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Abstract

One potential avenue to increase the production of valuable protein ingredients for the food industry is developing vegetable
proteins from non-traditional plant sources. In the present study, the composition, structure and techno-functional characteris-
tics of defatted purslane flour (DF), protein concentrate (PC), and protein isolate (AP) were investigated. The results revealed
that DF, PC, and PI contained low levels of moisture, ash, and fat. However, there were significant differences (P <0.05) in
protein content between DF, PC, and PI (32.9, 60.8 and 90.9%, respectively). The techno-functional characteristics of purs-
lane proteins were enhanced by processing purslane flour into PC and PI products. Furthermore, the ratios of total essential
amino acids to total amino acids in purslane protein samples were well above that stated for ideal food proteins. SDS-PAGE
analysis indicated three subunits of protein in DF, PC, and PI. Scanning electron microscopy revealed that DF exhibited a
compact-like structure; PC had a small, flaky, but porous type of particle, and PI had an intact flake-like structure. The FTIR
analysis revealed that some alterations in the secondary structure of protein were occurred. In summary, purslane proteins
can be considered new functional food ingredients with different nutritional and technological characteristics.
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Abbreviations SDS-PAGE  Sodium dodecyl sulfate—polyacrylamide gel
AOAC Association of Official Analytical Chemists electrophoresis

DF Defatted purslane flour WAC Water absorption capacity

DIW De-ionized water

DwW Distilled water

EA Emulsifying activity Introduction

ES Emulsifying stability

FC Foaming capacity Purslane (Portulaca oleracea L.) is a well-known important
FS Foaming stability plant that belongs to the Portulacaceae family and natu-
FTIR Fourier Transform Infrared spectroscopy rally occurs as a weed in field crops and lawns [1]. It can
OAC Oil absorption capacity be found in temperate and tropical regions worldwide. The
PC Protein concentrate aerial portion of purslane plant (leaves and stems) are the
PI Protein isolate principal edible parts, which have been investigated for their

chemical composition and nutrients in several studies [2, 3].
Purslane has recently been referred to as “functional food or

B4 Ahmed M. Rayan power food” due to its high nutritive value [4]. Furthermore,
ammrayan@yahoo.com its medicinal and therapeutic benefits have been well docu-
>4 Yahya S. Hamed mented [5]. Its importance in herbal medicine stems from its
yahyasaud88@gmail.com use as a purgative, heart tonic, emollient, and muscle relax-
I Food Technology Department, Faculty of Agriculture, Suez ant, as well as anti-inflammatory, and diuretic medications.
Canal University, Ismailia 41522, Egypt Purslane also has been used to treat psoriasis and osteopo-
2 National Center for Radiation Research, and Technology rosis. Purslane is referred to 'as a "Global Panaceja and is
(NCRRT), Atomic Energy Authority (AEA), Cairo, Egypt one of the most popular medicinal plants, according to the
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World Health Organization (WHO). According to El-Sayed
et al. [4] and Petropoulos et al. [6], purslane can be used as
a raw material to make food products such as dairy prod-
ucts, and as an ingredient for many salad dishes. Compared
to other plants, purslane has good nutritional value since it
contains high levels of minerals, carbohydrates, proteins,
a-tocopherol, ascorbic acid, omega-3 fatty acids, [-carotene,
glutathione and phenolic compounds.

Purslane seeds are eaten by humans and animals based
on ethnobotanical studies, and they have similar medicinal
characteristics to the aerial portion. Despite the high nutri-
tional value of purslane in the human diet, its consumption
as a green leafy vegetable is limited due to the accumulation
of oxalic acid [6]. It has been reported that the aerial part
of the plant contains higher amount of oxalic acid than the
seeds [3]. Linoleic and linolenic acid levels in the seeds and
seedcakes is balanced (33.80-34.74% and 32.83-34.64%,
respectively) [6]. The nutritional value and antioxidant con-
tent of purslane make it a valuable food for humans. There-
fore, the herb may be used in the future due to its exceptional
nutritional potential [7]. Jalali et al. [8] and Nazeam et al.
[9] investigated the antihyperlipidemic properties and anti-
oxidant activities of purslane seeds. Phenolic compounds
including protocatechuic and p-hydroxybenzoic acids and
phenolic lipids such as alkylresorcinols are also found in
the seeds [10]. The primary components of dried purslane
seeds are fat (15.03%), carbohydrates (53.43%), and protein
(27.58%) (wiw) [6].

