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Particle Swarm Optimization — Extreme Learning Machine with
Decreasing Inertia Weight for COVID-19 Prediction in Surabaya

Mohamad Handri Tuloli'*, Syaiful Anam?, Nur shofianah?

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

Abstract
COVID-19 has spread all throughout the world, even to Indonesia. Surabaya becomes one of Indonesia's major cities
where COVID-19 is fast spreading, culminating in a large number of positive cases and over 1000 deaths from the disease
by November 2020. The number of positive COVID-19 cases predicted can be utilized to limit hospital facility availability
and develop plans and policies for tackling the illness outbreak. One of the many prediction systems identified is the
Extreme Learning Machine (ELM). ELM has a quick and precise training speed. However, the performance of ELM depends
on the number of neurons. When the number of neurons is not precisely specified, prediction accuracy suffers. Particle
Swarm Optimization (PSO) has the ability to optimize the number of node ELM neurons so the ELM can achieve better
results. The number of neurons is determined using Particle Swarm Optimization (PSO) with decreased inertia weight. As
a result, this research proposes predicting COVID-19 instances in Surabaya using a hybrid of PSO and ELM (PSO-ELM) with
decreased inertia weight. The studies reveal that the offered techniques with different activation functions work
comparably well in predicting COVID-19 instances in Surabaya. The best MAPE is achieved using the sigmoid activation

function with the number of hidden layer nodes around L = 25.

Keywords: Covid-19, Optimization, Prediction, PSO-ELM.

INTRODUCTION

The new coronavirus (COVID-19) that emerged
in 2019 has an impact on the respiratory tract,
especially the lungs. In late 2019, people in Wuhan,
China, were first infected with COVID-19. COVID-19
can be transmitted through the air, so the virus can
be transmitted from an infected person to a
healthy person through coughing or sneezing,
which causes droplets. People infected with this
virus can experience different symptoms. However,
the most common symptoms are loss of the ability
to smell and taste food, weakness, fever, difficulty
breathing, and even mental infections can occur
[1]. However, many infected people are
asymptomatic, which is called asymptomatic.
According to data, Surabaya City has the highest
number of COVID-19 cases in Indonesia. Surabaya
has more than 15,000 positive cases and more than
1,000 deaths due to COVID-19 in November 2020
[2].

COVID-19 cases can be controlled through
social distancing, wearing masks, and other
measures. One of the researchers' contributions is
to analyze COVID-19 behavior by predicting the
number of COVID-19 cases. Predicting the number
of COVID-19 cases is very important so that we can
know the situation going forward and determine
the best steps to deal with the outbreak and
mitigate the impact of the outbreak. Prediction
methods that exist to date are very different. One
of them is an artificial neural network (ANN)
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inspired by the human nervous system. Extreme
Learning Machine (ELM) is a type of ANN method
with much simpler speed and accuracy compared
to several other types of ANN [3]. Several machine
learning studies have been conducted. Yadav et al.
[4] used machine learning methods to analyze the
novel coronavirus, Liu et al. [5] studied dynamic
kernel-based ELM to predict water treatment
processes in paper manufacturing, and ELM has
even been used in the classification of tumor
diseases [6] and the diagnosis of COVID-19 [7].

The ELM method is based on many neurons.
Therefore, if the hidden layer nodes are not
precisely defined, an insufficient or excessive
configuration may occur, which may lead to poor
estimates. Defining the hidden nodes and
initializing the w-weights and b-bias, which makes
ELM performance more optimal, is very important.
Various optimization methods, including swarm-
based methods, can improve ELM performance.
Particle Swarm Optimization (PSO) is a swarm-
based optimization method discovered by Kennedy
and Eberhart, inspired by the behavior of flocks of
birds [8]. PSO is a search algorithm that can balance
the exploration and exploitation processes.
Therefore, PSO is proven to maximize ELM's
performance in predicting [9]. However, Bansal et
al. tried in their study to compare the performance
of PSO with several types of dynamic inertial
weights and found that iteration-based decreased
inertial weights performed the best [10].
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This study aims to use PSO with decreasing
inertial weight by optimizing hidden nodes in the
ELM hidden layer, which is then called PSO-ELM, to
predict cumulative cases of COVID-19. Experiments
were conducted by comparing several activation
functions to find an activation function that
optimizes PSO-ELM performance. The optimal PSO-
ELM is then compared with the standard ELM.

MATERIAL AND METHOD
Particle Swarm Optimization (PSO)

The positions of particle i at iteration of t time
are written: x; (t) with the initial position in Eq. (1),

x;(0) = 1. % min + (xi,min - xi,max)-ri (1)

€ RY,
where 1, X; min, Xi max, Ti, and N are respectively
the vector which all the elements are 1, minimum
value of component x;, the maximum value of
component x;, the vector of random elements
between 0 and 1 for particle i, and the dimension
of vector x;. The value of the objective function for
each particle i at iteration time t is

fa®) ()

and
pbest;(t) = optimum (f(x,-(t))), (3)

as the best objective function value for particle i.
The global best function value is calculated by Eq.

(4).
gbest(t) = optimum(pbest;(t)). (4)

For all particle i anditeration t, the best
position of particle i and best global position are
pb;(t) and gb(t) respectively. Particle velocities
are updated using the formula

vt +1) = w(t).v,(t)
+@161 (pbi(t) — x;(1)) (5)
+¢,C; (gb(t) - xi(t));

(wmax - wmin)

tmax

t, (6)

w(t) = Wnax —

where v;(t) is the velocity of particle i at iteration
t, w(t) is the inertia weight at iteration t, ¢; and ¢,
are random numbers between 0 and 1, and ¢, and
@, are the particle's learning coefficient weights.
Eq. (6) describe the decreased inertia weight w(t)
related to t iteration. The performance of PSO with
several types of dynamic inertial weights found that
iteration-based  decreased inertial weights
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performed the best. The position of each particle
for each iteration is calculated by Eq. (7)

x(t + 1) = x() + v (0). (7)

However, if the particle's position exceeds the
specified minimum or maximum values, the
particle's position falls within the element bounds
Ximin and X; max. The PSO algorithm procedure
aimed at minimizing the objective function consists
of the following steps:

1. Initialize  tax (maximum iteration),
w(t), 91,9, S (population size), x;min and
Ximax-

2. Initialize the initial position of each i particle
with Eq. (1) and the initial velocity v;(0) = 0.

3. Compute the value of the objective function for
each i particle at f(xl-(t)).

4. Calculate the best fitness function value for

each particle and the global best fitness using
Eqg. (3) and (4).

5. Update the particle velocity vector using Eq. (5)
and (6).

Update the particle positions using Eq. (7).

~

Update the objective function value for particle
f(xi+1(t))-

8. Update the particle positions and optimal
values using the Egs. (8) and (9) respectively

pb;(t +1)
B {x,-(t +1),  f(x(t+1)) < pbest;(t) )
B pb;(t), others.

pbest;(t + 1)
_ {f (e + D),
pbest;(t),

f(xi(t + 1)) < pbest;(t)  (9)
others.

9. Update the best global positions and value
using the Egs. (10) and (11) respectively

gb(t + 1) = argmin{f(pb;(t + 1))}, (10)

gbest(t + 1) = min{pbest;(t + 1)}. (12)

10. check stop criteria. If t < t;qr, t = t+ 1 and
go back to step 5. Otherwise, the algorithm is
terminated.

Extreme Learning Machine (ELM)

Extreme Learning Machine (ELM) was
introduced by Huang in 2004. The training data set
is D = {(dp,yp)}, where dp =

ISSN. 2087-2852
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(dp1,dpz, -, dpg) € RY are input values and
Yp = (ypl,ypz, ....,ypm) € R™ are target values.
The output o of an ELM with L hidden nodes can be
expressed as

L
i=1
j =12 ..N,

where h(u) is the hidden layer activation function.
In ELM, the activation function used is a nonlinear
function that provides a nonlinear mapping to the
system. Here are some of the activation functions
that can be used (Table 1).

Table 1. Activation Function

Activation function Equation

1
Sigmoid function h(w) = ——
& W 1+e™™
Hyperbolic tangent 1—e™
functi hw) =—=
unction 14eu
Radial basis function h(w) = e~ lu-1l

Multi-Quadratic
function

N

h(u) = (\/ |lu— 1|)

Cosine function h(u) = cosu

The goal of the training process is to minimize
the error between the target values and the output
of the ELM. The objective function commonly used
to compute the error is the mean squared error
(MSE) between o0 and y. So, there must exist a set
w, b;, B; satisfying

L
> Bih(wid; + b)) = ¥, (13)
i=1

j=12,..,N
Eqg. (13) can be omitted with the following formula:
HB =Y (14)

where f3; is the vector connecting i hidden node to
the output, Y is the target, and H is the output of
the hidden layer. Therefore, ELM also aims to
obtain the best values of weight w;, bias b;, and f3;
[10]. Standard ELM uses the least-norm least-
squares method.

B =HYY (15)
and
HY
_((HTH)"'H",  H"H is singular (16)
B {HT(HHT)_l, HHT is singular

J. Exp. Life Sci. Vol. 13 No. 3, 2023

is a generalization of the inverse H matrix

introduced by Moore-Penrose [11]. The ELM

algorithm procedure consists of the following steps

1. Input training data (dp,yp) € R? x R™
activation function h(u).

2. Randomly generate w, b, and choose number
of hidden nodes L. € N.

3. Compute HY using Eq. (16).
4. Compute B using Eq. (15).

Mean Absolute Percentage Error (MAPE)

According to Hsu and Wang [12], one of the
most prominent forecast measuring methodologies
is Mean Absolute Percentage Error (MAPE). The
average percentage error in absolute terms is
denoted by MAPE. For example, if y; and o;
represent the actual and estimated values at data
point i, then MAPE is defined as:

N
1 0;—y;
MAPE = —Z |‘—y‘| x 100%,  (17)
N i=1 yi

N denotes the number of data points. The lower
the percentage of MAPE, the better the forecast
outcomes. Table 2 shows the MAPE criteria for
evaluating models.

Table 2. MAPE Criteria
MAPE Prediction Power
<10% Highly accurate forecasting
10% - 20%
20% - 50%

Good forecasting
Reasonable forecasting

Weak and inaccurate

0,
>50% forecasting

Hybrid PSO-ELM

Number of the ELM hidden nodes L are natural
numbers. Therefore, the position of particle i in t
time iterations acting as a surrogate for L in the
optimization process needs to be determined Eq.
(18)

xi(t) € N, (18)
and initial position is calculated by Eq. (19)

xi(o) = Ximin Tt (xi,min - xi,max)-ri (19)
€N,

where X;mim EN, X0 EN, and 7; are the
minimum value of the x;, the maximum value of the
x; component, and the random elements from 0 to
1 of particle i. Therefore, the particle position
notations such as x;(t), pb;(t), and gb(t) in the
iterations of the algorithm should be rounded up to

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



Particle Swarm Optimization — for COVID-19 Prediction in 141

Surabaya (Tuloli, et al.)

the nearest natural number if they deviate from the
natural number. The value of the objective function
for each particle i in iterations at t iteration is the
MAPE value of the test data expressed as

f(xi(t)) _ %i |0i ;iJ’i

X 100%, (20)

where o0; is the predicted output for test data
i using MPSO-ELM, y; is the actual data i, and N is
the number of predicted data.

Hybrid PSO-ELM algorithm method that
optimizes many hidden nodes L. PSO-ELM method
aimed at minimizing the MAPE of the test data and
optimizing for many hidden nodes L involves the
following steps:
1. Input training data (dp, yp) € R? x R™, test
data (dp.,¥pr) € R X R™, and activation
function h(u).
2. Initialize If tpe (maximum number of
iterations), Wmin, Wmax, 1, P2, S, (Population
size), X; min aNd X; max-
3. Initialize the initial position of each i particle
with initial velocity v;(0) = 0 using equations
(18) and (19).
4. Compute the value of the objective function for
each particle i using L; = x;(t), which is the
number of ELM hidden nodes for i particle.
a. Randomly generate w and b for each
particle i.

b. Compute H¥ using equation (16).

c. Compute the output weight f using
equation (15) for each particle i.

d. Implement the B weight for each particle i

in the testing data using equation

o=HB (21)
e. Compute the value of the objective function

for each particle i using equation (20).

5. Use Eq. (8)-(11) to determine the best function
value for each particle and the objective
function of global position.

6. Update the particle velocity using Egs. (5) and
(6).

7. Update the particle positions based on the
criteria in Egs. (7) and (18).

8. Compute the objective function value for
particle i using step 4.

9. Update the best i particle positions and the
fitness values using Egs. (8) and (9).

J. Exp. Life Sci. Vol. 13 No. 3, 2023

10. Update global best position and the objective
function of global position using Egs. (10) and
(12).

We checked the stopping criteria if t < t,,4,
t = t+ 1 and got back to step 4. Otherwise, the
algorithm is terminated.

Data Collection

The COVID-19 data in Surabaya City is divided
into two parts from March 20, 2020, to December
31, 2022. A total of 90% of the initial COVID-19 data
was chosen for training (903 rows of data), while
the remaining 10% was used for testing (100 rows
of data). Cumulative confirmed positive,
cumulative death, and cumulative cure COVID-19
data are used. The starting weights and other
parameters of the Hybrid ELM-PSO are created at
random. In addition, Hybrid PSO-ELM will perform
training steps on the training data. In this stage, the
number of hidden layer nodes is modified to create
the best value by reducing the difference between
the Hybrid PSO-ELM output and the goal value. The
training data will be used to apply the final findings
of the number of hidden layer nodes. The testing
data becomes input data in the prediction test
stage, and the output data reflects the cumulative
predictive representation of the confirmed COVID-
19 cases.

The variables that have an impact on the
cumulative positive cases of COVID-19, namely the
cumulative positive confirmed cases over the last
two weeks, the cumulative deaths, and the
cumulative cures, will have an impact on confirmed
cases the next day in this paper. As a result, these
variables serve as input data. The ANN architecture
was built with 16 factors that affect confirmed
COVID-19 instances. The variables dq,ds, ...,d 4
represent the cumulative cases of confirmed
COVID-19 from two weeks to the day prior, dis
represents the death cumulative, and dy4
represents the recovery cumulative. Figure 1
depicts a visualization of the Hybrid PSO-ELM
architecture.

Output Layer

Input Layer Hidden Layer

Figure 1. PSO-ELM Architecture
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RESULTS AND DISCUSSION

The experiment is powered by a Core i7
processor running at 3.4 GHz, Windows 10, and
Pycharm software. The population size is 20, and
the maximum number of iterations is 100. The
weighting of inertia (Wpin and Wpay), self-
learning factor (@), and other particles learning
factors (¢,) have minimum and maximum values
of 0.4, 0.9, 2, and 2, respectively. The number of
hidden layer nodes ranges from 1 to 50. Every
activation function scenario is simulated 30 times.

Table 3 demonstrates a comparison of PSO-ELM
with decreased inertia weight performance with
various activation functions. According to Table 3,
the accuracy provided by the PSO-ELM with

142

decreased inertia weight using the sigmoid function
is better than that obtained by other activation
functions with 0.022426% MAPE mean in 30 times
simulations. Even though the Hyperbolic Tangent
function achieves the best MAPE, which is
0.0196387%, the MAPE in 30 times simulations was
less consistent compared to the Sigmoid function.
The number of hidden layer nodes (L) based on
Table 3, the ideal number of hidden layer nodes for
PSO-ELM is around 23-25 nodes.

Based on Figure 2, PSO-ELM using sigmoid
function prediction testing data fits more into the
actual testing data than the other activation
functions. MAPE value progress based on Figure 3,
PSO-ELM using sigmoid function achieves best
MAPE value.

Table 3. Simulation Results

MAPE and L Value Mean Standard Deviation Best Value

Sigmoid MAPE (%) 0.02242600333 0.003234530972 0.02019424
& L 25 8 23

Hyperbolic MAPE (%) 0.02385335833 0.004757438134 0.01963487
Tangent L 30 11 24

Radial Basis MAPE (%) 0.03036940733 0.006379166335 0.022662

L 33 10 31

Multi-Quadratic MAPE (%) 0.02533505867 0.002349999899 0.02138656
L 25 6 27

Cosine MAPE (%) 0.03726241767 0.003186058715 0.02998423
L 48 6 50

Notes: L = The number of hidden layer nodes

144000

142000

&

wmuRy

134000

20

c)

Sigmoid

m— Testing Data Prediction
Testing Data

40 60
i data

| data

Radial Basis

LUMUIATIVE LOVID-19 Lases

s Testing Data Prediction
Testing Data

134000

142000

140000

132000

i data
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146000 Testing Data
144000
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Figure 2. Testing Data and Testing Data Prediction Plot
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Figure 3. MAPE Prediction Results Plot
CONCLUSION Surabaya.
According to the experimental results, the [3]

number of hidden layer nodes and activation affect
PSO-ELM performance. The number of hidden
layer nodes should be manageable in general and
in this case. All of the activation functions achieve [4]
high accuracy based on the MAPE criteria.
However, the PSO-ELM with decreased inertia
using the sigmoid activation function outperforms
the other in predicting the cumulative cases of
COVID-19. [5]
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Abstract

The fanged frog, Limnonectes kuhlii, exemplifies the complexity of cryptic species. Though originally described from
Java, subsequent studies indicate that L. kuhlii encompasses multiple lineages, suggesting the presence of several
undescribed species. Suspecting the existence of multiple undescribed species within the L. kuhlii complex in Sumatra,
we collected 17 specimens from Java and Sumatra. We extracted the 12S, tRNAval, and 16S mitochondrial DNA from
these specimens for phylogenetic analysis using Maximum Likelihood and Bayesian Inference methods and for
estimating time divergence. Our findings uncovered two novel diversity within the L. kuhlii complex both in Sumatra and
Java. Furthermore, our estimation of time divergence suggests that the diversification of L. kuhlii in Java and Sumatra
was influenced by geological and climatic events, including landmass emergence and sea-level fluctuations. In
conclusion, our research provides critical insights into the evolutionary complexity and diversity of the L. kuhlii complex
in Sumatra and Java. While our molecular evidence suggests novel diversity, further comprehensive morphological
studies are imperative to confirm and describe these potential new species. Furthermore, additional sampling across its
range and deeper investigations integrating both molecular and morphological data are crucial.

