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Abstract

This work evaluated the microbiological and physicochemical quality of Minas Frescal cheese 
sanitized with ozonated water at concentration of 2 mg.L-1 for 1 or 2 minutes. No counts of 
Enterobacteriaceae, Staphylococcus sp. and total and thermotolerants coliforms were found 
in the samples. Additionally, significant microbial reductions were observed for ozonated 
samples and the lowest counts were observed after 2 minutes of sanitation. The microbial 
reductions obtained at this process condition was 1.64, 1.91 and 2.14 log cycles for total 
aerobic mesophiles, lactic acid bacteria and yeasts and molds, respectively. Complementary, 
significant lower counts (p < 0.05) were observed for ozonated samples during their shelf-life. 
No significant changes (p > 0.05) were observed in physicochemical parameters of cheese after 
ozone sanitation. Therefore, the results highlighted the ozonation as a promising process to 
improve the cheese quality and stability.

Introduction

The Minas Frescal cheese is a typical Brazilian 
cheese produced since XVIII century (EPAMIG, 
1987; Campos, 2001). It is a non-regular cheese with 
no pre-defined properties of consistency, texture, 
flavor, yield and centesimal composition. This is 
a consequence of the lack of standardization in the 
product and productive process (ABIQ, 2011).

According to Brazilian food law (Brasil, 1997), 
the Minas Frescal cheese is a fresh cheese obtained by 
enzymatic coagulation of cow milk using calf rennet 
or coagulants. This coagulation can be completed by 
other specific lactic acid bacteria. It is classified as 
a semi fat with very high moisture cheese (>55%) 
(Brasil, 2004) destined to the fresh consumption. The 
cheese is characterized by mild and soft consistency 
and can have mechanical holders. Its flavor is smooth 
or slight acid and can have a fine crust. It is marketed 
in cylindrical format with 0.3 to 5 kg.

The microbiological parameters of this cheese 
are established by Brazilian law (Brasil, 1996; Brasil, 
2001), being acceptable to have 1x103 CFU.g-1 of total 
coliforms, 5x102 CFU.g-1 of thermotolerant coliforms 
and Staphylococcus positive coagulase and 5x103 
CFU.g-1 yeasts and molds. Additionally, the absence 
of Salmolella sp and Listeria monocytogenes in a 
cheese sample of 25 g is mandatory.

The Minas Frescal cheese is not a high stable 
cheese, since is a fresh (not cured) product, with very 
high moisture (>55%) content and low (1.4-1.6%) 
salt concentration. These characteristics easily allow 
the microbial growth in the cheese (Carvalho, 2003). 
Additionally, this cheese is commonly manufactured 
by small produces with inadequate manufacturing 
practices and excessive manipulation (Bulhões and 
Rossi Junior, 2002).

Therefore, new technologies and process need to 
be considered for Minas Frescal cheese production, 
aiming to improve its quality and to increase its shelf-
life. 

The ozone has been studied in food application as 
a sanitizer (Kim et al., 1999). It can be applied as gas 
or liquid (ozonated water) and is a powerful sanitizer 
with high reactivity and spontaneous decomposition 
in non-toxic products. The ozone is a high oxidative 
compound and has a broad antimicrobial spectrum, 
being able to inactivate vegetative and sporulated 
cells, yeast, molds and viruses, additionally is able 
to kill pests of grain storage (insets) and to degrade 
mycotoxins (Tiwari et al., 2010). Ozone destroys 
microorganisms by the progressive oxidation of vital 
cellular components. 

Therefore, this work evaluated the effects of 
sanitation using ozonated water in the shelf life of 
Minas Frescal cheese, considering microbiological 
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quality of the cheese.

