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Abstract Two newly developed low erucic acid contain-
ing varieties of Indian mustard (RLC 3) and rapeseed (GSC
7) were evaluated for cooking quality. Oils extracted from
these varieties were analyzed for physicochemical proper-
ties, fatty acid composition, antioxidants and oxidative
stability. Consequently, GSC 7 had the highest smoke point
(234.3 °C) and was the most stable cooking oil in terms of
chemical parameters. The highest value of oleic acid was
observed in the RLC 3 oil (66.1%), and the lowest value of
erucic acid was observed in the GSC 7 oil (0.5%). GSC 7
oil contained higher value of total antioxidants (616.3 mg/
kg). The food products prepared using GSC 7 oil were
found to be more stable on the basis of analytical param-
eters. The study recommends that varieties of canola may
be promoted to increase its availability at affordable price.

Keywords Fatty acid composition - Antioxidants -
Ocxidative stability - Peroxide value - Iodine value

Introduction

Rapeseed-Mustard oil is largely consumed in north-eastern,
northern and eastern regions of India, as its pungency is a
desired and inherent part of the local cuisine. It shares
about 27.8 percent of the India’s oilseed economy. More
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than half of rural inhabitants use this oil as their staple
edible oil and monthly consumption varies between two
and four liters per family. But, rapeseed-mustard cultivars
grown in India have high level of erucic acid and glu-
cosinolates [1]. Erucic acid is a non-branched, long chain
fatty acid with 22 carbons and a cis-configuration (double
bond on C-13). More than permissible limits dietary intake
of erucic acid has been reported to cause impair myocardial
conductance, lipidosis in children and high level of blood
cholesterol. Glucosinolates are responsible for the charac-
teristic pungency of rapeseed-mustard oil. Though the
nutritional advantages of rapeseed-mustard oil available in
India outdo many other edible oils (lowest amount of
harmful saturated fatty acid (SFA), and contains two
essential fatty acids—Iinoleic and linolenic), the presence
of erucic acid is considered undesirable. The maximum
content of erucic acid in edible oils should be 2 percent and
the suggested daily intake should not be more than 7 mg
per kg body weight [2].

Moreover, the Indian varieties of rapeseed-mustard are
not much popular in international market due to concerns
over erucic acid content. Hence, the efforts to develop low
erucic acid containing varieties are gaining interest in the
crop improvement program of Rapeseed-Mustard in India.
In this context, Punjab Agricultural University, Ludhiana,
has released and recommended two varieties of Brassica
oilseeds with low erucic acid in the year 2014 and 2015,
i.e., gobhi sarson (Rapeseed) GSC 7 (Erucic acid 0.5%)
and raya (Indian mustard) RLC 3 (Erucic acid 0.8%), first
canola quality varieties in India [3]. The oil content of GSC
7 and RLC 3 is 40.5 and 41 percent, respectively. The oils
extracted from rapeseed-mustard cultivars have high
smoke point which is very suitable for Indian conventional
cooking. Indian conventional cooking is comprised of high
temperature cooking methods such as frying, sautéing,
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boiling and grilling but combination of only 2 or 3 is used
in one recipe.

The canola quality oils extracted from these two novel
varieties have not been evaluated earlier for its cooking
quality and oxidative stability. Therefore, the present work
was designed to determine the fatty acid composition,
sensory parameters and oxidative stability of the food
products prepared using low erucic acid oils.

Material and Methods
Materials

Cooking oils of the two varieties of canola (Experimental),
i.e., RLC 3 and GSC 7 with corresponding non-canola
(Control), i.e., PBR 357 and GSL 1 were procured from the
Oilseed Section, Department of Plant Breeding and
Genetics, Punjab Agricultural University, Ludhiana. All
the analytical and guaranteed reagents and solvents used
were supplied by Himedia (Mumbai, India).

Physicochemical Properties

Physical parameters Fresh oils were analyzed for color,
smoke point, frying temperature, frying time and viscosity
using standard methods [4].

Chemical parameters Peroxide value (PV), iodine value
(IV), saponification value (SV), acid value (AV) and free
fatty acid (FFA) of the control and experimental oils were
determined by Association of Official Analytical Chemists
(AOAC) methods [4].

Antioxidants

Total tocopherols were determined as per the method given
by Japan Customs Analysis Methods (JCAM) [5]. Oil
sample (2 g) was accurately weighed into a 25 ml volu-
metric flask, and 10 ml methanol was added. The flask was
then sonicated for 10 min. Volume was made up with
methanol, and flask was again sonicated for 5 min. Then,
the solution was filtered through syringe filter (Merck
Millipore) of a 0.45 pum pore-size. The filtrate was used as
test solution for HPLC (WatersTM) analysis. Further, a
100 Wl of the test solution prepared in triplicate was
injected into HPLC. The peak area ratios of the tocopherols
were calculated in the test solution against standard solu-
tion (> 95.0% purity) based on the peak areas of each
substance from the obtained chromatogram, and converted
them to weight ratios using the calibration curves con-
structed. Total tocopherols were calculated by using the
formula:
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standard area satndard weight

% tocopherol =

sample area dilution

sample dilution

sample weight
o purity of standard o

100

100 (1)

Total  carotenoids  were  determined by a
spectrophotometric method [6]. Oil sample of 0.5 ml was
weighed (0.4244 g) accurately in a conical flask. To which
4 ml diethyl ether was added along with 0.5 ml saturated
KOH. The flask was kept in dark for 30 min. Then, 5 ml
distilled water was added and centrifuged the solution at
2500 rpm for 5 min. Supernatant was picked up with the
help of auto pipette and read at 445 nm (Systronics UV—
VIS-108  spectrophotometer, Bangalore, India). The
samples were prepared in triplicate for each analysis, and
the mean value of absorbance was obtained. Carotenoid
content was calculated according to the following formula:

A x Y(ml) x 10°

X(me/100 ) = Jor n % 1000 g @)

where X is the Carotenoid content, A is the highest
absorbency value of 445 nm, Y is the quantity of extracting
solution, A%1 cm is the average absorption coefficient
2500 of carotenoid molecule, g is the weight of sample.

