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Abstract

In this study, differences in total phenol, flavonoid, carotenoid content, antioxidant activity, polyphenols and minerals in
different parts (flower, leaf, stem, root) of the purslane plant were investigated. Total amounts of carotenoids ranged from
1.69+0.05 (stem) to 27.92 +0.00 pg/g (leaf) and 2.22 +0.00 (root) to 48.03+0.10 pg /g (leaf) in the cultivated and wild
purslane respectively. Total phenolic contents of cultivated and wild purslane plant were characterized between 29.40+0.43
(stem) and 102.42 +4.63 (flower) to 37.17 +0.28 (stem) and 64.56 +0.68 mg gallic acid equivalent (GAE)/100 g (flower),
respectively. Total flavonoid amounts of cultivated and wild purslane plants were established between 53.29 +0.84 (stem)
and 402.71 £13.14 mg/100 g (flower) to 87.57 +£1.93 (stem) and 153.95+ 1.10 mg/100 g (flower), respectively. While anti-
oxidant activities of cultivated purslane plant was determined between 1.45+0.00 (root) and 1.53 +£0.00 mmol/kg (leaf),
antioxidant activities of wild purslane parts were monitored between 1.51 +0.02 (flower and root) and 1.58 +0.00 mmol/
kg (leaf). While gallic acid contents of the parts of cultivated purslane were detected between 0.43 +0.14 (flower) and
3.67+0.00 mg/100 g (stem), the gallic acid amounts of the parts of wild purslane plant were recorded between 2.46 +0.29
(stem) and 3.62 +0.36 mg/100 g (flower). 3,4-Dihydroxybenzoic acid amounts of the parts of both cultivated and wild purs-
lane plants were identified between 0.98 +0.90 (flower) and 3.98 +0.29 (leaf) to 3.24 +0.34 (stem) and 6.77 +0.30 mg/100 g
(flower), respectively. The amount of phosphorus (P) in parts of cultivated and wild purslane plants were determined
between 1059.38 +74.08 (root) and 3039.08 + 168.38 (flower) to 1177.46 +40.80 (root) and 3078.11 +£96.05 mg/kg
(flower), respectively. While amounts of K in cultivated purslane parts are recorded between 28,341.18 + 1598.47 (flower)
and 85,645.01 +1033.52 mg/kg (stem), K contents of wild purslane plant were found between 27,213.16 + 636.85 (root)
and 59,281.55+1412.66 mg/kg (stem). The lowest bioactive components were determined in the stem part of both plants
(cultivated and wild). Interestingly, the roots of the cultivated and wild purslane plant had a higher total flavonoid content.
The highest ferulic acid and quercetin were found in the flower and leaf parts of both plants, respectively.
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Introduction

Purslane (Portulaca oleracea L.), which has a worldwide
distribution and grows widely in the subtropical and tropi-
cal regions of the Mediterranean basin, is an annual suc-
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adaptable to drought and salinity [8]. Purslane is an inva-
sive weed, although the above-ground parts of the plant
are consumed as a vegetable in Mediterranean regions [9].
It has been reported that the stem and leaves of purslane
resemble spinach due to their salty and slightly acidic taste
and are consumed as a vegetable. In addition to being con-
sumed fresh, it has been reported to be used as a tea or soup
after drying [10, 11]. The protein, crude fibers, ash, Ca and
Fe contents of Purslane change between 17.50-29.04%,
5.00-12.00%, 17.80-23.01%, 380-2625 mg/100 g and
46-550 mg/100 g (dw), respectively [12, 13]. Because purs-
lane contains high amounts of phenolic constituents, it has
antioxidant properties that act as free radical scavenger and
lipid peroxidation inhibitor [14—16]. As a result of various
studies, the presence of flavonoids as the main components
of purslane has been reported [17, 18]. Purslane, whose
leaves and stems are added to salads as raw or cooked, has
been defined as a “functional food” in recent years due to
its high nutritional properties [1, 19]. Purslane has been
reported as the “Powerful Foods of the Future” due to its
high nutritional and high antioxidant values [6]. Total phenol
content with antioxidant properties of six purslane cultivars
varies between 127 and 478 mg/100 g (fw) [10]. Although
purslane is a very invasive weed, it has been reported to be
rich in high omega-3 fatty acids and especially a-linolenic
acid [20]. Purslane is the richest vegetable in terms of
Omega-3 fatty acids and contains 400 mg/100 g Omega-3
fatty acids, especially as its high a-linolenic acid content and
a-linolenic acid/linoleic acid ratio reveal that purslane is an
important plant for balanced nutrition. It is stated that the
total unsaturated fatty acid content in purslane is approxi-
mately 7-8 times higher than in spinach [21]. The amount
of a-linolenic acid (18.3), a-tocopherol, ascorbic acid and
glutathione in both wild and cultivated forms of purslane
is higher than the amount contained in spinach. A fresh
purslane leaf contains approximately 300-400 mg/100 g
a-linolenic acid; 12.2 mg/100 g a-tocopherol, 26.6 mg/100 g
ascorbic acid, 1.9 mg/100 g beta-carotene and 14.8 mg/100 g
glutathione [22]. Nowadays, awareness of the consumption
of functional foods, which provide versatile benefits on
health beyond human nutrition, and the importance given
to a plant-based diet is increasing day by day. In particu-
lar, green plants are preferred because of their low energy
content, as well as being an important source of minerals,
vitamins and fiber [23]. Edible parts of purslane have been
reported to be rich in calcium, potassium, phosphorus, pro-
tein, carbohydrates, tocopherols, carotenoids and ascorbic
acid [24-26]. Purslane is a wild herb with important medici-
nal uses due to its high level of nutraceutical compounds
and worldwide prevalence [27]. It has also been reported
that purslane has pharmacological antifungal, antimicrobial,
antidiabetic, diuretic, hepatoprotective, neuroprotective,
febrifuge, antiseptic, antispasmodic, vermifuge, anticancer,

