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Volatile Analysis of Commercial Korean Black Raspberry Wines
(Bokbunjaju) Using Headspace Solid-phase Microextraction

Seung-Joo Lee*

Department of Culinary and Foodservice Management, Sejong University

Abstract In this study, the volatile compounds in 24 commercial Korean black raspberry wines were isolated by
headspace solid-phase microextraction and analyzed by gas chromatography-mass spectrometry (GC-MS). A total of 43
volatile components, including 15 esters, 12 terpenes, 7 alcohols, 4 acids, 3 ketones, and 2 aldehydes, were identified.
Ethyl esters and alcohols such as ethyl acetate, ethyl octanoate, isoamyl alcohol, and phenethyl alcohol were the most
represented groups among the quantified volatiles. In particular, various terpenes such as DL-limonene, linalool, alpha-
terpineol, and myrtenol were identified. The differences in volatile components among the 24 black raspberry wines and
possible sample grouping were examined by applying principal component analyses to the GC-MS data sets. The first and
second principal components explained 43.9% of the total variation across the samples. No apparent sample groupings
were observed according to manufacturing locations. The samples KU, BH, SR, and MO showed higher overall levels in
the concentrations of terpenes originating from black raspberry, while other samples such as BB and HB, showed higher
in ethyl ester and alcohol contents produced by yeast fermentation, respectively.
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Table 1. Korean black raspberry wines and their manufacturing places (N=24)

Code  Alcohol content (%)

Manufacturing places

Code  Alcohol content (%)

Manufacturing places

KO
SW
BA
GO
SU
MY
SE
DO
CO
NB
SB
SC

13%
16%
12%
15%
16%
17%
16%
16%
15%
15%
16%
13%

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Gochang-gun

Jeollabuk-do Buan-gun

Jeollabuk-do Jeonju-si

Jeollabuk-do Sunchang-gun

NJ 16% Jeollabuk-do Jeongeup-si
MO 12% Jeollabuk-do Gimje-si

BB 16% Jeollanam-do Damyang-si

BH 15% Jeollanam-do Mokpo-si

HP 15% Jeollanam-do Hampyeong-gun

Gl 16% Jeollanam-do Gwangju-si

JI 16% Gyeongsangnam-do Hamyang-gun
HY 16% Gyeongsangnam-do Hamyang-gun
DW 16% Gangwon-do Pyeongchang-gun
SR 16% Gangwon-do Hongcheon-gun

CH 15% Chungcheongnam-do Cheongyang-gun
HB 15% Jeju-do Jeju-si

Table 2. Volatile flavor components (ppm”, w/w) identified in the headspace of 24 commercial black raspberry wines by solid-phase
microextraction (n=2)

No. 1 2 3 4 5 6 7 8 9 10
KI? 907 963 1026 1091 1113 1138 1163 1177 1187 1205
Volatile ethyl 2,3- ethyl 2-methyl-1-  isoamyl . . isoamyl ethyl

compound® acet;/te butan’edione buty?late propai/lol acetat)é I-butanol  a-terpinene  di-limonene alcohgl hexan}:)ate

