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Abstract

In this study the characteristics of the fruits of R. pimpinellifolia as a naturally grown and wild species in Bayburt was investigated. The
antioxidant property of this fruit was determined by using four different methods; DPPH, ABTS, CUPRAC and B-carotene bleaching
method in both water and methanolic extracts. Total phenolic content and phenolic profiles were determined by FCR (Folin-Ciocalteu
reagent) method and HPLC, with respect. Additionally mineral contents and some physicochemical properties were analyzed. The
antioxidant activities obtained from aqueous extract as 0.56 mmol TR/g-sample for CUPRAC, 97.02% for -carotene bleaching method,
88.65% for ABTS and 86.69% for DPPH. For the methanol extraction antioxidant activities recorded as 0.99 mmol TR/g-sample for
CUPRAC, 95.21% for B-carotene bleaching method, 93.43% for ABTS and 85.21% for DPPH. Total phenolic compound level was
determined as 929.27 mg GAE/100 g in aqueous extract and that was found to be higher than methanolic extract. The most dominant
phenolic compounds in the R. pimpinellifolia were detected as chlorogenic acid, vanillic acid and gallic acid. The dominant minerals
found in this wild fruit were K (12.1688 mg/ml), P (1.3429 mg/ml) and Mg (1.1926 mg/ml) whereas Cr (0.00001 mg/ml) was minimum.
Consequently, black rosehip (R. pimpinellifolia) fruit can be suggested to be very good natural nutrient source due to its high content of
phenolic compounds and minerals and important antioxidant activity and phenolic.
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Yabani Kara Kusburnu (R. pimpinellifolia 1..) Meyvesinin Mineral
Icerik ve Biyoaktif Bilesenler Acisindan Degerlendirilmesi

Oz

Bu ¢aligmada Bayburt ilinde dogal olarak yetisen yabani R. pimpinellifolia L. meyvesinin genel 6zellikleri arastirilmistir. Bu meyvenin
antioksidan ozellikleri dort farkli yontem (DPPH, ABTS, CUPRAC ve B-karoten agartma) kullanilarak hem su hem de metanol
ekstrelerinde belirlenmistir. Toplam fenolik madde igerigi ve fenolik profili siras1 ile FCR (Folin-Ciocalteu ayirac1) metodu ve HPLC
yardimiyla analiz edilmistir. Bunlara ilaveten mineral madde igerigi ve baz1 fizikokimyasal 6zellikleri ele alinmistir. Su ekstresinde
meyve antioksidan seviyeleri CUPRAC y6nteminde 0.56 mmol TR/g-ornek, B-karoten agartma yonteminde %97.02, ABTS metodunda
%88.65 ve DPPH metodunda ise %86.69 olarak tespit edilmistir. Metanol ekstresinde ise CUPRAC ydnteminde 0.99 mmol TR/g-6rnek,
B-karoten yonteminde %95.21, ABTS metodunda %93.43 ve DPPH metodunda ise %85.21 olarak tespit edilmistir. Toplam fenolik
bilesen seviyesi ise sulu ekstresinde 929.27 mg GAE/100g olarak belirlenmis olup bu deger metanol ekstresinde elde edilenden
yiiksektir. Meyvenin igerdigi fenolik bilesenler arasinda en baskin olanlarin sirasi ile klorojenik asit, vanilik asit ve gallik asit oldugu
belirlenmistir. Meyvede bulunan minerallerin arasinda en yogun olanlar sirasi ile K (12.1688 mg/ml), P (1.3429 mg/ml) ve Mg (1.1926
mg/ml) olurken en az bulunan mineralin ise Cr (0.00001 mg/ml) oldugu agi8a ¢ikartilmistir. Sonug olarak kara kugburnu meyvesinin
(R. pimpinellifolia) sahip oldugu bu 6zelliklerden dolayi ¢ok iyi bir dogal besin olarak degerlendirilebilecegi anlagilmistir.

