Experime

ISSN 2087-2852

ntal

Lifte Science

Discovering Living System Concept through Nano, Molecular and Cellular Biology

I
st

L) [
O

uﬂj N

b
£

J. Exp. Life. Sci.

Vol. 8

No. 1

pages. 1-70

February 2018

Published by

Graduate Program, University of Brawijaya

in Cooperation With

Masyarakat Nano Indonesia (MNI)



ISSN. 2087-2852

E-ISSN. 2338-1655 The Journal of Experimental Life Science
I j The Journal of @ ]
Life Science

Discovering Living System Concept through Nano, Molecular and Cellular Biology

Editorial Board

Chief Editor
Dr. Bagyo Yanuwiadi

Editorial Board
Aida Sartimbul, M.Sc. Ph.D - UB Sukoso, Prof. MSc. Ph.D-UB
Adi Santoso, M.Sc. Ph.D - LIPI Etik Mardliyati, Dr. - BPPT
Nurul Taufiq, M.Sc. Ph.D - BPPT Soemarno, Ir., MS,, Dr., Prof. - UB
Arifin Nur Sugiharto, M.Sc. Ph.D -UB M. Sasmito Djati, Dr. Ir. MS.
Reviewers
Ahmad Faried, MD. Ph.D - UNPAD Brian Yuliarto, Dr. - ITB
Trinil Susilawati, Ir., MS., Dr., Prof. - UB Bambang Prijambudj, Dr. - ITB
Muhaimin Rifai, Ph.D - UB Arief Boediono, drh., PhD., Prof. - IPB
Rer.nat. Ronny Martien, Dr. - UGM M. Yedi Sumaryadi, Ir., Dr., Prof. - UNSOED
Moch. Alj, Dr. - UNRAM Wasmen Manalu, Dr., Prof. - IPB
Widodo, S.Si., M.Si., Ph.D MED Sc - UB Moch. Syamsul Arifin Zein, Ir., M.Si. - LIPI
Irwandi Jaswir, Prof. - UIl Malaysia Gono Semiadi, Ir. MSc. PhD. - LIPI
Sarjono, Dr. - ITB Yaya Rukayadi, MS., Dr. - Yonsei University Seoul
Muhammad Askari, Dr. - UTM Malaysia Muhaimin Rifa’i, Ph.D - UB
Sutiman Bambang S., Dr., Prof. - UB Widjiati, drh.,MS.,Dr. - UNAIR
Moh. Aris Widodo,.Sp.FK., Ph.D., Prof. - UB Amin Setyo Leksono, S.Si.,M.Si.,Ph.D - UB
Yanti, Dr. - UNIKA ATMAJAYA
Editorial Assistant

Jehan Ramdani Haryati, S.S.i, M.Si.

INlustrator
M. Qomaruddin, S.Si.

Address
The Journal of Experimental Life Science
Building E, 21 Floor, Postgraduate School, University of Brawijaya
JI. Mayor Jenderal Haryono 169, Malang, 65145
Telp: (0341) 571260 ; Fax: (0341) 580801
Email: jels@ub.ac.id
Web: http://www.jels.ub.ac.id

INDEX @ COPERNICUS

I NT E R N A T 1 O N A L

Google

scholar

=

Crossref



Exp. Life Sci. Vol. 8 No. 1, 2018 pages. 1-70



ISSN. 2087-2852 . . .
E-ISSN. 2338-1655 The Journal of Experimental Life Science

Table of Content

Effect of Bulbils Position on Leaf Branches to Plant Growth Responses and Corms Quality of
Amorphophallus muelleri Blume

(Retno Mastuti, Nunung Harijati, Estri Laras Arumingtyas, Wahyu Widoretno) ... 1-6
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.01

An Analysis on Hemocytes Profile in Kijing Taiwan (Anodonta woodiana) and Water Quality in
Freshwater Aquaculture Ponds

(Wahyu Widiyasmoro, Mintarto Martosudiro, Liliek Sulistyowati) 7-14
DOLI: http://dx.doi.org/10.21776/ ub.jels.2018.008.01.02

Dynamic Analysis of Epidemic Model for Cholera Disease Spreading with Quarantine
(Tyas Husadaningsih, Wuryansari Muharini K, Aruman Imron) 15-22
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.03

Dynamical Analysis of HIV/AIDS Epidemic Model with Treatment
(Badria Ulfa, Trisilowati Trisilowati, Wuryansari M. K.} ..coennneenneens 23-29
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.04

Analysis of Genotype and Phylogenetic of Koi Herpesvirus (KHV) on Carp (Cyprinus carpio) in
Lombok Island of West Nusa Tenggara Province Based on Thymidine Kinase Sequence

(Amira Baihani, Uun Yanuhar, Maftuch Maftuch) .....cccoesmeeeennn. 30-36
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.05

Effect of 173-Estradiol on Feminization, Growth Rate and Survival Rate of Pacific White Shrimp
(Litopenaeus vannamei, Boone 1931) Postlarvae

(I Nengah Gde Sugestya, Maheno Sri Widodo, Agoes Soeprijanto) 37-42
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.06

Physical Properties of Turpentine and Gum Rosin Pinus merkusii Jungh et de Vriese Tapped
Oleoresin by Borehole Method

(AZUS SUKAITIO)uieeuieerreeessrreessesesseessssesssssessssesssssssssssssssssssssssssssssssssssesssasesns 43-46
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.07

The Effects of Rosella Extract (Hibiscus sabdariffa) against the n-carboxymethyl-lysine, NF-kf3,
TNF-a in the Rats Heating Food Diets

(Batmomolin Bataif, Setyawati Soeharto K, Edi Widjajanto, Ardhiyanti Puspita Ratna,

SILVY AMALIA) cweeieeureermeeerseeesseesssesssssesssssessssesssesesssessssssssssesssssesssssessssssssssessssssssssssssssssesssesesas 47-52
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.08

Effect of Banana Homogenate on Shoot Regeneration of Ciplukan (Physalis angulata L.)
(Varni Apensa, Retno Mastuti) .....crressesrsssrsssssssssessans 53-60
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.01.09

Microsatellite Marker for Cross-Species Amplification: Study Case for Indonesian Sundaland
Python (Serpentes: Pythonidae)

(Andri Maulidi, Fatchiyah Fatchiyah, Amir Hamidy, Nia Kurniawan) 61-65
DOLI: http://dx.doi.org/10.21776/ub.jels. 2018.008.01.10

Numerical Solution of a Fractional-Order Predator-Prey Model with Prey Refuge and Additional
Food for Predator

(Rio Satriyantara, Agus Suryanto, Noor Hidayat).......ceeennns 66-70
DOLI: http://dx.doi.org/10.21776/ub.jels. 2018.008.01.11

Exp. Life Sci. Vol. 8 No. 1, 2018 pages. 1-70



Effect of Bulbils to Plant Growth Responses and Corms Quality of
A. muelleri Blume (Mastuti et al)

Effect of Bulbils Position on Leaf Branches to Plant Growth Responses and
Corms Quality of Amorphophallus muelleri Blume

Retno Mastuti®, Nunung Harijati, Estri Laras Arumingtyas, Wahyu Widoretno

Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, Indonesia

Abstract
Bulbil (corm leaf) is one material source of vegetative propagation in Amorphophallus muelleri Blume. Based on the
position in branches there are two types of bulbil, middle and edge bulbils, which are different in shape and size. It has
been reported that bulbil size affected not only the growth response of seedlings and plants but also the quality of the
produced corms. Therefore, the objectives of this experiment were to study the effect of bulbils origin on A. muelleri
Blume (Porang) growth and the quality of harvested corms. The quality of corms was assessed based on glucomannan
and (CaOx) content. Bulbils from the middle and edge of branches were grown in polybag (¢ 5 cm) containing
compost:fertilizer (1:1) mixed media under 40% shade. Each bulbil origin was repeated 8 times. The results showed that
growth responses of plant from middle bulbil were significantly better than that from edge bulbil. However, at the
harvesting time, the weight and diameter of corms derived from both types of bulbils were not significantly different.
The glucomannan and calcium oxalate (CaOx) content of harvested corms grown from middle bulbil tends to be higher

than that from edge bulbil.

Keywords: branching, calcium oxalate (CaOx), germination, glucomannan, Porang.

INTRODUCTION

Porang, Amorphophallus muelleri Blume (A.
muelleri) is one members of the Araceae that
produce corms which is actually an underground
stem. It is native to Indonesia [1] especially in
teak forests in East Java and in undisturbed areas
such as riversides and bamboo forests in Central
and West Java [2]. It can grow in lowlands areas
up to 1000 m above sea level, with temperatures
between 25-35°C and rainfall between 300-500
mm per month during the period of growth [3].
The plant will grow better under shade. Environ-
ment with shade of 50-60% has high production
of corms [1]. Amorphophallus muelleri has
unique, highly dissected, umbrella-shaped leaf
blade which is supported by pesudo-stem or
petiole [4,5]. The dissected leaf blade has some
branches (leaflets) which are supported by
petiolule.

Amorphophallus muelleri can be regenerated
through generative and vegetative propagation
[1,3]. Bulbils or corms leaf are organ source of
vegetative propagation of A. muelleri besides
corms. The bulbils of A. muelleri are classified as
epiphyllar bulbil because they were produced on
the surface of branching points of the leaf [4].
Based on the position on leaf branches there are
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two types of bulbils: middle and edge bulbils
which are produced on leaf [6] and leaflet
branching points, respectively. Spatial distribu-
tion of bulbils on leaf contributed to variations in
shape, weight and size the bulbils [3]. Middle
bulbils have brown color and round shape while
edge bulbils have oval shape and smaller than
the former. Edge bulbils on the primary leaflet
are bigger than that on secondary and tertiary
leaflet. Propagation of A. muelleri from bulbils is
more promising than from seeds. Plants derived
from bulbils grew faster than those derived from
seeds. At the third stage of growth period plants
derived from bulbil were higher (= 180 cm) than
those derived from seeds (+ 140 cm) [7].

Considerable degree of seed heterogeneity in
size, weight and quality has been widely reported
[8,9,10]. The effects of bulbil size on the plant
growth and corms quality of A. muelleri derived
from different bulbil size have also been reported
[7,11,12]. Different sizes of bulbil showed no
difference in the ability to grow but it has effect
on plant growth responses [11]. Large bulbils
generate higher plants than small bulbils but the
diameter of stem and leaves and the number of
shoots were not significantly different [12]. It has
also been reported that bulbil size determined
the amount of the stage of vegetative growth
and dormancy [7]. Different sizes of bulbil that
were grown in medium containing various doses
of lime produced corms with different level of
glucomannan content [11].
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Position-dependent effects have been widely
studied on seed or fruit [13,14,15]. The position
of a seed or fruit on plant can affect its
morphology, mass and dormancy/germination
[16,17,18]. However, regarding to corms studies
still focused on the placement position on
propagation media or planting area [19] rather
than the corms position on the maternal plant.
The duration of Liatris daughter corms' growth to
maturity and their growth rate vary with their
position on the mother corm [20].

Currently market demand for the A. muelleri
chip corms is quite high. Amorphophallus
muelleri corms have been widely used as raw
materials in food, cosmetics and pharmaceutical
industry because they contained valuable source
of glucomannan, a soluble, non-cellulosic poly-
saccharide [21]. Chips derived from A. muelleri
corms are highly exported to Japan, Hongkong
and China and other countries. Therefore, today
in Indonesia A. muelleri has been cultivated in
several methods of propagation to produce high
quality of corms to meet the increasing market
demand.

Considering some previous reports which
showed that bulbil size affects the growth
response, therefore the spatial distribution of A.
muelleri bulbil on leaf and leaflet branching is
necessary to be examined both in physiological
and morphological responses. Therefore, the
objectives of the present study were to examine
plant growth response and corms quality grown
from middle and edge bulbils produced on leaf
branches of A. muelleri.

MATERIALS AND METHODS
Bulbil Germination

Middle and edge bulbils derived from the
second growth period of plants were obtained
from Oro-oro Waru Village, Saradan, Madiun
District, in East Java, Indonesia. Eight bulbils of
each type were germinated in plastic bags (¢ =5
cm) containing + 500 g fertilizer:compost (1:1)
mixed media. The bulbils were planted 5 cm
depth in the media and the plastic bag then
placed in the experiment field of Biology
Department, University of Brawijaya under 40%
shading. After bulbil-derived seedling has
reached a height of £ 20 cm then it was grown in
larger polybag (¢ = 40 cm) containing @ 5 kg soil
media. Plants were watered to about field
capacity twice a week.

Plant Growth and Corms Harvesting
The measurement growths responses were
started at three months after the coleoptile

J.Exp. Life Sci. Vol. 8 No. 1, 2018

sheath merged on the soil surface, once a week
for 10 weeks. The parameters of growth re-
sponses measured were plant height, stem girth
and canopy width. Plant height was measured
from petiole base on the soil surface to the top of
leaf canopy. To measure canopy width, firstly the
two range poles of the extreme edges of the
canopy were marked. Subsequently, the distance
between the two poles was measured with a
measuring tape and recorded as the canopy
width. The corms were harvested at + 90 days
after planting, and prepared for glucomannan
and CaOx analysis.

Extraction and Analysis of Glucomannan Con-
tent of Fresh Harvested Corms

Fresh harvested corms were rinsed and the
skin was peeled. Total 6 g of the rinsed flesh
corms were mashed using blender to form pasty.
Subsequently, glucomannan extraction and anal-
ysis were conducted based on the method of [22]
with modification. Pasty of corm was put into
beaker glass containing 200 mL of AlSO4 0.3% and
then placed in an incubator at 55°C for 15 min
while stirred gently to maximize the process of
glucomannan extraction. The extract yield was
filtered with cotton cloth, diluted until the final
volume reached 600 mL and then centrifuged at
1500 g for 15 min. Supernatant was added by
isopropyl alcohol with ratio 1:1. The white pre-
cipitate formed was glucomannan. The precipi-
tate glucomannan was oven-dried at 45°C over-
night or until dry to obtain glucomannan yield.
The weight of dry glucomannan relative to the
weight of dried corm used for calculating
glucomanan content. The weight of dried corms
were obtained from 6 g of flesh corms that was
rinsed, chopped and dried by oven at 45°C over-
night or until dry. Dried glucomannan sample was
weighed and glucomannan content per DW sam-
ple was calculated as: (precipitate DW/corms
sample DW) x 100%.

Extraction and Analysis of Calcium Oxalate
(CaOx) of Fresh Harvested Corms

Extraction and determination of CaOx content
of A. muelleri corms were conducted by the
method of Imouha and Kalu [23] with modifica-
tion. Determination of CaOx consisted of three
phases: digestion, oxalate precipitation and titra-
tion of permanganate. Corms were rinsed and
then approximately % parts of them was grated.
The digestion phase was initiated by dissolving 10
g grated corms into 190 mL aquadest and then
added by 10 mL of HCI 6N. The suspension was
heated at 100°C for 1 h then allowed to cool.

ISSN. 2087-2852
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Aquadest was added into the suspension until
reached volume 250 mL and it was filtered by
fine cotton cloth. The second phase was initiated
by adding six drops of methyl red into filtrate
yield. The pH was adjusted by adding some drops
of NH4OH until achieved pH 4-4.5. Subsequently
filtrate was heated until 90°C and then allowed
to cool. Filtrate was filtered by whattman no. 1 to
eliminate Fe. Filtrate was heated at 90 °C, added
by 10 mL of CaCl2 5% and homogenized by mag-
netic stirrer. Finally, the filtrate was centrifuged
at 2500 rpm for 10 min. At the last phase pellet
derived from previous centrifugation was put
into 10 mL of H,SOs 20%. After added with
aquadest until reached the volume of 100 mL the
solution was heated until almost boiled. Subse-
quently, titration of this solution was conducted
by standardized KMnO4 0.1 N until produced pink
color for 1 min. The content of CaOx (g/FW
corms/tubers) was calculated with Eq. 1.

CaOx (g) = Vimnos X Miwnos X 5 X ME X DF X 100

m: X 1000

Description:
VKM,,04is volume KMnQO4(mL),
M KM,O4is molarity KMnOy,,
ME is molar equivalent of KMnQ, in oxalic,
DF is dilution factor, and
myis mass of fresh corms
Statistical analysis
Data were subjected to analysis of variance
(ANOVA) and means were compared by Tukey
test a 0.05 using the SPSS ver. 17.

RESULT AND DISCUSSION
Growth Responses of Plants Derived From Dif-
ferent Types of Bulbils

Middle bulbils have bigger size than edge
bulbils (Fig. 1). Both types of bulbils showed sig-
nificantly different vegetative growth responses.
Plants derived from middle bulbils grew faster
than that from edge bulbils (Fig. 2A). Plant height
derived from different bulbil types showed signif-
icantly differentt from the first week until the last
week of observation (Fig. 2B). From week to
week the plants derived from middle bulbils were
taller than those derived from edge bulbils. At
the last week observation the plant height de-
rived from middle bulbils reached 60.0 + 4.7 cm
while those from edge bulbils reached only 47.5
+ 4.1 cm. But until the last week the average
height of plants derived from each middle and
edge bulbils was not significantly different from
the first week observation.

J.Exp. Life Sci. Vol. 8 No. 1, 2018
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Figure 2. Plant height of A. muelleri derived from middle
and edge bulbils. (a) A. muelleri plants 10 weeks
after seedling germination and (b) Plant height
at each week observations. Different letters
following bars indicate significant differences at
the a = 0.05 of Anova test. Means + SD (n=8).

Stems girth of plants grown from middle bul-
bils (14 + 1.39 cm) were also significantly greater
than those grown from edge bulbils (10 + 0.60
cm) (Fig. 3A). Canopy width from both types of
bulbils was also significantly different. It derived
from middle bulbils had longer diameters than
that derived from edge bulbils (Fig. 3B). The de-
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velopment of storage organ grown from middle
and edge bulbils which was represented by
weight and diameter of harvested corms were
not significantly different. The weight of harvest-
ed corms of plant grown from middle and edge
bulbils reached 73.3 + 37 g and 49.6 + 13.8 g,
respectively. Diameter of harvested corms of
plant grown from middle and edge bulbils
reached 54.4 + 10.2 mm and 48.2 + 4.5 mm, re-
spectively (Fig. 4A).

20 ® middle bulbil O edge bulbil
18 -
wlb b b b B b b b
—14 -
5
12 a a a a a a a a a
10 | 1 T . L
®
& g
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60 1 mmiddle bulbil [ edge bulbil

d

cd cd cd ij c
a |i b Mo Wb WP
4 5 6 7
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Canopy diameter (cm)
w
=]

be cd od

T [
40 -

N N E
20
10 H
0

1 2 3

Figure 3. Stem girth and canopy diameter of A. muelleri
plants. (a) Stem girth and (b) Canopy width. Dif-
ferent letters following bars indicate significant
differences at a = 0.05 of Anova test. Means +
SD (n=8).

week

Bulbil of A. muelleri is a small cormes pro-
duced on leaf branch. Bulbil is a sink containing
storage resources translocated from photosyn-
thetic organs. The size of bulbil indicated the
amount of storage resources possessed. In this
study the middle bulbils which have bigger size
showed better primary and secondary growth
responses than edge bulbils based on plant
height, stem girth and canopy width. Middle bul-
bils of A. muelleri is apparently to contain greater
numbers of photosynthate as food reserves so
the process of photosynthesis occurs earlier and
the vegetative organs formed faster than edge
bulbils. Sumarwoto and Maryana [12] have re-
ported that bigger size of A. muelleri bulbil pro-
duce higher plant than smaller ones. The same
results were shown in other species. Bulb size
influenced plant growth and development of
Hyacin and Lily [24]. Corms size affected the per-
formance of Gladiolus grandiflorus [25,26] as well

J.Exp. Life Sci. Vol. 8 No. 1, 2018

as stigma and corm vyield of saffron (Crocus sa-
tivus L.) [19].

120 W middle bulbil
100 1 Oedge bulbil

80 -
60

40

0 - T 1

A corms weight (g) corms diameter (mm)

70 - m Glucomannan (%/DW corms) r 0.4

60 - O Calcium oxalate (g/100g DW) - 0,35
-] k=
g - 03 Q
£ 507 .-
8 025 8
510 &
2 o2 =
T 30 - 3
E - 015 g
8 20 - 3
= F01 £
9 - B

10 4 - 0,05

0 - T 0
B middle bulbil edge bulbil

Figure 4. Quality of A. muelleri harvested corms planting
from different types of bulbils at 90 days after
planting: (a) Weight and diameter of harvested
cormes and (b) Glucomannan and Calcium oxa-
late content. Means + SD (n=8).

Environment is predominant factor which de-
termine size variation of seed produced as a
source of generative reproduction [8]. Within-
plant variation can be determined by fruit posi-
tion and seed position within a fruit or inflores-
cences. Bulbils of A. muelleri are vegetative re-
production organ which sized vary as a result of
their position on the leaf branch of maternal
plants. This maternal position effect of A.
muelleri bulbils occur in a structurally ordered
manner. Bulbils on more periphery branch have
smaller size. Within-plant variation arising from
position effects is inherited [8]. Effect of seed
position resulted in variations in size is always
present in every generation. This shows that the
inherited character which is more affected by
position and the variation in size is due to the
distribution of the position.

Corms Quality: Glucomannan and Calcium Oxa-
late (CaOx) Content

Corms quality both glucomannan or calcium
oxalate content of corms harvested from plant
grown from middle and edge bulbils were not
significantly different. The average of glucoman-
nan content was 48.63 and 37.78% DW corms
harvested from plant grown from middle and
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edge bulbil, respectively (Fig. 4B). In this study it
is assumed that corms were not harvested at
mature physiological age. Consequently, the con-
tent of glucomannan produced by the two plants
derived from middle and edge bulbil was not
significantly different. Glucomannan content was
higher in mature corms than in young corms.
Glucomannan within the developing corm
changes throughout the growing season and was
highest just before the foliage died off, prior to
dormancy [27]. Generally foliage died off 5-6
months after planting [3].

Calcium oxalate crystals were also obtained
from corms of A. muelleri plants derived from
bulbils. However there was no significant differ-
ence between two plant types in terms of its con-
tent. It is suspected that during corms develop-
ment the formation of calcium oxalate crystals
has not been maximized. There is an indirect re-
lationship between the diameter and the density
of calcium oxalate in the corms [28].

CONCLUSION

From this result it can be concluded that the
position effect of A. muelleri’s bulbils on the
maternal leaf branch will influence the growth
response. The content of glucomannan and CaOx
have no significant difference in young corms.
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Abstract

Kijing Taiwan (Anodonta woodiana) is found in water with muddy substrate. Kijing Taiwan lives in bottom waters and is
relatively settled. Kijing Taiwan is a filter feeder organism that can filter water and is able to survive in polluted envi-
ronment, so it can be used as a bio-indicator of a water body. The study was conducted in the Public Hatchery Unit
(UPR) Sumber Mina Lestari. Profile hemocytes in Taiwan Kijing influenced by environment pollution inducer among
others. Hemocytes were observed consisting of Total Haemocyte Count (THC) and Differential Haemocyte Count (DHC).
The results show that the profile of hemocytes (THC and DHC) of Kijing Taiwan is not polluted. Results from aquaculture
pond water quality measurements indicate that the indicators of the water quality i.e. temperature, pH, dissolved oxy-
gen, and ammonia are still in normal limits. However, in TOM test, BOD and soil organic matter has exceeded the nor-
mal limits. The existence of organic matter became the medium of life for Kijing Taiwan, due to its role as a biofilter
among other organic materials.

Keywords: Hemocytes Profile, Kijing Taiwan, Water Quality.

INTRODUCTION

Public Hatchery Unit (UPR) Sumber Mina Les-
tari is a regional center for the cultivation of
freshwater fish. It is located in Banjartengah,
Sumbersekar Village, District Dau, Malang Regen-
cy. There are mollusks that live inside Kijing Tai-
wan. To improve agricultural productivity, farm-
ers are still dependent on the use of various
chemicals such as inorganic fertilizers and pesti-
cides [1]. The use of inappropriate dose of chem-
icals often leaves residues in the environment.
Living organisms used as bio motor have the fol-
lowing criteria: are widely spread geographically,
have ecological tolerance, are polynomials, have
stable population, become indicators of ecosys-
tem, have high pollution tolerance, and are easy
to recognize. One living organism that meets the
requirements as bio motor in aquaculture ponds
of UPR Sumber Mina Lestari is the freshwater
mussel or referred to as Kijing Taiwan (Anodonta
woodiana).

