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ABSTRACT 

Bacterial cellulose can be modified by 
esterification using palmitic acid and Mucor 
miehei lipase as catalysts. The purpose of this 
research was to determine the optimum 
conditions of esterification reaction of 
cellulose and palmitic acid. The esterification 
reaction was carried out at the time variation 
of 6, 12, 18, 24 and 30 hours and the mass 
ratio of cellulose: palmitic acid (1:1, 1: 2, 1: 3, 
1:4, 1:5, 1:6) at 50°C. The cellulose palmitate 
was examined its physical and chemical 
properties by using FTIR spectrophotometer, 
XRD, bubble point test and saponification 
apparatus. The results showed that the 
optimum reaction time of esterification 
reaction of cellulose and palmitic acid 
occurred within 24 hours and the mass ratio 
of cellulose: palmitic acid was 1:3 resulting in 
DS of 0.376 with swelling index of 187%, 
crystallinity index of 61.95%, and Φ porous of 
2.40 μm. Identification of functional groups 
using FTIR spectrophotometer showed that 
C=O ester group was observed at 1737.74 
cm-1 and strengthened by the appearance of 
C-O ester peak at 1280 cm-1. The conclusion 
of this study is reaction time and reactant 
ratio influence significantly the DS of cellulose 
ester. 
Keywords: bacterial cellulose, esterification, 
lipase, palmitic acid. 

 
INTRODUCTION 

Cellulose is a high molecular weight 
linear polymer comprised of D-
glucopyranose units linked by β-1.4 glycosidic 
bonds. Cellulose is the main structural cell 

wall component of all major plant and apart 
from plant, it can be derived from source as 
certain strains Gluconacetobacter xylinus 
bacteria (Romling, 2012). Bacterial cellulose 
can be obtained in high purity, whether plant 
cellulose is usually mixture with 
lignocelluloses. Therefore, modification of 
cellulose is more advantageous using 
bacterial cellulose. Modification of cellulose 
can be carried out by etherification, 
esterification and grafting. Modified 
cellulose, especially cellulose acetate can be 
function as raw material for membrane 
filtration such as microfiltration, 
ultrafiltration and reverse osmosis 
(Puspitasari dan Radiman, 2006). 

Modification of cellulose can be 
obtained through esterification reaction in 
heterogeneous and homogeneous methods, 
both methods require acetic acid anhydride 
and alkanoyl chloride. Esterification in 
homogeneous method required solvent of 
Cu-ethylene diamine or dimethylsulfoxide 
(DMSO)/tetrabutyl ammonium fluoride 
trihydrate or N, N'-dimethylacetamide 
(DMAC)/LIC (Qiu and Hu, 2013). Cellulose is 
esterified with acetic acid and propionic acid 
respectively produce cellulose ester with a 
degree of substitution from 0.45 to 2.27 
(Nagel and Heinze, 2012). Cellulose can be 
acylated to produce cellulose tristearate 
using stearic acid, which can increase the 
thermal stability (Feng-Yuan Huang, 2012). 
Other methods for the modification of 
cellulose is grafting using acrylic acid and 
gamma radiation that produces cellulose 
ester with low swelling index at high degree 
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of substitution (Puspitasari dan Radiman, 
2006). 

Chemicals used for esterification are 
anhydride carboxylic acid such as anhydride 
acetic acid or trifluoacetic acid, however the 
use of those chemical and solvents are 
carcinogenic agents, it is necessary to look 
for another esterification method. One of 
the alternatives of esterification is enzymatic 
esterification using immobilized lipase. 
Lipase can be produced from Mucor miehei, 
followed by purification and dialysis. 
Purification of lipase was carried out 
through precipitation using ammonium 
sulfate saturation of 20-60% to produce a 

specific activity of 5.4 g/mL.minute 
(Roosdiana et al., 2009). 

The esterification of cellulose and 
carboxylic acid is influenced by temperature, 
the ratio of reactants and reaction time. 
Bacterial cellulose is enzymatically esterified 
with citric acid for 24 hours and the weight 
ratio of 1:4 produce cellulose citrate with a 
value of DS: 0.34 and IS: 33.90% (Roosdiana 
et al ,2015). 

This research aims to determine the 
influence of reaction time  and mass ratio of 
reactants on degree of substitution of  
cellulose palmitate. The resulted ester is 
identified its physical and chemical 
properties. 
 

