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The study has demonstrated that decaying seagrass accumulated along the shores is a particularly good source of 
cellulose and cellulose nanocrystals (CNCs). The FTIR spectra indicated the presence of O-H and C-H bonds in both 
the cellulose and CNCs obtained from the seagrass biomass. The Micro-Raman spectra showed maximum peaks at 
1277 cm-1 for cellulose and at 1108 cm-1 for CNCs. The XRD spectra of cellulose confirmed its crystallinity, with a 
maximum peak for both cellulose and CNCs at 22°. The thermal stability of cellulose was lower than that of CNCs, 
where the latter showed thermal stability ranging between 110-250 °C. Overall, the cellulose and CNCs obtained 
showed good crystallinity and thermal stability. The particle size of the CNCs was recorded to be 253.2 nm. Also, they 
have a large surface area to volume ratio, which contributes to their high strength and stiffness. Thus, the cellulose and 
CNCs produced from decaying seagrass impart economic value to waste biomass, which can be a step towards the 
implementation of the wealth from the waste concept. 
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INTRODUCTION 

Seagrasses are a polyphyletic angiosperm 
plant group that developed from early 
monocotyledonous land plants and returned to the 
sea roughly 140 million years ago.1 Large 
seagrass beds are one of the world’s most 
significant ecosystems, and they are crucial from 
an ecological standpoint since they provide a 
home for microinvertebrates.2 Knowing the 
composition of polysaccharides in fibrous 
seagrass can help researchers better understand 
the long-term stability of distinct polysaccharide 
groups.2 The major component of seagrass cell 
walls is cellulose, being similar to angiosperm 
terrestrial plants. The content of cellulose in 
different genera has been evaluated related to dry 
plant material.1 In recent years, certain studies 
have emphasised the usefulness of dead seagrass 
material as an ecological or coast-protecting 
resource.2 With these considerations, this paper 
focuses on the molecular characterisation of 
cellulose and cellulose nanocrystals in dead 
seagrass material to provide solutions for seagrass 
waste reuse. 

 
Cellulose is one of the most widely found 

biopolymers on the earth, which has found a wide 
variety of applications, including in food 
packaging, innovative green composites and 
paper-making.3 The extraction and application of 
cellulose has a great impact on the sustainable 
development of human society.4 The strength and 
resistance of this polymer to degradation are due 
to the stiff and ordered structures of its 
microfibrils.5 Cellulose is composed of straight 
chains of D-glucose connected by β-1,4-
glycosidic linkages, with a high-quality form of 
polymerization of 1*103 in native woods.6 

Cellulose as a crystalline polymer is 
characterized by its polymorphism, i.e. its ability 
to form crystallites with various unit cell 
properties. Currently, six polymorphic 
modifications of cellulose are known. In cellulose 
samples obtained from primitive organisms 
(bacteria, algae), the low-symmetric phase Iα 
predominates, while in higher plants the Iβ form 
is prevalent.7 
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Cellulose nanocrystals (CNCs) are unique 
nanomaterials that are derived from cellulose 
mainly by acid hydrolysis.9 Due to their 
exceptional features, including high mechanical, 
barrier, optical, rheological and non-toxicity 
properties,8 in recent years, cellulose nanocrystals 
(CNCs) have gained huge importance in a variety 
of different fields. The high mechanical strength 
and the large surface area of cellulose 
nanocrystals recommend them as an additive for 
the consolidation of hybrid nanocomposite 
systems. Their application in the biomedical, 
pharmaceutical and food packaging areas has 
been increasing steadily due to their interface 
stabilizing ability, chemical inertness and non-
toxicity.10 Cellulose nanocrystals are known to 
show explicit optical and liquid crystalline 
properties, and nanoparticle-coated cellulose 
paper has been reported in the usage of water 
purification.11 The morphology of cellulose 
nanocrystals is known to affect the distribution of 
particles. Similarly, the crystallinity of the 
nanomaterial has an important influence on the 
physical properties of the cellulose nanocrystals.12 
Normally, cellulose nanocrystals are known to 
possess high crystallinity. Their increased 
crystallinity is possible due to hydrolysis using 
acids, which destroy the amorphous regions in the 
structure, eventually leaving only the crystalline 
zone in the structure.13–15  

