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Deep fat frying involves immersion of food in hot edible oil at a temperature
above the boiling point of water for a given period of time the process involves both heat
and mass transfer. In this study deep fat frying with pure Rice bran oil (control) as well
as rice bran oil blended with different concentrations of garlic essential oil was carried
out. The physicochemical analysis of the Rice bran oil obtained after each batch of frying
was carried out followed by FTIR analysis. Peroxide values, Free Fatty Acid content,
viscosity, oryzanol content of rice bran oil and color values were also analyzed. The
results showed a slightly higher level of degradation of pure rice bran oil compared to the
blended Rice bran oil during deep fat frying. FTIR analysis also revealed the same trend
as there was not much difference in the graph obtained except for the higher transmittance
in case of the pure rice bran oil depicting a slightly higher level of degradation compared
to the blended one. It may be concluded that Rice bran oil is stable oil good for deep fat
frying and addition of garlic essential oil as a natural antioxidant enhances the stability
of the oil during frying.
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Allium sativum L.,commonly known as
garlic, belongsto the onion family Alliaceaeand is
closely related to the onion, shallot, leek, chive,
and rakkyo (Block,2010). It has been used
throughout the world for both culinary and
medicinal purposes (McGee, 2004) and itsworld
production wasabout 25 million metrictonsin 2012
(fao.org). It hasapungent and spicy flavor, which
ismainly related to sulfur containing compounds
suchasalicin, aliin, dialy disulfide, dithiin ands-
alylcysteine. Itisbelieved that dialy disulfideis
animportant odour component inthegarlic. Allicin
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is the component responsible for the spicinessin
the raw garlic and has powerful antibiotic and
antifungal properties. It derivesfrom the precursor
aliin in fresh garlic tissue through the enzymatic
action of aliinase. Allicin and other degradation
productsfrom aliin also give garlic acharacteristic
flavor and are extracted from its essential
oil(Block,1992). Essential oil isextracted from garlic
with the help of modified Clevenger apparatus and
radical scavenging activity of thisoil is estimated
using DPPH. Crude rice bran oil procured from
factory ischemically refined in thelab before using
it for frying purposes. Deep-fat frying involves
immersion of food in hot edible oil at atemperature
abovethe boiling point of water for agiven period
of time (Farkaset al., 1996). The processinvolves
both mass transfer, mainly represented by water
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lossand oil uptake, and heat transfer (Vitracetal.,
2002). Degraded lipid compounds, formed after
frying such as free fatty acids, mono and
diacylglycerolsand polymersmay affect thequality
of the frying medium (Moriera, 1999). In order to
prevent deterioration due to oxidation use of
antioxidants is practiced , which inactivates the
free radical. An antioxidant , is any substance,
present at low concentrations, significantly
prevents or delays the oxidation of the substrates
(Halliwell, 1995).Free radicals produced by
oxidation reactions can start chain reactions that
leads to further oxidation by chain reaction.
Antioxidants terminate these chain reactions by
removing free radical intermediates and inhibit
other oxidation reactions by themselves being
oxidized (Sahaand Tamrakar, 2011). Antioxidants
are of two types Synthetic and Natural. Synthetic
antioxidant may cause adverse effectsto humans.
Thelnternational Agency for Research on Cancer
classifies synthetic antioxidants such as BHA
(Butylated hydroxyanisole) as a possible human
carcinogen. Therefore synthetic antioxidants due
totheir possible del eterious effects on health need
to be replaced with natural antioxidants thereby
preventing the occurance of rancidity in foods
and increasing their stability in a bioactive way.
So in order to explore the potential of natural
antioxidants from plants or edible sources for
inducing and promoting rapid free radical
scavenging activities in foods especialy in oils,
thisresearch involving rice bran oil blended with
garlic essential oil in which essential oil of garlic
has been used as one such natural antioxidant and
its effect on deep fat frying of Rice bran ail has
been studied.

