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Abstract This research reports on the studied effect of the
intensity of ultrasound (24 kHz) on the quality characteris-
tics of olive oil, sesame oil, sunflower seed oil, and tallow
olein. These characteristics (free acidity, peroxide value,
conjugated dienes concentration, viscosity, iodine value,
turbidity, color values, and melting behavior) were deter-
mined in oil samples before and after ultrasonic treatment.
Changes in the oxidation parameters showed that the high-
intensity ultrasound treatment accelerated the deterioration
of oils. In most cases, extra-virgin sesame oil was most
resistant to deterioration from sonicating treatments. The
decreases in p-carotene content and Hunter values revealed
that ultrasound might have good potential for bleaching oils
at an appropriate intensity and frequency. The differential
scanning calorimeter thermograms, viscosity, and turbidity
results indicated that ultrasound probably accelerates the
polymerization of the oils. The present study has confirmed
that some changes in the physicochemical parameters or
structures of oil components had occurred. These changes
depended on the sources and initial conditions of the oils as
well as the intensity of the applied ultrasound.
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Introduction

Interest in using ultrasonic techniques in the food indus-
try has been growing because of their potential benefits in
simplifying handling and speeding up processing times.
For most applications, acoustic waves at a low frequency
(usually 16-50 kHz) are usually used. When low-fre-
quency ultrasound passes through a medium, it generates
extreme physical forces through acoustic streaming, cavi-
tation, shear, micro-jet, and shock waves. These physical
forces have been used for oil extraction [1, 2], degassing
[3], generating emulsions [4], inactivating pathogenic bac-
teria on food contact surfaces [5], inhibiting enzymes [6],
tenderizing meat [7], and modifying crystallization [§].

However, although many reports are available on the
use of ultrasound in food processing, few have studied its
side effects. For example, one of the first industrial appli-
cations of high-intensity acoustic energy was for the pro-
cess of emulsification. Emulsions in foods and beverages
or medicines have the ability to incorporate lipophilic func-
tional components (such as flavors, antioxidants, preserva-
tives, and nutraceuticals) into products [8]. Therefore, the
effect of ultrasound on lipophilic ingredients needs to be
evaluated.

In sonication equipments, the power or energy transmit-
ted per unit medium area is known as the intensity and is
proportional to the square of the amplitude (I oc A%). This
means that the amplitude of ultrasound waves influences
the intensity of cavitation by determining the number of
bubbles that implode per unit of time. Thus, during intense
cavitation, extreme temperatures and pressures can be pro-
duced inside the collapsing bubbles and cause the mol-
ecules present within the bubbles to decompose severely.
Under these extreme conditions, this can generate several
highly reactive radicals in the sonicated water, e.g., H- and
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Table 1 Effect of ultrasound

- . . . Amplitude (%)  Temperature (°C)*  Acoustic intensity (W cm™2)®
amplitude intensity on oil
temperature after ultrasonic Sesame oil Olive oil Sunflower oil ~ Tallow olein oil
treatment and acoustic intensity
for four different edible oils 25 28-35 38.82+ 1.1 41.17+4.0 32.14+£2.1 46.51 £2.8
60 48-56 5341 4+£23 5942456 49.87+0.6 63.68 + 1.6
100 59-92 82.09+47 8536+£13 7623+3.1 9435+ 1.2

# Range of temperature changes at the end of treatment periods in different oils

® Results were expressed as mean & SD

-OH. Therefore, the amplitude must be carefully controlled
and maintained during sonication.

Generally, the total amount of energy received per unit
area in oil is higher than in an aqueous medium. The veloc-
ity of sound in edible oils and their density are low com-
pared with water: in olive oil and water, the velocity of
sound is 1431 and 1531 m s~!, respectively, and the density
is 0.9118 and 1 kg m~3, respectively [9]. The amplitude
intensity of ultrasound, 7, is inversely related to the density
of the medium and sound velocity in the medium (Eq. 1):
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where P, is the maximum pressure amplitude of the

wave, p is the density of the medium, and V is the velocity
of sound in the medium [7].