Anahtar Kelimeler: R. pimpinellifolia; R. spinosissima; Mineral madde; Antioksidan aktivite; Total fenolik madde; Fenolik profil
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1. Introduction

Antioxidant contents and other nutritional compounds of the
fruits are very important in human health and nutrition. The acid
compounds of the fruits are oxidized in the metabolism quickly
and do not affect the human body and health negatively. The
organic acid compounds interact with heavy metal ions and
decrease possible oxidation-catalyzing effects (Savran 1999). On
the other hand, fruit salts have a significant role in the diet that
depends on their alkaline properties and the sugar-acid ratio is one
of the criteria about fruit maturity (Naveed et al. 2015). Besides,
these phenolic compounds make important contributions to the
taste and astringency of the fruits. They have a significant role in
fruit juice producing processes and the surplus of fruit juice and
wines (Cemeroglu 2018, Celik et al. 2017).

Many studies emphasize that antioxidant and total phenolic
contents of the fruits make them very beneficial and essential
objects for healthy nutrition and human metabolism (Guimaraes
etal. 2014, da Silva et al. 2019). Especially wild grown fruits have
a very significant place in this area. Rosehip and its various types
can be thought as leading wild grown fruits (Oz 2016, Alp et al.
2016, Paunovic et al. 2018, Kerasioti et al. 2019).

Rosehip is a wild and natural fruit which and a kind of rose
plant that exists in Rosaceae family and belongs to Rosa genus.
Rosa L. (Rosaceae) contains nearly 150 sub-species that grow in
the northern hemisphere. In addition to its nutrient compounds,
most types of rosehip are grown as ornamental plants due to their
flowers and fruits (Ercisli 2005). One of the lesser-known and
non-cultivated type of rosehip is Rosa pimpinellifolia L. sinonim
Rosa spinosissima L., is named as black rosehip in Turkey. R.
pimpinellifolia consists in a short shrub with an upright or slightly
curved form. This plant can extend up to 1 -1,5 meters and its
thorn number is very high and has an average of 7-11 oval leaflets.
The fruits are hairless with black-purple color and the plant
flowers in June and July. It grows in arid and rocky slopes,
volcanic rocks or limestone soils at 1200-2750 m altitude. Natural
distribution of R. pimpinellifolia throughout the world is
Northwest, China, South Siberia, North Africa, North America,
Asia, Europe and Anatolia (Boyd 2012). Black rosehip is spread
into the high mountainous cuttings of Bayburt, Tokat,
Gilimiishane, Erzurum, Kars, Van and Agri in Turkey (Akkemik
2018).

Although there are many studies in the literature on the
antioxidant, mineral matter and total phenolic contents of wild
rosehip species grown in Turkey (Murathan et al. 2016, Yildiz et
al. 2018, Macit 2018, Oz et al. 2018), there are very few on R.
pimpinelifolia. Our study differs from previous researches in that
it aimed to determine more detailed biochemical properties and
mineral matter contents of R. pimpinellifolia. In this study,
phenolic contents, antioxidant activity, and nutritional properties
of R. pimpinellifolia fruit gathered from the rustic regions of
Bayburt (Turkey) were investigated. Four different methods were
performed in antioxidant activity —measurement. The
physicochemical and pomological properties of the fruit were
determined, and the results were analyzed statistically using the
measurement parameters.

2. Material and Method

Bayburt is a Turkish province situated in the Eastern Black
Sea Region. It is located on the 5 km east of the point where the
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41 ° East longitude and 41 ° North latitude intersect, between 40
° 15 North latitude and 40 ° 161 East longitude and its altitude is
1550 m. It is surrounded by high mountains such as Kop and
Soganli (Keskin 2000, Tarkan 1974).

The R. pimpinellifolia samples were collected from the rural
districts of Sirakayalar village (2000-2120 m altitude) of Bayburt
province in autumn season in 2017 and 2018 years. The
taxonomic identification of the Rosa pimpinellifolia was done by
Abdurrahman Sefali (Bayburt University, Bayburt, Turkey). They
were native wild and never been exposed to particular cultural
processes or cultivation. The harvested samples were in the form
of fully mature and have a purple-black color. After harvesting,
they were carried to the laboratory immediately and some
pomological and physiological measurements were made first.
Secondly, kernels were stoned out and the hairs were removed
quickly. The samples collected from all parts of the plants were
stored at -80 °C and some of them at +4 °C until the other analysis.

In order to determine the physical properties, 20 rosehip fruits
were selected randomly and the required measurements were
performed for all then average value was calculated. The width
and length of the fruit were measured using a digital caliper with
0.01 mm precision. Fruit mass was measured with a 0.001 g
trebuchet while the determination of fruit volume was made with
a water tube. Color measurement of the fruit samples was made
by using Minolta CR-300 color determination device. In the
results presents the black white (100: white, 0: black), a describes
the red green (+: red, -: green) and b describes the yellow green
(+: yellow, -: blue) colors.

