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SUMMARY: Rice bran oil fatty acid distillate (RBOFAD) is an important by-product obtained from the physi-
cal refining process. This fatty acid distillate contains high a amount of Unsaponifiable Matter (y-oryzanol
3.27 gm/100gm UM; total tocopherol 10.93 mg/100 g UM; total phytosterol 21.81 g/100g UM; squalene
1.15 g/100 g UM and total fatty alcohol 73.34 g/100 g UM) and free fatty acids. Antioxidant-rich Oleogels
were obtained from rice bran wax (RBW), rice bran oil fatty acid distillate (RBOFAD) and refined rice bran
oil. The main objective of this study was to utilize the antioxidant-rich unsaponifiable matter of RBOFAD
(UMRBOFAD) as an organogelator along with rice bran wax, which also acts as a good organogelator.
Antioxidant-rich oleogel was prepared using UMRBFAD, ethylcellulose (EC) and RBW at 2%, 2%, 3% on
weight basis, respectively, in refined rice bran oil and this antioxidant-rich oleogel was compared with rice bran
oil oleogel using RBW at 7% on weight basis of rice bran oil. These oleogels were evaluated using a combination
of techniques such as differential scanning calorimetry (DSC), polarized light microscopy (PLM), Viscosity,
synchrotron radiation X-ray diffraction (SR-XRD) and FTIR Spectroscopy. The differential scanning calorim-
etry (DSC) measured the thermal properties of rice bran oil oleogel and high antioxidant-rich oleogel. Polarized
light microscopy images revealed needle-like crystals for RBW. SR-XRD measurements were used for clarifica-
tion of the crystal structures of the building blocks of these oleogels. The antioxidant activities of oleogels were
evaluated involving DPPH and ABTS assays.
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RESUMEN: Utilizacion del insaponificable de destilados de dcidos grasos de aceites de salvado de arroz para la
preparacion de oleogeles ricos en antioxidantes y evaluacion de sus propiedades. El destilado de acidos grasos de
aceites de salvado de arroz (RBOFAD) es un subproducto importante que se obtiene en el proceso de refinacion
fisica. Este destilado contiene una gran cantidad de materia insaponificable (y-oryzanol 3.27 g/100g UM; toco-
ferol total 10.93 mg/100 g UM; phytosterol total 21.81 g/100g UM; escualeno 1.15 g/100 g UM vy alcohol graso
total 73.34 g/100 g UM) y acidos grasos libres. Los oleogeles ricos en antioxidantes se obtuvieron de la cera del
salvado de arroz (RBW), de destilados de acidos grasos de aceite de salvado de arroz (RBOFAD) y de aceite de
salvado de arroz refinado. El objetivo principal de este estudio fue utilizar materia insaponificable de RBOFAD
(UMRBOFAD) ricos en antioxidantes como organogelador junto con cera de salvado de arroz que actia tam-
bién como un buen organogelador. El oleogel rico en antioxidantes se prepard usando UMRBFAD, etilcelulosa
(EC) y RBW al 2%, 2%, 3% en peso respectivamente en aceite de salvado de arroz refinado y este oleogel rico
en antioxidantes se comparé con el oleogel de aceite de salvado de arroz usando RBW al 7% en peso de aceite
de salvado de arroz. Estos oleogeles se evaluaron utilizando una combinacion de técnicas como la calorimetria
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diferencial de barrido (DSC), microscopia de luz polarizada (PLM), viscosidad, difraccion de rayos X por radia-
cién de sincrotron (SR-XRD) y espectroscopia FTIR. La calorimetria diferencial de barrido (DSC) midio las
propiedades térmicas del oleogel de aceite de salvado de arroz y el oleogel rico en antioxidantes. Las imagenes
de microscopia de luz polarizada revelaron una aguja como el cristal para RBW. Las medidas de SR-XRD se
usaron para la clarificacion de las estructuras cristalinas de los bloques de construccion de estos oleogeles. Se
evaluaron las actividades antioxidantes de los oleogeles con ensayos de DPPH y ABTS.
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1. INTRODUCTION

Rice bran oil (RBO), a healthy vegetable oil, is a
good source of various antioxidants such as oryzanol,
tocopherol, tocotrienol, squalene and phytosterol
and has greater oxidative stability and longer shelf-
life than other vegetable oils. Rice bran oil is a rich
source of monounsaturated fatty acids (n-9 MUFA),
n-6 PUFA and sterols, and it has been proven to
reduce LDL (bad cholesterol). This healthy vegetable
oil with a balanced fatty acid profile is more effective
for preventing heart disease, skin disease, and cancer
and it improves the immune system activity and neu-
rological function (Ahmad Nayik et al., 2015).

