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ABSTRACT

The present work presents a first characterization of the oil from the Moringa (Moringa oleifera) kernel as a potential
candidate for biodiesel production. Moringais an indigenous tree in the Y ucatan Peninsulain Mexico, where thereis a
nascent biodiesel industry. Several extraction methods are compared in terms of the extraction yields, including solvent
extraction (n-hexane and ethanol), and supercritical extraction (Sc-CO,). The results are also compared against previ-
ously reported data. For supercritical extraction pressures of 200 to 400 bar and temperatures of 40°C and 60°C were
tested. Gas Chromatography analysis reveals that the main fatty acids in Moringa il are oleic acid (69%), palmitic acid

(10%) and stearic acid (8%).
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1. Introduction

Moringa oleifera, known as “Moringd’ or “Malunggay”
is an Indian tree that also grows in Asia, Africa, South-
america, the Caribbean and Oceania. The oil extracted
from Moringa is known as Ben oil and reportedly con-
tains 70% of oleic acid, an 18-carbon long monounsatu-
rated fatty acid (MUFA). Since the oleic acid has good
oxidative stability when compared with polyunsaturated
fatty acids (PUFAS), it has found use in the food industry,
as it allows for longer storage and high-temperature fry-
ing processing. It also has uses in medicine and water
treatment.

According with Abdulkarim et al. [1] Ben ail is more
stable than canola oil, soybean oil, and pam oil when
used in frying. Blending Ben oil with sunflower oil and
soybean oil enhances the oxidative stability of the mix-
ture. Mani et al. [2] say that comparing its chemical
properties, Moringa seed oil is considered equivalent to
olive oil, and may be used for human consumption. Also,
the oil from Moringa seeds has shown the strongest anti-
fungal activity against a zoophilic dematophyte caused
marked inflammatory reactions in humans [3].

Another potential use of Moringa oil is as biodiesel
feedstock. Currently, there is a nascent biodiesel industry
in the Yucatan Peninsula, Mexico, that has been active
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for thelast 2 - 3 years. Severa groups are trying to obtain
biodiesel from vegetable oils, especialy Jatropha curcas,
and from waste cooking-oil. As an aternative source of
oil, Moringa seeds have been proposed as a potential
source to complement the mentioned feedstock.

In this study, experimental results of solvent Soxhlet
extraction using n-hexane and ethanol, and supercritical
extraction with CO, are reported. Solvent extraction has
been reported by Mani et al. [2] using n-hexane, petro-
leum ether and acetone. Experimental Soxhlet extraction
using n-hexane and ethanol, and also supercritical extrac-
tion with CO, on Moringa seeds have been reported by
Nguyen et al. [4]. Extraction of essential oil components
using supercritical fluids has received much attention in
the past years because it presents an aternative to solvent
extraction or steam digtillation. Sovova and Stateva [5]
recently review the field of supercritical extraction of
vegetable materials and say that industrial applications
are increasing. It is hoped that the results will provide
information to compare Moringa seeds cultivated in Y u-
catan-Mexico as raw material candidate for vegetable oil
and biodiesdl.

2. Materialsand Methods
2.1. Material and Sample Preparation
Moringa seeds from wild trees in the Y ucatan Peninsula,
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Mexico were used. The seeds shown in Figure 1 were
separated from the membranes and milled by three dif-
ferent methods: ball mill, electrical grinder (Moulinex
Pikalica), and hand-operated mortar.

Each method resulted in a powder with a size distribu-
tion, which was characterized by sieving. The average
diameter for supercritical extraction was 0.46 mm and
the averaged diameter for solvent extraction was 0.97
mm. The humidity of Moringa oleifera powder was 5.
84% and then do not requires drying.

Supercritical extraction was performed with industria
grade CO, (99.9%), and dry air was used as the service
gas. Both were supplied by Praxair. For the solvent ex-
traction Hexane and ethanol were provided by J. T.
Baker.

2.2. Soxhlet and Supercritical Extraction Method

Figure 2(a) shows the Soxhlet apparatus used for solvent
extraction (SE) where 10 grams of powder of Moringa
oleifera was treated with 210 ml of ethanol or hexane
during 6 hours. The solvent was eliminated in a rota-
vapor and the yield was calculated as grams of extract
divided by grams of original powder in adry basis.

Figure 2(b) shows a photograph of the experimental
device for supercritical fluid extraction (SFE). A diagram
and procedure is given in [6]. The supercritical extractor
is a 0.1 liter cell which is charged with 20 - 30 g of
ground Moringa seeds. Each run has 10 minutes of static
extraction and 30 minutes of dynamic extraction with a
CO; flow rate of 0.66 g/min.

2.3. Experimental Design

Since at the beginning of the experimental work there
were no reports of Moringa seeds extraction using SC-CO,,
the extraction conditions recommended for Jatropha cur-
cas [7] oil were used as a starting point. Thus, the rec-

Figure 1. Moringa seeds as collected from the fruit.
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Figure 2. (a) Soxhlet for solvent extraction; (b) Supercritical
extraction system SFT-150 by supercritical fluid technolo-
giesInc. Newark, DE, USA.

ommended range of pressure (250 to 350 bar) and tem-
perature (40°C to 60°C) was extended, so as to test three
pressures (200, 300 and 400 bar), and two temperatures
(40°C and 60°C).

