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ABSTRACT
Ozone is a GRAS certified cost-effective and eco-friendly technology whose application in food 
industry is gaining momentum in recent years. It is a powerful oxidizing agent and has a broad 
spectrum of anti-microbial property. The free radical generation of ozone treatment destroys 
bacterial cells and is responsible for its antimicrobial activity. This review provides an understanding 
of the underlying mechanism of microbial inactivation by ozone and its application in meat and 
dairy products. The impact of ozone on the physicochemical properties such as color, texture, lipid 
oxidation, protein functionality, and sensory attributes are reviewed along with its inactivation 
potential on microbes such as Staphylococcus sp., Listeria monocytogenes, Enterobacteriaceae, 
Salmonella sp. and yeasts and molds in food matrix. It is evident that ozone can improve the 
functionalities of food products while ensuring food safety. There are several researchers that have 
focused on the application of ozone technology in meat and dairy products. This review is 
a compilation of those works and can be used as a tool to select appropriate processing conditions 
for milk and dairy products for its improved safety and quality.
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Introduction

The recent years exhibit a change in matrix of consumer 
food preferences, which assisted in the progress of star-
ter ideas and technologies. There is a swipe away from 
traditional pattern of food preferences to newer pattern, 
which includes larger proportion of animal products. 
According to studies, a similar pattern was also observed 
in Indian households, declining the importance of cer-
eals in diets (Law, Fraser, and Piracha 2020). This 
change in demand elastics has contributed to the growth 
of both milk and meat industries. Milk, meat, meat 
products, and dairy foods belong to matrix of nutrient 
dense food products with high energy value profile. Milk 
and milk products are the sources of high-quality pro-
tein mainly casein, which exhibits excellent functional 
properties in food formulations. They are also the good 
source of calcium, zinc, phosphorous, magnesium, and 
vitamins such as B12, B2 etc. Meat is also considered to 
be significant source of a number of B vitamins, proteins 
etc. with high energy and biological value (Tomé, 
Dubarry, and Fromentin 2004). High lysine content of 
meat and meat products is important while considering 
the diet design to have a balanced intake. The nutrient 

content of meat varies accordingly with their type, cut of 
meat, food pattern, and the content of other ingredients. 
The presence of bioavailable minerals especially zinc and 
iron, makes meat an important dietary source. 
Prejudicious to this nutrient profile is the issues regard-
ing the quality and level of fat in meat and milk pro-
ducts. Apprehensions were regarding the level of 
saturated fatty acids which in high intake may cause 
some serious health hazards in human populations. 
Even in midst of all these growing apprehensions, the 
consumption pattern of both the products is hastening 
making them a vital group among different food and 
food clusters.

Since the introduction of scope of food matrix on our 
diet, preservation of food is an obligatory arm for our 
survival. Any change associated with food product that 
makes it unacceptable to the consumer from a sensory 
point of view is characterized as spoilage. Microbial 
spoilage is one of the most common causes of spoilage 
in meat and milk products that leaves back detrimental 
effects on the quality. Meat is one of most fragile and 
favorable environments for the duplication of 
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microorganisms. Even though there are variations 
between each type, the most common spoilage organ-
isms associated includes Pseudomonas spp, lactic acid 
bacteria, Clostridium spp, Aspergillus, and Penicillium 
etc (Odeyemi et al. 2020). Coming to milk and dairy 
products, the microbial populations of utmost impor-
tance with respect to spoilage includes Clostridium spp, 
Total coliforms, Bacillus spp, Pseudomonas spp, different 
types of yeasts and molds (Lu and Wang 2017). Both 
milk and meat acts as a favorable in-built environment 
for the growth of microbes due to their high nutritional 
content and other properties (Figure 1). The presence of 
these microbial populations appears as one of the 
important grounds for the spoilage associated with 
milk, meat, and their products. Control of these popula-
tions is therefore something that is of supreme impor-
tance. In addition to microbial spoilage, autolytic 
enzymatic spoilage and lipid oxidation also cause detri-
mental effects on the quality of meat and meat products 
(Dave and Ghaly 2011). The common methods 
employed in controlling the spoilage in meat and meat 
products are low temperature storage and chemical 
techniques. While in the case of milk and dairy products 
the common method of preservation includes high 

temperatures treatments such as Ultra High 
Temperature (UHT), High Temperature Short Time 
(HTST), Low Temperature Long Time (LTLT) etc, 
nisin addition and microfiltration (Lu and Wang 
2017). Even though methods are effective to an extent, 
certain limitations such as high cost of operation, relia-
bility, average shelf life, and less durability is associated 
with them. These limitations recommend the applica-
tion of novel and emerging technologies in endorsing 
the quality and safety of meat and milk without entailing 
any safety concerns. This prerequisite undoes the appli-
cation possibility of ozone on extending the shelf life of 
meat, milk and their products.

The application of ozone in the food industry has 
gained interest because of its high oxidizing power and 
superior antimicrobial activity. The extended consump-
tion pattern of consumer ranging from fresh foods to 
processed food stuffs with minimum shelf-life guarantee 
increases the potential of ozone usage. Ozone was regis-
tered as Generally Recognized as Safe (GRAS) chemical 
in 1997 and thereby subsequently classified into a food 
additive by US FDA in 2001. It is a powerful disinfectant 
and a strong sanitizer, which leaves no toxic residues on 
food or processing equipment such as other chlorine- 

Figure 1. Flowchart depicting the contamination possibility in (a) meat and (b) milk.
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based chemicals making it a greener environment 
friendly technology. Currently, ozone has found its rele-
vance in the food industry as a disinfectant and an 
antimicrobial agent with proven efficacy against micro-
bial populations. The ease of usage, higher efficacy, and 
on-site generation with a comparatively lower cost make 
the technology an easy alternative to many conventional 
as well as novel applied technologies. The on-site pro-
duction of ozone also eliminates the need for transpor-
tation, storage and other inventory issues. The 
application of ozone can follow direct or indirect 
method in gaseous or aqueous forms (Figure 2). As 
ozone solubility increases with decrease in temperature 
and pH, it also allows us to use ozone in meat and 

poultry processing facilities where cool, damp, and refri-
gerated conditions are to be maintained. In this context, 
the current study covers the possibility of ozone applica-
tion in meat and milk industry, effectiveness of the 
technology on controlling spoilage as well as maintain-
ing the final quality of food matrix.

Methodology

The articles used to prepare the present paper were 
collected from internet sources. More than 80 research 
articles were collected out of which recent articles that 
were published after the year 2008 were shortlisted. 

Figure 2. Schematic diagram for ozone treatment setup for meat and dairy products.

Figure 3. Bacterial inactivation by ozone.
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However, the articles published before 2008 were also 
considered to explain the mode of action of ozone on 
microorganism. The collection of articles was done 
through google scholar, PubMed and science direct by 
using key words such as ozone application, dairy pro-
ducts, ozone in meat, ozone and food safety etc. The 
collected articles were studied, and the results were 
systematically arranged and critically analyzed in the 
review format.

