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Abstract

The aim of this study was to assess the effects of ultrafiltration (UF) combined with high-pressure
processing (HPP) or heat treatment on the quality of soft cheese produced from camel milk (CM) or
bovine milk (BM). Milk was concentrated by UF (0, 1, and 2-fold) before treatment with HPP at 350 MPa
or 550 MPa for 5 min at 4°C or by pasteurization at 65°C for 30 min or at 75°C for 30 s. Cheeses were
produced using starter cultures and camel chymosin and pH, yield, proximate composition, texture profile,
rheological properties, and protein profiles were determined. The highest yield of BM cheese (26%) was
observed under the treatment with 2-fold UF combined with HPP at 550 MPa. CM cheese had the highest
storage and loss moduli as well as the total solid and protein content under this treatment. According to
SDS-PAGE electrophoresis, CM cheeses were more susceptible to proteolysis and had a higher number of
low-molecular-weight bands, indicating the involvement of some active enzymes compared with BM
cheeses. In conclusion, UF combined with HPP can enhance the cheese total solid content and gel
structure in CM cheese products compared with heat treatment.

1. Introduction

The production and consumption of camel milk (CM) and its products such as cheese and yougurt have
increased considerably over recent years. The global market for camel milk and products, estimated at
USS$10.6 billion in 2020, is projected to reach US$15.5 billion by 2027, increasing at a compound annual

growth rate of 5.6% throughout the analysis period 2020-2027 '. The increased popularity of CM is due
to its nutritional and therapeutic properties 23, including antidiabetic 476, anti-allergic 7, anti-autistic &,
anti-carcinogenic ?, antimicrobial ', and anti-hypertensive '" properties.

CM is difficult to process into hard and semi-hard cheese compared with other types of milk 12774, The
fragile and poor structural quality of CM cheeses is associated with their larger casein micelle size
averaging 260—-300 nm) versus BM (100-140 nm) ">6, low concentrations of k-casein '”18, and small
size of fat globules '° compared with bovine milk (BM). These characteristics prolong the coagulation
time 20 and affect the textural quality of coagulum, which is an important attribute affecting cheese
quality. Recently, both the scientific community and manufacturers have become increasingly interested
in improving CM coagulation property. Thus, various attempts have been made to improve the quality of
CM cheese by mixing CM with sheep milk 2!, adding microbial transglutaminase 22, and using direct
acidification with citric and acetic acid 223, camel chymosin and starter cultures for acidification 24726,
and ultrafiltration (UF) 27. The UF of milk can increase the yield and textural quality of cheeses by
promoting increases in the retention of non coagulable protein, fat, and total solids 22.

The purpose of pasteurization in the dairy industry is primarily to reduce the bacteria load in milk below
the permissible level. As a result of heat treatment, milk has a longer shelf-life and microorganisms that

are detrimental to cheese processing are less likely to thrive and multiply 2°2°, but curd formation can be
adversely affected by higher temperatures, resulting in longer coagulation times and softer gels 3. Milk
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pasteurization alters milk proteins and impairs their coagulation properties 3233, The deterioration of milk
coagulation properties of heat-treated milk is due to the denaturation of B-lactoglobulin (B-LG) and
formation the of complexes with k-casein (k-CN) 24, which restrict the ability of rennet enzymes hydrolyze
k-CN 3°. Thus, longer milk coagulation times and weaker curds are expected when dealing with
pasteurized rather than raw milk 26 with high temperature short time (HTST) having a greater impact on
milk cogulation time than low temperature long time (LTLT) pasteurization 2°.

An alternative to thermal treatments is high pressure processing (HPP), which is increasing in popularity
despite that it is more expensive and uses batch technology 2¢. HPP disrupts and reduce casein micelle
size, dissolves colloidal calcium phosphate, and denature whey proteins 3/. HPP also reduces the
concentration of viable food bacteria by disrupting their cell membranes and protein-synthesizing
ribosomes 38. Unlike heat treatments, HPP preserves the quality of fresh food without affecting the flavor
of the food or nutrients such as vitamins 3°. HPP treatments wer shown to reduce the coagulation time
and produce firmer BM cheeses 4041, HPP treatment has also been shown to increase the total solids
content and positively affect the textural quality of CM cheese 2631,

