
Vol.:(0123456789)1 3

European Food Research and Technology (2020) 246:1095–1104
https://doi.org/10.1007/s00217-020-03476-1

ORIGINAL PAPER

Investigation of nutritional characteristics and free radical 
scavenging activity of wild apple, pear, rosehip, and barberry 
from the walnut‑fruit forests of Kyrgyzstan

Jamila Smanalieva1,2   · Janyl Iskakova2 · Zhyldyz Oskonbaeva2 · Florian Wichern3 · Dietrich Darr3

Received: 18 November 2019 / Revised: 25 February 2020 / Accepted: 29 February 2020/ Published online: 11 March 2020 
© The Author(s) 2020

Abstract
This study is based on 2-year experimental results aimed at evaluating the nutritional value and pomological characteristics 
of wild fruits and berries from the walnut-fruit forests of southern Kyrgyzstan including apple (Malus sieversii var. kir-
gizorum), pear (Pyrus korshinskyi Litv.), rosehip (Rosa canina), or barberry (Berberis oblonga). Wild pear, characterised 
by its high level of alimentary fibres (8.76 g/100 g), offers a promising potential for industrial pectin production. Barberry 
features higher radical scavenging activity (antioxidant activity) as compared to Iranian and Turkish ecotypes. Among the 
investigated fruits and berries, barberry and rosehip represent a good source of bioactive phytochemicals due to their high 
phenolic, anthocyanin, vitamin C and mineral contents. Regular consumption of such wild fruits can contribute between 26 
and 100% to the recommended dietary allowance of selected mineral elements (Ca, Zn, Fe, Mn) helping to combat micro-
nutrient deficiency in humans.
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Introduction

Food compositional data such as data on mineral, vitamin, 
or antioxidant content are essential for many fields including 
clinical practice, nutrition policy, public health, education, 
or for the food-manufacturing industry; with such data being 
used in a variety of ways including national programs for 
the assessment of the nutritional status of the population, 
the development of therapeutic and institutional diets, or 
for nutrition labelling of foods [1]. Studies provided by The 
United Nations Children’s Fund (UNICEF) on the nutritional 
status of children and their mothers conducted in the Kyrgyz 

Republic show that stunting, low birth weight, or vitamin 
and mineral deficiencies are major issues affecting the health 
and well-being of children in Kyrgyzstan. Among mothers, 
the prevalence of folate deficiency lies at 49.3%. Iron defi-
ciency anemia among children aged 5 years declined only 
slightly from 50% (1997) to 43% (2012) [2].

Fruits and berries are important sources of nutrients that 
should be taken into account to improve the nutritional sta-
tus of a population. The unique walnut-fruit forests of Kyr-
gyzstan are the oldest of their kind in the world and are com-
posed of natural stands of Persian walnut (Juglans regia L.) 
and a variety of wild fruits and berries. The species diversity 
and genetic polymorphism of the extensive walnut-fruit for-
est of Kyrgyzstan are substantial. For example, Rosaceous 
species of wild apple (M. sieversii var. kirgisorum), together 
with wild pear (Pyrus korshinskyi Litv.), wild cherry plum 
(Prunus divaricata Ledeb.), or rosehip (Rosa canina) are 
found in these forest ecosystems [3]. Malus sieversii var. 
kirgizorum is a widespread wild apple native to the walnut-
fruit forests of Kyrgyzstan. Malus sieversii has been shown 
to be a wild relative of domesticated apple cultivars (Malus 
domestica) and, therefore, is a genetic resource of global 
importance [4].
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Pyrus korshinski is the major pear rootstock for all cen-
tral Asian countries. The tree can reach up to 10–12 m in 
height and features white flowers of 2–2.5 cm diameter with 
purple anthers. This wild pear is considered more drought 
tolerant and disease resistant than P. regelii. Rehd [5] and 
its fruits are characterized by their green–yellow colour and 
an astringent taste.

Rosehip (R. canina) pseudo fruits, often referred to as 
rosehips, grow naturally in the walnut-fruit forests. Rose-
hips have been used as a herbal medicine for more than 
2000 years, yet research has only recently begun to outline 
specific mechanisms of how this plant product may affect 
human health. The fruits of R. canina L. (Rosaceae) are 
best known for their high content of vitamin C, flavonoids, 
carotenoids, and fatty acids and are, therefore, commonly 
used for the treatment of colds and influenza [6].

