JELS

ISSN 2087-285

'The Journal ot

EXPERIMENTAL

LIFE SCIENCE

J.Exp. Life Sci. Vol.11 | No.3 | pages68-114 | October 2021

Published by :
Graduate Program, Universitas Brawijaya

jels.ub.ac.id



ISSN. 2087-2852

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

Discovering Living System Concept through Nano, Molecular and Cellular Biology

Editorial Board

Chief Editor
Wenny Bekti Sunarharum, STP., M.Food.St., Ph.D

Editorial Board
Yuli Witono, S.TP., MP., Dr., Prof. - UNE] Swasmi Purwajanti, ST., M.Sc., Dr. - BPPT
Pa. Raajeswari, Dr. - Avinashilingam Inst. Suciati, S.Si., MPhil,, PhD., Apt - UNAIR
Tiparat Tikapunya, Dr.- Lampang Rajabhat Univ Mochamad Nurcholis, STP., MP.,PhD - UB
Eddie Tan Ti Tjih, Dr. - Teknologi MARA Univ Yoga Dwi Jatmiko, S.Si., M.App.Sc. Ph.D - UB
Ms. Ni-ornChomsri, Ph.D. - ATRI Moch. Sasmito Djati, MS,, Ir.,, Dr., Prof. - UB
Muhaimin Rifa’i, Ph.D.Med.Sc., Prof. - UB Muhamad Firdaus, MP., Dr., Ir. - UB
Reviewers
Attabik Mukhammad Amrillah, S.Pi., M.Si. - UB Rizky Nurdiansyah, S.Si., M.Si. - UB
Indah Yanti, S.Si., M.Si. - UB Andi Kurniawan, S.Pi, M.Eng, D.Sc - UB
Moch. Sasmito Djati, MS,, Ir., Dr., Prof. - UB Evi Octaviany, S.Pd., M.Si. - UB
Irfan Mustafa, S.Si.,M.Si.,Ph.D - UB
Editorial Assistant

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

Address
The Journal of Experimental Life Science
Building B, 15t Floor, Postgraduate School, University of Brawijaya
JI. Mayor Jenderal Haryono 169, Malang, 65145
Telp: (0341) 571260 ; Fax: (0341) 580801
Email: jels@ub.ac.id
Web: http://www.jels.ub.ac.id

INDEX @ COPERNICUS

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

Google

scholar

[
Crossref







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

Table of Content

Analysis of Phytoplankton Structure Community, Water Quality and Cultivation Performance in
Litopenaeus vannamei Intensive Pond Located in Tembokrejo Village, Muncar, Banyuwangi
(Gesang Maulana Dwi Katmoko, Yenny Risjani, Endang Dewi Masithah) 68-76
DOLI: https://doi.org/10.21776/ub.jels.2021.011.03.01

Preventive Effects of Yogurt Fortified with Purple Roselle Extract Against Cardiotoxicity in Rats
Exposed With 2,3,7,8-Tetrachlorodibenzo-P-Dioxin

(Ani Setianingrum, Iffa Fanadila, Herlina Pratiwi, Ajeng Erika Prihastuti Haskito) ... 77-83
DOLI: https://doi.org/10.21776/ub.jels.2021.011.03.02

Phytoplankton and Its Relationship to White Leg Shrimp (Litopenaeus vannamei) Culture
Productivity in Alasbulu, Banyuwangi

(Fitroh Aulani, Wuryansari Muharini Kusumawinahyu, Isnani Darti) 84-88
DOI: https://doi.org/10.21776/ub.jels.2021.011.03.03

In Silico Study to Predict the Potential of Beta Asarone, Methyl Piperonylketone, Coumaric Acid
in Piper crocatum as Anticancer Agents

(Ahmed Hasan Abkar, Moch. Sasmito Djati, Widodo Widodo) 89-99
DOLI: https://doi.org/10.21776/ub.jels.2021.011.03.04

Screening of Potential Biosurfactant Producing Bacteria from Tanjung Perak Port, Surabaya
(Marlinda Elvina Susanti, Maftuch Maftuch, Asep Awaludin Prihanto) 100-105
DOI: https://doi.org/10.21776/ub.jels.2021.011.03.05

Expression Virus-Like Particles (VLPs) at Geomembrane and Concret in Asian Pacific Shrimp
Culture (Litopenaeus vannamei)

(Venny Nur Hidayah, Muhammad Musa, Yuni Kilawati) .....c.coeeeneeenneees 106-114
DOI: https://doi.org/10.21776/ub.jels.2021.011.03.06

J. Exp. Life Sci. Vol. 11 No. 3, 2021 pages. 68-114



Phytoplankton Structure Community, Water Quality and Cultivation Performance
in L. vannamei Intensive Pond (Katmoko, et al.)

Analysis of Phytoplankton Structure Community, Water Quality and
Cultivation Performance in Litopenaeus vannamei Intensive Pond Located
in Tembokrejo Village, Muncar, Banyuwangi

Gesang Maulana Dwi Katmoko®", Yenny Risjani', Endang Dewi Masithah?

1Study Program of Aquaculture, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia
2Study Program of Aquaculture, Faculty of Fisheries and Marine Sciences, Airlangga University, Surabaya, Indonesia

Abstract

Phytoplankton plays an important role in Litopenaeus vannamei cultivation. It plays a role as natural feed, water quality
control, and indicator of shrimp cultivation success. The community structure of phytoplankton can be influenced by
organic matter concentration in ponds. On the other hand, water quality and phytoplankton community structure also
influence the productivity of shrimp cultivation. The research aimed to analyze the phytoplankton structure community,
cultivation performance and the water quality in one of vananmei shrimp cultivation located in Muncar District. The
research used the descriptive method. The research was conducted in two shrimp intensive system ponds in
Tembokrejo Village, Muncar District, Banyuwangi, on February-March 2020. Parameters observed were composition,
diversity, and density of phytoplankton, water quality parameters, and production performance in each pond. Based on
the results, five phytoplankton classes was found: Bacillariophyceae (12 genera), Chlorophyceae (4 genera),
Cyanophyceae (8 genera), Dinophyceae (2 genera), and Euglenophyceae (1 genus). Based on the density, Cyclotella and
Chlorella were dominated in both ponds. Diversity index values on ponds 1 and ponds 2 were 1.64 and 1.71,
respectively. The productivity of both ponds was 10.794 kg.ha! and 11.698 kg.ha, FCR (Feed Conversion Ratio) were
0.99 and 1.18, and ADG (Average Daily Growth) on both ponds were 0.16 g.dayl. Water quality parameters in both
ponds showed an optimal range for vannamei cultivation, except phosphate, which is quite high. Overall, the cultivation
performance of both ponds in our research showed good results. However, cultivation performance obtained in this
research was not on its best performance yet due to Infectious Myonecrosis (IMNV) infection.

Keywords: Cultivation performance, Litopenaeus vannamei, muncar, phytoplankton.

INTRODUCTION

The cultivation performance of vannamei
(Litopenaeus vannamei) currently increases.
Based on data, vannamei cultivation contributed

environment. A previous study mentioned that
the industry activity in Muncar produced around
14,300 m3 of waste per day [4]. These wastes are
organic waste which can cause pollution in the

as much as 53% of total crustacean production in
the world [1]. In addition, vannamei shrimp also
has various advantages compared to other types
of shrimp. The advantages comprised the fry
quality of shrimp are easy to obtain, having high
survival rate, can be cultivated in ponds with high
stocking densities, more resistant to disease,
short cultivation cycle, and has low feed
conversion [2]. The species has become an object
for studies to increase their immune system
against vibriosis [3].

Muncar, a district in Banyuwangi Regency, is
one of the main vannamei production districts
located in East Java. Muncar is also the center of
the fish processing industry in Indonesia.
Although it has many positives impacts on
improving the economy, the existence of these
industries also brings a negative impact on the
environment, especially the aquatic

* Correspondence address:
Gesang Maulana Dwi Katmoko
Email :gmaulana4d5@student.ub.ac.id
Address : Faculty of Fisheries and Marine Science,
University of Brawijaya, Veteran, Malang, 65145
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waters.

Meanwhile, shrimp ponds around these
industries use seawater around the coast of
Muncar as a medium for vannamei shrimp
cultivation. In addition, intensification in
vannamei cultivation also causes various
problems. The high stocking densities and the
increase of feed given lead to the increasing in
organic matter content in shrimp ponds and then
followed by increasing in shrimp excretion and
feed residue.

The excretion and feed residue in the water
can be a source of organic matter and nitrogen
(N). About 80% of the nitrogen entered the pond
will be wasted and suspended [5]. It will lead to
nutrient enrichment or also called
eutrophication. Eutrophication can affect the
structure of the phytoplankton community.
Eutrophication is an abnormal condition in
waters characterized by high levels of nutrients
contained in water that exceed normal limits.
Eutrophication conditions and high water
temperature due to global warming will cause
Harmful Algal Blooms (HABs). In addition,
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nutrient content will also affect the diversity and
density of phytoplankton in the waters.

Although Indonesian archipelago has the
highest biodiversity of phytoplankton, like marine
[6], the study related to their role in brackish
water ponds is needed to be explored.
Phytoplankton in shrimp pond ecosystems has an
important role in supporting the success of the
cultivation. Generally, phytoplankton occurs
naturally in all shrimp ponds. The existence of
phytoplankton provides benefits both directly
and indirectly for -cultivation productivity. A
previous study argued that the type of
phytoplankton  growth in  shrimp pond
ecosystems affects productivity [7]. Therefore,
this study aimed to analyze the phytoplankton
community structure, water quality parameters,
and cultivation performance in one of the
vannamei cultivation ponds in Tembokrejo
Village, Muncar District, Banyuwangi regency.

MATERIAL AND METHOD
Sample collection

The research was conducted from February to
March 2020 in one of the vannamei shrimp
farming locations located in Tembokrejo Village,
Muncar District, Banyuwangi Regency. The
number of ponds observed was two ponds (pond
1 and pond 2), which were randomly selected.
The parameters observed in this study were the
phytoplankton community structure consisting of
the composition, diversity, and density of
phytoplankton. The productivity performance
parameters observed were productivity, Survival
Rate (SR), Feed Conversion Ratio (FCR), and
Average Daily Growth (ADG). Water quality
parameters observed were temperature, water
transparency (WT), dissolved oxygen, pH, nitrate,
nitrite, ammonia, and phosphate.

Phytoplankton samples were sampled every
day during the study at 1 PM. Sampling was
carried out at four stations using a 5 L volume
bucket with two repetitions at each station. The
water sample was filtered using a plankton net of
25 size and put into a 20 mL film bottle. Then,
1% Lugol's iodine solution was added to keep the
sample from being damaged. Samples were given
the label as a marker and stored in a cool box for
later identification at the Jatisari 2 Laboratory
located in Bomo Village, Blimbingsari District,
Banyuwangi Regency.

Phytoplankton samples were observed under
a binocular microscope with a magnification of
400X. Phytoplankton calculations using a
hemocytometer with counted with hand tally

J.Exp. Life Sci. Vol. 11 No. 3, 2021

counter. The calculation of phytoplankton
densities uses the following method [6].

nA+nB +nC+nbD
PD—(

= X 10,000
)

Description:

PD = Phytoplankton Density

nA, nB, nC, and nD = Number of cells count in block A, B, C
and D

4 = Number of block count;

10,000 = The volume of Haemocytometer Big Block

A diversity index is calculated using the
Shannon-Wiener method as follows:
n
H’=Zpi Inpi
i=1

Description:

H’ = the value of Diversity Index;

pi = a number of cells of type i (ni) divided by the total
number of cells in the sample (N).

Cultivation performance parameters
observed in both ponds included harvest tonnage
(yield/pond area), survival rate (SR), feed
conversion ratio (FCR), and average daily growth
(ADG). The formula used to measure the SR value
is based on [7]:

SR Nt 100%

= —X (1]
NO

Description:

SR =survival rate

Nt =the total number of shrimp harvested

NO = the number of shrimp stocked.

FCR is calculated using the formula as follows

[7]:

FCR = (7)
W —Wo
Description:
FCR =feed ratio converted to biomass
F = the weight of feed consumed (kg)

Wt = shrimp biomass at the end cultivation (kg)
WO = the initial weight of shrimp biomass (kg)

ADG is calculated using the formula as follows
[8]:
MBWo — MBWt
t

ADG =

Description:

ADG  =the average daily gain of shrimp

MBWo = the average body weight actual sampling
MBW?1t = the average body weight after sampling
t =the sampling period

Ponds Temperature, water transparency, pH,
salinity, and dissolved oxygen were measured
every day during the study. Temperature, water
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transparency, DO, pH, and salinity were observed
twice a day. While, Nitrate, nitrite, ammonium,
and phosphate were measured every three days.

RESULT AND DISCUSSION
Phytoplankton identification

Based on the results, 27 genera were
obtained from five classes of phytoplankton in
both ponds. The phytoplankton genera obtained
can be seen in Table 1.

Based on Table 2, it can be shown that both
ponds have almost the same genera, but the
second pond has more diverse phytoplankton
genera. The genera of phytoplankton found in
both ponds are the common phytoplankton
found in shrimp ponds. The results from
observations of phytoplankton from both ponds
during the study were supported by previous
research [7] in a vannamei shrimp (L. vannamei)
farm in Situbondo, where the genera found were:
Oocystis, Chlorella, Nannocloropsis, Chaetoceros,
Nitzschia, Coscinodiscus, Cyclotella, and Ulothrix.
However, the phytoplankton found in this study
had a higher diversity. It can be due to the
relatively high nutrient content (N and P) in our
study compared to the previous study so that the
diversity is also high. Another previous research
explained that phytoplankton requires N and P
elements in the synthesis of fat and protein [11].
These compounds could only be used directly by
phytoplankton if they are in the form of nitrates
and orthophosphates. The N:P ratio required by
phytoplankton is generally 16:1.

Phytoplankton composition

The percentage of each phytoplankton class
found in both ponds can be seen in Figure 1.
Based on the diagram above, the three dominant
classes found in both ponds are Bacillario-

Pond 1

B Chlorophyceae

3 Bacillarophyce
ae

=
.

O Cyanophyceae

M Dinophyceae

B Euglenocidea

phyceae, Chlorophyceae, and Cyanophyceae.
Dinophyceae and Euglenophyceae were also
found, but still in a low percentage. The
composition of phytoplankton in pond 1 and
pond 2 is relatively the same, but the diversity is
different.

Bacillariophyceae is the dominant
phytoplankton class among other classes. It can
be influenced by the source of cultivation water.
According to a previous study [12],
Bacillariophyceae or diatoms are the most
dominant types of phytoplankton in marine
waters. Other previous research also found
Diatom dominating in vannamei cultivation
located in Bangladesh [13]. In addition, diatoms
are a type of phytoplankton that are beneficial
for the growth of vannamei shrimp because they
can help form carapace in shrimp.

Phytoplankton Density

The phytoplankton average density observed
in both ponds can be seen in Table 1. Based on
the Table, Cyclotella from Bacillariophyceae was
the highest density phytoplankton. The
percentage density of a phytoplankton species in
the waters should reach more than 10% of the
total density, for the species can be said to
dominate [5].

Chlorella from Chlorophyceae was the second
class that dominated in both ponds.
Chlorophyceae can be found dominated in water
ecosystems with high light intensity [14]. The
dominance of phytoplankton in shrimp ponds is
strongly influenced by water quality, such as
nitrogen and phosphorus. The density values of
the Bacillarophycea and Chlorophyceae classes
are still quite high. Both genera are types of
plankton that are beneficial to shrimp.

Pond 2

B Chlorophyceae

O Bacillarophyceae

T
I NN

O Cyanophyceae

M Dinophyceae

B Euglenocidea

Figure 1. The percentage of phytoplankton composition in ponds
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Meanwhile, the genera belonging to
Cyanophyceae, Dinophyceae, and
Euglenophyceae are genera that are quite
harmful to cultivated organisms because they
can produce toxins that are harmful to aquatic
organisms. In the Cyanophyceae class, the most
common genera found is Oscillatoria. Oscillatoria
is a type of blue-green algae (BGA) that is
commonly found in brackish waters. Oscillatoria
is a diazotrophic group in Cyanobacteria, where
this genus can fix nitrogen gas (N2) from the air
so that this type of organism can live in waters
that have low nitrogen levels even as long as
there is phosphorus [17].

