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1 Introduction
Mascarpone is a cheese originally from Italy (Capozzi et al., 2020; 

Carminati et al., 2001), but it is currently produced in other parts 
of the world, usually from bovine milk (Almeida et al., 2018; 
Buratto, 2010; Kapetanakou  et  al.,  2017). It is an unripened 
fresh cheese, used for consumption shortly after its production 
(Capozzi et al., 2020; Carminati et al., 2001; European Comission, 
2017) with a delicate, soft, dense, creamy and smooth appearence 
and color that varies from snow white to light yellow. Fat content 
is quite high varying from 44% to 47% and it may contain over 
80% of fat in the dry extract (Buratto, 2010; Capozzi et al., 2020; 
Troiani, 2015). Unlike other cheeses, it is produced from milk 
cream and for this reason, it is soft with good spreadability and 
smells like milk cream, butter or yogurt (Capozzi et al., 2020; 
Troiani, 2015; European Comission, 2017). The sweet flavor is 
noticed, with a slight acidic taste and without sensory aspects 
such as salty and spicy flavors. In addition, it has high moisture 
and a melting sensation when tasted (Troiani, 2015).

The production of mascarpone starts by obtaining a cream 
using centrifugation or keeping the milk at rest for 24 hours at 
10-12 °C in order to favor a slight fermentation (Troiani, 2015). 
The cream goes through a direct acidification by citric, lactic, 
tartaric or acetic acid, with the possibility of adding milk, and 
heating to force coagulation (Buratto, 2010; Capozzi et al., 2020; 
Carminati et al., 2001; European Comission, 2017; Troiani, 2015). 
Subsequently, the draining takes place for about 20 hours, and 
after that the mass is homogenized and packaged (Troiani, 2015).

Ovine milk contains higher levels of solids than bovine 
milk and sheep milk produced in Brazil shows fat and protein 
levels varying from 5.9 to 8.8% and 4.0 to 6.0%, respectively 
(Balthazar et al., 2017; Barros et al., 2020; Munieweg et al., 2017; 
Nespolo and Brandelli, 2012; Tribst et al., 2020). This ensures 
greater industrial performance in cheese production, especially 
in the case of mascarpone, since it is produced from cream. 
One of the incentives for sheep farming is the high price paid 
for sheep’s milk, which reaches five times higher than the price 
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Abstract
Dairy sheep farming, as well as processing of dairy products, are consolidated activities in Brazil, mainly for the production of 
cheese and yogurt. Considering that sheep milk has high levels of fat and the need for product diversification, this work aimed 
to develop a new formulation of mascarpone cheese using sheep’s milk, since the basis for this type of cheese is milk cream. 
The quality of this derivative was monitored for 120 days of storage under refrigeration to evaluate microorganisms that indicate 
quality and safety, in addition to physical-chemical parameters. The ovine mascarpone cheese showed adequate microbiological 
results, in accordance with the Brazilian legislation, in addition to high total fat, fat content in the dry extract and protein. 
The physical-chemical and microbiological parameters remained adequate throughout the storage period under maximum 
temperatures below 7 °C. Mascarpone cheese was classified by its moisture and fat content in the dry extract as medium moisture 
or semi-hard cheese and as extra fat or double cream cheese, respectively. The processing, packaging and storage conditions 
proved to be adequate and provided product stability. In this study a new sheep milk derivative was successfully developed, 
characterized, tested and proved to be adequate for the market.
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Practical Application: The development of mascarpone cheese using sheep milk resulted in an innovative and differentiated 
product. The tests established the production protocol, verified the commercial conditions of packaging and storage and the 
quality of the product during the shelf life. The data presented for production of mascarpone can be used by dairy industries 
to develop similar products.
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paid for a liter of bovine milk (Nespolo  &  Brandelli, 2012; 
Zucatti et al., 2015). Sheep milk is little consumed in its fresh 
form and its derivatives have a high commercialization value 
in Brazil, in addition to differentiated sensory characteristics 
(Balthazar et al., 2017; Balthazar et al., 2017; Barros et al., 2020; 
Munieweg et al., 2017; Onofre et al., 2020; Tribst et al., 2020), which 
is also appreciated in mascarpone cheese (Capozzi et al., 2020; 
Troiani, 2015). The development of a novel product, such 
as sheep’s milk mascarpone is in line with the new trends of 
the Brazilian market, which has an interest in dairy products 
from other types of milk with enhanced functional properties, 
texture and flavors (Balthazar et al., 2017; Balthazar et al., 2019; 
Barros et al., 2020; Onofre et al., 2020).

