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Total phenol content, antioxidant activity of hip extracts and genetic diversity in a small 
population of R. canina L. cv. Plovdiv 1 obtained by seed propagation

1 1 2 2 1M. Rusanova , K. Rusanov , S. Stanev , N. Kovacheva , I. Atanassov *

1Agrobioinstitute, 8 DraganTsankov, 1164 Sofia, Bulgaria
2Institute of Roses Essential and Medicinal Cultures, 49 Osvobozhdenie, 6100 Kazanlak, Bulgaria

Abstract. A total of 16 randomly chosenR. canina L. cv Plovdiv 1 accessions obtained by seed propagation from the plant genetics resources collection of the 
Institute of Roses Essential and Medicinal Crops (IREMC) were analyzed for total phenol content and antioxidant activity (DPPH, ABTS, FRAP) of hip extracts 
as well as for genetic diversity applying SSR markers. The total phenol content of hips among the accessions varied between 18.76 mg and 28.95 mg with an 
average of 22.62 ± 3.29 mg per gram of dry hip material. Results from antioxidant activity assays revealed positive correlation between total phenol content and 
antioxidant activity of the extracts. Microsatellite analysis with 9 SSR markers probing at least 6 out of the 7 rose chromosomes showed that only two markers 
(RhD221 and RhP507) that have been previously mapped on chromosome 4 show allele segregation among the analyzed accessions. Our results suggest 
that the currently applied strategy for seed propagation of the R. canina L. cv. Plovdiv 1 plants does not lead to substantial drops in total phenol content and 
antioxidant activity of the fruits due to genetic segregation and can be applied on a large scale for cultivar propagation.

Keywords: Rosa canina L., cv. Plovdiv 1, hips, total phenol content, antioxidant activity, SSR markers
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propagation.Introduction
The aim of the current study was to evaluate the variation of 

total phenolic content and antioxidant activity of rose hips as well as Rose pseudofruits known as rose hips have been known for a 
the genetic diversity among 16 randomly chosen seed derived long time in traditional medicineand food production for their health 
accessions of R. canina L.cv. Plovdiv 1 available at the plant genetic beneficial properties (Chrubasik et al., 2008; Vogl et al., 2013). Rose 
resources collection of the Institute of Roses Essential and hips are traditionally used for preparation of tea, syrups, sweet wine, 
Medicinal Crops (IREMC), Kazanlak, Bulgaria. marmalades, rose hip seed oil, etc. A number of in vitro and in vivo 

studies have revealed that rose hips are a natural source of health 
beneficial compounds such as Vitamin C, different flavonoids, 
phenolic acids, anthocyanins, fatty acids and demonstrate high Material and methods
antioxidant activity (Gao et al., 2000; Halvorsen et al., 2002; Kilicgun 
and Altiner, 2010; Montazeri et al., 2011), antiinflamatory and All the chemicals were purchased from Sigma. All the 
antinociceptive activity (Deliorman Orhan et al., 2007) and colorimetric assays were conducted using Cintra 20 UV-Vis 
antimutagenic activity (Karakaya and Kavas, 1999) of the extracts spectrophotometer (GBC).
from rose hips. Recently, rose hip extracts have been successfully 
utilized for treatment of osteoarthritis (Christensen et al., 2008; Plant material
Winther et al., 2005). The main rose species which is grown Sixteen randomly chosenR. canina L. cv Plovdiv 1 plants 
worldwide for harvesting of rose hips is Rosa canina L. In Bulgaria R. obtained by seed propagation and available at the genetics 
canina L. cv Plovdiv 1 which was created in the 1970s is the most resources collection of the IREMC, Kazanlak, Bulgaria were used as 
wide-spread rose cultivar grown for hips production. In contrast to a source plant material. Young leaves and ripe hips were collected 
the most important from industrial point of view rose species in and used for microsatellite analysis and determination of total 
Bulgaria R. damascena Mill which is vegetatively propagated, the phenol content and antioxidant activity. 
production of planting material from R. canina L including cv Plovdiv 
1 is done by seeds following self-pollination due to the lack of Rose hip extraction
efficient and profitable technology for industrial vegetative Rose hips were lyophilized at -40°C for 96 hours in Christ Alpha 
propagation of this rose species. R. canina L. is a polyploid species 1-2 LD Freeze Dryer. Dried hips were homogenized in TissueLyser II 
with complicated genetic inheritance (Nybom et al., 2006; Nybom et Retsch (QIAGEN) at a frequency of 30 Hz for 1 min. 100 mg 
al., 2004) where pentaploids are most common but tetraploids and homogenized material was extracted in 1 mL 80% methanol in 
hexaploids have also been reported (Roberts et al., 2009). Although Eppendorf tubes for 30 min in VWR digital multi-tube vortexer (100 
several studies have been carried out revealing the fruit quality of rpm, room temperature). The crude extracts were centrifuged at 
different rosa species in Bulgaria (Bonev et al., 1967; Dimitrov et al., 12000 rpm for 10 min in Sigma 1-15PK centrifuge and the 
1967), currently there is a lack of information on the ploidy level and supernatant was transferred to a new Eppendorf tube. The extracts 
mode of inheritance typical for the most widespread cultivar R. were stored at -70°C prior to analysis. Each sample was extracted in 
canina cv. Plovdiv 1. All this puts a serious concern on the ability of triplicate.
cv. Plovdiv 1 to maintain its qualities following many years of seed 
* e-mail: ivan_atanassov@abv.bg
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DNA extraction and microsatellite analysis min at room temperature in dark the absorbance at 531 nm was 
DNA was extracted from leaves using a modified CTAB protocol measured against a methanol blanc sample. In the control sample 

