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In this study, the effect of different homogenization speed (10,000,
Article History: 15,000 and 20,000 rpm) on the structural, rheological and antioxidant
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properties of nanoencapsulated grapefruit peel essential oil coated in
alginate gum wall was investigated. Increasing the homogenization
speed led to a decrease in particle size (from 264.0 to 226.9 nm) and
PDI index (from 0.32 to 0.19) of nanoemulsion. All nanoemulsions
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had negative zeta potential (-23.6 to -21.65 mV). The
nanoencapsulation efficiency of the essential oil decreased from 83.92
to 78.76% with increasing the speed of homogenization.
Nanoemulsion of essential oil at 4 ° C had full stability (100%) for 5
days, while at 25 °© C over time, the stability of the nanoemulsion
decreased and the highest stability was related to the prepared
nanoemulsions at 15000 rpm because of a smaller zeta potential. The
results of Fourier transform infrared spectroscopy and differential
scanning calorimetry showed that the essential oil was encapsulated
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by alginate. The produced nanoemulsions had antioxidant activity and
with increasing the concentration of nanoemulsions, the speed of
DPPH free radical scavenging increased. The highest antioxidant
activity was related to the prepared nanoemulsion at 10,000 rpm. All
nanoemulsions showed pseudoplastic (shear thinning) behavior.
Herschel-Bulkley and Power law models had higher R, than other
fitted models. Homogenization had almost no effect on kp and kH.
The results of this study introduce the use of 15,000 rpm to produce a

nanoemulsion of grapefruit peel essential oil in the alginate gum wall.

156



http://dx.doi.org/10.22034/FSCT.22.162.156
https://fsct.modares.ac.ir/article-7-74993-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-17 |

[ DOI: 10.22034/FSCT.22.162.156 ]

Samaneh Mohammad Kheshtchin et al Effect of ultraturrax speed on properties....

1-Introduction

Increasing human awareness about the safety of
food and the toxicity of chemical preservatives
has led to an increase in the demand for finding
natural alternatives for them. Plant essential oils
have been receiving attention since ancient
times, and now the tendency to use them has
increased due to health promotion, therapeutic
properties and prevention of various diseases
[1]. In the past few decades, plant essential oils
have attracted a lot of attention due to their
antioxidant effects and inhibition of free
radicals [2].

Citrus essential oils are the main aromatic by-
products of the juicing industry and are widely
used in the food, cosmetic, health and
pharmaceutical industries. grapefruit (Citrus
paradisi) is the second citrus fruit produced in
the world with an annual production of more
than 60 million tons. The yield of grapefruit and
orange juice is almost half of the weight of the
fruit, and thus a large amount of waste is
produced every year [3]. Citrus peel is
considered as a byproduct of citrus juice
extraction, in which there are a group of cells in
the form of sunken glands that contain essential
oil [4].

Essential oils are liquids concentrated in
molecules resulting from plant metabolism
(terpenoids and aromatic molecules). They are
very popular in perfumery and cosmetics and
hygiene as well as food and pharmaceutical
industries. The main components of essential
oils extracted from the skin of some citrus fruits
include a-pinene, sabinene, [-pinene, [-
myrcene, D-limonene, linalool, m-cymene and
4-terpineol, of which D-limonene is the most
important compound [5].

Essential oils contain heat-sensitive bioactive
compounds that must be protected from
environmental effects such as heat, light,
oxygen, and pH, and one of the ways to protect
them is microcoating. Microcoating is a
technique in which the target compound is
trapped and covered with the help of one or
more materials called walls. It has found many
applications in various industries such as
pharmaceutical, chemical, food and printing
industries. Walls with different materials can be
used for the microcoating of food compounds,
among which proteins, carbohydrates, lipids
and their combination can be mentioned [6].
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Hydrocolloids are complex carbohydrates that
are used to improve consistency and textural
properties (theological properties) of liquid and
semi-liquid foods. Their activity depends on the
type and concentration of hydrocolloids,
temperature and process conditions, as well as
the solid content and chemical composition of
food. Alginate is a linear polymer that includes
connections b-D- Mannuronate and a-L- It is
guluronate, and due to its biocompatibility, low
toxicity and very high capacity in gel
formation, it is studied in many food and
medical applications [7]. Although many
studies have been conducted in the field of
microencapsulation of edible essential oils, but
so far no study has been conducted on the use
of nanomicroencapsulated grapefruit essential
oil in an alginate wall. Therefore, in this study,
the rheological and physicochemical properties
of grapefruit peel essential oil coated with
alginate gum have been investigated.

