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Characterization of Bogazkere wines from different locations in
Turkey relating aroma and sensory properties using
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Abstract. Bogazkere (BG) is one of the primary grape varieties that Turkey utilizes to produce premium red
wine. Using chemometrics, this research was to investigate the aroma composition and sensory attributes of
BG wines from various vintages and locations (Cermik/Diyarbakir, Giiney/Denizli, and Pendore/Manisa).
Using GC/MS/FID, GC-O, and Descriptive Analysis, aroma, aroma-active compounds, and sensory
evaluations were identified and quantified, respectively. To determine the relationship between chemical result
and sensory perception, PLS Regression (PLSR) was used. Principal component analysis (PCA) was used to
evaluate the sensory results. There have been identified 93 aroma compounds, 29 of which are aroma-active
compounds for which modified frequency (MF%) values have been determined. Compounds with high MF%
values in BG wines include ethyl-3-methyl-butanoate/ethyl-2-methyl-butanoate (86), ethyl-2-methyl-
propanoate (83), isoamylalcohol (82), ethylhexanoate (80), diethylsuccinate (77), and 2-phenylethylalcohol
(75). The most prominent attributes associated to these compounds are those of black-fruit, red-fruit,
strawberry, raspberry, banana, dry-fruit, cheery and spicy. PCA indicated that the most prevalent aroma
descriptors for BG wines are black fruit, dried fruit, red fruit, confectionery, and spicy. Although dry-fruit,
black-fruit, and spicy notes are more prevalent in wines from Diyarbakir, red-fruit and confectionary odours
are more prevalent in wines from Denizli and Manisa. Red-fruit attributes in wines were positively correlated
with diethyl-dl-malate, ethyl-butanoate, ethyl-hexanoate, ecthyl-octanoate, ethyl-decanoate, ethyl-3-
methylbutanoate, and ethyl-2-methylbutanoate, depending on PLSR. Ethyl-2-hydroxy-methylpentanoate, 4-
ethoxycarbonyl-gamma-butyrolactone, gamma-nonalactone, pantolactone, and ethyl-2-methyl-propanoate were
positively correlated with the dark fruit attribute of wines. Ethyl-2-hydroxy-4-methyl-pentanoate and gamma-
nonalactone compound, which gives the odours of black fruit (blackberry), is particularly noticeable in
Diyarbakir wines.

1 Introduction

Bogazkere grapes are one of the primary indigenous red
wine varieties. Turkey is one of the earliest regions where
Vitis vinifera was domesticated and is the origin of
numerous grape varieties [1]. Bogazkere (BG) varieties
produce one of the most widely consumed and well-
known red wines in Turkey. It is a medium-sized, round
grape with thick skin that naturally originates from
Eastern Anatolia such as Diyarbakir and Elazig plateaus
[2]. However, the variety has also lately begun to be
planted in Western Anatolia's Giiney and Pendora
districts on the Denizli and Manisa plateaus, respectively.

The term of wine quality is complex and hard to
evaluate and varies between vineyard locations. Still,
numerous studies have been conducted to identify the
factors that influence quality [3,4]. Aroma is a crucial
factor that influences the character of wine. The presence

of numerous aroma compounds contributes to the
complexity of wine. Due to this complexity, the wine's
quality increases [5]. The importance of aroma in sensory
perception, which plays an essential part in wine
consumer preference, cannot be overstated. One of the
most notable characteristics of aroma compounds is that
they may have a significant impact on quality despite
being perceptible even in small amounts [6].

Numerous research [5,7,8] have been conducted to
figure out the specific aromas components that give
each wine its unique flavour. In some instances, a single
aroma compound can impart an odour to the entire
wine, while in other instances, a single odour can be
caused by multiple aroma compounds [9]. The aroma
components of wines are identified and quantified using
gas chromatography-mas spectrophotometry [10].
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10 minutes). The components were recovered through
elution via 1.6 mL of dichloromethane 1% methanol. The
extract was subsequently analysed with GC/MS/FID.
GC/MS/FID conditions have been completely described
in a previous study [13]. The aroma compounds were
identified by comparing their retention index and mass
spectra on the DB-Wax column with those of a
commercial spectra database (WI10N14, NISTII,
NBS75k) and the instrument's internal library, which was
compiled from previous laboratory studies. The injection
of chemical standards into the GC-MS system confirmed
a number of the identified compounds. Utilizing an n-
alkane series, the retention indices of the compounds
were determined. After identifying aroma compounds,
the internal standard method was used to quantify the
aroma compounds [13,21]. The ratio of peak area was
corrected using response factors for each compound,
which were calculated using the intensity ratio of each
compound to the internal standard. Then, the mean values
of GC analyses conducted in triplicate were calculated.

2.4 Aroma-active compounds analysis by
Olfactometry and mass spectrometry

Purge-trap systems applying the dynamic headspace
approach [22,23]. were used to extract the aroma-active
compounds of wine. In the extraction, a cartridge
containing 400 mg of LiChrolut EN resin with an inner
diameter of 0.8 cm and an inner volume of 3 ml was
used. This resin was selected because it can effectively
extract aroma compounds from wine [20]. 80 ml of wine
sample was placed in the 37 °C-heated glass container
and whirled with a magnetic stirrer prior to the cartridge
being set on top of the glass container. 500 ml/min of
nitrogen gas was then passed through the system for 100
minutes. In this procedure, the cartridge retains the
aroma-active compounds released in the headspace of the
glass container. 3.2 ml of dichloromethane containing 5%
methanol was then passed through the cartridge to elute
the retained aroma compounds. The extract was then
concentrated to 200 puL under a flow of purified nitrogen
gas. The extract was then utilized to generate the
olfactometric profile. The extracted samples were
analysed by GC/MS-Olfactometry. GC/MS-O conditions
have been entirely described in a previous study [13].

2.4.1 Olfactory Sniffing

Six trained assessors who were a part of the research staff
and ranged in age from 23 to 55 conducted the
olfactometric analysis. To prevent fatigue, each
olfactometry analysis was carried out in two sessions.
The sniffing duration for each assessor was maintained at
approximately 20 minutes per session. The assessors
rated the overall intensity of each odour on a seven-point
scale (including half values: 0 = undetectable; 1 = weak,
scarcely discernible odour; 2 = clean but not intense
odour; and 3 = intense odour). Ferreira et al. [24] have
validated the quantitative sufficiency of this technique.
Modified Frequency (%) values were calculated from the
scores (detection intensity and frequency) to determine

the aroma-active compounds. The modified frequency
value was computed utilizing the formula suggested by
Dravnieks [25].

