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Abstract Garden cress (Lepidium sativum L.) is an edible,
underutilised herb, grown mainly for its seeds in India.
Physicochemical properties, minor components (unsaponi-
fiable matter, tocopherols, carotenoids), fatty acid compo-
sition and storage stability of garden cress seed oil (GCO)
were studied. Cold press, solvent and supercritical CO,
extraction methods were employed to extract the oil. The
total oil content of garden cress (GC) seeds was 21.54, 18.15
and 12.60% respectively by solvent, supercritical CO,
and cold press methods. The physical properties of GCO
extracted by the above methods were similar in terms of
refractive index, specific gravity and viscosity. However,
cold pressed oil showed low PV and FFA compared to the oil
extracted by other methods. a-Linolenic acid (34%) was the
major fatty acid in GCO followed by oleic (22%), linoleic
(11.8%), eicosanoic (12%), palmitic (10.1%) erucic (4.4%),
arachidic (3.4%) and stearic acids (2.9%). Oleic acid
(39.9%) and «a-linolenic acid (42.1%) were the predominant
fatty acids at the sn-2 position. The total tocopherol and
carotenoid content of GCO was 327.42 and 1.0 umol/100 g
oil, respectively. The oil was stable up to 4 months at 4 °C.
Tocopherol and BHT offered the least protection, while
ascorbyl palmitate (200 ppm) offered the maximum
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protection to the oil, when subjected to the accelerated
oxidative stability test. Thus GCO can be considered as a
fairly stable oil with a high content of o-linolenic acid.
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Introduction

Lepidium sativum L. is an edible herb and a member of the
Cruciferae (Brassicaceae) family [1]. Garden cress (GC) is
an annual, glabrous, erect herb cultivated as a culinary
vegetable all over Asia and Europe [1, 2]. It is commonly
cultivated throughout the temperate regions of India and
Pakistan [1]. The GC plant is cultivated in Ethiopia for the
edible oil from its seeds [3]. Egyptians used GCO mixed
with wild mustard seed oil to stabilise unstable linseed oil
[4]. Medieval Indian medical texts record the medicinal
properties of the GC plant [1, 2]. Since ancient times, the
seeds have been used in local traditional medicine [5]. The
GC seeds are bitter, thermogenic, depurative, rubefacient,
galactogogue, tonic, aphrodisiac, ophthalmic, antiscorbu-
tic, antihistaminic and diuretic. They are useful in the
treatment of asthma, coughs with expectoration, poultices
for sprains, leprosy, skin disease, dysentery, diarrhoea,
splenomegaly, dyspepsia, lumbago, leucorrhoea, scurvy
and seminal weakness [2]. The seedlings are consumed as a
spice and are a rich source of glucosinolates [6]. Seeds,
leaves and roots of GC are of economic importance too. In
India, GC is mainly cultivated for its seeds. Fresh leaves
are mainly used in salad and have antibacterial, diuretic
and stimulant properties. The juice of eight-day-old, whole
GC plants has been shown to be chemoprotective against
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IQ (2-amino-3-methylimidazo [4.5-f]lquinoline)-induced
genotoxic effects and colonic neoplastic lesions in rats [7].
GC seeds have been shown to reduce the symptoms of
asthma and improve lung function in asthmatics [8]. The
seeds have been reported as possessing a hypoglycemic
property [9] and the seed mucilage is used as a substitute
for gum arabic and tragacanth.

Agronomic attributes show that GC plants grow well in
semi-arid regions and low fertility soils. It is cultivated
thoughout India, especially in the central and northern
states [10]. GC seeds exhibit the morphological charac-
teristics of oil seeds and can be used for extracting oil. The
challenge is to obtain a stable oil as it is prone to oxidative
rancidity. Therefore, in the present study, the physico-
chemical properties of GCO obtained using different
extraction methods (solvent extraction, cold expression and
supercritical fluid extraction) and its storage stability were
investigated.

Materials and Methods
Materials

GC seeds were purchased from a local market in Mysore.
The seeds were identified and authenticated at the
Department of Horticultural Sciences, University of Agri-
culture sciences, Bangalore. Seeds were air dried, pow-
dered in a plate mill (Glenmills Inc. NJ) or flaked in a roller
flaker (Kvarnmaskiner, Malmo, Germany) and stored in
plastic containers. Oil from the seeds was extracted by
different extraction methods. All the chemicals used were
of analytical grade. The fatty acid methyl ester standards,
tocopherol isomers and carotenoids were obtained from the
Sigma Chemical Company, USA.

