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Due toits excellent chemical and physical properties, cellulose nanocrystals (CNC) possess many potential
advanced functional applications. In this study, CNC was extracted from natural product by hydrolyzing
cellulose segment of passionfruit peels using sulphuric acid solution. The capability of CNC as drug carrier
was tested toward tetracycline antibiotic. The drug loading processes were carried out at various pH (3-7)
with the optimum uptake of tetracycline achieved at pH 3. The in vitro release of tetracycline drug was
carried out in phosphoric buffer medium with two different pH conditions at 37 °C. The highest release of
tetracycline (82.21%) was achieved at pH 7.2, while the lowest one (25.1%) was achieved at pH 2.1, where
the release pattern follow a second order kinetic model. This study highlight the potential application
of CNC derived from natural resources as drug carrier without harmful chemical excipients that comply
with health safety, biocompatible, biodegradable.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Cellulose nanocrystals (CNC) is a unique biopolymeric material
with nanometers size and possesses a crystal structure. Gener-
ally, CNC has crystal structure of needle or rod like with 5-30 nm
diameter size and 100 nm to several micrometers length. CNC has
better physical and chemical characteristics than its precursor for
example higher surface area, reactive hydroxyl group in the sur-
face, biocompatible, etc. (Lin & Dufresne, 2014). Due to its superior
properties, CNC is suitable for many advanced functional applica-
tions such as tissue engineering, drug delivery, reinforcement of
composite materials, template for nanomaterial synthesis, protein
or enzyme immobilization, emulsion stabilizer, etc. (Sarma, Ayadi,
Brar, & Berry, 2017; Qing et al., 2016; Sun, Hou, He, Liu & Ni, 2014).

Various kind of lignocellulosic biomass have been reported as
the raw materials to produce CNC for example pineapple leaf fibers
(Cherian et al., 2010), sugarcane bagasse (Mandal & Chakrabarty,
2011), oil palm residue (Haafiz, Eichhorn, Hassan & Jawaid, 2013),
chardonnay grape skins (Lu & Hsieh, 2012), groundnut shell (Bano &
Negi, 2017), apple tree pruning, pea stalks (Garcia, Labidi, Belgacem
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& Bras, 2017), coconut fiber (Nascimento et al., 2016), cotton stalks
(Shamskar, Heidari & Rashidi, 2016), rice husk (Barana, Salanti,
Orlandi, Ali & Zoia, 2016), corncob (Silvério, Flauzino, Dantas &
Pasquini, 2013; Ditzel et al., 2017Ditzel, Prestes, Carvalho, Demiate
& Pinheiro, 2017Silvério, Flauzino, Dantas & Pasquini, 2013; Ditzel
et al., 2017Ditzel, Prestes, Carvalho, Demiate & Pinheiro, 2017Sil-
vério et al., 2013Silvério, Flauzino, Dantas & Pasquini, 2013; Ditzel
et al., 2017Ditzel, Prestes, Carvalho, Demiate & Pinheiro, 2017). In
this study, passionfruit peels with high content of crystalline cellu-
lose fragments (58.1%) are used as the precursor to generate high
yield of CNC, which to the best of our knowledge has not been
reported elsewhere. Passionfruit is usually cultivated in tropical
and subtropical area, such as Indonesia with a large production
capacity reaching over 180 kilotons in 2015, and this production
rate is keep increasing each year. Most of the passionfruit is uti-
lized as the feedstock of beverage industries that generate about
30 — 40% of biomass in South Sulawesi as the main producer of
passionfruit in Indonesia. So far, these passionfruit peels have not
been used by any manufacturing industry except for fertilizing pur-
pose, hence, the utilization of passionfruit peels as an alternative
precursor to fabricate CNC will add significant value to passionfruit
growers.

