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Introduction 

In recent years, particular attention has been paid to the behaviour 

of co-hydrogels. A composite hydrogel is a network of two or more 

polymers that are cross-linked (1, 2). Therefore, altering the co-

hydrogel or composite composition can control their properties (3). 

Because gelatin and agar are both biocompatible, gelatin–agar co-

hydrogels have attracted considerable interest for the long-term 

release of bioactive molecules. Agar and gelatin are characterized as 

naturally occurring polymers. Collagen is partially hydrolyzed to 

produce gelatin, a protein widely used in food processing. 

Additionally, gelatin and agar are readily available and reasonably 

priced (4, 5). Phase separation in hydrogels occurs because systems 

containing gelatin and polysaccharides in solution exhibit 

thermodynamic instability at high concentrations of both gelatin 

and polysaccharides (6). The hardened gels that form after cooling 

the hot trap containing the gelatin–polysaccharide mixtures are 

water-in-water emulsions. In these emulsions, the internal phase 

contains a polysaccharide, while the outer phase is gelatinous. 

Because of their structural and compositional similarities to the 

extracellular matrix (ECM), hydrogels are materials with a wide range 

of applications in the pharmaceutical and biomedical industries. 

Over the past few decades, numerous hydrogel types with various 

chemical and physical characteristics have been created using both 

natural and synthetic water-soluble polymers, including cellulose, 

hyaluronic acid, fibrin, chitosan and agar, as well as synthetic 

polymers like poly(acrylic acids), poly(acrylamides), poly(ethylene 

oxide), poly(vinyl alcohols) and poly(vinyl pyrrolidones) (7). They are 

three-dimensional crosslinked polymer chains that can entrap a 

large volume of water; thus, their applications are far-reaching in 

medical, environmental and industrial uses, among others. Two 

natural polymers commonly used to synthesize hydrogels are 

gelatin and agar, which differ in their characteristics because they are 

derived from natural sources. Gelatin was used for the following 

reasons: it is biocompatible and biodegradable, has a relatively high 

crosslinking capacity and is stable under physiological conditions (8). 

Further contributions of additional gelation and cross-linking 

properties of hydrogel solution to support the cells, along with 

providing thermo-stable hydrogel and also maintain the balance 

between easy melting of the hydrogel and good gel stability at 

relatively higher temperatures. (9). This will also affect the electrical, 

thermal and chemical processes.  
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Abstract  

Hydrogels made of gelatin and agar have attracted considerable interest for a multitude of pharmaceutical and biomedical applications due 
to their biodegradability, biocompatibility and controlled release of bioactive materials. These biopolymers include gelatin, a protein derived 

from collagen and agar, a polysaccharide obtained from red algae; they are used synergistically to manufacture hydrogels with improved 

mechanical and swelling properties. Investigation of the properties of these hydrogels is essential for describing their structure and function. 

Infrared Spectroscopy, particularly Fourier Transform Infrared Spectroscopy (FTIR), is commonly used to detect functional groups in the 
hydrogel matrix. Secondary electron imaging by Scanning Electron Microscopy (SEM) is used in determining the topographical images of the 

hydrogels. The thermal stability of the hydrogels is determined by conducting Thermo Gravimetric Analysis (TGA). Ultraviolet-Visible (UV-Vis) 

Spectroscopy is used to determine the extent of L-ascorbic acid immobilization in the hydrogel network. The absorption spectra can identify 

the drug at those wavelengths and determine the drug loading and release profile in the hydrogel system. This study aimed to develop and 
characterize gelatin-agar-based hydrogels for potential drug delivery applications, highlighting their structural, thermal and functional 

properties through comprehensive physicochemical analyses. 

Keywords: agar powder; anti-inflammatory properties; anti-microbial properties; bovine albumin; detoxification; gelatine polymer; 
glutaraldehyde; human blood; hydrochloric acid; L-ascorbic acid  
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 In light of the aforementioned, the current study aimed to 

develop a phase-separated hydrogel composed of gelatin and agar. 

Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron 

Microscopy (SEM), Thermo Gravimetric Analysis (TGA), mechanical 

and swelling index tests and electrical studies were used to 

thoroughly characterize the prepared formulations. Additionally, the 

formulations' drug-release characteristics and the impact of 

formulated swelling were assessed. Ultraviolet-Visible spectroscopy 

was used to characterize L-ascorbic acid, the model antimicrobial 

drug used in the drug-release studies.  

