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Molecular Characterization of a Rigid Rod-Shaped Virus Isolated from
Frangipani (Plumeria sp.) Showing Mosaic Symptom in Taiwan

Fery Abdul Choqul*, Tsang-Hai Chen?, Liliek SuIistyowati3

1'3Department of Plant Protection, Faculty of Agriculture, University of Brawijaya, Malang, Indonesia
2Department of Plant Medicine, National Pingtung University of Science and Technology, Pingtung, Taiwan

Abstract

Frangipani is an important succulent plant around the worlds and also in Taiwan, for example, Plumeria rubra is widely
grown as a popular ornamental tree in parks and landscaped establishments in Taiwan. Recently, a new disease in fran-
gipani with mosaic and distortion symptoms was found in Taiwan. No viruses caused frangipani disease has been
reported in Taiwan and the references about frangipani disease are still limited and only Frangipani mosaic virus (FrMV)
was found. In this study, the molecular properties of a virus isolated from symptomatic frangipani in south Taiwan, such
as Pingtung, Kauhsiung and Tainan were investigated. The virus with rod-shaped particles of 300 nm long and 18 nm in
diameter was examined inside diseased leaves by electron microscopy. The purified virus particles showed the typical
UV spectrum of tobamoviruses with A,g0/A,g0 value of 1.29 and maximum and minimum absorption at 260 nm and 249
nm, respectively. The molecular weight of 19.5 kDa as the size of coat protein of tobamoviruses was estimated by
sodium dedocyl sulfate-polyacrylamide gel (SDS-PAGE). Furthermore, the degenerate primers for tobamoviruses were
used to amplify 568 bp and 400 bp of the DNA fragments in RT-PCR and nested PCR, respectively. Based on these
results, it was confirmed that the rigid rod-shaped virus isolated from mosaic symptom of frangipani leaves is an isolate
of FrMV, belonging to the genus Tobamovirus. This is the first report thatFrMV infecting Plumeria sp. in Taiwan.

Keywords: Frangipani plant, FrMV, mosaic disease, Tobamovirus.

INTRODUCTION

Frangipani (Plumeria sp.) is a small group of
plant species native to tropical countries [1].
Frangipani is an important succulent plant
around the worlds and some species are
valuable sources as medicines, insecticides,
fibers, and rubber [2]. Frangipani plants are also
important in Taiwan.

For the example is P. rubra which widely
grown as a popular ornamental tree in parks and
landscaped establishments in Taiwan. It bears
beautiful, big flowers of various colours and
sizes that predominate especially during the
summer [3].

Unfortunately, there are factors which
inhibit frangipani growth, i.e. pest and pathogen
attacked. One of pathogens which could attack
frangipani plant is virus. Preliminary surveys in
the fields of Pingtung, Kauhsiung and Tainan
County showed that some frangipani plants are
indicating attacked by viruses based on foliar
symptoms about 30% severity (unpublished
data, 2012). This condition encourages the
research about molecular characterization
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(electron microscopy, virus purification, and RT-
PCR,) of unknown reported mosaic disease of
Plumeria sp. in Taiwan. The objective of this
study was to identify the virus which attacked
Plumeria sp.

MATERIALS AND METHODS
Virus Source and Isolation

Frangipani plants showing symptom caused
virus including mosaic and leaf distortion were
collected in Pingtung County, Taiwan by random
sampling method from 100 plants as sampel.
Symptoms were recorded (photographed) at
Plant Protection Laboratory, Department of
Plant Medicine, National Pingtung University of
Science and Technology (NPUST) Taiwan. Then,
virus was isolated by mechanical inoculation
from the infected frangipani leaf to indicator
plant, Chenopodium quinoa Willd. and then local
lesions of C. quinoa were collected and
maintained on C.quinoa leaves by three
passages [4]. Plants’ leaves were dusted with
carborundum (400 mesh) and 0.1 M phosphate
buffer (PB) containing virus-stabilizing additivies
of 0.1 % 2-mercaptoethanol, pH 7.0 was used
[5]. The virus was subsequently multiplied on C.
quinoa Plants because it’s highly susceptible and
easy to growth and maintained in the laboratory
at room temperature with supplemented
flourescene light providing a photoperiod at
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121:12D. The virus isolate was temporary
designated as Frangipani-Taiwan 1 (Fr-T1).

Electron Microscopy (Negative Staining)

Virus particles from C. quinoa and frangipani
leaf extracts were one drop floated onto
electron microscopy Formvar-fronted, carbon
coated, 200 mesh copper grids and incubated
for five minutes. Then, the grids were washed
with 10 drops of distilled water, negatively
stained with 6 drops of 2% aqueous uranyl
acetate (pH 5.0) and incubated for five minutes.
Then, all the fluid was removed by touching the
edge of the grid carefully with a filter paper [6].
Then air dried before positioning the grid in a
suitable container (grid storage box) and
examination with Hitachi 7500 electron
microscope. Particle size was determined by
measuring the average of length and diameter
of 100 virions.

The virus isolate Fr-T1 was partially purified
according to the method by Dijkstra and de
Jager [7] with slight modification as follows:
infected C. quinoa leaves with local lesion
symptoms were kept at deep freezer (-80°C)
homogenized with one volume (v/w) 0.5 M
phosphate buffer, pH 8.5, containing 0.01 M
Na-EDTA. Then strained through 2 layer
cheesecloth. After filtering through cheesecloth,
the extract was clarified by adding 12%
chloroform (4°C) and stirred for 2 minutes. Then
continued by centrifuged at 8000 rpm for 20
minutes (R14A rotor, Hitachi CR21G, Japan).
Collect the supernatant and layered on the top
with 5 ml 20% sucrose in the bottom. Then
centrifuged at 28.000 rpm for 2.5 hour (P70T
rotor, Hitachi CP90WX, Japan).

The pellet was resuspended in borate buffer
pH 8.2 containing 0.01 M Na-EDTA. Then
centrifuge at 3,000 rpm for 10 minutes (R20A2,
Hitachi CR21G, Japan). Collect the supernatant
and centrifuged in swing-bucket rotor at 38,000
rom for 23 hours (RPS40T-1180 rotor, Hitachi
CP90WX) in 30% Cs,SO, by density gradient cen-
trifugation (Swing-bucket rotor). Dialysed the
virus band with phosphate buffer 0.01 M, pH 7.0
and stirred for 16 hours at 4°C. Then, the
purified virus was test by measuring wavelength
absorbance at range 220-320 nm (Hitachi U-
2001 spectrophotometer). Virus concentration
(cin mg.mL"l) were calculated by formula [7]:

¢ = Aze0/E x dilution factor

J.Exp. Life Sci. Vol. 7 No. 1, 2017

Determination of the Molecular Weight of Viral
Coat Protein by SDS-Polyacrylamide Gel Elec-
trophoresis (SDS-PAGE)

Healthy C. quinoa leaf, infected C. quinoa
leaf, healthy frangipani leaf, field mosaic
frangipani leaf, and purified virus isolate Fr-T1
were homogenized with 1 : 4 (w/v) 0.5 M
phosphate buffer, pH 7.0. Then centrifuged the
samples on centrifuge 10,000 rpm for 10 min
and collected the supernatant. The extracts
were analyzed by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) with 12% running
gel and 5% stacking gel. Mix the samples with
dye on comparison 4:1 in microtube. Then heat
the microtube on dry bath incubator (Violet
Bioscience, Inc.) at 100°C for 3 min. Load
Protech (Prestainde Protein Marker) 5ul as
marker and 10 ul of each samples into the wells
in the stacking gel. Start the electrophoresis
with 70 voltage (V) during 30 minutes and
continue with 120 V during 70 min. After finish
running, the gel were stained with Coomassie
Blue and shake gently on Orbital Shaker PSU-10i
(Grant-Bio) with 70 rpm for 1 h. Replace the
Comassie Blue with destaining buffer (100 ml
methanol, glacial acetic 70 ml, add ddH,0 to
1,000 ml) and shake gently on Orbital Shaker
PSU-10i (Grant-Bio) with 70 rpm for 24 h.
Protein bands are stained and the molecular
weight of the viral coat protein was determined
by comparing migration of the viral protein in
the gel with that of marker protein and run in
parallel lanes [7].

Amplification and Analysis of Nucleic Acid
Sequences
Extraction of Total RNA

Purified virus of virus isolate Fr-T1, healthy
Nicotina benthamiana and C. quinoa leaf, To-
bacco mosaic virus (TMV) infected tomato and
N. tabacum samples and Odontoglossum
ringspot virus (ORSV) were prepared. Each sam-
ple take 5 ul and use RNA extraction kit (Direct-
zol™ RNA miniprep) to extract total RNA from
the each sample according to the manufactur-
er’s instructions (The Epigenetics Company).

Reverse Transcription-Polymerase Chain Reac-
tion (RT-PCR)

One-tube of RT-PCR reactions (25 pl) were
performed. A final concentration of 1 uM for
each tobamoviruses degenerate primers TobRT
upl (5’-GARTAYSCIGCIYTICARAC-3’) and TobRT
do2 (5" BGCYTCRAARTTCCA-3’), was used. The
cycling profile was as follows : first step at 43°C
for 60 min, second step at 50°C for 2 min, third
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step at 94°C for 4 min; five cycles segmented
into step (a) 30 s at 95°C, step (b) 30 s at 43°C,
step (c) 15 s at 72°C; 35 cycles segmented into
step (a) 30 s at 95°C, step (b) 30 s at 46°C, step
(c) 15 s at 72°C, followed by a final extension
step at 72°C for 2 min [8]. Amplification was
carried out in Px2 Thermal cycler (Thermo Elec-
tron Corporation).

Nested Polymerase Chain Reaction (PCR)

Nested PCR reactions (20 pul) were
performed using 1ul of the first RT-PCR product
mixed with PCR master kit (GeneMark, Taiwan)
and 1 uM of each degenerate primer TobN up3
(5'-GGCGYTGCARACIATHGTITAYCA-3’), TobN
do4 (5 GTRTTICCIATRAAIGTIGTIACRTC-3’) and
TobN do4G (5" GCCGATRAAGGTGGTGACRTC-3’).
The cycling profile consisted of a denaturasing
step at 95°C for 3 min, two cycles segmented
into step (a) 20 s at 95°C, step (b) 15 s at 51°C,
step (c) 5 s at 72°C; 26 cycles segmented into
step (a) 20 s at 95°C, step (b) 15 s at 61°C, step
(c) 5 s at 72°C, followed by a final extension step
at 72°C for 2 min [8]. Amplification were carried
out in Px2 Thermal cycler (Thermo Electron
Corporation).

Electrophoresis Analysis

Electrophoresis analysis was used to
ascertaining DNA product was amplified by RT-
PCR and nested PCR. Get 1 ul loading dye with 5
ul PCR product uniformly mixing. Load 2 ul
marker and each sample inside the horizontal
electrophoresis analysis (1.5% agarose + 0.5 pl
Save view DNA stain). Running on
electrophoresis machine (Major Science®) with
120 V electricity for 20 min. Then, visualized
under UV light and estimate the amplified
product.

RESULT AND DISCUSSION
Virus Isolation

Frangipani plants exhibiting virus-like disease
collected in Pingtung County (South Taiwan)
which showed mosaic and leaf distortion on
young leaf of frangipani plants (Fig. 1).
Frangipani plants exhibiting virus-like disease
was indicated on several city (Pingtung,
Kauhsiung and Tainan). The symptom is similar
according to previous study [9] noted that the
leaves of frangipani infected by virus was
showed chlorotic ringspots or mosaic and were
often distorted. In addition, the virus induced
chlorotic ringspot and mosaic, and often
distortion on leaves of frangipani [10].
Mechanical inoculation to indicator plants

J.Exp. Life Sci. Vol. 7 No. 1, 2017

(Chenopodium quinoa) and isolation by three
time single lesion showing local lesion on leaves
(Fig. 2).

Figure 1. Mosaic symptom of frangipani leaves on the
field.

Mechanical inoculation to indicator plant (C.
quinoa) and maintenance by three time single
lesion showing local lesion (Fig. 2). The local
lesion were produced on the inoculated leaves
of C. Quinoa [9]. The virus induces chlolotic
ringspots or mosaic, and oftendistortion on
leaves of frangipani, and severe mosaic
symptoms occur on leaves of virus-infected
Nicotiana benthamiana [10].

Figure 2. The local lesions caused by viru isolate Fr-T1 on
Chenopodium quinoa leaf

Electron Microscopy

Rigid, rod-shaped particles with average
length of 250-300 nm x 18 nm were seen in
negatively stained preparations from infected
frangipani leaves, infected C. quinoa leaves after
three times single lesion and purified virus
isolate Fr-T1 (Fig. 3). Electron microscopy test
were continued for counting the average size
(length and diameter) of 100 virions.

Rigid, rod-shaped particles with average
length of 300 nm x 18 nm were seen in
negatively stained preparations has constant
results from infected frangipani leaves and
purified virus isolate (Fig. 3). Particle
morphology which has rod-shaped, usually
straight with the size about 300 nm long and 18
nm in diameter are characteristic similar to
FrMV [7,11,12].
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Figure 3. Electron micrograph of negatively stained (2%
uranyl acetate) virus particles from crude sap
of frangipani leaves showing mosaic symptom
(Bar=500nm).

The virus were checked the absorbance
value by spectrophotometer and showed the
curve spectrum rises rather slowly as the
wavelength decreases from 300 to 250 nm, and
then rapidly as the wavelength decreases below
250 nm. The purified virus showed the typical
UV spectrum of nucleoprotein with Asgo/2s0
value is 1.29 and maximum and minimum

absorption at 260 nm and 249 nm, respectively
(Fig. 4). There is also evidence that at least at
wavelength longer than 250 nm, the virus
protein and RNA is partially protected from
damage by UV [13].

The molecular weight of coat protein of the
virus was estimated 19.5 kDa by electrophoresis
in sodium dedocyl sulfate polyacrylamide gel
(SDS-PAGE) (Fig. 5). Lane 1 and 3 are healthy leaf
samples (C. quinoa and field mosaic frangipani
leaf) that did not show band on 19.5 kDa, but
infected leaf samples (lane 2 and 4) were
showing band with identical molecular weight
compare to purified virus isolate Fr-T1 (19.5
kDa). This data is slighty different from known
molecular weight of tobamoviruses genus, such
as the coat protein of TMV has molecular weight
of 17-18 kDa [14,15]. The slight difference of
coat protein molecular weight between virus
isolate Fr-T1 and other tobamoviruses may be as
a result when draw horizontal line for comparing
marker and samples bands on gel.
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Figure 4. The ultraviolet absorption spectrum of purified preparation of virus isolate Fr-T1.
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Figure 5. The determination of viral coat proteins molecular weight of virus isolate Fr-T1 by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE). (M : Marker, 1 : Healthy Chenopodium quinoa leaf, 2 : Infected Chenopodium quinoa
leaf, 3 : Healthy frangipani leaf, 4 : Field mosaic frangipani leaf, 5 : purified virus isolate Fr-T1).
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Figure 6. Agarose gel electrophoresis analysis of RT-PCR and Nested PCR products obtained from different tobamovirus
isolates. (M : Marker, Fr-T1 : Frangipani virusisolateTaiwan 1, TMV-to : Tobacco mosaic virus infected tomato, TMV-
nb : Tobacco mosaic virus infected Nicotiana tabacum, YCI : Yocai virus isolate from company, H nb : Healthy
Nicotiana tabacum, H cq : HealthyChenopodium quinoa, NC : Negative control, ORSV : Odontoglossum ringspot

virus).

Agarose gel electrophoresis analysis of RT-
PCR (Fig. 6 left) and Nested PCR (Fig. 6 right)
products obtained from different tobamovirus
isolates were conducted for detection and partial
characterization of unknown species. The virus
isolate Fr-T1 could be amplified by RT-PCR using
degenerate primers TobRT upl and TobRT do2
and resulted 568 bp. This length are similar
comparing to other tobamoviruses isolates (TMV-
to,TMV-nb and ORSV) [8].

Nested PCR assays using Fr-Tl isolate from RT-
PCR product yielded about 400 bp and this
amplification products is similar as expected for
all tobamovirus isolates tested (TMV-to,TMV-nb
and ORSV), but not shown on control (Healthy
Nicotina benthamiana and C. quinoa) (Fig. 7
right). Degenerate primers for detection of
tobamoviruses by RT-PCR can be more efficient
for the amplification of most members of a gene
family, also allowing for the detection of new and
unidentified virusspecies, followed by a nested
PCR amplification that increased specificity and
sensitivity of detection [8].

CONCLUSION

Based on these results, it was confirmed that
the rigid rod-shaped virus isolated from mosaic
symptom of frangipani leaves has length of 300
nm x 18 nm and could be identified as FrMV,
belongs to Tobamovirusupon from its molecular
(SDS-PAGE, RT-PCR, Nested PCR and nucleotide

J.Exp. Life Sci. Vol. 7 No. 1, 2017

sequence comparison) characterizations. This is
the first report that FrMV infecting frangipani
(Plumeria sp.) in Taiwan.
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Abstract
Caesalpinia sappan L. is a phytobiotic plant that serves as an antibacterial. Active compound such as flavonoids in the C.
sappan L. extract acts as an antibacterial. The protein food sources in Indonesia including poultry such as quail. Several
studies demonstrated that quail are very susceptible to bacterial infections including Escherichia coli and Salmonella.
Thus C. sappan has been used as food additive for quail in laying eggs. This research objective was to study the effects
of C. sappan L. extract against intestinal miclofora of quail in laying eggs. This study used 168 quails with 4 treatments
and 5 replications, each treatment used 7 quails. This study used 4 Wood Extract C. sappan L. treatment with different
concentrations including 0%, 0.2%, 0.4%, 0.6%. The results showed that administration of Extract Wood C. sappan L.
was not significantly different (P> 0.05) to the total number of bacteria E. coli with the average P, (6.0903 Log CFU), P,
(6.0903 log CFU), P, (6.0887 Log CFU), and P (6.0868 Log CFU). Meanwhile it was significantly different (P <0.05) to the
total number of Salmonella bacteria in the gut laying with the average number of bacteria P, (5.4059 Log CFU), P,
(5.4048 Log CFU), P, (5.4045 Log CFU), and P (5.4039 Log CFU). It is concluded that flavonoids compounds in C. sappan

L. extract could decrease the number of Salmonella, but not E. coli, in the intestine of quail.

Keywords: Caesalpinia sappan L., Escherichia coli, Flavonoid, Salmonella.

INTRODUCTION

Caesalpinia sappan L. is a medicinal plant that
has been used as a healthy drink product in
Indonesia. The boiled wood shavings of
Caesalpinia is usually used and mixed with other
ingredients/herbs serves as a hot drink. In the
previous experiment, C. sappan L. qualitatively
contained flavonoid [1]. Other active compounds
included tannins, polyphenols, kardeno-lin,
anthraquinone, sappan chalcone, caesalpin,
resin, resonin, brazillin, d-alpha phallandren,
osaemenan, and essential oil [2]. The active
compounds of C. sappan L. have anti-
inflammatory properties, antiproliteratif, anti-
coagulants, anti-virus, anti-oxidants [3],
immunostimulant, anticonvulsants [4] and anti-
microbial properties [5]. Thus, the flavonoid of C.
sappan L. could be used as a feed additive to
modify intestinal microflora of quail at laying
periods.

Quiail is one of the productive poultry species
which could produce 250-300 eggs per year [6], a
nutritious protein source for human. Bad
environmental condition and biosecurity cause
quail is easily infected with pathogenic bacteria.
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The synthetic antibiotics are usually used to solve
the problem. However, the prolong use of
antibiotics may have a negative effect for the
quail. The previous study reported that the long
term use of antibiotics causes of bacterial
resistant [7]. One alternative is to replace the use
of synthetic antibiotic by using wood extract of C.
sappan L. Therefore, the current research was
intended to determine flavonoid content and
effect of C. sappan L. on intestinal micro-flora of
laying Japanese quail.

MATERIALS AND METHODS
Preparation of Caesalpinia sappan L. Extract
One kg powder of Caesalpinia sappan L. pro-
duced by UPT of Materia Medica, Batu Malang
was diluted with 5 L of 90% ethanol. It was then
macerated for 4 x 24 hours. Furthermore, the
filtrate was separated, and extracted by using
soxhlet destilation apparatus for 18 hours. Unlike
what has been done previously [5], this current
destilation was done once and the result
obtained was 20 ml wood extract of C. sappan L.

Procedure to Determine Flavonoid Compounds
in the Wood Extract of Caesalpinia sappan L.
Wood extract of C. sappan L.as much as 5 ml
was heated for 5 minutes, then was added with a
few drops of concentrated HClI and a little
Magnesium powder, stirred well by hand. A
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positive test result was indicated by the
appearance of a dark red or pink.

Experiment on Intestinal Microflora of Quail

This materials of study consisted of 168 laying
quails of 10 weeks old, wood extract of C. sappan
L. In addition, some feed ingredients also used
namely yellow corn, soybean meal, fish meal (CP
50%), MBM, CaCO;, Methionine, L-Lysine,
Coconut Cake meal, Pollard, Premix, and Di
Calcium Phospate. The result of proximate
analysis of feed used in the study was described
in Table 1.

Table 1. Feed Chemical Analysis Test Results

Chemical contents Contents

Crude Protein 21.90 %

Gross Energy 3692 Kcal/Kg

Fiber 3.18%

Fat 6.51 %

Calsium 2.55%

Phospor 0.70 %

Source: Division Livestock Nutrition Laboratory of Blitar
(2017).

The feed was given twice a day, morning and
evening, with the respective proportion of 40%
to 60%. The feed was offered 26 g.bird day™,
while water was given ad libitum. The used
method was experiment, arranged in Completely
Randomized Design (CRD) with 4 treatments and
5 replications. Each treatment consisted of 7

quails. The treatments were quail as follows:
Po= Basal feed (Control)
P, = Basal feed + 0.2% extract of C. sappan L.
P, = Basal feed + 0.4 % extract of C. sappan L.
P; = Basal feed + 0.6% extract of C. sappan L.

Variables observed in this study were the
total number of Escherichia coli and Salmonella
taken from ileum of quail at 16 weeks of age. The
numbers of bacterial colonies were counted by
using Gariga method [8].

Data Analisys

Data were statistically analyzed by ANOVA
test of Completely Randomized Design and if
significantly  different effect appears then
followed by Duncan's Multiple Range Test.

RESULT AND DISCUSSION

Qualitative Determination of Flavonoid
Qualitative analysis of flavonoid compounds

showed that wood extract of C. sappan L.

positively contained reasonable concentration of

flavonoid indicated by appearance of dark red

color. The previous study also reported similar

J.Exp. Life Sci. Vol. 7 No. 1, 2017

result [1], and also reported that strong
antioxidant activity of extracts of C. sappan L. is
positively correlated to the concentration of total
phenol and flavonoid. It is showed in Figure 1.

Flavonold

Figure 1. A dark brown colour showed when detected
flavonoid was qualitatively analysis

Effect of Treatment on Microbial Population
Effect of different levels of wood extract of C.

sappan L. on microbial population in the quail

intestinal tract was described in Table 2.

Table 2. Effect of Treatment on Escherichia coli and
Salmonella Population

Total Colonies of Bacteria ( Log CFU)

Treatment Escherichia coli Salmonella
Po 6.090 £ 0.003 5.406 + 0,001°
Py 6.090 £ 0.003 5.405 £ 0,001b
P, 6.089 + 0.002 5.404 +0,001°
P3 6.087 £ 0.003 5.404 + 0,001°

Description: different Superscrib in the same column
indicated significant different (P<0.05)

Feeding different levels of C. sappan L. wood
extract as feed additive did not significantly
change (P>0.05) total colonies of E. coli, but
significantly decreased (P<0.05) the number of
Salmonellla in ileal digesta of quail.

The result data showed that extract of C
sappan L. could decrease total colony of E. coli
and Salmonella. The total decrease of bacterial
colony is caused by flavonoid compound in C
sappan L. [3]. Flavonoids undermine the
permeability of bacterial cell membranes that
result in the membrane sitplasma into lysis [9].

Effect of Graded Levels of Caesalpinia sappan L.
Wood Extract on Population of Eshericia coli

The result presented in Table 2 showed that
the respective average values of TPC of E. coli
from the highest to the lowest, i.e. Py, P4, P, and
P5. The highest number of colonies of E. coli was
for Py (6.090 + 0.003 Log CFU) and the lowest was
for P; (6.087 + 0.003 Log CFU). Statistical analysis
showed that wood extract of C. sappan L. did not
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significantly change (P>0.05) the population of E.
coli.

