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A B S T R A C T 

With recent medical technology developments, hydrogels have gained vast interest due to 

their soft tissue-like mechanical properties, injectability, high water content, etc. Poly 

(ethylene glycol) (PEG) hydrogels are highly commendable due to their synthetic 

structure, tunable architecture, biocompatibility, and reproducibility. In the present 

research, zinc nanoparticles at various concentrations (0.025, 0.05, 0.075 wt%) were 

infused in PEG hydrogels to enable better biocompatibility. The prepared nanocomposites 

are evaluated for their morphological, functional, and structural characteristics compared 

to naïve PEG hydrogel. Antibacterial activity revealed that PEG + 0.075 wt% Zn exhibited 

the maximum zone of inhibition of 0.09 ± 0.2mm compared to plain hydrogel (0.02 ± 0.5 

mm). Statistical analysis through independent T-test exhibited a statistical significance of 

the nanocomposite hydrogel with p= 0.001, (p<0.05) when tested with a G-power of 80%, 

0.5 alpha error, and 95% confidence interval. The present research introduces novel PEG-

Zn nanocomposite hydrogels and offers a future scope for bioengineering applications. 

 

 
1. Introduction  

 

Hydrogels, versatile three-dimensional interconnected networks, 

have recently been widely explored in tissue engineering, drug 

delivery, and medical device equipment due to their soft tissue-like 

characteristics, hydrophilicity, and tuneable mechanical properties 

(Hussain et al., 2024; Isaac et al., 2024). Additionally, the 

biocompatibility, drug-encapsulating tendency, solubility, and 

negligible cytotoxicity make them appealing in many biological studies 

(Wang et al. 2023). Polyethylene glycol (PEG) hydrogels are among 

the widely explored biomaterials in vast applications including soft 

tissue regeneration, drug delivery, and wound healing. With its 

synthetic nature, these hydrogels are mechanically and architecturally 

tuneable compared to natural hydrogels derived from polysaccharides 

and proteins (Isaac et al., 2024). Hydrophilicity in PEG hydrogels can 

be related to their –NH2, –COOH, –CONH2, –SO3H, –OH polar 

groups within the chemical structure of (H−(O−CH2−CH2)n−OH) that 

provide excellent properties to covalent links, encapsulate drugs with 

required solubility (Rodriguez‐Rivera et al., 2024). Further, PEG 

hydrogels have been proven to be highly stable during internal 

circulation due to their low toxicity and relatively low immune 

response (Li et al., 2012; Vaezifar et al., 2013).  

Another interesting feature of PEG hydrogels is that the size of 

water–swelling hydrogels can be precisely tuned into the suitable 

range, resulting in an enhanced permeability and retention (EPR) effect 

(Iyer et al. 2006). Moreover, PEG has been regarded as bioinert, often 

termed as blank slates due to its resistance to protein adsorption, and 

has been declared a safe additive by the Food and Drug Administration 
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(FDA), allowing its application in many products, including processed 

foods, toothpaste, tissue sealants, cosmetics, etc. (Pasut & Veronese 

2012). Considering the promising features above, PEG hydrogels have 

been widely investigated for developing various therapeutic strategies 

for generalized, local drug delivery and several biological applications. 

Although the application of PEG has been highly promising, in recent 

times, concerns have been raised regarding anti-PEG antibodies in the 

general public. Studies have proven the prevalence of anti-PEG 

antibodies in about 23-71% even in healthy populations (Isaac et al., 

2024; Lubich et al., 2016; Yang et al., 2016) which can be attributed to 

the frequent contact with PEG-based products in everyday life. 

Nanomaterials have gained vast interest, offering various 

technological advancements in broad areas, including medicine, 

energy conversion, water treatment, and catalysis (Kugarajah et al., 

2022). The ability to alter these materials and unique properties even 

when administered in lower quantities has been a boon to scientists to 

develop various products to improve human welfare. The intrinsic 

features of these nanomaterials depend on their size and shape 

(Kazeminava et al. 2021). Among the various nanomaterials, Zinc 

oxide (ZnO) has been explored due to its antibacterial efficiency and 

low toxicity and has been employed in various fields, including drug 

delivery, catalyst, membranes, etc. (Kugarajah et al., 2021; Siddiqi et 

al., 2018; Sirelkhatim et al., 2015). Being an essential trace element 

required for the effective functioning of the human system, Zinc is 

essential for eukaryotes as it modulates certain physiological functions. 