anti-hyperlipidemic, anti-arthritic, antiinflammatory, anti-
oxidant, anticholinesterase activities and germicidal prop-
erties [28, 29]. Although there are different studies around
the world regarding the chemical and bioactive compounds
of Portulaca oleracea, limited studies have been conducted
on the identification of bioactive properties, phenolic com-
ponents and mineral amounts of different parts of Portu-
laca oleracea grown in Turkey. Today, due to the increas-
ing awareness of the consumption of functional foods that
provide multi-faceted benefits on health and human nutri-
tion, the interest in plant-based nutrition is increasing day by
day. The goal of current work was to determine differences
in total phenol, flavonoid, carotenoid contents, antioxidant
activity, polyphenols and minerals in different parts (flower,
leaf, stem, root) of purslane plants.

Material and methods
Material

Wild and cultivated purslane plants (flower, leaf, stem and
root) were collected from the Calt1 neighborhood of the
Selcuklu district of Konya in July 2023. The collected purs-
lane plants were immediately brought to the laboratory in
a cold bag (about 15 °C) and washed with distilled water.
After the washing process, the water droplets on the plant
were removed with tissue paper, and it was made ready for
analysis.

Methods
Moisture content

The moisture amounts of the parts of cultivated and wild
purslane plants were measured using the KERN & SOHN
GmbH infrared moisture analyser.

Carotenoid content

The carotenoid amounts of the parts of cultivated and
wild purslane plants were recorded according to the report
described by Silva da Rocha et al. [30] with some modifica-
tions. After pretreatments, the acetone in the sample was
removed by washing twice with 100 mL of distilled water.
Then, the sample was completed with 25 ml of petroleum
ether. After these processes, the absorbance values of the
extract were recorded at 450 nm at spectrophotometer (Shi-
madzu UV mini 1240 Japan). The parts of purslane tested for
carotenoid content were prepared in three replicates.
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Extraction procedure

The parts of cultivated and wild purslane plants were
obtained using the method reported by Alam et al. [31].
After each crushed purslane sample (5 g) was mixed to
20 mL of methanol, the solution was shaken in rinsing
water-bath for 2 h at 25 °C. Mixture was then centrifuged at
6000 rpm for 20 min. The extract acquisition process was
repeated twice and the extracts were collected in a balloon.
10 mL of methanol was added to the extract, concentrated
in a vacuum rotary evaporator at 40 °C and then filtered.

Total phenolic content (TPC)

Total phenolic values of cultivated and wild purslane parts
were investigated using the method described by Yoo et al.
[32]. After the extract of each purslane part was mixed with
1 mL Folin-Ciocalteu and 10 mL Na,COj, the solution was
vigorously vortexed for 5 min. 25 mL of deionized water was
added to the extract, filling it up to the balloon volume, and
the mixture was left for 1 h. Then, total phenolic amount of
purslane sample was monitored at 750 nm using a spectro-
photometer (Shimadzu UV mini 1240, Japan). A calibration
curve was prepared with gallic acid (0-200 mg/ml) as the
standard (Fig. 1). TPC of samples was calculated as mg gal-
lic acid equivalent (GAE) /100 g (fw). All treatments were
performed in three replicates.

