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INTRODUCTION

he Moringaceae family consists of 10 [25] or 12 [20] spe-
T cies which belong to only one genus called Moringa.
All Moringa species are native to India from where they
have been introduced intc many warm countries [24]. Morton
[20] reported that the most common species are Moringa
peregrina (forsk) fiori (syn. M. aptera Gaertn.; M. arabica (Lam.)
Pers., Moringa zeylanica Sieb.; Balanus myrepsica (Btackm),
Moringa stenopetala Cufod, Moringa borziana Mattei, Morin-
ga longituba Engl., Moringa concanensis Nimmo, Moringa
ovalifolia Dinter and A. Berger, Moringa drouhardii, Moringa
hildebrantii [4].

The best known and most widely distributed species is
Moringa oleifera (syn. M. pterygosperma Gaertn.) [20, 24]
which is a native of the Western [15} and sub-Himalayan tract
[24), Ingia and other countries of Asia {15, 20, 24], Africa [1,
3, 4, 20], Middle East [15], Philippines, Cambodia, Central
America, Northern South America and the Caribbean Islands
[20]-

The iree ranges in height from 5 to 10 m and sometimes
gven 15m {20]. Sengupta et al. [24], Morton [20] and Jamie-
son [14] reported that the tree grows rapidly even in poor soil
and is little affected by drought. The leaves, flowers, fruits
(which are called ‘‘pods’) and roots of the tree are used as
vegetables [15, 20, 23, 24], while the trunk is used in the paper
industry [15, 27]. The fruits are usually 25 to 45 cm long.
Although Ramachadran et al. {23] reported fruits up to 120 cm
in length. They contain about 20 seeds [24] which are gtobu-
lar, about 1 em in diameter, 3-winged with wings produced at
the base of the apex, 2-2.5 cm long, 0.4-0.7 cm wide and scar-
ious {23]. Sengupta et al. [24] reported that the seeds are three-
angled and on average weigh about 0.3 g with the kernel bring-

CARATTERIZZAZIONE DELL'OLIO DI SEMI DI MORINGA OLEIFERA MALAW/

E stato prodotto olio dai semi di Moringa oleifera Malawi usando tre diversi
sistemj: pressione a freddo (CP), estrazione con n-esano (H) ed estrazione con
una miscela 50:50 di cloroformjo:metanolo (CM). L'olio prodoto andava dal 25.1%
con (CP) al 41,4% con (CM). Sono stati determinali densita, indice di rifrazione,
colore, punto di fumo, viscosita, acidita, numero di saponificazione, numero di
jodio, metilesteri degli acidi grassi, steroli, tocoferoli (per HPLC), numero oi
perossidi. )% a 232 nm e 270 pm e la sensibilita all'ossidazione con ii metodo

Si & trovato che l'olio contiene alli livelli di acidi grassi insaturi, ed in modo
speciale oleico (oltre il 67.80%). | principall acidi saturi sono it behenico (oltre i
6.81%) e lo stearico (oltre il 5.86%). E stato anche determinato un alto conlenuto
di B-sitosterolo {superiore al 47,10%), campesterolo (sup. a 23,83%) &
stigmasterolo (sup. al 1740%). -, - e d-tocoferoli sono presenti rispettivaments
con le seguenti quantita: 2269, 71,47 e 21657 mg/kg. il periodo di induzione (a
120°C) dell’olio di Moringa oleifera & stato ridotto dal 49% al 74% dopo
demucillagginazione. L'olio presenta alta stabilitd all'ossidazione. in confronto con
'oljo di oliva, I'olio dei serni di Moringa oleifera presenta una maggiore stabilita,
un livello inferiore di insalurazione e composizione acidica simile (ecceltuati
C18:2 e C18:3).

