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ABSTRACT

The use of biopolymer of poly (3-hydroxybutyra{@3HB)] as a matrix of urea slow release ferglizhas been
carried out. The microencapsulation of urea wasdwaried using the solvent evaporation method. Thie @t
urea-P(3HB) for formula 1, 2, and 3 were of 1-12,1and 1-3 respectively. Microcapsules were euaidey
Scanning Electron Microscope (SEM), Fourier Tramsfolnfra Red (FTIR) spectroscopy, amount of urea in
microcapsule, particle size distribution, releasstt and kinetic release of active substance. Reshbwed that the
biopolymer P(3HB) could be used as a matrix of uskav release fertilizer. There was no chemicétriaction
between urea and P(3HB) during the process of mapsules formation. The amount of urea in microolssin
Formula 1, 2, and 3 were detected of 41.39%, 28,8886 24.47% respectively. The microcapsules forthed
spherical shape with particle size distributionuséa in microcapsules was ranged from 11.4 to 60Y it is also
observed that the release kinetics model of thvesiubstance (urea) followed the Korsemeyer-Peppastion.
Statistical assay of One Way ANOVA showed thatisbeof P(3HB) affect the efficiency of release sagtificantly
(p<0.05) which means that an increase in the cotregion of P(3HB ) as matrix could reduce the redeaof urea
from the microcapsules.
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INTRODUCTION

Fertilizer plays an important role in enhancing pineduction and productivity of the agriculture.the general, the
Indonesian farmers use urea based-fertilizer [CQINH45-46%) as the primary nitrogen sources for sufipgy
their food plant productions. Without urea basatitieer, the productivity of the plants could bedlined [1. 2].

In facts, there was any obstacle found in plantivation. The fertilizer was not absorbed suffitly by the plants.
About 20-70% of the fertilizer either would be daded or washed away in the soil water flow. Th&uited in the
inaccuracy of the fertilizers and the pollution doghe environment containing nitrogen [3]. Scttlitts necessary
to investigate another method to ensure the chémiements in the fertilizer are released slowld aontinuously
in certain period of time to minimize the accidehtvater dragging.

An effort to enhance the effectiveness and efficjeof urea based-fertilizer could be performed ydifying the
fertilizer into the matrix form which is able tolease gradually in the soil [4]. This method of leggdion is called
asSlow Release FertilizelSRF). The advantage of such fertilizer is thatfértilizer will be available in the soil in
the longer period of time compared to that by tbeventional fertilizer fast release fertilizgr This method also
reduces the cases of evaporation, and water digfsjin

The exertion to retard the nitrogen release froenfétilizer could reduce the case of environmeailupion since

the nitrogen in the form of nitrate that enter Wegters is a source of water pollution. Nitrogerhia inorganic form
(nitrate, nitric, and ammonia) is the indicatottlé water pollution. Nitrification impacts the qgitplof environment
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due to the oxidation of NHinto NO;which is easily soluble in water that cause théypioh in its nature. The high
concentration of nitrate in water stimulates thewgof microbes, algae, plankton, water hyacinttg another water
plant due to the enrichment of water containingaiet.

Microencapsulation is a method of thin layer usedte matrix either on the solid small particlestle drops.
Microencapsulation is able to convert the liquidnfiointo the solid one, protect the particles frdra environment
and control the characteristics release of the niadde One of method used to form microcapsulesmsiisification
of solvent evaporation. By this method, the proa#ssicrocapsule formation is initiated by sepamatof emulsion
drops of dispersed phase into the mobile phasdandsmall drops. If the stirring procedure stoppiise forming
microcapsules will be fall down to the base of toatainer. The technic of solvent evaporation ie ab use in a
wide variety of various core materials of liquidsmlid forms. Either the soluble or the insolublatemials could be
used as the core materials [6].

P(3HB) is a biopolymer that produced by bacterieghsais Ralstonia euthopha aBdvina spUSMI-20 [ 7,8]. The
biopolymer is known to have the biodegradable priypand less toxic to the cells [9].

The American Society for Testing of Materigh&TM) andthe International Standards Organizati®i$O) defined
that the degradable polymer is the materials that &s chemical structure in the certain conditisignificantly.
The alteration caused any changes of its physiwdinaechanical characteristics. Biodegradable palyimasually
occured due to the action of microbes such as bacfangi and algae [10].

In the present study, P(3HB) was used as the mafrithe microcapsules using the emulsification olfvent
evaporation method and the observation of the kimetease was performed later.

