
Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY        21 

Vol. XXVIII (2024), no. 1 

* Corresponding author.  

E-Mail address: justyna.belcar@op.pl   

   

 

 

 

 

 
 

THE INFLUENCE OF GASEOUS OZONE FUMIGATION ON THE CHEMICAL AND 

MECHANICAL PROPERTIES OF HIGHBUSH BLUEBERRY (VACCINIUM 

CORYMBOSUM L.) FRUITS 

 

– Research paper – 

 
Józef GORZELANY1, Oskar BASARA 1,2, Miłosz ZARDZEWIAŁY 1, Stanisław PLUTA 3, Łukasz 

SELIGA 3, Justyna BELCAR 1,2,*, Piotr KUŹNIAR 1 

 
1 Department of Food and Agriculture Production Engineering, University of Rzeszow, 

4 Zelwerowicza Street, 35-601 Rzeszów, Poland 
2 Doctoral School of the University of Rzeszów, Rejtana 16C, 35-959 Rzeszów, Poland 

3 Department of Horticultural Crop Breeding, National Institute of Horticultural Research (InHort), 

Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland 
 

Abstract: Ozonation is an effective method of post-harvest preservation and reducing the loss of health-promoting 

compounds such as phenolic compounds during storage. Fruits of highbush blueberry (Vaccinium corymbosum L.) have 

strong antioxidant properties, they are recognised as one of the most valuable sources of health-promoting bioactive 

compounds. In the present study, changes in total acidity and pH of highbush blueberry fruit depended on ozonation and 

storage time and genotype. The total acidity of fresh blueberries of tested genotypes ranged from 0.59 - 0,90 g·100 g-1. 
The highest total acidity was recorded for clone '21', which was ozonated for 15 min. It was found that the application of 

ozone gas during storage of V. corymbosum fruit had mainly positive effect on the content of analysed bioactive 

compounds. Results of our study showed that ascorbic acid content varied depending on genotype, storage time and 

ozonation. The average content of this antioxidant in the non-ozonated fresh fruit was 22.32 mg.100 g-1, and slightly 

decreased with ozonated 15 min and 30 min - 21.87 mg.100 g-1 and 21.95 mg.100 g-1, respectively. Average content of 

total phenolic in fruits subjected to ozonation for 30 min. and stored for 15 days was higher by 10.3% in a comparison to 

control sample (fresh fruits). The antioxidant values of DPPH and FRAP in fruits subjected to storage and ozonation for 

30 min. increased by 22.6% and 15.5%, respectively. Using ozone had a minor positive effect on the measured mechanical 

properties of the fruits. Throughout the different storage periods of blueberry fruits, there was a decrease in destructive 

energy and an increase in force. 
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INTRODUCTION 

 

Ozone (O3) in gaseous form has a strong oxidising 

and antimicrobial effect, destroying proteins and 

phospholipid molecules present in the cell 

membranes of micro-organisms. The use of gaseous 

ozone after fruit harvest reduced the loss of 

bioactive compounds during storage by neutralizing 

ethylene (Pinto et al., 2020, Zardzewiały et al., 

2020). However, long-term storage of fruit resulted 

in a decrease of bioactive compounds in the stored 

raw material. Ozonation of fruit, due to its 

disinfectant effect and reduction of the loss of 

health-promoting compounds, could be used in 

storage as an opportunity to increase their commer- 
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cial value (Piechowiak, 2021; Ji et al., 2014). 

Gaseous ozone can be freely used as a non-thermal 

method of extending the storage life of soft fruit, 

fully organic, with no residues in the raw material. 

The highbush blueberry (Vaccinium corymbosum 

L.) is a plant naturally native to the North America 

and belongs to the genus Vaccinium L., which 

includes more than 400 species. It is a shrub with 

erect or semi-erect shoots that produce blue-black 

globular fruits, usually reaching 15-20 mm (1.0 - 2.5 

g), known for their sweet taste and rich nutritional 

composition (Macrodi et al., 2020). The fruit of V. 

corymbosum are also recognised as one of the most 

valuable sources of bioactive compounds, with 

health-promoting and antioxidant effects. 

Blueberries are rich in anthocyanins, flavonoids, 
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organic acids and proanthocyanidins (Reszka et al., 

2017).  

