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 Abstract 

Hydrogels derived from natural polymers have emerged as promising 
biomaterials for biomedical and drug delivery applications owing to their 
excellent biocompatibility and biodegradability. In the present study, a 
chemically modified plant seed-based hydrogel was evaluated for its 
antioxidant potential using an in vitro free radical scavenging assay. The 
hydrogel was synthesized through chemical modification to improve its 
functional and biological properties. Antioxidant activity was assessed by 
measuring its ability to neutralize free radicals at different concentrations. The 
results demonstrated a concentration-dependent increase in radical scavenging 
activity, indicating the presence of effective antioxidant functional groups 
within the hydrogel network. The enhanced antioxidant performance may be 
attributed to the synergistic effect of the plant-derived biopolymer and the 
introduced chemical functionalities. Such antioxidant behavior can protect 
therapeutic agents from oxidative degradation while reducing oxidative stress 
at the target site. These findings suggest that the modified hydrogel possesses 
favorable biological characteristics for pharmaceutical applications. Therefore, 
the developed plant seed-based hydrogel represents a promising candidate for 
future antioxidant-assisted drug delivery systems. 
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1. Introduction 
Oxidative stress, resulting from an imbalance 
between the generation of reactive oxygen 
species (ROS) and the antioxidant defense 
system, has been implicated in the pathogenesis 
of numerous chronic diseases, including cancer, 
diabetes mellitus, cardiovascular disorders, 
neurodegenerative diseases, and inflammatory 
conditions. Excessive ROS production damages 
essential biomolecules such as proteins, lipids, 
and nucleic acids, thereby disrupting normal 
cellular functions and accelerating disease 
progression. Consequently, there has been 
growing interest in the development of 
biomaterials possessing intrinsic antioxidant 
properties that can effectively scavenge free 
radicals and protect biological tissues from 

oxidative damage. Such materials are 
particularly attractive in controlled drug delivery 
systems, where oxidative stress at the target site 
may compromise therapeutic efficacy and tissue 
regeneration [1–3]. 
Hydrogels are three-dimensional, hydrophilic 
polymeric networks capable of absorbing and 
retaining large amounts of water without 
dissolving due to the presence of physical or 
chemical crosslinks. Their high water content, 
soft tissue-like characteristics, tunable 
mechanical properties, excellent 
biocompatibility, and ability to encapsulate a 
broad range of therapeutic agents have 
established hydrogels as promising carriers for 
drug delivery, tissue engineering, wound 
dressing, and regenerative medicine [4-10]. 
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Recent advances have focused on engineering 
multifunctional hydrogels that not only provide 
sustained and stimuli-responsive drug release 
but also exhibit biological activities such as 
antioxidant, antimicrobial, and anti-
inflammatory effects to enhance therapeutic 
outcomes [11–22]. 
Natural polysaccharides have attracted 
significant attention as hydrogel matrices owing 
to their biodegradability, non-toxicity, 
renewable origin, and excellent biological 
compatibility. Plant-derived polysaccharides are 
particularly advantageous because they possess 
abundant hydroxyl and carboxyl functional 
groups that facilitate chemical modification and 
crosslinking, allowing the fabrication of 
hydrogels with tailored physicochemical and 
biological properties. Moreover, the 
incorporation of naturally occurring 
phytochemicals into these polymeric systems 
can significantly improve their antioxidant 
performance, making them suitable for 
biomedical applications involving oxidative 
environments [23,24]. 
Plant seeds represent an abundant yet 
underutilized source of valuable biopolymers 
and bioactive compounds. Many edible and 
medicinal seeds contain polysaccharides, 
proteins, phenolic acids, flavonoids, tannins, 
tocopherols, and other antioxidant constituents 
capable of neutralizing free radicals through 
hydrogen atom donation, electron transfer, and 
metal ion chelation mechanisms. Seed-derived 
polysaccharides have demonstrated remarkable 
film-forming ability, swelling capacity, and gel-
forming characteristics, making them attractive 
candidates for hydrogel preparation. Chemical 
modification of these naturally occurring 
polymers further enhances their stability, 
swelling behavior, mechanical strength, and 
functional performance without compromising 
their inherent biocompatibility [25–35]. 
Among various modification strategies, graft 
polymerization and chemical crosslinking have 
emerged as effective approaches for improving 
the physicochemical characteristics of plant-
based hydrogels. Introduction of synthetic 
monomers containing carboxyl, hydroxyl, or 
amide functionalities increases the density of 
hydrophilic groups, resulting in enhanced water 
uptake, improved drug encapsulation efficiency, 

