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Abstract

This study examined the impact of varying ultrasound energy densities on the functional properties of processed
cheese with different levels of emulsifying salt (0%, 0.5%, 1%, 2%, or 3% disodium phosphate). The mixtures
were ultrasonicated at 65 watts and 160 watts for either 3 min or 9 min, producing energy densities of 58.5 J/g,
175.5]/g, 144 ]/g, and 432 J/g. The rheological and textural properties of the processed cheese were evaluated at
these energy densities and compared to a control sample. At 432 J/g, cheese with 1% emulsifying salt was cooked
whereas cheese at 58.5 J/g, 175.5J/g, and 144 J/g did not cook with the emulsifying salt levels of 1% or lower. There
was no significant difference (p > 0.05) in hardness and melting temperature between cheese having the energy
density of 432 J/g and processed with 1% and 2% emulsifying salt. Additionally, no significant difference (p > 0.05)
was observed in the functional properties of cheese across different energy density treatments. The functional
properties of the processed cheese improved significantly with increased emulsifying salt levels. This study sug-
gests that using 432 J/g of ultrasound energy can effectively reduce the requirement of emulsifying salts in the
cheese industry.

Keywords: emulsifying salts; energy density; functional properties; processed cheese; rheological functions; sensory
evaluation; ultrasound

Introduction

Practical applications: Ultrasound technology offers
practical applications across dairy products such as milk,
yogurt, and cheese, enhancing their characteristics and
functionality. It facilitates the fractionation of dairy com-
ponents, improving product yield and functionality. By
reducing fat globule size and modifying micellar casein,
ultrasound can potentially decrease reliance on emulsi-
fying salts (ES) in dairy processing. These advancements
underscore ultrasound’s versatility and potential in opti-
mizing dairy production processes.

Processed cheese (PC) is a dairy product that is not
made directly from milk but is manufactured by blending

dairy and non-dairy ingredients at specific temperatures
and speeds to produce a homogenized product with an
extended shelf life (Alsaleem, 2022). The dairy ingredients
include natural cheese, whey, micellar casein concentrate
(MCC), micellar casein isolate (MCI), butter, anhydrous
milk fat, while non-dairy ingredients comprise salt, water,
ES, oil, flavors, and colors. There are various types of pro-
cessed cheese, such as pasteurized processed cheese, pas-
teurized processed cheese food, pasteurized processed
cheese spread, and pasteurized processed cheese sauces
(Kapoor and Metzger, 2008). These types of cheese differ
based on their moisture, fat, and natural cheese contents.

Emulsifying salts are crucial in the production of pro-
cessed cheese, being ionic compounds with monovalent
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cations and polyvalent anions (Caric et al., 1985). ES serves
multiple roles, including removing calcium ions from
the protein network in natural cheese by disrupting the
calcium—phosphate network and adjusting the potential of
Hydrogen (pH) of the final product (Kapoor and Metzger,
2008). These adjustments enhance the homogenization
of the final product by hydrating caseins and increas-
ing interaction between water and fat phases. Common
examples of ES used in processed cheese manufacturing
include mono-, di-, and trisodium phosphates, dipotas-
sium phosphate, sodium hexametaphosphate, sodium
acid pyrophosphate, tetrasodium pyrophosphate, sodium
aluminum phosphate, sodium citrate, potassium citrate,
calcium citrate, sodium tartrate, and sodium-potassium
tartrate. In the United States, trisodium citrate and diso-
dium phosphate are the most popular ES.

Ultrasound (US) technology is employed to reduce casein
particle size, denature whey protein at high densities
(Hammam et al., 2021b), reduce fat globule size, and
enhance the elasticity and density of gels (Madadlou ez
al., 2010). The ultrasound process involves periodic high-
and low-pressure cycles by transmitting intensity and fre-
quency sound waves through the liquid. At low pressure,
vacuum bubbles form and collapse at high pressure, caus-
ing an increase in temperature and a collision between
protein particles (Alsaleem et al., 2021). Researchers
have found that applying ultrasound to milk at >20 kHz
decreases casein micelle size (Shanmugam et al., 2012).
When applied to milk for 15 min without temperature
control, ultrasound increased the firmness (final G’) of
acid gels. Conversely, other studies showed that rennet-
coagulated time and hardness of rennet-coagulated goat
milk increased with ultrasound time of up to 7 min but
diminished after 10 min (Zhao et al., 2014).

