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ABSTRACT

Leeks (Allium ampeloprasum var. kurrat.) are the most commercially produced vegetables in
the world. The seed and leaves of this plant were analyzed for proximate composition and
mineral content. Phytochemical screening, total polyphenols, total flavonoids, tannins, radical
scavenging activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH), total antioxidant activities and
phenolic profile of various extracts of Egyptian leek were screened and investigated. The seed

KEYWORDS is good source of fat and protein, whereas the leaves are good source of crude fiber and ash.
Both seed and leaves contain substantial quantities of potassium, calcium, and phosphorus.

Leek . . . .

Leaf Methanolic and ethanolic extracts of seeds and leaves were found to contain alkaloids,

Seed steroids, terpenoids, flavonoids, tannins, saponines, reducing sugars, proteins and oil. The
highest values of total phenolic, flavonoid, tannin, radical scavenging and antioxidant activities
were observed for methanolic and ethanolic extracts of seed and leaves. HPLC analysis results
showed that certain phenolic compounds; gallic, coumaric, caffeic, tannic, vanillic, chlorogenic,
kaempferol, and quercetin exist in methanolic extracts of both seed and leaves at different
levels. These results suggested that Allium ampeloprasum phenolic compounds could be used
as a natural antioxidant.

Antioxidant activities
2,2-Diphenyl-1-picrylhydrazyl
Allium ampeloprasum var. kurrat

1. Introduction

Phytochemicals, naturally occurring components found in
plants, have a wide range of biological effects, including anti-
inflammatory, antimicrobial and antioxidant activities [1]. This
is often attributed to the different antioxidant components in
fruits and vegetables, such as ascorbic acid, vitamin E,
carotenoids, lycopene, polyphenols, and other phytochemicals
[2]. Leafy vegetables are a valuable part of the diet owing to
their nutritive values, which plays an important role in the
human diet [3]. In recent years, there has been a great interest
in finding natural antioxidants from plant materials to replace
synthetic antioxidants, which are being restricted due to their
carcinogenicity [4]. Several crude extracts and pure natural
compounds from plants have been reported to have antioxidant
and radical scavenging activities [5]. Recovery of antioxidant
compounds from plant materials is typically accomplished
through different extraction techniques taking into account
their chemistry and uneven distribution in the plant matrix [6].
Solvent extraction is the most frequently used technique for
isolation of plant antioxidant compounds [7]. Methanol and
ethanol have been extensively used to extract antioxidant
compounds from various plants and plant-based foods (fruits,
vegetables etc.) such as plum, strawberry, pomegranate,
broccoli, rosemary, sage, sumac, rice bran, wheat grain and
bran, mango seed kernel, citrus peel, and many other fruit peels
[8]. Various antioxidant activity methods have been used to
evaluate the antioxidant activity of phenolics such as active
oxygen sepsis (superoxide anion, peroxyl radical and hydroxyl
radical), 1,1-diphenyl-2-picrylhydraxyl (DPPH) radical and 2,2-

azino-bis(3-ethyl benzothiazoline)-6-sulfonate radical cation
(ABTS). These methods are widely used to analyze the capacity
of free radical scavenging activity of the phenolic components
[9].

The Allium group is one of the world’s most widely
cultivated vegetable groups, with their culinary and medicinal
uses. The Allium genus includes approximately 500 species, the
most widely used of which are onions, garlic, and leeks [10].
Equally varied are their health benefits, because they contain a
range of phytochemicals with an array of biological effects.
Evidence showed that they play an important role in protecting
against major lifestyle chronic diseases as well as health
problems associated with ageing. Their antimicrobial activity,
long recognized in folk remedies, has also now been
scientifically validated.

Leeks (Allium ampeloprasum L.) are the most commercially
produced vegetables in the world. Along with onions and garlic,
leeks belong to the Allium genus (family Alliaceae). Fresh leeks
are a good source of nitrates, flavonoids, polysaccharides and
glucosinolates in addition to numerous organosulfur compo-
nents contributing to their rich flavor [11]. Epidemiological and
laboratory studies have suggested that Allium vegetables have
tumor-inhibitory properties. The consumption of leeks reduces
risk of prostate, colorectal, stomach and breast cancer [12]. The
anti-carcinogenic action may be related to the high content of
organosulfur compounds and other biophenols with high
antioxidant activity [13]. These bioactive compounds also have
antifungal activity [14] and inhibitory activity on human
platelet aggregation, which can prevent atherosclerosis [15].
Kurrat (Allium ampeloprasum var. kurrat), previously named
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Allium Kurrat Schweinfurth. Ex Krause [16], looks like leek but
is much smaller. Kurrat is popular vegetable in Egypt and
eastern Mediterranean countries where it is mainly used fresh
and seasoning [17]. Kurrat is completely inter fertile with leek
[18] and was reported to be resistant to yellow stripe virus
which causes significant damage to leek [19].

