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A promising Cordia myxa fruit (CMF) extract targets an additional incorporation in functional foods. It
retains appropriate health welfares owing to its antioxidant properties with limited incorporation in food
matrices due its hydrophobicity. Therefore, CMF extract micro- and nanocapsulation was performed to
protect and facilitate consistency of produced hydrophobic foods matrices. Furthermore, to determine
its phytochemicals, antioxidant, and cytotoxic effects by applying analytical HPLC, FRAP and SRB assay,
respectively. HPLC analysis of the tested extracts revealed the presence of, 25.59 ± 1.78 mg catechin/g,
69.68 ± 4.20 mg quercetin/g, and 112.72 ± 8.38 mg gallic acid/g extract. The CMF extract displayed a
potent DPPH radicals’ scavenger and FRAP high reduction capability in a dose-dependent manner. The
potent pharmacological activities of CMF extract may be ascribed to high concentration of polyphenolics
including flavonoids which strongly reported to possess an antitumor and antioxidant activities. To con-
firm the efficient CMF incorporation in micro- and nanosystems and their thermal stabilities to withstand
the high temperatures applied during some food processing. DSC of the apparent melt of non-capsulated
CMF and encapsulated forms (MCMF and NCMF) in sodium alginate gel and beads was studied. Results
showed that melting point of CMF extract (86.17 �C) indicating its inability whereas the MCMF and
NCMF melting points (226.45 and 383.87 �C, respectively) demonstrating the capability of expending
alginate – packaging material to shield the vital active compounds of C. myxa fruit to be applied in dif-
ferent targeted delivery products especially that disclosed to high thermal treatments.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Natural sources either, phytochemicals or plants extract were
reported to possess various potent biological effects as anticancer
activity in comparing to chemotherapy or traditional medicines
(Watkins et al., 2015). Cordia is a characteristic genus of Boragi-
naceae (borage) that involves many species and genera
(Rupasinghe et al., 2014). Evidently four species; C. myxa, C. dichot-
oma, C. latifolia and C. Abyssinia were explored. Amongst, all organs
of Cordia myxa have been traditionally utilized in folk medicine,
including wound healing, demulcent, anthelmintic, diuretic, astrin-
gent, emollient, expectorant, hepatoprotective, analgesic, immune
modulator, hypoglycemic, anti-inflammatory, laxative, antioxida-
tive stress, hypolipidemic, aphrodisiac, and antiulcer (Oza and
Kulkarni, 2017). The sticky and mucilaginous CMF pulp is the
source of an eminent Unani System of medicine called ‘‘sapistan”
which is prized in coughs, sore throats and chest-complaints treat-
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ments on expenses of its demulcent property (Rahman and
Hussain, 2015). A Behidana (Cydonia oblonga), Unnab (Ziziphus
jujuba) and Sapistan (Cordia myxa) decoction mixture was recom-
mended for relieving Influenza (nazla-i-wabāi) in Unani medicine
and other COVID-19 like epidemics. In addition, the treatment of
sore throat, cough, septicemia, fever, dyspnea, pharyngitis, chest
pain etc. (Ansari et al., 2020, Musa et al., 2020). C. myxa L. is rich
in various secondary metabolites as, alkaloids, phenolic acids, cou-
marins, tannins, resins, gums, mucilage, sterols, flavonoids, sapo-
nins, terpenoids, and oil. Anti-nutritional factors (tannins and
phytic acid), were detected in minute amounts, making C. myxa
fruits safe for human usage (Murthy et al., 2019). Sweetness of C.
myxa fruit is owed to high carbohydrate contents (fiber high total
dietary, fructose, glucose, and sucrose). The fruits are rich in essen-
tial minerals, fat, ash, carbohydrates, and proteins. The CM
methanolic extract has antioxidant and inhibitory activity toward
a- glucosidase and a- amylase enzymes (Malik and Ahmad,
2015). Phenolic content and flavonoids of fixed seed oil of five Cor-
dia species leaves were investigated. TLC and RP-HPLC investiga-
tions, revealed the presence of caffeic acid, chlorogenic
hesperidin, dihydrorobinetin, datiscoside, rutin, and robinin
(Murthy et al., 2019). Various affirmative human health effects of
plant-derived phenolics credited to their antitumor properties,
antioxidative, anti-inflammatory, etc. These properties intensely
be contingent on their bioavailability in the organism which gov-
erned by the structure and acquainted form into the organism (pu-
rified isolates or food additives). Moreover, phenolics and
macromolecules polysaccharides, dietary fibers, lipids, proteins
interaction either in digestion or food, that considerably alters
their bioavailability. Encapsulation can certainly influence
bioavailability as it guarantees the active constituents coating
and their targeted delivery to the digestive tract definite part and
precise release. Nanoemulsion, a phase just before nanoencapsula-
tion (nanostructures within the size range of 20–200 nm) with a
higher kinetic stability during storage, made by emulsification of
oily and aqueous phases using an emulsifier coating molecule
(Ferreira and Nunes, 2019). Nanocapsules have been articulated
via biodegradable polymers (wall materials), comprising whey
protein, sodium caseinate and modified starch or maltodextrin
(Jafari et al., 2008, Ali et al., 2015). Nanoemulsion, with particle size
(20–200 nm) was made before nanoencapsulation (20–200 nm)
through emulsification of the oily and aqueous phases by applying
of an appropriate emulsifier agent (Ferreira and Nunes, 2019).
Applications of mucilage including CMF extract is currently limited
in the pharmaceutical and food industries since they may have
microbial contamination caused by higher moisture content (more
than 10%) and carbohydrate nature (Amiri et al., 2021). The former
disadvantages make encapsulation a favorable technique that may
support the application of different materials in different sectors
(Deogade et al., 2012). Therefore, this study evaluated the effect
of encapsulation in the nano- and microforms on the chemical con-
stituents, antioxidant activities, and cytotoxic effects on liver can-
cer cell line Hep-G2 of the C. myxa fruits mucilage extract. Healthy
human hepatic cells (THLE2) were used as a control to examine the
assumed selectivity of the examined mucilage and its capsules. The
investigation of safe materials of botanical origin in this study
opens a perspective toward applying encapsulation techniques to
facilitate mucilage in various food and pharmaceutical industries.
2. Materials and methods