Increasing ultrasound energy density (USED) enhances
the stability of foods through acoustic cavitation, gener-
ating low frequency, forming micro-bubbles, and caus-
ing their immediate collapse, which results in a high
shear rate in product (Monteiro et al., 2018). USED has
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several advantages over other technologies, such as con-
ventional heat treatment, pasteurization, and ultra-high
temperature processes, because it is a non-thermal,
environment-friendly treatment. USED has been applied
to various dairy products, including fermented milk
(Wu et al., 2000), milk (Bermudez-Aguirre et al., 2009),
cheese (Benedito et al., 2002), chocolate cake, chocolate
mousse, chocolate genoise (Pingret et al., 2011), butter
(Bermudez-Aguirre and Barbosa-Canovas, 2008), and
yogurt. Applying ultrasound milk prior to preparation of
cheese has technological advantages, such as increasing
cheese vyield efficiency (Terefe et al., 2016). Ultrasound
is utilized to fractionate dairy components to improve
product functionality or yield.

This study hypothesized that ultrasound could disrupt
the calcium—phosphate network in natural cheese and
decrease the size of fat globules, thereby reducing the
need for ES. Consequently, this study investigated the
effect of USED on the capacity of ES and the functional
properties of the processed cheese. By applying various
levels of USED to process cheese with different ES con-
centrations, the research aimed to optimize the func-
tional properties of processed cheese while minimizing
reliance on ES.

Materials and Methods
Experimental design

The mixture prepared using a KitchenAid mixer was
divided into five 200-g portions (treatments). The first
portion served as a control, while the second (T1),
third (T2), fourth (T3), and fifth (T4) portions were sub-
jected to ultrasound treatment at energy densities of 58.5,
175.5, 144, and 432 J/g, respectively (Table 1). Ultrasound
treatment was applied at different durations (3 and
9 min) and amplitudes (50% and 100%) to achieve desired
energy densities. Each treatment was tested with five lev-
els of ES (0%, 0.5%, 1%, 2%, and 3% disodium phosphate).

Table 1. Calculation of ultrasound energy density (USED) in ultrasonicated processed cheese.
Treatment Time (s) t Sample wt (g) m Power (W) P Energy density (J/g)* Temperature, AT (°C)
Control - - - - -
US50-3 180 200 65 58.5 31.0
US50-9 540 200 65 175.5 41.7
US100-3 180 200 160 144 52.2
US100-9 540 200 160 432 68.9

Values are means of triplicate measurements (n = 3).
*Energy density (ED) = Ptm-".
(°C) is the sample’s increase of temperature during the processing period.
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Table 2. Composition of processed cheese formulations treated with ultrasound using four different energy densities and five different

levels of emulsifying salts.

Ingredients Treatments
Control ™ T2 T3 T4
- 58.5J/g 175.5 Jlg 144 Jlg 432 Jlg

Cheddar cheese 66.95 66.95 66.95 66.95 66.95
Butter 3.45 3.45 3.45 3.45 3.45
Deproteinized whey 7.48 7.48 7.48 7.48 7.48

Salt 2.00 2.00 2.00 2.00 2.00
Water 18.11 18.11 18.11 18.11 18.11
Disodium phosphate (%) 0,05,1,2,0r3 0,0.5,1,2,0r3 0,0.5,1,2,0r3 0,0.5,1,2,0r3 0,05,1,2,0r3

The experiment was repeated thrice to ensure consis-
tency and reliability of results.

Processed cheese formulation

A processed cheese formulation was prepared using the
TechWizard software, targeting a composition of 44%
water, 25% fat, and 17% proteins. The ingredients used
are listed in Table 2. The ingredients included cheddar
cheese (Great Value, Mild Cheddar Cheese, Bentonville,
AR), water, salted butter (L and O Lakes Half Stick
Salted Butter INC., Arden Hills, MN), deproteinized
whey (Bondgrads’ Creameries, Perham, MN), and diba-
sic sodium phosphate (Fisher Scientific, Fair Lawn, NJ).
Cheddar cheese, butter, water, and milk permeate were
mixed using a KitchenAid mixer at room temperature for
30 min to produce a homogeneous paste.

