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Abstract— Chitosan-Alginate micro-particles can serve as coatg to the drug through the encapsulation processof controlled
release. The addition of Tri Poly Phosphate would chrge the characterization of Chitosan-Alginate micreparticles because of the
process of cross linking. This study aims to determé the characterization of micro-particles of Chit@an-Alginate based on
particle size distribution, particle surface morphdogy and dissolution process in acid medium. The rtieod used to make micro-
particles of Chitosan-Alginate is using spray dryig, thus the micro-particles can be made by mixing Ktosan-Alginate with a
weight ratio of 1: 1, 1: 2, 2: 1 then mixed the crsslinking compound Tri Poly Phosphate (TPP) with a agcentration of 0.1%,
0.3%, 0.5%, and added emulsifier Tween 80 3% v / \stirred at a speed of 20,000 rpm for 10 minutes #n inserted into the spray

dryer to form micro-particles. The powder of micro-particles the
performed in vitro of stomach acid solution using aidic medium for

n analysed by Scanning Electron Microsipy (SEM) and
the test of dissolution. Based othe research that has been

done, 0.1% TPP concentration of Chitosan-Alginate rdo of 2: 1 can produce the most uniform size distbution with a ratio of

40.54%. The biggest dissolution of micro-particles lained from
concentration of 0.1% TPP was 80.8%.

the samples with Chitosan-Alginate raib of 2: 1 with a
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I. INTRODUCTION

Encapsulation process has been widely used in drugs
cosmetics, food, and drinks industries. Encapsati
process needs non-toxic coating agent and saveleto
consumed. Natural polymer can be used as the sating
agent due to the biodegradability in human digessiystem
and is now widely used for medical treatment esplgycas
drug delivery system. The Natural polymer is useteplace
the synthetic polymer as the coating agent becdhse
production of synthetic polymer uses heat and acgan
solvent that can affect the bioactive componenicstire and
bio-stability. The production process of naturalypzer that
used a simple technique and low operation condition
supported by the solubility in water, bio-degradiaihi bio-
compatibility, and non-toxicity, makes the natupalymer,
such as Chitosan, Alginate, gelatine, and maltatdexthe
right coating agent in drug delivery system [1].

Recent studies have used a combination of two ropati
agent, such as Chitosan and Alginate. The advantage
combine this biopolymer of coating agents is thailability
to form a polyelectrolyte complex. [2], [3].

Chitosan is a cationic bio-poly-amine-saccharidethees
result of chitin deacetylation process from Anttode and
sea Crustacea. Chitosan is the largest poly sddehafter
cellulose [4]. The positive charge of Chitosan trescts to
the negative charge of a surface affects the ieteritme
and charge availability [5]. Chitosan
biopolyaminosaccharide of the process of deacébylabf
chitin, which is the largest source of polysacaterafter
cellulose, derived from animal’'s arthropods and ingar
crustaceans and properties are biocompatible, giadable
and non-toxic [6].

Alginate, another natural polymer that has widedgdias
coating agent, can form a simple matrix structutgs;
compatible, non-toxic, and can protect the bioactiv
component from heat and moist that raised the lgtabind

is



bio-availability [7]. Alginate can also be used #ber
sources to reduce cholesterol level in blood [8].

Chitosan has positive charge due to the preseiice
amino group while Alginate has negative charge wuthe
carboxyl group. The coating process that only usee of
these natural polymers will not be stable [9], lifuthe
natural polymer with different charges bound tonfonon-
charge molecule, the coating will be stable in awddition
to slower the drugs degradation in stomach andllissn
intestine pH condition [10].

Controlled release is a condition when the coatih@n
active substance has to be modified to be able ass p
through various factors in human body such as pidyme,
light, magnetic field, temperature, ultra sonicmasic or
time [11]. Thus, the effectiveness of the activbssances in
the place and time of releasing of the active suiusis can
be controlled. Encapsulation is a technology tlaait control
the rate dissolution of the microcapsule layerhesdoating
agents. Encapsulation has been applied in manysirids
such as Pharmaceutical industry, cosmetic, fooddaimdks,
and also Agro industry.