In most previous studies, the effects of ultrasound on
oils have been evaluated when they have been a part of the
plant tissue, food ingredient, or emulsion [10, 11]. In these
complex components, there are other substances that could
have a destructive or protective influence on oils during
treatment by ultrasound. Therefore, in the present study,
only pure oil samples were used to investigate the effects of
ultrasound on lipids. The aim of the study was to treat oils
with ultrasound at different amplitudes to investigate how
ultrasound and its intensity influence the physicochemical
characteristics of different edible oils.

Materials and Methods

Materials

Different brands of unrefined sunflower, extra-virgin olive,
extra-virgin sesame oils, and tallow olein were obtained
from a local supermarket (Tehran, Iran). All solvents were
obtained from the Merck Chemical Company (Darmstadt,
Germany).

Ultrasonic Treatment

Sonication was performed at a low frequency, 24 kHz, and
at a power of 400 W using an ultrasonic processor (model
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UP400S, Hielscher Ultrasonics GmbH, Teltow, Germany)
operating in the continuous sonication mode. This simple
ultrasonic device consisted of an electrical generator, an
IP40 grade transducer, and a cylindrical titanium sonotrode
(horn) combined with a stand generator. For each experi-
ment, approximately 100 mL of oil was treated for 5 min at
a minimum, intermediate, and maximum power level cor-
responding to 25, 60, and 100 % of the maximum ampli-
tude that could be delivered by the sonicator. All ultrasonic
treatments were performed in triplicate. As the specific
heat and density of the different samples varied, the power
intensities for each oil sample at these operating amplitudes
were calculated as described by Margulis and Margulis [12]
(Table 1). Table 1 shows that the bulk temperature of the
oils increased as the ultrasound intensity increased. There-
fore, to minimize these thermal effects, a glass cooling cell
containing the oil sample was submerged in an ice bath
and the process temperature was controlled throughout the
experiments (except for calorimetric power measurements).
However, it would be difficult to keep the sample at a con-
stant temperature, especially during ultrasound treatment at
higher amplitudes. Therefore, the oil temperature was care-
fully checked at 100 % ultrasound amplitude intensity and,
if necessary, the sonicator was turned off so that the ulti-
mate temperature was maintained at about 65 °C.

Physical and Chemical Analysis

The physicochemical parameters of the oils were deter-
mined following the methods described by American Oil
Chemists’ Society [13]. Fatty acid methyl esters were pre-
pared according to AOCS method Ce 1-62 and analyzed
using gas chromatography—mass spectrometry (Shimadzu
model 14A equipped with a mass spectrometer EI (HP-
6890)) according to the method described by Eroshin et al.
[14]. The fatty acid composition was used to determine the
iodine value or degree of unsaturation using the following
formula [15]:

Degree of unsaturation = 1 x (% of monoene) + 2
X (% of diene) 4+ 3 x (% of triene) + 4 x (% of tetraene)
+ 5 X (% of pentaene) 4+ 6 x (% of hexaene)
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The saponification number was calculated from fatty acid
composition according to AOCS method Cd 3-25. The oil
quality indices, acid value, and peroxide value were deter-
mined according to AOCS methods Ca 5a-400 and Cd 8-53,
respectively. The color of the oil samples was determined
using a color flex spectrocolorimeter (Hunter Lab Colorim-
eter D-25, Reston, VA, USA) after being standardized using
Hunter Lab color standards. The Hunter L (lightness), a
(redness to greenness), and b (yellowness to blueness) val-
ues were measured [16]. The conjugated dienes contents
were determined by ultraviolet spectrophotometry using an
Agilent HP 8452A spectrophotometer (Santa Clara, CA,
USA) using the coefficients from [UPAC method 2.206
[17]. The refractive indices of the samples were measured
using a Carl Zeiss Abbé refractometer (model 32-G 110e,
Jena, Germany) immediately after sonification.

A Metrohm Rancimat 679 (Herisau, Switzerland) was
used to determine the oxidative stability of the oil sam-
ples. The samples were heated at 120 °C with air bubbled
through the oil at a flow rate of 10-12 L h™'. The oxida-
tion process was monitored continuously by conductometry
according to AOCS method Cd 12-57.

