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Volatile compounds, phenolic compounds and antioxidant activities
of gold apple (Diospyros decandra L.) fruit
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gnaunagnitsunmanlaueasViannawinil 579.1 mg RTE/100g dry weight (DW) uaz FRAP assay Winfy
143.42 mmol FeSO /100g DW gandngniusiant nsdnen1fiunaituedniioaamuingnaunasiuilAngenadi
gNAWAN (125.76 mg GAE/100g DW), Aanssunnsfinuauyadasziinanziifaeds DPPH assay WLAQNAUNARAL
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ABSTRACT: The objective of this study was to analyze volatile compounds, phytochemicals
and antioxidant activities of gold apple (Diospyros decandra L.) green and ripe fruit. The samples
were analyzed volatile compounds using Gas chromatography—mass spectrometry (GC-MS),
total phenolic content (TPC), total flavonoids content (TFC) and phenolic compounds using
High performance liquid chromatography (HPLC). Antioxidant activity was analyzed using
1,1-diphenyl-2-picrylhydrazyl radical scavenging (DPPH) and ferric reducing/anti-oxidant power
assays (FRAP).Twenty three volatile compounds were identified in the samples and classified into
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8 chemical families (alcohols, aldehyde, alkane, alkene, amine, esters, ether and ketones). The main
compounds in green fruit was nonanoic aldehyde (27.09%), followed by caproaldehyde (12.00%)
and 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (10.75%). The main compounds in
ripe fruit was 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (28.42%), followed by bis(6-
methylheptyl) phthalate (10.26%) and Octadeamethyl-cyclononasiloxane (9.63%). The results
showed that ripe fruit had higher content of TFC (579.1 mg RTE/100g DW) and FRAP (143.42
mmol FeSO4/g DW) than those in green fruit (P<0.05). The green fruit had the highest TPC
(125.76 mg GAE/g DW). The green and ripe fruits had high DPPH value (881.37 and 879.89
mgTrolox/100g DW, respectively) (P>0.05).Major phenolic acids identified were protocatechuic
acid, p-hydroxy benzoic acid, vanillic acid and caffeic acid, while predominant flavonoids were
rutin and myricetin.

Keywords: Diospyros decandra L., Volatile compounds, Phenolic compounds, Flavonoids,
Antioxidant activity

UNUn UseTemianngausng m@mmummﬂmmﬂwa‘
it Vdawitels Lmvmmummm:mmmiLﬂuh
Wuentiguaen waziilugndiane s douna
fnenennsfieads wazeinisueulinauiinig
ﬁmﬂﬁwudﬂummgjﬂﬁuﬁ@’ﬁcondensed tannins
vi7e a1slusuweuinsloaniiy (proanthrocyanin)
(Nakatsubu et al., 2002) a7NA13ANHIVDY
Nuntanakorn wazAtue (2008) wurjﬂuqnﬁuﬁ
Pt Bl b N B T R AT oL
3% ABTS free radical decolorization #A"a¢]
7211479 0.0130-0.1657 g TE/g extract uazil
uailuednsanegszning 5.2-125.0 mg
GAE/g uaziliniddanudntinangnduiinnadas

mﬂ,ﬁLﬂummiﬁﬁmiﬁiﬂmﬂummﬂﬁ@
gAY dasannifluuvssasans
'wqm:rmu‘wmiunﬂﬂfmﬁmﬂu‘ﬂmmﬂ CATRE
a3 Taavinla uazuaaniaen (Barreiraetal.,
2008; Ikram et al., 2009) mnmsﬁﬂmwudwmi
ﬂi:ﬂ@ﬁ\luﬂﬁﬂwulmﬂiuﬁsﬁ BN wavealy Tl
geuIugsniauainnsnlunsinuey
ARz uazilanuaansalunisdueyyadasy
Tl A uAnATyAaganINaeeNye (Ross and
Kasum, 2002; Chirinos etal 2010) maﬂ@umi
ﬂivn@u'V\Iu'amnLﬂumiwummmmmhmi

AUELNABATY LL@zmﬁmam@ua%@@m@:Sﬁqum@
AagININTBIN el (Ross and Kasum, 2002;
Chirinos et al., 2010) @ﬂ@u (Diospyros decandra