The absence of Zinc in the human body leads to the toxicity of 

many enzymes, including carboxypeptidase, alcohol dehydrogenase, 

and carbonic anhydrase, as they become inactive. For instance, bamboo 

salt contains zinc and has been prescribed as an herbal medicine to 

regulate caspase-1 activity in treating inflammation. In addition, Zinc 

oxide nanoparticles have been reported to inhibit the nuclear factor 

kappa B cells (NF-kB) activation by reducing the mRNA expression of 

inflammatory cytokines (Kim et al., 2014). Zinc oxide has been 

reported since the regime of Pharaohs and has been rapidly investigated 

in many ointments, sunscreen lotions, supplements, etc., after FDA 

recognition (CFR 182.8991) (Brown, 1978; De Romana et al., 2002; 

Szabó et al., 2003). Although research on zinc nanoparticles has been 

attempted, its application can be further investigated in wider areas of 

medicine.  

Considering the above, the present research introduces a novel 

hydrogel nanocomposite comprised of PEG hydrogel infused with 

0.025, 0.005, and 0.075wt% of zinc oxide (ZnO) for its biomedical 

applications. The proposed nanocomposite hydrogel was analyzed for 

its functional and morphological characteristics. Antibacterial activity 

was performed to evaluate the biocompatibility of the prepared 

hydrogels. In addition, statistical analysis using SPSS was performed 

to evaluate its statistical significance compared to native PEG 

hydrogel. The present research proposes a preliminary study to 

optimize a novel hydrogel combination and provides a future scope for 

improved biomedical applications. 

 

2. Material and Methods 
 

2.1. Materials 

 

Polyethylene Glycol (PEG) was procured from Sigma Aldrich, 

Chennai. All chemicals including Zinc nitrate (≥99% pure), Sodium 

Hydroxide pellets (99.5 % pure), Citric acid, and Isopropanol were 

procured from Ravi Scientific Company, India. All chemicals were of 

analytical grade and required no extra processing. Distilled water was 

used for all experiments unless otherwise specified.  

 

2.2 Preparation of PEG hydrogels 

 

Polyethylene glycol hydrogels were prepared by a modified 

method adopted from an existing protocol as follows (Maddu, Winarti, 

and Kurniati 2019); dried grass was submerged in water in a clean 

beaker and placed in a stirrer at 60℃ for about 2 hours. The beaker was 

then filtered to remove chlorophyll content. The grass was desiccated, 

and about 1 g of grass was taken in a beaker, onto which about 20 mL 

of isopropanol was added and stirred for 10 mins. Progressively, 3 mL 

of PEG was added and stirred for 10 mins, followed by 10 mL of 0.5 g 

citric acid. The mixture was stirred for 1 hour and left undisturbed for 

cooling. The resultant was then filtered in the clean Petri plate and 

placed in a hot air oven to allow the evaporation of excess solvents to 

result in PEG hydrogel. 

 

2.3 Preparation of Zinc oxide nanoparticles and nanocomposite 

hydrogels   

 

Zinc nanoparticles were prepared as follows: about 2.97g of 0.1M 

zinc nitrate was dissolved in 100 mL of distilled water (solution A). In 

a separate beaker, about 0.4 g of 0.1 M Sodium Hydroxide (NaOH) 

was added to 100 mL of distilled water (solution B). 50 mL of solution 

B was introduced into Solution A and stirred continuously for 10 

minutes with a magnetic stirrer. After mixing, the mixture was allowed 

to settle. The resultant was washed 5-6 times using distilled water, 

filtered, and then dried in a hot air oven at 60℃  to produce zinc 

nanoparticles. Composite hydrogels were prepared by dispersing the 

required wt.% (0.025, 0.5, 0.075) of ZnO nanoparticles in 10 mL of 

PEG hydrogel using an ultrasonic probe sonicator for 2 minutes. The 

obtained composite hydrogel was stored for further studies.  

The schematic representation for portraying the formation of the 

PEG – x ZnO (x =0.025, 0.05, 0.075wt%) is illustrated below (Fig 1).  

