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INTRODUCTION 

 

The fruits of so-called small fruits species are characterized by a valuable 

nutritional composition and a high potential for use in the food industry. Fruit 
drying is one of the oldest ways of canning food. Drying products are consumed 

directly or used for further processing in the food industry (Sánchez et al., 2020, 

Meléndez-Martinez, 2021). Hot air drying is one of the simplest methods used to 
dry fruit, especially because of its affordability (Zhang, 2019). However, this 

method of drying has and negative effect on the nutritional quality of the final 
product due to the degradation of thermolabile substances. An alternative to hot air 

drying is infrared drying, which is characterized by better process energy 

efficiency (Okamoto et al., 2012, Orikasa et al., 2018, Roslan, 2020). The 
infrared dryer works on the principle that the radiation energy is transferred from 

the radiation source to the surface of the product without heating the environmental 

air, which heats the material faster and more evenly. Energy penetrates the material 
and is converted into heat. Infrared drying is characterized by lower energy 

consumption, shorter drying time and consequently higher nutritional and sensory 

quality of the final product (Guiné, 2018, Hasan et al., 2019, Wu et al., 2019). 
Chokeberry (Aronia melanocarpa Michx.) is one of the richest natural sources of 

polyphenols with confirmed health benefits, thanks to which its popularity and use 

in the food industry is constantly increasing. The fruits are used for the production 
of fruit spreads, juices, wines, liqueurs and for the production of natural dyes 

(Vagiri, Jensen, 2017). The main polyphenols in aronia are anthocyanins, 

procyanidins, flavonols and phenolic acids (Sueiro et al., 2006, Kokotkiewicz et 

al., 2010, Rugina et al., 2012). Black chokeberry extracts have shown many health 

benefits in vitro and in vivo, including antioxidant, antimutagenic, anticancer, 

cardioprotective, hepatoprotective, gastroprotective, antidiabetic, 
antiinflammatory, antibacterial, antiviral, radioprotective and immunomodulatory 

effects (Kokotiewicz et al., 2010, Zhang et al., 2021).  

The fruits of the elderberry (Sambucus nigra L.) are also characterized by a high 
content of phenolic compounds. The main polyphenols found in fruits include 

chlorogenic acid, quercetin and campferol, anthocyanins. In addition, elderberry 

berries contain small amounts of tannins with a low degree of condensation, such 
as procyanidins, epicatechin, and catechin (Mlynarczyk et al., 2018). The 

antinutritional substances of elderberry are sambunigrin and prunasin. 

Sambunigrin is hydrolyzed to hydrogen cyanide in the gastrointestinal tract. 
However, heat treatment of the fruit eliminates it, which increases the safety of 

fruit consumption (Senica et al., 2016). The fruits of the elderberry have a wide 
range of food uses, they are used for the production of fruit spreads, wine, liqueurs 

and food coloring (Miraj, 2016). Elderberry flower extracts have diuretic effects, 

a beneficial effect on vascular flexibility. Extracts are effective as antipiretics. In 
alternative medicine, the base is used as a diuretic, laxative and anti-inflammatory 

agent (Sidor, Gramza-Michalowska, 2015). 

Black cherry (Prunus cerasus L.) is one of the traditional fruits, popular for its 
refreshing delicate sour taste. The fruits are interesting in their content of organic 

acids, anthocyanin dyes, flavonoids, vitamins, minerals, fiber and also melatonin, 
which acts against insomnia and at the same time reduces the risk of stroke. The 

fruits are consumed fresh or canned into compotes, spreads, soft drinks and 

alcoholic beverages (Serradilla et al., 2016, Hussain et al., 2021, Motyleva et 

al., 2021). 