The development of mascarpone cheese with sheep´s 
milk represents a differentiated product not yet found in the 
Brazilian market. In addition, its production represents a way 
to use fat obtained from the partial skimming done before 
the production of most derivatives. Taking all of these into 
consideration, the objective of this work was to develop and test 
a novel formulation for mascarpone cheese using sheep´s milk 
as a way to diversify the production of this dairy industry and 
to evaluate its microbiological and physical-chemical quality 
during its shelf-life.

2 Materials and methods
Mascarpone cheese was produced with Lacaune sheep’s 

milk and cream from a commercial cheese plant located in 
Bento Gonçalves city (29°10’26” S and 51°31’7” W), Southern 
Brazil. A flowchart for mascarpone cheese production is shown 
in Figure 1. Pasteurized milk was added to pasteurized cream in 
the proportion of 30% milk and 70% cream. The mixture was 

homogenized, heated and citric acid (10mL; 10%) was added for 
each kg of this mixture, with stirring until complete coagulation.

The mascarpone was packaged into 100g plastic jars with 
heat sealing closure. The samples were transported to the 
laboratory, in isothermal boxes, containing recyclable ice to 
keep the temperature below 4 °C, and randomly arranged in a 
refrigerated chamber at 5 °C ± 1.5 °C. Sampling occurred on 
day 1 and every 30 days up to 120 days of cold storage, with 
three bottles being randomly collected in each analysis time.

Microbiological analysis included total and thermotolerant 
coliforms, total aerobic mesophiles, psychrotrophic, molds and 
yeasts, in addition to coagulase positive Staphylococcus with 
samplings every thirty days of storage. Salmonella sp. and Listeria 
monocytogenes analysis were performed only at the end of the 
storage period. For coliform quantification, the multiple tube 
technique with inverted Durhan tubes was used, in series of three 
tubes. The presumptive test was performed in tubes containing 
sodium lauryl sulfate broth (Dinamica) and the presence of 
total coliforms was confirmed in bright green broth with 2% 
of lactose bile (Himedia) followed by incubation at 35 °C for 
24-48 hours, while thermotolerant coliforms were in EC broth 
(Himedia) incubated at 45 °C for 24-48 hours. The quantification 
of the most probable number (MPN) was through the Hoskins 
table. Total aerobic mesophiles counts were done by plating 
the sample on Standard Count Agar (PCA) (Oxoid), with 
incubation at 37 °C for 24-48 hours. The psychrotrophic count 
was in PCA (Oxoid) and incubated at 7 °C for 10 days. For molds 
and yeasts, the inoculation was on the surface of the Potato 
Dextrose Agar (BDA) (Oxoid), with incubation at 25 °C for 5 
to 7 days (Brasil, 2018; Silva et al., 2017). The determination of 
Staphylococcus sp. was performed on the surface of Baird-Parker 
Agar (Himedia), enriched with 0.01% potassium tellurite and 
egg yolk, and incubated at 36 °C for 48 hours. After counting 
the plates with Staphylococcus sp., characteristic colonies for 
S. aureus (black with halos) were transferred to the Brain Heart 
Infusion (BHI) medium (Himedia) and incubated at 37  °C 
for 24  hours, with subsequent catalase and coagulase tests. 
The catalase test was performed with a 3% hydrogen peroxide 
solution and the conjugated coagulase test used rabbit plasma 
(Probac) (Silva et al., 2017). Samples for determining the presence 
of Salmonella sp. were pre-incubated at 37 °C for 24 hours, in 
0.1% buffered peptide water. Subsequently, the Petrifilm rapid 
method was used, following the manufacturer’s instructions 
(3M, 2020). To determine the presence of L. monocytogenes, the 
VIDAS rapid method was used, following the manufacturer’s 
instructions (Biomérieux, 2018).

