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1. Introduction

Karish cheese is considered to be one of the most traditional Egyptian cheeses. It is manu-
factured from low-fat milk. It can be a key part of a healthy diet, especially for the elderly
and those suffering from obesity-related illnesses. Low-fat cheeses, such as karish, have a
crumbly texture, which is a major issue for cheesemakers. This research aimed to improve
the texture of karish cheese using transglutaminase (TGase), and to study the effects on
cheese’s physical, microstructural, and organoleptic properties at different TGase levels of
1.0, 1.5, and 2.0 U g! protein. TGase increased the structure of karish cheese at a rate of
1.5-2.0 U g™! protein, compared to the control sample. Scanning electron microscopy im-
ages showed that the protein matrices in karish cheese samples that had been treated with
TGase were relatively more compact than those in the untreated sample. Proteins in karish
cheese samples treated with TGase showed crosslinking in SDS-PAGE scans. Casein frac-
tions corresponding to bands became less intense as the concentration of TGase increased.
To summarise, TGase improved the characteristics of karish cheese at the rate of 1.5-2.0
U g! protein TGase, and this structural modification is recommended for such traditional
cheese in order to fulfill customer demand.

Karish cheese is the most popular low-fat soft cheese
consumed in Egypt. The coagulating agent of the
cheese is a mixed culture of lactic acid bacteria (Dela-
croix-Buchet et al., 2005). Karish, also known as ka-
riesh or kareish cheese, is a common lactic cheese pro-
duced from fresh skimmed milk. It includes the bulk
of the components present in skim milk. Defatted
milk such as Laban Rayeb, Laban Khad, Laban Zeer,
or mechanically skimmed milk are also used in the
production of karish cheese (Laban Farz) (S.A., 2008).
As a highly demanded low-fat cheese and a healthi-
er dietary option for many in Egypt and other Arab
countries (Allam et al., 2017; Topcu et al., 2020), low-

1

fat cheese is still the best choice for obese and diabetic
patients’ diets (Sayadi et al., 2013). However, low-fat
content in cheese results in some structural problems,
such as a hard and rubbery texture, and low meltabili-
ty and stretchability. Furthermore, cheese flavour, col-
our, and mouthfeel are affected (Pereira et al., 2009).

The competitive dairy industry is trying to improve
the quality and usefulness of low-fat dairy products
for improved customer acceptance (Lauber et al.,
2000; Sanli et al., 2011). The modification of milk pro-
teins by enzymes to create a cheese with improved
output and quality features has been used in the dairy



industry for a long time (Danesh et al., 2018; Soltani
et al., 2022; Topcu et al., 2020).

Transglutaminase (TGase) is currently widely used
in the food industry because it enhances the func-
tionality, solubility, and emulsification of products by
forming links within the protein molecules (Martins
etal., 2014). TGase amplifies the textural properties of
protein-gel-based dairy products (Monsalve-Atencio
et al., 2022; Zhang et al., 2012). TGase is a member of
the transferase family, protein-glutamine: amine-glu-
tamyl transferase (TGase, EC 2.3.2.13) (Kieliszek &
Misiewicz, 2014; Wang et al., 2018). The crosslinking
of milk proteins with TGase is one of the most recent
methods for enhancing the biofunctional properties
of low-fat cheese products.

TGase has been shown to primarily catalyze protein
crosslinking on a-lactalbumin and B-lactoglobulin
in whey protein studies. This is primarily because the
TGase enzyme can enhance the rheological and phys-
ical characteristics of milk-based acid gels by produc-
ing intra- and intermolecular ionic crosslinks between
two amino acid residues in the milk proteins asl, as2,
P and k-caseins, and whey protein (El-Kiyat et al.,
2021; Gharibzahedi et al., 2018; Rodriguez-Nogales,
2006). Additionally, TGase is a crosslinking enzyme
that can catalyze a -lactoglobulin, B-lactoalbumin,
and even caseinomacropeptide (Tolkach & Kulozik,
2005) crosslinking in cheese whey by producing in-
tramolecular and intermolecular e-(y-glutamyl) ly-
sine crosslinks, resulting in a high-molecular-weight
polymer. However, without the presence of a mediator
to enhance enzyme catalysis, TGase may catalyse pro-
tein crosslinking.

