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Abstract

The aroma compounds of 11 red wines grown and produced in Wanju region were characterized by headspace-
solid phase microextraction combined with gas chromatography-mass spectrometry. Seventy-five aroma compounds
were identified in the 11 red wines. The aroma compounds were grouped into five aroma series and their odor
activity values were calculated to determine the aroma impact compounds in 11 wines. Alcohols, esters and Cs
compounds were the main contributors to the aroma in the 11 wines. Isoamyl alcohol and phenylethyl alcohol
obtained from the 11 red wines contributed to the floral, sweet, and fatty odorants in the wine. Octanoic acid
ethyl ester, and hexanoic acid ethyl ester contributed to the fruity, floral, and sweet odorants of all the red wines.
1-Hexanol was detected all the wines, which contributed to the green odorant. The major aroma contribution of
Chanceller, Malbec, Marchel, Narsha, Pinot Meunier, and Sangiovetto wines were the fruity series. The green series
was the major contribution of the Cabemet Franc, Cabernet Sauvignon, and Sauvignon Vert wines. The floral series
was the major contribution of the MBA and Narsha wines. Based on the results of these studies, aroma component

analysis could be used as a selection criterion for developing wine cultivars.
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Introduction

Wine aroma is one of the most important factors in
determining wine character and quality. Wine aroma was
determined by more than 1,300 volatile compounds, including
acids, aldehydes,
lactones and ketones, with a wide concentration range (1).

alcohols, esters, acetates, isoprenoids,

The aroma profiles are the results of complex interactions
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among several factors: grape variety (2), vineyard geographical
origin (3), soil and climate characteristics (4) and winemaking
techniques (5). Wine aroma contents may be used as a tool
for characterization and differentiation of wines from varieties
and for establishing criteria to improve the quality of the
wines. In particularly, attention has been devoted recently
to the analytical characterization and the quality improvement
of the varietal aroma of wines. Previous studies have focused
on the identification of volatile components and on the
establishment of character impact odorants of different
varieties (6-8).

Korean winemakers made wine using table grape cultivars,
such as ‘Campbell Early’, ‘Muscat Bailey A’ and ‘Kyoho’
(9,10). Korea wines are produced using the most cultivated
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Campbell Early, however, these wines have the limitations
of containing low levels of sugar, high malic acid
concentration and negatively foxy aroma content (11).
Therefore, development of wine cultivar with good wine
aptitude and aroma is desperately required.

The present study was aimed to characterize aroma
compounds of cultivated 11 wine grape cultivars to accumulate
basic data for making red wine cultivars by aroma using
headspace-solid phase microextraction (HS-SPME) combined
with gas chromatography-mass spectrometry (GC-MS).

Materials and methods

Reagents

Benzyl alcohol, 1-heptanol, Isoamyl alcohol, phenylethyl
alcohol, Isobutyl alcohol, benzaldehyde, acetic acid hexyl
ester, hexadecanoic acid ethyl ester, 1-hexanol, a-terpineol,
4-nonanol and sodium chloride (NaCl) were purchased form
Sigma-Aldrich Korea Ltd. (Seoul, Korea). Fatty acid ethyl
esters were purchased form Sigma-Aldrich Korea Ltd.
(Supelco, Seoul, Korea). Calcium chloride (CaCl,) was
purchased from Kanto Chemical Co., INC. (Tokyo, Japan).
All used reagents were analytical grade.

Plant material

Eleven grape cultivars, Cabernat Franc, Cabernet Sauvignon,
Chanceller, Malbec, Marchel, MBA, Merlot, Narsha, Pinot
Meunier, Sangiovetto and Sauvignon Vert were obtained from
experimental vineyards of the National Institute of
Horticultural and Herbal Science, Wanju, Korea. All grape
varieties used for winemaking were harvested at August in
2016. Samples were frozen at -207C prior to analysis.

Winemaking procedure

The winemaking process followed a modified Chang’s
method (12) and micro-vinification method. Grapes were
removed from grape bunches and potassium metabisulfite
(K2S,05) was added at a concentration of 200 mg kg". Before
fermentation, grape must (800 g) was adjusted to 22 °Brix
using table sugar. Five hours after the addition of potassium
metabisulfite, active yeasts were inoculated into grape at a
ratio of 0.02% (w/w). The yeast strain Saccharomyces
cerevisiae (Fermivin, France) was used for fermentation in
all winemaking processes. The grapes were first fermented
for two weeks at a constant temperature of 25C in a 1,000
mL DURAN® laboratory bottle equipped with an airlock.

