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oleifera Lam. aerial parts

This work aimed to investigate the composition of various aerial parts (leaves, flowers,
and seeds) of the Tunisian Moringa oleifera Lam as well as their extracted oils.

The Moringa seeds showed the highest level of protein (33.45+0.07%) and fat
(30.32+0.15%). However, flowers and leaves were rich in carbohydrates, and minerals.
Furthermore, Moringa leaves extract revealed the highest levels of polyphenols
(68.77+0.59 mg GAE/g DE) and flavonoids (77.13+0.005 mg QE/g DE), while the
highest tannin levels was that of the flower extract (82.90+0.07mg CE/g DE). Sixteen
amino acids were identified in the different Moringa aerial parts with a richness of
seeds in essential amino acids. This study showed the dominance of unsaturated fatty
acids in cold pressed seed oil when compared to that extracted by Soxhlet method.
Cold pressed Moringa seed oil was rich in beta sitosterol (50.56+0.65%), stigmsterol
(25.04+1.06%) compesterol (23.16+0.81%), alpha tocopherol (243.51+0.49 mg/
kg), gamma tochopherol (112.6+0.1 mg/kg) and delta tocopherol (11.65+0.2 mg/kg)
for the production of specific antioxidants for health promotion in cosmetics, food and
pharmacological industries.

Keywords: Moringa oleifera Lam, aerial parts, oils fractions, biochemical composition,
phytochemical quality.

1. INTRODUCTION

Moringa is considered as the most beneficial tree in the world. It is a nati-
ve plant of the Himalayan region of Northeastern India. It was cultivated in
many other places around the world such as North and South America, Italy,
Greece, Africa, and Egypt [1]. Moringa is the only genus of the Moringaceae
family, having 13 species [2]. Moringa oleifera Lam (MO) is a specie known
for its nutritional, agronomic and medical benefits [3], pharmacological, bio-
logical, immunomodulatory, antispasmodic, hepatoprotective, anticancer,
hypotensive, hypoglycemic, cholesterol lowering effects [4]. In addition, all
MO parts have been used in traditional foods and dishes for human con-
sumption to prevent malnutrition challenges [3]. Added to this, a high level
of proteins, ash, calcium, potassium, sodium, iron, moisture, fat, crude fibre,
carbohydrates, 3-carotenes, vitamin C, were identified in Moringa oleifera [1].
It is a main source of phenolic contents that are mainly found in their leaves
[2]. Moringa oleifera organs are also known as good sources of secondary
metabolites and bioactive compounds, such us terpenoids, flavonoids, tan-
nins, alkaloids, phenolic compounds, anthocyanins and proanthocyanidins
with interesting biological activities. While Moringa seed oil composition is
comparable to olive oil one, that’s why it has been used as culinary ail in
salads [5]. Recently Moringa oleifera has been cultivated in Tunisia [6]. In this
context, this study was performed to charaterise the nutritional and phyto-
chemical compounds of various aerials parts of Moringa oleifera collected
from Northern Tunisia and identify their antioxidant activity.

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. 101 - LUGLIO/SETTEMBRE 2024




156

2. MATERIAL AND METHODS

2.1. CHARACTERISATION OF MORINGA OLEIFERA
AERIAL PARTS

2.1.1. Preparation of plant material

Leaves, flowers, and seeds of Moringa oleifera were
collected from the North of Tunisia (Morneg, Ben Arous)
between August and October 2022. Fresh material of
Moringa oleifea samples were cleaned and washed
under tap water to remove dust then air-dried for one
week at room temperature until constant weight and
ground to fine powders. All samples were stored in an
airtight container at -20°C until further use.

2.2. CHEMICAL CHARACTERISATION OF MORINGA
AERIAL PARTS

2.2.1. Proximate analysis of Moringa oleifera

The Ash, moisture, and fat contents of various
powders of MO aerial parts were determined accor-
ding to AOAC (1998) methods. Protein content was
determined using the AOAC (1990) procedure using
the conversion factor of 6.25 as mentioned by [7].
The carbohydrate was determined according to [8].

2.2.2. Energetic value

The energetic value was calculated according to the
Regulation (EC) No. 1169/2011 of the European Par-
liament and Council as follows:

Energy (kcal/100 g (DW)) = 4 x (g protein+g car-
bohydrate) + 9 x (g fat).