The oif-from the seeds of Moringa oleifera Malawi was produced using three
different ways. Cold pressure (CP), extraction with n-hexane (H) and extraction
with a mixture of chloroform:methanol (50:50) (CM). The oil produced ranged
from 25.1 (CP) to 41.4% (CM). The density, refractive index, colour, smoke point,
viscosity, acidity, saponification value, iodine value, fatty acid methyl esters,
sterols, tocopherols (by HPLC), peroxide value, E‘;”gm at 232 nm and 270 nm ang
the susceptibility o oxidation measured by the Rancimat method were

The oil was found to contain high levels of unsaturated fatly acids, especially
oleic (up to 87.80%), The dominant saturated acid was behenic (up to 6.81%) ang
stearic (up to 5.86%). The oil was also found to contain high lavels of

B-sitosterol (up to 47.10%), campasterol (up to 23.83%) and stigmasterol (up to
17.40%). - - and 8-tocopherols were detected up to levels of 2269, 7147 and
21657 mylky respectively. The induction period (at 120°C) of Moringa oleifera
seed oil was reduced from 49% to 74% after degumming. Moringa oil showed
high stability to oxidative rancidity. Compared to olive oil, Moringa olsifera seed
oil showed higher stability, lower degree of unsaturation and similar fatty acid
composition (apart from C18:2 and C18:3).

ing 70-75% of the weight. Ibrahim et al. [12] reported that the
oil content and its properties show a wide variation depend-
ing mainly on the species and the environmentat conditions.

There are a few known varieties. They can be distinguished
largely by the color and the size of the fruit. Some of them
are reported by Morton [20], Anonymous [1], Ramachadran
et al. [20}. These are Jaffna, Chauakacheri Murunga, Chem,
Kadu, Palmurungai. Anonymous (1] also reponied Periyakulam
1 (PKM 1).

Until now a full characterisation of the oil produced from the
seeds of Moringa oleifera Matawi using three different ways
of extraction has not been reported. The oils were atso com-
pared with virgin olive oil.

MATERIALS AND METHODS
Materials

The seeds of Moringa oleifera wild local variety of Malawi
(Blantyre area} were obtained from Malawi. The virgin olive
oil “Horio™ was purchased from Minerva S.A. (Athens, 14452,
Greecs).

Reagents

All the reagents (analytical and HPLC grade) were obtained
from Sigma Chemicals Company Co. (St. Louis, MO 63178,
USA) and the standard solutions for the determination of
tocopherols were purchased by Merck Ltd (Darmstand, D-
64271, Germany) (dl-o-tocopherol), Sigma ((+)-5-tocopherol),
British Greyhound Chromatography and Allied Chemicals (Bir-
kenhead, Merseyside, L434X, UK)(Fatty acid methytesters
standards) and Larodan AB (Malmo, S-21618, Sweden) (ster-
ol standards).
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Oil extraction

The seeds of Moringa oleifera were divided into three por-
tions and the oil was produced by cold pressure (CP) and ex-
lracted by the use of n-hexane (H) and a mixture of chloro-
form : methanol (50:50) (CM). as solvents.

The extraction procedure for the cold pressure was per-
formed as follows: the seeds were milled to a fine paste with
a Vorwerk Thermomix 3300 (Vorwerk France S.A., Paris) at
a speed of 12 with the addition of water (in a ratio of 1 seed/2
water) prior to exiraction which was done with a O.M.F.B. pm
25-SH simple hydraulic hand press (Costruz. Mecc. Otleo-
dinamiche Provaglio D’lseo, Brescia, italy) with a max. pres-
sure of 300 kglcma2.

The solvent extractions were executed using a two litre soxh-
let apparatus (i.e. “cold’ solvent).

Before the beginning of the measurements the oil was re-
fined (degummed) apant from a small quantity of about 40 ml
which was kept for the induction time determination (Ranci-
mat) ang other methods in order to compare the unrefined with
the refined oil. The solvent was evaporated under reduced
pressure, and the oil from different batches were combined
and kept in sealed bottles under refrigeration (0 —4°C) for fur-
ther processing and analysis.

Degumming

The oil was heated at 75 °C and 20% boiling water was ad-
ded. The mixture was mixed for 10 minutes with the aid of a
glass rod. After cooling, the oil was centrifuged for 10 minutes
in 3500 rpm in tubes of 200 e¢ms3 using a Sorvall General-
Purpose RC-3 Automatic Refrigerated Centrifuge (Ilvan Sor-
vall Inc., Newtown, Connecticut 06470, USA).

Determination of the physical characteristics

The determination of the physical characteristics was as fol-
lows: the density (relative density 40 °C/20 °C), refractive in-
dex (at 40 °C), color {measured with a Lovibond tintometer)
(The Tintometer Ltd., Salsbury, England) and smoke point (ac-
cording to the method described by British Standards Methods
of Analysis, BS 684: Section 1.8) weré measured.