The present study was carried out to determine the
proximate and mineral compositions of the seeds and leaves of
Egyptian leek. Moreover, the phytochemical contents (i.e.
polyphenols, flavonoids, Tannins), antioxidant and free radical
scavenging activity measured by DPPH and p-carotene
bleaching assays and phenolic profiles of extracts of seeds and
leaves of Egyptian leek (Allium ampeloprasum var. kurrat) were
investigated and evaluated.

2. Experimental
2.1. Chemical reagents

Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl
(DPPH),  2,4,6-tri(2-pyridyl)-s-triazine =~ (TPTZ), sodium
carbonate, aluminum chloride and f-carotene were purchased
from Sigma Chemical Co., Ltd (St. Louis, MO, USA). Pure hexane,
chloroform, ethanol, acetone, petroleum ether and methanol
were purchased from E. Merck Co. (Darmstadt, Germany), and
distilled before use. All other reagents were of analytical grade.

2.2. Collection of plant material

Egyptian leek (Allium ampeloprasum var. kurrat) seeds and
leaves were collected from special farm at Menoufia
governorate, Egypt, in September, 2012.

2.3. Determination of chemical composition and mineral
contents of the seed and leaves of Egyptian leek (Allium
ampeloprasum var. kurrat.)

Moisture, crude oil, crude protein (N x 6.25) and total ash of
samples were determined as described in A.0.A.C [20]. The
minerals, i.e., Ca, Fe, Zn, K, Cu, Mn, Mg and Na were determined
in a dilute solution of the ashed samples by atomic absorption
spectrophotometer (3300 Perkin-Elmer) as described in
A.0.A.C[20].

2.4. Preparation of extracts

Egyptian leek (Allium ampeloprasum var. kurrat) seeds and
leaves were dried at 38 °C for 48 h in an air convection oven
until the powder did not form lumps when touched and then
ground and passed through a 150 pm mesh sieve. Dried
material (200 g) was separately extracted with 2000 mL of
different solvents methanol, ethanol, hexane, petroleum ether,
chloroform and deionized water by maceration at room
temperature for 72 h. The extract was filtered using filter paper
(Whatman no. 1). Extraction and filtration are repeated until
the residue is colorless. Extractions were carried out by
triplicates. The solvent was removed under vacuum at 45 °C
using a rotary evaporator (Laborota 4000-efficient, Heildolph,
Germany). The obtained extracts were kept in light-protected
containers at -18 °C until further use.

2.5. Yield measurement

The extraction yield (%, w/w) from all the dried extracts
was measured by equation (1).

Yield (%) = (W1 /W2x100) 1)

where W1 is the weight of the extract after solvent evaporation
and W2 is the weight of the plant powder.

2.6. Preliminary Phytochemical screening

Phytochemical screening of various extracts of seeds and
leaves of Egyptian leek (Allium ampeloprasum var. kurrat) was
carried out using standard phytochemical methods as
described by Trease and Evans [21].

2.7. Antioxidant components estimation
2.7.1. Determination of total polyphenols

Total polyphenols were determined according to the
method of [22]. An aliquot from extract (0.1 mL) was dissolved
in a 10 mL mixture of acetone and water (6:4, v:v). Sample (0.2
mL) was mixed with 1.0 mL of ten-fold diluted Folin-Ciocalteu
reagent and 0.8 mL of 75 g/L sodium carbonate solution. After
standing for 30 min at room temperature, the absorbance was
measured at 725 nm. Phenolic contents were calculated on the
basis of the standard curve for gallic acid (GAL). The results
were expressed as mg of gallic acid equivalent per 100 g dry
weight (DW).

2.7.2. Determination of total flavonoids

The total flavonoid content was determined using the
Dowd method [23]. 5 mL of 2 % Aluminum trichloride in
methanol was mixed with the same volume of the extract
solution (0.4 mg/mL). Absorbance readings at 415 nm were
taken after 10 min against a blank sample consisting of a 5 mL
extract with 5 mL methanol without AlCls. The total flavonoid
content was determined using a standard curve with catechin
(0-100 mg/L) as the standard. Total flavonoid content is
expressed as mg of catechin equivalents (CE) /100 g DW.

