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This study aimed to evaluate the influence of different power-time ultrasound regimes of pasteurization on the
physical, chemical, organoleptic properties, and lipid quality indices of goat curds characterized by a low
cholesterol level. Cholesterol was eliminated by a percentage of 92.1 % by treating the raw goat milk with beta-
cyclodextrin in the proportion of 0.6 %. Afterward, the goat milk was subjected to the following ultrasound
regimes: 320 W for 1 (PA1), 3 (PA3), and 6 min (PA6) and 881 W for 1 (PP1), 3 (PP3), and 6 min (PP6) and then
used for the curds production. Due to the ultrasound treatment, the milk suffered a concentration phenomenon,
the most accentuated being registered for the PP6 sample. Considering the sensory properties, the most appre-
ciated curd was the one obtained by the PP6 regime which recorded the highest scores for color and taste.
Regarding the microbiological aspects, the ability of ultrasounds to inactivate microorganisms is observed and
the most accentuated phenomenon is reported in the PP6 case. Thus, in comparison with the control sample, the
total number of germs is reduced by a proportion of 91.85%, the B-glucuronidase-positive Escherichia coli
decreased by 93.15 %, while the coagulase-positive staphylococci were completely inactivated for the PP6 curd.
The curds obtained for the PA6 and PP6 regimes registered the highest dry matter values as a cause of an
accentuated syneresis process. The acidity values were higher for the curds obtained for PA1, PA3, and PA6
regimens due to more pronounced lactose hydrolysis and lower in the cases of PP3 and PP6 regimens compared
to the control cheese. Twenty-five saturated, monounsaturated, and polyunsaturated fatty acids were identified
in the curd samples and a rise in the unsaturated fatty acids proportion as the intensity of the applied ultrasound
regime increased was observed. Also, Al, TI, and H/H lipid quality indices recorded better values as the power
and time of the ultrasound action increased.

1. Introduction

Goat milk and its derived products were reported for their functional
role in maintaining the nourishment and health of the young and elderly
people [1], being especially an important source of calcium, protein,
thiamine, niacin, and magnesium [2]. Compared to other types of milk,
it has better digestibility, buffer capacity, alkalinity, and fat with better
physical properties (surface tension, viscosity, and specific gravity) [3].
Considering the recommendations of the World Health Organization
and the American Heart Association to decrease the consumption of
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cholesterol and saturated fats to reduce the risk of coronary heart dis-
ease, an improvement can be given to these already functional products
by the action of reducing the cholesterol content [4]. Many methods for
food cholesterol reduction have been studied including blending in
vegetable oils, extraction by distillation and crystallization, adsorption
with saponin and digitonin, and removal using supercritical carbon di-
oxide, but they all involve a series of disadvantages (organic solvents,
residues, operation costs, etc.) [5,6]. Further research recommends the
use of beta-cyclodextrin ($-CD) as being very efficient for cholesterol
removal from dairy products [6]. $-CD is a non-toxic and non-digestible
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cyclic oligosaccharide with an affinity for non-polar molecules like
cholesterol [4]. It has a very high capacity to reduce milk cholesterol,
which is eliminated in proportions up to 97 % [4,6].

Very appreciated and found especially in the local markets, the
Romanian goat curd is a semi-soft, fresh, most often unsalted white
cheese made from raw milk, described as very refreshing with a slightly
acidic flavor [7]. Because it is not usually obtained from pasteurized
milk, the curd can generate several food hazards, especially of a
microbiological nature. Thus, the unconventional pasteurization pro-
cesses, which will not cause organoleptic and nutritional changes in the
finished products are gaining more and more importance among food
technologies. Considering these minimal processes applied to milk, the
non-thermal ultrasound (US) emerging technology seems to be most
suitable for pasteurizing goat milk used in cheese production. So, ac-
cording to Zhao et al. [8] the US treatment of goat milk, which usually
has a poor coagulation ability characterized by the formation of a less
hard and more fragile gel with more protein particle loss due to more
whey separation, improved its coagulation properties. In their study, gel
firmness, coagulum strength, final storage modulus, cohesiveness, water
holding capacity, and cross-linking of gels had a significant increase [8].
This enhancing evolution seems to be generated by many factors like the
lower casein content (particularly the low proportion of ag-casein), the
higher degree of casein micelle dispersion, the differences in casein
micelle composition, size and hydration, the mineral concentration and
agi-casein polymorphism [9,10,11]. Superior renneting properties
generated by the US treatment were also observed by Liu et al. [12] and
these were attributed to the physical effects of the cavitation phenom-
enon: milk particles size reduction and possible changes in protein hy-
drophobicity [12].

