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SUMMARY: The present research work was intended to study the influence of roasting and germination of the
kernel seeds of Sudanese Moringa peregrina on the physicochemical characteristics and the oxidative stability of
the extracted oil. Roasting was carried out at 180 °C for 25 minutes, whereas germination was done at ambient
conditions in a wet jute bag for 5-7 days. The oil was extracted using n-/exane in a Soxhlet extraction apparatus.
The results show that the oil contains a-tocopherols (152mg/kg) and oleic acid (above 70%) as the major tocols
and fatty acids, respectively. Germination reduced the peroxide value and increased the acid value in a significant
way (p < 0.05) whereas the opposite trend was noticed in the case of roasting. It is crucial to note that, with the
exception of the acid value of the germinated sample, peroxide and acid values remained below one meq O/
Kg of oil and one mg KOH/g of oil, respectively. The oxidative stability of the oil from the roasted sample was
increased almost by 80% compared to the raw one. Roasting of the kernels prior to oil extraction is imperative
for improving its oxidation resistance and the physicochemical characteristics.

KEYWORDS: Germination, Fatty acids composition; Moringa peregrina; Oxidative stability;, Plastochromanol
(PC-8); Roasting, Tocols

RESUMEN: Efecto del pretratamiento sobre la composicion proximal, caracteristicas fisicoquimicas y estabilidad del
aceite de Moringa peregrina. El presente trabajo de investigacion tuvo como objetivo estudiar la influencia de la torre-
faccion y la germinacion de semillas de grano de Moringa peregrina sudanesa sobre las caracteristicas fisicoquimicas
y la estabilidad oxidativa del aceite extraido. La torrefaccion se llevo a cabo a 180°C durante 25 minutos, mientras
que la germinacion se realizé en condiciones ambientales en una bolsa de yute humeda durante 5-7 dias. El aceite
se extrajo utilizando n-hexano en un aparato de extraccion Soxhlet. Los resultados han demostrado que el aceite
contiene a-tocoferoles (152 mg/kg) y acido oleico (por encima del 70%) como tocolos y acidos grasos mayoritarios,
respectivamente. La germinacion redujo el valor de peroxido y aumentado la acidez de forma significativa (p <0,05),
mientras que la tendencia opuesta se observo en el caso del tostado. Es importante sefialar que, excepto el valor acidez
de la muestra germinada, los valores de peroxido y acidez permanecieron por debajo de un meq O,/Kg de aceite y
un mg KOH/g de aceite, respectivamente. La estabilidad oxidativa del aceite de la muestra tostada incrementé casi
un 80% en comparacion con la cruda. La torrefaccion de los granos antes de la extraccion de aceite es crucial para
mejorar su resistencia a la oxidacion y las caracteristicas fisicoquimicas.

PALABRAS CLAVE: Composicion de dacidos grasos; Estabilidad oxidative; Germinacion, Moringa peregrina,
Plastochromanol (PC-8),; Tocols, Tostado
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1. INTRODUCTION

The family Moringaceae encompasses four-
teen species that belong to only one genus called
Moringa. With some exceptions, they are widely
distributed in most of Africa, tropical Asia, Latin
America, the Caribbean, parts of North America,
and Pacific Islands (Verdcourt, 1986). M. oleifera
Lam., extensively studied and most widely known
for its nutritional and medicinal applications, has
enjoyed special attention owing to its vast distribu-
tion and availability (Gopalakrishnan et al., 2016).
On the other hand, M. peregrina which has fascinat-
ing nutritional and medicinal uses does not receive
the same attention due to its limited distribution. It
is found in arid and semi-arid countries neighbor-
ing the Red Sea, from Somalia and Yemen to Israel
and on to Syria. Other distribution areas include
Ethiopia, Pakistan, and Iran (van der Vossen and
Mkamilo, 2007). In Sudan, El Amin (El Amin, 1990)
has reported the distribution of M. peregrina in sev-
eral parts, which include the hills of the Red Sea,
Blue Nile, Kordfan, Darfure, and Northern Sudan.

