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Abstract: A systematic study was conducted about the solvent effect on the purslane total phenolic, flavonoid, alkaloid,
carotenoid, saponin, vitamin E, and vitamin C contents as well as to evaluate their contribution to overall antioxidant
activity. Among three solvents investigated, water could extract the highest levels of solid and saponin contents, whereas
methanol was more effective for obtaining phenolic, flavonoid, and alkaloid compounds than other solvents. Meanwhile,
ethanol was the best choice for extracting carotenoids and vitamin E. In various experimental models including DPPH
radical scavenging activity, ABTS" radical scavenging activity, and ferric reducing antioxidant power, methanol extract
consistently showed significantly greater antioxidant activity than other extracts, while ethanol extract provided the
most efficient inhibiting activity against ferrous chloride-induced oxidation of linoleic acid. In addition, the scavenging
efficiency of ethanol extract toward DPPH and ABTS' radicals was significantly higher than the water extract, and vice
versa was the case for ferric reducing antioxidant power. Overall, methanol was found to be the most favorable solvent
for the extraction of phenolic, flavonoid, and alkaloid compounds that are promising as natural antioxidants. However,
different solvents may be used to extract specific antioxidant compounds with distinctive antioxidant activity.
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1. Introduction

Purslane (Portulaca oleracea L.) is a widely distributed plant which is introduced as one of the most widely used
medicinal herbs by the World Health Organization ', has been given the name “global panacea” ”’. The herb is eaten raw
as a vegetable or in salads or cooked in soups "', It has been traditionally used worldwide as a folk medicine to cure a wide
range of ailments and disorders such as skin diseases, fever, dysentery, diarrhea, bleeding piles, kidney and liver diseases,
coughing, shortness of breath, and asthma !,

In animal models, purslane was found to exhibit a wide range of pharmacological effects, including antibacterial,
analgesic, anti-inflammatory, skeletal muscle-relaxant and wound-healing properties > *”. The water and/or alcohol
extracts were found to inhibit activities of lipoxygenase and prostaglandin synthetase ¥, cisplatin-induced toxicity in
embryonic liver ' and gentamicin nephrotoxicity ', regulate differentiation and proliferation of cell ", attenuate hypoxia-
induced pulmonary edema "*, and lower the blood glucose and lipid levels "*"*. The underlying mechanisms for these
beneficial effects are still elusive, but suggested to be mostly associated with antioxidant activities conferred by the
ingredients in this medicinal plant.

Purslane is good source of flavonoids, terpenoids, alkaloids, phenolic acids, saponins, vitamins, and minerals el
Other components such as B-carotene, glutathione, melatonin, and high content of n-3 fatty acids also occur in the plant ",
All these compounds together contribute to the antioxidant properties and free-radical scavenging activities of purslane.
The radical scavenging action of some flavonoids (kaempferol and quercetin) and alkaloids (oleracein A, oleracein B,
and oleracein E) isolated from purslane have been reported to be even higher than those of vitamin C and vitamin E "'
Moreover, a purslane extract has been shown to be superior to vitamin C and B-carotene in scavenging reactive oxygen
species “”. In addition, the assumption that the beneficial effects of purslane constituents are due to its free-radical
scavenging action has been shown in numerous in vitro studies ' '**"***"! and increasing numbers of in vivo studies ***
* % However, there are some considerations with regard to the seasonal variations and storage conditions of the plant **.
Also, in previous studies different contents of bioactive compounds and different antioxidant powers were observed when

extraction of plant bioactive compounds was conducted using different solvents *”**.
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Herbal bioactive compounds have diverse structures and their extractability and activities in different model systems
seems to be strictly dependent on their chemical structure . Therefore, different extraction media, i.e. solvent systems,
may produce different extract yields with selective recovery of antioxidants; depending upon the structure of antioxidant
constituents present in the plant materials. In addition, a number of other factors like non-antioxidant components and
the polarity of extracting solvents may interference with the antioxidant determining assays . Thus, it is also crucial to
evaluate the effect of different solvents on extraction of bioactive compounds and antioxidant properties of purslane to find
the most suitable solvent for extraction of bioactive compounds from plant material. Such data are rarely available in the
literature.