The diversity index value can be seen in Table
1. The diversity index value showed that the
diversity value H' of phytoplankton genera in
pond 1 and pond 2 were only slightly different.
Based on the H’ value, both ponds have a
moderate diversity index (1<H’<3), indicating the
water ponds are still of good quality to support
phytoplankton growth. It was mentioned that the
diversity index value H' is greater than 3, then the
diversity of genera is high. If the value of diversity
H' is between 1 and 3, then the diversity of
genera is moderate, and if the diversity value H'

is less than 1, indicated that the water ecosystem
has low genera diversity [18].

Cultivation Performance
Productivity

The cultivation performance parameters of
both ponds can be seen in Table 2. The
productivity in pond 2 was higher than in pond 1.
It can be influenced by the amount of stocking
density, feed management, water quality. The
productivity of cultivation was also influenced by
the length of the cultivation day. The longer
cultivation day can result in higher yields. The
existence of phytoplankton is also a supporting
factor. Besides its role as natural food which is
useful for the formation of the carapace in
shrimp, several types of diatoms can produce
some toxins which have a negative impact on
aquatic organisms.

Table 2. Cultivation Performance of Both Ponds

No Indicator P1 P2

1 Day of Culture (DOC) 62 64

2 Productivity (kg.ha?) 10,794 11,698
3 Survival Rate (%) 95 97

4 FCR 0.99 1.18

5  ADG (g.day?) 0.16 0.16

Table 1. The Average of Phytoplankton Density of Both Ponds

Class Genera Pond 1 Pond 2
Chlorella 31,000 28,611
Chlorophyceae Cosmar.'ium 800 833
Oocystis 3,100 3,519
Gleocystis 1,800 5,278
Skeletonema 7,500 7,037
Cyclotella 31,400 42,222
Nitzschia 1,200 1,944
Coscinodiscus 6,200 11,389
Dithylium 1,900 370
Bacillarophyeae Navia{/a 1,200 2,870
Amphiphora 1,000 463
Biduplhia 200 741
Chaetoceros 2,800 22,22
Melosira 1,000 185
Amphora - 1,574
Cerataulina - 3,981
Microcystis 5,400 2,500
Chrococcus 4,400 10,926
Oscillatoria 11,700 926
Cyanophyceae Gleocapsa - 28,611
Anabaena 2,900 2,778
Pseudoanabaena - 556
Anabaenopsis - 463
Merismopedia - 1,944
Dinophyceae Protoperidinium 1,400 2,407
Alexandrium 500 3,981
Euglenophyceae Euglena 1,250 1,574
Total 118,650 141,296
Shanon-Wierner Index 1.64 1.71

J.Exp. Life Sci. Vol. 11 No. 3, 2021
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The productivity on Pond 2 showed a higher
value than on pond 1. The differences of these
values were might due to the higher density of
Bacillariophyceae and Chlorophyceae in Pond 2
than Pond 1. We argued that the availability of
natural food in pond 2 was higher than in pond 1,
so shrimp obtain more nutrient sources due to
the phytoplankton. Bacillariophyceae and
Chlorophyceae are good natural food for
vannamei shrimp due to these high nutrients.
Microalgae contain b-carotene and chlorophyll
content increase the antioxidant pigment
astaxanthin in shrimp tissue, which leads to an
increase in the growth of the shrimp [19].

In contrast, when viewed from the adverse
phytoplankton types, the density of Microcystis,
Chrococcus, Oscillatoria, and Anabaena was
found to be higher in pond 1. These types of
phytoplankton can produce cyanotoxins.
Cyanobacteria have an important role as the
main oxygen producer in waters [20]. However,
its ability to adapt causes cyanobacteria to grow
rapidly. It cause various negative impacts on the
waters, such as changing water color, decreasing
water quality, and causing an unpleasant taste in
the meat of cultivated organisms due to the
production of geosmin and methyl iso-borneol
(MIB), which can result in decreased quality of
aquaculture products. Oscillatoria, as one of the
many phytoplankton found, could also cause
negative impacts if the density is uncontrolled.
Oscillatoria can produce toxin compounds such
as neurotoxins, anatoxins, and hepatotoxins [21].

Survival Rate

The survival rate in ponds 1 and 2 was 95%
and 97%, respectively. The survival rate in both
ponds is quite high. In previous research [22], the
survival rate obtained ranges from 88-91%.
When compared with the survival rate in this
study, the survival value in both ponds has a
higher value. It is because the harvesting in both
ponds was carried out quickly before the IMNV
virus spreads and increased shrimp mortality.

Phytoplankton also may affect the survival
rate in shrimp ponds. The types of phytoplankton
dominated were Bacillariophyceae and
Chlorophyceae. These types of phytoplankton
play a role as a natural food that contained high
nutrients so that it can support the growth,
development, and immune response of
vannamei shrimp. Microalgae contain b-carotene
and vitamin C compounds which can improve the
health condition of shrimp [17]. Our result is
supported by previous research, which showed

J.Exp. Life Sci. Vol. 11 No. 3, 2021

the pond dominated by phytoplankton
Nanocloropsis and Chlorella from Chlorophyceae
class and Navicula from the Bacillariophyceae
class that showed a higher survival rate than the
control pond, which was dominated by
phytoplankton genera of Cyanophyceae [21]. The
survival rate can also be influenced by the
stocking density at the beginning of cultivation. A
previous study mentioned the optimal stocking
density in the intensive system of vannamei
shrimp cultivation is 100 fish.m™ [20]. Based on
another research, vannamei shrimp reared at a
density of 100 ind.m?2 showed a better survival
rate and growth [22].

Feed Conversion Ratio (FCR)

The FCR value in ponds 1 and 2 was 0.99 and
1.18, respectively. The FCR value in both ponds
was considered good. The good FCR value in
shrimp culture is 1.37-1.66 [3]. The FCR value
indicates the level of performance of shrimp in
converting feed to yields. FCR is a comparison
between the feed consumed and the biomass
produced, thus the lower the FCR indicate the
better performance of the shrimp in converting
feed into biomass [23].

The FCR value in pond 1 was lower than pond
2, indicating the shrimp reared in pond 1 had a
better performance in converting feed to yields
than pond 2. It may be influenced due to the
differences in stocking density in both ponds. The
stocking density applied to pond 1 was lower
than that of pond 2. It is consistent with the
results of previous research [24], which explained
that the lowest FCR value was obtained in the
vannamei shrimp reared on the medium with the
lowest stocking density. The lower stocking
density results in a lower level of competition in
feed utilization, thus the shrimp cultivated in
pond 1 could more utilize the feed given. In
addition, it can also be seen that the density of
phytoplankton from the Dinophyceae class in
pond 2 is higher than pond 1. Dinophyceae is
able to produce some toxins that cause damage
to the organism's cells [25]. It may be assumed
that the digestive tract cells of shrimp in pond 2
had a disturbance due to these toxins, thus the
absorption process of nutrients could not run
optimally. Therefore, most farmers prefer their
cultivation ponds to be dominated by diatoms
and green algae in the phytoplankton community
structure.

Average Daily Gain (ADG)
The average Daily Gain (ADG) value in pond 1
and pond 2 was 0.16 g.dayl. The ADG value in
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both ponds is still in a good range in the
cultivation of vannamei shrimp. The normal ADG
value in vannamei shrimp cultivation is 0.22
g.day? [26]. A research obtained daily growth
rate values for vannamei shrimp of 0.12 - 0.17
g.day1[27]. The growth rate of vannamei shrimp
can be influenced by several factors such as the
volume of water change every day, feed supply,
fertilization, aeration, and the composition of the
phytoplankton in the pond.

Water Quality Parameters

The range of average values for the water
quality parameters of both ponds can be seen in
Table 3. The temperature in both ponds was in
optimal conditions for shrimp growth. It is
supported by a previous study that stated the
optimal temperature value for shrimp growth is
in the range of 24-32°C [28]. Temperature can
influence the metabolism rate of shrimp.

The water transparency in both ponds was
classified as good for vannamei shrimp
cultivation. The optimal water transparency
value in shrimp ponds ranged between 30-45 cm.
Pond with water transparency under 30 cm
indicated the content of the suspension or
phytoplankton is very dense, thus it needs to be
recirculated [29].

DO in both ponds was still in a tolerable range
for vannamei shrimp. The optimal DO range for
shrimp culture is 3.5 - 7.5 ppm [28]. Less than 3
ppm DO content can cause shrimp stressed, thus
they became susceptible to disease infection,
while DO content less than 2 ppm has the
potential of death in organisms, including shrimp.
Oxygen levels in waters can be influenced by
salinity and temperature [31]. The solubility of
oxygen will be higher in low-temperature water
conditions and will decrease with higher salinity.

The pH values in both ponds were in the
optimal range for the growth of vannamei
shrimp. The allowable pH value limit in shrimp
farming is 7.5 - 8.5 [32]. However, when viewed

from the pH fluctuation occurred, the pH
fluctuation in pond 2 was higher than in pond 1.
The phytoplankton density may influence the pH
fluctuation in the water environment. The higher
density of phytoplankton, the greater the pH
fluctuation occurred. However, based on the
data obtained, the pH fluctuation from the
beginning to the end of the observation is still in
a safe range for vannamei shrimp. A sudden
change in pH value of 1 unit could kill aquatic
organisms [33].

The salinity in both ponds was in the optimal
range. The ideal salinity range for shrimp culture
is 15 to 25 ppt [34]. Lower salinity vale leads to
thinning the shrimp shell, while a too high salinity
value leads to inhibition of the molting process
[35]. Salinity has a significant role in influencing
the growth rate, survival, and physiological
function of shrimp.

The nitrate concentration in both ponds was
in a safe range for cultivating vannamei shrimp.
The tolerable nitrate concentration for vannamei
shrimp cultivation in ponds is not more than 177
mg.L? [36]. Nitrate is a form of nitrogen which
not too dangerous for aquatic organisms,
especially vannamei shrimp. However, too high
nitrate concentration and the influence of salinity
in the waters could be dangerous compounds
[37]. Nitrates can be used by phytoplankton to
grow and develop [38].

The nitrite concentration in both ponds isin a
safe range for cultivating vannamei shrimp.
Nitrite toxicity can be influenced by pH and
salinity in the water ecosystem. In vannamei
shrimp culture, the tolerable nitrite content is
not more than 6.1 mg.L* at 15 ppt salinity and no
more than 15.2 mg.L'! at 25 ppt salinity [39].
Excess nitrite content in aquaculture ponds could
cause a decrease in appetite, growth, increase
oxygen consumption and nitrogen excretion,
disrupt hemolymph protein concentrations and
increase mortality [40].

Table 3. The Data of Water Quality of Both Ponds

Parameters Pond 1 Pond 2 Optimum Range
5AM 3 PM 5AM 3PM

DO (mg.L?) 4.0-4.7 4.9-8.9 3.9-5.1 4.1-8.9 3.5-7.5[30]
Temperature (°C) 28-31 29-33 27-31 29-32 24 —32 (28]
pH 7.1-7.9 7.6-8.5 7.1-8.1 7.3-8.3 7.5-8.5[32]
Sal (g.LY) 18-22 18-22 19-23 18-22 15-25 [34]
WT (cm) 33-42 28-41 32-40 29-37 30-45[29]
NO2- (mg.L?) 0.02-2 0.02-2 <15.2 [39]
NO3- (mg.L?) 1-10 1-15 <177 [36]
NH4+ (mg.L?) 0.1-3.2 0.1-3 <5(3]
P0O4-3 (mg.LY) 0.5-1.5 0.25-2 0.08 -0.28 [5]
N:P Ratio 1.3-16.5:1 0.6-11.6 :1 16:1[11]
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The range between the maximum and
minimum phosphate values in pond 2 was higher
than in pond 1. It may be related to the higher
FCR value in pond 2. Higher FCR indicates that
the feed given is still left and not utilized by the
shrimp. The remaining feed wasted in the waters
is a source of phosphate [41]. The phosphate
content of both ponds is quite high. Sukadi [42]
conducted observations of water quality in
shrimp aquaculture ponds in Bangladesh and
found a phosphate content of 0.08 - 0.28 mg.L™.

Ammonium ranges in both ponds are still in a
good range for shrimp growth. A safe level of
ammonium concentration for shrimp culture is
less than 5 mg.L'* [30]. The ammonium content in
water can be regulated by the content of organic
matter in the waters. Organic materials such as
food waste, organisms, and dead organisms will
break down into ammonium. Ammonium is
ammonia that ionizes in water.

CONCLUSION

In conclusion, the phytoplankton community
structure in both ponds consisted of 27 genera
from five phytoplankton classes with a moderate
diversity index (H'), which Chlorophyceae and
Bacillariophyceae were dominated. The physical
and chemical parameters of the water quality in
both ponds are in the optimal range for
vannamei shrimp culture. Overall, the cultivation
performance of both ponds in our research
showed good results.
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Abstract

Dioxin is one of the environment’s persistent organic pollutants that harm animal and human health. Prolonged
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) can disrupt normal organ function including heart. Yogurt is
known to have antioxidant properties, and fortification natural plant-based antioxidant purple roselle (Hibiscus
sabdariffa L) extract into yogurt can improve the antioxidant potential. The purpose of this study was to determine the
preventive effects of yogurt fortified with purple roselle on dioxin exposure rats (Rattus norvegicus) based on the levels
of Malondialdehyde (MDA) and histopathological of the heart. This experimental study used a completely randomized
design (CRD). A total of 30 male Wistar rats were divided into five groups (Negative Control, Positive Control, Treatment
groups T1, T2, and T3), a dose of 200 ng.kgl BW TCDD and 1 mL of roselle yogurt 0.5%, 1.0%, and 1.5% were given
orally for 12 days. MDA levels were analyzed using the Thiobarbituric Acid (TBA) assay and histopathology of the heart
using the Haematoxylin Eosin (HE) staining method. Statistical analysis used one-way Analysis of Variance (ANOVA).
Histopathology changes were analyzed descriptively. The results showed that TCDD exposure induced oxidative stress
in heart tissue, and yogurt roselle has the potential to prevent an increase of MDA levels significantly (p<0.05).
Furthermore, TCDD can cause histopathological alterations, such as necrosis and hemorrhage, and yogurt roselle was
proven to prevent cardiotoxicity due to TCDD exposure.

Keywords: heart, histopathology, MDA, purple roselle, TCDD, yogurt.

INTRODUCTION caused by dioxin intoxication includes

Development in Industrial activities is often
followed by an increasing level of pollution to the
environment. One of the pollutants that are
considered toxic and produced by human
activities is dioxins and their congeners. Due to
the toxic, persistent, bioaccumulative nature of
dioxins in the environment, the United Nations of
Environmental Program (UNEP) is actively
campaigning on the problem of dioxin pollution
so that it has become a global concern [1].
Dioxins congener that have the highest toxicity is
2,3,7,8 -Tetrachlorodibenzo-p-dioxin (TCDD). In
humans and laboratory animals, TCDD induced
carcinogenesis, teratogenicity, reproductive
toxicity, hepatotoxicity, endocrine disruption,
wasting syndrome, and immunological
dysfunction [2,3].