Total flavonoid content

Total flavonoid amounts of purslane extracts were recorded
using colorimetric method as described by Hogan et al.
[33]. After preprocessing, the absorbance values were read
at 510 nm. The results obtained are stated as mg catechin
equivalent (CE)/100 g (fw). All treatments were performed
in three replicates.

Fig. 1 A calibration curve for
total phenol
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Antioxidant activity (DPPH assay)

The antioxidant activity values of purslane extracts were
measured using 1.1-diphenyl-2-picrylhydrazil (DPPH) as
described by Lee et al. [34]. After mixing the extract with
2 ml of DPPH methanolic solution, the solution was vigor-
ously stirred by vortexing and stored for 30 min for reaction
in a dark room. The absorbance values (AA) were recorded
at 517 nm. The percentage inhibition of free radical or anti-
oxidant activity of extracts was calculated using following
equation:

AAControl — AAExtract %

100
AAControl

Antioxidantactivity(%) =

Determination of phenolic compounds

The phenolic compound analyses of purslane extracts were
carried out by using a Shimadzu-High-Performance Liquid
Chromatography (HPLC-SCL-10A VP-Shimadzu, Japan)
equipped with a photo diode array (PDA) detector and an
Inertsil ODS-3 (5 um; 4.6 X250 mm) column. The flow rate
of the mobile phase and the injection volume were 1 ml/min
at 30 °C and 20 pl, respectively. The peaks were recorded at
280 nm using a PDA detector. The time (60 min) was cali-
brated as the total running time for per sample.

Determination of protein

Protein amounts of purslane seeds were established using
the AOAC method [35].

Determination of mineral
After the crushed cultivated and wild purslane parts were

dried in an oven at 70 °C for 48 h, 0.5 g of ground purs-
lane powders was incinerated in a closed microwave system
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(Cem-MARS Xpress) using 5 ml of 65% HNO; and 2 ml of
35% H,0,. The volume of the sample was then completed up
with 20 ml of distilled water. The mineral values of the purs-
lane parts were determined by Inductively Coupled Plasma
Optical Emission spectroscopy (ICP-OES) [36].

Statistical analyses

Mineral analyses of purslane parts were performed in trip-
licate, and variance analysis was performed on the results
by averaging them. Analysis of variance (ANOVA) was
performed by using JMP version 9.0 (SAS Inst. Inc., Cary,
N.C.U.S.A). Duncan’s Multiple Range test was used to
establish the significant changes between the results of purs-
lane samples (p <0.05).

Results and discussion

Bioactive properties of the parts of cultivated
and wild purslane

The moisture contents, total phenol, flavonoid, carotenoid
and antioxidant capacities of the parts (flower, leaf, stem
and root) of cultivated and wild Purslane are reported in
Table 1. The moisture content of the parts of cultivated
and wild purslane plants were established to be between
84.73+0.07 (flower) and 92.19+0.45 (leaf) to 79.77 +£0.78
(root) and 89.79 +0.49% (stem), respectively. The highest
total carotenoid contents were detected in the leaves of both
cultivated and wild purslane parts. In addition, the high-
est total phenolic amounts were obtained in the flowers of
both cultivated and wild purslane parts. Also, the lowest
and highest total flavonoid contents of purslane parts were
detected in the stem and flower parts, respectively. While
antioxidant activities of cultivated purslane plants are deter-
mined between 1.45+0.00 (root) and 1.53 +0.00 mmol/kg

