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Abstract: Eichhornia crassipes (Water hyacinth) is considered a hazardous weed in numerous places 

in the world. Notwithstanding its natural disintegrating impacts, the weed, despite everything, offers 

the potential to be utilized as a substrate for the production of industrially important products. In this 

study, biological activities of water hyacinth biomass-derived cellulose composite were prepared and 

checked for biological activities. Cellulose was extracted from acid-alkali treated biomass of water 

hyacinth followed by fabrication with chlorpyrifos pesticide and curcumin. Potential biological 

activities of the prepared composite were also studied. The effect of solvents like ethanol, phosphate-

buffered saline, and distilled water on the release of pesticide and curcumin was studied under in vitro 

condition. Powdered biomass treated with acid-alkali brought about highly stable, crystalline, cellulose 

with a final yield of 22.4 g/100 g of dry weight. Characterizationtechniquesreveals structural 

modification of extracted cellulose with chlorpyrifos, curcumin, and the conversion of fabricated 

material as composite. Among the solvents tested, ethanol recorded maximum release of chlorpyrifos, 

curcumin at all the tested time periods, and the biological activities were also found to be increased in 

ethanol released samples. Structurally, functionally stable cellulose extracted from water hyacinth 

biomass and its derived composite material would suggest noteworthy bioresource utilization 

approaches of versatile invasive aquatic weeds. 
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1. Introduction 

Lignocellulosic biomass has been progressively examined as of late, in light of the fact 

that its utilization as a vitality source doesn't straightforwardly rival nourishment creation. 

Moreover, the change of lignocellulosic squander by methods for warm or biochemical 

procedures can deliver fluid powers, for example, ethanol or bio-oil, vaporous energize, for 

example, biogas (methane), and power [1]. Other positive perspectives to utilizing 

lignocellulosic biomass as feedstock remember overall conveyance and less impact on global 

warming [2,3]. Lignocellulosic feedstock speaks to an uncommonly enormous measure of 
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inexhaustible bioresource accessible in surplus on earth and is an appropriate crude material 

for a huge number of utilizations for human manageability [4]. 

Among the different lignocellulosic biomasses, aquatic biomass has gotten more 

consideration in manageable vitality age and value-added industrial important products [5].  

Aquatic biomass is made out of different types of miniaturized scale and macroalgae and 

aquatic plants [6]. Aquatic weeds have astoundingly higher propagation rates and are wealthy 

in cellulose and hemicellulose with a low lignin content that makes them an effective cutting-

edge biofuel crop [7]. 

Aquatic weeds are the plants that grow for the most part or totally in water, whether set 

up in the mud, like a lotus or drifting without port, as the water hyacinth. Oceanic weeds give 

a critical peril to the freshwater stores (lake, stream, lake) and are the explanation behind 

Environmental sullying [8,9]. All lakes, from minimal shallow lakes, to greater lakes, can get 

smothered with weeds, especially where there is supplement rich run-off from enveloping 

cultivating territory. These structure thick, ugly tangles over the whole water surface. At the 

overall level, the yearly mishaps in view of the proximity of harming weeds are resolved to 

connect with 10-15% of creation among staple yields. There are starting at now 227 weed 

species recognized to be responsible for 90% of mischief to harvests, 18 of which are the most 

ruinous around the globe. Along these lines, it isn't exceptional that 47.5% of the 2 million tons 

of pesticides ate up comprehensive consistently are herbicides [10]. 

Among the various aquatic weeds, water hyacinth (Eichhornia crassipes) is a 

pleustophytichydatophyte, a cosmopolitan maritime weed; it is commonly seen as the world's 

most discernibly horrendous maritime weed. This weed structures thick immune tangles across 

the water surface, obliging access by man, animals, and device. Furthermore, course and 

calculating are obstructed, and water framework similarly as waste systems become blocked. 

This plant remains handy for quite a while past what six years, and new plants can be 

recuperated from seeds and parts of stem license the fast augmentation of plants [11].  

Water Hyacinth outlines colossal tangles on still and slow-moving water bodies, where 

it genuinely corrupts maritime organic frameworks and limits their utilization. It has been 

recorded as one of the most gainful plants on earth, which has assaulted freshwater structure in 

excess of 50 countries on five territories, especially all through Southeast Asia, the southeastern 

United States, Central and western Africa. They can persevere through a wide extent of 

environmental conditions, for instance, temperature, lighting up, pH, saltiness, wind, rhythmic 

movement, and drought. The plant is morphologically extraordinarily plastic with a quick 

strategy for the vegetative spread, which makes it especially changed in accordance with long 

division dispersal and productive colonization of grouped organic claims to fame. It is one of 

the most beneficial maritime plants which spread at an upsetting rate having spikes of gigantic 

blue blooms and roundish leaves with expanding bladder like petioles [12]. 

