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Abstract
The wound dressings fabricated by polymers and oregano essential oil (OEO) can be very effective as a hydrogel. The current
study has been focused on fabricating the hydrogel membranes of oregano oil encapsulated as an antibacterial agent into sodium
alginate (SA) solution by solvent casting method and then evaluated the antibacterial, antioxidant activity, and physicochemical
performance of SA/OEO-based polymeric membranes. The polymeric interactions, surface morphology, water absorption
capability, thermal stability, and encapsulation efficiency were investigated by FT-IR, SEM, swelling ratio, DSC, and encapsulation
efficiency. The percentage encapsulation efficiency of essential oil was 40.5%. FTIR validated the presence of molecular in-
teraction between individual components. SEM images showed a rough and porous appearance for hydrogel membranes.
Moreover, DSC showed that the fabricated membranes were thermally stable. The inclusion of more content OEO decreased
swelling ratios. The antioxidant test was carried out by DPPH assay and antibacterial test through disc diffusion method against
microbes. The results revealed that membranes containing the highest content of OEO had more excellent antioxidant and
antibacterial efficacy. Therefore, the polymeric membranes of sodium alginate loaded with oregano essential oil can be
employed as an effective wound-healing candidate.
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Introduction

The global population is quickly increasing, and obesity and
diabetic cases are also rising, leading to a stunning rise in
chronic wounds. The injuries to the epithelial layer can be
cured by re-epithelization. However, the body cannot ade-
quately repair partial or complete disruption to the dermis
cells, and the recovery process is mainly slowed. A good
dressing material with antibacterial characteristics is necessary
in such a situation.1-6 Dressings are crucial in preventing
infection and boosting growth factors for faster healing.7,8

Traditional wound dressings are primarily dry and challenging
to apply, and they cannot heal patients.9

Moreover, they are limited due to their therapeutic efficacy,
high price, and biological safety issues.10-13 Increased

financial and social strain is placed on healthcare organiza-
tions, caregivers, patients, and their families when a condition
is not cured, and wound-healing treatments are prolonged.
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Active wound coverings that stop microorganisms from in-
filtrating the wound, regulate inflammatory reactions, and
encourage tissue regeneration have been developed to allay
these worries. Hydrogels have fulfilled the primary require-
ments for caring for injuries because of their high water
content and their biocompatibility.14 The insoluble hydro-
philic structure exhibits a remarkable ability to absorb wound
exudes and facilitates the diffusion of oxygen to accelerate
wound healing. There are several advantages to applying
hydrogels as wound dressing, such as protection against
secondary infection, providing a moist microenvironment,
managing wound bed’s hydration, exhibiting low adherence,
and soothing the skin, which may result in a significant re-
duction in pain.15

Recently, there has been much research into biomaterial-
based constructs made of synthetic and natural polymers for
future clinical use. Natural polymers exhibit the best char-
acteristics: resistant potencies, easy availability, cell prolif-
eration ability, and regenerative tissue features. They also
possess antibacterial, immune-suppressive, cell proliferation,
and angiogenesis properties to fabricate a suitable environ-
ment that helps in wound healing. Polysaccharides, proteo-
glycans, and proteins are the most common natural
biopolymers used in wound healing.16-18

Sodium alginate is a poly-anionic polymeric compound
obtained from brown seaweeds, mainly comprised of β-D-
mannuronate (M) and α-L-guluronate (G) residues that are
interconnected through 1, 4 glycosidic linkages (Aderibigbe &
Buyana, 2018). Sodium alginate is abundantly available, eco-
friendly, and relatively inexpensive to produce; therefore, it is
extensively used in numerous healthcare accomplishments,
including drug delivery, medical dressing, dentistry impres-
sion materials, food, and paper industries.19,20 The salts of
alginic acid are utilized to heal wounds and burns because of
their hemostatic properties, biocompatibility, and flexibility.
They can also enhance angiogenesis and cell migration,
lowering the concentration of pro-inflammatory cytokines in
the injured area during recovery.17,21-23 Alginate could ef-
fectively show gelation with multivalent cations forming
hydrogel that offer a moist micro-environment, absorb wound
exudates due to its hydrophilic nature, improve the hemostatic
efficacy, and help to repair damaged tissues and less painfully
remove than the conventional dressing materials. Moreover,
SAwould have no antibacterial intervention to prevent wound
infection. Polyphenol phytoconstituents derived from me-
dicinal herbs can be antibacterial agents.24

Essential oils derived from plant extraction are natural
microbial agents; immiscible with water, volatile, and easily
degraded through sunlight, oxygen, elevated heat, and high
pH, restricting their applicability. Their integration into the
polymeric matrix improves its water solubility, stability, and
vapor permeability, decreases lipid oxidation and controls
bioactive chemical delivery at selected areas.25-29 Oregano oil
is extracted from the oregano plant that belongs to the
Lamiaceae class of aromatic plants, also called the mint

family.30 The vital components found in oregano oil are
carvacrol and thymol.31 γ-terpinene, p-cymene, and β-fenchyl
alcohol are also metabolites of OEO. They have various
antibacterial, antifungal, anesthetic, antioxidant, and anti-
inflammatory properties. They have been used in various
items, including cosmetics, food flavor, and pharmaceutical
industries.

