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Abstract

In addition to the nutritional value, cheese and other fermented milk-based products are a good 
source of biologically active proteins and peptides. Bioactive peptides in cheese are mainly formed 
during cheese production, especially during ripening, which is one of the most important stages in 
cheese production. Since the ripening process differ significantly depending on the cheese type, it 
can be assumed that their bioactivity is also substantially different. White brined cheeses are specific 
for the region of South-Eastern Europe. They are characterized by relatively intensive proteolysis and 
as such may be of interest as products with favorable functional characteristics. Yet, their functional-
ity is still insufficiently characterized. This paper presents an overview of the current knowledge on 
white brined cheese’s bioactive peptides.
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Introduction

From the nutritional point of view cheese is 
a good source of essential substances such as pro-
teins, vitamins, minerals and short chain fatty acids. 
Cheese and other fermented milk-based products 
contain a great number of bioactive proteins and 
peptides. Bioactive peptides (biologically active pep-
tides) are defined as specific protein fragments that 
have positive impact on human and can ultimately 
affect their health (Kitts and Weiler, 2003). Al-
though some bioactive proteins and peptides origi-
nate from milk itself, the largest part is formed 
during cheese production, especially during ripen-
ing or proteolysis (Corrêa et al., 2011; Pattom 
and Hongsprabhas, 2013; Power et al., 2013). 
Bioactive peptides are mainly fragments contain-
ing 2-20 amino acid residues which exhibit variety 
of activities including immunomodulatory, antihy-
pertensive, antimicrobial, antioxidant and opioid 
activity (Korhonen, 2009; Nagpal et al., 2011;  

Phelan and Kerins, 2011; López-Expósito  
et al., 2012; Baum et al., 2013; Pisanu et al., 
2015). Figure 1. presents an overview of  currently 
known forms of peptide bioactivity in milk and milk 
products. Bioactive peptides contained in ferment-
ed milk products are mainly derived from casein 
hydrolysis by proteases and peptidases originating 
from milk, rennet, starter- and non-starter bacteria 
(Sieber et al., 2010; Sahingil et al., 2014). Besides 
caseins, whey proteins and their proteolytic prod-
ucts also exert bioactivity (Korhonen et al., 1998;  
Lisak-Jakopović et al., 2016). The degree of bio-
active peptides formation is determined by a num-
ber of factors such as type of milk, heat treatment, 
ripening conditions and stage of ripening (Gagnaire 
et al., 2011; Sanhingil et al., 2014; Gomez-Ruiz 
et al., 2007; Pritchard et al., 2010; Sforza et al., 
2003, 2012; Korhonen and Marnila, 2013). Thus, 
the presence of bioactive peptides is determined by 
type and characteristics of cheese.
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White cheese in brine is a type of cheese that is 
mostly produced and consumed in the countries of 
the South-Eastern Europe. It is usually prepared in 
artisanal way from raw or heat-treated milk. These 
cheeses are mostly produced from cow milk, and to 
a lesser extent from sheep or goat milk. The speci-
ficity of this type of cheese is ripening that takes 
place in brine usually within 2-3 months. They are 
characterized by relatively intensive proteolysis dur-
ing which a broad range of low molecular weight 
peptides of different bioactivity are formed. Never-
theless, bioactivity of peptides found in white brined 
cheese is still not sufficiently characterized. This pa-
per presents an overview of the current knowledge 
of bioactive peptides from white brined cheeses.

Proteins of white cheese in brine

White brined cheeses, as well as other cheese 
types are products whose main components are pro-
teins and milk fat. The content of these components 
varies and is determined by numerous factors such 
as milk type and composition, milk pre-treatment, 
heat treatment and ripening conditions (Maćej 
et al., 2007). In general, cheeses are a source of 
highly nutritive, almost 100 % digestible proteins 
(López-Expósito et al., 2012). The protein con-
tent in white cheeses is variable and ranges up to ap-
proximately 28 % (Hayaloglu et al., 2008; Dozet, 
2004). The largest part of cheese matrix proteins are 
caseins, αs-, β- and κ-caseins. In the available litera-
ture there is data characterizing the structure and 
properties of casein (Maćej et al., 2007). As a result  
of different resistance of dominant caseins (CN)  
αs-CN and β-CN during proteolysis (Fox et al., 1993;  
Sarantinopoulos et al., 2002) the share of indi-
vidual caseins in white cheeses in brine has dynam-
ic character and is determined by ripening stage.  
Generally, αs-CN are more susceptible to prote-
olysis and ripened traditional white cheese in brine  
(60-90 days) contains 30 % - 40 % residual αs-CN 
and 85-90 % residual β-CN (Alichanidis and  
Polychronidau, 2008). 

