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Introduction
Fruits (berries) are extremely important and valuable 
components of the human diet, to maintain good health 
and well-being. The main goal for the food industry 
and food and nutrition research is to deliver to the 

marketplace new, safe, highly accepted by consumers 
and convenient food products with good nutritional 
and health-promoting properties. Recently, non-
traditional and underutilized edible medicinal plants 
(Vergun et al., 2019; Buyun et al., 2021; Stefanowski 
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The dark-blue, fleshy berries of Lonicera caerulea L. are used as fresh or processed in many products such as juice, 
smoothie, wine, compote, jam, marmalade, candies, chocolate, cake, or extracts. L. caerulea fruits are appreciated 
in the food industry and medicine mainly due to a high content of biologically active phenolic compounds, especially 
anthocyanins and vitamin C – in the amount up to 186 mg.100 g-1, and health-promoting properties. Thirty-four 
genotypes of Lonicera caerulea species originated from germplasm collection of the Forest-Steppe of Ukraine in 
M.M. Gryshko National Botanical Garden of NAS of Ukraine (NBG) (Kyiv, Ukraine) and were characterized by using 
the morphometric traits and iridoids content. Differences between the genotypes were significant in all observed 
parameters. The fruits of L. caerulea collection varied in evaluated morphometric parameters as follows: fruit weight 
0.70–1.54 g, length 15.33–26.52 mm, diameter 7.12–13.10 mm. The shape indexes of fruits varied from 1.42 to 3.65. 
Our results showed that the content of iridoids ranged from 97 to 314 mg.100 g-1 of fresh L. caerulea fruits. Interestingly, 
L. caerulea berries taste differs between the varieties, those with bitter or sour-bitter taste are distinguished 
by the highest content of iridoids (225–314 mg.100 g-1), while berries without bitter taste were characterized by 
significantly lower contents. Thus, honeysuckle berries should be selected preferentially regarding their bitterness, 
due to the anti-inflammatory and antioxidative properties of iridoids.

Keywords: honeysuckle, fruits, iridoids, morphometric parameters, genotypes, Ukraine

*Corresponding Author: Levon Volodymyr, M.M. Gryshko National Botanical Garden of the National Academy of Sciences 
of Ukraine, Timiryazevska st. 1, 01014, Kyiv, Ukraine 
  vflevon@gmail.com

Research Article

www.uniag.sk
https://orcid.org/0000-0003-2652-9984
https://orcid.org/0000-0003-1161-0018
https://orcid.org/0000-0002-4293-5811
https://orcid.org/0000-0002-8696-4796
https://orcid.org/0000-0001-5318-3961
https://doi.org/10.15414/ainhlq.2022.0027
mailto:vflevon%40gmail.com?subject=


– 263 –

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 262–271

Slovak University of Agriculture in Nitra
www.uniag.sk

ISSN 2585-8246

et al., 2021), especially their fruits rich in bioactive 
components gained much attention (Klymenko et al., 
2017; Latocha, 2017; Lachowicz et al., 2019; Zhurba et 
al., 2021). Among them should be emphasized fruits of 
honeysuckle (Lonicera caerulea L.). 

Nowadays Lonicera caerulea is cultivated as an edible 
plant (Skvortsov, 1986; Grygorieva et al., 2021), 
belonging to polymorphic species and is regarded 
by some authors as a complex of microspecies or 
geographical races, including L. altaica Pall., L. pallasii 
Ledeb., L. × subarctica Pojark., L. edulis Turcz. ex Freyn, 
L. stenantha Pojark., L. buschiorum Pojark., L. baltica 
Pojark., L. turczaninowii Pojark. and L. kamtschatica 
(Sevast.) Pojark. It should be highlighted that significant 
progress has been made in the industrial cultivation 
of L. caerulea and its processing in China (Huo et al., 
2005; Zhao et al., 2015). Also, numerous studies on 
L. caerulea were conducted in European countries, 
such as the Czech Republic, Estonia, Poland, Slovakia, 
Romania, and Lithuania (Smolik et al., 2010; Jurikova et 
al., 2012; Bieniek et al., 2021; Grygorieva et al., 2021). 
The fruits of L. caerulea are used fresh or processed in 
many products such as jam, marmalade, jelly, compote, 
cake, juice, sauce, extracts, liqueur, smoothie, and wine 
(Liu et al., 2010; Klymenko et al., 2017; Senica et al., 
2019).

The L. caerulea is highly appreciated for ultra-early 
fruit ripening, as well a high content of biologically 
active compounds (Khattab et al., 215; Peng et al., 
2016; Kucharska et al., 2017; Bieniek et al., 2021; 
Cheng et al., 2022; Piekarska et al., 2022) with strong 
antioxidant (Bąkowska-Barczak et al., 2007; Gruia 
et al., 2008; Celli et al., 2014; Gao et al., 2016; Hsu et 
al., 2016), anti-inflammatory (Xu et al., 2007; Hsu 
et al., 2016; An et al., 2020), immunomodulating 
(Svarcova et al., 2007), antiviral (Svarcova et al., 2007), 
antifungal (Palikova et al., 2008), antiallergic (Svarcova 
et al., 2007), antibacterial (Celli et al., 2014), and 
immunotropic (Piekarska et al., 2022) properties.

