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ABSTRACT

This study aimed to determine the causes of bitterness problems in white cheese produced by ultrafiltration
(UF). To investigate the association between the bitterness with the enzyme use or by the starter culture,
white cheese was produced using UF-pasteurized and UF-raw milk with two different coagulating enzymes
and two starter cultures with different proteolytic activities. Sensory analysis, protein, water-soluble nitrogen,
12% trichloroacetic acid-soluble nitrogen, 5% phosphotungstic acid-soluble nitrogen and acid degree values
were determined on day 1, 30, 60 and 90 of the ripening periods. During the ripening process, bitterness
was determined in the cheese samples due to proteolysis. The A cheese sample, which was produced using
chymosin enzyme and a starter culture with high proteolytic activity, was determined to be the sample with
the highest bitterness level in the sensory analyses, SDS-PAGE electrophoresis and HPLC analysis. 72.26%
as-casein hydrolysis was determined in the A cheese sample. According to HPLC results, a high hydrophobic
peptide formation was determined with the increase in the area of hydrophobic peptides with a rate of 106%
between 40 and 60 minutes.
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UF BEYAZ PEYNIRDE RAF OMRU BOYUNCA ACILASMAYA NEDEN OLAN
FAKTORLERIN BELIRLENMESI

oz

Bu ¢alismada, ultrafiltrasyon (UF) islemi ile islenen siit kullanilarak dretilen beyaz peynirdeki acilik
sorunlarinin nedenlerini belirlemek amaglanmustir. Acilik ile enzim kullanimi veya baslangic kiltard
arasindaki iliskiyi arastirmak icin, iki farkli pthtilasma enzimi ve farklt proteolitik aktivitelere sahip iki
baslangic kiltirayle UF-pastdrize ve UF-¢ig sit kullamlarak beyaz peynir tretilmistir. Olgunlasma
periyodunun 1., 30, 60, ve 90. ginlerinde protein, suda ¢dziinen azot, %12 triklorasetik asitte ¢Sziinen
azot, % 5 fosfotungustik asitte ¢ézlinen azot, asit degeri ve duyusal 6zellikler belirlenmistir.
Olgunlasma strecinde peynir 6rneklerinde proteoliz nedeniyle aciik meydana gelmistir. Kimozin
enzimi ve proteolitik aktivitesi ylksek bir starter kiiltir kullanilarak Gretilen A peynir numunesinin
duyusal analizler, SDS-PAGE elektroforezi ve HPLC analizlerinde en yiksek acilik seviyesine sahip
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numune oldugu belirlenmistir. A peynir érneginde alfa kazein %72.26 oraninda hidrolize olmustur.
HPLC sonuglarina gére hidrofobik peptit alaninda (40-60 dak arasinda) % 106 oraninda artis

belitlenmistit.

Anahtar kelimeler: peynir, proteoliz, ultrafiltrasyon, acllasma

INTRODUCTION

White cheese is the most popular cheese in
Turkey in terms of both production and
consumption  (Uglinci, 2008). With the
developing technology, modern methods such as
membrane technology, in addition to classical
methods, have been used in cheese production
(Soltani, 2013). In dairy industry, traditional White
cheese production lines have been replaced by a
more modern ultrafiltration (UF) system.
Proteolysis, one of the main biochemical
reactions during ripening of cheese, plays a vital
role in flavor development of most cheese types
(Sousa et al., 2001). During cheese production,
the primary proteolysis of casein is mostly carried
out by rennet added to milk, while secondary
proteolysis is cartied out by hydrolysis of casein
derivatives to small peptides and amino acids by
starter cultures (Hayaloglu and Ozer, 2011). In
proteolysis, casein is first broken down to
peptides  with large molecular weights by
coagulating enzymes, then into small-molecular-
weight peptides by the enzymes produced by
starter cultures and then into free amino acids by
peptidases (Ugiincii, 2008). It has been stated that
lactic acid bacteria are responsible for the
hydrolysis of casein-derived peptides (Hayaloglu
et al., 2004). Cell membrane-bound proteinases of
Lactococcus spp. are involved in the process by the
hydrolysis of large peptides produced from asi-
casein or from B-casein by plasmin. Intracellular
peptidases  released from degraded cells are
responsible for the breakdown of small peptides
and the formation of free amino acids (Cinbas,
2004). Bitterness taste in cheese associated with
enzymes from starter microorganisms as well as
from naturaly present microorganisms could be
caused by peptides formed as a result of the
hydrolysis of as; and $-casein. Accordingly, the
proteolytic enzyme concentration and proteolytic
properties of the starter culture must be known.
Therefore, the selecton of product-specific
starter culture, production method, and ripening
conditions are of great importance (Kili¢ and
Eren-Vapur, 2003).