SW 85.99 1.18 0.00 3.94 3.74 0.00 0.10 0.29 25.52 1.53
HP 17.89 0.33 0.00 5.57 2.28 0.00 0.05 0.36 31.68 2.05
DW 92.00 0.34 0.00 2.92 1.31 0.00 0.00 0.17 13.95 0.99
J 59.22 0.63 0.79 3.15 1.79 0.00 0.01 0.23 19.05 9.49
BA 20.00 2.29 1.79 6.93 7.83 0.00 0.96 0.69 62.51 10.93
NB 37.07 0.34 1.06 0.79 0.88 1.34 0.00 0.20 341 0.57
KU 9.99 0.21 0.00 6.52 4.39 0.00 0.49 0.64 48.53 4.90
HB 43.09 0.62 1.86 27.93 6.33 0.00 0.00 0.20 106.16 13.48
BH 18.11 0.54 1.13 7.47 7.01 0.00 2.07 1.62 51.64 4.02
GO 29.60 0.29 0.62 424 2.03 0.00 0.07 42.26 24.80 0.97
CO 42.28 1.96 0.83 3.95 2.10 0.00 0.10 0.23 22.75 1.00
DO 37.77 1.02 1.33 16.42 5.26 0.00 0.01 0.26 56.42 5.09
CH 23.98 0.29 1.38 6.65 1.52 0.00 0.04 0.23 39.78 2.65
SR 32.81 0.81 1.33 16.29 6.00 0.00 1.34 0.70 85.89 8.24
SU 118.47 0.00 0.00 3.80 4.44 0.00 0.03 0.13 21.30 1.62
MY 24.83 0.31 0.81 8.33 1.43 0.00 0.06 0.19 46.62 2.71
SE 22.85 0.00 0.72 5.35 1.66 0.00 0.10 0.27 29.20 221
NJ 40.76 0.21 1.03 12.34 2.65 0.00 0.00 0.00 54.67 3.17
BB 50.98 0.42 1.78 26.65 6.80 0.00 0.11 0.35 131.63 21.02
MO 13.15 1.38 0.00 3.93 1.23 0.00 0.07 0.42 23.47 0.90
HY 11.58 0.86 0.00 3.51 1.79 0.00 0.12 0.72 27.55 1.00
GJ 23.52 0.00 3.66 2.96 2.18 0.00 0.05 1.74 21.02 9.07
SB 24.60 0.35 1.06 5.22 1.55 0.00 0.07 0.25 34.87 3.73
SC 80.58 0.00 0.00 2.01 2.44 0.00 0.01 0.16 12.42 0.77

Id" A A A A A A A A A A
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Table 2. continued
No. 11 12 13 14 15 16 17 18 19 20
KI? 1218 1255 1302 1310 1324 1401 1419 1433 1470 1497
Volatile amma.- 3-hydroxy- ethyl ethyl ethyl L ethyl cis-3  benzalde-
compound” Tgerpinene 2-b31/tan01}1]e heptal?oate lacta}llte I-hexanol octanzate aceticacid furfural -oci/enoate hyde
SwW 0.00 0.47 0.18 3.75 0.18 12.77 14.36 2.13 1.17 3.67
HP 0.08 0.00 0.17 6.94 0.15 12.72 1.19 1.60 0.99 1.86
DW 0.00 0.00 0.00 10.87 0.27 6.40 10.61 2.23 0.49 435
I 0.04 0.29 0.28 3.32 0.04 14.33 8.00 2.04 0.77 7.26
BA 0.39 0.00 0.37 1.24 0.28 46.95 5.73 2.53 1.78 1.83
NB 0.00 0.09 0.00 12.24 5.61 6.01 6.82 2.67 0.66 4.19
KU 0.45 0.00 0.00 0.14 0.11 32.01 1.09 1.92 0.51 2.76
HB 0.03 0.00 0.23 443 0.00 63.70 5.36 2.49 0.53 4.88
BH 0.58 0.00 0.26 0.63 0.00 32.80 3.35 2.60 0.80 3.12
GO 0.07 0.00 0.14 2.76 0.25 7.31 10.23 2.84 0.84 6.55
CO 0.06 0.00 0.00 4.09 0.10 9.10 9.83 2.10 0.71 11.22
DO 0.04 0.00 0.00 11.36 0.00 31.85 7.70 0.00 0.00 0.55
CH 0.05 0.00 0.00 0.71 0.12 15.58 2.18 1.21 1.05 3.65
SR 0.39 0.00 0.29 0.79 0.00 38.63 7.93 2.57 0.38 2.15
SU 0.02 0.54 0.11 9.80 0.00 8.91 33.85 2.20 1.16 8.05
MY 0.03 0.00 0.23 2.18 0.17 23.98 4.03 3.37 1.62 14.68
SE 0.12 0.00 0.15 0.58 0.26 11.55 433 1.51 1.44 6.13
NJ 0.04 0.00 0.00 2.49 0.00 23.87 4.66 225 0.65 5.34
BB 0.14 0.00 2.82 0.92 1.19 70.45 11.19 4.58 2.56 6.46
MO 0.15 0.70 0.00 1.04 0.10 2.85 10.51 1.17 0.45 4.52
HY 0.22 0.00 0.00 0.47 0.00 11.73 1.57 2.38 0.18 3.31
GJ 0.04 0.00 0.00 1.37 0.50 435 1.55 1.99 0.00 23.38
SB 0.04 0.00 0.00 0.89 0.13 20.76 2.27 3.09 0.88 15.82
SC 0.02 0.24 0.00 3.38 0.29 6.09 15.81 1.90 0.32 3.64
1d* A A A A A A A A B A

