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ABSTRACT
The oil content and fatty acids profile of a number of Polish wild species of rose fruits were examined by GC.
The total fatty acid contents ranged from 6.5% to 12.9% of dry mass in fruits. The composition of oils was similar

in the investigated species.

17 components were identified. An average composition was estimated as follows: linoleic acid (44.4-55.7%),
a-linolenic acid (18.6-31.4%), oleic acid (13.5-20.3%), palmitic acid (2.3-3.3%), stearic acid (1-2.5%), octadece-
noic acid (0.38-0.72%), eicosenoic acid (0.3-0.7%), eicosadienoic acid (0-0.16%), erucic acid (0.03-0.17%) and

minor fatty acids.

The results indicate that rose fruits are a rich source of unsaturated fatty acids, especially in R. rubiginosa,

R. rugosa and R. dumalis.

There were statistically significant (p<0.05) differences in fatty acid compositions of some species. Fatty acids
were suggested to have a potential chemotaxonomic value in this genus.

KEY WORDS: Fatty acids composition, Rosa L. fruits, GC analysis.

INTRODUCTION

The genus Rosa L. (Rosaceae) comprises about 150 wild
species distributed in Europe, Asia, the Middle East and
North America. Twenty five species (fourteen native) of
the genus, mostly belonging to Caninae Section, are
known in the flora of Poland area (Zielinski 1987).

Systematic relationships within the genus Rosa are con-
fusing due to the variability of species and the weak bar-
riers to intraspecific hybridization. Usually, the primary
descriptors used by taxonomists concerned with the genus
Rosa, are morphological features.

Many criteria have been used to support some taxonomic
proposals such as seed morphology (Buth and Misri 1984),
flower colour (Yokoi 1975), pollen exine (Ueda and Okada
1994), chromosome number (Lata 1982), DNA amount
and polymorphism (Rajapakse et al. 1992; Matsumoto et
al. 1997, 1998) and isozymes (Grossi et al. 1997, 1998).
Some chemical markers, mainly phenolic compounds, ha-
ve been used, too (Biolley et al. 1994; Mikanagi et al.
1995; Raymond et al. 1995).

Chemotaxonomic significance of fatty acids in other
plants has been previously reported (Valesco and Gof-
fman 1999; Sanina et al. 2004). There is no data concer-
ning the possible role of these group of compounds in Ro-
sa L. genus.

Rose hips have been used both in treatment and in food in-
dustry for many years for their rich chemical composition

(Hodisan et al. 1997; Hornero-Méndez and Mingues-Mosqu-
era 2000; Razungles et al. 1989; Hvattum 2002; Nowak and
Krzaczek 1994), and interesting pharmacological properties
(Daels-Rakotoarison 2002; Karakaya and Kavas 1999; Ku-
marasamy et al. 2002; Winther et al. 1999; Umezu et al.
2002). Fruits of Rosa canina L. and the pure active substance
— galactolipide (GOPO) isolated from fruits showed anti-in-
flammatory properties (Larsen et al. 2003; Rein et al. 2004).

Rose fruits — nuts, usually represent a waste material du-
ring production of pharmaceutical and nourishing medica-
ments, juices, syrups, jams, tea and alcoholic beverages
after fermentation. In the meantime they are mainly an
underestimated source of valuable oil containing unsatura-
ted fatty acids in cosmetic industry. They are a rich source
of proteins, starch, vitamin E, sterols, minerals and carote-
noids, too (Stepanov et al. 1983; Zlatanov 1989; Cisowski
et al. 1995; Ozcan 2002; Szentmihalyi et al. 2002).

The data mentioned in references show that content of
oils and fatty acids in some of rose species, especially R.
canina L., R. rubiginosa L. and R. rugosa Thunb., were
partly investigated, however there is lack of complex com-
paring examinations of other species in this field (Malec et
al. 1993; Cisowski et al. 1995; Ozcan 2002).