The bitter taste is a characteristic found in many
foods and produced by different inorganic and
organic substances. The taste of inorganic salts
can be bitter as well as some amino acids (Ugiincii,
2008). Bitter peptides containing hydrophobic
amino acids released by rennet and starter cultures
in the clot are the main factors of bitter taste seen
in many types of cheeses (especially cheeses
produced using mesophilic cultures) and these
peptides are formed by the effect of proteolytic
enzymes on casein. Accordingly, the factors that
cause bitterness include raw milk quality,
psychrotrophic bactetia in the environment, milk
composition, cooking temperature of curd, salt
concentration, the amount of released whey, pH
of the cheese, hygienic conditions, type of starter
culture and the amount of rennet enzyme used.
Among these factors, the types and amounts of
rennet and starter culture are the most important
factors for bitterness in cheese (Yildirim et al.,
2011).

Soltani et al. (2016) investigated the effect of
camel chymosin and microbial enzyme
(Rhbizomucor miehei) on the microstructure and
rtheological properties of Iran UF White cheese
during the 90-day ripening period. The
reserachers found that the degradation of wasi-
casein was affected by the coagulants used
however -casein degradation was not affected by
these factors.

This study aimed to determine the levels of
proteolysis, electrophoretic (SDS-PAGE)
properties and peptide distribution in white
cheese. The effects of starter culture, different
milk coagulants and ripening time on these
properties were also investigated. The causes of
the sensory defect bitterness were thus
investigated in the study.

MATERIAL AND METHODS
Cheeses were produced from raw cow’s milk in
the ultrafiltrated White cheese line in Isparta
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Cebeci Milk and Dairy Products factory in
Turkey. The differences in UF White cheese
production ate given in Table 1. Raw cow's milk
was transferred to the UF unit following the
necessary chemical analysis. The obtained
retentate was pasteutized at 80-82 °C for 15
seconds, homogenized and cooled, and then
cooled to the 30-32 °C fermentation temperature
and transferred to the filling unit. The coagulating
enzyme (400 mL/1000kg retentateChymax Plus
and 100 mL/1000kg retentateMaryzm 55) and the
starter culture (50 DCU/1000kg retentates) were
added to the retentate in the mixing tank. In the
filling unit, the milk in the mixing tank was filled
into the packages. Following the curd formation,
a dry salting procedure was carried out. Cheese
manufacturing was performed in duplicate and all
the analyses were carried out with two parallels.

Cheese working model is given below.
A cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter

culture with high proteolytic
chymosin enzyme

B cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with high proteolytic activity and
microbial enzyme

C cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with low proteolytic activity and chymosin
enzyme

D cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with low proteolytic activity and microbial
enzyme

E cheese sample: White (Beyaz) cheese
production from raw milk by ultrafiltration with
chymosin enzyme

F  cheese sample: White (Beyaz) cheese
production from ultrafilter raw milk by microbial
enzyme.

activity and

Table 1. The experimental design in UF White cheese production

A B C D E F

Pasteurized milk Raw milk
Starter culture 1 1 1I 1I - -
Milk coagulants a b a b a b

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme,
B cheese sample: Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme,
C cheese sample: Pasteurized milk using starter culture with low proteolytic activity and chymosin enzyme,
D cheese sample: Pasteurized milk using starter culture with low proteolytic activity and microbial enzyme,