(Lefort and Douglas, 1999). The SSR PCR reactions were carried the extract was replaced with methanol. The data is presented as 
out using nine primer pairs corresponding to loci RhAB1, RhAB15, DPPH inhibition percent which was calculated according to the 
RhB303, RhD221, RhAB22, RhO517, RhP507, RhP518 and following formula:
RhP524 (Yan et al., 2005). In each case the forward primer had a 17 % inhibition = [(Abs control – Abs sample)/ Abs control] x 100
bp M13 tag (5'-AAACGACGGCCAGT-3'). The PCR reactions were 
performed on Quanta Biotech S-96 Satellite Gradient Thermal ABTS assay
Cycler in two steps. The first step included PCR amplification of ABTS cation radical-scavenging assay was performed using a 
20–50 ng genomic DNA, a combination of 20 pmol forward and 20 method (Gao et al., 2000) with slight modification.  5 mL of 7mM 2.2'-
pmol of the respective reverse primer of each SSR locus, 1X PCR azinobis(3-thylbenzothiazoline-6-sulphonic acid) (ABTS) solution in 
mastermix (MBI Fermentas) in a total volume of 25 µl and the water were mixed with 88 µL  of 140 mM K O S  16-18 hours before 2 8 2

following PCR conditions: 94°C for 2 min; 20 cycles of 94°C for 30 s, analysis and left overnight at room temperature in dark. The 
50°C for 30 s, 72°C for 60 s; and a final elongation step at 72°C for 7 prepared solution was diluted with 95% ethanol and the absorbance 
min. The second step included amplification of 3 µl of the above PCR at 734 nm was adjusted to 0.7±0.05. 200 µL of sample were mixed 
react ion wi th 20 pmol  of  M13 forward pr imer 5 ' - with 1800 µL of ABTS solution in 2 mL Eppendorf tube. The samples 
GTAAAACGACGGCCAGT-3', labeled at the 5' end with fluorescent were vortexed and incubated for 30 min at room temperature. The 
dye (Yakima Yellow, ATTO550, ATTO565 or FAM), 20 pmol of the absorbance was measured at 734 nm against ethanol blanc sample. 
respective reverse primer corresponding to the analyzed SSR locus The extract was replaced with 95% ethanol in the control sample. 
and 1X PCR mastermix (MBI Fermentas) in a total volume of 25 µl ABTS inhibition percent was calculated according to the following 
and the following PCR conditions: 94°C for 2 min; 35 cycles of 94°C formula:
for 30 s, 50°C for 30 s, 72°C for 60 s; and a final elongation step at % inhibition = [(Abs control – Abs sample)/ Abs control] x 100
72°C for 7 min. The obtained PCR fragments were properly diluted in The TEAC (Trolox equivalent antioxidant capacity) values are 
dd H O (50 – 200 times depending on the strength of PCR calculated according to a Trolox standard curve and expressed as 2

amplification for the particular locus) and analyzed on Applied milligrams Trolox equivalents (TE) per gram dried hip material.
Biosystems 3130 genetic analyzer. Allele sizes were scored based 