To the best of our knowledge, the effects of HPP following UF treatment on the properties of CM cheese
have not yet been studied. We hypothesized that HPP treatment following the UF of milk can enhance the
coagulation properties of milk and the physico-chemical properties of cheese. Three UF concentration
factors (0, 1, and 2), two HPP processes (350 and 550 MPa for 5 min at 4°C), and two heat treatments
LTLT (65°C for 30 min) and HTST (75°C for 30 sec) were used in our experiments. The effects of UF, HPP,
or UF-heat treatment on the physico-chemical, rheological, and proteolytic activities of cheeses derived
from CM and BM were compared.

2. Materials And Methods
2.1 Materials

Al-Ain Dairy farm provided pooled camel and bovine milk. Milk was transported in refrigerated coolers
(4°C) to the Department of Food Science at United Arab Emirates University. Raw CM and BM milk
proximate composition which was determined by near-infrared multipurpose analyzer (Ettlingen,
Germany)*?2 it comprised of the following: CM vs BM (pH, 6.6 and 6.7; total solids, 12.2 and 12.8%;
protein, 2.9 and 3.2% fat, 3.1 and 3.2%), respectively. The starter culture comprised a 1:1 mixture of
Streptococcus thermophilus and Lactobacillus delbrueckii subsp bulgaricus, and commercially-prepared
camel chymosin (50 IMCU/mL) from Asia and Africa Chr. Hansen (Dubai, UAE). All other chemicals and
reagents, including TEMED Ultra (N,N,N',N'-tetramethylethylenediamine, >99%), protein (molecular weight
marker), 10% glycerol, 1% lithium dodecyl sulfate, 62.5 mM Tris-HCI (pH 6.8, 0.005% bromophenol blue),
4x Laemmli sample buffer stacking gel buffer, resolving gel buffer and APS (ammonium persulphate)
were obtained from Sigma-Aldrich (St. Louis, Missouri, USA).

2.2 UF, HPP, and heat treatment of milk
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UF processes were performed at 30°C on the milk samples with concentration factors (CFs) of 0, 1, and 2
which was followed by pressure (350 or 550 MPa for 5 min at 4°C) or heat processing (LTLT: 65°C for 30
min, or HTST: 75°C for 30 s) according to Mbye et al. 26. Milk was ultrafiltrated with an HFK-131
membrane at 40°C (molecular weight cut-off of 10 kDa; Koch Membrane Systems, Wilmington, MA, USA)
prior to any treatment. The milk CF was calculated based on volume reduction (i.e., until an estimated
permeate volume was collected). For HPP treatments, CM and BM were filled into plastic bottles (330 mL)
and then sealed in polyethylene bags before HPP treatment. The pressurization was conducted using an
IsoLab high hydrostatic pressure food processor (Essex, United Kingdom). The pressure machine
operates at an inlet temperature of 4°C with a maximum pressure of 700 MPa, a pressure rate of 5
MPa/s, and a heating rate of (0.5°C/100 MPa). Cold water is circulated into the chamber via a water
jacket to maintain the set temperature. In the pressure chamber, the plastic bottles containing samples of
milk were immersed for 5 min at 350 MPa/4°C or 5 min at 550 MPa/4°C. For heat treatments, milk
samples were pasteurized with (FT75 Laboratory Pasteuriser, Hampshire, England).

2.3 Cheese preparation

UF-treated CM or BM samples (2L) followed by HPP-treatments or pasteurization were processed into
cheeses immediately after manufacturing. The milk was heated at 65°C/30 min or 75°C/30 s or
pressurized at 350 MPa/5 min or 550 MPa/5 min at 4°C. The milk samples were then cooled to 43°C and
inoculated with 3% (w/v) of Direct Vat Set cultures of (Streptococcus thermophilus and Lactobacillus
delbrueckii subsp bulgaricus) (1:1) for 60 min until the pH of the milk reached 6.2 in order to enhanced
the rate of coagulation. Then, CHY-MAX®M recombinant camel chymosin (50 IMCU per L) was added to
each sample and the samples were incubated at 30°C until the milk coagulates 2°. Cheesecloth was used

to drain the curd 43.