E cheese sample: Raw milk by chymosin enzyme,
F cheese sample: Raw milk by microbial enzyme.
I: starter culture with high proteolytic activity,

II: starter culture with low proteolytic activity
1100% Bovine chymosin,

b: Microbial coagulant (from Muchor miehei)

Protein analysis

Cheese protein content was determined by the
macro-Kjeldahl method (AOAC., 1990), water-
soluble nitrogen (WSN) according to Kuchroo
and Fox (1982), the 12% trichloroacetic acid-
soluble nitrogen (TCA-SN) fractions according to
Polychroniadou et al. (1999), the 5%
phosphotungstic acid-soluble nitrogen (PTA-SN)
fractions were determined according to the Jarrett
et al. (1982) by micro-Kjeldahl method (IDF,
1993) The acid degree values (ADV) were

measured according to the procedure by Renner
(1980) .

SDS polyacrylamide
analysis

To determine the protein profile of UF White
cheese samples, 30% acrylamide solution, 10%
Sodium Dodecyl Sulfate (SDS), 10% ammonium
persulfate (APS), 1.5 M Tris-HCI (pH 8.8) and 1.0
M Tris-HCI (pH 6.8) were used (Laemmli, 1970).
After preparing the gels, a 15 pLL sample and 10
uL of the marker were loaded. The prepared

gel electrophoresis
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electrophoresis apparatus was run in a system
under 80-100 V constant current approximately
for three hours. SDS-Page electropherograms of
cheese samples were evaluated using the Bio-Rad
ChemiDoc MP Imaging System.

Proteolysis in cheese samples by HPLC

UF White cheese samples were lyophilized using
the VirTisbenchtop SLC device. Accordingly, 2.5
¢ lyophilized cheese sample was weighed,
dissolved in 5 ml. 0.1% trifluoroacetic acid (0.1%
TFA deionized water) and then centrifuged at
14000 rpm for 30 minutes at 4°C. Centrifuged
cheese samples were passed through a 0.45-um
filter and 750 uL. sample was injected into the
HPLC column (Donkor et al., 2007). Reverse
Phase High-performance Liquid chromatography
(HPLC, Shimadzu LC-20 AT Kyoto-JAPAN) and
Zorbax 300 SB-C monometric column were used
for the analysis of peptides in cheeses.

Sensory evaluation of cheese

After 1, 30 and 90 days of ripening the UF white
cheeses were sensory evaluated. Cheese samples
were appraised for taste and flavour (0-40 scale),
body and texture (0-40 scale) and appearance (0-
20 scale) by a trained panel of six judges familiar
with UF white cheese (Peppas et al.1990).

Statistical analysis

Statistical analysis of the average values obtained
chemical evaluation of cheese samples were
analyzed by the SPSS 23.0 (SPSS Inc.IBM Corp.,
Chicago, IL) using the ANOVA procedure for
analysis of variance. The results were expressed as
mean standard error and the difference between
means wete tested for significance using Duncan's
multiple range at (p<<0.05).

RESULTS AND DISCUSSION

Results of the protein analysis

Protein values of the UF White cheese samples
decreased during the ripening period and this
decrease was statistically significant (p <0.05)
(Table 2). At the end of the ripening petiod (day
90), the highest protein content was found in the
B cheese sample whereas the lowest protein
content was found in the A cheese sample. It has
been reported that the effect of using different
starter culture, coagulating enzyme and storage
temperature interactions on the protein value in
UF White cheese samples during the ripening
period was statistically significant (p <0.05)
(Arisoy and Oner, 2019).