Iridoids are natural secondary metabolites of plants, 
belonging to the chemical group of heterocyclic 
monoterpenoids. Iridoids are widespread mainly in the 
green parts of plants, therefore their presence in edible 
fruits is scarce. There are only a few reports devoted to 
the content of iridoids in the genus Lonicera, thus the 
content of iridoids of Lonicera caerulea fruits remains 
to be well-studied. Thus, this study aimed to determine 
the iridoid content and morphometric parameters 
of Lonicera caerulea of 34 genotypes originated from 
germplasm collection of the Forest-Steppe of Ukraine 
in M.M. Gryshko National Botanical Garden of NAS of 

Ukraine (Kyiv, Ukraine), simultaneously pointing the 
best genotypes which can be successfully applied as 
a novel plant source of functional foods.

Material and methodology

Collection of plant material
Berries of Lonicera caerulea (Figure 1) were harvested 
in the full maturity stage and collected in 2022 from the 
13–18-year-old plants growing in the Forest-Steppe of 
Ukraine of Department of Fruit Plants Acclimatization 
in M.M. Gryshko National Botanical Garden of NAS of 
Ukraine (NBG) (Kyiv, Ukraine). Thirty-four genotypes 
(LC-01–LC-34) of Lonicera caerulea species were 
evaluated. 

Morphometric characteristics
Pomological characteristics of ripened fruits were 
conducted with four replications on a total of 120 fruits 
per genotype. In our experiments, only one plant 
was used per genotype. In total 4080 fully ripened 
fruits of L. caerulea were investigated. Morphometric 
parameters were evaluated as follows: fruit weight 
(g), fruit length (mm), and fruit diameter (mm). The 
length and diameter of the fruits were measured using 
a digital calliper Kronos KM-DSM-200 (0–200/0.01; 
±0.02 MM). The fresh fruit weights were determined 
using an analytical balance (Kern ADB-A01S05, 
Germany).

Chemicals
All chemicals and reagents were of analytical grade and 
were purchased from Merck (Darmstadt, Germany) 
and HIMLABORREACTIVE (Ukraine).

Iridoids content
The content of iridoids was determined in the fresh 
fruit extracts of 34 L. caerulea genotypes. Identification 
of iridoids was performed by the interaction of 
iridoid compounds with hydroxylamine and the 
formation of the oxime. The resulting oxime reacts by 
complexation with trivalent iron cations. The maximum 
absorption of the complex was measured at 512 nm 
(photoelectrocolorimeter Zalimp KF 77; Poland), with 
harpagid as the control. 

Extraction was carried out with chloroform: ethanol 
mixture (5:1), and after the removal of the solvent, 
the residue was extracted with water. The change in 
the solvent made it possible to avoid the influence 
of concomitant substances on the results of the 
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hydroxame reaction (Ivanova et al., 2010). Obtained 
data was calculated using the following equation:

 

where: D – the optical density of the solution; V – the 
total amount of the extract and the average 
sample (ml); m – linkage, the average of the 
sample (g); K – conversion factor; 56 – the 
specific absorption index of the products of 
the reaction of harpagide with hydroxylamine 
and iron (III) chloride; W – raw material 
humidity

The accuracy of the method was in the range of 
2.5–4.8%. The results were expressed as mg.100 g-1 of 
fresh weight (FW) in terms of anthocyanidin.

Statistical analysis
All analyses were performed in triplicate. The results 
were presented as mean ± standard deviation (SD). 
Hierarchical cluster analyses of similarity between 
genotypes were computed by the Bray-Curtis similarity 
index and were performed using PAST 2.17 software 
(Norway, 2001).

Results and discussion

Fruit pomological properties
It should be pointed out that there are more than 
40 genotypes of seed origin from the European part of 
Russia, the Kuril Islands, and Canada in the germplasm 
collection of the M.M. Gryshko National Botanical 
Garden of NAS of Ukraine (Kyiv, Ukraine). The fruits 
of the Lonicera caerulea collection varied in weight, 

Figure 1 Variability in the shape of Lonicera caerulea L. fruits

irid
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shape, size, the color of fruits, and also degree of the 
wax coating were noted (Figure 1).

The biometric values for the weight, length, diameter, 
and shape index of fruits of 34 Lonicera caerulea 
genotypes are shown in Table 1. Fruit weight, which 
is economically the most important characteristic of 
fruits, ranged from 0.70 (LC-18) up to 1.54 g (LC-13). 
Morphological variation of fruit length varied between 
15.33 mm for genotype LC-24 and 26.52 mm for 

genotype LC-06 (Table 1, Figure 2, 3, 4). The values of 
diameter varied within the interval from 7.12 mm (LC-
27) to 13.10 mm (LC-16). 

Fruit weight and size are primarily phenotypic features 
and reflect the impact of environmental growth 
conditions, while the fruit shape index is a genetically 
fixed feature. It is on this basis that some subspecies 
of L. caerulea were previously identified as distinct 
species (Grygorieva et al., 2021).