Methodology
Cold Press Extraction of Oil from Garden Cress Seeds

Flaked GC seeds (800 g) were pressed with a hydraulic
press (B Sen Barry & Co., New Delhi, India) at a pressure
of 10 tons for 10 min at room temperature. The oil
obtained from the seeds was collected in a clean vessel,
flushed with nitrogen and the weight of the oil was recor-
ded. The oil was stored in polyethylene terephthalate (PET)
bottles at —20 °C until further analysis.

Soxhlet Extraction (SOX) of GCO

Soxhlet extraction of the powdered GC seeds (100 g) was
carried out in a Soxhlet apparatus using petroleum ether
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(60-80 °C) as solvent for 6 h. The extract was concen-
trated in a rotary evaporator (Buchi, Donau, Switzerland).
The oil was flushed with nitrogen, weighed and stored at
—20 °C until further analysis.

Supercritical Carbon Dioxide Extraction (SCE) of GCO

Supercritical CO, extraction was performed using CO, in a
supercritical fluid extractor (Novaswiss, Switzerland). The
system was operated in CO, recycling mode. GC seed
powder (1,000 g) was loaded into the 2-1 capacity extractor
vessel and extracted at 50 °C and at 250 bar using CO,
with a flow rate of 1 kg/min. The oil thus separated from
CO, was collected in a reduced-pressure receiver (50 bar
and 40 °C). The collected oil was flushed with nitrogen,
weighed and stored at —20 °C until further analysis.

Physical Properties of GCO
Colour

The oil colour was evaluated using a Hunter Lab Labscan
XE spectrophotometer (Hunter Associates Laboratory Inc,
Reston Virginia). Oils extracted by different methods
(15 ml) were pipetted into a sample cup and the colour
values were obtained using a 2°/C (2°bserver/illumi-
nant C) [11].

Viscosity

Viscosity () was measured in a cone-and-plate geometry
viscometer (Rheology International Model R: 3M). The
instrument is calibrated with silicon oil to torque of
512 mPa. The shear stress (I') was obtained at a shear rate
(y) of 50 rpm. The 5 was calculated by determining the
slope of the linear regression of I' on y utilising the sta-
tistical package STATISTICA v 5.1 (Statsoft, Tulsa, OK).
The viscosity was reported in mPa s at a temperature of
25+ 2 °C.

Refractive Index

The refractive index was determined according to the
AOCS official method [12] using an Abbe type refrac-
tometer (American Optical Corporation, Buffalo, NY) at
25 °C.

Specific Gravity
The specific gravity was measured in a 25-ml capacity

specific gravity bottle at room temperature of 25 4 2 °C
[13].
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Chemical Properties of GCO
Free Fatty Acids

The free fatty acid content (FFA%) in GCO was deter-
mined according to the AOCS official method [14]. A
3-10 g amount of GCO was dissolved in 50 ml of ethanol
and diethyl ether (1:1) mixture neutralised with 0.1 N
KOH. This mixture was titrated against a 0.1-N NaOH
solution using phenolphthalein (1%) as the indicator.

Peroxide Value (PV)

The peroxide value was determined according to the
method described by the International Dairy Federation
Standard Method [15]. GCO (0.1 g) was mixed with 9.8 ml
of chloroform/methanol (70:30 v/v) mixture followed by
the addition of 0.05 ml of ammonium thiocyanate solution
(30 g/100 ml) and 0.05 ml of an iron (II) chloride solution.
The iron (II) chloride solution was prepared by adding
0.4 g of barium chloride dihydrate and 0.5 g of iron sul-
phate solution in 50 ml distilled water. After 5 min of
incubation at room temperature (25 + 2 °C) in the dark,
the absorbance of the sample was measured at 500 nm
against a blank containing all the reagents except the oil
sample in a UV visible spectrophotometer (Shimadzu
Corporation, Japan). Hydroperoxides present in the oil
oxidised Fe’" to Fe’™ and the formed Fe’" ions were
quantified using a calibration curve of FeCl; (2-20 pg).