Ultrasound process

The ultrasound process was applied using the method-
ology reported by Liu et al. (2014), with some modifi-
cations. A Hielscher ultrasonic processor (UIP1000hd,
Hielscher Ultrasonics GmbH, Teltow, Germany) was uti-
lized to ultrasonicate a 200 g of mixed cheese (24°C) at
65 W (50% amplitude) and 160 W (100% amplitude) for 3
or 9 min. The ultrasonic processor’s probe was immersed
into mixed cheese at the center and to a depth of about 2
to 3 cm (Figure 1). The initial and final temperatures were
recorded to calculate increase in time elapsed during the
experiment (Table 1). The acoustic power input was cal-
culated using Equation (1):

p=mC, [%j 1)

where is p the power input in watts (W), C, is the heat
specific capacity of water (4.18 J/g°C), m is the mass of

) —_® . |
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Figure 1. Schematic diagram of ultrasonic measurement

system: (A) generator, (B) transducer, (C) booster/amplifier,
(D) sonotrode/horn, and (E) cheese.

water (g), and AT/At is the increase of temperature of the
AT/At sample during the processing time (Ragab et al.,
2020). The acoustic energy density (ED) was calculated
using Equation (2):

ED = Ptm™! (2)
where ED is the acoustic energy density (J/g), p is the
power input (W), t is the processing time (s), and m is the
mass of sample (g).

Rapid visco analyzer (RVA)

A total of 25 g of mixed cheese and ES (0, 0.5, 1, 2, and
3% disodium phosphate) was transferred to a canister
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and tempered at 40°C for 15-20 min in a water bath. The
canister was then placed into RVA (Perten RVA 4500,
Macquarie Park NSW 2113, Australia). The mixture was
cooked at 95°C for 3 min at a speed of 1,000 rpm, fol-
lowed by 1 min at 160 rpm. The apparent viscosity of the
processed cheese was measured at 90°C at the end of the
cooking period by calculating mean of the last five viscos-
ity values. The pH was adjusted to 5.6—5.7. The processed
cheese was then poured into copper cylinders (20-mm
diameter x 30-mm height) and plastic molds (28.3-mm
diameter x 25-mm height), sealed with aluminum foil,
and refrigerated until further analysis.

Dynamic stress rheometer (DSR) analysis

Dynamic rheological analysis was performed using
a rheometer (MSR 92, Anton Paar, Graz, Austria) to
assess the meltability of both processed cheese and
ultrasound-treated processed cheese using 25-mm par-
allel plate geometry. The analysis followed the modified
method of Alsaleem et al. (2024). A stress sweep test for
processed cheese was conducted at a frequency of 1.5 Hz
with a stress range of 1-1,000 Pa at 20°C, using a rhe-
ometer with parallel plate geometry. The test determined
that the maximum stress limit for the linear viscoelastic
region was 500 Pa. At room temperature, cheese was cut
into 2-mm thick slices using a wire cutter. The melting
temperature of the processed cheese was determined at
a heating rate of 1°C/min, ranging from 20°C to 90°C,
using a frequency of 1.5 Hz and a stable stress of 500 Pa

Enhancement of processed cheese quality using ultrasound

(linear viscoelastic region). The elastic modulus (G’), vis-
cous modulus (G”), tangent angle (tan §), and melting
temperature were identified. The temperature at which
tan & = 1 (G"/GQ’) was defined as the cheese melting
temperature, as shown in Figure 2. Dynamic rheological
analysis was conducted in triplicate.

Scheiber melting test

Processed cheese samples were cut into cylinders with
a diameter of 22.8 mm and height of 7 mm. These cyl-
inders were placed on 1-mm aluminum plates measur-
ing 10 cm x 8.5 cm. The dishes were then transferred to
a forced draft oven at 90°C for 7 min by following the
method described by Hammam et al. (2021a). After cool-
ing of the dishes, the diameter of the melted processed
cheese in millimeters was measured at four different
locations using a vernier caliper. The areas of the initial
diameter prior to melting and the diameter after melting
were calculated. The difference between these areas rep-
resented the meltability of the processed cheese. This test
was repeated for four times for each batch to ensure con-
sistency and accuracy of results.

Texture profile analysis (TPA)

Hardness of the processed cheese was assessed using
TPA. Portions of the processed cheese measuring 20 mm
in height and 20 mm in diameter were cut using a wire

Anton Paar RheoCompass
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Figure 2.

Measuring the melting point of the processed cheese using dynamic rheological analysis.
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cutter and prepared for TPA, which was conducted using
uniaxial double bite compression with a 50-mm diame-
ter cylindrical flat probe. The compression was set at 10%
strain with a crosshead speed of 1 mm/s. The hardness
of the processed cheese was defined as the peak force
observed during initial compression. TPA measurements
were performed on two samples from each replicate to
ensure reliability and consistency of results.

