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PREFACE

Dear all participants,

First of all, we would like to welcome all of yoato the 1st UNPAR'’s International Conference of
Chemical Engineering and Process Safety Workshagenthis event is also in conjunction with the
10th National Conference of Chemical EngineeringjsTyear, on April 2013, we are celebrating our
20th anniversary. Therefore in this special yea ane extending our conference scope from national
to international event. It is also our intentionimtroduce our Chemical Engineering Department in
thelnternational level.

We are choosing Chemical Engineering Role for Susitde Development as the conference theme.
We realize that chemical engineering plays an ingmbrrole to ensure the sustainability in every
aspects starting from alternative renewable feellstéor energy and chemicals, alternative green
processes until waste minimization. Strongly esatvith the sustainable process development,
chemical engineer also have to deeply involvedhingrocess safety in order to bring this sustamabl

technology in the industrial level. It is our wittat the conference and the workshop will provide a

excellent forum for academia, industry and Indosiesgovernment to share information, discuss
recent knowledgeand technological advancementedisas provide an up-to-date perspective on the
sustainable development around the globe.

We are very pleased to have lectures given by pecial keynote speakers. The topics are surely
important and will stimulate a fruitful discussiabout the chemical engineering role in many aspects
for sustainable development. We would like to sialyethanks our keynote speakers, Prof Djoko
Said Damardjati from Indonesian Agency for Agricu#i Research and Development (IAARD),
Ministry of Agriculture, Indonesia, Prof Haryadofn Gadjah Mada University, Prof Yudi Samyudia
from Curtin University,Prof. Leon Janssen, Prof.HH@eres, and Prof F. Picchioni from University of
Groningen, Assoc. Prof. Kim Jaehoon from Sungkywarkwniversity, and Prof. Xiao Dong Chen
from Soochow University. We would like to give aesfal thanks to Bapak Ir Yos Triadmodjo, M.M.,
for his willingness to share and to bring his 3@rgelndustrial experiences in the Process Safety
workshop.

We are also grateful to the Indonesian Center ftate Crops Research and Development Indonesian
Agency for Agricultural Research and DevelopmeABRD), Ministry of Agriculture, Indonesia and
Research Centre for Chemistry, Indonesian InstifteScience (LIPI) for supporting our 1st
International Conference and Workshop. Last butleast, | would like to express a very special
gratitude to the scientific committee and the orgiag committee for their time, efforts and
contribution to this event.

And finally, | hope that you enjoy this event aniglivyou a pleasant stay in Kuta, Bali.

Sincerely,

Dr.Henky Muljana, ST.,M.Eng

Chairman of the Organizing Comitteee,
Head of Chemical Engineering Department
Parahyangan Catholic University
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Advanced biofunctional materials fabricated by plasna-based processes

Dave Mangindaan*

National University of Singapore, 4 Engineering [2ri, Singapore 117576, Singapore

Abstract

This paper summarized some advances in creatidiofiinctional materials by using plasma techniquese of useful
tools in the field of biomaterials science is soef@hemical gradient, which find the applicatiorbiomedical devices and
material or cell screenings. A wide-range wettapitiradient with water contact angle spanned frdif (dydrophilic) to
135° (hydrophobic) has been created on poly(pro@)léPP) membrane film, by treating it using @asma, and followed
by controlled exposure of $plasma. A mask was employed as the key to discataithe mass transfer of plasma species
onto the polymeric substrate. The plasma masspoaihphenomena have also been comprehensivelydabaci in terms of
numerical calculations and computational modelmgdsist the fabrication of the gradient with dif& dimensions. Beside
the gas-based plasma in the previously discussettbiseanother type of plasma is also exist as atednvapor-based
plasma, or more popular as plasma polymerizatiomldasma polymerization, the organic precursorseweporized and
contacted with electricity, polymerized in highlyosslinked random structure, and followed by dejmsiof the thin
polymer layer on the surface of various substrafé& kinetics, along with chemical and biologicharacterizations of
plasma polymers from selected amine-containingysees has been elaborated. From the aforementistuely, it was
concluded that allylamine precursor is very prongsfor biofunctionalization. Hence, allylamine wasther explored for
the fabrication of amine-functionalized gradientiather it is in form of one-dimensional or two-dims@nal gradients.
Beside the intensive investigation of the fabrigatiof gradients, plasma also found important rolemiadulation of
biocompatibility of various polymer, namely polyfyiidene fluoride) (PVDF) and polysulfone (PSf) thvsimple and fast
treatment using Oplasma. Furthermore, integration of @lasma and sol-gel technique on a porous biocdbipaand
biodegradable polycaprolactone membrane resultea iew platform for wound dressing having topicalgdrelease of
ketoprofen (anti-inflammatory drug) and silver saliazine (anti-bacterial component). The rigorowslies affirmed here
demonstrated that plasma is a powerful tool fonaterials science and biomedical applications.

Keywords plasma; biofunctional materials; chemical gratien

1. Introduction

Polymers, generally inexpensive with excellent agitiand mechanical properties and easy to
process, have been applied extensively in fieldsh sas protective coatings, friction and wear,
composites, microelectronic devices, biomateriad thin-film technology. For the success of the
designated applications, special surface functitieal with regard to the chemical composition,
hydrophilicity, roughness, crystallinity, conductw lubricity, and cross-linking density are udyal
required. For polymers that sometimes lack the iredquproperties for the particular applications,
surface functionalization or modification methodoyided an alternative solution to transform
polymers into highly valuable finished products.

Essentially, different approaches (such as oxida{ib], amidation [2], glucosamination [3],
coupling reaction [4], and platination/iodinatiorb])] were employed to incorporate amine
functionalities onto surfaces. But unfortunatelijifede conventional methods to prepare amine-
containing surfaces involved complex hierarchiesrexdction procedures which required various
solvents and the overall experiments were usualhe-tonsuming. Therefore, there is a desire to
utilize another alternative process to overcomesdhbindrances, which is plasma that will be
comprehensively discussed in this paper.

Plasma is a gas mixture of electrons, positive ioregative ions, neutral atoms, radicals, and
molecules [6]. Commonly known as the fourth stdtenaterials, plasma contains highly activated
species and is able to initiate chemical and plyseactions at the surface of the sample [6]. &Rerf

* Corresponding author. Tel.: +65-84100298
E-mail addresshemdw@nus.edu.sg
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modification by plasma is a uniform surface-specifiodification with a wide variety of functional
groups and is applicable for almost all polymergardless of the structure and chemical reactivity.
Problems such as residual solvent and substratdirgyvean be avoided due to absence of solvent
during plasma treatment. However, its complexity dnghly system-dependent nature makes it
difficult to obtain a detailed understanding aboueractions between plasma components and the
surface [7].

In general, reactions during plasma treatment eaoldssified as follows: plasma etching; plasma
implantation; and plasma polymerization [6-8]. Hawe only plasma etching and plasma
polymerization were employed in this study. Wheaspha etching occurs, the plasma exposure
causes degradation and material removal from ttfacg Argon, due to its low cost and high etching
yield, is the most commonly used inert gas [7]. @xy and fluorine-containing plasmas are also
commonly used for the polymer etching.[8] During tbourse of plasma polymerization, vapor of
organic monomer was introduced to high electriacgnéeld to impart amine functionalities on the
surface of substrate. Plasma polymerization diffeo the conventional polymer synthesis with its
highly complex structure, and with branched or slioked chains.[6] The course of plasma
polymerization involves the generation and disdamiaof complicated reactive species such as
electrons, ions, radicals, atoms and moleculeglerémg only few supporting literature detailed the
relationships between the deposition kinetics witle physical-chemical properties of plasma
polymers. [9-11]

2. Amine-containing surface functionality

Particularly, materials contain amine-functionadizeurfaces attract great interests for their wide-
range applications in membranes for wastewatetnas [12, 13], functionalization of carbon
nanotubes [14], microspheres [15], biocompatibilibprovement in biomedical materials [16, 17],
and in sensor fabrications [14, 18, 19]. The preotg employed to integrate amine functionalization
by plasma polymerization included ethylenediamit, [L5, 18, 20-22], butylamine [12, 13, 23-25],
heptylamine [16, 26, 27], aniline [28, 29], diamigolohexane [30, 31], acetonitrile [32, 33]m and
allylamine [25, 34-42]. Among these molecules, laltyine, an amine conjugated with three carbons
with double bond of =Ckgroup, was extensively studied.

Allylamine was widely applied as a coating layertmomaterials such as polyethyleneterephthalate
[43], polystyrene and polyethylene powder [44],irdess steel stents [45], or in fields of sensor
technology [46]. The mechanism of allylamine plaspalymerization has been reported and
reviewed by different research groups [34, 35]. Heer, the comparisons among plasma
polymerizations with other £amine molecules, i.e. propylamine [47, 48] andpprgylamine
[47)were less reported. Therefore we took initiatto study of plasma polymerization of amine-
containing thin films from these three precursoshere the deposition kinetics was evaluated
mathematically according to the model developedeyparo and co-workers[49, 50]. Cell-surface
interaction was studied by culturing L-929 fibradilaells directly on Si wafer surfaces coated lgy th
three amine plasma polymers from precursors of ypaogne (PPP), allylamine (PPA), and
propargylamine (PPG).

In the proposed mechanism of plasma polymerizatibe, radicalsR’ produced via electron

bombardment in plasma chamber can react in thregs:w@ react with monomeMy in the
propagation step, (ii) recombine or disproportienat a bimolecular process, and (iii) may become
trapped in an unimolecular process. The correspgn@iactions are expressed as following:

R; +M D - R.Hl
(1a)

R +R, [ - P, (or Pn+ Pm)
(1b)

R, I - R, (trapped)

(1c)



The final form of deposition ratge, as function of powew is
ep = P pwe
p+2A
(2)

where is total pressureA is trapping-propagation ratid) and n are proportional constants to
correlate the radical production rate with the Bgzblpower W. Complete elucidation of the
mechanism has been derived in our previous worl. [5he improvement of biocompatibility
(represented by L-929 mouse fibroblast cells) duadorporation of amine-containing functionalities
and also the plasma deposition kinetics from thiferent plasma polymers is shown in Fig.1.
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Fig 1. Cell responses of L-929 fibroblasts on surfaceg@pbare Si wafer, (b) PPP, (¢c) PPA, and (d)
PPG, with (e) kinetics modeling of the depositiaterof amine plasma polymers as function of
applied power[51].

Although the PPA deposition rate is rather medibut,it exhibited the most cell growth more than
that of PPP and PPG (the justification on both itatale and quantitative aspects of this issuelmn
found in [51]). Therefore PPA will be further utiéid for more advanced applications.

3. Surface chemical gradients
3.1.Gradients from plasma polymers

Surface gradients are surfaces with chemical osiphl properties that gradually change over a
given distance [52]. For the past few decadespuargradients have been created for the purposes of
screening newly developed materials [53]. improvbigchemical assays [54]. and investigating
cellular interactions [55-57]. Surface gradientshibi particular advantages for applications in
nanotechnology and biomaterials such as high-thmpuiy efficient in time and consumables usages,
and less operational error for samples preparaifferent batches [52]. In general, surface-chemica
gradients can be created in two ways, by surfaegingp or surface modification (by high energy
application) methods. The preparation techniques sofface chemical gradients have been
summarized in a very excellent review [52]. Howetke application of plasma in creation of surface
chemical gradients is quite limited [57-60]. Theref it motivated us to create ones by using plasma
with the aid of a mask as the key to discrimindte mass transfer of plasma species onto the
polymeric substrate [61-64]. The design of the mpggl and how it was placed [62] to create
gradients is illustrated in Fig. 2.
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Fig 2. The design of the mask for creating the gradi@)ttop view of mask; (b) front view of the
mask. The units presented are in mm. (c) lllusiratf the position of the mask inside the plasma
chamber[61, 62].

Based from the previous discussion in tetheringnansurface functionality [51], allylamine is
demonstrated to be very superior for improvement bafompatibility. We therefore further
investigated about the feasibility of creating PRArface gradient [63]. A piece of Celgard
poly(propylene) (PP) membrane was utilized in gtigly, and deposited by PPA, where the evolution
of surface aspects (wettability (water contact en§WCA), atomic content of nitrogen and C-N
functional group (analyzed by using X-ray phototrlat spectroscopy XPS), and the cell density over
gradients) is illustrated in Fig. 3a-d. It was shothat the position from open end is definitely
exposed to the most allyamine, suggested by the afr®WCA (original surface: PP poly(propylene),
WCA 110°) to less than 20° (hydrophilic), and comiéd by both the XPS analysis for contents of
atomic nitrogen N1s and C-N chemical group, wheexéntually amplified the growth of L-929 cells
due to the rich amine concentrated in positionddnfopen end. Based from this success, the PPA
gradient was further advanced from 1-dimensionB) @radient to be a 2-dimensional (2D) gradient,
where its creation is schematically drawn in Fig. ®here the sample was rotated +90° after the firs
exposure to PPA, continued for the second one prtfde of WCA and N1s content is shown in Fig.
3f and 3g, respectively, and the cell responsehen2D gradient in Fig. 3h, confirming that the
various amine content prepared in gradual condamtras really governed the growth of the cells.
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Fig 3. (a) Growth of L-929 cells on PPA gradient (1-dimiens 1D) [63] corresponds to the length of
gradient as observed by SEM (scale bar: 100 prmoluien of (b) surface wettability (original
surface: polypropylene, WCA 110°), (c) atomic niea N1s content and C-N content from XPS, and
(d) cell density, over the PPA gradient. (e) Sche&mhagram on the creation of 2D (2-dimensional)
PPA gradient [64], with the (f) wettability profilég) N1s profile, and (h) response of L-929
fibroblast cells as analyzed by using confocallasieroscopy.

3.2.Gradients from plasma treatment

As the surface gradients were successfully crebyedpplication of plasma polymerization, an
intriguing question might be ask on whether plagtehing may or may not be able to create surface
gradients. To do so, a PP membrane was employedsadstrate for creating wettability gradient
(surface possessing both high hydrophobicity agt hiydrophilicity on opposing ends) [61]. As the
PP substrate is hydrophobic (WCA 110°), thereforaust be initially hydrophilized by employing
O, plasma (no mask was applied), to impart some axggataining moieties, thus get the WCA
dropped to 20°Furthermore, the hydrophobization e@wslucted by using $plasma, where in this
time a mask was applied to discriminate the massster of plasma species, thus created a wettabilty
gradient. This concept was successful where aciffangth 1 cm) exhibited WCA from 135 to 20°
(Fig. 4a), where quantitave WCA profile is servad-ig. 4b, and atomic fluorine content in Fig. 4c,
along with L-929 cell response on the wettabilinadjent in Fig. 4d. Furthermore, mathematical
modelling was utilized to explore the possibility comprehend the mechanism of the creation of
wettability gradient, schematically drawn in Fig. & he plasma mass transport phenomena have been
comprehensively elucidated in terms of numeric&dwations and computational modeling to assist
the fabrication of the gradient with different dinsgons [62]. The result for the modelling is
demonstrated in Fig. 4, where the modelling matadhedWCA profile (Fig. 4f) and also the atomic
fluorine content (Fig. 49), by a factor of 95%, enthe condition of varied plasma treatment time of
(i) 15, (i) 60, (ii)) 150, and (iv) 300 s.
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Fig 4. (a) Image of water droplet on the wettability gesd created by using $Blasma [61]. The
evolution of (b) surface wettability (original sade: polypropylene, WCA 110°), (c) atomic fluorine
F1s content from XPS, and (d) cell density, ovenlettability gradient. (e) Schematic diagram on
mechanism of the creation of wettability gradiebng with the governing mass-transfer equation,
solved and modeled in (f) WCA profile and (g) cantef fluorine, where plasma treatment time was
varied by (i) 15, (ii) 60, (iii) 150, and (iv) 30490[62].

4. Plasma treatment for drug release and biocompatiblenaterials

Besides creating various biofunctionalized chemigaddients, plasma is also versatile to be
employed in different fields of biomaterials, suels for drug release and improvement of
biocompatibility of several polymers. A synergisttombination of sol-gel and plasma-modified
biodegradable porous poty€aprolactone) (PCL)membrane was applied as aabpiig release
platform [65].Firstly, the PCL surface was coated using chitosan-Si©sol-gel as drug binding
system, subsequently continued with flasma that assisted the modulation of the reledse
ketoprofen (anti-inflammatory) and silver sulfadreez (AgSD, antimicrobial agent) through the PCL
barrier. When these drugs were administered ordgaskin without a controlled topical drug release
system, they may exhibits undesirable renal anttigasde effects and intoxication. The drug reéeas
profile for ketoprofen and AgSD is shown in Fig. Hhe Q-plasma-modified PCL/sol-gel system
delayed the drug release from about 10% (ketoprdfémlays release) up to 20% (silver sulfadiazine,
3 days), compared to that of pristine PCL. An aliive route to control the release of topical drug
has been demonstrated, which provides further agwvaent in the fields of biomedicine.
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Fig 5. Cumulative release of (a and b) ketoprofen andv@cch AgSD controlled release system over
pristine and @plasma treated PCL membranes for (a and c) skledgse time over 24 h, and (b and
d) long release time over 14 days [65].

Poly(vinylidene fluoride) (PVDF) and polysulfone B are both polymers with excellent
mechanical strength with promising potential foorbaterial applications. However, hydrophobic
surface severely limited the applications as implaraterials as cells scarcely adhere on both
substrates naturally. In this study, the surfaceP¥DF and PSf were modified by,Qlasma
treatment to promote cell adhesion for applicationbiocompatible materials [66], where the result
in shown in Fig. 6. The plasma treatment demoredrdifferent results for PVDF and PSf. The cell
density on pristine PVDF was about half of thatpoistine PSf. However, £plasma modified PVDF
showed four folds increase of cell density, white tmaximum two folds higher cell density was
observed for plasma modified PSf. Significant splileading was observed on both plasma modified
substrates. It is revealed by XPS that theplasma treatment oxidized the surface and redtieeé
and S groups of PVDF, and PSf, respectively, whieress a possible mechanism behind the
improvement of the biocompatibility.
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Fig 6. Responses of L-929 fibroblast cells cultured dbF and PSf films modified by {plasma
treatment (taken at 580scale bar= 50m). Inset: Corresponding cell morphology, takeg,800x,
scale bar= 1J0m). The responses as the effects of plasma paresvatehe L-929 cell attachment
were investigated as function of (b) applied povaed (b) plasma treatment time. (d) The surface
chemistry as analyzed by XPS showed that oxygectifuralities were increased while F and S
groups were reduced, for PVDF and PSF, respectjéély
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5. Conclusion

Some advanced biofunctional materials created mgydasma techniques were discussed
in this paper. Various surface chemical gradiebh3 &nd 2D gradients of amine functional
groups, and wide-range hydrophobic-hydrophilic gat), drug release platform, and
transformation of less-biocompatible materials iptomising biomaterials, are few examples
as a demonstration of the versatility of plasmattreent and plasma polymerization in
biomaterials field. Some kinetics and mass-trangfbenomena regarding the plasma
reactions mechanisms have also been elucidatddsipaper. Therefore, numerous exciting
applications of plasma in biomaterials and otheldfisuch as electronics, nanotechnology, or
energy, are highly expected in the near future.
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Abstract

The increasing demand of electrical energy hadde@searches toward innovative sustainable anadcemental-friendly
technology. Microbial fuel cell (MFC) is one of th#ernatives that can be developed for produciegtgtity. The focus of
this study was to increase the power density gésgray MFC with Tempe synthetic wastewater and Temgastrial
wastewater using variations of waste volume andjlsinmeactor configuration for series, parallel aseties-parallel
connection. MFC reactor with a waste volume of 260has generated higher electricity than the MFQ\WR0 mL waste
volume, which is 3.03 mW/mwith coulombic efficiency 0.14 %. The power deysiesulted in variation of reactor
configuration are: 0.005 mW/nin series configuration, 0.13 mWrm parallel configuration, and 0.006 mWin series-
parallel configuration. Efficiency of configuratida known by its power transfer. Power transfett fv@duced by series,
parallel and series-parallel configuration are 3%,650.6 % and 52.6 %. Highest coulombic efficienesulted in parallel
configuration, which is 0.06 %. Single unit MFC reacwith the same total waste volume increased paleasity up to
3.03 mwW/n? with coulombic efficiency 0.14 % and the powemster reached 1000 %. The use of Tempe industrial
wastewater can produce electricity in the MFC systEorther research in the MFC system and utilizatérTempe
industrial wastewater as a substrate in MFC systeamyeduce operating cost of MFC system, as wetiasng electricity-
producing technology that is economical, environtaknfriendly, and sustainable.

Keywords coulombic efficiency; electricity; Microbial Fuélell; power density; single chamber

1. Introduction

Availability of petroleum that has been the mainrse of energy, in 2010 estimated only 25% of
the total remaining oil available in the world. &ffs to procure renewable alternative energy and
sustainable have been carried out in order to ieeenergy needs now and in the future. One of
alternative energy which uses bacterial activityvestewater to produce electrical energy, known as
Microbial Fuel Cell (MFC) technology.

MFC technology is a fuel cell that uses organicemals, such as organic wastewater, which is
used by microbes as growth substrates and nutiiemtetabolic activity [1]. Industrial wastewater,
especially food wastewater contains a lot of notsehat cause the development of microorganisms
in the wastewater. Small industry wastewater, sagfTempe industrial wastewater, contains large
amounts of carbohydrates (34.8%), protein (34.9%4), (18.1%), salts, minerals and traces of
chemicals.

MFC is an appropriate means to be used to prompsd Wastewater. MFC systems could reduce
the negative effects of wastewater on the enviraripand also can generate electrical energy. MFC
has several design that are single chamber MFQyld@hamber MFC, MFC plate, and tubular MFC.
Single chamber MFC has a simpler design and lesistban other designs [2]. Parallel series of ten
single chambers MFC can generate voltages eiglestigneater than in the single-chamber MFC unit
[3]. This study examined the power density generate MFC with Tempe synthetic wastewater and
Tempe industrial wastewater using variations oftera®lume and single reactor configuration for
series, parallel and series-parallel connection.

2. Methods

MFC experiments were performed by varying wastauwva, electrode surface area, and single
reactor configuration for series, parallel andeseparallel connection. Observations were madeeof t
voltage generated by each circuit. Voltage circuiith the best will be used again to measure the

* Corresponding author.
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voltage on the original wastewater from the mills®an. Voltage measuring instrument used in this
MFC study is digital multimeter (APPA Electric Instnent N107/109).

2.1.Electrode Preparation

Graphite electrode used because it is not expensadily available and has a large surface [4].
Graphite electrode immersed in a solution of 1 M KWE 1 hour and then rinsed using distilled water.
Then the electrodes immersed in a solution of 1 &ON for 1 hour and rinsed again using distilled
water. Then electrodes soaked with distilled wated ready for use. These aim to regenerate the
electrode preparation and eliminate contaminatidhemetal electrode and the organic material [4].

2.2.Substrate Preparation

Substrate prepared in this study is the synthetime wastewater. Soybedalycine max with a
mass of 200 grams is boiled with 500 mL aquadesio(r1:2.5; w/v) for 15 minutes. This is done
through the process of soaking soybeans in Temgéamarocess, with the ratio of 3:5 (w/v). Boiled
water and soybean is separated. Beans soaked @0tihmk of water, stored in a glass beaker and
covered with aluminum foil and left overnight. Aftever 24 hours, the water from boiling water
mixed with the immersion. Water that has been bladled soaked mixed and neutralized using NaOH
1 M. Once neutral, the substrate was mixed wittb @ylam NHCI, 0.06 gram KCI, 2.48 gram
KH,PO,dan 0.34 gram KIPO, using magnetic stirrer. Once done, the substeateady to put into
the reactor. The above ingredients are used fagrexpnts with a single reactor. Fill the reactothwi
a working volume of 500 mL to 500 mL mixture of stiate and reactor with working volume of
2000 mL with 2000 mL of mixed substrates.

2.3.MFC Configuration

The electrodes are connected by wires in the reacit resistor, this is the anode part. Then, the
other electrode mounted in front of the reactor emohected with cables, this is part of the cathode
Cables connected and then connected to the muttimBor a variety of configurations, reactors
connected in series, parallel and series-parallel.

2.4. MFC Experiments

Experiments performed with voltage measurement &CMsystems using a digital multimeter.
Before measurements were made, digital multimetibrated. Data collection was performed every
hour for 24 hours until the cycle is complete. Diastahe form of voltage (V) will be processed to
obtain the value of current (I) by using Ohm's |&s IR, the resistance (R) of 200 Ohm. Then the
existing data will be used to obtain current dgngitA/n?), which is the current per unit electrode
surface area and power density (m\j/rthe power per unit area of the electrode surfBegore and
after the experiment, carbohydrates, fats and m®teontent were measured quantitatively.
Carbohydrate content calculated using AnthroneasalfProtein analysis performed by the Kjeldahl
method. Fat analysis performed using Mojoinner weth

2.5.Calculations
Voltage data is extracted from this MFC experimeRswer density (mW/f is the power per
unit area of the electrode surface can be calaulagehe following Eq. (1).

Power density (mW I.-".rn:] = % (1)

| (mA) is current, V (mV) is voltage and A {inis electrode surface area. Internal resistand@ygr
from electricity source can be calculated usingcHimoff voltage law for connections voltage source
connected to a known external resistance. Thisciptim is used in all fields of physics, because it
takes into account the principle of internal l08% [For all experiments the polarizationyRis
determined by the first recorded voltage data,etated with a current per unit area that is coretect
to the external resistance value that has beenrknow

Rint is calculated using the Eq. (2) [3]:
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RBiyr = (M:} -R, )

It

Where \6 ¢ is voltage resulted from highest power densitgpen circuit, | is current density and.R

is external resistance used. Maximum power trarsfeurs when the load resistance value equal to
the value of source resistance, both in series avitbltage source or current source in paralleldda
law). Power transfer is actually comparable with¥b@fficiency accepted when Rexternal
resistance) = Rr (impedance matching), which is happened wher=V/2 Vp.c. In the other side,
maximum efficiency will be achieved if R: oo, when power is weak or unstable, energy source
external resistance and final efficiengy— 0% as R—+ 0 Ohm. Then, Coulombic efficiency
calculations performed by the following equatioh [7

r
M [ Prat
FbrgnACOD

®3)

€cp =

WhereM is the molecular weight of oxygehis currents (A)Fis Faraday’s constant (9,64853 %' 10
C/mol), b is the number of elecrons exchanged per mole ggex v, is wastewater volume (L),
andAcoDis the change in COD over tingg (g/L) [7]. Iis the integration of currents with trapezoid

method.
b h N=1
I= f(x:ldxz—(ff_‘-i-(g ﬁ)'l‘f\)
L 2 - (4)

3. Result and Discussion
Electron oxidized at the anode and oxygen in teiged section around the cathode [5]. Eg. (5)
explains the reaction that occurs at the anode:

nCH,0 +nH,0 — nCO, + 4ne— + 4nH* ®)

Electrons are transferred to the cathode througipeowires, because there is a potential difference
between the anode and cathode. Proton is trandfesréhe cathode through the electrolyte in the
anode and cathode. Proton is around the cathodgeoxgduction in contact directly on the other side
of the cathode [5]. Reaction occurs at the catlsbaevn in Eq. (6):

n0, + 4ne~ + 4nH* — 2nH,0 ©)

Electrons cannot be in a free form, so every oxdateaction is always accompanied by a reduction
reaction. Biological oxidation reaction is catalgzey the enzyme dehydrogenase. These enzymes
transfer electrons and protons are released titeamediate electron acceptors such as NABd
NADP" to be formed into NADH and NADPH. Oxidative phospHation occurs when high-energy
electrons are transferred to the electron trardiain until eventually captured by oxygen or other
oxidants that organic would be reduced tgOHHigh power density created by the migration of
electrons and protons fast enough [6]. Rate thatirscnot only created because of the reactions that
occur at the electrode surface but also due toptheence of mass transfer on the surface of the
solution and the electrode surface. Mass transfarbe caused by: 1) diffusion in a concentration
gradient; 2) migration when electrical energy isi@mated; 3) resulting from convection stirring or
vibration. Experiments with single chamber batchcter without stirring, allowing the migration of
protons from the anode to the cathode occurs becaludiffusion. The existence of concentration
gradients or differences in the concentration adioiine anode zone and the zone between the anode
and cathode causes diffusion. In diffusion, protaiismove from an area with a high concentration
towards low concentrations, so that protons wilvenfrom the anode to the cathode. The higher the
concentration differences in the substrate, thatgredriving force is generated, so that the faster
migration of protons to the cathode.
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3.1.MFC Substrate

Quantitative test performed on these wastewatetestothe degradation of carbohydrate, protein
and fat. These components are the largest compawrained in Tempe. Quantitative test in
synthetic wastewater for carbohydrate, protein, tatdrespectively are 4.45%; 0.49% and 0.05%
while for industrial wastewater, respectively, &r86%, 0.49% and 0.06%.

3.2.Voltage Data Processing Results in Single ChambeCM

The study was conducted by measuring the voltagecament for one batch cycle. Cycle time on
MFC is the process of converting organic wastewaterelectricity in the MFC system, starting from
24 hours after the preparation of the wastewatgl thiere is stability in the voltage drop and ant.
On a single batch with a volume of 500 ml, it tak&9 hours for one cycle. Electrical power density
in single chamber MFC curve in this experimentisven in Fig.1.
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Fig 1. Electrical Power Density in Single Chamber MFC

Highest power density generated by Tempe indusivestewater was 0.11 mW/mwhile the
power density produced by the synthetic wastewats 0.02 mW/fy hence the power density
generated by Tempe industrial wastewater is higfeer the synthetic wastewater. This is because the
Tempe industrial wastewater substrate is rich@utnient than the synthetic wastewater.

Power density on the curve above also illustrates the performance of the MFC is affected by
many electrolytes and buffer usage. Electrolytdfeoiand electrolyte-buffer mix, produce a power
density of 11x18mW/n?; 10°mwW/n? and 1GFmW/n? respectively. In other words, without
preparation wastewaters are also potential produoérelectricity even when the power density
wastewater not generated by the mixture.

The resulting power density is greater than thefdpuélectrolyte. This is evidence that the
electrolyte is able to help improve the power dgnsi the wastewater. While the buffer has a power
density that tends to be stable, so it is evideat it serves in addition to stabilizing buffer péb
stabilize the voltage generated during the study.
3.3.Voltage Data Processing in MFC Reactor Configunati¢ariation

MFC reactor configuration variation study was coctdd with four single chamber reactors. Four
is the minimum amount of reactors to be able tonfar series-parallel configuration. Power density
circuits with the best results of the three vaoiasi of the circuit being tested on synthetic waatew
will be applied to Tempe industrial wastewater.sT$tudy was conducted to each of the configuration
to complete one cycle.

Series configuration

Series configuration is an economical configuratiomiewed in terms of the economy, because it
does not require a lot of cable to connect thetoedo another reactor. Input from the reactor will
come from the output of the other reactors, so eaattor could affect the others afterwards. lieser
circuit, if one component is removed or damaged,dther components will not function properly.
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Power density curve of a series configuration &spnted in Fig. 2a. MFC connected in series is the
configuration with the longest cycle. The lengthtiofe it takes to complete one cycle is 125 holrs.
the series circuit, the same current passes in ehthe reactors. Highest power density in this
connection is 5xImW/n?. Power density and voltage vs. current densityeuof a series
configuration is presented in Fig. 2b. In the segenfiguration, thé,’zvn,.rc value obtained is 2.2

mV, so through the calculation using Eq. (2)\rfRonnection is about 93.8 Ohm, hence the maximum
power transfer in series configurations 51.6 %.
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Fig 2a. Power Density Curve in MFC Series Fig 2b. Power Density and Voltage vs.
Configuration Current Density in

Series Configuration MFC

Parallel Configuration

Parallel electrical circuit is a circuit in whici he component input derived from the same saurce
This has led to a parallel arrangement of the iattcircuit to cost a lot more (more connecting
cables is needed). However, a parallel circuitdgsntages compared with the series system, if one
of the reactors damaged or removed, then the o#faetors still functioning properlyPower density
curve of a series configuration is presented in Bay Parallel configuration has a 51-hour cyate. |
this study, a parallel configuration is a configioa with the shortest time. Highest power dengity

parallel configuration is 0.13 mW/min parallel configuration, th%jzvc.;cvalue obtained is 14 mV,
so through the calculation using Eg. (2)yrfRRonnection is about 97.45 Ohm, hence the maximum

power transfer in parallel configuration is 50.@26wer density and voltage vs. current density curve
of a parallel configuration is presented in Fig. 3b
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Fig 3aPower Density Curve in Parallel Fig 3b. Power Density and Voltage vs. Current
Configuration MFC Density in
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Series-parallel Configuration

Advantages and disadvantages of series-parallédroation which are also contained in this serges i
a combination of series circuit and parallel citcthere will be a disturbed system while others do
not. Power density curve of a series-parallel camfition is presented in Fig. 4.
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Fig 4. Power Density Curve in Series-Parallel ConfigauatFC

Series-parallel configuration takes 53 hours to mlete one cycle. In this configuration, highest
power density obtained is 6x¥@W/n?. Power density and voltage relationship in sepeslel
connection MFC is shown in Fig. 5.
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Fig 5. Power Density and Voltage Relationship in Seriasafpel Connection MFC

In series-parallel connectio?-njszrcvalue is 5.5 mV, so through the calculation using &), Ryt

connection is about 90 Ohm, hence the power transBximum in connection is 52.6%.COD
removal and coulombic efficiency in MFC configuostishown in Table 1.

Table 1.COD Removal and Coulombic Efficiency in MFC Conifiigtio

COD, Coulombic
Configuration (mg/L) COD,u(mg/L)  Ecorp (%) Efficiency (%)
Series 18450 15681.90 15.00 9.79 x40
Parallel 19300 15517.90 19.59 0.06
Series-Parallel 18850 15754.40 16.42 0.01

In Table 1, it can be seen that the parallel ceméiion produced highest coulombic efficiency
value and highest efficiency of COD removal valkgep parameter measures how much fuel is
available that has been converted by the MFC, imositrong currents (in the coulombic efficiency) or
biomass (in growth yield) or competitive reactioithaalternative electron acceptors, such as oxygen,
nitrate, and sulfate [7]. Based on calculationsait be concluded that the parallel configuratibitihe
MFC reactor is capable of converting the organidtemathat is available in the substrate into
electricity well, which is indicated by a straigldmparison betweencky and coulombic efficiency.
This is likely due to fluid conductance in the pklaconfiguration is better than the series
configuration or mix so that loss of current (shilwgs) is reduced [3] and make better electron
transfer and conversion of organic matter to el@tfris also increasing.

Sharp decline in coulombic efficiency on substratédh complex organic matter such as that
contained in the wastewater, likely due to the oetitipn of electrons by biomass, dissolved organic
products, H, and CH, if oxygen as an electron acceptor is not desitedthe anode. Moreover 4
generally a result of fermentation products willthe electron donor for the methanogens to produce
CH, [8]. Next in wastewater, fermentation is done bffedent microorganisms that have higher
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growth yield than the anode-respiring bacteria (ARE and the growth of high yield can make
biomass absorbs electrons resulting in lower coblorefficiency. In some cases, microorganisms
that attach to the anode, using the anode as deres but did not carry out metabolism which
electrons move toward the anode as methanogenesisrabic respiration. Then, when given the
complex organic substrates as fuel, it is estim#et the microorganisms fermented elements into
simpler substrates that reducing microorganisntsenmicrobial community of the anode to oxidize
substrates [9]. Although tracking the path of thecons in the MFC system is important, there have
been no experimental studies that quantify the amotiincome (loss) of electrons and make the
balance of the electron [8].

3.4.Series, Parallel, and Series-parallel Configurati@omparison

Based on the comparison of the highest power degsiterated from each circuit, parallel circuit
is a circuit with the best improvement, so that teuit will be applied to Tempe industrial
wastewater is a parallel circuit. Power densityesrof the three series of configuration are preskn
in Fig. 6.
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Fig 6. Power Density Curve in MFC Configuration

MFC research using Tempe industrial wastewater witbarallel circuit has a cycle for 64 hours.
Highest power density resulting from this configiom was 0.23 mW/f Configuration comparison
curve using synthetic wastewater and industriakevester is presented in Fig. 7.
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Fig 7. Power Density Curve in Synthetic Wastewater adistrial Wastewater

In the picture above, it is seen that the powerstignesults in industrial wastewater higher from
synthetic wastewater, it is in line with researchsingle chamber MFC 500 mL, which is caused by
the nutrients in the wastewater industry is highan from the synthetic wastewater.

Value of existing power density is very likely te bnproved or can be developed. Increase in power
density in MFC can be done in various ways, fomagxa, increase the volume of the reactor on the
circuit, multiply the reactor in series, using antiouous circuit so as to ensure a steady flow of
substrate to obtain a stable homogeneous conditiomerform stirring periodically, changing the
shape of the reactor into tubular and so on [6]DG@@moval and coulombic efficiency of the parallel
configuration shown in Table 2.
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Table 2.COD Removal and Coulombic Efficiency in Parall@nfiguration

Coulombic
CODin CODout ECOD ]
Substrate Mmgll)  (mgl) (%) Effl&)(e)ncy
Synthetic 19400 15517.9019.60  0.06
Wastewater
Industrial ) eece 1147270 30.70 0.05
Wastewater

In Table 2, the parallel configuration of the MF€actor is capable of converting the organic matter
into electricity well. Even with industrial wastetea substrates, coulombic efficiency of the palalle
configuration of the MFC system is not decreasedmu

In domestic wastewater, most of the organic nitnoigeconverted to ammonia in anaerobic decay
and become nitrate or nitrite on aerobic decomjositLO]. Nitrate will act as an electron acceptor
that electricity generation is not only captureddxygen MFC for electricity production system but
also will compete with nitrate. In addition, temipelustrial wastewater has suspended solid particles
that more than tempe synthetic wastewater. Morne galrticles contained in the tempe wastewater
because many used and other supplementary mateméatglded by manufacturers such as yeast. The
tools used are also not cleaned on a regular lsmsithat the possibility of contamination by
substances or bacteria from the process can ot0yir$olids that remain in the original wastewater
will reduce oxygen diffusion from the cathode t@ tMFC system and causes oxidation by other
electron acceptors, biomass production, and feratient [10]. The solid particles also increases the
internal resistance of the MFC system that willuelelectricity production [11].
3.5.Comparison of Single Unit and Parallel Configuratiaith Total Constant Volume

Electricity generated by single unit MFC reactotthmvolume 2000 mL and four reactors in
parallel connection with the same total volumet 5000 mL, is compared. Observations are shown
in Fig. 8.

Power Density (mwim)

3 1

— SiNgle unit Parallel Control

Fig 8. Power Density Curve in Parallel Configuration &idgle Unit MFC

In Fig. 8 shown that maximum power density genetiadse produced by the reactor with a parallel
configuration in the same volume, namely 3.03 m#Ima large volume of wastewater, the organic
content that can be degraded by microbes are asy more so that more electrons can flow. Even
So, it can be seen in Fig.8 that the value of #selting power density reactor with a volume of @00
mL decreased rapidly and stabilized at thB B6ur to the 44 hour. Many of the reactor with a large
volume that has not been well designed in termstaf surface area of the electrode or the distance
between the electrodes. In addition, when the saflesis completely consumed in the anode, there
will be excessive biomass production in the cathduEmber and cause build-up that interferes with
the diffusion of oxygen from the air through théhzale [7].