2.2.3. Determination of amino acids composition

The MO samples were hydrolysed using chlorydric
acid for 24h at 105°C. After cooling, sodium hydro-
xide was added to neutralise the extract. Finally, the
filtrated extract was injected to the HPLC-FLD (Agi-
lent Technology.USA). The online amino acid deriva-
tisation reaction was carried out with O-Phthaldial-
dehyde reagent solution (OPA). The column, used in
this work, was column ZORBAX C18 (250x4.60 nm)
with 5um pore size. Due to the wide range of amino
acids, it is necessary to perform a gradient to be able
to separate them. The analysis was realised in gra-
dient composed of an organic phase A (acetonitrile,
methanol, water at 45/45/10 ratio) and an organic
phase B (Na,HPO, adjusted with phosphoric acid to
pH = 6.5). The flow rate was 1ml/min. The HPLC con-
ditions were adopted as described in the study of [9]
with some maodifications.

2.2.4. Determination of mineral composition

Mineral elements Copper (Cu), Iron (Fe), Manganese
(Mn), Zinc (Zn) were identified by acid mineralisation
according to the method described by [10] using an
Atomic Absorption Spectrometer. In fact, 2.5 g of raw
material was heated in two steps. First, calcination
was performed at 500°C to obtain a constant mass.

Second, the resulting ash was burned at 600°C. The
obtained ash was dissolved in 10 mL of 40% nitric
acid and mixture was heated to obtain wet salts.
Subsequently, the solute was dissolved in 15 mL of
nitric acid (1 N) and transferred to a 25 mL volumetric
flask for analysis.

After mineralisation, potassium (K) and sodium (Na)
were determined using the flame photometer. Cal-
cium (Ca) and magnesium (Mg) were determined by
atomic absorption. Phosphorus (P) was assayed at
880 nm by the molybdenum blue method.

2.3. PHYTOCHEMICAL CHARACTERISATION

2.3.1. Preparation of Moringa oleifera extracts

The MO aerial parts seeds, flowers and leaves ex-
tracts were prepared according to [11] method. Thirty
grams of each sample were mixed with 300 ml of sol-
vent (ethanol Sigma Aldrich) and kept for 24 h a 4°C.
The extracts were filtrated with Whatman filter paper
No.4 then concentrated at 40°C-50°C using a rotary
vacuum evaporator [6].

2.3.2. Determination of total phenolic, flavonoid, and
condensed tannins contents

Quantification of total phenolic content (TPC) was de-
termined using the Folin-Ciocalteu reagent according
to [12]. Briefly 100 pl of extract were mixed with 500 pL
of the Folin—Ciocalteu reagent and 1.5 mL of sodium
carbonate (20% w/v). Then, 10 ml of distilled water
were added. After keeping the mixture in the dark for 2
h the absorbance was determined at 765 nm using a
spectrometer (Jenway 6352 spectrophotometer). The
total phenolic content was expressed as mg of gallic
acid equivalents per g of dry matter (mg GAE/g DM)
according to the standard curve prepared with differ-
ent concentrations of gallic acid (0.3 M).

Flavonoids content (FVT) was evaluated in each part
following the colorimetric method described by [12].
For this, one mL of each extract was mixed with 1 mL
of ethanolic solution of aluminium trichloride (AICL,;
2% w/v in ethanol). The mixture was incubated for 15
min at room temperature before measuring the ab-
sorbance at 430 nm. Total flavonoids were expressed
as mg of quercetin equivalents per gram of dry matter
(mg QE/g DM), through the calibration curve of quer-
cetin. The absorption of standard quercetin solution
was measured under the same conditions.

The determination of condensed tannins (TTC) was
carried out using the vanillin method as described by
[13]. Two mL of each extract were added to 4 mL
of vanillin (1% w/v) in 7 M sulfuric acid [H,SO,]). The
mixture was maintained at 25°C for 15 min before
the assay. The absorbance was measured at 500 nm
against a blank. The results were expressed in mg of
catechin equivalent per gram of dry matter (mgCE/g
DM).

Determination of free radical scavenging of Moringa
oOleifera aerial parts
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The free radical scavenging potency of different etha-
nolic Moringa extract was determined by using DPPH
according to the method proposed by [14]. A fresh
solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
radical was prepared with absolute ethanol at a con-
centration of 0.2 mM. Briefly, Moringa ethanolic ex-
tracts with different concentrations was mixed with
the DPPH solution in 1:1 ratio. Finally, the mixture was
placed in the dark for 30 min and the absorbance was
determined at 517 nm. The control samples were pre-
pared using the DPPH solution mixed with ethanol.
The results were determined using the standard curve
and expressed as IC50 (ug/ml) as the effective con-
centration of the sample that is required to reduce 50%
of the initial DPPH free radicals as mentioned by [15].

