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Abstract

The effect of different brine concentrations, pH of brine, and type of the used acid in brine on chemistry, element
content, a, (water activity), texture and microstructure of Iranian white cheese was studied. A batch of Iranian white
cheese was produced, divided into 8 blocks, and immersed in 8 brine treatments i.e., L1(Cheese ripened at 16% brine
concentration with pH equal to 5 and lactic acid for pH adjusting), L2 (Cheese ripened at 10% brine concentration
with pH equal to 5 and lactic acid for pH adjusting), L3 (Cheese ripened at 10% brine concentration with pH equal
to 4.3 and lactic acid for pH adjusting), L4 (Cheese ripened at 10% brine concentration with pH equal to 3.6 and
lactic acid for pH adjusting), C1 (Cheese ripened at 16% brine concentration with pH equal to 5 and citric acid for pH
adjusting, C2 (Cheese ripened at 10% brine concentration with pH equal to 5 and citric acid for pH adjusting), C3
(Cheese ripened at 10% brine concentration with pH equal to 4.3 and citric acid for pH adjusting), and C4 (Cheese
ripened at 10% brine concentration with pH equal to 3.6 and citric acid for pH adjusting). Cheese samples were
analyzed with respect to chemical characteristics, rheological parameters and microstructure. Increasing the brine
concentration increased the instrumental hardness parameters (i.e., fracture stress, elastic modulus, and storage

modulus). pH and type of the used acid in brine had no significant effect on these parameters.

Keywords: Iranian white cheese; Texture; Brine concentration; pH
of brine

Introduction

Texture, particularly in cheese, is one of the most important
attributes that helps to determine the identity of a product. Fracture
properties of solid and semi-solid foods are important because of their
relation to sensory texture [1]. Such information is also helpful when
developing food products with desired textural characteristics. The
rheology of cheese is a function of its composition, microstructure (i.e.,
the structural arrangement of the components), the physicochemical
state of its components such as the ratio of solid fat to liquid fat, and its
macrostructure, which reflects the presence of heterogeneities such as
curd granule junctions, cracks, and fissures.

Rheological studies are widely used in food products to understand
their texture and microstructure. Small strain dynamic rheological
methods are nondestructive. They conduct within the linear viscoelastic
region, and determine the elastic and viscous nature of cheese. Large
strain rheological methods determine rheological properties that occur
outside of the linear viscoelastic region and characterize the nonlinear
and fracture properties of the material.

Inrecentyears, much attention has been given to the microstructure
of cheese. In particular, the use of scanning electron microscopy has
become the method of choice in many investigations. It has proved to be
an efficacious method to identify cheese components when fat, protein,
and moisture are the major constituents. In complex food structures,
such as dairy products, the sizes and distributions of dispersed and
continuous phase regions, and also the fine structure within each phase
and at interfaces, determine the mechanical (textural and rheological)
properties of these systems [2].

Salt is known to affect the functional properties of cheese.
Depending on pH, NaCl has been reported to have different effects

on the rheological properties of casein gels and cheese [3]. It alters
the water binding capacity of casein within the cheese matrix, so it
influences the physical properties of cheese. Paulson et al. [4] found
that unsalted Mozzarella cheese has large serum pockets distributed
throughout the protein matrix, while salted cheeses have much smaller
pockets that are fewer in number. Salting of cheese increases the level
of protein hydration and results in a swelling of the protein matrix.
The textural properties of Iranian white cheese are influenced by many
factors including milk pretreatment, make procedure, composition,
proteolysis, rennet concentration, starter culture concentration,
temperatures of coagulation, etc [5]. Rahimi et al. [6] studied on
textural properties of low fat Iranian white cheese and found there is a
close relation between chemical and physical properties of cheese. The
close relationship between cheese microstructure and cheese rheology
is also often highlighted, both being determined by the chemical
composition of cheese [7]. In the manufacture of Iranian white cheese,
the fermented curd is submerged in the brine. The producers use lactic,
citric or acetic acid to adjust the pH of brine. The objective of this
research was to study the effect of brine concentration, pH of brine and
type of the used acid in brine on chemical composition, texture and
microstructure of Iranian white cheese.
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Materials and Methods
Treatments, cultures, and rennet