Rice bran oil fatty acid distillate (RBOFAD) is a
by-product which is produced in the physical refin-
ing plants for the de-acidification of RBO and this
by-product is mainly utilized in soap manufacturing
processes. Higher amounts of unsaponifiable matter
composed of oryzanol, sterol, tocopherol, squalene
and fatty alcohol are present in the rice bran oil fatty
acid distillate (Sahu ez al., 2018). Oryzanol, sterol,
tocopherol, tocotrienol and squalene possess high
antioxidant properties against free radicals (Ahmad
Nayik et al., 2015). Oryzanol, an antioxidant com-
pound in rice bran oil, decreases plasma choles-
terol levels, serum cholesterol levels, and platelet
aggregation with increasing bile excretion. Gamma
oryzanol improves the immune system and good
cholesterol levels, which is important for health. It
prevents cancer and reduces menopause problems
in women (Ahmad Nayik et al., 2015). Tocopherols
and tocotrienols (a, B, y and 8) are comprised in rice
bran oil and are also important phytochemicals with
antioxidant activities and potential health benefits
(Chen and Bergman, 2005). The tocopherols in
rice bran oil help to balance the endocrine hor-
mones and improve neurological functions (Ahmad
Nayik et al., 2015). Squalene, a phytochemical, has
been studied for its preventive effects in many dis-
eases such as cancer and cardiovascular diseases
(Escrich et al., 2014). Recently, squalene has also

received attention as a functional food in various
food sectors. Studies have proven that phytosterols
from plant origin have cholesterol-reducing activ-
ity (Gupta et al., 2011; Nijjar et al., 2010). Mixtures
of phytosterols and y-oryzanol are able to produce
transparent gelling structures and other advantages
of these components are the cholesterol reducing
properties of Phytosterols (Calligaris et al., 2014;
Dassanayake et al., 2011). Fatty alcohols are mainly
derived from various vegetable oils and serve as
raw material for making oleogel, which is recently
gaining importance in bakery applications, various
household products and surfactants (Dassanayake
et al.,2011; Troni et al., 2013). Therefore, these con-
stituents are useful for the utilization of functional
foods for human health.

Ethylcellulose (EC), a hydrophobic polymer oleo-
gelator has the ability of crystallization properties
in edible oils and EC is commercially available, less
expensive than other organogelators, and is also used
as a food additive and textural modifier for oleogel
formation in various food sectors (Gdémez-Estaca
etal.,2019; Hwang et al., 2013; Patel and Dewettinck
2015; Zetzl et al., 2014).

Waxes are esters of long chain fatty acids which
are esterified to fatty alcohols; various hydrocarbon,
ketones, fatty alcohols, mono-, di- and tri-acyleglyc-
erol and sterol ester are contained in plant wax sam-
ples. These plant waxes have excellent crystallization
properties in edible oils (Dassanayake et al., 2011).
Studies have proven various plant wax crystalliza-
tion in liquid oils such as rice bran wax in olive oil,
sunflower wax in milk fat, animal wax and plant
wax in sunflower oil and beeswax in hazelnut oil
(Doan et al., 2015). Rice bran wax, a by-product of
rice bran oil can be used as a good organogelator for
valuable requirements in food sectors (Dassanayake
et al., 2011). RBW has been used to provide certain
micronutrients such as fatty alcohol, tocopherols,
oryzanol, and sterols to act as an enhancer of oleo-
gel formation besides providing nutritional quality
and functional food properties such as antioxidants.
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The addition of RBW also enhanced the compat-
ibility of ethyl cellulose in the oil phase along with
the homogeneity of the ethyl cellulose based oleogel.