The work described in this preliminary report was undertaken to evaluate the effects of three extraction solvents
(water, methanol, and ethanol) on extraction of total phenolic, flavonoid, alkaloid, carotenoid, saponin, vitamin E, and
vitamin C from purslane herb coupled with determination of antioxidant activity through multiple assays. A more detailed
analysis, based on LC-MS/MS (liquid chromatography-tandem mass spectrometry) and GC-MS (gas chromatography/
mass spectrometry) was also performed on the extracts, that will be included in another paper. Insights drawn from this
study can be used for further processing steps to prepare bioactive compounds from purslane, which may eventually lead
to development of new nutraceutical and pharmaceutical products.

2. Materials and methods

2.1 Chemicals and reagents

The following chemicals were used for analysis: Folin-Ciocalteu’s phenol reagent, sodium carbonate (Na,CO,), gallic
acid, sodium nitrite (NaNO,), aluminum chloride (AICl;-6H,0), quercetin, bromothymol blue (BTB), caffeine, B-carotene,
vanillin, aescin, 2,4-dinitrophenylhydrazine, thiourea, cupric sulfate (CuSO,-5H,0), ascorbic acid, bathophenanthroline,
pyrogallol, a-tocopherol, Tris base, DPPH (1,1-diphenyl-2-picrylhydrazyl radical), potassium persulfate, ABTS (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt), linoleic acid, Tween 20, sodium acetate (CH;COONa-3H,0),
and 2,3,5-triphenyl-1,3,4-triaza-2-azoniacyclopenta-1,4-diene chloride (TPTZ) were purchased from Sigma Chemical
Co. (St. Louis, MO). Sodium hydroxide (NaOH), hydrochloric acid (HCL), chloroform, hexane, sulfuric acid (H,SO,),
trichloroacetic acid (TCA), sodium hydroxide (KOH), ferric chloride (FeCl;), ferrous chloride (FeCl,), ferrous sulfate
(FeSO,-7H,0), phosphoric acid (H,PO,), and glacial acetic acid were purchased from Merck (Darmstadt, Germany).
2.2 Plant materials and extraction procedure

Fresh mature wild purslane plants (Figure 1.) were collected at seedling stage from a local field in Sanandaj (Kurdistan
Province, Iran). Whole plant parts (seeds, leaves, stems, and roots) were cleaned from soil particles and other pollutants,
dried and finely ground to a size of 2 mm using a typical mill, and extracted to obtain the purslane water, methanol, and
ethanol extracts using a Soxhlet apparatus as described by Peng et al. ** with some modification. Briefly, 20 g of the
powdered plant materials and 50 mL of the solvent were loaded in the apparatus and refluxed for 3 h on a hotplate at 70°C.
The resulting crude extracts were passed through four layers of nylon cloth and then filtered through Whatman No. 1 filter
paper (Whatman, Maidstone, UK) to remove the extracted materials. The extract was then centrifuged at 5000 xg for 5 min
to remove fine colloidal particles and concentrated to dryness under reduced pressure using a rotary evaporator (Heidolph,
Hei-Vap, Germany) at 50°C. The dried extracts were weighed to determine the extractable solid contents (extraction yields)
and stored at 4°C until further use.
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Figure 1. The purslane (Portulaca oleracea L.) plant (A and B)

2.3 Determination of antioxidant compounds

Approximately 100 mg of each purslane extract were dissolved in 25 mL of the respective solvents and quantified
spectrophotometrically (Hitachi U-2001, Tokyo, Japan) to determine the content of antioxidant compounds. The following
compounds, that are commonly present in purslane, were used as standards: gallic acid, quercetin, caffeine, f-carotene,
aescin, a-tocopherol, and ascorbic acid " '**"> ¥,

2.3.1 Total phenolic contents (TPC)

The TPC of each extract was determined as described elsewhere **. A 0.5 mL of sample extract was mixed with 0.5
mL Folin—Ciocalteu’s reagent, followed by addition of 10 mL of 7% Na,CO; solution. The mixture was incubated for 1 h
at 25°C in the dark and then absorbance was measured at 765 nm. The gallic acid standard curve was drawn and the results
were expressed as mg of gallic acid equivalents per g of extract (mg GAE/g dry weight [DW]).