 

2.4 Swelling Ratio 

 

The prepared hydrogels were subjected to swelling ratio studies. A 

modified approach of our prior work was experimented (Kugarajah et 

al. 2021) as follows: About 5 mL of the composite hydrogel was 

lyophilized, of which about 1 x 1 cm was dried for 12 hours, and the 

weight was measured as (Sd). Similarly, the sample was soaked in 

water for 12 hours and was weighed and labeled as (Sw). The water 

absorption was calculated from the following equation (1); 

 

Swelling Ratio (%)= ((S_w-S_d)/S_d )×100 (1)
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Figure 1. Schematic representation for the preparation of PEG + Zn composite hydrogels 

 

2.5 Instrumental Analysis  

 

The prepared hydrogels were analyzed for their morphological 

characteristics through Scanning Electron Microscopic (SEM, ZEISS) 

studies. Their functionality was investigated through Fourier 

Transform Infrared Spectroscopy (FTIR, Alpha Bruker) in 

transmittance mode at a scan range of 4000 – 500 cm-1. The wettability 

of the prepared hydrogels was examined through contact angle 

measurement (sessile drop method). 

 
2.6 Antibacterial Activity 

 

Petri plates containing 20 mL nutrient agar medium were seeded 

with 24 hr E. coli culture of bacterial strain and adjusted to 0.5 OD 

value according to McFarland standard (E. Coli-443). Wells were cut, 

and different concentrations of the sample  (0.025,0.05,0.075 wt.%) 

were added. The plates were then incubated at 37°C for 24 hours. The 

antibacterial activity was assayed by measuring the diameter of the 

inhibition zone formed around the wells. Gentamicin antibiotic was 

used as a positive control. The values were calculated using Graph Pad 

Prism 6.0 software (USA). 

  

2.7 Data analysis 

 

The biocompatibility of the prepared novel polyethylene glycol-

zinc composite was evaluated through IBM-SPSS (Meyers, Gamst, and  

 

 

 

 

Guarino 2013)The control group comprises naive polyethylene glycol 

(PEG) hydrogel, whereas the study group contains polyethylene glycol 

hydrogel incorporated with zinc nanoparticles (PEG + x ZnO, x = 

0.025, 0.05, 0.075 wt. %). There are no dependent variables. An 

independent sample T-test was done to determine the maximum 

biocompatibility, and the mean and standard deviation were 

considered. 

 

3. Result and Discussion 
 

 3.1 Studies on Swelling ratio and wettability 

 

One of the attractive features of PEG hydrogels is their improved 

hydrophilicity. Studies on the swelling ratio and wettability were 

evaluated on the prepared nanocomposite hydrogels to investigate 

whether adding ZnO nanoparticles affected its inherent tendency. 

Figure 2 showed that native PEG hydrogel possessed a swelling ratio 

of 22 ± 1.1 % and a contact angle of 30.37°, which was more than the 

existing literature (Zhang et al., 2021; Zhu et al., 2015). The variation 

may be attributed to preparing PEG hydrogel using plant cellulose. 

Upon addition of filler into the PEG hydrogel, the swelling ratio was 

found to increase gradually to 48±2.4, 59±2.9 and 61±3% in contrast  

to the water contact angle, which exhibited minor variations (28.2°, 

27.2°, 26.5°) for 0.025, 0.05 and 0.075 wt.% of PEG + ZnO hydrogel. 

The obtained results thus exhibited improved hydrophilicity and were 

under earlier studies (Salvekar et al., 2017).  
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Figure 2. Swelling ratio and wettability studies of the prepared PEG hydrogels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM Micrographs of (a) PEG Hydrogel, (b) PEG hydrogel + 0.025 wt.% ZnO, (c) PEG hydrogel + 0.05 wt.% ZnO and (d)  

PEG hydrogel + 0.075 wt.% ZnO 
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Figure 4. FTIR analysis of (a) PEG Hydrogel, (b) PEG hydrogel + 0.025 wt.% ZnO, (c) PEG hydrogel + 0.05 wt.% ZnO and (d) PEG 

hydrogel + 0.075 wt.% ZnO 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Antibacterial activity representing (a) Zone of inhibition (ZOI) and (b) ZOI plate count of PEG Hydrogels 

 