vial (Supelco, Bellafonte, PA, USA)el E-EAF A& 15mL3}
NaCl 5g, internal standard -8 <¥(2-methyl-1-pentanol, 10 ug/mL
DW solution) 0.5mLS Y3 silicon/teflon septum (Supelco)S 2
AE etk Viale 7 2E@0°0) 2A 308 EeF
magnetic barg ©]-§-3ste] WHSIHAA HPJEE e T fE
o] SPME fiber needleS 302 &t A HES FEA
713, 220°C2] GC-MS injection portol|A] 5¥&-7+ €25} s}
At HE2AFe] FNAE TS Sla A g SPME fiber
(Supelco)Z+=  divinylbenzene/carboxen/polydimethylsiloxane (DCP,
5030m)E Agste] E4S AAlsiith

¥y

fE o
1

Gas chromatography-mass spectrometry (GC-MS)0f| 2|§t
sy Mol BN U MY EY

HS-SPME®] oJafl §2te 7}7he] 71482 GCMS (Agilent
6890 gas chromatography/5973 mass selective detector, Agilent
Co., Palo Alto, CA, USA)Z #4313t} Age ARt column
< DB-WAX (30m lengthx0.32mm i.d.x0.25 um film thickness,
J&W Scientific, Folsom, CA, USA)ES A3t o5 71A1E
heliumeZ §45S 1.0 mL/ming FAE(HY. 28 25& 40°C
oA SEZE RIS T, 185°C7IA 5°C/ming] £E= ARl &
2087F FAISEE. FUTF 25E 220°CH L splitless modeol A
EA519 0 MS2] #4 7122 MS ionization voltage:= 70 eV,
source temperatures= 200°C, interface temperature= 280°C, mass
spectrum scan range= 40-350 m/zZ 3Tt

GC-MSell 3] ¥ Z+7+9] peak S| mass spectra®t
Wiley 275 mass spectral database (Hewlett-packard, Palo Alto,
CA, USA)2] mass spectraS H]3}aL, C8-C249] UTH(Aldrich,
Milwaukee, MN, USA)S AF&-3t] 742} peak®] linear retention
indexE T314(14) ©1& &3 dlolefe} vlag T3 F Mo =
A0 25 ke 79 8E AR Sk 3 PR
A YHEFEZ (2-methyl-1-pentanol)2] peak area®} 5dE
3y 7] peak area®] ratio® WERNO] 2 WM|wElSit).

SHXE|

SR B4 A= Windows 7.29] SAS (Statistical Analysis
Systems Cary, NC, USA)E ©|-&3lo] &4t E4(ANOVAYS A4
BN AlFe] Rx el A PRI AAE Fets] ¢
& XLSTAT ver. 2007.1 (Addinsoft, New York, NY, USA)Z ©]

B3l FAE EX(principal component analysis, PCAYS XA 3}
ATt
27 o

SPME HHHo|| 2|3t AlH S&XiFe| &V|ME

HS-SPME°] 9|3t 24% HAbo] ] 142 4 2
= Table 29} 2t} £ AFolMs HS-SPMES 53l 247112] A
FoA 10099719 F7IdEe] SRISEAT 2 F 43719 HEo]
FAEATH FE HES 38k Aol ult ER3PH 15 esters,
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Table 2. continued

=2 Z 388 %] A| 46 WA 4 & (2014)

