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Abstract  The study was conducted to evaluate 
the diversity based on fruit traits and biochemical 
composition of the service tree accessions grow-
ing naturally in the Western Black Sea region of 
Türkiye. A wide variation was determined regard-
ing the traits investigated among service tree acces-
sions. In the service tree accessions, fruit weight var-
ied between 4.90 and 10.33 g, and fruit size ranged 
from 19.72 to 27.49 mm. Vitamin C was determined 
between 4.86 and 76.40 mg 100 g−1. Total phenolics, 

total flavonoids, and antioxidant activity (accord-
ing to DPPH and FRAP assays) ranged from 82.4 to 
1749.1 mg 100  g−1, 34.8 to 497.1 mg 100  g−1, 1.42 
to 20.98  mmol  kg−1, and 7.68 to 61.28  mmol  kg−1, 
respectively. Catechin, caffeic, epicatechin, and rutin 
were determined as major individual phenolics. Prin-
ciple component analysis revealed that traits investi-
gated could effectively explain the variability among 
service tree accessions. The first three components 
explained 56.6% of the total variation. These findings 
highlight the rich genetic diversity of local service 
tree accessions and their potential for use in future 
breeding and conservation programs.

Keywords  Germplasm · Fruit size · Phenolics · 
Catechin · Rutin

Introduction

The service tree (Cormus domestica L. Spach), for-
merly classified within the genus Sorbus, is a winter 
deciduous, insect-pollinated, thermophilous tree, rec-
ognized as one of the wild fruit species of Europe. 
Its natural distribution mainly covers the Mediter-
ranean basin, with scattered distribution from West-
ern Europe to Eastern Europe and Asia Minor (Tür-
kiye), from Central Europe and Great Britain to North 
Africa (Špíšek et  al. 2022). It has been cultivated 
since Roman times and has spread spontaneously. Its 
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original distribution area is therefore still uncertain 
(George et al. 2015).

Traditionally placed within the genus Sorbus, 
recent phylogenetic studies have led to the reclassifi-
cation of this species into the genus Cormus within 
the Rosacea family (Zeiner et  al. 2017; Ulaszewski 
et al. 2021; Tang et al. 2022). It is primarily impor-
tant for its ornamental uses and includes approxi-
mately 80 species. In Türkiye, where C. domestica is 
called ‘Üvez’, 12 species and 17 taxa are found natu-
rally. Among these, S. domestica, S. aucuparia, S. 
umbellate, and S. torminalis are the most significant. 
This species shows higher prevalence in the Marmara 
Region, the Central and Western Black Sea Region, 
and northern Central Anatolia in the Türkiye (Ercisli 
2004; Atasever and Erdem 2022).

The fruits of the service tree are edible and have 
considerable health benefits (Jeran et  al. 2021). The 
fruits are typically categorized as pears and apples 
and can be used for culinary and medicinal purposes. 
The fruit, a pome 2–3.5  cm in length, is greenish-
yellow and often red on the sun-exposed side. While 
astringent and firm at full maturity, the fruits become 
delicious upon softening (Kamm et  al. 2009; Brus 
et  al. 2011). They are traditionally processed into 
marmalades, jams, jellies, juices, fruit wines, and 
other fermented beverages. In traditional medicine, 
it is used to treat intestinal disorders, dysentery, dia-
betes, and cognitive decline (Altuntaş et  al. 2015; 
Enescu et al. 2016). The fruits of the service tree have 
a high nutritional value. Its high content of phenolic 
compounds, flavonoids, ascorbic acid, and various 
organic acids renders it an important source of anti-
oxidants. Its bioactive properties have been demon-
strated to play a role in the prevention of numerous 
diseases (Termentzi et  al. 2006; Sagdic et  al. 2022; 
Tas et  al. 2023). Although the fruits of this species 
are rich in both nutritional content and substances 
that promote human health, they are not sufficiently 
appreciated by consumers. In this sense, it will need 
to gain popularity in order to compete with the attrac-
tive and tasty fruits available on the market (Poljak 
et al. 2021).

The presence of C. domestica has declined in 
some areas due to habitat loss, deforestation, and 
a lack of interest in its fruits compared to commer-
cial fruit species. It is endangered in some European 
countries (Austria, Germany, and Spain) (Cáceres 
Escudero 2020; Moskalets et al. 2023). It is valuable 

for maintaining both biodiversity and ecological sus-
tainability (del Río et  al. 2009). Therefore, further 
research on this species is warranted. In Türkiye, 
studies concerning C. domestica are limited (Atasever 
and Gerçekcioğlu 2013; Atasever and Erdem 2022; 
Tas et al. 2023). The study aims to evaluate the diver-
sity of naturally growing service tree accessions in 
the Seben (Bolu, Türkiye) region based on fruit traits 
and biochemical composition, and to determine their 
potential use in future breeding studies.