2.3.2 Total flavonoid contents (TFC)

The TFC was determined using a colorimetric method described previously **. A 0.5 mL of sample extract was mixed
with 2.25 mL of distilled water in a black covered test tube followed by addition of 0.15 mL of 5% NaNO, solution. After
6 min, 0.3 mL of 10% AICl,-6H,0 solution was added and immediately 1.0 mL of 1 M NaOH was added. The mixture
was vortexed and then absorbance was measured at 510 nm. The quercetin standard curve was plotted and the results were
expressed as mg of quercetin equivalents per gram of extract (mg QE/g DW).

2.3.3 Total alkaloid contents (TAC)

The TAC was determined according to a method published earlier ™, with some modifications. A 10 mL of sample
extract was dissolved in 15 ml 2N HCL and then filtered. An aliquot of 10 mL of this solution was transferred to a
separating funnel and washed 3 times with 10 mL of chloroform. A 5 mL of 0.1% chloroform extract was first mixed with
5 mL of phosphate buffer (pH 7.5) and 1 mL of bromothymol blue, and then mixed with 10 mL of chloroform and shaken
for 3 min. After standing for 30 min, the upper chloroform was taken to measure the absorbance at 413 nm. The caffeine
standard curve was produced and the results were expressed as mg of caffeine equivalents per gram of extract (mg CE/g
DW).

2.3.4 Total carotenoid contents (TCC)

The TCC was determined according to a method described previously “*. A 0.5 g of sample extract was mixed with
15 mL hexane, vortexed and left for few minutes, then centrifuged for 1 min at 1500 xg. The supernatant was collected and
re-extracted until become colorless. Collected supernatant was evaporated until became dry using a rotary evaporator at
40°C. Crude extract was re-dissolved in 5 mL hexane and absorbance was read at 450 nm. The standard curve of B-carotene
was prepared and the results were expressed as mg of B-carotene equivalents per gram of extract (mg BCE/g DW).

2.3.5 Total saponin contents (TSC)

The TSC was assessed as described before *”. A 0.5 mL of sample extract was added to 0.5 mL of 8% (w/v) vanillin
solution, mixed with 5 mL of concentrated H,SO, (72%) and incubated in a water bath at 60°C for 15 min, and then cooled
on ice to room temperature prior to measurement of absorbance at 560 nm. The standard curve of aescin was constructed
and the results were expressed as mg of aescin equivalents per gram of extract (mg AE/g DW).

[36]

[22
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2.3.6 Vitamin C contents

Vitamin C content of the extracts was determined using the method described by Awe et al. **. Briefly, 75 uL of
DNPH (2 g 2,4-dinitrophenylhydrazine, 230 mg thiourea and 270 mg CuSO,-5H,0 in 100 mL of 5 M H,SO,) was added
to 500 pL reaction mixture (300 pL of appropriate dilution of the extracts with 100 pL 13.3% trichloroacetic acid (TCA)
and 100 puL water). The reaction mixture was subsequently incubated for 3 h at 37°C, then 0.5 mL of 65% H,SO, (v/v) was
added to the medium and absorbance was measured at 520 nm. The vitamin C content of the extracts was calculated using
ascorbic acid as standard and the results were expressed as mg of ascorbic acid equivalents per gram of extract (mg AAE/g
DW).
2.3.7 Vitamin E contents