Besides caseins, whey proteins (WP) such as 
α-La, β-Lg, and other less represented proteins par-
ticipate in white cheese protein matrix. However, 
their content in cheese is much lower since most 

of them are lost during production. In traditional 
production process of autochthonous white cheeses 
most of whey proteins are lost through whey and 
are present in cheese in trace amounts (Barać et al., 
2006, 2013; Smiljanić et al., 2014). Low level of 
these proteins is registered in white cheeses made 
from milk which is heat-treated at moderate tem-
peratures (63-70 °C) (Korhonen and Marnila, 
2013). On the other hand, by overheating milk at 
temperatures above 80 °C large part of whey pro-
teins is incorporated into the protein matrix, which 
is a result of chemical interaction between CN and 
WP, and between WP themselves, and the formation 
of the so-called WP-CN complex (Jovanović et al., 
2005a,b; Pesic et al., 2011, 2012a). The degree of 
their incorporation is determined by the heat treat-
ment regime (temperature and time) and the type of 
milk (Vasbinder and de Kruif, 2003; Chevalier  
et al., 2009; Pesic et al., 2012b, 2014). Applying heat 
treatment of goat and cow milk at 90 °C for 10 min,  
over 90 % of the initial amount of whey proteins 
would be incorporated into complexes (Pesic et al., 
2012b, 2014, 2015), while the protein extracts of 
white cheeses made from such milk would contain 
more than 12 % of dominant whey proteins (α-La and 
β-Lg), as well as minor whey proteins such as lacto-
ferrin and immunoglobulin (Barac et al., 2016 a, b).

Figure 1. Bioactivity of milk protein-derived  
peptides and their influence on human 
health (Korhonen, 2009)
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Both types of cheese proteins exert biologi-
cal activity (Power et al., 2013; Korhonen and 
Marnila, 2013; Zulueta et al., 2009). However, 
they are largely precursors of low molecular weight 
peptides which are released under the action of pro-
teolytic enzymes during gastrointestinal digestion, 
proteolysis in cheese ripening (De Simone et al., 
2009), and to a lesser extent during the heat treat-
ment of milk (Parrela et al., 2012).

According to the current knowledge, bioac-
tive peptides are small peptides containing up to 20 
amino acids. Mostly they originate from αs1-CN, fol-
lowed by β-CN and αs2-CN, while κ-CN is a minor 
source of these peptides (Baum et al., 2013). Nu-
merous authors including Fitzgerald and Meisel 
(1999), De Simone et al. (2009), Zulueta et al. 
(2009), Çekiç et al. (2015) showed that hydroly-
sis of dominant whey proteins (α-La and β-Lg) pro-
duces peptides which exhibit different bioactivity, 
including ACE-inhibitory and antioxidant activity.

Bioactive proteins and peptides of cheese

For many years it has been known that both 
types of proteins present in milk and dairy products, 
caseins and whey proteins have biological activity. 
For example, milk contains lysozyme, lactoferrin, 
immunoglobulins, hormones, cytokines and growth 
factors, secreted in their active form by mammary 

glands and exerting bioactivities. Furthermore, it 
is known that caseins exert antioxidant properties. 
Some characteristics of bioactive milk proteins are 
given in Table 1. In addition, research conducted 
over the last 20 years have shown that milk and 
fermented dairy products, which include different 
types of cheese, are a potential source of bioactive 
peptides with antihypertensive, immunomodula-
tory, antimicrobial and antioxidant activity, and  can 
be important in prevention and treatment of various 
diseases.

Antihypertensive peptides

Hypertension is a huge problem in the devel-
oped world countries and about 30 % of adult popu-
lation suffers from it (López-Expósito, 2012). It is 
closely associated with coronary heart disease. The 
antihypertensive effect of milk proteins and prod-
ucts of their proteolysis represents the initial sub-
ject of research in the field of peptide bioactivity. 
Nowadays it is considered that proteins and dairy 
products are one of the most important source of 
such bioactive peptides (Phelan and Kerins 2011; 
Hernández-Ledesma et al., 2011). The initial 
research in the field of antihypertensive peptides 
referred to detection and characterization of pep-
tides obtained by milk fermentation which inhibit 
angiotensin-converting enzyme (ACE, EC 3.4.15.1) 

