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ABSTRACT

The aim of this study was to investigate proteolysis development and peptide changes during the storage period of Beyaz
(White) cheese which is produced from various types of milk, such as sheep, goat and cow milk. Three types of cheese
were produced using goat, sheep and cow milk, and all analyses were performed in duplicate. Proteolytic changes were
observed in cheese on the 1 day, 3%, 6%, and 9 month. The total protein was investigated through using water-soluble
nitrogen, soluble nitrogen in 12% Trichloroacetic acid (TCA), soluble nitrogen in 5% Phosphotungstic acid (PTA), and
free amino acids. Proteolytic changes and peptide formations were observed during maturation by HPLC. While the total
protein was 14.33% in sheep Beyaz cheese on the 1* day, this value decreased during the maturation period and reduced
to 6.9% in the 9™ month. These values were 13.55 and 7.95 for cow cheese and 16.30% and 7.95% for goat cheese,
respectively. The water-soluble protein value increased during the maturation period. The value was 1.41% in sheep
cheese on the 1* day, and increased to 6.24% in the 9" month. These values were 2.16% and 4.92% for goat cheese,
and 1.79% and 8.53% for cow cheese, respectively. 12% TCA soluble nitrogen had been 0.211% at the beginning and
was 0.51% in the 9" month. The ripening value based on 12% TCA changed between 9.41%-47.22%. 5% PTA soluble
nitrogen changed between 0.075%- 0.25 %. The ripening value based on 5% PTA changed between 3.34-23.14.

Changes in concentration of total free amino acids during cheese ripening were tracked. In water soluble extracts of
cheese, the presence of free amino groups in all ripening stages was detected. It is observed that amino acids and smaller
peptides-have concentration significantly (P<0.05) increased during ripening. The total free amino acid was found as
0.24 mg lysine g in sheep cheese, 0.215 mg lysine g in goat cheese and 0.208 mg lysine g in cow cheese at the end
of ripening period.
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OZET

Bu ¢alismada; koyun, kegi ve inek siitlerinden Beyaz peynirler iiretilmis ve depolama siiresince farkli siitlerden iiretilen
peynirlerde proteoliz gelisimi ve peptid degisimlerinin belirlenmesi amaglanmustir.
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Bu amagla; koyun, kegi ve inek ¢ig siitlerinden geleneksel olarak Beyaz peynir iiretilmistir. Peynirler 3 tekerriir,
analizler 2 paralel halinde yapilmistir. Peynirlerde 1. giin, 3., 6., 9 ay’da olusan proteolitik degisimler izlenmistir. Bu
amagla toplam protein, suda ¢dziinen azot, % 12 TCA da ¢6ziinen azot, % 5 PTA da ¢dziinen azot, serbest amino asit
tayinleri yapilmistir. Olgunlasma boyunca goriilen proteolitik degisim ve peptid olusumlart RP-HPLC cihazi ile tespit
edilmistir. Koyun Beyaz peynirde 1. giin toplam protein % 14.33 iken olgunlagma boyunca bu degerde azalma meydana
gelmis toplam protein 9. ayda % 6.9°a diismiistiir. Inek peynirinde toplam protein % 13.55den % 7.95’e kegi peynirinde
ise % 16.30’dan % 7.95’e diismistiir. Suda ¢6ziinen protein degerinde ise olgunlagma siiresince artig izlenmistir. Koyun
peynirinin suda ¢dziinen protein degeri 1. giinde % 1.41 iken bu deger 9. ayda % 6.24’e, keci peynirinde % 2.16’dan %
4.92’ye inek peynirinde ise % 1.79’dan % 8.53’e ¢ikmustir. % 12 TCA’da ¢6ziinen azot baglangicta % 0.211 iken 9. ayda
% 0.51 olarak belirlenmistir. % 12 TCA’ya gore olgunlagma degeri 9.41-47.22 arasinda degismistir. % 5 PTA ¢dziinen azot
birinci giinde 0.075 iken 9. ayda 0.25 bulunmustur. % 5 PTA’ya gore olgunlasma degeri 3.34-23.14 arasinda degismistir.

Olgunlagma siiresince toplam serbest amino asit degerleri izlenmistir. Olgunlasma siiresince peynirin suda ¢dziinen
maddeler kisminda serbest amino gruplari belirlenmistir, bu degerler peptit ve amino asitlerin gostergesidir. Olgunlasma
siiresince meydana gelen degisim istatiksel agidan 6nemli bulunmustur (P<0.05). Olgunlasma sonunda toplam serbest
amino asit koyun peynirlerinde 0.24 mg lysine g, ke¢i peynirlerinde 0.215 mg lysine g inek peynirlerinde ise 0.208

mg lysine g' peynir olarak saptanmistir.

