
INTRODUCTION

Roses are one of the world’s most important crops for pro-
duction of cut flowers, ornamental plants, essential oil and
medicinal remedies. The entire diversity of rose cultivars
was bred from approximately ten species. One of them is
Rosa rugosa from the Far East, used ethnobotanically in
health care and oil production in northeastern regions of
China. Chinese medicine recommends R. rugosa for
strengthening blood circulation, for treating stomach aches
and dysentery, and also for alleviating liver pains and joint
pain (Lee et al., 2008). R. rugosa also has powerful antioxi-
dant, antibacterial and antiinflammatory activity, and inhib-
its tumour cells and human immunodeficiency virus (HIV)
(Fu et al., 2006). Extensive use of the wild R. rugosa re-
sulted in excessive decline of its population and it now is a
threatened plant in the Red List of China.

When R. rugosa species became known in Europe approxi-
mately two hundred years ago, it was heralded as the for-
bear of a new race of garden roses (Nicolas, 1927). Breed-
ers started to cross R. rugosa with other species and produce
hundreds of hardy cultivars. Hybrid Rugosa is suitable for
growing and overwintering in the cold climate of North
Europe. Unfortunately, the species spread in the wild, par-
ticularly on coastlines and wastelands (Kelager et al., 2012).

Thus, R. rugosa is considered as a common invasive species
in Europe and North America (Weidema, 2006). This repre-
sents a case, when introgression of plant species was not
supported with information about its usefulness for improv-
ing welfare of people.

The rose breeding programme of the Latvian National Bo-
tanic Garden started in the 1960s and resulted in 21 interna-
tionally registered Hybrid Rugosa varieties, all suitable for
landscapes and hedges, with most of them with good odour
and/or edible hips. Our previous research focused on deter-
mining ancestry of hybrids using DNA microsatellite mark-
ers (Sparinska et al., 2009), and to determine the amounts of
a and b chlorophylls, carotenoids, and anthocyanins, and
free radical 1,1-diphenyl-2-picryl-hydrazil (DPPH) scav-
enging activity in different parts of the rose plants (Sparin-
ska and Rostoks, 2012). Recently, scientists in Europe have
become interested in the content and the potential use in
medicine of Hybrid Rugosa petals and hips. Antiradical ac-
tivity, and content of phenols, anthocyans and proanthocy-
ans have been estimated also in Poland, Finland and Italy
(Adamczak et al., 2012; Kylli, 2012; Olech and Nowak,
2012; Patel, 2012). Rose flower fragrance is a composite
character that is determined by a complex mixture of low
molecular mass volatile molecules, mainly alcohols, esters,
aldehydes, ketones, terpenes and alkanes (Hoshidoko,
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Hybrid Rugosa is the most winter hardy group of roses in the climatic conditions of the Baltic Sea
region. This study aimed at identifying new qualities of Hybrid Rugosa by focusing on determina-
tion of content of volatile organic compounds of flower petals and in hydrosols produced from
these. Volatiles of seven cultivars were extracted using solid phase microextraction (SPME) with
subsequent separation by gas chromatography. Identification was made by comparison with
mass spectral libraries and by calculating linear retention indexes and comparing them with litera-
ture data. Twenty-five volatile aroma compounds were identified in the petals and hydrosols of six
Hybrid Rugosa and species. Among those, phenylethylalcohol, ß-citronellol, geraniol and nerol
were predominant. Species Rosa rugosa and variety 'Plena' showed the highest total level of
volatiles and contained 26% and 31% ß-citronellol, respectively. Varieties 'Raita' and 'Sniedze'
contained up to 57% citronellol. The main volatile compounds were detected in hydrosols in the
same proportions, but their concentration was higher than in petals. The varieties 'Raita' and 'Vi-
oleta', bred in Latvia, are recommendable for use as a source of hydrosol.
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1996). Phenylethylalcohol and citronellol are the main con-
stituents of Hybrid Rugosa volatiles with the greatest aro-
matic intensity. Monoterpene compounds such as citronel-
lol, geraniol, nerol, and their acetate esters are the major
headspace compounds of Chinese traditional rose essential
oil, and their mass fraction accounts for 50% to 70% of the
total mass fraction in the essential oil (Feng et al., 2010).