In the study comparison of the amount and composition of
fatty acids, especially unsaturated ones, from some rose spe-
cies growing commonly in Lubelszczyzna region of Poland,
was established to evaluate their pharmaceutical properties.
In addition the taxonomic aspects were discussed, too.
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MATERIAL AND METHODS

Plant material

Rose hips were collected from bushes widely growing in

cies are those by Zielinski (1985, 1987) and varieties by
Popek (1996). A voucher specimens have been deposited
in the herbarium of Department of Pharmaceutical Botany,
Medical University, in Lublin. The examined species are

Kazimierz Dolny near Lublin in Poland in September 2002 given in Table 1.
and authenticated by Prof. Dr T. Krzaczek. Names of spe-

TABLE 1. Plant material.

Nowak R.

Taxano. Sections, species, varieties

Synonym names

Place of collection

Data of collection

Sectio Caninae DC. Em. Christ.

R. rubiginosa L.= R. eglanteria L.
1 R. rubiginosa var. rubiginosa R. comosa Ripart in Schultz Mecémierz 02-09-19
R. rubiginosa var. typica Heinr. Braun in Beck Bochotnica 02-09-19
R. dumalis Bechst.
2 R. vosagiaca Desportes R.dumalis var. afzeliana (Fr.) Boulenger Kazimierz D. 02-09-19
Bochotnica 02-09-19
Bochotnica 02-09-19
3 R. subcanina (Christ) Dalla Torre et Sarnath. Kazimierz D. 02-09-19
Bochotnica 02-09-19
Mecmierz 02-09-23
4 R. dumalis Bechst. var. bsseriana Popek R. caryophyllaceae Besser pro parte Kazimierz 02-09-19
Panaséwka 02-09-23
Mecémierz 02-09-23
5 R. coriifolia Fries R.dumalis var. coriifolia (Fr.) Boulenger Kazimierz D. 02-09-19
Bochotnica 02-09-19
Mecmierz 02-09-23
Panaséwka 02-09-23
R. canina L.
6 R. canina L. var. canina R. canina L. var. typica Braun Kazimierz D. 02-09-19
Kazimierz 02-09-19
Mecmierz 02-09-19
7 R. canina L. var corymbifera (Borkh) Boulenger R. dumetorum Thuill. Kazimierz D. 02-09-19
Bochotnica 02-09-23
Mecémierz 02-09-23
Bohotnica 02-09-19
8 R. canina L. var dumalis Baker R. canina var. transitoria R. Keller Jézefow 02-09-29
Kazimierz D. 02-09-05
R. inodora Fries
9 R. inodora Fries var. inodora R. agrestis Savi var. inodora (Fries) Borbas Kazimierz D. 02-09-05
Kazimierz D. 02-09-19
Mecmierz 02-09-19
Panaséwka 02-09-23
R. villosa L.
10 R.villosa L. subsp. mollis R. Keller et Gams R. mollis Sm. var. ciliato-petala (Besser) Bohotnica 02-09-05
Popek syn. R. pomifera var. ciliato-petala Lublin 02-09-07
(Bess.) Chrshan.
Sectio Cinnamomea DC.
11 R. rugosa Thunb. Olsztyn 02-09-15
Lublin 02-09-28
Kazimierz D. 02-09-05
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Fatty acids extraction and methylation

The standard procedure used for analyzing the fatty acid
contents of plant material was as follows.

The dried and powdered (FP IV1965; FP VI 2002) fruits
—nuts (20 g) were extracted with cold n-hexane in Soxhlet
apparatus and the solvent was evaporated off under redu-
ced pressure.

Oil content was determined by Soxhlet extraction, using
n-hexane and METHOD 1.122. described by TUPAC
(1979). The obtained oil samples were methylated directly
with 14% BF3 — MeOH and fatty acid methyl esters were
analyzed using GLC (Stolyhwo et al. 1987).

Gas chromatography

A Hewlett-Packard Model 6890 chromatograph equipped
with flame ionization detector FID was used. The column
was 25 m long, 0.25 mm L.D., packed with fused silica.

The injection port and detector were at 235°C with he-
lium flow rate of 55 ml/min. Optimum temperature pro-
gramme was: 175-210°C at 1.5°C/min.

Results were quantified by measurement of individual
peak area to total peaks area of fatty acids with the aid of
the HP 3396 Integrator.

The identification of the compounds was performed by
comparison of their retention time with data of the authen-
tic samples.
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All solvents used were of chromatographic grade
(Merck, Germany). Fatty acid methyl ester standards were
obtained from Sigma (Germany).