Materials and methods

The plant material of the study consisted of 35 acces-
sions within the service tree (C. domestica L.) pop-
ulation in the Seben district (Bolu, Türkiye). The 
accessions investigated are naturally growing in the 
population. Fruit samples were taken to represent the 
tree at harvest maturity in the identified accessions. 
The physical properties of the collected fruits were 
determined, and biochemical analyses were carried 
out. Physical measurements were made on 30 fruits 
of each service tree accession.

The province of Bolu is constituted of 18% agri-
cultural and 55% forested areas, with the Karadere, 
Seben, and Aladağ Forests being of particular impor-
tance to the country. The regions outside these for-
ested areas are significant in terms of fruit cultivation, 
with suitable conditions for the production of pears, 
apples, and citrus fruits. The province is subject to the 
climatic influences of the Black Sea Region. How-
ever, due to its location, it is also affected by the cli-
mate characteristics of Marmara and Central Anato-
lia in different periods, thereby resulting in a climate 
diversity that influences various agricultural areas, 
new plant species, and natural vegetation. The climate 
structure influenced by different regions leads to cool 
summers, mild winters, and evenly distributed rainfall 
over the seasons. The prevailing lodos winds in Bolu 
province and its surroundings, coupled with the abun-
dant moisture brought by air masses moving from the 
sea towards the land and the moderate temperatures, 
contribute to a high moisture content (Yayla 2019).

Fruit physical traits

The service tree fruits were weighed using a digital 
balance (± 0.01  g) (AS 220/C/2, Radwag, Poland), 
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and their diameters (fruit width, fruit size, and 
fruit length) were measured using a digital caliper 
(± 0.01  mm) (CD-15CP, Mitutoyo, Japan). Fruit 
firmness was measured using a digital penetrometer 
(Agrosta 100 field, Agrotechnologie, France) and the 
measurements were expressed as percent (%).

pH, soluble solids content, titratable acidity, and 
vitamin C

The pH value of the fruit juice of the service tree 
accession was determined using a digital pH meter 
(Hanna, HI4221, ABD), and the soluble solids con-
tent (SSC) was determined using a digital refractome-
ter (PAL-1, Atago, Japan). For titratable acidity (TA), 
10 mL of extract was taken from each sample, 10 mL 
of distilled water was added, and sodium hydroxide 
(NaOH) was titrated to increase the pH of the samples 
to 8.1. Vitamin C was determined in fruit juice using 
a Vitamin C test kit (Catalog no: 116981, Merck, 
Germany) with a reflectometer (Merck RQflex 
plus 10, Germany). The data obtained are expressed 
in mg 100 g−1 (Ozturk et al. 2024).

Sample preparation for bioactive compounds

Initially, 50 fruits from each genotype were selected 
for total phenolics, total flavonoids, and antioxi-
dant activity. The fruit pulp were homogenized in a 
blender. The resulting homogenates were then stored 
in the 50  mL falcon tubes at −20  °C until analysis. 
The frozen homogenates were thawed at room tem-
perature (~ 21  °C) and re-homogenized using a 
blender. 1 g of fruit sample was weighed, and 10 mL 
of methanol was added. The prepared extract was 
separated from the pulp by centrifuging at 12.000 × g 
for 30 min at + 4  °C. The resulting extract was used 
for phenolic, flavonoid, and antioxidant analyses.

Total phenolics, total flavonoids, and antioxidant 
activity

The total phenolic content (Tp) was determined using 
Folin-Ciocalteu’s reagent, in accordance with the 
method used by Beyhan et  al. (2010). The prepared 
solution was measured at a wavelength of 760 nm in a 
spectrophotometer, and the results were expressed as 
mg kg−1.

Total flavonoid content (Tf) was determined 
according to the method of Zhishen et  al. (1999). 
Accordingly, the prepared solution was measured at 
a wavelength of 510 nm in a spectrophotometer, and 
the results were expressed as mg kg−1.

The Ferric Ions (Fe+3) Reducing Antioxidant 
Power Assay (FRAP) was carried out according 
to the method used by Benzie and Strain (1996). 
The prepared solution was measured at a wave-
length of 593  nm in a spectrophotometer, and the 
values obtained were presented as mmol kg−1. The 
1.1-diphenyl-2-picryl-hydrazil assay (DPPH) was 
performed by modifying Blois (1958)’s method. The 
prepared solution was measured at 517 nm in a spec-
trophotometer (Shimadzu UV 1280, Tokyo, Japan), 
and the results were calculated as mmol kg−1.

