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Water-insoluble curcumin was found to be well dissolved in an ionic liquid 1-allyl-3-

methylimidazolium chloride (AmimCl), which is also an effective solvent for cellulose. Using AmimCl

as the solvent, cellulose/curcumin composite films with various curcumin contents ranging from 0 to

5 wt% were prepared by solution-mixing and casting. The obtained films containing curcumin were

highly transparent with a bright yellow color. These composite films possessed good mechanical

properties and thermal stability, both of which are comparable to the pure cellulose films. The SEM

observation of the fracture surface of the cellulose/curcumin composite films indicated the uniform

distribution of curcumin in the matrix. The antibacterial activity of the composite films was examined

by a zone method against E. coli. The results showed that the cellulose/curcumin composite films

exhibited obvious antibacterial activity, and the inhibition zone diameter against the bacterium was

proportional to the curcumin content in the composite films. Hence, these cellulose/curcumin

composite films prepared entirely from natural resources can be considered as novel kinds of

functional films and could find applications in food packaging and medical fields.

Introduction

Owing to their outstanding properties, like light weight, high

strength-to-weight ratio, ease of manufacturing, low cost, etc.,

synthetic polymers in general and polymer composites in

particular are finding innumerable applications in all fields.

Unfortunately, as most synthetic polymers are nondegradable,

the environmental problems posed by them are also simulta-

neously increasing.1 In order to resolve these problems, the trend

is now shifting towards developing environmentally friendly

green composites using natural materials. In this direction, many

natural materials like wood,2,3 corn stover,4,5 starch,6,7 chit-

osan8,9 etc. have been used for making green composites, which

meet a need for exploring low cost, biodegradable and renewable

materials.

Cellulose is the most abundant natural, renewable, biodegrad-

able and non-edible low cost source, which has been exploited

for thousands of years in the manufacture of fibers, textiles,

paper, films etc. However, cellulose processing is extremely

difficult in general, because this natural polymer is neither

meltable nor soluble in conventional solvents due to its hydrogen

bonded and partially crystalline structure. Therefore, the present

industrial production of regenerated cellulose is, and has been

for a long time, dominated by the polluting viscose process.10

With increasing governmental regulations for industries, the

development of ‘‘green’’ technology for cellulose processing with

more simple and effective reagents and more limited steps is

becoming increasingly important.

Room-temperature ionic liquids (RTILs), defined as a class of

low-melting-point organic salts, are considered as desirable

‘green’, recyclable alternatives to the traditional volatile organic

solvents on account of their unique physiochemical properties

such as negligible vapor pressure, high thermal stability, wide

liquid range and tunable solvation properties.11,12 During the

past several years, it has been reported that some ionic liquids,

such as 1-butyl-3-methylimidazolium chloride (BMIMCl),

1-allyl-3-methylimidazolium chloride (AMIMCl) and 1-ethyl-3-

methylimidazolium acetate (EMIMAc), exhibit an outstanding

capability for dissolving cellulose.13–15 RTILs are providing a

new and versatile platform for the wide utilization of cellulose

resources and preparation of novel cellulose-based materials

with special properties.16–20

Curcumin is a natural yellow-orange compound derived from

the root of Curcuma Longa21 that is widely used for medicinal as

well as food purposes.22 Curcumin exhibits potent antioxidant,

antitumor, antibacterial and anticancer properties.23,24 Clinical

trials have shown curcumin to be safe, even when consumed at a

daily dosage of 12 g for 3 months.25 Recently, studies on the

incorporation of curcumin into biocompatible or hydrophilic

polymers to produce polymer composites that are bioactive

have received extensive attention. Suwantong et al.26,27 prepared

ultra-fine cellulose acetate (CA) fiber mats containing curcumin

by electrospinning. The curcumin-loaded CA fiber mats have a

potential use as carriers for topical/transdermal patches or

wound dressings. Chen et al.28 prepared PLA/curcumin compo-

site membranes by electrospinning and the obtained films were
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found to possess good anticoagulation behavior. Varaprasad

et al.29,30 fabricated silver nanocomposite films or hydrogels

impregnated with curcumin, which are potentially useful in

treating infection because of their superior antibacterial proper-

ties. Gopinath et al.31 prepared curcumin incorporated collagen

films to support dermal wound healing.

However, curcumin is insoluble in water or aqueous solutions,

which limits its applications that would utilise its bioactivity.

Therefore, many attempts have been made to overcome this

barrier by increasing its solubility in water and improving its

bioavailability. The explored approaches involve: the use of

adjuvants like piperine that interfere with glucuronidation; the

use of liposomal curcumin; curcumin nanoparticles; the use of

curcumin phospholipid complex; the use of structural analogues

of curcumin.32 However, these methods seem to be expensive or

complicated or have a low performance. Therefore, to enlarge

the applicable potential of curcumin in biomedicine, a simple and

effective method to incorporate curcumin into polymers is still

desired.