Materials and Methods 

Cheese production
The assays were performed using samples of 

Minas Frescal cheese of 250 g.  A volume of 800 
liters of whole pasteurized cow milk was obtained 
from a Brazilian Farm (Brazilian Aeronautic Farm, 
Pirassununga, Brazil). The cheese was manufactured 
according to Furtado (1994): milk was heated to 
36ºC ± 1°C and then added by 500 g of potassium 
sorbate, 500 mL of calcium chloride solution at 40%, 
6 kg of sodium chloride and 500 mL of recombinant 
coagulant from Aspergillus niger var. awamori 
(activity of 1:10.000 or 98 IMCU/mL) solvated in 
500 mL of water. The mixture was stirred for 2-3 
minutes and then the coagulation occurred during 40 
minutes. After coagulation, the cheese mass was cut 
and slowly stirred during 25 minutes for separation 
of the protein mass and 2/3 of the milk whey. After, 
the cheeses were shaped in cylindrical forms and then 
stored in cold chamber at 4ºC± 1ºC for 24 h. After 
this period, the cheese was turned upside down and 
then stored for more 24 h. Finally, the cheeses were 
removed from the forms, submitted to the ozonation 
process and then stored under vacuum at 4ºC ± 1ºC.  
The cheese was manufactured in duplicate for each 
treatment. 

Ozonated water
The ozonated water was produced using an ozone 

generator (model PNZ 714®, Panozon, Brazil) linked 
to an oxygen concentrator (90-95% of purity). The 
ozonated water was obtained by bubbling the ozone 
gas in the water, by coupling the ozone generator in 
a hose with a porous plate made of ore sand linked 
at the end (aerate volume: 0.6 L.min-1; size: 12 x 
20 mm). This plate was placed at the bottom of a 
stainless steel tank containing 50 L of water. The 
water was ozonated at the concentration of 2 mg.L-1 
(maximum concentration able to be reached in the 
system). Additionally, the system had a gasification 
vat to separate the ozone produced as gas, which 
posteriorly was degraded in oxygen. 

The ozone concentration for each process was 
controlled by colorimetric test, which is based on 
the ozone reaction with N-dietil-P-Fenilenodiamin. 
The reaction produces a pink color that has intensity 
proportional to the ozone concentration. The final 
color was measured using a colorimetric test (Brand 
HACH, model OZ-2) able to evaluate the ozone 
concentration at the range of 0-2.3 mg.L-1.

Sanitation of Minas Frescal cheese using ozonated 
water

The cheeses were immersed in ozonated water (2 
mg.L-1) for one or two minutes before being packaged. 
The ozone concentration was chosen considering the 
maximum concentration able to be solvated in water 
and the contact times were chosen considering the 
stability of the ozone after its generation (about 2 
minutes). After sanitation, the cheeses were removed 
from the tank using a sterile stainless sieve. Then, 
to remove the excess of water, the samples rested 
for 1 minute in a surface previously sanitized, 
avoiding posterior contamination. Each cheese unit 
was packaged in low density polyethylene (LDPE) 
under vacuum (Mastervac, Brazil, model 200) and 
stored at 4ºC ± 1ºC. A control sample was prepared 
by immersion of the cheeses in distilled water for 2 
minutes. 
  
Microbiological Analysis 

The samples were evaluated by counts of total 
mesophilic aerobic (TMA), Enterobactereaceae, total 
and thermotolerant coliforms, lactic acid bacteria 
(LAB), yeasts and molds (YM) and Staphylococcus 
sp. The counts were performed at days 0, 1, 5, 10, 
15, 20, 25 and 30 of shelf-life. The table 1 shows the 
growth media and incubation time and temperature 
used for each evaluated microorganism (except for 
coliforms). The microbiological experiments were 
performed using the grounded cheese, aiming to 
evaluate the cheese according to law requirements. 

For the evaluation of total and thermotolerant 
coliforms, it was used the most probable number 
(MPN) technique (APHA, 1992). The presumptive 
test was carried out using lauryl sulphate broth and 
incubation at 36ºC/48 h. For positive growth, the 
confirmation test were performed in Brilliant green 
lactose bile incubated at 35ºC/48 h (total coliforms) 
and in E. coli broth incubated at 45.5ºC/24 h 
(thermotolerant coliforms)

Physicochemical analysis
The pH, acidity, fat and protein content (AOAC, 

1995) of the cheeses were evaluated at days 0, 5, 10, 
15 and 30 after manufacturing. These analyses were 
performed to evaluate the cheese accordance to the 
law.

