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Abstract

Cellulose content was estimated from Tamarix aphylla, Juncus rigidus, and Thespesia populnea growing in saline soil at salt
farm experimental plot of Central Salt and Marine Chemicals Research Institute (CSMCRI), Bhavnagar, Gujarat, India. Cellulose
was extracted from the plant samples by the treatment of NaClO, followed by NaOH, HCl, and H,0,. Extracted cellulose
samples were fractionated to a-cellulose and B-cellulose. Tamarix aphylla was subject to different treatments, and among
all the treatments the highest cellulose fibre was extracted from T1 (3.0% NaClO, followed by 17.5% NaOH, 4.0% HCI) with
33% a-cellulose having 61% crystallinity. Maximum (44.0%) crude cellulose (3.5% NaClO, followed by 2.0% NaOH, 5.0%
HCl, 17.5% NaOH) was obtained from J2 treatment (J. rigidus) with 58.7% crystallinity, 33% a-cellulose with 62% crystallin-
ity and TP3 (4.0% NaClO, followed by 4.0% NaOH, 5.5% HCI, 17.5% NaOH) was best for T. populnea with 39% highest crude
cellulose with 64.4% crystallinity, 30% a-cellulose with 55% crystallinity. The cellulose related peaks were noted in XRD and
FTIR spectra; lignin and hemicellulose related peaks were absent. This confirms the removal of lignin and hemicellulose
from the isolated product. All the three halophytes growing in saline soil were found good source of cellulose. However, T.

aphylla contain highest cellulose and a-cellulose with highest crystallinity as compared to J. rigidus, and T. populnea.
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1 Introduction

There is immense use of paper in day to day life, paper
is natural cellulose fibre and till today there is no green
substitute of it. Plants are major contributors of natural
cellulose. High demand of paper has generated great
impact on deforestation and around 40% annually wood
is harvested for making paper and paperboard. With the
continuously increasing demand of paper in the last
40 years, the paper consumption growth has reached
400%. Around 4 billion trees are cut in the world for paper
making. Today, the world consumption of paper is about
300 million tons per year. About, 38% of the world’s total
fibre supply is fulfilled by virgin pulp, and recycled paper.
Major contributors in paper making are wood fibre plants

and followed by non-wood fibre plant (grass, cotton, flax,
hemp, jute, ramie, kenaf, bamboo, baggage, cereal straw)
contributors [35-37]. Major cellulose plant contributors
grow on cultivable land. In India, nearly 9.38 million hec-
tor lands is salt-affected, 5.5 million hectors land is saline
that includes coastal land and alkali land of about 3.88 mil-
lion hector [19]. Due to edaphic factors agricultural land is
also converting into saline land and causing depletion of
fertile land; coastal and arid areas are under prone zones.
Hence, there is need to use saline wasteland to complete
future demands of increasing population. Looking the cur-
rent scenario, it has become very essential to resolve this
issue by identifying crops which can grow on wasteland
without compromising end product. Halophytes are salt
loving plants and grow on high TDS soil. Tamarix aphylla,
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Juncus rigidus, and Thespesia populnea are the halophytes
that can tolerate high salinity, aridity [62]. They are found
inland and by the sea in saline habitats.

Tamarix aphylla L. Karst belongs to family Tamaricaceae.
Plant height reaches up to 18 m., known as Athel tama-
risk, and Saltcedar. Tamarix aphylla wood is used for fuel,
particle boards and cellulose [64]. Tamarix sp. can grow in
arid and semi-arid climates, and may bear variations in soil
dampness, if groundwater is available [14]. The plants pos-
sess proline analogues that help in adopting the adverse
effects of sodium chloride [53]. Tamarix is fast growing
plant, 2400 trees/ha may generate biomass 25 ton/ha/year
with saline water irrigation [12].

Thespesia populnea (L.) Sol. ex Correa a multipurpose
tree, the leaf extracts can be used by diabetics [18, 48],
other plant parts are key ingredient of several ayurvedic
preparations namely “panchvalkala” lepa, abhyanga, and
parisheka [56]. Bark is a good source of fabric dye [16].
Thespesia populnea has been extensively studied for its
pharmacological, antioxidant, antimicrobial and medicinal
values [29, 33, 42, 63]. Also, it is potential candidate for bio-
diesel as its biodiesel specifications are comparable with
ASTM D6751 and EN 14214 [43, 44]. Cellulose of Thesp-
esia lampas has been studies for its structural and physi-
cal properties [5, 45]. Thespesia populnea being potential
source material for cellulose, it has not been well studied.

