
 
 
Journal of Tekirdag Agricultural Faculty 
Tekirdağ Ziraat Fakültesi Dergisi 

 
Ocak/January 2021, 18 (1) 

Baúvuru/Received: 06/10/19 
Kabul/Accepted: 12/11/20 

DOI: 10.33462/jotaf.630009 
 

              http://dergipark.gov.tr/jotaf 
http://jotaf.nku.edu.tr/ 

ARAùTIRMA MAKALESø RESEARCH ARTICLE 
 

1*Sorumlu Yazar/Corresponding Author: Çanakkale Onsekiz Mart University, Faculty of Agriculture, Department of Horticulture, Çanakkale. E-mail: 
magundogdu@comu.edu.tr  OrcID: 0000-0002-5802-5505 
2Çanakkale Onsekiz Mart University, Faculty of Agriculture, Department of Horticulture, Çanakkale. E-mail: engingur@comu.edu.tr   OrcID: 0000-0002-4668-
1206. 
3Çanakkale Onsekiz Mart University, Faculty of Agriculture, Department of Horticulture, Çanakkale. E-mail: mseker@comu.edu.tr   OrcID: 0000-0002-6886-
0547. 
AƚıfͬCiƚaƚion͗ Gundogdu M.A., Gur E., Seker M. Comparison of Aroma Compounds and Pomological Characteristics of The Fruits of 'cv. Mondial Gala' and Local 
Apple Genotype 'Gelin' Cultivated in Çanakkale, Turkey. Tekirda÷ Ziraat Fak�ltesi Dergisi, 18 (1), 10-20. 
�BX oaOÕúPa TekiUda÷ NaPÕk KePaO hQiYeUViWeVi WaUafÕQdaQ CUeaWiYe CRPPRQV LiVaQVÕ (hWWSV://cUeaWiYecRPPRQV.RUg/OiceQVeV/b\-nc/4.0/) 
kaSVaPÕQda \a\ÕQOaQPÕúWÕU. TekiUda÷ 2021  

Comparison of Aroma Compounds and Pomological Characteristics of The Fruits of 'cv. 
Mondial Gala' and Local Apple Genotype 'Gelin' Cultivated in Çanakkale, Turkey  

daQakkaOe, T�Uki\e'de YeWiúWiUiOeQ µGeOiQ¶ YeUeO EOPa GeQRWiSi Ye µcY. MRQdiaO GaOa¶ 
Meyvelerinin Pomolojik g]eOOikOeUi iOe UoXcX BiOeúikOeUiQiQ KaUúÕOaúWÕUÕOPaVÕ 