2- Materials and methods

1-2- Sample preparation and preparation
Sodium alginate and Tween 20 were obtained
from Sigma. Grapefruit was procured from the
local markets of Mazandaran province and after
washing and peeling, the essential oil part was
separated from the white part. Grapefruit skin
was dried in a regular oven at 38 degrees
Celsius until reaching a constant weight and
completely powdered by a grinder. Then the
powders were kept in nylon bags in the freezer
at -18 degrees Celsius until the extraction of the
essential oil.

2-2- Extraction of essential oil (Clonger)

In order to extract the essential oil in each time
of essential oil extraction, 150 grams of fruit
skin was poured into the balloon along with
1500 milliliters of distilled water and essential
oil extraction was done by a Cloninger machine
(at a temperature of 100 degrees Celsius and for
3 hours until all the essential oil is removed
from the sample). Then the resulting essential
oil was kept at a temperature of -18 degrees
Celsius [5].

2-3- Nano coating of essential oil

Grapefruit skin essential oil was coated with
alginate gum. An aqueous solution of sodium
alginate (4%) was prepared under stirring at a
temperature of 70 degrees Celsius. Then, while
the solution was being stirred, M/m calcium
chloride solution® 100 (5%) was added to it and
kept for 24 hours at 4 degrees Celsius. After
that, grapefruit peel essential oil at the rate of
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4% by weight was added drop by drop to the
emulsifier Tween 20 at the rate of 2% by weight
and mixed well. The mentioned mixture was
slowly and drop by drop added to the alginate
solution and immediately after half an hour of
stirring with a magnetic stirrer, it was
homogenized using an ultrathorax at speeds of
10,000, 15,000 and 20,000 rpm and for 10
minutes at a temperature of 10 degrees Celsius.
Then, to further reduce the particle size, an
ultrasonic generator (HD3200, BANDELINE,
Germany) was used with a control range of
45% and a frequency of 20 kHz at a temperature
of 45 degrees Celsius with a number of 6 cycles
(the time of each cycle is 30 seconds and the
rest time is 15 seconds between cycles) [8, 9].
The prepared emulsions were frozen at -20°C
for 24 hours and then dried at -57°C and 0.017
mPa pressure for 48 hours using a freeze dryer.
After drying, the resulting nanoparticles were
poured into a glass container and kept at -18
degrees Celsius.

4-2- Particle size, particle dispersion index
and zeta potential of nanoemulsions

The particle size of the emulsion was examined
using a laser light diffraction device (Zetasizer
Nano ZS-90, Malvern, UK). Also, the particle
dispersion index (!PDI) was calculated by the
device software and reported as droplet size
distribution. Zeta potential was measured using
Zetasizer Nano ZS-90, Malvern, UK. Data
analysis was done using Zetasizer Version 7.02
software [10].

5-2- Fine coverage efficiency of grapefruit
peel essential oil CEE)

To extract the surface oil, 15 ml of n-hexane
was added to 1.5 g of the powder sample and
was stirred with a shaker for 2 minutes at room
temperature. Then the mixture was placed in a
centrifuge for 20 minutes at a speed of 8000
rpm. Then it was passed through Whatman No.
1 filter and the collected powders were washed
three times using 20 ml of n-hexane. The
solvent was evaporated at room temperature
and the amount of surface oil was calculated
until constant dry weight was reached. To
measure the total oil, 0.5 g of the resulting
powder was added to 25 ml of isopropanol/n-
hexane at a ratio of 3:1 and stirred for 5 minutes
with a shaker. Then the resulting mixture was

1 - Poly Dispersity Index

2 - Encapsulation Efficiency
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centrifuged for 15 minutes at 8000 rpm. After
that, the clear organic phase was separated and
the solvent was evaporated at a temperature of
60 degrees Celsius until reaching a constant
weight [11].