MATERIALSANDMETHODS

Cloves of local variety of garlic were
procured from the local market at 11 T Kharagpur
and the transparent shell of garlic samples were
removed manually and werediced into small pieces
of dirrerent sizes prior to essential oil extraction.
Extraction of essential ail

The fresh garlic (having 64+1% mc wb)
was procured from the local market as and when
required for the experiments and the same variety
was used for all the experiments. Fresh garlic
samples were subjected to separation of cloves-
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peeling, scaling, slicing and paste making. The
moisture content of the peeled garlic cloves was
determined by using gravimetric method using
digital weighing balance for the quantitative
determination of an moisture content based on the
mass of asolid. Essential oil of garlic wasextracted
by hydro distillation which involves the diffusion
of essential oil into hot water through the plant
membrane (hydro diffusion). Modified cleavenger
apparatus (Betel leaf oil extractor, Patent No.
202600) was used for extraction of essential oil of
garlic (Guha2007 & 2010). For each experiment 400
grams of garlic clove slices of desired thickness
weretakeninto a5 litre round bottom flask and 600
ml of water wasadded. Three different temperatures
weretaken for optimizationi.e90° C, 95° C and 100°
C(Fig3.1,Fig3.2,Fig3.3). Thevolatileail insoluble
in water was obtained after hydro distillation.
Determination of antiradical activity
Theantiradical activity of garlic essential
oil was measured in terms of hydrogen-donating
or radical scavenging ability by etiolation of purple
colored methanolic solution of the stable radical
DPPH. The diluted solutions were prepared in
methanol to obtain final concentrations ranging
from4to 12ug/mL of thestock essential oil solutions
(20 pg/mL) and were introduced into test tubes.
Two millilitersof fresh methanolic solution of DPPH
at a concentration of 0.0015M were added. The
samples were shaken and kept in the dark for four
hours to develop its final colour. The decrease in
absorbance at 517 nm was determined using a
spectrophotometer for all samples (Fig 3.4).
M ethanol was used to zero the spectrophotometer
and the anti radical activity was calculated by the
formula given below. The radical scavenging
activity of garlic was then compared to that of
synthetic antioxidants such as BHT and BHA.
Antiradical activity(%) = 100 x

Absorbance of control -Absorbance of sample

Absorbance of control

Refining of crudeoil

Crude Rice bran oil was obtained from
BK Agro oil mills Jhargram, Midnapore West
Bengal. It was then refined using the process as
mentioned by B.K. De and D.K. Bhattacharyya
(1998). The refining processes consisted of
Degumming, Dewaxing, Caustic refining. Combined
degumming-dewaxing , bleaching and
deodourization.
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Deepfat frying

Refined rice bran oil was then blended
with garlic essential oil with a concentration of
0.25% (which was taken as the optimum
concentration after a storage study). The oil was
used for deep fat frying of potato slices. The
temperature of oil was maintained at 180° Cusing a
thermocouple. The oil obtained after frying was
stored and studied to measure the effect of
antioxidant on Rice bran oil stability. Potato chips
were fried in 20 g batches at constant frying
temperature. The volume of oil was not replenished
during frying operations. The used oil obtained
was stored under dark before analysing for various
Physico-chemical tests.
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Fig. 1. Oil yield of garlic essential oil at 90°C at different
lengths of extraction time
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Fig. 3. Oil yield of garlic essential oil at 100°C at
different lengths of extraction time

475

PeroxideValueAnalysis

Three stages of frying were carried out
with the purerice bran oil(control) aswell aswith
the blended rice bran oil. All the samples were
stored in dark. The peroxide values of the samples
were determined in terms of the method of the
American Oil Chemists' Society (AOAC, 1990). All
determination weredonein triplicate.
FreeFatty Acid Content

FFA percent was determined for the
variousoilsobtained after different stagesof frying.
The free fatty acid was determined according the
American Oil Chemists' Society (AOAC, 1990).
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Fig. 2. Oil yield of garlic essential oil at 95°C at different
lengths of extraction time
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Viscosity

Viscosity is related to the chemical
properties of the oils such as chain length and
saturation/unsaturation. The values obtained were
recorded and compared using Brookfield
Rheometer.
Colour analysis

The L* a* b* values of the different
samples was recorded and the observations were
measured using Hunter Lab apparatus (Table3.1).
Oryzanal content deter mination

Oryzanol content was determined in
accordance to the method described by Krishnaet
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al(2006). Samples of accurately weighed RBO (10
mg each) taken in triplicate were dissolved in
hexane and volume made up to 10 mL and mixed
well inavortex. Oryzanol content was determined
with the formulae given below with specific
extinction coefficient taken as 358.9.