and controlled release behavior. Furthermore, 
these modifications create additional active sites 
capable of interacting with reactive oxygen 
species, thereby contributing to improved 
antioxidant activity. Environmentally friendly 
crosslinking agents, such as citric acid, have 
gained considerable interest because they 
produce non-toxic, biodegradable hydrogels 
while avoiding the use of hazardous chemical 
crosslinkers traditionally employed in 
biomedical materials [36-38]. 
The antioxidant potential of hydrogel systems is 
commonly evaluated using radical scavenging 
assays such as 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), 2,2′-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), ferric reducing 
antioxidant power (FRAP), and hydroxyl radical 
scavenging assays. These methods provide 
valuable insight into the electron-donating and 
free radical neutralization capabilities of the 
prepared biomaterials. Hydrogels exhibiting 
high antioxidant activity are particularly 
advantageous for drug delivery applications 
because they can minimize oxidative 
degradation of encapsulated therapeutics, 
reduce inflammation at the target site, promote 
cellular proliferation, and accelerate tissue 
repair. Therefore, integrating antioxidant 
functionality into hydrogel-based delivery 
systems represents an effective strategy for 
improving the overall therapeutic performance 
of advanced biomaterials [39–41]. 
In the present study, a chemically modified 
hydrogel prepared from a plant seed-derived 
biopolymer was investigated for its antioxidant 
properties to assess its suitability as a prospective 
drug delivery material. The antioxidant capacity 
of the hydrogel was evaluated using established 
in vitro free radical scavenging assays and 
correlated with its potential biomedical 
applicability. The findings are expected to 
provide valuable insights into the development 
of sustainable, biocompatible, and 
multifunctional hydrogel systems that combine 
efficient drug delivery with intrinsic antioxidant 
protection, thereby expanding their potential 
applications in pharmaceutical and regenerative 
medicine. 
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2. Material and methods 
2.1. Materials 
Mimosa seeds were obtained from the nearby 
market in District Sargodha. The following 
reagents were used with this research work: N-N-
Methylene bis acrylamide (MBA, ≥99%, Sigma-
Aldrich, Germany), methacrylic acid (MA, 99%, 
Sigma-Aldrich, Germany), ammonium 
persulfate (APS, ≥98%, Sigma-Aldrich, 
Germany), n-hexane (≥95%, Riedel-de Haen, 
Germany), and ethanol (≥99.8%, Riedel-de 
Haen, Germany).Reagents and chemicals were 
used as received and were of analytical grade. 
Solutions/dispersions were prepared using 
distilled water (DW). 
 
2.2. Formulation of hydrogel  
The copolymer hydrogel was synthesized by 
copolymerization of Am as a monomer, 
following the procedure reported by peers [19].  
 
2.3. Assay for 2,2-Diphenyl-1-picrylhydrazyl 
The DPPH radical scavenging test was carried 
out using a slightly modified version of a 
previously published protocol [39]. One 
milliliter of 0.1 mM methanolic DPPH solution 
and two milliliters of methanol were added to 
the hydrogel suspension (100–500 µg/mL). 
After fully mixing the mixture, it was left to settle 
at room temperature for half an hour in the 
dark. A Shimadzu UV-1800 spectrophotometer 
was used to detect the absorbance at 517 nm. 
The standard was ascorbic acid. 
 
