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Abstract 

Cellulose is one of the most prevalent and cost-free natural polymers on Earth and plays a crucial 

structural role in plant cell walls. Isolating and chemically characterizing cellulose can benefit various 

industries by enabling them to utilize its potential fully. This study reports cellulose extraction from 

Sericostoma Pauciflorum through a process involving bleaching followed by alkali and acidic treatments. The 

crude cellulose obtained was further fractionated into alpha (α) and beta (β) cellulose fractions. Structural 

analyses were performed using Fourier Transform Infrared Spectroscopy (FTIR) and X-ray Diffraction 

(XRD). The morphology and thermal stability of the crude, α, and β cellulose were examined using Scanning 

Electron Microscopy (SEM) and Thermogravimetric Analysis (TGA), respectively. The cellulose yield from 

Sericostoma Pauciflorum was found to be 82%, with the α and β cellulose fractions comprising 83.6% and 

8.2%, respectively. This indicates that α-cellulose predominates in Sericostoma Pauciflorum. Morphological 

studies, FTIR, and SEM analyses confirmed the successful extraction of cellulose and showed that the alkali 

and acidic treatments effectively removed most of the Crude cellulose and lignin. XRD analysis further 

confirmed that all samples exhibited a cellulose I polymorph structure, with no evidence of cellulose II. The 

crystallinity index and crystallite size of β-cellulose (79.10% and 51.67 nm, respectively) were higher than 

those of α-cellulose (63.05% and 18.54 nm). Additionally, the crystallinity of fractionated β-cellulose 

(79.10%) was greater than that of crude cellulose (71.35%), suggesting that β-cellulose exists in a more 

ordered form. Thermogravimetric analysis demonstrated that β-cellulose had significantly higher thermal 

stability than α-cellulose, with thermal 

decomposition rates in the temperature 

range of 200-600°C of 70.39% for α-

cellulose and 2.02% for β-cellulose. 

Overall, the results were consistent with 

existing literature, providing valuable 

insights that could inform future research 

and applications in various fields. 
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1. Introduction 

Cellulose is a naturally occurring, Renewable feedstock [1] biopolymer found in the cell walls of all plants and 

trees.[2] It is cost-free, Eco-friendly [3] and biodegradable [4], useful materials for paper mills, biofuel, and are 

now also used as supportive materials in light-harvesting devices [5]. Due to all the above properties, cellulose 

would be more important or might be a replacement for toxic, hazardous polymers. Structurally, cellulose 

unbranched, linear biopolymer [6] formed from β-D-Glucose unit which are joined by β-1,4-Glycosidic link [7] 

and form a homopolymer-like structure. Isolation of cellulose has already been done in many attempts, such 

as Brewer spent grain [8] Corn stover [9] Raw kenaf [10] Poplar sawdust [11] Jute [12], Sugarcane bagasse [13] other 

sources of cellulose include agricultural waste, residue like Maize, Rice, Wheat straw, etc. [14] 

Since cellulose nanofibers significantly enhance the mechanical properties of polymers, there has been a 

significant spike in interest in using them as strengthening agents. The conversion of cellulose nanocrystals 

is frequently accomplished by acid hydrolysis [15] such as that involving sulfuric, phosphoric, or hydrochloric 

acid [16]. Because of their unique chiral nematic geometry, these nanocrystals exhibit remarkable optical 

properties and react to a range of environmental stimuli [17]. Cellulosic materials can be combined with 

functional polymers, small molecules, and other nanomaterials to introduce a variety of new functionalities 

and improve and stabilize responsive optical signals [18] Integrating cellulosic materials with functional 

polymers, small molecules, and various nanomaterials can enhance and stabilize responsive optical signals 

while introducing a range of new functionalities. Techniques for surface modification can resolve 

compatibility issues between nanocellulose and polymeric materials, thereby improving uniformity and 

interfacial interactions. Cellulose-based nanomaterials find applications in chemical sensors, photonic papers, 

and drug delivery systems, leveraging their biocompatibility and favourable physical and chemical properties 