The protein chain of a-lactalbumin consists of 8 glu-
tamine residues and 12 lysine residues, whereas -lac-
toglobulin contains 16 glutamine residues and 15 ly-
sine residues (Gauche et al., 2008). The reactions of
catalyzed TGase are as follows:

R-Glu-CO-NH2 + H2N- R’ > R-Glu-CO-NH R’ +
NH3

R-Glu-CO-NH2 + H2N-Lys- R’ R-Glu-CO-NH-
Lys-R’ + NH3

R-Glu-CO-NH2 + H20 - R-Glu-CO-OH + NH3
(Rachel & Pelletier, 2013).
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TGase is utilised to improvise a range of activities,
including coagulation and antibacterial immune re-
sponses (Kashiwagi et al., 2002). The present goals are
to augment the functional qualities of low-fat cheese
to meet the demands of cheesemakers and custom-
ers, to optimize structure characteristics by develop-
ing manufacturing strategies that used TGase, and
to identify the optimal concentration of TGase to
achieve the goal.

2. Materials and Methods
2.1. Materials

Low fat pasteurized cow and buffalo milk was used in
the production of karish cheese samples. The fat and
total solid contents of the pasteurized milk were 0.1%
and 12.8%, respectively. Ajinomoto Co. provided the
TGase, while Ajinomoto Co., Inc., France provided
the food enzyme preparation. The TGase activity was
reported to be 120 U glprotein (data supplied by the
industry from Merck Chemicals Ltd.). All provided
chemicals were of analytical grade (Darmstadt, Ger-
many).

2.2. Karish Cheese Manufacturing

Karish cheese was manufactured according to the
method of Ezzel-Din (1978). Fresh skimmed cow
and buffalo milk (1:1) (1 g fat/100 mL milk) was
heat-treated at 85 °C/15 s and left to cool to 40 °C
in ice water for 10 minutes. The milk used for karish
cheese production was divided into four portions. The
first portion was the control karish cheese (C) without
TGase addition. The three other portions were treated
with 1.0, 1.5, and 2 U g1 protein TGase. The active
yoghurt starter culture of Streptococcus thermophilus
and Lactobacillus delbrueckii subsp. Bulgaricus (1:1)
was obtained from CHR Hansen Lab (Denmark) and
was added at the rate of 1.5% of the weight of skimmed
milk to complete coagulation. The samples were then
treated with 0.02 percent calcium chloride and incu-
bated at 40 °C. After coagulation, 2.5% salt was added
to the curd, which was ladled onto mats; the cheese
curd was then moved to the refrigerator overnight at
5 + 2 °C. Cheese samples were taken for chemical and
organoleptic measurements after 24 h.

2.3. Proximate Analysis
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The fat, protein, and titratable acidity of the samples
were determined using AOAC (2000) methods. The
nitrogen content (N) of the samples was estimated us-
ing the method described by AOAC (1990), and crude
protein was calculated as N x 6.25 (Imran et al., 2008).
The ash content was evaluated by dry ashing the sam-
ples in a muftle furnace at 550 °C for 6 hours. Before
being placed inside the muflle furnace, samples were
dried in a 105 °C oven.