Although the reactor with a large volume generdiigther electricity production, greater volumes
require high operating costs and also impract@ata and further research is needed to determene th
performance of MFC reactors with a large volume F&wer density and voltage vs. current density
in single unit and parallel configuration MFC usigthetic wastewater curve is depicted in Fig. 9.
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Fig 9. Power Density and Voltage vs. Current Densityiimgi® Unit and Parallel Configuration MFC
using Synthetic Wastewater

Using Eq. (2), thé;’zﬁc,;:value obtained is 121 mV so RINT connection getgelo which is about

5.77 Ohm. Hence the maximum power transfer is high@6.1%. Power density and voltage vs.
current density in single unit and parallel confagion MFC using industrial wastewater curve is
depicted in Fig. 10.
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Fig 10. Power Density and Voltage vs. Current Densityiimgi Unit and Parallel Configuration
MFC using Industrial Wastewater

Using Eq. (2), thel,"z".f:,fE value obtained is 80 mV and theyRconnection is about 3.64 Ohm.

Hence the maximum power transfer is lower thangusiynthetic wastewater, 104%. COD removal
and coulombic efficiency in this experiment showTable 3.

Table 3.COD Removal Efficiency and Coulombic EfficiencyRarallel and Single Unit

cob Econ Coulombic
, : n -
Configuration (mg/L) COD,u(mg/L) (%) Effl((;l/oe)ncy
Parallel (4 x

500 mL) 19300 15517.90 19.59 0.06
Single unit

(2000 mL) 19450 15675 19.41 0.14

COD removal efficiency value in parallel configuoat MFC is higher than the single unit parallel
configuration, but the opposite occurs in the vatdiecoulombic efficiency. In the MFC reactor
configuration, one of the limiting factors in theoduction of electricity is the ohmic loss. Ohmis$
occurs because of resistance to the flow of iorthérelectrolyte and the flow of electrons throtigh
electrode [2]. Ohmic loss is dominated in seriepanallel connection or stacked/stack MFC [3]. In
addition, the ohmic loss is also affected intemglistance is affected by the microbes themselves
(which is resistive in nature) and the rate of roelia reactions that affect the conductivity of the
solution around the anode [3].
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3.6. Nutrition Amount and Voltage Relationship in MFC

In the reactor, the bacteria grow to form a suspenthat can be seen the level of turbidity
(turbidity). The more bacteria, the more nutrieinisthe substrate consumed. A large number of
nutrition cause bacteria to grow more rapidly eimgoh growing number of protons and electrons
resulting from metabolic processes, so that thatgrehe voltage generated.

In this study, batch system is used so that ndenitr were added to the reactor, in other words,
the amount of nutrients in the reactor is fixedlyQthe metabolic processes of bacteria can cause
changes in the amount of nutrients in the read®ooof of this is done with a quantitative assay
substrate before and after the experiment tookeple¢astewater is used for this test is synthetic
wastewater. Quantitative test results carbohydfateand protein on synthetic substrates wastewater
before experimentation was 4.45%, 1.49%, and 0.0&6%le for the synthetic wastewater after
experimentation was 4.31%, 0.87% and 3310

Quantitative test of carbohydrates, fats and pneteifter the experiment using the same method
with the quantitative test before the experimehg test with Anthrone carbohydrates, protein by
Kjeldahl test and test with Mojoinner fat. Jutori®§1) stated that a bacterium has an enzyme that
can hydrolyze polysaccharides, such as starchsintple sugars. Some bacteria are known to have
biochemical properties include hydrolysis of fggmteins and carbohydrates as well as the reduction
of a variety of elements. The image below is a blydiis cycle that occurs in carbohydrate, protein
and fat in the microbial fuel cell.

The result of the third test is the reduction & tlutrient content before and after the experiment.
This is in accordance with the conditions of thtage drop towards the close of the cycle. Hei is
picture that presents the phenomenon of voltagp daross the parallel circuit experiments with
industrial wastewater. Voltage drops curve in garabnfiguration is shown in Fig. 11.

15 - 00 IIII .i"ll ]

0 24 48 72 9% 120 144 168
t (hour)

Fig 11.Voltage Drops in Parallel Configuration using Istfial Wastewater

In addition to showing the voltage drop acrosssystem, the above picture also shows a pattern
of bacterial growth curve with three phases is & Bacteria need time to adapt to the new
environment, because that's before the experimianted, first settling substrate overnight with
conditions resembling the conditions maintainedhi reactor. The bacterial phase consists of three
phase. Phase 1, the adaptation phase, the bagtkisgart to multiply after 24 hours. The numbdr o
bacteria is characterized by a high voltage resuilien with the displacement of the mixing containe
into a conditioned anaerobic reactor, indirectlynelated aerobic bacteria, so the bacteria canivairv
is a facultative anaerobic and aerobic. Phase theisexponential phase, the second phase of the
process of bacterial growth. In this phase, thedsac undergo binary fission. After the nutrients
reduced the bacteria will undergo a phase wheneltse viability or stop growing. In this phase the
number of bacteria usually seen stationary on tzets, but the actual cells that are still dividing
die has not been determined. If the incubationheé systems continue to proceed without the
replacement or addition of nutrients as the linfittee growth phase of the bacteria will experience
the death of a nature contrary to current geometriexponential growth phase. Phase 3 is the phase
of polarization, where there are many internal atiss so that electrons and protons are stillodifi
to perform the migration. This is due to a dragcrease in nutrition followed by a decrease in the
number of bacteria. This phase is also called thatls of the phase [12]. From the above
experiments, it can be concluded that the nutriémtdshe substrate was instrumental in MFC
experiments. MFC experiments can also be run dvamy using wastewater only. This is evidenced
by the correlation between nutrition, the amounadteria and voltage.
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4. Conclusion

On the variation of the reactor circuit configuoati the circuit with the greatest power density
generated by the parallel circuit (13%h0W/nT) was followed by a series of mixtures (6x10
*mWi/n?) and a series circuit (5x2MW/nT). Industrial wastewater produces more electriditgn
synthetic wastewaters with a power density of emabtewater were 0.23mWand 0.13 mW/rh
Industrial wastewater produces more electricityntgnthetic wastewater as industrial wastewater
contains more nutrients than synthetic wastewateis evidenced by a quantitative test of the
wastewater. Carbohydrate, protein and fat contaimelde wastewater industry is 5.96%, 1.49%, and
0.06%, while contained in synthetic wastewater Wwa&%, 1.49%, and 0.05%. MFC systems can
reduce wastewater content as evidenced by a decieathe concentration of nutrients in the
wastewater before and after experimentation aratalshe COD removal efficiency. Carbohydrate,
protein and fat contained in the wastewater betbezexperiment was 4.45%, 1.49% and 0.05%,
while the wastewater after the experimentation We1%, 0.87% and 3xT@. Highest COD
removal efficiency resulted in parallel configueetj which is 19.59% and these data shows that MFC
could be use as wastewater treatment technology.

Power transfer is produced higher in series-pdr@26%) followed by the series circuit (51.6%)
and then parallel (50.6%). Parallel configuratisaduced highest coulombic efficiency compared to
the other configurations, which is 0.06% Howevhg measurement of electricity production in the
one MFC reactor (single unit) with the same totalume, power density up to 3.03 mW/mith
coulombic efficiency values are also higher at %14

Reference

1. Mohan, S. Venkata. Ragahavulu, S. Veer. Sarma, R098. Biochemical evaluation of bioelectricity
production process from anaerobic wastewater tresttim a single chambered microbial fuel cell (MFC)
employing glass wool membrari&osensors an@ioelectronicsvol. 23:1326-1332. India: Elsevier.

2. Du et al., 2007. A state of the art review on niiéab fuel cells: A promising technology for wastdema
treatment and bioenergy. ScienceDirect Biotechnokdyvances 25: 464-482.

3. leropoulos, 1., J. Greenman, et al. 2008. Microligl cells based on carbon veil electrodes: Stack
configuration and scalability. International JouroBEnergy Research. Vol 32, No. 13: 1228-1240.

4. Novitasari, Deni. Optimasi Kinerja Microbial FueeIC(MFC) untuk Produksi Energi Listrik Menggunakan
BakteriLactobacillus bulgaricusFakultas Teknik Universitas Indonesia. 2011.

5. Kim et al. 2008. Microbial Fuel Cells: Recent Adeas, Bacterial Communities and Application beyond
Electricity Generation. Korean Society of Enviromta Engineers. Environ. Eng. Res. Vol. 1, No. 2:
52~65.

6. Rabaey, K., and Verstraete, W. 2005. Microbial faell: Novel biotechnology for energy generation.
Trends.Biotech. 23: 291-298.

7. Logan, B.E., P. Aelterman, B. Hamelers, R. RozendalSchroeder, J. Keller, S. Freguiac, W. Vers&gae
K. Rabaey. 2006. Microbial fuel cells: methodologyd technologyEnviron. Sci. Techno#0(17):5181-
5192

8. Lee, H.-S., et al., 2007. Evaluation of energy-@gion efficiencies in microbial fuel cells (MFQsjlizing
fermentable and non fermentable substrates. Watgr (R007), doi:10.1016/j.watres.2007.10.036

9. Lovley, D.R. 2008.The microbe electric: conversimhorganic matter to electricityCurrent Opinion in
Biotechnolog2008, 19:1-8.

10. Drapcho, Caye M., Nuan, Ngiem Phu., dan Walker,ryT f.,2008. Biofuels Engineering  Process
TechmologyMcGraw-Hill Companies:USA.

11.Liu, H, et al. 2008. Scale-up of membrane-free Isiopamber microbial fuel cellslournal of Power
Source&79 : 274-279 Larminie, J. and Dicks, A. 2080el cell systems explainghd ed. John Wiley &
Sons, Chichester. p. 308.

21



Proceeding ICCE 2013 UNPAR
BB-05
I SSN : 2339-2096

The InternationaConference on Chemical Engineering UNPAR 2013

Increased Lipase Activity with the Addition of Oil and Surface Tension-
Lowering Ingredients

Dwina Moentamaria*, Achmad Chumaidi, Profiyanti $uharti

Chemical Engineering Department — State PolytecbhhMalang (POLINEMA), Malang — 65141, Indonesia
* Corresponding author. Tel.: +62-341-404424; fax62-341-404420E-mail addressdwina_mnt@yahoo.com

Abstract

Diversity of the using of microbial lipases is mavigely, especially in the food industries; phareatical industries; paper
industries; and tannery. Lipase is able to perfdh®m hydrolysis reaction and transesterification vamious specific
substrates. In previous studies, lipase producetibyor mieheimicrobes has low activity and only reached 100 IU/m
Thus, this research was conducted to exploit thasé to produce high activity. Method to increading lipase activity
conducted through the modification of growing mefiiian Mucor miehei Modification of growing medium is done with
the addition of oil and the surface tension-lowgringredients. Temperature of incubation also used/ariable in this
research. The growing medium used are: 1) peptdi,PR4, FeSO4.7H20, Potato Dextrose, 2) pepton PG4
FeSQ.7H,0, olive oil, coconut oil, palm oil, 3) medium Illys surfactant (Tween 80) as surface tension lmgeri
ingredientsMucor mieheiwas inoculated on each medium and placed in arbator shaker at 150 rpm for 6 days. The
results are separated between cell biomass aneé swgkrnatant. The supernatant was known as cpetel The relative
lipase activity of crude lipase was obyained atgeratures 30, 35, 40, 45, andG0The results showed an increase in
lipase activity to 4-fold ie 400 U / ml with the dition of olive oil, coconut, palm oil and Tween.8est Relative lipase
activity 100%, obtained at a temperature diClthcubation.

Keywords lipases, surface tension, dducor miehei

1. Introduction

Lipases (triacylglycerol acyl hydrolases EC: 3.).48 ubiquitous enzymes, which are found in
animal, plants, fungi and bacteria. Commerciallyefuk lipases are usually obtained from
microorganisms that produce a wide variety of eedlalar lipases. Some important lipase-producing
bacterial genera amacillus, Pseudomonas and Burkholdeaiad fungal genera includespergillus,
Penicillium, Rhizopus, and CandidBifferent species of yeasts belonging to sevéierdint genera
include Zygosaccharomyces, Pichia, Lachancea, Kluyveromy8ascharomyces, Candidand
Torulaspora[8, 23, 17, 26]Most of industrial microbial lipase is derived frdiungi and bacteria
were listed in Table 1.

Lipases find promising applications in organic cheah processing, detergent formulations,
synthesis of bio-surfactants, the oleo chemicalsty, the dairy industry, the agrochemical indystr
paper manufacture, nutrition, cosmetics, and pheeotical processing. Lipases had a wide range
application, due to their ability towards extrenestemperature, pH and organic solvents. Some
unique properties of lipase such as their spetjifigiH dependency, activity in organic solvents and
nontoxic nature leads to their major contributiorthe food processing industries [21]. Many lipases
are active in organic solvents where they catalgzaumber of useful reactions including the
hydrolysis and synthesis of esters formed from glgkband long-chain fatty acid. Lipases can also
catalyze reverse reactions, such as esterificationl trans-esterification, in non-agueous
environments. Lipases are activated only when &asbrto an oil-water interface and do not
hydrolyze dissolved substrates in bulk fluid. Baks et. al. (2001) has studied the phenomenon how
lipases and oil (lipid) interact at the interfab@ase acts on the substrate in a specific or rexifp
manner. The hydrophobic patches on the surfacipadds are responsible for the strong interactions
with the hydrophobic substrates at the interface

* Corresponding author.el.; +62-341-404424 ; Fax: +62-341-404420
E-mail addressdwina_mnt@yahoo.com
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Moentamaria (2009) has produced lipases fBauillus subtilisandMucor mieheiand have been
using it to catalyze the biodiesel production frieapokoil. This study found that lipases produced
from Mucor mieheimore stable and has high activity than lipasemfBacillus subtilis The best
activity of lipases obtained froMucor mieheionly reached 100 U/ml.

TalleMicrobial source of lipases and their applications

Microbial Microorganism Applications References
Type
Fungal Candida rugosa Hydrolysis triglyceride in [11]
the paper industry
Colletrichum Hydrolysis triglyceride [3]
gloeosporioides
Rhizomucor miehei Surfactants  for  baking[9]
industry
Mucor miehei Production of flavour ester 29
& Rhizopus arrhizus
Burkholderia cepacia  Organic synthesis [11]
Bacterial P. alcaligenes Detergent additive [11]
P. mendocina Detergent additive [11]
Ch. Viscosum Organic synthesis [11]
Candida rugosa Hydrolysis triglyceride in [11]

the paper industry

This study was conducted to obtain lipase with aighctivity. Sharma et. al (2001) claim that the
production of lipases is mostly inducer dependenthany cases oils act as good inducers of the
enzyme. Sharma et. al (2001) also stated that coemte such as olive oil, oleic acid, tween 80 seem
to play an essential role in lipase syntheBisis, this research was conducted in order to éxpie lipases
to produce higher activity. Methods to increaselifr@se activity conducted through the modificatafriMucor
miehei growing mediaModification of the growing medium is done wittetaddition of oil and Tween
80 as a surface tension-lowering ingredient.

2. Materials and Methods

2.1.Micro-organisms

Mucor mieheiwas obtained and identified by Bioprocess Laboyatf State Polytechnic of
Malang (POLINEMA) Indonesia. The fungus was depmakiin the Bioprocess laboratory under the
accession number MM072009.

2.2.Strain conservation

A Mucor mieheistrain was obtained from Bioprocess Laboratory @LINEMA and was
maintained at 3.9% Potato Dextrose Agar (PDA). fiites incubated at 20 for 4 days regenerated
from the old strain. After dilution, spore suspemsiabout 1Bper ml) was prepared and used as
inoculum.

2.3.Culture conditions

Mucor mieheistrain was cultured in Erlenmeyer containing 1800f culture medium consisting
of (1) 5% peptone, 1% KO, 0.001% FeSO7H,O [base medium] plus 17% Potato Dextrose
(called as Medium I), (2) Base medium + 1% olive &% coconut oil and 1% palm oil (called as
Medium II), and (3) Base medium + 1% olive oil, T¥conut oil, 1% palm oil, and 0.05% Tween 80
(called as Medium III).

The initial pH of culture medium was adjusted & &fter inoculation with 1 ml spore suspension,
growth temperature was held at’@0and shaken at 120 RPM. At 24 hour interval, thikuce was
filtered and the mycelium harvested was used ferrtacessary growth studies. To maximize the
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separation, the filtrate was centrifuged at 45@0far 30 min. The filtrate was known as the sowte
the extracellular lipase or crude lipase.

2.4.Growth studies

After filtration, the residual substances, calledmaycelium, were dried with Whatman paper at
105°C within 12 h and weighed until its weight constaBefore used, the Whatman paper was dried
until its weight constant. Growth studies were taiding 6 days with time interval 24 h. The drylcel
weight was plotted with time to find the growth eeirof Mucor miehei

2.5.Determination of lipases activity

Crude lipases activity determination was carriettiametrically (using procedures adapted from
Abbas, et. al, 2002). 2riapokoil and 1 ml buffer phosphate pH 7 was added ml £nzyme. This
mixture was incubated at 4D and shaken at 120 rpm for 30 minutes. Phenolgithvas used as
indicator and 0.1 M NaOH was used as titrant. Quieaf lipase activity was defined as the reledse o
1 umol of fatty acid per minute under these conditions

2.6.Determination of temperature and pH effects onliffeses activity

The optimal temperature for enzyme activity wasdatned by incubating the reaction mixture at
30, 35, 40, 45 and 80. Controls were performed with boiled enzyme. Tieture of 2 ml kapok oil,
1 ml buffer phosphate pH 7, and 1 ml enzyme washated at those various temperatures and shaken
at 120 rpm for 1 hour. Activity determination waarreed out titrimetrically with the same condition
as 2.5.

3. Results and Discussion
3.1. Growth curve

The growth curve is used to determine the phasgrafth of micro-organisms as the basis for
production of cell and enzyme. The growth curvel$® used as the basis for producing fermentation
products that use these micro-organisms. Yunetai®&R2009/2010) and Ardiyansyah (2009) have
obtained growth curve d@acillus subtilis The curve shows that B. subtilis has an expoakpliase
after 8 hours of incubation. This curve also usedederence for the production of lipases and the
subsequent fermentation process. Other researcaeesintroduced the growth curveStieptomyces
gulbargensisthat used to produce lipase in L-asparaginaseuptmoh from fermentation of extract
groundnut cake [12]. In this study, the growth euof Mucor mieheistrains was obtained from three
different types of culture medium. The culture nuediconsisted of 5% peptone, 1% ¥, and
0.001% FeSQ7H,0 as base medium. The composition of each culh@@ium is shown in Table 2.

Table 2.Ingredients of Culture Medium
Type Ingredients

Base 5% peptone, 1% KHPQO, and 0.001%

medium FeSQ.7H,0O

Medium | Base medium + 17% Potato Dextrose

Medium Il Base medium + 1% olive oil + 1% coconut oil
+ 1% palm oll

Medium Base medium + 1% olive oil + 1% coconut oil

11 + 1% palm oil + 0.05% Tween 80

Figure 1 shows the growth curveMficor miehein different culture medium. All curves show the
same pattern in the lag phase, exponential phask sttionary phase. Lag phase in all culture
medium ended around 72-96 hours, but the dry caltsrobtained in each culture medium has
different value. After 96 hours incubation peritite amount of dry cell mass in each culture medium
respectively 0.3653, 0.454, and 0.5823 mg/ml. Tifference was due to a number of carbon sources
on each culture medium. Carbon was known as maenoeaits in the growth of the micro-organisms.
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The ingredients of cultural medium that indicateccarbon sources in this study are coconut oiimpal
oil, olive oil and Tween 80 (Polyoxyethylene (2@rlsitan monooleate). The largest component of
coconut oil is lauric acid (C12) and myristic a€€il4), approximately 54% and 17.4%. The largest
component of palm oil is oleic acid (C18.1) — 41.4A4@ palmitic acid (C16) — 35.5%, while olive oil
has oleic acid (C18.1) — up to 83% and palmitid 4€116) — up to 20%. Thus, it can be concluded
that medium IIl has the most carbon sources thathen culture medium. This causes the rate of
growth ofMucor miehein media lll increased, as indicated by the higimeshber of dry cell mass at
the end of exponential phase.
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Fig 1. Growth curve oMucor miehein different culture medium

3.2.The effect of the addition oil and Tween 80 asaserftension lowering ingredients to lipases
activity

Extracellular lipases are found in the culture brathen the fermentation is at the end of the
exponential phase. Easily lipases can be induaetk gshey are produced by the presence of oily
materials or other sources as surfactants, fatdsasome esters, glycerol and biliary salts [25iis
study useMucor mieheito produce crude lipases, at the end of the exgimigphase or 96 hours as
mentioned in point 3.1. Culture medium used in thligdy consisted of carbohydrates (potato),
glucose (dextrose), oil (coconut, palm), and suafatc(Tween 80) as carbon sources. Figure 2 shows
the lipase activity in standard culture medium atahdard culture medium plus different oil and
surfactant. Standard culture medium consisted afbdoation of carbohydrates and 17% glucose.
Lipases in these standard medium had activity atdld0® U/ml, while lipases in standard medium
plus coconut oil was increased to 122 U/ml.

Uscategui have examined the use of glucose asharcapurce for lipase production. There was a
cell growth inhibition at higher glucose concertmat(above 5 g/l). The concentrations of glucose
that favor the obtention of an acceptable growth? oberuginosawere 3 % and 5 %. This result
agrees with Ito et. al (2001), who found that ¢etiwth of Pseudomonas aeruginos&T - 03 was
affected by both glucose and ammonium concentratiorihe same way, Takac & Marul (2008)
stated that the high concentrations of glucose reggpthe lipolytic activity. On the other hand,
Beyenal et.al (2003) and Gupta, et. al (2004) poirgut that glucose in small amounts is necessary
for the initial growth phase of microorganisms fioe releasing of extracellular lipase.

The effect of oil and surfactant in the media carseen also in Fig. 2. The addition of coconut oil
on the standard culture medium has produced lipébethe lowest activity compared with palm oil
or olive oil. Lipases activity in coconut oil whidh added to the standard culture medium was 122
U/ml, whereas the additions of palm oil and oliverespectively give 147 U/ml and 192 U/ml. This
is due to differences in types of the largest camemd of each of these oils. Coconut oil mainly
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contains of lauric acid (C12), while palm oil cangpalmitic acid (C16) and olive oil contains alei

acid (C18.1). A large number of carbon sources pvitivide a significant increase in lipases activity
The addition of olive oil has shown the most sigaifit effect of the increase in lipase activity.
However, the effect was reduced when olive oil wdded along with coconut oil and palm oil. This
condition indicates that the micro-organisms takintrients derived from carbon sources that fitrthe
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Fig 2. Comparison of lipases activity in standard medand standard medium plus oil and
surfactant

The use of coconut oil, palm oil, and olive oilmsiltaneously or respectively, were able to improve
lipases activity almost doubled compared to lipagesvity without the addition of oil. This is
because the oil has a role as an inducer. The gtiodwf lipases is mostly inducer dependent, and i
many cases oils act as good inducers of the enz@®eeain other inducers also have a profound
effect on the stimulation of lipase production [2Rtevious studies have found the same conditions.
Some of them are (1) Manikandan (2004) has condudfese production bB. sphaericushawith
sesame oil as an inducer and give maximum lipaséatgcabout 5.2umoles/mL.min, (2) Sharma, et.
al (2001) has been shown to secrete extracellytasé from the yeastandida rugosa upon
induction by fatty acid, (3) Chang, et. al (1994yealed that the presence of tween 80 and tween 20
in a culture medium not only promoted lipase prdigucbut also alter the production of various
forms in culturedC. rugosa

The effect of the addition of Tween 80 was alsmdeethis study. The combined use of coconut
oil, palm oil, olive oil, and 0.05% Tween 80 in nea 1ll, has increased lipase activity 4-fold
compared to the lipases activity in medium |. Tw88ralso giving rise lipase activity approximately
2-fold over the media Il which is not used Tween BBe maximum lipase activity of 400 U/ml was
obtained when Tween 80 was added in the mediumwiéen 80 is a nonionic hydrophilic surfactant.
Tween 80 has the ability to reduce the surfacadardsf the liquid. The surface tension of the lidjui
was formed by the attractive forces between moéscut a liquid with molecules of air above it.
Tween 80 could break the force that holds the diquiblecules at the interface so that the surface
tension will be reduced. This ability is due to tiigh value hydrophilic -lyophilic balance (HBL) of
Tween 80. Tween 80 has a HBL value of about 15¢kvigd Tween 80 is more soluble in water [13].
0.05% of tween 80 was used in this study was abttact the extracellular lipase enzymes from the
surface and disperse into solution, so that thbdsgof lipase activity can be obtained. This ttesul
agrees with the studies of Nahas, 1987 and Donsaziget. al (2003), who used Tween 20, Tween 80
and Tween 100, and found the improvements on lipesguction, although the results depend on the
type of Tween used.

Kinetics of microbial product formation can be cptdzed into three classifications, namely (1)
Growth Associated Product Formation, (2) Non-Growkssociated Product Formation, and (3)
Mixed Mode Product Formation [22]. In this studlie kinetics of lipase formation froMucor
mieheican be classified as Growth-associated produntdtion. Product was formed simultaneously
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with the growth of cells. The specific rate of puot formation is proportional to the rate of cell
growth. Fig. 3 was describes the production ofdgpéshown by lipases activity) and microbial growth
of Mucor miehein three different types of medium. As mentionedbbe, coconut oil, palm oil, olive
oil and Tween 80 were able to significantly inceedise cell biomass and lipases activity. Growth
pattern -associated product was also obtained bpd#, Hiol, Deyris, & Comeau, 2002) in produce
extracellular lipase frorMucor spstrain. Abbas, et. al (2002) was obtained maxinfipase activity
at 57 U/ml, with a medium consists of 4.5% peptdné,% KHPQ,, 0.24% KHPQO,, 0.04% MgSQ.
Compared with the results of this study, the useamfonut oil, palm oil, olive oil as inducer and
Tween 80 as a surfactant can increase lipase tgctipproximately by 7-fold, to 400 U/ml. This
activity was obtained at the maximum incubationetiim 4 days (96 hours). The oil concentration for
optimal biomass growth was 3 %, but the optimalpmtion of lipase depends on the kind of oil was
used. Inducer and surfactant were used to helpowiging the requisite interface area.
3.3. Effect of temperature on stability of lipases

The research was carried out at pH 6 to see thdistaf lipases at temperatures 30, 35, 40, 45
and 50C. In accordance with point 2.7, the lipase agtivitis measured to obtain relative activity.
Table 3 below has shown the influence of tempeeatuarthe activity of lipases, obtained after thé en
of the heating process. GrowthMticor mieheon previous study has shown optimum temperature in
40°C [15]. As seen in Table 3, the optimum temperataraditions of the extracellular lipase enzyme
was obtained at 4Q. At this temperature, lipases activity was reredirelatively stable, after 1 hour
incubation. Gulyamova & Davranov (1995) was statedt the temperature has a substantial
influence on the activity of an enzyme — influemi;ion the one hand, the rate of enzymatic reactions
and, on the other hand, the stability of the enzyhés study has shown that lipases from the fungus
Mucor miehei is stable at %0 for 5 hours.

o ml

Lipasss sciivity O0/mi}

Srcubatioe tims (hIuTE) e . i il bt i

(@) (b) ©
Fig 3. Microbial productsilucor miehej at medium I (a), Medium 1l (b) and Medium III (c)

Table 3. Effect of temperature on stability of lipases

Temperature°C)  Relative lipases
activity (%)
30 58
35 81
40 100
45 73
50 47

4. Conclusion

Olive oail, coconut oil, palm oil has been able norease lipase activity doubled when compared to
using media-substrate Potato Dextrose. The oil astan inducer and derived from materials that
contain a lot of carbon. If the surfactant was adttethe oil, the lipase activity being 4-fold when
compared to lipase activity produce with media-fals Potato Dextrose. The growth Miucor
miehei can be categorized as growth associated produstreas the lipase production remained
stable at 40 ° C, same with an optimum growth teatpee.
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Abstract

Bioethanol is one of the promising alternative b&é. Bioethanol can be produced from sugar, starclignocellulose material.
One of the potential materials to produce bioethanGoix lacryma-jobi L. seeds that containinghhggarch and protein content.
In this research, the flour of Coix lacryma-jobideeds was made by dehulling seeds using discTh# flour was further added
a-amylase enzyme (0.25%-v/w starch) and was hedt80aC for 4 hours. Subsequently, glucoamylase raez{19.05%-w/w
starch), yeast Saccharomyces cerevisiae (10%-Wy 88 cells/ml), and nutrient (22.5%-v/v SSF, edmihg yeast extract 1%-
w/v suspension and peptone 2%-w/v suspension) &dded to the starch suspension and simultaneowhaéication-
fermentation process (SSF) was allowed to procaeadrabically for 3 days in a laboratory shaker (30000 rpm). The number
of yeast cells was determined using direct countireghod with haemocytometer. The ethanol and gkicosicentrations were
analyzed using HPLC. To study the effect of différearbohydrate concentration on ethanol fermesmatiwo different
carbohydrate concentrations, 10%-w/v suspension3@d6-w/v suspension, were successfully converteethianol. The result
showed 5.06% (w/v) ethanol was converted from 10#)(carbohydrate or 50.64% in yield, and 15.80%vjvethanol was
converted from 30% (w/v) carbohydrate or 52.66%iaid. According to the result, it can be concludiedt 30% carbohydrate
concentration gave higher ethanol yield.

Keywords: bioethanol ; Coix lacryma-jobi L. ; sirtaheous saccharification-fermentation (SSF) ; Sacomyces cerevisiae

1. Introduction

Fossil fuel is the most common energy source whsalsed widely in the world. Unfortunately,
fossil fuels are not renewable and the carbon deréleased from the burning fossil fuels is cogrgd a
major contributor to global warming. There are soatrnative fuels to solve these problems and
bioethanol is one of the promising biofuels frornaewable sourcesl,2. Ethanol can be produced
synthetically from ethylene, or by fermentatiorsafyar, starch, or lignocellulose materials. Commzon
materials such as sugarcane, molasses, cassavaranglere used to produce bioethanol3.

Coix lacryma-jobi L. is a cerealia plant containinigh starch content on its seeds. The protein
content of Coix lacryma-jobi L. is higher than amet common cerealia plant and it has more mingrals
The content of Coix lacryma-jobi L. shows it hasgmtial to be used as starchy raw material to predu
bioethanol. However, since Coix lacyma-jobi L.d®és a starchy substrate, it must be first ligaebfind
saccharified.

Fermentation process involves microorganism agtiiit anaerobic condition5. Common
fermentation can be performed by using microorgasjs such as Zymomonas mobilis and
Saccharomyces cerevisiae from sugar raw matesdhraother raw materials, starch and lignocellejos
need pretreatment process before fermentation.stage

Simultaneous saccharification and fermentation JS$S& process that performed saccharification
together with fermentation, instead of as a sepas&tp after hydrolysis6. It is useful for induetri
applications because of its high ethanol yield, Evergy consumption, and short processing time6,7,8
The inhibition of high glucose concentration can &eoided since the glucose produced from
saccharification process is consumped by the migesosm immediately?7. In this research, the SSF
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process was performed using glucoamylase enzymes seccharification agent with help of yeast
Saccharomyces cerevisiae as a fermentation agent.

Fuel alcohol manufactures normally ferment grainsimes containing 20-24 g of dissolved
solids/100 g9,10. Lately, many commercial fuel atiigoroduction facilities employ very high gravity
(VHG) fermentation. VHG was originally defined &®tpreparation and fermentation of mash containing
27 g or more of dissolved solids per 100 g of mash6VHG technology can increase final ethanol
concentration and productivity without facilitiesxpansion, energy costs, and risk of bacterial
contamination6. Low gravity fermentation (10%-w/uspension) and VHG fermentation (30%-w/v
suspension) were used as variation of this research

2. Materials and methods
2.1. Materials

Coix lacryma-jobi L. seeds were obtained from logedin seller in Punclut, North Bandung,
Indonesia. Bacteriological grade yeast extractiqreg and maltose were obtained from Difco (Jakarta
Indonesia). Plate count agar was obtained from Kédakarta, Indonesia) and bacteriological grade
dextrose was obtained from Oxoid (Jakarta, Indepesihe enzymes used to degrade starch were
Liguozyme Supra o-amylase enzyme) and Dextrozyme GA (glucoamylaseyraa). Both of the
enzymes were technical grade and obtained from Nowe (Kuala Lumpur, Malaysia). Yeast
Saccharomyces cerevisiae, NRRL Y-132, was a gifinfiAgriculture Research Service (ARS,USDA)
and was maintained on sterile yeast extract-ma(tost slant agar.

2.2. Pretreatment of starch

Coix lacryma-jobi L. seeds was dehulled and millesihg laboratory scale disc mill until the
flour size is -80 +100. The flour was analyzed &iedmine carbohydrate content (using HPLC) and
protein content (using Kjedahl method). The fatteanh of the flour was determined using Soxhlet
method, while the moisture content was measuredrgedrically. The starch suspension was made by
mixing the flour witha-amylase enzyme (0.25%-v/w starch) dissolved invi@er, heated in a silicon oil
at 900C and stirrred for 4 hours.

2.3 Preparation of yeast inoculum

Saccharomyces cerevisiae NRRL Y-132 maintainedhint igar were transfered to yeast extract-
peptone-dextrose (YPD) broth containing yeast ektt&-w/v, peptone 2%-w/v, and dextrose 1%-w/v.
The yeast was allowed to grow aerobically for 10rsat 300C in a laboratory shaker (100 rpm). Befor
it was used as an inoculum for the SSF procesdyrtith containing yeast was diluted until the numdfe
cells was 108 cells/ml.

2.4. Simultaneous saccharification and fermentatioprocess

The starch suspension was first sterilized in datecat 1210C for 15 minutes. Glucoamylase
enzyme (19.05%-w/w starch) and nutrient (22.5%S@8F, containing yeast extract 1%-w/v suspension,
peptone 2%-w/v suspension) were added to the ssigperyeast inoculum (10%-v/v SSF) was added
afterwards. The process was carried out anaerdpiicala laboratory shaker at 300C and 100 rpm.
Samples were taken periodically for 3 days.

2.5. Yeast cells, glucose concentration, and ethdmoncentration determination

The number of yeast cells was determined using begimmeter under light microscope with
400x magnification. Glucose and ethanol concemtnatvere analyzed using Hitachi High Performance
Liguid Chromatography (HPLC) with a refractive ixdéRI) detector at 400C and Bio-Rad Aminex
Fermentation Monitoring column. Samples were fingcipitated and the clear solution was diluted and
centrifuged as well at 1300 rpm for 15 minutes.p8utic acid solution (0.005 M) was used as eluent
with flow rate 0.6 ml/min. The oven temperature \8&sC and pump pressure was 2,5 MPa.
3. Results and discussion
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In this research, bioethanol was produced from CQadxyma-jobi L. seeds flour with help of
glucoamylase enzyme and yeast Saccharomyces daeedisring the SSF process. The Coix lacryma-
jobi L. seeds flour content is given in Table 1.

Table 1. Coix lacryma-jobi L. seeds flour content

Flour conter Percentage (9
Carbohydrat 76.2¢

Proteir 14.0:

Fai 5.8(

Moisture 12.2¢

The research was performed with two different chybloate concentrations, which were 10%-
w/v suspension and 30%-w/v suspension. The nutriexrde from yeast extract and peptone was added
into the suspension. The saccharification and fatat®n process was carried out in a laboratorkesha
at 300C and 100 rpm. The conversion of Coix lacHotd L. starch to ethanol is shown in Scheme 1.

Liguefaction: »
starch — 2P o (ligosaccharides

Saccharification : :
Oligosaccharides —F2T" & Glucose

Fermentation : :
Glucose —— """ &  Ethanol

Scheme 1Schematic representation of starch conversiothianel
In this research, the liquefaction process wasoperdd usingi-amylase enzyme to convert
starch into oligosaccharides. Subsequently, tbehsaification process was carried out using
glucoamylase enzyme to reduce oligosaccharidesfeFhmentation process involved yeast
Saccharomyces cerevisiae to convert glucose ihmet. The result of the SSF process was shown in
Figure 1 and Figure 2.
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Figure 1. SSF result of 10%-w/v carbohydrate concentration
W, ... : glucose concentration
@, -- : ethanol concentration
A, -.. : cell concentration
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Figure 1 shows the initial glucose concentratios whout 7.5%-w/v, then decreased rapidly due
to the production of ethanol. In some researchcafa concentration would increased during
saccharification process. In Watanabe et.al. rebe#ite glucose concentration was increasing witinen
first 8 hours and glucose was run out in 40 houf$ie glucose concentration in the research of Moon
et.al. was increasing within the first 12 hours gihttose was run out in 42 hours?7. Figure 1 shiwss t
glucose concentration was not increasing and afemours of SSF process, glucose concentration was
already run out. It is hypothesized that the rdtetloanol production was higher than the rate atgte
production.

The yeast consumed glucose to produce ethanokftinerthe ethanol concentration increased
while the glucose concentration decreased. Aftendis of SSF process, glucose was fully conveaded
ethanol, however the starch was not fully convetteéthanol. The final ethanol concentration 5.06%
(w/v) was produced from 10% (w/v) carbohydrate. Tésult yield was determined as the percentage of
final ethanol concentration per carbohydrate cotmaéiaon. The ethanol yield from 10%-w/v was 50.64%.

Figure 1 shows, the cell concentration was stattée 42 hours. The yeast activity for producing
ethanol was good enough as it consumed glucosetfrerbeginning of SSF process and needed only 12
hours to convert all glucose to ethanol. In thieegch, total cells and active cells were both taxlirFor
10% (w/v) carbohydrate experiment, the total cethaentration was almost represented by active,cells
which meant 10% (w/v) carbohydrate concentratios a@daptable for the yeast.
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Figure 2. SSF result of 30%-w/v carbohydrate concentration
W, ... : glucose concentration
@, -- : ethanol concentration
A, -.. : cell concentration

The trend of Figure 2 is similar to Figure 1, hoeeit took longer SSF time, 20 hours to fully
converted glucose into ethanol. This phenomenapweasibly caused by yeast adaptation to high glucose
concentration. The initial glucose concentratiamfr30% (w/v) carbohydrate was about 17.5%-w/v and
it was not increasing during the SSF process. Aehours, the glucose was almost fully converted a
the final ethanol concentration was 15.80% (w/\)58.66% in yield. The result indicates that other
components, such as maltosa and maltotriosa, war@arfectly hydrolyzed to give smaller reducing
sugar. Further research is needed to increasecttyiald.

The cell concentration increased 8 fold within fingt 20 hours. However, the cell concentration
around 40 hours was almost represented by dead tellas possibly caused by yeast adaptationgio hi
ethanol concentration. The yeast was able to ati@pESF condition after 60 hours. The researchsneed
longer time to observe yeast activity during SSbcpss.

The obtained result was compare to Watanabe, eestarch (using 40%-w/v potato as raw
material), the final ethanol concentration from 30&%v) Coix lacryma-jobi L. starch was higher and i
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took shorter time to produce ethanoll. The finehabl concentration of 30% (w/v) Coix lacryma-jabi
starch was also higher than Wang et.al. researsinguye and triticale, 28.5%-w/v) at 60 hours.
However, Wang's final ethanol concentration (120rsd was still higher than the obtained SSF result
30% (w/v) Coix lacryma-jobi L. starch9. The compan result shows it needs further research and
development to observe detail aspects.

From the figures above, it can be concluded thtaptiocess of producing bioethanol was fast and
the yeast Saccharomyces cerevisiae was able td hidgpcarbohydrate concentration (30%-w/v). The
ethanol yield from 30% (w/v) carbohydrate was higien 10% (w/v) carbohydrate. The summary of the
research is given in Table 2.