Individual phenolics

1 g of fruit sample was extracted with 10 mL metha-
nol. The extraction was centrifuged at 6000  rpm for 
30 min at + 4 °C. The supernatant was passed through 
a 0.45  µm filter and transferred to vials. Individual 
phenolics in the prepared samples were analyzed by 
high-performance liquid chromatography (HPLC) 
(Thermo Scientific, Ultimate 3000, USA) using a 
modified method of Ates (2023). Hypersil GD phenyl 
clone (Thermo Scientific, Waltham, MA) was used, 
and measurements were performed at 280  nm with 
a UV detector (DAD-3000). Mobile phase A was 
methanol with a flow rate of 1 mL min−1 and mobile 
phase B consisted of 2.5% formic acid prepared in 
distilled water. The injection volume was 20 µL. 
4-aminobenzoic acid, protocatechuic acid, 4-hydroxy-
benzoic acid, catechin, chlorogenic acid, caffeic acid, 
epicatechin, p-coumaric acid, rutin and kaempferol 
as individual phenolics were determined. The results 
obtained were expressed as mg kg−1.

Statistical analysis

Data was analyzed using the JMP 16.0 (Trial) statisti-
cal package. The Kolmogorov–Smirnov test was used 
to control the normal distribution of the data obtained 
from the study, and the Levene test was used to con-
trol the homogeneity of the variances. Descriptive 
statistics [minimum (min), maximum (max), mean, 
standard deviation (SD), and coefficient of variance 
(CV)] were calculated. Differences between means 
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were determined using the LSD multiple comparison 
method at the 5% significance level. Principal com-
ponent, biplot, and heatmap analyses were performed 
using physical and biochemical traits of service tree 
accessions. Correlation analyses were also carried out 
between the traits examined. Pearson’s correlations 
were used to determine the relationships among traits.

Results and discussion

The descriptive statistics of the physical traits (fruit 
weight, fruit width, fruit length, and fruit firmness) 
and biochemical traits (pH, soluble solids content, 
titratable acidity, vitamin C, total phenolic content, 
total flavonoid content, and antioxidant activity) 
of the service tree accessions examined during the 
research are presented in Table 1.

The highest CV value was calculated for p-cou-
maric acid (1.39). It was followed by kaempferol 

(1.16), 4-hydroxybenzoic acid (0.88), chlorogenic 
acid (0.86), and 4-Aminobenzoic acid (0.80). The 
lowest CV value was calculated for pH (0.03). Many 
traits had CV values of 0.39 and above. The high CV 
of these traits is an indicator of dissimilarity. Indi-
vidual phenolics and bioactive compounds had higher 
CV values than physical traits. Using these traits as 
separators is considered appropriate in the differentia-
tion of the investigated accessions (Table 1).

Variations within individuals belonging to popu-
lations of species or genus are defined as genetic 
diversity. This diversity is very valuable for the 
production of quality products. Genetic diversity 
in fruit species can be seen as fruit size or a differ-
ent trait (Ahmad et  al. 2021). Fruit size is one of 
the traits that has a significant impact on consumer 
preferences. This trait is mainly expressed by the 
weight and dimensional traits of the fruit (Balta 
et al. 2022; Kurnaz et al. 2024). Variation in genetic 
resources in terms of fruit size is important for 

Table 1   Descriptive statistics of service tree accessions investigated

*  significant at p < 0.05; *** significant at p < 0.001

Traits Abbreviation Unit Min Max Mean SD CV Sig LSD (0.05)