Barberry (Berberidaceae) is also used to treat various 
diseases including scurvy, hypertension, Alzheimer’s dis-
ease, depression, diarrhoea, diabetes, jaundice, kidney 
stones, gout, rheumatism, or skin diseases [7, 8]. The Bar-
berry ecotype Berberis oblonga is common throughout the 
walnut-fruit forests of Kyrgyzstan.

However, despite their benefits, these fruits are not widely 
used in the Kyrgyz diet or Kyrgyz medicine. This study, 
therefore, attempts to contribute to improved sustainable 
dietary use of wild berries and fruits through scientific 
research, which ultimately will facilitate the sustainable 
management and use of forest resources. There is currently 
a lack of information on the phytochemical composition of 
fruits and berries from the Kyrgyz walnut-fruit forest in the 
scientific literature. Therefore, the aim of this study is to 
investigate and document the nutritional value of selected 
key wild fruits and berries from Kyrgyzstan using standard 
methods, and to compare them with values reported from 
other regions.

Materials and methods

Materials

Fully mature samples of apple (Malus sieversii var. kirgi-
zorum), barberry (B. oblonga), rosehip (R. canina), and 
pear (Pyrus korshinskyi Litv.) were collected (5 kg per vari-
ety) during their respective harvesting seasons in 2017 and 
2018 at two different locations in the natural walnut-fruit 
forests: in Arslanbap (A), located at N 41° 22′ 8.33″, E 72° 
3′ 45.974″, at an altitude of 1300 m; and in Kyzyl-Unkur 
(KU), located at N 41° 18′ 20.903″, E 72° 57′ 48.209″, at an 
altitude of 1466 m (Table 1). The samples were transported 
in air-conditioned vehicles in portable fridges at 4–6 °C (for 
9–12 h) to the laboratory in Bishkek, Kyrgyzstan and inde-
pendently identified by two specialists from the Department 

of Botany of the Kyrgyz Academy of Sciences. All samples 
were stored in plastic bags at two different conditions: at 
4–6 °C for analysis of physical properties and at − 23 °C for 
analysis of the chemical composition.

Determination of nutritional values 
and pomological characteristics

Moisture, invert sugar, titratable acidity, ascorbic acid, crude 
fibre, and ash contents were determined according to the 
AOAC method [9].

Pomological properties of fruits (including fruit weight, 
size, sphericity, average radius, aspect ratio, volume, and 
bulk density) involved the examination of 25 sample fruits 
in 3 replications according to Mohsenin [10], as described 
in Smanalieva et al. [11].

Determination of total polyphenol and total 
anthocyanin contents

For the polyphenolic analysis, sample extracts were pre-
pared according to Kalt et al. [12]. Total polyphenols in the 
extracts were determined by the Folin–Ciocalteau micro-
method according to Waterhouse [13] using a UV–Vis 
spectrophotometer (Specord 50, Analytic Jena, Germany) at 
765 nm wavelength. Total polyphenolics were expressed as 
mg gallic acid equivalents (GAE) per kg of the fresh sample.

For the anthocyanin analysis, fruit extracts were prepared 
according to Tonutare et al. [14] using a solvent containing 
ethanol and 0.1 M HCl at 85:15% (v:v). Total anthocya-
nins were determined based on the pH differential spectro-
scopic method using two different buffers: 0.025 M potas-
sium chloride (pH 1.0) and 0.4 M sodium acetate (pH 4.5), 
respectively. A UV–Vis spectrometer (Specord 50, Analytic 
Jena, Germany) was used to measure absorbance at 510 and 
700 nm. Total anthocyanins were calculated as cyanidin-
3-glucoside using the molar absorptivity coefficient (İ) value 
26,900/M/cm, and the molecular weight 449. The results 
were calculated according to Giusti and Wrolstad [15] as 
follows:

The content of total anthocyanins (TA) was calculated 
as follows:

where DF is the dilution factor, E is the cuvette optical path-
length (1 cm), and m is the weight of the sample (g). The 
total anthocyanin content was expressed as mg anthocya-
nin in 100 g fresh weight (FW).

(1)Asp =
(

A510−A700

)

pH1.0
−
(

A510−A700

)

pH 4.5

(2)TA =
(Asp ⋅M ⋅ DF ⋅ 1000)

(İ ⋅ E ⋅ m)
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Table 1   Selected harvest location for sample collection and abbreviation of fruits and berries
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Determination of total antioxidant capacity

Both extraction and analysis of total antioxidants were per-
formed according to Hangun-Balkir and McKenney [16] 
using a solution of 80% ethanol. Individual solutions of 
antioxidants were prepared at five concentrations (1, 2.5, 5, 
7.5 and 10 µg/ml) in 80% ethanol. As a radical, solution of 
0.01% DPPH (2,2 diphenyl-1-picrylhydrazyl) in 80% ethanol 
was used. The absorbance of the control and sample solu-
tions was measured at 517 nm using a UV–Vis spectropho-
tometer (Specord 50, Analytic Jena, Germany). The values 
are expressed as IC50, the concentration of the samples that 
cause 50% scavenging of the DPPH radical.

