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DETERMINATION OF VOLATILE COMPOUNDS
IN FRUITS OF DIOSPYROS VIRGINIANA L.

Objective — to investigate the qualitative and quantitative content of volatile organic compounds in American persimmons
(Diospyros virginiana L.) fruits of the collection of M.M. Gryshko National Botanical Garden of the NAS of Ukraine.

Material and methods. The objects of study were fruits of 10 years old plants of 7 genotypes (DV-01 — DV-07) of Diospyros
virginiana which were collected in October 2015. The investigation of the volatiles was conducted by the method of Chernohorod
and Vinohradov (2006) using chromatography-mass spectrometry. Basic statistical analyses were performed using PAST 2.17;
hierarchical cluster analyses of similarity between genotypes were computed on the basis of the Bray—Curtis similarity index.

Results. During the analysis of qualitative composition and quantitative content of volatiles of fruits from the 7 genotypes 129
compounds were detected, and 118 compounds among them were identified. Total content of volatile compounds was from 121.60
to 676.50 mg/kg. ldentified compounds belong to hydrocarbons, aldehydes, carboxylic acids and their ethers, monoterpenes,
sesquiterpenes, triterpenes. In the fruits of investigated genotypes prevailed fatty acids (mg/kg): myristic acid (from 18.5 to
234.6), palmitic acid (from 14.9 to 125.7), lauric acid (from 29.8 to 50.5), 7,10, 13-hexadecatrienic acid (from 18.6 to 33.4),
11-hexadecenoic acid (from 12.3 to 22.1). For all investigated genotypes 14 components were typical: furfural, linalool,
phenylacetaldehyde, o-terpineol, geraniol, lauric acid, ethylmyristate, myristic acid, pentadecanoic acid, ethyl palmitate, ethyl
palmitoleate, palmitic acid, palmitoleic acid, and squalene.

Conclusions. Detected volatile compounds in the fruits of Diospyros virginiana belong to alcohols, saturated and unsaturated
aldehydes, ketones, fatty acids, esters, and terpenoids. Shares of keeping them in total identified fruits volatile substances vary
and depend on the genotype of plants. The fruits are rich in fatty acids. They are considered as precursors of many specific aroma
compounds. Found aldehydes are thought to be responsible for the decreasing of astringency by persimmon fruits. Study of the
quantitative and qualitative content of volatile compounds of Diospyros virginiana fruits suggest about making sense of conducting
further pharmacognostic investigations.
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Introduction The natural range of Diospyros virginiana includes
the eastern part of North America from Connecticut
to Iowa and from Kansas to Florida [9; 41]. Today
more than 200 cultivars of Diospyros virginiana exist
and their fruits have differences in fruits shape, size,
color and ripening [11; 13; 14; 17; 42; 46].

The Diospyros virginiana is of great practical in-
terest for fruit growing. The fruits of American per-
simmon are an excellent dietary product, they are
used in fresh condition and from them are pre-
pared pastes, jams, syrups, marinades. The fruits
were also used to make wine, brandy, white wine
vinegar and beer [3; 5]. In addition, the American

The deterioration of ecological situation in the
world caused the need for finding of new plant
species which is valuable source of biologically ac-
tive compounds. It is source of prevention and
treatment for human health by natural products of
organic origin, the so-called non-traditional plant
species: Aronia Mitschurinii A.K. Skvortsov & Mai-
tul., Cornus mas L., Cydonia oblonga Mill., Diospy-
ros spp., Elaeagnus multiflora Thunb., Morus nigra L.,
Pseudocydonia sinensis Schneid., Ziziphus jujuba
Mill. [6; 12; 15; 16; 23; 25; 26; 28; 33; 44].
American persimmons (Diospyros virginiana L.)

are known as a widespread culture in a traditional use
by Native Americans as food product [5; 10; 18; 31; 39].