Theoretically, the antibacterial compound of
flavonoid in the wood extract of C. sappan L.
could combat the pathogenic bacteria such as E.
coli. But the research data in Table 2 showed no
reduction in E. coli population in the small
intestine of quail. One of the reasons was the cell
wall of E. coli is thicker than Salmonella, leading
to difficulty in disrupting the wall because
flavonoids could not penetrate the cell wall of E.
coli [10]. Lipid content of the cell wall of E. coli
(11-24%) was thicker than than of Salmonella (1-
4%) may contribute to the difficulty of flavonoids
to penetrate the cell wall. So, it might need
higher concentration of flavonoid to kill E. coli
[10]. This is also supported bu another study that
formation of inhibition zone against E. coli
because of giving the same concentration of C.
sappan L. wood extract solution was smaller than
that of Salmonella (9.0 £ 0.7 mm vs 20 + 1.3 mm)
[11].

Effect of Graded Levels of Caesalpinia sappan L.
Wood Extract on population of Salmonella

Table 2 showed that the use of wood extract
of C. sappan L. as quail feed additive significantly
increased (P <0.05) the number of colonies of
Salmonella in the intestine. The averages of
colonies of Salmonella were consecutively P,
(5.406 + 0.001%); P, (5.405 + 0.001b); P, (5.405 +
0.001b); and P; (5.404 + 0.001%). The results
showed that the highest level of wood extract of
C. sappan L. gave the lowest number of colonies
of Salmonella in the intestine of quail. This
indicated that at the highest concentration of the
extract which also means highest level of
flavonoid, could effectively disrupt the cell wall of
Salmonella leading to decrease its population in
the intestine of laying quail. Changes in organic
components and transport nutrients metabolism
by the bacteria occurred due to disruption of the
hydroxyl groups of flavonoid compounds.
Flavonoid compounds also inhibit topoisomerase
Il (DNA gyrase) enzyme, an important enzyme in
the process of bacterial DNA replication and
transcription [12].

The decline in the number of colonies of
Salmonella bacteria in the intestine caused by
the content of quail flavonoids, phenols, and
brazilin on wood extract C. sappan L. flavonoids
decrease the number of colonies of bacteria by
destroying the bacterial cell wall, microsomes
and lysosomes as a result of the interaction of
flavonoids with bacterial DNA. Flavonoids inhibit
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the growth of bacterial cells by disrupting the
bacterial cell nutrient transport processes that
lead to decreased metabolism so that the
proliferation and growth of bacteria becomes
inhibited [13]. Flavonoid activity can damage the
cell wall of bacteria is also due to be lipophilic,
which work to form complex bonds with
extracellular proteins [14].

CONCLUSION

It is concluded that wood extract of
Caesalpinia sappan L. is qualitatively contains
flavonoid and showed antibacterial effect due to
ability of reducing colonies of Salmonella in the
laying quail intestine. This may attribute to the
flavonoid may act to disrupt cell wall of
Salmonella.
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Abstract
Electric shock treatment of Java Barb Fish (Puntius javanicus) sperm using electroporation method on sperm as transfer
gen (Sperm Mediated Gen Transfer) has not been implemented in Indonesia. This study was conducted to know the
effect of electric shock using gene pulser at different voltage level toward motility and viability of Java barb fish sperm.
This research was conducted at Fish Breeding Labroratory, Faculty of Marine and Fisheries and LS/H of Brawijaya Uni-
versity-Malang in May 2017. The trial design used Complete Randomized Design with 3 different treatments and 1 con-
trol which each treatment repeated 3 times. The treatments used the Gene pulser with 3 different voltages: A (20 V), B
(30 V), C (40 V). The result showed that the electric shock treatment with different voltages level affected motility and
viability of Java barb fish sperm. Based on the data analysis used polynomial orthogonal, a linear-form of the relation-
ship among the treatments in the form of equation was found (Puntius javanicus) with R?=0.9815 and equation y = -
40.5x + 130.83 with R’= 0.8626. Based on the result of this research, electroporation for Java barb fish’ sperm as gene

transfer media should be done with voltage 20 V, pulse number 4 times and pulse length 1 ms.

Keywords: electroporation, motility, Puntius javanicus, sperm, viability.

INTRODUCTION

Sperm is spermatozoa fluid found in the
seminal fluid produced from the testicle
hydration or a part of fish’ reproductory organ
[1]. The amount of sperm produced by male fish
has various volume and quality which are
influenced by the age, size and the ejaculation
frequency [2].

Java Barb fish belongs to the commodity of
freshwater fish as the member of the silver carp
family. The spermatozoa of silver carp fish have
length around +24 pum. It has round head with
the length of £1.5-2 um and width of +1.5-1.8 um
[3].

The motility and viability of sperms are
important parameters that determine the
success of fertilization process. Sperm motility
shows the ability of the spermatozoa in fertilizing
the ovum. The higher the motility value, the
higher the survival percentage (viability) of the
spermatozoa [4].

Gene transfer technology in Java Barb Fish
(Puntius javanicus) using sperm as a gene
transfer media has not been implemented in
Indonesia. Microinjection was commonly used as
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gene transfer method. One of the weekneses of
this method is take a long time process. The eggs
must be injected one by one and not practical to
mass produce fish, further needs another
alternative that is electroporation method. The
advantages of electroporation methods can
produce mass transgenic fish and electroporation
methods can be combined with Sperm Mediated
Gen Transfer (SMGT), where sperm was used as a
transfer media. Further research is needed on
the effect of electric shock treatment of fish
sperm through electroporation method. Previous
study added the advantages of the electropo-
ration method that can insert most of the DNA
copies into the recipient fish genome.
Electroporation method can be combined with
Sperm Mediated Gen Transfer (SMGT), where
sperm as its transfer media [5].

Electroporation method is a gene transfer
method using a set of short electric shocks to
stimulate temporary pores to grow within the
phospholipid bilaer. After being given electric
shock, the pores of the cell membrane will be
tightened again [6]. Factors that influence the
transfection efficiency using the electroporation
method are the voltage, duration, temperature,
DNA adjustment, DNA concentration and ion
composition within the transcription mediators
[7]. Electric shock given to muscle tissue has two
effects which are; changing the structure of
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muscle tissue permeability, besides electropora-
tion also helps transferring the DNA throughout
the membrane permeability [8]. The objective of
this study was to see the effect of the electric
shock given, using the gene pulser at different
voltages toward the motility and the viability of
Java Barb Fish’ sperm.

MATERIALS AND METHODS

The experiment design used in this research
was the complete random design. There were 3
treatments and 1 control in which each was re-
peated 3 times. The treatments employed in this
study were:

Treatment A = electric shock at 20 V

Treatment B = electric shock at 30 V

Treatment C = electric shock at 40 V

Control = without any electric shock

Determination treatment with different vol-
tages level (20V, 30V, 40 V) in this study based
on the result of previous research on Japanese
carp (Cyprinus carpio var.Koi) sperm using elec-
troporation method with voltage level 30 V [9]. In
each of the treatment, the electric shock was
given for 1 ms repeated 4 times, except for the
control [9].

Preparing the Sperm Striping

Preparation on the male fish with mature go-
nad was to produce the sperm. The male fish
with mature gonads were then measured its
length and weight. The sperm was taken using
the stripping method which was later kept in the
eppendorf. The sperm was then diluted by add-
ing it up with physiologic fluid at the comparison
1:1. Then, the researchers prepared the electro-
poration tools [10].

Electroporation Process

Total 25 ul of sperm was put into the cuvette,
before the cuvette was put into the shock pod.
After that, the voltage of square wave was cho-
sen and adjustment on the strength of the elec-
tricity, shock duration and the shock frequency
were made before the pulse button was pushed
to start the shock. This treatment was repeated 3
times for each of the voltage [9].

After being shocked with the electricity, the
liquid sperm was added with Physiologic Natrium
in the cuvette. After theat, the sperm was poured
into the appendorf and each of the 25 ul of
sperm was observed to see its motility and its
viability [9].

J.Exp. Life Sci. Vol. 7 No. 1, 2017

Research Parameters
Motility of the Spermatozoa

Spermatozoa motility is a beneficial parame-
ter that is used to predict the life time of the
spermatozoa. Alive sperms are the ones that
show fast movement, slow movement or show
any movement on their heads or tails. Mean-
while, dead sperms are those that do not show
any movement either in the head or in the tail
[11].

The percentage of motile sperm is measured
using a microscope which is completed with vid-
eo recorder. Motile sperm is counted when the
sperm show progressive movements. Sperm that
shows no movement or sperm that goes around
only in certain point are considered dead ones.
The scoring (Table 1) was made based on the
method proposed by McMaster [12]. To assure
the validity of the data and to assure the objec-
tiveness, the score was only given after observing
the video with some repetitions [12].

Table 1. Criteria of Sperm Motility Categorization

Criteria Score

Very poor (only 0-20% Progressive motile)
Poor (only 20-40% Progressive motile)
Good (only 40-60% Progressive motile)
Very good (60-80% Progressive motile)
Excellent (80-1000% Progressive motile)

Uu s WwWN PP

Source: McMaster [12]

Viability of the Sperm

The viability of the sperm was observed using
a technique that employed the eosin hue and
negrosin. A small drop of sperm and a drop of
eosin negrosin fluid were put in an object glass to
be mixed until it looked homogeneous. After
that, in a petri dish, the sperm was heated in or-
der to drain it which process lasted for 15
seconds. The sperm was then observed using a
microscope at 400x magnification [13].

Sperm viability= (Y live sperm x 100%) /200

Data Analysis

The data obtained in this study were statisti-
cally analyzed using the homogeneity test (ANO-
VA) in accordance to the complete random de-
sign used in this study. Based on the variance of
the data, it is found that there was an obvious
significant difference up to highly significant dif-
ference after the treatment. Thus, in order to
compare the values of each treatment, a Least
Significant Difference and regression test were
administered.
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RESULT AND DISCUSSION
Spermatozoa Motility

The result of the motility test administered to
the spermatozoa of the Java Barb fish in each of
the treatment after the electroporation and after
the repetition is presented in Table 2. Based on
the data of the average motility value, it is shown
that the highest motility percentage was found in
the control group (without the electroporation)
at an average of 5%. Meanwhile, the highest mo-
tility percenteage among the experiment groups
was found in the treatment A (20V) at the per-
centage of 3.67%, while the lowest one was
found in the treatment C (40V) at 0.17%. When
the motility of the control group compared to the
motility of the treatment group, a decline in the
values occurred as presented in Figure 1.

Table 2. Spermatozoa Motility (%)

bility. Membrane permeability of the spermato-
zoa is highly reated with the spermatozoa motili-
ty since the membrane permeability has a major
role in the nutrition transportation in the cell
metabolism process. The sperm cells tend to
shirnk after the electroporation which explains
the declining percentage of the sperm motility
[8].

Based on the result of variance test presented
in Table 3 significant differences were found. This
shows that different voltage gives different influ-
ence toward the percentage of the sperm motili-
ty which implies that the H; is accepted and the
Ho is rejected. After that, Least Significant Differ-
ence test was administered which result is pre-
sented in Table 5.

Table 3. Result of Variance Test on the Sperm Motility
Percentage

Source df SS MsS F F5% F1%

Treatment 2  18.72 9.36 37.44* 5.14 10.92
Random 6 1.50 025
Total 8

Treatment Repetition
(%) 1 2 3 Total Average
A 4 3 4 11 3.67
B 2 2 3 7 2,33
C 0.5 0 0 0.5 0.17
Total 18.5
Control 5 5 5 15 5
Sperm Motility
. 20
§ 15
g . | —
2
Control 20V 30V a0v
Treatment

Figure 1. Sperm Motility Diagram

Figure 1 shows that the electroporation
treatment using electric shock influence the mo-
tility of the fish’ sperm. The higher the amount of
the electric shock given, then lower the motility
of the fish. The voltage and the shock frequency
and the biological parameters of the sperm are
able to influence the effectiveness, while the
shock duration influences the efficiency of the
gen transfer using certain DNA concentrate. The
motility of the sperm tends to decline as the vol-
tage increases and longer shock duration [14].
Previous study highlighted that the electric shock
given to the muscle tissue plays two roles; chang-
ing the permeability structrure of the muscle
tissue, while the electroporation helps the DNA
transfer to pass through the membrane permea-
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Notes: * =F5%<Fvalue>F1%

Table 4. Least Significant Difference Test

C B A
Treatment Average Notation
0.17 2.33 3.67
C 0.17 - a
B 2.33 2.16 - b
A 3.67 3.50 1.34 - b

Notes: Similar notes shows no difference

The result of the Least Significant Difference
test shws that the treatment A (20V) has the best
motility followed by the treatment B (30 V) and
treatment C (40 V). The highest motility value
was obtained by the treatment A for the sperm
cells were in the most optimal condition com-
pared to the sperm cells in treatment B and C
which were treated with higher voltage, making
the the motility value declined.

This is different from the results of Japanese
Carp (Cyprinus carpio var.Koi) Luthfiyah et al. [15]
which obtained the best results on 10 V treat-
ment with motility score 4 and the lowest at 40 V
with motility a score of 0.5 [15]. The treatment in
this study without using level voltage (10V)
because of based on the result from previous
research in carp fish (Cyprinus carpio) by
electroporation method on sperm with the best
result treatment was voltage level (30V) [9].
Further, the motility and viability of Java barb fish
sperm using treatment with voltages level among
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the previous treatment (20 V 30 V 40 V). Sperm
motility after the electroporation process relies
on the voltage, shock length, shock frequency,
and the buffer ionic power [16].

Furthermore, the polynominal orthogonal test
resulted to a linear equation y = -1.75x + 5.5556
with a correlation coefficient of 0.9815 which
implies that different voltages and motility has a
strong correlation with the treatment given as
presented in Figure 2.

4.00
3.00
2.00¥= -1.75x + 5.
1.00
0.00

Motility (%)

20v 30V 40v

Treatment

Figure 2. Relationship between Different Voltages and the
Sperm Motility

Figure 3 shows that the treatment resulted to
a decline on the sperm motility duration as the
voltage got higher compared to the sperm in the
control treatment.lt implies that the the cell
sperm which is given short electric shock stimu-
lates the growth of temporary pores in the bilay-
er phospholipid of the cel membrane that allows
the penetration of new DNA into the cell. After
the electric shock, the cell membrane will get
tightened again [6].

Sperm Motility
. 20 5
X 15 11
Z 10 Z
S I |
0
Control 20V aov 40V
Treatment

Figure 3. Motility Duration of the Sperm in the Control
Group and after being given with Treatment

Based on this theory, food fluid exhance with
outside the cells may occur for the metabolism of
the sperm which results to the declining motality
duration. This is due to the fact that the sperm
need energy to make movement. Fructose fluid
as the dissolver to the fish’ spermatozoa are in-
tended to supply energy and nutrition for the
spermatozoa to use the energy in the form of
ATP to increase and prolong the spermatozoa
motility duration [17].
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The condition of the fish’ sperm determines
the success of the fertilization. Strong sperms are
able to fertilize the egg successfully. Changes that
occur to the sperm will influence the quality of
the sperm. The changes include the motility and
the viability of the sperm. Good seminal fluid for
the fertilization process should consist of lots of
live sperms that move forward progressively. The
percentage of the motile sperm should be more
than 75%. For daily use, the sperm motility
should not be less than 50% even some re-
searchers suggest that it should be more than
60% [18].

Spermatozoa Viability

The result of the viability measurement of the
Java Barb fish’ sperm after the electroporation
using different voltages can be seen in Table 5.
Based on the observation, it is found that the
highest viability percentage was found in the
control group (without electric shock) at 85.66%.
Meanwhile, the highest percentage among the
treatment group was achieved by the treatment
A (20 V) at 81.00% and the lowest one was fond
in the treatment C (40 V) at 00.00%.

Table 5. Spermatozoa Viability

Treatment 1 Repeztltlon 3 Total %
A 81 83.5 78.5 243 81.00
B 43 88.50 74 205.5 68.50
C 0 0 0 0 0.00
Total 462.5
Control 77 86 94 257 85.66

Figure 3 shoes that the percentage of the
sperm viability declined in each treatment. Fur-
thermore, the result of the variance test (Table 6)
shos that different voltages give different influ-
ences toeward the fish’ sperm viability. There-
fore, the H, is accepted.

300

250

£ 200

g 150
=1

§ 100

50

0

Control 20v 30V 40v
Treatment

Figure 3. Sperm Viability in the Control Group after being
given Electric Shock
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Table 6. The Result of Variance Test on Sperm Viability

Variance
source

SS MS F F 5% F1%

Treatment 2 11409.5 5704.75 31.31 5.14 10.92

Random 6 1093.00 182,16
Total 8

The result of the Least Significant Difference
test shows that the treatment A (20 V) contri-
butes the highest sperm viability value followed
by the treatment B (30 V) and C (40 V). The high-
est viability value was found in the treatment A
since the sperm cells were still in the best condi-
tion compared to the sperm in treatment A and
treatment C for higher voltages decreases the
motility value. This finding goes in line with Sin et
al. (2000) who stated that the sperm motility is
the indicator of the sperm viability after the elec-
troporation, in which higher voltages and longer
shock duration decrase the sperm motility [14].

Table 7. Least Significant Difference Test

C B

Treatment % Note

0.00 68.50 81.00

20V 0.00 -

30V 68.50 68.50 - -

40V 81.00 81.00 12.50 -

100.00

y= 40.5%
50.00 \
0.00 e .

20V 3o0v 40v

Viability (%)

Treatment

Figure 4. Relationship between Different Voltages and
Sperm Viability

The result of the Least Significant Difference
test shows that the treatment A (20 V) achieved
the highest sperm viability value followed by the
treatment B (30 V) and treatment C (40 V). In
addition, based on the result of the polynomial
orthogonal test, an equation has been obtained
in which y = -40.5x +130.83 with correlational
coefficient (r) at 0.8626 which implies that differ-
ent voltages and sperm viability share with the
treatment given to the sperm as illustrated in
Figure 4. This is in accordance with the results of
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the study Luthfiyah et al. [15], based on the ob-
servation of motility and viability on post elec-
troporation sperm, it is known that the increase
of voltage (electric voltage) given at the time of
sperm electroporation affects the decrease in the
intensity of movement and ability of sperm to
survive. It can be seen from the observation re-
sult E (40 V.cm'l), where the value of motility
score was only 0.5 and viability was 25.4%. That
is because electroporation of sperm gives a very
real effect on the biological and physiological
conditions of sperm cells. This happens because
an excessive electric shock can cause the sperm
cell to lose its elastic properties. Therefore, in the
activity of gene transfer using electroporation
method, optimization is necessary to know the
ability of sperm in becoming gene transfer vector
[15].

The decrease on the sperm viability is mostly
caused by the electric shock given to the sperm
causes the pores to open way too wide, making
the pores unable to get tightened like before.
This causes the cells to break and triggers dam-
ages to the sperm membrane [19]. The mem-
brane permeability of spermatozoa has a strong
relationship with the spermatozoa biablity sicne
membrane permeability has a major role in the
nutrition transportation within the cell metabol-
ism process [11].

It has been known that the percentage of the
sperm viability determines the quality of the
sperm. It means that higher amount of live sperm
determines the success of the fertilization. The
minimum percentage of spermatozoa cell within
the sperm should not be less than 70%. The
higher the amount of the sperm viability, the
better the ability of the spermatozoa to pass
through the micropile holes within the
ovum [20].

CONCLUSION

The experiment on the use of electric shock
using the electroporation method toward the
Java Barb fish’ sperm shows that the electric
shock has a significant influence toward the
motility and the viability of the sperm. To obtain
the best effectiveness level of the motility and
the viability of the sperm using the electropora-
tion method, it is suggested that breeders use 20
Volt electric shock with 4 times of repetition in
which each of the shock lasts for 1 ms. Further
research is needed for sperm motility and
viability of Java barb fish with electroporation
method using 10 Voltage levels.

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



Electroporation on Java Barb Fish Sperm
(Rikianto et al.)

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

(9]

(10]

(11]

(12]

Harvey, B.J., B.J. Hoar. 1979. The teory and
practice of induce breeding in fish IDRC-TS
21e. International Development Research
Centre. Ottawa, Canada.

Rustidja. 2002. Diktat Kuliah breeding dan
reproduksi hewan air. Faculty of Fisheries
and Marine Sciences. University of Brawija-
ya. 4-16.

Verma, D. K., P. Routray, C. Dash, S. Dasgup-
ta, J.K. Jena. 2009. Physical and biochemical
characteristics of semen and ultrastructure
of spermatozoa in six carp spesies. Turk. J.
Fish. Aquat. Scie. 9. 67-76.

Junior, M.Z., S. Handayani, I. Supriatna.
2005. Kualitas sperma lkan Batak (Tor soro)
hasil kriopreservasi semen menggunakan
Dimetilsulfoksida (DMSO) dan Gliserol 5, 10
dan 15%. Jurnal Akuakultur Indonesia. 4(2).
145-151.

Kang, J.H., G. Yoshizaki, O. Homma, C.A.
Strunsmann, F. Takashima. 1999. Effect of
an osmotic differentiation on the efficiency
of gene transfer by electroporation of fish
spermatozoa. Aquaculture. 173. 297-307.
Nakamura, H. 2009. Electroporation and
sonoporation in developmental biology.
Springer.

Chen, G., M. Hongbao. 2005. Gene transfer
technique. Nat. Sci. 3(1). 25-31.

Andre, F.M, J. Gehl, G. Sersa, V. Preat, P.
Hojman, J. Eriksen, M. Gotzio, M. Cemazar,
N. Pavsel, M.P. Rols, D. Miklavcic, E.
Neumann, J. Teissie, L.M. Mir. 2008.
Efficiency of high- and low-voltage pulse
combinations for gene electrotransfer in
muscle, liver, tumor and skin. Hum. Gene
Ther. 19. 1261-1271.

Anitasari, S., A. Soeprijanto, A.R. Faqgih.
2015. The effectiveness of hrGFP Gene Re-
porter role in Carp Fish (Cyprinus carpio)
transgenesis process based on convocal mi-
croscopy analysis. J. Exp. Life Sci. 5(2). 82-
88.

Syahputra, K., A. Didik, P.H. Erma, Lamanto.
2014. Efektivitas transfer dan analisis ek-
spresi gen imunogenik tahan Koi Herpes Vi-
rus (KHV) pada lkan Mas (Cyprinus carpio). J.
Ris. Akuakultur. 9(1). 15-23.

Fagih, A. R. 2011. Penurunan motilitas dan
daya fertilitas sperma lkan Lele Dumbo (Cla-
rias spp) pasca perlakuan stress kejutan li-
strik. J. Exp. Life Sci. 1(2). 72-82.

McMaster, M.E., C.B. Portt, K.R. Munkit-
trick, D.G. Dixon. 1992. Milt characteristics,

J.Exp. Life Sci. Vol. 7 No. 1, 2017

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

reproductive performance, and larval sur-
vival and development of white sucke rex-
posed to bleached kraft mill effluent. Eco-
tox. Environ. Saf. 23. 103117.

Susilowati, S. Hardijanto, T.W. Suprayogi, T.
Sardjito, T. Hernawati. 2010. Penuntun
praktikum inseminasi buatan. Airlangga
University Press. Surabaya.

Sin, F.Y.T., S.P. Walker, J.E. Symonds, U.K.
Mukherjee, J.G.l. Khoo, I.L. Sin. 2000. Elec-
troporation of salmon sperm for gene trans-
fer: efficiency, reliability, and fate of trans-
gene. Mol. Reprod. Dev. 56(52). 285-288.
Luthfiyah, S., S. Agoes, K. Yuni. 2017. The
quality of Ornamental Japanese Carp (Cy-
prinus carpio var. Koi) after electroporation
as a gene material transfer method. J. Exp.
Life Sci. 6(2). 95-100.

Symonds, J.E., S.P. Walker, F.Y.T. Sin. 1994.
Development of mass gene transfer method
in Chinook Salmon: optimization of gene
transfer by electroporated sperm. Mol.
Mar.Biol. Biotech. 3. 104-111.
Hidayaturrahmah. 2007. Waktu motilitas
dan viabilitas spermatozoa lkan Mas (Cypri-
nus carpio L.) pada beberapa konsentrasi la-
rutan fruktosa. Jurnal Bioscientiae. 4(1). 9-
18.

Hafez, E.S.E. 1987. Semen evaluation. In:
Hafez, E.S.E. (Ed). Reproduction in farm an-
imals. Lea and Febiger. Philadelphia. 287-
297.

Weaver, J.C. 1995. Electroporation theory:
concepts and mechanisms. In: Nickoloff, J.A.
(Ed). Electroporation protocols for micro-
organisms. Humana Press. Totowa.

Chen, T.T., M.J. Chen, T.T. Chiou, J.K. Lu.
2009. Transfer of foreign DNA into aquatic
animals by electroporation. In: Nakamura,
H. (Ed). Electroporation and Sonoporation in
developmental biology. Springer. 229-237.

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



Fertillizing Using Solid Waste for Caulerpa lentillifera
(Saputra et al.)