Cooking Processes

Common food products such as parantha, poori, panjiri
and vegetable (Potato-French beans) were cooked in
Brassica oils by conventional cooking methods like shal-
low frying, deep frying, roasting and sautéing, respectively.

Parantha (an unleavened Indian flatbread) was prepared
using 100 g wheat flour with 20 ml water, and the prepared
dough (25 g) was rolled out in to circular sheets (diameter
15.5-16.0 cm; thickness 1.8-2.2 mm). A 5 ml of oil was
used for shallow frying at 175 £+ 5 °C for 2 min on a flat
skillet (diameter 26 cm; thickness 4.8 mm). For the
preparation of poori (an unleavened Indian flatbread),
small portion (12.0-12.5 g) of wheat dough (300 g wheat
flour with 60 ml water and 30 ml of oil) was rolled out in
to circular sheets (diameter 7.3-7.7 cm; thickness
1.8-2.2 mm). Poori was deep fried using 300 L of oil at
180 & 5 °C for 20 s until puffed. Panjiri (Indian sweet
snack) was prepared by roasting whole wheat flour (75 g)
and chickpea flour (25 g) with 20 ml of oil and 30 g of
sugar in a pre-heated oven at 190 & 5 °C for 15 min.
Potato-French beans vegetable was prepared by sautéing
vegetables (Potato and beans-100 g each). For sautéing,
beans and potato were cut into almost equal small bite-
sized pieces (about 1 cm; 2 x 2 cm, respectively) and
10 ml oil was pre-heated to 140 = 5 °C in a skillet for
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sautéing vegetables (200-10 g each) for 5 min. Thereafter,
vegetables were cooked in the closed skillet for 15 min.

Sensory Evaluation

The developed products were evaluated for sensory
parameters thrice by a selected panel of 10 judges from the
Department of Food and Nutrition, Punjab Agricultural
University, Ludhiana. The judges were served each
preparation with two control and two test samples. All the
samples were prepared from the same ingredients used in
the standardized recipes. The samples were coded to avoid
any bias. The panelists were asked to score the product for
appearance, color, texture, flavor and overall acceptability
(OAA) on nine point hedonic scale. On the scorecard,
scores 1, 2, 3, 4, 5, 6, 7, 8 and 9 represented dislike
extremely, dislike very much, dislike moderately, dislike
slightly, neither like nor dislike, like slightly, like moder-
ately, like very much and like extremely, respectively. All
panelists were instructed to rinse their plate with mineral
water before testing each sample. The product characteri-
zation was carried out under “day light” illumination and
in isolated booths within a nutrition laboratory. Further, the
mean score for each sample was calculated.

Fatty acid Composition and Oxidative Stability

Sample preparation of the cooked products All the prod-
ucts were dried in a hot air oven at 60 °C till constant
weight. The dried samples were then powdered and pressed
to pass through 5 mm sieve and stored at ambient condi-
tions (20 °C, 60% RH) in air tight containers until analysis.

(a) Fatty acid composition The food products were
investigated for fatty acid composition by gas-liquid
chromatography (model 7820A series, Agilent Technolo-
gies, Palo Alto, CA, USA) equipped with a flame ioniza-
tion detector and a fused silica capillary column
(50 m x 0.25 mm i.d.), coated with CP-SIL 88 as the
stationary phase [7, 8]. Fatty acids are the group of lipids
most commonly analyzed by gas-liquid chromatography
(GLC). Temperatures of the oven, detector and injector
were set at 210, 240 and 230 °C, respectively. A sample of
2 pl was injected at a split ratio of 10:1. Single fatty acids
were expressed in percentages of the total fatty acids. The
samples were analyzed for saturated fatty acids, i.e., SFAs
(Palmitic acid-C16:0 and Stearic acid-C18:0), monounsat-
urated fatty acids, i.e., MUFA (Oleic acid-C18:1and Erucic
acid-C22:1), polyunsaturated fatty acid, i.e., PUFA (Lino-
leic acid-C18:2, a-linolenic acid-C18:3).

(b) Oxidative Stability Peroxide value and free fatty
acids were determined by using AOAC methods [4].

Statistical Analysis

All the determinations were executed in triplicate. The
obtained figures have been presented as mean =+ standard
error. A computer program package (CPCS1) was used to
ascertain statistical significance for statistical test such as
one way analysis of variance (CRD). Tukey’s HSD test
was applied to determine significant differences between
the means (physicochemical parameters and antioxidants)
using Statistical Package for the Social Sciences (SPSS)
version 16.0. Student t test was applied to compare the fatty
acid composition, sensory evaluation scores and oxidative
stability of food products prepared in control and experi-
mental oils of low erucic acid Brassica varieties. The sta-
tistical significance was expressed at p < 0.05 and
p < 0.01.

