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Abstract

Moringa oleifera (MO) seed contains highly valuable substances with an impressive range of medicinal, cosmetic and
food uses. MO seed, seed oil and its residue were investigated for antioxidant and antimicrobial activities against selected
foodborne microorganisms using disc diffusion and minimum inhibitory concentration. In addition, the physico-chemical
properties, fatty acid compositions and oxidative stability of cold pressed MO seed oil in comparison with those of extra
virgin olive (EVO) oil were also evaluated and the results indicated that MO residue had the highest antioxidant activity
followed by oil and seed, respectively. The extracts of MO seed and residue against Staphylococcus aureus showed the
maximum inhibition zone of 20.67 and 24.67 mm, respectively, at 100 mg/ml concentration. In comparison, MO seed oil
contained a high level of oleic acid (71.87%) to that of EVO 0il (78.10%). MO seed oil was much more stable against oxidation

than EVO oil based on the oxidative stability index results.
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1. Introduction

Moringa oleifera (MO) Lam. belongs to the mono-
generic family, Moringaceae, and is widely cultivated in
many tropical countries, e.g. Africa, India, Sri Lanka, Ceylon,
Thailand, Burma, Mexico, Malaysia and the Philipines (Fahey,
2005). It has been used for treating bacterial infection, fungal
infection, inflammation, sexually-transmitted diseases, mal-
nutrition and diarrhea (Arabshahi-Delouee et al., 2009; Fahey;,
2005; Farooq et al., 2012; Rahman et al., 2009) for several
decades due to its versatile and valuable properties (Tsaknis
et al., 1999). Due to beneficial properties of this plant, it has
been extensively researched for over the last 10 years (Foidl
et al.,2001). Because of high fat content of its seed (35-42%
by weight), it can be used as biofuel, vegetable oil, cosmetic,
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medicine and animal feed (Farooq ef al., 2012; Anwar and
Bhanger, 2003; Anwar and Rashid, 2007). Furthermore, the
MO seed is also rich in protein (25.5-38.3%) (Abudulkarim
et al., 2005; Compaoré et al., 2011; Rahman et al., 2009).
It has been reported that polypeptides in seeds are one of the
best natural coagulants and can bind to many moieties and
possesses antimicrobial properties that can be used for water
treatment (Anwar et al., 2007a). The presence of some
phytochemical substances especially a short polypeptide
found in MO seed extracts was reported to act directly on
microorganisms and result in growth inhibition by disrupting
cell membrane synthesis or synthesis of essential enzymes
(Bukar et al., 2010; Suarez et al., 2003).

The synthetic antioxidants are mainly butylated
hydroxyl anisole (BHA) and butylated hydroxyl toluene
(BHT), which are used in many food formulations to enhance
their oxidative stabilities during storage. Antioxidants derived
from natural sources are in-high demand for food applica-
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tions to replace the synthetic antioxidants (Lutterodt et al.,
2011). MO seed oil is edible and reported to be a rich source
of monounsaturated fatty acid, particularly oleic acid (C18:1)
(71-74% of total fatty acids) (Ruttarattanamongkol et al.,
2014). High-oleic acid oils have been proved to be more
resistant toward oxidation (Anwar ef al., 2007b). Our previous
study suggested that the high oleic acid content of the MO
oil coupled with its low peroxide value and acidity may
qualify the MO oil as a natural derived antioxidant in food
and cosmetic industries (Ruttarattanamongkol ef al., 2014).
MO seed oil was reported to enhance the oxidative stability
of some vegetable oils such as sunflower oil and soybean oil
during deep-frying (Anwar et al., 2007b).

There are ongoing efforts to develop new ingredients
from underutilized plant seeds. MO seed extracts and deriva-
tives can also be used as the natural antimicrobial and anti-
oxidant ingredients in several industries like food, cosmetic
and pharmaceutical. In addition, MO seed oil has high poten-
tial as a possible substitute for imported expensive oil such as
olive oil. Hence, this study was conducted to determine: (1)
the antioxidant and antimicrobial activities of MO seed, seed
oil and its residue after oil extraction; and (2) the physico-
chemical properties, fatty acid compositions and oxidative
stability of cold pressed MO seed oil in comparison to those
of the commercial extra virgin olive (EVO) oil.