Keywords: fanged frogs, Limnonectes kuhlii, Limnonectes sisikdagu, phylogenetics.

INTRODUCTION

Amphibian populations are globally suffering
from numerous threats, including habitat loss,
climate change, pathogens and diseases, wildlife
harvesting, and competition with invasive species
[1]. Currently, 41% of identified species of
amphibians are classified as threatened (CR, EN,
or VU) [2]. Increased attention must be given to
this group to preserve its diversity, and
taxonomic uncertainties within this group
urgently need to be resolved. Mostly,
taxonomically unresolved species are cryptic, a
group of closely related organisms that are
morphologically similar but genetically distinct;
this group commonly includes several species
that are classified within a single taxon.
Moreover, the cryptic species is likely considered
a least concern species because of its abundance,
widespread distribution, and tolerance to
disturbance as a result of the combined fitness of
numerous species classified within a single taxon.
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Limnonectes kubhlii is one of the well-known
examples of cryptic species cases in amphibians.
This species is a wide-headed, robust frog with a
fang-like projection at the tip of the lower jaw in
males; it can be distinguished from its congeners
by the hidden tympanum and fully webbed toes
[3]. Although the species was originally described
from Java, L. kuhlii was recorded as a wide-
ranging frog distributed from northeastern India
through Taiwan, southern China, and Southeast
Asia [3,4]. Later, several molecular data studies
elucidated that L. kuhlii from different
populations showed distinct evolutionary
relationships [4—6]. Furthermore, a recent study
indicated using mitochondrial DNA (mtDNA)
sequences that L. kuhlii from approximately 63
populations across its known distribution is a
complex species of more than 22 lineages (viz.,
species) [7]. Additionally, another study reported
17 lineages of the L. kuhlii complex in addition to
the already described L. hikidai, L. cintalubang,
and L. asperatus in Borneo using mtDNA and
nuclear sequences, and those lineages are
genetically distinct from Javan L. Kuhlii [3].

Java, as the origin of L. kuhlii, shares the
greatest similarity of herpetofauna diversity with
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Sumatra due to the proximity between these two
islands and the narrowness of the Sunda Strait
separating them. Most of the nonendemic Javan
frogs are known to have originated from
Sumatra, which may represent a faunal exchange
with Sumatra that was possible during the
Pleistocene or at an earlier period [8]. Although
Java was connected with Borneo in the
Pleistocene and shares sixteen species of
amphibia, the evidence of direct faunal exchange
between these two lands is few compared
between Java and Sumatra. In contrast,
comparing the genetic distance of Javan,
Sumatran, and Borneo species could explain the
historical biogeography relation among these
areas [8]. The diversity of Sumatran frogs is much
poorer than that of both Borneo and the Malay
Peninsula regarding area size [8], and it was
suggested that the herpetofauna needed to be
better explored [9].

Limnonectes sisikdagu, a newly identified
species from western Sumatra, is a species that
was identified from the L. kuhlii complex lineage
and currently is the most closely related species
to the Javan L. kuhlii [7]. L. sisikdagu is distinct
from the true L. kuhlii (from Java) by the
presence of a spinule-covered mental patch on
the ventral surface of the anterior chin in males;
this is also a character that distinguishes L.
sisikdagu from all other members of the
Limnonectes genus [10]. In addition to L.
sisikdagu, it was suggested that there may be
multiple species of the L. kuhlii complex in
Sumatra [10]. To explore this issue, we
conducted a comprehensive assessment of L.
kuhlii complex diversity within Java and Sumatra.

MATERIAL AND METHOD
Sample collection and DNA extraction

Sampling was conducted in Sumatra and Java,
Indonesia, from 2014 to 2015. We collected 17
individuals identified as members of the L. kuhlii
complex from their natural habitats (Table 1).
Total genomic DNA was extracted from tissue
samples using DNA suisui-F (RIZO) following the
manufacturer’s instructions. F51 (5’-CCC GCC TGT
TTA CCA AAA ACA T-3’), R51 (5’-GGT CTG AAC
TCA GAT CAC GTA-3’) and F51Rev (5'-GGC GAT
GTT TTT GGT AAA CAG GC-3') were used for
amplification and sequencing of 16S rRNA [11].
The genes were amplified by denaturation for 4
min at 95°C, followed by 35 cycles of
amplification consisting of denaturation for 40 s
at 95°C, annealing for 45 s at 55°C, and extension
for 90 s at 72°C for each cycle, and a final
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extension for 7 min at 72°C. The PCR products
were purified using polyethylene glycol
precipitation. The sequencing procedure for PCR
products was conducted using an ABI3130
sequencer. The tRNAval, 16S rRNA, and a few
portions of 12S rRNA sequences of 17 samples
were deposited in GenBank (Table 1).

Table 1. Specimens of the L. kuhlii complex collected in

this study.
No Species Locality GenBank
1 L. sisikdagu North Sumatra, KY132183
Bandar Baru
2 L. sisikdagu North Sumatra, KY132184
Toba Samosir
3 L. sisikdagu North Sumatra, KY132181

Labuhan Batu
Aceh, Bener Merah KY228866

Aceh, Bener Merah KY228868

4 L.sisikdagu
5 L.sisikdagu

6 L. sisikdagu North Sumatra, KY228867
Rau Batang Gadis

7 L. sisikdagu North Sumatra, KY132180
Rumbung Baru

8 L. sisikdagu West Sumatra, KY132182
Solok

9 L. cf. sisikdagu  West Sumatra, KY132179
Tapan

10  L.cf. sisikdagu Lampung, KY228870
Tanggamus

11  L.cf. sisikdagu Lampung, Mt. KY228869
Pesawaran

12 L.cf. sisikdagu Lampung, KY228871
Tanggamus

13 L.cf. sisikdagu Lampung, Western KY228872
Lampung

14 L kuhlii West Java, BRIN KY228864
Botani Garden

15 L. kuhlii Lampung, KY228862
Tanggamus

16 L. kuhlii Banten, Pulosari KY228863

17 L kuhlii West Java, Bandung KY228865

Phylogenetic analysis

We collected numerous sequences of the L.
kuhlii complex from NCBI as references (Table 2).
Sequences of Fejervarya limnocharis (AY158705)
and Occidozyga lima (DQ283224) were also
collected for the outgroup in phylogenetic
analysis following a previous similar analysis on
Limnonectes [4-6,12-14]. Sequences of the
collected samples and references were aligned
using MEGA 7 with the Clustal W option [15], and
the alignment result was used for genetic
distance analysis, constructing phylogenetic
trees, and estimating time divergence. Genetic
distances were calculated as uncorrected
pairwise sequence divergence using MEGA 7 [15].
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Phylogenetic trees were constructed using
maximum likelihood (ML) and Bayesian inference
(BI). Transition model 2 (TIM2) and a gamma-
shape parameter (G) were selected as the best-fit
nucleotide substitution model for the dataset
under Akaike Information Criterion by Modeltest-
NG [16]. ML trees were constructed using
RAXML-NG in the CIPRES Science Gateway with
an automatic bootstrapping option and the
TIM2+G model [17,18]. Bl trees were constructed
using MrBayes 3.2.6 in the CIPRES Science
Gateway with the general time reversible (GTR) +
G model replacing the selected best-fit model
TIM2 + G since TIM2 is unavailable in MrBayes
and GTR is considered the most closely related
model [19]. We used 5,000,000 generations with
a sampling frequency of 1,000 for four
simultaneous metropolis-coupled Markov chain
Monte Carlo (MCMC) algorithm runs. We
discarded the first 25% of the estimated trees for
the selection of consensus topology trees in Bl.

Table 2. Collected reference species for phylogenetic
analysis and estimation of time divergence.

Species GenBank Reference
L. fujianensis AB526311 [22]
L. fujianensis HM067240 [7]
L. fragilis AB526315 [22]
L. taylori AB558929 [23]
L. jarujini AB558940 [23]
L. megastomias AB558953 [23]
L. cf. kuhlii ‘lineage 2’ HM067245 [7]
L. cf. kuhlii ‘lineage 2’ HM067244 [7]
L. sisikdagu JF836873 [10]
L. sisikdagu JF836880 [10]
L. sisikdagu JF836881 [10]
L. kiziriani MT459153 [24]
L. utara AB981375 [25]
L. utara AB981376 [25]
L. selatan AB981388 [25]
L. selatan AB981385 [25]
L. selatan AB981382 [25]
L. kuhlii AB526316 [22]

Estimation of time divergence

Time divergence was estimated using BEAST
under the Hasegawa-Kishino-Yano model
evolution with a relaxed log normal clock model
[20,21]. The prior distribution of the calibration
point was specified following the previous study
[3]. These include the divergence time between
Dicroglossinae and Occidozyginae at 82.7 million
years ago (Mya) (95% credibility interval [CI] 55-
118 Mya), L. bannaensis and L. fujianensis at 24
Mya (ClI 14-46 Mya) [3,6], and L. fujianensis from
Taiwan and continental China at 1.25 Mya (Cl
1.05-1.45 Mya) as internal calibration points. We
sampled the MCMC chain every 1000
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generations for 10,000,000 generations. The
convergence was assessed in Tracer version
v.1.5, and a maximum clade credibility tree was
constructed using TreeAnnotator v.1.10.4 with a
burn-in percentage of 20%.

RESULT AND DISCUSSION

We evaluated the diversity of the L. kuhlii
complex in Java and Sumatra following the
hypothesis of unidentified L. kuhlii complex
diversity in Sumatra. We collected 17 samples of
L. kuhlii-like fanged frogs in Java and Sumatra and
conducted phylogenetic analyses on these
samples against related references from
GenBank. Two distinct methods of phylogenetic
analyses produced consistent topologies. Here,
we combined the branching reliability scores of
each tree onto the ML tree to minimize
redundancy (Fig. 1). Samples of the Limnonectes
genus formed a monophyletic clade from
Fejervarya and Occidozyga as the outgroup with
unequivocal support from both ML bootstrap and
Bl posterior probability. The Javan and Sumatran
L. kuhlii complex formed a clade separated from
the L. kuhlii complex from mainland Southeast
Asia, China, and Taiwan. The group of Javan and
Sumatran L. kuhlii complexes branched into two
Subclades with unequivocal support; named
Subclade A and B. Subclade A contained samples
from Sumatra, while Subclade B consisted of four
samples from Java and one sample from
Sumatra. These Subclades were separated by a
genetic distance of 9-13% (Table 3).

Novel diversity of the Limnonectes kubhlii
complex in Sumatra and Java

Currently, L. sisikdagu is the sole species in
Sumatra that was described from the L. kuhlii
complex. The study that described L. sisikdagu
demonstrated the occurrence of three lineages in
the Sumatran L. kuhlii complex clade: (1) a
lineage that contained L. sisikdagu paratype
samples from west Sumatra; (2) a lineage that
contained samples from Batu Layang, Bengkulu,
which was previously identified as L. cf. kuhlii
‘lineage 2’ [7]; this lineage had 5.3-7% genetic
divergence from the holotype lineage; and (3) a
lineage that contained two samples from west
Sumatra with voucher id FMNH 266612 and
FMNH 266617; this lineage had high genetic
divergence of approximately 8.6 — 9.3% from the
paratype lineage [10]. Even though L. cf. kuhlii
‘lineages 2’ had moderate genetic distance to the
lineage that contains the L. sisikdagu paratype,
the samples were assigned as L. sisikdagu due to
the unavailable voucher for examination [10].
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Table 3. Pairwise genetic distance among lineages identified from maximum likelihood and bayesian inference.

Lineage 1 Lineage 2 Lineage 3 Lineage 4 Lineage 5
Lineage 1
Lineage 2 5-6%
Lineage 3 7-10% 7-9%
Lineage 4 8-10% 9-10% 11-12%
Lineage 5 10-11% 9-10% 11-12% 12-13%
Lineage 6 10% 10% 10-12% 11-13% 7%
Fejervarya limnocharis
92/100 L. kiziriani
ML/BI L. fragilis
79/98 L. bannaensis
73/96 *r L. fujianenesis
74/100 L. fujianensis
. * L. megastomias
/100 L. taylori
* L. selatan
—':LL. utara
L. utara
Bandar Baru, North Sumatra (1)
Toba Samosir, North Sumatra (2)
Labuhan Batu, North Sumatra (3)
Bener Merah, Aceh (4)
* Bener Merah, Aceh (5) Lineage 1

Occidozyga lima

0.07

Rau Batang Gadis, North Sumatra (6)

Rumbung Baru, North Sumatra (7)

Solok, West Sumatra (8)

L. sisikdagu West Sumatra (JF836873, Paratype)
L. cf. kuhlii 'lineage 2' Bengkulu (HM067245)

L. cf. kuhlii 'lineage 2' Bengkulu (HM067244)
Tapan, West Sumatra (9)

%) FMNH 266612 West Sumatra (JF836880)

Lineage 2

Lineage 3

FMNH 266617 West Sumatra (JF836881)
Tanggamus, Lampung (10)

Mt. Tanggamus, Lampung (11)
Tanggamus, Lampung (12)

Western Lampung, Lampung (13)
LIPI Botanical Garden, West Java (14)
Tanggamus, Lampung (15)

Pulosari, Banten (16)

Bandung, West Java (17)

L. kuhlii Central Java (AB526316)

Lineage 4

Lineage 5

Lineage 6

Figure 1. Combined maximum likelihood (ML) and Bayesian inference (BI) tree of fragment of 12S rRNA, tRNAval and 16S
rRNA of Limnonectes kuhlii complex in Java, Sumatra, mainland Asia and Taiwan. Numbers within the bracket at the
end of several tip labels represent the specimen number based on Table 1. Numbers near branches represent
bootstrap supports of ML bootstrap (on the left part) and Bl posterior probability (on the right part). Asterisk symbol
represents a fully support of the two reliability scores. The alphabetical symbol 'A' represents Subclade A, comprising
lineages 1 to 4, while 'B' represents Subclade B with lineages 5 and 6.

However, MclLeod et al. [10] argued that L. cf.
kuhlii ‘lineages 2’ may represent a unique species
to L. sisikdagu. Additionally, the samples with
voucher id FMINH 266612 and FMNH 266617 had
a further genetic distance to the L. sisikdagu
paratype compared with L. cf. kuhlii ‘lineage 2’ to
the L. sisikdagu paratype [10]. However, the
taxonomic position of these samples was not
discussed. In this study, eight of our samples
were clustered together with the L. sisikdagu
paratype (JF836873) in Lineage 1 with a slight
difference in genetic distance; hence, our
samples in Lineage 1 can be described as L.
sisikdagu.

Our results expand the distribution of L.
sisikdagu to North Sumatra and Aceh, the
northernmost province in Sumatra (Fig. 2).
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Lineage 2 contained two reference samples of L.
cf. kuhlii ‘lineages 2’ from Bengkulu and our
sample from Tapan, West Sumatra, with
unequivocal support. This result expands the
distribution of this diversity to West Sumatra.
Additionally, our sample can be used as a
reference to investigate the taxonomic position
of L. cf. kuhlii ‘lineages 2’. Unfortunately, we did
not find a sample that is closely related to FMINH
266612 and FMNH 266617.

We found a novel diversity of the L. kuhlii
complex in Sumatra. The samples were clustered
in Lineage 4 and specifically distributed in
Lampung, the southernmost province in Sumatra.
Lineage 4 has high genetic distance of
approximately 8-10%, 9-10%, and 11-12% to
Lineages 1-3 in Subclade A, respectively, and 12-
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13% and 11-13% to Lineages 5 and 6 in Subclade
B, respectively. Hence, it is likely that this lineage
is unique to both L. kuhlii and L. sisikdagu.
Further investigation using molecular and
morphological datasets is needed to ensure the
taxonomical position of this lineage since the sole
molecular analysis in this study is not prudent to
describe a novel species.

Subclade B contained two lineages, 5 and 6,
with fully supported values from ML bootstrap
and Bl posterior probability, and the genetic
distance between these lineages was 7%. Lineage
5 contained two samples from the western part
of Java (Banten and BRIN Botanical Garden,
Bogor) and one from Tanggamus, Lampung.
Interestingly, the sample from BRIN Botanical
Garden, Bogor, was more closely related to the
sample from Sumatra, with 0% genetic distance,
than to the Javan sample counterpart from
Banten, which had 2% genetic distance.
Additionally, the Sumatran sample within lineage
5 was syntopy with a sample from Lineage 4 of
Subclade A (KY228871). The fact that they are not
sister lineages concurs with Stuart et al. [26] and
Inger et al. [27], who assert that sympatric
lineages of cryptic species are frequently not

Legend

Lineage 1
Lineage 2
Lineage 4

Lineage 5

>rmOe

Lineage 6

0 250 500 km

sister lineages of one another. Sympatry/syntopy
occurrence is commonly found for the L. kuhlii
complex. Previously, McLeod found syntopic
lineages in Ha Giang Province, Vietnam, between
L. bannaensis and a novel L. kuhlii diversity
complex that was later described as L.
Nguyenorum [28]. MclLeod also found a similar
phenomenon in Phongsaly Province, Lao PDR,
between L. bannaensis and a novel L. kuhlii
diversity complex that was later described as L.
Taylori [23]. Moreover, Matsui et al. [3] reported
numerous lineages of the L. kuhlii complex in
Borneo that occur syntopically.

Lineage 6 contained samples from West Java
and Central Java that had a 2% genetic distance.
The sample from Central Java was a reference
sample of L. kuhlii [22]. This result in Subclade B
opens the possibility of multiple species
occurrences of the L. kuhlii complex in Java. Java
itself is assigned as the original place of L. kuhlii -
type material, but its specific locality is unknown.
We suggest further study to comprehensively
assess L. kuhlii complex diversity in Java using
both morphological and molecular data to
determine the ‘true’ L. kuhlii and L. kuhlii
complex diversity.

