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Abstract

A few types of cheeses ripened in an animal skin sack are produced around the world: Sir iz misine (Cro-
atia), Sir iz mijeha (Bosnia and Herzegovina and Montenegro), Tulum and Divle Cave (Turkey), Bouhezza
(Algeria) and Darfiyeh (Lebanon). Pronounced and piquant taste, flavour and aroma of these cheeses
originate from intensive lipolysis and proteolysis as a result of specific anaerobic conditions inside the
skin sack, autochthonous microorganisms from raw milk and skin, as well as their manufacturing proce-
dure. The specific and complex biochemical changes that occur during ripening of cheeses in animal skin
sacks have become of great interest to researchers, and numerous studies have been conducted over
the last decade. Therefore, the aim of this paper is to review the specificities of proteolytic and lipolytic
changes that occur during ripening of cheese in the animal skin sack, which cause the characteristic
volatile compounds profile. Moreover, the manufacturing procedures and physico-chemical properties
of cheeses is shown due to their relationship with biochemical reactions during cheese ripening. As
biochemical changes during ripening directly influence sensory attributes of cheese, which determine
consumer preference, this review could provide practical data for cheesemakers to prevent negative
consequences of overly intensive biochemical changes during cheese ripening, and so improve the qual-
ity of this kind of cheeses.

Key words: animal skin sack, cheese ripening, biochemical changes, proteolysis, lipolysis,
volatile compounds
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Introduction

The ripening process of a cheese consists of
biochemical and microbiological changes, the inter-
action of which leads to the specific sensory proper-
ties of a cheese. Microbiological changes include the
death (autolysis) of the lactic acid bacteria, as well
as the growth of other non-starter microbial popula-
tions and the secondary microflora, whose enzymes
during biochemical changes of cheese ripening pro-
cess degrade the complex organic compounds into
simpler ones which leads to the formation of a spe-
cific cheese texture, flavour and aroma (Upadhyay
et al, 2004; McSweeney, 2004; Simsek et al,
2016). Cheeses ripened in an animal skin sack have
a pronounced and piquant flavour, odour and aroma
and a specific granulated or spreadable and smooth
texture. These cheese characteristics are clearly
different in comparison to the cheeses ripened in a
natural rind, due to the specific biochemical process-
es of proteolysis and lipolysis that take place during
ripening in the animal skin sack under specific con-
ditions. This includes anaerobic conditions inside the
skin sack, which means less air permeability in com-
parison to a natural rind of the cheese, but greater
permeability in comparison to plastic barrels which
are also sometimes used as a medium for ripening
this type of cheese (Tudor Kalit, 2014.). Animal
skin should be prepared using a particular technique
in which it is necessary not to damage the skin, in
order to ensure the anaerobic conditions of the
entire ripening process (Tudor Kalit et al, 2010).
Naturally present population of lactic acid bacteria
and other non-starter bacteria, as well as second-
ary microflora (yeasts and moulds), are responsible
for the specific properties of cheeses ripened in the
animal skin (Hayaloglu et al, 2007; Tudor Kalit
et al, 2010; LeSi¢ et al, 2016; Medjoudj et al,
2017a). Due to the intense biochemical processes
during ripening in the animal skin, it is necessary to
pay attention to the quality of milk, when heat treat-
ment of milk is not applied (Frece at el, 2016).

A few types of cheeses ripen in an animal skin
sack are produced around the world. They differ in
the manufacturing procedure and the type of milk
used. Cheeses ripened in animal skin are produced
in Croatia (Sir iz misine), Bosnia and Herzegovina and
Montenegro (Sir iz mijeha), Turkey (Tulum and Divle
Cave), Algeria (Bouhezza) and Lebanon (Darfiyeh).

The aim of this paper is to review the specificities of
proteolytic and lipolytic changes that occur during
ripening of cheese in the animal skin sack, which
cause the characteristic volatile compounds profile.
Moreover, the manufacturing procedures and physi-
co-chemical properties of these cheeses are shown
due to their relationship with biochemical reactions
during cheese ripening.

Manufacturing procedures

Cheeses that ripen in an animal skin sack belong
to the group of traditional cheeses characterized
by a strong connection to the culture and history
of the country of their origin. The main specificity
of these cheeses is ripening in a sack made of the
whole lamb or goat body skin, which have different
regional and local names: miSina (Croatia), mijeh
(Bosnia and Herzegovina and Montenegro), tulum
(Turkey), chekoua (Algeria). Tables 1 and 2 show the
manufacturing procedures of cheeses that ripen in
animal skin sack.

Proper preparation of skin for cheese ripening is
an important process in cheese production. It ensures
the correct ripening process under anaerobic condi-
tions during which unique sensory characteristics of
this kind of cheese are formed. The type of skin as well
as the skin processing are different among traditional
cheeses that ripen in animal skin sack. Turkish Tulum
cheese generally matures in goatskin without hair.
However, in some Turkish regions unprocessed skin
is used (Kamber, 2008.). Medjoudj et al. (2017b)
reported that in production of Bouhezza cheese goat
skin is used, with its outer layer (wool side) in con-
tact with the cheese. In the production process of the
Croatian Sir iz miSine the way of using a skin is not
uniform. Some producers make the skin sack so the
outer layer of the skin is in contact with the cheese,
and others in the way that cheese is in contact with
the inner side of skin (the part of skin near the meat)
(Tudor Kalit et al, 2010).

The animal skin consists of fibrous proteins such
as collagen, elastin, reticulin and keratin, therefore
the properties of skin is different in different parts
of the body. This affects the air and water vapour
permeability of the animal skin sack, which signif-
icantly affect chemical and biochemical properties
and aroma compounds of cheese during ripening
(Harmancioglu, 1998; Giun et al, 2015), as well



as an animal species and the age of animal which
is used for skin sack production. Water vapour and
air permeability of goat skins differ from the sheep
skins due to their thicker and more sebaceous struc-
ture (Gun and Guzel-Seydim, 2011). Gin et al.
(2015) reported that a good quality Tulum cheese
is produced when using a 6-month-old or 1-year-old
female goat skin (Gun et al, 2015).

The skin preparation requires a special technique
in which it is important to avoid any damage of the
skin during wool and meat removal (Fig. 1). A wrong
technique of skin preparation can lead to skin tears,
and consequently air inlet, which can cause cheese
spoiling (Tudor Kalit et al, 2010). Skin inspection
for occurrence of cracks is done by filling the skin
sack with air when skin openings are tightened
with ropes (Fig. 2). After this procedure, the skin is
washed and dried in the wind or smoked. Before fill-
ing with cheese, the skin is soaked in warm water
or whey (Tudor Kalit et al, 2010) or in salted (5
%) water (Sert et al, 2014), and all skin openings
are disinfected with vinegar or a traditional alcoholic
drink called rakija (Tudor Kalit et al. 2010). Accord-
ing to Medjoudju et al. (2017a), Bouhezza cheese
matures in goat skin which is preserved with salt
and juniper because of its antiseptic and antifungal
properties. Furthermore, juniper is also used to elim-
inate unpleasant skin odour.