Experimental design
For microbiological evaluation, the experiments 

were fully randomized and factorial 3 x 8, with 3 levels 
of time exposure to ozone (0, 1 and 2 minutes) and 8 
days of cheese evaluation (0, 1, 5, 10, 15, 20, 25 and 
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30 days after cheese manufacturing). Each treatment 
was evaluated in triplicate, totalizing 72 experimental 
cheese units for microbiological assays.   

For physicochemical evaluation, the experiments 
were fully randomized and factorial 3 x 5, using 
the same times of ozone exposure described for 
microbiological test and 5 days of cheese evaluation 
(0, 5, 10, 15 and 30 days after cheese manufacturing). 
The physicochemical assays were also carried out in 
triplicate, totalizing 45 experimental cheese units for 
physicochemical assays. 

Data were statistically evaluated by ANOVA 
using the software SAS® to determine significant 
differences at 95% of confidence level (p < 0.05) 
(SAS Institute, 2004). 

Results and Discussion

The results of the cheese microbiological 
evaluation showed absence of Enterobacteriaceae, 
total and  thermotolerant coliforms and 
Staphylococcus sp. during the cheese shelf-life. This 
indicates the adequate sanitary condition of the cheese 
manufacturing whereas this kind of cheese (with high 
humidity and low salt content) is easily contaminated 
by microorganisms if the good manufacturing 
practices are not correctly adopted. 

Other previous work reported counts of coliforms 
above to the limit established by the law (1x103 
CFU.g-1 of total coliforms and 5x102 CFU.g-1 of 
thermotolerant coliforms) for Minas Frescal cheese. 

Oliveira et al. (1998) evaluated 36 Minas Frescal 
cheese and observed that 47% of samples had high 
counts of total coliforms and more than 9% had 
high counts of thermotolerant coliforms. Similarly, 
Figueiredo et al. (2004) found that 100% and 40% of 
20 samples of  Minas Frescal cheese had higher counts 
of total and thermotolerant coliforms, respectively. 
Pereira et al. (1999) evaluated 44 samples of the 
same cheese and found that 90% of them had higher 
counts of thermotolerant coliforms and the results 
obtained by Almeida Filho and Nader Filho (2002) 
showed that 37.5% of 80 samples had higher counts 
of thermotolerant coliforms.

Moreover, Pedro (2003) evaluated the counts of 
Staphylococcus positive coagulase in 60 samples of 
Minas Frescal cheese and observed that more than 
27% of these cheese have counts above the limit 
(5x102 CFU.g-1).  

The other evaluated microorganisms were viable 
immediately after the cheese manufacture and their 
counts level were monitored during the product shelf-
life. These results are shown in the Figure 1. 

The control sample showed initial counts of 2.27 x 

102, 8.10 x 101 and 1.37 x 102 CFU.g-1 of  TMA, LAB 
and YM, confirming the adequate sanitary quality of 
the cheese, in accordance with the microbial limits 
determined by Brazilian law. The results of samples 
sanitized with ozonated water for 1 or 2 minutes 
showed significant reductions (p > 0.05) of the initial 
load for all studied microorganisms. Additionally, 
lower counts were obtained after 2 minutes of contact 
time with ozone. 

After sanitation with ozone during 2 minutes, the 
counts were 4.95 CFU.g-1 (TMA) and <1 CFU.g-1 

(LAB and YM), resulting in 1.64, >1.91 and >2.14 
decimal reductions of total mesophilic aerobic, lactic 

Figure 1. Average counts (Log10 CFU.g-1) of total 
mesophilic aerobic (A), lactic acid bacteria (B) and yeasts 

and molds (C) in Minas Frescal cheese after sanitation 
with 2.0 mg L-1 at different contact time

Table 1. Growth media and incubation time and 
temperature used for each evaluated microorganism

Microorganism Growth media Time and temperature of 
incubation

TMA counts PCA 35°C /48 hours
LAB counts MRS 30°C /72 hours
YM counts PDA 22°C /48 hours

Enterobacteriaceae VRBA 35°C /48 hours
Staphylococcus sp BP 35°C /48 hours

PCA (plate count agar - DIFCO®), MRS (Lactobacillus MRS  agar - 
HIMEDIA®) PDA (potato dextrose agar - DIFCO®), VRBA (violet red 
bile dextrose agar - DIFCO®), BP (Baird Parker agar - DIFCO®). Analyses 
were performed according to American Public Health Association 
(APHA, 1992).
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acid bacteria and yeasts and molds, respectively. 
These reductions were statistically significant (p < 
0.05), therefore, the ozone sanitation improves the 
cheese microbial quality, increasing the product 
shelf-life.