Fruit weight Fw g 4.90 10.33 7.39 1.53 0.21 *** 1.18
Fruit length Fl mm 18.54 32.05 22.39 2.51 0.11 * 5.38
Fruit width Fwi mm 20.28 30.37 23.44 2.10 0.09 *** 3.49
Fruit size Fs mm 19.72 27.49 22.91 1.81 0.08 *** 2.50
Fruit firmness Ff % 59.07 92.07 79.21 5.27 0.07 *** 6.0
pH pH - 3.91 4.41 4.11 0.14 0.03 *** 0.07
Soluble solids content SSC % 8.27 39.17 19.70 5.01 0.25 *** 0.33
Titratable acidity TA % 0.02 0.05 0.03 0.01 0.18 *** 0.00
Vitamin C VC mg 100 g−1 4.86 76.40 38.79 14.96 0.39 *** 1.47
Total phenolics Tp mg 100 g−1 82.4 1749.1 577.9 358.4 0.62 *** 13.2
Total flavonoids Tf mg 100 g−1 34.8 497.1 186.1 93.1 0.50 *** 17.6
DPPH DPPH mmol kg−1 1.42 20.98 11.46 5.43 0.47 *** 0.40
FRAP FRAP mmol kg−1 7.68 61.28 17.49 9.88 0.57 *** 0.15
4-Aminobenzoic Aa mg kg−1 0.06 6.93 2.13 1.71 0.80 *** 0.22
Protocatechuic Pa mg kg−1 0.00 1.35 0.34 0.25 0.75 *** 0.03
4-Hydroxybenzoic Ha mg kg−1 0.00 1.38 0.37 0.32 0.88 *** 0.04
( +)-catechin Cat mg kg−1 18.23 143.54 56.58 33.57 0.59 *** 5.40
Chlorogenic Cha mg kg−1 0.90 31.92 7.40 6.36 0.86 *** 0.78
Caffeic Ca mg kg−1 5.98 79.34 27.69 16.30 0.59 *** 2.62
(-)-epicatechin Ep mg kg−1 6.14 73.02 29.35 15.38 0.52 *** 2.72
p-coumaric Pc mg kg−1 0.00 13.78 1.95 2.71 1.39 *** 0.27
Rutin Ru mg kg−1 8.01 199.29 60.07 42.18 0.70 *** 5.96
Kaempferol Ka mg kg−1 0.06 74.28 14.66 17.04 1.16 *** 1.81
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selection studies and breeding programs. The con-
sumer demands a high-quality visual presentation, 
optimal firmness, and an ideal texture for service 
tree fruits (Altuntaş et  al. 2015). It was observed 
that the service tree accessions examined in this 
study exhibited considerable variation in terms of 
fruit weight and fruit dimensional traits. In con-
sideration of these traits, it was determined that 
the fruit weight exhibited a range of 4.90–10.33 g, 
the fruit width a range of 20.28–30.37  mm, the 
fruit size a range of 19.72–27.49 mm, and the fruit 
length a range of 18.54–32.05 mm. Also, fruit firm-
ness was determined in the range of 59.07–92.07% 
during the study period (Table  1, Table  S1). Sta-
tistically significant differences (p < 0.05) were 
found between the findings obtained from the 
fruit physical properties of the examined service 
tree accessions. In related studies, Drvodelić et  al. 
(2009) reported fruit weights in between 8.75 
and 11.23  g, fruit length 22.05–25.66  mm, fruit 
width 24.55–27.30  mm in the Tounj (Croatia) dis-
trict; Miletic and Paunovic (2012) reported fruit 
weight 14.2–25.6  g, fruit length 26.3–36.2  mm, 
and fruit thickness 25.7–34.8  mm under Serbian 
conditions; Šebek (2020) reported fruit weight 
15.65–29.06  g, fruit length 25.89–37.16  mm, fruit 
width 19.23–31.35 mm in the Donja Morača condi-
tions; Kepenek Şahin (2018) reported fruit weight 
5.58–12.28  g, fruit length 19.15–26.17  mm, fruit 
width 20.94–28.95 mm, and firmness 5.20–13.78 N 
of selected genotypes in the Tokat province condi-
tions; Drvodelić et  al. (2018) reported fruit weight 
7.67–18.83  g, fruit length 23.19–29.93  mm, and 
fruit width 23.81–32.67 mm in the Zagreb (Croatia) 
conditions. The study revealed that the fruit weight 
of the service tree accessions was relatively lower 
than the values reported by Miletic and Paunovic 
(2012) and Šebek (2020). However, it was com-
patible with the values reported by Kepenek Şahin 
(2018), and Drvodelić et  al. (2009; 2018). It is 
thought that these differences may be due to genetic 
traits. Indeed, Šebek (2020) reported that fruit mass 
is an inherited genetic trait. These traits can also be 
affected by ecological conditions, especially tem-
perature and precipitation. Many researchers have 
reported that ecological conditions significantly 
affect the quality traits of different fruit species 
(Milošević et  al. 2012; Mditshwa et  al. 2019). The 
U-1 and U-23 could be used in developing large 

fruit size cultivars thanks to their large fruit size 
(27.49 mm and 27.01, respectively).

