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Abstract: Background: Lawsonia alba seed oils are not widely used commercially even though they
have characteristics that well suit for industrial applications and can contribute to healthy human
diets. The most important aim of the present work is the evaluation of the tocopherols composition of
these oils. Moreover, lipid classes, fatty acids compositions and antioxidant activity of the seed oils
were also investigated.

Methods: Lawsonia alba seed oils were extracted with Soxhlet device using n-hexane and
chloroform/methanol. Tocopherols were analyzed by HPLC The antioxidant activity were
determined using two different assays: DPPH (1,1-diphenyl-2-picrylhydrazyl), and Phosphomoly-
bdenum.

Results: The content of the oils ranged from 7.52 to 10.45%. Polyunsaturated fatty acids dominated
all the studied samples. Linoleic, followed by palmitic and oleic, were the major fatty acids found in
the crude seed oils and their lipid classes. Results of tocopherols identification showed that the seed
oils were rich in tocopherols, especially y- and - tocopherols. For DPPH assay, the antioxidant
powers varied from medium to low values (ICso = 0.11 to 16.54 mg/mL). The results of the
Phosphomolybdenum assay showed very important activities of the oils that were decreasing in the
following order: polar lipids > neutral lipids (Chloroform/Methanol) > total lipids > neutral lipids
(n-hexane).

Conclusion: this current report reveals the richness of the Lawsonia alba seeds in tocopherols, which
in fact is studied for the first time. Moreover, cluster analysis revealed that fatty acid composition of

the seed oils of Lawsonia alba were very close to those of Walnut.

Keywords: Lawsonia alba, seeds, lipids, fatty acids, tocopherols, DPPH assay, Phosphomolybdenum assay, Hierarchy

Ascendant Classification (HAC).

INTRODUCTION

Lawsonia alba (syn. Lawsonia inermis Linn.) locally
known as El-Henna is (Henna) is a plant from the
Lythraceae. It is native to North Africa and South East Asia,
and is often cultivated as an ornamental plant throughout
India, Persia, and along the African coast of the Mediter-
ranean Sea [1-5]. It is a unique source of various pharma-
cologically important compounds such as naphthoquinone
(Lawsone) derivatives, aliphatic components, triterpenes,
sterols, essential oils, phenolic derivatives, fatty acids, amino

acids, coumarins, xanthones, flavonoids and other consti-
tuents [6, 7]. Lawsonia alba is known to contain antibacterial
[6], antifungal [8], antiparasitic [9], antiviral [10], anticancer
[11], antidiabetic [12, 13], antioxidant [14, 15], tuberculo-
static [16], anti-inflammatory [17], antifertility [18] and
wound healing properties [19]. Only a few works on the
chemical composition of the fatty acids of the seed oils of
Lawsonia alba have been reported [20-24]. Lawsonia alba
seed oils are not widely used commercially even though they
have characteristics that well suit for industrial applications
and can contribute to healthy human diets.

To our knowledge, no report has been found on the
evaluation of the composition of the tocopherols of
Lawsonia alba seeds grown in Algeria, nor on their
antioxidant activities.
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Fig. (1). Seeds of Lawsonia. alba from different regions in Algeria.

MATERIALS AND METHODS
Chemicals

Methanol, chloroform, 2-propanol, absolute ethanol,
sulfuric acid, anhydrous sodium sulphate, sodium chloride,
silica gel (60 G), sodium, ascorbic acid, sodium thiosulfate,
potassium hydroxide, ammonium molybdate, sodium
phosphate were purchased from Merck, Germany. n-hexane,
butylated hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), a-tocopherol (Vitamin E), DPPH" (1,1-diphenyl,2-
picrylhydrazyl) were obtained from Sigma-Aldrich Chemical
Co. USA. All reagents and chemicals used were of analytical
grade.

Collection of Plant Material

The seeds of Lawsonia alba samples used in this study
were collected during the maturation stage in October 2011,
from three different locations (Adrar, Ouargla and Biskra),
located in the south of Algeria. The sizes of the seeds were
7.0£0.3 mm, 5.0£0.3 mm and 4.0+0.3 mm for Adrar,
Ouargla and Biskra regions, respectively (Fig. 1).

Oil Extraction

The oil was extracted from seeds using n-hexane solvent.
The dried grounded seeds of L. alba (100 g) were extracted
with 300 mL n-hexane using a soxhlet extraction apparatus
for 24 h. The n-hexane was evaporated in a rotary vacuum
evaporator at 40 °C.