Figure 2. Distribution of Specimens from Lineages 1,2,4,5, and 6 of this study. Arrow indicates the presence of syntopy

between Lineages 4 and 5.
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Figure 3. Estimation of time divergence of fragment of 12S rRNA, tRNAval and 16S rRNA of Limnonectes kuhlii Complex in Java,

Sumatra, mainland Asia, and Taiwan. Numbers at the X axis represent million years (Mya) before present.

Geological evolution and divergence patterns of
the Limnonectes kuhlii complex in Sumatra and
Java

We estimated that the time divergence for
the most common ancestor (MRCA) of Sumatran
and the Javan L. kuhlii complex occurred in the
early Miocene at approximately 20.8 Mya (Cl:
12.8-28.8 Mya), which is a subepoch when much
of Sumatra and Java were inundated by shallow
seas (Fig. 3); the divergence resulted in Subclades
A (Sumatran L. kuhlii complex) and B (mostly
Javan and one Sumatran L. kuhlii complex) in this
study. Portions of Sumatra and Java were part of
the Southeast Asian land mass from the early
Eocene (c. 50 Mya) to the late Oligocene (c. 25
Mya) [8].

Subsequently, sea levels began to rise
gradually until the middle Miocene (c. 15 Mya),
isolating small areas of volcanoes and high
elevation into small multiple islands [8,29].
During this interval, the local genetic
differentiation of terrestrial vertebrates s
suggested to increase due to geographic barriers
[8]. Lineages 4 and 3 of Subclade A are estimated
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to have diverged during this interval, specifically
at approximately 18 Mya (Cl: 11.3-25.4 Mya) and
14.7 Mya (Cl: 8.9-21 Ma), respectively (Fig. 3).
Additionally, Lineages 1 and 2 of Subclade A are
estimated to diverge during the late Miocene at
approximately 9.8 Mya (Cl: 5.7-14.4 Mya) when
sea levels receded, connecting some isolated
volcanic islands of Sumatra [30]. Despite the
occurrence of complex land separation and
connection events during the early Miocene to
the middle Pliocene, it was hypothesized that
there are two persistent transverse inland
seaways on Sumatra, currently located at Padang
Sidempuan Valley and Pagar Alam Valley, which
divided the island into at least three large islands
for much of its geologic history [31].

In the early late Miocene (around 10 Mya),
Java only had a prominent landmass in its
western region [29]. Consistent with this, our
estimations suggest that the MRCA of Lineages 5
and 6 emerged during this time. Moreover, our
data indicates that these two lineages arose
during the middle Pliocene. It was in this epoch
that parts of east Java rose in the form of several
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volcanic clusters, causing Java to exist as three
main islands separated by the sea [29]. By the
Late Pliocene, the emergence of highlands in
central Java eventually led to the unification of
these three previously isolated islands [29]. This
geological evolution may have fostered the
presence of two distinct lineages within the L.
kuhlii complex in Java. Additionally, the recent
glacial maximum approximately 17,000 years ago
caused sea levels to recede by 120 m below
current levels, bridging Java and Sumatra [8]. We
hypothesize that a population from Lineage 5
migrated from Java to Sumatra, which would
explain the presence of a specimen belonging to
Lineage 5 found in Sumatra.

CONCLUSION

Our phylogenetic analysis of the L. kuhlii
complex, using samples from Java and Sumatra,
has illuminated previously unidentified diversity
in Sumatra. We revealed the distinct evolutionary
branches of this complex, including the potential
presence of new species unique to specific
localities in Java and Sumatra. Geological and
climatic events, such as the emergence of land
masses and changes in sea levels, have played
pivotal roles in shaping the genetic landscape of
this complex.
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Effectiveness of Extract Supplements (Apium graveolens L.) to Estrogen
Receptors Expression and Oocyte Diameter at Nucleolar Chromatin and
Perinucleolar Stages in Female of Nile tilapia (Oreochromis niloticus L.)
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The study of the use of celery (Apium graveolens L.) in the health sector has been widely discussed. The analysis of the
use of celery in the process of oocyte development still needs to be addressed. This study was conducted to see the
effect of celery extract on the expression of estrogen receptors on the gonads and oocyte diameter in tilapia for the first
time. Fish are divided into four groups: Py = Control treatment, feed without mixture; P; = Treatment with celery extract
concentration of 2,000 mg.kg! of feed; P, = Treatment with celery extract concentration of 4,000 mg.kg! of feed; P3 =
Treatment with celery extract concentration of 6,000 mg.kg! of feed. The results showed celery extracts expressed
estrogen receptors on the gonads. The expressed estrogen receptor is the estrogen receptor B, whereas the estrogen
receptor a is not detected in the gonad. Group statistical tests ANOVA showed no significant results in the development
of oocytes. On the other hand, celery extract also impacted the development of oocytes at the nucleolar stage of
chromatin, with a markedly greater oocyte diameter. Meanwhile, in the perinucleolar stage, celery extract reduces the

oocyte diameter.

Keywords: Apium graveolens L, ERa, ERB, nucleolar chromatin, perinucleolar.

INTRODUCTION

Nile tilapia (Oreochromis niloticus) is a type of
fish that is easy to cultivate. However, in some
cases, there is a problem with fish health and
reproduction because of environmental factors;
for example, exposure to radiation and
environmental chemicals can decrease spawning
frequency and egg production [1,2]. It can disturb
growth and development, especially in
reproduction. The acceleration of fish cultivation
can be further increased by adding natural
supplements to the feed, such as celery (Apium
graveolens). The content of antioxidant
compounds found in celery is also very strong [3].
Apigenin is one of the antioxidant compounds
with high levels in celery [4].

Apigenin  belongs to the group of
phytoestrogens, resembling natural estrogen-like
structures secreted by the human body and
animals [5]. Because of its estrogen-like
structure, phytoestrogens can interact with
estrogen receptors to cause various cellular
responses [6]. In fish, cellular responses from
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active estrogen receptors, such as the mitotic
division of oogonia and vitellogenesis [7].

Among the types of estrogen receptors that
are known in fish are estrogen a (ERa) receptors
and estrogen receptors B (ERB) [8]. The
administration of celery extract with high
apigenin content is expected to trigger further
the development of gonads of tilapia (O.
niloticus) with activation parameters from both
estrogen receptors. Before the oocyte enters the
vitellogenesis stage, it is preceded by the
nucleolar stage of chromatin and perinucleolar.
The nucleolar stages of chromatin and
perinucleolar include primary growth forms from
oogenesis [9]. The effect of giving plant extracts
to both stages of oocyte growth has not been
specifically discussed. We predict that the
supplement of A. Graveolens L. can have a
biological effect on the early oogenesis process.

MATERIAL AND METHOD

Experiments used female tilapia from the
Punten Fish Seed Hall. The fish used is 2.5
months old with an average mass of 5.13 grams.
The tilapia is acclimatized for three days in the
aquarium before being treated. The chosen
sample is 2.5-month-old fish because, at that
age, we can distinguish the fish morphologically
as male or female. We use only female fish for
the treatment.
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The container used for treatment is an
aquarium with a size of 49.5 x 34.5 x 25.7 cm.
The total aquarium used is four units, and all are
equipped with aerators. Once a day, in the
afternoon, aquarium water is used to clean the
dirt and the remaining fish food, with ten fish per
aquarium—all populations in one group to make
the slide. The observation was repeated, and we
used each individual to replicate the slides five
times. The slide runs from left to right, anterior
to posterior. Fish are divided into four groups,
namely: Po = Control treatment, feed without
mixture; P1 = treatment with celery extract
concentration of 2,000 mg.kg? of feed; P, =
treatment with celery extract concentration of
4,000 mg.kg! of feed; P3 = treatment with celery
extract concentration of 6,000 mg.kg? of feed.
The control and treatment fish were fed daily in
standard feed (pellets), which was 3-5% of the
total body weight [10]. Each fish has an average
weight of 5.1345 grams. The feed is given twice
daily in the morning and evening with a dose of
0.2567 g.fish™! per day. Fish weight is weighed ten
days to determine the new feeding dose.

Detection of Estrogen Receptors a and B with
the Immunohistochemistry Method

The tissue block was attached to the holder
and cut with a thickness of 4.5 um with a rotary
microtome. It was followed by the attachment
process on glass objects with 5% gelatin. The
slides from the gonad cutting are put in an oven
at an incubator temperature of 60°C for three
days before deparaffinization. The slide is dipped
in the first xylol for 8 minutes. Then, the slide was
rinsed by dipping it into the second xylol for 8
minutes. The slides are rinsed with xylol for the
last 8 minutes. Xylol on the slide was rinsed with
immersion in absolute ethanol for 8 minutes. The
slide was dipped in 80% ethanol for 8 minutes.
The slide was dipped in 70% ethanol for 8
minutes. Slides are stored at 4°C overnight so the
alcohol evaporates. Slides are rinsed with
distilled water thrice, each for 5 minutes [11].

The slides were rinsed with PBS three times,
each for 5 minutes. The slides were incubated
using Peroxidase Blocking for Image Analysis for
40 minutes at room temperature. The slides are
rinsed again with PBS three times, each for 5
minutes. Slides were incubated with SuperBlock
overnight at 4°C. The slides were rinsed with PBS
three times, each for 5 minutes. Slides were
incubated with Primary Antibodies, diluted in
blocking 1:50 overnight at 4°C. The slides were
rinsed with PBS three times, each for 5 minutes.

J. Exp. Life Sci. Vol. 13 No. 3, 2023

The slides were incubated on (diaminobenzidine)
DAB Chromogen in the DAB substrate for 40
minutes. Slides are rinsed with distilled water
until the substrate is clean. Mayer's Hematoxylin
Counter Stain is given on the slide for 5 minutes.
The slide was rinsed with water three times. The
slides are dried in an incubator at 40°C. Mounting
slides are done with entanglement and covered
with a glass cover. Then, we observed with a light
microscope with 400x and 1000x magnification. If
there are expressions of ERa and ERB, then the
presence of brown in oocytes, theca cells,
granulosa cells, and tissue stromal cells in the
gonads of tilapia is shown [11].

Measurement of Oocyte Diameter

Oocyte diameter measurements were carried
out with the CX21FS1 Olympus CX21 Model
Binocular Microscope with 100x magnification.
The microscope is equipped with a micrometer
(Olympus-Japan). The oocytes observed were the
nucleolar chromatin and perinucleolar stages,
with reference to the stages of oocyte
development described by Srijunngam and
Wattanasirmkit [12]. Oocytes from the nucleolar
chromatin stage were treated for ten oocytes to
measure their diameter, while the perinucleolar
stage was taken from five oocytes. Data
acquisition is obtained in a ratio (scale): length
and diameter. Data are tabulated according to
the group. The data were tested for normality
and homogeneity. Then, an ANOVA test was
used.

RESULT AND DISCUSSION
Oocyte Diameter After Giving Celery Extract
Nucleolar chromatin is the first stage of
oocyte development in small oocyte fish. The
nucleus contains nucleoli, which, together with
chromatin, the cytoplasm is thin, follicular cells
are challenging to see, and oocytes are in the
middle of the follicle (Fig. 1A). The next stage of
development after nucleolar chromatin s
perinucleolar, which is characterized by the
nucleus containing the nucleoli at the edge.

\,

. ‘ o .

| y % ! '\ & - '

A\ il @ S

Figure 1. The oocyte structure of tilapia is at the
nucleolar stage of chromatin (A) and
perinucleolar stage (B). ch: chromatin, nu:
nucleoli, cy: cytoplasm
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The nucleoli are separated by chromatin, and
the cytoplasm is thicker than the nucleolar
chromatin stage (Fig. 1B). After the nucleolar
chromatin and perinucleolar stages are complete,
the oocytes enter the cortical alveoli formation
stages, vitellogenin (yolk), and mature (adult).

This study looked at the pattern of oocyte
development after receiving various doses of
celery extract. It appears that, with Hematoxylin-
Eosin staining, the nucleolar chromatin stage in
the control group, the extract treatment of 2,000
mg.kg! of feed, and the treatment of 4,000
mg.kg showed results of 33 um, 33 um, and 38
um respectively. Moreover, with a statistical test,
the treatment groups of 2,000 mg.kg™* and 4,000
mg.kg? had no significant effect (P> 0.05).
However, the 4,000 mg.kg exposure group of
feed affected oocyte diameter, which tended to
be greater than the control treatment (without
celery extract). At the same time, the celery
extract treatment of 2,000 mg.kg?! of feed gave
the effect of the oocyte diameter equal to the
control (Table 1).

Table 1. Average Oocyte Diameter of Nucleolar
Chromatin Stage

Average Oocyte

N T f Celery E
o reatment of Celery Extract Diameter (um)

1 0 mg.kg? of feed (control) 33+10.6 a
2 2,000 mg.kg* of feed 33+6.7 a
3 4,000 mg.kg of feed 38+7.9a

A large oocyte diameter is observed at a high
extract concentration under a light microscope.
At the nucleolar chromatin stage, the oocyte
undergoes meiosis in the prophase | phase
[13,14]. Prophase | includes the longest and
relatively complicated phase compared to other
meiotic stages. This is because there is an
exchange process. The chromosome pairs go
through four stages, namely leptotene, zygotene,
pachytene, and diplotene [15], so that oocyte
cells require a sufficiently large volume of space
when they are in prophase | phase so that the
process takes place correctly.

The provision of celery extract with a
concentration of 4,000 mg.kg! of feed proved to
cause the oocyte diameter in the nucleolar
chromatin stage to be larger. Previous studies on
tilapia oocyte size explained that a decrease in
oocyte diameter decreased the gonadal period
and gonadal somatic index (GSI) [16]. The low
gonadal period indicates low reproductive
success in fish, and vice versa if the high gonadal
period shows a high level of reproductive
success. The concentration of celery extract used
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in this study can increase the oocyte diameter,
potentially supporting the successful
reproduction of fish.

At the beginning of the egg formation
process, germinative primordial cells turn into
oogonia. Oogonia then multiplies the amount
through mitotic division [9]. Oogonia is a diploid
cell [13]. When mitosis is in the interphase stage,
there is also duplication of chromosomes and
production of cytoplasmic organelles and
proteins. Then, proceed with the mitosis
prophase stage, which begins spindle thread
formation [17].

The interphase and prophase stages in
oocytes include a critical phase and are
susceptible to DNA damage caused by various
factors, such as free radicals. In addition to DNA
damage, these free radicals also cause damage to
cell membranes, mitochondria, and
microtubules. So that if not handled early, it can
cause cell death. During mitosis, a cell
mechanism exists to balance free radical
formation and antioxidant mechanisms [18].

However, aquatic ecosystems are very
susceptible to the entry of chemical compounds
that cells cannot tolerate because the
antioxidants produced naturally by cells are
limited. Celery contains high levels of
antioxidants that can help increase antioxidant
levels in cells [19]. Celery leaves are rich in
phenolics and can make a good source of
antioxidants.

The perinucleolar stage, Figure 1B, shows the
mean oocyte diameter in the control extract,
treatment of 2,000 mg.kg™? and 4,000 mg.kg? of
feed showed results of 104 um, 82 um and 98
um, respectively. Group statistical tests of
ANOVA on the 2,000 mg.kg™ and 4,000 mg.kg™* of
feed on perinucleolar oocyte diameter showed
no significance (P> 0.05). Thus, it is known that
the treatment of the administration of celery
extract, which is higher, does not have an impact
on the increase or decrease in oocyte diameter.
On the other hand, the treatment of 2,000 celery
extracts and 4,000 mg.kg? of feed showed that
oocyte diameters tended to be lower than
controls (Table 2).

Table 2. Average Oocyte Diameter of Perinucleolar Stage

No  Treatment of Celery Extract A\{erage Oocyte
Diameter (um)
1 0 mg.kg? of feed (control) 104+11.4 a
2 2,000 mg.kg? of feed 82+14.8 a
3 4,000 mg.kg* of feed 98+13.0a
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The size of the oocyte in the perinucleolar
stage is closely related to the volume of the
ooplasm (oocyte cytoplasm). The more ooplasm
accumulation, the greater the oocyte diameter in
the perinucleolar stage. The ooplasm of tilapia
and most sub-class eleostei fish contain various
aggregates and cell organelles [20]. As oocytes
grow, aggregates and organelles experience an
increase in number. The process requires
antioxidants to prevent the effects of oxidative
stress. Celery with high antioxidant compounds
has the potential to help the process.
Antioxidants prevent damage from oxidants and
free radicals [21].

Interactions between estrogen and estrogen
receptors support growing oocytes. Estrogen
stimulates estrogen receptor activation, directly
triggering the expression of Nppc/Npr2 in the
[22]. Nppc/Npr2 functions essential for follicular
development, oocyte maturation, and ovulation.
The research results by Kiyosu et al. [23] prove
that NPPC/NPR2 deficiency is known to cause
sterility, oocyte chromosomal irregularities, and
smaller ovarian size than normal female mice.

Expression of Alfa (Era) Estrogen Receptors and
Estrogen Beta (Erf) Receptors after Giving
Celery Extract

Observations of the effect of
supplementation on celery extract on Era and
Er have been carried out on the gonads of
female tilapia using immunohistochemical
methods. The observations show that Erf is
expressed in all treatments, indicated by the
brown color, which can be seen in Figures 2. The
brown color is generated from the reaction of the
DAB chromogen substrate. Whereas the
expression Era was not detected (image not
shown).

Estrogen beta (Erf) was expressed in the
control treatment, extract treatment of 4,000
mg.kg? of feed and 6000 mg.kg?! of feed (Fig. 2).
In the control treatment, Erf was detected in
ooplasm and stromal cells (Fig. 2A). The extract
treatment of 4,000 mg.kg™ of feed resulted in an
Erp distribution in granulosa cells, theca cells,
and in stromal cells (Fig. 2B). The treatment of
6,000 mg.kg?! of feed produced ErB expression in
the area of theca cells, ooplasms, and stromal
cells. In the treatment with the highest extract
concentration (6,000 mg.kg? of feed), Erp
expression tends to be more in ooplasm when
compared with other cell parts (Fig. 2C).

