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LIPOLYSIS PROFILE OF SOME NON-EUROPEAN RAW MILK

CHEESE VARIETIES: A REVIEW

Aikaterini GEORGALA!

Lipolysis profile of some non-European raw milk cheese
varieties: a review

This review focuses on the lipolysis profile of some
non-European raw milk cheese varieties. Lipolysis data of some
traditional/artisanal non-European raw milk cheeses such as
cheeses ripened in an animal skin, cheeses ripened in brine,
cheeses produced in small scale by local dairies etc., are col-
lected and presented in this study. The main characteristics of
these cheeses and their lipolysis profile in general are discussed.
Factors such as the type of cheese, the technology applied for
cheese making and the age of cheese are shown to influence the
lipolysis profile.
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1 INTRODUCTION

Cheese is known as an excellent food due to its high
nutritional value (high amounts of protein, calcium,
phosphorous and vitamins A and D) and its high bio-
availability. Humans have made cheese for a long time to
concentrate and preserve milk. Cheese is one of the old-
est known types of manufactured foods (Nelson, 1984).
Almost 900 varieties of cheeses are produced worldwide.
Cheeses are classified according to their form, manu-
facture technique, ripening and chemical composition
(Pandey et al., 2003).

Traditional dairy products have always been an im-
portant component of different communities diet (Sala-
meh et al., 2016). Traditional cheeses are known to be
produced locally or regionally for many years and they
have an important role in the rural region food culture
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Lipolizni profil nekaterih neevropskih vrst sira iz surovega
mleka

Pregled se osredoto¢a na profile lipolize nekaterih nee-
vropskih vrst sira iz surovega mleka. Zbrani so podatki o lipo-
lizi nekaterih tradicionalnih neevropskih vrst sira iz surovega
mleka, ki jih zorijo v Zivalskih kozah, v slanici in jih proizvajajo
v majhnem obsegu v lokalnih mlekarnah. Opisane so glavne
znacilnosti teh sirov in njihov lipoliti¢ni profil. Dejavniki, kot
so tip sira, tehnologija proizvodnje in starost sira, vplivajo na
profil lipolize.

Kljuc¢ne besede: mle¢ni izdelki, neevropski siri iz surove-
ga mleka; lipoliza; lipolizni profil

(Weichselbaum et al., 2009). The characterization of tra-
ditional cheeses is important for the protection of tradi-
tion diversity and contributes with data for further re-
search and quality control. Autochthonous cheeses are
known to be of particular interest by consumers who care
about the nature, origin and nutritional value of food.

In recent decades, raw-milk cheeses have often been
considered as risky foods (West, 2008). Despite their
safety concern there is still demand for raw milk cheeses.
This is due to their strong and unique flavour. Cheeses
made from raw milk tend to develop stronger flavours
and ripen quickly than cheeses made from pasteurized
milk.

Not many countries currently permit the distribu-
tion or import of raw milk cheeses due to the microbio-
logical risk of theses cheeses and yet most commercial
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cheeses are produced from pasteurized milk rather than
raw milk, to eliminate pathogens.

Consumers’ preference shows an increasing trend
for raw milk cheeses due to the more intense and strong-
er flavour of raw milk cheeses as compared to that of
pasteurized milk cheeses and the market continuously
expands (Casalta et al., 2009; Masoud et al., 2012). The
flavour development in raw milk cheeses is mainly due
to their naturally existing microbial community. Lactic
acid bacteria, which are the dominant indigenous micro-
organisms of raw milk cheeses, produce pathogen-inhib-
iting substances that contribute to the inhibition of food-
borne pathogenic bacterial growth (Yoon et al., 2016).
Nevertheless, outbreaks of food-borne illnesses have
been reported by the consumption of raw milk cheeses
(Yoon et al., 2016). Thus, cheese making process of raw
milk cheese should be accompanied by appropriate rip-
ening period and continuous microbiological monitor-
ing until cheese consumption. As raw-milk cheeses have
often been associated with outbreaks of diseases it is re-
ferred that raw milk cheeses must be stored under ap-
propriate conditions for at least nineteen (90) days before
their consumption (Kurt, 1996). Suitable ripening condi-
tions and procedures could reduce the microbial risk of
cheese. Also, the hygiene of the environment of milk pro-
duction and cheese making and the post-cheese making
phase must be constantly microbiologically tested (Yoon
etal., 2016).

Cheese ripening is a complex and dynamic bio-
chemical process that includes proteolysis, lipolysis and
glycolysis, which result to the development of flavour
and texture characteristics of the cheese variety. Lipoly-
sis plays an important role in the development of cheese
flavour. The triglycerides in all cheese varieties undergo
hydrolysis (lipolysis) by the action of lipases originating
from milk, rennet paste, starter culture bacteria, adjunct
starter culture microorganisms, or non-starter bacteria
(Fox et al., 2000; Franco et al. 2001), which result in the
liberation of free fatty acids (FFAs) during cheese ripen-
ing. Free fatty acids may directly contribute to cheese
flavour, especially the short and medium chain FFAs, or
act as precursors of other flavour components such as al-
dehydes, ketones, esters etc.

Lipolysis level depends on cheese variety and ranges
from slight to very extensive. Extensive lipolysis is ob-
served in surface ripened and some Italian cheese varie-
ties while low lipolysis is found in brined cheese varieties.

As pasteurization of milk inactivates the majority of
indigenous milk lipase there are significant differences
on cheese lipolysis between the raw and the pasteurized
milk cheeses. However, it must be mentioned that lipol-
ytic enzymes are not only originated from raw milk but
also they are coming from starter and adjunct cultures,
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non-starter bacteria, the rennet paste and/or exogenous
lipases.

A lot of information is available in the literature
concerning the lipolysis level of cheeses made from
pasteurized milk at industrial scale. However, there are
several traditional cheese varieties that are produced by
small-scale cheese makers at local level in different re-
gions of the world. Raw milk cheeses are an important
part of the economy and traditions of many European
but also non-European countries. Most of these products
are made from raw milk using traditional methods and
some of them are made with no standard production
technique. The objective of this article was to collect and
review published literature data on the lipolysis profile of
some non-European raw milk cheeses.