 

Materials and Methods 

Materials 

Gelatin powder was purchased from TGP Bioplastics Pvt. Ltd, Satara, 
Maharashtra, India. Agar-agar powder, glutaraldehyde and 

hydrochloric acid (HCl) were also purchased from TGP Bioplastics 

Pvt. Ltd, Satara, Maharashtra, India. L-ascorbic acid was purchased 

from Parul University Vadodara, Gujarat, India. Bovine albumin was 

purchased from Chitu-Chem Corporation, Vadodara, Gujarat; fresh 

human blood was obtained from the hospital. Distilled water was 

used throughout the study. 

Preparation of hydrogels 

Two grams of agar powder were mixed with 100 mL of water and 

autoclaved for 15 min at 15 atmospheres and 120 °C.  As a result, a 2 % 

(w/w) agar solution formed. Twenty grams of gelatin powder was 

suspended in 70 mL of water to create a 20 %  (w/w) gelatin solution. 

To dissolve the gelatin, the suspension was heated to 65 °C. Using hot 

water, the gelatin solution was brought to a final weight of 100 g. As a 

result, a 20 % (w/w) gelatin solution formed. Using an overhead stirrer, 

15 g of agar solution and 5 g of gelatin solution were homogenized at 

70 °C for 5 min (300 rpm). To crosslink the gelatin-agar matrix, 0.5 mL of 

glutaraldehyde reagent (0.5 mL glutaraldehyde + 0.5 mL ethanol + 0.1 

mL 0.1 N HCl) was added for 10 sec, then poured into a Petri plate or 

beaker and left to stand at room temperature for 30 min (10). Table 1  

provides a variety of hydrogel ratios.  

Preparation of drug-loaded hydrogel 

 L-ascorbic acid (1 % w/w) was dissolved in the gelatin-agar solution. 

After preparation optical image was observed (Fig. 1). 

Swelling study 

Swelling investigations were conducted in the pseudo-extracellular 

fluid (PEF). The fluid's composition was as follows: 25 g of sodium 

(Na), 6.8 g of sodium chloride (NaCl), 2.2 g of potassium chloride 

(KCl), 3.5 g of sodium dihydrogen phosphate (NaH2PO4) and 3.5 g of 

sodium bicarbonate (NaHCO3) in one liter. This solution's pH was 

determined to be 7.36. The pre-weighed hydrogel sample was 

submerged in 25 mL of PEF and removed at various time points. It 

was then thoroughly cleaned with tissue paper to eliminate any 

remaining surface water, weighed precisely in an electronic balance 

(Denber, Germany) and submerged in water once more. The 

following formula was used to determine the swelling ratio (SR) (11):

   

 Where, Wt and Wi are the initial weight and the weight in 

different time intervals weight of micropates after time t (Table 2). 

Dynamics of moisture uptake 

Using the described technique, a saturated potassium nitrate (KNO3) 

solution was placed in a plastic jar and a rectangular block of 

stainless steel, with its top above the solution level, was placed in the 

centre of the jar to measure the kinetics of moisture uptake. The 

steel block was now topped with an aluminum crucible. The crucible 

was filled with a pre-weighed piece of perfectly dry film, the jar's lid 

was securely fastened and it was kept at 37 ºC in an incubator. The 

film was removed at specified intervals, weighed precisely using an 

electronic balance (Denber, Germany) and then returned to the jar. 

The mass measurements were recorded as g/g and continued until 

equilibrium was reached (11): 

 

 
 Where, m is the mass of the hydrated film at various time 

intervals and m0 and me are the masses of the dry and fully 

equilibrated film samples, respectively (Table 3). 