3. CHARACTERISATION OF
EXTRACTED OILS OF MORINGA
OLEIFERA AERIAL PARTS

3.1. OIL EXTRACTION

The extraction of lipid fractions from MO aerial parts
was carried out using two methods. Seed, leaf, and
flower oils were extracted by the soxhlet method us-
ing hexane according to [5]. The temperature was set
at 50°C for 6 hours than the solvent was removed
from oil recovered in the rotary evaporator. The resi-
due oil was kept in opaque vials at -20°C for further
investigation.

Moringa seed oil was also obtained by cold press ex-
traction using a Komet DD 85 G vegetable oil screw
press (IBG Monforts Oekotec GmbH & Co. KG,
Monchengladbach, Germany). The remaining oil was
filtrated to remove plant debris and stored under the
same conditions until analyses as mentioned by [16].

3.2. DETERMINATION OF FATTY ACIDS
COMPOSITION
Fatty acid composition of Moringa oils involved their
esterification determined using a gas chromatography
system (Agilent HP 6890) equipped with flame-ioni-
sation detector (FID) set at 260°C and an Rtx-2330
capillary column (90% biscyanopropyl /10% phenyl-
cyanopropyl polysiloxane, 30 m x 0.32 mm, 0.2 pm
film thickness) as explained by [16]. Nitrogen served
as the carrier gas with a flow rate of 1.2 mL/min. A to-
tal of 1pL of the sample was injected in splitless mode
at a temperature of 240°C. The oven temperature
was programmed to increase from 100 to 230°C at a
rate of 4°C/min.
Fatty acids’ peak identification was conducted re-
ferred to the retention times of a mixture of pur stan-
dards (CRM47885, Supelco 37 Component FAME
Mix).

3.3. CHEMICAL COMPOSITION OF COLD PRESSED
MORINGA SEED OIL

The cold pressed seed oil having the best yield of

extraction and the more interesting fatty acid com-

position was analysed for its chemical composition.
Peroxide value (PI), iodine value, saponification value,
specific gravity (using a 10 mL pycnometer at 25°C),
and the refractive index at 20°C as described by [16].
Specific absorptivity values K, and K,,, were deter-
mined by using an ultraviolet (UV) spectrophotome-
ter, chlorophylls and carotenoids content were deter-
mined respectively as described by [17].

3.4. DETERMINATION OF TOCOPHEROL
COMPOSITION

The analytical procedure for determination of tocoph-
erols in cold pressed Moringa seed oil involved the use
of high-performance liquid chromatography (HPLC)
procedure as described by [5] in which 4g oil sample
were dissolved in 25 ml of n-Heptane. The detector
was set at 295 nm excitation wave lengths whereas
the emission wavelength was 330 nm. The injection
volume was 20 pl. The rate flow was set at 1 ml/min.
n-Heptane and tetrahydrofurane (3.85%) were used
as mobile phase. Standard solutions of a, B, y and
O-tocopherols, formulated using 3-6 pg / mL standard
concentrations, were used for quantification purposes.

3.5. DETERMINATION OF STEROL COMPOSITION
The estimation of sterol content involved saponifica-
tion of 250 mg oil sample using a potassium hydrox-
ide ethanolic solution by boiling under reflux according
to [5]. The unsaponifiable matter are derivatized into
trimethylsilyl ethers and analysed by capillary DB-5
Agilent column (5% phenyl methyl polysiloxane, 30 m
x 0.32 mm internal diameter, 0.25 mm film thickness)
gas chromatography (Agilent, HP 6890 series) with
split injection and flame ionisation detector according
to (COI, 2017) using. Helium was used as a carrier
gas at a flow of 2 ml/min. The injector/detector tem-
peratures were held at 280 and 290°C, respectively.
The column temperature was set to 240°C and it was
next raised to 260°C at a rate of 4°C /min.

4. STATISTICAL ANALYSIS

All the assays were carried out in triplicate. The re-
sults were presented as mean values and standard
deviation. A Duncan test was used to assess signifi-
cant differences among plant samples with a = 0.05.
The analysis was carried out using SPSS V.22.0 IBM
SPSS Statistics.

5. RESULTS AND DISCUSSION

5.1. CHEMICAL CHARACTERIZATION OF MORINGA
OLEIFERA AERIAL PARTS

5.1.1. Proximate composition

The proximate composition of Tunisian Moringa olei-
fera Lam flowers leaves and seeds is summarised in
Table I.

