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Abstract: Rosehip is a valuable fruit species in particular for rural populations. In this study, fruit
quality parameters of 15 wild grown rosehip ecotypes naturally obtained from seeds in the Aegean
Region of Tiirkiye were determined. The fruit weight, fruit firmness, fruit flesh ratio, fruit shape
index, fruit skin color (chroma), soluble solid content, vitamin C, total phenolic, total carotenoid,
total anthocyanin, total flavonoid and antioxidant capacity were investigated. The results showed
great diversity among ecotypes. The fruit weight, fruit firmness, fruit flesh ratio, fruit shape index,
fruit skin color (chroma) and soluble solid content were between 2.28 and 3.29 g, 4.70 and 7.12 N,
69.34 and 81.67%, 0.97 and 1.07, 53.04 and 60.71 and 18.87 and 21.28%, respectively. The total
antioxidant capacity was found to be 15.78-28.17 mg AAE/g in a DPPH assay. The vitamin C content
of rosehip fruits was measured as 507-621 mg/100 g. Among ecotypes, A-15 gave the biggest fruits,
A-1 had the highest soluble solid content and A-13 had the highest vitamin C content. These results
suggested that some ecotypes showed more potent bioactive properties than other ecotypes, mainly
related to the variations in the antioxidant capacity and bioactive content between ecotypes. Overall,
this study provides additional insight into investigating the genotype exhibition of multifunctional
bioactive properties.

Keywords: rosehip; diversity; pomology; biochemical compounds

1. Introduction

Tiirkiye is considered to be an important center for world plant diversity thanks to
its geographical location and natural environment with high biodiversity. The ecological
diversity of the country has not only supported a high level of genetic diversity, but also
enabled the successful introduction and cultivation of numerous plant species. This means
that Tiirkiye has a rich flora in terms of plant diversity and these plants have different
uses. Many plants are used for food, pharmaceutical raw materials, wood and many
other purposes. Wild and transitional forms of various cultivated plants form the basis
of the genetic resources of the country concerned [1]. However, in contrast to these data,
there are fruit species that are still unknown to a large part of the Turkish public and are
being cultivated and researched, especially in Europe. These species, which grow locally
in different regions of the country and have unique characteristics, cannot be utilized
sufficiently. These fruit species are as valuable in terms of nutrients as other commonly
grown fruits [2]. Rosehip (Rosa spp.) is one of the most important of these fruit species.
Although rosehip is mostly widespread in the east of Tiirkiye, it has been stated that it
is distributed in almost every region of the country [3]. Although it is not cultivated in
Ttirkiye, significant amounts of rosehip are produced worldwide. As a matter of fact, R.
canina, R. moschata and R. rubiginosa are widely cultivated rosehip species in Chile [4].

Rosehip is a plant species belonging to the order Rosales and is classified in the
subfamily Rosaoideae of the family Rosaceae. Rosehip is a multi-stemmed fruit species with
an upright shrub or climbing form, which can be 1.5 to 4.0 m high depending on the species.
In adverse soil conditions where other fruit species cannot be grown, rosehip is a good
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erosion preventive, with a strong root structure up to 4 m. The trunk and branches are
curved backwards and often covered with dense thorns. These thorns are usually strong
and hook shaped. The fruit of the rosehip has an accessory fruit structure and can vary
in shape from ovoid to round or spherical. Furthermore, the fruit color can vary from
yellowish red (orange) to black. The fruit contains many seeds which, if not harvested,
usually remain on the plant over the winter without falling off [5-8]. In addition, rosehip
fruit is an excellent source of vitamins A, B3, C, D and E, as well as bioflavonoids, citric
acid, flavonoids, fructose, malic acid, tannins and zinc [9].

From the depths of history to the present day, people have used plants both as a food
source and for medicinal purposes in order to maintain a healthy life and to treat various
health problems. These plants provide an important wealth of vitamins, antioxidants and
minerals essential for the body [2,10].