EXPERIMENTAL SECTION

Equipment and M aterials

Tools used in the study were homogenit#A® RW Digital), Fourier Transform InfraredJéscg, UV-Vis
spectrophotometer (U700 PharmaSpecJapan), analytical balanceSHimadzu AUX 220Japan), Ocular
microscope, mortar and stampher, sieve papers)glogipboard.

The materials used were urea (Merck, Germany), djoper P(3HB) (Aldrick Chemical), dimethyl amino
benzaldehyde (Merck, Germany), Polysorbate80 (RataBo, Indonesia), Liquid paraffin (PT. Brataaaldnesia),
dichloromethane, n-hexane, distilled water, anticgmitaining water.

Raw Material Examination

The examination of raw material was performed base the requirements stated in Indonesian Phanpe#ro
3rd.edition and United States Pharmacopeia XXXlhsas apprearances and solubility . Then, the exatiom
performed to P(3HB) were appearances of solubdgityl Infra Red spectra identification [11].

Production Microcapsules Urea

The formula of slow release fertilizer of urea &a(@HB) as a matrix is shown in Table 1. P(3HB) w&solved in

a cup containing chloromethane and added the amounirea (M). In another cup, the liquid paraffin in
combination with span 80 was prepared,XMhen, M was added into Mgradually and stirred under the velocity
of 700 rpm until whole of dichloromethane evapodafEhe formed microcapsules were collected by pguout the
excess liquid until the solid has settled at th&dwm of container and washed with n-hexane fouesiniater, the
mass was filtered and dried in the drying cupboard.

Table 1. Theformula of urea dow releasefertilizer produced

. Formula
Materials FO[FI [ F2 | F3
Urea (mg) - |500[ 500 | 500
P(3HB) (mg) 500[500[1000| 1500
Dichloromethane (ml 20| 20| 20 | 20
Span 80 (mL) 111] 1 1
Liquid parafin (mL) [100/100( 100 | 100
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Microcapsule evaluation

a.IR spectroscopy analysis

The absorbance of the microcapsules in the formogfder was measured usiRgurier Transform InfraredFT-
IR) spectroscopy.

b.Particle size distribution

The patrticle size distribution of microcapsulesidéel in the study was measured using optilab eqeipmAfter
being calibrated, the Optilab was connected toottidar microscope and plugged into the computee Jamples
were put on the object glass and then attachetieoddsk smear. The particles were observed anthgéspon the
computer screen and counted as 300 particles.

c. Determination of amount of urea in the microcapsule

The amount of 50 mg of microcapsules was quantébticounted and grinded. Then, the mass wasfawatsinto

a 25 mL volumetric tube and dissolved with the itiést water, shacked and added 1 mL of Erlich reag&he
maximum wavelength of urea was measured using ¥e/id spectrophotometer. Sampel for each formula wa
measured for three times.

d.Scanning Electron Microscopy analysis
The sample was attached to the sample holder asehadd in the various magnification of SEM (Phenopro X,
Netherlands) under the condition of 5 kV and 12 mA.

e.Release test

Container of the testing medium was filled with ®BQ of soil containing water. An amount of urea roicapsules
produced which was equal to 150 mg was added let@dntainer. Then, 5 mL of the solution was takeh0, 20,
30, 45, 60, 120, 240 and 360 minutes. The missihgtiens were replaced with the test medium. Theodance
was measured using the UV-VIS spectrophotomettreatnaximum wavelength. The measurement was coedluct
three times for each formula [12].

RESULTSAND DISCUSSION

The microcapsule formation was initiated by dilgtithe P(3HB) in the dichloromethane followed by iaddthe
urea. In another container Span 80 was combindd ligitid parafin and stirred using the homogenizeder 700
rpm. In the stirring process, urea and dichlorome¢hwere dropped in the mobile phase carefully. Stireing
process would yielded the emulsion consisted od ared P(3HB). During the stirring process, the aotwould be
evaporated which cause the breaking of the emul3ibis would produce the microcapsule particlethin mobile
phase [6]. The stirring process was conducted fbol&s continuously. The formed microcapsules vesidected
by pouring out the excess liquid until the solid Isattled at the bottom of container and washel mvitexane four
times. The washing process aimed to ensure thahiticapsules were free of mobile phase. Laterntlass was
dried using the vacuum oven under 70° C until windsbile phase was evaporated.

FTIR spectroscopy of urea microcapsules showedftraied several spectrum referred to the functigmaup
contained in the structure of urea as the activapmund and P(3HB) as the matrix. There was no faietional
group which implicated that there was no interacbetween both molecules.