[19]. The cellulose industry relies heavily on lignocellulosic biomass sources such as wood, cotton, flax, hemp, 

and jute for cellulose production [20]. A significant challenge in extracting cellulose from lignocellulosic 

biomass is the removal of lignin [21]. The harsh chemical treatment of biomass can lead to partial degradation 

of cellulose and produce effluents with significant environmental concerns. Consequently, easily accessible 

and rapidly growing biomass like seaweeds is gaining global attention as an additional cellulose source [22] 

which possesses remarkable properties similar to plant cellulose. And many other evidence is also available, 

such as wastewater treatment [23], light-harvesting devices [24], Renewable energy [25], biosorbents for 

hazardous metals, Dyes, pollutants, in short, organic and inorganic materials [26], Tissue engineering, and 

Biosensors [27,28] 

Numerous researchers have undertaken the task of isolating cellulose from various methods and sources to 

examine their characteristic properties. In this context, we have initially endeavoured to isolate cellulose and 

conduct a fractionation process on Sericostoma pauciflorum. Consequently, this study was effectively 

executed to fractionate native cellulose utilizing a cost-efficient and dependable methodology, while also 
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analysing the chemical characterization of the fractionated cellulose to explore its potential applications across 

various domains proficiently. 

2. MATERIALS AND METHODS 

2.1 Raw materials 

The species Sericostoma Pauciflorum is particularly abundant in Gujarat's Junagadh district, India, due to the 

easy availability of this plant for my work. Known locally as "Karvas," the leaves of Sericostoma Pauciflorum 

are valued for their medicinal properties. Plant samples were collected from the forested areas of Junagadh 

District between May 2022 and July 2022. Methanol was used to achieve depigmentation rather than Sodium 

acetate (CH3COONa), Sodium chlorite (NaClO2), Sodium hypochlorite (NaOCl), Sodium Hydroxide 

(NaOH), and Sulphuric Acid were also used for the purification process. Which is purchased from Sisco 

Research Laboratory, Mumbai, India. 

2.2 Isolation of cellulose  

Mihranyan et al.'s approach [29] was implemented in the technique of cellulose extraction from Sericostoma 

Pauciflorum. Before being crushed into a finer form, Sericostoma Pauciflorum specimens were cleaned first 

with normal drinking water in order to obtain rid of any contaminants or sediment. They were subsequently 

allowed to dry in the shade. 100 grams of this dehydrated plant-based powder were taken out repeatedly over 

a period of 8 days (2 days each round) at ambient temperature in an attempt to defat it with 500 millilitres of 

methanol. The dehydrated powder of plants was immersed for three hours at 60°C in one litre of buffered 

acetate, which contained 36 grams of sodium chlorite (NaClO2) as part of the bleach procedure. The neutral 

pH of about 7 was attained by washing the bleached materials with tap water. Following that, 600 mL of a 

0.5 M NaOH solution was then added to the bulk, and it was allowed to sit nightly at 60°C. The material that 

was previously alkali-treated was then passed through filters and allowed to air out at the ambient temperature, 

and finally rinsed with water until the pH became neutral. After heating the air-dried matter with 200 millilitres 

of 5% v/v HCl, the solution was heated to a boil and left to settle at the ambient temperature over the whole 

night. The unused acid was then washed away with water, filtered, and dried to remove cellulose. In order to 

obtain the removal of any remaining unfavourable pigments, the final product was bleached again with sodium 

hypochlorite. The final yield was determined using the original amount of plant powder. 