A Solid Waste Pond Tiger Shrimp (Peneaus monodon) as Fertilizer for
Caulerpa lentillifera

Nyoman Robby Manik Saputral*, Sukoso %, Hartati Kartikaningsih2

"Master Program of Aquaculture, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia
Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia

Abstract
Farming the shrimp, fish and another comodity could produce large quantities of waste. Aquaculture waste can be
formed as feces, residual feed and dead organism which are accumulated in a cultivation area. Generally, the waste is
discharged directly into the water without filtration. Thus, one of problems that are often faced by farmer is the low
quality of pure water due to the high content of nutrients. Moreover, suspended solid pollutant will be formed that lead
to eutrophication, oxygen depletion, and precipitation. The aim of this research is to analyze the solid waste pond tiger
shrimp as fertilizer for the growth of Caulerpa lentiilifera. Here, the Random Design complete (RAL) and three times in
Deuteronomy are used in the experiment. The parameters of one control and three treatment doses are used 0, 2, 4,
and 6 g.L_1 respectively. The results showed that solid waste shrimp ponds can be used as fertilizer to meet the needs of
Caulerpa lentillifera for growth and the results show the highest value is found in the dose of 6 g.L'1 with NO3 (4.58
ppm), NH," (3.34 ppm), PO,” (2.03 ppm) and the value of the rate of growth and the PH are obtained (3.64 g.day™)

and (6,4-8), respectively.

Keywords: Caulerpa lentillifera, growth rate, Nitrification, solid waste, Tiger Shrimp.

INTRODUCTION

Aquaculture waste is waste generated from a
shrimp or fish farming that can cause pollution in
the aquatic environment if not immediately
addressed. Cultivation of waste could be
remnants of the digestion of fish or shrimp or
leftover feed that settles on the bottom. The
amount of waste goes to the water is linear to
the production obtained. The waste could cause
environmental problems, related to the
magnitude of the amount of nitrogen (N) and
phosphorus (P) which are dumped into
waterways [1]. For instance, farmed shrimp in
Australia estimate the amount of N and P
produced was 290 and 16 kg.ha'lyear’l. Whereas
farmed shrimp in California estimate the amount
of N and P produced amounted to 112 and 32
kg.ha'lyear'1 [2]. While the amount in Indonesia,
N and P produced from intensive and traditional
ponds reached 399 and 37 kg.ha'year™ [3].

To overcome this problem, this research fo-
cused on making a fertilizer using the solid waste
of shrimp. Since the solid waste ponds of shrimp
contains 1.92% organic C, 0.54% N total, and
1.70% P [4]. Moreover, the solid waste can be
used by plants to grow as organic fertilizer, since
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plants need NH," and NH; amino acid in the
formation. In his role as fertilizer, solid waste
ponds shrimp will be used for cultivating
Caulerpa lentiilifera.

Caulerpa lentiilifera is often called the sea
grape is a type of seaweed green (Chlorophyta)
that can survive in environments that have high
pollution levels [5]. Cultivation of C. lentillifera
has started developing in indonesia, because it
can be eaten fresh and also it rich of nutrients
that are good for the human body. This sea grape
type can also be used as ingredients in cosmetics
and pharmaceuticals. In addition, Sea grape types
of C. lentillifera are highly favored by some
countries such as Japan, Australia, and Fillipina
[6].

The idea of this research is based on
nitrification process. Nitrification is the process
by which ammonia is converted to nitrites and
then nitrates by the assistance of Nitrosomonas
and  Nitrobacter bacteria under aerobic
conditions. The conversion process of organic
material by heterotrophic bacteria in the
laboratory has occurred within 1-2 days, while
nitrification and De-nitrification process lasts for
2-6 days [7]. Microbes decompose organic
matter in the system, causing an increase in the
value of TAN (Total Ammonia Nitrogen) and
nitrite, are both harmful for fish even at low
concentrations [8]. TAN presence in the system
can be changed to nitrite, nitrate and nitrogen
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gas [9]. Formation of nitrogen gas is considered
negligible in pond aquaculture [10]. The bacteria
present in the water and sediment to transform
nitrogen through nitrification and denitrification
[11]. Thus, this study aims to grow C. lentillifera
by analyzing the content of nitrate, ammonium
and phosphate in solid waste of tiger shrimp
pond (Peneaus monodon) to be used as fertilizer.

MATERIALS AND METHODS
The research flow of this paper can be seen in
the Figure 1.

Solid Nitrate
Waste Method
Soaking
\
Phosphate Ammonium
Method < Method

Y

Growth Rate Calcu-

lation Analyze

the re-
sults

Figure 1. The research flow

Solid Waste Soaking

Solid wastes were obtained from BBPBAP
(Balai Besar Perikanan Budidaya Air Payau)
Jepara. The waste was taken at the time of
recirculation process in the ponds by using Multi
Cylone 16. Then, the waste was dried. After that,
the dried solid waste was weighed according to
the dosage that will be used in this research,
which are 0 g.L'l, 2 g.L'l, 4 g.L'l, and 6 g.L'l.
Administration of doses [12] has been modified.

Waste that had already been weighed would
be soaked in the controlled tub (aquarium) that
already contained sea water, then it was left for

J.Exp. Life Sci. Vol. 7 No. 1, 2017

48 hours to observe the content of nitrification
(4].

Nitrate Method

The method of Nitrate analysis was
appropriate [13], 12.5 mL water samples were
taken and put in a porcelain cup. The sample
waters were heated using hot plate until the
crust appeared on the porcelain cup.
Fenoldisulfonik acid solution of 1 ml were added
to the crusted porcelain cup. After that, 2 ml of
distilled waters were added into a porcelain cup
and then the crust on a porcelain plate was
scraped with a spatula. NH,OH solution was
added to the porcelain cup until the crust turned
into stable yellow, next the distilled waters were
added into the porcelain cup until volume
reached 12.5 mL (initial volume). The samples
were poured into cuvettes then and nitrate
concentration was measured by UV Visible with a
wavelength of 410 nm [14].

Ammonium Method

Methods of analysis in accordance with
ammonium SNI 06-2479-1991 use the following
steps. Water samples taken as much as 12.5 mL
and put into a beaker glass 50 mL. Solution of 0.5
ml Nessler as much added to in a beaker glass, a
beaker glass then is shaking in order to make the
perfect solution and let sit for approximately 30
minutes. A sample cuvet is then inserted into the
measure by using UV Visible Spectrophotometer
with a wavelength of 425 nm [15].

Phosphate Method

Phosphate levels can be calculated in
spectrophotometry, the steps undertaken in this
analysis is the water sample taken approximately
50 mL and then inserted into a beaker glass.
Added 1 drop indicator phenolftalin (in case of
change of color to pink, then added H,SO, drop
by drop until the color is gone). Added 0.5 gram
K,S,0g and boiled on top of the hot plate until
the remaining volume + 10 mL. Samples are
cooled and diluted with aquades up to volume 30
ml. Next, added 1 drop indicator phenolftalin and
neutralized with NaOH to pink color is shown.
Again, melted H,SO, until the pink color is
vanished, then diluted to 100 mL. Furthremore,
50 mL of volume is takken into a measuring flask.
Moreover, added 8 ml reactant combination, and
then wait only for 15 minutes. Finally, the sample
is inserted into its absorbance and measured
with cuvet spectrophotometer with a wavelength
of 880 nm [16].
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Growth Rate Calculation

Growth during the study calculated based on
the difference between the weight at the
beginning of the study with a weight at the end
of the research. The growth of sea grapes daily
for 1 month cultivation can be calculated using
the following formula [17]:

Wt — wo
= £
Description:
Wt = weight of seedlings at the end of the study (g)
WO0= weight of seed research (g)
g =daily growth (g.day™?)
t =the number of days the experiment (h)

Data analysis

Analyze the life data using variance (ANOVA).
The analysis was used to examine the effect of
treatment, followed by the smallest real
difference test (BNT) at the 5% test level.

RESULT AND DISCUSSION
Nitrate (NO;),Ammonium (NH,") and Phosphate
(PO3) Content

From the soaking results, the higher waste
dosage the higher Nitrate value. The detail can
be seen in the Table 1 below.

Table 1. Nitrate, Ammonium and Phosphate Content
(ppm) on different content

doses (g.L?) NO; NHs PO;
0 2.64 1.63 0.73
2 4.33 2.89 1.62
4 4.50 3.22 1.85
6 4.58 3.34 2.03

Based on Tabel 1, it was obtained that the
Nitrate content was different in each treatment,
where various values can be caused by several
factors. The factors that may affect the
decomposition of organic substances were C/N
ratio, pH, temperature and DO [18]. Comparison
of Nitrate content, Ammonium and Phosphate is
the basis of water quality, where the highest
Nitrate value reaches 4.58 ppm. Comparing with
standard quality of water quality, it is classified as
polluted, because the tolerance limit of nitrate
value in pond is not more than 0.5 ppm [19].
Nitrogen in seawater consists of various
compounds, but there are only three compounds
containing toxic for fish and other organisms,
namely ammonia (NH3'N), nitrite NO, N and
nitrate (NO3'N) [20]. However, for the crop, the
high value is needed which will be a good
nutrient for growth C. lentillifera [21].
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Here, the value of ammonium with the largest
value of 3.34 ppm is obtained. It is a very good
value for growth Caulerpa lentillifera. Because
ammonium is needed for the process of protein
formation in plants, ammonium serves as a
support when plants lack N elements in the
water. This ammonium is classified as a form of
ammonium nitrogen [22]. Absorption of nitrogen
by plants can be almost entirely in the form of
ammonium or nitrate. Ammonium is used to be
the main source for the growth in agriculture and
most of the natural environment.

Meanwhile, the value of phosphat with the
highest value of 2.03 ppm is observed. This
means water has a very high fertility rate,
because waters with high fertility levels have
phosphate levels of 0.51-1 ppm, medium fertility
levels have levels of phosphate 0.2-0.5 ppm and
a low fertility rate of 0-0.2 ppm. The main
function of the phosphate element is to
accelerate the growth of the root semia,
accelerate and strengthen the growth of young
plants into adulthood, accelerate flowering and
ripening and increase seed production [23].

Growth Rate of Caulerpa lentillifera

The results obtained by the heavy growth of
sea grapes are shown in Table 2. Table 2 is the
results of the average daily growth, where this
growth indicates the solid waste can be used as
fertilizer for each treatment. The difference of
growth is due to the absorption of nutrients in
each treatment differently. In the C treatment
where the nutrient (Table 1) produced is greater
than the other treatments resulting in an average
daily growth 3.64 g.day'l. Whereas in the treat-
ment K only 0.18 g.day'l. Therefore, the greatest
growth obtained in the treatment of C which is
needed more than other treatments.

Table 2. Growth Rate of C. lentillifera During Cultivation
Doses Treatment  Average growth

(g.L™) (g.day™)
K (0) 0.18
A(2) 0.63
B (4) 1.87
C (6) 3.64

The growth increases along with the increas-
ing of the dose given (Fig. 2). The growth of Sea
Grape can be accelerated by the addition of
fertilizers in cultivation. Growth could be spurred
by the addition of elemental Nitrogen (N) and
Posphate (P), since both of these elements are
the essential nutrients for algae [24].
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Figure 2. Growth Rate of Caulerpa lentillifera

Figure 2 shows the daily growth rate of C.
lentillifera using various doses treatments. This
can be proved that the difference of doses of
solid waste ponds shrimp produces various
growth rates of seedlings of sea grape (Fig. 2).
Here, the higher dosage gives the growth rate
increasing. Moreover, use the regression the
function is  obtained y{x) = 1.1631x — 1.3274,
where y(x) and x denote the growth rate func-
tions and doses treatment respectively.

pH Water

Based on the observations that have been
made during the study, the range of the pH is 6.4
— 8. The degree of acidity is good for the growth
of algae is between 6-9 with optimal range 6.3-
8.2 [25]. This condition describes that any algae
have different torelansi towards a pH. According
to [26] States that the increase in pH values will
affect the lives of algae and aquatic tendencies
have a high acidity level due to the entry of large
qguantities of organic waste. The number of
nitrification is very closely related to the pH
levels. The longer soaking nitrates will soften that
also comes with a decrease in pH. PH changes
depending on the process of amonifikasi and
nitrification of nitrogen into ammonium and
nitrate. The reaction of nitrate formation will free
H" resulting pH in being dropped [27].

CONCLUSION

The results showed that solid waste shrimp
ponds can be used as fertilizer to meet the needs
of C. lentillifera for growth. Where nutrient
obtained from the immersion of nitrate, ammo-
nium and phosphate in the treatment with a
doses of 6 g.L'1 has a good value to grow C.
lentillifera.

REFERENCES

[1] Siti, D., Nancy, H. Budiastuti. 2008. Absorpsi
polutan amoniak di dalam air tanah dengan
memanfaatkan tanaman Eceng Gondok

J.Exp. Life Sci. Vol. 7 No. 1, 2017

(2]

3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

(Eichornia crassi). Jurnal Spektrum Teknolo-
gi. 15(2).

Lacerda, L.D., A.G. Vaisman, L.P. Maia,
C.AR. de Silva, E.M.S. Cunha. 2006. Relative
importance of nitrogen and phosphorus
emmisions from shrimp farming and other
anthropogenic sources of six estuaries along
the NE Brazilian coast. Aquaculture. 253.
433-446.

Nur, A. 2011. Manajemen pemeliharaan
Udang Vaname. General Directorate of Fi-
sheries Culture, BBPBAP Jepara. Center of
Fisheries and Marines. Jakarta.

Tangguda, S., A. Diana, W.E. Arning. 2015.
Utiliation of solid waste from White Shrimp
(Litopenaeus vannamei) farm on the growth
and Chlorophyll content in Chlorella sp. J.
Life Sci. Biomed. 5(3). 81-85.

Paul, N.A., dN. Rocky. 2008. Promise and
pitfalls of locally abundant seaweeds as
biofilters for integrated aquaculture. Jurnal
Aquaculture. 281. 49-55.

Hanafi, A. 2007. Teknik produksi anggur laut
Caulerpa lentillifera. Proceeding of National
Symposium of Research Results on Marine
and Fisheries. Indonesian Institute of
Science (LIPI). Jakarta. 12-15.

Badjoeri, M., Lukman. 2010. Distribusi dan
kelimpahan populasi bakteri hetrotrofik di
Danau Toba. Limnologi. 41. 88-97.

Crab, R., Y. Avnimelech, T. Defoirdt, P.
Bossier, W. Verstraete. 2007. Nitrogen
removal techniques in aquaculture for a
sustainable production. Aquaculture. 270. 1-
14.

Utomo, N.B.P., Winarti, A. Erlina. 2005.
Pertumbuhan Spirulina platensis yang
dikultur dengan pupuk inorganik (Urea, TSP,
dan ZA) dan kotoran ayam. Jurnal
Akuakultur Indonesia. 4(1). 41-48.

Siswanto, D., |. Mustofa, G. Ekowati, M.
Imam, E. Purnomo. 2011. Biosistem
pertanian apel lokal Malang. J. Exp. Life Sci.
1(2). 56-110.

Nugroho, Y.A., Y. Sugito, L. Agustina,
Soemarno. 2013. Kajian penambahan dosis
beberapa pupuk hijau dan pengaruhnya
terhadap pertumbuhan tanaman Selada
(Lactuca sativa L). J. Exp. Life Sci. 3(2). 45-
53.

Guo, H., J. Yao, Z. Sun, D. Duan. 2014.
Effects of salinity and nutrients on the
growth and chlorophyll fluorescence of
Caulerpa lentillifera. Chin. J. Oceanol.
Limnol. 33(2). 410-418.

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



Fertillizing Using Solid Waste for Caulerpa lentillifera

(Saputra et al.)

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Boyd, C.E. 1986. Water quality management
for pond fish culture. Elselvier Scientific
Publishing Company. Amsterdam.

Kjeldahl, J. 1883. A new method for the
estimation of nitrogen in  organic
compounds. Z. Anal. Chem. 22. 366-372.
BSN. 1991. Air, metode pengujian kadar
amonium dengan alat spektrofotometer
secara Nessler, SNI-06-2479-1991. Nationa
Standard Office. Jakarta.

Olsen, S.R., C.V. Cole, F.S. Watanabe, L.A.
Dean. 1954. Estimation of available
phosphorus in soils by extraction with
sodium  bicarbonate. US Government
Printing Office. Washington DC.

Effendie, M.l. 1997. Biologi perikanan.
Yayasan Pustaka Nusantara. Yogyakarta.
Yuningsih, H.D., P. Soedarsono, S. Anggoro.
2014. Hubungan bahan organik dengan
produktivitas perairan pada kawasan
tutupan eceng gondok, perairan terbuka
dan keramba jaring apung di Rawa Pening
Kabupaten Semarang Jawa Tengah.
Diponegoro Journal of Maquares. 3(1). 37-
43,

Undu, M.C., Makmur, S. Rachman. 2014.
Studi pendahuluan laju efflux nutrien
sedimen di tambak udang Litopenaeus
vannamei super intensif. Proceeding of
Forum on Aquaculture Technology Innova-
tion 2014.

Manikandan, K, T. Viruthagiri. 2010.
Optimization of C/N ratio of the medium
and Fermentation conditions of Ethanol
Production from Tapioca Starch using Co —
Culture  of  Aspergillus niger and
Sachormyces cerevisiae. Int. J. ChemTech
Res. 2(2). 947-955.

Paul, N., A.N. Neveux., M. Magnusson, R.D.
Nys. 2013. Comparative production and
nutritional value of “sea grapes” — the
tropical green seaweeds Caulerpa
lentillifera and C. racemosa. J. Appl. Phycol.
DOI 10.1007/s10811-013-0227-9.

Howitt, S.M., M.K. Udvardi. 2000. Structure,
function and regulation of ammonium
transporters in plants. Biochimica et
Biophysica Acta (BBA)-Biomembranes.
1465(1-2). 152-170.

Fahrur, M., Makmur, C.U. Muhammad.
2014. Konsentrasi nitrogen terlarut dan
fosfat dalam tambak Udang Vaname
(Litopenaeus vannamei) sistem super
intensif. Proceeding of Forum on Aquacul-
ture Technology Innovation 2014.

J.Exp. Life Sci. Vol. 7 No. 1, 2017

[24]

[25]

[26]

(27]

Carpenter, E.J., Capone, D.G. 1983. Nitrogen
in the marine environment. Academic Press.
574.52636 900 p.

Syahputra, Y. 2005. Pertumbuhan dan
kandungan karaginan Budidaya Rumput
Laut Eucheuma cattonii pada Kondisi
Lingkungan yang Berbeda dan Perlakuan
Jarak Tanam di Teluk Lhok Seudu. Master
Thesis. Graduate School, Bogor Agricultural
University. Bogor.

Luning, K. 1990. Seaweed: their
environment, biogeography and ecophysio-
logy. Jhon Wiley & Sons, Inc. New York.
Nainggolan, G.D., Suwardi, Darmawan.
2009. Pola pelepasan nitrogen dari pupuk
tersedia lambat (slow release fertilizer)
urea-zeolit-asam  humat. Jurnal Zeolit
Indonesia. 8(2). 89-96.

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



Growth Parameter and Fecundity of Fringe Scale Sardine
(Rilani, et al.)

Growth Parameter and Fecundity of Fringe Scale Sardine (Sardinella
fimbriata Cuvier Valenciennes) in Alas Strait, East Lombok, West Nusa
Tenggara

Vindy Rilani'*, Mulyanto?, Daduk Setyohadi?

IMaster Program of Aquaculture, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia
2 Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia

Abstract
Fisheries in the Alas Strait, East Lombok, West Nusa Tenggara is one of important sea area for the activity of fishing,
especially small scale fishermen. In addition, the Alas Strait have a good fishery for catching pelagic fish species of
Fringe Scale Sardine (Sardinella fimbriata). The aim of this study was to asses the growth parameter and fecundity of
Fringe Scale Sardine (S. fimbriata). The research was conducted on August to December 2016, at the Fish Landing Base
Tanjung Luar, East Lombok, West Nusa Tenggara. Survey methods and stratification sampling method were used from
commercial catch. The relation between weight and length of S. fimbriata males and females are the values of b range
2.62750-2.69449 and 2.63959-2.72040, respectively. The growth patterns of male and female fish showed negative
allometric growth pattern. The growth parameters of male fish is Lee 177.50 mm; K 0.51month1; to-0.53montht, while
for female fish Lee 185.00 mm; K 0.67month; to -0.41month. Fecundity ranges from 2801- 60 578 eggs and diameter

size range of eggs 8-67 um.

Keywords: fish growth, fecundity, Sardinella fimbriata.

INTRODUCTION

Alas Strait, East Lombok, West Nusa Tenggara
is known as crucial area for the small scale
activity of fishing. Alas Strait also a good fishery
spot for catching pelagic fish species such as
Fringe Scale Sardine (Sardinella fimbriata), or
locally known as Tembang fish. People in Lombok
know the fringe scale fish with other local name
such as teri ijjo and onyok. The fish is mostly
utilize for food and livelihoods to the market
price of Rp. 8,000 per kg accompanied by
considerable development fisheries [1].

Fish resources are common property and has
free rates of utilization. However, the higher
exploitation of fish resources continuously
followed by uncontrolled utilization, result in the
significant decreased on the availability of fish
stock in nature [2].

Potential of Tembang fish in the territorial
waters of the Alas Strait, related to the future
potential and opportunities, the high utilization
rate and stock condition which tends to
decrease, and the lack of information on the
reproductive biology of Fringe scale sardine were
feared to disrupt the sustainability of fish
resources. Therefore, it is necessary to conduct

*

Correspondence author:

Vindy Rilani

Email : dyvindy@gmail.com

Address : Faculty of Fisheries and Marine Sciences,
University of Brawijaya, JI. Veteran Malang, 65145

J.Exp. Life Sci. Vol. 7 No. 1, 2017

anticipation act in the management through
parameter information on the growth and
reproduction of the fish. This study was aimed to
assess the parameter of fish growth and
fecundity of the Fringe Scale Sardine (S.
fimbriata) in Alas Strait, East Lombok, West Nusa
Tenggara.

MATERIALS AND METHODS
Research Site

The research was conducted on August to De-
cember 2016. Sardinella fimbriata fish collected
during the study came from catches of fishermen
in the waters of the Alas Strait at Tanjung Luar
Fish Landing Base, East Lombok, West Nusa
Tenggara (Fig. 1).

Methods of Fish Sampling

This study used stratification sampling of S.
fimbriata, collected from a commercial catch.
Collected fish were brought to the laboratory and
thoroughly cleaned in Reproduction Laboratory
analysis at the Faculty of Fisheries and Marine
Sciences, University of Brawijaya, Malang.

Analysis of Data
Weight and Length of Fish

Equations for the relation of weight and
length of fish almost follow the law of cubic, i.e.
Weight of fish is the cubed number of its length.
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However, the relation on the fish was not cubed.
The correct equation following the formula [3].

W =alb
Description:
W = weight (g)
L = length (mm), a and b = constants

Estimation of Growth Parameter

Walford plot is one of the simplest methods
of predicting the growth parameters Lee and K
parameters used the von Bertalanffy equation
with the same interval sampling [3].

Lt = Loo (1-e [K(tpD
Description:
Lt = length of the fish at the age t
Leo = theoretical maximum length (length asymptotic)
K = coefficient of growth (per unit time)
to = theoretical age at the time of a length equal to zero

The results of calculations then analyzed fur-
ther using the method of ELEFAN | (Electronic
Length Frequencies Analysis) contained in FISAT I
program. FISAT Il Program is a method of analysis

estimation of fish growth parameter based on
the data of length frequency distribution which
was obtained [4].

Maturity Stage of Gonads

Description analysis of maturity gonads based
on the visual morphology and histology of
gonads sample. The statement method used
Tester and Takata, which explained by Effendie
[3].

Fecundity
Egg fecundity is calculated on the maturity
condition of gonad Il and IV by combined

method [3]. The measurement of eggs diameter
used light microscope scale 4x 0.10 um™ [3].

_GxVxX
Q

F

Description:

F =fecundity (eggs)

G =total gonad weight (g)

V  =dilution volume (mL)

X =eggtotalin10cc

Q = gonad weight example (g)
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Figure 1. Research Location

RESULT AND DISCUSSION
Weight and Length of Fish

Analysis of relationship between weight and
length of fish S. fimbriata obtained from 750
fishes compared to the total weight (gram) of
fishes (Fig. 2).The relationship between weight
and length of fish is 2.63959-2.72040 value b
range for males, and females is 2.62750-2.69449

J.Exp. Life Sci. Vol. 7 No. 1, 2017

(also value of b). Otherwise, the growth patterns
of male and female showed negative allometric
growth pattern, indicated that the length (mm)
of fish growth faster compared to the increase of
weight (g) (Table 1). In the Aegean Sea,
Mediterranean, the relationship equation of S.
fimbriata weight with values range of b is 3.064
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in male and 3.084 for female, with positive values
of allometric growth pattern [5].