Oil is the main component obtained from the
Moringa peregrina seed. It is utilized for cooking as
well as in cosmetics and medicine. Some studies have
found that the oil has comparable characteristics with
olive oil and can be used as a substitute (Tsaknis,
1998; Somali et al., 1984). In addition, a recent study
by Salaheldeen ez al., (Salaheldeen et al., 2014) has
revealed that M. peregrina oil is an excellent source
of a bio-fuel. In another study, (Abd El Baky and
El-Baroty, 2013) the oil was reported to have antican-
cer and antioxidant properties.

The processing of seeds (roasting, boiling, germi-
nation, etc.) prior to oil extraction is well known to
have important effects on the quality and properties
of the produced oils as well as on the proximate com-
position of the kernels. Both roasting and germina-
tion were extensively applied and studied for many
samples and the characteristics of the obtained oils
were thoroughly investigated and reported in the lit-
erature (Mariod et al., 2012a; Mariod et al., 2012b).
To the best of our knowledge this is the first study
to report on the effects of roasting and germination
of the kernel seeds of M. peregrina on the physico-
chemical characteristics and oxidative stability of the
extracted oil. In addition, very limited information
about the quality of the oil of M. peregrina native to
Sudan was noticed in the published literature, so this
study will fill the gap and give a better comparison
with the other growing environments of M. peregrina.

2. MATERIALS AND METHODS
2.1. Sample collection and pretreatments
Moringa peregrina seeds were collected from their

original growing places (Wadi Alkasinger) in the
Northern State of Sudan. The seeds were cleaned

from any extraneous materials and dehulled using a
hammer. The kernels were stored at 10 °C before use.

2.2. Roasting of the kernels

Roasting was carried out following the method
of Mariod et al, (2012b). A KUMTEL electric
oven (LX3520 T-INOX, with an adjustable thermo-
stat 80-320 °C, homogeneous heat distribution, and
timer function, Turkey) was used for the roasting
process at 180 °C for 25 minutes. The kernels were
arranged in a single layer on an aluminium tray,
roasted under the specified conditions, allowed to
cool to room temperature and then stored at 10 °C.

2.3. Germination of the seeds

The germination process of M. peregrina seeds
was performed following the method of Omowaye-
Taiwo et al., (2015) with a slight modification.
Typically, 2 Kg of M. peregrina seeds were thor-
oughly washed with distilled water, laid uniformly
in a wet-jute bag, covered with another wet-jute
bag and finally with a thin layer of soil. The con-
tents were kept wet by regular irrigation with water
(four to five times a day) under ambient conditions.
Germination takes five days to occur and in some
cases, six to seven days. The germinated seeds were
oven-dried, dehulled and stored at 10 °C for further
analysis.

2.4. Proximate chemical composition

Proximate composition (Moisture, ash, pro-
tein, and lipids) of the kernels of M. peregrina
was determined following the standard methods
of the Association of Official Analytical Chemists
(AOAC) (AOAC, 1990). Triplicate analyses were
done for each of the analyzed parameters and the
mean as well as the standard deviation were calcu-
lated (mean=SD). Total carbohydrates were deter-
mined by difference and the standard deviation was
calculated using propagation of error.

2.5. Determination of physical properties of the oil

The specific gravity and the refractive index of M.
peregrina oil were determined based on the standard
methods of the Association of Official Analytical
Chemists (AOAC) (AOAC, 1990).

2.6. Determination of viscosity

The viscosity of the M. peregrina oil was mea-
sured under ambient conditions using a Thermo
Scientific HAAKE viscotester 6 plus. About 40 mL
of the oil sample were placed in a clean-dry glass
beaker and the rotor was immersed in the oil. The
speed of rotation was set at 200 rounds per min and
the viscosity was read directly from the instrument.
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Duplicate measurements were carried out and the
mean as well as the standard deviation were calcu-
lated (AOCS, 2011).

2.7. Determination of color

The color of the M. peregrina oil was determined
using a Lovibond Tintometer type 4D. A cleaned
glass cell was filled with the oil and placed in the
Tintometer. The color of the oil was compared with
Lovibond glasses of known color and the results
were expressed as the sum total of the yellow and
red slides (Y + R) used to match the color of the oil
(AOCS, 2011).