Currants (Ribes rubra L., Ribes nigrum, L.) are highly valued fruit species for 

versatile use in the food industry, high nutritional value and content of healthy 
substances (Mikulic-Petkovsek et al., 2016). The most valuable compounds in 

berries are phenolic compounds, ascorbic acid, flavonols, flavanols, 

hydrocinnamic acids and anthocyanins (Zdunić et al., 2016). Fruits are significant 
in their routine content with anti-inflammatory and neuroprotective effects (Frum 

et al., 2017). Of the vitamins, vitamin C, B complex and vitamin E are present in 

higher concentrations in the fruits (Pieszka et al., 2015, Cao et al., 2021, 

Golovenko et al., 2021). 

Blackberry (Rubus idaeus L.) fruits are widely used not only in the food industry, 

but also in traditional and alternative medicine. Berries and leaves have been used 
in the past to treat digestive problems, the cardiovascular system, kidney disease 

and flu. Raspberry leaf extract is said to work against muscle cramps. In addition, 

they are characterized by antimicrobial and anti-inflammatory effects (Hummer, 

2010, Veljković et al., 2019). The fruit is eaten fresh, frozen and dried or processed 

into compotes, jams, syrups, wines or liqueurs. Of the biologically valuable 

substances, the presence of vitamins C, E, K, B vitamins and provitamin A is 
interesting in the fruits. Mineral substances are dominated by manganese, 

potassium, calcium, magnesium and phosphorus (Rao and Snyder, 2010; 

Bobinaité et al., 2016). 
The fruits of Eleagnum multiflora Thunb. contain a number of chemical 

compounds that have a positive effect on human health. These are mainly phenolic 

acids, flavonoids, lipids, carotenoids, ascorbic acid and lycopene (Patel, 2015, 

Nowak et al., 2021). In fresh or processed form, the fruits have antioxidant, anti-

The aim of the work was to evaluate the effect of hot air and infrared drying on the content of total polyphenols and anthocyanin dyes in 

selected types of small fruits. In the work we used chokeberry (Aronia melanocarpa Michx.) variety Nero, elderberry (Sambucus nigra 
L.) variety Haschberg, sour cherry (Prunus cerasus L.) variety Fanal, red currant (Ribes rubrum L.) variety Lake, black currant (Ribes 

nigrum L.) variety Triton, cherry elaeagnus (Elaeagnus multiflora Thunb), raspberry (Rubus idaeus L.) variety Heritage and blueberry 

(Vaccinium corymbosum L.) variety Bluecrop. Drying was performed in a Concept S1060 hot air dryer and a Yden CI IR D5 infrared 
dryer. The analysis of the content of anthocyanin dyes was performed by the pH differential method, the determination of the total content 

of polyphenols was performed by the Folin - Ciocalteu method. By analyzing fresh fruits, we found the highest content of anthocyanin 

dyes in the fruits of chokeberry (3036.97 mg.100 g-1 DM) and the lowest in the fruits of cherry elaeagnus (83.86 mg.100 g-1 DM). The 
total polyphenol content ranged from 726.07 mg GAE.100 g-1 dry matter (cherry elaeagnus) to 7895.61 mg GAE.100 g-1 DM (chokeberry). 

After drying in a hot air dryer, the content of anthocyanin dyes decreased by 62.20% (in elderberry) to 72.52% (in cherry elaeagnus) and 

the content of total polyphenols by 45.16% (in chokeberry) to 53.34% (in red currant). After drying in an infrared dryer, the decrease in 
the content of anthocyanin dyes was 50.41% (in elderberry) to 71.22% (in cherry elaeagnus) and total polyphenols 41.05% (in chokeberry) 

to 47.89% (in sour cherry). 
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inflammatory and antiproliferative effects. They are used in supportive care against 

diarrhea, gastrointestinal disorders and even colon cancer (Abdalla, 2019). In the 

food industry, it is used to make juices, jams, jellies and compotes and they are 

part of tea blends (Lachowicz et al., 2020). According to Lachowicz-Wiśniewska 

et al. (2021) the main group of polyphenols found in fruit pulp and seeds are 

procyanidins, which are important components of nutraceuticals. 
Blueberry (Vaccinium corymbosum L.) has spherical fruits weighing 1-5.5 grams, 