chitosan-alginate. Crosslinking agent that is oftesed is
glutaraldehyde, while a widely used surfactant i@a-ionic
surfactant because it has a non-ionic hydrophilaug such
as Tween 80 and Span 80. Tween 80 and Span 80ximonto
commonly used as an emulsifier and stabilizer indfand
pharmaceutical fields. Tarirai [21] has been cotidgc
research on gelling chitosan as a carrier of ibigordoy
using crosslinking compound Tri Poly Phosphate and
surfactant compound that also functions as a dnb&sg,
i.e., oleic acid, sodium lauryl sulphate (SLS) dweeen 80.
The surface of the microcapsule produced will asedy
with SEM/ SEM is a scanning electron microscopecihis
able to produce high-resolution images of a samptéace.
The image produced by the SEM has the charactesti
three-dimensional appearance, and can be usedenriiee
the surface structure of the sample. The resuthefSEM
image is displayed only in black and white. SEM lgghe
principle of electron diffraction in which the same
measurement as an optical microscope. The printsgdlesd
electron will be deflected by the electromagnesgas! in
SEM. Scanning Electron Microscope (SEM) is a tyge o

Release characteristic of the micro-particle can be electron microscope that uses an electron beamato the

identified by the cross link agent used as the il&tah

object surface profile. The working principle of 8Eis

Substances that can be used as cross link agent arfring a surface with high-energy electron beamrf&es

formaldehyde, glutaraldehyde, and Tri Poly Phospljia?].
Tri Poly Phosphate is chosen to be the cross lgpgnts
because it is safe and non-toxic [12]. The mixih@hitosan
and Alginate with the addition of Tri Poly Phosphais
coating agent will change the character of the unextas
drug delivery system. The aim of this research ds t
determine the effect of Tri Poly Phosphate conediotn
towards the characters of Chitosan-Alginate micdiple
in the dissolution process.

The method to formulate the Chitosan-Alginate micro
particle is Spray Drying because Spray drying [isacess of
changing from a liquid into a dry powder by conitagt

that are subject to the file will reflect that fitle generate
secondary electrons in all directions. But thererie way in
which the reflected beam with the highest intensity
Detectors in SEM detect reflected electrons anérdene
the location of the reflected beam with the highetnsity.
Directions provides information profile surfaceslsias how
linear and where the direction of the slope. Tetinat¢ SEM
can produce sharp images are reflective surfaces i
able to release electrons or secondary electroren vghot
with an electron beam.

Releasing the active substance from the polymetirgpa
can be happen through three mechanism; direct Sifift,

medium heat (hot air). The feed can be suspension,degradation and swelling followed by diffusion. fDgion

emulsions and pastes in which the powder propedégsnd
on physical and chemical properties [13].

Spray drying is the oldest method of microencapguia
in food industry and was discovered in 1930 [14pr&§
drying is the process of spraying the material thio the
atomizer and contacted with hot air to produce peEwlith
10-50 pm size and the largest size of the partic®3 mm
[15]; [16]. A crosslink agent is needed to makedkasity of
the Chitosan-Alginate micro-particle. The crossliagent
used in this experiment is Tri Poly Phosphate, hes lest
crosslink agent used in the previous research bydah Zhu
(2002) [17], due to the fact that Tri Poly Phosghhts a
high negative charge density that increase therdotien
with poly-cationic Chitosan. Yongmei dan Yumin (300
[18], stated that the formation of micro-particleutd only
happen on a certain concentration ratio of Chitceaah Tri
Poly Phosphate. Tri poly phosphate increase théhamécal
strength of the matrix of Chitosan-Alginate micraicle,
thus the Chitosan will be hard and not easily hekén into
small pieces [19].

Study of modified chitosan micro-particles using an
emulsifier which is a crosslinking compound and a
surfactant. Based on research Silva et al. [20{e tiwat the
addition of surfactant can reduce the particle $fehe

happened when the active substances release thtbegh
pores of the polymer matrix that has uniform siad eertain
thickness of the matrix, thus the release of activestances
will be constant in a certain period. The procdasts when
the polymer chains swelled due to interaction witH,
temperature, enzyme, or other stimulus. After tbé/mer
chain swelled, thus the active substances will Hiisdd
constantly, until no more active substances lefterAvards,
the polymer will be degraded as the result of hiydie
process to be small molecules that can be absoblyed
human body’'s system. Micro-particle of chitosanizdte
that has been produced is evaluated for the detipaday
solubility testing with in vitro dissolution methadeans that
experiments were conducted in a controlled envir@mm