2.8. Determination of chemical properties of the oil

The acid, peroxide, and saponification values
of the oil were studied according to the standard
methods of the Association of Official Analytical
Chemists (AOAC 1990). In each case triplicate anal-
yses were carried out and the mean and the standard
deviation were calculated (meantSD).

2.9. Fatty acid composition of the oils

The fatty acids were converted to methyl esters
and determined following the ISO standard ISO
5509:2000 (ISO 5509:2000). Each sample was
injected into a HP5890 gas chromatograph (Agilent
Technologies Sales & Services GmbH & Co. KG,
Waldbronn, Germany) equipped with a flame ion-
ization detector and a CP-Sil 88 capillary column
(100 m long, 0.25 mm ID, film thickness 0.2 um).
The operational conditions were set as follows:
Heated from 155 °C to 220 °C (1.5 °C/min) and
held for 10 min isothermally; injector temperature,
250 °C; detector temperature, 250 °C; carrier gas
36 cm’/s nitrogen; split ratio 1:50; detector gas
30 mL/min hydrogen; 300 mL/min air and 1 mL/min
nitrogen; manual injection volume less than 1 pL.
The peak areas were computed by the integration
software, and percentages of fatty acid methyl esters
(FAME) were obtained as weight percent by direct
internal normalization.

2.10. Determination of tocols and plastochromanol
contents of the oils

For the investigation of vitamin-E, a solution of
250 mg of oil in 25 mL of n-heptane was specifi-
cally used for the HPLC. The HPLC investigation
was carried out using a Merck-Hitachi low-pressure
gradient system, equipped with a L-6000 pump
(Merck-Hitachi, Darmstadt, Germany), a Merck-
Hitachi F-1000 fluorescence spectrophotometer
(Darmstadt, Germany; detector wavelengths for
excitation 295 nm, for emission 330 nm), and a
ChemStation joining system (Agilent Technologies
Deutschland GmbH, Boéblingen, Germany). The

samples in the measurement of 20 puL were injected
by a Merck 655-A40 autosampler (Merck-Hitachi,
Darmstadt, Germany) onto a diol phase HPLC
section 25 cm X 4.6 mm ID (Merck, Darmstadt,
Germany) at a flow rate of 1.3 mL/min. The por-
table phase was 99 mL n-heptane + 1 mL tert-butyl
methyl ether (Balz et al. 1992).

2.11. Rancimat test

The oxidative stability of the oil was studied based
on the International Standard Organization method
(ISO 6886, 2006). The test was conducted on a 743
Rancimat (Metrohm, Herisau, Switzerland) appa-
ratus. The induction period (IP, h) was determined
by subjecting the sample (3g of oil) to the normal
operation conditions of the test by heating at 110 °C
and the flow rate of the air was 20 L/h.

2.12. Statistical analysis

Statistical analyses were performed to assess the
influence of roasting and germination processes
on the characteristics of the kernels as well as the
extracted oil of M. peregrina. In each case, tripli-
cate measurements/analyses were carried out (a few
measurements were taken in duplicate). Analysis of
variance (ANOVA) was used to evaluate the signifi-
cance between the raw and the processed samples
using SPSS 20.0. The variant means were separated
using least significant difference method (LSD). The
level of significance was set at p<0.05. In addition,
the means and the standard deviations were calcu-
lated and reported in Table 1 to 3.