Table 1 The variability of morphometric parameters of all Lonicera caerulea L. genotypes
Characteristics n min max x̅ V%
Fruit weight, g 4080 0.70 1.54 1.04 19.74
Fruit length, mm 4080 15.33 26.52 20.66 17.10
Fruit diameter, mm 4080 7.12 13.10 9.93 12.37
Shape index 4080 1.42 3.65 2.11 22.49

Note: n – the number of measurements; min, max – minimal and maximal measured values; x̅ – arithmetic mean; V – coefficient of variation (%)

Figure 3 Lonicera caerulea L. fruits length and width of 34 genotypes (means values ± SD); different superscripts in each 
column indicate the significant differences in the mean at p <0.05 
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Figure 2 Lonicera caerulea L. fruits weight of 34 genotypes (means values ± SD); different superscripts in each column 
indicate the significant differences in the mean at p <0.05 
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The shape index average values of Lonicera caerulea 
fruits ranged from 1.42 (LC-60) to 3.65 (LC-57) (Figure 
4). These results are in agreement with the study of 
Grygorieva et al. (2021) who determined the shape 
index of L. caerulea fruits (1.51–3.52).

Differences in the weight of Lonicera caerulea fruits 
were also previously reported by Plekhanova (2000), 
Thompson and Barney (2007), Fu et al. (2011), 
Gawronski et al. (2014), MacKenzie et al. (2018), and 
Holubec et al. (2019) who found the weight ranged 
from 0.21 to 2.70 g of different plant genotypes. 
A study by Fu et al. (2011) showed that the length of 
fruits was in the range of 11.16–19.43 mm, and Senica 
et al. (2018) detected values in the interval of 18.10 
to 26.32 mm. Investigations by Holubec et al. (2019) 
established the range of fruit length of varieties from 
15.50 to 20.40 mm. According to the previously studied 
collection of 26 L. caerulea genotypes (Grygorieva 
et al., 2021), the morphometric parameters were as 
follows: fruit weight from 0.73 to 1.60 g, fruit length 
from 16.42 to 27.29 mm, fruit diameter from 7.77 to 
12.34 mm. The presented results are in accordance with 
the previously published studies and strongly support 
the statement that between L. caerulea genotypes 
exists high variability in morphometric parameters.

The analysis of the coefficient of variation showed 
a significant level of variability of morphological 
parameters between studied L. caerulea samples. 
The variation coefficients (%) ranged between 14.35 
(LC-55) and 31.04 (LC-03) for fruit weight, between 
7.31 mm (LC-50) and 16.35 (LC-04) for fruit length, 
between 6.99 (LC-60) and 18.54 (LC-04) for fruit 

diameter, and between 4.21 (LC-56) and 17.88 (LC-01) 
for the shape index. Data clearly showed that the most 
variable is fruit weight. 

Iridoids content in Lonicera caerulea fruits
Iridoids are known plant-derived compounds mainly 
for the variety of their health-promoting properties. 
Pharmacological studies devoted to the isolation and 
application of iridoids from different plants proved their 
valuable effect on human health, namely antioxidative, 
anti-inflammatory, anti-cancer, anti-atherogenic, 
antidiabetic, neuroprotective, antimicrobial, 
diuretic, sedative, hepatoprotective, hypolipidemic, 
neuroprotective, and purgative activities (Tundis et al., 
2008; Dinda et al., 2011; Viljoen et al., 2012).

Regarding the fact, that iridoids are mainly found in the 
green parts of plants, such as leaves and young stems, 
but only occasionally can be present in fruits and shoots 
(Dinda et al., 2007; Villasenor, 2007). However, there 
are some exceptions to this rule, e.g., fruits Vaccinium 
macrocarpon Aiton (Turner et al., 2007), Vaccinium 
myrtillus L. (Juadjur and Winterhalter, 2012), Cornus 
mas L. (Kucharska et al., 2015), Cornus officinalis Torr. 
ex Dur. (Klymenko et al., 2021). 

Among the species of the genus Lonicera, iridoid 
compounds were identified mainly in the leaves of 
L. caerulea (Machida et al., 1995a, b) and different 
morphological parts of L. japonica (like e.g. flowers, 
buds, stem, leaves, and caulis) (Qi et al., 2009; Guo et 
al., 2014; Ye et al., 2014; Zhang et al., 2015). It should 
be highlighted that, there are published only a few 
reports devoted to the content of iridoids in the fruits 

Figure 4 Comparison of shape index of Lonicera caerulea fruits 34 genotypes; different superscripts in each column indicate 
the significant differences in the mean at p <0.05 
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of the genus Lonicera (Whitehead and Bowers, 2013; 
Kucharska and Fecka, 2016; Kucharska et al., 2017).

In our study, the iridoid content in all studied Lonicera 
caerulea genotypes ranged from 96.78 (LC-04) up to 
314.32  mg.100 g-1 FW (LC-17) (Figure 5). Interestingly, 
the L. caerulea berries taste differs between the varieties 
(data not shown). Those with bitter or sour-bitter taste 
are distinguished by the highest content of iridoids 
(225–314 mg.100 g-1 FW), while berries without 
bitter taste were characterized by significantly lower 
contents. It should be noted that the exceptionally high 
content of iridoids was observed in one sample – LC-17 
genotype (314 mg.100 g-1 FW). Sensory evaluation 
of these fruits revealed that LC-17 genotype fruits 
are characterized by extremely bitter taste (data not 
shown). The LC-19 genotype also represents a fairly 
high content of iridoids – 241 mg.100 g-1 FW. According 
to the sensory analyses, the fruits of this genotype 
were characterized as sour-bitter (data not shown). 
Genotypes LC-02 and LC-28 have an iridoid content of 
225 and 230 mg.100 g-1, respectively and the sensory 
estimation proved that these fruits were slightly bitter 
(data not shown). Thus, honeysuckle berries should be 
selected preferentially regarding their bitterness, due 
to the anti-inflammatory and antioxidative properties 
of iridoids.