Kijing Taiwan (A. woodiana) is a freshwater
mussel found in waters with muddy substrate.
Kijing Taiwan lives in bottom waters and is
relatively settled. Kijing Taiwan is a filter feeder
organism that can filter water and is able to sur-
vive in polluted environment, so it can be used as
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a bio-indicator of a body of water. Pollutants that
enter the body Kijing Taiwan can affect the hae-
mocyte profile, and thus by analyzing Total Hae-
mocyte Count (THC) and Differential Haemocyte
Count (DHC) of Kijing Taiwan in aquaculture
ponds of UPR Sumber Mina Lestari, we can exam-
ine and analyze the water quality that support
the life of Kijing Taiwan. The results show that
the profile of haemocyte (THC and DHC) of Kijing
Taiwan is not polluted but there has been found
hyaline cells in the stage of introduction of for-
eign objects; thus, it is clear that Kijing Taiwan
can be utilized as an early indicator of water pol-
lution [2].

MATERIALS AND METHODS
Study Area and Sampling

The descriptive qualitative method is used in
determining haemocyte profile and water quality
in freshwater aquaculture ponds at the location
of the research. Sampling was conducted at three
stations can be seen in Figure 1. Total 30 Kijing
Taiwan was taken randomly at each station with
the same weight and length criteria.

The study was conducted in aquaculture
ponds in UPR Sumber Mina Lestari situated in in
Banjartengah, Sumbersekar Village, District Dau,
Malang Regency, East Java Province. The area of
UPR Sumber Mina Lestari is 1.7 ha. The geo-
graphical location of the village of Sumbersekar is
112017'10.90"- 112057'00" EL and 7044'55.11"-
8026'35.45" SL at 25-26°C and 630-670 m above
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sea level. Rainfall in UPR Sumber Mina Lestari is
an average of 875-3000 mm per year.

Data Collection and Analysis

Observation is made actively on Total Hae-
mocyte Count (THC) [3] and Differential Analysis
Results for Haemocyte Count (DHC) of Kijing Tai-
wan [4]. Observation on Haemocyte Differential
Count (DHC) of Kijing Taiwan was done in three
types of haemocyte cells, i.e. granulocytes, semi
granulocytes, and hyalinosit. Granulocyte cell
consists of granules in the cytoplasm and capable
of phagocytosis and move resembles an amoeba,
whereas hyaline cells have only a few granules.
Semi granule has a larger shape than hyaline,
elongated oval-shaped with few number but

UPR Sumber
Mina Lestari
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spread out. To determine the relationship be-
tween the environment and the metabolic status
of bivalves, haemocyte system, and the devel-
opment of pollution, bivalve haemocyte can be
used as an environmental biomarker [2].

Water Quality

In this study, measurements on water quality
in aquaculture ponds were done, because the
water quality could support microbial life in it,
especially Kijing Taiwan. Water quality (Table 1)
parameters including physical parameters (tem-
perature) and chemical parameters (pH, dis-
solved oxygen, total organic matter, soil organic
matter and ammonia). Each parameter was
measured thrice for each station.

Legend
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Figure 1. Location of the Research at Three Stations (Source: Google Earth, 2016)

Table 1. Haemocyte Count and Water Quality Measurement

No Method & Measurement Tools Materials
1 Total Haemocyte Count - SyringelmL - Eppendorf - Haemocyte of - Trypanblue 0.01%
(THC) [3] - Cover glass - Haemocytometer Kijing Taiwan - Tissue
- Microscope - Washing bottle - Na-citrate 10% - Aquades
2 Differential Haemocyte Count - Haemocyte - Microscope - Methyl alcohol - Tissue
(DHC) [4] preparation - Washing Bottle - Giemsa Solution - Aquades
3 Temperature [5] - Termometer Hg - Stopwatch - Ropes - Tissue
4 pH [6] - Standard sheet of pH - Stopwatch - Ponds water - pH paper
5 Dissolved Oxygen (DO) [7] - DO bottle - Funnels - Ponds water - Amylum
- Drop pipet - DO meter - MnS0, - Na$,05 0.025 N
- Burette - Statif - NaOH +KI - Aquades
- Washing bottle - HyS04 - Label paper
6 Total Organic Matter (TOM) - Erlenmeyer - Statif - Ponds water - Aquades
[8] - Burette - Funnels - KMnOg4 - Label paper
- HzSO4
7 Biological Oxygen Demand - Erlenmeyer - Burette - Ponds water - MnS0,4
(BOD) [9] - Statif - Funnels - NaOH +Kl - H,S04
- Winkler bottle - DO bottle - Amylum - Na,S;050.025N
- Washing Bottle - Drop pipet - Aquades - Label paper
- Diluent solution
8 Soil Organic Matter [10] The organic carbon in the sample is oxidized with dichromate in an acidic atmosphere.
The chromium |ll formed is equivalent to the oxidized C-organic and measured by
spectrometry.
9 Ammonia [11] Ammonia level was tested with Spectrophotometer in Phenate condition.
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RESULTS AND DICUSSION
Total Haemocyte Count (THC)

Based on the research conducted, the granu-
locyte cells have a larger form and have granules
in them. Otherwise, semi granulocyte cells are
smaller than the granulocyte cells and larger than
the hyaline cells. Hyaline cells have the smallest
size and have no granule. The Total Haemocyte
Count (THC) can be seen in Table 2.

Table 2. Total Haemocyte Count for Kijing Taiwan
Station Total Haemocyte Count (cell.ml?)

1 76
2 90.33
3 40.33

Based on the research results, Total Haemo-
cyte Count (THC) for Kijing Taiwan taken in UPR
Sumber Mina Lestari ranges from 40.33 x 10* to
90.33 x 10* cells.mL™. The THC results indicate
that the condition of Kijing Taiwan is unhealthy.
It is in accordance with the previous study [12],
the value of THC in bivalves must be between 6.4
+ 2.2 x 10° cells.mL? (64 x 10* cells.mL?). THC
value above or below the normal range indicate
bivalves reproduced in large quantities due to
exposure of foreign material and pathogens.

Differential Haemocyte Count (DHC)

The first research result on Haemocyte Dif-
ferential Count (DHC) is hyalinosit cells. The re-
search results in UPR Sumber Mina Lestari show
hyalinosit cells by 54% - 57%. Based on the re-
search results obtained, it is known that Kijing
Taiwan at the study site has not been polluted.
This is in accordance with the previous study [2]
that mentioned the uncontaminated hyalinosit
on Crassotrea gigas range between 76.3-87.3%.
Hyalinosit value obtained in this study is more
than 87.3%, showing that granulocytes in Kijing
Taiwan have been contaminated, as shown in
Table 3.

Table 3. Differential Haemocyte Count for Kijing Taiwan

Differential Haemocyte Count (%)
Station1 Station2 Station 3

Haemocyte Cells

Hyalinosit 55 57 54
Semi-granulocytes 27 29.67 26.67
Granulocytes 18 13.33 19.33

There are hyaline cells at UPR Sumber Mina
Lestari; this happens due to foreign objects or
pollutants in UPR Sumber Mina Lestari still in the
introduction stage. Hyalineosit is the result of cell
growth after going through several stages of
maturation into granulocytes [13]. If hyalineosit
cells are found more than granulocytes cells,
then it can be suspected that the hemocytes are

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

being introduced to foreign substances such as
heavy metals and to subsequent encapsulation.

The high percentage of granulocytes and low
percentage of hyalineosit will enhance the
immune ability that will contribute to reducing
vulnerability to disease attacks. At the time of
introduction of the hyalineosit cells to foreign
materials, the nucleus will release an enzyme
called lectins enzymes, i.e. an enzyme that which
will react with the surface of cells and increase
the PPA (Prophenoloxidase Activating Enzyme).
PPA is envisaged as part of the immune system
that may be responsible for the introduction of a
foreign object in the organism’s defense system
such as bivalves [13].

One form of organism’s defense response to
the condition of the body that does not support
the increase in phagocytic cells playing role in
enhancing the immune response is by increasing
the ability of hemocytes cells for phagocytosis
[14]. The abundance of circulating hemocytes is
influenced by several factors, among others are
sex, size, and body weight, and by external
factors such as temperature, salinity, and
dissolved oxygen [15].

The second result of research on Haemocyte
Differential Count (DHC) is semi granulocytes.
Semi granulocyte cells are mature form of
hyaline cells—in the time of pathogen attacks,
hyaline cells play the first role [15]. Based on the
research results on Haemocyte Differential Count
(DHC), semi granulocyte cells in UPR Sumber
Mina Lestari show a value ranges from 26.67% to
29.67%. This happens because of semi granulo-
cyte cells in UPR Sumber Mina Lestari are in the
introduction stage to stressors.

Semi granulocyte cells play a major role in the
process of encapsulation and a little in the
process of phagocytosis [16]. Semi granular cells
function more in producing prophenoloxidase, an
enzyme that plays a role in non-specific defense
system. Activities of prophenoloxidase (PROPO)
will free an enzyme from granular cells.

There are mitochondria in haemocytes as an
intracellular key to the contamination of foreign
objects because they are permeable and highly
sensitive. Mitochondria accumulating heavy
metals lead to disruption of energy balance.
Bivalves have non adaptive immune system and
they are able to eliminate pathogens depending
on the cooperation of cellular and humoral
mechanisms. Hemocytes in shellfish play a role to
phagocytosis, especially in the response of
immune cells to fight pathogens that enter the
body [16]. According to Alifuddin [17], a
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component of foreign objects can activate
cellular defense responses such as phagocytosis
and encap-sulation. Cell antibodies can enhance
the ability of hemocytes cell phagocytosis.
Hemocytes as the immune system fight foreign
substances such as heavy metal i.e. Pb, , and Cd
through humoral and cellular expressed as
Haemocyte Differential Count. Cellular immune
response in shellfish contaminated with heavy
metals will show different results, and it is
possible to result in not only a decrease in the
number of haemocytes but also an increase in
the number of haemocytes and change the
composition of haemocytes.

Based on the research results on granule
cells, the granulocyte cells obtained range
between 13.33% to 19.33%. Based on these
results, granulocyte cells obtained from UPR
Sumber Mina Lestari can be said to be free from
pollution. This is in accordance with previous
study by Soil Research Institute [18], that
uncontaminated granulocyte in shellfish shall
show a value range between 11.24% to 22.4%.
Granulocytes value obtained is more than 22.4%
signifying that granulocyte cells in Kijing Taiwan
have been contaminated.

The granulocyte cells contained several cell
organelles such as lysosomes, where lysosomes
serves to hold the metals accumulated. The
lysosome is a channel for the metal deposit [19].
Inside lysosomes, there are hydrolytic enzymes
that are associated with cytoplasmic granules
found in some species of mollusks. There is a
trace of metal accumulation in cytoplasmic
granules and an increase in the number of
granulocytes in shellfish  taken from
contaminated environments. Granulocyte cells
active in phagocytosis in oysters are a sign that
there has been a response and internal
resistance in the body of the oyster to the
environment polluted by heavy metals such as
Pb, Cd, and Hg. Several enzymes are found in
granulocytes i.e. amylase, glikogenase, lipase,
protease, and the complex oxidation systems.
Previous study showed that bivalves recast
pollutants caused by the increase in the value of
circulating hemocytes [20].

This happens because in UPR Sumber Mina
Lestari, an introduction of contaminants occurs in
hyaline cells. According to previous study [21],
encapsulation is a reaction of immune defense
against foreign substances and environmental
influences. Granulocyte cells contain hydrolytic
enzymes that play a role in phagocytosis against
microbes that contribute to intracellular death.

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

Water Quality of the Ponds

In this study, measurements on water quality
in aquaculture ponds were done, because the
water quality could support microbial life in it,
especially Kijing Taiwan. Water quality parame-
ters measured in this study included tempera-
ture, pH, dissolved oxygen, TOM, soil OM, and
ammonia. The results of water quality measure-
ments carried out in UPR Mina Lestari can be
seen in Table 4.

Table 4. Value Range on Water Quality

Standards
Water
Parameter Quality Measurement
Result

Temperature (°C) 25-26 28-32[17]
Ph 8 7-8.5 [14]
DO (mg.LY) 7-8 25[17]
TOM (mg.LY) 28.89-36.67 >20 [14]
BOD (mg.LY) 2.23-397 3 [20]
Soil Organic Matters (%) 2-3[12]
Amonia (mg.L?) 0.44-1.16 <0.02 [20]

Results from water quality measurements
indicate that the value of the indicators of the
quality of the water, i.e. temperature, pH and
dissolved oxygen are still in normal limits. How-
ever, TOM, BOD, soil organic matter and
ammonia have all exceeded the normal limits.
This leads to increased fertility of water due to
high organic matter in the aquaculture ponds, so
it is natural if the development of Kijing Taiwan
happens rapidly because there are many natural
food sources for Kijing Taiwan. The description of
each indicator of water quality will be explained
below.

Temperature

Temperature measurement was done in UPR
Sumber Mina Lestari at 08.00 pm. Based on the
research results, obtained temperature ranged
between 25 to 26°C (Fig. 2). This showed that the
temperature was good for the life of aquatic
biota. Taiwan Kijing likes environment with a
temperature of 24 to 29°C. Kijing Taiwan can live
in waters with temperatures between 11 to 29°C.

Temperature is a very important factor in
regulating the process of life and spread of the
organism. The temperature of water is affected
by atmospheric conditions, and the intensity of
solar radiation entering the waters mainly in the
surface layer. Temperature is influenced by sea-
sons, the intensity of sunlight, air circulation,
depth, and topography [22]. The life of bivalves is
strongly influenced by temperature, which will
affect the metabolism of bivalves, and the in-
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crease in temperature will increase the rate of
metabolism.
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Figure 2. Temperature of Water in Ponds
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Changes in temperature can affect the lives of
aquatic organisms either directly or indirectly,
but the change in the temperature can still be
resolved by aquatic biota, where the tempera-
ture will affect the rate of metabolism, and the
increase in temperature will increase the rate of
metabolism [22].

pH

pH measurement in UPR Sumber Mina Lestari
was done at 08.00 pm. pH is one of the limiting
factors for the life of aquatic biota, one of which
is bivalves. Each kind of organism has a different
tolerance depending on the saturation levels of
dissolved oxygen, alkalinity concentrations, and
the type and stage of organisms [23]. Based on
the research results, the pH obtained was 8 (Fig.
3). This indicates the pH was good. pH range sup-
porting the life of bivalves must be between 6 to
9 [24]. Therefore, Kijing Taiwan could live well in
the study site.
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Figure 3. pH of Water in Ponds
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The pH value can affect the properties of dis-
solved heavy metal. At high pH, heavy metals will
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settle, while at low pH free ions are released into
the water or the water column. In addition, pH
affects toxicity of chemical compounds, and
heavy metals will increase their toxicity at low pH
[24].

Dissolved Oxygen (DO)

Measurement of dissolved oxygen carried out
in UPR Sumber Mina Lestari at 08.00 pm. Based
on the results, obtained dissolved oxygen was 7-8
mg.L? (Fig. 4). The results were considered good
for biota as it was more than 5 mg.L. Thus,
dissolved oxygen is essential for living organisms
because it is used for the process of metabolism
and respiration. The main source of oxygen in a
body of water comes from a process of diffusion
of free air and the results of photosynthetic
organisms that live in the water.

Inlet ®mmiddle ®Woutlet

10
1 2 3
Station
Figure 4. Dissolved Oxygen (DO) of Water in Ponds
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The decomposition of organic and inorganic
materials can reduce the oxidation of dissolved
oxygen in the water until it reaches zero (anaer-
obic). Effect of dissolved oxygen to heavy metals
is inversely proportional, in which the lower the
dissolved oxygen, the higher the toxicity of heavy
metals, and the vice versa [22].

Total Organic Matter (TOM)

Total Organic Matter (TOM) is the entire or-
ganic material that has not been or will undergo
decomposition. The organic material is a food
source for marine life. Based on the analysis of
water quality, the value of total organic matter in
Sumber Mina Lestari ranged from 28.89 to 36.67
mg.L? (Fig. 5).
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Figure 5. Total Organic Matter of Water in Ponds

Total Organic Matter (TOM) describes the
total organic matter content in the water, con-
sisting of dissolved organic matter, particulate,
and colloids. The organic material can be used as
a backup food for aquatic organisms, especially
for organisms that live in bottom waters [25].

Biological Oxygen Demand (BODs)

Biological Oxygen Demand (BODs) or biologi-
cal oxygen requirement is the amount of oxygen
needed by microorganisms in the water envi-
ronment to break down organic waste material
found in the water environment. Based on the
analysis of water quality, the value of Biological
Oxygen Demand (BODs) in Sumber Mina Lestari
ranged between 24 to 45 mg.L? (Fig. 6) and it has
exceeded the normal threshold value at 3 mg.L?
[24].
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Figure 6. Biologycal Oxygen Demand of Water in Ponds

The high Biological Oxygen Demand (BODs) is
influenced also by the high value of TOM, as high
organic matter breakdown process is in line with
the increased use of dissolved oxygen in the
water. BOD is the amount of oxygen needed by
microorganisms to solve organic materials in the
water. BOD examination is required to determine
the pollution load due to population or industrial

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

waste water, and to design a water treatment
system of polluted biolis. Breakdown of organic
matter means that organic materials are used by
organisms as food and energy obtained from the
oxidation process [26].

Soil Organic Matter

The organic material in the soil of aquaculture
ponds in UPR Sumber Mina Lestari was in the
range of 2.23 to 3.97%, which indicates that it
has exceeded the normal limits set by the Soil
Research Institute in 2005 at 3%. See Figure 7.
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Figure 7. Soil Organic Matter of Water in Ponds

The highest value of soil organic matter was
at station 2. This is because station 2 was the
main pond used for collecting all the fish seed.
Excessive accumulation of organic material in the
bottom of the pond, the residual feed and fish
feces, make soil organic matter content also in-
creased. Increasing land organic matters will be
followed by the high value of ammonia in the
water [27].

Ammonia

Measurement of ammonia was also per-
formed in UPR Sumber Mina Lestari. Based on
the measurement of ammonia, the results ob-
tained in the study ranging from 0.44 to 1.16
mg.L . Based on these results, the ammonia val-
ue exceeded the quality standard limits [28],
which is 0.02 mg.L. This is caused by the abun-
dant residual fish feed in bottom waters. See
Figure 8.

In natural waters, at normal temperature and
pressure, ammonia is in the form of gas and will
form equilibrium with ammonium ions [22]. In
addition to gas, ammonia forms complexes with
some metal ions. Ammonia measured in the wa-
ter is the total ammonia (NHs and NH4*). Free

ISSN. 2087-2852
E-ISSN. 2338-1655



Hemocytes Profile in Kijing Taiwan and Water Quality
in Freshwater Aquaculture Ponds (Wijayanti et al.)

ammonia cannot be ionized (ammonia), while [4] Tampangallo, B.R., S.P. Chalvyn, A. Rante-

ammonium (NH4*) can be ionized. The percent- tondok. 2012. Respon imun Udang Windu

age of ammonia increases with increasing pH (Penaeus monodon) yang dipapar bakteri

value and temperature of water. At pH 7 or less, Vibrio harveyi. Proceeding of Seminar on

most of the ammonia will ionize [22]. National Fisheries. Fisheries Higher College.
Jakarta.

Inlet Wmiddle Woutlet [5] Bloom, J.H. 1998. Analisa mutu air secara

kimiawi dan fisika: sebuah laporan tentang
pelatihan dan praktek. NUFFIC UB. Faculty
of Fisheries and Marine Sciences, University
of Brawijaya. Malang.

[6] Subarijanti. 1990. Pemupukan dan kesu-

05 buran perairan. Faculty of Fisheries and
' Marine Sciences, University of Brawijaya.
I Malang.
0 [7]1 Suprapto. 2011. Metode Analisis Parameter
1 2 3

Mutu Kualitas Air Untuk Budidaya Udang.
Shrimp Club Indonesia. Pacitan.

[8] Indonesian National Standard. 1990.
Metode pengukuran kualitas air. Public
Work Service. Jakarta.

[9] Tebbutt, T.H.Y. 1992. Priciples of water
quality control, 4" Ed. Pergamon Press.
Oxford.

[10] Darmono. 2001. Lingkungan hidup dan
pencemaran: hubungannya dengan toksiko-
logi senyawa logam. University of Indonesia
Press. Jakarta.

[11] Indonesian National Standard. 2005. Cara
uji kadar amonia dengan spektrofotometer
secara fenat. Office of Indonesian National
Standard.

[12] Delaporte, M., P. Soudant, J. Moal, C.
Lambert, C. Quere, P. Miner. 2003. Effect of
a mono-specific algal diets on immune
function in two bivalve species Crassostrea
gigas and Ruditapes philippinarum. J. Exp.
Biol. 206 (Pt 17): 3053-64.

[13] Ottaviani, C., D. Shapiro, B.l. Goldstein, E.J.
Jack, R. Weiss. 2006. Hemodynamic profile,
compensation deficit, and ambulatory
blood pressure. Psychophysiology. 43(1). 46
-56.

[14] Pipe, R.K., S.R. Farley, J.A. Coles. 1997. The
separation and characterization of haemo-
cytes from the mussel Mytilus edilus. Cell
Tissue Resp. 289(1). 537-545.

[15] Sari, A.H.W., Y. Risjani, A.P.W. Mahendra.
2012. Efek Konsentrasi sublethal fenol
terhadap Total Haemocyte Count (THC) dan
histologi insang Kepiting Bakau (Scylla
serata). J. Exp. Life Sci. 2(2). 82-88.

[16] Ekawati, A.W., H. Nursyam, E. Widjayanto,
Marsoedi. 2012. Diatomae Chaetoceros
ceratosporum dalam formula pakan

=
[0y

Ammonia (mg.L1)
=

Station

Figure 8. Ammonia of Water in Ponds

CONCLUSION

The results from to show that the profile of
hemocytes: THC obtained indicate that the con-
dition of Kijing Taiwan is unhealthy but the THC
obtained is part of DHC. The DHC obtained from
UPR Sumber Mina Lestari can be said to be free
from pollution. Results from aquaculture pond
water quality measurements indicate that the
indicators of the water quality i.e. temperature,
pH and dissolved oxygen are still in normal limits.
However, in TOM test, BOD, soil organic matter
and ammonia has exceeded the normal limits.
The existence of organic matter became the
medium of life for Kijing Taiwan, due to its role as
a biofilter among other organic materials.
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Dynamical Analysis of Model for Cholera Disease Spread with Quarantine
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In this paper, the model of cholera disease spread with quarantine is discussed. It is assumed that the spread of cholera
not only through direct contact between susceptible human populations with bacteria but also through direct contact
between susceptible human populations with infected human populations and reduced bacterial populations not only
die naturally but can also be done by means of extermination bacteria. Determination of equilibrium points, existence
and local stability of equilibrium points are investigated. Numerical simulations are performed to illustrate the results of

the analysis.
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INTRODUCTION

Cholera disease is a disease caused by
drinking water contaminated by poor sanitation
or food contaminated by Vibrio cholera bacteria.
Some symptoms of cholera are watery diarrhea,
vomiting and leg cramps. Cholera diseases can be
transmitted by direct contact between
susceptible populations and the bacterial
populations present in the environment [1]. In
addition cholera disease can also be transmitted
through direct contact between susceptible
populations with infected individuals [2].

Cholera disease has spread globally in 1883.
Outbreaks of cholera disease in Indonesia
occurred since 1992. In 2008-2009 recorded
98,585 people infected with cholera and 4,287
deaths occurred [3]. Based on WHO (World
Health  Organization) data estimated at
3,000,000-5,000,000 people infected with
cholera diseases annually and recorded about
100,000-120,000 cases of cholera suffering death
annually [4]. The phenomenon shows that
cholera disease poses a global threat to the
world, especially in the areas of health, social and
economic dynamics.

