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Many plants consist of volatile substances, these substances possess a variety of pharmacological
effects on the human body, the main ones are analgesic, anti-inflammatory, healing, antimicrobial,
soothing, and so on. The aim was to study the qualitative composition and quantitative content of
volatile substances of the herb of Dahlia Nymphaeales of Ken’s Flame cultivar by chromatography-
mass spectrometry. For the study an Agilent Technology 6890 gas chromatograph with the mass
spectrometric detector 5973 was used. As the result of the research 46 substances have been
determined, among them 43 substances have been identified. It has been found that sesquiterpinoids —
a-kadinol, globulol, vulgarol A, spathulenol, allo-spathulenol were dominant among all groups of com-
pounds identified. The quantitative content of this group was 21.9% of the total amount of compounds.
The content of both sesquiterpenoids and fatty acids was the same (17.7% each). Sesquiterpinoids
were represented by 10 compounds: aromadendren, allo-aromadendren, 3-Elemen, B-farnezen, ger-
macrene D, germacrene B, shyobunon, farnezen, d-kadinen, B-sesquiphellandrene. Shiobunon prevailed
among sesquiterpinoids (210.81 mg/g). The fatty acids were represented by 4 compounds: palmitoleic
acid, palmitic acid, oleic acid, linoleic acid, among them palmitoleic acid (200.46 mkg/g) prevailed.
The content of triterpenoids (B-caryophyllene, a-caryophyllene, squalene) was 9.11%. In addition to
these compounds the essential oil of Dahlia Nymphaeales herb contained alkanes (8.7%), sesqui-
terpene ketones (7.9%), diterpene alcohols (5%). Furthermore, the raw material accumulated a trace
amount of alkenylphenols (1.6%), ketones (1.4%), sesquiterpene oxides, aldehydes and phenols

(1.2% each), monoterpene alcohols (0.32%,).

Volatile substances are widespread in the plant world,
and possess a number of pharmacological effects such as
anti-inflammatory, antibacterial, sedative, analgesic, etc.
Essential oils affect the high blood pressure, expand coro-
nary vessels and improve the human sleep [3, 4, 7, 8, 10-12].

Within the systemic analysis of the chemical compo-
sition of Dahlia Nymphaeales of Ken’s Flame cultivar a
number of studies on the qualitative composition of or-
ganic acids, amino acids, macro- and microelements, vita-
mins was carried out [1, 6, 11]. Previous microscopic ana-
lysis of the herb of Dahlia Nymphaeales of Ken’s Flame
cultivar shows that the epidermis of leaves and flowers
have the characteristic glandular structures that accu-
mulate essential oils and other volatile compounds [2].
Therefore, it is advisable to study the composition of
volatile compounds contained in the herb of Dahlia Nym-
phaeales of Ken’s Flame cultivar.

The aim was to study the qualitative composition and
quantitative content of volatile substances in Dahlia Nym-
phaeales of Ken’s Flame cultivar by chromatography-
mass spectrometry.

Materials and Methods

For the experiment the herb of Dahlia Nymphaeales
of Ken’s Flame cultivar was used. It was collected in the
flowering period (September, 2013) in Kharkiv region
and dried to air-dry state. Volatile compounds in the raw
material were identified by chromatography-mass spec-
trometry. The essential oil was obtained by water distil-

lation. For distillation of volatiles 22 ml Agilent vials
with open lids and a silicone stopper were used.

Tridecane was used as an internal standard.

According to the procedure 10 ml of water was ad-
ded to the sample, and distillation of volatile substances
with water vapour was conducted for 2 h under reflux.
The substances adsorbed after cooling the system were
washed by adding 3 ml of especially pure pentane into a
dry 10 ml vial. Washouts were concentrated by blowing
(100 ml/min) of especially pure nitrogen to the residual
volume of the extract (10 mcl) completely collected with
the chromatographic syringe. Further concentration of
the sample was conducted in the syringe to the volume
of 2 mcl.