The study of Kucharska et al. (2017) was devoted to 
the identification of the iridoids profile of 30 different 
honeysuckle berry cultivars and genotypes with an 
application of UPLC-ESI-qTOF-MS/MS combined 
with HPLC-PDA. It should be highlighted that some 

compounds, like 8-epi-Loganic acid, pentosyl-loganic 
acid, taxifolin 7-O-dihexoside, and taxifolin 7-O-hexoside 
were detected in honeysuckle berries for the first time. 
The Kuvshinovidnaya cultivar was distinguished by the 
highest content of iridoids (372 mg.100 g-1 FW). In the 
iridoid profile, loganic acid was assayed as dominated 
compound (even up to 73% of the total amount of 
quantified iridoids) in honeysuckle berries (Kucharska, 
et al., 2017). In the experiment of Perova et al. (2019) 
who analyzed 15 frozen fruit samples of Lonicera 
edulis collected in Tambov, Voronezh, Moscow regions, 
and Karelia, total iridoids content ranged from 78 to 
342 mg.100 g-1. Accordingly to literature data and the 
results presented in this study, we can conclude that 
Lonicera caerulea berries proved to be rich in iridoids 
and the content of iridoids markedly differed between 
Lonicera caerulea genotypes.

The amounts of iridoids in L. caerulea were generally 
much lower than in cornelian cherry (Cornus mas L.) 
ripe fruits, in which the content of total iridoids ranged 
from 86.91 to 493.69 mg.100 g-1 FW (Kucharska et al., 
2015). Extremely rich in iridoids turned out to be fruits 
of Cornus officinalis with the content of four main 
iridoids in the range of 1002–3819 mg.100 g-1 (Liu 
et al., 2012). Moreover, the total iridoids content in 
many other fruits covered a wide range, i.e. from 89.09 
(C. mas cv. Ekzotychnyi) to 1441.22 mg.100 g-1 FW 
(C. officinalis, Co-01). The average iridoids contents 
in the analyzed C. mas, C. officinalis, and C. mas 
× C. officinalis fruits were 190.11, 1117.01, and 
293.47 mg.100 g-1 FW, respectively (Klymenko et al., 
2021). Whitehead and Bowers (2013) determined 

Figure 5 Content of iridoids in fruits of various genotypes of Lonicera caerulea L; different superscripts in each column 
indicate the significant differences in the mean at p <0.05
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sixcompounds from this group in non-edible fruits 
from the species Lonicera morrowii A. Gray, Lonicera 
tatarica L., and their hybrid Lonicera × bella Zabel. 

Based on the data obtained in our study we provided 
the determination of relatedness by the method of 
discriminant analysis (Figure 6). A comparison clearly 
shows the different genotypes and grouping and the 
significant differences between them.

Conclusions
This study demonstrates that Lonicera caerulea L. 
fruits may be regarded as a valuable plant source of 
biologically active compounds – iridoids (from 97 
(LC-04) to 314  mg.100 g-1 FW (LC-17). However, it 
should be highlighted that studied Lonicera caerulea 
genotypes (34) available from M.M. Gryshko National 
Botanical Garden of NAS of Ukraine (Kyiv, Ukraine) 
differed significantly in all morphological parameters 
and iridoid contents. Interestingly, L. caerulea berries 

taste differs between the varieties, those with bitter 
or sour-bitter taste are distinguished by the highest 
content of iridoids (225–314 mg.100 g-1), while berries 
without bitter taste were characterized by significantly 
lower contents. Thus, honeysuckle berries should be 
selected preferentially regarding their bitterness, due 
to the anti-inflammatory and antioxidative properties 
of iridoids. Moreover, the presented germplasm 
collection has significant genotypic potential for 
further selection for adaptability and improvement of 
fruit quality.

Conflicts of interest
The authors declare no conflict of interest. 

Ethical statement
This article doesn’t contain any studies that would 
require an ethical statement.

Figure 6 The cluster dendrogram analyzed on the morphometric parameters and iridoid content of 34 genotypes of 
Lonicera caerulea fruits

 

www.uniag.sk


– 269 –

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 262–271

Slovak University of Agriculture in Nitra
www.uniag.sk

ISSN 2585-8246

Funding
This work was supported by the grant Visegrad Fund 
and SAIA (Slovakian National Scholarship Program) 
for the scholarship for the research during which the 
presented knowledge was obtained.

Acknowledgements
The publication was prepared with the active 
participation of researchers in the International 
Network AgroBioNet. 