2. Materials and Methods
2.1 Raw materials

Moringa oleifera Lam. dried seeds with hulls were
purchased from Dhevee Greens Corporation Limited
(Bangkok, Thailand). They were de-hulled, ground, and sieved
through a 1 mm size mesh. The seed powder was kept in air
tight containers and stored at 4°C until used. Bertolli® extra
virgin olive oil (©2014 Unilever United State of America) was
purchased from the local supermarket.

2.2 Chemical reagents

All reagents used were from Merck (Darmstadt,
Germany) and Sigma Aldrich (Buchs, Switzerland).

2.3 QOil extraction by Soxhlet Method

For Soxhlet method, the oil was extracted using light
petroleum ether (b.p. 40-60°C) in a Soxhlet extractor for 8 h
(AOAC, 1984). The solvent residue was removed in an oven
at 60°C for 1 h. The seed oil residue was kept in the air tight
container and stored at 4°C until used.

2.4 Qil extraction by cold press
The cold press extraction of MO seed oil was done

using a screw press (Komet Type CA 59 G, IBG Monforts
GmbH and Co., Germany) with nozzle number 4 at level
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1 speed. The oil was filtered through filter paper (whatman
No. 1), then centrifuged at 3000 rpm (2,431 x g) for 3 min to
separate the water and residues from the oil. The oil was
stored in amber bottles at 4°C until analyzed.

2.5 Antimicrobial assay

The antibacterial activities of three different extracts;
1) cold water extract of MO seed powder, 2) cold water extract
of MO residue after oil extraction by Soxhlet method and
3) MO seed oil obtained by Soxhlet method were determined
using the diffusion technique of Bauer-Kirby (disk method)
according to Lalas et al. (2012) and Gortzi ef al. (2007) with
modification. The MO seed and residue extracts were
prepared by mixing MO seed or residue powder (1 mm particle
size) in distilled water to achieve 250 mg/ml concentration.
The suspension was mixed at room temperature for 20 min
and filtered through filter paper (Whatman No.1). The filtrate
was used immediately after preparation. For MO seed oil
extract (~ 36.95% oil content), ethanol was used instead of
distilled water. Six bacterial strains were used in this study,
among these were two gram-positive, namely Staphylo-
coccus aureus (TISTR 1466) and Bacillus subtilis (TISTR
008), and four gram-negative, namely Salmonella typhimu-
rium (TISTR 292), Enterobactor aerogenes (TISTR1540),
Pseudomonas aerogonosa (TISTR 781) and Escherichia coli
(780). All tested bacterial strains were obtained from the
Thailand Institute of Scientific and Technological Research
(TISTR). Chloramphenicol (30 mg/ml), the standard antibiotic,
was used to control the sensitivity of the tested bacteria and
a control disk (6 mm diameter) without extracts was used as a
negative control. The paper disks were soaked in the extracts
and then deposited on the surface of the seeded tryptic soy
agar (TSA) plates. The plates with the tested organisms at the
final concentration of 10° - 10’ cell/ml were incubated for 48 h
at 37 °C and the bacterial growth inhibition was observed.
Minimal Inhibitory Concentration (MIC) (expressed in mg/
ml) against the tested bacterial strains was carried out using
the tube dilution technique according to Bukar et al. (2010)
and Akinyemi et al. (2005) with modification. Series of MO
extract concentrations of 100, 50, 25 12.5, 6.25, 3.12, 1.56,
0.78, 0.39, 0.19, 0.08 and 0 (control, distilled water) mg/ml
were prepared for MIC determinations. Equal volume of each
extract and nutrient broth were mixed in a test tube. Specifi-
cally 0.1 ml of standardized inoculum (1-2 x 10 cfu/ml) was
added to each tube. The tubes were incubated aerobically at
37°C for 18-24 h. The experiments were repeated three times
and the results (diameters in mm) were expressed as average
values with standard deviation.

2.6 Antioxidant activity

The antioxidant activity of MO seed powder (1 mm
particle size), MO seed oil from Soxhlet method and its
residue was determined using a DPPH assay. The DPPH (1,1-
diphenyl-2-picrylhydrazy) radical scavenging activity of
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samples was determined according to the method of Turkmen
et al. (2005) with modification; 2 mg of each sample was
vigorously mixed for 1 min in 50 ml of methanol (> 99.9%),
then filtered using a filter paper No.4. Then, 1 ml of the
extract solution was mixed and vigorously shaken with 2 ml
of newly prepared 0.1 mM DPPH solution in methanol (>
99.9%). The mixture was left to stand in the dark for 60 min.
The absorbance was measured at 517 nm. The percentage of
DPPH scavenging activity was calculated as [1-(absorbance
of sample/absorbance of control)] x 100. The determination
was carried out in triplicate and reported as mean with
standard deviation.