Oleogel is a colloidal system of micro-
heterogeneous solid and liquid phase. In general,
oleogels have a smooth texture with a small amount
of gelator and they have shown feasibility for the
replacement of trans and saturated fats containing
hard stocks used in food products such as margarine,
spreads, etc. (Hwang et al., 2013; Hwang et al., 2012).
The mixture of oryzanol and phytosterols, wax esters,
long chain fatty acids, fatty alcohols, waxes, lecithin,
monoacylglycerides, sorbitan tristearate are more
effective as organogelator for making oleogel from
edible oil (Dassanayake et al., 2011).

The objective of the present investigation is
mainly concerned with the utilization of high anti-
oxidant-rich unsaponifiable matter, duly isolated
from rice bran oil fatty acid distillate, as a composite
organogelator system for making oleogels from rice
bran oil along with rice bran wax or ethyl cellulose.

2. MATERIALS AND METHODS
2.1. Materials and oleogel preparation

RBOFAD and RBW, two refinery by-products,
were obtained from M/S Sethia Oils Ltd. (Burdwan,
WB, and India). Refined RBO was purchased from a
local grocery store, ethyl cellulose (HIMEDIA, CAS
no. 9004-57-3, RM 1610-500) was purchased from
a reagent supplier and total unsaponifiable matter
was isolated from RBOFAD following the standard
AOAC method (AOAC 972.28). RBW was blended
at 1-7 wt% levels with physically refined rice bran
oil to produce oleogel. Antioxidant-rich, soft oleo-
gel (gel A) was also produced with UMRBOFAD
(2 wt%), ethyl cellulose (2 wt%), RBW (3 wt%) and

RBO. Oleogel (gel B) without the UMRBOFAD
was prepared with only RBW and RBO at 80 °C as
shown in Table 1. Antioxidant-rich oleogel was pre-
pared by dissolving the weighed solid ethyl cellulose,
UMRBOFAD and RBW in rice bran oil (RBO) at
140 °C after full melting of all substances. Then the
heated solution was cooled at room temperature
(26 °C) and stored in the refrigerator and the oleo-
gels are depicted in Figure 1.

2.2. Oil binding capacity

Oil binding capacity (OBC) is essential for one
of the physical properties of oleogel (YIlmaz and
Oglitcli 2014). First melted oleogel was put in an
Eppendorf tube (a) which was previously weighed
and stored in refrigerator for 1 hour. After that,
this Eppendorf was again weighed (b) and centri-
fuged at 9000 rpm at room temperature (27-28 °C)
for 16 min. After centrifugation this Eppendorf
was turned over onto a paper for draining the extra
liquid oil. After the draining of the liquid oil, the
Eppendorf tube was weighed again (c). OBC value
was calculated by the equation:

Released oil (%) = [(b-a) -(c-a)]/(b-a) X100

Oil binding capacity (OBC) % = 100- released
oil (%)

2.3. Color measurement

The colors of the surface of oleogel samples
were mostly measured by Konica Minolta Color
Reader CR 10 (Japan). The color was measured in
three different points of each sample such as “L”
(Lightness), “b+” (Yellowness) and “a+" (Redness)
(Sahu et al., 2018).

TaBLE 1. Composition of Gel A (Antioxidant-rich oleogel) and Gel B (Rice bran oil oleogel)

Antioxidant-rich oleogel (Gel A) Components (% Wt/Wt)
Unsaponifiable matter of rice bran oil fatty acid distillate (g/100g) 3.92+0.10
y-oryzanol (g/100g UM) 3.15+0.14
total tocopherols (mg/100g UM) 10.74 £ 0.29
total phytosterol (g/100g UM) 21.80 £0.10
Squalene (g/100g UM) 1.11 £0.10
total fatty alcohol (g/100g UM) 73.31 £0.30
Rice bran wax (g/100g) 3
Ethyl cellulose (g/100g) 2
Refined rice bran oil (g/100g) 93
Rice bran oil oleogel (Gel B)

Rice bran wax (g/100g) 7

Rice bran oil (g/100g) 93

Gel A = Antioxidant-rich oleogel; Gel B = Rice bran oil oleogel, Each value is an average of three determinations, mean + SD.
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(a)

(b)

FIGURE 1. Pictures of (a) unsaponifiable matter of
rice bran oil fatty acid distillate (UMRBOFAD) and
(b) oleogel samples (Gel A; Antioxidant-rich oleogel &
Gel B; Rice bran oil oleogel).