Table 2. Summary of the experiment

Carbohydrate Final ethanol  Final glucose Yeast cell Ethanol
concentration (%- concentration concentration concentration vyield
w/v) (%-wiv) (%-wiv) (cells/ml) (%)

10 5.06 0.00 3.80x%0 5064
30 15.80 0.13 1.41x%0  52.66

4. Conclusions

From this study, the experiment result showed ¢itizinol with yield 50-53% were successfully
produced from Coix lacryma-jobi L. using glucoansdaenzyme and yeast Saccharomyces cerevisiae
during SSF process. The same SSF condition (temoper800C, shaking speed 100 rpm, and yeast
extract-peptone as nutrient) was treated to 10%) (edrbohydrate and 30% (w/v) carbohydrate. 30%
(w/v) carbohydrate concentration could produce éigéthanol yield (52.66%).
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Abstract

The steady increase of wheat flour price and noodiesumptions has driven researchers to find subesifor wheat flour
in the noodle making process. In this work, yellalkaline noodles were prepared from composite §@mamprising wheat
and raw/pregelatinized gadungi¢scorea hispiddbennst) flours. The purpose of this work was teestigate the effect of
composite flour compositions on the cooking prdpsrfcooking yield, cooking loss and swelling inplek yellow alkaline
noodle. In addition, the sensory test and nutritomtent of the yellow alkaline noodle were alsaleated for further
recommendation. The experimental results showet ahgood quality yellow alkaline noodle can be prep from
composite flour containing 20% w/w raw gadung floline cooking yield, cooking loss and swelling inaé this noodle
were 10.32 g, 1.20 and 2.30, respectively. Anogioerd quality yellow alkaline noodle can be madenfreomposite flour
containing 40% w/w pregelatinized gadung flour. sThbodle had cooking yield 8.93 g, cooking los€.1ahd swelling
index of 1.88. The sensory evaluation suggested although the color, aroma and firmness of the dfes were
significantly different p < 0.05) from wheat flour noodle, but their flavomained closely similar. The nutrition content of
the noodles also satisfied the Indonesian Nati@tahdard for noodle. Therefore, it can be conclutted wheat and
raw/pregelatinized gadung composite flours can seduo manufacture yellow alkaline noodle with gapdlity and
suitable for functional food.

Keywords yellow alkaline noodle; wheat; gadung; noodleliyiafunctional food

1. Introduction

Noodles are among the most important staple fondadany Asian countries and approximately
40% of total wheat flour consumption in this registior the preparation of Asian noodieShere are
regional preferences for noodle color, size, shageaure, flavor, shelf life, and ease of cooking.
Therefore, based on their ingredients, noodlesbeasimply classified into Chinese types (Ramen),
Japanese types (Soba), Korean types (Naengmyos)arnid starch noodfesAmong those types of
noodle, white salted noodles and yellow alkalin®dies are the most commonly consumed in
Southeast Asia, Korea, Japan, and Chitsually, the appearance of regular salted noodies
bright, with clean color ranging from white to cneawhite, and with a smooth, glossy surface after
boiling®. Soft and elastic with a smooth surface are tleéepred textural properties of boiled regular
salted noodles by most Japanese and Kotelmsontrast to that, most Chinese prefer regsedted
noodles with firm, elastic, and chewy texturélthough the original purpose of alkaline salts
incorporation in noodle manufacturing was to extanddle shelf life by inhibiting mould growth, it
is now proven that alkaline salt also functionsaadough conditioner or texture quality improver.
Alkaline noodles are originated from Southern Chimat now they are widely adopted into the local
cuisine of Malaysia, Singapore, Indonesia, Thail@rawan and Hong Kong. The most popular types
are fresh (Cantonese style), partially boiled (Hekkstyle), and fresh or steamed with egg as an
ingredient (Wonton noodles). In Japan, howeverntlst popular types of alkaline noodles are fresh
and high moisture steamed noodles. The lattertesnofalled Yakisoba (for stir-frying), or Kata-
Yakisoba (for deep-frying) in Japanése

Noodles are prepared by mixing of wheat flour, wasnd salt and/or alkali, which contains
protein and small amount of fatty acids to dougteeting the dough and cutting into noodle strands

* Corresponding author. Tel.: +62-24-7460058; fa62-24-76480675.
E-mail addressandrewkomoro@undip.ac.id
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The qualities of noodles depend largely on flouarelteristics and on conditions used during noodle
preparatiof Starch (basically composed of amylose and amylipes a predominant component of
wheat flour, as it helps to improve the appearamzkstructure of wheat flour foods. Wheat used for
noodle flour manufacture should have an appropbatance of protein content, protein quality (as
indicated by dough properties) and starch quality the targeted noodle typeThe presence of
excessive levels afi-amylase, either through preharvest sprouting t&r ihaaturity a-amylase, can
have deleterious effects during processing andhenquality of the final product. These include
increased boiling losses and reduced eating qudfiigh levels of protease, associated with rain
damage, may lead to increased breakage of noodtegydirying and poor color in both alkaline and
nonalkaline noodles. Flour extraction levels and esntents have a profound influence on noodle
appearanc@ Higher flour extraction levels generally leaddidler noodles with a higher tendency to
darken during dough processing. Low flour extrattiand ash levels are preferred for the
manufacture of noodles that retain a clean, brigitearance after cooking. Therefore, the highest-
guality noodle flours are associated with low esticm milling and low ash levels in the flour. The
principal characteristics of flour that affect ntetexture are: protein content, reflecting thextiee
proportions of the two main components of the flquiotein and starch, and the compositions of
these two componerits Other ingredients that may affect the appearandetexture of flour noodles
are the presence of sajtalkali® and additives, such as gums, emulsifiers, enzyandsoloring¥’.

Yellow alkaline noodles are manufactured with tdeigon of alkaline salts called kansui or ‘lye
water’ (sodium and potassium carbonates), whickctgfstarch gelatinization, strengthens the dough
sheet of noodles and also gives it the distingtaléow color®. Therefore, yellow alkaline noodles are
firmer and more elastic than white salted noodléickv are made of dough with NaCl. To obtain
those properties, yellow alkaline noodles are nfemla relatively high protein content (10.5-12.0%)
hard wheat. In contrast to that, low protein con{&D-10.0%) soft wheats are used to prepare white
salted noodldS. A number of previous researches have reporteegative relationship between
protein content with noodle color and a positiviattenship between protein content with hardness of
cooked noodl€§ Protein quality, such as sedimentation volumesogriaph mixing time, glutenin
composition, glutenin polymer, and glutenin to difaratio also influence dough properties and
texture of yellow alkaline noodl&s Higher swelling power and peak viscosity of stamre
negatively related to firmness and elasticity, qaditively correlated with surface smoothness of
cooked yellow alkaline noodles in sensory and imsantal test§. The desired characteristics of
yellow alkaline noodle are a bright, even, lightlg@ appearance, absence of any darkening and
discoloration, a firm clean bite, a chewy and étasxture with some degree of springiness and a
satisfactory al dente reaction on biting.

High wheat flour price, especially in the develapioountries has driven researchers to find
substitutes for wheat flour in the noodle manufanguprocess. Generally, researchers do intensive
exploration to the potentials of the local resoarae wheat flour substitute. A number of researches
have been focused to incorporate other types afr ffor wheat replacement, e.g., legume (pea,
peanut, beah}® tuber (Jerusalem artichoke, sweet potato, tapitdaand cereal grain (rye,
ricey>*%. However, lower-quality noodles were usually otéal because of the inappropriate protein

guality and content of the replacement flours.

Gadung Dioscorea hispida Dennstis one of underutilized tubers, which is easdyrid in almost
all parts of Indonesia’s archipelago, Malay Perlimstihailand and Indfa This tuber crop is rich in
carbohydrates and therefore had been used asla &iad, especially by people in the tropical and
sub-tropical regions during WWfl The resistant starch contained in this tuberteas related with
a slow digestion in the lower parts of the humagesdiion tract, resulting in slow release and
absorption of glucose. Therefore, this tuber hantsiggested to be utilized in the effort of redgci
the risk of obesity, diabetes and other relate@adieS. Similar to other tubers, gadung does not
contain any gluten, which makes gadung tuber bes@nmemportant substance in the reduction in the
incidence of Celiac Disease (CD) or other allengiaction&’. In a rapidly changing world, with
altered food habits and stressful lifestyles, itrisre and more recognized that a healthy digestive
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system is an essential factor in determining therall/quality of lifé°. Recently, gadung has received
more attention from researchers in Indonesia ®rpittential as a food materffal The physico-
chemical properties of raw and pregelatinised ggdlour have been investigated by Kumoro and his
co-workerd'who suggested gadung flour is highly potential Stie for wheat flour in noodle
preparation. Noodles produced from the blends adawvtand raw/pregelatinized gadung flours with
moderately high amylose and amylopectin might q@aerd as functional foods for normalizing the
blood insulin levels and imparting other healthdfés. Therefore, the objectives of this study were
evaluate the relationships between the composdard] (wheat-gadung) compositions and the
culinary properties of yellow alkaline noodles, redyncooking yield CY), cooking loss CL),
swelling index @), sensory and nutrition content by comparison watmmercial wheat flour
noodles.

2. Materials and Methods
2.1.Wheat flour and chemicals

Commercial wheat flour suitable for yellow alkalineodles manufacturing was obtained from
PT. Bogasari Flour Mills Tbk, Indonesia and wassghroas reference flour. All chemicals used in this
work were of analytical grade and were purchasaah feigma-Aldrich Singapore Pte. Ltd.

2.2.Preparation of raw gadung flour

Raw gadung flour was prepared from gadung tub8rrabnths age using the method developed by
Kumoro and his coworke!$ Gadung tubers were peeled, washed, sliced inifs diefore being
leached using recycled flowing water for 3 hourse Thips were then dried in a hot air oven 4€60
for 8 hours. The dried gadung chips were milled siested through a 100-mesh sifter to obtain raw
gadung flour sample.

2.3.Preparation of pregelatinized gadung flour

Pregelatinized gadung flour was prepared from meafugadung tuber of 9 months age by
following the method previously described by Kumanod his coworkefs Gadung tubers were
peeled, washed, sliced and leached using flowishfivater for 3 hours. Then the sliced was cooked
in boiling water at 100 for 15 minutes. The chips were then dried in fidiooven at 6 for 8
hours. The dried chips were then milled and siglheolugh a 100-mesh sifter to obtain pregelatinized
gadung flour sample.

2.4.Preparation of yellow alkaline noodles

Wheat-raw/pregelatinized gadung composite flouD(@013% m.b, at various compositions) was
mixed with a predetermined amount of warm°®62.7% NaCO; and 0.3% KCO; solution in a pin
mixer (National Mfg.) for 20 min, with a head spe#d36 rpm. The mixture was then kneaded with
water to dough consistency before being passedighréhe rollers of a noodle machine (Ohtake
Noodle Machine Mfg., Tokyo, Japan) at 8 rpm andrar8 gap; dough was folded and put through
the sheeting rollers. The folding and sheeting wepeated twice. The dough sheet was rested for 1 h
and then put through the sheeting rollers 3 timgg@gressively decreasing gaps of 2.60, 2.33,,2.00
and 1.50 mm. The dough sheet was cut through Nouhg rollers into noodle strands of about 30
cm in length, with a 0.3x 0.2 cm cross section. ibedles were then transferred into hot water (95 -
98 °C), and heated for 50-70 seconds at this temperaigfore being introduced into cold water for
cooling. When noodles were floated, they were wikah and dried. No additive was added during
the whole procedure. The dried noodles were eqathil at room temperature for 4 h, packed in
clean pre-sterilized polyethylene bags and storedam temperature before further analysis.
2.5.Determination of proximate composition of noodles

The following analyses were performed to all floarsd selected noodles; moisture, fat, protein,
ash and crude fiber content were determined acupiidi American Association of Cereal Chemists
(AACC) approved methods 44-15A, 30-10, 46-30, 0841d 32-05, respectivéfy The starch and
amylose content were measured using the methodestegl by Juliarfa
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2.6.Determination of culinary properties of noodles

The cooking yield CY) and cooking lossGL) of the noodles were determined as describedan th
AACC method®. While the swelling indexS) was determined using the method developed by
Akanbiet al**. Ten grams\{kc) of the noodles were introduced into a beakersgtasitaining 150 ml
boiling water. The beaker glass was immediatelyeoed with a watch glass and the noodles were let
to cook for 10 min with slight agitation. The codkeoodles were allowed to drain for 5 min and then
weighed thoroughlyW,c). The cooking yield was then calculated. The gwa$ poured into a 200
ml volumetric flask and adjusted to volume withtitlesd water. Ten milliliter sample was withdrawn
from the solution and transferred to an aluminushdiThe weight of aluminum dish with the gruel
sample inside was measured and recordégh)( The sample was then dried in an electric oven at
105°C to a constant weight\cp). The cooking loss during cooking was calculatediaen below.

CY=(Wyc Vo) (1)

CL = (Wsp ~Wesp) xlOO/WCGD (2)

SI =Wy /WBC )

2.7.Sensory test evaluation

The noodle samples were cooked in boiling water4anin and then drained for 1 min. The
cooked samples (50 g) were placed in covered, Bgmo cups and were evaluated by 30 panelists
using balanced in completed block design (t = 18,% r = 9, b = 30} = 2). A nine-point hedonic
scale (1 = dislike extremely, 5 = neither like mslike, 9 = like extremely) was used to evaluate
acceptability of sensory attributes (color, aroffejor, firmness and overall liking) of plain noedl
Evaluation was conducted mid-morning.

2.8. Statistical analysis

All data were subjected to statistical analysignely analysis of variance (ANOVA), Pearson
correlation coefficient and F-test of multiple regsion¥. Differences were considered significant at
p< 0.05, unless otherwise specifiedAll data were determined at least in duplicate ail were
averaged.

3. Results and Discussion
3.1.The effect of raw gadung flour composition in thenposite flours on the cooking properties of

yellow alkaline noodles

The cooking properties of yellow alkaline noodlaggared from composite flours containing

wheat and raw gadung flours are presented in Thblde cooking properties investigated consist of
cooking yield, cooking loss and swelling indexisltclearly shown in Table 1 that the cooking yield
and swelling index of the noodles increased asgasung flour composition in the composite flours
increases from 0-20% w/w.

The increase in noodles quality with the additibnasv gadung flours is linked with the increase of
amylose content in the composite flours to an optinvalue, which is 24%'. On the other hand, the
protein contents in the composite flours droppebdtween 11.17-12.81%, but the values remained
within the acceptable protein content of flour farodle manufacturing. However, further addition of
raw gadung flour caused reduction in cooking yaid swelling index of the noodles. Swelling index
is closely related to the protein content and tstaich in flout’. Highlevels of proteinin the flourcan
causestarch granulestrapped betweenarigidmatrigratein, and inhibitswater toenter the noodle
structure and restrict the swelling power.Therefaheflourwitha lowprotein contentandhighstarch
contentwill havea highswellingindex. However, togt amylose content caused reduction in
swelling index due to inhibition of water diffusianto the starch granul®s In addition, the flours
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contained high fat content which may form a completh amylose and the linear part of the
amylopectin, and hence inhibit swellfi§’

Cooking loss values increased significantly follogithe increase in raw gadung flour composition
in the composite flours. High cooking loss was lijk® be affected by reduction of protein contént
and improvement of amylose content which improbesftagility of the flout’. Hamaker and Griffin
found that the lack of protein in flour improvedthragility of the starch granules and making itreno
accessible to water; thereby, causing an increassabsity and gel strength because of larger
swelling”. They also reported that proteins with disulfidentts in rice flour hindered granule
swelling and made the swollen granules easily laielakwhen shear was applied.

Table 1.Cooking properties of noodle prepared from contedur containing raw gadung flour
and wheat flour

Percentage of Protein Amylose CY CL Sl

gadung flour content  content (g/100g) (9) (%) (9/9)
(%) (%)
0 12.81 21.30 5.30 0.00 1.53
5 12.54 21.97 7.23 0.00 1.72
10 12.26 22.64 7.96 1.20 1.80
15 11.99 23.31 9.33 1.20 1.93
20 11.72 23.98 10.32 1.20 2.30
25 11.45 24.65 7.30 2.40 1.73
30 11.17 25.32 8.08 2.40 1.81

Good yellow alkaline noodles were obtained from posite flours containing 20% w/w raw
gadung flour with cooking yield, cooking loss anweeling index were 10.32 g, 1.20 %, and 2.30 g/g,
respectively.

3.2.The effect of pregelatinized gadung flour compositin the composite flours on the cooking
properties of yellow alkaline noodles
In general, the yellow alkaline noodles obtainezhfrcomposite flours containing pregelatinized
gadung flour has better appearance compared te tiaiained from composite flour containing raw
gadung flour. The cooking properties of them abeik@ed in Table 2.

Table 2. Cooking properties of noodle prepared from contpd¥our containing pregelatinised
gadung flour and wheat flour

Percentage of Protein Amylose CY CL Sl

gadung flour content content (9) (%) (9/9)
(%) (%) (9/1009)
0 12.81 21.30 5.30 0.00 1.53
20 11.31 23.98 5.69 1.20 1.56
25 10.93 24.65 5.90 1.20 1.59
30 10.56 25.32 7.15 1.20 1.71
35 10.18 25.99 8.80 1.20 1.88
40 9.81 26.66 8.93 1.20 1.88
45 9.43 27.33 9.28 3.60 1.93
50 9.06 28.00 5.80 7.20 1.58

It is clearly shown in Table 2 that increasing @ilagnized gadung flour composition from 0-45%
w/w in the composite flours resulted improvementadking yield and swelling index of the noodles.
Addition of pregelatinized gadung flour into whdlaiur increased the amylose content of composite
flours to some extent approaching the optimum aseg/lcontent in flour for noodle manufacturing,
which is 24% wiw'.
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Besides, addition of pregelatinized gadung flogoakduced the protein content of the composite
flour to between 9.43-12.81%, and still within theceptable value. However, further addition of
pregelatinized gadung flour caused reduction okc@pyield and swelling index. Table 2 shows that
too high amylose content may lead to reductionaliing index. Basically, the swelling behavior of
starch is primarily the property of its amylopeatimtent, while the amylose act as both a diluadt a
an inhibitor of swelling, especially with the prase of lipid®.

During boiling, the added water acted as a plasticend promoted the interaction between
amylose and amylose or amylose and linear amylopbanche¥. This resulted in a denser granule
structure and, finally lowered swelling powerThe evident is that the swelling indexes of yello
alkaline noodles manufactured from composite florwataining pregelatinized gadung flour were
lower than those of noodles from composite flounstaining raw gadung flour. In addition, the flours
contained high fat content which may form a complaih amylose and the linear part of the
amylopectin, and hence inhibit swellfi§’

The cooking loss values of noodles manufactureth ftomposite flours containing up to 40% w/w
pregelatinized gadung flour were constant at 1.20gortunately, further increase in pregelatinized
gadung flour compositions in the composite flouasviound to increase significantly the cooking
loss of the noodles. The increase in cooking l@gevwas likely to be the effect of protein content
reductio" and improvement of amylose cont€nof the composite flour, which improves the
fragility of the flour. Low protein content in floumproved the fragility of the starch grandfedhey
also reported that proteins with disulfide bondside flour hindered granule swelling and made the
swollen granules easily breakable when shear wpkedp Low protein content has been related in
the literature with reduction of noodle hardnesiilevhigh amylose content causes inability of dough
to absorb water to form strong noodle structur@ood yellow alkaline noodles were obtained from
composite flours containing 40% w/w raw gadung fflaith cooking yield, cooking loss and swelling
index were 8.93 g, 1.20 %, and 1.88 g/g, respdgtive

3.3.The nutrition content the yellow alkaline noodlepared from composite flour containing raw
and pregelatinized gadung flours

The proximate compositions of yellow alkaline nasdimade from wheat flour only and its
composite flours containing 20% w/w raw gadung iflou40% w/w pregelatinized gadung flour are
shown in Table 3. The results showed that the wmadiof gadung flour caused reduction in
carbohydrate, fat, protein and ash contents imtwalles, while the moisture and crude fiber content
of the noodles increased. The protein, carbohydcatele fiber and moisture content of the noodles
were significantly differentd < 0.05).

The results are not surprising because the carlpateydat, protein and ash contents of wheat flour
were higher than those of pregelatinized gadungr flim the other hand, the swelling, water holding
capacity and crude fiber content of gadung flourentigher than those of wheat fI8UF. Olaoyeet
al.*® reported similar trend of crude fiber content ofnposites of wheat and breadfruit flours used for
the preparation of some baked products. Previcssarehers have also reported that crude fiber is
best obtained from foods than supplement and cdinceesymptoms of chronic constipation; heart
problems associated with high cholesterol (hypetimia)*’, diverticular disead® and reduce the
risk of colon cancéf. Hence, gadung-wheat flour yellow alkaline noodtesid be acceptable in
places, especially by those require high fibersdatd lower fatty foods. An inference can therefore
be taken that gadung-wheat flour noodles apart fioeing healthy, free of synthetic additives, also
satisfies to the standards of SNI (Indonesia Nati@andard) and health regulatory agencies.
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Table 3.Chemical composition of yellow alkaline noodle gaeed from composite flour containing
raw and pregelatinized gadung flours

N Flour Composition Moistu Fat Ash Protein  Crude Carbohydr
0. (wheat:gadung) re (%) (%) (%) fiber ate
(%) (%) (%)
1. 100:0 (wheat flour only) 51.67 3.63 1.35 8.32 421. 34.98
2. 80:20 (raw gadung flour) 52.79 354 1.06 5.93 812. 33.87
3. 60:40 (pregelatinized 56.93 251 1.04 5.76 2.60 31.16
gadung flour)
4. SNI 35-60 1.0- - 4.5-6.0 - 30-60
2.5

3.4.The sensory test the yellow alkaline noodle pregpdrem composite flour containing raw and
pregelatinized gadung flours

The mean values of the hedonic scores for sengtiljuties of cooked yellow alkaline noodles
samples prepared from pure wheat flour and compdsitirs containing 20% w/w raw gadung flour
or 40% w/w pregelatinized gadung flour are shownTable 4. The composition of raw and
pregelatinized gadung flour in the composite floiarshe preparation of yellow alkaline noodle was
selected previously based on the cooking propedidbe noodle, which were 20% w/w and 40%
w/w, respectively. It is obvious that the additioh gadung flour affected (p < 0.05) the sensory
acceptability of color, aroma, firmness and oveli&ihg. The evidence is that the hedonic scale
scores for color, aroma, firmness and overall gkaf the products made with pure wheat flour were
higher than those of products made with replacerngr®0 % w/w raw gadung flour or 40% w/w of
pregelatinized gadung flour. Fortunately, the addibf gadung flour did not significantly affecteth
flavor of the noodles.

Table 4. Sensory scores of yellow alkaline noodle prep&m@t composite flour containing raw or
pregelatinized gadung flours

No. Flour Composition Color Aroma  Firmness Flavor Overall
(wheat:gadung) liking

1. 100:0 7.46 6.92 7.23 6.90 7.13

2. 80:20 (raw gadung flour)  5.84 6.17 6.93 6.65 6.40

3. 60:40 (pregelatinized 5.93 6.23 6.77 6.77 6.45
gadung flour)

4. Conclusion

The results of this work revealed that beneficiabaies with health promoting factors can be
manufactured from composite flour of wheat floud asaw/pregelatinized gadung flour containing
20% raw gadung flour or 40% pregelatinized gadulmyrf The noodles showed acceptable
proximate, culinary and sensory attributes. In toldj since gadung flour and wheat flours are ich
crude fiber which has been reported to reduce symptof chronic constipation, heart diseases
associated with high cholesterol, diverticular d&eand risk of colon cancer, therefore, an inferen
can be drawn that gadung-wheat flour composite lesodre more than just common noodles, but
actually important functional foods.
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Abstract

Microwave sterilization of oil palm fruits had sifjpant advantage in quick process. It raised taapee of both mesocarp
and kernel ina few minutes, which depended on dacieduction time @-values) of lipase inactivation. TH2value was
recorded as less as 17 minutes arftC9@as reported as the highest temperature.DFalue wasa parameter of enzymatic
destruction kinetic, which represented sterilizatiime in reduction of lipase activity by a factufr10. Temperature arid-
value relationship was studied during lipase inatibn. Mathematical modelof temperature distribatideveloped and
evaluated at variouB-values using Finite Difference Method. The ressh®wedtemperature distribution of the model
fitted with temperature distribution whichobtainff[dm experimental data. Thus, indicated mathemiatizadel from this
study could be applied in estimating temperatuséridution of oil palm fruits.

Keywords Microwave; Sterilization; Oil Palm Fruits

1. Introduction

Microwave sterilization of oil palm fruits was puged to protect palm oil quality, to soften the
fruits, and to facilitate the bunch detachment [thad significant advantages in term of quick
sterilization process and low temperature appbeati[2-10]. Palm oilobtained from this
sterilization,reported having similar quality asngmared to the palm oil from conventional
sterilization [2-5]. Overall studies reported tinoé drying or heating in describing the time of
exposure from microwave treatment, except from ipress study, which had determined thermal
death time for lipase inactivation by microwavedtiation [10].

Thermal death time defined by decimal reductionetif®-value), that represented time of
exposure to inactivate half of microbe populatiorenzyme activity by a factor of 10 [10-14].Tbe
value of microwave sterilization reported as ldsant17 minutes at frequency of 2450 MHz and
power of 800 W. Temperature history during steatii@n period only represented temperature at one
location inside mesocarp [8], meanwhile microwawating was non-uniformity heating, which
created several hot spot on material. Several stadyon oil palm fruits material reported severat h
spot during microwave heating period, due to noifieamity of temperature inside the material [15-
17]. Temperature distribution inside mesocarp reggbby Tan (1981) that observed temperature on
center of fruit was higher as compared to otherstlon and decreased along radial distances.
Treatment with longer time of exposure observedattal temperature. Tan (1981) only studied
temperature distribution from heating process aggrowhich concluded that temperature increased
by elevated power and time of exposure [9].

Microwave sterilization showed different perspeetiofheating process due to thevalue
implementation. Lipase inactivation proceeded dyi¢R-value was low or short time of exposure) at
high microwave power or proceeded very slowly (lmgme of exposure dD-value was high) at
low microwave power. This paper discussed tempeggitofile of the mesocarp at varioDsvalues
and their relationship with power and power dengtipite Difference Methods used to estimate those
distribution of temperature. The FFA concentrataomd water content of palm oil determined to
evaluate effect of temperature to palm oil quadiityer those certain process.

* Corresponding author. Tel.: +62-812-606-1817; fe62-61-738-4628.
E-mail addressnayasharid@yahoo.com
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2. Methodology
2.1.Materials and experimental setup

Materials of this study comprises of oil palm fréauits bunch Teneravariety) that collected from
UniversitiTeknologi Malaysia Plantation, microwaseen Sharp R-958A (2450 MHz, 800 W), data
logger (Pico Temperature Data Logger PT 104), aneMs presser (fabricated). The microwave oven
was connected with data logger and computer, toitord@mperature of oil palm fruits during
sterilization period.

a _ b
. [
@ DE ;' 3
m‘-. . a © = >OO =

1

Fig 1. Material and experimental setup: (a) oil palmtuand (b) microwave oven (1) connected
with data logger (2) and computer (3)

2.2. Sterilization Proces

Oil palm fruits bunch was cut by chain saw (Tok&0@) into 0.5. 1.0 and 1.5 kg portion
respectively. Thus, sample placed in the centrehef microwave and exposed to microwave
irradiation at high, medium high and medium povesel respectively. Temperature of mesocarp was
monitored, measured and recorded at varidwsluesusing thermocouple type J, which was punched
into the oil palm fruit at three points. The stedtion process carried out in triplicates.

2.3.FFA and Water Content Test
FFA concentration of palm oil was determined acicwydo MPOB test method[18, 19] and water
content was determined using Karl Fisher Titratit66 Metronm KF Coulometer).

2.4.Dielectric Properties Measurement

Dielectric constant and dielectric loss factor nieesient utilized a system, which consist of
dielectric probe (8710-2038) and computer contbl[ENA Series Network Analyzer Agilent
Technologies),at frequency range of 300 kHz to Pz G

2.5.Modeling of Temperature Distribution

Heat transfer equation was applied to evaluatBtivalue and temperature distribution relationship
during sterilizationperiod. Power absorbed by thét fconsidered as a source term in heat transfer
equation. The transient heat transfer equation witbrowave source term [15-17, 20] could be
written as Eq(1) and partial diffential equationksf.(1) for one dimensional body was given in Eq(2)

ar
PCpo; = kV2T+P(r,y,z,}) (1)

aT _ [ k(0T P
5= (o) G2 o @

Eq(2) was solved using Finite Difference Methodn(s discretization, central different) and
modeling was conducted by using Matlab R12a so&w&emperature distribution inside mesocarp
was modeled into radial direction at varidksralues (inner mesocarp, r=0 to outer mesocarpbr=
mm), as shown in Fig.2 to Fig.4, with boundary [15-20]:
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aT
_k; =h (T - Tq) (3)

Power from microwave that absorbed by dielectrioibpalm fruits per unit volume was given by
Eq(4). [15-17, 20], while electric field could bstienated numericaly by using Eq(5).[21]:

P(r,t) = Jwee'|E? (4)
_1 1 b ,exp(=jkR) 1 (.., 1Y) (p=p'cos’ iy
Z ™ 21In(b/a) fa fO cos' R '[p (Jk +R') R’ ]d[ dp ®)
TermR andk’ from Eq.(5)[21]are:
1
R'=[(z—2)*+p®+p?—2ppcosT (6)
k=2 (e -« ()

c

3. Results and Discussion
3.1.Effect of D-value and Power Density on Temperature

Fig.2 to Fig.4 show th®-value—temperature profile at various power leva ail palm fruits
bunch mass portion. Temperatures historyhad obddretow 100C for overall treatments. Several
studies that used microwave oven at frequency &02MIHz,either utilizing similar or different
microwave power, had reported similar result elsswh3, 4, 6]. It was recorded that sterilization o
a smaller portion of mass (0.5 kg) achieved maxintemperature at short heating duratiBav@alue
were 8.333 and 9.708minutes, except for those diumepower level) as compared to sterilization of
a bigger portion of mass (1.0 and 1.5 kg, excepthfose at medium high power level).
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Fig 2. Model of D-value-temperature profile of 0.5 kg treatmentaiausD-value using high power
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Fig 4. Model of D-value-temperature profile of 1.5 kg treatmentaiausD-value using high power
level (a&b), medium high power level (c&d), andedium power level (e&f)

Microwave power provided higher power density fizatment at smaller portion of oil palm
fruits. Power density expressed the number of p@apety to the oil palm fruits sample per kg. High
power density expressed effectiveness of microvséemsization process due to maximum microwave
energy absorbed by small sample. This state iseteéhe temperature and activation enefgy, (
and lipase inactivation proceeded very quickly.Hia,c and e), Fig.3(a,c and e), and Fig.4(a,ceand
show that temperature of the model fitted withgenature which obtained from experimental data at
a radial distance of 4.5mm, except for those Midthalue of 12.658 minutes at radial distance of
4.05mm. Thus, indicated mathematical model frons thiudy could be applied in estimating
temperature distribution of oil palm fruit. Similarend model of time-temperature distribution on
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microwave heating of non oil palm fruits materiaing different methods reported byothers studies
elsewhere [15-17, 22].

Treatments aD-value of 8.333 and 9.708 minutes showed rapidimgat initial 3 minutes, before
recorded highest temperature at’@2and 80.48C respectively, as shown in Fig.2(a) and (c).
Increment of bunch portion from 0.5 kg tol kg an& kg respectively, decreased maximum
temperature to 8C, and 78C (for 1 kg) and 76 %, and 78C (for 1.5 kg) respectively. Treatments
ofmedium power level, at any bunch portion, recdrdeaximum temperature that lower than those
with medium high and high power level. The tempa@tobserved for treatment of medium power
level at 0.5 kg, 1 kg, and 1.5 kg, were 7G.575C and 76C respectively. Those treatments at longer
D-value (> 12 minutes) were mainly achieved maxintemperature after 4 minutes.

Fig.2(b,d and f), Fig.3(b,d and f), and Fig.4(brald) show thermal runaway phenomena after 5
minutes heating duration, started from inner padi@l distance = 0 mm or/at outer surface of kgrne
to outer skin of the mesocarp along with radiatatice, except for those at skin surface that stiowe
stationer temperature while heating at cerfaimalue. Clemens and Saltiel (1996) reported similar
phenomena while heating non oil palm fruits maifB]. Runaway effect was uncontrolled rose in
temperature in a material, which cause damage t¢érmab[24]. Others studies reported browning
effect on kernel after heated up the oil palm fati800 W for duration of 4 minutes [2] and 5 mesit
[4], while this study observed hardening effecfruit of 0.5 kg treatment, after heated up thetfrait
high power density for more than 13 minutes.

3.2.Effect of D-value and Power to Palm Oil Quality

Evaluation of free fatty acid (FFA) concentration amy D-value show in Fig. 5(a). It was
observed that FFA concentration as key parametgrah oil quality measured below maximum
standard of FFA requirement for commercial palm(oibximum FFA concentration of commercial
palm oil is 3.50%). The FFA level of concentratimere observed between 0.30% to 1.39%(FFA
average was about 0.70%). The FFA expressed lipasgivation performance by microwave
irradiation. High temperature and long heating tiperiod usually obtained low level of FFA
concentration.Similar results of FFA concentratfomm microwave sterilization of oil palm fruits
were reported elsewhere [2-4].

a. b.

y 1266 1737 1409 1439 14719 1695 831 071 1235 1266 125 1409 1AM 1420 169%

Devalus (minate] el (minutes)

Fig 5. Palm oil quality at variouB-value: (a) FFA concentration, and (b) water conten

FRA ()

Water comtent (%)

Fig 5(b) show water content of palm oil after migawe sterilization at various-values. It was
observed that water content of palm oil were betw@8% D-value was 12.658 minutes) to 5.3%
(D-value was 14.286 minutes). Overall water conteas wecorded below 5% except for those
treatments withD-value of 14.286 minutes and power density of 284/8/kg. Normally, water
content for typical CPO is recorded at 2 to 5% mmn. Cheng et al.(2011) recorded water content
of 0.05% after microwave irradiation for 1 to 4 mies [2].

4. Conclusion

The microwave sterilization of a smaller portiorisbanch fruits, proceeded very quidR-yalue
were 8.333 and 9.708 minutes). Treatment®-atlue of 8.333 and 9.708 minutes recordedrapid
heating during initial period of 3 minutes, befate achieved maximum temperature af@znd
80.46C respectively. The temperature of mesocarp olddimen experimental data fitted with model
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at radial distance of 4.5mm, except for those \Withalue of 12.658 minutes at radial distance 4.05
mm. Thus, indicated mathematical model from thisgdgtcould be used to estimate temperature
distribution of oil palm fruit.Palm oil quality thandicated by FFA concentration and water content
were measured below maximum standard for commepeilah oil. FFA level of concentration were
observed between the range of 0.30% to 1.39% (Rfefage was about 0.70%),while water content
of palm oil were recorded between the range of 8% 3%. Overall water contents were recorded
below 5% except for those treatments vidvalue of 14.286 and power density of 284.86 W/kg.
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Abstract

Virgin coconut oil (VCO) has been gaining populaiityrecent timesThe objectives of this research were to gain thet be
storage time prior to VCO processing for each plioridocations. The experimental design used ig $iidy was a nested
randomized design with two factors and the expanimeas repeated three times. The first factor ésabconutplantation
locations (L), which is composed of three regionsjajang, Malang, and the Blitar. The second fastdihécoconut storage
time (W), which consists of three levels: 1 weekw@eks, and 3 weeks. The result showed that thrageatime was
significantly different on the yield of VCO, moisaucontent, free fatty acid, peroxide value, andtie density. It was
found that the best treatment was obtained frombdoation between Blitar region with 3 weeks storéiges. The results
of chemical analysis from the best treatment wesestare content 0.0439%,free fatty acids0.0660%gde value 0.0067
meg/k, relative density 0.9143 g/and the yield 19,20%,

Keywords:free fatty acid, relative density, moisture contgraroxide value, relative density, yield, cocostgrage time,
plantation location

I. INTRODUCTION

Coconut Cocos nuciferpis one of the important commodities in Indonesihich has a total
plantation area reached 3.712 million hectareterdms of food, the chemical composition of coconut
meat contains complete essential elements suchoésm fat, carbohydrates, calcium, phosphorus,
and others. With this potential oil plants can proe various kinds of products to meet human needs.
As a source of income, the role of the coconuttgkamery large considering this plant has theighil
to produce a continuous basis throughout the yadrraady for sale to meet the needs of farm
families. One of the utilization of coconut thatsha high economic value is the processing of
coconuts into virgin coconut oil.

The term VCO refers to an oil that is obtainedhfrfyesh, mature kernel of the coconut by
mechanical or natural means, with or without the o heat and without undergoing chemical
refining (Villarino, Dy, & Lizada,2007). Unlike RBD coconut oil which is tailor-made foooking
purposes, VCO is marketed lately as functionalSiihce its first introduction, virgin coconut oia$
captured the attention of vast majority of publitse beneficial properties of VCO are fast spregdin
The availability of VCO is increasing in the markegpecially in South East Asia involving the
Philippine, Thailand, Indonesia and Malaysia (AMarina, Y.B. Che Man and I. Amin, 2009).

VCO and coconut oil have been traditionally usedntance the beauty and promote the
growth of our tresses, refine and moisturizes &ur sonditions as well as being used as ailments fo
minor illnesses such as diarrhea and skin inflananat Nevin and Rajamohan (2010) discovered
that wound healing rate was increased in skin @f treated with topical VCO. Lans (2007) reported
that Cocos nuciferawas also used as an “ethonomedicine” to treat @aststinal problems and
minor cuts, injuries and swelling. The lauric acedmedium chain fatty acid component in VCO
showed potential use as anti-obesity treatmenOfte and Jones, 2002; Assunedi@l, 2009) as it

* Corresponding authoilel.: +62 81 79642734
E-mail address arie_febrianto@ub.ac.id.
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increases energy expenditure, directly absorbedbamdt as energy in the liver, resulted in early
satiety and thus leading to weight loss.

Virgin coconut oil has received much attention relye The demand for this oil continues to
rise, which can be attributed not only to its sigreflavor, but also to reports of its potentialalth
benefits. Because no chemical or high heat tredtriseimposed on the oil, the beneficial minor
components in the oil are retained. Virgin cocaoilis reported to lower the lipid levels in seramd
tissues, and possesses high potential in protetdivedensity lipoprotein against oxidative stress
induced by physiological oxidants (Nevin and Rajaam 2004). Apart from that, coconut oil is also
well known for its high content of medium-chainatylglycerols, which are used in medical and
cosmetic applications (A.M. Marina, et. Al, 2006)

Until now, the producers have not been paying matténtion to the relationship between the
condition of the raw material to the quality andlgliof virgin coconut oil. Different planting siteill
produce different coconuts composition differenpvagy. Results of research conducted in Towaha, it
showed that the composition of coconut meat Salekj@h significantly different in any growing
locations (Manoi and Tampake, 1999). Opinion wasfoeced by statements of Setyamidjaja (1995)
that each location contains coconut planting wiiah different nutrients and different in qualitydan
yield of VCO. Result of taking raw materials of umakvn origin causing the yield and quality of the
VCO becomes unstable.

