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Introduction

A prominent crucial role is played by human skin 
in combating various types of wound infections. 

Our skin not only provides physical protection 
and barrier to a variety of invaded microorganisms 

but also assists in respiration, excretion and body 
temperature regulation. Normally, the restoration 
of skin integrity after injury is made possible with 
a minimal scar  via  combination of coagulation, 
hemostasis, inflammation, proliferation and 
remodeling (Razavi et al., 2025). Various local (e.g. 

Abstract | A significant clinical challenge is posed by wound infections in disease development, therefore, 
nowadays multifunctional hydrogel dressings have revolutionized the ways of infection prevention. They 
provide effective treatment and easy monitoring for wound recovery. In connection to this, our study developed 
and characterized a novel topical hydrogel based on Chitosan and Gelatin, incorporated with Matricaria 
chamomilla  (chamomile) extract, for its combined anti-inflammatory, antioxidant, and antimicrobial 
properties. The optimal formulation was achieved using chitosan (as polymer matrix), gelatin (as gelatinizing 
agent) and cross-linking them with NaOH as PH adjuster Chamomile extract served as additive to impart 
antimicrobial and antioxidant properties to prepared hydrogel. Physicochemical characterization confirmed 
the hydrogels’ suitability for wound management. Gel fraction determination yielded a value of 42 %, 
indicating effective cross-linking and structural integrity. The DPPH radical scavenging assay revealed 58.6 
% DPPH free radical scavenging indicating potential to combat oxidative damage. Antimicrobial evaluation 
demonstrated the hydrogels’ efficacy against common wound pathogens i.e. Escherichia coli (Gram-negative) 
and Streptococcus spp. (Gram-positive) with 13 and 14 mm zone of inhibition. An acetic-acid dissolved hydrogel 
variant showed enhanced activity against E. coli (16 mm zone) comparable to Ciprofloxacin. The successful 
integration of bioactive chamomile extract into a structurally stable, absorbent, and bioactive chitosan-gelatin 
matrix positions this hydrogel as a promising, naturally derived advanced wound dressing.

Beenish Khanzada*, Zainab Saleem-Uddin, Fatima Khan, Aliza Zehra, Faryal Sharif, Raheen Wasim and 
Zainab Kashif

Institute of Biochemistry, University of Sindh, Jamshoro, Pakistan.

Received | March 26, 2026; Accepted | July 28, 2026; Published | September 12, 2026	
*Correspondence | Beenish Khanzada, Institute of Biochemistry, University of Sindh, Jamshoro, Pakistan; Email: beenish@usindh.edu.pk 
Citation | Khanzada, B., Z. Saleem-Uddin, F. Khan, A. Zehra, F. Sharif, R. Wasim and Z. Kashif. 2026. Development of biopolymeric chamo-
mile hydrogel for potential wound healing applications. Pakistan Journal of Agricultural Research, 39(3): 204-211.
DOI | https://dx.doi.org/10.17582/journal.pjar/2026/39.3.204.211
Keywords | Biopolymers, Wound management, chamomile, gel fraction, DPPH Scavengers, phenolics

Copyright:   2026 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

Development of Biopolymeric Chamomile Hydrogel for Potential 
Wound Healing Applications

https://dx.doi.org/10.17582/journal.pjar/2026/39.3.204.211
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.pjar/2026/39.3.204.211&domain=pdf&date_stamp=2008-08-14


Formulation and applications of chamomile hydrogel

September 2026 | Volume 39 | Issue 3 | Page 205	

oxygenation, local wound area and depth etc.) and 
systemic factors (i.e. age, gender, hormonal imbalance, 
ischemia, alcoholism, obesity etc.) can interrupt the 
healing process (Fukuda et al., 2025). 