Mechanism behind the microbial inactivation by 
ozone

Ozone is formed when an oxygen-free radical combines 
with an oxygen molecule to form triatomic oxygen. The 
ozone molecule thus formed is highly unstable in both 
gaseous and aqueous phase. This structural instability 
causes the ozone to later decompose into various reac-
tive oxygen specious (RoS) such as oxygen free radical 
(O−), O3

−, HO2
−, O2

− etc. (Figure 3). This decomposi-
tion occurs in three stages; the first stage or the initiation 
stage is where the free radicals are generated. The second 
stage is the promotion stage where ozone reacts with 
various promoters such as primary alcohols, aryl groups 
etc. to regenerate superoxide and hydroperoxide radi-
cals. The final stage is the inhibition step, which occurs 
when the free radicals react with carbonates, bicarbonate 
etc. where no regeneration of RoS occurs. Ozone is 
a broad spectrum antimicrobial agent with proven effi-
cacy against bacteria, virus, protozoa, fungi, and endo-
spores (Jin-Gab Kim, Dave, and DAVE 1999).This 
broad spectral antimicrobial effect of ozone is mainly 
due to the formation of this RoS, as they are capable of 
undergoing a verity of complex reactions with organic 
molecules. Ozone can react with S-H and C-H bonds in 

alkanes, alkenes, sulfhydryls (SH), amines etc. either 
directly or, indirectly by free radical chain reaction 
(Adachi 2001). When ozone comes in contact with the 
bacterial cell, the primary target of ozone will be the cell 
wall and cell membrane of the bacteria (Zhang et al. 
2011). As these structures are made of phospholipids, 
ozone will react with the polyunsaturated fatty acids 
present in the phospholipids and undergoes peroxida-
tion process resulting in the formation of ozonide, 
which later decomposes to lipid peroxides. This will 
alter the cell wall permeability and leads to the leakage 
of intercellular components. The progressive degrada-
tion will then lead to loss of cellular integrity followed by 
lysis, which corresponds to cell death. Even though 
ozone shows no difference on cell viability or deforma-
tion between gram positive and gram negative bacteria, 
ozone does demonstrate a higher damage and severity to 
gram positive species (Thanomsub et al. 2002). This 
difference is mainly due to the difference in the cell 
wall structure of gram positive and gram-negative bac-
teria. As the gram-positive bacteria have a thick layer of 
peptidoglycan, forming a rigid structure around the cell, 
the outer membrane of gram-negative bacteria is mainly 
lipoproteins and lipopolysaccharides with a thin layer of 
peptidoglycan. Another theory that is used to explain the 
bactericidal activity of ozone is that, ozone inactivate the 
microbes by attacking their genetic material(Hunt and 
Mariñas 1999). Even though the exact mechanism of 
DNA damage by ozone is not well known, it is suggested 
that the reaction of ozone with lipids present in the cell 
membrane leads to the production of secondary reactive 
species which later travel to the nuclei of the host cell, 
damaging its genetic material. The reaction of ozone 
with purenes and pyrimidines - the building blocks of 
DNA can result in the release of carbohydrates and 

Figure 4. Structure of bacterial endospore.
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phosphate ions. The studies have shown that ozone 
modifies pyrimidine bases with higher sensitivity to 
thymine than cytosine or uracil (Ito et al. 2005). 
Besides the chromosomal DNA, ozone can also react 
with cytoplasmic substances including the plasmid 
DNA of prokaryotes and can alter their structure 
(Asfahl and Savin 2012). In addition, ozone can also 
react with the R- group or the primary amine group of 
amino acids and alter the primary and secondary struc-
tures of protein and enzymes which are associated with 
cell metabolism (Cataldo 2003; Takamoto, Maeba, and 
Kamimura 1992). Ozone is found to inactivate a verity 
of cytosolic enzymes such as glyceraldehydes3- 
phosphate dehydrogenase and NAD-alcohol dehydro-
genase (Dizengremel et al. 2009; Iriti and Faoro 2008), 
alkaline phosphatase and β–galactosidase (Takamoto, 
Maeba, and Kamimura 1992), etc, leading to a fatal 
changes in cell cytology. Even though Catalase and 
Superoxide Dismutase had a protective role against oxi-
dative chemicals,1 ppm ozone as was powerful enough 
to inactivate Listeria monocytogenes cells within 5 min of 
exposure (Fisher et al. 2000).

Bacterial endospore is one of the most resistant life 
forms known to man. The high resistance property of 
the spores is mainly due to its well-structured multilayer 
morphology. The spore layer includes an outer most 
layer called the exosporium, followed by spore coat, 
outer membrane, cortex, germ cell wall, inner mem-
brane, and the spore core (Figure 4). Spore coat com-
prises about 80% of spore protein and helps the cell from 
the action of lytic enzymes, predative protozoan’s, UV 
radiation and detoxifying oxidative chemicals(Driks 
1999; Riesenman and Nicholson 2000; Setlow 2006). 
Spores with damaged spore coat were found to be 
more highly susceptible to ozone, than spores with intact 
spore coat (Young and Setlow 2004). When ozone 
comes in contact with the spore, it reacts with the 
lipoproteins and polysaccharides present in the spore 
coat causing heavy disruption and shrinkage of spores 
(Khadre and E. 2001; Wanqing Ding et al. 2019). In 
addition, the ozone can later penetrate in to the spore 
core, and affect the α/β – type small, acid soluble spore 
protein (α/β – SASP), which protect spore from damage 
by many genotoxic chemicals by binding to spore DNA. 
Though ozone does not kill spores by DNA damage, 
mutated spores which lack SASP were found signifi-
cantly sensitive to ozone than wild types (Young and 
Setlow 2004). Recombinational repair is the process by 
which spores repair their damaged DNA. RecA is an 
important protein in this type of repair. Chemicals 
which inactivate spores by DNA damage is found to be 
more efficient on killing spores which lack RecA- depen-
dent DNA repair. Studies have shown no significant 

difference in ozone sensitivity for spores that lack 
RecA- dependent DNA repair and wild types. The 
study also did not identify any mutations to the treated 
and untreated spore DNA (Young and Setlow 2004). 
Studies using real-time qPCR have shown that nearly 
one fourth of spore DNA remained unaltered even after 
exposure to high ozone concentration (Wanqing Ding 
et al. 2019). All of these lead to a conclusion that ozone 
doesn’t kill spores by DNA damage. Even though anti- 
oxidant enzymes such as superoxide dismutase, catalase 
and reductase are found in bacterial spores no effect of 
these enzymes were reported on spore resistance against 
oxidizing agents as they are inactive within dormant 
spores (Casillas-Martinez and Setlow 1997).

Application of ozone in milk industry

Dairy industry is one of the most rapidly developing 
industries in both large and small scale. Ozone is used 
in the dairy industry for a verity of purposes such as 
surface decontamination, remove soil from processing 
surfaces, to ensure microbial safety etc. Heacox (2014) 
recently filed a patent for the method in which ozone at 
low concentrations (0.04–1.2 ppm) was used to disinfect 
dairy equipment and other infrastructure. As the dairy 
industry usually employs a hot water and chemical wash 
for this purpose, the above method decreased the che-
mical usage and almost completely eliminated the hot 
water cost on cleaning in dairy industry. Ozone was also 
used in dairy farms to treat bovine mastitis, with 60% 
recovery on infected cows without antibiotic adminis-
tration (Ogata and Nagahata 2000). Ozone can also be 
used as a pre-treatment of fluid milk before pasteuriza-
tion to maintain its shelf life (Varga; and Szigeti 2016). 
In this section, we focus on the application of ozone on 
ensuring microbial safety in the dairy industry (Table 1).