2.4. GC Analysis

After each extraction, 0.05 g of oil was analyzed using
Gas Chromatography/Mass Spectrometry, following the
procedure of saponification and derivation recommended
by Damiani et al. [8]. The equipment was an Agilent
Chromatograph 6890 N and Mass spectrograph Agilent
5973 e. The derivatized samples were injected (1 pl) with
aratio split 50:1 into an Agilent HP-5 GC column (5%-
phenyl-methylpolysiloxane, 30 m x 0.32 mm i.d., 0.25
pum). The carrier gas was He at a volumetric flow rate of
1.1 ml-min™. The temperature was increased 25°C min™
from 140°C to 190°C, after 1 min it was increased to
240°C at 4°C min™ and kept constant for 15 min.

3. Results and Duscussion
3.1. Experimental Data

Yield was defined as grams of extracted oil divided by
grams of seeds charged in cell.

The results obtained for solvent extraction of Moringa
oil are shown in Figure 3. Data of Mani et al. [2] isin-
cluded.

It is seen that ethanol is a better solvent than hexane,
petroleum ether and acetone, and that size reduction with
the ball mill improve extraction 24% with respect to the
use of mortar.

The result of supercritical extraction with an averaged
mass flow rate of 0.66 g/min of CO, isshownin Figure4.

It is observed that pressure has a direct effect over
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yield. An increase in pressure at constant temperature
acts increasing the density of the supercritical solvent
and enhancing the extraction yield reached. For tem-
perature there are two opposite effects: at low values of
pressure, an increase in temperature augments the vapor
pressure of the components to be extracted and then
pressure and yield tend to increase; At higher pressure an
increase in temperature decrease the density of the sol-
vent CO, and the extraction yield decrease.

3.2. Comparison with Other Report

Nguyen et al. [4] report yields higher of 30% for a cell of
500 cm® with a flow rate of CO, of 0.5 m*h or 0.45 kg/h
(7.5 g/min) working seven hours. These yields are much
higher than those reported in Figure 4 of maximum 2%
for 30 minutes. The runs reported here were performed in
acell of 100 cm® with aflow rate of 0.66 g/min and with
only 30 minutes of duration.

3.3. Kinetic Study

The experimental conditions that showed the best yield
after 30 min of Sc-CO, extraction (2% vyield, at P = 403
bar, T = 40°C) were chosen to perform akinetic run for 7

Yield for moringa seeds
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Figure 3. Yields of Soxhlet extraction with different sol-
vents.
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Figure 4. Supercritical extraction of Moringa seeds with
CO,.
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hours and the maximum yield was only 2.8. the results
are shown in Figure 5.

It seems that the lower flow rate of CO, is the cause of
the lower yield.

According with Rosa and Meireles [9] a kinetic curve
will be necessary to perform an estimate of cost of fab-
riccation.

The calculation of manufacturing cost for Moringa oil
could be used to evaluate its economical feasibility.

3.4. Fatty Acid Composition

Figur e 6 presents the content of the main fatty acids (ex-
pressed as percentage of total fatty-acids in the oil)
measured by GC/MS, for solvent extraction and Sc-CO,
and compares it with data of Nguyen et al. [4]. It is ob-
served that oleic acid, palmitic acid, and stearic acid are
the main fatty acids present.

In this case the yield obtained with SFE (8.5%) is
lower than SE (23% - 35%) but Nguyen et al. [4] ob-
tained yields of 37%. A comparison between supercriti-
cal fluid extraction, solvent extraction and screw press
extraction for the extraction of oil from flaxseedsis given
by Chandra Pradhan et al. [10]. The main differences are
presented in Table 1.

Moringa oil Yield: P =403 bar, T = 40°C
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Figure5. Kineticsrun for Moringa seedswith CO,.
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Figure 6. Relative ratio composition of the three more im-
portant fatty acidsin extracted Moringa oil.
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Table 1. Comparison on extraction methods for oil extrac-
tion from flax seed. Pradhan et al. 2010.

Yield (%) Qudity Solventresidue Time (hr)
Screwpress o5 Middle Not 1
extraction
Solvent 38 Inferior Yes 10
extraction
Supercritical .
fluid extraction 35 Superior Not s

From Table 1 and experience the main advantages of
solvent extractions are: Better yield and economic profits
for many industrial commercializations. Its main disad-
vantages are: organic residual in final oil, high use of
energy to recovery and recycle the solvent.

Advantages for supercritical extraction with CO,:
clean oil and sustainable process. Main disadvantages:
Higher cost and new process.

4. Conclusions

The extraction of oil from Moringa seeds may be carried
out by solvent extraction and supercritical extraction with
CO..

Although in this study the yield obtained was low
moringa seeds are a good source for oil rich in oleic acid
that could be transformed in bio-fuel.

Additional economical and sustainability studies should
be performed to select the optimal process.
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