2 LIPOLYSIS IN NON-EUROPEAN RAW
MILK CHEESES

2.1 TULUM CHEESE

Cheeses that ripen in a sack of animal skin are pro-
duced in Turkey, Lebanon, Croatia, Bosnia and Herzego-
vina, Montenegro (Yilmaz et al., 2005; Ceylan et al., 2007;
Serhan et al, 2010; Kalit et al.,, 2014). These artisanal
cheeses are relatively unexplored, except some Turkish
and Lebanese cheese varieties (Yilmaz et al. 2005; Ceylan
et al. 2007; Serhan et al. 2010). Cheeses that ripen in an
animal skin have an unique, strong and piquant taste as
compared to the classically ripened cheeses. This is due
to the different biochemical processes that take place in
the sack as a result of the anaerobic conditions in the
sack and the possible presence of moulds inside the sack.
Lipolysis is the main biochemical process that is respon-
sible for the formation of cheese aroma and flavour and
led to the formation of free fatty acids during the cheese
ripening in an animal skin.

Tulum cheese is one of the most popular Mediter-
ranean cheeses that are ripened in a skin bag (Salameh et
al,, 2016) and is mainly produced in the East and Central
Anatolia regions of Turkey. It is widely popular in Turkey
and has a high economic value.

Tulum cheese can be produced from whole, semi
skimmed or skimmed ewes, goats, cows’ and buffalos’
milk or their mixture, has a high fat content, a buttery
and pungent flavor, a crumbly, semi-hard texture, a
strong flavour and is dispersible in the mouth (Yilmaz
et al., 2005).

Tulum cheese is traditionally made from raw ewe’s
milk without an addition of starter culture. Home-made
calf rennet is used for milk coagulation. At the end of the
Tulum cheese making process the cheese curd is tight-
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ly filled into a goat-skin bag named “tulum” until this
bag is full and is left to ripen for 3-4 months in caves
(5-10 °C/75-80 % relative humidity). Alternatively, it is
put into a plastic barrel (Hayaloglu et al., 2007, Salameh
etal., 2016).

Intensive lipolysis is observed in cheeses ripened
in an animal skin-bag, which is found by the high levels
of FFAs and their acid degree value (Kalit et al., 2010).
Free fatty acids (FFAs) make a significant contribution to
the typical flavour of Tulum cheese (a slight rancid and
pungent flavour). FFAs also serve as precursors of other
aroma compounds.

Yilmaz et al. (2005) studied the effect of the micro-
bial lipase Piccantase A (lipase obtained from Rhizomu-
cor miehei, purchashed from Gist-brocades Inc., Turkey)
on the acceleration of Tulum cheese ripening. The short-
ening of Tulum cheese ripening time, which is at least
four months, could be very useful if there is no loss of
its flavour characteristics. So, the commercial microbial
lipase Piccantase A was added to the milk before the
rennet addition at a level of 0.04, 0.06 and 0.11 g L™ of
cheese milk while a control cheese was made without any
lipase addition . The levels of FFAs in Tulum cheese sam-
ples (control sample and samples with added lipase) are
shown in Table 1. The total FFAs content and the volatile
FFA content of cheeses were affected by the level of the
added microbial lipase. The relative amounts of volatile
FFAs varied with ripening time and lipase levels added to
milk. The amount of volatile free fatty acids significantly
(p < 0.05) increased during Tulum cheese ripening, es-
pecially in the cheeses made from milk with added Pic-
cantase A (Table 1).

In the control Tulum cheese, made without any Pic-
cantase A addition, the volatile FFAs (C2:0-C10:0) were
a small part of the total volatile acids. However, Tulum
cheeses produced from Piccantase A added milk had
a higher content of volatile FFAs (Table 1). The high-
est content of volatile FFAs was observed in the Tulum
cheese made by the addition of eleven (11) g of Pic-
cantase A per 100 L of milk. Acetic acid (C2:0) and ca-
pric acid (C10:0) were the main volatile acids found in
Tulum cheese (Table 1). Total FFAs content was singnifi-
cantly (p <0.05) increased during cheese ripening and
was also affected by the level of added Palatase A (Ta-
ble 1). Long-chain free fatty acids dominated in Tulum
cheese. The predominant FFAs that were found in Tu-
lum cheese were palmitic acid (C16:0) followed by oleic
acid (C18:1) and myristic acid (C14:0). The contents of
C14:0, C16:0 and C18:1 FFAs in the 90 days old control
Tulum cheese made by raw milk without any Palatase A
addition were 26.15 mg/100 g cheese, 50.86 mg/100 g
cheese and 49.30 mg/100 g cheese, respectively (Table 1).
Guler and Uraz (2003) reported higher levels of C16:0

(56.08 mg/100 g cheese) and C18:1 (49.99 mg/100 g
cheese) in twenty Tulum cheeses taken from Turkish su-
per markets (Table 1).

Concluding, Yilmaz et al. (2005) showed that the
use of Piccantase A in Tulum cheese making increased its
FFAs content and its typical flavour but has only a slight
effect on the pattern of FFAs. The addition of microbial
lipase to cheese milk could be recommended for accel-
erating the development of Tulum cheese flavour over a
short ripening period.

Afyon Tulum cheese is a variety of Tulum cheese in
the production of which two different salting methods
(salting in brine and dry salting) and two different ripen-
ing temperatures (18-20 °C for 7 days and +4 °C for 90
days) were applied (Kara, 2012, Kara et al., 2014). The
ripening in brine of Afyon Tulum cheese at relatively
high temperatures (18 °C) for 7 days and the dry salting
help this cheese to obtain its consumption characteristics
in a very short time (about 30 days) (Kara, 2012, Kara et
al., 2014).

Kara et al. (2014) studied the free fatty acid com-
position of Afyon Tulum cheese during ripening. Three
(A, B, C) groups of Afyon Tulum cheese that were made
by traditional cheese producers and a fourth (D) group
of Afyon Tulum cheese that was manufactured experi-
mentally in the Department of Food Hygiene and Tech-
nology were examined for their free fatty acid content
during 90 days of ripening (Table 1). Generally, for all
cheese groups (A, B, C, D) the volatile fatty acids (C4:0-
C10:0) were increased (p < 0.05) up to the 30 days of
ripening and decreased thereafter up to the 90 days of
cheese ripening. The level of free fatty acids C12:0-C18:2
decreased (p < 0.05) on the 30" day of ripening. Then it
was increased (p < 0.05) again up to the end of ripening
(Table 1).