The amount of health-promoting compounds in the 

fruit depends on the growing year, ripeness, 

environmental conditions and cultivar. The total 

content of phenolic compounds in the fruit 

composition ranged from 170.7 - 320.9 mg 

GAE.100 g-1 f.w., the antioxidant value (Ferric 

Reducing Antioxidant Power - FRAP) reached 

18.41 mM Fe2+.kg f.w., 53.49 - 84.69 mg.g-1 f.w. 

(Chiabrando et al., 2016; Skupień et al., 2006). 

Blueberry fruits showed a protective effect on the 

cardiovascular system by preventing atherosclerosis 

caused by excessive cholesterol levels. In addition, 

they reduced oxidative damage and endothelial 

inflammation by inhibiting inflammation and 

protected against ischaemic heart damage (Onuh et 

al., 2023; Torri et al., 2007). Due to their rich 

composition and health-promoting properties, 

blueberries are mainly used for fresh consumption 

and for drying, juices, jams and tinctures.  

Stored under appropriate conditions, V. 

corymbosum fruit retain their freshness on average 

for only 10 to 18 days, forcing the raw material to 

be used quickly. The use of gaseous ozone could 

increase the quality of fresh blueberries during 

storage (Concha-Meyer et al., 2015), reduced the 

population of microorganisms on the fruit surface 

(Piechowiak et al., 2019; Concha-Meyer et al., 

2014). Ozonation could also increase the firmness 

of the fruit while reducing the possibility of 

mechanical damage that might occur during 

transport and storage. The aim of the study was to 

determine the effect of ozone gas fumigation 

treatment on the chemical composition and selected 

mechanical properties of the fruit of 4 breeding 

clones and 2 cultivars of highbush blueberry during 

storage.  

 

MATERIAL AND METHODS 
 

Materials 

The material for analysis and studies included fruits 

of 6 genotypes: 4 new Polish breeding clones - '17', 

'19', '20' and '21', and 2 highbush blueberry cultivars 

- 'Bluecrop' and 'Duke', commonly cultivated 

commercially in Poland and in other countries in the 

world. Advanced clones are the result of breeding 

and selection work as part of the applied breeding 

program of the highbush blueberry (V. corymbosum 

L.), Northern type, conducted at the Department of 

Horticultural Crop Breeding of the National 

Institute of Horticultural Research (InHort) in 

Skierniewice, central Poland. The fruits were 

collected manually from bushes of the above-

mentioned genotypes grown in a trial located in a 

field at the Pomological Orchard (InHort) in 

Skierniewice (51o57’38’’ N, 20o8’39’’ E, Łódzkie 

Voivodeship, Poland) in July 2022. The fruits were 

harvested at their full ripeness, determined on the 

basis of color and the strength of the fruit's adhesion 

to the peduncle. The fruits were stored for 15 days, 

during which their individual chemical and 

mechanical properties were examined. The plant 

material (fruits) analyzed in this manuscript is a 

continuation of research on the identification of the 

polyphenol profile and sugar content in the analyzed 

fruits and clones, conducted by the team and 

published in Gorzelany et al. (2023). 
 

Ozone treatment of the fruit 

Immediately after harvest, the highbush blueberry 

fruit of all genotypes were randomly divided into 

three batches. The first batch was a control, left 

without ozonation. The other two batches were 

treated with ozonation in plastic containers. 

Gaseous ozone of 10 ppm for 15 and 30 minutes 

(flow rate 40 g O3
.h-1) was applied. Ozone was 

produced by a KORONA A 40 Standard generator 

(Korona, Piotrków Trybunalski, Poland), the 

concentration of gaseous ozone was measured using 

a 106 M UV Ozone Solution Detector (Ozone 

Solution, Hull, MA, USA). 
 

Determination of pH and acidity in highbush 

blueberry fruit 

Total acidity per citric acid and pH were determined 

by potentiometric titration of the test sample with a 

standard dilution of 0.1 M NaOH to pH = 8.1 using 

a titrator (Titroline 5000, Mainz, Germany) 

according to the method in PN-EN 12147:2000. The 

analysis was performed in triplicate. 
 

Determination of the content of bioactive 

compounds 

The ascorbic acid content of the highbush blueberry 

fruit was determined according to PN-A-

04019:1998. The total polyphenol content of the 

fruit was determined using the Folin-Ciocalteu 

method according to the methodology described in 

Kuźniar et al. (2022). The antioxidant activity of 

DPPH was determined according to the 

methodology described by Jurćaga et al. (2021). 