2.4. Scanning Electron Microscopy (SEM)

Two or three 0.5 to 1 cm samples were collected from
the cheese mats and fixed in 5 °C cold buffered gluter-
aldehyde for two days. Samples were then washed with
cacodylate bufter three times for 15 minutes each and
postfixed in 1% osmium tetroxide for 2 hours. Next,
the samples were again washed in cacodylate buffer
three times for 15 minutes each and then dehydrat-
ed using an ascending series of ethanol of 30%, 50%,
70%, and 90% for 2 hours each, 100% for two days, and
then amyl acetate for two days. Critical-point drying
was applied to the samples using liquid carbon diox-
ide. Each sample was fixed onto metallic blocks using
silver paint. By using a golden sputter-coating appa-
ratus, samples were evenly gold-coated to a thickness
of 15 nm. Samples were photographed and examined
using a JEOL JSM 5400 LV scanning electron micro-
scope 15-25.kv (Bozzola & Russell, 1999).

2.5. Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

SDS-PAGE of karish cheese samples was performed
as described by Fling and Gregerson (1986) using
a stacking gel of 4% (wt/vol) and a resolving gel of
12.5% (wt/vol). Electrophoresis was carried out on 9.4
x 8 x 1 mm slabs utilizing a vertical slab unit (Gel
electrophoresis equipment, biometra Eco_Mini) and
an electrophoresis power supply. Proteins from kar-
ish cheese were isolated using SDS electrophoresis, as
described by Kalit et al. (2005) according to Laemmli,
1970. A total of 1.2 g of previously ground cheese was
extracted for 30 minutes at 40 °C with steady shaking
in 15 mL of buffer (0.5 M Tris-HCL, pH 6.8, 2% (wt/
vol) SDS, 7% (vol/vol) glycerol, 5% (vol/vol) 2-mer-
captoethanol). The obtained suspension was centri-
fuged at 2.600 g for 15 minutes. The clear solution
under the top layer was then carefully removed and
diluted with a sample bufter (0.5 M Tris-HCI, pH 6.8,
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2% (wt/vol) SDS, 7% (vol/vol) glycerol, 4.3 vol/vol)
2-mercaptoethanol, 0.0025% (wt/vol) bromophenol
blue). The ratio of extract to sample buffer was 1:3.
Samples that had been diluted and frozen were used.
Samples were heated for 5 minutes at 95 °C and then
cooled to room temperature before electrophoresis.
Each well was filled with 25 pL of the SDS-PAGE sam-
ples. To complete the gels, they were operated at 120
volts per gel for 2 hours. Gels were fixed and stained
for 3 hours with 0.1% (wt/vol) Coomassie Blue R-250
(dissolved in 10% (vol/vol) glacial acetic acid) and
50% (vol/vol) methanol, and then unstained with 10%
glacial acetic acid and 50% (vol/vol) methanol. Data
from Pesic et al. (2012) were utilized for casein frac-
tion measurements as well as molecular weight. SDS-
PAGE was performed twice.

2.6. Organoleptic Properties

Twenty-one panellists (11 male and 10 female pan-
ellists, aged between 30 to 52 years) having expertise
with white cheese and regular use of its descriptive
terminology took part. Cheese samples were rated on
colour and appearance (15 points), flavour (50 points),
body and texture (35 points), and overall acceptability
(100 points) according to Clark et al. (2009). Mem-
bers of the panel were also instructed to report any
flaws or disagreeable flavours.

2.7. Statistical Analysis

To assess the statistically significant differences in the
experimental data, analysis of variance (ANOVA) was
done using IBM SPSS statistics version 21 software.
Results were deemed statistically significant when p
< 0.05. Values for the mean + standard deviation are
also presented.

3. Results and Discussion
3.1. Proximate Analysis

Table. 1 shows the chemical composition of the karish
cheese samples. Protein content increased significant-
ly (p < 0.05) in karish cheese samples at TGase levels
of 1.5 and 2.0 U g™' protein. These results agree with
those of Garcia-Gémez etal. (2019), who hypothesised
that protein growth might be due to covalent bonding
created between milk protein molecules (glutamine
and lysine). TGase may also bind casein micelles to-
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gether by forming crosslinks between different types
of casein. B-lactoglobulin and a-lactalbumin are con-
sidered to be excellent TGase substrates (Razeghi &
Yazdanpanah, 2020). There were no significant vari-
ations in ash, acidity, and fat values (p > 0.05) among
the control and TGase-treated karish cheese samples.
These findings corresponds with those of Aloglu and
Oner (2013), and Farnsworth et al. (2006).

