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PREFACE
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Assalamu’alaikum Wr.Wb.

First, let us express our gratitude to Allah SWT for His blessings so that the International
Conference on Bioscience & Biotechnology (ICBB) 2011 can successfully be held on 11-12
October 2011 in Yogyakarta, Indonesia.

The event was organized by Department of Biology, State Islamic University Sunan Kalijaga
which supported by Indonesian Society for Biodiversity and Universiti Kebangsaan
Malaysia.

More than 140 well-known experts, researchers, lecturers, and students have been invited and
attend this conference. The high enthusiasm to this conference was in line with one of the
ICBB objectives, i.e. to provide an international forum for students, researchers, academics
and practicioners to share the most recent research, theory and practice. We further hope that
the network built through this conference can be a good foundation for future collaboration
research among ICBB 2011 participants.

Ladies and Gentlemen, A large proportion of the world’s biodiversity is found in tropical
countries, with comprises of more than 70% of world biodiversity. Among them, many have
been recognized as the important sources for food, medicine, timbers, and as material
supporting for everyday life. The chemical and biological diversity have interrelationship and
interdependence as a whole system. Each species, each dimension of the planet, makes its
unique contribution to the good of the whole. Our survival is intimately connected to the
survival of the other species of the planet.

Finally, I would like to extend my sincere thanks and appreciation to the invited speakers,
reviewers, editors, sponsors, people in the Department of Biology, Faculty of Science &
Technology, State Islamic University Sunan Kalijaga as organizers, who have dedicated their
time and efforts to this conference.

See you in next ICBB conference!

Wassalamu’alaikum Wr. Wb.

Conference Chair

M. Ja’far Luthfi, Ph.D
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Synergy Research: Approaching a New Generation of
Phytopharmaceuticals

Prof. H. Wagner
Center of Pharma Research, Department of Pharmacy, University of Munich, Germany

e-mail: H.Wagner@cup.uni-muenchen.de

The successful use of herbal drug combinations in Traditional Medicine e.g. in European
phytotherapy, traditional Chinese medicine or medicines of Ayurveda makes it necessary to
find a rational for the pharmacological and therapeutic superiority of many of them in
comparison to single constituents.

Which mechanisms my underlying this therapeutic superiority? A first approach towards
rationalizing this synergy effect was made by Berenbaum [1]. He developed the isobol
method as pharmacological tool to differentiate between real synergistic and additional
effects of a mixture of two plant constituents or two plant extracts. Among the possible
mechanisms underlying these synergy effects, the multitarget effect seems to be the most
important and interesting one. Since recently molecular biological support for this hypothesis
can be obtained from the new genomic microchip array method.

Meanwhile pharmacological evidence for synergy effects has been documented of
monoextracts such as Ginkgo biloba [2], Hypericum perforatum [3], Cannabis sativa along
with many other herbal extracts and also their combinations [4]. Recently in many
publications very effective synergy effects were reported when antibiotics are combined with
natural products or plant extracts (essential oils, polyphenols, terpenoids) to combat the
worldwide increasing bacterial multiresistance (MBR) [5]. Here polyphenols e.g.
Epigallocatechingallate of green tea or the curcuminoids of Curcuma spec. have found
great attention at present as pure compounds or enriched in standardized extracts alone or in
combinations with chemotherapeutics.

These polyphenols as monomers or oligomers are able to induce apoptosis, arrest the cell
cycle of tumor cells, inhibit insulin — like growth factors, detoxify some enzymes and delay
as antioxidants the appearance of several markers of aging and oxidative stress — to offer only
a few examples. In combination with anticancer drugs they can inhibit ABC-cassette
transporter proteins in tumor cells and thereby enhance the efficacy of anticancer drugs.
Meanwhile several clinical trials do exist, which show that standardized mono or multiherbal
drugs possess therapeutic equivalence with chemotherapeutics at less or lacking side effects.

In summarizing the results available so far, we can conclude that progress in synergy research
will not only provide a new legitimation for phytotherapy, but also enhance the possibility to
use new phytodrugs alone or in combination with chemotherapeutics for the treatment of
diseases which have been treated previously through chemotherapy only.
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Natural Products: Chemical and Biological Potential of
the Rain Forest

Geoffrey A. Cordell
Department of Pharmaceutics, College of Pharmacy, University of Florida,
Gainesville, FL 326010,
and
Natural Products Inc.
Evanston, Illinois 60203 USA

Abstract — “Why didn’t they develop natural product drugs in a sustainable manner at the
beginning of this century?” In 2035, when the Earth has a population of at least 10.0 billion,
will this be our legacy as the world contemplates the costs and availability of synthetic and
gene-based products for primary health care? Acknowledging the recent history of the
relationship between humankind and the Earth, it is essential that we consider the health care
issues that we are leaving our descendants.

There is a vast health care “gap” in the world, particularly in the area of access to
quality drugs, and a vast gap in the development of drugs for major global diseases. For most
people in the world, plants, in their various forms, remain a primary source of health care. In
the developed countries, natural products derived from plants assume a very minor role as
prescription and over-the-counter products, even with the widespread use of
phytotherapeutical preparations. Pharmaceutical companies have retrenched significantly on
the disease areas of focus. These research areas do not include the prevalent diseases of the
middle- and lower-income countries. Natural product extracts from plants are also not a part
of large scale, ultrahigh-throughput screening programs in pharmaceutical industry.

What then is the vision for natural product research to maintain the choices of drug
discovery and pharmaceutical development for future generations? In this presentation we
will examine some facets of how natural products must be involved globally, in a sustainable
manner, for improving health care. We will discuss access to the biome, the acquisition,
analysis and dissemination of plant knowledge, natural product structure diversification,
biotechnology development, strategies for natural product drug discovery, and aspects of
multitarget therapy and synergy research. Options for the future are presented which may be
significant as countries decide how to approach their own disease burden and the needs of
their population for improved access to medicinal agents.

Keywords:  natural products; sustainable drug discovery; biotechnology; structure
diversification; rain forest resources; strategic implications
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ABSTRACT

This presentation aims to highlight the research trends on vertebrate (or wildlife) ecology,
biodiversity and conservation in Peninsular Malaysia. Wildlife management and conservation
issues in Peninsular Malaysia have changed tremendously in the last 100 years primarily due
to changes in land use. Rapid land conversion to plantations, housing areas and other
activities since the beginning of 1960’s has sacrificed large track of forest areas in Peninsular
Malaysia. At present, rapid loss of forest habitat in the past has threatened the survival of
many wildlife species (such as rhino) that are sensitive to changing environment (habitat size
and quality). As these species have reduced chances to propagate and survive in the wild,
they could be at the brink of extinction. Some species (such as monkeys) can easily adapt to
the changing environment, propagating and inhabiting the urban setting. Other species may
not increase their populations (such as elephant and tapir) but they are displaced outside their
normal habitats. Both groups can cause conflicts to human which could result in economic
loss and sometime loss of life. Similarly, the vertebrate or wildlife studies have also changed
from solely to document the number of wildlife species (diversity), population and
distribution in the early 1900’s to recently more to answer important questions such as how to
control conflict wildlife and how to save the endangered species. In recent years, wildlife
studies in Peninsular Malaysia are focusing more on ecology of both wildlife and habitat,
and biology especially reproduction although documentation of available species are
continuously being done to monitor the species that are still available especially within the
Protected Areas. Several strategies have been implemented to control the conflict wildlife
species while several captive breeding programs have been developed to save endangered
species. Finally, more organized and concerted research efforts are needed for preservation
and conservation of vertebrate species in Peninsular Malaysia.
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ABSTRACT

Population explosion in some countries gave significant impacts on socio-economy and
health in family and the society. Family planning has been promoted to overcome such
conditions. The development of antifertility or contraceptive agents from medicinal plants
which are safe and effective with minimum side effects is important but remains a big
challenge in research. The importance of drugs of plant origin in the pursuit of fertility
regulating agents for the male from natural products has long been recognized.
Pharmacological data from previous reports showed that some compounds in plants are
capable of interfering the production of androgen hormones, affected spermatogenesis
process, abortifacients as well as the spermicidal activity. This review includes studies on
several plants such Centella asiatica L., Andrographis paniculata and Carica papaya seeds
as potential candidate for development of male contraceptive agent. The type of extract,
doses, animal model and pharmacological activity of these materials have been reviewed to
add impetus to further research and collaboration to resolve the problem of population
explosion. Besides screening of potential contraceptive plants, various strategies are being
employed to identify the molecules relevant to contraception. Studies to elucidate the
mechanism of expression of several novel proteins having a role in sperm production,
maturation and fertilization are underway.
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The most common human oral disease is the oral infection dental caries. Dental caries
mostly caused by Streptococcus mutans that produces extracellular glucosyltransferases
(GTFs) that synthesized glucan from sucrose. These glucan is important in determining the
permeability properties and adhesiveness of dental plaque. In order to prevent synthesis of
glucan formation, inhibitor substances is needed to block the activity of enzyme
glucosyltransferase. Nowdays the enzyme inhibitors are used to prevent dental plaque
formation are not optimally effective, so the new emerge natural substances is need to
develop. In this research, we have conducted in- silico study to analysis of Oleic acid,
Palmitic acid, linoleic acid and linolenic acid from coconut oil, which has a role as GTFs
inhibitor of dental caries. The docking result identified that oleic acid have greater affinity
and ability to inhibit of GTFs, this affinity oleic acid complexs is 7.262 puM and energy
minimized is -5.6863 Kcal/mol . They have residues contact of OH binding to GTFs are 2
formed hydrogen binding in catalytic site lys228 with score 28.7 % and H distance 2.61 A°,
gly315 with score 35.8 % and H distance 2.77 A°. The docking result showed that oleic acid
has better binding energy and affinity than other bioactive compounds.

Keywords: Glucosyltransferase(GTF), Fatty acid, Caries, Docking simulation
Introduction

Dental caries is the medical term for tooth decay or cavities. It is caused by specific
types of bacteria. They produce acid that destroys the tooth's enamel and the layer under it,
the dentin. Streptococcus mutans has been strongly implicated as a causative organisms of
dental caries. The ability of this bacteria to bind to high-molecular-mass glucans synthesized
from sucrose is recognized as an important determinant in the formation of dental plaque and
tooth decay (Hamada & Slade, 1980)% This organism synthesizes water-insoluble glucan
from sucrose with its cell-free and cell-bound glucosyltransferases (GTFs) (Montville, et al.
1978). De novo synthesis of glucan is essential for the adherence of S. Mutans to tooth
surface (Hamada & Slade, 1980)°. Many chemical and enzymatic procedures for eliminating
S. Mutans from tooth surfaces have been explored. However, there are few reports concerning
substances that inhibit GTFs activity. Thus, the protein that enable bacteria to bind glucans
have attracted interest as potential targets for inhibition of the caries process. Using GTF
inhibitors is considered to be a useful means of preventing glucan formation without
disturbing the balanced of helpful oral bacteria. In the present study, we developed an agent
that can be used either as food or a medicine for safely treating decaying teeth by docking
simulation of several fatty acids In silico.

In silico is used in the screening process of bioactive compounds or molecular simulation as a
drug (Kitchen, et al. 2004). Analysis was based on Gibbs energy values, inhibition constants
(Gohlke, et al. 2000), conformation of the structure, affinity, and hydrogen bonding of
enzyme and ligands (Datta, 2002).

ICBB2011 Proceeding | Vol. 1 No. 1 October 2011 A-1



Analysis Interaction of Glucosyltransferase...Alfred P. ISSN: 2088-9771

Materials and Methods

Materials of this research such as: Protein structures may be downloaded from the site
with specific keywords or a PDB alphanumeric filename. The ligands of fatty acid performed
using ACD Lab software. MOE software: The docking experiments were performed using
the docking software MOE 2008.

Enzyme used in this study is GTFs. GTFs sequences were obtained from complete
sequences from Streptococcus mutans bacteria. Complete sequences were downloaded from
NCBI (http://www.ncbi.nlm.nih.gov/genomes/flu/). Multiple sequence alignment method
was based on the ClustalW-program (www.ebi.ac.uk/Tools/clustalw2/index.html website).
Homology modeling was performed using the Swiss model which can be accessed through
http://swissmodel.expasy.org/SWISS-MODEL.html. A three-dimensional structure was
obtained that has the highest similarity with GTFs sequences from PDB (Protein Data Base)
with code number 1YRO.

Ligand docking process performed on the fatty acid (linoleic acid, oleic acid, palmitic
acid, linolenic acid, oleic methyl, and palmitic methyl) against the receptor. Docking process
is performed only on all the amino acids of the receptor. In the process of docking receptors
are rigid conditions while the ligand will be conditioned on the state of a flexible so that it
can freely move and rotate. The parameters set in the docking process involve setting the
scoring function using dG London. Scoring function to measure the biological activity by
binding and interactions that occur between the ligand with the target protein (Nylander,
2007).

Molecular docking. For getting the ligands-receptor binding energy procedures of molecular
docking were followed. The detailing of the procedure is as follows.

Preparing the ligand and macromolecule files for MOE we prepared the files as follows:

(a) The Macromolecule file: The downloaded PDB files were first read in MOE, added waters
removed and polar hydrogens were added. And Geometry optimization and minimization
receptor Geometry optimization and energy minimization of three-dimensional receptor
structures performed using MOE software running on a single computer Intel Pentium Dual
Core. The algorithm used is the alpha sphere with a maximum RMS gradient convergence
0.01 kcal / mol A and molecular mechanics force field parameters AMBER2

(b) The Ligand file: In a similar procedure, the ligand files were read in MOL, all hydrogens
added, charges added and non-polar hydrogens merged and saved with .mol extension.
Geometry optimization and energy minimization of three-dimensional structure fatty acid
using ACD Lab software running on a single computer Intel Pentium Dual Core. The
algorithm used is the alpha sphere with a maximum RMS gradient convergence 0.01 kcal /
mol A and molecular mechanics force field parameters MMFFx

(c) Preparing the docking parameter file: The docking parameter file, which instructs MOE
about the ligand to move. The process begins with preparation docking files are done using a
docking program contained in the MOE software. All the molecules fatty acid (to then called
ligands) and the enzyme, hydrogen is added to both polar and charge while the hydrogen
nonpolarnya MMFX in merge. File ligand and the enzyme is stored in the format Mole for
later use in the preparation parameters. Docking calculation algorithm is run with the
parameter Alpha sphere with population size 150, as many as 10 million energy evaluations
and repetitions (search runs) as much as 100 times. This parameter is saved in Mdb format as
a file that will be used to run the docking process.
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Results

The docking results of the fatty acid ligands result 3 best ligands. Screening based on AG and
Lipinski’s Rule of Five were employed from 3 ligands were resulted 1 of best ligand (Table
1).

Table 1. Docking results of GTFs and ligands

Ligands AG pKi (uM) MR H bonds Log P
(kcal/mol)

Linolenic acid -3.4550 6.731 279.44 1 4.550
Linoleic acid  -4.2375 5.902 294.48 1 5.973
Oleic acid -5.6863 7.262 281.460 2 4.774
Oleic metyl -5.0030 5.447 296.495 - 6.197
Palmitic acid ~ -3.3276 6.155 255.422 2 4.218
Palmitic -3.7645 4.808 270.457 - 5.641
methyl

The three of best ligands have minimized AG and have high of pKi value.
The figure of three best ligandcomplexwith GTFs was shown at Figure 1 and Figure 2.
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a. GTFs-Oleic acid b. GTFs-Linoleic acid
Figure 1.Complexs 3D of GTFs with Ligands
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Figure 2. Complexs 2D of GTFs with Ligands
One of the best ligands were selected based on the number of hydrogen bond as the

interaction to the catalytic site of GTFs (Table 2). High score and distance of hydrogen bond
shown at Table 2
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Tabel 2. Score and distance complex GTFs-Ligands of Hydrogen bond

Ligand Hydrogen Bond Score (%) Distance (A)

Linolenic acid Lys279-0 55.2 2.51

Linoleic acid Lys351-O 32.9 2.53

Oleic acid Lys228-0 28.7 2.61
Gly315-0 35.8 2.77

Oleic methyl - - -

Palmitic acid Lys229-O 14.8 2.42
Arg349-0 30.9 2.49

Palmitic methyl - - -

Discussion

The docking result of oleic acid has pKi 7.262 pM, this value indicate that the oleic
acid has stronger affinity and interaction to form complex compounds with
glucosyltransferases (GTFs) compare to another fatty acids. The value of pKi of oleic acid
ligand is effective and interact strongly with GTFs (table 1). This means that the larger the
value of the pKi, the smaller the Ki of the ligand. So the value of pKi can be used to
determine the level of effectiveness in forming the complex enzyme with ligand.
Hydrophobic molecules show better log P (table 1). The ligand oleic acid (4.774), palmitic
acid (4.218), and linoleic acid (5.973). Lipinski’s rule of five mention that the poor absorption
or permeation are more likely when the log P is over 5. Hydrophobic nature is shown green
color, hydrogen binding is shown by cyan color and mid polar is shown by blue color (figure
1).

Hydrogen bonding of 3 best docking fatty acid was identified by MOE 2008.10
software on Lig X interaction program. The result of identification of hydrogen bonds
between amino acid residues with GTFs ligand can be seen in table 2. Oleic acid has two H-
bonds, linoleic acid has one H-bond while palmitic acid has two H-bonds. Hydrogen bonding
contribute to the affinity of the ligand in forming the complex with GTF enzyme, which is
due to electrostatic interaction between hydrogen atom of oxygen or hydrogen atom of ligand
with a residues vice versa. Oleic acid ligand bind to catalytic site into the site of Lys228 and
Gly315 which formed hydrogen bond with the active site of two bonds with score Lys (28.7
%) and H distance 2.61 (A), Gly (35.8 %) and H distance 2.77 (A). Linoleic acid bind to
catalytic site into the site of Lys 351 with the active site of one bond with score (32.9 %) and
H distance 2.53 (A). Palmitic acid bind to catalytic site into the site of Lys 229 and Arg 349 at
the active site of the two bonds with Lys (14.8 %) and Arg (30.9 %) and the H distance is
2.42 (A) and 2.49 (A).

Conclusion from this study we found the best ligand for docking glucosyltransferase
is oleic acid and further study can be performed experiment in laboratory by using natural
substances to inhibit glucan forming and prevent dental caries.
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Abstract

The objective of this study was to evaluate the physical, chemical, and sensory qualities of
green coffeebeans (Coffea arabica L.) during storage in nanopackaging packaging. A novel
nanocomposite-based packaging (NCP) was prepared by blending polyethylene (PE) with
nano-Ag,chitosan nanoparticle and montmorillonite. The effects of NCP on the quality
parameters of water content tretaed coffee beans were investigated during the 21 d of
storage at 25 °C. The results showed that adding nanoparticles to the PE significantly
decreased the oxygen, water vapor permeability and longitudinal strength . The weight loss,
water content , color variation and proximate content of coffee bean were significantly
inhibited by 22.67%, 124.84%, 23.46% and 14.42% The results of this analysis
demonstrated that this NCP can potentially increase the effectiveness of methods used to
preserve and maintain quality in coffe beans during postharvest storage.

key word : NCP, coffe bean, water content

1. Introduction

Coffee is one of the most widely consumed beverages in the world because it contains a wide
range of aroma compounds, which is a very important factor in food quality [1].Coffee beans
are obtained from the plants Coffea arabica and Coffea canephora (mainly variety robusta).
The former is more valuable because its beans produce a better tasting beverage, which is
therefore more expensive than the robusta coffee [2] .

Coffee is an agricultural product with a quality-based price. The value of coffee
increases significantly with improvements in quality, which are necessary to obtain new
markets. During roasting,the taste and aroma of coffee develop from ingredients originall
present in raw beans. Taste and aroma are the principal factors affecting beverage quality
Storage is one of the stages following production that strongly influences the
commercialization of coffee beans. Storage is therefore considered one of the most important
factors for maintaining final product quality, meeting between-harvest demand, and securing
the best market price for the producer.

Traditionally, green coffee beans have been stored in jute sacks.Jute is most
frequently used because it is readily adaptable to smallscale commerce and because it is
easily sampled for lot inspections. Elevated operational costs that result from the need for

manual handling represent one disadvantage of storage in jute sacks..Another disadvantage is
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rapid deterioration in quality when the beans are stored in warehouses without ambient air
control. Containers called “big bags” represent another form of storage used in Brazilian
warehouses. The ease of mechanized handling, along with operational economies of scale,
represent the principal advantages offered by this method of storage. However, big bags, like
jute sacks, have the disadvantage of being permeable to water vapor and to gases present in
ambient air, affecting the color and the organoleptic properties of the beans[3], and Nobre et
al. [4] have stated that storage in hermetically sealed systems that permit atmospheric
modification or control represents a viable alternative for preserving coffee bean quality.
Certain additional costs are acceptable for the preservation of quality in select coffees of
higher value.

Recently, the application of the nanocomposite concept has been proven to be a
promising option in order to improve above mentioned properties conveniently [5] It is worth
emphasizing many diverse characteristics existed in nanocomposites including composite
reinforcement, barrier properties, flame resistance, electro-optical properties, cosmetic
applications and bactericidal properties.

Relatively little research has been conducted to the food packaging involving in
nanotechnology, such as material development of biodegradable starch/clay [6] whey protein
isolate/ clay[7] polylactides/nanoclay composite films [8] and their application in Chinese
jujube [9] green asparagus [10], orange juice [11] and Chinese bayberries [12]. Microbial
growth rate inorange juice were significantly reduced as a result of using packaging material
containing Ag and ZnO nanoparticles, which prolonged the shelf life of fresh orange juice up
to 28 days without any negative effects on sensorial parameters [11]. Our previous study also
showed that the nano-packing had quite beneficial effect on sensory, physicochemical, and
physiological quality of fresh strawberry than polyethylene bags [13] .To the best of our
knowledge, there are no published reports on the effect of nanocomposite-based packaging
on preservation of kiwifruit. Therefore, the objective of the present work was to develop a
preferable nanocomposite-based packaging to preserve coffee bean and to investigate the
effect of NCP on maturity of coffe bean induced by watwr vapour during cold storage. To
well understand the effect of this novel nanocomposite-based packaging material, the
morphological characterization, physical properties and antibacterial effect of the
nanocomposite were conducted as well.

Better understanding of storage factors and the advent of new forms of packaging
permit extension of coffee storage times. These developments are of immense importance for

preserving product quality. Preservation of product quality over longer periods of storage

ICBB2011 Proceeding | Vol. 1 No. 1 October 2011 A-7



Effect of Nanocomposite-based Packaging on Postharvest...Erdawati, et al. ISSN: 2088-9771

secures a longer sales period for growers and guarantees better prices. To achieve these goals,
the present study proposes and evaluates a new storage system that preserves the physical,
chemical, and sensory qualities of stored green coffee beans on a commercial scale using
nanopackaging.To reduce these effects of microbiological, chemical and physical events, it is
possible to act on food processing or, more usually, on packaging. However, toughness and
other properties such as thermal stability, medium gas barrier, low solvent resistance (e.g.,
against water) and antibacterial properties of pure polymer are often insufficient for food

packing applications [14]

2. Materials and methods

material The low-density polyethylene (PE) was used as matrix material (Translucency, Melt
flow index 2.2 g/10 min, density 0.92 kg/m3, softening point 95 °C, A. The nanopowders (35
wt.% of nano-silver, 40 wt.% of nanoparticle chitosan and 25 wt.% of Na* montmorillonite)
in the range of 40-80 nm were obtained from a analytical chemistry laboratory, state
universiti of Jakarta.

2.1. Preparation and characterization of nanocomposite based packaging

Firstly a PE-nanocomposite masterbatch containing 30 wt.% of the nano-powder, 56 wt.% of
PE granule and 14 wt.% of cross-link reagent KH-570 were immingled in uniformity through
a high-speed mixer for 1 h. After air cooling, they were extruded to PE nanocomposite
masterbatch using a twin-screw extruder with a screw diameter of 22 mm, a screw
length/diameter ratio of 42 and a screw speed of 600 rpm.

In the second extrusion step, 0.15 kg of masterbatch and 3.85 kg of PE granule were
immingled for 30 min. Subsequently the compounds were blown into a film of 50 pm
thickness via a plastic extruder After cooling, films of 50 um thickness were used to make
bags of 20x22 cm2 using a heat sealer (Polyethylene bags of the same thickness and size
without nanocomposite masterbatch nano-powder served as controls.

2.2 Surface area analysis

The specific surface area and average pore size of the nanopackaging film were determined
by nitrogen adsorption at 77 K (Quantachrome Autosorb 1).The nanopackaging film were
outgassed at 300 °C for 12 h and 150 °C for 8 h, respectively. The BET method was used for
the corresponding calculation.

2.3. Physical properties analysis of NCP

Measurements of the water vapor permeability (WVP), oxygen permeability (OP) and

longitudinal strength were carried out by thesheet-cup method, differential-pressure method
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and mechanical determination respectively according to National Standard of Indonesia(SNI .
The test film was sealed to a permeation cell with a 50% relative humidity gradient across the
film at 23 °C. Five measurements were performed for each sample.

2.4. Plant material

The experiment was conducted in a warehouse of the Coffe Society PT in Sukmajaya Bogor,
Eas Java, Indonesia. The coffee used in the experiment was obtained from a lot taken from
the 2008 (Coffea arabica L.) crop and passed through 17 and 18 screens. The beverage made
from this lot had a minimum score of 80 points, classifying it as good-quality coffeeon the
Specialty Coffee Association of America (SCAA) scale. Coffee was bagged in 1 kg quantities
in nanopackaging pastic sack and LDPE plastic.

2.5. Treatment

The coffee samples were randomly collected using a grain sampler in the nanopackaging
For all package, 500 g of coffee beans were collected at 3-months intervals at 0, 1, 2, 3 and 4
months of storage. The samples were analyzed to determine water content, color, and
content of sugars. Sensory analysis was also performed at these sampling times. The analyses
were performed at the Laboratory of Agricultural Products, Department of Food and
Technology, Institute of Agiculture Bogor. All analyses were made using bean samples
passed through 17 and 18 screens to guarantee uniformity during roasting.

2. 6. water content

Water content was determined by oven-heating at 105°C for 16 h. Bean color was determined
on a Minolta model CR300 colorimeter by direct reading of the coordinates (L), (a), (b) and
according to the method described by Nobre (2005).

2.7. Color measurement

Color was measured using a digital imaging method that used a combination of a digital
camera (Panasonic, Japan), a computer, and a graphics software. A Petri dish containing 25
ml of coffe bean was placed into the lighting system that consisted of two CIE source D65
lamps 45.0 cm long, mounted on the two sides of a frame installed on either side of the Petri
dish, 30.5 cm above and at an angle of 45° to the coffee bean sample plane. Images of the
bottom surface of the coffe bean were taken and saved using the digital camera that was
placed 30.5 cm above the sample with its lens facing down wards towards the orange juice.
The color was analyzed using the Photoshop software. By turning on the grid feature in
Photoshop, a grid was superimposed on the sample. As the computer pointer was placed at a

grid point along the x or y axis, L, a, and b values corresponding to the pixels of that grid
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point were obtained from the Info Palette. The total color difference
(AE=[(AL)2+(Aa)2+(Ab)2)]1/2) was determined in duplicate using CIE L, a, and b values .

2.8. total sugars and reducing sugars
Tissue (50 g) from twenty coffe bean was immediately homogenized using a blender

(HR2864, Philip) for the determination of total soluble sugar and reducing sugars. Twenty-
five gram aliquots of the homogenates were transferred to a beaker and 150 ml of
distilledwater were added. The mixture was heated in a water bath of80 _C for 0.5 h and then
filtered into a 250 ml volumetric flask. The contents were made up to 250 ml with distilled
water after the addition of about 3 ml of 1 M zinc acetate and 0.25 M potassium ferrocyanide
mixture. Aliquots of 10 ml were titrated to measure the contents of total soluble sugars and
redureducing sugars by the Fehling’s method, using glucose as reference.

2.9. Sensory evaluation

A sensorial test was run to determine packed fruit star whole quality as determined by its appearance.
A panel of seven judges assessed the sensory characteristics of the investigated fresh-cut produce
during the entire observation period, according to the procedure reported in the literature. Freshcut
produce was used as control (score=5). The products were presented on coded plastic dishes. The
intensity of the evaluated general appearance was indicated on a scale from 1 to 5, where 1-2=very
poor, 3-4=fair, and 5=excellent. The sensory evaluation was used to determine the shelf life of packed
produce. Scores below 3 for any of the attributes assessedwere considered as an indication of food
product unacceptability. During the test sessions, the sample presentation order was randomized.
3.Result and discussion

3.1 Surface area analysis

Fig. 1 shows the nitrogen adsorption—desorption isotherms measured on nanopackaging and
PE samples. The specific BETsurface areas of PE packaging and nanopackaging were 49
m2/g and 24 m2/g, respectively. The lower surface area of nanopackaging was attributed to
the compact packing of the chitosan molecules in the interlayer space, resulting in pore
blocking that inhibited the passage of nitrogen molecules. The average pore diameter of
nanopackaging was 15.6 nm compared to 14.8 nm of PE..

