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ABSTRACT: In this study, xanthan gum was used to produce cryogel and conversion of cryogel
to oleo-gels, and the structural and chemical characteristics of the produced oleo-gels were investigated.
Results showed, the produced oleo-gels (COS) contained about 66% oil content and they have able
to holding oil at about 60%. The pseudo-second-order model can predict the oil absorption kinetics
of cryogels. There was no difference between the number of fatty acids of sunflower oil and COS.
'H NMR and C NMR signals, the hydroperoxide (initial oxidation product), and aldehydes
(secondary product oxidation) were not revealed in COS. Also, it was observed no exothermic process
in the curve in Differential Thermal Analysis (DTA)curve up to 350 °C. AFM is the formation
of a uniform, homogeneous, and stable gel network that matched the results of the mechanical
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properties of the COS.
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INTRODUCTION

Organo-gels or oleo-gels are semisolid systems derived
from liquid oil trapping in a three-dimensional network,
without changing the chemical properties of the oil. In fact,
they are semi-solid systems that are created based on the
gelling of organic solvents with low molecular weight
compounds or macromolecules soluble in the oily phase[1-3].
The use of oleo-gels has been studied for the production
and replacement of fat in food products in the last decade
and, they were used in various fields according to their
high potential [4-7].

Biopolymer gelators are mainly hydrophilic in nature,
so, they are suitable as a porous structural agent for oil
sorption. Gels made of polymers are usually more
common, in which their most abundant is: the protein gels

of milk, alginate, gelatin, carrageenan, and starch, which are
widely known and studied. Several ways are used to construct
oleo-gels based on the nature of gelatours [1,2,8,9].

One of these ways is the use of cryogels. Cryogels are
porous gels that are formed as a result of cryogenic
treatment (freezing, storage in freezing at a specific time,
and thawing) from low and high molecular weight
materials, colloid systems are also able to form gels.
The structure of cryogels usually has large pores (or very
large pores). Undoubtedly, solutions of any size are able to
disperse in them, causing mass transfer with nanoscale and
even micro-scale [10,11]. According to literature,
freezing-thawing cycles of a system is the most factor
that affects the size, shape, and macroporous distribution
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of oleogels. Also, in studies on the effect of freezing
temperature on porosity, it has been shown that lower
temperatures caused small pore sizes in the samples,
while by increasing the freezing time and the number of
freezing cycles, cavities with larger sizes are created
in the sample [12].

Xanthan gum is an anionic polysaccharide that
is commercially produced from the fermentation of
glucose, sucrose, and lactose by Xantomonas campestris [13].
This polysaccharide consists of D-mannose, D-glucose,
and D- glucuronic acid. Xanthan gum is a hydrocolloid
solution that is completely soluble in cold and hot water,
and its solutions have gel properties and the ability to keep
suspended particles[14]. Xanthan gum can be converted to
cryogel in a convenient process (by directly freeze-thaw
treatment) than other polysaccharides such as hyaluronan
and carboxymethylated curdlan which require acidic
conditions to form the cryogel. Also, the results of
the research have shown that freezing and thawing cause a
strong gel and flexibility by Xanthan gum [15].

Therefore, the potential of using cryogels in the
production of oleo-gels has been investigated for the first
time. For this purpose, xanthan gum was used to produce
cryogel and it was investigated the effect of the number
of freezing cycle in the preparation of cryogel, conversion
of cryogel to oleo-gels, and the structural and chemical
characteristics of the produced oleo-gels.

EXPERIMENTAL SECTION

Xanthan gum was prepared by the chemical company
(Sigma-Aldrich) and Ladan sunflower oil was purchased
from the local market in Mollasani, Iran.

