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ABSTRACT:

Methylene blue (MB) dye is commonly used in the textile industry because of its low cost and abundance
properties. Nevertheless, the disposal of MB wastewater can cause environmental pollution and disrupt the
ecosystem life. To overcome this problem, biodecolorization by using microorganisms such as Pseudomonas
aeruginosa bacteria is one of the best methods for dye removal. P. aeruginosa can be immobilized on sodium
alginate-polyvinyl alcohol (SA-PVA) matrix to enhance its capability to decolorize dye. The SA and PVA are
well-known as good materials for immobilization. The beads of SA-PVA@P. aeruginosa used in this study
were prepared through a cross-linking process with CaClz and boric acid as the cross-linking agents. This study
aimed to investigate the effect of boric acid composition as additional cross-linking agent in SA-PVA matrix
on Pseudomonas aeruginosa’s ability to degrade MB through immobilization. The peaks of many constituents
of the beads existing in FTIR spectra indicated that the cross-linking process in the bead fabrication was
successfully done. The result showed that the most optimum percentage of MB decolorization by P. aeruginosa
immobilized in SA-PVA matrix was 86.252% which was obtained in the beads cross-linked by using CaCl.
and bhoric acid composition of 4:5, followed by 4:7 (83.619%), 4:3 (81.022%), 4:1 (79.212%), and 4:0
(77.140%). In addition, the temperature and time incubation study obtained that the most optimum MB
decolorization percentage was reached at 40 °C and 24 hours incubation time.

1. Introduction

biological methods [8]. Bioremediation is one of the

Environmental pollution in water bodies due to many
pollutants such as synthetic dye effluents, pesticides,
petroleum hydrocarbons, and heavy metals is a global
problem faced by many countries [1-4]. In textile
industry, methylene blue (MB) dye is commonly used
because of its low-cost and abundance properties. MB is
used as a dye for wool, silk, and cotton [5]. In the dyeing
process, 10-15% of dyes are discharged into the
environment in the form of wastewater [1].
Unfortunately, acute MB exposure can cause several
health risks, such as high blood pressure, increased heart
rate, gastrointestinal pain, dizziness, diarrhea, fever, and
nausea [6]. Meanwhile, MB might block incoming light
and reduce oxygen concentrations in the water so that it
causes disruption to aquatic ecosystem life [7].

There are some methods that have been used for treating
synthetic dye waste, including physical, chemical, and
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biological methods for decreasing dye pollutants in water
by using microorganisms, such as bacteria. Moreover,
this method is an efficient, sustainable, and relatively
inexpensive dye waste treatment [9, 10]. In
bioremediation, bacteria act as remediation or
degradation agents to change pollutant structures into
harmless metabolites [11].

Pseudomonas aeruginosa is one of microorganisms that
is capable to degrade aromatic compounds, including dye
[12]. A previous study reported that P. aeruginosa could
degrade methyl red dye at 40 °C with 64.69% of
decolorization percentage [13]. Due to the influence of
the decolorization performance of P. aeruginosa,
immobilization techniques on microorganisms can be
used. Compared with free cells, immobilization
technique has many advantages in terms of protecting
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microorganisms from toxic environment, also enhancing
the metabolic activity and reusability [14].

Sodium alginate (SA) is a natural polysaccharide that is
commonly used as cell immobilization matrix due to its
natural abundance, non-toxic, and biodegradable
properties [15]. Nevertheless, SA has low mechanical
stability which causes it to be easily crushed. SA can be
combined with polyvinyl alcohol (PVA) which is non-
toxic and has high mechanical strength. In this way, PVA
contributes to the durability and stability of the beads,
while SA improves the surface properties of the beads
and reduces the tendency to agglomerate [9].

The SA-PVA immobilized P. aeruginosa beads in this
study were prepared via the cross-linking method by
using CaCl, and boric acid as cross-linking agents.
Previous studies reported that the optimum composition
of cross-linking agents that used in the matrix
preparation could increase the mechanical stability and
the decolorization performance of biocomposite
materials [16]. Therefore, in this study, the different
compositions of boric acid as the additional cross-linking
agent with CaCl, in SA-PVA matrix for P. aeruginosa
immobilization on MB decolorization were studied. We
also investigate the factors influencing the optimal
conditions for the best cross-linking agent composition
used in the matrix.

2. Material And Methods
Chemicals

Chemicals used in the study were analytical grade
purchased from different companies. MB (MB,
C16H18N3SCI) dye was purchased from Merck, USA.
Nutrient agar (NA) and Luria Bertani (LB) broth were
bought from Merck, Germany. Immobilization materials
were using
Sodium alginate (SA) from Himedia, polyvinyl alcohol
(PVA), CaCl,, and boric acid bought from Merck,
Germany. Alcohol 70%, methanol, and demineralized
water were purchased from PT. Sumber llmiah Persada,
Indonesia.