A present study has used ozone in inactivating 
Listeria monocytogenes in fluid milk (Sheelamary; and 
Muthukumar 2011). In the study, fluid milk was treated 
with 0.2 g/L of ozone for 5, 10, and 15 min, with a com-
plete inactivation of L. monocytogenes achieved at the 
end of 15 min. A similar study was conducted by 
Munhõs et al. (2019) where ozone was used to inactivate 
Pseudomonas aeruginosa on skimmed and whole milk. 
As Pseudomonas is a psychotropic organism, it can 
survive under refrigerated conditions in milk and com-
promise the food safety. The study showed that ozona-
tion of fluid milk at 28 mg/L for 5 min could reduce the 
P. aeruginosa count by 1 log. The microbial inactivation 
was found to be time dependent, and an increase in 
treatment time to 10 and 15 min significantly enhanced 
the microbial inactivation by ozone. Interestingly, the 
inactivation of Pseudomonas was more pronounced in 
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Table 1. Effect of ozone on microbial populations of different dairy products.
Targeted 
samples Targeted organism Ozone parameters Observations References

Fluid milk Listeria monocytogenes Concentration: 
2 g/L 
Time: 0,5,10 
and 15 min

A complete in activation of Listeria was observed 
with a slight change in nutritional composition 
(carbohydrate and proteins) at the end of 15 min.

(Sheelamary; 
and 

Muthukumar 
2011)

Whole and 
skim milk

Pseudomonas aeruginosa Concentration: 
28 mg/L 
Time: 5,10 and 
15 min

The inactivation was found to be depended on time 
and composition milk dependent

(Munhõs 
et al. 2019)

Whole and 
skim milk

Staphylococcus aureus Concentration: 
34.7 mg/L and 
44.8 mg/L 
Time: 
5,10,15,20,and 
25 min

At 5 min there was no reduction in microbial load, 
but for treatment time above 5 min there was 
a steady decrease in log count. The ozone efficacy 
was also found to be dependent on fat content

(Couto et al. 
2016)

Raw milk Total mesophilic aerobic bacteria (TMA), 
psychrotrophic bacteria, Staphylococcus sp., 
Enterobacteriaceae, Salmonella sp. and yeasts 
and molds.

Concentration: 
1.5 mg/L 
Time: 5, 10 and 
15 min 
Gaseous ozone 
were bubbled.

Even though there was no microbial reduction after 
first 5 min of treatment, a 0.4–1.0 log reduction of 
microbial count was observed after15 min of 
ozone bubbling

(M. 
Cavalcante 
et al., 
2013b)

Raw milk Coliform, and Staphylococcusaureus Concentration:0.5 
ppm 
Time: 5, 10 an 
d 15

The study found that ozone treatment at 0.5 ppm for 
5, 10 an d 15 min is not sufficient to achieve roper 
shelf life and quality of raw milk

(Khudhir and 
Mahmood 
2017)

Raw milk Total bacterial count, yeast and molds, 
enterobacteriacae, psychrotrophes, S. aureus, 
Bacillus cerues, E. coli, S. typhimurium and Sh. 
Flexneri

Concentration: 
400 mg/h 
Time: 
0,5,10,15,20,25 
and 30 min

The ozone treatment for 20 min at 400 mg/h was 
found to be significantly improve the microbial 
quality of milk.

(Younis et al. 
2019)

Raw milk Total bacterial count Concentration: 
0.5 g/L 
Time: 5, 15 and 
30 min

Ozone treatment was found to be an alternative for 
conventional thermal processing

(Azhar and 
ALmosowy 
2020)

Yogurt and 
cheese brine

Total mesophilic count, coliforms, molds and 
yeasts, staphylococci, enterococci and lactic 
acid bacteria

Concentration: 
2.5–3 ppm 
Time: 0, 10, 20 
and 30 seconds 
for yogurt 
0, 10, 20 and 
30 min for 
brine solution

Ozone flushing for 30s significantly increased the 
shelf-life of the yogurt. 
The protein content in cheese brine interfered 
with the ozone and decreased it antimicrobial 
efficiency.

(Alexopoulos 
et al. 2017)

Cheese brine Total viable count, microstaphylococci, yeasts Concentration: 
0.20, 0.40 and 
2.0 mg/L 
Time: 30 and 
60 min

The microbial inactivation by ozone were time and 
concentration depended, the application of 
0.40 mg/L of ozone for a prolonged period of 
240 min were able to reduce the Total microbial 
count >2 log CFU/ml and yeast > 1 log CFU/ml.

`(Marilena 
Marino 
et al. 2015)

Cheese Total bacterial count, coliform and yeast and 
mold

Concentration: 0.5 
ppm 
Time: 10, 15 
and 20 min

Ozone treatment for 20 min was able to reduce the 
microbial count in soft cheese by 6 log cycles

(Zinasaab 
Khudhir 
and Mahdi 
2017)

Cheese Pseudomonas spp., Lactic acid bacteria, E. coli 
and coliforms

Concentration: 2, 
10, 20 an 
d30 mg/L 
Time: 30 and 
60 min

The results showed that ozone treatment cannot be 
used to recover the product which is already 
contaminated with microbial load, but is effective 
in reducing the contamination in treatment water 
which intern could help in increasing the product 
shelf life

(Segat et al. 
2014)

Italian Cheese L. monocytogenes Concentration: 4 
ppm 
Time: 8 min

L. monocytogenes counts were brought down from 
103 CFU/g to 10 CFU/g

(Morandi 
et al. 2009)

Brazilan Cheese 
(Minas 
Frescal)

Lactic acid bacteria, 
Yeast and mold, 
Total mesophilic count

Concentration: 
3 mg/L 
Time: 1–2 min

Approximately 2 log reduction were observed (D. 
Cavalcante 
et al. 
2013a)

Butter Coliform, Salmonella, Staphylococci, Yeast 
andmould, Lactobacillus, Streptococcus.

Concentration: 
3.5 g/h 
Time: 5, 15, 30 
and 60 min

Ozone was successful in inactivation all tested micro 
organism

(Durmuş Sert, 
Mercan, 
and Kara 
2020)

(Continued)
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skimmed milk than whole milk. This was due to the 
difference in milk composition, as they can directly 
react with ozone, affecting its efficiency. A similar 
study was also conducted by Couto et al. (2016) on 
Staphylococcus aureus. The study was done to evaluate 
the efficacy of ozone inactivation of S. aureus in whole 
and skimmed milk (fat content >3.0% and <0.6%, 
respectively). When an ozone concentration of 
34.7 mg/L and 44.8 mg/L was used in the time interval 
of 5 to 25 min, a log reduction of 0.42 was observed for 
skimmed milk at the end of 25 min. Whereas, a lower 
inactivation efficacy of 0.19 and 0.21 log reductions was 
observed for concentrations of 34.7 mg/L and 44.8 mg/L, 
respectively, in whole milk. This observation was due to 
the interference of milk fat with ozone. Cavalcante et al. 
(2013b) evaluated the effect of gaseous ozone bubbling 
on raw milk with a slightly modified method, where 
tween was initially added to the raw milk to improve 
the contact with ozone. Ozone was later bubbled to raw 
milk for 5, 10, and 15 min at a concentration of 0.5 mg/ 
L. This was followed by microbial analysis for total 
mesophilic aerobic bacteria (TMA), psychrotrophic bac-
teria, Staphylococcus sp., Enterobacteriaceae, Salmonella 
sp. and yeasts and molds. Even though there was no 
significant reduction for the first 5 min of ozone treat-
ment, there were a 0.60, 0.13, 1.02, 0.96, and 0.48 log of 
bacterial reduction for TMA, psychrotrophic bacteria, 
Staphylococcus sp., Enterobacteriaceae, and yeast and 
molds respectively after 15 min of ozone exposure. 
Another study by Khudhir and Mahmood (2017) eval-
uated the effect of ozone treatment on the microbial 
quality of milk collected from various markets in 
Baghdad. The study found the prevalence of coliforms 
in 100% of the collected milk and almost 60% of the milk 
samples were contaminated by Staphylococusaereus. The 
samples were then treated with ozone at 0.5 ppm for 10, 
15 and 20 min followed by evaluation of ozone efficacy 
after storing in refrigeration and ambient temperature 