3.2. Physical properties analysis of nanopackaging

Mechanical strength is generally required to maintain the structural integrity and barrier
properties of films. Therefore, to provide more understanding on the physical and mechanical
characteristics of this prepared film, WVP, OP and longitudinal strength were performed as a
function of nanoparticles. As shown in Table 1, the WVP and OP of the pure PE films were
2768.35 cm®m™? 24 h™ (0.1 MPa)™ and 6.85 gm-? (24 h)™ ; as for nanocomposite films, the
values decreased by 1802.13 and 4.98 respectively.
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Table 1 Physical properties of nano packaging and normal packaging films.

Films Oxygen permeability | Water vapor Longitudinal
cm®m?24h* (0.1 | permeability strength
MPa)™ gm? (24 h)* (MPa)

nanopackaging | 6.85 2768.35 29.68

PE packaging | 4.98 1802.13 31.96

Longitudinal strength of NCP film was 31.69% higher than the normal film. Recently the
application of the nanocomposite concept had been proven to be a promising option in order
to improve mechanical and barrier properties [6]. It could be inferred that the nanoparticles
could affect the WVP, OP and longitudinal strength of films by the exfoliated
montmorillonite which could vyield significant mechanical property advantages as a
modification of polymeric systems.Generally, this layered filled polymer composites
exhibited extraordinary enhancement of mechanical and physicochemical properties at a low
level of filler concentration in comparison to pure polymer.

3.3 water content

Coffee beans in jute sacks showed an elevated water content until the sixth month of storage.
The value of water content increased, on average, between 9.80% and 11.40%. The water
content remained in equilibrium with the temperature and the humidity, relative to the
ambient air. The water content in the impermeable packaging remained stable at
approximately 10% throughout the storage period (Fig. 2).According to Harris and Miller
(2008) the water content required for secure storage is between 10% and 11%. These authors
have verified that coffee beans stored in GrainPro effectively maintained a stablewater
content level for four months. The results of the present study demonstrate that a stable water
content level can be maintained in hermetic big bags or GrainPro for 12 months. An elevation
of water content in processed beans in jute sacks can compromise quality. According to
Vilela et al. (2000), the increase in water content in the green coffee during storage produces

undesirable changes in the physical-chemical composition of the beans.
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Fig. 2. Average values of water content for storage of green coffee. Experimental
treatments: nanopackaging and Pepacaking film

3.4 Colour

Colour parameters for crude beans are presented in Table 2. Table 2 shows the changes in
total color differences (AE=[(AL)2+(Aa)2+(Ab)2)]1/2) for nanpackaging compared with
pure LDPE. Statistical results show significant differences (p<0.05) in AE after 7 days of
storage, indicating that storage time is an important factor influencing color value and AE It
can be observed all the nanopackages tested had a significant difference in their AE values
after 28 days compared with pure LDPE. It is clear that AE values are lower for
nanopackages.

Table 2 Effect of packaging on total color differences (AE) during 21 days storage at 25 °C.

No | Storage time AE
(day) nanopackaging | LDPE packaging
1 |0 0 0
2 |7 5.62 4.62
3 14 6.14 5.12
4 |21 7.93 6.88

3.4. Total soluble sugars and reducing sugars

The sugar content was related to flavour quality for a variety of fruits and it determines the
optimum time for harvesting. As shown in Fig. 3a, the total soluble sugars of Coffe bean
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with different packings continued to increase throughout the 21-day storage at room
temperature. Nano-packing could significantly inhibitthe increase of total soluble sugar
content compared with the control. On day 21, the total soluble sugars of the nano-
packinggroup reached 28.4%, which was significantly lower than the controlof 30.0% (P <
0.05).Compared with the total soluble sugar content, similar trends inthe reducing sugars
content were observed during room temperaturestorage (Fig. 3b). The reducing sugars
content of the nanopacking group was lower than that of the control, suggesting that the
coffe bean with nano-packing synthesized reducing sugars at alower rate than did the control.
These results indicated that theapplication of nano-packing might be able to slow the
metabolismto give prolonged storage life to the fruit.

3.7 Sensory

Fig. 5 shows the change of sensory attributes of star fruit packed in different packages. The
high similarity observed in color attribute scores of the packages after 28 days of cold storage
(p<0.05) indicates that the change in the color of the samples is still invisible.

These results correlated well with the values of browning index. Odor attribute is
greatly influenced by microbial growth and may lead to fermentation in orange juice during
storageAfter 15 days of storage, a significant difference is observed between the odor of star
fruit packed in the test packages and that in pure package except for the onecontaining 1%
nanoZnO. Changes in the taste of packed star fruit during 15 days of storage show the
positive effect of nanoantimicrobial packaging. It is obvious that there is a significant
difference between nano-packaging and HDPE.The sensory panelists recognized as the best

packaging material in terms of overall acceptability. It is noteworthy that changing orange

juice flavor during storage is not only due to

4.5
thegrowth of microorganisms but also to heating, 4

storage time, and the common chemical 3? i

interactions that occur in stored juices Souzaetal. | 2.5 B HDPE

[14] reported that lower storage temperatures of 1; W nanopacking
unpasteurized orange juice gave rise to a higher 14

sensory acceptance than the higher temperatures 0’2

for 72 h. Leizerson and Shimoni[13] reported odor color tast

that the sensorial shelf life of orange juice is equal to half its microbial and 2/3 its chemical
shelf life.
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Conclusion

In this study, a novel nano-packing material with higher barrier and mechanical properties
was successfully synthesized and then applied to the preservation of star fruit during room
temperature storage. The results showed that the nano-packing material had quite beneficial
effects on physicochemical and physiological quality compared with normal packing
material. Furthermore, these nano-packing materials have the advantages of simple
processing and industrial feasibility in contrast with other storages, some of which are time-
consuming, costly and alter colour and flavour.

Therefore, the nano-packing may provide an attractive alternative to improve the preservation
qualities of star fruit during extended storage. Moreover, further research will be needed to
explore the exact nano-packing mechanism during storage to facilitate the application of

nano-technology over a broader range in the future.
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Air kawa is a traditional beverage from coffee leaves in West Sumatera. Processed by
dried and boiled the leaves. One method of processing to improved beverage flavor by
performing enzymatic oxidation coffee leaves. Coffee leaves were processed by modification
method to get Air Kawa beverage by oxidation enzymatic. The process includes the series of
withering, milling / rolling, enzymatic oxidation, drying and brewing. In the process, coffee
leaves were divided to two types, leaves in the top and first leaves from the top (p+1) and the
second and third of leaves from the top (2+3). The dryer were divided to three types are
cabinet dryer, roaster, and cabinet smoker. And brewed was performed with varied the drink
to three concentrations, 0.5%, 1.0% and 1.5% (w/v). This study also determined the effect of
type of leaves, type of dryer, and variation of concentrations to consumer acceptance. And
also to evaluate tannin content in astringent taste and brown color, caffeine content in bitter
taste, and pH in flavor of Air Kawa beverage that most favored by consumer. Air kawa most
favored by consumers with high intensity of flavor, brown color and freshness and with low
intensity of bitter and astringent taste. Leaves p + 1 are a leaves that can be accepted by
consumers in the manufacture Air kawa. Roaster is a most acceptable to consumers.
Concentration 0.5% (w/v) is acceptable consumers. Intensity the astringent taste and brown
color is not only influenced by the tannin content. Intensity the bitter taste is not only
influenced by caffeine content. Intensity of flavor is not only influenced by pH. PH ranged
from 5.08 — 5.47. Caffeine content ranged from 94.50 — 139.22 ppm, tannins content of Air
Kawa ranged from 106.80 — 385.73 ppm.

(Key words: Air Kawa, Coffee Leaves, Enzymatic Oxidation)

1. Introduction

Air Kawa is a beverage of coffee leaves. The drink is most popular in West
Sumatera, Indonesia, as a traditional beverage. Made by drying the leaves over an open flame
up to twelve hour and then boiled for two hours. According to the anonymous (2011), the
color of Air Kawa is more similar to tea, but still has a coffee flavor with slightly astringent —
bitter taste.

Bioactive compounds in water and ethanol extract of coffee leaves form of phenolics
and tannins group. Whereas in the chloroform extract form of phenol and alkaloid group
especially caffeine. Coffee leaves contain of alkaloids, saponins, flavonoids and polyphenols.
Phenolic chlorogenic, caffeic acid, caffeine alkaloid, and some derivates are present in coffee
leaves (magalhaes, et al, 2008). While the caffeine content in the C. canephora is 1417.32
ppm. Caffeine is synthesized in young coffee leaves which remain sequestered in the vacuole,
but not entirely biosynthesis occurs in leaves (Aerts & Baumann, 1994; Fujimori & Ashihara,
1994; Ashihara, 2006). Only caffeine, theobromine, and xanthine, present in detected
amounts when the leaves and top extract were analyzed by HPLC. Shoots and young coffee
leaves contain the highest concentrations of caffeine with about as much as one-third were
detected. According to Johnson and Peterson (1974), caffeine in a pure state has the form of
white powder and hexagonal prism-shaped crystal. Caffeine is a compound with no smell,
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taste bitter, and have toxic properties (Sievets and Desrosier, 1979). Presence of tannin in the
diet can determine its taste. Astringent taste of the food is usually caused by tannins.

One method of processing to improved beverage flavor by performing enzymatic
oxidation coffee leaves. According to Spiller (1988), oxidation process kept under a
temperature 30 °C. At a temperature 15 — 20°C, both to improve flavor.

The purposes of this study are to get Air Kawa processed through enzymatic
oxidation, determined the effect of type of leaves, type of dryer, and variation of
concentrations to consumer acceptance. And also to evaluate tannin content in astringent taste
and brown color, caffeine content in bitter taste, and pH in flavor of Air Kawa beverage that
most favored by consumer.

2. Material and Methods

a. Materials

Coffee leaves were divided into two types. Type p+1, leaves with on tops and first
leaves from tops position. And the other type 2+3, leaves with on second and third position
from tops. Coffee leaves picked from coffee plantation in the Pentingsari village,
Cangkringan, Sleman. Preliminary research conducted to obtain the optimal process of
withering and oxidation enzymatic for Air Kawa processing. Coffee leaves through a series
of process. The series are withering, rolling, oxidation enzymatic processing, drying, and
brewing.

b. Experimental Design

Selected three factor for this experiment are type of leaves (p+1 and 2+3), type of
drier (cabinet drier, roaster, and cabinet smoker), and steeping concentration of Air Kawa
(0.5%, 1.0% and 1.5% w/v).

Table 1. Variation of Air Kawa processing method

Steeping concentration
of Air Kawa

0.5 % (w/v)

Cabinet drier 1.0 % (w/v)
1.5 % (w/v)

0.5 % (w/v)

Type P+1 Roaster 1.0 % (w/v)
1.5 % (w/v)

0.5 % (w/v)

Smoker 1.0 % (w/v)

1.5 % (w/v)

0.5 % (w/v)

Cabinet drier 1.0 % (w/v)
1.5 % (w/v)

Type 2+3 0.5 % (w/v)
Roaster 1.0 % (w/v)
1.5 % (w/Wv)

0.5 % (w/v)

Smoker 1.0 % (w/v)

1.5 % (w/v)

Type of leaves Type of drier

Products were analyzed by sensory analysis, tannin, caffeine, pH analysis. Analysis of
tannin use Rangana (1986) method and analysis of caffeine use AOAC.Official Method
962.13 — 1999, Caffeine in Non Alcoholic Beverages.
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c. Withering
The temperature was at 29°C, RH 76 %. The process was done during 20 h on one
layer of leaves spread.

d. Rolling

Out of withering, the leaves will be rolled and use manual rolling machine (with
screw grinder). Leaves rolled into the grinder. The rotation of milling is 40 rpm. Rolling
performed at room temperature (28 — 30°C).

e. Enzymatic oxidation
The condition of enzymatic oxidation process was at 23.5°C, RH >85% during 30
min.

f. Drying

Drying performed until the condition of water content reaches 2.5 — 3.5 %. Leaves
were not over burn, not occure case hardening and dried whole indicate completing drying.

Drying use cabinet drier performed at temperature 70 — 100°C. Roaster run at 90 —
150 °C, rotate in 20 rpm. The smoker run at 100°C. Smoke generated from wood.

g. Brewing

Use boiled water (100°C) during 15 min to brewing dried leaves to make Air Kawa

3. Result and Discussion
a. Preference Level of Air Kawa Beverage in Differents Variations of
Concentrations
Table 2. The most preferred concentration
of Air Kawa by panelists

Treatment Steeping Table 2. shows that in concentration 0.5 %
concentration (w/v), sample from leaves p+1 have been the most
of Air Kawa %  preferred Air Kawa. As for the leaves 2+3

(W/v) required higher concentration to be the most
Leaves P+1, cabinet 0.5 preferred concentration (1.0 % w/v), except on the
drier sample leaves 2+3,roaster. In 0.5 % (w/v), sample
Leaves P+1, roaster 05 leaves 2+3, roaster has been the most preferred
Leaves P+1, smoker 0.5 Air Kawa.
Leaves 2+3, cabinet 1.0 ) .
drier b.  The Sensories Parameter Value on Variety
Leaves 2+3, roaster 0.5 of Treatments.
Leaves 2+3, smoker 1.0

Oxidized polyphenol compounds may
influence the sensory properties. Different leaves position may affect the different intensity of
sensory properties. In his research, Rodrigues, et al (2008) states that the amount of phenols
in young leaves of fruit crops is 174.0 mg / g and that no production plant is 186.5 mg / g,
greater than the amount found in mature leaves of the observations made by Oliveira &
Romeiro (1991) in Rodrigues, et al (2008), who also found a greater concentration of phenols
in young leaves.
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Tabel 3. The preferance Level and Intensity Value of Air Kawa on Variety of Treatments

Preference Level Intensity Value
Treatment Bitter Brown
Flavor Bitter Astringen  Freshness Brown Flavor*  taste*  Astringen  Freshness*  color*
* taste* t taste* * color* * * t taste** * *
Leaves p+1,
cabinet drier 3.1 2.35% 2.75° 2.85° 2.0° 3.2° 3.35® 3.0 2.2" 2.05"
Leaves p+1,
roaster 3.45° 2.65% 2.8 2.95° 2.9° 335"  2.85% 2.65° 2.3" 2.1
Leaves p+1,
smoker 3.4 e 2.8° 3.0° 1.85° 3.0° 3.05® 2.65° 2.2 1.4°
Leaves 2+3,
cabinet drier 3.0" 2.0° 2.7° 2.75° B35 3.3° 3.85° 3.05% 2.0° 32
Leaves 2+3,
roaster 3.45° 2.6% 2.95° 3.05° 1.9° 3.5° 2.6° 2.8% 2.65" 1.45°
Leaves 2+3,
smoker 2.6° 2.15® 2.4 2.75° 3.25° 2.95° 35" 35" 1.85° 2.55"

Note: The superscript sign with the same letters are not on the same column indicate values significantly
different (o = 5%)

Symbol “*” : samples were tested with hedonic test

Symbol “**” : samples were tested with scoring test

Preference level : 1. Dislike 2. Less like 3. Like 4. Very like 5. Very very like

Intensity Value

Flavor 1. Not tasty, 2. Less tasty, 3. Tasty, 4. Very tasty, 5. Very very tasty

Bitter taste : 1. Not bitter, 2. Less bitter, 3. Bitter, 4, Very bitter, 5. Very very bitter

Astringent taste : 1. Not astringent, 2. Less astringent, 3. Astringent, 4. Very astringent, 5. Very very astringent
Freshness : 1. Not fresh, 2. Less fresh, 3. Fresh, 4. Very fresh, 5. Very very fresh

Brown color : 1. Very weak brown, 2. Weak brown, 3. Brown, 4. Strong brown, 5. Very strong brown

The higest intensity of flavor is the highest preference level of Air Kawa. The highest
intensity of bitter taste is not the highest preference level of Air Kawa. The highest intensity
of astringent taste is not the highest preference level of Air Kawa. The highest freshness
intensity is the highest preference level of Air Kawa. The highest intensity of brown color is
the highest preference level of Air Kawa.

c. Tannin, Caffein, pH Analysis
Table 4. Tannin content of intensity value of brown color and astringent taste, caffeine
content of Intensity value of bitter taste and pH value of intensity value of flavor

Intensity Value of ~ Intensity _ )
Treatment Tannin  Value of  Caffeine  Intensity pH
Brown Astringent content bitter content  Value of Value
color  taste (ppm) taste (ppm) Flavor
Leaves p+1, cabinet drier ~ 2.05° 3.0° 385.73  3.35"  112.44 3.2° 543
Leaves p+1, roaster 2.1° 2.65° 30814  2.85"  139.22 3.35% 542
Leaves p+1, smoker 1.42 2.65% 140.52 3.05%® 94.50 3.0° 5.18
Leaves 2+3, cabinet drier 3.2° 3.05% 383.81 3.85° 131.83 3.3 5.47
Leaves 2+3, roaster 1.45° 2.8%° 106.80 2.6° 103.08 3.5° 5.33
Leaves 2+3, smoker 2.55° 3.5° 263.60 3.5° 13597 2.95  5.08

Note: The superscript sign with the same letters are not on the same column indicate values significantly
different (a = 5%)
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Shown in table 4. tannin content can not be attributed to the intensity of brown color
and astringent taste of Air Kawa. Tannin content in Air Kawa ranged from 106.80 — 385.73
ppm. The lowest concentration of tannin varied to create astringent taste, depending on the
solvent. In the water, tannins with concentration of 20 mg per 100 ml had aroused astringent
taste. Burdock (2010) states that the threshold to feel the tannin is unknown.

One of the brown color-forming compound is tannin. However, the color brown can
also be formed from the treatment process, such as the Maillard reaction. Maillard reaction is
a reaction that occurs between the amino group of a free amino acid, peptide or protein chain
residues, the carbonyl group of a carbohydrate when both are heated or stored for a long time.
There are 3 lines melanoidin brown color formation in the Maillard reaction. First, through
Amadori compounds are converted to 1,2- eneaminol and 2,3-enediol. Second, aldol
condensation, which is an alternative path. Third, Strecker degradation is not directly form
the pigment but provides a reducing compound essential for the formation of brown color
(Eskin 1990).

The brown color is affected by the loss of chlorophyll in the leaves. The main reaction
is the replacement of Mg?* atom in chlorophyll by hydrogen under acidic conditions to form
a peofitin. Next piropeofitin a and b as a result of degradation peofitin a and b can cause a
brown color (Eskin 1990). Kim et al. (2003), examined changes in chlorophyll content of the
flour dough containing spinach powder (Spinacea oleracea) are fried in soybean oil at a
temperature of 160° for 1 minute and stored in glass bottles. After incubated at 60°° in the
dark for 12 days, there was a decrease of chlorophyll, while the content increased and then
decreased peofitin. Besides peofitinitation, chlorophyllase endogenous enzymes capable
transforming of chlorophyll to chlorophylide with the loss phytol group. The combination of
work chlorophyllase and acid cause the loss of Mg 2 + and phytol group, thus forming
peoforbida. It should be noted that all changes in chlorophyll reactions can take place by heat
(Eskin 1990 in Francis 1996).

Burdock (2010) states that the trheshold for detection caffeine in water is 0.0095% (or
95 ppm) , in the liquid diet 0.0184% (or 184 ppm). In one study, the panelists could
distinguish the solution with caffeine content 0.0058% (or 58 ppm) of control. Threshold to
distinguish the caffeine solution with the control was 0005% and to differentiate bitterness is
0011%.

Bitter taste is not only influenced by caffeine compounds. These compounds
contribute to forming a bitter taste, which is benzaldehid, hydrogen cyanide, triasetin, 2 -
tridicenal, trietil citrate, thiamin hydrochloride (Burdock, 2010), picroretine.

Thus, caffeine content could not be attributed to the intensity of bitter taste in the Air
Kawa. Caffeine content in the Air Kawa ranged from 94.50 - 139.22 ppm.

PH in the Air Kawa ranged from 5.08 — 5.47. Acid compounds can create the flavor
of the foods. Acids in Air Kawa processing formed during withering. In withering, the
protein will break down into volatile amino acids and enhance flavor.

4. Acknowladge

Product favored by consumers have a high intensity of brown color, freshness and
flavor and also low intensity of bitter and astringent taste. With the lower concentration of
0.5% (w/v), Leaves p+1 and roaster already accepted by consumers.

Intensity the astringent taste and brown color is not only influenced by the tannin
content. Intensity the bitter taste is not only influenced by caffeine content. Intensity of flavor
is not only influenced by pH. PH ranged from 5.08 — 5.47. Caffeine content ranged from
94.50 — 139.22 ppm, tannins content of Air Kawa ranged from 106.80 — 385.73 ppm.
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Utilization of Ligninolityc Enzyme in Biobleaching of Pulp from Empty
Fruit Bunches of Oil Palm

Happy Widiastuti, Suharyanto, Siswanto
Indonesian Biotechnology Research Institute for Estate Crops
JI Taman Kencana No 1 Bogor 16151

Abstract

A study was conducted to assess the possibility of using white rot fungi in bleaching
of pulp from empty fruit bunches of oil palm (EFBOP) in laboratory scale. Bleaching of
EFBOP-pulp was done by inoculating Omphalina sp. and Pleurotus ostreatus or their
ligninolityc enzyme and incubated for 20 days.

The results showed that the opacity of the paper obtained from EFBOP qualify as
newspaper. However the physical properties of paper sheets such as tensile index, water
absorption, formation, and the degree of white is not yet qualify as a newspaper based on
ISO standards. The use of enzyme (100%) for EFBOP bleaching process produces sheets of
paper that was not fullfil standard of newsprint. It seem likely that a combination between
chemical and biological processes still to be considered for the manufacturing of paper from
EFBOP.

Key words: biobleaching, pulp-EFBOP, paper of newspaper

Introduction

At this time most of the pulp produced using chemicals such as alkali to liberate the
cellulose fibers from other components (hemicellulose and lignin) and bleaching such as
chlorine to reduce the color because of the remaining lignin. Scarcity of raw materials,
chemicals and high energy prices and environmental concerns are increasingly pushing the
research to produce high-quality paper that behavior is marketed using biotechnology. In
addition to saving energy use, use of enzymes can improve the mechanical properties of
paper. The results showed that in the process biopulping for two weeks can reduce electric
energy more than 30% and improve the quality of the paper on the safe side for the
environment. So it can dikataan use of enzymes in pulp and paper industry is an efficient
technology and environmentally friendly.

JPP some species produce enzymes that break down lignin. Lignin is a compound found
in the middle lamela combined with cellulose and hemicellulose in the wall of the second
layer. With the degradation of lignin, the cellulose which is a carbon compound that is
needed in the manufacture of paper can increase its concentration. Nevertheless there are
problems using JPP as a producer of enzymes ligninolitik ie one organism can produce a

mixture of enzymes and vary widely between organsime with one another. However,
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theoretically it is possible to use enzymes from the JPP as a biocatalyst in the two processes
of pulping and bleaching in paper industry.

Empty fruit bunches of oil palm is the biggest waste generated in oil palm cultivation.
Several alternatives have been offered in the utilization of this waste even so the diversity of
utilization of this waste will provide stability in oil palm cultivation as a whole. However,
paper pulp can be produced from a variety of plant material that has a material or wood fiber.
Research the manufacture of paper pulp has been done Goenadi TKKS et al., 1994; Yufnal et
al., 1997. Although such research has been done using low-level white mushrooms pelapuk
and delignification processes performed by different stages. The experiments were conducted
to test the use of enzymes in crude lignolitik biopulping and biobleaching TKKS. As the

control is the treatment of pulping and bleaching using chemicals ..

Materials and Methods

TKKS derived from palm oil mills Kertajaya PTPN VII. Sp Omphalina pure culture,
and P. ostreatus is a collection BPBPI. At this early stage do Omphalina sp rejuvenation pure
culture, for the manufacture of inoculum is then performed. Preparation of inoculum carried
out by growing cultures in Petri dishes JPP. As many as a quarter petri inoculum (7 g) was
then inoculated into 250 ml of PDB that has added some 0.5% yeast extract were incubated in
the dark to enhance the growth of JPP (Palmieri et al., 1997). Manufacture of pulp from
TKKS done by sterilizing TKKS, which has diserpih beforehand using an autoclave (1.2 atm,
1 hour). Two types of pulp made is derived from TKKS who has dibiopulping with
Omphalina sp (Bp) and which are not in biopulping (control). In this phase some 6 kg of wet
TKKS (Ka 70%) inoculated and not inoculated Omphalina sp. TKKS pulping is done by
menginokulasi Omphalina sp of 2.5 | culture and incubated for 20 days.

Next TKKS processed for the manufacture of pulp. In the not inoculated Omphalina
TKKS sp (control) pulping is carried out by standard procedures using 14% NaOH while
Omphalina sp inoculated using 10% NaOH. Some stages are performed in the manufacture of
pulp is cooking, washing, drying and milling as well.

The next activity is to test the effectiveness of the enzyme lignolitik JPP on TKKS
pulp bleaching process. In this activity carried out in advance the provision of enzymes
ligninolitik P. ostreatus grown on medium TKKS. To provide an appropriate amount of
enzyme to the bleaching process is done first with the creation of inoculum of P.
menginokulasi ostreatus sp 2. on a Petri dish. Next inoculum contained in Petri in

inokulasikan on sorghum. Inoculum that grow well, then inoculated into sterile TKKS which
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has been put in a plastic bag (bag log) capacity of 100 g dry TKKS that has been enriched
with 150 um coper sulfate and 0.075% vitamin B number to optimize production of enzymes
and enzyme activity ligninolitik (Palmieri, 1997). Inoculum are given a number of 250 ml per
bag log. Harvesting is done after 20 days incubation. Extraction of enzymes performed using
phosphate buffer in accordance with optimum conditions. The enzyme obtained selanjutya
applied to the pulp. Prior to the application of enzymes in pulp enzyme activity analysis.
Furthermore, an enzyme produced from TKKS add as many as 900 ml in 360 grams of pulp
into dry sterile TKKS. Incubation is carried out in a plastic bag. Moreover, it also tested the
ability of culture and P. sp Omphalina ostreatus in the pulp bleaching process TKKS directly.
Bleaching performed using enzymes and cultures for 4 weeks. Both the pulp is treated with
enzymes or directly inoculated made sheets of paper and paper quality analysis is then
performed.

At a later stage also tested the ability of the enzyme ligninolitik pulping (100%) which
is extracted from TKKS. At this stage the enzyme preparation is done by preparing inoculum
of P. ostreatus first. In the next phase is already available inoculum was inoculated in sterile
TKKS already diserpih and cut. After incubated for 2 weeks then performed ligninolitik
enzyme extraction. Ligninolitik enzyme obtained is used for pulping TKKS who was ready.
Two ways a TKKS as pulp material is carried out by (L1) or without giving lipase (LO). After

incubation for 2 weeks then made a sheet of paper.

Results and Discussion

In this study JPP biobleaching done either by directly or indirectly through an
enzyme that is produced by JPP ligninolitik grown in TKKS. The results showed that the
opacity of paper sheets obtained from the use of enzymes and cultures biobleaching qualify
as newsprint. Based on 1SO 14.0091.1998 opacity newsprint is above 90%. Treatment with
cultured P. ostreatus produces the highest opacity (Table 1). Tensile properties of the index
increased compared with controls. Treatment achieved the highest increase in the use of
culture Omphalina sp. Nevertheless tensile index is still not qualify as newsprint (SNI 22.45 -
50nm / g). Absorption is very high on the use of enzymes but with the use of culture water
absorption lower than in controls. Achieved the lowest water absorption on the use of culture

Omphalina sp.
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Table 1. Properties of paper sheets from the treatment without biopulping TKKS but with

biobleaching.
Parameter Units Control Bb (EJTT) Bb (K Al) Bb (K JTT)
Opacity % 99,0 99,3 99,3 99,4
Indeks tarik Nm/g 4,13 6,17 7,2 11,9
Daya serap air g/m2 105,7 193,2 77,9 84,5
Formasi NUI 58,4 43,6 16,9 13
Derajat putih 25,31 26,85 25,54 25,18

ote: Bb (E JTT): biobleaching using enzymes from P. ostreatus
Bb (K Al): biobleaching using culture Omphalina sp
Bb (K JTT): biobleaching using cultures of P. ostreatus

Nevertheless water absorption is still not eligible SNI (less than 20 g/m2). Other
characteristics of the formation (uniformity of sheets of paper) not yet qualify as a sheet of
newsprint. Similarly, the characteristics of degrees of white are not yet qualified as newsprint
(SNI 55%). Nevertheless the enzyme treatment gives the highest degree of white compared
with other treatments.