2.1. Plant material and extract preparation

During November 2018, the C. myxa fruits (CMF) were collected
from El-Gharbia governorate, Egypt and characterized by Professor
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Abdu Mareey, plant taxonomy, Faculty of Science, Al Azhar Univer-
sity, Egypt. A voucher sample was well-preserved and stowed in
the herbarium of Pharmacognosy Department, College of Phar-
macy, Jouf University, Saudi Arabia. CMF were allocated into two
parts; external pulp and kernel seed, which it was thrown out.
The pulp was dried in an oven (40 0C), grounded, defatted with
petroleum ether (40:60) and extracted with EtOH (70%). Finally,
fruits mucilage extract was lyophilized and kept at �20 �C until
use.
2.2. Determination of polyphenol and flavonoids of CMF extract

Assessment of flavonoids and polyphenolic contents was spec-
trophotometrically (Schimadzu UV/Vis-240 IPC) achieved by
applying the standards aluminum chloride, and Folin Ciocalteu
methods, respectively. The flavonoids assessment was estimated
as lg quercetin/g extract while polyphenolics as lg gallic acid/g
extract (Musa et al., 2016, Musa).
2.3. Phenolic acids profile by HPLC

Determination of phenolic content was accomplished by apply-
ing HPLC method (Agilent Technologies 1100 series). The method
was performed as previously reported by (Kim et al., 2006,
Abdelgawad et al., 2018, Ghoneim et al., 2018).
2.4. Preparation of micro- and nanocapsulated CMF

2.4.1. Microcapsulation
Microcapsulation of CMF extract was conducted using water in

oil emulsion technique as previously designated (Sun et al., 2020).
Inotech Encapsulator (Switzerland) was employed for achievement
of the final product.
2.4.2. Nanoencapsulation
Nanoencapsulation of CMF extract was performed by using