References
An, M., Eo, H.J., Son, H.J., Geum, N.G., Park, G.H., & Jeong, 

J.B. 2020. Anti-inflammatory effects of leaf and 
branch extracts of honeyberry (Lonicera caerulea) on 
lipopolysaccharidestimulated RAW264.7 cells through 
ATF3 and Nrf2/HO1 activation. In Molecular Medicine 
Reports, 22, 5219–5230.
https://doi.org/10.3892/mmr.2020.11638 

Bąkowska-Barczak, A.M., Marianchuk, M., & Kolodziejczyk, 
P. 2007. Survey of bioactive components in Western 
Canadian berries. In Canadian Journal Physiology and 
Pharmacology, 85, 1139–1152.
https://doi.org/10.1139/Y07-102 

Bieniek, A.A., Grygorieva, O., & Bielska, N. 2021. Biological 
properties of honeysuckle (Lonicera caerulea 
L.): A review: The nutrition, health properties of 
honeysuckle. In Agrobiodiversity for Improving Nutrition, 
Health and Life Quality, 5(2), 287–295.
https://doi.org/10.15414/ainhlq.2021.0027 

Buyun, L., Tkachenko, H., Kurhaluk, N., Kharchenko, I., 
Maryniuk, M., Opryshko, M., Gyrenko, O., & Góralczyk, 
A. 2021. Antimicrobial efficacy of ethanolic extracts 
obtained from leaves of Camellia japonica L. cultivars 
against Escherichia coli strain. In Agrobiodiversity for 
Improving Nutrition, Health and Life Quality, 5(1), 95–
105. https://doi.org/10.15414/ainhlq.2021.0010 

Celli, G.B., Ghanem, A., & Su Ling Brooks, M. 2014. Haskap 
berries (Lonicera caerulea L.) – a critical review of 
antioxidant capacity and health-related studies for 
potential value-added products. In Food Bioprocess 
Technology, 7, 1541–1554.
https://doi.org/10.1007/s11947- 014-1301-2 

Dinda, B., Debnath, S., & Banik, R. 2011. Naturally occurring 
iridoids and secoiridoids. An updated review, part 4. 
In Chemical and Pharmaceutical Bulletin, 59, 803–833.

Dinda, B., Debnath, S., & Harigaya, Y. 2007. Naturally Occurring 
Iridoids. A Review, Part 1. In Chemical & Pharmaceutical 
Bulletin, 55(2), 159–222.
https://doi.org/10.1248/cpb.55.159  

Fu, L., Okamoto, H., Hoshino, Y., Esaki, Y., & Kataoka, T. 2011. 
Efficient harvesting of Japanese blue honeysuckle. 
In EAEF, 4, 12–17. 
https://doi.org/10.1016/S1881-8366(11)80003-0 

Gao, W., Wang, R., Li, D., Liu, K., Chen, J., Li, H.-J., Xu, X., Li, 
P., & Yang, H. 2016. Comparison of five Lonicera flowers 
by simultaneous determination of multi-components 
with single reference standard method and principal 
component analysis. In Journal Pharmaceutical 
Biomedical Analysis, 117, 345–351. 
https://doi.org/10.1016/j.jpba.2015.09.008 

Gawronski, J., Hortynski, J., Kaczmarska, E., Dyduch-
Sieminska, M., & Marecki, W. 2014. Evaluation of 
phenotypic and genotypic diversity of some Polish 
and Russian blue honeysuckle (Lonicera caerulea L.) 
cultivars and clones. In Acta Scientiarum Polonorum, 
Hortorum Cultus, 13, 157–169.

Gruia, M.I., Oprea, E., Gruia, I., Negoita, V., & Farcasanu, 
I.C. 2008. The antioxidant response induced by 
Lonicera caerulaea berry extracts in animals bearing 
experimental solid tumors. In Molecules, 13, 1195–1206. 
https://doi.org/10.3390/molecules13051195 

Grygorieva, O., Klymenko, S., Kuklina, A., Vinogradova, 
Yu., Vergun, O., Sedlackova, V., & Brindza, J. 2021. 
Evaluation of Lonicera caerulea L. genotypes based 
on morphological characteristics of fruits germplasm 
collection. In Turkish Journal of Agriculture and Forestry, 
45(6), 850–860. https://doi.org/10.3906/tar-2002-14

Guo, A.L., Chen, L.M., Wang, Y.M., Liu, X.Q., Zhang, Q.W., Gao, 
H.M., Wang, Z.M., Xiao, W., & Wang, Z.Z. 2014. Influence 
of sulfur fumigation on the chemical constituents 
and antioxidant activity of buds of Lonicera japonica. 
In Molecules, 19(10), 16640–16655.
https://doi.org/10.3390/molecules191016640 

Holubec, V., Smekalova, T., & Leisova-Svobodova, L. 2019. 
Morphological and molecular evaluation of the Far 
East fruit genetic resources of Lonicera caerulea L. – 
vegetation, ethnobotany, use and conservation. In Genet 
Resour Crop Evol, 66, 121–141. 
https://doi.org/10.1007/s10722-018-0701-y 

Hsu, H.F., Hsiao, P.C., Kuo, T.C., Chiang, S.T., Chen, S.L., Chiou, 
Sh.-J., Ling, X.-H., Liang, M.-T., Cheng, W.-Y., & Houng, J.-
Y. 2016. Antioxidant and anti-inflammatory activities 
of Lonicera japonica Thunb. var. sempervillosa Hayata 
flower bud extracts prepared by water, ethanol, and 
supercritical fluid extraction techniques. In Industrial 
Crops Products, 89, 543–549. 
https://doi.org/10.1016/j.indcrop.2016.05.010 