The quantification of the total chlorophyll and carot-
enoid pigments, expressed as milligrams per kilograms,
were measured directly by the adsorption at 670 and
450 nm, respectively, of samples diluted in n-hexane [16].
All the spectrophotometric measurements were performed
using an ultraviolet—visible diode array spectrophotometer
(HP 8452 A, Agilent).

An Anton Paar’s viscometer (model SVM 3000, Anton
Paar GmbH, Graz, Austria) was used to measure the den-
sity, kinematic, and dynamic viscosity of oils at 25 °C
according to the ASTM D7042-14 standards [18]. Sam-
ples (2.5 mL) were injected and the viscometer automati-
cally calculated the kinematic viscosity and delivered the
results equivalent to ASTM D445 [18]. All measurements
were made in triplicate and the average values are reported.
The crystallization behavior of the edible oils was deter-
mined using a Perkin-Elmer differential scanning calo-
rimeter (DSC) (Norwalk, CT, USA). The equipment was
calibrated with pure indium and a baseline obtained using
an empty open aluminum pan [19]. Oil samples (0.5 mg)
were weighed into the aluminum pans that were placed in
the sample chamber then subjected to a temperature pro-
gram of heating to 80 °C for 5 min then cooling to —50 °C
at a rate of 2 °C/min. Each DSC scan used a new sample to
ensure that all samples started with the same thermal his-
tory and were in the same ‘standard’ state.

Turbidity is the cloudiness or haziness of a fluid caused
by light being scattered by particles. The loss of intensity
of light transmitted through oils owing to this scattering
effect was measured using a turbidimeter (model 2100 N,
Hach, Loveland, CO, USA) with the results being reported

in nephelometric turbidity units. These optical experiments
used 20 mL oil samples with the temperature maintained at
25 °C.

Statistical Analysis

All ultrasonic treatments were conducted in triplicate
with the results for each treatment being presented as
mean £+ SD. Means and standard deviations were cal-
culated using SPSS (version 22.0, SPSS Inc., Chicago,
IL, USA) statistical software. SPSS was also used to per-
form one-way analysis of variance with Duncan’s signifi-
cant difference test being used at a 95 % confidence level
(p < 0.05) to identify differences between sample treatment
means.

Results and Discussion

Effect of Ultrasound Treatment on Fatty Acid
Composition

Table 2 compares the fatty acid composition of oils treated
or untreated with ultrasound at 24 kHz at different ampli-
tudes. Comparing the fatty acid composition of the con-
trols and treated oils showed that increasing the ultrasound
amplitude significantly (p < 0.05) decreased the content of
C18:3 and C18:2 fatty acids because this induced greater
ultrasonic cavitation and thus degraded the oils. This phe-
nomenon can cause lipid oxidation through two mecha-
nisms: the first is caused by the high temperatures achieved
during cavitation, and the second by the free radicals gener-
ated by sonolysis [20].

Effect of Ultrasonic Treatment on Physicochemical
Characteristics of the Oils

The effects of ultrasound treatment on the physicochemical
characteristic of oils (iodine value, free fatty acid percent-
ages, peroxide value, conjugated diene content, and induc-
tion period) were evaluated (Table 3). Regarding free fatty
acids, there were no significant differences between the
controls and the treated oils. Free fatty acids are formed by
the hydrolysis of triacylglycerides in the presence of mois-
ture. Therefore, it can be concluded that sonication has no
direct effect on hydrolytic reactions.

The peroxide (hydroperoxides) value is the most com-
mon index of lipid oxidation and represents the total
hydroperoxides content in a sample, which correlated
well with the conjugated diene value [21]. For all oils,
the formation of the priming oxidation products (perox-
ide and conjugated diene) increased with increasing ultra-
sound intensity. These changes in oxidation parameters
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Table 2 Effect of ultrasound amplitude intensity on fatty acid composition of four different edible oils

Oil Amplitude intensity Fatty acid composition [%]"
C14:0 C16:0 C18:0 Cl18:1 C18:2 C18:3