3.2. Microstructural Analysis

TGase-treated and control karish cheese samples were
examined with an SEM microscope, and micrographs
(1000x) of these samples are shown in Figure 1. The
control had an unstructured matrix, with certain areas
being well-structured due to the development of thin
strands arranged in a way that favoured the produc-
tion of relatively small pores, while other areas in the
control karish cheese had a high degree of compaction
and large pores. In contrast, after treating milk with 1,
1.5, and 2 U g protein TGase, the protein network
significantly changed, displaying a homogeneous and,
at a glance, flufty network with abundant thick strands
of protein aggregates that interacted with one anoth-
er, as well as visible changes in the porosity pattern.
The SEM microstructures are shown in Figure 1. The
greater strength of karish cheese gels produced from
crosslinked milk with increasing TGase in the treated
samples with 1.5 and 2 U g™' protein TGase was ana-
lyzed, showing a well-organized protein network with
smaller pores in the treated product. This more stable
structure was the result of the reduced permeability of
the gel formed by the action of TGase. These results
agree with those of Cadavid et al. (2020), who studied
the effect of TGase treatment on the functional prop-
erties of semi-skimmed cow milk cheese through its
crosslinking activity, where TGase appeared to be able
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to enhance the cheese microstructure by modifying
the protein aggregation pattern.

3.3. SDS-PAGE

The electrophoretic separation of karish cheese sam-
ples in polyacrylamide gel was performed to confirm
changes in the milk proteins in karish cheese produced
with the addition of TGase. The SDS-PAGE examina-
tion of karish cheese samples treated with TGase indi-
cated the crosslinking of proteins (Figure 2). These re-
sults were similar to those of Ozer et al. (2007). Figure
2 shows that as the concentration of TGase increased,
the bands corresponding to casein fractions became
less intense. According to the results of Cadavid et
al. (2020), the increase in the molecular mass of the
casein fractions might be attributed to a crosslinking
process elicited by the presence of TGase. The num-
ber of monomeric whey proteins (a-lactalbumin and
B-lactoglobulin) in control karish cheese samples was
compared to those in TGase-treated samples. With
the addition of TGase, the number of monomeric
whey proteins reduced, and several new compounds
were formed that did not join the stacking gel due to
their molecular weight. The partial deamidation of
glutamine and e-amino groups by TGase treatment
reduced the surface hydrophobicity of protein mole-
cules and enhanced electrostatic repulsion. The con-
sequent change in the isoelectric point of whey pro-
tein predicted a change in the solution consistency
index (Gauche et al., 2008).

3.4. Organoleptic Properties
Enzymes are employed to improve the overall quality

of foods (Fernandes, 2010) in a variety of food and
beverage industries, including cheese manufacturing

Table 1. Mean values® for chemical composition of control and TGase-treated (1.0, 1.5, and 2 U g!

protein) karish cheese samples.

Samples Ash% Protein% Fat% acidity%

Control 4.50+0.07 16.2+0.04° 0.23+0.05*° 1.92+0.06*
1.0U 4.38+0.05* 16.5+0.07° 0.25+0.03* 2.05+0.02*°
1.5U0 4.75+0.12* 17.1£0.05* 0.26+0.05* 1.95+0.02°
2.0U 4.54+0.05° 17.3£0.10° 0.27+0.02*¢ 2.13+0.03*®

b¢ Values in the same columns having different superscripts were significantly different (p < 0.05).

aMean values + standard deviations.