with a waxy coating on the surface, characterized by a sweet taste and a juicy flesh 

without coloring properties (Medvecký, Daniel, 2019). In the food industry, they 
are widely used for the production of overpressures, spreads, alcoholic and non-

alcoholic beverages (Orella-Palma et al., 2017). Blueberries are a rich source of 
valuable compounds. In addition to sugars, vitamins, minerals and organic acids, 

they contain flavonoids (Lavefve et al., 2020), anthocyanins (Kuntz et al., 2017, 

Huang et al., 2018, Zhou et al., 2020) and procyanidins (Silva et al., 2020). 
The aim of the work was to compare the effect of hot air drying and infrared drying 

on the content of total polyphenols and anthocyanin dyes in the dried fruits of 

selected types of small fruits.  
 

MATERIAL AND METHODS 

 
In this work we used small fruits that are characterized by the presence of 

anthocyanin dyes. These were the following species and varieties - black-fruited 

chokeberry (Aronia melanocarpa Michx.) variety Nero, elderberry (Sambucus 
nigra L.) variety Haschberg, sour cherry (Prunus cerasus L.) variety Fanal, red 

currant (Ribes rubrum L.) variety Lake, black currant (Ribes nigrum L.) variety 

Triton, cherry elaeagnus (Elaeagnus multiflora Thunb), raspberry (Rubus idaeus 
L.) variety Heritage and blueberry (Vaccinium corymbosum L.) variety Bluecrop. 

We harvested the fruits in full consumption maturity, after reaching the 

characteristic sensory properties. We analyzed the fruit fresh and after drying. We 
dried the fruit in two types of dryers, in the concept S1060 hot air dryer at 60 °C 

and in the Yden CI IR D5 infrared dryer at a wavelength of 750-3000 nm. The 

drying time is given in Table 1. Drying was performed until the moisture content 
of the product was less than 13-15%. The final moisture content was monitored at 

moisture analyzer KERN MRS 120-3.   

 

Table 1 Drying time of individual fruits 

Spieces 
Hot air drying 

(hours) 

Infrared drying 

(hours) 

chokeberry 24 16 
elderberry 16 10 

sour cherry 24 16 

red currant 36 24 
black currant 36 24 

cherry elaeagnus 16 10 

raspberry 16 10 
blueberry 16 10 

 

The determination of total polyphenols was performed by the Folin-Ciocalteau 
method of Lachman et al. (2003). The method is based on the reaction of Folin-

Ciocalteu reagent with polyphenols present in the analyzed sample to produce a 

blue color product. Sample preparation for polyphenol analysis consisted of 
homogenization and extraction in 80% ethanol at HEIDOLPH GSL 3006 shaker 

at 150 rpm for 24 hours. For the standard preparation, exactly 100 mg gallic acid 

were weighed (Analytical balance Sartorius TE214S-0CE, Sartorius Lab 
Instruments GmbH & Co. KG, Göttingen, Germany) and diluted with 

demineralized water up to 100 mL volume to prepare a stock solution. One mL of 

the stock solution was diluted with distilled water up to 200 mL volume. The 
calibration curve was prepared in range of 5–200 mg. L-1 of gallic acid. The blank 

contained Folin–Ciocalteu reagent and distilled water, without the standard or 

extract. The correlation coefficient of the calibration curve reached R = 0.996. 
For the samples preparation, 50 μL were pipetted into 50 mL volumetric flasks; 

subsequently, 2.5 mL of Folin-Ciocalteu reagent diluted with distilled water (1:2 

v/v) were added. Next, 5 mL of Na2CO3 (20% water solution) was added. 
Following this, flasks were filled with distilled water. In this form, the samples 

were left for 2 h at a room temperature to develop the blue complex. The 

measurement wavelength was set to 765 nm. For the measurement a double-beam 
UV-VIS spectrophotometer (Jenway 6405 UV/VIS) was used. 