Olive Control 0.10 + 0.02* 8.02 £ 0.10* 376 £0.06°  64.49 £ 1.40*  22.31 £0.95% 1.32 £ 0.02*
25 % 0.15 + 0.09* 8.11 £ 0.02* 3.82+£0.09%  64.12 +£1.25*  22.78 £ 1.02% 1.03 £ 0.03°
60 % 0.15 +0.07% 8.22 + 0.56% 396 +0.03*  64.32 +1.69* 2248 £0.03* 0.86£0.01°
100 % 0.15 + 0.07* 8.48 +0.08* 459+0.12° 6476 £1.56° 21.51+£0.95°  0.06 £ 0.01¢

Sunflower Control 6.86 +0.21* 6.03 £046*  11.02+£0.10* 23.53+£0.37* 52.16 +1.05* 0.40 £ 0.01*
25 % 6.72 + 0.10* 6.89 £0.69°  11.004+027° 24504 1.60° 5143 +£1.14°  0.02 & 0.00°
60 % 6.89 + 0.03* 6.10£0.09*  11.154+0.09° 2446 4+0.95° 51.40 4 1.83° 0°
100 % 6.93 £ 0.07* 6.10 £0.04* 11204033 24374 131"  50.91 & 1.85° 0°

Sesame Control 0.18 + 0.05* 9.45 + 0.08* 1.20+£0.07*  45.09 £ 1.72*  41.44 £0.08*  2.64 £0.02°
25 % 0.17 + 0.09* 9.42 +0.10* 1.33 £0.03* 4541 +1.23*  41.10£0.95*  2.60 £ 0.03*
60 % 0.19 + 0.05% 9.94 + 1.01* 1.99 +£0.03* 4589 +1.42*  40.05 £ 1.05* 1.94 £ 0.03°
100 % 0.72 + 0.08* 9.94 + 0.09* 250 +£0.06°  46.12+£0.92°  40.07+0.92°  0.65 & 0.02°

Tallow olein ~ Control 490 £0.02*  18.67 £0.05*  23.67 +1.24*  46.59 £+ 1.01* 593 +0.09*  0.24 £0.01*
25 % 6.02£0.07" 18.034+0.05°  24.64 £1.03° 4678 + 1.25° 4924003 02140017
60 % 504 £041° 1971 4£0.07° 2409 +£0.22°  47.93 £0.69° 3.18 £0.06°  0.05 =% 0.00°
100 % 520+0.12*  18.85£0.09* 2551 4+£2.51°  48.36 £ 0.16° 2.07+£0.02¢  0.01 +0.00°

* Results were expressed as mean & SD. 25, 60, and 100 % refer to applied power amplitudes for treatment. Different superscript letters (a, b, c)
in the same column and same oil mean significant differences (p < 0.05)

Table 3 Effect of ultrasound amplitude intensity on physicochemical properties of four different edible oils

Oil Amplitude Iodine value  Free fatty acid Peroxide value Induction Conjugated p-Carotene  Chlorophyll Turbidity
intensity (%) (meq/kg) period (h) diene (%) (ppm) (ppm) (NTU)

Olive Control 97.55 £ 0.10° 0.07 +0.03* 1.81+0.80*  7.5240.10° 1.23 4+ 0.01* 5.32 £ 0.03* 2.34 +0.01¢ 1.60 + 0.01*
25 % 97.29 + 0.85° 0.07 +0.04*  2.40 4+ 0.50°  7.43 +0.04° 1.30 & 0.03® 5.30 £ 0.01* 2.07 £ 0.02° 2.12 + 0.01°
60 % 97.28 £ 0.09° 0.07 £ 0.01* 3.2240.10° 7.46 4+ 0.01° 1.35+0.02° 3.71 £0.01° 1.87 £ 0.01° 2.38 4+ 0.02¢
100 % 95.26 + 0.10* 0.07 & 0.05*° 4.41 +£0.20°  7.38 +0.03* 1.36 & 0.03¢ 2.39 £ 0.03° 1.62 £ 0.01* 2.57 + 0.04¢