The ultrasound non-thermal technology is represented by the action
of the high-frequency sound waves exerted over the human hearing
threshold (=~ 20 kHz) and leads to alternating high and low pressures
that are causing the rarefraction phenomenon -characterized by
compression and expansion cycles which finally generates the acoustic
cavitation or implosion. Thus, during the negative pressure cycle, tiny
vacuum bubbles (cavitation bubbles) occur and start to develop
throughout several cycles till they reach the maximum amount of energy
they can absorb. At this point, the cavitation bubbles suffer the implo-
sion phenomenon and generate physical and chemical effects like
microstreaming, agitation, turbulence, shock waves, highly reactive
radicals’ formation, etc. [13]. The micro implosions can provoke
extreme conditions of temperatures and pressures responsible for very
high shear forces formation [14]. Those ultrasound-induced effects
became promising in the food products processing, preservation, and
safety, especially in the dairy industry because they allow milk pro-
cessing with reduced changes due to the mild thermal treatment [15].
So, the use of ultrasounds in dairy processing became an alternative to
fat globules homogenization, lactose crystallization changes, microbial
suppression, fermentation rates, and probiotic survival modification,
enhancement of the bioactive activity, and transformations of the
rheological properties [16-20]. The ultrasound treatment is also justi-
fied by shorter processing times, reduced water and energy costs, and
lower generation of residual effluents and toxic compounds, besides
preserving the nutritional values and the sensory characteristics of food
[17,21].

To the best of our knowledge, there is no research on the effects of
different power-time ultrasound regimes of pasteurization on the
physical, chemical, organoleptic properties, and lipid quality indices of
Romanian goat curds characterized by a low cholesterol level. Hence,
the objective of this study was to investigate those effects by applying
different methods of physical-chemical, microbiological, and sensorial
analyses to the obtained goat curds.
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2. Materials and methods
2.1. Materials

Raw goat milk was purchased from the local market in Baia Mare,
Romania, transported in isothermal conditions, and refrigerated (=
4°C) until later processing. High purity beta-cyclodextrin was pur-
chased from Chengdu Healthlife Biotechnology Co., China, and all sol-
vents and reagents were of analytical grade.

2.2. Beta-cyclodextrin treatment of goat milk for the cholesterol reduction

To reduce the cholesterol content of the goat milk, the slightly
modified method of Alonso et al. [4] was applied. Beta-cyclodextrin was
added to 7 L of milk in the proportion of 0.6 %, then they were mixed for
25 min and left static at 4 °C for 8 h. The mixture was passed through the
BORALSAN centrifugal separator (Model 100-18, with a capacity of 100
L/h), at the base of which the beta-cyclodextrin-cholesterol residue was
removed. Afterward, the goat milk was directed for unconventional
pasteurization at different power-time ultrasound regimes.

2.3. Ultrasound (US) processing of milk

The goat milk was subjected to various ultrasonication regimes at the
frequency of 40 kHz and the constant temperature of 20 °C using the
Ultrasound bath HM1005.

To evaluate how the ultrasound treatment affects the goat milk used
for curds production different conditions of power, time, and implicit
energy density were applied. Thus, the samples subjected to ultrasounds
non-thermal pasteurization are presented in Table 1.

After the ultrasound treatment, goat milk samples were collected for
the physical-chemical assessment, and the rest of the milk was used to
produce the 7 different goat curds.

2.4. Physical-chemical characteristics and cholesterol content assessment
of the goat milk

The physical-chemical analysis of the different US pasteurized types
of milk was performed using the LactoStar FTIR Milk Analyzer (Funke
Gerber), which works based on a combined thermo-optical analyzing
procedure.

Cholesterol extraction and determination were made according to
the method applied by Dumuta et al. [22], thereby: 10 mL of raw or
treated milk was saponified at 60° C for 30 min with 50 mL 2 M KOH
alcoholic solution and cooled at room temperature; then the cholesterol
was extracted with 50 mL hexane, evaporated until dryness and redis-
solved with 10 mL of 2 propanol, passed through the 0,2 pm Chroma fill
syringe filters and injected into the chromatograph YL9100 HPLC with
UV-vis detector at 212 nm. This is characterized by the following com-
ponents: vacuum degassing system of the solvent, quaternary pump for 4
solvents, Eclipse XDB-C18 column filled with silica gel with chemically
grafted octadecyl groups, of the dimensions 250 x4.6 mm
(length x diameter), with pores of 5 ym and operated in the conditions:
isocratic elution using a mobile composition phase of 75 % methanol
and 25 % isopropanol HPLC purity, a flow rate of 1 mL/minute, the

Table 1
Various regimes of the ultrasound treatment of the goat milk.

Sample Power, W Time, minutes Energy density (J/ml)
C, control sample - - —

PA1 320 1 1.28

PA3 320 3 3.84

PA6 320 6 7.68

PP1 881 1 1.762

PP3 881 3 5.286

PP6 881 6 10.572
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temperature in the thermostatic column compartment of 30° C and the
manual injection using a Hamilton syringe.

2.5. Curds production

The US pasteurized milk used for obtaining this type of cheese is
heated to 30-31° C for the rennet addition; then the milk is left at the
same temperature for coagulation over 30-45 min. The coagulated mass
is cut into cubes and passed in gauze cloths for whey separation and
maturation. All 7 types of curds are subjected to ripening operation at a
temperature of 12-16° C for 3days [23]. Samples will be taken and
frozen for further analysis.