Preparation of oleo-gels oil of sunflower

First, xanthan gum with 1.5% wt (A primary
experiment was carried out to obtain the optimum xanthan
concentration needed to produce gel) was mixed with
distilled water at ambient temperature, and then put
on the magnetic stirrer for 2 h (for homogeneity), and then
solutions was stored in the refrigerator for 24 h (to hydration)
and then stored in a freezer at -20 °C for 24 h (F1T1), then
transferred to a freeze drier and allowed to dry completely
(samples of cryo-gels put on the Freeze drier for 72 h
to dry completely). For investigating the freezing cycle,
the second cycle (F2T2) (storage period was 24 h in
a refrigerator, 24 h freezing at -20, 24 h at ambient
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temperature, 24 in the freezer at -20 and 72 h freeze-drying)
and the third cycle (F3T3) (second cycle storage period
was repeated again) was done, and then the cryogel
samples (F1T1, F2T2, F3T3) were immersed in sunflower
oil for 2 h at two temperatures of 25 °C and 40 °C.

Oil Holding Capacity (OHC)

1(g) of oleo-gels was put between filter paper and
then samples were centrifuged for 30 minutes at 9000 (g).
The oil holding capacity was calculated from the ratio of
oil held in the oleo-gel after centrifuge and the total weight
of oil in the samples [2].

Oil content

The oil content was determined using the Hexane
extraction method. For this purpose, the oleo-gel was cut
into small pieces (1x1xlcm) and weighed, then
the solvent was separated by soxhlet for 75 min [16].
This extraction method was repeated twice with hexane.
The oil percentage (content) of the samples was calculated
as follows:
oil content:M (D)

WO

Wo= Initial weight of oleogel; W1= Weight of oleogel

after soxhlet.

Kinetics of oil absorption

Different kinetic models have been proposed for
absorption analysis. Pseudo-first-order and Pseudo-
second-order models are commonly used for oil
absorption. In this work, both models are used for
empirical absorption kinetics data. A quasi-first-order
model can be used in many cases of absorption, such as
systems that are close to equilibrium, systems with
a solvent independent of time, or linear equilibrium of
absorbing isotherms, while the quasi-second-order model
is used to describe the process of chemical absorption [17].
The quasi-first-order equation can be obtained

In—="— = Kt @)
Where Q,,(g/g) is the maximum absorption of oil, Q,

is the absorption of oil at time t, and k; is the obtained
absorption constant from the slope of in[Qy,,(Qm — Qr)]
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versus t. The quasi-second-order equation becomes linear
(Eq.3):

t 1 1

Q, Q «k,Q2

®3)

By matching t/Q; versus t, the absorption rate of k,
constant can be determined.

Texture analyzer (TPA)

The oleo-gel texture characteristics (hardness,
gumminess, and cohesiveness) were investigated
by a texture analyzer (TA.XT. PLUS). For this purpose,
a cylindrical probe with a diameter of 6 mm and a speed of
1 (m/s) up to 40% of the sample compression was used [18].

Thermal analysis

The Simultaneous Thermal Analyzer (STA) (STA 504,
Bahr, Germany) was used to carry out.

Thermogravimetry/Differential Thermal Analyzer
(TG-DTA) of oleo-gel. Approximately 15 mg of the
sample was placed inside an alumina crucible for analysis
at a temperature range of 50 to 300 °C, with a heated rate
of 10 °C/min at argon gas [19].

NMR spectroscopy

NMR is an acceptable analytical method for heated oil
at relatively high temperatures. 10mg of oleo-gel
for *H NMR and 45 mg of oleo-gel for *3C NMR was dissolved
in CDCL3 (about 600 pL) and transferred to the NMR tube.
'H NMR was used to determine the oleo-gel oxidation
and ®C NMR was used to determine the structure of
triacylglycerols. The Bruker NMR spectrometer (Avanca 400 MHZ)
and the 5 mm tube, were used. Change of the chemical shift
is expressed by the unit 6 (ppm) [20, 21].

Fatty acid profile

Fatty acid profiles of sunflower oil and sunflower oil
oleo-gels were done by gas chromatography. One
microliter of each sample was injected into the device.
Its temperature was increased from 140 °C to 240 °C with
the rate of 4 °C/min and then kept for 25 min. The detector
temperature and injection sites were 300 °C and 280 °C,
respectively, and nitrogen gas was used as carrier gas [22].

