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Abstract: The article presents the impact of ozone gas on the mechanical, chemical and microbiological parameters of 

zucchini fruit. Moreover, the influence of gaseous ozone on the concentration of gases in storage chambers was 

determined. Immediately after harvesting, zucchini fruits were treated with ozone at the following doses: 10 ppm -15 and 

30 min; 50 ppm -15 and 30 min) in order to modify selected bioactive compounds Then the ozonation process was 

repeated every 48 hours. Zucchini fruits were stored in a climatic chamber at 7°C and 90% humidity. Laboratory analyses 

were performed on the 1st and 10th day of storage.  As a result of the use of the tested variable factor, no significant 

changes in the mechanical properties were noted. However, a significant effect of selected doses of ozone gas, i.e. 10 ppm 

30 minutes and 50 ppm 15 minutes on the 10th day of storage, on the increase in vitamin C concentration compared to 

the control was demonstrated. In the case of the total polyphenol content, there was also a significant effect of the ozone 

dose of 50 ppm applied for 15 and 30 minutes on the 1st day of storage on the increase in the value of this parameter 

compared to the control. The antioxidant potential in the ABTS test increased significantly on the 1st day of storage after 

applying an ozone dose of 50 ppm for 15 and 30 minutes. In turn, in the DPPH test, only for an ozone dose of 10 ppm for 

15 and 30 minutes on the 10th day of testing, a significant increase in the tested parameter was recorded.  The positive 

effects of ozone use were observed during the storage of zucchini fruits in terms of reducing the microbiological load. . 

The 50 ppm dose applied for 15 and 30 minutes had the most beneficial effect on reducing the number of aerobic 

mesophilic bacteria and the number of yeasts and molds. Ozone gas is an important factor inhibiting the production of 

ethylene by zucchini fruit during storage, thus extending the storage life of the tested raw material. 
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INTRODUCTION 

 

Zucchini (Cucurbita pepo var. giromontiina) 

belongs to the Cucurbitaceae family and is 

considered a culinary valuable vegetable. It is 

cultivated primarily in tropical and subtropical 

conditions [Kathiravan et al.,2006], and can also be 

grown in temperate regions. Zucchini cultivation is 

of great economic importance among vegetable 

crops around the world [Parris et al., 1996]. It is an 

annual plant of great importance for the processing 

industry [Mancini et al., 1999]. 
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Zucchini, being a seasonal vegetable, contains a 

number of beneficial microelements, carotenoids, 

vitamins and phenolic compounds [Blacko-Diaz et 

al. 2014; Martínez-Valdivieso et al., 2014 and 

2015]. Zucchini fruit was used in traditional folk 

medicine to treat colds and relieve pain. Moreover, 

it has anticancer, anti-inflammatory, antiviral and 

antimicrobial properties [Menéndez et al., 2006, 

Møller and Loft, 2004; Oloyede et al., 2012; 

Shokrzadeh et al., 2010; Wang et al., 2007]. 

Zucchini is a physiologically immature fruit. During 

post-harvest storage, it pro-duces low levels of 

ethylene [Balandrán-Quintana et al. 2003]. Zucchini 

fruits are very sensitive to physiological disorders 
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caused by cooling, which occurs when the fruits are 

exposed to low temperatures [Sevillano et al., 

2209]. Balandrán-Quintana et al. [2003] reported 

that storing zucchini fruit at a temperature of 2.5°C 

stimulates the production of CO2 and ethylene.  

It is estimated that up to 40-50% of plant raw 

materials spoil before they are consumed, primarily 

due to mechanical damage and water loss [Kitinoja 

and Kader 2002]. Another important aspect is 

nutritional losses, i.e. loss of vitamins, antioxidants 

and health-promoting substances [Siddiqui et al., 

2015; Barman et al., 2015; Nayyer et al., 2015]. The 

main causes of post-harvest losses: inappropriate 

temperatures during storage and transport, improper 

packaging and lack of knowledge about optimal 

conditions for transport and storage of plant raw 

materials [Kitinoja et al., 2011]. 

The final quality of the product before harvest 

depends on the cultivation technology used by the 

manufacturer. Factors affecting the quality of crops 

include the frequency of irrigation, the use of 

fertilization, pest and disease control, and the ability 

to use growth regulators. Moreover, weather 

conditions such as the amount and intensity of 

rainfall, wind strength, hailstorms affect the overall 

quality of fruit and their suitability for storage 

[Bekele, 2018]. It should be noted that fruits have a 

high water content when harvested, which creates 

an ideal environment for the development of 

microorganisms. Harvesting, i.e. separating the fruit 

from the parent plants, does not stop the 

biochemical and metabolic processes that lead to the 

degradation of the collected raw materials [Parmar 

et al., 2023]. 

There are many methods that have a beneficial 

effect on the storage life of fruit and improve their 

quality.The durability of fruit is influenced by many 

variables, such as temperature, variety, storage 

method and ethylene concentration [Khera et al., 

2024]. When storing fruit, producers use many 

methods to extend the storage life, such as: ozone 

gas [Głowacz et al., 2015], chemical spraying 

[Sumedrea et al., 2018], ultrasound [Sridhar et al., 

2021], active packaging [Ghodki et al., 2021] or 

electromagnetic waves [Sadaf et al., 2023]. In 

addition, heat treatment methods are used, which 

effectively inactivate microorganisms, thus 

reducing the microbiological load [Kshirod et al., 

2022]. The negative effect of heat treatment is the 

impact on some quality parameters, i.e. texture, 

color, aroma, taste and nutritional value [Tănase et 

al., 2022]. This is where new technologies come in 

handy and reduce this impact. The use of methods 

based on the action of gaseous or water ozone, 

ultrasound and UV-C radiation are examples of 

non-thermal methods that may potentially be used 

in the process of extending storage shelf life and 

improving the quality of fruit or vegetables [Parnar 

et al., 2023]. These methods increase 

microbiological safety, durability of products and 

do not affect quality features [Ekonomou et al., 

2021, Chacha et al., 2021]. 

The ozonation is a valuable way to extend the 

storage life of fruit in the supply chain [Ozkan et al., 

2011] Ozone gas is a disinfectant for plant materials 

by reducing the microbiological load [Rivas-

Arancibia et al., 2022]. In addition, this technology 

is of great importance because ozone does not leave 

any residue in products. Additionally, the use of 

gaseous ozone affects the modification of 

biochemical processes in fresh and stored fruits and 

vegetables [Botondi et al., 2021]. Liu et al. [2021] 

found that ozone significantly inhibited the growth 

rate of aerobic bacteria, coliform bacteria, and yeast. 

Dilmaçünal et al. [2014] tested melons and found 

that ozone gas extended the storage life of the tested 

fruits. Chauhan et al. [2011] observed that ozone gas 

reduces the respiration rate and ethylene production 

in carrots during storage 

The research results provide an assessment of the 

impact of the ozone on selected microbiological, 

mechanical and chemical properties of zucchini 

fruit after harvest and during storage. The fruits 

obtained from cultivation were analyzed for 

selected bioactive compounds (polyphenol content, 

vitamin C content, antioxidant potential) and 

selected gases were measured during their storage. 

 

 

MATERIALS AND METHODS 
 

Plant materials 

The research material consisted of zucchini fruits of 

the "Astra Polka" variety. The fruit was obtained 

from our own cultivation (50º1'49"N 22º21'57"E, 

Gać, Podkarpackie Voivodeship, Poland). Fruit 

samples were collected in the second half of July 

2023. Zucchini fruits of each variant were stored for 

10 days in a climatic chamber at a temperature of 

7°C and humidity of 90%. 

Ozonation of fruit 

Immediately after harvesting, the fruit was divided 

randomly into five batches, each weighing 10,000 

g. The first batch was not treated with ozone 

(control sample). The remaining four batches were 

ozonated in a chamber with dimensions length × 

width × height 0.6 m × 0.5 m × 0.5 m. The Korona 

L5 ozone generator (Scientific and Implementation 

Labora-tory "Korona", Piotrków Trybunalski, 
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Poland) was used to carry out the ozonation process. 

In the fumigation process of zucchini fruit, the gas 

concentration was measured with an ozone detector 

106 M 2B Technologies (Broomfield, CO, USA) in 

the measurement range 0–1000 ppm. The 

experiment for each variant was performed in three 

independent repetitions. The ozonation process was 

carried out every 48 hours. The following ozone 

doses were used in the experiment: 0 ppm 0 minutes 

– control; 10 ppm for 15 minutes; -10 ppm for 30 

minutes; 50 ppm for 15 minutes; 50 ppm for 30 

minutes. 

Before starting the experiment, preliminary studies 

were conducted to determine the tolerance threshold 

of zucchini fruit of the “Astra Polka” variety to 

gaseous ozone. For this purpose, zucchini fruit were 

exposed to gaseous ozone at concentrations of 2, 5, 

10, 20, 50, 100 and 200 ppm for 5, 15, 30 and 45 

minutes. Based on the results of pre-liminary 

studies, possible ozone doses were selected. 