2.6. Sensory evaluation of the goat curds

To evaluate the sensory aspects of the goat curds, ten trained pan-
elists were selected to examine their exterior appearance, color, taste,
smell, consistency, and section aspect on a scale from O to 5.

2.7. Microbiological assessment of the curds

The microbiological assessment of the curds consisted of analyses
considering: the total number of germs [24], the number of Escherichia
coli colony-forming units positive for beta-glucuronidase [25], and the
number of staphylococci coagulase positive [26].

To enumerate the viable bacteria, present in the milk samples, serial
dilutions of the samples in sterile saline in a range of 10~! to 1077 were
conducted, followed by dispersion of 1 mL of each dilution on agar
media. PCA medium was used to highlight the total number of germs,
TBX medium was used to count the E. coli positive for beta-
glucuronidase, and Baird-Parker egg yolk tellurite agar medium was
used to determine the number of staphylococci coagulase positive. After

Cl4:04+C16:0+C18:0
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film thickness). The instrument conditions were as follows: the injector
temperature was set at 250 °C with split less mode; helium was used as
carrier gas with a flow rate of 1 mL-min~'; column temperatures from
100 to 180°C at a rate of 7°Cmin~! with 5min of isothermal regime
followed by 180-240 °C at a rate of 10 °C min~! with another 10 min of
isothermal time. The fatty acid methyl esters were identified by
comparing the retention times with those of standard compounds which
were then compared with the retention time of the methyl esters of fatty
acids of reference milk fat. The results of the analysis are expressed as a
weight percentage of individual fatty acid in relation to the sum of all
fatty acids (FAs) detected.

2.10. Lipid quality indices

Considering the fatty acids composition, lipid quality indices such as
Index of atherogenicity, Al, Index of Thrombogenicity, TI, and hypo-
cholesterolemic/hypercholesterolemic ratio, H/H were calculated based
on the formulas proposed in the literature [28,29]. Thus, the influence of
different ultrasound pasteurization regimes on the nutritional indices of
the curds was assessed.

Index of Atherogenicity (AI) was calculated based on the Eq. (1).

Al = (C12:0 + (4 x Cl14:0) + Cl6
:0) / (En—3 PUFA + %n—6 PUFA + X MUFA) (@)

Al indicates the relation between the sum of main saturated fatty
acids and the sum of unsaturated fatty acids. C12:0, C14:0, and C16:0
favor the adhesion of lipids to cells of the circulatory and immunological
system while the unsaturated fatty acids are anti-atherogenic due to
their effect on inhibition of the plaque accumulation and reduction of
phospholipids, cholesterol, and esterified fatty acids levels [29,30].

Index of Thrombogenicity (TI) was calculated according to Eq. (2):

(2)

TI(

incubation, the colonies were counted and the number of colony form-
ing units (CFU)/g of goat curd was calculated. To meet the criteria of
statistical accuracy for the bacteria number of the given samples, three
replications are made and calculated as the total number of colonies
forming units only from the plates showing between 20 and 200 visible
colonies.

2.8. Physical-chemical analyses of the goat curds

The different types of curd were analyzed considering the: dry
matter, % (w/w) and water content, % (w/w) by drying in the oven at
102 +2°C, and acidity, T degree (mEq acid/100 g) using the Thorner
method [27].

2.9. Analysis of the fatty acids profile of curds by GC

The fatty acid methyl ester analysis of the curds was performed using
an Agilent 7890 gas chromatograph with a flame ionization detector.
Samples with known amounts were placed in a 50 mL Erlenmeyer flask
with 20 mL of isooctane and 2.5 mL methanolic potassium hydroxide, 2
molL !, and allowed to extract in an ultrasonic water bath at 80 °C for
20 min. The filtered solvent solution was neutralized by 1 g of sodium
hydrogen sulfate monohydrate.

1 mL of the upper phase was transferred into a 2 mL vial and 1 pL of
each sample was introduced into the gas chromatograph equipped with
a DB-Wax fused silica capillary column (30 m x 0.25 mm i.d. x 0.25 pm

0.5 x >"MUFA) 4 (0.5 x > (n — 6)PUFA) + (3x>_(n — 3)PUFA) + (n — 3)/(n — 6)

The TI characterizes the thrombogenic potential of FAs, indicating
the tendency to form clots in blood vessels and provides the contribution
of different FAs, which indicates the relationship between the fatty acids
(C12:0, C14:0, and C16:0) that favor the thrombus formation and the
monounsaturated fatty acids and n-3 and n-6 polyunsaturated fatty acids
considered anti-thrombogenic substances. Related to the TI index, the
consumption of foods with a lower TI is beneficial for cardiovascular
health [29,31].