3. RESULTS AND DISCUSSION

3.1. Proximate composition of M. peregrina kernel
seeds

The chemical compositions of raw, roasted, and
germinated kernel seeds of Moringa peregrina are
given in Table 1. As is obvious from the table, the ker-
nels of the raw sample compose of 2.9% moisture,
2.60% ash, 30.16% protein, 40.80% fat, and 23.54%
total carbohydrates. The values of moisture and ash
of the raw sample fall within the range of the pre-
vious studies (Somali ez al., 1984; Al-Dabbas et al.,
2012; Gharibzahedi et al., 2013). On the other hand,
with the exception of the fat content reported by
Abd El Baky and El-Baroty (2013), which is in good
agreement with the present study (42.23% against
40.77%, respectively), the other studies (Somali et
al., 1984; Tsaknis, 1998; Al-Dabbas et al., 2012) have
reported fairly higher fat contents (greater than 50%).
The protein content, furthermore, was found to be
30.6%, whereas Somali ez al., (1984), Gharibzahedi
et al., (2013), and Al-Dabbas et al., (2012) reported
22%, 23.4%, and 24.1%, respectively. Similarly, the
total carbohydrate content is 23.57%, which is also
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somewhat higher than the reported values (Somali
et al., 1984; Gharibzahedi ez al., 2013). These varia-
tions in protein, total carbohydrates, and fat contents
could be attributed to the differences in the growing
environments and origin of the studied samples.
Roasting and germination, on the other hand, did
not have significant effects (p > 0.05) on fat and total
carbohydrate contents of the samples. In contrast,
a significant difference (p < 0.05) in ash content
between raw and germinated samples was noticed.
Based on the literature, the increase in the mineral
(particularly calcium and magnesium) contents as a
result of germination was attributed to the process of
soaking and rinsing with tap water, which contains
these elements (Bau et al., 1997). Nevertheless, other
authors (El-Adawy, 2002; Mariod et al., 2012a) have
observed the opposite trend for a germinated sample
and explained that loss in minerals because of the
leaching process during germination. This inconsis-
tency between the different studies was attributed to
variations in germination conditions, seed varieties
or cultivars, and analytical methods (Bau et al., 1997;
Mariod et al, 2012a). Furthermore, the moisture
and the protein contents of the germinated sample
showed significant differences (p < 0.05) compared
to the raw one. These considerable changes in crude
protein and moisture could be due to an alteration
of the chemical composition of the kernels during
germination as a result of enzymatic degradation or
synthesis of the constituents (Bau et al., 1997).

3.2. Fatty acids composition of M. peregrina oil

The fatty acids composition of M. peregrina oil
extracted from raw, roasted and germinated samples
was determined by gas chromatography and the
results are shown in Table 2. As it is evident from
the table, eighteen fatty acids were detected in the oil
samples; eight of them (Oleic>palmitic>stearic>cis-
vaccenic>behenic>arachidic>palmitoleic>gadoleic)
stand for 98.02% of the total fatty acids (only the
acids with percentages greater 1% were considered
here). Two of the remaining acids represent 0.75%
(Lignoceric acid) and 0.13% (Margaric acid) and the

remaining six fatty acids are in trace amounts (all
accounted for 1% approx.). The major unsaturated
fatty acids (Oleic (70.88%), cis-vaccenic (3.57%), and
palmitoleic (2.22%) acids) constitute about 76.67%
of the total fatty acids whereas the major satu-
rated fatty acids (Palmitic (8.38%), stearic (5.49%),
behenic (3.08%), and arachidic (2.76%) acids) com-
pose about 19.71%. Compare to the previous stud-
ies (Somali et al., 1984; Gharibzahedi, et al., 2013;
Tsaknis, 1998; Al-Dabbas et al, 2012), only oleic,
palmitic, stearic, palmitoleic, behenic, and arachidic
acids represent the commonly reported fatty acids
of M. peregrina oil. With few exceptions the present
study compares well with those studies regarding the
previously mentioned fatty acids. In addition, the
presence of cis-vaccenic acid (3.57%) in M. pereg-
rina oil is reported for the first time by the present
study. However, linoleic and linolenic acids, which
were reported by Somali et al., (1984), Al-Dabbas
et al., (2012), and Gharibzahedi et al., (2013) were
not detected in the present study (only linoleic acid,
0.8%, in germinated sample). Similar to the present
study, Tsaknis (1998) reported the detection of a
small amount of linoleic acid (0.6%) while linolenic
acid was not detected. On the other hand, lignoceric
and gadoleic acids, which were found to be 0.75%
and 1.64% in the present study, were only reported by
Al-Dabbas et al., (2012) at 0.45% and 1.62%, respec-
tively. Furthermore, only germination seems to have
a significant (p < 0.05) influence on the fatty acid
composition of the extracted oils. Stearic, palmitic,
arachidic, and behenic acids were significantly (p <
0.05) decreased whereas gadoleic acid was consider-
ably (p < 0.05) increased as a result of germination
(Table 2). Herchi et al., (2015) reported that germina-
tion increased the levels of the polyunsaturated fatty
acids (Linoleic acid in particular) and decreased the
levels of the saturated fatty acids which make the oil
prone to oxidation. In a similar manner, the findings
of the present study displayed that the percentages
of the saturated fatty acids were decreased markedly
(p < 0.05) and a minor amount of linoleic acid was
detected, 0.80%, for the oil extracted from the ger-
minated sample. Moreover, the level of the gadoleic