The evaluation of microbial growth on cheese 
during its expected shelf life (30 days) demonstrated 
that samples ozonated  for 1 minute took  10 (TMA), 
20 (LAB) and 30 days (YM) to reaches the count 
obtained for the control sample at day 0. For samples 
sanitized for 2 minutes, these times increased to 15 
(TMA) and 30 days (LAB and YM). 

Comparing the counts obtained at the end of shelf 
life for control sample (that simulate a commercial 
process) and the ozonated samples, it was observed 
that the ones of the sanitized samples were, at least, 
1 log cycle lower than the control, being statistically 
significant (p < 0.05). However, no differences were 
found between the counts of samples sanitized for 
1 or 2 minutes of contact time, indicating that 1 
minute of ozonation was enough to improve the 
cheese quality during its storage. Moreover, the 
evaluation of the growth curves for TMA, LAB and 
YM showed similar slope for control and sanitized 
samples, possibly demonstrating that ozonation just 
reduces the initial count of microorganisms but do 
not  reduces its growth velocity.

The growth of  mesophilic  aerobic 
microorganisms in the control sample was 2.68 
log cycles, being lower that the results previously 
reported by Sangaletti (2007) in 6 brands of Minas 
Frescal cheese stored at 4ºC, produced with no ozone 
sanitation. The small increment in TMA observed in 
the present work probably guarantees that cheese kept 
its physicochemical characteristics during the storage 
time. Sangaletti (2007) reported physicochemical 
changes and shelf life reduction of Minas Frescal 
cheese caused by 9 log cycles growth of spoilage 

microorganisms during the cheese storage. The high 
TMA counts observed by Sangaletti (2007) can be 
associated with undesirable transport and storage 
conditions (high temperature). 

The results of the physicochemical parameters 
are shown in the Figure 2. The results demonstrated 
that ozone sanitation did not change the cheese pH 
immediately after the product manufacture. During 
the storage period, small but not significant pH 
variation was observed (differences were lower 
than the expected accuracy (± 0.1) of the pHmeter). 
However, previous studies showed pH reductions 
around 0.8 during the Minas Frescal cheeses storage 
(Buriti et al., 2005; Sangaletti, 2007). The pH 
reduction is commonly associated with conversion of 
lactose to lactic acid by undesirable microorganisms. 
Thus, the pH results obtained in the present work, 
including the control ones, are in agreement with the 
results of microbiological evaluation. 

A smaller acidity was observed for the samples 
treated with ozone during 2 minutes, which may is 
attributed to protein oxidation with liberation of 
amino groups. However, this small difference of 
acidity (~0.1% of lactic acid) probably did not alter 
the sensory profile of the cheese (Ribeiro, 2009). 
Additionally, no significant acidity increase (p < 
0.05)  were observed in the samples during its shelf 
life, which corroborates with low microbial growth 
during the storage period that was not enough to 
change the characteristics of the cheese. 

The results obtained for cheese fat and protein 
content showed no changes after ozonation or 
during their shelf-life. The Minas Frescal cheese was 
characterized by lipid content of 23.1 - 24.1% and 
protein content of 12.7-13.5%, being in accordance 
with Brazilian law. These results were expected, since 
the process would not alter the cheese centesimal 
composition.  

Conclusion

The results showed that the Minas Frescal 
cheese had an adequate microbial quality even with 
no sanitation with ozone. However, the ozonation 
process was effective for microbial reduction in the 
cheese, improving the cheese shelf-life in, at least, 10 
and 15 days after treatment with ozonated water (2 
mg.L-1) for 1 and 2 minutes, respectively. 
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