Properties of paper sheets on treatment with biopulping TKKS and biobleaching
presented in Table 2. In the table shown that the opacity of the sheet of paper from TKKS
qualify as newsprint. Tensile index increased by administering biobleching enzyme as
compared with controls. Nevertheless this character is not yet qualify as a newspaper based
on SNI. Absorption is still too high compared to the ISO standard. Similarly, character
formation. Slightly increased the degree of white characters on enzyme treatment compared

with controls.

Table 2. Properties of paper sheets on treatment with Biopulping TKKS

Parameter Units Bp Bp + Bb (EJTT) |Bp + Bb (KA1D)|Bp + Bb (KJTT)
Opacity % 99,5 99,4 99,2 99,0
Indeks tarik Nm/g 8, 06 8,35 6,42 7,33
Daya Serap Air g/m2 71,1 85,6 144,2 80,2
Formation NUI 17,4 15 20,5 18,9
Derajat putih 23,54 23,86 22,25 22,68
Note:

Bp: biopulping use

Bb (E JTT): biobleaching using enzymes from P. ostreatus
Bb (K Al): biobleaching using culture Omphalina sp

Bb (K JTT): biobleaching using cultures of P. ostreatus
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Enzymes that play a role in bleaching is MNP while working on a compound
substrate lac nonfenolik. In addition to MNP also play a role in bleaching can lower kappa
number. MNP works in depolimerisasi lignin by oxidizing Mnll be Mnlll form simple
phenolic compounds. The results showed that the addition of 0.2 mN MnSO4 enough to
process biobleaching using MNP. MNP is an essential enzyme for biobleaching hard wood
by P. chrysosporium. The ability of the enzyme from P. MNP ostreatus seems still needs to
be improved so that more optimum in the bleaching process. Nevertheless the enzyme laccase
can also be used for pulp bleaching process which is made from sulfite process. In this study
the pulping process is not through sulfitasi but through the provision of soda. The difference
this process which may lead to less effective laccase enzyme activity. In addition, the results
showed that biopulping Phanerochaeta chrysosporium is at 390C while Cerisporium
subvermispora Lip 27-320C. In this study the possibility needs to be re-defined the optimum
temperature for enzyme activity in addition to other conditions such as pH and moisture so
that the enzyme activity in a more optimum biobleaching process.

Experiments to do biopupling using enzymes alone (100% biopulping) produces

sheets of paper that still needs to be upgraded (Figure 1). treatment combinations

Figure 1. Sheet of paper and biobleaching biopulping TKKS through (semi-chemical, 30%).
Control, and biobleacing enzyme biopulping P. ostreatus, P. biopulping and
culture biobleaching ostreatus, and P. biopulping and culture biobleaching
ostreatus. (from left to right)

Figure 2. Sheets of paper from TKKS biopulping results using the enzyme 100%. Control (left), without lipase
(middle), and with lipase (right).
chemistry and biology seem to produce sheets of paper from TKKS better.
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Conclusions and Suggestions

Improved physical properties of paper sheets can be done with the treatment TKKS
biobleaching and accompanied biopulping biobleaching. Characteristics of the sheet of paper
only and biopulping accompanied biobleaching biobleaching using enzymes and cultures JPP
produce sheets of paper that meets the requirements particular to the nature of opacity.
Optimization of temperature, humidity, and pH should be determined to obtain the optimum
pulping and bleaching. Combination of chemical and biological treatment seems to be

considered to produce a sheet of paper from TKKS with better quality.
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Abstract

Three varieties of Kappaphycus alvarezii, which were widely cultivated in Semporna , Sabah
include Aring-Aring, Crocodile Skin, and Green Flower was dried through freezed drying
process and then analyzed to determine its proximate chemical composition, vitamin C,
mineral element, and also fatty acid profile. The seaweeds found were high in dietary fiber
(81.80 — 84.60%) and ash (6.36 — 8.97%) and low in lipid content (0.40 — 0.54%) on dry
weight (DW) basis. Protein content in these seaweeds are range from 4.67 — 4.73% DW.
Vitamin C content in these seaweeds is significantly high (21.10 — 32.57 mg/100g). The
PUFA content in Aring-Aring was 8.02%, Crocodile Skin 8.45% and Green Flower 12.12%.
This study was conducted to give a basic nutritional data for these three varieties of
Kappaphycus alvarezii as guidance for further investigation especially for heat sensitive
components such as antioxidant.

Keywords: Nutritional profile, red seaweed, proximate values, freeze-dried

1. Introduction

The chemical composition of seaweed around the world had been well documented, but still
there is no report available on the nutritional composition of the different variety in
Kappaphycus alvarezii especially processed gone through freeze dry method. It started to
gain its popularity around Asia region and now it had spread over to other countries like
South Africa and Pacific Island (Bindu et al., 2010). Looking at the increasing demand on
seaweed product such as food (Phang & Wee, 1991), and industrial product (Phang, 1998), it
show the importance of the study on the three variety of Kappaphycus alvarezii which
includes Aring-Aring, Crocodile Skin, and Green Flower. The information obtained is
important in providing data on searching for nutritious and healthy food product from the sea
especially seaweed based on the potential nutrient content in it.

2. Material and methods

2.1  Collection of samples

The three seaweeds were collected from the coastal areas of Semporna, Sabah. All three
seaweed was harvested at 50 days and it was washed thoroughly with distilled water to
remove the holdfasts and epiphytes. It was then placed into a freezer (-20°C) immediately
after collection and freeze dried. For most of the analysis, dried sample were used except for
analysis of fatty acid composition where fresh samples were used. The dried and grounded
samples were stored in a plastic container and covered with aluminum foils. Inert nitrogen
gas was passed into containers and samples were stored at -20°C until further analysis.
Analyses were carried out in triplicate.

2.2 Analytical Methods

2.2.1 Proximate/ biochemical analysis

Moisture content (oven method; AOAC 934.01), ash content (oven method; AOAC 942.05),
crude protein (Kjedhal method; AOAC 976.05), crude lipid (Soxhlet extraction with diethyl
ether; AOAC 920.39) and soluble and insoluble dietary fibers (enzymatic-gravimetric method;
AOAC 991.19, 991.42) were determined (AOAC, 2000). The vitamin C of the seaweeds was
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determined using spectrophotometer method (AOAC 967.22). Triplicate determinations
were performed for each nutrient analysis.

2.2.2 Gas Chromatography separation of fatty acid

Fatty acids present in seaweeds were determined by using a Fison 8000 gas chromatograph
(30m X 0.32mm X 0.25mm Supelco-Wax capillary column) and a Fison EL-980 flame
ionization detector of their methyl esters (FAMES). The carrier gas used was helium. It was
then being identified by analyzing the retention times compared to the methyl fatty acid
standard (Merck, Germany) (Sanchez-Machado et al., 2004).

2.2.3 Mineral elements

Mineral element that was present in the seaweeds was determined by atomic absorption
spectrophotometer (Perkin Elmer, model 3310). The element includes Magnesium, Sodium,
Potassium, Calcium, Zinc, Iron, and Copper. Sample was digested by wet ashing and dissolve
in 1M HNO3; (AOAC, 2000). Triplicate result was taken and the concentration of the
elements was determined by comparing to the calibration curve of the standard elements.

2.2.4 Statistical procedure

Mean and standard deviation (SD) will be calculated and determined for every nutrient
analyzed along the study. It was expressed as means = SD (n=3) with significant differences
at p<0.05. It was analyze by one way analysis of variance (ANOVA) using SPSS system
version 19.0 for Windows.

3.0  Result and discussion

3.1  Proximate and biochemical composition

All the nutrient content of the seaweed was based on dry weight. From the result, the protein
content of Aring-Aring was the lowest (4.06%) followed by Green Flower (4.50%) and
Crocodile Skin (5.26%). The protein level was within range of brown seaweed and red
seaweed (3 - 47% DW) (Darcy-Vrillon, 1993; Matanjun et al., 2009). The variation of the
protein content in these seaweeds might due to genetic characteristic (Yeang, 2009) and the
geographical differences in environment (Fleurence, 1999; Haroon et al., 2000)

While for fat content, the content is relatively low compare to other studies such as
Eucheuma cotonii (1.1%) (Matanjun et al., 2009) and Gracillaria changgi (3.3%) (Norziah
and Ching, 2002). The content for Aring-Aring, Crocodile Skin and Green flower were
0.47%, 0.51% and 0.44%. The differences between the seaweeds studied might due to
mineral content in the environment where element such silicon, nitrogen and phosphorus play
roles in determine the total content of fat in seaweeds. The low level content of fat in
seaweeds makes them a good food ingredient and additive in food, health and beauty
products.
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Table 1. Proximate composition and vitamin C content of Aring-Aring, Crocodile Skin
and Green Flower (% dry weight of samples)

Nutrient (%) K.alvarezii var. K.alvarezii var. K.alvarezii var.
Aring-Aring Crocodile Skin Green Flower
Moisture content 4.74+0.08 4.67+0.03% 4.73+0.06
Ash 6.36.+0.30° 7.30+0.52° 8.97+0.59"
Protein 4.06+0.06" 5.26+0.06° 4.50+0.06"
Crude fat 0.48+0.02° 0.54+0.02° 0.40+0.02°
Total dietary fiber (TDF) 84.60+1.14" 82.28+0.53° 81.80+0.72°
Soluble dietary fiber 71.29+1.03" 69.26+0.36 71.27+0.43°%
Insoluble dietary fiber (IDF) 13.31+0.15" 13.02+0.24° 10.54+0.39°

Values are expressed as mean * standard deviation, n=3

Values in the same row with different superscript letters are significantly different (p<0.05)
The total dietary fiber in the Green Flower was the lowest (81.80%) followed by Crocodile
Skin (82.28%) and Aring-Aring (84.60%). The dietary fiber content in the seaweeds studied
was extremely high compare to other studies (Jiménez-Escrig and Sanchez-Muniz 2000;
Mabeau and Fleurence 1993). For the soluble fiber content in Aring-Aring (71.29%) and
Green Flower (71.27%), they were significantly higher than Crocodile Skin (69.26%).
Soluble dietary fiber normally will be associated with having hypocholesterolemic and
hypoglycemic effects, while insoluble fiber helps in decreasing the in digestive tract transit
time. It seems that the seaweeds content high dietary fiber have potential in improving the
health quality of human being (Burtin, 2003; Matanjun et al., 2009).

In three seaweeds that being studied, it was found that Aring-Aring has the highest level of
vitamin C content (32.57 mg/100g) and was significantly higher (p<0.05) than Crocodile
Skin (21.10 mg/100g) and Green Flower (22.55 mg/100g). It shows that these seaweeds can
be a natural source of vitamin C to human.

3.2  Fatty acid composition

There was fourteen type of fatty acids were identified, most of the fatty acid identified
coming from saturated fatty acid where they ranged from 62.58-69.49% for all the three
seaweeds. These results were similar with other study on red seaweed (Sanchez-Machado et
al., 2004). The high saturated fatty acid might occur due to hydrogenation on the double
bond of unsaturated fatty acid during sample storage. The level of PUFA content in the
seaweeds was ranged from 8.02-12.12%. All three seaweeds contained the essential fatty
acids y'-Linolenik acid (C18:3w6). From the result, the type of fatty acid that was found in
the seaweeds is tending to be long carbon chain (C14-C24).
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Table 2: Saturated fatty acid content (% of total fatty acid content) of Aring-
Aring, Crocodile Skin, and Green Flower

Fatty Acid (%) Carbon No.  K.alvarezii var.  K.alvarezii K.alvarezii var
Aring-Aring var. Crocodile  Green Flower
Skin
Myristic C14:0 3.13+0.00° 3.23+0.00° 3.06+0.00°
Palmitic C16:0 41.16+0.05° 34.07+0.08 35.95+0.03°
Stearic C18:0 1.91+0.00° 2.30£0.02° 1.50+0.01°
Arachidic C20:0 - 3.18+0.01° 0.75+0.03"
Behenic C22:0 11.20+0.01° 12.93+0.01° 10.64+0.02
Tricosanoic C23:0 10.43+0.00° 9.19+0.06° 10.35+0.03"
Lignoceric C24:0 1.64+0.00" 1.68+0.00° 0.33+0.01°
Total saturated fatty 69.49+0.04° 66.59+0.07° 62.58+0.03
acid

FA Fatty acid, MUFAs mono-unsaturated fatty acid, PUFA polyunsaturated fatty acid
Values are expressed as mean + standard deviation, n=3
Values in the same row with different superscripts letters are significantly different (p<0.05)

Table 3: Unsaturated fatty acid content (% of total fatty acid content) of Aring-
Aring, Crocodile Skin and Green Flower.

Carbon No. K.alvarezii K.alvarezii K.alvarezii

Fatty Acid (%) var. Aring- var. Crocodile  var Green
Aring Skin Flower

Palmitoleic Ci16:1 17.52+0.04% 17.36+0.01° 21.49+0.08°
Oleic C18:109c¢ 4.97+0.01° 6.62+0.03° 3.72+0.02°
Linoleic C18:2m6¢ - 1.89+0.00° 0.77+0.00%
y -Linolenic C18:3w6 6.23+0.02° 6.56+0.06" 9.48+0.09°
cis-11-Eicosenoic C20:1 - 1.04+0.00 -
cis-8,11,14- C20:3w6 - - 1.47+0.00
Eicosatrinoic
Arachidonic C20:4w6 1.79+0.01° - 0.40+0.00°
Total 30.52+0.05° 33.47+0.09° 37.34+0.16°
MUFASs 22.49 25.02 25.21
PUFAs 06 8.02 8.45 12.12
PUFAs o3 0 0 0

FA Fatty acid, MUFAs mono-unsaturated fatty acid, PUFA polyunsaturated fatty acid
Values are expressed as mean * standard deviation, n=3
Values in the same row with different superscripts letters are significantly different (p<0.05)

3.3 Mineral element

The mineral content of Aring-Aring, Crocodile Skin and Green Flower in mg/100g sample
(DW) is show in table 4. The highest macro-element found in the three seaweeds was K
(463.77-464.18 mg/100g), followed by Na (219.30-222.31 mg/100g), Ca (117.93-131.47
mg/100g) and Mg (30.10-30.43 mg/100g). While for micro-element, the amount is relatively
low where all three elements (Zn, Fe, and Cu) had the concentration of below 3.5 mg/100g.
Mineral content will differ with each other because of several factors such as genetic species,
sea condition, and seasons and also the physiology and morphology of the seaweed
(Krishnaiah et al., 2008).
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Table 4. Mineral Contents of Three Varieties Kappaphycus alvarezii (mg/100g dry basic)

Variety Mg Na K Ca Zn Fe Cu Ratio
Na/K

K. alvarezii 30.43+ 22231+  463.77+ 131.47+  3.09+ 1.33+ 0.18+  0.48

var. Aring- 0.04° 2.05°% 0.112 0.48° 0.09° 0.42 0.00°

Aring

K. alvarezii 30.34+ 219.30+ 463.85+ 128.22+  2.23+ 0.73% 0.88+  0.47

var. Crocidle  0.03° 1.252 0.06° 0.28" 0.07 0.00% 0.00°

skin

K. alvarezii 30.10+ 21956+  464.18+ 117.93+ 221+ 3.27+ 0.06+  0.47

var. Green 0.02? 2.20° 0.06" 0.16° 0.09° 0.00° 0.10°

flower

Values are expressed as min + standard deviation, n=3
Values in the same row with different superscripts letters are significantly different (p<0.05)

4.0  Conclusion

The three variety of Kappaphycus alvarezii that was found widely in Malaysia was analyzed
for its biochemical and mineral composition. Its nutritional composition was then being
analyzed and it was found that all three seaweed contains very high amount of dietary fiber
and vitamin C which is essential and beneficial to human being. It had provide a basic data
toward this kind of variety for further studies on usage and application of the seaweed into
food product and also nutraceutical product looking at the high nutrient value in the studied
seaweeds.
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Abstract

The purpose of this study was to compare the composition of oleoresin nutmeg (Myristica
fragrans Houtt) made directly by maceration and distillation combined - maceration. nutmeg
oleoresin yield amounted to 15.17 (% db) obtained by direct maceration and oleoresin
extraction method combined distillation and maceration obtained yield of 20.08 (% db).
While the essential oil yield itself from the water-steam distillation of the results obtained at
6.61 (% db). Ethanol extract of oleoresin analysis using GCMS method identified a total of
39 kinds of compounds with the composition of major components is methyleugenol
(33.40%), myristicine (10.90%), cis-methyl isoeugenol (9.09%), elemicin (8:33%), and
isocoumarin (5.61 %). For nutmeg essential oil contained 31 components of the compound,
where the components are located in large numbers was sabinene (34.97%), B-phellandrene
(19.9%), methyleugenol (7:55%), myristicine (5:29%) and elimicine (3:21 %). As for the
essential oil is mixed with the oleoresin from the pulp remaining distillation contained 58
components that make up the compound of the oleoresin with a mixture of main components,
namely: sabinene (12:38%) myristicine (10.88%), elemicin (8.93%), isocoumarin 6:26 (%),
myristic acid (5.96%), and a-pinene (4.73%).

Key words : essential oil, oleoresin, maceration, maceration-distillation, GC-MS

INTRODUCTION

Nutmeg (Myristica fragrans Houtt) as a spice widely used in various fields of food,
medicine and cosmetics in the form of extracts of essential oils and oleoresin. The use in
these areas would require a good quality extract of nutmeg. Quality extracts influenced by
extraction techniques, refinement of materials, type of solvent, extraction time, solvent
concentration, the ratio material with a solvent, solvent evaporation process, purification and
drying (Bombaderlli, 1991 and Vijesekera, 1991).

Nutmeg extract the chemical content in the form of volatile oil and oleoresin have
been widely utilized in various fields such as food as a flavor agent in the manufacture of
milk-based drinks (eggnog), meat-based foods, as well as in health and beauty such as
aromatherapy, perfume, toothpaste as well as in traditional medicine. From some of the
results of the study reported that the nutmeg in the form of volatile oil and oleoresin have
antibacterial properties as (Stankovic, et al., 2006), natural antioxidants (Dorman, et al.,
1995; Baratta et al., 1998; Lis-Balchin, 1998; Tomaino et al., 2005; Juki¢ et al., 2006; and
Suhaj. 2006) anti-fungal / fungal (Rahman, et al., 1999) and as an ingredient in medicine.
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METHOD

Seed Nutmeg (Myristica fragrance Houtt) Nutmeg seeds used in this study is nutmeg
(Myristica fragrance Houtt) aged 7-9 months, the harvest month of February 2009, came
from the village of Torano and Marikurubu North Maluku, entering in the quality of group A
with the number of seeds 180/kg. The chemical composition of the nutmeg seed is: it contains
18.66% moisture content, ash content 1.67%, 34.63% fat content, protein content 6.96%, and
38, 07% carbohydrate content.

Nutmeg Seed Oleoresin Extraction with Direct Maceration method

A total of 40 grams of nutmeg powder at 4 ° C results digrinding pass 20 mesh sieve
inserted into a 250 ml erlenmeyer containing 200 ml of solvent 96% ethanol, samples were
put into a water bath shaker. at a temperature of 540C for 4 hours with 120 rpm shake speed.
Filtration using Whatman filter paper no. 1 (ekstraksl), the extract was cooled at 4 ° C for
one hour to separate the fat nutmeg. Oleoresin concentration used rotary vacuum evaporator
(IKA Werke RV 06 ML) at a temperature of 400C and a pressure of 172 mbar. The extraction
process was repeated once again on the same sample of nutmeg as the procedure above and
obtained extract 2. The results have been weighed for the determination of the solvent
evaporated oleoresin yield.

Nutmeg oleoresin extraction with a combined distillation method — Maceration

A total of 1.5 kg flour nutmeg pass 20 mesh sieve size included in the boiling kettle
that has been equipped with condenser and flask clavenger, with the amount of water added
as much as 6 liters. Incoming cooling water temperature is set at 4-70C. steaming time for 4
hours starting from the first droplet. Essential oil obtained by the remaining water is removed
with a filter that is passed on has been given sodium sulfate anhydrous. Nutmeg powder
residue remaining in the distillation and subsequent extraction was dried by maceration to
obtain oleoresin. Nutmeg essential oil yield was weighed for determination of distillation.

Characterization Component Compounds by Gas Chromatography oleoresin Composer
- Mass Spectrometry (GC-MS).

Testing components constituent compounds of essential oils and oleoresin using GC-
MS Shimadzu GCMS-QP2010S (Shimadzu Corporation, Kyoto, Japan) Shimadzu GCMS-
QP2010S (Shimadzu Corporation, Kyoto, Japan) equipped with a capillary Column Model
Number: 19091S Agilent HP-5ms-433 5% Phenyl methyl siloxane (diameter of 250 um,
length 30 m, and 0:25 pum film thickness) and FID detector is used. GC conditions: initial
temperature 60 ° C raised to 250 ° C (4 ° C / minute) and then at a temperature of 250 ° C
maintained for 20 minutes, with helium carrier gas flow rate 20ml/min. Compounds were
identified by comparing retention index and mass spectra compared to those in the Wiley
library database and the NIST library (Adams, 2004).

RESULTS

Yield

The high vyield of oleoresin (20.08% bk) obtained from the combined methods of
distillation and maceration due to volatile oil has been partially drawn at the time of
distillation in this volatile compounds with boiling points at temperatures over 90°C, while
some essential oils are composed by compounds are volatile and non volatile than oloeresin
the extracted during the process of maceration with the temperature 54 °C.
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Profile oleoresin compounds obtained from the maceration

Oleoresin extract of ethanol by direct maceration there are 39 components of the main
components are methyleugenol (percent relative area of 33.40%), myristicine (10.90%), cis-
methyl isoeugenol (9:09%), elemicin (8:33%), and isocoumarin (5.61%).

Profile oleoresin compounds obtained from the combination of distillation — maceration
methods

Components of Essential Oil Compounds Composer distilled. The components of the
chemical constituent of essential oil of nutmeg seed based on the results of analysis using
GCMS method there are 31 components, where components are located in large numbers was
sabinene (34.97%), B - phellandrene (9:19%), methyleugenol (7:55% ), myristicine (5:29%)
and elimicine (3:21%).

CONCLUSION

Oleoresin extracted by maceration method can directly yield of 15.17% obtained with
the components making up a total of 39 kinds of compounds with the five main components
namely; methyleugenol (33.40%), myristicine (10.9%), cis-methyl isoeugenol (9:09%),
elemicin (8:33%), and isocoumarin (5.61%). For the essential oil obtained by distillation
yield of 6.61%. For nutmeg essential oil contained 31 components of the compound, where
the components are located in large numbers was sabinene (34.97%), B-phellandrene
(9:19%), methyleugenol (7:55%), myristicine (5:29%) and elimicine (3:21 %). As for the
essential oils are mixed with the oleoresin of the remaining distillation residue contained 58
components that make up a compound of the oleoresin with a mixture of main components,
namely: sabinene (12:38%) myristicine (10.88%), elemicin (8.93%), isocoumarin 6:26 (%),
myristic acid (5.96%), and a-pinene (4.73%).
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Frying distillation was a new process that developed to capture the flavor that formed
during deep frying. It was studied using simple water distillation apparatus. The design
experiment were carried out to map the best combination between time, temperature, and
ratio (between material and heating medium) that used in the frying distillation process. From
the best design experiment of frying distillation will be obtained the flavor and the
components will be analysed using GC-MS.

The material that used in the frying distillation process were dried shallot, dreid onion,
and dried garlic. They have specific flavor when deep frying. The flavor that formed during
deep frying will be captured by frying distillation and will be analysed by GC-MS. Shallot,
onion, and garlic were pelled, cut, and then dried using a cabinet dryer (45-50 °C) for 22-24
hours. After that, tempering during 20-24 hours and then weighing. Dried shallot, dried
onion, and dried garlic were inserted into the distillation flask and mixed with oil, until each
of them was completely submerged.

There were differences in the frying distillation time, temperature, and ratio between
material and heating medium for dried shallot, dried onion, and dried garlic. Each
components that captured from deep frying shallot, onion, and garlic were not contain burnt
attributes.

Keywords: shallot, onion, garlic, flavor, deep frying, frying distillation, distillate, flavor
component

1. Introduction

Deep frying is an important method of food preparation, which immerse foods in hot oil.
Deep frying is a common practice in food processing. Shallot, onion, and garlic are important
seasoning spices that can be applicated in deep frying. It has specific flavor when it was
crushed and cut into pieces, and then put in the deep frying oil at high temperature. Another
frying method that produce typical shallot flavor is pan frying. Both of pan and deep frying
method, will be produced specific flavor that can stimulate and create hunger. In Chinese
cuisine such as instant noodles, fried noodles, fried rice and rice with ground pork, applicated
with shallot after being deep frying then were taken out of the frying oil (Chyau and Mau,
2001).

Recently, the usage of deep fried shallot, onion, and garlic flavouring in the foods is
becoming increasingly popular. Thus, the recent research did to investigate the volatile
compounds of deep fried shallot flavouring. Chan, Liou, and Wu (1991) used the methods of
short path distillation to separate the volatiles of deep fried shallot flavourings. Volatiles from
the acidic, alkaline and neutral fractions included sulphides, pyrroles and compounds from
the degradation of lipid. The lipid-degraded compounds were identified as (E)-2-hexenal,
(E)-2-heptenal, (E)-2-decenal, (E,E)-2,4-heptadienal, (E,E)-2,4-decadienal, pentanoic, and
hexanoic acids.

In the other hand, there is no information about the flavor that formed during frying
shallot, onion, and garlic. And also there is no technology that is used to capture flavor
formed during the frying shallot, onion, and garlic. To capture the delicious flavor formed
during frying shallot, onion, and garlic, made a frying distillation process innovation.
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Frying distillation is a new method of distillation process. Frying distillation process has
the same principle with general distillation process. The difference lies in the usage of
heating medium or distiller medium. Heating medium that used instead of water, steam, or
organic solvent, but frying oil. The purpose of this research was to design the process of
capturing flavor formed during the frying shallot, onion, and garlic and to analyze the volatile
components that make up savory flavor for frying shallot, onion, and garlic.

2. Material and Methods

2.1. Materials

Shallot, onion, and garlic were purchased from local market (Yogyakarta, Indonesia).
They were peeled, sliced (= 1 mm) and dried at 45-50°C, 20-25 hour. During the experiment,
all the samples were saved in isolated condition, using silica gel at ambient temperature. In
each batch, 30 g of dried shallot mixed with frying oil, 30 g of dried onion mixed with frying
oil, and 25 g of dried garlic mixed with frying oil (depend on the condition of material under
the frying oil).

2.2. Experimental Design
The dried shallot, dried onion, and dried garlic samples were weighed and quantitatively

transferred into a 250-ml flask, then distillated with different volume for a given time and

distillation temperatures. The flavor compound of distillate was determined by GC-MS

analysis.

Table 1. Experimental Design of Frying Distillation Process for Dried Shallot, Dried Onion,

and Dried Garlic
Given Time
(minutes)

Ratio Between

Material - Frying Oil
Dried Shallot | 20, 30, 40, 50, 60, 70 E oA 1.
Dried Onion | 20. 30, 40, 50, 60, 70 140, 150, 160, 170, 180 1:5,1:6, 1:7

Dried Garlic | 20, 30, 40, 50, 60, 70 | 130, 140, 150, 160, 170 1:2,1:3,1:4,1:5

Material Given Temperature (°C)

Determination of optimum frying distillation time carried out by looking at the large
amount of distillate (distillate weight) every 10 minutes started from 20™ minute and endin%
at 70™ minute. Weighing distillate obtained performed at 20™, 30", 40", 50", 60", and 70"
minute. Determination of optimum temperature was done by varied the temperature of frying
distillation. The optimum frying distillation temperature was obtained from the greatest
weight among the five variations of temperature. Another parameter of determination for
frying distillation temperature was based on the quality of flavor that was captured. It was
intended to get the flavor that escaped and avoided from burnt flavor. Determination of ratio
between materials and frying oil performed after obtained the optimum time and temperature
of the frying distillation.

Optimization process of frying distillation consist of time factor, temperature factor, and
ratio between material and frying oil factor. Each of these factors was all factor that had
undergone optimization meant that the optimum conditions to produce the best quality and
quantity of the distillate. The relationship between best quality and quantity can be
demonstrated by the high amount of distillate but didn’t contain burnt flavor.

2.3. Frying Distillation

Each of the samples were weighed and quantitatively transfered into a 250 ml flask, then
fried with different ratio between frying oil and dried shallot for a given time when the frying
temperatures were respectively set.
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After frying process, the distillate was collected. The best combination between time
process, frying temperature, and ratio between frying oil and dried shallot will be the frying
distillation condition.

2.4. Gas chromatography-mass spectrometry (GC-MS) analysis

The distillate was analyzed using AGILENT GC 6890N equipped with a 5975B MSD
and HP-5ms capillary column (30m x 250 pum, film thickness 0.25 pm). Injector temperature
were set at 300°C, GC-MS interface temperature at 325°C. Column temperature was initially
kept at 50°C for 2 min, then gradually increased to 200°C with a rate of 10°C/min. Helium
was carrier gas, at a flow rate of 0.5 mL/min. Samples of 1 uL were injected manually and in
the splitless mode. Tentative identification of the compounds was based on the comparison of
their mass spectra with those of library data.