TABLE 1. Proximate chemical composition of the kernel seeds of M. peregrina

Sample, % (mean+SD)

Parameter Raw Roasted Germinated
Moisture 2.90a%0.2 3.32b+0.12 3.90c%0.02
Ash 2.60a+0.08 2.97b%0.01 3.91¢+0.02
Crude protein 30.16a£0.41 29.72a+0.43 27.25b%0.44
Crude fat 40.77a%0.11 43.08at1.14 41.43a%1.07
Total carbohydrates 23.57+0.48 20.91+1.22 23.49*1.16

* Values are means (£ SD). In case of carbohydrates the standard deviation was calculated using propagation of error.
** Mean values followed by different letters within a row are significantly (p < 0.05) different (Comparison was made between raw and

roasted as well as raw and germinated samples only).
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TABLE 2. The fatty acid composition, physical and chemical properties of Moringa peregrina oil extracted from raw and
processed samples.

Sample (meantSD)
Parameter Raw Roasted Germinated
C16:0 8.38a+0.04 8.20a+0.15 7.55b+0.04
Cl6:1A7 0.08+0.01 0.08+0.00 0.10£0.00
C16:1A9 2.22a%0.01 2.04a+0.05 2.02a£0.01
C17:0 0.13%0.01 0.13£0.00 0.12+0.00
C17:1 0.07+0.00 0.07+0.00 0.06x0.00
C18:0 5.49a+0.01 5.50a+0.01 4.55b+0.11
C18:1A9 70.88a+0.16 71.42a+0.02 73.07a£0.06
Cl18:1A11 3.57a+0.01 3.46a+0.01 3.55a+0.01
C18:2A9,12 - - 0.80£0.01
C18:3A9,12,15 0.02+0.00 0.02+0.00 0.05£0.00
C20:0 2.76a£0.01 2.68a%0.05 2.376%0.01
C20:1 1.64a+0.01 1.62a£0.02 1.71b%0.02
C20:2 11,14 0.04%0.00 0.04£0.01 0.03£0.00
C22:0 3.08a+0.04 2.95a+0.07 2.71b%0.04
C22:1 0.06%0.00 0.06%0.00 0.0620.00
C22:2 0.05%0.00 0.04%0.00 0.05%0.01
Specific gravity 0.9069a +0.0020 0.9008 a £0.0030 0.9114 a% 0.0002
Viscosity (cPoise) 60.5a £2.5 50.0 b £0.00 70.5¢ £0.50
RI 1.464a + 0.0014 1.464 a £ 0.0057 1.465a = 0.0035
Color (Y + R) value 12.2Y +0.1R 23.2Y + 0.3R 32.3Y + 1.3R
PV (meq Oy/kg of oil) 0.57a£0.04 0.95b%0.02 -
AV (mg KOH/g of oil) 0.68 a = 0.04 0.25b = 0.02 20.03¢%0.13
SV (mg KOH/g of oil) 185.40 a £5.95 174.18 a £ 2.7 180.04 a £ 5.36

* Values are means (+ SD).

** Mean values followed by different letters within a row are significantly different (p < 0.05) (Comparison was made between row
and roasted as well as raw and germinated samples only). In case of fatty acids, statistical analysis was done for major fatty acids only

(greater than 1%).

acid was noticeably (p < 0.05) increased due to germi-
nation while the percentage of the oleic acid showed
a slight increase from 70.88% for the raw sample to
73.07% for the germinated sample.