 
Mehmet Ali GhNDOöDU1*, Engin GÜR2, Murat ùEKER3 

Abstract 

Volatiles directly affect the sensorial quality of fresh fruits and therefore consumer preferences. The types and 
concentrations of volatile compounds show great variability in different apple types and varieties. In this 
e[SeUiPeQW VRPe SRPRORgicaO chaUacWeUiVWicV aQd aURPa SRWeQWiaO Rf ORcaO aSSOe geQRW\Se caOOed µGeOiQ¶ RU µYa]Oik 
EOPa¶ aQd cRPPeUciaO VWaQdaUd aSSOe cXOWiYaU µMRQdiaO GaOa¶ ZeUe eYaOXaWed. FUXiW OeQgWh aQd diaPeWeU (PP), 
fruit weight (g), soluble solid content (% Brix), pH, titratable acidity (malic acid ml 100 ml-1), skin and flesh color 
(L, hue, chroma) were investigated within scope of pomological characteristics. The identification of volatile 
constituents was performed by Gas Chromatography/Mass Spectrometer (GC/MS) instrument by liquid±liquid 
extraction using diethyl ether solvent. The amount of the aroma volatile determined with a gas chromatograph-
mass spectrometer (Shimadzu® QP2010 GC/MS) fitted with a DB-WAX cROXPQ (30 P [ 0.25 PP ID, 0.25 ȝP 
film thickness; J & W, USA). According to the obtained results, 23 volatile constituents including 9 aldehydes 
(45.56%), 7 esters (46.78%), 6 alcohols (6.85%), and 1 otheU cRPSRXQd (0.81%), ZeUe deWecWed iQ µGeOiQ¶ 
genotype; 20 volatile constituents including 6 esters (56.08%), 7 aldehydes (34.76%), 6 alcohols (8.13%) and 1 
RWheU cRPSRXQd (1.03%), ZeUe deWecWed iQ µMRQdiaO GaOa¶ cXOWiYaU. AOdeh\deV aQd eVWeUV aUe PaiQ YROatiles to 
fruity and floral aroma especially for apples. Especially, E-2-Hexenal and acetaldehyde for aldehydes and butyl 
acetate and hexyl acetate for esters are the main volatile compounds detected for the fruits studied. The high 
contents of these compounds that give pleasant flavor and aroma in fruits play very important part in the preference 
of fruits by cRQVXPeUV. IQ addiWiRQ, Whe µGeOiQ¶ geQRW\Se SRSXOaWiRQ caQ UeSUeVeQW a QRYeO VRXUce Rf bUeediQg 
materials for improvement of aroma characteristics of standard cultivars. 
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Özet  
AURPa biOeúeQOeUi, Wa]e Pe\YeOeUin duyusal kalitesini ve böylelikle P�úWeUi tercihlerini direk etkilemektedir. 
hOkePi]iQ faUkOÕ ekRORjik kRúXOOaUÕQda eOPaOaUda XoXcX biOeúikOeUiQ W�U� Ye kRQVaQWUaV\RQOaUÕ bakÕPÕQdaQ b�\�k 
YaU\aV\RQOaU g|U�OPekWediU. BX oaOÕúPada µGeOiQ¶ Ye\a µYa]OÕk EOPa¶ ROaUak biOiQeQ \eUeO eOPa geQRWiSi ile ticari 
ROaUak \eWiúWiUiOeQ µMRQdiaO GaOa¶ VWaQdaUW eOPa oeúidinin aroma potansiyeli ve ba]Õ SRPRORjik |]eOOikOeUi 
de÷eUOeQdiUiOPiúWiU. PRPRORjik |]eOOikOeU kaSVaPÕQda Pe\Ye eQi Ye bR\X (PP), Pe\Ye a÷ÕUOÕ÷Õ (g), VXda o|]�QeQ 
kXUX Padde PikWaUÕ (% BUi[), SH, WiWUe ediOebiOiU aViWOik (PaOik aViW ml 100 ml-1), meyve kabuk ve et rengi (L, hue, 
chURPa) iQceOeQPiúWiU. UoXcX biOeúeQOeUiQ WaQÕPOaQPaVÕ iVe ga] kURPaWRgUafiVi k�WOe VSekWURPeWUeVi ciha]Õ iOe 
dieWiO eWeU o|]geQi kXOOaQÕOaUak VÕYÕ-VÕYÕ ekVWUakVi\RQX\Oa geUoekOeúWiUiOPiúWiU. AURPa biOeúeQOeUiQiQ PikWaUOaUÕQÕQ 
belirlenmesinde Gaz kromatografisi k�WOe VSekWURPeWUeVi ciha]ÕQda WakÕOÕ DB-WAX kolonu (30m x 0.25 mm iç 
oaSÕ [ 0.25 �P fiOP kaOÕQOÕ÷Õ) kXOOaQÕOPÕúWÕU. EOde ediOeQ VRQXoOaUa g|Ue; GeOiQ geQRWiSiQde WeVSiW ediOeQ 23 aURPa 
biOeúeQiQiQ 9¶X aldehit (%45.56), 7¶Vi eVWeU (%46.78), 6¶VÕ aOkRO (%6.85) Ye 1¶i (%0.81) di÷eU biOeúeQdiU. MRQdiaO 
GaOa oeúidiQde iVe 6¶VÕ eVWeU (%56.08), 7¶Vi aOdehiW (%34.76), 6¶VÕ aOkRO (%8.13) Ye 1¶i (%1.03) di÷eU biOeúeQ ROPak 
�]eUe 20 adeW aURPa biOeúeQi VaSWaQPÕúWÕU. EOPaOaU ioiQ |]eOOikOe Pe\YePVi Ye oioekVi kRkX\X ROXúWXUaQ eVaV 
biOeúeQOeU aOdehiW Ye eVWeUOeUdiU. g]eOOikOe aOdehiWOeU ioiQ E-2-Hekzenal ve asetaldehit, esterler için bütil asetat ve 
hekViO aVeWaW iQceOeQeQ Pe\YeOeUde WeVSiW ediOeQ baúOÕca XoXcX biOeúiklerdir. Me\YeOeUe hRú kRkX Ye WaW YeUeQ bX 
biOeúeQOeUiQ \�kVek RUaQOaUda bXOXQPaVÕ W�keWiciOeUiQ Pe\Ye WeUcihOeUiQde |QePOi biU URO R\QaPakWadÕU. Bununla 
biUOikWe, µGeOiQ¶ geQRWiSi SRS�OaV\RQOaUÕ, VWaQdaUW oeúiWOeUiQ aURPa |]eOOikOeUiQiQ i\iOeúWiUiOPeVi ioiQ \eQi ÕVOah 
PaWeU\aOOeUi ka\Qa÷ÕQÕ da ROXúWXUabiOiU. 

 

Anahtar Kelimeler: Malus communis L., AURPa biOeúeQOeUi, EkRWiS, GaOa oeúidi, Lezzet 
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1. Introduction 

Turkey has a wide production potential both because it is the homeland of the apple and because there are many 
regions suitable for apple cultivation. It is observed that the number of trees and the production increase year by 
year. Canakkale is a province where the cultivation of the horticulture products is extremely important and has a 
orcharding culture that goes back to ancient times. The amount of annual apple production in Çanakkale province 
iV 105.295 WRQV aQd µGROdeQ DeOiciRXV¶, µSWaUkiQg DeOiciRXV¶ aQd µGUaQQ\ SPiWh¶ aUe Whe PRVW SURdXced YaUieWieV, 
iQ addiWiRQ WR µGaOa¶, µFXji¶, µSXPPeU Red¶ aQd µJeUVe\ Mac¶ YaUieWieV aUe fROORZed, UeVSecWiYeO\ (Ka\Qaú eW aO., 
2009; Anonymous, 2020).  

GaOa cXOWiYaU ZaV bUeed iQ Whe 1939 aV µKidd¶V OUaQge Red¶[µGROdeQ DeOiciRXV¶ h\bUidV. µMRQdiaO GaOa¶� iV 
a OiPb PXWaWiRQ Rf GaOa iQ NeZ ZeeOaQd. FUXiWV Rf µMRQdiaO GaOa¶ aUe fiUP, jXic\ aQd haYe XQiTXe VZeeW, WaQg\ 
flavour (Echeverria et al., 2008). Fruits have a peel of red top color on a yellow background and mature on from 
mid-July to late-August.  