© 0.V. GRYGORIEVA, S.V. KLYMENKO,
A.P. ILYINSKA, L.M. ONYSHCHUK, 2018

ISSN 1605-6574. Inmpodykuis pocaun, 2018, No 4

persimmon is a valuable decorative and medicinal
plant. Diospyros virginiana since ancient times is
used in the folk medicine [5; 10; 18; 31]. The fruit
has been used medicinally as antiseptic and for the
treatment of burns, diphtheria, dropsy, diarrhoea,
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Fig. 1. Chromatogram of volatiles com-
pounds of fruits of Diospyros virginiana L.
genotypes
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gonorrhoea, candidiasis, dysentery, fevers, thrush,
fungal and bacterial infections, gastrointestinal
bleeding, sore throats [5]. Fruits exhibit the anti-
microbial, antifungal [38] and antioxidant activi-
ties [16]. Fruits and leaves have an antitumor [40],
antimicrobial [20; 22], and antifungal effects [45].
The bark has an antiseptic [5], hepatoprotective
and antipyretic [36; 37] action.

Objective — to investigate the qualitative and
quantitative content of volatile organic compounds
in American persimmons (Diospyros virginiana L.)
fruits of the collection of M.M. Gryshko National
Botanical Garden of the NAS of Ukraine.

Material and methods

Locating trees and data collection

The fruits of 7 genotypes of Diospyros virginiana
(DV-01—DV-07) collected in the M.M. Gryshko
National Botanical Garden of NAS of Ukraine
(NBG) were the objects of these investigations.
The raw material was collected in the period (Oc-
tober) of full ripeness.

Volatile compounds analysis

The investigation of the volatiles was conducted at
the National Institute of Viticulture and Wine “Maga-
rach” by the method of Chernogorod and Vino-
hradov (2006) [21]. Volatiles were investigated by
the method of chromatography-mass spectrometry
using the chromatograph Agilent Technologies 6890 N
with the mass spectrometric detector 5973 N (USA)
and a capillary column DB-5 length is 30 mm and an
internal diameter is 0.25 mm. The carrier gas velocity
(Helium) was 1.2 ml/min. The injector heater tem-
perature was 250 °C. The temperature of termostate
was programmed from 50 °C to 320 °C at the speed
4 °C. The mass spectra library NIST 05 WILEY
2007 with 470 000 spectra and AMDIS, NIST pro-
grams were used to identify the investigated com-
pounds. The identification was conducted by com-
paring obtained mass spectra to mass spectra of
standards. The method of internal standad used
to determine the quantitative content of compounds.
Statistical analyses

Basic statistical analyses were performed using
PAST 2.17; hierarchical cluster analyses of simi-
larity between phenotypes were computed on the
basis of the Bray-Curtis similarity index.
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Results and discussion

Plants emit a great diversity of volatile compounds
from leaves, bark, roots, flowers, and fruits [7; &;
24; 27, 29; 30; 35].

The volatile compounds have remained an over-
looked trait in plant phenotyping [30] that enables
the identification of specific chemotypic profiles
among and within species [34].

In this study, 129 volatiles compounds in the
fruits of Diospyros virginiana were detected. Among
them, 118 compounds were identified.

The chromatogram of volatiles compounds of
fruits of selected genotypes of Diospyros virginiana
is represented in Fig. 1.

The identified components belong to different
chemical classes, including hydrocarbons, alco-
hols, aldehydes and phenylaldehydes, terpenes,
esters and fatty acids.

The widest spectrum of volatiles compounds
was characterized by the fruits of genotype DV-02
(74 compounds), among which were identified 64
substances (Fig. 2).

Non-identified compounds have peak with square
no more 0.4 % and respectively extremely low inten-
sity of mass-spectrums, which not allows achiev-
ing the required reliability of results in the librarian
searching.

Fruits of DV-04 genotype had the higher con-
tent of total volitile compounds (676.5 mg/kg),
and fruits of DV-02 genotype — the least one
(121.6 mg/kg) (Fig. 3).