Sir iz miSine belongs to the group of tradition-
al Croatian cheeses with a long tradition of pro-
duction in Dalmatia, the special feature of which
is dry and hot sub-Mediterranean and Mediterrane-
an climate and hilly terrain configuration with the
specific botanical composition of a wide range of
Mediterranean species. According to historical data,
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FIGURE 2. Animal skin sack filled
with air (source: Petrovi¢, |.)

FIGURE 1. Animal skin
processing (source: Petrovic, |.)

the production of Sir iz miSine started in the period
of lllyrians and Thracians. They grazed their sheep
in the pastures of mountain Dinara and used lamb
skin for storage and transport of cheese from the
mountain to the valley. Usually, it is produced on
small family farms with their own livestock for the
production of milk. To a lesser extent Sir is misine is
produced from pasteurised milk in industrial condi-
tions using mesophilic dairy cultures (Kalit, 2016;
Barukci¢ and Tudor Kalit, 2019).

Sir iz mijeha is a traditional cheese produced
in Herzegovina and the time of its genesis co-
incides with the genesis of Croatian Sir iz miSine,
while their manufacturing procedure is very similar
too. The main difference is reflected in the step of
temporary storage of salted cheese in a wooden
vat (usually under pressure) after draining, in case
there is not enough cheese produced in one day for
filling the sack. During that time, an aerobic phase
takes place, in which lactic acid bacteria intensively
convert lactose to lactic acid. In addition, the form
and texture is different from the Croatian varie-
ty. Sir iz mijeha is broken by hand into irregularly
shaped pieces before putting into the skin sack and
therefore has crumbly texture as opposed to the
Croatian cheese, which is compact and easy to cut
(Bijeljac, 2004; Bijeljac and Sari¢, 2005; Tudor
Kalit et al, 2010; Samardzi¢ et al, 2014).

In Turkey, there is a large number of cheeses
matured in an animal skin, the best known being
Tulum cheese. There are several varieties of Tulum
cheese such as Erzincan (Savak) tulum, Divle tulum,
Izmir brined tulum and Cimi tulum cheese. Erzincan
(Savak) tulum cheese is the best known variant of
Tulum cheese. Today, it is produced in all regions of
Turkey. The name of this cheese comes from a no-
madic tribe (Savak) that used to live in Eastern Tur-
key, more precisely in the province of Erzincan in the
Anatolian region. Production has been carried out in
smaller dairies and on family farms using tradition-
al methods, and to a lesser extent under industrial
conditions using modern production methods (Cey-
lan et al, 2007; Sert et al,, 2014). Tulum cheese is
generally made from semi-skimmed milk. However,
in the traditional production skimmed ewe’s milk re-
maining after butter production is used very often
(Sert et al, 2014). Some producers sometimes add
yoghurt during production to achieve a better and
more pronounced cheese flavour (Kamber, 2008).
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In a modified process of Tulum cheese production,
plastic containers can be used instead of animal
skin to prevent possible contamination (Colak et
al, 2007). Izmir Brined Tulum cheese produced in
the Aegean region of Turkey is a specific variety. Af-
ter pressing the cheese, it is not broken by hand, but
the whole blocks are placed into the skin sack, dry
salted, brined and ripened at +4 °C (Durlu Ozkaya
and Gun, 2016; Akpinar et al, 2017). Divle Cave
cheese is produced in central Turkey. This is a semi-
hard cheese usually made from raw semi-skimmed
ewe’s milk and ripened in goat skin sack in natural
caves called obruk which means skinhole (isleyici
et al, 2018). Ripening takes places at a depth of 70
m at a temperature of 5-10 °C and humidity of 85-
90 %. It lasts 4 months during which the skin takes
on a reddish-green colour, which makes Divle Cave
cheese specific compared to other cheeses that are
ripened with spontaneous mould growth, such as
Kuflu cheese (Ozturkoglu-Budak et al, 2016b). It
is considered ready to eat when those moulds be-
gin to fall off (Watson, 2016).

Darfiyeh cheese is produced in Lebanon in the
northern mountainous region characterised by tra-
ditional goat breeding and goat milk production
(Serhan et al, 2009; Serhan and Mattar, 2017).
After the production of Darfiyeh cheese residual
curd is used for the production of whey cheese
called Arichi, which ripens in goat skin sacks togeth-
er with Darfiyeh cheese. 2-3 Darfiyeh cheese balls
are placed in the skin, followed by a fistful of Arichi
cheese. Salting of Arichi cheese with 1 kg NaCl-a
is of extreme importance, considering that Darfiyeh
cheese is not salted during production, and that the
salt diffuses from whey cheese to Darfiyeh cheese
during the ripening process. An interesting feature
in the production of Darfiyeh is the weekly salting
of goatskin with 5 kg of salt (Serhan et al, 2010).

Bouhezza is an Algerian cheese whose produc-
tion is related to the north-east of the country. Its
production is specific compared to the other chees-
es ripened in the animal skin. It belongs to the
group of soft cheese considering that it is produced
by a spontaneous fermentation process lasting 24-
36 hours at room temperature of 25-30 °C. The
fermented milk called Rayeb is churned for 30-45
minutes together with 0.25 L of warm water (20-
25 °C) in order to promote the gathering of but-
ter grains, which facilitates the skimming. After a

partial skimming, the recovered product called Lben
is put into the skin in an amount of 2-3 L and left
overnight to reduce the intense smell of goat skin,
after which it is replaced by Lben previously salt-
ed with 20-25 g/L salt. On the first day, chekoua is
filled with 3 litres of salted Lben, and then refilled
every 3-4 days with 2-2.5 L of Lben. Two weeks
before production ends, chekoua is filled with 2 L of
raw milk at four intervals. When the ripening pro-
cess is completed, cheese is spiced with red pepper,
which gives it a piquant flavour, white colour and
a pasty consistency with a red dots of hot pepper
(Aissaoui Zitoun et al, 2012; Medjoudj et al,
2017b).

Significant differences in the physico-chemical
composition of cheeses are the result of the differ-
ent manufacturing procedures and different com-
position of the milk used for the cheese production,
depending on the type of milk and animal breed
(Table 2).

Proteolysis

Primary proteolysis involves the initial degra-
dation of the para-casein network with chymosin
activity and, to a lesser extent, plasmin activity
(Sousa et. al, 2001), which results in forming me-
dium and low molecular weight fractions that con-
tribute to cheese aroma and texture (Havranek et
al. 2014; Rako et al, 2019). During the ripening of
Sir iz misine the hydrolysis of a -casein is more in-
tense than the hydrolysis of B-casein, resulting in
accumulation of a,-I-casein (increase of 4 % af-
ter 30 days of ripening). Although the degradation
of B-casein is not noticeable, the concentration
of y-casein increases significantly during ripening
(8.57 % at beginning of the ripening, 18.14 % after
30 days of ripening; Rako et al, 2019). Celik and
Tarakci (2017) reported similar findings in their re-
search of the influence of different starter cultures
on proteolysis during ripening of Tulum cheese. To-
gether with residual rennet, protease/peptidase of
bacteria in the composition of the starter culture
play an important role in a -casein degradation.
Since there is no significant degradation of B-casein
in both studies, it can be concluded that residual ren-
net and protease/peptidase of starter culture play a
dominant role in proteolytic process during cheese
ripening, compared to plasmin.



