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The objective of this study was to explain the effect of osmotic dehydration pre-treatment (chokeberry juice or inu-
lin) and drying method (microwave-convective drying or freeze-drying) on polyphenols content, antioxidant activity 
and sensory properties of dried strawberries. The addition of a chokeberry juice concentrate to the osmotic solu-
tion significantly influenced the increase of polyphenols content in the fruit. Their content was significantly higher 
in the samples treated via osmotic dehydration in solutions containing the chokeberry juice concentrate, followed 
by freeze-drying and also by microwave-convective method. The ability to bind DPPH• radicals ranged from 40% in 
the dried strawberries without osmotic dehydration to 82% in fruit osmo-dehydrated in a mixture of inulin and the 
chokeberry juice concentrate and dried by freeze-drying. Study results indicate that the concentrated chokeberry 
juice and inulin can be used as beneficial osmotic substances. The dried strawberries can represent an alternative 
to snacks or may be attractive component of other products. One of the very attractive proposals for today’s in-
creasingly demanding consumers can therefore be dried fruit snacks enriched with natural bioactive ingredients.
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Introduction

Growing consumer awareness has recently been observed concerning the impact of nutrition on health and prop-
er functioning of the body. It encourages food manufacturers to offer products that are not only safe but also pro-
vide health-promoting ingredients. Fruit constitute a source of natural bio-components. The use of strawberries 
in the food industry is caused by their taste as well as properties of their bioactive components (Del Bubba et al. 
2016, Dermesonlouoglou et al. 2016). Due to the seasonal character of fruits and short period of their availabil-
ity in the fresh form, these are getting frozen on a wide scale and consumed throughout the year after defrost-
ing. However, this is not comfortable. The frozen fruit represent also industrial raw material to be processed into 
different products. In turn, dried fruit snacks occupy a special place on the food market as an alternative to high 
calorie chips. The possibility of enriching them with additional bio-components increases their attractiveness. 
Traditional drying used for fruit preservation adversely affects their quality and causes loss of labile ingredients. 
One of the treatments used to minimize defects of dried products is osmotic dehydration in sugar solutions used 
before drying (Aktas et al. 2013). In addition, this process shortens the drying time and increases dryer efficiency 
(Yadav and Vir Sing 2014). From a nutritional point of view, sugar added into the osmo-dehydrated product is not 
preferred and therefore it is advisable to replace it with other osmotic substances. An alternative in this case may 
be a fruit juice, e.g. chokeberry juice rich in natural antioxidants or inulin characterized by a low glycemic index 
and probiotic properties (González-Herrera et al. 2015, Kowalska et al. 2017). Chokeberry fruit is a rich source of 
vitamins and polyphenols, mainly anthocyanins, containing the largest amount of these compounds among all ber-
ries (Wilkes et al. 2014). The chokeberry fruit have a positive impact on human health, including e.g. anticarcino-
genic effect, and reduce the risk of development of cardiovascular system diseases or diabetes (Jurikova et al. 2017).

Inulin is a polysaccharide listed among the GRAS (Generally Recognized As Safe) compounds. Due to such proper-
ties as a beneficial effect on the proper metabolic functions, it is used as a prebiotic, a substitute for fat and sugar, 
a texture modifier, and a functional nutrient (Shoaib et al. 2016). The composition, physicochemical and antioxi-
dant properties, as well as the prevention effect of many diseases, it confirms the right choice of inulin and choke-
berry fruit processed products (concentrated juice) as components of an osmotic solution (Khoo et al. 2017). The 
use of pre-osmotic dehydration (enrichment) with fruit juice concentrates makes it possible to modify properties 
of dried fruits, in particular their sensory properties, thereby influencing consumer preferences. The microwave -  
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convective drying of strawberries can be alternative to freeze-drying method. It might bring many benefits, in-
cluding improvement in dried fruit quality compare to traditional methods. Microwave drying requires a choice of 
adequate drying parameters for various fruits (Marzec et al. 2010). Texture and sensory properties are the most 
important quality attributes of food products.