Obtained results of a content of total volatile
compounds were confirmed by data of cluster
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Fig. 2. The number of volatiles compounds (total and
identified) of Diospyros virginiana L. genotypes
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Fig. 3. The total volatile compounds of fruits of Diospyros
virginiana L. genotypes

analysis (Fig. 4). The cluster analysis (CA) was
performed according to the hierarchical cluster
analysis (HCA) method using the mean value to
distinguish similar groups among the various vola-
tiles compounds. In this study, seven genotypes
were grouped into the two main clusters based on
highest similarities. In Group 1 concluded geno-
types (DV-03, DV-04 and DV-07) with the biggest
content of volatile compounds. Rest genotypes
concluded in the Group 2.

Common for all investigated genotypes was the
presence of 14 components: furfural, linalool,
phenylacetaldehyde, a-terpineol, geraniol, lauric
acid, ethylmyristate, myristic acid, pentadecanoic
acid, ethyl palmitate, ethyl palmitoleate, palmitic
acid, palmitoleic acid, and squalene.

Among the fatty acids of genotypes fruits were
found myristic acid from 15.21 (DV-02) to 43.45
(DV-06) %, palmitic acid from 6.34 (DV-06) to
29.09 (DV-05) %, lauric acid from 3.45 (DV-02)
to 12.27 (DV-01) %, palmitoleic acid from 3.28
(DV-06) to 11.03 (DV-0) %, and 7,10,13-hexade-
catrienic acid from 3.29 (DV-02) to 6.57 (DV-03) %
(Fig. 5). The last component wasn’t identified in
the genotypes of DV-05 and DV-06, but presence
11-hexadecenoic acid in the range from 6.85
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Fig. 4. Cluster diagram of volatile compounds of fruits of
Diospyros virginiana L. genotypes

(DV-05) to 7.94 (DV-06) %. The share of other
components varied from 14.69 (DV-07) to 65.38
(DV-02) %.

Palmitic acid was identified as minor constituents
by Horvat et al. (1991) [19]. Among other saturated
fatty acids were identified butyric, caproic (hexano-
ic), caprylic (octanoic), nonanoic, capric (deca-
noic), lauric (dodecanoic), tridecanoic, pentade-
canoic ones. Also, we identified that some geno-
types contain stearic acid C_H,.COOH and it’s

177735

unsaturated derivatives: oleic acid C17H33COOH

(one double bond), linoleic acid C,_H, COOH (two

177731

double bonds) and linolenic acid C,,H,,COOH
(three double bonds). Later they were identified in
all genotypes.

In the present study, isoamyl alcohol and hepta-
nol-4 (DV-01), octanol (DV-01, DV-02, DV-03),
benzyl alcohol (DV-03, DV-04, DV-05, DV-07)
were identified.

According to Besada et al. (2013) [4], the high
accumulation of phenylacetaldehyde and lipid-
derived aldehydes are related to loss of astringency
of fruits. Regarding to the previously described
volatile compounds of the Diospyros kaki, Besada
et al. (2013) [4] benzyl alcohol and some related
compounds such as acetaldehyde, hexanol-1, 3-me-
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Fig. 5. The fatty acid content of Diospyros virginiana L. genotypes: 1 — 7, 10,
13-hexadecatrienic acid; 2 — lauric acid; 3 — palmitoleic acid; 4 — palmitic
DV-07 acid; 5 — myristic acid; 6 — other components; 7 — 11-hexadecenoic acid

thyl-1-heptanol, 1-undecanol, and aliphatic satu- nonenal, (E)-2decenal, (E,E)-2,4-heptadienal
rated and unsaturated aldehydes such as hexanal, were identified. Taira et al. (1995) identified such
heptanal, octanal, decanal, (E)-2octenal, (Z)-2- volatile compounds of astringent Diospyros kaki

ISSN 1605-6574. Inmpoodykuis pocaun, 2018, No 4 93



O.V. Grygorieva, S.V. Klymenko, A.P. llyinska, L.M. Onyshchuk

fruits as n-butanol, hehanol-1, (Z)-3-hexen-1-ol,
2-methyl hexanol, acetoin and acetic acid [43].