Determination of mineral composition

To determine macro- and microelement concentrations 
(mg/100 g fresh weight), fresh fruit samples were washed 
according to the AOAC 942.05 method [9]. Subsequently, 
0.15 g of sample ash was dissolved in 15 ml 10% HNO3 and 
shaken for 30 s and filtrated using a Whatman filter (No 
42). The filtrates were analysed using Inductively Coupled 
Plasma-Optical Emission Spectrometry (ICP-OES, Optima 
8000, PerkinElmer Waltham, USA) with the following 
working conditions: RF power − 1.0 to 1.4 kW (1.2–1.3 for 
axial); Plasma gas flow rate (Argon) –10–13 l/min; Quality 
control-10 mg/l; 1 mg/l; Plasma-13 l/min; Auxiliary gas flow 
rate − 0.6 l/min; Nebulizer-0.6 l/min.

Statistical analyses

All analyses were carried out in triplicates. The results are 
expressed as mean values with standard deviation (SD). Data 
were analysed by t test (p < 0.05) using the SPSS software, 

Version 13 to examine pairwise comparisons between dif-
ferent harvesting years and locations (SPSS Inc., Chicago, 
IL, USA).

Results and discussion

Pomological and nutritional composition of wild 
fruits

No significant differences in chemical or physical prop-
erties among fruits harvested in 2017 and 2018 could be 
observed; therefore, the mean values of the 2 years are 
shown in Table 2. The Dmax of wild apple is in the range of 
31.6 and 33.4 mm with a weight between 11.6 and 15.2 g 
(insignificant differences between the two locations Arslan-
bap and Kyzyl-Unkur). For comparison, the cultivated apple 
variety Smith (Malus domectica) has a significantly larger 
fruit diameter of 71–81 mm at the ripening stage and weighs 
approx. 201.8 g [17]. The diameter of Gloster apples can be 
even larger ranging from 63.3 to 88.6 mm with the weight 
of these apples ranging from 101 to 256 g, respectively [18]. 
The wild pear fruit on average features 20.4 mm in diameter 
and 6.5 g in weight. In comparison, cultivated pear (Pyrus 
communis L.) features a weight ranging from 10 to 140 g 
[19, 20]. The shape of the analysed wild apples and pears 
was found to be almost round. In general, the wild fruits 
assessed in this study feature lower weights and sizes than 
those reported in the studies of cultivars mentioned above, 
most likely due to genetic variability.

Analysed rosehip (R. canina) fruits feature a red col-
our with their weight ranging from 3.12 to 3.53 g per fruit. 
The fruit weight of rosehip genotypes from the province 
Adıyaman, Turkey ranges from 1.29 to 2.72 g [21] and from 

Table 2   Physical attributes of wild fruits and berries

The values are given as mean (n = 6) ± standard deviation (SD). Differences between means within each line at p ≤ 0.05 are indicated by different 
letters
A Arslanbap, KU Kyzyl Unkur, MKA MSKU apple (Malus sieversii var. kirgizorum), PKA pear (Pyrus korshinskyi Litv), RCA RKU rosehip 
(Rosa canina), BOA BOKU—barberry (Berberis oblonga)