(1) EE (%) — Oiltotql —Ollsurface o

oilrotal

100
0ilTorl And oilsurrace It 1s related to total oil and
surface oil, respectively, based on the dry
matter of the final emulsion.
6-2- Emulsion stability
To determine the stability of the emulsion, 10
ml of each emulsion was put into a test tube and
kept at 4 and 25 degrees Celsius for 6 days.
After storage, emulsion stability was calculated
using the following equation [12].

(2) Emulsion Stability Iindex(%) =
HE-HS
HE
100

HE and HS are the total emulsion and the height
of the serum layer, respectively.

7-2- Fourier transform infrared spectrum
3FTIR))

FT-IR measurement using a desktop FT-IR
spectrometer (CARY 630, Agilent, USA) in the
wavelength range of 400 to cm™' 4000 was
done.

2-8- Analysis of the differential scanning
calorimeter (‘DSC)

The thermal properties of grapefruit peel
essential oil coated with alginate gum were
investigated using a differential scanning
calorimeter (DSC 822, Mettler Toledo,
Switzerland) equipped with an automatic
thermal analysis program. The starting
temperature (Ttue), peak (Tp) and the end
(Tanp) were determined using a DSC
thermometer [13].

9-2- Antioxidant activity of finely coated
grapefruit skin essence

In order to measure the antioxidant activity of
nanoemulsions, first, 2.4 mg of DPPH was
dissolved in 100 ml of methanol. Then, 975
microliters of DPPH methanolic solution was
added to 25 microliters of each of the tested
essential oil methanolic solutions [14]. This
mixture was left at room temperature and in the
dark for 30 minutes and the absorbance of the
solution was read at 517 nm by a

3 - Fourier-transform infrared
4 - Differential scanning calorimetry (DSC)
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spectrophotometer and measured according to
the following equation:

(3) Antiradical activity (%) = [(

100

10-2- Steady shear flow behavior
For this purpose, the flow behavior analysis
test was performed using a rheometer
device (Physica MCR-301, Anton Paar,
Austria) equipped with a thermal circulator
to control the temperature and using a
parallel  plate  probe.  Temperature
regulation with peltier plate system with
0.01 sensitivity+ It was equipped with a
water circulator (Viscotherm  VT2).
Solutions with a concentration of 5% were
prepared and placed on the stirrer for 5
minutes. Analysis of flow behavior was
performed in the range of shear speed from
0.01 to 100/s. The following models were
used to investigate the rheological
properties [15]:
1- Powerla model

(4) T=k,y"
In this equation Kpconsistency coefficient
(Pa s") and np. It is an index of current
behavior (without dimension). K shows the
viscosity of the fluid and n shows the
behavior of the fluid.
2- Herschel's model

(5) t = Kog(Y)"0R toy
In this equation Ku . consistency
coefficient (Pa s") and np. It is an index of
current behavior (without dimension). K
shows the viscosity of the fluid and n shows
the behavior of the fluid.Tqy The yield
stress (Pa) for the Herschel model is
absolute.
3-Bingham model

(6) T=ngY + 10

Alo—At)] x
Ao

In this equation 7], Bingham viscosity (Pa

s)and Typ Yield stress (Pa) is the Bingham
model.
4- Casson model

() 75 = K& + ke (0)°5
In this equation koc )*)= Tocindicating the yield
stress (Pa) and - (k:?) nc Casson viscosity (Pa.s)
is called.
2-11- Statistical analysis
The statistical analysis of the data obtained
from this research was done using the ANOVA
method based on a completely random
statistical design using Duncan's test at the 95%
confidence level. For this purpose, SPSS
version 20 software was used and graphs were
drawn with Excel version 2016 software.
3- Results and discussion
1-3- Particle size, particle dispersion index
and zeta potential of nanoemulsion
The results related to particle size of fine
grapefruit skin essence nanoemulsion coated
with alginate gum are presented in Table 1. As
can be seen, the size of nanoemulsion particles
has decreased with the increase of
homogenization speed and the difference is
statistically significant. It is necessary that the
size of the emulsion particles decreases with the
increase of homogenization, so that the
breaking force overcomes the interfacial forces
and shear stress. In this way, the size of the
particles decreases [16]. The high energy of
high pressure homogenization leads to breaking
the droplets and reducing their size. In a study,
microencapsulation of orange essential oil was
investigated using spray drying, and
homogenization pressure had the greatest effect
on particle size. When the homogenization
pressure was below 500 bar, increasing the
pressure led to a decrease in the droplet size
[17]. These results are in accordance with the
results obtained from the research of other
researchers. They showed that the smallest
particle size is obtained at the highest
homogenization speed [16 and 18].

