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Abstract 

Background Genetic diversity is a prerequisite for breeding programs, and one of the main goals here is to obtain 
quality products. Therefore, this study aims to evaluate the genetic diversity in some hybrid individuals of honeyberry 
(Lonicera caerulea L.) based on fruit characteristics, leaf morphology, vitamin C, antioxidant activity, biochemical, 
and nutritional content. In this context, superior quality individuals have been identified based on the 42 variables 
examined in our study. These hybrid individuals can be economically incorporated into production after the registra-
tion stages, and their sustainability for use in breeding programs can also be ensured.

Results The fruit weight ranged from 0.71 (‘H11’) to 1.66 g (‘H6’). The ascorbic acid varied between 17.13 (‘H7’) 
and 20.64 mg AAE/100 g (‘H15’). The antioxidant activity changed between 12.59 (‘Store’) and 15.03 µmol Trolox 
 g–1 (‘Aurea’). The total anthocyanins were found to be highest in ‘Borrel Beast’ (163.79 mg cyn-3-gluc 100  g–1), fol-
lowed by ‘H8’ (163.20 mg cyn-3-gluc 100  g–1). The highest nutrient levels in the fruits were found in the ‘H10’ 
individual, with calcium (2445.77 mg  kg–1), potassium (2274.36 mg  kg–1), phosphorus (2123.27 mg  kg–1), magne-
sium (1263.95 mg  kg–1), and sulfur (859.62 mg  kg–1), respectively. The highest nutrient levels in the leaves were 
found in the ‘H14’ individual for calcium (19,493.21 mg  kg–1), ‘H5’ for magnesium (5643.52 mg  kg–1), ‘H8’ for sulfur 
(2312.11 mg  kg–1), ‘H6’ for phosphorus (2007.51 mg  kg–1), and ‘H6’ for potassium (1099.32 mg  kg–1). In general, 
the nutrients in the fruit exhibited significant correlations among themselves at different levels (*, **, ***). Within 
the scope of principal component analysis, the first 8 principal components explained 80.69% of the total variance. 
According to the cluster and population analyses, it was determined that there was a high variation in subgroup B2. 
Additionally, although honeyberry is a relatively new fruit in Türkiye, efforts have begun to develop new cultivars 
through hybrid breeding.

Conclusions When 42 variables were evaluated together to determine genetic diversity, hybrid individuals ‘H14’, ‘H5’, 
‘H8’, and ‘H1’ were identified as superior individuals, respectively.
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Introduction
Berries have attracted considerable attention in agricul-
ture because of their positive impact on human health 
and high economic value [1]. Amid global environmen-
tal and economic changes, there is a growing interest in 
innovative berry crops that can prolong production sea-
sons, require less maintenance, and have the potential for 
organic cultivation [2].

Honeyberry (Lonicera caerulea L.) is a deciduous per-
ennial shrub from the Caprifoliaceae family [3], with a 
chromosome structure of 2n = 36 [4]. The genus Loni-
cera includes approximately 180 species [5]. Its fruit is 
a small berry, varying in color from azure-blue to dark 
blue, and has a taste that ranges from sour to sweet. It 
is commonly referred to as ‘honeysuckle’, ‘haskap’, or 
‘honeysuckle berry’ [6]. Honeyberry is widely cultivated 
in North America, Europe, Russia, Japan, and China [7]. 
It can withstand temperatures as low as -40°C, while its 
flowers can tolerate up to -7°C [8], and is highly resistant 
to many diseases and pests [9]. Additionally, it is increas-
ingly regarded as an environmentally beneficial crop due 
to its perennial nature, which leads to reduced soil dis-
turbance compared with other crops, as well as its less 
intensive cultivation system [2]. Its fruits are typically 
1–2 cm in length and 1 cm in width [8]. The early rip-
ening of honeyberry, occurring between May and June 
similar to strawberries and before all other fruits may 
be one of its significant advantages. The growing recog-
nition of the taste, nutritional benefits, and versatility 
of berries has resulted in increased popularity in com-
mercial growing regions and new breeding programs in 
Canada, Japan, Russia, Poland, and more recently, the UK 
[10]. Anthocyanins are widely distributed plant pigments 
that give fruits and flowers their red to blue colors. They 
are structurally composed of anthocyanidin and sugar, 
linked by a glycoside bond. The most common antho-
cyanidins petunidin, cyanidin, pelargonidin, delphinidin, 
malvidin, and peonidin are found in plants attached to 
glucose, galactose, arabinose, rhamnose, or xylose. Due 
to their high cyanidin-3-glucoside content, honeyberry 
may possess antioxidant, anti-inflammatory, antimicro-
bial, cardioprotective, and hepatoprotective properties 
[11, 12]. Research on the mineral nutrient content of 
honeyberry compared with other fruits like aronia, blue-
berries, and grapes is insufficient. However, several stud-
ies have reported that honeyberry is rich in potassium, 
calcium, and magnesium content [13]. As research on the 
antioxidant and biochemical properties of honeyberry 

has only recently begun, available information on the 
topic remains limited. Some studies suggest that honey-
berry fruits may help protect against diseases triggered 
by inflammation and oxidation [14]. Furthermore, honey-
berry was found to safeguard the liver from lipopolysac-
charide-induced damage, highlighting its potential role 
in hepatitis prevention [15]. In an analysis of 30 different 
fruits, including oranges, apples, pineapples, bananas, 
grapes, and several other types, honeyberry berries 
exhibited the strongest inhibitory activity against car-
bohydrate-degrading enzymes, suggesting their possible 
benefit in reducing obesity and type-2 diabetes risks [16].