Anahtar Kelimeler: Proteoliz; Koyun siitii peyniri; Kegi siitii peyniri; Inek siitii peyniri

1. Introduction

Beyaz cheese is highly consumed in our country.
Various types of milk (sheep, goat, cow) are used
to produce Beyaz cheese. Beyaz cheese has various
structure, taste and appearance. To involve these
features, Beyaz cheese must mature for a certain
period of time.

The biochemical reaction is the most important
process that shows the maturation of cheese. It occurs
asaresultof casein hydrolisation by means of plasmins
in addition to the effect of rennin enzyme (Fox et al
2000). As a result of hydrolisation, degradation into
low-molecular-weight peptides and amino acids
occurs through large-and medium-molecular-weight
peptides, enzymes and enzymes synthesized by
lactic acid bacteria. Proteolysis in cheese is observed
through tracking the changes in total nitrogen and
nitrogen fractions. During maturation period, proteins
which are present in the structure of cheese degrade
into polypeptides and amino acids; and depending on
the characteristics of amino acids, taste and flavor of
cheese vary (Fox et al 1993).

This study aims to analyse the proteolysis rates
in cheese which is produced using different types of
milk, and in addition to these analyses, to determine
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peptides formed in the cheese using the HPLC
method.

2. Material and Methods

2.1. Material

Sheep, goat, and cow milk were purchased from
different farmers in Isparta region.

2.2. Cheese-making

Beyaz cheese was manufactured according to
traditional procedures. Beyaz cheese was produced
using with sheep, goat and cow milk. Cheese samples
were taken on 0%, 3% 6% 9" month of ripening.
Cheese manufacturing was performed in triplicate
and chemical analyses were made duplicate (Oner
et al 2006).

Raw milk was clarified and heated to 25-26 °C,
and then it was transferred to cheese vats. The milk
was coagulated by adding calf rennet in 150 min.
The coagulum was cut into cubes (2 cm?) and the
curds were allowed to rest in the whey for 5-10 min.
The curds were pressed until whey drainage has
stopped or decreased to a low level. The weights
were removed, cheese were cut 7x7x7 c¢cm?’. The
blocks were placed in brine (14 g 100 mL! NaCl)
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for 2 h. The brined blocks were placed in tin can.
The cheeses were ripened in the cans at 5-6 °C for
9 month.

2.3. Chemical analysis

Total protein, nitrogen fractions and total free
amino acids in the cheese were analyzed. The
protein content was measured by Kjeldahl (Gerhardt
Vapotest VAP 30 distillation systems, Gerhardt
Turbo therm and Turbo digestion systems) according
to AOAC method (AOAC 1990).

Water-soluble nitrogenous compounds were
separated with the method presented by Kuchroo
& Fox (1982), and water soluble nitrogen ratio was
determined by the micro-Kjeldahl method (IDF
1993).

12% Trichloroacetic acid soluble nitrogen
(TCA-SN) was determined by the standard micro-
Kjeldahl method (Polychroniadou et al 1999).

5% Phosphotungstic acid soluble nitrogen (PTA-
SN) content of the obtained filtrate was detected by
the micro-Kjeldahl method (Polychroniadou et al
1999).

Total amount of free amino acids were performed
through the method presented by Folkertsma &
Fox (1992). Absorbance of the sample at 507 nm
which was prepared with Cd-ninhydrin reagent was
observed.

2.4. Water soluble peptides

The analysis of water-soluble peptides in cheese
was carried out with reversed-phase (Shimadzu
LC-20 AT series) HPLC and a Zorbax 300 SB-
C8 monomeric column (250x9.4mm i.d., 6.5um
particle size and 300 A° pore diameter, Agilent,
Waldbronn, Germany). The samples were dissolved
in 0.1% TFA at the rate of 0.2g5 mL"!, and 750 uL
were injected into the HPLC column by filtering
it through an 0.45 um diameter filter. The peptides
were eluted over a linear gradient from 100 to 0%
solvent A (0.1% trifluoroacetic acid in deionized
water) in solvent B (0.1% trifluoroacetic acid in
90% (v v') acetonitrile in deionized water) over
80 minutes (Combes et al 2002). The level 214 nm

was detected. Peaks with retention times from 0-40
min were considered to correspond to hydrophilic
peptides and peaks with retention times from 40 to
70 min to hydrophobic peptides (Hayaloglu et al
2004).