After the initial fermentation, the fermented residual sugar
and sediment were isolated from wine. The isolated wine
was subjected to a second round of fermentation at a constant
temperature of 15C for 1 week, after which the prepared
wine samples were analysed.

Total soluble solids and total acidity of grape

The total soluble solids (TSS) of wine was determined
using a digital refractometer (PAL-1; Atago, Tokyo, Japan).
For measurement of the total acidity (TA), 20 mL of wine
sample was titrated using 0.1 N NaOH to an end point of
pH 8.2. The TA value was then converted to tartaric acid
equivalents.

HS-SPME conditions

An SPME fibre coated with divinylbenzene/carboxen/
polydimethylsiloxane (50/30 ym, DVB/CAR/PDMS) (Supelco,
Bellefonte, PA, USA) was used for the analysis owing to
its high sensitivity for odorants and good reproducibility in
grapes (13). Fermentation-finished wine (15 mL) was
transferred into a capped 50 mL solid-phase microextraction
vial, and 1.8 g of NaCl and 2 pL of internal standard
(4-nonanol in EtOH, 1 mg/mL) were added. Samples were
heated at 70°C in an automated heating block (Wise Therm®,
HB-48P). After 20 min of equilibration, the SPME fibre was
manually inserted into the sample vial headspace. After 20
min, the fibre was withdrawn and introduced into the GC
injection port for desorption at 250°C and maintained for 10
min in splitless mode. All samples were examined in triplicate.

GC-MS analysis

An Agilent gas chromatograph model 6890N coupled to
an Agilent 5975 series mass selective detector was used to
perform the analysis. Volatile compounds were separated on
an HP-INNOWAX capillary column (30 m*0.32 mmx0.25
um; Agilent technologies, Santa Clara, CA, USA), with
purified helium as the carrier gas, at a constant flow rate
of 2 mL/min. Desorption of the DVB/CAR/PDMS fibre was
carried out for 10 min in the GC injection port at 250C.
The oven temperature was held at 40C for 5 min, increased
to 220 at a rate of 3C min" and finally held at 220C
for 5 min. The injector and source temperature were set at
250C and 230°C, respectively. The mass detector was
operated in electron impact ionisation mode at a voltage of
70 eV, with the range set at 50-700 m/z. Selected GC-MS
peaks were identified based on the comparison of mass spectra
with the NIST11 (Agilent, Gaithersburg, MD, USA) mass
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spectral database. Content of all compounds was quantified
relative to the known concentration of 4-nonanol internal
standard.

Statistical analysis

A one-way analysis of variance (ANOVA) was performed
to identify statistically significant differences between
samples. The R Commander (version 2.13.0, A Basic-
Statistics GUI for R statistical software package; McMaster
University, Ontario, Canada) was employed for this analysis
where statistical significance was defined as p<0.05.

Results and discussion

Characteristics of 11 red wine grapes

To compare the characteristic of eleven red wine grapes,
the titratable acid (TA), the total soluble solids (TSS) and
the total soluble solidsftitratable acid (TSS/TA) were
identified (Table 1). In all grapes, the TA range from 5.50
to 10.80 g/L, and TSS value were higher than 18.40 °Brix
in all grapes. The TSS/TA ranged from roughly 1.98 to 4.15.
An outstanding parameter to evaluate the maturity of grape
is the total soluble solids, predominantly sugars, measured
as °Brix (13). These results, all harvested grapes in Wanju
region were reached their appropriate maturity times, with
the exception of Caberet Franc and Pinot Meunier grapes.

Identification and characterization of the aroma
compounds in wines

Seventy five compounds were identified as follows 16
alcohols, 11 volatile acids, 3 aldehydes, 28 esters and acetates,
4 ketones, 3 Cjs-norisoprenoids, 2 Cg-compounds, 1 furan,
1 phenolic acid derivative, 1 terpene and 5 others in 11 wines
by HS-SPME and GC/MS analysis (Table 2).