Extraction of Total Lipids from L. alba

The total lipids were extracted by the method of Folch et
al [25]. The seeds used in this study were dried under the
shade, ground in a coffee grinder to fine powder and
weighed accurately; about 100 g of the powder was extracted
in 400 mL of chloroform/methanol (2:1, v/v) for 24 hours
using Soxhlet apparatus (extractor). The solvent was
evaporated in a rotary vacuum apparatus at 40 °C. The
residue was dissolved in 200 mL of aqueous sodium chloride
(9%), then 200 mL of chloroform was added and the phases
were mixed vigorously. After phase separation, the
chloroform layer was withdrawn, dried over anhydrous
sodium sulphate Na,SO, and filtered. The filtrate was then
concentrated under vacuum. The extracted lipids were
weighed to determine the total lipids content, and then stored
at +4 °C for further analysis.

Isolation of Neutral Lipids, Polar Lipids by Column
Chromatography

The extracted lipids (2 g) were separated into Neutral
Lipids (NLs) and polar lipids Glycolipids (GLs) and
Phospholipids (PLs) by column chromatography with 10 g of
activated silica gel (60G). Neutral lipids and polar lipids
were eluted successively using chloroform and methanol,

respectively. The individual fractions were evaporated under
vacuum to remove solvent and the weight of each lipid class
was expressed as a percentage of the total lipid dry weight.

Fatty Acid (FA) Composition

The FA composition of the oils was determined after
having converted the FA into FA Methyl Esters (FAMEs)
then analysed by Gas Chromatography (GC). The methyl
esters were prepared by the following procedure: Oils (50
mg) were refluxed for 30 min in 20 mL of 1% sodium
methylate (NaOMe), and then 20 mL of water was added.
The Fatty Acid Methyl Esters (FAMEs) were extracted by n-
hexane and washed with distilled water. The combined
extracts were dried over anhydrous sodium sulphate Na,SO,
and evaporated under vacuum, then analysed by capillary gas
chromatography.

Chromatographic Analysis of FAME(s)

A gas chromatographic GC (model Chrompack CP 9002)
was equipped with a FID detector and DB-23 capillary
column (30 m X 0.32 mm internal diameter, 0.25 pm film
thickness). Two pL of the sample was injected in the Split
injection mode. The oven analysis temperature started at
200 °C for 10 min and was raised at a rate of 4 °C/min to
250 °C. The injector temperature was 250 °C and the
detector temperature was 280 °C, the flow rate of nitrogen
(carrier gas) was 1 mL/min. Identification and quantification
of FAMEs were accomplished by comparing the retention
times of peaks with those of pure standards purchased from
Sigma and analysed under the same conditions. The results
were expressed as total area percentage of identified
individual fatty acids in the lipid fraction.

Tocopherol Analysis

Prior to HPLC analysis, 35 mg of seed oil extracted with
n-hexane was diluted with 1 mL of n-hexane, and then 20 puL
of the solution was injected. Tocopherols were analyzed by
HPLC using an Agilent 1290 Infinity apparatus equipped
with a Quaternary Pump Model 1260, an automatic liquid
sample and a Fluorimetric Detector (FLD 1260). The detec-
tion was set at 295 nm for excitation wavelength and at 330
nm for emission wavelength. The separation column was a
S160 (250 mm X 4.6 mm i.d., 5 um, Lichrosorb, Merck
KGaA Darmstadt, Germany). The mobile phase was n-
hexane/isopropanol, 99/1, v/v, in isocratic mode, with a flow
rate set at 1 mL/min, during 20 min. Column compartment
was set at 25 °C. Commercial standard (a-Toc) and a mixture
(a-Toc, p-Toc, y-Toc and J-Toc) were co-injected with sam-
ples for the identification of tocopherol isomers.

Chemical Analysis

Refractive Index (RI), Acid Value (AV), lodine Value
(IV), Saponification Value (SV) and ester Value (EV) of the



extracted Lawsonia alba seed oils were determined
according to the standard methods of the French Association
of Normalisation “*Association Francaise de Normalisation’’
AFNOR NF T 60-206, 1984) [26]. All experiments were
performed in triplicate.