Other study in the Sunda Strait found b value
at 2.834 for males and 2.683 for females, also
with negative allometric growth pattern [6]. Sar-
dinella fimbriata fish tend to has different growth

patterns to the each different location. This could
be to the differences in the condition of the
aquatic environment, the size of the fish samples
taken and the amount of food [7].

40.00 - y= SE-05x2647 50 - y= AE-05x2/680
_ R2=0,809 T 40 - R?2=0,820
< 30.00 - n=303 g n = 448
E £ 30 -
& 20.00 - C * 4
2 » 20 -
= ®
g 10.00 -+ é 10 -
0.00 T T T 1 O T T T 1
0 50 100 150 200 0 50 100 150 200
Length (mm) Length (mm)
Figure 2. Correlation between Weight and Length of S. fimbriata Male and Females
Table 1.Weight and Length of S. fimbriata
Value prediction
2 _
Gender R b(«t=0.05) Growth after test T (a=0.05)
Male 0.80 2.63959-2.72040 Allometric negative
Female 0.81 2.62750-2.69449 Allometric negative

Estimation of Growth Parameter

Analysis of fish growth parameter show that
female fish growth rate higher than the growth
rate of male fish (Table 2). This suggests that the
length growth of female fish (Lee (mm)) will be
faster than male. The faster pace of growth, the
fish achieve the asymptotic length faster and will
quickly experience death. If the growth
coefficient of a species is lower, then the longer
time required by the species to achieve the
asymptotic length [8].

Table 2. Growth parameter fringe scale fish (S. fimbriata)

Gender Leoo(mm) K(month-l) to(month)

Male 177.50 0.51 -0.53

Female 185.00 0.67 -0.41

Maturity Stage of Gonads

The observation of gonads morphology and
histology can be seen in Figure 3. The proportion
of the maturity stage of gonads dominated by
observation month of gonad maturity stage |,
while the maturity stage of gonads IV are less
found. The total amount obtained from 750
fishes, total of male stage IV found is 28 fishes

]J.Exp. Life Sci. Vol. 7 No. 1, 2017

and total stage IV female found is 41 fishes. We
assumed that the spawning season which occurs
before August thus certain fish found in stage IlI
and IV that can be used as an indicator of fish
spawning in waters.The peak spawning season of
S. fimbriata in the waters of Karwar is January
and April. While, Sardinella spawning season in
the south and west coast of India is August to
February with individual spawning only once in a
season [9].

Other study found the fish spawning season
in the sea of the Indian took place in May-June
[10]. Meanwhile in the sea of the Mediterranean
in Egypt, spawning of S. aurita (family Clupeidae)
from the period of June to September, with a
peak in late July and early August; when the an-
nual water temperature reaches its maximum
[11].

Based on the percentage of stage IV fish, we
concluded that the fish spawning season that
occurs throughout the year. Differences in fish
spawning season caused by the fluctuation of the
annual rainy season, geographical location, and
condition of the fish [12].
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Fecundity

The analysis and calculations showed the
value of fish fecundity female of stage IV ranges
from 2801- 60 578 eggs. Previous research in the
Indian sea found Sardinella female fecundity
from 5500 to 41700 eggs [13]. Other study of S.
fimbriata fish in the waters of Karwar, India
estimated from 14508-25485 fecundity [9].
Diameter size range of fish eggs is 8-67 um
(Fig.4). Type of fish spawning can be seen from
the distribution of the diameter of the eggs in the
gonad maturity stage IV. Distribution of the
highest grade fish eggs diameter is at interval of
38-42um.
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Figure 4. Diameter Size Range of Fish Eggs

These data indicate that this type of
fringescale is a partial spawning fish. Essentially,
female pelagic fish have fecundity and has a very
high spawning periods are often protracted, since
all eggs are rarely released in one spawning
periode. However, the shortest spawning period
is found in small pelagic fish that live in the
middle zone, because the optimal conditions for
the survival of embryos and larvae tend to
depend on the period of the season [14]. The size
of the diameter of the eggs is influenced by the

J.Exp. Life Sci. Vol. 7 No. 1, 2017

Stage IV

Figure 3. Gonad.s Histology S. fimbriata, male (a) and females (b)

amount of food (food supply) on the female fish
metabolic processes [15].

CONCLUSION

The growth pattern of Sardinella fimbria-
tamale and female fish showed the pattern of
negative allometric growth. The value of the
growth parameters of male fish is Leo 177.50
mm, K0.51month?, to-0.53 month™?, while for
female fish Lee 185.00 mm, K 0.67month™ and to
-0.41month™. The proportion of the maturity
stage of gonads dominated by gonad maturity
stage |, while the maturity stage of gonads IV are
less. The fish fecundity of femalestage IV ranges
from 2801- 60 578 eggs with diameter size range
of fish eggs is 8-67 um. For further research, we
suggest to focus on the biological aspects of fish
represent all seasons to represent the time series
data, thus the trend of each year can be seen.

REFERENCES

[1] Personal Communication, 2016. Fish
Landing Base Tanjung Luar, East Lombok,
West Nusa Tenggara.

Sutisna, D.H. 2007. Model pengembangan
perikanan tangkap di Pantai Selatan
Provinsi Jawa Barat. PhD Thesis. Graduate
School, Bogor Agricultural University. Bo-
gor.

Effendie, M.I. 2002. Biologi perikanan.
Yayasan Pustaka Nusatama. Yogyakarta.
Udupa, K.S. 1986. Statistical method of
estimating the size at first maturity in fish-
es. Fishbyte. 8-10.

Tsikliras, A.C., E.T. Koutrakis, K.l. Stergiou.
2005. Age and growth of round Sardinella
(Sardinella aurita) in the Northeastern
Mediterranean. Sci. Mar. 69(2). 231-240.

(2]

(3]
(4]

(5]

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



Growth Parameter and Fecundity of Fringe Scale Sardine

(Rilani, et al.)

(6]

(7]

(8]

[0l

(10]

(11]

[12]

(13]

(14]

(15]

Simarmata, R. 2014. Pengelolaan sumber
daya lkan Tembang (Sardinella fimbriata)
di Perairan Selat Sunda. Master Thesis.
Graduate School, Bogor Agricultural Uni-
versity. Bogor.

Athukoorala, A.A.S.H., K.H.K. Bandara-
nayaka, S.S.K. Haputhantri. 2015. A study
on some aspect of reproductive biology
and populaton characteristics of Amblyg-
aster sirm in the west coast of Sri Lanka.
Int. J. Fish. Aquat. Stud. 2(4). 41-45.
Sparre, P., S.C. Venema 1999. Introduksi
pengkajian stok ikan tropis. Research Cen-
ter and Debvelopment of Fisheries. Jakar-
ta.

Kudale, R.G., J.L. Rathod. 2015. Maturation
and spawning in the fringe scale sardine,
Sardinella fimbriata (Cuvier and Valenci-
ennes, 1847) from Karwar waters, Uttar
Kannada District, Karnataka. Int. J. Fish.
Aquat. Stud. 4(2). 96-99.

Ghosh, M.V., H. Rao, S. Sumithrudu, P.
Rohit, G. Maheswarudu. 2013. Reproduc-
tive biology and population characteristics
of Sardinella gibbosa and Sardinella fim-
briata from northwest Bay of Bengal. Indi-
an J. Geo-Mar. Sci. 42(6). 758-769.
El-Rashidy, H.H.H. 1987. Icthyoplankton of
the south eastern Mediterranean Sea off
the Egyptian Coast. Master Thesis. Faculty
of Science, Alexandria University. Egypt.
Sulistiono, M.I. Ismail, Y. Ernawati. 2011.
Tingkat kematangan gonad ikan Tembang
(Clupea platygaster) di Perairan Ujung
Pangkah, Gresik, Jawa Timur. Biota. 16(1).
26-38.

Bennet, P.S. 1967. Some observations on
the fishery and biology of Sardinella fim-
briata (VAL.) At Vizhingam. Central Marine
Fisheries Research Institute, Mandapam C.
14(1). 2.

Moyle, P.B., C. Joseph Jr. 2004. Fishes: An
Introduction to ichthyology, 5" Ed. Prince-
Hall. Inc. New Jersey.

Nikolsky, G.V. 1963. The Ecology of Fishes.
Academy Press. New York.

J.Exp. Life Sci. Vol. 7 No. 1, 2017

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



Different Pulse Length toward Motility and Viability of Ornamental Japanese Carp Sperm
through Electroporation Method (Aisyah et al.)

Influence of Different Pulse Length towards Motility and Viability of
Ornamental Japanese Carp (Cyprinus carpio Var. Koi) Sperm through
Electroporation Method

Diana Aisyah'", Agoes Soeprijanto?, Yuni Kilawati?

IMaster Program of Aquculture, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia
2Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia

Abstract
Successful studies about implementation of electroporation method which sperm becomes gene transfer medium for
fish transgenesis have reported. Motility and viability are two major factors in successful of electroporation. The
objective of the study was to determine optimal pulse length of electroporation towards the motility and viability of Koi
fish sperm. The study was conducted at the Central Laboratory of Biological Sciences and Reproduction of Brawijaya
University. The data analysis was conducted using completely randomized design. The electroporation method was
carried out using voltage of 30 volt with pulse number of 4 times. The pulse length of the electroporation (based on
treatment) was 0.5, 1 and 1.5 ms. The result showed the highest percentage of motility was 3.67% in treatment A (pulse
length 0.5 ms) with coefficient correlation R2 = 0.9643 and the best percentage of viability was 79.67% in treatment A
(pulse length 0.5 ms) with coefficient correlation R? = 1. Correlation between the pulse length treatment
(electroporation) toward motility and viability of Koi fish sperm, in which longer duration of pulse length treatment

(electroporation) would decrease the motility and viability percentage of the fish sperm.

Keywords: Electroporation, Motility, Pulse length, Sperm, Viability.

INTRODUCTION

Electroporation is one of the effective and ef-
ficient gen transfer method widely applied in
aquaculture besides microinjection. The principle
of electroporation is to form reparable-holes on
cell membrane with help of electrical current and
the cells are suspended in DNA solution which
will then enter the cell through the already
formed hole [1].

Electroporation method is mostly conducted
using sperm as vector that carries a foreign gene
to be introduced (sperm-mediated gene trans-
fer). Based on some previous studies, it has been
found that sperm has unique ability as natural
vector for carrying foreign gene [2]. The sperm
electroporation method is simpler and massive,
in which large quantities of sperm can be insert-
ed in transgenes [3].

The success of gene transfer method by elec-
troporation method using sperm as the gene
transfer media depends on the voltage level and
the concentration of DNA vector during electro-
poration [4]. The integration of DNA into the
sperm depends on the electric voltage
(Vem™), pulse number and concentration of DNA,
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where as the transfer efficiency of DNA with
sperm-media electroporation is strongly affected
by electric voltage and pulse length [5].

The main factor of success in fish sperm
transgenesis is to succeed in maintaining the
quality of sperm which includes motility and
viability for fertilization. Previous research has
shown that Chinook Salmon (Oncorhynchus
tshawytscha) sperm activity decreased from 82%
to 2% post electroporation [5], it is important to
find out how to use electroporation method op-
timally. The study of optimum pulse length in
Ornamental Japanese carp (Cyprinus carpio Var.
Koi) fish transgenesis using electroporation
method has not been studied and therefore it is
necessary to conduct experiment on influence of
different pulse length towards motility and
viability of Ornamental Japanese carp fish sperm
to get optimum result. The purpose of this
research is to describe the influence of electro-
poration method using voltage level (30 volt) and
different pulse length towards motility and
viability of Ornamental Japanese carp fish
(Cyprinus carpio Var.Koi) sperm.

MATERIALS AND METHODS

This experiment was conducted in May 2017
at Fish Breeding and Reproduction Laboratory,
Faculty of Fisheries and Marine Science and
Central Laboratory of Life Sciences of Brawijaya
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University, Malang. The materials used in this
research were Ornamental Japanese carp fish
sperm, physiological solution, eosin negrosin,
tissue, aluminum foil, and aquades. The
equipments were a set of BIO-RAD Gene Pulser
Xcell™ including electrophorator, shock pod and
cuvet, inverted Olympus BX 51 microscope,
binoculars  Olympus CX 21 microscope,
micropipet, appendorf, blue tip, yellow tip, white
type, digital camera, glass object, petri disk, and
handtally counter.

The experimental design used in this study
was Completely Randomized Design. There were
3 treatments and 1 control; each was repeated 3
times. The treatments were as follow:

Treatment A = Pulse Length for 0.5 ms.

Treatment B = Pulse Length for 1.0 ms.

Treatment C = Pulse Length for 1.5 ms.

Treatment K = No treatment

Collection of Sperm

Fish sperm was obtained from male fish of
which gonad had been mature by stripping. The
sperm resulting from the stripping was inserted
into 1 mL syringe and Na-physiologically was
added as a diluent with a ratio of 1: 1 and then,
these were put into the appendorf [6].

Electroporation Process

1 set of Gene Pulser Xcell™ Electroporation
System Biorad was used during electroporation
process. 25 pL of sperm was inserted into the
electrophorator cuvet (0.2 mm) [7]. Next, it was
pulsed with 30 volt electric level [8], pulse length
was according to treatment and the pulse num-
ber was 4 times. Post electroporation, 275
physiological NaCL (total of 300 pL solution) was
added into the sperm [9]. The following step was
to observe the motility and viability of the post
electroporation sperm.

DATA COLLECTION
Sperm Viability

Staining was the method used for observing
sperm viability or survival of the sperm. 5 plL
sperm was taken and 1 plL was dripped on the
object glass. The next step was to add eosin
negrosin dye and polish it with cover glass. The
following step is to wait until it was dry and
observe it under the microscope. Having finished,
the researchers calculated the percentage of liv-
ing sperm of which color was clear and dead
sperm of which color was reddish using handtally
counter. Susilowati [10])’s formula was adapted
for calculation of the sperm viability:

J.Exp. Life Sci. Vol. 7 No. 1, 2017

X Living Sperm

Viability = x 100 %

¥ Dead Sperm
Sperm Motility

To observe sperm motility, the researchers
took 1 pL of the post electroporation sperm and
put it on the glass object. Then added water, and
covered it with cover glass and observed sperm
motility under the inverted microscope for 7 sec-
onds. Sperm percentage was observed using the
scoring criterion adapted from Dewi [11]. Table 1
described the scoring criteria.

Table 1. Motility Scoring

Percentage Criteria Score
>70% Spermtozoa moved forward 5.0
and rapidly with various tail
movement

55 -70% Spermtozoa moved forward 4.0
and showed rapid movement

40 -55% Spermtozoa moved forward 3.0
and some of them showed
rapid movement

25-40% Spermtozoa moved forward 2.0

10-25% Spermtozoa was moving 1.0

1-10% Most of the spermtozoa did 0.5
not move

<10 % No movement 0.0

Data Analysis

The data analysis method was variance analy-
sis (ANOVA) to match the design of the study,
Completely Randomized Design. When there was
significant difference, the researchers continued
the experiment using Least Significance Different
(LSD) test. Regression analysis was used to de-
scribe the correlation between the treatment
and the result used; the objective of regression
analysis is to determine the nature of the regres-
sion function which gives information about the
effect of the best treatment towards the re-
sponse.

RESULT AND DISCUSSION
Motility of the Post Electroporation Sperm
Based on the result, each of the treatments
after electroporation method with different in-
fluence of pulse length towards motility percent-
age of the Ornamental Japanes Carp fish sperm;
the percentage was compared to the control (no
treatment). Table 2 described percentage of the
sperm motility.
The table 2 showed that treatment A (pulse
length for 0.5 ms) resulted in the highest motility
percentage (3.67%) whereas treatment C (pulse
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length for 1.5 ms) resulted in the lowest percent-
age of motility (0.67%).

Table 2. Sperm Motility (%)

R teti
Treatment __epetetion Total Average
1 2 3
A 4 3 4 11 3.67
B 2 3 3 8 2.67
C 05 1 05 2 0.67
Total 21
Control 5 4 5 14 4.6

The motility showed the decreasing sperm
motility during each of the treatments. The con-
trol (no treatment) had the highest percentage of
sperm sperm motility (4.6%) compared to the
treatment where the pulse length was applied. It
showed the higher pulse length caused decrease
in the percentage of post electroporation sperm
motility. According to Tsong [12], the pulse
length (milliseconds) and electrical voltage level
(volts) may cause change in pore size of the
sperm cell membranes and will be decreasing
quality of the sperm.

Based on the result of the variance analysis in
Table 3, the shock duration of the treatment had
significant influence towards the motility of the
Ornamental Japanese Carp fish sperm after elec-
troporation treatment. It was indicated by the
comparison between F-ratio, F-table 5% and F-
table 1%.

Table 3. Variance Analysis

Source of Df SS MS F F5% F1%
Variance

Treatment 2 14 7
Random 6 1.5 0.25 28 5.14 10.92
Total 8

The polynomial testing (Fig. 1) resulted in the
following linear equation, Y = -1.5x + 5.3333
where correlation coefficient between the pulse
length and the sperm motility of RZ2 = 0.9643. In
other words, there was very significant correla-
tion between the pulse length during the elec-
troporation method and the motility of Orna-
mental Japanes carp fish sperm.

The analysis showed that the longer of pulse
length causes more decreasing percentage of
sperm motility. The highest motility was the re-
sult of treatment A (0.5 ms) in which the per-
centage was 3.67%. It is important to describe
the quality of the fish sperm because it will de-
termine the success of the fertilization process
using egg as the medium. If the quality of sperm
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decreased, it would affect the work of sperm.
Percentages of sperm motility should not be low-
er than 50% [13].

5.00
__4.00
X
< 3.00
£ y = -1.5x +5:3333
§ 2.00
1.00
0.00 R?=0.9
0.5 1 1.5

Treatment (ms)

Figure 1. Correlation between Different pulse length and
Sperm Motility Chart

Motility of fish sperm representing the sperm
survival would decrease with increasing voltage
level and pulse length [14]. The shape of sperm
plasma membrane was related to the motility
and viability of spermtozoa. If the plasma
membrane was damaged, the enzymes that
played a role in energy metabolism would be
lessen or even be lost. This may lead to a
decrease in energy sources so that sperm
movement will slow down, and would certainly
decrease the life and power of fertilization [15].

Viability of Post Electroporation Sperm

Table 4 described the average viability of the
treatment that analyzed the influence of differ-
ent pulse length during the electroporation to-
wards Ornamental Japanes carp fish sperm.
Based on Table 4, treatment A (0.5 ms) resulted
in the highest percentage of viability (79.67%)
while treatment C (1.5 ms) resulted the lowest
percentage of viability (63.00%). The viability of
the control (no treatment) was 90.66% or higher
than that of the treatments. Increasing of pulse
length lead to decreasing percentage of sperm
viability. Furthermore, each treatment had dif-
ferent viability result.

Table 4. Sperm Viability (%)

Treatment —_Repetition Total Average
1 2 3
A 78 82 79 239 79.67
B 77 69 68 214 71.33
C 61 59 69 189 63.00
Total 642

Control 92 90 90 272 90.66
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The variance analysis (Table 5) explained that
the F-ratio was higher than both the 5% and 1%
F-Table. In other words, the treatment (pulse
length during the electroporation) had significant
influence towards the viability of Ornamental
Japanese carp fish sperm. The polynomial test
(Fig. 2) resulted in a linear equation, which was Y
= -8.3333x + 88 and the correlation coefficient
between the pulse length and the sperm viability
was R2 = 1 meaning there was strong correlation
between pulse length treatment pasca electro-
poration and the viability of Ornamental Japa-
nese carp fish sperm.

Table 5. Variance Analysis

Sourceof df SS MS F F5% F1%
Variance

Treatment 2 416 208
Random 6 113 18 11 5.14 10.92
Total 8

Based on the data analysis, the percentage of
the sperm viability plummeted as the pulse
length during the electroporation was getting
longer. It was then concluded that pulse length
duration may decrease the viability of Ornamen-
tal Japanese carp fish sperm, similar to their mo-
tility. Normally, sperm viability is between 1 and
2 minutes after stripping [16]. Changes in infra-
structure of the plasma membrane, as well as the
loss of some mitochondrial matrices and de-
creased electron density of the mitochondrial
matrix may result in loss of spermtozoa viability
[17]. Treatment A (0.5 ms) resulted in the highest
percentage of post treatment viability. It was the
lowest pulse length treatment.

100.00
80.00
60.00
40.00 y=-8.3333x+88
20.00 R#=1

0.00

viability (%)

0.5 1 1.5
Treatment (ms)

Figure 2. Correlation between Different pulse length and
Sperm Viability Chart

Electroporation in sperm may stretch sperm
cells as high-intensity electric fields temporarily
destabilized cell membranes and during that
period, membranes were highly permeable with
exogenous molecules (DNA or RNA) located
around the cell medium. DNA then moved into
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the cell (internalization process) through this
permeable hole. When the electric field stopped
(turn off), the inner membrane holes closed and
the exogenous DNA entered the cell [17].

Therefore, the 30-volt electric level and pulse
length applied during the treatment may be used
as electroponic method where sperm became
medium to produced transgenic Koi fish. Maintin-
ing motility and viability of sperm was important
in conducting transgenesis technique where
sperm became gene carrier vector.

CONCLUSION

Based on the result of the experiments that
was giving different pulse length during electro-
poration towards the Ornamental Japanese carp
(Cyprinus carpio Var. Koi) fish sperm, it was re-
vealed that pulse length has significant influence
toward motility and viability of fish sperm. 30
volt electric volatage level and 0.5 milisecond of
pulse length results in the highest percentage of
the motility and viability of Ornamental Japanese
carp (Cyprinus carpio Var. Koi) fish sperm.
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Abstract
The purpose of this research is to analyze the effectiveness of using local hydromacrophytes for performing leachate
phytoremediation in constructed wetland (CW) system. It was an ex situ experiment carried out in a glass house by
means of free water surface (FWS) CW reactors containing sand and gravel substrates in 3:5 ratio. The reactor was
waterlogged by 9 L leachate. The phytoremediation tests were performed in two-factor treatment design involving
hydromacrophyte species and hydraulic retention time. Species of local hydromacrophyte used in this research included
Alternanthera sessilis, Commelina nudiflora, Paspalum conjugatum, Typha angustifolia and the polyculture of the four
species. The improvements in leachate qualities were identified through decreases of physico-chemical parameters.
Among the mean values of the percentages indicating the decreases of physico-chemical leachate parameters, the
greatest ones were resulted from the treatments using T. angustifolia and A. sessilis on the 30t day. It has proven in the
experiment that these two species of hydromacrophyte perform the most effective process of improving leachate

quality.

Keywords: constructed wetland, leachate, local hydromacrophytes, phytoremediation.

INTRODUCTION

Waste management in final dump site that
use sanitary landfill and controlled landfill sys-
tems produces methane gas and leachate as its
by-products. Leachate is characterized as the
external water or liquid that is percolated into
heaps of solid waste and leached out the dis-
solved constituents including some organics ma-
terials from biological decomposition. To prevent
leachate from contaminating the land and/or
groundwater in its environment, it is important
to have an effective leachate treatment. Sanitary
landfill system in solid waste management in-
volves the process of gathering leachate on the
bottom of the landfill site by relying on gravity
and channeling it into Leachate Treatment Plant
[3,7]. Conventional Leachate Treatment Plant
(LTP) has become a common facility in landfills in
Indonesia for waste management purpose. The
conventional method involves physical and
chemical processing that is carried out in a stabi-
lization pool (primary, secondary and tertiary
treatment tanks). The resulted leachate is then
disposed to the surrounding ground or re-
circulated to be the starter for the decomposition
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process of another waste mass. Unfortunately,
this method can only manage less than 40% of
the leachate organic contents [7]. In Indonesia,
the standard of leachate quality acceptable for a
release to the environment is ruled by the Regu-
lation of The Minister of Environment and Forest-
ry, Number P.59/Menlhk/Setjen/Kum.1/7/2016
on standard leachate quality for waste control in
final disposal facility.

Phytoremediation refers to the use of certain
plants to remove or reduce pollutants from the
ground, sediments, surface water, groundwater
and liquid waste [4]. A constructed wetland (CW)
with selected plants grown on it is one of meth-
ods to adopt in treating wastewater with phy-
toremediation. Hydromacrophyte is a type of
vegetation that can be grown in CW to reduce
the amount of pollutant substances in its envi-
ronment. Different species of hydro-macrophyte
perform different ways of pollutant reduction
including absorbing, degrading, extracting, accu-
mulating or stabilizing pollutant elements. The
effectiveness of phytoremediation as an alterna-
tive technique in controlling wastewater has
been known in many countries worldwide.
Wastewater remediation in CW is a combination
of physical, chemical and biological processes.
The effectiveness of CW system in reducing the
amount of organic, inorganic and heavy metal
pollutants has been studied and tested. It is
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proven easier to apply in improving the quality of

various kinds of contaminated water such as do-

mestic wastewater, industrial wastewater, leach-

ate and wastewater from mining industry [1,4].