Juncus rigidus L. known as sea rush and commonly
seen in the marsh and saline areas. It reclaims degraded
saline soil by decreasing soil TDS [3, 591. Juncus clums are
used for making good quality mats [61]. The use of Juncus
sp culms for paper industry is well documented [8, 62].
It is considered a potential plant of the raw material of
paper industry [60, 62]. It was estimated that one ton dry
biomass of Juncus might produce 375-400 kg pulp [60].
Juncus acutus L. has been studied for cellulosic fibre [4],
however no such studies are available for J. rigidus.

To best of our knowledge, this is first report on opti-
mization of cellulose extraction method, profiling, and
characterization. In the present study, the cellulose extrac-
tion method is optimised using different concentrations
of acid, alkaline solution and bleaching agent at different
temperature. The cellulose was characterised using SEM,
XRD, FTIR NMR and TGA. It was known by the study that
these three parameters plays significant role on quantity of
extracted cellulose of T. aphylia, J. rigidus and T. populnea.

2 Materials and methods

Cellulose was isolated from the halophytes as described by
per Mihranyan et al. [32]. Plant material of 1.5 inch diam-
eter was collected from 3 years old plants growing in salt
farm area, Central Salt and Marine Chemicals Research
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Institute, Bhavnagar, Gujarat, India (latitude 21°47.3060 N
and longitude 72°7.4170 E). The plant materials were oven
dried (80 °C) and cut in pieces, further crushed by mixer.
The crushed plant materials were bleached by treating
with NaClO, (36 g NaClO, was added to 1 L acetate buffer)
at 100 °C for 3-6 h (Fig. 1). The bleached plant materials pH
were neutralized by washing with water until reaches 7 pH.
The washed materials were treated with 2-17.5% NaOH
solution and heated at 100 °C (Fig. 1). The NaOH treated
plant materials were washed until pH is neutralized 7pH.
The filtered material was dried at room temperature. The
dried material was again treated with 2-4% (v/v) hydro-
chloric acid and was heated up to 100 °C for different hrs
(Fig. 1). The product was washed by water to remove the
acid, filtered, air dried and oven dried at 50 °C before tak-
ing dry weight of cellulose. Cellulose yield was calculated
on the basis of plant dry weight.

The a-cellulose and B-cellulose fractionated from cel-
lulose as per method published by Whistler [57]. One
gram oven dried cellulose was treated with 17.5% NaOH
(w/v) solution and heated at 100 °C for 4 h. The slurry was
filtered, B-cellulose was collected as supernatant, and
a-cellulose was obtained after frequent washing with
water up until 7 pH was obtained. The product was air
dried and followed by oven drying at 50 °C for 6 h. 3 N
H,SO, (20 ml) was added to the supernatant to precipi-
tate B-cellulose, and heated at 80 °C for 10 min. The pre-
cipitated solution was centrifuged and B-cellulose was
collected. 3-cellulose was washed by water until pH 7.
The cellulose was air dried and followed by oven drying
at 50 °C for 6 h. The yield was determined using three
replicates. The samples were finely powered and studied
using Philips X'pert MPD X-ray powder diffractometer. The
relative crystallinity index (Cl) was calculated by Mihran-
yan et al. [32] method, CI (%) = ([(logs — lsm)]/1902) X 100. lgo,
and |, were the intensity corresponding to the peak at
26=22°and 26 =18°, respectively. The apparent crystallite
size was estimated through the use of the Scherrer equa-
tion [50]: L= (KX A)/(B x cosB). Where K is 0.94 constant, A is
the X-ray wavelength (0.1542 nm for Cu Ka radiation), B is
the half-height width of diffraction band and 0 is the Bragg
angle corresponding to the (002) plane. The proportion of
crystallite interior chains [10] is: X = (L—2h)?/L2% Where L
is the crystallite size to the (002) plane, h=0.57 nm is the
thickness of the layer of surface chain.