Radical-Scavenging Activity (DPPH Assay)

The antioxidant activity was determined by DPPH
method, which is based on the evaluation of the free-radical
scavenging capacity. In this method, the 1,1 diphenyl-2-
picrylnydrazyl (DPPH) free stable radical was used to
measure the antioxidant activity. Briefly, 1 mL of the sample
diluted in ethanol or 2-propanol was mixed with 1 mL of
0.25 mM DPPH’ in ethanol. The reaction mixture was well
shaken and incubated in the dark at room temperature for a
time period of 30 min. The absorbance of the resulting
solution was read at 517 nm against a blank [27]. The
antiradical activity was expressed as 1Csy (mg/mL): the
concentration required to cause 50% initial DPPH’
inhibition. The inhibitory percentage of DPPH" was
calculated according to the following equation:

IC “Scavenging activity %” = [1-(A/Ag)] x 100.

Where A: Absorbance of the sample; A,: Absorbance of the
control (Initial value)

All experiments were performed in triplicate.
Total Antioxidant Activity (Phosphomolybdenum Assay)

The total antioxidant activity of the samples was
determined by the phosphomolybdenum method PPM of
Prieto et al. [28]. Briefly, 0.3 mL of oil extract dissolved in
ethanol or 2-propanol was mixed with 3 mL of the reagent
solution (0.6 mol/L sulphuric acid, 28 mmol/L sodium
phosphate and 4 mmol/L ammonium molybdate). The tubes
were capped and incubated in a water bath at 95 °C for 90
min. The tubes were cooled to room temperature and the
absorbance of the green phosphomolybdenum complex was
measured at 695 nm. In the case of the blank, 0.3 mL of
solvent was used in place of the sample (oil). Ascorbic acid
was used as a standard. Total antioxidant capacity was
expressed as equivalents of vitamin E: VEAEC= “Vitamin E
Equivalent Antioxidant Capacity”). All experiments were
performed in triplicate.

Cluster Analysis

Cluster analysis was performed using hierarchical clus-
tering (Ward’s technique) with Euclidean distance measure.
The calculus was performed using a set of data composed of
9 different plants (representing 18 individuals) and 14 vari-
ables (fatty acids: Cig, Ci2:0, Ci4:0, Cig:00 Ci61r Ciz:00 Civias
Cis:0, Cis:1, Cig:2, Cig:3, Cao:0, Co0:1, Coo:5).

RESULTS AND DISCUSSION

Physico-Chemical Properties

The oils of Lawsonia alba seeds from the three different
regions in Algeria (Adrar, Biskra, and Ouargla) were Soxhlet
extracted with chloroform/methanol 2:1, v/v) and with n-
hexane. The oils (total lipids) content is summarized in
Tables 1 and 2. The results showed that the yields of
extraction obtained with chloroform/methanol solvent were

slightly higher than those obtained with n-hexane. Moreover,
the values of the yields were practically the same for the
three studied regions. In fact, the yield values were in the
range of 7.52-9.56% w/w for the n-hexane solvent
extraction; and were in the range of 9.88-10.45% w/w when
the chloroform/methanol solvent was used. As a result, the
nature of solvent did not strongly affect the extraction yield.
Furthermore, the crude lipid contents obtained by the two
solvents revealed that these seeds cannot be considered as
oil-bearing: since their oil contents were low and were in the
range of some other vegetable materials such as wheat germ,
acorns (Quercus sp), Pistacia lentiscus, Sorghom, Hippo-
phae rhamnoides, Myrtus communis and Rhanterium
adpressum flowers [29-33]. The vyields found here in this
investigation are in very good agreement with those of
literature (India and USA): 7.5% “hexane extract” [34], and
9.6% “pentane extract” [35]. On the other hand, these seed
oil contents are important compared to other seed oils such
as corn (3.0-6.5%) [36]. In addition, the slight difference in
the yields may be due to the different origins of the seeds as
well as the different environmental conditions that affect
lipid development [37].

The results of the physico-chemical characteristics of the
oils are presented in Tables 1 and 2. All the oils had a
pleasant odour and a dark green colour, while the colour of
the oil extracted by chloroform/methanol (Ouargla) was
brown. These colours indicate the presence of chlorophylls
and various carotenoids pigments [38, 39]. The seed oil
states at room temperature (25.0+1 °C) were generally in the
form of semi liquids. However, the oils from Adrar were
liquid for both solvents.

The refractive indexes of the six investigated neutral lipid
extracts were found to be pretty similar. The results also
indicated that these oils presented high unsaturation bonds.
The greater the degree of unsaturation, the higher refractive
index will be [37]; this relationship was confirmed by the
values of fatty acid composition of the oils presented in
Tables 1 and 2.