Several technological solutions have been developed to
create high-quality protein-rich foods using unusual vegeta-
ble source ingredients. Alternative protein sources, particu-
larly from plants, recently have received considerable inter-
est. In this regard, several studies have evaluated the qualities
of novel proteins derived from unused seeds of a broad range

of plants. Seeds of almond, kenaf, grape, watermelon and
acacia have all been identified as new, cheap protein sources
with good nutritional, technological, and physicochemical
qualities [11-14]. However, there is a scarcity of research on
the amino acid composition, physicochemical and functional
characteristics of purslane seed proteins, which is critical for
utilizing the seeds as a possible food additive or other food
product. It has been reported that food processing, prepara-
tion, storage, and consumption behaviors are governed by
the physicochemical characteristics of their proteins, known
as their techno-functional characteristics [13]. Furthermore,
the nutritional and quality characteristics of purslane seed
proteins have not been compared to those of other commer-
cial proteins. Therefore, the current study investigated the
techno-functional characteristics, structure and amino acid
composition (compared to FAO/WHO recommendations) of
the DF, PC and PI from purslane seeds.

Materials and Methods

The materials and methods are presented as supplementary
material.

Results and Discussion

Chemical Composition

The chemical compositions of DF, PC and PI are shown in
Table 1. The DF, PC and PI contained low levels of moisture
(8.09, 5.18 and 4.84%, respectively), ash (5.84, 3. 91 and

3.58%, respectively) and fat (1.88, 0.65 and 0.56%, respec-
tively). PI had the lowest values for all of these components.

Table 1 Chemical composition

A Component DF PC PI

and techno-functional

characteristics of defatted Chemical composition

purslane flour (DF), protein Moisture (%) 8.09+0.09° 5.18+0.04° 4.84+0.16°

concentrate (PC) and protein

isolate (PT)" Ash (%) 5.84+0.16* 3.91+0.05° 3.58+0.08°
Fat (%) 1.88+0.07* 0.65+0.03° 0.56+0.02°
Protein (%) 32.9+0.82¢ 60.8+0.37° 90.91+0.45?
Carbohydrates (%) 59.38 +£1.74* 34.66+0.97° 4.95+0.37°

Techno-functional characteristics

Water absorption capacity (g/g) 5.28+0.35a 4.16+0.57b 2.94+0.17¢
Oil absorption capacity (g/g) 1.18+0.03° 1.12+0.022° 4.64+0.27%
Foaming capacity (%) 3.91+0.05° 12.27+0.25° 23.96+0.45?
Foaming stability (%) 11.66+0.86° 26.83+0.76° 46.05+1.25%
Emulsifying activity (%) 11.50+£0.56° 20.83 +0.66° 52.33+1.07
Emulsifying stability (%) 15.33 £0.60¢ 33.11+0.83° 57.66+1.52?

*Results represent the average of three determinations+SD, values in the same row with different letters

are significantly different (p <0.05)
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Accordingly, because of the low moisture content, purslane
proteins are less sensitive to microbial attack. Purslane pro-
teins are also acceptable for human consumption and animal
feed due to their low ash levels, which are within the normal
range for certain common edible seeds. The low concentra-
tions of fat in purslane proteins could be attributed to their
lipoprotein association, and these polar lipids play a key role
in the flavor of the proteins [15].

Protein content differed significantly (P <0.05) across
DF, PC, and PI (32.9, 60.8, and 91.9%, respectively), with
PI exhibiting the highest protein content. The high protein
values of purslane seeds should encourage its use as a good
source of protein in food formulations and could be con-
sidered an animal protein substitute to address the world's
expanding protein need. Furthermore, the protein recovery
yields of extracted concentrates and isolates were 55 and
15% of the flour, respectively. The higher recovery yield
of PC than PI might be attributed to the non-proteinaceous
material remaining during the concentrate preparation. DF,
PC, and PI had significantly different carbohydrate contents
(P<0.05), with values of 59.38, 34.66, and 4.95%, respec-
tively. The variations in chemical composition between the
DF, PC, and PI could be attributable to the protein extraction
procedures. As a result, the extraction procedures boosted
the protein levels while decreasing the other components.
The current findings are consistent with those obtained for
groundnut proteins [16], walnut PC and PI [17] and acacia
PC and PI [14]. These observations might increase inter-
est in using purslane as a high protein source in some food
formulations.