2.4 CM and BM cheese yields, physicochemical properties,
and rheological properties

Cheese yield was calculated as the percentage of amount of cheese produced from the mass of
processed milk. A digital pH meter was used to measure the pH of the cheese samples (OHAUS, Starter
3100, New Jersey, USA). Titratable acidity was determined following the standard method described in

Mbye et al. 20.

A CT Il texture analyzer (Brookfield, Middleborough, Massachusetts, USA) was used to determine cheese
texture (hardness, gumminess, and chewiness) at room temperature with a target distance of 5 mm and a
speed of 1 mm/s as described in Mbye et al. 2°. A rheometer (Discovery Hybrid Rheometer, TA
Instruments, Delaware, USA) with flat plate was used to determine the linear viscoelastic region and
frequency sweep. The horizontal plate was loaded with the samples, which were spread across its
surface. The plate was then used to cover the sample to a 1-mm gap. A stress from 0.01 to 100% at
0.01-10 Hz was used 2°. The linear viscoelastic region was carried out at 1 Hz to characterize the linear
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viscoelastic region. The equipment software obtained data on the elastic modulus (G'), viscous modulus
(G"), and tan delta (6).

2.5 Electrophoresis of camel and bovine milk cheeses

Sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE) electrophoresis was carried out on camel and
bovine cheeses following the methods of Laemmli 4. The cheese samples were homogenized for 2 min,
using T 25 digital Ultra-Turrax (IKA-Werke GmbH and Co., KG, Staufen, Germany). To dissociate caseins,
the urea-cheese dispersion was incubated in a temperature-controlled water bath at 37°C for 2 h and then
defatted by centrifugation at 9,150 g at 4°C for 35 min and filtered through Whatman no. 1 filter paper
(pore size, 11um). Portions of the

filtered sample, (10 uL) were added to 30 pL of dithiothreitol (freshly added to the solution) in a 4x
Laemmli buffer solutionand heated for 5 min at 90°C in a temperature-controlled water bath. The
samples (6 YL) were loaded onto polyacrylamide gels (thickness of 1 mm) prepared using Bio-Rad’s Mini-
PROTEAN Tetra cell (Hercules, California, USA) resolving gel (12%) was prepared using 3.75 mL of 1.5 M
Tris-HCI (pH 8.8), 6 mL of 30% acrylamide/Bis solution 29:1, 5.03 mL of deionized water, 150 yL of 10%
SDS solution, 7.5 pL of TEMED, and 75 pL of 10% APS (ammonium persulphate). To prepare the stacking
gel (4%), 3.78 mL of 0.5 M Tris-HCI (pH 6.8), 1.98 mL of 30% acrylamide/Bis solution 29:1, 9 mL of
deionized water, 75 pL of 10% APS, 15 pL of TEMED, and 150 pL of 10% SDS solution were added. A
power supply from Bio-Rad was used to conduct electrophoresis at 200 V. To fix the protein bands, gels
were soaked in 40% alcohol and 10% acetic acid for 1 h. The gel was stained with colloidal Coomassie
stain for 20 h. The distilled water was changed three times during the 3-h destaining period. Images were
acquired and densitometry was performed using the ChemidocTM XRS + and Gel DocTM XR +Imaging
Systems (Bio-Rad Laboratories Inc., Hercules, California, USA). Proteins peaks were integrated and their
densities were calculated using Imaging Lab software (version 6).

2.6 Statistical analysis

Analytical measurements and cheese preparation experiments were conducted in triplicate, and the
means of the sample values were calculated. Differences in yield, physical properties, and chemical
properties were determined by two-way analysis of variance (ANOVA) using Minitab software to analyze
the data. We used least significant difference tests to compare mean values between groups, and the
threshold for statistical significance was p < 0.05.