The result was expressed as % inhibition of the 

DPPH reagent. FRAP antioxidant activity was 

determined according to the methodology described 

by Gawroński et al. (2014) the result was given in 

μM Fe2+.g-1. ABTS antioxidant activity was 

determined according to the methodology presented 

by Rupasinghe et al. (2012); the result was given in 
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mM TE.g-1. All analyses were performed in 

triplicate.  
 

Determination of the morphological and physical 

characteristics of blueberry fruits 

Morphological and mechanical properties, and 

water content were determined for fruit non-

ozonated (control) and ozonated for 30 minutes and 

stored for 1, 8 and 15 days. The sample size was 15 

fruits for the experimental combinations studied. 

For each fruit, diameter (d) and length (l) were 

measured to the nearest 0.01 mm, mass (weight) to 

the nearest 0.01 g, and density as the ratio of their 

mass to the volume of a rotating ellipsoid of 

diameter (d) and length (l). The sphericity factor (φ) 

was calculated from the formula developed by 

Szpunar-Krok et. al. (2021):  

𝝋 =
(𝒍 ·𝒅𝟐)

𝟏
𝟑

𝒍
100%    (1) 

where: φ - sphericity (%),; l - length of the fruit 

(mm); d - diameter of the fruit (mm). 

The water content of the blueberry fruit was 

determined using the drying method (105°C), in 

accordance with PN-90/A-75101-03:1990.  
 

Determination of the mechanical properties of 

blueberry fruits 

A uniaxial compression test between two horizontal 

planes, perpendicular to the length of the fruit was 

used, on a Brookfield CT3-1000 texture analyser 

(AMETEK Brookfield, Middleboro, USA) with 

TexturePro CT software. The sample size was 15 

fruits for the experimental combinations studied. 

Destructive force (FD), absolute strain (λ) and 

destructive energy (ED) were recorded. The 

specimen preload was 0.05 N and the compression 

velocity was 0.2 mm∙s-1. The relative deformation 

(ε) was calculated as the ratio of the absolute 

deformation (λ) to the fruit diameter (d) described 

by PN-90/A-75101-03 and Kulig et al. (2015). The 

value of the apparent modulus of elasticity, EC, was 

calculated from the modified formula of Kuźniar et 

al. (2022) and Gorzelany et al. (2022):  

𝐸𝑐 =
𝐸𝐷

0.26∙𝑑·𝑙 ∙𝜆
   (2) 

where: Ec – apparent modulus of elasticity (MPa);  

ED - destructive energy (mJ); d – diameter of the 

fruit (mm); l – length of the fruit (mm); λ – absolute 

deformation of the fruit in the direction of the load 

(mm).  
 

Statistical analysis 

STATISTICA 13.3. software (TIBCO Software Inc., 

Tulsa, OK, USA) was used to perform statistical 

analysis of the data. Evaluation included analysis of 

variance (ANOVA) and LSD significance test at the 

significance level of α = 0.05.  

 

RESULTS AND DISCUSSION 

 

pH and acidity of the highbush blueberry fruit 

The fruit of the highbush blueberry (V. 

corymbosum) contains organic acids (e.g. linolenic 

acid, α-linolenic acid, palmitic acid). The content of 

individual organic acids has a significant impact on 

the taste of the fruit; the saturation of acids may 

decrease with the stages of ripening. Organic acids 

can be degraded by various factors, e.g. 

temperature. Changes in total acidity and pH of 

highbush blueberry fruit depending on ozonation 

and storage time and genotype are shown on Figures 

1 and 2. The total acidity of fresh highbush 

blueberries ranged from 0.59 - 0,90 g·100 g-1. The 

highest total acidity was recorded for clone '21' - 

0.90 g.100 g-1, which was ozonated for 15 min; the 

lowest total acidity of fresh blueberries was noted 

for clone '19' - 0.59 g.100 g-1, in the control sample. 