Based on the history of cholera disease, it is
necessary to study the spread of cholera disease.
The method used to determine the spread of
disease is by using mathematical model of
disease epidemic. The epidemic model known
since 1927 is often referred to as the SIR type
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model proposed by Kermack and McKendrick [5].
The SIR model is divided into three
compartments, namely S (Susceptible) which
states the population is susceptible to disease, |
(Infected) which states the population is infected
with the disease, and R (Recovered) which states
the population is cured of the disease.
Furthermore, the model used to determine the
spread of cholera disease is the SIRB model
(Susceptible-Infected- Recovered -Bacterial)
[2,6,7,8]. In the SIRB model [2], it modifies from
the SIRB model [8] by adding vaccinations and
bacterial eradication. The SIRB model was
developed into the SIQRB model (Susceptible,
Infected, Quarantine, Recovered, Bacteria) by
adding class Q (Quarantine) [1].

In this paper, the cholera disease distribution
model will be discussed using the SIQRB type
model by modifying from model [1] by adding
direct contact of susceptible and infected human
populations and bacterial eradication in model
[2]. Direct contact between susceptible human
populations with infected human populations are
added to know that transmission of cholera is
not only transmitted through bacteria alone but
can be transmitted through infected human
populations. Meanwhile, the reduction of
bacterial populations can affect the increase of
very sharp bacteria. In the modified model,
dynamic analysis is done by determining
equilibrium point and existence condition,
equilibrium point analysis on result of discussion.
At the end, a numerical simulation is performed
to illustrate the results of the analysis with
Runge-Kutta Method 4™ order.
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MATERIALS AND METHODS
Model Formulation

In this research, we modified the SIQRB
model (Susceptible, Infected, Quarantine,
Recovered, Bacteria) [1] by adding direct contact
of susceptible human populations to infected
human populations and bacterial eradication in
the SIRB model [2].

Determination of the Equilibrium Point

A dynamical system is a system whose
condition in the future will be known if given
conditions in the present or past [9]. In
completing the dynamic analysis, the first step is
to determine the equilibrium point in the
mathematical model. The equilibrium point is
obtained from equilibrium equations of the
system of equations, that is when the population
growth rate of SIQRB is zero or equal to zero
[10]. From the completion of the equilibrium
point that has been obtained it will get the
existence of conditions from the point of
equilibrium.

Stability of the Equilibrium Point

In this paper, a local equilibrium stability
analysis is performed. The determination of local
stability begins with a linearization model to be
formed Jacobian matrix. From the Jacobian
matrix, the roots of characteristic equations or
eigen values in the linear system are determined.
The stability point is stable locally if the real part
of the characteristic roots is negative or equal to
zero.

Numerical Simulation

Numerical simulation is done with MATLAB
software by applying Runge-Kutta method 4%
order. The initial steps taken by determining the
value of parameters that fit the terms of
existence and the stability requirements of the
equilibrium point. Furthermore, in the last step is
interpreting the results of numerical simulation
in the form of phase portrait graph and the
solution curve with time.

RESULT AND DISCUSSION
Model Formulation

In this model, the modifications [1] are made
by adding direct contact of susceptible human
populations and infected human populations as
well as the eradication of bacteria in the model
[2]. In the SIRB model and SIQRB model can be
written as follows

J.Exp. Life Sci. Vol. 8 No. 1,2018

SIRB Model Formulation [4]

das B
— = uN — (ﬁas——i—ﬁh.&"[) —us

dt k+E
—15,
tﬂ— 5 5 + 5, 51 [ + ]I (1]
dt_ﬁﬂ k+EB B v L
dR— I R +vS
dB— I — 4B B
R = cB.

SIQRB Model Formulation [3]

ds_.-’l AB 5+ wkR 5

gr_ﬁ k+p- T

I B
E—ms—(ﬁ+ﬂ1+ﬂ].{;

d

—Q=5I—[E+C{!:+HJQ, (2)

Modified models of equations (1) and (2) become
as follows

ds—.ax ‘8155 SI+wR — S
éit_ﬁ k+5 JBZ i Ho,
I BB

— = 5 W5I— (4 ; I,
dt k+B T B (6 +a,+p)
el

—Q=6I—[E+a:+_u)0, (3)
dt

dR_ (0 + )R

dt_EQ w + iR,

db

Diagram of compartment model epidemic
cholera of equation (3) can be seen in Figure 1.
Description of model parameter of cholera
disease can be seen in Table 1 as follows.
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Figure 1. SIQRB Model Compartment Diagram

Table 1. Parameter values and initial conditions for the

SIQRB
Parameter Description
5([]} Susceptible individuals at £ = 0
I(ﬂ] Infected individuals at £ = 0

Qo) Quarantined individuals at £ = 0
R{ﬂj Recovered individuals at £ = 0
B{ﬂj Bacterial individuals at £ = 0

Recruitment rate (birth and
A o
migration)
u Natural death rate
B Environment-to-human
1 transmission rate

Human-to-human transmission
rate
Half saturation constant

Immunity waning rate

Quarantine rate

Death rate (infected)
Death rate (quarantined)
Shedding rate (infected)
Bacteria death rate

B,

k

id]

&

c Recovery rate
@y
@3

n

d

c Disinfection rate

Stability of Equilibrium Points
The equilibrium point of model (3) is obtained
when

ds _df _dg _dr _ d8
—"————Q——=——D,thatis,

de 4t de dr dr
A
E; (—,D,D,D,U')
u
E;(5;.I].Q..R..B])
where
k,=d+a,+u, ky=w+ i,
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k, =g+ a,+pu, k.,=d+rc,
el — by koky
ks e ]
13,95,
al k
gz Bk 0,
ks
Byn n A
B :(— ..)k —(——k )
ks + B | ks +Fc4 u 1
A A
c =Bt x(ﬁ“ = kl).
L

So that is obtained the value of endemic
equilibrium point as follows.

L] ﬁ L]
s; =t kI3,
—B—+BT—3AC £ o

»1

I = 4 =k
. 8l}
1= ks :
g6l
R =——,
L koky
U
Bl =—.
1 k.

The local stability analysis of the system
equilibrium point (3) is determined by
linearization. Jacobian matrix on model (3) is

ay; @, 0 @y ags

Gz Oz 0 0 ax
0 @z azz 0 0 . (3)
D D ﬂ:g_q, 344 D
0 G5z 0 0 fce

JIE™) =
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where
B8
ay = _$_.3:I — W 8y = =5 ayy =
_BiS | BiSE _&s
, @z = C+E |K+B':|'? Z:L ;KS_EB‘F.H:I.
— _ ki 1 _
Oz = Br5 — Ky, G5 = L
6, @33 = =Kz, O34 = &, A4y = —k3, a5, =17,
gz = —ky.

Theorem 1. The disease free equilibrium point
E; onsystem (3)is as follow.

Proof. The Jacobian matrix at point E; is
obtained by substituting the equilibrium point Ej
in the matrix JLE*J is obtained.

b 0 by By
0 0 bag

O OO O
-

[}

.

H

J(Eg) = b by 0 O

0 by by 0

bz 0 0 Dbgg f
where

—Ball
by, =—pu bL"_T'bu—w b =
-5 _ B Bt
K , z2 u k]. IJ:E'_EK 'I'-J!:_S

The eigen value of J(E; ) is obtained by
solving . The characteristic equation

[J(E;) —All =0
A, Bl
_(FH'AJU‘a‘I'AJU‘:‘I'AJ B ' pe =0,
i ~k,—1
Then generated three roots equation of
negative characteristic is A;= —u.d, = =k,
and 1; = —k- while the other eigen value is the
eigen values of the matrix
Bb . Bib
X=\| pu t UK
n —ky

It is seen that the matrix X has a value
A A A
det(¥) = k4(kl _;J _??. 1
7

UK
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and trace (¥) =222 — . —k,
m

Based on [9], the equilibrium point Ej is
asymptotically stable when the value

B4y nB A
det(¥) =ki(kl_.:]_ﬂ. N,

and trace (X} = '?:“

require-ments Ej causing existence condition E;
is not fulfilled

=10
W

Theorem 2. The endemic Equilibrium point E; on
system (3} is as follow.

Proof. The Jacobi matrix at point E; is obtained
by substituting the equilibrium point E; in matrix
JCE*) is obtained

€y € O w €15
€3 € O 0 Cog

JED=| 0 d -k, 0 O
0 0 £ —k 0
0o 7 0 00—k

where
[:X:3 £, B .
Cqq = — -G8 —u €4y = I
11 e B, 1571 B,
€12 = —E,,S_._cm. =B85 -k, €5 =
B,5 B, 5B _ 85 8,5 B
c4B | (et T gmt (4870

The eigen value of J{E;} is obtained by
solving lJ(E;) — Il =0, thatis

AP AR LA HAI+A =0
where

A= —ecyy Tk F kgt ky— oo

Ay = hity oyt ~hoty =~ ek Theky thok, =gk kg -

= Cyhy oyt

Ag = ~tyhbyteycahy=cybhy oytnly - eyl eyl ey - ey
hokghy =gy =yt =ty =1k =~ eyl

ks~ Cytihy

Ay = ~tyootoytybly-cblly tycrbl tieegh oy epb
1k = ok ~ghby =y ks =y eh
~tytphhy =Gtk =tk

Ag = ~tyfewt oy hykakygy T oyhokgnos; ~ ey eighksk, = oy cphoksk,

The values of the characteristic equations are
solved using the Routh-Hurwitz criterion [11].
The root of the characteristic equation has a
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negative real part if it qualifies several of the
following criteria :

Requirements for 4; =0,

Requirements for Az = 0,

Terms for A; A, — A; = 0,

Terms for (A4, — 4,04, —A,74, = 0,
Terms for

(4,4, — As) (4,44, — A3 — 434 —
AslA A, — AP —A A2 = 0.

ukwneE

Numerical Method and Simulations

The numerical method of epidemic model of
spreading cholera disease of SIQRB is solved
using MATLAB R 2010a software with Runge-
Kutta method of order 4. The simulation is done
in order to illustrated the result of analysis result
so that the behavior of system solution (3) can be
depicted graphically. There are two simulated
cases that are numerical simulations showing the

stability of the equilibrium point E; (E.U.D.U.U:I

i)
and numerical simulations showing the stability
of the equilibrium point E; (5.1}, Q1. R;.B/).
The first parameter is chosen to simulate the
first equilibrium point is

A=0.009, pg=0.0002, 5, =08 8, =
0.00001, x =10% w =002, 6§ =0.05, £ =
0.2, g, = 0015, &, =0.001, n =35, d = 0.03,
c=1.

The condition is indicated by modifying
various initial values

N4, = (15,20,15,0,0), N4, =
(22,10,5,10,5), N4; =(26,5,5.10,5),

and N4, = (24.15.5,5,10)

as shown in Figure 1 and Figure 2. Figure 2 illus-
trates the subpopulation change between by
using 4 initial values. It appears that the number
of susceptible human populations can survive
while the human population is infected, the hu-
man population is quarantined, the human popu-
lation recovered. While the bacterial population
is extinct. This condition can be said that the
bacteria of V. cholera and infected population did
not successfully infect the vulnerable population.

Based on the parameter values, the stability
condition of the equilibrium point Ej is

det = 0.0644425 =0 and

trace = —1.09475 = 0
then the number of each subpopulation will go to
equilibrium-free equilibrium point

J.Exp. Life Sci. Vol. 8 No. 1, 2018

E; =(45.0.0,0.0). Therefore Ej is stable as-
ymptotically local.

(b) Point phase SIR

100

o N

60

(c) Point phase SIB

Figure 1. Stability the disease free equilibrium Ej
fOr lﬂ,‘fﬂllﬂfr‘j: .F'lr-"l.'g and Lnirﬂ_t
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Figure 2. The solution curve of endemic equilibrium point
totime 0 = £ = 1000

Select the parameter value endemic EIby
changing the parameter valuef, = 0.01 while
the other parameter values are the same as the

J.Exp. Life Sci. Vol. 8 No. 1, 2018

first parameter value, then the stability condition
of equilibrium point E; is not fulfilled. While the

conditions of existence and stability E; are
qualify that is the local asymptotic stable. The
condition is shown by using various initial values
NA, =(15,20,15.0,0), NA, =
(22,10,5,10,5), N4; =(26,5,5.10,5),

and N4, = (24,15,5,5,10). As shown on figure
3 and figure 4.

(a) Point phase SIQ

(c) Point phase SIB

Figure 3. Stability the endemic equilibrium Ef for
NA.NA..NA; and NA,

ISSN. 2087-2852
E-ISSN. 2338-1655



Model of Cholera Disease Spread
with Quarantine (Tyas, et al.)

120¢
100 IS .
m 80 Q1
o< R
9:‘ 60 B T
9 40-
20 N\
o E -
0 500 1000 1500 2000
time (t)
@ N4, =1(15,20,15,0,0)
1oor
S
80 —_— [T
m —Q
n:: 60 R
o
- B
5 40 |
20 P
O&S:
0 500 1000 1500 2000
time (t)
() N4, =1(22,10,5,10,3)
100
[ s
80 —_— [T
m —Q
n:: 60 R
o
- B
5 40 |
20 P
ObS:
0 500 1000 1500 2000
time (t)
(© NA; =1(26,55,10,5)
100
( s
80 —_
) Q
0:: 60 RIT
o
= B
5 40- 1
20 P
0&—;
0 500 1000 1500 2000

time (t)
@d NA, =1(24,15,5,5.10)

Figure 4. The solution curve of endemic equilibrium
point totime 0 = £ = 2000

Figure 4 illustrates the subpopulation change
between 0 = t = 2000 by using 4 initial values.

J.Exp. Life Sci. Vol. 8 No. 1, 2018

It appears that the human population is
susceptible (57, the human population is infected
{I}, the human population is quarantined (QJ.
the human population recovered (R}. and the
bacterial population (B} can survive. This
condition can be said that the bacteria vibrio
cholera and infected population have been
infected the vulnerable population.

Based on the parameter values, the stability
condition of the equilibrium point E; is

A; =1.256443742 =0, Az =
0.0000007190869874 = 0, A A, — A; =
0.2941765335 = 0, (4,4, — Az)A4, — 4,74, =
0.001542449551 = 0, (A, 4, — A4, 4. 4; —
A7 —ATA) - As(A)4; — 4,7 4,42 =
0.0000001174750234 = 0

then the number of each subpopulation will go to
the equilibrium point of endemic disease

Ef =
(651746895, 04813232099, 011961131237,
1184288354, 2.336520436)

Therefore Ej is the local asymptotic stable.

CONCLUSION

The SIQRB model is a modification of the
model [1] by adding direct contact of susceptible
human populations to infected human
population and bacterial eradication in model [2].
SIQRB model obtained 2 equilibrium point value
that is equilibrium point of disease E; and
endemic point of disease E;. Equilibrium points
E; and E; are asymptotically stable locally on
terms already discussed in the previous
discussion. The equilibrium point results are
investigated  using  numerical  simulations
according to the analysis.
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Abstract
In this article, an epidemic model of HIV/AIDS with treatment is observed. This model consists of five populations:
susceptible, educated susceptible, exposed, HIV infected, and AIDS infected. Antiretroviral therapy (ART) is one type of
treatment that can be given to individual that is infected by HIV. This medication can prevent the growth of the virus.
Exposed individuals are given short term antiretroviral treatment called Post Exposure Profilaxis (PPP), while for infect-
ed individuals are given treatment by combining two or three types of antiretroviral drugs. Dynamical analysis is per-
formed by determining equilibrium points and local stability analysis. Based on the analysis results, two equilibrium
points are obtained, namely disease free equilibrium point and endemic equilibrium points. The stability analysis shows
that the free equilibrium point is locally asymptotically stable if R, < 1 and the endemic equilibrium point is locally
asymptotically stable under certain conditions. Numerical simulations show that giving two medications together has a

greater effect in reducing the spread of the disease.

Keywords: antiretroviral, dynamical analysis, HIV/AIDS.

INTRODUCTION

In medical science, diseases are differentiated
into infectious and non infectious diseases.
Infectious diseases are diseases caused by
bacteria, fungi, viruses, and parasites that can
spread through various media. Infectious diseas-
es are a big problem because they can lead to
high relative mortality rates, as example is
HIV/AIDS.

AIDS (Acquired Immuno Deficiency Syndro-
me) was first identified in 1981 in Los Angeles,
USA. Furthermore, in 1983 has identified the
virus that causes AIDS is HIV (Human Immuno-
deficiency Virus), which is a virus that attacks and
damage the human immune system [1]. The
spread of HIV virus can occur through several
media, such as sexual contact with HIV positive
individuals, by sharing needles, by blood transfu-
sions from HIV positive individuals, and through
the vertical transmission process, which is
mother to child HIV transmission [2].

Treatments that can be done to deal with the
spread of HIV/AIDS is the treatment of post ex-
posure prophylaxis (PPP) and antiretroviral (ART).
Exposure is an event that causes the risk of
transmission. PPP treatment is a short term an-
tiretroviral treatment used to prevent infection
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after a risk incident. This treatment should be
given as soon as possible after exposure, which is
in the range of two to four hours. It is stated that
the provision of PPP after seventy two hours is
declared ineffective [3], so it is recommended to
provide treatment by combining two or three
types of antiretroviral drugs. ARV treatment
works by inhibiting the progression of HIV in
CD4* T-cells, so it can depress the course of the
disease and improve the quality of life [2].

Some mathematical models related to the
spread of HIV/AIDS have been studied by some
researchers. In 2000, Culshaw [4] discussed a
delay time differential equation model of HIV
infection of C04* T-cells. In his study, Culshaw
proposed a model for the spread of HIV infection
in three compartments, i.e T.L and V.

In 2009, Cai [5] analyzed the model and sta-
bility of the HIV/AIDS epidemic with treatment.
The process of transmission of the disease occurs
due to the presence of susceptible individuals
who interact with individuals exposed and infect-
ed with HIV. In this model, the HIV/AIDS epidem-
ic is divided into four compartments, that is SIJA.
Each compartment states the subpopulation of
susceptible individuals {57, exposed (I}, infected
(]}, and AIDS infectious [ A]}.

In 2014, Mahato [6] analyzed the mathemati-
cal model of HIV/AIDS with vertical transmission.
In this study, the disease epidemic model are
expressed in four compartments, i.e 5 E.I. 4,
with the spread of the disease affected by verti-
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cal transmission, that is transmission from preg-
nant mother to the baby.

Furthermore, in 2015, Basak [7] proposed a
model of the HIV/AIDS epidemic which is ex-
pressed in four compartments, namely 5.1,.7..A.
The process of spreading of the disease is as-
sumed to occur due to the interaction between
susceptible individuals with exposed and infected
individuals.

In 2016, Huo [8], examined the epidemic
model of HIV/AIDS by providing treatment for
infected individuals. Huo divided the compart-
ment model of HIV/AIDS epidemic into five parts,
namely subpopulation of susceptible individuals
(&), infected (I}, AIDS infectious (A), therapy
recipients (T}, and subpopulations for individuals
who change sexual habits (). In this model, HIV
transmission occurs when there are susceptible
individuals who interact with HIV infected indi-
viduals, thus forming a subpopulation of I with-
out exposed compartment.

In 2016, Marsudi [9], analyzed the sensitivity
of the HIV virus transmission model with the ef-
fect of screening and therapy. The disease model
distribution compartment is divided into six, that
is susceptible (5), educated susceptible {E), un-
aware infectives (I,), aware infectives (1), ther-
apy infectives (T), and AIDS infectious {4). The
spread of the virus is declared to occur due to the
interaction between susceptible individuals with
individual unaware infectives, aware infectives,
and therapy infectives [9].

Different from previous research, this article
examines the epidemic model of HIV/AIDS
disease transmission with treatment based on
modified results from previous studies of Huo [8]
and Marsudi [9]. Modification is done by
assuming the disease transmission occurs
because of the interaction between susceptible
individuals and infected individuals [8]. In addi-
tion, treatment is given directly to exposed and
infected individuals without forming a subpopu-
lation of individual therapy. In this paper, dynam-
ical analysis is performed by determining the
equilibrium points and analyzing their local stabil-
ity. Finally, numerical simulations are performed
to verify the analytical results.

MATERIALS AND METHODS
Contruction Model

In this article, the epidemic model of
HIV/AIDS with treatment is expressed in five
compartments. Each compartment describes the
process of spreading the disease from one
compartment to another compartment that is
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affected by time (£}. In this study, the HIV/AIDS
epidemic model is in the form of a nonlinear
autonomous system.

Determination of the Equilibrium Point

In dynamical analysis, the first step is deter-
mining the equilibrium point of the model. The
equilibrium point can be done by solving null-
cline. In general, the equilibrium point of the dis-
ease distribution model is divided into two types,
namely the point of disease free equilibrium and
endemic equilibrium, with each point represent-
ing whether or not there is a disease in a popula-
tion.

Stability of the Equilibrium Point

Stability analysis is done by linearizing the
system of equations to form a Jacobian matrix.
Linearization is done with purpose to transform
the nonlinear system into linear, so the stability
of the equilibrium points can be observed easily.
Furthermore, based on the Jacobian matrix, the
eigenvalue of the characteristic equation can be
determined. If all eigenvalue are negative then
the equilibrium point is locally asymptotically
stable. On the other hand, it is unstable if at least
there is one negative eigenvalue.

Numerical Simulation

Numerical simulations was performed to
verify the analytic results and illustrate the be-
havior of the model. This step is done by using
fourth order Runge Kutta method with MATLAB
software. The parameter values should be
choosen in order that can support the calculation
result analytically.

RESULT AND DISCUSSION
Model Formulation

The epidemic model of HIV/AIDS with treat-
ment is obtained based on modified studies [8]
and [9]. Modification is done on the process of
the spread occurrence of the illness which is as-
sumed as in the previous study [8]. The treat-
ment is given directly to subpopulation of ex-
posed and infected individuals with the aim of
reducing the spread of the disease.

The model consists of five subpopulations:
subpopulation of susceptible individuals (5). ed-
ucated susceptible (E)., exposed (I}, HIV infect-
ed (1.}, and AIDS infected (A). Each population
SEI LA is positive because it states population
density. The compartment diagram of the epi-
demic model SEI;I.A with treatment is de-
scribed in Figure 1.

The rate of change in the number of individu-
als susceptible subpopulation {57 is influenced by
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several conditions, namely the birth rate denoted
by &, educational programs for susceptible indi-
viduals at rate 1, and natural death at rate y. In
addition, when susceptible individuals come in
contact with HIV infected individuals, they
become infected at rate f;, and then move to the
exposed compartment.

In educated susceptible subpopulation which
is denoted by {E}, the rate of change individuals
number is affected by the presence of educated
susceptible individuals at rate 1, natural death at
rate # and the rate of exposed individuals
become HIV infected individuals because of the
effect of interacting with HIV infected individuals
at rate f.. Furthermore, this subpopulation
changes in the number of individuals are also
affected by the presence of exposed individuals
become susceptible individual again after receiv-
ing PPP treatment at rate u;.

aly kI
= 3 A
S
(e+ w1, (y +wA

Figure 1. Compartment diagram of HIV/AIDS epidemic
model with treatment.

The number of exposed subpopulation indi-
viduals (I} is increased due to effective contact
between susceptible individuals {57} and HIV in-
fected individuals {I-] at rate 5,5 as well as due
to effective contact between educated suscepti-
ble individuals {E} and HIV infected individuals
(I.] at rate 8- E. Besides that, this compartment
is influenced by the rate of exposed individuals
become HIV infected individuals at rate &, natu-
ral death at rate u, PPP treatment for exposed
individuals at rate iy, and there are HIV infected
individuals which become exposed individual
again after getting antiretroviral treatment (ART)
at rate ..