Results and Discussion
Physical Parameters

The color is expressed as the sum total of the yellow and
red slides used to match the color of the oil in a cell of the
specified size in the Lovibond Tintometer. The readings for
the color of oil extracted from PBR 357 and RLC 3 were
recorded as 35.1 and 32.3, respectively (Table 1). The
corresponding figures for rapeseed oils were observed as
35.2 (GSL 1) and 37.3 (GSC 7), respectively. The smoke
point of oils extracted from GSC 7 and RLC 3 was
recorded as 234.3 °C and 223.7 °C, respectively (Table 1).
This meets the standard requirement for edible oils used for
high temperature cooking as these oils should have a
smoke point above 200 °C [9]. A significant difference
(p < 0.05) was observed in the color and smoke point of
the control and experimental oils of both Brassica cultivars.
The frying temperature was recorded as 164.7 and
173.3 °C in GSL 1 and GSC 7 oils, whereas almost similar
values were recorded for frying temperature in PBR 357 as
well as RLC 3 such as 172.3 and 172.7 °C, respectively.
Frying temperature should not exceed 180 °C as high
frying temperature accelerates thermal oxidation and
polymerization of oils. High frying temperature also results
in formation of free fatty acids [10]. With respect to vis-
cosity, the higher value (42 centipoise (cp)) was recorded
in PBR 357 as compared to RLC 3 (35cp) at 32 °C room
temperature. Similar trend was observed in control and
experimental oil of rapeseed varieties. The viscosity of
fresh oil in GSL 1 and GSC 7 was recorded as 40 and 37cp,
respectively (Table 1). A significant difference (p < 0.05)
was observed in the values of control and experimental
oils.
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Table 1 Physicochemical properties of oils extracted from Indian mustard and rapeseed varieties

Varieties Physical parameters

Color (aY + 10bR) Smoke point (°C)

Frying temperature (°C)

Frying time (min.) Viscosity (cp) @32 °C

Indian mustard

PBR 357 35.1 £ 0.1° 2173 £ 0.6° 1723 £+ 0.3° 3.8 £02° 42.0 £ 0.0
RLC 3 323 £+ 0.1° 223.7 + 0.8° 172.7 £+ 0.3 3.0 + 0.0° 35.0 £ 0.0°
Rapeseed
GSL 1 352 £ 0.2° 203.0 + 0.5¢ 164.7 + 0.8° 4.0 £ 0.0° 40.0 £+ 0.0°
GSC 7 373 £ 0.1° 234.3 + 0.3¢ 173.3 + 0.8° 2.5+ 0.0¢ 37.0 + 0.0¢
Varieties Chemical parameters

PV (meq/kg) IV (g) AV (mg KOH/g) SV (mgKOH/g) FFA (%)
Indian mustard
PBR 357 04 + 0.0 1124 £ 0.1° 0.2 + 0.0 168.2 + 0.25% 0.1 + 0.0
RLC 3 02 + 0.0 114.7 £ 0.1° 0.2 + 0.0° 188.5 + 0.12° 0.1 + 0.0
Rapeseed
GSL 1 0.3 £+ 0.0° 113.1 £ 0.1° 03 £ 0.1¢ 172.9 + 0.26° 0.0 £ 0.0°
GSC 7 0.1 + 0.0° 116.1 + 0.4¢ 0.1 + 0.0¢ 190.6 + 0.35¢ 0.0 + 0.0°

Values are expressed as mean =+ SE, Indian mustard: control (PBR 357) and experimental (RLC 3), Rapeseed: control (GSL 1) and experimental
(GSC 7), Color: a = sum total of the various yellow(Y) slides used; b = sum total of the various red(R) slides used; Y + 10R = for the dark
colored oils, Values followed with different superscripts are significantly different (p < 0.05)

Chemical Parameters

Peroxide value (PV) is a universal method to assess the
peroxide formation in the initial stages of oxidation. At
fresh conditions, PV was observed as 0.4 and 0.2 meq/kg
in the oil extracted from PBR 357 and RLC 3, respectively.
Comparatively, the corresponding figures for rapeseed
varieties were found little lower such as 0.3 and 0.1 meq/
kg in GSL 1 and GSC 7 oil (Table 1). According to
Prevention of Food and Adulteration Act (PFA), fresh oils
usually have PV well below 10 meq/kg. A rancid taste
often begins to be noticeable when the PV is > 20 meq/kg.
IV is also used to represent oxidation in fats and oils. At
fresh condition, the IV of oils extracted from RLC 3 and
GSC 7 were recorded as 114.7 and 116.1 g. SV is an
indication of the molecular weights of triglycerides in oil.
It is inversely proportional to the average molecular weight
or chain length of the fatty acids [11]. The SV of oils
extracted from PBR 357 and RLC 3 was found as 168.2
and 188.5 mg KOH/g. In rapeseed varieties, the fig-
ures were recorded as 172.9 and 190.6 mg KOH/g in the
oils extracted from GSL 1 and GSC 7 (Table 1). AV is a
measure of free fatty acids (FFA) present in cooking oil.
Rahman et al. reported that the quality of fats and oils is
reciprocal with the acid value [12]. Permissible levels of
AV for all the cooking oils should be below 0.6 mg KOH/
g. AV of PBR 357 and RLC 3 oil was observed as 0.2 mg
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KOH/g at fresh conditions. The analogous values for
rapeseed varieties (GSL 1 and GSC 7) were recorded as 0.3
and 0.1 mg KOH/g (Table 1). A significant difference
(p < 0.05) was observed in the chemical parameters of the
control and experimental oils of both Brassica cultivars.