Physical characteristic MSA MSKU PKA RCA​ RCKU BOA BOKU

Length/D (max) 31.69 ± 3.81 33.45 ± 2.82 20.43 ± 2.98 17.01 ± 1.26 15.45 ± 1.24 9.19 ± 0.94 10.22 ± 0.73
Width/D (midd) 27.55 ± 3.26 28.51 ± 2.93 16.29 ± 1.73 14.78 ± 1.03 13.64 ± 1.17 5.21 ± 0.44 5.27 ± 0.29
D (min) 21.84 ± 2.01 23.28 ± 2.12 12.44 ± 1.75 10.29 ± 0.71 10.75 ± 0.96 5.06 ± 0.52 5.22 ± 0.29
Sphericity 0.84 0.84 0.79 0.81b 0.86a 0.68 0.63
Average radius, r (mm) 13.51 14.21 8.19 7.01 6.64 3.24 3.45
Aspect ratio Ra (–) 1.45 1.44 1.64 1.64a 1.41b 1.82b 1.98a
Volume (mm3) 15.23 112.60 6.57 3.12 3.25 0.15b 0.27a
Bulk density (g/cm3) 0.52 0.51 – 0.51 0.55 0.45a 0.43a
Solid density (g/cm3) 1.00 ± 0.00 1.00 ± 0.00 0.99 ± 0.00 1.00 ± 0.00 1.03 ± 0.04 1.05 ± 0.00 0.81 ± 0.18
Weight (g) 15.23 ± 3.00 11.60 ± 3.23 6.50 ± 1.19 3.12 ± 0.67 3.35 ± 0.91 0.16 ± 0.02 0.22 ± 0.05
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2.0 to 2.8 g in south Sweden and Denmark [22]. With regard 
to other physical characteristics, length ranged from 15.45 
to 17.01 mm, width from 13.64 to 14.48 mm, and sphericity 
ranged from 0.81 to 0.86. Rosehip fruits from Turkey feature 
an average weight of 2.35 g, a width of 13.5 mm and a length 
of 20.70 mm [23]. The average values of rosehip fruits from 
Bosnia ranged from 14.73 to 20.69 mm for length, from 
9.45 to 10.88 mm for fruit width, and from 1.31 to 1.48 g for 
fruit weight. Thus, compared to these values, Kyrgyz rosehip 
fruits can be considered large.

The investigated wild barberry fruits featured a weight 
between 0.16 and 0.22 g, a purplish-black colour and con-
tained between one and four stones. The length, width 
and average radius of barberry fruits ranged from 9.19 to 
10.22 mm, 5.21 to 5.27 mm, and 3.21 to 3.45 mm, respec-
tively. The sphericity ranged from 0.63 to 0.68. Compared 
to barberry fruits from Iran, being 7.40–10.84 mm in berry 
length, 4.39–8.05 mm in berry width and 0.11–0.43 g in 
berry weight [24] or barberry fruits from Turkey being on 
average 15.95–20.77 mm in length, 10.91–16.40 mm in 
width and 12.57–17.69 mm in diameter with a sphericity 
ranging from 0.745 to 0.85 [25], fruits from the Kyrgyz 
walnut-fruit forests are considerably smaller than cultivated 
barberry fruits from Turkey. Overall, it appears that the 
physical properties of the investigated wild fruit samples, 
particularly concerning their smaller size and lower weight, 
represent a considerable limitation for their commercialisa-
tion, an exception being rosehip fruits. As demonstrated in 
Table 2, significant differences between the two locations 
can be observed for sphericity, aspect ratio and bulk density 
of rosehips and in volume and aspect ratio of barberries.

The moisture content of analysed wild apples and pears, 
with values between 70.18 and 82.48 g/100 g (Table 3) were 
lower than values reported in the literature for comparable 
domesticated fruits. For example, Red Delicious, Golden 

Delicious, Gala, Granny Smith, and Fuji apple varieties 
feature a moisture content of 85.56 g/100 g [26]. Barberry 
samples are characterized by an average moisture content of 
58.86 g/100 g, which is also lower than the moisture content 
of barberry fruits from Turkey (71.42 g/100 g) [25]. The 
moisture content of investigated rosehip samples ranged 
from 66 to 70%, whereas rosehip species from Turkey var-
ied from 60% (Rosa dumalis subsp. boissieri) to 66% (Rosa 
villosa) [27].

The highest invert sugar content was found in rosehip and 
pear fruits (9.30 and 10.45%, respectively), whereas bar-
berry fruits showed the lowest invert sugars content with 
values between 6.42 and 7.62 g/100 g. Therefore, results 
for barberry are in agreement with findings from Akbulut 
et al. [25] (6.52%), but lower than findings of Awan et al. 
[28] who measured invert sugar content ranging from 7.72 
to 9.00 g/100 g in B. orthobotrys and B. calliobotrys from 
Pakistan, respectively.

The pH value of evaluated rosehip fruits being in the 
range of 4.27–4.36 is similar to the results reported for Turk-
ish rosehip (4.27) [23]. Barberry fruits featured pH values of 
3.07–3.25 and values from 2.03 to 2.56% for total acidity (as 
malic acid). Such values are comparable to results obtained 
by Awan et al. [28], who reported pH values of 3.33–3.91 
and 1.36–2.26% titratable acidity in barberry fruits from 
Pakistan.