Water-soluble dry matter content was measured with a digital
refractometer (Model Ra 250HE, Kyoto Electroncis
Manufactoring Co. Ltd. Japan). The pH values of the fruits, which
were first homogenized with a blender, were measured with Jenco
Electronics, 6173 brand pH meter. During the measurement, the
results were calculated after fixing the electrodes for about 1-2
minutes until the results become clearer. Vitamin C (Ascorbic
acid) content, glucose, sucrose, and total sugar were determined
with reflectometry measurement device RQflex plus 10
(MERCK, Germany). The water activity of the rosehip samples
was examined with the AquaLab brand (Decagon Devices, Inc.,
Pullman, WA). Approximately 5 g of the fruit samples were
placed in specific plastic containers of the device and measured at
25°C.

Randomly selected fruits were weighed 3 g with four
repetitions on a sensitive scale and their wet weight was
determined. These samples were then dried at 105 °C until they
reached a constant weight and their weights were measured again
on a precision balance. After the final weighing taken, the crucible
remaining as a result of the dry matter was placed in the ash
furnace and gradual burning was performed; 30 minutes at 250
°C, 30 minutes at 350 °C, 30 minutes at 450 °C, and finally the
temperature was brought to 550 °C. It was continued to burn for
about 5-6 hours until the white, gray color appeared. After
incineration, the desiccator was cooled for 1 hour and the first
weighing was done. It was held again at 550 °C for 30 minutes
and cooled in a desiccator for 1 hour. The process was continued
until the difference between weighing 1 and weighing 2 was at
least 0.003.

By following the Meng et al. (2011), 100 g of the fruit
samples were taken randomly from the collected fruits and
homogenized by using a blender. 5 g of homogenized sample and
30 ml of 80% methanol were added into the centrifuge tube and
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then the mixture is put in an ultrasonic bath for 30 minutes. Later
the mixture was centrifuged for gathering the supernatant. After
this process, 80% methanol was added again on to the remaining
mixture, waited in the ultrasonic bath for 30 minutes and
centrifuged again. This procedure was performed by using water
instead of methanol as a solvent in the same way. The extracts
were kept in a refrigerator at -80 °C. After this procedure
antioxidant activity and total phenolic content were determined
by using a UV spectrophotometer (Shimadzu, UV-1800, Kyoto,
Japan). Four different methods were performed to determine the
antioxidant activity of the R. pimpinellifolia. Firstly, the B-
carotene method was performed and the required calculations
were made according to the B-carotene bleaching Method
developed by Kaur and Kapoor (2002). BHA was used as standard
material. Secondly, the CUPRAC method was performed
according to Apak et al. (2007). In this method 1 mL CuCl, (1.0 x
102 M) and 1 mL neocuproine alcoholic (7.5 x10~ M) and 1 mL
of 1M NH4AC buffer (pH 7) solutions were mixed in a test tube
and 0,5 mL sample extraction and 0,6 mL water were added to the
mixture. Absorbance difference was determined after 30 min at
450 nm. The calibration curve was plotted using trolox (TR), and
the antioxidant activity was expressed as trolox equivalent (mmol
TR/g of dry matter). Thirdly, free radical scavenging activity
(DPPH) was determined using the method of Gulcin (2005). In
this method, the absorbance decrease corresponds to the amount
of DPPH solution removed, which indicates the free radical
removal activity. Inhibition value was calculated according to the
absorbance change results. Fourthly, the TEAC method was
performed and required calculations were made according to Re
et al. (1998). The ABTS radical (2,2’-azinobis (3-ethyl-
bezothiazoline 6 sulfonate)) was composed by the reaction
between 7 mM ABTS and 2.45 mM potassium persulfate
solutions. Afterwards, it was left in the dark at room temperature
for 12 hours. Before starting the analysis, the ABTS radical was
diluted with ethyl alcohol to reach an absorbance of 0.7 + 0.025
at 734 nm. 1 mL of ABTS solution was added onto different
concentrations of the fruit extracts and incubated for 30 min in the
dark. Absorbance was then read at 734 nm and inhibition is
calculated. To determine the total phenolic compounds Folin-
Ciocalteu method was chosen. Gallic acid is used as standard and
the process was performed according to Gulcin et al. (2002).
Samples were analyzed by using reverse phase HPLC with the
help of a PDA detector. The method of Rodriguez-Delgado et al.
(2002) was performed with some little modifications for
determining the phenolic profile of the fruit. Calibration curves
were composed with the help of gallic acid, chlorogenic acid,
vanillic acid, sinapic acid, syringic acid, trans-ferulic acid, p-
coumaric acid, 4-hydroxybenzoic acid and caffeic acid standards.
Samples were filtered using a 0.4 um filter and placed in 1 mL
vials for analysis. The mineral contents of the fruits were
examined in Bayburt University General Research Laboratories
Application and Research Center by using ICP-MS device and the
results were calculated as ppb and %. All of the data obtained
through these analyzes were subjected to variance analysis with
One-Way ANOVA.