The FTIR spectra of all the cellulose samples were
performed to study the effect of alkali, acid and bleach-
ing treatments on cellulose. The IR spectra were studied
on a Perkin-Elmer Spectrum GX FTIR (USA) instrument
to identify the constituents of isolated fibres. IR spectra
were noted in a transmittance mode and scanning range
was 500-4000 cm™'. The degree of crystallinity was cal-

culate by Schenzel et al. [49]; %X FAMAN =1 o /1 g1 + 1 a62-



SN Applied Sciences (2019) 1:1311 | https://doi.org/10.1007/542452-019-1160-6

Research Article

Fig. 1 Schematic diagram for
the isolation of cellulose from
halophytes
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Here |45, and |,,4; are the Raman intensities at 1462 cm™"

(amorphous) and 1481 cm™! (crystalline), respectively. The
characterization of cellulose, and a-celluloses of halophyte
was carried by solid state NMR (CP-MAS '*C NMR) measure-
ments at 20 °C on a Briiker Avance 500 MHz, Spectrom-
eter (Switzerland) at 52.3 MAS, net spinning was kept at
5000 rpm/min. Cellulose morphology was studied using
Scanning Electron Microscopy (SEM) (model Philips XL
30). Thermogravimetric analysis (TGA) was performed
on Thermal Gravimetric Analyzer, Mettler Toledo and
Netzsch TG 209 F1. The samples were heated from 50 to
800 °C at the rate of 20 °C/min under nitrogen flow. 2-3 mg
samples were used in an aluminium pan under nitrogen
atmosphere.

3 Results and discussion

The X-ray diffraction (XRD) is used for estimating the
degree of crystallinity. The rigidity and flexibility of the cel-
lulose fibre depends on crystalline and amorphous ratio
[15]. Cellulose is crystalline, although hemicellulose and
lignin are amorphous [21]. Cellulose is composed of two
crystalline structure a-cellulose and B-cellulose. Cellulose
is triclinic and a-cellulose and B-cellulose are monoclinic

\ Cellulose

Time =sh, T=100'C | |Fjme =5h,T=100°C
NaOH=17.5 %

Time=4h, T=100°C

I}

a-Cellulose

unit cells [39]. The plant samples were subject to different
treatments as per Fig. 1 for optimizing cellulose extraction
method. Among, all the treatments (T1, T2, T3 and T4) the
highest yield of a-cellulose (36.6%) with 61.8% crystallin-
ity Index (Cl) and 7.3% [3-cellulose was obtained from T.
aphylla, T1 treatment. J2 was best treatment for J. rigidus
with highest yield of 44% crude cellulose with 58.7% crys-
tallinity, 33% a-cellulose with 54% crystallinity and 8.6%
[-cellulose (Figs. 2, 3, 4). TP3 was best for T. populnea with
maximum yield of 39.3% crude cellulose with 64.5% crys-
tallinity, 32.2% a-cellulose with 48% crystallinity and 7.7%
B-cellulose (Figs. 2, 3, 4).

3.1 X-ray diffraction

The XRD profile of all the crude cellulose samples devel-
oped diffraction peaks of type | cellulose (Fig. 5a). The XRD
profile of J2 crude cellulose developed well define crys-
talline peaks around 26 were 16.0°, 22.6° and 34.9°;, TP3
were 16.1°, 22.5°, and 34.7° corresponding to the (101),
(107) (002) and (040) crystallographic planes of cellulose
type |, respectively (Fig. 5b). Crystallographic planes are
labelled as per the cellulose | structure described by Segal
et al. [51]. These peaks represents type | cellulose [21, 38].
T1 developed diffraction peaks at 26 around 12.29°,20.5°,
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Fig.2 Yield (%) of crude 60 -
cellulose, a-cellulose and

-cellulose obtained from

halophytes; T1-Tamarix aphylia, 50 4
TP3-Thespesia populnea,
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Fig.3 The percent crystallinity index of a-cellulose of T1-Tamarix
aphylla, TP3-Thespesia populnea, J2-Juncus rigidus

Fig.4 The crystallinity index of 70
crude cellulose obtained from
all the samples of halophytes
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22.28° and 34.9° corresponding to the (101), (107), (002)
and (040) crystallographic planes of a-cellulose, respec-
tively (Fig. 5b). These peaks reported as of a-cellulose [30].

3.2 FT-IR spectroscopy

For T. aphylla (T1), 20% NaOH treatment was optimum for
the extraction of a-cellulose. However, the same treatment
was unable to extract a-cellulose from other two halo-
phytes (J. rigidus, T. populnea). J. rigidus (J2) and T. populnea
(TP3) were further alkaline hydrolysed with 17.5 M NaOH
for the extraction of a-cellulose. J2 a-cellulose diffraction
peaks at 20 were 12.29°, 20.20°, and 22.90°% TP3 at 12.31°,
20.21, and 22.36° (Table 1). The d-spacing of TP3, J2 and
T1 cellulose samples were obtained from XRD profiles was
39A (Table 1).The crystallite size of (002) plane for TP3, J2