This research focused on determination of the composition
and relative abundance of volatile compounds in the head-
space of petals and hydrosols of Latvia grown Hybrid
Rugosa. In total, six cultivars and the wild growing popula-
tion was checked to test the hypothesis that Hybrid Rugosa
roses in the north of Europe are suitable for use in medicine,
cosmetics and health care, similarly as in China.

MATERIALS AND METHODS

Plant material. The rose cultivars used in the present study
are a part of the breeding programme and collection of the
Latvian National Botanic Garden. For detection of volatile
oils a wild population of R. rugosa (coordinates: N
56.945733, E 24.28246) covering a total area of 200 m2 and
six Hybrid Rugosa cultivars were used: three of bred by
Latvian scientist Dr. agr. Dzidra Rieksta and internationally
registered ('Raita', 'Sniedze', 'Violeta') and the others were
their parental varieties 'Plena', 'Frau Dagmar Hastrup' and
'Schneezwerg'. Morphological characteristics of the R.

rugosa and Hybrid Rugosa are provided in Table 1. All
plants were mature, seven years old, healthy and abundantly
blooming. Cultivars were grown under similar conditions in
heavy loam soil without external irrigation. The flowers
were collected randomly from groups of ten plants for each
sample.

At the end of June 2012, half to full open flowers were har-
vested about 8:00 in the morning on sunny days in three bi-
ological replicates, packed in labelled plastic bags and im-
mediately transported to the laboratory for testing.

Preparation of hydrosol. Hydrosols of fresh rose petals
(35 g per sample) were obtained during 2 h in a hydro-
distillation apparatus with 350 mL water (1 : 10; w/v). Hy-
drosols were kept in dark under refrigerated conditions,

temperature +4 oC until use. Approximately 175 mL
hydrosol was obtained by hydrodistillation of each batch.

Detection and identification of volatile aroma com-

pounds. The volatile aroma compounds in rose petals and
hydrosol were determined by means of headspace
solid-phase microextraction (SPME) followed by gas chro-
matography-mass spectrometry (GC-MS) analysis.

Volatiles from roses were extracted using solid phase
microextraction (SPME). 0.5 g of rose petals and 5 g of
hydrosol were weighed in a 20 ml head-space vial and
capped with a septum. For SPME extraction, divinyl-
benzene/Carboxen/polydimethylsiloxane (DVB/Car/
PDMS) fibre (Supelco Inc., Bellefonte, PA, USA) was used.
SPME parameters were: incubation time 10 min, extraction
temperature 35 ± 1 °C, duration of extraction 30 min,
desorption 15 min, 250 °C. For the analysis of the SPME
extracts, a Perkin Elmer Clarus 500 GC/MS and an
Elite-Wax ETR column (60 m � 0.25 mm i.d.; DF 0.25 �m)
were used. Working conditions were: injector 250 °C; trans-
fer line to MSD 260 °C; oven temperature from 40 °C, hold
10 min, programmed from 40 to 60 °C at 2 °C min-1, and
from 60 to 250 °C at 20 °C/min, hold 5 min; carrier gas
(He) 1 mL min-1; split ratio 2:1; ionisation EI+ mode; ac-
quisition parameters in full scan mode: scanned m/z 40-400.
Tentatively identified compounds were determined by com-
paring their mass spectra with mass spectral libraries
(Nist98 and Wiley 6th) and by calculating linear retention
indexes and comparing them with literature data. As a quan-
titative measure, the share in the total GC peak area for each
compound was estimated. The percentage compositions of
the samples were computed from the GC peak areas.

Analysis of variance (ANOVA) and correlation analysis
was performed by Microsoft Excel Analyse-it Standard Edi-
tion package. Probability p < 0.05 was considered as statis-
tically significant.