Sunflower Control — 113.1240.84° 3254+ 0.12* 517 £0.40° 247 £0.03° 1.83 +0.08* 3.52 4 0.06* 1.31 & 0.04® 1.09 + 0.01*
25 % 112.36 £ 0.20° 2.96 £0.59°  6.74 £0.10°  2.50 £ 0.06° 1.99 + 0.04° 2.14 4 0.07° 1.25 £ 0.02° 1.06 £ 0.04°
60 % 110.06 & 0.09* 3.44 £042° 6.89 £0.50° 222 +0.04° 2.12+0.11° 1.80 +0.10° 0.54 & 0.01* 1.83 £ 0.05"

100 % 109.96 & 0.07* 3.72 £0.55* 7.77 £0.20°  1.49 £ 0.06* 2.78 £ 0.07° 0.91 + 0.08° 0.45 & 0.01* 2.02 £ 0.02°
Sesame  Control  117.4540.30° 0.05+£0.09* 1.42+0.10° 4.32+0.02° 0.70 £ 0.05* 2.48 +0.02* 2.37 +0.01¢ 0.96 & 0.01*
25 % 117.91 £0.10° 0.05+0.07* 2.01 £0.15*  4.334+0.01° 0.82 4 0.02° 1.72 4+ 0.01° 1.72 & 0.00° 0.96 =+ 0.05?
60 % 116.29 4+ 0.07* 0.04 £0.02* 220+0.20° 4.18 £0.07* 0.95 +0.03° 1.41 +0.02° 0.61 & 0.01° 1.05 £ 0.01°
100 % 116.23 £ 0.05* 0.04 £0.05* 3.40 £0.10°  4.02 £0.03* 1.56 +0.05¢ 1.24 +0.05¢ 0.27 +0.02* 1.13 £ 0.01°
Tallow  Control 50.96 & 0.04° 0.09 £ 0.04*°  0.05+0.04*°  2.40 +0.05° 0.53 +0.02* 1.74 +0.01° 0.02 &+ 0.00* 1.27 & 0.01°

olein  »5q, 50.17 £ 0.08° 0.09 £ 0.05* 0.60 +0.10"  2.15+0.10* 1.59 & 0.01® 1.70 & 0.04* 0.01 & 0.01* 1.51 &+ 0.07°
60 % 48.68 +0.10° 0.09 £0.02° 1.40+0.10° 1.46+0.04* 1.94 4 0.00°1.58 &+ 0.06° 0.01 & 0.02* 1.93 £ 0.02°
100 % 4523 +0.20° 0.09 £ 0.08° 2.00+0.18°  1.31 £0.05* 2.97 +0.049 1.31 £ 0.01* 0.01 +0.01* 2.47 & 0.04¢

Results were expressed as mean £ SD. 25, 60, and 100 % refer to applied power amplitudes for treatment. Different superscript letters (a, b, ¢)
in the same column and same oil mean significant differences (p < 0.05). Refractive Index was measured immediately after sonication, but the
other parameters were measured after 12-24 h

confirmed that ultrasound caused a rapid increase in the = amplitude of the ultrasound increases. Collapsing bub-
primary oxidation of edible oils. Cavitation is a signifi-  bles during cavitation generate local hot spots with high
cant cause of sonication, which occurs severely as the  temperatures and pressures (approximately 5000 °C and
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Table 4 Effect of ultrasound 0il
amplitude intensity on the

Amplitude intensity

Kinematic (mPa s) Dynamic (mm? s~ Density (g cm™)

viscosity and density of four
edible oils

Olive Control
25 %
60 %
100 %
Control
25 %
60 %
100 %
Control
25 %
60 %
100 %
Control
25 %
60 %
100 %

Sunflower

Sesame

Tallow olein

58.13 £ 0.01* 63.76 £ 0.01* 0.9116°
58.13 £ 0.01* 63.76 £ 0.01* 0.9116°
59.05 + 0.02° 64.76 + 0.02° 0.9116*
59.78 + 0.08¢ 65.58 £ 0.08° 0.9115%
49.52 + 0.04* 54.07 £ 0.04* 0.9158%
49.54 4+ 0.06 54.09 + 0.01° 0.9158%
49.88 + 0.02° 54.47 + 0.02° 0.9157°
50.49 £ 0.01¢ 55.14 £+ 0.01° 0.9156°
55.36 £+ 0.01* 60.50 £ 0.01? 0.9150?
55.39 £ 0.02° 60.53 =+ 0.04° 0.9150?
55.76 £ 0.06* 60.93 £ 0.02° 0.9150°
55.97 £ 0.01* 61.17 £0.01* 0.9149*
67.15 + 0.08* 73.99 + 0.09° 0.9075%
67.10 £ 0.10° 73.94 + 0.90 0.9074%
68.64 + 0.02" 75.65 £ 0.02° 0.9073%
69.31 £ 0.01° 76.39 + 0.014 0.9072°