2.4. FRAP  
The procedure was followed as described 
previously [40] to estimate the FRAP of 
hydrogel. The ferric reducing antioxidant power 
assay is called FRAP. The (0.2 M, pH 6.6, 2.5 
mL) sodium phosphate buffer solution was 
added to the various concentration range of 
hydrogel, that is 20-100 µg/ml.  After 20 
minutes incubation at 50 °C, 2.5ml of 10 
percent tri-chloric acid is added and centrifuged 
for 10 minutes at 3000 revolution per minute. 
The absorbance was determined at 700nm by a 
spectrophotometer (specification A) from 
Shimadzu. The results were reported as 
micrograms of (AAE) per milliliter of hydrogel 
and in contrast to a standard for C6H8O6 

(ascorbic acid) .The standard curve approach 
was used to calculate the antioxidant properties. 
 
2.5. TPC 
The Folin-Ciocalteu reagent method was then 
used to determine the TPC (total polyphenol 
content) with a slightly modified method [3]. In 
the modifications, sample quantities about 20-
100 µg/ml of hydrogel have been tested. All 
samples were kept for eight minutes at room 
temperature in the dark. Ninety-five hundred 
(950) μL of distilled water and seven hundred 
and every sample received fifty (750) μL of the 
20% sodium carbonate. Thirty minutes culture 
period without the presence of any light for 
these reaction samples. Each reaction was then 
measured on a spectrophotometer at 765 nm. 
The content of total phenols was determined 
based on a standard curve of quercetin in 
µg/mL of hydrogel. The standard curve method 
was used for calculating the scavenging activity. 
 
2.6. Total Flavonoid Content 
The total antioxidant activity of flavonoid in 
hydrogel was measured by colorimetric method 
using Aluminum chloride (AlCl₃) [2]. Five 
hydrogel samples were made under different 
concentrations e.g. 20-100 µg/ml 
correspondingly. A 0.75 mL methanol was 
added to these samples. Distilled water was then 
added to these solutions to give a total volume 
of 2 mL. These solutions were supplemented 
with 300 microlitres (μL) of 5% sodium nitrate 
and 300 microlitres of 10% aluminium 
chloride. Every solution was made up to 5 mL 
with 2 mL of 1 molL-1 sodium hydroxide 
solution after 10 minutes. The absorbance at 
510 nm was measured after 40 minutes 
incubation in the dark. 
 
3. Results and discussion 
3.1. DPPH Assay 
To determine the ability of hydrogel to scavenge 
DPPH (free radicals) at 20-100 µg/mL (µg per 
milliliter), a DPPH experiment was employed. 
To determine the antioxidant activity of 
hydrogel, the ability of the synthesized polymer 
to scavenge the DPPH radical was compared 
with that of ascorbic acid (AA), the standard 
antioxidant]. The ability of the hydrogel to 
inhibit the formation of DPPH free radical 
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which are concentration-dependent. Since 
DPPH test shows the presence of bioactive 
compounds in the extract that can be involved 
in elimination process, it is a reliable method to 
evaluate the antioxidant activity of the chemical 
compound. The scavenging activity of hydrogel 

(20–100 µg/mL) on DPPH radicals was 
evaluated and the results are presented in figure 
2a. Similarly, the percentages of the DPPH 
radical scavenging for hydrogel at 20-100 µg/mL 
correspondingly. 