The acid value is a measure of the total acidity of the
lipid [40]. The acid values of L. alba seed oils from Biskra,
extracted by n-hexane and CHCl;/MeOH were very high:
169.47 and 146.59 “mg KOH/g oil”, respectively, while, the
Acid Values (AVs) of L. alba seed oils from the rest of the
regions (Adrar and Ouargla) varied form weak to low values
4.39-43.36 “mg KOH/g oil”. The weakest value of AV was
recorded for the region of Adrar when n-hexane solvent was
used. These results can be attributed to the action of lipolytic
enzymes [37], the bad conservation of the seeds before
extraction [29], or the incomplete ripeness of the seeds.

The saponification value (SV) is a measure of the fatty
acids molecular weight, and defined as the amount of alkali
required to saponify fatty acids in a given weight of oil [41].
The saponification values of the oils prepared by Ch/MeOH
were higher than those of the oils extracted by n-hexane.
This indicates that the oils achieved by Ch/MeOH contain
high amounts of low molecular weight of fatty acids [37],
because a high saponification value indicates very high
content of low molecular weight triacylglycerols [42]. This
value makes them useful in the production of liquid soaps
and shampoos [43, 44].



Table 1.

Physicochemical proprieties and fatty acid compositions of Lawsonia alba seed oils (n-hexane solvent).

Composition (%)

Fatty Acids

Biskra Ouargla Adrar
Saturated
C14:0 tr tr tr
C16:0 9.65+0.51 8.74+0.47 10.69+0.49
C17:0 0.10+0.05 0.10+0.06 0.10+0.04
C18:0 3.72+0.08 3.86+0.09 3.29+0.07
C20:0 1.86+0.06 1.68+0.04 1.39+0.05
Monoinsaturated
Cl16:1 0.09+0.02 0.10+0.04 0.10+0.04
Ci7:1 tr tr tr
C18:1 10.98+0.23 10.19+0.19 8.62+0.11
C20:1 0.41+0.02 0.38+0.03 0.32+0.03
Polyinsaturated
C18:2 71.71+0.08 74.06+0.09 74.39+0.07
C18:3 0.37+0.03 0.25+0.03 0.20+0.02
C20:5 0.53+0.04 0.60+0.05 0.47+0.04
SAFA 15.33 14.38 15.47
MUFA 11.48 10.67 09.04
PUFA 72.61 7491 75.06
Total 99.42 99.96 99.57
u/s 5.48 5.95 5.43
Yield % “w/w” 9.56+0.57 7.52+0.63 8.26+0.71
Acid value (AV) “mg KOH/g oil” 169.47+1.48 12.67+0.29 4.39+0.03
Saponification value (SV) “mg KOH/g oil” 193.87+0.45 222.70+0.6 183.20+0.32
lodine value (1V) “mg iodine/100g oil” 68.00+0.73 110.92+1.26 108.88+1.03
Refraction Index (RI) 1.4808+0.0007 1.4799+0.0005 1.4780+0.0009

tr: traces

The iodine value is used to assess the unsaturation of the
oils and in assessing the stability of oils in industrial
applications [45]. The range of iodine numbers were 68.0-
113.3 “mg/100g oil”, thus, the L. alba seed oil could be
classified as a non-drying oil. The high iodine value is due to
the high content of unsaturated fatty acids of a sample. For
both solvents, the highest IVs were recorded for Adrar oils,
and the lowest ones were observed for the Biskra region.

Lipid Classes and Fatty Acid Composition of L. alba Seed
Oil and Its Lipid Classes

After quantification of the lipid classes, it was noted that
neutral and polar lipids were absent (not detected) in the total
lipids obtained by n-hexane solvent. In the opposite side,
when chloroform/methanol solvent was used, the content of
neutral lipids was very significant (85.82-93.08%), and the



Table 2.
tion and fractionations).