In addition, the storage time of the coconut frsiilso very influential. According Setyamidjaja
(1995), the length of storage time will cause tiwerbaul of the ingredients of sustainable food
reserves so it will damage compound that is corddrtto triglyceride fatty acids. During the stagag
coconut oil is still doing the obvious result regtion changes the chemical composition of the.frui

Currently VCO producers pay less attention to twotd above. Raw materials purchased
from various planting locations and it is unknowowhliong in traders’ storage. In an effort to deyelo
the VCO industry, it needs to be studied more deapbut the relationship between storage time and
planting site of coconut on yield and quality oetWCO. So, it is necessary to examine the
relationship between the location and the storage bf coconut processing to obtain optimal of
VCO quality.

II. MATERIAL AND METHODS
Materials and Tools

The main materials used are DALAM cultivar in tarplanting locations, namely Lumajang,
Malang and Blitar Region. The other materials aag¢ew filter paper, and cotton. The equipment used
was a bucket, plastic jars, basins, funnels, mitkirser, filter cloth, scales, plastic tube, pipett
measuring cups and hand hydraulic press. Matamnaysis is benzene and methanol, neutral alcohol,
0.1 N NaOH, distilled water, ammonium thiocyan&eCl|, and phenolphthalein (PP).

Equipment includes analysis and stative buretteasuring cup, funnel, pycnometer, glass
breaker, spectrophotometer, decsicator, erlenmepéumetric flask, OHAUS digital scales, pipette,
pipette the volume of the oven, bath, stirrer, @oraind centrifuge machine.

The Design of Experiments

The experimental design used in this study wassted randomized design with two factors and
the experiment was repeated three times. Thefdicsbr is the Coconut Planting Locations (L), which
is composed of three regions, Lumajang, Malang, taedBlitar. The second factor is the Coconut
Storage Time (W), which consists of three levele week, two weeks, and three weeks. Of the two
factors combined treatments obtained nine treatnj&able 1)

Table 1. Treatments Design

Storage time Planting Locations (L)
(W) Lumajang Malang Blitar (L3)
(L1) (L2)
1 week (W1) L1W1 L2wW1 L3wW1
2 weeks (W2) L1W2 L2W2 L3W2
3 weeks (W3) L1W3 L2W3 L3W3
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VCO Processing

Coconuts is collected from three locations, namielynajang, Blitar and Malang region.
Coconuts were selected for the study was DALAMicait the local varieties, in 12 months old and
have been marked with brown coconut fibre. The amweight of the fruit is used uniformly.

Coconuts after being picked and stored accordingetatment (one week, two weeks, and three
weeks). After reaching the specified time, it'sdg&o process as VCO. The first step is stripphmg t
coconut husk and then separating the meat fronshiefls and taking its water. The clean coconut
meat immediately shredded. Next step, weighed ddddicoconut water with a ratio of 1: 2. Mixture
of coconut water and stir until evenly then squddag hand using a hydraulic press to form coconut
milk. Coconut milk is collected subsequently seglfor £ 60 minutes so that the water and coconut
milk (kanil) splits. Kanil in the upper layers dfig water is then taken and dumped in the bottom
layer. Kanil centrifuged at a speed of 2,000 rpmf@0 minutes. After centrifuged, it will form the
layers. The upper layer is a VCO, the middle lagea protein (blondho) and the bottom layer is
water. VCO is taken and made next filtering process

The screening process is done by using a cotten iaper and placed on top of the funnel. VCO
flowed on top of the funnel and placed in the hottaf the funnel measuring cup to hold the droplet
VCO.

Physicochemical analyses

Parameters measured were physical and chemicpenpies of the VCO. Physical properties
include yield, moisture content (Apriyantono,et 4B89), peroxide value (Sudarmadiji, et al., 1997),
and density (Ketaren, 1989). Chemical propertieasueed were the number of free fatty acids (FFA)
(Mehlenbacher, 1960 in Sudarmadii, et al., 1997).

Data Analysis

All the physico-chemical analysis and functionalgerty measurements were carried out in triplicate.
Results are expressed as mean * standard devigbigngficant differences between means were
determined by one-way analysis of variance (ANOMAINg Microsoft Excel 2008ignificant
differences among means were established at p«8i@§ Least Significant Difference (LSD). The
best treatment is done by using the multiple attebmethod.

[ll. RESULT AND DISCUSSION
Yield

The mean of VCO yield ranges from 12.90% to 21.8#%m the results of variance analysis
yield is known that there is a significant influen@ = 0.01) between the length of storage time and
coconut planting location on yield. The yield awgran each treatment is shown in Table 2.

Table 2. The Mean Value of VCO Yield (%) Influenced by Caab Storage Time in Each Coconut
Planting Locations

Lumajang Malang Blitar
1 week 12.90 a 13.49 A 13.37a
2 weeks 16.71 b 17.78 B 21.84c
3 weeks 1596 b 17.12 b 19.20 b
LCD 5% 1.60

Note: figures are accompanied by the same letticates no significant difference at LSD 5%

From Table 2 it is known that the highest yieldtle treatment process on 2 weeks on Blitar
planting location. While the lowest yield in theatment process on 1 week on Lumajang planting
location and significantly different from the oteer

For the Blitar as planting location, The highesidy of VCO obtained at the storage time for 2
weeks is equal to 21.84% and the lowest yield abthin the 1 week storage time that is equal to
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13.37%. On Lumajang, the highest yield obtainethatstorage time for 2 weeks is equal to 16.71 %
and the lowest yield obtained in the storage timelf week process that is equal to 12.90% .On
coconut planting locations in the Malang, the hgjhgeld obtained at the storage time for 2 weeks i
equal to 17.78% and the lowest yield obtained egtorage time for 1 week process that is equal to
13.49%.

According to Djatmiko (1983), oil composition iffected by soil type and fertility, climate and
high places. This is according to research conduayeTorah, et al (1999) that there is a real ¢fféc
protein content, fat content, ash content, andecfile content, and the levels of free fatty adids
coconut planting location. A difference in climaad soil types at the three locations is shown in
Table 3.

Table 3.Height Differences, Soil Type, Average Rainfaltlafwverage Temperature At Three
Locations Grow Coconuts

. . . Rainfall Average
Location Height Soil Type Average/Year | Temperature
Lumajang | 300-625 m dplalluvial, latosol 1.500-2.500 ml 24°C-32°C
alluvial, latosol, andosol,
Malang 250-500 m dpl mediteran, litosol, regosol} 174 ml 23°C- 30°C
and brown sand
Blitar + 167 m dpl| &lUviums are: sand.clay, | 44, 28C— 27C
and volcanic.

Source: Anonymous (2005)

Table 3 shows that the height of the locatiorhefBlitar is lower than the Malang and Lumajang.
According to Warisno (2003) coconut crop in the llwds (with a height of less than 200 m above
sea level) can bear fruit more quickly and prodgdiigher with a high oil content. Fertility of sadl
the Malang relatively more fertile than other lagas. Based on Warisno (2003), some types of soll
are suitable for use as a coconut plantation isviall soil, soil grumosol, regosol soil, and volzan
soil.

Moisture Content

The mean of moisture content in VCO ranges fro8421% to 0.0992%. From the results of
variance analysis of moisture content is known thete is a significant influence € 0.01) between
coconut storage time and coconut planting locabonmoisture content. The mean of moisture
content of each treatment is shown in Table 4.

Table 4. Mean of moisture content in VCO (%) Influencgd@oconut StorageTime In Each
Coconut Planting Location

Lumajang Malang Blitar
1 week 0.0946 c 0.0940 C 0.0851c
2 weeks 0.0721b 0.0835 B 0.0644 Db
3 weeks 0.0467 a 0.0526 A 0.0439 a
LCD 5% 0.0036

Note: figures are accompanied by the same letticdtes no significant difference at LSD 5%

From Table 4 notes that the highest moisture emas obtained in the storage time for 1
week at the Lumajang planting site and significadifferent from the others. While, the lowest of
moisture content was obtained at 3 weeks on Biitar significantly different from the others. Added
by Fabian M. Dayrit, et.al (200Thoisture is an important factor that determinespiwaluct quality
of VCO. High moisture increases hydrolysis, whielads to a higher free fatty acid content and
hydrolytic rancidity. Table 4 shows that the moistaontent of all treatments VCO is still below the
allowed standarchccording to Asian and Pacific Coconut Community (APCC, 2003) (Table 1).
Maximum moisture content standards approved by@s a
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Table 5. Quality Factors of Virgin Coconut Oil

Parameter Value

Moisture (%) Max 0.1
Matters Volatile at 1200 C (%) Max 0.2

Free Fatty Acid (%) Max 0.2
Peroxide Value meqg/kg Max 3
Relative density 0.915 - 0.920
Refractive index at 40C 1.4480 — 1.4492
Insoluble impurities per cent by | Max 0.05

mass

Saponification Value 250 — 260 min
lodine Value 4.1 -11

Unsaponifiable matter % by mass max 0.2 - 0.5
Specific gravity at 30 deg./30 deg. 0.915 — 0.920

C

Polenske Value, min 13

Total Plate Count <0.5

Color Water clean

Odor and Taste Natural fresh coconut scent, freediment, free

from
rancid odor and taste

Source’APCC, 2003

Free Fatty Acid/FFA

Mean of free fatty acids in VCO ranges from 0.0%6@.0963%. From the results of variance
analysis of free fatty acids is known that thera isignificant influencea(= 0.01) between Storage
Time process and coconut planting locations witlamef free fatty acids. Mean of free fatty acids in
each treatment is shown in Table 6.

Table 6. Mean Free Fatty Acid (%) Influenced by Coconutr&ge Time in Each Coconut Planting

Locations
Lumajang Malang Blitar
1 week 0.0940C 0.0963 C 0.0850C
2 weeks 0.0842 B 0.0837 B 0.0750 b
3 weeks 0.0780 A 0.0787 A 0.0660 A
LCD 5% 0.0007

Note: figures are accompanied by the same lettiécdtes no significant difference at LSD 5%

Table 6 shows that the highest free fatty acids wbtained on the storage time for 1 week at
Malang planting locations and significantly diffatefrom the others. While, the lowest free fatty
acids was obtained in the coconut storage time 3foweeks in Blitar planting locations and
significantly different from the others.

The results showed that with increasing moistumetent, the levels of free fatty acids in
VCO also increase. Changes in free fatty acidsndustorage due to hydrolysis events enzymatic and
non-enzymatic against fat contained. Table 6 digovs that the VCO free fatty acids resulting from
all treatments were below the standatdording to Asian and Pacific Coconut Community (APCC,
2003) (Table 5). Maximum free fatty acids standards approved byigat 0.5 %.

Free fatty acids (FFAs) are naturally present at &mounts in all vegetable oils. During
extraction and storage, additional FFAs may be &by reaction with residual water in the oil.
Hydrolysis can occur by chemical or enzymatic mewdras. Enzymatic hydrolysis (e.g., with
lipases) may occur through indigenous plant enzyonasicrobial contaminants. High levels of FFA
are undesirable because of their unpleasant tastieiah M. Dayrit, et.al, 2007). These FFA are
contributes to the off taste and aroma in fats (8danT.S.T, et. al, 2012).
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Peroxide Value

The mean of peroxide value in the VCO ranges @.008qg/kg - 0.0080 meg/kg. From the results
of variance analysis. is known that there is aifigant influence ¢ = 0.01) among treatments. The
average value of peroxide in each treatment is shinwable 7.

Table 7.Mean of Peroxide in VCO (meg/kg) Influenced by Gumat Storage Time in Each Coconut
Planting Location

Lumajang Malang Blitar
1 week 0.0047 a 0.0037 a 0.0043 a
2 weeks 0.0067 b 0.0067 B 0.0080b
3 weeks 0.0063 b 0.0043 a 0.0067 c
LCD 5% 0.0006

Note: figures are accompanied by the same letticates no significant difference at LSD 5%

In Table 7 note that the highest peroxide valus al@ained at the storage time for 2 weeks in
Blitar planting locations (0.0080) and significantifferent from the others. Whereas, the lowest
peroxide value was obtained in the storage timé faeek at Malang planting locations (0.0037) and
significantly different from the others. Table Balshows that the resulting of VCO peroxide mean of
all treatments was below the allowable standarderding to Asian and Pacific Coconut Community
(APCC, 2003) (Table 5). Standard maximum peroxidkier is equal to 3 meqg/kg of oil. The low
average peroxide value indicates that VCO sampbesad undergo significant peroxidation during
processing

Olefinic bonds in unsaturated fatty acids are @adiover time or during high temperature
processing resulting in the formation of hydropétes which leads to rancidity (Gunstone 1996).
The peroxide value is based on the reaction ofdpehoxides with potassium iodide. This reaction
yields molecular iodine (12), which is then titrdtasing standard solution of sodium thiosulfatee Th
peroxide value is expressed in meq active oxygenofde) per kilogram of oil sample (Fabian M.
Dayrit, et.al, 2007).

Relative Density

The mean of relative density in the VCO ranged®79g/cni-0.9200 g/cm From the results of
variance analysis. is known that there is a sigarft influence = 0.01) among treatments. The
average relative density in each treatment is showiable 8.

Table 8.The Mean of Relative Density in VCO (g/&ntinfluenced by Coconut Storage Time in Each
Coconut Planting Location

Lumajang Malang Blitar
1 week 0.9193 ¢ 0.9200 c 0.9183C
2 weeks 0.9180 b 0.9183 b 0.9170B
3 weeks 0.9157 a 0.9163 a 0.9143 A
LCD 5% 0.0007

Note: figures are accompanied by the same lettiécdtes no significant difference at LSD 5%

From Table 8 it can be seen that the highestivelatensity obtained at the storage time for 1
week on location in Malang (0.9200) and signifitamtifferent from the others. While, the lowest
relative density obtained at the storage time fare2ks at Blitar (0.9143). The results showed tiat
greater the water content of the VCO, the greahative density. This is presumably because it is
influenced by the density of water is higher thaa density of the oil. Water density of 0.9998 dicm
while the relative density of oil ranged from 0.9§@n7- 0.91 g/cr at a temperature between’15
25°C. Table 8 also shows that the relative density@® produced from all treatments was below the
allowable standards according to Asian and Pa€ificonut Community (APCC, 2003) (Table 5).
Standard maximum relative density allowed is etu#.920 g/crm

60



Proceeding ICCE 2013 UNPAR

CONCLUSION

Coconut planting locations and storage time sigguitly affect the moisture content, free fatty
acid, peroxide value, relative density, and yidlé/€0O. Storage time of three weeks to processén th
three locations can be tolerated because it predonggsture content, free fatty acid, peroxide value
and relative density of VCO in accordance with duastandards. Virgin coconut oil treatment
derived from Blitar to coconut storage time as l@ggthree weeks is best treated with a yield of
19.20%, moisture content 0.0439%, free fatty &b60%, peroxide value 0.0067 meqg/kg, and the
relative density 0.9143 g/cm
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Abstract

The objective of this research is to investigatedffect of the growth promoting bacteria (GP&pspirillum sp
to the growth of microalga€hlorella spin the food industrial wastewater as a medium. deerve the influence,
about 16 cells/ mL ofChlorella spwas cultivatd in 1 L of tofu industrial wastewatdihe wastewater was an
effluent of an aerobic treatment. Six differentatreent was set regarding to theospirillum spadded to the
medium. The glass was marked as AO as no GPB iantsubdded to the medium, and A2, A4, A6, A8 an@ Ait
2 mL, 4mL, 6mL, 8 mL and 10 mL of GPB added to thedium respectively. The concentration of GPB was
inoculant was 1Dper mL. The result shows that the highest numb&htorella was achieved by A6 in the day 10,
while the highest maximum growth rate was achidwed10.

Keywords Chlorella sp, Azospirillum sp tofu processing wastewater

1. Introduction

Food industrial wastewater containing high compbeganic materials, carbohydrates, proteins, amino
acids and fats in the form of suspended solidsdisgblved. Several micro-elements also availablbén
food industrial wastewater, such as Fe, Mn, Si, Zy,Mo, N, P, K, Mg, and SQ(Jamil, 2001). The
presence of organic compounds causes the wastee@itains high concentration of BOD, COD and
TSS. Unwell removed of this component into the mmvinent may lead to eutrophication in the water
body. In another perspective, innovations to explar wide range of renewable energy are being
promoted in the world, including Indonesia. Bio-ageis a form of energy which is enough to get the
attention in the world today. One form of energgttis being developed is biodiesel, which the raw
materials can be extracted from microalgae.

Microalgae is organism that is potential to be uagdio-fuel feedstock production [1]. Lipid corttém
microalgae could reach to above 50% in the dry htdigisis. Microalgae growth rapidly, and take about
10 days from the first cultivation until it is beimarvested [2]. With mathematical estimation, dlie¢hat

can be produced by microalgae is about 120,000i&didsel / ha year, or 20 times as much as the
productivity of palm oil (5,800 kg biodiesel / haar) and 80 times higher than that of castor dilictv
was about 1,500 kg biodiesel / ha year [3].

In regard to the above description, it shows thest heed for sustainable waste management and
renewable energy can be met. The cultivation «f thihergy crops" in the rich-nutrients wastewaser i
expected to suppress the use of fertilizers thainconly practiced in the microalgae cultivation.

To support the microalgae cultivation, de Bashdnréported that addition azospirillum spcould
significantly increase the growth. It is becausegyirillum produce Indole Acetic Acid (IAA) that is
widely recognized as growth hormone that is neeolgdh plant to growAzospirillum spis a non
symbiotic nitrogen-fixing soil bacterium. These teai@ live freely in the soil. Eckert et al [5]eported

* Corresponding author Tel.: +62 341 571708
E-mail addresswahyunanto@ub.ac.id
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thatAzospirillum spcan be used as biofertilizer, due its abilityieoup nitrogen ( M). They also reported
that about 40-80 % of the total nitrogen in ratteas tied up byAzospirillum sp while in the corn
cultivation; about 30 % nitrogen could be tied upthis bacterium. Akbari et d6] stated that the
bacteria also produce growth hormone up to 285.§X fiter of total culture medium, so as to improve
the efficiency of fertilization. A few has been cefed about the use of this bacterium in the aquati
ecosystem. It is expected that the addition of Hacterium could support the growth of the bagteri
during its cultivation.

The objective of this research is to investigatedffect of the growth promoting bactefiaospirillum sp
to the growth of microalgag€hlorella spin the food industrial wastewater as a medium.

2. Materials and Method

2.1. Materials

Materials used in this study were Chlorella sp seadd Azospirillum sp as growth promoting bacteria
The growth medium was effluent of anaerobic treatm@ocess. The tools used in this study is a
microscope to observe the total density of micraalgbeaker glass, aerator for air supplies, a
thermometer to measure the temperature, 40-watteficent lamps as source of light, haemocytometer,
and lux meter.

2.2. Research Methods

Culturing Chlorella sp Initial culture performed in a aquaculture laliorg, Brawijaya University with
inoculants taken from BBAP Situbondo. lab workshudghe Faculty of Fisheries and Marine Sciences
with inoculants results from Situbondo districtrsEj distilled water that has been given fertiliggalne)

0.3 ml was put into another 50 ml of distilled waf€his mixture was then sterilized. About 150 ril o
Chlorella inoculants was put into it. Every 4 daif® number of the microalgae was counted until it
reached around f@ells/mL.

2.3. Media preparation.

The growth media was an effluent of anaerobic tneat of tofu industrial wastewater. The tofu
processing industry is located in Batu City, Easta) Indonesia. Each glass jar (of all 6 jars) filke
with 1 litre of this wastewater. To avoid the dirent into the jar, the wastewater was filtered usibg a
fabric. Each of the jars then was labeled (A0, A2, A6, A8, and A10).

2.4. Mixing

In each liter of wastewater was added viithiorella sp, and the microalgae concentration was set to be
10° of cell/mL. After that, Azospirrilum spwas added into the jar. The concentratiopbspirillum sp
inoculants was focfu/mL. The addition of thézospirillum spwas regarding to the label, which were 0
mL, 2mL, 4mL, 6 mL, 8mL and 10 mL for AO, A2, A46AA8, and A10 respectively.

2.5 Observed Parameters

The observed parameters were microalgae densityofptie medium, the temperature of the media,
dissolved oxygen, ammonium, nitrate and phosph@te parameters measurement for microalgae
density, temperature, pH, and DO was done 2 tintss/awhich were in the morning and afternoon.

2.6. The Growth Rrate
The microalgae growth rate was calculate usinddahewing formulae:

In Nt max -ln No

(p—maks) = tanny=—t1 (1)
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3. Result and Discussion

Overall independent variables, which are tempeeatpid and DO is summarized. The experiment show
that the average temperature was fluctuative tilltinsthe allowed temperature, which was betw@érf

C - 27 ° C. Slight temperature drops was shownigittnbut remain above 20. The average pHof the
experiment was between 8 and 9.1 in each treatrRgntre 1 shows that the pH of the medium tends to
slightly increase with the increasing populatiorboth Azospirillum spandChlorella sp The increase in
pH is predicted because along with the processtitifation of nitrogen fertilizer elements from the
sewage out liquid bZhlorella spcells and bacteridAzospirillum spcapable of producing nitrogen. This
is probably agree with result of (Morel 1983), iretrange of pH 7-9, there are two possibilitieshie
utilization of nitrogen from the nutrient medium kyicroalgae cells, the use of nitrogen in the fain
nitrate and ammonium. It is predicted that that phkeincrease was due to the nitrogen uptake by both
microorganisms.
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Figure 1. PH of the medium

The dissolved oxygen concentration was in the ravfgfom 7.1-7.6 mg / L. The increase in DO
occurred on day 3. It is predicted that this inseeas because the addition of abundant photogimthe
0O, form of Chlorella sp At the end of the study population Ghlorella sp decreased, which was
characterized by the number of dead biomass arttbdsah the bottom of the media. Since the
decomposition process requires a number Hftkls condition causes a deficiency of i@ the culture
medium.

Chlorella sp Growth
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Figure 2. Chlorella sppopulation

Data shows from each dose of GBP added in the meditreatment without GPB (AQ) produced its
Chlorella spmaximum growth rate jimax ) Of about 0.327 cells / day; whilg..x of Chlorella spfor A2,
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A4, A6, A8 and A10 was 0.364 cells / day, 0.33lsceday, 0.373 cells / day, 0.38 cells / day antb3
cells / day respectively. This result shows thagrethough the highest number of microalgae was
achieved by A6, the highest growth rate was ackidyeA10. The highest,ax Of the microalgae of A10
was probably due to the highest IAA produced by Alzespirillum sp By analyzing the variance, the
result shows that the addition of different dos€$EB has given a significant influence on tgy
Chlorella sp This is evident F 5% < F count > F 1% dimana 3x324.654 > 5.56.

From the observation, it was found that populatbAzospirillum had already existed in the wastewat
with the number around 23xA6fu/mL, which was about one tenth of that of Al population . Daily
observations about population abundad@spirillum spthroughout the study for each treatment is
shown in figure3. Peak population abundance in ¢@etiment occurred on day 8 where the A10 has the
highest population abundance 2.1x1012 cells / nd e lowest population abundance obtained in
treatment AO is 1.1xI8cfu/mL.
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Figure 3. Population ofAzopirillum sp.
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Abstract

The objective of this research was to determinecffect of the Oxidizing — All Volatile TreatmenAYT (O)] method and

the Oxygenated Treatment [OT] method to corrosimupcts released in the boiler feed water treatrirettie 3rd unit of

Paitonsteam power plants (PLTU Paiton). OT metmibduced by the Electric Power Research InstitdfeR]) in 2000

and recently applied tothe PLTU Paiton 3rd unittte¢ end of 2012. This method forms a protectiveedayhich is

considered more stable than the oxide layer forosidg AVT (O) method. The effectiveness of the Odtimod in the 3rd
unitof PLTU Paiton, in particular to reduce the ambof corrosion products released, were analyrethis study and
compared with the effectiveness of theAVT (O) methbhe measurement of corrosion products releagdibthh methods
performed at two sampling points using CorrosiondBod Sampler type CPS-11. Those sampling pointEaomomizer

Inlet (El) and High Pressure Heater Drain (HPH}eWVariable used in this study was set point cotidtycat economizer
inlet. Set point used for AVT (O) method is 4.98@ uS/cm and for OT method is 2 to 2.8 uS/cm. Corrogimduct

analysis performed using Atomic Absorption Spedtaipmeter (AAS). The analysis showed that the loveesrosion

product for AVT (O) method is 0.376 ppb (at ecormeniinlet) and 0.290 ppb (at high pressure heatginYon the

conductivity of 5.1 uS/cm. While the OT method gitewer corrosion products' value, namely 0.224 gibeconomizer
inlet) and 0,249 ppb (at high pressure heater Hmirthe conductivity of 2.6 uS/cm. This resultwkd that the OT method
more effective to reduce the amount of corrosiaupctrelease ifBunitPLTU Paiton.

Keywords steam power plants, boiler feed water treatmentosion products.

1. Introduction

PT Paiton Energy is one of the companies that m®dilectrical energy in Indonesia. PT Paiton
Energy is located in the Paiton industrial areabBlinggo, East Java, Indonesia. The company has
three steam power plants (PLTU) units i.e™8it and Zunit, which rely on kinetic energy of steam
to produce electricity. Thus, the steam generdiec®me a major tool in steam power plants. Steam
generator in the 3rd unitof PLTU Paitonis once tigto boilers with coal-fired capacity of 800 MW
which operate at high pressure (supercritical press

Feed-water for this supercritical boiler requiresry high specification in order to eliminate
problems in the operation of the boiler. Boilerdegater in the PLTU Paiton derived from seawater
and still contains a lot of minerals. Those mine@itents can reduce the efficiency of the boitet a
piping systems in PLTU Paiton. Piping systems aoitets in PLTU Paiton, especially if®3unit,
made of carbon steel which has several advantagesely strong and cheap but susceptible to
corrosion. Therefore, control of mineral contemtat tdistributing in piping systems and boilers are
becoming critical in order to eliminate corrosiordascaling.

Boiler feed-water treatment is required to remdwvesé mineral contents so corrosion and scale
deposits in the boiler and piping systems can lo&dad. There are six basic water treatments uged fo
utility units, including for the treatment boileedd-water. There are (1) Congruent Phosphate, (2)
Coordinated Phosphate, (3) Phosphate plus Hydrtggdibrium Phosphate, (4) Sodium
Hydroxide, (5) All Volatile Treatment — AVT and (€xygenated Treatments — OT (Jonas, 2000).

* Corresponding author. Tel.: +62-341-404424; fe62-341-404420.
E-mail addresgprofiyantipolinema@yahoo.com.
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All volatile treatment (AVT) is the main method fafed-water treatment for once-through boilers
that is widely used in Japan (Mitsuhiro & MasamjchAVT uses volatile alkalizing agents,
commonly ammonia, to suppress corrosion. AVT camldree with the addition of reducing agents,
called AVT (R), and with the presence of residugygen, called AVT (O). AVT restricts the
conductivity of the boiler feed-water (BFW) to <uS/cm for boiler with maximum heat transfer of
250 kW/m? and for heat transfer above to gS3cm (Hoehenberger)

The use and application of AVT method, especialiyTAR), have resulted in a wide range of
problems. One of them was boiler deposits and asme in boiler pressure drop. AVT (O) and
Oxygenated treatment (OT) was introduced to elitairthose problems. In 2005, Electric Power
Research Institute, INC. (EPRI) had reported tlesiasing boiler pressure drop when operating with
AVT (R) and the alleviation when converted to OTh&W AVT method applied, boiler pressure drop
reached 50 bars after 3500 operating hours. Atiaverting to OT method, pressure drop decreased
gradually to 40 bars and remained constant atvlige after 5000 operating hours (Dooley & al,
2005).

Pressure drop decreases due to the formation o€ fexide hydrate (FeOOH) or ferric oxide
(F&0Os) layer on the surface of the magnetite oxide@gelayer and within the pores of the piping
system. The FeOOH or f&slayer called as hematite layer and has a much laekrbility than
Fe,0, layer in feedwater.This E®jJayer (magnetite layer) forms on all the ferrousfazes
throughout the feedwater systems®ewill be dissolved into the feedwater flow due tleelucing
environment. The amount of the protective layet tissolve, either magnetite or hematite, calcdlate
as corrosion product. If FeOOH layer more stabdntRe304, the corrosion productrelease will be
reduced so the accumulation of corrosion producthan boiler will be reduced too. Thus, boiler
pressure drop will be decreased (Dooley & al, 2005)

The major differences between AVT and OT are shiwlrigure 1. The differenceswere (1) kind
and amounts of chemical agents are used, (2) tbatidm of the injection point, and (3) the
concentration of dissolved oxygen in the entry ptinthe boiler called as economizer inlet.For the
application of AVT, the condensate can be deaernatédo locations of the plant cycle. The first is
the condenser and the second is the deaerator. Aimnamd hydrazine are used in AVT as the
feedwater conditioning chemicals. OT uses oxygehhigh purity water to minimize corrosion in the
feedwater treatment. Oxygen, hydrogen peroxide aandave been used as oxidants. In contrast with
AVT, OT method can be applied only in plant cyckggh all-ferrous metallurgy downstream of the
condenser (Dooley & al, 2005).

Maintaining good feedwater is an important and amdntal aspect of any steam turbine power
plant. A plant that maintains goodfeedwater acliagbe following three benefits, (1)help to ensure
maximum life out of its boilers, steam turbinesndensers, and pumps, (2) reduce maintenance
expenses; (3) maintain optimal thermal performamceorder to gain these benefits and increase
thermal performance of his steam generator sygmlJ Paiton applied OT method iff Bnit steam
generator system at the end of 2012. In this stilyeffectiveness of OT method compared with the
AVT method that applied before.
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Figure 1. The major differences between AVT and OT
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2. Methodological

The research was carried out experimentallyf in8its of PLTU Paiton. AVT (O) method and the
OT method were applied alternatelyh@nit of PLTU Paiton. The effectiveness of both huets was
compared based on corrosion product release inexisting piping system. Corrosion products
analyzed inline at several sampling points usingr&ion Product Sampler type CPS-11. Those
sampling points are economizer inlet (El) and hpgbssure heater drain (HPHD).The Economizer
Inlet (El) was chosen as sampling point becauseptbint became the entry point for the boiler. Thus
the contaminants in this point should be kept lawaconcentration to avoid the pressure drop in the
boiler, as a result of scaling. HPHD was chosemroter to maintain the mineral contents in the
recycled feedwater to the deaerator. The amounbwfaminants in HPHD should always be kept at
the lowest level in order to prevent the increaispressure drop at the high pressure (HP) heataas a
result of these recycle streams.The two methodse vagpliedatvarious values ofconductivity.
Conductivityvaluewillaffect thepH of the feedwatard theamount ofcorrosionproducts released.

The research was conducted by the following stéps.Set pointconductivityatthe economizer
inletwas setaccording to thedesired value. (2) Téedwater parameters wereanalyzed in this
condition. The feedwater parameters include theevalf inline conductivity that can be achieved,
pH, dissolved oxygen (DO), also sodium, silica ahbbride contents. (3) Corrosion Product Sampler
type CPS-11 was installed inthe piping systenidfudit of PLTU Paiton. (4) The flowrate of the
feedwater through CPS-11 was kept at aconstanevialu2 days. After 2 days, the filter paper in
CPS-11 was taken and replaced by another filteempép take another data experiment. (5) The
filterpaperwas heatedanddissolvedin100mlof HCl tiatuuntil the corrosion products retained on the
filter paper was dissolved perfectly. The numbewafosion products that dissolved in HCI solution
was analyzed using an atomic absorption spectropteier(AAS).

3. Discussion
3.1. Adjustment of Conductivity and pH

The operating philosophy for once-through supecalit boilers recognizes that all soluble
feedwater contaminants have to dissolve in the rbgjaged existing steam. In figure 2, it was
indicated by the red line. The contaminants muswiblein the allowable limits of turbine inlet steam
purity. In other parts of the steam generator cysleown by Figure 2), the corrosion products
transported to the steam have to maintain at aecaration level low enough to avoid excessive
amount of contaminants in the steam turbine inléterefore, the feedwater treatment has to be
volatile, either AVT or OT must be used. The chahigsed has to meet the requirement of being
completely clean and not being thermally decomp@deaxkisting superheated steam temperatures. so
the contaminants in the superheat exixting steanbeaminimized (Dooley & al, 2002).

Feedwater systems having carbon steel heaters ipimd),plike in the 3rd unit of PLTU Paiton,
required to operate at pH of 9.2 — 9.6 to mininflees accelerated corrosion (FAC). In AVT method,
adjusting this pH required the addition of 500-226fb of ammonium hydroxide as NHThis
chemical was injected in the exit of CondensatésRef. When OT method used, oxygenated high
purity water used to minimize corrosion and FACtle feedwater cycle. Oxygen as a corrosion
inhibitor allows satisfactory operation over a wjalé range (Tsubakizaki, Takada, Suto, Kawashima,
Ichihara, & Yoshida, 2012) so OT method operatedider pH range of 8.8 — 9.2. pH adjustment in
3 unit PLTU Paiton was done by setting the conditgtiat economizer inlet. The relationship
between set point of conductivity and the obtaipeldsalue are shown in Figure 3.

3.2.Corrosion product release

Corrosion product release on both methods, eithéF And OT, was analyzed at two sampling
point, i.e Economizer Inlet (EI) and High Presstiteater Drain (HPHD). These sampling point
marked with  in the Figure 2. The corrosion prddelease at El was shown in Figure 4 (a), while
Figure 4 (b) showed the corrosion product releadePAHD. The corrosion product release in AVT
(O) and OT method has a differences value. OT noetfives lower corrosion products release than
AVT method. This causedby the formation of heredtier (FgOs) in the presence of oxygen in OT
method. The presence of oxygen,which is maintaated level of 30-50 ppb for the once-through
boiler, causes the formation of FeOOH anddzeThe pore from the previous protective layer, \Whic
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is formed by reaction (1) — (3), will be filled lBeOOH and F©s. In this way, the diffusion of Bé
ion from the steel surfacethrough the pores in ghatective layer to the water phase boundary
isstrongly inhibited.
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In AVT (O) method, only reaction 1- 3was occuredt lloe corrosion products release was
remained at low value, <1 ppb.This condition wassea by the presence of;Bg, which is known
as magnetite.The magnetite layer also serve a®qbng# coating to prevent corrosion products
dissolved, although the magnetite layer has lowaukdlity than hematite layer(Tsubakizaki,
Achivement OT (oxygenated Feed-Water Treatment)lidgion ang Introducton of Countermeasure
for Powdered Scale Deposit, 2012)e reaction of corrosion product formation are tioered below.

Fe + 2HO>F&" + 20H +H, (1)
2F€* + 2H,0 >2Fe(OH)" + H, (2)
Fe(OHY + 2Fe(OH)" + 30H>Fe0, + 4H,0 (3)
FeO, + 2H0O >3FeOOH + H+ € 4)

2 FeO, + HO >3Fe0; + 2H + 2¢ (5)

Figure 4 also shown the effect of pH to the amadimorrosion product release. (Khumar & Gupta,
2008) was stated thgenerally a higher pH will reduce the amount ofrgsion products and flow
accelerated corrosion. The result of this reseslighly different with this statement. In this raseh,
the increase in pH does not significantly affea #mount of corrosion products released. The
minimum corrosion product released was gained a939 for AVT (O) method and at pH 9.03 for
OT method. This pH give the corrosion product &6.ppb and 0.224 ppb. Based on the amount of
corrosion products release, it can be concludeitiieaOT method was more effective than the AVT
(O) method. This results agrees with (Tsubakizékkada, Suto, Kawashima, Ichihara, & Yoshida,
2012)'s statement that OT is superior to AVT focesthrough boiler.
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Fig 4. Corrosion product released at economizer inleafa)at high pressure heater drain (b)

The corrosion products in high pressure heatenditdPHD) has a bigger value than corrosion
products in economizer inlet (El), as shown in Figd. For AVT (O) method, the maximum
corrosion products in HPHD is 0.914 ppb. This vakaes obtained when the pH of feedwater reached
9.3. While at the economizer inlet, the maximunrasion product release only 0.518 ppb for similar
conditions.OT method also gives the same resultds Tesults agrees with the statement of
(Sawochka, Kassen, & Choi, 2000). They stateddbabsion product reaches the largest fraction of
the total iron transport in high pressure heatamdr
3.3.Dissolved oxygen at feedwater cycles

Besides the corrosion products release, dissolvgdem (DO) in feedwater cycles is also a
parameter that must be consider&kliable measurement of DObecame an essentiareatentfor
two main reasons. High concentrations of oxygenemwltombined with ionic contaminants
(particularly chlorides) can yield a risk of acidiorrosion, which can lead to sudden large scéde tu
failures in high-pressure boiler. Very low concetibns of oxygen can enable the development of
enhanced iron transport and flow-accelerated ciomos feedwater and in boiler water(IAPWS,
Technical Guidance Document: Instrumentation fonitawing and control of cycle chemistry for the
steam-water circuits of fossil-fired and combingdie power plants, 2009]Tsubakizaki, Takada,
Suto, Kawashima, Ichihara, & Yoshida, 2012) andPWS, Technical Guidance Document : Volatile
treatment for steam water circuits of fossil anchbmed cycle/HRSG power Plants, 2010) said that
the allowable range of DO for AVT (O) and OT methar@ respectivelg 10 ppb and 20-200 ppb.
The results of DO measurement for this researcprasented in Figure5 below.
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Fig5. Dissolved oxygen at economizer inlet for AVT (Ogtmod (a) and OT method (b)
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4. Conclusion and Suggestion

When applied in % unit of PLTU Paiton, the OT method gives lowerrosion products value,
namely 0.224 ppb (at economizer inlet) and 0,248 fgt high pressure heater drain) on the
conductivity of 2.6 uS/cm. For AVT (O) method, aptim pH that give the minimum corrosion
products at economizer inlet was 9.39 and reatheaset point of conductivity 54S/cm. So, it can
be concluded that OT method more effective than AWT method.

Sampling point for corrosion product measuremerdn® be propagated, such as in Condensate
Pump Discharge (CPD) and Condensate Polisher Q@RD), in order to make the comprehensive
comparison of both methode.
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Abstract

Oleoresin is a mixture of essential oils and resins or gums resulted from the extraction of spices using
organic solvents, and it has many uses. Rgihger oleoresin contains useful components in pharmaceutical
and food industries, such as shogaol and zingerone. Theoparpf this research is to determine the effecttiofing
speed and temperature as the modification of mtgeraxtraction to the % yield of red ginger olesineand components
contained in the red ginger oleoresin usfBgs chromatography—mass spectromet(&C-MS. This research was
divided into two stages; the first stage was the extraahdb20 grams dried red ginger -50+60 mesh in aetimeck flask
equipped with a condenser and contained ethartbleasolvent. Weight ratios between the red gingerethanol were 1:4,
1:5 and 1:6, and the extraction temperature varnativere 4%, 50C, 60C with stirring speeds of 600, 700 and 800 rpm
for 6 hours. The second stage was separation dstitlation method at 8. The highest yield of liquid that was resulted
from the extraction process was then analyzed uS@MS to identify the components contained in thé ginger
oleoresin.Result of this research showed that theesi yield 13% of oleoresin was obtained whervtbight ratio of red
ginger with ethanol was 1:4, at %®Dtemperature and 600 rpm stirring speed. The GCMS8vesth that the components
contained in red ginger oleoresin wereingerone, zingiberenol and shogaol.

