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The combination of lignosulfonate and chitosan 
biopolymers will provide a highly air-soluble 
structure for a copolymer water storage 
hydrogel due to the large number of hydrophilic 
functional groups. Laccase plays a role in 
catalyzing the electron oxidation reaction of 
compounds that occur in lignosulfonate so that 
the opportunity to bind to chitosan is also 
greater. The aim of this study was to fabricate 
lignosulfonate-chitosan based hydrogel for 
water storage with laccase by Trametes 
versicolor. The hydrogel was fabricated by 
adding laccase to the lignosulfonate and 
chitosan solution, then added with acetic acid, 
PVA, and glutardialdehyde with vigorous 
stirring. The water absorption value of the water 
storage hydrogel that  was successfully  created 
was  7.18% 
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INTRODUCTION  
Land with high levels of drought requires more water to irrigate 

agricultural land. Water storage hydrogel is known to be able to improve the 
physical properties of soil while increasing the efficiency of water use in dry 
and semi-dry areas (Albalasmeh et al., 2022). Water storage hydrogel is a group 
of polymer materials, the hydrophilic structure of which makes it able to hold 
large amounts of water in its three-dimensional network (Ahmed, 2015). 
Enzymatic cross-linking has the primary benefit of allowing the hydrogel to 
cross-link under mild conditions without requiring the use of low molecular 
weight chemicals (monomers, initiators, or cross-linking agents), irradiation, or 
previous polymer functionalization to promote cross-linking (Bustamante- 
Torres et al., 2021). Laccase catalyzes the oxidation of various substrates plus 
the reduction of molecular oxygen to water by a one-electron oxidation 
mechanism (Saoudi & Ghaouar, 2019). Chitosan is a hydrophilic polymer and 
has strong water solubility with numerous hydroxyl (−OH) and amino (−NH2) 
groups (Qiao et al., 2021). Laccase can catalyze the formation of phenolic- 
chitosan hydrogel (Huber et al., 2017). In the presence of small redox mediators, 
laccases provide a broad oxidation repertoire including non-phenolic substrates 
(Upadhyay, Shrivastava, & Agrawal, 2016). Utilization of lignin-based synthetic 
hydrogel is one prospective way to recycle lignosulfonate pulping waste (Wang 
et al., 2016). Hydrogels based on lignosulfonates or modified lignosulfonate raw 
materials are mainly prepared by crosslinking or crosslinking with other 
polymers (Teng et al., 2017). Oxidized phenolic laccase is a potential chitosan 
crosslinking agent as a new environmentally friendly approach to synthesize 
chitosan hydrogels (Huber et al., 2017). 

Polyvinyl alcohol (PVA) is a common non-toxic water-soluble polymer 
with a polyhydroxy structure that rapidly dissolves in water and leaves no 
trace, making it useful in a variety of applications (Jiang et al., 2024). The 
growing interest in PVA-based hydrogels is evidenced by the increasing 
number of original research articles and reviews published in recent years 
(Bercea, 2024). The most popular technique for creating PVA hydrogels is to use 
dialdehydes as cross-linkers and it has been discovered that the hydroxyl group 
of PVA forms an acetal bond with aldehydes, and that the actual reaction of 
glutaraldehyde or glyoxal occurs under moderate circumstances (Aflatounian, 
Sharzehee, & Mashroteh, 2024). Glutaraldehyde has been widely employed in 
the chemical cross-linking of chitosan, and it is mostly used for cross-linking 
when a second polymer is introduced to chitosan to modify its characteristics 
(Ahmadi, Oveisi, Samani, & Amoozgar, 2015). The aim of this study was to 
fabricate lignosulfonate-chitosan based hydrogel for water storage with laccase 
by Trametes versicolor. 