Net weight of Fe*™(ug)
wt of sample (g) x 55.84 x 2

Peroxide value =

The peroxide value was expressed as mequiv of
peroxides/kg oil.

Saponification Value

The saponification value of GCO was determined accord-
ing to the AOCS official method [16]. A known quantity of
oil was saponified with alcoholic KOH for 1 h in a water
bath. This solution was titrated against 0.1 N HCI using 1%
phenolphthalein as the indicator.

B—-S N
Saponification value = 56.1w
w

Where B is the volume in ml required to titrate the

blank; Sis the titer value of the sample; N is the normality
of HCI; w is the weight of the sample in g.

Conjugated Dienes (CD)

The amount of conjugated dienes (CD) in GCO was deter-
mined according to the method of the IUPAC [17]. Oil

samples (0.02-0.04 g) were weighed and dissolved in 25 ml
of iso-octane (2,2,4-trimethylpentane), in volumetric flasks.
The contents were mixed thoroughly and the absorbance
was read at 234 nm using a UV-visible spectrophotometer
(Shimadzu Corporation, Japan). Pure iso-octane was used as
a blank. The amount of CD was calculated according to the
following equation: CD = A/(C x d), where A = absor-
bance of the solution at 234 nm, C = concentration of
the solution in g/100 ml solution, and d = length of the cell
in cm.

Unsaponifiable Matter of GCO

The unsaponifiable matter content in GCO was measured
according to the AOCS official method [18]. An oil sample
(5 g) in 30 ml of absolute ethanol and 5 ml of 60%
aqueous KOH was refluxed for 1 h followed by extraction
of unsaponifiable matter using diethyl ether. The solvent
was evaporated to dryness and the residue was desiccated
and weighed.

Estimation of Fatty Acids in GCO

Fatty acid analysis of GCO was carried out by gas liquid
chromatography method. Fatty acid methyl esters (FAME)
were prepared according to the method of Morrison and
Smith [19]. A GCO sample (10-20 mg) was saponified for
1 h with 1 ml of methanolic KOH (0.7 N) at 60 °C, fol-
lowed by neutralisation with 1 ml of methanolic HCI
(0.7 N). The resulting free fatty acids were extracted in
hexane and evaporated to dryness. The fatty acids were
methylated using boron trifluoride (14% in methanol) and
0.2 ml benzene. The FAME were extracted in hexane,
washed with water and evaporated to dryness. Fatty acid
analysis was performed using a gas-liquid chromatograph
(Shimadzu, GC-14B, Shimadzu Corporation, Japan) fitted
with a fused silica capillary column (BP 21: 30 m length,
0.30 mm i.d., 0.50 pum film thickness). The GC was
equipped with a flame ionisation detector and Clarity Lite
420 integrator. The above mentioned analysis was carried
out using isothermal conditions. The column temperature
was set at 220 °C, the injector temperature at 230 °C and
the detector temperature at 240 °C. Nitrogen was used as
the carrier gas with a flow rate of 1 ml/min. Individual fatty
acids in the sample were identified by comparison with the
retention times of standard fatty acid methyl esters. The
determinations were carried out in triplicate (n = 3).

Estimation of Tocopherols in GCO
GCO (1.0 g) was saponified with 4 ml of 5% ethanolic

pyrogallol (w/v), 1 ml KOH (100%) and boiled in a water
bath for 3 min. Samples were then cooled, 30 ml distilled
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water was added and the mixture was extracted three times
with diethyl ether. The combined extracts were washed
with water to neutralise and remove fatty acid soaps. The
extract was dried with anhydrous sodium sulphate and
evaporated to dryness under a vacuum at 40 °C. The res-
idue was dissolved in 1.0 ml ethanol and 4.0 ml of benzene
and dried under a stream of nitrogen. The residue was
dissolved in 1.0 ml of ethanol and used for identification
and quantification of tocopherol isomers by an HPLC
method [20] using a Shimadzu LC 10AVP-HPLC system
equipped with a fluorescence detector and Phenominix
C18, column (250 x 4.60 mm, 5 um). The excitation
wavelength used was 290 nm and the emission wavelength
was 330 nm. An isocratic elution program was employed
using a mobile phase containing methanol: water (95:5,
v/v). The flow rate was 1.0 ml/min. The individual toco-
pherol homologues were calculated based on the calibra-
tion curve of standards of o, y and 0 tocopherols. The
determinations were carried out in triplicate (n = 3).