Keywords Maceration extractionQleoresin; Red ginger; Shogaol; Zingerone

1. Main text
Background

Red ginger ¢ingiberofficinaleRoxh is one of the medicinal plants that have mamperties
which are very useful as beverage of body warmeegnges, raw material of cosmestics, even as
anticancers. Those properties are related withatitiwe components which are contained in ginger:
shogaol, gingerol and zingiberene. Gingers are lwidsed for medicines, especially red ginger
because it tastes more spicy than the other tyfpgisger such as white ginger and yellow ging}.

Dry Ginger contains essential oil and fixed oil.eTmain components of essential oil are
zinginberene and zingiberol, and the main companehfiixed oil are gingerol, shogaol and resin.
These components lead to the spicy flavor of gifiglerOleoresin is one of the products of extrattio
using organic solvent that contains essentialail$ resins, so the components in the oleoresheis t
combination of the components contained in esdapitiand fixed oil.

Red ginger oleoresin contains the active componesish are useful as raw material for
medicines, cosmetics, foods and beverages. AdvesitaQthe oleoresin application compared with
the original material are (a) the quality of foadsxed with oleoresin are more easy to controlsit i
because of the chemical contents in oleoresin egg than the original material, ( b ) the use of
oleoresin is more efficient, due to oleoresin ie #xtract of the herb - spice so it will requirade
oleoresin compared with original spice powder td tje desired taste, ( ¢ ) oleoresin is more
hygienic, because it has to be kept in a sterildition from bacteria and ( d ) oleoresin extract i
more easily dispers when mixed into foods and lzmes compared with the original material (spice

* Corresponding author. Tel.: +62-254-395502; fe62-254-395440
E-mail addressjaya_hisyam@yahoo.com
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powder).

Red ginger oleoresin is produced from red gingéraekon process by using an organic solvent
such as methanol, ethanol, ether, hexane and otbanic solvents. Organic solvent is selective, so
the use of different type of solvent will produdéfatent component. The use of solvent should be
considered to be able to produce the desired actimgonent. Another factor need to be considered
in the use of solvent is the amount of yield ofdurction this is related to the value of organio/eot
polarity.

Another factor that determines the quantity andliguaf the oleoresin is the extraction
methods that are used. There are three types odcéiwn methods that can be used; they are
maceration, socletation and percolation. Macerag@simple extraction method. Maceration is done
by soaking the powdered crude drugs in the extlaaolvent. The solvent will penetrate the celllwal
that contains the active substance, then the astibstance will dissolve due to the concentration
difference, finally the concentrated solution isiped out. That event is repeated, so it will retheh
balance between the solution concentration outsidieinside the cell. The advantage of filter method
with maceration is the workmanships and the equiptmesed are simple and easy to commercialize.
The disadvantage is that the process is so longessdhan perfect [2].

Socletation is the extraction technique which idgrened using volatile organic solvent and the
compounds is dissolved under hot condition, so rites transfer process takes place very easy. The
advantage of the Socletation method is that tharocgsolvent can be used repeatedly and no need a
lot of solvent [3] .

In that principle, percolation using a solvent ihigh the solvent is passed slowly (drop by
drop) to the material contains organic compoundsis echnique is also used on non-volatile
solvents, it results large quantities of dissolvgaoic compounds contained in these materials.
Percolation is used when the chemical constituesngained in the material is a bit. When filtratasw
obtained, the solvent was then evaporated withiyr@@aporator tool.

The most simple extraction method is maceration, tihe drawback takes a long time, so this
study was modified from the maceration extractignulsing temperature changes and changes in
stirring speed. These parameters will accelerate dktraction process. The magnitude of the
temperature will increase solubility of the solvemd enlarge pores of ginger granules, so that the
product yield will increase. Stirring speed relateshe magnitude of the Reynolds number indicates
greater turbulence in the extraction process. Theuat of turbulence will reduce the thickness @f th
film so as to increase the speed of extractionhWie depletion layer of film grain surrounds the
nutmeg then transfer to the surface of a solidtsokll be larger [4]. The purpose of this studysta
determine the effects of temperature and stirripgedto the maceration extraction yield and active
components contained in oleoresin.

Experimental

This research was divided into two stages. Thedtege was the extraction by incorporating 20
grams of dried red ginger that had been pulverigethe size of -50 +60 mesh and then extracted in a
three-neck flask equipped with a condenser andagung ethanol as a solvent. Weight ratios of red
ginger with ethanol were 1:4,1 : 5 and 1 : 6 ,ék&Faction temperatures were’@)50C, 60C with a
stirring speeds of 600, 700 and 800 rpm for 6 hollhe second stage was separation process by
distillation at 86C temperature. Products obtained were weighed terrdae the amount of yield
produced. Greatest yield was analyzed using Shim&2zMS QP2010. Type column: phase type
capillary RTX - 5MS (60m; 0:25 mmiID ) , temperature®C , carrier gas: Helium and Column Flow
rate : 0.85 ml / min.

Result and Discussion
1. Effect of Weight Ratios With Solvent Against Red Giger Oleoresin Yield

This research was using 96 % ethanol to extraagjraths of dried red ginger for 6 hours.
Effect of ratios between red ginger and ethanatl iisehis research was showed in Figure 1.
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This research resulted the highest yield was obthwith a 1:4 ratio and the yield was 13 % as
shown in Figure 1. This result is higher than thuglg that have been done by Jayanudin et al ( 2011)
which generated the yield of 11.65 % when usingatbaght ratio of solvent and red ginger 1 : 6. This
comparison illustrates that highermass of gingéraeted causes less yield of oleoresin obtained.

Amount of solvent will affect the amount of yieldoduced, this is related to the distribution of
solvent to get into the pores and dissolve solitmanents contained in the solids. Solute diffusds o
of solid particles, then the surface moves arotedsblid and finally get into the solution.

Another factor that affects the magnitude of theldsiobtained by the distillation process is the
process of purification of the oleoresin produatod®ct analysis showed that the are amounts of

solvent contained due to distillation process whghot perfect affected the low purity of oleoresi
product.

2. Effect of Temperature Extraction Against OleoresinYield
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Fig. 2 Effect of Temperature Extraction against OleoréSaid

This research obtained the highest yield 13% &€ 36mperature. This research were limited
the variations of extraction temperature from 3GEC, because the main components in the red
ginger oleoresin are shogaol and gingerol whichsarsitive at a high temperature.

The increasing in temperature will cause the ethdissolves easily and diffuses into oleoresin
better than at room temperature. Therefore, obomnehich interacts and leads to mass transfer of
solutes from solid samples towards the larger soiw@l be greater [6].

The higher temperature causes greater amount ofesi@ produced. The use of temperature
depends on the solvent used, but the use of tdotbigperatures will damage the oleorein [7]. Effect
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of temperature on the extraction process is vepontant due to the rising of temperature will cause

more random movement of the ethanol moleculessadvant when diffuses into the pores to dissolve
ginger oleoresin.

3. Effect of Stirring Speed Against The Oleoresin Yiel
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Fig. 3 Effect of Stirring Speed against the Oleoresin iel

Figure 3 shows the highest yield 13%, and it wasilted at a speed of 600 rpm.The yield is
higher than 12,5% vyield which was resulted at tpeed of 800 rpm. This is related to the
effectiveness of stirring speed on the extractimtess. Fast stirring encouraged the red gingéngyra
to follow current round of solvent, so that theragtion process became ineffective and obtained a
small yield.

Solid - liquid extraction speed depends on the niasssfer from the liquid to the solid surface
and diffusion from inside solids to the solid sedalf the differences were almost the same, then t
extraction rate is determined by two processeshénother hand, if the speeds of the two phases are

different enough, so the slowest one controls #te |8]. Mass transfer rate from the surface of the
solid to the fluid following equation (1):

:\-_r',_ = I.{:':C;_ — C_'_',_:l (1)

Ca* is the equilibrium concentration of oleoresin solution with the solid surface of oleoresin

content. Equilibrium relationship between the caoriaion of oleoresin in solids and solutions
follows the Henry's law.

Li=HE 2

Extraction speed is the solute mass transfer fl@solid surface to the gas film across the body
of fluids. Stirring speed affects the gas film toat the solids. Faster stirring causes decreasing i
thickness of liquid film on the solid surface. Gezarotational speed of stirring causes increasing

turbulence value in the system, thus will resuit tiquid film and lead to further increasing ineth
magnitude of the extraction rate or value of kc.

4. Results of Oleoresin Analysis Using Gas Chromatogply Mass Spectrometry ( GCMS )

GCMS of red ginger oleoresin conducted on 2 piesesample. The samples were first
extracted at 5 and the stirring condition at 600 rpm.
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GCMS analysis was done to identify the main compthevhich are contained in the
oleoresin. Figure 4 shows the number of compontmtad in oleoresin samples through GCMS
analysis by heating and stirring process. Tableaivs some components detected by GCMS analysis
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Fig 4. Results of Red Ginger Oleoresin GCMS Analysis

Table 1 Analysis Result of Gas Chromatography Mass Spee&iigym

Peak R. Time Conc (%) Name

7 19.947 0.71 trans-Geraniol

10 21.171 0.35 Phenol, 4-ethenyl-2-methoxy-

14 23.528 3.44 Benzene, 1-(1,5-dimethyl-4-hexedytyethyl- (CAS) ar-
Curcumene

23 26.027 14.13 Zingerone

25 26.308 1.01 Zingiberenol

26 26.462 0.32 FARNESOL 1

30 28.668 0.33 Hexadecanoic acid, methyl ester jA&hyl palmitate

31 29.170 161 Hexadecanoic acid (CAS) Palmitid aci

32 29.374 0.37 Hexadecanoic acid, ethyl ester (B! palmitate

33 31.140 1.21 Urs-12-en-28-ol

34 31.338 0.40 9-Octadecenoic acid (Z)-, ethylr§&AS) Ethyl oleate

36 32.649 0.34 2-Butanone, 4-(4-hydroxy-3-methoeypit)- (CAS)
Zingerone

37 32.946 0.49 Hexadecanoic acid (CAS) Palmitid aci

38 33.500 11.22 trans-6-shogaol

39 34.085 0.99 (E)-4-(2',6',6'-Trimethyl-1',2'-egoyclohexyl)-3-penten-
2-one

40 35.389 0.90 Furan, 2,5-dibutyl- (CAS) 2,5-Dibfutyan

41 35.584 0.91 Pentalene, octahydro-1-(2-octyldecyl

42 36.655 5.67 Benzenamine, N-(cyclopropylmethy®-dinitro-N-
propyl-4-(trifluoromethyl

43 39.320 0.98 Furan, 2,5-dibutyl- (CAS) 2,5-Dibifutyan

44 41.230 3.25 trans-10-shogaol

45 42.494 0.48 (E)-4-(2',6',6'-Trimethyl-1',2'-egoxclohexyl)-3-penten-

2-one
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Conclusion

Based on the result of this research, the gregielst of 13% oleoresin could be reached from
the extraction process using 1:4 weight ratio of ggnger with ethanol, at temperature ofG0and
stirring speed 600 rpm. The main components ofréae ginger oleoresin detected by GCMS are
shogaol amounted to 11.22% and zingerone amounted. 13% .
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Abstract

Palm Fatty Acid Distillate (PFAD) can be used as raaterial for synthesis polyester. Objective d§ tlesearch
is to synthesize polyester and todeterminethe effeceaction time on polymerization methyl est&ABD. The
esterification stage wasdone at temperatufi€ 7€eaction time120minute, reactant ratio 1:8 (PFAi2thanol),
concentration of catalyst ¢80,) 1% (w/w) PFAD; polymerization stagewasdone atgderature 126-132°C,
concentration of catalyst (Bfeliethyl etherate) 9.2 % (w/w) methyl ester, vadatof polymerization reaction
time 3, 4, and 5 hours; and polyesterification stagisdone at temperature 175-200 reactant ratios (w/w) 1:1
(polymerized ME : ethylene glycol), reaction timehdurs and all of stage was stirred at 150 rpm. rEselts
showed, in the esterification stage was obtaineithyhester with iodine value 77.29 g100 g, viscosity 6.90 cP,
density 859.91 kg/fhand analysis by using GC-MS showed that the puitynethyl ester was 82.23% and
molecular weight 267.97 g/mol. Decreasingin iodirsdue from 77.294,4/100 g to 63.45-61.14 @/100 g
indicated that the polymerization process had tgiaoe. Inpolyesterification stage was obtained pydyester,
viscous, darkbrown colored solid at room tempegatuith acid value from 13.13 to 21.65 mg KOH/g,caisity
from 14.3 to 19.1 P, and molecular weight 995.03L1622.07 g/mol which is more suitable for applimat
ofmodified polyester. Analysis by using GC showetltha purity of polyester is equal to 65.49%.

Keywords polyester; palm fatty acid distillate; polymettima reaction time; biodegradable polymer

1. Introduction

Indonesia is one of the largest palm oil produndhée world [1]. In the processing of palm
oil, some derivatives such as PFAD are usuallyiobth[2].PFAD has a potential use as a
raw material in the synthesis of polyester.

Polyester has many uses such as for making bdithas, tarpaulin, canoes, liquid crystal
displays, holograms, filters, fiber and etc [3].IyP@er is the most important chemical
industrial products that are used in many appboati Almost the most current polymer is
produced from petrochemical substance that caneattbewed. Therefore, the alternative
material needs to be known.Currently, vegetable aile excellent source of renewable
materials as an alternative material for oil-bagEdymers because of ecological and
economical concern.

Polyesterification is a process of condensatiostep-growth polymerization where in the
process will be produced polyester and water oohalcas by product. Direct reaction of
diacids or anhydrides with diols are often avoitbedause of the high temperatures required
to completely eliminate water. However, this reactis used to produce low molecular
weight. Using dimethyl ester has been used to adganinstead of direct esterification with
diacid or dianhydride because reaction is fastdinethyl ester is often more easily purified
and has better solubility characteristics [4]. Efiere, initial step in this research, PFAD was
reacted with methanol to form methyl ester PFAD.

The polyesterification becomes a much more ecoraliyideasible reaction when it is
catalyzed by an external acid [4]. Polymerizationnoethyl ester PFAD will be catalyzed by
boron trifluoride diethyl etherate as strong adRblymerization is done to form di- or
trimethyl ester that is for the next step is redateth ethylene glycol to form polyester. In the
processing of polymer, polymerization reaction tin@s important rule in rate determing step
for entire process. Therefore, it is important tetedminethe effect of reaction timeon
polymerization methyl ester PFAD. Objective of thesearch is to produce polyester and to

* Corresponding author
E-mail addressida.ayuningrum@y7mail.com
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determine the effect of reaction time on polymeditramethyl ester PFAD.

2. Materials and Methods

Main materials that are used in this research asdPFAD (Indonesian Oil Palm Research
Institute), BR-diethyl etherate (Aldrich), methanol (Merck), sult acid (Merck) and
ethylene glycol (Bratachem). The main equipmergsaaglass batch reactor, a hotplate with
magnetic stirrer, reflux condensor and thermometer.

2.1.Procedure

Esterification stage [5], that is reaction betw&AD and methanol was held in a glass
batch reactor on the top of a stirring hotplate 20 minutes with mole ratio 1:8 at®@by
using 1% sulfuric acid (w/w) PFAD and 150 rpm $tigr Density (by using picnometer),
viscosity (by using viscosimeter Ostwald), iodirdue (by using AOAC 920.158 method)
and composition (by using GC-MS with coloumn ovemp. 76C, injection temp. 286C,
split injection mode) of product methyl ester waslszed.

Polymerization stage [6], that is reaction methgtee by using catalyst Bfeliethyl
etherate with ratio to methyl ester was 9.2% (wev26-132C for varied time 3, 4, and 5
hours and 150 rpm stirring. lodine value of polyired methyl ester was analyzed(by using
AOAC 920.158 method).

Polyesterification stage [6], that is reaction be#w polymerized methyl ester and
ethylene glycol in the same reactor for 4 hourdwitass ratio 1:1 at 175-20 150 rpm
stirring and sampling was performed every 1 howns dnalysis of acid value (by using
ASTM D4662-03 method). Viscosity (by using viscaeesVT-04F), molecular weight (by
using the end group method), structure (FT-IR Sezoacnd composition (GC) of polyester
was analyzed.

3. Result and Discussion

The initial material that was used for the synthesi polyester was methyl ester by
esterification of methanol and PFAD by using sutfacid as catalyst. The result of analysis
composition PFAD by using GC-MS was shown in Figure
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Fig 1. GC-MS of PFAD

GC-MS showed that the average molecular weight AP was 270,84 g/mole with
53,27% unsaturated fatty acids (see App. A.1.). Pould be reacted to produce methyl
ester by the following reaction [7] :

(@) H* o R'OH o -H* o
= _ 7 AT L L =
R_C\ — R C\ + R C\ + , R_C\ !
OH OH, <|3 —R OR

H

Fig 2. Esterification by using acid catalyzed
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The result of analysis composition methyl esteusing GC-MS was shown in Figure 3.
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Fig 3. GC-MS of Methyl Ester PFAD

GC-MS showed that the average molecular weightFP was 267,97 g/mole with the
purity 82,23% (see App. A.2). Methyl ester would used as a raw material for polyester.
Analysis of the characteristics of methyl ester PR#ere shown in table 1.

Table 1.Characteristics of Methyl Ester PFAD

Parameter Value
lodine value 77.29 gM00 g
Viscosity (30°C) 6.90 cP
Density (30°C) 859.91 kg/m

Polymerization reaction stage of methyl ester PRA&s performed by using catalyst
boron trifluoride diethyl-etherate and then polgeification stage of polymerized methyl
ester and ethylene glycol to produce polyesteovahg the reaction [6]:

-,

O\\\\ //,’ ‘\‘C2H4\ C.H
CH;=CH-...C-O-CH; + BF3O(C3H5)y —> L—..—CH—CH, ~O 7 v2Ts
0 i |
| el
CHs BFs
o !
N\ +
O/C_ .'CIH _CH3
l : /C2H4
CHs BF30 _
CsHs
(@] O (0]

I I 1 I
CH3-CH"-...-C-O-CHg+CH,=CH-...-C-O-CH; —» CH;-O-C-...-CH-CH,-CH*-...C-O-CHg
I
CHs

Fig 4. Polymerization Reaction of Methyl Ester PFAD
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O
CH |
n S_O_C_...._CHg_?:CH _...._C_CH3+CH2_CH2 —
I I
CHj OH OH
O O
I Il
nCH3—0O [_C —....CH=CH,—....—C _O—CHz—CHZ_O—] nH + (2n-1)CH30H

Fig 5. Polyesterification Reaction of Polymerized Metkgter PFAD and Ethylene Glycol

For all variation of reaction time was obtained pelyester, viscous, darkbrown colored
solid at room temperature. Polyester that has syetth has a group of molecules that can be
identified by using FT-IR. The result of analyspgestrum of polyester was shown in Figure
6.

B
......

Fig 6. FT-IR of Polyester

An ester compound was characterized by the preseins&retching band C=0, C-O
and O-H [8]. The formation of polyester was shown ibration peak at wave number
1751,36cri(area in dot line) that indicated a stretching b&@wD ester for all run. The
difference between the C=0 group of acid and estaat wave number 1730-1700 Hor
acid whereas at wave number 1760-1793fomester [21]. On the other hand, the weakening
of the stretching band O-H hydrogen bond at waveber 3500 c- 3400 cri(area in dot
line) supported the formation of polyester.

Polymerization was characterized by the absenaengf group (-C = CH-) at wave
number 990 cfh- 910 cnt that indicated decreasing of unsaturated bond. rékalt of
analysis qualitative for composition polyester lsjng GC was shown in Figure 7.
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I (1] a
Fig 7. GC of Polyester

Analysis of polyester by using GC shown the puatypolyester wa65.49% (see App.
A.3).

3.1.Effect of Polymerization Reaction Time on lodindu€¢af Polymerized Methyl Es
Effect of polymerization reaction time on iodinalue ofpolymerized methyl ester wi
shown in Figure 8.

lodine Value (g 1,/100 g)

Reaction Time (Hour)

Fig 8. Effect of Polymerization Reaction Time on lodinel¥aof Polymerized Methyl Est

Figure 8showed that iodine val tends to decrease with increasiimgpolymerizatior
reaction time The most important parameter in 'synthesis of a polymevas the number of
double bonds that exist in a sample which can bevsiby iodin value.

With the increaimgin reaction timewould decreaiodine valueand tend to a consta
value [10]. This is suitablwith the resultthat wasbtained in this research. In addition,
reduction in iodine valueowld be observed visually by the occurrence of a charigmlor
along the process of polymerizaticlodine value will affect the appearance of ttil, the
higher iodine value will belear appearance of such oils [11]. Deciregasn iodine value
would influence to bélarker coloiof sample.

3.2.Effect of Polyesterification Reaction Time on A¢alue of Polyestt
Effect of polyesterification reactioime on acid value of polyester was shown in Figui
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Acid Value (mg KOH/qg)
-
g

Polyesterification Reaction Time
(minute)

Fig 9. Effect of Polyesterification Reaction Time on Adidlue of Polyeste

Figure 9showed thaicid value decreased with increasipglyesterificatiorreaction time.
Analysis of acid valuewsadone to find out the progress of polyesterificatiol.

The reaction waassumed to take place if awvalue decreased. Decr@agin acid value
happened because@ftension of the chain of reacticarboxyl toform polymersAcid value
couldbe used as a parameter of quality polyester. Thleehiacidvalue indicated quality ¢
polyester would getvorse. This is due to the high avalue showedhigh ability of materia
to absorb water [4 Commercial polyestein the market had standard acid numbe<32 mg
KOH/g [12]. Polyesterthat weobtained in this study hadacid vaki&2 mg KOH/gtherefore
it waspolyester with a good quality of acvalue.

3.3. Effect ofPolymerization Reaction Timn Viscosity of Polyester
Effect of polymerization reaction time on viscogsitfypolyester was shown in Figure

e

Viscosity (P)

Reaction Time (Hour)

Fig 10 Effect of Polymerization Reaction Time on ViscosifyPolyeste

Figure 10 showd that viscosity increase with increasing in payization reaction time
The viscosity increase during polymerization reactiThis condition occured because
reduction of carbon bond in polyesterification ancreasingviscosity in the media reaon
at high concentrations. This double bonds causedaction of barriers on fluid flow i
viscotester which led to the appointment of the langscotester value [13 This result was
suitable for this research.
3.4.Effect of Polymerization Reaction Time Molecular Weight of Polyest

Effect of polymerization reaction time on moleculaeight of polyester was shown
Figure 11. Figure 11showed that molecular weight fluctue with increasing in
polymerization reaction time. Increasing in polyimation reaction timewould increas
polymer molecular weight very slowly except in tregly of the reaction [£
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Molecular weight ofpolymerwas the main attention in practioé synthesi polymer.
Polyester had the carboxghd grougand hydroxyl group at the othend [/4]. Zhang, et. al.
(1994) usedend groupnethods to determine molecular weight in the synthesiof
polycaprolactone [15Molecular weightof polyester in this research svalso determined t

end group methods.

Molecular Weight
(g/mole)

Reaction Time (Hour)

Fig 11.Effect of PolymerizatioiReaction Time on Molecular Weight of Polye

Polyester with lineahigh molecular weightpolymewas generally thermoplastic with
molecular weightibout10,00 30,000 g/mole. High molecular weight aflpester ould be
used for the application of powder coating and riyybinder. Polyester with low molecu
weight that is between 500000 g/mole Polyester with low molecular weight may be lin
or branched with carboxy@nd hydroxyl encgroup. For special purposgmlyester with low
molecular weight 1,000-800 g/moewas modified due tdunctional groupbeing more
reactive than polyester with high molecular weid6].

Polyesterification was reversible polycondensatieactior. Increasing in reaction tirr
will provide conversion as mush as possible. Howevezqiiilibrium has been reached
will not give the best resulThe results showethat increasing in polymerization reacti
time would increase molecular weight. Biatpolymerization reaction time 5 hs,
decreasingin molecular weighthad occuredThis condition happened because viscc
increase during polymerization reaction. This lavggeosity decreases efficiency of alco
removal and may lead to the observed decrease @nreéhction rate withncreasing
conversion. High viscosity in the high conversi@gion may also lead to failure of t
assumption of equal reactivity of functional gr-specifically to a decrease in functiol
group reactivity at very large molecular size ierd is too lege a decrease in molecu
mobility [4].

On the other hand, it may be expected that reattiween polymer and monomer h:
occured to form shorter cain polymer asowing reaction [15].

(0]
| I
CHs —0—C —..—~CH3—C=CH —..—C—CHj +
CHs
(0] o
I I
CH3 —0[~C—..—CH=CH,—...—C —0—CH,—CH,~ 0] ph —
i ﬂ
CHs —0[~C—.. —CH=CH;—..—C —0—CH,—CH,—0—] nH +
0 0
Il Il
CH3 —0[—C—..—CH=CH,;—...—C —0—CH, —CH,—0—] H

Fig 12.ReactionMonomer and Polymer
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The results showed thatproduct of polyester hadrege of 995.03-1522.07 g/mole.
Therefore, this polyester could be counted polyesiih relatively low molecular weight that
was more suitable for the application of the medifpolyester. The low molecular weight
polyester was formed due to the raw material whiels used was a methyl ester of PFAD
which had alittle double bonds.

4. Conclusions

The conclusion that can be drawn from this rese@cthe product of polyester from
PFAD has physical properties that close to the ceroial polyester has a good quality of
acid value and can be classified in low molecularght of polyester which is more suitable
for the application of modified polyester. The psyerification is reversible reaction in
which the acquisition of the product depends orrélaetion time.
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Appendix A.

A.1 GCMS of PFAD
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A.2 GCMS of Methyl Ester PFAD
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A.3 GC of Polyester
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Abstract

The application of bubble column reactors are widglread out due to a number of advantages bodesign and operations
compared to other reactors. The first one is theyetexcellent heat and mass transfer characteridiie second is low cost of
operation and maintenance, and the last is highbility of the catalyst. Owing to the wide applicat area of bubble column
reactors, the design and scale up of the readtoescomplexity of hydrodynamic and operational dbads have put on the
attention of engineers. The performance of bubldkimn reactor is proven for transesterification gess reported by
Joelianingsih et. alnevertheless, the conversion and the yield optieseuct are still low. The reaction operated atadpheric
condition in the absence of catalyst will lead toreneconomic process for industrial applicationu§hthe improvement of
reactor design is necessary especially in orderd@ase the yield and conversion of the produlse Bubble column reactor is
designed with height to diameter ratio of 5 equibpeth vaporizer, superheater and condenser. Theerrakfor all the
equipments is made of stainless steel (316 SS)pexoe vaporizer is made of 304 SS. The performasicbubble column
reactor for methyl esterification is increased baththe quality and the quantity of the biodiegelduct. The analysis on quality
of biodiesel showed that the free glycerol contemtsnoglycerides, diglycerides, and triglycerides katisfied both EN 14214
standard and SNI 718:2012. The quantity of the pecods improved as showed by higher yield obtairiéte future work shall
be focused on utilizing various spargers to gaitinogm results and also attaining continuous methaaparation setup from
end product for recycling.

Keywords bubble column; design ratio; yield; conversiommdiesel.

1. Introduction

The general types of multiphase reactor compristhiafe main categories namely the fluidized bed
reactor, the trickle bed reactor (fixed or packet)b and the bubble column reactor. In principle, a
bubble column reactor is a cylindrically vessel ipgad with gas sparger at the base of reactors to
dispense gas in the form of bubbles into eithauidigphase or solid-liquid phase. The bubble column
reactors are intensively used as multiphase reacibicontactor in chemical, petrochemical, biocloaini
and metallurgical industries [1]. These typicalatess are especially utilized in chemical procegsiach
as oxidation, chlorination, polymerization, alkytet, and hydrogenation, in producing synthetic furel
biochemical process, and waste water treatmerit [2,3

The application of bubble column reactors are widglread out due to a number of advantages both in
design and operations compared to other reacttérs.fifst one is they have excellent heat and mass
transfer characteristic. The second is low costpafration and maintenance, and the last is higabdlity
of the catalyst [1]. Furthermore, continuous cabdupply and withdrawal ability and plug-free aigm
are their superiority among other reactors [3]. @io the wide application area of bubble column
reactors, the design and scale up of the reacties,complexity of hydrodynamic and operational
conditions have put on the attention of engineers.

Joelianingsih, et all4] reported the performance of bubble column maébr uncatalyzed methyl
esterification of free fatty acids. The performaméeoubble column reactor is proven for esterifimat
process; nevertheless, the conversion and the gfelde product are still low. The reaction opedate
atmospheric condition in the absence of catalydt iwad to more economic process for industrial

* Corresponding authdfel.: +62-21-7561092; fax: +62-21-7561092
E-mail address: wahyudin@iti.ac,idvhyd23@yahoo.com
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application. Thus, the improvement of reactor desgnecessary especially in order to increasegitid
and quality of the product.

2. The bubble column reactors concept and technology

The main interest of bubble column reactor studresfocused on design and scale-up, hydrodynamics
and regime analysis and characteristics paramétbis.study mainly focused on design and scalefup o
bubble column reactor for biodiesel productions drder to increase conversion rate of methyl
esterification/transesterification.

In general, the design and scale-up of bubble colueactors rely on at least three characterisiic: (
heat and mass transfer (ii) mixing (iii) chemicalekics. Although the construction of bubble coluisn
straightforward, precise and successful design scale-up require an improved understanding of
multiphase fluid dynamics and its influences. Indakbubble column usually operate with a lengih t
diameter ratio of at least 5 [1].

Shah et al. [2] reported that the effect of colutiemmeter is insignificant on gas holdup when larger
than 10-15 cm. On the other hand, Luo et al. [pbried that the column height effect is negligisteen
the height is higher than 1-3 m and the the aspict is larger than 5. Vandu and Krishna [6] réedr
that ka/ll; demonstrated a slight increase with column diametéie volumetric mass transfer
coefficient, k;a increases with gas velocity, gas density and preswhile it decreases with increasing
solid concentration and liquid viscosity. The prese of large bubbles should be avoided in industria
columns for effective mass transfer [7].

Table 1. Mass transfer coefficient correlations for gassibbubble columns

Researcht Correlatior Referenc
Akita and R 05, o 062 7 3031
. kaDs. D feDE T eDe 8
Yoshida ot = 06(7)  (22) (—T') L1 [8]
Shah et al. ha = 0467V [2]
+ g £ Yoy 125 .
Kang et al. big = K = 10— H|“—"| where K is the comelation dimension [9]

Heat transfer in bubble column reactor is imporsnte many chemical reactions are usually involved
with energy supply (endothermic) or energy remdeabthermic) process. Hence, the heat transfer from
the reactor wall and inserted coils became intemgstliscussion in many literatures [10]. Many
hydrodynamic studies examined the heat transfevdmat the heating objectives and the system flow to
understand the effect of hydrodynamic on the hestster for improving the design and operation of
bubble column reactors [11]. It can be stated thatheat transfer coefficient increases with insirga
temperature, but decreases as a function of ligaibsity and particle density [7].

Bubbles size and distribution also important in fdabcolumn operations. Their holdup contribution
and rise velocities have significant impact on raige the hydrodynamics, as well as heat and mass
transfer coefficient in bubble column reactors. Tiaribution of bubbles firstly influence by thelibles
formulation by the sparger.

For any given gas sparger size with pre-determmedber of openings or holes size, the gas initial
force at the sparger orifice is related to the ameftension forces. This relationship is best desdroy
Weber number (We), which is often used to designgtls sparger. The Weber number for gas is given as
follow:

o ®
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S0 A

Fig 1. Sparger types utilized in bubble column reactdsfader shape (b) porous plate (c) perforated
plate (d) multiple orifice nozzle (e) perforatedgi[12]

3. Design and scale-up

In this project, the design of bubble column reaidtraight forward with height to diameter rasd3
to 5 (more preferably 5). The bubble column reacetup equipped with a methanol vaporizer, a
superheater, and a condenser. All main materialsrade of stainless steel 316 SS except for vagroriz
made of 304 SS. The flow rate of methanol contdobg Chengfeng Flowmeter LZB-DK800-4 and the
temperature system is controlled by automatic Rlbpterature controller YFYB (Type XMTG) equipped
with thermocouple type-K. Overview of the setup stiewn in Fig 2 to Fig. 4

Condenser

Bubble

Vaporizer
Column i

Reactor @

Fig 2. Schematic diagram of the bubble column reactapsetjuipped with vaporizer, superheater,
and condenser
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(b)

(a)

(d)

(c)

Fig 3. The bubble column reactor designed (a) vaportzesifperheater (c) reactor (d) condenser

B Ys Fvecl b

1K .

m
\

i

Fig 4. The bubble column reactor setup and rotary evapofat final product separation from

methanol
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All the heating elements are using band heatet buaildesign with power supply 500 to 750 watt
capable to generate heat up to 500 The methanol vaporizer is designed to convethaml in liquid
phase directly to vapor phase with the temperatange between 75 to 25C. The superheater is
designed to give additional heat energy to methamgor at 250 — 500C depend on reaction
temperature in the reactor. The superheater igdwtdlly positioned in order to have more efficieeat
transfer and flow of superheated vapor into thetma Should we place superheater vertically; the
pressure drop is higher than previous position. §gager used in the reactor is simply a perforatbd
sparger and a perforated ring sparger with holameier each 1 mm. The condenser is equipped with
temperature control in order to maintain operatiagdensation operation at 10 —%0

4. Performance test

The prototype of bubble column reactor designedested initially for producing biodiesel non-
catalytically from frying palm oil with methanol ée rate of 5 and 10 mL/minute. The temperature
condition carried out at 250, 270, and 2¥D at atmospheric pressure. The results of bubbiento
performance test are shown in Table 2.

Table 2.Bubble column reactor prototype performance estlis

Methanol feec Temperatur Yield

rate mL/minute °C %
5 25C 0.71
5 27C 4.1¢€
5 29C 12.07
10 25C 0.9€
10 27C 2.32
10 29C 9.2t

From Table 1 it showed that the highest yield stiquérformed at high temperature 29D with
suitable methanol feed rate i.e. 5 mL/minute. A&t $ame temperature 28D with methanol feed rate 10
mL/minute, the yield of product is lower due to ghmntact time between methanol vapor and thdtoil.
is found that the number of bubbles formed at logthranol feed rate i.e. 5 mL/minute are much more
uniform and even. Therefore, the contact betweerrdhctants particles are more frequent and iritsesu
more reactants converted into the product. Thedtion of bubbles at high feed rate of methanolliGe.
mL/minute, resulting an excessive interfacial cohfaetween reactants particles. The bubbles sie ar
larger and more turbulence. For high methanol fete, an additional roof perforated plate should be
placed to increase gas hold up and accordingleass contact time between the reactants.

The biodiesel product were analyzed by gas chragnapdy (GC 2010 Shimadzu) with modified EN
14105 standard methods [13] and presented in Eg-g 8.
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Fig 5. Chromatogram of free glycerol from biodiesel prcidu
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Table 3.Biodiesel product analysis

Biodiesel sampl

Parameter EN 14214 SNI 718:2012
(Yow/w)
Free glycerol Max 0.02 Max 0.02 0.018
Monoglycerides Max0.80 NA 0.005
Diglycerides Max 0.20 NA 0.001
Triglycerides Max 0.20 NA 0.017
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Fig 9. 'H-NMR spectrum of reactant in the bubble columrctemafter 3 hr reaction at 285G reaction

condition

From the'H-NMR analysis showed that after 3 hour reactionsiof the triglycerides are already
breaking out into monoglycerides. The double bamrizinally from TG also reduced into straight chain
(alkanes) resulting product that easily be frozenwam temperature.

Transesterification reaction of oil/triglyceride@J with methanol (MeOH) takes place in 3 stageis as
equation (1), (2) and (3). One mole of TG reachvlitmole of MeOH produces 1 mole of FAME and 1
mole of diglycerides (DG). Furthermore, 1 mole @b Beacts with 1 mole of MeOH produces 1 mole of
FAME and 1 mole of monoglycerides (MG). Finally,mole of MG reacts with 1 mole of MeOH
produces 1 mol of FAME and 1 mole of glycerol (G14].

TG +MeOH < DG + FAME (1)
DG + MeOH — MG + FAME )
MG + MeOH«> GL + FAME 3)

The third phase reaction is the slowest reactioM@sis the most stable compound compared to DG
and TG [15]. Based on the literature sources [16hoglycerides compound has a freezing point above
room temperature so that at room condition it edsily be frozen. Fig 10 (a) showed the liquid ¢toal
in the bubble column reactor after 3 hour reac@n250°C. The bottom layer is monoglycerides
compound that has not reacted yet with methanfwrto FAME and glycerol. No formation of two layers
in the reaction products showed that the GL progatiuced is still very small as a result of thewsl
reaction stage 3 as shown in Fig 10 (b).

0 =y

(a) (b)
Fig 10.(a) The liquid condition in the bubble column reacand (b) biodiesel product after 3 hr reaction
at 250°C reaction condition

5. Conclusion

The bubble column reactor designed performanceniethyl esterification is increased both on the
quality and the quantity of the biodiesel produmipared to previous work done by Joelianingsih.et a
The analysis on quality of biodiesel showed thatftke glycerol contents, monoglycerides, diglydesi
and triglycerides has satisfied both EN 14214 steshdnd SNI 718:2012.
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To obtain good results in quality and quantity, rgpa in the reactor system must be redesigned in
order to produce more methanol bubbles and smsdlghat the reaction between two phases (oil and
methanol vapor) can take place evenly throughaaitliuid in the reactor, accordingly the yield df o
products will increase.

The future work shall be focused on utilizing vasospargers to gain optimum results and also
attaining continuous methanol separation setup focthproduct for recycling.
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Abstract

Butanol-water azeotropeis a heterogeneous mixhaeis$ difficult to separate using only ordinargtdiation columns. In this
case the separation of butanol-water using a deccand two distillation column with pressure vadat where the equilibrium
of Vapor Liquid Liquid Equilibrium (VLLE) was predited using UNIQUAC equation. The research is cotetlby computer
simulation using Aspen Plus to find the best opegatonditions in decanter to obtain the minimuratheeeds of the reboiler
distillation column | and Il. Optimization is codgred by comparing the profit and aims to obtaiximam profit. From the
difference of column pressure, it can be determthedheat integration between the fluid that comésfrom the bottom of the
distillation column | (on the reboiler) and fluidbming out from the top of the distillation columh (the condenser). It is
necessary to change the operating conditions bggthg pressure in the distillation column Il to méee requirements ofT
between T overhead distillation column Il with T tRon distillation column | AT > 20K). Total Annual Cost (TAC) was
calculated to determine the cost savings for ttstesy with the best operating conditions. The refulthe best conditions on
the butanol-water separation system wh&fe> 20 K is decanter at temperature of 343 K, with firg& distillation column
pressure of 51 kPa and the second distillationnaplpressure of 172kPa. In terms of economics, wdoenpared to the base
case, it can be concluded that heat integratiothisrsystem is not profitable. The Total AnnuakC@'AC) for the base case is
IDR 7.026.122.520, while for heat integrated sysiehDR7.275.696.840.