Ascorbic acid is an antioxidant protecting plants from 
oxidative harm derived from either internal factors, such 
as respiration and photosynthetic metabolism, or exter-
nal factors, such as environmental pollution [29]. In the 
present study, the highest ascorbic acid contents were 
identified in rosehip (467–491 mg/100 g) and in barberry 
(488–491 mg/100 g). Values for rosehip fruits corresponded 
to ascorbic acid contents reported in other studies, rang-
ing from 391.7 mg/100 g [30] to 727 mg/100 g FW for 

Table 3   Nutritional composition and antioxidant activity of wild fruits and berries

The values are given as mean (n = 6) ± standard deviation (SD)
A Arslanbap, KU Kyzyl Unkur, MKA MSKU apple (Malus sieversii var. kirgizorum), PKA pear (Pyrus korshinskyi Litv), RCA RKU rosehip 
(Rosa canina), BOA BOKU—Barberry (Berberis oblonga)

Samples MSA MSKU PKA RCA​ RCKU BOA BOKU

Moisture content, g/100 g 82.48 ± 0.10 80.79 ± 0.29 70.18 ± 0.11 70.38 ± 0.29 66.06 ± 0.20 58.86 ± 0.00 58.86 ± 0.25
Invert Sugars, g/100 g 7.91 ± 0.05 7.14 ± 0.12 9.30 ± 0.02 10.45 ± 0.08 8.69 ± 0.28 8.72 ± 0.00 6.42 ± 0.05
pH 3.88 ± 0.00 3.89 ± 0.05 4.33 ± 0.03 4.27 ± 0.02 4.36 ± 0.03 3.7 ± 0.02 3.25 ± 0.02
Titratable acidity, % 0.48 ± 0.11 0.68 ± 0.17 0.48 ± 0.12 0.61 ± 0.28 0.75 ± 0.24 2.03 ± 0.21 2.56 ± 0.14
Vitamin C, mg/100 g 11.48 ± 0.64 13.60 ± 0.85 4.35 ± 0.31 467.16 ± 6.62 491.47 ± 6.19 488.62 ± 1.60 491.74 ± 5.95
Total crude fibre, g/100 g 1.99 ± 0.11 1.77 ± 0.06 8.76 ± 0.18 4.08 ± 0.55 5.21 ± 0.50 4.48 ± 0.37 5.30 ± 1.02
Ash content, g/100 g 0.31 ± 0.01 0.42 ± 0.02 0.68 ± 0.03 1.98 ± 0.06 1.95 ± 0.04 - 1.86 ± 0.13
Total phenolic content, mg GAE/100 g 439 ± 0.02 476 ± 0.01 403 ± 0.01 907 ± 0.02 813 ± 0.01 683 ± 0.01 891 ± 0.01
Antioxidant activity by DPPH, IC50 

µg/ml
11.2 ± 0.01 10.0 ± 0.02 5.8 ± 0.02 1.4 ± 0.01 1.3 ± 0.01 1.0 ± 0.02 1.7 ± 0.02
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R. villosa and reaching 943 mg/100 g FW for R. dumalis 
subsp. boissieri [27], respectively. In wild apple samples, 
high content of vitamin C was found ranging from 11.48 to 
13.60 mg/100 g; however, ascorbic acid content levels of 
domesticated apples ranging from 19.38 mg/100 g (‘Well 
Spur’) and 32.08 mg/100 g (‘Starkrimson’) [18]. The low-
est ascorbic acid contents were detected in wild pear fruits. 
Ascorbic acid content from ten varieties of common pear (P. 
communis) in Turkey varies between 4.4 and 10.2 mg/100 g 
[20], which is in the range of or slightly higher than the val-
ues found for wild pears from Kyrgyz walnut-fruit forests.

Ash and crude fibre content of the investigated wild fruits 
ranged from 0.31 to 6.62 g/100 g and 1.77 to 8.76 g/100 g, 
respectively. With 3.98 g/100 g, ash content in rosehip was 
highest for all investigated fruit samples. The ash content 
of barberry fruits was determined at 1.86%, whereas lower 
values ranging from 0.79 to 1.13% were presented by Awan 
et al. [28] and values of 0.73 and 1.12% by Ardestani et al. 
[31] and Akbulut et al. [25], respectively. Such variations 
in nutritional values are likely to be influenced by genetic 
differences of the investigated genotypes as well as environ-
mental conditions, such as temperature (average, maximum 
and minimum), water availability (e.g. precipitation patterns 
and total amount), soil conditions (e.g. nutrient content, soil 
depth), radiation (e.g. intensity, quality) and abiotic and 
biotic stressors, all affecting the content of minerals, and pri-
mary and secondary metabolites of wild fruits and berries.