Rosehips have been used by various civilizations for thousands of years, and this
long historical usage has been associated with the positive effects of rosehips on human
health [11]. Rosehip is an important plant with a wide range of uses in nutrition and
health. Unfortunately, for a long time, the Turkish people did not have the opportunity to
understand rosehips sufficiently. However, intensive and comprehensive scientific research
in recent years has revealed that rosehip has significant nutritional value and is rich in
vitamins, minerals and phytochemical components [12]. This increasing interest in rosehips
has started to be recognized worldwide and also in Tiirkiye, especially in recent years.
Rosehip, which is used as a raw material in the pharmaceutical industry in some European
countries, is also used in traditional folk medicine in the treatment of many diseases [13]. In
parallel with this increasing demand for rosehip fruit, the number of industrial enterprises
producing rosehip products in Tiirkiye has also increased [14]. It was stated that value-
added products such as beverages [15], jam, jelly, tea, wine and marmalade are generally
obtained from rosehip fruits [16]. The high commercial value of these products has created
an important income source potential for low-income farmers who will gain from rosehip
cultivation. However, it is necessary to provide suitable conditions for the production of
rosehip in sufficient quantities and qualities. This requires alternative product evaluation
and development studies.

The aim of this study was to determine the fruit quality characteristics and biochemical
and physicochemical contents of seed-propagated rosehip ecotypes. Thus, the diversity of
uncultivated rosehips in the Aegean Region of Tiirkiye was revealed.

2. Materials and Methods
2.1. Plant Material

The material of this study consisted of 15 wild seed-propagated rosehip ecotypes
harvested from (Kabakli Village, Caglayan Village, Keklicek Village, Pinarli Village, Cer-
ityaylasi Village) the Dinar district of Afyonkarahisar province (Figure 1) located in the
Aegean Region of Tiirkiye.

’ Bl Afyonkarahisar Province in Torkiye

Figure 1. The location of Afyonkarahisar province, where the study was conducted, on the map.
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Rosehip ecotypes were named from A-1 to A-15, pre-selected according to high yield,
health plant growth, and attractive fruit characteristics. The harvest date of the fruit
samples is September 2022. The exocarp color of the rosehip fruits was red and different
shades of red, the fruit stalk color started to turn from green to brown and the fruits started
to be harvested by the people of the region where the study was carried out were effective
in determining the harvest time. The tree and fruit forms of the A-3 and A-11 ecotypes are
presented in Figure 2

A-11

Figure 2. The tree and fruit forms of the A-3 and A-11 ecotypes.

2.2. Pomological Parameters

Fruit and seed weight (for fruit flesh ratio) was measured with a balance sensitive to
0.01 g and fruit firmness was measured with a hand penetrometer with an 8 mm diameter
probe (Nippon Optical Works Co., Tokyo, Japan). For this, the peel is first removed from
the fruit using a fruit peeler [17]. For fruit shape index measurement, fruit length and fruit
diameter were measured by digital caliper according to Ozkaplan and Balkaya [18].

2.3. Physicochemical and Biochemical Measures

Chroma value was measured with a (Chroma Meter CR-400 Chroma Portable, Konica
Minolta Sensing, Inc., Osaka, Japan) color device [17]. Soluble solid content (S5C) was
determined by digital refractometer (Kyoto Electronics Manufacturing Co., Ltd., Kyoto,
Japan, Model RA-250HE) [19].

Antioxidant capacity was determined according to the method presented by
Attar et al. [20] with DDPH assay (2,2-diphenyl-1-picrylhydrazyl). Firstly, fruit samples
were extracted (70v/30v; methanol/water) for antioxidant capacity, and filtered 0.06 tM
concentration of ethanolic DPPH solution was prepared. Then, 1950 uL. of DPPH solution
was added to 50 pL of rosehip extract. Then, this mixture was stirred for 60 s and kept in
the dark at 25 °C for 30 min. The antioxidant activity of rosehip extracts was determined
using Multiscan GO microplate spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). The device was set to 515 nm wavelength and measurements were performed at
5 min intervals. The solvent was used as blank. Finally, values were expressed as milligram
ascorbic acid equivalence (mg AAE/g).

Total anthocyanin content was determined using the pH differential method [21] and
the value was calculated as cyanidin-3-glucoside. Samples were first digested and then
diluted with distilled water and mixed with buffer solutions of pH 4.5 and pH 1.0. These
mixtures were then filtered and the absorbance values at 520 nm and 700 nm wavelengths
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were measured using a spectrophotometer. Finally, the measured values were expressed in
mg/kg using the following equation [22].