The aryl hydrocarbon receptor (AhR)
pathway, which induces cytochrome P450 and
other drug-metabolizing enzymes, can explain
the toxicity of TCDD. Cardiotoxicity
manifestations due to dioxins exposure include
ischemic heart disease and an increase in blood
pressure. In addition, cardiac tissue damage
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Address: Faculty of Veterinary Medicine, Brawijaya
University Malang, 65151, Indonesia
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hemorrhage and necrosis [2,4]. Some in vivo
investigations suggest that TCDD exposure has
serious consequences for the cardiovascular
system [5]. Chronic TCDD exposure caused
degenerative cardiovascular diseases in rats,
including cardiomyopathy and chronic active
arteritis. Furthermore, TCDD accelerates the
production of reactive oxygen species (ROS),
which causes lipid peroxidation, cell membrane
damage, DNA and protein damage at the cellular
level. TCDD was found to cause oxidative stress
in various organs [2]. Studies suggested that
using antioxidant supplementation possible to
counteract the adverse effect of TCDD toxicity.
Yogurt is a dairy product that has many health
benefits due to its potent antioxidant activity.
Milk proteins have shown antioxidant activity for
the scavenging of reactive oxygen species [6].
Casein derived from yogurt can inhibit the
lipoxygenase-catalyzed lipid autoxidation and
increased superoxide dismutase (SOD) enzyme
activity [7]. Furthermore, whey proteins can
efficiently inhibit lipid oxidation [8]. Bioactive
peptides are released from milk proteins by
enzymatic breakdown during the fermentation of
milk by lactic acid bacteria. These peptides have
immunomodulatory activity, ACE inhibitory, anti-
microbial, and antioxidative activity [9].
Fortification of yogurt with plant extracts that is
rich in natural antioxidants is applied to improve
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the nutritional and therapeutic quality of yogurt.
One of the natural plant-based antioxidants is
purple roselle flowers (Hibiscus sabdariffa L.).
Roselle has been shown to have the capacity as
an antioxidant due to the presence of
components such as anthocyanins, vitamin C,
flavonoids, and phenolic acids [10]. Natural plant-
based antioxidants can be used to reduce the
free radical formation and increase antioxidant
capacity, as well as to substitute synthetic
antioxidants that have adverse effects, such as
liver damage and carcinogenesis [11].

This study aims to investigate the effect of
yogurt fortified with purple roselle extract on the
cardiotoxicity caused by 2,3,7,8-TCDD exposure.
The protective effect of yogurt fortified with
purple roselle extract was observe based on the
level of malondialdehyde (MDA) and the
histopathological changes of the cardiac tissue.

MATERIAL AND METHOD
Chemicals

Commercial cow’s milk, purple roselle,
Yégourmet® yogurt starter containing three
strains lactic acid bacteria L. bulgaricus, S.
thermophilus and L. acidophilus, corn oil, 2,3,7,8-
TCDD (purity>99%) Supelco, Cat No: 48599, dried
purple roselle (Hibiscus sabdariffa L) calyx from a
local supplier, East Java, Indonesia. We also used
distilled water, 10% formaldehyde, 70% ethanol,
80% ethanol, 90% ethanol, HE dyes, and paraffin.

Making of Purple Roselle Extract

The dried roselle flowers were finely ground
into flour, sieved using a 60-mesh sieve. The
roselle flower flour was dissolved in water with a
ratio of 20 g: 100 mL, pasteurized at 63-65°C for
30 minutes. The liquid was then carefully
separated from the sediment [12].

Making Yogurt Fortification With Purple Roselle
Extract

Fresh cow's milk was pasteurized at 72°C for
15 seconds, then cooled down until the
temperature reached 45°C. Yogurt starters were
inoculated (3%), homogenized, then incubated at
45°C for 4 hours until the liquid starter reaches a
pH of 4.5-5. The plain yogurt was then separated
into different bottles and fortified with different
concentrations of purple roselle extract, 0.5%,
1%, and 1.5%. The mixture was homogenized and
stored at 4°C until used.

Animals and Treatment

A total of 30 white male adult Wistar rats
(Rattus  norvegicus) were obtained from
Experimental Animal Institute, LPPT UGM,

J.Exp. Life Sci. Vol. 11 No. 3, 2021

Indonesia. The animal was placed in group rat
cages in 12-h light-dark cycle at room
temperature of 25-26°C. Acclimatization to the
laboratory environment was carried out for
seven days. Standard commercial rat pellet and
water were given ad libitum. The experiment was
approved by the Institutional Ethics Committee
of Brawijaya University number 1123-KEP-UB.
Rats were randomly divided into five groups.
Negative control (NC) group, given only distilled
water by gavage. Group positive control (PC),
TCDD in corn oil was administered orally with
doses of 200 ng.kg™* BW daily. Treatment groups
were given TCDD and yogurt fortified with purple
roselle extract. Group T1 (TCDD + 0.5% roselle
yogurt); group T2 (TCDD + 1% roselle yogurt);
group T3 (TCDD + 1.5% roselle yogurt).

The experiment was conducted for 12 days.
The animals were then euthanized to collect
heart tissues. The heart organ was divided into
two parts, one part was stored in 10%
formaldehyde solution for histopathology
analyses, and the other part was stored at -80°C
for biochemical analysis.

Tissue Malondialdehyde (MDA) Analysis

The examination of MDA levels was carried
out by measuring Thiobarbituric acid reaction
[13]. Heart tissue was cut into small pieces and
weighed 0.1 gram, and then crushed.
Furthermore, the homogenization process was
carried out by centrifuge at a speed of 1000 rpm
for 10 minutes. The resulting supernatant was
then measured for absorption using a
spectrophotometer at A =532 nm.

Histopathological analysis

For microscopic evaluation, heart samples
were immersed in 10% formaldehyde solution as
a fixation agent. The heart tissue samples were
processed by routine tissue technique and were
embedded in paraffin. Paraffin blocks are then
collected, cut, and placed on a glass object, then
dripped with Canadian balm and covered with a
glass cover. After that, the glass object was put
into the incubator at 37°C one night. Then, the
preparations were ready for Hematoxylin-Eosin
(HE) staining.

RESULT AND DISCUSSION
MDA Level From Heart Tissue

The malondialdehyde (MDA) assay of the
heart shows in Table 1. MDA levels from groups
with TCDD exposure showed an increase
compared to the negative control (NC) group. A
significant difference accured between the
negative control group compared to the positive
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control group. Treatment groups given with
yogurt fortified purple roselle extract (T2 and T3)
show a significant decrease of MDA level
compared to the positive control (PC) group.

Table 1. MDA level of rat’s heart of all group in the study

Groups MDA level (ng.mL?)
+SD

262.62+6.602
297.60+8.85¢
276.89%1.20%°
289.1141.57¢
274.71£6.77%

Negative Control (NC)

Positive Control (PC) TCDD

T1 (TCDD + 0.5% roselle yogurt)
T2 (TCDD + 1.0% roselle yogurt)
T3 (TCDD + 1.5% roselle yogurt)

Note: The different superscript indicates a significant
difference (p < 0.05) between groups

MDA is formed from biochemical processes in
the body as a consequence of lipid peroxidation.
TCDD is known to induced toxic responses and
increasing oxidative stress. Exposure to TCDD
triggers the formation of Reactive Oxygen
Species (ROS), lipid peroxidation, and oxidative
stress has been indicated as factors leading to
acute toxicity of TCDD [14]. In the current study,
the MDA level increased in heart tissue which
was induced by TCDD exposure, and yogurt
fortified purple roselle extract at concentration
1.5% decreases the heart MDA level close to
normal control levels.

TCDD exposure was found to cause
considerable lipid peroxidation in cardiac tissue,
as well as an increase in MDA levels. The
peroxidation of fatty acids by reactive oxygen
radicals produced MDA. Malondialdehyde is an
indicator of lipid peroxidation and causes
irreparable cell damage. Many disorders,
including cardiovascular disease, are caused by
TCDD-induced oxidative stress, which is defined
as an imbalance between free radicals and the
antioxidant state [5]. On the other hand, it was
discovered that a therapy of yogurt fortified with
purple roselle extract was able to protect against
oxidative damage caused by TCDD by lowering
MDA levels in cardiac tissue.

Yogurt and milk are the most consumed dairy
products that have long been known to have
health benefits, particularly in the case of yogurt,
where the benefits are linked to gut health. The
antioxidant capabilities of casein and whey
proteins in yogurt are apparently due to their
ability to bind transition metals and scavenge
free radicals [15]. This study used three lactic
acid bacteria L. bulgaricus, S. thermophilus, and L.
acidophilus, as the yogurt starter. Some
lactobacilli possess antioxidation activity and can
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reduce the risk of ROS accumulation during the
ingestion of food. Lactic acid bacteria are able to
degrade the superoxide anion and hydrogen
peroxide [8,16].

Purple roselle calyxes are the source of
natural bioactive molecules such as polyphenols
and flavonoids, which have shown antioxidant
potential. Fortification of yogurt with roselle
extract has proven to improved antioxidant
activity [17]. Fortification of purple roselle extract
into yogurt with a concentration of 1.5% has the
best activity in preventing oxidative stress
induced by TCDD, hence preventing the lipid
peroxidation to increase. Bioactive peptides in
fermented milk can stabilize radicals by donating
hydrogen atoms. Radicals are captured by
bioactive peptides of the yogurt. Thus, it
prevents the initiation of the formation of lipid
radicals which are unstable because they lose
one hydrogen atom from the lipid molecule.
Hibiscus sabdariffa L contains anthocyanin with
high antioxidant activity. Anthocyanins are
believed to be the active components
responsible for the antihypertensive and
hypocholesterolemic effects [10].

Heart histopathology results

Figure 1 shows the heart histopathology of
rats (Rattus norvegicus) from negative and
positive control groups. Hematoxylin Eosin (H&E)
stained sections of c left ventricle revealed a
normal structural architecture of
cardiomyocytes. Cardiac histopathology in the
negative control group showed no significant
tissue damage, there was a central cell nucleus,
pink cytoplasm, and clear boundaries between
cells. A normal picture of heart cells stained with
H&E shows regular cardiac muscle fibers, clear
boundaries between cells, and one or two nuclei
in the center of the cell.

All treatment groups showed changes in heart
muscle cells in the form of myocyte cells that
experienced necrosis and hemorrhage in the
myocardium. Histopathological damage was seen
in the Positive Control (PC) group. The prominent
changes consist of myocyte cell necrosis,
hemorrhage, and extravasation of red blood cells
between myocytes (Fig. 2B, 2B1). The PC group
was exposed to TCDD as a toxic substance.
Continuous administration of TCDD can induce
damage to the heart tissue. The many foci of
myocardial degeneration found in the rat heart
were  characteristic  of  the look  of
cardiomyopathy  [2,5,18].  Apoptosis  was
indicated by the presence of pyknotic myonuclei
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and dark eosinophilic cytoplasm in certain
cardiomyocytes. Cardiomyopathy can occur as a
result of anoxia caused by vascular alterations or
as a result of direct damage to cardiac cells.

TCDD exposure to rats (Rattus norvegicus) will
trigger an increase in Reactive Oxygen Species
(ROS) in the heart. ROS bind to H atom molecules
derived from lipids, proteins, and nucleotides
contained in DNA and cell organelles, so that
DNA and cardiac organs experience dysfunction
and structural damage. Damage to cell protein
structure and damage to cardiac cell organelles
caused by ROS is the basic pattern of necrosis.
High levels of ROS can cause damage and cell
death [2,5].

TCDD toxin that enters the body will inhibit
blood clotting so that it damages the
endothelium of blood vessels. Damage to the
walls of blood vessels causes blood to escape
from the circulation, resulting in hemorrhage

[18]. The occurrence of hemorrhage can occur
because high ROS are not inhibited effectively by
endogenous antioxidants. Group T1 (TCDD and
yogurt roselle 0.5%) showed myocyte cells with
pyknotic necrosis accompanied by hemorrhage
(Fig. 1C, C1).

Group T2 (TCDD and yogurt roselle 1.0%)
shows necrosis of myocyte cells and irregular
myofibril structures and is still accompanied by
hemorrhage (Figure 1D, D1). Group T3 (TCDD and
yogurt roselle 1.5%) showed that myocyte cells
underwent necrosis, which was slightly
accompanied by the presence of hemorrhage.
However, the myofibril structure in the T3 group
was seen to be organized and similar to the NC
group (Fig. 1E, E1). The accumulation of free
radicals in the heart will stimulate lipid
peroxidation. Lipid peroxidation will cause
damage to cell membranes and heart structures.

Figure 1. H&E stained sections of the left ventricular myocardium of control groups. A. Negative Control (NC) group (A:
magnification 100x, Al: magnification 400x); B. Positive control (PC) group (B: blue arrow: necrosis; red arrow:

hemorrhage
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Cardiac histopathology results in the T3 group
were better and gave an optimal effect than the
T2 and T1 groups. The mechanism in preventing
the occurrence of histopathological damage to
myocyte cells undergoing necrosis through the
antioxidant activity of yogurt fortified with purple
roselle extract is to donate H atoms to free

radicals so that free radicals will be stable.
Bioactive peptides in fermented milk will stabilize
radicals and prevent further damage to cardiac
cells. Anthocyanin and other phenolic
compounds present in purple roselle extract play
a role in increasing antioxidant activity [10,11].

Figure 2. H&E stained sections of left ventricular myocardium of treatment groups. C. T1 group (TCDD + 0.5% roselle yogurt) C:
maghnification 100x, C1: magnification 400x; D. T2 group (TCDD + 1% roselle yogurt) D: magnification 100x, D1:
magnification 400x; E. T3 group (TCDD + 1.5% rosele yogurt) E: magnification 100x, E1: magnification 400x; blue

arrow: necrosis; red arrow: hemorrhage
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According to the results, yogurt fortified with
roselle extract enhanced antioxidant activities
and cell viability. It proves that the antioxidants
in yogurt fortified with purple roselle extract play
a role in stabilizing reactive free radicals, so that
tissue damage can be prevented.

CONCLUSION

Based on the present study results, it can be
concluded that giving yogurt fortified with purple
roselle extract with concentrations of 0.5 and
1.5% was potential in preventing increasing
malondialdehyde  (MDA) and  preventing
histopathological damage levels of rat heart
(Rattus norvegicus) that have been exposed to
TCDD. Thus, yogurt fortified with purple roselle
extract, which decreases oxidative stress, could
be a promising anti-TCDD toxicity option.
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Abstract

In this article, a model representing the spread of Hepatitis B disease is constructed as a nonlinear autonomous system.
The model divides the considered human population into three classes, namely susceptible, infected, and recovered
class. The dynamical analysis shows that there are two equilibrium points in the model, namely a disease-free
equilibrium point and an endemic equilibrium point. The existence and stability of the equilibrium points depend on the
basic reproduction number (R;). The disease-free equilibrium point is local asymptotically stable when Ry < 1, while
the endemic equilibrium point exists and is local asymptotically stable if Ry > 1. The five parameters of the model are
estimated by applying Downhill Simplex (Nelder-Mead) Algorithm and by using the infected data cases taken from such
a hospital in Malang. The estimated parameters are the transmission of infection rate, the saturation rate, the
vaccination rate, the recovery rate, and the immunity loss rate. The resulting parameter estimation supports the
analytical result and is used to illustrate the analytical results numerically. Based on the considered model and the
result of the parameters estimation, it can be concluded that the Hepatitis B spread in Malang is controllable.

Keywords: downhill simplex (Nelder-Mead) algorithm, dynamical analysis, hepatitis B model, parameter estimation.

INTRODUCTION Khan et al. also assumed that recovered

Hepatitis B disease is a type of infectious
disease caused by the Hepatitis B Virus (HBV).
That virus is a type of the virus family
Hepadnaviridae [1]. HBV is more easily spread
than other viruses, like Hepatitis C Virus (HCV) or
Human Immunodeficiency Virus (HIV). HBV can
also be transmitted through sexual transmission
[2]. According to a nationwide report in 2007 and
2013, Hepatitis B cases in Indonesia are indicated
from high to moderate [3].

Many types of research have been conducted
to describe the epidemic phenomenon by
constructing mathematical models which divide
the population into some classes. The classic
epidemic model called the SIR model considers
three classes, namely Susceptible, Infected, and
Recovery class. The SIR model is introduced in
1927, and the model is governed by the bilinear
incidence rate [4]. Many modifications are
applied to the classic SIR model based on the
disease character. Capasso and Serio [5] in 1978
modified the SIR model by applying a saturated
incidence rate. In 2019, Khan et al. [6]
constructed a SIR model Hepatitis B with a
saturated transmission rate and added the
vaccination factor to the model. Furthermore,
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individuals have permanent immunity.

Generally, the mathematical models contain
some parameters that can be used to predict the
behavior of the disease spread as long as their
values are known. To determine the parameter
values, we can do the estimation process to
approximate the actual data with the solution of
the model. Golgeli [7] analyzed a SIR Hepatitis B
model with a bilinear transmission rate and
performed the parameter estimation using a data
set taken in Turkey. This model consists of four
parameters, and one of the parameters is
estimated. Golgeli concluded that Hepatitis B in
Turkey stabilizes into a disease-free state.

