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ABSTRACT
The main purpose of this research was to determine the dynamic of
total nitrogen matter and protein changes during ripening period of three
kinds of indigenous Bieno cheese (A, B and C) in the region of Mariovo. The
three kinds of Bieno cheese were produced with different traditional
technologies. The cheese samples were analyzed for total nitrogen matter
and protein during ripening process in five time intervals (in curd, after
ripening, after salting, at 20-th day, at 45th day). The concentration of total
nitrogen matter in examined Bieno cheese samples was between
3.98±0.06% to 4.16±0.15% and the concentration of protein in examined
Bieno cheese samples was between 25.48± 0.49% to 26.53±0.93%. No
significant differences in total nitrogen matter and protein concentration
for p<0.05 and p<0.01 were determined. Proteolysis is affected by the type
and amount of enzyme, the temperature during the ripening of the cheese,
the length of ripening and the activity of the enzymes. The technological
process of production, in essence, greatly affects the dynamics and
breakdown of proteins, which is confirmed by our research.

1. INTRODUCTION
The southwestern part of our country is found to be tremendously rich in a variety of dairy products. Most of
them are produced industrially, and some of them are produced in autochthonous, which are usually related to the
area of production. Those products are typical for rural households and they are distinguished with unequal and
non-standardized quality. Despite such conditions for the production of indigenous products, especially in regard of
cheese production, yet they can develop modern dairy products that can conquer the market and enrich the range
of production (Dozet, 1974).
Bieno cheese belongs to the group of indigenous types of cheese whose production dates back since ancient
times. It belongs to the group of hard cheeses with a very salty taste, firm consistency and light yellow color. This
© 2021 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
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type of cheese has been previously prepared from skimmed sheep milk, but due to the deficiency of sheep milk,
nowadays its production is widespread in other areas and is produced from a mixture of sheep and cow milk, only
cow milk, as well as a mixture of sheep and goat milk.
This indigenous product is quite specific due to the fact that it matures and is stored similarly as the cheeses
from the group of sour-brine cheeses. When it comes to cheese ripening, it is important to emphasize that it refers
to a complex process that involves breakdown of the coagulum by proteolysis, lipolysis and other enzyme-catalyzed
reactions which, in turn, result in changes in taste and texture which is typical for various types of cheese (Mastrigt
et al., 2018). Proteins, fats and sugars change during the ripening process (Cvetanović et al., 2008). Proteolysis of
proteins during the ripening process has an essential influence on the formation of the consistency, texture,
appearance, taste and aroma of cheeses (Baltadzieva, 1993).
The goal of the paper is to examine the dynamics of nitrogenous substances during separate stages of ripening
of three varieties of Bieno cheese produced by indigenous technology in Mariovo region in our country.
2. MATERIALS AND METHODS

Materials
The production of Bieno cheese was made in three different locations in the Mariovo region, each of them owing
to a special production technology (A, B, and C). The technological procedure includes: filtering the milk and
transporting it to the duplicator where reheating to a temperature of 35-37°C has been performed. Then, a curdling
with final coagulation of 45-60 minutes was performed. When the coagulum has become firm enough, it was
processed for 2-5 min thus acquiring a grainy structure, and left to rest for 10-15 minutes. This was followed by
beating again for 2-5 minutes and obtaining curds in the size of a grain of corn. There was a resting time in order to
separate the whey, and at the end 2/3 of the whey was removed with a pump. In the next phase, the cheese mass
was steamed for 30 minutes, then the curd was separated at the bottom of the cheese bathtub, followed by cutting,
kneading, and shaping of the cheese dough. The shaped cheese dough in a form of a ball was left to drain, i.e. selfpressing for a period of 16-18 hours. The self-pressing was left up until the next day. Further on followed the phase
of dry ripening of the cheese. The formed blocks are placed in wooden molds, on wooden shelves in a maturation
chamber, where t = 26-280°C and the relative humidity is 90-95%, for a period of 5-6 days, during which the cheese
blocks get a wax-yellow color. After the completion of the ripening period of the cheese blocks, they are cut along
their entire length into 5-6 cm strips. Dry salting with coarse sea salt begins after 1-2 days, and subsequently they
are placed in bins while 20-22% salt is added. The cheese is stored at t = 16-180°C in a room where it is further
matured for up to 45 days and finally stored.
The operations of this production technology are the same as for the produced Bieno cheese A, B and C, however,
there are differences in the used rennet. Bieno cheese from the production series A is produced in industrial
conditions using chymosin - cheese powder, CHY-MAX with an intensity of 2080 imcv/g, while the production series
B, C are produced in two different individual households with an indigenous technology applied, using
microbiological rennet - "Kvasko" with an intensity of 1: 5000 in order to determine the content of total nitrogenous
substances and total proteins from the samples of cheese from the production series A, B and C, the following
dynamics of the ripening process was performed:
• Curd sampled after ripening of 5-6 days;
• After dry salting;
• At the 20-th day in brine;
• After the 45th day in brine.
Methods
The examination of total nitrogen content was performed according to the Kjeldahl method, in accordance with
the (AOAC, 1995) standard;
Soluble nitrogen content was performed by the Van Sluke method.
In order to obtain results that could be representative, valid, and statistically processed with a sophisticated
statistical data processing package, five replicates have been carried out.
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3. RESULTS AND DISCUSSIONS