Lﬂum”l,m\mﬂslmqﬁwwau (Ebenaceae)
fdafunvainuataniudiesdu 1y ayulng
BUAU UBU UGNUAN AWQNYAN QNAU gNEY
Judu Wubiu gndunagnaziisanauuazeaian
tiae Benfulssnuilunalidan vranldulsgl
Wureenany wazdszannslunianzduaan
Ruvnteianiizlnagnaumy mezﬁnimﬂl,mu
AN ] LU ANgNAUAL mmﬂumﬂﬂumwsﬂ LAy
mmnmmﬂumiu g yananniieeiinnsld

ﬁuﬁammmmﬁ”fmmLﬁmﬁ@mm\i% (Hpn1 uay
7anas, 2550) m@um@mummﬂwmmﬂmmm
LAY ﬂmmﬂummmm@m Femauiinng
Lﬂ@ﬂuuﬂmmmm@wqﬂmm W @17Usznay
Wu@@ﬂV\ImIfau@ﬂm uay m?n@mm‘ﬁi‘wuam
lupiu mummsLﬂ@ﬂuLLﬂmmmmaumwﬂu
@n@ummuLmvmmﬁﬂmuumm@ﬂm\mmumm
mu‘l@mm:m@mmummqmmwmm@umu 18un
runnasiluaanansnanlauess nanssunng
AuauyasasTuaransTve lusseuanuLa
HARN L‘WfaLflwnfamLL@JLumimiﬂhﬂinmu
Lﬂumma‘mﬂmmwmiﬂ



KHON KAEN AGR. J. 47 SUPPL.1 : (2019).

aa =
ABNIFANTAN

MEEETENIRYALLAZNNTANAAIDEN
m@mmﬂwmmwmmﬁ 1(120-140 §1)
Lmqunwmm@m (ummﬂmummuh 3-73)
Tngdnainnaialudandnsasdnlutoaiioy
ROV AN-TUENEIL WA, 2560 AN LI
Wanuwda (scanvac i‘u coolsafe100 9Pro,
Denmark) (48 m‘[m) antiusinfratnsainlng
Mun1uea 80% (1:20W/V) Hinasaninly
?;Lﬂgﬂzﬁi_ﬁmnﬁluaamqu WanlouaAIIN LAy
MBNNIFNULYYARATEAERE DPPH waz FRAP

ML uuNuaansu (Total phenolic
content)

AnLUa9I8a1N Abu Bakar et al., 2009 Laz
Kaisoon et al., 2011 Tngtlilnatsainsaasng
ae19az 300 lulAsans (ul) HANALANTNIRTFIY
Folin-Ciocalteus reagent 2.25 ml l@vaaanaans
WEaiafiels 5 unil (Ausnsazans Sodium
carbonate 20% (W/V) 2.25 ml quﬁ”\‘ii’ﬂuﬁﬁm
90 w7t sl inAnnsgAnAuuacT 725 wnTuiims

n153AszndInunalauasfsan (Total
flavonoids)

Anuiladasain Abu Bakar et al. 2009
uaz Kaisoon et al., 2011 thilnansannsaasing
fﬂﬂ'ﬂ;‘m: 500 pl lAVMARANARAIUAAZUADA HAN
Ui 2.25 ml mmu}ﬁﬁ’ﬁu‘kﬂﬁwiuimﬁ 5%
1BuRT 150 i udamarials 6 und NANENIDZANY
azqilillanpanlsd 10% 15u1n3 300 pi Al

= o a = &
5 W7 antiuAnansazare e lansanlas

1 T (M) 15w0m9 1 mlaaniurinlildndinisge
NAULEIA 510 W TuNms

N15ILATISUNANTTNNITANUBYYADATE
(DPPH) radical scavenging activity
AnLilasisann Braca et al.2001 Was
Kaisoon et al., 2011 Tllnasazate DPPH 7
= % 1 dl ] [ 3 o/ ] %
wiran 3 ldnaannldansainsadnelduiavann

1551

az 3 ml LW@Tumﬁﬂgﬂiﬂﬁnu uén Vortex el
fiflonuiaan 30 Wil mnuumiﬂqmmmmm
naULAS Immmmm@@mﬂ@uummmmmqmu
517 wluiums