After 15 days of storage, significant differences in 

acidity were observed between the clones and 

cultivars tested. The fruit acidity of all tested 

genotypes, regardless of the treatment, decreased by 

11.1%. The greatest differences were observed 

between the sample ozonated for 30 min and the 

control sample for clone '21' - 0.2 g.100 g-1. The 

results of our study showed that the total acidity in 

the analysed fruits was comparable to the data 

described by Skupień et al. (2006), in which the 

acidity of highbush blueberry ranged from 0.27 - 

1.12 g.100 g-1, depending on the cultivar and year of 

cultivation. The literature data showed that the total 

acidity of highbush blueberry was lower compared 

to other fruit species cultivated in Poland, e.g.: 

honeyberry (blue honeysuckle) - 1.22 - 1.31 g.100 

g-1 (Gorzelany et. al., 2023), red currant - 0.95 - 1.09 

g.100 g-1 (Kuźniar et al., 2022), cranberry - 1.56 - 

1.60 g.100 g-1 (Gorzelany et al., 2022), saskatoon 

berry - 0.3 - 1.5 g.100 g-1 (Gorzelany et al., 2022). 

Depending on genotype and length of storage, the 

pH value of V. corymbosum fruit ranged from 3.6 to 

4.3. The highest value was recorded for the cultivar 

'Duke', which was ozonated for 30 min and stored 

for 15 days. No significant differences were 

observed depending on storage length and 

ozonation. Only in the case of fruit stored for 15 

days, ozonated for 30 minutes, an increase in pH 

value of 2.3% was observed, compared to fresh 

fruit.

https://www.diki.pl/slownik-angielskiego?q=blue-berried+honeysuckle
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Figure 1. Changes in total acidity of the highbush blueberry fruit depending on genotype and ozone concentration; B – 

‘Bluecrop’, D – ‘Duke’ 
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Figure. 2. Changes in pH of the highbush blueberry fruit in relation to genotype and ozone concentration; B – 

‘Bluecrop’, D – ‘Duke’ 
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The results of our study are comparable to those 

published by Angeletti et al. (2010), where the pH 

of fruit of the same species ranged from 3.31 - 4.41, 

depending on the cultivar and length of storage; in 

the study of Lee et al. (2015), the pH of these fruits 

was 3.26. The pH value of blueberries is comparable 

to other berry species, e.g. raspberry – 2.86 (Souza 

et al., 2014), red currant - 3.05 - 4.15 (Kuźniar et al., 

2022), sea buckthorn - 3.02 - 3.19 (Gorzelany et al., 

2022), haskap - 3.13 - 3.52 (Gorzelany et al., 2023). 

 

Ascorbic acid content in the highbush blueberry 

fruit 

Ascorbic acid is a powerful antioxidant with anti-

cancer effects. This compound is essential for the 

functioning of the human body and the activation of 

many enzymes, affects the circulatory and immune 

systems, slows down skin ageing and supports cell 

and tissue function (Du et al., 2012). Analysis of the 

results of our study showed that ascorbic acid 

content varied depending on genotype, storage time 

and ozonation (Table 1). The average ascorbic acid 

content of non-ozonated fresh fruit was 22.32 

mg.100 g-1, ozonated 15 min and 30 min - 21.87 

mg.100 g-1 and 21.95 mg.100 g-1, respectively. The 

results obtained in our study were comparable with 

the study of Skupień (2006), in which the ascorbic 

acid content ranged from 19.9 to 22.7 mg.100 g-1. 

After 15 days of storage, a decrease in the average 

ascorbic acid content of 13.0% was found, 

regardless of genotype and ozonation time. The 

lowest degree (7.8%) of ascorbic acid degradation 

after 15 days of storage was determined in fruit of 

the analysed clones and cultivars ozonated for 15 

min, while fruit non-ozonated had the highest loss 

of ascorbic acid - 15.1%. In the study by Kuźniar et 

al. (2022), a 24.2% decrease in ascorbic acid content 

was observed after 14 days of storage of red currant 

fruit ozonated for 30 min in one of the tested 

cultivars; this result was comparable to that 

obtained in our study on highbush blueberries. The 

ozonation process had a favourable effect on 

enzymatic activity and organic acid metabolism, 

including ascorbic acid content (Piechowiak et al., 

2021). The content of ascorbic acid in the blueberry 

fruit was comparable with other berry species, e.g. 

haskap - 36.80 - 51.30 mg.100 g-1 (Gorzelany et al., 

2023), red currant - 35.10 - 69.70 mg.100 g-1 

(Kuźniar et al., 2022), blackberry - 33.85 mg.100 g-

1, blackthorn - 21.94 mg-100 g-1 (Jabłońska-Ryś et 

al., 2009). As stated, the use of gaseous ozone 

fumigation in strawberries reduced the rate of 

superoxide radical anion formation, increased the 

activity of superoxidase (SOD), catalase (CAT), 

ascorbate peroxidase (APX) and 

monodehydroascorbate reductase (MDHAR), 

which contributed to the accumulation of ascorbic 

acid in these fruits (Zhang et al., 2020). 