Based on the previous research, in this paper,
a Hepatitis B disease model was constructed by
modifying the model of Khan et al. [6] into the
SIRS model. A dynamical analysis is conducted by
determining the equilibrium point and the local
stability of the equilibrium point. The parameter
values of the SIRS model are obtained by
employing the parameter estimation process.
The infected cases data of Hepatitis B was
retrieved from Dr. Saiful Anwar Hospital, a
governmental hospital in Malang. Data from
January 2015 to December 2019 were used in the
estimation process. Furthermore, numerical
simulation was performed to illustrate the
analytical results related to the spread of
Hepatitis B in Malang.
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MATERIAL AND METHOD
Model Formulation

In this research, a Hepatitis B disease model
was reconstructed and represented as a SIRS
model by assuming that the recovered
individuals can lose their immunity. Hence the
recovered individual can be reinfected. The
incidence rate is also modified into a saturated
incidence rate. Based on those modifications, a
nonlinear autonomous system consisting of three
variables and eight parameters is proposed to
describe the Hepatitis B spread.

Equilibrium Point and Local Stability

The equilibrium point of the model is
obtained when the size of all class of population
in the model are constant. The linearization
process around the equilibrium point is carried
out to analyze the local stability of the
equilibrium point. The eigen values of the
Jacobian matrix coming from the linearization
process provides the information about the
stability of the equilibrium point. If all of the
eigen values of Jacobian matrix have negative
real part, the equilibrium point is local
asymptotically stable.

Parameter Estimation

The estimation process determines the value
of the parameter in the model by minimizing the
difference between the estimated solution of the
model and the real data iteratively. Hence, the
first step of the estimation process is considering
the objective function which is used in [8]:

@=iw=im—ﬂ%mz €

where R; is the it" residual, Y; is the i" data, and
f(x;,0) is the numerical solution of the model
with the vector of the parameters 6. The
objective function is minimized by using the
Nelder-Mead Algorithm [9,10], as follows.

1. Choose the initial value of the parameter 6
and the initial value of population as the
variable in the model.

2. Generate the population of the model
f(x;,0) using the Runge-Kutta 4™ order
method.

3. Determine the objective function (1) and
sorted the values of objective function from
smallest to largest values

Of(él) < Of(éz) < Of(§3) <--< Of(§i+1)'
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I

4. Calculate the reflection point
6.=6+p(0-6:n)

> .7
where 6 =Y} T’ The standard value for the
coefficient of reflectionis p = 1.
5. If O <0, <0, the reflection point is
accepted. Terminate the iteration.
6. If Of, < Oy, calculate the expansion point
6, = é+x(9r—é).
The standard value for the coefficient of
expansion is y = 2. If Or, < Oy, accepted the
expansion point 676 and terminated the
iteration. If Ofe > Of‘r’ accepted the reflection
point §T and terminated the iteration.
7. Determination of the contraction point.
a. Outside. If Oy, <0, < Of,, calculate
the outside contraction point
b.=0+7(6.-9).
The standard value for the coefficient of
N | 3.
contraction is ¥ = > If Ofc < Ofr' 0. is
accepted and terminated the iteration
otherwise go to the next step.
b. Inside. If Of. = Oy, calculate the inside
contraction point

e =07 (0~bira).

If O, <0, O is accepted and
terminated the iteration otherwise go to
the next step.

8. Shrink (reduction). Evaluate the objective
function Oy at each point ¥, which the point
is obtained based on

ﬁk = él + O-(ék - él)
where k = 2,...,i + 1. Replace the ék point
with ¥,. The next iteration consist of
6,, By, ..., Bis1. The standard value for the
coefficients of shrink (reduction) is 0 = %

9. The iteration ends if the tolerance criteria
have been reached as [11].

||§i+1 — §L|| < €g and Of(éi) — Of(éiﬂ) < .

Numerical Simulation

The parameter values obtained from the
parameter estimation process are used in this
part. The model is simulated numerically by using
Runge-Kutta 4™ order method to confirm the
analytical results and to show the dynamic of the
model.
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Data Collection

This research uses secondary data of the
number of infected Hepatitis B from January
2015 to December 2019. The data was taken
from RSUD Dr. Saiful Anwar Malang. The data of
the infected individuals are presented at Table 1.

Table 1. The number of HBV infected individuals

Number of infected
Times 2015 2016 2017 2018 2019

January 27 6 12 14 7
February 13 5 6 14 7
March 14 2 10 6 7
April 8 5 8 11 11
May 4 4 9 12 16
June 5 8 5 2 7
July 2 8 10 12 14
August 13 7 15 7 9
September 3 3 18 7 12
October 4 12 16 13 15
November 6 10 18 13 11
December 6 11 10 11 10

RESULT AND DISCUSSION
Model Formulation

Based on the assumption and the
modification on the model of Khan et al. in 2019
[6] that have been described before, we propose
a model of Hepatitis B transmission as follows.

ds(t) a S)I(t)
= = A _Tﬂ(t)—(yo+v)5+6R(t).
i) aS®I(t)
dt ~ 14+yI()

= (o +uq +PIQ), (2)

dR(t)
dt

where S(t), I(t), and R(t) represent the
susceptible individual, the infected individual,
and the recovered individual at time ¢,
respectively. The parameters A, a, g, 11, v, v, B,
and & represent the birth rate, the transmission
of infection rate, the natural mortality rate, the
death rate because of Hepatitis B infection, the
saturation rate, the vaccination rate, the recovery
rate, and the immunity loss rate respectively. The
density of the total population considered in the
model is the sum of the density of susceptible,
infected, and recovered classes, namely N(t) =
S(E)+1(t) + R(b).

=B 1) +vS(t) — (o + ER(),

Equilibrium Point of Model

Since the equilibrium point of the model (2) is
obtained when the size of all class of population in
the model are constant, then it is reached when

J.Exp. Life Sci. Vol. 11 No. 3, 2021

L_d_L&_ 0. It can be proved easily, that
dt dt dt
there are two equilibrium points, namely the
disease-free equilibrium point
Alpy +6)  vA
Eq = (So, 1o, Ro) = 7(1) ,0.$
and the endemic equilibrium point E* =
($*I',R")
1+y I”
o = nl+y )‘
a
. Aa(py +6) —n¢
napo +v @) +ad(uo +py )
I +vS*
Mot 6

Here n = po +py + f and ¢ = po(ug + 8 +v).
Furthermore, by applying the Next Generation
Matrix method [12], the basic reproduction
number (R,) is easily formulated, namely
_ah(p, +6)
° ng

It is clear that the disease-free equilibrium always

*

exists, while the endemic equilibrium exists when
Ry > 1.
Stability of the Equilibrium Point

The local stability of the equilibrium point can
be determined through the linearization process,
which provide the Jacobian matrix

al a$ s
1+yI Ho (1 +yD?
J= al al
14yl (14 yD)?
v B —Ug—6

The result of the stability analysis is presented in
the following theorems.

Theorem 1. if the basic reproduction number is
less than one (R, < 1), the disease-free
equilibrium point (E,) of system (2) is local
asymptotically stable.

Proof. The Jacobian matrix at Ej is

al(uo + 6)
e 28
JE) =] am+d)
¢
v B —Ug— 6

J(E,) has three eigenvalues, namely A, =
—(Uo+6+v), 4z =—po and A3 =n(R, — 1).
All eigenvalues are negative if R, < 1. Hence, the
disease-free equilibrium E, is local
asymptotically stable when Ry < 1.
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Theorem 2. If R, > 1, the endemic equilibrium
point (E*) of system (2) exist and is local
asymptotically stable.

Proof. The Jacobian matrix at E™ is

al” aS* 5
W, 2 w?
E*) = al* aS*
J(EY) al® I
w4 w3 /
v B —wW3

where
w =14+yl"w, =pg+v,w3=py+6

Based on calculated |J(E*) —AlI|, we get a
polynomial equation of third degree.

B+ a2l +a,Al+a; =0, 3)
where

*

1
a; = w, + wz +—(a +1ny),
wq

*

a, = w_l(““’3 +an + nyw; + nyw,) + @,

az = ;—1(04#077 +abuo + aduy + ¢ny).
Routh-Hurwitz criterion stated that all of the root
of the equation (3) have negative real part if
a; >0, a3 >0, andaja,—az>0/[13] Itis
clear that a; > 0 and a3 > 0. By applying such a
simple algebraic manipulation, it can be proved
that aqa, —az > 0. Hence, the endemic
equilibrium point is local asymptotically stable.

Parameter Estimation

There are eight parameters in the SIRS model
(2). In this paper, the three parameters are fixed,
and the other five parameters are estimated. The
idea of the estimation parameter is to minimize
the objective function (1) so that the parameter
values correspond to the real data. The first step
to estimate the parameter is to define the initial
values 50 = (a,7,v,6,) = (0.000010260, 1.4,
0.3816,0.982,0.1667). In the first period
January 2015, the total population in Malang is
866801, so we choose the initial values of the
population as (Sy, 1, Ry) = (866774,27,0). By
following step 1 until step 9 in the Nelder Mead
algorithm, which was described in the previous
section, the iteration ends after the error
tolerance is met. The parameter that makes the
minimum objective function is the best one. The

J.Exp. Life Sci. Vol. 11 No. 3, 2021

minimum values of the objective function was
reached in the 1412 iteration. The best
parameter values were presented at Table 2, and
they can be used to determine the value of the
basic reproduction number, namely R, =
0.00000167.

Table 2. Estimated parameter value

Parameter Value Source
A 0.0025128  Dispendukcapil Malang
a 0.0000311 Estimated
y 0.022 Estimated
o 0.0024205 Dispendukcapil Malang
v 0.965 Estimated
§ 1.788 Estimated
I 0.0000018  RSUD Dr. Saiful Anwar
B 1.248 Estimated

30

e Numerically solution
1 ® Datasel

25

)
=1

Infected Population

5 1 15 20 25 30 3 40 45 50 55 60
Time(Month)

Figure 1. Comparison of SIRS model of Hepatitis B and the

infected data

Numerical Simulation

The SIRS model (2) is simulated by using the
best parameter presented at Table 2. Figure 1
shows that the numerical solution of the model
approach the trend of the infected data of
Hepatitis B.

30

25

n
=]

Infected Population
o

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Time
Figure 2. Simulation SIRS model of Hepatitis B
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Figure 2 shows the profile of the density of
the infected population when the length of the
interval time is enlarged becomes t = 11544. In
accordance with the analytical result, eventually,
the size of the infected population decreases and
converges to 0 because the basic reproduction
number R, < 1.

CONCLUSION

A SIRS model representing the spread of the
Hepatitis B disease model has been
reconstructed in the form of a three-dimensional
nonlinear autonomous differential equation
system with eight parameters. The performed
dynamical analysis shows that the model has a
disease-free equilibrium point and an endemic
equilibrium point. By applying the Next
Generation  Matrix method, the basic
reproduction number R, has been formulated.
The existence and the stability of the equilibrium
points depend on the basic reproduction number
Ry. The disease-free point always exists, while
the endemic point only exists when R, > 1.By
applying linearization around each equilibrium
point, the local stability of the equilibrium points
is investigated. The disease-free point is local
asymptotically stable when R, < 1. Referring to
the Routh-Hurwitz criteria, it can be shown that
the endemic point is local asymptotically stable
when this point exists.

Based on the data of infected cases taken
from a hospital in Malang, Indonesia, the five
parameters of the model have been estimated.
The numerical simulation of the SIRS model by
using the estimated parameters reach the
minimum error if compared to the infected data.
The result of the simulation of the proposed
model predicts that eventually, Malang can be a
Hepatitis B-disease-free state. This result agrees
with the analytical result since the estimated
parameters give R, < 1.
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Abstract

Piper Crocatum Ruiz & Pav leaves often be used to treat various diseases, including cancer, empirically. This study aimed to
analyze the anticancer activities of Piper Crocatum bioactive compounds via In Silico analysis. The methods were biological
activity analysis, cell line cytotoxicity activity, SwissADME, STITCH, molecular docking, and molecular dynamics simulation.
The investigated bioactive compounds were B-asarone, methyl piperonylketone, and coumaric acid. The results showed the
biological activities of the compounds related to anticancer were anti-mutagenic, TNF expression inhibitive, and MMP9
expression inhibitive. The prediction of cytotoxicity analysis results showed that investigated bioactive compounds were
toxic on various tumor cell lines. Based on swissADME results, almost all compounds have good pharmacological properties,
except coumaric acid. Docking analysis demonstrated the presence of bioactive compounds inhibited TNFa, HER2, and
MMP9 as the target protein. The molecular dynamic result was confirmed using molecular dynamic and it shows that (-
asarone interaction was stable against MMP9 and TNF protein showed by the low RMSD value. The study found the
investigated bioactive compounds of Piper crocatum have the activity of anti-cancer via the inhibition of TNFa and MMP9
protein. However, further research still needs to be done to confirm the prediction results of this In Silico study.

Keywords: anticancer, In Silico, molecular docking, Piper crocatum.

INTRODUCTION

Cancer is one of the leading causes of death
and a significant barrier to increasing life
expectancy all over the world. Cancer is a disease
that arises from the abnormal growth of body
cells which turn into cancer cells. The urgency of
finding effective cancer treatment has become
one of the oncology researchers’ primary focuses.
Commonly, the development of an anticancer
drug is conducted through in vitro and in vivo
studies, which is time and cost-consuming. In
Silico study is reported to be the alternative to
screening herbal-based anticancer agents and
cancer drug discovery [1]. The screening of
anticancer from several herbal plants through the
In  Silico method is effective due to
advancements, such as web servers that provide
prediction tools and databases. The web servers
that often to be used in anticancer in silico study
are STITCH (http://stitch.embl.de/), Prediction of
Activity Spectra for Substances (PASS) online
(http://way2drug.com/PassOnline/), and
SwissADME (http://www.swissadme.ch/) [2]. In
addition, in silico software-based analyses such as
molecular docking and molecular dynamics can
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be used to determine the interaction of bioactive
compounds against the cancer-related protein.

Red Betel Leaf (Piper crocatum Ruiz & Pav) is a
medicinal plant that is often used to treat various
diseases such as cancer, cough, asthma, nasal
inflammation, and sore throat [3]. Empirically, the
formulation of Piper crocatum leaf extract with other
medicinal plants demonstrates the eradication of
various diseases, such as inflammation, bleeding,
breast cancer, uterine cancer, leukemia, and liver
swelling [4].

The chemical content of Piper Crocatum leaf
plants based on chromatography analysis are
flavonoids, polyphenols, alkaloids, tannins, and
essential oils [5]. The flavonoid content is included in
the class of polyphenols that are distributed in parts
of the plant body and have the activities to inhibit
tumor cell growth, migration, metastasis, and
endothelial activation [6]. Piper Crocatum also has
cytotoxic activity against 4T1 metastasis of breast
cancer cells at IC50 120 pg/mL and inhibits migration
activity at a concentration of 30 pg/mL (% of IC50)
[6]. Piper crocatum also inhibited the proliferation of
T47D and Hela, and cytotoxic against colon cancer
cells [6].

Several proteins play a significant role in the
progression and development of cancer, such as
HER2 (human epidermal growth receptor 2), MMP9
(matrix metalloproteinase-9), and TNFa (tumor
necrosis factor a). The activity of HER2 leads to the
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initiation of signaling pathways and possession of
cell proliferation and tumorigenesis [7]. The
MMP9 protein is a well-known protein found to
be associated with the pathogenesis of tumors,
such as metastasis and angiogenesis [8]. Besides,
TNFa is a pro-inflammatory cytokine that is
associated with carcinogenesis inflammation [9].
Based on the role of some proteins mentioned
above, the inhibition of those proteins is the
potential to be the target in cancer therapy.