Hydrogels can be regarded as polymer chains cross-
linked in a three-dimensional networking, that have 
the tendency to absorb fluid. Due to their high-
water content, porosity and softened structure of 
hydrogels, they show a close resemblance with native 
extracellular matrix. These characteristics make them 
compatible with biological systems and applicable 
in wound healing (Naranđa et al., 2025). The porous 
structure of hydrogels makes them able for controlled 
release of loaded pharmaceutical agents thus can 
contribute to delivery of phenols, flavonoids or even 
medicine or growth factors indispensable for tissue 
regeneration. Literature shows the extensive use 
of natural and synthetic polymers for formulating 
hydrogels with their wound care related advantages 
i.e. biodegradability, biocompatibility and non-
toxicity (Verdolino et al., 2021).

Chitosan, a natural cationic polysaccharide with 
desirable and tunable biomedical properties is 
considered ideal for use in wound care formulations. 
Chitosan has hemostatic, anti-bacterial and anti-
inflammatory properties and is also found to boost 
endogenous hyaluronan (HA) at the wound position 
to stimulate wound healing. Biodegradability, high 
biocompatibility, non-toxicity and muco-adhesiveness 
are additional plus points of chitosan for use in wound 
dressings (Maita et al., 2022). 

Gelatin is another biodegradable and biocompatible 
biopolymer, obtained from the skin, connective tissues 
and bones collagen via Partial hydrolysis or thermal 
denaturation. Chemical cross linking or modifications 
in gelatin is facilitated by its molecular architecture 
(Singh et al., 2023). The part of gelatin in wound 
healing, tissue regeneration is well acknowledged as it 
concentrates the large volumes of RBC’s and platelets 
via quick blood absorption and increase blood clot 
formation, plugging wounds and hemostasis (Li et al., 
2023).

Chamomile is a member of Compositae family, 
having two varieties: German and Roman chamomile 
i.e. Matric aria chamomilla and Chamaemelum nobile 
respectively. German chamomile is particularly the 
most common kind used for medicinal applications 

(Chauhan et al., 2021). It contains essential oil, 
polyphenols, flavonoids, Terpenoids, bisabol and 
chamazulene that have been shown to impart 
anti-inflammatory, antibacterial, anti-allergic, and 
antifungal properties. These phytochemicals from 
chamomile extract have the potential to aid in 
wound healing process by reducing inflammation and 
oxidative stress (Melnyk et al., 2024).

Several limitations such as low biodegradation, high 
toxicity, low stability of already reported hydrogels led 
us to develop new research combinations for wound 
care applications. To the best of our knowledge, 
Chamomile flowers extract has not been explored yet 
for hydrogel synthesis along with Chitosan Gelatin 
Combinations that displays novelty of our research. 
In this work, we have developed herbal hydrogel 
formulation using chitosan, gelatin and chamomile 
flower with antioxidant and antibacterial properties 
to serve as therapeutic wound dressing.

Materials and Methods

Materials
Low molecular weight Chitosan (chemsavors) and 
gelatin (Rossmoor), chamomile flowers, Acetic acid, 
NAOH, Distilled water, Methanol.

Preparation of chamomile extract
Chamomile (Matri Caria Chamomilla) flowers 
were first collected and dried under shade at room 
temperature to preserve their active constituents. 
Once dried, the flowers were finely ground using 
a grinder to obtain a coarse powder. Following a 
previously reported extraction method (Sepp et al., 
2024), Chamomile powder was soaked in methanol. 
The mixture was kept in a closed container and 
allowed to macerate for 48 hours at room temperature 
with occasional shaking to enhance extraction. The 
obtained solution was filtered via Whatman filter 
paper, then filtrate was stored at 4 oC for use in 
subsequent hydrogel synthesis.

Synthesis of CS/GEL/CE hydrogels
For the fabrication of hydrogels (Farasati Far et al., 
2024; Kaçoğlu et al., 2024), a 2 % chitosan solution 
was prepared by dissolving 1 g of chitosan in 1% acetic 
acid solution allowing it to stir at 700 rpm for 24 h at 
room temperature. A 15% Gelatin aqueous solution 
was prepared by dissolving Gelatin (7.5 g in 50 ml 
warm water) at 40 oC at 900 rpm for 2 h. Both chitosan 



Formulation and applications of chamomile hydrogel

September 2026 | Volume 39 | Issue 3 | Page 206	

and gelatin solution were mixed and homogenized by 
stirring at 700 rpm for at least 4 h. Different volume 
ratios of CS, GEL, and CE solutions were utilized for 
hydrogel fabrication such as 3:1, 2:5 and 3:10. Next, 4 
ml of chamomile flower extract was added to all ratios 
of chitosan gelatin homogenized solution and allowed 
to stir at 800 RPM for 2 h. The pH of the solution 
was adjusted by adding 3 M NAOH to obtained final 
gelation. Consequently, hydrogel solution was poured 
in a beaker finally, the and dried at room temperature 
for 24 hours.

