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Carboxymethyl cellulose (CMC) is one of the most widely used components of hydrogel for biomedical
applications as its precursor cellulose is the most abundant biological macromolecule on the Earth. Recent
years have seen a remarkable increase in CMC synthesis from various plant sources. In the present study we
have utilised cheer pine needles (Pinus spp.) due to its abundance and easy availability in Himalayan regions
across India. The cellulose was extracted from pine needles. Then, the etherification process was used to pre-
pare CMC from pine needle cellulose, with sodium hydroxide and monochloroacetic acid (MCA). CMC yield,
degree of substitution, water retention capacity, oil retention capacity, ash content, and CMC content were de-
termined by comparing obtained CMC to standard CMC. The purity of the synthesised CMC is represented by
CMC content. The prepared CMC had a purity of 10% and a yield of 110 %. The degree of substitution, water
retention capacity, and oil retention capacity were all determined to be 0.02, 8.4 g/g, and 4g/g, respectively.
The ash content of the synthesised CMC was calculated to be 6 %. The majority of characteristics were either
equivalent to commercial CMC or superior to it therefore the synthesised product can be used as a potential

component to fabricate biomaterials for biomedical applications.
Key words: carboxymethyl cellulose; pine; biomedical, cellulose.

INTRODUCTION

Biomaterials are either biologically derived ma-
terials from bacteria, fungi, plants and animals or
engineered to interact with biological systems. They
are used in biomedical applications such as to re-
pair damaged body parts by interacting with living
systems [4]. The most common biomaterials used to
maintain or replace functions in the human body are
metals, ceramics, or polymers [5, 8] and are used in
the human body to replace or support physiological
functions. Polymeric biomaterials are finding appli-
cation in tissue regeneration and regenerative medi-
cine. Medical implants, including heart valves, stents,
and grafts, artificial joints, ligaments and tendons
and hearing loss implants are examples of biomate-
rials that have demonstrated application in the field
of biomaterials and regenerative medicine [14]. The
polymeric classes of biomaterials can be fabricated
into potential tissue engineering scaffolds for which
CMC, alginate, fibrin gels, collagens, hyaluronic acid
and other materials are commonly investigated [5,
14]. These polymeric materials can be converted into
a variety of molecular forms, including nanofibrous
scaffolds, foams, cryogels, hydrogels etc.

A gel with water as a dispersion medium is
known as a hydrogel. As they resemble native tis-
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sue, they are also emerging as potential scaffolds.
Their resemblance to the body cells due to their
aqueous nature has brought them at the forefront of
tissue engineering material research [4]. Hydrogels
are highly porous in nature and allow material ex-
change through them. Agarose, alginate, chitosan,
carboxy methyl cellulose, collagen, fibrin, gelatine
and hyaluronic acid are some natural polymers used
for fabrication of biomaterials as a tissue regenera-
tive scaffold [11]. Carboxymethyl cellulose (CMC) is
a linear polysaccharide and highly-soluble derivative
of cellulose in water. It is commonly used derivative
in biomaterials production. It has different character-
istics such as mechanical strength, hydrophilicity and
viscosity. Because of the raw material’s abundance
and the low cost of the process, it has found applica-
tions in a variety of fields including cosmetics, phar-
ma industries, food industries, chemical industries
etc. CMC is powdery substance which is yellowish
white in colour. It is hydrophilic but insoluble in organ-
ic solvents such as like acetone, ethanol, and benzol
etc. CMC after being dissolved with binding agents
leads to the fabrication of biomaterials [14].

From past two decades, various plant sources
have been utilised for the isolation of cellulose which
in turn used for synthesis of CMC. Hence cellulose
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is the root source of CMC synthesis. Pine straw is
a most common forest waste found in Himalayan
region of Uttarakhand, India and enormously pres-
ent in forest areas. Cheer (Pine needles) is highly
flammable and catches fire easily when they get dry
in summer season. These dry needles are slippery
also responsible for increasing pH of the surround-
ing soil. Scientific community nowadays is also
looking for valorisation of waste for the production
of potentially applicable commodities ranging from
flavour, nutraceuticals to biomaterials [3, 13]. Scien-
tifically they possess high cellulosic content. In the
view of availability and the cons of pine needles the
present work focuses on the synthesis of CMC from
pine needles that can be used as potential source
for biomaterial fabrication for biomedical and regen-
erative medicine applications.
MATERIALS AND METHODS

Pine needles were collected from local forests
of Ghurdauri, Pauri Garhwal, Uttarakhand India.
Chemicals used during procedure were sodium hy-
droxide (Central drug house pvt Ltd), monochloro-
acetic acid (Central drug house pvt Ltd), standard
CMC (Central drug house pvt Ltd), ethanol, metha-
nol, glacial acetic acid (Hi-media laboratory), n-hex-
ane (Loba Chemie Pvt Ltd.), sodium hypochlorite
(Loba Chemie Pvt Ltd.), and sodium metabisulfite
(Loba Chemie Pvt Ltd.).