Table 1. Biological activity of major milk proteins (Korhonen et al., 1998; Korhonen and Philanto, 2006)

Protein Concentration
g/L Function

Caseins (α,β,κ) 28
Ion carrier (Ca, Fe, Zn, Cu);  

precusors of bioactive peptides

β-lactoglobulin 1.3
Retinol carrier, fatty acid binding, 

possible antioxidant

α-lactalbumin 1.2
Lactose synthesis in mammary gland, Ca carrier,  

immunomodulation, anticarcinogenic

Immunoglobulins A, M and G 0.7 Immune protection

Glycomacropeptide 1.2 Antiviral, bifidogenic

Lactoferrin (LF) 0.1
Antimicrobial, antioxidative, immunomodulation,  

iron absorption, anticarcinogenic

Lactoperoxidase 0.03 Antimicrobial

Lysozyme 0.0004
Antimicrobial, synergistic effects  

with immunoglobulis and LF
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(Otte et al., 2007). This enzyme plays a role in the 
rennin-angiotensin system (Fig. 2) by converting  
angiotensin I to a potent vasoconstrictor, angiotensin 
II, which also induces the release of aldosterone and 
therefore increases the sodium concentration and 
blood pressure. ACE also takes part of the kinin-ka-
licrein system as it hydrolyzes bradykinin, which has 
a vasodilator action (Fig. 2) (FitzGerald i Meisel, 
1999; FitzGerald et al., 2004; López-Expósito 
et al., 2012). However, several milk-derived anti-
hypertensive peptides may act by different mecha-
nisms other than inhibiting ACE such as direct vaso-
dilator effects, antioxidant activity or by interaction 
with opioid receptors (Martínez-Maqueda et al., 
2012).

First detected peptides derived from milk pro-
teins with a strong ACE-inhibitory activity were 
tripeptides Isoleucine-Proline-Proline (IPP) and Va-
line-Proline-Proline (VPP) (Nakamura et al., 1995; 
Matsuura et al., 2005; Bütikofer et al., 2007). 
It was found that fermented milk containing these 
tripeptides effectively lowers blood pressure in hu-
mans (Seppo et al. 2002, 2003; Tuomilehto et al., 
2004). Since then, a large number of peptides with 
similar effect have been identified and are formed 
during gastrointestinal digestion (Gómez-Ruiz 
et al., 2007; Miguel et al., 2010), fermentation  
(Nakamura et al., 1995; Ashar et al., 2004; 
Fitzgerald et al., 2004) or enzymatic hydrolysis 
(Hernández-Ledesma et al., 2002, 2006; Miguel 
et al., 2007; Contreras et al., 2011; Wang et al., 
2010; Corrêa et al., 2011; Hafeez et al., 2014; 
Pisanu et al., 2015). Hernández-Ledesma et al. 
(2011) reported 40 peptides which originate from 
fermentation and proteolysis of caseins (αs1-CN, 
αs2-CN, β-CN, and κ-CN) and whey proteins  
(α-La, β-Lg). Furthermore, current findings es-
tablished a strong correlation between formation 
of these peptides in fermented products and their 
effect of lowering blood pressure in vivo (López-
Expósito, 2012).

ACE inhibitory peptides usually contain 2-20 
amino acid residues, although active peptides with 
up to 27 amino acids have been found (Saito et al., 
2000; Lignitto et al., 2010). ACE seems to pre-
fer substrates or competitive inhibitors containing 
hydrophobic (aromatic or branched side chains) 
amino acid residues at each of the three C-terminal 

positions; the presence of lysine or arginine, with a 
positive charge on the 3-amino group also seems to 
contribute to the inhibitory potency (Murray and 
FitzGerald, 2007). For peptides that are longer 
than tetrapeptides the type and arrangement of the 
last four amino acid residues at the C-terminal are 
known to determine in vitro potency against ACE 
(Aluko, 2012).