RESULTS

The highest level of total volatile aroma compounds in
comparison to those of other rose varieties used in the study
was found in the head-space of R. rugosa 'Plena'. The low-

T a b l e 1

MORPHOLOGICAL CHARACTERISTICS OF THE RUGOSA HYBRIDS

Variety Plant Foliage Flowers

Habitus High (m) Intensity of
green

Size Diameter Type Colour Fragrance

R. rugosa (wild population) moderatly spreading 1.5 dark medium medium single pink strong

Frau Dagmar Hastrup intermediate 2.0 medium medium large single pink blend strong

Raita upright 1.7 light medium medium semi double pink medium

Schneezwerg moderatly spreading 1.0 dark small small semi double white weak

Sniedze upright 2.0 medium medium medium double pure white heavy

Violeta upright 1.6 dark medium large double red purple medium

Plena moderately spreading 1.5 dark medium medium semi double pink strong

58 Proc. Latvian Acad. Sci., Section B, Vol. 69 (2015), No. 1/2.



est level of volatile compounds was found in head-space of

'Schneezwerg'. Variety 'Raita' contained the widest diversity

of volatile compounds. 'Sniedze' contained up to 57% of

citronellol, but had lower concentrations of other com-

pounds. Variety 'Violeta' contained 37% of citronellol, 15%

of geraniol and 31% nerol.

Twenty-five volatile compounds were detected in petals and

hydrosols of Hybrid Rugosa (Fig. 1). The volatiles found in

the largest amounts were phenylethylalcohol (28.6 ± 2.6%

–79.9 ± 3.1% depending on variety), citronellol (28 ±

1.5–57 ± 4.8% depending on variety) and nerol (up to 39 ±

0.9% of the total amount of volatiles). The relative concen-

trations of these in different rose varieties is shown in Fig-

ure 1.

Comparing the total peak area of volatile compounds in

flower petals and hydrosol, the concentration of total

volatiles was highest in the hydrosols, except in cultivar

'Frau Dagmar Hastrup'. Apparently, the process of prepar-

ing the rose water released associated volatile compounds

from the petals. For example, trans-rose oxide and linalool

were not detected in rose petals.

The differences between total concentrations of volatile

compounds among cultivars were significant (p < 0.05).

About 89–96% of the total concentration of volatiles in rose

petals is composed of alcohols, depending on variety. In

addition, a strong correlation r
2

= 0.87 was found between

amount of alcohols and other volatiles in headspace and hy-

drosols. In the hydrosols, relative concentration of alcohols

among volatile compounds in petals of cultivars decreased

to 70–80%, while the concentration in R. rugosa was 90.3%

of total peak area.

DISCUSSION

Almost all plants are able to emit volatile compounds and

the content and composition of these organic compounds

shows both genotypic variation and phenotypic plasticity

(Dudareva and Pichersky, 2000). Rose flower volatiles are

considered important for human use, especially those ob-

tained from R. damascena grown in valleys of Bulgaria. Re-

cent investigation showed that R. damascena grown in

North India can produce a composition of volatiles equiva-

lent to international standards for rose oil (Verma et al.,

2011). Besides industrial cultivation of R. damascena, dur-

Fig. 1. Total peak area (x10
-7

) of volatile compounds in headspace of varieties of Hybrid Rugosa rose petals and hydrosol detected with headspace

solid-phase microextraction (SPME) followed by gas chromatography-mass spectrometry (GC-MS) analysis. The values represent the relative proportion of

the total peak area (averages of three replicates from 2012 season) (f – flower petals, h – hydrosol).
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ing the last century plantations of other roses have been es-
tablished as well, e.g., R. gallica, R. francofurtana, R.

centifolia and R. rugosa (Kovacheva et al., 2010). A recent
study from China reported that R. rugosa petals contained
33 volatile compounds in 23 accessions (Feng et al., 2010).

In this study, 25 volatile compounds were detected from
seven varieties of roses. The most abundant alcohol com-
pounds were phenylethylalcohol, citronellol, nerol, and
cis-geraniol, which have been reported as the major compo-
nents in fresh flowers of Chinese R. rugosa (Feng et al.,
2010). The volatiles found in the largest amounts in Latvian
Hybrid Rugosa were phenylethylalcohol (up to 79.9%),
citronellol (up to 57%) and nerol (up to 39%).