MATERIALS AND METHODS 
Bacterial cellulose was purchased from 

Gandaria Street 11 Malang. Lipase (102 U/ g) 
from Mucor miehei was purchased from 
Sigma-Aldrich, distilled water, chitosan, 
calcium hypochlorite, palmitic acid, NaOH, 
HCl, KBr, n-butanol (Merck), ethanol 96%, 
sodium tripolyphosphate, acetic acid glacial 
and phenolftalein indicator. The instruments 
used were Bubble point apparatus, FTIR 
spectrophotometer (Shimadzu 1601) and 
XRD (PANalytical Xpert PRO). 

Preparation of Bacterial Cellulose Powder. 
Bacterial cellulose, nata de coco were 

washed thoroughly with running water, then 
treated with 0.1 M NaOH and 0.5% calcium 
hypochlorite solution at room temperature 
and kept overnight respectively. Nata de 
coco was washed again with running water. 
Nata de coco was pressed at 110-120°C for 5 
minutes using a hot hydraulic press. The 
dried nata de coco was ground using dry 
grinder. The powder was sieved using 100-
120 mesh of sieve. 

Preparation Immobilized Lipase. 
The matrix was used 1.25 g chitosan and 

dissolved in 50 ml of 3% glacial acetic acid 
solution. Then, 0.5 g of lipase was mixed 
with 5 mL of chitosan solution. The mixture 
was dropped into 10 ml of 3% sodium 
tripolyphosphate solution and allowed to 
stand for 75 minutes, then the immobilized 
lipase was put in the refrigerator. 

Determination of optimum reaction time. 
In general, enzymatic ester reactions 

were started by adding 0.1 g immobilized 
lipase to 0.1 g bacterial cellulose powder and 
0.1 g palmitic acid in 10 mL of n-butanol. The 
mixture was incubated in orbital shaker with 
100 rpm at 50°C with variation of time 6, 12, 
18, 24 and 30 hours. After incubation, the 
mixture was then filtered to separate the 
solids and filtrate. The solid (ester) was 
washed with ethanol and then dried in an 
oven at 50°C. The filtrate and washing 
ethanol were mixed and titrated by 0.1 M 
NaOH solution in ethanol. Phenolphthalein 
indicator was added to observe the color 
change from colorless to pink. The degree of 
esterification (DE) was calculated based on 
the mass of reacted palmitic acid divided by 
the mass of bacterial cellulose. Each 
variation of reaction time in this procedure 
was repeated three times. 
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Determination of Optimum Mass Ratio of 
Reactant. 

The procedure was similar to 
determination of the optimum reaction 
time The reaction was carried out at 
optimum reaction time within various mass 
ratio of cellulose and palmitic acid (1:1, 1:2, 
1:3, 1:4, 1:5 and 1:6).  

Determination of physical and chemical 
properties of cellulose palmitate. 

Analysis of cellulose palmitate esters 
using FTIR was conducted to determine its 
functional groups. Sample was ground with 
KBr. Transmission was measured at the 
wave number range 4000-400 cm-1. 

Degree of Substitution (DS).  

DS was determined by the traditional 
saponification method (Bono et al, 2009) 
Cellulose palmitate sample (0.5 g) was 
stirred for 30 min in 40 mL of ethanol (70%). 
After the addition of 40 mL of a 0.25 M 
NaOH aqueous solution, the stirring was 
continued for 48 h at 50°C. The unreacted 
NaOH was back titrated with 0.25 M 
aqueous HCl. This procedure was also 
applied to the blank. DS was calculated by 
the following equation: 

𝐴   =
((𝐵 − 𝐶)𝐷)

𝐸
 

𝐷𝐶 =
(0.162. 𝐴)

(1 − (0.2395. 𝐴)
 

Where, 
A : milli equivalents of consumed acid per 

gram of specimen;  
B : volume of consumed HCl in blank,  
C : volume of consumed HCl in sample;  
D : concentration in normality of HCl;  
E : specimen gram used. 

The values 162 is the molecular weight 
of the anhydrous glucose unit and 239.5 is 

the molecular weight of substituent from 
palmitic acid. 

The hydrophilicity of ester was 
observed by determining the swelling index 
of ester in distilled water as the diffusing 
agent. The swelling index was calculated by 
following equation (Caillol, et al., 2012): 

Swelling index (%) = (Ws-Wd)/Wd x 100  

Where, Ws and Wd are the weights of the 
swollen bar and the dried bar, respectively. 
 

RESULTS AND DISCUSSION 

Optimum Condition of Esterification 
Bacterial Cellulose with Palmitic Acid Using 
Immobilized Lipase. 