Flavour and aroma are important quality fea-
tures in American persimmon fruits. Flavour is
formed by the combination of sweetness and sour-
ness from carbohydrates, organic acids and aroma
volatile compounds [4]. In general, fruit volatile
compounds refer to aliphatic esters, alcohols, alde-
hydes, ketones, lactones, terpenoids (monoterpe-
nes, sesquiterpenes) and apocarotenoids. Fatty ac-
ids are the major primary precursor substrates of
many character-impact aroma compounds in most
fruits. Aliphatic alcohols, aldehydes, ketones, or-
ganic acids, esters and lactones, ranging from C, to
C,,» are all derived from fatty acid precursors through
three key biosynthetic processes: a-oxidation, -oxi-
dation and the lipoxygenase pathway. Sensor analy-
sis is used for the estimation of the ripening stage
and storage life of Diospyros kaki fruits [2].

Among the identified volatiles responsible for
flavour in this study were linalool, a-terpineol and
geraniol in all the genotypes and nerol in DV-01
and DV-06, terpinene-4-ol in DV-04 and DV-06
genotypes. They all belong to terpenoids. Gera-
niol and nerol have a rose odour, nerol has a weak-
er odour [1]. As was stated by Martineli et al.
(2013) [32] the volatiles from Diospyros kaki were
mainly represented by terpens hydrocarbons, fol-
lowed by straight-chain esters.

The fact that less part of identified volatile com-
pounds in American persimmon flesh in this study
were reported by other scientists could be explained,
first of all by the absence of available studies for Dio-
spyros virginiana. Therefore, our results were com-
pared with studies performed for Diospyros kaki.

Conclusions

Identified volatile compounds in the fruits of Dio-
spyros virginiana belong to alcohols, saturated and
unsaturated aldehydes, ketones, fatty acids, esters,
and terpenoids. Shares of keeping them in identi-
fied fruits volatile substances vary and depend on
the genotype of plants. The fruits are rich in fatty
acids. They are considered as precursors of many
specific aroma compounds. Aldehydes are thought
to be responsible for the loss of astringency by per-
simmon fruits.
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virginiana L.) 3 xonekuii HarioHaasHOro 60TaHiYHOTO
cany imeHi M.M. Ipuiuka HAH Ykpainu.

Marepian ta Metoau. O6’€eKTOM AOCHiIKEHHST OyIu
wioau 7 reHotutiB (DV-01—DV-07) 10-piuHux pociauH
Diospyros virginiana, 3arotoBieHi y xoBtHi 2015 p. [o-
CITIKEHHS JIETKUX PEYOBWH MPOBOMWIM 32 METOIUKOIO
YepHoropona ta Bunorpanosa (2006) 3 BUKOPUCTaHHIM
XpoMaTo-Mac-crnekTpoMeTpii. OCHOBHI CTAaTUCTUYHI aHa-
J1i31 BUKOHYBaJIM 3a goriomoroio PAST 2.17. Iepapxiunuii
KJIACTEPHUIA aHaIi3 MOAIOHOCTI MiXX FreHOTUITAMU OOYMC-
JIeHO 3a iHaekcoM noaioHocti bpeii—Keprica.