A x MW x Sf x 100

Total monomeric anthocyanin content (mg/kg) = L

A (absorbance value): (A520 nm-A700 nm) pH 1.0- (A520 nm—A700 nm) pH 4.5.

MW: Molecular weight of anthocyanin to be taken as base (Cyanidin-3-glucoside molecular
weight: 449.2 g/mol).

Sf: Dilution factor.

e: Molar absorption coefficient (Molar absorbance value of cyanidin-3-glucoside: 26,900)
L: Layer thickness of the spectrophotometer cuvette (cm).

To measure the total carotenoid content, 1 g of fruit sample was homogenized with
5 mL acetone in a cold porcelain mortar in an ice bath. Then, 1 g of dehydrated sodium
sulphate (NaySO4) was added to the homogenized solution. The homogenous mixture was
elutriated using a paper filter. The filtered solution was filled to 10 mL with acetone. This
solution was then centrifuged (ROTINA 380/380R, Hettich, Tuttlingen, Germany) at 2600x g
for 10 min. The supernatant was collected and the absorbance of the solution was measured
at wavelengths of 662, 645 and 470 nm. Acetone was used as a control. Finally, the total
carotenoid contents of rosehip ecotypes were calculated and expressed in mg/g [23,24].

Extraction procedure for total flavonoid content (TFC) analysis was performed accord-
ing to Alirezalu et al. [25] Then, 1.5 mL methanol (80%, v/v), 100 uL aluminum chloride
solution (10%, w/v), 100 uL potassium acetate solution (1 mol/L) and 4.78 mL deionized
water were added to 15 uL fruit extract. After 15 min, the absorbance of the reaction
mixture at 420 nm was read. TFC results were calculated using the quercetin standard and
expressed as mg quercetin equivalent (QUE)/g [26].

Total phenolic content was determined using Folin—Ciocalteu reagent according to
the method presented in Ebrahimzadeh et al. [27]. Firstly, methanolic extraction was
performed [25]. Then, 180 uL of distilled water and 1.2 mL of Folin-Ciocalteu reagent were
added to each 10 pL extract. After the mixture was kept for 5 min, 960 uL Na,COs (7%,
w/v) was added and kept at 25 °C for about 45 min. The absorbance value of the final
mixture was then measured at 760 nm wavelength. Total phenol contents of rosehip fruit
samples were presented as gallic acid equivalent mg GAE/100 g fresh weight (FW) using
gallic acid standard curve.

Vitamin C (ascorbic acid) was measured with the reflectometer set by using RQFlex re-
flectoquant ascorbic acid test strips (Merck Company, Darmstadt, Germany) and expressed
as mg/100g [28].

2.4. Statistical Analyses

Different statistical analyses were performed in order to examine the differences and
similarities of the ecotypes in terms of the parameters examined.

Analyses were conducted with three replications and the outcomes were assessed
using SPSS software (Version 15.0; SPSS Inc., Chicago, IL, USA) to determine the statistically
significant differences among ecotypes at the 0.05 significance level. One-way analysis of
variance (ANOVA) and Duncan’s multiple comparison tests were utilized in the software
for data analysis.

Heatmap and principal component analyses were performed for hierarchical clustering
of the rosehip ecotypes. Hierarchical cluster analysis with heatmap was conducted using
R programming v. 4.1.1 (Boston, MA, USA). Principal component analysis (PCA) was
performed and graphs were created using the Minitab-17 program.

3. Results
3.1. Pomological Parameters

Fruit weight, fruit firmness, fruit flesh ratio and fruit shape index are important fruit
quality criteria for pomological characterization of fruits. Significant statistical differences
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were found between the analyzed parameters at p < 0.05 level (Table 1). The lowest fruit
weight was 2.28 g in genotype A-5 and the highest was 3.29 g in genotype A-15. The
average fruit weight of rosehip ecotypes is 2.78 g. The lowest flesh firmness was 4.70 N
in genotype A-15, the highest was 7.12 N in genotype A-8 and the average value was
5.90 N. The fruit flesh ratio varied from the lowest in genotype A-4 (69.34%) to the highest
in genotype A-2 (81.67%) and the average fruit flesh ratio was 73.50%. The fruit shape
index was calculated to be in the range of (A-2 genotype) 0.97-1.07 (A-4 genotype) and
the average fruit shape index was 1.03. Among ecotypes, A-15 gave the biggest fruits,
indicating its importance for fresh fruit production.