3. Result and Discussion

3.1. Determination of Frying Distillation Time

Determination of optimum conditions for the time factor was based on the weight of
distillate that obtained and the quality of the flavor, which was the largest amount of distillate
and flavor during frying shallot, onion, and garlic instead of burnt flavor. Longer the frying
distillation taken place, heavier distillate that obtained had increased.

3.2. Determination of Frying Distillation Temperature

Frying distillation temperature was directly proportional to the amount of distillate that
produced. The higher the frying distillation temperature, the bigger amount of distillate that
produced previously. The heat penetration process was greater so that the process of releasing
vapor components over the maximum. However, increasing frying distillation temperature
was inversely proportional to the quality of the condensed flavor. The higher the frying
distillation temperature, the worst quality of condensed flavor. It was associated with the
accelerated process of burnt due to the higher temperature. So that the condensed flavor was
the burnt flavor that was undesirable flavor in foods.

Burnt flavor was distillate quality parameter that resulted from the isolation of flavor
formed during the frying shallots. According to Ojeda, et al (2001), burnt flavor formed by
overcooked, and had burnt attributes, namely odor produced when food was burned.
Compounds that describe burnt attribute were pyrocatechol; 3-methoxypyrocatechol;
dimethoxybencebe 1.2-, 2.6-dimethoxy 4-methylphenol, 2.6-dimethoxy-4-(1-propenyl)-
phenol; burnt bread. The usage of different frying temperatures caused the difference in time
of appearance burnt flavor. The higher temperature, burnt flavor that was formed more
quickly.

3.3. Determination of Ratio Between Dried Shallot and Frying Oil

Obtained inverse relationship between distillate weight and ratio dry shallot-cooking oil,
the greater the ratio the smaller the distillate obtained. It was associated with greater volume
of dried shallot-frying oil mixture that be heated so that the longer the heat transfer process.
The longer time the heat taken to reach the middle part of the mixture, the smaller
components that were successful to exit. So for the same time frame, the higher volume of the
mixture, it will produce smaller amount of distillate.

3.4. Optimization Process of Frying Distillation and Distillate Yield

Each of the temperature, time, and ratio between material and frying oil factors were all
factors that had undergone optimization, meant that the optimum conditions to produce the
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best quality and quantity of the distillate. The relationship between best quality and quantity
can be demonstrated by the high amount of distillate but didn’t contain burnt flavor (Table 2).

Table 2. Weight of Distillate that Obtained in Several Frying Time and Temperature of

Frying Distillation for Dried Shallot, Dried Onion, and Dried Garlic

. Time (minutes)
Dried Shallot =4 20 30 40 50 60 70
140 0 0.0851 | 0.1551 | 0.1945* | 0.1945 | 0.1945 | 0.1945
Temp 150 0 0 0.2911 | 0.3154* | 0.3154 | 0.3424 | 0.3548
°C) 160 0 0 0.9082 | 0.9792* | 1.0076 | 1.0270 | 1.0270
170 0 0 1.0390 | 1.1231* | 1.1922 | 1.4637 | 1.7791
180 0 0.1211 | 1.6586* | 2.0999 | 2.4569 | 2.6364 | 2.6364
. . Time (minutes)
Dried Onion 0 20 30 40 50 60 70
140 | 2.3511 | 2.8080 | 2.8084 | 2.8384* | 2.8694 | 2.8844 | 2.3511
Temp 150 | 2.3134 | 3.0320 | 3.0702* | 3.0717 | 3.1014 | 3.1014 | 2.3134
°C) 160 | 2.0753 | 4.0975* | 4.1808 | 4.2131 | 4.2170 | 4.2221 | 2.0753
170 | 2.5318 | 6.1879* | 6.6392 | 6.6648 | 6.6825 | 7.1058 | 2.5318
180 | 1.8143* | 47157 | 5.0870 | 5.1549 | 5.7332 | 5.7332 | 1.8143*
. . Time (minutes)
Dried Garlic 0 20 30 40 50 60 70
130 0.000 0.000 0.000 0.000 0.000 | 0.000 0.000
Temp 140 0.000 0.000 0.000 0.000 0.000 | 0.065 0.065
°C) 150 0.000 0.095 0.190* 0.225 0.305 | 0.365 0.378
160 0.000 | 0.835* | 0.985* 1.065 1.175 1.220 1.230
170 0.000 | 0.985* 1.210 1.305 1.370 1.415 1.460
Ratio between Dried | Weight of Distillate | Weight of Distillate Flavor Quality
Garlic and Frying Qil (g) ** (g) *** (Burnt Factor)
1:2 0.80 0.47 ++
Ratio between Dried | Weight of Distillate | Weight of Distillate Flavor Quality
Garlic and Frying Oil (g) ** (g) *** (Burnt Factor)
1:3 0.87 0.53 +
1:4 1.00 0.55 -
1:5 0.00 00.0 -

*  Sign apostrophe here indicated the frying process had entered the the burnt process
** 1% condition = 160°C, 25 minutes
*x% 2" condition = 150°C, 35 minutes

Based on the weight of distillate and quality of the flavor, the optimum conditions for
capturing flavor process that formed during the frying shallot was at temperature of 170 °C
for 30 minutes with the ratio between dry shallots and cooking oil was 1:5. The optimum
conditions for capturing flavor process that formed during the frying onion was at
temperature of 170 °C for 30 minutes with the ratio between dry shallots and cooking oil was
1:6. And the optimum conditions for capturing flavor process that formed during the frying
garlic was at temperature of 160 °C for 25 minutes with the ratio between dry shallots and
cooking oil was 1:4.
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3.5. Volatile Components in the Distillate

Volatile components of frying distillation from dried shallot, dried onion, and dried
garlic can be grouped into several major components. From the results of GC-MS analysis,
contained pyrazine group, ketone group, aldehyde group, alcohol group, oxygen-containing
heterocyclic compound group, carboxilate acid group and other components.

Pyrazine compound was the main compound in chocolate odour. According to
Chambers, et al (1998), pyrazines had characteristics minty, but not the characteristic musty
or sweet roasting results. Another characteristic that was like baked beans, acetone, and
hydrolyzed. According Nuwiah (2008), the composition of hydrophobic acid and fructose as
in Ghana cocoa roasting results in cocoa fat lindak, produced derivative compounds such as
trimethyl pyrazine and dimethyl pyrazine.

The second and the third group were ketone and aldehyde group. Aldehydes and ketones
were the degradation result of unsaturated fatty acid during the heating process and it was
important in the Maillard reaction and flavor forming (Erikson, 1981 in Santi, 2002). The
resulted ketones were also used in the Maillard reaction in addition to the usege of amino
acids and reducing sugar from the shallot itself. According to Pokorny, et al (1998),
acetaldehyde was the decomposition result (such as oxidation and other reactions such as
retroaldolisation) of oxidized linalool storage.

Other components found in the distillate was derived from the alcohol group, oxygen-
containing heterocyclic compound group, carboxilate acid group and other component.
Alcoholic compound was found in the form of 2-propene-1-ol, 2-furancarboxaldehyde
included in the oxygen-containing heterocyclic compounds, acetic acid included in
carboxilate acid group and other components was carbon dioxide. According to Spanier, et al
(1998), acetic acid had an odour description like vine strong, quick and contain some sulfur.
According Pudil, et al (1998), acetic acid was one component of bergamot oil that slightly
oxidized on the heating condition of 40°C for 20 hours.

Table 3. The Components in the Distillate from Flavor Condensation during Frying
Distillation of Dried Shallot, Dried Onion, and Dried Garlic by GC-MS Analysis
% Concentration

Component A B c
Carbon dioxide 7.659 7.659 31.48
Acetaldehyde 32.442 18.266 -
Propanal 27.282 9.173 -
2-propen-1-ol 1.630 - 6.90
2-methyl propanal 8.793 - -
2,3-butanedione 0.412 1.618 -
3-methyl butanal 8.212 8.752 -
2-methyl butanal 4.210 2.659 -
2-methyl-2-butenal 1.397 - -
Methyl pyrazine 0.379 - -

Component

% Concentration

A B C
2-furancarboxaldehyde 0.661 1.493 -
Acetic acid 1.626 21.751 -
1-hydroxy-2-propanone 2.181 2.462 -
2,5-dimethyl pyrazine 1.774 - -
Dimethyl pyrazine 1.343 - -
Propanal,2-methyl-iso butyraldehyde - 7.485 -
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2,3-pentanedione - 0.355 -
2,3-dimethyl-oxirane - 0.521 -
2,4,5-trimethyl-1,3-dioxolane - 0.226 -
(methylthio)acetaldehyde - 0.532 -
Furfural - 3.139 -
Oxirane (CAS) - - 6.50
Oxiranemethanol - - 1.14
Allyl alcohol - - 53.98

A, Distillate from flavor condensation during frying shallot; B, Distillate from flavor condensation
during frying onion; A, Distillate from flavor condensation during frying garlic

Based on those components in the distillate, there were not components that describe burnt
attributes such as pyrocatechol; 3-methoxypyrocatechol; 1.2-dimethoxybenzene 2.6-
dimethoxy 4-methylphenol, 2.6-dimethoxy-4-(1-propenyl) -phenol; burnt bread. Burnt flavor
was a distillate quality parameter resulted from the flavor isolation from frying shallot.
According to Ojeda, et al (2001), burnt flavor formed due to overcooked process, which had
burnt attributes, odor that produced when food was burned. That was to say this distillate was
the result of condensation from frying process before reaching the burnt condition. This was
indicated there wasn’t detection of compounds that described the burnt attributes.
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Abstract

Roasting of sesame seed is regarded as important treatment for developing the odour of
sesame oil, however, the effect of the roasting condition on the odour in term of sensory
profile has not reported yet. The aim of this study was to evaluate the effect of roasting
condition on the odour profil of sesame oil. Roasting of sesame seed was carried out at three
level of roasting temperature (180, 200 and 220°C) and three level of roasting time (10, 20,
and 30 minutes), followed by pressing using hydraulic press at 140 kN for 5 minutes for
obtaining the oil. The produced oil were evaluated for the odour profil by Descriptive
Sensory Evaluation method using 8 trained panels, whereas degree of liking was determined
by Hedonic Scale Scoring method using 30 untrained panels. The trained panels revealed
that they perceived 13 odour stimulus in the sesame oil, namely: roasty, roasty coffee-like,
roasty popcorn-like, roasty potato-like, earthy potato-like, caramel-like, mushroom-like,
clove-like, burnt rubbery, burn sweet, meaty, spicy, sulforous onion-like. However their
intensities were varies with the roasting condition. The odour profil was presented as
spiderweb figure. The degree of liking was varies with the roasting condition and the panels.
Beside the odour, it was revealed that appearence also affect the degree of liking.

Keywords: roasting, odour profil, sesame oil, descriptive sensory evaluation

INTRODUCTION

Sesame is reported as the most ancient oilseed known and used by human as a food
source. It has been cultivated for centuries in Asia and Africa, for its high content of excellect
quality of oil and protein It is used as source of oil and also widely used in bakery products
and confectionary goods. Sesame oil is known highly stable against oxidative change
compared to other vegetable oil although it contains olec and linoleic acid. This remarkable
stability due to it contain significantly high amount of natural antioxidant, including
tocopherols, sesamin, sesaminol, sesamol and sesamolin (Fukuda, et al., 1986). The
conventional process for producing sesame oil involves cleaning, optional dehulling,
roasting, grinding and pressing/oil extraction (Fukuda and Namiki, 1988). Roasting process is
the important step of in producing sesame oil, because the color, composition, flavor and
stability of produced oil are influenced by the roasting condition ( Yoshida et al., 1995;
Yoshida and Takagi, 1997). Takei et al. (1988) in Schieberle (1995) reported that
acetylpyrazin provide strong popcorn-like aroma, and has important role in favor of sesame
oil. Schieberle (1995) reported that heated white Mexican sesame seed revealed 18 aroma
compounds having very high Flavour Dilution Factor, and on the basis of Odour Active
Value, there were roasty, coffee-like, rubbery and caramel like which have inportant
contributor to overall roasty and sulphury odour in crushed sesame seed. Tamura et al.,
(2010) identify 29 odourant compounds and reported 9 thiols contributed to sulphurous,
meaty, catty and black currant-like odor in addition of coffee-like, caramel-like, and clove
like smelling. Although many people claimed the used of sesame oil due to this oil has a good
flavor, and reseacher reported that roasting condition influenced the oil flavor, the odor profil
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of sesame oil has not been published yet. Tashiro and co-workers reported that different
strain and cultication area resulted in diferent oil content and minor components in the oil.
Moreover, since no reported article on the odor/flavor profile of Indonesian sesame oil,
therefore this paper reports our initial work on characterization of Indonesian sesame oil
flavor.

MATERIALS AND METHODS

Materials
Sesame seeds (Sesamum indicum L.) were purchased from local farmer in Klaten, Central
Java.

Roasting and oil extraction

Whole and cleaned sesame seed (500 g) were roasted in modified cofee roasting machine at
180°C, 200°C or 220°C for 10, 20 or 30 minutes, separately. After roasting, the seed were
allowed to cool until 80°C prior to be pressed using hydraulic press at 140 kN for 5 minutes.
The oils were allowed overnight at room to precipitate the impurities and the clear oil were
decanted, stored at cool room until there were analyzed. The work was carried out as shown
in Figure 1.

Sesame seed
I

i
S

10, 20 and 30 mins); 3 replicates

|

‘ Cocling 85 £5°C ‘

J

Reasting (180, 200 and 220°C ‘

Pressing
150kN, 5 mins cooooad Cake
T J
Q'\_‘;‘
Sesame oil
]
gl
‘ Quantification and charactenzation ‘ uuuuuuu Analysis: Yield, color, flavor

profile, preferences

Figure 1. Research flowchart

Oil Color measurement
The measurement of oil’s color was carried out based on AOCS, 1990; metode Cc 13f-92
using Lovibond Tintometer apparatus with 10 mm lovibond with cuvetes.

Sensory evaluation

Odor profile of sesame oils were determined by Quantitative Descriptive Analysis
(Meilgaard, et al., (1999).
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Panelis selection and training for Descriptive Analysis

Panelists were recruited on the basis of their experience on sensory evaluation, interest, time
avaiability, and consumption of sesame oil. All panelists are staff and studendt in Faculty of
Agricultural Technology.

Training of the panelists

During the 1st day training, the panelists were asked to describe the perceived odor of the
sesame oil obtained from market (commercial sesame oil). Then, the sample standards were
introduced to the panelists, and the panelists were asked to re-evaluate whether the sesame
oils had these kind of odor, without rating the intensity, followed by discussion, to decide
whether this oil sample has these descriptors. The standard reference intensity used for all
attributes as shown in Table 1, from which the rating of the attribute intensity will be based
on.

Table 1. Standard reference intensity rating used in the Quantitative Descriptive
Analysis of sesame oil

Samples Odor attributes Intensities

Roasted sesame seed Roasty 15
Coffee powder Roasty, coffee-like 15
Caramel Caramel-like 15

Burnt, sweet 15
Popcorn Roasty, popcorn-like 15
Washed baked potato Roasty, potato-like 15
Unwashed baked potato Earthy, potato-like 15
Rubber Burnt, rubbery 15
Mixed spices Spicy 15
Mushroom Mushroom-like 15
Roasted meat Meaty 15
Onion Sulfurous, onion-like 15
Clove Clove-like 15

On the 2nd day training, the reference samples were presented to the panelists. The panelists
reviewed the reference samples and recognizing the intensity of each atributes. The panelists
were then asked evaluate the odor attributes of warme up commercial sesame oil including
the intensity, followed by discussion to decide which odor atributes and its intensity the
sample has, until the consensus atribute and rating were assigned.

On the 3rd day training the panelists were asked to do the similar training as they have done
in the 2nd day training in order to familiarized the evaluation techniques.

Sample preparation and evaluation

Nine samples sesame oil obtained from different roasting conditions were presented to the
panelists in the closed bottle with three digit random number as the sample code on a tray, at
room temperature, and followed monadic order. Panelists were asked to evaluate the odor of
the oil in individual booth, and expressed their respons on the paper ballot

Preference test

Preference test based on aroma and color of the oil were conducted following the method as
recomended by Meilgaard, et al., (1999), in order to measure the degree of liking to the
sesame oil. This test was carried out using 30 untrained panelists.
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RESULTS and DISCUSSION

Oil yield
The oil yielded from pressing of different roasting condition of the sesame seed in the range
of 40.2 up to 43.3% , while from unroasted seed found to be lower than this values, Table 2.

Table 2. Oil yield (% db) obtained from different roasting conditions.

Roasting time, minutes
Roasting toemperature, 10 20 30
C
180 42,9+0.13 | 42.2+0.14 | 41.1+0.17
200 433+0.14 | 425+0.11 | 41.1+0.14
220 42,6 £0.17 | 41.0+0.14 | 40.2+0.15
unroasted 39.7+0.11

All values are mean of three replicates + standard deviation.

Roasting found to increase oil yield, it facilitate oil expression, however, if roasting is
carried for prolong time may slightly decrease the oil yield.

The color of oil
The color of oil obtained from roasted sesame seed under different roasing conditions
compared to unroasted seed and a sample of commercial sesame seed is shown in Table 3.

Table 3. The color of sesame oil obtained from different roasting
conditions, expressed as Red and Yellow values in Lovibond Tintometer

Roaszgrggﬁg;’“'o” Red Yellow
180/10 0.80 1.45
180/20 0.95 2.00
180/30 2.35 4.60
200/10 0.90 2.45
200/20 2.40 6.35
200/30 4.35 8.80
220/10 1.55 4.00
220/20 6.60 8.50
220/30 9.20 24.10

Unroasted 0.70 1.60
Commercial sesame oil 4.90 10.00

It was found that oil of unroasted seed less red and yellow intensity, or lighter color than that
from roasted seed. The longer and the roasting time and the higher the roasting temperature
resulted in the darker color (brown) of the oil, as express in the higher values of redness and
yellowness in lovibond tintometer scale. The increase of the color of the oil seemed to be due
to the results of non-enzymatic browning reaction at elevated roasting temperature. The
formation of brown substances in some thermally processed food due to non-enzymatic
browning reaction Maillard-type, the reaction of reducing sugars and free amino acids or
amides. As the reaction time prolong, the reaction products more accumulated, and the
appearance of the oil getting darker. This results is agree with previous work (Lee et al.,
2002) who worked on roasted safflower seed and Yoshida and Takagi (1997).

The odor profil
The odor profil obtaine by Quantitative Descriptive Analysis (QDA) using 8 trained panelists
is shown in Figure 2. The panelists detected 13 odor attributes, including roasty, roasty
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coffee-like, caramel-like, roasty popcorn-like, roasty potato-like, burnt, rubbery, musroom-
like, burn, sweet, meaty, sulphurous onion-like, clove like, and earthy potato-like. Previous
work reported by Schieberle (1995) had explained that roasting may generate more than 220
volatile compounds. These compounds of cause affect to the flavor of roasted sesame oil,
especially the odor of the oil. The result of this work revealed that roasty notes were the
dominant odor descriptor. The longer the roasting time and the higher the roasting
temperature resulted in strongger or higher intensity of roasty notes.

Roasty
7.0 ]
Earthy, potzto-like  —- 6.0 ——_Roasty, cottee-like
LOA-NNSY L e 180/10
Clavelike _ - T
Cloveike 4D Caramel-like - e2180/20
3.0
Tons —180/30
R
/ / R LR | N N h
Sulfurnus, enianlike — " e WREES e NSy Roasty, papeorn-like 20016
| T T W T Lo ====200/20
. —200/30
Meaty ' . - Roasty, potate-like seenene 220410
\ : ===e220/20
) _ — A —220/30
Burnt, sweet Burnt, rubbery
Mushroom- ike: .S|3in:\,f

Figure 2. Odor profile of 9 sesame oils obtained from different roasting
conditions (at 180, 200, and 220°C for 10, 20 and 30 minutes).
Intensity scale: 1 indicates very low intensity and 15 indicates

equal to reference sample intensity.

Aroma and color preferences

The result of preference test on oil on the basis of 0il’s color and aroma using 30 untrained
panel and degree of liking scale from 1(extremely dislike) until 7 (extremely like), is
presented in Table 4.

Table 4. Degree of liking to the oil obtained from different roasting conditions.
Value of 1 represent dislike extremely, 7 represent like extremely.

Roa(sotlcr;?nti:r?)n dition Aroma Color
180/10 5.2 5.7
180/20 5.0 5.2
180/30 4.3 4.4
200/10 5.5 5.6
200/20 45 4.0
200/30 3.2 3.3
220/10 5.2 5.2
220/20 2.4 2.7
220/30 2.3 2.5

Unroasted 4.4 5.5
Commercial sesame oil 2.4 2.1
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It was found that the degree of liking in the range of 2.3 until 5.7 out of 7 level of the degree
og liking. It is surprising that the degree of liking to the unroasted sesame oil is high, around
5 out of 7. The oil prepared by roasting at 200°C for 10 minutes has the highest value of the
degree of liking. Roasting the sesame seed for 10 minutes prior to be pressed, found gave
good oil in term of degree of liking. The longer the roasting time tend to decrease the degree
of liking to the oil. Since degree of liking is varies with the consumer, it is suggested that
before chosing the roasting condition, the consumer aspect should be taken into account.

CONCLUSION

Roasting of sesame seed prior to oil pressing in an important step for preparation. Roasting
facilitate the oil pressing and allowing the reaction to take place within the seed, and this may
resulted in enhanching the aroma of the oil. However, roasting condition should be choosen
in order to meet the need of the potential consumer.
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Sesame (Sesamum indicum L.) is an important oilseed crop in the world, which can be well
cultivated in Indonesia. Roasting is an important step for obtaining sesame oil from the seed.
The aims of this study were to evaluate the effect of roasting, on (i) oil yield, and (ii)
antioxidant activity and compounds in the oil. The roasting of the sesame seed were carried
out at 180°C) for 30 minutes). The roasted and unroasted seed were then pressed using
hydraulic press at 140 kN for 5 minutes for obtaining the oil. The produced oil were
evaluated for oil yields, the antioxidant activity, total phenolic compounds, o-tocopherol,
sesamin, sesamolin, and sesamol contents of the oil. It was found that the oil yield,
antioxidant activity and compound of the oil were significantly affected by roasting. The oil
yields for unroasted and roasted sesame seed were 23.91 and 36.63 %, respectively. Roasting
found not to affect the total phenolic compound, but increase the antioxidant activity of
roasting oil almost as twice as in unroasting oil. Roasting may lowered the «-tocopherol and
sesamolin contents in the oil, but increased the sesamol content. To some extent roasting of
this seed also increase the degree of liking to the oil.

Keywords: roasting, sesame oil, antioxidant activity, total phenolic compounds, lignans, a-
tocopherol

INTRODUCTION

Sesame (Sesamum indicum L.) seeds contain approximately 50% of oil and 25 % of
protein, therefore it is reported as the most ancient oilseed known and used by human as a
food source. It has been cultivated for centuries in Asia and Africa, for its high content of
excellect quality of oil and protein. There are many kind of sesame seed in term of their
colour, white, black, brown, and yellow seeds. Beside they are used as oilseeds, they also
used as ingredient of some food. Ministry of Agriculture of the Republic of Indonesia,
through Balai Penelitian Tanaman Tembakau, Serat dan Kapas, has released 4 varities of
sesame plant, namely Sumberrejol, Sumberrejo 2, Sumberrejo 3, and Sumberrejo 4.

As other oil seed, the most utilization of this seed is for vegetable oil source, and was
reported as the sixth important oil seed in the world production (Lee, et al., 2010). Among the
commonly used vegetable oils, sesame oil is known to be the most resistant to oxidative
rancidity although it has high content of oleic and linoleic acid in the triglyceride. Its
remarkable stability has reported due to the high content of sesamin, sesamolin, sesaminol,
sesamol, and a-tocopherol (Fukuda, et al., 1986). Sesamin showed antioxidant activity
(‘YYamashinta, et al., 2000 in Jeong, et al., 2004), anticarcinogenic (Hirose, et al., 1992 in
Jeong, et al., 2004), blood pressure lowering (Matsumura, et al., 1998 in Jeong, et al., 2004),
serum lipid lowering effects (Hirose et al., 1991 in Jeong, et al., 2004) in experimental
animals and humans. Therefore, the occurence of this compound in sesame oil make sesame
oil become more valueable. The process for sesame oil preparation involves cleaning,
optionally dehulling, roasting, optionally grinding and pressing. Roasting is the key
processing step that affect the color, composition, quality and stability of the oil produced
(Yen and Shyu, 1989). Jeong et al. (2004) reported that roasting sesame seed at 200°C for 60
minutes significantly increased the total phenolic content, radical scavenging activity,

A-50 ICBB2011 Proceeding | Vol. 1 No. 1 October 2011



Antioxidant Activity and Compounds...Pudji Hastuti, et. al. ISSN: 2088-9771

reducing power and antioxidant activity in sesame meal extracts. Tashiro and co-workers
reported that different strain and cultication area resulted in diferent oil content and minor
components in the oil. Therefore, this paper reports the effect of roasting on the oil yield,
antioxidant activity, total phenolic compounds, a-tocopherol, sesamin, sesamolin, and
sesamol contents of the yielded oil.

MATERIALS AND METHODS
Materials

Sesame seeds (Sesamum indicum L.) were purchased from local farmer in Klaten, Central
Java. Sesamol dan a-tokoferol standards, metanol, ethyl acetate, acetonitril, DPPH, and
Folin-Ciocalteau were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). sesamin
and sesamolin were isolated from sesame oil according to Reshma et. al., (2009).

Roasting and oil extraction

Whole and cleaned sesame seed (500 g) were roasted in modified cofee roasting machine
at 180°C, for 30 minutes. After roasting, the seed were allowed to cool until 80°C prior to be
pressed using hydraulic press at 140kN for 5 minutes. Two other portions of whole, cleaned
and unroasted sesame seed (500 g for each portion) were prepared for heated at 80°C and
unheated prior to be pressed using hydraulic press at 140kN for 5 minutes. The oils were
allowed overnight at room to precipitate the impurities and the clear oil were decanted, stored
at cool room until they were required for analysis.

Isolation and crystalization Sesamin dan Sesamolin

Isolation dan crystalization sesamin dan sesamolin was carried out according to
reported by Reshma et. al., (2009). Sesame oil (100 g) was dissolved in methanol (1:1 w/v)
followed by heating at 70°C for 10 minutes. This mixture was then, cooled to 50°C, and
allowed until 2 separate layer was formed in the separating funnel. The methanol layer was
evaporated in rotary evaporator for removing the solvent. The concentrated methanol extract
eas then partitioned into petroleum ether (1:2 w/v) and was keep at 4°C for 48 hours until
crystal of lignan was formed. The formed crystal was then dried in oven at 35°C for 30
minutes fofr removing the solvent residue, followed by HPLC analysis.

Analysis of sesamol, sesamin, and sesamolin

Sesamol, sesamin and sesamolin and was analyzed by reverse phase HPLC using C18
column (150 x 4,6 mm) equiped with Rheodyne 7125 injector with 20 pl sampel loop and
ultraviolet visible SPD-10A detector and was set at A 290 nm. The mobile phase was
methanol/water (70:30 v/v) at flow rate of 1 ml per minute. Sesamol, sesamin, and sesamolin
in oil were quantified using calibration curve of standard sesamol and isolated sesamin and
sesamolin, respectively.

Measurement of tocopherols content

Tocopherol analysis was carried out according to method repored by Aued-Pimental et.
al., (2006). The measurement of tocopherol was done using Shimadzu LC-10AD HPLC,
equipped with a Shim-pack CLC-SIL 60 column (5um, 150 x 4,6 mm id Shimadzu),
Rheodyne injector having 20 pl sample loop, detector fluoresense (RF-10AXL) and was set
at an exitation [Jof 300 nm and emissin [] 0of330 nm. The mobile phase was a mixture of
hexane/ethanol (99,5 : 0,5 v/v) at a flow rate of 1.0 mL min™. Fifty mg of oil was dispersed
in 5 mL of mobile phase for HPLC analysis. An aliquot sample solution was injected with
fully 20 [ Hoop. Quantification of tocopherols in oil is calculated using calibration curve of
standard [] tocopherol

ICBB2011 Proceeding | Vol. 1 No. 1 October 2011 A-51



Antioxidant Activity and Compounds...Pudji Hastuti, et. al. ISSN: 2088-9771

Measurement of total phenolic content

Measurement of total phenolic content was carried out according to Sahidi et al. (2004).
Folin-Ciocalteau reagent (0.5 mL) was added into 0.5 mL of homogenized mixture of sesame
oil and methanol (1:1 v/v), followed by addition of 1mL of saturated sodium carbonate
solution. The volume of this solution was made up to 10 mL with distilled water and
homogenized using a vortex mixer, and was incubated at room temperature for 45 minutes,
prior to measurement of the absorbance at [] of 765nm. The total phenolic compounds was
expressed as miligram of gallic acid per gram sample using calibration curve of absorbance
of methanolic gallic acid solution.