TABLE 1. The manufacturing procedures of cheeses ripened in animal skin

Sir iz miSine | Sir iz mijeha Tulum Darfiyeh Divle Cave | Bouhezza
(Croatia) (Bosnia and (Turkey) (Lebanon) (Turkey) (Algeria)
Herzegovina)

Type of milk | Ewe, goat, Ewe, cow and their | Ewe, goat, cow, Goat, full fat | Ewe, semi- Ewe, goat, cow,
cow and their | mixture, skimmed buffalo and their skimmed semi-skimmed
mixture, full or semi-skimmed mixture, full-fat,
fat semi-skimmed and

skimmed

Coagulation | Heating of Heating of Heating of milk Heating Heating of Spontaneous

milk (32-37 milk (32-37 °C), (30-35 °C), addition of milk milk (30 acid
°(C), addition addition of rennet of rennet and (30-35 °Q), to 32 °Q), fermentation
of rennet and | and coagulation coagulation addition of addition of (25-30°C/
coagulation (30-50 min) (90-180 min) rennet and rennet and 24-36 h)
(30-50 min) coagulation | coagulation

(60-90 min) (80 min)

Cutting the Irregular size Irregular size Cubes 1-2 cm?® Medium Small size -

curd 3x3 cm 3x3 cm size cubes cubes

Heating the | 35-40°C/ 35-40 °C/ 30-35 °C/10-30 min 30-35°C/ 55to60°C | -

curd grain 20-30 min 20-30 min or 50 °C/12-15 min 20 min /4-5 min

Shaping the | Harvest by Harvest by hand Harvest by hand and Shaping Harvest -

curd grain hand and put | and put in the put in the cotton into cheese by hand
in the cotton cotton cloth cloth balls (400- and put in
cloth 500 g) the cotton

cloth
Pressing Self-pressing | Under pressure 3 times: self-pressing | - Under -
2-4 hours and two times under pressure
pressure 2-3 hours

Salting and Cutting into Salted, stored Dry salted of curd Not salted Broken into | Fermented

preparing pieces 10 in the wooden in cheese cloth after (itis ripened | small milk is salted

for the x10x5cm vat for 1-2 days, 2™ pressing, broken together pieces by (25 g salt /L)

putting in in size, dry broken into small by hand into small with whey hand, dry-

the skin salted irregular shaped iregular shaped cheese salted

sack pieces (crumbling) | pieces (crumbling) Arichi which

by hand, salted after 3 pressing is salted)
again

Ripening 2-3 months 2-3 months 3-6 months 1-3 months | 4 months 2-3 months
(65-80 % (85 % air humidity, | (65-85 % air humidity, | (85-95 % in the cave
air humidity, 12-15°C) 6-10°C) air humidity, | (85-90 %

18-20 °C) 10-12 °Q) air humidity,
5-10°C)

Appearance | lrregular Crumbly Crumbly Shape of Crumbly Spreadable

and/or shaped balls, semi- paste,

texture after | pieces, hard hard texture smooth, firm
ripening texture and sticky

Literature Tudor Kalit et | Bijeljac (2004) Sert et al. (2014) Serhan et Ozturkoglu- | Medjoud;j et

source al. (2014) al. (2010, Budak et al. | al. (2017a);

Serhan (2016b) Aissaoui
and Mattar Zitoun et al.
(2017) (2017)
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TABLE 2. Average physico-chemical composition of the cheeses ripen in an animal skin at the end of the ripening process

Sir iz mijeha | Sir iz Siriz Tulum Tulum | Tulum Tulum Divle Darfiyeh | Bouhezza
(Bosnia and | miSine misine (Turkey) | (Turkey) | (Turkey) | (Turkey) | Cave (Lebanon) | (Algeria)
Herzegovina) | (Croatia) | (Croatia) (Turkey)

Milk type | ewe ewe ewe cow cow goat ewe ewe goat goat

Maturity different 60 30 90 270 360 90 120 60 64

of cheese

(days)

Total 7898 6497 5820 59.34 70.19 63.00 69.36 5361 - 30.60

solids (%)

Proteins 3117 2393 22.18 2422 26.99 - 2810 2954 36.72 15.65

(%)

Fat (%) 39.40 3453 31.28 2625 38.75 29.00 3385 1867 - 3562

Fatin 4954 52.96 - 4424 5520 46.00 - 34.55 4346 -

total

solids (%)

Moisture |- 53.30 60.77 - - - - - 54.15 -

in solids-

nonfat

(%)

NaCl (%) |- 246 191 492 892* 6.20 5.34 3.80

pH - 515 520 542 - 498 - 5.06 499 399

Ash 444 - - - - 8380 712 - - 124

Literature | Dozet et al. Tudor Rako Sengul Tekin Sert Ceylan | Ozturko- | Serhanet | Medjoudj

source (1996) Kalit etal. etal and etal. etal. glu-Budak | al. (2010) | etal.

etal. 2019) | (2014) | Giler 2014) | 2007) | etal. (2017a)
(2014) (2019) (2016b)

*Salt-in moisture

That could be expected considering the fact that
the optimal pH for plasmin activity is 7.5 and the
salt content less than 2 % (Upadhyay et al,, 2004).
The increased pH value due to lactate metabolism
and ammonia formation as a result of advanced
proteolysis improves the activity of plasmin during
cheese ripening (Hayaloglu and Ozer, 20117). A
larger part of the added rennet used in the pro-
duction of Sir iz miSine stays in whey, as 60.66 %
a,,-casein and 90.49 % B-casein remain intact at
the end of the ripening period (Rako et al, 2019).
Celik and Tarakci (2017) obtained similar results
for B-casein (90.14 %) in the research on Tulum
cheese, while the result for a.,-casein (84.96 %) is
higher in comparison to the Sir iz miSine. Sengul et
al. (2014) claim that use of microbial rennet results
in intensive a,-casein and B-casein degradation.
After 90 days of Tulum cheese ripening, in the pro-
duction of which microbial rennet (protease Asper-
gillus niger and Rhizomucor miehei) was used, the
value of a,-casein (50.59 %, 50.32 %, respectively)

and B-casein (55.38 %, 3820 %, respectively) is
lower in comparison to the cheese produced with
natural rennet (67.54 %, 63.93 %, respectively).
Hayaloglu et al. (2007) reported that the type of
medium used for ripening of Tulum cheese (skin
or plastic barrels) has no significant influence on
a.,-casein and B-casein degradation. On the oth-
er hand, in the research of Bouhezza cheese made
from goat milk more intensive proteolytic degrada-
tion on B-casein was detected, which is attributed
to a different production technique, where no rennet
is used for coagulation, but spontaneous lactic acid
fermentation. Three peptide fractions were detect-
ed B-CN (f29-209; y1-CN), B-CN (f106-209; y2-CN),
B-CN (f108-209; y3-CN) as the result of plasmin
activity on B-casein (Medjoudj et al, 2017b). The
mentioned peptide fractions of B-casein were also
detected in Bouhezza cheese made from cow’s milk
(Aissaoui Zitoun et al, 2012). The degradation
of a.,-casein during ripening of Bouhezza cheese is
explained by the enzymatic activity of catepsin D.