So far there are four types of CW that have been

developed for different functions or specific pur-

poses of remediation:

1. Free water surface CW. This type resembles
the natural wetland which has free water sur-
face areas on it.

2. Subsurface water flow or vegetated submerge
bed CW. In this type of CW, the water surface
isn’t higher than the substrate and it is only
the roots of the plants that come in direct
contact with the wastewater;

3. Vertical flow CW. In this type, wastewater is
distributed vertically from the substrate
downward along the root zone because of
gravitational force;

4. Sludge dewatering beds (reed beds) CW. This
type of CW applies evapotranspiration from
plants to remove water from mud waste de-
posit [11].

Waste management in the Final Waste Dis-
posal Site of Talangagung is carried out using
sanitary landfill system and the LTP leached out
the leachate that often exceeded the standard of
leachate quality effluent. Because of that, the
leachate from the tertiary tank in LTP is not dis-
charged into the surrounding ground. Instead, it
is re-circulated or introduced into the new
batches of waste and is reused as a compost
starter. Re-circulation process could results in
several adverse impacts such as the increase of
methane production, leachate overflowing, and
the accumulation of volatile organic acid com-
pound together with some hazardous heavy
metal elements which are not easily degraded
[6,10]. The research presented in this article
aimed to analyze the effectiveness of using local
hydromacrophytes for performing leachate phy-
toremediation in constructed wetland system.

MATERIALS AND METHODS

This research was an experiment that con-
ducted in a glass house of Department of Biology,
Faculty of Mathematics and Natural Sciences,
University of Brawijaya. The applied procedure
was factorial experiment in completely
randomized design with two treatment factors (6
X 6). The first factor was hydromacrophyte spe-
cies and the second was hydraulic retention time
(HRT). HRT is the length of time that a compound
(e.g. water) remains in a storage unit. There were
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four species of local hydromacrophyte and their
polyculture planted in CW reactors with four rep-
lications. Each of the reactors was made from
plastic tank 40 cm in diameter and 24 cm in
height. The reactor was filled with sand and
gravel substrates in 3:5 ratio and a local hydro-
macrophyte was planted on it. The hydromacro-
phytes had previously been acclimatized in the
glass house before the 9 L of leachate was
poured into it. Four species of local hydromacro-
phyte used in this research were Alternanthera
sessilis, =~ Commelina  nudiflora,  Paspalum
conjugatum and Typha angustifolia.

Data Collection

The measurement of physico-chemical pa-
rameters of leachate was performed at 6 HRT
(Hydraulic Retention Time) which were plotted
on the O, 5%, 10t, 15%, 21, dan 30" days in the
Microbiology Laboratory and Ecology-Animal
Diversity Laboratory in the Department of Biolo-
gy, Faculty of Mathematics and Natural Sciences,
University of Brawijaya. The leachate quality
were observed in 6 parameters (Conductivity,
Turbidity, TDS, BOD, Nitrate, Ortophospate). The
observations of the physical conditions of the
plants in the reactors were recorded and the re-
sults were documented to provide secondary
data regarding local hydromacrophytes’s toler-
ance to toxic environment.

The resulting data were tabulated using an
SPSS (Statistics software program) and then ana-
lyzed by one-way ANOVA test for those data
which were identified as normal and homoge-
nous based on Levene test, and by Brown-
Forsythe test for those which were identified as
normal but not homogenous. The results from
one-way ANOVA test and Brown Forsythe test
that showed significant differences were further
analyzed to observe the specific values of the
differences using Tukey-HSD test (as the follow-
up of ANOVA) and Games-Howell test (as the
follow-up of Brown-Forsythe). Afterwards, biplot
graph were applied to group and to describe the
overall results of measurement/ analyses for all
observed physico-chemical parameters. The per-
centage of decreasing leachate quality parame-
ters also tabulated using Ms. Excel.

RESULT AND DISCUSSION
Physico-Chemical Parameters of the Leachate
Qualities

The data that represent physico-chemical pa-
rameters of the leachate qualities in this research
are normally distributed with mean values as
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presented in Supplementary 1. The biplot in Fig-
ure 1 illustrates the whole conditions of the
leachate qualities throughout the allotted reten-
tion times whereas the biplot in Figure 2 illus-
trates those for all selections of hydromacro-
phyte species.

Figure 1 also shows the three groups of
leachate quality measurements. The first group is
represented on the right-hand quadrant of the
figure and comprises the measurements for all
the observed parameters on the 0™ day. The
group indicates relatively high mean values for all
parameters of the leachate qualities. The second
group consists of the leachate quality measure-
ments from the 5™ and 10t days. The data ob-
tained from the two points of retention time
show insignificant differences and are therefore
categorized into the same group. They indicate
lower values for all parameters of leachate quali-
ty except for BOD which is still relatively high, but
the values in this group has created wide gap
with the first group. The rest of leachate quality
data, which are obtained from the 15, 21 and
30t days, belong to the third group.

Component 2 (8.52%)

Component 1 (85.05%)

Figure 1. Biplot Graph of leachate quality parameters
through out points of hydraulic retention time

It is shown in the figure that they converge on
the same quadrant because their values are close
to each other. The quadrant indicates a much
lower measurements for all leachate quality pa-
rameters in this group compared to those in the
other two groups. Furthermore, the biplot analy-
sis of the differences in the leachate qualities in
daily monitoring based on hydromacrophyte spe-
cies factor is shown in Figure 2 (the 5% day), Fig-
ure 3 (the 15" day), and Figure 4 (the 30" day).

The values of decreases for each physico-
chemical parameter of the leachate qualities are
presented in detail in Supplementary 2. Which
species of hydromacrophyte that had resulted in
the highest value of decrease is indicated in the
table.
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Component 1 (64.07%)

Figure 2. Biplot Graph of leachate quality parameters
based on the hydromacrophyte species-
treatments on the 5" day
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Component 1 (55.96%)
Figure 3. Biplot Graph of leachate quality parameters

based on the hydromacrophyte species-
treatments on the 15t day

Component 1 (70.39%)

Figure 4. Biplot Graph of leachate quality parameters
based on the hydromacrophyte species-
treatments on the 30t day

The result of the biplot analysis indicates that
the values representing conductivity, turbidity,
TDS, nitrate and orthophosphate correlate to one
another. Histograms in Figure 6 to Figure 10 rep-
resent statistically significant differences of mean
values for all parameters of the leachate qualities
with percentages of decreases shown above each
column of the chart.

The levels of conductivity, as shown in Figure
5, declines significantly by 55.01% to 61.05% on
the 5% day and keeps dropping until the 30%" day
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when the decreases measure 79.56% to 87.88%.
The levels of TDS, represented in Figure 6, gener-
ally show significant dropss ranging from 35.84%
to 46.24% on the 5™ day. On the last retention
time (the 30%™ day), its decreases reach 55.24% to
74.04%. Likewise, the levels of turbidity also
make substantial decreases from the 5™ to the
30% days as illustrated in Figure 7. The range of
the decline on the 5™ day is 29.05% to 55.32%
and it is 94.90% to 97.79% on the 30" day.
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Figure 5. Mean value of conductivity measured based on
HRT and hydromacrophyte species factors
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The same case applies to the levels of nitrate
and orthophosphate. Indicated in Figure 8, ni-
trate levels are dropping considerably from
57.25% to 64.33% on the 5™ day to 76.00% to
89.19% on the 30" day. The overall of ortho-
phosphate decreases, as indicated in Figure 9,
are 42.17% to 51.94% on the 5% day and reaches
92.17% to 97.03% on the 30™ day.
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Hydromacrophyte Species

Alternanthera sessilis has extensive distribu-
tion worldwide that encompasses tropical and
subtropical regions. The natural habitats of this
species of hydromacrophyte can be found in
many parts of America, Africa, Australia and Asia
where Indonesia is one of them. It is known as
one of pioneer plants that can survive in wetland
ecosystem that has suffered degradation and
contamination. This weed normally grows on the
edges of marshes, riparian zones, rice fields, the
edges of irrigation channels and waterways, the
edges of dams and roadside puddles. They can
withstand an environment which is flooded by
water up to 1 meter high [5]. In this research, A.
sessilis grew very fast and were well adapted to
the environment with high levels of organic con-
tents. By the fifth day, the leaves went dry, but in
the following days, the plant grew fast, forming a
dense colony that covered almost the whole sur-
face of the reactor. Several leaves were damaged
by Leptosia nina, but this pest didn’t hold up the
plant’s rapid growth. New buds were developing
at the plant’s nodes that grew under the water
and there were no parts of the plant that died
because of their submergence in the water. A.
sessilis is an obligate wetland species that can
grow well in FWS-CW in this experiment because
of its tolerance to environmental stresses.

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



Leachate Phytoremediation Using Constructed Wetland System

(Laily et al.)

Paspalum conjugatum can generally be found
in many areas of tropical countries in American
continent and it has been naturalized as far as
Southeast Asia (including Indonesia) as well as
several other tropical regions in the world. P.
conjugatum is characterized by its sturdy and
long stolon and its creeping growth pattern with
roots at nodes, branching out and solid. They can
grow well on high ground up to 1700 meters
above sea level. They can also survive with or
without shades but they are generally found in
colony under the shade of other vegetation in
riparian zones, roadsides and degraded zones [8].
In our experiment, P. conjugatum grew slower
than expected since the leachate was poured
into the reactor, from the first day up to the 30t
day. Parts of the plant that were immersed in the
water were decaying and the plant was dying. It
is apparent that P. conjugatum is not an obligate
wetland species. Evidently, this species could not
survive in the kind of waterlogged environment
such as FWS-CW.

The natural habitat of Commelina nudiflora,
like Alternanthera sessilis, covers many Asian
countries with tropical and sub-tropical climates
including Indonesia (U.S. National Plant
Germplasm System, 2007). This plant reproduces
through its seeds and stolon and can grow rapidly
with abundant supply of water. Commelina
nudiflora commonly grow with upright stems in
dense colonies. They proliferate in a very short
time and compete well with other plants for
spaces and available nutrition. They can adapt to
the environment with pH 4 to 10. They are the
kind of weed that can live in various levels of
humidity and light intensity. They can also toler-
ate cutting [1]. Commelina nudiflora in our exper-
iment experienced inhibition in its growth since a
certain amount of leachate was poured into the
reactor. Its leaves went dry as its endurance was
slowly weakening because of the environmental
stresses impacted by the leachate. Its condition
was even more deteriorating due to the presence
of Bemisia tabacci that was harmful to its vigor.
On the 30" day, its biomass was nearly de-
stroyed.

Typha angustifolia is an obligate wetland spe-
cies that commonly grow in Europe but have also
been naturalized in other areas in the world in-
cluding Indonesia. They can survive low pH envi-
ronment and anaerobic condition. This macro-
phyte grows through rhizomes and needs a lot of
sunlight to survive. It is well adapted to free wa-
ter surface and subsurface water flow construct-
ed wetlands [10]. It has been widely known that
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T. angustifolia is capable of reducing toxic con-
tents in the water [10]. Several species of endo-
phytic bacteria in T. Angustifolia’s root system
which are adept at adsorbing nitrogen and accel-
erating the plant’s growth while some other spe-
cies play important role in reducing nitrogen,
phosphor and/or other toxic organic materials in
eutrophic water [8]. Typha spp. has
rhizodegradation/phytodegradation mechanism
which is useful in reducing organic-aromatic and
aliphatic materials, petroleum hydrocarbon con-
tents as well as chlorinated solvent, TNT
(trinitrotoluene) and pesticide [4]. The 30-day
experiment in our research had proved that T.
angustifolia was the species of hydromacrophyte
with the highest performance in causing de-
creases in the leachate quality parameters and it
adapted well to FWS type of CW.

Phytoremediation in Constructed Wetland Sys-
tem

Remediation in vegetated CW system is a
complex activity that involves physical processes
(sedimentation, filtration and adsorption), chem-
ical processes (coagulation, oxidation-reduction
and transformation) and biological processes
(decomposition of organic matter into simpler
elements by certain bacteria and plant uptake in
various specific ways) [10,4]. The impacts of each
process rely on the climate, the temperature, the
amount of available bacteria, the substrates and
the species of the plants [10]. The choice of vege-
tation plays crucial role in implementing con-
structed wetland system. The process of plant
uptake is a very useful part in the attempts of
removing heavy metal elements and of reducing
petroleum hydrocarbon substances, synthetic
hydrocarbon, nitrate and phosphate [10]. The
treatments had resulted in different mean values
of decreases in physico-chemical parameters for
different species of hydromacrophyte as repre-
sented in Supplementary 2.

A liquid’s capability in conducting electricity is
referred to as conductivity and it is measured
using conductivity meter [12]. The level of con-
ductivity is contingent to the presence of soluble
inorganic ions such as sodium, calcium, iron, ni-
trate, magnesium and the like. The decrease in
conductivity in leachate is an indication of the
drop in the amount of inorganic ions in it. Sedi-
mentation process is the first physical process to
occur as a result of the gravitational force. After-
wards, the chemical processes such as adsorp-
tion, precipitation and ion exchange take place at
about the same time with biological processes
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such as microbial uptake and plant uptake. The
research presented in this article resulted in the
finding that T. angustifolia was the hydromacro-
phyte species with the most effective role in re-
ducing conductivity in the leachate. The next
species which showed its effectiveness in reduc-
ing conductivity is A. sessilis with 7% lower than
T. angustifolia’s effectiveness in the same func-
tion for all points of HRT.

It was found that TDS positively is correlated
to conductivity because the level of TDS signifies
the amount of soluble solid present including
inorganic matter such as those mentioned earli-
er. The decrease in conductivity will result in the
decrease in TDS level as well. It is then evident
that T. angustifolia played the most effective role
in reducing TDS level in leachate. It was 7.32% to
10.96% more effective than A. sessilis which
came in second for the same role.

Turbidity refers to the extent to which sus-
pended solids occur in the water. The suspended
solids consist of planktons and other microorgan-
isms, fine sand, and organic and inorganic solids.
The decrease in turbidity level is primarily caused
by gravitational force that makes them go down
to settle on and to be adsorbed by CW substrates
or form biofilms on the surface of sand and grav-
el substrates. Biofilm is the mass of microorgan-
ism which is present in colonies and plays im-
portant role in the decomposition of organic
matter in leachate. CW of FWS type is an effec-
tive method of reducing turbidity by up to 90%. It
was found in the experiment that T. angustifolia
is capable of reducing turbidity more effectively
than A. sessilis. The difference between the two
species in this particular performance was
10.25% on the 5% day and it was declining
throughout the following retention times well
into the 30™" day.

Nitrate (NOs) is the most stable form of nitro-
gen in the water and can be immediately taken in
by plants. Nitrate content in the water can de-
cline as the result of microbial uptake and plant
uptake apart from sedimentation and adsorption
on CW substrates. A research has been reported
that the amount of nitrogen removed by plant
uptake does not exceed 10% of the total re-
moved nutrients (both nitrogen and phospho-
rous) even in optimum conditions [11]. As in the
other cases previously mentioned, T. angustifolia
was recorded as the most effective species in
decreasing nitrate level in the leachate, 8% high-
er than A. sessilis’s effectiveness for the same
performance.
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Orthophosphate is one of inorganic phos-
phates in the water. It is a form of phosphor that
can be absorbable by the hydromacrophytes and
algae. The decrease in the amount of phosphate
in the water was mainly resulted from sedimen-
tation, precipitation, adsorption, microbial up-
take (phytoplankton uptake) and plant uptake.
The finding of our experiment showed that T.
angustifolia was the hydromacrophyte species
with the highest performance in decreasing the
amount of orthophosphate in the leachate. Its
uptake of phosphorus was 5% more effective
than A. sessilis’s.

BOD (Biochemical Oxygen Demand) describes
the amount of biodegradable organic matter in
contaminated water. BOD is measured by the
amount of oxygen needed by the bacteria to de-
grade the existing organic substance in the wa-
ter. Leachate contains high level of BOD and it
usually takes a long time to reduce it. The length
of time needed in attaining significant decrease
of BOD depends on the leachate’s condition (an-
aerobic or aerobic). On the 5™ day of our exper-
iment, we hadn’t had significant decrease in BOD
level in general, but in CW reactor vegetated with
A. sessilis, there had been observable BOD de-
crease at 37.92%. The significant decrease was
most apparent on the 30" day which reached
76.28% to 90.87% in values. A. sessilis was rec-
orded as the species with highest achievement in
reducing the level of BOD in the leachate. The
differences in the habitus possessed by A. sessilis
and T. angustifolia led to a greater increase in
BOD by A. sessilis. A. sessilis is an obligate
wetland plant that is resistant to the exposure of
leachate even to newly emerging shoots that is
waterlogged by leachate. BOD will be decreasing
when the amount of soluble oxygen in the water
is increasing. The transfer of oxygen that takes
place in every part of A. sessilis will supply the
wastewater with sufficient oxygen to achieve the
desired aerobic condition in A. sessilis-based
leachate treatment. The aerobic condition is nec-
essary for the bacteria to decompose the present
organic matter easier and faster.

Based on the overall results of the research, it
can be summarized that the most effective
leachate phytoremediation was achieved when
using T. angustifolia in FWS-CW. It had contribut-
ed to the decreases in the parameters of conduc-
tivity, turbidity, TDS, nitrate and orthophosphate
by 87.87%, 97.79%, 74.04%, 89.19% and 97.03%
respectively on the 30™ day. The second most
effective leachate phytoremediation was at-
tained when the FWS-CW was vegetated with A.
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sessilis. On the 30t day, it had contributed to the
decreases in the parameters of conductivity, tur-
bidity, TDS, BOD, nitrate and orthophosphate by
83.48%, 97.03%, 65.60%, 90.87%, 84.29% and
96.74% respective-ly.

CONCLUSION

The effectiveness of leachate phytore-
mediation that makes use of local hydro-
macrophytes in constructed wetland system in
this research has been proven. It through a series
of experiments that involve treatments in CW
reactors with four different species of vegetation
and their polyculture and a number of hydraulic
retention times. It has been found that the two
of those local hydromacrophytes have higher
levels of reduction in all physico-chemical
parameters of leachate qualities than others.
Those species are Typha angustifolia and
Alternanthera sessilis. T.angustifolia and A.
sessilis are made greatest decreases on each
retention time. T. angustifolia attained 87.88%,
97.79%, 74.04%, 87.24%, 89.19%, and 97.03%
reductions of conductivity, turbidity, TDS, BOD,
nitrate and  orthophosphate  parameters
respectively on the 30" day. A. sessilis caused
83.48%, 97,03%, 65.60%, 90.87%, 84.29%, and
96.74% reductions of conductivity, turbidity, TDS,
BOD, nitrate and orthophosphate parameters
respectively on the 30t day.
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In this paper, a fractional-order Hastings-Powell food chain model is discussed. It is assumed that the top-predator
population is supported by alternative food. Existence and local stability of equilibrium points of fractional-order system
are investigated. Numerical simulations are conducted to illustrate analysis results. The analysis results show that
alternative food can give a positive impact for top-predator population.
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INTRODUCTION

Nowadays, fractional calculus becomes the
main focus for the researchers. Many problems
of science and engineering can be modeled by
using fractional derivatives. The process of
developing a differential system of integer order
into fractional-order becomes popular in dynamic
systems [1]. Basically, a biological mathematical
model in predicting the future, not only depends
on the current but also the memory or the
previous condition. In fractional derivatives, at
some certain conditions contain information of
previous condition, therefore fractional
derivatives can be used to explain more realistic
natural phenomena.

Interactions between populations can be
described in a food chain model. One of the
interactions in the food chain is predation
process. Mathematical model used to describe
interactions between predator and prey is called
the predator-prey model. Furthermore, many
interesting fenomena in ecology can be described
by mathematical model through predator-prey
models such as harvesting in predator population
[1], supplying alternative food in a predator
population [2], refuging prey population [3],
spreading disease in ecosystem [4], and the
effect of the present an omnivore [5]. In predator
prey model [2], it is assumed that prey
populations do not always exist, they also
experience migration to find new habitats due to
climate change factors and low food reserves.
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Therefore, predators need additional food or
alternative prey to survive.

In this paper, a food chain model of three-
species fractional-order with alternative food is
introduced. Examples of three-species
ecosystems in this model: vegetation-hare-lynx,
mouse-snake-owl and worm-robin-falcon.
Moreover, predator-prey food chains have been
studied in structured populations in [5,6]. In this
paper, Model is a modification of model [7]. Then
the conditions of existence and stability of the
equilibrium points of the fractional-order are
examined in the result and discussion. Numerical
simulations are illustrated by the Grunwald-
Letnikov approximation [8].

MATERIALS AND METHODS
Model Formulation

In this research, the predatory-prey model [7]
is the main object of the study. The model
construction is done by modifying the model of
Sahoo and Poria [2] by changing the integer
order into the fractional-order.

Determination of the Equilibrium Point

In dynamical analysis, the first step is to
determine the equilibrium  points. The
equilibrium point is obtained when the
population rate of the system is unchanged or
zero. From this condition, the existence
properties of each equilibrium points is also
obtained.

Stability of the Equilibrium Point

In this paper, the local stability of equilibrium
points is analyzed. The discussion of local stability
is begun by linearizing the model by using Taylor
series. The linearization around its equilibrium

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



Fractional-Order Hastings-Powell Food Chain Model with Alternative Food

(Huda et al.)

point is done to change the nonlinear model into
linear form. Approximation of linear system using
Taylors series will be in the form of Jacobian
matrix. From the Jacobian matrix, it is
determined the roots of the characteristic
equation or eigenvalue. The determination of
local stability can be obtained from the absolute
of its eigen value argument.

Numerical Simulation

The behavior of the system [3] is described by
numerical simulation. The numerical simulation
approach uses the Grunwald-Letnikov scheme.
The numerical simulations are conducted by us-
ing MATLAB software. An important step in this
stage is to determine parameters that match the
condition of existence and the stability of the
equilibrium points. The behavior of local stability
is visualized by graphic based on kinds of param-
eter values pointed. The last step at this stage is
do the interpretation results of numerical simula-
tion.

RESULT AND DISCUSSION
Model Formulation

In this model, definition of Caputo fractional
derivative is used. In [9] Caputo's definition of
fractional derivatives can be written as follows

D f(t) = It *Dif(0),
1

withn—1 < a <n and I' is a Gamma function

n=12,..

d
and D, = o

Hastings and Powell [10] has discussed the
food chain model of three species. The three
species are prey population (X), intermediate-
predator (Y) and top-predator (Z). The prey
population is hunted by the intermediate-
predator population and the top-predator hunts
intermediate-predators. Both predation process-
es use the Holling Type Il response function. R,
and K, express the rate of growth and carrying
capacity of the prey population. C; and C, are
the interaction rates between prey populations,
intermediate-predators with predators, top-
predators. B; and B, are the rate of
environmental protection to the prey and the
intermediate-predator populations. A; and A4,
are the maximal predation rate of intermediate-
predator and top-predator populations. D; and
D, are the natural death rates of intermediate-
predator and  top-predator populations
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respectively. Mataouk et al. [10] modified the
Hastings-Powell model [8] by changing the
integer order into the fractional-order as follows:

X\ CiAXY
DX = RoX (1 —~ —) -
Ko/ Bi+X
A XY  AYZ (1)
Dfy = - ~ DY,
Bi+X By+Y
CoAYZ
DEXZ = -D,Z,
B, +Y

with0 < a < 1.

Model (1) explains that top-predator food
sources only depend on intermediate-predators.
However, alternative prey (supplementary
feeding) for top-predators can reduce predation
rates in intermediate-predators [2], then to give
this effect, model (1) can be modified to

X\ CiAXY
DEX = RyX (1 - —) -
Ko/ B +X
AXY  AA,YZ
iy =——-—2" _py @)
B, +X By+Y
Ay
D{Z = C,AZ +(1-4)|-D,z

where A is a time independent constant to get
the alternative resource (0 < A < 1). To make
easier the model analysis, variables and some
parameter are selected to be

_ay Gz

X
xX=—,y= = t=R,T, a; =
%Y T K C2Ko ' 0%y ™
A1Ko _ A3KoCy _ Ko _ Ko _
RoBi' 2 ByRoCy' Y By 27 » €=
0B1 2RoC1 By ByCy
C1B D D A1 K,
2 d, ==, d,=-% where aq; =22
Ko Ry Ro RoB1
Ko D A, K C
bd; === or A, >D;, and a, =-2%2
B1 Rg BaRoC1
Ko D
b2d2 = 0 22 or AZCZ >,
B2C1 Ro

and the non-dimensional version of model (2) is

a1 xy
Dfx =x(1-x) —
1+ blx

axy a,Azy
Dty

=1+b1x 1+b2y_

duy (3)

a,Azy
1+ bzy

Dfz = + (1 — Aayez — dyz

and initial condition is x(0) = x,y(0) = ,,
z(0) = z,.