(leaf), antioxidant activities of wild purslane parts were
observed to be between 1.51 +0.02 (flower and root) and
1.58 +0.00 mmol/kg (leaf). Statistically significant differ-
ences were observed among moisture, total phenol, carot-
enoid and flavonoid contents of the purslane fractions
(p <0.05). Moisture amounts of both plants were determined
mostly in the leaves and stem. The highest amounts of bioac-
tive compounds (total phenol, flavonoid, and carotenoids)
were obtained in the flowers and leaves of the cultivated
and wild purslane plant. The total phenol values of the flow-
ers and leaves of the cultivated purslane was higher than
that of the flower and leave of the wild purslane. However,
the total carotenoid values and antioxidant activities of wild
purslane flower and leave were higher than those (flowers
and leaves) obtained from the cultivated. The lowest bioac-
tive components were determined in the stem of both plants
(cultivated and wild). It has been observed that the roots of
the cultivated and wild purslane plant contain higher total
flavonoids than the stem parts. The leaves and stems of
purslane plant contained 86.37-89.93% moisture, respec-
tively [27]. The flowers and leaves of wild purslane plant
samples had between 84.73 and 89.93% moisture content,
respectively (Table 1), which are similar to results from the
works of Dabbou et al. [27]. The total phenolic amounts
of purslane plant parts were found to be between 78.3 and
633.9 mg/ kg dry weight [20]. Methanol extract of Purs-
lane plant contained 142.2 mgGAE/g total phenol and 81.2
mgQE/g total flavonoid [37]. In a previous study, Lim and
Quah [10] reported that the total phenolic content of metha-
nol extracts of 6 different cultures of P. oleracea changed
between 127 and 478 mg GAE/100 g. Total phenolic and
flavonoid contents of methanol extracts of purslane leaves
were 326.80 mg/g and 44.33 mg GAE/100 g, respectively
[9]. Total phenol and flavonoid in the leaves and stems of P.
oleracea were found as 13.92 and 11.80 mg/100 g to 16.26
and 13.58 mg7100g, respectively [27]. Petropoulos et al.
[38] pointed out that total phenol and total flavonoids of

Table 1 Moisture content and bioactive properties of cultivated and wild purslane plant parts(fw)

Sample Parts of purslane Moisture content Carotenoid content ~ Total phenolic con-  Total flavonoid con-  Antioxidant
(%) (pg/g) tent (mg/100 g) tent (mg/100 g) activity (mmol/
kg)

Cultivated  Flower 8473 + 0.07d* 1338 =+ 0.02b 10242 + 4.63a 40271 =+ 13.14a 150 =+ 0.00ab
Leaf 9219 + 045a 2792 + 0.00a 6329 =+ 049c 179.10 + 455¢c 153 =+ 0.00a
Stem 9148 + 068 169 + 0.05cd 2940 =+ 043d 5329 + 084d 148 =+ 0.02c
Root 8574 + 0.06c 190 =+ 0.02c 7583 + 0.85b 28186 + 9.83b 145 + 0.00cd

Wild Flower 8555 + 039 1481 + 0.05b 6456 + 0.68a 15395 =+ 1.10a 151 =+ 0.02c
Leaf 88.47 + 035b 4803 =+ 0.10a 60.12 + 0.85b 141.10 + 394b 158 + 0.0lab
Stem 89.78 + 049a 376 + 0.05c 3717  + 028d 8757 + 193d 159 =+ 0.00a
Root 7977 + 078 222 + 0.00d 4242 + 1.76c 12652 + 2.75¢ 151 =+ 0.00c