40 -
30
20
10 -
0 - : : :
T2 T3 T4 TPl TP2 TP3 TP4 I 2 3 74
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Fig. 5 XRD profile of crude cellulose obtained from halophytes (a), XRD 26 peak values for cellulose of T1, TP3 and J2 samples (b)

Table 1”_ XRD ZdG pezk vaIL!es, Samples 20 peaks Crystallinity d-spacing (A) Crystallite size ~ Proportion of
crystallinity index, d-spacing, index Cl (%) L002 (nm) crystallite interior
apparent crystallite size and chains X
proportion of crystallite
interior chains of a-cellulose TP3 20.2161
for the studied samples 223618 48 3.9 a1 05
12.3101
J2 20.2019
22.9024 54 3.9 29 0.3
12.2901
T1 20.5121
22.2801 61.8 3.9 1.8 0.1
12.2923

TP3-Thespesia populnea, J2-Juncus rigidus, T1-Tamarix aphylla

and T1 samples were different may be because of different
treatment applied to them for achieving optimum cellu-
lose. The proportion of crystallite interior chains reduces
with the reduction of crystallite size of the plane (002).
The results were corroborating Sugar cane bagasse XRD
study [9]. TP3 crystallite size was highest among all the
samples (Table 1).

The Fourier Transform Infrared (FTIR) spectroscopy is
a useful technique for studying the structural changes
occurred by the various treatments in the isolated cellu-
lose. The FTIR spectra of all the three a-cellulose samples
(T1,J2,and TP3) of halophytes were identical. Crystallinity
of J2 cellulose was highest (51.48%) among all the samples;
the crystallinity was calculated by comparing the inten-
sity peaks from FTIR spectra (Fig. 6). A broad band region
of 3700-3000 cm™' was assigned to hydrogen bonded
(O-H) stretching and other region 3000-2800 cm~! was

% Xc RAMAN
W
S

T1 12 TP3

Fig.6 Calculated values of crystallinity of cellulose by comparing
the intensity peaks from FTIR spectra
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Fig. 7 FTIR spectra of alpha cellulose of T1, TP3 and J2 samples

assign to asymmetric, symmetric methyl and methylene
CH cellulose group [17, 41]. All samples developed broad
peak at 3424 cm™' are ascribed to O-H stretching assign
for water (Fig. 7). The broad band region 2908 cm™is
of C-H stretching vibration assign to cellulose compo-
nent [17, 20]. The band at 1636 cm™ is associated with
absorbed water in cellulose (Fig. 7). The 1455 cm™' band is
ascribed to CH,, CH; symmetric bending in cellulose [11].
1360 cm™" are ascribed to CH group in a glucose unit [2]. In
the present study, the bands at 1162 cm™! are attributed to
C-0O-C bridge stretching at the (1,4)-glycosidic linkage,
1060 cm™! ascribed to C-OH stretching vibration of the
cellulose back bone, 895 cm™ assign to B-glycosidic link-
age [2, 6, 11, 65], all these band were observed in all the
samples (Fig. 7). The band 1731 cm™! ascribed to the car-
bonyl stretching vibration of hemicellulose [1] was absent
in all the three samples. Also, IR spectra peaks at 1269 cm™'
ascribed to C=0 stretching vibration of lignin, aromatic
skeletal vibration of lignin 1510 cm™' and 1596 cm™' bands
[13] were absent in the present study. Lignin and hemicel-
lulose related peaks were also absent or minimised signifi-
cantly. This result reveals the removal of lignin and hemi-
cellulose from all samples and peaks related to cellulose
structural change were also not observed. It was known
by the Raman spectra analysis that extracted cellulose was
rich in cellulose I .

3.3 NMR spectroscopy

The CP-MAS "3C-NMR spectra gives us the carbon back-
bone of a molecule, the >C NMR spectral values of halo-
phyte cellulose were corroborating with the previous
reports of '3C NMR of cellulose [34, 52, 55, 58]. The spec-
tra of crude cellulose of halophyte developed doublet
between 72 and 82 ppm (Fig. 8). Chemical shift values of
a-cellulose of halophyte developed a single broad peak
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Fig.8 CP/MAS 13C NMR spectra of cellulose: a cellulose of halo-
phyte; b a-cellulose of halophyte

between 72 and 82 ppm (Fig. 8) may be because of the
superimposing resonances of C-2, C-3 and C-5 carbons
[24].