Culture Preparation

P. aeruginosa cultures were obtained from the collection
of the Microbial Chemistry Laboratory, Department of
Chemistry, Institut Teknologi Sepuluh Nopember,
Indonesia. The stock culture of P. aeruginossa was
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regenerated on NA by streaking technique and incubated
at 37 °C for 24 hours. The colony was inoculated into 10
mL of LB broth media and pre-incubated at 37 °C for 24
hours with 140 rpm shaking condition. The culture was
then moved and incubated in 180 mL of LB broth media
until its stationary phase [17]. The prepared culture was
used for immobilization in SA-PVA matrix.

Immobilization of P. aeruginosa in SA-PVA Matrix

SA 2% (w/v) and PVA 4% (w/v) were mixed in
demineralized water until 100 mL and heated to 100 °C
in stirring condition with a magnetic stirrer. Afterwards,
the mixture was sterilized at 120 °C for 15 minutes in the
autoclave. The SA/PVA hydrogel was mixed by using a
homogenizer with 5 mL of the prepared bacterial
aqueous culture of P. aeruginosa. In the next steps, beads
were formed by dripping the hydrogel solution by using
a syringe into crosslinking agents (CacCl, : boric acid)
with compositions of 4:0, 4:1, 4:3, 4:5, and 4:7. The
beads were washed with sterile demineralized water.

Materials Characterization

SA-PVA with immobilized P. aeruginosa were
characterized with a Fourier Transform Infrared (FTIR,
Shimadzu 8400S) to determine their structural
properties. The

5 mLof

(\P- geruginosa. —

S
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SA_JVA 9 immobilized P. geruginosa Cross-llrlnk;pg agent
solution

Beadswashedwith | pgeqds has coated
sterile demineralized with cross-linking
water agent for 24 h
i

Beads SA-PVA ~ .~
immobilized P. aeruginosa
Fig 1. Schematic of cross-linking process in the bead’s
preparation

The functional groups that play a role in the
biodecolorization of MB in the beads used in this study
were analyzed for their adsorption at 400-4000 cm™.
Prior to analysis, the beads were crushed and formed into
tablet plates with KBr pellets.
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MB Decolorization

MB decolorization was experimented in 100 mL of
Erlenmeyer by using 3 g of beads and 10 mL of MB 50
mg/L. The treated solution was incubated at 37 °C for 24
hours with 140 rpm stirring condition. Afterwards, the
MB filtrate was separated through decantation and
centrifuged for 10 minutes at 2000 rpm. The supernatant
was decanted for analysis of decolorization percentage
by using UV-Vis’s spectrophotometer at 664 nm
wavelength. This experiment was performed in triplicate
(n=3). The percentage of decolorization was calculated
by using Equation 1,

Co— Ct

0

% decolorization = x 100%

)

where Cy is the concentration of control (MB 50 mg/L),
and C; is the concentration of MB after treated using
beads [18]. The treatment with the highest decolorization
percentage was used for further experiment.

Effect of Various Temperature and Time Incubation

The effect of temperature in MB decolorization was
studied at 25, 30, 35, 40, and 45 °C with initial MB
concentration of 50 mg/L and incubation time of 24
hours. In the other hand, the variation of incubation time
that used in this study was 6, 12, 18, 24, and 30 hours.
All the results were analyzed by UV-Vis’s
spectrophotometer. These experiments were performed
in triplicate (n=3).

3. Result And Discussion
Preparation of SA-PVA@P. aeruginosa Beads

In the fabrication process, SA-PVA@P. aeruginosa
beads are formed through a cross-linking method by
using various cross-linking agents. The illustration
scheme of the cross-linking process was depicted in Fig.
1. SA could be cross-linked by CaCl,, while PVA could
be cross-linked by boric acid. CaCl, as the cross-linking
agent exchanged Na*ions in SA with Ca?* ions so that a
coordination structure with the polyguluronate segment
of SA is formed [19, 20]. According to Zain et al. [21],
the polyguluronate residues in alginate bind more
effectively with Ca?* ions than the polymannuronate
residues. SA acted as a ligand by binding calcium ions to
itself. On the other hand, tetrahydroxyborate ions in the
boric acid cross-linked the alcohol groups of PVA. These
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linkages appear almost identical to chemical bonds,
except they are labile polar covalent interactions. They
are constantly and rapidly break and reform, resulting in
unusual intermediate solid and liquid properties [22].
Jozwiak et al. [16] reported that the use of the effective
cross-linking agent composition enhanced the efficiency
of dye decolorization and strength of the beads prepared.
Therefore, the composition of CaCl, and boric acid as the
cross-linking agent was studied.

