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A b s t r a c t

The range of proteolytic changes that take place in ripened cheeses produced by local and mass
manufacturers from cow, goat and sheep milk was assessed by determination of nitrogen compounds
in the products, such as: total nitrogen, water-soluble nitrogen compounds at pH 4.6, peptide
nitrogen content and amino acid nitrogen content. The results indicate that cheese made from sheep
milk by local manufacturers contained the largest amounts of all the nitrogen forms under study.
The total nitrogen content in them was 5.75%, the content of water-soluble nitrogen compounds at
pH 4.6 was 18.27% Ntotal on average, peptide nitrogen was 2.63% Ntotal and amino acid nitrogen was
12.75% Ntotal. Moreover, the study showed that the concentration of individual forms of nitrogen
compounds was higher in products made by local manufacturers compared to the same products
made by mass manufacturers. Other parameters determined in cheese samples included pH, water,
NaCl and fat content, fat content.
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A b s t r a k t

Oznaczono zmiany proteolityczne w serach dojrzewających pochodzących od lokalnych
i masowych producentów, wytworzonych z mleka krowiego, koziego oraz owczego. Ocenę zakresu
zmian proteolitycznych przeprowadzono, oznaczając zawartość poszczególnych form związków
azotowych w badanych produktach. Oznaczono zawartość: azotu ogółem, azotu rozpuszczalnego
w pH 4,6, azotu peptydowego oraz azotu aminokwasowego. Wykazano, że najwyższą zawartością
wszystkich badanych form azotu charakteryzowały się sery owcze pochodzące od lokalnych
producentów. W produktach tych zawartość azotu ogółem kształtowała się na poziomie średnio
5,75%, azotu rozpuszczalnego w pH 4,6 średnio 18,27% Ntotal, azotu peptydowego 2,63% Ntotal,
a azotu aminokwasowego – 12,75% Ntotal. Na podstawie przeprowadzonych badań wykazano
ponadto, że stężenie poszczególnych form związków azotowych jest wyższe w produktach pochod-
zenia lokalnego niż w tego samego rodzaju produktach wytwarzanych przez masowych pro-
ducentów. W badanych próbkach serów dojrzewających oznaczono również kwasowość czynną
(pH), zawartość wody, zawartość tłuszczu w suchej masie oraz zawartość NaCl. W badaniach
wykazano, iż badane wyróżniki jakości mieściły się w granicach wyznaczonych przez polskie
standardy dla tego rodzaju produktów.

Introduction

Nowadays, consumers are searching for safe food of known origin. They
want the food they buy to be free of any risk to their health and to have above-
standard quality (ANGULO and GIL 2007, VERBEKE et al. 2007). Product origin
is playing an increasingly important role. Products from rural areas are
regarded as being of high quality. The EU legal regulations (EC No 509/2006,
EC No 510/2006, EC No 2081/92, EC No 2082/92) provide the possibility of
protecting original agricultural and food products which are characteristic in
terms of their origin and traditional method of production. These include:
Protected Designation of Origin (PDO), Protected Geographical Indication
(PGI) and Traditional Speciality Guaranteed (TSG). Product quality, which is
a result of the method of production and processing, as well as the raw
materials used, should be the most important food characteristic, providing the
basis for building its positive image. Therefore, the important issues of
registration and standardization of traditional foods arise in order for these
products to be protected against imitations, to be of high quality and to
conform to contemporary rules of appropriate and safe production. A way to
ensure authenticity and high quality of traditional food products is to establish
criteria for their registration that will thereafter determine standards for their
commercial production (TRICHOPOULOU et al. 2007).

