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due to their high porosity and high specific surface areas, which can provide 
enhanced drug bioavailability and increased drug loading capacity.6 Though 
silica aerogels have been widely studied as drug delivery carriers, they suffered 
from drawbacks that include brittleness and non-biodegradability.7 Because 
aerogels are biodegradable, renewable, non-toxic, affordable, have favourable 
surface functionality and are polysaccharide-based (e.g., starch, alginate, 
chitosan, pectin, cellulose, etc.) aerogels are more favourable drug delivery 
carriers.8   

Starch and alginate aerogels have been studied as controlled release carriers using 
paracetamol and ibuprofen as model drugs. The drug loading capacity of these 
polysaccharide-based aerogels was found to be comparable to silica aerogels.9  
In addition to starch and alginate, cellulose is the most abundant polysaccharide 
on earth and is another promising precursor material for aerogel synthesis.  
A bacterial cellulose aerogel loaded with dexpanthenol and L-ascorbic acid has 
been used for wound dressing applications. The loading capacity and release 
kinetic profiles of drugs were shown to be affected by the thickness of the aerogel 
and the solute concentration of the bath solution.10 However, aerogels synthesised 
from bacterial cellulose suffered drawbacks due to shrinking during the drying 
preparation, which lead to inconsistent pore structures. Recently, Zhao et al.11 
have prepared a polyethylenimine (PEI) grafted cellulose aerogel from bamboo 
as a pH-responsive drug delivery carrier. Their work focused on the surface 
modification of the cellulose aerogel derived from bamboo.  

In this study, cellulose aerogels were prepared from cellulose fibres isolated from 
sugarcane bagasse (SCB). SCB is an agricultural waste that contains high 
cellulose fibre (45%–55%) and it is usually burned or used as a low-value 
product. The utilisation of SCB as a cellulosic source for fabrication of an 
aerogel-based drug delivery carrier, should result in significant reduction of 
landfill wastes. Cellulose aerogels with various surface morphology and BET 
surface areas were prepared by controlling the concentrations of the cellulose 
solutions. The potential application of these cellulose aerogels as controlled-
release drug delivery carriers were investigated using methylene blue (MB) as the 
model hydrophilic drug. The effects of the surface morphology and BET surface 
areas of these cellulose aerogels on their loading capacity and drug release 
profiles were evaluated under physiological conditions. 
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room temperature to obtain a clear cellulosic solution. The mixture was then 
poured into ethanol (1:2 volume ratio of cellulose solution to ethanol) at a rate of 
4 ml per min and aged at room temperature until the gels were formed 
(approximately 4 h). The gels were then washed with ultrapure water to remove 
any remaining NTU and soaked in acetone for 1 h to remove any remaining 
water. Cellulose aerogel in powder form was obtained when the cellulose wet gel 
was dried using a supercritical point dryer (Bal-Tec CPD 030).14 

2.4 Sample Characterisation 

The surface morphology of the cellulose aerogel was observed using a scanning 
electron microscope (SEM) (JEOL Model JSM 6390LA). The specific surface 
areas of the cellulose aerogels were determined using a BET surface area 
analyser (Quantachrome AutosorbiQ) with the samples degassed at 60°C for 4 h. 

2.5 Drug Loading Capacity 

A stock solution of MB at 500 mM in ethanol was prepared. Then, 50 mg of 
cellulose aerogels were immersed in 20 ml of MB solution and equilibrated for 4 
h to achieve maximum loading of MB. The swollen cellulose aerogels were 
recovered by vacuum filtration and dried at room temperature for 24 h. The 
concentrations of MB were determined by measuring the absorbance of the 
supernatants at a wavelength of 655 nm with a UV/Vis spectrophotometer (Jasco 
V-630) based on the calibration curve of MB in ethanol. The loading capacity of 
MB in cellulose aerogels was calculated based on Equation 1.15 

Loading capacity (mg/mg) = 
Mmb – Msn 

(1) 
Ma 

where Mmb is the initial mass of MB in solution, Msn is the mass of MB in the 
supernatant and Ma is the mass of the cellulose aerogel. The mass of MB loaded 
onto the cellulose aerogel was calculated from the difference between the initial 
concentration of MB in the solution and the concentration of MB in the 
supernatant.  

2.6 Drug Release Kinetic Studies 

Fifty milligrams of MB-loaded cellulose aerogels were dispersed in 20 ml of 
phosphate buffer solution (PBS) (pH 7.4) at 37°C ± 0.5°C. The supernatants of 
the centrifuged samples were removed and replaced with the same volume of 
PBS at predetermined time intervals. The molar concentrations of MB released 
from cellulose aerogels were determined by measuring the absorbance of the 
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Figure 1: SEM micrographs of (a) cellulose fibres isolated from SCB and cellulose 

aerogels produced from (b) 1, (c) 2, (d) 3, (e) 4 and (f) 5 w/v % of SCB 
cellulose solution.  

Table 1: BET surface area from the resultant cellulose aerogels. 

Cellulose aerogel (w/v %) BET surface area (m2 g–1) 

1 525 

2 390 

3 214 

4 75 

5 22 

3.2 Drug Loading Capacity 

As shown in Figure 2, the MB-loading capacity of cellulose aerogel increased 
with its BET surface area. The highest MB loading capacity of 6.4 mg/mg was 
achieved for a cellulose aerogel with the highest BET surface area (525 m2 g–1), 
whereas the lowest MB loading capacity of 0.8 mg/mg was obtained for aerogels 
with the lowest BET surface area (22 m2 g–1). MB penetrated into cellulose 
aerogels and was held in the porous matrices of cellulose aerogels via 
hydrophilic-hydrophilic interactions. Cellulose aerogels with a higher BET 
surface area could hold more MB molecules within their porous matrices. In 
contrast, cellulose aerogels with lower surface area had more compact pore 
structures that limited the penetration of MB molecules and resulted in a lower 
loading capacity.16 
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Figure 2: Effect of BET surface area of cellulose aerogel (w/v %) on loading capacity  

of MB onto cellulose aerogels. 

3.3 Drug Release Kinetics Profile 

The release kinetics profile of MB from cellulose aerogels with various BET 
surface areas is shown in Figure 3. Cellulose aerogels with the highest specific 
surface area of 525 m2 g–1 exhibited the highest accumulative percentage of MB 
at ~98 % during the initial 20 h. In contrast, cellulose aerogels with the lowest 
specific surface area of 22 m2 g–1 showed a substantially lower cumulative release 
percentage of 40% only during the initial 20 h. Cellulose aerogels with a higher 
BET surface area showed faster overall release rates of MB. Cellulose aerogels 
with the highest BET surface area (525 m2 g–1) exhibited the overall fastest rate 
of MB release and achieved 100% of MB release within 23 h, which was at a rate 
of 4.34% per hour. Yet cellulose aerogels with the lowest BET surface area  
(22 m2 g–1) released 100% of MB within 40 h at 2.5% per hour. In other words, it 
was two times slower than the cellulose aerogel with a BET surface area of  
525 m2 g–1. This release occurred because cellulose aerogels are very hydrophilic. 
Thus, MB was released from cellulose aerogels through a swelling-controlled 
mechanism. There were larger contact areas of PBS with aerogel matrices with 
the highest BET surface areas. As such, PBS could diffuse more readily into 
cellulose with highly porous structures compared to aerogels with dense and 
compact structures. A larger contact area of aerogels with PBS solution enabled 
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