Hayaloglu and Karabulut (2013) examined the free
fatty acids profile of eleven different cheese varieties
that are sold in Turkey. Cheese samples were collected
from different Turkish regions in 2009 year. Divle Tu-
lum cheese was one of the cheese varieties examined by
these authors. The production method for Divle Tulum
resembles to that for normal Tulum cheese making but
with some differences. Divle Tulum is ripened in a nat-
ural cave (4-5°C and 80 % * 5 relative humidity) for a
long period (Hayaloglu and Karabulut, 2013). Eight (8)
samples of Divle Tulum cheese were examined for their
free fatty acid content and their mean value is shown in
Table 1. Palmitic acid (C16:0) and oleic acid (C18:1) were
the main free fatty acids of Divle Tulum cheese samples
(Table 1).
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Table 1 continued: Free fatty acid content of Turkish Tulum cheeses

193

Preglednica 1 nadaljevanje: Vsebnost prostih mascobnih kislin v turskih sirih Tulum

Free fatty acids

C2:0

Treat-

Cheese

References

Total

C18:2
2.27
1.99

C10:0 CI12:0 C14:0 Cl16:0 Ci18:0 C18:1

7.41
7.27
2.79
2.76
7.15
6.88
2.73
2.71

C4:0 C6:0 C8:0
19.5

C3:0

ment

age (days)

60
60
60

Cheese type

Kara et al. (2014)**

9.54 2527
947 23.28

7.88
7.85
9.61
10.46
7.54
7.84

22.5

12.02 2542

24

31

4.

2.21
2.20

1.85
1.94
1.38
1.50
2.12

1.39
1.41
1.18
1.45
1.87
0.53
1.57
1.41

13.9

Afyon Tulum cheese

11.84 27.81

13.36
13.73

4.

1.74
1.68
2.16
2.31
1.81
1.60
7.9

26.20

33.67
34.30

3.43
3.

1.10
1.13
2.23

24.81

57
33

60
90
90
90
90

24.51

12.27 2542
12.57 26.13

12.74
13.38

32.8

4.

24.81

4.30
3.

1.78
1.12
1.24

14.9

1.17
1.51
1.51

10.7

27.12

32.10

38

25.28
87.2

33.95

75.8

3.55
12.5

Hayaloglu & Karabulut (2013)*

297.7

10

Divle Tulum cheese

Treatments: 1: Control Tulum cheese; 2: Tulum cheese with 0.04 g microbial lipase L' milk added; 3: Tulum cheese with 0.06 g microbial lipase L milk added; 4: Tulum cheese with 0.11 g microbial lipase
L' milk added.; 5: Tulum cheese; 6: Group of Afyon Tulum Cheese manufactured by cheese producers; 7: Group of Afyon Tulum Cheese manufactured by cheese producers; 8: Group of Afyon Tulum

Cheese manufactured by cheese producers; 9: Group of Afyon Tulum Cheese manufactured at Department of Food Hygiene and Technology; 10: Mean of eight Divle Tulum cheese samples.

*Values in mg/100g cheese, ** Values in g/100g cheese.

2.2 SEPET CHEESE

Sepet cheese is a traditional cheese that is specific
to the Aegean region of Turkey. It is named Sepet (bas-
ket) cheese as its surface has a basket-weave impression.
Baskets made from stalks that were collected near river
and moist areas, are used in the production of this cheese
(Kamber, 2008). Raw goat’s milk is the milk mostly used
for its production (Kinik et al., 1999). According to Er-
can et al. (2011) for Sepet cheese production raw milk
is heated to 40 °C, rennet (1 g/5 L of milk) is added and
coagulation takes place within 2 hours. It follows cutting
of the curd into particles of 1 cm?, draining, placing into
baskets, draining and dry salting, ripening in brine 140 g
of NaCl/L and finally marketing.

Erkan et al. (2011) examined the volatile profile of
traditional Sepet cheeses. Fifty two (52) samples of Sepet
cheeses three months old were collected between the
years 2008 and 2009 from different Turkish towns that
are located near Izmir. FFAs were the most abundant
volatile compounds found in all Sepet cheeses. Hexa-
noic, octanoic, decanoic and butyric acids were found in
the highest percentages in the volatile fraction of Sepet
cheese in a decreasing order. Similarities on the FFA
content of Sepet cheese with that of Minas’ cheese, goat’s
milk Jack cheese and blue cheeses were found (Chiofalo
et al., 2004; Frank et al., 2004; Nogueira et al., 2005; At-
taie, 2009). The lipolysis index (acid degree value) var-
ied considerably among the examined Sepet cheeses. Its
value ranged from 1.64 meq KOH/100 g fat (minimum
value) to 41.63 meq KOH/100 g fat (maximum value)
with an average value (mean) of 6.36 meq KOH/100 g
fat. The variation in lipolysis index of Sepet cheese sam-
ples could be attributed to variations in microbial loads,
milk species, ripening conditions and season The mean
acid degree value (6.36 meq KOH/100 g fat) found in the
study of Erkan et al. (2011) was higher than the acid de-
gree value (3.493 meq KOH/100 g fat) reported by Kinik
et al. (1999).

2.3 POOSTI CHEESE

Poosti cheese is a traditional Iranian cheese that
is made from raw ewes milk in the nomadic tribes of
Sangesar region which is located in the Semnan prov-
ince (east of Iran). Ewe’s skin is used for cheese preserv-
ing during ripening. Poosti cheese production includes
coagulation, whey removal (two times), salting, stuffing
in the prepared skin and ripening for three months. Ac-
cording to the Hemmatian et al. (2015) Poosti cheese was
made as follows: Raw ewe’s milk that was taken from a
local native sheep heards of the Sermman province was
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clarified by passing it through a thin cloth issue. For
milk coagulation lamb rennet was added to the milk at
room temperature and left without stirring for about 2
hours. For the removal of whey the cheese curd was put
into a rectangular cotton bag. Young cheese was loaded
with heavy rocks and pressed for ten days. At this pe-
riod, salt (25 %) was added. Also, every day the cheese
was under the inside out process. Then, the sheep skin
was filled with the prepared cheese and packed tightly.
Afterwards, it was kept in a man-made cave for three
months at 4-6 °C. The same authors examined the free
fatty acid profile of Poosti cheese during 90 days ripen-
ing. An increasing trend of the levels of short chain fatty
acids (C4:0-C10:0) was found between the day one (1)
cheese (beginning of ripening time) and the nineteen
(90) day cheese (end of ripening time). The increase of
short chain free fatty acids (C4:0-C10:0) content during
cheese ripening could be considered as a result of the
lipolytic activity of the lipoprotein lipase found in raw
milk and the lipases released from the microbial popula-
tion of raw milk and sheep skin. The amount of medium
chain (C12:0-C16:0) free fatty acids content was found
to be constant during Poosti cheese ripening. This could
be attributed to the inhibitory effects of salt and pH on
the microbial population and their lipolytic activities. On
the other hand, the long chain free fatty acids decreased
during ripening.