In this research, we reported oregano essential oil incor-
poration in various concentrations into SA to fabricate vari-
able hydrogel membranes of SGCaT-80-OEO. Producing
alginate hydrogels with an oily component is emulsification,
crosslinking with CaCO3 and solvent casting. The effects of
OEO concentration on encapsulation efficiency, water ab-
sorption, surface morphology and characterization, and an-
tioxidant and antibacterial potential of OEO/SA hydrogel
membranes have been studied.

Material and Methods

Sodium alginate (SA) was purchased from Sigma Aldrich,
Germany, calcium carbonate was received from (ICI, USA),
and glycerol was received from Antares Chemical Pvt.
Limited, India. DPPH was received from (Sigma-Aldrich,
Germany), ethanol and methanol (Sino-pharm Chemical
Reagent Co., Ltd, China), oregano essential oil, Tween-80
(ICI, USA), nutrient broth (Oxoid, UK), norfloxacin (10 µg),
Gram-positive and Gram-negative bacteria, and distilled
water. All chemicals have an analytical grade and are used
without further process.

Preparation of SA/Glycerol/CaCO3/TW-80/OEO
Hydrogel Membranes

The solvent casting method was used for the fabrication of
hydrogel. All components SA, OEO, CaCO3, TW-80, and
glycerol were physically mixed. First, SA is dissolved in hot
distilled water, continuously stirred with a magnetic stirrer,
and heated at 65°C for 1 h. After 1 hour, a homogeneous
solution of SA is prepared. The sodium alginate solution is left
to cool at room temperature, and glycerol is added. In a
separate beaker, calcium carbonate was added to distilled
water at boiling temperature with continuous stirring and
heating at 65°C. Then oregano oil and TW-80 are added to
sodium alginate/glycerol solution with continuous stirring at
65°C at a speed of 25 rpm for 2 h. After that, CaCO3 solution
(crosslinker) is added to the mixture, blended, and heated till
the volume of the mixture is reduced to one-third of the
original volume. Subsequently, the mixture is subjected to a
sonicator to remove any entrapped air bubbles. After that, this
mixture is cast in the petri dish and desiccated at 40°C in the
drying oven for 24 h. Then the hydrogel is subjected to air
drying for 15 min till complete drying and then carefully
removed from molds. To get rid of any unencapsulated oil,
membranes were washed or rinsed with n-hexane after the
encapsulation procedure and placed in dry clean zipper bags
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until further characterization. Five distinct combinations of
SGCaT-80-OEO hydrogel membranes were synthesized with
different concentrations of OEO and constant SA, TW-80,
CaCO3, and glycerol quantities. The composition of all the
samples is mentioned in Table 1.

Characterizations of Synthesized
Hydrogel Membranes

Encapsulation Efficiency. To calculate encapsulation efficiency,
15 mg of oregano essential oil-loaded hydrogel membranes
was dissolved in 10 mL of ethanol, and the resulting solution
was stored overnight. After that, the solution mixture of
hydrogel membranes was filtered, and the absorbance was
measured with a UV-Vis spectrophotometer at 276 nm.32 The
equation (1) determined the percentage encapsulation
efficiency

Encapsulationefficiency %ð Þ¼ Actualconc:of oil

Theoreticalconc:of oil

� �
*100

(1)

FTIR Analysis. FT-IR spectroscopy is a characterization technique
used to obtain absorption, emission, and photoconductivity
spectrum for solids, liquids, and gases by recording transmittance
and absorption of radiations (Sindhu, Binod, and Pandey, 2015).
This technique is used to characterize functional groups. Alpha-
__ FTIR-ATR by BRUKER INTERNATIONAL USAwas used
to determine the FTIR spectrograph. The spectra were obtained
between 650 and 4000 cm�1.

SEM-EDX Analysis. The sodium alginate membranes were
mounted on aluminum stubs using double-sided adhesive
carbon tabs in order to permit correct imaging and guarantee
sample stability, which was coated with gold (35 s DC mA).
The stub should be conductive or coated with a conductive
material to minimize charging during the analysis. The
characterization assay used to determine and evaluate surface
modification and porosity of materials is scanning electron
microscopy by examining the material with an intense energy
beam of electrons. SEM-EDX is a typical technique to capture
hydrogels’ particular “network” structure and guarantees that
the hydrogel keeps its structure.33,34 For SEM-EDX analysis,
NOVA-450 Nano SEM by USA was used.