for 1 day. The study showed that storage temperature 
plays a significant role in the keeping quality of milk, as 
a reduction from 8.8 CFU/ml to 3.8 CFU/ml and 5.2 log 
CFU/ml to 2.1 CFU/ml were observed for Total aerobic 
bacteria and S. aureus, respectively, after 24 h of storage 
at 30 °C. Whereas for the milk samples stored at 4 °C, 
a final log CFU/ml of 2.9 and 1.8 were respectively 
recorded. A recent study have compared the effect of 
ozone treatment with pasteurization (72 °C for 15 s) and 
concluded ozonation treatment to be a possible substi-
tute to conventional thermal treatments (Younis, Fayed, 
Elbatawy, & Elsisi, 2019). In the study, ozone was 
bubbled at a concentration of 400 mg/h, and the micro-
bial qualities were evaluated for S. aureus, Bacillus cer-
ues, E. coli, S. typhimurium and Sh. Flexneri.For 
pathogens such as E. coli and S. typhimurium, 
a microbial reduction below 1 log CFU was observed 
within 20 min of ozone treatment. S. flexneri was the 
most resistant pathogen to ozone treatment, as 
a reduction below 1 log was observed only at 30 min of 
exposure. A significant reduction in Total bacterial 
count, yeast, and molds, Enterobacteriacae and psychro-
trophes count as compared to heat treatment was also 
reported by the study. Ozone treatment at 0.5 g/h for 
30 min was also found to be a suitable alternative for 
pasteurization at 63 °C for 30 min (Azhar and 
ALmosowy 2020). The substantial reduction in psychro-
trophic and mesopilic bacterial count was also reported 
by Mohammadi et al. (2017), where ~1 log reduction in 
microbial counts were obtained within 10 min of ozona-
tion (80 mg/min). The study also showed that ozone 
treatment for 5 min can significantly reduce the afla-
toxin M1 (AFM1) content in milk by 50%.

Researchers have also attempted to apply ozone to 
other processed dairy products such as yogurt, cheese, 
butter, and milk powders. Alexopoulos et al. (2017) used 
a filtered air stream of ozone at 2.5–3 ppm concentration 
to inactivate surface molds on packed yogurt. The cups 

Table 1. (Continued).
Targeted 
samples Targeted organism Ozone parameters Observations References

Butter Coliform, Salmonella, Staphylococci, Yeast 
andmould, Lactobacillus, Streptococcus.

Concentration: 
0.15, 0.20, 0.25, 
and 0.30 mg/L

Ozone was successful in inactivation all tested micro 
organism

(Durmus¸ 
Sert and 
Mercan 
2020)

Milk powder Cronobacter Concentration: 2.8 
and 5.3 mg/L 
Time: 120 min

Ozone were successful in inactivating the selected 
microorganism with causing significant lipid 
oxidation, though the fat content of the milk 
played a major role in determining ozone efficacy

(Emrah Torlak 
and Sert 
2013)

Milk 
concentrate 
an whey 
protein 
cincentrates

Coliforms, Enterobacteriacaea, Staphylococi, 
yeast and mold

Concentration 
3.5 g/L 
Time: 0, 5, 10, 
15, 30, and 
60 min

Inactivation of microbes ranged from 0.6–1 log CFU/ 
ml

(Sert and 
Mercan 
2021)
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were analyzed for visual spoilage up to 90 days. Visual 
spoilage of the control samples was observed from day 
30, whereas for samples ozonated for 60 s, the spoilage 
was first observed at day 45. All samples treated with 
ozone lasted longer than the control samples with 
a delay in spoilage of 5 days as compared to the control. 
This study also analyzed the effect of ozonation of brine 
solution used in the ripening of feta cheese, a special 
type of cheese produced by fermenting goat and sheep 
milk. But due to the high organic content in the cheese 
brine, the ozone was inactivated in the initial stages of 
application and has not shown any significant difference 
from control. The feasibility of using ozone for micro-
bial inactivation of used brine was also evaluate by 
Marilena Marino et al. (2015). The brine samples were 
treated with 0.20, 0.40, and 2.0 mg/L of ozone for 30 and 
60 min. Though the lower concentrations treatments of 
0.20 and 0.40 for 30 min were not sufficient to give 
a significant decrease in the microbial load and prolong-
ing the exposure time give a significantly higher inacti-
vation for all microbial groups. Increasing the ozone 
treatment and time to 2.0 mg/L for 60 min gave a sig-
nificant reduction in microbial count, as there were 
a 4.61, 3.37 and 2.70 log CFU/mL reduction, respec-
tively, for Total bacterial counts, microstaphylococci, 
and yeast and mold counts. Ozone was also used for 
the inactivation of coliforms, yeast and molds in soft 
cheese (Zinasaab Khudhir and Mahdi 2017). Bubbling of 
0.5 ppm ozone for 20 min gave a 6 log reduction in the 
total bacterial count. There was a reduction in coliform 
counts from 7.8 log CFU/g to 2.6 CFU/g for cheese 
stored at 4 °C, and the yeast and mold counts were 
reduced to a non-detectable level. Segat et al. (2014) 
used ozone as an anti-microbial agent at various produc-
tion stage of mozzarella cheese. As the major source of 
microbial contamination in cheese processing occurs 
from the cooling water and the preservation liquid, 
experiments were conducted to evaluate the ozone effi-
cacy in these processing steps. In the initial experiment, 
cheese was packed in ozonated water (2 mg/L) and 
stored for 21 days. The microbial analysis showed no 
significant difference for both treated and untreated 
samples due to the presence of high organic content. 
Similar data were also obtained when aqueous ozone (2, 
5 and 10 mg/L) was used to cool the curd during cheese 
processing. Furthermore, the treatment of processed 
cheese with gaseous ozone (10, 20, and 30 mg/m3) was 
also not suitable to inactivate the microorganism. 
However, ozone treatment reduced the cross contami-
nation of product from treatment water which intern 
could help in increasing the product shelf life. Ozone 
treatment of raw cream at 3.5 g/h of ozone in decreasing 
the microbial load in butter was studied by Sert, Mercan, 