Keywords: Aspen Plus, Heat Integration, Butanol-8v&istillation, Total Annual Cost (TAC)

1. Introduction

In chemical industry, analyzing and optimizing argl unit is one of important parts for process
efficiency. Optimization is the base of engineeribgcause one of engineer responsibles is to design
better system, cheaper and more efficient as weltoathink of a procedure to improve current
system.Lately, changes in technology and infornmatiorrents quickly happened. These changes require
chemical engineer to follow it. Chemical enginegritools and softwares are also greatly improved.
These things can be utilized to advance industies to do optimization and efficiency of existing
process. Most of processes in industry have underghange at least once in lifetime to get beffrefih

the latest technology, which can be an improveme®inergy efficiency and production capacity. This
makes design with heat integration problem becamgortant.To apply the result of an optimization
theory mathematically and numerically on a concpetdblem, it is very important to set the boundairy
the system which is going to be optimized, to detee quantitative criterion which will become base
candidate which will be ranked to determine thd bas, to choose system variable which will be used
identify candidate and to define model which capregs changes in another interacting variables [1].
With the increasing of the fuel price, it is impont for a industry to reevaluate its processesust f
wastage can be minimalized. In Butanol plant, there distillation column which will be used as €as
study in this research. Butanol usually used inyrindustries, for example plastiziser, resin andticg
and the latest it is used as additive for gasolistillation process is a process that use intensnergy

so that evaluation on this plant will give quitg lsiaving.Thesis by Nanda and Candra evaluated@than
water distillation column by utilizing heat integ¢jan [2]. This study applied heat integration intdmol-
water system which the result can be used to migirtie need of hot and cold stream, especiallyrstea
required in reboiler which the price is more expemshan cooling water.

* Corresponding authorTel.: +6231-594-6240, fax: +6231-599-9282
E-mail address: renanto@chem-eng.its.ac.id
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Heterogeneous distillation means that during tkélidition the liquid phase of the mixture is imwilde.

In this case on the plates can be two liquid phasesthe top vapour condensate splits in two liquid
phases, which can be separated in a decanter. ifiq@est case of continuous heteroazeotropic
distillation is the separation of a binary heterogmus azeotropic mixture. In this case the systmans
two columns and a decanter. The fresh feed is addedhe decanter directly. From the decanter the
butanol is withdrawn as reflux into the first colomwhile the water is withdrawn as reflux into tleeend
column. This mean the first column produces “butaaad the second column produces “water” as a
bottoms product. In the industry the butanol-watétture is separated with this technique.

-

TR L T

Fig 1. Design of Butanol-Water Separation
2. Research Methodology
Data needed for this research consist of operatmrdition data based on literature by Luyben and
distillation column pressure variation data basedhesis by Santi [3-4]. The simulation feed flaateris
1000 kmol/h with feed composition 60% water and 48dtanol. The output observed are reboiler and
condenser duty in distillation column | and II, fdience between distillation column Il overhead
temperature and distillation column | bottom tenapere for heat integration, also mole fraction of
butanol and water in the product to keep productypusome data like stream condition and component
need to be inputed into Aspen Plus [5]. Prosesnopdition is done to get reboiler duty in maximal
operation condition. Butanol-water separation systan be seen in Figure 2.

. ©

gy T

a4

Fig. 2. Butanol-Water Separation System in Aspen Plus\Boé

100



Proceeding ICCE 2013 UNPAR

Heat integration can be conducted by changing pres$he requirements of heat integration can be
conducted are [6]:

* AT minimum of 20 K (Luyben, 2006)

» The amount ofheatthatwill beexchanged smallerofeiquaeheatthatwould receive.
System of butanol-water separation with heat irggn is illustrated in Figure 2.

3. Result and Discussion

In this research,the validation of simulation résig needed. This validation is a baseline whiotwms
that the simulation can approach the real condititalidation was conducted by step for butanol-wate
separation system by using two distillation colunam&l a decanter. It is important given the tight
connection of the complex component involvementfieid. If a step in validation do not give minimal
output, the next step in validation will be affett®ata which are taken from literature by Luyb8h [
After the literature data are obtained, butanolewaeparation process diagram can be made by using
Aspen Plus, which will be used in this research.

This research was done by using Aspen Plus. Stetatly simulation for base case is the first stegioto
the simulation to get the optimum operation conditiin the steady state simulation, the selectfdnay
type and distillation column type to get simulatimodel that corresponds to the actual conditiothef
literature was done. This simulation use UNIQUACiEarmodynamic model because the feed which is
used in this system is organic mixture between rmitand water, beside that, butanol-water system
exhibit a liquid-liquid equilibrium (LLE).

In this simulation the  feed of 1000 kmol /h with eth composition of butanol is 0.4 and the
water is 0.6 with butanol target product in thdillédion column 1l has a fraction of 0.99936. Bas
case condition are made  based ondatainthe tlitera [3]. The steady state base case
simulation resultsare shown in Table 1.

Table 1. Steady state simulation results

Variable Luyben Simulation with AspenPlus

Distillation column | pressure 51 kPa 51 kPa

Distillation column |l pressure 51 kPa 51 kPa

Decanter temperature 343 K 343 K

Distillation column | overhea 348 K 348.00926 K

temperature

Distillation column | bottorn 357 K 354,4658 K

temperature

Distillation column Il overhea 348 K 348.503 K

temperature

Distillation column Il bottom 376 K 375.4277 K

temperature

Decanter feed 1000 1000 kmol/h
kmol/h

Butanol mole fraction 0,4 0,42013577

Water mole fraction 0,6 0,57986423

Distillation column | produc 600,1 599,99393 kmol/h

mole flow kmol/h

Butanol mole fraction 0,001 0,00063999

Water mole fraction 0,999 0,99936

Distillation column Il produc 399,9 400,002777 kmol/h

mole flow kmol/h

Butanol mole fraction 0,999 0,999
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Water mole fraction 0,001 0,001
Distillation column | reboile 1,21 MW 121342629 MW
heat duty

Distillation column Il reboilel 6,70 MW 6.67595483 MW
heat duty

Condenser duty 6,83 MW 7,0353724 MW

Having obtained the simulation stage of steadysthtn the next step is to re-simulate using Aflas
and input the research variable to obtain optimuwnddion of distillation column butanol-water
separation system. The first variable to be inputethe simulation of butanol-water separationhis t

temperature at the decanter of 339 K, 341 K, 344tk pressure on the distillation column | andduel
to 51 kPa.

Table 2Steady state simulation results with decanter teatpee variable

Mole Fraction (Product) Q (MW)
Distillation ) .
T(K) Distillation column | column I Q Q reboiler (D Q reboiler (D
condensor |I) )]

Butanol  Water Butanol Water
343 (base
case) 0.00064 0.99936 0.999 0.001 7.0353724 6.81BP5 1.21342629
341 0.00064 0.99936 0.999 0.001 7.0911335 6.884%2741.44096256
339 0.00064 0.99936 0.999 0.001 7.0905410 7.28%/6832.01740899

Table 2 shows that temperature changes at the ecaifect the size of the duty of the reboiled an
condenser in the distillation column | and Il. miststudy the duty ofthe reboiler and condenseradire
concerned because later on this research beside ervoitp the
purity of the butanol produced on distillation awln, the economic side is also observed. In theetabl
canbe seen that the best condition is obtainedetnperature of 343 K. The simulation can not beedo

at temperature over 343 K, because at this temperammost of butanol and water have
changed phase from liquid to vapor, as shown inrei. Decanter temperature increase also cause the

increase in reboiler duty in distillation columnaind Il as shown in Figures 4 and 5, but there is a
decrease in the condenser duty as shown in Figure 6
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Mole Fraction of Water
Fig 3. VLLE of butanol-water system at 51 kPa
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Fig 6. Decanter temperature increase effect on the caedeluty

After getting the optimum conditions with decantemmperature variable, the next stepis to locate
and determine the heat integration for the heagnattion system | by using Aspen Plus and input the
pressure variable on the distillation column I.

The variables to be inputted are 110.325 kPa, 3kPa, 122 kPa, 132kPa, 141.8 kPa, 152 kPa with the
pressure in the distillation column Il fixed at 94Pa and decanter temperature of 343 K.

The savings between before and after integratieretbre are known. The heat integration systemm| ca
be seen in Figure 7, as follows:
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Fig 7. Heat integration system | in Butanol-water sepanat

Table 3. Steady state simulation with pressure variabldistillation column |

Q (MW) TtopD | T bottom D
P (kPa) ! AT (K
Q Q reboiler ()
(K) (K)
DI DIl condenser DI DIl

152 51 7.0712433 0.637002%.6750261 376.59532 375.294076 1.301246
141.8 51 7.068736  0.650645&.6774726 374.6393 375.294076 0.654772
132 51 7.0660841 0.667873%.6751686 372.56488 375.294076 2799196
122 51  7.0632675 0.6889384 6.6774631 370.35472 375.294076 4.939353
111.5 51  7.0602596 0.715438 6.6755141 367.98724 375.294076 7 306837
110.325 51 7.057029 0.7484083 6.6779385 365.43504 375.294076 9859036
51 51  7.0353724 1.2134263 6.6759548 348.00926 375.4277 27 41844

Table 3 shoes that to get heat integration, ifildisbn column | pressure is increased, unqualifie
temperature difference will be gotten, where terapge difference needed is 20 K, as seen in tabld,
pressure of 152 kPa, the temperature differenegosnd 1.3013 K. Therefore in this study, distitiat
column | pressure for heat integration systemasisumed constant at 51 kPa and heat integratitensys
| can not be done. The next step is to input presdata in distillation column Il to get heat intation
system Il. This system can be seen in Figure 8.
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Fig 8. Heat integration system Il in butanol water sefana

Table 4 Steady state simulation results with pressure klzian distillation column 11

Q (MW) T bottom D |
P (kPa) : TtopDII
Q reboiler (K) AT (K)
Q condenser (K)
DI DIl DI DIl
51 172.2 7.274775 1.2141617 9.79481483 379.89699754.480419 25.406578
51 162.12 7.261032 1.2148789 9.59320698 378.13164B54490419 23.641228
51 152 7.2466555 1.2137955 9.38412561 376.279727 4.436419 21.789308
51 141.,8 7.2315552 1.2130815 9.1705709 374.33079654.430419  19.840377
51 132 7.2156541 1.2141712 8.94391163 372.271476 4.488419 17.781057
51 122 7.1988148  1.2149188 8.70663038 370.086509 4.486419  15.59609
51 111,15 7.1809238 1.2137727 8.45930684 367.755315 354.490419 13.264896
51 110,325 7.1617629 1.2130605 8.19855878 365.25397354.490419 10.763552
51 91,2 7.1411456 1.2141756 7.92693739 362.548542 354.490419 8.058123
51 88,2 7.1186992 1.2142603 7.6378206 359.597699 4.486419 5.10728
51 51 7.0353724  1.2134263 6.67595483 348.503 358.46 5.9628

Table 4 shows that to get heat integration, ifigasion column Il pressure is increased, the terapee
difference needed will be obtained. The requirestiltiition column Il pressure for heat integratisn
between 152 to 172 kPa or more. If the pressuterafkPa and 51 kPa is compared, the duty needed is
not far different, which is 7.275 MW for condensierty, 1.214 MW for reboiler | duty, and 9.795 MW
for reboiler Il duty for the pressure of 172 kPal an83 MW for condenser duty, 1.21 MW for reboiler
duty, dan 6.7 MW for reboiler Il duty for the press of 51 kPa. From this difference, it is expedteat

by using heat integration, the duty of the systeth wressure of 51 kPa can be substituted by thtkteo

172 kPa. Increase in distillation column causenaneiase in the top product temperature of thelldisin
column Il. After the optimum condition is gottehgetnext step is to seek and determine heat integriat
Aspen Plus and to input the variable, which is desratemperature of 343 K, distillation column |
pressure of 151 kPa and distillation column Il peese of 132 kPa to get heat integration systeoaas

be seen in Figure 7. The savings between beforafadintegration will be known.
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Table 5.Heat integration simulation result with pressuaeiation on distillation column Il

P (kPa
o ( D)” T DECANTER (K) AT (K)  OQR1(MW) QC2(MW)
51 152 343 21.789308 1.21379552 -1.2137687
51 162.12 343 23.641228 1.21379552 -1.2137756
51 172.2 343 25.406578 1.21379552  -1.2137838

From Table 5, it can be seen that the higher timpéeature, the higher the duty, therefore the pressf
172.2 kPa will be used in distillation column lle§ide has the smallest duty difference betweenrdefo
and after integration, this pressure meet the remént for heat integration, which is the tempematu
difference more than 20 K. In heat integrationis suggested that the temperature difference i tham

20 K because if temperature difference is too srtal heat transfer area will be too big. This efehe
equipment used. From Table 6 can be seen the tzaefdr area (A), where the greater the column
pressure, the greater the heat transfer area.

Table 6. Simulation result of heat transfer area (A) witktilation column Il pressure variation

P (kPa) Heat Transfer Area (A)
Note AT (K)
KDI KD Il Condeznser Reboziler I Reboziler 1]
(m?) (m9) (M%)

Base Case 51 51 176.501 13.289 198.353 -
Before 51 152 176.5018 13.293 365.925 21.79
After 51 152 165.18 2.829 314.529
Before 51 162.1 176.5021 13.299 383.574 23.64
After 51 162.1 152.17 2.829 353.222
Before 51 172 176.5037 13.306 401.369 2541
After 51 172 147.36 2.829 361.926

After obtaining the result from heat integrationtlie optimum condition, the tray sizing data isutted
before Total Annual Cost (TAC) calculation. Thealatputted is type and amount of tray, feed tray an
product tray. The type of tray that is used iveitray, with total 10 trays as in Luyben [3]. Fag is

in tray 2. Next is Total Annual Cost calculatiorr fevery distillation column Il variation. Calculati
done by using Aspen Plus. The calculation resslghown in Table 7.

Table 7. Total Annual Cost before and after heat integratith variation in distillation column I

pressure
Total .
Note P (kPa) Operating Cost Total Capital Total Annual Total Annual
($/Year) Cost ($/Year) Cost ($/Year)  Cost ($/Year)
DI DIl
Base Case 51 51 351.790 425.780 777.570 7.0262A22.5
After heat 51 152 376.530 428.660 805.190 7.275.696.840
intearation 51 162.1 399.329 433.321 832.650 7.523.825.400
9 51 172 419.467 433.321 852.788 7.705.792.368
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From Table 7, it can be seen that increase inlldisin column Il pressure cause economically
ineffectiveness, where TAC for distillation colurtirwith base case pressure (51 kPa) smaller than th
of with pressure after heat integration (172 kBa)sed on calculation from Aspen Plus, heat integrat
system do not give profit, so in this research hiefgration system with pressure of 172 kPa is not
satisfactory. In this system, the compressor i®ddd increase distillation column | top produagsure,

so that the buatnol water separation system canweih because of the difference in pressure in
distillation column | and II. In fact, without theedding of the compressor, this system still camumein
Aspen Plus without changing the results. TAC for Hystem with the addition of compressor are as
follow:

Table 8. Total Annual Cost with addition of compressor

P (kPa) Total Annual Cost | 0tal Annual Cost
Note + Compressor
DI DI (IDR/Yean) (IDR/Year)
Base g4 51 7.026.122.520 -
Case
After 51 172 7.275.696.840 8.389.835.640

In Table 8, there is addition to TAC when the coesgor is added, and if it is compared with the base
case, TAC with compressor added is bigger, sodhlabugh the presence or absence of heat integratio

the system is still not profitable from economiargtpoint. The next step is comparing TAC from Aspen

Plus calculation result and from Peters and Timiugsh (2003) literature. The results is as follows:

Table 9.Total Annual Cost comparison between Aspen Plddigarature

Total Annual Cost  Total Annual Cost
P (kPa)
Note (IDR/Year) (Peters (IDR/Year)
dan Timmerhauss) (AspenPlus)

DI DIl
Base Case 51 51 6.249.343.788 7.026.122.520
After 51 172 6.861.944.838 7.275.696.840
mtegratlon

From Table 9, there is difference between Total vatrnCost from Aspen Plus calculation and from
literature. In base case system, there is a qigitéfisant difference. This may be caused by beedns
literature calculation, the equipment cost indetada 2002 is used, which then converted to 2010 by
least square method [7]. While in the calculatismg Aspen Plus, cost index used in newer or cltzser
cost index in 2010. Equipment cost index alwaysdases every year, this makes a quite significant
difference in Annual Capital Cost. The tendencygadt index that getting higher can be seen in titalT
Annual Cost in Aspen Plus.

4, Conclusion

Simulation in Aspen Plus give best condition fomthintegration for butanol-water separation system
with decanter temperature is 343 K, distillatioduoon | pressure is 51 kPa and distillation colurhn |

pressure is 172 kPa.The best heat integration teraperature difference 25.41 K, with distillation

column Il reboiler duty 9.79 MW.From economic adpet compared to the base case, it can be
concluded that Total Annual Cost for system witkathi@tegration is less profitable, the Total Annual

107



Cost is IDR 7.026.122.520 for base case system[2RRd7.275.696.840 for heat integrated system with

Proceeding ICCE 2013 UNPAR

distillation column Il pressure 172 kPa.
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Abstract

Tobacco (Nicotianatabacum L.) belonging to the geNicotiana. The main products of the tobacco deopigarettes.
Tobacco as its main raw materials containing hamesdubstances. One of the hazardous substancetis@. Nicotine has
the alternative to be used, in the form of oth@dpicts. Extract nicotine from tobacco leaves, tlemact the nicotine may
be a better product in order to have value, suchessicides or insecticides in agriculture.The prtips of nicotine is
soluble to some types of solvents. This is theaedsr the extraction of nicotine by using a solvextraction method. Later
in the extraction of nicotine as an alkaloid ind@obo, ether and petroleum ether solvent is advaoteybecause it is
selective in dissolving the alkaloid substancesn@y¢he right combination of ether and petroleufreetwill optimize time
of extraction and the yield of nicotine on nicotieeraction process. The method used is the respsurace method with
central composite designconsisting of two facttrs: addition of ether and petroleum ether. Whike diependent variables
or response time of extraction and nicotine yi&lde result of the research revealed that the aaddf ether and petroleum
ether solvent significantly affect the responseetioh extraction and yield. Predicted results okedioptimal solution is the
addition of 59.46 ml of ether and 30.12 ml of pktumn ether. The lowest possible values for theagtiton time is 477.343
seconds and the highest is 887.623 seconds. Thestathdard to yield the lowest possible valuei8@25% and the highest
is 5.4321%. While the results obtained on the mpdadliction of the response time of the additioetbier extraction on the
treatment of 59.46 ml and 30.12 ml of petroleuneetteaches 682,483 seconds, then to achieve the rgigponse of
4.80617%.

Keywordsoptimization, solvent extraction, nicotine, tobacR&M

I. INTRODUCTION

Tobacco Nicotiana tabacum Y belong to the genus Nicotiana, and is native toeAca.
These plants spread all over Indonesia and havigy ytrimarily for raw material for making
cigarettes. In 2005 the land area is 198 367 halzicco, consists of various types of tobacco, with
production of 149 263 tonnes of tobacco leaf (Dityen, 2006). As a raw material cigarettes, the
health aspects are considered to have adverseseffdiis is because cigarettes with tobacco leases
its main raw materials containing substances wtdngh harmful to the human body. One of a
hazardous substance is nicotine.

Nicotine is a specific organic compounds contaiimetbbacco leaves. Nicotine in cigarettes
when smoked will cause psychological stimulus forokers and makes it addictive. It also has
pharmacological properties that can increase bpwessure and heart rate (Wolf, 1994).

Nicotine has another alternative in the form of enaiseful products. With the extract of
tobacco leaf extract can be used nicotine prochessgreater value to, for example as an insecticide
in agriculture. Thus, the extract nicotine fromaobo leaves will be much more useful than in the
form of cigarettes smoked. Besides nicotine aftetengoing further processing can be utilized for
both industries to mix the drug, supplement drinik,msleep medicine, and cosmetic products, the
price is more expensive and the market is wide pp@d mg price reaches 900,000 rupiahs.

Nicotine is soluble to some types of solvents saglalcohol, chloroform, ether, petroleum
ether, kerosene, and water. This is the basishi®rektraction of nicotine from tobacco by using a
solvent extraction method. Choice of solvent is amant because each solvent has its own
advantages and disadvantages, by using a combinatmxing two types of solvents and extraction

* Corresponding authof.el.: +62 81 79642734
E-mail address arie_febrianto@ub.ac.id.
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time allegedly generated more nicotine yield optinmdeccording to Wolf (1994) which has been
extracted nicotine is hygroscopic, oily liquid whits miscible (can be mixed) with water in its lgasi
form. As a basic nitrogen, nicotine salt form wai acid which is usually solid and water soluble.

In this study the solvent used is ether and patrolether. It is based on previous journal and
preliminary research that has been done, where atitepetroleum ether is very beneficial because it
is selective in dissolving the alkaloid substangésrbalai, 2009). According to Ronald (2008), two
solvents with different polarities can be mixedcombined to obtain optimum solvent that can work
in the extraction process. So to get the optimapertion of solvent will produce nicotine extract
yield and extraction time are more optimal thamgsi single solvent.

II. MATERIAL AND METHODS
Materials and Tools

Materials used is tobacco Temanggung. Tobacco bas bbtained in the form of dried
tobacco that has been milled to 60 mesh size. Tebdiemanggung selected in this study because
tobacco contains more nicotine than other typesteN& for analysis include: solvent p.a (ether,
petroleum ether were purchased from a local chénsicae in Malang, East Java), 5% NaOH,
methanol, picric acid, distilled water, potassiuanbonate.

The tools used were 250 ml beaker, pipettes, fijegver, stirrer, heater, spoon, glass wool
Buchner, basin, digital scales and extraction tools

Experimental design methods

The method used is the response surface methodavitnalized composite design consisting
of two factors, namely the addition of ether anttgdeum ether. Then take the midpoint 50 ml ether
(X1 =0) and 50 ml petroleum etheryX 0). According to the response surface methattfs, loop
made at the midpoint (X = 0) as much as 5 timesu&/afa chosen k = 2 is 2k / 4 = 22/4 = 1.414.
The next step to determine the level of each faottre experiment is described as follows:
1. Determine the 22 factorial design (effect of 2 éas} as a trial order first and set levels to be

studied as follows:
a. Factors ether (E) with the level of factor:
 Ether 25 ml (code X=-1)
 Ether 75 ml (code X=1)
b. Factors petroleum ether (P) with the level ofda

* Petroleum ether 25 ml (code X -1)

* Petroleum ether 75 ml (code X 1)
2. Having established the factor levels correspugndd the 22 factorial design, the factors setlteve
corresponding to the center poing X0 and % = 0. Ether soluble factors known to successiveltev
ie 25 ml (% =-1), 75 ml (X = 1), 50 ml (X = 0) as the center point with the distance betwben
level factor is 25 ml, so that the relationshipwesn variable Xwith the original variables can be
expressed as follows:
X1 =E-50 L E =25 X 450, (1)

25
On factors petroleum ether relationships betweerabi@s X2 with the original variables can be
determined in the same way that stated as follows:
X,=P-50 s P =25 X+ 50 e (2
25

3. Determining factor levels corresponding to value -1.414, and = 1.414 by calculation through
relationship variables and % with the original variables in equation (1) angl (2
Of equation (1) note that:
For X; =-1.414. Then E = 25 (-1.414) + 50 = 14.65 For=X1L414. Then E = 25 (1.414) + 50 =
85.35 from equation (2) note that:
For X; =-1.414. Then P = 25 (-1.414) + 50 = 14.65
For X, =1.414. Then P = 25 (1.414) + 50 = 85.35
Experimental design using a centralized composipermental design, with variables such as the
level above calculations. By entering the desiesponse, it can be arranged an experimental design
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that can be seen in Table 1.

Implementation Research

Dried tobacco leaves that have been milled to 68hnséze powder weighed as much as 10 g
and placed in 250 ml beaker. After that add as nasgcb% NaOH in 10 ml beaker and then stirred
using a stirrer for 15 minutes. Then filtered udBwncher glass wool.

The above explanation is how to get one sampletiltfor 1 treatment. While it takes 13
samples of filtrate for all treatments as showiTable 1. Filtrate to obtain the same treatmentfbr
the filtrate will be collected together in one peges at a time. Then collected in the same bottle fo
further sampled for all treatments.

The next process is to move the filtrate obtainedilber paper and extract using solvents.
Performed using solvent extraction comparison ethed petroleum ether according to the
experimental design shown in Table 1. Extractioocpss by passing a solvent in the filtrate. The
extraction process is assisted by vacuum extradtohto speed up the extraction process. Upon
subsequent solvent extraction using potassium oatbas adding 1 teaspoon and then filter.

After that is done using the evaporation basine#tbd water with a temperature of 60 ° C to
10 ml of liquid remaining. Then add 4 ml of methheatraction on the results that have been
evaporated. Methanol is used to bind the remainihon the previous process. Then added 10 ml of
picric acid solution and put it in the fridge. Onmat of the fridge and then filter the nicotinetthas
been crystallized and silence to dryness and ageddesiccator to avoid direct contact with airstLa
is the weighing and counting nicotine produced tiepyield.

Table 1.Centralized Composite design of experiments
No Code Variable Original Variable
X1 X5 E: Ether P :PE

(mi) (ml)
1 -1 -1 25 25
2 1 -1 75 25
3 -1 1 25 75
4 1 1 75 75
5 -1,414 0 14,64 50
6 1414 O 85,36 50
7 0 -1,414 50 14,64
8 0 1,414 50 85,36
9 0 0 50 50
10 O 0 50 50
11 0 0 50 50
12 0 0 50 50
13 0 0 50 50

Response Model Analysis and Optimization of Respoes
Response Surface Method
The data were then carried out olm@ms of the results of the final product and the

duration of extraction, by using the Design Exp8r0.4 Trial Version DX7 obtained from
www.statease.com site. The data was then entertbe icentral composite design with 2 factors and 5
repetitions at a midpoint with 2 responses.
Prediction results of the Optimal Solution

Optimal solution with the computational resultsngsiDX7 program Design Expert 8.0.4
Trial Version which has been selected by a higlirdieiity value or close to 1 to verify that the
solution is applied to the actual conditions. Thealyzed the factors that result in deviations fthen
optimal point
Validation of Prediction Results Optimal Solutions

Validation is done by comparing the results of dpdimal solution and computational results
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predicted by experiments on the best treatmentidmbeen carried out laboratory analysis.
[Il. RESULT AND DISCUSSION
Response Time Extraction

In the extraction studies used nicotine alkaloimlagson means in general that is extracted
with an organic solvent, the formation of alkalddlts with bases, then extraction with certain
solvents. First of nicotine in the tobacco usetbtan alkaline by adding NaOH 5%, then it will form
insoluble salts with certain solvents. Nicotinghe form of salts and then re-extracted with aesiv
mixture of ether and petroleum ether. So nicotiissalved and entrained with solvent ketahapan then
enter the next process. Based on data obtained lmboratory studies of nicotine extraction of
tobacco leavedNjcotiana tabacumanalysis results obtained by using response crfeethod. Data
of extraction time response are presented in Table

Table 2. Extraction Time Response

No Code Variable Original Variable Response
X1 X5 E : Ether P:PE Extraction
(ml) (ml) Time
(second)
1 -1 -1 25 25 503,61
2 1 -1 75 25 756,11
3 -1 1 25 75 941,72
4 1 1 75 75 1122,41
5 -1,414 0 14,64 50 518,34
6 1,414 O 85,36 50 806,66
7 0 -1,414 50 14,64 458,17
8 0 1,414 50 85,36 1028,27
9 0 0 50 50 872,96
10 O 0 50 50 819,55
11 0 0 50 50 831,62
12 0 0 50 50 819,55
13 0 0 50 50 831,57

Table 2 shows that the response time is 458.17ndscthe fastest extraction obtained from
the comparison treatment 50 ml ether and petroletiner 14.64 ml. While the longest extraction time
is 1122.41 seconds obtained from the comparisatnent 75 ml ether and 75 ml PE. Then the
response time value extraction contained in TabWll7be used as input data to be processed and
analyzed using Design-Expert 8.0.4 software. Tha gdeocessing results can be seen in Figure 1 and
Figure 2

Zrmpm Conrrll 2ol
faria Calig decha
B

w Carirnpe i ai

I.,a..u

b B

srabllu abalvakzi

Figure 1. Relationship between the type of solvent (Etmel Retroleum Ether) Against Extraction
Time
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Based on the response surface curves and contsrgantained in Figure 1 and Figure 2 it can be
seen that the addition of ether and petroleum dibge a significant effect on the extraction time.
Known F-value of 22.58 implies that the model gn#icant. There are only a 0.01% chance that this
model is wrong. Value of F> Prob less than 0.05ciat@ the model terms are significant, while values
greater than 0.1000 indicate the model terms arsigoificant.
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Figure 2. Contour Plot Relationship Type Solvent (Ether arttdteum Ether) Against Extraction

Time

In the treatment of the fastest extraction timahmaddition of 50 ml of ether and petroleum
ether 14.64 ml (X= 0, X; = -1.414), it is known that the amount of etheediss greater than
petroleum ether, in addition to the total volume sofvent also includes small compared other
treatments. The results obtained in the treatmiakiaction time 458.17 sec. Whereas the opposite
treatment is the addition of 14.64 ml ether andrb@etroleum ether (X=-1.414, % = 0), the total
volume of the same solvent but the amount of petirol ether more. The results obtained in the
treatment of a longer extraction time is 518.3%s8€s.

Seen that the addition of ether over time effecthanefficiency of extraction of nicotine . So
it can be said ether solvent in dissolving nicotoatter than petroleum ether . According to Darwis
(2000) percolation extraction is the process ofanig solvent in the sample skipped so the solvent
will bring together organic compound solvent . Effeeness of this process depends on the organic
compound soluble in the solvent used . In the etitia process by using the pressure difference the
right choice of solvent will have a positive infhee on the extraction time (Astu, 2004) . According
to Jones (2001) in the extraction of alkaloids bing various methods such as percolation extraction
maceration , liquid - liquid extraction , steamtilstion , soxhlet can be concluded that the ether
solvent is better than petroleum ether . Whereadaigest extraction time seen in the addition®f 7
ml ether and 75 ml petroleum ether { X1, X% = 1), in the treatment of the amount of ethat an
petroleum ether as large and the total volume eftiivent is high compared to most other treatments
. The results obtained in the treatment of extoactime 1122.41 sec . Whereas the opposite treatmen
with low total solvent volume but the ratio of pgeum ether and ether ether at which the additfon o
25 ml and 25 ml petroleum ether ¢ X -1 , X% = -1 ) . The results obtained in the treatmené of
shorter extraction time is 503.61 seconds .

It seems clear that the volume is very influendialthe extraction time Based on the above it
can be seen increasingly large volumes of solvan the time required to complete the extraction
process is also getting old. According to SusaR@®{) in percolation extraction, solvent volumel wil
affect the extraction process and the amount adroogcompounds carried away.

Linear model was selected for the response tinextéction nicotine tobacco leaves
(Nicotiana tabacumresults in the following equation:

Y, =189,95885 + 4,20468.% 8,05327 X
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Description:

Extraction Y, =time (sec)

X1 = Ether (ml)

X, = Petroleum ether (ml)

Based on the linear model suggests that each additether and petroleum ether solvent will
influence the addition of extraction time. The meodvent is used it will be the longer time reqdire
for extraction. Coefficient of X(Ether) is smaller than the value of the coeffitief X, (petroleum
ether), so if that is the expected time efficiettogn the value X(ether) will be more influential in the
model. This means that in ether solvent extraaticotine use will be an effect on the efficiency of
the extraction time compared to petroleum ethee Model significantly affect the response because
the probability value 0.0001 (0.01%) of the resgovesriable extraction time.

Nicotine yield response

Nicotine yield research results can be seen inelrablGreatest yield is 5.36% obtained from
the use of comparative treatment factors Ether Fand 75 ml petroleum ether factors. While the
smallest yield was obtained from treatment compassusing factor Ether 25 ml and 25 ml
petroleum ether factor is 3.14%.

Table 3.Yield Response

No Code Variable Original Variable Response
X1 X5 E : Ether P: PE Yield (%)
(ml) (ml)

1 -1 -1 25 25 3,14
2 1 -1 75 25 4,84
3 -1 1 25 75 3,34
4 1 1 75 75 5,36
5 -1,414 0 14,64 50 3,31
6 1,414 O 85,36 50 5,17
7 0 -1,414 50 14,64 3,99
8 0 1,414 50 85,36 5,13
9 0 0 50 50 511
10 O 0 50 50 5,09
11 0 0 50 50 4,87
12 0 0 50 50 5,02
13 0 0 50 50 491

Yield values contained in Table 2 will be used gsut data to be processed and analyzed using the
software Design-Expert 8. Data processing resaltsbe seen in Figure 3 and 4.

Dlaci 1 Eapantil Somas
F:ﬂwhg;g Ehool

e T

» D3 el nits abave poad ched vl
by
I3|
I
=

rl
£ Bar
B

rendarmen

Figure 3. Relationship of solvent (Ether and Petroleum Etheryield
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Based on the response surface curves and contmsrgantained in Figure 3 and 4 it can be
seen that the factor of ether and petroleum ethee fa significant effect on the results of nicotine
yield of tobacco leavesN{cotiana tabacum Known F-value of 24.18 implies that the model is
significant. There are only a 0.09% chance that tmbdel is wrong. Value of F> Prob less than 0.05
indicate the model terms are significant, whileuesl greater than 0.1000 indicate the model teres ar
ot significant.
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Figure 4. Contour Plot Relationship Type Solvent (Ether asttd?eum Ether) To Yield

The treatment and the addition of 75 ml ether 2petfoleum ether (X=1, X% =-1),itis
known that the amount of ether used is greater getroleum ether . The results obtained in the
treatment of nicotine yield of 4.84 % . Whereas d¢peosite treatment is the addition of 25 ml ether
and 75 ml petroleum ether (;> -1, X% = 1) , the amount of petroleum ether more. Tisilte
obtained in the treatment of nicotine yield is 3.34% less
Seen that the addition of more ether effect ontimiegyield results . So it can be said ether sdlien
dissolving nicotine better than petroleum ether .

According to Guenther ( 1987), the solvent is ohthe determining factors in the extraction
process . Solubility of the solvent so as to predtie extract as much as possible . According to
Ronald ( 2008), the effectiveness of organic sdlvexan be achieved by mixing different polarity
solvents , such as hexane and chloroform . Wheneidss study it is to be achieved by mixing ether
and petroleum ether . According to Jones (2001 the extraction of alkaloids by using various
methods such as percolation extraction , maceratlmuid - liquid extraction , steam distillation
soxhlet can be concluded that the ether solvergtier than petroleum ether .

The treatment with the greatest yield on additib@®ml ether and 75 ml petroleum ether (
X:1=1,X%=1), it can be seen that the amount of ethdrpatroleum ether as large and the total
volume of the solvent is high compared to most otiheatments . The results obtained in the
treatment of nicotine yield of 5.36 % which is thkegest yield results . Whereas the opposite
treatment is the addition of 25 ml ether and 25ohppetroleum ether ( X=-1, X% =- 1), with the
smallest total volume of solvent and the ratio efrpleum ether and ether are the same . The results
obtained in the treatment of nicotine yield is 3%4the smallest yield .

Seen that the addition of ether over time effecthanefficiency of extraction of nicotine . So
it can be said the volume of solvent effect on tim@yield results . According to Darwis ( 200() i
the extraction of organic solvent percolation whssed the amount of solvent in the sample will
affect the amount of organic compounds with solvédatrne.

So in general for the same solvent the amount leEabthat more will get more extractable
compounds . Meanwhile, according to Susanto (20@lume of solvent will affect the amount of the
resulting extracts . The greater the volume ofesai\to be used , the larger the extract to be ki
Quadratic model was selected for nicotine yielghoese of leaf tobaccoNicotiana tabacun) results
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in the following equation :
Y, =0,28934 + 0,095352% 0,049661 X+ 0,000128 X X, — 0,0007 %> 0,000444 %

Description:

Exrtraction Y, = Yield (%)

X1 = Ether (ml)

X2 = Petroleum ether (ml)

Quadratic model for yield shows that there is adutoom in which not happen again
additional yield generated at a certain point. Tikidecause there is no more nicotine that can be
dissolved by the solvent at the time the rest efdktraction process. Based on the quadratic model
equation for yield response can be seen that tefficdent of X; (0.095352) Bigger than the,X
coefficient (0.049661). So it can be said that negreer factors influence the results of nicotineldi
of tobacco leavesNjcotiana tabacum This value indicates that the model significaraffect the
response because the probability value 0.0002 Z0a)@f the response variable yield.

Extraction time optimization and yield of the Central Composite Design

Optimization calculations performed with the liméstablished in accordance expected goals
. The goal of this optimization is to optimize th#fect of the limit and petroleum ether to ether
extraction and extraction time on the extractiomiobtine tobacco leaved\jcotiana tabacun) .

Determination of the lower limit and upper extranttime based on research results obtained
, for the lowest value of the extraction time idiled as the lower limit , while for the highestwa
of extraction time is defined as the upper linibwer limit value for the extraction time was 458.1
seconds on the addition of 25 ml ether and 25 npetfoleum ether , while the upper limit of the
extraction time is 1122.41 seconds on the additibi5 ml ether and 25 ml of petroleum ether to
function minimization .

Determination of lower and upper bounds yield basedesearch results obtained , for the
lowest yield value determined as the lower limithile for the highest yield value is determined as
the upper limit . Lower limit value for the yieldas 3.14 % on the addition of 25 ml ether and 25 ml
of petroleum ether , while the upper limit is 5860n the addition of 75 ml ether and 25 ml of
petroleum ether with maximizing function .

Value interest rate for the extraction time is 3 dhe value of interest rate yield is 3 .
Optimization in accordance with the limitations sfied then the optimal solution obtained
computational results as shown in Table 4.

Table 4. Computing Solution Results

No Ether (ml) PE (ml) Extraction Time Yield (%) Desirability
(second)
1 59,46 30,12 682,483 4,80617 0,705 Selected

From Table 4 obtained an optimal solution which hagsrecision value (desirability) high.
According to Montgomery (1991) desirability funatiés to determine the degree of accuracy of the
optimal solution. The closer to one, the higheruaacy values. So it can be said to be the optimal
solution value of desirability of this study by mgiDesign-Expert 8.0.4 is equal to 0.705, in other
words the level of optimal solution of 70.5% acayraSolution chosen computational results with
most of the response condition in order to geteatalue addition of 59.46 ml of ether and petroleum
ether 30.12 ml.

Desirability value can be more clearly seen in Feg@l for the contour plot of the optimal
solution. Optimal point obtained and seen the valudeviations that may occur. Results predicted
optimal solution on the addition of ether and 5960.12 ml PE can be seen in Table 5.
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Table 5.The Result Prediction Optimal Solutions (59.46 iidf Addition and Petroleum
Ether 30.12 ml)

Response Prediction SE Pred 95% PI low 95% PI high
Extraction Time 682,483 92,0677 477,343 887,623
(second)

Yield (%) 4,80617 0,2647 4,18025 5,4321

From Table 5 it can be seen that the lowest vatssiple standards for the extraction time was 477
343 seconds and the highest is 887 623 seconds.tfibdowest value possible standards for nicotine
yield was 4.18025% and the highest is 5.4321%.r€Ralts obtained on the model of the extraction
time on the treatment response of the additiortledreand petroleum ether 59.46 ml 30.12 ml reached
a value of 682.48 seconds. As for the responseatthryield 4.80617 shown in Table 5
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Figure 5. Plot Contour Relationship Type Solvent (Ethér apttdteum Ether) Against Prediction of
Optimal Solutions

Validation results

Optimal solution using Design-Expert 8.0.4 softwaeeessary to test the validation of the results of
the extraction time and extraction nicotine tobadeaves Kicotiana tabacum Results of the
validation should be done to compare the resulsooiputing solutions in Table 10 with the results
of experiments on the best treatment. In Tablehéretis a comparison between the computational
results with experimental results on the optimahtment.