Table 1- Particle size, zeta potential and encapsulation efficiency encapsulated grapefruit peel essential oil

Ultraturrax Speed (rpm)  Particle size (nm) PDI gg‘::n tial Encapsulation efficiency (%)
10000 264.0+2.8* 9'32i0'04 -22.6+7.1° 83.92+0.372
15000 258.6+1.5° 9'2%0'03 -23.6+2.9¢ 81.25+0.25°
20000 226.942 4° 9'1%0'01 -21.65+5.7% 78.76+0.48°

* Different lower case letters in the same column indicate significantly different (p < 0.05)

159


http://dx.doi.org/10.22034/FSCT.22.162.156
https://fsct.modares.ac.ir/article-7-74993-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-17 |

[ DOI: 10.22034/FSCT.22.162.156 ]

Samaneh Mohammad Kheshtchin et al Effect of ultraturrax speed on properties....

The dispersion index of nanoemulsion particles
is shown in Table 1. As can be seen, this index
is less than 0.33 in all samples. High speeds
lead to particle dispersion index less than 0.5,
which is desirable. The dispersion index of
nanoemulsion  particles decreased  with
increasing homogenization speed and a
statistically significant difference was found. It
seems that at high speeds of homogenization,
the shear force increases, which leads to a
decrease in particle size and homogeneity, both
of which happened in this study. The
researchers used the speeds of 6000, 8000,
10000, 12000, 14000, 16000 and 18000 rpm to
cover the thyme essential oil in the alginate
wall. Their results showed that there is an
inverse relationship between the emulsion
preparation speed and the particle dispersion
index [16]. Homogenization by reducing the
dispersion index of particles leads to the
homogenization of the dispersed phase in the
emulsion. In general, when the emulsion is
formed at high speeds, a turbulent flow is
formed, and these eddies apply a kind of shear
pressure to the emulsion droplets, which lead to
a decrease in the size of the particles and the
dispersion index of the particles [12].

The researchers showed that when speeds lower
than 8000 rpm are used for emulsion
production, the amount of particle
heterogeneity increases. While the use of
speeds higher than 8000 rpm leads to the
formation of stable emulsions, and with
increasing speed, the dispersion index of
particles decreases significantly [19]. These
results are consistent with the results of the
present study. Some other researchers showed
that by increasing the particle size of shiraz
thyme essential oil microcoated in alginate, the
dispersion index of the particles decreases,
which is in line with the results of the present
study [4].

Zeta potential is a very good indicator for
determining the electrostatic interactions
between the surface of particles, so that it shows
the charge accumulation in the stationary layer
and the intensity of opposite ions on the
surfaces [18]. The results of zeta potential of
nanoemulsion particles are shown in Table 1.
As can be seen, the zeta potential is negative in
all the studied samples and there is no
statistically significant difference between the
samples. In other words, it can be said that the
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effect of homogenization on zeta potential was
not significant. In general, emulsions with zeta
potential in the range of -30 to +30 mV are
unstable. Therefore, according to the obtained
values, it can be said that all nanoemulsions are
stable. In this case, the electric charge of the
droplets is so strong that it is assumed that the
repulsive forces between the droplets are
dominant in the nanoemulsion system. The
researchers reported the zeta potential of
lemongrass essential oil microcoated in alginate
gum in the range of -18 to -50 millivolts, which
is consistent with the results of the present
study [20].

2-3- Microcoating efficiency of grapefruit
peel essential oil

The results of microcoating efficiency of
grapefruit peel essential oil microcoated with
alginate gum are shown in Table 1. As can be
seen, the microcoating efficiency is more than
78%, which is a very favorable efficiency (>50)
is Also, by increasing the homogenization
speed, the efficiency of essential oil
microcoating has decreased and the difference
is statistically significant. Emulsion droplet size
and viscosity are the influencing factors on
microcoating efficiency. The researchers
declared the microcoating efficiency of thyme,
clove and cinnamon essential oils in the
alginate coating in the range of 70 to 90%,
which is in accordance with the results of the
present study [21]. In another study, they
reported the efficiency of peppermint essential
oil microcoated in alginate and carnauba wax in
the range of 72.9% to 96.5%, which is within
the range of the numbers reported in the present
study [22]. Similar results have been reported
for eugenol microcoated in alginate/gelatin wall
[23] and sesame polyphenols in fenugreek and
purslane gum wall [24].