NM53LATISRNANTTNNNTAUAYNARAsE IR

2% ferric reducing/antioxidant power (FRAP)

sawLladitannKubola and Siriamornpun,
2008 waz Kaisoon et al., 2011 mmm”mﬂ
FRAP reagent 119U 1.8 ml mﬂ@u AU
180 pl Lmymmmmmu 60 pl Vﬁ“ﬂ ANTATANE
NIMTFIU ‘Lzﬂumfammm@mﬁﬂﬂﬂu‘ﬁ@munﬁ
37 @Qﬁ’]Lsﬁ@Lsﬁﬂ@ Lﬂumm 4 UM uﬂﬂ%mm
mmmnauummmmmqmu 593 unTwumg

nsaiasnziignssznauiuain soaiAaaq
High performance liquid chromatography
(HPLC)

nN98RAANINUBAN (Kubola et al., 2011)
el NFN HaNAL wWnnuea: nanlalnsrandn
(1:50,v/v) d3n104 20 ml mu‘lﬁﬁﬂﬁu Ui
BUUNH ARNNH 37°C 1980 12 m‘llm N9RIARE
N9LANNTAY Lmeﬂmmmummmm rotary
evaporator LaaU5uBuImsAce WnIuea: 10
(50:50, v/v) WiR3Nms 5 mi thunnsasenuie
n209910 0.45 lulasiins amiuin 1L finsesd
¥eilraad HPLC nnsdlassvianstlsynauilundn
uwazanstsznaunanlaueafnLATas HPLC
(Kaisoon et al., 2012) daAnnsganauuasing
ﬁmmmﬁﬁm photo diode array detector
ANNENIARL 280 WIS LAz 320 whlulums
dmFuansdszneuiluedn AruanIAAY
370 wrluwms dvsuanssznaunaniauaas

N15ALASITRANTTE LS (volatile compounds)
ﬁ'ailm?lim HeadspaceGC/MS
nsaAgziansszmealugniusaeinatia
Headspace Gas Chromatography/Mass
Spectrometry (HS-GC/MS) Amuiaddtann
Pugajeva et al. (2016) Tnedasnating 0.5 nfu 14



1552

asluaantinliAmseiifanieses GC/MS (fu
GCMSQP2010, Shimazu, Japan) 11saaen9ld

liimnaseudnginatin Headspace Inaginani

#Aa581 (Heating box) 40°C 1fluiaan 30 w1
Usanmsfianmaegng 2 mi 241NN injector 250°C
ARANUTUA Rix-5ms (Restek, UK) AA13E1N7 30
WAe EURIAUEINANY 0.25 HARLNAT AN
wasfiguAaay 0.25 lulasiums nadnlnauay
ANUUNTHATRIA19H98 mass spectrometer gL
iU library 2849 NIST a5 11 WherRiAsziAn
retention index (RI) {auiUa19uIATFIU
n-alkane ( C7-C30)

NNSIASIENNNAD A
indl EA a Y % U
@ﬂmmi‘ﬁl‘uﬂ’]?qLﬂ?qxﬁsﬂ‘ﬂg@ﬂigﬂ’ﬂUﬂQﬁ A1
9’5‘@?1@” (Percentage) ANLaAe (Mean) LavAdau
L‘Llﬂ\‘il,‘i_lummﬁﬁu (Standard Deviation) 11019
NARB4 3 41 L‘J_ﬁ‘ilut,vmummaﬂimﬂm t-test Aing
T1l5un93 IBM SPSS statistics v.22 (2013)

NANITANHILATIANTTL

Wuadanuazhliuasanauum
= = a o aal .

AN UFNINReANTIIUNALEAT Folin-
Ciocalteus 14 lun153AszdBunniansisznay
Auaanndotluaisuazansigsn (Konczak
et al., 2010) a1nN19ALATITTLE N A UB AN
IUNATBIGNAUNARLLATHAGN WUINHAIIN
WANFANNAUNNATA (p<0.05) tAEQNAUHARLIE

LAWINEAT 47 aUuRLAe 1 (2562).

ansUszneLTiueANNAgININgnALLAgN A1
WinfU125.76 mg GAE/100 g DW LAy 117.83
mg GAE/100 g DW PUANTUTIRenAReITLHA
ANIANETD Maciel uazAnL (2011) ANIANE
ﬂ?mmvxlu@@ﬂmwmluuwmqm@mmmvmmn
Tmﬂwummmuuﬂ?mmﬂumnmumwnrm
104.34 mgGAE/100g d9qandnuagnidl
Bunnfluednyiavuayindi 68.21 mgGAE/00g
nsAnsnansszneumanlaues MaANLANN
lugnduragn HAvinil 579.12 mg RTE/100g
DW uaz lunanuAwingL 545.20 mg RTE/100g
DW Ans1Anuannan lunnafinueyyadasvees
ANAULARLILATEARN WLFT AINAINNTD WS
FfuauyaBaTzAaEdT FRAP 2894NAUNAANEY
N3NgNAUNAAY AW AL143.42mmol
FeSO4/1OO g DW ez 136.57 mmol FeSO4 /100g
DW #auAnm1Aanssunisfinueyyasaseionis
DPPH wu41HANWINTL 881.37 mg Trolox/100 g
DW wag 879.89mg Trolox/100 g DW ANNANAL
(p>0.05) (Table 1) naAnEnAREmLdNansaan
q‘vmLL@vﬂ@mwmmmwsﬂm@mwmmu uay
HAgNHAANNLANENNTW 719lieaLlasunann
nee mummmmmiummmm‘imﬁm\mu
mafmmmq 1 nswaenusaamnedaed waznns
Waewlasesly wana lHun n3daaseit vise
nsaaneaedluiana FANDNNTAZANTRIANTREN
QUENTINN i a1sUszneuues, InnHuE
wazualsiuae s (Tiwari and Cummins, 2013;
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Table 1 Bioactive compounds and antioxidant activities of gold apple (Diospyros decandraL.) green