Thermal Analysis. DSC is a method used to calculate the en-
thalpy changes that occur in polymers, polymer blends, and
composites as a function of temperature or time and that are
caused by changes in the materials’ physiochemical proper-
ties. DSC calculates heat flow in a specimen to analyze
melting point, glass transition temperature, and crystallization
when the sample is heated or cooled.35 For DSC analysis,
Shimadzu DSC-60 by Japan was used.

Antioxidant Activity. DPPH radical scavenging method is a
significant way to determine the antioxidant ability of hy-
drogels. .05 g hydrogel membrane of each sample was dis-
solved in 10 mL of ethanol, and the samples were shaken
overnight at room temperature in a shaking water bath. The
mixture was filtered, and after that, 1 mL from every solution
was taken and put into a 3 mL solution of DPPH and tightly
closed the test tubes with aluminum foil. The mixture was
allowed to stand for 1 h in low light conditions. The absor-
bance was detected by UV-Vis spectroscopy at 517 nm.36 The
antioxidant activity can be calculated as shown in equation (2)

DPPH scavenging ð%Þ ¼ Absstandard � Abssample

Absstandard
(2)

Abs (standard) = DPPH solution absorbance without sample
and Abs (sample) = DPPH solution absorbance with sample.37

Antibacterial Activity Evaluation

Bacterial Growth Medium, Cultures, and Inoculum
Preparation. Pure cultures were maintained on nutrient agar
medium in the slants and Petri plates. For the inoculum
preparation, 13 g/L of nutrient broth was suspended in distilled
water, heated, mixed well, distributed homogenously, and then
autoclaved. A pure (10 µL) culture of bacterial strain was
mixed with a medium and placed for 24 h at 37°C in a shaker
at 120 rpm. All the inoculum was prepared by the same pattern
and stored at 4°C. The inoculum with 1 × 108 CFU/mL was
used for further analysis.

Antibacterial Assay by Disc Diffusion Method. 28 g/L of nutrient
agar was suspended in distilled water, mixed well, and dis-
tributed homogeneously. The medium was sterilized by
autoclaving at 121°C for 15 min. Before the medium was
transferred to Petri plates, inoculum (100 μL/100 mL) was
added and poured into sterilized Petri plates. After this,

Table 1. Composition of Fabricated Hydrogel Membranes.

Sr. No. Sample code SA (%) OEO (mL) Tween-80 (mL) CaCO3 (%) Glycerol (mL)

1 SGCaT-80-O 90 0 0.2 10 0.2
2 SGCaT-80-O-0.5 90 0.5 0.2 10 0.2
3 SGCaT-80-O-0.6 90 0.6 0.2 10 0.2
4 SGCaT-80-O-1.0 90 1.0 0.2 10 0.2
5 SGCaT-80-O-1.5 90 1.5 0.2 10 0.2
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different synthesized membranes and antibiotic discs (nor-
floxacin) having catalogue number (CT0434 B) of size 5 mm
were laid flat on a growth medium containing. The Petri plates
were then incubated at 37°C for 24 h for the growth of
bacteria. With antibacterial activity, the extracts inhibited
bacterial growth and formed clear zones. The inhibition zones
were measured in millimeters using a zone reader.38

Swelling Studies. At an ambient temperature, a fixed-mass
membrane was soaked in a beaker containing the solvent,
that is, distilled water. After a specific time, interval, the
excessive solvent was discarded, and the weight of the puffed
membrane was computed. The membranes were immersed in
the solvent again until they reached equilibrium. The swelling
at equilibrium can be determined by the equation (3)39

Equilibrium swelling ð%Þ ¼
�
Ws �Wd

Wd

�
*100 (3)

Results and Discussion

In this research, oregano oil-encapsulated sodium alginate
hydrogel membranes were successfully fabricated by using
sodium alginate as a biodegradable and biocompatible raw
material, and OEO was used as an antibacterial and antiox-
idant agent to improve the role of SA. Glycerol was added as a
plasticizer to induce plasticity and TW-80 as a surfactant to
improve the dispersion of OEO. The prepared membranes

have a yellowish color. All the fabricated membranes show
good mechanical stability and homogeneity.

Encapsulation Efficiency. The EE (%) is the pharmaceutical or
oil encapsulation into the microspheres, nanoparticles, and
hydrogels. The samples may have been kept overnight to give
the encapsulation procedure enough time to complete. Some
encapsulation techniques need the oil to diffuse into the hy-
drogel matrix and create the enclosed structure over a specific
amount of time. The samples should be kept overnight to give
the encapsulation process enough time to finish before any
additional testing or analysis is done. Thyme, clove, and
Satureja hortensis essential oils had loading encapsulation
efficiency of 85, 24.7, and 52%–66%.32,37,40 In our study, the
highest encapsulation efficiency was 40.5% for SGCaT-80-
1.0, and the lowest encapsulation efficiency was 20.4% at .5%
v/v concentration of oregano oil, as shown in Figure 1.