 
Phenolic compounds in the highbush blueberry 

fruit 

Highbush blueberries contain polyphenolic 

compounds in their composition, especially 

anthocyanins, which show health-promoting 

effects. Consumption of these fruits improves 

health, the cardiovascular system (Erlund et al., 

2008), cognitive abilities and memory (Williams et 

al., 2008), can inhibit inflammation and reduce 

oxidative stress (Youdim et al., 2002). The total 

content of health-promoting compounds depended 

on soil and climatic conditions, as well as cultivar 

and growing season (Aires et al., 2017). In our 

study, the average total polyphenol content of fresh, 

non-ozonated fruit was 202.17 mg GAE-100 g-1, 

ozonated 15 min and 30 min - 204.67 and 215.33 

mg GAE-100 g-1, respectively (Table 1). After 15 

days of storage, an increase in average total 

polyphenol content of 6.6% was observed, 

irrespective of genotype and length of ozonation 

period. The greatest increase (10.3%) in average 

phenolic compound content was found for fruit 

ozonated for 30 min. Fruits ozonated for 30 min and 

stored for 15 days were characterised by the highest 

content of polyphenols - 218.67 mg GAE.100 g-1. In 

the research of Gorzelany et al. (2023) regarding the 

highbush blueberry genotypes analyzed in this 

study, the highest average content of polyphenolic 

compounds had malvidin-3-O-galactoside (M3Ga), 

malvidin-3-O-glucoside (M3Gl), delphinidin-3-O-

glucoside (D3G) and cyanidin-3-O-glucoside 

(C3G) throughout the storage period, regardless of 

the ozone dose used. The results obtained in our 

study were comparable with the data of Skupień 

(2006), where the total content of polyphenols 

ranged from 170.7 mg GAE.100 g-1 to 320.9 mg 

GAE.100 g-1, depending on the cultivar and year of 

cultivation. However, these results were lower with 

that obtained in the study by Jabłońska-Ryś et. al. 

(2009), in which highbush blueberry fruit contained 

424.72 mg GAE.100 g-1. The results of our study 

indicated that the total content of polyphenols in the 

fruit of the evaluated genotypes was significantly 

higher than for redcurrant fruit at an average of 

73.27 mg GAE.100 g-1 (Kuźniar et al., 2022), 

comparable to blackberry - 247.25 mg GAE.100 g-

1, but much lower than for elderberry - 535.98 mg 

GAE.100 g-1 (Zhang et al., 2020), honeyberry - 

522.06 - 747.85 mg GAE.100 g-1, haskap (416.94 - 

597.29 mg GAE.100 g-1; Gorzelany et al., (2023). 

Literature data indicated that appropriate ozonation 

of fruit could significantly increase peroxidase 

(POD) activity, inhibit polyphenol oxidase (PPO) 
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activity, while maintaining high total levels of 

phenolic compounds (Youdim et al., 2002).  

 

Antioxidant value of the highbush blueberry 

fruit 

The fruit of V. corymbosum is recognised as a 

valuable source of phenolic compounds with 

antioxidant properties. The blueberry fruit show 

antioxidant and anti-cancer effects. The antioxidant 

value was determined by three methods: DPPH, 

FRAP and ABTS (Table 1). The average degree of 

inhibition determined by the DPPH method of fresh 

fruit non-ozonated was 63.75%, ozonated 15 min 

and 30 min - 65.83% and 52.78%, respectively. 

After 15 days of storage, the average degree of 

inhibition as determined by the DPPH method of 

fruit ozonated for 30 min was 5.2% higher, 

compared to the non-ozonated sample. Only fruit 

ozonated for 30 min and stored for 15 days showed 

an increase in the average antioxidant value of 

18.5%. However, the results of our study under 

Polish conditions did not coincide with those 

obtained by Aires et al. (2007), where the inhibition 

value of the analysed highbush blueberry fruits 

ranged from 80% - 92% under Portuguese soil and 

climatic conditions.  