The measurement of the total anthocyanins content was carried out in accordance 

with Lapornik et al. (2005). One milliliter of extract was pipetted into two tubes. 
One mL of 0.01% HCl solution in 95% ethanol was added into each tube. Next, 

(A1) 10 mL of 2% aqueous HCl solution were added into the first tube, and into 

another tube we added (A2) 10 mL of solution with pH = 3.5 (prepared from 0.2 
M Na2HPO4 and 0.1 M citric acid). The absorbances of both samples were 

measured at 520 nm against a blank sample (water). The total anthocyanin content 

was calculated as follows, where “f” is constant (396.598). For the measurement a 
double-beam UV-VIS spectrophotometer (Jenway 6405 UV/VIS) was used. 

Content of Total Anthocyanins (mg.kg-1) = (A1−A2) × f 

The data were evaluated using one-way analysis of variance (ANOVA) followed 
by post hoc analysis using LSD multiple range test (Statistica v.12, Statsoft, USA), 

assuming that differences were statistically significant at α=0.05.  

RESULTS AND DISCUSSION 

 

By analyzing fresh fruits, we found that the content of total polyphenols in fruit 

samples ranged from 726.07-7895.61 mg GAE.100 g-1 DM. By multiple 

comparison of averages using the LSD test, the species were arranged into 8 

homogeneous groups and statistically significant differences (p<0.05) in the 
content of total polyphenols were found for all 28 pairs of fruits. 

We found a statistically significant (p<0.05) the highest content of total 

polyphenols in the fruits of black chokeberry and the lowest in the fruits of the 
cherry elaeagnus. 

The content of total anthocyanins in the studied fruit species was in the range of 
156.21-3036.97 mg.100 g-1 DM. Based on the results of the LSD test, the species 

were organized into 6 homogeneous groups according to the content of 

anthocyanins. We confirmed the highest content of anthocyanins in black 
chokeberry and the lowest in cherry elaeagnus. We did not find a statistically 

significant difference (p>0.05) between raspberry, blackberry and blueberry, 

which together formed a separate homogeneous group (cd). Likewise, we did not 
detect a difference between sour cherry and raspberry, sour cherry and blueberry, 

elderberry and blueberry also elderberry and raspberry (Table 2). 

 
Table 2 Means and homogeneous groups for the total polyphenols and total 

antocyanins treatment based on multiple comparison from the LSD test 

Spieces 

Dry 

matter 

(%) 

Total 

polyphenols (mg 

GAE.100 g-1 

DM) 

Total 

anthocyanins  

(mg.100 g-1 

DM) 

chokeberry 24.38 7895.61 h 3036.97 f 
elderberry 16.42 4232.91 g 428.83 d 

sour cherry 14.32 1202.49 c 351.75 c 

red currant 11.86 980.64 b 156.21 b 
black currant 16.26 3108.75 f 582.55 e 

cherry elaeagnus 16.79 726.07 a 83.86 a 

raspberry 13.81 1436.37 d 390.97 cd 
blueberry 14.14 2572.21 e 405.14 cd 

different letters at mean represent statistically significant differences among 

treatments (p<0.05) 
 

Damar and Eksi (2012) monitored the content of total polyphenols and 

anthocyanin pigments in sour cherry juice from different regions of Turkey. The 
authors found the content of total polyphenols in the amount of 1510-2297 mg. L-

1 and the content of total anthocyanins in the amount of 195.8-437.9 mg.L-1. The 

determination of the content of polyphenols in elderberries was dealt with by 
Kiprowski et al. (2021). The Wild, Haschberg and Ljubostinja varieties grown in 

Serbia were used for the evaluation. They found that chlorogenic acid and caffeic 

acid derivatives with a content of almost 4000 mg.100 g-1 predominate in black 
elderberry fruits. Pentallidis et al. (2007) monitored the content of total 

polyphenols and anthocyanins in raspberry and red currant fruits originating from 

Greece. The content of anthocyanins in the fruits was analyzed by the pH 
differential method and the authors found a content of 1.3-7.8 mg.100 g-1 FW in 

red currants and 104-198 mg.100 g-1 FW in raspberry fruits. After converting to 

fruit dry matter (DM), it represented 657-1193 mg. 100 g-1 DM in currants and in 
raspberries  

1137-2112 mg.100 g-1 DM. These values are comparable with our results. 