The applications cellulose and of cellulose 
nanocrystals are highly dependent upon the 
choice of the biomass source and the chemical 
treatment used for their extraction. Therefore, the 
characterization of the isolated materials through 
FTIR,16 Micro-Raman spectroscopy, XRD17 and 
other techniques is essential. Thus, in FTIR, for 
example, the peak found approximately around 
1734 cm-1 is generally attributed to the C=O 
stretching of the acetyl and uronic ester groups of 
polysaccharides, and is also related to the p-
coumaric acids of lignin and/or hemicellulose, 
therefore its disappearance in the treated material 
indicates the removal of most of lignin and 
hemicelluloses.16 In the Micro-Raman spectrum 
of cellulose, the shifts of the 1095 cm−1 band 
provide information on the molecular deformation 
of the material, which is related to the stress 
within the fibre. However, although the Raman 
frequency, intensity, and band shape of the 
vibrations can vary between the celluloses and 
nanocellulose, nanocellulose does not have 
distinctive Raman spectra, and therefore this 

technique cannot be used alone to prove the 
existence of nanocellulose.  

The studies regarding the thermal stability of 
nanocellulose are very important for its utilization 
in applications such as food packaging material.8 
It has been suggested that the thermal stability of 
the CNCs reduces with an increase in the acid 
hydrolysis temperature and time.18 Some studies 
have also shown that the thermal stability of 
cellulose varies with its source.19 According to 
other research, the time taken for acid hydrolysis 
and the duration of sonication have a significant 
impact on the particle size of CNCs.20 The acid 
concentration employed also impacts particle size, 
since a larger concentration permits deeper 
penetration of the acid and causes increased 
fragmentation, resulting in the production of 
CNCs with smaller diameters.21  

Considering that, due to their properties, 
nanocellulose materials have gained much interest 
from researchers and industries alike, the present 
work aims to extract cellulose nanocrystals from 
dead and decaying seagrass as a way to impart 
value to a biomass waste. The extracted cellulose 
and CNCs were then characterized by FTIR, 
Micro-Raman spectroscopy, XRD, TGA and 
particle size analysis. 

 
EXPERIMENTAL 
Sample collection 

As dead seagrass is abundantly deposited by tidal 
currents on the coast of Thondi (9.74° N and 79.01° 
E), samples were collected directly from the shore. The 
collected samples were thoroughly dried under the sun 
for several days, until completely dry, and suitable for 
further processing.  

 
Extraction of cellulose 

Cellulose was extracted from the dead seagrass 
samples following the methodology proposed by 
Szymanska-Chargot et al.,5 with slight modification. 
The seagrass samples were firstly dried and pulverized. 
The sample was then allowed to boil in water for 10 
minutes. The boiling of the sample removes sugar, 
phenolic compounds and polysaccharides, which are 
water-soluble. Later, the residue obtained was used for 
acid hydrolysis using 1M hydrochloric acid. The 
sample (30 g) was treated with 100 mL of 1M 
hydrochloric acid at 85 °C for 30 minutes. This step 
was repeated, so that the maximum quantity of pectic 
polysaccharides could be removed. The next step was 
alkaline hydrolysis using 1M sodium hydroxide. The 
sample was allowed to react with 1M sodium 
hydroxide for half an hour at 85 °C. This step removes 
hemicelluloses; it was carried out thrice to ensure their 
complete removal. The final step for the extraction of 
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cellulose was a bleaching process, where the sample 
was treated with 1-2% sodium hypochlorite for one 
hour at 95 °C. The bleaching process was repeated 
twice, and the precipitate obtained was cellulose. The 
cellulose obtained was washed multiple times with 
running water until a neutral pH was reached. 
 
Extraction of cellulose nanocrystals (CNCs) 

The extraction of cellulose nanocrystals was 
achieved through acid hydrolysis by the method 
proposed by Sai Prasanna and Mitra,8 with slight 
modification. The cellulose obtained, 5 g, was allowed 
to react with 100 mL of 55 wt% H2SO4, under 
continuous stirring at 45 °C for 30 minutes. After this 
time, the reaction was quenched by the addition of 1 L 
of distilled water. The precipitate formed was 
centrifuged at 10000 rpm for 10 minutes, and the pH of 
the solution was brought up to neutral by continuous 
centrifugation and by dialysis in water. The precipitate 
was then subjected to sonication at 225 W for 10 
minutes. The suspension obtained represented 
cellulose nanocrystals and was stored at 4 °C for 
further analysis. 
 