3.3. Physical properties of oil seeds of M. peregrina

Table 2 shows the physical properties of the oil
extracted from raw, roasted, and germinated kernels
of M. peregrina. As is evident from the table, the oil
extracted from the raw sample has a specific gravity
of 0.9069, a refractive index of 1.464, a viscosity of
60.5 cp, and a light yellow color (12.2y, 0.1r). Except
the color, which was reported only by Somali et al.,
(Somali et al., 1984) (24.2y, 0.99r), the other values
are in accordance with those reported in the previ-
ous studies (Somali et al., 1984; Gharibzahedi et al.,
2013; Tsaknis, 1998). In a similar manner, the values
of the specific gravity and the refractive index of the
oil extracted from roasted and germinated samples
remained almost unchanged (p > 0.05). In contrast,

the color of the oil significantly changed as a result
of roasting and germination processes.

The oil extracted from germinated seeds had
a deep brown color (32.3y, 1.3r), whereas the one
from roasted kernels had a brown color (23.2y,
0.3r) and finally the oil from raw kernels had a
light yellow color (12.2y, 0.1r). The change in
the color of the oil due to germination could be
due to the increase in the content of chlorophylls
and carotenoids, which are synthesized during
the different stages of the germination process
(Herchi et al., 2015). In the case of roasting, the
increase in the intensity of the oil’s color may be
due to Maillard-type non-enzymatic reactions
between reducing sugars and free amino acids
or amides during roasting, which lead to the for-
mation of browning substances (Ng et al., 2014;
Lee et al., 2015). Lee et al., (2015) investigated
the Maillard reaction products of perilla oil at
different roasting conditions. For an unroasted
sample, there were no detectable concentrations
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of these products. However, as the temperature
of the roasting increased up to 150 °C, 2-methyl-
pyrazine and 2,5-dimethylpyrazine were detected.
Above 180 °C and up to 240 °C the presence of
furfurylalcohol, guaiacol, and 2-phenylpyridine
in addition to the two previously detected com-
pounds were reported. The concentrations of
both 2-methylpyrazine and 2,5-dimethylpyrazine
increased gradually with increasing roasting tem-
perature and time at first and decreased at higher
temperatures whereas the concentrations of the
last three compounds were increased with increas-
ing roasting temperature and time. Furthermore,
it is also known that (Ng ef al., 2014) the roast-
ing process results in a chemical reaction of
phospholipid compounds and this enhances the
development of brown pigments. Compared to
the oil from the raw sample, the viscosities of
the oils from roasted and germinated samples
were changed significantly (p < 0.05). Kim ez al.,
(2010) found that the viscosity of vegetable oils
depends markedly on the type of the oil (hazel-
nut, olive, canola, corn, soybean, sunflower, and
grape seed oils). A correlation study between the
viscosity and the fatty acid composition was car-
ried out to show the dependency of viscosity on
the type of oil. The findings revealed that there
is no correlation between the viscosity and the
total saturation (or unsaturation) of the fatty
acids. However, a highly positive correlation was
observed between the viscosities of the oils and
C18:1 and C18:2 fatty acids. They concluded that
these fatty acids seem to have a great contribution
to the flow properties of the vegetable oils. With
reference to the present study, the variation in the
concentration of C18:1 (C18:2 was detected only
in the germinated sample) between the raw and
the processed samples it was not significant (p >
0.05) and did not seem to be the main factor for
the observable changes in viscosity. Furthermore,
it has been reported in the literature (Zahir et
al., 2014) that the viscosity of the vegetable oils
increases with increasing saturation and polym-
erization and decreases with increasing unsatura-
tion. The results of the viscosities for the present
study need further consideration.