Alpha and beta estrogen receptors control
the body's physiological processes. Among them

J. Exp. Life Sci. Vol. 13 No. 3, 2023

are the control of the circulatory system, nerves,
motion, and reproduction [24]. In the
reproductive organs, estrogen receptors can be
activated after binding to estrogen. So that the
presence of estrogen must always be there at all
times so that the reproductive process usually
runs. Estrogen receptors have been active and
act as activators of transcription [25]. The
process of gonad development in female fish
requires the presence of estrogen in the cells and
tissues that need it.

Expression of B-receptor estrogen has been
found in stromal cells in the control and
treatment with celery extract. It indicates that
the given celery extract can work together with
endogenous estrogen in the gonads of fish.

Figure 2. ERPB expression in gonad tissue female tilapia
with celery extract, a) 0 mg.kg? feed (control),
b) 4,000 mg.kg! feed, and c) 6,000 mg.kg?
Notes: Black arrows indicate the presence of
ERB
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In this study, ERP expression tends to increase
in the ooplasm section when given the highest
concentration of celery extract. These results
indicate  celery extract in  which the
phytoestrogen compounds can circulate into the
ooplasm, resulting in ERB activation in that
section. The study by Filby and Tyler [26] shows
that the high and low expression of ERB in the
gonad is not the same in every development of
gonadal fish. The aquatic environment as a fish
habitat will always change in condition.
Pollutants that enter the aquatic environment
can change water conditions [27]. Unstable water
conditions make fish physiology abnormal or
even decline, including the synthesis and work of
reproductive hormones in fish. Therefore,
supplementation of natural hormonal
compounds from celery extract can be an
alternative solution in helping to stabilize
reproductive hormones in fish, one of which is
estrogen.

CONCLUSION

The research proves that the
supplementation of celery extract (A. graveolens
L.) with various concentrations has the potential
to assist the development process of oocyte
Tilapia (O. niloticus) nucleolar chromatin stage
and help the activation of beta estrogen
receptors. On the other hand, the concentration
of celery extract used in this study did not affect
the perinucleolar oocyte stage and activation of
alpha estrogen receptors. With this research, it is
hoped that further research will be applied to
more comprehensive applications. We
recommend using soybeans (Glycine max)
extracts for further research due to their high
phytoestrogen content, which acts as alternative
estrogen.
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Influence of Marsilea crenata and Alpinia purpurata Ethanol Extract on
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Hyperglycemia can induce testicular damage that leads to male infertility. Herbal plants, such as Marsilea
crenata and Alpinia purpurata, are used for antioxidant defense systems to repair reproductive disorders due to
hyperglycemia. This study aims to evaluate the effect of M. crenata and A. purpurata ethanol extracts on MDA and SOD
testes of hyperglycemia mice. This study used a completely randomized design with seven treatment groups (n=4),
namely N (control group), H (hyperglycemia mice), Met (hyperglycemia mice given metformin), D1 (0. 09 mg.g* M.
crenata), D2 (0.2 mg.g' A. purpurata), D3 (0.09 mg.g* M. crenata + 0.2 mg.g* A. purpurata), and D4 (0.09 mg.g* M.
crenata + 0.4 mg.gt A. purpurata). The extracts were administered orally for 17 days. Analysis of testicular MDA and
SOD levels was performed by flow cytometry. Data analysis was performed with a one-way ANOVA test and continued
with the Tukey test. The results showed that the D4 treatment group, compared to D3, D2, D1, Met, H, and N, showed a
better decrease in MDA levels (4.47%) and an increase in SOD levels in the D4 group (4.77%). The research concludes
that the combination of 0.09 mg.g! M. crenata and 0.4 mg.g1 A. purpurata was an optimal dose to decrease MDA levels

and increase SOD levels in the testes of hyperglycemic mice.

Keywords: Alpinia purpurata, Marsilea crenata, MDA, SOD, testes.

INTRODUCTION

The testes, as the primary male reproductive
organ, have the main function of producing
sperm and testosterone [1]. This function is
supported by a long process of spermatogenesis
and steroidogenesis, which underlies the testes
as an organ with dense physiological activity [2].
Consequently, it becomes an organ with high
mitochondrial oxygen demand, which causes
reactive oxygen species (ROS) to accumulate
through mitochondrial electron leakage [3].
Although ROS is vital in physiologically tolerable
levels for spermatozoa, ROS abundance can
initiate oxidative stress (0S), leading to
reproductive system disorders [4].

Hyperglycemia is one of the factors that can
exacerbate reproductive disorders due to OS.
Hyperglycemia is a condition of blood sugar
levels exceeding the normal range [5]. Based on
reported cases, it was found that hyperglycemia
can reduce the birth rate in productive age [6,7].
In this case, 40-50% of them are caused by male
infertility [5,8]. In hyperglycemia conditions, ROS
can accumulate through several pathways,
including activating RAGE by forming advanced
glycation end-products (AGEs) [9]. In this
condition, antioxidant protection cannot stabilize
ROS, which leads to testicular damage [10].
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Testicular cells comprise long-chain w-6 and
w-3 polyunsaturated fatty acids (PUFAs) [11].
These structures play a role in testes metabolism
and may be associated with OS. ROS caused by
hyperglycemia can attack PUFAs and induce lipid
peroxidation [12,13]. Lipid peroxidation is a chain
reaction due to an imbalance of prooxidants and
antioxidants [14,15]. Lipid peroxidation can
initiate cell, tissue, and organ damage,
particularly in the testes. As a result,
malondialdehyde (MDA) can be formed as a
secondary product of lipid peroxidation. It
underlies the evaluation of MDA levels widely
used as a biomarker of lipid peroxidation [16].

The human body already has protection to
neutralize excess ROS with endogenous
antioxidants. Superoxide Dismutase (SOD) is a
part of endogenous antioxidants that catalyze
superoxide into oxygen and hydrogen peroxide
[17]. However, an increase in ROS due to
hyperglycemia can initiate a decrease in SOD
[18]. It requires preventive approaches by
administering exogenous antioxidants. Previous
studies have mentioned that administering
exogenous antioxidants based on herbs can
inhibit spermatozoa and testicular damage due
to ROS [19].

Marsilea crenata is a semi-aquatic plant often
found in rice fields and considered a weed [20]. It
has been reported that M. crenata contains
phytochemical components such as flavonoids,
terpenoids, and saponins [21,22]. These
components can potentially be used as a source

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



M. crenata and A. purpurata Ethanol Extract on MDA and SOD 160
Testicular Cells of Hyperglycemia Mice (Damayanti, et al.)

of nutrients supporting spermatogenesis [23]. In
addition, Alpinia purpurata, which is a member of
the Zingiberaceae family, has also been reported
to contain flavonoids [24]. Both herbal plants are
widespread in Indonesia and widely used for
food. However, their effect on the antioxidant
system in testicular cells with hyperglycemia has
not been studied. This study aims to determine
the impact of a combination of M. crenata and A.
purpurata ethanol extracts on MDA and SOD
testes of hyperglycemia mice.

MATERIAL AND METHOD
Extract Preparation

The dried leaves of M. crenata were collected
from Selendang Semanggi, Surabaya, Indonesia.
The sample was converted into powder at UPT
Laboratorium Herbal Materia Medica, Batu,
Malang, Indonesia (specimen number: 074/ 497/
102.20-A/2022). Alpinia  purpurata rhizome
powder was purchased from UPT Laboratorium
Herbal Materia Medica, Batu, Malang, Indonesia
(specimen number: 074/ 496/ 102.20-A/2022).

The powder of each sample was extracted by
maceration using a 70% ethanol solvent.
Maceration was carried out for 24 hours with a
ratio of 1:10 (w:v). The ethanol extracts of M.
Crenata leaves, and A. Purpurata rhizomes were
filtered and evaporated using a rotary evaporator
[25].

Experimental Design

The protocol of this research was approved
by the Animal Care and Use Committee,
University of Brawijaya (No. 114-KEP-UB-2022).
28 male BALB/c mice (Mus musculus) were
obtained from the Faculty of Veterinary
Medicine, Airlangga University, Surabaya, East
Java, Indonesia. The criteria for experimental
animals were 6-7 weeks old with a minimum
body weight of 25 g. Mice were kept at room
temperature with a 12-hour light-dark cycle and
separated from each tail. Mice were fed standard
pellets and water ad libitum. Acclimatization was
carried out seven days before treatment. This
study used a completely randomized design with
seven treatment groups (n=4) (Table 1). The
ethanol extracts of M. Crenata and A. Purpurata
were administered orally for 17 days.

Metformin is a biguanide derivative
frequently used in treating hyperglycemia.
Metformin can reduce blood sugar levels through
the mechanism of insulin sensitivity [26]. In this
study, metformin was used as a comparison to
represent synthetic drugs commonly used in
hyperglycemia conditions.

J. Exp. Life Sci. Vol. 13 No. 3, 2023

Table 1. Treatment groups

Group Extract combination (mg.g)
Description M. crenata A. purpurata

N Normal - -
H Hyperglycemia - -
Met  Hyperglycemia

+ Metformin
D1  Hyperglycemia 0.09 -
D2  Hyperglycemia - 0.2
D3  Hyperglycemia 0.09 0.2
D4  Hyperglycemia 0.09 0.4

Induction of Hyperglycemia in Experimental
Animals

The diabetic agent streptozotocin (STZ)
induces hyperglycemia in experimental animals.
STZ induction was performed at a dose of 145
mg.kg? (single high-dose) intraperitoneally after
the mice were fasted for 4 hours. STZ was
injected in citrate buffer solvent pH 4.5. This
solution is recommended for up to 10 minutes to
avoid toxicity [25]. Confirmation of blood sugar
levels was performed using the glucometer Easy
Touch®GCU (Bioptik Technology, Taiwan). Blood
sugar = 200 mg.dL-1 is categorized as
hyperglycemia mice.
Immunostaining and Flow cytometry

Testicular organs were isolated and
homogenized in 3 mL phosphate buffer saline
(PBS). Centrifugation was performed at 2500 rpm
at 10°C for 5 minutes. The pellet was
resuspended and homogenized with 1 mL PBS.
Each 100 pL sample was transferred into a
microtube and added with 50 pL of CytofixTM to
incubate at 4°C for 20 min. The sample was
added with 500 pL permeabilization buffer and
resuspended. The pellet formed was added with
50 pL FITC anti-MDA and PerCP anti-SOD
(BioLegend, USA). Afterward, samples were
incubated at 4°C for 20 min. Samples were added
400 pL PBS for running flow cytometry (BD
FACSCali-bur, USA) [25].

Statistical Analysis

Statistical analysis was performed using the
one-way ANOVA test with a significance value of
p<0.05 and a confidence level of 95%. If the
ANOVA test results show a significant difference,
data analysis is continued with the Tukey test.
Data analysis was carried out using SPSS 25.0.

RESULT AND DISCUSSION

Confirmation of STZ-induced Hyperglycemia
Mice are confirmed as hyperglycemia if the

random plasma glucose =200 mg.dL? [27]. Figure

1 shows the mean blood sugar levels of mice

after STZ injection. The N group refers to mice

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



M. crenata and A. purpurata Ethanol Extract on MDA and SOD 161
Testicular Cells of Hyperglycemia Mice (Damayanti, et al.)

not injected by STZ, while the group of H, Met,
D1, D2, D3, and D4 refers to mice with induction
of STZ. The N group had an average blood sugar
level of 108 mg.dL. The mean blood sugar levels
in H, Met, D1, D2, D3, and D4 were 203 mg.dL?,
369 mg.dL?, 225 mg.dL?, 239 mg.dL?, 248 mg.
dL?, and 285 mg.dL?, respectively. The results of
this study indicate that treated mice meet the
requirements for hyperglycemic experimental
animals.

D4
D3
D2

D1

Treatment Group

o

50 100 150 200 250 300 350 400 450
Blood Glucose Level (mg.dL?)

Figure 1. Blood sugar levels post STZ injection. Data are
mean * SD in each group (n=4) with P>0.05.

STZ is a common diabetogenic agent in
hyperglycemia model research [28]. STZ
induction in experimental animals can selectively
damage pancreatic B-cells and increase blood
sugar levels [29]. Indeed, STZ can induce
Hyperglycemia through processes such as polyol
and hexoxamine pathways and glucose
autooxidation that causes excess ROS production
[30]. Hyperglycemia due to STZ induction can be
different in each experimental animal. The use of
a single high-dose STZ (145 mg.kg) may lead to a
rapid increase in blood sugar levels to more than
500 mg.dL! [29]. It underlies the high blood
sugar levels in the Met group (Fig. 1).
Hyperglycemia in male primary reproductive
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-P.‘I H Mel

6,00

! *®
E . 3
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organs can initiate ROS accumulation from
somatic cells and germ cells. As a result, oxidative
stress occurs due to the inability of antioxidant
defenses to neutralize ROS, which leads to DNA
damage, protein changes, and lipid peroxidation
in the testes [31].

The effect of M. crenata and A. purpurata on
MDA Level in Hyperglycemia Testes

MDA is an aldehyde group classified as a
secondary product of the lipid peroxidation
process [16]. This study showed an increase in
the relative number of testicular MDA in mice
induced by hyperglycemia characterized by the
higher testicular MDA in the H group, with a total
of 6.13% compared to the N group, with a total
of 5.11%. In sample groups treated with ethanol
extract of M.. crenata and A. purpurata, there was
a decrease in the relative number of testicular
MDA, especially in D2, D3, and D4 when
compared to H and Met groups. D2, D3, and D4
groups had testicular MDA levels of 5.65%,
4,62%, and 4.05%. In addition, the amount of
testicular MDA in group D4 was found to be
significantly different (P<0.05) from that of the H
group (Fig. 2).

The increased production of ROS can degrade
PUFA and form malondialdehyde (MDA) [32].
ROS represents a reactive free radical that can
generate a harmful reduction reaction. ROS is
generated in several sources, such as
mitochondria, NADPH, cytochrome P450,
monocytes, neutrophils, lipoxygenase, and nitric
oxide synthase [33]. In the male reproductive
system, ROS abundance plays a role in infertility
[34]. ROS production in male reproductive organs
is classified as internal and external sources.

ef f
de
be cd
I I |
I a
N H Met D1 D2 D3 D4
Treatment Group

(b)

Figure 2. The administration of M. crenata and A. purpurata extracts reduced testicular MDA levels in hyperglycemia models.
(a) Plot of flow cytometry analysis, (b) Histogram of mean statistical results.
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Internal sources of ROS consist of immature
spermatozoa, abnormal spermatozoa,
neutrophils, and macrophages, which are part of
leukocytes. External sources include endocrine-
disrupting chemicals (EDCs), smoking, alcohol
and drug consumption, and environmental
factors such as radiation [35,36]. In addition,
degenerative diseases such as diabetes mellitus
also contribute to increased ROS in testicular
cells [20].

Excessive ROS accumulation is a crucial issue.
Testes and their components are considered to
be composed of PUFA, which is very susceptible
to lipid peroxidation. As a result, impaired
testicular cell function, loss of membrane
integrity, decreased sperm quality, and induced
apoptosis [37]. It is consistent with the increase
in testicular MDA levels in hyperglycemia mice as
a biomarker of lipid peroxidation. The antioxidant
therapy strategy provided in this study was the
decrease in MDA levels after treatment with
ethanol extracts of M. crenataleaves and A.
purpurata rhizomes. These results align with
previous research that showed a decrease in
testicular MDA levels in MSG-induced mice after
treatment  with  ethanol extract of M.
crenata [38]. M. crenata is reported to contain
genistein, daidzein, and quercetin to reduce MDA
levels in the testes [38-40]. In addition, A.
purpurata is reported to have several active
compounds, such as kaempferol, carbohydrates,
terpenoids, glycosides, saponins, and flavonoids,
that indicate its high antioxidant activity [41].

The Effect of M. crenata and A. purpurata on
Testicular SOD Activity

Testes with PUFA-rich structures have a
distinct strategy for protecting themselves from
oxidative stress. Under hyperglycemia conditions,

| 3.43% | 5.66% ' 753%
N H Met
; I 5.46% I 470% | 470%
- D1 D2 D3
I 4.B6%

D4

ge of cells

s0D

(a)

SOD (%)

10,00
9,00

7,00
6,00
5,00
4,00
3,

i

2,00
1,00
0,00

moderate autophagy is required to preserve
testicular damage by maintaining homeostasis
[12,42]. In addition, antioxidant enzymes provide
defense for testicular cells in overcoming excess
ROS due to hyperglycemia. SOD, as one of the
enzymatic antioxidants, plays a role in protecting
testicular cells, especially spermatozoa, from
oxidative stress and lipid peroxidation [37]. In
addition, endogenous antioxidants in
spermatozoa are limited compared to other
organs [43]. It underlies the importance of
providing exogenous sources of antioxidants as a
preventive measure to prevent testicular damage
due to ROS accumulation [37].

The results (Fig. 3) showed that the
administration of the extract improved in relative
number of testicular SOD of mice induced by
hyperglycemia. The H group had a total SOD of
5.66%, while group N was 3.43%. The increased
SOD in the H group compared to the N group
occurred as a result of testicular cells' response
to maintain their homeostasis. Although it was
unable to exceed Met groups, the administration
of ethanol extracts of M. crenata and A.
purpurata at all four doses showed an increase in
SOD percentage when compared to the normal
group.

The results SOD from the four D-groups were
5.46% (D1), 4.70% (D2), 4.70% (D3), and 4.86%
(D4), which significantly different from the
normal group (P<0.05) (Fig. 3b). These results
indicate that D4 is the optimal dose for improving
SOD activity in hyperglycemia testes. The
calculation of the MDA : SOD ratio used to
determine the optimal dose of M. crenata and A.
purpurata ethanol extracts on testicular
antioxidant molecules in hyperglycemia mice.

c
b b b
b b
| I I I
N H Met D1 D2 D3 D4
Treatment Group

(b)

Figure 3. Administration of M. crenata and A. purpurata extracts increased testicular SOD levels of hyperglycemia models. (a)
Plot of flow cytometry analysis, (b) Histogram of mean statistical results.
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The lowest MDA : SOD ratio can indicate the
most optimal dose in improving testicular
antioxidants in hyperglycemia mice. Through the
ratio calculation of the relative number of
testicular MDA : SOD, the lowest ratio was
obtained in the D4 group.