There are some factors affecting the 
activity of lipase in catalyzing esterification 
reaction, number of enzyme, temperature, 
reaction time, amount ratio of reactants 
and water activity. In this study, the 
esterification of bacterial cellulose with 
palmitic acid was conducted at optimum 
lipase activity of 50°C. 

The optimum reaction time for the 
esterification of bacterial cellulose with 
palmitic acid occurred within 24 hours with 
DE was 0.37 (Figure 1). It showed that DE 
increases at 6-24 hours. At 30 hours of 
reaction time, the value of DE slightly 
decreases. The decrease of DE might be 
caused by hydrolysis reaction due to water 
produced during the esterification 
reaction. The esterification reaction 
should be carried out under water-free. In 
the enzymatic reaction, water required for 
the flexibility of the enzyme to be active, 
on the other hand the presence of water 
may lead to the hydrolysis reaction. 
Therefore, it is necessary to control the 
concentration of water in the reactants. 
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Figure 1. pH Value from Three Formulations. 

 

 

  

Figure 2. Penetration Profile of Diclofenac Sodium from Three Formulas 
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Figure 3. Flux of Diclofenac Sodium Penetrated  

 
For  the  calculation  of  permeability,  mean  permeability  of  every formula is (Figure 4): 

formula I of 1.0320. 10-4±5.92. 10-6, formula II of 1.0289. 10-4±3.69. 10-6 and formula III of 

1.3637. 10-4±6.15. 10-6. The permeability value of formula III was higher than others and differ 
significantly with formula II. It pointed out that niosomal system increased membran 
permeability. 

Figure 4. Membrane Permeability toward Diclofenac Sodium. 
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The data of pH, flux and permeability 
showed that the usage of niosomal  system  
(diclofenac  sodium-span  60-cholesterol= 
1:6:6)  on  HPC gel base increase pH value, 
membrane permeability and penetration 
rate of diclofenac sodium in HPC gel base. 
Those elevations were due to good 
dispersion of drugs by niosomal system. It 
made the drugs release easily from gel base. 
Increasing of flux and permeability due to 
niosomal system prepared dispersion well so 
the drugs release easily from gel base. The 
impact was sufficient of drugs availability for 
optimal penetration. The next mechanism 
was niosome decreasing water losing at 
trans-epidermal layer and affecting 
conformation structure skin lipid bilayer. 

For the first minutes, formula II gave 
higher line than formula III. It could be seen 
that penetration of formula II was faster. 
This could be due to the effect of 
propylenglycol in formula II. Propylenglycol, 
at first, it was used as a preservative. But, it 
obviously acted as a wetting agent. 
Propylenglycol also dissolved diclofenac 
sodium so the drug dispersion was better. 

 The difference of mixing with 
propylenglycol was the cause of higher 
cumulative amount of diclofenac sodium in 
formula II at the first minutes. In formula II, 
propylenglycol wet diclofenac sodium. 
Meanwhile, propylenglycol had been mixed 
all in the gel base in formula III. The direct 
contact between diclofenac sodium and 
propylenglycol made a better dispersion. 
Unfortunately, this effect could not make 
high cumulative amount of diclofenac 
sodium. As we could see in Figure 2, the 
cumulative amount of formula II was less 
than formula III. 

In formula II, span 60 and cholesterol 
were only mixed with the other component. 
On that way, they made the gel was at 
hydrophobic ambiance. Diclofenac sodium’s 

affinity with span 60 and cholesterol would 
be stronger so the drug was less capable to 
release optimally. It had an effect in 
availability and penetration. Even though 
span 60 had hydration effect which could 
help penetration effect, but its  ability  was  
not  supporting  significantly. Moreover, the 
drug availability was less. Overall, formula III 
had increasing penetration rate of 19.93% 
and permeability 32.54% compared with 
formula II. 
 

CONCLUSION 
It can be concluded that the niosomal 

system (diclofenac sodium-span 60-
cholesterol=1:6:6) with its entrapment 
efficiency of 74.33%; it had influence in 
increasing pH value and penetration (based 
on flux value and permeability) of 
diclofenac sodium in HPC gel base. That 
formulation also gave white milky, odorless, 
smooth and watery consistency 
characteristics. The pH value of formula III 
was high, 7.34. We suggest further research 
to give the formulation with normal pH 
value for human skin. In addition, the 
morphology evaluation of niosomes was 
very important. Optimizing SEM method 
preparation was needed for niosomes 
evaluation. 
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