Huo J, Yang G, Sui W, Yu Z (2005). Review of study on 
germplasm resources of Blue honeysuckle (Lonicera 
caerulea L). Acta Horticulturae Sinica, 32, 59–164

Cheng, Z., Bao, Y., Li, Z., Wang, J., Wang, M., Wang, S., Wang, 
Y., Wang, Y., & Li, B. 2022. Lonicera caerulea (Haskap 
berries): a review of development traceability, 
functional value, product development status, future 
opportunities, and challenges. In Critical Reviews in 
Food Science and Nutrition, 18, 1–25.
https://doi.org/10.1080/10408398.2022.2061910 

Ivanova, L.R., Butenko, L.I., Ligaj, L.V., & Sbezhneva, 
V.G. 2010. Opredelenie iridoidov v trave tatarnika 
kolyuchego (Onopordum acanthium L., rod Onopordum) 
[Determination of iridoids in the grass of the prickly 

www.uniag.sk
https://doi.org/10.3892/mmr.2020.11638
https://doi.org/10.1139/Y07-102
https://doi.org/10.15414/ainhlq.2021.0027
https://doi.org/10.15414/ainhlq.2021.0010
https://doi.org/10.1007/s11947- 014-1301-2
https://doi.org/10.1248/cpb.55.159
https://doi.org/10.1016/S1881-8366(11)80003-0
https://doi.org/10.1016/j.jpba.2015.09.008
https://doi.org/10.3390/molecules13051195
https://doi.org/10.3906/tar-2002-14
https://doi.org/10.3390/molecules191016640
https://doi.org/10.1007/s10722-018-0701-y
https://doi.org/10.1016/j.indcrop.2016.05.010
https://doi.org/10.1080/10408398.2022.2061910


– 270 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 262–271

ISSN 2585-8246

tartar (Onopordum acanthium L., genus Onopordum)]. 
In Himiya rastitelnogo syrya, 4, 131–133. [In Russian]

Juadjur, A., & Winterhalter, P. 2012. Development of a novel 
adsorptive membrane chromatographic method for the 
fractionation of polyphenols from bilberry. In Journal 
of Agricultural and Food Chemistry, 60, 2427–2433. 
https://doi.org/10.1021/jf2047724 

Jurikova, T., Rop, O., Mlcek, J., Sochor, J., Balla, S., Szekeres, L., 
Hegedusova, A., Hubalek, J., Adam, V.,& Kizek, R. 2012. 
Phenolic profile of edible honeysuckle berries (genus 
Lonicera) and their biological effects. In Molecules, 17(1), 
61–79. https://doi.org/10.3390/molecules17010061 

Khattab, R., Celli, G.B., Ghanem, A., & Brooks, MS-L. 2015. 
Effect of frozen storage on polyphenol content and 
antioxidant activity of haskap berries (Lonicera caerulea 
L.). In Journal of Berry Research, 5, 231–242.
https://doi.org/10.3233/JBR-150105 

Klymenko, S., Grygorieva, O., & Brindza, J. 2017. Maloizvestnye 
vidy plodovyh kultur [Less known species of fruit crops]. 
Nitra, Slovakia: SUA. [in Russian]. 
http://dx.doi.org/10.15414/2017.fe-9788055217659

Klymenko, S., Kucharska, A.Z., Sokół-Łętowska, A., Piórecki, N., 
Przybylska, D., Grygorieva, O. 2021. Iridoids, flavonoids, 
and antioxidant capacity of Cornus mas, C. officinalis, 
and C. mas × C. officinalis fruits. In Biomolecules, 11(6), 
776. https://doi.org/10.3390/biom11060776 

Kucharska, A.Z., & Fecka, I. 2016. Identification of iridoids 
in edible honeysuckle berries (Lonicera caerulea L. var. 
kamtschatica Sevast.) by UPLC-ESI-qTOF-MS/MS. In 
Molecules, 21, 1157. 
https://doi.org/10.3390/molecules21091157 

Kucharska, A.Z., Sokół-Łętowska, A., Oszmianski, J., Piórecki, 
N., & Fecka, I. 2017. Iridoids, Phenolic Compounds 
and Antioxidant Activity of Edible Honeysuckle 
Berries (Lonicera caerulea var. kamtschatica Sevast.). 
In Molecules, 22(3), 405. 
https://doi.org/10.3390/molecules22030405 

Kucharska, A.Z., Szumny, A., Sokół-Łętowska, A., Piórecki, N., 
& Klymenko, S.V. 2015. Iridoids and anthocyanins in 
cornelian cherry (Cornus mas L.) cultivars. In Journal 
of Food Composition and Analysis, 40, 95–102. 