Table 2. Protein contents of the UF White cheese samples during the ripening period
Protein value during cheese ripening

Cheese samples day 1 day 30 day 90
% % Yo

A 14.17£0.15Aa 13.3840.28Ba 11.21£0.07Da
B 14.2410.01Aa 14.2910.04Aa 13.54+0.03Ca

C 14.08£0.01Ba 14.15£0.05Aa 12.77£0.05Da
D 14.09£0.04Aa 13.71£0.16Ba 13.01£0.16Ca
E 14.13£0.17Aa 14.13£0.03Aa 12.93£0.06Ca
F 14.17£0.02Aa 14.05£0.01Ba 13.4£0.21Da

a—b Mean values with different lowercase superscripts indicate statistical differences between rows (P < 0.05).

A-D Mean values with different uppercase superscripts indicate statistical differences between columns (P < 0.05).

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, F cheese sample: Raw
milk by microbial enzyme.

Al-Otaibi and Wilbey (2005) determined that, in
UF White cheese production, the use of chymosin
in the production of cheese lowered the protein
values. In the present study, a decrease in protein

value was observed in all cheese samples during
the ripening process and these results were similar
to those reported in the previous studies.
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An increase was observed at WSN in all cheese
samples during the ripening process (Table 3). In
the cheese samples produced with UF-
pasteurized milk (A-D cheese samples), water-
soluble nitrogen values were determined in the
range of 0.154-0.241 on the 30th day of the
ripening and in the range of 0.249-0.543 on the
90th day of the ripening. Among the cheese
samples produced using chymosin, water-soluble
nitrogen value was found to be in the range of
0.154-0.543 in the A cheese sample produced with
the starter culture with high proteolytic activity
while this value was in the range of 0.154-0.249 in
the C cheese sample produced using the starter
culture with low proteolytic activity. The initial
WSN values were the same whereas a higher
increase was observed in the A cheese sample due

to the use of Lb. helveticus. In the cheese samples
produced with the microbial enzyme, the WSN
values in the B cheese sample produced using the
starter culture with high proteolytic activity were
in the range of 0.241-0.476 while these values
were in the range of 0.188-0.510 in the D cheese
sample produced using the starter culture with
low proteolytic activity (Table 3). Although the
initial WSN value of the D cheese sample
produced using the starter culture with low
proteolytic activity was lower than that of the B
sample, it showed a higher increase on day 90 of
the ripening period. The ripening index value in
soluble protein ranged from 6.94 to 30.94 %. The
highest increase was observed in the A cheese
sample in which bitterness was the highest.

Table 3. WSN, TCA-SN, PTA-SN and the Ripening index values of the UF White cheese samples

Ripening Time (day) A B C D E F
WSN 30 0154 0241 0154 0188 0272  0.361
90 0543 0476 0249 0510 0403  0.524
Ripening indes to WSN 30 734 1076 694 874 1227  16.41
90 3094 2250 1246 2502 19.90  24.94
TCASN 30 0128 0120 0126 0119 0112  0.098
90 0140 0142 0154 0137 0106  0.123
Ripening index in TCA- 30 6.10 5.38 5.68 5.54 5.06 4.45
SN 90 7.97 6.71 7.69 6.72 523 5.86
PTASN 30 0.0274 00216 00160 00133 00319  0.0355
90 0.0464  0.0400 0.0334  0.0266 0.0402  0.0600
Ripening indes in PTA-ST 30 131 0.96 0.72 0.62 1.44 1.61
90 2.64 1.89 1.67 1.30 1.98 2.06

WSN: water-soluble nitrogen; TCA-SN: 12% trichloroacetic acid-soluble nitrogen; PTA-SN: 5% phosphotungstic

acid-soluble nitrogen

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.

Soltani (2013), in their study on the effect of
different salt ratio and storage time on the
properties of UF white cheese produced in Iran,
has reported that WSN values were in the range
of 0.368-0.743 and increased during the storage
process. In numerous studies, it has been reported
that WSN values increased during the ripening

process in White cheese produced by the UF
method and the traditional method Guven and
Karaca (2001), Topcu (2004), Karami et al,
(2009), Oner (2015), Sarafi et al., (2020).