and ripe fruit

Bioactive compounds and antioxidant activities

Gold apple (Diospyros decandra L.)

Green Ripe

Total phenolics content(mg GAE/100 g DW)
Total flavonoids (mg RTE/100g DW)
Antioxidant activities

DPPH assay (mg Trolox/100 g DW)™
FRAPassay (mmol FeSoAMOO g DW)

125.76+1.42° 117.83+1.11°
545.20+8.18° 579.12+9.28°

881.37+2.86
136.57+2.71°

879.89+2.87
143.42+5.92°

Data express as mean of 3 samples + standard deviation.

Different alphabets (a-b) in the same row were significant difference (P<0.05).
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e caffeic acid NANWINTL10.89 ug/g DW 884
A9NNAR protocatechuic acid NAWAAL 3.17
g/g DW Laz vanillic acid NAINAL 2.48 pg/g
DWlsinwui@ns gallic acid, p-hydroxy benzoic acid
uae ferulic acid TWaUNARL dUiugNAULAZN
wuIndl caffeic acid ﬁngqﬁzgm 10.62ug/g DW
AB9AINNAR protocatechuic acid NANWINAL 5.11
ug/g DW Uaz vanillic acidiAviniL 2.74ug/g
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ferulic acid qugﬂéu"ummgﬂ (Table 2)

Table 2 Phenolic acids of gold apple (Diospyros decandra L.) green and ripe fruit by using HPLC

Phenolic acids

Gold apple (Diospyros decandra L.)

Green (ug/g DW) Ripe (ug/g DW)

gallic acid ND ND
protocatechuic acid "™ 3.17+0.06 5.11+0.13
p-hydroxy benzoic acid ND 2.37£0.03
chorogenic acid™ 2.48+0.54 2.74+0.06
vanillic acid 0.97+0.07 ND
caffeic acid™ 10.89+0.01 10.62+0.04
syringic acid ™ 1.02+0.01 1.07+0.01
p-cormaric acid ™ 0.90+0.02 0.95+0.01
ferulic acid ND ND
sinapicnic acid™ 1.04+0.03 1.09+0.01
Total phenolic acids 20.47+0.73° 23.95+0.07°

Data express as mean of 3 samples + standard deviation.

Different alphabets (a-b) in the same row were significant difference (P<0.05). ns= not significance (P>0.05)

ND = Not detected
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uazansinylugndunagnuaniiga Ae Rutin
(102.35 pg/g DW) iae Myricetin (34.73 pug/g DW)
AU Quercetin, Apigenin LAz Kaempferol Tadyvu
Iu@uﬂf«‘fuﬂgqmﬁul,l,@mm;ﬂ (Table 3) @13ngq
wWanTaueasnwunnludn wazualdl wu vausi
Tty s wazdanu iy wazmenazien anINqH



1554

Wanlauea (Flavonols) MAun Quercetin, Rutin,
Kaempferol uaz Myricetin Lﬂumiﬁﬁqwmumi
Fnueyuyasaseiin (Pietta, 2000) waz Myricetin
Ndaudaetfesiunzidesiangnunin uazionay
NNIFAURLATIFE (Hendra et al., 2011) aa iy
daufiny quercetin glycosides NNNITUNLAREIL

LAWINEAT 47 aUuRLAe 1 (2562).

kaempferol WAL myricetin glycosides aznu i
unaufitias (Herrmann, 1998) lunnsAns
AANIINNIIA UL AB AT IUNABANIARDINLIF
quercetin, myricetin, and rutin HAAuanungaly
NN9IFANUBYYABATLFININIRNNUT (Miean and
Mohamed, 2001)

Table 3 Flavonoids of gold apple (Diospyros decandra L.) green and ripe fruit by using HPLC

Flavonoids Gold apple (Diospyros decandra L.)
Green(ug/g DW) Ripe(ug/g DW)
Rutin 79.79+2.47° 102.35+0.34"
Myricetin™ 31.08+0.10 34.73+0.18
Quercetin ND ND
Apigenin ND ND
Kaempferol ND ND

Total Flavonoids

110.1242.57" 136.15+0.52°

Data express as mean of 3 samples + standard deviation.