Lachowicz, S., Bieniek, A., Gil, Z., Bielska, N., & Markuszewski, 
B. 2019. Phytochemical parameters and antioxidant 
activity of new cherry silverberry biotypes (Elaeagnus 
multiflora Thunb.). In European Food Research and 
Technology, 245, 1997–2005. 
https://doi.org/10.1007/s00217-019-03317-w 

Latocha, P. 2017. The nutritional and health benefits of kiwi 
berry (Actinidia arguta) – A review. In Plant Foods for 
Human Nutrition, 72, 325–334. 
https://doi.org/10.1007/s11130-017-0637-y 

Liu, C., Zheng, X., Shi, J., Xue, J., Lan, Y., & Jia, Sh. 2010. 
Optimising microwave vacuum puffing for blue 
honeysuckle snacks. In International Journal of Food 
Science and Technology, 45(3), 506–511. 
https://doi.org/10.1111/j.1365-2621.2009.02156.x 

Liu, Y., Liu, H., & Zhang, J. 2012. Total saponins of Cornus 
officinalis Sieb. ameliorates the endothelium dependent 
relaxation of mesenteric artery by regulating nitric 
oxide release in streptozotocin-induced diabetic rats. In 
Zhong Nan Da Xue Xue Bao Yi Xue Ban, 37, 757–764.

MacKenzie, J.O., Elford, E.M.A., Subramanian, J., Brandt, R.W., 
& Stone, K.E. 2018. Performance of five haskap (Lonicera 
caerulea L.) cultivars and the effect of hexanal on 
postharvest quality. In Canadian Journal of Plant Science, 
98, 432–443. https://doi.org/10.1139/cjps-2017-0365 

Machida, K., Asano, J., & Kikuchi, M. 1995a. An iridoid 
glucoside from Lonicera caerulea. In Phytochemistry, 40, 
603–604.

Machida, K., Asano, J., & Kikuchi, M. 1995b. Caeruleoside 
A and B, bis-iridoid glucosides from Lonicera caerulea. 
In Phytochemistry, 39, 111–114.

Palikova, I., Heinrich, J., Bednar, P., Marhol, P., Kren, V., Cvak, 
L., Valentová, K., Růzicka, F., Holá, V., Kolár, M., Simánek, 
V., & Ulrichová, J. 2008. Constituents and antimicrobial 
properties of blue honeysuckle: A novel source for 
phenolic antioxidants. In Journal of Agricultural and 
Food Chemistry, 56, 11883–11889.
https://doi.org/10.1021/jf8026233 

Peng, X., Duan, M.H., Yao, X.H., Zhang, Y.H., Zhao, C.J., Zu, Y.-G., 
& Fu, Y.-J. 2016. Green extraction of five target phenolic 
acids from Lonicerae japonicae Flos with deep eutectic 
solvent. In Separation Purification Technology, 157, 249–
257. https://doi.org/10.1016/j.seppur.2015.10.065 

Perova, I.B., Rylina, E.V., Eller, K.I., & Akimov, M.Yu. 2019. 
Issledovanie polifenolnogo kompleksa I iridoidnyh 
glikozidov v razlichnyh Sortah plodov zhimolosti 
sedobnoj Lonicera edulis Turcz. ex Freyn [Investigation 
of polyphenolic complex and iridoid glycosides in 
various cultivars of edible honeysuckle fruits Lonicera 
edulis Turcz. ex Freyn]. In Voprosy pitaniya, 88(6), 88–
99. https://doi.org/10.24411/0042-8833-2019-10069 
[in Russian]

Piekarska, J., Szczypka, M., Gorczykowski, M., Sokół-
Łętowska, A., & Kucharska, A.Z. 2022. Evaluation of 
immunotropic activity of iridoid-anthocyanin extract of 
honeysuckle berries (Lonicera caerulea L.) in the course 
of experimental trichinellosis in mice. In Molecules, 27, 
1949. https://doi.org/10.3390/molecules27061949 

Plekhanova, M.N. 2000. Blue honeysuckle (Lonicera caerulea 
L.) a new commercial berry crop for temperate climate: 
genetic resources and breeding. In Acta Horticulturae, 
538, 159–164.

Qi, L.W., Chen, C.Y., & Li, P. 2009. Structural characterization 
and identification of iridoid glycosides, saponins, 
phenolic acids and flavonoids in Flos Lonicerae japonicae 
by a fast liquid chromatography method with diode-
array detection and time-of-flight mass spectrometry. 
In Rapid Communications in Mass Spectrometry, 23(19), 
3227–3242. https://doi.org/10.1002/rcm.4245 

Senica, M., Bavec, M., Stampara, F., & Mikulic-Petkovsek, M. 
2018. Blue honeysuckle (Lonicera caerulea subsp. edulis 
(Turcz. ex Herder) Hultén.) berries and changes in their  
 

www.uniag.sk
https://doi.org/10.1021/jf2047724
https://doi.org/10.3390/molecules17010061
https://doi.org/10.3233/JBR-150105
http://dx.doi.org/10.15414/2017.fe-9788055217659
https://doi.org/10.3390/biom11060776
https://doi.org/10.3390/molecules21091157
https://doi.org/10.3390/molecules22030405
https://doi.org/10.1007/s00217-019-03317-w
https://doi.org/10.1007/s11130-017-0637-y
https://doi.org/10.1111/j.1365-2621.2009.02156.x
https://doi.org/10.1139/cjps-2017-0365
https://doi.org/10.1021/jf8026233
https://doi.org/10.1016/j.seppur.2015.10.065
https://doi.org/10.24411/0042-8833-2019-10069
https://doi.org/10.3390/molecules27061949
https://doi.org/10.1002/rcm.4245


– 271 –

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 262–271

Slovak University of Agriculture in Nitra
www.uniag.sk

ISSN 2585-8246

ingredients across different locations. In Journal Science 
Food Agriculture, 98, 3333–3342. 
https://doi.org/10.1002/jsfa.8837 

Skvortsov, A.K. 1986. Blue honeysuckles (Lonicera subsect. 
caeruleae) of Eurasia: distribution, taxonomy, 
chromosome numbers, domestication. In Acta 
Universitatis Upsaliensis. Symbolae Botanicae, 27, 
95–105.