Stability of Equilibrium Points
To determine the equilibrium points of
differential equation (3), let
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Dfx = Dfy =Dfz =0,
then the equilibrium points are

E, = (0,0,0), E, = (1,0,0), E; = (%,¥,0), and
E, = (&, 9,2) where
_ ag—(by+1)dy  _ dy
= , X = )
(a1-b1d1)? ai;—bidy

(a1+b2)(d2—azc(1—A))—a2A)

—(1- - 2_
a b1)+j(1 b1) 4b1( azA—(dz—azC(l—A))bz

X = .
2b;
~ —azc(l—A)+d2
y= azA—(—azc(1—-A)+dy)by’
A a,xX 1
zZ = —~ — aq .
1+b.% azA—(azc(1-A)+dy)b,

The Jacobian matrix of system (3) at the
equilibrium point (x*, y*,z*) is given by

a;; a;; 0 (4)
Jx*y,z") = a1 4z ay3),
0 az ass

T S A -
where a;; =1 —2x RETSDEL a; =
ax* ay* ax*
1+b1*x*' 21 7 (1+4byx0)2’ *22 Ltbixt
a,Az d azAy aAz
_G2dz Qo =224 = A7
(1+byy*)? D223 7 q4pyx” 732 T (14byyn)?
dagy = 227 1-4)—d
and as; = +ca,(1-A4A) —d,.

1+byy*

Theorem 1. The equilibrium E; of system (3) is
always a saddle point.

Proof. The Jacobian matrix at E is given by

1 0 0
J(E) = (0 —d, 0 )
0 0 «ca,(1-4)—d,

Eigenvalues of matrix J(E;) are obtained by
solving the characteristic equation

P(A) =det(J(E,) —IA)
=1 -ADd; —D(ca,(1-4)—d,— 1) =0.

The eigenvalues corresponding to the equilibrium
E, are 4;,=1>0, A, = —d;, and A;=
ca,(1—A)—d,. Thus Jarg(4))|=0< az—n,
larg(A,)| = > az—n, if d, >ca,(1—A) then

larg(A3)| = > az—” Since |arg(4,)| =0 < ?,

it follows from convergence of Mittag-Leffler
function [9] that the equilibrium E; is always a
saddle point.
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Theorem 2. The equilibrium E, of system (3) is
locally asymptotically stable if = <d; and

Ca2(1 - A) < dz.

1+by

Proof. The Jacobian matrix of E, is given by

-1 -4 0
1+b,
JA00)=| 0 -2 —4d, 0
1+by
0 0 ca, (1 - A) - dz

Eigenvalues of matrix J(E,) are obtained by
solving the characteristic equation

P(A) =det(J(E,) —120) =0
=(1-4 (1 j—lbl — _’1)
(ca,(1=A)—d,— 1) =0.

The eigenvalues corresponding to the equilibrium

Eyare , =—1<0, }, =—2 —d,, and A; =
1+by

ca,(1—A)—d,. Thus |argA)|=m> %, if

2-<d; then larg(A)|=7>= if d, >

1+bq
ca,(1 — A) then |arg(13)| =7 > ?

It follows from convergence of Mittag-Leffler
function [9] that the equilibrium E, of system (3)
is locally asymptotically stable.

Furthermore, the equilibrium points E;
and E, are discussed as follows. The Jacobian
matrix at E; is given by

byy by, 0O
J(x,57,0) = | byy by by |

0 0 by
— ay aix
where b;; =1—2x — by, = —
11 (1+by2)2’ 12 1+by %’
ay ax a,Ay
byy =——— = —dy, by =
217 a+py0)2’ U227 14byx 523 7 14p,y
aAy .
and bs; = 1+2b3;_1 + ca,(1 — A) — d,. Eigenvalues
2
aAy

of matrix J(E;) are A, =bs3 = b7
2

ca,(1 — A) — d, and the other 1,, A5 are got by
solving the characteristic equation

P(/’{):AZ_(Dll’{‘l'(DZ:O

ax a1y

where w,=1-2x—-d; + Tt D
_ Y ay a x _
W2 = (1 2x (1+b1f)2) (1+b1f dl) +
a,%xy
(1+b,%)3"
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The eigen values corresponding to the equation

1 1
P(A) are A, = E(wl +), A5 = E(wl -J¥),
where 1 = (—w;)? — 4w,. Thus, E; is locally
asymptotically stable if it satisfies |arg(4,)| =

T > E by 1+2by, +ca,(1—A) <d,, and A,, 44

are foIIowmg one of the conditions

1. if =0 and w; <0 then 4,43 <0 such
that |arg(lz,3)| =1 > ?,

2. if Y>>0 w <0,w, >0 and Y < |w,]
then A,, 13 < 0 such that |arg(lzl3)| =1 >

aTm

’

3. if1 <0 then|arg(A,3)| > =

To analyze the stability of equilibrium point
E,, first the Jacobian matrix at E, is evaluated by

a1 Qagp 0
J&,9,2) =(ax 4z 4|,

0 a3 ass

~ ay a,x
where a;=1-2¥———, a;, = ———
11 (1+b,%)2° 12 14+b, %
Qe = a,y @y = a, X ayAz
21 (1+b19?)2 P22 T g4 (14by9)? 1
aAy azAz
a3 = ———,a and Qaz3 =
23 = T b9 32 = (1+b,9)2’ 33
a49

59 —+ ca,(1 — A) — d,. Eigenvalues of matrix

(E4) are got by solving the characteristic
equation
P(A) =det(J(E,) —IA)
=B +K2+KA+K, =0
where
Ky = —(ay; + az; +ass),
K; = az,033 + 011033 + Q11027 — A32053
— az1412,
K3 = 33053011 + A1202303; + A11022033.

Let D(P) is the discriminant of a polynomial
P(A), it can be written
1 K, K, Ky 0
0 1 K K, K
D(P)= -3 2K, K; 0 0}
0 3 2K, K, O
0 0 3 2K K

D(P) = 18K, K, K; + (K, K,)? — 4K;K,* — 4K,>

— 27K,

Proposition
Let the equilibrium E, in R3. Then the
equilibrium E, of system (3) is asymptotically
stable if one of the following conditions [11] are
satisfied

1. D(P) >0, K; >0, K; > 0,and K;K, > K;.

2. D(P)<0,K, >0, K, >0, K; >0,anda < §
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Yn+1

Zn+1

3. D(P)<O,K1>O, K2>0, K1K2=K3, and
forall « € (0,1).

Numerical Method and Simulations

Numerical method which is introduced by
Grunwald and Letnikov [8] is used to solve
nonlinear fractional differential equation [3]. As
described in [8,12], by using the Grunwald-
Letnikov approximation method, it is obtained
the following nonstandard explicit scheme for
system [3].

The parameters chosen in the first

Z( D/ (7) ey

Xn+1 — haf(xnt Yo Zn)

3 ((m + 1)h)
rd—a) °
_ a _ _ alxnyn
=h (x"(l *n) 1 +b1xn)
m+1
Z( VI () xme-s
((m + 1)h)
TTTa- a) %o
m+1
= h“g(xn:J’n.Zn) Z( 1) ym+1 -j
((m + 1)h)
T T T-—a °
_yaf M Xndn _ azAzZpyn _
=h (1 +bix, 1+byy, 1y")
m+1
Z( () ymsas
((m + 1)h)
T Ta- a) Yo
m+1
= h®h(xy, Yy, Zn) — Z( 1) Zm+1 j
((m + 1)h)
T T T
L a(@AZ Y, oA
= (1 e + ayz,c(1—A) dzzn>
m+1
Z( 1)]( )Zm+1 -j
j=0
((m+ 1)h)™“
T T T—a °

simulation are a; =2,a, =0.1,b; = 2.5,b, =
2,d, =06, d, =0.02,c =045 A4A=0.8, and
h = 0.1. The aim of this simulation is to show
that E, is stable. Figure 1 indicates the different
values of @ can decide the speed of convergence
of solutions. The graph moves from the initial
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condition (0.5,1.0,0.75)), then the solution
convergent to equilibrium point E, (1,0, 0). If the
value of a is approaching to one then the
convergence of the rate of change of the three
populations is faster and vice versa.

T T ——
!
I
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o
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0.6 -
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Time
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010N —
0 N e e
0 500 1000 1500
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Figure 1 Stability of the equilibrium E; fora = 0.6,a =
0.7, =08anda =0.9

Parameters used in Figure 2 are a; = 5,a, =
09,b, =3,b, =25,d, =06,d, =03,c =

0.45,A4 = 0.6 and h = 0.1. According Matignon’s
condition [13], stability of the equilibrium E; is
stabilized by a* = 0.94. The initial condition of
Figure 2 is (1,0.8,0.5) and the solution is stable
at point (0.461,0.414,0) for a« = 0.9, and it is
unstable for @ = 0.95. From this simulation, it
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can be concluded that the stability of the
equilibrium point of the fractional-order model
depends on the parameter of a if a* > a then
the equilibrium E; is stable. Conversely if a* < a
then the equilibrium E; is unstable.

1.4 F F F F
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12 Intermediate-Predator (Y) |]
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o
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Time (T)
Figure 2. Stability of the equilibrium E; for « = 0.9 and
a =0.95

In Figure 3, some parameters are set as a; =
3,a, =0.1,b;, = 2.5,b, = 2,d, = 0.6, d, =
0.02, c =045, and h=0.2. With initial
conditions (1, 0.5, 1.5) and different value of A =
1, A=0.9, and A =0.8, then the solution
convergent to (0.6,0.333,2), (0.71,0.26,2.89)
and (0.812,0.189,3.518) respectively. These
simulations explain that, if there is no alternative
food (A =1),the number of top-predator
population decreases compared with the
presence of alternative food (0 < A < 1). When
the value of A =1 indicates that top-predator
population doesn’t perform activities to search
for additional food and the food source of the
top-predator population depends only on the
intermediate-predator population. However, in
this case the three populations still survive in a
ecosystem. On the other hand, if top-predator
eat only alternative food (A = 0) then the top-
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predator can grow without bound (simulation
not shown in this paper).
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Figure 3. Stability of the equilibrium E, for « = 0.65 and
A=08A4A=09 A=1

CONCLUSION

In this work, the Hastings—Powell food chain
model with alternative foods has been modified
into a system of fractional-order. The local stabil-
ity of all the equilibrium points of the fractional-
order system is investigated. Numerical simula-
tion results agree with the analytical result. It is
also found that the fractional parameter a has
effects on the stability of solution behavior. Fur-
thermore, our analysis predicts that providing a
suitable amount of alternative food has a positive
impact for top-predator population.
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Abstract

Increased the yield of rice could be done by organic stimulant application and inorganic fertilizer, as well as the used of
appropriate variety. The field experiment was aimed to study the interaction of fertilizer application and the using of
variety on rice. The research was conducted at April until July 2016 in Sekarputih Hamlet, Pendem Village, Junrejo
District, Batu City. This research used the Randomized Complete Block Design (RCBD) Factorial methods with 2 factors
are Rice Variety (V) and Fertlizers Doses (P) with 3 replications. Cows Biourine application by dissolved 1 L biourine with
10 L water sprayed on soil and plants. EM-4 application was doing by dissolved 100 cc EM-4 with 10 L water sprayed on
soil. The result of research showed that interaction of Mapan-P.05 hybrid variety (V) added with fertilizer doses 100 kg
phonska+100 kg urea+cows biourine+EM-4 (Pg) can increase yield on rice in parameter 1000 grain weight to 15.29%
against which added fertilizer doses 200 kg phonska+200 kg urea (P1).

Keywords: Inorganic Fertilizer, Organic Stimulant, Rice, Variety.

INTRODUCTION

Rice is the crop plants which produced the
rice as the staple food for Indonesian people.
Population density increased 1.36% year by year
assumed in 2020, total rice needed are 35.97
million ton with consume assumption is 137 kg
capita™[1]. Two approached for increasing yield
of rice are by used hybrid variety and improved
cultivation [2]. Hybrid technology reached by
heterosis utilization causing a more vigour F1
plant, which can increased to 1 ton ha?; higher
than inbreed rice [3].

The balanced fertilization can stimulate the-
optimization on the growth of plant [4]. Biourine
are plant fertile organic matter made from cow
urine and cow faeces with addition of nutrition
which used microorganism [5]. Biourine applica-
tion can enhanced plant height, number of leaves
per plant, leaf area and leaf area index as 5.1%,
6.8%, 11.9% and 10.2% respectively, higher than
without biourine application [6].

To enhance the yield and land productivity,
EM-4 (Effective Microorganisme) can be used. It
utilize microorganism technology to repair land
fertility and soil physics characters [7]. Thus, this
study aims to study the interaction between va-
riety of rice and fertilizer to increased the growth
and yield of rice.

*Correspondence address:
Erningtyas Widyaswari
Email :tyaswidy22@gmail.com
Address : Faculty of Agriculture, University of Brawijaya, JI.
Veteran Malang, 65145
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MATERIALS AND METHODS

The research was conducted in April to July
2016, in the Sekarputih Hamlet, Pendem Village,
Junrejo District, Batu City. The area elevation is
600 m above sea level. Soil types is Andisol with
N 0.13% (low), C Organic 1.22% (low), C/N ratio
10 (low), P 6.87 ppm (low), K 0.33 (low) and pH
5.7. Materials used in this study are the seeds of
rice variety Ciherang and Mapan-P.05, cow
biourine, EM-4, Urea (46% N), Phonska (15:15:15
NPK) and chemical pesticides. The method used
was a Randomized Complete Block Design (RCBD)
factorial with 2 factors repeated 3 times.

Table 1. Treatment Methods

Factor1  Vi: Ciherangrice variety
V,: Mapan-P.05 rice variety

Factor2  P;: 200 kg Phonska+200 kg urea ha!
P,: Cow Biourine
P3: EM-4
P4: 100 kg Phonska+100 kg urea ha* + Cow
Biourine
Ps: 100 kg Phonska+100 kg urea ha! + EM-4
Ps: 100 kg Phonska+100 kg urea ha' + Cow
Biourine + EM-4

Land preparation was doing by ploughed with
tractor. Land area was 295 m? made into 36 par-
tition with 3 x 2 m? dimension. Manual planting
with one seed per hole. Seedlings used rice aged
20 dap (day after planting) or has 3-4 leaves and
stem was look bigger.

Inorganic Fertilizer Application
Fertilizer application was doing at 0 dap with
doses of urea are % doses from total doses. Next
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fertilizing of urea was doing at 20, 40, 60 dap
with each doses is % doses of the total dose.
Phonska application was done at 10 dap.

Biourine Application

Biourine made from fresh urine and feces of
cows in the morning. Cows urine were putted on
the bottle with dosage 1 L urine, cows feces were
putted on the receptacle with dosage about 5 kg
feces and then added 30 L water, stired in earlier
morning for 7 days. Biourine ready to be used
when it scentless and colder than before, and
there is a wax layer on the surface of biourine.

Biourine application was doing by dissolved 1
L biourine with 10 L water sprayed on soil and
plants. Recommendation doses of cow’s biourine
are 2000 L ha " for three times: at 20 dap as 400 L
hal, at 40 dap as 600 L ha, and at 60 dap as
1000 L ha'.

EM-4 Application

EM-4 application was doing by dissolved 100
cc EM-4 with 10 L water sprayed on soil. Recom-
mendation doses of EM-4 are 600 L ha ! giving by
34 times: at 14 dap as 100 L ha'%, at 28 dap as 125
Lha', at 42 dap as 175 L ha and 56 dap as 200 L
ha'l.

Observations made on the growth and the
yield of rice plants. For non-destructive observa-
tion variables include the high of the plant, num-
ber of leaves and number of tillers per plant. De-
structive observations include leaf area, leaf area
index, dry weight of total plant, crop growth rate
and net assimilation rate. The observations were
performed at 49, 63, 77 and 91 days after plant-
ing. Harvest observations include the number of
panicles on the harvested crop, percentage of
grain, 1000 grain weight, dry weight of total solar
plants, grain weight harvest, and harvest index.

Data Analysis

Data obtained from observations then ana-
lyzed using analysis of variance (F test) with level
of 5%. If there is a significant difference, then
followed by HSD (Honest Significant Difference)
test with a level of 5%.

RESULT AND DISCUSSION
Interaction Influences between Variety Treat-
ment and Adding Fertilizer on Growth and Yield
of Rice

There is an interaction on plant height result
of Ciherang variety (V1) respond to a higher plant
height with adding fertilizer doses 100 kg phon-
ska+100 kg urea+cow biourine+EM-4 (Pe) against
cow biourine treatment (P2). Mapan-P.05 variety
(V2) gave respons to fertilizer doses 100 kg phon-
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ska+100 kg urea+cowbiourine (P4) and fertilizer
doses 100 kg phonska+100 kg urea+cow
biourine+EM-4 (Pe) by produced higher plant
height than fertilizer doses 200 kg phonska+200
kg urea treatment (P1) (Table 2). Organic matter
combination and inorganic fertilizer caused plant
growth and yield more higher to 91% for Ci-
herang variety and increased 78% for hybrid vari-
ety than control treatment [8]. Yield of Mapan-
P.05 hybrid variety higher than Ciherang variety
are no needed higher measurement and fre-
quency, means higher fertilizer efficiency on hy-
brid variety [9].

There is an interaction on dry weight total
plant result Mapan-P.05 variety (V2) respons to
fertilizer application with doses 100 kg phon-
ska+100 kg urea+cow biourine+EM-4 (P¢) pro-
duce dry weight total plant higher than EM-4
treatment (P3) (Table 3). Mapan-P.05 variety if
giving organic stimulant and inorganic fertilizer,
can produced higher dry weight total plant than
just giving EM-4 only. Just Mapan-P.05 hybrid
variety from 13 other hybrid variety resulted
higher dry weight total plant consistently against
which Ciherang variety on some locations at wet
or dry season [9].

There is an interaction on 1000 grain weight
parameter on Mapan-P.05 variety (V2) giving re-
spons to fertilization doses 100 kg phonska+100
kg urea+cow biourine+EM-4 (Ps) produced higher
1000 grain weight than fertilizer doses 200 kg
phonska+200 kg urea (P1) and 100 kg phon-
ska+100 kg urea+EM-4 treatment (Ps) (Table 4).
Total 1000 grain weight influences by environ-
ment factors, especially at grain maturity phase.
Total 1000 grain weight is the number of biomass
consist on grain [10]. Mapan-P.05 variety pro-
duce higher 1000 grain weight when added or-
ganic stimulant like cow biourine and EM-4, rec-
ommend to obtained higher yield of hybrid rice
needed to combine inorganic fertilizer (75%) with
organic fertilizer (25%) on spacing at 20 cm x 20
cm [11]. Combination of inorganic fertilizer and
organic fertilizer can stablished the sustainability
of growth, yield and nutrient uptake hybrid rice
[12].

Effect of Variety Treatment to Growth and Yield
of Rice

In the yield of rice, Mapan-P.05 variety pro-
duced grain harvest weight and harvest index
higher than Ciherang variety (Vi) (Table 5). Grain
harvest weight from this research on Ciherang
variety reach 9.54 ton ha, whereas on previous
study, Ciherang variety resulted higher to 9.90
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ton ha[9]. For Mapan-P.05 variety in this re-
search, the grain harvest weight reached 13.30
ton ha?, while previous study for Mapan-P.05
hibryd variety just resulted 10.52 ton ha™ [9].
Thus it can be said that result of this research
were higher in hybrid variety Mapan-P.05 than
previous study [9].

Effect of Organic Stimulant and Inorganic Ferti-
lizer on Growth and Yield of Rice

Addition of doses fertilizer 100 kg phon-
ska+100 kg urea+cows biourine (Ps) resulted
higher amount of penicles than EM-4 treatment
(P3) (Table 5). Organic matter such as EM-4 can
not produce maximal when apply without adding
inorganic fertilizer. The organic matter in the
area of study has very low nutrient soil thus less
supported to the growth and yield of rice. How-

ever, we can repair the physical and biological
characteristics of the soil properties [13].

Giving fertilizer with doses 100 kg
phonska+100 kg urea+cows biourine (Ps) resulted
higher grain harvest weight than cows biourine
treatment (P2) (Table 5). Combination of biourine
concentration 1 L urine + 5 kg feces + 15 L water
ha! and inorganic fertilizer with doses 50 kg N,
12.5 kg P20s, 17.5 kg K20 resulting amount of
tuber on shallot increased to 27.33% than
without biourine concentration and inorganic
fertilizer doses [4]. Giving organic fertilizer 50%
and inorganic fertilizer 50% produced optimal
growth and yield on rice [14]. Organic fertilizer
can reduce the inorganic fertilizer uses as 25% on
rice field, by not decreasing the growth and yield
on rice. It also can repairs the physical, biological
and chemical soil properties [15].

Table 2. Average Plant Height per plant on rice result due to interaction Variety Different and Adding Fertilizer at 35 DAP

Plant Height (cm)

Rice Variety P P Pa P Pe
Ciherang (V1) 40.83 abcd 3733 a 38.91 ab 39.58 abc 44.92 bcde
Mapan-P.05 (V,) 43.25 abcd 48 de 51.25e 47.67 de 50.83 e
HSD 5% 7.27
CV (%) 5.56

Notes: Numbers with same letters are not significantly different at 5% level using HSD test, CV= Coefficient of Variation

P, =200 kg Phonska+200 kg urea
P, = Cow Biourine

P, =100 kg Phonska+100 kg urea + Cow Biourine
Ps =100 kg Phonska+100 kg urea + EM-4

Ps; = EM-4 Ps = 100 kg Phonska+100 kg urea + Cow Biourine + EM-4

Table 3. Average Dry Weight Total Plant per plant on rice result due to Variety Different and Adding Fertilizer at 91 DAP

Dry Weight Total Plant (g)

Rice Variety

Py P Ps P4 Ps Ps
Ciherang (V1) 121.23 abc 102.78 a 108.51 ab 126.08 abcd 137.23 abcde 152.29 abcde
Mapan-P.05 (V,) 133.08 abcde 177.44 de 116.38 abc 166.65 cde 154.57 bede 179.81e

HSD 5% 51.37

CV (%) 12.38

Notes: Numbers with same letters are not significantly different at 5% level using HSD test, CV= Coefficient of Variation
P, =200 kg Phonska+200 kg urea P, =100 kg Phonska+100 kg urea + Cow Biourine

P, = Cow Biourine Ps = 100 kg Phonska+100 kg urea + EM-4

P3;=EM-4 Ps = 100 kg Phonska+100 kg urea + Cow Biourine + EM-4

Table 4. Average 1000 grain Weight per plant on rice result due to Variety Different and Adding Fertilizer at 115 DAP

1000 Grain Weight (g)

Rice Variety
Pl P2 P3 PA P5 PG
Ciherang (V1) 27.52 ab 27.14 a 26.68 abc 27.67 abc 29.12 abc 28.42 abc
Mapan-P.05 (V) 29.82 abcd 33.05 de 31.15 bcde 31.40 cde 29.58 abcd 34.38 e
HSD 5% 3.87
CV (%) 4.39

Notes: Numbers with same letters are not significantly different at 5% level using HSD test, CV= Coefficient of Variation
P; =200 kg Phonska+200 kg urea P4 =100 kg Phonska+100 kg urea + Cow Biourine

P, = Cow Biourine Ps =100 kg Phonska+100 kg urea + EM-4

Ps; = EM-4 Ps = 100 kg Phonska+100 kg urea + Cow Biourine + EM-4

Soil conditions

C-Organic and N-total increased at all fertiliz-
er treatment (Table 6). Higher C-Organic availa-
ble on treatment fertilizer doses 100 kg phon-
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ska+100 kg urea+cows biourine (P4) increased to
37.70% compared with before treatment. Higher
N-total available on treatment fertilizer doses
100 kg phonska+100 kg urea+cows biourine+EM-
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4 (Ps) increased 61.54% compared with before
treatment. It is caused by the addition of N ferti-

lizer with high dosages which provide higher N-
total on soil [16].