Cheeses as fermented products represent a po-
tentially good source of peptides with ACE-inhibito-
ry activity in vitro (Paul and van Hekken, 2010). 
However, the identification and characterization of 
these peptides in cheese is quite problematic due to 
a complex protein matrix of cheese and continuous 
degradation of newly formed peptides during prote-
olysis. Various types of cheese have been subjected 
to investigation regarding formation and stability of 
ACE-inhibitory peptides during processing and rip-
ening. This includes Crescenza, Gorgonzola, Mozza-
rella, Camembert, Edam, Gouda, Cheddar, Roque-
forti, Emmentaler, Parmesan, Parmigiano-Reggiano, 
Asiago, Gamalost, Norvegia, Brie, Fresco and Feta 
(Addeo et al., 1992; Smacchi and Gobbetti,  
1998; Ryhänen et al., 2001; Pripp et al., 2006; 
Bütikofer et al., 2007; Lignitto et al., 2010; 
Pritchard et al., 2010; Bottesini et al., 2013). 
Summing up the results of a research conducted by 
López-Expósito et al. (2012), the presence of 92 
different peptides with potential antihypertensive 
effects arising from αs1-CN and β-CN was indicated. 

Figure 2. Renin-angiotensin and kinin-nitric oxide 
system (FitzGerald et al., 2004)
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Overall, according to the current knowledge, 
proteolysis is most probably the key stage of pep-
tides with ACE-inhibitor activity formation. These 
peptides originate from starter- and non-starter lac-
tic acid bacteria activity, although rennet enzymes 
showed also a potential for formation of ACE-inhib-
itors (Smacchi and Gobbetti, 1998). In addition, 
inhibiting activity registered in these cheeses de-
pends on protein content in cheese, type of cheese 
and time and conditions of ripening (Pripp et al., 
2006). Ong et al. (2007) demonstrated that ACE-
inhibitor activity of water extract of Cheddar cheese 
inoculated with some strains of Lb. casei increases 
continuously during 24 weeks of ripening and then 
remains constant until the end of ripening. On the 
contrary, peptides with ACE-inhibitor activity de-
tected in Parmesan after 6 months of ripening were 
not detected after 15 months of ripening (Addeo 
et al., 1992). Similarly, Gomez-Ruiz et al. (2007) 
detected five peptides (DKIHPF, VRYL, LPQNILP, 
VPSERYL, KKYNVPQL) with ACE-inhibitor  
activity in Manchego cheese, which was confirmed 
on experimental rats (Miguel et al., 2010). Their 
concentration varied depending on the production 
process and ripening duration. The level of these 
peptides was low after the first four months of rip-
ening and then it had intensively grown and reached 
a maximum at eight months. The content of inhibi-
tory peptides in Gouda cheese riched a maximum 
after six months of ripening and then significantly 
decreased (Meisel et al., 1997). Even though such 
results suggested that the degree of proteolysis sig-
nificantly affected the level of activity of peptides 
with inhibitory activity, some literature data suggest-
ed that the nature of formed peptides also affected 
the ACE-inhibitory activity. Comparing ACE-inhib-
itory activity of different types of cheeses, Pripp 
et al. (2006) observed that an alcoholic extract of 
Kesam cheese, which is a quark type cheese, char-
acterized by a low degree of proteolysis had a higher 
inhibitor activity comparing to other cheeses.

The above studies clearly showed that key fac-
tors of levels of ACE-inhibitory peptides are type 
of cheese, character of proteolysis, as well as the 
nature of the formed peptides. The process of pro-
teolysis of white cheeses in brine was somewhat dif-
ferent in comparison to other types such as Gou-
da-type or pasta filata cheeses, why the stability of 
bioactive peptides was different (Fox et al., 2000). 

Those differences most probably originated from 
white cheese ripening at high salt concentrations 
and mass transfer between the cheese and the brine  
(Hayaloglu et al., 2002) which may affect the level 
of bioactive peptides. Also, there is a great influ-
ence of non-starter autochthonous bacteria to these  
differences (Sieber et al., 2010).