The test is performed to determine the resistaricinen
microcapsules produced at the time of passing girahe
digestive process in the body. Micro-particles bit@san-
alginate coating is applied as a remedy which ewesto
protect the drug in the process of passing throtigh
digestive system of the stomach, because stomadhtraat
has a pH of dissolution media, it can be assumed th
resembles the gastric pH controlled at pH 1.2 ahealthy
person's body temperature is G7



Media acids selected because at acidic pH will be
positively charged chitosan while above pH 9 (afia)l
chitosan particles will lose its cargo from lossHbf+ ions
excess NH3 + bound by OH-. The Particles of chiictbet
has a pH sensitivity can be used for drug delivieryhe
stomach cavity acid so that the particle size iswtamed not
undergo aggregation. [22].

Determination of the solubility profile of chitosan
alginate micro-particles is a prior measurement tloé
maximum wavelength of chitosan by using UV-Vis
spectrophotometer. The dissolution was carried foutl
hour by sampling as much as 6 times at specifiatk ti
intervals.

The aim of this research is to determine the eféécEri
Poly Phosphate concentration and Chitosan-Algimat®
towards pore size distribution and to determine the
characters of the micro-particle using SEM.

Il. MATERIAL AND METHOD

A. Material

Sodium Alginate and Food grade Chitosan was oldaine
from CV. Bio Chitosan Indonesia. Acetic Acid Gldc1®0%,
Tween 80, KCI, HCI and Sodium Tri Poly Phosphates wa
analytical grade from MERCW.

B. Method

1) Preparation of Chitosan-Alginate microparticle:
Chitosan solution 2% 1000 mL was made by solubijzi
Chitosan with acid acetic glacial 1% (v/v). Soluatiof
sodium Alginate 1% were then added to Chitosantiswsiu
with weight ratio of Chitosan:Alginate were 1:222nd 2:1,
while continuously stirred. Afterwards, the Tri ol
Phosphate were added with various concentratiof60,1
0,3% and 0,5% gradually while keep on stirring. The
emulsion process were started by addition of 5 miedn 80
then stirred vigorously with homogenizer at 2000én rfor
10 minutes.

2) Spray drying (Figure 1): The emulsion was then
put into spray dryer with inlet temperature 120and outlet
85 C to form micro-particle.

3) SEM analysisMicro-particle powder was analysed
with SEM Hitachi type SU3500 to determine the sine the
morphology of the particle surface.

4) Dissolution Test of the Chitosan-Alginate-TPP
micro-particle: The test was done in the acidic medium in
accordance with the Indonesian Farmacopeia. As nasch
500 mg of the Chitosan-Alginate micro-particle wetaced
into a chamber filled with KCI-HCI (pH 1.2) for Ginutes
at 37 + 0.5°C and 150 rpm. Sample was taken every 1
minutes 10 ml each, and the concentration wasdhatysed
using Spectrometer UV-Vis at 258 nm. Every 10 nmhgke
taken was replaced by the same volume of mediuntisnl

Fig. 1 Spray Dryer

I1l. RESULT AND DISCUSSION

A. The effect of chitosan-alginate ratio and concetiraof
Tri Poly Phosphate towards the particle size disition

The process of making Chitosan-Alginate micro-peti
begins with making the emulsion of Chitosan-Algmat
micro-particles, by mixing the Alginate solution thi
solution of Chitosan. This mixing of the Alginatelgtion
with solution of Chitosan will form the coordinatevalent
bonding interactions. Chitosan has -Nitoup that will push
the carboxyl group of Alginate by giving electrdnsC atom
of the carboxyl group, thus the C atom will haveess of
electrons and releasing OH- groups. With the ldosshe
amine group in Chitosan, Chitosan characteristicscduble
substance in acidic medium can be eliminated sb ttha
matrix of chitosan will be more stable in acid. ilate as a
compound which binds to the Chitosan is a hydraphil
compound.