2.4 LIGHVAN CHEESE

Several traditional cheeses are produced in differ-
ent regions of Iran. Lighvan cheese is one of the most
popular Iranian traditional cheeses. Due to its pleasant
organoleptic properties, Lighvan cheese is popular and
widely consumed all over the Iran (Mirzaei et al., 2008).
Lighvan cheese is made at Lighvan village in the north-
west of Iran. It is a semi-hard, white cheese ripened in
brine that is made from raw ovine milk or appropriate
mixtures of ovine and caprine milk in which the propor-
tion of the latter is not higher than 20-30 %. No starter
cultures are added. Since no starter cultures are added
the native micro flora plays an important role to the
cheese ripening (Tavaria et al., 2006). Lighvan cheese has
a mild acidic salty taste and a pleasant flavour and smell.
Its unique flavour is appreciated by the consumers. The
method used in Lighvan cheese production is artisanal
and traditional and all phases of cheese manufacture are
manual.

In Lighvan cheese making raw milk is heated to ap-
proximately 32 °C and rennet is added. After the forma-
tion of the coagulum the curd is cut into small pieces and
collected into a cotton cloth. Aftewards, it was pressed to
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Table 2: Free fatty acid (mg ¢! extracted fat) found in Iranian Lighvan cheeses with different levels of lipase during ripening

vy

Preglednica 2: Proste mascobne kisline (mg g' ekstrahirane masti) v iranskih sirih lighvan z razli¢nimi ravnmi lipase med zorenjem

Free fatty acids

C4:0

Treat-
ment
1

2

3

1

2
3

Cheese

Cheese

type

References

C8:0 C10:0 Cl12:0 Cl14:0 Cl6:0 C18:0 C181 (C182 Total

C6:0

age (days)

1

Aminifar and Emam-Djomeh (2014)

620.20

20.82
25.31

207.11

55.11

200.38

60.01

16.34
19.12

14.90
19.80

25.3

7.73

9.84
12.92
11.57
15.97
18.78
15.34
18.75

14.16
22.95

23.64
27.14

Lighvan
cheese

683.12

211.12
232.2

59.12

217.13

76.11

18.43
21.65
17.67
21.64

24.23

752.04

30.12

64.3

229.75
330.0

81.11

23.5

31.19
31.04

35.41

826.46

216.06 29.55

68.07
78.36

70.45
84.27

89.30

24.67

27.38
32.64

37.85

30
30
30
90
90

921.07

239.06 38.72

339.71

29.29
32.11

266.48 44.74 972.22

82.11

347.11

39.74
41.05

44.71

929.00

35.22
42.56

246.24

31.61 31.75 80.74 349.02  76.09
36.91 90.68

21.94
23.80

1
2

960.80

252.00

82.77

356.05

35.57
40.63

996.57

49.35

269.00

87.91

99.23 364.49

39.12

48.59 27.30

3

90

Treatments: 1: Experimental Lighvan cheese without any lipase addition; 2: Experimental Lighvan cheese with addition of 4.0 g lipase/100 kg milk; 3: Experimental Lighvan cheese with addition of 8.0 g

lipase/100 kg milk.
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remove whey from the curd, as much as possible. Then
the curd was cut into slices and dry-salted on its surface
with coarse-grained salt. Finally, the product is put into
tins, covered with brined and ripened in natural cells for
2-8 months where the stable temperature and humidity
contribute to the formation of the optimal ripening con-
ditions (Mirzaei, 2011).

As Lighvan cheese is made from raw milk, lipolysis
plays an important role on its flavour formation (Amini-
far and Emam-Djomeh, 2014). Indigenous lipase is
known to be the main lipolytic factor in raw milk cheese
(Turkoglu, 2011). According to Kafili et al. (2009) the
lipolytic activity of yeasts and enterococci found in tra-
ditional Lighvan cheese and the milk lipase could play an
important role to lipolysis of Lighvan cheese.

The shortening of Lighvan cheese ripening time
that is at least three to four months without any defect on
cheese properties could be very useful. The acceleration of
lipolysis could play an important role in shortening Ligh-
van’s cheese ripening. So, Aminifar and Emam-Djomeh
(2014) studied the effect of the addition of different lev-
els of the microbial lipase palatase (lipase obtained from
Rhizomucor miehei with an activity of > 20,000 Ug™,
purchashed from Sigma-Aldrich, Denmark) on the free
fatty acids of Lighvan cheese during ripening. Generally,
at different levels (0, 4 g or 8 g palatase per 100 g milk)
of added palatase the short chain fatty acids increased
significantly (Table 2). Palatase containing cheeses had
higher amounts of short chain fatty acids as compared to
the control cheese made without any palatase addition.
Also, the palatase concentration had a significant effect
on the entire free fatty acid content of cheese (Table 2).
It is known that medium and long chain fatty acids have
no important role in the final cheese aroma. However,
their amount at the end of Lighvan cheese ripening was
important. Palmitic acid (C16:0) was the most abundant
followed by oleic acid (C18:1) and myristic acid (C14:0)
(Table 2).

The acid degree value (ADV) method has been used
for many years as an index of lipolysis in dairy products.
In the ADV method fat is released by the combined ac-

tion of detergent, ion exchange and heat. Aliquots of fat
are weighted and dissolved in solvent and the free fatty
acids are titrated with alcoholic KOH (0.02M) using
methanolic phenolophhthalein as indicator. Although,
the ADV method is tedious, it is reliable for foods con-
taining more than 2 % fat (Fox et al., 2000). Lavasani et
al. (2012) studied the lipolysis level over 90 days ripen-
ing in brine of Lighvan cheese. The ADV of the Lighvan
cheese was between 1.47 mg KOH/100 g fat and 1.68 mg
KOH/100 g fat at the fifth (5) day and at the nineteen
(90) day of ripening, respectively (Table 3). The ADV
increased during ripening especially after the sixteenth
(60) day. The results of this study showed that the native
milk lipase was mainly responsible for lipid hydrolysis in
Lighvan cheese.