The extracts were screened for vitamin E contents using a method previously described ™. Briefly, 500 uL of sample
extract was saponified by mixing with a 2% pyrogallol solution (5 mL) and heated for 2 min in a 70°C shaking water bath.
The tubes were removed, and 0.25 mL of 11 N KOH was added. The tubes were heated again in a shaking 70°C water bath
for 30 min, and placed in an ice bath. In order to vitamin E extraction, 2 mL of hexane and 0.5 mL of water were added to
the saponified samples and shaken vigorously for 2 min. One milliliter of the hexane layer was transferred to a 4-mL glass
test tube for analysis. A 0.2% bathophenanthroline solution (200 pL) was added to all the samples and thoroughly mixed.
Two hundred microliters of 1 mM FeCl, was added and samples were vortexed. After 1 min, 200 pL of the H;PO, solution
was added, vortexed again, and the absorbance measured at 534 nm. The standard curve of a-tocopherol was used to
calculate the vitamin E contents of each sample and results were expressed as mg of a-tocopherol equivalents per gram of
extract (mg ATE/g DW).
2.4 Determination of antioxidant activities

The antioxidant potential of all the extracts was assessed by DPPH and ABTS radical cation scavenging, lipid
oxidation inhibition, and ferric reducing/antioxidant power (FRAP) assays. A stock solution of 500 pg/mL of each extract
was prepared by dissolving 5 mg of the extract in 10 mL of the respective solvents. Other concentrations (400, 300, 250,
200, 150, 100, 75, 50, and 25 pg/mL) of each extract were prepared freshly with the respective solvents and were used for
further assays. These concentrations were selected to ensure that the antioxidant activity of the extracts could be monitored
at high and low concentrations. Also, we assumed that such range of concentrations is useful for smooth calculation of
IC,, values. Ascorbic acid was used as standard. Absorbance spectra were measured by using a spectrophotometer (Hitachi
U-2001, Tokyo, Japan).
2.4.1 DPPH radical scavenging activity

The DPPH radical scavenging activity was assessed with minor modification of a reported procedure . Briefly, 50
uL of various concentrations (25-500 pug/mL) of each extract and ascorbic acid were taken in a series of test tubes. The
volumes were adjusted to 500 pL by adding Tris-HCl buffer (pH 7.4). A 1 mL of a 0.1 mM methanolic solution of DPPH
was added to these tubes, which were vigorously shaken. The control was prepared as described above without any extract
and distilled water was used for the baseline correction. After 10 min incubation period in darkness at room temperature,
the resultant absorbance was read at 517 nm. Percent inhibition of DPPH was calculated as follows:

Inhibition (%)=[(C,—S.ps)/Caps]* 100
where C,, is the control absorbance and S, is the sample absorbance. The concentration that provided 50% inhibition (ICs)
was calculated from the graph with inhibition plotted against extract concentration.
2.4.2 ABTS radical cation scavenging activity

abs

The ABTS" radical scavenging activity was measured using a standardized protocol *"’. Stock solutions of 7 mM
ABTS ((2,2'-azino-bis(3-ethylbenzothiazoline-sulfonic acid) diammonium salt) and 2.45 mM potassium persulfate were
prepared in water and kept in the dark for 12 h. Equal volumes of the stock solutions are mixed and diluted to absorbance
of 0.70 + 0.02 at 734 nm to prepare ABTS" radical solution. A 50 uL of various concentrations (25-500 pg/mL) of each
extract, ascorbic acid, or control (50 pL of distilled water) was mixed with ABTS" radical solution (1 mL) and immediately
the time was taken and the absorbance was read after 10 min at 734 nm. The sample absorbance was compared with the
control absorbance. Percent inhibition and IC, values were then measured and calculated as described for DPPH.