 

Mechanical properties - compression test  

Selected mechanical parameters of zucchini fruit 

were measured in a compression test between two 

flat horizontal plates using a Zwick/Roell Z010 

testing machine (Zwick Roell Polska Sp. Z o.o. Sp. 

K., Wroclaw, Poland). The tests on the resistance of 

zucchini tissues to mechanical damage in the 

process of uniaxial compression were carried out on 

cut cylindrical samples with a diameter of 12.00 mm 

and a sample height of 18.59 mm ± 0.17. The tests 

were carried out on fresh fruit of similar size and 

material exposed to various doses of ozone and 

stored for 10 days. The uniaxial compression 

process was carried out with the following operating 

parameters: initial force when compressing the 

sample F=0.5 N, module speed during the 

compression test 0.5 mm∙s−1. 

 

Measurement of Water Content  

The water content of tested zucchini fruits was 

determined using drying method (105 oC), in 

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

laboratory moisture analyser (Radwag, Poland). 

Measurements were made on the 1st and 10th day 

of storage using a laboratory dryer-SLW 115 

SMART (POL-EKOWodzisław Śląski, Poland). 

For the analysis of water content of zucchini 

cylindrical samples with a diameter of 12.00 mm 

and a height of 18.59 mm ± 0.17 where used.  

 

Determination of pH and Acidity 

The titratable acidity and the pH of the zucchini 

were analysed through the potentiometric titration 

of the sample for analysis with a standard 0.1 M 

NaOH solution at pH = 8.1 using TitroLine 5000 (SI 

Analytics, Weiheim, Germany) according to 

methodology of PN-EN 12147:2000. The obtained 

results are expressed as g of citric acid per 100 g of 

fruit. Each fruit was analysed 24 h after ozonation. 

The analyses were performed in triplicate. 

 

Determination of the amount of bioactive 

components 

The determination of the ascorbic acid 

concentration in zucchini fruit was carried out in 

accordance with the PN-A-04019:1998 standard 

[Food Products, 1998]. The total content of 

polyphe-nols in zucchini fruits was determined 

using the Folin–Ciocalteu method according to the 

methodology developed by Piechowiak et al. 

[2019]. Antioxidant activity: DPPH test was 

determined according to the methodology described 

by Djordjević et al. [2010], the ABTS test was 

determined according to the methodology described 

by Jakobek et al. [2007]. In turn, the FRAP test was 

determined according to the methodology described 

by Chiabrando and Giacalone [2015]. 

 

Microbiological Analysis of Zucchini Fruit 

The microbiological load of zucchini fruit was 

analyzed on the 1st and 10th day of storage. The 

determination of the number of yeasts and molds in 

1 g of zucchini fruit was carried out in accordance 

with the standard PN-EN ISO 21527-1:2009. The 

counting of mesophilic aerobic bacteria in a given 

raw material was carried out using the plate 

counting method (Ae) (O) PB-77/LM, edition 4 of 

December 7, 2015. 

 

Measurements of gas concentrations 

In climatic chambers where the zucchini fruits of the 

analyzed variants were stored, measurements of the 

concentration of O2 (%), CO2 (%) and C2H4 (ppm) 

were carried out. Measurements were performed 20 

times for each analyzed variant. Gas concentrations 

were determined using an F-950 gas analyzer 

(STEP Systems GmbH, Nuremberg, Germany). The 

air flow from the storage chambers during the 

measurements was 33 ml.min−1. The measurements 

were carried out 60 minutes after the end of the 

ozonation process. 

 

Statistical Analysis 

To check the significance of the effect of ozone on 

the tested parameters of zucchini fruit during 

storage, an analysis of variance was used with a 

significance level of α=0.05. These analyzes were 

performed using the STATISTICA 12.0 package. 
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RESULTS AND DISCUSSION 

 

Immediately after harvesting, the zucchini fruit was 

randomly divided into five batches. The first batch 

was not treated with ozone (control test). The 

remaining four batches were ozonated in a specially 

prepared chamber for this treatment. Ozonation was 

performed cyclically every 48 hours. Different 

doses of ozone were used in the experiment. 

 

Ascorbic Acid Content in zucchini fruits 

Ascorbic acid is a chemical compound commonly 

known as vitamin C. It has antioxidant properties 

and has a positive effect on the human body [Moss 

et al., 1989]. Ascorbate is an antioxidant and free 

radical scavenger. Moreover, it accelerates the 

course of key enzymatic reactions [Ryan et al., 

2010]. Vitamin C slows down the formation of free 

radicals [Burger et al., 2017] and prevents diseases 

related to oxidative stress [Padayatty et al., 2003]. 

The content of ascorbic acid 1 day after the 

ozonation process significantly increased only after 

applying an ozone dose of 50 ppm for 30 minutes. 

In the remaining cases, no positive impact of the 

ozonation process on the tested parameter was 

noted. However, on the 10th day of storage, for the 

ozone doses used, i.e. 10 ppm 30 minutes and 50 

ppm 15 minutes, the concentration of ascorbic acid 

increased significantly compared to the control. 

Moreover, it was noticed that the ozone dose of 10 

ppm for 15 minutes had a negative impact on the 

concentration of the tested acid compared to the 

control sample during 10 days of storage of the 

tested fruits (Figure 1). The use of low 

concentrations of ozone can affect the ability of 

fruits and vegetables to synthesize vitamin C. In 

addition, ozone gas can also slow down the loss of 

vitamin C content during storage. However, it 

should be noted that ozone used in higher 

concentrations may contribute to the oxidation of 

vitamin C [Perez et al., 1999]. Liu et al. [2021] 

examining garlic found that the content of ascorbic 

acid in this raw material increased significantly 

during storage as a result of the use of ozone gas at 

low concentrations. Based on their research, Pérez 

et al. [1999] and Shah et al. [2004] suggested that 

ozone stress may lead to the biosynthesis of ascorbic 

acid from carbohydrate reserves. 

El Moniem et al. [2022] examining the effect of 

gaseous ozone on the concentration of vitamin C in 

avocado fruits, found a beneficial effect of gaseous 

ozone on the concentration of the analyzed vitamin.. 

Zhang et al. [2011] treated strawberry fruit after 

harvest with ozone gas at a concentration ranging 

from 0 ppm to 8 ppm. The test results showed that 

ozone gas at a concentration of 4 ppm inhibited the 

decrease in ascorbic acid in the tested fruits. Li et al. 

[2022] examined pitaya fruits and found that the 

ascorbic acid content decreased with increasing 

storage time. Additionally, they noted that ozone 

gas delayed the decline in ascorbic acid. Green 

fruits and vegetables show greater oxidation effects 

due to ozone gas. However, there are many studies 

conducted on green plant products that show that 

ozonation has no negative effect on the ascorbic 

acid content of lettuce [Ölmez et al., 2009; 

Hassenber et al., 2007], spinach [Szydłowska-

Czerniak et al., 2010] and arugula leaves [Gutiérrez 

et al., 2018]. At the same time, ozone often exhibits 

eliciting activity, which leads to increased 

biosynthesis of selected compounds, most often 

low-molecular-weight ones with antioxidant 

properties [Sandermann et al., 1998].  

 

 
Figure 1. Content of ascorbic acid in zucchini fruit during storage.  

NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 
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Total phenolic content 

The influence of ozone on the chemical properties 

of plant raw materials is unquestionable. The 

concentration of polyphenolic compounds changes 

as a result of the use of ozone gas. Scientists report 

that quantitative changes in the concentration of 

polyphenol compounds are the result of the so-

called "Oxidative stress". Ozone gas molecules 

affect the cellular structure and influence the 

production of phenolic compounds. The ozone gas 

fumigation process may affect the release of some 

phenolic compounds bound in cell walls [Alothman 

et al., 2010]. It is worth noting that various phenolic 

compounds accumulate in cell walls [Paissoni et al., 

2017]. Moreover, changes in phenolic compounds 

may be caused by ozone-induced enzymatic 

activity. It was found that enzyme activation causes 

rapid accumulation of phenolic compounds [Rodoni 

et al., 2009]. 

In the control sample, the concentration of the tested 

parameter decreased during storage. Similar 

dependencies were found for the ozone dose of 50 

ppm for 15 minutes and 50 ppm for 30 minutes. For 

the remaining ozone doses, an increase in the tested 

parameter was observed during 10 days of storage.  

On the 1st day of storage, a significant increase in 

the tested parameter was found for the ozone dose 

of 50 ppm for 15 minutes and 30 minutes. In turn, 

on the 10th day of storage, each ozone dose 

significantly increased the total polyphenol content 

compared to the control (Figure 2). 