Eight treatments of cheese were made: 1) Cheese ripened at
16% brine concentration with pH equal to 5 and lactic acid for pH
adjusting (L1), 2) Cheese ripened at 16% brine concentration with
pH equal to 5 and citric acid for pH adjusting (C1), 3) Cheese ripened
at 10% brine concentration with pH equal to 5 and lactic acid for pH
adjusting (L2), 4) Cheese ripened at 10% brine concentration with pH
equal to 5 and citric acid for pH adjusting (C2), 5) Cheese ripened at
10% brine concentration with pH equal to 4.3 and lactic acid for pH
adjusting (L3), 6) Cheese ripened at 10% brine concentration with pH
equal to 4.3 and citric acid for pH adjusting (C3), 7) Cheese ripened
at 10% brine concentration with pH equal to 3.6 and lactic acid for
pH adjusting (L4), 8) Cheese ripened at 10% brine concentration with
pH equal to 3.6 and citric acid for pH adjusting (C4). Cheeses were
manufactured in triplicate in 1 d, with each replicate using 7 kg of milk
for each treatment. One lyophilized direct-to-vat mesophilic mixed
culture (FRC-60, Chr. Hansen Dairy Cultures, Horsholm, Denmark)
containing Lactococcus lactic ssp. cremoris, Lactococcus lactis ssp.
lactis, Streptococcus thermophilus, and Lactobacillus delbrueckii ssp.
bulgaricus was used as starter at a ratio of 0.04 g/L of milk. Chymosin
derived by fermentation [standard rennet, Chy-Max, Chr. Hansen;
183 international milk clotting units/mL [8] was used as a coagulant
at a concentration of 4.5 international milk clotting units/kg of milk.
Rennet was diluted 30-fold with cold water and then added to each
7-kg batch of milk.

Cheese-making procedure

Fresh raw milk obtained from Animal Husbandry of Urmia
University (Moisture % = 88.75 + 0.30, Fat % = 3.19 + 0.13, Protein
% = 3.07 = 0.03, pH = 6.64 £ 0.01). It was batch-pasteurized at 65°C
for 5 min [9] in a stainless steel container placed in a water bath,
cooled to 35°C and transported carefully to a cheese vat (FT20-MKII
CHEESE VAT, Armfield Ltd., Ringwood, Hampshire, UK). The milk
was supplemented with 0.15 g of CaCl, kg of milk and held at 35°C
for approximately 55 min after inoculation of culture for starter
maturation before the addition of rennet. The curd was cut crossways
in cubes of 1- 4 cm when firm (approximately after 45 min). After being
cut, the curd was allowed to settle for 3-5 min and then gently agitated
at a gradually increasing rate for 10 min to avoid fusion of freshly cut
curd cubes and facilitate whey expulsion. This was followed by whey
draining and pressing the transferred curd into molds (14x13x25
cm) for 2.5 h (under the initial pressure of 0.3 kPa which gradually
increased up to approximately 2.9 kPa at the first hour and held
constant to the end of pressing) to complete draining. After pressing,
the curd was divided into eight equal portions which were stored at
23-25°C for 24 h, placed in airtight plastic containers, and covered with
eight treatments of brine (brine was pasteurized beforehand at 80°C
for 10 min and filtered through a clean cloth after rapid cooling) in
a random order. The treatments of brine were produced as described
before. After sealing, the containers were stored first at 23-25°C for 24
h and then refrigerated at 5-6°C for the ripening period of 8 weeks.

Chemical analysis

Cheese samples were chemically analyzed after 8 weeks ripening.
The total solid content of milk and cheese were measured by drying
8-11 gr milk at 100°C for 5 h in an oven dryer. Dornic method was used
to determine titrable acidity, and the pH of milk and cheese samples
was obtained using a digital pH-meter (microprocessor pH meter,

model pH 537 WTW, Germany). Salt and ash contents were measured
by Volhard and dry ash method [10], respectively. The fat content of
milk and cheese samples was determined by the Gerber method [11]
and their total protein contents were determined by measuring total
nitrogen using the Kjeldahl method [10] and converting it to protein
content by multiplying by 6.38. All chemical measurements were done
in triplicate.

Ratio of Tyr-Trp concentration to protein content

The proteolysis rate at the 8" week of ripening of cheese slurries
was measured by determining the Tyr-Trp concentrations in TCA
extracts following the method of Khosrowshahi et al. [5], divided by
protein content (T:P). Cheese slurries were prepared by mixing 2 parts
of the grated cheese sample with 1 part of a 5.2% sterile solution of
sodium chloride at 45°C. Duplicate 1-g samples of slurries were each
dispersed in 5.4 mL of distilled water and placed in a 40°C water bath
for 5 min. Ten milliliters of a 12% (wt/vol) TCA solution was added to
each suspension and allowed to stand for 10 min before being filtered
through Whatman no. 2 filter paper. Five milliliters of each TCA extract
was added to 10 mL of a solution containing 15% sodium carbonate
and 2% sodium hexametaphosphate in Quickfit tubes kept in a 40°C
water bath. This was followed by addition of 3 mL of 3x diluted Folin
phenol reagent to the tubes. The contents were shaken thoroughly
and then held in a 40°C water bath for 5 min before measuring the
absorbance at 650 nm by a UV visible spectrophotometer (ultrospect
mode, model 80- 2092-26, L KB Biochrom, Pharmacia, Cambridge,
UK). 10 mL of 12% (wt/vol) TCA was added to 6 mL of distilled water;
the mixture was held at 40°C for 5 min and then filtered through
Whatman no. 2 filter paper. The procedure was followed by addition of
5 mL of TCA filtrate and then 3 mL of Folin reagent to 10 mL of sodium
hexametaphosphate solution. This solution was used as a blank. A Tyr
standard curve was prepared by using concentrations of 0, 5, and 10 pg/
mL in TCA filtrate and upto 50 pg/mL.