Statistical analysis

Samples were studied in triplicate, analyses were carried
out in parallel, and then the averages were calculated. The
statistical analysis of MANOVA, Levene’s tests and Tukey
HSD test for homogeneity of variances were performed to
evaluate the significance of differences between values at
the level of p<0.05 and taxonomic distance of investigated
rose species.

RESULTS AND DISCUSSION

The content of oil in rose fruits of particular species ran-
ged from 6.5% to 12.9% (Fig. 1). The highest amount of
oil (>10%) was stated in the fruits of R. canina var. duma-
lis, R. dumalis var. besseriana and R. subcanina. All of the
investigated oils showed a high quantity of essential unsa-
turated fatty acids ranging from 70.9% to 79.56%, which
was considered promising for pharmaceutical and nutrient
purposes (Fig. 2).

GC analyses show the fatty acid distribution of the ele-
ven investigated rose taxa (Table 2).

14 -

12 1

10

species

Fig. 1. The content of oil in rose fruits (expla-
nation: the number of species are given in
Table 1).

% of unsaturated fatty acids

Fig. 2. Quantity of essential unsaturated fatty
acids (%) in the investigated fruit of wild

species

rose species (the number of species are given
in Table 1).
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TABLE 2. Fatty acids composition in fruits of wild rose species (% means * SD, n=3).
Species
1 2 3 4 5 6 7 8 9 10 11
No. Fatty acid R R. dumalis R. cf/uar:lalls R. dumalis R. canina k. f/z:lma R. canina R.inodora R.villosa
L var. . ; var. var. ) var. var. subsp.  R.rugosa
rubiginosa . subcanina besseriana p . corym- . . .
dumalis coriifolia canina . dumalis inodora mollis
Popek bifera
1. Cuyo 0.052 0.035 0.04 0.03 0.035 0.03 0.05 0.04 0.05 0.04 0.03
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01
2. Ciso 0.035 0.028 0.03 0.035 0.03 0.03 0.03 0.04 0.04 0.04 0.04
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.05 +0.01
3. Cio 2.86 2.93 3.09 2.79 2.34 3.54 3.23 3.10 3.24 3.07 2.77
+0.12 +0.10 +0.07 +0.22 +0.09 +0.03 +0.17 +0.05 +0.04 +0.19 +0.08
4. Cigino 0.035 0.052 0.03 0.035 0.036 0.05 0.04 0.04 0.05 0.07 0.04
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02 +0.01
5. Cigpng 0.02 0.09 0.07 0.069 0.05 0.06 0.08 0.08 0.09 0.08 0.18
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02
6. Cip 0.05 0.063 0.05 0.06 0.05 0.08 0.06 0.04 0.05 0.07 0.05
+0.01 +0.01 +0.01 +0.01 +0.01 +0.02 +0.01 +0.01 +0.01 +0.01 +0.01
7. Cigo 1.64 1.78 1.89 1.77 1.78 2.46 2.06 2.05 2.40 1.73 1.04
+0.03 +0.05 +0.09 +0.02 +0.02 +0.11 +0.07 +0.04 +0.09 +0.1 +0.05
8. Cigias 0.03 0.07 0.065 0.077 0.07 0.02 0.07 0.06 0.05 0.08 0.05
+0.01 +0.01 +0.01 +0.02 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02 +0.01
9. Cigi 14.22 14.40 13.88 13.54 15.26 20.30 17.6 17.17 18.22 18.41 14.42
+0.86 +0.49 +0.38 +0.21 +0.71 +1.09 +0.54 +0.12 +0.33 +0.46 +0.54
10. Cigan 0.57 0.52 0.49 043 0.38 0.46 0.46 0.55 0.47 0.52 0.72
+0.06 +0.07 +0.03 +0.07 +0.04 +0.05 +0.03 +0.02 +0.03 +0.05 +0.09
1. Cigo 012 47.20 48.42 49.77 53.77 55.51 51.67 55.70 54.55 50.29 44.41 50.32
+0.24 +0.07 +0.96 +0.92 +0.87 +1.80 +1.21 +0.17 +0.68 +0.37 +0.94
12, Cigs n0.12.15 31.40 29.52 28.69 25.61 22.34 19.08 18.60 20.24 22.79 29.49 27.90
+0.31 +0.34 +0.21 +0.42 +0.26 +0.12 +0.14 +0.51 +0.63 +0.24 +0.28
13. C,p 0.74 0.73 0.74 0.77 0.77 0.90 0.81 0.85 0.77 0.83 0.72
+0.04 +0.03 +0.01 +0.04 +0.02 +0.04 +0.03 +0.03 +0.07 +0.05 +0.02
14. C,y, 0.36 0.41 0.44 0.32 0.38 0.30 0.31 0.42 0.30 0.59 0.70
+0.01 +0.02 +0.01 +0.01 +0.04 +0.01 +0.01 +0.02 +0.03 +0.04 +0.03
15. Cy, 0.13 0.11 0.09 0.11 0.14 0.08 0.09 nd 0.07 nd 0.16
+0.01 +0.01 +0.02 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02
16. C,,, 0.15 0.13 0.21 0.20 0.15 0.15 0.13 nd 0.15 nd 0.29
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02 +0.01 +0.03
17. C,y, 0.08 0.025 0.03 0.07 0.04 0.07 0.05 0.14 0.03 0.17 0.04
+0.01 +0.01 +0.01 +0.02 +0.01 +0.01 +0.01 +0.03 +0.01 +0.02 +0.01
nd — not detected