2.7 Physico-chemical properties of cold pressed MO oil and
EVOil

The color (L',a’,b" value) was measured using the
Micro Color (DR Bruno Lange GmbH, Diisseldorf, Germany)
while the acid value, free fatty acid (FFA, %), saponification
value, peroxide value and iodine value were analyzed using
the TUPAC (1992) methods (2.201, 2.202, 2.205 and 2.501,
respectively). The determination was carried out in triplicate
with standard deviations.

2.8 Fatty acid composition

The fatty acid profiles of cold pressed MO seed and
EVO oil were evaluated by gas chromatography following
the method described by Ruttarattanamongkol et al. (2014).
Gas chromatography analysis was performed on Fisons Gas
Chromatography System Model GC8000 with RTX 225
capillary column (30 m length, 0.25 mm inside diameter, ID)
using hydrogen as carrier gas at 90 kPa constant pressure.
The column was held at 170°C for 2 min and raised to 220°C
at 5 °C/min and held for 10 min while the injector and Flame
Ionization Detector (FID) temperatures were set to 250°C.
The injector was operated in a split mode with 1/50 split rate
using an empty glass liner (4 mm ID). The Fatty Acid Methyl
Esters (FAME) were identified based on the comparisons of
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their retention indices and mass spectra with published data
and computer matching. The mass spectra fragmentation
patterns were compared with those stored in the mass
spectral library NISTO05 provided by GC system software.
Quantification was performed by area normalization and
results were expressed as the percentage of fatty acid methyl
esters. The results are the mean of three replications with
standard deviations.

2.9 Ogxidative susceptibility of cold pressed MO oil and EVO
oil

Susceptibility of cold pressed MO seed oil to oxidation
was evaluated and compared to that of commercial EVO oil
using the Rancimat test according to Anwar et al. (2003). The
test was performed on a Rancimat apparatus 679 (Metrohm
Herisau, Switzerland) by measuring the induction period (IP)
at 130°C and the conductivity range of 200 us/cm. Determi-
nation of the induction period was based on the conducto-
metric detection of volatile acid. Oxidative Stability Index
(OSI) was defined as the oxidation induction time (in hours).
The determination was carried out in triplicate and reported
as mean with standard deviations.

3. Results and Discussion
3.1 Antimicrobial activity

The antimicrobial activity of the cold water extracted
MO seed, MO seed oil and the cold water extracted MO seed
residue was determined in vitro, using disc diffusion and
MIC method against selected pathogenic bacteria including
Staphylococcus aureus, Bacillus subtilis, Salmonella typhi-
murium, Enterobactor aerogenes, Pseudomonas aerogonosa
and Escherichia coli. The bacterial growth inhibition of
various MO extracts (250 mg/ml) was firstly tested and the
result was shown in Table 1. In this study, MO extracts were
considered active against tested bacterial strains when the
zone of inhibition was greater than 6 mm (shown as “-” in

Table 1. Bacterial inhibition of Moringa Oleifera (MO) seed, seed oil and

residues extracts'

Bacteria MO seed MOseed oil’ MO residue’
Staphylococcus aureus - + -
Bacillus subtilis + + +
Salmonella typhimurium + + +
Enterobactor aerogenes + + +
Pseudomonas aerogonosa + + +
Escherichia coli + + +

+=normal growth ; - => 6 mm inhibition zone

'250 mg/ml concentration
* Seed oil by Soxhlet extraction

3 Residues after Soxhlet extraction of seed oil
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Table 1) according to the general rule for the antimicrobial
activities of plant seed extracts (Eilert et al., 1981). The result
showed that all MO extracts did not show detectable suppres-
sion in growth of Bacillus subtilis, Salmonella typhimurium,
Enterobactor aerogenes, Pseudomonas aerogonosa and
Escherichia coli. The MO seed oil was not active against all
bacterial strains tested. Similarly, Spiliotis ez al. (1997) studied
the antimicrobial activity of MO seed oil on various micro-
organisms and found that the oil was not effective against
the microbial activity. However, Lalas et al. (2012) assessed
the antimicrobial activity of the seed oil of Moringa Peregrina
on various bacterial strains and the oil proved effective
against all microorganisms studied. The variation in anti-
microbial activity of MO seed oil reported by different studies
could be attributed to the differences in Moringa species and
the oil extraction method they used.