HIV infected subpopulation (1.} is affected by
parameters: @, &k, u, and &. Parameter &
represents HIV transmission rate, & is the
transmission rate  from HIV  infected
subpopulation to AIDS infected subpopulation.
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Furthermore, there is an antiretroviral treatment
(ART) for HIV infected individuals at rate u..
Finally, the change rate of AIDS subpopulation
{ A} is influenced by several parameters, such as,
k and u defined as before and ¥ denotes the
death rate due to AIDS infection.
Based on the description above, it is ob-
tained the following differential equation system

ds ' \
e A— B SL—(m+us,
dE
e 15 — BaEls — HE + 1yd),
il _ B SI + BoEL — (@ +u + uly +u,l
dr ~ Ptz TRzl Ty T lzie ()
dl, . \
r‘_t- = al;— (A +&+i+ )l
d4 _
= kI, — [+ )4,
with f~ <= f§,.

Equilibrium Point of Model

In dynamical analysis, determining the equi-
librium point of the epidemic model SEI,I.A is
obtained by solving the equation
&_dE_dn _35 _da_ 0. Based on the sys-
de dt 4t dr dt
tem (1), it is obtained the disease free equilibri-
um point

A 1'|f|.

Xy = (55, Ep. Iyp.0op. Ap) = {_

n+p plp+p’

The equilibrium point X; means that there is

no infected individual of HIV/AIDS in a

population, so that the subpopulation of infected

individuals, that is {I,.1.. A} are zero. Endemic
equilibrium point is stated as

Xt = (5" E"I,".I,,A") with
A

5= Bl +n+u

e nw +u sk 45 +p+wa)f I+ 4 w)
C (Bls +n + ) (B0s + e '
(h+e+p+u.ls
-'!Ij_ — —"I
@
kis

T wtn

and the equilibrium point f:f is obtained by solv-
ing the third degree polynomial equation as fol-
lows.

LK +5L+1L,M =0, (2)

Equation (2) is equivalent to
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I,=0 or GK+LL+M=0. (3)
with

K =(akB,B. + acf, B + aup, f- + pkp B
+uefyfs + u BB + puafyfn).

L= (okB p+akf n+ akf,u+azf u+ asf
tasf.u+ autf + auf-n+ autf. + ut kB,

+ukfon +u kB + ytefy + uefon + pteps
+ 3B+ W Bon + 1P Ba + WU By + punfon
+ utua e + u kB u +ugEfp + uyutfy
+uyuo By — By faAe),
M =(akny + aky® + aequ + asp® + ap™n + ay®

+utkn + ik +uten e vty + 0t + ptuan

+uf s+ ugknu + u ket +ougEny + ug st
Fuptn + g p® b uganp b uguapt — § Aua
—B:nia).

To simplify the solution step, first simplified
equation (3) becomes
. L M
L+lL—+—=0
K K

which can be written in form

E+LQ+R=0 (4)
with
L . R M
=— an =—
=% K

Based on equation (4) we obtained several possi-
ble equilibrium points 3 as follows.
In order to obtain an equilibrium point I3 a posi-
tive real number, it must satisfy
Q° —4R =0,
and the solution is divided into four cases:
1. R=0and@ =0,
i If @* = 4R, then there are two pos-
itive twin roots, that is

ii. If @% = 4R, then there are two dif-
ferent positive roots, that is
, e/ -4R
S

2. IfR =0and@ = 0. then one positive root is
obtained, that is
¢ +/0*—4R
5 .

I:=
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3. IfR =10,and @ = 0, then obtained two posi-
tive roots, that is

I,=-Q
4, IfR = 0,and @ = 0. then one positive root is
obtained, that is
—Q+ /"R
5 .

I, =

The equilibrium point X~ states that ({.]., A}
exsist in the population. This condition
represents that in the population epidemic of
HIV/AIDS disease will occur.

Stability of the Equilibrium Point

The stability analysis of the equilibrium point
is investigated by linearizing of system (1). From
this linearization, it is obtained the following
Jacobian matrix

i =i, [ —{n+pu) ] i — i 5

| ] - i |._ -u u, - E
| =

Hi I Rk
| Qi a :
1
i { il ]

The Jacobian matrix of the disease free and en-
demic equilibrium points is obtained by substitut-
ing each equilibrium point in the Jacobian matrix.

Teorema 1. The disease free equilibrium point
(X3 of epidemic model SEI,I.4 is locally asymp-
totically stable if By = 1.

Proof. If it is given a disease free equilibrium
point

=1, Eps Tl "I:(:L, TI;" 0,0,
Ho = (5p:Ep lpToprd) = |0 om0 00 D?j, then
the Jacobian matrix X} is as follows
fA
| —n+us 0 i “n¥ L o 1
n - u, _ Rma ]
H, - an
EA] ) ) o AT .
:: :: —:.'r—:—u:.l l"‘J_u:'l-u_l_ ! :I
| - ‘ (k4 ptul ey

The eigenvalues of the [{X;] matrix are obtained
by solving the characteristic equation

J (%) -1l =o0.

The eigenvalues of the above matrix are
Ay=—+p do=—p A= +y).

whereas for 44 and A= are obtained by determin-
ing trace value and determinant of the submatrix

. . (B Bamd )
- —f@+u+e ——tu,
Jilkg) = (@Futu) (?; +o pin+ .!_?] '
& —(k+e+putu,)

trace [, (X)) = —(le + 2u+u, +k+ =+ u;) =0

and
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det [,(X) = (a+p+uldik+e+u+u)
A Jni
—(e) (B|_+ _!35“ +uz]L
n+u plnp+p
. e ) o of Bath o BemaA
(o+p+ulik+e+utu) "”H:n +n+win e +.;_.} =0,
Br‘“‘ E‘z"l‘ﬂ*

le+p+u k+etputu) .‘-=-':n':'|z

- i'l:z
ntp o pln+u

( euf i+ afnn + auuln + o)

pln+plle+p+u )k+e+ptu)

Suppose

( aub A+ afni tawuln v ) g
plg et p+ud(k+etptud/ ™ "

then
Ry< 1.

Based on above description, if Hyz<1 then all
eigenvalues are negative. It indicates that the
disease free equilibrium point is locally asymptot-
ically stable.

Teorema 2. The endemic equilibrium point (X7}
of epidemic model SEI A is locally
asymptotically stable if and only if
iy = 0.¥,=0L23and a0, —aga; = 0

Proof. If an endemic equilibrium point is given
X' =(§"E"I1,".I.,",A"), then the Jacobian
J{X™} matrix is obtained as follows

=1 an " fermrny BT ar
'. X

The eigenvalues of the J{X™} matrix are obtained
by solving the equation

Jx) - a1l =o.
The eigenvalues of this matrix are
Ay=—(u+y) A,=—(B.I1+u). while for

Ag.44 and 45 are obtained based on the solution
of a third degree polynomial which is easier solve
by using Routh Hurwitz criterion on [10].

The general form of a polynomial equation of
third degree is

ayd’ +a A" +ayd +ay =0, (5)

By using Routh Hurwitz criterion, from
equation (5) the root of the real part is negative
if and only if a,>=0L%¥,=01L23 and
@, a. — agy = 0. Thus, the endemic equilibrium
point is locally asymptotically stable.

Numerical Method and Simulations
In this section, the simulation results show
the change of the number of individuals in each

J.Exp. Life Sci. Vol. 8 No. 1, 2018

S

}

subpopulation 5, E.I,.].,A against time. Nume-
rical simulation is executed using MATLAB
software which are presented in the following
figures (see Fig. 2, Fig. 3, Fig. 4a, Fig. 4b and 4c).

Figure 2 is conducted by using the following
parameter values,

A =10,8, = 0.00005,8, = 0.0000001,7 =
0.003,4 =0.0La =02k =00l =
0.05.y = 0.02,

u; = 0,u, = 0. Based on these parameter val-
ues, it is obtained Ry = 0.3236 == 1. The graph
is shown with two different initial values,

{250, 200, 100, 100, 10} and
{400,220, 180,120, 85) with each solution con-
vergent toward the point

{(769.23,230.77.0,0.0). The solution behavior
of the subpopulation 5 convergent toward point
769.23 and E converget to point 230.77, while
subpopulation I1,12, 4 tend to zero. This means,
that all solutions move toward the point of dis-
ease free equilibrium (X;} and the numerical
simulations obtained are consistent with the re-
sults of the analysis that X is locally asymptoti-
cally stable. This condition indicates that there is
no transmission of disease in the population.

800

700
600
500

SEl LA
400

300

0 100 200 300 400 500

t (time)

SElLA 00

0 100 200 300 400 500
t (time)

Figure 2. The solution of epidemic model SET, I. A at the

equilibrium point X: .

Figure 3 is illustrated to show the stability of
the endemic equilibrium. Parameter values

ISSN. 2087-2852
E-ISSN. 2338-1655



HIV/AIDS Epidemic Model with Treatment
(Ulfa et al.)

A =100,8, = 0.0001, 8, = 0.00005.7 =
0.003,4 =0.0La = 0.5,k =0.05.2 =
0.05.y = 0.02,u, = 0.03, u, = 0.02

are used in this simulation. These parameters
satisfy case two with B = —1.764618117 = 10°
and @ = —344.2451135, which implies the
endemic will occur in the population. Moreover,
it is obtained

g, = 0.06054611822,a; = 0.004265827497,
and a,a. — aga; = 0.04183534503.

By Theorem 2, this indicates that the endemic
equilibrium point is locally asimtotically stable
which is supported by numerical simulation (Fig.
3). The initial value used in this simulations are

{250,175,150.75.50) and
(400, 220, 180, 120, 85),

it can be seen that all solution convergent to the
point

{1107.87,192.26,200.89, 772.64, 1287 .73).

Based on these initial condition, the exposed
and infected subpopulation convergent toward
point 200.89 and 772.64 respectively as time
tends to infinity. This condition implies that the
disease remains in the population.

2500

2000 —_—

1500

SEL LA
1000
500
0 ; ; i ; i ; i : i
0 50 100 150 200 250 300 350 400 450 500
t (time)
2000 =
pe—
1800 —
)
1600
IZ
—A
SEl LA
. , | L L " , . .
0 50 100 150 200 250 300 350 400 450 500
t (time)

Figure 3. The solution of SET;I-A f at the endemic
equilibrium X" whenR < 0 and Q== 0.

In the HIV/AIDS epidemic model, it is
introduced the parameters u; and u- represent-
ing PPP and antiretroviral treatment respectively

J.Exp. Life Sci. Vol. 8 No. 1, 2018

which is used to help reducing the number of
individuals exposed and HIV infected. Figure 4 (a,
b, c) states that the changes in parameter values
of u, and u- give a significant effect on the num-
ber of HIV infected individuals {{-].

This is indicated by increasing the values of u;
and u- in the model will result in decreasing the
number of infected population. Even the infected
population tends to zero along with the increas-
ing the values u; and - simultaneously as indi-
cated in Figure 4c. The changing of the value u;
and u- is given in the legend of the figure. Figure
4c also shows that by applying the PPP treatment
(u;] and ARV treatment (u-)} together give a
greater effect than applying PPP treatment only
on Figure 4a or ARV treatment only on Figure 4b.
Therefore, to reduce the number of individuals I
is better if both treatments are applied together

in order to obtain optimal results.
1200

u,=0.2
u,=04
u,=0.6

1000 -

800

I2 600

400 -

200

0 50 100 150 200 250 300 350 400 450 500

a) t (time)
1200 ;
u= 0.2
1000} u=04 [
u,= 0.6
800
1, eoof

400 -

200

0

0 50 100 150 200 250 300 350 400 450 500
b) t (time)
1000 . .

us= 041, u= 0.2
us= 0.3, u= 04 Ll
us= 0.5, u= 0.6

800

600
400

200

N

0 50 100 150 200 250 300 350 400 450 500

c)

t (time)
Figure 4. The Effect of Changing Values. a) 1 on the sub-
population f:, b) U5 on the subpopulation f:, and c) iy

and U5 on the subpopulation I
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CONCLUSION

In this study, a HIV/AIDS epidemic model has
been observed. The analysis results show that
there are two equilibrium points of the model,
namely the disease free equilibrium point which
is locally asymptotically stable if #; << 0 and an
endemic equilibrium point which is locally as-
ymptotically stable under certain conditions.

The numerical simulation performed support
the the analytical result that has been obtained
at the result and discussion section, so that both
free disease and endemic solutions provide the
appropriate results. In addition, the presence of
antiretroviral treatment denoted by ; and -
indicates that PPP and ARV treatment can be
used to assist in reducing the number of HIV in-
fected.
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Koi herpesvirus (KHV) is a virus that usually infects carp and koi causing mass mortality, as well as economic and social
loss. The results of varied test are often found in its development. Allegedly, there are mutation or genetic variation of
KHV in Indonesia. Based on these problems, this research aims to understand the genetic variation and kindship of KHV
isolate in the carp (Cyprinus carpio) in Lombok Island of West Nusa Tenggara Province based on thymidine kinase
sequence. Water quality of fish pond was checked. KHV clinical symptom was checked visually in each fish sample, then
sacrifices the organ (gill) for PCR analysis and DNA sequencing. The research results show that clinical symptoms that
appear are pale fish gill and bleeding on the surface of the body. The temperature in the research site shows an
optimum range for KHV development. The results electrophoresis of carp suspected with KHV shows five positives out
of a total six samples. Genetically, KHV isolates from Lombok Island of West Nusa Tenggara Province is identical with

the GenBank isolate code KHV-J/U/I and Indo_OCO5WNT2.

Keywords: Carp, Koi herpesvirus, Phylogenetic, Thymidine kinase,.

INTRODUCTION

Koi herpesvirus (KHV) is a virus that usually
infects carp and koi which lead to their mass
death [1]. This virus was identified for the first
time in 1998 as the cause of mass mortality of koi
fish both juvenile and adult stages cultivated in
Israel, United States and Germany [2,3]. KHV
entered Indonesia in 2002 through cross-country
fish trade [4].

This virus caused mass mortality which
reached 80-95% population and has impacts of
economic and social loss. This disease caused
material loss about 15 billion rupiah in the first
three months since the incidence of the disease
on March to September 2002 [5]. KHV has been
an outbreak in carp and koi almost all over
Indonesia. According to the government of
Republic of Indonesia, this disease has crossed
spread almost all areas of carp farming in
Indonesia [6].

Based on the result of the observation in
2016 by the Fish Quarantine Station of Quality
Control and Safety Fishery Products Class Il
Mataram, it was found that quarantine pests and
disease of fish in koi and carp namely Koi
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herpesvirus (KHV). Fish mortality amounted to +
1,992 fishes showed the mortality pattern that
occurred quickly without showing any early
symptom of fish disease attack. The review on
KHV has been done by several researchers in
several centers of cultivation in Lombok. The re-
search results of their studies are the only inci-
dent report, until the detection phase using pol-
ymerase chain reaction (PCR) [7].

The results of varied test are often found in
its development. Allegedly, there are mutation or
genetic variation of KHV in Indonesia. According
to Walker [8], genetic variation due to mutation
of the nucleotide sequence can prevent the bind-
ing of primer PCR on the target sequence. Thor-
ough research related to the amplicon sequenc-
ing KHV and the amount of geographic location
variation of the genome’s origin in the future will
be useful in distinguishing some KHV isolates
based on geographic location [8].

Koi herpesvirus (KHV) has and produces at
least four genes encoding the same proteins ex-
pressed by the poxvirus: thymidylate monophos-
phate kinase, ribonucleotide reductase (RNR),
thymidine kinase (TK) and B22R-like gene [9]. The
use of conventional PCR based on the targeting
of the thymidine kinase (TK) gene has been
shown to be specific to KHV. The method distin-
guishes KHV (CyHV-3) from two other herpes
viruses, CyHV-1 and CyHV-2 [10]. Based on dif-
ferences in nucleotide sequence and insertion
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and deletion pattern among 3 CyHV-3 isolates
obtained from Japan (KHV-J), US (KHV-U) and
Israel (KHV-1), KHV forms two lineages: J lineage
and U/I [11].

Therefore, this research aims to determine
the genetic and phylogenetic variation of Koi
herpesvirus (KHV) in carp (C. carpio) in Lombok
Island of West Nusa Tenggara based on sequence
analysis of thymidine kinase. It provides the clues
on growing variants and their pathogens related
to the virus transmission pattern, thereby provid-
ing the information for both its prevention and
control.

MATERIALS AND METHODS

The research conducted from March to April
2017 at the cultivation location in an area with
the KHV epidemic occurrence. Location of culti-
vation pool of freshwater fish used in this re-
search are Mataram, East Lombok, West Lombok
and Central Lombok. The laboratory test con-
ducted at the Fish Quarantine Test Laboratory,
Quality Control and Safety Fishery Products Class
Il Mataram, Fish Quarantine Center, Quality Con-
trol and Safety of Fishery Product Class | Suraba-
ya Il and First Base Laboratories (molecular biol-
ogy service) Malaysia.

Samples of fish that have been taken immedi-
ately examined of its clinical symptoms such as
behavioral observation, and the appearance of
the external or internal organs. Furthermore, the
fish samples sent to the laboratory for analysis.
Examination of clinical symptoms and water qual-
ity performed as preliminary data on the deter-
mination of KHV infection in carp.

DNA extraction

Fish gill that suspected as infected with KHV
virus is cut into small pieces/finely crushed, in-
serted into a sterile Eppendorf tube and added 1
mL of Tri-Reagent. Tri Reagent tissue and solu-
tion are homogenized using pellet pastel, incu-
bated at room temperature for 5 minutes and
then centrifugate at 14,000 rpm at room tem-
perature for 5-10 minutes. After centrifugation,
collect 200 pL of the supernatant and inserted
into new Eppendorf tube. Then, 0.5 mL of 100%
alcohol is added to homogeneous and centri-
fuged at 10,000 rpm, at room temperature for 5
minutes.

The supernatant then eliminated and the pel-
let washed by adding 1 mL of 70% alcohol and
centrifuged at 10,000 rpm, at room temperature
for 5 minutes. This method was repeated three
times or until the color of yellowish pigment dis-
appears. For the last step, remove the superna-
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tant and dry the pellet of DNA using aerated and
dissolved with ddH20 or Nuclease-Free Water by
25 pL and immediately followed by amplification
[12].

PCR Test

KHV tested using PCR test after DNA from fish
tissue extracted and determined its concentra-
tion. PCR amplification using primer Thymidine
kinase [10] with its forward base 5’'-
GGGTTACCTGTACGAG-3" and reverse 5'-
CACCCAGTAGATTATGC-3’ with target band of
409 bp (based pairs). The process of amplification
begins with the initial denaturation at 95°C for
about 5 minutes (1 cycle), and then 30 cycles of
amplification consists denaturation at 95°C for
about 30 seconds, annealing at the temperature
of 50°C for about 30 seconds and extension at
the temperature of 72°C for about 30 seconds,
terminated with extra elongation at 72°C for
about 7 minutes (1 cycle).

After the amplification process completed,
10uL of every sample taken (as well as the mark-
er) then added 2uL of staining solution (6x load-
ing dye) and mixed well on the parafilm. Ten mi-
croliters of the sample mixture are inserted into
each well on the agarose slowly and carefully.
Electrophoresis is carried out with electric power
of 100 V, 400 mA for 25 minutes. Immerse the
gel in the buffer that added with 0.05% ethidium
bromide (EtBr) for 15 minutes. The gel is placed
on the gel documentation to observed and doc-
umented [12].

DNA Sequencing

Positive PCR product contains DNA KHV
packed for sequencing. Sequencing done at First
Base Laboratories (molecular biology service)
Malaysia.

Data analysis

PCR test results in KHV-positive fishes pre-
sented in the form of a picture. Furthermore, the
sequenced data are analyzed and edited using
the Bioedit [13]. The sequence consensus result
is matched with the sequence in GenBank NCBI
(National Center for Biotechnology Information)
available online through the BLAST (Basic Local
Alignment Search Tool) method. Then, using
computer software MEGA ver. 3 in align with the
data from GenBank assisted using Clustal W
computer software [14]. The construction of phy-
logenetic trees is determined using Neighbour-
Joining (NJ-tree) method [15].
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RESULT AND DISCUSSION

The presence of the virus within the host cell
can determinated through the appearance of
clinical symptoms or abnormalities in the infect-
ed host organ. According to the visual observa-
tion of KHV-infected fishes show the increasing of
respiratory disorder frequency behavior, swim-
ming toward the water surface, or gathering at
the water surface, and weak movement. Obser-
vation of the external disorder of some infected
fishes show the presence of bleeding and wound
on the fish’s body, erosion of the gill, color of the
gill and pale body and excessive mucus secretion
(Fig. 1 and 2).

Clinical symptoms of KHV are often not spe-
cific and causes mortality attack in 24-40 hours
subsequently. Another study showed that KHV
infection causes gill erosion and the appearance
of pale, lethargy (fish's mouth always pointing
out to the surface), sunken eyes, excessive mucus
secretion, discoloration, fish skin peeling and
Increased respiratory rates [16,17]. The main
clinical symptom of KHV is skin peeling, pale and
necrotic of skin and gill [18].

Fish gill damage showed by behavioral disor-
der such as always swim and gather at the sur-
face or gather at the water surface and increase
respiratory frequency, meanwhile, damage of the
brain and fish nervous system showed by the
aimless movement where both organs are the
target of KHV [1,17,19,20].

The symptom of excessive mucus secretion is
one of the fish's body-protection responses to
the invasion of pathogenic agents including KHV
and its environmental change. Mucus in the skin
found in the epidermis layer that serves as the
body's defense of fish. Moreover, in the epider-
mal layer, there are also cells that can migrate
freely such as lymphocytes and macrophages
that play a role in skin immunity and in the epi-
dermal layer, that cells secrete immunoglobulin
into the skin mucus [21,22].

Other symptoms found on the fish’s body sur-
face are bleeding and skin wound. Bleeding
symptom occurs due to the rupture of the blood
vessel. In the artery or vein, it can caused by sev-
eral things such as trauma, inflammation, or ero-
sion of blood vessel wall. Wound or skin damage
can caused by the rough treatment and ectopar-
asitic infestation resulting in elevated sensitivity
to secondary infection. Some ectoparasites caus-
es of skin abrasion, although it’s not severe, the
wound can be the entrance of infectious agents
[21].
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Water temperature has a role in disease
attack in aquatic animals such as being able to
increase viral replication in the host while
suppressing host immune processes [23]. The
most definitive factor affecting KHV virulence is
water temperature [19]. That carp lives in the
temperature range between 18-30°C and grow
optimum between 20-28°C [24]. Water tempe-
rature at the study site showed at Figure 3.

Figure 1. The Carp’s Gill Infected with KHV are Eroded and

Figure 2. Hemorrhagic and Wound on the Surface of the
Fish Body

Optimal temperature of KHV development
that can cause death is between 18-27°C. This
factor also has something to do with the change
of seasons either from the rainy season to the
dry season or vice versa, which play a role in the
incidence of KHV disease [1].

27.5
27

27 26.8
— 265 26

26 3547
255 25

25 24.63
245

2.
235

23

A B2 c1 c2 D

B1

Temperature (°C

&

Location

Figure 3. The Temperature at the Study Site. Highest tem-
perature was West Lombok (C2) at 27°C and
lowest temperature was East Lombok (B1) at
24.63°C. Description: A= Mataram, Bl= East
Lombok, B2= East Lombok, C1= West Lombok,
C2= West Lombok, D= Central Lombok.
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PCR test performed to ensure that fish test
was infected by KHV. The samples that show spe-
cific clinical symptoms from one study site was
collected and then extracted. Furthermore, they
are amplified to produce 409 bp PCR product.
The final result obtained KHV positive results of 5
samples representing each location (Table 1).

Table 1. Results of PCR

No Region Location Result of PCR

1. Mataram UPR (A) Positive KHV
2. East Lombok BPBIAT (B2)  Positive KHV
UPR (B2) Positive KHV

3. West Lombok UPR (C1) Positive KHV
UPR (C2) Negative KHV
4. Central Lombok UPR (D) Positive KHV

Note: the PCR test of fish sample with clinical symptom of
KHV showed that five was positively infected.

PCR method used in this study proof the
presence of KHV in carp, even long after the out-
break. This PCR test [10] where he conducted a
research on cloning of the Thymidine kinase gene
and state that Thymidine kinase as a standard
method to diagnose KHV. PCR test using Thymi-
dine kinase to detect at least 10 femtogram of
KHV DNA against 30 virions, while the PCR meth-
od by previous study [17,20] used the primary
design of the of fragment sequence of DNA re-
striction at the non-coding region of DNA virus.
Its may not match the KHV strain, so the result is
undetectable [25].