LITERATURE REVIEW 
The process of crosslinking polymers to create hydrogels can be conducted 

in the presence of enzymes (Husain, Gupta, Alashwal, & Sharma, 2018). The 
oxidation of lignosulfonates with fungal oxidoreductases, particularly laccases, 
leads to increased molecular weight through cross-linking of lignin phenols. 
This process generates radicals in lignin, potentially leading to C–C bond 



         Asian Journal of Natural Sciences (AJNS) 

Vol. 3, No.3 . 2024: 149-158 

 

  151 
 

 

cleavage and depolymerization, although repolymerization typically prevails 
(Rodríguez-Escribano, de Salas, Pardo, & Camarero, 2017). Laccase can oxidize 
lignin into radicals linked to water-soluble chitosan fragments through a 
process called radical coupling or Michael addition, which creates a stable gel 
made of chitosan linked to lignin (Beer et al., 2020). The preparation of hydrogel 
sponges from the gelatin/chitosan (GEL/CTS) matrix was successful with 
improved compressibility and thermal properties by adding the polyols like 
polyvinyl alcohol and polyethylene glycol- polypropylene glycol-polyethylene 
glycol (Vo, Vo, Tran, & Pham, 2022). In order to create a hydrogel that had 
physicochemical properties comparable to those of vitreous humor, polyvinyl 
alcohol and glutaraldehyde were used as cross-linkers (Morandim‐Giannetti et 
al., 2018). The cross-linking of chitosan and PVA results in the formation of a 
porous hydrogel structure characterized by significant flexibility, durability, 
and the ability to absorb water effectively (Zhu et al., 2022). 
 
METHODOLOGY 
Lignosulfonate-Chitosan Hydrogel Fabrication 

The hydrogel preparation was started by adding 1 mL of laccase to the 
lignosulfonate and chitosan solution. The lignosulfonate and chitosan solution 
was made by mixing 0.8 g of lignosulfonate and 0.8 g of chitosan into 17 mL of 
distilled water. Then the solution was stirred for 15 minutes and left for 10 
minutes. The solution was then added with 2.2 g of acetic acid with vigorous 
stirring for 30 minutes at a temperature of 50°C. Then, 2.5 g of PVA was added 
to the chitosan solution with continuous stirring for 30 minutes at a 
temperature of 50°C. Then, the solution was added with 20 μL of 
Glutardialdehyde and stirred for 15 minutes. The solution was poured into a 
petri dish and dried in an oven. After 24 hours, the dry hydrogel was measured 
for dry weight. The dry hydrogel was added with 50 mL of distilled water, then 
the wet weight was measured after 1 hour. 
 
RESEARCH RESULT 

The results of water absorption capacity per gram of dry hydrogel 1 hour 
after adding 50 mL of distilled water can be seen in table 1. 

Table 1. Water Absorption Capacity Results 

 
Dry 
Weight (g) 

 
Wet 
Weight 
(g) 

 
Initial 
Volum
e (mL) 

Final 
Volum 
e (mL) 

Water Absorption 
Capacity per gram 
of dry hydrogel 1 
hour after adding 
50 mL of distilled 
water (%) 

3.9 23.4 50 22 7.18 

Based on the analysis that has been carried out, the dry weight is 3.9 g, 
the wet weight is 23.4 g, the final volume is 22 mL, and the Water Absorption 
Capacity per gram of dry hydrogel 1 hour after adding 50 mL of distilled water 
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is 7.18%. The results of lignosulfonate-chitosan-based hydrogel fabrication can 
be seen in Figure 1. 

 

 
 