 

 

 

 

http://www.ijrti.org/


               © 2026 IJRTI | Volume 11, Issue 2 February 2026 | ISSN: 2456-3315 

IJRTI2602005 International Journal for Research Trends and Innovation (www.ijrti.org) a33 
 

2.3  Fractionation of cellulose  

Siddhanta et al.'s examination [30] was applied to separate α and β-cellulose from crude cellulose.  For two 

hours, the dried cellulose was maintained at 20°C while being mixed after fifteen minutes, in 30 mL of a 

17.5% NaOH solution was used.  Following that, the produced pulp went through a centrifuge for 15 minutes 

at a rate of 8000 rpm.  Whereas a solution having β-cellulose has been separated by decanting. the α-cellulose 

remains insoluble, remains behind 3N H2SO4 (30 ml) was employed for precipitating the β-cellulose from the 

solution.  The mix was brought up to 80°C for 10 minutes for the purpose of ensuring total precipitation. A 

centrifuge was applied to separate the precipitated β-cellulose, and it was filtered with water. and dried in a 

freeze-drier. Furthermore, the α-cellulose was extracted, cleansed to a pH of 7, and finally dehydrated in a 

freeze dryer. The extracted residue from plants was used to determine yield. Additionally, see the flow chart 

in fig.1   

Fig. 1 Flow chart of Separation of Crude cellulose, α-cellulose, and β-cellulose. 

 

2.4 Characterization of α, β, and Crude Cellulose 

Characterization of the isolated cellulose was performed using various analytical techniques to assess its 

purity, structural properties, and potential applications. 

A Japanese HITACHI-SU8010 scanning electron microscope (SEM) was used to investigate the 

microstructure of cellulose (Crude cellulose, α-cellulose, and β-cellulose).  The samples were seen at an 

acceleration voltage of 70 kV and a resolution of ×202. 
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The Fourier transform infrared (FTIR) spectra of Crude cellulose, α-cellulose, and β-cellulose have been 

obtained using Shimadzu-IRA affinity-1 to investigate any possible chemical interactions found in cellulose 

samples. 10.0 mg of each finely chopped cellulose sample was incorporated with 500 mg of KBr matrix, and 

the entire mixture was compressed to form pellets.   

Powder X-ray diffraction examinations employing 2θ = 5° to 80° have been performed using an Empyrean, 

Malvern Panalytical (Netherlands) X-ray powder diffractometer. For figuring out the crystallinity index (C.I.), 

apply the formula (a) given by Parihar et al. [31] 

Crystallinity Index(%)  = [(𝐼𝐶 − 𝐼𝑁𝐶 𝐼𝐶⁄ )] ∗ 100… (1) 

Where; 

IC = The peak with the highest intensity of the crystalline part 

INC = the peak with the lowest intensity of the amorphous region. 

Crystallite size (V) was calculated using Scherrer Eq. (b) reported by Patterson[32]. 

𝐷 =  𝐾𝜆 / 𝛽 𝑐𝑜𝑠𝜃… (2) 

Where,  

K = constant (0.9)  

λ = X-ray wavelength (0.154 nm),  

θ = Bragg’s angle 

β = the intensity of the (FWHM) corresponding to a high-intensity peak of the diffraction plane 002. 

TGA of cellulose samples was performed with NETZSCH-Libra TGA209F1D-1, at a temperature range from 

25°C to 800°C at a heat at 10.0 K/min in a Nitrogen atmosphere. The obtained result was used to assess the 

stability of α- and β-cellulose towards temperature variation. 
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3. RESULTS AND DISCUSSION  

3.1 Isolated cellulose yield 

The obtained yield was 82% of Crude cellulose isolated from Sericostoma pauciflorum, while further 

separation yielded 83.6% and 8.2% of α and β-cellulose, respectively. This indicates α-cellulose is more 

dominant compared to β-cellulose in our chosen plant. 

Crude cellulose yield is determined based on the amount of defatted plant residue, according to Parihar et al. 

[31]  

Equation(c) is given below. 

Crude Cellulose (%) =  Mcrude Mresidue⁄  ∗ 100…….. (3) 

Where; 

Mcrude = obtained crude cellulose mass,  

Mresidue = defatted Sericostoma Pauciflorum plant residue 

While % yield of α and β-cellulose was determined by the amount of Crude cellulose extracted from 

Sericostoma Pauciflorum using Eq. (d) and Eq. (e), respectively. 