Antibacterial activity 

The standard agar disc diffusion method was used to assess 

antibacterial activity against a few specific bacterial species. Three 

100 mL of distilled water was used to suspend 3.9 g of nutrients and 

7.5 g of agar powder, which were then autoclaved for 15 min at 121 

ºC and 15 atmospheric pressure (11). Following cooling, the media 

1 

(m-m0) 
= 

1 

k(me-m0) 
+ 

1 

(me-m0) (Eqn. 2) 

S. No. Gelatin (g) Agar (g) 

1. 10 10 

2. 12 8 

3. 8 12 

4. 15 5 
5. 5 15 

Table 1. Composition of hydrogels 

Time Different ratios of gelatin and agar hydrogels 

  G12:A8 G8:A12 G15:A5 G5:A15 G10:A10 

00 min 3.344 g 2.068 g 4.082 g 1.709 g 1.502 g 

30 min 3.880 g 2.394 g 4.858 g 2.218 g 2.205 g 

60 min 4.083 g 2.583 g 5.338 g 2.442 g 2.530 g 

90 min 4.235 g 2.660 g 5.455 g 2.655 g 2.673 g 

120 min 4.504 g 2.860 g 5.912 g 2.812 g 3.083 g 

150 min 4.753 g 3.035 g 6.307 g 2.976 g 3.365 g 

180 min 4.793 g 3.064 g 6.960 g 2.999 g 3.468 g 

24 hr 8.892 g 5.565 g 9.749 g 4.859 g 6.258 g 

Table 2. Different ratios of gelatin and agar hydrogels 

Fig. 1. Drug-loaded hydrogels. 

Swelling ratio = 
Wt -Wi 

Wi 
× 100 (Eqn. 1) 
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were transferred into petri dishes and allowed to solidify for 30 min. 

Drug-loaded hydrogels were added to a single 50 µL fresh culture 

that had been spread on solidified nutrient agar plates. One is 100 

mg mL-1 and is incubated for 24 hr at 37 °C. The zone of inhibition 

growth was examined following a 24 hr incubation period. The 

microorganisms' susceptibility to the antimicrobial agent increases 

with the diameter of the inhibition zone (12). 

Anti-inflammatory activity 

The albumin denaturation inhibition method was used to evaluate 

the in vitro anti-inflammatory properties of the synthesized 

compounds. To ensure that the final dimethyl formamide (DMF) 

concentration in all solutions remained less than 2.0 %, for the 

standard medication and the test compounds, the medication was 

first dissolved in a small portion of DMF and the solution was further 

diluted with 0.2 M phosphate buffer at pH 7.4. After mixing 1 mL of       

1 % albumin solution in phosphate buffer with 1 mL of the test 

solution at various drug doses, the culture mixture was incubated in 

a biochemical oxygen demand (BOD) incubator for 15 min. After this, 

the prepared reaction mixture was heated in a water bath at 60±1 °C 

for 5-10 min to promote denaturation. The turbidity reading was 

taken at 660 nm. After cooling, denaturation was calculated using a 

non-medicated group of rabbits that served as the control animals. 

Each experiment was repeated three times and the average was 

later taken (13). The typical medication was diclofenac sodium. It 

demonstrates the percentage inhibitory effect of albumin 

denaturation, as listed in the table below. The percentage of 

inhibition of protein denaturation is calculated using the following 

formula (14) (Table 4).      

 

   

 Where, OD is the optical density. 

Biocompatibility study  

 Haemo-compatibility was also used to test the formulations' 

biocompatibility. The degree of haemolysis upon contact with the 

samples is calculated to determine the hemocompatibility 

assessment. The leachants in the formulations were created using 

regular saline solution. The mixture contained 0.5 mL of leachant 

and 0.5 mL of human blood, which had been previously diluted with 

regular saline at a 4:5 ratio. Ten milliliters of wash solution were 

prepared using normal saline and 0.5 mL of 0.01 N solution was used 

for the positive and negative controls. In this study, 0.5 mL of saline 

and 1 mL of HCl were used as alternatives to the formulations. After 

mixing the test and control samples with 0.5 mL of human blood, the 

mixture was diluted with regular saline to a final volume of 10 mL. 

Following a 1 hr incubation period at 37 °C, the test samples and 

controls were spun for 10 min at 3000 rpm. Following centrifugation 

of the sample solutions, the supernatant was analysed using a 

Ultraviolet-Visible (UV-Vis) Spectroscopy set to 545 nm. The 

haemolysis percentage was determined using the following formula 

(15): 

   

  

 Where, OD test is the absorbance in the test sample, OD 

positive is the absorbance in the positive control. OD negative is the 

absorbance with the negative control. 