In Turkey, which has a huge fruit culture, the evaluations of the local genotypes (ecotypes) are revealed with 
the pomological studies carried out. Since our country is the homeland of apple and has been cultivated for 
hundreds of years, our local genotypes are too many to be clearly defined. However, in recent years, the studies 
carried out in the context of the importance of local genetic materials have increased awareness on this issue. 
Collection, protection and improvement of apple genetic resources are fundamental for improving of new 
promising apple genotypes with enhanced desirable qualities and protection of unique genetic traits available in 
ecotypes. 

Either name similarity or name complexity is frequently encounWeUed iQ ecRW\SeV. AOWhRXgh µGeOiQ¶ aSSOe 
genotype is cultivated as ecotype in many different regions of Turkey, the colours of ripe fruits can be red in some 
regions and in some regions it can be green (Coskun and Askin, 2016; Dumanoglu et al., 2018).   

Production of aroma volatile compounds is an important factor determining quality of fruit produce and is 
directly influenced by fruit maturity. Flavor is one of the most important factor of fruit quality, especially apple. 
The formation of flavor and aroma components in fruits is a dynamic process. Aroma substances are incessantly 
synthesized and developed during fruit ripening.  Volatile compositions of fruits change qualitatively and 
quantitatively (Gundogdu, 2018).  

Recently, improvement of the phytochemical composition has gained importance for the breeders in the 
development of genotypes with superior properties (Mertoglu and Evrenosoglu, 2019). According to Mertoglu and 
Evrenosoglu (2019), in this context, recently studies are conducted primarily on the determination of the 
phytochemical contents of the existing genetic resources. (Zhang et al., 2018; Oszmianski et al., 2018; Polat et al., 
2018; Gundogdu et al., 2018; Acero et al., 2019). Parents, who have superior qualifications in terms of desired 
characteristics, are developed in classical and modern breeding methods and new genotypes are developed 
(Cevallos-Casals et al., 2006; Ramirez-Ambrosi et al., 2015; Yazici and Sahin, 2016; Sahoo et al., 2017). 

Aromatic compound analysis plays an important role in the process of quality apple breeding. The aroma of a 
fruit is the result of a complex mixture of esters, alcohols, aldehydes, terpenoid compounds, etc. The concentration 
of volatile compounds and their types show great changeability in apple under different ecological conditions of 
Turkey (Duran, 2013).  

In this experiment some pomological characteristics and aroma potential of fruits of local apple genotype 
QaPed µGeOiQ¶ RU µYa]Oik EOPa¶ aQd VWaQdaUd aSSOe cXOWiYaU 'MRQdiaO GaOa¶ ZeUe eYaOXaWed. 

2. Materials and Methods 

Si[ \eaUV ROd µMRQdiaO GaOa¶ aQd µGeOiQ¶ (Ya]Oik) aSSOe WUeeV RQ MM106 URRWVWRck Zhich gURZQ iQ VaPe 
commercial orchard in Çanakkale-Turkey, were used as the plant materials for this study in 2013 year. The trees were 
randomly selected from trees showing optimum general characteristics of the apple cultivar.  

The fruits were harvested carefully by hand. Starch contents of apples were determined by standard procedures 
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using a starch index (Generic Starch Iodine Index Chart for Apples). When the average starch index reached 5, at the 
eQd Rf JXO\ aQd begiQQiQg Rf AXgXVW, Whe fUXiWV ZeUe Sicked XS fRU Whe e[SeUiPeQW (KaUaoaOÕ, 2006; SakaOdaú, 2013). 
These analyses were carried out with 5 repeats and every repeat had 4 fruits. 

Some pomological characteristics determined on harvested fruit samples were: 

Fruit diameter (mm) and fruit length (mm) were measured by digital caliper on 4 apples for each repeats.  

Fruit weight (g) was determined by digital balance on 4 apples for each repeats.  

Soluble solids contents (SSC %brix) were measured by using digital refractometer Atago PAL-1 (Atago, Tokyo, 
Japan) on one reading for each repeats (mixed of 4 fUXiWV) (KaUaoaOÕ, 2006; Ka\Qaú eW aO., 2012). 

Fruit skin colours were assessed using Minolta colorimeter CR 400 (Minolta, Osaka, Japan) on blushed side of 4 
aSSOeV fRU each UeSeaWV aQd LighWQeVV (L), HXe aQd ChURPa YaOXeV ZeUe deWeUPiQed (Ka\Qaú et al., 2012). 

Malic acid content (titratable acidity) was evaluated by one reading for each repeats (mixed of 4 fruits) using 
titration method and expressed as mL 100 mL-1 (KaUaoaOÕ, 2006; Ka\Qaú eW aO., 2012).  

After the pomological analyses were completed, the extractions for determine the volatile components were carried 
out. 

The aroma volatile contents of the apples were determined by GC/MS analysis followed by liquid-liquid extraction. 
Diethyl ether solvent is widely used for liquid-liquid extraction of aroma volatiles in fruits, vegetables and spices. 
Furthermore, most of the volatile components reported earlier in apples are readily soluble/miscible in the diethyl ether 
(Young et al., 1996; Lopez et al., 1998; Duran, 2013; Ekinci et al., 2016-a). 