Smolik, M., Ochmian, I., & Grajkowski, J. 2010. Genetic 
variability of Polish and Russian accessions of cultivated 
blue honeysuckle (Lonicera caerulea). In Russian Journal 
of Genetics, 46, 960–966. 
https://doi.org/10.1134/S1022795410080077 

Stefanowski, N., Tkachenko, H., & Kurhaluk, N. 2021. 
Antibacterial activity of ethanolic extracts obtained 
from roots and stems of Chelidonium majus L. against 
enterococcus faecalis strains. In Agrobiodiversity for 
Improving Nutrition, Health and Life Quality, 5(2), 296–
303. https://doi.org/10.15414/ainhlq.2021.0028 

Svarcova, I., Heinrich, J., & Valentova, K. 2007. Berry fruits as 
a source of biologically active compounds: the case of 
Lonicera caerulea. In Biomedical Papers Medicine, 151, 
163–174. https://doi.org/10.5507/bp.2007.031 

Thompson, M.M., & Barney, D.L. 2007. Evaluation and 
breeding of haskap in North America. In Journal of the 
American Pomological Society, 61, 25–33.

Tundis, R., Loizzo, M.R., Menichini, F., Statti, G.A., & Menichini, 
F. 2008. Biological and pharmacological activities or 
iridoids: Recent developments. In Mini-Reviews in 
Medicinal Chemistry, 8, 399–420.

Turner, A., Chen, S.N., Nikolic, D., van Breemen, R., Farnsworth, 
N.R., & Pauli, G.F. 2007. Coumaroyl iridoids and a depside 
from cranberry (Vaccinium macrocarpon). In Journal of 
Natural Products, 70, 253–258.
https://doi.org/10.1021/np060260f 

Vergun, O., Shymanska, O., Rakhmetov, D., Fishchenko, V., 
Bondarchuk, O., & Rakhmetova, S. 2019. Accumulation 
of nutrients in the raw of Crambe L. species. In 
Agrobiodiversity for Improving Nutrition, Health and 
Life Quality, 3, 323–332. https://doi.org/10.15414/
agrobiodiversity.2019.2585-8246.323-332 

Viljoen, A., Mncwangi, N., & Vermaak, I. 2012. Anti-
inflammatory iridoids of botanical origin. In Current 
Medicinal Chemistry, 19, 2104–2127. 
https://doi.org/10.2174/092986712800229005 

Villasenor, I. 2007. Bioactivities of Iridoids. In Anti-
Inflammatory & Anti-Allergy Agents in Medicinal 
Chemistry, 6(4), 307–314. 
https://doi.org/10.2174/187152307783220040 

Whitehead, S.R., & Bowers, M.D. 2013. Iridoid and secoiridoid 
glycosides in a hybrid complex of bush honeysuckles 
(Lonicera spp., caprifoliaceae): Implications 
for evolutionary ecology and invasion biology. 
In Phytochemistry, 86, 57–63. 
https://doi.org/10.1016/j.phytochem.2012.10.012 

Xu, Y., Oliverson, B.G., & Simmons, D.L. 2007. Trifunctional 
inhibition of COX-2 by extracts of Lonicera japonica: direct 
inhibition, transcriptional and post-transcriptional 
down regulation. In Journal Ethnopharmacology, 111, 
667–670. https://doi.org/10.1016/j. jep.2007.01.017 

Ye, J., Su, J., Chen, K., Liu, H., Yang, X., He, Y., & Zhang, W. 2014. 
Comparative investigation on chemical constituents of 
flower bud, stem and leaf of Lonicera japonica Thunb. 
by HPLC-DAD-ESI-MS/ MS and GC-MS. In Journal of 
Analytical Chemistry, 69, 777–784. 
https://doi.org/10.1134/S1061934814080036 

Zhang, Y.D., Huang, X., Zhao, F.L., Tang, Y.L., & Yin, L. 2015. 
Study on the chemical markers of Caulis Lonicerae 
japonicae for quality control by HPLC-QTOF/MS/MS 
and chromatographic fingerprints combined with 
chemometrics methods. In Analytical Methods, 7(5), 
2064–2076. https://doi.org/10.1039/c4ay02744b 

Zhao L, Li S, Zhao L, Zhu Y, Hao T (2015). Antioxidant activities 
and major bioactive components of consecutive extracts 
from blue honeysuckle (Lonicera caerulea L.) cultivated 
in China. In Journal of Food Biochemistry, 39, 653–662. 
doi: 10.1111/jfbc.12173

Zhurba, M., Shelepova, O., Hudz, N., Ivanišová, E., Bieniek, 
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