FRAP assayon GeneScan™ – 600 LIZ® Size Standard from Invitrogen and the 
Ferric reducing antioxidant power (FRAP) was determined GeneMapper® 4.0 software (Applied Boisystems). In order to obtain 

using the FRAP assay method (Benzie and Strain, 1999) with slight the size of the respective SSR allele, seventeen base pairs 
modification. FRAP reagent was prepared fresh before analysis by corresponding to the size of the M13 labeled primer were subtracted 
mixing 300 mM sodium acetate buffer (pH 3.6) with 10 mM TPTZ from the size of each determined SSR fragment. 
(2,4,6-tripyridyl-s-triazine) solution in 40 mMHCl and 20 mM FeCl  in Because of the polyploid nature of the analyzed R. canina L 3

accessions, it is difficult to deduce the number of alleles for each a volume ratio 10:1:1. 100 µL of sample were mixed with 1900 µL 
locus. Therefore, all markers were treated as dominant markers. A FRAP reagent in 2 mL Eppendorf tube. The absorbance at 593 nm 
distance matrix was calculated using the Jaccard similarity was measured at T=0 min and T=20 min after incubation of samples 

ocoefficient and the FAMD 1.31 software (Schlüter and Harris, 2006). and the standard solutions at 37 C in a Memmert water bath. After 
A dendrogram was computed by using the unweighted pair group absorbance was detected, Δ A  of a sample and a standard were 593 nm

method using arithmetic averages (UPGMA) option of the FAMD calculated (Δ A = A  – A ). 100 µM solution of L-ascorbic acid in 20 min 0 min

tree module. methanol was used as a standard. FRAP value was calculated 
according the following formula:

Total phenolic content determination FRAP value of a sample = (Δ A sample/ Δ A standard) x 593 nm 593 nm 

Total phenolic content was determined using a (Mazza et al., FRAP value of a standard (µM)
1999) method. 100 µL of crude extract were diluted with 900 µL 10% FRAP values were presented as milligrams L-ascorbic acid 
ethanol in 1.5 mL Eppendorf tube. 250 µL of diluted sample were equivalents per gram dried hip material according to an L-ascorbic 
thoroughly mixed with 250 µL of 0.1% hydrochloric acid dissolved in acid standard curve.
95% ethanol and 4.55 mL 2% hydrochloric acid in 15 mL Corning 
tube. After incubation at room temperature for 15 min 2 mL of each Statistical analysis
sample were transferred to UV-Cuvettes (BRAND) and the ANOVA statistical analysis for significance as well as 
absorbance at 280 nm was measured against 10% ethanolicblanc correlation analysis was performed using IBM SPSS Statistics 21 
sample using Cintra 20 UV-Vis spectrophotometer (GBC).The (IBM).
phenolic content was calculated according to gallic acid standard 
curve and was expressed as milligrams gallic acid equivalents 
(GAE) per gram dried hip material.

Results and discussion
DPPH scavenging

Microsatelite profiling of R. canina accessionsThe free-radical-scavenging capacityof the samples was 
R. canina L. possesses peculiar genetic inheritance where only measured following a modified DPPH method (Kumar et al., 2009). 

7 bivalents are formed during meiosis leaving the rest of the The samples were diluted with methanol to a final concentration 1.5 
chromosomes as univalents regardless of the ploidy level. The mg/mL and further analyzed. 1740 µL of 0.1 mM DPPH (2,2-
univalents are included in the egg cell while a haploid set of the diphenyl-1-picrylhydrazyl) solution in methanol were mixed with 260 
bivalent forming chromosomes is transmitted by the pollen (Nybom µL of diluted sample in 2 mL Eppendorf tube. After incubation for 30 
et al., 2006; Nybom et al., 2004). In the current study 16 accessions 
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of R. canina L cv. Plovdiv 1 were analyzed at 9 SSR loci probing at 
least six out of the 7 rose linkage groups (Yan et al., 2005). Seven out 
of the 9 loci showed identical SSR profile among the accessions 
(Table 1). Only two loci (RhD 221 and RhP 507) both of which have 
been previously mapped on chromosome 4 (Yan et al., 2005) had 
differences in the number and size of the amplified alleles. Figure 1 
shows a dendrogram based on the SSR allele data for SSR markers 
RhD 221 and RhP 507. As can be seen from the figure, three major 

