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Abstract: The raw material used for this NCC production was oil palm empty bunches (OPEFB),
currently waste from oil palm plantations. Delignification of OPEFB was carried out using 2 N NaOH
solution at 70°C for 6 hours. NCC maximum yield from OPEFB is 62.1% (dry cellulose basis) obtained
at a concentration of 54% sulfuric acid and a temperature of 50°C. The addition of plasticizers (glycerol
and PEG) reduced the elastic modulus of NCC capsules from 7951.4 MPa to 4758 MPa (glycerol) and
3225 (PEG). The addition of glycerol and PEG did not affect the disintegration time of NCC capsules.
NCC capsules have a release capability similar to the commercially available gelatin capsules. At 14
minutes, discharge reached about 43%, and it becomes constant after 18 minutes.
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1. Introduction

Capsules are widely used to transfer powder drugs into the human body, and they
should be colorless and odorless. The primary raw material for making capsules is gelatin [1].
Gelatin is a chemical obtained from collagen, which comes from various animal byproducts.
Gelatin available in the market is divided into two types: those made from young pork skin
(gelatin type A) or those made from bones and old skin (gelatin type B). The preparation of
type A gelatin is relatively much easier and cheaper than type B gelatin.

The use of gelatin as raw material for capsules or other pharmaceutical products creates
controversy considering that the raw material source is often unclear, whether it comes from
pigs or other animals (especially for countries where most of the population is Muslim).
Besides the source of gelatin raw material, which is often unclear, another obstacle often faced
with gelatin as a raw material for making capsules is the solubility of this compound in water.
Some of the gelatin in the capsule will be difficult to dissolve in water due to the cross-linking
reaction. This cross-linking reaction can occur due to many factors, such as aldehyde
compounds in capsule fillers, storage at high temperatures and humidity, etc. [1]. The different
gelatin preparation will also cause the structure and composition to vary so that the capsule's
dissolution becomes uncontrolled.

Various kinds of natural polymers have been investigated further into potential raw
materials to manufacture capsules. Alternative raw materials that have been studied include
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sago starch [2], starch [3], sodium alginate, and starch [4]. The problem faced in using these
raw materials for the manufacture of capsules is their low mechanical properties. This study
develops alternative materials with more advantages than existing raw materials to overcome
the various weaknesses in commercial capsule-making raw materials (gelatin) and other
alternative materials.

Nanocrystalline cellulose (NCC) is a form of cellulose with impressive mechanical
properties, good biocompatibility properties, and is renewable. NCC is a potential biomaterial
for pharmaceuticals and medicine [5-19]. In a previous study by Wijaya et al. [20], the
solution's pH controlled the release of drugs from NCC. However, NCC direct use as a drug
carrier has several drawbacks; the drug release cannot be adequately controlled because NCC
disintegration is rapid. To overcome these weaknesses, it is necessary to modify the NCC in
capsule form so that the drug absorption and release can be controlled and takes place
efficiently. In this study, NCC from oil palm empty fruit bunches (OPEFB) is used as raw
material for making capsules to replace gelatin.

2. Materials and Methods
2.1. Materials.

OPEFB used in this study was obtained from a palm plantation located in Kotawaringin
Timur, Central Kalimantan, Indonesia. Glycerol (CAS Number 56-81-5, purity > 99.5%) and
polyethylene glycol (PEG) (CAS Number: 25322-68-3) were purchased from Sigma-Aldrich.

2.2. Delignification of OPEFB.

Before the delignification process was carried out, OPEFB was cut into small pieces
and dried in the oven for 24 hours until the moisture content was less than 15%. The dried
OPEFB was then reduced to a size of 60/80 mesh. The delignification OPEFB was carried out
using chemical and radiation processes using microwaves. The lignin removal process was
carried out using 2 N NaOH solution at 70°C for 6 hours. After that, the radiation process using
microwaves was carried out for 10 minutes with a power of 700 watts. After the lignin removal
process was completed, the remaining cellulose was separated from the solution and washed
using reverse osmosis water. Then the cellulose was dried until the water content is less than
10%.

2.3. Hydrolysis of OPEFB cellulose into NCC.

Hydrolysis of cellulose into cellulose nanocrystals was carried out using sulfuric acid
at various 40-60% concentrations at temperature variations of 40 to 50°C. The time used for
the hydrolysis process was 60 minutes. During the hydrolysis process, stirring was carried out
at a speed of 600 rpm. The cellulose suspension was added 4°C cold water to stop the hydrolysis
reaction; the mixture was left to stand for 12 hours to separate between the clear and cloudy
layers. The cloudy layer was then transferred to the dialysis tube, and the dialysis process was
carried out for four days. The nanocrystalline cellulose formed was then separated by
centrifugation and dried using a freeze dryer.
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2.4. Preparation of NCC capsules.