The average antioxidant value determined by the 

FRAP method of fresh blueberry fruit non-ozonated 

was 19.02 μM Fe2+.g-1, ozonated 15 min and 30 min 

- 20.20 and 18.62 μM Fe2+.g-1, respectively. After 15 

days of storage, the fruit had a 4.0% decrease in 

average FRAP value, regardless of genotype and 

ozonation time. Fruits ozonated for 30 min, after 15 

days of storage, were characterised by a 2.4% 

increase in antioxidant value. After the storage 

period, the average antioxidant value determined by 

FRAP of blueberry fruit ozonated for 30 min was 

the highest at 19.07 μM Fe2+.g-1. The results of our 

study were 17.1% higher to those obtained by 

Rupasinghe et al. (2012), in which the average 

FRAP value of fresh highbush blueberry fruit was 

16.24 μM Fe2+.g-1.  

The average antioxidant value determined by the 

ABTS method of fresh, non-ozonated fruit was 

0.437 mM.TE g-1, ozonated 15 min and 30 min - 

0.375 and 0.305 mM.TE g-1, respectively. After 15 

days of storage, there was a 10.0% decrease in the 

mean ABTS value regardless of genotype and 

ozonation time. After the storage period, the greatest 

decrease (21.2%) in the average antioxidant value 

using the ABTS method was determined in the fresh 

fruit (control sample). The values obtained in our 

study were consistent with the data obtained by 

Nikolić et al. (2019), where the antioxidant value 

determined by the ABTS method in the three 

highbush blueberry cultivars ranged from 0.313 - 

0.509 mM.TE g-1 under the growing conditions 

prevailing in Serbia.  

 

 
Table. 1 Total content of the ascorbic acid, phenolic compounds and antioxidant value of the highbush blueberry fruits 

(an average for all tested genotypes) 

Ozone 

exposure 

time [min] 

Storage time 

[days] 

Ascorbic acid 

(mg.100 g-1) 

Total phenolics 

content  

(mg GAE·100 g-1) 

DPPH 

(inhibition %) 

FRAP 

(Fe2+ ·g-1) 

ABTS  

(mmol· TE g-1) 

 

0 

1 

8 

15 

22.32a±3.21 

21.33a±3.61 

18.97a±4.88 

202.17a±12.95 

204.67ab±13.03 

215.33b±9.91 

63.75a±14.68 

66.11a±7.04 

61.53a±11.67 

19.02a±2.89 

19.25a±1.05 

17.98a±2.47 

0.437a±0.197 

0.357a±0.190 

0.342a±0.187 

Average 20.87A±3.99 207.39A±16.08 63.80A±11.03 18.75A±2.21 0.378A±0.185 

15 1 

8 

15 

21.87a±3.11 

23.32a±3.84 

20.17a±2.42 

200.17a±20.65 

204.50a±14.38 

208.33a±18.24 

65.83a±18.45 

60.83a±11.74 

57.78a±8.85 

20.20a±2.16 

19.00a±1.92 

18.50a±2.72 

0.375a±0.217 

0.297a±0.162 

0.333a±0.194 

Average 21.78A±3.27 204.33A±16.88 61.48A±13.24 19.23A±2.27 0.335A±0.184 

30 1 

8 

15 

21.95a±2.36 

20.62a±3.14 

18.82a±3.54 

198.16a±14.85 

203.17ab±15.24 

218.67b±14.00 

52.78a±2.72 

59.31a±7.27 

64.72a±8.72 

18.62a±2.05 

19.90a±1.57 

19.07a±0.43 

0.305a±0.183 

0.295a±0.163 

0.325a±0.170 

Average 20.46A±3.16 206.67A±16.47 58.94A±8.08 19.19A±1.52 0.308A±0.162 

Duration of 

storage 

[days] 