Homogenizer (PRO 400 PC, Germany) model in sodium alginate
and Tween 20 (T20) matrix, through applying the adapted method
(Erdmann et al., 2017).
2.5. Antioxidant assay (FRAP method)

Determination of the antioxidant potential of CMF as well as its
micro- and nanocapsulation forms was conducted by applying the
Ferric Reducing Antioxidant Power as stated (Benzie and Strain,
1996).
2.6. Encapsulation efficiency (EE %)

EE can be spectrophotometrically estimated through ferric
reducing ability of plasma (FRAP) assay method as discussed
(Benzie and Strain, 1996).

The equation was applied as:

TCME——SCME
EE percentage (%) = �100 ð1Þ
TCME

Where TO is the total CME content and SCME is the surface CME
from capsules content.
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2.7. Assessment of thermal stability

The thermal stability of CMF in the form of crude extract, micro-
and nanocapsulation was conducted by applying differential scan-
ning calorimeter (DSC) according to (Hazra et al., 2004).

2.8. Cell culture and cytotoxicity assay

The targeted cell lines (human hepatocellular carcinoma
(HepG2) and normal liver (THLE2) were maintained in standard
conditions as reported by viability of the cells was determined by
Sulforhodamine B (SRB) assay (Musa et al., 2016).

2.9. Morphology of encapsulated CMF examined by Transmission
electron microscope (TEM)

The surface morphology and shape of the CMF encapsulated
extracts (MCMF and NCMF) was examined by Transmission elec-
tron microscope (TEM).

2.10. Differential scanning calorimeter (DSC) of CMF

The thermal stability for CMF extract and the CMF encapsulated
extracts (micro- and nano- encapsules) was determined using a
differential scanning calorimeter (DSC).
3. Results

3.1. Polyphenols and flavonoids of CMF- extracts

The bioactive polyphenolic and flavonoid phytochemicals
affecting the plant characteristics (morphology, growth, reproduc-
tion and environmental stress resistance) and demonstrate wide
range of biological activities as powerful antioxidants and anti-
cancer (Kim et al., 2006). Total phenolics and flavonoids contents
of CMF extracts (noncapsulated, micro- and nanocapsulated) were
quantified by the external standard method using Folin Ciocalteu
reagent in terms of gallic acid equivalent (GAE) and quercetin
equivalent (QE), respectively. The total phenolic contents of CMF
extract (free, micro- and nanocapsulated) were calculated as 98.8
4 ± 0.50, 62.37 ± 0.18 and 68.4 ± 0.67 lg GAE/g extract, respec-
tively. The total flavonoid contents of tested extracts were
22.4 ± 0.17, 37.2 ± 0.43 and 21.09 ± 0.12 lg quercetin/g tested
extract, respectively. Ripe Indian Cordia myxa fruit pulp (CMR)
had higher phenolic (2.8 mg GAE g�1) than CM green fruit pulp
(1.26 mg GAE g�1). Yet, flavonoids content in green fruit pulp
(28.3 mg QE g�1) in ripe fruits (24.17 mg QE g�1) (Murthy et al.,
2019). Polymerization and/or areal phenolic material oxidation
during drying process produces a significant variation in phenolic
content of seven Kuwaiti C. myxa fruits and leaves extracts (5.50
+ 0.17–11.1 + 1.47 mg/g gallic acid equivalent) (Afzal et al.,
2009). Egyptian Cordia dichotoma fruits pulp extract contains
112.71 ± 8.40 mg gallic acid/g, 69.76 ± 4.18 mg quercetin/g and
25.65 ± 1.80 mg catechin/g (Ibrahim et al., 2019). Such discrepancy
in the phenolic flavonoid contents and could ascribed to species/
genotypes specificity. Fifteen phenolic compounds were identified
by comparing their retention indices to those of authentic stan-
dards analyzed at the same conditions (Table 1). The results
pointed that CMF extracts (noncapsulated, micro- and nanocap-
sulted) contained significant concentrations of gentisic acid
(551.75, 239.50 and 333.09 lg/ ml, respectively), gallic acid
(283.36, 16.44 and 16.29 lg/ ml, respectively), rosmarinic acid
(143.92 lg/ ml) and chrysin (542.40, 147.32 and 4.03 lg/ ml,
respectively). Catechin (10.60, 16.81 and 7.61 lg/ ml, respectively),
chlorogenic acid (3.96, 3.92 and 1.85 lg/ ml, respectively), caffeic
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acid (6.68, 9.94 and 1.55 lg/ ml, respectively), syringic acid
(65.40 lg/ ml), vanillic acid (3.45 lg/ ml), p-coumaric acid (4.78,
10.10 and 25.88 lg/ ml, respectively), rutin (3.31 lg/ ml),
apigenin-7-glucoside (9.88 lg/ ml), quercetin (46.12 lg/ ml) and
kaempferol (1.93 lg/ ml) were also present. TLC chromatography
and HPLC analyses of five Cordia species revealed the presence of
sugars, alkaloid, flavonoids (rutin) and two phenolic derivatives
as chlorgenic and caffeic acids (Tiwari et al., 1967).