Ignoring its regular debilitating effects, the weed, in spite of everything, offers potential 

to be used as a substrate for the production of monetarily critical things because of its promising 

sugar content, several regards included things can be conveyed from WH development. This 

fuse different synthetic compounds, cellulose xanthogenate, levulinic destructive, shikimic 

destructive, biogas, bioethanol, biohydrogen, biopolymer, biobutanol, composites, 

biofertilizers, fish feed, high calorific worth fuel, fuel briquette, superabsorbent polymer, and 

xylitol [13]. Zhang et al. [14] revealed the noteworthy utilization of various aquatic weeds into 

important commercial products like ethanol and bio-oil. Industrial significant biopolymer like 

poly hydroxyl alkanoates production using acid-treated WHB with the aging standards of 
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bacterial strain Pseudomonas aeruginosa has contemplated by Preethi et al. [15]. Heavy metals 

adsorption efficacy of metal accumulating property and environmental pollutants removal 

efficacy of water hyacinth biomass have been reported [16,17]. In this present study, cellulose 

was extracted from acid-alkali treated biomass of water hyacinth biomass (WHB), and the 

extracted cellulose was fabricated with chlorpyrifos pesticide, curcumin, transformed into 

stable composite material with potential biological activities. 

2. Materials and Methods 

2.1. Sample collection and processing. 

Water hyacinth was collected from the ponds in Neelangarai, ECR, and kept in the 

laboratory for further purposes. The collected biomass was washed with tap water, followed 

by distilled water. The washed material was dried in a hot air oven at 50℃ for 12hrs. After 

drying, the biomass was ground with a domestic mixer, and the powder was sieved and 

collected in a separate container. 

2.2. Extraction of cellulose. 

Acid- alkali treatment was adopted for the extraction of cellulose. A known quantity of 

processed biomass (30g) was treated with 1.0 M HNO3 for 24 hours under a stirrer. After 

stirring, the acid-treated biomass was filtered through filter paper, and the collected solid 

material was transferred to the conical flask, followed by the dropwise addition of alkali 

solution (1.0M NaOH) under stirring for another 24 hours. Alkali treated content was filtered 

through filter paper, residues thus obtained was washed with sterile distilled water, and the 

washed cellulose material was dried at  50℃, used for further studies. 

2.3. Preparation of cellulose grafted Chlorpyrifos pesticide composite. 

A simple dispersion method was adopted for the preparation of cellulose grafted 

chlorpyrifos composite. A commercial formulation of chlorpyrifos(obtained from an 

agriculture department store) was used in this study. Extracted cellulose (100 mg) dispersed in 

1.0 M NaOH solution was mixed with field concentration (0.01%) of pesticide, kept under a 

magnetic stirrer for two hours at ambient condition. After stirring, the content was centrifuged, 

and the collected pellet was lyophilized, used for further studies. 

2.4. Preparation of cellulose grafted curcumin composite. 

Cellulose grafted curcumin composite was prepared by the method of simple 

dispersion. Initially, crude curcumin was extracted from the rhizome of Curcuma longa. The 

rhizome was soaked in ethanol, kept in the shaker at ambient conditions for 24hrs. After the 

incubation period, the content was filtered through filter paper, and the collected filtrate was 

concentrated, and the concentrated extract was used for composite preparation. In a typical 

procedure of composite preparation, a known quantity of extracted cellulose (100 mg)  

dispersed in 1.0M NaOH solution was mixed with 0.1 g of crude curcumin, thus obtained, the 

reaction mixture kept under magnetic stirrer for two hours at ambient condition. After stirring, 

the content was centrifuged, and the collected pellet was lyophilized, used for further studies. 
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2.5. Characterization. 

Characterization of the prepared composite was done by Fourier transform 

spectroscopy (FTIR), scanning electron microscopy (SEM), and X-ray diffraction (XRD) 

studies to determine functional groups, morphology (size &shape), and crystallinity. 

BrukerOpttic GmbH Tensor 27 was used to record FTIR spectra (400–4000 cm-1.). SEM 

micrograph was taken with Supra 55-Carl Zeiss (Germany) magnification range of 35–10,000, 

resolution 200Ӑ, acceleration voltage 19 kV. Crystallinity was determined from the XRD  

Rigaku smart lab instrument, which operated at a voltage of 40 kV 30mA current, Cu Ka-1 

radiations. 