1 22.04b±2.75 

21.76b±3.53 

19.32a±3.57 

200.17a±17.64 

204.11ab±13.58 

214.11b±14.38 

60.79a±14.16 

62.08a±8.93 

61.34a±9.69 

19.28a±2.36 

19.38a±1.52 

18.52a±2.06 

0.372a±0.195 

0.316a±0.164 

0.333a±0.173 

8 

15 

Average  21.04±3.47 206.13±16.30 61.40±10.97 19.06±2.01 0.341±0.176 

Statistical data are expressed as a mean value (n = 15) ± SD. Means in a column followed by different lowercase and uppercase letters 

show significant differences (p<0.05) according to the LSD test 
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The morphological and physical characteristics 

of the highbush blueberry fruits 

Analysis of variance showed a significant effect of 

genotype (with the exception of density) and storage 

time (with the exception of sphericity coefficient) 

on selected morphological characteristics and water 

content in the fruit (Table 2). Fruits of clone '17' 

were characterised by the largest diameter, length, 

weight and moisture content, while fruits of cultivar 

'Bluecrop' had significantly the smallest diameter, 

length, weight and moisture content. Significantly 

the least spherical fruits had clone '19', while the 

most spherical fruits were those of the cultivars 

'Duke' and 'Bluecrop' and clones '17' and '21'. The 

fruit of the tested clones and cultivars of highbush 

blueberry did not differ significantly in density. 

Ozone-treated fruit had smaller diameter, length, 

weight and moisture content and higher density, but 

these differences were not statistically significant. 

 

Table 2. Morphological features and moisture content of the highbush blueberry fruits depending on the genotype, 

duration of storage and time of gaseous ozonation 

Statistical data are expressed as a mean value (n = 15) ± SD. Means in a column followed by different letters show 

significant differences (p<0.05) according to the LSD test 

 

The weight and moisture content of the highbush 

blueberry fruit of the tested genotypes decreased 

during storage. However, this decrease was 

significant only after 8 days of fruit storage. The 

diameter, length and density of highbush blueberry 

fruit after 15 days of storage were significantly 

lower than in fresh fruit. The fruit diameter and 

length were significantly smallest after 8 days of 

storage, and their density was highest after 8 days of 

storage (Table 2). In the study by Kuźniar et al. 

(2022), the ozonation process, regardless of its time, 

resulted in a reduction in the weight, diameter and 

moisture of currant fruits. The opposite relationship, 

i.e. a smaller decrease in humidity after ozonation, 

was observed by Zapałowska et al. (2021) for sea 

buckthorn fruit and Zrdzewiały et al. (2020) for 

rhubarb petioles. 

 

The mechanical properties of the highbush 

blueberry fruits 

Analysis of variance showed the effect of genotype 

on the analysed mechanical parameters of the 

highbush blueberry fruit and storage time on 

relative strain and conventional modulus of 

elasticity (Table 3). Indeed, the fruits of the new 

Polish clones '20', '21' and '19' were the most 

resistant to mechanical damage, as they required the 

greatest strength and energy. Fruits of clone '19' 

were also characterised by the highest apparent 

modulus of elasticity, while fruits of clones '17' and 

'19' significantly deformed the least. Fruits of the 

cultivars 'Bluecrop' and 'Duke' and genotype ‘17’ 

were the most susceptible to damage. They were 

damaged significantly with the least force and 

energy, and had the lowest apparent modulus of 

elasticity (Table 3). Ozonation slightly increased the 

magnitude of the determined mechanical 

parameters of the tested fruits. During storage, 

destructive energy decreased and force increased. In 

contrast, strain and modulus of elasticity increased 

significantly after 8 days of storage and decreased 

after 15 days, but modulus was still slightly higher 

than after one day of storage. In the study by 

Kuźniar et al. (2022), the use of ozonation reduced 

the determined mechanical parameters of fruit, 

significantly only for energy, regardless of whether 

the process lasted 15 or 30 minutes, while for all 

storage times used, energy and modulus of elasticity 

decreased significantly, and strength decreased 

significantly after 8 days of storage.

Variables 
Diameter 

(mm) 

Length 

(mm) 

Weight 

(g) 

Sphericity 

(%) 

Density 

(10-3 kg·m-3) 

Moisture 

content (%) 

 

 

Genotype 

‘17’ 12.9c±1.7 17,7d± 2,5 3.4e±1.0 81.0c±3.8 2.22a±0.43 88.7e±1.9 

‘19’ 10.8b±1.3 16,8c±2,1 2.5d±0.8 74.5a±2.8 2.38a±0.41 88.1de±2.2 

‘20’ 10.6b±1.2 15,4b±1,9 2.1c±0.6 78.1b±3.4 2.29a±0.38 87.3cd±2.5 

‘21’ 10.6b±1.0 14,8b±1,6 1.9bc±0.4 80.1c±4.1 2.23a±0.42 86.9c±2.2 

‘Bluecrop’ 9.7a±1.1 13,4a±1,6 1.6a±0.6 80.9c±4.0 2.33a±0.46 84.6a±4.3 

‘Duke’ 10.1a±1.3 13,9a±1,8 1.7ab±0.4 81.0c±3.3 2.30a±0.51 85.7b±3.0 

Time of 

ozonation 

[min] 