3. Results and Discussion

There are a few academic studies carried out on R.
pimpinellifolia probably because it is a lesser-known type of
rosehip. Due to this limitation in the literature, some of the results
obtained in the current study were compared with those of other
rosehip species. The pomological aspects of fruit are important as
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they define its potential for attraction and visual appreciation. The
size, color, shape, brightness and general appearance affects the
allure and usage of the fruits. The pomological aspects of the R.
pimpinellifolia are presented in the Table 1. It’s known that the
morphological and biochemical properties of the fruits depend on
soil type, soil specifications, genetic aspects, and climatic
conditions (Gundogdu et al. 2014). Hence, the investigated
physical properties of R. pimpinellifolia have some significant
differences compared to other rosehip types while some show
similarities. For instance, the average length, width, weight of the
R. pimpinellifolia grown in Van (Turkey) were reported as 27.40
mm, 13.60 mm and 1.95 g, respectively (Dogan and Kazankaya
2006). While the average length of our harvested samples is
shorter than these, their width and weight are much more than
them.

Table 1. Some physical properties of R. pimpinellifolia

Length (mm) | 20.7+1.38

Width (mm) | 21.77+1.1 _ | L*:13.04£2.08
Weigh (g) 4.29+0.27 S |a*:0.86+0.81
Seed Numb. | 18941137 | [p*.05120.17
Volume (ml) | 4.93+0.49

Solid content, soluble solid content, ascorbic acid, pH,
sucrose, glucose, total sugar, water activity, and the ash content of
the fruits was examined as illustrated in Table 2. There are some
nonignorable differences between the R. pimpinellifolia and other
rosehip types. For example, soluble solid state and solid state
contents of this fruit are 34.79+3.4 and 30.142.46 while they
change between 44.74+1.17 to 51.67+2.30 (Kazankaya et al.
2005) and 14.27-24.0 (Kasun 2017) for other rosehip types.

The change of water activity, pH value and the ash content
were determined as 0.91+0.01; 4.24+0.41; 3.78+0.11;
respectively. These parameters were obtained as 0.692 - 0.716,
3.56 - 3.61 and 2.61% - 3.13%, respectively by Kasun (2017).
Compared with this study, the results of R. pimpinellifolia have
higher pH value and water activity and lower ash content ratio.

Table 2. Some chemical properties of R. pimpinellifolia

Solid state rate (%) 34.79+3 .4
Soluble solid content (SSC %) | 30.1+2.46
Ascorbic asid (vitamin C) g/l 828.67+56.01
pH 4.24+0.41
Sucrose (mg/L) 146.67+41.88

Glycose (mg/L) 79.33+£15.14
Total sugar (mg/L) 578+30.61
Water activity 0.91+0.01
Ash content (%) 3.78+0.11

The data obtained by four different methods, namely DPPH,
ABTS, CUPRAC, B-carotene bleaching method, applied to
determine the antioxidant activity of the studied fruit are
presented in Table 3. Free radical scavenger activity of
antioxidants on DPPH appears with the decrease of absorbance
level (Gulcin et al. 2004). Antioxidant activity is determined as
86.69% and 85.21% in water and methanol extracts in performing
the DPPH method. By the B-carotene bleaching method, it was
found 97.02% in water and 95.21% in methanol extract. The value
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of the BHA which was used as standard is 93.76%. Antioxidant
activity of the fruit is higher than the value of BHA. The results
determined in aqueous extract were found higher than those in
methanol (Macit 2016, Oz 2016). According to the results of
DPPH and B-carotene bleaching methods, the antioxidant activity
of R. pimpinellifolia is a bit higher than Rosa canina and conform
with the previous results (Fattahi et al. 2012, Yolcu 2010, Nadpal
et al. 2016, Mavi et al. 2004).