Physicochemical proprieties and fatty acid compositions of Lawsonia alba seed oils (Chloroform/Methanol solvent extrac-

Composition (%)

Fatty Acids Total Lipids Extraction Neutral Lipids Sub-Extraction Polar Lipids Sub-Extraction

Biskra Ouargla Adrar Biskra Ouargla Adrar Biskra Ouargla Adrar
Saturated
C14:0 0.40+0.02 tr 0.04+0.02 tr tr 0.04+0.02 0.52+0.02 0.27+0.02 -
C16:0 12.93+0.49 8.76+0.35 11.04+0.15 12.05+0.21 8.84+0.29 11.27+0.27 15.43+0.43 21.52+0.48 15.56+0.37
C17:0 0.56+0.06 tr 0.11+0.02 tr tr 0.11+0.02 - 0.69+0.04 -
C18:0 5.04+0.11 4.10+0.13 3.68+0.15 4.80+0.14 4.03+0.11 3.51+0.16 5.15+0.17 8.01+0.21 5.41+0.12
C20:0 2.33+0.03 1.82+0.02 1.70+0.02 2.26+0.05 1.82+0.04 1.52+0.03 1.91+0.02 2.48+0.03 -
Monoinsaturated
Cl6:1 - - - 0.22+0.02 0.12+0.01 0.08+0.01 - - -
C17:1 - - - tr - 0.03+0.01 - - -
C18:1 11.12+0.34 10.55+0.46 8.66+0.34 11.31+0.31 10.38+0.37 8.48+0.38 11.60+0.32 17.19+0.33 15.04+0.30
C20:1 0.40+0.02 0.36+0.03 0.35+0.02 0.48+0.02 0.41+0.02 - tr 0.61+0.03 -
Polyinsaturated
C18:2 65.14+0.41 73.14+0.49 73.10+0.42 67.72+0.45 73.37+0.40 73.68+0.43 63.03+0.41 45.10+0.40 63.99+0.38
C18:3 0.45+0.08 0.45+0.07 0.28+0.04 0.30+0.05 0.24+0.07 0.27+0.06 1.22+0.12 0.69+0.15 -
C20:5 0.77+0.19 0.69+0.28 0.69+0.23 0.82+0.21 0.73+0.24 - 1.10+0.33 2.43+0.31 -
SAFA 21.26 14.68 16.57 19.11 14.69 16.45 23.01 3297 20.97
MUFA 11.52 10.91 9.01 12.01 10.91 08.59 11.60 17.80 15.04
PUFA 66.36 7428 74.07 68.84 7434 73.95 65.35 48.22 63.99
Total 99.14 99.87 99.65 99.96 99.94 98.99 99.96 98.99 100.00
u/s 3.66 5.80 5.02 4.23 5.80 5.01 3.34 2.00 3.77
Yield % “w/w” 10.45+0.13 9.88+0.31 9.98+0.76 - - - - - -
Neutral lipids % - - - 85.82+0.90 87.85+0.67 93.08+0.7 - - -
Polar lipids % - - - - - - 13.85+0.80 10.34+0.75 3.90+0.52
Acid value (AV) “mg 148.09+1.28 43.36+0.65 30.9+0.15
KOH/g ail”
Saponification value 216.42+0.56 230.32+0.88 205.73+0.20
(SV) “mg KOH/g oil”
lodine value (V) “mg 82.72+0.71 83.52+0.58 113.30+1.04
iodine/100g oil”
Refraction Index (RI) 1.4778+0.0009 1.4837+0.0070 1.4825+0.0008

SAFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; tr: traces; -: not determined.

NL: neutral Lipids; PL: Polar Lipids; TL: Total Lipids; A: Adrar; B: Biskra; O: Ouargla

content of polar lipids ranged from weak to moderate values
(3.9-13.85%); the lowest value was recorded for the region
of Adrar. As a result, L. alba seed oils exhibited high
amounts of neutral lipids (85.82-93.08%) when
chloroform/methanol solvent was employed.

Moreover, the difference in interaction between solvent
and solutes, caused by both solvent polarities and their
boiling temperature, may contribute to the extraction
efficiency and yield, as well as the composition of the
extracted oils [45].



Table 3.

Individual tocopherols content and their relative composition in Lawsonia alba seed oils (n-hexane).

Biskra Ouargla Adrar
Tocopherols Content Composition Content Composition Content Composition
(mg/100 g) (%) (mg/100 g) (%) (mg/100 g) (%)
a-tocopherol nd nd 0.00 0.00 28.46+1.34 7.1040.09
f-tocopherol nd nd 17.60 +0.15 2.34+0.07 15.59+0.13 3.89+0.02
y-tocopherol nd nd 441.77+£1.81 58.71+0.92 207.64+1.11 51.77+0.89
J-tocopherol nd nd 293.13+1.03 38.95+0.06 149.40+0.89 37.25+0.07
Total nd nd 752.5 100.00 401.09 100.00

nd: not determined.