Table 6. Validation Test

Response Computational Result Validation
— — : — Results
Low Prediction Prediction High Prediction
Extraction time  477.343 682.483 887.623 702.96
(second)
Yield (%) 4.18025 4.80617 5.4321 4.83

Validation results in Table 6 indicate that theragtion time and yield results of experiments om th
best treatment showed no significant differencesyathematical calculations. Time value extraction
and validation yield results respectively 702.9@l &@83. This value is not appreciably affect the
computational results. Due to the predicted vatudtfe extraction time between 477343-887623 and
to yield between 4.18025 to 5.4321. So the valithatiesults on the extraction of nicotine tobacco
leaves Kicotiana tabacumwith optimal treatment as feasible.
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CONCLUSION

The addition of ether and petroleum ether solvegmificantly affect the extraction and
recovery time. Prediction results obtained optis@ution is the addition of 59.46 ml of ether and
petroleum ether amounted to 30.12 ml. Lowest ptessiblues for the extraction time was 477.343
seconds and the highest is 887.623 seconds. Thkelowest value possible standards for nicotine
yield was 4.18025% and the highest is 5.4321%. &\thié results obtained on the model predictions
of the response time of the addition of ether ettia the treatment of 59.46 ml and 30.12 ml
petroleum ether reaches the value 682.483 secidlehieve the yield response of 4.80617%.
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Abstract

Reducing sugar production through hydrolysis oforntt pulp was carried out. This research aims tved coconut pulp into
bioethanol through enzimatic hydrolysis using camabibn of Aspergillus nigerand Trichoderma reesei Organosolv
delignification method was firstly processed usimgthanol:aquadest = 1:1 (v/v), 25 g of coconut pafl 6% natrium
hydroxide as catalyst which produced 89 % of ceflalfiber. Ratio oAspergillus nigerand Trichoderma reesées 2:1 (v/v)
respectively. Research investigation showed theb#st volume ratio was 80:40 (v/v) which produ2éd5.5 ppm of reducing
sugar. Fermentation by usiSgccharomyceserevisiaefor 5 day created 1.03% ethanol.

Keywords Aspergillus niger; Bioethanol; Coconut Pulp; Trdclerma reesei.

1. Introduction

Cellulose sources are commonly derived from foyestgriculture and industrial wastes. West
Kalimantan, Indonesia has coconut production alni@ton/Ha in 2010d. Coconut pulp is waste of
coconut which its coconut milk was taken and mesipbe assumed it has no nutritional value. In fact,
coconut pulp contains 46.68; 17.5 and 20.5% oftmk, lignin and hemicelluloses respectivelfhe
high content of cellulose in coconut pulp is patht converted into bioethanol. On the other hand,
enzymatic hydrolysis of cellulose can be done usieldulase fromAspergillus niger and Trichoderma
reesei Trichoderma reeseis a mold that produce endoglucanase and exoglaeah@ghly excepp-
glucosidase. Furthermoréspergillus nigercould produce lots op-glucosidase®. The aim of this
research is combinaspergillus nigerand Trichoderma reesetio produce reducing sugar and convert it
into bioethanol by using coconut pulp as raw materi

2. Methods
2.1.Materials

This research was done in laboratory scale. Thenabs in this research were oven, dessicator,
incubator, reflux equipment, fermentation equipmdlb, pH-meter, coconut pulp from traditional
market (Dahlia and Teratai market) in Pontianak Wedimantan - Indonesia, aquadesgccharomyces
cerevisiae Aspergillus niger, Trichoderma reeseHNO;, HCI, H,SO,, NaOH, reagen for Somogyi —
Nelson and PDA. All the procedures below was daipot Coconut pulp was dried under sunlight,
milled and screened having particle size 40 mesrenCQdried at 105C for 4 hours was done as
preparation step.

2.2. Organosolv Delignification

Pulp organosolv was made by 50 g of coconut pulpéthanol:aquadest (1:1 v/v) and NaOH 6%
as catalyst and heated in a reflux system af’@d@r one hour. Ratio of coconut pulp and solveri:iL0.
The product obtained was filtered. Delignificatiprocess was determined gravimetrically by adding
H,SO, 72% on the filtrate (which resulted from refluyopess) until pH 2. Presipitated of lignin was then

* Corresponding author
E-mail addresslucy.arianie@gmail.com
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washed by methanol and aquadest until neutral (p&h@ oven dried on 6 for 24 hours™. Lignin
was determined its functional group using Fourian&form Infra Red. Coconut pulp delignificated was
stored for next procedure.

2.3. Reproduction of Aspergillus niger and Tricaoda reesei
Aspergillus nigerand Trichoderma reeseiere reproduced using Potato Dextrose Agar angbated
at room temperature for one week.

2.4. Nutrient solution

Nutrient solution was made by adding (N$0O, 0,35 g; KHPQO, 0,5 g; MgSQ.7H,O 0,075¢;
CaCbh.H,O 0,1 g;FeSQ.7H,0 0,00125 g; MnSQH,0 0,004 g; ZnSO4.7KD 0,00035 g in 1 L aquadest
and arranged in pH 3.

2.5. Production of Cellulase

Substrate that consist of 5 g of coconut pulp 2RdnL of sterilized nutrient solution pH 3 were
added by one block dfrichoderma reeseilan Aspergillus niger{approximately size is 2 dnaged 7
days. ;I'his compound was incubated for 7 days 4€5@r Aspergillus nigerand 60°C for Trichoderma
reesei’.

2.6. Extraction and Activity Assay of Cellulase

Aquadest which conceive 0.1% of Tween 80 was addddcubated coconut pulp, shaked on 175
rpm for 2 hours at room temperature. The mixtureiobwas then centrifugated on 3.000 rpm for 15
minutes. Supernatant was stored &€4and will be used as crude enzime extPacEnzime activity was
determined using spectroscopy at maximum waveldngtquation as follow%
Enzime Activity (i) = Gx—rﬁ: (1)
G = Glucose concentration (ug/mL)
Fp = Dilution factor
T = Incubation time (minute).

2.7. Hydrolysis of Coconut Pulp

Delignificated of coconut pulp was added by cekél'sAspergillus nigerand Trichoderma reesei
Ratio of cellulase fromi\spergillus nigerand Trichoderma reeseaivere 2:1 consecutively Variation of
each enzyme volume as follows: 10:5, 20:10, 304050, 50:25, 60:30, 70:35, 80:40, 90:45, and 1®0:5
(mL). Aquadest was added to this mixture until 18I0 accurately then heated slowly until reach’@0
This mixture was arranged at pH 5, 160 rpm for urkoGlucose concentrations were evaluated by
Somogyi-Nelson method.

2.8. Fermentation, Determination of Glucose andalBti Concentration

Sterilized hydrolysate pH 5 was added by incubatedulum in ratio 90: 10 mL and one ose of
Saccharomyces cerevisidacubation was done on 125 rpm for 7 ddysGlucose concentration was
observed each 24 hours using Somogyi-Nelson methadvelength 695 nm. Fermentation product was
separated by using destilation process on 788@nd ethanol which resulted was analyzed using gas
chromatography .

3. Result and Discussion
3.1. Delignification Process and Infra Red Spectrum

Preparation of coconut pulp purposes to hindetechly, reduce moisture content and extends sample
surface. Minimizing of sample size is similar totend coconut pulp surfaces therefore open up
probability of intern contact and causing disconiagcof polymer chaif®.
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Organosolv pulping aims to separate the solulgaidi and cellulose residue pulp. Organosolv
pulping is a well-known environmently process, fsedphur and solvent recovery is can be done. Acid
delignification using HSQ, 72% caused ether protonation in @f benzyl. Lignin solubility was affected
by pH of mixture. At low pH, hydroxyl phenolic wile protonated, condensed and finally precipitated

polar solvent™*2
OH OH OH
H3C\ HQC\ /CH3
(o] O (o)
OH OH OH

p-Kumaril alkohol Koniferil alkohol Sinapil alkohol

Fig 1. Lignin monomer

Fig 2. Cellulose chain

H

H(":-OR H(‘)-(;R Hé+ Hé
I [ I Il
(A== 0
i OCHj ‘ 0OCH; i OCH; Ti OCH,
/o /0 /o /o+

R =H, aril atau alkil lon benzilium lon oksonium

Fig 3. Benzylium and oxonium ions which resulted by addif sulfuric acid to lignin filtrate that
contains ether phenolic

R=H, aril atau alkil lon benzilium lon oksonium

Fig 4. Benzylium dan oxonium ions which resulted by addinlfuric acid that contains phenol ic
groups.

In isolation process, condensation of benzyliunsioould be done. This nucleophile reacted with
lignin at C1 and C6 (or C5) from phenylpropanoidsiand finally produced lignin sediment. The
illustration was described as follows'.
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Fig 6. Con/densation of benzylium ion with weak nucletght C6

Soluble lignin is clearly indicated in filtrate sigd with forms of black liquor. Delignification press
also signified by mass sample reducing from 25.@98522.2033 g. Spectrum of lignin isolate was
displayed on Fig. 7.
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Fig 7. Infra Red Spectrum of Lignin
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Table 1. Comparison of lignin isolate and lignin standard

Interpretation o Wavenumber of lignin (c™)
functional group Isolate Standarc®
Str. OF 3556.74- 3170.97 -

Str Asym-CH; 2924.0¢ -

Str. Asym-CH, 2854.6! -

C=0 in aryl ketor 1635.6« 1675- 165¢
conjugated

Aromatic vibratioi 1635.6¢ 1593- 160¢
Str.  Sym C=0 the 1558.4¢ 1266-127(
showed G ring

C-H aromatic in 1257.5¢ 1030- 103t

deformation G>S and
showed C-O form

Catalyst which used for organosolv delignificatisncomprise of acid organosolv that usually used
H,SO, and base organosolv such as NaOH. Base organmsmless frequently used for increasing lignin
hydrophilicity and to ease lignin solubilit§;

10

EETER TR 4

P oChe Kein o R R R e~ e i
Fig 8. Infra Red Spectrum of Cellulose

Table 2. Comparison of cellulose isolate and cellulosedsiath

Interpretation ol Wavenumber of cellulose (¢%)
functional group Isolate Standarc”
OH 3441.0: 340(

Str Asym-CH, 2854.6! 290(
H-O-H 1627.9. 164(
C-O-H 1442.7" 142(
C-0O-C 1381.0: 137(

C-O fromp-1,4 glycosidii  1087.8! 1087.6(

Infra red spectrum of cellulose illustrate OH albsorce on wavenumber 3441.01°%nTH, atom on
2854.65 crit, and H-O-H bond on 1627.92 &émC-O-H bond on 1442.75 ¢hand C-O-C bond on
1381.03 crit. Specific character appears on 1087.85" ghows C-O bond of-1,4 glycosidic of
cellulose.

124



Proceeding ICCE 2013 UNPAR

3.2. Enzymatic Hydrolysis

Cellulase derived fronAspergillusniger has activity 0.345 Ul and cellulase of Trichoderraasei
0.388 UL. Cellulase is combination of endoglucan@s®glucanase antglucosidase. Endoglucanase
function is break cellulose randomly and forms #med chain free. Exoglucanase is continuing
endoglucanase process that attack end chain frderelrase cellubiose from cellulose ch&ih
Moreover, B-glucosidase will hydrolyse cellubiose into glucodlestration of this breaking chain is
displayed on Fig 9. Glucose was then analyzed u&imgogyi-Nelson method at wavelength 695'Aim

Crystalline area

\ / Amorph area
WMM W
AR MY
l Endoglucanase
A N , &
A
.4
Exoglucanase
B (Cellubiohydrolase)
NE L I
e
./l
A

Endoglucanase atau cellobiohidrolase

ol
f‘“\‘”

Betha-glucosidase

e
oo N
oo

. ’ ) Glucose
Cellooligosaccharide and cellubiose

Fig 9. Scheme of enzymatic hydrolysis (modified from En&r

Glucose was analyzed by using Somogyi-Nelson ndetttavavelength 695 nifi. The highest
glucose concentration was reached on cellulagespérgillus niger'svolume is 80 mL andrichoderma
reesei'svolume is 40 mL. Figure 10 showed that higher swadded, higher glucose concentration until
optimum condition. After optimum state, there isincreasing of glucose concentration. It could beed
because all of the substrate has been bounded agtitie site enzyme that causing substrate was
saturated. Variation of each enzyme volume asvialidl0:5, 20:10, 30:15, 40:20, 50:25, 60:30, 70:35,
80:40, 90:45, and 100:50 (mL).

2057.5

2500 -

1836.3
1892.5
1812.5

2000 -

1617.5

1500

(ppm)

1000

500 -

Glucose's concentration

Ratio of Aspergillus niger to Trichoderma reesei (nh.)

Fig 10.Glucose consentration in variation of enzyme vawomposition
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3.3. Fermentation

Fermentation was done at optimum hydrolysis camditvhich glucose was reached iAspergillus
niger 80 mL danTrichoderma reesei40 mL. Hydrolysis was repeated on this optimumdiion.
Afterward, hydrolisate pH 5 added Baccharomyces cerevisiaad anaerob incubation was done for 7
days, glucose concentration investigated every @drsh Analyzing of residual glucose aims to
investigated glucose usage 8nccharomyces cereviside. general, reducing of glucose concentration
directly proportional with time of fermentation.duire 11 shows glucose concentration on first until
seventh day respectively are 1996.25 ppm; 18275; 645 ppm; 1396.25 ppm; 982.5 ppm; 861.25
ppm and 813.75 ppm. Decreasing of glucose is caabmmwith fermentation time. It is evidence of
glucose usage byaccharomyces cerevisiae.

wn
“

©
3

2000

1500

1000

500

1 2 3 4 5 6 7

Glucose's concentration (ppm)

Fermentation time (day)

Fig 11. Decreasing of glucose concentration toward feratént time

Figure 12 displays the lag phase or adaptationsgphaccurred on first day. In this phase,
Saccharomyceserevisiaeis still in acclimatization phase for environmehat cause its activity is not
optimum yet. In this stage cell mass increase slo®in the fourth until fifth day, exponential phase
occurred, cell multiplication happens. Variatidnacroorganism growth is depend on genetic faétor
In exponential phase occurs maximum growth which ba seen on fifth day, there is maximum
reduction of glucose. On sixth and seventh day mcstationer phase i®accharomyces cerevisiags
not optimally worked, amount of dead and live celtelatively same. Furthermore, mortality phase w
happened.

12 7
s 1 - 1.03
§ 08 - 0.8
=
o
€ 06 -
8
c
8 04
°
g
£ 027 0.2
b
0 T 0
0 1 2 3 4 5 6 7 8
Fermentation time (day)

Fig 12.Influences of ethanol concentration toward ferratah time

Etanol concentration which fermented at fourth deventh days were evaluated by Gas
Chromatography. Its all because glucose decreassgoccured at fifth day fermentation and the pofnt
view will focused on these day observation. Ethammsicentration at fourth, fifth, sixth and seved#y
fermentation consecutively are 0.8 %; 1.03%; 0.8a&0 0%. Optimum ethanol concentration gained on
fifth day fermentation which destilate volume wab and 5 g of coconut pulp as raw material.
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The small of ethanol concentration caused by ifiegethydrolysis, all cellulose didn't convert to
glucose and ethanol. Declining of ethanol concépomaafter fifth day fermentation is caused by
decreasing of glucose and nutrient concentratininhpact for invertase which convert glucose into
ethanol, therSaccharomyces cerevisiaater to mortality phase.

Chromatogram of gas chromatography displays tbhogsponent such as ethyl acetate, ethanol and
propanol. Ethyl acetate was resulted from sideti@awmf ethanol and acetic acid which has boiling
temperature 77C near ethanol boiling point (7). Anaerob fermentation commonly produce small
energy, carbondioxide, water and other organic bwdita namely acetic acids and etharfbl The
reaction shown on Fig 13 and all the chromatogrdemsonstrated on Fig 14 until Fig 17.

OH
H o OH Invertase OH Alkoholase //O Oksidase
OH H T 2 e HC X €Oy * M0
HO OH OH
H OH Etanol Asam asetat

a-D-Glucopyranose

Fig 13.Reaction in fermentation process (Modified fronskiaatt?)

Narm
G000D0
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J0000
10000 e
0 2 T4 ] B 10 12 14
Fig 14.Chromatogram of gas chromatography at fourth day
Horm
G000
00D
40000
30000 -
20000 31Z g
10000 e
—
0 z 4 [ 8 10 12 14
Fig 15. Chromatogram of gas chromatography at fifth day
Horm
G0000
SO000
40000
JO000
10000 o
0 2 4 & 8 10 12 14

Fig 16.Chromatogram of gas chromatography at sixth day
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Fig 17.Chromatogram of gas chromatography at seventh day

4. Conclusion
» Glucose concentration resulted from enzymatic Hydie of coconut pulp is 2057.5 ppm and
optimum ratio of cellulase fromspergillusniger andTrichodermareeseiis 80:40 mL.
* Maximum ethanol concentration was 1.03% which olgdiin fermentation at five day.
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Abstract

Crude palm oil (CPO) is the main feedstock for béseél production in Malaysia due to high productafnpalm oil.
However, the poor cold flow characteristics of @ugalm oil have been the drawback of CPO to usehénlower
temperature region. The blend with non-edible ruldeed oil (RSO) was found to improve the cold fidvaracteristics by
reducing the concentration of saturated fatty asidbie feedstock, thus increase the fatty acichgiedster (FAME) yield.
The aim of this paper is to study the transestatiion of crude palm oil and the effect of the wagyratio of CPO and RSO
pre-blend mixture to the fatty acid methyl esteAME) yield. Transesterification of crude palm withethanol and
potassium hydroxide (KOH) catalyst was conductetidtch reactor with the highest FAME yield achieveas 98%. The
effect of varying ratio RSO and CPO blend was cotatlifrom the optimum condition of previous expemtére-blend is
to blend the oil at the beginning of the procesh warying ratio of 10 and 30 vol % of RSO to CP@eTmixture was first
undergoing fixed operating condition of esterifioat and transesterification. Esterification is &tpgatment process to
reduce free fatty acid (FFA) by reacting with metblaand sulfuric acid as a catalyst. The FAME vyiefals studied in this
paper to find its optimum condition. The FAME yieddd FAME content were measured using the highopegnce liquid
chromatography and gas chromatography accorditiget&uropean standard.

Keywords Crude palm oil, biodiesel, cold flow charactedsti rubber seed oil, fatty acid methyl ester, fiztty acid,
potassium hydroxide

1. Introduction

Throughout the world, 95% of biodiesel is produfexin edible vegetable oils, such as soybean,
rapeseed, sunflower oils and palm oil. Those edibteare easily available on a large scale froen th
agricultural industry [1]. Palm oil is forecast Ibe the suitable feedstock for biodiesel production
Malaysia due to its abundance.

Malaysia is the world's second largest producepaltin oil after Indonesia which is 5 million
hectares of plantations in 2011, accounting fo#®8af the global net exports of oils and fats. Paim
is the main agricultural crop in Malaysia, howewecupies only 15% of Malaysia’s land. Palm oil is
the only oil that is certified as sustainably proeld by the Food and Agriculture Authority (FAO) and
cheaper compared to any other vegetable oils usbtdiesel production. A perennial crop with an
economic cycle of 25 years, oil palm is less sulglepto changes in weather patterns [2].

Malaysian government had shown interest in biodliesmmercialization. Since 2010, the industry
has been identified as one of the 12 National Kegnémic Areas (NKEA) under the Economic
Transformation Program. One focus under NKEA isinorease crude palm oil production to 6
MT/ha/yr. Another focus is on value added downstreactivities like processed foods, oleo
derivatives and biodiesel [3]. This situation had@uraged researchers to optimize the main process
of converting crude palm oil to biodiesel whichrisnsesterification.

A chemically reversible reaction called transefitaiion or alcoholysishas been widely used to
reduce the high viscosity of triglycerides in thk[d]. In this reaction, vegetable oil reacts wih
alcohol such as ethanol or methanol in the preseficg catalyst, such as sodium or potassium
hydroxide [5]. The products of this reaction arétyfaacid methyl esters (biodiesel) and glycerol.

* Corresponding author.
E-mail addresgioshimitsu_uemura@petronas.com.my
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Glycerol has commercial value as it can be usddrto soap. The properties of resulting biodiesel ar
quite similar to those of conventional diesel fuel.

However, too much dependent on edible oil may causegative impact on the world, such as
depletion of food supply and finally leading to romic imbalance. This is because the competition
between biodiesel production and food supply witw. The solution to this is that finding non-
edible oil as an alternative. The example of nabledil for producing biodiesel are jatropha, rebb
seed, castor (Ricinuscommunis L.), sea mango (Cawbellam or Cerberamanghas), and
Pongamiapinnata (abbreviated hereafter as P. pinf@it In addition to that, using non-edible olil
which is much cheaper than edible oil would redtie production cost as feedstock is the main
contribution [7].

The non-edible vegetable oil such as rubber selet g@referable as a new biodiesel feedstock
because of its high content of unsaturated fatity. #ccording to the Association of Natural Rubber
Producing Countries, Kuala Lumpur, Malaysia haseatimated acreage of 1.2 million hectares of
rubber plantation in 2007 (Malaysian Rubber Bo&@)9) which yield 1.2 million metric tons of
rubber seeds annually. Rubber seed from rubbercareyroduce 35% to 40% of oil yield. Rubber
seed oil contains high unsaturated fatty acid wiicticates good cold flow properties of biodiesel
during cold weather. Instead of being thrown asteyasibber seed can be extracted and converted
into biodiesel. Rubber seed oil contains high FHAiclw may distract the transesterification process.
This problem can be solved by an acid esterificapimcess which reduced the FFA content in oil.

The objective of this study is to optimize the ey conditions of crude palm oil
transesterification process by looking at the iidiial effect of methanol to oil ratio and catalyst
concentration. The second aim is to synthesizdiééel from 10% and 30% rubber seed oil blend in
crude palm oil (by volume).

2. Methodology
2.1. Material

The crude palm oil used in this study was purchasedcELCRANasaruddin, Bota, Perak,
Malaysia. The rubber seed oil used in this study prchased from Kinetic Chemical SdnBhd which
had been imported from Vietnam. Certified methanobl9.8% purity was obtained from Merck
Chemical, German. The potassium hydroxide (KOH)aa%atalyst was supplied from R&M
Chemicals.

2.2.Equipment

The experiment was conducted in a round bottonk flé@gh three necks. The flask was immersed
in a stainless steel water bath placed on the pfatgagnetic stirrer. The reactor was connectet wit
reflux condenser. A thermocouple which was conmeteghe magnetic stirrer was used to detect and
control the temperature in the round bottom flagk whe set temperature.

2.3.Esterification Procedures

The esterification reaction was conducted in afatooy-scale experimental setup. Esterification
was only conducted for blended oil due to high FRAthe rubber seed oil. The experiment was
started by weighing the oil in a three neck rounttdm flask. The flask was immersed in a water
bath with temperature 80. Meanwhile, 15:1 methanol to oil molar ratio @&dit% sulphuric acid as
catalyst were prepared.

The mixture was heated to a temperature 8€d0r 1 hour with mixing speeds of 400rpm. Later,
25¢g of 50C distilled water and 25g n-hexane were prepardter A hour reaction time, distilled
water and n-hexane were poured into the flaskratety until finish. Finally, the mixture was podre
into separating funnels and leave for 24 hourstARé hours, the bottom layer (glycerol) was
removed and the upper layer left were collectedriorsesterification step.
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2.4. Transesterification Procedure

The experimenwas started by weighing the oil in a three nemknd bottom flask. The flask w
immersed in a water bath with temperatur°C. Meanwhile, methanol and potassium hydroxidk
catalyst were prepared and stirred together to farpotassium methoxide lution. As soon as tk
potassium methoxide solution was poured, the madime started. The mixture was heated
temperature of 6€ for 1 hour with mixing speeds of 400rpm. Latesgf 5(°C distilled water and
25g n-hexane were preparesfter 1 tour reaction time, distilled water andhexane were poured
into the flask alternately until finish to enharatear separation between glycerol and F£. Finally,
the mixture wagpoured into separating funnels and leave for 24 shoidfter 24 hours, theottom
layer (glycerol) was removed and the upper laygmlere taken for analysi

| U OUt

Water in — + Condenser

y Three neck round
‘H' ’ bottom flask

Thermocouple < \
/ Water bath
i et -~

M =
Q ————=Magnetic stirrer

ya, NI

Fig. 1. Experimental setup for esterification and tratesfgcatior

3. Analytical Method
3.1.FAME yield
The FAME vyield of the product was measured usinghhperformane liquid chromatograph
(HPLC) from Shimadzu Japan, equipped with a sigjeacolumn (Shir-pack CLC-SIL). 100pL of
biodiesel was diluted in 3mL of hexane ewasnjected into the HPLC column. The mobile ph
was n-haxane/propanol = 99.5/0.5 (v/v). TFFAMEyield was calculated as follov
FAMEvyield= . (Equatio)
Where,
, is the density of methyl olea
, is the density of CPr
is the molecular weight of CPt
, is the molecular weight of methyl ole:
, Is the area of FAME
Y, is the area of methyl ole:

3.2.FAME content
The FAME content or puy of the product was measured using gas chromaph (GC) model
GC-2010 from Shimadzulapan. The GC was equipped waflame ionization detector (FID) wil
capillary column BPX 70. According to EN 14103, m@/ml methyl heptadecanoante solution
prepared by diluting with heptane. Approximately 250ofctheproduct was weighed and put in a
ml vial. 5ml of methyl heptadecanoate solution wdded usin@pipette. The FAME contenC was
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calculated using ttiellowing formula

RN AR RRLENH (&dion 2

whare

LA = total peak area from the FAME G, o G|

AEl = peak area of methylheptadecanoate

CEl = cancentration, i mg/mL, of the methylheptadecanoate solution
VEI = valume, inml, of the methyliepiadecanoaie solution

m = mass. in mg. of the sample

4. Result and discussion
4.1.Characterization of crude palm

i.  Physical Observation
The crude palm oil was observed to solidify at terapures lower than room temperature due tc
high melting point of saturated fatty acid found in ik It was heated to €C before experiment;
works begin.

Fig. 2. Crude palm oil at€ and 66C

ii.  Physical properties
Table 1 shows the physical properties of crude paded in this experiment with comparison fr
previous literature.

Table 1: Physical properties of crude palm oil

Feedstock Crude palm oil Literatures (24)
Source Bought from palm oil -
mill, FELCRANasaruddin,
Bota, Perak
Acid value (mgKOH/qg) 10.02 -
FFA (wt%) 3.91 5.6
Water content (mg/L) 577.8 2200
Density @ 26C (g/cn) 0.9165 0.928
Viscosity [mPa.s] 24.4 -
Molecular weight 831.66 -
(g/mol)
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iii. Fatty acid composition
The fatty acid composition has been measured @rID. Table 2 summarized the fatty acid
composition of crude palm oil. Crude palm oil isrqmsed of 50% of saturated fatty acids which
imply several properties such as good oxidatiohiktygand higher flash point. However due to lower
concentration of unsaturated fatty acids or dobbled in the triglycerides, crude palm oil gives poo
cold flow properties, or higher cloud point and ppaint.

Table 2 Fatty acid composition of crude palm oil

S Fatty acid C.D wit% (LV:;[ t?,/:)?tgz)
Saturated fatty acid Lauric acid 12:0 0.25 0.16
(50.41%) Myristic acid 14:0 0.98 0.99

Palmitic acid 16:0 43.93 43.03
Stearic acid 18:0 4.03 4.31
Arachidic acid 20:0 0.34 =
Behenic acid 22:0 0.06 -
Lignoceric acid 24:0 0.82 -
Unsaturated fatty Palmitoleic acid 16:1 0.15 0.19
?:é%g%) Oleic acid 18:1 40.07 39.47
Linoleic acid 18:2 9.03 10.82
Linolenic acid 18:3 0.26 0.29
Erucic acid 22:1 0.08 -

4.2. Transesterification of crude palm oll
i.  Methanol to oil ratio

Methanol to oil ratio is considered one of the maffecting factors in transesterification.
Stoichiometrically, 3 moles of methanol are reauiifer 1 mole of triglycerides to form 3 moles of
fatty acid methyl ester (FAME). However, extra ambaf methanol is required in order to shift the
equilibrium to the FAME.

The effect of methanol to oil ratio to FAME yielchw studied by varying from 4:1 to 8:1 mol
ratio. The KOH concentration was fixed at 1.0 wtwith a temperature of 6 and reaction time 1
hour. The result in Fig. 3 shows that, the higlyest achieved is reported at 7:1 molar ratio whgh
92 %. The decrease of FAME vyield at 8:1 molar rathuld be attributed to the fact that excess
methanol interferes with the separation of glycdretause of the increase in solubility. The excess
methanol tended to blur the separation border ivgdycerin and biodiesel, making it difficult to
extract the biodiesel.

It is reported that the transesterification is ffisient at the ratios of methanol/oil below 5:1
[8]. Bradshaw (9,10) stated that a 4.8:1 molarorai methanol to vegetable oil led to a 98%
conversion. He noted that ratios greater than b.RBerfered with gravity separation of the glydero
and added useless expense to the separation. trastprother investigators (11-13) obtained high
ester conversions with a 6:1 molar ratio.
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Fig. 3. Effect of methanol to oil ratio

As soon as methanol is added into the triglycerittestwo phase reaction mixture will composed
of several components which are triglycerides,ydigtides, monoglycerides, FAME, free fatty acid,
glycerol, methanol and potassium hydroxide. Durihg reaction, methanol and triglycerides will
diffuse towards the reaction zone which is at thieriphase of the two phase immiscible systems and
the products which are FAME will diffuse away frothe reaction zone. The acid-catalyzed
esterification and transesterification reactiongehiavo-step mechanisms that involve contact between
the protonated FFA, DG, or TG molecules and MeOH.

The first step in the reaction mechanism involvestgnation of the carbonyl group of the ester
by the acid catalyst, forming a resonance staliligcemplex, thereby converting it into a strong
electrophile. The second step involves the reactbnthe protonated species with the weak
nucleophile, MeOH (14). It is the protonated FFAGDor TG molecules that need to interact with
MeOH for a reaction to occur (14,15). The trangd#tation reaction between the protonated TG
molecules and MeOH occurs at the MeOH-TG interféb4,15) The FFA-H30+ micelles and the TG
molecules of the nonpolar-TG phase collide freqyedtiring agitation, (15) and a proton species
may contact and associate with a TG molecule aFff®-H30+ Mitchell-TG interface, forming a
protonated TG molecule (15, 16)

ii.  Catalyst concentration

The effect of catalyst concentration by weight petage on the transesterification of crude
palm oil was investigated with its amount varyingni 0.6 to 1.8 wt%. The operating conditions
during the whole reaction process were fixed action temperature of 60 °C, reaction time of 1
hour and molar ratio of methanol to oil at 8:1.

As shown in Fig. 4, the FAME yield and FAME contan¢ proportional each other. From 0.6
to 1.0 wt% of catalyst, the FAME yield and FAME ¢emnt is relatively small. This is due to
insufficient amount of KOH resulted in incompletengersion of triglycerides into FAME. As the
catalyst was increased from 1.2 wt%, the reactaia starts to accelerate and achieve 96% FAME
content. The FAME content reached an optimal valben the KOH concentration reaches a certain
level, and remains relatively constant with a fartimcrease in the catalyst concentration [17].
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Fig. 4. Effect of catalyst concentration

Solid precipitate was observed in the biodiesal ffatalyst concentration 0.6, 0.8, 1.0 wi
stored at room temperature. Solid precipitate éstthconverted triglycerides that still remain ie
oil which have high melting point. The solid precipitatel lkavered down the FAME yiel(

Fig. 5. Physical observation

4.3.Rubber seed oil blend with crude palrr

The second part of this paper is to study the efie®SO blend in the CPO on the FAME Vi
obtained. The experiment was conducted in two stegrifisatior-transesterification experiment. T
reaction parameters are fixed for both blends.gsterification 3 wt% of sulfuric acid as catalyst
15:1 methanol to oil molar ratio with 1 hour reon time and 600C reaction temperature. The f
parameter for transesterification was 7:1 methaooloil molar ratio and 1.4 wt% potassit
hydroxide as catalyst. The reaction time is 60 ati6(°C reaction temperature.

As we can observe from Fig. 6,ding RSO in the CPO is generally lowered down tA&/E
yield. The highest yield achieved was 81% FAME ¢itdr 10% RSO blend, and 90% FAME Yyit
for 30% RSO blend. This is due to soap formatiemfhigh free fatty acid in RS(
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Fig. 6. FAME yield for 10% and 30% RSO blend in CPO

Several studies (18-20) have shown that the tramstagion reaction decelerates prematurely.
Most of them concluded that this was due to thérdetson of catalyst through soap formation. Feuge
and Gros (21) said that for the transesterificabbpeanut oil using ethanol, more than 50% of the
catalyst was destroyed in the first 15-20 min &C5®@oocock et al. (22) also found out that forédas
catalyzed methanolysis of soybean oil (SBO) at 287=83% of the catalyst was depleted.

Zhou and Boocock studied the phase behavior ofpinase base-catalyzed transesterification of TG
(23). The results showed that the depletion oflgsttavas largely due to its removal by the glycerol
rich phase, which has been separated at the segestige.

5. Conclusion

The present studydeveloped transesterificationga®dor crude palm oil to produce FAME. The
process managed to achieve optimum 99% FAME yie@Danin reaction time with 7:1 methanol to
oil molar ratio and 1.4 wt% catalyst concentrati@mude palm oil with 4.0 % of free fatty acid is
possible to undergo one step transesterificatiaimout pretreatment acid-esterification step. The
blend of 10% and 30% rubber seed oil was founcctyehse the FAME yield. More research should
be done to improve the cold flow properties ofchede palm oil while maintaining the high biodiesel
yield.
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Abstract

Homogeneous catalysts are promising for the tramsfisation reaction of vegetable oil to producediesel since this
catalyst offer certain advantages such as highviggtieasily reached reaction condition and lespeasive; however
homogeneous catalyst has some drawbacks suchrasréggy consumption, costly separation of catdigsh the reaction
mixture and the purification of the product. Thes wd bubble column reactor (BCR) in producing biodidsel without
catalyst has been developed. In the BCR, the rolatafyst was replaced by high operating temperatunée the role of
agitation was taken over by the formed vapor bubbléhe experimental result concluded that the highe operating
temperature, the higher the product conversion el as the reaction yield, although it lowers tHedtesel's purity.
Nowadays, heterogeneous catalysts have been maelywiavoured over the homogeneous one since theyeasily
separated from reaction mixture and reused for nigngs. In this study, transesterification reactaf refined palm oil
(palm frying oil) was conducted in a bubble colureactor using sulphated zirconia (&00,)as the solid heterogeneous
catalyst. The experiment was carried out at 28D At first, the influence of methanol flow ratewtards vapor bubble
formation was investigated, the experiments weea ttun catalytic and non-catalytically by varyiing tcatalyst to reactant
mass ratio. The experimental result showed at SmirLbf methanol flow rate, the amount of methareppar bubbles were
continuously produced and uniformly distributedhie oil phase. This condition was then selectedterremaining study.
It was noted that the highest yield of biodies@durct was achieved at 0.5 % (m/m) of catalyst cotmaton, meanwhile
yield of product that run without catalyst was tbeest among all experimental results. Howevef,%t(w/w) of catalyst to
reactant mass ratio, the product phase was chdogeudid.

Keywords biodiesel; refined palm oil (palm frying oil); SZrO2 catalyst; bubble column reactor

1. Introduction

The catalytic alcoholysis of vegetable oil use todoice biodiesel, is an important industrial
process. Biodiesel is a promising fuel for subttuor blending with petroleum based diesel fuel,
while these two kinds of fuel share similar phykiaad chemical propertit&sSome of the first
industrial processes to produce biodiesel use@regitiong base or strong acid homogeneous catalyst
for transesterification reaction, such as potassamth sodium hydroxides, sulfuric, hydrochloric or
sulphonic acids. The homogeneous catalyst offetaiceadvantages such as high activity, easily
reached reaction condition (25-£80at atmospheric pressure) and less expensivéateitvariety of
technical difficulties. Homogeneous catalysts are normally carried oubatth-mode processing.
Furthermore, a drawback of homogeneous base-cathtyansesterification is that the oil that contain
significant amounts of free fatty acids could netdemnvert into biodiesel completely and remained as
soap in high quantify Separation of the product from the soap and spaste catalyst appears to be
technically challenging and brings additional cwsthe product. It was reported that generally acid
catalyzed reactions are performed at high alcohdilt molar ratios, low to moderate temperatures
and pressures, and high acid catalyst concentsationfortunately, ester yields do not equally
increase with molar ratio of reactans. Despiteintensitiveness to free fatty acids, acid-catalyzed
trans-esterificataion is relatively slow reacticatef. However, Saka and Kusdidnavealed that
producing biodiesel fuel from rapeseed oil whichsvpaepared in super-critical methanol (at 860
and 200 Bar) had highly reduced reaction time. dofately, such kind of reactor is not only high
risk but also high capital and operating cost.

Yamazaki et al.and Joelianingsih et &lhave studied the production of non catalytic biselieil
employed by Bubble ColumnReactor (BCR) at atmosphesndition. In the semi-batch system,
Joelianingsihhad varied the temperature reaction in the raegeden 250 and 29 with flow rate
of methanol vapor set at 4 g/min. Transesterificatieaction of triglycerides (TG) to form methyl

* Corresponding author. Tel.: +628125714335; fa62217560542.
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ester (ME) in the BCR showed that this reactor astseactive distillation (RD); the reactor is not
only as a reaction place, but also as a produetragp as well. The RD concept works appropriately
on equilibrium reaction such as in vegetable ahsesterification reaction, because straight and
continuous separation of reaction product will drthie equilibrium to the product side and raise the
conversion. According to Yamazaki et°and Joelianingsih et §lin the BCR, the role of catalyst
was replaced by high operating temperature, whierole of agitation was taken over by the formed
vapor bubbles. Their experimental result conclutteat the higher the operating temperature, the
higher the product conversion as well as the readtields although it lowers the biodiesel’s purity
It was also revealed that BCR that runs with higimgerature condition will cause more
monoglyceride (MG)formed as impurity in the produé&ccording tothe Indonesian National
Standarf, the ME content in biodiesel should be less thau5% (m/m). Many studies have been
reported that utilization solid or heterogeneouslgat can be done to improve quality and conversio
of biodiesel produét

Producing biodiesel oil incorporated heterogenaatalyst has the potential to offer some relief to
the biodiesel producers by improving their ability process other cheaper feedstocks and to use a
shortened and less expensive manufacturing prodasaddition, compared to the homogeneous one,
this catalyst can be easily separated from reactiottiure and reused for many times. Moreover,
using heterogeneous catalyst, biodiesel processamg be run continuously. Several solid acid
catalysts have been reported to have the potdntisplace strong liquid acid. These catalysts are
zeolites, heteropoly acids, functionalized zircofiailica, and some metals oxid&eolites normally
can be synthesized with extensive variation of iaqioperties. However due to their uniform pore
structure, the hydrophobicity of the catalyst i st the stage of trial and errot. Previous study,
reported that sulphated zirconia (SZ0,) has been utilized as a catalyst for transestatifin
vegetable oil to produce biodiesel. Study by Kissvealed that this catalyst was the most active
catalyst for esterification. Petchmala et'aleported that transesterification of palm oil wi;-
ZrO, catalyst in super-critical methanol at 360and within 10 minutes reaction, its conversion
reached to 90 %.