Encapsulation efficiency is influenced by various opera-
tional parameters such as alginate concentration, crosslinking
agent concentration, crosslinking time, emulsifier concentra-
tion, oil-to-polymer ratio, and stirring speed. Encapsulation
efficiency decreased as the OEO concentration increased from
1.0% to 1.5% v/v. This observation suggests that polymer-to-
essential oil saturation occurred at lower essential oil con-
centrations (Table 2). It has been investigated, in previous
research, that encapsulation efficiency at initially enhanced
when the concentration of oil in an alginate mixture is in an
optimum range. At higher concentrations, encapsulation ef-
ficiency may be decreased, leading to a higher percentage of

Figure 1. Effect of OEO concentration on percent encapsulation efficiency.
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the unloaded product. Hosseini et al. (2013) investigated that
the %EE decreased by about 21% as the content of oregano oil
increased from 1% to 3%. Furthermore, essential oils are
volatile. They may be lost throughout the preparation,
washing, and drying process resulting in decreased % EE.41

The crosslinking process may also influence % EE. In our
study, SA to CaCl2 ratio was 9% (w/v) to 1% (w/v), and
crosslinking time was 2 h. Excessive concentration of sodium
alginate might raise the viscosity of the solution lowering the
encapsulation efficiency.42 According to the previous study,
the highest %EE was achieved for thyme oil when sodium
alginate to CaCl2 concentration was 2% to .5% and cross-
linking time was 20 min.43

Functional Group Analysis. It is a way of chemical charac-
terization for the functional group identification of poly-
meric materials.44 FTIR spectroscopy was used to
determine whether there was any interaction between so-
dium alginate and OEO. It produced characteristic peaks at
the O-H str: at 3500–3200cm1, C-H str: 2900–2930cm1,
COO asymmetric and symmetric str: at 1600–1680cm1 and
1409–1469cm1, str: at 1000–1030cm1 is due to C-O-C, and
peaks at 884.37,45 OEO spectrum showed the central
functional units as O–H, C = C bond, C = O, and C–H. As
the presence of O–H and C–H bond was confirmed by broad
and intense peaks at about 2500–3500 cm�1, these signals
were able show the presence of carvacrol and thymol; peaks

between 1600 and 1800 cm�1 confirmed C = C and C = O
bond46,47 (Table 3).

The FTIR spectra of all membranes (Figure 2) showed the
same significant peaks; however, the amplitude of peaks
varied depending on the concentration of oil encapsulated in
sodium alginate hydrogel. All hydrogel membranes displayed
a distinctive broad absorption peak at 3500–3200 cm�1 and an
intense peak at about 2900–2930 cm�1 because of O-H and
C-H str vibrations. As the broad single absorption band of O-H
at 3267 cm�1 in SGCaT-80-O, 3335 cm�1 in SGCaT-80-O-
0.5, 3359 cm�1 in SGCaT-80-O-O.6, 3348 cm�1 in SGCaT-
80-O-1.0, and SGCaT-80-O-1.5 appears at 3250 cm�1, this
shift in O–H stretching vibrations proposed specific interac-
tions between sodium alginate and OEO.

The asymmetrical and symmetrical str. vibrations of
COO� appears at about 1600 and 1409 cm�1 in SGCaT-80-O,
1604 and 1413 (cm�1) in SGCaT-80-O-0.5, 1601 and 1411
(cm�1) in SGCaT-80-O-0.6, 1601 and 1412 (cm�1) in SGCaT-
80-O-1.0, and 1601 and 1411 cm�1 in SGCaT-80-O-
1.5 MBN. This small shift in the wavenumber of carboxyl
groups indicated ionic interaction between Ca2+ and sodium
alginate chains.48 The absorption peaks of a six-membered
ring of Na-alginate appear at about 1200–960 cm�1.49 Ad-
ditionally, the pyranose ring (C-O and C-C) vibration ab-
sorption bands at 1092, 1096, and 1101 (cm�1) are caused by
the C-C-H and O-C-H deformations. The characteristic gly-
cosidic bond absorption at about 1030 cm�1 is observed, or

Table 2. Encapsulation Efficiency of the Prepared Hydrogels.

Types of Hydrogels

T1 T2 T3

Encapsulation efficiency (%)

SGCaT-O-O.5 20.4 23.1 21.45
SGCaT-O-O.6 22.4 20.34 19.24
SGCaT-O-1.0 40.5 37.5 39.8
SGCaT-O-1.5 33.2 30.32 29.01

Table 3. The Functional Group Analysis of the Synthesized Membranes.