NCC, glycerol, and polyethylene glycol (PEG) were mixed in a specific ratio. The
mixture was then dissolved in reverse osmosis water and stirred at a stirring speed of 500 RPM
for 45 minutes at 500C. Capsules were made by dipping a stainless steel mold into the mixture
for 6-10 seconds. The layer attached to the mold was dried in a humidity chamber at 37°C and
50% humidity. The dried capsules were then removed from the mold and cut into standard
capsule sizes.

2.5. Characterization.

SEM analysis was used to observe nanocrystalline cellulose morphology (JEOL JSM-
6390 field emission SEM operated at an acceleration voltage of 5 kV). Before SEM analysis,
nanocrystalline cellulose samples were coated with a thin layer of conductive platinum using a
fine auto coater (JFC-1200, JEOL, Ltd., Japan) for 120 seconds in an argon atmosphere. XRD
analysis was performed to investigate nanocrystalline cellulose crystallinity (Philips
PANalytical X'Pert X-ray powder diffractometer). The diffractogram was obtained at 40 kV,
30 mA, and a range of 0.05°/s.

NCC capsules characterization was carried out by measuring the modulus of elasticity,
swelling property, and capsule disintegration time. The modulus of elasticity of the capsules
was measured using a nanoindenter at five different points. The swelling property
measurements were carried out in a phosphate buffer (pH 3) with the following working steps:
the capsules were immersed in a phosphate buffer solution for a specific time (10 to 60
minutes), then the capsule surface was immediately dried using a filter paper to remove water
on the capsule surface. After that, the capsules were weighed immediately. The following
equation calculates the swelling percentage:

sp="s Wb 110094
Yo (1)
Ws is the mass of the capsule after immersion, and WD is the mass of the capsule when
itisdry.

2.6. Release of amoxicillin from NCC capsules.

The release experiment of amoxicillin from nanocrystalline cellulose was carried out in
vitro at 37°C in a phosphate buffer solution. The amount of drug released into the buffer
solution was measured as a function of time.

3. Results and Discussion

3.1. Preparation of NCC and NCC capsules.

In making capsules from OPEFB, the delignification process plays an essential role in
making NCC successful. The chemical composition of OPEFB before and after the
delignification process can be seen in Table 1. Determination of the chemical composition of
OPEFB before and after the delignification process was carried out using the thermal
gravimetric analysis (TGA) method. Table 1 shows that the delignification process of OPEFB
is effective; most of the lignin and hemicellulose content can be degraded well.
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Table 1. Chemical composition of OPEFB before and after the delignification process.

Composition Before delignification, % | After delignification, % | TGA temperature, °C
water 8.9 7.8 50-200
hemicellulose 27.8 7.4 200-300

Lignin 26.7 3.6 300-360
cellulose 314 77.8 360-500

Ash 52 3.4 >500

The manufacture of NCC from lignocellulosic materials requires two main process
steps. The initial step is removing lignin, which is usually carried out through various
pretreatment processes, both chemically and physically [21-25]. In this initial step, most of the
lignin and some hemicellulose can be dissolved and removed from the cellulose skeleton. The
next step is acid hydrolysis of the cellulose fibers to form a colloidal suspension of cellulose
crystals. In this acid hydrolysis process, the amorphous part of cellulose fibers will be
hydrolyzed to glucose, while the crystal fragments remain intact due to their excellent stability
under acidic conditions.

NCC maximum vyield from OPEFB is 62.1% (dry cellulose basis) obtained at a
concentration of 54% sulfuric acid and a temperature of 50°C. The ratio of cellulose and
sulfuric acid is 1:10 with a hydrolysis time of 60 minutes. These high yields indicate that the
cellulose fraction of oil palm empty bunches contain more crystalline regions than amorphous
ones. During the hydrolysis process using sulfuric acid, the amorphous regions of cellulose
fibers were broken down to glucose, and the crystalline portion remains intact due to their
excellent stability in the sulfuric acid environment.

-~

Figure 1. SEM image of NCC from OPEFB (ﬁ( 10,000, 5.0 kv, WD 11.7 mm).
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Figure 2. The particle size distribution of NCC from OPEFB.

https://biointerfaceresearch.com/ 2016


https://doi.org/10.33263/BRIAC122.20132021
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC122.20132021

3.2. Characterization of NCC and NCC capsules.

Figure 1 shows the surface topography of the NCC produced from oil palm empty
bunches. From SEM observations, it can be seen that NCC has a morphology like a stem. As
previously mentioned, this rod-like morphology is typical for NCC. The NCC particle size
distribution is shown in Figure 2. The NCC particle size of the empty oil palm bunches was
around 108-171.5 nm, with a median size of 142.7 nm and an average of 149.4 nm.