3. Results And Discussion
3.1 CM and BM cheese yields

Figure 1 displays the effects of UF-HPP and UF-pasteurization on CM and BM cheese yields. An increase
in UF concentration factors from zero to one and from one to two and an increase in HPP from 350 MPa
to 550 MPa resulted in significant increases in the cheese yield (P < 0.05). Increases in yield, from 10.9 to
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13.6% of CM cheese and from 20.6 to 26.4% of BM cheese, were observed from 2 UF-HPP-treated milk at
550 MPa (Fig. 1). Similarly, a 17% increase increase in cheese yield and 2 times higher protein content
were described for UF-concentrated sheep milk #°. This might be explained by the fact that the UF process
retains proteins, fats, and the total solids in the concentrated milk*®4/ |eading to increased cheese yield.
UF has also been reported to reduce the casein micelle size in CM 2/, which enhances coagulation and
increases cheese yield #8. A shorter gelation time was observed in UF processed milk presumably due to
its higher casein content #°. While HPP treatments up to 200 MPa for 10-60 min were able to reduce the
coagulation time, treatments at 400 MPa and above produced a longer coagulation time when applied for
more than 10 minutes °. Studies of CM have shown that the use of pressures over 400 MPa causes a
delay in CM coagulation and resulted in soft cheese texture with higher moisture content, the extent of
moisture increases as the pressure increases 231, Mild HPP treatments seem to cause denaturation of
whey proteins and the formation of complexes with casein micelles, thereby increasing cheese yield .
CM cheese yield increased from 11.5 to 14.7% when the pressure was increased from 350 to 550 MPa for
5 min. A similar increasing trend was observed by Mbye et al. 2%. In other studies, Huppertz et al.>2
reported a higher yield for cheeses made from HPP-treated cows’ milk (100-400 MPa) stored for 24 h at
20°C than those produced immediately after HPP milk treatment. HPP-treated ewes' milk was also
reported to achieve an 11% higher curd yield than non-HPP-treated ewes' milk pressurized at 200 MPa/30
min; while a considerable increase of (15%) in curd yield was achieved after milk was HPP processed at
400 MPa/30 min %3, These increments in curd/cheese yields may also be enhanced by greater moisture

retention and incorporation of some denatured R-lactoglobulin 4.

3.2 pH, titratable and composition CM and BM cheeses

Table 1 shows the pH and titratable acidity of UF-pasteurized and UF-HPP-processed milk cheeses. The
pHwas 5.9+ 0.02 and 6.5 0.3 for CM and BM treated at 550 MP for 5 min, compared to 4.3+ 0.01 and
4.9+0.01 for milks heated at 75°C for 30 s, respectively, with the pH of HPP-treated milk cheeses being
significantly higher than those of heat-treated cheeses (P < 0.05) in agreement with previous studies 2647
The pH values of heat and HPP-treated 4.7+ 0.01 and 6.6 + 6.3 £ 0.01 were lower than those of raw CM
and BM, which were 6.6 £+ 0.03 and 6.7 + 0.02, respectively. The extent of the pH change depends on the
pressure and temperature levels, the presence of microorganisms, and the milk composition >>°6. The
higher pH of HPP than temperature-treated cheeses can be attributed to the solubilization of micellar
calcium phosphate, which increases ionized calcium levels in milk #1758, CM casein micelles, which
have higher buffering capacity than BM micelles °?, resist the change in acidity and the pH levels post
HPP-treatment °%(Itturmendi et al. 2020). Yang et al.>® observed a small, but significant, increase in pH in
skimmed milk after 600-MPa/5-min pressure treatment.
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Table 1
The physicochemical properties of CM and BM cheeses*

Sample pH Titratable Acidity

Camel Bovine Camel Bovine
0F 65 4.3+0.02 4.9+0.06° 2.7+0.12P 1.5+0.05°
1F65 43+0.01 4.8+0.069 2.8+0.13° 1.4+ 0.05°
2F 65 4.2+0.02" 5.1+0.03¢ 2.6+0.12P 1.3+0.05°
0F75 4.1+0.02 47+0.019 3.1+0.15° 1.5+ 0.05°
1F75 4.3+0.05 4.8+0.01f 2.7+0.11P 1.4+0.01°
2F75 4.4+0.019 4.9+0.01° 2.5+0.07¢ 1.3+0.15°
0F 350 4.9+0.01f 6.5+0.01P 2.5+ 0.05° 0.9 +0.05¢
1F 330 4.9+0.01f 6.6 +0.012 2.4+0.05¢ 0.8+0.05°
2F 350 5.2 +0.024 6.6+ 0.022 2.1+0.15¢ 0.8+ 0.05°
0F 550 5.8 +0.70P 6.3+0.01¢ 2.1+0.10° 0.9+0.184
1F 550 5.8+0.03P 6.5+ 0.05P 1.9+ 0.05 0.9+0.07¢
2F 550 5.9+0.02° 6.5+0.03P 1.2+0.109 0.9 +0.04¢
The data are presented as mean + standard deviation (n = 3). Significantly different values within a
row are indicated by different superscripts (p < 0.05).