As seen in Table 3, TCA value increased in all
cheese samples during the ripening process
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whereas it decreased in the E sample produced
using UF-raw milk and chymosin. On the 30th
day of the ripening period, the lowest TCA value
was determined in the I sample produced using
UF-raw milk and microbial enzyme whereas the
highest value was obtained from the A cheese
sample produced using chymosin enzyme and the
starter culture with high proteolytic activity. On
the 90th day of ripening, the lowest TCA-SN
value was determined in the E cheese sample
produced using UF-raw milk and chymosin
whereas the highest TCA-SN value was
determined in the C cheese sample produced
using chymosin enzyme and the starter culture
with low proteolytic activity. The ripening index
values were found to be higher than 7 in the A
cheese sample which also had the highest
bitterness value and the C sample which had a
lower bitterness value.

Alizadeh et al. (2006) have reported that the
rennet had a significant effect on the nitrogen
dissolved in TCA in Iranian white cheese (p
<0.05). Karaca (2007) and Soltani (2013) have
reported that, in UF White cheeses produced
using different concentrations of salt, the nitrogen

soluble in 12% TCA value increased during the
ripening process.

An increase was observed in 5% PTA in all cheese
samples during the ripening period. On the 30th
and 90th days of the ripening, the lowest 5% PTA
value was determined in the D cheese sample
produced using the starter culture with low
proteolytic activity and microbial enzyme whereas
the highest 5% PTA value determined in the F
cheese sample produced using UF-raw milk and
microbial enzyme. There were no significant
changes in the ripening index values according to
the soluble protein ratio in 5% PTA.

Tuncel e al., (2010) have reported that the PTA
ratio increased from 0.75 to 2.76 during the
ripening period in Ezine cheese during the
ripening period. Numerous researchers have
reported that 5% PTA-SN increased during
ripening.

UF White cheese samples showed an increase in
acid degree values during the ripening period

(Table 4).

Table 4. Acid Degree values of the UF White Cheese

Cheese samples

Acid degree value ripening (mg KOH ¢1)

1. day 30. day 90. day
A 2.31 5.53 7.00
B 1.78 3.68 5.18
C 2.10 3.8 5.05
D 1.79 3.49 4.34
E 4.41 8.53 16.48
F 5.11 12.26 13.04

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.

In the cheese samples produced using UF-raw
milk and UF-pasteurized milk, acid degree values
were higher in cheeses produced using chymosin.
In the 90-day ripening period, the lowest acid
degree value was found in the D cheese sample
whereas the highest acid degree value was found
in the E cheese sample. Celik and Tirkoglu
(2007), in the Orgii cheese samples produced

using raw and pasteurized cow milk, found that
the acid degree value was lower on the 90th of the
ripening period in the cheese samples produced
with pasteurized milk.

Sensory properties of cheese
At the end of the 90-day tipening period, when
the taste and flavor sensory scores of UF White
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cheeses were examined, cheese samples produced
with UF pasteurized milk (A, B, C, D) had the
lowest score of A and C cheese samples. The
cheeses made from raw milk (E; F) were not taken
into sensory evaluation. The organoleptic
evaluation results indicated that flavor of A and C
cheese samples were bitterness taste is felt. These

results were pointed in Fig. 1. The highest rate of
bitterness was observed in the A cheese sample
produced by chymosin enzyme and starter culture
with high proteolytic activity. C cheese sample
were observed less bitterness taste than A cheese
samples.

4 N
— —A
*-——-8
<«
——D

o J

Figure 1. Flavor properties of UF-white cheese at day 1-90
A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme,
B cheese sample: Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme,
C cheese sample: Pasteurized milk using starter culture with low proteolytic activity and chymosin enzyme,
D cheese sample: Pasteurized milk using starter culture with low proteolytic activity and microbial enzyme

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

The gel obtained after the electrophoresis
procedure carried out to determine the level of
proteolysis and monitoring the hydrolysis of
casein was transferred to the digital media using a
scanner and then the changes in as-casein, §-

29kDa «
24kDa <

20kDa <
14 2kDa <

30. Day
Figure 2. SDS Page profiles in UF cheese sample
Data are presented as, A: 2 +1, B: b +1, C: a+1II, D: b+1I, E: UF raw milk+2, F: UF raw milk+ b
I: starter culture with high proteolytic activity, II: starter culture with low proteolytic activity
a1 100% Chymosin, >:Muchor michei proteas,

casein, a- lactalbumin, B-lactoglobulin values were
densitometrically determined using Bio-Rad
molecular analyst (Image Lab Software Version
5.2). The electrophoresis gel image of the cheese
samples is given in Figure 2 while the changes in
protein ratios (%) are given in Table 5.