“Values are mean + standard deviation and those with different letters in each column are significantly different (p <0.05)
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6 different genotypes of P. oleracea were established to be § § § § § § gg § 50 g § é
between 7.65 and 20.1 mg GAE/g to 0.12 and 5.30 mg CE/g, S S S 3S3S3S 33 =
respectively. Ercisli et al. [39] determined 17.88 ug GAE/ HHHHHHHHHHHH
mg total phenolic in purslane extract: Ant%ox1dant activity 2leocgnseznzoee
values for DPPH and ABTS '2,2’-Azino-bis(3-ethylbenzo- glangztc=z28sg s
thiazoline-6-sulphonic acid' of fresh purslane leaves were - o
. © ©° T 8 Y T T o T =
53.23% and 147.78 pmol tr01.0x /109 fg.(dw), respectlve}y a3 cg 2gnz3s5 9 5” 5
[40]. DPPH radicals scavenging activities, total flavonoid SRR s
and total phenolic values of the methanol extracts from the HoH HHH HAHHHHHH
aerial parts of P. oleracea were 47.13%, 1317.41 pg/gCE/g, . o
. SRS S B G S ol e V- T RN
75.96 mgQAE/g, respectively [41]. Purslane can l?e an eas- glddesgsoczgzscszszce s
ily accessible and natural source of phytochemicals and
s SR RS2 822FEEZR
antioxidants [42] as reports have shown that an aqueous R asg&8S8ITITESET
extract from Purslane may show high phenolic, flavonoid, ceeeeseeessee -
anthocyanin, antioxidant effects [39, 42, 43]. Therefore, the HoAH H HH 4 HH A
antioxidant activities and free radical scavenging properties R EE R
of phenolic compounds commonly found in plants are quite Sl Y e ds s oo omn
high [44]. It has been reported in another study that purslane § § § uo‘% ‘;j‘ é\:‘ % éo.? "§ =] g g
leaves have the effect of increasing the antioxidant capacity, SS S S 3 S3SSSSS
total phenolic and flavonoids and act as scavengers of free M H
radicals produced during oxidation reactions [40]. However, = % arzgomwsoaTon| o
the bioactive compound contents and antioxidant activities BlIE|d 68 ~—wnccs3cc ol 8
of the plants have significant differences according to the 3 v
parts of the plant [44]. In general, it has been reported that § '§ § 2 § § 8 22 ﬁ S % 72:“
the flavonoid contents of plants vary depending on the plant ceceececeesese 8
parts and solvents used for their extraction, genetic variabil- HH HHHHHHHHHH %
ity and edaphoclimatic conditions [45]. lawvws oo = =% moe oD
S]] @ n n n AN n O O O n — on =
K|S S oSS S S S 54
Phent{llc compounds of the parts of cultivated _ S85882222338|5
and wild purslane £ SScSSS3S3S3S3S3S = 4
o =
. = HH H HHH HHHHHH] 3
The phenolic profiles of the flower, leaf, stem and root of = 2
. . . . on — =
cultivated and wild purslane plants are displayed in Table 2. £ E) 883 ¥=8883<2Z g
Results showed some differences amoung the purslane parts. § sl TeseTeeees T g
Gallic acid, 3,4-dihydroxybenzoic acid, catechin, rutin and g § ({% oj‘é vmcj § ﬁ ‘é § l%’ § % E é
kaempferol were the dominant phenolic compounds in the = A e
various parts of cultivated and wild purslane investigated g HoHHHHHHHHHHH] S
. . . — o
(Fig. 2). While the lowest and highest 3,4-Dihydroxy- Z Slegessggrezzsy s
. . . Q 3 -
benzoic acid contents of the parts of cultivated purslane = HAldad e = =S - - | 5
. . . = 3
p?ants are 1del.1t1ﬁed in ﬂower.s anc.l leaves, the lowest and .i *3 sezescesaen s 2
highest 3,4-Dihydroxybenzoic acid contents of the parts £ S xS ocmwsSRXR3SASm| 8
. . . S O O oo oo c oo oo —~ | ¥
of wild purslane plants were characterized in stems and 3 =l
. . . s l=
flowers, respectively. While catechin amounts of the parts g g oA A A A A g
(flower, leaf, stem and root) of cultivated purslane plant E % % TR, 2 ‘§
. « 2l =z a+x : 3
varied between 2.57 +£0.92 (root) and 9.36 + 1.48 (leaf), CIOIR|SSsfoSdo e s 2|3
catechin contents of the wild purslane parts were deter- g o T
. Q
mined between 4.83 +0.87 (leaf) and 10.30+2.08 mg/100 g % s E
(stem). While rutin values of cultivated purslane plant 3 —§ S 4
parts change between 0.51 +0.32 (root) and 4.08 +0.23 218 2 2 - §
(leaf), rutin amounts of wild purslane parts were defined g | E 5 - 2 s g _| E
£ |8 =5 ©B & 283 .| e
to be between 0.67 +0.35 (stem) to 5.45+0.59 mg/100 g ~le EREN: § o g s 5 % é £ s
. ~ = 2 B L2 5
(flower) (Table 2). Kaempferol values of cultivated purs- 2 % 2 A g & %0 = é RN g £ é
lane parts were determined between 7.88 +0.76 (leaf) and c | & SESS g LEL802| 7
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Fig.2 Phenolic chromatograms of the parts of purslane plant. Flower of cultivated purslane. Leaf of cultivated purslane. Stem of cultivated purs-
lane. Root of cultivated purslane. Flower of wild purslane. Leaf of wild purslane. Stem of wild purslane. Root of wild purslane