In this study it was shown that carbohydrates were
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Table | - Proximate composition of Moringa oleifera aerial parts

Parameters Moringa oleifera aerial parts

Leaves Flowers Seeds
Moisture (%) 443 +0.312 7.02 +£0.30° 412 0,332
Ash (%) 15,15 £0,03¢ 9,530,020 4,4440,032
Crude fat (%) 4,36 £0,11° 3,240,232 30,32+0,08¢
Crude protein (%) 25,21 £0,03° 21,37+0,032 33,4510,04¢
Carbohydrate (%) 50,85 £0,03° 57,4 +0,03¢ 25,62+0,032
Energetic value (Kcal/100g) 343,48 £0,272 343,88+0,152 509,16+0,05°

abc: mean values with lowercase letters show a significant difference (P<0.05) between the analysed different samples.

the major compounds in all Moringa aerial parts
with the major content registered in flower powder
(67.4+0.083%). The carbohydrate content was es-
timated at about 50.85+0.03% and 25.62+0.03%,
respectively in leaves and seeds. More seed pow-
der is a very rich source of proteins with about
33.45+0.04% followed by leaf (25.21+0.03%) and
flower (21.37+0.03%) powders. This finding was
partially in concordance with those 32.9% - 38.3%
reported in other studies showing that Moringa oleif-
era seeds are considered as a good source of pro-
tein and amino acids [18]. The results obtained on
Moringa oleifera leaf powder were higher than those
(24.84%) found by [19]. The protein content of flow-
ers was lower than that (47.97%) reported by [20].

In this study, the lipid content in leaves, flowers, and
seeds of Moringa oleifera were respectively about
4.36+0.11%, 3.2+0.23% and 30.32+0.08%. These
results agreed with those reported by [21]. However,
seed fat content was lower than that (41.7%) report-
ed by [16].

In fact, it was shown that aerial parts were rich
in mineral. In fact, leaves showed the high-
est content (15.15+0.03%) followed by flow-
ers (9.53+£0.02%) and seeds (4.44+0.03%).
These results were similar to those by [22]

showing similar mineral content varying be-
tween 3.9% and 4.4% in MO seeds. Concern-
ing the caloric value of leaf, flower, and seed
powder of Moringa oleifera, it was around
343.48+0.27 Kcal, 343.88+0.15 Kcal and
509.16+0.05 Kcal, respectively. These values
were higher than those of some conventional
fruits such as mango (73.9 Kcal), pomegran-
ate (80.6 Kcal), kiwi (60.5 Kcal) and papaya
(42.2 Kcal) (Anses, 2020). This variation in
term of MO composition is assigned to differ-
ent factors, such as the climatic conditions,
growing sites, agricultural practices, harvest-
ing period, and genetic characteristics [3].

5.2. AMINO ACIDS COMPOSITION

The results of the essential and non-essential amino
acid composition of Moringa oleifera aerial parts are
shown in Table II.

These results reveal the highest amount of glutamic
acid as non-essential amino acid in Moringa seed
powder with a content of about 2103.24 mg/Kg fol-
lowed by arginine, threonine, and glycine (1202.01
mg/kg). However, the dominant amino acids in
leaf powder were tyrosine 1527.71 mg/kg, leucine
903.14 mg/kg, glutamic acid 782.88 mg/kg. Similarly,

Table Il - Amino acids composition (mg/Kg) of Moringa oleifera aerial parts

Amino Acids (mg/Kg) Aerial parts of Moringa Oleifera

Seed powder leaf powder flower powder

Aspartic Acid 498.96 £0.730 595.87 £0.68° 325.4 £0.912

Glutamic Acid 2103.24+0.65¢ 782.88+0.67° 408.32+0.802

Serine — Histidine- glutamine 518.69+0.76¢ 508.13+0.68° 228.6+0.762

Arginine- Threonine-glycine 1202.01+0.83¢ 754.36+0.56° 387.1+0.792

Alanine 816.75+0.67°¢ 516.71+0.56° 352.1240.872

Lysine ND ND 306.39+.0.58

Tyrosine ND 1527.5410.87° 1234.5+0.56°

Isoleucine 415.96+0.86° 262.7+0.90° 170.53+0.842

Phenylalanine 246.72+0.45° 164.66+0.68° 121.2240.552

Leucine 1187.98+0.83¢ 903. 14£0.910 580.72+0.402

Valine+ Methionine 319.96+ 0.82° 354.31+0.47¢ 173.1240.272

ND: not detected; 2b<: mean values with lowercase letters show a significant difference (P<0.05) between the analysed different samples.
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11 amino acids were identified in the flower powder
with a high amount of tyrosine of about 1234.5 mg/
kg. Lysine was only detected in the flower powder.
Moreover, the essential amino acids contents were
significantly higher in leaves and seeds when com-
pared to flowers. These finding confirmed that the
different parts of MO are valuable sources of essential
amino acids showing their importance for human or
animal nutrition.