Based on the above information, in this study, érpent was carried atmospherically in a set of
BCR apparatus incorporated with $BO,as a catalyst. Previous study revealed that
transesterification reaction carried out in the B@ non catalytically at atmospheric pressungl a
at 250°C temperature , produced biodiesel oil with highity (almost reach the standrad value), but
its conversion was very low (55% ). However , shiperiority of BCR over other type of reactors is
based on the capability act as RD proces. Eveungthdhe rate of the reaction is very slow, the
product is directly separated from the reactanspraduces higher purity of ME. In addition, reantio
can be proceed continuously although with low capadt is expected by combining the BCR
technology with the advantage of sulphated zircasidghe catalyst in transesterification of vegetabl
oil!, will increase quality and productivity of the Hiesel.

2. Experimental methods
2.1 Materials

Palm Frying Oil (PFO, Bimoli brand) was purchas¢d\Ha-Mart grocery store. The fatty acids
composition of palm frying oil was determined bysgdaromatography (GC) equipped with a flame
ionization detector and a cyanopropylmethyl sile@olumn (60 m x 0.25 mm internal diameter and
film thickness of 0.25um). Thecarrier gas was helium at 1 mL.min-1. Therovemperature was
initially held at 160° C for 5 minutes then increased to 220 This analysis was conducted at the
Integrated Laboratory of Bogor Agricultural Univitys Methanol (MeOH) with 99.8 % purity
(analytical grade) was produced by PT. Smart-Latbohesia. Sulphated zirconia (S2yO,) catalyst.

2.2 Preparation of catalyst

Sulphated zirconia (S£XrO,) catalyst was prepared by Center of Physics RelsearThe
Indonesian Institute of Sciences, Puspiptek Seri@mgh Tangerang. As for catalyst preparation, 100
gram of ZrOC} 8H,0 was disolved into 1000 mL of aguadest water. Amionm hydroxide solution
was added dropwise into well-stirred solution o©@M, until pH reach to 9 at room temperature till
ZrO, solid formed. The resulting precipitate was rentblag filtration and then washed by aquadest

140



Proceeding ICCE 2013 UNPAR

until free of chlor. The solid was then dried i thven at 12°C, for 16 hours. Thsulphated zirconia
was then prepared by impregnatiorH,SO, overZr(OH), by immersing in 1.0 N solution H,SO,
(1 gram sample in 15 mL23C,) for 30 min.The solid was then filtered and dra12C0°C. Next,
solid sample was calcined (€°C, 3.5 hr). Differential Thermal Analyzer (DTA) waspplied tc
determine calcination teperature of catalyst. The sulphated zirconia gstalvas characterizie
using the Fourier Transform Infra Red (FTIR) analyzhe XRD and the Brunai-Emmett-Teller
(BET) value. The FTIR analysis was conducted piigoregnation the Zr, with sulphatesolution
and after calcined at the ITI Chemical Engineetatgpratory. The crystal structure was determi
using X Ray Diffractometer at the Center of Integdalaboratory of University of Islam Neg
Syarif Hidayatullah Jakarta, while the BET anal was carried out at the BATAN laboratc
,Puspiptek Serpong.

2.3 Apparatus
A photograph and a schematic diagram of a BCR apymare presented in Fig. 1 .The apparatus
equipped with a methanol tank, vaporizer, reatteater, and condenser colun

2.3. Experimental procedures

Initially, the reactor was filled with PFO untilaeh the minimum mark level. Then another 25(
of palm oil was filled into reactor, put the reaclid and bring it into tight. Secondly, the vapzeat
was filled with MeA till the maximum mark level followed by fillingputhe MeOH tank. Nex
switched the reactor heater on and held until redi¢he setting temperature. Afterwards, the <«
heater was turned on until temperature reacheds@°C, followed by running te water cooler.
Then, switched the MeOH vaporizer on and adjustestapor flow rate, followed by turning MeC
pump on and adjusted its pumping rate accordintdovapor rate. Reaction time was counted .
the vapor bubble uniformly formed and eve distributed in the reactor. Finally, samples waieen
within 20 minutes interval time, and were analymsthg GC

Fig 1(a). The photograph of biodies Fig 1(b). The schematic diagram of biodie:
apparatus set up experiment apparatus.
T1: MeOH tank, Pm: MeOH, pump, -V4:
valves, VR:vaporizer, LC: level controlleC:
temperature conther, SH; superheater, R
reactor, Cd: condenser, PC: product colle

2.4. Product analysis

The biodiesel products analysis was carried outgugigas chromathogragShimadzu 2010 mod
with a flame ionization detector (FID), using hetias a carrier gas. The GC featured a capll
column (RTX4 restex nonpolar phase; Cross (® dimethyl polysiloxane30 M, 0.32 mm ID
0.5uM). Method of analysis follows the modified EN 14",
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3. Results and discussion
3.1.Fatty Acid composition of palm frying oil material

The major fatty acid composition of PFO was talmdah Table 1 and its result was compared to
fatty acid composition of several palm oils anatyby Petchmala et dfand Katarert®.

Table 1.Comparison of Fatty Acid Compaosition
Fatty Acids Composition (% w/m)

Fatty Acids Sample (avg)  Referencé! Reference?
Miristic Acid 1.2 1.0 1.1-25
Palmitic Acid 43.9 45.6 40 - 46
Stearic Acid 3.9 3.8 3.6-4.7
Oleic Acid 41.7 33.3 39 - 45
Linoleic Acid 9.3 7.7 7-11

It can be observed that the fatty acid composibbRFO sample in this experiment is in accordance
with the results of previous studigs?®.

3.2. Catalyst characterization

Sulphated zirconia (S2rO,) catalyst that was prepared from the impregnatiohl,SO, over
Zr(OH), resulted in 48 % (w/w) yield. The FTIR analyprgor H,SO, impregnation and after 80,
impregnation followed by catalyst cacination weresented in figures 2 and 3.

"
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Fig 3. FTIR spectrum of SEZrO,
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Fig.2 indicates the spectrum of FTIR analysis dfOH#), prior to SO, impregnatiol and Fig. 3
shows the spectrum of FTIR analysisSO,-ZrO,. It was noted that there is a difference absord
profile between these two figures at the rang1000 — 1280 citwave lengths. According to Stui
4 the SQ and SO groups of sulphur compounds produce strofig ied band at wave length
1000-1400cm®. It can be concluded thH,SO, impregnation over the Zr(Ol,occurred, since
sulphates group were identified997,20; 1045,42; 1074,35; 1143,79 drdl9,87cm* wave lengths.

The specific surface area of catalyst was detemininethe BET method d found to be 53.26
m?/g. This result isepresented in fig
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Fig 5. XRD analysis of Sulphated zirconiacatalyst

3.3.The effect of methanol flow rates in bubble foromw
The effect of methandlow rate«in bubble formation are shown fsigure ¢. These figures show
the flow rate differences bubble formation. Thbubble sact as substitutes &tirring the biodiesel
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While XRD measurement showed that only one singlasp available as depicted Figure 5.
This result confirms that only Z, was detected, considering that during calcinatfmosess all th
Zr(OH), was changed into ZO
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manufacturing process which the reactic occurs at the contact interfacé the bubbles. The
methanol flow rates affetihe amour and uniformity of the formed bubbles

(a) (b) (©)
Fig 6. Bubble formation at methanol flow rate of 3,5 anehlZmin respectivel

Fig. 6 (a) showsbubble formation at 3 ml/min cMeOH flow rate. The number of bubbles
produced was slight and unevétesulting in interfaciecontact between MeO#&ic oil is not optimal
due to the lack of MeOHWapol flows into the reactocolumn. Consequently, ttreactants which
supposed to be changed irttee product becon even and less likely tbe ¢ product. Fig. 6 (b)
indicates bubble formation at 5ml/min MeOH flow rate. It is shown thahe number ofbubbl
formed aremuchmore uniforr and even. Therefordhere were more frequent coni interface
between the reactants whiofore reactants changed to the product. Fig. @&lépicts a large amou
of bubbles produced with imomogeneot and uneven form. This conidih occured aMeOH flow
rate run at 7 ml/min. &sulting ininterfacial contact between reactahtscomes excessive¢ fast and
the product formation was not at optimal statelizitig this flow ratewould berisky because of the
numerous bubblesutburst happeneand difficulty to be controlled.

It is observed that the MeOH vapor flow rate bec®mastable whe the process of fillin the
liquid methanol as fresh feed not done continuously. Filling with liquileOH is conducted
whenthe liquid level has belothe lineof fluid indicator specified in thgaporize. The formation of
bubbles in the reactor is affected by the heigtiquid MeOH in the vaporizer. If sudden refilling
liquid MeOH into the vaporizeloccuredbecause of temperature of the vaporizer has rd the
temperature stability of théleOH evaporation, the cold physicaharacteristic of the liquid
methanolwill interfere with high temperature distributi process.The MeOMith temperature below
evaporation point wouldequire more time to reach its evaporatiagemperatur causing the
methanol’s flowheading towarc the reactor tends to wane or even ndveséd orthe number of
bubbles formed).Thereforeefilling the liquidMeOH into the vaporizer mubse done continuouslyk
generatingsuch system thaffillingand evaporating the MeOH toccur simultaneous, in order to
maintainthe amount ofliquidmethanolat a stable predeterditheeshol. Additional flow meter it
required before feeding liquitheOH into the vaporizer to maintain the continss flow of liquid
MeOH

According to Kantarci et &f, the fluid dynamic characterization of bubble cotureactors has
significant effect on the operation and performarmdebubble columns. They noted that
performance of bubble columns strictly ded on the regime prevailing in the column that car
classified and maintained according to the supatfigas velocity employed in the column. 1
methanol vapor superficial velocity obtained irsthiudy was presented in Table
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Table 2. Superficial velocity of methanol vapor

Flow rate Vapor Velocity
(mI/mint) (cm/S)

3 1,370

5 2,300

7 3,219

Kantarci et al® reported that the bubbly flow regime, also called homogeneous flow regime is
obtained at low superficial gas velocities, appmedely less than 5 cm/s. This flow regime is
characterized by bubbles of relatively uniform drsaes. In addition, a uniform bubble distribution
and relatively gentle mixing is observed over thére cross-sectional area of the column. Based on
the above table, it was showed that the superfighcities of methanol vapor employed in this gtud
were in agreement with Kantarci et'alBased on the vizualisation of above figures iolet and
supported Dby literature data, the flow rate of /amm of methanol was then selected for further
studies.

3.4.The effect of catalyst to reactant mass ratio od@sel yield

Experimental study was conducted with and withat&lyst. Amount of catalyst were varied in
the range of 0.1 — 1.0 % (w/w) catalyst to reaictatio when sulphated zirconia catalyst was
employed. Experimental result is presented inTable

It was shown that average yield of product accutranaof biodesel run catalitycally is higher
than that of non catalitycally (4.41% after 100 min). Previous study conducted by Joelianingsih et
al’ at thesame temperature (250°C), non catalyticatlyealed that product yield was 1.25% and
10.96 %(w/w) after 60 and 180 min run respectiv@lyere is a significance difference if these data
are compared to this non-catalytically experimessutt. The yield obtained in previous st(dyas
total yield of product in the vapor and liquid paasTheir experiment was conducted in a four-necked
flask equipped with a condenser and a pipe for Me@plor feed, and the TLC/FID was used to
analyze content of product. In this experiment, tiedd obtained was yield in the vapor phase only.
The BCR form is different to the reactor used ia finevious study In addition, the GC was used to
analyze the product in this experiment. Some diffees mentioned above that might cause product
yield run non-catalytically in this experiment lomtban the previous study.

It can be observed also that the biodiesel prodiekd obtained run with catalyst were
significantly low compared to the previous stufiiés Petchmala et af.indicated that the specific
surface area and calcination temperature of sudghairconia catalyst play an important role in
transesterification reaction of vegetable oil. BIeT surface area of sulfated circonia employed in
this study was only 52.26 %y, with calcination temperature at 680, while Petchmala et 4.
concluded that the most active catalyst of themtlsysized sulphated zirconia catalyst has the BET
value of 234,9 fig and calcination temperature at 5@ The specific surface area of sulphated
zirconia considerably decreases as calcinationaeatyre is increased from 500 to 7AW since the
amount of active sites of catalyst was reducecdidition, the low yield obtained in this study ntigh
be due to the short contact time between oil antham®l vapor, resulting the reactions to be
incomplete. The mechanism reactions of transetatitin of PFO can be presented as follows:
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Table 3.Experiment results of biodiesel production (metidlow rate at 5 ml/min,
reactor temperature at 250°C, time 100 min)

Catalyst to reactant Product Product picture
ratio, % (w/w) yield, %
0.00 4.41 pn—

r
0.10 6.09

-"-"-T‘.

HE
0.50 7.91
1.00 5.53

TG + MeOH« DG + FAME
DG + MeOH+- MG + FAME
MG + MeOH« GL + FAME

(1)
(2)
®3)

The third reaction, in which MG with methanol tutiesFatty Acid Methyl Esters (FAME)/biodiesel
and glycerol (GL), is considered the slowest resmcimong all above reactions, because MG, as an
intermediate compound, is the most stable compeontpared to triglyceride and diglycertdeand
resulted that the amount of MG formed was excessive

It is shown from Table3 that the reaction runwat5 % (w/w) catalyst produces the highest yield

than the run using 0.1 % and 1.0%

(wiw) catal@italytic experiment run with 0.1%

(wiw)

sulphated zirconia resulted in 6.9 % of productdyievhile with 0.5 % (w/w) catalyst, yield obtained
was 7.91 %. Several literatufés’ revealed that the highest yield of biodiesel patglwas achieved
at catalyst to reactants mass ratios between @10&n%. These findings support our experimental

results.

Since method of product analysis in this experinfelidws the modified EN 14105 in which in
the list of EN 14105 parameters standard noticezhloulate the impurities of biodiesel product,isuc
as free GL, MG, DG, TG, and total GL, instead afrity of biodiesel product, so that in this study,
purity of the product did not directly analyzed owkver, it could be calculated using equation ¢1) t

(3) with several assumptions.

Utilization of 1% catalyst to reactant mass ratiathis study causes biodieselproduct to change
intosolid phase with the acquisition ofa lowyielthe low yield of product indicated that more MG
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present in the biodiesel. According to literatiftanelting and solidification points of MGs are hégh
than room temperature. This condition might be edusy the biodiesel product phase that changed
into solid at room temperature. The result studyfioms employee of 1% (w/w) catalysts to reactant
ratio is unappropriate in transesterification ofj@&ble oil for biodiesel production as revealed by
literatured ™.

Conclusion

Biodiesel production by transesterification of pdhying oil carried out in bubble column reactor
in the presence of S@rO, catalyst, unfortunately, beyond the expectatiocabee all experimental
results showed lower biodiesel yield than previstuslies. The highest yield was 7.91% run with 0.5
% (w/w) catalyst to reactant mass ratio.

Acknowledgements

The authors are grateful to: The financial suppectived from the DP2M-Directorate General of
Higher Education, Ministry of National Educationdbmesia through ‘National Strategic Research
Fund’ under contract No.; 158/SP2H/PL/DIT.LITABMAS2013, also to Eky Zahrul Umam and
Daniel Goklas Parsaoran for helping the authodoing this project

References

1. Yan S, DiMaggioC., Mohan S.KimM., Stalley S.O., &ithon Ng, K.Y., Advancements in Heterogeneous
Catalyst for Biodiesel SynthesiBpp Catal2010:53,721-736.

2. Furuta S., Matsuhashi H., and Arata K. ,BiodiesgtlFProduction with Solid Superacid Catalysis irefé
Bed Reactor under Atmospheric Pres@atal. Commur20045,721-723.

3. HelwaniZ., M.R.Othman, N.Aziz, J. Kim and W.J.N. rR@ndo., Solid Heterogeneous Catalyst for
Transesterification of Triglycerides with MethanélReview.Applied Catalyst A:GeneraR009363 1-10.

4. Saka ,S. and D. Kusdiana., Biodiesel Fuel from Rapé Oil as Prepared in Supercritical MethaRakl|,
2001:80,225-231

5. Yamazaki R, Iwamoto S, Nabetani H, Osakada K, MafavD, Sagara Y.,. Non catalytic alcoholysis o§oil
for biodiesel fuel production by semi-bach procdgs J.Food Eng2007;8,11-19.

6. Joelianingsih, H. Nabetani, S. Hagiwara, Y. Saggra.H. Soerawidjaya, A.H. Tambunanan, K. Abdullah
, Performance of a Bubble Colum Reactor for the-saialytic Methyl Esterification of Free Fatty Asict
Atmospheric Pressurd. Chem. Eng. Japa2007:40 (9),780-785.

7. Joelianingsih, H. Maeda, H. Nabetani, Y. Sagard . Soerawidjaya, A.H. Tambunanan, K. Abdullah.
Biodiesel Fuels from Palm Qil via the Non-Catalylicansesterification in a Bubble Column Reactor at
Atmospheric Pressure: a kinetic stuBgnewable Energ8008.:33 (7). pp 1629-1636.

8. Dirjen Energi baru, Terbarukan dan Konservasi Enémngonesia ministry of energy and mineral resesrc
Standar dan mutu bahan bakar nabati jenis biodi28&B ,SK No.. 723 K/10/DJE/2013

9. Chopade ,S.G., K.S. Kulkarni, A.D. Kulkarni, andSNTopare.. Solid Heterogeneous Catalyst for Primuc
of Biodiesel From Trans-esterification of Triglymes with Methanol: A Review. Acta
Chim.Pharm.Indic&012:2(1), 8-14

10.0Omota f., Dimian A.C., and Bliek A. Fatty acid E#fieation by Reactive Distillation Part2-Kinetidaaced
design for Sulphated Zirconia CatalyShem.Eng.Sci2003:58(14).3175-3185

11.Petchmala, A., Laosiripojana, N., Jongsomijit, Bot& M., Panpranot, J., Mekasuwan-dumrong, O., and
Shotipruk, A. Transesterification of Palm Oil anddfigation of Palm Fatty Acid in Near- and Supeiti€Cal
Methanol with SO4-ZrO2 Catalysts, Fuel 29):2387-2392.

12.Joelianingsih, Indra, 1., and Purwaningsih, I.Sodication Method of EN14105 for Determination fefee
Glycerol and Mono-Di-TriglyceridesContents in Biedel, International Seminar on Biorenewable
Resources Utilization for Energy and Chemicals 2Ba8dung, 10-11 October.

13.Ketaren S.Pengantar teknologi minyak dan lemak pangghed.,Jakarta,Ul-Press, 1986

14.Stuart, B.InfraredSpectroscopy : Fundamentals and Applicaidohn Wiley & Son, 2004

15.Kantarci N., Borak F., Ulgen K.O. Bubble Column Riea-Review,J. Process Biochemistr007: 40,
2263-2283.

16.Warabi, Y., Kusdiana, D., and Saka, S., ReactiuityTriglycerides and Fatty Acids of Rapeseed Oil in
Supercritical AlcoholsBioresource Technolog@@04 91, 283-287.

17.Gunstone, F.D., Harwood, J.L., and Padley, Fii Lipid Handbook?™ ed. Cambrigde , Chapman & Hall,
University Press,1994.

147



Proceeding ICCE 2013 UNPAR
SP-01
I SSN : 2339-2096

International Conference and Workshop on Chemiagirteering UNPAR 2013

The Mass Transfer Coefficient of Red Food Colorindextraction from Rosella

Ariestya Arlene A, Anastasia Prima K. Tisadona Mulyantt Cynthia Suriya”

#Jurusan Teknik Kimia, Fakultas Teknologi Indudthiversitas Katolik Parahyangan
JI. Ciumbuleuit No. 94 Bandung-40141

Abstract

Rosella is one of the plant in Indonesia that caniged as natural dyes. The red color in the ebsellirced from the anthocyanin
in the petal of the flower. The anthocyanin in tlosella consists of cyanidin-3-sambubioside, deljlri-3-glucose, and
delphinidin-3-sambubioside. Anthocyanin can be wesed safer natural coloring foodstuff to replagglsetic dyes. The purpose
of this research is to find out the mass transbeffcient (ka) of the dyes extraction. The mass transfer aoefft is the value
showed the distribution of mass transfer, occuirethe extraction processes. Isolation of thesesdgeconducted by batch
extraction method. Batch extraction is accomplishgdusing RO (Reverse Osmose) water and ethanol #%olvent with
stirring, with F/S (Feed/Solvent) ratio = 1:5, 1;10:15, and extraction temperature’@p 50C, and 76C. The higher
temperature of extraction will increase the valtig@. The extraction which uses etanol 70% as theesblvas a greater value
of kca than the extraction which use RO water as theestl F/S ratio does not influence the value .k

Keywords coefficient, coloring, extraction, food, red, Rba.

1. Introduction

A colored food is interesting. They can induce pe'spappetite. However, nowadays, people would
prefer to use synthetic food dyes rather than ahtlyes because they are cheaper. However, syntheti
food coloring which is misused by adding textiledy non-food grade food coloring. It is proved by
research that some of synthetic food coloring [agiphloxine, erythrosine, and rose bengal are hdrmf
for the human bod§{¥. The anthocyanin is one of the natural food colosivitich is safer than that of
synthetic one. However the safety depends on thitaadeof extraction and the source of the feeth
this experiment, the source of anthocyanin is fagettal commonly used as beverage and the solvents
are food grade. One of the alternative sourcesdtural coloring is rosella. This coloring can ee@ the
synthetic food coloring and minimize the misusee Plart of plant that can be used for natural cotpis
its petals. Rosella petals contain vitamin C, viteamA, amino acids, protein, calcium and anthoayani
pigments that form flavanoids which act as an aidant'?. Rosella oHisbiscus sabdariffa Lis one of
the flower species which comes from Africa. Rosegllaws from sowing dry seeds. Rosella can reach
heights up to 3-5 meters and it blooms almosthatiugh the year. Rosella have a bright color wakkd
red petals (Mukaromah, 2010yhe benefits of rosella petals reduce the viscositybloods, help
digestion, prevent inflammation of the urinary trand kidneys, filters toxins in the body, prevagti
vitamin C deficiency, blood circulation, smooth kEwmovements, decrease the levels of alcohol
absorption, retention spasms, and many more. "easkes which can be treated by rosella are higid blo
pressure (hypertension), kidney stones, cough, temge, lethargy, fever, bleeding gums, skin disgase
insect bites, sores, and aneniia Flower parts which can be used as a food colorirg the
petals. Rosella petals contain vitamin C, vitaminaAd amino acids. Eighteen of essential aminosacid
for our body contained in the Rosella petals ineladginine and lignin that play a role in the pssef
body cells renewing. Rosella petals also contaiitem, calcium and anthocyanin pigments which form
flavonoids (eg: gossypetin, hibiscetin, etc.) that as anti-oxidant. Anthocyanin in rosella petale
delphinidin-3-glucoside, sambubioside, and cyar&isambubiosidé®. Anthocyanin has the highest

* Corresponding author. Tel.: +62-22-203-2700; fa&2-22-203-2700.
E-mail addressariestya.arlene@unpar.ac.id.
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antioxidant activity among the other antioxidantelphinidin, cyanindin, pelargonidin, malvidin,
peonidin). The anthocyanin is a potential antiortd@gent aside from its role as natural coloFant

The extraction of red dye depends on certain factehich are temperature, ratio of feed to solvent,
type of solvent, the speed of stiring, and theasttr used for the extraction process. The spestrofg
and the extractor are the same for all the vanatidhe lack of information about temperature, tgpe
solvent, and ratio of feed to solvent become thekdpaund of the selected variation of this experitne

2. Material And Methods

2.1 Pretreatment of The Extraction Feed

The Rosella petals obtained from Pasar Baru (tomdit market) in Bandung, Indonesia, was dried
until the water content lower than 8%. The size veshiced using electric dry blender until the $ize
20+60 mesh.

2.2 Soxhlet Extraction

The Soxhlet extraction was done using RO waterathadnol 70%. Ten grams of dried rosella petals (-
20+60 mesh) was extracted at the boiling tempegaifieach solvent. The extract was separated fnem t
solvent using vacuum evaporator then the extrastdveed in the vacuum oven until the mass remains
constant. The extract from this Soxhlet extracti@s used in the determination of maximum wavelength

2.3 Determination of Maximum Wave Length

The extract from Soxhlet extraction was diluteceath solvent then the absorbance was measured at
different value of wavelength. The maximum wavegtbnwas at the highest value of the measured
absorbance.

2.4 Main Experiment

The determined amount of solvent was placed inbtiteh extraction equipment with stirring speed
180 rpm. The temperature was varied and contrdttad the water bath which was placed surround the
extraction equipment. The setting of the equipnwmt be seen at Figure 1. The sample of extraction
process was taken every 5 minutes and the absa@rleas measured using UV spectrophotometer. The
extraction process was carried out until absorbahogved the constant value. The variation wasyibe t
of solvent (Reverse Osmoses (RO) water and ethaRdéf ratio (1:5, 1:10, 1:15), and extraction
temperature (3, 50C, and 78C). The absorbance of the solution of extract wassuared every 5
minutes until reaching the constant value. Theevalik-a was calculated using these absorbance data.

i

| I
Note: (1) Condenser; (2) Thermostat; (3) Sampliegiak; (4) Waterbath; (5) Stirring motor; (6)
Impeller; (7) Stuffing box; (8) Batch Extractor
Fig 1. Batch Extraction Equipment
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3. Result And Discussion

The mass transfer coefficients were determinechbyfitst order kinetic model. According to Samun
[ the speed of leaching depends on the two maps stehich are, the mass transfer of the extrach fro
the inside of solid phase to the solid surfacetaednass transfer from the solid surface to theesa! If
there is no difference between the two steps, peed of extraction is determined by the both step.
However, if there is a significant difference oéttwo steps, the speed of extraction is determiayeithe
slower stepln dye extraction of rosella, the size of the sglithse is made to small pieces (-20+60 mesh)
in order to get the faster diffusion process of diye so that the diffusion coefficient can be negé.
The determining process is the mass transfer psotem the surface of the solid phase to the liquid
phase of the solvent. The velocity of mass transfahe dye from the surface of the solid phasthéo
liquid phase of the solvent follows the first eqoat

N=k(C-C 1)

The value of C is extract concentration (the re@)dy the solution and the C* is the extract
concentration in the solution in the equilibriumtiwthe extract concentration on the solid surfade
mass transfer coefficient is calculated using nradteEal method approximation with several
assumptions, these are, the size of the solid iferam and the volume of the sistem is constanthia t
whole extraction process, the density of feed dspliase) and solvent (liquid phase) are constadttte
process is isothermal. The extract mass balantteibatch extractor is:

Rn - Rut + &olute: Rota\ (2)
. dC
0-0+k.|C -C|]V=V— 3
(€ -C)v=v )
Because of the constant volume of the system,dhet®n becomes:
. dC
C-Cl=— 4
k(c-c)=" (4)
Z—f tke.C=k..C (5)

The first order differential equation is solvedngsithe integrating factor method, and then the &gua
will become:

C:e[_kcdt“e[“tlg.CH K} (6)

C=C +Ke*! (7)

At t =0, the C =0, and the equation will become:
C=C +Ke*? (8)

K=-C (9)
C=C(1-¢e*') (10)

C=C -Ce~ (11)

The next step is doing the linier regression oretipgation (11) so the equation will become:

In(C*—C):InC—l%.t (12)

Furthermore, the making of the curve is doing ottplg the data of th (C* - C) " as the ordinat
and “t” as the absis. The line equation of the linieresgion is:
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y=axtb (13)
with y:In(C*—C), x=t,a=-k.,andb=InC

The maximum wave length of anthocyanin is in thegeaof 515 — 545 nm and the maximum wave
length of red color is 500 — 550 nm. The maximunvaveength of the extract is 540 nm, this shows that
the value lies on the range of anthocyanin andcoddr wave length. The absorbance of the extraction
process increases from time to time until it reacheonstant value. Therefore, it can be conclildad
the red dye of rosella is stable at RO water ahdretl 70% at different temperatures which are dairie
the experiments.

The value of kof RO water and ethanol 70% as solvent can beisettve Table 1 and the graph can
be seen in Fig. 2. The value qf ik the ethanol 70% as solvent is bigger than R@&mas solvent. This
phenomenon shows that the solubility of the dybkeer in ethanol 70% than RO water. It can be seen
that at the RO water as solvent, at the F/S =tliebyalue of k is increasing as the temperature increases.
The higher the temperature is, the faster the rmassfer (of the dye), and the bigger the massstean
coefficient will be. The temperature increases shkibility of the solute in the solvent, so thecleiag
rate also increas&s. However, the tendency of the F:S ratios is déffierfrom that of the temperature. At
F:S = 1:10, there are almost no differences ofkthealue and at F:S = 1:15, the kalue decreases as
the temperature increases. This phenomenon alsosoit ethanol 70% as solvent. The increasecof k
value occurs at F:S = 1:5. The constanvélue is at F:S = 1:15 and the decrease-ofdtue occurs at
F:S = 1:10. Ethanol 70% gives higher value of tressntransfer coefficient at all variations. Theoaih
be concluded that the solubility of the dye is éretit the ethanol 70%.

RO Water as Solvent Ethanol 70% as Solvent
0.052
o 5=1: n ——F:5=1:5
o o R = 0.043 Te,
;"'1 0.007 E '.'. / ,,,,, B, F:$=1-10
o g o0ma T S
= -—— - - -k - F:S=1:15
0.003 0.003 ¥ _'_-‘
30 50 70 30 50 70
Temperature (°C) Temperature {°C)

(a) (b)
Fig 2. The Chart of k at All Variation

Table 1.The value of k for all variations

Temperatur F:< kc (1000/s

(°C) (gr/gr) RO wate  Ethanol 709

30 1.5 6,4 7,7
1:1C 8,1 55,5
1:1E 7 11.¢

50 1.5 7 13,€
1:1C 5,¢ 8,7
1:1E 5,2 15,€

70 1.5 7,5 36,1
1:1C 7 7,6
1.1t 4,2 12,4

152



Proceeding ICCE 2013 UNPAR

The experimental design is used to find out theniB@ance of the variation. From the table of
ANOVA (table 2) it can be concluded that all thetfas that influences the mass transfer in the dye
extraction. There are interactions of two combatifrom the factor of temperature, type of solyand
F:S, and also the three combination of them.

Table 2. ANOVA of Mass Transfer Coefficient
Fo Fo from
calculation table

Temperature (A) 122,04207 3,55
Solvent (B) 6,17947 4,41
F:S (C) 558,28152 3,55
Interaction of AB  38,57216 3,55
Interaction of AC  27,40981 2,93
Interaction of BC  8,25788 3,55

Interaction of
ABC 49,92769 2,93

Variation

Conclusion

1. The highest value of transfer mass coefficient 6f Rater and ethanol 70% is obtained at F.S =
1:10 and temperature 3D,

2. Ethanol 70% gives the higher value of mass trarwsdefficient.

Type of solvent, temperature, and F.S influencevidiiee of mass transfer coefficient.

4. There are interaction of two combination from thetbr of temperature, type of solvent, and F:S,
and also the three combination of them.

w
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Abstract

This research utilized nonporous membrane as aacmmtto absorb CQusing water and 5% diethanolamine
(DEA) solution as absorbents. Recently, membranéactors based on hydrophobic micro porous matestadsv
remarkable performance for gas-liquid contacts @aflg for CO, absorption. However, membrane mass transfer
performance drastically drops if wetting occurs thie membrane during the process. One way to prevent
membrane wetting is to apply higher gas pressurthéngas-liquid membrane contactor. Therefore, ghlii
permeable membrane material is required to mairsathto accommodate the fast chemical reactionhwtaikes
place in the liquid phase. In addition, membrandens must withstand long term contact with a crozhy
reactive solvent such as DEA. The membrane matesatl in the experiment is dense polyamide membrane
which has surface area of 0.5.rfExperimental results show that the Lbsorption flux as well as mass transfer
coefficient for 5% DEA solution increased with irasing the solvent flow rateAt the regime of loweat flow
rates Q < 6.7e-6 n¥s or 400 CC/min) in the membrane contactor, anativelly constant at solvent flow rate,
Q_> 6.7e-6 m¥s. Meanwhile, for water absorbent the £&Bsorption flux and the mass transfer coefficiightly
decreased with increasing solvent flow rate indtwetactor due to the membrane wetting.

Keywords DEA, mass transfer coeficient, membrane contapimlyamide, wetting

1. Introduction

Natural gas containing GHas the main component and is considered as anrtampo
source of a fuel. However, natural gas also costampurities such as, GOH,S and HO,
and must be removed before the natural gas carsdx as a fuel or a feedstock. 06 a
greenhouse gas that decreases the efficiencieso@ugtion, transportation and storage of
natural gas Meanwhile, 8 has a pungent odor, corrosion to piping and aggenp, and the
most important is because of its toxicity [1]. Teempurities are usually removed through
conventional absorption processes in the absorpber and packed or plate columns. The
conventional columns are subjected to flooding,oading and foaming. In addition,
conventionalprocesses are high in capital and tipgreosts [2].

An alternative technology to overcome these disathges is a membrane process, which
also offers more interfacial area than conventidgoaker or column. Hollow fiber membrane
contactor has attracted many researchers to beassadgas-liquid contacting device in the
last decade [3], as its provides a very high spesiferfacial area for gas-liquid contact [4].
The driving force for gas transfer in the membreaoetactor is a concentration gradient rather
than a pressure gradient as in conventional meralppercesses such as microfiltration, ultra
filtration and reverse osmosis [5]. Therefore, oalyery small pressure drop is required to
ensure that the gas/liquid interface remains inntleenbrane pores [6-8]. Type of Absorbent
and membrane material is very important to maximize efficiency of the absorption
process through the membrane contactor. Most oérabats with a higher COoading
capacity are usually highly corrosive. The chemattdck of the absorbents to the membrane
material may result in poor performance of the exyst{9]. Hydrophobic micro porous
membrane contactor, recently, has shown remarkadttormance for gas-liquid contacts
especially for CQ absorption. However, membrane wetting can drdlticaduce mass
transfer performance of the contactor. To preveatrhembrane wetting occurred; the feed
gas must be at higher pressure so that the mempoare always filled with gas. Therefore,
high membrane permeability is necessary to mairgathto accommodate the fast chemical
reaction which takes place in the liquid phase. fieenbrane material must also resist to the

* Corresponding author. Tel.: +6221-7863516; fa6221-7863515.
E-mail addressutrasno@che.ui.ac.id
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long term contact with a chemically reactive sotvench as DEA [10]. In this work we
utilize dense membrane of polyamide as contactabsorb C® gas using water and 5%
diethanolamine solution as absorbents.

2. Materials and Methods

Commercial spiral wound membrane C&Model RE1812-50 provided by Shenzhen Tao
Shi was used as a membrane contactor. The membasneffective contact area of 0.32. m
The amine used as solvent was diethanolamine (D&sfgent grade > 98%) and was
purchased from MERCK-Schuchardt. Meanwhile,,@as used in the experiment was
provided by Samator Indonesia with purity > 99%. é&xperimental set-up, as shown in
Figure 1, was employed to conduct mass transfethgdobdynamic experiments. The setup
mainly consists of membrane contactor, gas flonemeiquid flow meter, pH meter, water
pump, feed tanks for G@nd 5% DEA solution. To begin with, G&ed gas was sent to the
membrane contactor, whilst absorbent solution ftbenfeed tank at a given flow rate was
pumped to the membrane contactor counter-curremtly CO, gas stream. The Gas and
liquid flow rates were adjusted by the control eavin additionpH of absorbent solution as
well as its pressure drop entering and leavingtibenbrane contactor was also measured for
each experiment. In the experiment solvent flowgsatere varied in the range of 100 to 1400
CC/min, whilst gas flow rates were kept constargratind 700 CC/min.

The overall mass transfer coefficient from the expent was calculated by Eq. 1,

KL= QU/Am) In (€ Co)/(C* - Cy)) (1)

WhereK_, Q. andA,, are overall mass transfer coefficient, liquid floate and membrane
area, whilstC*, Cy andC; are CQ concentrations in the equilibrium, absorbent irdad
outlet to and from the contactor, respectively. Mekile, CQ flux from the membrane
contactorJ, was calculated by Eq. 2,

J= (Q/Am)AC (2

WhereJ andAC are CQ absorption flux and CQconcentration difference at outlet and inlet
of the membrane contactor, respectively.

Ml waba: Arariuil b
1 1
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I Flow mieles ‘ .
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Fig 1. Schematic diagram of experimental set-up.
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3. Results and Discussions

The effect of solvent flow rates on the absorpfi@nformance of membrane contacto
shown in Fig. 2 and Fig. 3. (; absorption flux for 5% DEA solution increased bgrgasing
the solvent flow rate, as shown in Fig. 2, duehi decrease of boundary layer thicknes
increasing solvent flow rate, which reduced sohaattiration in thliquid side and enhanct
CO; flux [11]. A similar trend was also occurred for the ovenadiss transfer coefficients
shown in Fig. 3. It can also be seen that the émfbe of the 5% DEA solution flow rates
the CQ absorption may present slightly different dependingthe DEA solution flow rate
At the regime of low liquid flow ratesQ.< 6.7e-6 n¥s or 400 CC/min), the C, absorption
flux and mass transfer coefficients increased Wihincrease of thequid flow rate. This ca
be attributed to the depletion of active amineshia solution was significant at low liqu
flow rate. The increase of liquid flow rate coulccelerate the active amines and reduce
depletion effectively. Therefore, the (, absorption flux and mass transfer coeffici
increased with the increase of the liquid flow rai¢ the regime of high liquid flow rate
(Q.> 6.7e-6 r¥s), the concentration of active amine in the kigphase could be maintain &
constant value. As asult, the Ct, absorption rate was not affected significantly bg
change of the liquid flow rat[9]. In contrast, the COabsorption flux as well as the over
mass transfer coefficiemis slightly decreased with the increase of ligiloev rate for wate
absorbentespecially at higher solvent flow rar as shown in Fig. 2 and Fig. 3. It is like
that the membrane was partially wetted during, absorption process, leading
performance deterioration in the membrane conta[9, 12].In the wettig membrane, th
mass transfer reseistance by the liquid in the Ionane pores to the overall mass tran
become more significant. As a result, the influentenembrane wetting at a higher liqt
flow rate was more readily obtainable than thataateldively lower liquid flow rate
Therefore, the prevention of membrane wetting wasy important in keeping the hig
performance of C@absorption in the membrane contactor

The CQ concentration at the absorbent outlet membraneactort as a functiorof
absorbent flow rate is shown in Fig. 4. Absorptisrprovided by chemical reaction in t
presence of DEA solution as absorbent. As expe€é&, concentration decreased with
increase of absorbent flow rate in the membraneactor. In addition, % DEA solution,
which has higher reaction rates with ,, gave higher C@concentration than wateA
similar phenomenon was also demonstrated by Kiah. ef13]. They used monoethanolami
(MEA) 12wt% to absorb Ct, gas through polytetrafluoroethylene [FE) membrane
contactor,and also found theCO, concentration decreased with the increase of absat
flow rate in the membrane contac
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0 0.000005 0.00001 0.000015 0.000C2 0.000025 0.00003

Q. (m?/s)
Fig 2. Effect of absorbent flow ratQ,, on the C@absorption fluxJ.
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Fig 3. Effect of absorbent flow ratQ,, on the C@mass transfer coefficierk,.
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Fig 4. Effect of absorbent flow ratQ,, on the CQ@concentration on the absorbent outlet
membrane contactot;

4. Conclusions

Experiments have been conducted to evalthe performance of nonporous membr
contactor to absorb GQuising 5% DEA solution and water as absorbents. réhelts shov
that CQ absorption flux as well as mass transfer coefficien5% DEA solution increase
with the increase of the absorbentw rate. Meanwhile, for water as absorbent,,
absorption flux as well as mass transfer coefficgightly decreased with the increase of
absorbent flow rate. The (, concentration at the absorbent outlet membraneactort as
expected, decreasedtiwthe increase of absorbent flow r
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