MF (%) = \/F(%)x I (%) (1)

In this formula, F (%) represents the percentage of an
odorant's detection frequency, and I (%) represents the
average intensity as a percentage of the maximum
intensity. Subsequently, these compounds were identified
by comparing their retention index and mass spectra on
the DB-Wax column with those of a commercial spectra
database (WI10N14, NIST11, NBS 75k) and the
instrument's internal library, which was created during
the preceding research. The injection of chemical
standards into the GC-MS system confirmed a number of
the identified compounds.

2.5 Quantitative descriptive analysis (QDA)

Quantitative Descriptive Analysis (QDA), as described
by [26], were evaluated by research staff, consisting of
eight females and four males aged 25-55. Academic
personnel have a minimum of 200 hours of training and
experience in descriptive analysis, and they routinely
participate in the university's sensory evaluation of
research. The assessors participated in seven 2-hour
sessions. Assessors participated in an open session to
discuss and develop descriptors for the wines during the
first and second sessions. According to the open session,
the reference standards for each attribute were developed
for the following sessions. Assessors presented prepared
reference standards during the third and fourth sessions,
and a discussion on the reference standards took place
during the entire session. In the fifth session, one visual,
three taste, four mouthfeel, five aroma and six flavour
attributes were selected wusing a consensus-based
approach to define the attributes for descriptive analysis.
The sixth, and seventh sessions, assessors used a 15-cm
scale to evaluate the intensity of each attribute. Wine
(30 mL at 20 °C) was served in random order in
International Standard Organization (ISO) wine glasses
covered with petri dishes during sessions.

2.6 Statistical analysis

The aromatic constituents that are quantified in the wines
were subjected to a two-way Anova analysis using
XLSTAT software (Addinsoft version 2021.2, France) to
determine the effect of both location and year. Year and
location interactions were also evaluated. The Tukey’s
HSD pairwise comparison test was then used to
determine the statistical significance of the differences. A
principal component analysis was performed on the
sensory data to show the outcome. To determine the
relationship between chemical and sensory evaluation
results, partial least squares regression (PLSR) analysis
was performed with the XLSTAT software (Addinsoft
version 2021.2, France) and the sensory descriptors
associated with these compounds revealing the
characteristics of the wines were identified.
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3 Results and Discussion

3.1 Aroma compounds of Bogazkere wines

The aroma characteristics of Bogazkere wines from three
different locations and different vintages were evaluated.
Table 2 compares the minimum, maximum, effect of the
location, and location-year interaction of the aroma
compositions of Bogazkere wines from the locations of
Diyarbakir, Manisa, and Denizli. In generally, 93 aroma
compounds were identified in Bogazkere wines,
including 19 higher alcohols, 27 ester, 7 lactones, 20
volatile phenols, 1 norisoprenoids, 2 terpenes, 9 carbonyl
compounds, and 8 volatile acids. The average total
amount of aroma substances is 162.7 mg/L in Diyarbakair,
148.3 mg/L in Manisa, and 142.67 mg/L in Denizli,
based on the locations. Comparing the total number and
amount of aroma compounds identified and quantified in
the locations, it was discovered that Diyarbakir wines
contained a greater number and amount of aroma
compounds. Cabaroglu et al. [2] identified 40 aroma
constituents in Bogazkere wines and reported the total
aroma substance concentration to be 164.3 mg/L.

The esters are the most significant group of aroma
substances in wine. Esters, which are the secondary
products of yeasts produced during the fermentation of
ethyl alcohol, are generally responsible for the wine's
fruity aroma and play a vital role in determining the
sensory characteristics of young wines. Although esters
are hydrolysed over time, the amount of major esters in
aged wines exceeds the detection thresholds [27,28].
Bogazkere wines have been identified with 27 ester
compounds. Maximum ester amounts have been
determined at 55.7 mg/L in Diyarbakir, 46.9 mg/L in
Manisa, and 40.5 mg/L in Denizli. Ethyl octanoate, ethyl
hexanoate, ethyl butanoate, and ethyl decanoate were the
most abundant ethyl esters of fatty acids that affect the
fruit aroma of red wines in Bogazkere wines from the all
locations. It has been reported that the detection threshold
of these compounds in wine matrix is 14 pg/L for ethyl
hexanoate, 5 pg/L for ethyl octanoate, 20 pg/L for ethyl
butanoate, and 200 pg/L for ethyl decanoate [15,9,30]
Table 2 indicates that the concentrations of these
compounds in Bogazkere wines are well above the
detection threshold. There was a statistically significant
difference between the amounts of ethyl octanoate, ethyl
hexanoate, and ethyl butanoate in the wines from the
locations (p<0.001 and p<0.01). However, a location-year
interaction was observed for these compounds (Table 2).
It has been reported that the amounts of ethyl hexanoate,
ethyl octanoate, and ethyl butanoate compounds in
Bogazkere wines reach the detection threshold [2]. Other
significant esters found in Bogazkere wines include those
with branched chain structures, such as ethyl-2-methyl-
propanoate, ethyl-2-methyl-butanoate, ethyl-3-methyl-
butanoate, ethyl-3-hydroxy-butanoate, ethyl-4-hydroxy-
butanoate, and ethyl-2-hydroxy-4-methyl-pentanoate. It
has been reported that the detection threshold value of
these compounds in wine matrix is 15 pg/L for ethyl-2-
methyl propanoate, 18 pg/L  for ethyl-2-methyl-

butanoate, 3 pg/L for ethyl-3-methyl-butanoate and ethyl-
2-hydroxy-4-methyl-pentanoate for 300 pg/L [7,31]
Table 2 shows that the amounts of ethyl-2-methyl
propanoate, ethyl-2-methyl butanoate, and ethyl-3-methyl
butanoate in Bogazkere wines are well above the
detection threshold. According to Ugliano and Henschke
[27] and Falcao et al. [31], branched chain esters such as
ethyl-2-methyl-propanoate, ethyl-2-methyl-butanoate,
ethyl-3-methyl-butanoate, and ethyl-2-hydroxy-4-methyl-
pentanoate contribute red and blackberry fruit aromas to
wine. It has been reported that ethyl-2-hydroxy-4-methyl
pentanoate, in particular, gives a fresh blackberry aroma,
has a significant effect on the aroma of wines despite
being below the detection threshold value, and exhibits a
synergistic perception interaction with ethyl butanoate.
The amounts of ethyl-2-methyl-butanoate, ethyl-3-
methyl-butanoate, and ethyl-4-hydroxy-butanoate varied
significantly among the wines (p<0.05, p<0.01, p<0.001).
Higher amounts of ethyl-2-methyl-butanoate and ethyl-3-
methyl-butanoate have been detected in wines coming
from Manisa. Table 2 indicates that only ethyl-3-methyl-
butanoate and ethyl-4-hydroxybutanoate did not exhibit
location-year interactions. According to Camara et al.
[32] and Reboredo et al. [33], diprotic acid esters such as
monoethyl succinate, diethyl succinate, and ethyl lactate
play a significant role in the aroma of aged wine, and
these compounds increase with age and oxidation.
Diethyl succinate, mono-ethyl succinate, and ethyl lactate
are three of the most prominent esters found in
Bogazkere wines. Diethyl succinate was the only
compound for which the difference was statistically
significant (p<0.01). These compounds were found in
higher concentrations in Manisa wines than in wines from
other locations.