The objective of this study was to analyze the effect of osmotic dehydration pre-treatment with a chokeberry juice 
concentrate and inulin as osmotic agents and two drying methods (freeze-drying and microwave-convective dry-
ing) on polyphenols content, antiradical activity, and also sensory properties of dried strawberries.

Materials and methods
Materials

In this study frozen strawberries of the Honeoye variety purchased from a producer were examined. The fruit had 
a diameter of 25−30 mm. Cleaned and stemmed fruit was frozen in a chamber shock freezer (IRINOX S.P.A model 
51.20) at a temperature of –40 °C for 24 hours and stored at –20 °C for approximately one month. 

Osmotic dehydration
For osmotic dehydration, the whole frozen fruit samples were only partly defrosted for 10 min to prevent leakage. 
The osmotic dehydration was carried out in 50% solutions of sucrose, inulin, and mixtures of sucrose with inulin 
(1:1 w/w), sucrose with chokeberry juice concentrate (1:1 w/w) as well as chokeberry juice concentrate with inu-
lin (1:4 w/w). Sucrose was purchased in a local shop. Inulin ORAFTI − GR with 93% of inulin in dry matter (purchased 
at Hortimex company, Poland) and chokeberry Aronia melanocarpa juice concentrate (purchased at RAUCH Poland) 
at 65°Brix were also used as osmotic substances. Fruit samples were dehydrated in each osmotic solution at a tem-
perature of 50 °C for 60 minutes (Kowalska at el. 2017). The experiment was performed in triplicate.

Drying
Fresh (as control) and osmo-dehydrated samples were dried by microwave-convective drying at a temperature 
of 60 °C for 1 hour with an air velocity of 1.7 m s-1 using microwave power of 200 W in the laboratory microwave- 
convection dryer PROMIS – mLAB (“PROMIS” Company, Wroclaw, Poland) or by freeze-drying at 25 °C and pres-
sure 63±0.1 Pa, safety pressure 103 Pa for 24 hours. Before freeze-drying the strawberries were frozen at –70 °C 
for 2 hours in a Profi Master fridge (National Lab GmbH).

Chemical analyses
The collected samples were analyzed to determine the dry matter content (AOAC 920.15, 2002), polyphenols content 
(Sluis et al. 2002), and antiradical activity against DPPH• (2,2- diphenyl-1-picrylhydrazyl radical) (Wu et al. 2007). 

Dry matter content of each tested sample (fresh, osmo-dehydrated, and dried) was determined gravimetrically by 
vacuum drying (HORYZONT SPT 200, Poland) at ≤100 mmHg and a temperature of 70 °C until a constant weight 
has been achieved. The samples were weighed on an analytical scale with the accuracy of 0.001 g.

The Folin-Ciocalteu reagent was used to determine the content of polyphenolic compounds (total polyphenols 
content) in fresh, osmotically dehydrated, and dried strawberries. Acetone extracts were prepared by adding 30 
cm3 of 80% acetone to 1.0 g of fresh or to 0.2 g of dried strawberries. Distilled water was added to a set volume 
of the extract, followed by Folin-Ciocalteu reagent and sodium carbonate, and topped with distilled water. Absor-
bance measurements were performed with Heiλios γ ThermoSpectronic spectrophotometer at the wavelength 
of 750 nm against the blank sample. The standard curve was plotted for chlorogenic acid and based on various 
concentrations used in absorbance measurements. Based on this, the pholyphenols content was calculated in the 
samples, including dilution. Results were  expressed as g gallic acid equivalents⋅100 g-1 d.m. (g GAE 100 g-1 d.m.).