Measurement of antioxidant activity

The Antioxidant activity was expressed as free radical DPPH scavenging activity and was
determined using a method reported by Suja et. al., (2003). Methanolic solution of DPPH (3
mL of 0.025 g/L) was added into 1 mL of 5% methanolic sample solution and incubated at
room temperature for 30 minutes, proir to be measurement of the absorbance at ] of 515nm.

Radical scavenging activity (%) = [1- {sample absorbance/control absorbance}] x 100.

RESULTS and DISCUSSION

Oil Yield
Table 1. Oil yield prepared by pressing of roasted and unroasted seed
Seed treatment Oil Yield (% db)
Roasting 180 °C 30 min 41.1°
Without roasting 39.7°
Without heat treatment 23.9°%

Each value is an average of three replicates determination.
Values with different following letters are significantly different (p<0,05)

Table 1 represent the oil yied prepared from roasted seed and unroasted seed, showing that
heat treatment is needed for preparing seed for oil pressing. Roasting resulted in increasing
the oil yield. Heat treatment is normally apply to oil seed prior to oil extraction, either by
solvent extraction or pressing. Heating the oil seed may reduce oil viscosity, inactivate
enzume, coagulate protein, rupture cell wall and membrane and make the seed soft and more
pliable or plastic during pressing. However, excessive heating may has disadvantage such as
produce excessive fine during pressing which affect some difficulty in the oil production. It
was found in previous study that roasting 180°C for 30 facilitate oil pressing. Since the oil
content of the seed is 53.92%, that mean, after pressing some of the oil remains in the oil
cake.

Antioxidant components

Antioxidant component analyzed in this experiment including total phenolic compounds, o-
tocopherol, sesamol, sesamin dan sesamolin, Table 2.
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Table 2.

comparison with that in commercial sesame oil.

ISSN: 2088-9771

Antioxidant content in the pressed sesame oil prepared from roasted and unroasted seed in

Total Phenolic Content Content (ppm)
Seed treatment (milligrams gallic acid . . a-
per gram oil) x 10 Sesamin | Sesamolin | Sesamol Tocopherol
Roasted 180 °C 30 min 2.4° 6855.05° | 3996.34° 64.71° 11,836.13°
Unroasted 3.3® 6942.01° | 4306.47° 12.38°¢ 16,562.95°
Commercial sesame oil 3.5° 6439.70° | 3198.98° 36.12° 12,598.99°

Each value is an average of three replicates determination.
Values in the same column with different following letters are significantly different (p<0,05)

Total phenolic content.

Roasting sesame seed at 180 °C for 30 minutes found not to lower the total phenolic content
in the pressed oil, Tabel 2. However, commercial oil has slightly higher total phenolic
compared to the oil prepared from roasted and roasted in this study. This facts may due to the
differences of the oil preparation or the variety of the oil seed.

Tocopherol content

Roasting at 180 °C for 30 minutes also found to lower the o-tocopherol content. After
roasting process the tocopherol content retained about 75%. It may be due to oxidation
process occurs during roasting, during which seed contact to the oxygen in the air, then
oxidation potentially occurs, and the antioxidant was oxidized first. This finding is agree with
previous study (Yoshida and Takagi, 1997; Lee et al., 2010), reported that (1 and [
tocopherols were also derease with roasting temperature and time, but they did not find a-
tocopherol. This differences may be attributed to differences of seed variety or geographical
area.

Sesamol, sesamin and sesaminol content

Table 2 reveals that roasting at 180 °C for 30 minutes increase the sesamol content around
five fold, concersely the sesamin and sesaminol contents slightly decrease with roasting. This
finding also agree with previous study as reported by Yoshida and Takagi (1997 and Lee et
al. (2010). Roasting may liberate sesamol from sesamolin, therefore still contribute to
antioxidant activity.

Antioxidant activity
The antioxidant activity of the oil was expressed as radical scavenging capacity, as shown in
Table 3, roasting at 180 °C for 30 minutes increase the antioxidant activity around 40%.

Table 3.  Antioxidant activity in pressed sesame oil prepared from roasted and unroased
seed in comparison with commercial sesame oil
Seed Treatment Antioxidgnt activity
(%)

Roasted 180 °C 30 min 42.74°

Unroasted 30.14°

Commersial sesame oil 57.66°

BHT 74.68"

Each value is an average of three replicates determination.
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The increase of antioxidant activity may attributed for the increase of sesamol. Lee et al.
(2010) reported that the increase of sesamol content play an important role for the increase of
antioxidant activity. The other reseacher stated that there is a sinergy effect of sesamol and
tocopherols that also contribute to antioxidant activity (Fukuda et. al., (1986) in Yoshida and
Takagi (1999). During roasting, non-enzymatic browning reaction Maillard-type also occurs,
the Maillard reaction product also has antioxidant properties (Choe and Min, 2006), therefore
may also contribute to the antioxidant activity.

CONCLUSION

Heat treatment , either roasting or only heat treatment up to 80°C of sesame seed prior to oil
pressing has an important role for increasing oil yield. Roasting using a modified coffee
roaster at 180°C for 30 minutes lowered the a tocopherol, sesamin and sesamolin, conversely
increase the sesamol content in the pressed oil. As a result this roasting process increased the
antioxidant activity. This roasting process is quick and simple technique for preparing sesame
oil with good antioxidant activity.
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ABSTRACT

This research was initiated to determine the right formula pasta and powder curry
and chicken opor seasonings. Then, determine the lowest concentration of liquid smoke as a
threshold and maximum concentration of liquid smoke on each type of seasoning.
Furthermore, the research results were used to determine five different concentrations on
sensory testing. Based on the assessment panel’s favorite, the optimum concentration can be
obtained so as to produce the traditional smoke flavor.

Threshold of liquid smoke to give flavor in curry pasta is 0.025% (v/v) while in the
powder 0.04% (w/v) and for chicken opor pasta is 0.015% (v/v) while in powder 0.01% (w/v).
The maximum concentration in the pasta curry and chicken opor seasoning are 0.4% and
0.8% (v/v) while the powder is 1.0% and 1,25% (w/v).

The result of ANOVA test shows that pasta curry and chicken opor seasoning at
concentration 0.15% and 0.25% (v/v) and powder seasoning at concentration 0.12% and
0.20% (w/v) is the optimum concentration of traditional smoke flavors.

Keyword : Seasonings, Liquid Smoke, Traditional flavor, engineering

INTRODUCTION

Along with the development of the modern era, the public demands practicality.
Currently, the traditional way of processing food with wood as fuel has been abandoned and
replaced with the use of gas stove. In fact, the burning of wood in the traditional food
processing to produce foods have the distinctive taste because the cooking process is long,
the smoke flavor absorb into the food. Specific smoke flavor is quite favored by consumers.
Cooking by using wood, coconut husk and coconut shell as fuel has several advantages,
namely the food produced durable, has a flavor that is more comfortable and enjoyable as
well as having a high flavor and distinctive (Yefrida et al, 2008). This foods such as chicken
opor, curry, brongkos, beef jerky and rendang. Based on research, typical flavors found in
these foods derived from organic compounds (acid, carbonyl, and phenol) that found in the
smoke of burning. However, an organic compounds that contribute to the formation of the
smoke flavor is phenol (Girard, 1992). The weakness of traditional cooking, among others are
less consistent product quality because the optimal time and temperature can not be
maintained the same, can cause environmental pollution, and allow the fire hazard, as well as
the possibility of polycyclic aromatic hydrocarbon compounds are formed (benzo (a) pyrene)
that are carcinogenic (Gorbatov (1971) and Maga (1987)). These compounds can be formed
and can be easily attached or absorbed on the surface of food during the traditional cooking
(Tigner and Leaf, 1970 b; in Leaf, 1979).

On the other hand, food processing with gas stove is more practical and cleaner can
not produce the typical flavor cuisine. Flavor that generated in food processing using a gas
stove have less sharp. Therefore, the flavor of foods that are processed in traditional ways
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have to be raised again. The solution of the problems above by engineering a traditional
flavor through the addition of smoke flavor.

Engineering traditional cooking can be done using liquid smoke or liquid smoke
powder as a source of smoke flavor. However, the proportion of liquid smoke and liquid
smoke powder that too much can cause a bitter taste sensation at the base of the tongue.
Conversely, the proportion of the addition that too little can not produce smoke flavor.
Therefore, engineering the addition of liquid smoke and liquid smoke powder is required to
obtain a unique flavor that can be preferred by consumers.

Engineering can be done by determining the proportion of the lowest and the
proportion of its maximum. Then, the optimum proportion of the addition of liquid smoke
and liquid smoke powder is determined by sensory testing with the proportion of variation
between the lowest and the proportion of maximum proportions.

RESEARCH METHODOLOGY
Materials and Research Tools

Basic materials that used in the manufacture of curry seasoning and chicken opor
pasta ready to eat are spices, coconut milk and cooking oil. While the seasoning powder used
spices that have been dried. For the manufacture of liquid smoke is used coconut shell, and
the manufacture of liquid smoke powder is used maltodextrin as a filler. For chemical
analysis, materials used for the analysis of total phenol, total acid, and proximate analysis. As
a prototype of packaging used aluminum foil and plastic PE for packaging materials.

The tools used for this research is a tool for the production of pyrolysis liquid smoke
there are tool consisting of pyrolysis reactor tube equipped with a thermostat and time,
streamer pipe smoke and the cooling tube for condensation of liquid smoke, and liquid smoke
redestilation tool consisting of a stove electricity, thermostat, penangas oil, distillate pipe
thermometer, cooling pipes for condensate, and also a tool for making pasta and powder
seasonings.

How To Research

Research Introduction
Determination Formula Seasonings

Formulas of ready to eat pasta seasoning is obtained by performing weighting of each
fresh herb in accordance with the orientation done, then mashed and sautened.

Formulas of ready to eat powder seasoning is obtained by drying each type of fresh
herbs that are used, then crushed and sifted, and weighed according to their respective
orientations.

Preparation and Purification of Liquid Smoke

Liquid smoke is made from 3 kg of coconut shell through a process of pyrolysis at a
temperature of 400°C for 2.5 hours. After passing through the stages of pyrolysis, liquid
smoke condensate become to redestilation at a temperature of 105°C. Liquid smoke
redestilation results then placed in dark bottles and stored in a coolroom.

Making Liquid Smoke Powder

Liquid smoke powder is made by mixing the liquid smoke and maltodextrin with a
ratio of 1:1 and then dried in cabinet dryer temperature 50°C and then stirred until evenly
mixed and poured in the pan and then dried using a cabinet dryer. Once dry, the clumps are
formed and then crushed with a porcelain cup to be powder.
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Determination of Threshold and Maximum Concentration

Threshold testing aims to find the lowest concentration of liquid smoke to the sauce
that has begun to be perceived by the panelists. It also conducted tests to determine the
highest concentration of liquid smoke that can make the panelists felt sick and did not want to
feel the gravy is.

Main Research
Sensory Analysis

Testing preferences and product differentiation in the sensory ready to eat seasoning
is done in two batches and were evaluated by 20 panelists in each batch. The variation of the
concentration used in the organoleptic test was the result obtained from the orientation of the
preliminary research.

This test uses scoring method which panelists were asked to rate each of the
parameters provided in the form number/ score. Scores are provided to test and test
distinction of joy is in the range 1-5.

Chemical Analysis
Chemical analysis performed on this product are:
a)  Analysis of water content with thermogravimetri method (Anonymous, 1990),
b)  Analysis of protein content with mikrokjeldahl method (Anonymous, 1990),
c)  Analysis of lipid content with soxhlet method (Anonymous, 1990),
d) Analysis of total sugar and reducing sugar with Nelson-Somogyi method
(Anonymous, 1990),
e)  Analysis of phenol concentration method with Senter et al., 1989; modifications to the
method Plumer, 1971),
f)  Analysis of total acid with titration method (Anonymous, 1990).

Making Prototype Packaging

Pasta and poeder ready to eat opor and curry seasoning that has been carried out
chemical analysis then packed with plastic polyethilen use as primary packaging and
aluminum foil as a secondary packaging. Furthermore, packaging is labeled to product
identity.

Experimental Design

The experimental design used was Randomized Perfect Design with influential factor
is the addition of various concentration of liquid smoke and liquid smoke powder and
response factors to be measured is the organoleptic properties of curry sauce and chicken
opor generated, which includes smoke flavor, aroma / odor of smoke, and preference as a
whole. Furthermore, the data obtained statistically tested using analysis of Variance
(ANOVA) to determine whether there is a difference between the panelists and assessment
followed by a test DMRT (Duncan Multiple Range Test) if there is a real difference.
Statistical analysis using SPSS 16. Results of sensory testing is then followed by chemical
analysis.

RESULT AND DISCUSSION
Research Introduction

Determination Formula Seasonings
a. Curry Seasoning
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Determination of the ready to eat pasta curry seasoning is done in two orientations to
finally obtain the exact formula of spices to produce a curry sauce with a optimal taste. Spice
formula is based on recipes from Ernawati, 1996. From prescription weight was obtained
from each type of herbs and spices made into a paste, are solely due to the addition of chilli
and turmeric recipe obtained from the color of the soup yet reddish yellow.

Table 1. Determination of formula ready to eat pasta curry seasoning

types of seasoning recipe weight
(gram)
red onion 6 pieces 23,75
garlic 2 pieces 13,89
hazelnut 3 pieces 10,88
ginger lcm 1,70
turmeric lcm 6,28
coriander 1 tablespoon 2,59
cumin 1/4 teaspoon 0,78
klabet 1/4 teaspoon 1,08
nutmeg 1/4 teaspoon 0,70
fennel 1/4 teaspoon 0,76
tamarind 1 teaspoon 7,68
salt 1 teaspoon 7,67
chili 3 pieces 21,72
cardamom 4 pieces 0,43
galangal lcm 3,60
lemongrass leaves | 1 sheet 9,07
bay 1 sheet 1,95
lime leaves 2 sheet 1,22
Total 115,75

In determining formulation of ready to eat curry powder seasoning is done by three
times orientation until finally obtained the proper formulation of ingredients to produce curry
sauce with a optimal taste. From each formula is then cooked with coconut milk as much as
1000 ml and tested to the limited panelists.

Table 2. Determination of curry powder seasoning Formula Ready to Eat

. I 1 i
types of seasoning (gram) | (gram) | (gram)
red onion 2,61 5,22 5,23
garlic 4,18 8,36 8,36
hazelnut 10,04 20,08 20,08
ginger 0,45 0,90 0,90
turmeric 0,87 1,74 1,74
coriander 0,78 1,56 1,56
cumin 0,25 0,50 0,50
klabet 0,33 0,66 0,68
nutmeg 0,21 0,42 0,42
fennel 0,23 0,46 0,48
tamarind 1,10 2,20 3,30
salt 4,27 8,54 8,54
chili 0,13 0,26 0,28
cardamom 0,53 1,06 1,06

A-58 ICBB2011 Proceeding | Vol. 1 No. 1 October 2011



Application of Liquid Smoke...Purnama Darmadji, et. al. ISSN: 2088-9771

galangal 1,41 2,82 2,82
lemongrass leaves 0,69 1,38 1,38
bay 0,55 1,10 1,10
lime leaves 28,63 57,26 58,43

From the results of evaluation of the selected fast food seasoning curry powder on to a
third orientation that could result in curry sauce with a flavor that fits.

b. Chicken Opor Seasoning

Proper formulation in the process of making smoke flavor seasoning chicken opor
function to produce the most preferred flavor. Weighing in a formulation that is important to
know the type and amount of ingredients needed opor. Determination of formula through
several stages of orientation.

Table 3. Determination Formula Ready to Eat Pasta Seasonings opor

Types of Spices Orientation (grams)

| 1 i v
Shallots 57.77 |57.77 |57.77 |58
Garlic 16:59 |6:59 |6:59 |6:59
Hazelnut 16:50 |6:50 [6:50 |6:50
Ginger 1.84 |8
Turmeric 277 |5
Pepper 0.91 091 (091 |1
Coriander 0.87 0.87 |0.87 [0.87
Cumin 00:37 | 00:37 |00:37 |0.4
Galangal 5.60 5,60 |5.60 |5.60
Lemongrass leaves lstalk [(8:16 [8:16 |11
Bay 2LBR |2:01 |2:01 |2:01
Lime leaves 1:31 |1:50
Brown sugar 17.72 |20 20 26
Salt 12.63 |11 11 16

The process of determining the right formula at the top through sensory testing is
limited to determining flavor fast pasta seasoning opor most preferred by panelists.

In determining the formula paste opor seasoning, initially obtained orientation using a
recipe from the internet. In order to taste the same formula on each test will be weighing the
amount of each spice. Then, in orientation | taste sweet and salty in one liter of soup opor
less appropriate. Furthermore, in orientation |1, added salt and more sugar and spice leaves.

Idea appears to reverse the addition of seasoning leaf by taking the extract. The way
the spices with a smooth leaf and then added water 50 ml. Then, extract the flavor leaves
squeezed and filtered. The result is added at the time of extraction pemblenderan along with
other spices.

At orientation 111 plus ginger, turmeric and lime leaves. Based on limited sensory test
results showed that the flavor and aroma of spice pastes opor not fit so we need more
orientation.

In the fourth orientation, the addition of some spices such as ginger, turmeric, pepper,
lemon grass leaf, brown sugar and salt. Furthermore, limited sensory test carried out and
obtained pasta with opor spice flavor and aroma that is appropriate. The comparison between
the flavor with a sauce that is 1:8 (w / v).
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Table 4. Determination Formula Powder Chicken Opor Seasoning

Types of| Recipe || I
Spices

(Grams) [(Grams) [(Grams)
Shallots 2.4 5:22 10:42
Garlic 24 4:13 8:26
Hazelnut 3eggs |15:31 |[15:31
Ginger - 1:35 1:35
Turmeric - 0.62 1:24
Coriander 2.4 0.87 1.74
Cumin 0.8 0.4 0.80
Salt 10 16 16
Brown sugar |5 26 26
Galangal 1.6 1:22 2:44
Lemongrass lstalk |1.95 1.95
leaves
Bay 2 sheets | 0.80 0.80
Lime leaves - 0.69 1:39
Pepper - 1:00 2:00

Chicken opor seasoning flavor with formulation I are less tasty, just taste sweet and
slightly salty. Orientation Il done with some seasoning powder amount multiplied twice as
onion, garlic, pepper, lime leaves, turmeric, coriander, cumin and galangal. Comparison of
the amount of seasoning powder with a sauce that is 1:10 (w / v). Based on sensory
evaluation test results obtained by flavor and aroma that is appropriate.

Liquid Smoke and Liquid Smoke Powder

3 kg of coconut shell was pyrolisated to produce liquid smoke as much as 1400 ml
and 600 ml redistilled redestilat liquid smoke. While the manufacture of liquid smoke powder
in this study by using liquid smoke as much as 300 ml then mixed with maltodextrin as much
as 300 grams. Results of drying liquid smoke is liquid smoke powder as much as 264.8 grams
so that the yield obtained from the crystallization is as much as +44.13%. These results are
similar to previous research conducted by Handayani (2004) which states that the yield
resulting from the crystallization liquid smoke and maltodextrin as much as 50%.
Composition of Liquid Smoke and Liquid Smoke Powder
Table 5. The chemical composition and physical properties of liquid smoke and liquid smoke
powder

Prosentase (%)

Chemical Liquid Liquid

composition Smoke Smoke
Powder

Fenol 2,53 2,24
Acid Total 20,74 10,46
Moisture - 6,72
Content
Physical Smoke Smoke
Properties specifique specifique
(odor)
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The table above shows that the fraction of liquid smoke and the results redestilat
liquid smoke powder, acid has a greater percentage compared with phenol. The percentage of
such compounds in liquid smoke different amounts depending on the type of wood or raw
material liquid smoke, component fiber base material, and pyrolysis temperature. Meanwhile,
according Pszczola (1995), differences in chemical composition of liquid smoke is based on
plant species, age and condition of the crop growth. Acid content of liquid smoke powder in
this study were 10.46% and the liquid smoke at 20.74%. According Tranggono et.al., (1989)
acid levels are several types of wood are made at 350-400°C pyrolysis temperature ranged
from 4.27-11.39%.

The average of phenol concentration in liquid smoke powder obtained from the
analysis of 2.24% while 2.53% liquid smoke. Tranggono et.al., (2002) reported that levels of
phenol in liquid smoke ranged from 2.10-5.13%. This results shows that the phenol content in
liquid smoke powder and liquid smoke have very low levels.

This phenomenon can occur is possible because, although coconut shell is a
hardwood that has a higher lignin content compared to other components, but the pyrolysis
temperature affects the amount of decomposition of lignin compounds, namely phenol, which
will be shipped in liquid smoke. Lignin will be decomposed into phenol at 350-450°C, while
the pyrolysis temperature in this study was 400°C. Additionally redestilation temperature, ie
105°C, is the temperature below the boiling point of phenol, phenol compounds which
decompose during the distillation is not maximized, so not many who participated in
redestilat phenol.

Moisture content in this study was conducted to liquid smoke powder using
thermogravimetri. From the table shows that water content was 6.72% (wb). This shows that
the moisture content is low.

Determination of Threshold Value

Threshold test used to determine the threshold value of the smoke flavor began to be
perceived by the panelists. While the maximum test serves to determine the maximum
proportion of liquid smoke and liquid smoke powder that can still be accepted by the
panelists. According Draudt (1963), the threshold value of phenols from smoke condensate is
0.147 ppm to 0.023 ppm stimuli for taste and odor stimuli. This threshold value of phenos is
used as the basis for determining the proportion of the addition of liquid smoke and liquid
smoke powder in the threshold test.

a. Pasta Seasoning
Five kinds of variations in the concentration of liquid smoke added to ready to eat
pasta curry and chicken opor seasoning.

Table 6. Scoring Threshold Panelists to pasta curry and chicken opor seasoning

Concentrations Curry Spices Chicken Opor
of Liquid Smoke | Smoke | Smoke | Smoke
Smoke (v/v) Smell | Flavor | Smell | Flavor
0% 2.00° [2.83° [267® |267°
0.015% 2.67% [3.33 |200° |233°
0.025% 2.33° | 250*° [2.33 |267°
0.035% 3.00° |[3.17® [3.83 |3.83°
0.045% 3.67° [4.17° [333" |383°

Note: The superscript sign with letters that are not the same in the same column indicate results
significantly different (o = 5%)
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Description:

(1) There is no smell / flavor of smoke
(2) Smell / flavor of smoke is very weak
(3) Smell / flavor of smoke is weak

(4) Smell / flavor of smoke is strong

(5) Smell / flavor of smoke is very strong

From the test results, indicating that the curry sauce, liquid smoke added at a
concentration of 0.025% (v/v) and 0.015% (v/v) in opor sauce already can feel the flavor and
aroma of the smoke by the panelists.

Furthermore, in addition to the threshold value also sought the maximum
concentration values for the addition of liquid smoke in the ready to eat pasta seasoning.
Initially tried 2 kinds of variations, namely the concentration of 0.5% and 1.0% (v/v). For
0.5% concentration, odor and taste of smoke from the curry sauce is thick and feels more
concentrated again to 1% concentration, so that at this concentration sauce was more bitter
and panelists felt sick and did not want to eat it. For the concentration chosen was 0.5% and
two below the concentration, ie 0.4% and 0.3% for the panelists and get tested to the
maximum concentration of liquid smoke to produce curry sauce that taste and smell of smoke
was not liked by the panelists was 0.4% (v/v).

Table 7. Scoring panelists dislike of curry spice

Concentrations Attributes
of Liquid Smoke Smoke
Smoke (v/v) Smell Flavor Description:
0.3% 1.00% 1.33° 8 élke el
0.4% 2.33° 3.00° omewhat like
0.5% 2.67° 3.00° (3) Not Like

Note: The superscript sign with letters that are not the same in the same column indicate results
significantly different (o = 5%)

Table 8. Scoring Panelist Dislike of Chicken Pasta Opor Seasoning

The proportion off Smoke |The smell Description:

Liquid Smoke Flavor |of smoke 1= LikE '

0.5% 167° |167° 2 = Somewhat dislike
0.8% 3:33%  ]3:33° 3 = Dislike

0.9% 1.67% 267 4 = dislike

1% 2.67% 267

Note: The superscript sign with letters that are not the same in one column, showed
significantly different results (o = 5%).

In the table above, note that the test results of maximum smoke flavor seasoning paste opor
found on the proportion of 0.8% (v /v). On the proportion of 0.8% (v / v) panelists can feel a
sense of smoke, but the flavor that appears not smoke the expected sensation. Taste sensation
that arises is saturated at the base of the tongue, tend to taste bitter, so this treatment is not
received by panelis.Berdasarkan results can be concluded that the optimum proportion of
smoke became unpopular taste panelists on the proportion of 0.8% (v / v).

The aroma is not liked by the panelists was the smell of smoke with the proportion of liquid
smoke 0.8% (v / v). The result of the assessment panel is due to the proportion of liquid
smoke used is high enough so that the smell of smoke is very strong.
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b. Powders Seasoning

Five kinds variations of concentration of the liquid smoke powder added to the ready
to eat curry and chicken opor powder seasoning.

Tabel 9. Scoring Threshold Panelists against Curry & Chicken Opor Powder Seasoning

Concentratio Curry Spices Chicken Opor
n of Liquid Description:
Smoke Smoke | Smoke | Smoke | Smoke -
Powder (biy) | Smell | Flavor | Smell | Flavor (1) There is no smell / flavor of smoke
3 a b B (2) Smell / flavor of smoke is very weak
0% 1.67 2.50 2.83 2.50 .
0 b 3 a 3 (3) Smell / flavor of smoke is weak
0.01% 2.83 2.83 1.67 1.67 .
0.03% 333 | 283 | 333 | 283° (5) Smell / flavor of smoke is very strong
0.04% 2.67° | 217° | 250" | 250"

Note: The superscript sign with letters that are not the same in the same column indicate results
significantly different (o = 5%)

From the test results, indicating that the curry sauce, liquid smoke powder added at a
concentration of 0.03% (w/v) have the smoke smell that can be perceived by the panelists,
while for the smoke flavor can begin to be felt in the concentration of smoke powder 0.04%
(w/v). As for the taste of chicken opor spice powder began to feel taste of smoke on the
proportion of 0.01%. It is known that the lowest threshold smell of smoke began to be felt on
the proportion of 0.01% (w / v).

Furthermore, to find the maximum concentration tested 2 kinds of variations, namely
the concentration of 0.5% and 1.0% (w/v). For 0.5% concentration, odor and taste of smoke
from the curry sauce is still acceptable by panelists at a concentration of 1% while the
panelists have felt disgusted and did not want to eat it. For that the selected concentration is
0.1% and two below of the concentration, ie 0.9% and 0.8% for the panelists and get tested to
the maximum concentration of liquid smoke to produce the smoke-flavored curry sauce,
preferably no panelist was 1.0% (w/v) and to the smell of smoke at a concentration of 0.9%
(Whv).

Table 10. Scoring Panelists Dislike of Powder Curry Seasoning

Concentration of Atribute o
Liquid Smoke Smoke Smoke Descrlptlon.
Powder (w/v) Smell | Flavor (1) Like _

0.8% 1.75° 2.00° (2) Somewhat like
0.9% 2.00° 1.75° (3) Not Like
1.0% 2.00° 2.75°

Note: The superscript sign with letters that are not the same in the same column indicate results significantly
different (a = 5%)

Table 11. Scoring Dislike of Panelist for Powder Chicken Opor Seasoning

Flour Concentration Atribute

Liquid Smoke (w / V) Smoke Odor Smoke Flavor
0.5% 1.75% 2:00°
1% 3:25°% 2.75%
1.25% 4:00° 4:25°2

In the spice powder chicken opor indicates that the test results for the proportion of
maximum smoke flavor 1.25% (w/ v). On the proportion of 1.25% (w / v) showed the
highest value is 4:00, which means not liked # panelist. On the proportion of 1% (w / v)
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several panelists disliked the taste sensation of smoke that emerged but some panelists still
able to receive it. Therefore, limit the maximum proportion can be increased until the
proportion of 1.25% (w / v).

While the chicken opor spice powder showed displeasure at the smell of smoke
panelist for the proportion of 1.25% (w / v). On the proportion of 1.25% (w / v) showed the
highest value is 4:25, which means not liked ? panelist. At this proportion is less like some
panelists taste sensation that arise because of the smell of smoke generated smoke is very
strong. Therefore, the limit on the maximum proportions opor chicken seasoning powder that
is the proportion of 1.25% (w / v).