Higher
metabolism and have been related with pungent, sweet and
fruity odors (14). Alcohols was the most abundant component

alcohols are secondary products of yeast
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in the aroma compounds of all wines like previous studies
(15-18). 1-heptanol, isoamyl alcohol, 2,3-butanediol,
[R-(R*,R™)]-, 2,3-butanediol,[S-(R*,R*)]-, 3-ethyl-1-butanol,
phenylethyl alcohol, 1-propanol and isobutyl alcohol were
identified in the all red grape wines. Isoamyl alcohol was
largest aroma compound in all wine samples without Cabernet
Sauvignon, Chanceller and Sauvignon Vert wines. Largest
aroma compound of those 3 wines is isobutyl alcohol.
1-butanol and 2-ethyl-1-butanol were detected only in
Chanceller and Marchel wines. And, benzyl alcohol was found
in several wines, such as Cabernet. The alcohol profile of
Chanceller wine was the most diverse in the all wines,
containing 14 types of alcohols. However, Cabernet
Sauvignon wine was shown in highest concentration of
alcohol component. Franc, Cabernet Sauvignon, Chanceller,
Marchel and Merlot wines. Studies performed by Tao et al.
(19), Cheng et al. (20) and Vilanova et al. (21) reported high
values for higher alcohols and ethyl esters in Cabernet
Sauvignon wines.

Volatile acid compounds are mainly produced during
fermentation and their concentration has been reported to
depend on the initial composition of the must and fermentation
conditions. The low concentration of these compounds had
a positive contribution to the quality of the wine by increasing
aroma complexity. However, at levels beyond 20 mg/L, these
acids have been associated with negative odors (22). In present
study, the total volatile acid concentration was less than 1.1
mg/L in all red wines.

Ester and acetate were identified largest number of the
aroma component in 11 red wines, and this result is consistent
with previous data for different red wine varieties (17,18).
Ethyl esters of the fatty acid were formed from ethanolysis
of acyl-CoA during fatty acid synthesis or degradation and
appeared mainly at the first phase of the alcoholic
fermentation of fatty acid (23,24). In the present study,
octanoic acid ethyl ester, hexanoic acid ethyl ester and ethyl
acetate were major esters identified in the aroma compounds
of the 11 red wines. Ethyl acetate and Lactic acid ethyl ester

Table 1. Total soluble solids and titratable acid content in fruits of 11 grape cultivars

Cultivars Cabernet Cabernet Chanceller Malbec  Marchel MBA Merlot Narsha Pinot Sangiovetto Sauvignon
Franc Sauvignon Meunier Vert
TA" (gL) 56 8.1 108 60 85 59 103 90 93 55 92
TSS? (°Brix) 199 229 238 205 26 206 218 220 184 28 210
TSS/TA 36 28 22 34 27 35 21 24 20 42 23