Characterization of hydrogel
The physical appearance, homogeneity and color of 
the CS/GEL/CE Hydrogels were assessed using 
images captured with a Redmi Note-11 Pro mobile 
camera.

FTIR spectroscopy
CS/GEL/CE Hydrogels were directly positioned 
on the FTIR spectrometer. FTIR spectra were 
documented over 4000–400 cm⁻¹ to examine 
functional groups and interactions among different 
hydrogel molecules. The peaks acquired were plotted 
as wavenumber (cm−1) in X axis and as percentage 
transmittance in Y-axis.

Scanning electron microscopy
The shape of CS/GEL/CE Hydrogels were evaluated 
by SEM using scanning electron microscope ( JEOL 
JSM-6490 LV, Tokyo, Japan). Thin films of the 
hydrogel were prepared (by oven drying at 50˚C) 
and then placed on a carbon coated copper grid for 
microscopic analysis.

Gel fraction determination
Following a previous method with some modifications 
(Zhou et al., 2018), hydrogel was cut into small pieces. 
Initial weight of hydrogel was noted (W1) before 
drying them in the oven at 60 °C for alternating hours 
(1, 2, 3 or 4 hours); after each hour. Then, the hydrogel 
was immersed in distilled water at room temperature 
for 24 hours. Then hydrogel was re-dried in the oven 
at 60 °C until it reached a constant weight (Wo).
 

Gel fraction determination = (W1 - Wo) / Wo × 100%

DPPH free radical scavenging
For DPPH free radical scavenging analysis of CS/
GEL/CE Hydrogels (Ferreira et al., 2024), 0.05 g of 
hydrogel was dissolved in 20 mL of 1 % (v/v) acetic 

acid and stirred for 20 minutes until a homogeneous 
solution was obtained. A freshly prepared DPPH 
solution (0.1 mM) was used as the radical source 
and was protected from light to prevent degradation. 
For the assay, 2 mL of DPPH solution was added to 
2 mL of the hydrogel sample solution in test tubes, 
and the reaction mixtures were gently shaken and 
incubated at room temperature in the dark for 30 
minutes to allow interaction between DPPH radicals 
and the antioxidant components of the hydrogel. The 
negative control consisted of DPPH solution without 
gel sample, while methanol without DPPH was 
used as the blank, ascorbic acid was used as positive 
control. After incubation, the absorbance of all 
samples was measured at 517 nm using a UV–Visible 
spectrophotometer. 

Antibacterial assay
Antimicrobial activity of CS/GEL/CE Hydrogels 
was tested against gram positive Staphylococcus aureus 
and gram negative Escherichia coli via well diffusion 
assay (Farasati Far et al., 2024). Two type of hydrogel 
samples were used i.e. acetic acid dissolved hydrogel 
solution (0.05 g hydrogel in 20 ml acetic acid solution) 
and pure hydrogel (0.05 g). Primarily, all the bacterial 
cultures were grown on nutrient agar media for 24 
hrs at 37oC. Media (i.e., Nutrient agar and Muller 
Hinton (MH)) were prepared as per manufacturer’s 
instructions. All the Media were autoclaved at 121 
oC for 15-20 min at 15 lbs. Antimicrobial activity was 
achieved using fresh culture on Muller Hinton agar 
media by well diffusion method. Wells were punched 
using a sterile borer (6 mm in diameter) in media 
plates with bacterial inoculums. Approximately, 60µl 
of the hydrogel solution were added to the respective 
wells with proper labelling. Pure acetic acid was used 
as control. All the plates were incubated at 24 hrs at 
37 oC. Zone of inhibition was observed and measured 
in millimeters. Moreover, the minimum inhibition 
concentration (MIC) was observed using 96-well 
plates via well diffusion method.