Lachowicz et al. (2000) determined the content of total polyphenols in two 
varieties of mullein grown in Poland. The content of total polyphenols in the fruits 

of the Sweet Scarlet variety was  

1268.90 mg.100 g-1 DM and in the fruits of the Jahidka variety 904.65 mg.100 g-1 
DM. In our work, we analyzed lower concentrations of polyphenols in the fruits of 

the gorse. The content of total polyphenols in blueberry fruits grown in Florida was 

monitored by Das et al. (2022). The authors determined polyphenolic compounds 
using the Folin-Ciocalteu method and report that the total content of polyphenols 

ranged from 42.2 to 122.6 mg GAE.g-1. Compared to our results, these values are 

higher. Authors Domínguez et al. (2020) monitored the content of total 
polyphenols in black elderberries from Spain. The analysis was carried out using 

the Folin-Ciocalteu reagent and the content of polyphenols in the fruits ranged 

from 2524 to 3157 mg GAE. 100 g-1 dry matter. The authors state that the most 
represented polyphenols in elderberries were flavonoids, namely rutin and 

quercentin. In our analysis, the content of total polyphenols in fresh elderberry 

fruits was found in average amounts of 4232.91 mg GAE.100 g-1 DM, which is a 
value only slightly higher. 

According to Paunović et al. (2017) more than 70% of the antioxidant capacity of 

black currants comes from anthocyanins. The authors report that there are four 
main types of anthocyanins in the fruit, which they detected by liquid 

chromatography. In the highest concentration, they proved the presence of 

delphinidin-3-rutinoside, cyanidin-3-O-rutinoside, delphinidin-3-O-glucoside and 
cyanidin-3-O-glucoside. Kula et al. (2016) report the presence of cyanidin and 

pelargonidin derivatives in raspberry blackberry, with cyanidin derivatives being 

dominant and constituting approximately 20 mg.kg-1 of fresh weight. Pelargonidin 
derivatives make up less than a tenth of the total anthocyanins. The content of 

anthocyanin dyes by the pH differential method in the fruits of red and four 
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varieties of black currants was evaluated by Orsavová et al. (2019). Red currant 

fruits originating from the Czech Republic contained 60.34 mg.100 g-1 DM of total 

anthocyanins. They evaluated black currants in a wider varietal composition and 

found a higher average content of anthocyanins (140.71-186.12 mg.100 g-1 DM). 

The highest content in the work of Orsavová et al. (2019) was observed in variety 

Ben Gairn originally from Scotland. The authors state that the differences in the 
content of dyes in individual types of black currants are influenced by factors such 

as the date of harvest, genotype and location of cultivation. In our work, we 

measured the concentrations of anthocyanin dyes in the fruits of red currants and 
black currants in higher amounts, namely 156.21 mg.100 g-1 DM (red currants) and 

582.55 mg.100 g-1 DM (black currants). The content of anthocyanins in 
elderberries was quantified by Domínguez et al. (2020) by the spectrophotometric 

method and their content ranged from 287.8 to 645.7 mg.100 g-1 of dry matter, 

which are results comparable to ours. Total anthocyanin content by Toshima et al. 

(2021) analyzed in the blackberry variety Indian Summer, which is grown in Japan. 

In their study, the authors report that the fruits contain an average of 27.09 mg.100 

g-1 FW of anthocyanins, which is a lower amount compared to our results. 
 