Recent studies have highlighted the presence of fruit 
characteristics, leaf morphology, vitamin C content, anti-
oxidant activity, total anthocyanins, total phenolics, and 
mineral nutrient content in honeyberry fruits; however, 
there is a significant gap in the literature on this topic. To 
the best of our knowledge, the present study is the first 
in Türkiye to provide information on the fruit character-
istics, leaf morphology, vitamin C content, antioxidant 
activity, biochemical, and nutritional composition of 
honeyberry. This study aims to fill the significant gap in 
the existing literature, provide valuable information for 
researchers working on similar topics, and offer guidance 
for different industries such as food, cosmetics, pharma-
ceuticals, etc. Thus, an important gap in the literature on 
the subject will be filled.

Materials and methods
Plant material
This study was conducted at the Fruit Farm of the Agri-
cultural Research and Application Center of Erciyes Uni-
versity on 3 to 4-year-old hybrid honeyberry plants and 
some honeyberry cultivars, including the parents of these 
hybrids (Table 1).

Three repetitions were conducted, with each repetition 
involving 50 fruits and 50 leaves. The samples were har-
vested during the ripening period in June. The plants were 
cultivated outdoors in pots, utilizing a substrate composed 
of perlite, peat, and garden soil in a ratio of 1:1:1. Regular 
cultural practices, including irrigation, fertilization, and 
pest control, were systematically implemented to ensure 
optimal growth conditions. The climate in Kayseri is char-
acterized by cold, snowy winters and hot, arid summers, 
which further influences the growth and development of 
the plants. The superior characteristics of the honeyberry 
cultivars used as parents are presented in Table 2.
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Evaluation of fruit characteristics and leaf morphology
Fruit width, fruit length, leaf width, leaf length, petiole 
length, and petiole thickness of the individuals, were 
measured using a digital caliper (Insize 1104 IP54) with 
0.01 mm sensitivity and the results are expressed in 
mm. Fruit weight was determined using a digital scale 
with 0.01 g sensitivity (Precisa, XB 4200C). Fruit outer 
surface color measurement was determined in L*, a*, 
b* using a hand chronometer (Fru, WR10). L* repre-
sented the relative lightness of colors, with values rang-
ing from 0 (black) to 100 (white). The a* and b* values 
ranged from -60 to 60, where: a* was negative for green 
and positive for red, while b* was negative for blue and 
positive for yellow [21].

Determination of vitamin C, antioxidant activity, 
and biochemical contents
Ascorbic acid
The ascorbic acid (vitamin C) content was determined 
according to Balta et  al. [22]. Briefly, the fruit juice was 
diluted with distilled water at a 1:100 ratio, and 1 mL 
of this solution was mixed with five drops of TS-1 rea-
gent and 10 mL of distilled water. A test strip (Cat. No. 
116136, Reflectoquant, Total Sugar Test, Merck, Ger-
many) was immersed in the prepared solution for 2 s, and 
after a 10-min wait to remove excess liquid, the strip was 
placed in the reflectometer’s strip adapter (RQFlex Plus 
10, Merck, Darmstadt, Germany) for measurement. The 
result was multiplied by the dilution factor and reported 
as grams of ascorbic acid equivalent (mg AAE/100 g fresh 
weight, FW) [22].

Sample preparations
The fresh fruits extracts were extracted by homogeniz-
ing them with a hand blender (Arçelik HB 6150, İstanbul, 
Türkiye). For this, 10 g of each sample was taken and 10 
mL of 80% methanol was added. The samples were cen-
trifuged at 6000 × g for 5 min at 4°C (Elektromag M615 
E, İstanbul, Türkiye). The supernatant was collected. The 
supernatant was filtered through filter paper (Borox, 90 
mm Ø) and used in the determination procedures of total 
antioxidant, phenolic and flavonoids [23]. The vitamin 
C, antioxidant activity, and biochemical contents of each 
individual were determined using a total of 60 fruits, with 
3 replicates and 20 fruits in each replicate.

Antioxidant activity (AA)
The DPPH (2,2-diphenyl-1-picryl-hydrazyl) (Sigma 
Aldrich, St Louis, MO, USA) radical scavenging activity 
was measured following the method describe by Brand-
Williams et al. [24]. Briefly, 10 μL of the supernatant was 
mixed with 40 μL of methanol, followed by 950 μL of 
DPPH solution. The mixture was shaken using a shaker 
(Biosan PSU-20i, Rīga, LV-1067, Latvia) at 250 rpm for 
3 min at room temperature, and left in the dark for 10 

Table 1 Investigated honeyberry hybrids and cultivars

Hybrid Parents

‘H1’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H2’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H3’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H4’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H5’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H6’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H7’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H8’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H9’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H10’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H11’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H12’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H13’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H14’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘H15’ ‘Aurea’ (♀) × ‘Borrel Beast’ (♂)

‘Aurea’ ‘Blue Moon’ (♀) × ‘Honey Bee’ (♂)

‘Bornel Beaty’ ‘Blue Belle’ (♀) × ‘Boreal’ (♂)

‘Borrel Beast’ ‘Boreal’ (♀) × ‘Blue Honey’ (♂)

‘C2 Kolenka’ ‘Kolenka’ (♀) × ‘Blue Moon’ (♂)

‘Store’ ‘Blue Honey’ (♀) × ‘Honeybee’ (♂)

Table 2 The superior characteristics of the honeyberry cultivars used as parents [17–20]

Cultivar Characteristic

Blue Moon Produces a large quantity of fruit, ideal for fresh consumption, and is resistant to low temperatures

Honey Bee Rich in flavor and aroma, it is a resilient cultivar with good yield potential

Blue Belle Has a distinct and pleasant fruit fragrance, is rich in antioxidants, and adapts well to different climatic conditions

Boreal Produces attractive and large fruits, is rich in vitamins and minerals, and is resistant to pests

Kolenka Produces delicious and sweet fruits suitable for fresh consumption, grows rapidly, and has high yield potential

Blue Honey Has sweet and aromatic fruits, performs well under diverse conditions, and is suitable for both fresh and processed products

Honeybee Stands out for its aroma and sweetness, provides a high fruit yield, and contains a high level of antioxidants
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min. Absorbance was then measured at 515 nm using a 
spectrophotometer. The results were expressed as micro-
moles of Trolox 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid) per gram of fresh weight (µmol Trolox 
 g–1 FW).