Characterization of cellulose and cellulose 

nanocrystals 

Fourier transform infrared spectroscopy 
The cellulose and cellulose nanocrystals were 

subjected to KBr assisted FTIR analysis, using a 
Perkins-Elmer spectrometer (Spectrum Rx1, MA, 
USA). The FTIR spectra were recorded at a resolution 
of 4 cm-1 in the frequency range of 4000-400 cm-1. 
 
Micro-Raman spectroscopy 

In the present investigation, micro-Raman spectra 
were used to study the vibrational modes of the 
obtained cellulose and CNCs using a Princeton Acton 
SP 2500 instrument (Japan) under an excitation 
wavelength of 632 nm with an argon laser. 
 
X-ray powder diffraction 

The crystalline nature of the cellulose nanocrystals 
was detected by using X’pert ProPanAnalytical 
equipment (the Netherlands). The instrument was 
operated at 40 kV and 30 mA with Cu Kα = 1.5406 Å. 
 
Thermogravimetric analysis 

Thermal analysis of the cellulose and CNCs 
samples was performed with the help of a Mettler 
Toledo TGA 2, in the temperature range from 50 to 
600 °C. 
 
Particle size analysis 

The particle size of the cellulose nanocrystals was 
measured using NanoPlus Dynamic Light Scattering 
(DLS) (Micromeritics) equipment. The CNC samples 
were dispersed in water and then subjected to 
sonication in an ultrasonic water bath for 5 minutes, 

before being introduced into the particle size analyzer. 
The analysis was run at a temperature of 25 °C. 

 
RESULTS AND DISCUSSION 

The raw dead seagrass material collected from 
the coast of Thondi weighed about 30 g. The 
amount of cellulose extracted from 30 g of raw 
material was calculated to be 10 g, and the 
amount of cellulose nanocrystals extracted from 
10 g of cellulose was calculated to be 1.706 g. 
The percentage of yield of cellulose from 100 g of 
raw material was calculated to be 33.3%, while 
the percentage yield of CNCs from cellulose was 
calculated to be 17.06%. Previous studies 
revealed percentage yields of cellulose and CNCs 
in the ranges of 12%-25% and 30%-40%, 
respectively.22–25 
 
Fourier transform infrared spectroscopy 

The FTIR spectra of cellulose and CNCs 
extracted from dead seagrass are given in Figures 
1 and 2, respectively. The absorption bands in the 
spectrum of cellulose are observed in the 
wavenumber regions of 3600-2500 cm-1 and 
1700-400 cm-1. The major peaks are located at 
3353 cm-1, 2890 cm-1, 1328 cm-1, 1314 cm-1 and 
889 cm-1. In the case of cellulose nanocrystals, the 
absorption bands are observed between 3500-
3000 cm-1 and 2200-500 cm-1 (Fig. 2). The major 
peaks in the case of cellulose nanocrystals were 
observed at the wavenumbers 3336 cm-1, 1637 
cm-1, 1433 cm-1, 1320 cm-1 and 1049 cm-1. 

The peaks in the wavenumber region 3600-
2500 cm-1 is characteristic of the stretching 
vibration of O-H and C-H bonds in cellulose. The 
peak located at 3353 cm-1 denotes the stretching 
vibration of the hydroxyl group and represents the 
intramolecular and intermolecular hydrogen 
bonding vibrations in the polysaccharides.23 The 
peak seen at the wavenumber 1328 cm-1 may be 
attributed to the C-H bending vibration and the 
one noted at 1314 cm-1 represents CH2 
wagging.26–28 The peak present at the 
wavenumber 889 cm-1 represents the OH bending 
in the cellulose.26  