 

 
Fig. 1. DPPH test 

 
3.2. FRAP Analysis 
FRAP analysis measures the total antioxidant 
capacity. Ascorbic acid is a secondary 
antioxidant, and it is very effective at free radical 
neutralization and in blocking the oxidative 
chain reactions and hence is widely used in 
pharmaceutical and biological applications [23]. 
As a result of its high polyhydroxyl content and 
free hydroxyl groups, ascorbic acid is a powerful 
antioxidant and is able to effectively combat 
harmful free radicals. The trichloroacetic acid 
solution was used in this study to remove 
(K4[Fe(CN)6]) in deposited form. 
Upon the addition of FeCl3, a compound is 
formed that turns from green to blue. This 
change is due to the reduction of Fe3+ to Fe2+ and 

allows the quantification of the green coloured 
antioxidant activity of hydrogel and 
determination of the non-oxidising strength. 
The radical scavenging activity of hydrogel was 
found in the range of 39.29 to 71.67 µg ascorbic 
acid equivalents per milliliter (AAE µg/mL) 
within the amount limit of hydrogel from 20 to 
100 µg/mL, by using data obtained from an 
ascorbic acid standard curve for further 
calculations. The increase in the antioxidant 
activity observed for hydrogel is believed to be 
due to the capability of the polymer to capture 
free radicals by electron transfer, proton transfer 
and electron transfer, or by direct proton and 
hydrogen atom transfer. 
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Fig. 2. FRAB test 

 

3.3. TFC and TPC  
The curve absorbance-concentration relation 
was used for quercetin and the curve 
absorbance-concentration relation was used for 
gallic acid to create TFC and TPC, respectively, 
as shown in Figures 2c and 2d, respectively, 
[24,25]. The study established that the 
concentration was directly proportional to the 
TFC and TPC. QCE µg/mL ranged from 27.05 
to 71.17 µg, while GAE µg/mL ranged from 32 
to 69.25 µg. The obtained data indicate that this 
product may have an antioxidant effect due to 

the presence of bioactive components of 
hydrogel. The antioxidant activity of hydrogel 
may be correlated with the presence of hydroxyl-
rich polysaccharide chains and 
phenolic/flavonoid components that are able to 
participate in hydrogen atom donation and 
electron transfer reactions. As indicated by the 
increasing levels in DPPH, FRAP, TFC and 
TPC, the antioxidant potential of hydrogel 
increased with concentration. But since no 
independent regression analysis was performed 
no direct correlation coefficient was included. 

 
Fig. 3. TFC test 
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Fig. 4. TPC test 

 
4. Conclusion 
The present study demonstrated that the 
chemically modified plant seed-based hydrogel 
exhibited significant antioxidant activity, 
highlighting its potential as a multifunctional 
biomaterial. The antioxidant capacity increased 
with concentration, confirming the effective free 
radical scavenging ability of the modified 
hydrogel. Chemical modification successfully 
enhanced the functional properties of the native 
plant polymer without compromising its 
biocompatible nature. The observed antioxidant 
performance suggests that the hydrogel can 
minimize oxidative stress and improve the 
stability of encapsulated therapeutic agents 
during drug delivery. These characteristics make 
the material suitable for controlled and 
sustained pharmaceutical applications. 
Furthermore, the use of renewable plant-derived 
polymers provides an environmentally friendly 
and sustainable alternative to synthetic 
materials. Overall, the developed hydrogel 
shows considerable promise for advanced drug 
delivery systems and other biomedical 
applications. Future studies should focus on 
drug loading, release kinetics, cytocompatibility, 
and in vivo evaluations to further validate its 
clinical potential. 
 
 

REFERENCES 
[1] Sies, H., 2015. Oxidative stress: a concept in 

redox biology and medicine. Redox 
Biology, 4, pp.180-183. 

[2] Liguori, I., Russo, G., Curcio, F., Bulli, G., 
Aran, L., Della-Morte, D., Gargiulo, G., 
Testa, G., Cacciatore, F., Bonaduce, D. 
and Abete, P., 2018. Oxidative stress, 
aging, and diseases. Clinical 
Interventions in Aging, pp.757-772. 

[3] Pham-Huy, L.A., He, H. and Pham-Huy, C., 
2008. Free radicals, antioxidants in 
disease and health. International 
Journal of Biomedical Science: 
IJBS, 4(2), p.89. 