groups (I, II and III) were observed consisting of 8, 3 and 5 
accessions, respectively. All accessions in each group, except 
accession 9 in group I and accession 6 in group III, showed identical 
profiles at the analyzed SSR loci. Nybom et al. (2006) observed that 
5% of the seedlings in a pollen derived population of dog roses were 

meiosis a single genome has been preferentially transmitted to the the result of apomixes according to data from RAPD and SSR 
pollen following bivalent formation leading to frequent reconstruction analysis (Nybom et al., 2006). The allele configuration results from 
of the parent genetic constitution after fertilization of the egg cell our study did not reveal possibility for some of the plants to have 
where the remaining univalents have also been preferentially originated following apomixes. However, our results were in 
deposited. The model of R. canina L genetic inheritance as complete conformity with the suggested inheritance model for R. 
suggested by Nybom et al. (2004, 2006) allows relatively high canina L. The observed allele segregation among the R. canina cv.1 
preservation of the genetic constitution in the seed progeny where Plovdiv 1 seed derived accessions is an indication that during 

Table 1 Allele sizes at 9 SSR loci scored for the analyzed 
R. canina cv. Plovdiv 1 accessions from IREMC's collection

*Allele which segregates in the analyzed population

Locus Allele size (bp)

RhO517

RhAB15

RhD221*

RhP518

RhP507*

RhB303

RhP524

RhAB1

RhAB22

271, 274

114, 116, 122, 124

232, 234, 235, 237, 244*, 246*, 247*, 249*

144, 147, 151, 153, 155, 156, 159, 163

109, 122, 137*, 144

137, 145, 148

135, 136, 137

174

171, 173, 175

Figure 1 Dendrogram of 16 R. canina L cv. Plovdiv 1 
accessions based on data from SSR markers RhD221 
and RhP507. Roman numerals designate the observed 
major cluster groups
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Totalphenol content (mg GAE/g)

DPPH (% scavenging)

TEAC (mg TE/g)

FRAP vit. C equivalents (mg/g) 

18.76

13.27

100.72

69.27

28.95

30.79

176.52

169.62

22.62

20.02

130.20

116.74

3.29

5.36

22.15

35.47

14.53

26.78

17.01

30.38

Table 2. Variation of obtained values for total phenol content and antioxidant activity in the analyzed R. canina L cv. Plovdiv
1 accessions

Min. Max. Average SD RSD

only a small portion of the genome would segregate in the seed 
population of self-crossed R. canina L which is the current strategy 
applied for propagation of cv. Plovdiv 1. 

Total phenols content and antioxidant activity of hip extracts
The data for total phenol content as well as antioxidant activity 

of the 16 analyzed accessions is presented in Table 2 and Figure 2. 
Analysis of the obtained data revealed strong positive correlation 
(Table 3) between total phenol content and antioxidant activity of the 
hip extracts demonstrating the substantial contribution of the 

Total phenols

DPPH

TEAC

FRAP 

1.000 

0.919

0.934

0.639

0.919

1.000 

0.958

0.644

0.934

0.958

1.000 

0.569

0.639

0.644

0.569

 1.000

Table 3. Correlation coefficients between total phenols 
content and antioxidant activity in the analyzed R. canina 
L cv. Plovdiv 1 accessions significant at p<0.05

Total phenols DPPH TEAC FRAP



165

phenolic compounds to the total antioxidant power of the extracts. antioxidant power and ascorbic acid concentration. Method 
Similar results have been reported by Kilicgun and Altiner (2010). Enzymol, 299, 15-27.
The lowest measured total phenol content was 18.76 mg/g while the Bonev M, Dimitrov S, Jankov S and Vladimirov G, 1967. 
highest was 28.95 mg/g with an average of 22.62 mg/g. Although Contribution towards studying the chemical composition of fruits 
ANOVA showed statistically significant differences among the from the Rosa species in Bulgaria. Science works, XVI, 1, 
means for total phenol content and antioxidant activity of the extracts Agricultural Institute, Plovdiv,175-181(Bg).
among the analyzed samples the RSD values varied between Christensen R, Bartels EM, Altman RD, Astrup A and Bliddal H, 
14.53% and 30.38% indicating relatively low variation. 2008. Does the hip powder of Rosa canina (rosehip) reduce pain in 