The ratio of hypocholesterolemic and hypercholesterolemic fatty
acids (H/H) was calculated according to the FAs composition using the
equation [3]:

H/H = (C18:1n—9 + CI8:2n—6 + C18:3n—3)/(CI2
:0 + C14:0 + C16:0) 3)
The H/H ratio is connected to the functional activity of the fatty acids
in the lipoprotein’s metabolism for plasma cholesterol transport and to

the risk of cardiovascular disease development. Higher values of this
ratio are helpful considering cardiovascular disease prevention [28].
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Table 2
Values of the physical-chemical characteristics of goat milk subjected to different ultrasound pasteurization regimes (average values of three samples and standard
deviation).
Sample Fat % (w/w) Proteins % (w/w) Lactose % (w/w) Non-fat dry matter (w/w) Freezing point, °C Minerals % (w/w)
C, control sample 3.18+0.010a * 3.24+0.01a 4.324+0.026 a 12.13+0.026 a —0.535+£0.001a 0.97 £0.01a
PA1 3.26 +0.020b 3.31+0.02b 4.43 +0.02b 12.40 4 0.020b —0.541 +0.001b 0.97 £0.01a
PA3 3.31 £0.029¢ 3.34+0.02c 4.47 +0.02c 12.514+0.010d —0.546 +0.001d 0.97 +0.01a
PA6 3.28 £0.013bc 3.34+£0.02 be 4.47 +£0.03c 12.52+0.017 d —0.546 +0.001 d 0.97 +£0.01a
PP1 3.27 +£0.021bc 3.34+0.02 be 4.45+0.01 be 12.454+0.017c¢ —0.543 +£0.001c 0.97 £0.01a
PP3 3.28 +0.026bc 3.32+0.017 be 4.47 £ 0.01c 12.524+0.010d —0.545+0.001 d 0.98 +0.01a
PP6 3.80+0.037d 3.34+0.026 d 4.47 +£0.02¢ 12.53+0.017d —0.545+0.001 d 0.98 +0.01a

" Different letters in the same column indicate statistically significant differences at P = 95 % according to Fisher’s least significant difference (LSD) procedure.

Fat %

e PA1

@{;\
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£

Lactose %

PAG
PA3
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Lactose % PA1

Time
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ED (J/ml)
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3. Results and discussion

3.1. Physical-chemical characteristics and cholesterol content of the US-
treated goat milk

3.1.1. Physical-chemical characteristics

The results of the physical-chemical analysis of the US-treated goat
milk are presented in Table 2.

The variations of the goat milk composition content considering
different power-time ultrasound regimes are represented in the
following graphics (Figs. 1 and 2).

The ultrasonic treatment of various food products is known to bring
several advantages in terms of chemical composition. The physical-
chemical parameters of dairy products have a very important role in
their quality assessment [13].

In this study, the main observed phenomenon is the concentration of

Proteins %

8
6
4 PAG
2 PA3
0
Protein %
ED (J/ml) PAL
(b)
Non-fat dry matter %
15
10
5 PAG
0 PA3
Dry unfat
WD/ ED (J/ml) PAL
° Time
(minutes)

(d)

Fig. 1. Fat (a), proteins (b), lactose (c) and non-fat dry matter (d) content values of the 320 W ultrasound power treated milk.

the milk samples caused by water evaporation. Thus, at the highest used
power and for the longest exposure time, the most accentuated con-
centration is observed. In this sense, the fastest and most accentuated
increase of the values for the non-fat dry matter, and for the fat content
can be observed in the case of the treatment applied at 881 W for 6 min
(sample PP6). This effect is also confirmed by the literature, which
shows an increase in the total dry matter and a decrease in the milk pH
without affecting its color significantly in the ultrasound application
case [20,32].

Due to the ultrasonication processing, a change in the size of the milk
components is reported with favorable effects on the finished products
[13]. Thus, the fat globules membrane is affected, which determines the
reduction of the fat globules* size and a granular surface of the globules
due to the interaction of casein micelles with the affected membrane
[33]. This phenomenon of casein adsorption on the surface of fat cell
membranes has also been observed by Karlovic et al. [34] in ultrasound-
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Fig. 2. Fat (a), proteins (b), lactose (c) and non-fat dry matter (d) content values of the 881 W ultrasound power treated milk.
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Fig. 3. Chromatogram for the cholesterol content determination of the milk treated with beta-cyclodextrin.
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treated sheep milk samples and they considered that caseins act as
natural emulsifiers.

Also, the serum proteins are denatured and form soluble compounds
such as serum-serum/serum-casein [35]. Wu et al. [36] conclude that
the action of ultrasound affects serum proteins by enhancing enzymol-
ysis which leads to the formation of functional compounds represented
by newly formed bioactive peptides.

The milk freezing process is also influenced by the ultrasound
treatment. Thus, a reduction in the size of the ice crystals may take
place, leading to a decrease in the freezing time [37]. This can be
confirmed by the values obtained for the freezing point, which records
the fastest decrease in the case of US treatment at the highest power (PP1
sample).

3.1.2. Cholesterol content of beta-cyclodextrin-treated goat milk

The chromatogram of the goat milk treated with beta-cyclodextrin to
reduce the cholesterol content is presented in Fig. 3.