Marsilea crenata contained phytochemicals in
alkaloid, flavonoid, and terpenoid groups.
Besides, A. purpurata has been reported to
contain glycosides, saponins, terpenoids, resins,
tannins, and flavonoids. Kaempferol is identified
as one of the flavonoids found in M. Crenata and
A. purpurata [41,44,45]. Kaempferol contains
anti-inflammatory, anticancer, and antioxidant
activities. As an antioxidant agent, kaempferol
suppresses the production of superoxide ions
and acts as a scavenges in conditions of excessive
ROS. Kaempferol is reported to be a therapeutic
agent in diabetes mellitus [46,47]. Previous
studies showed that kaempferol can increase
SOD activity by increasing SOD1 and SOD2 gene
expression [48]. Therefore, this study's results
align with previous research.

CONCLUSION

This study demonstrated that ethanol
extracts of M. crenata leaves and A. purpurata
rhizomes significantly reduced the percentage of
testicular MDA in hyperglycemia-induced mice. In
addition, the flavonoid content, especially
kaempferol, in both herbs enhanced the activity
of the SOD antioxidant enzyme. Thus, M. crenata
and A. purpurata are candidates for antioxidant
therapy to prevent male infertility in
hyperglycemia. Further research related to in
silico antioxidant activity mechanisms is needed
to strengthen and confirm the results of this
study.
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Abstract
Brown alga Sargassum sp. has bioactive alginate and fucoidan, which have the potential for raw materials in the
biorefinery industry with core processing of fucoidan and alginate extraction. Fucoidan is a polysaccharide found in the
cell wall matrix of brown alga Sargassum sp. and functions as an anti-cancer, immunomodulatory, and anti-
inflammatory. This research aims to determine the effect of stirring speed and solid-to-solvent ratio on fucoidan yield. A
2K factorial experimental design was used to determine the effect of process conditions, stirring speed, and solid-to-
solvent ratio on fucoidan yield. Analysis of yield response data and model accuracy was carried out by regression
analysis using the Design Expert program. The results showed that the stirring speed and solid-to-solvent ratio affected
the yield of fucoidan. The highest fucoidan yield of 3.77% occurred at a stirring speed of 750 rpm and a solid-to-solvent
ratio of 1:20 (g.mL?). The first-order experimental model is quadratic. The model test shows that the curvature is

significant at the confidence level a = 0.05.

Keywords: Fucoidan, Sargassum sp, stirring speed, solid to solvent ratio.

INTRODUCTION

Brown algae have several important
polysaccharide components, fucoidan, alginate,
and cellulose, with different characteristics [1].
Fucoidan is a polysaccharide found in the cell wall
matrix of brown algae. Its structure is composed
of fucose, sulfate, and, in small amounts, xylose,
galactose, mannose, and glucose [2-4]. Fucoidan
functions as an anti-cancer, immunomodulatory,
and anti-inflammatory compound [5-7]. Fucoidan
is an expensive imported product. Indonesia has
an enormous potential for brown algae
resources. However, there is no domestic
fucoidan industry. This is because currently
developed fucoidan extraction methods still need
to be improved.

Fucoidan extraction methodology generally
involves extraction with hot water, acid solution,
alkali solution, and adding CaCl> to precipitate
alginate [1,5]. A previous study [6] extracted
Sargassum horneri fucoidan at a temperature of
60°C with 0.1 M HCI for 4 hours, two extraction
stages, and precipitation with 4 volumes of 96%
ethanol. Meanwhile, Li et al. [8] performed
Hizikia fusiforme fucoidan extraction in 3 stages
at 70°C for 6 hours, precipitation with CaCl, and
ethanol. Ale et al. [3] performed fucoidan
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extraction from Sargassum henslowianum at
90°C for 5 hours. The conventional fucoidan
extraction method using water batch heating has
the advantage of not requiring high technology
and being accessible to industrial applications
[9,10]. Stirring speed and the solid-to-solvent
ratio in fucoidan extraction influence the yield of
fucoidan.

The Sargassum species is the most abundant
brown algae on the Poteran Island of Madura.
With minimal use of brown algae and the low
price, research reports on Sargassum fucoidan
extraction could be more extensive, especially on
the stirring speed and the solid-to-solvent ratio.
Therefore, it is essential to assess the effect of
stirring speed and solid-to-solvent ratio on the
yield of fucoidan from Sargassum sp.

MATERIAL AND METHOD
Materials

The raw material used in this research is
brown alga Sargassum sp origin, Sumenep
district, Madura. Chemicals such as chloroform,
methanol, distilled water, hydrochloric acid (HCl)
37%, and ethanol 96% have a pro-analytical
purity degree (p.a) obtained from local markets.

Research Design

The experimental design used in this research
was a two-level factorial design (2%) with five
center points for a first-order experiment. The
two variables studied in this research are stirring
speed and solid-to-solvent ratio coded as -1 and
+1. The center point of the research was coded 0
with five repetitions [11]. The experimental
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design is shown in Table 1. The center point is a
stirring speed of 750 rpm, and a solid-to-solvent
ratio of 1:20 (g.mL?) results from a previous
study.

Table 1. The factorial design 22 and fucoidan yield

Variable actual Variable Fucoidan

code ield

Speed Alga/water y'f
(rpm) ratio (g.mL?) Xuo X (%)
1 500 1/15 -1 -1 2.18
2 500 1/25 -1 1 2.47
3 1000 1/15 1 -1 2.86
4 1000 1/25 1 1 3.19
5 750 1/20 0 0 3.06
6 750 1/20 0 0 3.47
7 750 1/20 0 0 3.77
8 750 1/20 0 0 3.16
9 750 1/20 0 0 3.42

Analysis of the yield data and the accuracy of
the center point carried out regression analysis
and the accuracy of the model using equations:

Y =Bo+ B1X1 + B2Xz + B1Xz oeeriiee e, (1)

Description:
Y =the response variable
Bo =theintercept coefficient
Bi, Bii, Bij = linear regression coefficients respectively.
X1, = the code for two independent variables, namely
stirring speed and solvent ratio

Sample Preparation

Samples of brown algae, The Sargassum sp.,
used in this research were taken from the coastal
waters of Poteran Island at a depth of 10 m at
the lowest tide at 5 points. The length of the
Sargassum sp. was 40-50 cm. Fresh Sargassum
sp. were washed with tap water to remove dirt,
sand, and mud. The cleaned Sargassum sp. was
put in a cool box, brought to the laboratory, dried
in the sun, and then dried in a 60°C oven. Dried
sample of Sargassum sp. was ground by milling
using a 100-watt OBH Nordia mill, then sieved
with a 500 um sieve and pretreated with MeOH-
CHCI3-H20 (4:2:1) overnight (12 hours) at room
temperature to remove color, phenol, and fat
components. It was then dried in a 60°C oven and
stored in the refrigerator at a temperature of 4°C
until further analysis [3].

Fucoidan Extraction

A number of grams of Sargassum sp. in a
solution of 0.03 M HCI was extracted by heating
to a temperature of 80°C and for 4 hours with a
stirring speed of 500-1000 rpm and a solid to
solvent ratio of 1:15 to 1:25 (g.mL?). The filtrate
was filtered using a 150-mesh filter cloth to
obtain supernatant 1, the precipitate was washed
with distilled water at a ratio of 1:5 (w/v) and

J. Exp. Life Sci. Vol. 13 No. 3, 2023

filtered to obtain supernatant 2, and supernatant
1 and supernatant 2 were combined (extract A).
Filtrate A was added with 1 M CaCl, (w/v) and left
overnight at 4°C to precipitate the alginate. Then,
the alginate precipitate was separated by
filtering. The supernatant was added to 3
volumes of 96% ethanol and kept for 8 hours at
4°C to precipitate the fucoidan. The precipitated
fucoidan was centrifuged (speed 5000 rpm, 15
minutes), and the pellet (crude fucoidan extract)
was collected and transferred to a petri dish. The
pellets obtained were dried in an oven overnight
at 50°C [4].
Data Analysis

The data of fucoidan yield were analyzed for
regression. The accuracy polynomial model used
Design Expert version 7.

RESULT AND DISCUSSION
Fucoidan yield

Research on the effect of stirring speed and
solid-to-solvent ratio on the fucoidan vyield
response of Sargassum sp. In the first-order
experiment, the extraction process was carried
out at a stirring speed of 500-1000 rpm and a
solid-to-solvent ratio of 1:15-1:25 g.mL®. The
results of the first-order experimental research
showed that the fucoidan yield response ranged
from 2.18% to 3.77%. The effect of stirring speed
and solid-to-solvent ratio on the yield of fucoidan
is presented in Figure 1.

Fucoidan yield (%)

625
A: Stirring speed (rpm)

B: solid to solvent ratio (g/ml) 1/15 500

Figure 1. Effect of stirring speed and solid to solvent ratio
on the yield of fucoidan from Sargassum sp.

The results showed that the yield of fucoidan
increased at a stirring speed of 500—750 rpm and
a solid-to-solvent ratio of 1:15-1:25 g.mL. The
results of this study are in accordance with the
statement of Lorbeer et al. [12] that the more
solvent used, the more fucoidan will be
extracted. Fucoidan yield of Sargassum sp. at a
stirring speed of 500 rpm and a solid-to-solvent
ratio of 1:15 g.mL?! of 2.18%; the highest
fucoidan yield of 3.58 *+ 0.35% occurred at a

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



Stirring Speed and Solid to Solvent Ratio on Fucoidan Yield Sargassum sp. 168

(Hasah, et al.)

stirring speed of 750 rpm and a solid to solvent
ratio of 1:20 g.mL™.

Several phenomena can explain this. First, the
increased stirring speed leads to increased
frictional forces, effective collisions between
algae particles, and collisions between algae
particles and acid solvents. The cell walls of algae
are porous and soft. Fucoidan is easily soluble in
acid solvents [13,14]. In the results of
polysaccharide extraction from the brown
algae Hyriopsis cumingii, it was found that the
polysaccharide vyield increased with increasing
stirring speed. Second, increasing the solid-to-
solvent ratio from 1:15 to 1:20 g.mL? causes the
difference in concentration between the solvent
and the fucoidan compound in algae to be
greater; the solvent diffuses into the algae cell
wall, and the fucoidan compound dissolves and is
extracted so that the yield increases [12]. Third,
the increasing volume of acid solvent causes the
surface area of contact between the acid solvent
and the fucoidan compound to be larger so that
the fucoidan is easily dissolved and the vyield is
greater.

Meanwhile, at an extraction stirring speed of
1000 rpm and a solid-to-solvent ratio of 1:25
g.mL?, the yield of fucoidan decreased by 3.19%.
The stirring speed of 1000 rpm causes the
fucoidan polymer to be degraded, decreasing its
solubility in acidic solutions. When centrifuged,
the fucoidan precipitates, so the vyield is low.
Rodriquez-Jasso et al. [15] reported that the yield
of fucoidan from Fucus vesiculosus tended to
increase with increasing power and solvent ratios
and then decreased after reaching the optimal
point. There were decreases in this fucoidan yield
because the degraded fucoidan polymer and its
solubility in acid solution were reduced.
Noviyanti et al. [16] explained that the increased
amount of solvent used will cause the yield to
decrease because the equilibrium state between
solid and liquid has been reached. The levels of
compounds in the solvent became lower, making
it difficult to separate and precipitate, so the
yield was low.

Model Accuracy

A two-level factorial design was used to
evaluate the effect of extraction parameters, i.e.,
stirring speed and solid-to-solvent ratio, on
fucoidan vyield. The first-order model of the
fucoidan yield response was obtained below:

y=3.1756 + 0.35X1 + 0.155X2  R?=0.9587

J. Exp. Life Sci. Vol. 13 No. 3, 2023

Results of the analysis of various responses to
fucoidan yield of Sargassum sp. show that the
linear regression model has a calculated F value
of 0.77, which is smaller than the F table value (a
= 0.05), which is 5.14. This indicates that the
linear regression model is not significant for the
yield response at the confidence level (a = 0.05).
According to Gaspersz [17], if the calculated F of
the regression model is smaller than the F table
of 0.05, it means that the model is not significant
for the response at a confidence level of a = 5%,
so the model is not appropriate for predicting the
optimal response. A regression parameter test,
which  simultaneously obtained that the
calculated F was smaller than the F table with a =
5%, means that the independent variables Xi do
not represent the model [18]. The deviation
parameter test from the model (curvature) has
an F value of 7.51, which is greater than the F
table value (o = 0.05) of 6.94, which means the
curvature is significant at the 0.05 confidence
level. The curvature test has a calculated F value
greater than the F table of 0.05, meaning that the
curvature is significant at the 0.05 confidence
level [19].

Kadam et al. [20] explained that the accuracy
and acceptable model are based on parameters,
i.e., the significance of P<0.05, R?>0.8, and lack of
fit>0.1 [11]. It shows that the optimal response in
the quadratic polynomial model is around a
stirring speed of 750 rpm and a solid-to-solvent
ratio of 1:20 g.mL™. It can be concluded that the
center point of the research planning for the
stirring speed of 750 rpm and the solid-to-solvent
ratio of 1:20 g.mL is correct.

CONCLUSION

Fucoidan extraction, stirring speed, and solid-
to-solvent ratio affect the yield of fucoidan. The
highest fucoidan (3.77%) yield was obtained from
a processing condition at 750 rpm and a solid-to-
solvent ratio of 1:20 g.mL!. The analysis
regression model obtained for that linear model
was insignificant. At the same time, curvature
analysis was found to be significant as a first-
order quadratic model.
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This study aims to analyze the effect of the combination between water clover (Marsilea crenata) and red galangal
rhizome (Alpinia purpurata) on sperm quality of hyperglycemia model mice. Mus musculus were randomly divided into
eight groups: non-hyperglycemia (Po), hyperglycemia (P;), metformin 0.375 mg.kg! (P2), hyperglycemia with M. crenata
extract dose 0.09 mg.g! (P3), A. purpurata dose 0.20 mg.g1 (P4), combination of M. crenata (0.09 mg.g) - A. purpurata
(0.20 mg.g) (Ps), combination of M. crenata (0.09 mg.g) - A. purpurata (0.40 mg.g) (Pe), and combination of M.
crenata (0.18 mg.g?) - A. purpurata (0.20 mg.g1) (P;7). Hyperglycemia mice were induced by streptozotocin 145 mg.kg1.
STZ induction and oral extract addition were carried out for 20 days. Sperm quality parameters observed in this study
included motility, viability, and concentration. Sperm quality data were statistically analyzed with One-Way ANOVA
followed by the Tukey HSD test using the SPSS 23 for Windows program (p<0.05). This research demonstrates that
adding M. crenata, A. purpurata, and their combination for 20 days can significantly increase motility, viability, and
sperm concentration in hyperglycemia-model mice. The combination of M. crenata and A. purpurata in the ratio of 1:1
was considered effective in improving the sperm quality of hyperglycemia model mice.

Keywords: A. purpurata, hyperglycemia, M. crenata, oxidative stress, sperm quality.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease
caused by abnormalities in insulin secretion and
action, or even both [1]. Hyperglycemia is one of
the characteristics of diabetes mellitus caused by
decreased insulin secretion by pancreatic B cells
[2]. Based on data from the International
Diabetes Federation (IDF), in 2021, the global
prevalence of diabetes mellitus will reach 536
million people (20-70 years old) and will increase
to 783 million [3]. The data also shows that
Indonesia ranks 5" with a hight number of DM
sufferers reaching 19.5 million, and it is expected
to continue to increase in 2045 with a prevalence
of 28.6 million [4].

Diabetes mellitus could affect several organs,
including the liver, pancreas, kidneys, and
testicles. Previous research shows that DM also
causes a decrease in genes that play a role in
steroidogenesis, such as steroidogenic acute
regulatory protein (StAR), cytochrome P450
enzyme (CYP11Al1l), and 17B-hydroxysteroid
dehydrogenase (HSD). Thus, these conditions
trigger impaired spermatogenesis and decreased
sperm quality [5]. Hyperglycemia occurs due to
increased production of Reactive Oxygen Species
(ROS) and decreased antioxidant activity in the
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body. The imbalance between ROS and
endogenous antioxidants in the body can cause
oxidative stress elevation [6].

Diabetes mellitus is also widely known to
cause Hypothalamus-Pituitary-Gonadal (HPG)
Axis dysfunction. The dysfunction causes a
decrease in the secretion of Gonadotropin
Realizing Hormone (GnRH), Follicle-Stimulating
Hormone (FSH), Luteinizing Hormone (LH), and
Testosterone [7]. Furthermore, it also affects the
damage of spermatogenic cells, stromal cells,
seminiferous tubules, and various other
structures that play a role in the male
reproductive system [8,9]. Previous studies have
shown that diabetes mellitus can reduce sperm
quality, causing decreased sperm count, motility,
viability, maturity, and chromatin quality in
Wistar rats [10].

Several antidiabetic agents are available in
the market to help reduce the effect of DM,
including metformin. Metformin is one of the
commonly consumed antidiabetic agents [11].
However, its long-term use risks the organ
system in the body. Thus, there is a need for
alternative antidiabetic agents with minimal side
effects. Biodiversity, especially plants, is a
potential source of developing these antidiabetic
agents. Phytochemicals such as flavonoids,
vitamin C, and vitamin A found in plants play an
important role in stimulating endogenous
antioxidant activity to minimize the impact of
oxidative stress due to hyperglycemia [12].
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It is known that the water clover plant
(Marsilea crenata) has anti-cholesterol and anti-
inflammatory activity. Bioactive compounds such
as flavonoids, vitamin A, vitamin C, and zinc can
act as antioxidants [13]. Previous research
showed that the extract of M. crenata increased
LH and testosterone hormones in rats which
were given MSG. Furthermore, M. crenata can
also reduce MDA levels and increase
spermatogonia cells, spermatocytes, spermatids,
and Leydig cells [7].