2.7.3. Total tannins determination

The total tannin content in the extracts was determined by
modified method of Polshettiwar et al. [24]. The sample (0.1
mL) was mixed with 0.5 mL of Folin-Denis reagent followed by
1 mL of Na2COs3 (0.5%, w:v) solution and distilled water (up to 5
mL). The absorbance was measured at 755 nm within 30 min of
the reaction against the blank. The total tannin in the extract
was expressed as the equivalent to tannic acid (mg TE/100g

DW).
2.8. Analysis of phenolic compounds using HPLC

Phenolic compounds of methanolic extract of the seeds and
leaves of Egyptian leek were identified using a method
introduced by Wu et al. [25]. The Waters HPLC system
equipped with automated gradient controller, 510 pumps, U6K
injector, 481 detector, 746 data module and Waters p-
bondapak C18 column (3.9 x 300 mm), was used for the
analysis. Samples and mobile phases were filtrated through a
0.45 mm Millipore filter, type GV (Millipore, Bedford, MA) prior
to HPLC injection. Elution was carried out at ambient
temperature between 24 to 28 °C using water:methanol:acetic
acid (70.0:29.5:0.5, v:v:v) as a mobile phase at a flow rate 1.0
mL/min. Each sample was analyzed in triplicate. The UV
detection was carried out at 280 nm. Linear calibration curves
for standards (peak area vs. concentration) were constructed
with r2 exceeding 0.999. The identified phenolic compounds
were quantified on the basis of their peak area and compared
with calibration curves obtained with the corresponding
standards and then expressed as mg/100 g of extract.

2.9. Determination of antioxidant efficiency

2.9.1. Free radical scavenging capacity
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The free radical scavenging capacity of various solvent
extracts of seeds and leaves of Egyptian leek was analyzed by
using 1,1-diphenyl-2-picrilhydrazyl (DPPH) assay [26]. Aliquot
(100 pL) of extract was mixed with 5 mL of 6x103 M
methanolic solution of DPPH radical. The mixture was shaken
vigorously and left to stand for 30 min in the dark. The
absorbance was then measured at 517 nm against a blank. The
control was prepared, as above, without any extract and
methanol was used for the base line correction. The radical-
scavenging activity was expressed as percentage of inhibition
and calculated using the equation (2).

% Radical scavenging activity= [(Abs control - Abs test) / (Abs control)] x 100.

(2)

where Abs control is the absorbance of DPPH radical +
methanol; Abs test is the absorbance of DPPH radical + sample
extract/ standard.

2.9.2. B-Carotene bleaching assay

The antioxidant activity of extracts of Egyptian leek was
determined by using B-carotene bleaching method, according
to the method described by reference [22]. One mL of -
carotene solution (0.2 mg B-carotene/ mL of chloroform) was
transferred into a round-bottom flask containing 0.02 mL of
linoleic acid and 0.2 mL of Tween 20. The chloroform was
evaporated at 40 °C using rotary evaporator. The resultant
mixture was immediately diluted with 100 mL of deionized
water and mixed for 2 min to form emulsion. A mixture
prepared similarly without 3-carotene was used as a blank. A
control, containing 0.2 mL of 70% ethanol instead of extract
was also prepared. Five mL of the emulsion was transferred
into test tube containing 0.2 mL of extract. The tubes were
placed at 50 °C in water bath for 2 hr. The absorbance was
recorded at 470 nm using UV-Visible spectrophotometer
(Shimadzu, Kyoto, Japan). The percentage antioxidant activity
was calculated based on the equation (3).

