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Abstract 
The aim of the study was to determine changes in anthocyanin content of 17 selected Klčov’s clones of honeyberry 
(Lonicera kamtschatica (Sevast.) Pojark) during freezing at −18°C for 6 months and find out the relationship 
between anthocyanins and dry matter, sugar, organic acids and ascorbic acid content in fresh fruits by cluster 
analysis. Clones of honeyberry can be divided into three clusters according to dry matter, sugar, organic acids and 
total anthocyanin content and total antioxidant capacity. The total anthocyanin level measured in fresh samples 
was 5.96–19.80 mg 100 g-1 of fresh mass (FM). The scavenging effect of acidified 80% ethanol extracts on DPPH 
(1,1-diphenyl-2-picrylhydrazyl) radical ranged from 30.03% to 41.13%. Anthocyanins displayed a negative weak 
correlation with total antioxidant capacity (R = −0.585). 
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Introduction
Less common fruit species particularly berries 

are considered to provide the fruit with a high biological 
value (Ercisli, Esitken, 2004; Kafkas et al., 2008; Beslic 
et al., 2010; Milivojevic et al., 2011; Poledica et al., 2012). 
One of the possibilities how to express the biological 
value of foodstuff is the determination of antioxidant 
capacity, concurrently with the assessment of mainly 
presented bioactive components in berries (Gazdik 
et al., 2008). The honeyberries represent a lesser-known 
berry crop originated from the territory of Russia, rich 
in antioxidants; with a high content of ascorbic acid and 

polyphenolic compounds – phenolic acids and flavonoids. 
Among flavonoids proanthocyanins, anthocyanins, 
quercetin, isoquercetin and rutin are predominant. At 
the same time, anthocyanins represented the group of 
flavonoids which mostly contributed to antioxidant 
activity of honeyberry fruit as this has been confirmed 
by the studies of Chaovanalikit et al. (2004) and Gazdik 
et al. (2008). 

Nowadays, polyphenolics especially an 
anthocyanin extract from honeyberry have been very 
effective in the prevention of chronic diseases such as 
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cancer (Gruia et al., 2008), neurodegenerative diseases 
(Gazdik et al., 2008), their anti-inflammatory effect 
has been proved as well (Svobodova et al., 2009). 
The colour stability of anthocyanin depends on the 
combination of various factors such as the structure 
and concentration of anthocyanin, pH, temperature and 
presence of complexing agents (phenols, metals) or other 
chemical substances (Jurikova et al., 2012). The content 
of anthocyanins in honeyberry fruit is influenced by 
way of extraction procedure, organic acids and ascorbic 
acid content (Myjavcova et al., 2010). Therefore, it 
is necessary to find a way of the sample preservation 
without a loss in anthocyanins and evaluate the relation 
between anthocyanins and mentioned parameters of 
nutritional value of fruits. Freezing at −18°C has been 
recommended as the most effective way of fruit storage 
for berry crop generally (Baloghova et al., 2009) and for 
honeyberries as well (Jurikova et al., 2012). 

The aim of our study was to monitor the 
contents of dry matter, sugar, organic and ascorbic acid 
in relation to total anthocyanin content depending on 
particular Klčov’s clones of Lonicera kamtschatica fruit. 
Moreover, the same fruit was measured for the content 
of anthocyanins and total antioxidant capacity after six 
months of freezing at −18ºC. 