One of the native Indonesian plants that is
often used as medicine is the Red galangal
(Alpinia purpurata). The rhizome partof A.
purpurata is widely used as a prevention of
antioxidants [14]. Active compounds found in A.
purpurata include flavonoids, saponins, tannins,
terpenoids, glycosides, carbohydrates, and
proteins [15]. Previous research stated that A.
purpurata rhizomes have a DPPH value of (ICso 50
pg.mL1), meaning that the antioxidant activity in
A. purpurata rhizomes is classified as very strong
[16].

Apart from that, M. crenata and A. purpurata
are plants with antioxidant activity. The
combination of M. crenata and A. purpurata is
expected to increase the effectiveness of the
active substances contained in the two plants,
especially in improving sperm quality due to
hyperglycemia. Thus, this study aims to analyze
the effect of the combination of M. crenata and
A. purpurata on the sperm quality of
hyperglycemia model mice.

MATERIAL AND METHOD
Study Design

This research was conducted in January —
March 2023 at Laboratory of Biology, Animal
Physiological ~ Structure and Development,
Department of Biology, University of Brawijaya,
Malang, East Java, Indonesia. This research used
male mice (Mus musculus) BALB/C (n=24, eight
weeks old), for which the procedure was
reviewed and approved by the Ethics Commission
(Approval No. 157-KEP-UB).

Mice were randomly divided into eight
groups. The treatment details are in Table 1. The
Hyperglycemia mice model was induced by a
streptozotocin (STZ) dose of 145 mg.kg™ [17]. The
STZ was dissolved with buffer citrate with pH 4.5.
The mice were confirmed to have hyperglycemia,
with the glucose concentration > 200 mg.dL™.
The P1 group has hyperglycemia without extract
treatment, and other hyperglycemia rats were
orally added daily by extract for 20 days. Besides,
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a group of hyperglycemia mice was treated with
metformin as a positive control (P2).

Table 1. Groups of Mice

Dose (mg. kg?) Dose (mg.g!)

Code sTZ Met‘- M. A. Ratio*
formin  crenata  purpurata
Po 0 - - - -
Py 145 - - - -
P2 145 0.375 - - -
P3 145 - 0.09 - -
Pa 145 - - 0.20 -
Ps 145 - 0.09 0.20 1.1
Ps 145 - 0.09 0.40 1:2
Pz 145 - 0.18 0.20 2:1

Notes: *ratio of the extract combination of M. crenata
and A. purpurata.

Preparation for the Combination of M. crenata
and A. purpurata Extract

The M. crenata was obtained from local
farmers in Sememi Street, Jaya Baru VII, Benowo,
Surabaya. Meanwhile, the A. purpurata was
obtained from Materia Medica, Batu, Malang,
Indonesia. Each powdered sample of as much as
1 kg was extracted with 5 L of 70% ethanol
solvent at room temperature for 24 hours.
Samples were filtered and evaporated using a
rotary evaporator after 24 hours of maceration.
The M. crenata and A. purpurata ethanolic
extract were obtained and stored at 4°C for
further analysis [7].

Sperm Motility

Semen fluid was taken as much as 10 plL and
placed on a glass object. Sperm motility analysis
is carried out by observing spermatozoa that
move progressively using a light microscope with
100X magnification in 5 fields of view [7]. The
progressivity of spermatozoa is categorized into
several groups, as seen in Table 2.

Table 2. Sperm Motility Category

Score Category Progressive Motility (%)
1 Very poor 0-20
2 Poor 20-40
3 Good 40-60
4 Very Good 60-80
5 Excellent 80-100

Sperm Viability

A total of 10 pL of semen liquid was dripped
on a glass object, and stained with 1% eosin and
5% nigrosin. The percentage of spermatozoa
viability was observed with a 400X magnification
light microscope and calculated using the

formula below [7] :
live sperm count

Viability (%) = X 100
lability (%) total count of sperm
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Sperm Concentration

A total of 10 uL of semen was diluted with
100 pL of fixative solution (physiological NaCl).
The suspension was taken as much as 10 pL,
inserted into the Hemocytometer chamber, and
observed with a 400X magnification light
microscope in triplicate. The concentration of
spermatozoa was calculated using the following
formula [7].

Sperm concentration =n X k x FP x 10*

Description:
n = counted number of spermatozoa
k = number of counted small squares (5)

FP = dilution factor (10)
10* =volume of hemocytometer

Statistical Analysis

All values were given as mean * standard
deviation of the mean (SD). All statistical analyses
were done by the SPSS 23 program. In addition,
One-Way ANOVA was used to asseses the overall
differences between groups, followed by the
Tukey HSD test to identify significant differences
(p<0.05) between the groups.

RESULT AND DISCUSSION

The sperm quality data is displayed in Table 3.
The sperm quality parameters observed include
motility, viability, and sperm concentration.

Sperm Motility

The results of this study showed that the mice
that were only induced with Streptozotocin (STZ)
without treatment (P1) resulted in a significant
decrease in sperm motility compared to the
control group (Po). The percentage of sperm
motility in the hyperglycemia group (P1) was
39.22 + 4.868% (Table 3). The data also reveal
that the hyperglycemia group (P1) has the lowest
percentage of sperm motility compared to other

treatment groups. This result aligns with previous
research, which explains that sperm motility is
significantly reduced by 18.16% in
streptozotocin-induced diabetic groups [18].

Furthermore, streptozotocin (STZ) induction
for 20 days can increase Reactive Oxygen Species
(ROS) due to lipid peroxidation. Previous studies
have shown that sperm membranes contain
many polyunsaturated fatty acids (PUFA), making
spermatozoa sensitive to ROS [18]. The
imbalance between ROS and antioxidants can
trigger mitochondrial damage due to oxidative
stress. Mitochondrial damage can inhibit ATP
production as a source of energy needed by
spermatozoa so that sperm motility decreases
[20].

The result also showed that the combination
of M. crenata and A. purpurata can increase the
percentage of spermatozoa motility significantly
(p<0.05) when compared to the hyperglycemia
group (P1). The combination of M. crenata and A.
purpurata in the Ps group produced the highest
sperm motility of 78.89 + 6.509% compared to
other treatment groups.

Besides that, the antioxidant content
contained in M. crenata and A. Purpurata can
increase sperm motility. This study also aligns
with previous research, showing that combining
M. crenata and C. xanthorriza extracts can
significantly increase sperm motility [21].
Marsilea crenata contains bioactive compounds
such as quercetin, vitamin A, zinc, and vitamin C,
the factors that can increase motility [7].
Quercetin plays a role in preventing lipid
peroxidation caused by ROS in sperm cell
membranes [22]. Thus, mitochondrial function is
able to produce ATP optimally. The availability of
sufficient ATP can increase sperm motility [23].

Table 3. Effect of STZ, metformin, and combination of M. crenata and A. purpurata extracts on sperm quality of mice

Sperm Quality + SD

Group Sperm Motility (%) Sperm Viability (%) Sperm Concentration ( x 106 cell.mL)
Po 73.44 + 3.844b¢ 71.56 + 7.683b¢ 37.86 + 8.385¢
P, 39.22 +4.868° 42.22 +6.360? 17.73 £ 6.8332
P, 65.11 +13.138° 60.67 + 13.883" 25.49 + 6.336%
P; 71.44 +9.632b¢ 71.44 + 9.554b¢ 33.56 + 11.387b<
P4 70.22 + 13.507"¢ 70.89 + 14.650° 30.71 + 7.843b¢
Ps 78.89 + 6.509¢ 79.44 +7.333¢ 50.06 + 5.474¢
Ps 75.11 £ 8.162"¢ 74.56 + 7.844bc 43.58 +9.7249%
P, 73.33 +3.391b¢ 73.22 + 6.534%¢ 45.36 + 8.758%
Notes : The values with different superscript letters in the same row represent significant difference (p<0.05).
Po = non-hyperglycemia P, = hyperglycemia mice + A. purpurata 0.20 mg.g!
Py = hyperglycemia Ps = hyperglycemia mice + combination (1:1)
P, = metformin Ps = hyperglycemia mice + combination (1:2)
P3 = hyperglycemia mice + M. crenata 0.09 mg.g* P, = hyperglycemia mice + combination (2:1)
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Meanwhile, A. purpurata contains flavonoid
compounds, which act as antioxidants. Previous
studies show that A. purpurata has an IC50 of
38.004 ug.mL?, indicating that red galangal
rhizome's antioxidant activity is very strong [16].
Flavonoids can reduce the effects of free radicals
as they have an aromatic ring structure
containing hydroxyl groups, so they can bind with
free radicals to form more stable molecules [22].
Stabilization of these molecules results in
mitochondria being able to produce ATP as an
energy source for spermatozoa [19].

Sperm Viability

Sperm viability is indicated by stained sperm
(Fig. 1). Streptozotocin (STZ) induction for 20
days caused a decrease in spermatozoa viability
in the group (P1) with an average value of 42.22
+ 6.360% compared to the control group (PO).
Furthermore, streptozotocin (STZ) induction can
increase oxidative stress biomarkers such as
superoxide anion (02-), nitric oxide (NO), and
malondialdehyde (MDA) in spermatozoa. [25].
Superoxide anion (02-) is one of the ROS types
associated with diabetes pathology due to its
ability to damage cells and insulin resistance. The
high level of ROS also impacts the mitochondrial
function and induction of spermatozoa apoptosis
[26].

10 pm

Figure 1. Live and Dead Spermatozoa Stained With Eosin
Negrosin in 400X magnification, A. dead sperm
and B. live sperm.

Spermatozoa membranes contain many
polyunsaturated fatty acids (PUFAs), which are
highly susceptible to ROS. The accumulation of
ROS due to hyperglycemia leads to lipid
peroxidation in spermatogonia, spermatosids,
and spermatids. Thus, the integrity of the
spermatozoa membrane is lost [19]. Previous
studies have shown that streptozotocin (STZ)
induction can reduce sperm viability in mice [27].

Besides that, the combination of M. crenata
and A. purpurata extracts increased spermatozoa
viability  significantly  (p<0.05). The zinc
compound in M. crenata can increase
spermatozoa viability. Zinc acts as an exogenous

J. Exp. Life Sci. Vol. 13 No. 3, 2023

antioxidant that can protect the spermatozoa
membrane from free radical reactivity through a
scavenging mechanism so that the fluidity and
integrity of the spermatozoa phospholipid
membrane are maintained [28,29]. Previous
research showed that adding M.crenata extract
at a dose of 0.09 mg.g? resulted in increased
spermatozoa viability [22].

Meanwhile, A. purpurata contains bioactive
compounds such as flavonoids, which act as
antioxidants. One of them is quercetin, a
bioflavonoid with phenolic rings that serve as
scavengers against free radicals [28]. Previous
studies have shown that quercetin can increase
motility, viability, and the number of
spermatozoa in diabetic model rats [31].

Sperm Concentration

This research found that hyperglycemia can
reduce the sperm concentration of mice by 17.89
x 106 * 6,833 cells.mL? compared to the control
group (Po) (Table 1). This study aligns with
previous studies that explain diabetic rats
induced Streptozotocin (STZ) have a decreased
sperm count [17].

The spermatozoa membrane contains high
amounts of polyunsaturated fatty acids (PUFA).
Additionally, high amounts of glycolytic products
can interact with specific proteins and lipids in
spermatozoa, leading to increased ROS
production [32]. High accumulation of ROS can
cause lipid peroxidation in spermatogonia,
spermatid, and spermatozoa cells [33]. In turn,
lipid peroxidation causes alteration of
phospholipid conformation that leads to
decreased spermatozoa membrane fluidity and
increased membrane permeability [34]. The
decreased spermatozoa membrane fluidity and
increased membrane permeability spermatozoa
lead to necrotic death. The death cell that occurs
in spermatogenic cells can alter the sperm
concentration to decrease [35].

Meanwhile, adding the combination of M.
crenata and A. purpurata extracts for 20 days
increase the sperm concentration significantly
(p<0.05). The group Ps produced the highest
sperm concentration, 50.06 + 5.474 x 106
cells.mL? (Table 3). Bioactive compounds
contained in M. crenata include flavonoids,
vitamin C, zinc, and other phenolic compounds
[36]. These bioactive compounds act as
antioxidants, which can absorb free radical ions
or atoms, making them inactive and preventing
damage to spermatozoa DNA and lipid
membranes [37].
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Besides that, A. purpurata contains
antioxidant compounds, one of which is
flavonoids [38]. Flavonoid compounds act as
antioxidants, bind to free radicals by hydrogen
donor atoms, and form more stable molecules
[39]. Flavonoids from A. purpurata are one of the
phytochemicals that can inhibit the activity of the
aromatase enzyme. The aromatase enzyme plays
a role in converting androgens (testosterone)
into estrogen. The inhibition by flavonoids can
increase the production of testosterone [40]. The
increased testosterone production is correlated
with the increased spermatogenesis production

(4].

CONCLUSION

The addition of M. crenata, A. pupurata, and
their combination for 20 days can significantly
increase  motility,  viability, and sperm
concentration in hyperglycemia model mice. The
combination of M. crenata and A. purpurata with
a 1:1 ratio was considered effective in improving
the the sperm quality of hyperglycemia model
mice.
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Abstract
The textile industry produces liquid waste, which is the main cause of pollution in rivers. Textile industry wastewater has a
dye content of about 40%. Electrocoagulation is one method that is able to reduce waste by using electrolysis reactions.
This study aims to analyze the level of the electrode plan’s capability to reduce the level of dye waste pollution from the
industry on a laboratory scale. The submerged electrode material was 7 cm x 8 cm, 7 cm x 10 cm, and 7 cm x 12 ¢cm in
dimensions. The electrocoagulation process was run for 120 minutes with a voltage of 30 volts and stirring at 200 rpm.
Samples were taken at 0, 5, 15, 30, 45, 60, and 120 minutes for the electrocoagulation process. Determination of the
maximum wavelength of Remazol Brilliant Blue-R was carried out by measuring 60 ppm of Remazol Brilliant Blue solution
at various wavelengths in the range of 400 - 800 nm with 1 nm intervals. Measurements were carried out using a UV-Vis
spectrophotometer. First-order and second-order reaction kinetics models were used to study the reaction kinetics of the
Remazol Brilliant Blue-R electrocoagulation process. The highest efficiency in the Remazol Brilliant Blue-R reduction
process was obtained at 86% at 120 minutes. The kinetics of the Remazol Brilliant Blue-R electrocoagulation process using

aluminum-based electrodes was under the first order with an R2 value > 0.96.

Keywords: Electrocoagulation, Industrial Wastewater, Remazol Brilliant Blue-R, UV-Vis Spectrophotometer.

INTRODUCTION

Liquid waste from the textile industry is one of
the main causes of pollution in water areas. The
textile industry liquid waste has a dye content of
40% [1]. One of the textile dyes in use is Remazol
Brilliant Blue-R, which results in a blue color to
liquid waste dye textiles used is Remazol Brilliant.
Remazol Brilliant Blue-R is an azo dye derivative of
azobenzene. The dye is hard to degrade naturally
due to the presence of a double bond (-N=N-),
which should be broken down first for the dye to
become degradable faster [2]. The dye contains
benzene compounds at 60% - 70%, making it
difficult to degrade naturally [3]. The benzene
content in the dye can cause cancer [4]. Therefore,
it becomes imperative to conduct pre-treatment
on liquid waste from the textile industry before it
is disposed of in a body of water [5].

Electrocoagulation is a method of waste
removal with the wuse of electrolysis [6].
Electrocoagulation uses a pair of metal plates,
which act as electrodes consisting of an anode and
a cathode using the principle of electrochemistry,
where the anode will experience oxidation. At the
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same time, the water will be reduced and form a
coagulant after the process is complete. Liquid
waste that has been processed becomes more
apparent than before the process [7]. Aluminum
plate is a commonly used electrode as it is
naturally a suitable coagulant. An aluminum
electrode is a source of AI** - ions in the anode and
a coagulant in the coagulation-flocculation process
that occurs [8]. Besides, aluminum is affordable,
easy to obtain, highly effective, and nontoxic [9].

An electrocoagulation process is influenced by
several factors, such as temperature, current
density, voltage, pH, time, the thickness of the
electrodes, and the distance between electrode
plates [9]. To obtain an effective process, it is
necessary to learn the reaction kinetics that occur
besides considering factors that influence it. The
reaction kinetics of an electrocoagulation process
to reduce Remazol Brilliant Blue-R levels is
concerned with the rate of the chemical reaction
that takes place and the factors that influence it.
The number of moles of the reactants and the unit
volume at a given time influence the rate of a
chemical reaction. As the concentration of a
reactant decreases with time, the curve that is
generated will have a negative gradient.
Therefore, the rate of a reaction at one point along
the curve is given by -dC/dt from the experiment
result and is independent of the equation
stoichiometry [10].
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In determining the rate of a chemical reaction,
it is important to know the reaction order.
Reaction order is the relationship between the
chemical reaction rate and species concentration.
Theoretically, a reaction order is a small round
number, but it can be a fraction or zero in several
cases. In general, reaction order differs from the
equation stoichiometry coefficient. By order, there
are zero-order, first-order, and second-order
reactions. A zero-order reaction can occur if the
rate of reaction is not affected by the
concentrations of the reactants [10]. A first-order
reaction can occur if the rate of reaction is
dependent on the concentration of one of the
reactants. A second-order reaction can occur if the
rate of reaction is dependent on the squared
concentration of one reactant or the
concentration of two reactants involved in the
reaction [11]. In determining the order of a
reaction, the k value or constant is obtained from
the slope of the line on the graph. The zero-order
constant from [A] is obtained from the intercept
on the graph to the coordinate on the y-axis, and
the suitability of the linear regression chart with
the graph of the experimental data set with the
coefficient [12].

The determination of reaction kinetics in an
electrocoagulation process is very important for an
easier industry-scale application. In addition,
reaction kinetics is also used for predicting the
product of a reaction at a certain time and under a
certain condition, as well as for controlling the
reaction condition [13]. Reaction kinetics can also
be used to find out the influence of the
concentrations of reactants to the rate of reaction
[14]. Reaction kinetics is very important for
considering the size and design of more
economical, larger-scale tools. The current
research aims to figure out the first-order and
second-order reaction kinetics involved in the
process of reducing the Remazol Brilliant Blue-R
dye levels in industrial textile liquid waste by
electrocoagulation using aluminum-based
electrodes. The research aims to analyze the
reaction kinetics involved in the electrocoagulation
process and the effects of variations of the
electrode surface area submerged in the solution
on the electrocoagulation process efficiency and
the final concentration of Remazol Brilliant Blue-R
dye produced.