2.5 URFA CHEESE

Urfa cheese is an artisanal brined type cheese that
is made mainly to the South-eastern Anatolia region
of Turkey. Urfa cheese is manufactured from raw milk
of the Awassi sheep breed or a mixture of caprine and
ovine milks at appropriate ratios. In the traditional way
of making Urfa cheese, the milk is not pasteurized and
no starter cultures are added. The coagulation of milk
is done with the addition of animal rennet. At the end
of Urfa cheese making process the cheese blocks are dry
salted and stored in 15% w/v pasteurized brine (Ozer et
al., 2002). In some regions, before dry-salting, cheese
blocks are kept in boiling whey for about 5 min to give
the cheese a more elastic texture.

Kirmaci (2016) study the effect of some wild strains
oflactic acid bacteria that were used as starters on the free
fatty acid profile of Urfa cheese during ripening. Three
different combinations of lactic acid bacteria were used
as starters in Urfa cheese made from pasteurized milk.
The combinations of the strains used as starters in the
cheese making of Urfa cheese were the following: Cheese
A: E. faecium ATCC 19434 + L. lactis subsp. lactis 1B4 +
L. garvieae IMAU 50157 (with ratio of 1: 1: 0.5), Cheese

Table 3: Lipolysis expressed as acid degree value (ADV) of some non-European raw milk cheese varieties
Preglednica 3: Lipoliza, izrazena v stopinjah kislosti, pri nekaterih neevropskih vrstah sirov iz surovega mleka

Ripening time (days)

Cheese type 1 5 7 15 25 30 45 60 90 References

Lighvan cheese 1.47 1.51 1.57 1.62 1.68 Lavasanietal. (2012)
Corrientes Artisanal cheese 1.03 132 163 196 3.76 Vasek et al. (2013)

Orgu cheese RMC 0.59 1.36 1.66 1.88 1.97  Celik and Turkoglu (2007)
Orgu cheese PMC 0.53 1.14 1.38 1.59 171  Celik and Turkoglu (2007)

RMC: raw milk cheese, PMC: pasteurized milk cheese
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B: E. durans IMAU60200 + E. faecium ATCC 19434 +
L. lactis subsp. lactis 1B4 (with ratio 1:1: 1) and Cheese
C: E. faecium ATCC 19434 + E. durans IMAU60200 +
L. garvieae IMAU 50157 + L. lactis susp. lactis 1B4 + E.
faecalis KLDSO.0341 (with ratio 1:1:1:1:1). Also, a
control cheese (cheese D) was produced from raw ewe’s
milk without the addition of any starter culture.

The results of this study showed that the total amount
of short chain free fatty acids (C4:0-C8:0) in all cheese
samples significantly (p <0.05) increased during the
cheese ripening (Table 4). The addition of wild bacterial
strains to the pasteurized milk significantly (p < 0.005)
affected the volatile free fatty acid content during cheese
ripening (Table 4). Generally, the total FFAs content was
significantly higher in cheese C in comparison with the
rest cheeses (cheeses A, B and D) (Table 4). This may be
due to the higher lipolytic activity of enterococcal strains
found in the cheese C. Although the lipolytic properties
of the strains applied in the present case were superior
to that of raw milk microflora, the safety of enterococ-
cal strains for cheese applications has to be assured and a
number of parameters must be properly addressed before
offering a starter or starter combination to cheese indus-
try (Kirmaci, 2016). Total FFAs content of Urfa cheese
was significantly lower than that of many other cheese
varieties (Kirmaci, 2016). The low lipolysis of Urfa cheese
is mainly due to its storing in high salt brine (higher than
12%, w/v). Other researchers (Katsiari et al., 2000, Pavia
et al., 2000) have marked the inhibitory effect of NaCl on
cheese’s FFAs content.

Atasoy and Turkoglu (2009) studied the lipolysis in
Urfa cheese made from raw and pasteurized goats’ and
cows” milk with mesophilic or thermophilic starter cul-
tures. In case of Urfa cheese made from pasteurized milk,
milk was pasteurized at 65 °C for 20 minutes, cooled to
32°C and CaCl, was added as well as starter cultures
(mesophilic or thermophilic lactic culture at a rate of
1.0% and 0.5% w/v, respectively).

Urfa cheese made from raw milk had higher total
free fatty acids levels than the cheese made from pasteur-
ized milk. The FFA content of cheeses made from meso-
philic and thermophilic cultures as starters were similar
(Table 4). The higher level of lipolysis in raw milk Urfa
cheese is mainly due to the indigenous milk lipase and/or
the natural microflora that is found in raw milk cheeses.
It is well known that the milk lipoprotein lipase which is a
relatively heat-labile enzyme can be completely inactivat-
ed by heat treatment at 78 °C for 10 sec (Driessen, 1989).
In all of the examined Urfa cheese samples a significant
increase of total FFA content during ripening was found
(Table 4).

Atasoy and Turkoglu (2008) study the effect of milk
heat-treatment at 65 °C for 20 minutes or at 72 °C for 5
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minutes and the effect of the addition of starter cultures
(mesophilic or thermophilic), prior to cheese-making,
on the free fatty acid contents of Urfa cheeses during
ripening. Raw ovine milk was taken from a local Turk-
ish dairy and was used in the cheese-making process of
Urfa cheeses. Five Urfa cheese-making trials were done:
O, (raw milk cheese), O, (cheese made by milk heat-
treated at 65 °C for 20 min and addition of Lactococcus
lactis subsp. lactis and Lactococcus lactis subsp. cremoris
as starter cultures), O, (cheese made by milk heat-treated
at 65 °C for 20 min and addition of Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus thermophilus
as starter cultures), O, (cheese made by milk heat treated
at 72 °C for 5 min and addition of Lactococcus lactis sub-
sp. lactis and Lactococcus lactis subsp. cremoris as starter
cultures), O, (cheese made by milk heat treated at 72 °C
for 5 min and addition of Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus as starter cul-
tures). The free fatty acid content of Urfa cheeses were ex-
amined at day one (1), day fifteen (15), day thirteen (30),
day sixteen (60) and day nineteen (90) of cheese ripening
(Table 4). The volatile FFAs content of all experimental
cheeses increased during ripening (Table 4). Raw milk
cheese showed the highest contents of volatile FFAs (Ta-
ble 4). Butyric acid and capric acid were the main volatile
FFAs found in this study (Table 4). At the end of ripening
time the volatile free fatty acids (C4:0 to C10:0) content
of raw milk cheese was significantly higher (p < 0.05)
than that found in cheeses made from heat treated milk
(65 °C for 20 min or 72 °C for 5 min) (Table 4). Also, the
addition of starter cultures (mesophilic or thermophilic)
to the heat-treated milk significantly (p < 0.001) affected
the content of volatile FFAs at the end of storage time
(Table 4).