Total anthocyanins (TAs)
The honeyberry, which contains various anthocya-
nins, has cyanidin-3-glucoside as its main anthocyanin 
source [25]. Li et  al. [26] reported that the anthocyanin 
content in honeyberry is higher compared to species 
such as blackberry, blueberry, and cornelian cherry. The 
total anthocyanin content in honeyberry fruit has been 
determined according to Guo et al. [27]. Specifically, the 
absorbance of the extract was measured at 510 and 700 
nm in buffers with pH 1.0 (hydrochloric acid–potassium 
chloride, 0.2 M) and 4.5 (acetic acid-sodium acetate, 1 
M). The total anthocyanin content was calculated using 
the absorbance value (A) of the diluted sample according 
to the formula presented in Eq. 1 [28].

After determining the absorbance value, the total 
anthocyanin content was calculated using the formula 
provided in Eq. 2 [29].

ꞓ: Molar extinction coefficient = 26,900, MW: Molecular 
weight = 484.83 g  mol–1 for cyanidin-3-glucoside (C3G), 
DF: Dilution factor, L: cell path length = 1 cm.

Total phenolics (TPs)
To assess the total phenolics in the samples, 200 μL of 
extract was initially combined with 1800 μL of distilled 
water and 1 mL of 1/10 diluted Folin-Ciocalteu solu-
tion [30]. Then, 2 mL of 2%  Na2CO3 was added, and the 
mixture was allowed to sit for 5 min. The samples were 
subsequently mixed at 250 rpm for 3 min and kept in the 
dark for 1 h prior to measuring the absorbance values 
using a spectrophotometer at a wavelength of 760 nm. 
The absorbance values obtained were converted to gallic 
acid equivalents based on a standard curve established 
with gallic acid, and the results were expressed in mg 
GAE 100  g–1 FW (fresh weight) [23].

Determination of mineral nutrients
The macro [carbon (C), calcium (Ca), potassium (K), 
magnesium (Mg), sodium (Na), phosphorus (P), and sul-
fur (S)] and micro [aluminum (Al), boron (B), iron (Fe), 
manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn)] 
nutrient element contents in honeyberry fruits and 

(1)
A = (A520 − A700)pH1.0− (A520 − A700)pH4.5

(2)
Total anthocyanins(mgcyn− 3− gluc100g−1) = (A×MW × DF × 1000)/(ε × L)

leaves have been determined. Nutrient element analysis 
was performed according to the method described by 
Mabotja et  al. [31]. Briefly, for the examination of 0.5 g 
of fruit and leaf samples, digestion was conducted with 
microwave assistance using nitric acid  (HNO3) and 
hydrogen peroxide  (H2O2). Dried and ground honeyberry 
fruit samples underwent digestion with an  HNO3-H2O2 
acid mixture (2:3 v/v). The samples were subsequently 
processed in a microwave oven (Anton Paar, multiwave 
7000) in three stages: 5 min at 145 °C and 75% relative 
humidity, followed by 10 min at 180 °C and 90% relative 
humidity, and finally 10 min at 100 °C and 40% relative 
humidity. The nutrient content of the samples was quan-
tified as mg  kg–1 using inductively coupled plasma optical 
emission spectrometry (ICP-OES) (ICP-AES-9820, Shi-
madzu Corporation, Kyoto, Japan).

Statistical analyses
The research was carried out in 2023 and 2024, using a 
two-year average for all data sets. The analysis of all data 
sets was performed with the JMP® Pro 17 [32] statistical 
software package (SAS Institute Inc., Cary, NC, USA), 
employing the TUKEY multiple comparison test. Results 
were reported at a 5% significance level (p < 0.05) [33]. 
Furthermore, multivariate analysis methods were utilized 
to identify genetic similarities and differences [34, 35]. 

Correlation between traits, principal component analy-
sis, and cluster analysis based on unweighted pair group 
method (UPGMA) with arithmetic mean were performed 
using the Origin Pro® 2024b [36] statistical software 
package. The Pearson correlation coefficient was used 
for the correlation analysis. To enhance the visualization 
of hybrid individuals and cultivars distribution, a two-
dimensional plot representing two principal components 
was created as part of the principal component analysis. 
For cluster and population analyses, the Ward method 
with Euclidean distance was applied. Prior to conducting 
the cluster analysis, each trait was averaged and normal-
ized using Z-scores to minimize scale differences [37].

Results and discussion
Fruit characteristics and leaf morphology of the assessed 
honeyberry hybrid individuals are presented in detail 
in Table 3. One-way ANOVA (p < 0.05) revealed signifi-
cant variations among the assessed honeyberry culti-
vars and hybrid individuals. Fruit width varied between 
8.16 (‘H15’) and 11.84 mm (‘H4’), fruit length changed 
between 13.89 (‘H5’) and 24.50 mm (‘H1), fruit weight 
ranged from 0.71 (‘H11’) to 1.66 g (‘H6’). Our findings 
are supported by the results of other researchers [1]. In a 
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study performed in Canada, it was found that fruit width 
varied between 8.78 and 14.38 mm, fruit length ranged 
from 14.76 to 26.41 mm, and fruit weight varied between 
0.61 and 2.18 g [38]. Holubec et  al. [39] conducted a 
study in which they found that fruit width ranged from 
9.7 to 14.3 mm, fruit length varied between 21 and 23.8 
mm, and fruit weight changed between 1.01 and 2.20 g. 
In a study carried out in Ukraine, it was reported that 
fruit width ranged from 4.92 to 15.50 mm, fruit length 
varied between 8.47 and 35.97 mm, and fruit weight 
changed between from 0.73 and 1.60 g [40]. Thomp-
son and Barney [41] found that fruit weight varied 
between 0.50 and 2.70 g. Honeyberry fruits can reach 
approximately 20 mm in length and 10 mm in width, 
and their weights generally change between 0.3 and 2 g 
[8]. L* color value varied between 18.88 (‘H9’) and 24.74 
(‘H13’), a* value changed between 14.63 (‘H5’) and 34.42 
(‘H7’), b* value ranged from 0.73 (‘H13’) to 2.43 (‘Bornel 
Beaty’). Due to the lack of literature on the L*, a*, and 
b* color values of honeyberry, the assessment was car-
ried out independently within itself. However, Gołba 
et  al. [13] reported that the fruits are dark purple in 
color and have a waxy coating on their surfaces. This 
statement of the researchers supports our finding. Leaf 