Table 3 Content of total polyphenols (mg GAE.100 g-1 dry matter) in fruits after 

different drying methods 

Species 
Hot air 

drying 

Decrease 

(%) 

Infrared 

drying 

Decrease 

(%) 

chokeberry 4329.56 45.16 4654.49 41.05 

elderberry 2181.06 48.47 2352.94 44.41 
sour cherry 588.85 51.03 626.59 47.89 

red currant 457.60 53.34 519.18 47.06 

black currant 1630.81 47.54 1802.57 42.02 
cherry elaeagnus 339.53 53.24 387.81 46.59 

raspberry 764.60 46.77 801.65 44.19 

blueberry 1344.83 47.72 1425.81 44.57 

 
The results of the analyzes of the dried fruit show that the highest amount of total 

polyphenols after both types of drying was found in the fruits of chokeberry, such 

as 4329.56 mg GAE.100 g-1 DM (warm air) and 4654.49 mg GAE.100 g-1 DM 
(infrared). In chokeberry, the content of polyphenols decreased by 45.16% after 

hot air drying and by 41.05% after infrared drying. The lowest content of 
polyphenols in fresh fruits, as well as after the application of two different types of 

drying, was found in the many-flowered gorse, such as 339.53 mg GAE.100 g-1 

DM after hot air drying and 387.81 mg GAE.100 g-1 DM after infrared drying. In 
this case, drying in an infrared oven caused a decrease in the content of polyphenols 

by 46.59% and in an infrared oven by 53.24%. 

The highest decrease in total polyphenols after hot air occurred in red currant fruits 
(53.34%) and the lowest in black chokeberry fruits (45.16%). In the fruits dried by 

an infrared dryer, the percentage decrease of polyphenols ranged from 41.05% in 

chokeberry to 47.89% in sour cherry fruits. 
Based on the achieved results, we assume that the infrared method of drying fruits 

has a less destructive effect on the total content of polyphenols contained in the 

examined fruit samples.  
Wojdylo et al. (2013) investigated changes in the content of polyphenols in sour 

cherry fruits after three drying methods. They used hot air drying at 60 °C, vacuum-

microwave drying and lyophilization. The initial value of polyphenols in fresh 
fruits was 7905.77 mg.kg-1 DM, which is a value lower than in our case. After hot 

air drying, the content of polyphenols decreased to 4885.95 mg.kg-1 DM, after 

lyophilization to 6538.35 mg.kg-1 DM, and after vacuum-microwave drying at 240 
W to 7510.27 mg.kg-1 dry matter. The authors mention lyophilization as the best 

drying method. Black chokeberry berries from Serbia after drying at a temperature 

of 40 °C were evaluated in terms of anthocyanin content and total polyphenols by 
the authors Ćujić et al. (2018). In their study, the authors performed the analysis 

in triplicate and report that the total polyphenol content of the dried fruits was 55.2 

mg GAE.g-1, which is slightly higher than our results. The authors of Horuz et al. 

(2017) used a combined microwave-hot air drying method to dry sour cherries. The 

analysis of the content of total polyphenols was carried out at a temperature of 50 

°C, 60 °C and 70 °C and three types of microwave power 120 W, 150 W and 180 
W. In their results, the authors state that the content of total polyphenols in dried 

cherries ranged from 285.56 to 385.85 mg GAE.100 g-1. In our experiment, in the 

fruits dried with an infrared dryer, the content of total polyphenols of sour cherry 
ranged in an average amount of 626.59 mg GAE.100 g-1 DM. Based on these data, 

we can say that the loss of polyphenol content when drying fruit with an infrared 

dryer is almost half less than with combined microwave-conventional drying. 
We evaluated the results of the content of total polyphenols in dried fruits by two-

factor analysis of variance and observed whether drying with an infrared dryer is 

statistically significantly (p<0.05) more favorable in terms of retention of 
polyphenols. Based on the comparison of the results, we can conclude that infrared 

drying is statistically significantly (p<0.05) better than hot air drying in terms of 

retention of total polyphenols (Figure 1). 
 