Chitosan-Alginate is an attempt to be used as tngpan
the encapsulation process to release the drugadtigon of
Tri Poly Phosphate (TPP) acts as a cross-connewctaigrial
that serves as a hardener and maintain the fotheahicro-
particles, so that the active components in theanapsules
releases slowly and able to achieve the desirggttar

TPP concentration is varied, 0.1%, 0.3% and 0.56@ T
variation is used to determine the effect of thePTP
concentration towards particle size and characttéoa of
the resulting particle. The addition of TPP has filnection
as the cross-linking, where the protonated aminkls{N
would bind with O group of TPP. Layer formed in the result
of cross linking between Chitosan-Alginate with TR#I
trap the drug / active substance that bind to th&o€an-
Alginate.

The addition of tween 80 in the emulsion process of
Chitosan-Alginate micro-particles at a concentratad 3%
(v/v) serves as emulsion stabilizer/surfactant. phesence
of surfactant will make the Chitosan particles beered and
stabilized from one another so that the proces®lving the
particles will be more effective and prevent cludti
(agglomeration) between the particles. Stirringasried out



at room temperature with a speed of 20,000 rpntritgii
aims to break large molecules into smaller portidieen the
emulsion of Chitosan-Alginate solution with diverse
formulations will be produced.

The solution / emulsions that have been made hélhtbe
atomized in a stream of hot air to the formationtiofy
droplets in the spray dryer apparatus. From thig¢ss, the
solvent evaporates and produces particles that rfreety.
Then the results of Chitosan-Alginate micro-paetcl
powder will be analysed using SEM to see the sarfac
morphology, shape, micro-particles size and sizBmity.
The dissolution analysis is carried out to analyhe
solubility in acidic media

Particle size distribution was analysed by SEM (Bazg
Electron Microscope). The variety of the materiakd in
this experiment can be seen at Table 1. The Chitosa
Alginate microparticle formed using the spray dryave
relatively low percentage distribution (below 50%is
could happen because the rate flow to the spragrdsynot
stable.

The pressure that apply to the nozzel part of fhrays
dryer effected the average particle size, becausearticle
size is the function of rate per nozzel and spraggure. Fig.
2. shows the percentage of Chitosan-Alginate parsize
distribution.

TABLE |
VARIETY OF CHITOSAN-ALGINATE MICROPARTICLE RATIO
Sample Variation
Ratio of Concentration of
Chitosan/Alginate Tri Poly
Phosphate

A 1:1

B 1:2 0.1%

C 2:1

D 1:1

E 1:2 0.3%

F 2:1

G 1:1

H 1:2 0.5%

I 2:1

Generally, the whole formula of micro-particles bawo
uniform particle size, that is proved by the petaga of
micro-particles less than 50%, this is presumalelgalise in
the process of making the emulsion, the stirrifgnaro-
particles using a stirrer with a speed of 20,00®,rmakes
the energy deployment is not the same, so thatetftected
energy to the emulsion molecules in the solutiofl
different Thus, the different reflection causes ecoles
having different characteristic, some will brealstéa, the
other have a longer rupture resulting in largettiglar size
and non-homogeneous particle size [23]. Pastitheat
have a highest uniform size are in the formula @hthe
largest percentage of 40.54% the content of Chitosa
Alginate 2: 1 with a concentration of 0.1% TPP.

The patrticle size distribution in the sample isaittd by
counting the number of particles in each size raofg@-10

m to the total number of micro-particles. Profilarticle

size distribution of particles to form a peak whé#rere are
peaks and shaped like a parabola. The narrow amdha
highest peak indicated the particle size distriutimore
homogeneous / uniform otherwise the greater areasthe
particle size distribution is not homogeneous. iguife 3
shows the profile of particle size on particle siltstribution
of varying concentrations of TPP and the voluméoraf
Chitosan-Alginate
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Fig.2. Percentage of particle size distribution Ghitosan-Alginate
microparticle

Based on the figure 3, the ratio of the volume bit@san-
Alginate 1: 2 shows particle size more uniformeaich
concentration of TPP indicated an area that isomatand
has only one peak, where the highest peak is aethiat a
concentration of TPP 0.1% with a percentage of 33.@nd
the lowest at 0.3% TPP concentration of 27.9% & slze
range of 3-4 m, but at a concentration of 0.5% TPP getting
smaller particle sizes in the range of 1-& with a high
percentage of the size uniformity at 32.3%. Whike t
volume ratio of 2: 1 has only one peak with a nararea,
the peak of the volume ratio of 1: 1 area resulting fairly
wide variety TPP concentration and tend to haveentban
one peak. This means that the particles producesrious
TPP concentration result non uniform in size. Soaib be
concluded that a great volume ratio of Alginatel wibduce
a more uniform distribution and will be essential the
formation of particle size with high uniformity eize.