width varied between 8.16 (‘H15’) and 11.90 mm (‘H2’), 
leaf length changed between 43.12 (‘H11’) and 73.72 mm 
(‘Borrel Beast’), petiole length ranged from 2.30 (‘H14’) 
to 5.45 mm (‘Aurea’), petiole thickness varied between 
1.08 (‘Store’) and 1.71 mm (‘Aurea’). Holubec et al. [39] 
reported that leaf width and leaf length ranged from 17.4 
to 41.00 mm and from 42.8 to 75.00 mm, respectively. 
Our findings are in line with the findings of the research. 
With this study, L*, a*, and b* values   and petiole length 
and petiole thickness values   of honeyberry fruits will 
enter the literature.

The biochemical content of the assessed honeyberry 
hybrid individuals is shown in detail in Table 4. Ascorbic 
acid content varied between 17.13 (‘H7’) and 20.64  mg 
AAE/100 g (‘H15’), antioxidant activity changed between 
12.59 (‘Store’) and 15.03  µmol Trolox  g–1 (‘Aurea’), total 
anthocyanins content ranged from 99.56 (‘Aurea’) to 
163.79  mg cyn-3-gluc 100   g–1 (‘Borrel Beast’), total 
phenolics content varied between 153.85 (‘H14’) and 
381.53  mg GAE 100   g–1 (‘H10’). In a study conducted 
in Slovakia, the amount of ascorbic acid in honeyberry 
fruits was reported to range between 9.17 and 46.67 mg 
AAE/100  g [38]. In studies conducted in Spain and the 
Czech Republic, the antioxidant activity was found to 

Table 3 Fruit characteristics and leaf morphology of the assessed honeyberry individuals

FWi Fruit width, FL Fruit length, FWe Fruit weight, LWi Leaf width, LLe Leaf length, PLe Petiole length, PTh Petiole thickness. Sd Standard deviation. The differences 
between the means indicated by different letters in the same column are significant at the p < 0.05 level

Genotype No FWi FL FWe L* a* b* LWi LLe PLe PTh

‘H1’ 9.39 a-c 24.50 a 1.04 c-f 25.00 cd 24.41 de 1.74 b-d 9.39 a-c 67.92 b 4.00 a-d 1.61 ab

‘H2’ 11.90 a 20.62 c-f 1.55 ab 24.02 ab 18.94 f–h 1.27 c-h 11.90 a 60.59 c 3.61 b-e 1.50 ab

‘H3’ 11.37 ab 19.03 c-g 1.36 a-c 23.79 a-c 17.60 h-j 1.16 e–h 11.37 ab 53.89 e–g 3.59 b-e 1.49 ab

‘H4’ 11.84 a 18.79 d-g 1.29 a-c 23.73 a-c 18.17 g-i 1.14 e–h 11.84 a 47.00 i 4.58 a-c 1.39 ab

‘H5’ 9.67 a-c 13.89 i 0.96 c-f 23.23 a-d 14.63 j 1.13 e–h 9.67 a-c 55.53 de 2.52 de 1.39 ab

‘H6’ 11.79 a 23.72 ab 1.66 a 22.06 a-d 22.90 de 0.74 gh 11.79 a 51.10 gh 3.14 c-e 1.36 ab

‘H7’ 10.38 a-c 21.00 a-e 1.27 a-c 21.41 de 34.42 a 1.30 c-g 10.38 a-c 55.26 d-f 4.70 a-c 1.30 ab

‘H8’ 9.81 a-c 17.99 e–h 1.17 b-e 21.37 a-d 22.49 d-f 1.78 bc 9.81 a-c 48.96 hi 3.36 b-e 1.24 ab

‘H9’ 10.97 a-c 15.11 hi 1.10 c-f 18.88 f 24.51 b-d 1.23 c-h 10.97 a-c 52.90 e–g 3.16 c-e 1.20 ab

‘H10’ 9.71 a-c 19.55 c-f 1.25 b-d 24.85 ab 18.67 f-i 1.21 d-h 9.71 a-c 46.31 i 4.87 ab 1.59 ab

‘H11’ 8.35 bc 13.93 i 0.71 f 24.81 ab 17.73 hi 1.32 c-f 8.35 bc 43.12 j 4.82 ab 1.59 ab

‘H12’ 10.52 a-c 18.73 c-g 1.23 b-d 24.80 a-c 17.90 hi 0.75 gh 10.52 a-c 46.45 i 3.74 b-e 1.59 ab

‘H13’ 8.84 a-c 20.60 c-f 1.16 b-e 24.74 a 21.02 e–g 0.73 h 8.84 a-c 58.17 cd 3.85 a-e 1.51 ab

‘H14’ 9.31 a-c 17.67 f–h 1.07 c-f 24.46 b-d 26.71 bc 1.23 c-h 9.31 a-c 52.30 fg 2.30 e 1.51 ab

‘H15’ 8.16 c 20.89 b-e 0.86 d-f 24.45 de 24.38 cd 1.60 c-e 8.16 c 41.63 j 3.43 b-e 1.50 ab