1— (A0 at 470 — At at 470)

(A°0 at 470 —A°t at 470) x 100 (3)

Antioxidant activity (%) =

where A0 and A°0 are the absorbance values measured at zero
time of incubation for extracts and control, respectively. At and
A°t are the absorbance values for extracts and control
measured at t = 120 min

2.9.3. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was carried out according to the method
introduced by Xu and Chang [27], with some modification.
Briefly, the FRAP reagent was prepared from a sodium acetate
buffer (0.3 mol/L, pH = 3.6), 10 mmol/L TPTZ solution in 40
mmol/L HCl and 20 mmol/L FeClz solution in volume
proportions of 10:1:1 (v:v:v), respectively. An aliquot of 200 pL
of an extract was mixed with 3 mL of FRAP reagent (10 parts of
300 mM sodium acetate buffer at pH = 3.6, one part of 10 mM
TPTZ solution and one part of 20 mM FeCl3.6H20 solution) and
the reaction mixture was incubated in a water bath at 37 °C.
The increase in absorbance at 593 nm was measured after 4
min. Standard curve was prepared using different
concentrations (100-1000 pmol/L) of FeS04.7H20. The
antioxidant capacity based on the ability to reduce ferric ions of
the extract was expressed as mmol Fe?+/L. All determinations
were performed in triplicate.

2.10. Statistical analysis
Data presented are given as means * standard deviation

(SD). Statistical significance was examined through one-way
analysis of variance and Duncan’s multiple range tests.

Significant differences were accepted at p < 0.05. Statistical
processing data was performed using the Statistical Analysis
System-SAS (Software version 8.1; SAS Institute, Inc.: Cary, NC,
USA, 2000).

3. Results and discussion

3.1. Proximate composition and mineral contents of the seed
and leaves of Egyptian leek

The proximate compositions of leek seeds and leaves are
shown in Table 1. Moisture contents of leaves and seeds were
87.75 and 8.30%, respectively. The seeds are good source of fat,
protein, whereas the leaves are good source of crude fiber and
ash. The seeds contain relatively high amounts of protein
19.50+1.85% and crude fat 14.90+2.35% and low fiber
9.50+1.01%. The leaves contain a high amount of crude fiber
(23.82+2.57%), and ash (15.90+£1.62%) as well as low levels of
protein and fat 8.50+1.65 % and 6.50+1.18%, respectively.
Both seeds and leaves contain high amounts of carbohydrates
46.26 and 45.28%, respectively. Available literature on
composition of leek leaves show that the leaves contain 13.57-
29.10% of protein, 2.80-14.40% of lipids, 39.9-43.9% of
carbohydrates, 29.0-16.2% of ash and 23.57% of dietary fiber
[28,29]. These differences can be attributed to soil, climate,
strain, variety and agronomic practices. Green leafy vegetables
are good source of minerals. Table 2 shows the mineral content
of leek seeds and leaves. Ash content indicates that leek leaves
is an appreciable source of minerals. Potassium is predominant
element in the seeds and leaves 1040.09 and 1045.58 mg/100 g
DW basis, respectively. Potassium, calcium, sodium,
phosphorus and magnesium constituted the major minerals in
leek leaves 1450.58, 1200.13, 490.00 350.85 and 220.10
mg/100 g DW basis, respectively. The seeds contain moderate
amounts of potassium, calcium, sodium, phosphorus and
magnesium 1040.09, 910.32, 370.11, 240.61 and 160.42
mg/100 g DW basis, respectively. Both seeds and leaves
contain low levels of iron, copper; zinc and manganese.
Generally, leaves had higher (p < 0.05) levels of mineral
elements than seeds. Mineral content of leek leaves was higher
than those reported by Athar et al. [28] for leek. These findings
are in agreement with those obtained by Latif and Abd El-aal
[29] except for potassium value which was lower.

Table 1. Proximate composition of seed and leaves of Egyptian leek per 100
g (dry weight basis).

Component Seedsad Leaves ad LSD e
Moisture 8.30£1.03 87.75+5.40 8.812
Crude protein b 19.50+1.85 8.50+1.65 3.973
Crude oil 14.90+2.35 6.50+1.18 4.215
Crude fiber 9.50+1.01 23.82+2.57 4.426
Ash 9.84+0.85 15.90+1.62 2.932
Total carbohydrate ¢ 46.26+6.12 45.28+7.06 14.97
ap<0.05.

bCrude protein = N (%) x 6.25.

¢ Carbohydrate content obtained by subtracting the sum of moisture, crude
protein, oil, crude fibre and ash from 100%.

dData are expressed as mean * SD.

e LSD: Least different significantly at p < 0.05 according to Duncan’s multiple
range test.