Proximate composition

pH of the final processed cheese was measured using
digital pH meter (Hanna Instruments Inc., Woonsocket,
RI, USA). The moisture content of the processed cheese
was determined in triplicate by heating a weighed sample
of processed cheese (3 g) in an oven at 103°C for 24 h.
Weight loss during heating was measured and considered
as water content loss from processed cheese.

Statistical analysis

Statistical analysis was performed to examine the impact of
ultrasound treatments on the functional properties of pro-
cessed cheese at various levels of ES. The analysis utilized
the ANOVA test performed with the R software. Mean
separation was determined using the least significant differ-
ence (LSD) test, with statistical significance set at p < 0.05.

Results and Discussion
Proximate composition

Table 3 presents mean chemical properties, includ-
ing pH and total solids (TS) of both processed cheese
and processed cheese treated with ultrasound, calcu-
lated from three replicates. Statistical analysis revealed
no significant difference (p > 0.05) in pH between the

control processed cheese and ultrasound-treated pro-
cessed cheese, except in case of processed cheese treated
with ultrasound at T4 with 1% ES, where a slight and not
statistically significant difference was observed, proba-
bly because of the low ES content used in manufactur-
ing of processed cheese. ES are known to adjust pH, with
higher levels increasing the pH of processed cheese. For
instance, disodium phosphate at 1% solution typically
ranges from 8.9 to 9.1 in pH, while in this study, the pH of
processed cheese ranged from 5.5 to 5.64, consistent with
typical pH values of processed cheese (Caric et al., 1985;
Kapoor and Metzger, 2008).

Similarly, no significant difference (p > 0.05) was observed
in total solids (TS) between control processed cheese and
ultrasound-treated processed cheese that ranged from
56.05% to 57.4%. This ensured a fair comparison of com-
position between treatments, minimizing any potential
effects on the functional properties of processed cheese
related to its composition.

Impact of emulsifying salts and ultrasonic

The presence of ES significantly affected the properties of
processed cheese. PC containing 3% ES exhibited higher
pH, viscosity, hardness, and melting temperature com-
pared to the processed cheese formulations with lower
ES concentrations. Processed cheese formulations con-
taining 0%, 0.5%, and 1% ES did not undergo sufficient
cooking, as these levels were insufficient to adequately
remove calcium from the casein structure and induce
casein degradation. However, processed cheese treated
with ultrasound at 432 J/g achieved a cooked state even
with 1% ES concentration. Ultrasound treatment induced
changes in processed cheese properties by reducing
protein particle size through extended ultrasonication
(Jambrak et al., 2014; Nguyen and Anema, 2010; Zhao
et al., 2014), resulting in a more uniform and homoge-
neous particle distribution.

Table 3. pH and total solids (%) (n = 3) of both processed cheese and processed cheese treated with ultrasound at different levels of ES.
Composition Treatments*
Control ™ T2 T3 T4
2% 3% 2% 3% 3% 2% 3% 1% 2% 3%
pH 5.b4cde  557bed  Hhhede  B5Qhed B gbed 5 h7bede 5 ghad 5.6420 5153 5.54de  55pede
Total solids (%) 56.923®  56.39*°  56.068°  56.85%°  56.05° 56.12>  56.702° 57.42 56.183°  56.16*°  56.25%°

“Treatments consisted of the following: control, which used processed cheese made with disodium phosphate; T1, processed cheese treated with
ultrasound at 58.5 J/g; T2, processed cheese treated with ultrasound at 175.5 J/g; T3, processed cheese treated with ultrasound at 144 J/g; and T4,

processed cheese treated with ultrasound at 432 J/g.

abedelMeans in the same column not sharing a common superscript are different at (P < 0.05).
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Functional Properties

Cooked apparent viscosity

The viscosity of processed cheese is crucial as it indi-
cates the spreadability of processed cheese after com-
plete melting. The mean cooked viscosity values (cP) of
both processed cheese and processed cheese treated with
ultrasound, and determined using RVA, are presented in
Table 4. Processed cheese formulated with 2% ES showed
viscosity values of 1002 cP for control, and 1183.67, 1104,
1158.33, and 1206.6 cP for T1, T2, and T3 treatments,
respectively. However, no significant difference (p > 0.05)
was observed among these treatments.