Different alphabets (a-b) in the same row were significant difference (P<0.05). ns= not significance (P>0.05)

ND = Not detected

N15AATITRANTTEL UL (Volatile compounds)
51"Jilm7;‘m HeadspaceGC/MS
nMsANENeYAlsTNaLTB9ANTITIME (Volatile
compounds) TUgNAUNARLLATNAGNTATIEN
ﬁfmt,ﬂd?'@\iHeadspace GC/MS (Table 4) aann"9
ANWNA199ENETRIADE1NGNAU WLAITTINR
Favmn 23 10 ansnsouentiidu 8 nas T
LRANAZRR LAnA Las uaalAl LeaAl iy Bmef
ldmeuazAlau negnsinumnlunany lun
Nonanoic aldehyde (27.09%), Caproaldehyde
(12.00%) way 3,5-Dihydroxy-6-methyl-2,3-
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wusnlunagn 1un 3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one (28.42%), Bis
(6-methylheptyl) phthalate (10.26%) was
Octadeamethyl-cyclononasiloxane (9.63%) Inel
wudﬁmﬂﬂﬁwuﬂmmmN@Qﬂ@mﬂﬁmmﬂ
Lﬂu&l@@ﬂEQ’]TM@Ni‘zLW;Iflﬂ’]‘iLﬂgliluLLﬂ@d ey
FIINBNTLINENGNUAAR LEANLNINTUHARL
Wi 52.14% uazliwulunagn ansnguuaanu
wawmaiuazalau wunnlugnaunagn winiy
28.98, 22.30 WAz 28.42% MINANAL
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Table 4 Volatile compounds of gold apple (Diospyros decandra L.) green and ripe fruit by using

GC/MS
No. Compounds RID base peak Area (%)
(m/z) Green Ripe
Alcohol
1 Acetylcarbinol 698 43 10.16 ND
2 1,3-Dioxan-4-ol, 2,6-dimethyl- 1008 30 ND 8.42
Total alcohols 10.16 8.42
Aldehyde
3 Caproaldehyde 806 41 12.00 ND
4 Enanthal 905 40 7.74 ND
5 Caprylic aldehyde 1005 36 2.80 ND
6 Nonanoic aldehyde 1104 57 27.09 ND
7 Capric aldehyde 1204 35 2.50 ND
Total aldehydes 52.14 ND
Alkane
8 Bioxirane 600 24 2.90 ND
9 Octadeamethyl-cyclononasiloxane 1860 69 2.57 9.63
Total alkanes 4.47 9.63
Alkene
10 6-Amino-6-methylfulvene 968 43 4.40 4.61
11 beta-Ocimene 976 37 ND 3.43
12 Dicumene 1795 46 ND 8.42
13 2,4-Diphenyl-4-methyl-2(E)-pentene 1864 62 ND 3.96
14 Squalene 2914 113 ND 8.56
Total alkenes 4.40 28.98
Amine
15 Benzeneethanamine,N-[(pentafluorophenyl) 2572 77 ND 1.11
methylene]-.beta.,3,4-tris[(trimethylsilyl)oxy]-
Esters
16 3-methylbut-2-enyl ester 1068 26 ND 5.43
17 1,3,3,3-Tetramethyldisiloxanyltris 1297 70 1.73 4.06
(trimethylsilyl) orthosilicate
18 methyl ester 1878 71 6.28 ND
19 Diisobutyl phthalate 1908 33 2.78 2.54
20 Bis(6-methylheptyl) phthalate 2704 96 ND 10.26
Total esters 10.79 22.30
Ether
21 Methyl nonyl ether 1091 29 1.29 ND
Ketones
22 Nitroacetone 837 26 3.59 ND
23 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran- 1269 40 10.75 28.42
4-one
Total Ketones 14.34 28.42
Total volatile compounds 100 100

RID = retention index, ND = Not detected
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