 

 
 

 

 

 

 

 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 

 

Figure 1 Comparison of the content of total polyphenols (mg GAE.100 g-1 DM) in 

fresh fruits and fruits dried by hot air and infrared dryers 

 

However, if we evaluate the changes in the content of polyphenols for individual 

types of fruit and methods of drying, we must state that drying with an infrared 
dryer was statistically more advantageous in the case of chokeberry, elderberry and 

black currant. In the case of the other species, there is an overlap of the marginal 

averages of the content of total polyphenols during hot air and infrared drying, and 
therefore we cannot confirm statistically significant differences (Figure 2). 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

Figure 2 Marginal averages of the content of total polyphenols in individual types 

of fresh and dried fruit (mg GAE.100 g-1 DM) 
 

Table 4 Content of anthocyanin dyes (mg.100 g-1 DM) in fruits after different 

methods of drying 

Species 
Hot air 

drying 

Decrease 

(%) 

Infrared 

drying 

Decrease 

(%) 

chokeberry 979.13 67.76 1363.72 55.10 

elderberry 162.12 62.20 212.64 50.41 
sour cherry 113.82 67.64 127.80 63.67 

red currant 55.21 64.65 61.43 60.68 
black currant 176.64 69.68 200.32 65.61 

cherry elaeagnus 23.04 72.52 24.13 71.22 

raspberry 142.03 63.67 168.58 56.88 
blueberry 118.02 70.87 155.04 61.73 

 

The highest content of anthocyanin dyes after the use of both types of driers, 

similar to the content of total polyphenols, was found in chokeberry fruits, in the 
amount of 979.13 mg.100 g-1 DM (warm air) and 1363.72 mg.100 g-1 DM 

(infrared). After drying chokeberry fruits in an infrared oven, higher amounts of 

dyes were preserved (decrease by 55.10%) than during hot air drying (decrease by 
67.76%). 

After hot air drying, the content of anthocyanins in dried fruits decreased by 62.20-

72.52%. The decrease of anthocyanin dyes after infrared drying was 50.41-
71.22%. 

Hot-air drying of the fruits caused the most significant degradation of anthocyanin 

dyes in the fruits of the cherry elaeagnus. The content decreased from the original 
83.86 mg.100 g-1 DM to 23.04 mg.100 g-1 DM, which represents a decrease of 

72.52%. On the other hand, the drying temperature of 60 °C had a gentler impact 
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on the anthocyanin content of elderberry fruits, in which the anthocyanin content 

varied in the amount of 428.83 mg.100 g-1 DM in fresh fruits and 162.12 mg.100 

g-1 DM dried fruits, which represented a decrease of 62.20%. 

We found the smallest decrease in the content of anthocyanin dyes after the 

application of infrared drying in the fruits of the elderberry, the largest decrease 

was in the fruits of the cherry elaeagnus. 
Dried fruits of black elderberry and chokeberry grown in Poland were evaluated 

by Kowalska et al. (2021). The analysis was carried out by preparing the extract 

by mixing the dried sample and the solvent - glycerol + water + ethanol in a certain 
ratio. The authors report that the total content of anthocyanins in black chokeberry 

fruits ranged from 32.24 to 131.95 mg.L-1, while extracts from black elder fruits 
contained from 11.76 mg.L-1 to 35.59 mg.L-1 of anthocyanins. The authors Hui et 

al. (2021) determined the content of anthocyanins in freeze-dried fruits of black 

currants and blueberries from New Zealand. The authors reported that the average 
content of anthocyanins in black currant powder was 36.27 mg.100 g-1 DM and in 

blueberries 14.96 mg.100 g-1 DM, which are values lower than in our work. 