In the cellulose nanocrystals, the peak found at 
3336 cm-1 is associated with the stretching of OH 
groups and represents inter- and intramolecular 
hydrogen bonds.29 This peak also demonstrates 
the hydrophilic nature of the CNCs. The peak 
present at 1433 cm-1 is associated with the 
asymmetric stretching vibration of carboxylate 
groups (C=O), while the peak at 1049 cm-1 
represents the C-O stretching vibration.24 The O–



RAHUL VARMA and SUGUMAR VASUDEVAN 

 42 

H bending vibration of adsorbed water was found 
to be present at the peak of 1637 cm-1.19 The 
bending vibrations and angular deformation of the 
C–H and C–O groups were represented by the 
peak at 1320 cm-1, which corresponds to the 
polysaccharide aromatic ring.19 The asymmetric 
C1–O–C4 linkage was represented by the peak at 
1156 cm-1, whereas the carbohydrate rings were 
represented by the peak at 1049 cm-1.29 In the 
cellulose structure, the peak at 1433 cm-1 
represented the symmetric CH2 structure. C–H 
bonds in polysaccharide rings are shown by the 
peak at 1320 cm-1. The O–H bonding of the 

absorbed water was ascribed to the peak at 1637 
cm-1.30 

 
Micro-Raman spectroscopy 

The micro-Raman spectra of the cellulose and 
CNCs extracted from dead seagrass are given in 
Figures 3 and 4, respectively. The spectra range 
between 300 cm-1 and 1800 cm-1. The 
characteristic bands of cellulose are observed at 
the wavenumbers of 462 cm-1, 1080 cm-1, 1130 
cm-1 and 1277 cm-1. In the case of the cellulose 
nanocrystals, the major peaks were found at the 
wavenumbers of 340 cm-1, 616 cm-1, 1034 cm-1 
and 1108 cm-1 (Fig. 4). 

 

 
 

Figure 1: FTIR spectrum of cellulose extracted from decaying seagrass 
 

 
 

Figure 2: FTIR spectrum of CNCs extracted from decaying seagrass 
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Figure 3: Micro-Raman spectrum of cellulose 

extracted from decaying seagrass 
Figure 4: Micro-Raman spectrum of CNCs 

extracted from decaying seagrass 

  
Figure 5: XRD pattern of cellulose extracted from 

decaying seagrass 
Figure 6: XRD pattern of CNCs extracted from 

decaying seagrass 
 

The peak observed at 462 cm-1 represents the 
deformation of COC and CCC rings, while the 
peak located at 1080 cm-1 shows the COC 
symmetric stretching of the glycosidic ring. 
Similarly, the peaks identified at 1130 cm-1 and 
1290 cm-1 represent the COC asymmetric 
stretching and CH2 bending, respectively.31,32 In 
the case of cellulose nanocrystals, the peaks found 
at the wavelength of 340 cm-1 are attributed to the 
presence of heavy atom bending, while the peak 
at the wavelength of 616 cm-1 denotes the 
presence of the acetyl group. The peak found at 
1034 cm-1 is assigned to the stretching of CC and 
CO bonds, while the peak obtained at 1290 cm-1 
shows the presence of HCC and HCO 
bending.33,34 
 
X-ray powder diffraction (XRD) 

The XRD pattern of cellulose shows peaks at 
2θ = 22°, 29°, 31° and 44° (Fig. 5). Most of the 
previous studies report the maximum peak for 
cellulose to be at 2θ = 22°.17,32 The peak observed 
at 2θ = 22° shows the typical structure of 

cellulose, indicating its crystallinity. This result is 
in agreement with those of previous studies.35,36 

The X-ray powder diffraction pattern of the 
cellulose nanocrystals reveals peaks at 2θ = 15°, 
27° and 34°, and the maximum peak is observed 
at 22° (Fig. 6). The maximum peaks of both the 
cellulose and CNCs are found to be the same, 
which has been also confirmed in previous 
studies.37 The results obtained in this work 
suggest that there was no variation in the 
structural characteristics of cellulose, even after 
the acid hydrolysis and purification processes.38 
The peaks found in this study are generally 
attributed to the cellulose I type structure, and 
there was no discernible variation in the pattern of 
the detected peaks for the CNCs.39 It meant that 
no polymorphs from the original cellulose I had 
been converted to cellulose II in the 
nanocrystals.40  