The composition of volatile substances was studied
on an Agilent Technology 6890 gas chromatograph with
the mass spectrometric detector 5973. For the analysis
the INNOWAX chromatographic capillary column (the
column length — 30 m, the internal diameter — 0.25 mm)
was used, the carrier gas was helium with the speed of
1.2 ml/min. The introduction of the sample was car-
ried with separation of the flow 1/50. The thermostat
temperature was 50°C to 220°C at the rate of 4°/min. The
temperature of the detector and the evaporator was
250°C. The sample was injected in a splitless mode (with-
out the flow separation) to the chromatographic column
(2 mcl), the rate of the sample introduction was 1.2 ml/min
for 0.2 min. To identify the components the libraries of
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Table

The components of volatile compounds obtained
from the herb of Dahlia Nymphaeales of Ken’s Flame

cultivar
Retention time, | Content,
Compound -

min mkg/g
nonanal 9.69 1.93
linalool 9.77 4.04
terpineol 12.50 2.66
decanal 12.99 4.82
3- methoxyacetophenone 16.21 6.41
methyl-trans-eugenol 17.63 3.81
[3-elemen 19.28 491
B-caryophyllene 20.05 19.82
cis-methyl eugenol 20.62 31.20
allo-aromadendrene 20.94 1.58
a-caryophyllene 21.04 5.43
B-farnesene 21.30 5.37
germacrene D 21.86 40.84
germacrene B 22.32 15.21
shyobunon 22.70 210.81
farnesene 22.81 5.98
6-cadinene 23.13 9.12
B-sesquiphellandrene 23.21 5.13
caryophyllene oxide 23.85 25.43
allo-spathulenol 24.53 22.82
spathulenol 24.70 279.26
globulol 24.82 50.87
aromadendren 26.10 75.35
a-cadinol 26.76 94.10
azulenon 27.20 106.47
1,4-cis-1,7-trans-akorenon 27.34 59.49
2-methoxy-5-vinylphenol 27.88 33.06
tetradecanal 27.98 17.08
not identified 28.13 20.87
not identified 28.95 47.05
vulgarol A 29.04 14.79
farnesyl acetone 31.21 23.52
palmitoleic acid 31.76 47.13
palmitic acid 32.17 200.46
octadecanal 33.80 249
phytol 3411 106.68
oleic acid 34.30 101.05
not identified 34.42 27.55
linoleic acid 34.46 24.44
tricosane 36.21 92.03
tetracosane 36.94 11.89
pentacosane 37.24 15.37
hexacosane 39.17 5.75
heptacosane 40.10 24.69
squalene 41.09 167.07
nonacosane 41.83 33.97

NISTOS and WILEY 2007 mass spectra with the total
number of more than 470000 spectra were used along
with AMDIS and NIST identification programmes [5, 9].

Results and Discussion

According to the data of the chromatography-mass
spectrometry study 46 compounds have been found in
the herb of Dahlia Nymphaeales of Ken’s Flame cul-
tivar. Among them 43 substances have been identified
(Table).

Among the groups of compounds identified by the
quantitative content sesquiterpenoids prevailed (21.9%
of the total volatile compounds); they were represented
by a-kadinol, vulgarol A globulol, spathulenol, allo-
spathulenol with spathulenol being a dominant compound
among sesquiterpenoids (279.26 mkg/g). The content of
both sesquiterpenoids and fatty acids was the same (17.7%
each). Sesquiterpenoids were represented by 10 com-
pounds: aromadendren, allo-aromadendren, 3-elemen,
B-farnesene, germacrene D, germacrene B, shiobu-
non, farnesene, 0-cadinene, B-sesquiphellandrene with
shiobunon being a dominant compound among sesqui-
terpenoids (210.81 mkg/g). Among the fatty acids (pal-
mitoleic, palmitic, oleic, linolenic) the largest amount
was registered for palmitoleic acid (200.46 mg/g).

The compounds of the triterpene group were repre-
sented by B-caryophyllene, a-caryophyllene, squalene.
The total amount of these substances was 9.11%. Among
triterpenes squalene prevailed (167.07%). In addition
to these compounds the essential oil of Dahlia Nym-
phaeales herb contained alkanes (8.7% — tricosane,
tetracosane, pentakosane, heptacosane, hexacosane, no-
nacosane), sesquiterpene ketones (7.9% — azulenon,
1,4-cis-1,7-trans-akorenon), diterpene alcohols (5% —
phytol), alkylphenols (1.6% — 2-methoxy-5-vinylphe-
nol). Ketones — farnesylacetone, 3-methoxyacetophe-
none amounted to 1.4%.

The amount of phenols (methyl-trans-eugenol, cis-
methyleugenol), aldehydes (nonanal, decanal, tetrade-
canal, octadecanal) and sesquiterpene oxides (caryo-
phyllene oxide) in Dahlia herb was equal — 1.2% each.
The content of monoterpene alcohols (linalool, terpineol)
in Dahlia herb was in trace amount (0.32%).