α Cellulose (%) =  Mα Mcrude⁄  ∗ 100………………… (4) 

β Cellulose (%) =  Mβ Mcrude⁄  ∗ 100………………… (5) 

Where; 

Mα = α-cellulose mass  

Mβ = β-cellulose mass 

3.2 Morphology assessment by SEM 

Fig. 2. Gives information on the surface analogy of different cellulose samples isolated from Sericostoma 

Pauciflorum. The SEM micrographs of Crude and α-cellulose (Fig. 2A and Fig. 2C) indicate the presence of 

separated fibrils, which suggests the removal of Crude cellulose and lignin deposition on the surface [32].  

Furthermore, the micrographs of β-cellulose as represented in Fig. 2B were found to have more ordered 

structures. 

 

 

Figure 2. SEM micrograph of (A) α-cellulose, (B) β-cellulose, (C) Crude cellulose 
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s 

3.3 Fourier transform infrared spectral (FTIR) analysis of cellulose 

The FTIR spectra of the Crude, α, and β-cellulose obtained from Sericostoma Pauciflorum were in good 

agreement with the reported cellulose and are presented in Fig. 3. The dominant broad and intense peak around 

3500-3700 cm-1 in all infrared spectra of the samples is attributed to the stretching vibration of the OH group, 

and the peak at 2900-3050 cm-1 is associated with the CH stretching vibration of cellulose.[33] The OH bending 

of the water that is soaked in the cellulose correlates to the absorption peaks showing up in the 1700-1710 cm-

1 region.[34] CH2 bending vibration has been associated with the peaks at 1450-1520 cm-1. The C-O-C 

asymmetric stretching of the cellulose and the internal vibration of the C-O-C pyranose cyclic framework in 

the cellulose are the causes of the maxima at 1170 and 1000 cm-1, accordingly [35]. The FTIR analysis of the 

β-cellulose shows a peak 840 cm-1, which is caused by the glycosidic link of β (1→4) cellulose [36]. The lack 

of lignin or uronic ester linkage with hemicellulose acetyl groups is apparent by the absence of the shoulder 

peak at 1735 cm-1. Similarly, the lack of the C=C of the aromatic structure of lignin is shown by the absence 

of the peak at 1540 cm-1[35]. Therefore, the FTIR spectra support the pure state of cellulose and confirm the 

lack of hemicellulose and lignin. 

 

C 
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Fig. 3 FTIR graph of Cellulose 

 

3.4 X-ray diffraction (XRD) analysis 

Fig. 4 shows the X-ray diffraction (XRD) profiles of the Crude cellulose, α, and β-cellulose samples. The 

structural makeup of cellulose comprises both crystalline and amorphous portions. The crystalline planes of 

lattice 110, 200, and 004 can be identified by the three different peak shapes that the three cellulose samples 

produced at 16.42°, 31.34°, and 42.82°, respectively [38]. Although there currently is no doublet in the intensity 

of the main peak, the XRD diffraction data of all the samples confirmed their contents comprised native 

cellulose I and were not composed of cellulose II. Cellulose's crystallinity index and the size of its crystals 

have an enormous effect on its stability at its temperatures.[39] The total amount of crystalline and amorphous 

cellulosic components in a sample can be detected by using XRD to determine cellulose's crystallinity index 

(C.I.). In addition, the size of the crystallites contributes to understanding the cellulose's crystallinity. Table 1 

provides data on each sample's crystallinity index, crystallite size, and thermal decomposition. The 

crystallinity index for the β-cellulose was found to be high (C.I. = 79.10%). Crude cellulose and α-cellulose 

have been found with a crystallinity index of 71.35% and 63.05%, accordingly. It was quite noteworthy to 

notice that all three samples' crystallite sizes were in a comparable order as C.I., indicating that β-cellulose's 

crystallite size (51.67 nm) was larger than that of Crude cellulose (38.27 nm) and α-cellulose (18.54 nm). 