Material and methods
Sample collection and the preparation for 

chemical analyses. The samples of selected 17 clones 
of honeyberry (Lonicera kamtschatica (Sevast.) Pojark) 
were taken from experimental orchards of Slovak 
Agriculture University in Nitra in June 2011. The locality 
is characterised by 130 m above sea level. During the 
vegetation period, the average precipitation was 364 mm 
and the average temperature was 16.3°C. The samples 
were manually collected from five shrubs per clone. The 
representative sample was 100 g from five plants – 500 
g together represented in replications of experiment. The 
average sample was obtained by dividing into quarters. Fifty 
grams of fresh samples of selected clones of honeyberry 
were immediately processed after collecting while frozen 
samples (50 g) were kept in polyethylene bags for up to 
six months at −18°C. Fresh samples of fruits were used 
for determination of anthocyanins. In frozen samples, the 
content of total anthocyanins (TA) and total antioxidant 
capacity (TAC) of fruit was examined. For determination 
of TA content the samples were homogenized and 
extracted by 100 ml of acidified 80% ethanol for 12 hours 
at 25°C. In obtained extracts TA content was measured 
spectrophotometrically by the method of Füleki and Francis 
(1968) and expressed as cyanidin-3-glucoside equivalent. 
Because the content of anthocyanin is influenced by other 
parameters of nutritional value of fruit, it was related to 
dry matter, organic acids, sugars and ascorbic acid content. 
The parameters of nutritional value were determined in 
fresh fruits.

In order to find out the content of dry matter, 
berries were dried until reaching the constant weight. 
Organic acids were determined by the NaOH titration 

on the methylene blue indicator and were calculated as 
citric acid (g 100 g-1 of fresh mass (FM). The content of 
sugar was determined by the method of Somogyi. The 
amount of ascorbic acid was obtained by polarography. 
The TAC of frozen samples was measured by the DPPH 
(1,1-diphenyl-2-picrylhydrazyl) method of Parejo et al. 
(2000). Spectrophotometric measurements of antioxidant 
activity were carried out using an automated chemical 
analyser BS-400 (“Mindray”, China). It is composed of 
cuvette space tempered to 37 ± 1°C, reagent space with a 
carousel for reagents (tempered to 4 ± 1°C), sample space 
with a carousel for preparation of samples and an optical 
detector. Transfer of samples and reagents is provided 
by robotic arm equipped with a dosing needle (error of 
dosage up to 5% of volume). Cuvette contents are mixed 
by an automatic mixer including a stirrer immediately 
after addition of reagents or samples. 

Statistical analysis. To evaluate the influence of 
freezing on anthocyanins, differences among clones in 
anthocyanin content, the obtained results were statistically 
evaluated by ANOVA single factor analysis (α = 0.05). 
The content of anthocyanin, dry matter, sugar, organic 
acids, and C-vitamin (ascorbic acid) was determined. We 
were trying to find the relationship between anthocyanin 
and other components in various clones of honeyberry. 
First of all, we determined clusters of relative clones and 
secondly, we found significant clones and characterised 
them in principal component classification. We used 
cluster analysis with Euclidian distances and mean 
distribution. Variables were anthocyanins, dry matter, 
organic acids, sugar and ascorbic acid. According to 
principal component classification method, firstly we 
determined the highest variability according to Eigen 
values from Table. Then we determined factor and 
variable correlation from 2-D plot. Finally we determined 
factor coordinates of the cases with regard of variables 
and drove plot of factor coordinates of cases in 2-D 
plot. Correlations between TA and TAC, organic acids 
and ascorbic acid content were provided in program 
Statistica. 

Results 
The content of TA found in fresh samples 

was very variable from 5.96 mg kg-1 (LKL-103) up to 
19.18gkg-1 (LKL-18) and clone-dependent as it was 
proved by ANOVA single factor analysis (P = 0.006) at 
probability level α = 0.05. Among the assayed clones we 
determined an increase or a decrease in TA content during 
storage by freezing. Because of significant decline in TA 
content during freezing storage in LKL-18 and LKL-19, 
they cannot be recommended for long term storage. On 
the other hand, they showed the highest values of TA in 
fresh fruit so they can be utilised for direct consumption. 
Although we found out significant changes in LKL-18 
and LKL-19 after freezing process, frozen samples did 
not show a statistically significant changes in anthocyanin 
levels during six months’ storage (P = 0.043) at probability 
level α = 0.05. The highest value of TAC in frozen samples 
was measured in LKL-103 (41.3%) representing the clone 
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with the lowest value of TA. Anthocyanins displayed a 
weak negative correlation with TAC (R = −0.585). In 
the second part of our experiment we classified clones 
according to TA content in relation to dry matter, sugars, 
organic acids and ascorbic acid content in fresh fruits. 