5.3. MINERAL COMPQOSITION

Data in Table | show that MO dry leaves had a high
amount of ash, resulting in a high content of P (2565
mg/kg), Mg (4308 mg/kg), Ca (9220 mg/kg), Zn (233
mg/kg), K (16584 mg/kg), Na (1443 mg/kg), Fe (310
mg/kg), and Mn (60.60 mg/kg) as shown in Table lIl.
This result showed that the leaves are a good source
of mineral mainly Ca, Mg and K which was in agre-
ement with results published by [23] who found re-
markable high amounts for Mg (4036 mg/kg) and
K (14988mg/kg). However, the mineral content in
seeds was significantly lower than of leaves. Minerals
composition of MO flower powder was partially in ac-
cordance with that reported by [20]. The high amount
of minerals found in this study in the MO aerial parts
suggested that they can contribute to maintaining the
body regulatory functions.

5.4. TOTAL PHENOLIC, FLAVONOIDS AND
CONDENSED TANNINS CONTENTS

The phytochemical composition of Moringa oleifera

was shown in Table IV. In this study, the content of

total phenolic compounds in the M. oleifera leaf ex-
tract was 58.77+0.59 mg GAE/g DM. This result was
slightly lower than that found (62.33 mg GAE/g DM)
by [24] and higher than the value (49.29 mg GAE/g
DM) reported in Moringa leaves extract by [19]. For
the total polyphenols content in seeds extract it was
about 19.51+0.21mg GAE/g DM. This content was
quite similar to that noted by [25]. This variation was
attributed to various factors specific to the plant such
as the degree of maturation as well as genetics, cli-
matic and environmental conditions [26]. Indeed, the
quantity of extracted polyphenols was directly affect-
ed by their location in the plant and by the polarity of
solvents [27].

Moreover, the concentration of flavonoids in the
leaves of M. oleifera was around 77.13+0.005 mg
QE/g DM. This finding was significantly important than
that (29.90 mg QE/g DM) found by [24]. The obtained
flavonoids content in Moringa seeds (26.75+0.41 mg
QE/g DM) was significantly lower than that (144.07 mg
QE/g DM) indicated by [28]. Same results were found
by [1] in MO extracts showing that total phenol and
flavonoid contents were significantly (P < 0.05) higher
in the leaf extract when compared to seed one. Con-
cerning the condensed tannins content Tunisian Mo-
ringa seeds had a high content of condensed tannins
of around 40+1.76 mg EC/g DM when compared to
the value (27.62 mg EC/g DM) [27]. This variability in
terms of phytochemical composition of Moringa oleif-
era aerial parts could be attributed to the variation in
the environment where the plant was collected, the
season and the physiological stage of the plant [29].

Table Ill - Mineral composition (mg/Kg) of aerial parts of Moringa oleifera

Minerals composition (mg/Kg) Aerial parts of Moringa oleifera
Leaves Flowers Seeds

K 16584+1.21

Na 1443+0.52

Ca 9220+0.69° 4370+0.36° 1950+1.092
Mg 4308+0.35¢ 2280+0.432 2750+0.460
P 2565+0.17

Fe 310£0.33¢ 172.4+0.36° 52.25+0.402
Mn 60.60+0.51¢ 30.20+0.36° 11.65+0.52a
Cu 2.65+0.352 6.75+0.17° ND

Zn 31.80+0.07¢ 12.55+0.362 31.60+0.11°

abc; mean values with lowercase letters show a significant difference (P<0.05) between the different analysed samples.

Table IV - photochemical composition of Moringa oleifera

Extract PPT ( mg GAE/g DM) FVT ( mg QE/g DM) TC ( mg CE/g DM)
Leaves 58.77 +0.59° 77.13 £0.005° 41.95 £0.042
Flowers 17.82 £0.042 22.85 £0.03° 82.90 +£0.07¢
Seeds 19.51 £0.212 26.75 £0.41> 39.33 +0.55¢

PPT: total polyphenols, FT: total flavonoids, TC: condensed tannins, GAE: gallic acid equivalent, CE: catechin equivalent, QE: quercitin equivalent,

DM: dry matter, 2b.¢: mean values with lowercase letters show a significant difference (P<0.05) between the different analysed samples.