An appropriate dose of gaseous ozone has a 

beneficial effect on the content of phenolic 

compounds. The results of research conducted by 

Zhang et al. [2011] report that as a result of the use 

of an appropriate dose of gaseous ozone, the content 

of phenolic compounds in strawberry fruit 

increased. Continuous exposure of zucchini fruit to 

ozone at a concentration of 0.1 μmol mol−1 had no 

significant effect on the concentration of 

polyphenols [Głowacz et al., 2015]. Balawejder et 

al. [2021] studied the effect of ozone gas and ozone 

dissolved in water on the chemical properties of 

apples. Based on the test results, they found that the 

content of polyphenols increased after using 

selected doses of the tested variable factors 

compared to the control variant. Ozone gas causes 

changes in the structure of the skin and cell wall, 

which may lead to the release of some conjugated 

phenolic compounds [Paissoni et al., 2017]. The 

sensitivity of phenolic compounds to ozone is most 

likely dependent on the type and location of the 

compounds in the cell [Karaca et al., 2014]. Ozone 

stimulates antioxidant systems located mainly in the 

apoplast. Ranieri et al. [1996] observed that ozone 

treatment increased the amount of free and 

glycoside-bound phenolics in the cellular material. 

Another study showed that ozone treatment reduced 

the amount of cell wall-bound phenolics [Wiese et 

al., 2003]. Phenolic compounds probably increase 

due to changes in enzyme concentration and 

activity, which are induced by ozone. Phenolic 

compounds can be rapidly accumulated due to 

activation of pre-existing enzymes [Rodoni et al., 

2010]. Most often, PAL is activated [Sachadyn-

Król et al., 2016], which leads to increased 

biosynthesis of phenolic compounds.   

 

 

 
Figure 2. Total polyphenol content in zucchini fruit during storage 

NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 
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Antioxidant Activity 

The antioxidant properties of plant products are an 

important element of the human diet and have a 

beneficial effect on health. Products rich in 

antioxidants counteract the effects of free radicals, 

which are a threat to cellular structures 

[Stolarzewicz et al. 2013]. A diet rich in fruit and 

vegetables is an important way to prevent many 

diseases, e.g. diabetes, atherosclerosis, Alzheimer's 

disease and cancer [Domenico et al., 2012; Dutta, 

2015; Ojeda et al., 2016; Moga et al., 2016]. In the 

case of ABTS, DPPH and FRAP tests regarding 

antioxidant activity, similar relationships were 

found. On the first day after the ozonation process, 

significant dependencies were noted for the ABTS 

test for the ozone dose of 50 ppm 15 minutes and 30 

minutes compared to the control. 

 

 

 

 
Figure 3. Antioxidant activity. ABTS test (A), DPPH test (B) and FRAP test (C) in zucchini fruit depending on the 

ozone dose and storage time. NOTE: lowercase letters - differences between test dates; capital letters – differences 

between ozone doses. 
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No significant relationships were found for the 

remaining doses. In turn, on the last, 10th day of 

storage, no significant differences were observed 

for the tested parameter for ozonated fruit compared 

to the control sample (Figure 3a). In the case of the 

DPPH test, on the first day of storage, no significant 

effect of the applied variable factors was found.. On 

the 10th day, a significant increase in the tested 

parameter was noted for the ozone dose of 10 ppm 

for 15 minutes and 30 minutes and 50 ppm for 30 

minutes compared to the control variant (Figure 3b). 

Analyzing the results for the FRAP test, a 

significant increase in the tested parameter was 

noted for the ozone dose of 10 ppm 15 minutes and 

50 ppm 15 and 30 minutes compared to the control. 

On the 10th day of analysis, an increase in the tested 

indicator was found for an ozone dose of 50 ppm in 

30 minutes compared to the control variant. The 

remaining analyzed samples were characterized by 

similar values of the tested indicator (Figure 3c). 

Comparing the research results of this article with 

the results of other analyzes (FRAP test), it should 

be stated that zucchini is a raw material with high 

antioxidant properties comparable to red cabbage, 

broccoli, strawberry or raspberry [Šapčanin et al., 

2017]. In turn, in the FRAP test, the tested zucchini 

fruits had a value of the tested parameter in the 

range of 1000-1500 Fe2SO4 kg of fresh weight 

[Castro-Cegrí et al., 2023]. Ong et al. [2014] found 

that antioxidant activity measured by FRAP tests 

increased after the application of ozone gas on 

papaya fruit. 

Castro-Cegrí et al. [2023], examining the 

antioxidant properties of zucchini, found that these 

fruits have antioxidant activity of approximately 

700 mg of trolox/kg of fresh weight in the ABTS 

test. Other studies [Brodowska et al., 2015] confirm 

the beneficial effect of gaseous ozone on the 

antioxidant properties of ozonated berries in test 

ABTS. Similar results were observed in test ABTS 

for raspberries treated with ozone gas [Onopiuk et 

al., 2017]. Zhu et al. [2019] applied ozone gas to 

mandarin fruits. They found that the antioxidant 

activity of the tested fruits in ABTS test increased 

after the application of ozone gas. 

Ong et al. [2014] found that antioxidant activity 

measured by DPPH in tested fruits were 

characterized by 70% inhibition. Rodoni et al. 

[2010] used gaseous ozone on tomato fruits (test 

DPPH) and did not note any changes in antioxidant 

activity during their storage. Minas et al. [Minas et 

al., 2012] applied ozone gas to kiwi fruits. They 

found that the antioxidant activity of the tested fruits 

in DPPH test increased after the application of 

ozone gas. 

 

Changes in acidity and pH of zucchini fruit 

depending on storage time and ozonation dose. 

Organic acids are a natural component of fruits and 

vegetables. The amount of organic acids in plant 

materials is variable and depends on biotic factors, 

e.g. species and variety, and abiotic factors such as 

soil and climate conditions. The concentration of 

organic acids decreases during vegetation 

[Saradhuldhat et al., 2007]. On the first day of 

storage, it was noted that the application of each 

dose of ozonation significantly increased the acidity 

of the tested fruits.  

The highest acidity value for the tested fruits was 

noted after the application of an ozone dose of 10 

ppm for 30 minutes compared to the control sample. 

In the case of the control sample and the sample 

ozonated with a dose of 10 ppm for 15 minutes, the 

highest increases in acidity were noted during fruit 

storage, comparing the results from the 1st and 10th 

day of the study. In turn, for the 10 ppm for 30 

minutes variant, there was a significant decrease in 

acidity during storage.

 
Figure 4. Acidity of zucchini fruit during storage. NOTE: lowercase letters - differences between test dates; capital 

letters – differences between ozone doses. 
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On the 10th day of storage, a significant increase in 

the tested parameter was noted for the 10 ppm for 

15 minutes and 30 minutes variants compared to the 

control sample. For the remaining ozone doses, no 

significant effect of the tested factor on the increase 

in acidity was noted on the 10th day of storage. 

These changes may be due to limited oxidation of 

organic substances, which may lead to an increased 

content of organic acids. Most organic acids are 

weak acids, they have little effect on the quality of 

the fruit, with noticeable changes in their content 

(Figure 4) [Zhang et al., 2023]. 

Organic acids, in addition to their effect on the taste 

of food, stimulate the growth of microorganisms, 

coagulate proteins and perform a buffering function. 

Organic acids in plant materials are mainly malic 

and citric acids, which alkalize the human body, 

inhibit the growth of undesirable microflora, and 

also affect the course of metabolic processes [Silva 

et al., 2004; Valentão et al., 2005]. In addition, 

organic acids, due to their antioxidant properties, 

play an important protective role against various 

diseases. Organic acids, with the exception of oxalic 

acid, improve the absorption of non-heme iron from 

plant foods [Silva et al., 2004]. 

Zucchini fruits on the 1st day of storage were 

characterized by a pH value of 6.89. The ozonation 

process with a dose of 50 ppm for 15 minutes 

significantly increased the pH of zucchini fruits by 

2.17% compared to the control. No significant 

changes in the pH of the fruits were observed for the 

other variable factors used. On the other hand, on 

the last 10th day of storage, the pH value of the 

tested fruits changed compared to the 1st day of the 

study. For the 50 ppm for 15 minutes variant, a 

significant increase in the pH value was noted 

compared to the control sample and the other 

ozonated variants. These results correspond to the 

titratable acidity, however, it can be concluded that 

a higher ozone dose produces more acids with lower 

molar masses and higher pKa (acid dissociation 

constant) [www1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5. Changes in pH of zucchini fruit during storage. NOTE: lowercase letters - differ-ences between test dates; 

capital letters – differences between ozone doses. 

 
Microbiological analysis 

Currently, there are practically no fungicides or 

bactericides that, when used after harvesting plant 

raw materials, are safe and do not leave toxic 

residues. In order to minimize the problems of 

residues after using chemicals, other effective 

disinfectants are being sought that will be effective 

against microorganisms [Gabriela et al., 2020]. The 

use of ozone gas as an alternative disinfection 

technology can successfully replace other 

disinfectants, e.g. chlorine. Ozone at concentrations 

of 0.15–5.0 ppm has been shown to inhibit the 

growth of food spoilage bacteria and yeasts [Jay et 

al., 2005; Asgar et al., 2014]. 