17 components were identified. The major acids in rose
oil of the examined species are linoleic and linolenic acids.
An average composition was estimated as follows: linoleic
acid (44.4-55.7%), o-linolenic acid (18.6-31.4%), oleic
acid (13.5-20.3%), palmitic acid (2.3-3.3%), stearic acid
(1-2.5%), octadecanoic acid (0.38-0.72%), eicosenoic acid
(0.3-0.7%), eicosadienoic acid (0-0.16%), erucic acid
(0.03-0.17%) and minor fatty acids.

The five major acids are palmitic, stearic, oleic, linoleic
and linolenic. Collectively these five acids comprise about
97% of total fatty acids in all investigated roses.

The qualitative composition of oil was similar in the in-
vestigated species. However, some differences were obse-
rved.

In Table 3 the approximate relative ratios of some acids
(C18:0/C16:0; C18:0/C16:1, n-7; C18:0/C18:1, A9;
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TABLE 3. Factors which might be useful in distinguishing fatty acids of Rosa species: C18:0/C16:0, C18:0/C16:1, | ;; C18:0/C18:1, ,; C18:0/C18:1,

C18:0/C18:2, 4y 15; C18:0/C18:3, g |, 15: C18:0/C20:0 ratios.
Species
1 2 3 4 5 6 7 8 9 10 11
No.  Fatty acid R. dumalis R. dumalis R. dumalis R. canina R. canina R. canina R.inodora R.villosa
R. R. var. var.
. var. . . var. var. var. var. subsp. R. rugosa
rubiginosa . subcanina besseriana o . corym- . . .
dumalis coriifolia canina . dumalis inodora mollis
Popek bifera
3. Cio 1.74 1.65 1.63 1.58 1.32 1.44 1.57 1.61 1.35 1.77 2.66
5. Cigtng 82 19.8 27 25.3 35.6 41 25.8 25.6 26.7 21.6 5.8
7. Cigo 1 1 1 1 1 1 1 1 1 1 1
9. Cigiao 8.67 8.08 7.34 7.65 8.57 8.25 8.54 8.38 7.59 10.64 13.87
10. Cigyan 2.88 342 3.86 4.12 4.68 5.35 4.48 3.73 5.11 3.33 1.44
1. Cign po12 28.8 27.2 26.33 30.38 31.19 21 27.04 26.61 20.95 25.67 48.34
12, Cigs 00,12, 15 19.1 16.58 15.18 14.47 12.55 7.75 9.03 9.87 9.50 17.05 26.83
13. Cyp 2.22 2.44 2.55 23 2.31 2.73 2.54 2.41 3.12 2.08 1.44

C18:0/C18:1, Al1; C18:0/C18:2, A9, 12; C18:0/C18:3 A9,
12, 15; C18:0/C20:0) were reported. Chemotaxonomic si-
gnificance of fatty acids in plants, e.g. in Boroginaceae, has
been previously reported (Valesco and Goffman 1999; Sa-
nina et al. 2004) and such factors as these have been used
in chemotaxonomy in the past, too (Nagy and Nordby
1974).