2.5. Statistical analysis

Data for experimental cheese varieties were analysed
by Anova test through using the general linear
model. Differences between means were analysed
by Duncan’s multiple range test at level of 0.05
using SPSS-software, version 18. This was used in
order to comprehend the evaluation of proteolytic
changes during storage of each cheese type

3. Results and Discussion

3.1. Total protein

The total protein contents in cheeses varied
depending on the amount of casein in milk and
cheese production techniques. The protein rate
decreased during ripening period (Table 1). The
total nitrogen content, which had been 13.55%
at the beginning of maturation (0 days), reduced
to 7.93% at the end of the 9" month. The change
in total nitrogen amount in cheese composition is
related to protein degradation. It can be explained
by the reduction of nitrogenous substances to other
compounds (amine, acid, thiol, etc.) (Fox et al
1996). The ripening index value of cow milk cheese
reached 107.62 in 9 months. Melting, rancidity, and
decomposition were observed in cow cheese during
9 months.

Protein level in the cheese produced from goat
milk was between 16.3-7.95%. This value, which
had been 13.28% at the beginning of ripening index,
reached 61.87% in the 9™ month.

Protein level (Table 1) in the cheese produced
from sheep milk was between 14.33-6.92. Ripening
index values reached 9.78-90.12%. Depending on
the metabolic activity in the storage period, the total
protein content reduced while the low-molecular-
weight fractions of nitrogen increased. Some of the
nitrogen fractions pass to the pickle, and an increase
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occurs in the concentration of nitrogen fraction
dissolved in the brine (Hayaloglu et al 2002). For the
cheese ripened in the brine, water-soluble nitrogen
fractions pass to the brine during the storage period
until a balance is reached. Proteolysis level in the
cheese produced from raw milk varies depending
on the rich content of microorganisms. That the
ripening index was 90 in the 9" month showed that
it increased depending on the microbial flora in raw
milk and its proteolytic activity. As a result of the
statistical assessment, the change in the protein
content during the maturation period was found to
be significant (P<0.05).

Series of biochemical events occur during the
ripening period of the cheese. Therefore, the taste,
flavor and structure formation occur according to
the type of cheese.

In the ripening process, enzyme used for
maturation as well as the enzyme in milk, starter
cultures, and non-starter bacteria play a role (Fox
1989; Fox et al 1996). In the maturation process,
the degradation of lactose, as well as lipolysis and
proteolysis events, occur (Mc Sweeney & Fox
1997). Although the characteristics of Beyaz cheese
depend on the acidity and the salt content, final
products of lipolysis and proteolysis are effective
in the formation of these characteristics (Giiler &
Uraz 2004). Many changes were observed in the
cheese maturated in the brine within 3 months of
production (Hayaloglu et al 2002). Table 1 reveals
the ripening index of the cheese produced from cow
milk reached 68% in 3 months. Cow cheese had
the highest proteolysis, and goat cheese had lower
proteolysis.

3.2. Water-soluble protein

Depending on the proteolysis, water-soluble protein
rate increases in a continuous manner during
ripening period. This process gives the cheese
mature taste and aroma. A part of casein and para-
casein in the cheese is degraded with the effect of the
enzyme and microorganisms used in the production,
and turned into water-soluble substances such as
protease-peptone and amino acids. The degradation
of protein continues during the maturation process,

Table 1- Protein levels of the Cow, Goat and Sheep
cheese

Months TP % WSN% RI
0 13.55£022¢ 1.79+0.02¢ 13.4
3 855:0.11° 5824007  68.05
Cow
6 7291045  7.1040.15° 9750
9 7.93:0.16*  8.53£0.00°  107.62
0 1630£0.19° 2.16:0.01¢ 1328
o3 11062008 276:0.11° 2502
o 6 9.44+£0.04°  3.75£0.13"  39.69
9 7.95:0.08  492:0.15  61.87
0 1433:025 14140120 978
3 13.86£043  197+007° 1423
Sheep
6 876087  5.17+0.18°  59.00
9 6924039  624+0.0°  90.12

TP, total protein; WSN, water soluble nitrogen; R1, ripening index.
The values in the same column having a different letters differ
significantly (P<0.05). Data were reported as meantstandard
deviation (n= 3)

and increases the amount of the free amino acids
and peptides.