Water activity

Water activity was measured using Aw SPRINT (Aw SPRINT, TH-
50, Novasina, Swiss). Cheese samples were grated, sealed in an air-tight
container and allowed to equilibrate to 25°C (approx. 3 h). Samples
were measured at 25°C on the 8th week of ripening.

Sodium, Calcium, and Phosphorus measurements

Cheese samples were prepared for sodium, calcium, and
phosphorus measurements at the 8" week of ripening following the
method of Kira and Maihara [12]. Portions of 10.0 g sample were
weighed into a porcelain crucible and put into an oven at 100°C to
dry. The sample was preheated in a Bunsen burner until evolution of
smoke was ceased. The crucible was transferred into a muftle furnace
and the temperature was increased at a rate of about 50°C per 30 min
up to 450°C. This temperature was kept constant for 4 h. If ashes still
contained carbon (black particles), 1 mL of HNO, was added, followed
by evaporation on a hot plate and a new ashing cycle. This procedure
was repeated until the ashes contained no more carbon. Ashes were
dissolved with 10% HCI under careful heating on a hot plate and the
solution was transferred quantitatively into a 25.0 mL volumetric flask.
Concentrations of sodium, calcium, and phosphorus were determined
by inductively-coupled, plasma-atomic emission (ICP) spectrometry
(SDS-720, GBS Integra XL, Australia).

Color analysis

The color of cheese samples at the 8th week of ripening was
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quantitatively determined with a Hunter Lab system (model DP 9000,
Hunter Associates Laboratory Inc., Reston, VA) in which the L-value
corresponds to whiteness [9]. Color measurements were performed in
triplicate for each treatment at different sites.

Rheological analysis

Uniaxial compression: The simplest fundamental test, uniaxial
compression [13] was performed at the 8th week of ripening with an
HTE universal testing machine (S-Series Bench UTM model H5K-S,
Hounsfield Test Equipment Ltd., Redhill, UK) with a 500-N load cell.
A flat plunger with a 49-mm diameter was attached to the moving
crosshead. Cheese blocks were cut into cylinders (24 mm diameterx16
mm high) and immediately placed in airtight containers to prevent
dehydration. Samples were equilibrated to room temperature (20 +
1°C) for atleast 4 h prior to testing. Samples were compressed uniaxially
at a crosshead speed of 50 mm/min with 57% deformation (8.5 mm)
from the initial head of the sample in one bite. The fracture stress (of)
was measured as the force divided by the initial cross-sectional area of
the sample [6]. The modulus of elasticity was calculated as the secant
modulus by using engineering strain at the fracture point. The Hencky
strain (eh) was calculated as In h0/(h0-Ahf), where hO is the original
height and Ahf is the change in the height [14] at the point of fracture.
Each cheese was analyzed in triplicate.

Dynamic rheological measurements: Small-amplitude oscillatory
shear measurements were performed with a UDS 200 rheometer
(Universal Dynamic Spectrometer, Paar Physica Inc., Ashland, VA).
The measuring geometry consisted of 2 parallel plates with a diameter
of 25 mm and 1 mm gap size (sample thickness). Samples of the
cheese blocks were cut at least 1 cm deep at 6°C. These samples were
immediately placed in small airtight plastic containers and equilibrated
at room temperature (20 + 1°C) for at least 4 h. Excess cheese was
trimmed carefully with a razor blade, and the sample was allowed to
rest for 20 min on the rheometer to allow the stress induced during
sample handling to relax. Frequency was set at 10 Hz, because the
strain values varied from 0.01 to 2.5%, resulting in a strain sweep. The
parameters calculated were the storage modulus (G’) and the storage
compliance (G*), which are measures of elastic nature [15]. Values
are the average of 2 measurements for 3 replicates of each cheese. All
rheological measurements were performed at the 8th week of ripening.