and Kara (2020). Ozonation of cream for 15 min 
decreased the Salmonella and yeast and mold counts in 
butter to an undetectable level. A complete inactivation 
of coliforms was observed at 30 min of ozonation. At 
prolonged exposure above 60 min, ozone decreased the 
staphylococci count from 5.01 log to 3.0 log, and log 
reduction of 5.3 to 1.4 and 5.6 to 2.1 log units, respec-
tively, for lactobacillus and streptococcus were also 
observed. The effects of churning butter at different 
ozone concentrations were analyzed for its microbial 
quality (Durmus¸ Sert and Mercan 2020). The study 
showed that the butter produced by churning in ozo-
nated water decreased the microbial count ranging from 
0.07 to 1.56 log depending on the concentration used. 
Ozone was also successful in inactivating Cronobacter in 
milk powder (Emrah Torlak and Sert 2013). Whole milk 
and skimmed milk powders were individually exposed 
to ozone concentrations at 2.8 and 5.3 mg/L for 120 min. 
Even though ozone inactivated the Cronobacter in milk 
powder, there was a significant difference by 1 log 
between skimmed milk powder and whole milk powder. 
The Cronobacter count were reduced from 6 log to 2.71 
and 3.28 log respectively for skim milk and whole milk 
powder respectively after 120 min of ozonation at 
5.3 mg/L. The results suggested gaseous ozone to be an 
effective microbial reduction technique for milk pow-
ders. Exposure of milk and whey concentrates contami-
nated by aflatoxin (AFM1) to ozone concentrations of 
3.5 g/L for 60 min decreased the aflatoxin content by 
18.9% and 9.9%, respectively (Sert and Mercan 2021). 
A complete inactivation of staphylococci and yeast and 
mold were also observed for whey protein isolates at the 
end of 60 min ozone treatment.

Effect of ozone treatment on milk products 
quality

Ozone is a powerful oxidizing agent and, when comes in 
contact with protein, it can affect the peptide back bone, 
cause bond cleavage and modification of amino acid side 
chain. This reaction can later alter the functional proper-
ties of proteins such as foaming and emulsifying ability. 
Uzun et al. (2012) studied the effect of ozone treatment 
on the functional properties such as emulsifying proper-
ties, solubility, and foaming properties of whey protein 
isolates (WPI). When WPI was treated with 4.5 ppm 
ozone in aqueous medium, there was an oxidation in the 
amino acid side chain, which altered the protein struc-
ture. This leads to an increase in local flexibility or 
rigidity in protein chain causing a significant change in 
foaming properties of WPI. An increase in foam volume 
by 2.25 times and foam stability by 15 times as compared 
to the control samples were reported after the ozone 

8 A. C. KHANASHYAM ET AL.



treatment. This study also analyzed the effects of ozone 
treatments on protein solubility, as solubility can be 
a direct measurement of the protein denaturation. The 
result revealed that the method used for ozonation can 
significantly affect the protein solubility, as the decrease 
in solubility by gaseous (60 g/h) and aqueous ozone was 
18.85% and 16.50%, respectively. The study also mea-
sured the emulsifying properties of treated and 
untreated samples in terms of emulsion stability index 
(ESI) and emulsifying activity index (EAI). Even though 
there was no significant difference between treated and 
untreated samples in terms of EAI, there was 
a significant decrease in ESI of ozone-treated samples. 
Changes in the functional properties of WPI after expo-
sure to high concentration of ozone (20000 mg/m3) was 
studied by Annalisa Annalisa Segat et al. (2014). The 
study analyzed the functional properties such as hydro-
phobicity, free sulfhydryl (SH) content, solubility, and 
foaming properties of WPI after 30–480 min of ozone 
treatment. The FTIR analysis from the study showed 
a significant increase in the α-helix structure of proteins. 
Moreover, there was also decreased in the free SH 
groups during the ozone exposure, both of which 
resulted in an increased surface hydrophobicity. This 
increased hydrophobicity directly affected the solubility 
value of the WPI and decreased the solubility value as 
a function of ozone treatment. As ozone treatment lead 
to more flexible protein structures, the foaming proper-
ties of WPI were increased after ozone treatment. Both 
the foaming capacity and foam stability were signifi-
cantly increased after ozonation.

Milk and whey protein concentrates were analyzed 
for its textural properties after a 60 min exposure to 
3.5 g/L ozone by Sert and Mercan (2021). The study 
found that ozone treatment significantly decreases 
the firmness and consistency values of the product. 
The particle size analysis showed an increase in par-
ticle diameter, which was suggested due to the aggre-
gation of milk proteins. The aggregation occurs as 
a result of destabilization of protein structure by 
ozone. This destabilization causes unfolding or poly-
merization leading to protein–protein interaction. 
The viscosity character of the milk and whey isolates 
were significantly affected by ozone, as in the case of 
milk concentrate there was an increase in viscosity 
index whereas for whey isolates the viscosity index 
decreased. This increase in milk concentrate viscosity 
by ozone can be put to use in the production of dairy 
powders as viscosity because the viscosity of the 
concentrates affects the powder particle size by 
spray drying. Additionally, due to the carotenoid 
degradation after ozone treatment, an increase in 
lightness (L*) and a decrease in the yellowness of 

the product was also observed. Similarly, 
a decreased firmness and increased lightness values 
were also observed in butter when ozonated water 
were used to churn cream (Durmus¸ Sert and 
Mercan 2020). There was also a significant reduction 
in particle size, which resulted in decreased spread-
ability. Due to the high oxidation potential of ozone 
on milk fat, the oxidative stability of the butter 
churned with the ozonated water was also analyzed 
in the study. The study revealed that the oxidative 
stability of butter decreased with increasing ozone 
concentration and about 38% decrease in oxidative 
stability were observed when the butter was churned 
with 0.30 mg/L ozone. Durmuş Sert, Mercan, and 
Kara (2020) studied the effect of ozonation of 
cream before churning on their color, texture, and 
particle size. The results showed an increase in fat 
particle size in cream after ozonation, which was 
suggested to be due to partial coalescence or aggrega-
tion of milk fat. This in turn increased the firmness 
and consistency values of ozone-treated cream. 
Ozone treatment also decreased churning time of 
cream resulting in larger particle size in butter. 
A decrease in the oxidative stability of butter was 
also reported after ozone treatment. The lipid oxida-
tion of whole and skimmed milk powder were ana-
lyzed by thiobarbituric acid reactive substances 
(TBARS) assay by Emrah Torlak and Sert (2013). 
The milk powders were treated with ozone for 
2.8 mg/L and 5.3 mg/L for 30, 60, 90 and 120 min. 
In the case of skim milk powder, the TBARS values 
remained relatively constant, and even though non- 
significant, there was a slight increase in the TBARS 
values for whole milk powder, indicating a lower 
oxidative stability. In contrast, ozone treatment did 
not have any significant effect on the oxidative stabi-
lity of cheese (Segat et al. 2014). There was no sig-
nificant difference between control and treated 
samples in terms of peroxide value or TBARS values 
even after treating the cheese with 30 mg/m3 of 
ozone for 2, 5 or 10 min. Application of gaseous 
ozone (2.5–3 ppm) has found to have no significant 
effect on sensory characters such as flavor, texture, 
color, and overall acceptability of yogurt. Whereas, 
exposure of ozone for 60 min significantly rescued 
the overall acceptability of feta cheese (Alexopoulos 
et al. 2017).