NCC X-ray diffraction pattern (XRD) from OPEFB and standard crystal cellulose |
from JCPDS No. 00-050-22411 are depicted in Figure 3. The XRD CNC pattern shows four
distinct peaks at 20 = 15.3°, 16.5°, 22.4°, and 35.2°, which correspond to the planes 110, 110,
200, and 004. These peaks are located at the same position as the standard crystal peaks of
cellulose I, 15.9¢ (110), 16.4° (110), 22.6° (200), and 34.6° (004).
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Figure 3. XRD diffractogram of NCC from OPEFB.
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Figure 4. The influence of plasticizer on modulus elastic and elongation of NCC capsule.

Glycerol and PEG function as plasticizers in NCC capsules. The effect of adding
glycerol and PEG on the NCC capsule's mechanical properties was expressed in terms of elastic

modulus and elongation when the NCC capsule was broken. The elastic modulus of NCC of
https://biointerfaceresearch.com/ 2017
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OPEFB is 7951.4 MPa. The effect of adding glycerol and PEG (2.5 - 15%) on the elastic
modulus and elongation of the NCC capsule can be seen in Figure 4.

In Figure 4 (a), it can be seen that the addition of plasticizers (glycerol and PEG)
reduced the elastic modulus of NCC capsules from 7951.4 MPa to 4758 MPa (glycerol) and
3225 (PEG). These plasticizers also affect the elongation when the NCC capsule is broken; the
percent elongation increases with the increase in the percentage of plasticizer added (Figure 4
(b)). Figure 4 shows that glycerol provides a better plasticizing effect than PEG; this is because
glycerol has a smaller molecular size than PEG, so that it is more easily absorbed on the NCC
surface. The same results were obtained by Zhang et al. [1].

Swelling Properties (SP) measurements of NCC capsules were carried out in phosphate
buffer (pH 3). The addition of glycerol and PEG will increase the SP of the NCC capsule
(Figure 5). PEG molecules have many strong hydrophilic ether oxygen bonds; these bonds lead
to more significant hydrophilic properties. The increase in PEG percentage increases the NCC
capsule's hydrophilic properties so that the SP will increase, as shown in Figure 5. NCC

capsules with PEG 15% have a higher SP than NCC capsules with 5% PEG.
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Figure 5. The influence of plasticizer on swelling properties of NCC capsules.

Glycerol has a different PEG behavior; increasing glycerol concentration from 5% to
15% causes a significant decrease in SP. The decrease in SP with increasing glycerol
concentrations is due to the increased binding strength between glycerol and NCC particles,
which inhibits water molecules' entry into the NCC capsule [1]. The smallest SP was obtained
at the addition of 15% glycerol. As previously explained, the glycerol molecule is smaller than
PEG, so itis easily absorbed on the NCC surface, which causes the binding strength to increase,
which will inhibit the entry of water molecules into the NCC capsule [1].

3.3. Disintegration time and drug release.

The disintegration time is an essential parameter for the application of NCC capsules
on a commercial scale. After entering the stomach, the NCC capsule must be destroyed before
the human body can absorb the drug. From the experimental results obtained, the NCC capsules
or NCC capsules with the addition of glycerol or PEG will begin to disintegrate in about 3
minutes and are destroyed in the 5th minute. The addition of glycerol and PEG did not affect
the disintegration time of NCC capsules.
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For drug-releasing trials, amoxicillin was used. The amoxicillin concentration released
into the phosphate buffer solution was measured using a UV spectrophotometer at a maximum
wavelength of 228 nm. Commercially available gelatin capsules were used as a comparison.
The percent release of amoxicillin in a phosphate buffer solution can be seen in Figure 6. Figure
6 shows that the NCC capsules have a release capability similar to the commercially available
gelatin capsules. At 14 minutes, discharge reached about 43%, and it sloped down after 18

minutes.
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Figure 6. The percent release of amoxicillin in a phosphate buffer solution for NCC and gelatin capsules.

4. Conclusions

Oil palm empty bunches have been successfully used as raw material for the
manufacture of NCC capsules. The manufacturing process for NCC capsules is straightforward
and can be applied easily on an industrial scale. The effect of glycerol and polyethylene glycol
(PEG) plasticizers on the mechanical properties, break time, and swelling performance (SP) of
NCC capsules have also been studied. The elastic modulus and elongation of the NCC capsule
rupture time were affected by the addition of glycerol and PEG. The best swelling performance
is given by the NCC capsule with the addition of 5% glycerol. The addition of glycerol and
PEG did not affect the breakdown time of NCC capsules. NCC capsules have a drug release
capability that is almost equivalent to gelatin capsules on the market.
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