Functional group

Peaks of
SGCaT-80-O

(cm�1)

Peaks of
SGCaT-80-O-0.5

(cm�1)

Peaks of
SGCaT-80-O-0.6

(cm�1)

Peaks of
SGCaT-80-O-1.0

(cm�1)

Peaks of
SGCaT-80-O-1.5

(cm�1)

O-H stretching 3267 3335 3359 3348 3250
C-H stretching 2923 2923 2924 2923 2923
COO-asymmetrical

Stretching
1600 1604 1602 1601 1601

COO- symmetrical stretching 1409 1413 1411 1412 1411
C-O-C stretching 1030 1035 1032 1031 1034
C = O,C = C bond — 1743 1744 1743 1743
C-H, CH2 out of plane

bending
— 924 994 996 924

deformation of C-C-H and
O-C-H

— 1096 1092 1102 1102

C-O-C bending — 608 613 615 613

Iqbal et al. 5



the carbonyl group (C = O) str bond appears at about
1743 cm�1.

According to these findings, the encapsulation of OEO in a
specific concentration caused a shift in absorption peaks of the
hydroxyl group, COO asymmetrical and symmetrical and C–
O–C str due to ionic binding of SA with Ca2+, and intra-
molecular and intermolecular hydrogen bonding, which gives
the hydrogel membrane its overall texture. Although several
studies showed that adding other substances to the alginate
hydrogel membrane results in no chemical binding between
components,50 no chemical interaction was observed between
sodium alginate and Frankincense oil.51

Surface Morphology and Elemental Analysis. The structural
characterization of membranes was investigated using the
scanning electron microscopy technique. The microstructural
analysis revealed its influence on cell adhesion, migration,
rapid tissue growth, and proper functioning during wound
remedy.52 The pure alginate had a smooth and homogenous
surface, but the addition of OEO caused changes in the surface
morphology of the films.50 The SEM images reveal oil par-
ticles on the surface because oils are hydrophobic and im-
miscible in water, confirming OEO’s incorporation into the SA
membrane. The surface roughness increases as the oil con-
centration increases, making the hydrogel membranes good

Figure 2. FTIR spectrum of (A) SGCaT-80-O, (B) SGCaT-80-O-0.5, and (C) SGCaT-80-O-1.0.
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candidates for cell attachment, like fibroblasts and keratino-
cytes that help in wound curing. Figure 3 shows SEM mi-
crographs of fabricated hydrogel membranes with different
content of OEO.

The main components of OEO are carvacrol and thymol;
they have a phenolic group, three CH3, and 1 O-H
group. Agglomeration begins as the oil content in polymeric
membranes rises due to three CH3 moieties that become in-
soluble in organic solvents. The rough architecture was also
noticed for PVA/starch-based membranes by incorporating
OEO.47 The surface has minute porosity and permeability
ranging from millimeters to macro cavities. This porous ar-
chitecture is due to the evaporation of EO from the surface of
the membrane. The increased porosity influences certain
features like mechanical potencies and H2O retention capa-
bilities. Koosehgol revealed similar findings and fabricated
chitosan/polyethene glycol fumarate/thymol films.53 The
SEM-EDX micrographs explain the surface modification,
porosity, and adherence of constituents.54 The EDX graph of
fabricated polymeric membranes displayed peaks for carbon
and oxygen which are the major constituents of natural
polymers and OEO (Figure 4). The peaks for sodium and
calcium are due to sodium alginate and calcium carbonate
(Table 4).

Thermal Analysis. The thermal properties of fabricated hy-
drogel membranes were investigated by differential scanning
calorimetry. SA is characterized by an exothermic peak at
246°C due to the degradation of the polymer.55 Polysaccha-
rides are composed of carboxylate or R-COOH moieties.
Hence, thermally, separation of carboxylate moieties and CO2

formation from the associated carbohydrate chain could be a
possible way for thermal changes. The minor decomposition
of the polymer chains peaked at 250°C and primary de-
composition generally at about 300–400°C.32 The DSC
curves for SGCaT-80-O-0.5 and SGCaT-80-O-1.0 are shown
in Figure 5. Samples SGCaT-80-O-0.5 and SGCaT-80-O-
1.0 showed an endothermic peak at 60°C, which was ascribed
to loss of H2O molecules. It is most likely owing to Na-
alginate’s hydrophilicity. In DSC thermo-grams, there is no
exothermic peak for polymer degradation due to the ionic
interaction of calcium ions with the alginate polymer chain.
The endothermic peaks at 160°C and 164°C indicate the
melting temperature of hydrogel membranes. Increasing the
OEO concentration in the membrane increased the melting
point from 160°C to 164°C. Similar results were shown by
Phaiju, who encapsulated cinnamon essential oil into POLY
(Ɛ�CAPROLACTONE) that gave melting peaks at 60.70°C
and 60.54°C.7 The result showed that the EO was dispersed

Figure 3. SEM images of SGCaT-80-O-0.5 (A, B, C) and SGCaT-80-O-1.0 (D, E, F).
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Figure 4. Elemental analysis of (A) SGCaT-80-O-0.5 and (B) SGCaT-80-O-1.0 MBN.