In view of the pharmacological applications and safety of

curcumin and the excellent mechanical properties of cellulose

films, an attempt in the present work was made to incorporate a

natural antibacterial food material into cellulose and make

composite films and study their mechanical properties, thermal

stability and antibacterial activity. The composite films have

great potential in food packaging and medical applications.

Experimental

Materials

Cotton linter pulp with an average degree of polymerization

of 620 was supplied by Hubei Chemical Company Limited

(Xiangfan, China). Curcumin with a minimum assay of 98%

supplied by Sigma Aldrich (Bengaluru, India) was used. The

ionic liquid, AmimCl, was synthesized in our laboratory by the

method described in our previous work,14 and the water content

in the resultant ionic liquid was less than 0.3% as measured by

the Carl–Fisher method. Cotton linters and curcumin were dried

at 80 uC for 6 h prior to use.

Preparation of cellulose/curcumin composite films

To prepare cellulose/curcumin composite films, a known weight

of curcumin and 0.8 g of cotton linter pulp were dispersed into

19.2 g AmimCl in a flask connected to a vacuum pump. The

mixtures were heated at 100 uC and stirred for 1.5 h until the

cellulose samples were completely dissolved, yielding transparent

solutions with about 4% cellulose concentration. The solutions

were cast onto a glass plate to give a thickness of about 0.50 mm,

then immediately coagulated in deionized water, giving trans-

parent regenerated cellulose/curcumin composite films. To

remove residual ionic liquid in samples, the films were further

washed with distilled water at least three times until no Cl2 ions

were detectable by the AgNO3 test. After drying in a vacuum

oven at 80 uC for 12 h, the cellulose/curcumin composite films

with different curcumin content (0, 1, 2, 3, 4, 5 wt%) were

obtained and kept in a dessicator prior to characterization.

Characterization

Polarized optical microscopy was used to evaluate the solubility

of curcumin in ionic liquid and was conducted on a Leica DMLP

polarizing microscope (Leica company, German). The 406
magnification was chosen for recording the micrographs. A

droplet of solution sandwiched between a clean glass slide and a

cove slip was used for observation.

Scanning electron microscopy (SEM) was used to observe the

fracture surface of cellulose/curcumin composite films and was

carried out on a JSM-6700F JEOL scanning electron microscope

at an accelerating voltage of 10 KV. The brittle fractured

samples for SEM observation were chosen randomly from films.

The cross-sections of the specimens were coated with platinum

before observation.

Tensile testing was performed on an Instron 3365 with a 5 kN

load cell at a crosshead speed of 2 mm min21. The specimens

were cut into rectangular-shaped strips with 10 mm widths and

50 mm gauge lengths. The average values and standard

deviations were calculated for five samples.

Thermogravimetric analysis of the composites was performed

using a Pyris 1 thermal analyzer (Perkin Elmer Instruments,

USA). The samples (3 ¡ 0.5 mg) cut from films were heated in a

Pt crucible from 30 to 600 uC in a N2 atmosphere at a heating

rate of 20 uC min21.

Antibacterial activity

The antibacterial activity of the composite films under study was

investigated by a disc method using the standard procedure.29

Nutrient agar medium was prepared by mixing peptone (5.0 g),

beef extract (3.0 g), and sodium chloride (NaCl) (5.0 g) in

1000 ml distilled water and the pH was adjusted to 7.0. Finally,

agar (15.0 g) was added to the solution. The agar medium was

sterilized in a conical flask at a pressure of 15 lbs for 30 min. This

medium was transferred into sterilized Petri dishes in a laminar

air flow chamber (Microfilt Laminar Flow Ultra Clean Air Unit,

Mumbai, India). After solidification of the media, the E. coli

(50 ml) culture was spread on the solid surface of the media. Over

this inoculated Petri dish, small pieces of cellulose and composite

films were placed and incubated for 2 days at 37 uC in the

incubation chamber. After this period, the observed inhibition

zones were photographed.

Results and discussion

Dissolution of curcumin in AmimCl and preparation of cellulose/

curcumin composite films

To prepare the cellulose/curcumin composites, dissolution of

curcumin in cellulose solvents is the prerequisite. Although quite

soluble in organic solvents such as DMSO, ethanol, methanol or

acetone, curcumin is poorly soluble in aqueous solvents.33 So far,

no work has been reported on the solubility of curcumin in ionic

liquids. Therefore, in the present study, we first evaluated the

solubility of curcumin in the ionic liquid AmimCl, a powerful

non-derivatizing solvent for cellulose. The dissolution procedure

of curcumin in AmimC1 was monitored by polarized microscopy

and the micrographs of the solutions at different dissolution

times are presented in Fig. 1. From these micrographs, it can be

seen that the initial solid crystalline structure of curcumin
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gradually disappeared as the dissolution process proceeded. The

minimum time taken for the dissolution of curcumin in this

solvent was found to be 30 min. It is evident that curcumin can

be well dissolved in AmimCl within a short period.