The physical-chemical evaluation included determination of 
acidity in lactic acid, total protein, pH, water activity, moisture, 
fat and fat in the dry extract. Acidity, protein, moisture and 
fat were determined by official methodologies (Brasil, 2018). 
Moisture and fat were used to calculate the fat content in the 
dry extract (Brasil, 2018). Moisture and fat content in the dry 
extract were used for cheese classification according to the 
Brazilian legislation (Brasil, 1996). The water activity (aw) was 
evaluated in a device model Aqualab 4TE (Decagon), according 
to the manufacturer’s manual (Meter Group, 2018) and the pH Figure 1. Flowchart for the production of sheep’s milk mascarpone cheese.
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was determined in a pH meter model pg1800 (GGHAKA), with 
the sample diluted in distilled water (Brasil, 2018).

Microbiological counts were converted into logarithms (log), 
means and standard deviations from the mean were calculated. 
The data were evaluated using the SigmaPlot 12.0 program, 
where analysis of variance was applied followed by the Tukey 
test at the 5% level of significance.

3 Results and discussion
Total counts for aerobic mesophiles microorganisms, 

psychrotrophic and molds and yeasts over the storage of sheep’s 
milk mascarpone cheese are shown in Figure 2. Figure 2A shows 
an average count for total aerobic mesophiles quite variable over 
time, starting at 4.28 log CFU/g on day 1 and ending at 2.10 log 
CFU/g after 120 days. There was a significant decrease (p<0.05) 
between 30 and 120 days, which can be explained by the fact that 
total aerobic mesophiles have an optimum growth temperature 
between 30 and 40 °C (Forsythe, 2013) and mascarpone cheese 

was stored in temperatures below the ideal for the development 
of these microorganisms. Total aerobic mesophiles can be used 
to estimate the microbiological quality of dairy derivatives, where 
values above 5 log UFC/mL may indicate hygienic deficiencies in 
production (Forsythe, 2013; Funck et al., 2015; Tribst et al., 2020). 
Therefore, the average results for the mascarpone cheese did 
not fit in poor hygienic conditions. A study with commercial 
mascarpone cheese found that the total mesophiles count 
started at 2 log CFU/g and reached 8 log CFU/g after 20 days 
of storage at 7 °C (Kapetanakou et al., 2017), counts well above 
those of sheep milk mascarpone.

The evaluation of psychrotrophic microorganisms (Figure 2B) 
demonstrated that there was no significant difference (p<0.05) 
between the counts, with 4.12 log CFU/g on day 1 and 2.10 log CFU/g 
at 120 days. The presence of Pseudomonas sp., a psychrotrophic 
bacterium, was investigated in mascarpone cheese marketed in 
Greece and the count was 2 log CFU/g (Kapetanakou et al., 2017), 
a similar value observed at the end of the storage period for 

Figure 2. Counts of total aerobic mesophiles (A), psychrotrophic (B) and molds and yeasts (C) in mascarpone cheese from sheep´s milk. The 
dots indicate the means and the bars indicate the standard deviation of the mean (n=3).
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sheep mascarpone. A study with Pseudomonas sp. isolated from 
different foods noted that all of them (n=66) grew at 10  °C. 
In addition, the cultivation in mascarpone agar, containing 50% 
of mascarpone in its composition, resulted in the production of 
a blue pigment in 15% of these isolates (n= 10), all isolated from 
milk and dairy products (Caldera et al., 2016). Psychrotrophs 
have the ability to multiply in refrigeration temperatures and 
to produce enzymes, such as proteases and lipases, which can 
compromise the quality of derivatives (Caldera  et  al.,  2016; 
Forsythe, 2013), so monitoring this group of microorganism is 
important. The quantification of molds and yeasts (Figure 2C) 
started with 4.94 log CFU/g on day 1 and reached 3.79 log CFU/g 
on day 120, without significant variations (p<0.05). In commercial 
mascarpone cheese stored at 7 °C, the values remained close to 
2 log CFU/g over 20 days (Kapetanakou et al., 2017). Although 
Brazilian legislation does not establish a limit for this group, it 
is known that yeasts are capable of growing in milk and dairy 
products due to their ability to assimilate and ferment lactose, 
produce lipases and extracellular proteases (Facchin et al., 2013).