For processed cheese formulated with 3% ES, viscosity
values were 1667.3 cP for control, and 1734.33, 1694.3,
1732.67, and 1560.6 cP for T1, T2, and T3 treatments,
respectively. Ultrasound treatment did not significantly
affect (p > 0.05) the viscosity of processed cheese across
treatments. However, a significant difference (p < 0.05) in
viscosity was observed between processed cheese formu-
lated with 2% and 3% ES, with processed cheese contain-
ing 3% ES demonstrating higher viscosity.

Slight variations in pH could influence the viscosity of
processed cheese (Caric et al., 1985). ES and pH play vital
roles during manufacturing of processed cheese, affect-
ing chemical reactions, such as hydrophobic interactions,
electrostatic bonds, calcium bonds, and hydrogen bonds
(Marchesseau et al., 1997).

Processed cheese formulated with 1% ES and treated
with 432 J/g energy density showed a viscosity of 900
cP. No significant difference (p > 0.05) was observed
between processed cheese formulated with 1% and 2%
ES, but significant differences were observed, compared
to processed cheese formulated with 3% ES.

Hardness
The hardness of processed cheese is a key characteris-
tic reflecting its texture and firmness. Mean hardness

Enhancement of processed cheese quality using ultrasound

values (g) of both processed cheese and processed cheese
treated with ultrasound, determined by TPA, are pre-
sented in Table 4. Processed cheese formulated with 2%
ES exhibited hardness values of 49.97 g for control, and
48.93, 54.63, 46.23, and 40.55 g for T1, T2, and T3 treat-
ments, respectively. No significant difference (p > 0.05)
was found between processed cheese formulated with
2% ES and processed cheese treated with ultrasound.
For processed cheese formulated with 3% ES, hardness
values were 64.3 g for control, and 57.83, 58.70, 70.48,
and 56.25 g for T1, T2, and T3 treatments, respectively.
Ultrasound treatment did not significantly affect (p >
0.05) the hardness of processed cheese across treatments.
However, a significant difference (p < 0.05) was observed
between processed cheese formulated with 2% and 3%
ES, with processed cheese containing 3% ES showing
more hardness. Processed cheese formulated with 1%
ES and treated with 432 J/g energy density exhibited a
hardness of 31.0 g. No significant difference (p > 0.05)
was observed between processed cheese formulated with
1% and 2% ES, but a significant difference was observed
if compared to processed cheese formulated with 3% ES.
The hardness of processed cheese is influenced by fac-
tors such as the final pH of processed cheese, and type
and amount of ES (Stampanoni and Noble, 1991), which
affect residual calcium in casein structure. Lower calcium
residues typically result in hardness of higher processed
cheese (Lu et al., 2008).

Scheiber melting test

The Scheiber melting test assesses the meltability of pro-
cessed cheese, a crucial attribute for its application and
consumer appeal. Results of the Scheiber melting test
for processed cheese formulated with 2% ES showed
melting areas of 38.06 mm for control, and 35.70, 33.47,
34.09, and 33.46 mm for T1, T2, and T3 treatments,
respectively. Significant differences (p < 0.05) in the melt-
ing area were observed between T2, T3, and T4 treat-
ments, compared to the control. Treatment T1 did not
differ significantly from the control, probably because of
the energy density applied, inducing an irreversible gel

Table 4. Viscosity and hardness (g) (n = 3) of both processed cheese and processed cheese treated with ultrasound at different concentrations

of ES.
Composition Treatments*
Control ™ T2 T3 T4
2% 3% 2% 3% 2% 3% 2% 3% 1% 2% 3%
Viscosity (cP) 1002° 1667.32  1183.67¢  1734.332 1104¢ 1694.38 115833  1732.67°  900°  1206.6>¢  1560.6%°
Hardness (g) 49.97%¢4 64330 48.93%¢  57.832bc  54.63%¢  58.70%0¢  46.23% 70.482 31.0°  40.55% 56.2580¢

“Treatments consisted of the following: control, which used processed cheese made with disodium phosphate; T1, processed cheese treated with
ultrasound at 58.5 J/g; T2, processed cheese treated with ultrasound at 175.5 J/g; T3, processed cheese treated with ultrasound at 144 J/g; and T4,

processed cheese treated with ultrasound at 432 J/g.

