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ABSTRACT

A study about optimum condition for production @énaocrystalline cellulose from rice straw has begone. A total
of 500 grams of rice straw powder were made intphalcellulose by the method of multistage pulpimgl a
variation of hydrolyzing time were 15, 30, 45, &@t@dminutes with hydrochloric acid 2,5 N and thepenature was
100°C to produce optimum microcrystalline celluloseeHheld of microcrystalline cellulose which obtaina 15
minutes, 30 minutes, 45 minutes, 60 minutes hyzkdlyespectively was 60 %, 86.02 %, 93.12 %, 98672
Microcrystalline cellulose from rice straw based thie characters test, identification, pH, waterudgé substances,
solubility, loss on drying, bulk density, and statest are not significantly different from Vivaaal Avicel PH
102°, meanwhile for tap density, Carr’s index and Haersratio are significantly different
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INTRODUCTION

Microcrystalline cellulose (MCC) is an importantditibnal ingredient in the pharmaceutical, foodsmetics, and
other industries. In addition, MCC in the pharmdimal industry is very often used as an excipiamtthe
manufacture of tablets especially for direct corapi@n tablets. Direct compression tablet manufagjuwvith more
and more because it has many advantages such asimgta granulation process, giving a uniformipkrtize, and
make the tablet more stable in a long time, as agllavorable economic terms [1]. In the manufactfrtablets,
microcrystalline cellulose (MCC) serves as a bindi#ler, and the destroyer. MCC will produce taslavith high
hardness, not easily fragile and have destroyeslagively short time, and can improve the flow pdjes of the
granules [2].

MCC can be produced by reacting cellulose in mineca solution boiling for a certain time to linthe degree of
polymerization is reached [1]. The process aimetluce the molecular weight, degree of polymeratand the
long chain to form microcrystalline cellulose. hetprocess of hydrolysis using hydrochloric acit décrease the
molecular weight of the cellulose from 300000-500®@ 30000-50000. Likewise, the degree of polyna¢ion fell
from 2000 - 3000 be 200-300 at MCC, while the langf the cellulose chain dropped from 10000-18000
Armstrong became 1000-1500 Armstrong [2].

Agricultural waste rice straw is available in a roen of relatively more who have been wasted whaigdly
burned. In general, rice stra®1yza sativh and other lignocellulose materials composed bfilose, hemicellulose
and lignin. Cellulose is a polymer ffglucose withB-1-4 bonds between glucose units. Cellulose fomnaaod,
cotton, hemp and other plants. Cellulose is anrcgaompound found in the cell walls together ligmole in
cementing the structure of plants. Wood cellulosaegally ranges from 40-50 %, whereas in cottoroatr®8 %

3].
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The purpose of this study was to determine thedsigersion techniques of rice straw into raw materierived
Microcrystalline Cellulose (MCC) i.e. homologousvetel or Avicel. Avicel is a pharmaceutical raw el
which is very important and widely used as addgige matrix drugs in the pharmaceutical industgyjculture and
packaging. In previous studies we have managethtbd way to convert rice straw into homologous o&Viin
common with more than 75 % [4, 5]. This researddtilsin the laboratory scale. The yield obtairigeot optimum,
so it needs to be optimized bioconversion processesrder obtained bioconversion technology whien be
upgraded for production on a larger scale. In &alditit is also necessary to determine the phygicaperties,
chemical and physicochemical properties of thelti@guproduct, in order to qualify as modern phacmatical raw
materials [6].
MATERIALSAND METHODS

Materials

Rice straw powder, distilled water, ethanol (Braf@}) nitric acid (Brataco®), sodium hydroxide (Baab®),
sodium sulfite (Brataco®), sodium nitrite (Bratagp®sodium hypochlorite (Bayclin®), hydrochloric dci
(Merck®), zinc chloride (Merck®), potassium iodiflderck®), hexane (Brataco®), copper(ll) sulphatee(bk®),
ammonia (Merck®), iodine (Merck®), and Avicel PH2L(Rettenmeyer®).

Equipment

Water bath, desiccator, measuring glass, beakdriubes, filter paper (Whatman 42), flask, wattdssg, spatula,
vaporizer cup, oven, pH meter, analytical balafet{ler PM200®), round-bottom flask, condenserctie stove,
Jasco FT IR spectrometer 460+, and tap volumeter.

Procedure

Sample preparation

Rice straw is chopped and washed several timeswatier, then dried at 60 °C for 24 hours and pudeet in a
blender. Rice straw powder was weighed as mucldagsrefluxed with a mixture of hexane and ethanda ratio
of 2:1 for 6 hours, then allowed to cool and fi#eér Furthermore, the remaining is dried at roonpenature [1].