PesynsraTu. Y 1uionax 7 reHOTUITIB BU3HaUeHO 129 KoM-
MOHEHTIB, 3 HUX ifeHTUdiKoBaHo 118. CymapHuUii Kiib-
KICHUI BMICT JIETKMX KOMITOHEHTIB cTaHOBUB Bix 121,60
10 676,50 Mr/xr. BuzHaueHi CroIyKu HajleXath 10 ByIjie-
BOJIHIB, aJIbJIETi/iB, KAPOOHOBUX KUCJIOT Ta iX edipiB, MO-
HOTEPIIeHiB, CECKBUTEPIIEHIB, TPUTEPIEHIB. B ruiogax no-
CJTIKYBaHUX TEHOTHITIB TepeBaXkaloTh XUPHiI KUCIOTH
(Mr/xr): MiprctuHoOBa (Bix 18,5 mo 234,6), najipMiTHHOBA
(Bim 14,9 mo 125,7), naypuHosna (Bix 29,8 no 50,5), 7,10,
13-rexcanekarpuHosa (Bix 18,6 no 33,4), 11-rekcaneneHosa
(Bim 12,3 o 22,1). J11s BCixX AOCIiIKYBaHUX TEHOTUTTIB OyJ1r
XapakTepHi 14 KOMITOHEHTiB: ¢hypdypoJ, JliHaI0o01, (peHin-
alleTAIBACTI, A-TEPIiHEOI, TepaHio, JJaypruHOBa KUCIIOTa,
ETWJIMEPHCTAT, MipUCTUHOBA KUCJIOTA, TEHTaleKaHOTHOBA
KUCJIOTa, ETWITIANBMITAT, eTUINAIbMITONeat, MaJbMiTh-
HOBa KMCJI0Ta, MAJIbMITOJIETHOBA KUCJIOTA Ta CKBAJIEH.

BucnoBku. BusHaueHi JieTki crionyku B rutogax Dio-
SpYyros virginiana HajexaTb 10 CIIUPTiB, HACUYEHMX Ta He-
HAaCUYEeHUX aJIbIETiliB, KETOHIB, XXUPHUX KHUCJIOT, e(ipiB
Ta TeprneHoiniB. Ix uacTka B ifeHTUdIKOBAHUX JETKUX
pEYOBMHAX IJIOMIB BapilO€ Ta 3aJIeXKUTh Bil T€HOTHUITY.
Iionu GaraTi Ha KMPHi KMCJIOTH. [X BBaXaloThb MpeKyp-
copamMu 0araThbOX CHeUM(MiYHMX apOMaTUYHMX CITOJIYK.
BusiBnieni anbaeriay cripusitoTb 3MEHIIEHHIO TEPITKOCTI B
riogax XypMu. JlocmimkeHHsl SIKICHOTO CKJIaay Ta Kijlb-
KiCHOTO BMICTY JIETKUX KOMITOHEHTIB IJI0AiB Diospyros vir-
giniana CBiIYMUThH MPO JOLIBHICTh MPOBEACHHS MOAaTb-
mux GapMakKOrHOCTUYHUX TOCHTIIKEHb.

KurouoBi caoBa: Diospyros virginiana, Jlicocten YKpainu,
TUIOAM, JIETKi pEYOBUHU.
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ONPEAEJIEHUE JIETYYUX BELIECTB
B IINIOOAX DIOSPYROS VIRGINIANA L.

en» — vccnenoBaTh KAYECTBEHHBIN COCTAB M KOJINYECTBEH-
HOE ColiepKaHuUe JIETYYHX BELIECTB B IJI0AaX XypMbl BUPTUH-
ckoii (Diospyros virginiana 1..) n3 KoyuteKuuy HarmmoHamsHOTo
6orannyeckoro cana iMenn H.H. Tpuiiko HAH Ykpaunsr.
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Marepuan u Metoasl. OOBEKTOM MCCIIEIOBaHUS OBLTH
mronbl 7 reHotunoB (DV-01—DV-07) 10-neTHuX pacre-
Huit Diospyros virginiana, 3aroToBJIcHHBIE B OKT0pe 2015 T.
HccnenoBaHue eTy4rx BELIECTB MTPOBOAMIIN TI0 METOIUKE
Yepuoropona u Bunorpamosa (2006) ¢ ucmoib30BaHuEM
XpoMaTo-Macc-crieKTpomMerpul. OCHOBHBIE CTATUCTUYECKUE
aHaIM3bI BHIMOMHSUM ¢ riomotbio PAST 2.17. Uepapxuye-
CKMIi KJIACTEPHBIN aHAJM3 CXOICTBA MEXIY TeHOTUTIAMK
paccuuTaH Ha OCHOBe MHIeKca cxoncTsa bpeti— Kepruca.