Samoticha et al. (2016) monitored the representation of anthocyanins in black 
chokeberry fruits after different methods of drying. Based on the analyses, the 

authors state that during hot air drying of fruits at 60 °C, the anthocyanin dyes 

decreased from 3917 mg.100 g-1 DM to 781 mg.100 g-1 DM, after vacuum drying 
the dyes decreased to 1821 mg.100 g-1 DM and after lyophilization to 2227 mg.100 

g-1 DM. Based on measurements, the authors state that drying leads to a loss of 

anthocyanins ranging from 43-80%, depending on the drying method. Based on 
the results, the largest loss was after hot air drying at 60 °C and the smallest after 

lyophilization. In our work, we found a smaller loss of anthocyanins during hot air 

drying than reported by the authors. Wojdylo et al. (2013) reported that the content 
of anthocyanins in sour cherries grown in Poland was in fresh fruits 2923.85 mg.kg-

1 DM. After drying the fruits by hot air drying at a temperature of 60 °C, the 

anthocyanin content in this study decreased to the value of 1617.92 mg.kg-1 DM. 
The authors results are comparable to our results. Piccolo et al. (2020) determined 

the content of anthocyanins in fresh and dried raspberries. For drying, they used a 

hot air dryer and dried at a temperature of 65 °C. In the study, they reported that 
the total content of anthocyanin dyes in fresh fruits was 1.18 mg.g-1 DM. After 

drying at a temperature of 65 °C, the content of anthocyanin dyes decreased to a 

value of 0.78 mg.g-1 of dry matter. In comparison, the decrease in anthocyanin 
pigments in the study by Piccolo et al. (2020) was 33.9%, while in our experiment 

it was up to 70.87%. The content of anthocyanin dyes in chokeberry after drying 

at a temperature of 40 °C was determined in an average amount of 20.6 mg.g-1 DM 

Ćujić et al. (2018). Compared to our results, it is 2 times higher content than after 

drying the fruits at 60 °C. 

Based on the results of the analysis, we found that the decrease of anthocyanin 
pigments during infrared drying was lower than after hot air drying, based on 

which we assume that infrared drying of fruits has less destructive effects on the 

content of anthocyanins than hot air drying. 
We verified our assumption with a two-factor analysis of variance. Based on the 

comparison of the results of the content of anthocyanin dyes from hot air and 

infrared drying for all monitored species, we found that infrared drying is 
statistically significantly (p<0.05) more favorable than hot air drying (Figure 3). 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 
 

 

 
 

 

 
Figure 3 Comparison of anthocyanins (mg.100 g-1 DM) content in fresh fruits and 

fruits dried by hot air and infrared dryers 

 
Similar to the case of total polyphenols and in the case of anthocyanin dyes, we 

must state that when comparing the effect of drying on individual species, the 

statistically positive effect of infrared drying on the retention of anthocyanin dyes 
was confirmed only in the case of chokeberry, elderberry and blackcurrant (Figure 

4). 

 
 

 

 

 

 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

Figure 4 Marginal averages of the content of anthocyanin dyes (mg.100 g-1 DM) 

in individual types of fresh and dried fruit 
 

CONCLUSION 

 
Small fruits are among the most nutritionally valuable fruits with high biological 

potential in human nutrition and in the processing industry. One of the possibilities 

of processing not only small fruits is drying. Food drying is in the constant focus 
of technological practice and research from the point of view of optimization of 

key parameters of the process, especially with the aim of protecting nutritionally 

important thermolabile substances. The aim of our work was to compare the 
influence of hot air and infrared drying on the content of polyphenols and 

anthocyanins in selected types of small fruits. In our work, we found that after 

drying, degradation of polyphenols and anthocyanin dyes occurred in all types, the 
intensity of which was different depending on the drying method and the type of 

fruit. A statistically significant (p<0.05) more favorable drying method is infrared 

drying. By comparing the species, we found that the highest content of total 

polyphenols and anthocyanin dyes in both fresh and dried fruits is found in 

chokeberry. At the same time, this species belongs to species with good stability 

of the observed components after drying. 
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