The microbiological load of zucchini fruit changed 

during storage. Ozonation performed cyclically 

every 48 hours reduced the number of aerobic 

mesophilic bacteria. On the first day of storage, the 

number of tested microorganisms decreased after 

applying an ozone dose of 50 ppm for 15 and 30 

minutes; these differences were not statistically 

significant. The ozonation dose of 10 ppm for 15 

and 30 minutes did not reduce the microbiological 

load. In turn, in the last 10 days of storage, a 

significant decrease in the tested bacteria was found 

for the ozone dose of 50 ppm for 15 and 30 minutes 

compared to the control sample. The ozone dose of 

10 ppm for 15 and 30 minutes did not reduce the 

microbiological load on zucchini fruit (Figure 6). 
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Figure 6. Microbiological load. The number of aerobic mesophilic bacteria in zucchini fruits depending on the ozone dose 

and storage time. NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses 
 

The number of yeasts and molds decreased during 

10 days of storage as a result of cyclic ozonation. 

On the first day, there was no significant impact of 

the applied ozonation doses on the tested 

microbiological load parameter. On the 10th day, a 

significant decrease in the number of yeasts and 

molds was observed for ozone doses of 50 ppm 15 

minutes and 50 ppm 30 minutes. The reduction of 

the tested parameter was 16.91% and 20.24%, 

respectively, for the above-mentioned ozonation 

doses compared to the control (Figure 7). Ozonation 

carried out in the form of fumigation has been used 

as a disinfecting treatment in the process of storing 

and preserving fruit and vegetables. The main ad-

vantage of gaseous ozone is that applying it directly 

to plant raw materials does not deteriorate their 

quality and acts as an antimicrobial agent [Patil et 

al., 2009]. For example, raspberry fruits stored at 

room temperature after applying ozone gas at a dose 

of 8–10 ppm for 30 minutes every 12 hours for 3 

days limited the growth of aerobic mesophilic 

bacteria and fungi [Piechowiak and Balawejder, 

2019]. Other studies have shown that ozone gas 

significantly reduces the mi-crobiological load of 

kiwi [Beirão Da Costa et al., 2014], strawberries 

[Chen et al., 2019] and carrots [Souza et al., 2018], 

thereby maintaining the physical and chemical 

quality of raw materials. In addition, ozone gas at a 

concen-tration of 9 ppm applied to cut pepper fruit 

for 6 hours resulted in a reduction in the number of 

E. Coli by 2.89 log.cfu-1, S. Typhimurium by 2.56 

log.cfu-1and L. monocytogenes by 3,06 log.cfu-1 

compared to the control [Alwi et al., 2014]. Other 

scientific reports indicate that the process of 

fumigation of green beans and cherry tomatoes with 

ozone at a concentration of 126–136 ppm for 3 and 

15 minutes reduces pathogens by 1 and 4 log.cfu-1, 

respectively. Regular exposure to ozone, i.e. 3 

minutes a day of the analyzed raw materials, 

reduces the number of bacteria and molds by over 5 

log.cfu-1 compared to the control [Roy et al., 2021]. 

 

 
Figure 7. Microbiological load. The number of yeasts and molds in zucchini fruit depend-ing on the ozone dose and 

storage time. NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 
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Changes in ethylene and carbon dioxide 

concentrations during storage of zucchini fruit 

Even though zucchini fruits are classified as non-

climacteric, there are scientific studies showing that 

the ripening of these fruits also depends on the 

concentration of ethylene [Garcia et al., 2020]. 

Ethylene concentration increases as ripening 

progresses, leading to a reduction in fruit firmness 

and shelf life [Megias et al., 2015]. Ethylene 

concentrations changed during 10 days of storage. 

The highest ethylene values were found for the 

control. On day 10, an ethylene concentration of 4.6 

ppm was found for this variant. The use of a cyclic 

ozonation process resulted in a reduction in the 

concentration of the tested gas during storage. 

Already on the first day of storage, a significant 

decrease in ethylene concentration was observed 

after the use of gaseous ozone at a dose of 10 ppm 

30 minutes and 50 ppm 15 and 30 minutes com-

pared to the control. Similar trends for the tested 

ozone doses were recorded on the 5th and 10th day 

of measurements. There was no significant effect of 

the ozone dose of 10 ppm for 15 minutes on the 

reduction of ethylene concentration for zucchini 

fruit com-pared to the control sample (Figure 8). 

The results of the respiration of zucchini fruit during 

storage are presented in Figure 9. The carbon 

dioxide concentration changed significantly during 

storage. In the case of the control sample, the 

highest values of the tested gas were recorded 

during 10 days of storage. On the first day after the 

ozonation process, there was no significant effect of 

ozone gas on changes in CO2 concentration. 

Cyclical ozonation process with doses of 10 ppm 30 

minutes, 50 ppm 15 and 30 minutes resulted in a 

decrease in carbon dioxide concentration compared 

to the control variant. The same relationship was 

also noted on the 10th day of storage (Figure 9). 

Based on the results, it should be concluded that an 

appropriately selected ozonation dose slows down 

the respiration process of zucchini fruit during 

storage under controlled conditions. 
    
 

 
Figure 8. Changes in C2H4 concentration [ppm] on days 1, 5 and 10 of storage for different variants of the experiment. 

NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 

 

 
Figure 9. Changes in CO2 concentration [%] on the 1st, 5th and 10th day of storage for different variants of the 

experiment. NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 
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In order to assess whether storage conditions are 

appropriate, the respiration rate should be checked. 

Under normal conditions, as the rate of respiration 

increases, the consumption of stored nutrients 

increases [Fang et al., 2021]. Ozone gas inhibits the 

ethylene production process, thus extending storage 

life [Minas et al., 2014]. Properly selected ozone 

concentration helps maintain a low respiration 

rhythm and ethylene production rate [Zambre et al., 

2010]. High concentration of ethylene in storage 

chambers may lead to faster ripening and spoilage 

of stored fruit. Regulation of ethylene concentration 

and its control during storage may extend the shelf 

life of stored plant raw materials [Embrahimi et al., 

2022]. Ozone gas at a concentration of 0.04 μL.L-1 

reduced the ethylene level in vegetable storage 

rooms to an undetectable level. Even an ozone 

concentration of 0.4 μL.L-1 was effective in 

removing ethylene from the atmosphere of fruit 

storage rooms [Skog et al., 2001]. 

 

Measurement of mechanical properties 

Mechanical properties are necessary for the design 

of devices and machines used for harvesting, 

transporting, processing and packaging fruit and 

vegetables [Uba et al., 2020]. The average values of 

the destructive force in the process of compression 

of fruits of different variants are shown in figure 10. 

In the case of each variant, a decrease in the 

destructive force was observed during 10 days of 

storage. Decreases in destructive force during 

storage of zucchini fruit were at a similar level for 

both the control and ozonated variants. Both on the 

1st and 10th day of storage, there was no significant 

impact of the ozone gas on mechanical properties of 

the tested fruits. Research on red peppers reports 

that the raw material subjected to the ozonation 

process was characterized by greater hardness 

compared to the control (non-ozonated) peppers 

[Horvitz and Cantalejo, 2012]. Antos et al. [2018] 

observed an increase in the resistance to damage of 

apple tissues after the ozonation process. 

 

 
Figure 10. Average values of the destructive power of zucchini fruit depending on the ozone dose used and storage 

time. NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 

 

Measurement of Moisture Content  

On the 1st day of storage, the highest water content 

was recorded for zucchini fruits ozonated with a 

dose of 50 ppm for 15 minutes - 94.01%. In turn, the 

lowest water concentration was recorded for the 

control sample - 93.54%. On the 10th day of 

storage, the water content decreased for each variant 

compared to the 1st day of storage. The lowest water 

concentration was characterized by fruits treated 

with an ozone dose of 50 ppm for 15 minutes - 

90.01%, while the highest was for fruits ozonated 

with a dose of 50 ppm for 30 minutes - 91.52%. No 

statistically significant differences in water content 

were found for ozonated fruits compared to the 

control sample (Figure 11).   

Zucchini fruit is made up of 95% water. The high 

water content makes this fruit a low-calorie food 

[Health Matters Program 2011]. The water content 

in plant materials decreases during their storage 

[Ievinsh et al., 2023]. Zapałowska et al. [2021] 

found that sea buckthorn fruit exposed to ozone at a 

dose of 100 ppm for 30 minutes showed a smaller 

decrease in water content during storage compared 

to the control sample. 