Table 1. Fruit quality criteria values of Rosa canina ecotypes.

Ecotypes Fruit Weight (g) Fruit 1(311\;;11 ness Flg,g:};:)h lelltlgehjpe
A-1 2.83 £ 0.09 cd 5.71 +0.17 cde 77.69 + 1.35b 1.02 £ 0.03 abc
A-2 2.68 +£0.20d-g 5.56 + 0.69 def 81.67 £1.82a 097 £0.01c
A-3 2.80 £ 0.10 de 6.93 +0.20 ab 71.78 £ 1.18 fg 1.05 £ 0.02 ab
A-4 294 + 0.14 bed 5.38 £ 0.19 efg 69.34 +052¢g 1.07 £0.03 a
A-5 228 +0.08 h 5.39 £ 0.37 efg 75.34 +1.10 bed 1.02 £ 0.01 abc
A-6 231 £0.05h 6.41 £ 0.32 abc 71.67 +1.08 fg 1.01 £ 0.02 bc
A-7 2.74 4 0.08 def 6.34 + 0.17 be 7019 £ 047 g 1.05 £ 0.01 ab
A-8 3.00 +0.07 a—d 712+£0.17a 75.56 = 1.14 bc 1.05 £ 0.02 ab
A-9 2.50 £ 0.03 e-h 543 +0.18 d-g 7419 £122¢ 1.05 + 0.01 ab
A-10 245+ 0.23 fgh 6.44 + 0.21 abc 7023 £ 0.61¢g 1.01 £ 0.02 be
A-11 2.37 £0.10 gh 6.18 = 0.24 bed 75.03 £ 0.66 b—e 1.04 £ 0.01 ab
A-12 3.14 £ 0.05 abc 4.84 +£0.09 fg 71.33 £ 0.65 fg 1.02 £ 0.01 abc
A-13 3.21 4+ 0.08 ab 6.35 + 0.11 abc 73.96 £+ 1.10 £ 1.05 £+ 0.03 ab
A-14 3.15 £ 0.05 abc 5.74 + 0.14 cde 72.10 + 0.34 efg 1.04 £0.01 ab
A-15 329+0.17a 470£015¢g 7237 £1.79 d-g 1.00 £ 0.02 bc

Different letters in each column indicate significant difference (p < 0.05) based on Duncan’s multiple range test.

3.2. Physicochemical and Biochemical Mesasures

The physicochemical and biochemical values of Rosa canina ecotypes are presented
in Table 2. It was determined that there were significant statistical differences between
these parameters at p < 0.05 level. The chroma values of rosehip fruit samples were the
lowest in genotype A-2 (53.04), highest in genotype A-5 (60.71) and the average value was
56.74. Soluble solid content (SSC) ratios were the lowest in genotype A-3 at 18.87% and the
highest in genotype A-1 at 21.28%, while the average SSC value of the ecotypes was 20.28%.
Among ecotypes, A-1 had the highest soluble solid content, indicating its significance as a
fresh fruit, in particular for the processing industry.

In the determination of the total antioxidant capacity using a DPPH assay, the lowest
value belongs to genotype A-12 (15.78 mg AAE/g) and the highest value belongs to
genotype A-6 (28.17 mg AAE/g). The average antioxidant capacity of the ecotypes was
20.97 mg AAE/g. The lowest and highest total anthocyanin values were observed from the
A-2 genotype (4.61 mg/kg) and the A-9 genotype (7.56 mg/kg), respectively. The mean
anthocyanin value of the ecotypes was 6.01 mg/kg.