2.4. Thermal analysis

The melting temperature and crystallization
temperature of oleogel were examined by DSC
(PerkinElmer Diamond DSC) (Dassanayake et al.,
2011). Instrument calibration was done with Indium
and Zinc. Each oleogel sample (20-25 mg) was
weighed into an aluminium pan and hermetically
sealed. The temperature was gradually increased
from room temperature to 80 °C at 5 °C/min; the
oleogel samples were cooled to —20 °C at 5 °C/min
and held for 3 min at —20 °C for full crystallization

of the samples. Again these oleogel samples were
heated to 80 °C at 5 °C/min. because the antioxi-
dant rich oleogel (Gel A) was liquid at 80 °C inspite
of ethyl cellulose and rice bran wax being present
due to the compatibility of ethyl cellulose in the gel,
enhanced as revealed by the clarity of the oleogel.

2.5. Crystal morphology

The crystals of oleogel samples were observed
by Polarized Light Microscope (Bin Sintang et al.,
2017a). Small amounts of oleogel sample were
placed on glass microscope slides and these slides
were covered with glass cover slips. Partially and
fully polarized digital images of various oleogels
were observed using a camera (Canon) at room
temperature. The crystal morphology of oleogel
samples was compared at different concentrations
of RBW, ethyl cellulose and UMRBOFAD.

2.6. Viscosity measurements

The viscosity of oleogel samples (gel A and gel B)
was measured by a Viscometer (LR Lamy Rheology
instrument). The oleogel samples were heated in
water bath at 80 °C for proper melting. These melted
oleogel samples were placed in the sample cell of the
viscometer and the viscosity was measured with a
gradual decreasing of temperature (80 °C to 20 °C)
at the rate of ~1 °/min. The viscosity measurements
were plotted against the temperature.

2.7. XRD analysis

XRD patterns of oleogels were taken by
Panalytical X'Pert PRO X-Ray diffractometer
(Yang et al., 2017). Angular scans were performed
from 2° to 50° at 2°/min scan rate with a copper
source X-ray tube, a = 1.54 A

2.8. FTIR spectroscopy

The oleogel samples were analyzed by Fourier
transform infrared (FTIR) Spectroscopy (Perkin
Elmer FTIR) for infrared spectra measurements
at 4000-650 cm ™' wave range (YIlmaz and Ogiitcii,
2014).

2.9. Oxidative stability

Peroxide value measurements for the determi-
nation of the primary lipid oxidation of oleogel
samples as an important determination for oxi-
dative stability during the storage period of oleo-
gels at 3 to 4 °C were made following the AOCS
method (Ogutcu et al., 2015). The peroxide values
(meq O,Kg™ ") of oleogel samples were measured by
the acetic acid-chloroform method and potassium
iodide solution.
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2.10. Determination of DPPH and ABTS+ radical
scavenging activity

The DPPH (1,1- diphenyl-2-picrylhydrazyl) was
measured for the determination of radical scaveng-
ing power of oleogel samples. The samples were
diluted to varying concentrations with isopropanol,
and then these diluted samples were mixed with 1 ml
DPPH solution (0.04 mg/ml) in a dark place. The
mixture was then incubated at room temperature
(28 °C) for 30 min. The absorbance of solutions
was measured at 517 nm using a spectrophotom-
eter (JASCO V630 UV Vis Mississippi, USA). The
sample concentration required for scavenging 50%
DPPH free radical (ICsy) was determined from the
percent inhibition curve against the respective con-
centration (Pengkumsri et al., 2015).