12.89 +1.31 (flower), while kaempferol contents of wild
purslane parts are found between 5.19 +1.33 (leaf) and
7.68+1.67 mg/100 g (stem). Statistically significant dif-
ferences were observed among phenolic compounds of the
parts of cultivated and wild purslane plants (p <0.05). The
highest ferulic acid and quercetin were found in the flow-
ers and leaves of both plants, respectively. 3,4-dihydroxy-
benzoic acid, catechin and rutin were found in the leaves
in cultivated purslane plant. The highest gallic acid and
3,4-dihydroxybenzoic acid were detected in the flowers of

the wild purslane plant. In general, phenolic component
amounts (except kaemferol) of wild purslane parts were
slightly higher than cultivated purslane plant parts. In addi-
tion, the content of phenolic compounds in the purslane
plant showed changes according to plant part as well as plant
typeas well as plant type. Leaf, stem, and flower fractions
of Thai purslane contained 2.78, 4.15 and 3.11 mg/g gal-
lic acid, 1,93, 2.40 and 3.78 mg/g protocacthuic acid, 2.45,
2.08 and 2.84 mg/g p-hydroxybenzoic acid, 15.30, 14.95
and 18.20 mg/g chlorogenic acid, 1.28, 0.84 and 1.20 g/mg
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Fig.2 (continued)

vanillic acid, 2.47, 2.97 and 3.68 mg/g caffeic acid, 2.38,
2.09 and 2.49 mg/g syringic acid, 1.82, 1.91 and 2.23 mg/g
p-coumaric acid [14]. Leaves have a lower total phenolic
content and antioxidant activity values than stems [46]. Fla-
vonoids such as kaempferol, apigenin, myricetin, quercetin,
and luteolin have been reported to be the main phenolic con-
stituents found in purslane [11, 17]. P. oleracea L from dif-
ferent locations contain (in pg/g) 0.062-27.20 caffeic acid,
4.450-572.9 p-coumaric acid, 3.921-146.5 ferulic acid,
5.428-32.71 quercetin and 0.476-164.7 ug/g apigenin [47].
Portulaca oleracea aerial parts contain (in ug/g) 0.10 rutin,
0.05 quercetin, 0.05 kaempferol, 5.10 catechin, 0.05 narin-
genin, 0.10 resveratrol, 5.75 vanillic acid, 25.05 gallic acid,
0.95 hydroxycinnamic acid, 11.10 caffeic acid, 2.35 ferulic
acid, 4.70 rosmarinic acid [41]. The leaves, stems and flow-
ers of Portulaca oleracea contain (in pg/g) 5.7, 13.58 and
7.8 coumaric acid, 71.3, 30.57 and 8.0 sinapic acid, 1.2, 0.0
and 0.8 caffeic acid, 4.2, 0.0 and 5.0 catechin, 6.8, 0.0 and
1.0 epicatechin, 7.3, 7.87 and 0.8 kaempferol, respectively
[46]. Although phenolic compounds and oleracein deriva-
tives have been detected in plant parts, the main compounds
detected in the leaves of purslane have always been oleracein
A and C [48]. Other phenolic compounds identified in purs-
lane include apigenin, kaempferol, luteolin, quercetin, myri-
cetin, genistein, genistin, portulacanones A to D, caffeic,
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chlorogenic, p-coumaric, ferulic and rosmarinic acids,
lignins, stilbenes, terpenoids, saponins, tannins, chlorophyll,
melatonin, bergapten and robustin, and the majority of these
compounds are found in the aerial parts of purslane [49-51].
In addition, it has been reported that the amounts of phenolic
compounds in purslane greatly increase with the progression
of plant maturity [52]. When our results were compared to
results of previous studies [46, 47], these changes may have
been due to differences in genetic makeup, environmental
factors, maturation and analytical factors [2, 3].

Macro-, micro element and crude protein contents
of the parts of cultivated and wild purslane