Previous studies on [-asarone, methyl
piperonylketone, and coumaric acid interaction
against HER2, MMP9, and TNFa proteins in
cancer remain unclear. To address this unclarity,
the study aims to determine the potential of B-
asarone, methyl piperonylketone, and coumaric
acid from Piper crocatum as an anticancer agent
via the blockade of HER2, MMP9, and TNFa
proteins through in silico study.

METHODS

The study was a qualitative study that used an
observational descriptive research design using
exploratory research as secondary data since in
vitro and in vivo studies cost and time
constraints. Thus, this study was a preliminary
study and screening method for the prediction of
anticancer agents from bioactive compounds of
herbal plants.

The anticancer effects of Piper crocatum
bioactive compounds such as B-asarone, methyl
piperonylketone, and coumaric acid were
conducted through In Silico study. The analysis of
this study included biological activity, cell line
cytotoxicity  activity, = SwissADME,  STITCH,
molecular docking, and molecular dynamics
simulation.

Data Collection

The canonical smile of the compounds used in
the analysis of biological activity, cell line
cytotoxicity activity, and SwissADME, and the 3D
structure of investigated compounds were
retrieved from PubChem (https://pubchem.ncbi.
nim.nih.gov/). The the canonical smile and
compound ID of PubChem retrieval were B-

asarone CC=CC1=CC(=C(Cc=C10c)oc)oC
(CID_5281758), p-coumaric acid
C1=CC(=CC=C1C=CC(=0)0)O (CID_637542), and
methyl piperonylketone

CC(=0)CC1=CC2=C(C=C1)0OCO2 (CID_78407). The

J.Exp. Life Sci. Vol. 11 No. 3, 2021

protein 3D structure of TNFa and TNFa receptors
(TNFR2), HER2, and MMP9 were obtained from
protein data bank PDB (https://www.rcsb.org/) with
protein ID of PDB retrieval were MMP9 (PDB ID
1gkc), HER2 (PDB ID 1n8z), and TNFa and TNFR2
(PDB ID 3alq).

Data Analysis

The analysis of the biological activity of
investigated bioactive compounds was performed by
the PASS web server (http://way2drug.com/
PassOnline/index.php), and the canonical smile of
each bioactive compound was inserted. The
parameters Pa as "being active" and Pi as "being
inactive" were obtained in this study. The higher the
Pa value, the bigger potential of the biological
activity of the compound [1]. The study used the cut-
off value of Pa value in 0.7. Additionally, the
cytotoxic activity was also done in PASS through
different weblinks (http://www.way2drug.com/cell-
line/). It was used to predict the cytotoxic activity of
compounds in cancer and normal cell lines. The
highest potential of anticancer activity against a
specific protein (represented by the highest Pa value)
based on PASS analysis was then used for further
analysis.

The pharmacological properties of investigated
bioactive compounds were analyzed using the
SwissADME web server (http://www.swissadme.ch)
by inserting the canonical smile of each compound.
The STITCH analysis was done through a web server
(http://stitch.embl.de/) by inserting the name of
investigated bioactive compounds.

The molecular docking analysis was done to
determine the interaction of investigated bioactive
compounds against the TNFa, TNFR2, HER2, and
MMP9 proteins. Molecular docking was performed
by HEX software and visualized using Discovery
Studio ver 19.0. The lowest binding affinity of
protein-ligand interaction based on molecular
docking analysis results was then analyzed further
for a molecular dynamics simulation using YASARA
software [10].

RESULT AND DISCUSSION
Biological Activity Analysis using PASS Online

Based on PASS analysis, coumaric acid showed
higher  probabilities for the antimutagenic
(0.886/0.002), TNF expression inhibitor
(0.737/0.005), and MMP9 expression inhibitor
(0.818/0.003). Congruently, methyl piperonylketone
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also showed biological activity as an MMP9
expression inhibitor (0.745/0.004). Additionally,
the B—asarone showed higher probabilities for
the TNF expression inhibitor (0.739/0.005) and
MMP9 expression inhibitor (0.809/0.003). The
prediction of the bioactive compound's biological
activity through PASS analysis was shown in Table
1. In line with these results, the flavonoid activity
contained in Piper crocatum was reported to
have the activity of inhibiting cancer cell
migration via suppressing MMP-9 expression and
FAK phosphorylation [8].

Table 1. Biological activity of coumaric acid, beta asaron,

and Methyl piperonyl ketone.

Bioactive Anticancer .
L. Pa Pi
compounds Activity
Anti-mutagenic 0.886 0.002
TNF expression
4-coumaric acid  inhibitor 0.737 0.005
MMPS expression 4 g18 0,003
inhibitor
Methyl MMP9 expression
Piperonylketone inhibitor 0.745 0.004
TNF expression 0739  0.005
B — Asarone inhibitor
MMPS expression ) ¢59 0,003
inhibitor

Cell Line Cytotoxicity Prediction through CLC-
Pred Analysis

A CLC-Pred is a well-known tool in
cheminformatics and medicinal chemistry, was
used to predict the toxicity of compounds against
the cell line type and tissue to the respective
tumor type. The maximum number of different
cell line predictions were collected and tabulated
with the respective cell line and type of cell.

Table 2. CLC-Pred analysis of cell line cytotoxicity

prediction

Bioactive Cell .
compound line Tumor type Pa Pi
4-Cou'mar|c IGROV- Adenocarcinoma 0.628 0.009

acid 1

Methyl

Piperonyl Hs 683 Glioma 0.659  0.015
Ketone

B- K562 Leukemia 0.484  0.029
Asarone

The compound of coumaric acid and methyl
piperonylketone showed significant cytotoxicity
against adenocarcinoma (Pa value = 0.628) and
Glioma (Pa value = 0.659). Likewise, B—asarone

cytotoxic against leukemia cells showed a Pa value of
0.484 (Table 2).

Investigated Bioactive
Interaction Analysis Using STITCH

The STITCH analysis results showed only p-
coumaric acid having compound-protein interaction.
However, methyl piperonylketone and [-asarone
showed no interaction with any protein. Based on
the data, there were several proteins involved in the
interaction against the p-coumaric acid (Figure 1).
The network showed several biological processes in
the body that can be summarized and confirmed
using the KEGG pathway (Table 3).

Compound-Protein

piyP

m\"?zf/ hutH
yimJ @
yxiM p-coumaric acid @
.
S

Figure 1. STITCH analysis results of p-coumaric acid-protein
interaction

The gene set was involved in several pathways
such as peptidyl-histidine phosphorylation, signal
transduction by protein phosphorylation, the
phosphorelay signal transduction system, single
organism signaling, response to stimulus, cell
communication, cellular response to stimulus,
aromatic compound catabolic process, and two-
component systems. One of the pathways associated
with cancer was histidine phosphorylation which was
reported to be involved in the development of
hepatocellular carcinoma [11].

Histidine phosphorylation was also linked to the
migration and differentiation of neuroblastoma cells
and tumors through the expression of NME1 and
NME2 [12]. In addition, protein phosphorylation
induced signal transduction that affected several
cancer-related processes, including cell apoptosis,
proliferation, angiogenesis, metastasis, and several
cancer therapies through the phosphorylation of key
proteins (p38, MAPK, ERK, PI3K, STAT3, and p53)[13].

Table 3. Protein involvement based on the KEGG pathway
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Pathway ID Pathway Description Gene set discovery
rate
0018106 peptidyl-histidine phosphorylation DEGS, COMP, YVFT, YYCG, YXJM, PFYP 1.18e-07
0023014 signal transduction by protein phosphorylation DEGS, COMP, YVFT, YYCG, YXJM, PFYP 1.18e-07
0000160 phosphorelay signal transduction system DEGS, COMP, YVFT, YYCG, YXJM, PFYP 4.1e-06
0044700 single organism signaling DEGS, COMP, YVFT, YYCG, YXJM, PFYP 7.63e-06
0050896 response to stimulus DEGS, COMP, YVFT, YYCG, YXJM, PFYP, PADC, YFMJ 2.09e-05
0007154 cell communication DEGS, COMP, YVFT, YYCG, YXIM, PFYP 0.000103
0051716 cellular response to stimulus DEGS, COMP, YVFT, YYCG, YXJM, PFYP 0.000519
0019439 the aromatic compound catabolic process PADC, YFMJ, HUTH 0.022
02020 two-component system DEGS, COMP, YVFT, YYCG 0.0141

Pharmacological Property Analysis

The pharmacological property analysis was
done using the SwissADME server to determine
the ability of adsorbs, distribution, metabolism,
and excretion of compounds. In Table 4, the radar
image showed by the pink zone was the optimum

zone.

The optimum

characteristics of the

compound for oral consumption were as follows:

Table 4. Pharmacological property of SwissADME Analysis

having a molecular weight of 150-500 g.mol?, a
polarity with the TPSA being between 20-130A2, a
solubility with a log S not more than 6, flexibility with
no more than nine rotatable bonds, and lipophilicity
XLOGP3 between -0.7 and +5.0 [14]. Based on the
data in Table 4, almost all compounds have good
pharmacological properties, except the fairly low
saturation of coumaric acid.

Bioactive compound

Character

Value

4-coumaric acid

Formula

Molecular weight
Lipophilicity (XLOGP3)
Water solubility (Log S)
Polarity

Fraction Csp3

Gl absorption

Lipinski

Synthetic accessibility

C9H803
164.16 g.mol*
1.46

-2.27

57.53 A?

0.00

High

Yes; 0 violation
1.61

Lipinski
Synthetic accessibility

Methyl piperonylketone Formula C10H1003
= Molecular weight 178.18 g.mol*
Lipophilicity (XLOGP3) 1.56
Water solubility (Log S) -2.14
Polarity 35.53 A2
Ao Fraction Csp3 0.30
L Gl absorption High
p g
FaLA Lipinski Yes; 0 violation
Synthetic accessibility 2.02
INSCL
B-asaron Formula C12H1603
Fo Molecular weight 208.25 g.mol*
Lipophilicity (XLOGP3) 3.00
= A = Water solubility (Log S) -3.25
Polarity 27.69 A2
| Fraction Csp3 0.33
L/ Gl absorption High

Yes; 0 violation
2.39

Molecular Docking

J.Exp. Life Sci. Vol. 11 No. 3, 2021
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Based on the molecular docking results, the
interaction of investigated bioactive compounds
against HER2 protein is shown in Table 5 and
Figure 2. The interaction of complex B-asarone
and HER2 protein was the strongest compared to
other complexes shown by the lowest binding
energy (-196.7 cal.mol?) followed by coumaric
acid (-180.9 cal.mol?) and methyl
piperonylketone (-172.2 cal.mol?). The
interaction of [(-asarone and HER2 protein
demonstrated the higher number of hydrogen
bonds via GLU873, GLN902, and GLU964.

B-asarone also has the lowest binding energy in
the interaction against the MMP9 protein. The
binding energy of (-asarone against the MMP9
protein was -216.09 cal.mol? in the form of 3
hydrogen bonds. Additionally, the binding energy of
methylpiperonyl ketone and coumaric acid against
MMP9 protein interaction was -203.41 and -220.9
cal.mol?, respectively (Table 6, Fig. 3). The complex
of B-asarone and MMP9 protein also showed higher
hydrogen bonds compared to the other ligand-
protein complexes.

Table 5. The interaction of complex ligand-HER2 proteins

Complex Ligand-Protein Interaction Category Binding energy (cal.mol?)
:LIG1:H - B:GLU837:0E1 Hydrogen Bond
:LIG1:H - B:GLN902:0E1 Hydrogen Bond

B-Asarone-HER2 :LIG1:H - B:GLU964:0E2 Hydrogen Bond -196.7
:LIG1:H - B:GLU964:0E2 Hydrogen Bond
:LIG1:H - A:VAL754:0 Hydrogen Bond

Methylpiperonyl ketone-HER2 A:THR793:CG2 -:LIG1 Hydrophobic -172.2
:LIG1 - A:VAL754 Hydrophobic
:UNK1:H19 - A:SER728:0 Hydrogen Bond

. A:SER728:CB -:UNK1:011 Hydrogen Bond

p-Coumaric acid-HER2 A:ARG849:CD - :UNK1:010 Hydrogen Bond -180.9

:UNK1 - A:ALA730 Hydrophobic

B-Asarone-HER2

Figure 2. Interaction between B-Asarone, Methyl piperonylketone, and P-Coumaric acid on HER2 protein, a. overview of the ligand-
protein complex, b. the active site of ligand-protein complex interactions, c. the 2D structure of the ligand-protein
complex, d. hydrophobicity of the ligand-protein bond complex. The green color is the HER2 protein, the blue color is a

compound.

Table 6. The interaction of complex ligand-MMP9 proteins

J.Exp. Life Sci. Vol. 11 No. 3, 2021
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Complex Ligand-Protein

Interaction

Category Binding energy (cal.mol?)

:LIG1:H - B:GLY186:0
:LIG1:H - B:PRO421:0
B:LEU188:HN -:LIG1

Hydrogen Bond
Hydrogen Bond
Hydrogen Bond

-A -MMP9 -216.09
B-Asarone B:LEU187:CD1 - :LIG1 Hydrophobic
B:HIS401 - :LIG1:C Hydrophobic
:LIG1 - B:LEU188 Hydrophobic
A:LEU188:HN -:LIG1:0 Hydrogen Bond
. A:ALA189:HN - :LIG1:0 Hydrogen Bond
Methylpiperonyl ketone-MMP9 A:HISA11 - -LIG1 Hydrophobic -203.41
:LIG1 - A:LEU187 Hydrophobic
A:LEU187:CD1 - :UNK1 Hydrophobi
p-Coumaric acid-MMP9 ydrophobic -220.9

A:LEU188:HN - :UNK1:H20

Unfavorable

B-Asarone-MMPS

a

Methylpiperonyl ketone-MMPS

Figure 3. Interaction between B-Asarone, Methylpiperonyl ketone, and P-Coumaric acid on the matrix metalloproteinase-9
protein, a. overview of the ligand-protein complex, b. the active site of ligand-protein complex interactions, c. the 2D
structure of the ligand-protein complex, d. hydrophobicity of the ligand-protein bond complex. The yellow color is the
MMP9 protein, the blue color is a compound.

Table 7. The interaction of complex ligand-TNFa

Complex Ligand-Protein

Interaction

Category

Binding energy (cal.mol?)

B-Asarone-MMP9

B:GLN102:HN - :LIG1:0
:LIG1:H - A:GLU116:0E2

B:PRO100:C,0;CYS101:N - :LIG1

Hydrogen Bond
Hydrogen Bond
Hydrophobic

-192

Methylpiperonyl ketone-MMP9

:LIG1:H - A:PRO100:0
:LIG1:H - B:GLN102:0E1
B:ARG98:NH2 - :LIG1

Hydrogen Bond
Hydrogen Bond
Hydrogen Bond

-178.2

p-Coumaric acid-MMP9

:UNK1:H20 - F:PRO100:0
F:ARG98:NH2 - :UNK1

Hydrogen Bond
Electrostatic

-175.7
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B-Asarone-TNF-a

B-Asarone-TNF-a receptor

a b c
koY = N

B-Asarone-TN F—g receptor + TNF-a
a

Figure 4. Interaction between B-Asarone against TNF-a inhibition and TNF-a receptors, a. overview of the ligand-protein complex,
b. the active site of ligand-protein complex interactions, c. the 2D structure of the ligand-protein complex.

Methylpiperonyl ketone-TNF-a

Methylpiperonyl ketone-TNF-areceptor
a

N

e

=

Methylpiperonyl ketone-TNF-areceptor +TNF-a
a b c

Figure 5. Interaction between Methyl piperonylketone against TNF-a inhibition and TNF-a receptors, a. overview of the ligand-
protein complex, b. the active site of ligand-protein complex interactions, c. the 2D structure of the ligand-protein
complex.
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P-Coumaric acid-TNF-a
8 —
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P-Coumaric acid-TNF-a+TNF-areceptor

b

|— e R
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N /7N

- " N
c
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Figure 6. Interaction between P-Coumaric acid against TNF-a inhibition and TNF-a receptors, a. overview of the ligand-protein
complex, b. the active site of ligand-protein complex interactions, c. the 2D structure of the ligand-protein complex.