3.2. CMF encapsulated particles morphology

Abundant drawbacks for natural polyphenolics regarding stabil-
ity, light and heat sensitivity, lower solubility, astringency, and bit-
ter taste limiting their usage in food and oral medications. To
overcome these drawbacks, encapsulation procedure is a favorable
approach. The surface morphology and shape of the CMF encapsu-
lated extracts (micro- and nanoencapsules) was examined by
Transmission electron microscope (TEM). As revealed in Figs. 1-4,
remarkable changes in the CMF particle size and morphology were
evidenced by comparing both encapsulation procedures. The
nanoemulsion form gives the actual size and shape, with appear-
ance of dark droplets. The TEMmicrograph confirmed the spherical
shape of the nanoparticles with average diameter 45.10 ± 0.22 nm.

3.3. % of encapsulation efficiency

Fig. 2 showed that the % encapsulation efficiency value of the
CMF microcapsulated extract is (98.45%) and higher than the
nanocapsulated form (86.17%).

3.4. Thermal and storage stability of CMF extract and its capsulated
forms

Owing to the promising medicinal value and health benefits of
C. myxa fruit extract, it can be added and incorporated in functional
foods as it possesses potent antioxidant properties. Hydrophobicity
and limited incorporation of food matrices can be overcome by
encapsulation for protection and merging in lipophilic foods matri-
ces. The enthalpy values of the apparent melt are subtracted from
the DSC of CMF non-capsulated and encapsulated forms of the
extract (NCMF and MCMF) in sodium alginate gel and beads shown
in Figs. 3, 4 and 5, respectively. Fig. 3 shows that melting point of
CMF extract is 86.17 �C indicating the inability to withstand the
high temperatures applied during some food processing. In addi-
tion, CMF nanocapsules showed lower melting points; 172.84
and 226.45 �C in comparison to the microcapsules but still higher
than the non-capsulated C. Myxa fruits extract. With reference to
the CMF micro- and nanoparticles DSC results, the non-existence
of the CMF extract melting endotherm peak at 86.17 �C produce
some evidence of the CMF extract efficient incorporation in
micro- and nanoparticles as melting points tends to shift or dis-
solve once during the bioactive C. myxa extract incorporation in a
polymer-based system. On the other hand, the micro- capsulated
CMF extract melting point showed in Fig. 4 was 383.87 �C demon-
strating the capability of expending alginate - packaging material
to shield the vital active compounds of C. Myxa fruit extract allow-
ing it in that form to be applied in different targeted delivery prod-
ucts especially that disclosed to high thermal treatments. DSC
analysis was used to confirm the efficient CMF extract incorpora-
tion in micro- and nanosystems indirectly by comparing the ther-
mal stabilities of the loaded encapsulated extract forms with the
non-capsulated forms (Hill et al., 2013). Furthermore, the DSC ther-
mograms analyses permit illustrating the bioactive compound
physicochemical status that articulated into microcapsules
(Zhang and Gao, 2007). Alginates are a group of polysaccharides
obtained from brown algae and have been carefully investigated.