Determination of the chemical characteristics

The determination of the chemical characteristics was as
follows: the acidity (measured according to the method
described by IUPAC [13], the saponification value (determined
according to the method described by AOCS method Cd 3-25,
described in Bailey’s Industrial Oil and Fat Products), the io-
dine value (measured according to the Wijs method as
described by Pearsons [22).

Determination of the fatty acid composition

The determination of the fatty acids composition was done
by gas-liquid chromatography according to the method
described by Tsaknis [26].

The FAMES preparation was done using the following proce-
dure: about 25 mg of oil were accurately weighed into a screw
cap tube, ang 1.5 em3 methanolic sodium hydroxide was ad-
ded, mixed and heated at 100 °C for 7 minutes. After cooling,
2 cm3 of boron trifluoride were added and heated at 100 °C
for 5 minutes. The tube was cooled to 30 - 40 °C and 1 cm3
of iso-octane was added, capped and shaken using whirti mix
for 30 seconds. 5 cm?3 of saturated sodium chloride solution
was immediately added and the tube was shaken again. The
tube contents were allowed to separate and the top (iso-octans
containing fatty acid methyl esters) layer was removed and the
lower layer was extracted again with an addition of 1 cms3 iso-
octane. The two iso-octane extracts were combined (dried over
anhydrous sodium sulfaie) and concentrated to approximate-
fy 1 cm3with a stream of nitrogen.

Analysis of fatty acid methylesters was performed on a Var-
ian 3600 Gas chromatograph (Varian, Palo Alto, California,
USA) equipped with a Carbowax 20M (Supelco, Inc. Supelco
Park, Bellefonte, PA 16823-0048) 10'x1/8" (5% on Chromosorb
W 80/100 mesh} column. The temperature program was 60°C
for 10 min and then 2°C min~1 up to 220°C. Injector and FID
temperatures were set at 160°C and 280°C respectively, sam-
ple volume was 0.2 ul, the carrier gas was N2 at a flow of 30
ml min-', chan speed was set at 0.5 cm min-1and the attenu-
ation at 10-19x32, In total three samples were prepared and
measured separately.

Determination of the sterol composition

The identification and determination of sterols by GLC was
done according to the method described by the Official Jour-
nal of the European community, No. L 248, 59.1991.

Analysis of sterols was performed on a Hewlett Packard 5890
Gas Chromatograph (Hewlett-Packard, San Diego, CA, USA)
equipped with a DB-5 FSOT capillary column (30 m x 0.25 mm
x 0.25 um) (J & W, 91 Blue Ravine rd., Folson, 95630-4714,
California, USA). The pressure of the carrier gas (Hz2) was 75
kpa. Injector and FID temperatures were 280°C and 300°C
respectively. The temperature program was isothermal 260°C
for 40 min at least.

In total three samples were prepared and measured
separately.

Determination of the tocopherol composition

The method used for the determination of tocopherols was
a modification of that reported by Carpenter’s [6].

(a) 1 g of ail was accurately weighed into a 3 gram sample
viaf wrapped in foil paper to prevent oxidation. The oil was dis-
solved in a 5 cm3 n-hexane before injection.

(b) A 20 pl sample was injected into the Waters 600E HPLC
pump (Mitlipore Corporation, Waters Chromatography Division,
Massachusetts, MA 01757, USA) fitted with a Waters u-Polarsil,
125 A, 10 um, 3.9x300 mm column.

Detection was performed with a Waters 486 Tunable Absor-
bance Detector set at 295 nm. Iso-propanol;n-hexane:abso-
Jute ethanol {2:975:0.5) at 1 cm¥/min was used as the mobile
phase. A total of 5 min was necessary to assay the tocopher-
ols. In total three samples were prepared and measured
separately.

Determination of the oxidative state

For the determination of the oxidative state the peroxide
value as wel) as the specific extinction (E/%) at 232 and
270 nm were measured. The peroxide value was measured
using the method adapted from Lea (1952). The determina-
tion of specific extinction (E% at 232 and 270 nm) was car-
ried out using the method of IUPAC (1987) and by the use of
a Hitachi U-3210 spectrophotometer (Hitachi Ltd. Tokyo,
Japan).