abedeMeans in the same column not sharing a common superscript are different at (P < 0.05).
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formation that enhances processed cheese’s melting char-
acteristics (Brickley et al., 2007). Ultrasound treatment
decreased the melting area of processed cheese, indicat-
ing that processed cheese treated with ultrasound did
not exhibit easier melting, compared to the control. For
processed cheese formulated with 3% ES, melting areas
were 29.89 mm for the control, and 29.25, 30.65, 33.62,
and 29.56 mm for T1, T2, T3, and T4 treatments, respec-
tively. Significant differences (p < 0.05) were observed
between T3 and T4 treatments, compared to the con-
trol. Processed cheese formulated with 1% ES and treated
with 432 J/g energy density had a melting area of 33.62
mm. No significant difference (p > 0.05) was discovered
between processed cheese formulated with 1% and 2%
ES, but a significant difference was observed, compared
to the processed cheese formulated with 3% ES. These
findings underscore the influence of ES and ultrasound
treatment on the meltability of processed cheese, impact-
ing its application in various culinary and food service
contexts.

Melting temperature

The melting temperature of processed cheese is a crit-
ical indicator of its thermal behavior and functional
properties. Dynamic rheological analysis was employed
to determine the melting temperature, identified as the
temperature where tan 8 (G”/G’) = 1, marking the transi-
tion from elastic to viscous behavior (Prow and Metzger,
2005). The mean melting temperatures (°C) of both pro-
cessed cheese and processed cheese treated with ultra-
sound at different levels of ES are summarized in Table 5.
For the processed cheese formulated with 2% ES, the
melting temperatures were 45.30°C for the control, and
49.44, 47.40, 46.73, and 40.62°C for T1, T2, T3, and T4
treatments, respectively. No significant differences
(p > 0.05) were observed between T1, T2, T3, T4 treat-
ments and the control. The lower melting temperature
observed in T4 treatment could be attributed to the heat

generated during ultrasound treatment, which enhanced
the formation of a heat-induced irreversible gel, thereby
improving the melt characteristics of processed cheese
(Brickley et al., 2007). For processed cheese formulated
with 3% ES, the melting temperatures were 60.59°C for
the control, and 57.53, 57.88, 63.66, and 57.89°C for T1,
T2, T3, and T4 treatments, respectively. No significant
differences (p > 0.05) were observed between T1, T2, T3,
T4 treatments and the control. Processed cheese formu-
lated with 1% ES and treated with 432 J/g energy density
exhibited a melting temperature of 36.57°C. No signifi-
cant difference (p > 0.05) was found between processed
cheese formulated with 1% and 2% ES, but a significant
difference was observed, compared to the processed
cheese formulated with 3% ES. This variation could be
attributed to the level of ES used in processed cheese for-
mulation, which had a vital role in determining its melt-
ing characteristics (Marchesseau et al., 1997). Higher
levels of ES typically result in higher melt temperatures
for processed cheese formulations.

Conclusions

This study investigated the effects of ultrasound treat-
ment on processed cheese formulations at 432 J/g and
with varying levels of ES. The findings indicated that
ultrasound treatment did not significantly alter the
physical and chemical properties of processed cheese.
However, the level of ES had a notable impact on these
properties. It was observed that higher levels of ES
resulted in increased viscosity, hardness, and melting
temperature as well as reduced melting area of pro-
cessed cheese. These findings suggested that the choice
of ES in processed cheese formulation plays a cru-
cial role in determining its functional characteristics.
Overall, ultrasound showed a promise as a technology
in the cheese manufacturing industry, particularly when

Table 5. The Scheiber melt test and melting temperature (°C) (n = 3) of both processed cheese and processed cheese treated with ultrasound

at different concentrations of ES.

Composition Treatments*®
Control ™ T2 T3 T4
2% 3% 2% 3% 2% 3% 2% 3% 1% 2% 3%
Scheiber melt 38.06° 29.89° 35702 29.25 3347 30.65°° 34.09c  33.62°¢  33.62° 33.46°c  29.56¢
test (mm)
Melting 4530°%¢  60.592°  49.44bcd  B753abc 47 4Q°de  57.883bc  46.73°%¢ 63667  36.57°  40.62¢¢  57.892P¢

temperature (°C)

“Treatments consisted of the following: control, which used processed cheese made with disodium phosphate; T1, processed cheese treated
with ultrasound at 58.5 J/g; T2, processed cheese treated with ultrasound at 175.5 J/g; T3, processed cheese treated with ultrasound at 144 J/g;

and T4, processed cheese treated with ultrasound at 432 J/g.

abcdeMeans in the same column not sharing a common superscript are different at (P < 0.05).
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applied with appropriate energy density and duration.
Further research could explore optimizing ultrasound
parameters to enhance specific properties of processed
cheese.
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