Concerning C12:0 to C18:2 free fatty acids there
was not found any statistical significant difference be-
tween the raw milk cheeses and the heat-treated ones
except for oleic acid (C18:1) and linoleic acid (C18:2).
Palmitic acid (C16:0) and oleic acid (C18:1) were the
most abundant FFAs found in all cheeses (Table 4). How-
ever, at the end of ripening time (90 days-old cheeses) the
heat-treatments applied to milk statistically affected the
FFA content of Urfa cheeses.

Also, at the end of storage time the total FFA con-
tents of mesophilic culture added cheeses were similar
to that of thermophilic culture added cheeses but lower
than the control cheese made from raw milk (Table 4).
The total free fatty acid content of the control raw milk
cheese was significantly higher than that of the heat-
treated milk cheeses (Table 4).

The results of this study showed that the heat treat-
ment of milk at high temperature (72 °C) adversely af-
fected cheese lipolysis while less pronounced were the
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effects of lower heat treatment of milk at 65 °C on the
cheese properties. Also, a very low degree of lipolysis was
found in Urfa cheeses.

2.6 ORGU CHEESE

Orgu cheese is a traditional cheese that is produced
especially in the South-eastern regions of Turkey. It
is a semi-hard cheese with high fat level, processed by
scalding and kneading of the curd and ripened in brine.
Scalded and melted cheese is kneaded to give an Orgu
shape (Turkoglu et al., 2003; Celik and Turkoglu, 2007).
It is mainly produced from ewe’s milk but also goat’s and
cow’s milk are used when ewe’s milk is not available or
available in insufficient amounts (Turkoglu et al., 2003;
Celik and Turkoglu, 2007). Celik and Turkoglu (2007)
study the changes in composition and biochemical prop-
erties of traditional Orgu cheese made from raw (RMC)
or pasteurized (PMC) cow’s milk during a ripening pe-
riod of nineteen (90) days. In case of pasteurized milk
cheese starter culture (1 %), CaCl, (0.8 %) and rennet
(1:15.000) are added to the milk (Celik and Turkoglu,
2007).

The evaluation of lipolysis expressed as acid degree
value (ADV) (mg KOH/g fat) showed that these two ex-
perimental Orgu cheeses (raw and pasteurized) under-
go little lipolysis. In both cheeses the acid degree value
(ADV) increased significantly (p < 0.05) along with the
ripening time. The ADV was significantly lower in the
pasteurized milk Orgu cheese (PMC) than in the raw
milk Orgu cheese (RMC) (Table 3).

Turkoglu (2011) made two batches of Orgu cheese.
One batch was made from raw cow’s milk while another
batch was made from pasteurized cows” milk. In the case
of pasteurized milk cheese Streptococcus thermophilus
and Lactobacillus bulgaricus were used as starter cultures.
The free fatty acid content of Orgu cheeses during ripen-
ing was studied. The results showed that during ripen-
ing restricted lipolysis occurred in the pasteurized milk
Orgu cheese (PMC) as compared to the raw milk Orgu
cheese (RMC) (Table 4). The increase of FFAs in the raw
milk cheese (RMC) was significantly higher than that of
the pasteurized milk cheese (PMC) due to the activity of
lipases from the natural micro flora. The starter culture
used and the milk lipases that survived of the pasteuri-
zation process were responsible for the lipolysis in pas-
teurized Orgu cheese. Palmitic, oleic, myristic, stearic
and capric acids were the main free fatty acids found in
both Orgu cheeses (raw and pasteurized) during ripen-
ing (Table 4). These acids represented together the 82 %
of total free fatty acids. The pasteurization of milk prior
to cheese-making was found to have a significant effect

on lipolysis throughout cheese ripening as well as to the
relative amounts of short-chain free fatty acids (Table 4).
Native lipases and/or non starter lactic acid bacteria were
mainly responsible for the development of lipolysis in
Orgu cheese. Generally, the total free fatty acids content
of Orgu cheese was significantly lower than that of many
other cheese varieties.

Hayaloglu and Karabulut (2013) examined the free
fatty acids profile of eleven different cheese varieties that
are sold in Turkey. Cheese samples were collected from
different Turkish regions in 2009 year. Orgu cheese was
one of the cheese varieties examined by these authors.
Five (5) samples of Orgu cheese were examined. The
free fatty acid profile of Orgu cheese is shown in Table
4. Palmitic acid (C16:0) and oleic acid (C18:1) were two
of the main free fatty acids found in Orgu cheese. Their
amounts were 49.1 mg/100 g cheese for palmitic acid
(C16:0) and 43.3 mg/100 g cheese for oleic acid (C18:1)
(Table 4).

2.7 MALATYA CHEESE

Malatya cheese is a variety of Turkish cheese that
is ripened in brine. The manufacture of Malatya cheese
resembles to that of Turkish Hellim cheese with minor
differences. Malatya cheese is defined as a farmhouse hal-
loumi-type cheese which is traditionally made in farms
and villages from raw ewe’s or cow’s milk or a mixture
of them and no starter cultures are added. Thus acidifi-
cation is brought about by the natural microflora of the
milk. In order to standardize the production process of
Malatya cheese recently some cheese makers used pas-
teurized milk and starter cultures. Scalding of the curd
at 80-90 °C in hot water or its own whey is an important
step in Malatya cheese making which influences the bio-
chemical and ripening properties of the cheese. Malatya
cheese is ripened in brine (10-12 % NaCl) for at least 60
days at 6-8 °C. Malatya cheese can also be consumed as
fresh and unsalted. Fresh Malatya cheese is a semi-hard
cheese with no openings or holes, has an elastic and slice-
able texture, a milky or creamy taste and a yellowish color
(Hayaloglu et al., 2008).

Hayaloglu and Karabulut (2013) studied the free
fatty acids profiles of eleven (11) different cheese varie-
ties such as Civil, Divle Tulum, Ezine, Malatya, Mihalic,
Orgu cheese etc that are sold in Turkey. Cheeses were
collected from different Turkish regions in the year 2009
and the criteria for samples collection were the cheeses
to be as old as 2-8 months or longer. Besides, the fully
ripened ones and ready for sale cheeses were selected as
far as possible. As some cheeses are still made by artisanal
methods without packing or labeling their production
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time was estimated based on the cheese makers declara-
tion. Eight (8) samples of Malatya cheese were examined.
The mean free fatty acid profile of these samples is ap-
peared in Table 4. The results of Hayaloglu and Karabulut
(2013) showed that Malatya cheese had a low degree of
lipolysis.