The total Fatty Acid (FA) composition of the oils
obtained in this study was determined by GC, and is shown
in Tables 1 and 2. The first table presents the FA composi-
tions of lipid fractions obtained by n-hexane solvent; while
the second table gathers the lipids obtained by
chloroform/methanol solvent (total lipids fraction and both
neutral and polar sub-extractions or fractionations).

The FA profile is a main determinant of the oil quality.
Fatty acid analysis has shown that the seed oils studied
contained twelve fatty acids: Five were saturated FAS
(SFAs), four were monounsaturated FAs (MUFAS) and three
were polyunsaturated FAs (PUFAS) with 14 to 20 carbons.

The major fatty acids identified in all tested samples were
the linoleic acid (18:2) (45.10-74.39%), palmitic acid (16:0)
(8.84-21.52%), oleic acid (18:1) (8.48-17.19%), stearic acid
(C18:0) (3.29-8.01%), arachidic acid (C20:0) (1.39-2.48%)
and eicosapentaenoic acid (C20:5) (0.47-2.43%) (Tables 1
and 2). The linoleic, palmitic and oleic acids accounted for
more than 83% of the total fatty acid content. Moreover, FA
(14:0, 16:1, 17:0, 17:1, 18:3, 20:1) were absent or detected at
low percentages (0.03-1.22%) in these lipids. The results of
fatty acids profile of the oils are similar to those reported
previously for Lawsonia alba seed oils [20-24], and
Lawsonia inermis seed oils [35]. Furthermore, the three main
fatty acid components were the same as those of Pistacia
atlantica fruits (whose oils were considered as dietary nutri-
ment) [46].

All oils had high amounts of the Polyunsaturated Fatty
Acid (PUFA) that primarily was linoleic acid. The
polyunsaturation was found to be 48.22-75.06% as shown in
Tables 1 and 2. The ratio of unsaturated fatty acids to
saturated fatty acids was mainly higher in the oils than in the
polar lipid fractions.

The results suggested that L. alba oil is a good source of
unsaturated fatty acids; it means that it should exhibit high
antioxidant activity. Let’s remind that unsaturated fatty acids
are very important compounds for the stability of oils,
because of the chemical reactions occurring at the double
bonds [45]. The high unsaturation degree of the oils allows
them to be oxidized easily when used at high temperatures.
For example, linoleic acid oxidizes approximately 50 times
faster than oleic acid [47].

Tocopherol Contents and Compositions of L. alba Seed
Oils

In spite of the nutritional importance of tocopherols [48,
49], their content and composition in L. alba seed oils
remain unknown. The quantification of tocopherols by liquid
chromatography was based on an external standard method
using a-tocopherol. The results are expressed as mg of a-
tocopherol equivalents per 100 g of oil. Results are presented
in Table 3, which shows clearly that the seed oils are rich in
tocopherols, and especially for y- and J- tocopherols. For the
region of Biskra no presence of tocopherols was detected.
However, the total tocopherol content of the Ouargla region
(752.5 mg/100 g) was found to almost twice as big as the one
of the Adrar region (401.09 mg/100 g). In addition, the
contents of both y- and J- tocopherols were twice as high as
the one of the Adrar region; although the pg-tocopherol
contents in both regions were similar (17.60% and 15.59%).
Furthermore, the compositions of f- and J- tocopherols for
these two last regions were very close to each other: 38.9%
and 37.25%, respectively. The percentage of y-tocopherol in
the Ouargla region (58.71%) was slightly higher than the
Adrar region (51.77%). Conversely, and unlike the Adrar
region the a-tocopherol was absent in the Ouargla region. It
was noted that the sum of a- and y- tocopherols percentages
were practically the same for the two studied regions (Adrar:
58.71%, Ouargla: 58.87%).

Antioxidant Activities

Free Radical Scavenging Activity

The antioxidant activities of L. alba seed oils were
determined using the DPPH free radical assay. The DPPH is
a stable free radical which has been widely used to evaluate
the radical scavenging ability of antioxidants [50]. DPPH
radical scavenging assays are based on the transfer of
electrons from a donor molecule to the corresponding
radical. The reduction capacity of DPPH radicals was
determined by the decrease of absorbance at 517 nm. This
activity can be evaluated by the determination of the 1Cso
values. Low ICs, value indicates strong antioxidant activity
in a tested sample [51]. The ICsq value can be defined as the
amount of antioxidant necessary to decrease the initial DPPH



Table 4.