Molecular docking analysis showed that B-
Asarone can bind to TNF-a at the same residue as
TNF-a binds to the TNF-a receptor (Fig. 4). Key
residues involved in the interaction of TNF-a and
TNF-a receptors include GLN100, GLU116, and
PRO100. This study found B-asarone were also able
to bind GLN100, GLU116, and PRO100 from TNF-a
stabilized by hydrogen bonds and hydrophobic
bonds with a binding energy of -192 kcal.mol?
(Table 7) and assumed to have the ability to
interfere with the interaction of TNF-a and the
receptor. Besides, methyl piperonylketone
compound was also predicted to inhibit TNF-a
binding to the TNF-a receptor via the involvement
of key residues PRO100, GLN102, ARG98 residues
of TNF-a (Fig. 5, Table 7).

The interaction of TNF-a and methyl
piperonylketone was formed by hydrogen and
electrostatic forces with a binding energy of -178.2
cal.mol. The results of the molecular docking
showed that this compound was unable to interact
with the TNF-a receptor. The compound of p-
coumaric acid can inhibit TNF-a binding to the TNF-
a receptor shown by the binding of coumaric acid
to the PRO100 and ARG98 key residues of TNF-a

J.Exp. Life Sci. Vol. 11 No. 3, 2021

(Fig. 6, Table 7). The interaction of TNF-a and
coumaric acid was formed by hydrogen bonds and
electrostatic forces with a binding energy of -175.7
cal.mol™.

The hydrogen bonds formed between ligands
and proteins are crucial for the interactions
because hydrogen bonds hugely contribute to the
structure of the bonds, which can increase the
stability of the interaction [8]. The molecular
docking analysis showed the strongest and most
stable interaction among the three bioactive
compounds was [-asarone against each protein.
This interaction was also predicted to potentially
inhibit the protein target, including HER2, MMP9,
and TNFa, via the involvement of key amino acid
residues. Furthermore, the interaction of B-asarone
against each protein was confirmed and further
analyzed using a molecular dynamics simulation.

Based on the molecular docking analysis and
supporting data from the previous studies, the
possible mechanisms of the action from the
bioactive compound that may occur were
presented in Figure 7. Under normal conditions,
cells can grow, move and invade cells through two
pathways, namely the TNFa/TNFR2 and HER2
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pathways. In the TNFa/TNFR2  pathway,
proinflammatory cytokines such as TNFa bind to
TNFR2 and indirectly activate NFkB. Likewise, the
active HER2 will induce AKT phosphorylation and
NFkB activation. The active NFkB will stimulate the
expression of the NTN1 gene that encodes the
NETRIN1 protein. The NETRIN1 protein causes
invasive cells. On the other hand, the HER2 protein
also activates FAK and Src, both of which activate
the JNK protein for phosphorylation and induce
MMP9 activity for cell motility and development.
The presence of Piper Crocatum bioactive
compounds inhibits TNFa, HER2, and MMP9,
causing motility and invasiveness, preventing cell
development from occurring.

1 % A
X

\ — i, \

ﬁ - )

Cell Motility  Cell Invasive  Cell survival

Figure 7. Mechanism of Piper crocatum Ruiz & Pav bioactive
compounds as anticancer through inhibition of the
TNFa/TNFR2, HER2, and MMP9 pathways. The
mechanism pathway is based on Wang et al [15]
and Rossi et al [16].

Molecular Dynamics

The molecular dynamic study was done to
analyze the complex of B-asarone, as the most
potential of bioactive compounds in inhibiting each
target protein that showed by the lowest binding
affinity in molecular docking results. The Root
Mean Square Deviation (RMSD) value of complex
protein-ligand is shown in Figure 8.

RMSD was the average displacement of atoms
during a simulation towards their corresponding
structure. The RMSD value was used to determine
whether the structure was stable over a certain
period from the simulation of changes [17]. RMSD

J.Exp. Life Sci. Vol. 11 No. 3, 2021

was a calculation of the average distance between
the backbone atoms of a protein superimpose [18].
A good RMSD value was 3 A range or below.
However, when the RMSD value reaches 3 A or
exceeds 3 A, it indicates that the protein structure
has changed [17].

RMSD Complex protein-ligand

15
—— Asarone-Her2
02 10 Asarone-MMPg
[a) Asarone-TNFa/r
(%]
g ° MM‘\
m vy
0 +
0 5 10 15 20
Time (ns)

Figure 8. The simulation results of molecular dynamics of
RMSD Complex protein-ligand

Based on the molecular dynamics data results,
there were three charts on the graph, such as
green (B-asarone and TNF), orange (B-asarone and
MMP9), and blue (B-asarone and HER2) (Fig. 8).
The study found that the most stable interaction of
complex protein-ligand was B-asarone and TNF,
which was shown by a flat graph with an RMSD
value of under 4A [19] compared to a higher RMSD
value and fluctuating chart of B-asarone against
MMP9 and HER2. B-asarone and MMP9 were
initially formed stable molecules until the 15ns. It
was assumed there was a change in the position of
the ligand-protein complex. A change in position
can be caused by the release of the ligand from the
protein or by its movement.

To support the result of complex protein-ligand
RMSD, the molecular dynamics analysis also
showed the RMSD ligand movement, as shown in
Figure 9. RMSD ligand movement was used to see
how the ligand moves when it interacted with
proteins. The study found that the ligand
movement in the complex of B-asarone with TNF
and MMP9 protein were stable compared to the
HER2 protein. The instability of f-asarone against
HER2 protein showed by a high RMSD ligand value
that indicates instability of the ligand in the
structure so that the ligand will continue to move
[17]. RMSD ligands demonstrate the translational
and rotational movement of ligands and
characterize the binding or dissociation process
[18]. Based on this information, it was concluded
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that B-asarone has an unstable interaction (or even
can be detached from its interaction) with the
HER2 protein. However, the ligand conformation of
B-asarone appeared stable when interacting with
MMP9, HER2, and TNFa/r showed by all the RMSD
ligand conformation value were 1-2 A.

RMSD Ligand Movement
100
—— Asarone-Her2
80 Asarone-MMP9
—_ Asarone-TNFa/r
< 60
[a]
(%]
= 40
-4
20
b
0
0 5 10 15 20

Time (ns)
Figure 9. Results of molecular dynamics simulation results
of RMSD Ligand movement

RMSD Ligand conformation

25
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RMSD (A)

Asarone-MMP9

Asarone-TNFa/r
05
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Figure 10. Results of molecular dynamics simulation
results of RMSD Ligand

The stability of ligand-protein is demonstrated
by the distance between the ligand-protein. This
study found that B-asarone interaction against
MMP9 and TNF protein was stable, at least until
14ns for MMP9 (Fig. 8). These results were
confirmed by the RMSD value of ligand movement
that showed the stable movement of B-asarone
against MMP9 and TNF interaction (Fig. 9). In
addition, the ligand conformation against all target
proteins were demonstrating a 1-2 A RMSD value
showing a stable conformation of the ligand.

We demonstrate that the best interaction of B-
asarone based on molecular dynamic analysis
against target protein were the complex of B-
asarone with MMP9 and TNFa, showed by the
stable ligand-protein complex, ligand movement,
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and ligand conformation. The interaction of B-
asarone and HER2 may also potential but these
complex remain unstable in the condition of living
systems as a study of molecular dynamic.

CONCLUSION

The results showed the biological activities of
coumaric acid, methyl piperonylketone, and -
asarone were anti-mutagenic, TNF expression
inhibitor, and MMP 9 expression inhibitor. The
study also found the investigated bioactive
compounds were cytotoxic on various tumor cells,
including glioma, adenocarcinoma, and leukemia.
Based on swissADME results, almost all compounds
have optimum pharmacological properties, such as
molecular weight, polarity, solubility, flexibility, and
lipophilicity, except for coumaric acid, which has a
fairly low saturation. Based on the docking analysis
result, the investigated bioactive compounds
inhibit TNFa, HER2, and MMP9 causing motility,
invasiveness, and tumor cell development to not
occur.

Based on these findings, it can be concluded
that the methyl piperonylketone, B-asarone, and
coumaric acid in Piper crocatum have the potential
to be anticancer. The molecular dynamics of f-
asarone and the protein target interaction showed
that the TNF a/r protein was stable when
interacting with the [B-asarone ligand. The RMSD
ligand movement showed that B-asarone ligand
conformation appeared stable when interacting
with MMP9, HER-2, and TNFa/r because the RMSD
value was seen from the minimum fluctuation of
the RMSD ligand conformation value and did not
exceed 3 A. In addition, this in silico study still
needs further research to confirm this finding using
in vitro or in vivo study to the respective cancer

type.
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Bacteria are bioremediation agents that are advised to overcome water pollution. This study aims to isolate
biosurfactant-producing bacteria for bioremediation from Tanjung Perak Port, Surabaya. The isolates grown in specific
media were tested for drop collapse, oil spreading test, and emulsification index. A total of 12 bacterial isolates were
isolated from Tanjung Perak seawater contaminated with diesel oil. In the drop collapse test, four isolates had the
highest positive score from this test, isolate LU-5, LU-7, LU-9, and LU-11. While in the second test, the oil spreading test,
the highest positive score results were obtained in three isolates, isolates LU-2, LU-7, and LU-11. The emulsification
index (E24) value showed that isolates LU-7, LU-9, and LU-11 were significantly higher than the others, which was above
10%. This study concludes that in Tanjung Perak, seawater-contaminated oil isolated several bacteria that produce
biosurfactants, which have the potential to be developed as bioremediation agents.

Keywords: bacteria, bioremediation, biosurfactant, diesel oil

INTRODUCTION

Water pollution is a crucial environmental
issue that continues to occur, especially in
marine waters. The primary source of marine
contamination is derived from oil spills both from
offshore drilling processes and from activities by
ships that cross the ocean [1]. A site that gets an
opportunity of an oil spill is the port. Tanjung
Perak is the second most significant and active
port in Indonesia after Tanjung Priok. To this day,
Tanjung Perak is a port used as a trading center
in eastern Indonesia. Bunkering activities in the
port area or refueling diesel oil when ships are
more frequently contributing waste oil spills. This
activity can harm life resources, disrupt marine
activities, including fishing, marine culture, and
decrease seawater quality, up to human health
problems [2].

There are different approaches to reduce the
impact of oil contamination physically,
chemically, and biologically. Biological treatment
of oil spills in bioremediation techniques is the
most effective and economical way. As well as
having a small environmental effect, this method
can significantly reduce the oil spills impacts [3].
Bioremediation works by decomposing or
reducing toxic organic and inorganic waste in the
environment into other harmless compounds. A
SWOT analysis for bioremediation technologies
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showed that the bioremediation agents are
predominantly bacteria (57%), enzymes (19%),
fungi (13%), algae (6%), plants (4%), and
protozoa [4]. Indigenous bacteria as a
bioremediation agent are advised. Bacteria are
one type of microorganism with a very high
abundance in nature, both in terms of number
and type. Bacteria that can degrade compounds
contained in petroleum hydrocarbons are called
hydrocarbonoclastic bacteria.

Biosurfactants are surfactants produced by
microorganisms, especially bacteria. Currently,
this active compound has gained significant
attention as an emulsifier and oil recovery agent.
It is because biosurfactants have high efficiency
and selectivity. Biosurfactants can work in
extreme  conditions (salinity, pH, and
temperature) with high biodegradability and low
toxicity [5]. Several types of bacteria can produce
surfactants that allow them to degrade or alter
insoluble organic compounds, one of which is
diesel oil. In addition, biosurfactants can increase
surface area and oil solubility. Therefore, this
study will discuss the potential of bacteria
indigenous from the Tanjung Perak Port in
producing biosurfactants by several screening
methods.

MATERIAL AND METHOD
Samples Collection

Water samples were collected from the port
of Tanjung Perak Surabaya, 7°19'97,60' south
latitude and 112°73'18,42' east longitude (Fig. 1).
The sampling method in this study used the
purposive sampling method. A sample of 1000
mL of seawater was taken from the port of
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Tanjung Perak, Surabaya. The sampling site was
in an area that had experienced an oil spill. In-
site water quality measurements are carried out
directly at the location. Water temperature and
pH were measured by a pH meter (Lutron PH-
220). Other water quality parameters measured
in the laboratory include salinity with a
salinometer and oil content (APHA.5220 B-2017).
The water sample was then placed in sterilized
bottles and stored in an icebox at 4°C. It was
stored for around 2 hours until arriving at the
laboratory for further analysis.

112°43'E 112°44'E 112°44'E 112°45'E

711'S
Siklal

7°12'S
SZl.l

7°13'S
Sl

N

Scale 1:20.000
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bt

112°43'E 112°44'E 112°44'E 112°45'E

Figure 1. Sampling Location at Tanjung Perak Port

Isolation of Bacteria

The pure water samples were homogenized
using a water bath incubator shaker (Memmert
wnb 22, Germany) at 30°C for 1 hour, 170 rpm
speed shaker. Then, one ml of the sample was
transferred to a tube containing 9 ml of 0.85%
NaCl, followed by serial dilutions up to 107°. Next,
the isolation was carried out using the spread
plate method, and 0.1 mL of water sample from
107 dilutions were cultured in Nutrient Agar (NA)
medium + 1% diesel oil (as an additional carbon
source) and incubated for 24-48 hours at 30°C

[6].

Morphological Characterization of Bacteria
Colony

After incubation, different bacterial colonies
that appeared on the agar surface were taken
and transferred for characterization. The
morphological characterization of bacterial
colonies was carried out macroscopically and
microscopically. Macroscopic observations mark
the shape, color (pigmentation), elevation, and
margins in this study. While the microscopic
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characterization was carried out by Gram
staining using a microscope with a magnification
of 400x. This physical characterization was
determined based on Harley-Prescott [7]. The
selected colonies were purified into NA medium
using the streak plate method. The pure isolates
were stored in slanted agar and Nutrient Broth
(NB) medium with glycerol, then stored in a
refrigerator at 4°C for further analysis.

Screening of Biosurfactant-Producing Isolates
Drop collapse test

All of the screening tests in this study used
Nutrient Broth as a medium. The drop collapse
test was performed by dripping two microliters
of diesel oil onto a parafilm surface followed by
five microliters drops of 24 h culture
supernatants of each isolate. After 1 minute of
observation, the supernatant made the oil drop
collapse and will be flat if it contains
biosurfactants [8]. It scored as positive results.
On the other hand, if the droplets remain
spherical, the isolate was scored as negative
results. These results can be compared with
distilled water as a control.

Oil spreading assay

The oil spreading test was performed by
pouring 50 ml of distilled water into a petri dish
(9 cm diameter). Later, 50 uL of diesel oil was
dropped onto the surface of the water. The 24 h
culture supernatant (10 pL) of each isolate was
then added to the diesel oil surface. The clear
zone was observed if the biosurfactant was
present, and, subsequently, the diameter of the
clear area was measured after 30 s [8].

Emulsification index (E2a)

The emulsification test is used to determine
the ability of biosurfactants to emulsify liquids of
different polarities. The 24 h culture supernatant
incubated at 30°C of each isolate was mixed with
diesel oil. The test was used a test tube (16 mm
diameter, 100 mm high) in a 1:1 ratio (1.5 mL
supernatant mixed with 1.5 mL diesel oil). The
mixture was vortexed at high speed for 2
minutes and then left for 24 hours to form a
stable emulsion. Emulsification test results are
expressed as the emulsification index [9]. The
percentage of emulsification index was
calculated following the formula.

HE

Description:
HE : the height of emulsion layer (cm)
HT : total height of liquid column (cm)
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Statistical Analysis

All emulsification indexes were performed in
duplicate. Ms. Excel version 2008 was used for
statistical analysis. Data presented are mean
value t standard deviation.

RESULT AND DISCUSSION
Physiochemical Properties of Water Sample
Water samples were collected from the
Tanjung Perak port area that contaminated
diesel oil. In addition to seawater sampling,
physical and chemical parameters were
measured. The physicochemical properties of the
water analyzed from the sample will affect the
results of the isolated microorganisms. The
results of the analysis are shown in Table 1.