Extraction of alpha-cellulose with multistage pulping method

500 g rice straw powder was mixed with 6.7 L 3.5%imacid (containing 40 mg of sodium nitrite) arbeaker. The
mixture in the container was then placed in a waggh for 2 hours at a temperature of’@ The next part of the
insoluble was separated by filtration and the résidbtained was washed with distilled water. Thedee was
immersed in a 5 L solution containing sodium hydidexand sodium sulfite respectively of 2 % wi/v at°sC for 1
hour. Then the mixture was filtered and washed ragai described above to obtain a residue. Theuesichs
bleached by mixing them into 4 L mixture of watedaodium hypochlorite 3.5 % w/v (the ratio of wadad 3.5 %
sodium hypochlorite solution is 1:1), then boil @ minutes, followed by filtration and washing. eThesidue
obtained from filtering was mixed with 4 L of sodithydroxide 17.5 % w/v and heated at a temperatfig® ° C
for 30 minutes. Then the mixture was filtered araskhed. The residue obtained is alpha-cellulose.€ktraction
process was continued by mixing alpha-cellulose ¢ht. mixture of water and sodium hypochlorite 365w/v (the
ratio of water and 3.5 % sodium hypochlorite saltis 1:1), and heated at 100 ° C for 5 minutess Thxture was
filtered and washed with distilled water to obtainresidue which was clean. The residue is therd daiea
temperature of 60 ° C in order to obtain alphattede [1].

Production of Microcrystalline Cellulose (M CC)

A total of 50 g of alpha-cellulose was introducatbithe beaker and hydrolyzed by heating in 250 @.2 L)
during the time variation of hydrolysis as follows:

1. A sample of 50 g of alpha-cellulose + 2.5 N HC1@6 °C for 15 minutes (MCC A)

2. A sample of 50 g of alpha-cellulose + 2.5 N HC1@0 ° C for 30 minutes (MCC B)

3. A sample of 50 g of alpha-cellulose + 2.5 N HC1860 ° C for 45 minutes (MCC C)

4. A sample of 50 g of alpha-cellulose + 2.5 N HC1860 ° C for 60 minutes (MCC D)

Then the hot mixture was poured into cold waterlevistirring strong by using a spatula and allowedstand
overnight. Microcrystalline cellulose formed wagnhneutralized again by washing it in water, théaréd, dried
in an oven at a temperature of 57-60 °C for 60 teimwand then crushed. MCC obtained was stored incah
temperature in a desiccator [1].

Characterization of Microcrystalline Cellulose
Characterization of microcrystalline cellulose iraé organoleptic examination, identification, measment of pH,
determination of substances soluble in water, méagthe solubility in a mixture of ammonia-cop#) sulphate,
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determination of drying shrinkage, determinationredl density and compressed density, determinatfoBarr's
index and Hausner ratios, starch test, and detatimmof FT IR spectra [1, 7, 8].

RESULTSAND DISCUSSION

Optimization of microcrystalline cellulose manufa® was done by hydrolyzing alpha-cellulose with A
hydrochloric acid solution and then be varied tlydrblysis time during 15 min, 30 min, 45 min, 60nmiT his
process proved to produce microcrystalline celkillgseld was increased in number each differencee toh
hydrolysis performed. Alpha-cellulose was obtaimsdmuch as 281.96 grams (56.39%) of 500 gramsyofick
straw. Results of the time variation of hydrolysisalpha-cellulose were obtained a yield of MCCA%, MCC B
86.02 %, MCC C 93.12 %, MCC D 96.72% (see Table 1).

Table 1: Resultsof microcrystalline cellulose from rice straw

Total of rice straw powder (g Results
Alpha-cellulose (g) Microcrystalline cellulose (ME6f alpha-cellulose
500 281.96 g MCC A (%) | MCC B (%)| MCCC (%) MCCD (%
(56.39 %) 60 86.02 93.12 96.72

Selection of rice straw to make microcrystallindéiudese was because rice straw contains a lot ilose in the
stalks. In addition, rice straw was also easilyn@nd many discarded as agricultural waste. Rieavavas used
only as fodder. The sample size of rice straw #&ffélse acquisition of microcrystalline celluloséhelTgreater the
amount of rice straw the better microcrystallindutese obtained. Conversely the smaller the ricavs it would be
a little too microcrystalline cellulose obtainedhid is because the finer the sample the more easilylose
disconnected at the time of multistage pulping seendepolymerization of cellulose to form monosacite.

The result of the time variation of alpha-celluldsgarolysis into MCC has been compared with Avieel 102®.
Statistically the average measurements of thedamples were tested by one-way ANOVA and non-patréaatest
of independent samples to see which treatmenttsffgas maximally close to the characterization bmgarison
Avicel PH 102. The fourth type of MCC produced nseiite requirements of the United States Pharmadapoel
British Pharmacopoeia.

Comparisons of characters ranging from organoldpsipection include shape, color, smell, and tabte results
obtained showed similarities to one another as agtheeting the requirements of the Pharmacopse@éTable 2).

On the results of the identification with iodinateidc chloride solution, MCC showed positive resulthe reagent
was a reagent specific to microcrystalline cellalo&vicel PH 102® also gave similar results (Tab)e

Measurement of pH with time variation hydrolysisMCC has a value of eligible British Pharmacopé&iae pH
test results do not differ much from the comparigeicel pH 102®. Substances dissolved in water,rtfaimum
residue weight was not more than 0.25 % of testiopeed [8]. Measurement of solubility of MCC andigel PH
102® in a solution of copper ammonium sulfate tefrawas also performed. The results were in accmelavith
the requirements that do not leave residual dissb{gee Table 2) [8].