Results were expressed as mean + SD. 25, 60, and 100 % refer to applied power amplitudes for treat-
ment. Different superscript letters (a, b, ¢) in the same column and same oil mean significant differences

(» < 0.05)

500 MPa, respectively) [2]. These conditions can release
free radicals and increase shear forces that accelerate
oxidation.

Despite an iodine value of 50.96, tallow olein showed a
great increase in peroxide values as the ultrasound inten-
sity increased (Table 3). The two reasons for this behavior
might be the lack of antioxidant content as a protection
factor against the free radicals and the low density of tal-
low olein, which increases the intensity of the ultrasound
(Eq. 1).

In all samples, except sunflower oil, the formation
of peroxides and conjugated products increased as the
absorbed ultrasound power increased. The total amount
of energy received per unit area of sunflower oil per
second was lower than for the other oils (Table 1) but
similar changes in peroxide values were observed. This
behavior in sunflower oil may have been because of its
high iodine value (111.62) and low natural induction
period (2.55 h).

From the results in Table 3, it could be concluded that
these changes in the physicochemical characteristics
depend on the sources and initial conditions of the oils as
well as the intensity of the ultrasound applied.

Effect of Ultrasound on Oil Viscosity

The viscosity of food systems is a critical functional
property and is difficult to predict and control during
processing. All the edible oils showed Newtonian behav-
ior, i.e., the components of the stress tensor were linear

functions of the first spatial derivatives of the velocity
components. The viscosity or internal friction of the
fatty acids are affected by their chain length and num-
ber of double bonds [22]. The effects of ultrasound on
viscosity were evaluated and are presented in Table 4.
Tallow olein gave consistently high absolute viscosities
while the sunflower oil gave consistently low viscosities
at all levels of ultrasound intensity compared with the
other edible oils. All the viscosity values of the oil sam-
ples increased as the ultrasound amplitude increased.
All standard errors were low, meaning that the measured
viscosity values were stable. The increases in viscos-
ity, observed as a result of ultrasound treatment, might
be explained by the polymerization of the oils. How-
ever, the oxidative cleaving of hydrocarbon chains com-
bined with the strained interaction of non-homogeneous
compounds in the oils can produce the overall effect of
increasing the viscosity. The molecules of edible oils
are similar in size and shape and flow fairly freely but
oxidation creates new and different compounds, which
introduce new forces of interaction between the mol-
ecules. This therefore impedes the relative motion of
the fluid and increases viscosity. One example is where
carboxylic acid compounds can become highly associ-
ated, making them behave like a larger molecule. Simi-
lar results of changing viscosities in vegetable oils have
also been observed during frying by Diamante and Lan
[23] and Santos et al. [24]. It should also be noted that
increasing the ultrasound intensity did not significantly
affect sesame oil viscosity (p > 0.05).
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Tabl(? 5 Effect ‘?f ultrasound Oil Amplitude intensity a* b* L*
amplitude intensity on Hunter
color values of four different Olive Control 4.98 £ 0.09° 82.00 = 0.02¢ 53.28 +£0.01°
edible oils 25 % 470 £ 0.04° 80.00 = 0.02¢ 53.34 £ 0.07°
60 % 1.56 4 0.03° 70.63 = 0.06° 54.19 = 0.09*
100 % —0.27 +£0.01° 63.26 +0.11° 55.96 % 0.05*
Sunflower Control —2.01 £ 0.65¢ 80.02 4+ 0.51¢ 64.01 & 0.45°
25 % —1.93 4+ 0.02¢ 79.35 + 0.69° 64.46 +0.91°
60 % —1.4240.01° 70.01 £ 0.25° 65.34 £ 0.56°
100 % —0.06 = 0.04* 62.13 £ 0.58" 65.18 £ 0.61°
Sesame Control 5.64 £ 0.06° 60.14 + 1.01°¢ 60.14 £+ 0.94%
25 % 5.12 £ 0.06° 55.57 £ 0.95° 60.22 + 1.21°
60 % 2.96 & 0.05" 47314 1.10° 61.00 = 0.95°
100 % —1.18 £ 0.03* 41.20 & 1.03 62.63 £ 1.61°
Tallow olein Control —2.98 £0.61° 15.78 + 1.81° 64.88 &+ 2.13
25 % —2.60 4 0.72¢ 12.54 4+ 1.23 64.93 + 0.86"
60 % —1.42 4 0.09° 8.05 & 1.06° 65.42 4+ 1.32°
100 % 0.23 £ 0.75" 29.15 + 1.96° 60.18 = 1.05°