Table 1
Phenolic compounds in CMF.

Compound CMF extract Microcapsulated MCMF extract Nanocapsulated NCMF Structures

Concentration (mg/gm extract)

Gallic acid 283.36 16.44 16.29

Gentisic acid 551.75 239.50 333.09

Catechin 10.60 16.81 7.61

Chlorogenic acid 3.96 3.92 1.85

Caffeic acid 6.68 9.94 1.55

Syringic acid 65.40 ND 2.50

Vanillic acid 3.45 ND ND

p-Coumaric 4.78 10.10 25.88

Rutin 3.31 ND ND
Apigenin-7-glucoside 9.88 ND ND

Rosmarinic acid 143.92 ND ND

Quercetin 46.12 ND ND

Kaempferol 1.93 ND ND

Chrysin 542.40 147.32 4.03

Total 1677.53 444.03 57.22
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The storage stability at refrigerator temperature (4 �C) achieved
by the determination of antioxidant capacity (FRAP) loss during
storage for 30 days. Loss of antioxidant capacity during storage
was expressed as the fraction of FRAP lost relative to CMF extract
formulas before the storage. The result of the storage stability pre-
sented in the Fig. 6. It was observed that the nanocapsultion of CMF
extract was the most effective for protecting the antioxidant prop-
erties of the tested extract after 30 days of storage (1.24% loss)
5352
compared to non-encapsulated CMF mucilage extract and micro-
capsulted CMF extract (8% and 10%, respectively) Figs. 6 and 7.

3.5. Antioxidant activity

In aerobic environment, antioxidants are crucial for the living
being by inhibiting or delaying oxidative progression chain reac-
tions induced by free radicals. They are affecting the lipid cell



Fig. 1. The surface morphology and shape of the CMF encapsulated extracts (micro- and nanoencapsules) examined by TEM.

Fig. 2. Encapsulation Efficiency (%) of micro- and nanocapsulated CMFE forms.

Fig. 3. Thermogram obtained by DSC for CMF uncapsulated extract.
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membranes and some enzymes containing SH, so they are eventu-
ally toxic and associated to some neuro- generative disorders
(Sairam et al., 2000). However, two assays should be employed
to evaluate antioxidant activity as no single one could reflect the
action mechanism of all antioxidants in a complex system, due to
various oxidative processes. A significant correlation found
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between CMF phytonutrient and biological potencies of tested
extracts. DPPH assay method was used to evaluate the total antiox-
idant potential. CMF extracts antioxidant activities found to
increase in a dose dependent manner. DPPH radical scavenging
inhibition values found to be 90.93, 78.23 and 82.13% for non-
capsulated, MCMF and NCMF extracts at 300 lL, respectively.



Fig. 4. Thermogram obtained by DSC for CMF microcapsulated extract.

Fig. 5. Thermogram obtained by DSC for CMF nanocapsulated extract.

Fig. 6. Storage stability of CMF extract forms during storage at four �C.

Fig. 7. FRAP of CMF (non-, micro- and nanocapsulated) extracts.
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The IC50 of FRAP was 81.79 mmol/g in microcapsulated CMF extract
followed by nano- and noncapsulated extracts (74.05 and
73.44 mmol/g, respectively) (Sairam et al., 2000).
3.6. Cytotoxicity effect of CMF extracts