Determination of the susceptibility to oxidation with the Ran-
cimat method

Two and a half grams (2.5 g) of oil were accurately weighed
into each of the six reaction vessels and the following proce-
dure was carried out. The “‘Metrohm Rancimat 679’ (Metrohm
Ltd., CH-8101, Herisau, Switzerland) was switched on until the
temperature of the oil batch reached the temperature of 120°C,
Then 50 cm? of distilted water was placed into each of the six
conductivity cells and the air flow rate was set at 20 L h-t, The
temperature was checked to ensure it had a constant value.
The air supply was connected 10 the tubes containing the oil
samples ang the chart recorder was started. The determina-
tion continued automatically until the conductivity reached the
maximum value and the induction period was read.
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RESULTS AND DISCUSSION

The results of the determinations of the oil produced from
Moringa oleifera witd jocal variety of Malawi (Blantyre are2)
seeds were compared not only with those reported in the liter-
ature but also with virgin olive oil ‘‘Horio™. The European Un-
ion founded this research in order to check the possible use
of this oil as valuable edible oil like the olive oil, due 10 the
similarity of the fatty acid composition of the Moringa oil to
that of the olive oil.

The oil content of the Moringa oleifera Malawi seeds are
shown in Table |. The exiracted oils were liquefied at room tem-
perature. The results fell in the range of previously reported
data. Among the methods used for the extraction of oil, that
with the mixture of chloroform:methanol (50:50) reported the
highest yieid of oil followed by extraction with n-hexane and
extraction with cold pressure,

Due to the low free fatty acid centent there was no need for
neutralisation. However there was a need for degumming be-
cause the oils were cloudy and the gums reduce the temper-
ature at which an oil produces smoke. The degumming
process produced transparent pale yellow liquids at ambient
temperature with characteristic odor. After the completion of
the process the percentage of the oil recovered was meas-
ured. The mixture of chloroform:methanol (50:50) extracted
more gums followed by cold pressure and n-Hexane. Results
are shown in Table II.

Results of the physical characteristics of the oils are shown
in Table Ill. The density of Moringa oils was higher than that
reported in literature and lower compared to olive oil (apart from

TABLE 1l - Physical characteristics of the degummed oils

TABLE I - Oil content

Determination | CP H CM Literature
Oli content, % | 263 | 3583 | 395 | 400[1]. 37.7-38.72(3],
(25) | 2.3) | {2.3) | 37.2-38.16(7), 21[8], 30-49]9),

24.0[10], 476(12], 37.7[14},
21]16,25}, 34.7|23), 34.4(24),
270(27]

# Values are means of triplicate determinations and percentage coeffi-
cient of variation is given in parenthesis. Numbers in brackets in the
literature column, represent the number of reference in the references
section.

TABLE |l - Degumming

Way of extraction cP 3] CM

0li recovered (%) 987 289 9.2

that of CM which was equal). The refractive index of Moringa
oils was lower compared with the previously reported data and
olive oil. There were no previously reporned data to compare
colour, smoke point and viscosity. The smoke point of the oils
under examination was 12 °C(H) to 16 °C(CM) higher from that
of the alive oil. The CM oil had the higher smoke point followed
by CP and H. There are no previously reported data to com-
pare colour and viscosity.

Determination cp H CM Olive oil Literature
Density at 24°C (mg/ml) 09016 0.8882 09152 0915 (25°C) 0919 (15°C) [18], 0.8984 [23]
(0.008) (0.005) {0.006) (0.007) 08768 (25°C) (24)
Refractive index (n,40°C) 1.4598 1.4559 1.4592 1.4689 (20°C) | 1.4650 (25°C) |8]. 1.4650 (25°CH[9)
(0.002) (0.004) {0.003) (0.005) 1.4681 (20°C) [10], 14810 [12],
1.4668 (25°C) [14], 1.4600 (40°C) (24)
1.46 (25°C) 127)
Colour (red units, 2.0r (0.9) 1.2 (0.1) 1.5r (5.1} — present work
yellow units) 28y.(6.5) 70y.(9.2) 79y.(10.7) — present work
Smoke point (°C) 204 202 206 190 present work
(2.0} (2.0) (2.1) (19)
Viscosity (mPa-s) 9 62 " —_ present work
{0.29) 017) (0.18)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis. Numbers in brackels in the
literature column, represent the number of reference in the references section.