3.2. Preliminary phytochemical screening

Table 3 shows the qualitative data for the presence of
different phytochemicals in leaves and seeds of Egyptian leek.
Preliminary phytochemical revealed the presence of alkaloids,
steroid, terpenoid, flavonoid, tannins, saponine, reducing sugar,
proteins and oil in methanolic and ethanolic extracts of seeds
and leaves of Egyptian leek. Alkaloids compounds were
detected in all extracts of seeds and leaves, except the hexane
extracts. Plants that possess alkaloids are pharmacologically
active [30] as they have physiological effects on man and other
animals and serve as therapeutic and antimalarial drugs.
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Table 2. Mineral contents of seeds and leaves of Egyptian leek (mg/100 g dry weight basis).

El t Seedsab Leaves b LSD¢

Macro-elements

Potassium 1040.09£22.12 1045.58+13.60 41.62

Phosphorus 240.61+£10.16 350.85+20.10 36.10

Magnesium 160.42+12.25 220.10+£28.00 48.99

Calcium 910.32+14.50 1200.13+41.02 69.74

Sodium 370.11£6.03 490.00+3.05 10.83

Micro-elements

Iron 46.05+3.15 60.51+6.21 8.81

Copper 0.95£0.10 1.40£0.26 0.34

Zinc 4.75£0.11 6.40£0.36 0.45

Manganese 10.9+0.18 13.72+0.12 0.32

ap<0.05.

b Data are expressed as mean #* SD.

aLSD: Least different significantly at p < 0.05 according to Duncan’s multiple range test.

Table 3. Qualitative phytochemical analysis of seeds and leaves extracts of Egyptian leek in different solvent system *.

Chemical name Part Extracts

Petroleum ether Chloroform Hexane Methanol Ethanol Water

Alkaloids Seed 3 + - ++ ++ ++
Leaf + + - ++ ++ ++

Steroid Seed + - - ++ + -
Leaf + - - ++ + -

Terpenoid Seed - - - +++ + +
Leaf - - - +++ + +

Flavonoid Seed = ++ - +++ ++ ++
Leaf - ++ - +++ ++ ++

Tannins Seed - + - ++ + +
Leaf - + - ++ + +

Saponine Seed - - + + +
Leaf +++ - + + + +

Reducing Sugar Seed - - - + + ++
Leaf = = - + + ++

Proteins & Amino Acids Seed ° - - + + ++
Leaf - - - + + ++

Fats & Fixed Oils Seed 4t et + ++ ++ -
Leaf +++ +++ + ++ ++ -

* 4, ++ and +++ Refer to less presence, moderate presence and high presence of phytochemicals respectively; whereas - refers to the absence of phytochemicals.

These phytochemicals are known to perform several
general and specific functions in plants, and may exhibit
different biochemical and pharmacological actions in different
species of animals when ingested. These actions range from cell
toxicity to cell protective effects [1]. Terpenoid, flavonoid,
tannins, reducing sugar and protein were not detected in
petroleum ether and hexane extracts of seeds and leaves. Water
extracts of seeds and leaves contain all tested phytochemicals
except steroids and oils. Results indicated that the recovery of
phytochemicals depends very much on the type and polarity of
solvent used. Methanol and ethanol were the best solvent for
extraction of these components. Meanwhile, petroleum ether,
chloroform and hexane seemed to have the lowest extraction
power among all the solvent systems used for extraction
process. These findings may due to the ability of methanol and
ethanol to penetrate the cellular membrane to extract the
intracellular ingredients from the plant material [31].

3.3. Extraction yields of antioxidant components from leaves
and seeds of Egyptian leek

Table 4 shows the extraction yields of antioxidant
components obtained from seeds and leaves of Egyptian leek
using various solvents. The yield of antioxidant components
ranged from 1.55-13.95 g/100 g for leaves and 3.75-23.54
g/100 g for seeds. Methanolic and ethanolic extracts of seeds
had significantly (p < 0.05) the highest values of yield 23.54 and
18.95%, respectively. Similarly, the methanolic and ethanolic
extracts of leaves showed high values of yield 13.95 and
11.24%, respectively. The lowest values of extraction yield
were recorded for petroleum ether, chloroform and hexane
extracts from both leaves and seeds. The amount of the
antioxidant components that can be extracted from a plant
material is mainly affected by the power of the extraction
procedure, which may probably vary from sample to sample.

Amongst other contributing factors, efficiency of the extracting
solvent to dissolve endogenous compounds might also be very
important [31].