The modified method proposed by Wu et al. (2007) was used to establish the antioxidant ability and DPPH• scav-
enging capability of strawberry extracts. The extracts were prepared analogously to determinations of polyphenols 
content. The basic DPPH• extract was prepared by dissolving 1.2 mg of DPPH• in 50 cm3 of 99% methanol, from 
which the blank sample was prepared. The Heλios γ ThermoSpectronic spectrometer was used for absorbance 
measurement at a wavelength of 515 nm. The antioxidant activity of the analyzed extracts (A) was recalculated 
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based on absorbance results of the exact and control samples in Heλios γ ThermoSpectronic spectrometer at a 
wavelength of 515 nm, against 99% methanolic extract. 

The antioxidant activity of the strawberry extracts against DPPH• radicals was calculated based on results achieved 
for the control sample (absorbance of DPPH• solution) and exact samples (ability of the substance tested to  
inhibit oxidation reaction) and expressed in %. The analyses of dry matter content, total polyphenolics content, 
and antiradical activity were carried out in five replicates. 

Sensory evaluation
The sensory evaluation of osmo-dehydrated and dried strawberries was carried out using sensory descriptive anal-
ysis in accordance with the methodology described by Baryłko-Pikielna and Matuszewska (2014). Samples were 
coded by 2-digit random numbers and served to panelists in a random order. The evaluation was conducted by a 
trained 15-person team. The first stage of the assessment was to determine the distinguishing features and their 
definitions, and then to verify them. The intensity assessment scale was set from 0 to 10 with specific boundary 
conditions (Table 1).

 
Panelists randomly received individual samples of strawberries and marked the results with respect to specific 
descriptors on a scale. They were asked to express an overall quality evaluation as a subjective assessment of the 
tested samples, which is a combination of all unit features. Average values were calculated and presented in charts. 

Statistical analyses
The statistical analysis of results was performed using Statistica 13.0 software based on one- and two-way analy-
sis of variance at a significance level of p=0.05 to determine accordingly the effect of the osmotic solution on dry 
matter content of osmo-dehydrated samples and osmotic pre-treatment and of the two methods of drying on 
chemical and physical of dried strawberries. Significant differences between means were determined using the 
Tukey test. The principal component analysis (PCA) was performed to evaluate the dependence of the experimen-
tal result and to determine correlations between the selected sensory attributes.

Results and discussion
Dry matter content in osmo-dehydrated and dried strawberries

The type of the osmotic solution had no significant effect on dry matter content in strawberries osmo-dehydrat-
ed at temperature of 50 °C for 60 minutes (Fig. 1). In comparison to frozen strawberries with dry matter content 
at approximately 10.0%, a stronger effect of osmotic dehydration was observed for the samples immersed in  
a sucrose solution (about 16.0%). The least effective dry matter change was observed in the samples dehydrated 
in a mixture of inulin and chokeberry juice concentrate (about 12.0%) and sucrose with chokeberry juice concen-
trate (about 12.5%) (Fig. 1). Many literature sources have described various ranges of diffusion of osmotic sub-
stance particles as affected by their molecular weight (Kowalska et al. 2017, Dermesonlouoglou and Giannakourou 
2018). Therefore, discrepancies between results might be due to the osmotic substances differing, among others, 
in their molecular weight. The results obtained indicate slightly higher content of dry matter in the samples de-
hydrated in the solutions containing sucrose.

Table. 1. Sensory descriptors and boundary conditions

Sensory descriptors Boundary values from 0 to 10 Definition

Flavour Imperceptible - very intense  Characteristic of fresh strawberries 

Taste Imperceptible - very intense characteristic for strawberries, from slightly sour to sweet

Te
xt

ur
e

Hardness Hard - soft Resistance the sample poses when biting - the force 
needed to gnaw through the sample

Softness Very soft, cohesive - a very hard, Softness as a rubberiness and cohesiveness as constituting 
resistance when biting, non-cohesive

Crispness Not crispy - very crisp,  The sensation is felt and heard when biting the sample, 
breaking under pressure

Overall quality Unacceptable - acceptable General sensory impression including aroma, taste and 
texture
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The research confirms the higher dry matter gain in strawberry tissue by the osmotic dehydration process. From the 
nutritional point of view, it is important to avoid sugar addition into food, which is very popular as an osmotic substance.  
A good alternative in this case is a fruit juice concentrate, e.g. from chokeberry fruit, which is rich in natural anti-
oxidants or inulin as sugar with confirmed prebiotic potency.