From the previous figure, for the low-cholesterol goat milk sample,
the cholesterol peak appeared at 7.44 min. Also, the program of the
device indicated an area of 47.057 mV x s, and thus, considering the
cholesterol standards too, the cholesterol content of the treated milk was
determined equivalent to 0.87 mg %. Taking into account that the
average goat milk cholesterol content is 11 mg %, a cholesterol content
reduction of about 92,1 %, can be calculated. This amount is in accor-
dance with the values found in the specialty literature [4,5,38,39].

The lowering of cholesterol content by beta-cyclodextrin treatment
of milk contributes to the obtaining of healthier dairy products with
better nutritional values. Christoforides et al. [40] explain the choles-
terol reduction by the attachment to beta-cyclodextrin via its axial
encapsulation in a head-to-head B-cyclodextrin dimer and numerous van
der Waals and C—H---O bounds to the inner host cavity.

3.2. Sensory properties of the goat curds

Ultrasonication influenced the organoleptic properties of the cheeses
obtained from the goat milk subjected to different unconventional
pasteurization regimes. Sensory scores were higher for the curds ob-
tained from the milk treated for a longer period because of the prote-
olysis and lipolysis phenomena. The color and taste of the PP6 curd were
the most appreciated, especially compared to the control cheese. The
study results agree with the observations reported by Bermudez-Aguirre
et al. [33] and Jalilzadeh et al. [41]. Also, the smell and consistency
scores were higher in the case of the cheeses obtained from the goat milk

Exterior appearance

5
3.5
4
4.3 4.9
Section aspect | €olor
2
1
0
Consistency Taste
4.5 4.8
Smell~ 4>

Fig. 4. Sensory assessment of the curd obtained from the milk treated at ul-
trasounds for 6 min at a power of 881 W (PP6).
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subjected for a longer period to the ultrasound action, while the exterior
appearance and section aspect was less appreciated due to the more
traditional way of forming and ripening of the curds. The most appre-
ciated was the curd obtained from the milk treated at ultrasounds for
6 min at a power of 881 W (PP6) (Fig. 4).

3.3. Microbiological assay of the curds

3.3.1. The total number of germs

Fig. 5 shows the antimicrobial action of the ultrasound treatment
influenced by the applied power. Regarding the application of the lower
power treatment (320 W), the most marked decrease was observed in
the case of the sample subjected to the longest time interval (PA6)
achieving a reduction of 89.92% of the total number of germs. The
application of the higher power treatment (881 W) showed the same
type of variation, also with a higher reduction of the total number of
germs, about 91.85 %.

These reduction rates show the ability of unconventional ultrasound
technology to inactivate the microorganisms. Thus, the microbubbles
formed by the acoustic cavity generated by this technique collapse and
lead to the appearance of micro shear rates that damage the bacterial
wall [42].

The number of mesophilic bacteria decreased significantly during
these different power-time ultrasound regimes. The results obtained by
Herceg et al. [43] also indicate a significant inactivation of microor-
ganisms over longer periods of ultrasound treatment, especially in
combination with high temperature and amplitude. However, research
in the field shows that ultrasound treatment is still controversial given
that mesophilic bacteria in milk include both Gram-positive and Gram-
negative, and their sensitivity is not sufficiently studied [44,45]. Gram-
positive bacteria appear to be more resistant to various physical or
chemical aggressions compared to Gram-negative ones because they
have a thicker cell wall with higher concentrations of peptidoglycan
[13].

3.3.2. Number of Escherichia coli colony-forming units positive for beta-
glucuronidase

In Fig. 6, the presence of Escherichia coli in the control sample was
detected as being above the maximum limit allowed (1000 CFU/g). In
the curds obtained from the US treated milk, a significant colonies
reduction was observed, especially for the samples treated for the
longest period, of about 6 min. When the power of 320 W was applied for
6 min, the reduction was 66.84 %, while the milk treatment at 881 W for
the same time interval conducted to a diminution of 93.15% of the
Escherichia coli.

Escherichia coli contamination, which is an indicator of fecal nature,
is common in milk and dairy products. Although E. coli is reported to be
destroyed by pasteurization, some strains, including the pathogenic
strain 0157:H7, may survive and form biofilms in the pasteurization
equipment. Thus, various methods of inactivation have been tried, and
the obtained results show the ultrasound‘s ability to reduce pathogens in
the cheese, which can greatly reduce the incidence of food poisoning.
Jalilzadeh et al. 2018 [41] showed the inactivation of E. coli 0157: H7
(gram-negative bacteria) at 20, 40, and 60 kHz from cheese samples, and
Cameron et al. [46] indicated that the number of E. coli was reduced by
100 % after 10 min of ultrasound treatment [41,46].

3.3.3. The number of staphylococci coagulase positive

In Fig. 7, the presence of staphylococci coagulase positive in the
control sample is above the maximum allowed limit (in dairy products
values must be below 1000 CFU). The obtained value indicates that in
the control sample the number is exceeded about six times. In contrast,
in the samples subjected to the ultrasound action, the number decreases
progressively with power increasing, to even being absent when sub-
jected for 3 min and 6 min at the power of 881 W.