Total phenolic, anthocyanin content 
and antioxidant activity by DPPH

The highest amount of total phenolic content in this study 
was found for rosehip from Arslanbap (RCA) with 907 mg 
GAE/100 g (Table 3), which is very high compared to values 
reported in the literature. For example, Roman et al. [32], 
reported 326.3–575.1 mg GAE/100 g total polyphenols of 
rosehip pulp in Transylvania, Fattahi et al. [33] obtained 
an average of 197 mg GAE/100 g in rosehip of Turkey and 
Yoo et al. [34], reported 818 mg GAE/100 g fresh rosehip 
fruit of China.

The lowest amount of total phenolic content was found 
in pear fruits (PKA) with 403 mg GAE/100 g. Abacı et al. 
[20] detected values from 300.1 to 687.2 mg GAE/100 g 
in the peel of different pear genotypes and values from 
112.6 to 300 mg GAE/100 g in the flesh. Thus, the amount 
of total phenolic content of wild pears in our study can be 
considered in the range of cultivated pear genotypes. Total 
phenolic content of investigated wild apple samples ranged 
from 439 to 476 mg GAE/100 g, which is comparable to 
total phenolic content of apple (M. domestica) from West 
Himalaya with values between 94 and 700 mg GAE/100 g 
[35]. According to Francini and Sebastiani [36], the high-
est total phenolic concentration of apple (M. domestica 

Borkh.) was found in the peel with 500.2—588.9  mg 
GAE/100 g, whereas it was 75.7–93.0 mg of GAE/100 g—
and, therefore, substantially lower—in the flesh. On the 
other hand, Navarro et  al. [37] determined 619.6  mg 
GAE/100 g in the peel and 576.2 0 mg GAE/100 g in the 
flesh of apples from Costa Rica. It has been reported that 
polyphenolic contents of fruits can strongly differ, depend-
ing on environmental conditions during fruit development, 
with abiotic and biotic stress often increasing polyphenolic 
concentrations [38, 39]. However, when comparing fruits 
of different plant species from the same environment, it 
clearly shows a strong influence of the genetically deter-
mined potential, in this case, demonstrated by the highest 
values in rosehip and barberry and lowest in apples and 
pears.

All the investigated samples from Kyzyl-Unkur (KU) fea-
tured higher antioxidant activity (radical scavenging activ-
ity) as compared to samples from Arslanbap (A). Inhibitory 
concentrations (IC50) of barberry (BO) were 1.0 µg/ml in 
Kyzyl-Unkur (BOKU) and 1.7 µg/ml in Arslanbap (BOA). 
The IC50 of rosehip samples was 1.3 µg/ml (RCKU) and 
1.4 µg/ml (RCA). In comparison, the IC50 of three Iranian 
barberry species ranged from 58.4 to 221.1 μg/ml [40], 
which is a significantly lower antioxidant capacity than 
wild barberry from Kyrgyz walnut-fruit forests. Wild apples 
from Kyzyl-Unkur (MSKU, 10.0 µg/ml) also showed higher 
antioxidant activity than wild apples from Arslanbap (MSA, 
11.2 µg/ml). However, Navarro et al. [37] reported higher 
antioxidant capacity, i.e. lower IC50 of apple (M. domestica) 
from Costa Rica as 4.5 (skin) and 6.6 µg/ml (flesh). The 
antioxidant capacity of phenolic compounds is mainly due 
to hydroxyl groups and their redox properties, which allow 
them to act as reducing agents, hydrogen donors, singlet 
oxygen quenchers or metal chelators. Phenolics are pre-
sumed to be the major phytochemicals responsible for the 
antioxidant activity of plant material [41]. In fact, a sound 
linear correlation (R2 = 0.73) between total phenolic content 
and antioxidant activity by DPPH of wild fruits and berries 
can be observed (Fig. 1a), reflecting the species-specific 
composition patterns. The correlation between the antioxi-
dant activity and the total polyphenol content as observed 
by other researches was R2 = 0.71 for rosehip [32], 0.72 for 
apple [42], and 0.98 for wild cherry plum [43]. The high 
free radical scavenging capacity of wild fruits may also be 
attributed to the presence of other bioactive components, 
such as vitamin C, tocopherols, pigments, as well as the 
interaction of these compounds [44]. In our study, the cor-
relation of vitamin C with overall antioxidant capacity was 
0.86 (Fig. 1b), which is in agreement with Roman et al. [32]. 
However, we have to admit that the relationship between 
antioxidant capacity and total phenolic content or vitamin 
C, respectively, is caused by the large difference between the 
content of the individual species’ fruits.
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The amount of total anthocyanin content (TAC) was 
higher in barberry fruits from Arslanbap (1010 mg/kg) 
as compared to samples from Kyzyl-Unkur (980 mg/kg 
FW). The difference in TAC of fruit and berry samples 
from the two locations in our study may be due to differ-
ences in environmental conditions such as altitude and 
light intensity. According to Guerrero-Chavez et al. [45], 
TAC of strawberries correlates negatively with increasing 
altitude. With regard to light intensity, total anthocyanin 
concentration increases, whereas the trend is inversed in 
case of medium light intensity [39]. However, values from 
both locations were slightly higher than total anthocyanins 
in fruits from Turkey as reported by Akbulut et al. [25] 
and Özgen et al. [46]. Akbulut et al. [25] determined total 
anthocyanins in barberry (Berberis vulgaris L.) with val-
ues of 931 mg/kg FW, while Özgen et al. [46] found val-
ues in the range of 506 to 803 mg/l in fruit juice (Fig. 2). 
Thus, wild barberry from Kyrgyz walnut-fruit forests can 
be considered rich in anthocyanins. In the other investi-
gated fruit samples, the anthocyanin content was below 
detection limit.