 Haemolysis is done with two different hydrogels. One with a 

drug loaded and the second is without a drug loaded, as shown in 

table 5 and 6 (16). 

Characterization 

Ultraviolet-Visible (UV-Vis) (Shimadzu, 1800) absorption 

spectrophotometry refers to the capability to quantify the decrease 

in the intensity of the electromagnetic radiation within a wavelength 

range of 190-800 nm and FTIR (Shimadzu, 8400, Japan) was used to 

record the FTIR spectra using potassium bromide (KBr). The 

powdered material was combined with KBr. The average of 100 

scans, with a spectral range of 400-4000 cm-1, was used. The X-ray 

diffractogram was captured at 2° min-1 over the range of 3° to 50°. 

Scanning electron microscopic images were captured using a 

Hitachi S-4700 (New Jersey, USA) at an acceleration voltage of 15 kV 

to examine the surface morphology of the Starch/PVA film. 

Ultraviolet-Visible spectrophotometer is also used to determine the 

λ max. The characterization was carried out by the PNP Analytical 

Solutions Laboratory in Vadodara, Gujarat, India, which is important 

for understanding how the hydrogel will behave during processing 

and storage. During the analysis, all safety measures were 

considered to avoid any danger to participants (17-19).  

 

Haemolysis (%)= 

OD test - OD negative 

OD  positive - OD negative 
×100 

(Eqn. 4) 

Table 3. Moisture uptake data of the hydrogel 

Time (min) G12:A8 G8:A12 G15:A5 G5:A15 G10:A10 

0 0 0 0 0 0 

15 0.178 0.096 0.074 0.073 0.084 

30 0.240 0.211 0.097 0.077 0.092 

45 0.299 0.231 0.144 0.124 0.111 

60 0.401 0.256 0.211 0.169 0.134 

75 0.412 0.301 0.234 0.174 0.158 

90 0.463 0.310 0.240 0.181 0.177 

Inhibition (%) = 

Control OD - Sample OD 

Control OD  ( ) 
×100 

(Eqn. 3) 

Concentration Absorbance 1 Absorbance 2 Absorbance 3 Mean %  Haemolysis 

20 0.662 0.612 1.056 0.77667 -282.288 

40 0.647 0.921 0.987 0.85167 -323.801 

60 0.798 0.975 1.084 0.95233 -379.520 

80 0.497 0.220 0.701 0.47267 -114.022 

100 0.139 0.311 0.285 0.24500 11.9926 

Table 5. Haemolysis test of drug-loaded hydrogels 

Concentration (%) Control (OD) Sample (OD) % Inhibition 

1 0.25 0.04 84.00 

2 0.34 0.04 88.23 

3 0.49 0.04 91.83 

4 0.58 0.04 93.10 

5 0.72 0.06 91.66 

Table 4. Concentrations of L-ascorbic acid as anti-inflammatory agent 
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Results and Discussion  

Swelling study 

To develop a swelling test for composite gels, 8.307 g of NaCl and 

0.367 g of calcium chloride (CaCl2) were dissolved in 1 L of distilled 

water to prepare the physiological fluid (PF) solution. All the gelatin-

agar composite ratio gels, except the last set, were immersed in the 

PF solution. Swelling measurements were taken after 30 min and 

repeated 3-4 times, with an additional measurement after 24 hr. The 

PF swelling test is described with PF increasing with the weight of the 

hydrogel. Swelling experiments are used to compare the variations 

among different composite gels. Based on analysis of all gel ratios 

(8:8, 12:15, 5:15, 10), the dry weight of the 15:5 composite gel was 

found to be higher than that of the other composites (Fig. 2) (20). 

Ultraviolet Visible Spectroscopy 

In the UV region (200-250 nm), the spectrum shows a high 
absorbance of approximately 4.0; beyond 300 nm, the absorbance 

rapidly drops to near zero (21). The rapid decline indicates that L-

ascorbic acid has a strong affinity for UV radiation due to its 

conjugated system, or chromophore, which involves π-π* 

transitions. There is no significant absorbance in the visible region 

(>400 nm), consistent with the molecule being colourless (Fig. 3). 