One important aspect in CNC applications is the usage of CNC
as drug carrier that can offer some benefits such as good bio-
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compatibility, non-toxic and biodegradable as reported by many
researchers (Jackson et al., 2011; Qing et al., 2016; Zainuddin,
Ahmad, Kargarzadeh & Ramli, 2017). However, the main disadvan-
tage of using CNC as drug carrier is it has low drug loading capability
toward certain hydrophobic drugs. Chemical modification of CNC
through the hydroxyl groups of its glucose units using cationic
surfactants such as cetyltrimethylammonium bromide (CTAB) is
normally done to increase the adsorption capacity of CNC towards
hydrophobic drugs, (Lam, Male, Chong, Leung & Luong, 2012). Qing
etal.(2016).Itis suggested that CTAB coated CNC have good affinity
towards water insoluble anticancer drugs. CTAB was also employed
for CNC modification to bind a significant amount of curcumin
as reported by Zainuddin, Ahmad, Kargarzadeh and Ramli (2017).
The modification of CNC with CTAB is undeniably can increase
drugs uptake, including the uptake of tetracycline (Jakson et al.,
2011); however, health and safety issues of drug excipients need
to put into consideration when designing drug carrier. As a cationic
surfactant, CTAB may potentially bring acute and chronic effects
towards human health and aquatic organisms, where it can cause
serious damage to eyes, irritating to respiratory system and skin,
and long-term adverse effects in the aquatic environment (Sigma-
Aldrich, 2013). This paper describes the utilization of unmodified
CNC from natural resources of passionfruit peels as the drug carrier
of antibiotic tetracycline with high adsorption capacity achieved
through pH adjustment. The main advantage of using CNC as poten-
tial candidate for tetracycline carrier compared to the existing
system is the release of tetracycline can be controlled so the absorp-
tion of tetracycline in the human body is much more efficient.

2. Experimental
2.1. Materials

Passionfruit peels (PP) was obtained from passionfruit syrup
industry in Makassar, South Sulawesi, Indonesia. PP was repeat-
edlywashed and subsequently dried under the sunlight for three
days. Dried PP was then pulverized and sieved through a 140-mesh
screen to become PP powder. Sodium hydroxide, hydrogen perox-
ide, sulphuric acid, and tetracycline hydrochloride antibiotic were
purchased as an analytical grade from Sigma-Aldrich (Singapore).
The dialysis tubes used in this study was obtained from Spectrum
Laboratories, Inc.,and has MWCO 12-14 kD. The dialysis membrane
or tube was manufactured from natural cellulose reconstituted
from cotton liners.

2.2. Preparation of CNC

The extraction of PP was carried out according to the following
procedures: For delignification step, 50 g of PP powder was treated
using 500 mL of 2 M sodium hydroxide solution at 80 °C for 4 h with
constant stirring. Subsequently, the solid product was separated
from the solution and washed with distilled water for several times
(4-5 times) and dried at 50 °C for 12 h. For bleaching step, the dried
and delignified PP was treated using sodium hydroxide (4% w/v)
and hydrogen peroxide solution (50%) with the ratio of 1:1 (v/v).
The delignified PP was immersed in sodium hydroxide solution, and
heated at 50 °C under constant stirring, and then the hydrogen per-
oxide was added to the mixture dropwise. When all of the hydrogen
peroxide has been added to the mixture, the bleaching process was
continued for another 60 min under continuous stirring at 50°C.
After the bleaching process was completed, the solid portion was
separated from the liquid by centrifugation and repeatedly washed
with reverse osmosis water until the washing solution reached a
neutral t pH and the solid was dried at 50°C in an oven for 24 h.

The preparation of CNC from the PP was carried out using sul-
phuric acid hydrolysis process. The concentration of the sulphuric
acid used in this study was 52% (8.4 M), and the hydrolysis process
was conducted at 50 °C for 60 mins, with solid to acid ratio of 1:10
(w/w). In the preliminary experiment, the influence of sulphuric
acid concentration on the yield of CNC was studied, and the use
of sulphuric acid with concentration of 52% (8.4 M) gave the high-
est yield of CNC. At temperature higher than 50 °C, some of the CNC
were further hydrolyzed to sugar. While, at temperature lower than
50°C, the extraction of CNC from cellulose proceed at slower rate of
extraction, and produce lower yield of CNC. After 60 mins hydrol-
ysis time, the reaction was stopped by adding an excess amount
of cold reverse osmosis water (4°C) to the system. Subsequently,
the suspension was centrifuged at 6000 rpm for 5 min. The turbid
supernatant was collected and placed in dialysis tubes for three
days (every 8 h, the dialysis water was replaced with fresh reverse
osmosis water), then freeze-dried to obtain the CNC. Freeze drying
process was carried out using manifold method. The freeze dryer
(Labconco) was operated at temperature of —42 °C and pressure of
0.08 mbar.