Thus, coagulase-positive staphylococci were completely inactivated
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Fig. 5. Total number of germs values (TNG/g) for the 7 types of curds.
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Fig. 6. Values of the p-glucuronidase-positive Escherichia coli colony-forming units for the 7 types of curds.
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Fig. 7. Staphylococci CFU values of the 7 types of curds.
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Table 3

Values of the physical-chemical characteristics of the curds obtained from the
goat milk subjected to different power-time ultrasound regimes (average values
of three independent samples and standard deviation).

Sample Dry matter, % (w/  Water, % (w/w)  Acidity, T degree (mEq
w) acid/100 g)
C, control 50.93 +£0.99 a* 49.00 +£1.03 e 293.24 +1.09¢
sample

PAl 51.5+0.91 a 48.35+0.64 e 326.75 + 1.82f

PA3 54.3+1.23 be 45.60 +0.96 cd 320.75+1.14 €

PA6 56.85+0.81d 43.05+0.71a 302.50+1.45d

PP1 55.33 £0.94cd 44.55 + 0.64 be 295.10 + 1.64c

PP3 53.3 +0.59b 46.55+0.80 d 270.00 +1.31b

PP6 56.3+0.48d 43.55+0.66 ab  250.15+1.47 a

" Different letters in the same column indicate statistically significant differ-
ences at P=95% according to Fisher’s least significant difference (LSD)
procedure.
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in the cheese samples obtained from the goat milk subjected to higher
power-time ultrasound regimes, which proves the effectiveness of the
ultrasound action on pathogens. This was also highlighted by the
research conducted by Jalilzadeh et al. [41] on Feta cheese in which the
inactivation of S. aureus was found at 20 and 40 kHz.

3.4. Physical-chemical properties of the goat curds

The physical-chemical analysis results for the curds obtained by the
coagulation of the 7 different types of milk are depicted in Table 3.

The higher dry matter values recorded for the cheeses obtained from
the goat milk US treated for a longer period can be explained by an
increased syneresis process, also observed in the literature [45].

The increased acidity values recorded for the curds obtained for PA1,
PA3, and PA6 regimens are caused by more pronounced lactose hy-
drolysis. This may be due to the positive ultrasound action on the
beneficial strains present in milk, mainly to the breakdown for the
release of extra and intracellular hydrolytic enzymes, as well as to
changes in the number of viable cells [47,48]. Also, the cheeses obtained

Table 4
Lipids fatty acids composition of the curds obtained from goat milk subjected to various power-time ultrasound regimes.

Fatty acid in curd, % of total methyl esters* Control PAl PA3 PA6 PP1 PP3 PP6

Butyric acid 1.95+0.049 +* 1.40 +0.05" 2.14+0.03¢ 2.11+0.05° 1.58 +0.02¢ 1.26 +0.01% 1.60 +0.05¢

n-fe:::;?oic acid 1.96 + 0.05° 1.88 + 0.06° 2.18 + 0.06¢ 2.12 +0.04¢ 1.59 + 0.05° 1.25 + 0.04° 1.59 + 0.08°

Ca(;)?’;gic acid 2.01 +0.04° 1.95 + 0.05° 2.29 +0.03° 2.22+0.03¢ 1.62+0.03" 1.2440.05* 1.62+0.02"

Caiig acid 5.56 +0.14° 5.53+0.11° 6.56 +0.09¢ 6.46 +0.11¢ 4.60+0.12° 3.37 £0.07° 4.65 + 0.08"

H;lcl(:ganoic acid 0.06 +0.01 4 0.04 +0.01%° 0.07 +0.01¢ 0.07 +0.01¢ 0.05 +0.01> 0.03+0.01° 0.05 +0.01>
Laiiilczgcid 1.93+0.07° 1.94 +0.05" 2.41 +0.06° 2.49+0.08° 1.68 +0.09* 1.6540.11% 1.62 +0.06%

Tr?dlezc:)?lic acid 2.22 +0.08¢ 1.53 +0.09> 1.42 +0.07%° 1.36 £ 0.07° 1.58 + 0.08° 1.41+0.11% 1.31 +0.07°

M}(ljl‘ll:tl(i acid 7.67 +0.16¢ 7.87 +0.18¢ 6.49 +0.14> 6.70 +0.19° 6.39 +0.14° 5.85+0.12° 5.62 + 0.09°

M;:rli:t:gleic acid 0.04 +0.01° 0.12 +0.03¢ 0.04 4+ 0.01° 0.05 + 0.01%° 0.03 +0.01° 0.08 + 0.02° 0.13 + 0.04¢

Pecr:i:(:ilecylic acid 0.35 +0.04> 0.37 4+ 0.08> 0.48 +0.12° 0.59 + 0.08¢ 0.33 +0.08° 0.38 + 0.05> 0.42 +0.06™
Gif111<g5<:)(:ic acid 0.06+0.01° 0.08 +0.02° 0.10+0.02°" 0.13+0.04" 0.07 +0.02° 0.06 +0.02° 0.09+0.02%°
pa?;a?;ilc acid 16.06 +0.14° 15.96+0.21%  14.43+0.21®  12.97+0.12*  15.45+0.16° 15.744+0.12¢  13.23+0.14%
Pa(ljlil?t:gleic acid 0.13 +0.02°> 0.13 +0.02°> 0.17 +0.04 0.20 + 0.02¢ 0.12+0.02%° 0.10 + 0.02° 0.15 + 0.04>
HecpltZ:ilecylic acid 1.83 +0.05° 2.18+0.07 1.65 + 0.04* 1.83+0.07° 2.21 +0.07¢ 2.1940.07%  2.09+0.06°