TABLE {V - Chemical characteristics

Determination CcP H O Olive oil Literature
Acidity® (% as oleic acid) 1.20 082 0.98 098 6.518), 0.7-13 [9), 053 [12], 09-2.3 [14],

0.12 (0.01) (0.02) (0.02) 950 [16], 35 [23]), 155 {24}, 0.26 [27]
Saponification value** 788.70 184.16 186.70 188 188.1 [8], 186.4-188 {9), 189 (10], 171.7 [12)
(mg of KOH/g of oil) (4.32) (4.23) (5.01) (4.99) 186-187.7 (14], 189.73 (16), 182.2 [23]
lodine value** 65.83 65.74 65.59 80.01 67.1 [8]. 66-68 [9], 69 [10], 64.2 [12], 67.03 [16)
{g of 1/100 g of oil) {0.46) (050) (050) (0.71) 64.2 {23], 66.1 [27), 67.2 [24]

) Not degummed oit, "*) degummed oil. # Values are means of triplicate determinations and percentage coefficient of variation is given
in parenthesis. Numbers in brackets in the literature column, represent the number of reference in the references section.
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TABLE V - Fatty acid composition of the degummed oils

Determination % (GC) Literature
Fatty acid CP H Gt QOlive oM %

C8:0 0.03 002 0.02 nd. presenl work
(0.01) (0.01) (0.02)

c12:0 n.d. nd. nd. nd. 125 {27]

C14:0 0.10 0.10 0.10 <001 0.1-1.4 (3], <001 {10), 153 [14]
(0.05) (0.06) (0.08)

C16:0 5.40 551 546 1.2 35-83 (3], 55 [89], 6.18 [10), 3.59 [14], 9.3 [23].
{0.345) (0.358) (0.302) (0663) 35 [24), 96 [27]

C16:1¢iswd 0.11 on (VR 060 1.1 [3]. 09 [89}. 1.42 {10, 1.6 (27}
(0.04) (0.05) (0.04) (0.09)

Ci6:1pisw7 0.98 1.10 1.1 nd. present work
(0.68) (0.74) (0.73)

Ci7:.0 0.04 0.04 0.04 0.1 <001 [10]
0.01) (0.09) (0.01) (001

C18:.0 5.80 5.86 582 2.80 43-53 (3], 77 (8], 78 |9), 568 [10], 10.84 [14],
(0.22) (0.33) (0.29) (0.1%) 10.50 {16], 7.4 {23]. 8.2 (24], 3.0 (27]

C18:1 6765 67.79 6780 72.21 65.7-76.5 {3], 75 [8], 759 [9}, 70.01 {10], 68.05 [14]
(0.66) 067) (0.65) (0.78) 67.48 [16], 65.7 [23], 72.8 [24), 733 [27]

C18:2 069 0.71 0.69 42 06-35 [3]. 08 (8], 08 [9], 0.78 (0], 3.77 [14]
(0.33) (0.41) (0.35) (0.49) 3.40 [16], 0.7-1.1 {24]

ci8:3 0.20 0.21 0.19 05 0.1 [3]
(0.06) (0.07} (0.05) (0.10)

Ccig:4 n.g. nd. nd. nd. 0.26 [10]

€20:0 3 378 377 06 2.7-36 [3]. 26 [8], 2.7 [9], 3.94 [10). 7.2 [24)
(0.28) (0.29) 051) 0.29)

£20:1 264 2.60 2.61 0.2 2.3 (3], 2.13 (10]
(0.29) (0.28) {0.31) (0.06)

€22:0 6.74 6.81 6.78 <001 46-86 (3], 1.2 (8), 1.2 [9), 7.74 {10], 6.29 [14)
0.41) (0.56) (033) 86 23], 30 (24)

C22:1 ¢cis 012 0.11 011 nd. present work
(0.04) (0.01) (0.06)

C24:0 nd. nd. n.d. nd. 1.0-3.2 [3], 53 [8], 53 [9]. 0.13 [14], 4.6 (24]

€26:0 090 098 0.96 n.d. present work
(0.09) (0.10) (0.08)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis. Numbers in brackets in the
literature column, represent the number of reference in the references section.