Ozone treatment has found to significantly reduce the 
β-carotene content of the milk (Hesam Mohammadi 
et al. 2017). The carotenoid content decreased from 
5.11 ppm to 2.58 ppm within 10 min of ozone exposure 
at 80 mg/min. This resulted in a significant increase in 
the lightness value and decreased the yellowness of milk. 
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There was also an increase in peroxide value and 
TOTOX value with respect to the exposure time, indi-
cating an increase in oxidation products in milk.

Application of ozone in the meat industry

The spoilage of meat and meat products is asso-
ciated majorly with the activity of microorganisms 
and its own enzymes to a certain extent. Ozone is 
found to have a positive hand on controlling the 

microbial populations that were present internally 
or added to the system viva poor handling and 
processing steps. The effect of ozone is not only 
limited to fresh carcass but also to the processed 
set of meat and meat products. Among the different 
meat products involved in market, chicken meat is 
having utmost importance with regard to their con-
sumption rate, utilization matrix and spoilage 
degree. The effectiveness of ozone in the preserva-
tion of chilled chicken breasts studied by Dahshan, 

Table 2. Effect of ozone on microbial populations of different meat products.
Food 
matrix Targeted organism Treatment conditions Observations References

Raw 
chicken

L. monocytogenes Ozone level- 33 mg/min 
Exposure time – 1 to 9 min

Specific dose of 33 mg/min for 9 min in gaseous phase 
could was effective in incapacitating 2 × 106 CFU/g of 
L. monocytogenes on chicken samples

(Muthukumar and 
Muthuchamy 
2013)

Beef E. coli and total aerobic 
mesophilic heterotrophic 
microorganism

Ozone level- 154 × 10−6 kg m3 

Exposure time – 3 h & 24 h 
Temperature – 0°C & 4°C

Specific dose at 0°C for 24-h, abridged a decrease of 0.7 
and 2.0 log10 cycles in E. coli and total aerobic 
mesophilic heterotrophic microorganism counts. 
Shorter exposure times (3 h) at both temperatures 
reduced 0.6–1.0 log10 cycles and 0.5 log10 cycles the 
counts of E.coli and latter microbial populations.

(Cárdenas et al. 
2011)

Chicken 
fillets

Aerobic mesophilic bacteria Ozone levels – 0.21 and 0.38 mg/l 
Exposure time – 40, 80, and 
120 min 
Temperature – 3, 26, and 37 °C

0.38 mg/l ozone concentration for 120 minutes at 3°C 
reduced the aerobic mesophilic bacteria by 1 unit log 
CFU/g. Ozone concentrations of 0.21 and 0.38 were 
able to disinfect total aerobic mesophilic bacteria of 
0.42 and 0.89 log CFU/g respectively

(Karamah and 
Wajdi 2018)

Chilled 
chicken 
breasts

Total aerobic bacterial count, 
coliforms, and total mold

Ozone levels – 40, 60 & 70ppm 
Exposure time – 20 min

Reduction of total aerobic bacterial count, coliforms, and 
total mold counts with a prolonged the shelf life of 
more than 9 days.

(EL-Dahshan, 
Hafez, T. A., 
and Ghayaty, 
H. A 2013)

Chicken 
and 
duck 
breast 
meat

Coliform, aerobic and 
anaerobic bacteria

Ozone level- 10 × 10−6 kg O3/m3/ 
h (4 ± 1 °C) 
Exposure time – 4 days

Reduction in growth of coliform, aerobic and anaerobic 
bacteria in both chicken and duck breast

(Muhlisin et al. 
2016)

Pork L. monocytogenes Pre-treated with volume ratios of 
potassium lactate and ozone 
and stored at 8 °C for 15 days 
Ozone levels: 200, 500 and 
1,000 mg/h

L. monocytogenes were sensitive to high concentrations 
of KL and ozone.

(Piachin and 
Trachoo 2011)

Chicken 
legs

Pseudomonas spp.,LAB, 
Yeasts and molds

Combined effect of ozonation 
and vacuum packaging on 
shelf-life extension 
Ozone levels: 2, 5, & 10 mg/L

Higher ozone dosages were more effective in controlling 
the microbial populations.

(Gertzou et al. 
2017)

Chicken 
meat 
fillets

Total aerobic mesophilic 
bacteria and LAB

Ozone levels – 0.4, 0.6 & 0.72 
ppm 
Exposure time −10, 30, 60 & 
120 min 
Followed by freeze drying of 
samples.

Treatment blends promoted the shelf life up to 
8 months, while lyophilization exhibited only 4-month 
shelf life. Ozone treatment of 0.6 ppm for 10 min 
showed better results in combination treatments

(Cantalejo, 
Zouaghi, and 
Pérez-Arnedo 
2016)

Beef 
samples

E. coli and aerobic bacteria Ozone levels – 12ppm 
Exposure time – 90 s of spray 
every 30 min for 12 h

Aqueous ozone spray chill reduction of E. coli and 
aerobic bacteria was 1.46 log and 0.99 log on surfaces 
of fresh beef compared to water spray chill which was 
not effective in case of aerobic bacteria.

(Kalchayanand, 
Worlie, and 
Wheeler 2019)

Chicken 
breasts

Salmonellae Ozone level – 2000 ppm (Storage 
under 70% CO2:30% N2 at 7 °C) 
Exposure time – 30 min

Gaseous ozone reduced the counts of salmonellae by 
97% and pseudomonads by 95%, but indigenous 
coliforms were unaffected.

(Al-Haddad, Al- 
Qassemi, and 
Robinson 2005)

Turkey 
breast 
meat

Total aerobic mesophilic 
bacteria

Ozone level: 1 × 10−2 kg m−3 

Exposure time: 2 h, 4 h, 6 h and 
8 h

1.5–3.0 log reductions in TAMB counts were obtained 
whereas reductions of 0.9–1.9 log were determined 
for yeast-mold. Prolonging ozone treatment increased 
the microbial inactivation up to 3 log reductions.

(Ayranci et al. 
2020)

Beef Escherichia coli, Salmonella 
Typhimurium, coliforms 
and total aerobic plate 
counts

Pre-treated with 1% ozonated 
water for 7 min and 15 min

15 min treatment reduced the populations of Escherichia 
coli, Salmonella Typhimurium, coliforms and total 
aerobic plate counts whereas 7 min treatment was 
effective only in case of certain populations