2.3. Characterization

The chemical composition (moisture content, lignin, hemicellu-
lose, cellulose, and ash) of PP before and after the extraction process
was determined by TGA method (Carrier et al., 2011).

To obtain a complete information about the characteristic of CNC
extracted from PP, the CNC was characterized using Scanning Elec-
tron Microscopy (SEM), X-ray Diffraction (XRD), FTIR, Zeta Potential
Analyzer, and thermal gravimetric analysis (TGA). The SEM analy-
sis was used to observe the morphology of the CNC using a JEOL
JSM-6390 field emission SEM operated at an accelerating voltage
of 5kV. Before the SEM analysis was carried out, the CNC sam-
ples were coated with a thin layer of conductive platinum using
a fine auto coater (JFC-1200, JEOL, Ltd., Japan) for 120 s in an argon
atmosphere.

The XRD analysis was carried out to investigate the crystallinity
of CNC using a Philips PANalytical X'Pert powder X-ray diffrac-
tometer with a monochromated high-intensity Cu Ko radiation
(A=0.15406 nm). The diffractograms were obtained at 40 kV, 30 mA
and a step size of 0.05°/s. FTIR analysis of CNC samples were con-
ducted using FTIR Shimadzu 8400S with KBr pelleting method. The
FTIR spectrum of CNC was recorded at the wavenumber range of
4000-500 cm~!. The surface charge of CNC was measured at dif-
ferent pH using Zeta Potential Analyzer (NanoBrook ZetaPal). The
zeta potential measurement was conducted at 25 °C. The concen-
tration of the CNC sample was 0.01%. Sodium chloride was added
to the sample to maintain the ionic strength of the solution at
0.0001 mol/L. The viscosity of the sample was measured by vis-
cometer (Brookfield DV2T), and this viscosity value (0.931 cP) was
used as a key parameter for zeta potential measurement. The parti-
cle size of CNC was measured using zeta sizer (NanoBrook ZetaPal).
Measurement parameters for CNC particle size are as follow: tem-
perature =25 °C, liquid = water, viscosity = 0.890 cp, refractive index
of fluid = 1.330, angle = 90.0 and wavelength = 659 nm. ZetaPals par-
ticle sizing software Ver. 5.34 was used for the calculation of particle
size distribution. The thermal gravimetric analysis was employed
to determine the thermal stability of CNC using a Perkin Elmer Dia-
mond TG/DTA thermal analyzer with heating and cooling rate of
10°C/min in continuous nitrogen gas flow of 150 mL min~!. Bulk
density of CNC was measured using a pycnometer, and the bulk
density was obtained by division of weight of the CNC with volume
occupied by the CNC. Five independent measurements were con-
ducted and the mean value was taken as bulk density of CNC. The
bulk density of CNC obtained by this method was 0.673 g/cm?3.
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2.4. Adsorption of tetracycline

The adsorption study of tetracycline onto CNC was conducted
isothermally at 30°C under static condition at varied pH (3, 4, 5,
6, and 7). The adsorption study was carried out according to the
following procedure: a known amount of CNC (0.01-0.5 gram) was
added to a series of Erlenmeyer flasks containing 50 mL of solu-
tion with initial tetracycline concentration of 250 mg/L. All flasks
were placed in Memmert type WB-14 thermostatic water bath
shaker until the equilibrium time was reached (12 h). During the
adsorption process, the temperature of the system was set at 30°C.
The CNC was separated from the solution by centrifugation. The
initial (C,) and equilibrium (C,) concentrations of tetracycline in
the solution were measured using Shimadzu UV/VIS-1700 Pharma
Spectrophotometer at the maximum wavelength (610 nm). The
amount of tetracycline adsorbed by CNC at equilibrium condition
(ge) was calculated by the following equation:

(G~ Ce)

- 14 (1)

Where m and V are the mass of CNC and the volume of solution,
respectively. The adsorption studies were conducted in three inde-
pendent experiments.