Pesymsratsl. B rmonax 7 reHoTuros omnpeneneHs! 129 koMm-
TMOHEHTOB, U3 HUX uaeHTUuLIMpoBaHkbl 118. CymmapHoe
KOJIMYECTBEHHOE COMepXKaHWe JeTyIrMX KOMITOHEHTOB
cocrapistio ot 121,60 mo 676,50 mr/kr. Unentuduimpo-
BaHHbBIE COEIMHEHUSI OTHOCSTCS K YTJIEBOIOPOIAM, aJIbjie-
ruaaM, KapOOHOBBIM KHCIOTaM U UX 3(pupaM, MOHOTep-
TeHaM, CeCKBUTepIieHaM, TpuTeprieHaM. B rmomax uc-
cJIeayeMbIX TeHOTUTIOB MPe00IafaloT XUPHbBIE KUCIOTh
(Mr/xr): MmupuctuHoBas (ot 18,5 mo 234,6), maaibMUTH-
HoBas (ot 14,9 no 125,7), naypunosas (ot 29,8 mo 50,5),
7,10,13-rekcanekarpunosas (ot 18,6 no 33,4), 11-rekca-
nenieHoBas (ot 12,3 1o 22,1). JInst Bcex ucciieayeMbIX TeHO-
TUTIOB OBIIM XapaKTepHBbI 14 KOMIOHEHTOB: Gypdypou,
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JINHANI00J, (heHWIALIETATBICTU, O-TEPITUHEON, TePAHUOI,
JIaypUHOBAsl KUCJIOTa, STUJIMEPUCTAT, MUPUCTUHOBAsI KUC-
JIOTa, MEHTAACKAHOWHOBAS KUCJIOTA, STUINAIbMUTAT, STHJI-
MaJIBMUTOJEAT, NAJIBMUTUHOBAS KUCJIOTA, MaJIbMUATOJIEU-
HOBasl KMCJIOTA U CKBAJICH.

BoeBonpl. MnentuduimpoBanHbie JeTydne coeanHe-
Hus B 1ionax Diospyros virginiana ipyuHaiexar K Criup-
TaM, HaChILICHHBIM U HEHACBILICHHBIM aJIbACTUAAM, Ke-
TOHaM, XUPHBIM KUCIOTaM, dupam u reprneHonnam. Mx
IIOJISI B MACHTU(ULIMPOBAHHBIX JIETYIMX BEILIECTBAX IJI0-
OB BapbUpYyeT U 3aBUCUT OT reHotuna. [1nonbr 6oratsl
XKUPHBIMU KUca0TaMu. VIX cuuTaoT mpeKypcopamu MHO-
rMx crneunuduIecKux apoMaTUIYeCKUX COEAMHEHUN.
UnentuduimpoBaHHble  agbIeTHAbl  CIIOCOOCTBYIOT
YMEHBILEHUIO TEPIIKOCTU B Tuiogax xypmbl. Mccaenosa-
HME KaYEeCTBEHHOTO COCTaBa U KOJIMYECTBEHHOIO COlEP-
JKaHMSI JIETYYMX KOMITOHEHTOB I11010B Diospyros virginia-
na CBUAETEJBCTBYET O LEJIECOOOPA3HOCTU MPOBEACHUS
JanbHeWmux hapMaKOrHOCTUYECKUX UCCIeJOBAHUN.

Kimouessie ciioBa: Diospyros virginiana, Jlecoctenib YKpauHsbl,
TIJTOMBI, JIETYYVE BEIlleCTRa.
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