CONCLUSIONS

1. For the first time chromatography-mass spectro-
metry has been applied to study the qualitative compo-
sition and quantitative content of volatile compounds in
the herb of Dahlia Nymphaeales of Ken’s Flame culti-
var. Among them 43 substances have been identified, and
their quantitative content has been determined.

2. The dominant groups of compounds were sesquiter-
pene alcohols (21.9% of the total amount of volatile com-
pounds), with spathulenol being the largest in quantity
(279.26 mkg/g); fatty acids (17.7%), with palmitoleic acid
exceeding the rest (200.46 mkg/g) and sesquiterpenoids
(17.7%), with shyobunon being the largest in quantity
(210.81 mkg/g).
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AKICHUWA CKINAA TA KINbKICHUXA BMICT JIETKUX CNONYK TPABU XXOPXXUHU HIM®OEWUHOI

COPTY KEN’S FLAME

H.l.InbiHcbka, T.M.F'oHmoea, 5.C.Kprokoea

Knroyoesi cnoea: ceckeimeprneHosi criupmu; ceckeimeprneHoiou; XXUpPHI KUCITIOMU; XOpXXUHa; mpasa
Jlemki pedosuHU y 3Ha4HIl Mipi 8xo0simb 00 ckrnady bazambOX POCAUH | HUHSIMb Pi3HOMaHIMHI ghap-
MaKorioaiyHi ecbekmu Ha opeaaHi3m fTIO0UHU, OCHOBHUMU 3 SIKUX € 3HebostosasibHa, npomu3sanarb-
Ha, paHo3aeorsasibHa, aHmumMikpobHa, 3acriokitinuea dig mow,o. Memor pobomu cmarno 8ug4YeHHS
SIKICHO20 cKrady ma KiflbKiCHO20 8Micmy JIemKUX PEeYO8UH mMpasu XOPXKUHU HiMgbelHoi copmy Ken’s
Flame memodom xpomamo-mac-crnekmpomempii. [1r1is 00cnidxKeHHs1 8UKOpUCMOo8ys8aru 2a308Ull Xpo-
mamoepag Agilent Technology 6890 i3 mac-cnekmpomempudHumM demekmopom 5973. Y pesyrib-
mami nposedeHux O0CiOKeHb 8USBNEHO 46 peqyosUH, 3 SKUX ideHmugikoeaHO 43. BcmaHoerneHo,
wo ceped ideHMuikosaHux epyn criosyk OOMiHy8asnu ceckeimepreHosi criupmu: a-kaduHosl, 21oby-
nion, synbeapon A, criamyrneHor, ano-criamyneHos. KinbkicHul emicm uiei 2pynu pe4o08uH cmaHos8us
21,9% 8i0 3acanbHOI Kilbkocmi crosnyK. Bmicm ceckeimeprieHoidi8 i XupHUX Kucriom 6y8 oOHakosum
i cknadae no 17,7%. CeckgimepneHoidu npedcmaeneHi 10 crnonykamu: apomadeHOpeHOM, ano-apo-
madeHOpeHowMm, -enemeHoMm, B-chapHe3eHOM, 2epmakpeHom [, eepmakpeHom B, wuobyHoHOM, ¢hap-
He3eHoM, O-kaluHeHoM, (B-cecksitbinaHOpeHoM, ceped saKux nepesaxae wWuobyHoH (210,81 mka/2).
XKupHi kucriomu rnipedcmasrieHi 4 crioriykamu: nanbMimorneiHo8ok, nabMimuHO80k, 01EIHOBOH, JTi-
HOMEeHOoBOK Kuc/iomamu, 3 IKUX y binbwil Kinbkocmi micmunacs nansmimuHosa kucioma (200,46
MKe/e). Bmicm mpumepneHoidis (B-kapiogbineH, a-kapiogpineH, ckeaneH) cknag 9,11%. Okpim nepe-
JNiYeHUX suwe epyn CrionyK y mpasi XOp»XUHU HiMgheliHOI 8cmaHoerneHo HasigHicmb ankaHie (8,7%),
cecksimeprieHosux kemoHig (7,9%), dumeprieprieHogux criupmis (6%). Kpim moeo, y HesHa4qHil Kirb-
Kocmi y docridxysaHil cupos8UHI Hakornuyysanucek ankeringeHonu (1,6%), kemoru (1,4%), cecksi-
meprieHosi okcudu, gpeHonnu ma ansoeziou (no 1,2%), moHomepneHosi cnupmu (0,32%).