Each extraction contained four replications and each replication contained 100 g apple pulp with puree obtained by 
using a homogenizer. Thereafter, 100 mL diethyl-ether solvent was added into the Erlen flask with 100 g apple pulp 
with puree. After solvent treatment, the extracts were concentrated to 1 mL with concentrator and centrifuge. Then the 
solvent was injected to GC/MS for volatile compounds (Ekinci et al., 2016-a). 

The amount of the aroma volatile determined with a gas chromatograph-mass spectrometer (Shimadzu® QP2010 
GC/MS) fitted with a DB-WAX cROXPQ (30 P [ 0.25 PP ID, 0.25 ȝP fiOP WhickQeVV; J & W, USA). IdeQWificaWiRQ Rf 
volatile content was carried out by mass spectrometry using a mass spectrometer set at 250 °C of capillary direct 
interface temperature, the ionization energy of the mass spectrometer was programmed for 70 eV. Also the ion source 
temperature was set at 250 °C and 40-350 amu of mass interval and 666 amu s-1 scan rate. WILEY and NIST libraries 
were used for identification of compounds. One microliter samples were injected in 1:50 split ratio (with 220 °C 
injection temperature) by an auto injector. Firstly, the column temperature was set at 40 ºC for 4 min. After the column 
reached at 280 °C by 10 °C min-1 and held for 10 min. 

The pomological characteristics of two genotypes were designed as complete randomised factorial designs. Four 
apple fruits for each repeat and five repeats were used in each genotype. Both pH of fruit juice, soluble solid content 
and malic acid measurements were done from mixed of four fruits at each repeat. For statistical analysis the means of 
five measurements were taken. Four replicates were used in each genotype for identification of volatile compounds. 
DaWa¶V ZeUe VWaWiVWicaOO\ aQaO\Ved aQd e[SUeVVed XViQg T-WeVW (S<0,05) b\ Whe VRfWZaUe µSAS YeU. 9¶ (SAS IQVWiWXWe IQc., 
Cary, NC, USA). 

3. Results and Discussion 

SRPe SRPRORgicaO chaUacWeUiVWicV Rf cY. µMRQdiaO GaOa¶ aQd µGeOiQ¶ aSSOe geQRW\Se aUe VhRZQ iQ Table 1.  

AccRUdiQg WR UeVXOWV, fUXiWV Rf µMRQdiaO GaOa¶ cXOWiYaU aUe ZideU, ORQgeU aQd heaYieU WhaQ fUXiWV Rf µGeOiQ¶ 
geQRW\Se. IW ZaV deWeUPiQed WhaW Whe fUXiWV Rf cY. µMRQdiaO GaOa¶ aQd µGeOiQ¶ geQRW\Se ZeUe 70.49-47.60 mm 
diameter and 64.39-41.44 PP OeQgWh, UeVSecWiYeO\. IQ addiWiRQ, cY. µMRQdiaO GaOa¶ had approximately 3 times 
heaYieU fUXiW ZeighW WhaQ µGeOiQ¶ geQRW\Se (156.59 g aQd 52.67 g). 
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Table 1. Some Pomological Characteristics of fruits of cv. µMondial Gala¶ and µGelin¶ genotype on 
commercial harvest date 

Pomological Parameters µGelin¶ Genotype cv. µMondial Gala¶ LSD** 
Fruit Diameter (mm) 47.60 ± 1.17 b* 70.49 ± 1.08 a 1.6443 
Fruit Length (mm) 41.44 ± 1.33 b 64.39 ± 1.02 a 1.7243 
Fruit Weight (g) 52.67 ± 11.89 b 156.59 ± 5.42 a 13.478 
Lightness of peel (L) 62.78 ± 1.24 61.50 ± 1.72 NS 
Hue color angle of peel 90.67 ± 1.15 a 52.85 ± 1.92 b 2.309 
Chroma of peel 37.51 ± 2.16 b 41.96 ± 1.96 a 3.0041 
Lightness of flesh (L) 63.71 ± 1.65 b 74.68 ± 2.16 a 2.8053 
Hue color angle of flesh 97.01 ± 1.54 a 93.80 ± 1.71 b 2.3714 
Chroma of flesh 16.56 ± 1.87 b 31.62 ± 2.37 a 3.1176 
pH of fruit juice 3.60 ± 0.18 3.79 ± 0.19 NS 
Soluble Solid Content (%) 12.35 ± 0.54 12.86 ± 0.22 NS 
Malic acid (mL 100 mL-1) 1.25 ± 0.06 1.33 ± 0.05 NS 

*Data are the means of 5 replicates with standard deviation. Values followed by different letters are significantly different 
on at p<0.05 

YaúaVÕQ eW aO. (2006) deWeUPiQed fUXiW diaPeWeU, fUXiW OeQgWh aQd fUXiW ZeighW Rf µMRQdiaO GaOa¶ cXOWiYaU iQ YaORYa 
ecRORgicaO cRQdiWiRQV 70.4 PP, 63.1 PP aQd 160.1 g. IgOeViaV aQd AOegUe (2009) deWecWed fUXiW ZeighWV Rf cY. µMRQdiaO 
GaOa¶ Zhich ZaV gUafWed RQ M9 URRWVWRck iQ 2000, 2001 aQd 2002 \eaUV iQ LOeida-Spain ecological conditions, 166.7 
g, 158.5 g, 138.7 g, respectively. Bozbuga and Pirlak (2012) explained fruit diameter, fruit length and fruit weight of 
14-\eaUV ROd µMRQdiaO GaOa¶ gUafWed RQ M9 URRWVWRck iQ Nigde ecRORgicaO cRQdiWiRQV 72.2-70.5 mm, 60.1-57.6 mm and 
152.0-149.6 g in 2006 and 2007, respectively. Öztürk et al. (2015) determined fruit width, length and weight of fruits 
Rf cY. µMRQdiaO GaOa¶ aV 74.02 PP, 67.99 PP aQd 186.9 g, UeVSecWiYeO\, RQ BOack Sea (OUdX SURYiQce) ecRORgicaO 
conditions in Turkey. 

