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Abstract. The main objective of this report is the preparation and characterization of cellulose 
biofilm from coastal pandanus (Pandanus odorifer) leaves. The first experiment parts is the 
preparation of coastal pandanus leaves biofilm using a simple dissolution method followed by 
casting evaporation technique. Further experiments are the characterization of the produced 
biofilm using Scanning Electron Microscopy (SEM) in order to investigate the morphology of 
biofilms of pandanus leaves and Energy Dispersive X-ray (EDX) analysis to detemine their main 
composition. In addition, Fourier Transform Infra-Red (FT-IR) spectroscopy analysis was 
carried out to compare the main functional groups in the coastal pandanus leaves against to the 
corresponding biofilm. The SEM analysis shows that, the coastal pandanus cellulose biofilm has 
almost homogenous morphology. The EDX analysis shows te main elements in the 
corresponding films were carbon and oxygen (48.19% mass and 38.42% mass, respectively). 
Based on the FTIR observation, the use of TFA as solvent has impact to functional groups 
stability of the raw material. 

1. Introduction 
Cellulose is biodegradable and bio-compatible material that has some advantages for many purposes 
such as raw precursors for polymer manufacturer and other cellulose-based industries [1, 2]. Some 
reports on the use of the cellulose for preparation of nanofibrils and cellulose films have been reported 
in recent decade. For instance, cellulose nanofibrils and their corresponding films were fabricated from 
various raw materials; banana, sugar, beet, hems, softwood and hardwood pulps in the presence of 
sorbitol as plasticizer [3]. In addition, the use of different plasticizers such as sorbitol, glycerol, and 
carboxymethylcellulose in the preparation of cellulose films using ionic liquid 1-allyl-3-
methylimidazolium chloride as their solvent were also reported. The cellulose film with the best thermal 
stability was obtained using glycerol as plasticizer [4]. Moreover, current result shows that, the cellulose 
films prepared in a solution system of NaOH/urea/ZnO gives a film with tensile strength, thermal 
stability and optical properties better than in a solution system of NaOH/urea only [5]. Besides that, the 
use of sulphuric acid 20% (aqueous solution) was effective to obtain regenerated-cellulose films [6]. 
The use of N-methylmorpholine-N-oxide (NMMO) as coagulation agent in the preparation of 
regenerated cellulose films was also reported, recently [7]. 

Cellulose could be used for the preparation of functionalized composites. For example, incorporation 
of chitosan nanoparticles into celluose films was carried out to obtain cellulose films with antimicrobial 
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activity. One of the important results is the presence of chitosan nanoparticles in cellulose films gives 
antibacterial activity, better than the bulk chitosan itself [8]. Other cellulose composites could be 
obtained by combination of cellulose with starch or lignophenols [9]. Moreover, functionalization of 
cellulose using compatible compounds could be carried out via several strategies. An example, thiol-
grafted cellulose films was achieved using alkoxysilane followed by thiol-ene reactions [10]. In addition, 
other result shows that microfibrilated cellulose combined with melamine formaldehyde gives 
composite with high mechanical damping [11].  

From a practical point of view, the characteristics of natural biofilm, particulary their chemical 
compositions and dimensions depend on the selected resources and preparation methods. Therefore, in 
the present study, cellulose biofilm was prepared from a non-edible source; coastal pandanus (Pandanus 
odorifer) leaves using trifluoroacetic acid as solvent. The produced pandanus biofilm was studied with 
respect to morphology and their functional groups. 

2. Material and Method 

2.1. Materials 
The coastal pandanus (Pandanus odorifer) leaves taken from Bengkulu city coastal region and washed 
using aquadest. The leaves cut to pieces using scissor and kept in laboartory at room temperature until 
they were air-dried. Trifluoroacetic acid (TFA) purchased from sigma-Aldrich. 

2.2. Procedures 
The preparation of  coastal pandanus cellulose biofilm was employed following the known procedure 
with slight modification [12]. For instance, the air-dried coastal pandanus leaves ground into powder 
(75 µM) using fruit juice-mixer. Trifluoroacetic acid (TFA) 100 mL was added to the powder of coastal 
pandanus leaves (3 gram) in Erlenmeyer (250 mL). The mixtures kept in shaker machine for 2 hours. 
The mixture kept at room temperature for 3 days. The coastal pandanus biofilm was obtained by simple 
solution casting method in a Petri-dish. The produced biofilm was characterized using FT-IR 
spectroscopy and SEM/EDX analysis. 