Table 2: Examination of the effect of time variations of alpha-cellulose hydrolysison the results of microcrystalline cellulose

No Examination MCC A MCC B MCCC MCC D Avicel PH20
Fine powder, Fine powder, Fine powder, Fine powder, Fine powder,
1 | Organoleptic [8] white, odorless, white, odorless, white, odorless, white, odorless, white, odorless,
tasteless tasteless tasteless tasteless tasteless
2 Identification [7] Blue violet Blue violet Blueidet Blue violet Blue violet
pH [8] 7.38£0.05 7.35+0.05 7.28 £0.02 7.16.86 7.15+0.03
4 | Water solublel 5 104 + 0,023 0.113 +0.009 0.095 + 0.010 0.09504D 0.126 +0.014

substances (%) [8]

Drying shrinkage (%)

5 i8] 3.773 £0.998 5.296 + 0.880 3.846 +0.612 4.490028 5.287 £ 0.090

6 Solubility in ammonia Dissolved Dissolved Dissolved Dissolved Dissolved
-copper sulfate [8]

7 Real specific gravity 0.384 + 0.015 0.375 + 0.021 0.394 + 0.005 0.397 + 0.046 0.397 + 0.005

g | Seecific gravity of| (53940008 0.489 + 0.033 0.531 % 0.008 0.52604D 0.582 +0.010
compressed

9 | Carr'sindex [1] 27.526 +1.922 23.209 + 1.109 .625 + 0.259 24.425 +2.219 31.751 £ 1.704

10 | Hausner ratio [1] 1.572 +0.133 1.302 £ 0.019 326.+ 0.208 1.314 £ 0.035 1.465 £ 0.037

11 | Starch test [8] Negative Negative Negative Neggat Negative
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Figure 1: The spectrum of infrared MCC A
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Figure 3: The spectrum of infrared MCC C
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Figure 4: The spectrum of infrared MCC D
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Figure5: The spectrum of infrared Avicel PH 102

MCC drying shrinkage value is still below the limilues allowed on British Pharmacopeia, which #&.6When
compared with Avicel PH 102®, it can be concludbdttthere is no significant difference in dryingiskage
MCC. On the measurement of the real specific gyasit MCC and Avicel PH 102® there is no significant
difference in the real specific gravity between M@a Avicel pH 102. While the specific gravity aimpressed
there is a real difference between the MCC and é\pé&d 102.

Hausner ratio and Carr's index is an indirect waymeasuring to see the flow properties of powdend a
compression properties. Hausner ratio indicatesfribon between the particles, while Carr's indshowed the
ability of the powder to reduce its volume or rederto as compressibility. In general, the ratidHafusner was >
1.25 shows the flow properties were poor. Carrexavalue < 16% indicates good flow properties an85%
showed the strength and cohesion of particles [9].

The compressed nature of microcrystalline cellulese be caused by hydrogen bonds between the hydnmups
plastically changing its form around the particlesring compression, MCC may be suspected becafsendation
stress release by some mechanism that producesafets with low tensile force [10].

Indeed pure cellulose does not contain starch.iffhits can be tested by the presence of starctelinl@se by
reacting cellulose with iodine. According to theugements, the results obtained in the test catarch is not
formed in blue. This occurs because the non-ocooeref the absorption of iodine by the cellulosensoblue
coloration as in starch [8]. The test results shbweat MCC A, B MCC, MCC C, D MCC and Avicel PH 1®2
meet these requirements.
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Test results show the FT IR spectrum of MCC liewave numbers which are almost the same as Avidel(2®.
The fingerprint region that is located on the wauenber 1600 - 900 cfhave similarities peak between MCC and
Avicel PH 102® (see Figure 1-5). Thus the MCC Hesgame functional group with Avicel PH 102®.

Hydrolysis optimal results have been obtained @@ MCC D (Figure 6), which is about 96.72 % by tlyerolysis
time of 60 minutes, using a 2.5 N HCI at a tempermbf 100 °C. While the results have been obtaiethe
smallest MCC A, namely 60 % with hydrolysis time rhihutes, using a 2.5 N HCI at a temperature of XDAT his
shows that the longer hydrolysis time, the moreittierruption of the chain of cellulose, whereafiubese is a
polysaccharide that has a chain length when theoklysis time of over 60 minutes the lower the degud
polymerization because the number of polymers @inshare broken off so that the result obtained oas be
reduced.

Figure 6: Photo of microcrystalline cellulose (MCC D) from rice straw

CONCLUSION

Microcrystalline cellulose has been obtained atdpgmal hydrolysis time for 60 minutes using 2.5HCI at a
temperature of 100 °C from rice straw. Microcryltal cellulose from rice straw is not significandyjfferent from

Avicel PH 102® by organoleptic inspection, idemt#tion, pH, dissolved substances in water, sotybitirying

shrinkage, apparent specific gravity, starch t&st, have as well as the infrared spectrum. Innggtie density of
compressed, Hausner ratio and Carr's index thesenisticeable difference between the microcrystaltellulose
from rice straw and Avicel pH 102.
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