Accordingly, suggests that PCR using the pri-
mary design of the thymidine kinase gene of the
KHV genome has higher sensitivity than the two
previous methods. Based on the result of the test
using PCR method, Electrophoresis gel visualiza-
tion showed the DNA band banding, the positive
result obtained by 409 bp band or parallel to the
positive control (Fig.4).

M K+ K- A Bl1 B2 C1 C2 D
2017.03. 28

—SAT-POS Acq:0.040sec

Figure 4. Results of Electrophoresis Visualization of the
fish sample suspected to be attacked by KHV.
Description: M= Marker 100 bp, K+= Positive
Control, K- = Negative Control, A to D = Gill
Sample.
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The result of DNA sequencing from the KHV-
infected fish template in the form of the
nucleotide sequence (adenine, cytosine, guanine,
and thymine) are later used to determine the
percentage of the similarity between isolate
genotypic examined based on the database
GenBank. Isolated KHV from GenBank can be
used as the reference for related analysis with
genomic data from the existing isolate to predict
the evolution speed that occurs and to be
reconstructed by the evolutionary relationship
between one organism and another.

Based on the multiple alignments (Fig. 5) it
can be said that KHV isolate from the Lombok
Island has high homology with all four isolates
comparatively. Another study reported that
phylogenetic analysis using the same methode
indicate that isolate of MG, CK and VK (from
Indonesian) had close relations of association
with KHV strain J isolates and of variant Al of
Asian genotype, whereas KV3 isolates have a
close relationship of kinship with the U/l strain
KHV isolate and the variant E1, E2, E3 of
European genotype [26].

Genetic variation in the virus is one natural
way to adapt to environmental changes. Viruses
must face its change constantly in their host, as
well as passing from one host to another. They
must deal with a defense response or immune
system of the host. Avoiding the host defense is a
central feature of the defensive strategy in all
viruses [8].

Mutation can happened at anytime in the
growth of a virus population. It may occur spon-
taneously or may be induced by physical and
chemical agents against the DNA. The spontane-
ous may result from inter-pair faults during DNA
replication or during reparation of the DNA. Also,
it can occur due to meaningless changes in the
DNA base, low radiation level, the bases in depu-
ration or deamination or recombination that
spontantly change [8].

With regards to genetic analysis of KHV ob-
tained from DNA sequencing and phylogenetic
tree construction (Fig. 6), it can illustrated how
the relationship between DNAKHV from various
locations and can predict the possibility of the
outbreak. Sample isolate has a relatively high or
very high resemblance, may come from the same
source. The increasing inter-regional carp trade
in the Lombok Island region or between provinc-
es bring the possibility of spreading the KHV vari-
ants that previously found in another location.

A study reported that on isolation and
characterization of the first KHV isolates from koi
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and carp in Indonesia [4]. Clinical symptoms,
morphology, histopathology, and thevirions are

each collected samplesfrom KHV outbreaks
throughout Indonesia suggest that Indonesia’s

similar from other countries. Phylogenetic are closer to KHV Asian offspring than in Europe
analyses usmg the thymldlne kinasegene from [4].
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Figure 6. Construction of KHV Isolate Phylogenetic Tree and Comparative Isolate by Neighbors-Joining Method

CONCLUSION

The research shows that clinical symptoms
that appear are the pale grill and bleeding on the
surface of the body. The results electrophoresis
of carp suspected with KHV shows five positives
out of a total six samples. Genetically, KHV
isolates from Lombok Island of West Nusa
Tenggara Province is identical with the GenBank
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Effect of 17B-Estradiol on Feminization, Growth Rate and Survival Rate of
Pasific White Shrimp (Litopenaeus vannamei, Boone 1931) Postlarvae
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Abstract

This study was therefore aimed to determine the effect of different concentration of estrogen hormone, 173-estradiol
(E2) on feminization for the production of all female, growth rate and survival rate of Pasific white shrimp (Litopenaeus
vannamei) postlarvae (PL). L. vannamei PL; were stocked randomly at a density of 10 ind.L ! into a 10 L of seawater for
each experimental flask with three replicates each. PL; was immersed in seawater containing 0.5, 1.0 and 1.5 mg.L?
estrogen hormone, E; for 4 hours. The experiment was continued for 30 days for larval rearing. At the termination of
experiment, the specimens in each treatment groups were weighed and measured individually for their wet body
weight (BW) and total length (TL) for the mean weight gain, length gain and the specific growth rate (SGR) estimation.
The mean sex ratio values of male to female postlarvae obtained from control till the highest E; hormone concentration
of 0, 0.5, 1.0 and 1.5 mg.L't were 1:1, 1:2, 0:1 and 0:1 respectively. The weight gain and length gain were 40605% and
606% for control, 46310% and 647% for 0.5 mg.L! concentration, 49310% and 663% for 1.0 mg.L"! concentration and
45048% and 628% for 1.5 mg.LL. The mean SGR BW and SGR TL for control till the highest E; hormone concentration of
0, 0.5, 1.0 and 1.5 mg.L? were 20.00 and 6.51, 20.46 and 6.70, 20.67 and 6.77 and 20.37 and 6.62 respectively. The
mean survival rate for E; hormone concentration of 0, 0.5, 1.0 and 1.5 mg.L't were 52.67%, 54.33%, 54.67% and 52.33%
respectively. The study shows that while the concentration of E; hormone increased, the female sex ratio of L.
vannamei PL also increased but the growth rate and survival rate decreased at concentration of 1.5 mg.L. Thus the
optimum concentration of this hormone usage was 1.0 mg.L't immersed for 4 hours.

Keywords: 17B-estradiol, feminization, growth rate, Litopenaeus vannamei, postlarvae, survival rate.

INTRODUCTION

In Indonesia, as in many countries, aqua-
culture plays an important role in increasing
seafood production. Penaeid shrimp is one of the
fastest growing aquaculture production sectors
[1]. The Pacific white shrimp (Litopenaeus
vannamei) production has rapidly increased in
Asia [2]. In 2006, 88% of penaeid shrimp came
from Asia, with the top five producers such as
China, Thailand, Vietham, Indonesia and India are
accounting for 81% of world production [3].

Thus, an efficient biotechnology for producing
all female penaeid shrimp populations is required
especially in Indonesia, in which shrimp farming
economically constitute an important source of
income [4]. Due to the economic importance of
penaeid shrimp worldwide, especially in
aquaculture base production, great efforts had
been developed for suitable and useful
techniques. It is in order to increase the total of
harvesting production goal [5]. Thus, the
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requirement of market demand for shrimps in
more uniform sizes, the monosex culture of
female penaeid shrimps could be a strategy to
produce larger shrimp is become necessary [6].

Commonly, females penaeid shrimp are
growing faster and achieve a larger ultimate size
than males as they are observed in wild
populations [7,8,9]. Possibly, the larger size of
females penaeid shrimp also exibhit sex-
dependent dimorphic growth pattern that
influence females growing faster than the males
[10], because females have higher food efficiency
utilization and apparent digestibility of energy [7,
11]. Therefore, there is a technique that potential
for monosex females culture of penaeid shrimps
for decreasing growth period, increasing pond
yield, and also provide significantly higher growth
rate [12].

The productions of monosex population can
be applied through sex reversal achieved by
administering androgens or estrogens hormone.
While 17B-estradiol has been shown to be an
effective feminization hormone in some fish [13],
the administration of the steroid in crustaceans
focused on reproduction has been attemped but
the results are varied and sometime inconsistent
[14,15].
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Some study to reverse sex in penaeid shrimps
from male to female had reported successful by
administering steroid hormone 17B-estradiol
through prepared feed in Penaeus monodon [16]
and banana shrimp (Fenneropenaeus
merguiensis) [17] during postlarvae stages. But
none administration of steroid hormone 17(-
estradiol through immersion were reported.
Thus, this study aimed to determine the effect of
different concentration of immersions estrogen
hormone, 17B-estradiol on feminization, survival
rate and growth rate of L. vannamei postlarvae.

MATERIALS AND METHODS
Sea Water Supply and Water Treatment

This experiment was conducted at National
Broodstock Center for Shrimp and Mollusc
Karangasem, Bali, Indonesia, where the Pacific
white shrimp (L. vannamei) postlarvae also
obtained. The sea water source was from coastal
water of Lombok Strait and pumped to the
sedimentation tank and left overnight. The water
was desinfected with 30 ppm calcium
hypochlorite for 16 hours without aeration, then
full aeration was blown throughout the tank for 8
hours. Before use, the sea water was checked
with o-Tolidine to make sure there was no
chlorine left. When the o-Tolidine test result
showed yellowish water, the sea water then de-
chlorinated with sodium thiosulfate. After that, 5
ppm EDTA added as chelating agents of heavy
metals in the water. The cotton filterbag (50 um)
was used to filter detritus, small organisms and
turbid water while sea water being used.

Experimental Design

The culture design consisted of 12 flasks
containing each 10 L sea water. All the flasks
were put in the 8000L tank containing freshwater
which act as the water bath and covered with
black hollow plastic to maintain stable
temperature of 28-32°C throughout the
experimental period. Aeration was distributed
from a controled air blower to each flask through
transparent long rubber hose which provide with
an air stone. Litopenaeus vannamei postlarvae
day 1 (PL1) were stocked randomly at a density
10 ind.L%, so the number of postlarvae stocked in
each experimental flask is 100 individuals. The
experiment consisted of immersed postlarva
containing three consentrations of E> at 0.5, 1.0
and 1.5 mg.L'! with three replicates for each
treatment. Twenty five PL samples were
weighted and measured randomly to obtain the
initial body weight (BW) and total length (TL) and
recorded.

J.Exp. Life Sci. Vol. 8 No. 1, 2018

Hormone Immersions

The hormone solution prepared by following
method described by [18,19]. Stock solution of
hormone prepared by weighting the amount of
0.5, 1.0 and 1.5 mg.L! E2 hormone (Argent
Laboratories Inc. Philippines) and dissolved in 1
mL 95% ethanol (Merck) each. The hormon
solution then poured in 1 L sea water each and
aerated for 30 minutes to evaporate ethanol
odor. Amount of PL: L. vannamei were immersed
for 4 hours in hormone solution. After
completion of hormone immersion, the flasks
were emptied, washed and filled with 10 L
filtered sea water. The experiment were
maintained until the end of study in this flasks.

Larval Rearing

The daily amount of feed, which include
quantity and number of feeding times, were
adjusted for growth and survival compensation
depend on the age of shrimps. The fed were
given four times a day at 07.00 am, 12.00 am,
05.00 pm and 10.00 pm at the rate of 10% wet
body weight.day? [20]. The experiment was
continued for 30 days. Water exchange were
done by siphoned out 40-50% water and also to
removed uneaten food and faeces then replaced
with new clean treated and filtered water.

During the study, the parameters of sea water
were maintained at 28-32 ppt of salinity, more
than 4 mg.L? for DO, temperature 28-30°C and
7.5-8.5 for pH. After 30 days, the shrimp
postlarvae in each flasks were harvested by firstly
siphoned out until the depth of water level about
2/3 left and finally shrimps collected using
smooth scoop net. Postlarvae harvested from
each flask was counted to determine their
survival rate, and their weight and length also
measured for the growth rate analysis. The
shrimp postlarvae were preserved in 10%
formaldehyde and put in the bottle sample
according to their each concentration of
treatment until their sexes observed.

Sex Determination and Sex Ratio

These external sex differentiation of each
shrimp between male and female L. vannamei in
this present study determined by examining the
morphological sex structures following the
protocol of previous study [10]. The females PL
had a pair of oblique sharp ridges on the anterior
part of sternite XIV (between the fourth and fifth
pereiopods) that characterizes the female
thelycum of this species. While the males PL had
a masculine appendix at the second pair of
pleopods and tubular appendage developed the
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gonophores complex at the medially of fifth
pereiopods.

Size Increasements and Spesific Growth Rate

At the termination of the experiment (after
30 days), the biological measurement of wet
body weight (BW) and total length (TL) of
random 25 PL L. vannamei from each treatment
group were weighted and measured individually
to estimate the mean final body weight and total
length, and the spesific growth rate (SGR). A
digital weighing machine (Kern brand) with an
accuracy of 0.0001 g and a vernier calliper (Tricke
Brand, Shanghai China) with an accuracy of 0.1
mm were use to measure the BW and TL of each
PL shrimp, respectively. The SGR of PL was
calculated using formula by [21].

) , BW . ... 1 BW
100(in mean fmalﬁ — In mean 1nmalﬁ]

SGR =
Culture Period (days)

Description:

SGR = Spesific Growth Rate
BW = Body Weight

TL =Total Length

Survival rate

The survival L. vannamei PL were also
counted at the termination of the study. Survival
rate (%) is equal to number of PL harvested
divided by number of PL stocked multiply by
100% [22].

Statistical analysis

To determine the differences among
treatments, One way Analysis of variance
(ANOVA) was used. Post host test and Tukey’s
test were used to determine the significantly
different among treatment. The significance level
of the results was set at (P < 0.05). All statistics
were performed using SPSS (version 16).

RESULT AND DISCUSSION
Sex Ratio

The sex ratio of experimentals groups
hormone-treated L. vannamei gained from the
mean of 25 individuals PL for the three replicates
of each treatment. The comparison of mean sex
ratio values of male : female gained from control
to the highest E2 hormone concentration of 0,
0.5, 1.0 and 1.5 mg.L* that is 1:1, 1:2, 1:9 and
0:1, respectively. In this study, as the
concentration of E» hormone increased from
control treatment (0 mg.L!) until the highest
treatment concentration (1.5 mg.L?), the mean
sex ratio values of male to female were also
increased. The results obtained were significantly
different (P<0.05) among the treatments. The sex
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ratio of experimental groups hormone-treated L.
vannamei were shown in Figure 1.

100 100
g
o 70.67
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8 6133
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&
I 0.00 0.00
0 0.5 1 1.5

Hormone concentration (mg.L?)

Figure 1. Sex ratio percentage of L. vannamei larvae
between all hormone concentration (mg.L?)
treatments

This study, showed the administration of E»
hormone can increase the sex reversal of the
male L. vannamei PL into 100% females. A similar
result was also obtained by previous study in
blue gill sunfish, Lepomis macrochirus [23]. Thus,
it can be stated that E2 hormonal administration
can produce sex reversal not only for fish species
but also for Penaeid shrimps. Other studies
shown consider successful feminization of tiger
shrimp (Penaeus monodon) [16] and banana
shrimp (Feneropenaeus merguiensis) [17] as their
mean sex ratio values of male reverse to female
increased as the concentration of E2 hormone
increased from control treatment to the highest
treatment concentration when administration of
E2 hormone through feed was done during the
early stages of their lives.

Growth Rate

The mean SGR BW for control treatment of L.
vannamei PL after 30 days of culture was 20.00,
while for E2 hormone concentration treatments
of 0.5, 1.0 and 1.5 mg L were 20.46, 20.67 and
20.37 respectively (Fig. 2). All  hormone
treatment shrimp shows higher SGR BW than
control with the highest SGR BW was 1.0 mg.L?
hormone treatment. The same situation was
obtained from SGR TL result (Fig. 3) which
showed all hormone treatment shrimp have
higher SGR TL than control. The results for
control, 0.5, 1.0 and 1.5 mg.L? treatment were
6.51, 6.70, 6.77 and 6.62 respectively.
Immersions through 1.0 mg.L?2 E2 concentration
showed the highest SGR TL from all treatments.
This study showed the same results obtained
from the study on bluegill sunfish, L. macrochirus
that shown consider successful in administration
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of E2 hormone not only on sex reversal but as a
growth promoter [23].

20.80 20.67
20.60
20.40
20.20
20.20

SGR BW
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1960
a 0.5 1 1.5
Hormone concentration (me.L™1)

Figure 2. Mean SGR BW of L. vannamei larvae between
all hormone concentration (mg.L?) treatments

SGRTL

a 0.5 1 15

Hormone concentration (mg.L™)

Figure 3. Mean SGR TL of L. vannamei larvae between all
hormone concentration (mg.L?) treatments

The weight gain and length gain for control
and all treatment were shown in Table 1 and
Table 2. Control shows the lowest value of both
weight gain and length gain. Hormone
concentration of 1.0 mg.L™? showed the highest
weight gain and length gain followed by 0.5 and
1.5 mg.L't hormone concentration respectively.
Highly significant difference (P>0.05) was
detected among the treatments.

Results of weight gain and length gain were
expected to show that the hormone treatment of
L. vannamei larvae gain weight and length higher
and faster than normal or control larvae because
E2 also have been proved to accelerate the
growth of coho salmon [24], Penaeus monodon
[16] and Fenneropenaeus merguiensis [17].

The increased E, doses (0.5 and 1.0 mg.L?)
had also increased the growth and size of L.
vannamei PL due to the increasing somatic
growth rate for each individual of the monosex
population. In monosex population, the shrimp
body will concentrate the energy from feed more
on somatic growth than in the gonad develop-
ment [22,25].

Meanwhile, mean SGR BW and SGR TL and
also weight gain and length gain at 1.5 mg.L! E>

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

concentration decreased. One of the possible
reason for their decreasing because of the high
concentration of Ez, as also reported that 178-
estradiol at 62.5 pg.L'' and higher levels may
cause growth suppression and low survival rate
for mysid shrimp Americamysis bahia [26].

Table 1. Weight Gain (%) L. vannamei Larvae Between All
Hormone Concentration (mg.L!) Treatments

Hormone - . Weight
doses Imtl?l mean FInE!l mean gain
(ma.L) weight (g) weight (g) (%)
0.0 0.0007 + 0.0003 0.2849 + 0.047 40605
0.5 0.0007 +0.0003 0.3249 £0.018 46310
1.0 0.0007 £+ 0.0003 0.3459 £0.024 49310
1.5 0.0007 + 0.0003 0.3160 £ 0.011 45048

Table 2. Length Gain (%) L. vannamei Larvae Between
All Hormone Concentration (mg.L?) Treatments

Hormone Initial mean  Final mean Length
doses (mg.L!)  length (mm) length (mm) gain (%)
0.0 5.05+0.74 35.30+2.10 606
0.5 5.05+0.74 37.30+0.83 647
1.0 5.05+0.74 38.20+1.36 663
1.5 5.05+0.74 36.40 £ 0.65 628

Survival Rate

Survival rate of each treatment group was
calculated based on mean of three replicates.
The highest mean percentage of survival rate was
recorded for 1.0 mg.L'! E2 hormone treatment at
54.67 + 1.53% while the Ilowest mean
percentages was recorded for 1.5 mg.L! E, at
52.33 + 3.79%. The survival rate was increase
started from 0.5 mg.L't E; at 54.33 +1.15 % to 1.0
mg.L? E; at 54.67 + 1.53 % and slightly decreased
at 1.5 mg.L'! E; at 52.33 + 3.79 % (Fig. 4). Highly
significant difference (P>0.05) was detected
among the treatments.

55 00 54.67

54.00
C3.00

52.00

Mean SR (3)

31.00

0 0.5 1 1.5

Hormone concentration [mg L)

Figure 4. Mean Survival Rate of L. vannamei PL Immersed
with Different E; Hormone Concentration.

The survival rate of 1.5 mg.L'? E2 hormone
treated L. vannamei postlarvae were slightly
lower comparing with control. It was not
surprising because 17B-estradiol treatments
result in higher mortality of most aquaculture
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spesies [27-31]. It was suggested that the L.
vannamei PL are in the stress with the increasing
of E2 concentrations in their body that will over
react their body metabolism thus produced
lower survival rate. Based on those result, we
conclude that the optimum concentration for the
growth and survival rates was 1.0 mg.L? of Ez.

CONCLUSION

The present study demonstrates that the
usage of estrogen hormone, 17B-estradiol
through immersion can be an effective method
for the production of 100% female L. vannamei
PL at lowest concentration of 1.0 mg.L'* E2. The
results also showed that E2 hormone can be
acted as a growth promoter in penaeid shrimp (L.
vannamei) PL either the growth rate and survival
rate decrease when the hormone concentration
increasing. It also concludes that the optimum
concentration of 17B-estradiol was 1.0 mg.L? for
the best feminization, growth and survival rate of
L. vannamei.
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Physical Properties of Turpentine and Gum Rosin Pinus merkusii Jungh et
de Vriese Tapped Oleoresin by Borehole Method
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Abstract
This study was conducted to determine the physical properties of turpentine and gum rosin derived from oleoresin
tapped with borehole method. The research material is derived oleoresin from Aceh provenance pine and Jember
landrace. The test results of the physical properties of turpentine are as follows; color: clear, specific gravity 0.84-0.85,
refraction index 1.46, negative fatty oil, flash point 34-35.5°C, residual evaporation 1.2-1.6%, and optical round + 32.2-
32.4°. Result of test of physical properties of gum rosin: color X (main), softening point 76.0-76.5°C, impurity 0.0014-
0.0051%, acid value 179.5-188.5, saponification value 188.7-194.3, iodine number 9.6-9.8, ash content 0.001-0.005%

and volatile tupentine content 2.1-2.4%.

Keywords: Aceh provenance pine, borehole method, gum rosin, turpentine.

INTRODUCTION

Pinus merkusii is one of the native tree
species of Indonesia with its natural distribution
in Aceh, Tapanuli and Kerinci. The products of
pine oleoresin are gum rosin and turpentine.
Gum rosin and turpentine export opportunities
are still wide open because the world's largest
producer is dominated by three countries, Cina,
Brazil and Indonesia. Indonesia's gum rosin and
turpentine export markets are India, the United
States, France, Cameroon, and the Netherlands
which they are only able to meet less than 10%
of the market demand [1].

According to Langenheim, the use of
turpentine is limited only as a paint thinner,
whose economic value is low [2]. Currently,
turpentine  benefits are becoming more
important for the chemical industry, if it is in the
form of its derivatives. The mixture between
alpha pinene and beta pinene contained within
the turpentine is required as a glue, transparent
tape and similar products. Insecticides and
bactericides require alpha pinene and
champena. The current widespread use is as a
raw material for synthetic fragrances such as
orange flavor, menthol, nutmeg flavor,
deodorant and cooling effect of cosmetics
(lipstick). Gum rosin is traditionally required by
the batik, soap and paper industries, today more
widely used such as plaster softeners and dental
dressing mixtures, eyeshadow blends and
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eyelash reinforcement, adhesives, colors in the
printing industry (ink) and paint [4].

Physical properties of turpentine-gum rosin
related to the quality of these products and
affect the sale value. Physical properties are also
related to technical processing and raw
materials. The physical properties of a product
must meet the quality requirements of the
established quality standard. Until now, the
processing of the oleoresin becomes turpentine
and gum rosin is produced by the gum rosin and
turpentine processing factory, whose raw
material comes from tapping the quare method,
and the resulting oleoresin is mixed with various
impurities. In this research, the oleoresin was
obtained by tapping the borehole method on
Aceh provenance pine and Jember landrace. The
purpose of this research is to know the
difference of physical properties of turpentine
and gum rosin Aceh provenance pine and
Jember landrace.

MATERIALS AND METHODS
Location and Time of Research

Oleoresin material obtained from the tapping
of Aceh provenance pine in the Seedling Seeds
Orchard, Sumberjati Forest Management Resort
(Resort Pemangkuan Hutan — RPH), Sempolan
Sub Unit of Forest Management (Bagian
Kesatuan Pemangkuan Hutan — BKPH), Jember
Unit of Forest Management (Kesatuan
Pemangkuan Hutan — KPH). The Jember landrace
oleoresin is obtained from pine tapping of the
plants in Plot 21e, RPH Garahan, BKPH Sempolan
KPH Jember.
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Tools and Objects

The tool used consists of mini distillers
capacity of 1.5 kg. Objects of the study are Aceh
provenance pine and Jember landrace.