The dissolution of cellulose in AmimC1 was well established

by us.14 Both cellulose and curcumin were also found to be

uniformly soluble in AmimCl, which was further evidenced by

the polarized optical micrographs of the solution. It was found

that the addition of curcumin into the cellulose solution in

AmimCl did not result in the precipitation of cellulose. Fig. 2

presents the photographs of cellulose, curcumin and cellulose/

curcumin solutions prepared with AmimCl solvent. It can be

seen that all the solutions were uniform and clear, and the

solutions containing curcumin have a distinct yellow color.

As AmimCl is completely miscible with water in any ratio, the

cellulose/curcumin composite gels could be prepared using a

water coagulation bath. After thoroughly drying the gels, the

cellulose/curcumin composite films were obtained. The photo-

graphs of cellulose/curcumin (3 wt%) composite gel and its dried

film are shown in Fig. 3. It can be seen that the composite film

containing curcumin was transparent lemon yellow in color

compared with the pure cellulose film.

SEM observation for fractured surface of cellulose/curcumin

composite films

To evaluate the dispersion of the curcumin component in

cellulose, SEM observations of the fracture surface of cellulose/

curcumin composite films was carried out and the results are

shown in Fig. 4. It can be seen that, when the curcumin content

was below 4 wt%, the fracture surfaces of composites were

compact and relatively smooth, which is similar to that of pure

regenerated cellulose film. When the curcumin content was

above 4 wt%, the fracture surface of cellulose/curcumin

composite films became somewhat rough, but no obvious

aggregation or dispersed particle could be seen. The SEM

observations indicate the uniform distribution of curcumin in the

matrix.

Mechanical properties of cellulose/curcumin composite films

The tensile stress–strain curves of the cellulose and cellulose/

curcumin composite films are shown in Fig. 5. The obtained

average Young’s modulus E (GPa), tensile strength (MPa), and

% elongation at break of the composite films with different

curcumin content are presented in Table 1.

From Fig. 5, it can be seen that no yield point existed in the

tensile process for the composite films, indicating the brittle

nature of the composite films. Interestingly, from Fig. 5 and

Table 1, it is evident that the tensile properties of cellulose/

Fig. 1 The polarized micrographs of curcumin/AmimCl (1%) solutions.

Fig. 2 The photographs of cellulose (left, 4%), curcumin (middle, 1%)

and cellulose/curcumin solutions (right, 3% curcumin for cellulose)

prepared with AmimCl solvent.

Fig. 3 Photos of cellulose/curcumin composite gel (a), cellulose (b) and

cellulose/curcumin composite (c) films with 3 wt% curcumin.

Fig. 4 The SEM photographs of cellulose and cellulose/curcumin

composite films.

Fig. 5 Stain–stress curves of cellulose and cellulose/curcumin composite

films.
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curcumin composite films decreased only marginally compared

to pure cellulose film. Even for a curcumin content of 5 wt%, the

composite films possessed a tensile strength and modulus greater

than 110 MPa and 6 GPa, respectively, and the elongation at

break reached 8% in the absence of a plasticizer. In fact, the

incorporation of curcumin as a small molecular compound is

expected to decrease the tensile properties of composite films.

The good mechanical properties of cellulose/curcumin composite

films can be explained by the uniform dispersion of curcumin in

cellulose and the good interfacial interaction between them. It

should be noted that the tensile properties of these cellulose/

curcumin composite films are much higher than that of the

commonly used polyolefin-based packaging materials,34 whose

tensile strengths are usually in a range of 20–40 MPa.

Transparency, uniformity, high strength etc. are often the main

criteria required for packaging films. All these results indicate

the potential application of cellulose/curcumin films for packa-

ging applications.

Thermal properties

In order to verify the thermal stability of the composite films

under study, their thermal properties were evaluated by

thermogravimetric analysis (TGA). The primary thermograms

of cotton linter, regenerated cellulose, curcumin and their

composite films are presented in Fig. 6, and some of their

thermal parameters are listed in Table 2.