After 15 days of ripening, three peptide fractions of
a.,-casein appear. Two fractions disappear at 30"
and 45" day of ripening, probably due to the deg-
radation by peptidases of LAB. They appear again
at the 64" and 72" day of ripening, after adding
raw goat's milk to the cheese, when the indigenous
milk enzymes play their role in primary proteolysis
(Medjoudj et al, 2017b). Intense proteolysis oc-
curs during ripening of Divle Cave cheese as the
content of hydrophobic and hydrophilic peptides
progressively increases during ripening. The great-
est increase in peptides content is observed after
60 days of ripening, which is in accordance with
the results of the research of microbiota of Divle
Cave cheese. After this period, mould strains began
to increase both in number and in diversity, which
may account for the additional proteolysis (Sari¢,
2013; Ozturkoglu-Budak et al, 2016a; Ozturko-
glu-Budak et al, 2018).

The overall rate of the proteolysis intensity is
determined by the assessment of the secondary
proteolytic changes, through the measuring of the
water-soluble nitrogen fraction in the total nitrogen
(WSN 9%TN) and the 12 % -trichloroacetic acid sol-
uble nitrogen fraction in the total nitrogen (TCA-SN
9%TN). WSN %TN values present the amount of small
and medium size polypeptides, free amino acids and
their solids, which are formed as a result of chymosin
activity and, to a lesser extent, plasmin activity. The
amount of the nitrogen fractions depends on the pri-
mary proteolytic processes of casein hydrolysis dur-
ing chymosin activity and the milk proteases present
at the beginning of the ripening (Lavasani et al,
2012). Casein micelles and chymosin molecules re-
pel each other due to their negative charge. Rako
et al. (2019) reported that addition of salt to the
milk has an important role in the extent of second-
ary proteolysis due to the impact of the chymosin
retention in the curd. The addition of salt to the
milk during cheese production increased the ionic
strength in the milk leading to a decrease in the
zeta-potential and less negatively charged surfaces
of casein micelles. This allows better interactions
between them and chymosin molecules, which con-
sequently increase the initial retention of chymosin
in a curd (Bansal et al, 2007). Therefore, rennet is
responsible for the production of WSN %TN and to
a much lower extent for the production of TCA-SN
%TN (Bansal et. al, 2010).

TCA-SN%TN represent the amount of non-pro-
tein nitrogen and free amino acids that occur as a
result of proteolytic activity of starter culture and
non-starter microorganisms and, to a lesser extent,
as chymosin activity (Desmazeaud et al, 1977,
Addeo et al.1992; Havranek et al. 2014). Table
3 gives an overview of the secondary proteolytic
changes during ripening of cheeses in animal skin.
The content of WSN %TN and TCA-SN %TN signif-
icantly increase during ripening in the animal skin
sack (Sengul etal, 2014; Tudor Kalit et al, 2014;
Rako et al, 2019). According to Tudor Kalit et al.
(2014) WSN 9%TN increase significantly during rip-
ening of cheese reaching the value of 18.34 % after
30 days, while Rako et al. (2019) found higher val-
ues (29.25 %) for the same ripening stage. Sengul
et al. (2014) reported lower levels of WSN 9%TN
(17.80 % at the 90" day of ripening) during ripen-
ing of Tulum cheese produced with microbial and
calf rennet. The type of coagulant does not signif-
icantly affect the proteolysis rate. The differences
in the WSN 9%TN values in the above mentioned
studies can be explained by the different retention
of residual rennet in the curd, which is specifical-
ly seen in the case of Rako et al. (2019) research
where salting of milk was conducted. Serhan et al.
(2010) claim that the higher salt content in cheese
can delay proteolysis at the beginning of ripening.
Darfiyeh cheese is characterised by a lower content
of salt and higher water content and has a higher
WSN %TN (13.16 %) after 20 days of ripening than
cheese with higher salt concentration (8.95 %) and
lower water content. After the 40" day of ripening
intensive proteolysis takes place in all cheeses re-
gardless of their salt content. At the end of ripening,
the Darfiyeh cheese with the lowest salt content
has the highest WSN 9%TN value (21.96 %), while
cheeses with a higher salt content have the lowest
WSN9%TN value (17.70 % and 20.14 %), indicating
an inverse relationship between proteolytic activi-
ties and the salt content in the cheese. According to
the Vrdoljak et al. (2018b) the addition of probiotic
cultures in production of Sir iz miSine intensifies the
proteolysis. The content of WSN 9%TN at the end of
ripening (45 days) is less than a half (12 %) in com-
parison to cheeses manufactured by adding Lac-
tococcus lactis (30 %) and Lactobacillus plantarum
(24 %), which results in better sensory properties and
volatile compounds profile (Kostelac et al, 2020).
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Medjoudj et al. (2017b) reported that WSN %TN
content (13.04 %) at the end of the ripening (64"
day) of Bouhezza cheese made from raw goat's milk
is significantly lower compared to the above men-
tioned results of Sir iz misine, Darfiyeh and Tulum
cheese research. The reason for this is coagulation
of milk by the spontaneously lactic acid fermenta-
tion, not using rennet.

Residual rennet has the ability to produce main-
ly large-sized peptides (Desmazeaud et al, 1977)
but it shows very limited ability to release free ami-
no acid during ripening of cheese (O'Keeffe et al,
1976). Water-soluble peptides generated by chymo-
sin activity and, to a lesser extent, plasmin activity,
are further degraded by intracellular and extracellu-
lar enzymes from the starter and non-starter micro-
flora to low molecular weight, non-protein nitrogen
fractions soluble in 12 %-TCA (Addeo et al, 1992;
McSweeney and Sousa, 2000). As TCA-SN %TN
values are indicators of smaller nitrogen fractions,
this value is expected to increase during the ripen-
ing process (Celik and Tarakci, 2017). According
to this, Serhan et al. (2010) recorded the increase
in the TCA-SN %TN value during the entire ripening
period of Darfiyeh cheese. The increase in TCA-SN
%TN value is in positive correlation with the WSN
%TN value. At the 20" day of ripening it amounts
to 11.30 % and at the 60" day 18.28 %. Similar-
ly, a positive correlation between WSN %TN and
TCA-SN %TN values is found by Tudor Kalit et al.
(2014), with amounts of 23.69 % and 12.24 % at
the 60" day of ripening, respectively. Considerably
more intense secondary proteolytic changes are
registered by Rako et al. (2019), which can be at-
tributed to a significantly higher moisture content
in Sir iz miSine during the ripening period and prob-
ably to the presence of autochthonous microorgan-
ism species with more intense proteolytic activity.
Sengul et al. (2014) claim that the increase in the
TCA-SN %TN value in the cheese is closely related
to the type of coagulant and duration of ripening.
Cheese produced with Aspergillus niger protease at
the 30" and 60" day of ripening has the lowest
TCA-SN %TN value (2 % and 5 %, respectively),
while cheeses produced with protease Rhizomu-
cor Miehei (3 % and 9 %, resepectively), and calf
coagulant (3 % and 6 %, respectively) have high-
er values during this ripening period. At the end of
ripening (90 days), the highest TCA-SN/TN value

(14 %) is found in cheese in which microbial coagu-
lant from Aspergillus niger was used, while cheeses
made with microbial coagulant from Rhizomucor
miehei and calf rennet have lower values (12 %, 9
%, respectively). In addition, the increase of TCA-
SN 9%TN values could be the result of the activity
of the non-starter microorganisms, such as yeasts
and moulds, which are the part of the microbial
population of an animal skin.