2.8 RAS CHEESE

Ras cheese is the most popular hard cheese in Egypt
that is manufactured in small dairies located in the Delta
region. This cheese is referred to have similarities to the
Greek cheese named ‘Kefalotyri’ (Phelan et al., 1993). Ras
cheese is made from raw cow’s milk or a mixture of cow’s
and buffalo’s milks. No starter cultures are used (Awad
et al,, 2003). New standards have been published by the
Egyptian Organization for Standardization and Quality
Control and indicate that all cheeses must be produced
from pasteurized milk (Awad, 2006). In this case, the
use of starter cultures is required. Awad (2006) manu-
factured Ras cheese from raw or pasteurized milk and
studied the flavour changes during its ripening. The milk
was divided into two parts. The first part of the milk was
used for making raw milk Ras cheese. The second part of
the milk was pasteurized at 63 °C for 30 minutes, cooled
to 30 °C and calcium chloride (0.02%, w/w) was added.
Then, the pasteurized milk was divided into two parts.
In the first part (part A) a FRC60 (direct to vat set) ther-
mophilic starter culture (Chr. Hansen, Denmark, 0.01%,
w/w) was added, while in the second part (part B) aYY47
(direct to vat set) thermophilic starter culture (Chr.
Hansen, Denmark, 0.01%, w/w) was added. The level of
free fatty acids (FFAs) was significantly increased during
Ras cheese ripening. The raw milk Ras cheese had sig-
nificantly higher levels of free fatty acids during ripening.
However, no significant differences in the free fatty acid
content between the two pasteurized milk Ras cheeses
made by the two different starter cultures were found.
Raw milk Ras cheese developed more quickly its char-
acteristic flavor than the pasteurized one. Nevertheless,
the flavor of pasteurized cheese was acceptable. Although
pasteurized Ras cheese may not develop the typical flavor
of raw Ras cheese, it may be preferred by the consumers
as being safer.

2.9 SUDANESE WHITE CHEESE

Despite the fact that a number of food safety agen-
cies around the world have warned the risk of raw-milk
cheeses, the small-scale cheese makers in Sudan use raw
milk in cheese making process as it is considered to pro-
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duce cheese with a more intense flavor than cheeses made
from pasteurized or heat-treated milks. This is mainly due
to the high levels of native lactic acid bacteria found in
the raw milk. Elkhider et al. (2012) described the cheese
making process of Sudanese white cheese in a rural area.
The milk was sieved with a piece of clean cloth into plas-
tic barrels. The salt (6-10 %) was dissolved and sieved so
as to remove the impurities. Two tablets of rennet/100 kg
milk were dissolved in a little amount of milk, were
mixed with the rest of milk and stirred for five minutes
using long wooden paddle. Afterwards, the barrel was
covered with cheese cloth and left to stand undisturbed
for 4-6 hours to allow the milk to coagulate. The coagu-
lated mixture was then transferred into wooden moulds,
lined with cotton cloth, placed on wooden benches and
left to drain overnight. Suitable weights were put on the
mould cover for about 6 hours. Next day the cheese was
removed from the moulds and cut into small cubes. The
cut cheese was preserved into its own whey, by packing
it into retail containers. The containers are left unsol-
dered till next morning, in order to allow further drain-
age of whey to take place. Then it was labeled. El Zubier
et al. (2014) studied the effect of packaging material on
the ripening indices of Sudanese cheese during its stor-
age period. Sudanese white cheese was purchased from
El Dueim town and packed into five different packaging
materials: metal tin containers (lined with polyethylene
bags and non-lined), plastic containers (lined with poly-
ethylene bags and non-lined) and metal gallon. Sudanese
white cheese that was stored in metal gallon material was
used as a control sample. Each pack weights 2 kg and the
cheese samples were stored for 6 months at 30 °C + 5 °C
(room temperature). The results of the effect of packag-
ing material and storage time on the volatile fatty acids
of Sudanese white cheese are presented in Table 5. The
volatile fatty acid content of the cheese samples was sig-
nificantly (p < 0.05) and progressively increased during
the storage period. The initial volatile fatty acid value was
6.25 0.1 N ml NaOH/100 g cheese and increased quickly
during the first two weeks to 33.5 0.1 N ml NaOH/100 g
cheese for the samples packed in lined plastic containers
(Table 5). Then the volatile fatty acid content increased
gradually to the value of 62.50.1 N ml NaOH/100 g
cheese at day 180 in the cheese that was stored in metal
ion. The volatile fatty acid content of cheese packed in
plastic containers was found to be higher than that of
cheeses packed in anti acid cans. This may be attributed
to the increased activity of lipolytic agents found in plas-
tic containers. The study of El Zubier et al. (2014) showed
that plastic containers are suitable for a short period of
cheese storage (45 days) of Sudanese white cheese while
tin containers could be used for a longer time of cheese
storage (up to 180 days).
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2.10 CORRIENTES ARTISANAL CHEESE

Corientes Artisanal Cheese’ is an Argentinean cow’s
milk variety. The province of Corrientes in Northeastern
Argentina has a very long tradition of ‘Corrientes Artisa-
nal Cheese’ making, Although this cheese does not have
a Protected Designation of Origin Status, it plays an im-
portant role in the dairy farmers’ economy, especially for
women. The amount of its production is very important
although there are no statistics currently available. This
cheese is a fatty blocked shape semi-soft product with
a slightly acid sour flavor. Its weight is 1.00-1.50 kg per
piece. Raw cow’s milk and homemade bovine milk co-
agulant are used for making this cheese. Its production
is based on the continuous fermentation that occurs as
a result of the development of the microbiota naturally
present in the raw material. Differences in sensory qual-
ity between raw cheeses and pasteurized ones are mainly
due to the microbial population that is found in the raw
milk as well as to the factory environment. Due to the ab-
sence of dairy industries, Corrientes region of Argentina
is an area where cheese production is artisanal and in a
small-scale. So there is a natural ecosystem of wild lac-
tic acid bacteria strains but free from commercial lactic
acid bacteria strains. Traditionally, Corrientes Artisanal
Cheese is sold as fresh on the first week of its production.
However, for economic reasons and when the season of
high production declines some cheese makers produce
cheeses that are aged for one month. Vasek et al. (2013)
evaluate the lipolysis level throughout the manufacture
and ripening of Corrientes Artisanal Cheese. Lipolysis
was measured as acid degree value (ADV) on day one
(1), day fifth (5), day seven (7), day fifteen (15) and day
thirty (30) cheese. The acid degree value increased dur-
ing cheese ripening from 1.03 + 0.0 mg KOH/g fat in the
day 1 old cheese to 3.76 + 0.7 mg KOH/g fat in the 30 day
cheese (Table 3).