The majority of lactones are generated by yeast
activity. As the most important lactone group in wines,
gamma lactones are typically present in all wines [6]. In
Diyarbakir, Manisa, and Denizli Bogazkere wines, seven
and five lactone compounds have been identified,
respectively. The total amount of lactones in Diyarbakir,
Manisa, and Denizli was determined to be 1 mg/L,
0.79 mg/L, and 0.94 mg/L, respectively. In all locations,
4-ethoxycarbonyl-gamma-butyrolactone and gamma-
butyrolactone were the predominant lactone compounds.
Although gamma-butyrolactone is the most well-known
lactone, it does not appear to contribute significantly to
the organoleptic properties of wine [6]. The compound 4-
ethoxycarbonyl-gamma-butyrolactone, which does not
show a year-location interaction between the different
locations, was found to have a higher range in
Diyarbakir. According to Rocha et al. [34], the 4-
ethoxycarbonyl-gamma-butyrolactone compound gives a
red fruit aroma to wines. Cabaroglu et al. [2] determined
that Bogazkere wines consist of 4-ethoxycarbonyl-
gamma-butyrolactone and gamma-butyrolactone
compounds.

Bogazkere wines from Diyarbakir contained 20
volatile phenol compounds, whereas wines from Denizli
and Manisa contained 12 volatile phenol compounds.
compounds, Manisa 5.0 mg/L, and Denizli 6.7 mg/L.