Estimation of Carotenoids in GCO

The major carotenoids in the oil samples (f-carotene,
lutein and zeaxanthin) were measured according to the
method described by Raju et al. [21]. A GCO sample
(5.0 g) was refluxed with 25 ml ethanol and 5 ml of satu-
rated KOH solution for 1 h. The mixture was extracted
three times with hexane and diethyl ether (1:1). The pooled
organic layer was washed with distilled water and dried
with anhydrous sodium sulphate. The organic solvent was
evaporated to dryness in a flash evaporator (Buchi, Swit-
zerland). The unsaponifiable matter was suspended in ethyl
acetate and the carotenoids were separated by an HPLC
method using a Shimadzu HPLC system (LC-10) equipped
with a PDA detector, a reverse phase Nucleosil ODS C18
column (250 x 4.6 mm, 5 pum particle size). The mobile
phase consisted of mixtures of acetonitrile:water (9:1, v/v)
with 0.25% triethylamine (A) and ethyl acetate with 0.25%
triethylamine (B). The gradient was set at 90% of A at
0 min to 50% of A at 10 min. The percentage of A
decreased from 50% at 10 min to 10% A at 20 min. The
flow rate was 1 ml/min and the chromatogram was moni-
tored at 450 nm. Identification of carotenoids was based on
co-chromatography using standards and characteristics of
UV-VIS spectra recorded by the PDA detector. The
determinations were carried out in triplicate (n = 3).

Positional Distribution of the Fatty Acids in GCO
Hydrolysis of GCO oil by pancreatic lipase was performed
according to the method described by Fayaz and Fereidoon

(2005) [22]. GCO (0.025 g) was added to 5.0 ml of 1.0 M
Tris HCI buffer (pH 8.0) containing 0.5 ml of calcium
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chloride (2.2%) and 1.25 ml of sodium taurocholate
(0.05%) and heated at 40 °C for 1 min followed by the
addition of 5 mg of porcine pancreatic lipase. The reaction
mixture was incubated under nitrogen for 15 min at 40 °C
in a shaking water bath. Ethanol (5.0 ml) was then added to
the reaction mixture to stop the enzymatic reaction, fol-
lowed by an addition 5 ml of 6 M HCI. The hydrolytic
products in the mixture were extracted in hexane (50 ml)
and washed two times with distilled water. Hexane was
passed through a bed of anhydrous sodium sulphate and
evaporated to dryness under stream of nitrogen. The
hydrolytic products were separated by the TLC method.
TLC plates were prepared by coating silica Gel G matrix
over 20 x 20 glass TLC plates using automatic TLC plate
coater (CAMAG, Switzerland). The thickness of the coat-
ing was 500 pm. The TLC plates were activated at 120 °C
for 1 h prior to use. The hydrolytic products were spotted
onto the TLC plates and developed using a solvent system
of hexane/diethyl ether/acetic acid (70:30:1). TLC resolved
the mixture of hydrolytic products into four major spots
namely monoglycerides, diglycerides, free fatty acids and
triglycerides. These spots were scraped and the lipids were
extracted into methanol/chloroform (1:1 v/v). The FA
profile of the lipids was analysed by gas liquid chroma-
tography as described in the fatty acid analysis section. The
monoglyceride spot was used to determine the sn-2 fatty
acid composition and the free fatty acid spot was used to
assess the fatty acid composition of sn-1 and sn-3 positions.

Oxidative Stability of GCO

GCO obtained by the cold press method was stored in
screw-capped bottles in the dark, at room temperature
(25 £ 2 °C) and at 4 °C. The progress of lipid peroxida-
tion of the oil was assessed by measuring PV and CD as
described above by drawing an aliquot of the sample and
testing it every month for a period of 5 months.

Accelerated oxidative stability was carried out accord-
ing to the method of Joyner et al. [23]. GCO extracted by
the cold press method was subjected to accelerated oxi-
dative stability studies in the presence and absence of
200 ppm of synthetic antioxidants viz., «-tocopherol,
ascorbyl palmitate and BHT. Glass beakers containing
duplicate samples of GCO (60 ml) covered with a petri
dish were placed in an oven maintained at 60 = 2 °C. The
progress of lipid peroxidation of the GCO was assessed by
measuring PV and CD as described above by drawing an
aliquot of sample and testing it daily for 8 days.