Mineral composition of wild fruits

The results of the mineral composition analysis using ICP-
OES showed that the maximum concentration of sodium 
(Na) was found in barberry from Kyzyl-Unkur (BOKU) 
and from Arslanbap (BOA) with a value of 45.46 and 
33.25 mg/100 g, respectively (Table 4). These results are 
higher than literature values for wild barberry from Argen-
tina (29.33 mg/kg) [47]. The recommended dietary allow-
ance (RDA) value for Na is 2400 mg [48]. Therefore, 100 g 
fresh BOKU can contribute 1.8% of Na to RDA. Potas-
sium (K) content was lowest in wild apple from Kyzyl-
Unkur (MSKU) with 149.4 mg/100 g, whilst the highest 
content was found in barberry from Kyzyl-Unkur (BOKU, 
466.35 mg/100 g). This value, however, is substantially 
lower than the 1,530 mg/100 g reported in Rahimi-Mad-
iseh, (2016) [40]. The RDA for K is 3500 mg for adults 
[47]. Therefore, 100 g fresh BOKU can contribute 13.32% 
of potassium to RDA. The highest values for calcium 
(Ca), magnesium (Mg) and manganese (Mn) were found 
in rosehip from Arslanbap (RCA) with 213.32, 58.01 and 
6.42 mg/100 g, respectively. It should be noted that the val-
ues of Ca (213.32 mg/100 g) and Mn (6.42 mg/100 g) in the 
RCA sample are higher than literature values for wild rose-
hips from the northern plains in India, with values of 169 mg 
Ca/100 g FW and 1.02 mg Mn/100 g being reported in the 
food composition database of USDA [26]. The RDA for Ca 
is 800 mg, therefore, 100 g RCA can contribute 26% of Ca 
to RDA. The Mn content of the RCA sample was higher than 
reported for rosehip from Turkey, with 32.0 mg Mn/100 g 
[49]. The RDA for Mn is 5 mg for adults [48]. Therefore, 
100 g fresh RCA can contribute more than 100% of Mn to 
RDA. Phosphorus (P), zinc (Zn), and copper (Cu) concentra-
tions were highest in barberry from Arslanbap (BOA) with 
83.60 mg P/100 g, 8.61 mg Zn/100 g, and 4.43 mg Cu/100 g. 
Zn content was significantly higher than literature values for 
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Fig. 1   The correlation of antioxidant activity by DPPH (inhibitory 
concentrations IC50) with (a) total phenol content (TPC) and (b) vita-
min C content of wild fruits and berries
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barberry (Berberis microphylla) from Argentina (20.53 mg 
Zn/kg) [47]. The RDA for Zn is 15 mg and for Cu 2 mg for 
adults. Therefore, 100 g fresh BOA can contribute 57.4% 
of Zn and two times more than RDA of Cu. The concentra-
tion of iron (Fe), copper (Cu), zinc (Zn), and phosphorus 
(P) were also high in barberry from Kyzyl-Unkur (BOKU), 
which were 11.62, 3.11, 5.44 and 52.52 mg/100 g, respec-
tively. The RDA for Fe is 15 mg for adults. Therefore, 100 g 
of fresh BOKU can contribute 77% of Fe to RDA, which 
can help to combat iron deficiency. Molybdenum (Mo) 
content was 0.1 mg/100 g in all analysed samples and the 
RDA for Mo is 75 µg. Thus, 100 g of fresh BOKU can con-
tribute more than 100% of Mo to RDA. Overall, samples 
from Arslanbap and Kyzyl-Unkur showed insignificant dif-
ferences in terms of macro- and micro-elements, except for 
wild apple, which may be caused by differences in available 
nutrients in the soil. Regular consumption of such wild fruits 
can contribute between 26 and 100% to the recommended 
dietary allowance of selected micronutrients, helping to 
combat nutrient deficiency in humans.