The cheeses composition of CM and BM is presented in Fig. 2. The results showed that the UF process
significantly affected the cheeses’ solid, fat, and protein composition. Thus a significant (p < 0.05)
difference was observed between unfiltered milk cheeses and UF processed cheeses regarding fat,
protein, and total solids. The highest total solid was (42%) recorded in CM cheese made with 2UF-HPP
350 Mpa. The value was higher than the value found in soft CM cheese made with UF- fortified Allium
roseum powder (AR) reported by El Hatmi et al.?” and soft CM made with STL-12 culture found by Bekele
et al.%%, which was (39.4%), but lower than the value reported by Hailu et al.®" for soft brined CM cheese
(45.42%). CM 2UF-HPP 350 Mpa had the highest protein content (16%), which is similar to the values
reported by Bekele et al.?9 for CM cheese made with STL-12 culture. Variations in cheese chemical
composition might be caused by the original composition of milk and the cheese manufacturing process.

3.3 Textural properties of CM and BM cheeses
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UF had a significant effect on the textural properties of both CM and BM cheese samples (P < 0.05), and
the highest level of UF had the most pronounced effect compared with control samples (Fig. 3). Increased
hardness and chewiness were observed for both CM and BM cheeses when the UF concentration
increased from 1 to 2-fold. The hardest cheeses were the UF-LTLT (1524 g) in BM and the 2UF-HPP at 350
MPa (795 g) in CM (Fig. 3). Due to its smaller average size (100—140 nm) the casein micelles in BM milk
are less hydrated than those in CM milk '°, explaining the higher hardness of ultrafiltered BM cheese
retentate samples compared to CM UF cheeses. UF-processed milk might produce cheeses with different
textural properties due to changes in casein micelles and the content of total solids (protein and fat).
These cheeses attain greater ionic strength and increased protein—protein interactions with a lower

degree of electrostatic repulsion between the proteins 2. UF-treated cheeses may also have higher
hardness due to a higher total solid content of the retentate and higher calcium retention in the milk 6364,

CM gel hardness has been reported to increase following HPP treatments at 350 MPa for 5 min at 4°C
and LTLT at 65°C for 30 min 2631,

HPP of milk above 400 MPa yielded cheeses with lower hardness and chewiness values than non-HPP-
treated milk. This can be due to whey protein denaturation, wherein the proteins prevent the excessive

dissociation of the casein micelles and the reformation of casein aggregates during curd formation ©°.

3.4 Rheological properties of CM and BM cheeses

A frequency sweep test was used to measure the dynamic viscoelastic behavior of the cheeses to
determine how different strain rates and levels of stress affect the storage and loss modulus behavior of
cheese. The storage modulus (G’), loss modules, (G”), and tan (6) of CM and BM cheeses are shown in
Fig. 4 and Fig. 5, respectively. In each sample of this study, the storage modulus was greater than the loss
modulus, and the tan delta was greater than 1, indicating that the elastic nature of cheese was more
pronounced than the viscous nature of the cheeses °°. Figures 4 and 5 illustrate how UF-HPP treatment
considerably affected the rheological properties of cheese samples having greater impact on CM cheeses
and negligible effects on BM cheeses. It appears that UF has increased the elastic behavior of proteins as
well as their bonding interaction as reported by Pires et al. ®’. The highest G' and G" were observed under
the 2UF-HPP treatment CM at 350 Mpa (Fig. 4). While, highest modulus for BM was observed on heat-
treated at 65°C, and the lowest modulus was observed for cheese from CM health treated at 75°C (Fig. 4),
BM cheese HPP treated at 550 Mpa had lower modulus which may be due to weakened hydrophobic
interactions. According to previous studies HPP treatment weakens hydrophobic interactions and
decreases connecting bonds in cheese 68%°. The firmness and viscoelasticity of cheese increase as the
protein content increases 6, and may increased casein cross-linking. The protein content and
compactness were higher for the cheese produced via the 2UF-HPP treatment at 350 MPa, indicating a

strengthening of some type of protein interactions °.