2.5. Tetracycline release study

The in vitro drug release study was carried out at 37°C in PB
(phosphoric buffer) mediums with two different pH of 7.2 and 2.1.
A known amount of tetracycline loaded CNC (0.1 g) was added to a
series of Erlenmeyer flasks containing 50 mL of phosphoric buffer
solution. All flasks were placed in Memmert type WB-14 thermo-
static water bath shaker and the temperature of the water bath
was adjusted at 37 °C. During the drug release process, the Erlen-
meyer flasks were shaken at 200 RPM. At certain interval of time,
one by one of the Erlenmeyer flask was taken from the system; and
the released concentration of tetracycline as a function of time (C;)
was analyzed using Shimadzu UV/VIS-1700 Pharma Spectropho-
tometer with initial drug loading in CNC at 121.5 mg/g determined
through UV analysis. Phosphate buffer solution was employed as
blank solution for UV analysis. Drug release studies were conducted
in three independent experiments.

3. Result and discussion

3.1. Characteristics of CNC produced from passion fruit peels
waste

TGA analysis was carried out to investigate the chemical com-
positions of dried PP before and after delignification process. The
evaporation of free moisture content and bound water from the
samples was observed at a temperature range from 50°C to 200°C.
The thermal decomposition of hemicellulose occurred between
200°C to 300°C, while the disintegration of cellulose into lower
molecular weight compounds occurred between 300°C to 360°C
and lignin was decomposed at 360 °C to 500 °C. The chemical com-
positions of PP and its delignified form are summarized in Table 1.
It shows the reduction of hemicellulose and lignin content after
delignification process, which demonstrate that the pre-treatment
process using sodium hydroxide (delignification), could effectively
remove lignin and hemicellulose from PP.

The yield of CNC based on dry cellulose of PP is 58.1 +1.7%
(sulphuric acid concentration of 52% (8.4 M), the temperature of
hydrolysis was 50°C, solid to the acid ratio 1:10, and hydrolysis
time of 60 min). This high yield indicates that the cellulose fraction
of PP contains more crystalline region than amorphous ones. During
the hydrolysis process using sulphuric acid, the amorphous region
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Fig. 2. Particle size distribution of CNC.

of cellulose fibers was disintegrated into glucose and the crystalline
part remained intact due to its excellent stability in sulphuric acid
environment as evidenced through our observations below.

Fig. 1 shows the surface topography of CNC produced from PP.
From this SEM observation, it can be seen that the CNC has rod-like
morphology. As mentioned previously, this rod-like morphology
is typical for CNC. The particle size distribution of CNC is given in
Fig. 2.

The particle size of CNC from PP are around 103-173.5 nm with
median size 139.7 nm and mean size 145.4 nm.

The X-ray diffraction (XRD) pattern of CNC from PP as well as
the cellulose I standard crystal from JCPDS No. 00-050-22411 are
depicted by Fig. 3 for comparison purpose. The XRD pattern of CNC
shows four distinct peaks at 20 =15.5°, 16.4°, 22.8°, and 35°, which

correspond to the 1;0, 110, 200, and 004 planes. These peaks are
located in similar position as the peaks of cellulose I standard crys-

tal, 15.9° (1;0), 16.4° (110), 22.6° (200), and 34.6° (004).
The crystallinity index of CNC was calculated by the following
equation (Ditzel, Prestes, Carvalho, Demiate & Pinheiro, 2017):

Crl = [1-(Igm/I200)]x100% (2)

Where I, is the minimum intensity between 110 and 200 lattices
diffraction, while I, is the maximum intensity of 200 lattice. Iy
indicates the amorphous fraction of the cellulose, while I5qg rep-
resents both of amorphous and crystalline regions of the cellulose.
It is found that the crystallinity index (Crl) of CNC extracted from
PP was 77.96%, which is similar to CNC from corncob (Crl=78%)
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Table 1
Chemical composition of passion fruit peels waste and its delignified form.

Component Passion fruit peels waste (% wt.)

Delignified passion fruit peels waste (% wt.)