Ripened rennet cheeses are among the most important components of the
human diet in the temperate zones and are one of the best sources of calcium in
food (BROOME and HICKEY 1991, LANE and FOX 1996, MISTRY 2001). The
degree of their ripeness is one of the major factors which determine their
quality and sensory characteristics. One of the most significant biochemical
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processes which determine the taste and texture of cheese is proteolysis. The
process comprises a whole range of microbiological, enzymatic and
physicochemical phenomena. The processes can be divided into three phases:
proteolysis of casein before starter bacteria and coagulating enzyme are
added, enzymatic coagulation of milk and proteolysis during the cheese
ripening process (Fox 1989, GRAPPIN and BEUVIER 1997, TRUJILLO et al.
2002). An important role in developing the taste and flavour of cheese is
played by bacterial enzymes through releasing low-molecular products of
degraded para-casein (BROOME and HICKEY 1991, SKEIE et al. 1995). The most
important native enzyme, responsible for proteolysis of milk proteins is
plasmin. Plasmin’s proteolytic effect on αs1-casein leads to the formation of
peptides and λ-casein. The products of β-casein hydrolysis induced by plas-
min are γ-caseins (γ1, γ2, γ3, γ4) and proteose-peptones (KUNCEWICZ et al. 2009).
Proteinases of starter bacteria effect hydrolysis of β-casein, whereas pep-
tidases are active after cell autolysis (BROOME and HICKEY 1991, LANE and
FOX 1996). Producers, whose main goal is to maximise profits, frequently
reduce cheese ripening time to the minimum, which considerably lowers the
sensory quality of the finished product. It has been observed in recent years
that products obtained from cow milk, e.g. rennet cheese, increasingly often
are becoming a cause of food allergies. Consumers who want to have a good
source of calcium in ripened cheese seek alternative products, made from
a different type of raw material. Products made from sheep or goat milk are
a perfect alternative for people who are allergic to dairy products made from
cow milk. The literature does not provide exact data on the quality of ripened
cheese made from sheep or goat milk from local producers. There are no
specific requirements for the physico-chemical quality for products produced
by local manufacturers. Under current law the legal conditions of production
of dairy products produced from milk obtained at the farm, where the
business is involved in the production of products intended for direct sale,
apply only to the veterinary requirements that should be met in carrying out
activities of local, organic and limited (Regulation of The Minister of Agricul-
ture And Rural Development 2010 ). Therefore, the aim of this study was to
evaluate the range of proteolytic transformations (by determining the con-
tent of different nitrogen compounds), which are an indicator of the maturity
of rennet cheeses and basic determinants of quality, such as active acidity,
salt and fat content in cow, sheep and goat ripened cheese made by local
producers and to compare selected parameters with those of cheeses made by
larger manufacturers.
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Materials and Methods

Samples

Stock was taken of ripened cheeses made by agritourist farms and dairy
micro-companies operating in the region of Warmia and Mazury in Poland.
Selected from the indicated products were those with above-standard quality,
which results from traditional production methods and the raw materials
(of local origin) used in the process. Of the selected rennet cheeses, samples of
15 hard (n = 4) and semi-hard (n = 11) cow (hard n = 4, semi-hard n = 5) goat
(n = 3) and sheep (n = 3) cheeses were taken for analysis. Moreover, hard (cow
n = 3) and semi-hard (cow n = 3, goat n = 2 and sheep n = 2) cheeses from
10 large producers were purchased on the local market (these samples were
labelled as conventional). Research was conducted in 2011.

Proteolytic changes

The proteolytic changes was evaluated by the reference method (Kjeldahl’s
method), taking into account changes in the content of different forms of
nitrogen compounds: total nitrogen (HELDRICH 1990), water-soluble nitrogen
at pH 4.6 according to Sode-Mogensen (HELDRICH 1990), peptide nitrogen
according to SCHOBER et al. (HELDRICH 1990) and amino acid nitrogen accord-
ing to Sirks (HELDRICH 1990). The samples were mineralized and distilled
using FOSS apparatus.

NaCl, fat, water, pH

NaCl, fat, water content and active acidity (pH) were determined by the
method contained in the Polish Standard (Mleko i przetwory... PN-73/A-86232).
NaCl content were determined using Volhard’s method. To estimate fat
content has been used Soxhlet extraction.

Statistical analysis

The data obtained were statistically analysed with the use of basic statis-
tics. The results were statistically analysed using Statistica 10 software. Basic
statistics (average and standard deviation) were calculated. A one-factor
variation analysis ANOVA and Tukey’s post-hoc tests were used to test
differences between products and origin (local and conventional). The signifi-
cance of differences was tested at the significance level of 0.05. The results are
shown in Tables 1–3 and in Figures 1–4.
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Results and Discussion

NaCl, fat, water, pH

The determination results have shown that active acidity (pH) in mass-
produced cheeses was higher than those of local origin (Tables 1–3). The
relationship was observed in all the three types of ripened cheeses (made from
cow, sheep and goat milk). A statistical evaluation of experimental results has
shown that acidity of all local products was significantly higher from the
conventional products. According to the requirements of the standard PN-68-
A-86230, salt content in ripened cheese should not be higher than 2.5%.

