.691+£0.004° 0.688+0.007° 0.043+0.004° 0.161+0.004° 0.38620.005° 0.431=0.031°
0.751+0.004° 0.778+0.003° 0778+0.007° 00830007 0274%0.005 0.528%0.004° 0570+0.027°

0.004=0.001* 0.007+0.001* 0.007 £0.001°

0.113£0.003° 0.220+0.002° 0.229%0.020°

YAR/Ry is the sensor response change from reading at starting on acquisition.

“Values are the means of 3 replicates = SD.

®Means in the same row with different letters are significantly different by MANOVA.
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Fig. 2. Principal component analysis (PCA) plot
from the obtained data using electronic nose on
various grapes during storage at 4°C.

Campbell: O, before storage; O, 1 day; ©, 2 day; e,
3 day. Sheridan: A, before storage; A, 1 day; A, 2
day; A, 3 day. Meoru: O, before storage; O, 1 day;
B, 2 day; B, '3 day.-Red globe: €, before storage; €,

-0.60 -0.40 -0.20 0.00 0.20 0.40 0.60
First principal component score (99.30%)

00 1 day; €, 2 day; @, 3 day.



Fig. 3. Principal component analysis (PCA) plot
from the obtained data using electronic nose on
various grapes during storage at room tem-
perature.

See Fig. 2 for abbreviation.
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