/20236802043

10CON

//doi.org/10.1051/b

https

BIO Web of Conferences 68, 02043 (2023)
44" World Congress of Vine and Wine

SU [ 4x | WRITSW S9 R 7386 eogel pu pu pu pu L'¢ 6'L9C 00 €056 €61 2u0)e| AYSIYA-SUel)
SU | Su | WIITSW pu pu pu pu pu pu pu pu [ 1201 00 e g3l LO8T auojoe] AYSIYM-SIO
Su | su | WRTSW L'L ¥'95€ 8'S¥T q+'58¢C 171 6'SLT €86 e /9] €9 7989 L'6v1 qL'68C 3851 auojoe[oIking-ewuIes
Sauopv|
su [ su 110 [ 08Ts0v [ 0°€L6LE | 9B S0ST6E 6'LL9 02697 | 00LLIY | a¥9v0ry | L00S | 01€L5S [ 0TS081 e ['S6£5¢E w10
su | su TATSN €T 6'8S '€ qgcr [l 9°€9 0Th BTES [l 1°601 00 90’1+ Z16¢ | oreuordoxd(jAusydAxoypowe-HOp)-€ -IAPH
SU [ 4sx | DITSW 66 €011 00 qIvS pu pu pu pu €T LLy] 00 ®ET6 €8T 10159 [A[[}0 QUIUONIOW-[P-[K10V-N
su [ su | wTsSW | 89L1 | TTL06T | 60099C | 9 E€0¥SLT L'SEE 9°6€86C | 9L¥0ST | A¥199LT | 9'svE [ 0LIS6E S66101 q9°0€€ET 9%9T 3Jeurodns [Ay3a-ouoy
wxx | wxx | DITSW v'S 0'89 00 9687 €9z Sv19 S161 e /8l¢ (2% €69¢ 00 qQ838l1 €09C ajente) [Aa1q
wrx | wxx | DTS 00 00 00 900 9'8 6701 00 € 5oy 00 00 00 900 €85C 3120uBdIPEXAY A3
su [ su TITSN (X2 8HS T 9'¢€6 a5l 0¢ 9'THI 9201 e6ITl €1 [ S'19 qo0cTl LEST ajeuedoxd jAuayd-¢-Axo1pIy-z-[Ayig
« « RITSW 0°s¢ Tyl 0008 902001 v'iC 09811 1.8 € 8601 0’8 79601 091Y q008L S6€C a1eurodns[Ayow-¢-AX0IpAY--[ApaIq
wrx | wxx | DITSW €6l 6'88¢€ 1651 qQTELT €19 L'126 6081 ©9GES 9¢ 1207 611 q190C 71T dpe[ew-|p [AyaIq
SU [ s | DITSW 3’ 6'LL 00 q90¢ €€ S'86 8'€S eILL L0 L6t 00 Q7’8 18L1 2)eur0ons[Ayow-g-AX0IpAY-Z-[ApaIq
su | su | wRTSW L0 [ 9L QLLL [ 198 96 e/[9 4 L'ST1 clg qIEL LSLT ape)aoe [AYRjAuayd-g
su [ 4 RITSW S8 091¢C [ 96191 6C SOIT ¥'€9 v /L8 8T 6'TEE 1'¢6 Q191 LELT apeourInqAx0IpAY-H-1AyI
su [ DTSN 67T 6°LS 0T 966 60 S'19 6'Sh ees 30 119 00 q¢8T SILI aperein 3 [Apg
SU [ 4x | WRITSW T'6L S90Sy 1185¢€ QL 0r0Y €91¢ 008201 1'99€9 ©9'€6T8 1911 1°L¥06 97501 Ay vLSH 1591 a1eurodns [AyaIq
SU [ s | MTATSW 90 6°LL 769 qSEL '8 L'8LT 1691 e86IT €T 6'TCC 9'€g Q911 ¥S91 2)20UEdP KUY
su | su RITS ST [ 1°0€ Iy S¢ 98 € €8s I'l Y101 912 qQz1s TLST d1eudINs [Ayloul [Ayyg
SU | gex | WIITSW | €1 SIee v ovl qQTSHe 3¢ L'STl €LL ey 101 8T TorE €601 qQIvIC [ 3je)oe| [Aureos]
su | su RITSW [ ¥'65C SIS qQ6tvl L0 T€6 808 ©9G8 [44 ST 908 ALyl 3871 apeourjuad [Kyiouw--K0IpAY-Z-[Apg
su [ su RITSW [ 6LIT v qQ96L 0¢ €69 Sey e LpS 'l €01 I'LT qATh9 0971 apeourInqAxo1pAy-¢-[Ay1o
% | sxx | ADITSN | S'€C T€09 T0€€ 90759 v6l v'196 1°90L © 1918 [ T199 €Lee q€L0S 861 2)e0uR}00 [APH
SU | yxx | WTITSW | S€€ 0°1¥S¢ 9°€80¢ q8'887¢ (4 L'T60€ 8 ¥191 € §'8GSET v'9C 6'65TF L10€C qQ67TIIE 01¢€l ape)oe] [y
x| sx | WRITSW | SLI 8°00S 1967 q56€ L'vT v'LS8 LTS €T 189 [ 619L 0792 q67T6F 171 aeouexay JAyig
wxx | wx | ATATSN | 011 6'16% SLSE QT 1'8% 1'9¢8 0'15T e 681S L9 S0TL YTt 9695 6111 311208 [KuIeos]
SU [ ysx | WTRITSW 30 38 T8¢ Q9T [0 996 L6V eTTs €0 v'Ts €TE Q0T 9201 oyeoueinq [Ayjoul-¢-[Kyyg
wxx | sxx | ATATSW €0 0°€9 I'LS 9865 'l 9L 79 €719 [ 6°LS 6'€E Q8Ly 3101 apeourinq [Kypw-Z-[Apg
wxx | wxx | ATATSN | 611 ¥ 1ES 6'TLE 969 €31 T€S9 6T BTLES 0C 0°SEr $'59T q €€ee 766 ajoueing [Ayig
su [ su RITSW 6'S 08¢l 9°CS Q.88 €1 096 008 v /88 [ 0'80C 0'LT Q1601 916 ayeouedord[Aylow-g [Ayg
wx | wx | WTATSW [ L'€9 00 9967 TTl TlIvl 00 €99 31 6 ¢crl 00 qc6r 969 ayeouedord [Kyyg
842185
su [ v¥S6l | 0T€T86 | 0'8¥918 | 9800668 | T8SII 0FTLE6 | 0968€8 | 9660888 | £08€ | 0°S6€€Cl | 009896 € ESHOl 1 1910
su_| su RITSN pu pu pu pu pu pu pu pu [ €0re 00 876 Yr6T [0Y0d[E [AZUaqAXOYRWILIL -G ¢
SU [ 4ex | DTSN | 0S91T | 0F88€T 1'9% qE01611 8671 7'80081 v'90SST | ®r1Top9l | 9ovl | 8Lizve | 0°€LTET qL'L068T ¥981 JouByIR[AUaYJ-Z
su | su [ wRTSW 91 0TIl €16 q1€01 S ¢l 8TL e 701 91 781 659 Q1701 SI81 [oyod[e-[Azudg
su [ o | wnTSW LT S181 [l q €851 67 9°5S1 S16 eIzl [ 1'Tve 0°€ll qL6SI SSST [OUOIRN
su | su | WMTSW | L9€ veLY v'6b q6€ST 00 00 00 €00 L'L S 687 00 qIvEl 9Z51 Jorpaueing-¢'|
su | su TS 9°¢l 00 9°8S1 SyL 801 00 1921 3'8S 9¢ 00 6'67C 963 00ST [o1paueIng-¢°g
SU | yux | IITSW 79 TLL 00 qLEE 60 v'69 956 ®S19 pu pu pu pu ISt1 Jouexay [Apg-7
SU [ yux | WTRITSW YL 858 00 Q50 pu pu pu pu pu pu pu pu €lvl Jouedop-|
SU [ sx | WIRITSW 3¢ €881 T'6€1 qQTH91 69 0S1 0°0L eIl v'E 07LT TS qpEel 9¢€ 1 [OUBXaH-¢-SI0
wxx | wxx | TITSW v'e 669 1'8C q1°0S [0 SOIT 00 ey IS 70 87Tl 00 Q91 STl Jouedoig-[-Ayxoje-¢
su | su [ WRITSW 90 S19 SIS q¢95 80 128 T8¢ eyl 'l [ L'Ey q87TL 0zEl [OuBXoH-¢-suel}
su [ o | wnTsw | T8t 99921 1526 956301 9¥1 SSL6 TILL ®ETLY L91 L'121T 7088 qgTeel vIEl JOUEXOH- |
su | su RITS 'l 1'L8 YL q¢08 Sl L'18 S19 eTlL 90 926 9Ly 9199 3871 jouejuad-IAYPN-¢
su | su TS 'l 605 879¢ Qver €0 '8¢ T esE S0 6'¢ch 00 q5TE 9LT1 Toueyudd-[ARN-1
SU | su | WTSW pu pu pu pu pu pu pu pu L0 8 67 00 09 SIcl ORI~ |
su [ su | wrTSW | 9v9S | TEThvL | ¥LvE99 | 99°09L69 €129 L'6vT0L 166209 | ®Bvv08€9 | ¥+9€ | €O0vSLS 681609 q.8°998TL 9L1T [0yod[e [Aweos]
SU [ sx | WIRITSW Tl TrEl TLIT qzTel 61 T'EL1 6Th1 eSSl 9°0 €6C1 8T8 Q801 Tl [oueng
SU |« | WRTSW 3’8 L10€¢C L'9S1T q9877C 901 T'8L31 0°€ILl ©(0G9L] 1'LT LY6E€ £6651 qQ0615T 6501 1040d]e [A3nqos|
wx | s | ADITSWN | 9'60€ T06YS 9'LYT QG 0LLE 6vLT 0°6vL9 1°0gpeE € 91605 1°0¢€ 0°09¥S 0°59LT q L'S8¢ [ Touedoig-|
§]0102] 42YBIF]

ER XN uIn URIN ES XeN urn RN ES XeN urn RN
wed | od a :NEQ_Q\QQSO | mmEmE_\oszom Himn_tmbﬂ\vmau_ou 1 (1/31) spunoduio) puory