Tapping the Oleoresin

Oleoresin tapping with borehole method
were done by following step. The oleoresin that
directly comes out of the tree in the container
were put into the plastic bag and accommodated
in a plastic container. Oleoresin required as
much as 6 kg, for four times cooking
(replication).
Cooking of Oleoresin

Cooking oleoresin with temperature 160-
180°C for 2 hours. Turpentine that comes out in
the glass were measured and gum rosin
accommodated in a place made of zinc size 17 x
14x9 cm.

Test the Physical Properties of Turpentine

The physical properties of turpentine were
tested according to SNI 01-5009.12-2001
standard in  Non-Timber Forest Product
Laboratory of Perum Perhutani Divre |
Semarang, covering test specifications: Specific
weight at 25°C, Refraction Index at 25°C, Oil and
Fat, Evaporation Time, Color visually and Optical
Rounds.

Test the Physical Properties of Gum Rosin

Physical properties of gum rosin are tested
according to SNI 01-5009.12-2001 consisting of
color, softening point, impurity, acid value,
saponification value, iodine value, ash content of
Heraeus Furnace method and the remaining
volumes of oil content (volatile oil content).
Physical properties test is conducted in
Laboratory Non-Timber Forest Product Perum
Perhutani Divre | Semarang.

Data Analysis

The results of the laboratory test of the
physical properties of gum rosin-turpentine are
then analyzed in a descriptive manner.

RESULT AND DISCUSSION
Physical Properties of Turpentine

The physical properties of turpentine are
influenced by the production process and raw
materials (oleoresin). The production process
with raw materials mixed with other ingredients
such as leaves, skin flakes, soil, water and other
mixtures, requires a gradual cleaning process
until the production of Qil Pine Resin (OPR) is
ready for cooking. This is done at a oleoresin
processing plant. According to Sukarno [8], clean
raw materials, tapping oleoresin with borehole
method, oleoresin cooking can be done without
going through the process of cleaning the
oleoresin material. The production process in
the factory, both the tool and the operating
procedure, has followed the established
standards and has obtained 1SO-9001-2008
certification.

In this research, the processing of oleoresin is
still using the old way of direct heating, the
difference is not using a fire heater but with an
electric heater. The reason for using direct
heating means is to simplify the tool, but
without reducing the function as a destilator.
The raw materials are considered good because
of the oleoresin result of tapping with the
borehole [9].

The physical properties of turpentine have
been tested with SNI 01-5009.12-2001 standard.
Table 1 shows that of the seven specifications
tested, the physical properties of the Aceh
provenance pine turpentine and the Jember
landrace have met the standards required by SNI
01-5009.12-2001. The resulting density ranges
from 0.85. Specific gravity is the weight ratio of
an object with the same weight of water at the
same temperature, so that the volume of 1 liter
turpentine weighs equal to 0.85 kg. Refractive
index at 25°C. We did not found fatty oil content
(negative results).

Table 1. The Results of physical properties on Turpentine of Aceh and Jember Pine

Standard

Aceh

Specifications test SNI 01-5009.12-2001 Takengon Blangkejeren Jantho Jember
Specific gravity on 25°C 0.848 - 0.865 0.857 0.857 0.857 0.858
Refraction index on 25°C 1.464-1.478 1.465 1.465 1.465 1.465
Fatty oil Negative Negative Negative Negative  Negative
Flash point 33°C—-38°C 34.0°C 35.5°C 35.2°C 35.0°C
Residual evaporation Grade A: <2% 1.50% 1.18% 1.44% 1.58%
Grade B:>2%
Color Clear Clear Clear Clear Clear
Optical round Grade A : +>3° +32.38° +32.37° +32.32°  +32.33°

Grade B : +<3°

Notes: Analysis in Laboratory of Non Timber Forest Products, Industrial Perum Perhutani Divre | Semarang in 2011

J.Exp. Life Sci. Vol. 8 No. 1, 2018
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Flashpoint on the turbulent in Takengon
shows the numbers below the turbulent
Blangkejeren, Jantho and Jember landrace, but
still above the required minimum. The remainder
of evaporation and optical rotation are included
in the quality criteria A (excellent quality). Clear
turpentine color, meaning turpentine is not
oxidized or not mixed with water, optical rotation
including A (prime) quality. Although the
production process using a simple tool, but the
results are in accordance with the required
standard.

Physical Properties of Gum Rosin
Color

The quality of gum rosin first used as an
indicator is color, because this physical nature is
the visible first impression. If the color shown the
criteria that have been set, it will affect the price
and attractiveness for consumers. The color of
gum rosin in SNI-01-5009.4.2001 is classified as:
Main (color X); First (color WW); Second (color
WG) and third (color N). The X = Extra (Rec) gum

rosin clear color of yellowish; WW = water white,
yellow; WG = the glass window is brownish
yellow and N = Nancy is brownish, based on the
color standard through the Lovibond tool. Color
is determined by the raw materials and the
production process. The gum rosin and
turpentine processing factory (PGT) obtained raw
materials, derived from tapping oleoresin
through quare method which oleoresin mixed
with various impurities.

In this study, the raw material comes from
tapping with borehole method, so that the
impurities mixed in the oleoresin can be
minimized. Oleoresin directly cooked without
going through the process of cleaning dirt and
dilution sap. Given the very simple tool (mini-
scale), it still raises quality color of two opposite
choices, if the color is good, then the softening
point is less than the standard. The results of
physical properties of gum rosin presented in
Table 2.

Table 2. The Results of physical properties on Gum Rosin of Aceh and Jember Pine

Specifications test Standard Aceh Provenance Jember
SNI 01-5009.12-2001 Takengon Blangkejeren Jantho
Color X/WW/WG/N X X X X
Softening Point X =>78°C 76.5°C 76.5°C 76.0°C 76.0°C
WW =2>78°C
WG =2>76°C
N =>74°C
Impurity X=<0.02% 0.0014% 0.0036% 0.0040%  0.0051%
W =<0.05%
WG =<0.07%
N=<0.10%
Acid Value 160 - 190 179.46 183.62 188.50 182.06
Saponification value 170-220 188.72 190.49 194.27 191.87
lodine Value 5-25 9.68 9.78 9.61 9.70
Ash Content X=<0.01% 0.0013% 0.0046% 0.0030%  0.0043%
WW=<0.04 %
WG=<0.05%
N =<0.08%
The volatile turpentine contents X =<2% 2.365% 2.168% 2.122% 2.212%
WW=<2%
WG=<25%
N=<3%

Notes: Analysis in Laboratory of Non Timber Forest Products, Industrial Perum Perhutani Divre | Semarang in 2011.

X=Rex, WW= Water White, WG= Windows Glass, N= Nancy

Table 2 showed that the color of gum rosin
produced shows the main color (U) that is extra
color (X), this is suspected because the raw
material of the oleoresin is derived from tapping
by borehole method, so it is a clean raw material.
This is as delivered by Wiyono that the raw
material is very decisive to the color of gum rosin
[5]. The quality of gum rosin produced is
determined by the quality of the processed

J.Exp. Life Sci. Vol. 8 No. 1, 2018

oleoresin [6]. Fresh oleoresin will produce better
quality gum rosin compared with that derived
from oleoresin that has been stored for long, let
alone stored in open space, causing the oleoresin
to be oxidized [5]. Pine oleoresin is a complex
compound that is acidic and very sensitive to
time and damage due. The cooking process also
greatly determines the color of gum rosin,
especially the temperature setting and the length
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of the cooking time. In practice, people are often
more interested in paying attention to color first,
although not always, color reflects the quality of
others [7].

Soft Point

The soft point is closely related to the
remaining turpentine in gum rosin, the less the
remaining turpentine, the higher the soft point
and vice versa. Gum rosin with turpentine
content is still remaining much, then the gum
rosin will be less fragile (crumb), according to SNI
standard, the required softening point is > 78°C.
The result of physical properties test in
laboratory (Table 2) shows soft point of gum
rosin from Aceh provenance pine (Takengon and
Blangkejeren) 76.5°C, while Jantho and Jember
landrace 76°C, so based on SNI standard soft
point is still less 1.5 - 2°C . Physically, the soft
spot between 76-76.5°C gum rosin looks no
different, hard (not flabby), brittle (crumb), so it
still meets the required physical quality
standards. This is in accordance with the opinion
of Khadafi et al., that good quality gum rosin
according to the consumer is not easy to soften
at room temperature, brittle (fragile) and does
not change physically from time to time (during
storage) [7].

Average gum rosin droppings produced by
PGT. Rejowinagun (direct interview with head of
the factory, 2010) is 0.0229% has met the
standard set by the SNI that is the lowest <
0.02%. This is because the process of cleaning the
oleoresin from the dirt has been done through
several stages of filtering and washing oleoresin.
The results when compared with the factory, it
shows a much lower result that is Takengon
0.0014%, Blangkejeren 0.0036%, Jantho 0.0040%
and Jember landrace 0.0051%. This suggests that
tapping the oleoresin by borehole will produce
gum rosin with very low levels of impurities.

CONCLUSION

Based on the test results of physical
properties of turpentine and gum rosin, both
Aceh provenance pine and Jember landrace has
similar  physical properties. The physical
properties of the turpentine of the seven
specifications tested have shown the range of
numbers required under SNI 01-5009.12-2001.
Meanwhile, the physical properties of gum rosin
of the eight specifications tested have also shown
the range of numbers required under SNI 01-
5009.12-2001. Therefore, the borehole method
produce a clean oleoresin and has less damage
towards the pine trees to meet the standard.

J.Exp. Life Sci. Vol. 8 No. 1, 2018

ACKNOWLEDGEMENT

The author would like to thank Prof. Muh.
Na'iem, Dr. Sri Nugroho Marsoem and Dr. Eko
Bhakti Hardiyanto, who has provided the
opportunity and guidance to the to complete this
research. | also thank all parties who have helped
this research.

REFERENCES

[1] State Forest Enterprise. 2011. Industri
Gondorukem dan  Terpentin  Perum
Perhutani.  Laboratory of Industry and
Marekting Bureau. Perum Perhutani Unit |
Jawa Tengah.

[2] Langenheim, J.H. 2003. Plant Resin:
chemistry, evolution, ecology and ethno-
botany. Timber Press. Cambridge.

[3] Lenny, S. 2006. Senyawa Terpenoida dan
Steroid. Sciantific Paper. Faculty of Mathe-
matics and Naturan Sciences. University of
North Sumatera.

[4] [Sjostrom, E. 1998. Kimia Kayu: dasar-
dasar dan penggunaannya, 2" Ed. Hardjono
Sastrohamidjojo, H. (Transl). Gadjah Mada
University Press. Yogyakarta.

[5] Wiyono, B. 2007. Pengaruh konsentrasi
bahan kimia maleat anhidrida terhadap
gondorukem maleat dari getah Pinus
merkusii. Jurnal Penelitian Hasil Hutan. 25.
(1). 28-40.

[6] Nasnedi, B.D.,, A.F. Mas’ud (Eds). 2001.
Kajian teknis ekonomis pengolahan gondo-
rukem dalam rangka peningkatan nilai
tambah: studi kasus di PGT Peninggaran
dan PGT Cimanggu. Center of Forestry
Research and Development. Department of
Foretsry.

[71 Khadafi, M., I. Rostika, T. Hidayat. 2014.
Pengolahan gondorukem menjadi bahan
pendarihan sebagai aditif pada pembuatan
kertas. Jurnal Selulosa. 4(1). 17-24.

[8] Sukarno, A, E.B. Hardiyanto, S.N. Marsoem,
M. Na’iem. 2012. Pengaruh perbedaan
kelas umur terhadap produktivitas getah
Pinus merkusii Jungh et de Vriese ras lahan
Jawa melalui penyadapan getah metode
bor. Jurnal Pembangunan dan Alam Lestari.
3(1). 28-31.

[9] Sukarno A., E.B. Hardiyanto, S.N. Marsoem,
M. Na’iem. 2015. Oleoresin production,
turpentine yield and components of Pinus
merkusii from various Indonesian Prove-
nances. J. Trop. Forest Sci. 27(1). 136-141.

ISSN. 2087-2852
E-ISSN. 2338-1655



Rosella Extract (Hibiscus sabdariffa) Effects
(Bataif et al)

The Effects of Rosella Extract (Hibiscus sabdariffa) against the n-
carboxymethyl-lysine, NF-kB, TNF-a in the Rats Heating Food Diets

Batmomolin Pia Bataif!", Setyawati Soeharto K?, Edi Widjajanto?,
Ardhiyanti Puspita Ratna?, Silvy Amalia*

1Biomedical Sciences Program, Faculty of Medicine, University of Brawijaya, Malang, Indonesia
ZLaboratorium of Pharmacology, Faculty of Medicine, University of Brawijaya, Malang, Indonesia
3Laboratorium of Pathology Clinic, Faculty of Medicine, University of Brawijaya, Malang, Indonesia

Abstract

The food processing by heating can increase the formation of AGEs (Advanced Glycation End Products). AGEs are
compounds that formed from a non-enzymatic continuous glycation reaction between proteins and sugar residues. The
CML (N-carboxymethyl-lysine) is used as a marker for AGEs cause most commonly found in vivo. The bond of AGEs and
RAGE (reseptor for AGEs) induce various signaling pathways that trigger inflammation and increase oxidative stress. The
AGE and RAGE interaction activate the transcription factor of NF-kB. NF-kf activate gene transcription to release
proinflammatory cytokines such as TNF-a. Anthocyanins are compounds that can prevent the formation of AGEs and
muffle the adverse effects of AGEs. Rosella contains anthocyanin such as : delphinidin-3-O-glucoside, delphinidin-3-O-
sambubioside, and cyanidin-3-O-sambubioside. This study is to determine whether the daily intake of Rosella extract
can reduce the levels of n-carboxymethyl-lysine in serum, expression of NF-kB and TNF a in the rats fed with heated
food. This study applied experimental post test control using Rattus norvegicus Wistar strain. The samples were divided
into 5 groups: KN (negative control/fed without heating), KP (positive control/fed heated food but not treated by
Rosella extract), R; (fed heated food and treated by 200 mg.kg'1BW Rosella extract), R, (fed heated food and treated by
300 mg.kg'BW Rosella extract), and R3 (fed heated food and treated by 400 mg.kg'BW Rosella extract). The n-
carboxymethyl-lysine levels were measured by using the ELISA, the expression of NF-kB is analyzed by using
immunofluorescence, and expression of TNF - a is observed by immunohistochemistry. There was significantly
decreased the levels of n-carboxymethyl-lysine in all groups which were treated by Rosella extracts (R1,R2,R3); p= 0.000,
o = 0.05 (p< a). Decreased activation of NF-kf in all groups which were treated by Rosella extract is significant (p =
0.000), and decreased expression of TNF a in all groups which were treated by Rosella extract is also significant (p =
0.000). Rosella extract can reduce the levels of n-carboxymethyl-lysine, expression of NF-kf3, and TNF a.

Keywords: AGEs, anthocyanin, Rosella flower extract, n-carboxymethyl-lysine, NF-x, TNF a.

INTRODUCTION

There are two sources of AGEs (Advanced
Glycation End Products) namely exogenous
derived from consumed food and beverages and
endogenous formed in the body as part of
normal metabolism. Raw foods derived from
plants and animals containing AGEs, however
within the limits that can be tolerated by the
body considering the body that has homeostatic
system.

Foods processing that contain sugar, lipid or
fat, and protein through a heating process such
as fried, grilled, and roasted can increase AGEs.
The processing using dry heat methods can
increase the formation of AGEs up to 100-fold,
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compared to the amount of AGEs found in raw
foods.

The amount of AGEs of food consumption is
greater than the total amount of AGEs normally
contained in plasma and tissue [1]. The average
total AGEs dietary exposure to healthy people
which did not cause adverse effects was
approximately 16,000 AGEs kU.day?® [2].
Consumption of processed foods with warming
will lead to increased exposure to AGEs, thus
exceeding 20,000 kU.day™? [3].

The accumulation of AGEs in the body, will
cause oxidative stress and chronic inflammation,
which in turn will further enhance the
endogenous formation of AGEs. Accumulation of
AGEs will also increase the susceptibility to
damage tissue [4].

Giving AGEs dietary may increase its
circulation thus exceeding the normal limit that
can be tolerated. The increase of AGEs in
circulation will activate RAGE (Receptor of AGEs).
AGE and RAGE interaction causes the activation
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of MAPKs and PI3-K, which will then activate the
transcription factor of NF-kf. Once activated, NF-
kB moves from the cytoplasm to the nucleus and
activate gene transcription to release proin-
flammatory cytokines, growth factors and
adhesive mole-cules, such as TNF-a, IL-6 and
VCAML [5,6].

CML (N-carboxymethyl-lysine) is a type of
AGEs which is mostly used as a marker for the
formation of AGEs. CML is a type of AGEs which is
most commonly found in vivo, best known for its
characterizations [5] and most representable
structure of AGEs both quantitative and patho-
physiologic [7].

AGEs’s bad consequences can be avoided by
prevent the formation, build up on the network,
and overcome the inflammatory reactions and
oxidative stress of AGEs. The use of ingredients
that work as AGE inhibitors and breakers can
prevent the formation and accumulation of AGEs
in the body tissues [8,9].

Anthocyanin is a type of flavonoid poly-
phenols in the group known as antioxidants. The
mechanism of anthocyanin which can be indi-
cated as inhibitor formation of AGEs is through
the inhibition of auto-oxidation monosacaride
[10] which prevent lipid peroxidation and
inhibition of polyol pathway [11]. Anthocyanins
also inhibit the binding of AGEs to its receptor
(RAGE) [12].

Rosella contains phenolics, organic acids,
sterols, terpenoids, polysacharides and some
minerals. Its fenolic content consists of antho-
cyanins as delphinidin-3-O-glucoside, delphinidin-
3-0- sambubioside, and cyanidin-3-O-sambubio-
side [13]. This study was conducted to determine
whether daily intake of Rosella extract could
reduce the levels of CML in serum, activation of
NF-kB, and expression of TNF a in Wistar rats’
aorta fed by heating food diets.

MATERIALS AND METHODS
Object Study

This study was an experimental research
laboratories used Rattus norvegicus Wistar strain
and designed post test control group. The study
used 25 male rats, ages 3-4 months old with
100-150 gram initial body. The rats is randomly
devide into 5 groups, KN (negative control), KP
(positive control), R: (treated by 200 mg.kg'BW
Rosella extract) Rz (treated by of 300 mg.kgBW
Rosella extract), and Rs (treated by 400 mg.kg™
BW Rosella extract). KN fed without heating,
while KP, R1, Rz, and Rs3 fed by heating food for 8
weeks. The Rosella extract is given once a day.
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Rosella that used in this study was purchased
from Materia Medika Batu. Rosella extract is the
result of Rosella flower extraction using 70%
ethanol solvent.

Data Collection

The levels of CML was examined after 8
weeks. The feeding for all groups was continued
until 12 weeks. At the end of the treatment, the
mice were fasted, anaesthetized and then
dissected. The serum was taken to measure CML
level by using ELISA method (used ELISA kit for
CML , No. CATALOG E1374Ra). The aorta was
taken to analyze the activation of NF-kB by using
immunoflouroescence method (using primary
antibody NF-kB P65 ThermoFisher no catalog
MA5-15160) and to observe the expression of
TNF-a by using immunohisto-chemistry method
(dyes by DAB and Mayer’s Hematoxilen).

Data Analysis

Data were statistically analyzed. Test for
normality —using the  Shapiro-Wilk test,
homogeneity test using Levene's Test. Data
comparison using One-way ANOVA, followed by
LSD (Least Significant Difference) 5%. Compa-
risons between groups using multiple compari-
son test. The test results said to be significant if
the p value <0.05.

RESULT AND DISCUSSION
The Effect of Rosella Extract against CML Levels

The results of ANOVA was obtained p-value
for 0000 which was smaller than a=0.05 (p<0.05).
It can be concluded that there was significant
influence of Rosella extract on the levels of CML.
The LSD 5% test results showed that the
significant decrease of CML’s levels occurred in
all groups which were treated by Rosella extract.
The lowest average levels of CML was obtained in
Ri. The highest average level of CML was
obtained in KP and R, average value of CML
levels were not significantly different with KN. On
the other words, the provision of rosella extract
at a dose of 300 mg.kg'BW can lower the levels
of CML to the rats given feed without heating
(Fig. 1).

The results showed that there was significant
decline of the CML levels in all groups of mice
which were treated by Rosella extract. This could
occur because the Rosella extract contained
anthocyanin. These results were consistent with
the previous studies which stated that the
antioxidant is a type of flavonoid that can inhibit
the formation of AGEs [12]. This result also
showed that anthocyanin in the Rosella extract
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could break the CML. This fits with previous

research which states that the phenolic

antioxidant can function as a breaker AGEs [13].
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Figure 1. The average levels of CML (ELISA method) using

ANOVA test.

Description:

KN = negative control/fed without heated

KP = positive control/fed heated food but not
treated by Rosella extract

R; = fed heated food, treated by 200 mg.Kg'BW
Rosella extract

R, = fed heated food, treated by 300 mg.Kg'BW
Rosella extract

R; = fed heated food, treated by 400 mg.Kg'BW
Rosella extract.

p-value = 0.000

This study found that in the higher dose of
Rosella extract, its ability become low for
reducing the levels of CML. This might be
because this study were still used a crude of
Rosella extract rather than the type of
anthocyanins of Rosella that have been isolated.
The crude extract of rosella that had been used
had many other compounds besides the
anthocyanin, i.e. fatty acids (saturated and
unsaturated), protein, carbohydrates, minerals,
organic acids (citric, hydroxycitric, Hibiscus,
malik, tartaric, oxalate, and ascorbate), antho-
cyanins, polysaccharides and flavonoids [10,14].

With the wide range of content in the
Rosella ekstract, an increase in dosage also
increases the activity of another material, thus
the effect of anthocyanins reduced. Previous
research suggested that there are many
precursors to form the CML, among others,
Polysaturated fatty acid (PUFA), and ascorbic
acid. CML formation pathways other than
through the Maillard reaction also through the
reaction between PUFA or ascorbic acid with
lysine  residues derived from proteins.
Researchers suspect that when the dose of
Rosella is increased likely not due to the inability
of anthocyanins to break the CML that causes its
levels increased, but rather because there have
been more CML formation in the body through a
reaction between lysine and PUFA, as well as
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ascorbic acid. So then, although anthocyanins
have the ability to break down the CML but since
its number is formed mounting so that the CML
levels tend to remain high.

The Effect of Rosella Extract against the
Activation of NF-kf

Based on the results of ANOVA, p-value was
obtained for 0000, smaller than a= 0.05 (p<0.05).
The LSD 5% test results indicated that the lowest
activation of NF-kp was in KN and the highest in
KP. There was significant decrease of the
activation of NF-kB in all groups which were
treated by Rosella extract compared with KP.
The lowest average of activation of NF-kB was
obtained in rats which were treated by 200
mg.kg! BW Rosella extract (R1) (Fig. 2).
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Figure 2. The average of NF-kB expresion (immuno-
flouroescence method) using ANOVA test.

Description:

KN = negative control/fed without heated

KP = positive control/fed heated food but not
treated by Rosella extract

R; = fed heated food, treated by 200 mg.Kg'BW
Rosella extract

R, = fed heated food, treated by 300 mg.Kg'BW
Rosella extract

R; = fed heated food, treated by 400 mg.Kg'BW
Rosella extract.

p-value = 0.000

These results indicated a decline in the
activation of NF-kB significantly in all groups
which were treated by Rosella extract. This
happened because the extract of Rosella flower
containing anthocyanin.

This decreased activation of NF-kB agrees
with the theory that the intake of anthocyanins
may decrease the activation of the transcription
factor NF-kB and the expression of several
cytokines and proinflammatory mediators [15].
These results are also consistent with several
other studies which stated that the Rosella
flower extract has an effect as an antioxidant,
and the compound suspected to have effect as
an antioxidant and inhibits the activation of NF-
kKB is its fenolic content which is flavonoid-

ISSN. 2087-2852
E-ISSN. 2338-1655



Rosella Extract (Hibiscus sabdariffa) Effects
(Bataif et al)

compound anthocyanin [16]. The mechanism of
inhibition on the activation of NF-k is to prevent
loss of p50 and p65 binding so there is no
translocation of p50/p65 into the nucleus.
Moreover, it can be worked as an inhibitor of
NADPH oxidase which produces superoxide anion
radicals. Anthocyanins can inhibit the activation
of NF-kP by inhibiting the degradation of Ik, and
also inhibition on the activation of Ik kinase
enzyme that prevent phosphorylation of NF-kB
(p50 and p65) dimer result which do not separate
each other, and subsequently p50 and p65
translocation into the nucleus will not occur.