thereby, we could contend that crystallite size might be correlated with an increase in the crystalline region, 

or conversely.[40] 
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Fig. 4 XRD graph of Cellulose 

 

3.5 Thermogravimetric (TGA) analysis 

Thermogravimetric analysis was implemented to figure out each sample's thermal durability. The impact of 

heating and subsequently pyrolytic the decomposition of crude cellulose, α-, and β-cellulose can be seen in 

Fig. 5. For α- and β-cellulose, the beginning of breakdown started around 25 and 240°C, which led to an 

initial weight loss that was approximately 11.38% and 3.93%, accordingly. This came because of the loss of 

water, which had been dispersed on the cellulose's surface.[41] At 200°C, the α and β-cellulose began to break 

down. In the 200-500°C temperature range, α-cellulose degrades, indicating a mass reduction of about 

23.37%. β-cellulose breaks through two phases. In the first phase, which was carried out at ranges from 200° 

and 500°C, only approximately 64.3% of the mass was lost. In the second phase, a decrease in mass of 

approximately 6.33% was found in the 500°–750°C temperature region. The existence of different parts that 

are broken down at temperatures that vary can be seen by the various phases of the crude cellulose 

degradation. Approximately 7.26%, 2.66% (9.92%) of the mass was lost up to 200°C, most probably as an 

effect of humidity evaporation. Crude cellulose began to break down at 200°C and did so in three phases. In 
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the first phase, between 250° and 400°C, there was a reduction in mass of approximately 58.94%. A 

temperature range between 400° to 600° indicates a decrease in mass of approximately 7.89% in the second 

phase. A temperature ranging from 600° to 800° showed a decrease in mass of approximately 4.13% in the 

third phase.  

Fig. 5 TGA graph of cellulose 

Under a thermal investigation of α- and β-cellulose, β-cellulose is more resistant to degradation than α-

cellulose, whilst α-cellulose exhibits a considerable decrease in mass 23.37% (~24%) and β-cellulose exhibits 

no discernible degradation (~2%). Additionally, β-cellulose tends to be more resistant to thermal degradation 

than α-cellulose according to the results of the crystallinity index and crystallite size from the XRD results 

4. CONCLUSION 

In this study, cellulose was extracted from Sericostoma Pauciflorum, commonly referred to as "Karvas" 

through a process involving bleaching, followed by treatments with alkali and acid. The crude cellulose 

obtained was then separated into α and β-cellulose fractions. The crude cellulose content in Sericostoma 

Pauciflorum was found to be 82%, with α and β-cellulose contents being 83.6% and 8.2%, respectively, 

indicating a predominance of α-cellulose. Analyses using SEM and FTIR confirmed the removal of most 

Crude cellulose and lignin during the extraction process and provided evidence of successful cellulose 

isolation. XRD analysis revealed the presence of only the cellulose I polymorph structure, with no cellulose 
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II detected. The crystallinity index and crystallite size of β-cellulose (79.10% and 51.67 nm, respectively) 

were higher than those of α-cellulose (63.05% and 18.54 nm). An increase in crystallinity was also observed 

in β-cellulose (79.10%) compared to crude cellulose (71.35%). TGA demonstrated that β-cellulose exhibited 

significantly greater thermal stability than α-cellulose. The thermal decomposition of α and β-cellulose within 

the temperature range of 200-°C was recorded at 64.3% and 6.33%, respectively. These findings were 

consistent with existing literature. Although many researchers have isolated cellulose using various methods 

and sources, there appears to be a lack of studies on the fractionation of native cellulose and its chemical 

characterization. Therefore, the primary aim of this research was to fractionate native cellulose using a cost-

effective method and to analyse the chemical characteristics of the fractionated cellulose to explore their 

potential applications in various fields. 
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