A positive correlation was determined between TA and 
organic acids content (R = 0.48), TA and ascorbic acid 
content (R = 0.34) at probability level α = 0.05. It is 
important for further utilisation of fruit in food processing 
as natural dyes. The results are given in Table. 

Table. The total anthocyanin content (g kg-1 of fresh mass (FM) and freezing mass), total antioxidant capacity (% of 
inhibition), content of dry matter (% w/v), content of sugars (g 100 g-1 of FM), content of organic acids (g 100 g-1 of 
FM) and ascorbic acid content (mg 100 g-1 of FM) 

Clones Anthocyanins 
before freezing

Anthocyanins 
after freezing

Total 
antioxidant 

capacity
Dry matter Sugars Organic 

acids Ascorbic acid

LKL-2 12.88 ± 1.08 14.12 ± 2.98 30.90 ± 3.98 17.89 ± 1.45 3.70 ± 0.45 2.32 ± 0.05 24.62 ± 2.65
LKL-3 8.08 ± 0.75 6.11 ± 0.54 31.60 ± 2.98 16.96 ± 2.45 6.70 ± 0.54 2.17 ± 0.08 35.66 ± 3.45
LKL-5 12.03 ± 2.02 15.00 ± 2.85 33.80 ± 4.52 17.54 ± 3.04 3.30 ± 0.89 2.62 ± 0.04 28.17 ± 1.89
LKL-6 8.06 ± 0.56 8.81 ± 0.75 37.80 ± 5.54 17.03 ± 3.48 4.40 ± 0.65 1.69 ± 0.04 12.94 ± 0.78
LKL-7 7.46 ± 0.52 6.45 ± 0.35 32.70 ± 2.74 17.26 ± 4.12 3.90 ± 1.02 2.24 ± 0.05 9.71 ± 0.06
LKL-14 11.74 ± 2.08 13.15 ± 4.52 33.80 ± 2.01 17.23 ± 2.48 4.40 ± 0.05 2.60 ± 0.70 15.43 ± 1.78
LKL-15 10.75 ± 1.98 10.55 ± 0.65 33.10 ± 1.89 17.03 ± 3.45 5.00 ± 2.14 2.33 ± 0.45 34.02 ± 2.06
LKL-16 7.38 ± 0.44 5.26 ± 0.42 33.50 ± 1.56 15.67 ± 2.78 3.30 ± 0.65 1.52 ± 0.02 24.12 ± 1.89
LKL-18 14.36 ± 1.80 7.85 ± 0.08 30.03 ± 1.20 17.33 ± 3.11 9.50 ± 1.78 2.00 ± 0.01 39.91 ± 1.78
LKL-19 19.18 ± 2.50 11.16 ± 2.07 32.90 ± 2.54 17.54 ± 4.41 5.00 ± 0.78 2.38 ± 0.18 18.31 ± 0.58
LKL-20 12.05 ± 1.85 7.01 ± 0.22 31.69 ± 3.45 14.15 ± 2.56 7.20 ± 0.56 1.63 ± 0.05 32.09 ± 1.65
LKL-21 13.51 ± 2.06 9.26 ± 0.54 30.90 ± 2.74 15.57 ± 1.78 6.60 ± 0.44 2.08 ± 0.08 10.34 ± 0.45
LKL-31 14.53 ± 1.89 10.22 ± 0.23 33.40 ± 3.05 18.24 ± 2.87 9.00 ± 2.07 2.24 ± 0.12 46.67 ± 4.08
LKL-35 12.16 ± 1.74 9.60 ± 0.33 32.00 ± 1.74 16.54 ± 2.25 8.50 ± 0.89 2.59 ± 1.01 20.81 ± 0.89
LKL-96 7.98 ± 0.45 6.33 ± 0.48 35.00 ± 4.05 15.95 ± 2.20 7.20 ± 0.45 1.54 ± 0.08 17.81 ± 0.58
LKL-102 7.73 ± 0.66 6.36 ± 0.24 32.19 ± 2.74 17.75 ± 3.45 7.80 ± 0.56 1.63 ± 0.09 13.63 ± 1.44
LKL-103 5.96 ± 0.32 4.88 ± 0.14 41.13 ± 5.41 16.52 ± 2.02 9.00 ± 0.65 2.02 ± 0.08 11.36 ± 0.66

Figure 1 represents a dendrogram with three 
clusters of clones and Figure 2 provides the information 
about plot projection of clones on the basis of assayed 
nutrients. 