No. 21 22 23 24 25 26 27 28 29 30
KP? 1516 1520 1528 1566 1599 1633 1660 1666 1688 1693
9-hydroxy-
. pyrimido .
co\ri?;?)nulrfd” [lfli—gggz_ri_ buta;le-(iiol Linalool - Junipene  4-terpineol deggr]l}:ate beer;[z(})lzlite butgileég?olate a-terpineol  borneol
4-one
SwW 10.63 0.48 2.18 4.59 3.51 1.85 15.80 11.85 5.49 0.91
HP 7.84 0.47 1.67 2.05 2.06 2.90 11.16 6.27 4.12 0.00
DW 3.90 0.22 0.00 2.38 0.69 143 4.72 7.61 0.91 0.00
J1 6.83 0.33 1.51 2.14 1.91 8.06 23.70 5.38 3.09 0.47

BA 10.93 0.58 6.52 1.73 5.83 8.22 12.85 1.49 12.95 0.00
NB 3.12 0.44 0.87 2.01 1.07 4.77 7.88 9.86 1.85 0.28
KU 7.56 0.18 3.08 1.70 291 10.45 6.80 1.63 4.74 0.00
HB 8.58 0.54 0.76 2.26 1.74 19.83 8.75 34.28 3.94 0.15
BH 12.01 0.63 3.34 2.12 3.67 21.27 11.99 2.96 6.84 0.00
GO 7.36 0.40 1.31 1.80 2.28 1.62 12.90 11.23 5.04 0.24
CO 11.98 0.71 2.33 1.86 3.61 0.80 18.32 3.58 6.34 0.68
DO 442 1.14 1.36 1.68 1.33 10.92 1.74 2.70 3.34 0.00
CH 7.08 0.32 0.63 1.58 1.60 3.07 5.02 10.92 3.26 0.00
SR 15.99 041 4.07 2.07 4.18 15.18 6.11 2.86 9.13 0.00
SU 5.19 1.35 1.47 0.00 2.30 291 16.61 9.26 3.85 0.69
MY 11.46 0.69 2.51 2.30 3.78 11.67 27.71 17.38 5.23 0.76
SE 10.84 0.69 3.64 1.56 2.78 2.34 11.37 7.94 6.00 0.00
NJ 6.59 0.61 0.92 2.05 1.73 13.53 7.31 18.46 2.61 0.00
BB 13.59 1.01 2.54 3.05 2.89 50.47 12.99 13.94 491 1.12
MO 9.92 0.23 3.85 1.58 431 1.69 21.44 2.33 9.09 1.78
HY 7.86 0.58 1.70 2.17 1.60 4.53 4.52 2.15 3.04 0.00
GJ 2.52 0.00 10.35 1.34 0.57 1.33 2.93 10.11 1.44 0.55
SB 11.59 0.39 1.57 2.36 2.22 9.63 12.57 17.05 3.98 0.00
SC 4.13 0.71 0.46 0.00 1.38 242 10.67 8.26 2.13 0.34
1d¥ B A A A A A A A A A

3 ketones, 7 alcohols, 2 aldehydes, 12 terpenets, 4 acids 3] (SAFE) X5 o]&3lo] 3RS EFsle] B3l Zlow B

B =T EsterF9} terpene®/t B8 E AE F 7P Bl v Aol 9] 7GR £ WR(SPME)F = 2folE HAUoL F

E}stTh. Ethyl acetate, ethyl octanoate, isoamyl alcohol, phenethyl
alcohole] SAE A& F B2 =8 AL ol i
B Bz Gt 4F wao AEE AAZIY 1 9 ethyl
hexanoate, ethyl decanoate, benzadehyde, dL-limonene, linalool,
alpha-terpineol, myrtenol, acetic acid’} 8 AESZ et
Ak EEo] HIE) terpene® 7t BWol WER EiAla] 14
o] F8 5O AAZY. FF EEA A ERAF
VR Y ARE St BEA I FRl= #go] 7t
stEgt Az

stehs EAd wet £R7E AT 5
EAsH o ZHE Aol Al RS 429% BEE A
she 3 FPECE YeEPGY U292 alcoholF, terpen
F, acidiF 02 YEith 8 EZZEE ethyl acetate, ethyl
octanoate®} isoamyl alcohol2] A d7|AJHo] e A 714
9] 40% AEE A s =2 F=E YT gk B
o HEAe R BAH(15) =
ol-g-ate FrIdEol 14kl B
Ao} Hlwshldle zolE Btk d=e] i
FollM ERAE FAS Axd JEATe] &
3t =17(16)2 solvent assisted flavor evaporation