In this study, an increase in the water-soluble
protein level was observed in parallel to the
decrease in the total protein value (Table 1). These
values represent the change in the maturation during
proteolysis. Ozer et al (2002) stated that water-
soluble nitrogen values in the Urfa cheese increased
during the maturation period. They also stated that
these values in the cheese produced from sheep milk
were higher than those of the other types of milk at
every stage of storage.

3.3. 12% TCA soluble nitrogen

The level of 12% TCA SN increased during the
ripening period (Table 2). This increase indicates
the formation of peptides. The difference of peptides
from WSN is that the structure of peptides is smaller
(peptides consisting of2-22 amino acids). Immediately
after the cheese production, peptide bonds between
Phe23 and Phe24 of o -casein are hydrolyzed and
formed f1-23 and 124-199 fractions. o -casein (f-
23) fraction, which has a small chain length, is
hydrolyzed quickly by microbial proteinases (peptide
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bonds between GIn9-Gly10 and Gln 13-GLn14), and
free amino acids and low-molecular-weight peptides
are formed (Fox et al 1996). These elements formed
are dissolved in 12% TCA and are important for the
evaluation of proteolysis. Ardo & Polychroniadou
(1999) reported that TCA soluble nitrogenous
substances consisted of peptides with 600-15000 Da
molecular weight, and these peptides were hydrolysis
products of o, -casein. Ripening index on the basis
of TCA soluble nitrogenous substance provides

information about proteolysis at an advanced level.
The nitrogen values in 12% TCA and ripening index
changing during the ripening period were given in
Table 2. The 12% (v v'') TCA-SN contents had the
highest levels in the sheep cheese during ripening
(Table 2). The increase in the TCA soluble nitrogen
levels in the cheese during the maturation period was
found to be significant (P<0.05). These results are
similar to the results of Pavia et al (2000b) and Guven
et al (2006).

Table 2- Soluble nitrogen fractions and total amino acid concentrations of the cheeses

Months ~ TCA-SN 5% PTA-SN (mgT Ozii f; /iAg 0
0 0.279£0.009° 0.022+0.002¢ 0.062
3 0.358+0.004¢ 0.048+0.001¢ 0.116
Cow 6  0.460+0.003° 0.064+0.001° 0.200
9 0.5139:0.004  0.070+0.001° 0.208
0 0.186£0.005° 0.07020.002¢ 0.070
ot 3 0.320+0.006¢ 0.13720.003¢ 0.136
6 0.44120.008" 0.197+0.004° 0.174
9 0.484+0.009° 0.23340.007* 0.215
0 0211£0.117° 0.075£0.003° 0.107
Sheep 3 0.354£0.007¢ 0.090-0.002¢ 0.126
6 0.468:0.008" 0.211:£0.004° 0.200
9 0.5180.001° 0.250+0.002* 0.240

TCA-SN, 12% trichloroacetic acid-soluble nitrogen; PTA-SN, 5% phosphotungstic acid-soluble nitrogen; FAA, free amino acid. The
values in the same column having a different letters differ significantly (P<0.05). Data were reported as mean+standard deviation (n= 3)

3.4. 5% PTA-SN

It was reported that the fractions of nitrogen soluble
in 5% PTA in the cheese included peptides smaller
than 600-700 Dalton (di-, tri- and tetra- peptides)
and amino acids (Mc Sweeney & Fox 1997; Hannon
et al 2003).

The level of nitrogen soluble in phosphotungstic
acid in the cheese increased during the ripening
period. The 5% (v v') PTA-SN contents had the
highest levels in the sheep cheese. It was observed
that the ripening time was changed significantly
(P<0.05), according to maturation value 5% PTA
(Table 2). Feeney et al (2001) found that the nitrogen
solubility in 5% PTA in mozzarella cheese increased

during the maturation period (70 days). Hayaloglu
(2003) reported that the nitrogen solubility increase
in 5% PTA level during the ripening period of the
cheese was due to the solubility in 5% PTA of
the small-molecule peptides and amino acids that
emerge during the ripening period.

3.5. Total free amino acids

During the ripening of Beyaz cheese, the
concentration of total free amino acids increased,
no matter whether cheeses were produced from
different types of milk. It was observed that this
difference observed during the storage period
increased the formation of free amino acids in
cheese depending on the amount of protease. The
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concentration of total free amino acids on the day 0
was not significant (P>0.05). It is known that starter
bacteria and non starter bacteria are important
factors for proteolysis (Hickey et al 2007). At the
end of ripening, statistically significant differences
were determined in the concentration of total free
amino acids between the 0" and 9" month. As a
result, during the ripening of Beyaz cheese, the
concentration of total free amino acids significantly
increased (P<0.05). The free amino acid ratio in the
Beyaz sheep cheese had the total free amino acids at
the highest level (Table 2).