MATERIAL AND METHOD

The equipment used included UV-VIS
spectrophotometer, magnetic stirrer,
electrocoagulation device, power supply, Beaker
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glass, volumetric pipette, dropper pipette, funnel
glass, suction ball, stopwatch, analytical balance,
measuring spoon, vial, and glass watch (Fig. 1).
Meanwhile, the main ingredients used were
demineralized water, Remazol Brilliant Blue-R dye,
universal pH paper, and strain paper.

Note

1. Immersed Electrode
2. Stirring Magnets

3. Magnetic Stirrer
4.Power Supply

5. Beaker Glass

6. Power source

Figure 1. The equipment used in the research

Liquid Remazol Brilliant Blue-R dye was made
by weighing solid Remazol Brilliant Blue-R dye at
0.1 g and dissolving it with 50 mL of water in a
Beaker glass. The Remazol Brilliant Blue-R dye was
then diluted in a laboratory flask to a measure of
1000 mL by adding water to the limit sign so that a
Remazol Brilliant Blue-R solution was obtained at a
concentration of 100 ppm. Then, the pH of the
liquid was measured.

The next step was to measure the
electrocoagulation process variable submerged
electrode surface area within the Remazol Brilliant
Blue-R solution. It was conducted by first filling
Beaker glasses with 1000 mL of Remazol Brilliant
Blue-R solution each. Then, electrodes with
dimensions 7cm x 8 cm, 7 cm x 10 cm, and 7 cm x
12 cm were each submerged into the solution for
120 minutes with an electrical voltage of 30 volts
applied, accompanied by stirring at 200 rpm. Test
samples were taken at 0, 5, 15, 30, 45, 60, and 120
minutes (Fig. 2).

Determination of the maximum wavelength of
Remazol Brilliant Blue-R dye was conducted by
measuring the wavelengths of 0 ppm of Remazol
Brilliant Blue-R solution in the range of 400-800
nm with 1 nm intervals using a UV-Vis
spectrophotometer. A calibration curve of
Remazol Brilliant Blue-R solution at concentrations
of 20, 40, 60, 80, and 100 ppm against the
Remazol Brilliant Blue-R dye absorbance at
maximum wavelength that was measured using a
UV-Vis spectrophotometer was created.

The UV-Vis spectrophotometer was applied to
samples of Remazol Brilliant Blue-R solution that
had gone through an electrocoagulation process. A
filtration process was carried out using paper
strain to separate coagulants from cleared water.
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Figure 2. Flowchart of Remazol Brilliant Blue-R solution preparation and electrocoagulation process

Efficiency of the Electrocoagulation Process

The electrocoagulation process efficiency can
be influenced by the submerged electrode surface
area. The efficiency of the electrocoagulation
process in reducing Remazol Brilliant Blue-R
contained in the liquid samples used was
calculated using the equation below:
(Cao — Car) % 100

At (1)

% allowance =

Description:

Cpo = initial concentration of Remazol Brilliant Blue-R
solution in units of mg.L?,

Cat = final concentration of Remazol Brilliant Blue-R at
time t (minutes)

Electrocoagulation Kinetics

An analysis of the reaction kinetics that
occurred in the electrocoagulation process was
carried out. The analysis used first-order and
second-order reaction kinetics models. The
reaction kinetics involved in the electrocoagulation
process is generally given in the equation below:

d
Ty = —ﬂ = kCA
d; (2)
Description:
k =Reaction constant

Ca = Final concentration

From the equation reaction base conducted
integral method and get equation kinetics reaction
orde 1 (one), i.e.:

C
—In=A =kt
Cao (3)
Description:
k = First-order reaction rate constant

t =Time (minutes)

From the basic reaction equation above, an
equation for the second-order reaction kinetics
was also obtained by substitution method as
follows:

R -
G Cao (4)
Description:
k =Second-order reaction rate constant
t =time (minutes)
Cao = Initial concentration

J. Exp. Life Sci. Vol. 13 No. 3, 2023

The final pH of the solution, as well as the
absorbance of the filtered solution using a UV-Vis
spectrophotometer at maximum wavelength, was
conducted. The curve calibration was used to
determine the final concentration of the filtered
solution based on the absorbance input.

The reaction kinetics were determined using
the initial and final solution concentrations, and
the data obtained were processed using Microsoft
Excel. The k and R? values were computed with
first-order and second-order reaction equation
data. The values obtained were plotted on a graph
for comparison to determine the optimum
reaction kinetics.

RESULT AND DISCUSSION

An electrocoagulation process on Remazol
Brilliant Blue-R dye was carried out at an initial
concentration of 100 ppm using a voltage of 30
volts with a surface contact area between the
electrodes and the fluid varied (Table 1). Samples
were taken at varied time in minutes.

Tabel 1. The electrocoagulation process on Remazol
Brilliant Blue-R with electrodes set 2 cm apart

. Initial Final
Submerged Time . .
Surface Area (Minutes) Concentration  Concentration
(mg.L?) (Mmg.L?)
0 98.64
5 89,11
15 78.74
7cmX8cm 30 100 59.65
45 50.29
60 45.27
120 27.95
0 99.55
5 93.27
15 76.88
7cm X10cm 30 100 57.89
45 49.77
60 38.41
120 17.11
0 99.07
5 87.77
15 72.74
7cmX12cm 30 100 55.76
45 47.16
60 33.90
120 14.08
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The Effect of Submerged Electrode Surface Area
on the Final Concentration of Remazol Brilliant
Blue-R Solution

Electrodes hold an important role in an
electrocoagulation process as they are used for
delivering electricity. The variations of submerged
electrode surface area can naturally affect the
electrocoagulation process. The larger the
electrode surface submerged, the larger the
electrode contact area with liquid Remazol Brilliant
Blue-R. The influence of the submerged electrode
surface area and processing time on the Remazol
Brilliant Blue-R solution concentration is indicated
by the change in the concentration of Remazol
Brilliant Blue-R solution with the variations in the
submerged electrode surface area. Based on the
research data in Table 1, a plot of data was created

(Fig. 2).

2 120

2

g 100 —+—T7cmx8cm
A —a—7cmx 10 cm
s 80

] 7ecmx 12 cm
11

2 4

2

i o0

< 0 20 40 60 80 100 120

Time (Minute)

Figure 3. The influence of the submerged electrode
surface area on the Remazol Brilliant Blue-R
solution concentration with time

Based on Figure 3, the electrode with a
submerged area of 7 cm x 12 cm produced a
greater reduction in concentration than the
electrodes with submerged areas of 7 cm x 8 cm
and 7 cm x 10 cm. It shows that the electrode with
the largest submerged surface area performed the
best in the electrocoagulation process. The larger
submerged surface area will allow for a larger
contact area of the electrodes with the Remazol
Brilliant Blue-R solution. The wider the contact
area of the electrodes with the Remazol Brilliant
Blue-R solution, the greater the electric current
produced [15]. This, of course, affects the
electrocoagulation process because the electrons
become more reactive and move more easily so
that more electrons are channeled [16].

Apart from that, more and more Al3+ ions are
formed [17]. When more electrons are distributed,
more binding occurs between electrons and H+,
which causes the H2 produced to become more
abundant [18]. The more AI** ions are produced,
the more binding there will be between Al** and
OH-, which will cause more flocs to form [15].
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The electrocoagulation process results also
proved that there is an influence on this process,
where the concentration of the Remazol Brilliant
Blue-R solution decreased from minute 0 to
minute 120 in all variations of submerged
electrode surface area. The longer the time that
passes in the electrocoagulation process, the more
the accumulation of electron movement occurs,
which results in more aluminum hydroxide binding
to the dye [16,19].

The Effect of Time on the Efficiency of the
Electrocoagulation Process in Reducing Remazol
Brilliant Blue-R

Many factors, including the submerged
electrode surface area, can influence the
electrocoagulation process efficiency. In the
current research, the electrocoagulation process
was conducted with several variations in the
submerged electrode surface area, namely 7 cm x
8cm, 7cm x 10 cm, and 7 cm x 12 cm. The results
of the calculation are provided in Table 2.

Table 2. Electrocoagulation Process Efficiency in Reducing
Remazol Brilliant Blue-R Levels

Submerged Time Remazol Brilliant Blue
Surface Area  (Mintutes) Reduction Efficiency (%)
0 0.00
5 9.67
15 20.18
7cmX8cm 30 39.53
45 49.02
60 54.11
120 71.66
0 0.00
5 10.78
15 26.47
7cm X 10cm 30 44.62
45 52.39
60 63.26
120 83.63
0 0.00
5 11.40
15 26.57
7cmX12cm 30 43.71
45 52.39
60 65.78
120 85.78

Table 2 shows that the larger the submerged
electrode surface area, the greater the percent
efficiency of the electrocoagulation process in
reducing Remazol Brilliant Blue-R in the samples.
The final efficiency rates at 120 minutes of the
electrocoagulation process with submerged
electrode surface areas of 7cm x 8 cm, 7 x 10 cm,
and 7 cm x 12 cm were 71.66%, 83.63%, and
85.78%, respectively. It was figured out that a
larger submerged electrode surface area will
increase the efficiency of the electrocoagulation
process (Fig. 4).
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Concentration Removal Efficiency (%)

Time (Minute)

Figure 4. The Efficiency of the Electrocoagulation Process
in Reducing Remazol Brilliant Blue-R with time

Figure 4 shows that the percent efficiency of
the electrocoagulation process in reducing
Remazol Brilliant Blue-R increased significantly
until minute 120. As the graph does not show an
equilibrium point, it is assumed that an equilibrium
point of electrocoagulation process efficiency will
be encountered if the electrocoagulation process
is extended beyond 120 minutes.

Electrocoagulation Kinetics to Electrocoagulation
Process Time in Remazol Brilliant Blue-R
Reduction

Figures 5 and 6 show the first-order and
second-order reaction rate constants calculated. It
is shown that the electrocoagulation process in
reducing Remazol Brilliant Blue-R with variations in
submerged electrode surface area could happen at
the first-order and second-order of reaction [17].

Table 3. Comparison of first-order and second-order
reaction rate constants in the electrocoagulation
process on Remazol Brilliant Blue-R

First Order
Surface K1 R2 equation
Area (cm) (L/mg.min) 4
y=0.0104x +
7x8 0.0104 0.962 0.0967
y =0.0149x +
7 x10 0.0149 0.993 0.0681
y=0.0161x +
7 x15 0.0161 0.996 0.0492
surface Second Order
Area(cm) 1 (1/mg.min) R? equation
y =0.0002x +
7x8 0.0002  0.997 0.01
y =0.0004x +
7 x10 0.0004 0.959 0.0064
y =0.0005x +
7x15 0.0005  0.944 0.0054

The study results in Table 3 show increases
in k1 and k2 values with the increased area of the
submerged electrode surface. It has been proven
that the submerged electrode surface area could
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affect the electrocoagulation process. The larger
the submerged electrode surface area, the higher
the electric current supplied, resulting in more A3
ions produced. Therefore, the bond between AP
and OH- ions will also increase, causing more flocs
on the plate surface [20].

The first-order reaction rate constant (k)

Excellent R? values were obtained from the
calculation with the formula (3), which were then
plotted in a chart (Fig. 5). The calculation results
are shown in Table 3. From the table, it is known
that k1 was proportional to the submerged
electrode surface area. The value of ki can be
increased by increasing the submerged electrode
surface area. The largest k1 value of 0.0161
L/mg.min? was obtained when the submerged
electrode surface area variation 7 cm x 12 cm was
used [21].

20

16 ~

g —~" * slcmx8om

®7emx 10 em
?emx 12 em

<n Ca/Ca,
o
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o
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0 15 30 45 60 75 90 105 120
t (minutes)

Figure 5. The First-order Reaction Kinetics in the
Electrocoagulation Process

The second-order reaction rate constant (kz)

k2 values were obtained using the formula (4)
and plotted in a chart (Fig. 6). The calculation
results are presented in Table 3. From the table, it
is known that k2 was proportional to the
submerged electrode surface area. The larger the
submerged electrode surface area, the higher the
ka2 value. The largest k> value of 0.0005 L/mg.min!
was obtained when the submerged electrode
surface area variation 7 cm x 12 cm was used.

0,075 -
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+7cmx8cm
m7cmx 10 cm
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Figure 6. The Second-order Reaction Kinetics in the
Electrocoagulation Process
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CONCLUSION

The larger the submerged electrode surface
area, the higher the efficiency (%) of the
coagulation process in reducing Remazol Brilliant
Blue-R levels. The electrocoagulation process
efficiency rates in reducing Remazol Brilliant Blue-
R at 120 minutes with submerged electrode
surface areas of 7cm x 8 cm, 7cm x 10 cm, and 7
cm x 12 cm were 72%, 84%, and 86%, respectively.
The first-order reaction kinetics in the
electrocoagulation process in reducing Remazol
Brilliant Blue-R with aluminum-based electrodes
had an R? value > 0.96. The first-order reaction
rate constant increased with time proportional to
the submerged electrode surface area, with a
value of 0.0161 min.
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Abstract

Many heavy metals contaminate our environment, including chromium (Cr(VI) contaminated water. The aim of this study
was to determine the removal of ion Cr(VI) using the coconut shell biochar. Biochar activation processes were conducted at
350°C and 550°C. The characteristic tests of biochar were conducted, such as testing for moisture, ash, volatile, and carbon
content. Additionally, a scanning electron microscope was also performed. The remediation test was carried out on a
laboratory scale with a batch system. The variables were the mass of coconut shell biochar (0, 8, and 16 r) and the time of
process were 0, 30, and 60 min. Based on the results, the characteristics of coconut shell biochar showed a high carbon
content, which reaches 80.4% for activation temperature at 500°C and 73.02% for 350°C. Coconut shell biochar can reduce
ion Cr(VI) in water; it reached 73.78% to 88.15%. The percentage of Cr(VI) reduction in water reached 88.15% using biochar
that was activated at a temperature of 350°C and a mass of 16 g at a detention time of 60 min. In conclusion, coconut shell

biochar has good potential to reduce chromium in water.

Keywords: Biochar, Chromium, Coconut Shells, Remediation.

INTRODUCTION

The increasing industrial activities have
influenced the level of environmental pollution
caused by heavy metal-containing waste [1]. One
of the heavy metals that can pose environmental
and human health problems is chromium [2]. The
Cr(VI) ion is a strong oxidizing agent and can cause
chronic toxic effects, including skin infections and
cancer. Chromium is commonly found in the
industrial waste of batteries, paints, cement,
coating, dyeing, and photography [3]. One method
to reduce the levels of heavy metals in water is the
adsorption method. One method to reduce the
levels of heavy metals in water is the adsorption
method.

Adsorption is a process of precipitating a
dissolved substance in a solution onto the surface
of an absorbent material, causing the substance to
enter and accumulate within the absorbent
material [4]. This technique can employ biochar,
which has demonstrated considerable
effectiveness in absorbing heavy metals in
wastewater [5]. Biochar possesses a large surface
area and high capacity for adsorbing heavy metals,
thus holding the potential for mitigating the
bioavailability of heavy metals and organic
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pollutants through adsorption and other
physiochemical reactions.

Biochar is produced when biomass waste is
heated without air or with minimal air. This
combustion process, typically referred to as
pyrolysis, occurs at relatively low temperatures
(<700°C) [1]. Raw materials suitable for biochar
production include unused biomass residues such
as rice husks, corn cobs, coconut shells, and similar
materials [6]. Previous research indicates that
biochar derived from coconut shells has shown an
effectiveness of up to 39.35% with continuous
systems [7].

Therefore, a study was conducted on the
remediation of Cr(Vl)-contaminated water using
biochar derived from coconut shells. The variables
examined included the influence of pyrolysis
temperature during biochar activation, with
temperature variations of 350°C and 500°C, as well
as the application of biochar mass with variations
of 0 g, 8 g, and 16 g. This research is expected to
provide scientific information regarding the ability
of coconut shell biochar to remove Cr(VI) heavy
metals from polluted water media and can serve
as a reference for environmental restoration
efforts to mitigate water pollution caused by Cr(VI)
heavy metals.

MATERIAL AND METHOD
Biochar Preparation and Characterization

The initial stage involves the production of
coconut shell biochar. This process begins with
washing the coconut shells thoroughly with water
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and drying them under direct sunlight until they
are completely dry. Subsequently, the cleaned
coconut shells are pyrolyzed at temperatures of
350°C for 1 hour and 500°C for 30 minutes (as the
variables). They are then sieved using a 60-mesh
sieve.

Following this, the biochar's characteristics are
analyzed and compared to the Indonesian National
Standard (SNI) 06-3730-1995 activated charcoal
technical requirements [8] for activated charcoal.
The biochar characteristics compared include
moisture, ash, volatile, and fixed carbon content.
The moisture content analysis is conducted using
the ASTM D 3173/ D 3173 M — 17A method, the
Standard Test Method for Moisture in the Analysis
Sample [9]. The ash content analysis is performed
using the ASTM D 3174-129 (2018) method to
determine the inorganic residue as ash in the
analysis sample [10]. The volatile content analysis
uses the ISO 562-2010 method to determine the
volatile matter of hard coal and coke [11]. A
morphology analysis is conducted using Scanning
Electron Microscopy (SEM) to determine the size
of the formed pores. Biochar characterization tests
were conducted at the Energy and Materials
Laboratory, DRPM ITS.

Artificial Contaminated Water Preparation

The preparation of a heavy metal Cr(VI) stock
solution of 1000 mg.L! was carried out by
dissolving 2.829 g of K2Cr207 in a 1 L volumetric
flask, the addition of distilled water up to the mark
and thorough homogenization. Subsequently, a
standard solution was prepared by pipetting 10 mL
of the 1000 mg.L'! heavy metal Cr(VI) stock
solution into a 100 mL volumetric flask. Distilled
water was added to the mark, resulting in a 100
mg.L? Cr(V1) heavy metal-contaminated solution.