TGA temperature (°C)

Water 6.52
Hemicellulose 23.01
Lignin 36.18
Cellulose 28.58
Ash + carbon 5.71

5.77 50-200
2.85 200-300
2.27 300-360
79.64 360-500
9.47 >500

2500

—— CNC from passion fruit peels
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Fig. 3. The XRD spectrum of CNC from passion fruit peels waste.
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Fig. 4. FTIR spectra of passion fruit peels and CNC.

(Silvérioetal.,2013), however it is higher than the (CrI) of CNC from
mulberry (73.4%) (Li et al., 2009) and balsa wood (62.0-%) (Morelli,
Marconcini, Pereira, Bretas & Branciforti, 2012).

The FTIR spectra of dried treated PP and CNC are depicted
in Fig. 4, which show the following stretching bands located
at 3418cm~! (OH), 2922cm~! (C—H), 1423cm~! (symmetric
CH,), 1376 cm~! (CH), 1159 cm~! (non-symmetric bridge C—0—C),
1066 cm~! (skeletal vibrations C—0), 890cm~! (non-symmetric
out-phasering). The cellulose structure of PP contains more ordered
structure than disordered structure as indicated by narrow absorp-
tion wavenumber between 1423 cm~! and 890 cm~! (Bano & Negj,
2017). This evidence confirms the high yield of CNC as mentioned
above. Cellulose fibers consist of amorphous part and crystalline
part. Amorphous part has disordered structure, while the crys-

talline part possesses ordered structured. In the acid hydrolysis
process, the amorphous part of cellulose fibers will be hydrolyzed
into glucose, whereas the crystalline fragments remain intact due to
its excellent stability in acidic condition (Brinchi, Cotana, Fortunati,
& Kenny, 2013). If the cellulose structure contains more ordered
structure, so more CNC will be obtained. For industrial application,
the cellulose with more ordered structure is much more desirable
since it will give higher yield of CNC.

Naturally lignin has much more complex structure than cel-
lulose, since it possesses phenolic hydroxyl groups, carbonyl
groups, aliphatic hydroxyl groups, methoxyl groups, benzyl alcohol
groups, and some terminal aldehyde groups (Todorciuc, Capraru,
Kratochvilova & Popa, 2009). Some of the FTIR spectra bands of
lignin content in the PP are located at 3436 cm~! (hydroxyl groups
in phenolic and aliphatic structures), 2932cm~! (CH stretching
in aromatic methoxyl groups and methyl - methylene groups of
the side chains), 1525 cm~! (C—H asymmetric deformation in CH,
and CH3), 1424 cm~! (C—O stretch in lignin, C—O linkage in guaia-
cyl aromatic methoxyl groups), 1351 cm~! (syringyl ring breathing
with C—O stretching), 1328 cm~! (aromatic Cassionfruit peels (PP)
can serve as potentialH in-plane deformation, typical of guaiacyl
units), 1282 cm~! (aromatic C—H in-plane deformation, typical of
S units, with secondary alcohols and C=0 stretching), 1222 cm™!
(C—0 deformation in secondary alcohols and aliphatic ethers), and
1076 cm~! (deformation vibrations of the C—O bands in primary
alcohols) (Todorciuc et al., 2009). For hemicellulose content in
PP, several FTIR stetching bands are located at 1754cm~! (free
ester) (), 1731 cm~1 (ketone/aldehyde C=0)(), 1443 cm~! (O — H),
1373 cm~! (C—H), and 929 cm~! (glycosidic units) (Sim, Mohamed,
Lu, Sarman & Samsudin, 2012).

Fig. 4 clearly shows that the CNC has sharp and intense absorp-
tion band at 3427 cm~! (OH stretching bond for cellulose), where
the shift of this absorption band from 3418cm~! to 3427 cm™!
is strongly associated with disruption of hydrogen bonding due
to the removal of non-cellulosic fractions (Bano & Negi, 2017).
CNC shows some similar characteristic stretching bands like cel-
lulose I (the reference sample) as indicated by absorption bands
at 1451 cm~1, 1071 cm~1, and 883 cm~'. A new peak appears for
CNCin 1402 cm~! spectrum, which indicates the presence of sulfate
esters (Coates, 2006) due to sulfuric acid hydrolysis.