Antioxidants

Antioxidants influence quality of edible oils to a greater
extent during cooking processes. Depending on structural
features, antioxidants, individually or synergistically, can
scavenge free radicals, inactivate pro-oxidant metals,
quench singlet oxygen and inactivate sensitizers. Antioxi-
dants such as total tocopherol and total carotenoids present
in the low erucic Brassica oils investigated in this study
have been presented in Fig. 1. Tocopherol contributes to
oil stability and shelf life of the product. The total toco-
pherol content present in PBR 357 and RLC 3 oil was
reported as 233.5 and 379.0 mg/kg, respectively. Likewise,
Richards et al. also reported an average total concentration
of total tocopherol as 400 to 700 mg/kg in canola oil [13].
The present findings were in line with earlier studies
[14, 15] wherein total tocopherol content ranged between
80 to 1000 mg/kg in canola oil. The highest value of total
tocopherol was found in the oil extracted from GSC 7, i.e.,
460.6 mg/kg. National Academy of Sciences also docu-
mented canola oil as a good source of Vitamin E as
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Fig. 1 Antioxidants present in

the Brassica oils
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compared to soybean oil (116 mg/kg) as it contains twice
as much a-Tocopherol (270 mg/kg) [16].

Carotenoids are the natural pigments which are present
in a variety of plants. In the present study, the total car-
otenoid content was recorded as 140.8 mg/kg and
146.3 mg/kg in PBR 357 and RLC 3 oil, respectively
(Fig. 1), whereas the corresponding figures for GSL 1 and
GSC 7 were 139.8 mg/kg and 155.7 mg/kg. Carotenoids
shield the oil from thermal oxidation but only in synergistic
manner with o-Tocopherol. A combination of antioxidants
gives canola oil an important role in prevention and
treatment of breast cancer and colon cancer [17, 18]. A
significant difference (p < 0.05) was observed in the
antioxidant content present in control and experimental oils
extracted from Indian mustard and rapeseed varieties.

Sensory Evaluation

The OAA score of shallow fried food product (Parantha)
prepared using GSC 7 oil (8.9) was significantly (p < 0.05)
higher than the product prepared using GSL 1 oil (7.5)
(Table 2), whereas there was no significant difference in
the shallow fried product prepared using oils extracted
from Indian mustard. Likewise, the OAA scores depicted
that deep-fried product (Poori) prepared using GSC 7 oil
(8.4) was significantly (p < 0.05) more acceptable to the
panellists than the one prepared in GSL 1 oil (7.9). Further,
there was a significant difference (p < 0.05) in appearance
and color of the food product prepared by roasting (Panjiri)
in the PBR 357 oil (7.7 and 7.4) and RLC 3 oil (8.1 and
7.9), while no significant difference was observed in the

Total Carotenoids (mg/kg) Total Antioxidants (mg/kg)

texture and flavor of the Panjiri roasted in both oils.
However, a significant difference (p < 0.05) in OAA was
observed at 5 percent level in both the GSL 7 (8.1) and
GSL 1 (7.7) oils. The data revealed that there was no
significant difference between all the sensory parameters of
potato-beans sautéed in oils of both control and experi-
mental Indian mustard varieties. All the sensory parameters
were at par with each other. The panellists liked the veg-
etable sautéed in both oils.

Fatty Acid Composition

The fatty acid composition of control and experimental oil
of both Indian mustard and rapeseed varieties is given in
Table 3. The data revealed that oils extracted from both,
i.e., PBR 357 and GSL1 varieties were found higher in
erucic acid (51.1 and 36.5%, respectively). The findings
were in agreement with the recent studies [19, 20]. The
consumption of mustard oil rich in erucic acid has resulted
into myocardial lipidosis as erucic acid is known to cause
health issues in human beings, whereas oils extracted from
RLC 3 and GSC 7 were higher in oleic acid (66.1 and
64.2%, respectively) and lower in erucic acid (1.3 and
0.5%, respectively). Oleic acid is the principal lipid of a
class that makes low density lipo-proteins (LDLs) resistant
to oxidation and thereby lowers the chances of
atherosclerosis [21]. Recent dietary guidelines have also
suggested the desirability to substitute cooking oil used in
daily diets with MUFA rich oils. MUFA rich cooking oils
do not oxidize at a faster rate like PUFA rich oils due to
single carbon bond and unlike animal fats these do not
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Table 2 Sensory parameters of food products cooked in the oils extracted from Indian mustard and rapeseed varieties