Statistical Analysis

The results were analysed by using SPSS-10 software.
Statistical differences between means were determined by
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ANOVA and Duncan’s test. P values of <0.05 were con-
sidered significantly different.

Results and Discussion

Colour is an important characteristic for determining the
visual acceptance of the oil. The L, a, and b values of GCO
are shown in Table 1. The negative ‘a’ value indicates the
intensity of green colour, the positive ‘b’ value indicates
yellow colour, while ‘L’ value is a measure of lightness of
the oil. Soxhlet extracted oil was dark yellowish, while
cold pressed oil showed a light yellowish colour. The seeds
of the cruciferous family are known to contain chlorophyll
and its derivatives [24] which could be extracted with the
oil [25]. A linear correlation between the ‘a’ value and the
total chlorophyll content of the oil has been reported [25].
Hence, the dark colour of solvent extracted oil in com-
parison to the cold pressed GCO, could be due to the
pigments extracted along with the oil.

GCO was obtained by cold pressing (hydraulic press-
ing), solvent (soxhlet) extraction and supercritical CO,
extraction methods. The physicochemical properties of
GCO extracted by the different methods are summarised in

Table 1 Colour measurement of GCO extracted by different methods

Table 2. The total oil content of solvent extracted GCO
was 21.54%, supercritical CO, extraction was 18.15% and
cold expression was 12.60%. Maximum oil extraction was
obtained by soxhlet method (21.54%). The oil content in
GC seeds is relatively less compared to other edible oil
seeds such as mustard (25-40%), rapeseed (40—45%) and
camelina or false flax (40-45%) of Cruciferae family [26].
GCO has a typical smell of mustard oil but less pungent
than mustard oil.

The PV and FFA values of the cold pressed GCO was
lowest compared to the oils extracted by solvent and
supercritical CO, extraction (Table 2). The refractive index
shows the degree of unsaturation and presence of unusual
components such as hydroxyl groups [27]. The refractive
index of GCO is within the range of edible oils (Table 2).

Supercritical CO, extracted GCO showed the highest
FFA value while cold pressed and soxhlet extracted oil
showed lower FFA values. The acid value of GCO
(Table 2) is in conformity with the specifications of edible
oils (1-7% of oleic acid). The acid value depends on the
extraction method adopted. A low acidity value charac-
terises stability of an oil at room temperature (25 & 2 °C).

The PV of GCO extracted by different methods is pre-
sented in Table 2. Cold pressed oil showed a low PV, while

Extraction method L value a value b value

Cold pressed oil 8.59 + 0.05% —-1.02 & 0.19* 1.63 £ 0.01*
Soxhlet extracted oil 5.19 £ 0.02° —1.31 £ 0.02* 212 4+ 0.12°
Supercritical CO, extracted oil 3.51 4+ 0.23° —0.62 4+ 0.34° 1.56 + 0.30*

Each value is a mean £ SD of three determinations. Values in the same column with different alphabetical superscripts are considered

significantly different by Duncan’s test at P < 0.05

L measure of lightness, increasing from 0 (dark) to 100 (light), a measure of red (4) to green (-), b measure of yellow (+) to blue (—)

Table 2 Physicochemical properties of GCO extracted by cold press, Soxhlet and supercritical CO, extraction

Soxhlet extracted oil Supercritical CO, extracted oil

Properties Cold pressed oil
Oil yield (% dry weight) 12.6 £ 0.87°
Refractive Index (nDt) at 24 °C 1.47 £ 0.001
Specific gravity (g/ml)" 0.91 +£ 0.001
Viscosity (17)* 64.3 & 0.90
Peroxide value (mequiv peroxide/kg oil) 0.70 £ 0.13*
Free Fatty Acid (% oleic) 0.28 + 0.02*
Saponification value (mg KOH/g) 178.85 + 0.46*
Unsaponifiable matter (g %) 1.65 + 0.24*
Iodine value (g of I, absorbed/100 g) 122 £ 07*