In the study, pH was found to be between 3.91 
and 4.41, SSC 8.27–39.17%, and TA 0.02–0.05% 
in service tree accessions. In addition, the Vita-
min C content was determined to be 4.86–76.40 mg 
100  g−1 (Table  1, Table  S2). Previously in the lit-
erature, Brindza et  al. (2009) reported vitamin 
C in between 0.089 and 0.098  mg 100  g−1; Egea 
et  al. (2010) reported TA as 0.85%, SSC 24.03%, 
and vitamin C 22.65  mg 100  g−1; Miletic and Pau-
novic (2012) reported SSC in between 17.7 and 
24.8%; Altuntaş et  al. (2015) reported pH value in 
between 4.637–4.683, SSC 11.75–13.07%, and TA 
0.215–0.241%; Kepenek Şahin (2018) reported pH 
value in between 4.06 and 4.29, SSC 18.50–26.40%, 
and TA 0.67–1.41%; Ňorbová et  al. (2023) reported 
vitamin C in between 111.46 mg 100  g−1; Tas et al. 
(2023) reported pH value in between 3.98 and 4.32, 
SSC 11.17–20.58, TA 0.71–1.55%, and vitamin C 
content 42.37–95.83  mg 100  g−1; Raigón Jiménez 
et al. (2024) reported pH value in between 3.56 and 
3.98, SSC 16.29–16.57%, and TA 0.79–1.17%. The 
pH, SSC, and TA are indicative of the degree of 
ripeness of the fruit. As reported by Gunness et  al. 
(2009), an examination of these traits is an effective 
method for predicting the flavor, sourness, and sweet-
ness of fruits. Accordingly, the data obtained from the 
study were found to be generally compatible with the 
literature. Vitamin C is an important component for 
human health. It is an essential antioxidant required 
by the human body (Elgailani et al. 2017). It has been 
demonstrated to reduce blood pressure and choles-
terol levels. Furthermore, it has been demonstrated 
that adequate intake of vitamin C can effectively 
reduce the risk of developing various types of cancer 
in humans (Rahman et al. 2007). In this respect, it can 
be said that the examined service tree accessions have 
an important vitamin C source potential in general. 
Especially, the U-17, U-6, and U-7 (76.40, 66.15, and 
64.72 mg 100  g−1, respectively) could be utilized in 
developing cultivars with high vitamin C in service 
tree breeding programs.

In service tree accessions, the highest Tp was 
1749.1  mg 100  g−1 (U-7), followed by 1291.3  mg 
100  g−1 (U-26), 1167.7  mg 100  g−1 (U-25), and 
1111.2  mg 100  g−1 (U-13), respectively. The low-
est Tp was found to be 82.4  mg 100  g−1 (U-27) 
(Table  1, Table  S3). The study revealed a wide 
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range of values for Tp in the service tree accessions 
examined, with statistically significant differences 
between the accessions (p < 0.05). In related studies, 
the Tp was reported as 8.99 mg 100 g−1 (Egea et al. 
2010), 2485.7–6180.6  mg 100  g−1 (Piagnani et  al. 
2012), 50.0–10560  mg 100  g−1 (Majić et  al. 2015), 
350–1210 mg 100 g−1 (Poljak et al. 2021), 3.574 mg 
100  g−1 (Ognyanov et  al. 2022), 153–2570  mg 
100  g−1 (Camadan et  al. 2023). The highest Tf was 
found to be 497.1  mg 100  g−1 (U-7), followed by 
332.4  mg 100  g−1 (U-8), 278.7  mg 100  g−1 (U-13) 
and 272.0  mg 100  g−1 (U-25), respectively. The 
lowest Tf was found to be 34.8  mg 100  g−1 (U-31) 
(Table  1, Table  S3). In related studies, the Tf was 
reported in between 1031.3 and 4322.6  mg 100  g−1 
(Piagnani et al. 2012), 680–3700 mg 100 g−1 (Majić 
et al. 2015), 76.1 mg 100 g−1 (Ognyanov et al. 2022), 
39.4–714.7  mg 100  g−1 (Camadan et  al. 2023). 
Regarding total phenolic and total flavonoid contents, 
the results of this study are consistent with the range 
of values reported in previous studies. It was reported 
that those constitutes are mostly affected by grow-
ing conditions and climate (Piagnani et  al. 2012), 
and stage of maturity (Figueroa-Pérez et al. 2018). In 
addition, different researchers reported that genetic 
factors were also effective on these traits (Balta et al. 
2022; Yaman et  al. 2023). Among the accessions 
investigated, U-7 and U-21 gave remarkable results 
in terms of total phenolics (1749.0 and 5694.47  mg 
100 g−1, respectively) and total flavonoids (497.1 and 
223.2  mg 100  g−1, respectively). These accessions 
could contribute to service tree breeding studies as a 
source of phenolics and flavonoids. Fruits with a high 
phenolic content protect against the harmful effects of 
cancer and oxidative stress and promote human health 
(Di Nunzio 2019).