Table 1. Water Quality Analysis

No. Parameter Result Unit
1 Temperature 314 °C
2 pH 6.58 -

3 Salinity 26.2 ppt
4 Oil Content 2.0 mg.L?

Temperature can affect the rate of
biochemical reactions. The reaction rate will
double for every 10°C increase in temperature.
At a temperature of 31.4°C, the bacteria that
grow well are mesophilic. The results of the
salinity measurement of 26.2 ppt indicate that
the location is brackish waters. With this salinity,
bacteria that can live are a group of halophilic
bacteria [10].

According to the Government Regulation (PP)
Number 22, in the year 2021, the detected oil
concentration still fulfills the standard of port
water quality. However, these are not suitable
for marine biota that lives in this area [11]. The
concentration of oil that pollutes the waters will
also affect the number of isolates found.
Hydrocarbonoclastic bacteria in their life
activities require carbon molecules as a source of
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nutrition and energy to metabolize and
reproduce [12]. These bacteria can degrade oil
waste by using existing carbon as a source of
energy and nutrients for growth.

Isolation and Morphology Characterization of
Bacteria

Twelve pure isolates were obtained from the
isolation  process. The results of the
morphological characterization are visualized in
Table 2. Based on the morphological
characteristics process, from the 12 isolates, the
average colony was irregular. Several isolates
were circular in shape, and one isolate was
punctiform. Most of the colors of the colonies
were cream, while only three colonies were
white. The elevation of the 12 isolates was
dominated by prominent convex colonies. Only
some colonies had raised elevations.
Characteristics based on margin indicate entire
and undulate. Meanwhile, the Gram staining
results showed that 66.7% of the isolates were
gram-negative bacteria, and 83.3% were rods.
Similar to another study reported that gram-
negative  bacteria isolated from  water
contaminated with diesel oil is more than the
gram-positive bacteria [6].

Several studies report the results of bacteria
that have been isolated from waters affected by
oil spills, and there are Vibrio alginolyticus [13],
Bacillus cereus [14], Alcanivorax nanhaiticus and
Halomonas meridiana [15], Aeromonas
hydrophila, Enterobacter agglomerans,
Shewanella putrefaciens, and Acinetobacter
haemolyticus [3]. In addition, biosurfactants are
secondary metabolite products from bacteria
that can increase hydrocarbons emulsification
and help facilitate the degradation process. In
this study, all identified isolates were evaluated
for their ability to produce biosurfactants.

Table 2 . Morphology of Colony Characterization

Isolates Code Macroscopic Microscopic

Form Colour Elevation Margin Gram Shape
LU-1 Punctiform Cream Undulate Positive Cocci
LU-2 Irregular Cream Convex Undulate Positive Rods
LU-3 Circular Cream Convex Entire Positive Rods
LU-4 Circular Cream Entire Negative Rods
LU-5 Circular White Convex Entire Negative Rods
LU-6 Irregular Cream Convex Entire Negative Rods
LU-7 Irregular Cream Convex Undulate Negative Rods
LU-8 Irregular White Undulate Negative Rods
LU-9 Circular Cream Convex Entire Negative Rods
LU-10 Irregular White Undulate Negative Cocci
LU-11 Irregular White Convex Undulate Negative Rods
LU-12 Irregular White Convex Undulate Positive Rods

J.Exp. Life Sci. Vol. 11 No. 3, 2021
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Biosurfactant-Producing Bacteria Screening

The results of this study confirm that the oil-
contaminated area is a potential place to obtain
biosurfactant-producing microorganisms. Twelve
isolates with different morphologies are able to
produce biosurfactants with varying ability levels
(Table 3).

Table 3. Screening of Biosurfactant Producing Bacteria

Screening Biosurfactant

Isolate Code Drop Collapse Oil Spreading
Test Test (mm)

Control - -
LU-1 + ++
LU-2 + ++++
LU-3 + +++
LU-4 + +++
LU-5 ++ +++
LU-6 + +++
LU-7 ++ ++++
LU-8 + ++
LU-9 ++ +++
LU-10 + +++
LU-11 ++ ++++
LU-12 + +

*Drop collapse test (DCT) [24] :

(-) completely spherical, (+) slightly flat, and (++) flat.
**Qil spreading test (OST) based on the diameter of the
clear zone : (-) no diameter, (+) diameter < 10 mm, (++)
diameter 10-30 mm, (+++) diameter 30-50 mm and (++++)
diameter 2 50 mm.

Drop collapse test

The biosurfactant test using the drop collapse
method is based on the destabilization of the
bacterial supernatant droplets containing the
biosurfactant [16]. If the droplets are round and
stable, the polar water molecules will attract the
water surface of the hydrophobic surface of the
oil [17]. The results of the drop collapse test in
this study showed that none of the isolates
produced round and stable droplets as in the
control. So, it was revealed that the 12 isolates
were able to produce biosurfactants. Of all
isolates producing biosurfactants, LU-5, LU-7, LU-
9, and LU-11 showed the highest positive score
with flat drops. The droplet is flat because the
interfacial tension between the sample and the
oil decreases.

Oil spreading test

The oil spreading test is a fast, easy and
sensitive method used to detect biosurfactant
activity. The results of oil spreading showed that
the 12 bacterial isolates dripped onto a layer of
oil and water could form a clear zone. The
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diameter of the clear zone indicates the activity
of surfactants, which is also known as oil
displacement [18]. In contrast to the control,
which did not form a clear area. It was due to the
absence of the addition of bacterial isolates to
the test medium so that there was no bacterial
activity to utilize carbon sources in producing
biosurfactants [19].

The diameter of the clear zone diameter
formed in isolates LU-2, LU-7, and LU-11 was
greater than 50 mm. The diameter of the clear
zone of the three isolates was more significant
than that of the other isolates. Thus, this
indicates the presence of a higher concentration
of biosurfactant. Oil spreading test results were
in corroboration with drop collapse test results.
Strains found with positive drop collapse results
were positive for the oil spreading test also.
These two methods are recommended for
testing biosurfactant production [20].

Emulsification index (Ez4)

The emulsification assay technique as the
quantitative method can be used for screening of
the biosurfactant producers. This method is the
most promising one because they are more
reliable and accurate to confirm the presence of
biosurfactant [21]. The emulsification ability of
the biosurfactants produced by the 12 bacterial
isolates was determined based on the
measurement of the emulsification index (E2a4).
The results showed that all isolates had different
emulsification index values (Fig 2).

The highest E2s value was produced by
isolating LU-7 and LU-11 with the same
percentage of 14.81%. The LU-9 isolate also had
a relatively high E24 value of 12.96%. Based on
the characteristic isolates LU-7, LU-9, and LU-11
were gram-negative bacteria. Similar to another
study, the gram-negative bacteria have a high
emulsification capacity. Gram-negative
bacterium 015 isolated from seawater produced
65% of the highest emulsification and
demonstrated biosurfactant production in the
other biosurfactant screening method [22].

Thus, from this test, three isolates were
obtained, which could be considered potential
biosurfactant producers. Isolates with better
emulsification value show the ability to utilize oil
more effectively. It is related to the mechanism
of biosurfactants in increasing oil degradation. It
increases the bioavailability of the substrate
through emulsification [23].
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Fig 2. Emulsification Index (E,4). Error bars indicate standard deviation
CONCLUSION using fatty-lignocellulose sawdust and its
Indigenous bacteria that produce enhancement effect. Egypt. J. Pet. 28(2).

biosurfactants are found quite a lot in the waters
of the Tanjung Perak Port. A total of 12 isolates
were found, and all of them can produce
biosurfactants with different abilities. The
screening results found that the three best
isolates were LU-7, LU-9, and LU-11 isolates. The
discovery of biosurfactant-producing bacteria
indicates that in this area can be found
biosurfactant-producing bacteria that have the
potential as bioremediator. However, further
research is needed to identify these potential
bacteria and determine their ability to degrade
the oil.
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Abstract
Asian Pacific Shrimp is an invertebrate that the most culture in aquaculture. But the high demand for shrimp makes
farmers cultivate a high density. There are several ways to increase the density of shrimp culture, usually called
geomembrane plastic and concrete ponds. The ponds are located in the Laboratory of Brackishwater and Seawater
Fisheries, Probolinggo and Lucky Windu, Situbondo. Day of Culture (DOC) on Laboratory of Brackishwater and
Seawater Fisheries in Probolinggo pond is 85 days both, while in Lucky Windu Situbondo is 81 days on pond 2, and
pond 3B 133 days. The study aimed to evaluate correlations of VLPs towards geomembrane and concrete ponds. The
research method has two observations: 1. Periodic observations; nitrite, ammonium, and shrimp were observed; 2.
Last observation; sampling water for analysis VLPs was observed. Data of sampling water in the different ponds were
then analyzed using Pearson correlation analysis to look for the level of tightness and direction of the relationship. The
results have obtained that geomembrane VLPs and concrete VLPs has a very strong relationship, while the type of
geomembrane and concrete was close to 1 > 0.5 and the result is 0.90, 0.96, 0.69, and 0.82. Water quality showed pH
8.1 at geomembrane, nitrite 0.2mg.L ! at gecomembrane, and ammonium of 0.44 mg.L! at concrete. The pond area in
geomembrane pond 1 and 2 was 1600 m2, meanwhile in concrete both is 4300 m2, which mean in concrete ponds
more the existence of VLPs is because due to the different pond area factors and indicates from detections of WSSV
that the result was positive that makes environment factor in abundances VLPs. But VLPs have no effect on the growth

of shrimp vaname during the cultivated process.

Keywords: Asian Shrimp Pasific (L. vannamei), Virus-Like Particles (VLPs), Water Quality, and WSSV.

INTRODUCTION

Asian shrimp pacific (Litopenaeus vannamei)
is widely cultivated in Indonesia as an alternative
to the cultivation of shrimp tiger (P. monodon)
[1]. The high demand for vannamei shrimp
increased annually in 2015 by 615,871 tons, in
2016 amounted to 698,138 tons, in 2017
amounted to 920,051 tons, in 2018 amounted to
931,338 tons and in 2019 amounted to 1,053,205
tons [2].

With the high demand for shrimp among the
community, farmer's cultivation increases
density, one of which is the use of geomembrane
ponds and concrete. Geomembrane plastic has
the function to coat or cover the entire pool to
the bottom (ground level). Concrete ponds
themselves can prevent water leakage as well as
improve uneven or stable soil texture [3]. In
addition to density, monitoring water quality is
also important to maintain the stability of aqua
culture ecosystems. When the lack of water
quality control and weather changes are
significant, it can cause shrimp to experience
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stress. Stress factors affect the immune response
in shrimps that are then susceptible [4]. Because
water is an important requirement because it can
affect the survival of fish, the development,
growth, and level of shrimp production [5].

If the water quality decreases, it will be easier
for harmful pathogenic organisms to multiply
rapidly. The spread of pathogenic organisms can
be vertically and horizontally. Vertically, from the
base of the pond sediment to the surface of the
pond [6] and horizontally from a particle can
transfer the intergenic genes that enter into
other particles. The particles can be called VLPs
(Virus-Like Particles).

Virus-like particles (VLPs) are particles derived
from protein capsids that belong to viruses but
do not contain biological DNA structures [7]. VLPs
contain bacterial and viral genes, where VLPs
exist, the host must have the potential infecting
bacteria and viruses [8]. The content of VLPs in
the aquatic environment of shrimp farms will
directly affect the accumulation of VLPS in the
shrimp body through the respiratory.

The presence of VLPS can cause primary and
secondary infections by bacteria, which
commonly occur on a large scale due to virus-
infected organisms, resulting in decreased
production in aquaculture and leading to large
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economic losses. Precise observation of the
abundance of VLPS particles is very important as
ecological monitoring in a business of shrimp
farming [9]. Based on previous research, the VLPS
expression of the sample can be observed using a
Confocal Laser Scanning Microscope (CLSM).

The relationship of VLPs with sample water
depends on temperature, pH, complexions,
encapsidated molecules. VLPs are formed
through the nucleation process, aided by electro
static interactions between dimer capsid proteins
and the genome of viruses. Further interaction is
carried out by capsid proteins. Capsid proteins
then form a wall of capsid protein structure. In
dimers, capsid proteins stick together to form
complex proteins and show the condition of
intact protein capsids [10]. From the description
above, it is necessary to conduct research related
to the correlation of VLPs geomembrane and
concrete.

MATERIAL AND METHOD
Water Sampling

The research was in February-May 2021.
Water collected in two locations: Laboratory of
Brackishwater and Seawater Probolinggo, East
Java and Lucky Windu Situbondo, East Java.
Water samples took to Laboratory in
Probolinggo, using two ponds of geomembrane,
and the spot taking the sample in the inlet and
outlet. The detail spot for taking water sampling
at the surface with depths of 40 cm and above
sediment (pool bottom) is 4 cm [11]. It is also
applied at Lucky Windu concrete ponds. The
reason why wused two types of ponds
(gseomembrane and concrete) is geomembrane
plastic has the function to coat or cover the
entire pool to the bottom (ground level).
Concrete ponds themselves can prevent water
leakage as well as improve uneven or stable soil
texture [3]. The water sample was given PFA
(paraformaldehyde) 4% tightly closed and coated
with aluminum foil and stored in a coolbox with a
temperature of 7°C and in closed conditions.

VLPs water sample Analysis Procedure

The water sample obtained was then taken 5
mL (3.5 mL of water sample and 1.5 PFA 4%).
Samples were processed between 24 hours and
96 hours [12]. Water samples taken 1 mL were
dripped over a simple vacuum (membrane 0.025
puL and filter 0.2 um in syringe) little by little.
Then it is pumped slowly until the water is
filtered and enters the syringe. The membrane
(Anodisc or Whatman) with pore 0.025 uL wait
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until wind-cooled. Bacteria and viruses were
stained by slightly modifying the protocol [13]
after collecting viruses and bacteria on an
Anodisc or Whatman filter with a pore size of
0.025 pL. Create a staining solution by adding
(97.6 pL deionized Water Sterile + 2.5 uL SYBR
DNA Gel Stair) to Eppendorf Tubes 2 mL in dark
conditions. Using SYBR Gold dissolved 10,000
times in dimethyl sulfoxide, at a final
concentration of 3.3 times this stain, higher
fluorescence yield compared to SYBR Green | or
Il. The staining solution is homogenized. Given a
staining solution of 100 pL, then drip on a
petridish. The 0.025 uL membrane is placed on
top of the staining solution and incubated for 18
minutes. The membrane of 0.025 pL is wind-
cooled. Given one drop of fluorescent mounting
on the glass cover. The membrane is placed on
the glass cover and closed [12]. Observations
were made using CLSM (Confocal Laser Scanning
Microscope). For further calculations, digital
images were created using a DMIRE 2 confocal
scanning laser microscope with a TCS SP2
confocal system (Leica Microsystems, Germany).

Sampling Shrimp Organ and DNA Isolations

The DNA isolation from shrimp is 6 cm and
took gills by opening the carapace of the head,
swimming legs (pleopods), or tail. After that,
pooling or merging and then put in microtube 1.5
mL and labeled each microtube. Furthermore,
shrimp samples were counted and weighed as
much as 0.05 g for DNA extraction. The next
stage is DNA quantifiable testing, amplification,
and electrophoresis [14]. Pleopods and tails are
one of the target organs that are easily infected
with WSSV. In addition, WSSV (which is still
infectious in soil sediments) allows transmission
of WSSV through mobile devices (including
pleopods). Meanwhile, gill was in direct contact
with the environment [14,15].

Detection WSSV Virus with RT-PCR

PCR test conducted using primary ICP11
(Wsv230_19F22:5'GACGCCGATTTCTTGCTGGTGG
3’danWsv230_202R24:5’GGGTTGAATCTCCAGCG
TTGAATC3’) with PCR program: Hotstart: 95°C for
3 minutes, Denaturation: 94°C for 1 minute,
Annealing: 59°C for 1 minute, extension: 72°C for
1 minute (35 cycles), Postextention: 72°C for 7
minutes. Then visualized using geldoc [15].