Fourier Transform Infrared Spectroscopy 

While most of the rays continue to pass through the material, some 

infrared photons are absorbed during FTIR analysis. The spectrum, 

which shows absorption or transmittance as a function of 

wavelength, is used to identify the sample substances. The 

transmittance of each of the three compounds was measured using 

FTIR in the range of 3500-1000 cm-1. Fourier Transform Infrared 

Spectroscopy was subsequently used to characterize the by-product 

and the results are shown in the figure below. The peak at 3271.39 

cm-1, corresponding to the broad OH or acute NH stretching 

vibration of gelatin, showed a significant transmittance. At the 

summit, the C=O (ketones, carboxylic acids, amides) group 

stretching is observed as a peak at 1628.86 cm-1 in the infrared 

spectrum of gelatin. Another peak was discovered at 1543.31 cm-1, 

Table 6. Haemolysis test of without drug loading hydrogels 

Concentration Absorbance 1 Absorbance 2 Absorbance 3 Mean %  Haemolysis 
20 0.123 0.181 0.227 0.177 49.631 
40 0.454 0.729 0.371 0.518 -139.114 
60 0.681 3.081 0.656 1.472 -667.528 
80 0.135 0.211 0.912 0.419 -84.5018 

100 0.465 0.277 1.197 0.646 -210.148 

Fig. 2. Swelling ratio graph.  

 

 

Fig. 3. Ultraviolet-visible spectra of L-ascorbic acid.  
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which may be attributed to aromatic C=C stretching or N-H bending. 

Gelatin's C-H group bending was found to have a peak with a 

wavenumber of 1451.60 cm-1. The Ether or amines (C-O or C-N 

stretching) is represented by the peak at 1244.99 cm-1. Wavenumber 

1081.86 cm-1 was identified as the distinctive peak of the C-O 

stretching vibration (alcohols, ethers and esters). The presence of 

aromatic or alkenic groups may be indicated by the second peak at 

789.80 cm-1, which corresponds to C-H bending. Fourier Transform 

Infrared Spectroscopy was subsequently used to characterise other 

peaks in the by-product; the results are shown in the figure below. 

The large peak at 3273 cm-1 indicates the hydroxyl group. The 

additional signal at 2932 cm-1, which represents a methyl (-CH3) or 

methylene (-CH2) group. An additional signal at 1627 cm-1 indicates 

the existence of a carboxylate group (-C=O) or a water molecule (H-O

-H bending). Another peak at 1531 cm-1 suggests the presence of 

amide groups, such as N-H bending or C-N stretching, which may be 

indicative of proteins. Another peak indicates C-H bending of 

aliphatic hydrocarbons at 1449 cm-1. Another signal at 1238 cm-1 

confirms the presence of agar's glycosidic linkage and indicates C-O-

C stretching (Fig. 4) (22, 23). 

 Scanning electron microscopy 

The topological features of the polymeric gel, such as gelatin and 

agar, arise from the entanglement and crosslinking of their polymer 

chains. Gelatin and agar are polymers and polymer blends; the 

samples’ surface morphology and microstructure can be analyzed 

using SEM. Some essential characteristics of the physical structure 

and behaviour of the constituent phases of such composites can be 

discerned from SEM of these mixes. By using the electron beam, 

scan the surface of the gel (24). The surface morphology and 

microstructure of the gel will be shown in high-resolution SEM 

images. To obtain a clear view of the film's microstructure, capture 

stills at different resolutions. Chemical and physical crosslinking 

affect the shape of the composite differently. As a rule, cross-linked 

gels possess a higher degree of density and homogeneity of the 

structure (Fig. 5). 

Thermogravimetric analysis 

A gelatin and agar polymer gel was analyzed thermo-gravimetrically 

in order to investigate the thermal decomposition profile of the gel. 

Weight reduction is presented as a percentage to indicate 

 

Fig. 4 (A). Fourier Transform Infrared Spectroscopy spectra of gelatin gel.  

 

Fig. 4 (B). Fourier Transform Infrared Spectroscopy  spectra of agar gel. 
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achievement. As shown in Fig. 6, an 11.402 mg sample was heated 

from 25.00 ºC to 800.00 ºC at a rate of 10.00 ºC min-1; an initial minor 

weight loss around 25.08 ºC (to 99.803 %) is attributed to moisture 

loss, followed by a continuous decrease in weight with increasing 

temperature. As the temperature increased, the sample's weight 

decreased. When the mean was calculated, it was found at 175.08 ºC 

with a corresponding weight of 85.846 % (25, 26). 