Preparation of sample. Pine needles were col-
lected from local regions of GBPIET, Pauri Garhwal
and manually cut into small pieces and dried in the
sun to remove moisture. Using a mixer grinder, the
dried sample was ground into powder. The powdered
sample was then sieved (passed through sieve) and
stored under dry conditions for future use.

Isolation of cellulose. The powdered form of
sample was treated with 10 % NaOH solution for 1
hour in a water bath at 100 degrees Celsius, fol-
lowed by 1 hour stirring in a magnetic stirrer in a sol-
id to liquor ratio of 1:20 at room temperature (RT).
Filtration was used to separate the cellulose resi-
due, which was then washed with 2% acetic acid
and distilled water. The cellulose was stirred with
n-hexane at RT for 1 hour before being washed with
95% ethanol. After filtration, then the obtained cel-
lulose was heated for 90 minutes in a 5% NaClIO,
solution buffered at pH 4 in a solid to liquor ratio of
1:50 at 90-95 °C. Filtering and washing with etha-
nol and distilled water separated cellulose. It was
then treated for 15 minutes with a 2% sodium me-
ta-bisulphite solution, filtered, thoroughly washed
with distilled water, and finally dried at 60 °C until it
reached a constant weight.

Synthesis of carboxymethyl cellulose. CMC
was synthesised by alkalization and etherification
reaction. With minor modifications, the alkalization
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Figure 1 — Flow diagram of CMC synthesis from
pine needles

reaction was carried out at 30 °C [9]. First, 5 g of
pure cellulose was infused with a 10 % (w/v) NaOH
solution. Mechanical stirring for an hour produced
a cellulose-to-liquor ratio of 1:2.7. In this step, 150
mL of ethanol was used as a solvent. Then 120 %
(w/v) monochloroacetic acid (MCA) was added
under constant stirring for 30 minutes to achieve
a cellulose-liquor ratio of 1:1.2. This step was
continued for 3.5 hours at 55 °C. Filter the product
and dissolve it in methanol. Glacial acetic acid was
used to neutralise the slurry. The sample was then
washed four times in 70% ethanol solution and
then with absolute ethanol to remove unwanted by
products. Finally, the sample was filtered and dried
in an oven set to 60 °C temperature.
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Measurement of CMC yield. CMC yield was
calculated on the basis of dry weight. The yield
value was calculated by dividing the net weight of
dried CMC by the weight of cellulose:

CMC yield (%) = weight of CMC (in g) / weight

of cellulose (g) *100

Determination of degree of substitution (DS):
0.5 g of dried sodium CMC was gently ashed be-
tween for 24 hours between 450-C — 600 °C and
dissolved in 100mL of distilled water. 20mL of this
solution was titrated with 0.1 N sulphuric acid with
methyl orange as an indicator. The degree of sub-
stitution was used to calculate the carboxymethyl
content:

Degree of Substitution (DS) = 0.162 x B/1 — 0.08 x B
B=0.1"b/G

Where, b is the volume (in mL) of 0.1 N sulphuric
acid and G is the mass (in grams) of pure CMC.

Water retention capacity (WRC). To 1.25 mL of
distilled water, 50 mg of dry CMC sample was add-
ed, stirred, and incubated at 40°C for 1 hour. The
residue was weighed after centrifugation, and the
water retention capacity (WRC) was calculated as
gram water per gram of dry sample.

Oil retention capacity (ORC). To 1.25 mL of ol-
ive oil, 50mg of dry CMC sample was added, stirred,
and incubated at 40°C for 1 hour. The residue was
weighed after centrifugation, and the oil retention
capacity (ORC) was calculated as gram water per
gram of dry sample.

Ash content. 0.5 g CMC sample was ashed in
muffle furnace at 600 °C in the dried crucible for 6 h,
The ash content was calculated using the following
equation:

Ash content (%) = ash weight/sample weight *100

CMC content. The mixture of 1g CMC sample
was mixed with 100 mL 80% and stirred for 10
minutes before being filtered. The pure CMC was
obtained by washing the cake with 100mL of fresh
80 % aqueous methanol which was then dried. The
formula used to calculate the CMC content was:

CMC content (%) = W/W_ x 100

Where W_(g) denotes the weight of the sample
before washing and W (g) denotes the weight of the
washed sample.