TPP role in the formation of micro-particles Clsdm-
Alginate is a crosslinking agent that will strengiththe
matrix of Chitosan micro-particles. Chitosan Getuws due
to the formation of three-dimensional network betwehe
molecules of Chitosan, tissue properties and mtdecu
interactions, that bind the whole gel, determire gtrength,
stability and texture of the gel. another moledblgt acts as
crosslinking agent is usually used to strengthennitwork
in the gel [24].

The increasing amount of TPP will reduce the nundjer
Chitosan micro-particles, means that the increasing
concentration of TPP will make smallest size mipesticles
difficult to form. This is proved from the resultef
experiments with varying concentrations of TPP show
Figure 3. TPP concentration of 0.1% produces thestmo
uniform size distribution indicated by the narrowea of the



peak and peak altitude, thus obtained the sizeerafi@-4

The use of crosslinking with high concentrationdl wi

m micro-particles at each ratio of certain volumé o cause stronger and harder gel Chitosan, so it bal

Alginate Chitosan. Whereas, on the TPP concentratio
0.3% and 0.5% more likely to have a low size distion.

Particle size (um)

@)

(b)

(©

Fig. 3 Particle size distribution with variety dfri Poly Phosphate
concentration (a) Ratio Chitosan-Alginate 2:1; R&tio Chitosan-Alginate
1:1 and (c) Ratio Chitosan-Alginate 1:2

increasingly difficult to split into small partsh& greater the
concentration of TPP will also cause clots (agglatien)
molecules. But in comparison Chitosan-Alginate wadu
ratio of 1: 2 with a concentration of 0.5% TPP gebetter
size distribution is in the range of 1-in with a high enough
percentage

The raised of Tri Poly Phosphate concentration le#id
to the formation of aggregate, thus will raised geeticle

size. Aggregation happened when the opposite charge

electrostatic force attract each other. Fig.3. shote
particle size distribution of Chitosan-Alginate litariety of
Tri Poly Phosphate concentration.

VOLUME RATIO OF CHITOSAN : ALGINATE
1:2 1:1 2:1

TPP
0.1%

TPP
0.3%

TPP

0.5%

Fig. 4 The patrticle size distribution from SEM

SEM analysis result in Figure 4 also shows theaunifty
of Chitosan-Alginate micro-particles. At a ratio @fl
particles formed tend to have non-uniform size hatde a
large particle diameter. It is suspected that itug to the
high viscosity of the emulsion. Chitosan in a soluthas a
high viscosity, so that the excess volume of Chitowill
cause a high viscosity of the solution, thereforata of 2:1
produce the form of micro-particles which tend &vé a
larger size. The greater the volume of Chitosanmaehat
the concentration of Chitosan in the mixture of &sioun
increases. The concentration of Chitosan in theurexwill
affect the viscosity of the solution which will efft the
particle size. In general, the average size ofitioplets that
formed on atomization process of spray drying diyec
proportional to the viscosity of the solution, ththe particle
size will be larger due to the increase in theassy. This is
due to the viscosity of the emulsion is high if tzated with
hot air during the process of spray drying and withduce
larger droplets than the solution, which has aVisgosity.

While the ratio of 1: 1, tend to show better spreadhe
particles and do not form aggregates. However,dbées not
indicate uniformity of a pretty good size when sé@m the
graph in Figure 3. According to Zohri [22].