The free radical scavenging activity of the oleo-
gel samples was measured by the ABTS" radical.
An ABTS" stock solution was prepared by mix-
ing with ABTS™ (7mM) and potassium persulfate
(2.45 mM) and stored in the dark at room tempera-
ture for 16 hours. The ABTS" solution was diluted
with ethanol (1:50) to obtain the perfect absorbance
(0.700 £ 0.02) at 734 nm. 10 uL samples were diluted
with isopropanol 190 pL diluted ABTS" solutions
were added. This solution was incubated at room
temperature for 10 min and the absorbance was
measured by a UV Spectrophotometer at 734 nm.
The free radical scavenging activity was determined
by the I1Cs, value, which expresses the concentration
of sample required for the inhibition of 50% radical
(Pengkumsri et al., 2015).

2.11. Statistical analysis

The results were presented as mean values with
standard deviations and the statistical analysis
was done by the Tukey test (p < 0.05) for the inter-
group comparison of parametric data using Origin
8 software.

3. RESULTS AND DISCUSSION
3.1. Physical properties of oleogels
Some valuable physical characteristics of oleo-

gels are shown in Table 2. The OBC value of gel A
is much lower than that of gel B. Therefore, gel A is

a softer oleogel than gel B and gel B is a stronger,
more stable gel than gel A (high antioxidant-rich
oleogel). Gel A contained high amounts of unsa-
ponifiable matter (y-oryzanol 3.27 g/100g UM; total
tocopherol 10.93 mg/100 g UM; total phytosterol
21.81 g/100g UM; squalene 1.15 g/100 g UM and
total fatty alcohol 73.34 g/100 g UM) which is iso-
lated from the rice bran oil fatty acid distillate (Sahu
et al., 2018). Phytosterol and oryzanol mixture and
fatty alcohol are good organogelators for making
various types of oleogels (Dassanayake et al., 2011).

The colors of oleogels are different due to
the presence of the unsaponifiable matter from
rice bran fatty acid distillate, rice bran wax percent-
age and liquid stock oil. These colors of oleogels are
usually dependent on rice bran wax concentration
and used stock liquid oil because RBW consists of
esters of long-chain saturated fatty acids and fatty
alcohols (Yilmaz and Ogiitcii 2014). “L” (Lightness)
and “b+” (Yellowness) of antioxidant-rich oleogel
(gel A) are much higher than gel B (without unsa-
ponifiable matter) except “a+” (Redness) of gel A,
as shown in Table 2.

3.2. Thermal properties of oleogels

Thermal parameters such as crystallization,
melting temperatures and enthalpies of oleogel
samples were measured by DSC and the results are
shown in Table 3. The crystal form of gel A began at
53.92 °C and melting initiated at 57.37 °C. The peak
temperature and peak crystallization temperatures
were determined as 68.83 and 52.81 °C. The melting
enthalpy and crystallization enthalpy were 2.709 J/g
and —0.303 J/g. The starting points of crystalliza-
tion and the melting of gel B were at 53.91 °C and
68.13 °C. The peak melting and peak crystallization
temperatures of gel B were observed at 68.13 °C
and 51.88 °C; crystallization and melting enthal-
pies were —7.646 J/g and 7.549 J/g. Crystallization
and melting enthalpy values were high because gel
B contained a higher amount RBW than gel A
because the concentration of RBW was smaller in
gel A compared to gel B. In general, the peak and
onset of melting and crystallization temperatures of
oleogel A (high antioxidant rich) were quite similar
to oleogel B. The differences in onset and peak tem-
peratures can be attributed to the relatively higher
melting points of the constituents of unsaponifiable

TABLE 2. Physical properties of prepared oleogels

Samples OBC (%) L a* b*
Gel A 38.71+0.17" 42.5310.05" +3.86%0.05" +8.26%0.15
Gel B 72.06+0.07 38.60+0.26 +0.90+0.10 +0.96+0.20

Gel A = Antioxidant-rich oleogel; Gel B = Rice bran oil oleogel; OBC = oil binding capacity; L, a *, b * instrumental
color parameters. Each value is an average of three determinations, mean * SD. At p < 0.05, significant differences

are shown by symbol “a”.
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TABLE 3. Thermal properties of oleogels