Although the process of proteolysis of differ-
ent types of white cheese in brine is well known  
(Hayaloglu et al., 2008; Alichanidis and  
Polychroniadou, 2008; Barać et al., 2006), ACE-
inhibitory activity of peptides formed during rip-
ening is still not sufficiently characterized. Both, 
starter and non-starter cultures, contribute to the 
ACE-inhibitory activity of these cheeses (Pripp 
et al, 2006; Korhonen, 2009). The major part of 
non-starter bacteria in white brined cheeses are 
lactobacilli which are responsible for proteolysis 
and thus for the formation of ACE-inhibitory pep-
tides as well (Sieber et al., 2010). Sahingil et al. 
(2014) investigated the effect of adjunct lactobacilli  
(Lb. helveticus or Lb. casei) addition and ripening 
temperature (6 or 12 °C) on proteolysis and ACE-I  
inhibitory capacity of white brined cheese during 
120 days of ripening with 30-day intervals. Their 
results indicated that the use of adjunct culture of 
Lb. helveticus resulted in faster development of pro-
teolysis in white brined cheese. Similarly, increasing 
the ripening temperature from 6 °C to 12 °C led 
to a faster development of proteolysis as well as  
production of ACE-I inhibitory peptides. Dimitrov  
et al. (2015) investigated the ACE-inhibitory activ-
ity of Bulgarian white cheese produced with dif-
ferent starter cultures. The results indicated that 
cheeses produced with the addition of strain L. hel-
veticus A1 had ACE-inhibitor activity, which was 
mainly the result of tetrapeptide Ala-Leu-Pro-Met. 
Erkaya and Şengul (2015) correlated the change 
of proteolytic parameters and ACE-inhibitor activity 
in vitro of water-soluble protein extracts of white 
cheeses made using probiotic adjunct cultures (Bifi-
dobacterium bifidum DSMZ 20456 and Lactobacil-
lus acidophilus DSMZ 20079). They showed that 
ACE-inhibitor activity of water-soluble extracts of 
cheeses increased throughout the ripening (IC50 
values 82.78-140.99 μg/mL) and that the changes 
were positively correlated with peptide concentra-
tion of water-soluble extracts.
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In Serbia a wide range of traditional white 
cheeses in brine, such as Sjenica cheese, Homolje 
cheese, Zlatar cheese, Zlatibor cheese and other is 
produced. The process of proteolysis of these chees-
es is very well characterized (Maćej et al., 2004; 
Jovanović et al., 2004a,b; Barać et al., 2006; 
Radulović et al., 2011). However, there is no data 
related to the potential ACE-inhibitory activity of 
peptides formed during the ripening period. Given 
the huge impact of specific autochthonous micro-
flora and quite powerful proteolytic processes, it 
could be assumed that these cheeses represent good 
source of ACE-inhibitors. Therefore, further stud-
ies should concentrate on the characterization of 
ACE-inhibitory peptides and their stability against 
digestive enzymes. Also technological factors affect-
ing the stability of bioactive peptides in brined-type 
cheeses during ripening should be investigated in 
detail.

Antioxidant peptides of white cheese in brine

Oxidative metabolism is essential for survival 
of cells. A side effect of this dependence is produc-
tion of free radicals and other reactive oxygen spe-
cies that cause oxidative changes. Free radicals and 
reactive oxygen species are involved in the initiation 
or progress of several degenerative diseases includ-
ing cancer, atherosclerosis, Alzheimer’s, Parkinson’s 
and diabetes (Aluko, 2012). Therefore, a control of 
oxidative stress seems to be one of the crucial steps 
in slowing down the progress of these diseases or 
preventing their complications. Besides, other well 
known natural food compounds such as vitamin C, 
polyphenols, flavonoids and carotenoids, peptides 
released from different sources of animal and plant 
origin have been recognized as antioxidants.

Mechanism of antioxidant activity of peptides 
and proteins is not yet quite clear. It is discussed in 
the literature whether the antioxidant effect evolves 
from single amino acid in protein sequence or if the 
effect is a result of interactions between multiple 
amino acid side chains, although most researchers 
agree upon the latter (Elias et al., 2008). Generally, 
proteins have many reactive sites that are suscep-
tible to oxidative modification. Antioxidant prop-
erty of proteins is related first to their amino acid  
composition. Amino acids can act as antioxidants 

mainly either by reducing action of their sulfhy-
dryl groups (cysteine and methionine) or proton 
donation of aromatic residues to electron deficient 
radicals (tryptophan, tyrosine and phenylalanine). 
Imidazole-containing side chain of histidine is sus-
ceptible to oxidative changes, but the fact is that all 
of 20 biologically derived amino acids are potentially 
susceptible to oxidation too (Elias et al., 2008). 
Furthermore, correct positioning of amino acids in 
the protein sequence plays an important role in the 
antioxidant activity of proteins (Yates et al., 2010). 
In addition, the intramolecular transfer of radicals 
from one amino acid residue to another is largely 
dependent on the physical structure of proteins, as 
well as, its molecular weight. Antioxidant activity of 
proteins may be at least partially attributable to the 
lower reactivity of protein radicals, if those radicals 
are transferred to the interior of a complex protein 
where they are unable to physically interact with 
lipids (Østdal et al., 2002). Antioxidative proper-
ties of proteins are also related to their hydropho-
bicity, as well as the ability of protein to chelate and 
store or transport catalytically active metals that are 
important prooxidants in food lipids (Diaz et al., 
2003; Farvin et al., 2010). Also, antioxidant en-
zymes such as superoxide dismutase and peroxidase, 
can inhibit lipid oxidation by catalyzing the conver-
sion of superoxide anion to hydrogen peroxide and 
the conversion of hydrogen peroxide to water, re-
spectively (Valko et al., 2007). Besides, the selec-
tivity of radical attacks on amino acid side chains and 
physical location the radical generation can be re-
lated to the energy of oxidation (Pates et al., 2011). 
Finally, heating proteins in the presence of sugars can 
form brown polymers called melanoidins or Mail-
lard reaction products that act as antioxidants (Žilić  
et al., 2012).