The surface charge of CNC was measured at different pH. The
surface charge of CNC is independent of pH and its value remains
constant around —25 to —22mV. This negative surface charge
indicates that the CNC produced from PP can serve as effective
adsorbent to adsorb cationic molecules in the solution.

Thermal decomposition properties of the CNC was determined
through TGA and DTG methods as shown in Fig. 5. The initial weight
loss in the temperature region of 35-200°C correspond to the
evaporation of free moisture content and bound water. Thermal
degradation of CNC occurred at the temperature range of 215°C
to 353 °C associated with dehydration and depolymerization pro-
cesses of cellulose. The optimum degradation temperature of CNC
was at 303.4 °C. Further carbonization of intermediate char within
N2 atmosphere occurred at temperature above 353 °C.
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Fig. 5. TGA and DTG curves of CNC.

3.2. Adsorption of tetracycline

The adsorption of tetracycline on CNC sample was carried out
at 30°C in varied pH condition (3, 4, 5, 6, and7). Tetracycline is
a pH dependent amphoteric antibiotic that may exists in three
protonated functional groups: tricarbonyl methane group, pheno-
lic deketone group, and dimethylamino group depending on the
pH environment (Yu, Ma & Han, 2014). The tetracycline molecules
present as cations at pH < 3.3, as zwitterions at pH between 3.3-7.7,
and as anions at pH>7.7 (Lin, Qiao, Yu, Ismadji & Lu, 2009; Yu, Ma
& Han, 2014).

Langmuir and Freundlich adsorption equations were applied to
fit the adsorption experimental data. Langmuir equation is pre-
sented as follow:

K Ce
e = Qmaxm

where ¢ max and K; represents the adsorption capacity and the
adsorption affinity of adsorbent, respectively

Freundlich equation is an empirical formula that is widely used
to represent the liquid phase adsorption on the heterogeneous sur-
face. The mathematical formula of Freundlich equation is presented
as follows:

0o = KeCo/" 4)

(3)

where Kr represents the adsorption capacity and n the heterogene-
ity of the system with the value between 1-10. The higher the value
of n, the more heterogeneous the system.

The adsorption isotherms of tetracycline on CNC at various
pH are shown at Fig. 6. The colorful spherical symbols represent
the experimental adsorption data, while the solid line and dash
line represent the Langmuir and Freundlich theoretical values,

140

Langmuir
—  Freundlich
pH=3
pH=4
pH=5
pH=6
pH=7

eecoel

amount adsorbed, g, (mg/g)

06 T T T

0 100 200 300

Equilibrium concentration, C, (mg/L)

Fig. 6. Adsorption isotherm of tetracycline onto CNC.

respectively. This figure clearly shows that the pH condition play a
significant role in the adsorption of tetracycline on CNC. The maxi-
mum loading amount of tetracycline was achieved at pH 3 as shown
by Fig. 6.

This is consistent with the fact that tetracycline molecules
behave as cations (positively charged) below pH 3.3, while the
CNC surface was negatively charged, thus facilitate the electro-
static interaction between CNC surface (hydroxyl group and sulfate
ester groups) and protonated tetracycline molecules as given in the
following reaction mechanism

R-OH~ + C30NH;305-NH(CH3 ), * <> Co0NH;305-NH(CH3),0H-R (5)
R-S-03" + Co9NH;305—NH(CH3 ), ™ <> CooNH;305—NH(CH3),03-S-R (6)

This electrostatic interaction leading to an optimum uptake of
tetracycline by the CNC as much as 129.46 mg/g (Table 2). When
the pH of the medium was increased to 4, 5, 6 and 7, the tetra-
cycline molecules behave as zwitterions (having no net electrical
charges), which led to a weak interaction between tetracycline
and CNC surface that gradually decrease the adsorption amount
of tetracycline to 40.43 mg/g (Table 2). Furthermore, hydrophobic
interaction between the CNC surface and tetracycline decreased as
the pH increased. The increase of pH of the solution increased the
hydrophilicity of tetracycline (Yu et al., 2014Yu, Ma & Han, 2014).
All of these phenomena causing the reduction of adsorption ability
of CNC toward tetracycline molecules.