Techno-Functional Characteristics
Protein Solubility

The protein solubility profile of DF, PC and PI at several pH
levels (2 — 12) is illustrated in Fig. 1. At pH 4, DF had a min-
imum solubility of 10.23%, while the solubility was 29.1%
at pH 2. From pH 6 to pH 12, the solubility of DF increased
progressively, with the greatest solubility (45.0%) at pH 12.
Similarly, the solubility at different pH ranges for PC was
investigated. Where at pH 2, the solubility of PC was 36.6%,
and then dropped to the lowest level (9.64%) at pH 4. Subse-
quently, the solubility was raised from pH 6 to 12, reaching
a high level of 59.6% at pH 12. Like DF and PC, PI showed
high solubility at the acidic and alkaline pHs, with the low-
est solubility of 13.0% at pH 4 and the highest solubility of
69.5% at pH 12. The high solubility of PI can be attributed
to the extraction occurring at an alkaline pH, which presents
a group of proteins that have already been subjected to alka-
line unfolding. In addition, they were relatively free from
most of interfering components. Finally, purslane proteins
have low solubility at pH 4, indicating that they are acidic in
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Fig. 1 Protein solubility profile of defatted flour (DF), protein con-
centrate (PC), and protein isolate (PI) of purslane seeds

nature and that the protein's isoelectric point is at pH 4. This
was confirmed by the maximum protein content of purslane
protein produced using the isoelectric precipitation method.
In fact, because the majority of dietary proteins are acidic
in nature, their solubility is lowest around pH 4-5, increas-
ing as the pH value rises [18]. Furthermore, the protein is
less soluble at the isoelectric point (pI) due to peptides' net
charge and the surface hydrophobicity [19]. Protein solubil-
ity is complex and could be affected by different factors,
such as electrostatic/hydrophobic interactions and hydrogen
bonding. These parameters could promote protein—protein
interactions or protein-solvent interactions [20].

WAC

As illustrated in Table 1, the WACs of DF, PC, and PI were
significantly different (P <0.05). DF showed the highest
WAC of 5.28 (g/g) followed by PC (4.16 g/g) compared
with PI (2.94 g/g). This could be due to the greater carbo-
hydrate levels of DF and PC, which contribute to the WAC.
The same observations have been reported by Pedroche et al.
[21] for defatted meals of seeds of B. carinata, Vioque et al.
[22] for V. faba and Bernardino-Nicanor et al. [23] for Poute-
ria sapota seed meal. The WAC values of PC and PI were
high compared to those obtained by Bernardino-Nicanor
et al. [23] for Pouteria sapota seed meal, Pedroche et al.
[21] for B. carinata seeds, Zhu et al. [24] for commercial
soy PI and Jain et al. [16] for groundnut PC and PI. On the
other hand, the WAC value obtained for DF is similar to that
obtained by Al-Kahtani and Abou Arab [20] for moringa and
Carvalho et al. [25] for cupuassu protein concentrate and
isolate. The variations in WACs for the investigated sam-
ples might be due to the nature and type of protein as well
as the hydrophilic properties of proteins that are related to
polar groups located on the primary sites of protein-water
interactions, including carbonyl, hydroxyl, amino, sulfhydryl
and hydroxyl groups [17]. Lawal et al. [26] reported that
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intrinsic factors influenced the WHC of food proteins includ-
ing amino acid composition, protein conformation, surface
polarity and hydrophobicity. The high WAC of purslane PC
and PI makes them a useful ingredient in food applications.
The ability of proteins to bind water and oil is a crucial
technological feature that allows them to physico-chemically
integrate with the other macro and micro components of
food, improving qualities like texture, mouthfeel, and flavour
retention [25].

OAC

The OACs of DF, PC, and PI were 1.18, 1.12 and 4.64 g
oil/g, respectively (Table 1). The OACs for DF, PC and PI
were lower than that of cupuassu [25] for DF (3.46 g/g), PC
(5.77 g/g), and PI (17.2 g/g) but similar to that reported for
moringa, walnut and groundnut flours, protein concentrate
and isolate (the values ranged from 1.36 — 3.48 ml/g) [16,
17, 20]. Using an alkaline pH during protein isolation might
be responsible for the high OAC of PI. Protein denatura-
tion could result from the alkaline environment. Because of
the denaturation process, globular proteins can be opened,
allowing hydrophobic amino acids like leucine, isoleucine,
phenylalanine, methionine, tryptophan, and valine to bind
fat easily. Generally, proteins have the potential to bind fat,
allowing them to enhance the flavor and texture retention of
food products [27]. The mechanism of protein binding to fats
could be attributed partially to physical entrapment and is
associated with bulk density and particle size. Furthermore,
the high OAC of purslane PI makes it an excellent ingredient
in cold meat manufacturing since the protein has the ability
to enclose fat and water in such foods [28].