3-3- Emulsion stability

Stability is a very important parameter for
evaluating the properties of an emulsion. It is
very difficult to produce a stable emulsion of
micro-coated essential oil because the small
drops of essential oil tend to be unstable and as
aresult the phases of the emulsion are separated
[22]. In oil-in-water emulsions, various
destabilization mechanisms such as gravity
creaming,  precipitation, flocque, and
coagulation lead to a decrease in stability.
Figure 1 shows the results related to the
stability of fine grapefruit skin essential oil
emulsion covered with alginate gum at 4 and 25
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degrees Celsius. As can be seen, at the
temperature of 4 degrees Celsius, the emulsion
is stable until the 5th day of the storage period,
and after that, from the 6th day, the stability
decreases and there is a statistically significant
difference. The trend of emulsion stability at
the temperature of 25 degrees Celsius was
decrease and significant statistical difference
was observed between different days. On the
first day, the samples had good stability, but in
the following days, the stability decreased. As
mentioned, increasing the speed of
homogenization led to a decrease in the size of
the particles, but the emulsion prepared at a
speed of 15,000 rpm had the highest stability at
both temperatures. A study by Garcia et al.
(2012) found that although no phase separation
was observed in any of the emulsions, the
droplets may coagulate during the storage
period, which can reduce the stability index of
the emulsion [25]. After homogenization, when

1.2~

Erulsion stability

the emulsion remains at rest for a certain period
of time, energy is dissipated and leads to the
formation of larger droplets, which indicates
droplet coagulation. According to the results of
Garcia et al. (2012), increasing the
homogenization pressure decreases the droplet
size, but the emulsions produced under higher
homogenization pressures were less stable, and
this indicates a higher level of coagulation [25].
Other researchers showed that the speed of
homogenization is effective on the stability of
the emulsion. They announced the trend of
decreasing stability for all clove essential oil
emulsions in sodium alginate during the storage
period. Also, emulsion stability decreased with
increasing homogenization speed [26]. The
stability of the emulsion corresponds to the
results obtained from the zeta potential, and the
emulsion prepared at a speed of 15000 rpm has
more stability due to the lower zeta potential.

I L0000 pm
I 15000 rpm
W 20000 rpm

4

L]
ok

Storage time (day)
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Figure 1- Stability of emulsions in different storage conditions: A) At room temperature (25 °C) B) At refrigerator
temperature (4 °C) (Uppercase and lowercase letters show a statistically significant difference between different
storage times in the same sample and different samples at the same time, respectively.)

4-3- Fourier transform infrared spectrum

Fourier transform infrared spectrum of essential
oil nanocoated in the wall of alginate gum
which  was  prepared with  different
homogenization speeds and alginate gum alone
is shown in Figure 2. cm range™” 3000-3600 is
related to O-H stretching bonds. As can be seen,
all nano-coated essential oils in this range have
a peak that is related to the bond between
essential oil and alginate. The researchers
measured the FTIR spectrum for lemon,
orange, red and white grapefruit, and Darabi
citrus peel essential oils and showed that all

essential oils have peaks in the range of 3250 to
3600 and also in 3000 to 3250 [27] and it is
consistent with the spectrum results of the
present study. cm range! 2927 shows the
presence of carboxylic acids in fine essential oil
covered with alginate gum. Peaks cm™ 3443«
cm'2928¢ cm™ 1615 « cm™ 1096¢ cm™ 1029 is
related to the carboxylic group, the asymmetric
stretch of the carboxylate salt and the C-O
stretch of the ether. Essential oil coated with
sodium alginate has a free carboxyl group,
which has a negative charge [13]. Other
researchers also reported similar results for
peppermint essential oil coated in alginate [22].