T

=

24% N7 Hagk

X o

AE AR esterFo} terpene 7l FLI RO R FAS

Al UEbstT

E AFAX= ethyl esterr SHgHE©] U S A=, ethyl
acetate®} ethyl octancate”} =2 TS H AT ethyl ester= &
a3 5 e AP ethanol?] esterst2 1] A= =H
(3,5) &3] HaFolre H2 BRI esteriQl ethyl butanoate,
isoamyl acetate, ethyl hexanoate”} =237 Ukl 7]of =t
EREAFAA B FHHAT. £ AFoME ester F ethyl
acetate”} 7P w2 TS UYERIOY FHEd 79 ethyl
acetates= FlA Ax, FRIERS] &2 & F= o] F2 A
3ke] dole] Hr)= 3FchQR). AlcoholFEE isoamyl alcoholZh
phenylethyl alcoholo] 2 F=& UYERL, =4t X=59] 3F
7V A Aels FARE A0F JERITH(17). 12F9] terpene

F7F SAEAT ol Hwak oA fEfiske dEoR 7]
£ Xl AEAS Hole FROE AL T o] F
£ R WEEF FF9 Muscat? Riesling 9flolA 4 =™

B

3k

o 23 AL 78k ZoR A UThE). ¥ AT
ME F8& AHAESZE dl-limonene, linalool, o-terpineol, ter-
pinen-4-ol, myrtenol® = UERRT) o5 A2 t7f floral, citrus

o
green, woody, peppety, spicy 5 TF&et F71E Ueplle 2o
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Table 2. continued
No. 31 32 33 34 35 36 37 38 39 40
KI? 1756 1776 1787 1807 1828 1836 1840 1852 1869 1905
Volatile beta.-  ethyl phenyl- phenethyl (E)-2- ethyl p-cymen-  hexanoic benzyl phenethyl
compound®  citronellol acetate myrtenol acetate caren-4-ol dodecanoate 8-ol acid alcohol alcohol
SW 0.63 0.44 5.99 0.61 2.28 0.36 1.55 0.00 1.37 12.65
HP 0.00 0.36 2.13 0.34 1.57 0.54 1.03 0.00 0.72 14.19
DW 0.00 0.39 0.47 0.10 0.21 0.34 0.31 0.00 0.00 5.53
J 0.12 0.76 2.30 0.36 0.92 0.82 0.77 0.77 0.49 7.33
BA 2.86 0.23 9.18 0.66 5.11 0.78 2.36 0.99 0.95 2428
NB 0.00 0.67 1.59 0.17 0.50 2.01 0.40 0.00 0.68 2.92
KU 1.05 0.19 18.49 0.27 3.49 1.21 1.25 0.42 0.84 14.21
HB 0.00 0.67 1.69 0.71 1.09 0.93 1.04 1.21 0.76 33.35
BH 1.03 0.28 3.66 0.79 3.50 2.98 1.68 0.31 0.86 20.90
GO 0.20 0.56 2.88 0.18 1.55 0.73 1.11 0.00 0.00 8.39
CO 0.66 0.38 5.64 0.19 2.16 0.19 1.63 0.00 0.00 6.02
DO 0.41 0.13 2.25 0.58 0.00 0.97 0.40 0.46 0.23 19.92
CH 0.00 0.44 1.54 0.24 2.05 0.39 1.03 0.11 0.92 19.47
SR 0.79 0.32 5.06 1.12 1.99 0.80 2.20 0.73 0.00 2321
SU 0.00 0.40 2.73 0.49 1.49 1.17 0.73 0.00 0.70 7.08
MY 0.00 0.67 5.68 0.00 1.86 1.20 1.42 0.00 0.32 16.57
SE 0.00 0.26 4.13 0.18 2.56 1.27 1.48 0.00 1.23 11.29
NJ 0.00 0.36 1.76 0.29 1.03 1.64 0.71 0.00 0.58 23.37
BB 0.71 0.96 3.92 0.67 2.12 7.22 1.35 0.25 0.95 35.11
MO 2.82 0.27 10.59 0.12 3.09 0.58 2.88 0.00 1.54 13.20
HY 0.00 0.18 2.15 0.29 1.21 2.71 0.80 0.00 0.37 6.79
GJ 0.00 0.30 0.34 0.13 0.00 4.35 0.31 0.53 3.39 7.71
SB 0.00 0.64 3.20 0.15 0.92 1.06 1.14 0.29 0.46 12.85
SC 0.00 0.43 1.61 0.52 1.02 0.70 0.59 0.00 0.45 6.00
Id¥ A A A A B A A A A A
HIEATKS,18). AR B84 3ol Ay 9 <4 & J#T, #11, #23, #25, #21, #29, #30, #31, #33, #35, #37)7} A
AR olE 7] Wt tig RUEE A7 ds 2] Fol LEAHEQ ester 2 alcoholFFol 2pHslE 548 Hl
AAFE B3l terpenef 7t EEATS] A7IEA v I oz gAY, 2 A= ethyl acetate (#1), €5 alcoholF
gt F 9 Zo] e A7t HastEet AlsE) (#6, #15)2} benzaldehyde (#20), acetic acid (#17) T°] X3}
B A7k 2o} Fdd RS Atols Hhets) t}. A4 KU, BH, SR, MO A 82| terpene® o] AA A&