SEM analysis data (showed in Fig-1), indicated thiea microcapsule was formed in sphericalal sthame there
was the agregation which was predicted as thetre$uwoagulation the small particle microcapsulElsere were
also less-spherical shaped microcapsules whichupestiby empty microcapsules. The particle sizeeni@ppon
the velocity of stirring process. In the presentgtthe velocity used was 700 rpm referred to tevipus value in
the similar study. This condition yielded the pa#isizes ranged from 0 to 1.000 um. The slowestiaing velocity
would produce the bigger size and less-sphericgbesth microcapsules. Inversely, the increasing tafcity would

produce the smaller and less-spherical shapectieaj@i, 13].
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Fig 1. Scanning Electron Microscope (SEM) analysis of microcapsules containing urea of Formula 3

Particle size distribution of the microcapsulesvebo in Figure 2. Generally, the particle size ethfrom 11.43
pum to 607 um. The highest proportions of particte &f formula 1, 2, and 3 were ranged in similalue of 11,43
um — 54 um by the frequency of Formula 1, 2, ameeBe 58,33%, 66,34%, dan63,34% respectively. Theiqus
study reported that the particle sizes distributimmg the present method produced the particlebanrange of
134.33 - 266um from Formula 1 and 3, weather Formula 2 yieldedgarticles ranged from 0-133 um. The particle
sizes yielded in the study fulfilled the requirertgeof microcapsule formation using the method ofiksification of
solvent evaporation which had to be ranged in 5050 [6].

40 - mF1
30 - mF2
20 - F3

Particle size (um)

Figure 2. Graph of particle size distribution of urea microcapsules. F1 (Formula 1), F2 (Formula 1), F2 (Formula 1)

As general, the recovery value of active compouhowed that the urea contained in the microcapswias

increase by increasing amount of P(3HB). It becaskty of matrix to coat the core material woudd increased
by its increasing amount [13]. The recovery valfiauea of Formula 1, 2 and 3 were 82.78 + 0,68%6B6&

0,87%, and97,87 + 0,45% respectively.

Figure 3 showed that the curve of release testad microcapsules in medium of soil containing wak@e release
test of urea microcapsules using P(3HB) as theixnatplicated that the urea releasing rate fromrtierocapsules
was reduced. In this case, compared to Formulad¥amula 2, Formula 3 showed the slower releasatg. After

6 hours of application, the amount of active comqbreleased from formula 1, 2 and 3 were 42.1268,040,27 +
0,48, 37,60 £ 0,32% respectively. It was indicatiedt the thicker layer on the microcapsule surfieened by

P(3HB) will reduce the releasing rate of active ponnd. The reducing of urea releasing rate wasechby the
hydrophobicity and insoluble property of P(3HB) ehiretarded the diffusion rate of water penetrati€inally, the

time needed to release a certain amount of actimgound was longer compared to the conventiontliZer.
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Fig 3. Curveof release test of urea microcapsulesin medium of soil containing water. F1 (Formula 1), F2 (Formula 1), F2 (Formula 1)

Based on the average of release test efficiencgiraddd the efficiency value of formula 1, 2 and 3ev83.38 +
0,26%, 31,79 + 0,11,30,01 + 0,33% respectively. fdsult indicated that the increasing amount oHBBas the
coating agent decrease the release efficiency valhes also meant that there was reducing of magpsale
releasing rate. By using Statistic Assay, One wa§ONA, showed that the counted F was 134,351 wighificant

as 0.0001(p< 0.05). This indicated that the P(3H) as the matrix affect the releasing rate sicanitly. Post Hoc
Test also shown the significant value produceddshdormula. This indicated that there was sigaiiicinfluence
produced by the variation of matrix used in eacmida.

Kinetic model determination of urea releasing raftenicrocapsules was performed based on the zefer.oone
order, Higuchi, Langenbucher, and Korsemeyer-Peppaation. It is also observed that the kinetic ehad urea
releasing rate of microcaspsules followed the KasgmPeppas equation which showed the highestriipe#t
indicated that the kinetic of active compound reéshfrom microcapsules followed the diffusion law.

CONCLUSION

Our studies showed that the biopolymer P(3HB) ctnaldised as a matrix of urea slow release fertilizdnere was
no chemical interaction between urea and P(3HB)nduhe process of microcapsules formation. The larhof
urea in microcapsules in Formula 1, 2, and 3 wartealed of 41.39%, 28.89%, and 24.47% respectividig
microcapsules formed the spherical shape with glarsize distribution of urea in microcapsules wasged from
11.4 to 607 pm. it is also observed that the reldasetics model of the active substance (uredpviad the
Korsemeyer-Peppas equation. Statistical assay ef Way ANOVA showed that the use of P(3HB) affeat th
efficiency of release test significantly (p<0.05hish means that an increase in the concentratioR(8HB ) as
matrix could reduce the release of urea from therauapsules.
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