Foaming Characteristics

Foaming capacity (FC) and foaming stability (FS) for DF,
PC and PI are illustrated in Table 1. According to the results,
PI had a higher level of FC (23.96%) than PC (12.27%) and
DF (3.91%). The lower FC of DF and PC was likely due
to their more complicated matrix than PI. Like FC, the FS
of PI (46.05%) was significantly higher (P <0.05) than
PC (26.83%) and DF (11.66%). The obtained results were
superior to those previously reported for grape seeds protein
[12]. However, the results were similar to those reported
by Ogunwolu et al. [28] for cashew nut powder and Mao
and Hua [17] for walnut flour. Several parameters, such as
molecular transit, penetration, and restructuring at the air/
water interface, govern foam formation [28]. To promote
effective foaming, proteins should be capable of migrating
at the contact between air and water, unfolding and reform-
ing at the interface [12]. Overall, the high FC and FS of PI
help to use it in food systems that require foaming such as
cakes and ice cream.

@ Springer

Emulsifying Properties

The PI had the highest emulsifying activity (EA) level
(52.33%), followed by PC (20.83%) and that of DF (11.50%)
was the lowest. Similarly, ES of PI was the highest (57.66%),
followed by PC (33.11%) and DF (15.33%) was the low-
est with significant differences (P <0.05) (Table 1). Car-
valho et al. [25] discovered similar results for cupuassu PC
and PI. This result might have been caused by the isolated
molecules adapting to the oil-water interphase more effec-
tively than the native proteins in the flour and concentrate
that were still linked to the non-proteinaceous material. It
also might have occurred because the isolated molecules
stripped of their associated non-proteinaceous material by
the alkaline unfolding. When exposed to only water or oil or
a combination of water and oil, it appears that each product
responded in a manner that was unique [25]. The ability of a
protein to assist the dispersion of an oil phase into an aque-
ous medium is measured by its emulsifying capability [12].
The high emulsifying activity of purslane seed protein iso-
late might make it suitable for food applications especially
foods depend on emulsification, including meat products and
mayonnaise.

Data in Table S1, explain the correlation coefficient
among the techno-functional characteristics of purslane
proteins. There were significant and negative correlations
between the WAC with OAC, FA, FS, EA and ES. On the
other hand, there were highly significant and positive cor-
relations between all other techno-functional characteristics
with each other.

Amino Acid Composition

The amino acid content of proteins is a crucial chemical
feature since it dictates the nutritive value of proteins. The
amino acid compositions of DF, PC and PI of purslane seeds
are illustrated in Table 2. When the amino acid composition
of purslane seed proteins was compared to the FAO/WHO
[29] recommended content, it was evident that the essential
amino acids content was higher than the adult-recommended
levels. In addition, DF, PC, and PI contained high levels of
valine, leucine, tyrosine, phenylalanine and threonine. The
essential amino acids content was comparable to the FAO/
WHO [29] recommended content for pre-school children;
except methionine, tyrosine/phenylalanine and histidine in
the DF, PC and PI of purslane seeds were low. The amounts
of all essential amino acids in PI, on the other hand, were
higher than in DF and PC. The differences in amino acid
contents might be attributed to the chemical alterations
in some amino acids due to the extraction process, which
included by alkaline and acids treatments [30]. Glutamic
acid, aspartic acid, and arginine were the predominant non-
essential amino acids in all protein samples. The amino
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Table 2 Amino acid composition of defatted purslane flour (DF), pro-
tein concentrate (PC), and protein isolate (PI)

Amino acid” DF PC PI FAO/
WHO
reference®

Essential

Methionine 2.242 2.011 2.725 2.5(1.7)
Cystine ND ND ND

Valine 2.183 2.454 2.246 3.5(1.3)
Isoleucine 1.990 1.212 2.079 2.8 (1.3)
Leucine 4.667 3.606 5.559 6.6 (1.9)
Tyrosine 3.232 3.895 3.789 6.3(1.9)
Phenylalanine 5.469 3.357 5.334

Tryptophan ND ND ND

Histidine 1.641 2.101 2.092 1.9 (1.6)
Lysine 0.892 1.694 1.551 5.8 (1.6)
Therionine 2.545 2.445 2.722 3.4 (0.9)

Nonessential

Aspartic acid 6.311 4.768 7.109

Proline 0.703 0.357 0.438

Serine 3.262 2.824 3.649

Glutamic acid 9.950 10.01 14.42

Glycine 4.332 3.948 3.961

Alanine 2.896 2.666 4.429

Arginine 6.883 5.734 6.756

*All amino acid (AA) values are expressed as grams per 100 g of pro-
tein. * Numbers in parentheses of FAO/WHO recommended content
[29] represent essential amino acid for adults and numbers outside
the parentheses represent essential amino acid for pre-school children
(2~5 years). ND; not detected

acid arginine is essential for children. The values of argi-
nine (6.883, 5.734 and 6.756 g/100 g protein for DF, PC
and PI, respectively) were similar to the reference protein
(6.10 g/100 g) [31].