Mitratable acid.
Motal soluble solids.
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Table 2. Concentration of aroma compounds determined in 11 red wines
No R Conpounds Cabernet Franc S%Bfg& Chanceller ~ Malbec Marchel MBA Merlot Narsha  Pinot Meunier Sangiovetto Sau\g%m o
Cone. (ug)”
Alcohols
1 4544 Benzyl Alcohol 149448 316725 60779* 0000 18 000t 12m4™ 000" 000" 000° 000'  §MS
22603 1-Heptanol 4603 961 9543% B8P 2619 20T 196497 1740 24690 16385 5623 SMS
3 1653 Isoamyl alcohol DAATLSI® 210102420 209535850 33626750 197936047 33725482° 28592291 25302653 2MATSHC 20496274 2372433F SMS
4 1603 2-Methyl-1-butanol 000° 000° 000° 000" 000° 000° 000° 51.99° 0.00° 000" 6123 M
5 3060 23Butanediol, R-R*R¥- 17378 77400 1500 20731 353 18744 1845 25506 196.86" 1814 21457 MS
6 34 23Butanediol, [S-R*RYF  3682° 1253 174.00° 46.18 99,53 4045% 3674 6633 0 B34 49 M
7 4083 2-Octen-1-ol, 3,7dimethyl- 000° 000" 1746° 0.00° 709 6.10° 000° 000° 000° 000° 000°  MS
§ 4347 123Butanetriol 000° 6.19° 673" 196" 450 000° 000° 000° 000" 000" 0000 MS
9 6104 2,3-Dihydrofamesol 000" 000" 326° 000" 000° 000" 000" 000" 000" 000" 0000 MS
10 2024 3-Ethyl-1-butanol 8.15¢ 1445 98¢ 419* 331" 1052* 1056® 9.54* 734 516¢ 35 MS
11 4677 Phenylethyl Alcohol 162,570.99%  260521.24" 14960479 23159708  128,11923° 18035031™ 29738895 149.42461% 1S330U73% 17300578  152,86489% SMS
12 196 4-Methyl-1-pentanol 000° 000° 0.00° 057 000° 204 000° 299° 0.00° 3 148 MS
13 1085 1-Propanol 2438 U9 15464 1671 14680° 1536" 818 1738 1518 604" B9 M
14 1420 1-Butanol 000" 000° 9.10° 000° 1359° 000° 000" 000° 000° 000° 0000 MS
15 1220 Tsobutyl alcohol 1995487 462540.19° 2575741 22045527 16962007 207 176872410 16243008° 12782495 22187459° 30802355 §MS
16 1950 2-Ethyl-1-butanol 000 000 11755° 000" 798" 000" 000 000 000" 000" 0000 MS
Total 62878233 94645621 61820475  T8S0T85 49841840 51829145 L9157 SESATLLL 55632929 69034785  699,05080
Volatile acids
17 7904 Pentadecanoic acid 000° 000° 0.00° 000° 000° 000° 1926° 000° 0.00° 000° 0000 MS
18 5731 Nonanoic acid 000° 347 0.00° 000° 000° 000° 589° 000° 0.00° 0.00° 0000 MS
19 5398 Octanoic Acid 000" 37 000" 000° 000° 19 499 000" 000" 000" 0000 MS
20 454 Hexanoic acid 000" 574 000° 317 000° 000° 000" 534 000" 000" 29 MS
21 6197 n-Decanoic acid 000° 000° 0.00° 0.00° 000° 000° 500° 000° 0.00° 000° 0000 MS
2 3673 2Methylhexanoic acid 000" B66 000" o 632" 000" 000" 000" 000" 000" 208 MS
23 758 Tetradecanoic acid 000" 000" 000" 000" 000" 000" 18.04° 000" 000" 000" 0000 MS
24 812 n-Hexadecanoic acid 000° 000° 0.00° 000° 000° 000° 16035° 58T 0.00° 000" 0000 MS
25 3378 4-Hydroxybutanoic acid 000° 1594 000" 000" 000° 000° 000° 000° 0.00° 000° 0000 MS
26 2710 Acetic acid 3547¢ WTF T 16703 5497° 13478 g3t 4826% 0.0 2029 BT MS
27 305 Isobutyric acid 000" 103.88° 714 B 845 1089 000" 000" 000" 1844 2136"
Total 3547 618 22989 20567 69.75 15759 296.10 5947 000 8173 8346
Aldehydes
28 284 Benzaldehyde 000° 000 12m9 000° 000° 250.93" 000° 000° 000° 000° 45074 SMS
29 788 Acctaldehyde 6121 974,69 811.41° 17302 396.69° 2186 m2r Bk 69.49" Bl45* 6747 MS
30 809 Isobutanal 000° 314 000 000° 000° 000° 000° 000° 000 000° 000" MS
Total 6121 7R 2MUB 1B 396.69 27479 17027 75.10 6949 13145 51821
Esters and acetates
3183 gggayl}"gtgf'd’ Imebow- ooy ey o4 S0 0000 00 000 000 00¢  00F 00 MS
3 4118 Benzeneacetic acid, ethyl ester 000" 000 44 000" 000° 000 000° 000 000 048" 0000 MS
33 4238 Acetic acid, 2-phenylethyl ester  0.00° 459" 45 2156 1964 4967 3508 5997 289* 1476° 86 MS
34 1013 Butanoic acid, ethyl ester 000" 000" 000" 13878° 20885 1586° 000" 21970 000" 20769 000 §MS
35 1888 Heptanoic acid, ethyl ester 000° 000 000 429 000° 000° 000° 000° 000 052" 06  MS
36 2377 Octanoic acid, ethyl ester 11620* 506 15940 64T I7616° 102438 28393 619" 32 25123 295665 SMS
37 4374 Dodecanoic acid, ethyl ester 000" 000° 000 058 231 1.69° 000° 072 000 000° 000" SMS
38 6523 Ethyl hydrogen succinate 000" 788" 000" 000" 000° 000" 000 000 000 000° 0000 MS
39 4270 Tsovaleric acid, ethyl ester 3T R4 265" 1286 RU° 846™ 134 000° 000° 289 19 MS
40 3428 Decanoic acid, ethyl ester 1575% 000 A9 203® B3 196 9™ 1300 4608 1487* 1301 ™S
41 1533 Hexanoic acid, ethyl ester 61.54° 798 18930° 80068 3021 6066 18180% 42402 337 S 39541 SMS
4 1221 Tsoamyl acetate 000" 000" 000" 000" 000° 3098 000" 000" 157.02° 000" 0000 MS
43 84 Eihyl Acetate TP LTSS 407 368560 76093 29650% 42425 433090 40122 489" 16836 MS
41683 Acetic acid, hexyl ester 000° 000° 0.00° 000° 000° 000° 000° 000° 0.00° 142 000" SMS
5 qoup Dutncdiic acid ey 19 00 2P D4F ¢ T 83 9% L6 S 6% MS