Antioxidant activities of the lipids extracts of L. alba seeds.

Region Biskra Ouargla Adrar
DPPH DPPH PPM
. PPM VEEAC DPPH PPM VEEAC PPM VEEAC DPPH
Antioxidant assay 1Cs 1Cs VEEAC
(mg/mL) 1Cs, (Mg/mL) (mg/mL) (mg/mL) 1Cs, (Mg/mL)
(mg/mL) (mg/mL) (mg/mL)
n-hexane extracts >31.96 0.21 +0.01 5.31+0.31 0.14 +0.01 16.54 £0.20 0.16 +0.01
Total lipids 0.56 +0.01 0.27 £0.01 0.38 £0.02 0.20 £0.01 221+0.12 0.23 +0.01
CHCI,/MeOH .
Neutral lipids 1.94 £0.04 0.23 +0.01 1.91 £0.05 0.20 £0.01 5.3+0.30 0.27 £0.01
extracts
Polar lipids 0.11 +0.01 0.57 £0.01 0.12 +0.01 0.41+0.03 0.51 +0.05 0.52 +0.02
Vit. E 0.02 £0.01
Standards Vit. C 0.0096=+ 0.0005 0.95+0.03
BHA 0.0086 + 0.0006
concentration by 50% [52]. Vitamin C, BHA, BHT and “Vitamin C” (VC), which was used as a positive control,

vitamin E were used as standards.

According to Table 4, 1Cs, values of the DPPH" radical
scavenging activity ranged from 0.11 to 31.96 mg/mL for the
twelve oils extracts. PLB (Biskra), PLO (Ouargla), TLO
(Ouargla), PLA (Adrar) and TLB (Biskra) oils extracts gave
good values of the 1Cs: 0.11, 0.12, 0.38, 0.51 and 0.56
mg/mL respectively, while the 1Csy values of the standards
BHA, ascorbic acid, Vitamin E and BHT, which showed an
excellent scavenging activity, were 0.0086, 0.0096, 0.0188
and 0.1 mg/mL respectively. NLB (n-hexane extract) did not
show any antioxidant activity (very weak value).

Referring to the results of DPPH assay (Table 4), the
lowest antioxidant activities were detected for NL (n-hexane
extract) fractions, whereas the highest antioxidant activities
were detected for Polar Lipids (PL) fractions in all the
samples. Also Total Lipids (TL) fractions appeared to be
more effective scavengers against DPPH radical than NL
(Chloroform/MeOH extract) fractions. Finally it seemed that
the region of collection did not affect strongly the
antioxidant activities of the tested fractions.

In the literature, the inhibition of DPPH radical
scavenging by plant oils can be attributed to the unsaturated
fatty acids (PUFA), phospholipids, total phytosterols, total
tocopherols, carotenoids and phenolics [47, 53, 54].
Therefore, the antioxidant activities of the Lawsonia alba
oils can be attributed to the unsaturated fatty acids,
tocopherols and polar lipid compound present in the samples.

Antioxidant Capacity by Phosphomolybdenum Method
“Total Antioxidant Activity”

The phosphomolybdenum PPM is a method based on the
reduction of Mo (VI) to Mo (V) by the antioxidant
compound; this reaction is accompanied by the appearance
of a green colour phosphate/Mo (V) (phosphomolybdenum)
complex with a maximal absorption at 695nm and acidic pH
[28]. A higher absorbance indicates a higher total antioxidant
capacity [51].

Total antioxidant activities of the lipid extracts,
expressed as VEEAC, are shown in Table 4. Ascorbic acid

presented the highest antioxidant capacity from all tested
samples (VEEAC = 0.95 mg/mL). In lipids extracts, total
antioxidant activities were found to be high in PLB (VEEAC
= 0.57 mg/mL) followed by PLA (0.52 mg/mL), and PLO
(0.41 mg/mL). For these PLB and PLA fractions, the
antioxidant power was almost 2 times less active than
vitamin C while PLO was more than 2 times less active than
vitamin C. On the other hand, the rest of the fractions
exhibited lower antioxidant activities with very close values
of VEEAC and ranging from 0.16 to 0.27 mg/mL. This
range can be roughly approximated to a mean value of 0.2
mg/mL, which means that these extracts exhibited 5 times
lower activities than vitamin E. Moreover, and no matter the
region of collection, it was found that strong activities of the
oils were mostly decreasing in the following order: PL>NL
(chloroform/methanol) > TL > NL (n-hexane). These results
were expected, since most known strong antioxidant
chemicals include polar functions responsible for their
activities.