FUXiWV Rf cY. µMRQdiaO GaOa¶ ZeUe deWeUPiQed UeddeU aQd deQVe SeeO cRORU WhaQ µGeOiQ¶ aSSOe geQRW\Se, becaXVe Rf 
lower hue (52.85 and 90.67, respectively) and higher chroma values (41.96 and 37.51, respectively), However, there 
was not a statistically significant difference on lightness of peel between cv. µMRQdiaO GaOa¶ aQd µGeOiQ¶ geQRW\Se 
fUXiWV (61.50 aQd 62.78).  µGeOiQ¶ aSSOe geQRW\Se had PRUe \eOORZiVh gUeeQ SeeO RQ cRPPeUciaO haUYeVW daWe. 

AOWhRXgh, fUXiWV Rf cY. µMRQdiaO GaOa¶ had bUighWeU (74.68 aQd 63.71, UeVSecWiYeO\) aQd deQVe (31.62 aQd 16.56, 
UeVSecWiYeO\) WhaQ µGeOiQ¶ geQRW\Se; fUXiWV Rf µGeOiQ¶ geQRW\Se had PRUe gUeeQiVh fUXiW fOeVh (93.80 aQd 97.01, 
respectively).  

Echeverria et al. (2008) explained hue color of light exposed side of peel as 52.33 on commercial harvest dates of 
cY. µMRQdiaO GaOa¶. IgOeViaV aQd AOegUe (2009) deWecWed OighWQeVV (46.3, 52.2 aQd 55.1), hXe cRORU Rf SeeO (31.8, 44.6 
aQd 43.5) RQ cRPPeUciaO haUYeVW daWeV Rf cY. µMRQdiaO GaOa¶ RQ 2000, 2001 aQd 2002 \eaUV. g]W�Uk eW aO. (2015) 
determined lightness, hue color and chURPa YaOXeV Rf fUXiWV Rf cY. µMRQdiaO GaOa¶ aV 42.54, 31.39 aQd 43.48, 
respectively, on Black Sea (Ordu province) ecological conditions in Turkey. 

The absence of a statistically significant difference in pH of fruit juice (3.79 and 3.60), soluble solid content (SSC, 
12.86% and 12.35%) and malic acid contents (TA 1.33 mL 100 mL-1 and 1.25 mL 100 mL-1) confirms that the 
approximation of the harvest dates and starch tests of the two genotypes.  

YaúaVÕQ eW aO. (2006) deWeUPiQed WhaW SSC Rf cY. µMRQdiaO GaOa¶ aV 12.7%. IgOeViaV aQd AOegUe (2009) deWecWed 
SSC aQd TA Rf cY. µMRQdiaO GaOa¶ iQ 2000, 2001 aQd 2002 \eaUV RQ LOeida ecRORgicaO cRQdiWiRQV, 12.4%, 11.7%, 
11.4% and 2.8 mL 100 mL-1, 2.9 mL 100 mL-1, 3.4 mL 100 mL-1, respectively. Bozbuga and Pirlak (2012) explained 
SSC Rf fUXiWV Rf cY. µMRQdiaO GaOa¶ aV 12.5 %. g]W�Uk eW aO. (2015) deWeUPiQed 11.25 % SSC aQd 3.81 SH Rf cY. 
µMRQdiaO GaOa¶ iQ BOack Sea ecological conditions. 

According to the obtained results, 23 volatile constituents including 9 aldehydes (48.56%), 7 esters (43.78%), 6 
aOcRhROV (6.85%), aQd 1 RWheU cRPSRXQd (0.81%), ZeUe deWecWed iQ µGeOiQ¶ geQRW\Se; 20 YROaWiOe cRQVWiWXeQWV; 
including 6 esters (56.08%), 7 aldehydes (34.76%), 6 alcohols (8.13%) and 1 other compound (1.03%), were detected 
iQ µMRQdiaO GaOa¶ cXOWiYaU (TabOe 2).  
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GeQeUaOO\, Whe PRVW iPSRUWaQW YROaWiOe cRPSRXQdV RQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶ fUXiWV ZeUe E-2-
hexenal, acetaldehyde and hexanal, from the aldehydes; butyl acetate, hexyl acetate and 2-methylbutyl acetate from 
Whe eVWeUV, bXWaQRO aQd he[aQRO fURP Whe aOcRhROV, Į-farnesene from the other compound (Figure 1.). The active volatile 
components differed according WR Whe geQRW\SeV. EVSeciaOO\ Whe eVWeUV iQ cY. µMRQdiaO GaOa¶ aQd Whe aOdeh\deV iQ µGeOiQ¶ 
genotype were found higher ratio. A preliminary study presented by Gur and Gundogdu (2017) on aroma compounds 
of mondial Gala and Gelin apples. 