Figure 1. The dendrogram of honeyberry (Lonicera 
kamtschatica) on the basis of evaluation of anthocyanin 
content in fresh mass (FM) related to dry matter, sugars, 
organic acids and ascorbic acid 

Distribution of clones into clusters clarifies 
principal component classification. Factor 1 represented 
variable correlation of organic acids (−0.83), anthocyanin 

(−0.74) and dry matter (−0.70) versus sugars (0.12), 
factor 2 correlation of organic acids (−0.25) and dry 
matter (−0.24) versus ascorbic acid (0.71) (Fig. 2). 

Figure 2. Graph of projection of clones honeyberry 
(Lonicera kamtschatica) according to factor 1 and 2 

Results of analyses are given in Table and tree 
diagram (Fig. 1). Finally, we obtained three clusters, the 
first cluster with clones LKL-6, LKL-7, LKL-96, LKL-
103, LKL-102, LKL-21 and LKL-5, the second cluster 
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with clones LKL-3, LKL-15, LKL-18, LKL-31, LKL-
2, LKL-5, LKL-14 and LKL-19 and the third cluster 
with clones LKL-16 and LKL-20. Results of principal 
component analysis showed that LKL-18 and LKL-31 on 
the left of the graph had high content of organic acids, 
anthocyanin and dry matter opposite to low content of 
sugars and vitamin C. LKL-96 and LKL-16 were on the 
right of the graph thanks to the high content of sugars 
and low content of organic acids, anthocyanin and dry 
matter. We found LKL-20 having high content of sugars 
and ascorbic acid. LKL-2, LKL-5 and LKL-14 had low 
content of vitamin C and higher content of organic acids, 
dry matter and anthocyanin. LKL-7, LKL-6 and LKL-14 
had less organic acids and anthocyanin and lower content 
of vitamin C. 

Discussion
The content of TA in fresh samples of honeyberry 

clones ranged from 5.96 g kg-1 (LKL-103) up to 19.18 g 
kg-1 (LKL-18). These values are higher in comparison 
with a Polish cultivar ‘Atut’ (2.35 g kg-1) (Malodobry 
et al., 2010) and 24 elite hybrids of honeyberry (2.06–
5.79 g kg-1) from Romania (Mladin et al., 2011). The 
similar results with no statistically significant changes in 
anthocyanin content in honeyberries during storage at low 
temperatures on the anthocyanin content were published 
by Ochmian et al. (2008). Our results are in agreement 
with those of Lochachoompol et al. (2005) who stored 
the samples of blueberry frozen at −20°C for three 
months or Scibiz and Mitek (2007) who studied the effect 
of long term storage on blueberry samples by freezing. 
On the contrary, Bryksin et al. (2007) studied 11 Russian 
cultivars of honeyberry and determined only a decline in 
TA content ranging from 4.50% to 61.29%. In the same 
way, only loss in anthocyanins was observed in sour 
cherries stored for six months at −23°C (Chaovanalikit, 
Wrolstad, 2004) or blueberry samples stored by freezing 
at −18°C for 6 months (Vollmanova et al., 2009). 

According to Scibiz and Mitek (2007), an 
increase in TA content can be caused by the fact that 
anthocyanins in frozen samples are easier to be extracted, 
which leads to an increase of their content, which was 
confirmed in LKL-2, LKL-5 and LKL-6. In agreement 
with this group of clones, Malodobry et al. (2010) found 
a 30% increase in anthocyanin content of the Polish of 
honeyberry cultivar ‘Atut’ stored at −18°C for six months. 
The TA content is constant during freezing process but 
changes in pH can cause changes in fruit colour. The 
all observed differences in TA content can be caused by 
differences in the studied cultivars, the way of the sample 
extraction, and the method of TA determination as well 
as climatic and soil conditions (Jurikova, Matuskovic, 
2007; Jurikova et al., 2012). 