Microstructure

Cheese samples were prepared for scanning electron microscopy
at the 8th week of ripening following the method of Rahimi et al. [6].
Cheese blocks were cut into approximately 5 to 6 mm® cubes with a
sharp razor and immersed in 2.5% glutaraldehyde fixative (Merck) for
3 h. Cubes were then washed 6 times in distilled water (1 min each
time), dehydrated in a graded (40, 55, 70, 85, 90, and 96%) series of
ethanol for 30 min each, and defatted in 3 changes in chloroform
(10 min each time). The defatted samples were kept refrigerated
and covered with ethanol until they were freeze-fractured in liquid
nitrogen to approximately 1-mm pieces. These pieces were mounted on
aluminum stubs by silver paint, dried to critical point, and coated with
gold for 10 min in a sputter-coater (type SCD 005, Baltec Inc., Balzers,
Switzerland). Samples were viewed in a scanning electron microscope
(XL Series, model XL30, Philips, Eindhoven, the Netherlands) operated
at 15.0 kV. Photomicrographs were recorded at 1,000xmagnification.

Image analysis

Digital images of electron micrographs were uploaded into Adobe
Photoshop 4.0, and brightness and contrast were adjusted so that

the images looked alike. Images with pixels in the gray scale 0 to 255
(from black to white) were then analyzed as described by Pastorino
et al. [16]. Images were converted from their gray-scale values to
binary images in which gray pixels were converted to either white
or black pixels by applying the threshold function of the software. In
the original digital images, dark pixels corresponded to areas of the
micrograph occupied by pockets that originally contained fat and/or
serum, whereas light pixels corresponded to areas occupied by protein
matrix. When thresholding, pixels having a gray value lower than the
threshold level were converted to black pixels, whereas those having
a gray value higher than the threshold level were converted to white
pixels. A threshold level of 120 was found to provide a differentiation
between dark and light areas as determined by visually matching the
original and binary images. The proportions of black and white pixels,
and the areas occupied by them were then determined by applying the
histogram function of the software. Thus, the areas of cheese matrix
occupied by fat/serum pockets (dark areas) and protein matrix (light
areas) were determined.

Statistical analysis

The experiments were carried out in triplicate and the results
were submitted to the ANOVA using the GLM procedure of the SPSS
(version 9.0, SPSS Inc., Chicago, IL). The means comparison was
performed with the Duncan test at P < 0.05.

Results and Discussion
Cheese composition

The chemical characteristics of cheese samples are reported in
(Table 1). In agreement with the literature [17], as the concentration of
salt in brine increased, total ash, salt, fat, and protein contents of cheese
(p<0.05) increased significantly, while the moisture content decreased.
The treatment; therefore, led to a significant decrease in the ratio of
moisture to protein (M:P). When cheese is placed in brine, a dynamic
mutual diffusion process is established as NaCl molecules move from
the brine into the cheese while, water diffuses out through the cheese
matrix [9]. It decreases the moisture content of cheese and increases
the salt content as it is ripened [5]. Although the diffusion coefficient
for NaCl in cheese is essentially independent of brine concentration
[18], it is generally accepted that an increase in brine concentration
results in higher rate of salt absorption in cheese due to the increased
gradient of salt concentration between cheese and surrounding brine.
The amount of salt in cheese body and salt-in-moisture level (Table 1)
was therefore, increased as the concentration of salt in brine increased.
As compared the treatments with similar brine concentration i.e.
L2, L3, L4, C2, C3, and C4 together (Table 1) it is obvious that pH
of brine and type of the used acid in brine had no significant effect
on chemical composition of cheeses (p<0.05). The amount of acid for
reduction in pH of brine was very little, so change in brine dilution
vas very low; therefore, the moisture content of cheeses with similar
brine concentration had no significant difference. As shown in table
1, there is a direct relation between moisture content of cheese and
brine concentration. As mentioned in table 1, reduction in pH of brine
reduced the pH of cheese. The conditions of curd formation have
important effects on cheese properties, but these conditions in our
study were similar and we just changed the condition of brining. The
moisture in non fat substance (MNFS) decreased as brine concentration
decreased. This was in agreement with results of Feeney et al. [19].
However, pH of brine and the used acid type in brine had no significant
effect on MNFS (p<0.05). When L1 compared with L2 and C1 with
C2, which are similar in pH and the used acid type in brine, it was
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Item" L1 L2 L3 c1 c2 c3 ca
Moisture% 50.75 £ 0.8 55.00 £ 1.59° | 54.29+1.64°  5370+2.96° | 49.56+097° & 5452+055° | 5512+2.67° | 55.71+0.37¢
Fat% 28.5+0.5° 25.75+£025° | 2525+025 | 2500 0.75 29.00 £ 0.5 25.00 £ 0.5 255+ 0.75 2575+ 0.3°
Protein% 15.25 + 0.05° 14.5 £ 0.1° 1445+015  1465:0.15° | 15.45:025°  14.65+0.15° 14.5 £ 0.15 14.45 + 0.2°
pH 5.29 £ 0.05° 5.2 +0.08° 512 £0.03° 4.06£0.71¢ 6.08 £ 0.23 4.53£0.15° 434019 512 £0.01¢
Total ash% 6.33 + 0.33° 4.73£0.16° 419+0.3° 413 +0.24° 6.68 +0.012 459+0.2° 4.54 +0.25 4.24+0.14°
Salt% 6.08 + 0.442 4.21+0.47° 3.79+0.13 4.06 £0.71° 6.08 + 0.23 4.53+0.15° 4.34+019° 4.43 0.25
SIM 12.1+0.3° 75406 7.00 £0.2° 7.8+ 1.1 12.00 + 0.42 8.35 £ 0.25 7.95 + 0.65 8.00 + 0.5
M/P 3.26 £ 0.01° 3.73£0.01° 3.75+0.15 3.68£0.17¢ 3.18 £0.02° 3.75 £ 0.03 3.73£0.142 3.72 +0.09°
MNFS 69.60 £0.27° | 74.43 +1.96° 74.74£1.2 74.96 £ 1.8 69.68 £ 0.15° 75.7 £0.22 74.92 £2.17° 75.5 £ 0.93
FDM 57.63 £0.3° 56.13£0.09° | 5533+£1.93°  56.34+245° | 56.42+105° | 5499:051° | 57.61+2.03" | 58.56 +0.48°
T:P 0.245+0.06° | 0.327+0.07@  0.325+0.04> 0320008 | 0250+005°  0.332£0.06°  0.330£0.04° | 0.322%0.07°
Water activity,  gg g5 4 0.0 92.85+0.35  92.8 £0.09° 92.65+025  88.05+0.25  93.00 +0.3° 92.05+0.14°  92.3+0.09