Table 3. Bioactive properties of R. pimpinellifolia

Extract Aqueous Methanolic Significance
Total Phenolic

compounds 929.27+14.41  743.5+£21.21 ok

(mg GAE/100g)

DPPH (%) 86.69+ 0.06 85.21+ 0.05 **

ABTS (%) 88.65+ 0.57 93.43+1.12 o
CUPRAC

(mmolTR/g- 0.56+0.33 0.99+ 0.20 -

sample)

B- karoten (%)  97.02+ 0.03 95.21+0.20 %

**p<0,01 significance level

ABTS and CUPRAC methods were also used to determine
antioxidant activity. Antioxidant activity was determined as
88.65% and 0.56 mmolTR/g-sample in aqueous extract and
93.43% and 0.99 mmolTR/g-sample in methanol extract.
Antioxidant activity was found to be higher in methanol extract in
both methods. The results are very close to the antioxidant activity
of trolox, which was used as standard material. That means R.
pimpinellifolia fruit has a very high antioxidant activity level. The
antioxidant values of R. pimpinellifolia were reported before as
71.81 £7.66 mgTEAC/mL and 39.15 +5.44 mgTEAC /mL in
methanol used ABTS and CUPRAC methods, respectively (Macit
2018). Phenolic compounds are thought to be the most important
phytochemicals that provide antioxidant activity properties to the
plants (Pizzale et al. 2002, Gulcin et al. 2004, Mavi et al. 2004,
Yolcu 2010, Fattahi et al. 2012, Nadpal et al. 2016,). Total
phenolic content of black rosehip fruit was determined as 929.2
mg GAE/100g in aqueous extract and 743.5 mg GAE/100g in
methanol extract. This phenomenon was measured as 15226.32-
41845.96 mgkg™! (in aqueous extract) (Yolcu 2010), 143.1 £5.25
mg of GAE/g (Barros et al 2011), 2.59-5.09 mg of GAEg™! (Su et
al. 2007), 815.5 mg GAE/100g (Yoo et al. 2008) and 5.42-8.21
mg GAE mL"' (Ghazghazi et al. 2010) for rosehip fruit. The total
phenolic content of R. canina and R. pimpinellifolia were
determined as 225.65 +2.50 mg GA/100g and 176.4 +2.71 mg
GA/100g respectively (Fattahi et al. 2012). The values obtained
in this study are much higher than those relative to the previous
studies.

The phenolic profile of the fruit was determined by checking
its water and methanol extracts using HPLC (Table 4). Phenolic
profile was determined as chlorogenic acid, vanillic acid, gallic
acid, caffeic acid in aqueous extraction and vanillic acid,
chlorogenic acid, gallic acid, syringic acid, caffeic acid in
methanol extraction. In the literature review, no study was found
enough exhaustive to be considered for the comparison.
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Table 4. HPLC results with water and methanol extraction

Phenolic Acid Aqueous extract Methanolic extract

(ppm) (ppm)

Gallic acid 28.674 25.474
4-Hydroxibenzoic acid  nd nd
Chlorogenic acid 53.296 52.820
Vanillic acid 49.443 60.856
Caffeic acid 4.277 3.218
Syringic acid nd 10.046
p-Coumaric acid nd nd
Trans-Ferulic acid nd nd