The macro-, micro element and crude protein contents
of the flower, leaf, stem and roots of cultivated and wild
purslane plants are presented in Table 3. Significant dif-
ferences (p <0.05) were observed in the mineral and
protein contents of both plant parts. The macro element
amounts of both plant parts were found at very high lev-
els. The amounts of phosphorus in parts of the culti-
vated and wild purslane plant were found to be between
1059.38 +74.08 (root) and 3039.08 + 168.38 (flower) to
1177.46 +£40.80 (root) and 3078.11 +96.05 mg/kg (flower),
respectively. While K amounts of cultivated purslane parts
are recorded between 28,341.18 £ 1598.47 (flower) and
85,645.01 +1033.52 mg/kg (stem), K contents of wild
purslane plant were found between 27,213.16 +636.85
(root) and 59,281.55 + 1412.66 mg/kg (stem). Flowers and
leaves from cultivated Purslane had the least amounts of
Ca while those from the roots and leaves of the wild plant
recorded the highest Ca content (Table 3). Also, the amounts
of Mg in cultivated and wild purslane plants (flower, leaf,
stem and root) were measured between 6164.21 +95.94
(flower) and 14,538.97 + 825.74 (leaf) to 3745.56 +61.94
(root) and 15,752.47 +1241.28 mg/kg (leaf), respectively.
Statistically significant differences were recorded in the Mg
contents of the parts of cultivated and wild purslane plants
(p <0.05). The highest S in cultivated and wild purslane
plants were determined in the leaves (2251.40 + 84.46 mg/
kg) and flowers (1840.44 +111.59 mg/kg), respectively.
Among the microelements of both plants, Fe was the ele-
ment with the highest amount, followed by Mn, Zn, B and
Cu. Fe amount of the parts of cultivated and wild purslane
plants ranged from 64.61 +1.63 (stem) to 608.39 +1.40
(root) and 134.68 +0.61 (stem) to 592.05 +1.90 mg/kg (leaf)
respectively. However, the Fe content in the leaves and roots
of wild purslane were partly similar (p <0.05). While Mn
amounts in parts of cultivated purslane plant varied between
17.52+0.60 (stem) and 94.46 + 1.08 (leaf), Mn amounts of
wild purslane parts changed between 13.55 +0.94 (stem)
and 73.9 +1.69 mg/kg (leaf). The lowest and highest Zn
contents in different parts of cultivated and wild purslane
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plants were obtained in the stems and flowers of both plant
types, respectively. Statistically significant differences were
recorded in the mineral contents of the parts of cultivated
and wild purslane plants (p <0.05). It can be seen that the
highest and lowest Mn and Zn contents in cultivated and
wild purslane were recorded in the leaves and stems parts of
the plants, respectively (Table 3). Also, the highest amount
of B was measured in the leaves of cultivated and wild purs-
lane plants. The element found at the highest amount among
the macroelements of purslane plants was K, followed by
Ca, Mg, P and S in decreasing order. In general, the K, Ca,
S and Zn contents of the cultivated purslane plant were high
when compared to the parts of wild purslane while the P,
Mg, Fe, Cu, Mn and B values of the cultivated purslane plant
were found to be low. In general, the lowest macro elements
were detected in the roots of both plants. This shows that
the parts where both macro and microelements accumulate
the most are the above-ground parts. In this study, it was
observed that the leaves and floral parts had the highest min-
eral content compared with the other parts above ground
surface. The flower and leafy parts of the Purslane plant
were found to be higher in protein. While crude protein con-
tents of the parts of cultivated purslane plant are determined
between 12.72+0.38 (stem) and 20.27 +0.73% (flower), the
amounts of crude protein in wild purslane parts were found
between 8.50+0.36 (stem) and 18.43 + 1.18% (leaf). It was
also established that protein contents in all parts of both the
cultivated and wild purslane plants were significantly differ-
ent (p <0.05). As seen in Table 3, the lowest protein content
was detected in the stems of both purslane plants. In general,
the protein contents of cultivated purslane plant parts were
higher than wild purslane parts. Purslane is very rich in Fe,
Zn, K, B, N, Mn, Ca Cu, Mg. However, P, S and Na elements
were present in relatively low amounts in purslane [38, 53,
54]. Purslane leaves contained 188.6 mg/g Fe, 126.3 mg/g
Zn, 53.7 mg/g K, 41.0 mg/g B, 14.0 mg/g Ca, 14.0 mg/g
Cu, 8.4 mg/g Mg, 5.3 mg/g P [54]. In a previous study, the
leaves, stems and roots of purslane were reported to con-
tain 76,846, 51,376 and 45,720 pg/g P, 267.79, 110.18 and
138.23 pg/g Ca, 581.80, 447.41 and 529.17 pg/g K, 28.05,
11.58 and 64.65 pg/g Fe, 19.85, 2.34 and 2.83 pug/g Mn,
and 9.21, 2.41 and 5.18 pg/g Cu, respectively [24]. There
are reports of lowered blood pressure when hypertension
patients were fed diets high in potassium [55]. Therefore
consuming Purslane as food could help reduce the blood
pressure of hypertension patients as they benefit from its
high potassium content, compared to most other vegetables
[55]. It may be recommended that the soil of the Purslane
cultivation for nutritional purposes be tested for the presence
of heavy metals or that it be grown in soilless environments
where the mineral content of the growth medium can be
easily monitored and controlled. In addition, the crop’s bio-
accumulation potential could make it a good candidate for
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Table 3 Mineral (mg/kg) and protein (%) contents of cultivated and wild purslane plant parts (dw)