21.54 + 1.32° 18.15 + 1.20°
1.47 + 0.003 1.47 £ 0.002
0.90 =+ 0.001 0.91 =+ 0.001
55.5 + 0.37° 53.8 + 0.6°
4.09 £ 0.16° 2.63 + 0.81°
0.39 + 0.04° 1.52 + 0.28°

182.23 + 0.73¢ 174 + 0.82°
1.39 + 0.10° 1.16 & 0.30°
131 + 3.26° 123 + 1.68*

Each value is a mean £ SD of three determinations. Values within the same row with different alphabetical superscripts are considered

significantly different by Duncan’s test at P < 0.05

nDt, refractive index for light with a wavelength equal to 589.3 nm at 24 °C

! Direct pycnometer determination at 33 °C

2 viscosity determined at 25 °C MPa s~
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Table 3 Fatty acid composition of GCO oil extracted/expressed using different methods

Soxhlet extracted oil Supercritical CO, extracted oil

Fatty acids Cold pressed oil
Palmitic acid (16:0) 9.7 + 0.08
Stearic acid (18:0) 2.8 + 0.26
Arachidic acid (20: 0) 3.1 £0.81
Oleic acid (18:1, n-9) 229 £ 0.08
Eicosanoic acid (20:1, n-9) 11.1 £ 0.12
Erucic acid (22:1, n-9) 3.6 £ 0.08
Linoleic acid (18:2, n-6) 11.1 £ 0.23
Linolenic acid (18:3, n-3) 35.7 + 0.86
X Saturated fatty acid 15.60

2 Monounsaturated fatty acids 37.60

2 Polyunsaturated fatty acids 46.80

PIS 3.00
n-6/n-3 0.31

uis 0.18

10.0 £ 0.00 9.60 £ 0.32
2.8 £0.04 29 +£0.01
3.1 +£0.12 3.4 £ 0.04

22.1 £ 0.06 222 £ 0.08

11.4 £ 0.04 12.1 £ 0.28
4.1 £0.03 44 £ 0.08

11.9 £ 0.02 11.8 £ 0.68

3577 £ 1.00 33.6 £ 0.56

16.00 15.90

37.60 38.70

46.50 45.40
2.90 2.80
0.34 0.35
0.19 0.19

Values are percentages of total fatty acids £ SD (n = 3). Values in the same row are not significantly different by Duncan’s test at P < 0.05

P/S polyunsaturated fatty acid/saturated fatty acid, U/S total unsaturated fatty acids/saturated fatty acids

solvent extracted oil showed the highest PV. The high PV
in soxhlet extracted oil could be due to the exposure of the
oil to high temperature (60-80 °C) during extraction. The
low PV of cold pressed GCO indicates that it is less prone
to oxidative rancidity at room temperature. The viscosity of
the oils obtained by the three methods varied from 53.8 to
64.3, respectively (Table 2). The cold pressed GCO was
more viscous than the oil extracted by the other two
methods.

The saponification value indicates the amount of
saponifiable units (acyl groups) per unit weight of oil. A
high saponification value indicates a higher proportion of
low molecular weight fatty acids in the oil or vice versa.
GCO showed a saponification value of 174.00-182.23
indicating that the oil contained high molecular weight
mass fatty acids (Table 2). The saponification value of
GCO (178.36) was lower than that of palm oil (196-205),
olive oil (188-196), sunflower oil (186-196), soybean oil
(188-195) and safflower oil (186—-198) [28]. Unsaponifi-
able matter of GCO extracted by different methods varied
between 1.16 and 1.65 g/100 g (Table 2).

The unsaponifiable matter content was higher in GCO
compared to other oils such as sesame (1.2%), white melon
(1.1%), corn (0.92%), cotton (0.52), palm (0.34%), peanut
(0.33), palm kernel (0.22) and coco kernel (0.09) [29]. The
high unsaponifiable matter in the cold pressed oil could be
due to the presence of lignans (29.4%), crude fibre
(16.5%), protein (24.3%) and minerals (5.4%) in GC seeds
[30].

The iodine value (IV) is a measure of average unsatu-
ration of an oil or fat. It depends on all unsaturated com-
ponents in the oil. The IV of solvent extracted oil was
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relatively higher than cold pressed and supercritical fluid
extracted GCO (Table 2). The unsaponifiable matter con-
tains many olefinic compounds including carotenoids and
squalenes having long chain of unsaturation.