%

@bMeans within the same row with different subscripts differ (p < .05)

'S/M= ratio of salt to moisture; M/P= Ratio of moisture to protein; MNFS= moisture in non fat substances; FDM= fat in dry matter; T:P= ratio of Tyr-Trp concentration to

protein content, as the proteolysis rate

Table 1: Means + SD of chemical composition, proteolyses rate, and water activity of cheese samples.

obvious that brine concentration has significant effect on pH of cheese.
It is in agreement with results of Fox et al. [18]. Cheese pH had a close
relation to S/M (ratio of salt to moisture) of the treatments i.e., higher
S/M led likely to the increased osmotic pressure of the aqueous phase
of cheese, causing more dehydration of both desirable and undesirable
bacterial cells and killing them, or at least inhibit their growth [18]. This
led to the decreased rate of lactic acid production by starter cells and
subsequently, a higher pH value. The concentration of free tyrosine-
tryptophan (an index of proteolysis development) decreased as S/M of
cheese increased. Reduction in pH of brine reduced the pH of cheese,
but change in type of acid had no significant effect (p<0.05) on pH of
cheeses.

As shown in table 1, T: P decreased in L1 and C1 compared with
other cheese samples. The concentration of free tyrosine-tryptophan
decreased as S/M of cheese increased. This was due to the lower
soluble chymosin [20], as well as the enhanced activity and growth of
microorganisms [9]. The enhanced inhibitory effect of salt on bacteria
in the treatments ripened as stronger brines led to fewer breakdowns
of casein molecules and larger peptides to smaller ones and free
amino acids [21]. In addition, the lower M:P in these treatments,
might somewhat reduced the activity of retained rennet at the curd,
leading to fewer hydrolysis of casein molecules at the primary phase of
ripening. pH and type of the used acid in brine had no significant effect
on proteolysis in cheese samples. This finding is in agreement with the
results of Madadlou et al. [9] for the effect of brine concentration on
Iranian white cheese. There was no report about effect of pH and type
of the used acid in brine on proteolysis of Iranian white cheese, already.

Water activity

The water activity of cheese samples is reported in table 1. As
expected, reduction in brine concentration, increased a_ of cheeses.
They studied on influence of calcium and phosphorus, lactose, and
salt to moisture on cheddar cheese quality. Salt reduces water activity
of cheese, and thereby influences the growth of starter and nonstarter
lactic acid bacteria, the activity of bacterial, indigenous milk enzymes,
and residual chymosin. pH and the used acid type in brine had no
significant effect (p<0.05) on a_ of cheese treatments. These two
parameters had no significant effect on moisture and salt content of
cheese samples (Table 1) therefore, a_ of these samples was similar.