2.4.3 Lipid oxidation inhibition

The Lipid oxidation inhibition assay was measured as described previously **'. First, the linoleic acid solution was
prepared by placing 0.56 g of linoleic acid and 1.5 g of Tween 20 in 8 mL of ethanol (96%, v/v). Then, 50 pL of various
concentrations (25-500 pug/mL) of each extract and ascorbic acid were mixed with linoleic acid solution (100 pL) and
acetate buffer (1.5 mL, 0.02 M, pH 4.0). Controls contained 50 pL of distilled water. The samples were vortex mixed and
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incubated at 37°C for 1 min. Once achieved 1 min, 750 uL of 50 M FeCl, solution (0.099 4 g FeCl, and 0.168 g EDTA
diluted to 1 L with distilled water) were added to induce the lipid oxidation and incubated for 24 h at 37°C. Two aliquots (250
pL) were withdrawn during this period, at 1 and 24 h. Each aliquot was processing in the moment as follows: the aliquots
were added to NaOH solution (1 mL, 0.1 M, in ethanol at 10%, v/v) to stop the oxidation process; after ethanol (2.5 mL,
10%, v/v) was placed to dilute the sample. Then, absorbance of the samples was measured at 232 nm. Ethanol (10%, v/v)
was used as blank. Percent inhibition of linoleic acid oxidation was calculated with the following equation:

Lipid oxidation inhibition (%)=[(A-B)/A]x100
where A is the difference between the absorbance of the control sample after 24 h and 1 h of incubation, and B is the
difference between the absorbance of each extract sample after 24 h and 1 h of incubation. The concentration that provided
50% inhibition (ICs,) was calculated from the graph with inhibition plotted against extract concentration.
2.4.4 FRAP (Ferric reducing/antioxidant power) assay

The FRAP assay was conducted based on the procedure described by Benzie and Strain . A working FRAP solution
was freshly prepared by mixing 300 mM acetate buffer (3.1 g CH;COONa-3H,0 was added to 16 mL of glacial acetic
acid and diluted to 1 L with distilled water), 10 mM TPTZ in 40 mM HCI, and 20 mM FeCl;-6H,0 in the ratio of 10:1:1
and warmed at 37°C in a water bath before used. A 100 pL of each extract and ascorbic acid were mixed with 3 mL of
working FRAP reagent and absorbance of the reaction mixture at 593 nm was measured at 0 minute after vortexing.
Thereafter, samples were placed at 37°C in water bath and absorption was again measured after 4 min. A reagent blank
was prepared as above with 100 pL of distilled water added instead of the test sample. To construct the calibration curve,
five concentrations of FeSO,-7H,0 (100 to 2000 uM/L) were used and absorbance were measured as sample solution. The
values were expressed as mM of FeSO, equivalents per gram of sample (FSE/g DW).
2.5 Statistical analysis

All assays were conducted in six replicates and the results are expressed as mean values + standard deviations. The
data were subjected to ANOVA, and the significance of the difference between means was determined by Tukey’s test (p <
0.05) using SAS software (SAS Institute, 2003). Pearson’s test was used to assess correlations between variables.

3. Results and discussion

3.1 Extractable solid contents

The results showed that extraction solvents significantly affected extractable solids of purslane herbs. Water was
demonstrated to be the most suitable solvent to obtain the highest amount of solids (11.8 + 0.11%), followed by methanol
(10.5 £ 0.10%), and ethanol, which resulted in the lowest extractable solid contents (7.4 = 0.08%). A similar result has been
found by Lim and Quah * that water and methanol extracts of purslane herbs had higher extraction yields than ethanol
extracts. In addition, Uddin et al. ' found that water was better solvent for the highest extraction yield of purslane leaves
in comparison with methanol.
3.2 Phytochemical analysis

The results indicated that extraction solvents also markedly affected extractable amounts of TPC, TFC, TAC, TCC,
TSC, and vitamin E (Table 1.). Methanol extract had higher amounts of TPC, TFC, and TAC compared with water and
ethanol extracts, but no difference was observed between the levels of these compounds in water and ethanol extracts.
In all three extracts, the amounts of TPC were higher than the amounts of TFC and TAC, supporting the fact that most
purslane flavonoids and alkaloids are also phenolics "*. Our results are consistent with previous reports that showed that
methanol and water are more suitable solvents than ethanol for extraction of phenolic compounds from purslane, while
methanol is the most suitable solvent **!. The solubility of phenolic compounds is dependent on the polarity of the
solvent used, the degree of phenolic polymerization, the interaction of the phenolics with other plant constituents, and the
formation of insoluble complexes “”. Tan et al. " found that phenolic compounds were much better extracted with the use
of polar solvents, whereas methanol was the solvent of choice for extraction of the maximum amount of flavonoids. The
structural studies revealed that solubility of phenolic compounds is dependent on their ability to form hydrogen bonds with
the surrounding solvent. However, even though flavonoids contain oxygen atoms for hydrogen bonding to water, most of
flavonoids are nonpolar in nature and this could be why they are more soluble in methanol than in water **. The higher
level of TPC in methanol extract than water extract, despite higher polarity of water, can also be related to the inhibitory
action of methanol on the enzyme polyphenol oxidase ', which catalyzes two types of oxidative reactions: hydroxylation
of monophenols to o-diphenols and oxidation of catechols to o-quinones, which are highly reactive compounds °*. More