The presence of these unsaturated components in oil
affects its IV [31]. In our study, the solvent extracted oil
contained a significantly higher amount of total carotenoids
in comparison with the cold pressed oil. Thus, the higher
carotenoid content might be responsible for a high IV in
solvent extracted GCO.

The fatty acid profile of GCO is presented in Table 3.
GCO showed a presence of eight major fatty acids namely
palmitic acid, stearic acid, oleic acid, linoleic acid, lino-
lenic acid, arachidic acid, eicosenoic acid and erucic acid
(3.6-4.4%) (Table 3). The fatty acid composition of GCO
reported in this study is in agreement with data reported
earlier [32]. The saturated fatty acids (SFA) content was as

Table 4 Positional distribution of fatty acids of GCO

Fatty acids sn-2 sn-1 + sn-3

Palmitic acid (16:0) 0.7 + 0.10* 22.60 + 1.03°
Stearic acid (18:0) ND 1.20 £ 0.09
Oleic acid (18:1, n-9) 39.9 + 1.20* 21.90 + 0.90°
Linoleic acid (18:2, n-6) 16.8 4+ 0.80% 5.10 + 0.64°
Linolenic acid (18:3, n-3) 42.1 + 0.86% 30.40 £ 2.70°
Arachidic acid (20: 0) ND 0.70 £+ 0.03
Eicosanoic acid (20:1, n-9) 0.6 & 0.00* 10.60 + 0.10°
Erucic acid (22:1, n-9) ND 7.30 £+ 1.32

Values are means = SD of three determinations. Values in the same
row with different alphabetical superscripts are considered signifi-
cantly different by Duncan’s test at P < 0.05
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Table 5 Tocopherol content in GCO oil extracted/expressed using different methods

Extraction method o-Tocopherol

J-Tocopherol

y-Tocopherol Total tocopherols

(mg/100 g) (mg/100 g) (mg/100 g) (umol/100 g)
Cold pressed oil 14.64 £ 0.86" 6.74 £+ 0.08" 87.74 + 3.84* 268.06
Soxhlet extracted oil 16.33 + 1.20° 9.11 + 0.50° 107.77 £ 2.63° 327.42
Supercritical CO, extracted oil 16.00 & 0.23° 6.95 + 0.68* 93.60 £ 2.12¢ 286.28

Values are means & SD of three determinations. Values in the same column with different alphabetical superscripts are considered significantly

different by Duncan’s test at P < 0.05

Table 6 Carotenoid content in GCO oil extracted/expressed by different methods

Extraction method p-Carotene (ng/100 g)

Zeaxanthin (ng/100 g)

Lutein (pg/100 g) Total carotenoids (umol/100 g)

43341 £ 73.73°
371.80 + 36.25° -

Soxhlet extracted oil

Cold pressed oil

235 £ 0.59

96.21 =+ 2.86" 1.00
39.90 £ 0.33° 0.76

Values are means £ SD of three determinations. Values in the same column with different alphabetical superscripts are considered significantly

different by Duncan’s test at P < 0.05

low as 15.6% and the unsaturated fatty acids (UFA) content
was as high as 84.4% in GCO. The PUFA/SFA (P/S) ratio
ranged from 2.8 to 3.0 with an average value of 2.86. The
n-6/n-3 ratio of the oil was found to be 0.31 and 0.34.

GCO contained 15.6% SFA, 37.6% MUFA and 46.8%
PUFA unlike flax seed oil [28] which contains predomi-
nantly w-3 PUFA (52.7%). Hence, flax seed oil is highly
unstable and categorised as a drying oil. Camelina is
another -3 rich oil seed having MUFA (32.8%) and
PUFA (54.1%) [26] comparable to GCO. Camelina oil
contains 30-40% of a-linolenic acid similar to GCO and
has relatively high MUFA compared to flax seed oil. Erucic
acid content in GCO was less than 5% and conforms to the
WHO norms for erucic acid content in edible oils.