Crystallization Melting
Samples Onset (°C) Peak (T,°C) AH (J/g) Onset (°C) Peak (T,°C) AH (J/g)
Gel A 53.92% 0.00™ 52.80%0.00" —0.303+0.00" 57.37+0.00" 63.8240.00" 2.705%0.00"
Gel B 53.91+0.00 51.88+0.01 ~7.646£0.00" 60.54+0.01 68.11£0.01 7.546%0.00

Gel A = Antioxidant-rich oleogel; Gel B = Rice bran oil oleogel. Each value is an average of three determinations, mean + SD. At p <0.05,

significant differences are shown by symbol “a”. ns = Not significant.

matter such as oryzanol, phytosterol and fatty alco-
hol. Antioxidant-rich oleogel (Gel A) became liquid
at 80 °C inspite of containing Ethyl cellulose and
rice bran wax, presumably due to the compatibility
of ethyl cellulose and wax in the oil phase of the
oleogel, which was further accentuated in particular
by the action of oryzanol as a solutizer. Therefore,
gel A could be better as a good food application
than gel B because gel A contained higher amounts
of unsaponifiable matters (y-oryzanol, tocopherol,
squalene, phytosterol and fatty alcohol). The com-
position of unsaponifiable matter can be utilized
in food products such as margarine, mayonnaise,
health drinks, bakery products such as biscuits and
cakes where the unsaponifiable matter constituents
act as good antioxidants, preserving the flavor char-
acteristics of the baked products by maintaining the
oxidative stability of the fat phases.

3.3. Crystal morphological properties

The crystal morphological properties of the two
oleogels (gel A and gel B) were found by Polarized
Light Microscope (PLM) and are depicted in Figure 2.
These pictures show the morphological structure
of oleogels with rice bran wax and unsaponifiable
matter from rice bran fatty acid distillate and reveal
that the crystallized form of gel B is similar to gel A,
which is a more antioxidant-rich oleogel. Literature
reviews of oleogels with rice bran wax showed more
needle-like structure (Doan et al., 2015). The results
for the morphological properties of oleogels showed
a smooth and homogeneous mixture of oleogels.
From this study, it was determined that gel A was
smooth and homogeneous, similar to gel B and gel
B contained a more needle-like structure than gel A,
although gel A contained large needle crystals and
network-like structure because gel A contains higher
amounts of oryzanol, phytosterol and ethyl cellulose
(Bin Sintang et al., 2017a).

3.4. The viscosity of oleogel samples

The viscous properties of the oleogel samples (gel
A and gel B) during the cooling process are shown
in Figure 3. The viscosity of gel B with RBW at
7% WI/W) was higher than gel A during the cooling
process because gel B contained a high amount of

FIGURE 2. Polarized Light Microscopy (PLM) pictures
of oleogel samples (a) Gel A; Antioxidant-rich oleogel
and (b) Gel B; Rice bran oil oleogel); Gel B with rice bran
wax (7 Wt.%) and Gel A with rice bran wax (3 Wt.%), ethyl
cellulose (2 Wt.%) and Unsaponifiable matter of rice bran oil
fatty acid distillate (2 Wt.%).

rice bran wax which created a more fiber-like needle
crystal structure and formed a strong gel structure.
The viscosity of the oleogel samples was explained
by temperature, crystallization, size and shape.
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FIGURE 3. Viscosity properties of oleogel samples (gel A; Antioxidant-rich oleogel and gel B; Rice bran oil oleogel) during the
cooling process of oleogel. Each value is an average of three determinations, mean £ SD. Error bars represent standard deviations of
values and each value is significantly different at p < 0.05 according to the Tuky test.