AFM

An Atomic Force Microscope (AFM) was used to
study the structure of the oleo-gels. The gels were coated
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on a piece of mica substrate and the samples were immersed
in a container containing isobutanol for extra oil after 24 h,
at room temperature. After leaving the solvent from
the sample, an atomic force microscope (Nano wizard 1l
JPK, Germany) equipped with the DME-SPM software
was examined [23].

Statistical analysis

Experiments were evaluated based on a completely
randomized design. To evaluate the effect of freezing
cycles and immersion oil temperature on the properties
of oleogels, analysis of variance (ANOVA) was used.
To compare the means and investigating the impacts of
treatments, the Duncan Multiple Range test was utilized.
During all stages of statistical analysis, SPSS 19 was used
for analyzing the data. At least three repetitions
were performed for each experiment.

RESULTS AND DISCUSSION
Oil Holding Capacity (OHC) and oil content

Based on the results of this study, the produced oleo-gels
contained about (66+1.1 to 64+0.8%) oil content and they
have able to holding oil at about (60£1.9 to 64.87+ 1.8%),
which can be used as a high potential carrier for functional
compounds and lipid-soluble drugs. Also, based on the
results, reduced freezing temperature and the number of
freezing cycles have not been significantly affected (P<0.05)
on the oil content and oil holding capacity of oleo-gel. This means
that the number of cycles did not affect the oil absorbent
hydrophobic groups in the cryogel structure (Table 1).

Hardness

The hardness expresses the gel network strength.
The number of molecules in the binding regions plays
an important role in determining the properties of
the gel, so the gel becomes harder with more points [24].
Based on the obtained results (Table 2), the oleo-gels
that prepared from cryogels (with two freezing cycles)
were more rigid than other samples, which probably due
to the effect of the freezing cycle and exit freezing
process on the gel structure and creation of the number
of connection points is more in the gel building. Also,
increasing the temperature during immersion of cryogels
in oil reduced the hardness of the oleo-gel were attributed
to weakening of the structure due to an increase
in temperature.
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Table 1: Effect of the number of freezing cycles and immersion oil temperature on oil content and OHC.

‘- Source DF Oil content (%) OHC (%) )
Intercept 1 42.023 ** 39.611 **
Number of freezing cycles(A) 2 38.510™ 11.570™
Immersion oil temperature (B) 1 2.421™ 1.159"
AxB 2 1.255™ 2.396"
\_ Error 6 4.734 4.391 J

ns: not significant at (P<0.05)

Table 2: Effect of number of freezing cycles and immersion oil temperature on Hardness, Gumminess and Cohesiveness.

f Hardness (N) Gumminess (Nxmm) Cohesiveness \
Source
DF Mean square DF Mean square DF Mean square

Corrected Model 5 19.17* 5 2.3* 5 5.35*
Intercept 1 1416.5* 1 173.21* 1 5233.4*
Number of freezing cycles(A) 2 10.77* 2 0.43™ 2 0.003*
Immersion oil temperature (B) 1 72.89* 1 10.66* 1 0.001"
AxB 2 0.71" 2 0.004" 2 0.001"

\_ Error 6 159 6 0.118 6 0001/

ns: not significant at (P<0.05); *: significant at (P<0.05).

Gumminess

Gumminess is seen in the form of adhesion to the
production and adhesion to the fingers and mouths, which
is a negative factor in the latter case for products such as
bakery products, pudding, and salad dressing[25]. Based
on the obtained results (Table 2), the oleo-gels that
were prepared from cryogels with two freezing cycles had
the highest adhesion to other samples. Due to the
Gumminess theory and mechanism, intermolecular forces
such as hydrogen bond and van der Waals force is a factor
to make the adhesion in the material[26, 27]. Therefore,
more free hydroxyl groups are available for hydrogen
bonding for the oleo-gels prepared from cryogels with two
freezing cycles, which has increased adhesion in the
samples. Also, increase the temperature during immersion
of cryogels in oil caused a decrease in the Gumminess
of the oleo-gel (Table 2).