3.4. Total phenolic, flavonoid and tannin contents of seeds
and leaves extracts of Egyptian leek in different solvent
system

In this study, the determination of total phenolic content
was done by the Folin Ciocalteu method which was introduced
by Jayaprakasha et al. [22]. Phenolic compounds (PCs) may
contribute directly to the antioxidant action; therefore, it is
necessary to investigate total phenolic content. The seeds and
leaves of Egyptian leek had total PCs in the range of 145.20-
961.50 mg gallic acid equivalents (GAE) per 100 g DW. As
shown in Table 4, in all extracts, the contents of phenolics were
higher in the seeds than in the leaves. The distribution of
phenolic compounds in Egyptian leek illustrated that the
methanolic extracts from both seeds and leaves contained
highest amounts, 961.50 and 925.66 mg gallic acid equivalents
(GAE) per 100 g DW, respectively, followed by the phenolic
compounds values of ethanolic (942.59 and 910.25) and water
(725.80 and 710.11 mg (GAE) / 100 g DW) extracts of seeds
and leaves, respectively. On the contrary, the lowest levels of
phenolics were estimated in petroleum ether, chloroform and
hexane extracts from both leaves and seeds. Flavonoids possess
a broad spectrum of biological activities including antioxidant
and radical scavenging properties [32], therefore the total
flavonoid contents in the extracts were determined (Table 4),
in terms of mg catechin equivalents (CE) / 100 g. The total
flavonoid contents of the seeds and leaves of Egyptian leek
varied in the different extracts and ranged from 54.00 to
382.20 mg catechin equivalents (CE) / 100 g. Leek leaves had
significantly higher total flavonoid content than the seeds.
Formation of flavonoids has been shown to be light dependent.
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Table 4. Total phenolic, flavonoid and tannin contents and Percentage yield of seeds and leaves extracts of Egyptian leek in different solvent system.
Extract Total polyphenols ab.c Flavonoids abd Tannins abe Yield, %2>

Seeds Leaves Seeds Leaves Seeds Leaves Seeds Leaves
Methanol 961.50+36.08 925.66+45.21 280.40+12.01 382.20+44.60 112.66+x10.47 110.3049.22  23.54+1.88 13.95+1.93
Ethanol 942.59+45.19 910.25+26.58 268.90+14.13 371.00£26.17 103.65+11.14 104.24+8.16  18.95+1.72  11.24+1.04
Water 725.80+19.33 710.11+26.88 259.00+£6.98 314.00£22.50  88.54+9.81 90.00+7.14 9.41+1.32 5.58+0.54
Petroleum ether 270.55+14.26 255.30+£18.10 59.11+8.33 60.56+9.07 46.21+4.99 35.50+3.89 3.75+0.14 1.55£0.20
Chloroform 420.10+62.30 402.50+50.47 206.02+11.56 268.70+16.22  69.50+8.04 65.33+5.81 4.91+0.13 1.99+0.10
Hexane 162.24+17.19 145.20+8.69 54.00+5.81 59.45+7.82 35.13+6.18 30.22+5.42 4.33+0.36 2.01£0.17
LSD at 0.05 58.671 31.618 13.159 2.277
ap<0.05.

b Data are expressed as mean * SD.

cTotal polyphenols are expressed as mg gallic acid/100 g of dry plant material.
d Flavonoids are expressed as mg catechin/100 g of dry plant material.

e Tannin is expressed as mg tannic acid/100 g of dry plant material.

Table 5. DPPH radical scavenging capacity, antioxidant activity (as %, B-carotene bleaching) and ferric reducing antioxidant power, FRAP (mmol Fe2+/L) of

Egyptian leek (Allium ampeloprasum var. kurrat) extracts.

Extract DPPH radical scavenging (%) Antioxidant activity (%) Antioxidant activity (FRAP)
B-carotene bleaching (mmol Fe2+/L)

Seeds ab Leavesab Seedsab Leaves ab Seedsab Leaves ab
Methanol 74.13+3.74 86.61+2.92 86.71+2.97 91.85+3.85 35.38+1.16 33.76+1.12
Ethanol 70.54+2.95 83.43+2.87 81.00+4.10 87.24+3.78 33.16+1.84 33.05+1.44
Water 45.85+2.26 47.17+1.45 56.00+5.47 61.13+2.52 22.70+1.29 24.66+1.36
Petroleum ether 24.14+2.21 33.90+1.23 41.00+3.45 36.19+1.44 6.23+0.85 5.74+0.45
Chloroform 37.12+2.35 38.00+£1.46 46.44+3.19 46.98+2.48 6.48+0.92 6.80+0.84
Hexane 25.10+1.86 30.24+1.02 42.50+1.73 35.12+1.63 8.71+1.01 7.25+0.61
LSD ¢ 3.928 5.481 1.960
ap<0.05.

bData are expressed as mean * SD.