“SUOI}EIO0] JUISLJIP Q1Y) WIOTJ SUIM 9JayzeZ0g Jo uonisoduiod ewole Y[ 7 Aqe],




/20236802043

10CON

//doi.org/10.1051/b

https

BIO Web of Conferences 68, 02043 (2023)
44 World Congress of Vine and Wine

10°0> @yesere SO'0>see 1°0>dy JUBOYIUSIS 10U 1SU SUONORIDIUIL JBIA-UOIIBIO] 5] IUBLIBA JO SISA[RUR KeM-0M] 1) 0) SUIPIOIIE UOHEIO] AY) JO 1991J9 ) i “spunoduiod
90UQIAJAI JO UONIA(UT Y} YHIM UOTILIHUAPT 1y dImesa)l] snoradxd wroxy ejep yim uostedwod Aq uonesynuapr [y “Arerqrp [SIN woxy wnxndads ssewr oy} yim uostiedurod Aq UOHEdudpI SN "UOHEINUAP] (] ‘PoIoeIap J0U "Pu LIOLI pIepue)s
S UWnod Xep\-g(] UI POUNIIONOP ANJBA XOPUI SJeAOY Ty ‘BIep o) UIYIM On[eA WNWIXEW O} S| ‘XN ‘BJEP Oy} UIYIIM dN[eA WNTUIUIW JY) ST ‘UIJA] ‘SUOTIRIO] [ZIUd(] PUe BSTUBA ‘TIyeqIeAI(] WOIJ sauim d1oyzeFog Jo junowe oSeIoA. ‘UBdAl

su_ [ su ¥'0CC 0°0959 0069 Qe 84795 9161 0°L1001 0°16£8 q9°€026 L'79 01198 0°0LSY € 56089 [e30L
SU | wex | WIITSW | 9791 v rS 67S¢€ a6y L01 €Tl €516 e 1101 66 7586 L'95¢€ 48699 055T PIoE d1oueda(
SU [ x| WTITSW | €LL 1'L¥6T 7' €70T qLv6vC 0°LS 9'LLLY £'888¢ €9 LSTH 9'1¢g 9 €LLE 8°5L91 q5El6C ST0C pIoE d10UeQ
wx | #xx | ATITSN | S09 v'L91C SOLYI q9°€081 ¥'98 $T69¢€ 8°€TST € ('8€0€ 87T S'EV8T T6v11 qQTTLOT SLLI PIOE OIOUBXOH
SU | sx TS 191 L'8Tr ¥'S91 q£'8C¢ I'e T'4S¢ 8'€0¢ BGLIE 9 €159 L'y0€ q5'Loy 0€91 pIoe dloueIng-[AION-¢
su [ 4 | WRTSW Sl 9°6r1 6'€Tl qeeel 6'¢ ¥'55T 1161 eTLIT ST LyLT 8’16 qQSHLI S9S 1 pIoe djoueing
su [ su RITSW [ 01T TSEl qAL9LI 60 [T L'LTT ey 7Tl 'S 6'76¢€ 1'86 q00¥C 80S T proe orouedoxd [AGION-T
wrx | wxx | ATITSW €0 007 L'SE q0'LE €0 8'CS 9’8t € 70S €0 79 0'81 qL7TE 6LY1 p1oe orouedoid
su [ su | WRTSW L6 6'S9C 9'1¥1 q4770C [ TSIt 0°LST € 9681 91 8'80€ 0'1¢1 q1'6€C Y6EL PIoE D100y
SpIOY 211v]o

su | su 671 8 76T 1891 qe ST L'TT 8'T6Y 6'66C q £96€ Sy 0'865 0'89C B G6LE o]
SU [ s | INTSW L'l 9°6S TP qQ8°1S S0 ¥'95 9Lb ®9TS 0’1 6Ll 661 96501 0€5T opAyopjeledejAudtd
su |« TSN 6¢ L8t 00 900t 61 v'SS TLT € 9'6¢ 90 865 00 9062 €1ST suouejng-g-[Audyd--AX0IpAH-¢
su | su RITSW 8T 0°CE 00 Q961 €¢ 9'LE 00 e6LI 60 8'6S 00 Q671 S10T auoudjuado]akd-z-jAypeul-z-Ax0IpAH-
SU | s TATSIN 9% IS 00 e 'GT pu pu pu pu 4 S191 00 €80T 6851 Jotjod[e [AInyin,{
su | su RITS pu pu pu pu pu pu pu pu 01 LEL 00 €93 L6V T Teangang [AQRN-G
SU [ x| DITSW L'E LTy 00 q0°0T 8'C €9 70T B6GE S0 96T 00 aze6 8SH1 QUOUUR|OIY)-¢-[AYIRN-T
su [ su RITSW pu pu pu pu pu pu pu pu 70 [ 00 €(C SPTl uenyAing-g
SU | SuU | WIITSW (&4 1'€9 91 qTLE 0¢ 709 15T €6y I'T €Tl 18T 94798 €21 U10)0Y
wak | wsk | ATITSN | T 9°¢Cl 00 9519 8Tl 88T 8TCI e 10T LT 85T TSy qEeel 756 1K30081q
spunoduio)) jAuoq..v)

su | pu pu pu pu 70 9’8t €9t € 79¢ 90 0's¢ 0 e6L [e10L
wxx | wx | ATATSW pu pu pu pu ST 9'8T 00 eLEl S0 0°S¢ 00 ary 8LYT [o[[pu01d Ax01pkH
wrx | wxx | RITSW pu pu pu pu It 9'8p 00 eSTT 70 0'CE 00 Q8¢ T10T [oofeu] Axo1pAy-£-01pAyIp-£'9
souadia]

wak | wak | ATITSW pu pu pu pu 801 9'LT1 00 s | L1 T0SI 00 € ¢08 [ 0g8c [ouor-eyde-oxo-¢
sproua.doziionN