The MO seed and residue had a substantial inhibitory
effect against Staphylococcus aureus. Therefore, in vitro
antimicrobial activity of MO seed and residue against Staphy-
lococcus aureus was further investigated. Series of MO
extract concentrations of 100, 50,25 12.5, 6.25,3.12, 1.56, 0.78,
0.39, 0.19, 0.08 and 0 (control, distilled water) mg/ml were
prepared for MIC determinations. As shown in Table 2, strong
inhibition of MO seed and residue extracts against Staphylo-
coccus aureus was noticeable. All concentrations of MO
seed and residue extracts were found to be active against
Staphylococcus aureus as observed from the 6 mm (0.08 mg/
ml) or larger inhibition zone (0.19-100 mg/ml). The maximum
inhibition zone 0f 20.67 and 24.67 mm was obtained against
Staphylococcus aureus for MO seed and residue extracts,
respectively, at the maximum concentration of 100 mg/ml. In
this study, the water extracts of MO seed and residue showed
the lowest concentration of inhibitory effect of 0.08 mg/ml as
observed from the 6 mm inhibition zone. Chloramphenicol (30
mg/ml), the standard antibiotic, showed a 30 mm inhibition
zone, which demonstrated a significantly higher activity
against the tested bacteria compared to the MO extracts. Bukar
et al. (2010) reported Staphylococcus aureus, Salmonella
typhi or Escherichia coli were sensitive to MO seed chloro-
form and ethanol extracts. Similarly, Saadabi and Abu Zaid
(2011) also indicated that aqueous extract of MO seed showed
a superior antibacterial activity against gram positive bacteria
including Staphylococcus aureus and Bacillus subtilis.
It is interesting to note that the presence of types of phyto-
chemicals and their contents in the MO extracts dominates
the antimicrobial activity of the extracts (Bukar et al., 2010).
Solvent extraction involves the distribution of different
components between two immiscible phases. Therefore, the
type of the solvent used for extraction plays a dominant role
on antimicrobial activity of the extract. Ajaiyeoba (2002) and
Bukar et al. (2010) indicated that MO extracts from polar
solvent (ethanol and water) extraction were more active than
the extracts from non- or less polar solvents such as chloro-
form. It was stated that the MO seed extracted with chloroform
showed lower antimicrobial activity compared to MO seed
extracted with ethanol (Bukar et al., 2010). In relation to the
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extracts’ phytochemical content, the presence of saponins,
alkaloids, tannins and flavonoids was confirmed to enhance
the antimicrobial activity of the plants (Bukar et al., 2010;
Sing and Bhat, 2003). However, only saponins were detected
in the MO seed chloroform extract (Bukar et al., 2010). Saadabi
and Abu Zaid (2011) also reported that the MO seed aqueous
extract was more effective than the MO seed methanol extract.
Nonetheless, their aqueous seed extract possessed higher
activity than that presented in our work. This could possibly
be attributed to the difference in the extraction method. In
their case, the MO seed was extracted in water at a much
higher temperature (70°C), which is beneficial in extracting
more phytochemicals.

3.2 Antioxidant activity

Antioxidant activity by DPPH (1,1-diphenyl-2-
picrylhydrazy) radical-scavenging of MO seed, MO seed oil
and its residue is presented in Table 3. The variation in anti-
oxidant activities among samples could be attributed to
tocopherol contents, the presence of phenolic compounds
and the form of antioxidant compounds (hydrophilic and
lipophilic) (Nawirska-Olszafiska et al., 2013; Tasioula-Margari
and Okogeri, 2001). The result demonstrated that the MO
seed oil possessed strongest antioxidant ability, followed by
MO seed and MO seed residue, respectively. Our previous
study confirmed that a-tocopherol was dominant in the MO
seed oil. Tocopherols content in MO seed oils obtained by
Soxhelt extraction, cold press and supercritical fluid extrac-
tion methods ranged between 137.9 to 230.3 mg/kg (Rutta-
rattanamongkol et al., 2014).