(Stivarius et al. 
2002)
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Hafez, T. A., and Ghayaty, H. A (2013) promoted 
the use of ozone in controlling microbial popula-
tions in chicken. The study states that the treatment 
of chicken breasts with different degree of ozone 
exposures was successful in controlling the aerobic 
plate count, coliforms, and total mold count for 
a period of more than 9 days. Raw poultry is con-
sidered to be a common source of Listeria mono-
cytogenes in chicken plants due to poor handling 
protocols. Controlling this potential threat found 
in ready to eat processed meat and poultry products 
as well as cooked meats using ozone technology was 
premeditated by Muthukumar and Muthuchamy 
(2013). The study set forth the use of gaseous 
phase application of ozone in raw chicken samples 
before they reach the consumer chain. Ozonation 
exposure time was found to be specific in control-
ling the microbial populations in these raw chicken 
samples. Similar observations were obtained in ana-
lyzing the effectiveness of ozone in controlling the 
total aerobic and anaerobic bacterial counts in 
chicken and duck meat (Muhlisin et al. 2016). The 
study divulges the fact that the ozone treatment was 
effective in diminishing the population of coliforms 
in chicken and duck meat and also exposing ozone 
at certain concentrations has effect on harmful 
pathogens such as E. coli. The possibility of using 
ozone as a replacement of chlorine in sanitizing the 
chicken carcass before processing techniques was 
studied by Trindade. Ozone can be used for disin-
fecting chicken carcass in immersion chilling, which 
was effective in controlling the populations of sal-
monella, staphylococci, E. coli and total coliform 
counts. This indicates the use of ozone as an alter-
native or substitute for chlorine in poultry slaughter 
houses. Effectiveness of ozone treatment can be cor-
related with the exposure time and temperature of 
system. Increase in the number of disinfected bac-
teria was observed with longer contact duration and 
lower temperatures (Karamah and Wajdi 2018). But 
increase in contact duration may have a detrimental 
effect on the final quality of the product which 
needs to be closely examined. The selection of 
proper and suitable time and temperature combina-
tions is something that should be given utmost 
importance. Microbial efficacy is positively influ-
enced by low temperatures and high period of expo-
sure (Cárdenas et al. 2011). The microbial 
disinfection of chicken and beef was reported to be 
effective at this particular condition of temperature 
and time (Cárdenas et al. 2011; Muhlisin et al. 
2016). The optimization of the treatment should be 
done to obtain proper degree of treatment for 

particular item which maintains overall quality and 
safety of the product. The effectiveness of this treat-
ment shows a similar trend in the case of products 
derived from meat. The microbial populations iso-
lated from spoiled chicken rolls was found to be 
reduced during an exposure levels of 1 to 4 hin 
total (Naito and Takahara 2006).

The contribution of ozone in long-term stability of 
meat and meat products is an area that needs equal 
importance as fresh and processed products (Table 2). 
The combination of ozone with several technologies was 
found to be effective in controlling the microbial popu-
lations and thereby increasing the shelf life of the pro-
duce. The effectiveness of employing freeze drying and 
ozone treatment as hurdles in developing a chicken pro-
duct from broiler chicken breasts was evaluated by 
Cantalejo, Zouaghi, and Pérez-Arnedo (2016). The com-
bination of ozone and lyophilization suggestively 
reduced the total aerobic mesophilic bacteria compared 
with those treated only with lyophilization. This fact 
may be attributed to the antimicrobial effects of ozone 
to destroy wide bacterial populations in food. The com-
bination of ozone treatments with other possible options 
was also found to be effective in increasing the shelf life 
of meat and meat products. The study also states the 
correlation between time and microbial count as there 
was a decreasing trend in mesophilic counts with the 
increase in ozonation time. Analogous to the effective-
ness of combination treatments, Lyu et al. (2016) studied 
the effectiveness of color stabilizing effect of CO and 
sterilization effect of ozone in the storage of beef. Alike 
to the reported results, the combination treatments 
showed better control on microbial populations. This 
set forth a new dimension of application in the case of 
meat and meat products eliminating the negatives of 
individual treatments in particular food product.

Effect of ozone treatment on meat products 
quality

The reported issues with ozone treatment are the 
effect of the treatment on the final product quality. 
EL-Dahshan, Hafez, T. A., and Ghayaty, 
H. A (2013), states that the product quality of 
chicken breasts was comparable with that of control 
samples and with extension of storage period the 
ozonated samples exhibited better quality para-
meters. Contrary to these results, the color of 
chicken and duck meat was found to be affected 
by the exposure of particular degree of ozone to 
fresh meat surfaces (Muhlisin et al. 2016). The red-
ness of the samples reduced significantly with the 
storage time and decline rate was higher in the case 
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of duck meat compared to chicken. Degradation of 
color parameter is allied with the oxidation of myo-
globin and oxymyoglobin with respect to the expo-
sures. The presence of these highly reactive oxygen 
species leads to the development of meta myoglobin 
which is depicted by lower redness. This emphasizes 
the importance of degree of ozonation on the qual-
ity of the products. Importance should be given on 
various factors like exposure degrees, period etc. in 
regulating the effectiveness of ozone application on 
meat and meat products. Lipid oxidation is one of 
the primary factors that reduces the quality of meat 
and meat products leading to discolorations which 
is highly problematic in customer point of view. 
Ozone is reported to have an effect on these lipid 
oxidations in certain cases leading to unfavorable 
conditions affecting the product quality. Muhlisin 

et al. (2016) studies the possibility of the influence 
of lipid oxidation in chicken and duck meat by 
exposing the meat to a particular flux of ozone 
concentration (10 × 10−6 kg O3/m3/h). The lipid 
oxidation was found to be affected by the presence 
of ozone treatment. The change in the parameter 
may possibly be correlated between high oxidizing 
power of ozone and characteristic lipid profile of 
chicken which is exalted in unsaturated fatty acids. 
The reduction activity of antioxidants such as cata-
lase and glutathione peroxidase present in meat was 
found to be a counting factor to high lipid oxidation 
rates in treated samples. Trindade also upholds the 
chance of problems related to high levels of liquid 
oxidation rates during the storage period of ozo-
nated chicken. But while comparing with chlorine 
which is widely used as a sanitizing agent in the 

Table 3. Effect of ozone on different quality parameters of meat and meat products.
Food 
matrix Treatment conditions Parameters Observations References

Beef Ozone level- 154 × 10−6 kg m3 

Exposure time – 3 h & 24 h 
Temperature – 0 °C & 4 °C

● Surface color
● Oxidative 

rancidity

Short exposure timing maintained the color and rancidity 
characteristics whereas 24 h exposures exhibited 
detrimental effect.

(Cárdenas et al. 
2011)

Chicken 
and 
duck 
breast 
meat

Ozone level- 10 × 10−6 kg O3/m3 /h (4 ± 1 °C) 
Exposure time – 4 days

● Color
● Lipid 

oxidation

Undesirable brown color in case of duck meat while 
chicken meat remaining unaffected. Influence on lipid 
oxidation rate was observed and antioxidant enzyme 
activity decline rates were observed.

(Muhlisin et al. 
2016)

Chilled 
chicken 
breasts

Ozone levels – 40, 60 & 70ppm 
Exposure time – 20 min

● Texture
● Color
● Odor

No negative effects on the quality parameters, but also 
prolonged retainment of attributes by more than 
9 days

(EL-Dahshan, 
Hafez, T. A., 
and Ghayaty, 
H. A 2013)

Chicken 
fillets

Ozone levels – 0.21 and 0.38 mg/l 
Exposure time – 40, 80, and 120 min 
Temperature – 3, 26, and 37 °C

● Protein
● Water 

content

Exhibited little effect on the protein and water content of 
samples.

(Karamah and 
Wajdi 2018)

Beef Pre-treated with 1% ozonated water for 7 min 
and 15 min

● Color
● Odor

Lightness in color was observed in treated samples but 
was not to unacceptable range. Lightness was more 
observed in case of 15 min exposure.

(Stivarius et al. 
2002)

Chicken 
meat 
fillets

Ozone levels – 0.4, 0.6 & 0.72 ppm 
Exposure time −10, 30, 60 & 120 min 
Followed by freeze drying of samples.

