
Sugarcane as a sustainable source of biologically active carboxymethyl cellulose

Introduction
Polysaccharides are one of the most abundant and inexpensive bioactive substances
found in nature and have been used in food, cosmetics and pharmaceutical
industries. Among them, carboxymethyl cellulose (CMC) is one of the most widely
used water-soluble polysaccharide due to its lack of toxicity, biodegradability and
biocompatibility (Ahsan, 2019). These characteristics have potentiated its interest and
applicability in various industries, such as food, cosmetics and tissue engineering.
CMC has been mainly used as structural agent or stabilizer, while its biological
potential has not been widely explored (Pettignano et al., 2019). CMC can be
synthetized from cellulose from several sources, but lignocellulosic biomass from
industrial and agricultural wastes represent greener sources. Amongst these,
sugarcane plantations are famous for their volumes and large amounts of residues,
where sugarcane bagasse is the main residue, representing almost 30% of the
sugarcane agricultural product (Motaung et al. 2017) . Considering this, the aim of
this work was threefold: employ a circular economy approach to sugarcane, and from
its bagasse residues extract cellulose and functionalize it to carboxymethyl cellulose;
characterize the CMC in terms of its physicochemical properties (i.e., purity,
crystallinity and degree of substitution); and evaluate the antimicrobial activity of the
CMC synthesized towards pathogenic microorganisms (e.g., S. aureus and E.coli).
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Methods

Conclusions

The results obtained showed that the produced CMC has a
purity of 99.6% (which allows its utilization as food or
cosmetic ingredient), a degree of substitution (DS) of 0.4 and
a crystallinity index of 47.4%. In terms of antimicrobial
activity, results showed MIC values of 5 mg/mL against S.
aureus, S. epidermidis and S. enteritidis, and 10 mg/mL against
L. monocytogenes and E. coli. Furthermore, the results
obtained showed that in identical conditions, commercial
CMC sample obtained from Sigma, displaying a purity of
99.5%, a DS of 0.7 and a crystallinity index of 43.4%, did not
possess any relevant antimicrobial activity, as no MICs were
recorded.
These results show the potential of sugarcane bagasse as a
potential source of sustainable biologically active CMC, thus
valorizing an industrial byproduct with low commercial value
into a valued active molecule with applicability in various
industries.
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Results

The purity of CMC samples was evaluated according to the standard method D1439-15 (ASTM, 2015). The absolute values of the degree of substitution (DS)
of CMC were determined using potentiometric back-titration by the ASTM D1439-03 standard method. The FT-IR spectra were recorded using the Frontier™
MIR/FIR spectrometer from PerkinElmer in a scanning range of 550-4000 cm−1 for 16 scans at a spectral resolution of 4 cm−1. ⚫PXRD analysis was performed
using a Rigaku MiniFlex 600 diffractometer with Cu kα radiation, with a voltage of 40 kV and a current of 15 mA (3 ≤ 2θ ≥ 60; step of 0.01 and speed rate of
3.0°/min). ⚫ SEM analysis was performed on a JSM-5600 LV Scanning Electron Microscope from JEOL, Japan. Prior to analysis, the samples were placed in
observation stubs (covered with double-sided adhesive carbon tape (NEM tape, Nisshin, Japan) and coated with Aug/Pd using a Sputter Coater (Polaron, Bad
Schwalbach, Germany). All observations were performed in high-vacuum with an acceleration voltage of 30 kV, at a working distance of 9-10 mm and a spot-

size of 4 ⚫ Minimum inhibitory concentrations (MIC) were determined following the Clinical and Laboratory Standards Institute guidelines - CLSI-M07-A9

standard, against S. aureus, S. epidermidis, S. enteritidis, L. monocytogenes and E. coli.
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Figure 2. FT-IR spectra (a) and PXRD analysis (b) of the obtained CMC from SCB, in comparison with the data 
obtained from a commercial CMC from Sigma-Aldrich
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Figure 1. SEM images of the obtained CMC from SCB (a), in comparison a commercial CMC from Sigma-Aldrich (b).

Purity (%) DS CI (%)

CMC (SCB) 99.6 0.4 47.4

CMC (Sigma) 99.5 0.7 43.4

The purity, degree of substitution (DS) and crystallinity index (CI) of the produced CMC
from SCB are presented in Table 1, as well as the data obtained for a standard CMC from
Sigma-Aldrich. Morphological characterization is presented in Figure 1, while structural
characterization by FT-IR and PXRD are presented in Figure 2a and 2b, respectively.
Results of the antimicrobial activity of the two CMC samples against the tested
pathogenic strains are presented in Figure 3.

Table 1. Purity, degree of substitution (DS) and crystallinity index (CI) of 
the produced and standard CMC samples  

Figure 3. Minimum inhibitory concentration (MIC) of the produced and standard CMC 
samples (mg/mL) against six pathogenic strains (nd = not determined)
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