According to the current knowledge, antioxi-
dant proteins and peptides partially originate from 
milk itself, but most of them are formed during 
cheese processing. Intact caseins were shown to pos-
sess antioxidant activity (Power et al., 2013). The 
proposed mechanism of antioxidant activity of ca-
seins is the quenching of free radicals by the oxida-
tion of amino acids in caseins. Parella et al. (2012) 
recognized mild heat treatment of milk as a stage of 
cheese processing during which antioxidant peptides 
could be released. However, cheese ripening and 
proteolysis are the most complex process that occur 
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during ripening and are identified as the major stages 
of antioxidant formation. Antioxidant peptides are 
mostly derived from caseins due to action of pepti-
dases released from both, starter and non-starter 
LAB (Pattom and Hongsprabhas, 2013; Abadia-
Garcia et al., 2013; Kumar et al., 2013; Mushtaq  
et al., 2015, 2016), residual rennet enzymes and in-
digenous milk enzymes such as plasmin (Pihlanto, 
2011). The level of their formation depends on 
ripening conditions and ripening stage (Gupta et 
al., 2009). Besides caseins, whey proteins and their 
proteolytic products also exert antioxidant activity 
(Zulueta et al., 2009; Hernandez-Lendesma et 
al. 2011; Power et al., 2013; Çekiç et al., 2015).

Although there is a large number of data about 
the antioxidant milk protein peptides obtained by 
enzymatic hydrolysis or gastrointestinal casein diges-
tion (Diaz et al., 2003; Diaz and Decker, 2004; 
López-Expósito et al., 2007; Hafeez et al., 2014) 
and whey proteins (Hernández-Ledesma et al., 
2005, 2007, 2011; Corrêa et al., 2011), until re-
cently Cheddar was the only cheese variety which 
has been screened for antioxidant activity. Gupta 
et al. (2009) evaluated the antioxidant properties of 
water-soluble extracts of Cheddar cheeses prepared 
with Lactobacillus casei ssp. casei 300, Lactobaci- 
llus paracasei ssp. paracasei 22 and without adjunct 
cultures. They showed that antioxidant activity of 
the water-soluble extracts was dependent on the 
ripening period. They observed a gradual increase 
of the antioxidant activity up to 4 months of ripen-
ing, after which the antioxidant activity decreased 
and retained similar values from the seventh to the 
ninth month of ripening. In another study, the same 
authors (Gupta et al., 2010) identified two pep-
tides responsible for the antioxidant activities of 
water-soluble extracts; one originated from the bo-
vine β-CN (VKEAMAPK) and the other one origi-
nated from bovine αs1-CN (f(80-90)). Furthermore, 
Pritchard et al. (2010) have evaluated the inhibi-
tion of DPPH radicals by water-soluble extracts of 
three different Australian Cheddar cheeses. They 
found a moderate antioxidant activity in those frac-
tions containing peptides with a molecular weight 
greater than 10 kDa, although peptides were not 
identified. Researching relation between proteolysis 
of cheeses produced from raw and pasteurized sheep 
milk and bioactivity, Pisanu et al. (2015) detect-
ed 187 bioactive peptides in cheeses derived from  