120~
100-
E’ 20 -
g 0 4
E 10000 mpum
— 15000 mom
=0 — 20000 mpm
30 -
I:l T T T T T T L
4150 3650 3150 2650 2150 1650 1150 850

Wanrennmbeers (cm-1)

Figure 2. FTIR spectrum of encapsulated grapefruit peel essential oil with alginate.
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3-5- DSC differential scanning calorimetry
analysis

Differential scanning calorimetry analysis DSC
can be used to determine the thermal behavior
of biomolecules, which is related to their
structure,  hydrophilic =~ properties,  and
interaction mode. The DSC diagram of pure
alginate and grapefruit peel essential oil
nanocoated in alginate gum is shown in Figure
3. According to Figure 3, two ranges of 25-9-
110 °C and 224-265-8 °C for the sample of
nanofine essential oil covered in alginate gum
correspond to endothermic (water evaporation)
and  endothermic  peaks, respectively.
According to the researchers' findings, the
exothermic peaks at high temperature are
related to the thermal decomposition of
polysaccharides and the beginning of the
random division of glycosidic bonds and
proteins [28]. According to the results of
Razmkhah et al. (2016), two heat-generating
regions were observed at the temperature of
262.56 and 304.44 degrees Celsius, which is
most likely related to the destruction of the
sample [29]. In a study, researchers

1.4
1.2

] -
0.8+
0.6 1
0.4 4

DAC (mWime)

investigated the efficiency of nano-
microcoating of orange and lemon peel
extracts, and reported that after nano-
microcoating, the melting point of the samples
increased from 73.6 to 231.8 degrees Celsius
[30]. Therefore, nano-microcoating can
improve the stability of orange peel extract
against high heat transfer during food
processing. The researchers reported the
reduction and increase peaks of mint essential
oil microcoated in alginate gum and carnauba
wax in the temperature range of 90 to 200 and
200 to 300 degrees Celsius, respectively [22].
As can be seen, the microcoated essential oil is
closer to pure alginate in terms of DSC
characteristics at a speed of 1000 rpm.
Therefore, it can be concluded that at higher
speeds of homogenization, some of the
essential oil compounds have been decomposed
and turned into newer compounds. Other
researchers reported two peaks in the graph of
essential oil coated with alginate, that the first
peak is related to water evaporation from
alginate and the second peak is related to
essential oil [31].

Tempsranize (2)

Figure 3- DSC diagram of encapsulated grapefruit peel essential oil with alginate gum.

6-3- Antioxidant activity of finely coated
grapefruit peel essence (DPPH)

Grapefruit skin essential oil, like other plant
essential oils, has antioxidant activity, because the
phenolic and flavonoid compounds of these
compounds can prevent lipid peroxidation by
quenching proxy radicals and chelating iron [32].
Since the antioxidant activity of essential oils is
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related to their specific chemical structure, it seems
that the antioxidant activity of produced
nanoemulsions can be a good indicator for
preserving their active compounds. Therefore, the
effects of grapefruit peel essential oil nanoemulsion
on DPPH radical activity were determined to
evaluate the antioxidant activity of prepared
nanoemulsions.
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Figure 4 - The effect of Ultra-Turrax speed on the antioxidant properties of encapsulated grapefruit peel essential
oil with alginate gum. (*Different lower case letters in the same concentration and upper case letters in the same

rpm indicate significantly different (p < 0.05))

As shown in Figure 4, antioxidant activity has
increased with increasing concentration of
nanoemulsion and the difference is statistically
significant. In all studied concentrations, the
highest antioxidant activity is related to alginate
10. The reason for this can be related to the
higher microcoating efficiency of the essential
oil at a speed of 10,000 rpm. Our previous
research showed that grapefruit peel essential
oil coated in basil seed gum has antioxidant
activity [33]. Caryophyllene and -a-pinene
chemical compounds of grapefruit peel
essential oil show weak and moderate DPPH
inhibitory  activity, respectively.  Other
researchers observed significant antioxidant
activity in essential oils rich in monoterpene
(di-limonene and -o-pinene). In general,
essential oils rich in oxygenated compounds
show a very important anti-radical activity.
There is a direct relationship between
antioxidant activity and the amount of a-pinene
[34]. Likewise, Mimica-Dukich et al. (2004)
reported that monoterpenes (limonene) and
sesquiterpenes (caryophyllene) are responsible
for DPPH radical neutralization [35]. In
addition, Kellen and Tepe (2008) have
recognized that monoterpenes (limonene and -
a-pinene) alone do not have significant
antioxidant activity in comparison with similar
compounds [36].