0D of hexane solution 100
358.9

Oryzonal, g% =

wt.of oil in gm x10
FT-IRAnalysis
FT-IR (Fourier transform infrared

spectroscopy) was used to eval uate the degree of
oxidation after heating and frying processes. FT-
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Fig. 6. FFA percentage after various stages of frying

25000
200.0 ////{//-
15000 B2/B
SHFLAR
S1HESS // R1/R
100 00 " A —Hi/H
——[OLIMD
50.00
U.cﬂ T T T 1
000 000 10000 1S0000 200000
*HEAR HAIE

Fig. 8. Shear Stress-Stressrelationship in RB oil blended
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IR spectrum of oil samplesbefore and after frying
wererecorded with the help of aFourier Transform
Spectroscopy Model I-R Prestige 21 Shimadzu and
Omnix software. FTIR isused to study the saturated
and unsaturated compounds of heated and
unheated oils at room temperature for monitoring
the oxidation processin oils.
Satistical analysis

For statistical analysis, al the datawere
takeninatriplicate. Dataare presented asamean +
standard deviation (SD). The differences between
independent groups were specified by two way
analysis of variance (ANOVA), and values of P <

477
0.05 wereregarded as statistically significant.
RESULTSAND DISCUSSION

In thiswork an effort has been made for
optimization of essential oil extraction from garlic
cloves using modified hydrothermal distillation
techniques which may be helpful if commercial
extraction of garlic is to be done. Essentia oil
extraction from garlic cloves was carried out at
various combinations of temperatures i.e 90, 95
and 100°C (Fig 3.1, Fig 3.2, Fig 3.3) and different
set of particle sizes ( i.e whole clove, slices of 6

Table 1. L* a* b* values of pure and blended
RB oil used for deep fat frying

Sample L* ar b*

Pure RB ail 7210+ 1.35 3.17 +0.35 8.92 +1.25

1% Batch Frying  67.66 + 1.89 -1.07 + 0.55 -2.68 +0.75

2" Batch Frying  65.32 + 4.22 -0.8 +0.08 -0.81+0.32

39 Batch Frying  66.23 + 3.55 -1.81+0.05 -3.91+0.87

Blended RB Qil 71.48 + 2.46 1.68 +0.15 578 +1.27

1% Batch Frying  68.52 + 0.85 0.03 +0.01 2.01 +0.46

2" Batch Frying  69.32 + 2.50 -42 +0.15 -1.29+0.15

39 Batch Frying  66.95 + 3.57 -1.75+ 0.26 -2.92 +0.39
mm, 4 mm, 2 mm thicknessand garlic paste) . The
ratio of raw material and distilled water was kept e obemaiest

e

constant at 1:1.5 throughout all set of mmﬁ; 7 i 7 ﬁfq
combinations. Through experimental studies on V7 ‘F = | Y ,'.;") I
hydrothermal extraction of essential oil fromgarlic |I ! ;_1-} iy ¢
clovesit was found that the yield of oil depended ﬁL g !

on particle size and operating temperature and

ry

18
P 1k \\
R
g W,
= 1. = T
g 1 \E\ xil‘:l:hi:l
i Ty e — R
m 1“'\
E A BLEIMND
= 0.4 2= T
0z
w
i 2 i 5
Mo. of frylng

Fig. 9. Oryzanol content after various stages of frying

Fo T ransrmittance

g%%gg

Wavenumbers (cm-1)

olecior v Tl TR B @R

Toahor 5 03640 0 AT 5
PO PERS:

e ERCH

S AN TR
Mool Presield 5067
Sesbty A

Pt

Nevoigi w st

Fig. 10. FTIR graph of pure RB Qil at al three stages
of frying



478

maximum yield was obtained by optimizing different
process parameters. The maximum oil yield was
found to be0.7ml/400gramsor 1.8 mi/kg(Fig 3.3) in
case of garlic paste at 100°C after 110 minutes.
Antioxidant Activity