According to many researchers ester compounds are the most important compounds that are contribute to the aroma 
of ripe apples (Dimick et al., 1983; Rowan et al., 1996; Rowan et al., 1999; Dixon and Hewett, 2010; Vallat et al., 
2005; Mattheis et al., 2005; Espino-Diaz et al., 2016). Esters form a significant part of the volatile components both of 
cY. µMRQdiaO GaOa¶ (56.08%) aQd µGeOiQ¶ geQRW\Se (43.78%). AccRUdiQg WR aQaO\]eV, aOWhRXgh 7 ideQWified eVWeU 
cRPSRXQdV ZeUe TXaQWified iQ µGeOiQ¶ geQRW\Se aQd 6 aOdeh\deV ZeUe ideQWified iQ cY. µMRQdiaO GaOa¶. BXW\O aceWaWe 
(13.67% iQ µGeOiQ¶ geQRW\Se aQd 16.06% iQ cY. µMRQdiaO GaOa¶), he[\O aceWaWe (11.96% aQd 15.13%, UeVSecWiYeO\) aQd 
2-methylbutyl acetate (8.82% and 11.21%, respectively) compounds were identified as the most important ester 
compounds in fruits of both genotypes. Pentyl acetate (5.25% and 6.46%, respectively), hexyl butanoate (1.09% and 
4.49%, respectively) and butyl butanoate (2.02% and 2.73%, respectively) compounds were other identified ester 
cRPSRXQdV iQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. IQ addiWiRQ WR WheVe cRPSRXQdV, bXW\O 2-methyl butanoate 
(0.97%) ZeUe deWecWed RQO\ iQ fUXiWV Rf µGeOiQ¶ geQRW\Se. IQ Whe SUeYiRXV VWXdieV, iW ZaV VWaWed WhaW bXW\O aceWaWe ZaV 
the main ester compound in Golden Delicious, RR\aO GaOa aQd µMRQdiaO GaOa¶ aSSOeV (SRQg aQd BaQgeUWh 1996; 
Young et al., 1996; Lara et al., 2007; Echeverria et al., 2008; Salas et al., 2011). Espino-Diaz et al., (2016) were 
described butyl acetate as red apple and banana flavor; hexyl acetate as red apple and pear flavor and 2-methylbutyl 
acetate as apple and fruit flavor. According to De Pooter et al (1983), 'Golden Delicious' apples treated with hexanal 
and hexanoic acid vapors had increased hexyl, butyl, and ethyl esters (Dixon and Hewett, 2010). Researchers explained 
WhaW YROaWiOeV iQ fUXiWV aUe fRUPed Yia Whe ȕ-oxidation biosynthetic pathway, whereas when fruit tissue is damaged, 
volatiles are formed via the lipoxygenase pathway. Because acetyl-CRA WhaW SURdXced iQ ȕ-oxidation is the most 
common CoA in apple fruits, most identified esters are acetate esters (Dixon and Hewett, 2010; Espino-Diaz, 2016). 
However, yellow-skinned apple varieties have been reported to produce mainly acetate esters and red-skinned varieties 
mostly butanoate esters; butyric acid iV UaSidO\ WUaQVfRUPed b\ ȕ-oxidation into acetic acid, forming acetate esters 
(Paillard 1979). 

 

Figure 1. Major volatile compounds of fruits of µGelin¶ genotype and cv. µMondial Gala¶ 

According to Paillard (1979); contributing to apple aroma additionally, aldehydes were intermediate compounds 
beWZeeQ faWW\ acidV aQd aOcRhROV. AOdeh\deV fRUP a VigQificaQW SaUW Rf Whe YROaWiOe cRPSRQeQWV bRWh Rf µGeOiQ¶ geQRW\Se 
(45.56%) aQd cY. µMRQdiaO GaOa¶ (34.76%). AccRUding to analyzes, although 9 identified aldehyde compounds were 
TXaQWified iQ µGeOiQ¶ geQRW\Se aQd 7 aOdeh\deV ZeUe ideQWified iQ cY. µMRQdiaO GaOa¶. APRQg WheVe cRPSRXQdV, E-2-
he[eQaO (15.38% iQ W\Se µGeOiQ¶ aQd 18.53% iQ cY. µMRQdiaO GaOa¶) ZaV fRXQd WR be the highest aldehyde component 
in fruits of both genotypes. Secondary and tertiary importance aldehyde components were determined as acetaldehyde 
(11.52% iQ W\Se µGeOiQ¶ aQd 6.16% iQ cY. µMRQdiaO GaOa¶) aQd he[aQaO (9.74% iQ W\Se µGeOiQ¶ aQd 3.44% iQ cY. 
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µMRQdiaO GaOa¶) cRPSRXQdV. BXWaQaO (2.08% aQd 2.10%, UeVSecWiYeO\), SURSaQaO (1.51% aQd 2.23%, UeVSecWiYeO\), 2-
methyl propanal (1.89% and 1.41%, respectively) and pentanal (0.71% and 0.89%, respectively) compounds were 
other identified aldehyde compoundV iQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. FXUWheUPRUe, QRQaQaO aQd 2-methyl-
2-bXWeQaO aOdeh\de cRPSRXQdV ZeUe deWecWed RQO\ iQ µGeOiQ¶ geQRW\Se. Ri]]ROR eW aO (1989) ZeUe deVcUibed 
acetaldehyde and E-2-hexenal compounds as green and sharp perception and hexanal compound as green, sharp and 
earthy perception in cv. Golden Delicious. Aldehydes, not only derive from the catabolism of fatty acids, but they can 
also derive from branced-chain amino acids such as valine, leucine and isoleucine (De Pooter et al, 1986; Rowan et al., 
1996; Rowan et al., 1999; Liu et al., 2008).  