[4] Abbas Bukhari, S.N., Fatima, M., Ali, A., 
Fatima, T., Hussain, M.A., Alenzi, 
H.M., Abdelgawad, M.A., Al-Sanea, 
M.M. and Ahmad, N., 2026. Citric acid 
crosslinking of arabinoxylan engenders 
a stimuli-responsive hydrogel as a smart 
material for intelligent drug 
delivery. RSC Advances, 16(13), 
pp.12055-12067. 

 
 
 
 
 

0

10

20

30

40

50

60

70

80

20 40 60 80 100

In
h

ib
it

io
n
 (

A
A

E
 µ

g
/m

L
)

Concentration (µL)

MPM-co-Am
Gallic acid (100 µL)



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 
ISSN: 3106-7980: 3106-7972 
                                                                                 Volume 3, Issue 2, 2026  

https://ijournalar.com         | Abbas et al., 2026 | Page 303 

[5] Bhatti, M.A., Ahmad, N., Ali, A., Bukhari, 
S.N.A., Haseeb, M.T., Elkomy, M.H., 
Hussain, S.Z., Alsaidan, O.A. and Zafar, 
A., 2026. Polysaccharide-based smart 
copolymeric hydrogel from chia seeds: 
Fabrication, pH-responsiveness, 
sustained drug release, and acute 
toxicity studies. International Journal 
of Biological Macromolecules, 
p.151609. 

[6] Ali, A., Bakhsh, A., Qasim, S., Sheikh, F.A., 
Ali, H., Khaliq, N.U., Haseeb, M.T., 
Dar, M. and Shaaban, I.A., 2026. Citric 
acid–mediated crosslinking of chia seed 
glucoxylan and hydroxypropyl cellulose: 
ph responsiveness, haemocompatibility 
and sustained drug release. Chemistry 
& Biodiversity, 23(2), p.e03389. 

[7] Babar, S., Sheikh, F.A., Bukhari, S.N.A., 
Haseeb, M.T., Ali, A., Ul Khaliq, N., 
Alafar, R.A., Abdelgawad, M.A., Zafar, 
A. and Ahmad, N., 2026. Formulation 
design of glucuronoxylan-based stimuli-
responsive microparticles for zero-order 
drug delivery. Journal of 
Pharmaceutical Innovation, 21(2), 
p.171. 

[8] Amjad, F., Ali, A., Hussain, M.A., Haseeb, 
M.T., Farid-ul-Haq, M., Ajaz, I., Sher, 
M. and Imran, M., 2026. Fabrication of 
a superabsorbent and pH-responsive 
glucomannan-based hydrogel: 
crosslinking, characterization, 
toxicological evaluation, and sustained-
release of itopride. Materials 
Advances, 7(3), pp.1495-1507. 

[9] Hussain, M.A., Raees, N., Ali, A., Tayyab, 
M., Muhammd, G., Uroos, M. and 
Batool, M., 2025. Optimization of 
rhamnogalacturonan extraction from 
linseed using RSM and designing a pH-
responsive tablet formulation for 
sustained release of 
ciprofloxacin. Cellulose Chemistry and 
Technology, 59, pp.547-558. 

 
 
 
 
 

[10] Hussain, M.A., Taj, T., Ali, A., Haseeb, 
M.T., Hussain, S.Z., Muhammad, G. 
and Bukhari, S.N.A., 2025. Cross‐
linking of hydroxypropylcellulose with 
flaxseed rhamnogalacturonans using 
citric acid produces a hemocompatible 
biocomposite for PH‐responsive 
rifaximin delivery. Journal of Applied 
Polymer Science, 142(38), p.e57486. 

[11] Ahmed, E.M., 2015. Hydrogel: Preparation, 
characterization, and applications: A 
review. Journal of advanced 
research, 6(2), pp.105-121. 