The significant role of the animal skin as a medi-
um for cheese ripening, in the intensity of proteolyt-
ic reactions is shown by Tudor Kalit et al. (2012).
WSN 9%TN and TCA-SN %TN values are higher in
75-day matured Sir iz miSine (22.77 % and 16.27 %,
respectively) in comparison to the cheese ripened
in a natural rind (12.36 % and 8.21 %, respectively).
Cheese ripened in animal skin undergoes more pro-
nounced proteolytic changes than cheese ripened in
natural rind, which is the result of anaerobic ripen-
ing conditions and the natural microflora of the skin
sack (moulds and yeasts). A significant difference
in the content of WSN between cheese ripened in
animal skin (19.98 %) and cheese ripened in natural
rind (13.86 %) occurs after 45 days of ripening, indi-
cating that a more intense rate of proteolysis in the
animal skin sack starts after that period.

Differences in the nitrogen fraction values be-
tween cheeses ripened in animal skin are a con-
sequence of the different types of milk used for
cheese production and the different production
techniques (Table 3).

Lipolysis

The degree of lipolytic changes during cheese
ripening is determined by the free fatty acids con-
tent (FFAs) and the degree of acidity. The FFA pro-
file is variable and depends on the type of milk and
its composition, manufacturing procedure and rip-
ening conditions. Therefore, it is known that chees-
es made from ewe’s milk and cheeses with moulds
have a more intensive lipolysis process (Svensson
et al, 2006; Sari¢, 2013). Due to the anaerobic
conditions during ripening inside the animal skin
sack and the microbial population of a skin, lipolysis
is the most important biochemical process during
ripening of this type of cheeses. Intensive lipol-
ysis results in a piquant and sharp flavour, aroma
and odour of cheese (Yilmaz et al, 2005; Tudor



TABLE 3. Secondary proteolytic changes at the end of cheese ripening in animal skin

Darfiyeh | Tulum Tulum | Siriz Sir iz Sir iz Sir iz Divle Cave Bouhezza
misine | misine misine misine
Ripening 60 120 90 30 60 75 45 120 64
duration
WSN9Y%TN 21.96 36.01 17.00 29.25 23.69 22.77 12 20.04 13.04
TCA- 1824 19.07 9.70 17.93 1224 12.36 - - -
SN9%TN
Literature | Serhanet | Celikand | Sengll | Rako Tudor Tudor Vrdoljak | Ozturkoglu- Medjoud;
sources al. (2010) | Tarakdi, et al. et al. Kalit et Kalit et et al. Budak et al. et al.
(2017) (2014) | (2019) al. (2014) | al. (2012) | (2018b) | (2018) (2017b)

WSN9%TN= Water-soluble nitrogen fraction in the total nitrogen, TCA%TN= 12 % - trichloracetic acid soluble nitrogen fraction in

total nitrogen

Kalit etal, 2016; Ozturkoglu-Budak et al, 2018;
Medjoudj et al, 2017a). Together with proteolysis
products, FFAs directly contribute to these specif-
ic cheese properties. Besides their direct influence,
FFAs are precursors in many catabolic reactions in
which aromatic substances or volatile compounds
such as ketones, lactones, alcohols, esters and al-
dehydes, are formed (McSweeney and Sousa,
2000; Collins et al,, 2003).

The FFAs content is significantly higher at the
end of ripening (60" day) of Sir iz miSine (195.41
mg/100 g cheese), in comparison to the beginning
of ripening (39.08 mg/100 g cheese). According to
Yilmaz et al. (2005.) lower FFAs content at the 60"
day of ripening (164.06 mg/100g cheese) in Tulum
cheese could be due to the lower ripening temper-
ature (6-10 °C) and different milk type for cheese
production (cow’s milk). Divle Cave cheese is char-
acterised by a very intense lipolysis (600 mg/100 g
cheese at the 60" day of ripening), which is attrib-
uted to the yeasts and moulds lipase activity on the
skin (originating from the cave) and the presence of
indigenous lipase in the raw ewe’s milk. The higher
content of yeasts and moulds in a layer of cheese
closer to the skin, compared to cheese from the in-
side of the skin sack, is a consequence of yeasts
and moulds growth on the skin during cheese rip-
ening. At the end of ripening (120" day) the FFAs
content is 1200 mg/100 g cheese, which is in the
range of FFAs content of cheeses with moulds such
as Roquefort and Gorgonzola (Collins et al, 2003;
Ozturkoglu-Budak et al, 2018). The mould Mucor

racemosus and the yeast Yarrowia lipolytica have the
highest lipolytic activity, while it is determined that
Penicillium brevicompactum, Penicillium cavernicola
and Penicillium olsonii have the highest proteolyt-
ic activity (Ozturkoglu-Budak et al, 2016c). The
addition of microbial lipase has a significant ef-
fect on the total FFAs content in the cheese, but
there is no significant effect on their composition.
The increase in FFAs content is proportional to the
increase of the amount of microbial lipase added;
therefore, the addition of lipase could be used to
accelerate the ripening process, or to develop the
cheese flavour and aroma in a shorter time. The
content of FFAs (184 mg/100 g cheese) in 15 days
matured cheese produced with the addition of li-
pase (0.11 g/L milk) is equal to the FFAs content of
90 days matured cheese produced without the ad-
dition of lipase (Yilmaz et al, 2005). However, the
use of microbial lipase in the production of cheeses
with intensive lipolysis should be done very careful-
ly, as excessive lipolysis could adversely affect con-
sumer acceptability (Tudor Kalit et al, 2014). Pas-
teurization and the type of ripening medium also
have a significant effect on the FFAs content. Tulum
cheese made from raw goat’s milk has a signifi-
cantly higher content of FFAs compared to cheese
made from pasteurized milk (Sert et al, 2014). Rip-
ening in goat skin intensifies the lipolysis process
in relation to the ripening in plastic barrels. Ewe'’s
milk Tulum cheese 90 days after ripening in goat’s
skin contains 308 mg FFAs/100 g cheese, while
the cheese ripened in plastic barrels recorded a
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considerably lower (188,60 mg FFAsS/100 g cheese)
lipolysis rate (Tekin and Guler, 2019). The type of
rennet (natural or microbial) has no influence on the
total content of FFAs, which indicates that lipolytic
changes during cheese ripening are mainly relat-
ed to indigenous milk lipase and microorganisms
lipase.