Table 5. Average Yield of Rice for each treatment Variety Different and Adding Fertilizer

Average Yield of Rice

Amount Grain Grain Harvest
Treatments Harvest
({f Percentage Weight Index

Panicles (%) (t ha) (%)
Rice Variety
Ciherang (V1) 17.1 83.5 9.54 a 27.83 a
Mapan-P.05 (V,) 17.08 79.8 13.30b 33.17b
HSD 5% ns ns 2.38 4.74
Adding Fertilizer (ha?)
200 kg Phonska+200 kg urea (P1) 17.94 ab 85.31 12.51 ab 29.5
Cows Biourine (P,) 15.44 ab 78.98 8.92a 27.45
EM-4 (P5) 14.36 a 83.13 10.01 ab 29.29
100 kg Phonska+100 kg urea + Cows Biourine (Pa4) 19.81b 83.76 13.12b 32.84
100 kg Phonska+100 kg urea + EM-4 (Ps) 17.47 ab 75.11 12.46 ab 29.6
100 kg Phonska+100 kg urea + Cows Biourine + EM-4 (Pg) 17.53 ab 83.6 11.51 ab 34.33
HSD 5% 4.52 ns 4.12 tn
CV (%) 12.58 7.26 17.21 12.83

Note : Numeral within columns followed by same letters are not significantly different at 5% level using HSD test; ns:non

significant; CV=Coeffiecient of Variation

Table 6. Soil Analysis Before and After Treatments

Parameters pH C-Organic(%) N-Total(%) C/N P(mgkg?) K(me100g?)
Before treatment 5.7 1.22 0.13 10 6.87 0.33
After treatment
V1P 5.3 1.35 0.17 8 3.03 0.23
V1P, 53 1.36 0.14 9 7.63 0.35
V1P3 5.4 1.36 0.15 9 1.53 0.42
V1Py 5.9 1.68 0.17 10 11.33 0.41
V1Ps 5.5 1.27 0.15 8 3.81 0.29
V1Pe 5.4 1.53 0.16 10 2.29 0.44
V1P, 5.6 1.28 0.15 8 1.53 0.22
V1P, 5.6 1.44 0.16 9 2.28 0.41
V,P3 5.9 1.34 0.17 8 1.51 0.43
V,Py 5.6 1.27 0.15 8 1.52 0.32
V,Ps 6.0 1.51 0.17 9 2.27 0.51
V,Pg 5.6 1.66 0.21 8 3.14 0.36

CONCLUSION REFERENCES

There is an interaction on Mapan-P.05 hybrid
variety with fertilizer doses 100 kg phonska+100
kg urea+cows biourine+EM-4 on yield parame-
ters are 1000 grain weight with percentage of
increase as 15.29% compare with fertilizer doses
200 kg phonska+200 kg urea. Mapan-P.05 hybrid
variety gives the significant influences on grain
harvest weight and harvest index; each increase
percentage as 39.41% and 27.83% compared
with Ciherang variety. Fertilizer doses 100 kg
phonska+100 kg urea+cows biourine increasing
amount of panicles and grain harvest weight with
increase percentage as 37.95% and 47.08% com-
pare with EM-4 and cows biourine treatment.
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Abstract
Around hundreds of plant’s species have been confirmed to produce toxic that could endanger the life of human or
domestic animals. Some of those plants have potentials to be developed as medicine. The objective of this study is to
reveal the secondary metabolite content of toxic plants mentioned by Tengger tribe on Ngadiwono village through phy-
tochemical and histochemical screening test. This study was conducted on Ngadiwono village, Tosari district, Pasuruan
Regency. Informants were selected using snowball method by following the information of key person (n inform-
ant=14). Plants were selected and collected according to the local knowledge, then was analyzed qualitatively for its
secondary metabolite content through phytochemical and histochemical screening test. The results showed that there
are 8 plant species categorized as toxic by local people, including Bedor (Girardinia palmata), Kecubung Bunga Kuning
(Brugmansia suaveolens), Kecubung Bunga Putih (Brugmansia suaveolens), Jarak (Ricinus communis), Terpasan Kuning
(Cestrum elegans), Terpasan Merah (Cestrum elegans), Kudisan (Euphorbia pulcerrima), and Ciplukan (Physalis
peruviana). The phytochemical result indicated that all toxic plants mentioned by the local people contain alkaloid sub-
stancess, while histochemical test showed that alkaloid substances were found in leaf trichomes, except in Terpasan

Merah (Cestrum elegans).

Keywords: Fitochemical, Histochemical, Tengger Tribe, Toxic Plant.

INTRODUCTION

Most of the Tengger Tribe live by depending
on the environment, including the utilization of
plants and animals’ biodiversity [1]. The
knowledge of Tengger tribe about land and re-
source management is mainly affected by histo-
ry, custom, and available resources [2]. The bio-
logical resources utilized by Tengger Tribe is in-
cluding plants that have been utilized by human
all over the world for a long time. Therefore, the
interaction between human and plant is very
important [3].

The knowledge of plants becomes very im-
portant recently along with the appearance of
many kinds of diseases that threaten the human
life. For example is the production of new medi-
cines developed from coumpounds in plants.
There are more than hundreds toxic plants, and
some of them have potentials to be developed as
medicine. Some species of toxic plants also uti-
lized as pest control, such as nicotine in Nicotiana
sp., seed extract of Baringtonia sp., and rotenoid
in Derris spp. [4]. Chondodendron tumentosum
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contains of toxic alkaloid substancess called D-
Tubocurarine. This toxic usually used by Indian
society in Amazon to create poisoned arrows.
Further, that substances is developed as muscle
relaxant for surgery [5]. Surprisingly, all of those
natural substancess become the basic for devel-
oping new medicine with a better quality. Re-
flecting the potency of secondary metabolite in
toxic plants as revealed by previous study, there-
fore the aim of this study is to identify secondary
metabolite in toxic plants according to the infor-
mation from Tengger tribe in Ngadiwono village.

MATERIALS AND METHODS
Study Area

This study was performed on Ngadiwono vil-
lage, Tosari district, Pasuruan regency, East Java,
Indonesia (34°20'35.29” E - 35°09'27.04" E and
latitudes 0°05'19.12”N - 0°53'53.81" N). Ngadi-
wono village is a buffer zone of Bromo Tengger
Semeru National Park that comprised of 4 sub-
districts: Ledoksari, Krajan, Ketuwon, and Banyu
Meneng. Total area of the village is 639.03 ha.
The distance between settlement area and forest
is 2 km. The minimum temperature reached
10°C. Total number of male is 1097 individual,
while female is 1474 individual, and the popula-
tion density is 402 [6].
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Data Collection

Data of toxic plant species was collected using
semi-structured and in-depth interview. Fourteen
informants were determined using snowball
method. The researchers were accompanied by
local people during data and sample collection.
Data collection was terminated if it already got
saturated data [7]. Stems, leaves, seeds, and
flowers were collected for each species. Second-
ary metabolite test was conducted by following
the procedure described below.

Sample Preparation

Leaves were dried using oven in the tempera-
ture of 60° for 2 days. While seeds were dried
using oven in the temperature of 60° for 3 days.

Alkaloid Test

Two grams of sample powder were extracted
using small amount of chloroform. Sample was
then added with 10 mL of chloroform-ammonia
and was filtered. The collected filtrate was added
with drops of H2S04 2M, homogenized until it
formed 2 layers. Acid layer (colorless) was moved
into three new glasses reaction. Each solvent was
tested using drops of Dragendorf, Mayer, and
Wagner reagents. The results were categorized
as positive if the solvent forming precipitate with
color of orange (Dragendorf), yellowish white
(Mayer), and brown (Wagner) [8].

Flavonoid Test

Samples were soaked in N-Hexane and fil-
tered. The residue was added with N-Hexane and
filtered. This procedure was conducted repeated-
ly until the filtrate color turned into colorless.
Then, filtrate was added with methanol, filtered,
added concentrated HCl and Mg powder. If the
filtrate form red brick precipitate, then the plant
positively contains flavonoid [8]

Terpenoid and Steroid Test

Samples were soaked in N-Hexane and fil-
tered. Then, filtrate was evaporated until forming
residue. Filtrate was then added with chloroform
0.5 mL, acetic acid anhydrous 0.5 mL, and con-
centrated H2S04 1-2 mL. If it forms reddish purple
precipitate, then the plant positively contains
terpenoid. In contrary, green precipitation means
that the plant positively contains steroid [9].

Tannin and Saponin Test

Samples were soaked in N-Hexane, filtered,
and added with N-Hexane until its color turned
into green. Then, filtrate was added methanol,
filtered, added ethanol, and filtered again. Etha-
nol filtrate was divided into two tubes. The first
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tube was added with FeClz 3. If the filtrate turns
its color into blackish green, then the plant posi-
tively contains tannin. The second tube was
heated, then shaken. If it produces foam, then
the plant is positive to contain saponin [10].

Histochemical Test of Transverse Leaf Sections
Leaf samples were cut into transverse section
about 20-25 pum using microtome. The section
was examined using reagents and then observed
under Olympus BX51 microscope. Alkaloid con-
tent was examined using Bauchardat reagent.
The positive result of alkaloid is indicated by the
presence of reddish brown or yellow [11].

RESULT AND DISCUSSION
Phytochemical Analysis

The result of this study revealed 8 toxic Plants
that usually utilizes by local people. They are
bedor (Girardinia palmata), terpasan merah
(Cestrum elegans), terpasan kuning (Cestrum
elegans), jarak (Ricinus communis), kecubung
putih (Brugmansia suaveolens), kecubung kuning
(Brugmansia suaveolens), ciplukan (Physalis
peruviana), and Kembang kudis (Euphorbia
pulcherrima). The toxic parts and the symptoms
of poisoning of the plants mentioned above is
presented in Table 1. The results of phytochemi-
cal screening on plants considered to be toxic by
the Ngadiwono villagers are presented in Table 2.

Phytochemical tests performed are qualita-
tive, so that the results only able to describe the
group of substancess without more specific in-
formation about the type and concentration of
secondary metabolite. Alkaloid test on jarak
seeds (Ricinus communis) produces more alkaloid
precipitate according to Gupta [12], risins, such
as toxalbumin, phorbol, and cyanic acid. Kecub-
ung (Brugmansia suaveolens) contains alkaloid
scopolamine [13].

The results of phytochemical screening
showed that all toxic plants mentioned by local
people contained alkaloid substancess. Petersen
[14] described several types of alkaloid sub-
stancess based on the structure of the molecular
ring as well as 12000 alkaloid chemicals. Each
alkaloid substancess will cause different symp-
toms of poisoning. The general symptoms of al-
kaloid poisoning were fever, anxiety, dilated pu-
pils, reddened skin, dry skin, hallucinations and
gastrointestinal symptoms. That symptoms could
be occurred in both human and livestock. The
screening results also found steroids and terpe-
noids in the toxic plants. Previous study stated
that all those substancess are toxic to stomach
[15].
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Table 1. List of Toxic Plant and Symptoms of Poisoning

Common Name Scientific Name Family Toxic Parts Symptoms of Poisoning
Bedor Girardinia palmata Urticaceae Thorns at leaves Burning sensation in
and stems the skin.
Terapasan Merah Cestrum elegans Solanaceae Stems, leaves, and  Abdominal bloating and
flowers death in livestock.
Terpasan Kuning Cestrum elegans Solanaceae Stems, leaves, and  Abdominal bloating and

Jarak Ricinus communis

Kecubung putih
bunga tidak
rangkap/kecubung
hitam

Brugmansia Suaveolens

Kecubung Kuning Brugmansia Suaveolens

Ciplukan Physalis peruviana

Kembang kudis Euphorbia pulcherrima

Euphorbiaceae Leaves and seeds

Solanaceae

Solanaceae

Solanaceae Leaves

Euphorbiaceae  Stem sap

flowers death in livestock.

Abdominal bloating in
livestock. Seeds cause
hallucinations in hu-
man.

Leaves, seeds Abdominal bloating in
livestock. Seeds cause
hallucinations in hu-

man.

Leaves, seeds Abdominal bloating in
livestock. Seeds cause
hallucinations in hu-

man.

Abdominal bloating in
livestock.

Itching on exposed skin.

Table 2. Phytochemical Identification Result of Secondary Metabolite Substances in Toxic Plants at Ngadiwono village

Secondary Metabolite Substances

C N
ommon Name Alkaloids  Flavonoids

Tannins  Steroids Terpenoids

Saponins

Bedor + -
Terpasan Merah Leaves + -
Terpasan Kuning Leaves + +
Jarak Leaves + -
Jarak Seeds ++ -
Kecubung Putih Leaves + +
Kecubung Putih Seeds ++ -
Kecubung Kuning Leaves + -
Kecubung Kuning Seeds ++ -
Ciplukan Leaves + -
Kembang Kudis Leaves + -

+ - -
+ + -
+ - -
+ - -
- + -
+ + -
+ + -
- + -
- + -
+ + -
- + -

Note: presence (+); plentiful (++); and absence (-)

Histochemical Analysis of Toxic Plant

The result of this study showed that several
plants cause different poisoning symptoms.
Bedor has thorn that causes itching if touched by
the skin. Previous study by Hidayat also revealed
that Urtica Family, such as Bedor, have trichomes
specialized into hair that could induce itchiness
[16]. Trichome are made up of long, broad-based
cells that swell, narrowed, and pointed for its top
(Figure 1). The tapered end wall contains silica,
while the lower part contains calcium. If it is
touched, the rounded part on the end of tapered
part will break at the boundary are, and the
pointed part will be easily cut through the skin
and then the chemical substances (histamine and
acetylcholine) will cause itchiness.

J.Exp. Life Sci. Vol. 7 No. 1, 2017

Histochemical identification of Brugmansia
suaveolens leaves found alkaloid substances at
the trichome of capitate gland. The trichome of
capitate gland comprised of 1 to 2 head cells with
varying stalks, from the shortest until the longest
contained 1 to 3 cells. That results also found in
various plant species, such as Lavandula pinnata
L. [16]. Trichome cells at peltate and capitate
glands in T. quinquecostatus secretes substances
that is similar to alkaloids [17]. On the leaves of
Physalis peruviana, trichomes of uniseriate gland
was found to be containing alkaloid. Alkaloid
substances is found at the cross-sectional of
Cestrum elegans leaves (yellow flower) in the
secretory epidermis. In contrary, Cestrum ele-
gans leaves (red flower) did not have it.
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According to the result of phytochemical test,
Cestrum elegans leaves contained alkaloid sub-
stances. In contrary, histochemical result did not
detect any alkaloid compond in the plant’s tissue.
The presentage of metabolite concentra-tion is
predicted to be increasing along with the growth
of the plants. However, adult organs have higher
concentration compared to old organs that is
experiencing degradation on its secretion struc-
ture [18]. Leaves samples used in this study did
not collected based on the leaves age, so it af-
fected the substances concentration in each

Figure 1. Histochemical Screen

Description:

(1) Control and (2) Alkaloid test, Girardinia palmata
(3) Control and (4) Alkaloid test, B. suaveolens (white)
(5) Control and (6) Alkaloid test, B. suaveolens (white)
(7) Control and (8) Alkaloid test, C. elegans (yellow)

J.Exp. Life Sci. Vol. 7 No. 1, 2017

leaves tissue. Besides, phytochemical test used
the whole leaves, while histochemical test only
observed the secretory structure of leaves tissue.

Basically, all plants experiencing secretion.
Secretion is the event of separation of a number
of substances from protoplasm or isolation inside
several protoplasm. The secreted substances
could be in from of excessive ion that is separat-
ed in a form of salt. Excessive assimilation could
be issued as sugar or substances in the cell wall,
such as lignin, suberin, and chitin.

ing on.the Leaves Trichome

(9) Control and (10) Alkaloid test, C. elegans (red)
(11) Control and (12) Alkaloid test, P. peruviana
(13) Control and (14) Alkaloid test, E. pulcherrima
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In addition, secretions also included sub-
stances that are the final product of metabolism
or not the final product, but can not be used or
only half of it that can be used physiologically
(alkaloids, tannins terpen, harsa, and various
crystals), or substances that physiologically func-
tionate after secretion (enzyme, hormone). Se-
cretion includes the release of material from the
cell (either the surface of the cell or the space in
the plants), or the accumulation of secretions in
one part of the cell. Secretion in plants is usually
produced in hair glands, tubes, and latisifer (sap
cells, latex cells) [16].

CONCLUSION

Phytochemical screening test resulted that all
toxic plants in this study contained alkaloid.
While steroids found in G. palmata leaves, C.
eleagans (yellow) leaves, C. elegans (white)
leaves, R. communis leaves, B. suaveolens (white)
leaves and seeds, and P. peruviana leaves. Ter-
penoid substances found in C. elegans leaves, R.
communis seeds, B. suaveolens (white) leaves
and seeds, B. suaveolens (yellow) leaves and
seeds, and E. pulcherrima leaves. Flavonoids only
found in terpasan kuning and kecubung putih
leaves. According to histochemical test, trichome
of toxic plant contained alkaloid, except for
terpasan merah leaves (C. elegans).
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Abstract
The aims of study are to analyze the effect of dissolved nitrate and phosphate content of the intensive shrimp farming
pond Situbondo to maximum growth rate and carrying capacity of Oscillatoria population density in the laboratory.
This is an experimental research method using completely randomized design with three replications. The treatment
were variation of nitrate and phosphate concentration (NO; N6; N12; N24; N48; P0O,2; P0,4; P0.8, P1.6 mg.L1). Experi-
ment was done using a pure Oscillatoria culture in condition 25 watt lamp; 12 hours a day. The initial amount of Oscil-
latoria cells used for the treatment is 8 — 15 x 10* cell.mLl. During the incubation process, chemical parameters were
also observed including nitrate, phosphate, DO, and pH at the beginning of the incubation period. Oscillatoria cell was
count every day until stationary phase for 30 days. Furthermore, a different test between treatments was conducted to
determine levels of nitrate and phosphate in triggering the blooming of Oscillatoria using Oneway ANOVA analysis with
SPSS Program. The results showed that the intensive shrimp pond waters of Situbondo already contain dissolved
phosphate between 0.4 - 0.5 mg.LL. Oscillatoria growth is strongly influenced by dissolved phosphate content in
waters, phosphate levels of 0.2 - 0.4 or equivalent to the actual level of 0.6 - 0.7 mg.L1 can cause the highest abundance

of Oscillatoria that could endanger the ecosystem.

Keywords: dissolved phosphate, intensive shrimp farming, Nitrate, Oscillatoria.

INTRODUCTION

Nitrates and phosphates are essential com-
ponents that determine the primary productivity
of the water. Generally, the utilization of nitrates
by organisms aims for the formation of biomass,
as a component of amino acids, and various pro-
teins from the synthesis [1]. While phosphate is a
component of nucleic acid that regulates protein
synthesis and transformation of adenosine phos-
phate as an energy source in intracellular
transport [2]. In the intensive shrimp farming
pond system, both compounds have been ful-
filled on the content of artificial feed that was
applied during the cultivation takes place.

Provision of artificial feed to the maximum
and continuously expected to spur high shrimp
productivity. But over the long period of shrimp
cultivation cycle, there has been an increased
content of organic matter in the waters. The con-
tent of organic materials in the pond ecosystems
comprised of dissolved nitrate and phosphate,
which is generally derived from shrimp feed resi-
dues that were applied during cultivation process

*

Correspondence address:

Dian Aliviyanti

Email :aliviyantidian@gmail.com

Address : Master Program of Biology, University of
Brawijaya, Veteran Malang, Malang 65145.

J.Exp. Life Sci. Vol. 7 No. 1, 2017

[3]. In addition, dirt, shrimp, and plankton dead
bodies, can also increase the load of organic mat-
ter in the water. The high content of organic mat-
ter in the waters can trigger a population explo-
sion of harmful algae [4]. Based on the results of
weekly monitoring during the four cultivation
cycles in intensive shrimp (Litopenaeus van-
namei) farming ponds Situbondo, it is known that
Oscillatoria has a high density and susceptible
population explosion [5].

Oscillatoria belongs to the non-heterocys Cy-
anobacteria filamentous group [6]. Generally the
group is categorized in harmful algae because it
is capable of producing natural biotoxins that
negatively affect human and animal health [7,8].
The toxic compounds produced by Oscillatoria
are microcystins (MCYs), anatoxin-a, anatoxin-a
(S), and aplysiatoxins, which attack liver, nerve,
and skin tissues [9]. In addition density of Oscil-
latoria along with Actinomycetes bacteria can
produce geosmine and methylisoborneol (MIB)
compounds that cause off-flavor odor on shrimp
or other aquaculture organisms [10]. The genus is
categorized as one type of organic pollutant bio-
indicator at moderate to high level of organic
nutrient [11].

A wide variety of studies suggest a blooming
of Cyanobacteria groups in aquatic ecosystems
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may affect ecosystem services, including in pond
ecosystems [2,3]. Thus, to keep the water quality
of shrimp intensive farms remain in good per-
formance and guarantee a stable shrimp produc-
tion, control of Oscillatoria population density
needs to be done. This study aims to analyze the
effect of dissolved nitrate and phosphate content
of intensive shrimp farming ponds Situbondo to
the maximum growth rate and maximum abun-
dance of Oscillatoria popula-tion density in the
laboratory.

MATERIALS AND METHODS
Sampling and Cultivation of Culture

Test on nitrate and phosphate concentration
was done in Ecology and Microbiology Laborato-
ry of Biology Department, Faculty of Mathemat-
ics and Natural Sciences, Brawijaya University,
Malang, Indonesia. Pure Oscillatoria culture was
obtained from Limnology LIPI (Indonesian Insti-
tute of Science), Cibinong.

The research method used laboratory exper-
iment using complete factorial randomized de-
sign with three replications to find out the effect
of nitrate and phosphate concentration toward
the growth rate and carrying capacity of Oscilla-
toria. The treatments were conduted in the natu-
ral media of intensive shrimp farming ponds. The
treatments include variations in N (0, 6, 12, 24,
48 mglLl) and P (0.2, 0.4, 0.8, 1.6 mgL!) concen-
trations. Natural media used in this experiment
were the combination of pond water and shrimp
ponds derived from intensive shrimp (Litopenae-
us vannamei) farming ponds Klatakan Village,
Kendit District, Situbondo Regency, to reach sa-
linity 10 ppt. Prior to the application of nitrate
and phosphate variations, the natural sterilized
growth media was filtered using paper filter.
Each treatment of nitrate and phosphate re-
quires natural media of 2 L pond water, placed
on a glass jar size 3 L. The next step is the incu-
bation process in the laboratory using 25 watt
lamps, 12 hours a day. Next, the number of Os-
cillatoria cells were observed every day until the
stationary phase for 30 days.

Observation of Chemical Parameter on Oscilla-
toria Natural Growth Medium

Chemical parameter observation was per-
formed on Oscillatoria growth media. Measure-
ments were made on natural growth medium
with various variations of nitrate and phosphate
concentration with three times repetitions. Wa-
ter quality parameters observa-tion included
nitrate content using Brusin-colorimetric meth-
od, phosphate using Stannous chloride-

J.Exp. Life Sci. Vol. 7 No. 1, 2017

colorimetric method, DO using titri-metric meth-
od, and pH media using potentio-meter method
[12].

Number of Oscillatoria Cells

The number of Oscillatoria cells was deter-
mined by sampling procedure 2 mL aseptically
and added methylene blue 0.1% by two drops
and formalin 10% by one drop into the test tube.
The sample then be piped and inserted into the
haemocytometer. Observation was done in a
microscope with 400 x magnification and calcu-
lated the number of Oscillatoria cells contained
in a large volume box of 1 x 10* cm?. Further-
more, the calculated Oscillatoria cell density is
entered into the formula below [14].

Number of Cell _ Number of Counted Cells x dillution factor
mL B 1 x 10* cm3

Data Analysis

Data analysis was conducted to know the ef-
fect of nitrate and phosphate concentration vari-
ation on growth rate of Oscillatoria in the natural
media of pond water. Furthermore, growth data
of Oscillatoria were analyzed to determine the
intrinsic growth rate (r) and environmental carry-
ing capacity (K) that affected the growth of Oscil-
latoria [14]. From the information then a growth
curve were made in order to note the value of
nitrate and phosphate concentration that can
trigger blooming of Oscillatoria in pond waters.
The following formula was used to find the in-
trinsic growth rate (r) and environmental carrying
capacity (K). Further calculation results are tested
between treatments to determine levels of ni-
trate and phosphate which trigger the blooming
of Oscillatoria using Oneway Anova analysis with
SPSS application for windows Ver.16 [13].

K
Ne=1treen
Note:
N. = population density at a given t time of population
growth

K = carrying capacity of the environment
e = natural logarithms (2.71828)

r =inrinsic growth rate

t =time incubation

RESULT AND DISCUSSION
Media Quality

The observation of chemical parameters on
Oscillatoria growth media showed varying values.
At this stage, we observed actual content of ni-
trate and dissolved phosphate, and the level of
DO and pH growth media at the beginning of the
incubation period (Table 1). It is known that the
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pond waters of intensive shrimp pond culture of
Situbondo contained dissolved phosphate with
levels between 0.4 - 0.5 mgLl. While the actual
nitrate content is ranged from 0.07 - 0.42 mgL™.
The nutrient content of the waters including ni-
trates and phosphates is generally derived from
the residual feed or decomposition process of
dirt, shrimp bodies, plankton and bacteria that
died during the cultivation. High levels of dis-
solved phosphate in the waters can lead to popu-
lation blooms of various types of harmful algae
groups [1]. Figure 1 showed that Oscillatoria
growth pattern in the treatment of phosphate
variation was higher than in nitrate treatment. If
it is allowed continously, it will disrupt the bal-
ance of the pond ecosystem and affect the
productivity and sustainability of the shrimp
farming process.