3-methylbutyl ester
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No R Conpounds Cabernet Franc Scaflsleggn Chanceller ~ Malbec Marchel MBA Melot Nasha  Pinot Meunier Sangiovetto Sauvignon Vert »
Cone. (ugL)”
% Ml E&‘fy”f‘;ﬁ;ﬂd’ Hydoxs, g 000 00°  00° 000 0% 000 000 000 000 000 WS
47 6969 Linoleic acid, ethyl ester 000" 0.00° 0.00° 0.00" 0.00" 0.00° 0.00° 2.60° 0.00° 000" 000"  MS
8 g o adkeenoic aed, eyl gy 000" 31 000" 000" 000 000" 000 000" 000" 000 MS
49 7423 Hexadecyl 2-cthylhexancate 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 1794 0.00° 0.00° 0.00" 0000 MS
0 618 fﬁ}ﬁ’gﬁd@m’“ acid, 00 000 554 000 000 00 000 000 000 000 0 MS
51 1345 T 2Butenic acid eyl gy 0P 52 oo 000 00 000 000 000 000 0 MS
52 642 Hexadecanoic acid, ethyl ester  0.00° 000" 554 127 098" 3141° 000" 4674 000 1536 53 MS
R 000 000" 000" 116 349 000" 000 ; 000" 000 MS
543685 ‘(‘é]))_m"c ad, eyl ester, 000 000" 000 000" D4 44r 000 s oo 43 MS
55 816 Acetic acid, methyl ester 194 000° 719 000° 207 209 061° 22 000" 000" 0000 MS
56 639 Diethyl Phthalate 000" 000" 000° 000" 000" 0.00° 884" 0.00° 000" 000" 0000 MS
57 2107 Lactic acid, ethyl ester 1667 000° 573 1522 793° 1293 470t 2147 16441 2091® 708 MS
58 413 %ﬁ;lg(l)xymmecarboxhnidoate 86.55° 000" 509 2446 11.9¢° 429 000" B4 106.16° 69.50 612 MS
Total 61668 18778 976% 166353 L6 1708 109 20674 15072 1598090 IR
Ketones
59 1981 Acetol 000° 000° 15.16' 000° 234 00 000 000 000° 000° 0000 MS
60 1928 Acetoin 1027% 3,66 46540° 154° 1790 0.00f 3035 7541 530° 16.94* 000 MS
61 811 Acetone 000 000° 0.00° 000° 0.00° 216" 000° 195® 000" 308° 0k MS
Q54 %;mgggg};‘{g};ﬁfé@% 000 000 00 00¢  00¢ T8¢ 000 000  00¢  62¢ 000 MS
Total 1027 .66 48036 154 18024 997 035 048 530 27.14 000
C13-norisoprenoids
63 2308 o-lonene 000" 000° 000° 000° 000° 000 000" 0.00° 000" 467 0000 MS
64 2774 Tonone 0.00° 0.00° 000° 000° 000° 1167 000° 000 000 363 0000 MS
65 3826 TDN 000" 000" 000° 000° 000° 000 000" 0.00° 000" 855" 0000 MS
Total 000 000 000 000 000 1167 000 000 000 1685 000
C6-compounds
66 2135 1-Hexanol 6246355 69331 449025 LEISOF 8L 35TLIEE 616238 495191°  938692%  STBSIT 1439796 SMS
67 261 (Z)-3Hexenol 097 000% 000° 000° 000° 2399 000° 1516 000 000 0000 MS
Total 624732 693331 449225 1641801 838196 360117 616238 496707 938692 57851  14397%
Furans
68 2629 Furfural 000 000" 0.00° 000° 000° 307 000" 00 0.00° 00 0 MS
Total 000 000 000 000 000 307 000 0.00 000 000 000
Phenolic acid derivatives
69 4001 Methyl Salicylate 000" 000" 000° 000" 27 000" 000" 000" 000" 299 0000 MS
Total 000 000 000 000 27 000 000 000 000 299 000
Terpenes
70 375 o Terpineol 000" 000° 000° 000° 000° 467 000" 000 000" 000" 0000 SMS
Total 000 000 000 000 000 40671 000 000 000 000 000
Others
71 8631 Squalene 000" 3126 000° 000" 000" 0.00° 02 0.00° 000" 000" 0000 MS
72 1169 1-(1-Ethoxyethoxy)pentane 000° 000" 1303 273 172 000° 000" 000" 000 000" 0000 MS
73 4339 136 Trioxocane 000" 000° 000° 000° 061* 000" 0.00° 0.00° 000" 049 0000 MS
74 6246 Glycerin 000" 000" 000° 000" 000° 14 000" 0.00° 000" 000" 0000 MS
75 1761 Butyleyclopropane 059 000" 14 000° 11§ 084 000" 0.00° 000" 000 LI M
Total 059 3126 427 211 350 1258 020 000 000 049 118
DRetention index on a HP-Innowax column.