== A==
FAAE 74

no
=
1

(principal component analysisyS A8} T} &
o|-g3te] FAE A4S ¢ A= Figure 13
PC )3 FAE 2 (PC 2= 27 A4 dHeoly
28.11%2}F 15.82%% AWats 202 Yeith 245 A
1-4 AREA7EA] A H o R A g7F 23
A Age] aFEe YehA] gt 9%
AF(BA, KU, MY, SW, CO, SE, DO, GO, SU)
oA <ellA Lo WO AxHow WA B
T Q. AgAak BERZ0) BB, BH, HP, GJ¢] Z$% I-
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7WA Zyzte] ARERe] Apejstel P14l oA Zpol

Bl Aow AAZL IR BEE AuEd, KR
of 392 fusel alcohol?l 2-methyl-1-propanol (#4), isoamyl
alcohol (#9), phenethyl alcohol (#40)3} esterF; ethyl butyrate
(#3), isoamyl acetate (#5), ethyl hexanoate (#10), ethyl hep-
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Table 2. continued

No. 41 42 43
KI? 2083 2252 2361
Volatile octanoic ethyl decanoic

compound® acid hexadecanoate acid
SW 0.00 0.00
HP 0.59 0.65
DW 0.11 0.49
I 0.63 0.80
BA 5.17 041 1.11
NB 0.16 0.51
KU 2.24 0.38 0.69
HB 6.04 1.43 1.21
BH 0.90 1.34 0.18
GO 0.27 1.57
(6[0) 0.32 0.48
DO 1.89 0.82 0.27
CH 1.54 0.72 0.11
SR 4.87 0.86 1.20
SU 0.24 0.31
MY 0.57 0.46
SE 0.57 0.57
NJ 1.06 1.85
BB 2.16 0.71 0.51
MO 1.62 0.49 0.25
HY 0.31 8.83
GJ 0.19 1.43
SB 0.55 0.99
SC 0.33 0.95 0.07
I1d¥ A A A

DAverage of the ppm (n=2) =(Area of each compoundxAmount of
internal standard 10°)/(Area of internal standardx Amount of sample)
JKovats indices of unknown compounds on DB-WAX column.
)Compounds by order of their Kovats indices in a chemical class.
YVolatiles were identified based on the following criteria: A, mass
spectrum and retention index consistent with those of an authentic
standard; B, mass spectrum consistent with that of the Wiley 275 mass
spectrum database.
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Fig. 1. PCA loadings for 43 volatiles (numbers) and scores for 24
black raspberry wines (alphabetical letters). (PC1 is 28.11% and
PC2 is 15.82% of variation). The codes of volatile compounds and
samples are defined in Table 1 and 2, respectively.
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