Indian mustard t value Rapeseed t value

PBR 357 RLC 3 GSL 1 GSC 7
Parantha
Appearance 85+ 0.1 8.7 £ 0.1 1.3 7.8 £0.1 89+ 0.1 9.8%%*
Color 85+ 0.1 8.5+ 0.0 1.3 7.8 £0.1 89+ 0.1 14.8%%*
Texture 83+ 0.1 8.6 + 0.0 3.1 72+£02 89+ 0.1 6.4%
Flavor 84+ 0.1 83 £ 0.1 04 7.4 + 0.1 89 £0.1 13.4%*
OAA 84 £0.1 85+ 0.0 1.1 75+£02 8.9 + 0.0 6.9%
Poori
Appearance 74 £ 0.1 8.0 £ 0.1 5.3% 8.1+ 0.1 8.5+ 0.1 5.6%
Color 7.3 £0.1 8.1 £ 0.1 7.1% 8.0 £ 0.1 84+ 0.1 5.6%
Texture 7.5 £ 0.1 7.8 £0.1 4.9% 7.6 £0.1 82 +0.1 7.7*%
Flavor 7.3 £ 0.1 8.0+ 0.1 10.6%* 7.7 £ 0.1 84 +0.1 9.1%
OAA 7.3 £ 0.0 8.0+ 0.1 6.6* 79 £ 0.1 84 £ 0.1 7.0%
Panjiri
Appearance 7.7+ 0.1 8.1+ 0.1 5.6% 7.6 £0.1 8.6 £ 0.2 6.3%
Color 74 £ 0.1 79 £0.1 7.0% 74 £0.0 8.5+ 0.1 9.9%%*
Texture 8.1+0.1 82+ 0.1 1.4 79 £ 0.1 85+ 02 3.8
Flavor 7.7 £ 0.1 8.0+ 0.1 3.0 7.7 £ 0.0 8.6 £ 0.2 4.0
OAA 7.7 £ 0.1 8.1+ 0.0 5.1% 7.7 £ 0.0 85+ 0.1 5.6%
Potato-French beans vegetable
Appearance 79 £ 0.1 79 £03 0.1 7.7 £ 0.1 82+0.1 3.5
Color 79 £ 0.1 8.4 £ 0.1 4.0 8.0+ 0.0 8.4+ 0.1 2.6
Texture 7.6 £0.1 8.1 £ 0.1 35 7.8 £ 0.1 84 +£02 2.4
Flavor 7.7 £ 0.1 7.7+£0.2 0.0 75 £0.1 8.4+ 0.1 6.3*%
OAA 7.7 £ 0.1 8.0+ 0.2 1.2 7.7 £ 0.1 83+ 0.1 3.6

Values are expressed as mean £+ SE

**Significant at 1% level of significance

*Significant at 5% level of significance, Indian mustard: control (PBR 357) and experimental (RLC 3), Rapeseed: control (GSL 1) and

experimental (GSC 7)

exaggerate the SFA levels in the blood stream. Olive oil is
considered as the most prominent source of MUFA. India
is only a consumer and not a producer of olive oil which
makes this oil a costlier and thereby inaccessible to the
large section of population in India. Our results corrobo-
rated with the results documented by earlier researchers
[22]. A significant (p < 0.01) difference was observed in
the levels of fatty acids such as palmitic acid (2.2 & 4.2%,
respectively), oleic acid (10.1 & 66.1%, respectively) and
erucic acid (51.1 & 1.3%, respectively) of PBR 357 and
RLC 3 oils, whereas no significant difference was observed
in the levels of stearic acid, linoleic acid, o-linolenic acid,
MUPFA and PUFA of both the PBR 357 and RLC 3 oils.
Similarly, the fatty acid composition of GSL 1 and GSC 7
oil showed a significant (p < 0.01) difference in the fatty
acid such as oleic acid (24.1 and 64.2%, respectively) and
erucic acid (36.5 and 0.5%, respectively). The mean values
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of stearic acid were found significantly (p < 0.05) differ-
ent, i.e., 1.2 and 1.9 percent in GSL 1 and GSC 7 oil,
respectively, while no significant difference was observed
in terms of palmitic aid, linoleic acid, o-linolenic acid,
SFA, MUFA and PUFA among oils extracted from rape-
seed varieties. The total amounts of SFA were lower in all
the oils of both Brassica varieties.

Fatty acid Composition of the Food Products
Prepared Using Conventional Cooking Methods

The fatty acid composition of shallow fried (Parantha) and
deep fried product (Poori) is given in Table 4. In terms of
shallow fried product, a significant (p < 0.05) difference
was observed in the PUFA content of the product prepared
using PBR 357 (23.8%) and RLC 3 (27.4%) oils, whereas
there was no significant difference in the SFA and MUFA
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Table 3 Fatty acid composition of oils extracted from Indian mustard and rapeseed varieties

Fatty acid (%) Indian mustard t value Rapeseed t value
PBR 357 RLC 3 GSL 1 GSC 7

C16:0 22+ 0.1 42+ 0.1 13.8%* 38 £0.2 4.1+ 0.1 0.8
C18:0 1.4 + 0.1 2.1+05 1.1 1.2 +£ 00 1.9 £ 0.1 5.6
C18:1 10.1 £ 0.9 66.1 + 1.8 26.5%* 24.1 £ 0.1 642 + 2.1 18.9%*
Cl18:2 149 £ 0.0 164 £ 0.5 2.6 17.0 £ 0.4 162 £ 0.2 1.5
C18:3 153 £ 3.6 94+ 1.6 1.4 13.0 £ 3.8 94 £+ 0.8 0.9
C22:1 51.1 £ 1.3 1.3 +£0.1 35.7%* 36.5 £ 0.8 0.5+ 0.0 44.1%*
SFA % 3.6 +£0.1 63+ 04 5.7* 51403 6.0 £ 0.2 2.3
MUFA% 612 £ 04 674 £ 1.7 34 60.7 £ 0.6 64.7 £ 2.0 1.8
PUFA % 30.2 £ 3.6 259+ 1.0 1.1 30.0 £ 3.3 257 £ 0.5 1.2