Fatty acids at stereo specific position on the glycerol
backbone of GCO triglycerides are summarised in Table 4.
a-Linolenic acid was the major fatty acid esterified at the
sn-2 position, followed by oleic acid, linoleic acid, palmitic
acid and arachidic acid in GCO. An increased bio-avail-
ability of w«-linolenic acid and oleic acid can be expected
since the sn-2 fatty acids are favored for absorption in the
intestine [33]. An earlier study of ours showed that a die-
tary supplementation of GCO at 10% increased the tissue
level of a-linolenic acid, EPA and DHA [34]. The distri-
bution of palmitic acid at the sn-1 and sn-3 positions in
GCO is in accordance with conventional edible oils. Erucic
acid and arachidic acid in GCO were mainly esterified at
the sn-1 and sn-3 positions along with other fatty acids.
Low erucic acid content in GCO and its distribution mainly
at sn-1 and sn-3 positions indicates that it is not readily
absorbed. Our earlier study substantiated poor/no absorp-
tion of erucic acid in serum, liver, brain, heart and kidney
when fed at the highest dose of GCO (10%) to experi-
mental animals [34].

The total tocopherol content in cold pressed and Soxhlet
extracted oil is presented in Table 5. The total tocopherol
content was 268.06 umol/100 g in cold pressed oil and
327.42 pmol/100 g in solvent extracted oil, respectively. A
qualitative estimation of tocopherols in GCO by the HPLC
method showed the presence of o, é and y-tocopherol,
respectively (Table 5). Among them, y-tocopherol is found
to be the predominant tocopherol in GCO. y-tocopherol
content in vegetable oil is positively correlated with the
amount of «-linolenic present in it [35].

The carotenoids contents of GCO samples extracted by
different methods are summarised in Table 6. The total

100
—a&— Room temp A

—M— Refrigerated temp

meq peroxide/kg oil

O T T T T
0 30 60 90 120 150

Storage time (days)

Fig. 1 Peroxide values of GCO stored at room temperature
25 + 2 °C and at refrigerated temperature 4 °C
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—&— Room temp
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percent conjugated dienes

0 T T T T T
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Storage time (days)

Fig. 2 Conjugated diene levels in GCO stored at room temperature
25 + 2 °C and at refrigerated temperature 4 °C

carotenoid content in GCO samples varied between 0.76
and 1.0 umol/100 g. Solvent extracted GCO had the
highest amount of total carotenoids and f-carotene was
found to be the major carotenoid in GCO.

The storage stability of cold pressed GCO stored at
room temperature (25 £ 2 °C) and at 4 °C is presented in
Figs. 1 and 2. A steady increase in PV and percentage CD
levels was noticed in GCO stored at room temperature.
However, the PV and percent CD levels were maintained at
low level at 4 °C compared to that stored at room tem-
perature. At 4 °C, the PV and percentage CD levels were 4
times lower than that of oil stored at room temperature
indicating that GCO is relatively stable at refrigerated
temperatures.

The effect of individual synthetic antioxidants viz.,
a-tocopherol, ascorbyl palmitate, BHT at 200 ppm and a
combination of w«-tocopherol and ascorbyl palmitate at
200 ppm on PV and CD levels were measured by heating
the oil continuously for 7 days at 60 £ 2 °C in an oven. As

—&— Control
—#— o.-Tocopherol (200 ppm)
—@— Ascorbyl palmitate (200 ppm)

—— Ascorbyl palmitate + o.- tocopherol (200 ppm)

—a— BHT (200 ppm)
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Heating of oils (days)
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Fig. 3 Accelerated oxidative 120
stability of GC oil in presence of
different antioxidants
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Fig. 4 Accelerated oxidative 1
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shown in Figs. 3 and 4, among the antioxidants tested,
ascorbyl palmitate gave the maximum protection against
oxidation of the oil followed by the combination of
a-tocopherol and ascorbyl palmitate (Figs. 3, 4). Individ-
ually, both BHT and w«-tocopherol did not protect GCO
against lipid peroxidation.

This is the first report on the physicochemical properties
of GCO. Our studies have shown that GCO is rich in
a-linolenic acid (34.5%) which is esterified at the sn-2
position of triglyceride. GCO has a good amount of PUFA
and MUFA. The oil is fairly stable at refrigerated tem-
peratures and the natural antioxidants tocopherol and
carotenoids present in it protect the oil from rancidity.
GCO can be considered as a potential, alternate and
non-conventional seed oil for w-3 fatty acids and can be
blended with suitable edible oils or in the form of a sup-
plement to increase w-3 fatty acids in functional foods.
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