Conclusions

The comparison of various physical and chemical proper-
ties of wild fruits and berries with the respective cultivated 
varieties as documented in scientific literature demonstrated 
that wild apples (Malus sieversii var. kirgizorum) and pears 
(Pyrus korshinskyi Litv.) cannot compete with cultivated 
forms. The size, weight, and high acidity of the wild fruits 
are a considerable limitation for fresh consumption. How-
ever, wild pear, characterized by its high levels of alimen-
tary fibres, offers a promising potential for industrial pectin 
production. The high total phenolics, vitamin C, and mineral 
content (K, Ca, Fe, P) in barberry (B. oblonga) and rosehip 

(R. canina), make these species useful alimentary sources 
against vitamin and mineral deficiencies in human diets. 
Barberry was also found to be rich in anthocyanins, which 
could be used for the production of natural colourants. The 
mineral composition analysis of wild fruits displayed higher 
concentrations of P from Kyzyl-Unkur compared to Arslan-
bap, highlighting the variability of chemical fruit properties, 
potentially caused by differences in environmental condi-
tions. Consequently, future research needs to address this 
phenomenon. The results of our study lay the foundation 
for the establishment of raw material standards for wild 
forest fruits, which is required for further promoting their 
sustainable use as a source of natural food additives such as 
fibre, colourants and other substances in the context of bio-
economy strategies in the national food industry.
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Table 4   Macro- and micro-elements of wild fruits and berries expressed in mg/100 g fresh substance

The values are given as mean (n = 3) ± standard deviation (SD)
A Arslanbap, KU Kyzyl Unkur, MKA, MSKU apple (Malus sieversii var. kirgizorum), PKA pear (Pyrus korshinskyi Litv), RCA, RKU rosehip 
(Rosa canina), BOA BΟKU—barberry (Berberis oblonga)

Samples MSA MSKU PKA RCA​ RCKU BOA BOKU

Na 14.23 ± 2.83 3.10 ± 0.03 2.42 ± 0.67 26.24 ± 2.23 38.35 ± 5.41 33.25 ± 0.00 45.46 ± 19.96
K 16.87 ± 0.10 15.16 ± 0.46 177.54 ± 50.83 403.62 ± 52.75 403.16 ± 57.13 138.88 ± 0.00 466.35 ± 16.25
Mg 4.38 ± 0.25 1.95 ± 0.56 2.21 ± 1.11 55.38 ± 1.92 48.55 ± 8.45 11.31 ± 0.00 24.05 ± 5.25
Ca 12.43 ± 0.46a 1.98 ± 0.12b 4.02 ± 2.35 213.32 ± 20.08 186.63 ± 13.15 21.02 ± 17.17 46.08 ± 9.27
Mo 0.01 ± 0.00 0 0.01 ± 0.00 0.02 ± 0.00 0.01 ± 0.01 0.01 ± 0.00 0.03 ± 0.02
Mn 0.48 ± 0.00 0.53 ± 0.33 0.49 ± 0.12 6.24 ± 1.4 4.79 ± 1.46 1.6 ± 0.01 3.62 ± 0.82
Fe 2.29 ± 0.45 2.32 ± 0.90 2.70 ± 0.06 2.34 ± 0.49 2.25 ± 0.16 4.83 ± 0.02 11.62 ± 2.12
Cu 0.23 ± 0.18 0.35 ± 0.16 0.81 ± 0.13 0.98 ± 0.14 1.71 ± 0.28 1.76 ± 0.04 3.11 ± 1.23
Zn 0.25 ± 0.01 0.18 ± 0.09 0.50 ± 0.04 0.84 ± 0.01 1.08 ± 0.12 2.17 ± 0.02 5.44 ± 1.30
P 4.68 ± 0.04 9.67 ± 0.87 6.92 ± 1.82 21.65 ± 3.6 24.43 ± 4.02 30.18 ± 0.00 52.52 ± 12.01
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