3. Results and Discussion 
The simple preparation of coastal pandanus biofilm is demonstrated in Figure1  
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1. The selected preparation of coastal pandanus biofilm : (a) coastal pandanus trees, (b) air-
dried coastal pandanus leaves, (c) the powder of coastal pandanus leaves, (d) coastal pandanus 
cellulose biofilm. 
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Based on Figure 1, the  preparation of coastal pandanus cellulose biofilm was started by the sample 
collection and treatment of the pandanus leaves (Figure1(a)  and 1(b)), followed by their powder 
preparation using juicer machine in dry condition to give yellow-green powder (Figure 1(c)). When TFA 
was added to the powder in an Erlenmeyer, the powder’s colour immediately changed to brown. The 
mixture was allowed at room temperatue for 3 days followed by gentle evaporation of the solvent in 
Petri-disc at room temperature for 3 days. Finally, a black film was obtained as shown in Figure 1(d). 
The biofilm as shown Figure 1 (d)  is considered as result of the slow growth mechanism for the cellulose 
solidification process from the cellulose-TFA solution system. Black colour, almost homogenous 
morphology and not too flexible film was produced by this method. In addition, it can be observed by 
naked eye that the produced cellulose film has rough surface. 

3.1. Scanning Electron Microscopy-Energy Dispersive X-ray coastal pandanus cellulose biofilm 
To elucidate the morphology and elemental composition of coastal pandanus cellulose biofilm, a 
combination of scanning electron microscopy (SEM) and Energy Dispersive X-ray were used to probe 
tha surface characteristic of the film (Figure 2). 
 

 
(a) 

 
(b) 

Figure 2. (a) SEM photographs showing morphology of coastal pandanus cellulose biofilm prepared 
by simple casting from cellulose-TFA solution (b) EDX difractogram of selected area of coastal 
pandanus cellulose biofilm. 

 
Figure 2(a) shows SEM micrographs of the coastal pandanus biofilm consisted of some non-fibrils 

in microns and smooth surface of the film was observed. The fibrous components were not observed 
clearly, due to the disappearance of unstable compounds in TFA solvent. The EDX analysis as 
shown in Figure 2(b) shows the elemental composition of the coastal pandanus biofilms. The main 
elements were carbon and oxygen (48.19% mass and 38.42% mass, respectively) which was in 
agreement with other studies from other natural sources [13-15]. Other elements were embedded in the 
film: F, Na, Mg, S, K, Ca, Cu and Zr. The presence of Flour elements is assumed coming from used 
TFA. 

3.2. Fourier-Transform Infra-Red analysis coastal pandanus cellulose biofilm. 
The FTIR spectra of coastal pandanus (Pandanus odorifer) leaves cellulose and the correspponding 
biofilm are shown in Figure 3. 
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(a) 

 
(b) 

Figure 3. FT-IR  spectra (a) coastal pandanus biofilms and (b) Air-dried coastal pandanus 
 

Based on Figure 3, all samples presented some main absorbance regions in the rangeof 1000-4000 
cm-1. Both spectra have shown a wide band in the range of 3300 – 3600 cm-1 that corresponding to OH 
stretching vibration of the OH functional group in cellulose [16-17]. The main difference of the peaks 
in both spectra detected around 2700-3000 cm-1 related to C-H stretching vibration. In the raw material, 
two sharp peaks at 2914 cm-1 and 2848 cm-1 were detected (Figure 3(b)). In contrast, the corresponding 
peaks intensity decreased significantly in the coastal pandanus biofilms (Figure 3(a)).This phenomenom 
probably caused by removal of unstable organic compounds in the raw material when it was treated 
using TFA. 

4. Conclusion 
The coastal  pandanus cellulose biofilm was succesfully prepared through the TFA-cellulose solution 
system. SEM image showed that the coastal pandanus biofilms has almost homogenous morphology. 
The use TFA as solvent has impact to the functional groups stability of the raw material judged by FTIR. 
The development of coastal pandanus leaves for composites preparation and their application will be 
explored in the future. 
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