Results were expressed as mean + SD. 25, 60, and 100 % refer to applied power amplitudes for treat-
ment. Different superscript letters (a, b, ¢) in the same column and same oil mean significant differences

(» < 0.05)

* a, b, and L are Hunter color values: L = lightness (0 = black, 100 = white); a = redness/greenness
(+ =red, — = green); b = yellowness/blueness (+ = yellow, — = blue)

Effect of Ultrasound on Turbidity of QOils

The appearance of foods can affect the overall acceptabil-
ity of the product by consumers. Applying high-intensity
ultrasound waves caused turbidity in the oils (Table 3).
The smallest changes in turbidity after ultrasonic treatment
were observed in sesame oil with more severe changes
observed in the tallow olein and olive oil samples. Gener-
ally, turbidity or haze is formed in oils because of waxes
or the polymerization of fatty acids, which often occurs at
high temperatures (160-250 °C). However, during sonica-
tion treatment, turbidity appears more rapidly at a lower
temperature compared with the classical thermo-oxidation
process. Chemat et al. have reported cloudiness in sun-
flower oil after treatment with ultrasound [25].

Effect of Ultrasound on Qil Color

Some studies have applied low-frequency ultrasound to
reduce the bleaching time of oil, which can avoid the harmful
effects of using acid-activated earths [9]. The color intensity
of the oils before and after sonication treatment was meas-
ured (Table 5). In all samples except tallow olein, redness and
yellowness values decreased significantly (p < 0.05) as ultra-
sound intensity increased. This corresponded to changes in
the B-carotene and chlorophyll contents of the oils (Table 3).
The B-carotene and chlorophyll contents decreased by about
50 % when ultrasound was applied at 100 % amplitude. This
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might be linked to the number of double bonds in pigments
in the oil that are affected by ultrasound. There is some evi-
dence that applying ultrasound may lead to the degradation
and isomerization of carotenoids [26]. Adekunte et al. [27]
evaluated the potential of ultrasound as a non-thermal tech-
nique for inactivating microorganisms in tomato juice. They
found that color modifications occurring after ultrasound
treatment were related to a decrease in carotenoid pigment
because of isomerization. Color changes caused by the deg-
radation of carotenoid pigments and non-enzymatic brown-
ing have also been found in sonicated pineapple, grape, and
cranberry juices under pulsed and continuous thermo-sonica-
tion treatments when compared with the conventional proce-
dure [28].

The results for tallow olein were different at an ultra-
sound intensity of 100 % where the Hunter L, a, and b
values increased significantly (p < 0.05) as the ultra-
sound amplitude increased. Maillard reactions were prob-
ably responsible for the increase in the intensity of yel-
lowness and redness in the oil. Darker colors have also
been observed in the ultrasound-assisted preparation of
chocolate mousse compared with conventional preparation
because of the formation of browning pigments [29].