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- April 2022



15kU Hi-.-888

-
3 A
T e B -
ER ool e - AT

l18pm BB88849

1S5kV X1-008

(®)

Future of Food: Journal on Food, Agriculture t
and Society, 10 (2) \"" I

BB8B8845

18pm

(D)

Figure 1. Scanning electron micrographs (1000x) of karish cheese samples: (A) control (without TGase
treatment), (B) 1.0 U, (C) 1.5 U, and (D) 2 U g-1 protein TGase-treated samples.

(Gurung et al., 2013). The results of the organoleptic
properties of the control and TGase-treated karish
cheese samples are shown in (Table 2). The results
revealed that there were no significant differences (p
>0.05) among karish cheese samples in colour and ap-
pearance and flavour; these results correspond with
those of Hovjecki et al. (2021). Vice versa, data on the
organoleptic properties revealed that there were sig-
nificant differences (p < 0.05) among karish cheese
samples in body and texture; these results corre-
spond with those of Darwish et al. (2019). The (2.0 U)
TGase-treated karish cheese sample had the highest
body and texture of (34.9) whereas the control karish
cheese sample had the lowest overall acceptability of
(28.1). Furthermore, when the general acceptability

of the sensory qualities was examined, there was a
significant difference (p < 0.05) between the (1.5 U
and 2.0 U) TGase treated karish cheese samples and
control and (1 U). The overall acceptance of the con-
trol karish cheese sample was (87.1), whereas the 2.0
U TGase-treated karish cheese sample had the highest
overall acceptability of (97.3). These results agree with
those of Kumazawa and Miwa (2009), who discovered
that using transglutaminase in cheese manufactur-
ing had a substantial influence on texture and hard-
ness. However, there was no significant difference in
the colour, appearance, and flavour of karish cheese
that was treated with TGase and the control sam-
ples; these findings coincide with those of $anli et al.
(2011). Lastly, the addition of TGase to karish cheese
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Figure 2. SDS-PAGE separation of proteins in karish cheese samples. Lane 1—control; lane 2—1 U; lane
3—1.5 U; lane 4—2 U; lane 5—molecular weight standard. BSA: Bovine serum albumin; Ig: Immunoglobu-
lins; a-CN: a-casein; B-CN: B-casein; k-CN: k-casein; 3-LG: B-lactoglobulin; a-LA: a-lactalbumin.

improved its manufacturing because the crosslink-
ing proteins of TGase use the acyl exchange process
to crosslink cysteine and lysine residues in a protein
to create a proteinous network structure (Kumazawa
& Miwa, 2009), which was visible in the organoleptic
properties.

4. Conclusion

The use of TGase to crosslink proteins appears to be
an efficient method of improving the techno func-
tional features of karish cheese. TGase can synthesise
high-molecular-weight polymers from milk proteins
while preserving the chemical properties of karish
cheese. The treatment of karish cheese with TGase in-
creased gel firmness, which had a positive effect on ka-
rish cheese structure at the level 1.5-2.0 U g' protein.
These techniques have the potential to solve a wide
range of production issues. In general, TGase treat-
ment may be a suitable method for making modified
karish cheese. The goal of this study was to improve

the structure of karish cheese by utilizing a transglu-
taminase treatment. Physicochemical, microstructur-
al, and organoleptic properties of karish cheese treat-
ed with TGase were studied and compared to cheese
control samples that had not been treated with TGase.
Comparison of results showed that the optimized
cheese had a good structure. Lastly, our results are
expected to pique dairy technologists and the cheese
manufacturing industry in using TGase to enhance
the structure of low-fat cheese.
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Table 2. Organoleptic properties of karish cheese samples.

Color and Ap- Body and Tex- Overall Ac-
Flavor o
pearance ture ceptability
15 50 35 100

Control 13.8® 459 28.14¢ 87.1¢
1.0U 13.9* 45.7* 33.5°¢ 94.9°
15U 14.3° 46.3° 34.7° 96.9°
20U 14.1*° 46.1* 349°* 97.1*°

+b<d Values in the same columns having different superscripts were significantly different (p < 0.05).
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