Results and Discussion

The visual images of prepared hydrogels are shown in 
Figure 1, indicating the homogenous appearance and 
uniform texture of chamomile hydrogels. Sample 1 
(chitosan and gelatin gel without CE) are clear and 
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white in color, while sample 2 show yellow and light 
yellowish colors, respectively, due to CE incorporation.

Figure 1: (a) Hydrogel without CE, (b) Hydrogel with 
CE.

FTIR analysis
FTIR was carried out to assess the intermolecular 
interactions between specific functional groups of 
different components of hydrogel i.e. chitosan, gelatin 
and chamomile extract. Figure 2 shows the FTIR 
spectra of chamomile extract compared to fabricated 
chamomile-based hydrogel. A broad absorption 
band of approximately around 3334.32 cm-1 was 
observed in both spectra, which represents the O-H 
stretching vibration (hydroxyl groups) which are 
present in the polysaccharide structure of chitosan, 
the protein chains of gelatin and the polyphenolic 
compounds in chamomile (Iftime et al., 2024). This 
peak indicates hydrogen bonding between chamomile 
extract and hydrogel matrix, as evidenced in previous 
studies which the characteristic broad peak from 
3000  cm−1  to 3600  cm−1, centered at approximately 
3350 cm−1, which indicated the presence of hydroxyl, 
amino and hydrogen-bonded (-OH) groups (Saputra 

et al., 2021). It was also observed that N-H/O-H 
stretching vibration peaks lost their sharpness in 
fabricated hydrogels as compared to CE spectra. This 
might be due to the addition of CE and the presence 
polyphenolic hydroxyl groups in CE (Razif et al., 
2026).

SEM analysis
SEM surface images of CS/GEL/CE Hydrogels 
in Figure 3 show that prepared hydrogel possesses 
a highly fibrous and porous structure, that is good 
for cell migration and adhesion and is important 
for tissue regeneration in the healing process. The 
porous hydrogels actually provide a continuous 
moist surface at the wound site and are known to 
release active ingredients incorporated in them, for 
prolonged periods to inhibit bacterial invasion and 
aids in healing process. These results are in agreement 
with literature studies, where CS/PVA hydrogels 
are reported to enhance their porous network by 
increasing Chitosan ratio (Mujahid et al., 2025; Amin 
and Abdel-Raheem, 2014). Literature supports that 
porous hydrogel structure is most appropriate for 
acute wounds treatment (Zhou et al., 2021).

Gel fraction determination
The fabricated hydrogel weight was seen to be 
decreased from 2.8 g to 1.4 g within 4 hours, after 
which the weight remained constant. This indicates 
the formation of a stable cross-linked gel network. 
Figure 4A clearly shows that the gel weight from 0 
to 4 hours’ decreases. indicating that soluble and non-
cross-linked polymer fractions are lost alternatively

Figure 2: FTIR spectra of (a) hydrogel (b) chamomile extract.
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Figure 3: SEM analysis of CS/GEL/CE Hydrogels (a) at 100 µm (b). at 50 µm (c). at 20 µm

Figure 4: (a) Gel weight as function of time (b) Final gel fraction percentage.

during the drying process. Using the final constant 
weight, the gel fraction of the hydrogel was 42% 
(Figure 4B), indicating the proportion of insoluble 
and cross-linked polymer content within the hydrogel 
matrix (Kosimaningrum et al., 2020).

Antibacterial assay
Distinct antibacterial behavior was observed in 
antibacterial assay where wells were labeled as: AA 
→ Acetic acid + Hydrogel, Gel → Hydrogel, C → 
Control (acetic acid). 