The results of this study are also consistent
with other studies mentioned that the antho-
cyanins in the dried petals of Rosella extract (H.
sabdariffa Linn) were able to inhibit oxidative
stress-induced activation of NF-kB [17]. Anthoc-
yanins and flavonoids have been proven to
inhibit LDL oxidation and the activation of NF-kf,
and decrease inflammation. Mechanism of
anthocyanin in inhibiting Ox-LDL is to fight free
radicals, eliminate oxidant product, inhibite the
oxidation of lipids, lipoproteins, liposomes and
DNA, and suppress production of radicals and
their precursors both in vivo and in vitro. In
addition, anthocyanins can increase the producti-
on of endogenous antioxidants such as super-
oxide dismutase, Gluthation Peroxidase and
Catalase. The ability of anthocyanins to reduce
the activation of NF-kB can be solved through
AGEs/CML. The breakdown of AGEs reduces the
amount of AGEs so then it was inadequate to
carry out the binding to RAGE. Moreover, it can
be done through binding of AGEs/CML with its
receptor which is RAGE.

From the various doses of Rosella which are
given, it turns out that the most effective dose
that lowers the activation of NF-kB is a dose of
200 mg.kg* BW Rosella extract. This study shows
that with the addition dose of Rosella extract, its
extract ability to decrease activation of NF-kB
decreases. This may be due to the formation of
AGEs/CML increases with the increasing doses of
Rosella extract so that the amount of AGEs/CML
which binds to RAGE increases. The increasing
amount of AGEs which binding to RAGE will
increase the number of activation of NF-kf3.

The Effect of Rosella Extract against TNF-a
Expression

Based on the results of ANOVA, p-value was
obtained for 0000, smaller than a= 0.05 (p<0.05).
The LSD 5% test results showed that KP had the
highest average expression of TNF-a. The
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decreased expression of TNF-a were significantly
demonstrated in all group treated by Rosella
extract.

In comparison of KN with the R1 and Rz, p-
value was obtained greater than 0.05 (p>0.05).
This means there was no significant difference in
the average expression of TNF-a between KN and
R1 and R2. In comparison of KP with Ri, the p-
value of Rz and Rs was obtained less than 0.05.
This proved that the group that treated by
Rosella extract at the dose of 200, 300, and 400
mg.kg'BW can lower the expression of TNF-a
significantly. KP had the highest average value of
the expression of TNF-a, while the average
expression of TNF-a decreased in all groups
which were treated by Rosella extract. The
lowest average expression of TNF-a was obtained
in rats which were treated by Rosella extract
200 mg.kg*BW (R1) (Fig. 3).

B8O

70 |
=
g ® 57708926 ¢ .[
g so I
£ 49242764 b
i T [
5 46 €582 ab
H]
'% 30 | 37 108 8las A 38372743 ab
& 20
&
2
H

KN KP R1 R2 R3

Treatment

Figure 3. The average of TNF-a expression (immunohisto-
chemistry method) using ANOVA test.

Description:

KN = negative control/fed without heated

KP = positive control/fed heated food but not
treated by Rosella extract

R; = fed heated food, treated by 200 mg.Kg'BW
Rosella extract

R, = fed heated food, treated by 300 mg.Kg'BW
Rosella extract

Rs = fed heated food, treated by 400 mg.Kg'BW
Rosella extract.

p-value = 0.000

The results showed that the expression of
TNF-a in all groups of mice which were treated
by Rosella extract decreased. The type of antho-
cyanins such as cyanidin and delphinidin may
inhibit the expression of inflammatory mediators.
Anthocyanins included in a group of polyphenolic
compounds, especially the type of flavonoid
compounds. Some studies suggest that flavo-
noids have a tendency to scavenge free radicals,
so it does not form excessive ROS. ROS can
stimulate phosphorylation of kB Inhibitor (IkpB).
IkKB serves to bind NF-kB, so then it remains
inactive in the cytoplasm. If IkB is
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phosphorylated, the bond of NF-kB and IkB
aparts, so that NF-kf active and migrate to the
nucleus. In the nucleus, NF-kB will activate
transcription by binding to DNA sequences on a
target gene, thus triggering the release of
inflammatory cytokines such as TNFa. Therefore,
when ROS was inhibited, then the activation of
NF-kB can be inhibited. Inhibition of activation of
NF-kB will also inhibit the secretion of
inflammatory cytokines such as TNFa.

TNFa is an important mediator in the
inflammatory process, it plays a role in increasing
the inflammatory response of endothelial cells
[18]. This study proved that rosella flower extract
may decrease the activation of NF-kB, so that the
expression of TNFa on endothelial decreased.
The highest reduction is in mice fed a rosella
flower extract 200 m.kg™. This study showed that
with increasing the doses of extract of Rosella,
there was a decline in the ability to reduce the
expression of TNFa. This might be due to along
with increasing dose, there was an increase on
the formation of CML. When the number of CML
which binds to RAGE increased, the activation of
NF-kB increased. The incerased activation of NF-
KB resulted in increasing the secretion of TNFa.

Relationship Levels of CML, Activation of NF-kp,
and TNF-a by Using Correlation Analysis

The results of testing the correlation between
the levels of CML and the activation of NF-kf was
obtained correlation coefficient of 0598 with a p-
value of 0.002. p<0.05 indicated that there was a
significant relationship between the levels of
CML and the activation of NF-kB. The correlation
coefficient was worth 0598 showed the quite
strong level of the relationship. The correlation
coefficient was positive indicated that there was
a positive relationship between levels of CML and
the activation of NF-kP. The increasement levels
of CML would also be followed by the increased
activation of NF-kB and vice versa.

The results of testing the correlation between
the expression levels of CML and TNF-a was
obtained correlation coefficient of 0687 with a p-
value of 0.000. p<0.05 indicated that there was a
significant relationship between levels of CML
and TNF-a expression. The correlation coefficient
was worth 0687 showed the strong level of
relationship. The correlation coefficient was
positive indicated that there was a positive
relationship between levels of CML and TNF-a.
The increasement levels of CML would also be
followed by the increase levels of TNF-a and vice
versa.
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The results of testing the correlation between
the activation of NF-kB and the expression of
TNF-a was obtained correlation coefficient of
0753 with a p-value of 0.000. p<0.05 indicated
that there was a significant correlation between
the activation of NF-kB and the expression of
TNF-a. The correlation coefficient was worth
0753 showed the strong level of relationship. The
correlation coefficient was positive indicated that
there was a positive relationship between the
activation of NF-kB and the expression of TNF-a.
The increasement activation of NFkB, would also
be followed by the increased expression of TNF-a
and vice versa.

CONCLUSION

Rosella ethanol extract can reduce the levels
of N-Carboxymethyl-Lysine in serum, activation of
NF-kB and expresion of TNF a in aorta Wistar rats
fed heated significantly. There are close
relationship on the decreased levels of CML,
ekspression of NF-kf3, and expression of TNF a.
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Effect of Banana Homogenate on Shoot Regeneration of Ciplukan
(Physalis angulata L.)
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In vitro culture techniques can be used as an alternative problem solving in an effort to provide Ciplukan plant as a raw
material of herbal medicine in a sustainable manner. The purpose of this study was to observe the effect of banana
homogenate (BH) added into culture medium on shoot regeneration of Ciplukan (Physalis angulata L.) and plantlet
development until acclimatization stage. The experimental design used was a randomized factorial group. The first
factor was the two varieties of banana fruit namely, Ambon and Raja. The second factor was concentration of BH with
four levels, 0 (control), 2.5%, 5% and 7.5 % and each treatment combination was repeated five times. Explant used in
this research was the third node of 2 weeks old in vitro shoot after subculture to MSO medium. Data analysis used
ANOVA test. Eight week after culture (WAC) medium containing BH induced higher number of shoot compare to
medium without BH. The addition of 5% BH var. Ambon had significant effect on increasing shoot number. Well rooted
plantlets produced in MSO rooting medium also showed high survival rate (66.7%< - 100%) two weeks after transferred
to greenhouse. Therefore, the addition of BH into in vitro medium can be an alternative method for micropropagation

of Ciplukan.

Keywords: Banana homogenate, Ciplukan, micropropagation, nodal explants.

INTRODUCTION

Ciplukan (Physalis angulata L.) is a wild plant
species that will be commonly found especially
on the edge of the forest, yard, and corn fields.
Ciplukan has been widely used as traditional
medicine [1]. Clinically, this plant is proven to
have a lot of bioactive content. Ciplukan can be
used as antihyperglycemic, antibacterial, antivi-
ral, immunostimulant and immunosuppressant
(immunomodulator), antiinflamation, antioxi-
dant, analgesic, and cytotoxic. Also as diuretic,
neutralize toxins, relieve cough, and activate the
function of the body glands and anti-tumor. Ci-
plukan fruit can also be used to cure bleeding
gums [2]. Currently, Ciplukan already widely used
by the industry as herbal medicine. Therefore, to
meet the needs of the industry, the demand for
Ciplukan supply is increasing [3].

The increasing demand for medicinal plants
causes over extraction from the wild source.
Even though, the medicinal plants that obtained
from various locations will have varies in produc-
tivity. Some environmental factors may affect all
phases of growth and development [4] including
biosynthesis of secondary metabolites.
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To prevent the supply of medicinal plants
from natural source which has various characters
it should be accompanied by the availability of
standardized source. In vitro tissue culture tech-
niques can be used as an alternative problem
solving in an effort to provide the plant as a sus-
tainable raw material for herbal medicine. Large-
scale plant tissue or organ culture for the produc-
tion of secondary metabolites is an attractive
alternative approach to traditional methods of
cultivation of medicinal plants [5]. The ad-
vantages of this method are many; it is inde-
pendent of soil, climatic interference, geograph-
ical location, does not require a very wide area
for produce large quantities of plants at relatively
narrow space [6] and it can provide a continuous
and reliable source of natural products. The suc-
cess of tissue culture techniques is influenced by
several factors, including the composition of
plant growing media [7,8]. Culture media fre-
quently used for tissue culture techniques is Mu-
rashige and Skoog (MS) basal medium (1962). MS
medium is widely used for tissue culture of most
plant tissues as its balanced composition over
other media. This basal medium contains com-
plete macro nutrients (N, P, K, Ca, Mg, and Na)
and micro (B, Co, Mn, |, Fe, Zn, and Cu). MS me-
dium also contains other energy sources such as
sugar, vitamins, amino acids and myo inositol [9].

In vitro culture media can also be added by
complex organic matter as a source of sugar, vit-
amins, plant growth regulators and amino acids.
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Natural organic compounds that have been wide-
ly used include coconut water, yeast extract, malt
extract, potato extract, papaya extract, banana
porridge (banana homogenate), tomato juice and
wotel juice. The use of such organic organic com-
pounds as additives to media can provide better
growth and morphogenesis [10].

Bananas are commonly added to in vitro me-
dia in the form of slurry or homogenate. Banana
homogenate (BH) has been able to increase the
number of shoots of various orchids [11-16]. Pro-
vision of BH can improve regeneration response,
number of shoots per explant and complete
plantlet on Cymbidium pendulum compared to
without addition of banana pulp [15]. Addition of
150 g.L'* banana var Ambon and NAA 20 ppm can
produce the highest average number of shoots
on black orchid plant (Coelogyne pandurata) [17].
Bananas contain carbohydrates, proteins, fats,
Ca, P, Fe, vitamin A, vitamin B-1, and vitamin C so
it can help the regeneration process in plants
[18]. Some types of bananas, ie banana var.
Kepok, Mas, Raja, Ambon Lumut and Ambon
Putih can produce different in vitro growth re-
sponse on Phalaenopsis orchid planlet [19].
Banana var. Raja and Ambon were able to in-
creased shoot number, plantlet height, leaf
length and number and root number of orchids
[20,21]. Therefore, in this study the influence of
two local varieties of banana, namely Ambon and
Raja on shoot regeneration and plantlet devel-
opment of Ciplukan nodes explant was observed.

MATERIAL AND METHOD
Preparation of source explant

The ripe yellow Ciplukan fruit was split and
seeds were taken and dried for 2-3 days. Dry
seeds were germinated on agar medium (12 g.L})
without addition of growth regulator under 500
lux light intensity at 23 £ 2 °C. Cotyledon and
shoot apical were excised from two weeks old
seedling then subcultured into hormone free MS
(MS0) medium. The nodal explants were taken
from the third node of growing shoots.

In vitro culture medium

Shoot induction medium (SIM) used in this
study was MS basal salt medium + growth
regulator (BAP 2 mg.L'? + IAA 0.05 mg.L?) + ba-
nana homogenate (BH) supplemented with 30
g.L't commercial granulated sugar. The effect of
two local banana varieties, Ambon and Raja were
observed in this study. Four concentrations for
each banana, var. Ambon (PA) and Raja (PR),
were 0, 2.5%, 5.0% and 7.5% (w/v). Banana ho-
mogenate were derived from finely ground rip-
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ened fruit shortly prior to add into the medium.
After stirring evenly the medium solution was
adjusted to pH 5.8 and solidified by 12 g.L'! agar.
There were two types root induction medium
(RIM), ie 1) MSO without growth regulator, and 2)
MS + auxin (NAA 2 mg.L+ IBA 1 mg.L}). Culture
medium was sterilized by autoclaving at 121°C,
1.5 atm for 15 minutes.

Shoot induction and multiplication

Three nodal explants were inoculated on each
bottle of SIM without BH as control (PO) or with
BH (PA and PR) with five replicates to observe
their capability of shoot induction and multiplica-
tion. The cultures were incubated in culture
room at 24 + 2°C under 500 lux light intensity for
24 hours. The number and height of shoots and
the leaf number were measured eight week after
culture (WAC). The shoot height was measured
from the base of the shoots on the surface of the
culture medium to the shoot tip.

Root induction and plantlet regeneration

The eight-week-old shoots induced in PO, PA
and PR mediums were subcultured on two types
root medium, ie MSO and MS + auxin. The cul-
tures were incubated in culture room at 24 + 2°C
under 500 lux light intensity for 24 hours. The
number and length of roots in each shoot, plant-
let height, leaf number and fresh weight (FW) of
plantlets on MSO medium and MS + auxin medi-
um were measured one and three WAC, respec-
tively.

Acclimatization

Plantlets with well developed root were re-
moved from rooting medium. The root part was
thoroughly washed with running water to re-
move the agar medium. The plantlet was then
grown on a plastic cup (240 ml in size) containing
a mixture of soil, compost and husk (ratio 1: 1: 1)
and enclosed with transparent plastic for two
weeks. Subsequently, the plants were moved to
pots (¢ 17 cm) with the same medium composi-
tion and placed in the green house for two
weeks.

Experimental Design and Data Analysis

The results are presented as mean + SD
(standard deviation). Data analysis using ANOVA
(Analysis of Variance) test to determine whether
there is difference of influence between type and
concentration of banana var. Ambon and Raja for
all parameters observed.
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RESULT AND DISCUSSION
Shoot Regeneration

The occurrences of green spots were noticed
on the surface of nodal tissues two or three days
of culture. The formation of green spots is
positively correlated with shoot regeneration
[22,23]. One WAC green leaves were observed in
the medium with (Fig. 1B-C) and without BH
addition (Fig. 1A).

Figure 1. Shoot with green leaf 1 WAC (A) PO (control)
medium, (B) PA medium, (C) PR medium.

Eight WAC shoot on PO (control) medium
(Figure 2A) had stems thicker and leaves smaller
than in PA and PR medium. The PA medium
produced more shoots and leaves number but
had a shorter shoot height (Figure 2B) than the
control and PR medium (Figure 2C). Banana has
been frequently added as organic additive in in
vitro culture because it is a good source of
mineral, vitamin and natural plant growth
regulators like IAA, gibberellin and zeatin [24,25].
Banana is also rich in carbohydrates that act as
carbon source which supply energy to the
heterotroph plant during the early stage in vitro
culture [26,27].

Figure 2. Shoot multiplication 8 WAC. (A) PO (control)
medium, (B) PA medium, (C) PR medium.

Medium containing either BH cultivars
‘Ambon’ (PA) or ‘Raja’ (PR) induced higher
number of shoot (3.25 + 1.29 or 3.33 + 1.23) (Fig.
3A) than the medium without addition of BH
(1.75 £ 0.5) eight WAC. Conversely, the height of
shoots (Fig. 3B) and the number of leaves (Fig.
3C) produced in medium containing BH tends to
decrease compared to those produced in control
medium. High frequency of shoot number is a
prerequisite for clonal propagation [8]. However,
increase the number of shoot usually accompa-
nied by decrease the shoot length [28].

Eight week after culture only 5% BH produced
significantly high number of shoots while in other

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

parameters were not significant effect (Fig. 4).
The sucrose content in banana has a role in
enhancing in vitro regeneration [14]. Medium
containing 5% BH was also induced the highest
regeneration frequency of Cymbidium pendulum
[10]. The positive effect of 5% BH on enhancing
shoot number is advantageous to provide the P.
angulata plant as a raw material for herbal
medicine.
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Figure 3. The effect of banana local variety to the shoot
growth 8 WAC. (A) Shoot number, (B) Shoot
length, (C) Leaf number. Note: the same letter
on different shoot induction medium showed
no significant difference in ANOVA test (a =

0.05).
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Figure 4. The effect of BH concentration in shoot
induction medium to the shoot growth 8
weeks after culture. (A) Shoot number, (B)
Shoot length, (C) Leaf number. Note: the same
letter on different concentration of BH
showed no significant difference in ANOVA
test (a =0.05).

Banana hamapnue (%)

Root Induction and Plantlet Regeneration

MS free hormone medium was able to induce
roots one WAC. Meanwhile in MS + auxin
medium the roots were induced three weeks
after subculture. MS free hormone medium
produced white, long and thick roots (Fig. 5A-C).
While MS + auxin medium produced small fibers,
short, thin and brownish white roots (Fig. 5D-F).
This is consistent with the research of [29] which
showed that roots produced in MS + auxin were
short, thin and fragile. Auxin at low concentra-
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tions increase root

them difficult to acclimatize [31].

b

length while at
concentrations can inhibit root growth [30]. This
results show that the auxin added to the root
induction medium actually inhibits root growth.
Thickened roots of Carica papaya L. with few
lateral branches and no root hairs were making

high

Figure 5. Roots formed from P. angulata shoots on MSO

medium (1 week old) and MS + auxin medium
(3 weeks old). A & D. PO (control) medium. B &
E. PA Medium. C & F. PR Medium. A - C MSO
medium. D — F MS + auxin medium.
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Plantlets with normal leaf was observed on
MSO medium (Fig. 6A) whereas the plantlet on
MS + auxin medium showed curved leaf edge
(Fig. 6B). Abnormal leaves in maize [32], bean
and Arabidopsis [33] have been reported in
medium with high concentration of auxin.

Figure 6. Planlet P. angulata on rooting medium. (A)
planlet on MSO medium (1 WAC), (B) planlet on

MS + auxin medium (3 WAC).
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Figure 7. Effect of banana homogenate added in SIM on plantlet growth in MSO and MS + auxin rooting medium. A. Plantlet
height and leaf number in MSO rooting medium, B. Plantlet height and leaf number in MS + auxin rooting medium, C.
Plantlet FW in MSO rooting medium, D. Plantlet FW in MS + auxin rooting medium, E. Root number and root length
in MSO rooting medium, F. Root number and root length in MS + auxin rooting medium.
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Figure 8. Effect of banana homogenate concentration added in SIM on plantlet growth in MSO and MS + auxin rooting medium.

A. Root number and root length in MSO rooting medium, B. Root number and root length in MS + auxin rooting medi-
um C. Plantlet height and leaf number in MSO rooting medium, D. Plantlet height and leaf number in MS + auxin root-
ing medium Root number and root length in MSO rooting medium E. Plantlet fresh weight in MSO rooting medium, F.
Plantlet fresh weight in MS + auxin rooting medium.

Shoot derived from PA medium showed
better responses in almost all parameters studied
(Fig. 7A-D) except for root number in MSO
medium (Fig. 7E) and root length in MS + auxin
medium (Fig. 7F). As shown in Fig. 3A the shoot
number induced in SIM medium containing BH
especially PA medium (var. Ambon) was
comparatively higher than PO control medium.
The addition of BH derived from var. Ambon can
increase plantlet height, leaf number and root
length of Dendrobium plantlet [34]. In this study
high number of regenerated shoot in SIM
produced high number of the sites of auxin
synthesis. Consequently, the content of auxin
endogenous hormone in plantlet increased. This

J.Exp. Life Sci. Vol. 8 No. 1, 2018

results shows that BH supplements in SIM still
influence plantlet growth in rooting medium.

In MSO rooting medium shoot derived from
SIM containing 2.5 and 5% BH tended to produce
number and length of roots (Fig. 8A), height of
plantlet (Fig. 8C) and fresh weight of plantlet (Fig.
8E) higher than shoots derived from 0% (control)
and SIM containing 7.5% BH. However, in MS +
auxin rooting medium the shoots derived from
SIM medium containing 5% BH tended to
produced higher root length (1.7 = 1.4 cm) (Fig.
8B), plantlet height (4.2 + 1.7 cm), number of
leaves (12.0 * 6.3) (Fig. 8D) and fresh weight of
plantlet (0.7 = 0.5 g) (Fig. 8F). The number and
length of roots, number and length of leaves of
new D. lasianthera will increase with the addition
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of high concentration of BH, ie 150 g.L'! (15%)
[35). This shows that regeneration of P. angulata
plantlet could be induced with low concentra-
tions of BH.

In this study banana var. Ambon and Raja
added in SIM and all concentration tested did not
significantly affect all parameters studied for
ciplukan in both of MSO and MS + auxin rooting
medium. This is consistent with previous study
[36] who stated that BH (2.5%, 5.0% and 7.5%
v/v) did not significantly promote rooting of
Dimorphorchis lowii. 1t was assumed that root
formation required organic nitrogen compunds
since the best performance of root regeneration
was observed in culture media supplemented by
coconut water, pepton and yeast [36].

In this study the difference in root number
and morphology is more due to the presence or
absence of growth hormone in culture medium
(MS0 and MS +auxin). Auxin is an essential factor
for induction of roots in plants. Adventitious
roots produced in MSO medium promoted by
basipetal auxin transport from shoot tip toward
the basal parts. Addition of exogenous auxin in
rooting medium will increased its concentration
in cellular level [37]. In this study high accumula-
tion of auxin promoted more root number but
might inhibited root elongation.

Acclimatization

Plantlets derived from SIM supplemented
with BH can grow well in the early adaptation
stage (Fig. 9). No significant different in all
parameters was observed two weeks after
transferred the plantlets to plastic glass.

in acclimatization stage 2 weeks
after planting. A, D. PO medium (control), B, E.
PA medium, CF. PR medium. A-C. medium MSO,
and D-F. medium MS + auxin.

After being transferred to pot in greenhouse
for 2 weeks the plantlets derived from MSO
rooting medium had better survival compared to

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

the plantlets derived from MS + auxin rooting
medium. The plant from PO medium had the
lowest survival rate (33.3%) compared to the
plant from SIM containing BH (66.7 - 100%)
(Table 1). Whereas, in MS + auxin rooting
medium the plantlets with survival rate 100%
was only obtained from 2.5% and 7.5% PR
medium. Survival rate of plant from other SIM
was only 50%.

Table 1. Survival rate of P. angulata plantlet after 2 weeks
grown in the greenhouse

Survival rate of plantlets (%)

Shoot induc-
tion medium MSO MS + NAA 2 mg.L +
IBA 1 mg.L?