The parameters of Langmuir and Freundlich equations obtained
from experimental data fitting with the models are summarized in
Table 2. Both Fig. 6 and Table 2 confirm that the Langmuir equation
can better fit into the experimental data than Freundlich equation.
Now we will discuss the meaning of each parameter in Langmuir
equation and compare it to the adsorption phenomena occurred
during the adsorption of tetracycline on CNC. Parameter q max in
Langmuir equation represents the maximum adsorption capacity of
CNC towards tetracycline molecules. The highest adsorption capac-
ity was achieved at pH 3 as described above as shown by Fig. 6 and
Table 2 However, with the increasing pH the adsorption capacity
of CNC is decreasing, and this phenomenon is well represented by
parameter g max (Table 2). Parameter K; represents the adsorption
affinity, which indicates the strength of adsorbate attachment to
the adsorbent. The higher the value of Kj, the stronger the attach-
ment to the surface of the adsorbent that lead to more adsorbate
adsorbed on the adsorbate surface. One of the primary mechanisms
that control the adsorption of tetracycline on CNC at pH 3 was the
electrostatic interaction. With the increase of pH, the electrostatic
interaction was no longer serve as the controlling factor, instead
the van der Waals force that play the role for weaker interaction
between tetracycline molecules and the CNC. The value of parame-
ter K; decrease with the increase of the solution pH (Table 2), which
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Table 2
Parameters of Langmuir and Freundlich for the adsorption of tetracycline onto CNC.
pH Langmuir Freundlich
4 max (Mg/g) K (L/mg) R? Kr(mg/g)(L/mg) ™" n R?
3 129.46 0.2494 0.998 76.89 10 0.982
4 100.45 0.0734 0.998 40.54 6.13 0.989
5 84.31 0.0621 0.997 29.87 5.38 0.992
6 61.86 0.0494 0.998 19.56 4.92 0.991
7 40.43 0.0307 0.997 8.88 3.82 0.991
Table 3
Tetracycline release efficiency of several drug carriers.
Drug carrier Condition of drug release Release profile Efficiency, % Reference
Cellulose nano crystal pH 7.2 in PBS solution at Rapid release in the first 10h 82.21 after 48 h This study

Poly(ether-ester) urethane
acrylates (Pdiol2000-IPDI)

Poly (lactic-co-glycolic acid)

Curdlan - polyethylene oxide

Solid lipid microparticles

temperature of 37°C

Solution: phosphate buffer
saline (PBS)

pH 7.4 in PBS solution at
temperature of 37 °C

pH 7.4 in PBS solution at

temperature of 37 °C

pH 7.4 in PBS solution at
temperature of 37°C

(~80%) and follow by sustained
release

High level of drug release
observed in the first 100 h, and
prolonged release over 200 h,
27.9% of the drug was released
in 30 min, 75% was released
after 6 h

62% of the drug was released in
2 h, followed by a slower and
more gradual tetracycline
release pattern

High burst release values
(more than 35%) in the first

20 min followed by gradual
tetracycline release pattern

87 after 250 h

89.3 after 48 h

~100% at 5.5h

97.0+4.2 after 24h

Feng et al. (2017)

Lietal. (2017)

El-Naggar, Abdelgawad,
Salas and Rojas (2016)

Rahimpour, Javadzadeh
and Hamishehkar (2016)

is consistent with the experimental data and its specific character-
istic.

3.3. Tetracycline release study

The release of tetracycline from CNC was influenced by pH con-
dition of the PB mediums (2.1 and 7.2) also the interaction between
tetracycline and the ionic components in the PB solutions. Since
the release of tetracycline from CNC — tetracycline complex (Egs.
(5) and (6)) involving dissociation of CNC — tetracycline complex
into protonated or deprotonated tetracycline, therefore, the kinetic
release of tetracycline into PB solutions, follows the second order
of reaction (Lin, Qiao, Yu, Ismadji & Lu, 2009)

dcC
TZC = k(Crce — Crc)? (7)

where Cy¢ is the concentration of tetracycline in the PB solution at
any time, k is a constant, and Cyc, is a concentration of tetracycline
in the PB solutions at equilibrium condition. Initial concentration
of tetracycline in PB solutions Crc, =0 and when it is integrated into
Eq. (7) gives the following equation:

Ci,.k.t
= T+ Creok) ®
Parameters Crce and k obtained from the kinetic adsorption exper-
imental data, which can be well fitted into Eq. (8). The values of
parameter Crc, and k at pH 7.2 are 101.95mg/L and 0.004 L/mgs,
respectively. While at pH 2.1 the values of parameter Cyc. and k are
35.26 mg/L and 0.0018 L/mg.s.