¢ LSD: Least different significantly at p < 0.05 according to Duncan’s multiple range test.

In addition, higher amounts of flavonoids may be required
in the leaf for protection against environmental stresses [33].
Methanolic and ethanolic extracts of leaves had significantly
the highest (p < 0.05) levels of flavonoid 382.20 and 371.00 mg
catechin equivalents (CE) / 100 g, respectively. Similarly, the
methanolic and ethanolic extracts of seeds showed moderate
levels of flavonoids 280.40 and 268.90 mg/100 g, respectively.
Table 4 depicts also that, the seeds and leaves of Egyptian leek
had tannins in the range of 30.22-112.66 mg tannic acid per
100 g DW. Methanolic extracts of the seeds and leaves had
significantly (p < 0.05) the greatest levels of tannins 112.66 and
110.30 mg tannic acid per 100 g DW, while the least (p < 0.05)
levels of tannins were shown by petroleum ether and hexane
extracts of both seeds and leaves. This observation was similar
to the result reported by Antolovich et al. [6] who reported that
solubility of phenolic compounds is governed by the type of
solvent (polarity) used, degree of polymerization of phenolics,
as well as interaction of phenolics with other food constituents
and formation of insoluble complexes. Therefore, there is no
uniform or completely satisfactory procedure that is suitable
for extraction of all phenolics or a specific class of phenolic
substances in plant materials. Methanol, ethanol, acetone,
water, ethyl acetate and their combinations are frequently used
for the extraction of phenolics.

3.5. DPPH radical scavenging and total antioxidant activities
of Egyptian leek extracts

Antioxidant capacity, as determined by DPPH radical
scavenging activity, B-carotene bleaching and ferric reducing
antioxidant power (FRAP) assays, is shown in Table 5. DPPH is
a free radical that easily accepts an electron or hydrogen
radical to become a stable diamagnetic molecule; DPPH
scavenging can be measured in vitro or in vivo by EPH
spectroscopy [34]. It can accommodate a large number of
samples within a short period, and is sensitive enough to detect
low concentrations of the active principles [35]. The DPPH
radical-scavenging activity expressed in % inhibition of the
seeds and leaves extracts ranged from 24.14 to 86.61%. The
methanolic and ethanolic extracts of leaves had significantly
the higher DPPH radical-scavenging activity 86.61 and 83.43%,
respectively, followed by the methanolic and ethanolic extracts

of seeds 74.13 and 70.54%, respectively. The radical-
scavenging activities of these extracts can be attributed to the
presence of some compounds that have antioxidant activity.
The higher content of total phenolic compounds, the stronger
antioxidant activity [36]. However, petroleum ether and hexane
extracts of seeds showed significantly (p < 0.05) the lowest
values of DPPH radical scavenging activity 24.14 and 25.10%,
respectively. The f-carotene bleaching method (coupled
oxidation of f3- carotene and linoleic acid) estimates the relative
ability of antioxidant compounds in the plant extracts to
scavenge the radical of linoleic acid peroxide that oxidizes (-
carotene in the emulsion phase [37]. Total antioxidant activity
of the seeds and leaves extracts as measured by the bleaching
of beta-carotene ranged from 35.12 to 91.85%. Methanolic and
ethanolic extracts of leaves had significantly (p < 0.05) the
highest antioxidant activity 91.85 and 87.24%, respectively,
followed by methanolic extract of seeds (86.71%), ethanolic
extract of seeds (81.00%) and aqueous extract of seeds and
leaves (61.13 and 56.00%), respectively. While the lowest
antioxidant activities were shown by petroleum ether and
hexane extracts of seeds (41.00 and 42.50%) and leaves (36.19
and 35.12%), respectively. The higher antioxidant activity of
methanolic and ethanolic extracts than of petroleum ether and
hexane extracts may be due to the presence of higher
concentrations of both phenolics and flavonoids (Table 4). In
previous works, flavonoids and phenolics have been reported
as potent antioxidants in B-carotene-linoleic acid bleaching
systems [37]. FRAP assay measures the change in absorbance
at 593 nm owing to the formation of a blue colored Fe2*
tripyridyltriazine compound from colorless oxidized Fe3+ form
by the action of electron donating antioxidants. The antioxidant
capacity as measured by FRAP of both seeds and leaves
extracts ranged from 5.74 to 35.38 mM/L. Methanolic and
ethanolic extracts had significantly (p < 0.05) the highest values
of antioxidant capacity (33.05- 35.38 mmol Fe2*/L of extract).
However, petroleum ether, chloroform and hexane extracts
showed significantly (p < 0.05) the lowest values of antioxidant
capacity (5.74-8.71 mmol Fe2*/L of extract). The trend for
ferric reducing antioxidant activities of seeds and leaves of
Egyptian leek extracts did not vary markedly from their DPPH
free radical scavenging activities. It may be concluded from the
DPPH, B-carotene bleaching and FRAP assays that methanolic
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and ethanolic extracts of seeds and leaves of Egyptian leek
(Allium ampeloprasum var. kurrat) have high levels of
antioxidants.