B-CN
as-CN

B-Lg

a-La

90. Day
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As seen in Figure 2, as-casein and 3-casein bands
were dense on day 30 of the ripening period in the
A and C cheese samples. On day 90, casein
hydrolysis started, and the density of these bands

Table 5. The variations of casein ratio in UF cheese samples (%) (n=4)

decreased with the breakdown of as-casein and (3-

casein.

Casein Ripening time % The
Cheese samples o 30 day 90.day variations .of
casein ratio
A a- casein 44.1+1.36 12.2311.41 -72.26
B- casein 32.45%3.11 26.14£0.32 -19.44
B a- casein 48.24%1.31 33.14£0.89 -31.30
B- casein 30.03£1.76 30.76£1.18 +2.43
a- casein 39.01£2.14 26.91£0.36 -31.02
¢ B- casein 38.52£5.93 26.11£0.39 -32.22
D a- casein 44.32+2.37 35.41%1.44 -20.10
B- casein 32.66£1.32 29.93£2.09 -8.36
B o- casein 44.94£2.77 38.16£1.21 -15.09
B- casein 32.3%5.74 27.85£0.66 -13.78
g o- casein 37.41£1.62 35.14£0.97 -6.07
B- casein 33.93£8.59 23.32%0.78 -31.27

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, F cheese sample: Raw

milk by microbial enzyme

During the ripening period, a decrease was
observed in the percentile values of as-casein and
B-casein in cheese samples. In the A cheese
sample, produced with UF pasteurized milk,
which had the highest bitterness value in sensory
evaluations, as-casein decreased by 72.26% on
day 90 compared to that on day 30, while 3-casein
ratio decreased by 19.44%. The [B-casein ratio
remained constant only in the B cheese sample
produced only using a microbial enzyme (Table
5). Caseins have hydrophilic properties as well as
hydrophobic parts. The C-terminal exhibits
hydrophilic properties. Hydrophobic properties
are known to cause bitterness (Fox and Brodkorb,

2008).

Karaca (2007), has reported that, in the white
cheese, asi-caseins were more hydrolyzed than 8-
caseins, the proteolytic enzyme-containing cheese
samples in the ratio of asi-casein were more

fragmented compared to the control cheese
sample.

Soltani (2013) has concluded that, on the first day
of ripening, no significant differences were
determined between the electrophoretogram
bands in UF White cheese samples, asi-casein and
B-casein were hydrolyzed after day 45 and, with
the increase in salt ratios on day 45 and 90, a
reduction was determined in the hydrolysis
products of asi- casein. Akhgar et al. (2016) have
reported that asi-casein is hydrolyzed faster than
B-casein during 60 days of ripening period in
Iranian UF White cheese. Al-Otaibi and Wilbey
(2005, 2006), have concluded that the rate of asi-
casein hydrolysis increased during the 15-week
ripening process in UF White cheese using
chymosin at different ratios.

Hesari et al. (2006) in Iranian UF White cheese
produced without adding starter cultures,
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compared the electrophoretic patterns in three
types of cheese and have reported that B-casein
degradation was negligible whereas asi-casein was
hydrolyzed to asi-CN  (£24-199). It was
determined that, compared to the control
samples, there was an asi-casein hydrolysis in
cheese samples with no starter culture, asi-casein
remained intact in samples produced without
using a coagulating enzyme, as1-CN (£24-199)
was not produced after one and two months of
ripening. As a result, the researcher has stated
that, in Iranian UF white cheese, the first
proteolysis of casein was mainly carried out by
enzymes in the coagulant. In Iranian UF White
cheese produced without using a coagulating
enzyme, it has been stated that milk acid
proteinase cathepsin D, which should have a
chymosin-like effect on the degradation of asi-
casein in white cheese, had a little contribution.
Fathollahi et al. (2010) reported that the
breakdown of [-casein and asi-casein in UF
cheese has been an evident factor in textural
changes of Iranian UF White cheese.