VLPs at Convocal Laser Scanning Microscopy
(CLSM)

The membrane pore 0.025 uL is placed on
the microscope preparation table and then
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observed with a magnification of 400x. The
acquired image is then marked, then the image
that has been calculated the number of VLPs is
stored in a folder that has been named. The
images to be analyze dare adapted to the data in
Microsoft Excel to make it easier to group the
data [12].

pH

pH measurements are carried out periodically
for three weeks and obtained the average pH per
week. The procedure for using a pH meter based
on SNI (2004) is as follows: The pH meter is
calibrated with a buffer solution according to the
tool's working instructions each time. It will take
measurements. Rinse the electrodes with
mineral-free water, then dry them with soft
tissue. Dipping electrodes into test samples up to
pH meters shows a steady reading. Record the
scale or number readings on the display from the
pH meter. Record the temperature at the time of
pH measurement and report the result. Rinse the
electrodes again with mineral-free water after
measurement [16].
Nitrite

Nitriter measurements are carried out
periodically for three weeks and obtained the
average Nitrite per week. Nitrite measurement
procedure was using Nitrite Testkit Hanna
Instrument HI: 3873. The following nitrite
measurement fills the cuvet glass with 10 mL of
the sample until the mark is stated. We added
one package of hi 3873-0 Nitrite Reagent. The lid
was reattached, and the sample was shaken for 1
minute, and we wait for 1 minute to allow the
color to develop. The lid was removed, and the
color comparison cube was filled with 5 mL of a
treated water sample. We determined which
color matches the solution in the cube and
record the result in mg.L? (or ppm) nitrite. It is
better to match the color 20 with a white cloth to
make it visible about 10 cm behind the
comparison. The reading to mg.L? nitrite was
converted, then multiply the reading by a factor
of 4.43 [17,18].

Ammonium

Ammonium measurements are carried out
periodically for three weeks and obtained the
average ammonium per week. The measurement
of ammonium content can be done using the
Nessler method in spectrophotometry with a
wave length of 425 nm. How to measure
ammonium content in the sample is: water
samples are filtered using Whatman No. 42 filter
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paper, filtered sample water is then picked up as
much as 10 mL and inserted into the reactor
tube. Nessler reagents of four drops were added
and homogenized using a vortex mixer for 30
seconds, and waited for 10 minutes. Measured
using a spectrophotometer at a wavelength of
425 nm. Ammonium levels in the sample are
calculated by the formula = Sample Absorbance/
Slope [17].
Growth Asian Pacific Shrimp Analyze

Shrimp sampling was needed to calculate the
initial weight at stocking and final weight at the
beginning of stocking until harvest time. The
initial weight and final weight are measured [19].

Data Analysis

Pearson correlation analys is is used to look
for the level of tightness and direction of the
relationship of VLPs in geomembrane and
concrete pond. The higher correlation value, the
higher the tightness of the relationship between
the two variables. Minus (-) and plus (+) signs on
correlation values represent the nature of the
relationship. Correlation values are 0.00 to 0.5
medium correlations and if > 0.5 correlations are
very strong [20]. If the corrective value is minus,
the relationship between the two tables is
unidirectional. If the correlation value is marked
plus, the relationship between the two tables is
in the opposite direction [21]. The formula for
Pearson correlation analysis is as follows [22]:

_ nExy) ~ EHEY)
(@) - GO L y2 - Ry ()

Tym

RESULTS AND DISCUSSION
Detection of Vaname Shrimp infected with
WSSV in RT-PCR

Shrimp samples obtained after the PCR test
were positive. In this case, the virus replicates
repeatedly in other target organs.

U i epusn i

1 P N M

Figure 1. WSSV PCR results are positive; numbers 1=
sample wells; M=DNA marker indicator (100-
1000 bp); N= negative control and P = positive
control.

The transmission of WSSV consists vertically
or horizontally [23]. Vertically, it is transmitted
generatively through the infected broodstock to
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heredity, while horizontally can go through the
food chain, so that virion in the environment
enters the body of the shrimp. In addition, it can
also occur due to transmission factors and
reservoir infections [24].

The result from PCR was positive (Fig. 1)
because virus infection is a vector in the spread
of shrimp disease presence of VLPs [25] and the
abundance of bacteria with correlation with
viruses [26]. Pathogens or foreign bodies that
enter the body can VLPs, viruses, or bacteria that
are harmfullf the VLPs are high, then the virus
bacteria ratio (VBR) can easily infect the host.
Although largely unproven, viral infections
remain the main possible vector for the spread of
shrimp disease [27].

Analysis of Water Quality
pH

pH is the degree of acidity used to express the
level of acidity or wetness possessed by water
[28]. pH in the range of 7.5-8.5 [29].

8.2
8
7.8
7.6
:g_ 7.4 ——
7.2 —
7
6.8
6.6
Geomem | Geomem | concrete | concrete
brane 1 brane 2 2 3B
M 1st sampling 7.1 7.8 7.7 7.75
2nd sampling 7.5 8.1 7.75 7.65
M 3rd sampling 8.1 7.9 7.7 7.75
Ponds

Figure2. pH measurements performed on sampling in
Geomembrane and Concrete.

The highest pH in thel® sampling was
geomembrane 2 for 7.8, while for the 2"
sampling was found in geomembrane 2 by 8.1. In
the 3¥sampling, the highest pH was measured in
geomembrane 1 for 8.1. Meanwhile, the lowest
pH in 1% sampling was gecomembrane 1for 7.1, 2"
sampling was concrete 3B for 7.65, and 3™
sampling was concrete 2 for 7.7 (Fig. 2).

The average pH in a shrimp pond is 6.2-10.2
[30]. Reducing carbon dioxide during the day is
helped by the process of photosynthesis, and at
night, carbon dioxide increases because it is
produced from shrimp. If there is heavy rain and
acidic soil, then the pH can reach 4.1 [31]. The
stability of structure VLPs under different pH and
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ions does not play a major role in the abundance
of VLPs [32].

Factors that caused an abundance of VLPs are
nutrient availability and the primary productivity
of coral ecosystems concerning other
microorganisms (prokaryotes)  that  was
determined [33]. According to the new
experiment about VLPs, the relationship between
the abundance of VLPs and hydrographic factors,
nutrient availability, as well as primary
productivity in the coral ecosystem was clarified
[9]. Parameters that significantly had negative
relations are dissolved oxygen, temperature, pH,
salinity, and total phytoplankton [9]. The stability
of the structure of VLPs under different pH and
ions does not play a major role in the abundance
of VLPs [32].

Nitrite

Nitrite is an unstable gas affected by
dissolved oxygen and is a transition from
ammonium and nitrates to the nitrification
process [34]. The highest nitrite in 1% sampling
was measured in geomembrane 1 for 0.2 ppm,
while in the 2" sampling was measured in
geomembrane 2 for 0.2 ppm, and in 3" sampling
was measured in geomembrane 1 for 0.1 ppm.
The lowest nitrite in the 1% sampling was found
in concrete 3B for 0.02 ppm, in the 2" sampling
was found in concrete 2 for 0.03 ppm, and for the
3 sampling was in concrete 3B for 0.03 ppm
(Fig. 3).

0.25
0.2
"-‘_! 0.15
[
€ 0.1
0.05
0 — I m W
Geomem | Geomem concrete concrete
brane 1 brane 2 2 3B
M 1st sampling 0.2 0.1 0.01 0.02
2nd sampling 0.1 0.2 0.03 0.02
M 3rd sampling 0.2 0.123 0.07 0.03
Ponds

Figure3. Nitrite measurements performed on sampling in
Geomembrane and Concrete.

In the previous study, nitrite and nitrate
concentrations in the treatment ponds were
lower during most of the experimental period
[35]. During the nitrification process, hydrogen
ions are produced and released in to the water
column [36], which is likely to cause the
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reduction of pH in there environment. In this
study also, a similar trend was observed. The pH
in the treatment ponds decreased with an
increase in rearing time. The increase in turbidity
of the water column could be the result of the
increase in levels of suspended particles [37] and
the addition of large amounts of artificial feed in
the rearing environment [38]. Nitrite levels based
on SNI01-7246 200 are < 0.01 mg.L! [39]. Factors
that cause the abundance of VLPs are because
the organic matter in the water enters the host,
including algae, and in the water wastewater
[40].

During the process of ammonia oxidation to
nitrite, alkalinity in form of carbonated or
bicarbonates is consumed, which causes the
system pH to go down and the ammonia
oxidation to slow down. Evidence that low pH
induces prophage in ammonia oxidizers is novel
[41]. A positive significant correlation was found
between VLPs, bacteria, and VBR and nutrients
(nitrate, ammonium, DIN) [9].

Ammonium

Ammonium and nitrate compounds are an
important part of the watered nitrogen cycle.
Denitrification is a reaction of reducing nitrates
to nitrites, nitrite oxides, and nitrogen gases.
Meanwhile, nitrogen fixation is the binding of
nitrogen gas to ammonia and organic nitrogen.
This process occurs in a trial involving symbiosis
between algae and bacteria [42].

0.8
0.6
0.4
L 02
[
£
0
Geomem Geomem concrete concrete
brane 1 brane 2 2 3B
M 1st sampling 0.25 0.64 0.04 0.2
2nd sampling 0.1 0.4 0.25 0.19
M 3rd sampling 0.02 0.37 0.43 0.44
Ponds

Figure4. Ammonium measurements were performed on
sampling in Geomembrane and Concrete.

The highest ammonium in the 1% sampling
was found in geomembrane 2 for 0.64 ppm, in
the 2" sampling was found in geomembrane 2
for 0.4 ppm, and in the 3"¥sampling, was found in
concrete 3B for 0.44 ppm. Conversely, the lowest
ammonium in the 1% sampling was measured in
concrete 2 for 0.04 ppm, 2"¢sampling in concrete
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3B for 0.19 ppm, and 3™ sampling in
geomembrane 1 for 0.02 ppm.

Ammonium levels can also increase due to
the influence of the pH of the waters. If the pH
value of an expansion is lower, then the level of
ammonium in the water becomes higher [43].
Ammonium concentration in ponds exceeding
0.45 ppm can inhibit shrimp growth by up to
50%. For shrimp to grow well enough,
ammonium contained in pond water should not
be more than 0.01 ppm [39]. The presence of
high amounts of ammonium in the waters affects
stress in biota [44].

These viral-mediated lysates will enhance the
transfer of nutrients from particulate to dissolved
and will be then utilized by uninfected bacteria.
As a result, viruses play an important role in the
recycling of nutrients and carbon. These viral
lysates are rich in free and combined amino acids
and therefore, are a potentially important source
of labile organic N, which is taken by bacteria and
produced ammonium as a by-product.

Furthermore, the bacterial counts indicate
that uninfected bacteria might convert the
dissolved organic nitrogen into inorganic
resulting in a higher concentration of nitrite and
ammonium. Then, the latter will be consumed by
phytoplankton, thus increasing its biomass, which
explains the high abundance and biomass of
plankton in located B, particularly the diatoms.
Hence, the viral lysates at located Bare triggered
mostly by infection of bacterial cells, owing to the
high VBR and its low biomass. This state
explained the positive significant correlation
between VLPs, bacteria, and VBR, and nutrients
(nitrate and ammonium). As a result, the viral
lysis  will stimulate bacterial metabolism
characterized as a major N source that drives
primary production in the ocean. In other words,
viral activity will indirectly fuel plankton
productivity that requires enough amounts of
nutrients for its growth [9].

Growth of Asian Pacific Shrimp

The daily average growth (ADG) of vaname
shrimp after the age of over 60 days generally
ranges from 0.2 g -0.3 g. The growth of Asian
Pacific Shrimp was showed in following Table 1.
Daily growth obtained in this study after the age
of 80 days is 0.10 g -1.14 g. The rate of growth of
individuals shows a decrease with the increase in
average weight as the maintenance period
increases [19].

Shrimp growth is influenced by many factors,
namely internal and external factors. Internal
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factors include sex, age, size, and maturity level
of the gonads, while external factors are divided
into two groups, namely biotic and abiotic
factors. Biotic factors are feed and stocking
density, while the dominant abiotic factors are
temperature, oxygen, salinity, light, and toxic
materials [45]. That besides being supported by
good feed and environment. Shrimp growth is
also determined by stocking density. High
stocking density of shrimp will result in slow
growth due to competition for space and feed.
Such condition will affect the growth of the
reared shrimp [46]. The growth of white shrimp is
influenced by a combination of several factors,
namely water quality (including water
temperature), seed quality, feed quality, amount
of feed, and stocking density [47].

Environment can affect replication virus and
the production of VLPs at the rate of cell growth
under metabolism, DNA transcription and
replication, mRNA translation and protein PTM.
The environment in question includes the
concentration of dissolved oxygen (DO), pH,
temperature, agitation rate, cell and substrate
concentration, inlet gas composition flow,
volume, pressure, dynamics and fluids [48].
abundance of VLP in each plot significantly
correlated with turbidity. there is a correlation
between the abundance of VLP and particles
suspended in eutrophic water columns and
oligotrophic estuaries. Particles suspended in
Water is mainly composed of organic matter [49].

Table 1. The growth of Asian Pacific Shrimp

Sampling  Ponds Weight (g) Size (2.g%)

1st Geomembrane 1
DOC 42 3.36 297

Geomembrane 2
DOC 42 2.18 100

Concrete 2
DOC 42 4.7 212

Concrete 3B
DOC 42 4.5 222

2nd Geomembrane 1
DOC 54 7.9 126

Geomembrane 2
DOC 52 2.8 35

Concrete 2
DOC 49 6.8 147

Analysis Correlation of VLPs in Geomembrane
and Concrete

The data provide that geomembrane and
concrete pondshave strong correlations. VLPs in
geomembrane 1 has abundance VLPs in CLSM of
22 particles.m?3, and geomembrane 2 has 250
particles.m3. Meanwhile, concrete 2 has an
abundance VLPs in CLSM, which is 314
particles.m3, and concrete 3B has 139
particles.m3. The pond area in geomembrane
pond 1 and 2 was 1600 m2. Meanwhile in
concrete, both are 4300 m? which means
concrete ponds have more VLPs due to the
different pond area factors [33]. Besides pond,
other factors that caused the abundance VLPs
were bacterial cycles and nutrients [6,9].

Compared to the abundance of VLPs in
aquaculture waters, VLPs are often found in the
sea [50]. Usually, VLPs are found in coral reef
areas or the depths of the sea [27]. The
concentration of VLPs in the ocean ranges from
1.7 x108particles.m to 4.0 x 107particles.m [8].
The environment can affect viral replication and
production of VLPs at the rate of cell growth in a
state of metabolism, DNA transcription, and
replication, translation of mRNA, and PTM
proteins. The environment in question includes
dissolved oxygen concentration (DO), pH,
temperature, agitation rate, cell and substrate
concentration, incoming gas composition flow,
volume, pressure, dynamics, and fluids [48].

Figure 5. Visualisation VLPs in Confocal Laser Scanning
Microscopy (CLSM), abundance VLPs in
geomembrane (a) and VLPs in concrete (b)

Table 2. Correlations VLPs in Geomembrane and Concrete

Concrete 3B
DOC 49 6.8 147

Correlation of

3rd Geomembrane 1
DOC - - -

Geomembrane 2
DOC - - -

No Pond VLPs
1 Geomembrane 1 — Concrete 2 0.90
2 Geomembrane 2 — Concrete 3B 0.96
3 Geomembrane 1 — Concrete 2 0.69
4 Geomembrane 2 — Concrete 3B 0.82

Concrete 2
DOC 56 8.8 133

Concrete 3B
DOC 56 8.7 114

J.Exp. Life Sci. Vol. 11 No. 3, 2021

There is a correlation between the abundance
of VLPs and suspended particles in eutrophic
water columns and oligotrophic estuaries.
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Suspended particles in the waters are mainly
composed of organic matter [49]. Depth can
affect the distribution of virus-like particles (VLP).
The range of VLPs abundance in the sample of
pelagic organisms attached to the sediment is
smaller than the VLPs abundance range in
benthic samples [6].

CONCLUSION

Pearson correlation value showed that VLPs
in geomembrane and concretehave a strong
relationship, close to 1. Concrete ponds have
more VLPs due to the different pond area factors.
Detections of WSSV result was positive that
indicates environment factor in abundances
VLPs. However, VLPs have no effect on the
growth of shrimp vaname during the cultivated
process.
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(Calibri 8.5 Justify)
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