3.5 Proteolysis in CM and BM cheeses
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The extent and rate of proteolysis of cheese depend on the presence and activity of specific proteolytic
enzymes (e.g., starters, nonstarters, residual chymosin, plasmin, and other proteinases), which are
affected by several factors including processing technique, salt, pH, and moisture content. Additionally,
the structure of cheese and the ease of access to different cleavage sites on the caseins might be
affected by these factors and potentially affect the intensity of proteolysis 4. Figure 6 shows differences
in the proteolytic intensity between CM and BM cheeses. CM cheeses produced from HPP-treated milk
had a higher level of proteolytic activity and thus possessed more low-molecular-weight peptides than
BM cheeses. Several factors might contribute to explaining this observation, including high moisture
content, the degradation of B-casein by the enzyme plasmin, which accounts for 65% of CM compared
with 40% of BM B-casein of percentage of caseins in the milks respectively /'. B-casein is highly
vulnerable to attack by plasmin but less so to attack by chymosin and bacterial enzymes 2. Cheeses
having high moisture content are mostly subjected to primary proteolysis by the milk endogenous
proteases, mainly plasmin, which has a marked activity on B-CN, and by exogenous enzyme, mainly
chymosin from residual rennet acting primarily on aS1-casein ’3. Results from this study (Fig. 6) and a
previous study 2° provide evidence of increased proteolysis in CM cheeses, probably as a result of

plasmin-mediated degradation of the B-casein 7*.

HPP has no effect on plasmin activity per se but improves the enzyme access towards B-casein, which
explains why HPP-treated cheeses hydrolyze B-casein more efficiently /2. HPP is known to accelerate
cheese proteolysis’? because casein micelle membrane damage due to high pressure increases cellular
permeability, which leads to the release of intracellular materials such as peptidases into the medium 7°.
Moreover, HPP can alter the structure of casein micelles and make caseins more vulnerable to proteases
’6_The casein micelles of CM are also richer in minerals such as phosphate, calcium, magnesium, and
citrate and are more hydrated than BM caseins °°, which make important contributions to the structure of
micelles and their vulnerability to proteolytic attack.

4. Conclusions

Our findings revealed that HPP treatment provides an alternative to pasteurization for the production of
CM cheese. UF combined with HPP processing can produce high-quality CM cheese by promoting the
retention of nutrients. HPP of CM at 350 MPa for 5 min after UF resulted in cheese with a firmer texture
and improved protein network compared with HPP at 550 MPa, which might stem from the increase in
casein proteolysis at higher pressure. The CM cheeses were more susceptible to proteolysis than BM
cheeses, possibly due to the increase in plasmin activity and mineralization. Additional research is
needed to further optimize the production of camel cheeses using HPP technology.
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Yield of camel and bovine milk cheeses
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Camel and bovine cheese texture (hardness, gumminess, and chewiness)
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Figure 4

The storage modulus, loss modulus, and tan delta results of two-fold ultrafiltration concentration factor
(2UF) of camel milk under various treatments (65°C, 75°C, 350 and 550 Mpa)

Page 18/20



01

| + B2UF65 (IB2UFTS5 4 B2UF350  B2UFSS0

Storage Modulus (Pa)

0001

o1 1 10

| # B2UFE5 CIB2UFTS A B2UF3S0 I!UFSSOI

| + B2uFes DB2UF75 4 B2UF350  B2UFSSO|

R L Oty T o e L N T e

tan &

01
0.1 i o

Frequency (Hz)

Figure 5

The storage modulus, loss modulus, and tan delta results of two-fold ultrafiltration concentration factor
(2UF) of bovine milk under various treatments (65°C, 75°C, 350 and 550 Mpa)
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SDS-PAGE electropherograms of camel and bovine milk cheeses
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