Table 4. Apparent Concentrations of Constitutes Present in Different Samples.

Element Line type
Apparent

concentration k ratio Wt% Wt% Sigma Standard label

SGCaT-80-O-0.5MBN
C K series 5.95 .05948 30.49 1.5 C vit
O K series 34.14 .11489 37.69 1.06 SiO2

Na K series 21.65 .09138 18.09 .55 Albite
Ca K series 0.9 .00806 .98 .16 Wollastonite
Total 100

SGCaT-80-O-1.0MBN
C K series 22.27 .22265 46.06 1.13 C vit
O K series 39.11 .13162 42.7 1.09 SiO2

Na K series 9.84 .04153 8.18 .39 Albite
Ca K series 1.21 .01084 1.19 0.2 Wollastonite
Total 100

8 Dose-Response: An International Journal



into a polymeric matrix, and the oregano essential oil-
encapsulated hydrogel membrane was thermally stable
enough to be employed as a wound dressing.

Antibacterial Activity. The antibacterial activities of Na-Alg
hydrogel membranes encapsulated with different concentra-
tions of OEO were investigated according to the disc diffusion
approach against microorganisms (Figure 6). The antiseptic
components present in OEO are carvacrol and thymol as they
move out from membranes into bacterial growth media and
show resistance against bacteria.47 The antibacterial efficacy
of EO’s would be related to the hydrophobic phenolic com-
ponents. The hydrophobic EO’s takes part in the phospholipid
of the cell barrier and the membrane would deteriorate; due to
this structural distortion, its permeability would increase.56

The results showed that sodium alginate membrane without
oregano oil was ineffective against the tested bacteria. The
hydrogel membranes fabricated by incorporating OEO are
more potent towards Gram-positive and Gram-negative mi-
crobes. The highest antibacterial activity was achieved at
1.0% (v/v) OEO concentration, with mean inhibition zone
11.11 ± 1.23, 19.33 ± 4.40, 18.56 ± 2.47, 18.67 ± 2.8, and
15.66 ± 3.78 against P. vulgaris, Pasteurella multocida, E. coli,

Staphylococcus aureus, and B. subtilis (Table 5). Previous
research suggested that the films containing thymol essential
oil have the most potent antibacterial activity and can be
employed as a safe and efficient nano-sized wound dressing.57

Antioxidant Activity. The DPPH radical scavenging measures
antioxidant potential, mostly related to a compound’s ability to
supply hydrogen.58 Free radical scavenging of DPPH is used
to assess antioxidant activity because of its speed, efficiency,
simplicity, and reliability. The phenolic compounds in EO’s
show antioxidant action against biological and non-biological
oxidants. Carvacrol and thymol are the major phenolic
components in OEO that are responsible for the DPPH radical
neutralization. The phenolic compounds can transfer hydro-
gen atoms of hydroxyl groups to free radicals, in this way
stopping other compounds from being oxidized.59 Therefore,
antioxidant agents may be useful in improving the non-healing
phase of chronic wounds.60 The degree of DPPH radical
neutralization affects by the content of oil and incubation time.
The highest antioxidant activity was recorded at a maximum
oil concentration and after 60 min of incubation. Figure 7
shows the antioxidant activity at various concentrations of
OEO. The results confirmed that the sodium alginate

Figure 5. Thermal analysis of (A) SGCaT-80-O-0.5 and (B) SGCaT-80-O-1.0 MBN.

Iqbal et al. 9



membrane without OEO showed certain antioxidant activity, and
DPPH radical scavenging activity increased with increasing
OEO concentration. The highest % of DPPH scavenging could
reach 83% for sample SGCatT-80-O-1.5 MBN (Table 6). Pre-
vious studies have shown that encapsulating EO’s into alginate-
based films can improve antioxidant properties. The DPPH
activity increased from 42.40%–80.60% and 55% due to the
presence of Zataria multiflora and thymus EO’s.36

Swelling Behavior. Swelling is an essential and fundamental
feature of a hydrogel for assessing the sustained release of
incorporated substances, lesion adhesion, and capacity to
absorb excess wound fluids to enhance tissue growth and
epithelial cell migration.60 % age swelling for different
membranes prepared with the addition of OEO into sodium
alginate at different periods for H2O contact time has been
depicted in Figure 8. The swelling ratio of SGCaT-80-O,