Table 1 shows the results for total coliforms, thermotolerant 
coliforms and S. aureus. It can be seen at the end of the table 
that the limits established by the legislation of the Ministry of 
Agriculture (Brasil, 1996) are different from those determined 
by the legislation of the Ministry of Health (Brasil, 2001) and 
the product must follow the legislation of the agency with which 
it is registered. The counts in mascarpone cheese from sheep’s 
milk did not exceed any of the limits. The average values for total 
coliforms were in the order of 2 log MPN/g on the first day of 
analysis, decreasing significantly (p<0.05) from this collection to 
less than 0.48 log MPN/g. In commercial mascarpone, the values 
were in the order of 1 log CFU/g (Kapetanakou et al., 2017). 
The total coliform group is an indicator of hygienic-sanitary 
quality of the raw material to obtain the product (Forsythe, 2013), 
and these results indicated that good practices were observed 
during the mascarpone processing chain.

The highest count of thermotolerant coliforms occurred on 
day one, with 2.09 log MPN/g and dropped to 0.48 log MPN/g 
on day 120. In colonial cheeses produced in Southern Brazil, 
the values were above 2 log MPN/g (Funck et al., 2015), also 

not exceeding the limits of the legislation. Coliform group is 
an indicator of hygienic-sanitary quality and high counts in 
dairy products may indicate hygiene failures during milking, 
refrigerated milk storage or dairy processing (Forsythe, 2013; 
Munieweg et al., 2017). The average counts of S. aureus ranged 
from 2.59 to 0.99 log CFU/g, with significant variations over 
refrigerated storage, but without exceeding the maximum limits 
established by Brazilian legislation for cheeses with this moisture 
content. The evaluation of Salmonella sp. and L. monocytogenes 
indicated the absence of both in 25 g of mascarpone cheese from 
sheep’s milk, in accordance with the legal parameters (Brasil, 
1996; Brasil, 2001). This monitoring is important since they 
are pathogenic bacteria and are associated with contamination 
in dairy products (Forsythe, 2013; Kapetanakou et  al.,  2017; 
Lim  et  al.,  2019), especially Listeria sp., which is constantly 
associated with outbreaks involving creamy, fresh cheese or 
whey (Kapetanakou et al., 2017; Lim et al., 2019).

Titratable acidity, protein, moisture, fat and fat in dry extract 
in mascarpone cheese from sheep milk during cold storage 
are shown in Figure 3. The initial average acidity was 0.25% of 
lactic acid and 0.26% of acid lactic acid at 120 days (Figure 3A), 
without significant variations (p<0.05). In a formulation of bovine 
Mascarpone, the acidity increased from 0.32% lactic acid on 
day 1 to 0.37% of lactic acid after 30 days (Almeida et al., 2018), 
higher than those observed with sheep’s milk. Since mascarpone 
is a cheese obtained from an acid-added coagulation, a higher 
titratable acidity value is expected according to the amount of 
acidic solution added. The average protein content (Figure 3B) 
showed a minimum of 3.87% and a maximum of 4.70%, with no 
significant differences between sampling (p<0.05). The protein 
contents observed in commercial brands of mascarpone were 4.06% 
(Almeida et al., 2018), between 4.64 and 6.90% (Buratto, 2010), 
5.70% (Carvalho et al., 2015) and from 3.33 to 7.14% (United 
States Department of Agriculture, 2019). The protein content 
in mascarpone depends on the composition of raw materials 
of sheep origin, which in sheep’s milk obtained in Brazil varied 
from 5.5 to 6.0% of protein (Munieweg et al., 2017), and in the 
cream used in production of Mascapone ranged from 2.8% to 
6% of protein (Capozzi et al., 2020).