αs1- CN, β-CN and αs2-CN. 9 of the detected pep-
tides manifested a strong antioxidant activity, and 
were a product of β-CN proteolysis, more precisely 
they originated from the fragment f207-221 (QEPV-
LGPVRGPFPIL). Meira et al. (2012) discussed 
the antioxidant activity of water-soluble extracts 
from three Brazilian cheeses (Feta-type, Roquefort-
type and Pecorino-type cheese) and two Uruguayan 
cheeses (Pecorino Sardo-type and Cerrilano-type) 
and showed that type of cheese substantially de-
termined the content and antioxidant activity of 
water-soluble extracts. Accordingly, the Roquefort-
type cheese had the highest content and the highest 
antioxidant capacity. Timón et al. (2014) examined 
the influence of the rennet type on the formation 
of radical scavering peptides smaller than 3 kDa in 
Burgos, the Spanish cheese type, which is consumed 
fresh or after a short ripening period (up to 30 days). 
They used three different rennets: animal rennet 
(Chymosin 95 % and 5 % of bovine pepsin), rennet 
of plant origin (Cynara cardunculus) and microbial 
rennet (Mucor miehei). Considering the obtained re-
sults, plant and microbial rennets produced peptides 
with more intensive radical scavering activity than 
animal rennet. In addition, fractions of these cheeses 
contained previously unidentified peptide derived 
from αs1-CN (f180-199), while cheeses produced 
with animal rennet contained this peptide in very 
small quantities. That peptide was derived from the 
C-terminal part of αs1-CN and its molecular weight 
was 2217 Da. Bottesini et al. (2013) examined 
antioxidant capacity of water-soluble extract of Par-
migiano-Reggiano cheese, before and after in vitro 
digestion. They noticed that carriers of antioxidant 
capacity in water-soluble extracts were free amino 
acids and to a much lesser extent, small peptides. 
According to these authors, this was the reason for 
the absence of changes in antioxidant capacity of 
cheese extracts after in vitro digestion.

To the authors’ knowledge, there are only few 
published researches in which antioxidant potential 
of peptides of white cheese in brine was investi-
gated. These studies were related to the antioxidant 
properties of white brined cheese water extracts 
without closer characterization of peptides respon-
sible for the antioxidant properties. Erkaya and 
Şengul (2015) examined the effect of probiotic 
cultures addition (Bifidobacterium bifidum DSMZ 
20456 and Lactobacillus acidophilus DSMZ 20079) 
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and the packaging method on the change of water-
soluble extract antioxidant properties. They showed 
that the antioxidant properties of white cheese in-
creased with ripening and achieved a maximum after 
60 days, but also that from this point more favorable 
ripening was in vacuum packaging. Furthermore, in 
terms of antioxidant capacity, use of the Lactoba-
cillus acidophilus DSMZ 20079 strain proved to be 
more favorable. Gandhi and Shah (2016) investi-
gated the effect of salt reduction on bioactive char-
acteristics of water extract of Akawi - white cheese 
usually produced in Lebanon, Jordan and Palestine. 
They noticed that this parameter did not signifi-
cantly affect antioxidant properties of Akawi cheese 
extracts and there was no correlation between pro-
teolysis parameters and antioxidant capacity. How-
ever, Ghandi and Shah (2016) also monitored 
the changes in those parameters during 30 days of 
ripening. On the contrary, considering the possibil-
ity of applying the procedure of overheating (90 °C,  
10 min) of milk of different origin (cow and goat 
milk) in combination with traditional production 
process of Serbian white cheese (without the addi-
tion of starter cultures), Barać et al. (2016 a,b) no-
ticed by PCA analysis a strong relationship between 
the parameters of proteolysis and the water-soluble 
extract antioxidant capacity. Also there was a strong 
relationship between proteolysis and the antioxidant 
capacity of water-insoluble fraction (Fig. 3). Name-
ly, considering antioxidant properties of caseins and 
whey proteins that are incorporated into the protein 
matrix of cheese, Barać et al. (2016) assumed that 
the water-insoluble fraction possesses an antioxidant 

potential as well. According to the results of these 
studies both protein fractions had a great antioxi-
dant capacity, which was in range of capacities of 
plant protein products (Žilić et al., 2012) that are 
characterized as functional.

Other forms of bioactivity of white 
brined cheese peptides

In the available literature there are only few 
studies about other forms of bioactivity of white 
brined cheese peptides. They refer to antimicro-
bial, antitumor and calcium-binding properties of 
peptides in water extract of white brined cheese. 
Dimitrov et al. (2015) investigated the effect of 
different strains of lactic acid bacteria on the calci-
um-binding activity of water-soluble extract of the 
Bulgarian white cheese. They noticed that peptides 
in cheese prepared with strain L. casei C3 had the 
best calcium-binding activity. As a main contribu-
tor to calcium binding-activity they identified the 
peptide SpLSpSpSpE (fraction 15-20 of β-casein).  
Without going into the nature of the action,  
Gandhi and Shah (2016) registered a slowdown 
in the growth of colon tumor cells using water ex-
tracts of Akawi cheese peptides. Although the num-
ber of antimicrobial peptides derived from casein 
and whey proteins generated by various commercial 
proteases and bacteria to the pure solutions of these 
proteins or to the fermented product were identified  
(Benkerroum, 2010; Hafeez et al., 2014), we 
did not find data relating to their presence in white 