0 10.9a±1.7 15,5a± ,4 2.3a±1.0 79.3a±4.4 2.28a±0.42 87.0a±2.9 

30 10.7a±1.5 15,2a±2,5 2.1a±0.9 79.2a±4.1 2.30a±0.45 86.8a±3.3 

Duration of 

storage [days] 

1 11.5c±1.5 16,2c±2,2 2.5b±0.8 79.7a±4.1 2.15b±0.37 87.8b±2.1 

8 10.0a±1.3 14,2a±2,2 2.1a±0.9 79.4a±4.7 2.67c±0.39 86.5a±2.9 

15 10.8b±1.7 15,6b±2,5 2.1a±1.0 78.8a±4.1 2.05a±0.24 86.5a±3.9 

 Mean 10.8 ±1.6 15,3±2,4 2.2±0.9 79.3± 4.3 2.29±0.44 86.9±3.1 
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Table 3. Mechanical properties of highbush blueberry fruits depending on the genotype, duration of storage 

and time gaseous ozonation 

Variables 
Destructive 

force (N) 

Relative 

deformation (%) 

Destructive energy 

(mJ) 

Apparent modulus  

of elasticity (10-3 MPa) 

 

Genotype 

‘17’ 11.8a±3.2 56,71a±7,39 40.4a±11.6 99.4a±37.3 

‘19’ 22.0c±5.3 56,36a±10,45 84.5d±20.0 323.5d±122.5 

‘20’ 25.3d±7.1 62,61b±7,62 76.3c±19.4 285.4c±103.6 

‘21’ 24.2d±7.4 64,48b±7,39 67.9b±21.3 253.5b±102.8 

‘Bluecrop’ 12.9ab±3.9 64,47b±8,53 41.7a±10.3 209.4a±74.1 

‘Duke’ 14.7b±4.5 63,96b±9,48 43.8a±12.8 193.5a±67.9 

Time of 

ozonation [min] 

0 18.3a±8.0 60,79a±9,29 58.2a±25.3 219.5a±114.6 

30 18.7a±7.5 62,08a±9,08 60.0a±23.2 235.4a±113.7 

Duration of 

storage [days] 

1 18.2a±7.4 58,88a±7,66 61.8a±23.0 200.1a±86.8 

8 18.0a±7.5 66,70b±9,58 60.2a±24.3 263.8b±124.3 

15 19.2a±8.2 58,72a±7,93 55.3a±25.1 218.4a±119.4 

 Mean 18.5±7.7 61,43±9,20 59.1±24.2 227.4±114.3 

Statistical data are expressed as a mean value (n = 15) ± SD. Means in a column followed by different letters show 

significant differences (p<0.05) according to the LSD test 

 

 

CONCLUSIONS 

 

The application of ozone gas during storage of the 

highbush blueberry (V. corymbosum L.) fruit had a 

positive effect on pH and acidity level, as well as on 

the average content of ascorbic acid, phenolic 

compounds and antioxidant activities. After 15 days 

in storage, fruit of these genotypes treated with 

ozone for 15 min. showed vitamin C loss at 7.8%. 

In contrast, fruits that did not undergo ozonation 

showed the highest ascorbic acid loss at 15.1%. 

After storage, fruits of tested genotypes treated with 

ozone for 30 minutes showed a 18.5% and 2.4% 

increase in DPPH and FRAP antioxidant values, 

respectively. The utilization of ozonation slightly 

enhanced the measured mechanical characteristics 

of the fruits. Across the applied storage durations, 

the destructive energy decreased while the force 

increased. Generally, the new tested breeding clones 

show similar fruit content in the range of 

morphological and chemical properties compared to 

the old highbush blueberry cvs. 'Bluecrop' and 

'Duke'. The breeding clone marked 17 deserves 

special mention, which is characterized by better 

mechanical properties. The development of an 

effective storage method using ozone gas may 

contribute to the development of the highbush 

blueberry fruit production technology and thus an 

increase the commercial value of the final product. 
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