Figure 6. Inhibition zones of SGCaT-80-O-0.5, SGCaT-80-O-0.6, and SGCaT-80-O-1.0 MBN towards B. subtilis, E. coli, S. aureus, P. vulgaris
and P. multocida.
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SGCaT-80-O-0.5, SGCaT-80-O-0.6, SGCaT-80-O-1.0, and
SGCaT-80-O-1.5 MBN has been decreased to 328%, 299%,
280%, 249%, and 215% for the initial ten minutes and 399%,
388%, 375%, 360%, and 315%, respectively, during 30 min
(Table 7). As the OEO concentration increases from .5 to 1.5, the
swelling behavior decreases—the swelling behavior of films is

affected by the type of components and their hydrophilicity and
hydrophobicity index. Hydrophilic substances could increase,
and hydrophobic molecules could decrease the swelling.57

SA hydrogel membrane had the highest swelling ratio, but the
encapsulation of hydrophobic EO remarkably reduced the
swelling ratio of the hydrogel membrane. The inclusion of

Table 5. Antibacterial Activity of SGCaT-80-O, SGCaT-80-O-0.5, SGCaT-80-O-0.6, and SGCaT-80-O-1.0 Against Tested Bacteria.

Sr.# Sample code P. vulgaris P. multocida E. coli S. aureus B. subtilis

1 SGCaT-80-O .00 ± .00 .00 ± .00 .00 ± .00 .00 ± .00 .00 ± .00
2 SGCaT-80-O-0.5 17.66 ± 2.11 12.66 ± 3.78 15.66 ± 8.96 13.67 ± 5.50 14.33 ± 3.21
3 SGCaT-80-O-0.6 18.33 ± 2.30 15.66 ± 3.51 16 ± 2.54 16.33 ± 3.05 14.67 ± 2.23
4 SGCaT-80-O-1.0 11.11 ± 1.23 19.33 ± 4.40 18.56 ± 2.47 18.67 ± 2.8 15.66 ± 3.78
5 CTRL 8.33 ± 1.52 16.33 ± 1.52 16.33 ± 1.52 10.33 ± 1.52 16.33 ± 1.52

Bacterial name: P. vulgaris = Proteus vulgaris, P. multocida = Pasteurella multocida, E. coli = Escherichia coli, S.A = Staphylococcus aureus, B. subtilis = Bacillus subtilis. The
values are mean + SD of triplicate samples; the standard drug used as control at a conc. of 1 mg/mL.

Figure 7. DPPH free radical scavenging of fabricated membranes.

Table 6. DPPH Free Radical Scavenging of Fabricated Membranes.

OEO Concentration (%v/v)

T1 T2 T3

DPPH Scavenging (%)

SGCaT-80-0 8 11 9
SGCaT-O-O.5 38 40 39
SGCaT-O-O.6 50 54 52
SGCaT-O-1.0 75 77 74
SGCaT-O-1.5 83 84 81
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non-polar components decreases the swelling ratio by inhibiting
water uptake. EO’s precipitate at higher concentrations well over
hydrogels, causing voids inside the membrane. The swelling
ratio can also be lower due to the rise in gel fraction % that
indicates a rise in crosslink stiffness by incorporating EO’s.
Different factors such as ionic strength, heat, the type of con-
stituents, lesionmicroenvironment, and the extent of crosslinking
may be influenced the swelling behavior of hydrogels.47 Based
on these findings, the membrane with less OEO concentration
became more solvent and reflected better swelling.

Conclusion

The current study has displayed the antibacterial and antioxidant
potentiality of oregano oil incorporated into sodium alginate to

develop blended membranes. The change in OEO concentration
in blended solution showed a noticeable effect on morphological
and physicochemical features. The encapsulation efficiency (%)
of essential oil shows improvement when the initial concen-
tration of oil is raised to an optimal level. However, when
concentrations exceed this optimum range, there is a potential
decline in EE. OEO-incorporated membranes exhibited good
antioxidant and antibacterial activity against tested bacteria, an
essential principle for potent wound dressing. These findings
suggested that the OEO-encapsulated membranes could be
employed as an antioxidant and antibacterial agent to cure
wounds and as a viable choice for producing novel biomaterials
for wound dressing. Hydrogels possess promising characteristics
such as antioxidant, antibacterial, and swelling properties,
making them suitable for various applications. They have unique

Figure 8. Swelling behavior of fabricated membranes as a function of contact time.

Table 7. Swelling Behavior of Hydrogels With Standard Deviation.

Time (Minutes)

Swelling (w/w)

SGCaT-80-0 SGCaT-O-O.5 SGCaT-O-O.6 SGCaT-O-1.0 SGCaT-O-1.5

10 328 299 280 294 215
20 370 358 339 320 275
30 399 388 375 360 315
40 350 340 318 300 260
50 350 340 318 300 260
60 350 340 318 300 260
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properties that find utility in biomedical engineering, drug de-
livery, tissue engineering, and personal care products.
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8. Cuenot S, Gélébart P, Sinquin C, Colliec-Jouault S, Zykwinska
A. Mechanical relaxations of hydrogels governed by their
physical or chemical crosslinks. J Mech Behav Biomed Mater.
2022;133:105343.