The antioxidant capacity of fruits cannot be fully 
characterized by a single method, as it is suscep-
tible to influence from a range of factors, including 
the specific assay applied. As natural antioxidants 
frequently possess multifunctional properties, it is 
beneficial to employ an evaluation protocol encom-
passing diverse antioxidant activities to account for 
the various mechanisms of action (Fu et al. 2011). In 
this study, the antioxidant activity of the service tree 
accessions examined in the study was determined 
using FRAP and DPPH assays. Antioxidant activity 
showed a wide variation in the service tree acces-
sions analyzed in the study. The variation between 

the accessions was found to be statistically signifi-
cant according to both assays applied (p < 0.05). 
The FRAP assay revealed that the highest antioxi-
dant activity was 61.28  mmol  kg−1. This was fol-
lowed by 34.43  mmol  kg−1, 29.89  mmol  kg−1, and 
26.09 mmol kg−1. The lowest antioxidant activity was 
7.68  mmol  kg−1. The DPPH assay revealed that the 
highest antioxidant activity was 20.98  mmol  kg−1. 
This was followed by 20.72  mmol  kg−1, 
19.69 mmol kg−1, and 19.57 mmol kg−1. The lowest 
antioxidant activity was 1.42  mmol  kg−1 (Table  1, 
Table S3). It is thought that the antioxidant activity in 
fruits is influenced by the assay (Fu et al. 2011) and 
the ripeness of the fruit, and the differences may be 
due to genetic characteristics (Moulehi et  al. 2012). 
Antioxidant activity can also be affected by biotic 
(diseases, pests, and pathogen attacks) and abiotic 
factors (especially high temperature, drought, and 
light) (Güler 2023; Karakaya et al. 2024). Lim (2012) 
reported that service tree fruits are an important nat-
ural source of antioxidants. The present study, the 
FRAP test revealed that accessions U-7, U-8, U-19, 
and U-6 exhibited relatively higher antioxidant activ-
ity, while the DPPH test indicated that accessions 
U-32, U-34, U-35, and U-25 demonstrated similarly 
elevated antioxidant activity. These accessions could 
be used in developing cultivars with high antioxidant 
activity in service tree breeding programs.

C. domestica fruits are rich in phenolic com-
pounds such as flavanols (aglycones, glycosides, 
and esters), especially quercetin and kaemp-
ferol derivatives, hydroxybenzoic acids (vanillic 
and protocatechuic acid), chlorogenic acid, and 
hydrocinnamic acids (Macit et  al. 2022). Gazdik 
et  al. (2008) reported that total phenolic content 
could not be fully revealed by the Folin-Ciocalteu 
method, therefore, phenolic levels in Sorbus spe-
cies could be confirmed by more detailed analy-
ses. In the 35 accessions analyzed in this study, 
the following were determined between: 4-amin-
obenzoic acid 0.06–6.93  mg  kg−1; protocatechuic 
acid 0.00–1.35  mg  kg−1; 4-hydroxybenzoic acid 
0.00–1.38 mg kg−1; catechin 18.23–143.54 mg kg−1; 
chlorogenic acid 0.90–31.92  mg  kg−1; caf-
feic acid 5.98–79.34  mg  kg−1; epicate-
chin 6.14–73.02  mg  kg−1; p-coumaric acid 
0.00–13.78  mg  kg−1; rutin 8.01–199.29  mg  kg−1; 
and kaempferol 0.06–74.28  mg  kg−1 (Table  1, 
Table  S4). The variation between the accessions 
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was found to be statistically significant (p < 0.05). 
In studies on Sorbus species, Kim et  al. (2010) 
reported protocatechuic acid in between 19.10  mg 
100  g−1, p-coumaric acid 2.00  mg 100  g−1, caf-
feic acid 90.30  mg 100  g−1 in the Jeju (Korea) 
conditions; Işık (2017), recorded chlorogenic 
acid in between 1.99 and 8.75  mg  kg−1, caf-
feic acid 1.98–10.96  mg  kg−1, p-coumaric acid 
1.00–5.86  mg  kg−1, rutin 2.18–77.92  mg  kg−1, 
kaempferol 0.10–13.33  mg  kg−1 in the Bursa 
(Türkiye) district; Tas et  al. (2023) reported cat-
echin in between 1.61 and 12.68  mg 100  g−1, 
chlorogenic acid 29.50–48.49  mg 100  g−1, caf-
feic acid 2.15–15.33  mg 100  g−1, p-coumaric 
acid 1.53–17.89  mg 100  g−1, rutin 7.90–36.98  mg 
100  g−1 in the Bolu (Türkiye) conditions. Accord-
ingly, it can be stated that the findings obtained 