SU [ 4x 9'90C G'T9SL T'608S Qe 65899 €T 9'966% TLL6Y 96986t vy 110401 L'9EL € G'8858 miog
SU | x| IITSW T6l LTrC 00 q8°¢01 el TovL €IS eT179 01c TYTIT 6'€LS q69I¢€l [ 19350 [Ayd2 proe drewn)-d
SU [ ysx | DTS v'v8 Y181 6'90% q9°L6SH S'8% TILEE T619C € §' 8T 1€ £6L19 T€9z¢ q6Tr8H ¥00€ [0SOIK
SU [ ax RITSW 601 16T L'TST qTseT [ S'88 €69 €(SL S'¢ S'LyE v'r8 q18LI 66T PIOE I[[IUBAOWOH
su [ su RITSW pu pu pu pu pu pu pu pu €8 TS19 00 eLEL 0L6T opAyopresuLkg
su [ su RITSW pu pu pu pu pu pu pu pu 1T 1991 00 e 78l 66T PIOE DI[[IUBAOS]
wxk | % | ATITSW pu pu pu pu 701 €8¢ sstl 91 €8 LyLS 00 e G8el 966T PIOE dI[[IueA
su [ su RITS pu pu pu pu 801 0°0El 00 998 LS L0¥S 00 €509 86T PIoE JISULIASOWOH
wr | x TSN 6 3881 9101 QTHpl 8¢ 11zl 0°L9 €966 LY Ty TEL q99%0¢C 8T6C [04Od[E DI[[IUBAOWOF]
su | su TS ¢ 8071 598 946601 L0 009 €IS BG5S 9'¢ 6'L0€ 605 qt'9v1 S16T auof[rueAordorg
SU | sx RITSW pu pu pu pu v'6 8CCl 00 q1°0S ST 0'62C 00 €05 L06T Qu0IFUIZ
wxk | wx | ATITSW | §'ST ST8s 8507 q£7T5¢ 10T 859 £76T eEIEy L 901 TELT qTLTE ST8¢ SUO[[IUBA0JIY
su | su | WIITSW pu pu pu pu pu pu pu pu 8 ¥'6£€ 00 €879 £78T ae[iueA [Ayyg
su [ su | wnTsW | Tyl S ILI 00 qA89L 99 [ 00 BESE Sy A 00 496 LLLT ur[IueA
su | su | WTITSW pu pu pu pu pu pu pu pu T'L 6vIS 00 B'€9 £79C Jouayd[Aur -
su [ su TSN pu pu pu pu pu pu pu pu 60 S¥9 00 ezl 809 JouoydjAypow--Kxoylowig-9-g
SU [ 4x | WRITSW 3y T'IS1 08 qQ0SII (a4 v'981 L'TT S ST 8SI¢E ¥'86 qE0LI 0T5T Joudyd Axoyowi-9'g
wx | #xx | DNTSW Iy 6'LT1 €EL q1°501 9'8T 8485 6'1CC eL0lY 801 61811 1°00€ qeTiL SEVT TouaydjAurA-j-AxoyIoN-T
SU [ s | INTSW L'l 0°¢T 00 ®T6 pu pu pu pu pu pu pu pu 0€4T auoudydojooe-[Aypou-£-AX0IPAY-
SU | 4ux | WTITSW | STL 69801 0°0ST 96699 00 00 00 €00 €9 0'89% 00 qar19 Y0¥ ToueydiApg-
SU | 4ux | TITSW 86 6'€EC 7’501 q8991 00 00 00 €00 79 6 1Ly 00 9695 €IIe [ooerenbiAyg-
sjouayd 21110104

su [ su 81 0'L¥6 0'2¢€6 qe L'6£6 STl 0'1+8 0°SEL q1°88L L9 0°50T1 0'69L € 91001 110}
su [ su RITSW L'L1 $'865 TH6T 9096 oY ¥'809 v Ers ©8'L9G 3 6'SIL £61v q89¢S 11T 9U0)OE[0IAING-BIWES-[AUOGIEIAXOYIT -
su [ su RITSW 00 00 00 900 00 00 00 €0 €0 SIg 00 99 91T UOJOB[EOIP-BUILIET
SU | yux | ATITSW 00 00 00 900 90 L'ST 0SI eElL S0 vy 00 qa'sT 911¢ QUOJOE[EUON-BUIUIES
su [« | wnTsw ¥'0 $9T 10T q487C 90 0'8¢ 9'LT e6IE €0 L'9S [ qeee L01T QuOjOE[0JUR]




BIO Web of Conferences 68, 02043 (2023)
44" World Congress of Vine and Wine

https://doi.org/10.1051/bioconf/20236802043

Diyarbakir contained 8.6 mg/L of volatile phenol
Comparing the locations revealed that Diyarbakir
wines had a higher total amount of volatile phenol,
with the difference being statistically significant
without any effect by location-year interaction

3-oxo-ionol is one of the norisopronoids that are
varietal aroma compounds present in wines. In grapes
and wines, the amount of the compounds present is
measured in micrograms [35]. When the locations were
compared, it was determined that 3-oxo-ionol was
statistically significantly higher in the Diyarbakir
location. Cabaroglu et al. [2] observed seven
norisopronoid components in Bogazkere wine and
characterised the 3-oxo-alpha-ionol compound as a
bonded aroma compound.

3.2 Aroma-active compounds of Bogazkere
wines

The aroma-active compounds, linear retention indices
(LRI), modified frequency (MF%) values, and sensory
descriptors are presented in Table 3. Bogazkere wines
contained 29 aroma-active compounds. A total of 13
esters, 7 higher alcohols, 1 C6 compound, 1 carbonyl
compound, 6 volatile acids, and 3 lactones were
identified in Bogazkere wines. The MF% values of the
compounds detected in wines range from 8% to 8§9%.
As is well-known, when the MF% value of aroma-
active compounds rises, the compounds' perception
also improves [23].

It was determined that compounds and odours with
MF% values greater than 75% were, in order: ethyl-2-
methyl propanoate associated with red apple odour;
ethyl-3-methyl  butanoate/ethyl-2-methyl  butanoate
associated with strawberry odour; isoamyl acetate
associated with banana odour; isoamyl alcohol
associated with whey/alcohol-like odour; It is observed
that the majority of active compounds in Bogazkere
wines arise from esters, which provide potent odours of
red and black berries. As previously mentioned, ethyl
esters of fatty acids and branched-chain esters give red
wines their fresh red and blackberry odours [31, 36].

Upon comparing the locations, the compounds
isoamyl acetate, isoamyl alcohol, 2-phenylethyl
alcohol, ethyl 2-hydroxy-4-methyl-pentanoate, and
mono-ethyl succinate displayed significant differences.
Specifically, blackberry-associated ethyl 2-hydroxy-4-
methyl-pentanoate had significantly higher value in the
wines of Diyarbakir and Manisa. Moreover, Manisa
and Denizli wines had significantly higher mono-ethyl
succinate associated with dried fruit odour, a
compound known to increase with ageing and
oxidation [32,33]

3.3 Sensory evaluation of Bogazkere wines

Descriptive Analysis (DA) was used in order to
evaluate the sensory characteristics of Bogazkere
wines. Twelve assessors performed sensory analyses of
the wines. The assessors evaluated the wines with 23
distinct attributes using a 15-cm scale to determine the
intensity of each attribute in DA. One visual attribute
(colour), three taste attributes (sweetness, sourness,

bitterness), four mouthfeel attributes (astringency,
body, complexity, aftertaste, overall flavour intensity),
five aroma attributes (N-red fruit, N-black fruit, N-dry
fruit, N-confectionery, N-woody, N-chocolate, N-
spicy), and six flavour attributes (P-red fruit, P-black
fruit, P-dry fruit, P-confectionery, P-woody, P-
chocolate, P-spicy) were assessed. Figure 1 displays
the principal component analysis (PCA) of sensory
evaluation data for Bogazkere wines with two
dimensions. According to PCA, PC1 explains 38.7% of
the variance, PC2 explains 21.2% of the variance, PC3
explains 12.6% of the variance, and PC4 explains 8.9%
of the variance, for a total of 4 components explaining
81.4% of the variance. The PC3 and PC4 have not
been included for the purpose of simplicity, as they
have little impact on the outcome.