Table 1
Chemical composition and acidity (pH) of cow cheeses (mean ± SD)

Cow cheese

Specification local conventional ANOVA

x̄ ± SD x̄ ± SD

Acidity (pH) 6.09 ± 0.15 6.49 ± 0.15 F = 5.29, p = 0.016
NaCl % 1.85 ± 0.22 1.63 ± 0.45 F = 3.15, p = 0.187

Water content % 40.05 ± 1.24 40.97 ± 0.95 F = 1.70, p = 0.101
Fat content in d.m. % d.m. 46.14 ± 2.14 45.01 ± 2.89 F = 1.82, p = 0.615

Table 2
Chemical composition and acidity (pH) of goat cheeses (mean ± SD)

Goat cheese

Specification local conventional ANOVA

x̄ ± SD x̄ ± SD

Acidity (pH) 6.01 ± 0.19 6.23 ± 0.17 F = 1.18, p = 0.049
NaCl % 2.15 ± 0.18 1.86 ± 0.06 F = 8.94, p = 0.001

Water content % 39.95 ± 1.04 41.47 ± 1.75 F = 8.83, p = 0.003
Fat content in d.m. % d.m. 49.06 ± 1.84 41.65 ± 1.34 F = 1.18, p = 0.003

Table 3
Chemical composition and acidity (pH) of sheep cheeses (mean ± SD)

Sheep cheese

Specification local conventional ANOVA

x̄ ± SD x̄ ± SD

Acidity (pH) 5.78 ± 0.04 6.23 ± 0.19 F = 21.09, p = 0.001
NaCl % 1.52 ± 0.03 1.48 ± 0.02 F = 2.71, p = 0.052

Water content % 40.05 ± 0.85 41.52 ± 0.78 F = 1.17, p = 0.043
Fat content in d.m. % d.m. 48.36 ± 2.01 44.83 ± 1.74 F = 1.32, p = 0.082
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The study results have shown that salt content in cheese from local
producers was higher than in cheese produced by larger dairy plants, but in
none of the samples did it exceed the highest acceptable value for the product
(Tables 1–3).

The differences between the average content of NaCl are statistically
significant only in goat cheeses (Table 2). The water content in all the cheese
samples ranged from 39.95% (in goat cheese from a local manufacturer) to
41.52% (in mass-produced sheep cheese) – Tables 1–3, and in none of the
samples did it exceed the highest value allowed by the Polish Standard, which
is equal to 45% for this type of product.

The highest fat content per dry weight was found in the locally produced
goat cheeses (49.06% on average) – Table 2, and the lowest was in the same
type of cheese produced on a large scale (41.65%) – Table 2. A statistical
evaluation has shown that water content was significantly differed in goat and
sheep (Table 3) cheeses and fat content – in goat cheeses (Table 2).

Range of proteolytic changes

The range of proteolytic transformations in the cheese samples was
compared by determination of the different forms of nitrogen compounds (total
nitrogen, water-soluble nitrogen at pH 4.6, peptide nitrogen and amino acid
nitrogen). The content of different forms of nitrogen is shown in Figures 1–4.
The results show that the highest content of total nitrogen is found in locally
produced sheep cheeses (5.75% on average) – Figure 1. Average total nitrogen
content in conventional sheep cheeses was 4.82% (Figure 1). The values found
in the other types of ripened cheeses were similar with no differences observed
between local and conventional products (Figure 1). The total nitrogen content
in cow cheeses was 4.56% in local products and 4.54% in conventional ones,
whereas the values for goat cheeses were 4.62% and 4.63%, respectively
(Figure 1). The differences between the average content of total nitrogen are
statistically significant only in sheep cheeses (F = 4676; p = 0.00).

The range of proteolytic transformations in ripened cheeses is indicated by
the presence of water-soluble nitrogen, amino acid nitrogen and peptide
nitrogen contained in products of para-casein hydrolysis. The study results
show that ripened cheeses produced by local manufacturers contain the
highest amounts of nitrogen compound in all forms.

The content of soluble nitrogen in local products made from sheep milk was
equal to 18.33% Ntotal (Figure 2), the content of peptide nitrogen was 2.63%
Ntotal (Figure 3), and the content of amino acid nitrogen was 12.75% Ntotal

(Figure 4). Those values for the products made from goat milk were: 17.84%
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Fig. 1. Content of total nitrogen [%] in local and conventional cow, goat and sheep cheeses:
statistically high significant differences between averages marked with the same letters in series

A, B, C (p ≤ 0.05) and origin of product – local and conventional – a, b (p ≤ 0.05)

Fig. 2. Content of nitrogen soluble at pH 4.6 in local and conventional cow, goat and sheep cheeses
[% N total]: statistically high significant differences between averages marked with the same letters
in series A, B, C (cow F = 5.64; p = 0.02; goat F = 7.68; p = 0.01) and origin of product – local and

conventional – a (F = 7.61; p = 0.00), b (F = 12.34; p = 0.00)
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Fig. 3. Content of peptide nitrogen in local and conventional cow, goat and sheep cheeses [% N total]
statistically high significant differences between averages marked with the same letters in series
A, B, C (cow F = 8.29; p = 0.08) and origin of product – local and conventional – a (F = 20.15;

p = 0.00), b (F = 18.64; p = 0.00)