It was reported in many studies that
additional culture increased the formation of
free amino acids (Oneca et al 2007; Wishah
2007; Radeljevi¢ et al 2013; Bezerra et al 2016).
Similar results were found in Picante cheese
and Manchego cheese by using Cd-ninhydrin
method for monitoring the proteolysis (Freitas et
al 1997; Pavia et al 2000b).

3.6. Water soluble peptides

The peptide concentrations of cheese show a
sequence according to different molecular weights
(Mc Sweeney & Fox 1997). The mechanism of
separation of the peptides released during the
ripening period of cheese analysed with the RP-
HPLC technique. Compatible to this, a fewer
hydrophobic molecules give a peak at first, and then
the peaks of hydrophobic molecules are observed
(Pavia et al 2000a; Hayaloglu et al 2004; Hesari et
al 2000).

The samples of sheep Beyaz cheese in month 0,
37 6™ and 9™ were injected into HPLC, the images
of peptide profiles at different wavelengths are given
in Figure 1. In the study carried out to choose the
appropriate wavelength, it was found that the peaks
were detected better at 214 nm.

When the peaks in the RP-HPLC analysis
performed to observe peptide formation in sheep
Beyaz cheese during the ripening period, hydrophilic
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Figure 1- The comparison of chromatogram in the sheep Beyaz cheese during the ripening period (214 nm)
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peptides were observed to be more in 0 month while
hydrophilic peptides (with high retention time) and
hydrophilic peptides (peaks at early retention time)

in the 3", 6" and 9" months were close to each other.

Similar results were found for cow and goat cheese
(Figure 2-3).
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Figure 2- The comparison of chromatogram in the cow Beyaz cheese during the ripening period (214 nm)
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Figure 3- The comparison of chromatogram in the goat Beyaz cheese during the ripening period (214 nm)
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Hayaloglu & Karabulut (2013) explored
peptides in Civil, Canak, Ezine and Dil cheeses; and
the chromatograms of the water-soluble fractions
of the cheeses showed that many peptides with
early or late retention times. Major qualitative and
quantitative differences were observed between
the peptide profiles of each cheese variety. Civil
cheese had high concentrations of peaks and high
levels of soluble nitrogen fractions and both early
retention time (hydrophilic) and late retention time
(hydrophobic) peptides were determined. However
high concentrations of peptides were not detected
in Ezine cheese even though this cheese is ripened
for at least 6 months. Hayaloglu & Karabulut
(2014) had interpreted the disintegration of peptides
probably into amino acids and volatile compounds,
such as acids, aldehydes, and alcohols.

Gomez et al (1997) found out that both hydrophilic
and hydrophobic peptide concentrations were the same
in water soluble nitrogen fractions in Hispanico and
semi-hard goat cheese produced from both raw milk
and pasteurized milk. Since the sheep Beyaz cheese
used in our experiment was produced from raw milk.
The concentrations of peptides were affected due to the
microflora of raw milk and aminopeptidase activity of
non-starter lactic acid bacteria. Feta cheese is similar
to Beyaz cheese. Sousa et al (2001) showed that in
Feta cheese, most of the peptides from the WSF was
originated from o -casein 2 peptides originated from
the C-terminal of B-casein and 1 peptide from k-casein.
Most of the peptides could be explained with the basis
of known specificity of chymosin.

4. Conclusions

The total protein, water-soluble nitrogen, ripening
index, 12% TCA soluble nitrogen, 5% PTA soluble
nitrogen, and free amino acids analyses were
performed in the cheese in order to observe the
proteolysis event allowing the formation of peptides.
Melting and rancidity occurred in cow and goat
cheese in the 9" month. This situation can be seen as
normal taking the long ripening period of the cheese
into consideration. During the ripening period, the
amino acid ratio was observed to increase in all
cheese types. It was found out that the shelf life of

the cheese produced from cow milk was shorter,
rancidity occurred in this type of cheese during the
extended storage, and goat and sheep cheeses were
more appropriate for storage for longer periods.

Consequently, the cheese made from various
types of milk exhibited different protein ratio. Also,
it was observed that during the ripening for each
cheese has an effect on their proteolysis.
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