Overall flavour
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Figure 1. Principal component analysis of the dataset
featuring descriptive analyses of wines. PC1 and PC2
dimensions. C, indicates wines from Cermik/Diyarbakir, P,
indicates wines from Pendore/Manisa, and G, indicates wines
from Giiney/Denizli.

Overall flavour intensity descriptors display a
positive correlation with aftertaste (» = 0.92), body (r =
0.90), and complexity (» = 0.89) according to the PCA
correlation matrix. Descriptors of red fruit on the palate
were positively correlated with descriptors of
confectionery on the palate (» = 0.84) and red fruit on
the nose (r = 0.72), whereas sourness and dry fruit on
the palate were negatively correlated (» = -0.73). The
first component (PC1) explains the descriptors of dried
fruit, astringency, spicy, black fruit, chocolate, and
woody, while Diyarbakir wines show a positive
correlation in terms of dry fruit, black fruit, spicy,
woody, and astringency attributes. The 2nd component
(PC2), on the other hand, explains the descriptors of
red fruit, confectionery, body, aftertaste, complexity,
and overall flavour intensity, whereas Manisa wines
demonstrate a positive correlation with the descriptors
of red fruit and confectionery. The PC2 component
distinguished Diyarbakir wines from those of Manisa
and Denizli, whereas the PC1 component separated
Manisa and Denizli wines.



https://doi.org/10.1051/bioconf/20236802043

BIO Web of Conferences 68, 02043 (2023)
44 World Congress of Vine and Wine

*spunoduiod 99ua10Jo1 JO UonOa[Ul oY) YIM UONEINULPI Y “0Inje1a)l] snoiaald woly erep ym uostedwod £q uonesyuapt (Y "ATeiqr] [SIN wolj wnnoods sseuwr ay) yyim uostreduwoo
Aq uoneoynuapl :SIA ‘UoNeIYNUIP] ‘Al ¢ S0°0> @ ws 10> d 4 WUROYIUSIS JOU ‘SU ‘SISAJRUR OUBLIEA 0} SUIPIOJOR UOHEIO] JO J09JJd 1] ‘BIep oY) UIYIM dN[eA WNWIXEW dY) ST "XBJA ‘ejep Oy} UIYIM ONJeA WNUWIIUIU
oY} SI "UIJA] ‘SUONEOO[ I[ZIUS(] PUB BSIUBA ‘IDjeqIeAl(] WOl souim d1oyzeSog Jo anjea oSeIoAe ‘Y, “IN0PO Pojodlap Jo anjea Aouanbaij POJIPOIA ‘N, ‘UWN[0d XeA-g(] Ul PAUILLIOP dN[BA XOpUI S)BAOY ‘TYT

3)eu100NS [KY33-0UON RITSN * 9 79 +£9 L 8¢ +9 Ly LE oY g patp-A1aypd | 9497

auojoe[oIhing-ewuies [AuU0qIedAXoyg- TSN su 8T 8¢ 8¢ 8¢ 8¢ 8¢ S 8¢ £ gy Aip-oomf oder pajioq mnos | [L1g

PIOE JIOUEUON RITSIN su S 1€ €€ 9T 9T 9T 9T 0 L1 000eq0} ‘Juing ‘2dmfl ade1s payioq | 151

Toyoo[e jAypaAxouayd-z [ TITSW su 91 91 91 4 0 9t pu aom( adwi3 pajioq “A119Yd “1amop | 160C

PIoE JI0UEIO() RITSIN su oF o o 99 53 6 o oF o 2omladesd poyioq | 570z

opAyepiesiuy-d RITSN su LL LL LL 89 [4] ss 19 S¢ Is 0298q0} “2dIn[ A112Y0 In0s | 9661

JUu0)Ie| ASIYM-SURI) ATIATSIA su 0€ 97 8T L€ 1€ T3 1€ 0 01 sassejow 2deI3 ‘A11oyd 10ams | €61

1040918 [APIAUNYJ-7 |  ATITSIW * SL 1L @€l 89 €9 99 98 SL +T8 Kords *Louoy “romory A1p | #9871

Joyode jAzudg | ATIT S su pu 91 91 91 0S 91 I¢ osox A1p “Azomopy A1p [ G181

poe oouexoH [ ATIT SN su 3 1€ 1€ 9T [ 0T & vl ST 2o1ds Jooms | €181

awpoe [AypAuoyd-z | ATITSW su 4 54 6 £9 4 LS 99 19 £9 Ko1ds “oso1 *A1omoyy | 611

ajeourddp APH [ ATITSI su LL €L SL 1L €9 L9 LL 79 1L g A1p [ 4691

apeurdons [ApaId | ATITSN su LL LL LL 8 89 SL 38 L 6L Jowrered gy odut [ 1691

pioe otoueng [AyRw-¢ | ATATSA su ss 0 €S [ 9% 8 8¢ 0 [ [oweted ‘pauing | €91

2U0JOR[0IAING BUILIEL) RITSIN su 0S Sy 8F €9 43 LS €9 £ 9 [owered | 886 |

%o:ﬁ:&ﬁwm&%&%ﬁwﬁ:ﬂ TSN * Ly 134 oS (43 48T 0¢ s 134 oL Koym-Auaqoerd | 451

ajeoueing AxoIpAy-¢-[APd [ ATITSIN su o s¢ LE ¥4 91 0T 8% 8T S¢ Amyg [ 09p1

2ye0UE)0 AN TSN su Sy [\ [ 19 [ 95 SS £f (4 iy odir | 86€1

poeonady | ITITSIN su 99 79 ¥9 99 St sS 8% 4 St Te3oulA | $6€1

JouexdH-1 [ ATITSW su 0T 0T 0T 53 ¥C 8T Iy 91 1€ sseid [ pIgl

apesoe] Apd | ATITSI su oF o o St v £ 8F 8T 6€ Ay "L [ o1¢€1

opeouexdy [Ayig | ATIATSIN su 8 08 78 08 08 08 78 SL 6L Arroqdser “Apgmens | 1471

Joyode jAweos] | ATITS x 38 S8 oL8 8 8 o8 8 08 08 [0YOd]E ‘[EdIAYO 083D [ 9L ]

apejooe [Kewos] | ATATSIN o 98 8 +S8 LL LL oL L 1L 19 499 eueueq | 6111

joyode [inqos] [ ATITSIW su 99 99 99 1L ¥S 79 SL 1L €L onoe| “Kaym [ 8501

ajeoueing-jAow- ¢-[Apg-+ejeoueing-[Apaw-z-[Amg | ATITS su 38 8 98 8 08 8 16 98 38 Arraqdser “Arogmens | 8101

