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ABSTRACT 
Abacá (musa textilis) is a tropical plant and a notable producer of strong natural fibers of high quality. The cellulose 
nanofibers (CNF) can be further formulated as fillers in biomedical hydrogels. This study aimed to evaluate the 
antimicrobial properties and physicochemical characteristics of cellulose nanofiber-based hydrogels (CNF hydrogels) 
derived from abacá pseudo-stem fibers crosslinked with gelatin and glutaraldehyde (GA) as biomedical hydrogels for 
facial masks. The research began with the preparation of abacá fibers from pseudo-stems, followed by the isolation of 
cellulose nanofibers from α-cellulose derived from abacá fibers. The CNF hydrogels were crosslinked with gelatin 
and glutaraldehyde through chemical reactions. The hydrogels were then characterized using the following analyses, 
i.e swelling test, degree of crosslinking, XRD, and antimicrobial activities. The optimum condition in preparing the 
hydrogel was found in the addition of 0.5 g CNF, which resulted in good results based on the swelling test and degree 
of crosslinking. Also, the CNF hydrogels displayed good crystallinity and morphologies, and the presence of high 
antimicrobial activities against microbial pathogens (Candida albicans, Escherichia coli, Staphylococcus aureus), 
which proved their potential as biomedical hydrogels for facial masks. 
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INTRODUCTION 
Abacá (musa textilis) is a tropical plant commonly found in Philippines. Abacá is also cultivated in 
Indonesia, especially in Kalimantan and Sumatra (East Aceh, Simelue Island). Abacá fibers may be utilized 
as a source of cellulose with potentiality in the preparation of cellulose nanofibers (CNF). The CNFs are 
nano-sized cellulose (1-100 nm), having characteristics like a smooth surface, high crystallinity, and 
transparency.1 These properties support its contribution as fillers and/or reinforcement agents in 
nanocomposite products through weight reduction, improved mechanical properties, and higher voltage 
transfer.2 Although there have been many studies on cellulose-based hydrogels for various applications, the 
use of CNF as reinforcing agents in gelatinous hydrogels, especially for cosmetics or facial masks has not 
been previously reported. 

Hydrogels are polymeric materials with the ability to swelling and absorb large amounts of water without 
being dissolved in a water environment. Recently, the study has been focused on exploring non-toxic and 
biodegradable materials for applications in the health and food fields.3,4 The application of hydrogels, 
include the drug delivery systems,5,6 wound dressing,7 for micro packaging of bioactive ingredients,8 gene 
transfection,9 scaffolding in tissue engineering,10 solvent,11 electric fields,12 and coloring agents.13  
Gelatin is a biopolymer in hydrogel preparation and has features such as non-toxic, good absorption, 
biocompatibility, and biodegradability. These strongly support that gelatin is an excellent ingredient in 
biomedical applications, or as an ingredient for cosmetics, specific to facial masks. 14  In the present study, 
the CNF was isolated from the processed abacá pseudo-stem fibers (Musa textillis). The CNF-based 
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hydrogels were reinforced with gelatin. Due to the poor mechanical bonding of gelatin, glutaraldehyde was 
used as a crosslinking agent which will form polymer networks. in this study, we hope that using CNF and 
gelatin can produce hydrogels with enhancing their antimicrobial properties. 
 

EXPERIMENTAL 
Materials 
Gelatin, Glutaraldehyde, and acetic acid, obtained from Sigma-Aldrich. All chemicals were used without 
additional treatment.  
 
Preparation of Cellulose Nanofiber-based (CNF) Hydrogels 
Cellulose nanofibers were extracted from abacá pseudo-stem fibers using acid hydrolysis processed with a 
steam explosion and homogenization. The preparation and characterization of CNFs were based on a 
previous study. Gelatin solution was prepared by placing 2 g of gelatin in 40 mL of 2% acetic acid solution 
(v/v) and homogenized at 45°C for 30 min. Then, oxidized NSS was added to the gelatin solution and 
homogenized for 1 hr at 45°C. After completing the homogenization, 1% glutaraldehyde (GA) wa added 
as much as 1 mL.15  The solution was then stirred for 4 hours before being placed into a petri dish. Then 
the hydrogel was rinsed with aquadest to release unreacted chemicals. The hydrogel was further dried in an 
oven at 40°C. The same treatment was performed for different CNF concentrations according to the 
experimental design presented in Table-1.  
 