Table2. Minimum inhibitory concentration (MIC)' of
Moringa Oleifera (MO) seed and residue extracts

Zone of inhibition (mm)

Extract concentrations
(mg/mL) MO seed MO residue’

100 20.67+0.12 24.67+0.42

50 19.33+0.12 24.00+0.35

25 18.67+0.12 22.67+0.31

12.5 12.33+0.32 17.00+0.52

6.25 13.33+0.25 12.000.10

3.12 11.334+0.15 11.67+0.12

1.56 10.33+0.12 10.33+0.06

0.78 10.000.10 10.0020.10

0.39 7.33+0.06 9.33+0.25

0.19 6.00+0.00 9.33+0.06

0.08 6.00+0.00 6.00+0.07

0 0.00+0.00 0.00+0.00
Chloramphical 30.000.00 30.000.00

' Values are presented as mean + S.D. of triplicated
experiments.
* Residues after Soxhlet extraction of seed oil.
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Table 3. Antioxidant activity of Moringa Oleifera (MO)
seed, seed oil and seed residue

DPPH scavenging activity (%)

Sample
Average SD
MO seed 23.66 0.36
MO seed oil 30.19 298
MO seed residue 14.93 022

3.3 Physico-chemical properties, fatty acid compositions
and oxidative stability of cold pressed MO oil and EVO
oil

The cold pressed MO seed oil was analyzed for its
physico-chemical characteristics, fatty acid compositions and
oxidative stability index (OSI) and compared to commercial
extra virgin olive (EVO) oil and the result is presented in
Table 4. MO seed oil was considerably brighter (higher L"
value) and much more yellowish in color (higher b" value)

compared to EVO oil. The yellow color of MO seed oil is
attributed mainly to the natural pigments remaining in the oil
during extraction (Anwar and Rashid, 2007). The density of
MO seed oil (0.93 g/ml) was slightly lower than that of EVO
oil (0.94 g/ml). The iodine value of MO seed oil (68.56 g 1./
100 g oil) was much lower than that of EVO oil (87.29 g 1./
100 g oil) indicating a lower unsaturation of the oil. The free
fatty acid and acid values of MO seed oil were apparently
higher than EVO oil. This is due to the action of lypolytic
enzyme which was enhanced by water contamination in oil
during cold press extraction (Lalas and Tsaknis, 2002). The
higher acidity of the MO seed oil could be due to the higher
content of polyunsaturated fatty acids, thereby resulting in
the tendency of triglycerides to break down, which further
increases the free fatty acid content (Ruttarattanamongkol et
al., 2014). Saponification value of MO seed oil (121.51 mg
KOH/ g oil) was slightly lower than those of EVO oil (124.86
mg KOH/ g oil). The peroxide value of MO seed oil (3.33 meq/
kg oil) was also significantly lower than that of VO oil (14.09
meq/kg oil). This indicates a lower oxidation of the MO seed
oil compared to EVO oil.

Table 4. Physico-chemical properties, fatty acid compositions and oxidative
stability index (OSI) of Moringa Oleifera (MO) seed oil and extra