Synapic acid nd nd

nd: not determined

Information on the mineral content is presented in Fig. 1. Few
minerals which are not seen on the figure are also investigated in
the R. pimpinellifolia but no findings and conclusions regarding
these elements have been reached. They are Fe, Li, Be, B, Ga, As,
Se, Ag, In, Sn, Sb, Pt, Au, Ru, Hg, Tl and Bi. R. pimpinellifolia
fruit was found to be rich in mineral content just like R. canina
which is the other type of rosehip. The potassium content was the
highest among the considered minerals with a concentration of
12.1688 mg/ml, followed by P, Mg, Ca, Na and Zn. The lowest
amount of mineral matter was assigned to Cr with a concentration
of 9.72 ppb. The content of potassium in the fruits of different
rosehip species was reported in the range of 4200-1900 ppm
(Kovacs et al. 2004), and the average potassium content of rosehip
fruits determined as 9140 ppm (Kazaz et al. 2009). It is reported
that the found concentrations can be ordered from high to low as
follows: K, Mg, P, Mn, Fe, Cu, and Zn for R. canina (Oz et al.
2018). As it can be noticed, the results found in this study and the
works in literature are similar in terms of potassium and
phosphorus (Oz et al. 2018). However, the content of black
rosehip fruits was found to be higher K and P amounts.

100 1 S
o~
-

10 -
1

0,1 1
0,01 4
0,001 -
0,0001 -
0,00001 -

0,000001 - T =T
K P Mg Ca Na Zn Mn Si Al Rb Cu Ni Cd Sr Pb Ba Co V Cs Cr

mg/ml
I 0.0161
I 0,010
1 0.0071
1 0.0058
1 0.0056
I 0.0031
1 0.0018

1 0.0002
! 0.00017
0.0001

0.00001

I 0.1120
I 0.0783
P 0.0585
I 0.0218
P 0.0087

Figure 1. R. pimpinelifolia fruit mineral content

4. Conclusion and Recommendations

R. pimpinellifolia which is also called black rosehip, is a type
of rosehip that is not very common and kept unexplored, therefore
scientific studies carried out on this fruit are very few. For this
reason, the data achieved by this study can make very important
contributions to the literature. The main conclusions are presented
as follows.

This fruit has some differences in terms of the general
physical structure when compared to the commonly known red
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roschip species. In this respect, it is determined that black rosehip
has an important potential in the food industry to convert products
with different properties. When the available color values and the
characteristics are taken into consideration, it can be deduced that
this fruit can have a big importance in the food sector and be
evaluated in the controversial field of food dyes. The use of this
fruit instead of artificial and harmful food dyes, especially in
products that appeal to children, will be an important step for
healthier food products.

It was concluded that the amount of dry matter is relatively
low and the amount of dry matter soluble in water is relatively
high, but it overlaps with some values. Additionally, the black
rosehip can be easily evaluated both in the food industry and
domestic uses thanks to the chemical properties presented in this
study. It is also recommended to be used as herbal tea, syrup or
marmalade for disease prevention.

R. pimpinellifolia fruit has a mineral matter similar to the one
present in the red rosehip, Rosa canina. 75.96% of the amount of
mineral matter is constituted mostly by the potassium element.
The amounts of phosphorus, magnesium, calcium are 8.38%,
7.44%, 6.16% respectively. The other minerals (Na, Zn, Al, Mn,
Cu, Cd, Ni, Sr, Rb, Ba, Pb, V, Co, Cs, Cr, Si) were found having
very small amounts with a total determined as 2.06%. This study
will be the first one since there is no study on the mineral content
of black rosehip fruit in the literature. Given the rich and
nutritional mineral amount contained in this fruit, it is supposed
to be the subject of new and various studies.

The results of our study show that R. pimpinellifolia fruit has
an effective content in terms of total antioxidant activity. The
antioxidant activity of this fruit was found to be similar to some
synthetic antioxidants and even higher than them according to the
results of analyzes. Therefore, it may be recommended to expand
its consumption. The components of the fruit show different
properties in different extractions. Considering this situation, it is
thought that it may be possible to encounter different results
according to extraction methods.

According to the chromatogram results, chlorogenic acid was
defined as basic phenolic acid in aqueous extraction of black
rosehip fruit and the ranking was as follows: chlorogenic acid>
vanillic acid> gallic acid> syringic acid> caffeic acid. In the
methanol extraction of the fruit, the basic phenolic substance was
determined as vanillic acid. The ranking was found to be vanillic
acid> chlorogenic acid> gallic acid> syringic acid> caffeic acid.

As a result, it is concluded that it will be very beneficial to
determine the amount and variety of this plant which grows
naturally in many locations and to increase the possibilities of its
economic and social evaluation. R. pimpinellifolia fruit has an
effective content in terms of total phenolic substance, phenolic
substance profile, and total antioxidant activity and also contains
significant mineral substance
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