Further in the present study, antiradical
activity or antioxidant activity of the essential oil
obtained from garlic was studied in Rice bran oil.
Antiradical activity of essential oil of garlic as
measured by the DPPH model system was found
out to be 42.93%. The IC50 value of essential oil
sampleswasfound as|C50=6.17ug/ml. Theradica
scavenging activity of garlic was then compared
with some of the synthetic antioxidants (Fig 3.4)
and a comparative analytical graph was prepared
for better understanding.
Deep fat fryinganalysis

Deepfat frying of potato chipswascarried
at 180°C with pure Rice bran oil aswell asthe Rice
bran oil blended with thegarlic essential oil. Various
Physicochemical parameters were assessed and
the results were analysed as follows :
PeroxideValue

The peroxide value of the different
samples of oils were ascertained and results were
analysed.
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Fig. 11. FTIR graph after first stage of frying for pure
and blend RB Oil
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Results show that the peroxide valuesfor
pure Rice bran oil increased from 1.73(present at
normal 35°C) to 5.83meq/kg(after frying at 180 °C)
in case of pure Rice bran oil and to 5.13 meg/kg
(third frying frying) in case of blended rice bran
oil(Fig 3.5). There is a successive increase in
peroxide value when the same oil was used for
frying with apiece of potato. The Peroxide Values
of the pure Rice bran oil and the blended Rice bran
oil werefound with oil samplestaken out regularly
after three batches of frying. The peroxide values
for both the oils showed similar trends however
theoil blended with antioxidant rich garlic essential
oil showed lower levels of Peroxide values
indicating effective role of antioxidantsduring deep
fat frying.

Freefatty acid test

The value of free fatty acid ranged from
0.24-0.65 % for pure Rice bran oil and 0.19-0.55%
for blended Rice bran oil after deep fat frying(Fig
3.6). It was observed that FFA increased
significantly during deep frying inthe experimental
Rice bran oils as was earliar repeated by
(Chaudhary2013).Blended Rice bran oil showed
relatively lower levels of freefatty acids.
Viscosity test

Theoil viscosity hasadirect relationship
with some chemical characteristicsof theliquids,
such as the degree of unsaturation and the chain
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length of the fatty acids that constitute the
triglycerides. Viscosity slightly decreaseswith the
increased degree of unsaturation. (Fig 3.7)

Ricebran il isNewtonian Fluid. (Formo
et a., 1979). The results demonstrate the linear
dependence of shear stress on shear rate. Fig 3.8
displays Rice bran viscosity as affected by
repeated frying of potato chips. As one can see
thereisamarkedincreasein Ricebranoil viscosity
during repeated frying. This has been observed
previously for several oil types under different
experimental conditions (Miller et al., 1994).The
changes in the viscosity of an oil or fat during
repeated frying and heating can be expected to
depend on products generated during frying and
differingin molecular sizeliketriacylglycerols(i.e.
oxidation, polymerization, hydrolysis and fission
products) or due to the addition of various
compound like acrylamides into the oil. The
increase was found to be lower in case of blended
ricebranoil.
L* a* b* Color test

Color valueof the oilswere measured with
aHunter Lab digital color difference meter . Values
for L (lightness), a (redness), and b (yellowness)
were recorded. It showed a decrease in the value
of L depicting an increase in the darkness of the
oils. It may be due to the addition of acrylamides
to the oil (Pedreschi2009). The values of L*
decreased from 72 to 65 depicting addition of
components from the fried products however not
much difference was found in the controlled and
theblended rice bran ail (Table3.1).
Oryzanol Content Determination

The natural antioxidant presentintherice
bran oil was determined using UV
spectrophotometer method. The oryzanol content
decreased with the frying cycles. Figure showed
the degradation of &oryzanol in pure RBO over
thefrying cycles. The concentration of &oryzanol
in RBO was seen to decrease significantly however
the oil containing garlic essentia oil showed a
higher oryzanol retention indicating asynergistic
effect of thetwo natural antioxidants. In accordance
to the number of frying batches. Fresh oil,
containing 1.75 %-oryzanol, was reduced to 0.64%
at thethird cyclewhileasfor theblended oil it was
t00.8% (Fig 3.9).
FTIRAnalysis

Fig 3.10 and Fig 3.11 show the FTIR
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spectra of pure and blended rice bran oil. Almost
all the transmissions were found to be the same.
The decrease in transmission from 3465cm * (fig
3.10) to 3432cn! reveal s the lack of formation of
hydroperoxide . This might be due to the
effectivenessof antioxidantsin RBO. Transmission
at 3008 cm -1 showsthe higher presenceof Linoleic
and linolenic acyl groups. 2854 cm-1 has been
formed dueto symmetric and asymmetric stretching
of —CH 2 group . The broadening of 1743to 1744
cm -1 may be due to production of saturated
aldehydes functiona groups.