3.4. Chemical properties of seed oil of M. peregrina

Table 2 shows the chemical properties of the oils
extracted from raw, roasted, and germinated sam-
ples. For the oil extracted from the raw sample, the
saponification value agrees well with the findings
of Somali et al, (1984), Tsakin et al., (1998), and
Gharibzahedi et al., (2013). On the other hand, the
acid values of the present study vary significantly in
comparison with the previous studies (Somali e? al.,
1994; Gharibzahedi, et al., 2013). With the exception
of the peroxide value reported by Gharibzahedi et

al., (2013), which compares favorably with our find-
ings, Somali et al., (1984). reported a quite different
value; 2.3 meqO,/Kg oil against 0.57 meqO,/Kg oil.
In addition, the results revealed that both roasting
and germination significantly (p < 0.05) affected
the peroxide and the acid values of the extracted
oil. The peroxide value of the oil obtained from the
roasted sample increased considerably (about 65%
(p < 0.05)) compared to the raw one while the acid
value decreased significantly (about 63% (p < 0.05)),
(Table 1). With reference to the peroxide value,
most studies (Anjum et al., 2006; Vujasinovic et al.,
2012) reported a noticeable increase in the peroxide
value with increasing roasting temperature and time
whereas a few others (Abou-Gharbia ez al, 2000)
observed only a marginal decrease compared to
unroasted samples. Generally, peroxide value does
not correspond to the absolute state of oxidation of
oil because hydroperoxides become unstable upon
heating and decompose to secondary products (Choe
and Min, 2006). Furthermore, roasting decreased
the acid value (AV) from 0.68 mg KOH/g for the raw
sample to 0.25 mg KOH/g for the roasted one (p <
0.05). Refer to Table 2, it is clear that roasting sig-
nificantly (p < 0.05) decreased a- and y-tocopherols
in comparison to the raw sample whereas it slightly
increased the content of plastochromanol-8 ((PC-
8)). Both tocols and PC-8 are well known for their
antioxidant activities, so the considerable decrease
in the acid value of the oil from the roasted sam-
ple could not be due to the change in the contents
of tocols (a and vy) as they were decreased drasti-
cally. This substantial increase in the acid value was
possibly due to the increase in PC-8 as well as the
pigments; the color of the oil from roasted kernels
changed to deep brown compared to oil from the
raw one. It may also be due to the increase in the
levels of other compounds that have antioxidant
activities like total phenolic compounds (Siger et al.,
2015). In this respect, Siger et al., (2015) reported a
fluctuating trend of the acid value for rapeseed oil
extracted after roasting pretreatments of the seeds
for varying temperatures (140, 160, and 180 °C) and
times (5, 10, and 15 minutes). Oil from the untreated
seeds has an acid value of 0.61 mg KOH/g whereas
the minimum value for the oil from treated samples
was 0.51 mg KOH/g and the maximum was 0.68 mg
KOH/g.

On the other hand, germination drastically (p <
0.05) increased the acid value and the free fatty acids
from 0.68 mg KOH/g and 0.34% for the raw sample
to 20.03 mg KOH/g and 10.08% for the germinated
one. The higher percentage of FFA and acid value
for the oil extracted from germinated seeds could be
due to the initial hydrolysis (lipolysis) of triacylglyc-
erols by lipases, enzymes that catalyze the three-stage
hydrolytic cleavage of the fatty acid ester bonds in
triacylglycerols (TAGs), ultimately to yield glycerol
and free fatty acids (FFA) (Bewley and Black, 1994).
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TABLE 3. Tocopherols, tocotrienols and plastochromanol
composition of Moringa peregrina oil extracted from raw
and processed kernels

mg/100g
Tocopherols Raw Roasted Germinated
o-T 15.2a%0.0 13.3b%0.4 16.0a10.4
B-T 0.25+0.07 0.3+0.0 0.3+£0.0
y-T 1.55a£0.07 1.25b%0.07 1.4a%0.0
5-T - 0.05%0.07 0.1£0.0
PC-8 0.55a+0.07 0.92+0.0 0.35a£0.4
Tocotrienols
o-T3 0.7a+0.1 0.42+0.0 0.45a%0.07
B-T3 - - -
y-T3 - - 0.05£0.07
5-T3 - - -

*Values are means (£ SD).