Results of the chemical characteristics of the oil are shown
in Table IV. The oil produced with cold pressure had the highest
free fafly acid content. The resulis fell in the range of previ-
ously reported data. The acidity of all the Moringa oils is higher
(apart from H) than the olive oil. This can be attributed to that
the seeds where stored, at their place of origin, under high
temperature and level of humidity, and alsc to the presence
of lypolitic enzymes [24]. The oil extracted with cold pressure
had the highest acidity possibly because during the extrac-
tion remained in contact with air and higher temperature longer
than the other two oils. The iodine value is also jower com-
pared to olive oil because the Moringa oil is less unsaturated
than the olive oil (see also fatty acid composition, Table V).
There was no statistical difference (at the level Of 95%) in io-

24

dine value of the oils produced from the three different ways
of extraction These results also fell in the range of previously
reported data. The saponification values were in line with those
reported in literature and with olive oil apart from the case of
H which was lower.

Total unsaturated fatty acids were more than 72%, while the
major fatty acid was oleic (C18:1) in a concentration of 67.65%
(CP), 67.79% (H) and 67.80% (CM), followed by gadoleic
(C20:1), 264% (CP), 2.60% (H) and 2.61% (CM). Behenic acid
(up to 6.81%) was found {0 be the dominant saturated faity acid,
followed closely by stearic acid (up to 5.86%) and hoth fell in
the range of previously reported data. Guerere et al. {10] report-
ed a 0.26% of C18:4. This falty acid was not detected in present
work. The concentrations reported in literature for miris-
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TABLE VI - Sterol composition of the degummed oils

Determination Present viork Literature
Sterols by GG %
CP H CM Olive ail
Cholesterol 019 0.09 0.18 n.d. 0.23 [10]
(0.040) {0.019) (0.036)
Brassicasterol 012 0.08 0.14 nd. <0.01 (10]
(0.033) (0.012) (0.039)
AS25-Ergostadienol 0.08 003 007 n.d. present work
(0.022) (0.010) (0.006)
24-methylene cholesterol 091 096 091 n.d. present work
(0.160) {0.116) (0.111)
Campesterol 2368 23.83 2334 2.20 166 (10
(2.131) (2.996) (2.096) (0.098)
Campestanol 047 0.40 035 nd. presenl work
{0.071) (0.069) (0.036)
Stigmasterol 17.40 17.03 16.49 0.40 23.3 (10
(1.325) (1.026) (1.123} (0.036)
- - A2:Ergostadienol 53—~ — 030 030 nd. present work
(0.105) {0.096) (0.088)
Clerosterol 065 062 0.72 1.00 present work
(0.130) (0.121) (0.101) (0.009)
B-Sitosterol 46.73 4707 4710 68.00 48.6 [10]
(3.546) (2.998) {3.026) (4.351)
Stigmastanot 087 0.77 091 nd. present work
{0.111) (0.189) (0.123y
AS-Avenasterol 287 294 115 18.02 0.2 [10)
(0614) (0.598) {0.265) (1.235)
AS2-Stigmastadienot 1,23 123 131 nd. present work
{0.299) (0.30%) (0.401)
A71A.Stigmastedienol 052 0.39 0.40 nd. present work
(0.223) 0.102) (0:098)
28-Isoavenasterol 0.27 0.25 040 ‘n.d. present work
0.121) (0.112) (0.096)
Al-Avenasterol 045 0.19 031 nd. present work
(0.065) 0.012) (0.099)
A7-Stigmasteno) 081 051 043 nd. <001 [10}
(0.096) (0.078) (0.065)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis. Numbers in brackets in the
literature column, represent the number of reference in the references section.

tic (C14:0) and palmitoleic (C16:1 cis Q) were relatively higher
than those in the present determination and relatively lower
in the case of C17:0. Parinaric (C18:4) and lignoceric (€24:0)
acids although reported in literature were not detected during
present determination. Small to trace amounts of C8:0, C16:1
cis w7, C22:1 cis and C26:0 were also found in Moringa oleifera
seed oil. These were detected for the first time. There was no
statistical difference (at the level of 95%) in the fatty acid com-
position of the oil produced frem the three different ways of
extraction. Based on results obtained, the fatty acid composi-
tion of Moringa ofeifera seed oil showed that it falls in the oleic
acid qil category. The Moringa oleifera Malawi seed oil had

about the same content of C18:1, but much less C18:2 than
olive oil. Moringa oil was less unsaturated than the olive oil.