Table-1: Composition of CNF/gelatin/glutaraldehyde hydrogels 
Code CNF (gr) Gelatin (gr) GA 2%(mL) 

GeCNF1 0.25 2 1 
GeCNF2 0.5 2 1 
GeCNF3 0.75 2 1 

 
Characterization of Hydrogel  
The crystallinity degree of each sample was analyzed using the XRD Shimadzu 6100 tool. The swelling 
degree was performed by comparing the weight of the specimen before and after soaking in distillate water 
for 24 h. The crosslinked degree was carried out to measure the weight of hydrogel after soaked in 
chloroform for 24 h.  
 

Antimicrobial Test 
The antimicrobial activity of CNF hydrogels was tested against Candida albicans, Escherichia coli, and 
Staphylococcus aureus based on the disk diffusion method. Microbial inoculums were prepared from an 
overnight culture adjusted to a 0.5 Mcfarland standard. The microbial lawns were made by dipping a sterile 
cotton swab into inoculum and swabbed entirely on top of Mueller Hinton Agar. Sterile disks impregnated 
with CNF hydrogels solution were placed aseptically onto microbial lawns. Plates were incubated at 35 oC 
for 24 hr. Any presence of clear zones around disks indicated the antimicrobial activity of tested CNF 
hydrogels. 

RESULTS AND DISCUSSION 
During the preparation of CNF hydrogels, varying gel weights were obtained as 0.25, 0.5 and 0.75 gr with 
a clear brownish gel presented in Fig.-1.  
 
 
 
 
 
 
 
 

Fig.-1: Hydrogel (a) GeNSS1, (b) GeNSS2 (c) GeNSS3 
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The reaction between gelatin and glutaraldehyde as a crosslinking agent forms the Schiff base structure 
shown in Fig-2.  Addition of CNF to strengthen the reaction between gelatin and glutaraldehyde. The Schiff 
base is synthesized by the reaction between the amine and the carbonyl group via nucleophilicity, producing 
imines.16 Based on Table-2, the swelling ratio increased following the increasing CNF weight. This is due 
to the amount of CNF in the polymerization mixture which affected the percentage of the swelling ratio of 
hydrogels. Increasing the amount of CNF in the hydrogels will in turn increase the –OH group leading to 
high hydrophilicity or higher water absorption. However, the addition of 0.75 g CNF showed a decrease in 
swelling ratio due to limited physical interactions. Bajpai reported that cellulose hydrogels were able to 
absorb water due to the presence of -OH group of cellulose.17 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.-2: (a) Crosslinked between Gelatin Chains using Glutaraldehyde, and (b) Illustration of CNF interaction with 
the whole Component of Hydrogel 

 
Table-2: GeCNF Hydrogel Swelling Ratio 

Code Initial Weight (gr) Final Weight(gr) Swelling Degree(%) 
GeCNF1 0.75 4.23 464.00 
GeCNF2 0.78 5.10 553.84 
GeCNF3 1.00 3.59 259.00 

 
The degree of crosslinking of the hydrogels is a measure for the actual formation of a hydrogel, 
characterized by the presence of interconnected chemical networks which bind the polymer chain with the 
aim of various applications (ex. Cosmetics field). The crosslinking percentage is closely related to the 
ability or how much the potential of the hydrogels responded to certain conditions, for example in the water 
environment, in which the hydrogels tend to expand or dissolve.18 

 
Table-3: Crosslinking Percentage of the GeCNF Hydrogel 

Code Initial Weight (gr) Final Weight (gr) Crosslinking Degree(%) 
GeCNF1 1.31 1.30 99.24 
GeCNF2 1.50 1.42 94.67 
GeCNF3 1.55 1.52 98.06 

 



 
 Vol. 14 | No. 1 |578-583| January - March | 2021 

581 
CELLULOSE NANOFIBER-BASED HYDROGELS                                                                                                          Sri Wahyuna Saragih et al. 