The increase in the dry matter content as a result of the osmotic pre-treatment influenced the course of the 
drying process and the sensory properties of the final products. Initial osmotic dehydration allows obtaining high 
quality dried fruit as it was shown by Bruijn and Bórquez (2014) and Kowalska et al. (2018). Due to the lability of 
bioactive compounds of strawberries and chokeberry concentrate, a low temperature heat treatment was employed. 
However, all samples were characterized by a high content of dry matter (93.5–98.0%). In the case of dried fruit, the 
statistical analysis indicated the lack of differences (p>0.05) in the dry matter content depending on drying method. 
Similarly, there was no influence of osmotic solution applied in the pretreatment, regardless of drying method (Fig. 
1). However some trends were observed. In most cases the dry matter content of freeze-dried strawberries (at 25 °C 
for 24 hours) was higher by a few percentage points compare to strawberries dried by microwave-convective method  
(at 60 °C for 1 hour) (Fig. 1). The higher (about 98.0%) content of dry matter was noted in samples dehydrated in solu-
tion of inulin and chokeberry juice mixture, and then freeze-dried, whereas the lower one (about 93.5%) in strawber-
ries not osmo-dehydrated but only dried with the microwave-convective method. The microwave-convective drying 
of strawberries allowed obtaining dried samples in a shorter time with similar properties to the freeze-dried ones. The 
indicated differences may also result from the heterogeneity of the material as well as the operation of microwaves 
(Holtz et al. 2010) causing hot spots and overheating of the product (de Bruijn et al. 2016). 

The impact of using chokeberry juice concentrate and inulin as a natural osmotic 
agent on the chemical composition of strawberries

Strawberries are rich source of natural antioxidants. The content of polyphenols in strawberries was around 5.7 
g GAE 100 g-1 d.m. ents and corresponded with results reported by other researchers (Sun et al. 2014). The study 
conducted by Tulipani et al. (2008) and Kosińska et al. (2013) demonstrated various contents of polyphenolic 
compounds in strawberries, depending on their variety (from approx. 5.0 to more than 8.0 g GAE 100 g-1 d.m).

In the control samples (without pre-osmotic dehydration) the total polyphenols content was similar in fruit dried 
by both freeze-drying and microwave-convective method (approx. 4.5 and 5.0 g GAE 100 g-1 d.m., respectively).

The osmotic dehydration of strawberries facilitated an increase in the total polyphenols content, especially in the 
solution containing chokeberry concentrate. The statistical analysis confirmed significant effect of osmotic solu-
tion type onto total polyphenols content in osmo-dehydrated and dried strawberries. In the osmo-dehydrated 
samples, the highest content of total polyphenols was obtained in strawberries immersed in solutions containing 
chokeberry juice concentrate compared to the results concerning strawberries dehydrated in solutions contain-
ing sucrose or inulin (Fig. 2). 
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Fig. 1. The influence of osmotic solution and drying method on dry mater content 
in osmo-dehydrated and dried strawberries. Various letters in the columns show 
statistical difference among the results (p<0.05); a, b concern the effect of type of 
osmotic solution used in pre-treatment and A, B - drying method
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The type of osmotic solution had strong influence on the polyphenols content in the dried fruit (Fig. 2). However, 
their content was also affected by the drying method. The highest content of polyphenols was determined in sam-
ples dehydrated in solutions containing chokeberry juice concentrate (Fig. 2). These were separate homogeneous 
groups regardless of whether these were dried by freeze-drying or microwave-convective method. The content 
of polyphenols in strawberries dehydrated in the solution with the addition of chokeberry juice concentrate and 
dried was approximately 2-times higher as in case of these subjected to osmosis in other solutions. 