The total carotenoid in flesh was the highest in the A-5 genotype at 13.60 mg/g,
followed by the A-1 genotype at 13.12 mg/g, while the lowest total carotenoid was found in
the A-13 genotype at 6.59 mg/g. The total flavonoid was between 1.18 mg/QUE g (A-2) and
2.64 mg/QUE g (A-10) among the ecotypes. The average flavonoid content of the ecotypes
was 1.74 mg/QUE g. The total phenolic content was quite variable among ecotypes; it was
obtained between 470 mg/GAE 100 g FW (A-4) and 644mg/GAE 100 g FW (A-6) among
the rosehip ecotypes (Table 3). The average total phenolic content was 559.44 mg/GAE
100 g. The concentration of vitamin C was the highest in A-13 at 621 mg/100 g, followed
by A-4 at 597 mg/100 g, while the concentration of vitamin C was the lowest in A-15 at
507 mg/100 g, followed by A-8 at 511 mg/100 g.
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Table 2. Physicochemical and biochemical values of Rosa canina ecotypes.
Total
Ecotypes Chroma SSC (%) DiI‘;I; /(mg Anthocyanin
8)
(mg/kg)
A-1 57.74 £ 1.46 a—d 2128 £0.64a 18.44 £ 0.14 ef 713 £0.17 ab
A-2 53.04 £1.63 f 19.79 £ 0.51 bed  20.31 £ 0.15 b—f 461+016g
A-3 56.07 £ 1.33 b—f 18.87 £ 0.24d 2479 £0.42 ab 5.16 £ 0.09 f
A-4 5519 £ 253 c—f 2093 +£026ab  18.64 + 0.16 def 571+ 0.13 de
A-5 60.71 £0.27 a 2041 £0.26 abc  24.44 4 0.44 abc 715+0.19a
A-6 5526 £ 091 cf 1959+ 0.17 cd 28.17£0.20a 5.46 £ 0.26 ef
A-7 5313 +£1.93ef 2043 +020abc  24.21 £ 0.08 abc 6.12 4 0.08 cd
A-8 54.01 £0.92def 20.82 £ 0.70 abc 17.81 +0.20 ef 547 £0.17 ef
A-9 56.97 £1.33a-e  20.52 £ 0.25 abc 18.23 + 0.85 ef 756 £0.19a
A-10 56.09 £1.47b-f 20.07+037a-d 1931 £0.16 c—f 6.66 +0.16 b
A-11 5746 £049a-d  20.89 £0.12ab 19.42 + 0.14 f 547 £0.19 ef
A-12 59.28 £ 097ab  20.11 £ 0.21 abc 15.78 = 6.84 f 467+013g
A-13 58.86 £ 1.37abc  19.77+0.45bcd  20.43 £ 0.19 b-f 5.54 + 0.18 ef
A-14 56.89 £0.89 a-f 20.59 +0.82abc  23.64 £ 0.15 a—d 6.19 £0.13 c
A-15 60.37 £ 0.58 a 20.08 £ 0.40a-d  20.97 £ 0.18 b-e 724+012a

Different letters in each column indicate significant difference (p < 0.05) based on Duncan’s multiple range test.

Table 3. Biochemical values of R. canina ecotypes.

Ecotypes Ca:(;(:zlloi d Total Flavonoid Total Phenolics Vitamin C
(mg/QUE g) (mg GAE/100 g) (mg/100 g)
(mg/g)
A-1 13.12 4+ 0.23 a 1.67 £0.17 cf 536 + 18.85 de 547 + 21.42 b—f
A-2 7.55 £+ 0.28 hi 1.18 £ 0.08 f 551 + 30.07 de 530 + 36.07 c—f
A-3 8.58 4+ 0.09 f 1.41 £0.10 ef 628 + 8.51 ab 565 + 22.41 a—f
A-4 7.71 £0.13 gh 2.05 4+ 0.10 bed 470 £ 18.58 f 597 + 31.82 ab
A-5 13.60 - 0.27 a 2.17 £ 0.11 abc 564 + 19.78 cde 594 + 7.45 ab
A-6 9.84 £ 0.11e 2.39 +0.35 ab 644 +17.85a 589 + 11.46 abc
A-7 7.08 £ 0.07 jj 1.44 £ 0.10 ef 570 + 13.86 b—e 553 + 37.56 b—f
A-8 8.20 £0.43 fg 1.54 + 0.12 def 523 + 16.95 ef 511 + 11.59 ef
A-9 11.10 £ 0.17 ¢ 1.32 £ 0.16 ef 585 4+ 17.14 a-d 527 4 12.47 def
A-10 8.17 £ 0.08 fg 2.64 +0.37a 622 + 27.23 abc 570 + 21.62 a—e
A-11 8.30 £ 0.13 f 1.48 £0.12 ef 541 + 32.45 de 564 + 20.87 a—f
A-12 6.94 £ 0.22 1.76 £ 0.07 cde 537 + 18.82 de 587 £+ 10.74 a—d
A-13 6.59 +0.21] 1.45 + 0.06 ef 550 + 33.29 de 621 +9.70 a
A-14 1043 £0.20d 1.78 £ 0.30 cde 550 + 5.29 de 561 + 16.46 a—f
A-15 1239 £ 0.10b 1.82 £0.16 cde 516 £+ 9.02 ef 507 £+ 18.01 f