** Statistical analysis was performed for a- and y-tocopherols
as well as PC-8 and o-T3. Means followed by different letters
within a row are significantly (p < 0.05) different (Comparison
was made between raw and roasted as well as raw and germinated
samples only).

3.5. Tocols and plastochromanol-8 contents of M.
peregrina oil

The tocopherols and tocotrienols (tocols) as well
as plastochromanol-8 contents of M. peregrina oil
extracted from raw, roasted and germinated samples
was determined by high performance liquid chroma-
tography and the results are shown in Table 3. The
results showed that the oil contained a-tocopherol as
the major constituent of the tocols (15.2mg/100g); with
B- and y-tocopherols as well as o-tocotrienols present
in small quantities (total tocols equal 17mg/100g).
Moreover, the oil was found to contain 0.55mg/100g
plastochromanol. To the best of our knowledge, this is
the first study to report on the identity and the quan-
tity of each of the tocols as well as PC-8 in M. pereg-
rina oil, so comparison with the previous studies is not
included. However, Abd El Baky and El-Baroty (2013)
reported only the total tocopherols using a spectro-
photometric method and their results are not quite
different from the present study; 20.35mg/100g versus
17mg/100g, respectively. With respect to the oil from
processed samples, only roasting changed the contents
of a- and y-tocopherols in a significant way (p < 0.05)
while the contents of tocotrienols and PC-8 did not
change appreciably (p > 0.05).

3.6. Oxidative stability of M. peregrina oil

The oxidative stability of M. peregrina oil from raw,
roasted, and germinated samples was evaluated by a
Rancimat method and the induction period (IP) for
each sample was determined at 110 "C and the results
were reported as hours (h). The induction periods of
the samples were as follows: 47.67h raw, 85.95h roasted

and 49.58h germinated. It is clear that both roasting
and germination had positive effects on the oxidative
stability of the oil. Roasting substantially increased
the oxidative stability of M. peregrina oil from 47.67h
to 85.95h while germination increased it from 47.67h
to 49.58h. The oxidative stability of vegetable oils
depends on the fatty acids composition (saturated,
unsaturated, number and position of the double bonds,
etc.,) as well as the presence and amount of antioxi-
dants (tocols, plastochromanol, pigments, phenolic
compounds and others). Vegetable oils having high
levels of oleic acid are known to have better resistance
to oxidation compared to those containing higher
levels of linoleic and linolenic acids (Kamal-Eldin,
2006). In the present study, oleic acid represented more
than 70% of the total fatty acids and linoleic as well
as linolenic acids were detected in a minor amount
in the case of the germinated sample only (0.8%).
These findings suggest superior resistance of M. per-
egrina oil to oxidation. In the case of roasting where
oxidative stability was significantly enhanced, it is
important to mention that roasting significantly
(p < 0.05) decreased both o- and y-tocopherols
which are known for their powerful antioxidant
activities. Furthermore, the level of PC-8 was slightly
increased. In conclusion, this great decrease in sus-
ceptibility of the M. peregrina oil to oxidation as a
result of roasting could be due to a number of factors
which include the observable change in the levels of
the pigments (qualitative basis), the increase in PC-8
and may be due to the increase in the amounts of other
constituent like phenolic compounds that have anti-
oxidant properties (Lee et al., 2015; Siger et al., 2015).

4. CONCLUSIONS

The results of the present study show that M. per-
egrina seeds are a rich source of oil and protein. The
oil contains high levels of unsaturated fatty acids
(77% approx.); oleic acid alone stands for more than
70%. Both roasting and germination have consider-
able influences on the properties of the kernels and
the extracted oil as well as the oxidative stability of the
oil. Germination altered the composition of the major
saturated fatty acids (stearic, palmitic, behenic, and
arachidic acids), the viscosity, the acid value, the per-
oxide value, and the color of the oil in a significant way
(p <0.05). On the other hand, roasting had significant
effects (p < 0.05) on the acid value, the peroxide value,
the viscosity, the color, and the a- and y-tocopherols.
Regarding the oxidative stability of the oil, the roast-
ing process had beneficial effects and substantially
improved the resistance of the oil to oxidation.
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