SRB assay was employed to evaluate in vitro cytotoxic activity
of CMF extract and its micro- and nanocapsulated forms on THLE2
and HepG-2 cell lines in comparison to Cisplatin (CIS) as a refer-
ence drug (Figs. 8 and 9). The CMF extract showed cytotoxicity
effect (IC50: 70 lg/mL) in comparison to its micro- and nanocap-
sules (IC50 ˃ 100 lg/mL). The reduction in viability of hepatocellu-
lar carcinoma cells (HepG-2) with CMF extract in comparison with
the treated normal cells (THLE2) indicated the selectivity of CM
fruit extract against only cancerous cells. In general, the CMF
extract exhibited a lower growth inhibitory activity against the
Hep G-2 cell line than the reference drug, CIS (IC50: 20.71 lg/
mL). Meanwhile, micro- and nanocapsules showed a very low cyto-
toxicity in comparison to the reference drug. According to the
established cytotoxicity scale for plant metabolites, the investi-
gated extract showed a low cytotoxicity (20 lg/mL < IC50 < 100
lg/mL) while micro- and nanocapsules has low or no cytotoxicity
against cancer cell lines (IC50 ˃ 100 lg/mL) (Kuete and Efferth,
2015). No cytotoxicity was recorded in normal cell lines (IC50-
greater than 100 lg/mL) for CMF extract and micro- and nanocap-
sulated according to the same scale. In several cancer cell lines
studies, chrysin and apigenin revealed anti-inflammatory and rad-
ical scavenging properties and tumor cell invasion inhibition,
metastasis, and mitogen- activated protein kinases (MAPK) and
their downstream oncogenes (Rupasinghe et al., 2014). No mortal-
ity up to a dose level of 2500 mg/Kg of C. myxa L. indicating the
Fig. 8. Cell viability percentage (posttreatment) of Hep G2: (A) CMF extract, (M) microcap
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safety of plant and this was in accordance with published data
which reported that both the leaves and the fruits are safe and edi-
ble in India and other countries (Abdel-Aleem et al., 2019, Gupta
and Gupta, 2017). HPLC analysis explored the differences between
phenolic and flavonoid compounds in the CMF extract and its cap-
sulated forms. However, the recorded quantitative differences
could be regarded as the main factor affecting the variation in
the cytotoxic activity among all CMF extract forms. Most of the
studies that concerned with extracts and their forms of encapsula-
tion has focused only on their stability and biological activities,
neglecting changes in the other aspects such as ingredients of
the encapsulated forms. Based on energy-intensive techniques,
scarce studies have reported little variations in biological activities
and physical stability of the produced formulations as a result of
Ostwald ripening or flocculation of the emulsions (Baldan, 2002).
Although high shear homogenization may lead to disintegration
and/or accumulations of the essential oil ingredients, nothing has
been reported regarding the influence of encapsulation techniques
on bioactive compounds.
4. Discussion

4.1. Polyphenols and flavonoids of CMF-extracts

Flavonoids play a prime role in antioxidant activity depending
on their molecular structure and hydroxylation pattern. Obtained
results revealed a considerable variation and higher phenolic con-
centration in all CMF extracts. This is due to variation in the solvent
strength associated with their polarities. The presence of chrysin
and apigenin supported the medicinal value of the CMF extract
as they are potent antioxidants and can protect the cells against
sulated CMF extract, and (N) nanocapsulated CMF extract Cisplatin using SRB assay.



Fig. 9. Cell viability percentage (posttreatment) of THLE2: (A) CMF extract, (M) microcapsulated CMF extract, and (B) nanocapsulated CMF extract Cisplatin using SRB assay.
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oxidative damage (Siddiqui et al., 2018, German-Ponciano et al.,
2018). Additionally, both chrysin and apigenin possess anxiolytic
effect on the benzodiazepine (BDZ) receptor with no sedative effect
or muscle relaxation (Wolfman et al., 1994). Traditionally, Cordia
myxa L. used for various neuro disorders treatment. The methanol
extract exhibited considerable anti-anxiety activity (200 mg/kg)
with respect to standard drug (Diazepam) (Mortazavi).

4.2. CMF encapsulated particles morphology

Obviously, the detected nanoparticles average diameter was
higher than that informed for comparable other tested extracts
under the same conditions and this could be related to the Ostwald
ripening phenomenon where a mild solubility of the tested CMF
extracts phase exhibited in the surrounding aqueous phase of the
emulsion system transferring from small to large droplets
(Tadros et al., 2004).