Table 2. Volatile Contents of fruits of cv. µMondial Gala¶ and µGelin¶ genotype on commercial harvest date* 

 COMPOUNDS µGelin¶ Genotype Cv. µMondial Gala¶ LSD 

A
ld

eh
yd

es
 

E-2-Hexenal 15.38 ± 0.22 b** 18.53 ± 0.17 a 0.45 
Acetaldehyde 11.52 ± 0.11 a 6.16 ± 0.06 b 0.20 
Hexanal 9.74 ± 0.09 a 3.44 ± 0.11 b 0.23 
Propanal 1.51 ± 0.11 2.23 ± 0.12 0.26 
Butanal 2.08 ± 0.08  2.10 ± 0.10 N.S. 
2-Methyl Propanal 1.89 ± 0.14 a 1.41 ± 0.09 b 0.27 
Pentanal 0.71 ± 0.09 0.89 ± 0.11 N.S. 
Nonanal 0.96 ± 0.09 N.D. - 
2-Methyl-2-Butenal  1.77 ± 0.23 N.D. - 
TOTAL ALDEHYDES 45.56 ± 0.32 A 34.76 ± 0.36 B 0.77 

E
st

er
s 

Butyl acetate 14.67 ± 0.14 b 16.06 ± 0.14 a 0.32 
Hexyl acetate  12.96 ± 0.27 b 15.13 ± 0.13 a 0.48 
2-Methylbutyl acetate 9.82 ± 0.12 b 11.21 ± 0.11 a 0.26 
Pentyl acetate 5.25 ± 0.16 b 6.46 ± 0.20 a 0.41 
Hexyl butanoate 1.09 ± 0.09 b 4.49 ± 0.13 a 0.25 
Butyl butanoate 2.02 ± 0.09 b 2.73 ± 0.12 a 0.24 
Butyl 2-methyl butanoate  0.97 ± 0.08 N.D. - 
TOTAL ESTERS 46.78 ± 0.77 B 56.08 ± 0.09 A 1.24 

A
lc

oh
ol

s 

Butanol 1.89 ± 0.11 a 1.49 ± 0.11 b 0.24 
Hexanol 1.51 ± 0.12 b 1.96 ± 0.14 a 0.26 
2-Methyl Butanol 1.13 ± 0.13 b 1.66 ± 0.09 a 0.25 
Propanol 0.91 ± 0.09 0.92 ± 0.08 N.S. 
E-2-Hexanol 0.87 ± 0.08 N.D. - 
Ethanol 0.54 ± 0.06 b 0.96 ± 0.06 a 0.14 
Pentanol N.D. 1.14 ± 0.09 - 
TOTAL ALCOHOLS 6.85  ± 0.33 B 8.13 ± 0.45 A 0.89 

O
th

er
 

Į-Farnesene  0.81 ± 0.09 b 1.03 ± 0.08 a 0.19 

TOTAL OTHER 0.81 ± 0.09 B 1.03 ± 0.08 A 0.19 
*Percentages obtained by GC/MS peak area normalization 
**Data are the means of 4 replicates with standard deviation. Values followed by different letters are significantly different on 
at P<0.05.  

According to Dimick et al. (1983), 25 aldehyde compounds, mostly hexanal, E-2-hexenal and butanal, were 
identified in apples (Espino-Diaz et al., 2016). Aldehyde compounds are copious in early maturation stages on apples; 
but the content of some aldehydes becomes almost imperceptible on over-ripening stages of apples, while some 
aldehyde compounds such as acetaldehyde etc. were increasing (Vallat et al., 2005; Mattheis et al., 2005; Espino-Diaz 
et al., 2016).  

Alcohols are formed by the reduction of corresponding aldehydes, by the action of the enzyme alcohol 
dehydrogenase and also linear alcohols are obtained from the fatty acid catabolism, whereas branched-chain alcohols 
are consisted of the metabolism of branched amino acids (Espino-Diaz, 2016). Alcohols are the second significant 
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volatile components that understanding the maturity of apples after esters. It was detected 6.85% alcohols in fruits of 
µGeOiQ¶ geQRW\Se, fXUWheUPRUe 8.13% aOcRhROV iQ cY. µMRQdiaO GaOa¶. 