[12] Li, J. and Mooney, D.J., 2016. Designing 
hydrogels for controlled drug 
delivery. Nature Reviews 
Materials, 1(12), pp.1-17. 

[13] Caló, E. and Khutoryanskiy, V.V., 2015. 
Biomedical applications of hydrogels: A 
review of patents and commercial 
products. European Polymer 
Journal, 65, pp.252-267. 

[14] Hussain, M.A., Shahzad, K., Ali, A., 
Haseeb, M.T. and Hussain, S.Z., 2025. 
Development of a novel smart bio-
composite hydrogel based on dextran, 
citric acid, and glucoxylan for pH-
dependent drug delivery and stimuli-
responsive swelling and 
release. Polymers and Polymer 
Composites, 33, 
p.09673911251350240. 

[15] Ali, A., Haseeb, M.T., Hussain, M.A., 
Tayyab, MUHAMMAD., Muhammad, 
G., Ahmad, N., Alotaibi, N.F., Hussain, 
S.Z. and Hussain, I.R.S.H.A.D., 2022. 
Extraction optimization of a 
superporous polysaccharide-based 
mucilage from Salvia spinosa L. Cell. 
Chem. Technol, 56, pp.957-969. 

[16] Hussain, M.A., Ali, A., Alsahli, T.G., Khan, 
N., Sharif, A., Haseeb, M.T., Alsaidan, 
O.A., Tayyab, M. and Bukhari, S.N.A., 
2023. Polysaccharide-based hydrogel 
from seeds of Artemisia vulgaris: 
extraction optimization by Box–
Behnken design, pH-responsiveness, 
and sustained drug release. Gels, 9(7), 
p.525. 

 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 
ISSN: 3106-7980: 3106-7972 
                                                                                 Volume 3, Issue 2, 2026  

https://ijournalar.com         | Abbas et al., 2026 | Page 304 

[17] Ali, A., Hussain, M.A., Haseeb, M.T., Farid-
Ul-Haq, M., Erum, A. and Hussain, M., 
2024. Acute toxicity studies of 
methacrylic acid based composite 
hydrogel of Salvia spinosa seed 
mucilage: a potential non-toxic 
candidate for drug delivery. Cellulose 
Chemistry & Technology, 58. 

[18] Farid-ul-Haq, M., Hussain, M.A., Ali, A., 
Haseeb, M.T., Muhammad, G., 
Tabassum, T., Ashraf, M.U., Tulain, 
U.R. and Erum, A., 2024. A pH-
responsive Artemisia vulgaris mucilage-
co-acrylic acid hydrogel: Synthesis, 
characterization, controlled drug 
release, toxicity studies, and 
MRI. Journal of Drug Delivery Science 
and Technology, 93, p.105468. 

[19] Irfan, J., Ali, A., Hussain, M.A., Haseeb, 
M.T., Naeem-ul-Hassan, M. and 
Hussain, S.Z., 2024. Citric acid cross-
linking of a hydrogel from Aloe vera 
(Aloe barbadensis M.) engenders a pH-
responsive, superporous, and smart 
material for drug delivery. RSC 
advances, 14(12), pp.8018-8027. 

[20] Ali, A., Hussain, M.A., Abbas, A., Khan, 
T.A., Muhammad, G., Haseeb, M.T. 
and Azhar, I., 2022. Comparative 
isoconversional thermal analysis and 
degradation kinetics of Salvia spinosa 
(Kanocha) seed hydrogel and its 
acetates: a potential matrix for 
sustained drug release. Cellul. Chem. 
Technol., 56(3–4), pp.239-250. 

[21] Amjad, F., Ali, A., Hussain, M.A., Haseeb, 
M.T., Ajaz, I., Farid-ul-Haq, M., 
Hussain, S.Z. and Hussain, I., 2025. A 
superabsorbent and pH-responsive 
copolymer-hydrogel based on 
glucomannans from Ocimum 
basilicum (sweet basil): A smart and 
non-toxic material for intelligent drug 
delivery. International Journal of 
Biological Macromolecules, 315, 
p.144452. 