2.6. Qualitative release profile studies. 

The effect of solvents on the release of chlorpyrifos, curcumin was studied under in 

vitro condition. In this method, the known volume of respective composite (100mg) was 

suspended in 5ml of ethanol, water & saline followed by incubation at ambient condition under 

shaking condition. At a defined time period, the suspension was centrifuged at 2500rpm for 

15min followed by UV-Vis spectrophotometric measurement of collected supernatant at 

290nm (Cellulose grafted chlorpyrifos), 424nm (Cellulose grafted curcumin). 

2.7. Compatibility of chlorpyrifos on groundnut.  

Supernatant derived from the respective solvent control release group was studied for 

compatibility using groundnut adopting seedlings emergence test. The supernatant of the 

respective solvent group derived at the determined time period was filter-sterilized under 

aseptic condition. Filtrate thus obtained was transferred to the sterile Petri plate, and the healthy 

seeds of groundnut were allowed to immerse in the filtrate for 1 hour at ambient condition. 

After the incubation period, the treated seeds were transferred to the sterile Petri plate lined 

with sterile moisture filter paper. The Control group was treated with chlorpyrifos (0.01 %) as 

a positive group, distilled water as the negative group. Three replicates were maintained in each 

treatment. All the treatment groups were incubated at 28ºC, and daily observation was recorded 

to determine seedlings emergence. 

2.8. Antioxidative activity of cellulose grafted curcumin. 

The antioxidative activity of control released suspension derived from cellulose grafted 

curcumin was studied by DPPH free radical scavenging assay. Reaction mixture - a total 

volume of 1ml consist of 0.5 ml of respective solvent derived controlled release supernatant, 

125μl prepared DPPH (1 mM), and 375 μl methanol. After 30 min incubation at 25°C, the 

decrease in absorbance was measured at λ = 517 nm. 

3. Results and Discussion 

Lignocellulosic biomass (LB) is an abundant and renewable resource from plants 

mainly composed of polysaccharides (cellulose and hemicelluloses) and an aromatic polymer 

(lignin). LB has a high potential as an alternative to fossil resources to produce second-

generation biofuels and bio-sourced chemicals and materials without compromising global 

food security [2]. In this study, cellulose was extracted from processed biomass of water 
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hyacinth - lignocellulosic major aquatic weed and studied the potential biological activities 

under in situ condition. 

3.1. Characterization of extracted cellulose. 

Acid-alkali treatment was adopted for the extraction of cellulose from the collected 

biomass. Due to the structural complexity of the polycarbohydrates, pre-treatment is required 

to disrupt the structure of lignocellulose materials. Extraction of cellulose from water hyacinth 

using NaOH and HNO3 made cellulose soluble due to the formation of sodium salt and 

separated it from other constituents, while the acid neutralization regenerates the insoluble 

cellulose with modified structure process of pure cellulose [18]. Powdered biomass treated with 

HNO3 and NaOH brought about highly stable cellulose with a final yield of 22.4 g/100 g of dry 

weight (Fig 1a). Extracted cellulose was characterized by FTIR, SEM, and XRD. FTIR analysis 

reveals that the characteristic peaks at 3252, 1633, and 1336 cm-1, which describes the major 

functional groups of cellulose (Fig 1b). Scanning electron microscopy analysis shows that the 

smooth fibrous structure of 10-15 µm (Fig 1c). Further characterization was done by XRD 

studies (Fig 1d). XRD pattern reveals the highly crystalline nature of the extracted cellulose, 

which was due to the complete removal of hemicellulose and lignin. The XRD diffractogram 

reveals that diffraction peaks at 2 Theta 33, 35 & 38. Similar peaks were recorded at 34.7 & 39 

(Fig 1d). The crystallography peak at 2 Theta 34.7 corresponds to the (102) plane, while 2 

Theta 39 corresponds to the (004) planes. However, it is observed that there was a change in 

the relative intensity of the amorphous peaks and its width, indicating a change in the 

crystallinity. The diffraction peak for raw water hyacinth was relatively broader and became 

sharper and narrower after chemical treatments. This indicates that the content of cellulose and 

the degree of crystallinity was increased by chemical treatments. 

 
Figure 1.Characterization of cellulose extracted from WHB (a) Extracted cellulose (b) FTIR spectra of cellulose 

(c) SEM micrograph of extracted cellulose  (d) XRD pattern of cellulose. 