Cohesiveness

The cohesiveness is the required work to achieve
the transformation that indicates the internal power of
the bonds in the sample[28]. Based on the obtained results
(Table 2), increasing the number of cycles in the
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preparation of cryogels caused a significant decrease
(P <0.05) in the amount of oleo-gel cohesiveness were attributed
to the weakening of the structure due to freezing. Also, the
temperature increasing during oil absorption reduced the
cohesiveness of the samples.

Based on preliminary tests and the results of oil holding
capacity, oil content, and texture analysis, cryogels which
were produced by a Freezing-Thawing Cycle (F1T1)
and were immersed in oil at 25 °C, were selected as
an optimum cryogel (COS). Then its structural and thermal
properties were evaluated (Fig. 1).

Kinetic Analysis of Oil Absorption

The kinetics of oil absorption by COS was studied and
the results have been shown in Table 3. The results show
that produced cryogel has a high potential for oil
absorption, which is probably due to the porous structure
of the sample. Also, the results showed that the speed of
oil absorption was very rapid, so that in the first 1 min
the amount of oil absorption reached the equilibrium state.
Temperature also increases the rate of oil diffusion
in the cryogel structure, due to its effect on the viscosity
of the oil. Based on the results, for both temperatures,
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Table 3: The kinetics of oil absorption by COS.
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é Temperature (°C) 25 (°C) 40 (°C) A
Maximum absorption capacity, Qnm (9/09) 63.8+22 66.1+1.4
Pseudo-first order R? 0.957 0.987
K1 0.175 0.211
Psedudo-second order R? 0.972 0.99
Kz 0.043 0.051
Temperature (°C) 25 (°C) 40 (°C)
Maximum absorption capacity, Qnm (9/9) 63.8+22 66.1+1.4
Pseudo-first order R? 0.957 0.987
K1 0.175 0.211
Psedudo-second order R? 0.972 0.99
\_ Kz 0.043 0.051 )

N

/

Fig. 1: Cryogels were produced by a freezing-thawing cycle (F1T1) (A) and were immersed in oil at 25 °C (COS) (B).

the coefficient factor (R?) of the pseudo-second-order
equation was greater than the quasi-first-order equation.
Therefore, the pseudo-second equation can predict the
absorption of oil by cryogels. The adsorption rate constant
(K1, Ky) increased by increasing temperature, indicating
a higher rate of oil absorption in the samples.
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Fatty acid analysis

Linoleic acid, oleic acid, and palmitic acid are the major
fatty acids of sunflower oil. According to Table 4 (fatty
acid profile of sunflower oil and COS), these fatty acids are
the major fatty acids of COS, yet, and has not been observed
the difference between the number of fatty acids
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Table 4: Fatty acid profile of sunflower oil and oleogels.

Vol. 40, No. 4, 2021

Fatty acid Sunflower oil COSs
Cl14 0.44 + 0.08 (%) 0.46 +0.1 (%)
C16 6.68 £ 0.9 (%) 7.76 £ 1.1 (%)
C16:1 0.12+0.2 (%) 0.17 £0.07 (%)
C18 3.23+0.2 (%) 31+0.1(%)
Cc18:1 35.2+1.4 (%) 345+ 1.1 (%)
C18:2 53.48 + 1.9 (%) 52.84£2.1 (%)
C18:3 0.46 0.1 (%) 0.51£0.17 (%) )
e N e N
|
]
‘ | | J o l I )
L 220 200 180 160 140 120 100 80 60 40 20 ) L 9 8 7 6 5 4 3 2 1 0 )

ppm
Fig. 2: 13C NMR spectra of COS.

of sunflower oil and COS, which indicates the stability
in the amount of sunflower oil fatty acids in COS.