Sodium, Calcium, and Phosphorus content

The sodium, calcium, and phosphorus content of cheese samples

are shown in table 2. As expected, reduction in brine concentration
reduced the sodium content of cheese samples. This was in agreement
with the reports of other researchers [22,23]. The principle source of
Na in Iranian white cheese is NaCl, which is added directly to curd
during manufacturing. Reduction in Na content of cheese samples is
surely due to reduction in concentration of salt (NaCl). Multag and
Wilbey [23] studied on the effect of chymosin reduction and salt
substitution on the properties of white salted cheese and reported that
the salt substitution induced sodium reduction in cheese samples,
while chymosin reduction had no effect on sodium content. As shown
in table 2, pH and type of the used acid in brine had no significant
effect on sodium content of cheese samples. Calcium also plays a
significant role in cheese functionality and texture by cross-linking
protein [24]. Ca and P participate in the protein network that forms the
structural matrix of cheese, and hence, directly affect cheese texture.
Therefore, cheeses with a high concentration of total Ca tend to be
firmer and less meltable than cheeses with a low Ca concentration.
Moreover, cheeses with low Ca content tend to have a higher rate of
proteolysis than cheeses with high Ca content [25]. As shown in table
2, the calcium content of cheese samples were not changed by the
three studied factors. i.e., brine concentration, pH of brine, and type
of the used acid in brine. Pastorino et al. [16] reported that increased
salt content did not cause an exchange of calcium with sodium, and
soluble calcium remained constant. Paulson et al. [4] also reported
that salt content had no effect on total calcium content of cheese. In
addition, soluble calcium was unaffected by adding salt to cheese and
remained at approximately 50% of total calcium. We didn’t measure
the soluble calcium in this research. Similar calcium, the three studied
factors i.e., brine concentration, pH of brine, and type of the used acid
in brine had no significant effect (p<0.05) on phosphorus content of
cheese samples. Existence of Ca and P in cheese can be broadly divided
into 2 forms: free (associated with the serum phase of cheese), and
bound (associated with the milk protein) [25]. Phosphorus associated
with milk proteins (i.e., bound P) can be further divided into 2 forms:
organic P (phosphorus that is covalently linked to phosphoserine
residues of milk proteins), and bound-inorganic P (phosphorus that
is electrostatically linked with bound Ca, and is often referred to as
colloidal calcium phosphate). A decrease in the pH of milk solubilizes
colloidal calcium phosphate (bound Ca and bound-inorganic P), which
subsequently is lost during whey drainage. However, it is impossible to
solubilize organic P with a change in pH, because it is covalently linked
to the protein (i.e., phosphoserine). Therefore, for any milk system
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Item’ L1 L2 L3 L4 c1 c2 c3 ca
Sodium, mg/g 13.89 + 1.8° 9.8 £0.4° 1027+0.3> | 1027+ 0.02° = 13.75%1.1° 1084 £0.218 | 10.64+026° | 10.63%0.11°
Calcium, mglg 1.84 £ 0.120 1.80 + 0.32 1.72 £ 0.03° 1.74 £0.21° 1.84 £0.172 2.01£0.17 1.89 £ 0.19° 1.98 £ 0.122
Phosphorus, 5.34 £ 0.38° 471078 4.75£0.17° 4.56 + 0.48° 452 +0.12 5.69+0.11° 5.5+ 0.22° 4.88 +0.15°
mglg

@b Means within the same row with different subscripts differ (p < .05)

Table 2: Means + SD of sodium, calcium, and phosphorus contents of cheese samples.

(concentrated or unconcentrated), Ca can be solubilized to a greater
extent than P, and hence, a wider range in Ca content can be achieved
compared with P content in whey. As shown in table 2, the P content
is more than Ca content of cheese samples; and it may be due to higher
solubility of Ca than P in whey. It is expected that Ca and P content
affected by change in pH of milk before gel formation; but the pH of
cheese samples changed in our study due to change in pH of brine.
Therefore it had no effect on Ca and P content of cheese samples.

Cheese opacity

The L-values of treatments at 8th week of ripening are shown in table
3. The scattering of light by any system is related to its heterogeneity at
the microstructural levels [6]. In a solid material such as cheese, light
penetrates the superficial layers and is scattered by milk fat globules
[26] and the edges of whey pockets [4]. The L-value describes the
whiteness of the cheese samples. L1 and C1 had a lower whiteness in
comparison with other treatments. There was no difference between
treatments with similar pH and type of the used acid in brine. A lower
brine concentration increased the moisture content and the M:P (Table
1), leading to an increased surface area occupied by scattering centers.
Kaya [17] studied on effect of salt on whiteness of Gaziantep cheese and
reported that color of cheese related to salt content. Rahimi et al. [6] also
reported that whiteness decreased in Iranian white cheese as moisture
content decreased. As brine concentration increased, whey in serum
pockets diffused from the cheese body out into the brine [5]. Therefore,
the surface area occupied by light-scattering centers was decreased.
Because pH and type of the used acid in brine had no significant effect
(p<0.05) on M/P, salt, and moisture content of cheese samples (Table
1), they had no effect on whiteness of Iranian white cheese.