3.5. X- ray diffraction patterns of oleogel samples

The x-ray diffraction (XRD) patterns of the
oleogel samples were measured and the results are
shown in Table 4 and Figure 4. The XRD patterns
of gel A and gel B were very similar according to
Figure 3. The peaks for gel A in the wide-angle
region were at around 3.73A — 4.50A and the
wide-angle region peaks for gel B were at around
3.71A — 4.51A (Table 4). Wide angle region peaks
for bee wax gel and carnauba gel were very similar at
around 3.73A — 4.60A (CB7); 3.73A — 4.59A (CC7)
(Yilmaz & Ogiitcii 2014). Gel A contained higher

amounts of phytosterol, oryzanol and fatty alcohol
than gel B. The high intensity of short spacing peaks
of oleogel sample A was due to the combination of
various gelators such as phytosterol, fatty alcohol,
oryzanol and ethyl cellulose (Dassanayake et al.,
2011; Stortz and Marangoni 2014; Yang et al., 2017;
Zetzl et al., 2014), which indicated a lateral packing
of molecular layers. Gel B, with single gelator, pre-
sented self-shorting and rearrangement of gelator
molecules because of its high intensity of long spac-
ing peaks. In this study, the XRD diffraction of gel
A was observed with peaks of RBW, UMRBOFAD
and EC crystals in the §’ polymorphic form.

TABLE 4. X-ray diffraction patterns of oleogels

Samples 2- theta d (10&)
Gel A 19.29, 21.45, 23.80 4.50,4.13,3.73
Gel B 19.64, 21.60, 23.95 4.51,4.10,3.71
Oleoel A = Antioxidan- rich oleogel; Gel B = Rice bran oil oleogel.
(a) (b)
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& 2
g = 4000
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FiGURE 4. X-ray diffraction patterns of oleogels (A) Gel A; Antioxidant-rich oleogel and (B) Gel B; Rice bran oil oleogel.
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3.6. The FTIR spectra of oleogel samples

The FTIR spectra of the oleogel samples (gel
A and gel B) are shown in Figure 5. The hydrogen
bond formation between the molecules of the oleo-
gel samples was analyzed by FTIR spectroscopy,
which covered a 4000-650 cm™' wave range. This
analysis provided information about the interaction
of molecules in the oleogel samples. In view of the
molecular nature of the various components present
in the two oleogels, the IR spectrum was expected
to be almost identical, with peaks at nearly the
same wave lengths as indicated in the FTIR spectra.
There was a spectral difference between gel A
(more ant1ox1dant rich oleogel) and gel B at around
3,215-3,520 cm™ . The FTIR spectra measurement
of the B- sitosterol and y-oryzanol-based organogel
was seen at around 3,441 cm™', which was observed
in sitosterol slurry as an intermolecular hydrogen
bond (Yilmaz and Ogiitcii 2014). Gel A sample con-
tained higher amounts of phytosterol and oryzanol
than gel B; the FTIR spectral measurement of gel A
was observed as medium-intensity band at around

3,385-3,520 cm~' due to the presence of high
amounts of phytosterol and oryzanol. This mixture
of phytosterol and oryzanol in gel A had a highly
specific intermolecular hydrogen bond (Yilmaz and
Ogiitcii 2014).

3.7. Oxidative stability of oleogel samples

The results on the oxidative stability of the oleogel
samples were more significant for storage stability
from 0 day to 90 days at two different tempera-
tures such as room temperature (26 °C) and refrig-
erator temperature (4 °C), as shown in Figure 6.
There were slight differences in peroxide value (PV)
between room temperature and refrigerator tem-
perature because the oleogels were produced from
stable edible oil. Figure 6 clearly demonstrates that
the peroxide value for the oleogel samples stored at
room temperature was always higher than the oleo-
gel sample stored at refrigerator temperature, which
was also reported previously (Ogiitcii et al., 2015;
Yilmaz and Oglitcii 2014). On day 0, the perox1de
values of gel A and gel B (0.50 meq O, Kg ™' and

(a)
110 ‘
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100 e e L e P T el
~ " 1 [ \ | | VoV [
o \ | I || \
1 3385.42 cm-1 \‘ | “ ‘ \I“u 10?61 162 cm-1 | |
‘ 3520.42 cm-1 \ | | V \ L[|
%1 90 . || || \/ |
1 n 11 v
‘ || || ‘I‘ 1458.89cm-1 | | ‘
| ‘I | |
‘ '\ \"\ | \| 719.318 dm-1
v
80~
2e$5 1em-1 1744.3 cm-1 1163.83 cm-1
‘\
2921 6‘3 cm-1
70 - 1 SESRE. SRS | s | =
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Wavenumber [cm-1]
(b)
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100 For s/ VA S s e —~— Gea AT N
R N / ‘ \
e /‘// ,“b’\ I}‘/ \‘. | f \I‘ f \l f/
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80~ || \ ‘
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4000 3000 2000 1000 650
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FIGURE 5. The FT-IR Spectra of oleogel samples (a) Gel A; Antioxidant-rich oleogel and (b) Gel B; Rice bran oil oleogel.
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FIGURE 6. The peroxide values of oleogel samples at (a) refrigerator temperature (4°C) and (b) room temperature (26°C).
Each value is an average of three determinations, mean + SD. Error bars represent standard devietions of values and each value is
significantly different at p < 0.05 according to the Tuky test.