‘Aurea’ 9.93 a-c 20.69 b-f 1.18 b-e 26.73 a-c 16.00 h-j 1.06 e–h 9.93 a-c 60.66 c 5.45 a 1.71 a

‘Bornel Beaty’ 10.81 a-c 14.09 i 1.27 a-c 25.71 a-d 17.70 h-j 2.43 a 10.81 a-c 66.04 b 3.37 b-e 1.70 ab

‘Borrel Beast’ 10.37 a-c 21.72 a-d 1.14 c-e 25.67 a-c 15.59 ij 1.01 f–h 10.37 a-c 73.27 a 3.47 b-e 1.62 ab

‘C2 Kolenka’ 10.00 a-c 21.27 a-c 1.19 b-d 25.67 ef 27.52 b 1.30 c-g 10.00 a-c 50.95 gh 3.80 b-e 1.62 ab

‘Store’ 8.59 bc 16.01 g-i 0.78 ef 17.06 a-d 22.36 de 2.28 ab 8.59 bc 51.78 gh 2.54 de 1.08 b

Mean 10.09 18.99 1.16 23.62 21.08 1.32 10.09 54.24 3.72 1.48

Sd  ± 1.39  ± 3.13  ± 0.25  ± 2.50  ± 4.83  ± 0.53  ± 6.04  ± 8.19  ± 1.15  ± 0.27
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change between 6.59 and 10.17  µmol Trolox  g–1 [42]. 
Gołba et al. [13] detected that the total anthocyanin con-
tent in their study conducted in Poland varied between 
86 and 655 mg cyn-3-gluc 100   g–1. Celli et al. [7] deter-
mined that the total phenolic content in honeyberry 
fruits ranged from 140.5 to 1142.0 in their study con-
ducted in Canada. Our findings for ascorbic acid, total 
anthocyanins, and total phenolics are consistent with 
those of other researchers. However, our finding for 
antioxidant activity is significantly higher compared to 
researchers’ results. This difference is thought to be due 
to the different cultivars used, the hybrid individual and 
different growing environments.

The nutrient content in the fruits of some hybrid indi-
viduals is given in detail in Table  5. Accordingly, alu-
minum varied between 21.25 (‘H15’) and 424.08 mg  kg–1 
(‘Bornel Beaty’), boron changed between 10.59 (‘Borrel 
Beast’) and 15.28  mg   kg–1 (‘H5’), calcium ranged from 
1267.53 (‘Store’) to 2445,77  mg   kg–1 (‘H10’), carbon 
varied between 4.40 (‘Bornel Beaty’) and 8.52  mg   kg–1 
(‘H10’), iron changed between 9.99 (‘Borrel Beast’) and 
54.77  mg   kg–1 (‘Aurea’), potassium ranged from 868.73 
(‘H15’) to 2274.36  mg   kg–1 (‘H10’), magnesium varied 

between 577.06 (‘Borrel Beast’) and 1263.95  mg   kg–1 
(‘H10’), manganese changed between 8.08 (‘H7’) and 
16.45 mg  kg–1 (‘H5’), sodium ranged from 138.51 (‘H15’) 
to 236.62 mg  kg–1 (‘H5’), nickel varied between 0.17 (‘H7’) 
and 1.71  mg   kg–1 (‘H9’), phosphorus changed between 
819.26 (‘H15’) and 2123.27 mg   kg–1 (‘H10’), lead ranged 
from 0.13 (‘H15’) to 0.37  mg   kg–1 (‘H10’), sulfur varied 
between 312.78 (‘H7’) and 859.62  mg   kg–1 (‘H10’), zinc 
changed between 6.34 (‘H7’) and 17.87  mg   kg–1 (‘H10’). 
The research on the mineral content of honeyberry fruits 
is quite limited. Kusznierewicz et al. [43] found that hon-
eyberry fruits contain similar amounts of calcium, mag-
nesium, and potassium compared to wild fruits in their 
study conducted in Poland. Sochor et  al. [44] reported 
that potassium levels in honeyberry fruits reached up 
to 5000  mg   kg–1 in their study conducted in the Czech 
Republic. In a study by Pokorná-Juríková and Matuškovič 
[45], the average magnesium content of honeyberry fruits 
was determined to be 711 mg  kg–1. Additionally, a study 
conducted in Slovakia indicated that the most abundant 
mineral nutrients in honeyberry fruits are potassium, 
phosphorus, magnesium, and calcium [45]. Overall, our 
findings are parallel to those of previous researchers. Fur-
thermore, among the few existing studies, the amounts 
of calcium, magnesium, potassium, phosphorus, and 
sodium have generally been investigated. In our study, 
however, we identified the quantities of a total of 14 min-
eral nutrients, categorized as macro and micronutrients, 
in the fruits.

The nutrient content in the leaves of some hybrid 
individuals is given in detail in Table  6. Accordingly, 
aluminum varied between 16.74 (‘Borrel Beast’) and 
52.12  mg   kg–1 (‘H12’), boron changed between 27.22 
(‘Bornel Beaty’) and 57.45  mg   kg–1 (‘H14’), calcium 
ranged from 9072.73 (‘H13’) to 19,493.21  mg   kg–1 
(‘H10’), carbon varied between 4.59 (‘Bornel Beaty’) and 
16.04 mg  kg–1 (‘H12’), iron changed between 26.37 (‘Bor-
rel Beast’) and 106.38  mg   kg–1 (‘H6’), potassium ranged 
from 193.80 (‘H13’) to 1099.32  mg   kg–1 (‘H6’), magne-
sium varied between 2637.44 (‘H4’) and 5643.52 mg  kg–1 
(‘H5’), manganese changed between 9.83 (‘Bornel Beaty’) 
and 65.05  mg   kg–1 (‘H3’), sodium ranged from 169.49 
(‘H7’) to 327.89  mg   kg–1 (‘H10’), nickel varied between 
0.23 (‘Aurea’) and 2.17 mg  kg–1 (‘Borrel Beast’), phospho-
rus changed between 887.46 (‘H13’) and 2007.51 mg  kg–1 
(‘H6’), lead ranged from 0.35 (‘H2’) to 1.01  mg   kg–1 
(‘H12’), sulfur varied between 827.21 (‘Aurea’) and 
2312.11  mg   kg–1 (‘H8’), zinc changed between 11.75 
(‘Aurea’) and 42.07  mg   kg–1 (‘H10’). The average nutri-
ent content in honeyberry leaves ranged from nickel 
(0.56 mg   kg–1) to calcium (15,117.38 mg   kg–1). Calcium 
was followed by magnesium (4016.69  mg   kg–1), phos-
phorus (1351.80 mg  kg–1), sulfur (1251.43 mg  kg–1), and 