Rheological properties

Uniaxial compression: The uniaxial compression parameters of
the treatments are shown in table 4. The fracture stress, fracture strain,
and modulus of elasticity are related to cheese softness [6]; therefore,
a greater fracture stress, fracture strain, and modulus of elasticity
indicate a cheese with a firmer and more elastic texture. Elasticity
modulus, of and eh increased with increasing brine concentration. ¢h
increased significantly because the treatment tended to make the gel
longer in texture. As the treatments with similar brine concentration
i.e. L2, L3, L4, C2, C3, and C4 compared together, it is obvious that
pH of brine and type of the used acid in brine had no significant effect
on chemical cheese firmness (p<0.05). A similar result of the effect of
brine concentration on hardness value has been reported for Gaziantep
cheese ripened in salt solutions with different concentrations by
Kaya [17]. In agreement to the results obtained at the present study,
Khosrowshahi et al. [5] reported that the firmer Iranian white cheeses
were also longer (had higher eh). Fat and moisture act as fillers in
the CN matrix of cheese [6], giving it lubricity and softness, whereas
the CN matrix provides cheese texture with an elastic character. The
decrease in the volume of the force-bearing component (protein) of
the cheese microstructure during ripening (Table 1) could account
for most of the reduced firmness. The decrease in M:P in treatments

ripened at stronger brines (Table 1) could mainly account for the
increased firmness. As shown in table 1, pH and type of the used acid
in brine had no effect on moisture content and S/M of cheese. This
may be an evidence for similarity of firmness in cheeses that differed in
brine concentration, but was similar in pH and type of the used acid.

Dynamic rheological measurements: The dynamic rheological
parameters of treatments are shown in figures 1 and 2. The strain-
sweep test was used to determine whether brine concentration, pH of
brine and type of the used acid influenced the textural characteristics of
the cheese. Also it was used as a support for data found from uniaxial
compression test. As shown in figure 1, the G’ of cheese treatments
decreased as brine concentration decreased; but the pH and type of the
used acid in brine had no significant effect on G’ of cheese treatments.
The higher G’ for L1 and C1 indicated a higher elastic contribution as a
consequence of the lower moisture contents (Table 1) in these cheeses.
Storage compliance has an inverse relation to storage modulus [15],
and the higher J’ shows the higher elastic contribution. As shown in
figure 2, the J of cheese treatments increased as brine concentration
increased, but the pH and type of the used acid had no significant effect
on J of cheese treatments. Similar to fracture stress, the G’ and J is
related to cheese softness [15]. The magnitude of fracture stress, G’ and
J’ values, depends on the number and strength of bonds between CN
particles and on the structure and spatial distribution of strands of CN
in the gel network. Reduction in MNFS and M/P (Table 1) in treatments
with higher brine concentration caused more solid characteristics
in cheese samples. Rahimi et al. [6] studied on low fat Iranian white
cheese, and like these findings, they reported that reduction in MNFS
and M/P induced more firmness in cheese. These findings were also
in agreement with Kaya [17]. The higher softness in treatments with
lower brine concentration may be due to relatively low impact of casein
[27] and high casein hydration [28]. As shown in table 1, higher brine
concentration induced higher protein content. The higher protein
content may also be another reason for more softness of cheeses treated
in higher brine concentration. The ratio of residual rennet to CN is
higher in high moisture cheeses than in low moisture cheeses; and
therefore, the rate of softening in texture will be higher [29].

Microstructure

Differences between cheeses could be visually observed in images
obtained by scanning electron microscopy (Figures 3 and 4). In the
scanning electron micrographs of L2, L3, L4, C2, C3, and C4, the
protein matrix was open, with spaces occupied by the fat globules. The
holes in the protein matrix indicate the spaces occupied by fat globules
before extraction by chloroform [6]. The microstructures of L1 and C1
were clearly different from that of other treatments, with the number
of milk fat globules decreasing and the protein matrix becoming more
compact. This probably explained the harder texture observed in L1
and C1. We concluded that the microstructure of treatments with lower
brine concentration was opened by spaces occupied by the moisture.
The lower the brine concentration, the higher was the moisture content
(Table 1), so the matrix was more open. This probably explains the
soft texture observed for treatments with lower brine concentration.
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L1 L2 L3 L4 c1