0.20 meq O,’Kg™") were observed and after 90 days
the PV values of stored gel A and gel B sample
were determmed (2.50 meq O, Kg™' and 3.25 meq
0,Kg™") at room temperature. Similarly, the perox-
ide value (4.25 meq Oy Kg™") of gel A sample was
slightly lower when stored for 90 days than gel B
(5meq OyKg" ") at refrigerator temperature because
gel A is rich in tocopherols, which is an important
phytochemical for the prevention of lipid peroxida-
tion for the storage stability of vegetable oils (Ahmad
Nayik et al., 2015; Chen and Bergman 2005).

3.8. DPPH and ABTS+ free radical scavenging
activity

The antioxidant properties of the oleogel sam-
ples were evaluated through DPPH and ABTS"
radical scavenging activity as shown in Table 5.
These radical scavenging activities were explained
as ICy, Value, which is the required sample concen-
tration for 50% inhibition of radicals (Jayathilake
et al., 2016; Li et al., 2009; Pengkumsri et al.,
2015). The DPPH radical-scavenging activity of

TABLE 5. Antioxidant activity (ICs) of oleogels (Gel A;
Antioxidant-rich oleogel and Gel B; Rice bran oil oleogel);
DPPH radical-scavenging activity and ABTS" radical-
scavenging activity

Antioxidant capacity Gel B Gel A
DPPH assay (mglml) 1.916 £ 0.104 1.156 + 0.081"
ABTS assay (mglml) 0.059 £ 0.006 0.051 £0.010™

Gel A = Antioxidant-rich oleogel; Gel B = Rice bran oil oleogel.
Each value is an average of three determinations, mean *+ SD.
At p < 0.05, significant differences are shown by symbol “a”.
ns = Not significant.

gel A was higher (ICs,Value = 1.156 mg/ml) than
gel B QICSO Value = 1.916 mg/ml) and similarly the
ABTS" scavenging activity of gel A was signifi-
cantly higher (ICs, Value = 0.051mg/ml) compared
to gel B (ICs, Value = 0.059mg/ml) because gel A
contained higher amounts of unsaponifiable matter
(y-oryzanol, tocopherols, sterols, squalene and fatty
alcohol) which is isolated from the rice bran fatty
acid distillate. Antioxidant activity and storage sta-
bility declined slightly during storage even though
more antioxidants like tocopherols, oryzanol, squa-
lene and phytosterol were present in gel A, which
prevents the lipid oxidation of oleogels.

4. CONCLUSIONS

The present work clearly demonstrates that the
unsaponifiable matters of rice bran oil fatty acid dis-
tillate (UMRBOFAD) can be gainfully utilized as an
antioxidant-rich mixed gelator for making antioxi-
dant enriched oleogel from refined rice bran oil, rice
bran wax or ethyl cellulose as bulk organic phase.
The oleogel products have the desired composition,
morphological structure, thermal properties, viscos-
ity, X-Ray diffraction properties, antioxidant activi-
ties and storage stabilities. Antioxidant-rich oleogels
have antioxidant activity, shelf-life and cholesterol
lowering capacity. They are more stable products
and have better shelf-life during storage due to the
antioxidant contents derived from the unsaponifi-
able matter from the rice bran oil fatty acid distillate.
The antioxidant-rich oleogel is very important for
a PUFA-rich margarine product and also for pre-
paring healthy margarine for reducing blood choles-
terol due to the presence of oryzanol, tocopherols,
squalene and phytosterols.
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