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. 101 - LUGLIO/SETTEMBRE 2024




160

Table V - Antioxydant activity of Moringa oleifera aerial parts

Samples ICs0 pg/ml

Moringa oleifera leaf extract 39 £0.032
Moringa oleifera flower extract 94.42 £0.04¢
Moringa oleifera seed extract 83.59 +0.59°

abc: mean values with lowercase letters show a significant difference
(P<0,05) between the different samples analysed.

ANTIOXIDANT ACTIVITY

For an effective and complete evaluation of the an-
tioxidant potential of Moringa oleifera seed, leaf and
flower extracts, the results of scavenging free radicals
are shown in Table V.

These results obtained showed anti-radical capaci-
ty of leaves with a value of IC50 about 39+0.03ug/
ml. This result was in disagreement with that of [19]
showing a lower leaf anti radical capacity with IC50
value of around 60.07pg/ml. More, the antioxidant
activity of Moringa leaves was higher than that of the
seeds and flowers. In fact, the result indicated that
the antioxidant activity of the ethanolic extract of
Moringa seeds showed a good capacity on the free
radical DPPH (IC50 = 83.59+0.59ug/ml) when com-
pared to that (280+0.05 ug/ml) found by [25]. In this
study, ethanolic flower extract showed an important
anti radical activity (IC50 = 94.42ug/ml). These find-
ing were significantly lower than those obtained by

Table VI - Fatty acids (%) composition of Moringa oleifera oil

[1] and [30] and they were attributed to the difference
in geographical locations and climatic factors [6]. In
this context natural antioxidants are always extremely
important for health. They prevent any bad effects of
free radicals [14].

6. CHARACTERISATION OF MORINGA
OLEIFERA EXTRACTED OILS

6.1. FATTY ACIDS COMPOSITION

The main fatty acids composition in different extract-
ed oils from M.oleifera aerials is shown in Table VI.

In this study 10, 8 and 11 major fatty acids were
identified respectively in MO leaf, seed and flow-
er extracted oils. It was shown that the leaf oil was
mainly composed of 44.68% of linolenic, followed by
18.39% of palmitic and 10.4% of linoleic acids. The
result obtained was in accordance with those found
by [21] reporting the same fatty acid composition with
respective close levels. Concerning flower oil, the fat-
ty acid composition showed the dominance of unsat-
urated fatty acids (568.63%) with C18:1 the prominent
fatty acid (40.31%). Concerning seed oils extracted
with cold press and soxhlet method, they showed
the same acidic composition with respective high
level of monounsaturated fatty acids about (81.54%)
and (80.64%). Besides, the predominant poly-unsat-
urated fatty acids were linoleic acid, linolenic acid,
followed by palmitic acid. These results were similar

2::?62:;:5: Soxhlet extraction

Fatty acids (%) Seed oil Seed oil Leaf oil Flower oil

Lauric Acid: C12:0 Nd Nd 1.33+0.06 Nd
Myristic Acid: C1a0 0.18+0.0052 0.1540.012 2.47+0.11¢ 1.07+0.06°
Myristoleic Acid:C1a:1 Nd Nd Nd 0.54+0.02
Palmitic Acid:C 16:0 6.65+0.462 6.03+0.462 18.39+0.06° 13.23£0.11°
Palmitoleic Acid:Cie:1 1.78+0.46° 2.25+0.06° 2.22+0.03° 1.58+0.112
Margaric Acid: C170 0.08+0.112 Nd 2.01£0.17° 0.1£0.0062
Margaroleic Acid :C17:1 0.07+0.0062 Nd Nd 0.52+0.006°
Stearic Acid: C1so 5.07+0.28° 5.30£0.110 3.22+0.062 6.07£0.03¢
Oleic Acid:C1s:1 81.54+0.11¢ 80.64+0.17¢ 7.92+0.112 40.310.06°
Linoleic Acid: C1s2 0.86+0.022 0.82+0.012 10.4+0.17¢ 6.47£0.11b
Linolenic Acid:C1s:3 0.32+0.022 0.45+0.022 44.68+0.35¢ 9.21£0.11°
Avrachidic Acid: Ca0:0 2.27+0.062 2.41+0.032 7.33£0.110 20.87+0.17¢