9. Bukhari A, Fatima Z, Atta M, et al. Poly lactic-Co-glycolic acid
nano-carriers for encapsulation and controlled release of hydro-
phobic drug to enhance the bioavailability and antimicrobial
properties. Dose Response. 2023;21:15593258231152117.

10. Suganya S, Venugopal J, Agnes Mary S, Ramakrishna S,
Lakshmi B, Giri Dev VR. Aloe vera incorporated biomimetic
nanofibrous scaffold: A regenerative approach for skin tissue
engineering. Iran Polym J (Engl Ed). 2014;23:237-248.

11. Salem NM, Awwad AM. Green synthesis and characterization of
ZnO nanoparticles using Solanum rantonnetii leaves aqueous ex-
tract and antifungal activity evaluation. Chem Int. 2022;8:12-17.

12. Naseer A, Tamoor M, Azhar A, Nazir A, Abbas M, Ahmad N.
Computer-aided COVID-19 diagnosis and a comparison of deep
learners using augmented CXRs. J X Ray Sci Technol. 2022;30:
89-109.

13. Mouhamad RS, Al Khafaji KA, Al-Dharob MH, Al-Abodi EE.
Antifungal, antibacterial and anti-yeast activities evaluation of
oxides of silver, zinc and titanium nanoparticles. Chem Int.
2022;8:159-166.

14. Rashidzadeh B, Shokri E, Mahdavinia GR, Moradi R, Mohamadi-
AghdamS,Abdi S. Preparation and characterization of antibacterial
magnetic-/pH-sensitive alginate/Ag/Fe3O4 hydrogel beads for
controlled drug release. Int J Biol Macromol. 2020;154:134-141.

15. Rezvani Ghomi E, Khalili S, Nouri Khorasani S, Esmaeely
Neisiany R, Ramakrishna S. Wound dressings: Current ad-
vances and future directions. J Appl Polym Sci. 2019;136:47738.

16. Lotfy VF, Basta AH. Optimizing the chitosan-cellulose
based drug delivery system for controlling the cipro-
floxacin release versus organic/inorganic crosslinker,
characterization and kinetic study. Int J Biol Macromol.
2020;165:1496-1506.

17. Iqbal DN, Shafiq S, Khan SM, et al. Novel chitosan/guar gum/
PVA hydrogel: preparation, characterization and antimicrobial
activity evaluation. Int J Biol Macromol. 2020;164:499-509.

18. Remya V, Patil D, Abitha V, Rane AV, Mishra RK. Biobased
materials for polyurethane dispersions. Chem Int. 2016;2:158-167.

19. Nützl M, Schrottenbaum M, Müller T, Müller R. Mechanical
properties and chemical stability of alginate-based anisotropic cap-
illary hydrogels. J Mech Behav Biomed Mater. 2022;134:105397.

20. Xiang D, Cui Y, Wan Z, et al. Study on swelling, compression
property and degradation stability of PVA composite hydrogels
for artificial nucleus pulposus. J Mech Behav Biomed Mater.
2022;136:105496.

21. Iqbal DN, Tariq M, Khan SM, et al. Synthesis and character-
ization of chitosan and guar gum based ternary blends with
polyvinyl alcohol. Int J Biol Macromol. 2020;143:546-554.

22. Bhatti HN, Safa Y, Yakout SM, Shair OH, Iqbal M, Nazir A.
Efficient removal of dyes using carboxymethyl cellulose/
alginate/polyvinyl alcohol/rice husk composite: Adsorption/
desorption, kinetics and recycling studies. Int J Biol Macro-
mol. 2020;150:861-870.

23. Abbas M, Hussain T, Arshad M, et al. Wound healing potential
of curcumin cross-linked chitosan/polyvinyl alcohol. Int J Biol
Macromol. 2019;140:871-876.

Iqbal et al. 13

https://orcid.org/0000-0001-7393-8065
https://orcid.org/0000-0001-7393-8065
https://orcid.org/0000-0002-5847-903X
https://orcid.org/0000-0002-5847-903X


24. Zhong Y, Xiao H, Seidi F, Jin Y. Natural polymer-based anti-
microbial hydrogels without synthetic antibiotics as wound
dressings. Biomacromolecules. 2020;21:2983-3006.

25. Hafsa J, SmachM, Ben KhedherMR, et al. Physical, antioxidant
and antimicrobial properties of chitosan films containing Eu-
calyptus globulus essential oil. LWT-food Science and Tech-
nology. 2016;68:356-364.
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