The average for moisture were between 41.11 to 42.37% 
(Figure 3C), which classifies the mascarpone cheese as medium 
moisture or semi-hard cheese, between 36 and 46% (Brasil, 1996). 
This moisture content indicates an intermediate microbiological 
risk and defines the need for monitoring total and thermotolerant 
coliforms, S. aureus, Salmonella sp. and L. monocytogenes in these 
types of cheese (Brasil, 2001). The average moisture values in 
Mascarpone cheeses were 53.48% in a traditional formulation 
(Almeida et al., 2018), 46% in a commercial product obtained 
in Athens, Greece (Kapetanakou et al., 2017) and between 43.83 
to 56.02% in three brands sold in San Luis Obispo, United States 
(Buratto, 2010), all made from bovine milk.

The average fat content varied between 49.48 and 50.75% 
(Figure 3D), with no significant differences between sampling times 
(p<0.05). In commercial products, the fat values in Mascarpone 
were 40% (Almeida et al., 2018), 42% (Kapetanakou et al., 2017) 
42.5% (Carvalho et al., 2015) and from 33.3 to 49.8% (Buratto, 
2010), results slightly below those observed in the present study, 

Table 1. Total counts for coliforms, coliforms thermotolerants and 
Staphylococcus aureus in mascarpone cheese made of sheep´s milk.

Period (Days) Total coliforms 
(log MPN/g)

Fecal coliforms 
(log MPN/g)

Staphylococcus 
aureus (log 

CFU/g)

1 2.09 ± 1.07 a 1.23 ± 0.63 a 2.59 ± 0.11 a

30 > 0.48 b > 0.48 b 2.26 ± 0.50 ac

60 > 0.48 b > 0.48 b 1.33 ± 0.58 bc

90 > 0.48 b > 0.48 b 1.26 ± 0.24 bc

120 > 0.48 b > 0.48 b 0.99 ± 0.70 b

Limit by law* Below 3.7 Below 2.7 Below 3.0

Limit by law** Below 3.0 Below 3.0 Below 3.0

Mean values ± standard deviation of the mean (n=3); Different letters in the same 
column indicate a statistically significant difference (p<0.05); Values related to medium 
moisture cheeses, between 36 and 46%, according to Brazilian legislation (*Brasil, 1996; 
**Brasil, 2001).
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Figure 3. Values of titratable acidity (A), Protein (B), Moisture (C), Fat (D) and Fat in dry extract (E) in mascarpone cheese from sheep´s milk. 
The dots indicate the means and the bars indicate the standard deviation of the mean (n=3).
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The free word association method and the completion task 
can be useful to comprehend the thoughts and feelings about 
food products and can be explored by the dairy industry in 
making more competitive products (Judacewski et al., 2019; 
Torres et al., 2020). The free listing task and preferred attribute 
elicitation methodologies do not require previous training 
and allow to assess the perceptions of consumers of dairy 
products and to develop derivatives with appropriate sensory 
attributes, in addition to efficient marketing strategies for their 
commercialization (Soares  et  al.,  2019; Vieira  et  al.,  2020). 
There is also the quantitative descriptive analysis, which makes 
it possible to qualify the type and quantify the intensity of 
sensory properties immediately after the sensory stimulus, and 
the temporal dominance of sensations, a descriptive technique 
to provide information about the sequence and duration of the 
dominant sensations after consuming the food (Silva et al., 2018). 
All of these methodologies can be employed for describing 
and optimization of the sensory attributes of different foods, 
especially novel dairy, and apply efficient marketing strategies 
for commercialization of these products.

4 Conclusion
This study developed a novel formulation of mascarpone cheese 

produced with sheep milk that showed good results according 
to microbiological evaluation during the storage time, all within 
the stipulated by Brazilian legislation, with good composition 
of nutrients such as protein and fat. The physical-chemical and 
microbiological parameters remained adequate during the storage 
period of 120 days, observing a maximum temperature below 7 °C. 
The Mascarpone cheese produced presented moisture levels that 
classify it as a medium-moisture or semi-hard cheese and fat in 
dry extract cheese, which indicate that it is an extra fat or double 
cream cheese. The production method, packaging and storage 
conditions proved to be adequate and provided product stability.
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