 
 
 
 
 

[22] Khatoon, M., Ali, A., Hussain, M.A., 
Haseeb, M.T., Muhammad, G., Sher, 
M., Hussain, S.Z., Hussain, I. and Iqbal, 
M., 2025. A chia (Salvia hispanica L.) 
seed mucilage-based glucoxylan-grafted-
acrylic acid hydrogel: a smart material 
for pH-responsive drug delivery 
systems. Materials Advances, 6(8), 
pp.2636-2647. 

[23] Thakur, V.K. and Thakur, M.K., 2015. 
Recent advances in green hydrogels 
from lignin: a review. International 
Journal of Biological 
Macromolecules, 72, pp.834-847. 

[24] Rinaudo, M., 2008. Main properties and 
current applications of some 
polysaccharides as 
biomaterials. Polymer 
International, 57(3), pp.397-430. 

[25] Mirhosseini, H. and Amid, B.T., 2012. A 
review study on chemical composition 
and molecular structure of newly plant 
gum exudates and seed gums. Food 
Research International, 46(1), pp.387-
398. 

[26] Prajapati, V.D., Jani, G.K., Moradiya, N.G., 
Randeria, N.P., Nagar, B.J., Naikwadi, 
N.N. and Variya, B.C., 2013. 
Galactomannan: A versatile 
biodegradable seed 
polysaccharide. International Journal 
of Biological Macromolecules, 60, 
pp.83-92. 

[27] Ali, A., Hussain, M.A., Abbas, A., Haseeb, 
M.T., Azhar, I., Muhammad, G., 
Hussain, S.Z., Hussain, I. and Alotaibi, 
N.F., 2023. Succinylated Salvia spinosa 
hydrogel: Modification, 
characterization, cadmium-uptake from 
spiked high-hardness groundwater and 
statistical analysis of sorption 
data. Journal of Molecular 
Liquids, 376, p.121438. 

 
 
 
 
 
 
 
 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 
ISSN: 3106-7980: 3106-7972 
                                                                                 Volume 3, Issue 2, 2026  

https://ijournalar.com         | Abbas et al., 2026 | Page 305 

[28] Farid-ul-Haq, M., Ali, A., Hussain, M.A., 
Abbas, A., Kausar, F., Amin, H.M.A., 
Sher, M., Hussain, S.Z. and Hussain, I., 
2021. Chemical modification of a 
polysaccharide from Artemisia vulgaris 
engenders a supersorbent for the 
removal of Cd2+ from spiked high-
hardness groundwater. Desalin Water 
Treat, 212, 129–142. 

[29] Ali, A., Akram, A., Siddique, A.B., Amin, 
H.M., Zohra, L., Abbas, A., Sher, M., 
Hussain, M.A., Haseeb, M.T. and 
Imran, M., 2025. A model batch and 
column study for Cd (II) uptake using 
citric acid cross-linked Salvia spinosa 
hydrogel: Optimization through Box-
Behnken design. Journal of Industrial 
and Engineering Chemistry, 151, 746-
761. 

[30] Irfan, J., Ali, A., Hussain, M.A., Abbas, A., 
Haseeb, M.T., Naeem-ul-Hassan, M., 
Azhar, I., Hussain, S.Z. and Hussain, I., 
2024. Chemical modification of Aloe 
vera leaf hydrogel for efficient 
cadmium-removal from spiked high-
hardness groundwater. International 
Journal of Biological 
Macromolecules, 259, p.128879. 

[31] Hussain, M.A., Abbas, A., Habib, M.G., 
Ali, A., Farid-ul-Haq, M., Hussain, M., 
Shafiq, Z. and Irfan, M.I., 2021. 
Adsorptive removal of Ni (II) and Co 
(II) from aqueous solution using 
succinate-bonded polysaccharide 
isolated from Artemisia vulgaris seed 
mucilage. Desalination and Water 
Treatment, 231, pp.182-195. 