4.3. % of encapsulation efficiency

Depending upon the findings, microcapsulation form is more
reliable to maintain the inner CMF contents more than nanocapsu-
lation packaging method. However, the nanocapsulated CMF
extract is more widespread and distributed inside the sodium algi-
nate capsule. Countless issues can affect the encapsulation effi-
ciency as technique type, properties of coating materials and
active compounds, interactions among these compounds, etc.
(Jyothi et al., 2010).

4.4. Thermal and storage stability of CMF extract and its capsulated
forms

Regrettably, bioactive compounds as polyphenols have an inad-
equate long-term stability, as they are altered numerous factors
(oxygen, temperature, light, pH variation, metals exitance, and
enzymes). Additionally, low water solubility leads to deficient
bioavailability. The promising encapsulation allow to enhance the
products stability and bioavailability managing the level of active
agent release extending the shelf-life of encapsulated compounds
can be considerably extended (Bakowska-Barczak and
Kolodziejczyk, 2011). Yet, the CMF thermal properties were hardly
ever analyzed using thermal analysis techniques in which the rela-
tionships between the food sample properties and sample heating
or cooling temperature. Obtained DSC curves can show endo- and
5356
exo-thermic peaks where higher temperature of peaks can be indi-
cating the higher thermal stability of tested materials. As reported
for the ascorbic acid thermo-oxidative stability by gum Arabic and
sodium alginate polymers up to 188 �C that is higher than the tra-
ditional processing temperature used in the fish feed industry
(Barra et al., 2019). The nano capsule has improved the rosemary
essential oil thermal stability and can also be preserve the antiox-
idant capacity especially in the industry of thermal treatment var-
ious applications (Dehghan et al., 2020). Bovine serum albumin
enhanced by gum Arabic- alginate globules were efficient to trans-
port to the small intestine and could be good potential protein
drugs delivery vehicle (Mohamed et al., 2016, Ezekiel et al.,
2020). Gum cordia as a polymer was effectively utilized for the
jelly formulation for improving techno-functional properties of
Apple jelly (Hasani and Yazdanpanah, 2020). Obviously, that ther-
mal and storage stability were increased by encapsulation as com-
pared with our reported results.

4.5. Antioxidant activity

The present study discloses that the correlation of DPPH results
with level of flavonoid contents and total phenolics. The FRAP
method has a reputation for reducing the ferric-triridyl triazine
to its colored ferrous reduced form in the presence of antioxidants
indicating that antioxidants are electron donors that reduce the
oxidative moieties of the lipid peroxidation process. CMF extracts
were found to be effective in scavenging the FRAP radical.

4.6. Cytotoxicity effect of CMF extracts

Plant polyphenols are positively affecting the human health
properties due to their anti-inflammatory, antioxidant and antitu-
mor properties, which intensely depend on their structure bioac-
cessibility and subsequently bioavailable form that internally
reach the organism, either incorporated with food matrix or as
purified isolates. Both bioaccessibility and bioavailability are posi-
tively affected by encapsulation that ensures the active ingredient
coating and consequently reaching the targeted delivery at its
specific site with a controlled release.
5. Conclusion

Resembling utmost natural compounds, applying Cordia myxa
fruit (CMF) in food or pharmaceutical industries could have some
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restrictions due to its aroma, flavor, poor solubility in hydrophilic
media, and oxidation liability. Encapsulation looks to be an attrac-
tive unique approach avoiding these limitations. The micro- and
nanoemulsion of CMF extract effect on the chemical characteris-
tics, antioxidant activity and anticancer potential was inspected
as a delivering system incorporating plant bioactive compounds
in foods and drugs for cancer treatment. Encapsulation using
high-pressure homogenization techniques intensely damage the
chemical constituents and thermal stabilities of delivery systems
in association with the encapsulated CMF extracts and therefore
the biological activities. Supporting studies are necessary to expli-
cate the chemical constituent’s behavior through encapsulation
procedures and thereby assess the diverse encapsulation tech-
niques compatibility for regular naturally occurring flavoring
additives.
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