According to Gazdik et al. (2008), Jurikova 
and Matuskovic (2007), Jurikova et al. (2012) and Rop 
et al. (2011), the antioxidant activity of honeyberry 
fruit was high due to high level of the total flavonoid 
and total polyphenol content. On the other hand, in our 
experiment the statistically significant weak negative 

correlation between anthocyanin content and TAC of 
fruit (R = −0.585) at α = 0.05 was proved. We determined 
the highest value of TAC in LKL-103, contrary to the 
lowest value of TA. It means that other flavonoids like 
rutin, quercetin, isoquercetin and hydroxycinnamic acids 
and their synergic influence mostly contributed to TAC 
of fruit as it has been proved by studies of Jurikova et al. 
(2012). Our results agreed with Nawirska et al. (2007) 
who pointed to a strong negative correlation between 
TAC and TA. Vollmanova et al. (2009) observed the same 
negative correlation in blueberry samples. In comparison 
with anthocyanins, ascorbic acid has only minor effect 
in antioxidant activity of fruit according to Gazdik et 
al. (2008), in our experiment the negative correlation 
between TAA of fruit and ascorbic acid was observed (R 
= −0.330). 

Generally, the anthocyanin content in  honeyberries  
clones was high and the content of other chemical 
components was average in comparison with other lesser 
known fruit species (Gazdik et al., 2008). Our results are 
in agreement with previous studies of Matuskovic et al. 
(2009) who confirmed statistically significant influence 
of organic acids and ascorbic acid on the anthocyanin 
content. 

Conclusion
The content of anthocyanins in 16 assayed clones 

of honeyberry (Lonicera kamtschatica) ranged from 5.96 
mg kg-1 (LKL-103) up to 19.18 g kg-1 (LKL-18) in fresh 
samples and 4.88 mg kg-1 (LKL-103) – 15.00 mg kg-1 
(LKL-5) in frozen samples. Storage of honeyberry fruit 
by freezing at −18°C seemed to be very effective for 
the preservation of anthocyanin content. Anthocyanins 
displayed interaction with other components of fruit dry 
matter, organic acids, sugars and ascorbic acid as this 
was proved by the results of cluster analysis. Positive 
statistically significant relationship between anthocyanins 
and TAC of fruit was proved. On the other hand, the 
relation between anthocyanins and ascorbic acid was 
negative. Honeyberry represented a very valuable source 
of natural pigments – anthocyanins which can be widely 
utilized in food processing and for pharmaceutical or 
medicinal purposes. In this way, LKL-19, LKL-21 and 
LKL-31 represented cultivars with the highest values of 
anthocyanins. 

Because of the high sugars and ascorbic 
acid content, LKL-20 can be recommended for direct 
consumption. 
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Santrauka
Tyrimo tikslas – taikant klasterinę analizę nustatyti antocianinų kiekio pokyčius septyniolikoje atrinktų Klčov’s 
sausmedžio (Lonicera kamtschatica (Sevast.) klonų, juos šešis mėnesius šaldant −18°C temperatūroje, ir ryšį tarp 
antocianinų bei sausųjų medžiagų, cukraus, organinių rūgščių ir askorbino rūgšties kiekio šviežiuose vaisiuose. 
Sausmedžio klonai pagal sausųjų medžiagų, cukraus, organinių rūgščių bei suminį antocianinų kiekį ir bendrąją 
antioksidacinę gebą gali būti sugrupuoti į tris klasterius. Bendras šviežiuose ėminiuose nustatytas antocianinų 
kiekis buvo 5,96–19,80 mg 100 g-1 žalios masės. Rūgščių 80 % etanolio ekstraktų slopinamasis poveikis DPPH 
(1,1-difenil-2-pikrilhidrazi) radikalui svyravo nuo 30,03 iki 41,13 %. Antiocianinai silpnai neigiamai koreliavo su 
bendrąja antioksidacine geba (R = −0,585). 

Reikšminiai žodžiai: antiocianinai, antioksidacinė veikla, askorbo rūgštis, Lonicera kamtschatica, sausosios 
medžiagos, šaldymas. 