importantly, o-quinones can easily combine with proteins to form insoluble complexes "),
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In the case of TCC and vitamin E contents, ethanol was better solvent than water and methanol to extract these
components. Also, methanol was better than water for extraction of TCC and vitamin E from purslane. On the other hand,
water was the better solvent than methanol and ethanol to extract TSC from the samples, while ethanol extraction provided
the lowest amount of TSC. These effects are in accord with the degree of polarity of the extraction solvent. Vitamin E and
most of carotenoids have non-polar and hydrophobic nature **, whereas saponins are molecules consisting of hydrophilic
and hydrophobic segments **). Generally, saponins are water-soluble thanks to the hydrophilic sugar chain(s) in their
structures. Moreover, the amphiphilic nature of these molecules grants them the capacity to self-micellate, which increases
their dispersion in the aqueous media **. However, variable results of water and alcohol solubility depending on the type
of saponin have been described . Vitamin C was not detected in the extracts, probably due to long extraction time and

high temperature **,

Table 1. Phytochemical composition of purslane extracts

Item ** Water extract Methanol extract Ethanol extract

Total phenolics content, mg GAE/g extract 57.6 = 1.06" 1422 +3.83° 56.2+1.06"

Total flavonoids content, mg QE/g extract 41.6+6.17° 81.2 +1.85" 429+0.28"

Total alkaloids content, mg CE/g extract 6.8+0.27 15.1 +0.10* 6.9 +0.09°

Total carotenoids content, mg BCE/g extract 18.9 +0.60° 27.0£0.58 36.5 = 0.83"

Total saponins content, mg EE/g extract 483 £ 1.76" 41.1£0.74° 17.7+0.61°

Vitamin E, mg ATE/g extract 0.49 £ 0.027° 2.54+0.059 3.11£0.11°
Vitamin C, mg AAE/g extract ND ND ND

““means within a row bearing different letter are significantly different (p < 0.05).
¢ GAE = gallic acid equivalents; QE = quercetin equivalents; CE = caffeine equivalents; BCE = B-carotene equivalents; AE = aescin
equivalents; ATE = a-tocopherol equivalents; ND = not detected.
¢ The composition is given as dry basis.

3.3 Scavenging activity against DPPH and ABTS" radicals

All purslane extracts and ascorbic acid could effectively scavenge the DPPH and the ABTS radicals in concentration-
dependent manners (Figure 2. and Figure 3.). At most concentrations used, ascorbic acid gave the highest inhibition activity
against the DPPH and the ABTS' radicals compared with the same concentrations of purslane extracts. However, this
difference was reduced at higher application levels, so that ascorbic acid and methanol extract had comparable scavenging
activity at 500 ug/mL concentration (98.2 + 0.89% vs. 97.3 + 1.46% for DPPH and 97.2 + 0.76% vs. 98.2 + 0.61%
for ABTS', respectively). In addition, methanol and ethanol extracts had greater scavenge capacity than that prepared
by water. Also, scavenging action of methanol extract was higher than that of ethanol extract at all application levels,
although the observed difference only reached significant levels against DPPH at 400 and 500 pg/mL concentrations and
against ABTS" at 300 to 500 pug/mL concentrations. The scavenging of DPPH is based on the hydrogen donating ability
of the antioxidant which leads to the formation of non-radical DPPH-H, while the scavenging of ABTS is involved in the
electron transfer pathway that converts ABTS' to ABTS ). Therefore, the higher scavenging ability of methanol extract
can be related to its correspondingly higher levels of TPC, TFC, and TAC. The hydrogen-donating ability of phenolics to
scavenge free radical can be characterized by the bond dissociation energy of OH bond °*, whereas the electron-donating
ability of these compounds seems to be associated with an extended electronic delocalization over the entire molecule
57 Meanwhile, the higher scavenging activity of ethanol extract compared with water extract is very probably related to
differences in the amounts of TCC, TSC, and vitamin E. A detailed study on the electron-donating capacity of carotenoids
has been reported by Tan et al. . They showed that the radical scavenging ability was mainly affected by the structural
features in carotenoids, that is, the length of conjugated double bonds and participation of chemical groups on the B-ionone
ring. Such structural differences also exist between and within the different classes of phenolic compounds and saponins
' and may contribute to the differences in scavenging capability of purslane extracts.