0 10 20 30 40 50 60 70 80

2 = 20o

2 = 12o

2 = 22o

In
te

n
si
tie

s

2 (o)

2 = 42o

CNF

GeCNF2

Table-3 showed, that the crosslinking percentage decreased following the increased CNF concentration. 
This is due to less elasticity of the hydrogels despite their increasing density. Crosslinking is an essential 
feature in determining elasticity. Cross-binding functions as a shape-memory form which allows the 
occurrence of very large elastic deformation.19 The expected network is the formation of chains as long as 
possible and cross-linked in only a few sites. The addition of 0.5 gr CNF decreased the crosslinking 
percentage. due to physical interactions or the formation of hydrogen bonds between hydrogen groups from 
CNF-gelatin and hydrogen bonds from glutaraldehyde. These bonds are like hydrogen bridges or van der 
Walls, thus increasing the restricted elasticity. In this case, the resulting physical bond has been optimized. 
Also, the crosslinking percentage of the CNF-based hydrogel is inversely proportional to the swelling ratio. 
The high crosslinking percentage causes a lower water absorption capacity by the hydrogels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-3: XRD spectra of (a) CNF, (b) GeCNF2 Hydrogels 
 

The diffraction pattern of the GeCNF2 hydrogel is shown in Fig.-3, displaying two diffraction peaks at 21o 
and 43o. These peaks are lower and wider than the CNF peak, indicating a lower degree of crystallinity by 
the hydrogel (Table-4). XRD diffraction patterns present amorphous patterns based on small reflection 
angles and peaks of 2θ between 21o to 43o which indicate an alteration in the hydrogel structure pattern. 
The percent crystallinity of CNF and GeCNF hydrogels are presented in Table-4. CNF prepared with gelatin 
and GA as cross-linking agents displayed a low crystallinity. Modification effect may decrease the 
crystallinity of the final product as evidenced from previous studies.20,21 

 

Table-4: Crystallinity Index of CNF and GeCNF Hydrogel 
Sample Crystallinity 

CNF 85 % 
GeCNF2 29 % 

 
Antimicrobial activity is tested against three different microbes, i.e. Candida albicans, Escherichia coli and 
Staphylococcus aureus, and which represent bacteria and fungi. Antimicrobial activity was measured after 
24 hr of incubation and the results are presented in Table-5.  
Based on Table-5, the CNF only displayed inhibition to S. aureus, while the GeCNF2 showed a wide array 
of antimicrobial activities against all tested pathogens. The Schiff base compounds, formed by the gelatin 
in hydrogels may contribute to the antibacterial activity of GeCNF. 
 

Table-5: Antimicrobial test analysis 

Sample 
Zone of Bacteria Inhibition (mm) 

E. coli S. aereus C. albicans 
CNF - 7.0 - 

GeCNF2 20.6 17.5 14.7 
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GeCNF2 hydrogels showed higher antimicrobial activity against E. coli than S. aureus and C. albicans. 
The lipid content in the E. coli cell wall is around 11–22%, whereas only 1–4% present in S. aureus bacteria. 
The higher lipid content in the bacterial cell wall will be subject to hydrolysis by the gelatin as polycationic 
antimicrobials contributing to its antimicrobial activity. Also, the cell wall of E. coli bacteria has three 
layers, whereas S. aureus bacteria have only a single layer of peptidoglycans.22,23 
 

CONCLUSION 
The optimum CNF concentration was 0.5 g for the preparation of CNF hydrogels crosslinked with gelatin 
and glutaraldehyde. The CNF hydrogels display a high swelling ratio inversely proportional to the degree 
of crosslinking while attaining desirable thermal stability. Based on the results of XRD, the GeCNF 
hydrogels showed good crystallinity and amorphous regions which indicated a non-interacting CNF. The 
CNF only displayed inhibition to S. aureus, while the GeCNF2 showed a wide array of antimicrobial 
activities against all tested pathogens (C. albicans , E. coli, S. aureus) which was a major contribution by 
the presence of gelatin in the hydrogels. The results may be due to the use of gelatin as biocompatible 
polymers in hydrogels. Therefore, the GECNF hydrogel is appropriate to be used for cosmetics, especially 
as a facial mask. 
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