Antibacterial activity 

As shown in Fig. 7, antibacterial activity was evaluated using the 

standard agar disc diffusion method against selected bacterial 

species, including Staphylococcus aureus, to assess the antibacterial 

drug's efficacy. The drug-loaded composite gel  exhibits antibacterial 

activity, inhibiting bacterial growth after 24 hr of incubation, as 

 

Fig. 4 (C). Fourier Transform Infrared Spectroscopy spectra of composite gel.  

Fig. 5 (A). Scanning Electron Microscopic image of composite gel.  Fig. 5 (B). Scanning Electron Microscopic image of composite gel. 

Fig. 6. Thermo Gravimetric Analysis graph of composite gel. 

 

Fig. 7. Antibacterial study with zone inhibition study.  
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measured at approximately 0.5 cm. 

Anti-inflammatory activity 

It was observed that when heat-denatured bovine albumin was 

used in the protein denaturation assay, the protein denaturation 

and hold steps exerted anti-inflammatory effects. The protein 

denaturation method, when used to determine the percentage anti-

inflammatory effect, showed that the percentage at 1 % allograft 

inflammatory factor (AIF) increased with increasing drug doses 

following bovine serum albumin (BSA) denaturation. The newly 

formed compounds were tested for in vitro anti-inflammatory 

activity using the albumin denaturation method. In this study, we 

observed the anti-inflammatory activity of the sample at various 

concentrations, as shown in Fig. 8. 

Dynamic moisture adsorption studies 

The dynamic moisture uptake by film samples was examined at 30 °

C with a 95 % relative humidity. The film samples exhibit water 

vapour sorption curves similar to those observed in polysaccharide-

based films (Fig.  9) (13). 

 

 

Biocompatibility test  

Also, when red blood cells are lysed, the material and other internal 

components, including Haemoglobin, are released into the 

surrounding fluid, such as blood plasma. This process is referred to 

as haemolysis, which may occur naturally during the normal course 

of red blood cell development or as a result of physical or chemical 

trauma or underlying pathological conditions. A Haemolysis test was 

carried out on a gelatin-agar composite gel containing the drug and 

on a gelatin-agar composite gel without the drug, in fluid, including 

blood plasma. This process is known as haemolysis. This can occur 

spontaneously as part of red blood cells’ (RBCs') typical life cycle or 

as a result of physical trauma, chemical exposure, or pathological 

conditions. A haemolysis test was performed on a gelatin-agar 

composite gel with drug and on a gelatin-agar composite gel 

without drug. The haemolysis test is done in a 96-well plate. In this 

case, the positive control value is 0.086 and the negative control 

value is 0.26667. It shows that the values 0.086 (positive control) and 

0.26667 (negative control) serve as benchmarks for calculating 

haemolysis caused by the gels and it shows how much RBC 

destruction is produced by the gel samples relative to the positive 

and negative controls. The effects of haemolysis are summarized in 

Fig. 9. Graph showing moisture uptake.  

 

Fig. 8. Anti-inflammatory activity with L-ascorbic acid.  
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Table 5 and 6, which present the gel concentrations alongside the 

corresponding haemolysis percentages (11). 

 

Conclusion  

Thus, the developed gelatin-agar composite hydrogels show great 

potential for comparing detoxification methods for the foot patch. 

There is potential for the formation of a sustained-release system 

when the solubility and stability of agar are enhanced by conjugating 

it with gelatin, which is biocompatible and biodegradable. The 

therapeutic potential of L-ascorbic acid-loaded hydrogels for 

bacterial vaginosis was highlighted by their strong antibacterial 

activity against Gram-positive and Gram-negative bacteria. Stability, 

controlled swelling, thermal stability and biocompatibility were 

among the positive characteristics of the hydrogels; the 15:5 gelatin-

agar ratio demonstrated the best swelling capacity. Sterility check, 

haemolysis, antimicrobials and anti-inflammatory drugs confirmed 

the efficacy and non-toxicity. Such conclusions recommend further 

research and clinical utilisation of the hydrogels as potential 

treatment for bacterial vaginosis and other illnesses. 
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