The traditional drying process caused polyphenols losses due to the effects of temperature, oxygen, and light. 
Polyphenols undergo oxidative and hydrolytic modifications, and also are subject to concentration changes and 
transformation into complex tannins. Some antioxidant compounds degrade under thermal operations, especially 
labile anthocyanins (Korbel et al. 2013). Therefore, the total content of phenols may increase as reflected in the 
conducted studies. A smaller reduction was found in the freeze-dried samples (Fig. 2). This process was carried 
out at lower temperature (25 oC), moreover, polyphenol oxidase, taking part in the polyphenol oxidation process, 
could be inactivated in the pre-freezing process (Kowalska et al. 2017). 

Similarly, in the study of Kowalska et al. (2017) the pre-osmotic treatment and drying caused degradation of poly-
phenols and anthocyanins in dried fruit. These authors tested apples dried by different methods and showed that 
polyphenols content was approximately 21% lower in the freeze-dried apples than in the fruit dried by the hybrid 
method (convective-microwave-vacuum drying). 

Study results demonstrate that the microwave-convective drying had a slightly stronger influence on polyphe-
nols degradation. It might have been caused by air as a drying agent in the process of convection and its impact 
on oxidative changes in polyphenols contained in the investigated samples. In addition, degradation of polyphe-
nols depended on the temperature used. The temperature used in the microwave-convective drying was more 
than two times higher than in the freeze-drying method. Polyphenols degradation increased at temperature above  
60 °C. It also depended on other factors, including the properties of processed material, water content, oxygen avail-
ability, etc. (Fang and Bhandari 2011). The impact of the high temperature on the content of polyphenols was ex-
amined by Fang and Bhandari (2011) and Nowacka and Witrowa-Rajchert (2010), who observed their degradation 
during the drying process.

Maintaining the balance between the amount of free radicals and the antioxidant system is particularly important 
for human health (Białek et al. 2012). In this study, the statistical analysis showed the effect of osmotic solution 
type and drying method on radicals activity (DPPH•) (Fig. 3). The ability to bind DPPH• radicals varied depending 
on the technological treatment and the type of osmotic solution ranged from 40% in strawberries dried with the 
microwave-convective method (without osmotic dehydration) to 84% in fruit dehydrated in the solutions contain-
ing chokeberry juice concentrate (Fig. 3). 
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The antiradical activity of dehydrated strawberries in a solution with addition of chokeberry concentrate was up 
to approximately 60% higher compared to the fruit dehydrated in other osmotic solutions. This might be due to 
high content of polyphenols in chokeberry fruit. The loss of water-soluble compounds, e.g. anthocyanins, was ob-
served during osmotic dehydration of apples (Tulipani et al. 2008). The same conclusion was formulated by Jacob 
and Paliyath (2012) who tested blueberries and cherries. They showed that DPPH• radicals scavenging activity 
of fresh and osmo-dehydrated fruit did not differ significantly. This suggests that the antioxidant activity of dehy-
drated fruit is not disturbed by the process. 

In most cases, there was a tendency towards higher antioxidant activity in strawberries osmo-dehydrated and 
subjected to freeze-drying compare to microwave-convective drying (Fig. 3). The research conducted by Szlachta 
and Małek (2008) showed the weakening of the antiradical activity in the products containing sucrose. It cannot 
unequivocally confirm the indicated thesis with respect to the current study, because strawberries dehydrated in 
the sucrose solution showed relatively high and similar to other samples antiradical activity. The result obtained in 
the presented study revealed significantly higher antiradical activity of the freeze-dried strawberries (Fig. 3) that 
were dehydrated in solutions containing chokeberry juice concentrate (mixture with inulin or sucrose). Samples 
dried by the microwave-convective method after osmotic dehydration in solutions with chokeberry juice exhibit-
ed by approximately 10% lower activity than the freeze-dried samples but approximately 5% higher activity than 
the control samples (non osmo-dehydrated). Moreover, there were relatively small differences in the tested param-
eters between the samples dehydrated in various solutions and also dried by the two methods, except the samples 
dehydrated in chokeberry juice concentrate. Despite the higher drying temperature (60 °C), the microwave-convec-
tive drying had strong impact on the antiradical activity. It was probably influenced by much shorter drying time (1h) 
compare to freeze-drying (24h). This has been confirmed by studies curried out by Xie et al. (2014). 