The composition of the sterol fraction, analysed by GLC, is
shown in Table Vi. The sterol fraction of the Moringa olsifera
seed oil consisted mainly of campesterol, stigmasterol,
B-sitosterol, clerosterol and AS-avenasterol, among of which
B-sitosterol was the most predominant, followed by campester-
ol (up to 23.83%) and stigmasterol (up to 17.40%) and accom-
panied with trace to minute amounts of 24-methylenecholes-
terol, cholesterol, A7¥4-stigmastadienol, brassicasterol, stig-
mastanol, 28-isoavenasterol,A7-stigmastanol, A7-avenasterol,
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TABLE VII - Tocopherol composition of the not degummed oils

TABLE IX - Determination of susceptibility to oxidation of the
degummed and not degummed oils

# Values are means of iripficate determinations and percentage coeffi-
ciemt of variation is given in parenthesis.

TABLE Vil - Determination of the oxidative state of the oils

Determination cP H CM Dlive oil Literature

Peroxide value 019 0.23 015 1558 13 [12],

(meq 02/kg oil} (0.12) {0.13) (0.09) (0.987) 80.0 [16]

E™ at232am | 13011 | 14401 | 11925 — | present work
(0.18) {0,20) (0.16)

E® a220nm | 01222 | 01621 | 01239 - present work
(0.06) (0.07) (0.07)

# Values are means of triplicale determinations and percentage coeffi-
cient of variation is given in parenthesis. Numbers in brackets in the fiter-
ature column, represent the number of reference in the references section.

Ana-gtigmastadienol, and campestanol. The previously
reported data agree with those of the present determination
only in the case of 3-sitosterol. Atso, A7-stigmasterol report-
ed in literature was not detected during present determination.
The sterol composition of the olive oil was different from that
of Moringa oleifera. The dominant sterol of the olive oil was
also -sitosterol but in a concentration of 68%. 24-methylene-
cholesterol, campestanol, A524-grgostadieno!, clerosterol,
stigmastanol, AS23-gtigmastadienol, A714-stigmastadienol,
28-isoavenasterol, and A7-avenasterol were detected for the
first time in Moringia oleifera seed oil.

Table Vil shows the tocopherol composition as determined
by HPLC. A high tocopherol content was found in Moringa
oleifera seed oil, consisting of - v- ang 6-tocopherol. The oil
produced with cold pressure had the highest content of -,
- and 8-tocopherol. Most vegetable oils contain «-, 8- and
v-tocopheroals. 5-Tocopherol exists in few oils like cottonseed,
peanut, wheat germ, soybean and castor oil. The antioxidant
activity of 5-tocopherol exceeds that of y-, 3-, and a-tocopherol.
Thus, tocopherols present in high concentrations in Moringa
oleifera seed oil are expected to offer some protection during
storage and processing. There were no previously reported
data to compatre the tocopherol composition. Considering the
tocopherol content, olive oil was expected to be less stable
than Moringa oil.

The oxidative state of Moringa oleifera seed oil was deter-
mined using the peroxide value (PV), and specific extinction
(EY ) at 232 nm and 270 nm.

yem

The results are shown in Table VIIl. The PV of Moringa
oleifera seed oil were 0.19 (CP), 0.23 (H) and 0.15(CM)mea/kg
and fell in the range adopted as satistactory. The mixture of
chloroform:methanol (50:50) produced oil which had the low-
er PV followed by cold pressure and the n-hexane. The results
of the £1% at 232 nm, E;?* at 270 am determination seem
to follow tﬁe same trend. The peroxide values were much lower
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Determination ma/kg Literature
Determination cP H cMm Ofive oil Literature

Tocopherols Olive

ty HPLC cpP (] CcM oil Rancimat method (h) at 120°C

aJocopherol 2269 131.03 166.81 885 |oresent work {Before 68.4 832 123 788 present work
(10.23) | (1351) | (1269) | (839) degumming (05) (1.0) 72) {05)