Table 4 Biochemical content of the assessed honeyberry 
individuals

A.acid Ascorbic acid, AA Antioxidant activity, TAs Total anthocyanins, TPs Total 
phenolics. Sd Standard deviations. The differences between the means indicated 
by different letters in the same column are significant at the p < 0.05 level

Genotype No A.acid AA TAs TPs

‘H1’ 19.88 a-c 13.50 ab 134.07 e 355.85 a-c

‘H2’ 18.19 a-c 12.98 ab 121.56 fg 286.88 f–h

‘H3’ 17.84 a-c 12.95 ab 115.01 ij 316.21 c-f

‘H4’ 18.80 a-c 12.95 ab 117.88 hi 361.40 ab

‘H5’ 20.04 a-c 12.89 ab 124.57 f 310.18 d-g

‘H6’ 19.84 a-c 12.89 ab 117.80 hi 248.03 hi

‘H7’ 17.13 c 12.86 ab 120.53 gh 303.37 d-g

‘H8’ 19.64 a-c 12.77 ab 163.20 a 226.75 i

‘H9’ 19.88 a-c 12.77 ab 147.75 bc 336.03 b-e

‘H10’ 17.28 bc 13.50 ab 144.81 c 381.53 a

‘H11’ 19.97 a-c 13.47 ab 150.84 b 295.91 e–g

‘H12’ 19.36 a-c 13.47 ab 116.04 ij 337.46 b-d

‘H13’ 17.75 a-c 13.42 ab 107.50 k 290.68 fg

‘H14’ 19.46 a-c 13.42 ab 122.59 fg 153.85 j

‘H15’ 20.64 a 13.09 ab 137.38 d 274.19 gh

‘Aurea’ 19.28 a-c 15.03 a 99.56 l 286.56 f–h

‘Bornel Beaty’ 19.97 a-c 14.44 ab 150.69 b 342.37 a-d

‘Borrel Beast’ 20.29 ab 13.83 ab 163.79 a 315.10 d-f

‘C2 Kolenka’ 18.05 a-c 13.50 ab 116.41 ij 274.03 gh

‘Store’ 19.07 a-c 12.59 b 114.42 j 302.10 d-g

Mean 19.12 13.32 129.32 301.59

Sd  ± 1.32  ± 1.01  ± 18.23  ± 51.50
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potassium (520.14  mg   kg–1), respectively. There have 
been no studies found in the literature regarding honey-
berry leaves. Therefore, the results have been evaluated 
independently among themselves. In this comprehen-
sive study, we have contributed a total of 14 macro and 
micronutrients from honeyberry leaves to the literature.

The differences in nutrient levels can be attributed to 
a combination of factors, including genotype, environ-
mental conditions, and soil characteristics. Firstly, the 
genotype of the plants plays a significant role in deter-
mining nutrient uptake and allocation, as different gen-
otypes exhibit inherent variations in their capacity to 
absorb and utilize nutrients. Research by López-Bucio 
et al. [46] highlights the influence of genetic factors on 
nutrient requirements and absorption capabilities. Sec-
ondly, environmental conditions such as temperature, 
humidity, and light exposure can also impact nutrient 
content in plant tissues [47]. As noted by Thepban-
dit and Athinuwat [48], environmental stressors can 
alter physiological and biochemical processes, thereby 
affecting the accumulation of nutrients in leaves. Addi-
tionally, soil composition is critical in determining the 
nutrient availability for plants. Factors such as soil type, 

pH, and organic matter content significantly influence 
the bioavailability of essential nutrients. Brady and Weil 
[49] emphasize that soils rich in organic matter enhance 
nutrient availability and uptake by plants. Therefore, 
the observed variability in nutrient content among the 
hybrid individuals reflects a complex interplay between 
genetic makeup, environmental influences, and soil 
characteristics. This multifaceted relationship under-
scores the importance of considering these variables in 
future studies.

Pearson correlation analysis
The correlation between variables is shown in detail in 
Fig.  1. In general, the nutrients in the fruit exhibited 
significant correlations among themselves at different 
levels (*, **, ***). Similarly, significant correlations were 
observed among the nutrients in the leaves and with 
the nutrients in the fruit at various levels (*, **, ***). In 
addition, these statistically significant correlations were 
found between fruit weight with fruit width (***) and 
fruit length (*), a* color value and L* color values   (**), 
petiole thickness with leaf width (*) and leaf length (**).
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Principal component analysis (PCA)
The PCA results offer valuable insights into the posi-
tioning of hybrid individuals and their associated traits, 
revealing intricate relationships that can inform breeding 
strategies. The eigenvectors of nineteen principal compo-
nent axes from PCA analysis in honeyberry cultivars and 
hybrid individuals are presented in detail in Table 7.

PC1, accounting for 23.06% of the total variance, clearly 
indicates that fruit carbon, zinc, manganese, sulfur, and 
magnesium content are pivotal for distinguishing these 
hybrids. This clustering suggests that hybrids exhibiting 
higher levels of these nutrients are likely to possess not 
only enhanced fruit quality but also improved health ben-
efits for consumers. For instance, the strong correlation 
between carbon content and overall fruit quality implies 
that optimizing these nutrients could lead to hybrids that 
stand out in both marketability and nutritional value.