HecpltZ(:i(lcenoic acid 1.42+0.03¢ 0.18 +0.02° 0.18 4+ 0.03? 0.18 + 0.02° 0.38 +0.03° 2.17 4+ 0.04° 1.19 +0.03°

Stgaerc:lacid 18.68 +0.23¢ 18.09+0.11¢ 17.734£0.15°  17.23+0.12° 18.08 £0.15° 17.38+0.18" 17.28 +0.14°
01§ilc8:2id c18:1 18.93+0.21° 19.62+0.17° 19.64+0.18°  20.13+0.16° 21.13+0.18¢  21.924+0.19° 22.34+0.17°
Linoleic acid C18:2 3.73+0.08° 4.83+0.09° 5.79 +0.11¢ 5.83 + 0.09¢ 5.314+0.11° 5.34 4+ 0.09° 5.334+0.10°

Gamma-linolenic acid C18:3(n-6) 0.18 +0.01° 0.22 4 0.01° 0.32 4 0.02¢ 0.29+0.01° 0.17 +0.02° 0.18+0.01° 0.21+0.01°

alpha-linolenic acidC18:3 0.68 +0.03% 0.70 + 0.04%> 0.91 +0.05° 0.75 4+ 0.034 0.66 + 0.03° 0.73 + 0.04> 0.81 + 0.04¢

Ar(anc-}?i)dic acid 2.06 +0.08" 1.98 +0.06 0.41+0.01° 0.32+0.01° 1.82+0.03° 1.08 +0.024 0.08+0.01°

Eifozs(:::r?oic acid 0.42+0.01%° 0.48 +0.02 0.57 4+ 0.02° 0.51 + 0.04¢ 0.41 +0.02° 0.46 + 0.03> 0.60 + 0.02¢

Eifozs(:;irelngloic acid 9.84 + 0.06° 11.07 £0.11° 11.34+0.13° 12.86 +0.12¢ 12.87 +0.12¢ 14.37 +£0.14° 14.95+0.16°
Argil(l)i:dzonic acidC20:4 0.88+0.02¢ 0.74+0.02° 1.02+0.03¢ 1.04 +0.03¢ 0.37+£0.01° 0.34+0.01° 1.16 +0.02¢

Eig;fni)entaenoic acidC20:5 1.34 +0.03° 1.11 +0.02° 1.66 + 0.04° 1.56 + 0.03¢ 1.50 + 0.04¢ 1.42+0.03° 1.88 +0.03f

(n-3)

* Values are given as mean + SD (standard deviation).
" Different letters in the same row indicate statistically significant differences at P = 95 % confidence level according to Fisher’s least significant difference (LSD)

procedure.
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Fatty acid variation in the goat curds

% of fatty acid

H Control ®mPA1 mPA3 EMPA6 MPP1 mPP3 mPP6

Fig. 8. Fatty acids variation in the goat curds.

from the milk treated for shorter periods of time registered higher
acidity values because they were characterized by a higher number of
microorganisms that could generate more acidity.

3.5. Fatty acids profile

Lipids fatty acids composition of the curds obtained from the goat
milk subjected to different power-time ultrasound regimes of pasteuri-
zation compared with the curd obtained from the control goat milk
(untreated) are shown in Table 4.

Twenty-five fatty acids were identified in the curd samples with C4
to C20 carbon. The fatty acids were saturated fatty acids (SFA), mono-
unsaturated (MUFA), and polyunsaturated fatty acids (PUFA). Myristic
acid (C14:0), palmitic acid (C16:0), and stearic acid (C18:0) were found
to be the major SFA in all goat curds while between monounsaturated
fatty acid, oleic acid (C18:1) was found at the highest levels (Fig. 8).

An increase in the unsaturated fatty acids for the curds obtained from
the milk ultrasound treated was observed. Van Hekken et al. [49] re-
ported a slight increase of conjugated linoleic acid C18:2 trans, trans
following 14 to 18 min of ultrasound treatment of cow milk. Sergeev
et al. [50] reported that the fatty acids profile of goat milk from the
butter obtained by ultrasound-treated milk and the untreated milk is
unchanged. The goat milk was subjected to a frequency of 45 kHz with
an energy exposure of only ~6 W/L. In the present study, the frequency
of ultrasounds was 40 kHz, but the power was higher: 320 W and 881 W
when ultrasound treatment favors lipolysis and results in enhanced heat
and mass transfer [13]. Unsaturated fatty acids were probably formed
due to the ultrasound treatment that promotes the destruction of the
lipoprotein membrane of the fat globules with the release of lipids which
are then broken down by lipolysis into triglycerides and further to fatty
acids [51].