In the sequence of changes that occur in cheese during ripening, the changes in proteins and their breakdown
products appear as the most significant. The extent and depth of proteolytic changes are closely related to cheesemaking technology, ripening conditions, and microbial activity. These changes are specific for certain types of cheese
and play a crucial role in the formation of sensory characteristics, consistency and other rheological characteristics
of cheeses (Jovanovic et al., 2007). The results of the total nitrogenous substances are presented in Table 1 and Figure
1 where the dynamics in different stages of ripening of the three production series of Bieno cheese (A, B and C) are
shown.
Table 1: Dynamics of the content of total nitrogenous substances in Bieno cheese
Cheese Series A
Cheese Series B
Cheese Series C
𝑥𝑥̅
mi ma Sd
Cv
𝑥𝑥̅
mi ma Sd Cv
𝑥𝑥̅
mi ma Sd
n
x
n
x
n
x
Curd
3,44±0. 3,0 3,9 0,3 10,1 3,19±0, 3,0 3,3 0,1 3,4 3,34±0, 3,0 3,6 0,2
28
1
0
5
2
09
6
4
1
8
17
1
6
4
After
3,77±0. 3,3 4,0 0,2 7,55 4,19±0, 4,1 4,2 0,0 1,4 3,74±0, 3,3 4,1 0,3
ripening
23
5
7
9
05
0
6
6
6
33
5
5
9
After
3,93±0. 3,7 4,2 0,2 5,63 4,58±0, 4,4 4,8 0,1 3,8 4,17±0, 4,0 4,3 0,1
salting
16
0
7
2
12
5
9
8
5
09
5
4
2
20-th day 4,11±0. 3,9 4,2 0,1 2,71 4,48±0, 4,3 4,6 0,1 2,4 4,20±0, 4,1 4,2 0,0
09
5
1
1
09
8
3
1
3
02
6
4
3
45-th day 4,16±0. 3,9 4,4 0,1 4,62 4,11±0, 3,9 4,3 0,1 3,5 3,98±0, 3,9 4,0 0,0
15
6
4
9
12
6
0
5
9
06
0
9
8
F0,05=3,88 p<0,05
F0, 01=6,93 p<0,01

Cv

7,26
10,3
4
2,78
0,69
1,97

From the results expressed in table 1 it can be perceived that the average values of the total nitrogenous
substances in the curds are: 3.44 ± 0.28% in series A, 3.19 ± 0.09% in production series B and 3.34 ±0, 17% in series
C. At this stage, the highest content of total nitrogenous substances is observed in A, then in C series, and the least in
series B. At this stage there are no statistically significant differences in the content of total nitrogen in the three
variants.
In the second phase of ripening the values of the total nitrogenous substances appear as:
3.77 ± 0.23%,
i.e. 4.19±0.05% and 3.74 ± 0.33%. At this stage there are statistically significant differences at the level of p <0.05. In
the dry salting phase, a small increase in the nitrogen content is observed: in the production series A, 3.93 ± 0.16%
in B, 4.58 ± 0.12% and in the cheeses of the third group C 4.17 ± 0.33%. There are statistically significant differences
between the variants A, B and C in the dry salting phase and on the 20th day of ripening in brine in terms of the
content of total nitrogenous substances. On the 45th day of ripening in brine, there are no statistically significant
differences in the content of total nitrogenous substances between Bieno cheese and the cheeses produced through
different technologies.
Analyzing the average values of the content of total nitrogenous substances, at the beginning and at the end of
the examined ripening period, it is perceived that there is a tendency of slight increase up to the 20th day of ripening
of the Bieno cheese, as a result of the different degree of nitrogen utilization from milk in the production, as well as
a different degree of proteolytic decomposition. In the last phase of the 45th day of ripening, a minimal decrease in
values is observed, which a result of the weaker proteolytic decomposition is probably due to: the higher percentage
of salt in the cheese, the differences in the technology of making the cheese, the ripening conditions and the activity
of microorganisms. The content of total nitrogenous substances increases quite slightly during the ripening in the
three production series of Bieno cheese and ranges in the interval from 3.44 ± 0.28% to 4.16 ± 0.15% in A, from 3.19
± 0.09% to 4.11 ± 0.15% in B and from 3.34 ± 0.17% to 3.98 ± 0.06% in C. The obtained results are similar to the
results of the researches done by Mateva, (2004); Radevska, (2003); (Maćej et al., 2004).
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Figure 1: Dynamic of the total nitrogen during ripening period