● Texture
● Color
● Rehydration 

ratio

Ozone treatment at 0.6 ppm for 10 min followed by 
lyophilization promoted the enhancement of quality 
parameters. 0.4 ppm ozone concentration had 
negative effect on increasing both the hardness and 
chewiness of chicken meat.

(Cantalejo, 
Zouaghi, and 
Pérez-Arnedo 
2016)

Chicken 
legs

Combined effect of ozonation and vacuum 
packaging on shelf-life extension 
Ozone levels: 2, 5, & 10 mg/L

● Color
● Sensory 

parameters

With increase in storage time, decline of sensory scores 
was observed but within the acceptable limits. 
Ozonation dosage also has a hand on the parameters.

(Gertzou et al. 
2017)

Turkey 
breast 
meat

Ozone level: 1 × 10−2 kg m−3 

Exposure time: 2 h, 4 h, 6 h and 8 h
● Color
● TBARS 

analysis
● Water hold-

ing capacity
● Cooking 

yield

Significant changes in color TBARS values was observed 
in treated samples and were higher than those of 
untreated. But the values of none of treated samples 
exceed the acceptable sensory threshold limit for 
exhibiting rancid flavor. Increased water holding 
capacity and cooking yield was observed.

(Ayranci et al. 
2020)

Beef Pre-treated with volume ratios of carbon 
monoxide and ozone for 1.5 hours, 
vacuum-packaged and stored in 0 °C for 
46 days

(1) 100% CO (T1),
(2) 2%O3 + 98%CO (T2),
(3) 5%O3 + 95%CO (T3)
(4) 10%O3 + 90%CO (T4)

● Surface color
● Sensory 

parameters

Evaluated parameters maintained better values than 
control during storage period. In later storage period, 
T3 and T4 showed a higher a* value than T1 which 
signifies the role in color stability of beef meat

(Lyu et al. 2016)

Pork Pre-treated with volume ratios of potassium 
lactate and ozone and stored at 8 °C for 
15 days 
Ozone levels: 200, 500 and 1,000 mg/h

● Color Color stability was maintained due to the combined 
action of both the treatments. Exhibited a light change 
in a* values during days 10–15.

(Piachin and 
Trachoo 2011)
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meat industry, the sensory characteristics of ozo-
nated chicken did not show any significant differ-
ence which promotes the chance of ozone usage in 
the meat industry. It is found that both the treat-
ments did not differ much in acceptance score 
maintaining an average score of 6 (liked slightly) 
throughout the storage period. Similarly, while con-
sidering the possibility of longer storage period of 
meat and meat products, the quality parameters of 
treated samples show higher acceptance. Greater 
acceptability of ozone-treated freeze-dried samples 
for a period of 8 months upsurges the possibility 
of usage of ozone in the industry (Table 3). This 
also shows the effectiveness of the treatment with 
respect to product quality by diversifying the appli-
cation matrix. While evaluating the effectiveness of 
treatment on meat and meat products, it is impor-
tant to have a close look on the factors affecting the 
efficacy and their relation with the product quality. 
Observations regarding the effect of factors like con-
tact time, ozone concentration, temperature etc. on 
quality of different types of meat and meat products 
exists (Karamah and Wajdi 2018; Muhlisin et al. 
2016). The period of exposure or contact time is 
one of the important factors of that sort, which 
has great influence on product quality. While com-
paring the effect of ozonated water treatment in 
chicken with that of water, it was found that the 
decrease in protein content was less than 1% which 
is considered to be less (Karamah and Wajdi 2018). 
But it is important that according to the change in 
the type of meat handled there will be change in 
suitable exposure timings. There was a similar 
observation in the case of ozone concentration trea-
ted on chicken and duck meat. The discoloration in 
case of duck meat was high while comparing that 
with chicken which was treated at the same concen-
tration (Muhlisin et al. 2016). Beef samples also 
showed similar results where shorter exposure time 
was effective in controlling the discoloration and 
lipid oxidation (Cárdenas et al. 2011). Maintaining 
lower temperatures during the exposure period was 
not found to be effective in avoiding the discolora-
tion and oxidation reactions. The so-called dis-
cussed issue of discoloration is somewhat 
controllable in the case of combination treatments 
of ozone with other existing methods or technolo-
gies. Contrary to reported results about the effect of 
ozone on color, the combination showed a better 
retention of color during the storage period com-
pared to untreated samples. Improved color stabili-
zation was observable in case of pork (Piachin and 
Trachoo 2011) and beef portions treated with ozone 

in combination with potassium lactate in former 
and carbon monoxide in latter. The lactate contri-
butes to color value of the meat sample via augmen-
ted lactic hydrogenase activity which in turn 
promotes the reducing activity of meta myoglobin 
producing either oxy or deoxy myoglobin. Effective 
and intelligent use of ozone treatment in combina-
tions can be used to eliminate and, in some cases, 
enhance the negative effects of the treatment.

Challenges associated with ozone technology

As a powerful oxidizing and an antimicrobial agent, 
ozone is widely used to extend the shelf life of 
different food groups (Pandiselvam et al. 2018). It 
does not leave any chemical residues and can be 
applied to food products in both aqueous and gas-
eous forms irrespective of the product state. 
Counter balancing this positive nature of ozone is 
the difference in sensitivity of various microorgan-
ism to ozone (Miller, Silva, and Brandão 2013). The 
sensitivity of ozone is also affected by other para-
meters such as organic content, temperature, physi-
cal state of ozone, initial microbial load etc. and the 
fact that there are so many external and internal 
factors that affect the efficiency of ozone remains 
as one of the major challenges in optimizing an 
effective ozone dosage. Adequate precautions should 
also be taken where high ozone doses are applied for 
obtaining optimal microbial inactivation as in some 
cases, prolonged contact periods as well as high 
dosages for attaining decline in microbial popula-
tions has affected the quality parameters of meat, 
milk, and their associated products. Discolorations, 
lipid oxidation and antioxidant enzyme activity were 
associated with prolonged exposures in the case of 
meat and meat products. Understanding the degree 
of ozonation that is capable of balancing both 
microbial decline and quality retention is very 
important. Studies with emphasis on how these ozo-
nation dosages and contact time has effect on each 
type of food matrix is very limited. This limited 
knowledge on the reaction part of food groups acts 
as a hindrance in ensuring the final quality and 
safety of processed products. As ozone is highly 
unstable in nature, care should be taken to give 
adequate contact time for the removal of ozone- 
resistant compounds (pesticides) so that partial oxi-
dation of the targeted compound may not take 
place. Economic viability of the ozonation system 
also acts as a limitation in their wide scale applica-
tion. Although ozonation technology requires rela-
tively less working capital, it fails to entice small- 
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scale entrepreneurs due exorbitant initial set up cost 
involved. Nevertheless, inadequate awareness among 
the consumers about ozone technology also plays 
a role in final consumer acceptance of the products 
(Brodowska, Nowak, and Śmigielski 2018)

Conclusion

Ozone being a strong antimicrobial agent is effective 
against controlling the microbial populations in milk, 
meat, and their products. But in certain cases, this effi-
cacy was found to be affected by the decline in quality 
aspects of meat and milk products. With increasing 
sensory, health and safety concerns among the consu-
mers it is very important to have a detailed study and 
knowledge on this aspect to promote the wide applica-
tion of ozone technology.
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