Jouedoig-| RITSI su 1 1 1 Iy ¥C €€ 1€ 3 81 wams | 186

oreouenq [Ag | ATITSIN su 1L 89 0L SL 89 L 9L 1L €L ordde 1y [ 766

sjeouedord [Aypew-z AT | ATITSIN su 68 SL 8 8 LL 18 68 SL 8 oidde par| 916
XeN WN | AN% | XEW N | AN% | XeW uN | dN%

GOEwo@ﬁEOﬁH ar ‘_m Mmﬂﬂwz\uuoﬁvcum :NMEMQ\%OESO b&mﬂgm\m_a\vﬂguu HOHQCowQQ T

‘sanjeA JIN% PUE ‘UONEIIUIPI ‘S10}d1I9SIp Paje[al im ‘O-DD) Aq P3od)ap sdulm d1ayzegog Jo spunoduiod 9A1OE-BWOIY *€ A[qR],




BIO Web of Conferences 68, 02043 (2023)
44" World Congress of Vine and Wine

https://doi.org/10.1051/bioconf/20236802043

PC1 and PC2 components were divided into three
groups, and the majority of Diyarbakir wines were
gathered in the upper right section. Black fruit, dry
fruit, red fruit, confectionary, and spicy have been
considered to be the most prominent aroma descriptors
of Bogazkere wines. Although dried fruit, black fruit,
and chocolate aromas are prominent in Diyarbakir
wines, Denizli and Manisa wines have more red fruit
and confectionery odours. Assessors referenced the
odours of strawberry, raspberry, and red cherry as
descriptors of red fruit; black mulberry, blackberry,
and black cherry as descriptors of black fruit; and
prune, raisin, and dried figs as descriptors of dried
fruit. Yildirim et al. [37] reported that Bogazkere wines
are characterised by raisin, woody, and astringency
descriptors.

3.4 Relating between aroma compounds and
sensory attributes of Bogazkere wines

The relationship between aroma compounds, chemical
composition, and sensory attributes has been further
investigated using partial least squares regression
(PLSR) analysis. According to Jaeger et al. [38], the
PLSR method is frequently used to correlate different
data groups in sensory analysis studies. In PLSR
analysis, the aroma compounds (mostly aroma-active)
determined in the wines and the general composition of
the wines were defined as X data, whereas sensory
attributes were defined as Y data with standardised
results. In order to provide a better explanation of the
model, some aroma compounds were eliminated from
the X data as these did not fit well with the model as
determined by VIPs (lower than 0.8). The PLSR
analysis consisted of two-dimensional components.
The regression model contained 21 aroma-active
compounds, 12 aroma compounds, 5 general
compositions, and 19 sensory descriptors. Figure 2
indicates the component charts for PLS1 and PLS2.
The PLS1 component (X: 31.3%, Y: 31.5%), PLS2
component (X: 34.8%, Y: 39.5%) collectively
explained 71.0% of the variance in the Y data.

PLS1 and PLS2 components separated Diyarbakir
wines (C1 to C8) from Manisa and Denizli wines (P1,
P2, G1, G2), which were grouped together on the top
left side of the coordinate system based on the PLSR
analysis of Bogazkere wines (Fig. 1). Figure 1
indicates a positive correlation between the red fruit
and confectionary attributes of the wines and ethyl
butanoate, ethyl octanate, ethly decanoate, diethyl dI-
malate, and ethyl-2-methylbutanoate. In addition, these
compounds were associated with the wines P1, P2, G1,
and G2. On the contrary, ethyl-2-hydroxy-methyl-
pentanoate, 4-cthoxycarbonyl-gamma butyrolactone,
gamma nonalactone, pantolactone, and ethyl-2-methyl-
propanoate were found to be positively correlated with
black fruit and dry fruit attributes found in wines from
Diyarbakir. Black fruit (nose and palate) had a
significant  positive  correlation ~ with  gamma-
nonalactone, whereas P-black fruit had a significant
negative correlation with ethyl-2-methyl butanoate.
Dry fruit has a significant positive correlation with
pantolactone and isomaly alcohol on the nose. In
addition, the spicy attribute on the nose correlated

positively with propiovanillone, and the spicy attribute
on the palate correlated positively with 2-methoxy-4-
vinylphenol and propiovanillone.
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Figure 2. PLS-R loading for sensory attributes (Y variables)
and aroma and aroma-active compounds with general
composition of Bogazkere wines (X variables) from three
locations.

In Bordeaux wines, it has been reported that
blackberry fruit odour is associated with ethyl
propanoate, ecthyl-2-methylpropanoate, and ethyl-2-
methyl butanoate compounds, and redberry fruit odour
is associated with ethyl butanoate, ethyl hexanoate,
ethyl octanoate, and ethyl 3-hydroxybutanoate
compounds [39]. Robinson et al. [40] reported that the
compounds ethyl-2-methyl propanoate, ethyl-2-
hydroxy 3-methyl butanoate, and benzene propyl
acetate were positively correlated with red berry fruit
odours in Cabernet Sauvignon wines. According to
studies conducted by Falcao et al. [31], ethyl-2-
hydroxy-4-methylpentanoate has a substantial impact
on the overall odour of red wines and has been
associated with the aroma of fresh blackberries. In
addition, it has been reported that ethyl-2-hydroxy-4-
methylpentanoate has a considerable effect on aroma
even at levels below the detection threshold (300 g/L in
model wine) and that it has a synergistic perception
effect with ethyl butanoate [31]. Sensory features may
exhibit synergistic formation as a consequence of the
interaction of various aroma compounds with one
another [41]. According to the olfactory threshold, the
concentration of different ethyl esters had no direct
effect on the fruit aroma of red wines. However, an
overall sensory effect of the red and black berry odours
was clearly determined because of the cumulative
effect of these esters (ethyl propanoate, ethyl 2-
methylpropanoate, and ethyl 2-methylbutanoate for
black-berry aromas; ethyl butanoate, ethyl hexanoate,
ethyl octanoate, and ethyl 3-hydroxybutanoate for red-
berry aromas) [39]. In addition, it is known that the
non-volatile wine matrix plays an important role in the
perception of aroma compounds [40,42].
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4 Conclusion

This study used chemometrics to highlight the
relationships between the chemical analyses and the
sensory evaluation results for Bogazkere wines
produced in Turkey's various viticultural locations and
in two different vintages. Esters, higher alcohols, and
lactones were identified as three of the majority of
significant compounds responsible for the distinctive
wine aroma across both vintages and locations.
Oenological factors such as maceration techniques,
fermentation activators, yeast, and barrel ageing can be
investigated further to learn how wine odour evolves
over time. In addition, the further research aims to
study the microclimate effect on the vineyards of the
original locations for the Bogazkere such as sub region
of Diyarbakir and Elaz1g.
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