Figure 3. Principal component analysis (PCA) of white cheese prepared from overheated goat (a) and cow 
(b) milk PC1 x PC2 (Barac et al., 2016 a, b).
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cheeses. So far, investigations of white cheese  
antimicrobial properties were based on isolation of 
autochthonous microflora and examination of their 
ability to synthesize antimicrobial peptides such as 
bacteriocins. Bacteriocins are ribosomally synthe-
sized, extracellularly released bioactive peptides or 
peptide complexes (consists of 20-60 amino acid 
residues) with bactericidal or bacteriostatic effect 
on other species (Cotter et al., 2005; Andrade 
et al., 2008). They are synthesized by different 
groups of bacteria, including some strains of LAB 
(Bernardeau et al., 2008). Favaro et al. (2014) 
investigated the potential of forming bacteriocins by 
a non-starter culture from the Bulgarian home-made 
white goat cheese in brine. Accordingly, four strains 
of autochthonous bacteria were identified as poten-
tial biopreservative cultures in cheese/milk fermen-
tations.

Future trends

The potential health benefits of bioactive cheese 
peptides have been a subject of growing commercial 
interest in the context of health-promoting func-
tional foods. However, this review clearly shows that 
bioactive potential of white brined cheeses is still in-
sufficiently explored. Despite the lack of information 
on particular bioactivity of peptides that are formed 
during production of white brined cheese, it could 
be seen that their functionality considerably differs 
from other types of cheeses. Such findings are most 
probably related to the specifics of ripening, absence 
of application of starter cultures in production of 
traditional types of white cheese and great influence 
of autochthonous microflora. Future research should 
be directed towards a more detailed characterization 
of peptides responsible for particular bioactivity, es-
pecially in traditional types and defining factors that 
affect the optimal formation during cheese produc-
tion, taking into account the relationship between 
bioactivity and sensory characteristics. As most of 
the data present in the literature relate to peptides 
from cow milk cheeses, further investigations should 
be focused on a detailed examination of bioactivity 
of peptides originating from sheep and goat milk 
cheeses. Carriers of bioactivity are usually low mo-
lecular weight peptides (di-, tri- and tetrapeptides) 
which are often carriers of bitter taste. Therefore it 

is necessary to define the optimal ratio of their con-
tent and the bitterness of cheese. Furthermore, fu-
ture research should also address the production of 
nutritionally valuable white cheeses in which whey 
proteins would be incorporated to a greater extent 
by applying appropriate technological procedures, 
which would also contribute to considerably higher 
bioactivity of white cheese. In this context, specific 
research should be directed to the implementation 
of commercial proteolytic enzymes in certain stages 
of white cheese production, which would affect 
the degree of formation of bioactive peptides, and 
therefore the functionality of white cheeses.
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Bijeli sirevi u salamuri kao potencijalni 
izvor bioaktivnih peptida

Sažetak

Sirevi kao i drugi fermentirani proizvodi na bazi 
mlijeka, osim izražene nutritivne vrijednosti, pred-
stavljaju i dobar izvor biološki aktivnih proteina i 
peptida. Bioaktivni peptidi sira najvećim dijelom 
nastaju prilikom proizvodnje sira, a posebno tijekom 
zrenja, kao jedne od najznačajnijih faza u procesu 
proizvodnje. Kako se proces zrenja različitih tipova 
sira bitno razlikuje, može se pretpostaviti da se i nji-
hova bioaktivnost bitno razlikuje. Bijeli sirevi u sala-
muri specifični su za podneblje Jugoistočne Europe, 
a odlikuju se dosta intenzivnim procesima proteolize 
te mogu biti zanimljivi kao proizvodi s povoljnim 
funkcionalnim karakteristikama. U tom smislu ovaj 
tip sira još uvijek nije dovoljno okarakteriziran. Ovaj 
rad predstavlja pregled dosadašnjih saznanja o bioak-
tivnim peptidima bijelih sireva u salamuri.

Ključne riječi: bioaktivni peptidi, bijeli sir u  
salamuri, proteoliza
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