DO concentration of Oscillatoria growth
media ranged from 4 - 5 mgL. In general, the
dissolved oxygen content in the water depends
on the rate of phytoplankton photosynthesis
[15]. The fluctuation of DO value is strongly
associated with Oscillatoria growth. It is known
that DO levels in phosphate treatment are lower
compared to nitrate treatment. This can be
happened because the level of oxygen
consumption in the waters depends on the
biomass load of the organisms that make up the
ecosystem [16]. The higher biomass number of
organism in an ecosystem making up higher
oxygen demand.

The pH value of the media both in nitrate or
phosphate treatment is known to have the same
trend, i.e. in the range value of 8. The stability of
the water pH is strongly influenced by the growth
of phytoplankton, in this case related to the utili-
zation of CO2 as material for photosynthesis pro-
cess. Increased pH of the waters may be due to
CO2 consumption by microalgae characterized by
increased levels of DO and chlorophyll- a [16].

Oscillatoria Growth Pattern

Based on the observation of Oscillatoria
growth pattern, it is known that the addition of
varied nitrate and phosphate in natural media
has been able to support Oscillatoria growth (Fig.
1). In general, it can be seen that the addition of
variations in nitrate and phosphate levels showed
different responses. The addition of nitrate to
natural growth medium is known to cause a
slower response to Oscillatoria growth compared
to phosphate addition treatment.

The addition of phosphate in the medium is
capable of supporting the Oscillatoria growth,
but the addition of nitrate without the addition
of phosphate is not capable on supporting the
maximum growth of Oscillatoria as in Figure 1a.
The addition of 0 - 0.4 mgL* phosphate levels has
been able to cause the highest abundance of
Oscillatoria. In addition it is known that the
intensive shrimp farming pond Situbondo already
contained dissolved phosphate (Table 1). Thus
the treatment of nitrate or phosphate can lead to
differences in growth patterns of Oscillatoria.

Table 1. Chemical Parameters Observed at the Beginning of the Incubation Period in Natural Media of Oscillatoria Growth

Actual levels of nitrate

Actual levels of dissolved

Addition treatment (mgL) phosphate (mgl-) DO (mgL?) pH

NO
PO 0.07 £ 0.07 0.50+0.07 4.82 £0.30 8.19 £0.02
P0.2 0+0 0.61+0.04 4.89+0.17 8.11+0.01
P0.4 0+0 0.71+0.04 4.36 £ 0.66 8.12+0.07
P0.8 0+0 0.92£0.10 4.64£0.79 8.16 £ 0.05
P1.6 0.42+£0.72 1.54 + 0.05 4.46 £ 0.68 8.16 £ 0.04

PO
NO 0.07 £0.07 0.50 £ 0.07 4.82 £0.30 8.19 £0.02
N6 6.79 £ 0.64 0.48 £0.03 5.14 £ 0.08 8.20£0.02
N12 10.77 £ 2.64 0.44 £ 0.09 5.01+0.52 8.15+0.02
N24 30.57+2.15 0.53+0.05 5.28+0.23 8.15+0.03
N48 59.35+8.98 0.51+0.04 4.11£0.57 7.99 £0.08

Note: Data is average + SD (n=3)

The presence of nutrients in water bodies es-
pecially phosphates can lead to changes in the
structure of the phytoplankton community and is
usually dominated by the Cyanobacteria group
[6,7,17]. Phosphate is a major essential compo-
nent in plankton life [1]. Plankton utilizes phos-
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phate content as a nucleic acid component that
regulates protein synthesis and transforma-tion
of adenosine phosphate as an energy source in
intracellular transport [2]. Another reason that
causes phosphate content in water bodies to be
a control in the process of ploriferation on differ-
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ent types of Cyanobacteria groups is the ability of
this group in fixing free nitrogen in the air [5].
Algae population explosion usually occurs in
warm waters, which can be a distinct advantage

. === NO
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900 -~ N12
—0— N24
800 === N4
700
600
500
400
300
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100
0 \

0 2 3 4 6 8 1013161921232630
Days

for the group [6,7,8]. The concentration level of
phosphate absorption by Oscillatoria agardhi
capable of supporting maximum growth in wa-
ters ranged from 0.2 to 0.3 umol PL? [1].
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Figure 1. Oscillatoria Growth Pattern on the Treatment Variation of (a) nitrate and (b) phosphate
Note: Actual level of nitrate and phosphate was performed in Table 1.

Oscillatoria Carrying Capacity and Growth Rate

Based on the calculation of Oscillatoria
abundance cells for 30 days, then we calculated
the intrinsic growth rate (r) and maximum
abundance or carrying capacity that can be
supported by media (K) at each treatment. The
average calculation result of both values can be
seen in Figure 2.

Anova test results indicated the growth of
Oscillatoria is significantly influenced by
phosphate level compared to nitrate. It is
reflected from the value of growth rate and
maximum abundance that supported by media
(Fig 2). Maximum abundance of Oscillatoria has a
higher value in the treatments dissolved
phosphate levels of 0.2 and 0.4 mgL* with values
between 700 - 1000 (x 10* cell.mL?). It is
increasingly asserted that Oscillatoria is strongly
influenced by the phosphate element.
Phosphate is an essential component of ATP that
plays a role in various biochemical processes
within the cell of organism [18]. In addition,
phosphate elements have an important role in
cell development and DNA formation [19].

While the variation of nitrate addition on the
maximum abundance value of Oscillatoria is in
addition of nitrate 0 mgL? with value 700 x 10*
cell.mLL. It is due to the diazotrophic nature of
the organism. The nature of diazotroph is the
organism's ability to block free N2 from air [5].
Most members of Cyanobacteria filamentous
non-heterocys including Oscillatoria are diazo-
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troph, thus causing the organism to survive as
long as there is still an environmental phosphate
element [5,11]. It is also related to the actual
dissolved phosphate content of the media which
has reached 0.5 mgL?, so that the nitrate content
of the media can be enriched directly through
free N2 fixation from air. The low maximum
abundance value on the treatment of other
nitrate variations (6, 12, 24, and 48 mglL?)
corresponds to the optimal N:P ratio that is
capable of being supported for the microalgae
group growth. The optimal N:P ratio that can
cause maximum microalgae growth is 1:15 [20,
21].

The calculation results of the maximum
growth rate of Oscillatoria in phosphate and
nitrate addition showed relatively similar
fluctuations with result of carrying capacity. In
general, variations in the addition of phosphate
levels of 0.2 - 0.4 mgL?! can produce high growth
rate values, while the addition of phosphate
levels more than that value can not support the
increase in maximum Oscillatoria growth rate in
the media. The results are consistent with
previous studies which reveal the production of
O. agardhi toxin characterized by addition of
biomass depending on low phosphate levels (0.1-
0.4 mgL?) and elevated phosphate levels do not
provide additional effects because they are not
supported with sufficient dissolved nitrate
content [ 17].
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Furthermore, the treatment of nitrate
addition 48 mgL? capable of causing the highest
growth rate value. The N element is one of the
essential components of a protein that acts as a
biomass-forming cell and plant tissue [5,21].
Another important function of the N element is
as an essential biochemical agent such as
chlorophyll formation and its role in the process
of photosynthesis, formation of various enzymes
used for biochemical processes and assimilation
of nutrients by organisms, as well as nucleic acid
components such as DNA and RNA [1].

The Oscillatoria group is categorized as one

type of organic pollutant bioindicator at
a
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moderate to high level nutrient organic [10]. The
existence of Oscillatoria in pond ecosystems can
gradually initiate the growth of other CyanoHABs
groups such as Microcystis and Anabaena [2,22].
If it is left continuously it can cause more severe
ecosystem damage. So that through the control
of Oscillatoria in the pond is expected to become
a breakthrough of environmentally friendly
habitat management as an early warning system
in an effort to maintain water quality during the
cultivation process in order to produce a
continuous increase in production.
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Figure 2. Maximum abundance (K) and growth rate (r) Oscillatoria which can be supported by the treatment of (a) nitrate and
(b) phosphate addition in natural media
Note: Notation of treatment of variation of P on parameter K showed no significant difference based on Tukey test.
N treatment notation on N parameter shows no significant difference based on Games-howel test.

CONCLUSION

Intensive shrimp farming pond Situbondo
waters are known to contain nitrate with levels
ranged from 0.07 - 0.42 mglL! and dissolved
phosphate ranged from 0.4 to 0.5 mgL™. The
addition of nitrate content in natural media is not
able to support the growth of Oscillatoria to its
full potential. While the addition of soluble
phosphate as much as 0.2 - 0.4 or equivalent with
the actual content of phosphate 0.6 - 0.7 mgL* in
natural media able to support Oscillatoria growth
maximally.

The results show that maximum abundance
or carrying capacity of Oscillatoria is strongly
influenced by dissolved phosphate in the water
bodies. Thus controlling the population of
Oscillatoria in pond waters can be done through
the manipulation of habitat by controlling the
phosphate content of waters that is not
exceeding 0.2 or equivalent to the actual content
of phosphate 0.6 mgL™.
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ACKNOWLEDGEMENT

We are thankful to the staffs of Mutiara Mas
Il shrimp farming pond Situbondo for their
valuable helps with field work and collecting
samples. This study was sponsored by LPDP
thesis research scholarship, Ministry of Finance,
Indonesia Government.

REFERENCES

[1] Reynolds, C.S. 2006. The ecology of
phytoplankton. Cambridge University Press.
Cambrige.

[2] Davidson, K., R.J. Gowen, P.J. Harrison, L.E.
Fleming, P. Hoagland, G. Moschonas. 2014.
Anthropogenis nutrients and harmful algae
in coastal waters. J. Environ. Manage. 146.

206-216.
[3] Keawtawee, T., K. Fukami, P. Songsangjinda,
P. Muangyao. 2012. Nutrient, phyto-

plankton and harmful algal blooms in the

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



Maximum Growth Rate and Carrying Capacity of Oscillatoria in Intensive Shrimp

Farming Pond Situbondo (Aliviyanti et al.)

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

shrimp culture ponds in Thailand. Kuroshio
Sci. 5-2. 129-136.

Noyma, N.P., L.D. Magalhaes, L.L. Furtado,
M. Mucci, F.V. Oosterhout, V.L.M. Huszar,
M.M.  Marinho, M. Lurling. 2015.
Controlling Cyanobacterial blooms through
effective flocculation and sedimentation
with combined use of flocculants and
phosphorus adsorbing natural soil and
modified clay. Water Res. 1-13.

Aliviyanti, D., Suharjono, C. Retnaningdyah.
2017. Cyanobacteria dynamics and throphic
status of intensive shrimp (Litopenaeus van-
namei) farming pond in Situbondo, East Ja-
va, Indonesia. J. Trop. Life. Sci. 7(3). 251-
257.

Issa, A.A., M.H. Abd-Alla, T. Ohyama. 2014.
Nitrogen fixing Cyanobacteria: future pro-
spect. Nutrient Management Spear Pro-
gram. Cornell University.

O’Neil, J.M., T.W. Davis, M.A. Buford, C.J.
Gobler. 2012. The rise of harmful cyanobac-
teria blooms: The potential roles of eu-
trophication and climate change. Harmful
Algae. 14.313-334,

Wells, M.L., V.L. Trainer, T.J. Smayda, B.S.O.
Karlson, C.G. Trick, R.M. Kudela, A. Ishika-
wa, S. Bernard, A. Wulff, D.M. Anderson,
W.P. Cochlan. 2015. Harmful algal blooms
and climate change: learning from the past
and present to forecast the future. Harmful
Algae. 49. 68-93.

Weirich, C.A., T.R. Miller. 2014. Freshwater
harmful algal blooms: toxins and children’s
health. Curr. Probl. Pediatr. Adolesc. Health
Care. 44(1). 2-24.

Haryono, S.S. 2001. Off-flavor. Majalah
Mitra Bahari Kumpulan Artikel Budidaya.
VI(3). 101-104.

Onyema, I.C. 2013. Phytoplankton bio-
indicators of water quality situations in the
lyagbe lagoon, South-western Nigeria. Acta
SATECH. 4(2). 93-107.

Clesceri, L.S., A.E. Greenberg, A.D. Eaton.
1998. Standard methods for the examina-
tion of water and wastewater, 20" Ed.
American Public Health Association. Wash-
ington D.C.

SPSS. 2003. Analytical software. Statistical
Package for the Social Sciences (SPSS)
Headquarters, Chicago, lllinois, USA.

Pianka, E.R. 1974. Factors Affecting Popula-
tion Growth. Harper and Row Publ. New
York.

J.Exp. Life Sci. Vol. 7 No. 1, 2017

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Makmur, A.lJ. Asaad, Utoyo, A. Mustafa,
E.A. Hendrajat, Hasnawi. 2010. Karakteristik
kualitas perairan tambak di Kabupaten Pon-
tianak. Research Center of Aquaculture
Fisheries in Brackish Water. Proceeding of
Aquaculture Innovation Forum. 1165-1171.
Zang, CS., S. Huang, M. Wu, S. Du, M.
Scholz, F. Goo, C. Lin, Y. Guo, Y. Dong. 2011.
Comparison of relationships between pH,
dissolved oxygen and chlorophyll a for ag-
uaculture and non-aquaculture waters. Wa-
ter Air Soil Pollut. 219. 157-174.

Sivonen, K. 1990. Effect of light, tempera-
ture, nitrate, orthophosphate, and bacteria
on growth of and hepatotoxin production
by Oscillatoria agardhii strains. Appl. Envi-
ron. Microbiol. 2(5). 2658-2666.

Hyland, C., Q. Ketterings, D. Dewing, K.
Stockin, K. Czymmek, G. Albrecht, L.
Geohring. 2005. Phosphorus basics: the
phosphorus cycle. Nutrient management
Spear Program. Cornell University. Available
at: http://nmsp.css.cornell.edu.
Istvanovics, V. 2008. The role of biota in
shaping the phosphorus cycle in lakes.
Freshwater Rev. 1. 143-174.

Dike, N.l, S.J. Oniye, V.0. Ajibola, A.U.
Ezealor. 2010. Nitrate and phosphate levels
in river Jakara, Kano state, Nigeria. Sci. J.
5(3). 161-165.

Brown, S. 1999. The nitrogen cycle. Uni-
versity of Washington. USA.

Wu, N., B. Schmalz, N. Fohrer. 2014. Study
progress in riverine phytoplankton and its
use as bio-indicator — a review. Austin J.
Hydrol. 1(1).9.

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






MANUSCRIPT SUBMISSION

FOCUS AND SCOPE

Journal of Experimental Life Science (JELS) is
scientific journal published by Graduate Program
of Brawijaya University as distribution media of
Indonesian researcher’s results in life science to
wider community. JELS is published in every
four months. JELS published scientific papers in
review, short report, and life sciences especially
nanobiology, molecular biology and cellular
biology. JELS is scientific journal that published
compatible qualified articles to academic
standard, scientific and all articles reviewed by
expert in their field.

Journal of Experimental Life Science (JELS) have
vision to become qualified reference media to
publish the best and original research results, and
become the foundation of science development
through invention and innovation on cellular,
molecular, and nanobiology rapidly to
community.

Journal of Experimental Life Science (JELS) have
objectives to published qualified articles on
research’s results of Indonesian researchers in life
science scope. JELS encompasses articles which
discuss basic principles on nature phenomenon
with  cellular, molecular, and nanobiology
approach.

PEER REVIEW PROCESS

Publication of articles by JITODE is dependent
primarily on their validity and coherence, as
judged by peer reviewers, who are also asked
whether the writing is comprehensible and how
interesting they consider the article to be. All
submitted manuscripts are read by the editorial
staff and only those articles that seem most likely
to meet our editorial criteria are sent for formal
review. All forms of published correction may
also be peer-reviewed at the discretion of the
editors. Reviewer selection is critical to the
publication process, and we base our choice on
many factors, including expertise, reputation, and
specific recommendations. The editors then make
a decision based on the reviewers' advice, from
among several possibilities:

Accepted, with or without editorial revisions
Invite the authors to revise their manuscript to
address specific concerns before a final decision

Rejected, but indicate to the authors that further
work might justify a resubmission

Rejected outright, typically on grounds of
specialist interest, lack of novelty, insufficient
conceptual advance or major technical and/or
interpretational problems

PUBLICATION FREQUENCY
JELS publish 2 Issues per year.

OPEN ACCESS POLICY

This journal provides immediate open access to
its content on the principle that making research
freely available to the public supports a greater
global exchange of knowledge.

COPYRIGHT NOTICE

Authors who publish with this journal agree to the
following terms:

Authors retain copyright and grant the journal
right of first publication with the work
simultaneously licensed under a Creative
Commons Attribution License that allows others
to share the work with an acknowledgement of
the work's authorship and initial publication in
this journal.

Authors are able to enter into separate, additional
contractual arrangements for the non-exclusive
distribution of the journal's published version of
the work (e.g., post it to an institutional repository
or publish it in a book), with an acknowledgement
of its initial publication in this journal.

Authors are permitted and encouraged to post
their work online (e.g., in institutional repositories
or on their website) prior to and during the
submission process, as it can lead to productive
exchanges, as well as earlier and greater citation
of published work (The Effect of Open Access).

PRIVACY STATEMENT

The names and email addresses entered in this
journal site will be used exclusively for the stated
purposes of this journal and will not be made
available for any other purpose or to any other

party.
ETHICS PUBLICATION
Research that using animal, human, and clinical

testing is should already have ethical clearance
certificate from authorized institution.


http://creativecommons.org/licenses/by/3.0/
http://opcit.eprints.org/oacitation-biblio.html
http://creativecommons.org/licenses/by/3.0/




“

vereeeesenressnneesessnsss RUNNINEG Title.oucrcenere e,

1

Title Typed in Bold, Capitalize each First Letter of Each Word, Except

Conjunctive, Scientific name should not be Abbreviated

(Calibri 14 Bold Center, should not exceed 12 words, except conjuctive)

First Author!*, Second Author?, Third Author?® (Calibri 12 Center, without title)

IFirst Author Affiliation, Correspondence author should be indicated by * symbol (Calibri 9 Center)

2Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, Indonesia

3Laboratorium of Physiology, Faculty of Medicine, University of Brawijaya, Malang, Indonesia

Abstract (Calibri 9 Bold Center)
This article illustrates preparation of your paper using MS-WORD (.doc or .rtf). Manuscript was numbered
consecutively. Main text typed in two columns (67 characters), except title and abstract in one column. The manuscript
should be written in English. The length of manuscript should not exceed 10 pages including table and figure in this
format using A4 paper single space. The text should be in the margin of 3 cm up, down and left side, 2.5 cm on right
side. Abstract includes the research purposes, research method and research results in one paragraph of essay, not
enumerative. No citation in abstract. Abstract should not exceed 200 words. Keywords typed after abstract. (Calibri 9

Justify).

Keywords: manuscript, English, format, 5 words maximum (Calibri 9 Left)

INTRODUCT'ON*(CaIibri 10 Bold, Left, Capslock)

All submitted manuscripts should contain
original research which not previously published
and not under consideration for publication
elsewhere. Articles must be written in ENGLISH
and manuscripts may be submitted for
consideration as research report articles, short
reports or reviews.

The introduction explains the background of
the problem, the study of literature and research
purposes. Some initial introduction paragraphs
explain the problem and background to these
problems [1]. The next few paragraphs explain
the study of literature that contains recent
knowledge development which is directly related
to the issues. The last paragraph of the
introductory section contains a description of the
purposes of the study., (Calibri 10 Justify)

MATERIAL AND METHOD(CaIibri 10 Bold, Left, Capslock)

This section describes the types of methods
(qualitative, quantitative or mixed-method) with
details of methods of data collection and data
analysis [2]. This section also describes the
perspective that underlying the selection of a
particular method. (Calibri 10 Justify)

Correspondence address: (Calibri 8 Bold, Left)

Full name of correspondence author
Email :sapto@jurnal.ub.ac.id
Address : afiliation address include post code

Data Collection (Calibri 10 Bold, Left)

Explain the data collection methods, i.e.
surveys, observations or archive, accompanied by
details of the use of such methods. This section
also describes the population, sampling and
sample selection methods. (Calibri 10 ustify)

The use of English language should followed
proper grammar and terms. Name of organism
shoul be followed by its full scientific name in the
first mention, in jtalic [3]. Author of the scientific
name and the word of “var.” typed
regular. Example: Stellaria saxatillis Buch. Ham.
First abbreviation typed in colon after the
abbreviated phrase.

Author must use International Standard Unit
(SI). Negative exponent used to show the
denominator unit. Example: g I}, instead of g/I.
The unit spaced after the numbers, except
percentage [4]. Example: 25 g I, instead of 25g!I
1. 35% instead of 35 %. Decimal typed in dot (not
coma). All tables and figures should be
mentioned in the text.

RESULT AND DISCUSSION (Calibri 10 Bold, Left, Capslock)

This section contains the results of the
analysis and interpretation or discussion of the
results of the analysis. Describe a structured,
detailed, complete and concise explanation, so
that the reader can follow the flow of analysis
and thinking of researchers [5]. Part of the results
study should be integrated with the results of the



analysis and the results and discussion are not
separated.

Table

Table should be submitted within the
manuscript and in separated file of Microsoft
Excel (xIs.). Table whould not exceed 8 cm (one
column) and 17 cm (two columns). Table should
be embedded in different page after references.

Table should be numbered in sequence. Table
title should be brief and clear above the table,
with uppercase in initial sentence. Vertical line
should not be used. Footnote use number with
colon and superscripted. Symbol of (*) or (**)
was used to show difference in confidence
interval of 95 and 99%.

Table 1. Example of the Table (Calibri 85 Left

No Point (Calibri 8.5 Justify) Description
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5
Sources: Journal of PPSU

B (Calibri 8.5 Left)

Figures

Figures should be in high resolution and well
contrast in JPEG or PDF with the following
conditions:

e Monochrome image (line art), figures of black
and white diagram (solid/no shades of gray),
resolution 1000-1200 dpi (dot per inch).

e Combination Halftone, combine figure and
text (image containing text) and coloured
graphic or in grayscale format. Resolution
600-900 dpi.

e Halftone, coloured figure or grayscale format
without text. Resolution 300 dpi.

height requirement is adjustable

Running Title (Last Name of First Author, et al.)

e Black and white figure should be in
the grayscale mode, while coloured figures
should be in RGB mode.

e Figure should not exceed the width of 8 cm
(one column), 12.5 cm (1.5 columns) or 17 cm
(two columns).

e Figures title typed clearly below the figure.

e Figure with pointing arrow should be grouped
(grouping).

e Figures were recommended in black and
white.

e Legend or figure description should be clear
and complete. If compressed, the figure
should be readable.

e Statistic graphic should be supplemented with
data sources.

o |If the figures come from the third party, it
should have the copyright transfer from the
sources.

height requirement is adjustable

width of 66mm, similar to column width

Figure 1. lllustration of Dimensional Figure of one column
width. Figure dimension adjusted to the width of

one column. Name the figure (diagram) written

below the image. (Calibri 8.5 Justify)

width of 137 mm, fit to right and left margins

Figure 2.

. lllustration of Dimensional Figure of two column width. Figure dimension adjusted to the width of two columns (137

mm). Figure were align top or bottom of the page. (Calibri 8.5 Justify)
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References

1. Primary references include journal, patent,
dissertation, thesis, paper in proceeding and
text book.

2. Avoid self citation.

3. Author should avoid reference in reference,
popular book, and internet reference except
journal and private ana state institution.

4. Author was not allowed to use abstract as
references.

5. References should been published (book,
research journal or proceeding). Unpublished
references or not displayed data can not be
used as references.

6. References typed in numbering list (format
number 1,2,3,...), ordered sequentially as they
appear in the text (system of Vancouver or
author-number style).

7. Citation in the manuscript typed only the
references number (not the author and year),
example: Obesity is an accumulation of fat in
large quantities which would cause excessive
body weight (overweight) [1]. Obesity is a risk
factor of diabetic, hypertension dan
atherosclerosis [2].

CONCLUSION (Calibri 10 Bold, Left, Capslock)

Conclusion of the study's findings are written
in brief, concise and solid, without more
additional new interpretation. This section can
also be written on research novelty, advantages
and disadvantages of the research, as well as

recommendations for future research.(Calibri 10
Justify)
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