KAYECTBEHHbIV COCTAB N KONMMYECTBEHHOE COOEPXAHUE NETYYUX COEOVHEHUN
TPABbl TEOPTMHbl HUM®EUHOU COPTA KEN’S FLAME

H.U.UnbuHckas, T.H.M'onmoeas, 51.C.Kprokoea

Knroveenble crioea: ceckeumeprieHo8bIe Criupmbl; CECK8UMeprneHoUObl; XUPHbIE KUCIOMbI;
eeopauHa; mpaea

Jlemy4yue seuwjecmea 8 3Ha4umesnibHolU cmerneHu 8xo0sm 8 cocmag MHo2ux pacmeHuld u obradarom
pasnuYHbIMU chapMaKkosioaudecKuMu achghbekmamu Ha op2aHU3M Yeslio8eKa, OCHOBHbLIMU U3 KOMOpPbIX
senstomcs obesbornusaroujee, MPoOmMUEo8ocnanumensHoe, paHo3axusrnsouee, aHmuMUuKpobHoe,
ycrokauearowiee deticmesue u m. 0. Llenbro pabombsl cmaro usy4YeHuUe Ka4eCcmeeHHO20 cocmaesa U Ko-
Jlu4ecmeeHHo20 codepxkaHuUs iemydux eeulecms mpasbl 2eopauHbl HUMeltiHou copma Ken'’s Flame
memodomM xpomamo-macc-criekmpomempuu. [ns uccredosaHusi UCnob308au 2a3oebili Xxpoma-
moepa Agilent Technology 6890 ¢ macc-cnekmpomempudeckum demekmopom 5973. B pesyrisma-
me riposedeHHbIx uccriedosaHull obHapyxeHo 46 geujecms, U3 KOmMopbiXx UdeHMuUpUUUPO8aHO 43.
YcmaHoeneHo, 4Ymo cpedu udeHmughuyupo8aHHbIX epyrn coeduHeHul OOMUHUPOB8asu ceckeumeprie-
Hosble criupmai: a-KaOuHos1, 210byorn, 8ynbeaposn A, cniamyneHor, anno-cnamyneHorn. Konuyecm-
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8eHHoe codepxkaHue amou 2pynrbi seujecms cocmasuso 21,9% om obujeeo Konuyecmsa coedu-
HeHul. CodepxaHue ceckaumeprieHoud08 U XUPHbIX KUcriom 6bir10 00UHaKOo8bIM U COCMagursio o
17,7%. CeckeumeprieHoudb! npedcmasreHsbl 10 coeduHeHUsMU: apomadeHOpeHoOM, anno-apomadeH-
OpeHowm, B-arniemeHoM, 3-chapHe3eHOM, sepmakpeHom [], ecepmakpeHom B, wiuobyHoHOM, hapHese-
HOM, O-kaOUHeHOM, [B-cecksucbunaHOpeHOM, cpedu Komophbix npeobnadan wuobyHoH (210,81 mka/2).
XKupHbie kucriomsl npedcmasrneHbl 4 coeduHeHUSMU: naabMumonieuHo8ou, naabMumuHo8sol, oneu-
HoeoU, JIUHOMEeHO80U Kucriomamu, U3 Komopbix 8 bornbuwem Konudecmse codepxkanack naabMumu-
Hoeasi kucrioma (200,46 mke/2). CodepxkaHue mpumeprieHoudos (B-kapuogusineH, a-KapuoguIIeH,
ckearieH) cocmasurio 9,11%. Kpome nepeducneHHbIx 8biwe epyrnn coOeOUHeHUU 8 mpage eeopauHbl
HuMgeliHOU ycmaHOo8/IeHO Hanu4vue ankaHos (8,7%), ceckeumeprieHo8bix kKemoHos (7,9%), dumep-
neprieHosbIx criupmos (5%). Kpome moeo, 8 He3Ha4YumesibHOM Kosiu4ecmee 8 ucciedyeMoM Chbipbe
Hakannueanuch ankeHungpeHosnsl (1,6%), kemoHsi (1,4%), ceckgeumeprieHo8ble OKCUObI, (heHOsbI U
anbdeeaudsi (o 1,2%), moHomepreHosbie criupmsi (0,32%).