PO (control)*) 33.30 50

PA 2.5 100 50

PAS 100 50

PA7.5 66.7 50

PR 2.5 100 100

PR5 100 50

PR7.5 83.3 100

Note: *): PO (control)= without banana homogenate; PA:
Banana var. “Ambon” ; PR: Banana var. “Raja”

After transferred to pot the plants derived
from PA and PR medium for shoot induction and
either MSO or MS + auxin for rooting medium
(Fig. 10B,E) remain had higher plant height and
wider leaves than the plants derived from other
mediums (Fig. 10A,D,C,F). While plants derived
from PO (control) medium and MS + auxin root-
ing medium have a narrower leaves than plants
derived from MSO rooting medium. Short thin
root produced in MS + auxin rooting medium.
The smooth and short roots appear to be less
able to facilitate the absorption of water and
minerals from the medium to support the growth
of the vegetative organ.

Figure 10. Acclimatization of in vitro micropropagation of
P. angulata two weeks after transfer. A,D. PO
(control) medium; B,E. PA medium; C,F. PR me-
dium; A,B,C. MSO medium; D,E,F. MS + auxin
medium.

Naturally, regeneration of adventitious or-
gans depends on endogenous hormones [38].
Endogenous auxin is of primary importance initi-
ating adventitious root formation [39]. This sug-
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gests that the MSO medium without hormones is
capable for developing a functional root system.
In vitro roots still functional and continue to grow
during acclimatization [40). Therefore, formation
of functional root system in in vitro plantlet is to
be important step to survive after transplanta-
tion [41]. High survival of plants from MSO root-
ing medium indicates that endogenous auxin of
P. angulata plantlet has been able to produce
good functional root system. Functional root sys-
tem can absorb nutrients and water from accli-
matization media in a good way thereby enhanc-
ing the growth of the plant.

CONCLUSION

Applications of 5% BH as supplement in tissue
culture media should be considered due to
positive response in shoot regeneration and
multiplication of P. angulata. High survival rate
(66.7%< - 100%) of plant in aclimatization stage
after transferred to pot in greenhouse due to
better rooting system in MSO rooting medium.
This condition support the sustainability of raw
materials of herbal medicine.
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The python of Indonesian Sundaland has been traded for its distinct skin colour and patterns. The need for rapid
method in cross-species amplification for Indonesian Sundaland python is useful to contribute in management of
sustainability harvesting system. In this research, we screened 10 microsatellite primers which are previously used for
Australian, New Guinean, Chinese and Burmese pythons and 7 potentially amplifiable primers for African and Asian
reptiles. Python breitensteini showed a greater number of alleles (2-8 alleles) than Python bivittatus (1-3 alleles) and
Python brongersmai (1-2 alleles). The observed and expected heterozygosity for all species were ranged from 0 to 1.00
and 0 to 0.79, respectively. According to the high cross-species amplification rates, 15 out of 17 primers were useful in
assessing the genetic diversity and conservation genetic of Indonesian Sundaland python. Among the 15 primers, MS3
generated the highest number of allele for P. breitensteini (8 alleles), P. bivittatus (3 alleles), and P. brongersmai (2
alleles). We proposed MS3 locus as a suitable marker for Indonesian Sundaland python.

Keywords: microsatellite, Python, Sundaland.

INTRODUCTION

Python is a nonvenomous snake and famous
for its large body size. Among five species of py-
thon distributed in Indonesian Sundaland (Java,
Borneo, and Sumatera), two of them are catego-
rized into long-tailed python, namely reticulated
python (Malayopython reticulatus) and Burmese
python (Python bivittatus) and three of them are
categorized into short-tailed pythons, namely
Sumatran short-tailed Python (Python curtus),
Brongersma’s short-tailed Python (Python brong-
ersmai), and Bornean short-tailed Python (Python
breitensteini). Currently, the availability of py-
thon in the wild has gathered a great attention
from Indonesian wildlife authorities due to mas-
sive threats of hunting in nature, deforestation
and land conversion for agriculture [1,2]. More-
over, the demand for Indonesian Sundaland py-
thon for its skin color and patterns in the interna-
tional market urged many conservation agencies
to assist the management of wildlife trade. The
information on the sustainability of harvesting
system of Indonesian reticulated python was
already described [3,4]. Harvesting of reticulated
python in Indonesia officially only included one
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subspecies, P. reticulatus reticulatus which was
widely distributed in Sumatra, Kalimantan, Java,
and Sulawesi. The trade of two other subspecies,
P. reticulatus saputrai (Selayar Island and
Southwest Sulawesi) and P. reticulatus
jampeanus (Tanahjampe Island), were banned
according to Indonesian annual quota system.
Therefore, management support regarding the
harvesting system, including the use of molecular
data to detect the origin of the specimens will be
very beneficial for its implementation.

The use of microsatellite markers has been
widely developed to detect illegal trade in many
species such as broad-headed snakes, Hop-
locephalus  bungaroides [5], Cape parrot,
Poicephalus robustus [6], and the identification of
ivory species origin traded in African black mar-
ket [7]. Previous studies also revealed the use of
microsatellite primers on python, such as those
for Australian and New Guinean pythons [8], in-
vasive Burmese python (Python molurus bivitta-
tus) [9] and Python bivittatus in China [10].
Meanwhile, little is known about Indonesian
Sundaland pythons, including their genetic diver-
sity. However, the development of microsatellite
primers may cost considerable price and time
consuming, in order that the use of cross-species
amplification becomes an alternative way to find
a suitable marker for closely related species
determination.
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MATERIALS AND METHODS

A total of 13 specimens collected directly
from the wild consisted of Python breitensteini (n
= 10) from Borneo, P. bivittatus (n = 2) from Java,
and P. brongersmai (n = 1) from Sumatera in
2016. Distinct color patterns of the three
Sundaland pythons is showed in Figure 1. Animal
ethics was approved by the Ethical Committee of
Brawijaya University with the letter of Ethical

Clearance No: 68-KEP-UB. DNA was isolated from
muscle tissue using Qiagen DNeasy kit following
the manufacturer’s instruction. Whole genomic
DNA was analyzed qualitatively using 1% agarose
gel and tested quantitatively using a spectropho-
tometer. We used 17 primers which have been
designed for Morelia spilota [8] and Python bivit-
tatus [9] and [11] (Supplementary 1).

Figure 1. Distinct color patterns of the three Sundaland Pythons along the body (a), dorsal part of the head (b), and lateral part
of the head (c) for Python breitensteini (up), Python bivittatus (middle), Python brongersmai (bottom).

J.Exp. Life Sci. Vol. 8 No. 1, 2018

ISSN. 2087-2852
E-ISSN. 2338-1655



Indonesian Sundaland Python
(Maulidi et al)

The PCR amplification was performed follow-
ing the original authors for each primer, except
that of [11] as followed: one cycle in 95°C for 5
minutes, 36 cycles in 94°C for 30 seconds, 55-
62°C for 45 seconds, and 72°C for 40 seconds,
and one cycle for final extension in 72°C for eight
minutes. Annealing temperature for each primer
and its amplification result can be seen in Sup-
plementary 1. All PCR mixture was done in 40 pL
of reaction volume containing 20 uL Go Taq®
green (Promega Co., USA), 0.8 uM forward pri-
mer, 0.8 UM reverse primer, 14.4 uL nuclease-
free water, and 4pL genomic DNA. The PCR
products were visualized on 2% agarose gel with
100bp DNA Leader (Promega) as DNA marker.
Calculation of the number of alleles (Na), ob-
served heterozygosity (Ho), and expected heter-
ozygosity (He) were performed using GenAlEx
6.501 [12].

RESULT AND DISCUSSION

Majority of loci were amplified among three
different species of python except that of MS5 in
P. brongersmai and MS27 for P. bivittatus. Fif-
teen out of 17 primers produced various number
of alleles which ranged from 1 to 3 for P. bivitta-
tus, 1 to 2 for P. brongersmai, and 2 to 8 for P.
breitensteini. However, we found fewer alleles
than those observed for MS9 and MS16 loci [9];
and for MS5, MS13, and MS16 loci [10]. Never-
theless, this discrepancy might due to differences
in sample sizes between the three studies. Higher
number of samples is beneficial for obtaining
more genetic variety within the population. Lim-
ited number of samples can be caused by short
duration of sampling in each region and the
number of alleles and heterozygosity can be in-
creased by adding more samples and loci, as well
as selecting certain loci with multiple alleles.
However, the potential primer for cross-species
amplification can be determined by the multi-
amplification ability. In this case, the co-
occurrence of any alleles found in the three dif-
ferent species indicates the inferred potential
primer.

Best markers were categorized by at least
50% of amplification success and those that were
polymorphic with at least three alleles [13]. The
observed heterozygosities (Ho) ranged from
0.00-0.60 for P. breitensteini, 0.00-1.00 for P.
bivittatus, and 0.00 — 1.00 for P. brongersmai.
The expected heterozygosity (He) ranged from
0.20-0.79 for P. breitensteini, 0.00-0.63 for P.
bivittatus, and 0.00-0.50 for P. brongersmai. He-
terozygosity reflects allele variation within differ-
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ent loci which is an appropriate parameter for
measuring genetic variation in a population [14].
The differences in genetic variability is likely due
to differences in geographical and ecological
conditions by which all three studied species
were found in different islands. Python breit-
ensteini is found only in Borneo, meanwhile P.
brongersmai in Sumatera and P. bivittatus in Java
Island [15].

The highest number of alleles was generated
by MS3 for P. breitensteini (8 alleles), followed by
MS1 (5 alleles), MS27 (5 alleles), MS13 (4 alleles),
Pmb N14 (4 alleles) and KE961431.1 (4 alleles).
However, MS3 was also amplified in P. bivittatus
(3 alleles) and P. brongersmai (2 alleles) with
higher number of alleles and samples than the
other primers. The co-occurence of alleles found
in this study and those observed in 13 python
species [8] and in P. m. bivittatus of Florida [9]
indicates the potensial use of these studied pri-
mers as forensic molecular markers. The success
of cross-species amplification can occur due to
the taxonomic proximity of the samples [16]. In
addition, the high rate of amplification success in
P. breitensteini provides the possibility for these
markers, especially MS3 locus, in an untested
species of Sumatran short-tailed python (Python
curtus). Therefore, microsatellite loci described in
our study would be useful for future identifica-
tion of genetic diversity and population structure
among Indonesian Sundaland python as well as
providing effective information for wildlife man-
agement of python in Indonesia.

CONCLUSION

Cross-species amplification was successful in
all three python species in Indonesia except in
MS5 in P. brongersmai and MS27 for P. bivittatus.
From these results it is found that MS3 is a
marker with the highest number of alleles (8
alleles) for P. breitensteini.
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Suplementary 1. Amplification results for 17 microsatellite loci of three Sundaland Pythons
P. breitensteini (n=10) P. bivittatus (n=2) P. brongersmai (n=1)
Loci Primer Sequence (5'-3) R;r:,:;t (1':) é:iagit Concern) Ra(r\‘/gu(:nerable) :::lags: Concern)

Success (bp) Na Ho He Success (bp) Ho He Success (bp) Na Ho He
MS1* ;gizcﬁggéiii;igﬁggATG (AAAG)1s 58 10/10 480-550 5 0.10 0.67 1/2 600 0.00 000 1/1 300 1 0.00 0.00
MS3* ;:: iié?ééi%T&ﬁ%%:é;rgc (AAAG)1s 54 10/10 194-236 8 060 0.79 2/2 202-238 050 063 1/1 237 2 1.00 0.50
MS4* ;:: E::E;%XF;ZEEETQESEG (AAAG)1s 58 10/10 312-359 3 0,00 0.58 2/2 359 0.00 0.00 1/1 359 1 0.00 0.00
MS5* ;:: ;g%%ilgg;éﬁlg?l;iigc (TTTC):7 59 9/10 273-313 3 0.00 0.57 2/2 313 0.00 0.00 0/1 - - - -
MS9* ;:: E’Z?IS?_SF(;TA\GAA(;QTFE?@;C (AAAG)1s 58 9/10 198-218 3 0.00 0.59 2/2 198-207 0.00 050 1/1 207 1 0.00 0.00
MS13* ;:: ?géﬁ?ﬁfgﬁgﬁg&ﬁi;iﬁiG (TTTC)1s 59 10/10 201-230 4 0.00 0.70 2/2 201 0.00 0.00 1/1 201 1 0.00 0.00
MS16* ;:: iig;&zﬁizﬁ;ﬁgg;ii (AAAG)1, 59 8/10 284-326 3 0.00 0.59 1/2 303 0.00 000 1/1 284 1 0.00 0.00
MS27* ;:: Eﬁ%ﬁ?ggﬁgﬁiﬁiﬁ?g (TCTC), 58 10/10 233-279 5 030 0.72 0/2 - - - 1/1 262 1 0.00 0.00
Pmb-K11** ;:: ng:gﬁﬁ%c:fcﬁizﬁngG (AGAT)1a 57 10/10 226-235 2 0.00 048 2/2 226 0.00 000 1/1 226 1 0.00 0.00
Pmb-N14** ;:: E?Cizziz_%i;iggilig (GAT)13 62 10/10 205-221 4 0.00 0.66 2/2 231 0.00 0.00 1/1 221 1 0.00 0.00
KE966557.1*** ;:: iiﬁg%g:géiﬁié%ﬁi;ige (AC)1s 58 9/10 348-378 2 0.00 0.20 2/2 378 0.00 000 1/1 348 1 0.00 0.00
KE961431.1%** ;:: gﬁgigiégfgg‘%\éﬁlﬁzgg (TC)10 58 9/10 374-601 4 0.11 050 2/2 414 0.00 0.00 1/1 414 1 0,00 0,00
KE955519.1*** ;:: ?'Z\ILE’:?SCC-]TG?(ZC:EA?ACCE%TG?(EG (AC)oo 59 10/10 218-248 3 0.00 0.64 2/2 248 0.00 000 1/1 248 1 0.00 0.00
KE961310.1*** ;:: ?igi;gﬁ?g:;é%:%iﬁgg (TCC)u1 59 10/10 305-336 2 0.00 042 2/2 336 0.00 000 1/1 336 1 0.00 0.00
KE955203.1*** ;:: ;iggg%ng\iiéiiigg (TTC)ss 57 7/10 450-521 2 0.00 0.24 2/2 521 0.00 000 1/1 450 1 0.00 0.00
KE959105.1%** ;gég;?"TFZEGGAGTz?F((:g:%:%iﬂCC (AATC)s 55 8/10 514-527 3 0,25 0.53 1/2 514-523 1.00 0.50 1/1 526 1 0.00 0.00
KE961083.1*** ;:: AGTCCCAAACATCCAGAGGG (TTCC)1z 59 10/10 309-344 3 0.00 0.54 2/2 344 0.00 000 1/1 344 1 0.00 0.00

GGATCAAACCTGGACAAGCC

Success, indicated the number of successful amplification over total number of individuals tested; Na, total number of different alleles; Ne, total number of effective alleles; Ho, observed
heterozygosity; He, expected heterozygosity. *Primers designed by [8]; **Primers designed by [9]; ***Primers designed by [11].
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Numerical Solution of a Fractional-Order Predator-Prey Model
with Prey Refuge and Additional Food for Predator

Rio Satriyantara, Agus Suryanto”, Noor Hidayat

Department of Mathematics, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, Indonesia

In this paper, a fractional-order predator-prey model with prey refuge and additional food for predator is solved
numerically. For that aim, the model is discretized using a piecewise constant arguments. The equilibrium points of the
discrete fractional-order model are investigated. Numerical simulations are conducted to see the stability of each
equilibrium point. The numerical simulations show that stability of the equilibrium points is dependent on the time

step.

Keywords: Additional Food, Fractional-Order, Predator-Prey, Prey Refuge.

INTRODUCTION

In ecology, understanding the dynamical
relationship between prey and predator are
center of goal [1]. Relationship between prey and
predator plays important role for universal
existence [2]. In 1928, Lotka [3] and Volterra [4]
studied the relationship between prey and
predator then introduced a predator-prey model.
Recently, Ghosh et al. introduced the following
prey-predator model with prey refuge and

additional food for predator [5].
dx ( .r) (1 —c"xy
= x —

at ¥/ T 1taf+x .
dy _BU-cDx+8y (1)
at . l+at+x

where x and ¥ denote the density of prey and
predator with all parameters are positive. Model
(1) explain that prey population grows logistically
with environmental carrying capacity ¥. In the
second part of right-hand-side the prey
population, parameter xy characterize as
predation rate on prey by modified functional
respon Holling-type 1l. The refuge on prey is
exhibit in order to avoid the extinction of prey
population caused by predation. In present, It is
found that refuge shown by barnacle Balanus
glandula (prey) in the higher intertidal stabilizes
its interaction with snails Thais (the predator) [6].
Term ¢’ be the prey refuge where ¢’ € (0.1).
Considering the limited resources caused by prey
refuge, the predators need alternative food to
prolong their survivability or it is known as
additional food. For example in real life, in the
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Channel Island (archipelago off the French coast),
golden eagle Aquila chrysaetos is reduced three
resident fox populations by over 95%. The review
reported that the A. chrysaetos are primarily
sustained by hyper abundant alternative food
species, the fox itself [7]. In model (1), the
additional food is characterized as @£ with both
are quality and quantity of additional food,
respectively. Parameter [ represent the effect of
predation, while & be the death rate of predator.
Solutions of model (1) has to satisfy the positivity
condition that is x == 0 and ¥ = 0 for all £ =0,
due to biological nature.

Ghosh et al. showed that model (1) has three
equilibrium points [5]: trivial equilibrium point
(0,07, axial equilibrium point (¥.@}) and co-
existing equilibrium  point  (x"%¥"} with

N E+mEf—BE N . x" l+af+x°
x :SIL_—;rI_;andj‘ = (J_ —T)(#)

Systematically, predator-prey model forms a
system of first-order differential equations. In
recent years, differential equation model with
fractional-order atrracted researchers because of
its applications in a lot of science areas [8].
Fractional-order differential equation provides
excellent instrument for the description of
memory and heredity of various materials and
processes [9]. As a generalization of integer-
order differential equation, the fractional-order
exhibit dynamic behaviors, such as period-2"-
orbits [10]. Thus, fractional-order model gives
interpretation of real phenomena realistically.
Furthermore, the fractional-order model are
naturally related to models with memory which
exists in most biological models [11,12,13].

The fractional derivatives have several
definitions. One of the most common definitions
is the Caputo fractional derivatives which is often
used in real applications.
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u™r
D ult) = T(m —n) J‘{t_rr'ﬂﬂ.d (2)
where (m — 1} < n = m [14].

Population dynamics model becomes more
appropriate and realistic when it is modeled by
difference  equations. A discretization of
fractional-order models is needed because
nonlinear fractional-order models generally have
no analytical solution expressible in terms of a
finite representation of elementary functions
[15]. A discrete fractional-order is a something
new for scientist. Miller and Ross pioneering this
work [16]. The discrete memory effect of the
model indicates that the momentum x, depend

on the past information x g, ... xp_; [17].

In this paper, a fractional-order predator-prey
model is discussed. Model (1) is then modificated
by forming it into a discrete fractional-order with
piecewise constant arguments. The aim of this
study is to give an overview of population
densities based on numerical simulations of the
discrete fractional-order model.

MATERIAL AND METHOD
Discrete Model

Model (1) is modified into a fractional-order

dx d
by replacing the first order derivative P and —J

into fractional order derivative Df'x and Df j.
The modified model (1) is of the form

x(t) (1—c (i)
DPx _xcru(l—Tf)_m,
o A =) + E)y ) e (3)
VST Ttarian

where 0 == n = 1. Following Elsadany and Ma-
touk [11], and El-Sayed and Salman [18], the
discretization process of model (3) can be
performed to obtain

5" m
Xm+1 = *m +T{n](xm(l - ¥ ]] -
s" (1= c )y,
nl () ( 1+af + X )
g™
Ym+1 = ¥m — nl(n ]{Sjﬂ:]-l_

5" (_E{(l — Vi + f}:rn-.)

+n1"{n) 1 +af+xy,

Notice that if 1 = 1 then model (4) becomes the
Euler discretization of model (1).

Determination of the Equilibrium Point
The equilibrium point of the model is
obtained when the population growth rate are

J.Exp. Life Sci. Vol. 8 No. 1, 2018

zero. The equilibrium point illustrates a constant
solution of the model.

Numerical Simulation

Numerical simulations will be performed to
study the behavior of model (4). Furthemore, the
interpretation of the resulted numerical simula-
tions is then discussed.

RESULT AND DISCUSSION
Equilibrium Points

Point " and ¥" is called the equilibrium point
(zero solution) of model (4) if =, ==x" and
Vi = ¥ for all m [19]. Therefore, x* and ¥" is
the equilibrium point of model (4) if it satisfies

st x*
" =x +n1"{n](x (L — }’])_
g™ ({1 — c'].r'y')
al\ 1+ af +x* )
y =y nl"{n]{ y*)

s" (_.'3"[{1 —c'lxt + f}j")

+n1"{n) 1+af+x

(5)

Obviously, model (4) has three equilibrium
points:

1. The trivial equilibrium point E; = (0.0},

2. The axial equilibrium point E; = (¥.07}, and

3. The co-existing equilibrium point
e e . o _ B+ali-ff
={x".¥") with =x = s and

_x J.+rx;+r)
J {l .-'){ L= ’
Numerical Method and Simulations

To illustrate the model (4), some results of
our numerical simulations are provided. The

numerical simulations are performed using
parameter values as in Table 1.

Table 1. Parameters Value

Parameters " ¥ c' 3 & g 1

Value 0.6 2.6 0.6 0.2 0.08 0.21 0.9

Using parameter values on Table 1, it can be
shown that both of equilibrium point E; = (0.0
and E; = (2.6, 0) exist, but equilibrium point E,
does not exist.

In Figure 1 to Figure 3, we plot numerical
solutions using 5 = 0.3, 2.0, and 2.1. Equilibrium
point E; is asymptotically stable while others are
unstable. In Figure 1 and Figure 2, a relatively
small value of time step (s} is chosen. The
solution of prey population is convergent to a
constant value, i.e. x = 2.6, while the predator
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population directly goes to extinct. This shows
that E; = (2.6.07) is asymptotically stable. For a
larger s (that is 5 = 2.1), the numerical solution
of prey population is unstable (Fig. 3). Figure 3
show that the prey population oscillates around
x=26. In more detail, period-2"*-orbits
appeares in prey population.

For next simulation, we still use parameters
asin Table 1, except ¥ = 4, ¢' = 0.21, § = 0.15,
and & =009  Using those parameters,
equilibrium point E, = (0.0}, E, = (4,0, and
E, = (2.4842,1.7288) exist.

a
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(@)

0 100 200 300 400 500 600 700 800 900
Time (T)

et
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0 100 200 300 400 500 600 700 800 900
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Figure 1. Numerical solution using & = LG, ¥ = 2.8,
c'=06F=0245=008 5 =021,
and 11 = 0.9 for 5 = 0.3 on both (a) prey and
(b) predator population.
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Figure 2. Numerical solution using & = 0.6,y = 2.6,
c'=06F=0245=008 5 =021,
and 11 = 0.9 for 5 = 2 on both (a) prey and
(b) predator population.
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In Figure 4 and Figure 5, using a relatively
small value of s, the numerical solutions of each
population are seem to be asymptotically stable
and converge to equilibrium point
E, = (2.4842,1.7288, In Figure 6, a larger value
of 5 is chosen. In this case, the solution blows up
and is not convergent to any point. This indicates
that E- is unstable with a larger s value.
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Figure 3. Numerical solution using & = L&, ¥ = 2.6,
c'=06,F=02 6 =008 5 =021,
and 1. = 0.9 for 5 = 2.1 on both (a) prey
and (b) predator population.
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CONCLUSION

In this paper, a discrete fractional-order
predator-prey model has been investigated. The
discrete model has three equilibrium points,
namely the trivial {E'[;.], the axial {E'L], and the
co-existing {E':] equilibrium point. The numerical
simulations show that equilibrium point of
discrete model may be stable only for relatively
small time step (s). If higher value of s is
selected, then complex dynamical behavior such
asa period-E“d-orbits appeares. In the future, we

]J.Exp. Life Sci. Vol. 8 No. 1, 2018

will explore the dynamics of the model
analytically.
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