Changes in the Peptide Profile

RP-HPLC technique is used to determine
ripening in cheese. The number of peaks, heights,
hydrophilic and hydrophobic areas in the
chromatogram provides information about the
cheese proteolysis (Topegu, 2004). Hydrophilic

peptides  yield chromatograms earlier than
hydrophobic peptides do. Low-molecular-weight
peptides and free amino acids are eluated at
minute 10-40 of the retention time (Engels and
Visser, 1994; Soltani, 2013).

Proteolysis is the most important and complex
biochemical event that occurs during the ripening
in most cheese types. In addition to softening of
cheese, cheese flavor develops with the
contribution of proteolysis, the formation of
amino acids and peptides that directly contribute
to the aroma of cheese (Katsiari et al., 2000). The
high hydrophobicity of as; and B-casein are
among the reasons for the formation of bitter
taste as a result of hydrolysis (Fox et al.,1995). It
has been reported that asi and f-casein may be
the source of the bitter peptides produced by
proteinases found in the cell walls of the starter
bacteria while rennet can produce bitter-tasting
peptides from all casein fractions (Lemieux and
Simard, 1991).

The changes in the area formed by the hydrophilic
and hydrophobic peptides formed according to
the HPLC results on day 30 and 90 of the tipening
period of the cheese samples are shown in Table

0.

Table 6. The changes the hydrophilic and hydrophobic ateas in UF cheese samples (n=2)

Cheese samples Rlpenég)g tme Hydrophilic areas % variations Hyd:;:)f}:);;oblc % variations

30 253.775.370 836313410

A 90 349.961.794 +38 1.723.737.389 +106
30 205.637.457 963426789

B 90 370.988.666 *+80 1.362.504.949 4
30 264.565.060 1.441.623.572

C +12 6
90 296.539.601 1.353.039.704
30 243.725.032 1.452.444.292

D 90 377.096.366 +55 1.655.199.525 14
30 252.667.631 1.319.441.962

B 90 283.525.132 +i2 1.087.225.719 -18
30 217.761.973 1.372.067.507

F 90 382.842.080 +76 1.212.097.909 12

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.
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As seen in Table 6, the highest increase in the
hydrophobic area was observed in the A cheese
sample (106%) produced using UF-pasteurized
milk, chymosin enzyme and the starter culture
with high proteolytic activity.

No significant changes were observed in the
hydrophilic and hydrophobic areas in the C
cheese sample produced using chymosin enzyme
and the starter culture with low proteolytic activity
where increases were observed in the hydrophilic
areas in the B and D cheese samples produced
using the microbial enzyme. Decreases were
observed in the hydrophobic area in the E and F

cheese samples produced using UF raw milk
whereas an increase was observed in the
hydrophilic area in the F cheese sample. In the
cheese samples produced with UF-raw milk, it
was determined that protein degradation was high
on day 30, due to the high microorganism load,
whereas it decreased on day 90.

A comparison of HPLC-chromatograms of the A
cheese sample which had bitter sensory properties
and the D cheese sample D which had no bitter
sensory properties is given in Figure 3.
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Figure 3. Reverse-phase high performance liquid chromatograms (A214 nm) in the A and D cheese
samples

Black peak: A cheese sample day 90
Pink peak: D cheese sample day 90

In Figure 3, it was seen that the number of
hydrolysis products increased after 45 minutes in
the A cheese sample. There were increases in
peaks in the A sample at minute 52 and 56.