Different letters in each column indicate significant difference (p < 0.05) based on Duncan’s multiple range test.

3.3. Clustering Analysis

A heatmap analysis was performed to reveal the effects of R. canina ecotypes on some
quality criteria and biochemical properties. In the heatmap analysis, the color change
towards red on the color scale shows that the level of statistical significance has increased.
In a hierarchical cluster analysis, the ecotypes were divided into four different clusters.
According to the heat mapping analysis method, the A-1, A-9, A-5 and A-15 ecotypes
formed a separate cluster with high fruit weight, chroma, SSC (%), total carotenoid, total
anthocyanin and fruit shape index. The A-2 genotype was less significant (blue color)
with all other quality criteria and biochemical contents except the fruit flesh ratio. The
vitamin C content was significant in the A-13 genotype (red color). The A-3, A-6 and A-10
ecotypes formed a separate cluster with high fruit firmness, total phenolics, DPPH and
total flavonoid content (Figure 3). Red indicates an increase and blue a decrease in the
variables in color key.
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Figure 3. Grouping of Rosa canina ecotypes according to fruit quality criteria and biochemical content.

The distributions of correlation between fruit quality criteria and biochemical contents
of R. canina ecotypes in the basic coordinate plane defined by PCA are given in Figure 4.
As a result of the PCA analysis, it was seen that the total variation consisted of the first
two basic components. As a result of the PCA analysis, it was seen that the total variation
consisted of the first two main component axes, and the variation between fruit quality
criteria and biochemical contents and ecotypes was 39.9%. The first principal component
axis constitutes 21.9% of the total variation, and the second principal component axis
constitutes 18.0% of the total variation. Therefore, it has been seen that these axes are
important in the evaluation of the analysis. It was observed that the total carotenoid, total
anthocyanin and chroma values of the parameters defined by PCA were parallel to each
other. Similarly, the fruit weight, fruit flesh ratio and SSC (%) values were found to be
parallel to each other. However, its values were negatively correlated with the vitamin C
values (Figure 4).
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Figure 4. Principal component analysis (PCA) in a biplot of physio-biochemical traits (12 variables)
of 15 Rosa canina ecotypes at harvest.
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4. Discussion

Post harvest fruit quality characteristics are influenced by many factors. Some proper-
ties such as flesh firmness, soluble solid content (55C) and total acidity (TA) are important
parameters affecting post harvest quality and the shelf life of fruits [29] Fruit weight is one
of the leading fruit quality criteria which is associated with fruit size and directly affects the
market value of the fruit. Therefore, the selection and determination of ecotypes with high
fruit weight is one of the most important issues for researchers studying fruit breeding.