Cultivated (C) Flower
Wild (W) flower

Sample
C-leaf
C-stem
C-root
W-leaf
W-stem
W-root

%

@ Springer



3722

I. A. Mohamed Ahmed et al.

adoption in phytoremediation strategies, especially at min-
ing sites. Furthermore, it was reported that purslane shoots
contained high levels of Ca, Fe, Mg, Mn, K and Zn [56].
In another study, it was stated that purslane accumulated
Pb at higher concentrations (0.017-0.35 mg/kg) than the
allowable limits (0.3 mg/kg) [57]. Tiwari et al. [58] pointed
out purslane as hyper-accumulator of Cd, Cr and As. Differ-
ences in macro, microelement and protein contents of plant
varieties and parts may possibly be caused by climatic con-
ditions, soil characteristics, fertilization, plant physiology,
land structure and harvest time [24, 54, 56].

Principal component analysis (PCA) of different
parts of Portulaca

PCA was carried out to assess the effect of different parts of
Portulaca such as flowers, leaves, stems and root and also
on phenolic compounds, carotenoid, total phenol, total flavo-
noid amounts and antioxidant activity (Fig. 3). PCA showed
about 37.532% of explained variance for PC1; 30.579% of
variance for PC2, which are given in Table 4. Gallic acid
(0.921), 3,4-dihydroxybenzoic acid (0.865), caffeic acid
(0.784) and syringic acid (0.740) had high positive correla-
tion with PC1, while a negative correlation was observed in
TFC (-0.835) and kaempferol (-0.735) with PC1. Moreo-
ver, PC2 was identified with resveratrol (0.925), quercetin
(0.882) and cinnamic acid (0.879). Values obtained for cul-
tivated Purslane leaves were located in the positive areas
of both PC1 and PC2, and also contained higher amounts
of cinnamic acid, quercetin, coumaric acid and rutin in
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Fig.3 Biplot graph drawn with results of PCA. C: Cultivated, W:
Wild, TCC: Total carotenoid content, TPC: Total phenolic con-
tent, TFC: Total flavonoid content, AA: Antioxidant activity, Dihyd:
3,4-Dihydroxybenzoic acid
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Table4 PCA results in relation to bioactive properties of purslane
plant parts

PC1 PC2
Eigenvalue 6.005 4.893
Variability (%) 37.532 30.579
Cumulative % 37.532 68.111
Correlation
Gallic 0.921 —0.160
Dihyd 0.865 0.066
Catechin 0.676 0.114
Caffeic 0.784 0.351
Syringic 0.740 0.492
Rutin 0.395 0.641
Coumaric 0.395 0.821
Ferulic — 0.668 0.545
Resveratrol —-0.218 0.925
Quercetin 0.130 0.882
Cinnamic 0.086 0.879
Kaempferol —0.735 0.192
TCC 0.191 0411
TPC -0.717 0.539
TFC —0.835 0.448
AA 0.415 —0.011

comparison with other samples. The highest total phenolic
and flavonoid values were observed in the flower samples
obtained from cultivated Purslane.

Conclusion

There were some significant differences in the distribution of
the phytochemicals that was investigated, depending on the
type and parts of the Purslane plant. The highest bioactive
compounds (total phenol, flavonoid and carotenoid) were
recorded in the flower and leafy parts of the cultivated and
wild purslane plant. The lowest bioactive components were
determined in the stems of both plants (cultivated and wild).
Interestingly, the roots of the cultivated and wild purslane
plant had a higher total flavonoid content. The highest ferulic
acid and quercetin were found in the flowers and leaves of
both plants, respectively. The highest 3,4-dihydroxybenzoic
acid, catechin and rutin were found in the leafy parts of the
cultivated purslane plant. In addition, the highest gallic acid
and 3,4-dihydroxybenzoic acid were detected in the flowers
of the wild purslane plant. In general, the amounts of phe-
nolic compounds (except kaempferol) of wild purslane parts
were slightly higher than cultivated purslane plant parts. The
macro element amounts of both plant parts were found to
be at high levels. Among the macroelements of both cul-
tivated and wild purslane plants, K was found to be most
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highly represented followed by Ca, Mg, P and S (in decreas-
ing order). Future studies will be on the determination of
changes in bioactive properties and phenolic components
of purslane, which has succulent properties, for processing
into fermented products.
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