3.2. Characterization of cellulose grafted chlorpyrifos and curcumin composites. 

A simple dispersion method was adopted for the preparation of the respective 

composite, brought about a highly stable structure. The total yield of the cellulose grafted 

pesticide and curcumin was found to be 2.0 % and 4.25 % w/v, respectively. Characterization 

of the respective composite was done by FTIR analysis, which confirms the structural 

modification. FTIR spectrum of cellulose grafted curcumin shows a characteristic peak at 
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1424.76 cm–1 and 2089.87 cm–1, which are associated with the aromatic group of curcumin 

(Fig 2a). The observed peaks at 1633cm–1 and 1638cm–1 are associated with the presence of a 

strong alkyl amine group in cellulose grafted pesticide composite (Fig 2b). 

 
Figure 2. FTIR Spectra of composite (a) cellulose grafted chlorpyrifos (b) cellulose grafted curcumin. 

3.3. Qualitative release profile. 

 The effect of solvents on the release of chlorpyrifos and curcumin from the cellulose 

composite was studied under in vitro condition. Qualitative determination of the release of 

chlorpyrifos and curcumin was studied by spectrophotometric measurement of the supernatant 

at 290nm and 424 nm, respectively (Table 1). Among the three solvents tested, maximum 

release at all the tested time periods was recorded in ethanol, followed by PBS. A sharp peak 

at a particular wavelength was recorded in ethanol treatment. The release was not recorded in 

distilled water (Fig 3,4). 

 
Figure 3. UV visible spectra of curcumin released from the composite in the solvent at the respective time 

period (a) ethanol-24 hrs (b) ethanol-48 hrs (c) PBS-24 hrs (d) PBS-48 hrs (e) distilled water-24 hrs (f) distilled 

water-48 hrs. 

 
Figure 4. UV visible spectra of chlorpyrifos released from the composite in the solvent at the respective time 

period (a) ethanol-24 hrs (b) ethanol-48 hrs (c) PBS-24 hrs (d) PBS-48 hrs (e) distilled water-24 hrs (f) distilled 

water-48 hrs. 
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Biological activities of supernatant derived from the respective solvent treatment group 

were studied. In the case of cellulose grafted chlorpyrifos composite, released suspension 

derived from the respective solvent was evaluated on the seedling emergence of groundnut. A 

lower reduction of seedlings emergence was noticed in ethanol released solution followed by 

PBS. No impact of seedlings emergence was observed in distilled water released solution (Fig 

5). 

 The antioxidative activity was studied with control release samples of cellulose grafted 

curcumin composite. Results indicate that free radicals scavenging activity were found to be 

maximum in ethanol derived solution at all the tested time periods followed by PBS (Fig 6). 

These results reveal that the curcumin was effectively released into the dispersion medium  

(ethanol), followed by PBS, which brought about a notable increase in scavenging activity. 

Recent studies reveal the potential role of polymers based composite in the biomedicine field 

as a drug delivery agent and tissue engineering component and other environmental 

applications due to their unique properties [19-22]. 

 
Figure 5. Effect of released pesticides in the solvents at different time periods on the emergence of the seedlings 

of groundnut. 

 
Figure 6. Free radicals scavenging activity of curcumin released in the solvents at different time periods. 
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Table 1. Effect of solvents on the release of chlorpyrifos and curcumin from the composite in the solvents at the 

respective time periods. 

Solvent tested Chlorpyrifos Curcumin 

24 hrs 48  hrs 24 hrs 48 hrs 

Ethanol +++ +++ +++ +++ 

Phosphate buffered saline (PBS) ++ ++ ++ ++ 

Distilled water + + + + 

4. Conclusions 

 The potential biological activities of water hyacinth derived cellulose and its fabricated 

composite material was studied in this present investigation. Biocompatible polymer cellulose 

was extracted from water hyacinth biomass adopting acid-alkali treatment, and the extracted 

cellulose reveals distinct structural, functional properties. Extracted cellulose was fabricated 

with chlorpyrifos pesticide, crude curcumin and transformed into the stable composite material. 

The effect of solvents like ethanol,phosphate-buffered saline (PBS), and distilled water on the 

release of pesticide and curcumin were investigated under laboratory conditions. The release 

profile of pesticide and curcumin from the fabricated composite material was studied. 

Suspension derived from ethanol at all the incubation periods reveals the maximum release of 

pesticide and curcumin. Pesticide released at determined time periods reveals a phytotoxic 

effect on groundnut, whereas curcumin released exhibited notable free radical scavenging 

activity. All these findings clearly indicate that the possible utilization of cellulose fabricated 

composite material for an environmental and medicinal application due to its sustained or 

controlled release pattern. 
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