The results obtained indicate feasibility of using the chokeberry juice concentrate as a osmotic agent, which enrich-
es the product with polyphenols, and of using inulin as a natural prebiotic that stimulates the growth of beneficial 
intestinal microflora and improves the body’s immunity. The dried fruit may constitute an alternative to snacks 
and may be added in the processing operations, e.g. as a fruity addition to yoghurt, cake or other desserts. The 
applied methods of drying at fixed parameters do not cause substantial degradation of antioxidants, which allows 
obtaining an attractive product not only from the sensory point of view but also containing bioactive components.

Sensory evaluation
Sensory results were grouped around quality indicators such as taste, flavor, crispness, hardness, softness and 
overall quality (Fig. 4 and 5). Fresh strawberry is characterized by sweet and slightly sour taste, depending on 
the variety and maturity. The sensory evaluation of fresh strawberries showed that such attributes as taste, fla-
vor, softness, and overall quality were the highest (each with 10 points) (Fig. 4). The lowest scores were given 
by panelists to crispness and hardness. 
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Osmotically dehydrated samples were rated lower, but very similar to fresh fruit. 

Based on the panelists’ high taste ratings, it can be thought that slightly sweet and slightly acidic osmotic dehy-
drated samples in a mixture of sucrose and chokeberry juice concentrate are preferred. Their taste is due to the 
penetration of sucrose (sweet taste) and chokeberry concentrate (sour taste) solution. The high scores were given 
also for the analyzed sensory attributes to the samples dehydrated in mixture of sucrose and inulin solution, 
while the lowest ones to strawberries dehydrated in a sucrose solution. Individual indications were evaluated in 
a similar way by all panelists. Therefore, it is reasonable to consider the use of inulin and fruit juice concentrates, 
including chokeberry, as osmotic substances. Sensory properties of the dehydrated samples were acceptable.

The drying of osmo-dehydrated strawberries resulted in varied evaluations of sensory properties. The freeze-dried 
fruit obtained the highest scores for taste and crispness (Fig. 5). 

High taste ratings of the samples may have been associated with features reminiscent of the taste of fresh fruit 
(Marzec et al. 2010). 

Sensory team members gave high scores to freeze-dried strawberries for crispness, especially compared to the 
samples dried with the microwave-convective method. These features are highly valued in the case of dried snacks 
(Marzec et al. 2010). Highly scored was also the flavor of the freeze-dried strawberries, but except samples os-
mo-dehydrated with inulin participation. The relatively low temperature of drying is a natural protection for the 
flavor compounds, including these that enhance flavor. According to the panel evaluation, strawberries dried by 
microwave-convective method were characterized by more hardness and lower crispness. 

In addition, the water loss caused higher concentration of dry matter, whereas the higher temperature during 
microwave-convective drying of strawberries could change their sensory properties. For example, fruit darken-
ing was caused by osmotic dehydration in different solutions; this had an effect on the overall quality of the fruit. 
Samples of strawberries dried by microwave-convective method were very hard and required a high force when 
breaking or biting. This could be an undesirable and even disqualifying trait in the case of samples to be used as 

 
Fig. 4. The influence of osmotic solution on sensory properties of osmo-dehydrated strawberries

Fig. 5. The influence of osmotic solution and drying method on sensory properties of osmo-dehydrated 
strawberries and dried by a) microwave-convective, b) freeze-drying
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snacks. On the other hand, it may prove to be a positive feature when using dried fruit as a yoghurt ingredient. 
The higher notes for overall quality of dried samples were observed in the freeze-dried strawberries, particularly 
in these pre-dehydrated in the solution with chokeberry juice concentrate. The results of study of Colquhoun et 
al. (2012) indicate that sweetness and complex flavor are the most important attributes of strawberries, while 
perceived health benefits had little influence on consumer preference.