Red fruits are abundant in phytochemicals like phenolic compounds, flavonoids, an-
thocyanins and carotenoids. Rosehips are distinguished by their abundance and diversity
of phytochemicals, surpassing many other fruit species. They encompass a spectrum of
valuable components including minerals, high-capacity antioxidants, carotenoids, phe-
nolic compounds, tocopherol, bioflavonoids, tannins, pectins, organic acids, amino acids,
ascorbic acids and fatty acids [16,30-33]. Antioxidants and total phenolic contents protect
cells and cell components against oxidative damages [34,35] Also, sugar compounds are
phytochemicals that provide the fruit’s sweetness, enhance the occurrence of sensory con-
nections between sweetness and flavor perceptions and constitute the majority of soluble
solid content [36,37]. Although the thought of consuming citrus fruits as a daily source of
vitamin C is dominant among the public, rosehip fruit contains 20-30 times more vitamin
C than oranges [38,39]. Rosehip is consumed in processed products rather than fresh fruit
and this is known to cause a decrease in the vitamin and bioactive content in the fruit.
Although there are losses after drying compared to fresh fruit [40] (especially in terms of
vitamin C [41]), rosehip has been proven to be very nutritious compared to other fruit
types, as stated by Paunovic et al. [42]. Carotenoids play a crucial role as antioxidants
and valuable bioactive compounds that contribute to the health-promoting qualities of
various foods. Rosehips, in particular, are recognized for their high bioactive content.
Carotenoids represent one of the most widespread classes of pigments and are naturally
found in substantial quantities in many horticultural crops. They are renowned for their
structural diversity and multifaceted functions, including their role in imparting the vibrant
red, orange and yellow hues to edible fruits. Additionally, carotenoids are the primary
pigments responsible for determining the coloration of fruits, a highly significant aspect of
their external quality [43,44].

Gunes et al. [45] measured the fruit weight of ripe rosehip (R. canina) fruits as
3.02-3.70 g, the fruit flesh ratio was 69.64-73.52%, SSC was 20.67-21.67% and fruit flesh
hardness was 2.40-4.80 N. Dogan and Kazankaya [46] conducted a study on rosehip species
and the fruit weights were between 1.50 and 3.74 g. The fruit shape index was between
1.06 and 2.12. The SSC of the rosehip samples had a range of 11-25%. Celik et al. [47]
conducted a study to select promising ecotypes of different rosehip species in the Eastern
Anatolia region of Tiirkiye. They determined the fruit weight of the ecotypes as 1.79-4.95 g,
the fruit flesh ratio was 66.42-100%, SSC ratio was 17.73-28.45% and vitamin C content
was 517.18-1031.46 mg /100 g. Uggla et al. [48] investigated the biochemical and pomo-
logical characteristics of four different rosehip species and found that the fruit weight,
fruit flesh ratio and vitamin C content of R. dumalis subsp. coriifolia species were 2-2.3 g,
73.2-77.7% and 535 mg/100g, respectively. The fruit weight, fruit flesh ratio and vitamin
C content of R. dumalis subsp. dumalis, R. rubiginosa, R. villosa subsp. mollis species were
21-28g/15-19¢g/2.1-2.5g,76.8-80%/64.3-71.7%/73-76.4% and 525 mg per 100 g/500 mg
per 100 g/330 mg per 100 g, respectively. Kovacs et al. [38] examined the pomological
characteristics of ecotypes of different rosehip species and they found that the fruit flesh
ratios of R. pimpinellifolia, R. blanda, R. rugosa, R. canina, R. x vetvickae, R. sancti-andreae
and R. canina var. blondeana were 81.5%, 76.3%, 75.0%, 74.2%, 74.2%, 72.6% and 72.2%,
respectively. Ersoy [49] conducted a study to determine the fruit characteristics of dif-
ferent ecotypes of R. pimpinellifolia. The fruit weights were 1.56-2.01 g, fruit flesh ra-
tios were 80.60-91.44%, vitamin C were 21.12-29.44 mg/100 g, total anthocyanins were
3.45-4.31 mg/100 g, total phenolics were 971-1138 mg GAE/100 g, antioxidant activity
(with FRAP assay) were 9.23-12.17 pmol Fe (II)/g. Murathan et al. [50] carried out a study
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on different rosehip species and found the average fruit weight was 3.45 g, The soluble solid
content (SSC) was 14-22%, total anthocyanin was 2.43-3.72 mg/100 g, total phenolics was
1081-6298 mg GAE /100 g, antioxidant capacity by FRAP method was 10.04-97.95 mmol
Trolox equivalent/g and vitamin C was 24.93-754.48 mg/100 g. Guerrero et al. [51] stated
that the anthocyanin component has antioxidant activities and therapeutic effects, besides
giving color to fruits. The researchers analyzed the bioactive components of different
berry fruits, and they found that the average anthocyanin content of rosehip fruits was
0.38 mg/100 g, and the average total phenolic content was 145.7 mg/100 g. Nojavan
et al. [39] performed a study to investigate the effect of the ripening level of the fruit on
the ascorbic acid level. According to the results of the study, the vitamin C content of ripe
rosehip fruits was 417 mg per 100 g. Demir et al. [52] found the antioxidant activity as
39.510-72.673 mmol/kg, total flavonoids as 287.80-1686.20 mg QUE/kg and total phe-
nolics as 38,519-79,080 mg GAE/kg in the characterization study (with DPPH assay) of
25 seed-propagated rosehip ecotypes. Ercisli [53] analyzed the biochemical content of six
different rosehip species, and he found the highest total phenolic content in R. canina (96 mg
GAE/g dry weight). The SSC and vitamin C varied between species as 29.42-37.33% and
727-943 mg/100 mL, respectively. Paunovic et al. [42] determined the vitamin C content of
rosehip fruits as 429.55 mg/100 g, total phenolics as 90.51 mg GAE/g DW), total flavonoids
as 38.52 mg QE/g and antioxidant activity as 0.32 mM TE/g DW. Koca et al. [40] reported
total carotenoids 0.38 mg/g, vitamin C 24.96 mg/g, total phenolics 79.88 mg/g and an-
tioxidant activity (with FRAP assay) 9.22 mmol/g in fresh rosehip fruit samples. Beyhan
et al. [44] conducted a study on R. canina biotypes in Tiirkiye and the average fruit mass,
flesh ratio and SSC values were determined between 2.95 and 4.02 g, 59.3 and 78.4% and
17.3 and 22.3, respectively. The vitamin C of the ecotypes ranged from 360 to 482 mg/100 g.
The total phenolic content varied from 340 to 464 mg/100 g. The total flavonoids varied in
the range of 241-151 mg QUE/100 g, and the antioxidant activity was between 14.2 and
30.7 ug Trolox/mL. In addition, the total carotenoid content of rosehip samples varied
from 58 to 92 3-carotene equivalents per 100 g. Machmudah et al. [54] reported that total
carotenoids varied between 10.35 and 20.88 mg/g in their study on R. canina species. The
total carotenoids of the R. canina and R. rugosa were 224 mg/kg and 106.1 mg/kg in another
study conducted on rosehip species [55]. According to Hodisan et al. [56], the quantity of
total carotenoids in R. canina fruits, evaluated by visible spectroscopy of the total extract,
was 78.5 mg/g DW.