L- value 19.3+0.17° 20.18 + 0.24° 19.93 + 0.04° 20.12 +0.272 19.29 +0.17°
@b Means within the row with different subscripts differ (p < .05)

Table 3: Means + SD of L-values of cheese samples.
Item L1 L2 L3 L4 C1
Fracture stress, Kpa 33.6 +3.62 18.7 £ 3.6° 20.85+2.8° 19.3+2.9° 35.6 +2.92
Fracture strain, Kpa 0.39 £0.01° 0.28 £ 0.01° 0.27 £ 0.01° 0.26 +£ 0.01° 0.37 £0.01°
Elasticity modulus, 19.6 +2.6° 10.74 £ 1.1° 12.44 +2.8° 11.47 £ 1.9° 20.6 +£2.92
Kpa

@b Means within the same row with different subscripts differ (p < .05)

Cc2
20.24 + 0.23°

C2
18.97 £ 3.7°
0.29+0.01°
102+£1.7°

Table 4: Fracture stress, fracture strain, and elasticity modulus of cheese samples.
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C3 C4
20.11 £ 0.31° 20.05+0.18°

C3 C4
20.74 £+ 3.8° 18.16 + 3.4°
0.29 +0.01° 0.27 £ 0.01°
11.12+1.8° 10.99 + 1.4°

Figure 1: Storage moduli of Iranian white cheese. L1, (¢); C1, (*); L2, (m); C2, (®); L3, (A); C3, (+); L4, (x); C4, (==).
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Figure 2: Storage compliance of Iranian white cheese. L1, (¢); C1, (*); L2, (m); C2, (e); L3, (A); C3, (+); L4, (X); C4, (==).
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Figure 3: Scanning electron micrographs of Iranian white cheese.
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Rheological measurements showed that L1 and C1 had higher elastic
moduli, fracture strain, and fracture stress than the other cheeses (Table
4). We propose that the network had become coarse, as we observed in
the microstructure. As the microstructure of cheese treatments with
similar brine concentrationi.e.L2,13,L4, C2, C3,and C4 was compared
together; it was obvious that pH of brine and type of the used acid in
brine had no significant effect on microstructure of these cheeses. Table
5 shows the proportions areas occupied by fat/serum pockets (PAOP)
and the maximum diameter of pockets (MDP) in cheese treatments. L1
and C1 had lower PAOP than other treatments. It has been proposed
that sodium chloride in the serum phase of cheese would promote
solubilization of caseins and increased protein-to-water interactions,
so the protein matrix becomes more hydrated and swells, occupying
an increased area of cheese matrix, becoming more continuous and
homogeneous in appearance. Pastorino et al. [16] explained that salt
increased the hydration of proteins by altering protein interactions.
This occurs by increased salt content impairing interactions between

proteins and promoting protein-to-water interactions. Thus, a partial
relaxation of the protein matrix would occur that would allow water to
migrate from pockets into the protein matrix. As a result, the protein
matrix became more hydrated and swelled, occupying increased area of
cheese matrix. The pH and type of the used acid in brine concentration
had no significant effect on PAOP. In all cheese samples, the MDP
was approximately 9-10 um, and there was no different between them.
Indeed, brine concentration, pH of brine, and type of the used acid in
brine had no effect on the size of serum pockets. Rowney et al. [30]
studied on Salt-induced structural changes in 1-day old Mozzarella
cheese. They found that there was no significant effect of salt content
on the maximum diameter. Protein and fat are two major components
of cheese, so protein-protein interactions and protein-fat interactions
are important factors contributing to microstructure formation [31].
As shown in table 1, it was only the brine concentration that affected
protein and fat content of cheese samples, so this can explain the
difference between microstructure of cheese samples with different
brine concentration.
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Figure 4: Binary image of scanning electron micrographs of Iranian white cheese.
Item’ L1 L2 L3 L4 c1 c2 c3 c4
PAOP % 21.91° 28.872 29.842 29.91° 22.47° 28.872 28.332 29.79%
MDP, pm 9.89° 10.85° 9.38° 10.662 10.162 11.942 10.95° 10.342
@bMeans within the same row with different subscripts differ (p < .05)
"PAOP: The proportions areas occupied by fat/serum pockets; MDP: The maximum diameter of pockets
Table 5: PAOP and MDP of cheese samples.
Conclusion no change. Unlike brine concentration, pH and the used acid type in

. L . . ) brine had no significant effect on these parameters.
This study indicated that brine concentration had important

effects on chemical composition, rheological characteristics, and
microstructure of Iranian white cheese. As the brine concentration
increased, the instrumental hardness parameters increased, and the
microstructure became more compact. A higher brine concentration
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