Other research results indicate that ozonation 

reduces mass loss compared to the control sample 

during storage fennel [Lin et al., 2023], green 

asparagus [Pretell-Vásquez et al., 2023] or radish 

tubers [Zardzewiały et al., 2023]. 
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Figure 11. Water content in zucchini fruits treated with ozonation and in the control sample on the 1st and 10th day of 

storage. NOTE: lowercase letters - differences between test dates; capital letters – differences between ozone doses. 

 

 
CONCLUSION 

 

The effect of the ozonation process of zucchini fruit, 

performed cyclically every 48 hours, was 

determined based on analyses performed during a 

10-day storage period. Selected mechanical 

properties, the content of selected bioactive 

compounds, microbiological load and the amount of 

gases in the storage process were determined. The 

conducted studies have shown that the use of 

gaseous ozone does not affect the mechanical 

properties and water content of zucchini fruit. In 

addition, ozone gas reduced the microbiological 

load of the tested fruit. Moreover, the tests indicate 

that the increase in the con-tent of bioactive 

compounds in the tested raw material occurs after 

the application of selected ozonation doses. The 

analysis results indicate that ozone gas has a 

beneficial effect on the parameters determining the 

quality of zucchini fruit and on extending the 

storage period. Moreover, ozone gas is an important 

factor influencing the reduction of the amount of 

ethylene during the storage process of the tested 

fruit. 

 

 

REFERENCES 

 

1. Alothman, M.; Kaur, B.; Fazilah, A.; Bhat, R.; Karim, A. Ozone-induced changes of antioxidant capacity 

of fresh-cut tropical fruits. Innovative Food Science & Emerging Technologies, 2010, 11, 4, 666-671, 

ISSN 1466-8564,https://doi.org/10.1016/j.ifset.2010.08.008 

2. Alwi, N.A.; Ali, A. Reduction of Escherichia coli O157, Listeria monocytogenes and Salmonella enterica 

sv. Typhimurium pop-ulations on fresh-cut bell pepper using gaseous ozone. Food Control, 2014, 46, 

304–311 

3. Antos, P.; Piechowicz. B.; Gorzelany. J.; Matłok. N.; Migut. D.; Józefczyk. R.; Balawejder M. Effect of 

Ozone on Fruit Quality and Fungicide Residue Degradation in Apples during Cold Storage. Ozone Sci. 

Eng. 2018, 40, 482–486. doi: 10.1080/01919512.2018.1471389. 

4. Asgar, A.; Mei, K. O.; Charles, F.F. Effect of ozone pre-conditioning on quality and antioxidant capacity 

of papaya fruit during ambient storage. Food Chem, 2014, 142, 19–26 

5. Balandrán-Quintana, R.R.; Mendoza-Wilson, A.M.;  Gardea-Bejar, A.A.;  Vargas-Arispuro, M.A.; 

Martínez-Tellez, M.A. Irre-versibility of chilling injury in zucchini squash (Cucurbita pepo L.) could be 

a programmed event long before the visible symptoms are evident. Biochemical and Biophysical Research 

Communications 2003, 307 (3), 553-557 

6. Balawejder, M.; Matłok, N.; Sowa, W.; Kończyk, N.; Piechowiak, T.; Zapałowska, A. Effect of two types 

of ozone treatments on the quality of apple fruits. Acta Universitatis Cibiniensis. Series E: Food 

Technology 2021, 25, 2, 285-292. https://doi.org/10.2478/aucft-2021-0026 

aA aA aA aA aAaA aA aA aA aA

50.00

55.00

60.00

65.00

70.00

75.00

80.00

85.00

90.00

95.00

100.00

control 10 ppm 15
minutes

10 ppm 30
minutes

50 ppm 15
minutes

50 ppm 30
minutes

[%
]

1st day 10th day



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY      247 

Vol. XXVIII (2024), no. 2 

7. Barman, K.; Ahmad, MS.; Siddiqui, MW. Factors affecting the quality of fruits and vegetables: Recent 

understandings. In: Siddiqui MW (eds.), Postharvest biology and technology of horticultural crops: 

Principles and practices for quality maintenance. Waretown, NJ: Apple Academic Press, 2015, 50. 

8. Beirão Da Costa, S., Moura Guedes, M.C., Ferreira Pinto, M. M., Empis, J., & Moldão Martins, M. 

Alternative sanitizing methods to ensure safety and quality of fresh-cut kiwifruit. Journal of Food 

Processing and Preservation 2014, 38(1), 1-10. 10.1111/j.1745-4549.2012.00730.x 

9. Bekele, D. Review on Factors Affecting Postharvest Quality of Fruits. J Plant Sci Res. 2018, 5(2), 180 

10. Blanco-Díaz M.T.; Del Río-Celestino M.; Martínez-Valdivieso D.; Font R. Use of visible and near-

infrared spectroscopy for pre-dicting antioxidant compounds in summer squash (Cucurbita pepo ssp 

pepo). Food Chem. 2014, 164, 301–308. doi: 10.1016/j.foodchem.2014.05.019. 

11. Botondi, R.; Barone, M.; Grasso, C. A Review into the Effectiveness of Ozone Technology for Improving 

the Safety and Preserving the Quality of Fresh-Cut Fruits and Vegetables. Foods 2021, 10, 748. 

12. Brodowska, A.J.; Śmigielski, K.; Nowak, A.; Czyżowska, A.; Otlewska, A. The Impact of Ozone 

Treatment in Dynamic Bed Parameters on Changes in Biologically Active Substances of Juniper Berries. 

PLoS ONE 2015, 10, e0144855. 

13. Burger, MG.; Steinitz, A.; Geurts, J.; Pippenger, BE.; Schaefer, DJ.; Martin, I.; Barbero, A.; Pelttari. K. 

Ascorbic Acid Attenuates Senescence of Human Osteoarthritic Osteoblasts. Int J Mol Sci. 2017, 24, 

18(12), 2517. doi: 10.3390/ijms18122517. 

14. Castro-Cegrí, A.; Sierra, S.; Hidalgo-Santiago, L.; Esteban-Muñoz, A.; Jamilena, M.; Garrido, D.; Palma, 

F. Postharvest Treatment with Abscisic Acid Alleviates Chilling Injury in Zucchini Fruit by Regulating 

Phenolic Metabolism and Non-Enzymatic Antioxidant System. Antioxidants 2023, 12, 211. 

https://doi.org/10.3390/antiox12010211 

15. Chacha, J.S.; Zhang, L.; Ofoedu, C.E.; Suleiman, R.A.; Dotto, J.M.; Roobab, U.; Agunbiade, A.O.; 

Duguma, H.T.; Mkojera, B.T.; Hossaini, S.M.; et al. Revisiting Non-Thermal Food Processing and 

Preservation Methods—Action Mechanisms, Pros and Cons: A Technological Update (2016–2021). 

Foods 2021, 10, 1430. https://doi.org/10.3390/foods10061430 

16. Chauhan O.P., Raju P.S., Ravi N., Singh A., Bawa A.S. Effectiveness of Ozone in Combination with 

Controlled Atmosphere on Quality Characteristics Including Lignification of Carrot Sticks. J. Food Eng. 

2011, 102, 43–48. doi: 10.1016/j.jfoodeng.2010.07.033.  

17. Chen, C.; Zhang, H.; Dong, C. Ji, H.; Zhang, X.; Li, L. Effect of ozone treatment on the phenylpropanoid 

biosynthesis of post-harvest strawberries. RSC Adv. 2019, 9, 25429–38. 10.1039/C9RA03988K  

18. Chiabrando V., Giacalone G. Anthocyanins, phenolic and antioxidant capacity after fresh storage of 

blueberry treated with edible coatings. Int. J. Food Sci. Nutr. 2015, 66, 248–253. doi: 

10.3109/09637486.2014.986075. 

19. Dilmaçünal T., Erbaş D., Koyuncu M.A., Onursal C.E., Kuleaşan H. Efficacy of Some Antimicrobial 

Treatments Compared to Sodium Hypochlorite on Physical, Physiological and Microbial Quality of 

Fresh-Cut Melons (Cucumis Melo L. Var. Inodorus) LWT Food Sci. Technol. 2014, 59, 1146–1151. doi: 

10.1016/j.lwt.2014.07.033.  