The floral scent of Iranian Rosa damascena flowers con-
tains 47% of the �-citronellol (Karami et al., 2013). Con-
centration of citronellol in variety 'Raita' (43% in fully
opened flowers) was similar to that of R. damascene, while
introduced varieties 'Plena' and 'Frau Dagmar Hastrup' con-
tained even higher concentrations reaching up to 57% of
this main component of rose oil.

Due to its good solubility in water, phenylethylalcohol
passes almost completely into the aqueous phase during
steam distillation, but is completely lost in process of pre-
paring rose oil. Consequently, rose water contains a high
quantity of phenylethylalcohol. A volatile concentrate ob-
tained from rose water (R. damascena flowers) was found
to consist mainly of phenylethylalcohol (69.7–81.6%),
linalool (1.5–3.3%), citronellol (1.8–7.2%), nerol
(0.2–4.2%), geraniol (0.9–7.0%) along with rose oxides and
all other characteristic minor rose compounds (Agarwall et

al., 2005). In our study, lower concentration of phenylethyl-
alcohol was observed in rose water, with only varieties
'Raita' and 'Sniedze' containing 30–35% henylethylalcohol.

International standards of rose oil obtained from R.

damascena (ISO9842:2003) specify certain characteristics
of oil of R. damascena cultivated in Turkey, Morocco, and
Bulgaria. These standards require that the oil must contain
20–49% of citronellol, 15–20% of geraniol and up to 30%
of nerol. Volatile compound content in petals of 'Violeta'
were very close to these standards. The use of R. rugosa

and its hybrids grown in North of Europe for oil extraction
was unclear until now. The current study suggests that
chemical composition of the Latvian grown R. rugosa and
Hybrid Rugosa volatiles makes them promising as a source
of hydrosol, because content and ratio of main volatile com-
pounds are similar to that of R. rugosa used for rose oil in
China, and the main components and their concentrations
approach R. damascene standards Based on the observed
concentrations of volative compounds in Latvian Hybrid
Rugosa varieties and considering that variation in composi-
tion of minor compounds does not affect the antioxidative
and cytotoxic activity of the end products (Bakkali et al.,

2008), the Latvian rose varieties and other locally grown
Hybrid Rugosa are suitable for potential use as source of
rose water, due to the high content of volatiles and diversity
of compounds.
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GAISTOÐIE SAVIENOJUMI RUGOSAS HIBRÎDU ROÞU ZIEDLAPÂS UN HIDROSOLÂ

Rugosas hibrîdi ir viena no visizturîgâkajâm dârza roþu grupâm Baltijas jûras klimatâ. Ðî pçtîjuma mçríis ir identificçt jaunas, Latvijâ neizmantotas, Rugosas
hibrîdu ziedu kvalitâtes, pârbaudot ðíiròu piemçrotîbu roþu hidrozola jeb roþûdens ieguvei. Septiòu ðíiròu gaistoðo savienojumu ekstrakciju veica ar cietâs
fâzes mikroekstrakciju un tai sekojoðu gâzes hromatogrâfiju, iegûtos savienojumus identificçja, izmantojot masu spektru bibliotçku Nist98. Roþu ziedlapâs
un hidrozolos konstatçja 25 gaistoðos savienojumus. Visu ðíiròu un Rosa rugosa gaistoðie savienojumos izdalîja feniletilspirtu, citronelolu, geraniolu un
nerolu. Visaugstâkais savienojumu daudzums bija R. rugosa un 'Plena', attiecîgi 26% un 31% citronelola. No hidrosola tika izdalîti savienojumi lîdzîgâs
proporcijâs, bet divreiz lielâkâ daudzumâ, nekâ ziedlapâs. No Latvijâ selekcionçtajâm ðíirnçm, kâ roþûdens avots bûtu iesakâmas ðíirnes 'Raita' un 'Violeta'.
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