The ratios of total essential amino acids (TEAA) to total
amino acids (TAA) in purslane protein samples were 41.9,
42.9 and 40.8% for DF, PC and PI, respectively, which above
the level stated for ideal protein-containing food for infants
(39%), children (26%) and adults (11%) [29, 32].

SDS-PAGE

The protein structure's components (subunits) are primarily
responsible for its functionality [16]. SDS-PAGE patterns
of purslane proteins are illustrated in Fig. (S1) (molecular
weight standards were 10, 15, 25, 35, 55, 70, 100, 130, and
250 kDa). The electrophoretic pattern of DF, PC and PI was
comparable, indicating that the majority of the polypeptides
found in DF also were found in both PC and PI with molecu-
lar weights of ~ 12, 17 and 30 kDa.

These obtained results are in accordance with those
reported for walnut proteins by Mao and Hua [17] who found
that the SDS-PAGE profiles of walnut DF, PC and PI exhib-
ited no notable qualitative variations, indicating that the
alkaline extraction-isoelectric precipitation approach and the
isoelectric precipitation technique did not modify the protein
composition. It was suggested that the electrophoretic veloci-
ties depend on different factors, including the pH of the sepa-
rating buffer, as well as the retardation coefficient associated
with the shape and size, charge, and structure of the neighbor-
ing charged particles [16, 33]. Al-Kahtani and Abou-Arab
[20] stated that the changes in electrophoretic pattern might
be attributed to the processing of DF into PC and PI.

Microstructure

Scanning electron micrographs of DF, PC and PI are shown
in Fig. (S2). DF revealed a dense cell structure comprising
a mixture of fat particles and starch granules surrounded
by a protein matrix (Fig. S2 A). PC had a small, flaky, but
porous type of particles (Fig. S2 B). PI had an intact flake-
like structure because it was made up entirely of protein
(Fig. S2 C). The obtained microstructures are comparable to
those observed for DF, PC and PI from acacia [14], ground-
nut [16], and walnut [17], respectively. The porous and flake-
like structures of both PC and PI have been shown to pro-
mote protein digestion and solubility [16, 17]. The various
microstructures of DF, PC, and PI might be influenced by
physiochemical and techno-functional characteristics.

FTIR Analysis

The FTIR analysis revealed that the obtained peak posi-
tions of purslane proteins had a place for amide-I (1640,
1641, and 1636 cm™'), amide-II (1528, 1533, and
1528 cm™") and amide-III (1386, 1390, and 1389 cm™") for
DF, PC, and PI, respectively, due to the presence of C=0,
N-H, C-H, and N-H groups (Fig. S3 and Table S2). The
region of the mid-infrared spectrum (1300 to 1700 cm™)
has been determined to be suitable for studying proteina-
ceous materials where the absorption of the amide groups
is within this range [34, 35]. The strongest absorption band
for polypeptides among the several protein amide bands
is the amide-I from 1600 to 1700 cm™! [35]. The differ-
ences in band intensity of DF, PC, and PI, indicate that the
quantity of protein might have had an impact on the active
groups of the amino acids. Accordingly, some alterations
in the secondary protein structure (a-helix, f-turn) might
be occurred. It could be concluded that the processing of
purslane seed flour into PC and PI increased the intensity
of amide groups, might have changed the protein’s second-
ary structure and improved the functional and technologi-
cal characteristics of protein matrices.
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Conclusion

The results indicated that the chemical composition and
structure of PC and PI of purslane were different compared
to DF. Furthermore, the techno-functional characteristics of
purslane flour were enhanced by processing into PC and PI.
The ratios of total essential amino acids to total amino acids
in purslane protein samples were well above that determined
in ideal protein for infants, children and adults. Furthermore,
the microstructures, including porous particles and flakes,
for both PC and PI would promote protein digestion and
solubility. The improved techno-functional characteristics of
processed purslane PC and PI are expected to influence the
quality characteristics of food products and could be used as
a potential source of nutrients supplementation in some func-
tional food products. We recommend additional investigation
into the potential use of purslane proteins in suitable food
products, depending on their techno-functional properties.
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