Table 1: Zone of inhibition (mm) of prepared hydrogel.
Sample Zone of inhibition (mm)

E. coli S. aureus
Hydrogel 13 14
Acetic-acid gel 16 11
Control (Pure acetic acid) --- ---
 Ciprofloxacin (+ve Control) 21 19

The chitosan-based hydrogel incorporated with 

chamomile (Matri Caria chamomilla) dry leaf 
extract exhibited clear antibacterial activity against 
Escherichia coli (Gram-negative) and Streptococcus 
spp. (Gram-positive), with 13 mm and 14 mm 
zones Control (Acetic acid) showed negligible zones 
whereas in comparison Ciprofloxacin (20 µg/ml) 
depicted highest zone of inhibition (Table 1). 

This antimicrobial activity is mainly attributed 
to the cationic nature of chitosan which interacts 
electrostatically with negatively charged bacterial cell 
walls, leading to membrane disruption and leakage of 
intracellular contents. The higher inhibition observed 
against Streptococcus spp. (Figure 5) can be explained 
by the thick peptidoglycan layer of Gram-positive 
bacteria, which contains teichoic acids that enhance 
interaction with positively charged chitosan (Ardean 
et al., 2021). The presence of chamomile within the 
hydrogel further enhances this antibacterial effect. 
Chamomile contains bioactive phytochemicals such 
as flavonoids and phenolic compounds, which are 
gradually released from the hydrogel matrix and 
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contribute to bacterial growth inhibition (Călina 
et al., 2025). A hydrogels’ mechanical and physical 
properties are largely governed by a network of 
bonding interactions (Hydrogen bonding, vander 
wall forces or hydrophobic interactions etc.) formed 
in between chitosan, gelatin and plant extract 
(chamomile as cross linker). A blend of chitosan 
and gelatin in hydrogel assist in amino and hydroxyl 
groups of chitosan connection with flexible peptide 
chains of gelatin to make a more enhanced network 
with improved biological properties (Razif et al., 
2026).

Figure 5: Zone of inhibition of hydrogel Against (a). E. 
coli (b). S. aureus.

DPPH radical scavenging assay
This method is widely accepted for determining 
the hydrogen- or electron-donating capacity of 
antioxidant systems and provides a reliable indication 
of free radical scavenging potential. DPPH assay 
results demonstrated that acetic acid dissolved 
chamomile hydrogel showed around 60% DPPH 
free radical scavenging activity and this property was 
quite visible as the color of solution was changed to 
light yellow (Figure 6). Comparatively, Ascorbic acid 
assisted as positive control depicting an IC50 of 0.01 
mg/ml. Chitosan is reported to have an antioxidant 
activity because of its ability of hydroxyl and amine 
units to make bonds with free radicals. Due to this 
reason, antioxidant activity will be governed by the 
functional groups on the active surface of the chitosan 
gels and flexibility of the chitosan chains (Hromiš et 
al., 2017). The antioxidant activity of the gel can be 
attributed primarily to the presence of chamomile 
along with chitosan and their interaction within the 
gel network. The results obtained in this study are 
in good agreement with the findings reported by a 
previous study (Iftime et al., 2024) where hydrogels 
containing reversible imine linkages showed 
improved free radical scavenging ability compared to 
unmodified chitosan. The fabricated CS/GEL/CE 
Hydrogel with strong DPPH scavenging indicates 

its ability to struggle with oxidative damage, which 
is advantageous for chronic wounds management 
(Mujahid et al., 2025).

Figure 6: Visual color changes in DPPH Assay of (a) 
Acetic acid dissolved hydrogel; (b) Negative control.

Conclusion

A novel naturally derived topical hydrogel was 
successfully formulated using a combination of 
chitosan gelatin and chamomile flower extract. The 
determination of a  42 % gel fraction  indicates a 
successfully cross-linked structure with substantial 
insoluble polymer content, ensuring the hydrogel’s 
mechanical integrity and durability during use. 
Significant bioactive compounds from chamomile 
extract imparted around 60 % antioxidant activities 
to the hydrogel and the fabricated gel was found to 
inhibit common wound bacterial pathogens i.e. E. coli 
and S. aureus effectively. This hydrogel combination 
created a stable three-dimensional polymeric network 
suitable for wound healing applications.
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