RESULTS AND DISCUSSION

Recent decades have seen significant increase
in biomaterial fabrication from CMC for biomedi-
cal applications. Several plant sources have been
utilized for CMC production till date. In the pres-
ent study, we have utilized pine needles due to its
abundance in Himalayan region. We have utilized
ethanol as a solvent for the synthesis of CMC from
pine needles (Fig. 1), whose reported CMC yield
ranged between 46.5% and 120% [9, 10]. The
yield is the amount of CMC obtained in relation to
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the amount of cellulose consumed. Extra cellulosic
components are removed from the process by the
action of NaOH. Our sample (Fig. 2) has a CMC
yield of 110%. The DS is an important parameter
of CMC characterization that indicates the solubility
of CMC in water. It has been found that the stan-
dard CMC has DS value in the range 0.4-0.8. An
increase in the DS value of the synthesized CMC
indicates an increase in solubility [2]. Etherification
process in CMC synthesis is primarily determined
by the replacement of hydroxyl groups with car-
boxymethyl groups [1]. DS of CMC has also been
found to be directly proportional to the intrinsic vis-
cosity [9]. Although the yield of CMC in our process
is in line with prevous studies; however the DS of
synthesised CMC was only 0.02, which suggested
that sufficient hydrophobic carboxymethyl groups
has not been replaced for the hydroxyl groups of
the cellulose and further optimization of CMC syn-
thesis is required.

A DS value below 0.4 indicates that the poly-
mer is not soluble but swellable [10], which is clear-
ly seen when we compared the WRC of prepared
sample to that of standard CMC. The WRC of our
sample was 8.4 g/g, which was 4 g/g for standard
CMC. Higher WRC is an indication of hydrophilici-
ty of the prepared CMC. The ORC of the prepared
sample was compared to a standard CMC. Similar-
ly, the ORC of our sample is 4 g/g, whereas stan-
dard CMC has an ORC of 4.4 g/g. The ash content
is directly proportional to the degree of substitu-
tion [7]. In line with previous studies, our prepared
sample has an ash content of 6%, compared to
8% for standard CMC. Purity of CMC was widely
measured by treating prepared CMC with metha-
nol [9, 10]. This washing step removes the reaction
by-products, which are mainly sodium chloride and
sodium glycolate [9]. We found that our test sam-
ple has a CMC content of nearly 10 %, compared
to 50 % for the standard CMC. Our results indicated
that prepared CMC contains more impurities, which
might be the reason for its lower DS.

Figure 2 — Cellulose (a) and CMC (b) obtained from
pine needles
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Table 1 — Different characteristic parameters compared to standard CMC

Characteristics parameters Standard CMC Tested CMC
CMC Yield (%) - 110
Degree of substitution 0,6 0,02
Water retention capacity(g/g) 4 8.4
Oil retention capacity(g/g) 4.4 4
Ash content (%) 8 6
CMC Content (%) 50 10
CONCLUSION 6 Heinze T. Studies on the synthesis and char-