from this study are generally compatible with the 
literature. It is thought that the differences observed 
may be due to genetic factors, ecological condi-
tions, and extraction methods. In the present study, 
the accessions with the highest values stood out; 
U-6, U-26, U-25, U-7 for 4-aminobenzoic acid; 
U-22, U-6, U-7, U-20, U-10 for protocatechuic acid; 
U-32, U-6, U-28, U-30, U-29 for 4-hydroxybenzoic 
acid; U-6, U-19, U-18, U-7, U-8 for catechin; U-6, 
U-1, U-4, U-21, U-19 for chlorogenic acid; U-6, 
U-2, U-21, U-29, U-26 for caffeic acid; U-19, U-6, 
U-20, U-21, U-24 for epicatechin; U-6, U-8, U-7, 
U-13, U-12 for p-coumaric acid; U-4, U-22, U-21, 
U-6, U-8 for rutin; U-7, U-26, U-25, U-8, U-13 for 
kaempferol. Especially, the U-6 could contribute to 
service tree breeding studies as a source of individ-
ual phenolics (Fig. 1).

Fig. 1   Map of the study area (Seben, Bolu, Türkiye) and location of the accessions
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Principal component and correlation analysis

The 23 traits were used for PCA and 7 PCs had eigen-
value higher than 1.0. These components explained 
79.9% of the total variation. PC1, which explained 
30.6% of the total variability, was mainly related to 
pH, titratable acidity, vitamin C, total phenolic, total 
flavonoids, DPPH, FRAP, 4-aminobenzoic acid, 
( +)-catechin, chlorogenic, caffeic, p-coumaric, rutin, 
and kaempferol. The most important trait that affected 
PC1 was total phenolics (0.83). Explaining 16.1% of 
the variability, PC2 was related to fruit weight, fruit 
length, fruit width, and fruit size. Fruit size had the 
most effect on PC2 (0.93). PC3 was related to fruit 
firmness, total phenolics, and kaempferol by explain-
ing 9.9% of the variability. Kaempferol had the most 
effect on PC3 (0.60) (Fig.  2, Table  2). Similarly, 
Poljak et  al. (2021) reported that the first two com-
ponents formed by PCA analysis explained 50.2% 
of the total variation between service tree genotypes 

selected from different regions. They were also found 
to be an important relationship between physical 
traits. Similar results were recorded between total 
phenolics and FRAP. Taş et  al. (2023) reported that 
physical traits explained 60.6% and individual pheno-
lics explained 54.3% of the variation among service 
tree genotypes. They reported a robust relationship 
between fruit weight and fruit size. They also noted 
a similar relationship between caffeic acid and cat-
echin, rutin, and p-coumaric acid.

According to PCA results, service accessions 
investigated were divided into two groups (A and B). 
The first group (A) consisted of seven service acces-
sions (U-6, U-7, U-8, U-13, U-19, U-25 and U-26). 
The means of bioactive compounds and individual 
phenolics in the service tree accessions in this group 
were higher than the other groups’ mean. The sec-
ond group (B) included twenty-eight service acces-
sions and was divided into two subclusters (B-1 and 
B-2). The first subcluster (B-1) consisted of thirteen 

Fig. 2   Biplot graph of the 
first two principal compo-
nents in the service tree 
accessions investigated
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service accessions (U-4, U-11, U-12, U-14, U-15, 
U-16, U-18, U-20, U-21, U-22, U-24, U-27 and 
U-33). The second subcluster (B-2) included fifteen 
service accessions (U-1, U-2, U-3, U-5, U-9, U-10, 
U-17, U-23, U-28, U-29, U-30, U-31, U-32, U-34 
and U-35). Fruit weight, fruit width, fruit length, fruit 
size, and pH of service accessions in this subcluster 
were higher than the other groups’ mean (Fig. 3).

Correlations between the traits investigated are 
presented in Fig.  4. The fruit weight had a strong 
positive correlation with fruit width (r = 0.84***). 
Fruit size showed a strong positive correlation with 
fruit weight (r = 0.91***), fruit width (r = 0.92***), 
and fruit length (r = 0.77***). The total phenolic 
had a strong positive correlation with total flavonoid 
(r = 0.70***) and FRAP (r = 0.77***). It also showed 
a strong positive correlation with 4-aminobenzoic 

acid (r = 0.79**) and kaempferol (r = 0.91***). FRAP 
showed a strong positive correlation with kaempferol 
(r = 0.70***). Catechin had a strong positive cor-
relation with chlorogenic acid (r = 0.77**). p-Cou-
maric acid showed a strong positive correlation with 
4-aminobenzoic acid (r = 0.72***) and chlorogenic 
acid (r = 0.75***), while it showed a moderate corre-
lation with caffeic acid (r = 0.67**).