Fig. 4. Content of amino acids nitrogen in local and conventional cow, goat and sheep cheeses
[% N total] statistically high significant differences between averages marked with the same letters in
series A, B, C (goat F = 6.04; p = 0.01) and origin of product – local and conventional – a (F = 136;

p = 0.00), b (F = 19.03; p = 0.00)
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Ntotal (Figure 2), 2.05% Ntotal (Figure 3) and 11.49% Ntotal (Figure 4), respective-
ly, while for cow cheeses it was 16.91% Ntotal (Figure 2), 2.11% Ntotal (Figure 3)
and 9.15% Ntotal (Figure 4), respectively. The content of nitrogen compounds in
conventional products made from sheep milk was: soluble nitrogen – 18.12%
Ntotal (Figure 2), peptide nitrogen – 2.46% Ntotal (Figure 3), amino acid nitrogen –
11.64% Ntotal (Figure 4). Those values for cow cheeses were: 16.22% Ntotal

(Figure 2), 1.87% Ntotal (Figure 3), 9.12% Ntotal (Figure 4), respectively, and for
goat cheese: 17.01% Ntotal (Figure 2), 1.94% Ntotal (Figure 3) and 10.63% Ntotal

(Figure 4), respectively. Statistical evaluation has shown that nitrogen soluble
content in cow and goat local cheeses (p ≤ 0.05) was significantly differed from
the levels determined in conventional products (Figure 2). Peptide nitrogen
content was significantly differed only in cow cheeses (p ≤ 0.05) (Figure 3), and
amino acid nitrogen was significantly differed in goat cheeses (p ≤ 0.05) (Figure 4).
The statistically significant differences in total nitrogen content, soluble
nitrogen content peptide nitrogen content and amino acid nitrogen content
were also found between sheep, cow and goat cheeses (p ≤ 0.05) produced by
local producers (Figure 1–4). In cheeses cow goat and sheep produced conven-
tionally statistical evaluation has shown significantly differences in soluble
nitrogen content, peptide nitrogen content and amino acid nitrogen content
(p ≤ 0.05) (Figure 2–4). The higher content of nitrogen forms determined in
local products (which is a sign of cheese maturity) may indicate that the
ripening process lasts longer compared to mass-produced cheeses. The busi-
ness activities of mass producers are profit-oriented and shortening the
ripening process helps to reduce production costs. The study conducted by
other authors showed higher content for approx. 5% of water-soluble nitrogen
in ripened cheese (PARK 2001, AWAD 2006, CICHOSZ et al. 2006) examined
changes in the content of different forms of nitrogen compounds in the process
of ripening of Gouda cheese. The authors showed that after 6 weeks of
ripening, Gouda cheese contained 13.44% Ntotal of water-soluble nitrogen
compounds, 4.99% Ntotal of amino acid nitrogen and 1.5% Ntotal of peptide
nitrogen (CICHOSZ et al. 2006). According to earlier studies conducted by
CICHOSZ et al. (2005) on Gouda cheese, the content of water-soluble nitrogen
after 6 weeks of storage was 17.27% Ntotal, amino acid nitrogen was 10.66%
Ntotal and peptide nitrogen was 1.29% Ntotal.

The content of different forms of nitrogen is depending on many factors
such as: time and conditions of ripening product, protein content in raw
material, amount and quality of starter culture. The highest content of
different forms of nitrogen compounds was found in sheep cheeses, both those
produced locally and by large dairy farms, whereas the lowest content was
found in cheeses produced from cow milk (Figures 1–4). Sheep milk contains
the largest amounts of protein (4.90 – 6.80%, including 4.40 – 5.90% of casein)
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(PANDYA and GHODKE 2007, DANKÓW and PIKUL 2011). Hence, the total
nitrogen content and that of individual forms of nitrogen compounds in
ripened cheese is higher compared to products made from cow or goat milk.
Ripened cheeses produced by local manufacturers contain the highest amounts
of all forms nitrogen compound.

Conclusions

1. The basic chemical composition and active acidity (pH) of the ripened
cheese under study, made from different types of raw material, complied with
the requirements set by the Polish Standards for such products.

2. The content of different forms of nitrogen compounds, which is a sign of
cheese maturity, was higher in products made by local manufacturers. This
may indicate that the process of cheese ripening is longer, which results in
better taste and flavour characteristics, largely affecting the quality of the final
product.

3. The content of each form of nitrogen compounds, both for local and
conventional products, was the highest in cheese produced from sheep milk,
which may be attributed to the composition of the raw material and the cheese
ripening time.

Translated by JOLANTA MOLGA
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