Values are expressed as mean £+ SE
**Significant at 1% level of significance

*Significant at 5% level of significance, Indian mustard: control (PBR 357) and experimental (RLC 3), Rapeseed: control (GSL 1) and
experimental (GSC 7)

Table 4 Fatty acid composition of shallow and deep fried products cooked in oils extracted from Indian mustard and rapeseed varieties

Fatty acid (%) Indian mustard t value Rapeseed t value

PBR 357 RLC 3 GSL 1 GSC 7

Shallow frying (Parantha)

Cl16:0 36+ 0.5 4.0+0.2 0.6 31+02 43+ 04 2.6
C18:0 1.7 £ 0.1 0.9 + 0.0 6.9% 1.1 £0.1 0.9 + 0.0 0.6
C18:1 20.0 £ 0.9 58.7 £ 1.1 25.4°%% 257+ 1.0 64.2 £ 0.1 36.4°%*
C18:2 18.3 £ 0.1 19.9 £ 0.5 2.7 20.6 £ 0.5 19.7 £ 0.2 14
C18:3 54+02 7.7 £ 0.0 7.8% 6.5+ 0.0 8.5+ 0.2 6.8%
C22:1 36.3 £2.0 04 £ 0.0 17.5%* 18.3 £ 0.0 04 + 0.0 61.8%*
SFA % 54+ 04 5.0+ 0.1 0.9 42 +£03 53+03 2.1
MUFA% 56.3 + 3.0 59.1 + 1.1 0.8 62.6 + 04 64.6 + 0.1 4.1
PUFA % 23.8+0.3 277 + 0.6 5.1% 272+ 05 28.3 £ 0.0 1.8
Deep frying (Poori)

C16:0 34+ 0.0 2.8 £ 0.1 6.9% 34+ 0.0 38+ 0.0 10.3%*
C18:0 2.0+ 0.0 1.7 £ 0.1 42 2.1 £0.1 1.6 £ 0.1 2.8
C18:1 26.6 £ 0.3 575+ 0.8 33.8%:* 27.0 £ 0.0 639 £ 0.5 70.3%:
C18:2 234 £+ 0.3 20.8 £ 04 4.7% 21.3 £ 0.0 19.4 £ 0.3 6.1*
Cl18:3 89+ 0.1 9.2 £ 0.0 2.7 8.5 + 0.0 9.0 £ 0.0 5.2%
C22:1 335+ 0.8 0.8 £ 0.0 40.4%%* 35.6 + 0.0 0.5+ 0.0 499.5%%*
SFA % 54 4+0.0 4.5+ 0.1 5.4% 5.54+0.0 5.5 +0.1 0.1
MUFA% 60.2 £ 0.4 583+ 0.8 1.9 62.6 £ 0.0 645 £ 05 35
PUFA % 324+ 04 30.0 £ 04 3.6 284 £ 0.2 284 £ 0.2 5.3%

Values are expressed as mean + SE;
**Significant at 1% level of significance

*Significant at 5% level of significance, Indian mustard: control (PBR 357) and experimental (RLC 3), Rapeseed: control (GSL 1) and
experimental (GSC 7)
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levels present in the food product. The rationale behind
minute changes in the overall fatty acid profile of the
samples could be less time for frying [23, 24]. Further, a
significant difference was observed in the percentage of
oleic acid and erucic acid present in the product prepared
using PBR 357 (20.0 and 36.3%, respectively) and RLC 3
oils (58.7 and 0.4%, respectively). In case of rapeseed
varieties, no significant difference was observed in the
palmitic, stearic, linoleic acid content present in the GSL 1
and GSC 7 food product, whereas the level of a-linolenic
acid showed a significant (p < 0.05) difference between
GSL 1 (6.5%) and GSC 7 (8.5%) product prepared by
shallow frying. Also, oleic and erucic acid showed a sig-
nificant (p < 0.01) difference in both GSL 1 (25.7 and
18.3%, respectively) and GSC 7 (64.2 and 0.4%, respec-
tively) shallow fried product.

Further, the fatty acid composition of deep fried product
in PBR 357 and RLC 3 oil showed significant (p < 0.05)
difference in C16:0, C18:2 and total SFA content, whereas
no significant difference was observed in C18:0, C18:3,
MUFA and PUFA in the deep fried product prepared using
PBR 357 and RLC 3 oils. However, a reduction was
observed in the o-linolenic acid level of both shallow fried
and deep fried product as compared to fresh oils of both
Brassica varieties. This may be due low stability of o-
linolenic acid at high temperature [24]. Still, a significant
amount of o-linolenic acid was present in both control and
experimental products prepared using oils extracted from
Indian mustard and rapeseed varieties. The present research
findings were in concordance with earlier studies which
documented heat resistance attribute of mustard oil
[24, 25]. Overall, a less deterioration and change in fatty
acid composition was observed during the frying process.
Also, the oil uptake in deep fried product was not high as
continuous frying was done. The viscosity of the oil did not
get affected, which resulted in less adherence of oil with
the product [24].