38, identified with standard compounds; MS, mass spectra database performed using NIST 11 spectral database, considering fit and retrofit values >70%.
IDifferent letters within each rows indicates statistical differences (n=3, p<0.05).
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increases its concentration with the malolactic fermentation
(25). This compound was the most abundant ester in 11
redwines, in agreement with published data for Cabernet
Sauvignon and Merlot wines (19-21) and new wine grape
cultivar Meili (26). While, lactic acid ethyl ester was detected
in 10 red wines, with the exception of Cabernet Sauvignon
wine. Other ethyl ester, such as butanoic acid ethyl ester,
heptanoic acid ethyl ester decanoic acid ethyl ester,
dodecanoic acid ethyl ester and hexadecanoic acid ethyl ester
were presented in some wines. Dodecanoic acid ethyl ester
was found in 10 red wines, with the exception of Cabernet
Sauvignon wine. In previous study, dodecanoic acid was

found in only Pinot noir among 4 red wines (21). Butanoic
acid ethyl ester was shown with high concentration in the
Marchel, Only two
Ce-compounds were identified from 11 red wines. 1-hexanol

Narsha and Sangiovetto wines.

was found in every red wines, while (Z)-3-hexenol was found
MBA and Narsha These
Cs-compounds were derived from fatty acid by the action

Cabernet Franc, wines.
of grape-derived lipoxygenase (LOX) and hydroperoxide
lyase (HPL), and associated with negative green and
herbaceous odors when their concentration is above their odor
threshold values (27-28).

Benzaldehyde and acetaldehyde were only detected in

Table 3. Odor active values (OAVs) of active aroma compounds detected in 11 red wines

Odor

No. Compounds Odor descriptor Series! oTv? Odor activity value (OAV)
(g Cabemet Sﬁ;‘;‘n Chuncler Malbee Machd MBA Merlot Nasha ([t Sgiov Sapigon

Aleohol

I Isoamy! alcobol doohol, harsh, biter 4,5 30006 882 730 698 1109 660 1124 95 843 916 983 79l

2 Phenylethyl Alcohol tose, honey 2 200000d 542 8.68 49 7712 427 601 991 498 511 577 510

3 Isobuyl aleohol alcohol 575000 10 231 129 110 085 000 088 08l 064 LIl LS4
total 1523 1830 1326 1991 172 1725 203 1423 1491 1671 1454
Aldelydle

4 Acctaldehyde pungent 50 s 02 195 LR 03 0 004 034 015 014 026 0B
totl 02 1% 16 03 01 00 034 015 014 02 013
Ester and acetate

5 Acetc acid, Zphenyley lowery 219 00 241 76 113 1034 2612 1846 3156 12 1T 457

6 Butanoic acid, ethyl ester strawberry, apple I 2 000 00 0M0 6% 104 07 000 1098 000 103 000

7 Heptnoic acid, ethyl ester  fity, geenaple 1 224 000 000 000 195 000 000 000 000 000 024 029

8 Octanoic acid, ethyl ester sweet, fuity, pear L2, 4 S 2324 SOl 3188 4737 323 2488 679 1460 T4 5145 N3

9 Hexanoic acid, ethyl este fity, geen apple 1 84 769 100 2366 10009 4628 758 273 K00 4905 6928 4943

10 Tsoamyl acetae b, fruiy, sweet L4 3 000 000 000 000 000 103 000 000 523 000 000
total 093 84 GBI 1676 10229 24040 9797 23015 13025 1912 11341
Cnorisoprenoid