The values of chemical shifts between 60 and 67.5 ppm
of C-6, and the chemical shift value of C-4 and C-1 carbons
of halophyte were also similar and comparable with the
previous reports on cellulose [24, 54]. Signals at 55 ppm,
115 ppm, and 126 ppm were absent in Fig. 8, these peaks
are exclusively for lignin [27, 28, 46]. While the peaks 64.92,
62.79,74.71, 88.46, 105.15 coincide with cellulose peaks
[27, 28]. The absence of most of the hemicelluloses peaks
102,107, 159, 168 (Fig. 8b) implies that the hemicellulose
components were successfully removed from the isolated
a-cellulose.

Figure 9 shows the SEM images of untreated (a, c) and
treated cellulose with 17% NaOH (b, d, e), the untreated
fibres are bounded with each other while the treated once
are free. It was clear from the Fig. 8 that all the remaining
impurities were removed from the cellulose by the treat-
ment of NaOH.

3.4 Thermal stability analysis

Itisimportant to determine the pyrolysis of natural fibre at
high temperature before it is used as composite polymer.
Also, the thermal degradation of natural fibres needs to
be studied to avoid degradation during the manufactur-
ing process. TGA performed samples showed the percent
weight loss as a function of temperature. In the first step
water loss was observed in all the three samples around
100 °C, and further thermal degradation took place as
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Fig.9 Cellulose of Thespesia populnea (@) Thespesia populnea cellulose treated with 17% NaOH (b), Cellulose of Juncus rigidus (c) Juncus rigi-
dus cellulose treated with 17% NaOH (d) Tamarix aphylla cellulose treated with 17% NaOH (e)

three-step process (Fig. 10). Pyrolysis at 100-230 °C may be
considered as second step. In this duration weight of the
samples was almost constant of all the samples; it implies
that all the samples were thermally stable at 212-230 °C
(Fig. 10). In third step, TP3 sample initiates distinct deg-
radation process at around 238 °C (onset) to 387 °C (end
set). The pyrolysis around 336 °C is assigned to cellulose
and lignin decomposition [31]. The random cleavage of

the glycosidic linkage of cellulose occurs at this stage [40].
For TP3 sample, 78.4% weight loss noted between 238 to
387 °C. The higher onset of pyrolysis indicates more ther-
mal stability of TP3 as compared to other samples. More
number of H bonds between cellulose chains and their
arrangement may be responsible for high thermal stability
[47]. The crystallite size of TP3 was larger than other two
samples. The higher crystallite size celluloses have higher
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Fig. 10 TGA curves of TP3,T1
and J2 cellulose

0.4 %

0.6 %

(212.667, 92.6034)
100 -
(238, 94.1678)
J (215.333, 92.1504) —T1
—_J2
—TP3
80
78.4 %

g 60 —
=

o0 .
k5
=

40 — (344.667, 17.8622)
(340.667, 18.0618)
T (387.333, 16.7041)
20 -
e —————
O T I T I T I T I 1
200 400 600 800

thermal stability [23]. The fourth step decomposition starts
around 387 °C assigned to cellulose and lignin decomposi-
tion. For T1 and J2 samples major degradation (78%) pro-
cess occurs at 212-340 °C and 215-344 °C respectively.
The thermal stability of T1 and J2 were comparatively less
than TP3.

The halophytes crude cellulose yield was in range of
39-48%. However, the other woody plant reported to
have 38% of crude cellulose [26] and 41.5% of crude cel-
lulose from Eucalyptus [22, 26]. The 34.2% crude cellulose
was obtained from Pine radiata [7]. Bamboo and teak
possessed 43% and 44% crude cellulose, respectively
(Singh et al. unpublished data). Teak wood reported to
have 40-49% crude cellulose [25]. It was known by the
study that the cellulosic content of T. aphylla, T. aphylla
and J. rigidus were comparable with other plants [7, 26].
The results reveal that T. aphylla requires comparative low
concentration of NaClO,, HCl and more heating time for
the removal of lignin and hemicellulose than other halo-
phytes. The a-cellulose isolated from T. aphylla showed the
highest percent crystallinity index (C.l.=61.8%), while the
lowest (C.I.=48%) was noted from T. populnea.

This study has given an overall trend on the cellulose
profile of some Indian halophytes. Cellulose extraction
method was optimized for all the three halophytes. The
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Temperature [°C]

highest a-cellulose was obtained from T. aphylla and low-
est was from T. populnea. More number of halophytes may
be considered, however, some of the halophytes explored
here can be of use as source of cellulose for industrial
applications.
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