Moving to PC2, which explains 14.59% of the vari-
ance, the inclusion of leaf lead and boron content fur-
ther emphasizes the significance of leaf health. Hybrids 
that cluster together in this component may benefit from 
superior nutrient uptake and photosynthetic efficiency. 
This highlights the importance of leaf nutrient status, 
as it can directly impact fruit development and yield. A 
hybrid with robust leaf nutrition could exhibit not only 
higher fruit yield but also better resistance to environ-
mental stressors.

PC3, accounting for 12.43% of the total variance, 
underscores the importance of traits such as leaf potas-
sium and phosphorus, along with fruit weight and anti-
oxidant activity. The positive relationships observed here 
suggest that hybrids with greater fruit weight also exhibit 
higher antioxidant levels. This relationship is crucial, as it 
implies that selecting for increased fruit size could con-
currently enhance the health-promoting properties of the 
fruit. Thus, a dual focus on both weight and antioxidant 
activity may yield hybrids that appeal to health-conscious 
consumers.

The significance of the eigenvalues highlights the 
importance of these traits in differentiating hybrid indi-
viduals. The **strong significance of PC1, PC5, and PC6 
at p < 0.001 suggests that these traits are not just corre-
lated but are fundamental to understanding the genetic 
diversity present in the hybrids. Meanwhile, the moder-
ate significance of **PC3, PC4, and PC8 at p < 0.01 indi-
cates that while these traits are important, they may also 
be influenced by environmental factors, adding a layer of 
complexity to their relationships.

Overall, the intricate interplay among these traits 
suggests that breeding programs should prioritize 
hybrids that excel in multiple dimensions—nutri-
tional content, fruit size, and leaf health. By doing so, 
they can develop cultivars that not only thrive under 

varying environmental conditions but also meet con-
sumer demand for high-quality, healthful fruits. This 
comprehensive approach may lead to significant advance-
ments in honeyberry cultivation, emphasizing the eco-
nomic and ecological benefits of these hybrids.

The 2D principal component analysis biplot of hon-
eyberry hybrid individuals and cultivars is presented in 
detail in Fig. 2. The biplot of the first two principal com-
ponents constituted 37.64% of the total variation. Hybrid 
individuals and cultivars were scattered all over the plot. 
Cluster 1 includes the samples ‘H12’, ‘H15’, ‘H1’, ‘H6’, ‘H9’, 
‘H7’, ‘H8’, and ‘Store’, with leaf aluminum (L.Al) and leaf 
nickel (L.Ni) present in this cluster. Additionally, ascor-
bic acid (A.acid) and the a* color value are also located 
in Cluster 1. This indicates that these samples exhibit 
similarities in both nutrient content and physical char-
acteristics. Cluster 2 comprises the samples ‘H14’, ‘H11’, 
‘H5’, and ‘C2 Kolenka’, with all other leaf nutrient contents 
grouped within this cluster. Parameters such as antioxi-
dant activity (AA), b* color value, leaf width (LWi), fruit 
width (FWi), and fruit weight (FWe) are also included 
in this cluster. These findings suggest that these samples 
possess a higher diversity in nutrient content. Cluster 3 
consists of the samples ‘H13’, ‘H2’, ‘Borrel Beast’, ‘Aurea’, 
and ‘Bornel Beaty’. Leaf aluminum (F.Al) is present in this 
cluster, while all other leaf nutrient contents are clustered 
in Cluster 4. This distinction reveals a notable difference 
in nutrient content and other physical characteristics 
among these samples. Finally, Cluster 4 includes the sam-
ples ‘H3’, ‘H4’, and ‘H10’, with petiole length (PLe), L* color 
value, and total phenolic compounds (TPs) also found in 
this cluster. Total anthocyanins (TAs) are positioned in 
the center. This distribution indicates that the nutrient 
contents and physical characteristics of the samples form 
a specific structure among different groups, showing sig-
nificant relationships between them. All these findings 
emphasize the complex nature of interactions between 
plant nutrient contents and physical characteristics, 
highlighting their important role in understanding the 
overall health and productivity of plants. Such statistical 
analyses provide a guiding foundation for future studies. 
In addition, ‘H5’, ‘H10’ and ‘Bornel Beaty’ remained out-
side the %95 confidence ellipse, while all other individu-
als were inside. In a biplot, a variable falling outside the 
95% confidence ellipse indicates a significant deviation 
from the overall distribution of the dataset. This situa-
tion may encompass potential anomalies or interesting 
variations, necessitating further investigation by the 
researcher into these observations. Additionally, points 
outside the ellipse may also highlight errors in the data 
collection process or anomaly situations. Therefore, such 
observations provide an important reference for under-
standing the structure of the data [50].
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Table 7 Eigenvectors of nineteen principal component axes from PCA analysis in honeyberry cultivars and hybrid individuals

Abbreviations are as in Tables 3, 4, 5, and 6. Components degree of significance *p < = 0.05 **p < = 0.01 ***p < = 0.001. *Eigenvectors degree of significance ≥ 0.27

Eigenvectors Component

1 2 3 4 5 6 7 8

FWi 0.27*

FL

FWe 0.30*

L* -0.43*

a* -0.30* 0.35*

b*

LWi

LLe

PLe

PTh 0.29* 0.34*

A.acid 0.27*

AA 0.30*

TAs 0.38*

TPs 0.28* 0.46*

F.Al

F.B

F.Ca

F.C 0.29*

F.Fe -0.35*

F.K

F.Mg 0.27*

F.Mn 0.28*

F.Na

F.Ni

F.P

F.Pb

F.S 0.28*

F.Zn 0.29*

L.Al

L.B 0.27*

L.Ca 0.33*

L.C

L.Fe

L.K 0.38*

L.Mg

L.Mn

L.Na

L.Ni 0.37* 0.35*

L.P 0.31*

L.Pb 0.29* 0.32*

L.S

L.Zn

Eigenvalue 9.68 6.13 5.22 3.95 2.89 2.33 1.94 1.75

Eigenvalue degree of 
significance

*** * ** ** *** *** * **

Variance 23.06 14.59 12.43 9.41 6.89 5.54 4.61 4.16

∑ variance (%) 23.06 37.65 50.07 59.48 66.37 71.91 76.52 80.69
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Hierarchical cluster analysis (HCA)
The results of the genetic diversity analysis highlight 
the distinct clustering patterns among hybrid individu-
als and cultivars. The dendrogram created using the 
Ward method and Euclidean distance reveals significant 
genetic differences within the examined population. The 
initial division into two main groups, A and B, indicates 
that the hybrids and cultivars possess distinct genetic 
characteristics.