1l olonene frty, sweet L4 26 000 000 000 00 000 00 000 000 00 180 000

12 TON Kerosene LS 2 000 000 000 00 000 0W0 000 000 00 427 000
total 000 000 000 00 000 000 000 000 000 607 000
Cy-conpound

13 1Hexanol hetbaceous, grass, woody 3 104 5679 6303 4084 1925 7620 RS2 60 4502 8534 5208 13089
total 679 6303 408 14925 7620 RS2 60 4502 8534 5208 13089
Terpene

14 oTerpineol florl, sweet 24 Ld 0W0 00 000 000 000 3697 000 000 000 00 000

total 0.00

0.00 000 000 000 3697 000 000 000 000 000

U1, fruity, 2, floral; 3, green; 4, sweet; 5, fatty.

20dor threshold value: a. Ferreira et al, 2000, b, Li et al, 2008; c, Sacks et al, 2012; d, Welke et al, 2014.

J0AV, concentrationjodor threshold.
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aldehyde group. Acetaldehyde was shown in 11 red wines,
however, benzaldehyde was detected only in Chanceller and
MBA wines. Acetone aroma compound of ketone group was
identified in 9 red wines without MBA and Sauvignon Vert
wines. Terpene compounds belong to the secondary plant
constituents, of which biosynthesis begins with acetyl-
coenzyme A (Co A) (29). In this study, a-terpineol and
furfural were detected only MBA wine. C;s-norisoprenods
have low odor threshold values and these compounds play
on important role in the varietal typicity of wines (8) in this
study, a-ionene, ionene and TDN were detected only
Sangiovetto wine. MBA wine was shown only ionene.

Odor activity values (OAVs) and aroma series

The aroma compounds of wine depend on both
concentration and threshold. However, only a limited number
of aroma compounds can be found at concentration high
enough to be perceived (OAV >1) and considered as flavor
contributors as well as active odorants (30). The OAV values
for the 14 aroma compounds with OAV>1 are shown in
Table 3. Alcohol, aldehyde, ester and Cs-compounds were
the main contributors to aroma in 11 red wines. Phenylethyl
alcohol obtained from 11 red wines was contributed to the
floral odorant. While, isoamyl alcohol and isobutyl alcohol
were contributed to sweet and fatty odorant in wines, the

Cabernet Franc Cabernet Sauvicnon Chanceller
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Fig. 1. Aromatic series of aroma contributors of 11 red wines.
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aroma of wines contributed by these compounds was week,
because they have a high odor threshold. Acetaldehyde was
detected only Cabernet Sauvignon and Chaceller wines. Ester
and acetate were contributed to fruity, floral and sweet odorant
in wines. Octanoic acid ethyl ester and hexanoic acid ethyl
ester were most active esters, and they contributed to the
fruity, floral and sweet odorant of all red wines. 1-hexanol
was detected all wines, it was contributed to green odorant.
Cys-norisoprenoids and terpene were detected only
Sangiovetto and MBA wines, respectively. Although present
at low concentrations Ci3-norisoprenoids and terpene made
significant contributions to the aroma of wines due to their
low thresholds.

To evaluate the global fermentative aroma of the wines,
all aroma compounds were grouped into five aroma series
and each compound was assigned to one or more aromatic
series based on their similar odor descriptors. Aroma series
were represented the main constituents of the aroma profile
of the wine: 1-fruity, 2-floral, 3-green, 4-sweet, 5-fatty odors
bearing in mind their descriptions in previous papers (31-33).
The total intensities for each aromatic series were calculated
as the sum of the OAV of each of the compounds assigned
to this series and the results are shown in Fig. 1. The highest
aroma contribution in Chanceller, Malbec, Marchel, Narsha,
Pinot Meunier and Sangiovetto wines were fruity series.
While, the green series was present in the highest level in
Cabernet Franc, Cabernet Sauvignon and Sauvignon Vert
wines. The floral series were higher in MBA and Narsha
wines, probably it is due to the high quantity of ester and
acetate compounds in these wines. In present study, fruity
series were major aroma categories in all red wines, and
similar result was reported in previous studies (30,34).

Based on the results of these studies, aroma component
analysis could be used as a selection criterion developing
wine cultivars.
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