Chitosan-Alginate is a comparable ionic interaction  TPP affects the concentration on the solubility tioé
between the molecules of chitosan to bind to Algina coating inversely, i.e., the greater the conceiotnatof
overall and no free polymer in the media to crumple coating the lower the solubility. TPP reaction withitosan
Chitosan-Alginate. That makes the mixture will puod via crosslinking makes more tightly so that thentlayer of

more stable micro-particles. water molecules in acidic media is hard to diffus® the
It is suspected that the influence of stirring a short structure of Chitosan-Tri Poly Phosphate.
time, causing a cross between the junction withinfslte- The Formation of crosslinking makes the coating

Chitosan moment that would cause the breakdown ofdecreasing the solubility of chitosan in a wide y@dge and
particles is not effective result not only woulctiiease the  also increasing the resistance to degrade the chéror
size of the micro-particles but also the numbemucro- biological degradation in a long time. This is pedvin
particles produced less and less uniform. Chitosan-Alginate volume ratio of 1: 1, the pereget
From SEM results also show Chitosan Alginate volume solubility at a concentration of 0.1% TPP concditra
ratio of 1: 2 has a high uniformity of size at each higher than 0.5%, amounting to 87.59%, while thePTP
concentration TPP, although particles produced exgde. concentration of 0.5% at 85.7%.
The resulting aggregate allegedly caused by the However, the volume ratio of Chitosan Alginate 2: 1
accumulation of ions (O-) of Alginate and ions (©f)the shows that there is a deviation where the percentdd PP
TPP is not bound to Chitosan so that the ions teifigged on solubility at a concentration of 0.1% was lowerrtha5%.
the sidelines of Chitosan-Alginate bond that catkeshond These irregularities allegedly because not all TRiEh
is getting stronger and will increasingly difficttt split into Chitosan binds perfectly that may cause weak bamdke
smaller molecules again. crosslink and not so easy dissolution process sccur
) i i , - Chitosan-Alginate volume ratio also affects theubdity
B. Test of Ch|tosan-AIg|nate micro-particles Solulgilit of the coating percentage. The greater the pergenta
Acid Media solubility showed that the weaker coating produc€uh
Based on the research that has been done, 0.1% TPRhitosan-Alginate micro-particles, Alginate sertesrepair
concentration of Chitosan-Alginate ratio of 2: lhgaoduce mechanical properties of chitosan gel.
the most uniform size distribution with a ratio 49.54%. Characteristic of Chitosan is soluble in acid tban be
The dissolution method is used to evaluate theattgion stripped away so that the matrix of chitosan wil imore
of Chitosan-Alginate micro-particle in a controlled stable in acid. So that the effect of Chitosan-Adgé volume
condition. Chitosan-Alginate micro-particle as dogt ratio on the solubility of the coating inverselye.j the
agent has to be not easily dissolved in acidic t@rdin greater the volume of Alginate it will be the stgen of the
stomach, thus the dissolution media in this expenims coating produced so that the solubility percentageld be
lower.
This is proved in Figure 4 Chitosan-Alginate volurago
of 2: 1 has a greater percentage, 97.8%, compaitd w
Chitosan-Alginate volume ratio of 1: 2 amounted&2%
at a concentration of 0.5% TPP. However, the TPP
concentration of 0.1% and 0.3% at a ratio of 2ndl &: 2
increase. It deviates in theory, this is thought cmcur
because of the existence of Chitosan that doebindtwith
Alginate and only binds to TPP. Bond between cross-
chitosan with TPP is ionic bond that reversible amgk. In
artificial gastric fluid medium (pH 1.2), the boigl broken
| and separated. Another factor is the nature ofoShit itself
is soluble in acidic pH media cause Chitosan t@rilsiate
1 = [24].

adjusted to pH 1.2 and % (normal human body
temperature). Chitosan will bear positive chargeaandic
condition and as the medium gets basic (pH aboy¢h@)
H* ion bonded to NEf will be decreased. The sensitivity of
Chitosan particle is a benefit to deliver drugsotigh
stomach without easily gets aggregated [23].

u
T [ IV. CONCLUSIONS

Based on the research that has been done, 0.1% TPP
concentration of Chitosan-Alginate ratio of 2: hgaoduce
i the most uniform size distribution with a ratio 40.54%.
The biggest dissolution of micro-particle, obtairfemin the
samples with Chitosan-Alginate ratio of 2:1 and the
concentration of 0.1% TPP, was 80.8%.

Fig. 5 The Percentage of Dissolving the mixture of
Chitosan:Alginate and TPP in Acidic Medium ACKNOWLEDGMENT
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