In order to determine the similarities and differences between the dried strawberry samples in the aspect of the 
evaluated chemical and sensory properties, the Principal Component Analysis (PCA) with classification was taken 
into account including the mean values of the results obtained for each of the tested indicator (Fig. 6). 

The number of tested variables was reduced to two principal components: PC1 (dry matter content, polyphe-
nols content and antiradical activity) and PC2 (sensory attributes). The selected components (PC1 and PC2)  
explained 99.41% of the analyzed properties variability of the osmo-dehydrated and dried strawberries (Fig. 6a) 
with simultaneous 0.59% loss of information, respectively. In addition, all analyzed samples were characterized 
by a high antiradical activity, demonstrating ability to absorb and neutralize free radicals in the human body. In 
addition, there was a high positive correlation between total polyphenols content and antiradical activity against 
DPPH•. Many authors also showed a positive correlation between the antiradical activity demonstrated as abili-
ty to scavenge free DPPH• radicals and polyphenolics content (Incerti et al. 2009, Forbes-Hernandez et al. 2016, 
Dong et al. 2018). Other dependencies have been demonstrated by Al-Musharfi et al. (2015) who noted that 
despite the high content of polyphenols in fresh juices of six fruits, their antioxidant activity was not correlated 
with the polyphenolics content. 

The common groups (high positive correlation marked by a dashed line; Fig. 6a) were also characterized by 
sensory characteristics such as flavor softness and also hardness and crispness with dry matter content of the 
samples. Another group (high negative correlation) consisted of hardness, crispness and dry matter content in 
combination with taste. According to Pearson’s correlation matrix, the overall quality was significantly dependent on 
sensory impressions of dried fruits taste and flavor. 

The PCA analysis revealed four or five groups (A–D) of osmo-dehydrated and dried strawberries with different 
polyphenols content or their activity and sensory properties depending on the type of osmotic solutions used in 
osmotic pre-treatment and methods of drying (Fig. 6b). It was observed that the osmotically dehydrated samples 
differed from the dried ones, including the initial osmotic treatment; they were two separate groups (A–B and 
C–D). Within group A, a subgroup of dried fruits as a result of osmotic dehydration in sucrose and inulin solutions, 
dried using both the microwave-convective and freeze-drying (A1) methods and control samples (A2) was distin-
guished. These two separate groups were both samples osmotically dehydrated in solutions containing chokeber-
ry juice concentrate (D group) as well as dried fruits pre-treated with this osmotic solution component (B group).
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Conclusion

Fruit juice concentrate, e.g. from chokeberry which is rich in natural antioxidants or inulin with confirmed prebiotic 
attributes, is a good alternative to sucrose as an osmotic agent. The freeze-drying of strawberries previously sub-
jected to osmotic dehydration revealed only a slightly higher polyphenols content and the ability to bind DPPH• 
radicals than these dried using microwave-convective method. The indicated differences may be due to the ap-
plication of lower drying temperature in the case of freeze-drying and uneven microwave heating (local overheat-
ing), which affects the behavior of bioactive components. 

The sensory evaluation confirmed feasibility of using inulin as a prebiotic and chokeberry juice concentrate rich in 
natural antioxidants as an osmotic substance. The use of freeze-drying and microwave-convective drying allows 
producing sensory acceptable fruit with only a slightly higher preference for freeze-dried fruit.

The dried strawberries are a source of natural antioxidants with a high antiradical activity and can be an alterna-
tive to snacks or may be an attractive component in other products. 
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