Adsorption Test

The Cr(VI) solution was treated with sieved
biochar and stirred at a stirring speed of 180 rpm
[12]. The next step involved filtering the solution
using filter paper. The research was conducted in
reactors, each with two replications. Testing of the
Cr(Vl) levels in the solution samples was
performed at detention times of 0 minutes, 30
minutes, and 60 minutes. The Cr(Vl) heavy metal
levels were analyzed using the Atomic Absorption
Spectrophotometer — Flame (AAS-Flame) method.
The instrument specifications used for the AAS-
Flame in this study were the Hitachi AAS Z-2000
series.

The results and discussion were obtained from
the analysis of parameters, which included data on

J. Exp. Life Sci. Vol. 13 No. 3, 2023

the reduction of Cr(VI) concentration. To
determine the percentage of Cr(VI) removal, it can
be calculated using the equation:
% Removal = M X 100%
Co (1)
Description:
Co = the initial concentration of the heavy metal (mg.L?)
« = the final concentration of the heavy metal (mg.L?)
Calculating the adsorption isotherms was
conducted using the Langmuir, Freundlich, and
Brunauer, Emmett, and Teller (BET) models.
Adsorption isotherms demonstrate the equilibrium
relationship between the solution concentration
and the amount of adsorbate adsorbed at a
constant temperature. In calculating the
isotherms, the quantity of adsorbate absorbed per
gram of adsorbent (mg.g?) or ge is essential. The
value of ge is obtained using the equation:

(Co— Cp) XV

1 m @
Description:
ge = the amount of adsorbate adsorbed per gram of
adsorbent (mg.g?)
Co =the initial concentration of the heavy metal (mg.L?)
Ce =the final concentration of the heavy metal (mg.L?)
V  =the volume of the contaminated media (L)
m =the mass of the adsorbent (g).

Once ge is obtained, each isotherm model can
be calculated. The BET isotherm is constructed by
following Formula (3). Figure 1 depicted the
adsorption process in this study.

(Ce/ Co)
(qe - (1 - (2—;))) "

Description:

ge = the amount of adsorbate adsorbed per gram of
adsorbent (mg.g?)

Co =the initial concentration of the heavy metal (mg.L?)

Ce =the final concentration of the heavy metal (mg.L)

Figure 1. (a) Adsorption Reactor, (b) Adsorption Process
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RESULT AND DISCUSSION

The results of the biochar characterization
analysis was shown in Table 1. In this study, the
characterization results of the coconut shell-
derived biochar have complied with the
Indonesian National Standard (SNI) 06-3730-1995.

The determination of moisture content serves
the purpose of understanding the hygroscopic
nature of activated carbon. This highly hygroscopic
characteristic of activated carbon renders it
effective as an adsorbent. Both the temperature
and the duration of carbonization significantly
influence the absorbed moisture content. As the
temperature and duration of carbonization
increase, the moisture content decreases [13]. Ash
content is the quantity of metal oxide consisting of
minerals in a material that does not vaporize
during combustion. The ash content influences the
adsorption capacity of activated carbon, where the
lower the ash content, the greater the adsorption
capacity. Excessive ash in activated carbon can
lead to blockages in its pores, thereby reducing its
surface area and adsorption capacity [14].

The determination of volatile content aims to
identify the presence of compounds that do not
evaporate during the carbonization and activation
process but do evaporate at 950°C. A high content
of volatile substances can reduce the adsorption
capacity of the biochar because the metal
compounds contained in the sample can clog the
pores of the biochar itself [15]. The moisture, ash,
and volatile content influence the value of fixed
carbon. A lower fixed carbon content can affect
the adsorption capacity of activated carbon
because organic compounds cover the carbon
surface during the adsorption process [16]. Based
on the results, the characteristics of coconut shells
biochar show a high fixed carbon content that
reaches 80.4% when it is activated at 500°C. The
SEM test results of coconut shell biochar at
activation temperatures of 350°C and 500°C
described in Figure 2.

The SEM analysis of carbon conducted at a
magnification of 3000X showed a porous and
cavernous carbon surface structure with diameters
ranging from 5.045 um to 26.34 um. Higher
carbonization temperatures lead to the formation
of more pores and an improved yield of carbon.
With the temperature increase, impurities initially
present within the pores, obstructing them, were

released or vaporized, thus expanding the surface
area of the activated carbon.

Figure 2. Surface Morphology of Coconut Shell Biochar (a)
at 350°C, (b) at 500°C.

This study was conducted by comparing the
biochar activation temperatures and the addition
of biochar mass (0 g, 8 g, 16 g) as adsorbents at
the same adsorbate concentration (+100 mg.L?)
with a solution volume of 160 mL. The
concentration reduction and percentage removal
of ion Cr(VI) metal were recorded at contact times
of 0, 30, and 60 min. Table 2 showed the
percentage removal of ion Cr(VI).

The percentage removal of ion Cr(VI) without
the addition of biochar did not increase at each
contact time increment due to there being nothing
to bind the ion Cr(Vl). The highest removal
occurred at 60 min. The percentage removal
reached 76.95% with biochar activated at 500°C in
8g of biochar mass. However, the percentage
removal was 88.15% in 16 g of biochar mass that
was activated at 350°C. The temperature during
the biochar activation process was quite crucial as
it can affect the fixed carbon value of a biochar.
However, the temperature variable showed any
significant difference.

Table 1. Biochar Characterization Test Results

Sample Name Moisture Content (%) Ash Content (%) Volatile Content (%) Fixed Carbon (%)
Coconut Shells 350°C 4.61 21.26 73.02
Coconut Shells 500°C 4.64 13.75 80.4

J. Exp. Life Sci. Vol. 13 No. 3, 2023
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Table 2. Percentage Removal of Cr.

Sample Name Mass of biochar (g) 0 Min (%) 30 Min (%) 60 Min (%)
Coconut Shells 350°C 0 0 0.01 0
Coconut Shells 500°C 0 0 3.21 2.14
Coconut Shells 350°C 8 0 59.02 73.78
Coconut Shells 500°C 8 0 64.53 76.95
Coconut Shells 350°C 16 0 84.46 88.15
Coconut Shells 500°C 16 0 72.08 83.42

The effect of the addition of adsorbent mass
was one of the crucial factors in the adsorption
process as it can affect the adsorbent's adsorption
capacity. The increase in the percentage of
adsorption was caused by the enlargement of the
adsorbent's surface area, thereby increasing the
sites for the adsorption process. However,
excessive addition of the adsorbent weight was
not recommended as it can lead to the saturation
point of the solution, which would disrupt the
adsorption process [17].

Contact time was also crucial in the adsorption
process. The adsorption force of molecules from a
solute can increase with longer contact time with
activated carbon. Longer contact time allowed for
a more efficient adsorption process [18]. In this
study, the obtained adsorption effectiveness
reached 88.15%, which might increase with a
longer contact time. However, the effectiveness of
the adsorption process may not increase
significantly due to the saturation of binding sites
on the adsorbent and the attainment of
equilibrium.

Adsorption isotherms were typically used to
explain the interactions between adsorbent and
adsorbate. These isotherms depicted the
relationship between the amount of adsorbed
substance and the amount of adsorbent at
equilibrium [19]. The Freundlich isotherm was
constructed by plotting the log values of Ce against
log ge. The Freundlich isotherm graph of coconut
shell adsorbent is described in Figure 3. In the
Freundlich isotherm, it was known that the value
of R? is 0.8461. Following this, the Langmuir
isotherm was constructed by plotting the values of
Ce against Ce/qge, described in Figure 4. In the
Langmuir isotherm, the value of R? was known to
be 0.2265. Meanwhile, in the BET isotherm, the
value of R? was known to be 0.3275 (Fig. 5).

Based on Figures 3 to 5, it was found that the
Freundlich isotherm was more linear compared to
the Langmuir and BET isotherms. This is indicated
by the higher R? value of the Freundlich isotherm
graph at 60 min. The Freundlich isotherm
suggested that the adsorbent attaches to a
heterogeneous surface, so the adsorbent adheres

J. Exp. Life Sci. Vol. 13 No. 3, 2023

to more than one surface layer (multilayer) [20].
This isotherm also suggested that adsorption on
each surface had different binding energies.

Figure 3. Freundlich isotherm of Coconut Shells Biochar
Adsorbent at Contact Time of 60 min.

ce/qe

5.00 4

0.00

Figure 4. Langmuir isotherm of Coconut Shells Biochar
Adsorbent at Contact Time of 60 min.

04 7

Figure 5. BET isotherm of Coconut Shells Biochar
Adsorbent at Contact Time of 60 min

CONCLUSION

The activation of coconut shell biochar at
500°C yields a higher fixed carbon content than at
350°C. It reached 80.4%. The highest removal
occurred at 60 min. The percentage removal
reached 76.95% with biochar activated at 500°C in
16 g of biochar. However, the highest removal
percentage was 88.15% in 16 g of biochar mass
activated at 350°C with the Freundlich isotherm
pattern.

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



Potency of Coconut Shell Biochar to Remediate lon Chromium
(Faris, et al.)

ACKNOWLEDGEMENT
The authors are grateful to the Direktorat Riset

dan

Pengabdian Masyarakat (DRPM) ITS trough

the Keilmuan Grant for funding this study with
Contract No. 1715/PKS/ITS/2023.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Hidayat, B. 2015. Remediasi tanah tercemar
logam berat dengan menggunakan biochar.
Jurnal Pertanian Tropik. 2(1). 51-61.

Almira, U., A. Sasmita., Isnaini. 2021.
Analisis kadar air, kadar abu, volatil dan fixed
carbon pada biochar cangkang sawit dengan
variasi suhu pirolisis. JOM FTEKNIK. 8(2).1-5.
Asmadi, E. Sutrisno, W. Oktiawan. 2019.
Pengurangan Chrom (Cr) dalam limbah cair
industri  kulit pada proses tannery
menggunakan senyawa alkali Ca(OH)., NaOH
dan NaHCOs3 (Studi Kasus PT. Trimulyo
Kencana Mas Semarang). Jurnal Air
Indonesia. 5(1). 41-54. DOI: 10.29122/jai.
v5il1.2431.

Giyatmi, Z.K., D. Melati. 2008. Reduction of
Cu, Cr, and Ag Levels in silver industry
wastewater in Kotagede after adsorption
with clay from the Godean Area. The 4%
National Seminar on Nuclear Technology HR.
Mutiara, R. 2021. Optimization of biochar
synthesis from modified cassava peel
(Manihot exculenta Crantz) with FesOas using
mass and time variations as adsorbents for
methylene blue waste. Thesis. Chemistry
Study Program, Faculty of Mathematics and
Natural Sciences, Universitas Islam Indonesia.
Yogyakarta.

Widiastuti, M.M.D., B. Lantang. 2017.
Pelatihan pembuatan biochar dari limbah
sekam padi menggunakan metode Retort
Kiln. Jurnal Ilmiah Pengabdian Kepada
Masyarakat. 3 (2). 129-135.

Nurfitriyani, A., E. Wardhani, M. Dirgawati.
2013. Penentuan efisiensi  penyisihan
kromium heksavalen (Cr®*) dengan adsorpsi
menggunakan tempurung kelapa secara
kontinyu. Reka Lingkungan. 2(1). 57-68.
Indonesian National Standard (SNI) 06-3730-
1995 - Technical Requirements of Activated
Carbon.

ASTM D 3173/ D 3173 M — 17A Method -
Standard test method for moisture in the
analysis sample of coal and coke.

ASTM D 3174-129 (2018) Method - Standard
test method for ash in the analysis sample of
coal and coke from coal.

J. Exp. Life Sci. Vol. 13 No. 3, 2023

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

188

ISO 562-2010 Method - Hard coal and coke
Determination of volatile matter

Laos, L.E., A. Selan. 2016. Pemanfaatan kulit
singkong sebagai bahan baku karbon aktif.
JIPF (Jurnal lImu Pendidikan Fisika). 1(1). 32-
36.

Saputri, C.A. 2020. Kapasitas adsorpsi serbuk
nata de coco (bacterial sellulose) terhadap
ion Pb?* menggunakan metode batch. Jurnal
Kimia. 14(1). 71-76. DOI: 10.24843/JCHEM.
2020.v14.i01.p12.

Ariyanto, E., D.D. Lestari, D. Kharismadewi.
2021. Analysis of the adsorption capacity and
kinetics of activated carbon from the shell of
ketapang towards methyl orange dye. Master
Thesis. Master's Program in Chemical
Engineering, Universitas Muhammadiyah
Palembang. Palembang.

Widayanti, I. Isa, L.O. Aman. 2012. Study of
the activation power of rice husk charcoal in
the process of cd metal adsorption. Thesis.
Department of Chemistry Education, Faculty
of Mathematics and Natural Sciences,
Universitas Negeri Gorontalo. Gorontalo.
Sa’diyah. K., C.E. Lusiani. 2022. Kualitas
karbon aktif kulit pisang kepok menggunakan
aktivator kimia dengan variasi konsentrasi
dan waktu aktivasi. Jurnal Teknik Kimia dan
Lingkungan. 6(1). 9-19. DOI: 10.33795/jtkl.
v6i1.259.

Syaugiah. I. M. Amalia., H. A. Kartini. 2011.
Analysis of variations in time and stirring
speed in the process of heavy metal waste
adsorption with activated carbon. Jurnal
Keilmuan dan Aplikasi Teknik. 12(1). 11-20.
Subarkhah, M.J., H.S. Titah. 2023. Remediasi
logam berat Pb dengan menggunakan
biochar sekam padi dan tongkol jagung.
Jurnal Sains dan Seni ITS. 12(1). F48-F53.
Suardana, I.N. 2008. Optimalisasi daya
adsorpsi zeolit terhadap ion kromium (lll).
Jurnal Penelitian dan Pengembangan Sains
dan Humaniora. 2(1). 17-33.

Triana, G.Y. 2015. Effect of activation and
dosage of rice husk adsorbent for methylene
blue from textile industry manufacturing.
Thesis. Department of Environmental
Engineering, Faculty of Civil, Planning and
Geo Engineering, Institut Teknologi Sepuluh
Nopember. Surabaya.

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



MANUSCRIPT SUBMISSION

FOCUS AND SCOPE

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

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

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

PEER REVIEW PROCESS

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

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

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

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

PUBLICATION FREQUENCY

JELS publish 2 Issues per year until 2017. JELS
started to publish 3 Issues per year since 2018.

OPEN ACCESS POLICY

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

COPYRIGHT NOTICE

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

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

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

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

PRIVACY STATEMENT

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

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

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


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




"

cereressnnnessssnnnneenses RUNNINE Title.oc e,

1

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

Conjunctive, Scientific name should not be Abbreviated
(Calibri 14 Bold Center, should not exceed 12 words, except conjuctive)

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

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

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

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

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

Justify).

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

|NTR0DUCTION*(CaIibri 10 Bold, Left, Capslock)

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

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

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

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

Correspondence address: (C2libri 8 Bold, Left)

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

Data Collection (Calibri 10 Bold, Left)

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

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

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

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

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



analysis and the results and discussion are not
separated.

Table

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

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

Table 1. Example of the Table (Calibri 8.5 Left)

No Point (Calibri 8.5 Justify) Description

A WN PR

5
Sources: Journal of PPSU

B (Calibri 8.5 Left)

Figures

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

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

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

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

height requirement is adjustable

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

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

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

e Figures title typed clearly below the figure.

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

e Figures were recommended in black and
white.

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

e Statistic graphic should be supplemented with
data sources.

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

height requirement is adjustable

width of 66mm, similar to column width

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

one column. Name the figure (diagram) written

below the image. (Calibri 8.5 Justify)

width of 137 mm, fit to right and left margins

Figure 2. . lllustration of Dimensional Figure of two column width. Figure dimension adjusted to the width of two columns (137

mm). Figure were align top or bottom of the page.

(Calibri 8.5 Justify)



“

References

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

2. Avoid self citation.

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

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

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

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

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

CONCLUSION (Calibri 10 Bold, Left, Capslock)

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

recommendations for future research.(Calibri 10
Justify)

ACKNOWLEDGEMENT (Calibri 10 Bold, Left, Capslock)

This section describes gratitude to those who

have helped in substance as well as financially.
(Calibri 10 Justify)

REFERENCES (Calibri 10 Bold, Left, Capslock)

[1].(Calibri 10 Justify, citation labelling by
references numbering)

[2].Vander, A., J. Sherman., D. Luciano. 2001.
Human Physiology: The Mecanisms of Body
Function. McGraw-Hill Higher Education. New
York. (Book)

[3].Shi, Z.,, M. Rifa’i, Y. Lee, K. Isobe, H. Suzuki.
2007. Importance of CD80/CD86-CD28
interaction in the recognation of target cells
by CD8*'CD122*regulatory T cells. Journal
Immunology. 124. 1:121-128. (Article in
Journal)

rerersnresessnneenesennss RUNNING Title...nenneecneeennee.

»

[4].Syafi’i, M., Hakim, L., dan Yanuwiyadi, B.
2010. Potential Analysis of Indigenous
Knowledge (IK) in Ngadas Village as Tourism
Attraction. pp. 217-234. In: Widodo, V.
Noviantari (eds.) Proceed-ing Basic Science
National Seminar 7 Vol.4. Universitas
Brawijaya, Malang. (Article within conference
proceeding)

[5].Dean, R.G. 1990. Freak waves: A possible
explanation. p. 1-65./nTorum, A., O.T.
Gudmestad (eds). Water wave kinetics. CRC
Press. New York. (Chapter in a Book)

[6].Astuti, A.M. 2008. The Effect of Water
Fraction of Stellaria sp. on the Content of
TNF-a in Mice (Mus musculus BALB-C). Thesis.
Department of Biology. University of
Brawijaya. Malang. (Thesis)



Address:
Building B, 1st Floor, Graduate Program Universitas Brawijaya
JI. Mayor Jenderal Haryono 169, Malang, 65145,
East Java, Indonesia
Tel.: (+62341) 571260; Fax: (+62341) 580801
Email: jels@ub.ac.id
Web: jels.ub.ac.id

Q7208

]

I

§28538