Although cheeses ripened in animal skin have
different technology of production and are made
from different types of milk, at the end of ripening
time, long-chain fatty acids are predominant (Tu-
dor Kalit et al, 2014; Ozturkoglu-Budak et al,
2018; Yilmaz et al, 2005; Sert et al, 2014). At the
end of the ripening of Sir iz miSine the most abun-
dant long-chain free fatty acids are palmitic acid
(C16:0), oleic acid (C18:1) and stearic acid (C18:0)
(Tudor Kalit et al, 2014), which is also the case
in Tulum cheese made from goat’s milk (Sert et
al, 2014). Predominant fatty acids in Tulum cheese
made of cow’s milk are C16:0, C18:1 and myristic
(C14.0) fatty acids (Yilmaz et al, 2005). Similar-
ly, fatty acids C16:0, C18:1, C18:0 and C14:0 are
the most abundant FFAs in Divle Cave ewe's milk
cheese (Ozturkoglu-Budak et al, 2018). Tudor
Kalit et al. (2016) reported a positive correlation
between the content of C 140, C 14:1, C 16:0, C
17:0,C 180, C 18:2n-6, 18:3n-3 and C 23:0 with the
characteristics of cheese odour, as well as C 80, C
12:0,C140,C16:0,C16:1,C17:0,C 180 C 181n-
9t, C 18:3n-3,C 21:0, C22:0 and C 23:0 with cheese
flavour. The long-chain fatty acids contribute to the
lower sensory score of Sir iz miSine after 60 days
of ripening as precursors in the synthesis of short-
chain fatty acids and alcohols, as well as an accu-
mulation of C 4:0, C 6:0 and C 8:0 fatty acids as a
result of ripening conditions and duration (Tudor
Kalit et al, 2016).

The content of short-chain, medium-chain and
long-chain FFAs increase during the ripening of
Tulum cheese with an increase in added microbial
lipase (Yilmaz et al, 2005) and it is also higher in
Tulum cheese made from raw goat’s milk in com-
parison to the cheese made from pasteurised milk
(Sert et al, 2014). The use of microbial lipase in
the production of Tulum cheese shows the largest
relative increase in the content of short-chain fat-
ty acids; acetic, butyric, caproic, caprylic and capric,
and it is known that short-chain fatty acids play an
important role in the formation of cheese flavour

and aroma (Yilmaz et al, 2005). The ripening
medium has a considerable influence on the FFAs
composition. Tulum cheese that is ripened in the
skin has a higher content of long-chain unsaturated
fatty acids compared to the cheese ripened in plas-
tic barrels and has a higher content of short-chain,
medium-chain and long-chain FFAs up to the 180"
day of ripening. At the end of the ripening (270"
day), there is no difference in the content of medi-
um-chain (21 %) and long-chain (74 %) fatty acids
between cheeses ripened in the different material
(Tekin and Giler, 2019). The type of the rennet
does not have a significant effect on the content
of short-chain fatty acids and saturated fatty acids.
However, cheese produced by milk coagulation us-
ing natural rennet has a significantly higher content
of free unsaturated fatty acids (palmitic 1.80 %,
oleic 19.12 9%, linoleic 3.11 % and linolenic 0.40 %)
compared to cheese produced by coagulation with
microbial coagulant (Sengul et al, 2014). A signif-
icant difference is recorded in the content of C18:1
trans-9 fatty acid famous for its negative influence
on cardiovascular system, which is three time high-
er in cheese ripened in skin (1200 mg/kg) compared
to cheese ripened in plastic barrels (400 mg/kg).
The reason could be found in the higher content of
C18:2 and C18:3, substrates for synthesis of that
fatty acid (Tekin and Guler, 2019). However, a dif-
ferent pattern in the relative intensity of increase in
the content of short-, medium- and long-chain FFAs
during ripening, can be explained by the presence
of different types of lipases in different amounts,
which act specifically. The lipoprotein lipase of milk,
lactic bacteria acid lipase and lipases of secondary
microorganisms cleave fatty acids from triglycer-
ides molecules based on the length of their chain or
their position in triglyceride (position sn-1, -2 or -3)
(Yilmaz et al, 2005; Tekin and Guler, 2019).

Volatile compounds

Complex volatile and non-volatile chemical com-
pounds, responsible for the characteristic sensory
properties of cheese, are formed as a result of pro-
teolysis, lipolysis and metabolism of lactose, lactate
and citrate that take place during cheese ripening.
Lactose degradation and citrate metabolism leads
to the accumulation of acetaldehyde, acetate, eth-
anol, diacetyl, and acetoin in cheese. Diacetyl and



acetoin compounds that give the cheese a buttery
aroma are formed during citrate metabolism. Ami-
no acids and soluble peptides, which are the result
of proteolysis, significantly assist the formation of
cheese texture, flavour and aroma. The breakdown
of amino acids produces specific compounds that
form aromas of different types of cheese (Urbach,
1997; McSweeney and Sousa, 2000). Free fatty
acids obtained by the fat hydrolysis serve as pre-
cursors for the formation of ketones, primary and
secondary alcohols, lactones, aldehydes and esters,
compounds also responsible for the cheese flavour
and aroma (Fox et al, 2000; Collins et al, 2003).
Cheese flavour is concentrated in the water-soluble
fraction (peptides, amino acids, organic acids and
amines), while aroma is mostly concentrated in the
volatile fraction (organic acids, aldehydes, amines
and esters). The concentration and composition of
volatile compounds directly determine the cheese
aroma. Most cheeses contain the same or similar
components, but in different concentrations and
ratios. Therefore, the specific aroma of each type
of cheese is a result of a combination of various
compounds formed during ripening (Mikulec et
al, 2010). Cheese flavour and aroma are also in-
fluenced by the milk type, animal feeding regime,
water content and pH value of curd and cheese, salt
content and method of salting, ripening tempera-
ture and the activity of primary and secondary mi-
croflora (Fox et al, 2000; McSweeney and Sou-
sa, 2000; Tratnik and BoZani¢, 2012).

The piquant aroma and flavour of cheeses that
ripen in animal skin are the result of intensive bi-
ochemical processes that take place under unique
ripening conditions. Several studies have focused
on the identification of volatile compounds respon-
sible for unique aroma and flavour of cheeses that
ripen in animal skin (Hayaloglu and Karabulut,
2013; Ozturkoglu-Budak et al, 2015; Ozturko-
glu-Budak et al, 2016; Medjoudj et al, 2017b;
Gursoy et al, 2018). Although the predominant
volatile compounds are esters, acids, methyl ke-
tones, aldehydes, alcohols, sulphur compounds and
terpenes, the obtained results showed that volatile
profile is specific for each cheese, which is de-
scribed by the different manufacturing technology
and type of milk, as well as ripening conditions and
duration (Vrdoljak et al, 2018).