3.6. Lipid quality indices in curds
The values of Al ranged from 1.29 to 2.09 and showed a decreasing

trend with the increase of the power and time of the ultrasound treat-
ment of goat milk. Lower values of the Al index are desirable. Paszczyk

Value of nutritional lipid quality index

Control  PA1 PA3 PA6 PP1 PP3 PP6

Ultrasound treatment of the raw milk for the curd

Fig. 9. Nutritional lipid quality indices of curds prepared from the ultrasound-
treated goat milk.

and Luczynska [28] reported Al values for goat cheese in the range of
1.12-2.14. Dauber et al. [52] reported an Al value of 3.08 for the lipids
in goat cheese. The goats were fed with concentrates. The lipid profile of
milk was modified, and the AI value of goat cheese decreased to 2.59
when the goats’ diet was supplemented with sunflower.

TI values of the lipids extracted from the curds varied between 1.57
and 2.31(Table 5). TI value shows the tendency for blood clot formation
in the blood vessels as it shows the relationship between the pro-
thrombogenic (SFA) and the anti-thrombogenic fatty acids (MUFA n-3
and n-6 PUFA) [28]. Low TI values are related to a lower risk of blood
vessel affections. Paszczyk and Luczynska [28] reported an average TI
value for goat cheese of about 2.67, lower than the TI of lipids extracted
from cow and sheep cheeses.

The H/H ratio quantifies the functional activity of fatty acids in the
metabolism of lipoproteins for plasma cholesterol transport [28] being
desirable for a higher value. The curds showed H/H values that varied in
the range of 0.86 and 1.17 with the highest value for the curd prepared
from milk treated for 3 min at an ultrasound power of 881 W.

The different power-time ultrasound regimes of the milk pasteuri-
zation applied for the curds production seem to improve the values of
the lipid quality indices (Fig. 9).

4. Conclusions

In this study the raw goat milk was treated with beta-cyclodextrin in
the proportion of 0.6 %, leading to a cholesterol reduction of 92.1 %, and
then subjected to different power-time ultrasound regimes of pasteuri-
zation. The curds produced by the US-treated milk processing were more
appreciated from the organoleptic point of view compared to the control
curd. Also, the PA6 and PP6 curds were characterized by the highest dry
matter values due to an accentuated syneresis process. The acidity
values for the PA1, PA3, and PA6 curds were higher because of more
pronounced lactose hydrolysis. Twenty-five fatty acids were identified
in the curds obtained by different power-time ultrasound regimes of
pasteurization with C4 to C20 carbon and the unsaturated fatty acids
proportion increased as the US regimes intensified. Ultrasound treat-
ment could be a valid method to improve the microbiological quality of

Table 5

Values of the nutritional lipid quality indices of the curds obtained from goat milk treated to various power-time ultrasound regimes.
Lipid quality indices * Control PA1 PA3 PA6 PP1 PP3 PP6
Al 1.99 + 0.05¢ 2.09 +0.07°¢ 1.71 +0.06° 1.67 +0.05¢ 1.68 +0.06° 1.46 +0.05° 1.29 +0.03%
TI 2.23+0.03° 2.31+0.01° 1.87 +0.02¢ 1.85+0.01 1.83+0.03° 1.68 +0.03" 1.57 +0.02*
H/H 0.89 +0.01* 0.97 +0.02° 1.10 +0.03¢ 1.18 +0.03¢ 1.13+0.01¢ 1.18 +0.01¢ 1.36 £ 0.01e

**Different letters (a-e) in the same row indicate statistically significant differences at a P =95 % confidence level according to Fisher’s least significant difference

(LSD) procedure.
* Values are given as mean + SD (standard deviation).
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goat cheese as the sonication significantly reduced the growth of mes-
ophilic aerobic bacteria, E. coli positive for beta-glucuronidase, and
coagulase-positive staphylococci (S. aureus) in the final products. The
highest inactivation rate was observed in the samples treated for 6 min
at 881 W. Also, ultrasound pasteurization of milk during curds produc-
tion improved the nutritional indices of the lipids such as the index of
atherogenicity, index of thrombogenicity, and the ratio of hypo-
cholesterolemic and hypercholesterolemic fatty acids.

Regarding the widening of this field of research, it is necessary to
deepen the aspects through which different conditions of ultrasound
treatment affect the microstructure of a wide range of dairy products.
Also, deeper knowledge is needed concerning the ultrasound influence
on the food sensory characteristics, especially studies focused on pro-
teolysis, lipolysis, off-flavors, and of course the degree of likeness with
the greatest impact on food quality. Future studies can rely upon the use
of ultrasounds in functional dairy products production, especially for
bioactive components generation and enzymatic hydrolysis.

Future limits might be represented by the scale-up of this green ul-
trasound technology from the laboratory to industry respecting all the
quality aspects because the amount of the raw material is very high. In
this regard, the solution can be represented by continuous systems with
the ultrasonic probe, ultrasonic baths with a larger radiating surface, or
more ultrasonic transducers with an agitation system.
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