Conclusions

In this study, a high level of phenotypic diversity was 
determined among service tree accessions. The acces-
sions U-1, U-2, and U-23 were found remarkable for 
fruit size. U-7 accession produced remarkable results 
in terms of total phenolics, total flavonoids, and 

Table 2   The principal component of service tree accessions investigated

Factor loading ≥|0.39| are marked in bold

Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7

Fruit weight  − 0.31172 0.83341 0.25916 0.02622  − 0.10338 0.08860  − 0.08248
Fruit length  − 0.22646 0.67492 0.24013  − 0.23912 0.23666  − 0.28333 0.20305
Fruit width  − 0.20009 0.88905 0.10060 0.22582  − 0.11395 0.14602  − 0.03010
Fruit size  − 0.24567 0.93459 0.18794 0.04053  − 0.00395  − 0.00019 0.04750
Fruit firmness 0.32959 0.32487  − 0.43989  − 0.29418  − 0.18807 0.51933  − 0.24497
pH  − 0.43598 0.32701  − 0.31994 0.25640 0.27210 0.15207 0.34913
Soluble solids content 0.04097 0.18433 0.15785 0.73192 0.23877 0.15211  − 0.13509
Titratable acidity 0.47929  − 0.25100 0.30913 0.23264 0.36149  − 0.21033  − 0.33680
Vitamin C 0.71353  − 0.02173  − 0.11778 0.26215 0.07473 0.11381  − 0.12781
Total phenolics 0.82718 0.06322 0.43079  − 0.16558  − 0.08554 0.06772  − 0.00049
Total flavonoids 0.73418 0.11918 0.39061 0.04938 0.25873 0.13647 0.08893
DPPH 0.39692  − 0.36351 0.36954 0.33387  − 0.29374 0.25335 0.30847
FRAP 0.80070 0.10596 0.27636  − 0.07791 0.18702 0.12927 0.21312
4-Aminobenzoic 0.75531 0.20428 0.07655  − 0.06125  − 0.31573  − 0.13326  − 0.18100
Protocatechuic 0.41430 0.17077  − 0.30220  − 0.51951 0.12288 0.29212 0.04310
4-Hydroxybenzoic 0.18292 0.05979  − 0.22181 0.49875  − 0.60263 0.12739  − 0.06428
( +) − catechin 0.76310 0.25505  − 0.27625 0.04205 0.31984 0.03778  − 0.01216
Chlorogenic 0.67698 0.38204  − 0.38408 0.14952 0.18830  − 0.31420  − 0.08859
Caffeic 0.56767 0.21052  − 0.33288  − 0.04935  − 0.41094  − 0.28658 0.19418
( −) − epicatechin 0.49248  − 0.12148  − 0.36566 0.18633 0.08920  − 0.01650 0.60226
p-coumaric 0.74430 0.25842  − 0.10557 0.03260  − 0.26298  − 0.40690  − 0.02032
Rutin 0.61761  − 0.03842  − 0.37315 0.02672 0.31302 0.13037  − 0.16916
Kaempferol 0.63258  − 0.02216 0.60411  − 0.23337  − 0.14620 0.11730 0.11333
Eigenvalue 7.0 3.7 2.3 1.7 1.6 1.1 1.0
Variance 30.6 16.1 9.9 7.4 6.8 4.7 4.4
Cumulative variance 30.6 46.7 56.6 64.0 70.8 75.5 79.9
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antioxidant activity (according to FRAP assay). Cat-
echin, caffeic, epicatechin, and rutin were determined 
as major individual phenolics. U-6 accession was 
found remarkable for these phenolics (except rutin). 
PCA, heatmap, and correlation analyses revealed 
important relationships between morphological 
and biochemical traits, and once again emphasized 
the importance of phenotypic markers in genotype 

discrimination. These findings improve our under-
standing of the human health benefits of service tree 
fruits and provide important genetic material for 
breeding programs aiming to develop service tree 
varieties with high bioactive content. In addition, this 
research highlights the importance of genetic diver-
sity in fruit species to support human health and sus-
tainable production.

Fig. 3   Heatmap analysis and grouping of service tree accessions investigated based on fruit traits and bioactive compounds
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