Volume 1 Issue 12020 | 6 Food Science and Engineering



—&— Water extract —#— Methanol extract Ethanol extract Ascorbic acid

100

80

60

40

Inhibition (%)

20

25 50 75 100 150 200 250 300 400 500
Concentration (ug/mL)

Figure 2. Percentage inhibition of DPPH radical by purslane extracts and ascorbic acid
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Figure 3. Percentage inhibition of ABTS' radical by purslane extracts and ascorbic acid

Our interpretations were proved by the significant negative correlations between the 1Cs, values of DPPH and
ABTS radical-scavenging activity and the amounts of TPC (r = -0.73 and -0.57, respectively), TFC (r = -0.74 and -0.60,
respectively), TAC (r = -0.75 and -0.59, respectively), TCC (r = -0.61 and -0.77, respectively), or vitamin E (r = -0.85 and
-0.94, respectively), and significant positive correlations between the DPPH and ABTS" IC,, values and the amounts of
TSC (r = 0.40 and 0.59, respectively). The lower the ICs, value, the greater is the free radical scavenging capability of the
plant extract. This is because a lower concentration is required for the antioxidant compounds to exhibit 50% of inhibition
on free radicals. In both DPPH and ABTS" assays, ICs, values were found to be in order of ascorbic acid < methanol
extract < ethanol extract < water extract (Table 2.). Our ICs, values are close to those reported by Ercisli et al. "’ and Taha
and Osman ' for methanol (116.3 pg/mL for DPPH and 89.7 pg/mL for ABTS") and ethanol (54.3 pg/mL for DPPH)
extracts of purslane leaves, but they are much lower than the range (1300 to 3310 pg/mL for DPPH) reported by other
researchers '* !, This variability in the results probably reflects differences in chemical composition between extracts,
which is originated from several factors including extraction method, solvent type and solvent to solid ratio, extraction
time and temperature as well as chemical composition and particle size of plant materials *”. Differences in growth stages,
genotype, harvesting times, and environmental conditions have been reported to contribute to purslane composition ***

Table 2. IC,, values (mg mL™) of purslane extracts and ascorbic acid in DPPH, ABTS", and lipid-peroxidation inhibition tests

Item Water extract Methanol extract Ethanol extract Ascorbic acid
DPPH 1723 +£2.52° 117.240.87° 135.1+4.83" 52.3+3.17°
ABTS’ 139.0 = 1.28" 84.1 £ 1.80° 90.6 +0.58" 71.7£0.81°
Lipid-peroxidation 284.6 + 8.80" 153.0£2.29 109.2 +3.76° 284.5+1.45"

*4 Means within a row bearing different letter are significantly different (p < 0.05)