Ultrasonic Treatment and Melting Behavior of Oils

The characteristic thermal properties of the treated

oils (enthalpy, T, and T.g.) are shown in Table 6.
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aT;‘;'l‘;tgdfgf;S‘;fy“l‘;ag’s”é‘d oil Amplitude intensity T, (°C) T °C) Enthalpy (J/g)
thermogram parameters of four — Qjjye Control —4533 +£0.61° 2.87 £ 0.03" 12.88 = 0.68"
different edible oils 25 % —46.92 + 0.74* 3.01 + 0.02° 15.11 £ 0.21°
60 % —47.03 + 0.26* 324 +0.01° 22.34 + 0.84°

100 % —48.90 £ 0.58" 3.50 £ 0.01° 26.38 £ 0.60°

Sunflower Control —39.07 £ 0.50? 2.11 +0.31* 14.47 £1.01*

25 % —40.47 £ 0.31° 2.31 4 0.10° 15.78 + 0.52°

60 % —41.2240.71° 3.22 +£0.02° 19.11 £ 0.61°

100 % —43.01 £ 0.08° 4.27 + 0.09° 29.52 4 0.43°

Sesame Control —42.16 £ 0.29° 172 £ 0.18° 12.34 + 0.28"

25 % —44.16 + 1.02° 177 £ 0.15° 14.71 £ 0.41°

60 % —44.87 +0.32° 229 4+0.12° 18.13 + 0.06°

100 % 4735+ 0.61° 2.86 + 0.10° 20.70 + 0.15¢4

Tallow olein Control —28.64 £ 0.13 13.26 + 0.67* 14.19 £ 0.31°

25 % —28.66 £ 0.06° 14.51 £ 0.30° 16.19 + 1.07*

60 % —30.11 & 0.94° 15.81 £ 0.50° 22.35 4 0.78"

100 % ~32.26 +0.82° 16.01 + 0.42° 26.33 £ 0.29°

Results were expressed as mean + SD. 25, 60, and 100 % refer to applied power amplitudes for treat-
ment. Different superscript letters (a, b, ¢) in the same column and same oil mean significant differences

(» < 0.05)

T onset Melting temperature onset.

High-intensity ultrasound expanded the melting range of the
treated oils. Significant differences in crystallization enthalpy
were found between the different oil samples. Untreated oils
and samples treated with 100 % amplitude intensity had the
lowest and the highest crystallization enthalpies, respec-
tively, while intermediate values were found for the other
oil samples. Differences in major (e.g., triacylglyceride and
fatty acids) and minor (e.g., diacylglyceride, free acidity, and
lipid oxidation products) chemical components (Table 3)
might have affected the melting behavior of the samples. A
more ordered crystal structure might be hypothesized for
untreated samples with their more uniform chemical compo-
sition compared with the sonicated oils, which resulted in a
wide melting temperature range. Besbes et al. [30] found that
when the oils oxidized, the DSC traces were affected. In the
present study, as the content of oxidation products such as
polar compounds, hydroperoxides, and aldehydes increased,
the melting range shifted to a lower temperature and the
enthalpy decreased. In all oils, the high-intensity ultrasound
expanded the melting range and increased the enthalpy. This
may have been caused by the polymerization of fatty acids
as also shown by the results of turbidity and viscosity where
ultrasound accelerated polymerization.

Conclusions

The present study confirmed that ultrasound caused some
modifications to the physicochemical parameters or

> offset

melting temperature offset

structures of oil components. This study provides informa-
tion on the thermal and physicochemical properties and
lipid oxidation of different sonicated oils, which is use-
ful for designing sonication processes for edible oils. The
experimental data on the oxidation parameters showed that
ultrasound treatment, especially high-intensity ultrasound,
accelerated the deterioration of oils. This confirmed the
hypothesis that ultrasonic oxidation of edible oils can prob-
ably be attributed to cavitation. In most cases, the vegeta-
ble oils exhibited more stability than tallow olein. Extra-
virgin sesame oil showed better resistance to sonicating
treatments than olive and sunflower oils. On the basis of
the results of B-carotene content and Hunter color values,
ultrasound may have good potential for bleaching oils as
long as an appropriate intensity and frequency are chosen
and that oxidation reactions are considered. However, the
present study revealed that ultrasound probably accelerates
the polymerization of oils, which increased their viscosity,
turbidity, and melting enthalpy.
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