These values, expressed according to the American

Public Health Association (Case et al., 1985) were < 0.4,
corresponding to normal fat indicating a very limited
lipolytic activity of enzymes from the microbiota or the
rennet.

2.11 ANEJO CHEESE

Anejo cheese is an artisanal semi hard to hard Mexi-
can cheese that is produced in the central state of Estado
de Mexico. The south western region of the state Estado
de Mexico was explored to delimit the area of Anejo
cheese production. It is made from raw milk that is taken
from breeds of dual purpose cows. Its production is high
during the summer time or the rain season, from August
to October, when cows graze natural pasture. However,
in a smaller rate of production, a few producers make
this cheese during the rest of the year. Anejo cheese has
a rectangular shape with a characteristic mounted sur-
face. It could be covered or not with a paste of guajillo
chili which gives it an attractive red color. Anejo cheese
could be consumed as fresh, 15 days old to one month
old or three to twelve months old. Hernandes-Morales
et al. (2010) studied the free volatile fatty acid content
of Anejo cheese. These authors choose the country of
Zacazonapan as a representantive of Anejo cheese pro-
duction. Cheese samples (A, B, C, D, E and F) were taken
from six producers/dairies. Five of them were dairies that
produced Anejo cheese throughout the year while one of
them was a dairy that produced Anejo cheese only dur-
ing the summer season. In the month October where it
was the peak of Anejo cheese production three blocks of
Anejo cheese were taken from each of the six dairies at
the day of their manufacture. Nevertheless, all instru-
mental and sensory analyses of the cheese samples were
made 23-27 days after manufacture. Three free volatile
fatty acids were detected in Anejo cheese. Acetic acid was
the main volatile acid found in the highest concentration.

Table 5: Changes in volatile fatty acids content (ml 0.1 N NaOH) of Sudanese white soft cheese during storage period as affected by

type of packaging

Preglednica 5: Spremembe vsebnosti hlapnih mascobnih kislin (ml 0,1 N NaOH) v sudanskem belem mehkem siru med skladiscenjem

kot posledica razlicne embalaze

Packaging Storage period (days)

type 0 7 15 30 45 60 75 120 150 180 Reference

MT 6.25 23.00 27.00 30.50 34.50 40.00 42.00 64.00 63.50 63.50 El Zubier et al. (2014)
MTL 6.25 24.00 27.00 34.00 35.00 39.00 4500 6550 61.00 61.50

P 6.25 28.00  32.00 5450 53.00 56.00 6450 64.75 50.00 62.50

PL 6.25 28.00 33,50 62.50 6250 6500 6500 6475 5815 62.50

MG 6.25 28.00 2950 48.00 45.00 45.00 56.00 64.75 58.15 62.50

MT: Metal tin, MTL: Metal tin lined with polyethylene bags, P: Plastic, PL: Plastic lined with polyethylene bags, MG: Metal gallon
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Butyric acid was the second most abundant fatty acid de-
tected (Table 6). However, propionic acid was detected
in only four of the cheese samples. The cheese B had the
highest values for propionic and butyric acids (Table 6).
This was probably due to the lipase activity of the milk
and of the commercial rennet. The commercial rennet
is known to have a strong lipolytic activity (Sousa et al.,
2001). Cheese C showed the highest values of acetic acid
(Table 6). This could be associated to the uninhibited
chymosin activity from calf rennet having used in its
highest concentration for coagulating cheese C.

3 CONCLUSIONS

Although there is an extensive knowledge on the
lipolysis level of certain cheese varieties, the lipolysis
profile of non-European raw milk cheeses is not well
known to the wide public. This review has collected liter-
ature data on the lipolysis profile of some non-European
raw milk cheese varieties and provides a comprehensive
overview of their properties and characteristics. Lipolysis
in raw milk cheeses is different from that of pasteurized
milk cheeses as pasteurization inactivates some enzymes
that could play an important role in cheese ripening eg.
milk lipases. Cheeses made from raw milk process strong
and unique flavours and are still sold in many parts of the
world although due to hygienic reasons most cheeses are
made nowdays from pasteurized milk.

The lipolysis level of the non-European raw milk
cheeses referred in this study varies according to the
cheese type, age and manufacture procedure, indicating
that lipolysis level may be a useful index for character-
izing these cheeses. Intensive lipolysis, which is found
by the high levels of FFAs and their acid degree value,
is observed in cheeses ripened in an animal skin-bag
such as the Turkish Tulum cheese. Lipolysis is the main
biochemical process that leads to the formation of free
fatty acids in cheeses that ripen in an animal skin and is

Table 6: Free volatile fatty acid analysis of the Mexican Anejo cheese

responsible for the formation of cheese aroma and fla-
vour. The increase of the short chain free fatty acids in
the traditional Iranian cheese named ‘Poosti, an animal
skin ripened cheese, could be a result of the lipoprotein
lipase of raw milk as well as of the lipases released from
the microbial population of the raw milk and skin. The
level of lipolysis in the Turkish Urfa cheese, an artisanal
brined type cheese, was low mainly due to its storing in
high salt brine (higher than 12%, w/v). However, Urfa
cheeses made from raw milk withought starter bacteria
showed significantly higher lipolysis than Urfa cheeses
made from pasteurized milk and starters added. In the
raw milk Lihgvan Iranian cheese lipolysis plays an im-
portant role on its flavor formation. The Turkish Malatya
cheese, in which high temperature curd scalding is ap-
plied, had also a low degree of lipolysis, as this process in-
hibits the enzymes from milk and microorganisms. The
variation in lipolysis index of the Turkish Sepet (basket)
cheese samples could be attributed to variation in micro-
bial loads, milk species, ripening conditions and season.
Sudanese white cheese, a traditional raw milk cheese of
Sudan showed a low degree of lipolysis. In Anejo cheese,
an artisanal semi-hard to hard Mexican cheese, acetic
acid and butyric acid were the most abundant free fatty
acids detected.
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