Sensory Analysis
Curry Spices
Table 12. Preferrence Scoring Panelists to Curry Flavored Traditional Smoke

Smoke Smoke
Sample smell Flavor Overall
Pasta
0.10% | 3.60° 3.28% 3.30°
0.15% | 3.53" 3.40° 3.40°
0.20% | 3.03? 2.95% 3.05%®
0.25% | 3.00% 3.08% 3.00°
0.30% | 2.73° 2.83° 2.90° Description:
(1) Very Dislike (4) Like
Powder _ (2) Dislike (5) Very Like
0.12% | 3.38° 3.08° 3.08 (3) Neutral
0.32% | 3.30° 2.95% 3.13°
0.52% | 2.73° 2.65%¢ 2.83%®
0.72% | 2.25% 2.50% 2.45
0.92% | 2.43® 2.30° 2.475%

Note: The superscript sign with letters that are not the same in the same column indicate results
significantly different (o = 5%)

Table 13. Scoring Difference Testing of Traditional Curry Flavored Smoke

Sample | Smoke Smell | Smoke Flavor
Pasta
0.10% 2.33° 2.13°
0.15% 2.18° 2.35°
0.20% 3.20° 2.98°
0.25% 3.73° 3.93°
0.30% 4.00° 3.93°
Powder
0.12% 2.25° 2.18°
0.32% 2.75° 2.80°
0.52% 3.38° 3.38°
0.72% 3.90° 3.88¢
0.92% 4.33° 4.13°

Note: The superscript sign with letters that are not the same in the same column indicate results significantly different (o =
5%)

Description:(

1) The smell and taste of smoke is very weak (4) The smell and taste of smoke is strong

(2) The smell and taste of smoke is weak (5) The smell and taste of smoke is very strong

(3) The smell and taste of smoke is a bit stronger

A-64 ICBB2011 Proceeding | Vol. 1 No. 1 October 2011



Smoke Smell

From this table, average the second batch can be seen that the highest value favorite
panelist of smoke smell/ aroma from ready to eat curry paste seasoning that added with the
liquid smoke at a concentration of 0.10% (v/v), so that from the five samples of the scent of
curry sauce panelists most preferred smoke at a concentration of 0.10% (v/v). However,
panelists at a concentration level of delight the addition of liquid smoke 0.10% and 0.15%
(v/v) did not significantly different.

The apparent difference between curry sauce with concentration of liquid smoke
0.10%, and 0.15% (v/v) with 0.20%, 0.25%, and 0.30% (v/v). From the results of preference
test indicated that panelists prefer a curry sauce with a low concentration of liquid smoke that
is below 0.20% (v/v). The higher concentration of liquid smoke, the panelist's favorite level
goes down, this proved to panelists gave a lower value. This is also supported by the results
of the test scoring differences that the higher concentration of added liquid smoke, flavor/
odor of smoke generated stronger. The smell of smoke generated from the addition of liquid
smoke 0.10% (v/v) did not significantly different with the concentration of 0.15% (v/v) but
significantly different with three concentration on it. The stronger the smell of smoke is
detected by the panelists, the level of preference of panelists decreases.

For the ready to eat powder seasoning, the highest score of panelists to smoke smell in
a curry sauce that whit added the liquid smoke powder at a concentration of 0.12% (w/v), so
that from the five samples of curry sauce is the most preferred smoke flavor panelists at a
concentration of 0:12 % (w/v). However, the level of flavor panelists favorite in curry sauce
at a concentration of 0.12% was not significantly different with the concentration of 0:32%,
but significantly different with the concentration of 0.52%, 0.72% and 0.92% (w /).

From the results of preference test indicated that panelists prefer a curry sauce with
concentration of liquid smoke powder is low, under 0.32% (w/v). The higher concentration
of liquid smoke powder then progressively decreasing level of panelist's favorite, this proved
to panelists gave a lower value. This is because the smell of smoke is produced will get
stronger and sharper. This is also supported by the results of the test scoring differences that
the higher of the concentration of added liquid smoke, flavor/ odor of smoke generated
stronger. The smell of smoke generated from the addition of liquid smoke 0.12% (w/v)
significantly different with other concentrations. The stronger the smell of smoke is detected
by the panelists, the level of preference of panelists decreases.

Smoke Flavor

From the table it can be seen that the highest value of the panelist's favorite smoke
flavor from the paste seasoning in curry sauce with a concentration of 0.15% (v/v), so that
from the five samples of curry sauce is the most preferred smoke flavor panelists at a
concentration of 0.15% (v/v). However, the smoke flavor panelist’s favorite level of curry
sauce at this concentration did not differ significantly with the concentration of the other four.

From the results of preference test indicated that panelists prefer a curry sauce with a
low concentration of liquid smoke was the concentration below 0.25% (v/v). The higher
concentration of liquid smoke, the panelist's favorite level goes down, this proved to panelists
gave a lower value. This is also supported by the results of the difference test’s scoring that
the higher concentration of added liquid smoke, flavor/ odor of smoke generated stronger.
The smell of smoke generated from the addition of liquid smoke 0.10% (v/v) did not differ
significantly with the concentration of 0.15% (v/v) but significantly different with three
concentration on it. The stronger smell of smoke is detected by the panelists, the level of
preference of panelists decreases.
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For ready to eat curry powder, the highest value preferences of panelists for smoke
flavor is in a curry sauce that added liquid smoke powder at concentration 0.12% (w/v), so
that from the fifth sample was panelists most preferred of the smell of smoke with
concentration of 0.12% (w/v). However, the level of smoke flavor favorite panelist of curry
sauce at this concentration did not differ significantly with the concentration of 0:32% (w/v),
and significantly different with the three other concentrations.

From the results of preference test indicated that panelists prefer a curry sauce with
concentration of liquid smoke powder is low at concentrations below the 0.32% (w/v). The
higher concentration of liquid smoke powder then progressively decreasing level of panelist's
favorite, this proved to panelists gave a lower value because the resulting smoke flavor will
get stronger and sharper, causing a bitter aftertaste. Thus it can be seen that the panelists
preferred the low smoke flavor. This is also supported by the results of the difference test’s
scoring that the higher of the concentration of added liquid smoke powder, the flavor/ odor of
smoke generated stronger. The smell of smoke generated from the addition of liquid smoke
powder 0.12% (w/v) differ significantly with other concentrations. The stronger of the smell
of smoke’s detected by the panelists, the level of panelist’s preference decreases.

Overall Liking

From the table it can be seen that the highest score overall liking from panelist of the
ready to eat curry pasta, which added to the liquid smoke at a concentration of 0.15% (v/v),
so that the overall liking from panelists from the fifth sample was at the concentration of
0.15% (v/v). However, the overall level of panelist's favorite from curry sauce at this
concentration did not differ significantly with the concentration of the other four.

From the results of preference test indicated that panelists prefer a curry sauce with a
low concentration of liquid smoke was the concentration below 0.25% (v/v). The higher
concentration of liquid smoke, the panelist's favorite level goes down, this proved to panelists
gave a lower value.

For ready to eat curry powder, the highest value of overall liking from panelists was
for smoke flavor in a curry sauce that added liquid smoke powder at concentration 0.32%
(w/v), so that from the fifth sample, panelists liked the overall flavor of smoke at a
concentration 0.32% (w/v). However, the overall level of panelist's favorite smoke curry
sauce at this concentration did not differ significantly with the concentration of the other four.

» Chicken Opor Seasoning

Tabel 14. Scoring Preferent Test of Traditional Chicken Opor with Smoke Flavored

S | Smoke | Smoke 0 I Note: The superscript sign with letters that are not
ampe taste odor Vvera the same in the same column indicate results
Pasta significantly different (o = 5%)
0.1% 3.32° | 3.72° 3.60° Description:
0.25% | 3.35° | 3.45% 3.42" Testing Interests:
0.4% 2.77° | 2.90° 3.02° (1) Its Not Like (4) Like
055% | 3.10° | 3.12% 3.02° gg o Like (5) [t Like
0 a a a
0.7% 2.05 2.20 2.30
Bubuk
0.2% 3.80° | 3.67° 3.80°
0.4% 3.62°° | 3.35™ 3.70°
0.6% 352° | 3.37% 3.62°
0.8% 2.90* | 3.07° 2.92°
1% 2.55% 2.57% 2.65%
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Table 15. Scoring Different Test of Traditional Chicken Opor with Smoke Flavored

Sampel | Smoke odor | Smoke taste
Pasta
0.1% 1.75° 1.75°
0.25% 3.22° 2.92°
0.4% 3.92° 3.95°
0.55% 3.70"™ 3.95°
0.7% 4.55° 4.55°
Bubuk
0.2% 2.15° 2.02?
0.4% 2.67° 2.70°
0.6% 3.32° 3.52°
0.8% 4.05° 3.97%
1% 4.42° 4.32°

Note: The superscript sign with letters that are not the same in the same column indicate results significantly
different (o = 5%)

Description:

Differentiation Test:

(1) The smell and taste of smoke is very weak
(2) The smell and taste of smoke weak

(3) The smell and taste a bit stronger smoke
(4) strong smoke smell and taste

(5) The smell and taste of smoke is very strong

Smoke Flavor

Taste panelists most preferred is a variation of chicken opor spice paste flavors with
smoke and liquid smoke proportion of 0.25% (v/ v). There is no real difference with the
proportion of 0.1% (v / v), but for effectiveness we used the proportion of 0.25% (v /v) as a
proportion of the optimum. Selection of a higher proportion in order to have antioxidant and
antimicrobial higher as well. Compounds in liquid smoke that act as antimicrobial namely
phenol. The proportion of 0.25% (v / v) have a higher durability and can cope with loss of
smoke flavor to flavor chicken opor if prolonged storage.

Mechanism of phenolic compounds in killing microbes is the reaction between acid
fenoleat with protein (in this case, microbes. In enzymatic conditions in the presence of
enzymes that work naturally fenolase at neutral pH, acid fenoleat oxidized to quinones that
can react with the lysine of the protein that causes these proteins can not be used in biological
(Hurrell, 1984).

According Wastono (2006), liquid smoke (liquid smoke) may be used as a
preservative because of the acid compounds, phenolic and carbonyl who have the ability to
preserve food such as meat, fish, noodles, food seasonings and meatballs.

A higher proportion of liquid smoke contains higher as well. Liquid smoke contains
components that are bakteristatis and bactericidal which can act as a preservative. This can
happen if the smoke settles on the surface or seep into the material of smoked (Winarno,
1981). Compounds that very act as antimicrobials are compounds of phenol and acetic acid,
and its role is increasing when there are two compounds together (Darmadji, 1996). Besides
phenol, aldehyde compounds, acetone and ketones also has bacteriostatic and bakteriosidal
power on smoke products. Girrard (1992) states that the smoke in the form of liquid affect the
overall amount of smoke in smoke condensate, which reached 40% with 35 types of acid.
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Volatile acid content in the smoke will decreased the pH, thus slowing the growth of
microorganisms (Buckle et al., 1985).

There are real differences in the proportion of 0.4%, 0.55% and 0.7% (v/v). Chicken
opor seasoning with the proportion of 0.4% liquid smoke shows tend neutral rating, while the
proportion of 0.55% preferred near neutral to the panelists so that is still acceptable by the
panelists. Then, on the proportion of 0.70% (v / v) showed an unwelcome rating panelists.
Therefore, concluded the optimum taste of smoke on the proportion of variation 0.25% (v/v).
From the results of the most high-scoring flavor obtained a mean value of 3.35 © panelists
liked sample chicken opor seasoning with proportion of liquid smoke 0.25% (v/v).

For powder fast food seasoning, the highest value preferences of panelists to smell
smoke powder chicken opor seasoning with liquid smoke proportion of 0.2% (w/v) have a
sense of smoke with the highest score of 3.80 ® which means that panelists liked. It is known
that panelists tend to like spice powder opor smoke flavor with a range of proportions of
0.2% -0.6% (wi/v) with panelists on the product's favourite powder chicken opor seasoning
not significantly different. While the proportion of 0.8% and 1%, which is significantly
different panelists prefer less preferred. The proportion of 0.2% (w/v) was chosen as the
optimum proportion because it is more efficient and economical.

The correlation between preference test results and different test results to the taste of
smoke indicates that panelists prefer the taste of smoke with a low intensity. Based the result
of different test above, it can be seen the proportion of the addition of liquid smoke to taste
panelists affect the assessment of smoke. The greater proportion of the addition of liquid
smoke and liquid smoke, the taste of flour produced stronger smoke too. On the table shows
that chicken opor paste seasoning with the addition of liquid smoke proportion of 0.25% and
0.2% for the proportion of powder is the preferred product, but with low smoke flavor
intensity.

The smell of smoke

Variations chicken opor pasta seasoning which showed the highest value of smoke
odor and flavor of liquid smoke is the proportion of 0.1% with a value of 3.72%. However, the
value is not significantly different with variations in the proportion of 0.25% (v / v) whose
value is 3.45°" In consideration of antioxidant properties and durability of products like the
taste of smoke, the chosen variation of the proportion of 0.25% (v / v) as a optimum
proportion.

In the panelist's favourite scoring for powder chicken opor seasoning seen the highest
score for the proportion of 0.2% (w/v) with a value of 3.67° which indicates neutral rather
liked. On the proportion of 0.4% (w/v) with value 3.35™ and 0.6% (w/v) with value 3.37>
These results are not significantly different from the proportion of 0.2% (w/v). While the
proportion of 0.8% (w/v) 3.07° is not significantly different from the proportion of 0.4% and
0.6% (w/v). Then, the proportion of 1% (w/v) tend to be neutral is not favored with 2.57°
score.

Based on the correlation of preferrence test results and the different test results of the
favourite shows that panelists prefer the smell of smoke with a low intensity of 0.25% on the
spice paste and 0.2% for powder seasoning. Meanwhile, the strong scent of smoke less
preferred panelists.

Overall

Overall, the panelists showed the highest rating in the sample that is 3.60 chicken
opor pasta seasoning flavored with smoke and liquid smoke variation 0.1% (v/v) with neutral
rather liked scoring. There is no real difference with the proportion of 0.25% (v/v), which the
value is 3.42 ™ or neutral rather liked. With consideration of the higher addition of liquid
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smoke can produce high antioxidant, so the chosen proportion of 0.25% (v/v) as a optimum
proportion. For the proportion of 0.4% and 0.55% (v/v) 3.02° which means the scent is still
accepted by the panelist. While the proportion of 0.7% (v/v), the panelists gave score 2.30%,
which means taste and smell strong smoke flavor is less preferred.

Panelists showed the highest rating in the sample that is 3.80° powder chicken opor
seasoning with liquid smoke variation of 0.2% (w /v) with scoring tends to prefer. There is no
real difference to the proportion of value 0.40% and 0.60% ° 3.70 (w/v) 3.62 ° with a neutral
score rather liked. While the proportion of 0.8% with value 2.92% and 1% (w/v) the value
2.65% significant difference that is less favored by panelists. With the addition of liquid smoke
economical considerations, the chosen proportion of 0.2% (w / v) as a optimum proportion.
Making powder chicken opor seasoning used drying so that has higher operating costs.

Chemical Composition
Determination of Phenol and Total Acid

Determination of phenol content and total acid was to determine the components of
liquid smoke flavor in the form of components phenolytic and acid compounds were
absorbed into the product and its influence on the panelist's favorite.

» Curry Spices

Table 16. Results Analysis of Phenol and Total Acid Curry Spices

Prosentage (%0)

Sample | Concentration | Phenol | Total
Content | Acid

0% (V/V) 1.65 2.63

pasta 0.15% (v/v) 2.69 3.09
0.30% (v/v) 3.13 4.77

0% (b/v) 3.40 1.44

powder | 0.12% (b/v) 4.20 2.04
0.92% (b/v) 5.24 3.29

Phenol content in the paste seasoning without the addition of liquid smoke is 1.65%.
While the phenol content in the spice paste with liquid smoke’s concentration 0.15% (v/v)
and 0.30% (v/v) respectively 2.69% and 3.13%, higher than the levels of phenol in smoke
liquid itself, ie 2.53%. Similarly, the phenol content in the seasoning powder, powder
seasoning without the addition of liquid smoke powder amounted to 3.40%. While the phenol
content in the seasoning powder with liquid smoke powder’s concentration 0.12% (w/v) and
0.92% (w/v) respectively for 4.20% and 5.24%, higher than the levels of phenol in liquid
smoke powder itself, which is equal to 2.24%. This suggests that the seasoning paste and
powder itself already contains phenolic compounds.

From the results table is also known that the higher of the concentration’s use of
liquid smoke to ready to eat paste seasoning or use of liquid smoke powder on ready to eat
seasoning powder, then the phenol content and total acid will increase as well. Total phenol
content of this acid effects on the flavor of spices produced, where Girard (1992) mentions
that the phenol compounds known as the major constituents that play a role in the formation
of flavor in the product and according Darmadji (1996) acid plays an important role in the
organoleptic assessment on the product as a whole. More phenol and total acids contained in
the material then the smoke flavor will be felt increasingly. When connected with the results
of sensory analysis, the greater of uses the concentration of liquid smoke and liquid smoke
powder, panelists favorite value decreases. It means that the higher phenol content and total
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acid contained in the material, the value of the panelist favourites goes down because the
smoke flavor is very pronounced and can give a bitter after taste.

» Chicken Opor Seasoning

Tabel 17. Results Analysis of Phenol and Total Acid Chicken Opor Seasoning

. Percentage (%)

Concentration -
Sample (%) Phenol Acid
Total
Pasta 0 2.56 1.62
Seasoning 0.25 2.63 2.00
(VIv) 0.70 3.14 2.78
Powder 0 1.86 1.99
seasoning 0.20 1.91 2.19
(b/v) 1 2.77 2.59

From Table 17, we know that there is an increase of phenol content control pasta and
powders seasoning without smoke into pasta and powder seasoning smoke flavor. The
increase in phenol content was related to the use of liquid smoke 0.25% (v / v) on addition of
flour paste and smoke 0.2% (w / v) of spice powder. This proves that the engineering process,
adding smoke flavor can raise the level of phenol in the product but can still be accepted by
consumers.

Phenolic compounds is very important in determining the quality of liquid smoke and
material treated with liquid smoke. This is because phenol role in contributing to produce
specific smoke flavor (Dugan, 1976). Based the table 4.13 seen that the more addition of
liquid smoke and liquid smoke powder causing the higher of phenol content. The increase in
phenol content was contribute the decrease of panelists preferrence in opor seasoning
products for either in the form of powder or paste.

Acids derived from liquid smoke and powder liquid smoke products shipped to
chicken opor seasoning. This was a favorite cause panelist to be reduced. Overall seen that
the more total acid content in the product ingredients opor then decline favorite panelists.
Proximate Analysis

Table 18. Proximate Analysis Results of Ready to Eat Curry Spice

sample | Component Content | Content
(%owb) | (%db)
Moisture 58.12 129.01
Fat 12.06 28.78
Pasta | Protein 5.65 13.49
0.15% | Total Sugar | 6.36 15.19
Reduction 533 557
Sugar
Moisture 8.75 9.61
Fat 9.73 10.64
Powder | Protein 25.17 27.58
0.12% | Total Sugar | 7.91 8.67
Reduction 4.94 5 49
Sugar
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Tabel 19. The Proximate Analysis Ready to Eat Chicken Opor Seasoning

Content | Content
Sample | Component (%wb) | (%db)
Water 37.11 59.00
Fat 10.59 16.84
Sezgg;?ng Protein 571 | 9.08
0.15% Total sugar 9.77 15.54
Sugar 2.61 4.15
Reduction
Water 7.80 8.46
Levels
Powder | Fat 5.20 5.63
Seasoning | Protein 12.98 14.08
0,12% | Total sugar | 19.57 21.23
Sugar 2.65 2.87
Reduction

Moisture Content

From the above table is known that the moisture content in curry paste amounted to
58.12% (wb) or 129.01% (db) and the curry powder s of 8.75% (wb) or 9.61% (db). While
for the chicken opor pasta seasoning 37.11% (wb) or 59% (db) and powder of 7.8% (wb) or
8.46% (db). According to Hambali (2009) the water content of dried herbs is less than 8%.

In the spice paste, the frying process during processing can cause a decrease in water
content and the spice powder, a decrease of water content occurs during the drying process of
each type of seasoning. Drying is a process of removal of water from a dried material. This
omission includes two stages, namely transfer of material to the surface and the stage of
water evaporation from the surface to the atmosphere (Van Arsdel, 1963).

This low water content can extend shelf life because water can help prevent the
destruction of food such as the microbiological, chemical, and enzymatic material by the
presence of insect activity.

Fat Content

It is known from the calculation that the fat content in the curry spice paste is quite
high ie 12.06% (wb) or 28.78% (db). The high fat content found in the curry spice paste is
highly influenced by the oil absorption process during frying. Fat contained in the material,
eg ginger rhizome only by 1.0%, 0.3% fresh red chilli, red onion 0.3%, 0.2% garlic, tamarind
0.6% (Anonim*, 1981) and turmeric rhizome 2.7% (Thomas, 1995) so that the high content of
fat in curry spice pastes due to the absorption of oil during frying. During the frying process
occurs transfer cooking oil from the frying pan into the products and become a component of
the product (Heid and Joslyn, 1967).

While the calculation of fat content in the curry spice powder which is 9.73% (wb) or
10.64% (db). Fat content of chicken opor seasoning paste of 10.59% (wb) or 16.84% (db).
While the calculation of fat content in chicken opor seasoning powder that is 5.20% (wb) or
5.63% (db). The presence of fat in the powder tends to be a barrier against water absorption
process and will reduce the tendency of granules to swell. When high levels of fat in the
powder can affect the quality of ingredients during the storage process because of the high fat
content in the material causes the material will be more easily damaged and rancid.
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Protein Content

Protein content in the curry spice paste was 5.65% (wb) or 13.49% (db). Protein
content in these products is the result of contributions from ginger rhizome with a protein
content of 2.0%, 1.0% fresh red chilli, red onion 1.5%, 4.5% garlic, tamarind 2.8% (Anonim2
, 1972), and turmeric 2% (Thomas, 1995) contained in the product. While the protein content
from curry spice powder is about 25.17% (wb) or 27.58% (db). In the chicken opor spice
paste, protein content is 5.71% (wb) and the powder as much as 12.98% (wb).

The existence of heat treatment, such as frying and drying during processing make
quality of protein in the product decreases. Heating resulted in a decrease of total amino
acids, especially lysine, tryptophan, cysteine, and histidine. The higher temperatures are used,
then the total amino acids will further go down (Badenhop and Hackler, 1971). Heating
process carried out during the making of spice paste is frying, while in the manufacture of
spice powder is drying with a cabinet dryer. Frying temperature is higher than the
temperature of drying with the cabinet dryer, so the decrease in total amino acids greater.

The amount of protein content in the powder will have much effect on the functional
properties of powders, especially the absorption of water. According to Kinsella (1976), high
protein content will increase the ability of the material to absorb water because in general the
protein has a hydrophilic group capable of binding water. So spice powder is easier to be
clouding when stored in conditions that are not good.

Total Sugar and Reduction Sugar

Total sugar content found in curry spice paste is 6.36% (wb) or 15.19% (wb) and
reducing sugar content of 2.33% (wb) or 5.57% (db). While the total sugar content in currry
spice powder is about 7.91% (wb) or 8.67% (db) and reducing sugar content of 4.94% (wb)
or 5.42% (db).

Total sugar content in the seasoning pasta chicken opor is 9.77% (wb) or 15.54% (wb)
and reducing sugar content of 2.61% (wb) or 4.15% (db). In the spice powder chicken opor,
total sugar content is about 19.57% (wb) or 21.23% (db) and sugar reduction content 2.65%
(wb) or 2.87% (db).

From the results it is known that both the ready to eat paste and powder seasoning
contain more sugar reduction when compared with non-reducing sugar.

Prototype Packaging

The uses of aluminum foil as a packaging material because of the aluminum foil is
airtight packaging materials and light-tight so that the packaging is expected to spice powder
that not easy clouding and spice pastes did not experience oxidation. Another function is to
protect the existing one component of the spice that are phenol components which influence
the flavor. Phenol is an important component that can provide the smoke flavor in the
seasoning and phenol are sensitive to light and temperature, the presence of aluminum foil
packaging was then phenol present in condiments can be protected.

Prototype packaging for spices powder and pasta measuring 13 cm x 12 cm (length x
width) with the front containing the brand, net, and halal label while the back contains a list
of compositions, serving suggestions, nutritional information, production code, barcode, and
the names and addresses of companies that produce.

Conclusion

1. Precise formulation curry spice is obtained on the orientation | in spice pastes and in
orientation Il in spice powder. While the chicken opor seasoning paste is obtained on the
orientation IV and powder in orientation II.

A-72 ICBB2011 Proceeding | Vol. 1 No. 1 October 2011



Application of Liquid Smoke...Purnama Darmadji, et. al. ISSN: 2088-9771

2. Threshold of smell and smoke flavor of liquid smoke obtained by the curry seasoning
paste are 0.025% (v/v) and 0.04% (w/v). While the threshold chicken opor seasoning pasta
on the proportion of 0015% (v/v) and chicken opor spice powder with the proportion of
0.01% (w/v). Maximum proportion of curry spice paste in 0.4% (v/v), and for powder
1.0% (w/v). While the maximum proportion of the less favored panelist on seasoning pasta
chicken opor ie 0.8% (v/v) and then to spice powder chicken opor with the proportion of
1.25% (wW/v).

3. Optimum addition of liquid smoke at a concentration of 0.15% (v/v) in the ready to eat
curry paste seasoning and 0.25% (v/v) for opor chicken paste seasoning, while the addition
of liquid smoke on ready to eat curry powder seasoning at a concentration of 0.12% (w/v)
and 0.2% (w/v) forchicken opor powder seasoning.

Suggestion
1. Not knowing the influence of cooking time to the addition of liquid smoke and liquid
smoke powder in spice curry powder and pasta ready meals, so we need further research.

2. Engineering addition of liquid smoke and liquid smoke powder on the ready to eat
seasnoning produced by different water content, so the shelf life was different, it is
necessary to conduct further research to determine the shelf life of products.
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ABSTRACT

A new process for preparing chemoselectively protected N-phthaloyl-chitosan
macrospheres, which was simple and practicable, was reported in this paper. Chitosan was
phthaloylated using phthalic anhydride in dimethylformamide as solvent with addition of 5%
water (v/v) as cosolvent and without drying of solvent to remove the contained water and
without flowing of nitrogen to purge water vapor during reaction process. As comparison,
the same condition reaction was also performed to prepare N-phthaloyl-chitosan but without
addition of 5% water as cosolvent. The FTIR spectra showed that chemoselectively protected
N-phthaloylation of chitosan can be prepared without pretreatment of solvent drying and
without treatment of water vapor purging during the reaction.

Keywords: selective, protection, phthaloyl, chitosan.

1. INTRODUCTION

Chitin is the second most abundant natural polysaccharide, generally found in the
composition of crustacean shells, insects, molluscan organs, and fungi. Chitosan is obtained
from chitin by alkaline hydrolysis with inorganic base; the process essentially hydrolyzes N-
acetyl groups at random within the polymer backbone (Fig. 1). Chitin and chitosan have
gained tremendous interest due to their properties as non-toxic, biocompatible, and
biodegradable polymers. Chitin is insoluble in water and almost all organic solvents while
chitosan is soluble in dilute organic acid solutions such as acetic, formic, succinic, and lactic
acids at pH below 6.5. Therefore, the applications of chitin and chitosan are limited due to
less solubility in water and organic solvent. In order to improve the solubility and
physicochemical and biological properties, several chemical modifications of chitosan have

been reported (Sajomsang, 2010).
HsC
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| aline \ | HO
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Chitin Chitosan (m>n-m)
Fig. 1. Preparation of chitosan from chitin.

Phthaloylation can be a practical way for solubilization of chitosan in organic solvents,
since the phthaloyl group is bulky and eliminates hydrogen from the amino group to prevent
hydrogen bonding. In addition, phthaloylation can protect the amino functionalities of
chitosan, and deprotection regenerates thee free of amino groups. Therefore, the N-phthaloyl
group can be indispensable for both protection and solubilization. N-phthaloyl-chitosan has
also proved to be most promising for conducting modification reaction with good facility and
regioselectivity under mild conditions in solution (Kurita, 2001).
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Phthaloylation of chitosan is usually performed in N,N-dimethylformamide (DMF)
with excess phthalic anhydride at 120-130 °C for 8 h. Treatment of chitosan with phthalic
anhydride, however, generally results in partial O-phthaloylation in addition to the N-
substitution. With the phthaloylated product as a key intermediate, various modification
reactions proceed smoothly in solution, but the O-phthaloyl group is an obstacle in most
cases to quantitative and regioselective substitution (Nishimura et al, 1991). Kurita et al
(2002) reported on a simple and reliable method to provide chemoselectively protected N-
phthaloyl-chitosan in one step using DMF containing 5% water as a solvent. Interestingly,
however, although Kurita et al (2002) using 5% water (v/v) as a cosolvent, he still use drying
pretreatment to remove of water from the DMF as solvent and flowing nitrogen to purge of
water vapor during reaction process. We report here a simple method to provide
chemoselectively protected N-phthaloyl-chitosan using DMF containing 5% water as a
solvent without pretreatment of drying of DMF and without flowing nitrogen to purge of
water vapor during reaction process.