7-3-Analysis of stable shear flow behavior
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According to Figure 5, samples of essential oils
coated with alginate gum at homogenization
speeds of 10,000, 15,000 and 20,000 have shear
thinning behavior. According to the fitted
models (Powerla model, Herschel Balkli
model, Casson and Bingham), Powerla model
and Herschel Balkli model have R? are higher
Also, the powerla model current index value
(np) and Hershel Balkali (nu) 0.66 - 0.68 have
been obtained, which confirms the thinning
behavior by cutting the samples. But the
homogenization speed depends on the value of
kp and kg It was not significant (p>0.05). In a
research, researchers investigated the effect of
homogenization pressure on the emulsion
properties and shelf life of microcoated basil
essential oil and  concluded  that
homogenization had no effect on the viscosity
of the emulsion [25]. According to Flory et al.
(2000), although the homogenizer at a very
high pressure reduces the viscosity of the
emulsion to a limiting value. This means that in
emulsions with low viscosity, such as
emulsions based on gum arabic, the effect of
high-pressure homogenization on viscosity is
probably not significant [37]. Koflis et al.
(2021) reported shear thinning behavior for
lemon essential oil nanoemulsions in the wall
of alginate gum [38]. In another study, da Silva
Campello et al. (2021) reported the non-
Newtonian behavior of shear thinning for clove
essential oil nanoemulsions in alginate gum and
carboxymethyl cellulose, which is in
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accordance with the results of the present study
[39].
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Figure 5- Flow behavior diagram encapsulated grapefruit peel essential oil with alginate gum.

Table 2 - Rheological parameters of Herschel-Bulkley and Power law model for encapsulated grapefruit peel

essential oil with alginate gum

Power Law model

Herschel-Bulkley model

Ultraturrax Speed (rpm) K,(Byes’) n, 5 kit (Paxsn)  nn ton (well) E{
10000 b1.91:|:0.05 ?.68:!:0.01 1 c1.9O:|:0.04 0.68-0.01° ?.OZ:I:0.0I |
15000 a2.73&[0.03 8.66i0.01 1 a2.74ﬂt0.04 0.66+0.01° ?.OZi0.0l 1
20000 a2.60ﬂt0.17 ?.66i0.00 1 b2.5 1£0.13 8.67i0.003 2(1).03ﬂt0.00 1

* Different lower case letters in the same column indicate significantly different (p < 0.05)

Table 3- Rheological parameters of Bingham and Casson model for encapsulated grapefruit peel essential oil with

alginate gum

Bingham model

Casson model

Ultraturrax Speed (rpm) np R2 n, R2
Top (well) T (well)

10000 C1.79i0.06 8.47i0.00 2.9 35840.11° ?.ZIi0.0l (;.9

15000 a2.5610.00 ?.61i0.05 (7).9 5. 1120.00° ?.2010.01 (8).9
2.42+0.03  0.58+0.00 0.9 4.84 0.20+0.00 0.9

20000 b a 8 :|:0_07b a 7

* Different lower case letters in the same column indicate significantly different (p < 0.05)

4- Conclusion

Nowadays, the use of natural compounds as
food preservatives has become increasingly
popular among consumers because they are
considered safe and healthy. In this study,
grapefruit peel essential oil was nanocoated in
alginate gum using different homogenization
speeds (1000, 15000 and 20000 rpm). The
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results showed that the formed nanoemulsions
had a nanometer size (less than 300 nm) and
had a suitable PDI. Also, all nanoemulsions had
negative zeta potential and nano-microcoating
efficiency above 75%, which is ideal.
Nanoemulsion of grapefruit peel essential oil
showed antioxidant properties in the form of
free radical inhibition due to the presence of
bioactive compounds in the essential oil. The
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structural analysis of nanoemulsions showed
the trapping of essential oil particles inside the
alginate gum. In terms of rheological
parameters, nano-coated grapefruit peel
essential oils had shear thinning behavior. But
different speeds of homogenization were not
significant on the viscosity of the samples.
Finally, considering the higher stability of
nanoemulsions prepared at 15000 rpm and also
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