Oner (2015) has reported that the levels of
hydrophobic and hydrophilic peptides and their
ratios changed significantly during ripening in
White cheese. Hesari et al. (2006) have found that
starter culture affected the production of
hydrophilic peptides. Agboola et al. (2004) have

stated that the level of hydrophobic peptides in
the cheese produced using microbial enzyme was
the lowest at the end of the ripening process (30-
90 days). The researchers found that the ratio of
hydrophobic peptides to hydrophilic peptides was
the lowest. The researchers have also reported
that the hydrophobic peptide levels measured at
214 nm increased between days 7 and 60 in cheese
samples produced using microbial enzyme
whereas decreased between days 60 and 90. In
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addition, in all the cheeses produced using
abomasum  rennet, hydrophobic  peptides
increased during the ripening process.

Hesari et al. (2000), in their study on Iranian UF
White cheese samples, have stated that the most
important difference between ethanol-insoluble
fractions of the peptide profiles of the control
cheeses and the cheeses produced using with no
starter culture was that the retention time
occurred between minutes 10 and 30. During this
period, the peptide concentration in the cheeses
produced using with no starter culture was lower
than that of the control group.

Soltani (2013) has reported that there were no
significant differences between the samples in the
peptide profiles of UF White cheeses in the first
20 minutes of the retention time during the
ripening period. The researcher has stated that the
differences between the samples in the peptide
profiles of UF White cheeses were detected in 20-
60 minutes in the retention time and that the peak
concentration decreased as the salinity increased.

Akhgar et al. (2016) and Banihashemi et al. (2020)
have reported that the HPLC chromatograms of
the soluble fractions of slurry-added UF White
cheese and the control cheese at pH 4.6 showed
significant differences in terms of peptide
profiles. The researcher has stated that the
peptides formed at retention times of 22.5, 28.7,
36, 60, 66 and 68 minutes, the peaks observed
during the retention time of 22.5-36 minutes were
of low-molecular-weight-peptides and free amino
acids whereas peaks of the hydrophobic peptides
formed at later retention times.

Al-Otaibi and Wilbey (2005) using different rates
of chymosin enzyme and salt in the process of UF
White cheese showed that bitterness taste was
occured from the 12th week. They reported that
this was caused by proteolytic enzymes, starter
cultures and low salt content.

CONCLUSION

The changes in the protein content during the
ripening process were statistically significant (P
<0.05). According to the protein content soluble

in TCA, the highest ripening value was
determined in the A and C cheese samples. These
samples were also determined to have bitterness.
A significant increase was observed in the
hydrophobic peptide values in the A samples
which had the highest bitterness values during the
90-day ripening period.

In the A and C cheese samples in which bitterness
were detected, it was determined by the SDS-Page
that the as-casein and -casein bands were dense
on day 30, whereas, on day 90, the density of these
bands decreased with the onset of casein
hydrolysis. The ratios of as-casein and B-casein
decreased during storage in all UF White cheese
samples however there were no changes in the
ratio of B-casein in the B cheese sample produced
using microbial enzyme and the starter culture
with high proteolytic activity. The highest
decrease in the B-casein ratio was found in the C
cheese sample (32.22%) produced using
chymosin enzyme and starter culture with low
proteolytic activity. The highest increase in the
hydrophobic area was observed in the A cheese
sample (106%) produced with UF pasteurized
milk, using chymosin enzyme and the starter
culture with high proteolytic activity.

As a result, it was determined that the use of
chymosin enzyme and the starter culture with
high proteolytic activity in the production of UF
White cheese caused a decrease in protein ratio
whereas it increased proteolysis. Furthermore, the
rate of as-casein degradation increased, and
hydrophobic peptides increased during the
ripening period. On the other hand, it was
determined that as-casein degradation rate
decreased, and an increase was observed in the
hydrophilic area in the case where microbial
enzyme and the starter culture with low
proteolytic activity were used.

Therefore, it was determined that the use of
microbial enzyme and the starter culture with low
proteolytic activity in UF White cheese
production and carrying out the production
procedure at the appropriate temperature is
important for the prevention of bitterness in
cheese.
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