2. MATERIALS AND METHODS
2.1. Materials

Chitosan was obtained from deacetylated chitin that isolated from shrimp sells. N,N-
dimethylformamide (DMF) and phthalic anhydride were obtained from Merck (Germany).
All chemicals were used without further purification.
2.2. Synthesis of N-phthaloyl-chitosan

To a solution of 0.83 g (5.6 mmol) of phthalic anhydride in 6 mL of N,N-
dimethylformamide (DMF) containing 5% (v/v) water was added 0.300 g of chitosan, and the
mixture was heated at 90 °C with stirring. After 8 h of reaction, the resulting pale tan mixture
was cooled to room temperature and poured into ice water. The precipitate was collected on a
filter, washed with 150 mL of methanol at room temperature for 1 h, and dried to give the
product as a pale tan powdery material. As comparison, the same condition reaction was also
performed to prepare N-phthaloyl-chitosan but without addition of 5% water (v/v) as
cosolvent. The products were characterized by recording the FTIR spectrum on a Shimadzu
FTIR (IRPrestige-21).

3. RESULTS AND DISCUSSION

Protection of the functional groups of chitosan is crucial for conducting modification
reactions in a well-controlled manner, and introduction of the phthaloyl group at the amine
functionality is ideal not only for the protection but also for improving solubility.

Phthaloylation of chitosan is usually performed in DMF with excess phthalic anhydride
at 120-130 °C for 8 h. Interestingly, however, the ds (degree of substitution) decreased to
some extent on prolonged reaction. This implies the possibility of hydrolytic cleavage of the
once formed ester linkages with the water produced by N-phthaloylation. Kurita et al (2002)
reported on a simple and reliable method to provide chemoselectively protected N-phthaloyl-
chitosan in one-step using DMF containing 5% water as a solvent. It is interesting to examine
the preparation of chemoselectively protected N-phthaloyl-chitosan using DMF containing
5% water as a solvent without pretreatment of drying of DMF and without flowing of
nitrogen to purge of water vapor during reaction process.

The structures of both products were confirmed by the characteristic peaks of
phthalimido group (1774, 1712 cm™ (C=0 anhydride)), and aromatic ring (721 cm™), as
shown in Fig. 2. The product prepared in DMF showed weak bands at 2600-2700 cm™ (free
carboxyl) and sharp ones at 1288 and 1265 cm™ (ester) in the FTIR spectrum that suggests
incomplete cyclization at the amino group and/or partial O-phthaloylation (Scheme 1). The
product obtained in the mixed solvent (DMF and 5% water) showed very weak bands at 1288
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and 1265 cm™ and no appreciable bands due to ester carbonyl at about 2600-2700 cm™. This
result is in accordance with the previous result (Kurita et al, 2002) that used DMF and 5%
water as a mixed solvent and with pretreatment of drying water on DMF and by flowing
nitrogen to purge of water vapor during the reaction.
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Wavenumbers, 1/cm
Fig. 2. FTIR spectra of phthaloylated chitosan prepared by the reaction at 90 °C for 8 h in DMF
without addition of water (top) and at 90 °C for for 8 h in DMF/water (95:5) (bottom). Both products
were obtained by reaction without pretreatment of drying of solvent and without purging of water
vapor during reaction process.

1.

Scheme 1
A qualitative solubility test indicated that the resulting N-phthaloyl-chitosan was
soluble in organic solvent such as N,N-dimethylacetamide/8% LiCl. It swelled in more
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common solvents such as DMF. Kurita et al (2002) have shown that the relatively low
solubility of N-phthaloyl-chitosan may be partly attributable to some crystallinity as
suggested by the X-ray diffractiometry.

CONCLUSIONS

Chemoselective N-phthaloylation of chitosan could be accomplished successfully in
one-step using DMF containing 5% water as a solvent without pretreatment of drying of
DMF and without flowing nitrogen to purge of water vapor during reaction process. The N-
phthaloyl-chitosan exhibited high affinity for organic solvents, although somewhat lower
than that of the product having additional O-phthaloyl groups. The simple procedure
established here enables facile preparation of N-phthaloyl-chitosan, a convenient precursor
for the construction of sophisticated molecular architectures based on the specialty
biopolymer chitosan.
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Abstract

The use of chitosan for the encapsulation of active components has gained interest in
the last years due to its mucous adhesiveness, non-toxicity, biocompatibility and
biodegradability. The benefits of encapsulating active agents in a polymer matrix include
their protection from the surrounding medium or processing conditions and their controlled
release.In this study chitosan nanoparticles were obtained for the encapsulation of phenolic
compound. Chitosan anoparticles were prepared by ionic gelation of chitosan and sodium
tripolyphosphate. X-ray diffraction, FTIR, and TEM were used to structurally characterize
these chitosan nanoparticle products. The penolic compound were added to the sodium
tripolyphosphate solution and this was added dropwise to the chitosan solution while
stirring. The effect of the encapsulating systems on the phenolic compound stability and its
release properties was analyzed.The products obtained allowed to control the release of
phenolic compound and therefore these encapsulating methods are a promising technique for
nutraceutical and cosmetic applications.

Keyword : chitosan nanoparticle, phenolic compound,

1. Introduction

Encapsulation is a process in which thin films, generally of polymeric materials are
applied to little solid particles, liquid or gases droplets. This method is used to trap active
components and release them under controlled conditions. Several materials have been
encapsulated in the food industry, among others, aminoacids, vitamins, minerals,
antioxidants, colorants, enzymes and sweeteners[1]. Because of the many benefits offered by
encapsulation,entrapped microorganisms can be used to advantage for producing dairy
products such as yoghurt, cheese and frozen milk products, as well as for biomass production.
The use of encapsulated microorganisms reduced the incubation time by 50% and 60% for
fresh fermentedcheese production[2] and cream fermentation [3] , respectively. Sheu and
Marshall[4] reported that about 40% more lactobacilli survived freezingof ice cream when
they were entrapped in calcium alginate than when they were not entrapped. Moreover,
encapsulation protectedthe microorganisms in batch-frozen and continuously frozen ice milk
mixes[4]. The benefits of encapsulating active agents in a polymer matrix include their
protection from the surrounding medium or processing conditions and their controlled release

[51]

Chitosan is receiving a lot of interest in the encapsulation of active compounds due to
its biocompatibility and low toxicity [6] In order to improve the use efficiency of active
agent and reduce the cost of production, active agent immobilization technology is applied.

In recent years, nanotechnology has showed a significant attraction to the preparation
of immobilized enzymes. Under the scale of nano, nano-materials have characteristics such as
magnetism and large surface area, etc. Recently, chitosan nanoparticle have been prepared to
improve its antimicrobial activity[7], and mainly used as drug carrier as reported in previous
studies [8]. chitosan nanoparticles had been prepared, characterized, and used to adsorb eosin
Y, acid orange from aqueous solutions [9-10]. Nanoparticles are made of natural or artificial
polymers ranging min size from 10-1000 nm [11]. .Nanoparticles display unique physical
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and chemical features because of effects such as the quantum size effect, mini size effect,
surface effect and macro-quantum tunnel effect. Hence the aim of the present study is to
investigate for the encapsulation of star fruit extract with chitosan nanoparticle

Star fruit is grown in the tropic and sub-tropic regions of the world. It is quite a
popular fruit and largely planted in Southeast Asia and many other countries. It is usually
consumed fresh or made into fruit juice or juice drinks. Leong & Shui [12] reported that star
fruit is a good source of natural antioxidants, and the antioxidants in star fruit were found to
be proanthocyanidins, -epicatechin and vitamin C [12]

Because extract studies involve several variables, the factorial experimental design
was applied to extract systems. Factorial designs are widely used to investigate the effects of
experimental factors and the interactions between those factors, that is, how the effect of one
factor varies with the level of the other factors in a response. The advantages of factorial
experiments include the relatively low cost, a reduced number of experiments, and increased
possibilities to evaluate interactions among the variables. They are few papers reported in the
literature on the application of factorial experiment in wastewater treatment, such as
application of the central composite design and response surface methodology to the advance
treatment of olive oil processing wastewater using Fenton’s peroxidation [13], empirical
modeling of Eucalyptus wood processing [14] and the optimization of ozone treatment for
colour and COD removal of acid dye effluent using central composite design experiment
[15]. In this study, star fruit was chosen for the purpose of investigating its extract phenol
compound A 22 full factorial design with 20 assay at room temperature was used to evaluate
the importance of solvent ratio (X1), temperature (X2),and extract time (X3).

2. Materials and methods

2.1. Chemicals and reagents

Folin—Ciocalteu reagent, sodium hidroxide, sodium tripolyphosphate and acetic acid from
Merck (Darmstadt, Germany), gallic acid from Kalbe Farma.Chitosan, from laboratory
analytical chemistry State Univercity of Jakarta.

2.2. Sample preparation and optimazing extraction

Several batches of star fruits were purchased from a local supermarket or wholesale center.
Fresh star fruit obtained from the market was homogenized using a blender, centrifuged and
filtered under vacuum. The liquid portion (juice) was used directly for antioxidant capacity
and total phenolic assays.The extraction of phenolic compound from the dried powder was
carried out at different ratios of solvents acetone:water ( 45%, 50%, and 55, respectively), to
obtain suitable extraction solvent and ratio of solvent to water. Under the selected extraction
solvent,different extraction temperatures ( 75, 85 and 90° C, respectively) were compared.
Under the selected solvent and temperature, different extraction times (40,45,50 min,
respectively), were applied for obtaining a suitable extraction time. The extraction was
carried out in sealed glass bottles, which were placed into a water bath at a preset
temperature.

2.3. Total phenolic compound content by Folin—Ciocalteau assay

Total phenolics were determined using Folin—Ciocalteau reagents.Gallic acid standard
solution (2.0 mg/ml) was prepared by accurately weighing 0.01 g and dissolving 50 ml of
distilled water. The solution was then diluted to give with concentrations working standard
solutions of 1.5, 1.0, 0.5, 0.2, and 0.1 mg/ml. Forty microlitres of juice or gallic acid standard
was mixed with 1.8 ml of Folin—Ciocalteu reagent (previously diluted 10-fold with distilled
water and allowed to stand at room temperature for 5 min, and then 1.2 ml of sodium
bicarbonate (7.5%) was added to the mixture. After standing 60 min at room temperature,
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absorbance was measuredat 765 nm. Results are expressed as mg/g gallic acid equivalents
(GAE).

2.4. The factorial design

The high, middle and low levels defined for the 2° factorial design werelisted in Table 1. The
low, middle and high levels for the factors were selected according to some preliminary
experiments. The factorial design matrix and total phemolic compound measured in each
factorial experiment is shown in Table 2, with the low (—1),middle (0) and high (+1) levels
as specified in Table 1. Total phenolic compound was determined as average of three parallel
experiments. The order in which the experiments were made was randomized to avoid
systematic errors. The results were analyzed with the SPSS versi 16.0 software, and the main
effects and interactions between factors were determined.

Table 1 Factors and levels used in the factorial design

Factors symbol low middle high
temperature X1 75 85 90
aceton(%) X2 45 50 55
Contact X3 40 45 50
time(min)

2.5 Preparation of chitosan nanoparticles

Chitosan beads 500 mg was dissolved in 100 ml acetic acid 1% (v/v) to obtain chitosan
solution, and raised to pH 4.6-4.8 with 10 N NaOH. STPP(1%) with pH 6.0 was slowly
dropped into a chitosan solution. Under magnetic stirring at room temperature, 1 ml STPP
1% solution was added dropwise to 25 ml of chitosan solution. The mixture was stirred for a
further 20 min followed by sonification. The resulting suspension was subsequently
centrifuged at 12.000 rpm for 10 min. We added additional STPP into supernatant after
centrifugation, and observed a milky emulsion, which implied that not at all the chitosan had
been converted to nanoparticles. The mixture was stirred again for a further 20 min followed
by sonification. The resulting suspension was subsequently centrifuged at 12.000 rpm for 10
min. The chitosan nanoparticles were obtained by freezing the emulsion at -4°C. The frozen
emulsion was then thawed in the atmosphere and the nanoparticles were precipitated. The
weight of the collected nanoparticles mg. 20 min and then dried at 100 °C for 96 h.The Chi-
tosan nanoparticle was characterized by X-Ray Diffractometry, Fourier Transform Infrared
spectrometry and TEM

2.6 Encapsulation total phenol compound with chitosan nanoparticle

For doping of the total phenolic compound, the method is as follows: 0.5 g of chitosan
nanoparticle was added in 25mL of total phenolic compound solution (10% w/v), and stirred
vigorously at room-temperature for 24 h. The solid was then filtered, extensively washed
with distilled water, and dried at 50 -C forl day.

2.7. Stability of totalphenolic compounds and encapsulation efficiency
The total phenolic compound encapsulated in microspheres were quantified by Folin—
Ciocalteu method after dissolving 30 mg of CNP in 20 mL of deionized water. This
procedure was done after the obtention of microspheres and 3 months later in order to
evaluate the stability of the encapsulated total phenolic compound over time.

Different matrix destabilizing agents (pH, temperature and chelating agents) were
tested. Ten beads of control and CNP coated samples were placed in test tubes containing 10
ml of the destabilizing agent: HCI 0.1 N, NaOH 0.1 N and sodium citrate 1 and 10% w/v as a
calcium chelator were assayed at ambient temperature, and distilled water was tested at 50
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and 100° C. To facilitate the observation of the structure disintegration of beads, a
colorant(methyl violet) was used as the active component. Observations were performed for
24 h.The release of the active agent in water was quantified by total polyphenols using Folin-
Ciocalteau method. The assay was carried out sinking. 10 beads in test tubes with 5 ml of
distilled water under continuous agitation. Control and coated chitosan humid beads were
tested by triplicate. Measurements were performed at different times between 10 min and 48
h. Percentage release and effective diffusion coefficients (D) were calculated. The amount of
lyophilized extract loaded in beads was estimated by dissolving a known amount of capsules
in sodium citrate (10% wi/v) during 20 min for control capsules and 90 min for chitosan
coated beads in an Orbit- Environ Shaker (Lab-Line Instruments, USA) at 37° C and 125
rpm. The concentrations of lyophilized extractloaded in the beads were determined by Folin-
Ciocalteau method. A blank of sodium citrate solution was also performed.The percentage of
loading efficiency was calculated with the following equation:
L
Loading efficiency (%)= --------- x 100%
LO
where L is the amount of extract determined on the solution of sodium citrate and LO is the
initial amount of extract dissolved in CNP solution.

3.Result

3.1. Models for extract total phenolic compounds from starfruit

So far, one has at least demonstrated that extract total phenolic compounds depends on
solvent ratio . A mere investigation of the individual effects of the amount of each of them
upon the adsorption efficiency is not sufficient to elucidate such an interaction. This is why
the use of a factorial 3> experiment design, by varying extract time and the temperature, could
be very useful to also investigate the interactions between the major parameters involved. The
results obtained after 20 attempts are summarized in Table 2.

Table 2 Design Experimental of the dependent variables to the extract parameters

Experiment | X1 X2 X3 Total phenol (mg/g)
1 60.00 | 90.00 | 35.00 16.42
2 50.00 | 80.00 | 61.82 17.21
3 63.18 | 63.18 | 55.00 15.84
4 50.00 | 63.18 | 45.00 14.86
5 50.00 | 96.82 | 45.00 18.04
6 50.00 | 80.00 | 45.00 18.13
7 40.00 | 90.00 | 35.00 16.34
8 60.00 | 70.00 | 35.00 12.11
9 60.00 | 90.00 | 55.00 18.32
10 40.00 | 70.00 | 35.00 9.92
11 50.00 | 80.00 | 45.00 18.06
12 50.00 | 80.00 | 45.00 18.16
13 50.00 | 80.00 | 28.18 13.27
14 40.00 | 70.00 | 55.00 14.32
15 60.00 | 70.00 | 55.00 12.75
16 50.00 | 80.00 | 45.00 18.12
17 50.00 | 80.00 | 45.00 18.08
18 33.18 | 80.00 | 45.00 12.48
19 50.00 | 80.00 | 45.00 18.07
20 66.82 | 80.00 | 45.00 12.26

The mixture design for the first approach suggested 20 experimental points, each
corresponding to a mixture composition. For each point an average total phenolic compound
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under compression was determined. These numerical results are represented in a triangular
graph, Fig. 1, which shows the level curves of total phenolic content as a function of the
composition, obtained from a quadratic regression. The final form of the polynomial model
that describes the polyphenol content is the following

R1=18.10+0.21X1 + 1.70X2 + 0.96X3 + 0.24X1X2 - 0.17X1X3 - 0.46X2X3 —

2.02X1% - 0.58X2° - 1.01X3

The positive coefficients, corresponding to the interactions between aceton concentration and
temperature X1X2 , represent the synergetic effect of the mixture of components on the
expected value for total phenol content . In addition, aceton (%) and temperature had
positive linear effects on total phenolic yields (Fig. 1). The optimal condition determined by
RSA was at ethanol concentration of 50 %, extraction temperature of 85 °C and time of 40
min with a maximal yield of total phenolic compounds of 23.65 mg/g of dry powder. .Fig. 1
is a response surface plot showing the effect of aceton concentration and temperature on the
total phenolic content at the fixed time of 45 min..

Design-Expert® Software

R1
® Design points above predicted value
o

18.32
19.3
9.92

X1 = A: aceton(%) 17.9

474555
—R- 22070200000 %
= LS
X2 = B: temperature(0C) s
LR EALIRRRARIRARLRAL
165 | B SEEEESK
Actual Factor o AR IS
2090 % %% %% 20e%% 025
GRS

C: time (Min) = 45.00

R1

003002
RIS
15.1 ""::'::':'::'::" S
octostastetoct OSSR
0,:,0,‘0".‘

90.00 60.00

~— & 3
85.00\ o - 55.00
80.00

75.00

B: temperature(0C) 45.00 A: aceton(%)

70.00  40.00

Fig. 1. Surface plot of polyphneolic yield (R1) as a function of concentration of aceton
and temperature at extraction time of 45 min

Fig. 2 reports the iso-response curves for aceton and nanopowder maintaining extract
time at the fixed value of 45 min. Analysis of this graph indicated that the highest total
phenol content hvalue are obtained with high levels of temperature and low levels of
aceton... Thus, the chosen independent variables ranged as follows: X1 = % aceton : 35—
55(Wwvv); X2 = % temperature : 7.8-90°C
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Design-Expert® Software

R1
® Design Points
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9.92 85.00 —|
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Fig. 2 Iso-response curves of formulation of nanopackaging encapsulation efficiency as a
function of the factors aceton (X1) and temperature (X2), maintaining extract time (X3) at 45 min.

3.2 Characterization chitosan nanoparticle

3..2.1The FTIR Analysis

The FTIR spectra of nanoparticle chitosan are shown inf Fig 3. A characteristic band at
3406cm™ is attributed to —~NH, and OH groups stretching vibration and the band for amide |
at 1655 cm™ is seen in the infrared soectrum chitosan. Whereas in the FTIR spectra of
nanoparticle chitosan the peak of 1655 cm™ disapperar and 2 new peaks at 1639 cm™ and
1542 cm™ appears. The disappearance of the band could be attributed to the linkage between
the phosphoric and ammonium ions. The nanoparticle chitosan also showed a peak for P =
O at 1155 cm™. Qi et al [17] observed similar results in their study of the formation
nanoparticle chitosan and chitosan film treated with phosphate.

Fig 3 IR Spectra of chitosan nanoparticle

Chitosan with a pKa of 6.3 is polycationic when dissolved in acid and presents —
NH;" sites. STPP (NasPsO1) dissolved in water dissociates to give both hydroxyl and
phosphoric ions. Since the cross linking of chitosan would be dependant on the availability of
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the cationic sites and the negatively charged species, it was expected that the pH of STPP
would play a significant role in same. pH would bring about a change on the extent and type
cross linking. Hence in the present study, pH conditions pH 8.6 were used for reaction. At
pH 8.6 both OH" and phosphoric ions were prsent and may compete each other to interact
with the — NH3" of chitosan.

3. 2.2XRD Analysis

X-ray diffraction pattern of chitosan nanoparticle are shown in Fig 4.However, no peak is
found in the difractogram of chitosan nanoparticle. The XRD pf chitosan nanoparticle is
characteristic of an amoorphous polymer. The crystal structure of the amorphous chitosan
nanoparticle has been destroyed after crosslinked with sodium  tripolyphosphate.

a
La

ka
n

ka
La

Irtensitas

23 42 = N

Theta-2Theta |demjat|

Fig 4. X-ray powder diffraction patterns of chitosan nanoparticle

Fig. 5 depicts the TEM image of chitosan nanoparticle along with SAED particles
shown in inset. The average diameter of particles was about 9.1-100 nm. Zhi et al[18] was
reported ,when NaOH was selected as the precipitator, the average diameter chitosan
nanoparticle was 32-142 nm.

Fig.5. TEM imagesand size distribution of chitosan nanoparticle

3.3. Stability of polyphenolic compounds and encapsulation efficiency

The total polyphenol content in the obtained chitosan nanoparticle was measured to
determine the encapsulation efficiency. In addition, this was also calculated after one week
to study the stability of the encapsulated polyphenols over time. The encapsulation efficiency
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was near 100%, after one week the polyphenol content was 100%. Therefore, chitosan
nanoparticle maintainedthe stability of the polyphenols over time and are a goodvehicle for
the encapsulation of these compounds. Kosaraju et al. (2006) also observed that the
encapsulation of olive leaf extract by the spray-drying process did not lead to the inactivation
of polyphenolic. Zhen- et al (2007) report that chitosan nanoparticle- could improve the
enzyme activity by 13.17% than that of the free neutral lipase. Deladino et al. (2008) studies
showed that beads without chitosan released around 50% of the polyphenol content and beads
with chitosan released around 35% at 3.5 h, which is significantly lower than the released
amount

3.4. Release studies

Although the pH of the skin is 5.5, the pH of cosmetic formulations can range between 5.5
and 7 (Meyer Rosen, 2005). The release studies of phenol were performed in two buffers
with different pH values (pH 5.0 and 6.0). In both cases, 90% of polyphenols was delivered
from phenol 3 h,while phenol-CNP slowed down the release, being at this same time 56% in
pH 5.0 and 47% in pH 6.0. The higher release in pH 5.0 was due to the solubility of chitosan
hydrochloride at this pH. Deladino et al. [12]( prepared chitosan—alginate beads for the
encapsulation of yerba mate. Their studies showed that beads without chitosan released
around 50%of the polyphenol content and beads with chitosan released around 35% at 3.5 h,
which is significantly lower than the released amount in the present study.
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Abstract

This paper describes the analysis of transition state value of HMM for DNA exon
controlling using Bioinformatic simulation. Exon region in DNA is called a coding sequence
(CDS) of genes in many regions at least two regions of exon. HMM model is generate using
start and stop gene as a state and consist of three bases in each states. Furthermore, the
region of intron in the model is able to increase the states by separating bases GT and bases
AG from the length of intron. HMM properties and parameters such as Markov chain,
transition state, emission state, HMM training and HMM testing is used to identify original
exon region with estimated exon. The performance of estimation result shown by Correlation
Coefficient (CC). Random values of transition state used for HMM train makes many
differences in the CC of the model. Furthermore, the analysis of transition state values is very
important to finding optimum of CC. Several models with the parameters of HMM were
simulated, trained and tested for the implementation of number of states with HMM method.
The simulation result predicted that the CC value is very much influenced by the value of
transition state and improved the number of states on the model makes increasing of CC.

Keywords: HMM, Transition state, Exon, Correlation Coefficient (CC).

1. Introduction

To controlling exon in DNA sequences of genes Plasmodium falciparum has the region of
exon based on coding sequence (CDS) in database from Genbank, including the region of
intron has been know on CDS. In principle, start codon, exon, intron and stop codon are
becomes the state to use in the structure of models. Each state of the models has many bases
DNA actually start and stop codons [Nicorici, et al. 2003]. Transition states of the models are
depends on state number and its bases on each state and transition states values minimum is O
and maximum is 1. Trial and error in simulation using transition states values are very
important to have the optimal performance of the models. Additional states in the structure of
the models in regions exon and intron of DNA sequences.

Plasmodium falciparum genome belongs to eukaryotic genome and has a long DNA genome
and intron or splicing process. Biological model of DNA structure from gene eukaryotic
consists of some exon and intron which alternately located. CDS is a result from splicing
process of intron inside the DNA and consists of some region of exon. The first region of
exon in CDS starts with start codon which is ATG bases and the last region of exon, there’s
one of the three stop codons such as TAA, TAG and TGA bases [Samatova, 2003,
Anantharaman, 2004]. In the minimum CDS, there are two region of exon which enable us to
find out that there’s minimum one region of intron and usually region of intron starts with G
and T bases and ends with A and G bases.

HMM based finding usually gives more accurate results compared to other methods [Rabiner,
1989; Henderson, et al.1997]. In this paper, HMM’s models was chosen based on HMM
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method for several models with its number of states. One of the other performance
parameters of HMM’s models is shown by its Correlation Coefficient (CC) value for each
models.

2. Materials and Methods

2.1. Materials

The materials have 152 DNA sequences of genes from genome Plasmodium falciparum in
GenBank  format with  searching to: http://www.ncbi.nlm.nih.gov/entrez  or
www.ncbi.nlm.nih.gov/Web/Search/index.html [Alphey, 1997; Anastassiou, 2001]. Genbank
format describes CDS and original DNA sequences of genes Plasmodium falciparum. In
CDS contains at least two regions and maximum 10 regions of exons. Minimum length of
sequences for this simulation is 684 base pairs (bp) and maximum length is 10095 bp. Matlab
7.0 Mathworks, Massachussets, USA was used for simulations and its hardware PC IBM
Standard has specification: Processor Intel(R)Pentium(R) 4 CPU 2.8 GHz; Memory 1.99 GB
of RAM; Harddisk 40 GB; Operating System Microsoft Windows XP, 2002 version.

2.2. Methods

HMM process consist of input, HMM training, HMM testing and output. Input for HMM
training consists of DNA sequences, information of exon position of each sequence,
transition matrix and emission distribution matrix. DNA sequence data and information of
exon position of each sequence are used to set the state number for each base depend on
model will be generated. Than transition matrix is defined and emission distribution matrix of
each base state is calculated. Furthermore, HMM training has the both algorithms are Viterbi
and Baum-Welch and needs the transition states and emission states for the process. The
result of HMM training is the estimated transition states and emission states. The estimated
transition and emission states are used for HMM testing process has both of the algorithms
above and its result of HMM testing is the estimated states of the model. The performance of
the model are the value of CC, which calculated by comparing the estimated state from HMM
testing result with the original state of the input sequences [Vaisman, 1998; Samatova, 2003],
the formula as equations (1).

co (P-TN - €P-FN_ .
\/‘P‘FFN,"N+FP/-‘P+FP/-‘N+FN/ ..................... ( )

where:
TP = True Positive
TN = True Negative
FP = False Positive
FN = False Negative

Several models in this simulation are using start and stop gene like as a state and consist of
three bases in each states. Furthermore, the region of intron in the model is able to increase
the states by separating bases GT and bases AG from the length of intron, the general
structure of the model like in figure 1 below.
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Figurel. General structures of HMM

The HMM parameters were set for the HMM training and testing method and its algorithm
[Rabiner, 1989; Anastassiou, 2001].

Based on HMM method for the training uses Viterbi algorithm and testing uses both
algorithms are Baum-Welch and Viterbi. HMM training and HMM testing use the same
sequences. The programming is written in Matlab, there’s toolbox Bio-informatics to
generate DNA sequences in GenBank format and has functions of HMM training and HMM
testing.

3. Result

Several models have been simulated from HMM implementation for controlling exon region
in DNA sequences of genes Plasmodium falciparum.

The models were formed with a number of state randomly until the model is formed into 20
states, 30 states and 50 states following the general stucture of HMM as seen in figure 1.
Each model simulation performed three times by using the values of the different state
transition, can even use the same exon and intron structure with a number of different states.
Random value of transition state can be the analysis to find CC values optimum but the
emission of each state has the distribution constant value of bases DNA sequences depends
on the models. To calculate CC is by using the equation (1) and the assumption of exon is
positive and intron is negative.

The simulation results with random values of transitions states for each model like as Table 1
below.