3.4 Lipid peroxidation inhibiting activity

Peroxidation of linoleic acid was also inhibited by purslane extracts and ascorbic acid in concentration-dependent
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manners (Figure 4.). Like the two previous models, methanol and ethanol extracts did better results than water extract.
On the other hand, the inhibitory effect of ethanol extract on linoleic acid peroxidation was more efficient compared with
methanol extract. This is very likely due to higher levels lipophilic antioxidants in ethanol extract, as demonstrated by
negative correlations between ICs, values of lipid peroxidation inhibitory activity and the amounts of TCC (r = -0.94) or
vitamin E (r = -0.99). In fact, the “polar paradox” described by Kulisic et al. ”’ might be illustrated here. According to this
author, hydrophilic antioxidants are more active in lipophilic mediums whereas lipophilic antioxidants are more active in
emulsions. Such an effect is probably caused by the fact that most polar antioxidants remain in the aqueous phase of the
emulsion and are, thus, less effective in protecting the linoleic acid . This effect was further confirmed in the present
study, where ascorbic acid, as a well-known polar antioxidant compound, exerted less protective effect in this model. The
lipid peroxidation inhibiting activity of ascorbic acid was much lower compared with methanol and ethanol extracts and
did not significantly higher than that of the water extract at most levels used. The ICy, values obtained in this model were
found to be in the order of ethanol extract < methanol extract < ascorbic acid < water extract. We could not find a reference
that has explored the lipid peroxidation inhibiting effects of purslane extracts using the same procedure as employed
in the present study. However, our interpretations are agreeing with the ones reported by Park et al. ', who evaluated
the inhibitory effects of five purslane extracts on lipid peroxidation in a lipophilic medium, finding out that the lipid
peroxidation inhibiting activity of water extract was significantly greater than that of petroleum ether, chloroform, ethyl
acetate, and methanol extracts. Our results also confirm the findings of previous studies that showed that ascorbic acid has

a moderate ability to prevent lipid peroxidation in emulsion-type systems >,
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Figure 4. Percentage inhibition of lipid-peroxidation by purslane extracts and ascorbic acid

3.5 Ferric reducing antioxidant power (FRAP)

The FRAP values of tested materials was significantly different and found to be in the order of ascorbic acid >
methanol extract > water extract > ethanol extract (Figure 5.). The FRAP assay basically measures the reducing ability of
antioxidants in a hydrophilic system, and lipid-soluble compounds are normally showed lower FRAP values than water-
soluble components *!. In addition, some compounds such as carotenoids has been reported to not contribute to the ferric
reducing ability of extracts ‘’". This effect was proved in this study by the significant negative correlation between the
FRAP values and the amounts of TCC (r = -0.54). Inversely, the FRAP values were positively correlated with the amounts
of TPC, TFC, and TAC (r = 0.86, 0.82, and 0.85, respectively). Saponins were also found to have positive correlation
(r = 0.73) with FRAP. These results are supported by the previous findings "**>*! in which phenolic compounds of
the purslane had a close relationship with the level of FRAP. In similar reports ***” the higher amount of saponin
compounds in plant extracts was correlated with their enhanced reducing potential, but to a lesser extent than that of
phenolic compounds. These results probably reflect differences in the electron-donating and accepting properties of these
biomolecules.
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Figure 5. Ferric reducing/antioxidant power (FRAP) values of purslane extracts and ascorbic acid
*4Means bearing different letter are significantly different (p < 0.05)

4. Conclusions

There were significant differences in total phenolic, flavonoid, alkaloid, carotenoid, saponin, and vitamin E contents
of purslane extracts. The methanol extract had greater phenolic, flavonoid, and alkaloid contents compared with water
and ethanol extracts and the higher antioxidant activity of the methanol extract was verified by DPPH radical scavenging
activity, ABTS" radical scavenging activity, and ferric reducing antioxidant power assays. Meanwhile, ethanol extract had
the highest amounts of carotenoids and vitamin E contents and gave the most efficient inhibiting activity against ferrous
chloride-induced oxidation of linoleic acid. On the other hand, water could water extract had the highest levels of solid
and saponin contents and exhibited higher ferric reducing antioxidant power in comparison with ethanol extract. These
differences in the characteristics of purslane extracts warrant further study, especially in regard to their effects on human
and animals health. Also, more research is needed to adequately know the composition of the extracts, to identify the
antioxidant compounds in the extracts, and to evaluate their potential as natural antioxidants.
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