20. Domenico F.D., Foppoli C., Coccia R., Perluigi M. Antioxidants in cervical cancer: Chemopreventive 

and chemotherapeutic effects of polyphenols. Biochim. Biophys. Acta Mol. Basis Dis. 2012, 1822, 737–

747. doi: 10.1016/j.bbadis.2011.10.005 

21. Djordjević B., Šavikin K., Zdunić G., Janković T., Vulić T., Oparnica Č., Radivojević D. Biochemical 

Properties of Red Currant Varieties in Relation to Storage. Plant Foods Hum. Nutr. 2010, 65, 326–332. 

doi: 10.1007/s11130-010-0195-z 

22. Dutta S. Sweet potatoes for diabetes mellitus: A systematic review. Pharmacophore 2015, 6, 60–72.  

23. Ekonomou, S.I.; Boziaris, I.S. Non-Thermal Methods for Ensuring the Microbiological Quality and 

Safety of Seafood. Appl. Sci. 2021, 11, 833. https://doi.org/10.3390/app11020833 

24. El-Moniem, A.; Eman, A.A.; Yousef, A.R.; Abdel-Razek, A.G.; Badr, A.N.; Mahmoud, T.S.M. Effects 

of Postharvest Gaseous Ozone Treatment on Quality Attributes and Extending Storage Life of Fresh Cut 

‘Hass’ Avocado Fruits. Egypt. J. Chemistry. Egypt. J. Chem. 2022, 65, 27–37 

25. Ebrahimi, A., Zabihzadeh Khajavi, M., Ahmadi, S. et al. Novel strategies to control ethylene in fruit and 

vegetables for extending their shelf life: A review. Int. J. Environ. Sci. Technol., 2022, 19, 4599–4610. 

https://doi.org/10.1007/s13762-021-03485-x 

https://doi.org/10.3390/foods10061430
https://doi.org/10.3390/app11020833


Zardzewiały et al., The impact of the ozonation process on the content of bioactive compounds 248 

in zucchini fruits and the concentration of selected gases during their storage 

26. Fang, Y.; Wakisaka, M. A Review on the Modified Atmosphere Preservation of Fruits and Vegetables 

with Cutting-Edge Tech-nologies. Agriculture 2021, 11, 992. 

https://doi.org/10.3390/agriculture11100992 

27. Food Products—Determination of Vitamin C Content. Polish Committee for Standardization; Warsaw, 

Poland: 1998.  

28. Gabriela, M.B.; Otniel, F.-S.; Murillo, F. J. Understanding the Role of Chlorine and Ozone to Control 

Postharvest Diseases in Fruit and Vegetables: A Review, Curr. Nutr. Food Sci., 2020, 16(4), 455–461 

29. García, A.; Aguado, E.; Cebrián, G.; Iglesias, J.; Romero, J.; Martínez, C.; Garrido, D.; Rebolloso, 

M.d.M.; Valenzuela, J.L.; Ja-milena, M. Effect of Ethylene-Insensitive Mutation etr2b on Postharvest 

Chilling Injury in Zucchini Fruit. Agriculture, 2020, 10, 532. https://doi.org/10.3390/agriculture10110532 

30. Ghodki, B.; Richa, R.; Shahi, N.; Mahawar, M.; & Jalgaonkar, K. 6 Packaging and storage of fruits and 

vegetables. 2021. In book: Trends & Prospects in Post Harvest Management of Horticultural 

CropsPublisher: Today and Tomorrow’s Printers and Publishers 

31. Glowacz, M.; Colgan, R.; Debbie R. The use of ozone to extend the shelf-life and maintain quality of 

fresh produce. Journal of the science of food and agriculture 2015, 95. Doi.10.1002/jsfa.6776. 

32. Gutiérrez D.R., Lemos L., Rodríguez S.C. Effect of UV-C and ozone on the bioactive compounds and 

antioxidant capacity of minimally processed rocket (Eruca Sativa Mill.) Int. J. New Technol. Res. 2018, 

4, 23–29. doi: 10.31871/IJNTR.4.9.8. 

33. Hassenberg K., Idler C., Molloy E., Geyer M., Plöchl M., Barnes J. Use of ozone in a lettuce-washing 

process: An industrial trial. J. Sci. Food Agri. 2007, 87, 914–919. doi: 10.1002/jsfa.2815. 

34. Health Matters Program 2011. Water Amounts in Fruits and Vegetables. Adapted from Water Content of 

Fruits and Vegetables prepared by Sandra Bastin, Foods and Nutrition Specialist and Kim Henken, 

Extension Associate for ENRI. Information taken from Bowes & Church’s Food Values, 1994. 

35. Horvitz, S.; Cantalejo, MJ. Effects of ozone and chlorine postharvest treatments on quality of fresh-cut 

red bell peppers. Int. J. Food Sci. Technol. 2012, 47, 1935–1943.  

36. Ievinsh, G. Water Content of Plant Tissues: So Simple That Almost Forgotten? Plants 2023, 12,1238. 

https://doi.org/10.3390/plants12061238 

37. Jakobek L., Šeruga M., Novak I., Medvidović-Kosanović M. Flavonols, Phenolic Acids and Antioxidant 

Activity of Some Red Fruits. Dtsch. Lebensm.-Rundsch. 2007, 130, 369–377 

38. Jay, J. M.; Loessner, M. J.; Golden, D. A. Modern food microbiology, Springer, US 2005, 01, 01 

39. Kathiravan, K., G.; Vengedesan, S.; Singer, B. Adventitious regeneration in vitro occurs across a wide 

spectrum of squash (Cu-curbitapepo) genotypes. Plant Cell Tissue Organ Cult. 2006, 85, 285-295. 

40. Karaca H., Velioglu S. Effects of ozone treatments on microbial quality and some chemical properties of 

lettuce, spinach, and parsley. Postharvest Biol. Technol. 2014, 88, 46–53. doi: 

10.1016/j.postharvbio.2013.09.003. 

41. Kitinoja L.; Kader AA. Small-scale postharvest handling practices: A manual for horticultural crops (4th 

edn.). Davis: University of California, 2002, 1-260. 

42. Kitinoja, L.; Saran, S.; Roy, SK.; Kader, AA. Postharvest technology for developing countries: challenges 

and opportunities in research, outreach and advocacy. J Sci Food Agric, 2011, 91, 597-603. 

43. Khera, K.; Büchele, F.; Wood, R.M. Impact of different storage conditions with combined use of ethylene 

blocker on ‘Shalimar’ apple variety. Sci Rep, 2024, 14, 8485 https://doi.org/10.1038/s41598-024-57688-

6 

44. Kshirod K.; Ufaq F.; Hussain, A., Shams, R.; Manzoor, S.; Sundarsingh, A. A comprehensive review on 

heat treatments and related impact on the quality and microbial safety of milk and milk-based products. 

Food Chemistry Advances 2022, 1, 100041, ISSN 2772-753X, 

45. Li C, Wang S, Wang J, Wu Z, Xu Y, Wu Z. Ozone treatment promotes physicochemical properties and 

antioxidant capacity of fresh-cut red pitaya based on phenolic metabolism. Front Nutr. 2022, 6, 9, 

1016607. doi: 10.3389/fnut.2022.1016607.  

46. Lin, F., Lv, K., Shufeng, M.A., Wang, F., Li, J., Wang, L. Effects of ozone treatment on storage quality 

and antioxidant capacity of fresh-cut water fennel [Oenanthe javanica]. Food Sci. Technol. 2023, 43, 1–

11 

47. Liu H, Xu L, Yu F, Tan J, Cao L, Xing Y, Xu Q, Yang S, Liu X, Yang P, Yue T, Wang X, Che Z. Effects 

of different ozone treatments on the storage quality and stability of fresh peeled garlic. RSC Adv. 2021, 

28; 11(37), 22530-22543. doi: 10.1039/d1ra00433f. 

https://doi.org/10.3390/agriculture11100992
https://doi.org/10.3390/plants12061238


Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY      249 

Vol. XXVIII (2024), no. 2 

48. Mancini, L.;  Calabrese N. Effect of growth regulators on flower differentiation and yield in zucchini 

(CucurbitapepoL.) grown in protected cultivation. Acta Hort. 1999, 492, 265–272. 

49. Martínez-Valdivieso D.; Font R.; Gómez P.; Blanco-Díaz T.; Río-Celestino D. Determining the mineral 

composition in Cucurbita pepo fruit using near infrared reflectance spectroscopy. J. Sci. Food Agric. 2014, 

94, 3171–3180. doi: 10.1002/jsfa.6667. 

50. Martínez-Valdivieso D.; Gómez P.; Font R., Del Río-Celestino M. Mineral composition and potential 

nutritional contribution of 34 genotypes from different summer squash morphotypes. Eur. Food Res. 

Technol. 2015, 240, 71–81. doi: 10.1007/s00217-014-2308-7. 

51. Megías Z, Martínez C, Manzano S, García A, Rebolloso-Fuentes Mdel M, Garrido D, Valenzuela JL, 

Jamilena M. Individual Shrink Wrapping of Zucchini Fruit Improves Postharvest Chilling Tolerance 

Associated with a Reduction in Ethylene Production and Oxidative Stress Metabolites. PLoS One 2015, 

15, 10(7), e0133058. doi: 10.1371/journal.pone.0133058. 

52. Menéndez, A.; Capó, J.T.; Menéndez Castillo, R.A.; González, O.L.; Domínguez, C.C. and Sanabria, 

M.L.G. Evaluation of Cu-curbita pepo L. Lipophilic Extract on Androgen-Induced Prostatic Hyperplasia. 