3.2 Studies on Morphology and Functionality 

 
The morphology of the prepared hydrogels was examined through 

SEM analysis; the results are depicted in Figure 3. Figure 3 (a) 

represents the plain PEG hydrogel with random interactions due to the 

hydrophilicity and chemical structure (Bryant et al. 2004). Upon 

addition of ZnO nanoparticles, the SEM micrographs exhibited random 

agglomerations attributing to the incorporation of ZnO, which were 

found to increase with the increase in filler concentration. Figure 4 (a-

d) represents the FTIR analysis of the prepared hydrogel. From Figure 

4(a), it was observed that plain PEG hydrogel exhibited a peak at 3500 

-3400 cm-1, which can be attributed to OH bond present in PEG 

hydrogel in accordance with an earlier report (Askari et al., 2019). The 

C=C aliphatic double band was observed in 1643 cm-1 and a minuscule 

peak at 1845 cm-1 attributed to the C=O group present in PEG 

hydrogels. Upon filler addition, the intensity of the peaks exhibited 

slight variation owing to the addition of ZnO nanoparticles.  
 

3.3 Antibacterial Studies  

  
The zone of inhibition (ZOI) of PEG hydrogen and nanocomposite 

hydrogels was evaluated through the well diffusion method, and the 

results are represented in Figure 5. From the figure, it was observed 

that PEG hydrogel exhibited a ZOI of 0.02 ± 0.5 mm. Upon 

incorporation of Zinc oxide nanoparticles, the ZOI was found to 

increase with the increase in concentration to reach a maximum of 0.09 

± 0.2 mm. The observed results were in accordance to certain earlier 

reports (Kugarajah et al., 2021; Siddiqi et al., 2018). The increased 

surface area and the size of the nanoparticles lead to an improved 

particle surface reactivity (Sirelkhatim et al. 2015; Dogra et al., 2023). 

Thus, upon addition of zinc nanoparticles, react with the bacteria cell 

wall leading to cell wall degradation and release of cellular contents. 

In addition, the bio-safe nature of ZnO further allows an added 

advantage when opting for biomedical applications. 

 

 



6  

Maejo International Journal of Energy and Environmental Communication   

3.4 Statistical Analysis 

 
The present research introduces PEG hydrogel and ZnO-infused 

PEG hydrogels for their improved biocompatibility. In comparison to 

plain PEG hydrogel, the composite PEG hydrogel showed better 

properties, indicating a statistical significance between the two groups 

(p=0.01, p<0.05) (Figure 6). The current study aims to improve 

biocompatibility using ZnO nanoparticles infused PEG hydrogel. 

Table 1 depicts the mean and standard deviation of the prepared 

hydrogels, whereas Table 2 represents the statistical variables. The 

prepared composites showed statistical significance through 

independent T-tests, further prompting their suitability for biomedical 

applications. 

 
 

Table 1. Comparison of mean standard deviation for PEG hydrogel and PEG hydrogel + ZnO in terms of biocompatibility (N=4) 

 

Hydrogel N Mean Standard deviation Standard error mean 

PEG hydrogel 4 .0200 .00000 .00000 

PEG hydrogel with ZnO 4 .0525 .03304 .01652 

 
Table 2. Independent sample T-test comprising the significance for PEG hydrogel and PEG hydrogel with ZnO for improved 

biocompatibility (p=0.01, p<0.05) where there exists statistical significance between the two groups 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Bar chart representing the mean biocompatibility of PEG hydrogel and PEG hydrogel + ZnO X-axis: Samples with PEG 

hydrogel and PEG hydrogel +ZnO (wt%), Y-axis: Mean biocompatibility of PEG hydrogel and PEG hydrogel + ZnO/- 2 SE  

 
 

4. Conclusion 

 

The present research introduces a comparative study between PEG 

hydrogel and ZnO-infused PEG hydrogels for their improved 

biocompatibility. The results suggested that PEG hydrogel + 0.075 

wt.% of ZnO exhibited the highest maximum antibacterial activity, 

suggesting its rapid application in biomedical applications. Statistical 

Parameters 

Test of 

Equality of 

Variances 

T-test for equality of means 
95% confidence interval 

of the difference 

F Sig T df 

Significan

ce (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 
Lower Upper 

Equal variance 

assumed 
36.3 .001 -1.96 6 .097 -.03250 .01652 -.072 .00792 
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analysis further revealed a statistical significance between the two 

groups. However, the present study merely provides preliminary 

insights on nanocomposite hydrogel. Enhancing the potential of 

composite hydrogel for tissue engineering and other biomedical uses 

will require more research and analysis. 
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