The dynamics of the total protein content can be traced in the given tabular and graphical presentation in Table 2
and Figure 2.
Table 2: Dynamics of the total protein content in Bieno cheese
Cheese Series A
Cheese Series B
Cheese Series C
𝑥𝑥̅
min ma Sd Cv
𝑥𝑥̅
min ma Sd Cv
𝑥𝑥̅
min ma Sd
x
x
x
Curd
21,95± 19, 24, 2,2 10, 20,36± 19, 21, 0,7 3,4 21,32± 19, 23, 1,5
1.76
20
88
2
12
0,55
52
31
1
9
1,11
20
35
5
After
24,08± 21, 25, 1,8 7,5 26,72± 26, 27, 0,3 1,4 27,38± 26, 29, 1,2
ripening
1.45
37
97
2
7
0,29
16
17
9
4
0,98
41
47
9
After
25,05± 23, 27, 1,4 5,6 29,30± 28, 31, 1,0 3,6 27,65± 26, 28, 0,7
salting
0.99
60
24
1
4
0,76
71
20
8
7
0,50
41
39
5
th
20 day
26,20± 25, 26, 0,7 2,7 28,55± 27, 29, 0,6 2,4 27,03± 26, 27, 0,3
0.58
20
85
1
0
0,58
94
54
9
3
0,28
54
37
6
45th day 26,53± 25, 28, 1,2 4,6 26,21± 25, 27, 0,9 3,4 25,48± 24, 26, 0,6
0.93
26
33
3
3
0,72
26
30
0
5
0,49
88
41
1
F0,05=3,88 p<0,05
F0, 01=6,93 p<0,01

Cv

7,2
7
4,7
0
2,7
2
1,3
4
2,4
1

Observing the results regarding the amount of total proteins in the three production series, it can be noticed
that the curd from the production series A has 21.95 ± 1.76%, the cheese from series B has 20.36 ± 0.55% and in the
last group ranges from 21.32 ± 1.11%.
In the second stage of ripening the values of total proteins are the following: 24.08 ± 1.45%, 26.72 ± 0.29% and
27.38 ± 0.98% where statistically significant differences are observed such as (p <0.05).
In the dry salting phase, a small increase in the content of total proteins is observed: in production series A,
25.05 ± 0.99%, production series B, 29.30, 76 0.76% and in production series C, 27.65 ± 0.50%. On the 20th day of
ripening in the cheeses from groups A, B and C the following values were determined: 26.20 ± 0.58%; 28.55 ± 0.58%
and 27.30 ± 0.28%. In the phase of dry salting and on the 20th day of ripening in brine there are statistically
significant differences in the content of total protein in Bieno cheese, while on the 45th day of ripening in brine,
according to studies, the total protein content is: 26, 53 ± 0.93%, 26.21 ± 0.72% and 25.48 ± 0.49%. At this stage
there are no statistically significant differences in the content of total nitrogen in Bieno cheese. In the last stage, on
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the 45th day of ripening, there is a slight decrease in values, which is probably due to proteolysis, higher percentage
of salt and differences in technology, as well as the activity of microorganisms.

total amount of proteins (%)

DYNAMICS OF THE TOTAL PROTEINS

30.00
25.00
20.00

Production series A

15.00

Production series B

10.00

Production series C

5.00
0.00

curd

after dry
ripening

after dry 20-th day
salting

45-th day

Ripening period
Figure 2: Dynamic of the total proteins content during ripening period

Monitoring the values of total proteins at all stages of ripening, from the beginning to 45 days of ripening, it is
perceived there is an increase of total proteins by 22.50% in the production series A, 28.73% in the series B cheeses
and 16.69% in the production series C. The results obtained regarding the total proteins are slightly higher than the
results of (Mateva, 2004), but are similar to the results obtained in the analyses by (Radevska et al., 2003) for the
total proteins in Bieno cheese, with the results of Martinovic, (2016); Špoljarić, (2015); Vranković, (2020).
4. CONCLUSIONS

Based on the obtained results, it can be observed that the content of total nitrogenous substances during
ripening tends to increase slightly until the 20th day due to the different degree of utilization of nitrogenous
substances from milk and the degree of proteolytic decomposition. In the last stage of ripening, a minimal decrease
in values has been distinguished which is probably a result of the reduced proteolytic decomposition due to the
higher percentage of salt, the differences in the technology of cheese preparation, the ripening conditions, as well as
the activity of microorganisms. The highest percentage of nitrogenous substances, and thus of total protein, is found
in the cheeses of the production series A.
It can also be concluded that the volume of proteolysis is affected by the type and amount of enzyme, the
temperature during the ripening of the cheese, the length of ripening and the activity of the enzymes. The
technological process of production, in essence, greatly affects the dynamics and breakdown of proteins, which is
confirmed by our research.
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