Revista Cubana de Plantas Medicinales 2006, 11, 1-6. 

53. Minas I.S., Karaoglanidis G.S., Manganaris G.A., Vasilakakis M. Effect of ozone application during cold 

storage of kiwifruit on the development of stem-end rot caused by Botrytis cinerea. Postharvest Biol. 

Technol. 2012, 58, 203–210. doi: 10.1016/j.postharvbio.2010.07.002. 

54. Minas, IS.; Vicente, AR.; Dhanapal, AP.; Manganaris, GA.; Goulas, V.; Vasilakakis, M.; Crisosto, CH.; 

Molassiotis, A. Ozone-induced kiwifruit ripening delay is mediated by ethylene biosynthesis inhibition 

and cell wall dismantling regulation. Plant Sci. 2014, 229, 76-85. doi: 10.1016/j.plantsci.2014.08.016. 

55. Moga M.A., Dimienescu O.G., Arvatescu C.A., Mironescu A., Dracea L., Ples L. The Role of Natural 

Polyphenols in the Prevention and Treatment of Cervical Cancer-An Overview. Molecules 2016, 21, 

1055. doi: 10.3390/molecules21081055.  

56. Moss, R.W. Free Radical: Albert Szent-Gyorgyi and the Battle over Vitamin C. J. Hist. Biol. 1989, 22, 

180–181 

57. Møller P.; Loft S. Interventions with antioxidants and nutrients in relation to oxidative DNA damage and 

repair. Mutat Res. 2004, 13, 551(1-2), 79-89. doi: 10.1016/j.mrfmmm.2004.02.018. 

58. Nayyer, MA.; Siddiqui, MW.; Barman, K. Quality of fruits in the changing climate. In: Choudhary ML, 

Patel VB, Siddiqui MW, Verma RB (eds.), Climate dynamics in horticultural science: Impact, adaptation, 

and mitigation. Waretown, NJ: Apple Academic Press, 2015, 2, 269-278. 

59. Ojeda M.L., Pinilla M.C., Borrero M.L., Sequeda G., Castro V.M., García A.S., Rodríguez J.C., Diez O., 

Lucci P.G. Relationship between vitamin intake and total antioxidant capacity in elderly adults. Univ. Sci. 

2016, 21, 167–177. doi: 10.11144/Javeriana.SC21-2.rbvi. 

60. Oloyede FM.; Agbaje GO.; Obuotor EM.; Obisesan IO. Nutritional and antioxidant profiles of pumpkin 

(Cucurbita pepo Linn.) immature and mature fruits as influenced by NPK fertilizer. Food Chem. 2012, 

15, 135(2), 460-3. doi: 10.1016/j.foodchem.2012.04.124. 

61. Onopiuk, A.; Półtorak, A.; Moczkowska, M.; Szpicer, A.; Wierzbicka, A. The impact of ozone on health-

promoting, microbio-logical, and colour properties of Rubus ideaus raspberries. J. Food 2017, 15, 563–

573.  

62. Ong, M.K.; Ali, A.; Alderson, P.G.; Forney, C.F. Effect of different concentrations of ozone on 

physiological changes associated to gas exchange, fruit ripening, fruit surface quality and defence-related 

enzymes levels in papaya fruit during ambient storage. Sci. Hortic. 2014, 179, 

63. Ozkan, R.; Smilanick, J.L.; Karabulut, O.A. Toxicity of ozone gas to conidia of Penicillium digitatum, 

Penicillium itali-cum and Botyris cinerea and control of gray mold on table grapes. Postharvest Biol. 

Technol. 2011, 60, 47–51 

64. Ölmez H., Akbas M.Y. Optimization of ozone treatment of fresh-cut green leaf lettuce. J.Food Eng. 2009, 

90, 487–494. doi: 10.1016/j.jfoodeng.2008.07.026. 

65. Patil, S.; Bourke, P.; Frias, JM.; Tiwari, BK.; Cullen, PJ. Inactivation of Escherichia Coli in Orange Juice 

Using Ozone. Innovat Food Sci Emerg Technol., 2009, 10, 551–7. 10.1016/j.ifset.2009.05.011 

66. Padayatty, SJ.; Katz, A.; Wang, Y.; Eck, P.; Kwon. O.; Lee. J.; Chen. S.; Corpe. C.; Dutta. A.; Dutta, SK.; 

Levine, M. Vitamin C as an antioxidant: evaluation of its role in disease prevention. J Am Coll Nutr. 

2003, 22(1), 18-35. doi: 10.1080/07315724.2003.10719272 

67. Paissoni, M.A.; Segade, S.; Giacosa, S.; Torchio, F.; Cravero, F.; Englezos, V.; Rantsiou, K.; Carboni, 

C.; Gerbi, V.; Teissedre, P.; Rolle, L. Impact of post-harvest ozone treatments on the skin phenolic 



Zardzewiały et al., The impact of the ozonation process on the content of bioactive compounds 250 

in zucchini fruits and the concentration of selected gases during their storage 

extractability of red winegrapes cv Barbera and Nebbiolo (Vitis vinifera L.). Food Research International 

2017, 98, 68-78, ISSN 0963-9969, 

68. Parmar, V.; Chauhan N., Kanzaria, Dilip. Strategies for extending shelf life of fresh fruits. 2023, 1, 52-

58. 

69. Parris, H.S. Summer Squash: History, diversity, and distribution. Department of Vegetable Crops. 

Agricultural Research Organ-ization, New Year Research Center. Hort Technology 1996, 6(1),13 

70. Pérez A. G., Sanz C., Ríos J. J. and Olías R. Effects of ozone treatment on postharvest strawberry quality. 

J. Agric. Food Chem., 1999, 47(4), 1652–1656 

71. Piechowiak T., Antos P., Kosowski P., Skrobacz K., Józefczyk R., Balawejder M. Impact of ozonation 

process on the microbio-logical and antioxidant status of raspberry (Rubus ideaeus L.) fruit during storage 

at room temperature. Agric. Food Sci. 2019, 28, 35–44. doi: 10.23986/afsci.70291 

72. Piechowiak, T., Balawejder, M. Impact of ozonation process on the level of selected oxidative stress 

markers in raspberries stored at room temperature. Food chemistry 2019, 298, 125093. 

10.1016/j.foodchem.2019.125093 

73. PN-90/A-75101-03:1990; Fruit and Vegetable Preserves—Sample Preparation and Physicochemical Test 

Methods—Determination of dry Matter Content by Gravimetry. Polish Committee for Standardization: 

Warsaw, Poland, 1990. 

74. PN-EN 12147:2000; Fruit and vegetable juices - Determination of titrable acidity.  Polish Committee for 

Standardization: Warsaw, Poland, 1998. 

75. Pretell-Vásquez, C., Márquez-Villacorta, L., Siche, R., Hayayumi-Valdivia, M. Optimization of ozone 

concentration and storage time in green asparagus (Asparagus officinalis L.) using response surface 

methodology. Vitae 2022, 28, 3. 

76. Ranieri A., D’Urso G., Nali C., Lorenzini G., Soldatini G.F. Ozone stimulates apoplastic antioxidant 

systems in pumpkin leaves. Physiol. Plant. 1996, 97, 381–387. doi: 10.1034/j.1399-3054.1996.970224.x. 

77. Rivas-Arancibia, S.; Hernández-Orozco, E.; Rodríguez-Martínez, E.; Valdés-Fuentes, M.; Cornejo-Trejo, 

V.; Pérez-Pacheco, N.; Dorado-Martínez, C.; Zequeida-Carmona, D.; Espinosa-Caleti, I. Ozone Pollution, 

Oxidative Stress, Regulatory T Cells and Anti-oxidants. Antioxidants 2022, 11, 1553. 

78. Rodoni, L.; Casadei, N.; Concellón, A.; Vicente, A. Effect of Short-Term Ozone Treatments on Tomato 

(Solanum lycopersicum L.) Fruit Quality and Cell Wall Degradation. Journal of agricultural and food 

chemistry 2009, 58. 594-9. Doi 10.1021/jf9029145.  

79. Roy S., Choudhury B., Johnson J., Schindler-Tyka A. Application of dielectric barrier discharge for 

improving food shelf life and reducing spoilage. Sci. Rep. 2021, 11, 19200. doi: 10.1038/s41598-021-

96887-3 

80. Ryan, MJ.; Dudash, HJ.; Docherty, M.; Geronilla, KB.; Baker, BA.; Haff, GG.; Cutlip, RG. Vitamin E 

and C supplementation reduces oxidative stress, improves antioxidant enzymes and positive muscle work 

in chronically loaded muscles of aged rats. Exp Gerontol. 2010, 45(11), 882-95. doi: 

10.1016/j.exger.2010.08.002. 