Gadoleic Acid :Czo:1 1.20£0.13 Nd Nd Nd
MUFA 84.59+0.304 82.89+0.23¢ 10.14+0.142 42.95+0.17°
PUFA 1.18+0.042 1.27+0.032 55.08+0.52¢ 15.68+0.23°
we /w3 2.68+0.144 1.8240.07¢ 0.23+0.0022 0.70£0.004°
SAFA 14.24+0.802 13.8940.622 33.42+0.36° 41.34+0.38¢
Total 100.01+1.142 98.050.892 99.97+1.082 99.97+0.802

ND: not detected; SAFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;. Values are meanst S
three determinations. a2bcd: mean values with lowercase letters show a significant difference (P<0,05) between the different samples analysed.
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to those reported by [3] confirming that seed oil was
rich in unsaturated fatty acids and that it was similar
to olive oil due to its richness mainly in oleic acid [31]
which makes it more desirable and more stable when
cooking and frying [7]. Furthermore, it should be high-
lighted that there is no significant difference in terms of
fatty acids composition between the extracted seed
oil using a different method. This finding agreed with
that of [7]. But it should be noted that the cold press
process has several advantages over solvent based
systems, such as being environment friendly and re-
quiring lesser energy [5]. Furthermore, saturated fat-
ty acids were also detected with minor levels in cold
pressed (14.09%) and in soxhlet (9.53%) extracted
seed oils. In fact, myristic acid (C14:0) was identified
in seed oils extracted using the two methods. How-
ever, margaric acid (C17:0) was detected only in cold
pressed Moringa seed oil with a minor level (0.08%).
This result was in perfect agreement with another
study [36]. However, these contents did not exceed
15% of the total fatty acid composition which prevent
LDL cholesterol, cardiovascular diseases, improve
digestion and modulate arterial pressure and blood
viscosity [7]. In addition, w6 / w3 ratio was around
2.68 which must not exceed 4 as recommended by
AFSSA in all analysed samples as reported by [32].

6.2. CHARACTERISATION OF COLD PRESSED
MORINGA SEED OIL

6.2.1. Tocopherol composition

The relative result to tocopherol composition (Table
VII) of cold pressed Moringa oleifera seed oil show-
ed the presence of alpha, gamma, and delta toco-
pherols. Beta tocopherol was not detected in the
analysed oil.

Considering these results, the alpha tocopherol was
the predominant form of vitamin E in this oil (243.51
mg/kg). This has been reported in most studies. In
fact, [33] and [7] found alpha tocopherol contents of
Moringa seed oil in order of 168.2 and 226.9 mg/kg,
respectively. Also, the obtained gamma tocopherol
(112.6 mg/kg) and delta tocopherol contents (11.65
mg/kg) were higher than those reported in literature.
Additionally, most vegetable oils contain alpha, beta,
and gamma tocopherols.

Delta tocopherol exists only in a few vegetable oils
such as cotton seed, wheat germ, soybean, castor,
and peanut oils. This richness of Moringa oleifera oil in
tocopherols gives it some protection during storage
and processing [34].

6.2.2. Sterol composition

The analysis of the sterol fraction of Moringa seed ail
revealed the presence of 10 compounds consisting
mainly of B-sitosterol, stigmasterol and campesterol
representing 90% from total sterols as shown in Table
VIl

These sterols are part of the class of phytosterols

known for their hypocholesterolemic and beneficial ef-
fect on human health [7]. It was noticed that Moringa
seed oil has a remarkable similarity with the soybean
oil in terms of major sterol fractions (B sitosterol, stig-
masterol, campesterol, avenasterol). Knowing that
B-sitosterol is the most representative phytosterol of
vegetable oils [35], this study confirmed the observa-
tions reported by [16] on the richness of Moringa oil
in phytosterols. In contrast, the other detected sterol
fractions were only present in trace amounts. These
findings reported the very interesting nutritional qua-
lity of cold pressed Moringa oleifera seed oil showing
a good climatic, cultivation and storage conditions of
seeds.

6.2.3. Physicochemical characterisation of Moringa
cold pressed seed oil

The physicochemical characterisation of M.oleifera
cold pressed seed ol is illustrated in Table IX.