AccRUdiQg WR aQaO\]eV, 6 ideQWified aOcRhRO cRPSRXQdV ZeUe TXaQWified iQ bRWh geQRW\SeV. BXWaQRO (1.89% iQ µGeOiQ¶ 
geQRW\Se aQd 1.49% iQ cY. µMRQdiaO GaOa¶) and Hexanol (1.51% and 1.96%, respectively) compounds were identified 
as the most important ester compounds in fruits of both genotypes. 2-methyl butanol (1.13% and 0.66%, respectively), 
propanol (0.91% and 1.92%, respectively) and ethanol (0.54% and 0.96%, respectively) compounds were other 
identified ester compounds in fruits of both genotypes. In addition to these compounds, E-2-hexanol (0.87%) was 
deWecWed RQO\ iQ µGeOiQ¶ geQRW\Se aQd aOVR SeQWaQRO (1.14%) ZaV deWecWed iQ cY. µMRQdiaO GaOa¶. EVSiQR-Diaz et al., 
(2016) were described butanol as harsh fusel or banana flavor; hexanol as sweet alcohol and 2-methyl butanol as 
pleasant flavor; though propanol as alcoholic-nauseating and ethanol as mild and wine or whisky flavors were 
described as unpleasant flavors. According to Dixon and Hewett (2010), the alcohol acyltransferase enzymes are 
transferred an acyl group from acetyl CoA to the hydroxide group of an alcohol to form an ester in the last stage of 
synthesis of volatiles. This reaction happens not only in fatty acid but also amino acid catabolism.  

Terpenes are one of the main volatile components from the isoprenoid family in fruits of apples. According to 
RXSaViQghe eW aO. (1998), Whe ac\cOic bUaQched VeVTXiWeUSeQe Į-farnesene, synthesized predominantly in epidermal and 
hypodermal cell layers of the fruit, is the most associated with ripe apple fruit (Espino-Dia] eW aO., 2016). Į-Farnesene 
that is responsible for the characteristic green apple odour, is primarily synthesized in peel of apple (Kondo et al., 2005). 
AccRUdiQg WR Whe aQaO\ViV, iW ZaV deWecWed 0.81% Į-faUQeVeQe iQ fUXiWV Rf µGeOiQ¶ geQRW\Se, fXUWheUPRUe 1.03% Į-
faUQeVeQe iQ cY. µMRQdiaO GaOa¶. Į-Farnesene is an unstable aromatic compound of the sesquiterpene that can be 
oxidized in existence Rf Whe R[\geQ. Į-Farnesene oxidation by air forms compounds that are damaging to the fruit in 
VcaOd SURgUeVV (JX aQd BUaPOage, 1999; AQRQ\PRXV, 2019). Į-Farnesene concentrations of apples are lower level in 
beginning of the ripening. However, they increase during maturation due to rising concentrations of ethylene (Barden 
aQd BUaPOage, 1994). IW XVXaOO\ WakeV abRXW 3 PRQWhV fRU a OiWWOe decUeaVe iQ Į-farnesene accumulation to occur and at 
least 3 months for storage scald (Ekinci et al., 2016-b). 

4. Conclusions 

In this research, it was characterized pomological characteristics and volatile constituents of the local apple 
geQRW\Se caOOed µGeOiQ¶ RU µYa]Oik¶ cXOWiYaWed RQO\ iQ CaQakkaOe aQd cRPSaUed ZiWh µMRQdiaO GaOa¶ cRPPeUciaO 
standard apple cultivar.  

The fUXiW chaUacWeUiVWicV Rf Whe µGeOiQ¶ geQRW\Se ZeUe diffeUeQW fURP µMRQdiaO GaOa¶. µGeOiQ¶ geQRW\Se haV VPaOOeU 
fUXiW Vi]e aQd \eOORZiVh gUeeQ SeeO cRORU iV OeVV aWWUacWiYe WhaQ cY. µMRQdiaO GaOa¶. HRZeYeU, fOaYRU cRPSRViWiRQ Rf Whe 
µGeOiQ¶ geQRW\Se may have novel potential for Malus genus.  

OXU UeVXOWV dePRQVWUaWed WhaW µGeOiQ¶ aSSOe geQRW\Se cRQWaiQed PXch PRUe YROaWiOe cRPSRXQdV. AOVR µGeOiQ¶ 
geQRW\Se had PXch PRUe aOdeh\de cRQVWiWXeQWV cRPSaUed WR cY. µMRQdiaO GaOa¶ eVSeciaOO\ fRU E-2-hexenal, 
acetaldehyde, hexanal and 2-PeWh\O SURSaQaO cRPSRXQdV. AOWhRXgh cY. µMRQdiaO GaOa¶ cRQWaiQed PRUe eVWeU UaWiR, 
µGeOiQ¶ geQRW\Se cRQWaiQed PRUe eVWeU cRPSRQeQWV. IW ZaV aOVR fRXQd WhaW Whe diVWUibXWiRQ Rf aURPa cRPSRQeQWV ZaV 
more balanced especially aldehyde:ester:alcohol ratio. 

TheVe UeVXOWV UefOecW Whe diffeUeQce beWZeeQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. AOdeh\deV aQd eVWeUV aUe 
main volatiles to fruity and floral aroma especially for apples. High contents of these compounds give pleasant flavor 
for cRQVXPeUV. FXUWheUPRUe, SUeVeQce Rf XQdeViUabOe aOcRhRO cRPSRXQdV iV higheU iQ Whe cY. µMRQdiaO GaOa¶.  

ThiV QRYeO ORcaO W\Se caOOed µGeOiQ¶, WhaW deVcUibed iWV SRPRORgicaO SURSeUWieV aQd YROaWiOe cRQVWiWXeQWV, iV QRW a 
standard apple cultivar.  In addition, Whe µGeOiQ¶ geQRW\Se SRSXOaWiRQ caQ UeSUeVeQW a QRYeO VRXUce Rf bUeediQg PaWeUiaOV 
for improvement of aroma characteristics of standard cultivars. 
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