13C NMR spectra

13C NMR is an effective spectrometer for analyzing
and determining the structure of the triacylglycerol. Fig. 2
shows the obtained spectrum of the COS. Resonances
can be grouped into different parts. Carbonyl carbons
appeared between 172.1 and 173.13 ppm, and unsaturated
carbon appeared from 127.09 to 119.6 ppm and glycerol
carbon appeared at 68.88 and 64.05 ppm, that at this part
the carbon atoms have overlap with the Hydroxyl group in
the sterol and fatty alcohols. In addition, the parts from
27.17 to 14.34 ppm are aliphatic carbons[29,30].

'H NMR Spectra:

'H NMR was used to investigate the stability of edible
oils at room temperature. The position of the resonance
signal in the spectrum is called the chemical shift and,
represents the symbol 6. The chemical shift gives useful

1234

Fig. 3: 'H NMR spectra of COS.

information about the type of H nucleus in the sample [31,
32]. Sunflower oil is easily identifiable due to the high
content of linoleic acid compared to edible oils [33].
The intensity of the signal is 627.2 ppm. The linoleic acid
protons are 8.55 ppm for terminal methylene and 106.2
ppm for alcohol proton, respectively. Linoleic acid
contains two internal groups of methylene alkyl. Glycerol
and unsaturated protons appear between 4.10 ppm and
5.40 ppm, while saturated proton signals appear between
0.8 ppm and 2.80 ppm. The presence of proton hydroperoxide
in the range of 8.09-8.19 ppm and 9.30-9.90 ppm
for aldehyde represents the oxidation of edible (fig 3) oils.
In the 'H NMR signals, the hydroperoxide (initial
oxidation product) and aldehydes (secondary product
oxidation) were not revealed in COS, which indicates that
no oxidation has occurred [33, 34].

Thermal Analysis

The TG-DTA test was performed to examine the
thermal behavior of sunflower oil oleo-gel. Figure 4 shows
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Fig. 4: Thermal Analyzer of COS.

Fig. 5: AFM of COS.

the TGA thermogram of the COS. According to Fig. 4,
it can be seen that by increasing temperature from ambient
temperature to 100 °C (evaporation temperature)
was not observed weight loss in the samples, which
indicates very little water in the samples. This can be
due to the that the gels were dried before being immersed
in oil using a freeze dryer. With increasing temperature,
the weight loss of the sample began at a temperature of 220 °C
and only about 3% of weight loss was observed in the samples
until 350 °C, which indicates the high resistance of the sample
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to thermal decomposition. Also, due to the fact that it was observed
no exothermic process the curve in the differential thermal
analysis curve (DTA) up to 350 °C, it can be concluded
that no oxidative degradation has occurred in the samples.

AFM

The atomic force microscope (AFM) can be used to
evaluate the real nature of the sample and provide three-
dimensional information from three sample surfaces.
In the phase images of the AFM, is clearly visible the formation
of the xanthan cryogel network in the COS (Fig 5). Liquid oil
is surrounded in the penetration with different diameters
by the coral-like network that is made of polymer filament,
which showing polymer-polymer interactions and the
formation of hydrogen bonds between polymer threads.
According to that this method only evaluates the oleo-gel
level, it is believed that such a network exists in the gel.
The apparent investigation of the oleo-gel status indicates
the formation of a uniform, homogeneous, and stable gel
network that matched the results of the mechanical
properties of the COS.

CONCLUSIONS

Cryogela can be easily converted to oleogels. The
number of freezing cycles in cryogel production had
no significance (P<0.05) on the oil content and OHC
of COS. Based on cryogels which were produced by
a freezing-thawing cycle (F1T1) and were immersed in oil
at 25 °C, were selected as an optimum COS. The
conversion of F1T1 to COS did not affect the fatty acid
profile, and also the 'H NMR and *C NMR showed
the main peak of xanthan gum and sunflower oil in COS.
The uniform, homogeneous, and stable gel network
of COS were confirmed by AFM. Our novel oleogel
by trapping oil inside a cryogel matrix with appropriate
mechanical characterizes could be suitable for extending
novel materials, e.g., in pharmaceutical, nutraceutical,
and food applications.
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