This study aligns with the findings of some researchers while also revealing discrepan-
cies compared to others. It is widely acknowledged that several factors, including the plant
species under investigation, genotype variations, agricultural applications, fruit maturity
during harvest, post harvest storage conditions, the local climate and geographical factors,
can influence the biochemical composition of horticultural crops including rosehip [57-71].
Kayahan et al., 2023 [71] used Rosa corymbifera, Rosa rugosa (Thunb.), Rosa alba L. and Rosa
canina L. fruits grown in the rose germplasm of Ataturk Horticultural Central Research Insti-
tute, Yalova, Tiirkiye, and reported great variability on total phenol, vitamin C, carotenoid
content and the ability to scavenge the DPPH radical.

5. Conclusions

Over the past decade, there has been a growing demand for less-known crops, driven
by various factors including the pursuit of enhanced food security, healthier nutrition,
preservation of cultural heritage, income generation, and more. The findings of this investi-
gation make it evident that the bioactive content within R. canina ecotypes exhibits variation.
Such variations in bioactive content hold potential implications for food production, the
health industry and future breeding programs. Finally, it is necessary to state that in a
possible future breeding program, genotype A-15 can be used for obtaining large-fruited
rosehip cultivars, genotype A-1 can be used for breeding rosehip cultivars with a high sugar
content since the majority of the SSC is composed of sugar components, and genotype A-13,
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which has the highest vitamin C content, can be used in breeding programs for obtaining
plant-based vitamin C supplements derived from rosehip.
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