The fatty acid composition of roasted (Panjiri) and
sautéed (Potato-French bean vegetable) food products
cooked in Brassica oils is presented in Table 5. Panjiri
prepared in PBR 357 and RLC 3 oil showed a significant
(p < 0.05) difference in C16:0 and total SFA, whereas
C18:0, C18:1, C18:3, C22:1, total MUFA and PUFA
showed a significant difference at one percent level of
significance. Surprisingly, the levels of C18:3 were very
low in the panjiri prepared in PBR 357 oil (2.9%) as
compared to RLC 3 oil (12.0%). In contrast, the amount of
C18:3 was found at par in the roasted product prepared in
GSL 1 (4.7%) and GS 7 oil (4.5%). Moreover, the levels of
oleic acid were found higher in the roasted product pre-
pared using GSC 7 oil (60.5%) as compared to product
(46.3%) prepared using RLC 3 oil. This may be due to the
higher smoke point of GSC 7 (234.3 °C) as compared to
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RLC 3 (223.7 °C). Also, MUFA (oleic acid) is oxidized at
much slower rate as compared to PUFA. Moreover, high
amounts of oleic acid are connected with a reduced risk of
coronary heart disease. Thus, MUFA rich oil encourages a
desirable result pertaining to health benefits [26].

The Potato-French bean vegetable sautéed in PBR 357
and RLC 3 oils showed a significant (p < 0.01) difference
in palmitic acid, oleic acid, o-linolenic acid (C18:3) and
erucic acid (C22:1). Overall, there was no significant dif-
ference in the SFA, MUFA and PUFA content of veg-
etable cooked in both PBR 357 and RLC 3 oils. On the
other hand, the vegetable, sautéed in GSL 1 and GSC 7 oil
showed a significant (p < 0.01) difference in C18:1, C22:1
and total SFA. Whereas, C16:0, C18:2 and C18:3 showed a
significant difference at five percent level of significance.
Overall, the total MUFA content was found at par in the
vegetable cooked in all oils of both Indian mustard and
rapeseed varieties, whereas the level of erucic acid was
found lower in the sautéed product prepared by GSC 7 oil
(0.6%) as compared to the product prepared using RLC 3
oil (0.8%). The consumption of 15 g rapeseed oil with 2
percent erucic acid content still provides 300 mg erucic
acid [2]. In our study, all the food products prepared by
GSC 7 and RLC 3 oils contained low erucic acid content
which illustrated that these low erucic acid oilseed varieties
were safe for human consumption.

Oxidative Stability of Food Products

Two indicators namely peroxide value and free fatty acids
were used to evaluate the oxidative stability of the food
products prepared using conventional cooking methods
using Brassica oils (Table 6). The shallow fried product
(Parantha) prepared using PBR 357 and RLC 3 oil showed
no significant difference in the peroxide value, whereas a
significant (p < 0.05) difference was observed in the PV of
products prepared using GSL 1 and GSC 7 oils. The
average PV values were recorded as 1.5 and 1.4 meq/kg in
the products cooked in GSL 1 and GSC 7 oils, respectively.
Though the PV was found less than the codex standard
peroxide value (< 10 meq/kg), still, thermal oxidation
occurred but to a lesser extent. This may be due to the less
time used in shallow frying. In case of deep fried product
(Poori), a significant (p < 0.05) difference was observed in
the PV of products prepared using PBR 357 and RLC 3 oils
(0.4 and 0.3 meq/kg, respectively) as well as GSL 1 and
GSC 7 (0.3 and 0.2 meq/kg, respectively) oils. Compara-
tively, a lesser PV was observed in the food product deep
fried in the RLC 3 and GSC 7 oils than PBR 357 and GSL
1 oils. This can be attributed to the presence of high oleic
acid which has good oxidative stability [27].

The PV of roasted food product (Panjiri) prepared in
PBR 357 and GSC 7 oil showed a significant (p < 0.01)
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Table 5 Fatty acid composition of roasted and sautéed products cooked in oils extracted from Indian mustard and rapeseed varieties

Fatty acid (%) Indian mustard t value Rapeseed t value

PBR 357 RLC 3 GSL 1 GSC 7

Roasting (Panjiri)

C16:0 54 £0.1 38+02 6.0%* 55+£03 35+03 3.8
C18:0 24 £ 0.0 2.7+£0.0 10.17%% 24 £0.0 1.8 £ 0.0 8.4%
C18:1 31.1 £0.1 463 £ 1.2 12.2%% 30.2 £ 0.6 60.5 £ 0.5 37.0%%*
Cl18:2 233+ 04 254 £ 0.7 2.6 17.9 £ 0.7 19.1 £ 0.5 1.2
C18:3 29 +£0.1 120 £ 0.2 31.5%%* 47 +03 45+£02 0.5
C22:1 329 £ 0.1 0.7 £ 0.0 256.5%%* 339+ 0.0 04 £0.0 1622.3%*
SFA % 7.8 £0.1 6.6 £ 0.1 5.3% 79 £0.2 54+£04 4.6%
MUFA% 64.0 £ 0.0 47.1 £ 1.2 13.4%% 64.1 £ 0.1 60.9 £ 0.5 3.8
PUFA % 262 £0.2 374 £ 04 21.0%* 227 £ 1.0 23.6 £ 0.8 0.6
Sauteing (Potato-French beans vegetable)