Figure 1. Lignosulfonate-Chitosan Hydrogel Fabrication 
 

DISCUSSION 
Laccase is a blue copper oxidoreductase that oxidizes a variety of 

substrates, including phenolic compounds, while also reducing molecular 
oxygen to air (Mayolo-Deloisa, González-González, & Rito-Palomares, 2020). 
Laccase is notable for its ability to oxidize a wide range of substrates, including o- 
and p-diphenols, polyphenols, aminophenols, aromatic amines, and aliphatic 
amines, as well as its high stability under harsh conditions such as extreme pH or 
high temperatures (Janusz et al., 2020). Laccase oxidizes phenolic residues in 
lignosulfonates create phenoxyl radicals and simultaneously reduces molecular 
oxygen to air (Mayr et al., 2023). Laccase oxidizes lignosulfonates, producing 
phenoxyl radicals that react with SucCTS's single bond (−NH2) group via radical 
coupling or Michaeĺs addition (Haske-Cornelius et al., 2019). Adding laccase to 
the lignosulfonate-chitosan caused oxidation and the formation of reactive 
phenoxyl radicals in lignin, which cross- linked with the reactive CTS-−NH2 
groups (Beer et al., 2020). Enzymes often exhibit a high degree of substrate 
specificity, potentially avoiding side reactions during cross-linking (Bustamante-
Torres et al., 2021). The hydrophilic functional groups adhere to the polymer's 
backbone, allowing the hydrogels to absorb water more easily (Shajahan Haima 
et al., 2021).  

The blending of chitosan (CS) with hydrophilic polymers, such as 
Polyvinyl alcohol (PVA), has been shown to significantly enhance the water 
absorbency of hydrogels (Michalik & Wandzik, 2020). Polyvinyl alcohol (PVA) is 
a common water-soluble polymer compound (Zhang, Liu, Lin, & Wang, 2020). 
PVA-based hydrogels are gaining significant attention owing to their functional 
versatility, which arises from a distinctive three-dimensional network structure 
that is marked by high water content and remarkable water absorption 
capabilities (Liang et al., 2024). The water solubility of PVA requires cross-linking 
to be performed prior to the synthesis of hydrogels (Supriya Bhatt, Thakur, & 
Nune, 2023). Glacial acetic acid was the most effective in increasing the 
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hydrogel's porosity (Nie et al., 2020). Acetic acid was added to the powdered 
carboxymethyl sago starch (CMSS) as a crosslinking agent to create smart 
hydrogel (Tuan Mohamood, Zainuddin, Ahmad Ayob, & Tan, 2018).  

The chitosan molecule swells when the -OH bonds to the water molecule 
in the diluted acid solution, protonating the −NH2 on the molecule to −NH3+ 
and breaking the hydrogen connection between the molecules (Tang, Zhao, 
Yuan, Chen, & Leng, 2020). Glacial acetic acid was incorporated into the mixture 
to facilitate the complete dissolution of chitosan (CS) during the process of 
magnetic stirring (M. Wang, Hu, Li, Peng, & Zeng, 2022). It has been found that 
crosslinking chitosan with crosslinking agents like sodium tripolyphosphate or 
glutaraldehyde is a practical and efficient way to enhance its chemical and 
physical characteristics for use in various applications (OU & BO, 2017). 

Glutaraldehyde is extensively utilized as a crosslinking agent owing to its 
ease of handling, affordability, high reactivity, excellent solubility in water, 
reduced toxicity, and adequate crosslinking ability (Zainal et al., 2021). Because it 
interacts effectively with the functional groups of polymers to form a stable and 
long-lasting hydrogel network, glutaraldehyde is an effective crosslinker for 
hydrogels (Gadaime, S. M. N. Mydin, Govindasamy, Bustami, & Sreekantan, 
2025). Glutaraldehyde has been used as a crosslinking agent in the synthesis of 
gelatin/CMC hydrogels (Sahar et al., 2023). Glutaraldehyde has been widely 
employed in the chemical cross-linking of chitosan, and it is mostly used for 
cross-linking when a second polymer is introduced to chitosan to modify its 
characteristics (Ahmadi et al., 2015). Glutaraldehyde was used to crosslink the 
hydroxyl groups of bacterial cellulose with the gelatin's amine groups 
(Treesuppharat, Rojanapanthu, Siangsanoh, Manuspiya, & Ummartyotin, 2017). 
 
CONCLUSIONS AND RECOMMENDATIONS 

The results of making lignosulfonate-chitosan-based hydrogels for water 
storage using laccase of T. versicolor obtained a water absorption capacity/g of 
7.18%. 
 
ADVANCED RESEARCH 
 Suggestions for further research include the need to apply hydrogel 
water storage to agricultural land. 
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