 
Thermogravimetric analysis (TGA) 

The thermal stability of both the cellulose and 
cellulose nanocrystals was analysed in the range 
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from 50 to 600 °C. Figure 7 displays the 
thermogram of cellulose, which reveals a 9.21% 
decrease in the mass of cellulose in the first stage 
between 50-100 °C. The second stage shows a 
loss of mass of 40.76% between 250-350 °C. The 
complete decomposition of cellulose was 
observed at 410-490 °C. The first stage of mass 
loss is attributed to dehydration of the sample, 
while the second one is caused by the degradation 
of cellulose. The results obtained showed 
similarities to those of previous studies.6,25 

In the case of cellulose nanocrystals, the 
thermogram recorded in the range from 50 to 600 
°C (Fig. 8) shows a 69.80% loss of mass in the 
first stage, between 50-100 °C, and another mass 
loss of 21.01% was noted in the second stage, 
between 110-330 °C. The third stage of 

degradation was observed between 340-450 °C, 
with a loss of mass of 4.72%. The initial mass 
loss was caused by the evaporation of water, 
while the second was attributed to the 
depolymerization of cellulose. The final mass loss 
can be explained by the depolymerization of 
carbon residues. It has been reported that the 
thermal characteristics of cellulose nanocrystals 
vary greatly, and it was shown that lower 
crystallinity, greater sulphur content, and smaller 
cellulose crystallite size can speed up thermal 
disintegration and impair  thermal durability.44 In 
our study, the cellulose nanocrystal sample did 
not show any decomposition in the range of 110-
250 °C, which shows its thermal stability. These 
results agree with previous studies.41–43 

 

 
Figure 7: TGA thermogram of cellulose extracted from decaying seagrass 

 

 
Figure 8: TGA thermogram of CNCs extracted from decaying seagrass 
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Figure 9: Particle size analysis of CNCs from decaying seagrass 

 
Particle size analysis 

The particle size distribution of the cellulose 
nanocrystals is illustrated in Figure 9. The results 
obtained showed a single peak, with a diameter of 
253.2 nm, and this indicates the average size of 
the CNCs. The obtained results are similar to the 
results obtained by Pandi et al., and Meyabadi et 

al.45,46 The study conducted by Pandi et al.45
 

reported the size of CNCs to be in the range of 
100 and 800 nm, while Meyabadi et al.46 obtained 
CNCs with particle sizes in the range of 100 and 
300 nm. The particle size obtained in the present 
work is well within the ranges reported 
previously. Different diameter and length values 
for rod-shaped nanocrystals have been reported 
by researchers, including 207.2 nm in length and 
23.2 nm for diameter,47 f 87 nm in length and 12 
nm in diameter,48 or 135 nm in length and 7.2 nm 
in diameter.49 The length values revealed by DLS 
analysis are similar to these. Therefore the results 
of DLS analysis confirmed that the cellulose 
particles isolated from dead seagrass are mostly 
nanometric in size. 
 
CONCLUSION 

Dead and decaying seagrass is commonly 
found deposited by tidal waves on the coast of 
Thondi. The present study showed that this type 
of waste biomass can be a good source of 
cellulose, as well as of cellulose nanocrystals. The 
extracted cellulose and CNCs were subjected to 
various characterization studies, using Fourier 
transform infrared spectroscopy (FTIR), micro-
Raman spectroscopy, X-ray powder diffraction 
(XRD), thermogravimetric analysis (TGA) and 
particle size analysis. The FTIR and micro-Raman 
analysis confirmed the chemical bonds present in 
the sample, while the XRD study displayed the 

crystalline nature of the extracted cellulose and 
cellulose nanocrystals. The TGA of the cellulose 
and cellulose nanocrystals revealed better thermal 
stability of the CNCs, compared to that of 
cellulose. The particle size analysis of the 
extracted CNCs confirmed that their size falls 
under the required nanoscale. The results obtained 
in this work have been confirmed by the findings 
of previous literature reports. Future research on 
cellulose and CNCs from dead and decaying 
seagrass will focus on the suitability of these 
materials for producing thin films and their 
application in food packaging products. 
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