It proved that the ratios in the four R. dumalis varieties
(samples No 2-5) were very similar. The three R. canina
varieties (No 6-8) were very similar, too. However, these
two groups of species were noticeably different. Especially
ratios C18:3, A9, 12, 15 / C18:0 were always higher in spe-
cies belonging to R. dumalis group. They ranged from
12.55 to 16.58 and from 7.75 to 9.87 for R. dumalis and R.

Categorized Plot for Variable: C16_1N1

canina species groups respectively). The composition of
major fatty acids in R. inodora is quite similar to R. canina
species. R. rubiginosa and R. villosa possess similar relati-
ve content of major fatty acids (ratios) approximate to R.
dumalis species group. However, R. rugosa always differs
markedly from other species. This is caused by highest
amount of the C18 unsaturated acids and smaller content of
stearic acid, what is manifested in analyzed ratios. The ana-
lyzed ratios are significantly different for R. rugosa and si-
milar for all other species.

The performed observations are in high agreement with
systematic distance of the analyzed species. R. rugosa be-
longs to sectio Cinnamomea; however the other species are
from sectio Caninae. The statistical Tukey HSD test, per-
formed for some variables, showed a very high similarity
between most rose species from Caninae sectio (except R.
rubiginosa) and the large distance of R. rugosa, too (Fig.

0.24 3). This may suggest that these factors might be useful in
] chemotaxonomy of Rosa L. species. They can also be use-
0.20 ful in determination of the species, which become the most

o valuable material from the medical point of view.
0.16 The biochemistry of lipid metabolism in oil fruits has be-
- T en recently reviewed (Salas et al. 2000). The products of
z 012 - —_ fatty acid syntheses are mainly C16 or C18 saturated acyl
59' ] _I_n | chains. However, most plants oils are rich in certain types
O 008 o _l_”é-[n] 1 of unsaturated fatty acids, such as oleate and linoleate. This
0.04 L — —— is due to plants having the necessary mechanisms to intro-
’ T duce double bonds into specific positions of the acyl chains
0.00 k- o T +1.96"Std. Dev. | yielded by the fatty acid synthesis reactions. Lipid biosyn-
[ ? ﬂMOe%nStd' Dev. thesis is also affected by environmental factors, e.g. light,
-0.04 T I temperature, water stress, soil and atmospheric constitu-

A B C D E F
Group

Fig. 3. Categorized diagram for variable C16:1, n-7 (Tukey HSD test).
Groups: A: R. rubiginosa; B: R. dumalis var. dumalis, R. subcanina, R.
dumalis. var. besseriana, R. dumalis var. coriifolia; C: R. canina var. ca-
nina, R. canina var. corymbifera, R. canina var. dumalis; D: R. inodora
var. inodora; E: R. villosa L. subsp. mollis; F: R. rugosa.

ents, pest attack (Salas et al. 2000). In this work, the plant
material was collected in the same stage of development of
fruits and from the same region with similar environmental
factors to diminish their influence on fatty acid composi-
tion.

The shown data reveal that types of R. dumalis, R. rubi-
ginosa and R. rugosa contain the highest concentration of
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unsaturated fatty acids. Therefore, they become a much
more attractive source of these compounds in comparison
with the other analyzed rose taxa.

Dietary unsaturated fatty acids are essential for correct
functioning of human organism (Crawford et al. 2000; Ka-
to 2000). Dietary intake of linolenic acid is for example as-
sociated with a decreased risk of cardiovascular-diseases
mortality and is responsible for antidiabetic, antimicrobial
and cardio-protective activities (Ziegler 1989; Gurr 1992;
French et al. 1997; Frenoux et al. 2001; Djousse et al.
2003).

Rose oils are a rich source of polyunsaturated fatty acids,
especially linoleic and linolenic acid. It is favorable for
medicinal and nutritional application of these natural pro-
ducts.
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