From the thermograms, it can be seen that the pure cellulose

and regenerated cellulose (RC) samples start to decompose at

360 uC and 340 uC, respectively, while the curcumin starts to

decompose at 282 uC. The temperature at the maximum

degradation rate for curcumin is about 385 uC, which is lower

than original cellulose (400 uC) but higher than regenerated

cellulose (365 uC). The char residue of curcumin is much higher

than that of both original and regenerated cellulose, which

should be due to the phenyl rings in curcumin. Pure curcumin

has a lower onset temperature of degradation and a higher

temperature of maximum decomposition compared with cellu-

lose. However, its addition did not have an obvious influence on

the thermal stability of cellulose/curcumin films. All cellulose/

curcumin composite samples were thermally stable up to 340 uC,

which is the same for pure regenerated cellulose. The good

thermal stability of cellulose/curcumin composites may be

attributed to the good dispersion of curcumin in the matrix

and the quite strong interaction between these two components.

These observations indicate that the composite films under study

can also be used at elevated temperatures.

Antibacterial properties

Curcumin is known to kill several pathogenic gram-positive

bacteria such as Staphylococcus aureus, Staphylococcus epider-

midis and Enterococcus, and some Gram-negative bacteria such

as Escherichia coli and Dysentery Bacilli.35 This is because FtsZ

is essential for bacterial cell division and viability, which is a

prokaryotic homologue of eukaryotic cytoskeletal protein

tubulin.36 Curcumin can disturb the FtsZ functions, leading to

the inhibition of bacterial proliferation,37 which in turn can

result in anti-bacterial activity.

The photographs of the films showing antibacterial activity

are presented in Fig. 7. From this figure, it is clearly evident that

no inhibition zone was apparent for neat cellulose film, whereas

these zones were observed for all the composite films. The

measured lengths of inhibition zones of the composite films of

varying curcumin content are present in Table 3. From this table,

it is clearly evident that the zone diameter increased with

increasing curcumin content. These observations clearly indicate

the antibacterial activity of the cellulose/curcumin films.

Varaprasad et al.30 also observed that the presence of curcumin

enhanced the antibacterial activity of sodium carboxylmethyl

Table 1 Mechanical properties of cellulose/curcumin composite films

Code Cellulose (wt%) Curcumin (wt%) Tensile modulus/GPa Tensile strength/MPa Elongation (%)

RC-0 100 0 6.7 ¡ 0.5 130 ¡ 7 9.1 ¡ 1.3
RC-1 99 1 7.2 ¡ 0.3 131 ¡ 5 8.1 ¡ 1.8
RC-2 98 2 6.3 ¡ 0.1 115 ¡ 4 8.4 ¡ 1.4
RC-3 97 3 6.3 ¡ 0.1 114 ¡ 4 8.6 ¡ 1.7
RC-4 96 4 6.2 ¡ 0.1 110 ¡ 2 8.7 ¡ 0.9
RC-5 95 5 6.0 ¡ 0.6 112 ¡ 4 10.1 ¡ 2.5

Fig. 6 TGA curves of cotton linters, regenerated cellulose and cellulose/

curcumin composites.

Table 2 The thermal properties of cellulose/curcunmin composite films

Code
Cellulose
(wt%)

Curcumin
(wt%) Tonset/uC Tmax/uC

Residue
(%)

Cellulose 100 0 361 400 10.1
Curcumin 0 100 282 385 34.6
RC 100 0 341 365 18.4
RC-1 99 1 346 369 15.8
RC-2 98 2 340 368 19.0
RC-3 97 3 346 370 15.9
RC-4 96 4 346 367 13.2
RC-5 95 5 347 366 14.5
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cellulose silver nanocomposite films impregnated with curcumin.

In our study, we found that the cellulose/curcumin composite

films showed antibacterial activity even after 50 days of their

preparation. Hence, these cellulose based films can also be

considered for some medical and food packaging applications.

Conclusions

Cellulose/Curcumin biocomposite films were prepared using an

ionic liquid AmimCl as a solvent. The ionic liquid showed good

solubility for cellulose and curcumin. The composite films were

transparent with a bright yellow color. SEM results showed that

curcumin had good compatibility with cellulose, and it dispersed

uniformly in the cellulose matrix without any phase separation.

Further, the films had excellent mechanical properties, with

tensile strength, modulus and elongation at break higher than

110 MPa, 6 GPa and 8%, respectively. The addition of curcumin

did not decrease the mechanical properties of composite films

appreciably because of its good dispersion and the strong

interfacial adhesion. For the same reason, the composite films

were found to be thermally stable up to 340 uC which is the same

as for regenerated cellulose. Further, these films exhibited good

antibacterial activity against E. Coli bacteria even after 50 days

of their preparation. These completely biodegradable composite

films possessing transparency, good mechanical properties and

antibacterial activity can be considered as potential candidates

for food packaging and medical applications.
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