3.6. HPLC analysis of phenolic compounds in methanolic
extract of the seeds and leaves of Egyptian leek

According to the results (Tables 4 and 5), methanolic
extracts of the seeds and leaves possessed the highest values of
total phenolic, flavonoid, tannin, radical scavenging and
antioxidant activity , therefore, phenolic profiles of methanolic
extracts of the seeds and leaves of Egyptian leek were
determined by wusing HPLC (High-Performance Liquid
Chromatography) method. Results indicate that certain
phenolic compounds; gallic, coumaric, caffeic, tannic, vanillic
and chlorogenic acid, rutin and quercetin exist in methanolic
extracts of both seeds and leaves at different levels (Table 6).
These compounds have been identified according to their
retention time and the spectral characteristics of their peaks
compared to those of standards, as well as by spiking the
sample with standards. The quantities of the identified
compounds are expressed in mg per 100 g of dry plant
material. Chlorogenic acid was detected to be the major
phenolic component in methanolic extracts of seeds and leaves
322 and 302 mg/100 g, these levels represent 33.48 and
32.62% of total phenolic compounds of seeds and leaves,
respectively. Chlorogenic acid (3-caffeoylquinic acid) is one of
the most common soluble phenolic derivatives. The ability of
many plant tissues to accumulate this phenolic ester is so great
that chlorogenic acid, like lignin, would appear to be an end-
product of phenolic biosynthesis [38]. Methanolic extract of
leaves had significantly the highest (p < 0.05) levels of
quercetin and rutin 194.50 and 61.00 mg/ 100 g, respectively.
Seeds also had relatively good amounts of these flavonoids
7091 and 32.00 mg/100 g respectively. Flavonoids are
generally present in plants bound to sugar as glycosides and
any one flavonoid aglycone may occur in a single plant in
several glycosidic combinations. Flavonoids widely present in
vegetables, are potent antioxidants [32]. Moderate levels of
gallic, coumaric, caffeic, tannic and vanillic acids were shown
for methanolic extract of seeds (46.51, 44.32, 33.60, 26.41 and
29.30) and leaves (39.45, 41.21, 34.58, 23.56 and 27.12 mg /
100 g), respectively. It was reported that a number of phenolic
compounds including gallic acid, ellagic acid, caffeic, tannic,
vanillic , chlorogenic , rutin and quercetin showed high
antioxidant activities [39]; therefore, medicinal plant extracts
consisting of high amounts of these compounds could act as a
potent natural antioxidant.

Table 6. HPLC analysis of phenolic compounds (mg / 100 g DW) in the
methanolic extract of Egyptian leek seed.

Phenolic compound Methanolic extract
Seeds Leaves
Gallic 46.51 39.45
Coumaric 44.32 41.21
Caffeic 33.60 34.58
Tannic 26.41 23.56
Vanillic 29.30 27.12
Chlorogenic 322.00 302.00
Kaempferol 70.91 194.50
Quercetin 32.00 61.00

4. Conclusions

It is concluded that methanolic and ethanolic extracts of the
seeds and leaves of Egyptian leek (Allium ampeloprasum var.
kurrat) have substantial amounts of phenolic compounds.
Presence of these phenolics in seeds and leaves extracts might
be responsible for DPPH radical scavenging activity, beta-
carotene bleaching and reducing antioxidant power. This
indicated that methanolic and ethanolic extracts of seeds and
leaves of Egyptian leek (Allium ampeloprasum var. kurrat)
contained potential antioxidant bioactive compounds, and may

serve as alternative source of natural antioxidant for
nutraceutical and functional food applications.
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