C16:0 32+ 0.0 25+£0.0 11.0%%* 3.6 £ 0.1 2.1 £0.1 6.8%
C18:0 2.2+ 0.0 1.7+ 0.3 1.5 24 +£0.0 2.2+ 0.0 2.0
C18:1 232 +£22 60.4 £ 0.6 16.0%* 30.6 £ 0.3 63.5 £ 1.2 26.0%%*
C18:2 21.0 £ 0.1 257 £ 04 9.5% 19.1 £ 0.1 18.0 £ 0.0 9.5%
C18:3 6.3 £ 0.1 3.8+ 0.0 15.1%%* 44 +03 5.8 £0.0 4.4%
C22:1 316 £ 1.5 0.8 £0.0 20.2%%* 369 + 0.4 0.6 £ 0.0 84.3%%*
SFA % 54 +£0.1 42 +03 3.6 6.1 £0.1 44 £ 0.1 11.1%%
MUFA% 549 £ 3.7 61.2 £ 0.7 1.6 67.5 £ 0.0 64.1 £ 1.1 2.8
PUFA % 273 £ 0.0 295 £0.5 39 23.6 £ 04 23.8 £ 0.1 0.5

Values are expressed as mean + SE
**Significant at 1% level of significance

*Significant at 5% level of significance, Indian mustard: control (PBR 357) and experimental (RLC 3), Rapeseed: control (GSL 1) and
experimental (GSC 7)

Table 6 Oxidative stability of food products prepared by conventional cooking methods using oils extracted from Indian mustard and rapeseed
varieties

Food products Oxidative compounds Indian mustard t value Rapeseed t value
PBR 357 RLC 3 GSL 1 GSC 7

parantha PV (meqg/kg) 1.5+ 00 1.4 +£ 0.0 1.8 1.5+ 0.0 1.4 £ 0.0 5.8%
FFA (%) 0.5+ 0.0 0.5+ 0.0 0.8 0.6 + 0.0 0.4 + 0.0 4.9%

Poori PV (meq/kg) 04+ 0.0 0.3+ 0.0 5.6% 0.3 £ 0.0 0.2+ 0.0 6.3*
FFA (%) 04+ 0.0 04 £ 0.0 22 04 £ 0.0 0.3 +£0.0 4.9%

Panjiri PV (meq/kg) 04 £0.0 0.3 £00 12.0%* 03 £ 0.0 02+ 0.0 42
FFA (%) 04+ 0.0 04+ 0.0 3.8 0.4 £ 0.0 03 £ 0.0 42

Seasonal Vegetable PV (meq/kg) 0.3+ 0.0 0.3+ 0.0 7.0% 0.2 £ 0.0 0.2 £ 0.0 3.1
FFA (%) 0.5+ 0.0 04+ 0.0 19.8%#* 0.4 £ 0.0 03 £+ 0.0 7.0%

Values are expressed as mean + SE
**Significant at 1% level of significance

*Significant at 5% level of significance; NS = No significant difference, Indian mustard: control (PBR 357) and experimental (RLC 3),
Rapeseed: control (GSL 1) and experimental (GSC 7)
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difference with an average value of 0.4 and 0.3 meq/kg,
respectively, whereas there was no significant difference in
the corresponding figures of the product prepared using oils
of rapeseed varieties. The PV was found less in experi-
mental oils as compared to control counterpart but in
agreement with the standard peroxide value, i.e., < 10
meq/kg. This may be due to presence of comparatively
higher total antioxidants present in the oils extracted from
RLC (525.3 mg/kg) and GSC 7 (616.3 mg/kg). Both of
these antioxidants help shielding the oil from oxidation in a
synergistic manner. Similar trends were also observed in
the sautéed food product prepared using both Brassica oils.

FFA is an indicator of freshness, storage time and sta-
bility of fat rich foods. The recommended level of free fatty
acid in processed vegetable oil is 0.5 percent [28]. The
maximum tolerable limit of FFA for mustard oil has been
given as 3 percent (% oleic acid) [29]. All the food prod-
ucts prepared by different cooking methods using all
Brassica oils evaluated in the present study depicted FFA
levels within the permissible limits. The highest value of
FFA (0.6%) was observed in the shallow fried product
prepared using GSL 1 oil. This may be attributable to the
immediate application of oil on the parantha on a pre-
heated hot griddle. Even though the heating time is short,
but shallow frying allows free access to air which leads to
oxidation [30]. Besides, the lowest value of FFA (0.3%)
was recorded in the roasted food product prepared using
GSC 7 oil. This may be due to the presence of high level of
oleic acid (60.5%) in the product.

Conclusion

Among all Brassica oils, GSC 7 found to be the most
stable oil for cooking. The fatty acid composition of RLC 3
and GSC 7 canola oil was consistent with nutrition rec-
ommendations aimed at reducing the amount of saturated
fat in the diet (< 7% of total fatty acids). Both low erucic
varieties contained high level of oleic acid (64-66%) and
an intermediate level of PUFA (32%) of which a-linolenic
acid made up approximately one-third of total fatty acids.
In terms of product development, GSC 7 oil exposed to all
conventional cooking methods reported as the best medium
for cooking based on fatty acid composition and oxidative
stability. And, sautéing was observed as the least harmful
cooking method. Hence, the varieties of canola oil may be
promoted to increase local as well as national production so
as to make the canola oil easily available and affordable to
the consumers.
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