Table VII - Tocopherol composition (mg/Kg) of Moringa cold
pressed seed oil

Tocopherols (mg/Kg) Cold pressed seed oil
Alpha tocopherol 243.51£0.49
Gamma tocopherol 112.6+0.1
Delta tocopherol 11.65£0.2

Table VIII - Sterols (%) composition of cold pressed seed oil

Sterols (%) Cold pressed Moringa seed oil
Stigmasterol 25.04+1.06
Campesterol 23.160.81

B-sitosterol 50.65+0.65
Chlerosterol 0.395+0.01

A 7 avenasterol 0.29+0.01

A 5.23 stigmastadienol 0.275+0.01
A 87stigmastenol 0.215+0.004

Erythrodiol 0.11£0.01

Uvaol 0.05+ 0.01

Table IX - Physicochemical characterization of M.oleifera cold
pressed seed oil

Parameters Values

Refractive index (20°C) 1.46620.03

Acid value( mg KOH/ g oil) 0.84+0.03
Saponification value(mg KOH/ g oil) 187.3+2.10
lodine value (g Iz / 100g oil) 64.42 +0.21
Peroxide value (meq O2/kg oil) 2.45+0.32
Chlorophyll mg/Kg 1.5610.01
Carotenoid mg/Kg 3.26+0.03

Kas2 1.22+0.02

Karo 0.05940.01
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In this study, the IR value obtained (1.466+0.03) was
close to that of olive oil which varies between 1.467
and 1.470. In fact, this result was in agreement with
those observed by [16] and [36] reporting RI of about
1.467 and 1.462 respectively for Moringa oleifera
seed oils. This value was also similar to those re-
corded on avocado oil (1.465 - 1.474). The analysed
specific extinction coefficients K232 (1.22+0.02) and
K270 (0.059+0.01) showed an oxidative stability of
cold pressed Moringa seed oil thanks to its natural
antioxidants. The results registered were compa-
rable to those found by [16] who highlighted K232
and K270 values of 1.17 and 0.043 respectively.
The low acid value of this oil (0.84+0.03 mg KOH/g
oil) showed its good stability. It was also lower than
that (1.83+1.15 mg KOH/g of oil) found by [36]. This
difference could be explained by the hydrolysis re-
action of lipids during the grinding of seeds [7]. The
peroxide index (Pl) was related to storage conditions
and extraction methods. It was noted that Pl value
of Moringa oil was in order of 2.47+0.32 meq 02/
Kg. This result was lower than (10 meqg O2/Kg) re-
quired by the Codex Alimentarius, (1992) for most
conventional oils. Also, the work carried out by [37]
recorded peroxide index value ranging from 3.3 to 4.5
meq O2/Kg for the oil extracted from pomegranate
seeds of different Tunisian varieties. This lower value
registered for the Pl in MO seed oil could be attribut-
ed to the richness of this oil in natural antioxidants
such as tocopherols and fat-soluble vitamins [7]. The
saponification index was related to the length of the
fatty acids. The saponification index recorded for the
analysed Moringa oil was around 188 + 2.14 mg of
KOH/g of ail. This value was close to olive oil ranging
between 184 and 196 mg KOH/g oil. This result was
like that (185 mg KOH/g oil) found by [36]. The io-
dine value indicates the level of oleic and linoleic acids
present in the oil. Indeed, this index increased with
number of long chain fatty acids [7]. In this study the
iodine index (64.53+0.25 g/100 g) of Moringa seed oil
was lower than that (67.42 g/100 g) showed by [16].
The carotenoid and the chlorophyll contents of the
cold pressed Moringa seed oil was about 3.26 mg/
kg and 1.56 mg/kg respectively. These levels were
partially in accordance with those reported by [38]
showing carotenoid content of about 4 mg/Kg. How-
ever, the chlorophylls were not detected. It should
be noted that chlorophylls and carotenoids were the
major pigments of cold pressed Moringa seed oil and
they were responsible for the oil colour [16]. More-
over, these pigments were known by their antioxidant
activities and their capacity to prevent cardiovascular
and eye diseases [17].

7. CONCLUSIONS

In short, the characterisation of Tunisian Moringa
oleifera aerial parts revealed that seeds are consi-
dered as a good source of protein, and fat. Leaves

are rich in ash and mineral. Moreover, Moringa le-
aves and seeds contain good amount in essential
amino acids, which confirm their higher nutritional
value. The Moringa aerial parts showed also good
antioxidant activities due to their richness in natural
bioactive compounds. On the other hand, the chemi-
cal composition of cold pressed seed oil was better
than that extracted using the soxhlet method. Oleic
acid, beta-sitosterol, and alpha-tocopherol were
the dominant compound in Moringa cold pressed
seed oil which may lead to interesting biological and
therapeutic properties when used. This promising
result encourages the use of Moringa powder and
extracted seed oil in cosmetic, pharmaceutical medi-
cinal and food industries.
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