virgin olive (EVO) oil
Properties MO seed oil EVO oil
Physical properties
L 46.6440.04 29.1040.10
a’ 1.02+0.12 0.2040.10
b’ 45.6140.07 6.20+0.20
Density (g/ml) 0.9340.01 0.95+0.00
Chemical properties
Iodine value (g 1,/100 g oil) 68.56+1.86 87.29+1.24
FFA (%) 1.1340.00 0.49+0.00
Acid value 2.25+0.02 0.97+0.011
Peroxide value (meq/kg oil) 3.33+0.08 4.0941.05
Saponification value (mg KOH/g oil) 121.51+2.45 124.86+0.49
Fatty acid (%)
Palmitic acid (C16:0) 6.25+0.08 11.2340.12
Palmitoleicacid (C16:1) 1.18+0.04 0.30£0.00
Stearic acid (C18:0) 6.29+0.04 2.56+0.05
Oleicacid (C18:1) 71.87+£0.59 76.32£1.50
Linoleic acid (C18:2) 0.50+0.03 6.48+0.21
Linolenic acid (C18:3) 0.20+0.01 0.75+0.02
Arachidicacid (C20:0) 3.85+0.07 0.46+0.01
Eicosenoic acid (C20:1) 2.2740.03 0.31+0.00
Behenic acid (C22:0) 6.00+0.21 0.16+0.00
Lignoceric acid (C24:0) 1.05+0.07 0.06+0.00
Saturated fatty acids 23.4440.27 14.65+0.06
Monounsaturated fatty acids 75.33:047 78.10+£0.95
Polyunsaturated fatty acids 0.70+0.03 7.22+0.04
OSI (h) 36.10£1.06 8.69+1.03
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The fatty acid composition of MO seed oil and EVO
oil is shown in Table 4. Both oils contained more than 70%
total unsaturated fatty acids; the major fatty acid was oleic
(C18:1). Based on its fatty acid profile, MO seed oil was
considered as a high-oleic oil (>70%). Similar fatty acid
profile of MO seed oil obtained from supercritical fluid extrac-
tion (Nguyen ef al., 2011; Zhao and Zhang, 2013) or by
solvent and cold press extraction methods (Anwar and
Rashid, 2007; Ghazali and Mohammed, 2011; Lalas and
Tsaknis, 2002; Nguyen et al., 2011; Manzoor et al., 2007;
Zhao and Zhang, 2012) was also reported. In comparison,
EVO oil showed that MO seed oil had higher palmitoleic acid
(C16:1), stearic acid (C18:0), arachidic acid (C20:0), eicosenoic
acid (C20:1), beheic acid (C22:0), lignoceric acid (C24:0) and
total saturated fatty acids and lower polyunsaturated fatty
acids. This finding is in agreement with those reported by
Tsaknis (1998) and Lalas and Tsaknis (2002). Several reports
indicated that oils rich in oleic acid are more stable to oxida-
tive rancidity and stable during frying (Abudulkarim et al.,
2005; Anwar et al., 2007b; Mohammed et al., 2003; Warner
and Knowlton, 1997). More importantly, oleic acid enriched
diets have been reported to reduce the risk of coronary heart
disease (Mohammed et al., 2003; Anwar et al., 2007b).

The susceptibility to oxidation of MO seed oil and
EVO oil was characterized by Rancimat method under
accelerated aging temperature of 130°C. The induction period
is the time taken to reach the point of inflection on the con-
ductivity versus time curve and is defined as the oxidative
stability index (OSI) (Lutterodt et al., 2011). The result in
Table 4 demonstrates that the OSI value of the MO seed oil
was approximately 4.15 times higher than that of EVO oil.
It was stated that the polyunsaturated fatty acid (PUFA)
content, degree of unsaturation and a-, y- and d-tocopherols
of oils play an important role in oxidative stability of oils
(Abuzaytoun and Shahidi, 2006; Lutterodt et al., 2011). More-
over, oils with higher degree of unsaturation generally had
lower oxidative stability (Uluata and Ozdemir, 2012). The
higher degree of unsaturation and linoleic acid content (more
prone to oxidation) of EVO oil resulted in its lower OSI value
in comparison to MO seed oil. Our previous study showed
that the a-tocopherol content of cold pressed MO seed oil
(137.8 mg/kg) was noticeably higher than that reported for
olive oil (15-88 mg/kg) (Lalas and Tsaknis, 2002; Ruttarattana-
mongkol et al., 2014; Tsaknis, 1998). Additionally, it was also
stated that tocopherols play an important role on the resis-
tance to oxidation of oils (Lalas and Tsaknis, 2002).

4. Conclusions

The MO seed, seed oil and its residue after Soxhlet
extraction were evaluated for their antimicrobial activity against
six pathogenic bacterial strains. MO seed and residue extracts
proved to be active against Staphylococcus aureus with the
minimum concentration inhibition of 0.08 mg/ml, while MO
seed oil did not show detectable suppression in growth of
bacterial strains tested. However, further studies are needed
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to evaluate other biological activities of MO seed and its
residue to identify and characterize the active components
that are responsible for their antimicrobial activity. Cold
pressed MO seed oil contained high monounsaturated to
saturated fatty acids ratio with high oleic acid content com-
parable to EVO oil. MO seed oil was less susceptible to oxida-
tion than EVO oil as shown by its higher OSI value. MO seed
oils could be an acceptable substitute for highly mono-
unsaturated oils such as olive oil. It may have a potential role
as a new source of health-promoting diets with high oxidative
stability.
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