[32] Hussain, M.A., Abbas, A., Yameen, E., Ali, 
A., Muhammad, G., Hussain, M. and 
Shafiq, Z., 2022. Adsorptive removal of 
Pb2+ and Cu2+ from aqueous solution 
using an acid modified glucuronoxylan-
based adsorbent. Desalination and 
Water Treatment, 248, pp.163-175. 

 
 
 
 
 
 

[33] Hussain, A., Fatima, S., Abbas, A., Ali, A., 
Amin, M., Muhammad, G. and Sher, 
M., 2023. Removal of Cr (III) and Ni 
(II) from aqueous solution using a 
mixed cellulose ether-ester 
hydroxyethylcellulose 
adipate. Desalination and Water 
Treatment, 283, pp.153-163. 

[34] Shehzad, M.K., Ali, A., Qasim, S., Mumtaz, 
A., Hussain, M.A., Fawy, K.F., Nishan, 
U., Azhar, I., Abbas, M.A. and Abba, 
A., 2025. Sustainable remediation of 
cadmium using succinate-
functionalized glucoxylan from chia 
(Salvia hispanica) seeds 
hydrogel. Journal of Industrial and 
Engineering Chemistry.157, 591-608. 

[35] Ali, A., Ali, M., Qasim, S., Ali, H., Mumtaz, 
A., Fawy, K.F., Nishan, U., Shaheen, 
M.A. and Abbas, A., 2025. Maleate-
bonded acemannan (Aloe vera leaf 
mucilage): Synthesis, characterization, 
efficient removal of Pb (II) from 
groundwater, kinetics, mechanism, and 
regeneration studies. Polymer, 
p.129498. 

[36] Hu, Y., Li, Y. and Xu, F.J., 2017. Versatile 
functionalization of polysaccharides via 
polymer grafts: from design to 
biomedical applications. Accounts of 
Chemical Research, 50(2), pp.281-292. 

[37] Chang, A., Ye, Z., Ye, Z., Deng, J., Lin, J., 
Wu, C. and Zhu, H., 2022. Citric acid 
crosslinked sphingan WL gum hydrogel 
films supported ciprofloxacin for 
potential wound dressing 
application. Carbohydrate 
Polymers, 291, p.119520. 

[38] Van Vlierberghe, S., Dubruel, P. and 
Schacht, E., 2011. Biopolymer-based 
hydrogels as scaffolds for tissue 
engineering applications: a 
review. Biomacromolecules, 12(5), 
pp.1387-1408. 

 
 
 
 
 
 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 
ISSN: 3106-7980: 3106-7972 
                                                                                 Volume 3, Issue 2, 2026  

https://ijournalar.com         | Abbas et al., 2026 | Page 306 

[39] Apak, R., Gorinstein, S., Böhm, V., 
Schaich, K.M., Özyürek, M. and Güçlü, 
K., 2013. Methods of measurement and 
evaluation of natural antioxidant 
capacity/activity (IUPAC Technical 
Report). Pure and Applied Chemistry. 
Chimie Pure et Appliquee, 85(5), 
pp.957-998. 

 
 
 
 
 

[40] Prior, R.L., Wu, X. and Schaich, K., 2005. 
Standardized methods for the 
determination of antioxidant capacity 
and phenolics in foods and dietary 
supplements. Journal of Agricultural 
and Food Chemistry, 53(10), pp.4290-
4302. 

[41] Rumon, M.M.H., Akib, A.A., Sarkar, S.D., 
Khan, M.A.R., Uddin, M.M., Nasrin, 
D. and Roy, C.K., 2024. Polysaccharide-
based hydrogels for advanced 
biomedical engineering 
applications. ACS Polymers Au, 4(6), 
pp.463-486.

 

 
                                                    
 