Most of acids present in the cheeses originate
from the milk fat lipolysis or from fermentation of
lactose or lactic acid, such as ethanoic, propano-
ic, and butanoic acids. In addition, some acids are
produced by the metabolism of the amino acids Val,
Leu and lle, such as 2-methyl propanoic, 2-methyl
butanoic, and 3-methyl butanoic acids, respectively
(Molimard and Spinnler, 1996; Urbach, 1997).
Carboxylic acids are not only aroma components
as such, but can also serve as precursors for the
formation of methyl ketones, alcohols, lactones,
aldehydes, and esters (Collins et al, 2003). Hay-
aloglu et al. (2007) found a significant influence of
the ripening medium on concentrations of 2-methyl
propanoic, 2-methyl butanoic and 3-methyl butano-
ic acids in Tulum cheese. Cheeses in plastic barrels
contain the highest concentrations of these acids.
Hayaloglu and Karabulut (2013) mention butyr-
ic acid, acetic acid and caproic acid as the most
prevalent in Divle Cave cheese but 2-methyl propa-
noic and 3-methyl butanoic acids were not detect-
ed. Ozturkoglu-Budak et al. (2016) reported that
carboxylic acids are the major volatiles at the end
of Tulum cheese ripening. Their relative amount in-
creased until 90 days of ripening, and after that, it
decreased which authors connected to the increase
of mould content (Ozturkoglu-Budak et al,
2015). In Ségle Tulum cheese carboxylic acids are
the third most abundant volatiles, with acetic acid
as the predominant, both in cheeses made from
goat milk or mixture of goat and ewe milk (Gur-
soy et al, 2018). In goat’s milk Bouhezza cheese
hexanoic acid is predominant, followed by octanoic,
pentanoic, decanoic, butanoic and acetic acids. The
increase of their content during ripening is probably
due to the contribution of fat brought by the adding
of the full-fat raw milk during the manufacturing
of Bouhezza cheese between 34" and 56" day of
ripening (Medjoudj et al, 2017a).

Cheeses ripened in animal skin sack or plas-
tic barrel have similar aroma patterns, but the
concentrations of some components are differ-
ent. The concentrations of esters ethyl butanoate,
ethyl hexanoate, ethyl lactate, and propyl acetate
are the highest in the Tulum cheese ripened in the
skin in comparison to the cheese ripened in plas-
tic barrels. Higher concentrations of esters could
be correlated to a higher concentration of alco-
hols in those cheeses, which leads to the higher
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rate of esterification reactions between the fatty
acids and alcohols (Hayaloglu et al, 2007). Simi-
larly, Ozturkoglu-Budak et al. (2016), Medjoudj
et al. (2017a) and Gursoy et al. (2018) found that
ethyl esters are the most abundant esters in Divle
Cave, Bouhezza and Ségle Tulum cheese, respec-
tively. Ethyl acetate and ethyl octanoate amounts
increase in the first stage of ripening of Divle Cave
cheese, which could be related to the increase in
yeasts and moulds count. Their decrease at the end
of ripening could be due to the decrease of alcohol
content at the end of ripening (Ozturkoglu-Bu-
dak et al, 2016). Alcohols are important volatile
compounds that may contribute to the flavour of
the cheeses ripened in animal skin. The predomi-
nant alcohols in Tulum, Bouhezza, Divle Cave cheese
and Sir iz miSine are ethanol, 3-methyl 1-butanol
and 2-butanol (Hayaloglu et al. 2007; Medjoudj
et al. 2017b; Ozturkoglu-Budak et al, 2016; Ko-
stelac et al, 2020), while in Darfiyeh cheese the
most abundant are 2-propanol and 1-octanol (Ser-
han et al, 2010). Aldehydes may contribute to the
flavour of cheese because of their low perception
thresholds and are characterized by herbaceous
and green-grass-like aroma (Molimard and Spin-
nler, 1996; Hayaloglu et. al, 2007). They are
not accumulated in cheese due to their transition
properties by conversion into alcohols, and oxidiza-
tion to their corresponding acids (Molimard and
Spinnler, 1996; Munoz et al, 2003). 3-methyl bu-
tanal is one of the three predominant aldehydes in
cheese ripened in the skin sack (Hayaloglu et. al,
2007; Ozturkoglu-Budak et al, 2016; Serhan et
al, 2010, Medjoudj et al. 2017a; Hayaloglu and
Karabulut, 2013).

Methyl ketones are formed by enzymatic oxi-
dation of free fatty acids to B-ketoacids and their
consequent decarboxylation to methyl ketones
(McSweeney and Sousa, 2000). Therefore their
content increase during ripening (Ozturkoglu-Bu-
dak et al, 2016; Medjoudj et al. 2017a). Hay-
aloglu et al. (2007) reported a positive correlation
between methyl ketones amount and the content
of yeasts and moulds, suggesting their role in the
formation of methyl ketones in this type of chees-
es. In addition, the ripening material (skin or plas-
tic) has a significant impact on the methyl ketones
profile. In Divle cave cheese the most abundant
methyl ketones are 2-butanone, 2-pentanone and

2-heptanone (Ozturkoglu-Budak et al, 2016),
in Darfiyeh 2-heptanone, 2-nonanone and 2-un-
decanone, in Bouhezza 2-heptanone, 2-nonanone,
2-propanone (Medjoudj et al, 2017a) suggest-
ing that catabolism reactions are specific for each
cheese due to the different composition of these
types of cheeses, microbiological characteristics
and ripening conditions. A good example is the
presence of 2-butanone in Divle Cave cheese and
Ségle Tulum cheese (Ozturkoglu-Budak et al,
2016; Gursoy et al, 2018), as 2-butanone derives
from diacetyl, which is produced by the metabolism
of lactose or citrate.

Terpenes in milk originate from plants in the
feed mixture or pasture (Curioni and Bosset,
2002), and are important for determining the ge-
ographical origin of a cheese as their content in
forage varies greatly according to the plant species
(Cornu et al, 2005; Bontinis et al, 2012). Ripen-
ing material (skin or plastic) has no role in the for-
mation of terpenes in cheeses; as the cheese milk
is obtained from the same area (Hayaloglu et al,
2007). Ripening process also does not affect the
terpenes content in cheese (Ozturkoglu-Budak
et al, 2016).

Microbiological characteristics

The majority of cheeses ripened in animal skin
are traditionally made from raw milk, and their fla-
vour and aroma are the result of a combined action
of non-starter lactic acid bacteria and other bac-
teria, yeasts and moulds originating from the raw
milk, but also from the environment during cheese
ripening. With the activity of complex enzymatic
system of microorganisms during cheese ripening
under specific conditions (in the animal skin skin),
protease and lipases in the first place, cheese ac-
quires specific sensory properties (Mullan et. al,
2014; Frece et al, 2016; Ozturkoglu-Budak et
al, 2016a). The studies of the natural microbial
population of cheeses ripened in animal skin has
shown that the lactic acid bacteria of the genera
Lactococcus, Enterococcus, Lactobacillus and Strep-
tococcus dominate, as well as yeasts and moulds.
As a result of their metabolism, they form aromatic
compounds that significantly influence the ripening
process and the development of cheese flavour and
aroma (Oksuztepe et al, 2005; Cakmakci et al,



2008; Serhan et al, 2009; Kai¢ et al, 2016; Oz-
turkoglu- Budak et al, 2018).

During ripening of Sir iz miSine (75 days) lacto-
cocci are present in the highest number, followed
by enterococci and lactobacilli. A total of 105 lacto-
cocci, 90 enterococci and 90 lactobacilli species are
isolated (Kai¢ et al, 2016). Of the isolated lactid
acid bacteria in Darfiyeh cheese, Enterococcus spe-
cies are the most common (Serhan et al, 2009).
Similarly, Lactobacillus and Lactococcus species
are the predominant population at the beginning
of ripening of Tulum cheese, but after 3 months of
ripening the number of Enterococcus species bac-
teria increases significantly. This is a consequence
of their good tolerance to the lower pH and the
high salt concentration in the cheese. Specifically,
the number of Lactococcus lactis species decreases
significantly during the ripening process (Cakmak-
ci et al, 2008). In Darfiyeh cheese, Lactococcus lac-
tis subsp. lactis is isolated as the dominant variety.
As Darfiyeh cheese can contain 9.5 % salt at the
end of ripening, Lactococcus lactis subsp. cremoris is
not isolated due to inability to grow in conditions of
high salt concentration. The inability of micrococ-
cus, aerobic microorganisms, to grow is the proof
of anaerobic conditions during cheese ripening in
animal skin. Among lactobacilli, the most common
is Lactobacillus plantarum that is well tolerant to
the lower pH and the high salt content (Serhan et
al, 2009; Serhan et al., 2010).