Tablel. CC values for each model performed by number of state

Transition State Values (Performed by 20 states) cC
1 (2910 [11-15 | 16 | 17-18 | 19 | 20 | 19-11 | 19-20 | 1-11 Vit B-W
0 lo01]01] 01 [09] 01 [08] 1 0.1 0.1 0.1 0.7077 0.6911
0 |01]01] 01 |[09] 01 |08 1 [ 005 01 0 0.7131 0.6939
0 |01]09] 01 [09] 01 |08 1 [ 005 ] 01 0 0.7481 0.7414
Transition State Values (Performed by 30 states) CcC
1 [212]13]1425 | 26 [27-28 | 29 | 30 [ 29-14 | 29-30 | 1-24 Vit B-W
0 01]01] 01 [09] 01 [08] 1 0.1 0.1 0.1 0.6278 0.6179
0 01]09] 01 [09] 01 [08] 1 0.1 0.1 0 0.7651 0.7551
0 01]09] o1 [09] 01 [o085] 1 | 005 ] 01 0 0.7217 0.7189
Transition State Values (Performed by 50 states) CC
1 [ 22223 [24-45 | 46 | 47-48 | 49 | 50 | 49-24 | 49-50 | 1-24 Vit B-W
00109 01 [09] 01 [08] 1 0.1 0.1 0 0.7520 0.7494
00109 01 [09] 01 [08] 1 0.1 0.1 0.1 0.7436 0.7016
1 [ 2-17 |18 [ 19-45 | 46 | 47-48 | 49 | 50 | 49-19 | 49-50 | 1-19 Vit B-W
0/ 01[09] 01 [o0o9] 01 [o08] 1 0.1 0.1 0 0.7727 0.7661
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The simulation result of several HMM structure above, the values of CC has been influenced
by transition state value and the improved states on the model. The graphic optimum CC
values in this simulations result as figure 2; where HMM testing using algorithm Viterbi is
better than using Baum-Welch algorithm.

Optimum CC Values

0.78
0.77 u
0.76 ]
0.75
0.74
0.73

0. 72 T T T T
20 30 50

O Viterbi Algorithm
B Baum-Welch Algorithm

Correlation Coefficient
(CO)

Number of States

Figure 2. Optimum CC Values from simulation results.

The random value of transition state became the CC values negative, its means that the
assumption of exon to be negative and intron to be positive. Meanwhile, emission state can
be used to find out the distribution of emission of DNA bases in each state in accordance with
HMM structure that has been used.

4. Discussion

The HMM model that has been used is developed from above model which will be tested by
adding states in each exon and intron regions. The forward and backtracking directions
between states in the used algorithm must be matched with one of the nature of HMM is
Markov’s chain and eukaryotic gene structure. Algorithm Viterbi was used at the HMM
training and algorithm Viterbi and Baum-Welch was used at HMM testing.

Simulation result shows that the highest optimum CC value was for the model with 50 states
with HMM testing by using Viterbi algorithm is 0.7727 and by using Baum-Welch algorithm
is 0.7661.

Furthermore, improvement states of the model of this study can be used by using a number of
state and sequence DNA more than that already simulated because it predicted to produce
higher value of CC.
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Abstract

A research has been conducted to synthesize ofa series of novel calix|[6]arene-based
polymers 2a-cusing p-tert-butylphenol as a starting material. It was of interest to study
calix[6]arene and its derived polymers which have cavity size larger than calix[4]arene.The
synthesis was carried out in several steps i.e (1) formation of p-tert-butylcalix[6]arene from
p-tert-butylphenol, (2) treatment of p-tert -butylcalix[6]arene with allyl bromide under
alkaline condition to yield compound 1a, (3) esterification of 1a to yield 1b, (4) hydrolysis of
1b with chloride acid to yield 1c and (5) polymerization of la-cby treatment with
concentrated sulfuric acid to yield a series of polypropyl-calix[6]arenes2a-c. The structures
of those products were observed by means of melting point, FTIR and 'H NMR
spectrometers. The *H NMR spectra showed that one allyl group had been incorporated to
the lower rim of the p-tert-butylcalix[6]arene.The polymers 2a-cwereobtained as brownish
crystals with the melting point of 199-201; 99-101; and 101-103 °C respectively. With a
tunnel-like structure of the polymers, they can be usedas adsorbents to trap heavy metal ions.

Keywords: p-tert-butylphenol, p-tert-buthylcalix[6]arene, esterification, hydrolysis,
andpolypropyl-calix[6]arenes.

1. Introduction

Calixarenes are an important class of macrocyclic molecules in supramolecular
chemistry [1-2]. These compounds are cyclic oligomer of phenols linked by methylene
bridges and have active groups such as —OH groups arrange the molecules. Because of the
unique molecular geometry of calixarenes, its can be used as catalyst [3], ion exchange and
adsorbent forcation, anion, or neutral molecule [4,5].

The development in calixarene chemistry in mainly due to the possibilities of functional
modifications at the upper or lower rim to yield new macro molecules. The reactions used to
modify the lower rim of calixarenethat binding hydroxygroups, include the esterification and
etherification [6, 7]. Richard et al. [8], has also succeeded in modifying the lower rim of
calix[6]arena by substituting the OH groups with a carboxylic acid groups.

Calixarene compounds can be used as adsorbent for heavy metal ions by modify its
functional groups polar (hydrophilic groups) such as carboxyl, sulphonate, nitro, amino,
amide, halide, and phosphate.To increase its polarity, it’s also possible to incorporate alkenyl
groups such as an allyl groupat the lower rim ofcalixarene. Ho, et al [9] and Shu, et al
[10] have shown that the two allyl group at the lower rim of calix[4]arene could be
incorporated by addition of allyloromide, while Kusumawardani [11] also reported that a
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resin  derived calix[4]arenei.e. tetra-p-propenyltetraester-calix[4]arene  and  tetra-p-
propenyltetra-carboxylicacid[4]arenecould be successfully synthesized by first entering the
four allyl groups at the lower rim of calix[4]arene.

In order to keep functioning as an effective adsorbent and solubility in water is reduced,
it can be immobilized the calixareneon a polymer or by synthesize the polymers of
calixarene.Jumina, et al [12] has reported that the monoallylcalix[4]-arene can be
polymerized under acidic conditions to generate the corresponding polypropyl-
calix[4]arene polymer. Furthermore, Utomo [13] reported that the capability of this
polymerto trap heavy metal cations such as Pb (1) and Cr (I11)) cationsare significallygreater
thanthat of the monomer. Based on this phenomenon, it would be interesting to study
calix[6]arene with cavity size larger than calix[4]arene, and its polymerization as well as the
polycalix[4]arene in regards to ability to trap heavy metals. Herein, we wish to report the
synthesis of a series of calix[6]arene polymers from p-tert-buthylphenol.

2. Experimental Section

Material
All the chemicals used in this study were the highest purity available from Merck or
Aldrich chemical companies and were used without further purification.

Instruments

Melting points were obtained with anelectrothermal 9100 Model Digital Melting
Point apparatus,wasobtained at theLaboratory of Chemistry,
StatelslamicUniversitySunanKalijaga of Yogyakarta.Infrared (IR) spectra were recorded on a
Shimadzu FTIR 8201 PC Spectrophotometer and refer to KBr disks. *H NMR spectra were
obtained in the designated solvent (CDCl;) on a JEOL-MY500 proton Nuclear
MagneticResonanceSpectrometer.

Procedure
Synthesis of p-t-butylcalix[6]arene

p-tert-Butylcalix[6]arene were prepared from p-ter-butylphenol according to the
procedures reported previously [14]. Recrystalization from chloroform-methanol afforded a
white solid crystal :3.5 g, 65.47%, m.p. 370-372 °C; IR (KBr) 3425 cm™(OH stretching), v
(C=C aromatic)= 1627 cm™, (t-butyl)=1365 cm™ and v(methylene group)= 1481 cm™. ‘H-
NMR (CDCl3) 6 10.5 (s,1, ArOH), 6 7.10 (m,2, ArH), 6 3.9 (5,2, CHy), 6 1.27 (s, 9, C(CHz)3).

Synthesis of p-t-butyl-37-monoallyloxy-38,39,40,41,42-penta-hydroxycalix[6]arene (1a)

A mixture of 4.86 g (5 mmol) of p-t-butylcalix[6]arene, 0.621 g (4,5 mmol) K,COs,
0.714 mL (8.25 mmol) allylbromide, and 100 mL of dry acetone was refluxed under dry N,
condition for 48 hours. The precipitate was filtered and acetone was evaporated. The residue
was recrystallized with CHCI; and CH3;OH to yield p-t-butyl-37-monoallyloxy-
38,39,40,41,42-penta-hydroxycalix[6]arene, afforded 4.402 g (86.99 %) of yellow crystals:
mp178-180°C; IR (KBr): 3387 cm™(OH stretching), v(vinyl group,C=CH,) 987 cm™;'H-
NMR (CDCls), § 7.06-7.24 (m, 12, ArH), § 5.9 (m, 1, C=CH-C), § 5.06-5.2 (m, 2H, C=CH,),
8 3.2-4.3 (sand dd, 12H, ArCH,Ar), 8 2.1 (s, 2H, OCH,C) and & 1.2 (s, 54, C(CH3)3).

Synthesis of p-t-butyl-37-monoallyloxy-38,39,40,41,42-penta-estercalix[6]arene (1b)

Into a three-necked flash equipped with a reflux condensor, it was added 0.263 g
(0.25 mmol) of 1a; 0.2875 g (2.35 mmol) ethyl-2-chloroacetic; 0.355 g (2.35 mmol) Nal;
0.425 g (3.25 mmol) K,COg3, and 50 mL of dry aceton.The mixture was refluxed for 24 h.
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The resulting mixture was allowed to cool, K,COswa filtered off and aceton was evaporated.
The residu was dissolved in chloroform, and then washed with 3 x 25 ml HCI 1 M and 1 x 25
mlsaturated NaCl. The solution was dried with Na,SO, anhydrous and chloroform was
evaporated. The product was characterizedby means of FTIR, *H-NMR.

Synthesis of p-t-butyl-37-monoallyloxy-38,39,40,41,42-penta-carboxylic-acidcalix[6]arene (1c)

A mixture of 1b(1.2 mmol; 1.73 g ); 0.5 g KOH and 50 ml of ethanolwas refluxed
under dry Ny condition for 24 hours. The resulting mixture was allowed to cooland acidified
with HCI 1 M. The precipitated was filtered off. The product was characterizedby means of
FTIR, *H-NMR.

Polymerization of monoallyloxycalix[6]arene

To 1 g ofla-c in 100 mL chloroform was added concentrated sulfuric acid (0.1 mL) in
0.25 mL portions every 30 minutes. The reaction mixture was stirred at for 8 h and the
polymerization was terminated by adding 0.5 mL of methanol. The mixture was decanted and
the precipitate was dissolved in diethyl ether and washed until neutral. The chloroform layer
was washed until neutral and combined with the ether layer. The combined layers were dried
with anhydrous Na,SO, and evaporated to yield the polymers 2a-c which was dried in a
desiccator.

3. Result and Discussion
3.1 Syntheses and characterizations

Synthesis of p-t-buthyl-37-monoallyl-38,39,40,-41,42-pentahydroxy-calix[6]arene (1a)
was carried out by refluxing 1.1 equivalent of allyl bromide and 0.6 equivalent of K,COs in
dry aceton for 48 h under Natmosphere.The product of this reaction was obtained as yellow
crystals with the melting point of 178-182°C. The scheme ofthesyntheticroute of
lawasshowed in Figure 1.

K005 ;4.5 mmol
——
_.’ILII'EI hramide,
2% e ik

100 ml
dry preton

Figure 1. Scheme of the synthetic route of 1a

Esterification of la was performed using K,COs, Nal and 2-ethylchloroacetate
reagent. The esterification product to yield lbwas obtained as yellow crystals with the
melting point of 164-166°C. Furthermore the synthesis of 1c was done by hydrolysis reaction
of 1b and the product of this reaction was obtained as yellow white crystals with the melting
point of 143-145°C.

As monomers, la-c were polymerized with concentrated sulfuric acid to yield polymer
2a-Cc. The synthetic route of polymers were illustrated inFigure 2. The polymers 2a-cwere
obtained as brown, brownish white and brown crystals respectively.
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Figure 2. Scheme of thesyntheticroute of polymer 2a-2c.

The elemental analysis data and molecular weight of polymer 2a-c were shown in
Table 1. The relative molecular weight (M,) for each polymers were obtained by
UbbelohdeViscometer. The M, of polymers 2a-cwere approximately 25,000-30,000 g/mol.
The structure of all these deductions wereconfirmed by IR and *H NMR spectrum.

Table 1. Results of the polymerized products

Compounds Results
m.p Rel. Mol.
(°C) Color Weight (n)
Poly-monoallylcalix[6]arene (2a) 199-201 brown 30,182 30
Poly-monoallyl-pentaestercalix[6]arene (2b) 99-101 brownish white 27,228 19
Poly-monoallyl-pentacarboxylic-acidcalix[6]arene(2c) 101-103 brown 24,612 19

3.2 IR spectrum
The structures of compound la-c were confirmed by IR spectrumthat showed in Figure

3. At the IR spectrum of 1a, it was showedthat a strong broad band of the -OH groups
appeared at 3387cm™ and the absorption at 1203.58 cm™, indicating the presense of C-O

A-96 ICBB2011 Proceeding | Vol. 1 No. 1 October 2011



Synthesis of a Series of Calix...Susy Yunita P,et. al. ISSN: 2088-9771

derived from the bond between C benzene ring with hydroxyl oxygen atoms. This is
supported by a strong absorption peak at 987.55 cm™, indicating the presence of vinyl
terminal.

On the other hand, at the IR spectrum of 1b, it can be seen that the absorption band at
3387 cm™ of the hydoxyl group (-OH) dissappeared indicating that the esterification reaction
has taken place. The characteristic absorption of carbonyl group (C=0) and (C-O-C) of ester
appeared at 1759.08 cm™and 1200-1100 cm™, respectively. These data of IR spectrum
certainly suggested that the hydroxyl groups were well esterifisized to yieldp-t-buthyl-37-
monoallyl-38,39,40,-41,42-pentaester-calix[6]arene (1b).

The successful synthesis of 1cwas showed by appearence absorption band at 3425.58
cm™, which is characteristicfor -OH groups. This indicated that the ester groups were
hydrolyzed to carboxylic acid. The existence of carbonyl groups (-C=0) were showed at
1743.65 cm™and the absorption at 1473.62 cm™ indicated the existence of methylene groups.
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Figure 3.IR Spectrum of 1a, 1b and 1c

The structure of polymers2a-c werealso characterized by IR. In the IR spectrum, the
absorption peaks of vinyl were disappeared which mean almost all of the vinyl groups were
polymerized.

3.3 'H NMR spectrum

'H NMR spectrum of compound 1a showed in Figure 4. Its showed 6 (six) signals
depicting 6 differrent types of protons. Signals at 6 7.0-7.2 ppm refers to proton resonance of
benzene groups. Signal at 6 5.9 ppm is predicted from one proton in the middle carbon group
(-CH=) and signal at & 5.0-5.2 ppm refers to terminal proton resonance of allyloxy (=CH)
group. This supported by the integration of *H NMR spectrum shows the number of the ether
linkages of the monoallyl ether was 1. This indicated that onlyone allyl group had been
incorporated to the lower rim of the p-t-butylcalix[6]arene to form la.
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Figure 4.*H NMR 500 MHz spectrum of monoallil-calix[6]arene (1a)

The existence of methylene brigde of calixarene (-CH,-) protons are shown at 6 3.2-
4.3 ppm. The O-CH,- group proton and the proton tert-buthyl groups are estimated to
resonate at & 2.1 ppm and ¢ 1.22-1.28 ppm respectively.

On the other hand, the *H NMR spectrum of the polymers 2a-cwere showed in Fig. 5.
As expected, the'H NMR spectrum does not also show the existence of vinylprotons signal
which resonate at 6 5.9 ppm (=CH-) and & 5.0-5.2 (C=CHy), indicating that the vinyl groups
had been polymerized. The successful of the reaction can also be proved fromthe resonate at
& 10 ppm, which indicated the proton resonance of —OH groups. This signal disappeared in
'H NMR spectrum of 2bwhich mean almost all of the -OH groups were hydrolyzed.

2a
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Figure 5."H NMR 500 MHz spectrum of 2a-c

4. Conclusion

The synthesis of three new calix[6]arene-based polymers 2a-chave been successfully
produced from p-tert-buthyphenol as a starting material. These polymers can be synthesized
by the following steps:(1) cyclohexamerization to p-tert-buthylcalix[6]arene; (2) allylation to
p-t-buthyl-37-monoallyl-38,39,40,-41,42-pentahydroxy-calix[6]arene (1a); (3) esterification
to p-t-buthyl-37-monoallyl-38,39,40,-41,42-pentaester-calix[6]arene (1b); (4) hydrolisis to p-
t-buthyl-37-monoallyl-38,39,40,-41,42-pentacarboxylic-acidcalix[6]arene(1c); and (5) poly-
merization of la-c to yield polymers 2a-c. Based on IR and *H NMR analyses, it can be
concluded that the synthesis of a series of calix[6]arene polymers were successfully
produced. The polymers were obtained as brownish crystals with the relative molecular
weight for each polymers were approximately 25,000-30,0000 g/mol.
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ABSTRACT

Eremothecium gossypii has the enzymes that able to produce riboflavin naturally. The
enzyme that responsible for the final production of riboflavin is riboflavin synthase.
Riboflavin synthase catalyzes conversion of two molecules of 6,7-dimethyl-8-ribityllumazine
into each one molecule riboflavin and 4-ribitylamino-5-aminouracil. In this study, we
determined the interaction of riboflavin synthase isolated from Eremothecium gossypii with
6,7-dimethyl-8-ribityllumazine. We performed a computational approach to see the active
sites of riboflavin synthase that play a role in the production of riboflavin. We designed
riboflavin synthase isolated from Eremothecium gossypii as a model in PDB format. As a
template, the structure of riboflavin synthase isolated from Schizosaccharomyces pombe with
1KZL PDB code was used. The thermal stability of enzyme had been conducted on the
molecular dynamics simulation approach at 300K, 310K, 315K, 325K, 335K, and 350K. The
results showed that amino acid residues which interact include Thr154, 11e169, Thr172, Val6,
and Gly102 at the C-terminal domain and Thr56, Gly68, Ala70, Val109, and His108 at the
N-terminal domain. Residue Thr154 was from the C-terminal domain and His108 was from
the N-terminal domain, represents two-subunit of the enzyme that acts as an early stage at
riboflavin catalysis reaction. These results shown that only one of active sites of the enzyme
(N-terminal domain) catalyze riboflavin formation. Molecular dynamics simulation
showed the calculation of RMSD values at 300 K and 315 were fluctuated in the range of 22-
264 from the initial state. At 320 K and 335 K, fluctuation occurred in the range of 29-34 A
At 350 K, fluctuation occurred in 38-45 A and the domains structure had separated.

Keywords:  Thermal stability, riboflavin, riboflavin  synthase, 6,7-dimethyl-8-
ribityllumazine, molecular dynamics, Eremothecium gossypii.

INTRODUCTION

Riboflavin is a precursor of coenzymes flavin adenine dinucleotide (FAD) and flavin
mononucleotide (FMN), which are required for enzymatic oxidation-reduction reaction
(Sybesma, et.al., 2004). In general, the production of riboflavin can be achieved by three
methods, chemical synthesis, fermentation, and biotransformation of glucose to D-ribose.
Environmental and economical studies indicate that the production of riboflavin by
fermentation continue to increase, due to cheaper production costs, less generated waste, and
lower energy of production (Shrikant, et.al., 2006). Each year, around 3.000 tons of
riboflavin is produced in the world, and 2500 tons was produced by fermentation (Choe,
et.al., 2005). Some studies have shown that fermentation process using Eremothecium ashbyii
and Eremothecium (Ashbya) gossypii, produce more riboflavin than other microorganisms,
such as Saccharomyces cerevisiae, Candida famata, and Bacillus subtilis (Kato, et.al., 2006).
Eremothecium gossypii has the enzymes that are naturally able to produce riboflavin. Amount
of riboflavin produced is highly dependent on the amount of enzyme and growth conditions.
The enzyme responsible for the final production of riboflavin is riboflavin synthase.
Riboflavin synthase catalyzes conversion of two molecules of 6,7-dimethyl-8-ribityllumazine
to one molecule each of riboflavin and 4-ribitylamino-5-aminouracil. In this study, we
determined interaction of riboflavin synthase isolated from Eremothecium gossypii and
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performed computational approach to examine the active sites of riboflavin synthase that
played role in the production of riboflavin.

MATERIAL AND METHODS

The structure of riboflavin synthase isolated from Schizosaccharomyces pombe with 1KZL
PDB code was used as a template (Gerhardt, et.al., 2002). Sequences of riboflavin synthase
of Eremothecium gossypii from NCBI (Locus CACO07495) were used as a model and 6-
carboxyethyl-7-o0xo-8-ribityllumazine was used as a ligand. We designed riboflavin synthase
isolated from Eremothecium gossypii as a model in PDB format using geno3D Protein
Predict and Jigsaw modelers, and simulated using MOE2008.10. The thermal stability of
enzyme were simulated using molecular dynamics approach at temperature 300K, 310K,
315K, 320K, 335K, and 350K.

RESULT

Homology Model Validation

The final result of multiple sequence alignment of riboflavin synthase from
Schizosaccharomyces pombe and Eremothecium gossypii is shown in Figure 1. The result
showed that homologous value was 64%. Modeling using geno3D Protein Predict obtained
3D structure in PDB format, indicates a structural similarity with RMSD deviations between
models and template of 0.82 A. RMSD deviation value is still below the maximum value of
1.70 A, which indicates that the model and template does not have significant differences.
The quality of Ramachandran plots was satisfactory for the models. Number of residues in
outlier region are 2.9% for the models and 0.0% for the template. The value is still bellow the
maximum value of 15%, which indicates that the model is reliable for performing further
studies.

CLUSTAL 2.0.12 multiple segquence alignment
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Figure 1. Sequence alignment of riboflavin synthase from Schizosaccharomyces pombe
(1KZL)and Eremothecium gossypii (model); Sign (*) indicates the same amino acid (identity)
and sign (*: and.) are homologous region.

Active Sites of Riboflavin Synthase of Eremothecium gossypii
Riboflavin synthase crystal from Schizosaccharomyces pombe is used as a template with
PDB code 1KZL, determined using X-ray diffraction with a resolution of 2.10 A. The
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structure of riboflavin synthase is in the form of a complex with 6-carboxyethyl-7-0x0-8-
ribityllumazine (carboxyethyllumazine). The structure of riboflavin synthase from S. pombe
has been made with two active site pockets . Only one of the two active sites which catalyze
the formation of riboflavin and the other will interact with the solvent (Fischer and Bacher,
2008).. Model of riboflavin synthase of Eremothecium gossypii that interact with the
substrate carboxyethyllumazine, appeared to have two active sites pocket. Amino acid
residues that interact include Thr154, 11169, Thrl72, Val6, and Gly102 at the C-terminal
domain and Thr56, Gly68, Ala70, Val109, and His108 at the N-terminal domain (Figure 2).
Residue Thr154 was from the C-terminal domain and His108 was from the N-terminal
domain, represents two-subunit of the enzyme that acts as an early stage in riboflavin
catalysis reaction. The result showed that only one of enzyme active sites (N-terminal
domain) catalyzes riboflavin formation (Figure 3).
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Figure 2. Active sites of riboflavin synthase and amino acid residues that interact in C-terminal domain and N-
terminal domain.
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Figure 3. Active sites of the enzyme at N-terminal domain that catalyze riboflavin formation.

Thermal Stability of Riboflavin synthase of Eremothecium gossypii
The results of RMSD values versus the simulation time at 300 K showed that the value are
fluctuated in the range of 22-26 A from the initial state . RMSD value changes very

FRMSD

=0

4

40

3

=0

=
e —— Z00%
TimE

]
—— Z20K

10
——zzmE

=
—— Z0

a

a 1000 2000 000 4000 2000 5000

Figure 4. RMSD curves (A) at 300 K, 315 K, 320 K, 335 K and 350 K versus the simulation time (t).
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Figure 5. Conformational changes of the riboflavin synthase structure in the range of 0-100ps at temperature 300
K, 310 K, 315 K, 335 Kand 350 K

sharply in the range 0-100 ps (Figure 4), indicates the occurrence of a cooperative unfolding
process. Visualization results (Figure 5), indicate that the enzyme structure changes take
place very rapidly, this was because the structural changes occurred followed the pattern of
structural change in catalyzing formation of riboflavin from 6.7-dimethyl-8-ribityllumazine.
The stability of the enzyme structure will be obtained after 100 ps with a globular shape. This
form will be retained until the end of simulation. Enzyme conformational changes at 315 K
does not vary much with conformational changes at 300 K, the range of 0-100ps RMSD
value reaches 22 A and fluctuating between 22-26 A from the initial state. At 320 K and 335
K, after 100ps, the fluctuation of RMSD values increased to 29-34 A. These results indicate
the occurrence of different conformational change in unfolding process at 300 K and 315 K,
which describe the instability of the structure. At 350 K, the domains structure had separated.

DISCUSSION

Thermal stability is defined as the resistance of a protein to maintain the structure in such a
way as a response to high temperature so that the protein can still perform its function.
RMSD values showed that the enzyme structure changes take place very rapidly for all
temperature, and visualization results showed that the structural changes very sharply in the
range of 0-100ps. Visualization of the results shows that the conformational changes the
enzyme structure at 300 K and 315 K are most likely to catalyze the formation of riboflavin,
because the N-terminal domains are not separate. From the results of dynamics simulation of
the enzyme and substrate, shows that the separation of the domains will release the substrates
faster thus catalyzing the process would not be possible (data not shown).

CONCLUSION

Amino acid residues of riboflavin synthase of Eremothecium gossypii that interact to catalyze
the formation of riboflavin include: Thr154, 1le169, Thrl72, Val6, and Glyl02 at the C-
terminal domain and the Thr56, Gly68, Ala70, Val109, and His108 in the N-terminal. Only
one of active sites of the enzyme that catalyze riboflavin formation that is N-terminal domain.
RMSD value at 300 K and 315 K increased to 23 A from initial state and the simulation time
in the range of 0-100ps with fluctuations around 23-27 A and had a similar structure that
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conformational changes. RMSD value at 320-350 K fluctuation occurred in 29-34A with a
conformational change towards the unstable structure.
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ABSTRACT

Tosylation of N-phthaloyl-chitosan, without pretreatment of solvent drying and without
treatment of water vapor purging during the reaction has been studied. N-phthal oyl-chitosan
was tosylated using excess tosyl chloride in dimethyl acetamide/LiCl as solvent and triethyl
amine as catalyst at temperature < 10°C for 12 h. As comparison, the tosylation reaction was
also performed using phthaloyl-chitosan (protection of chitosan by phthaloyl group was not
chemosel ective at amine groups only) as a raw material. The solvents were not dried prior to
use and all subsegquence reactions were not performed under nitrogen atmosphere. The result
showed that by using phthal oyl-chitosan asa raw material, thereisno product of tosylation can
be isolated. The FTIR spectrum showed that 6-O-tosyl-N-phthal oyl-chitosan could be formed
using CPNPC asraw material. It indicated that the success of tosylation can be influenced by
selectivity of phthaloyl group protection on chitosan. These results showed that a tosylated-
chitosan can also be prepared without pretreatment of solvent drying and treatment of water
vapor purging during the reaction.

Keywords: tosyl, tosylation, phthaloyl, phthaloylation, chitosan.

INTRODUCTION
Cellulose and chitin as biopolymers are the most abundant organic compounds in Nature
and estimated to be at level s approaching 1011 tons annually. Chitin has been amajor structural
component of animal exoskeleton since the Cambrian Period, more than 550 million years ago.
Thetotal amount of chitin harvestable without imbalancing the marine ecosystem is estimated
to be 1.5.108 kg/year, mostly from the shells of crustaceans such as crab, shrimp and krill.
Chitin is structurally similar to cellulose, but it is an amino polysaccharide having acetamide
groups at the C-2 positionsinstead of hydroxyl groups. In addition to its unique polysaccharide
architecture, the presence of alittle amino groups (5-15%) in chitin is highly advantageous for
providing distinctive biological functions and for conducting modification reactions. Chitosan
isthe N-deacetylated derivative of chitin. Actually, the names chitin and chitosan correspond to
afamily of polymers varying in the acetyl content. Therefore, the degree of acetylation (DA)
determines whether the biopolymer is chitin or chitosan. Chitosan is the term used for the
considerably deacetylated chitin that is soluble in dilute acetic acid (degree of deacetylation,
DD 70%) (Zohuriaan-Mehr, 2005). Chitin and chitosan thus expected to have much higher
potential than cellulose in many fields. It is a specialty biopolymer having specific properties
including biodegradability, biocompatibility, and bioactivity, and it is therefore interesting not
only as an abundant resource but also as a novel type of functional material (Kurita, 2001).
In spite of potential applicationsof chitin and chitosan, it isnecessary to establish efficient
appropriate modifications to explore fully the hig