81. Sachadyn-Król M., Materska M., Chilczuk B., Karaś M., Jakubczyk A., Perucka I., Jackowska I. Ozone-

induced changes in the content of bioactive compounds and enzyme activity during storage of pepper 

fruits. Food Chemistry 2016, 211, 59-67, https://doi.org/10.1016/j.foodchem.2016.05.023 

82. Sadaf A.; Zainul A.; Ghulam H.; Faisal Z.; El-Keblawy, A.; Rasheed, A. Enhancing sustainable plant 

production and food security: Understanding the mechanisms and impacts of electromagnetic fields. Plant 

Stress 2023, 9, 100198, ISSN 2667-064X, 

83. Sandermann H., Ernst D., Heller W., Langebartels Ch. Ozone: An abiotic elicitor of plant defence 

reactions. Trends in Plant Science 1998, 3, 2, 47-50, https://doi.org/10.1016/S1360-1385(97)01162-X. 

84. Saradhuldhat, P., Paull, R.E. Pineapple organic acid metabolism and accumulation during fruit 

development. Scientia Horticul-turae 2007, 112, 297-303 

85. Sevillano, L.; Sanchez-Ballesta, M.T., Romojaro, F.,  Flores F.B. Physiological, hormonal and molecular 

mechanisms regulating chilling injury in horticultural species. postharvest technologies applied to reduce 

its impact. Journal of the Science of Food and Agri-culture 2009, 89(4), 555-573 

86. Shah N. G., Zambre S. S., Venkatesh K. V. and Anantheswaran R. C., Ozone gas exposure to extend shelf 

life of tomatoes in hot and humid region, in Annual meeting, Institute of Food Technologists (IFT), Las 

Vegas, Nevada, USA, 2004 



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY      251 

Vol. XXVIII (2024), no. 2 

87. Shokrzadeh M.; Azadbakht M.; Ahangar N.; Hashemi A.; Saeedi Saravi SS. Cytotoxicity of hydro-

alcoholic extracts of Cucur-bitapepo and Solanum nigrum on HepG2 and CT26 cancer cell lines. 

Pharmacogn Mag. 2010, 6(23), 176-9. doi: 10.4103/0973-1296.66931. 

88. Skog, L.J. & Chu, C.L. Effect of ozone on qualities of fruits and vegetables in cold storage. Canadian 

Journal of Plant Science 2001, 81. 773-778. 

89. Siddiqui, MW.; Patel, VB.; Ahmad, MS. Effect of climate change on postharvest quality of fruits. In: 

Choudhary ML, Patel VB, Siddiqui MW, Mahdi SS (eds.), Climate dynamics in horticultural science: 

Principles and applications. Apple Acad Press 2015, 1: 313-326. 

90. Silva B.M., Andrade P.B., Goncalves A.C., Seabra  R.M.,  Oliveira M.B., Ferreira M.A. Influence of jam 

processing upon the contents of phenolics, organic acids and free amino acids in quince fruit (Cydonia 

oblonga Miller), European Food Research and Technology 2004, 218, 385-389 

91. Silva B.M., Andrade P.B.,  Valentão P., Ferreres F.,  Seabra R.M.,  Ferreira M.A. Quince (Cydonia 

oblonga Miller) fruit (pulp, peel, and seed) and jam: antioxidant activity. Journal of Agricultural and Food 

Chemistry 2004, 52, 4705-4712 

92. Souza L. P. Faroni L. R. D. A. Heleno F. F. Cecon P. R. Gonçalves T. D. C. da Silva G. J. Prates L. H. F. 

Effects of ozone treatment on postharvest carrot quality. LWT–Food Sci. Technol. 2018, 90, 53–60. doi: 

10.1016/j.lwt.2017.11.057. 

93. Sridhar, A.; Ponnuchamy, M.; Kumar, PS. Kapoor A. Food preservation techniques and nanotechnology 

for increased shelf life of fruits, vegetables, beverages and spices: a review. Environ Chem Lett. 2021, 

19(2), 1715-1735. doi: 10.1007/s10311-020-01126-2. 

94. Stolarzewicz J.A., Ciekot J., Fabiszewska A.U., Białecka-Florjanczyk E. Plant and microbiol sources of 

antioxidants. Adv. Hyg. Exp. Med. 2013, 67, 1359–1373.   

95. Sumedrea, D.; Florea, S.; Sumedrea, M.; Asanica, A.; Coman, R. Influence of Different Storage Methods 

on Apples Chemical Proprieties. Agriculture for Life Life for Agriculture 2018, Conference Proceedings. 

1. 316-321. 10.2478/alife-2018-0047. 

96. Szydłowska-Czerniak A., Trokowski K., Karlovits G., Szłyk E. Determination of antioxidant capacity, 

phenolic acids, and fatty acid composition of rapeseed varieties. J. Agric. Food Chem. 2010, 58, 7502–

7509. doi: 10.1021/jf100852x. 

97. Šapčanin, A., Salihović, M., Uzunović, A., Osmanović, A. Špirtović-Halilović, S.; Pehlić, E. Antioxidant 

activity of fruits and vegetables commonly used in everyday diet in Bosnia and Herzegovina. Bulletin of 

the Chemists and Technologists of Bosnia and Her-zegovina, 2017, 49, 15-18, ISSN: 2232-7266 

98. Tănase, L.-A.; Nistor, O.-V.; Mocanu, G.-D.; Andronoiu, D.-G.; Cîrciumaru, A.; Botez, E. Effects of Heat 

Treatments on Various Characteristics of Ready-to-Eat Zucchini Purees Enriched with Anise or Fennel. 

Molecules 2022, 27, 7964. https://doi.org/10.3390/molecules27227964 

99. Uba, F.; Esandoh, E.; Zogho, D.; Anokye, E. Physical and mechanical properties of locally cultivated 

tomatoes in Sunyani, Ghana, Scientific African 2020, https://doi.org/10.1016/j.sciaf.2020.e00616. 

100. Valentão P., Andrade P.B., Rangel J., Ribeiro B., Silva B.M., Baptista P. Effect of the conservation 

procedure on the contents of phenolic compounds and organic acids in chanterelle (Cantharellus cibarius) 

mushroom. Journal of Agricultural and Food Chemistry 2005, 53, 4925-4931 

101. Wang DC.; Pan HY.; Deng XM.; Xiang H.; Gao HY.; Cai H.; Wu LJ. Cucurbitane and 

hexanorcucurbitane glycosides from the fruits of Cucurbita pepo cv dayangua. J Asian Nat Prod Res. 

2007, 9(6-8), 525-9. doi: 10.1080/10286020600782538.  

102. Wiese C.B., Pell E.J. Oxidative modification of the cell wall in tomato plants exposed to ozone. Plant 

Physiol. Biochem. R. 2003, 41, 375–382. doi: 10.1016/S0981-9428(03)00033-0. 

103. www1 https://organicchemistrydata.org/hansreich/resources/pka (access date 31.07.2024) 

104. Zambre, SS.; Venkatesh, KV.; Shah, MG. Tomatoes redness for assessing ozone treatment to extend the 

shelf life. J Food Eng. 2010, 96, 463–468. 

105. Zapałowska, A., Matłok, N., Zardzewiały, M., Piechowiak, T., Balawejder, M. Effect of Ozone Treatment 

on the Quality of Sea Buckthorn (Hippophae rhamnoides L.). Plants 2021, 10, 847. 

https://doi.org/10.3390/plants10050847 

106. Zardzewiały, M., Matłok, N., Piechowiak, T., Balawejder, M. The Influence of Ozonation Carried Out 

during Vegetation on the Content of Selected Bioactive Phytochemicals and the Microbiological Load of 

Tubers of Raphanus sativus var. sativus. Agriculture 2023, 13, 2153. 

https://doi.org/10.3390/agriculture13112153 

https://doi.org/10.3390/molecules27227964
https://doi.org/10.3390/plants10050847


Zardzewiały et al., The impact of the ozonation process on the content of bioactive compounds 252 

in zucchini fruits and the concentration of selected gases during their storage 

107. Zhang, W., Jiang, Y., & Zhang, Z. The role of different natural organic acids in postharvest fruit quality 

management and its mechanism. Food Frontiers 2023, 4, 1127–1143. https://doi.org/10.1002/fft2.245 

108. Zhang, X., Zhang, Z., Wang, L. et al. Impact of ozone on quality of strawberry during cold storage. Front. 

Agric. China 2011, 5, 356–360. https://doi.org/10.1007/s11703-011-1053-y 

109. Zhu X., Jiang J., Yin C., Li G., Jiang Y., Shan Y. Effect of ozone treatment on flavonoid accumulation of 

satsuma mandarin (Citrus unshiu Marc.) during ambient storage. Biomolecules 2019, 9, 821. doi: 

10.3390/biom9120821 
 

https://doi.org/10.1002/fft2.245
https://doi.org/10.1007/s11703-011-1053-y