~v-Tocopherol 71.47 7043 68.11 99 preset work After 347 237 31.8 — present work
(5.69) (6.33) (789) (0:65) degumming (08) (05) (08)

sTocopherol | 21657 5398 54.44 16 | present work # Values are means of triplicate determinations and i

percentage coeffi

(11.65) (4.12) (8.99) (0.10) cient of variation is given in parenthesis.

than those reported in literature and that of the olive oil. For
the E1% at 232 nm and 270 nm there were no available pub-
lished results for comparison.

The susceptibility to oxidation of the Moringa oleifera Malawi
seed oils, as it was measured by the Rancimat mathod, is
shown in Table I1X. A 49 to 74% reduction in induction period
was observed, which could be attributed to oil degumming.
The oil produced with the mixture of chloroform:methanol
(50:50) had the longest induction period (123 h) before the
degumming process followed by n-hexane (83.2 h) and cold
pressure (684 h). The cold pressure produced oil had the lon-
gest induction period after the degumming process, followed
by the mixture of chloroform:methanol (50:50) and n-hexane.
There were no available published resulis for comparison to
the data of the present work. The induction period of Moringa
oil was 9 to 16 times longer than that of olive oil before degum-
ming and up to 4.4 times longer after degumming.

The oxidative stability of olive oil is related to some extent
to the presence of w-tocopherol [17]. Kiritsakis and Min [18}
reported that olive oil contains between 15150 mg/kg &-
tocopherol. However, the stability of olive oil could not be ex-
plained only on the basis of tocopherol action. It is known that
the olive mesocarp contains phenolic compounds, which
though water soluble are present in the olive oil and consider-
ably increase the oxidation stability of ths oil [18). Hudson and
Ghavani {11] reported that although most sterols are ineffec-
tive as antioxidants, AS-avenasterol (which is present in
Moringa oif but in much less guantity than olive oil), fucoster-
ol and citrostadienol have been shown to exhibit antioxidant
properties in oils heated at 180 °C.

It has been suggested that the donation of a hydrogen atom
from the allylic methyl group in the side chain, followed by the
isomeration of to a relatively stable tertiary allylic free radical
represents the mode of action of the sterol antioxidants.
AS-avenasterol appears to be increased in concentration in a
layer at the surtace, and it is ineffective at room temperature.
These findings suggest that avenasterol acts as a chemical
antioxidant, its effectiveness arising from its concentration in
the surface where oxidation occurs.

To the high content of «-, y- and &-tocopherol content of the
Moringa oleifera Malawi seed oil could be attributed the higher
resistance to oxidation. In addition, olive oil contained linoleic
and linolenic acids which were contained in much lower quan-
lity in Moringa oleifera Malawi seed oil and which are more
easily undergone oxidation and degradation than C18:1. The
long induction period of Moringa oil might be explained by the
presence of AS-avenasterol. However, the olive oil, which had
sorter induction period, had higher content of that sterol. Fur-
thermore, the higher oxidative stability of Moringa ofeifera seed
oil over olive oil should be attributed to other constituents of
the non glyceride fraction of the oil, which posses antioxidant
properties.

CONCLUSIONS
The fatty acid composition of Moringa oleifera seed oil was
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similar 1o that of olive oil. Therefare the oil could be useful for
edible purposes and for some industrial applications like hydro-
genation, shortening production and others. This agrees with
Morton [20], who reported that Moringa oil can be an accept-
able substitute for olive oil,

The physical and chemical characteristics of the oil from the
seeds of Moringa oleifera variety Malawi showed that this oil
can be utilised successfully as source of edible oil for human
consumption.

It contains high ratio of monounsaturated to saturated fatty
acids, and might be acceptable substitute for highly monoun-
saturated oils such as olive oil in diets.

The induction period measurements demonstrated a great
resistance to oxidative rancidity. The oxidative stability of the
Moringa oil is related to some extent to o, y- and -8 tocopher-
ols which are natural antioxidants and possibly to other con-
stituents of the non glyceride fraction of the oil, which posses
antioxidant properties.

Adgitional research on possible toxicity should be carried
out.
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