The microbiological characteristics of cheeses
ripened in the skin in comparison to those which
ripen in plastic barrels, are different in number of
yeasts, moulds and lactic acid bacteria. Tulum
cheese ripened in animal skin has a higher number
of yeasts and moulds compared to Tulum cheese
ripened in plastic or ceramic barrels, which indi-
cates a better skin permeability than other mate-
rials (Hayaloglu et al, 2007; Ceylan et al, 2007)
and a lower number of lactic acid bacteria (Oksuz-
tepe etal, 2005). Of 16 isolated moulds, 12 belong
to Penicillium roqueforti and 4 to Geotrichum can-
didum. Although Penicillium roqueforti is an anaero-
bic microorganism, it is shown that it can tolerate
some lower levels of oxygen in cheese inside the
animal skin sack. Its ability to produce mycotoxins,
as a safety aspect for human health, has also been
demonstrated (Erdogan et al, 2003). The number
of yeasts and moulds increase during Tulum cheese

ripening, while the number of coliform bacteria de-
creases. The number of yeasts and moulds at the
30" day of Tulum cheese ripening is between 5.20
and 6.04 log cfu/g. The highest values of yeasts
and moulds are reached at the end of the 150- day
ripening period and are between 6.82 and 7.57 log
cfu/g. The number of coliform bacteria at the 30"
day of Tulum cheese ripening is 5.00 log cfu/g, and
at the end of 150 days of ripening, their number is
O log cfu/g. A decrease in the number of coliform
bacteria can be the result of the decrease in pH
value and water activity, higher content of salt and
increase in the number of yeasts and moulds (Hay-
aloglu et al, 2007). Ozturkoglu- Budak et al.
(2018) investigated the microbiological properties
of Divle Cave cheese in different parts of the cheese,
next to the skin and inner part of the cheese. During
ripening in cheese from the inner part, the num-
ber of Lactobacillus species is higher than in the
cheese next to the skin, which may be explained
by the competition for nutrients with yeasts and
moulds, which are a dominant microbial population
of the skin. For this reason the number of yeasts
and moulds in cheese near to the skin (7.6 log
cfu/g) is higher compared to the inner part of the
cheese (3.3 log cfu/g), which can be further associ-
ated with anaerobic conditions in the inner part of
skin and the lower humidity. In addition, at the end
of the ripening of Divle Cave cheese, the number of
coliform bacteria, staphylococci and enterobacte-
ria, indicators of inadequate hygienic conditions in
cheese production, are not present after 90 days of
ripening, regardless of the part of cheese, inner part
or near the skin.

In Bouhezza cheese, the yeasts and moulds
number remain constant during first 3 weeks with
levels between 3 and 4 log cfu/g. At the 4% week, it
reached the number 6.45 log cfu/g, then decreased
during the three following weeks and finally reached
6.53 log cfu/g at the 8" week. Authors reported that
the increase is probably due to the favourable acid-
ic conditions (low pH) and salt contents for yeasts
and moulds growth (Medjoudj et al, 2017a). Due
to the permeability of the animal skin, growth of
yeasts and moulds is more pronounced in cheese
ripened in animal skin than in cheese ripen in plastic
barells (Hayaloglu et al, 2007).
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Conclusion

In the year 2010 the manuscript An overview of
researches on cheeses ripening in animal skin (Tudor
Kalit et. al, 2010) was based on several studies,
most of them about basic chemical composition
and physical properties of Herzegovinian Sir iz mi-
jeha and Croatian Sir iz misine and the few about
biochemical changes during ripening of Turkish Tu-
lum cheese. Meanwhile, the specific and complex
biochemical changes that occur during ripening of
cheeses in animal skin sack have become of great
interest to researchers, and numerous studies were
conducted. Therefore, this review compiles more
data and knowledge for better understanding of
biochemical changes during ripening of cheeses in
animal skin.

There is a phrase saying Age is something that
does not matter, unless you are a cheese (Tunick,
2014), but in the case of cheeses which ripen in
animal skin the duration and conditions of ripening
process should be carefully managed due to their
strong taste, flavour and aroma. They originate
from intensive lipolysis and proteolysis as a result
of specific anaerobic conditions inside the skin sack,
autochthonous microorganisms from raw milk and
skin, as well as manufacturing technology. As bio-
chemical changes during ripening directly influence
sensory attributes of cheese, which determine con-
sumer preference, this review could provide practi-
cal data for cheesemakers to prevent negative con-
sequences of overly intensive biochemical changes
during cheese ripening, and so improve the quality
of this kind of cheeses.

Biokemijske promjene tijekom zrenja sireva u zivotinjskoj KoZi

Sazetak

Sirevi koji zriju u Zivotinjskoj koZi proizvode se u nekoliko zemalja svijeta: Sir iz miSine (Hrvatska), Sir
iz mijeha (Bosna i Hercegovina te Crna Gora), Tulum i Divle Cave (Turska), Bouhezza (AlZir) i Darfiyeh
(Libanon). IzraZen i pikantan okus i aroma ovih sireva potjecu od intenzivnih procesa lipolize i proteo-
lize koje su posljedica anaerobnih uvjeta u Zivotinjskoj koZi, autohtonih mikroorganizmima iz sirovog
mlijeka i koZe, kao i tehnoloskog postupka proizvodnje. Specificne i kompleksne biokemijske promjene
koje se odvijaju tijekom zrenja sireva u Zivotinjskoj kozi predmet su interesa znanstvenika, te su tako
provedena brojna istraZivanja ove vrste sireva u posljednjem desteljecu. Stoga, cilj ovog rada je prika-
zati specificnosti proteolitickih i lipolitickih promjena tijekom zrenja sireva u Zivotinjskoj kozi, koje re-

zultiraju i karakteristi¢nim profilom hlapljivih tvari. Povrh toga rad daje pregled postupaka proizvodnje i
fizikalno-kemijskih svojstava sireva s obzirom na njihovu izravnu povezanost s biokemijskim reakcijama
tijekom zrenja sira u koZi. S obzirom da biokemijske reakcije izravno utjecu na senzorska svojstva sira,
$to moZe odrediti preferencije potro3aca, ovaj pregledni rad sirarima moZe dati prakti¢ne informacije
u cilju prevencije negativnih posljedica intenzivnih biokemijskih reakcija tijekom zrenja sira, te time

poboljsati kvalitetu ove vrste sireva.

Kljucne rijeci: zZivotinjska koZa, zrenje sira, biokemijske promjene, proteoliza, lipoliza,

hlapljive tvari
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