At pH 7.2 (neutral condition), tetracycline was rapidly released
within the first 10h followed by a sustained release until the
equilibrium condition was reached (Fig. 7). Approximately 80% of
tetracycline adsorbed on the CNC was released into PB(7.2) solution
in 10 h (Crc =82.49 mg/L). The maximum tetracycline release was
approximately 82.21% after the equilibrium condition between CNC
and PB (7.2) solution was achieved within 48 h (Crce =99.89 mg/L).

120

100 -

80

—— Second order kinetic
60 4 @ pH=72
® pH=21

Cre, Mg/l

40

20

0¥ T T T T

T
0 20 40 60 80 100 120

t, hour

Fig. 7. Tetracycline release behavior at pH 7.2 and pH 2.1.

An opposite phenomenon was observed for tetracycline release at
PB medium with acidic pH of 2.1 (Fig. 7). In this acidic condition,
the maximum amount of tetracycline release (25.1% of the initial
amount) was much lower compare to neutral condition (pH 7.2).
The pH condition of release medium (acid/neutral/basic) plays a
majorrole in controlling the release rate of tetracycline from CNC. In
general, our observations show that CNCis negatively charged (—22
to —25mV) over the studied pH range, whereas tetracycline exist
in three different ionic forms (cations, zwitterions, and anions). At
pH < 3.3, the tetracycline molecules was positively charged, while
the CNC was negatively charged, thusin the PB solution of pH 2.1 the
electrostatic interaction between CNC and tetracycline was much
stronger than the interaction of tetracycline and the solvent. At pH
7.2, tetracycline molecules serve as zwitterions that carry no net
electrical charge and resulted in a reduced electrostatic interaction
between CNC and tetracycline (Yu, Ma & Han, 2014). Furthermore,
at neutral pH the hydrophilicity of tetracycline also increases, these
phenomena enhanced the release of tetracycline to the PB solu-
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tion. Comparison of tetracycline release efficiency between CNC
and other drug carriers is given in Table 3.

It can be seen (Table 3) that several synthetic drug carriers
(Poly (lactic-co-glycolic acid), solid lipid microparticles) and CNC
have high tetracycline release pattern at early stage of drug release
experiments. This high release values indicates that some of the
tetracycline molecules were adsorbed in the surface of adsorbent
with low adsorption affinity; therefore, the tetracycline molecules
were easily released or desorbed to the PB solution during the
first hour of the experiments. CNC has comparable value of release
efficiency with poly (lactic-co-glycolic acid) especially after 6 h of
release study (CNC around 72% and poly (lactic-co-glycolic acid)
around 75%). Comparing to curdlan - polyethylene oxide compos-
ite, the tetracycline release efficiency of CNC after 2 h was lower
(48%). This phenomenon indicates that CNC has stronger adsorp-
tion affinity than curdlan - polyethylene oxide composite. With
highrelease efficiency (>80%), CNC has potential application as drug
carrier.

4. Conclusion

Passionfruit peels (PP) can serve as potential precursor for their
conversion into CNC. The maximum yield of CNC extracted from
the pre-treated pulp of PP was 58.1 4 1.7%. The adsorption of tetra-
cycline on CNC were conducted at varied pH 3-7 with the optimum
uptake of tetracycline was achieved at pH 3. The most widely used
isotherm equations of Langmuir and Freundlich were employed to
fit the adsorption experimental data, where Langmuir could bet-
ter represent the data than Freundlich equation. The drug release
study was conducted at two different pH of phosphate buffer solu-
tions (7.2 and 2.1) with the maximum release of tetracycline at pH
7.2 was 82.21% and at pH 2.1 was 25.1%. The second order kinetic
model could represent the release data well.
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