Subsequent subdivisions into A1 and A2, as well as 
B1 and B2 subgroups, provide further insight into the 
genetic relationships among the accessions. The presence 
of only ’H13’ and ’H10’ in subgroup A1 suggests a close 
genetic relationship between these individuals, likely due 
to shared ancestry or similar selective pressures during 
cultivation. This close clustering may be attributed to 
specific traits such as flowering time, disease resistance, 
or stress tolerance, which have been favored in their 
respective breeding programs.

In contrast, the hybrids in subgroup A2, which include 
’H15’, ’H12’, ’H11’, ’H9’, ’H7’, and ’H5’, exhibit a broader 
genetic diversity. This diversity can be a result of diverse 
parental lines used in their development, leading to vari-
ations in traits such as fruit size, yield, or adaptability to 
different environmental conditions.

The high variation observed in subgroup B2 signifies 
a rich genetic resource, indicating potential for future 

breeding programs to select for desirable traits. The 
diverse genetic backgrounds in this subgroup might 
reflect a range of phenotypic traits, which can enhance 
resilience against pests and diseases, as well as adaptabil-
ity to changing climates.

Furthermore, the similarity index, which ranges from 
0.58 to 1.00, indicates the highest similarity between the 
’Aurea’ cultivar and the ’H14’ hybrid (Fig.  3). This close 
genetic relationship offers significant opportunities for 
optimizing desired characteristics in future breeding 
efforts. It suggests that traits associated with the ’Aurea’ 
cultivar could be effectively transferred to the ’H14’ 
hybrid, thereby enhancing its performance.

Overall, this analysis emphasizes the critical role of 
hybrid genetic diversity in shaping adaptability and resil-
ience in response to environmental challenges. The iden-
tification of specific traits driving clustering can inform 
breeding strategies aimed at improving crop performance 
and sustainability [51].

Conclusions
The evaluation of 42 variables has identified hybrids ‘H14,’ 
‘H5,’ ‘H8,’ and ‘H1’ as promising candidates for enhancing 
genetic diversity in honeyberry cultivation. These hybrids 
not only show considerable potential for broad indus-
try applications—including food, health, cosmetics, and 
personal care—but also demonstrate strong adaptability, 
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with low maintenance requirements and exceptional cold 
resistance, making them suitable for cultivation across 
various regions. Honeyberry’s rich antioxidant profile 
and nutritional value are increasingly capturing atten-
tion, particularly within Türkiye, where its potential for 
fresh consumption, processed products, natural sweeten-
ers, and health supplements is gaining popularity.

The fruit characteristics of these hybrids vary widely, 
with fruit weights ranging from 0.71  g (‘H11’) to 
1.66  g (‘H6’), ascorbic acid content between 17.13  mg 
AAE/100  g (‘H7’) and 20.64  mg AAE/100  g (‘H15’), 

and antioxidant activity from 12.59  µmol Trolox  g–1 
(‘Store’) to 15.03  µmol Trolox g–1 (‘Aurea’). The high-
est total anthocyanin levels were found in ‘Bor-
rel Beast’ (163.79  mg cyn-3-gluc 100   g–1) and ‘H8’ 
(163.20  mg cyn-3-gluc 100   g–1), indicating signifi-
cant health-promoting properties. Nutritional analy-
ses highlight ‘H10’ as particularly nutrient-dense, with 
high levels of calcium (2445.77  mg   kg–1), potassium 
(2274.36 mg   kg–1), phosphorus (2123.27 mg   kg–1), mag-
nesium (1263.95  mg  kg–1), and sulfur (859.62  mg   kg–1) 
in the fruit. Meanwhile, leaf analyses revealed ‘H14’ as 

Fig. 3 UPGMA dendrogram of honeyberry hybrid individuals according to Ward’s method and Euclidean distance
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highest in calcium (19,493.21  mg   kg–1), ‘H5’ in magne-
sium (5643.52 mg  kg–1), ‘H8’ in sulfur (2312.11 mg  kg–1), 
and ‘H6’ in both phosphorus (2007.51  mg   kg–1) and 
potassium (1099.32 mg  kg–1).

Principal component analysis (PCA) of the data revealed 
that the first eight principal components explained 80.69% 
of the total variance, underscoring substantial phenotypic 
variation within the study group. Cluster and population 
analyses indicated particularly high variation within sub-
group B2, suggesting that these hybrids could be pivotal 
for breeding programs aimed at cultivar development. 
Such programs are essential to expand genetic resources, 
improve productivity, and foster sustainable agricultural 
practices in honeyberry cultivation.

As honeyberry is an emerging crop in Türkiye, this 
research provides a crucial foundation for future studies. 
By offering a comprehensive overview of honeyberry’s 
genetic diversity and nutritional profile, this study high-
lights the species’ potential to support biodiversity, eco-
tourism, and local ecosystem protection, underscoring its 
economic and ecological value across multiple industries. 
These findings contribute valuable insights that address 
a significant gap in honeyberry research, reinforcing its 
importance as a resilient, nutritious crop with diverse 
applications.
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