Pine needles have been investigated as a root
cause for fire hazards and responsible for acidic
pH of soil. In fact they have potential to be used
as source of cellulose and CMC was synthesised
by cellulose with NaOH and monochloroacetic acid.
Though the prepared CMC does meet the standard
CMC considerations in terms of DS and % CMC
content; however, our proof of concept study shows
that pine needle could be utilized to prepare CMC
by using more robust biochemical techniques.
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Kap6okcumetunuenntonosa (KML) aensetca ogHum m3 Hamboree LUMPOKO MCMONb3yeMbIX KOMMOHEH-
TOB ruaporens ans GuoMeguUUUHCKMX NPUMEHEHWI, MOCKOMbKY ee NpeaLlecTBEHHMLA LIeNoo3a sBAsieTcs
CaMOW pacnpocTpaHeHHoW Buonornyeckor Makpomorekynow Ha 3emne. B nocnegHue rogel Habnogaetcs
3ameTHbIA pocT cnHTe3a KML, n3 pasnuyHbIX pacTUTenbHbIX UCTOYMHMKOB. B HacToswem nccnegosaHum mc-
nonb30Banu xBow Goapswen cocHbel (Pinus spp.) n3-3a ee obunusa 1 nerkom AOCTYNHOCTU B FMMarnamnckmx
pervoHax no Bcen Nugun. Llenntonosa Obina n3snevyeHa n3 COCHOBbIX Uronok. 3aTem npolecc atepudmrkaumnm
6b1n ncnonb3oBaH Ans nonyvyeHns KML, 3 Lenntono3bl COCHOBBIX UFOMOK C TMAPOKCUAOM HAaTpUsA U MOHOXITO-
pyKcycHow kucnoTow. Beixog KML, cteneHb 3ameLLeHnst, BnaroygepxvsatoLasi ClocoOHOCTb, Macnoyaepxu-
BatoLLlas cnocobHOCTb, 30MbHOCTL U cogepxxaHne KML, onpegensnu nytem cpaBHeHus nonyyveHHon KML, co
ctaHgaptHor KML. YuctoTa cuHTesnposaHHo KMLL onpenensietca cogepxaHmem KMLL. MonyvyernHas KML,
nmena ymctoty 10% v Beixog 110 %. CteneHb 3amelleHuns, BNaroygepxumeatoLlasi CnocobHOCTb U Macrioy-
JepXxuBarowas cnocobHocTb 6binm onpenenexsbl kak paBHble 0,02, 8,4 r/r n 4 r/r cootBeTcTBEHHO. Coaep-
aHue 305kl B cuHTe3mpoBaHHon KMLL, no pacuetam, coctaBnsno 6 %. BonbLIMHCTBO XapakTepucTuk 6binm
nmbo akBMBaneHTHbl Kommepdeckon KML,, nmbo npeBocxogunu ee, NO3TOMY CUHTE3MPOBAHHBIN NPOAYKT MO-
XKeT ObITb MCMONBb30BaH B KA4yeCcTBE MOTEHLMANbHOIMO KOMMOHEHTa ANs U3roToBreHus GuomartepuanoB Ans
BMOMEANLIMHCKNX MPUMEHEHUN.

Knrouessbie crioga: KapboKCMMETUILENION03a; COCHA; bruomeanumHa, Lennonosa.
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Kap6okcumeTtunuenntonosa (KML|) GuomegnumHanbik KongaHy YLiH ruaporenbid eH Ken KongaHblnaTbiH
KOMMOHEHTTEPIHIH Bipi 6onbin Tabbinagbl, eWTKEHi OHbIH NPEKypcopbl Lenmono3a xep beTiHaeri eH ken Ta-
panfaH buonornsanbik MakpomMoriekyna 6onbin Tabbinagbl. CoHfbl Xbingapbl 9pTypi eciMaik kesgepiHeH KML|
CVIHTE3IiHIH, avTaprnblkTan ecyi bankangbl. byn 3epTreyge KyaTTanHAblpaTbiH Kaparam MHenepi KongaHbigbl
(Pinus spp.) OHbIH KenTiri MeH YHAiCTaHHbIH [MManan anmakrapbiH4a OHaw Kon XeTiMainiriHe 6annaHbICTbI.
Llenntonosa kaparaw nHenepiHeH anbiHabl. CogaH keliH aTepudmrkaumsi Npoueci HaTpui rMapPoKCuai MeH Mo-
HOXIopaLEeT KblLKbIfbl 6ap kaparaw nHenepiHid uenntonosaceiHaH KMLL any ywiH konganeinabsl. KM, whifbl-
Mbl, anmacTbipy A8pexeci, binFan ycray kabineti, man ycray kabinerti, kyn xxaHe KML, ma3mMyHbl anbiHFaH
KML, —gi ctangaptTtel KML-mMeH canbicTbIpy apkbinbl aHblkTangbl. CuntesgenreH KML tazanbiFsl KMLL ma3my-
HbIMeH aHbikTanagpl. AnbiHFaH KMLL 10 % Tasanbik neH 110 % eHimainikke ne 6ongpl. AMMacTbIpy O9pEXeC,
bIfFan ycray kabinerti )xaHe man yctay kabineti corikeciHwe 0,02, 8,4 r/r >xxaHe 4 r/r TeH, gen aHbiktangpl. CuH-
TesgenreH KMLL kypambiHaask! Ky Menwepi ecenteynep 6owbiHwa 6 % Kypaabl. CunatTamanapblt, KenLwiniri
kommepumanbik KML-re TeH 6ongbl Hemece ogaH acbin TYCTi, COHObIKTAH CUHTE3AenreH eHimai Guomeanun-
HanbIK KOCcbIMLIAnap yLiH buomarepmangap acay YLiH areyeTTi KOMMOHEHT peTiHae nandanaHyra 6onagpl.

Kinm ce3dep: kapbokCcMMeTUNLENNION03a; kKaparam; GuomeanumnHa, Lenntonosa.
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