Correlation between total tocopherol contents and
antioxidant activities using DPPH and phosphomolybdenum
assays were investigated. After a close examination of the
results of Table 4, it was noticed that the antioxidant activity
powers of the seed oils (NL obtained by n-hexane extracts)
from the three investigated regions were decreasing in the
following order Ouargla > Adrar > Biskra i.e. (DPPH: 5.31 >
16.54 > 31.96 mg/mL; Phosphomolybdenum: 0.14 > 0.16 >
0.21 mg/mL). This decline in activities may be attributed to
the total contents of tocopherols which were also decreasing
in the same order for the same regions. In other words, a
direct correlation between total tocopherol contents and
antioxidant powers was observed.
Statistical ~ Analysis  Using Ascendant
Classification Method (HAC)

In order to highlight the difference in the contents of the
main fatty acids FAs (n-hexane extracts) of the seeds of
Lawsonia alba (collected from different regions: Adrar,
Biskra, Ouargla) with some chosen common seed plants
(data provided from the literature [31, 55-58]), we have

Hierarchy
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Fig. (2). Dendrogram obtained from a cluster analysis of the fatty acids obtained from different seed oils of Algerian cultivars of Lawsonia
alba and a selection of seed oils of different edible plants. Samples are clustered using Ward's technique with a Euclidean distance measure.

adopted the method of cluster analysis, using Ward’s tech-
nique; 14 fatty acids representing the main identified com-
pounds in these plants (18 individuals) were employed. The
results show the existence of two principal clusters (I and 1)
within the fatty acids of the individuals of the investigated
plants (Fig. 2). First cluster (I) includes the following seed
plants: Lawsonia alba, Walnut, Pumpkin, Sorghum, Maize,
Sunflower, Melon while the second cluster (11) is composed
of only Date palm varieties and Almond. The last cluster
shows that the fatty acids contents of the Date palm seed
varieties have a similar pattern in comparison with Almond;
indeed this group is characterized by roughly close contents
of Ci6:1, Ci7:0, Ci7:1, Ciso, Cig1, Ciga, Canor Coo1, Coos. The
major difference between them lies in the moderate/high
content of Cypp and Cy40 (9.84-11.6% and 17.8-28.4%, re-
spectively) for the Date palm varieties versus their negligible
contents for the Almond (Cyz.0: 0%, Cy4:0: 0.03%). The data
examination of the cluster (I) revealed that this group is
characterized by high contents of Cigo, Cignx and Cigo
(meanzsd: 10.474+6.06%, 25.67+16.94% and 57.23+18.72%,
respectively) and low contents of Cig.0, Ci2:0, Ci4:0, Cisits
Ci7.0, C171, Cigo, Cigs Cooo, Cao1, Coos (<5.3%). Let’s re-
mind that the first cluster could be separated into two close
sub groups SG-1 and SG-2. The SG-1 showed that the fatty
acids profiles of Lawsonia alba samples are pretty similar to
Walnut; but the tiny difference between them is due to a
significant content of Cyg.3 (11.37%) for Walnut when com-
pared to Lawsonia alba samples where it was insignificant
(0.11-0.37%). As a general conclusion, the HAC analysis
revealed that the studied seeds have very similar fatty acids
profiles to most common considered edible plants.

CONCLUSION

In conclusion, it was found that the seed oils coming
from three different regions in Algeria (Adrar, Ouargla, and
Biskra) presented practically the same chemical
compositions of fatty acids compound; and despite the fact
that there was no significant impact of the regions of
collection on the values of the antioxidant activities in terms
of both DPPH and Phosphomolebdenum assays this current
report reveals the richness of the Lawsonia alba seeds in
tocopherols, which in fact is studied for the first time.

The physico-chemical characterization and the fatty acid
profile suggest the possible application of the oils in the
industry of liquid soaps and hair shampoo. The results
suggested that Lawsonia alba oils are a good source of
unsaturated fatty acids with good antioxidant activity in
terms of Phosphomolybdenum assay (total antioxidant
power).

On the other hand, cluster analysis revealed that fatty
acid composition of the seed oils of Lawsonia alba was very
close to those of Walnut.
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