Thetransmission rate in case of the pure
Rice bran oil was observed to be higher(Fig 3.10)
than that of Blended Rice bran oil(Fig3.12)
depicting higher deterioration in case of purerice
bran oil. The comparatively lower transmission
rates in blended Rice bran oil may be due to the
presence of antioxidants in it. There is a slight
difference in intensity in peaks at 3007cmr and
1237cnr! depicting that the thermal degradationin
the pure sampleis slightly more than the blended
sample

Thefollowing graph(Fig 3.11) wasfound
out after third level of frying for the two samples
consisting of blended Rice bran oil and the pure
ricebranoil. Puregarlicoil (Fig 3.10) showed higher
transmission rates compare to the blended one.

CONCLUSIONS

Essential oil from garlic was extracted
through modified Clevenger assisted
hydrodistillation setup. Maximum oil yield was
obtained in the paste form (1.8ml/kg) due to
maximum exposed surface area to the heat.
Temperature optimization was carried out for
modified Clevenger assisted hydrodistillation
setup and it was found out that maximum oil yield
can beobtained at 100°C for 110 minutes of running
the setup. The radical scavenging activity of
essential oil of garlic was determined using DPPH
assay and IC, values were found out using
regression model in excel. The IC, (Inhibition
Capacity) value which is the concentration of the
sample required to decrease the absorbance of
DPPH by 50% (1C50) obtained was6.17uug/ml which
depicted a moderate antioxidant activity in the
essential oil. The values obtained were compared
to that of some of the commonly used synthetic
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antioxidants such asBHA and BHT. The synthetic
antioxidants showed a higher antioxidant activity
than the garlic essential ail.

Rice bran oil was chemically refined in
the lab and was blended with various
concentrations of garlic essential oil. The optimum
concentration of garlic essential oil was chosen to
be 0.25% (after storage study analysis) and was
blended with Rice bran oil. Deep fat frying of Rice
bran oil at 180°C was done and three stages of
frying were carried out to assess the various
physicochemical featuresof oil. The peroxidevalue
of blended Rice bran oil showed a slightly lower
value than the pure sample containing only Rice
bran oil however after second stage of frying the
effect of antioxidant ceased to exist dueto heating
at very high temperature. The maximum peroxide
value of rice bran oil wasfound at 5.13 meg/kg for
blended oil whileasit was5.80 meg/kg for the pure
rice bran oil after three levels of frying(Fig 3.5).
Values for L (lightness), a (redness), and b
(yellowness) were recorded which showed a
decreasein thevalue of L depicting anincreasein
the darkness of the oils(Table3.1). It may be dueto
the formation of acrylamides to the ail. Viscosity
of oil was found out for oil samples taken after
three stages of frying. The results showed an
increasing trend in viscosity after every level of
frying, it may be dueto the addition of amidesfrom
the fried product into the oil. Based on the
rheograms, all the samples of Ricebran oilsstudied
were found to be Newtonian fluids. Oryzanol
content was determined for all the samples of Rice
bran oils and there was a constant decrease in the
oryzanol content after each level of frying(Fig 3.9).
However rice bran oils added with garlic essential
oil showed a slightly higher oryzanol retention
hinting of scope for a study of synergistic effect
of garlic essential oil with oryzanol. FTIR analysis
of rice bran oil of unheated and heated rice bran oil
was performed which showed that almost all the
trends of the transmissions are found to be the
same. The decreasein transmission from 3465cm™
to 3432cm™ revealed the lack of formation of
hydroperoxides(Fig 3.10, 3.11, Fig3.12). Thismight
be due to the presence of of antioxidantsin RBO.
However higher transmissions were obtained for
the pure Rice bran oil depicting a comparative
higher level of of degradation. Rice bran oil isa
stable oil good for frying and addition of garlic
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essential oil provesto bebeneficial inadding more
stability to theoil.
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