osteoarthritis patients? a meta-analysis of randomized controlled 
trials. Osteoarthr Cartilage 16, 965-972.
Chrubasik C, Roufogalis BD, Muller-Ladner U and Chrubasik S, Conclusion
2008. A systematic review on the Rosa canina effect and efficacy 
profiles. Phytotherapy Research, 22, 725-733.Currently the large scale propagation of planting material from 
Deliorman Orhan D, Hartevioglu A, Kupeli E and Yesilada E, R. canina L cv. Plovdiv 1 is done via seeds obtained by intra cultivar 
2007. In vivo anti-inflammatory and antinociceptive activity of the self-pollination. The results from our study including 16 randomly 
crude extract and fractions from Rosa canina L. fruits. Journal of chosen accessions of R. canina L cv. Plovdiv 1 analyzed at 7 SSR 
Ethnopharmacology, 112, 394-400.loci showed that the presently applied large scale propagation 
Dimitrov S, Delipavlov D, Popova M, Gramatikov D and method ensures narrow variation of the original cultivar genotype. 
Cheshmedzhiev I, 1967. Materials and notes on the Bulgarian flora. Following analysis of hip extracts we observed strong positive 
Science works, XVI, 1, Agricultural Institute, Plovdiv  215-220(Bg).correlation between total phenolics content and the hip antioxidant 
Gao XQ, Bjork L, Trajkovski V and Uggla M, 2000. Evaluation of activity. Moreover, the RSD values for total phenolics content and 
antioxidant activities of rosehip ethanol extracts in different test antioxidant activity (DPPH, ABTS and FRAP) of the analyzed hip 
systems. Journal of the Science of Food and Agriculture 80, 2021-extracts varied between 14.53% and 30.38% indicating relatively 
2027.low variation. Based on the obtained data we can conclude that the 
Halvorsen BL, Holte K, Myhrstad MC, Barikmo I, Hvattum E, presently applied method for large scale propagation via seeds 
Remberg SF, Wold AB, Haffner K, Baugerod H, Andersen LF, obtained by intra cultivar self-pollination of R. canina L cv. Plovdiv 1 
Moskaug O, Jacobs DR Jr. and Blomhoff R, 2002. A systematic secures low variation of the original cultivar genotype and 
screening of total antioxidants in dietary plants. Journal of Nutrition, preservation of the hip antioxidant qualities.
132, 461-471.
Karakaya S and Kavas A, 1999. Antimutagenic activities of some 
foods. Journal of the Science of Food and Agriculture 79, 237-242.Acknowledgements
Kilicgun H and Altiner D, 2010. Correlation between antioxidant 
effect mechanisms and polyphenol content of Rosa canina. The authors would like to thank RumianaVelcheva (ABI) for the 
Pharmacognosy Magazine 6, 238-241.excellent technical assistance and the National Science Fund at the 
Kumar N, Bhandari P, Singh B and Bari SS, 2009. Antioxidant Ministry of Education and Science, Bulgaria for supporting the 
activity and ultra-performance LC-electrospray ionization-presented research via project №DO02-105.
quadrupole time-of-flight mass spectrometry for phenolics-based 
fingerprinting of Rose species: Rosa damascena, Rosa 
bourboniana and Rosa brunonii. Food and Chemical Toxicology, 47, References
361-367.
Lefort F and Douglas C, 1999. An efficient micro-method of DNA 

Benzie IFF and StrainJJ, 1999. Ferric reducing antioxidant power 
isolation from mature leaves of four hardwood tree species Acer, 

assay: Direct measure of total antioxidant activity of biological fluids 
Fraxinus, Prunus and Quercus. Annals of Forest Science, 56, 259-

and modified version for simultaneous measurement of total 
263.

Figure 2. Total phenol content and antioxidant activity of 16 analyzed R. canina L cv. Plovdiv 1 accessions. 
Data is presented as Mean ± SD. The mean values are significantly different at p<0.01.
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responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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