The resulting beads of SA-PVA@P. aeruginosa from the
cross-linking process using CaCl, and boric acid have a
diameter of around 4 mm, white colour, smooth surface,
and no tails. Physically, the beads become sturdier with
the increasing concentration of boric acid added to the
cross-linking agent solution. The beads of SA-PVA@P.
aeruginosa is shown in Fig 2.

Fig 2. Beads of SA-PVA immobilized P. aeruginosa
MB Biodecolorization Test and Beads Characterization

MB concentration and the ability of SA-PVA@P.
aeruginosa beads to decolorize MB in this study were
analyzed by using a UV-Vis’s spectrophotometer. SA
and PVA could absorb pollutants due to the presence of
-COOH and -OH in the structure of SA and PVA,
respectively [14]. SA and PVA can also be used as
carbon and energy sources by immobilized bacteria [23].
Meanwhile, in the immobilized beads, P. aeruginosa
played a role not only in absorbing MB but also in
degrading it. It was because P. aeruginosa produces
several enzymes which can biotransform the structure of
pollutants to be more harmless [24].

The efficiency of MB decolorization by using SA-
PVA@P. aeruginosa beads in this study were
summarized in Table 1. SA-PVA@P. aeruginosa
aeruginosa beads prepared by the cross-linking process
using CaCl, and boric acid with the composition of 4:5
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have the highest MB decolorization percentage,
approximately 86.252%. It was followed by the CaCl;
and boric acid compositions of 4:7 (83.619%), 4:3
(81.022%), 4:1 (79.212%), and 4:0 (79.212%), and 4:0
(77.140%). The gap percentage of MB decolorization by
SA-PVA-P. aeruginosa beads with boric acid as the
additional cross-linking agent and without boric acid was
approximately 10.356%.

Beads, as an adsorbent, were designed to have a porous
structure with a negatively charged surface so that it
could absorb more cationic dye, such as MB. Meanwhile,
boric acid as an additional cross-linking agent acted to
enhance the mechanical stability of the beads due to the
decolorization process and contributed more active sites
in the beads to bind MB. SA-PVA matrix are also used
as a protector for P. aeruginosa bacteria so that its
enzymatic activity in eliminating MB becomes more
optimal [25]. Pseudomonas is a ligninolytic enzyme-
producing bacteria whose role is to break down the lignin
structure. This enzyme can break down dyes that have a
compound structure like lignin, such as MB [23]. Like
other dye-degrading bacteria, P. aeruginosa is known to
be able to produce manganese peroxidase (MnP),
laccase, oxygenase, N-demethylase, lipase, and lignin
peroxidase (LiP), which are the main factors of the
lignin-degrading enzyme system [11, 12].

FTIR spectra characterization of SA-PVA@P.
aeruginosa beads by using boric acid as the additional
cross-linking agent and CaCl; in this study was depicted
in Fig 1. The beads have broad peaks around 3210 cm',
which were ascribed from the O-H stretching vibrations
of SA and PVA as matrix constituents [27]. The PVA
band of aliphatic stretching C-H vibration appeared at
2950 cm™ [9]. The bands at 1624 and 1420 cm™ might be
attributed to the asymmetrical and symmetrical
stretching of C=0 vibrations, respectively [28]. The
bands at 1193 and 1112 cm™ indicated the stretching
vibration of asymmetrical and symmetrical aliphatic C-
0. Meanwhile, O-H bending was obtained at 1331 cm!
[29].

Regarding boric acid which was used as additional cross-
linking agent in beads preparation, the boric acid peak
appeared at 1420 and 637 cm* due to B-O stretching and
0O-B-O bending vibrations, indicating that the cross-
linking process was successfully done. In addition, a
peak at 1288 cm™ has been attributed to the asymmetrical
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stretching of B-O-C vibrations [20, 21]. These three
peaks confirmed the reaction of boric acid with the
hydroxyl group of PVA in SA-PVA@P. aeruginosa
beads.

Table 1. MB decolorization by using SA-PVA@P.
aeruginosa beads with different cross-linking agents

CaCl,: boric Final Concentration Decolorizati

acid (Y%ow/v)  of MB (mg/L) on (%)

4:0 11.472 +0.236 77.140 + 0.689

4:1 10.433 £ 0.215 79.212 + 0.539

4:3 9.526 +0.118 81.022 £0.128

4:5 6.276 + 0.150 86.252 + 0.442

4:7 8.222 + 0.087 83.619 + 0.065
[—— SA-PVA@PA (before)
—— SA-PVA@PA (after)
——MB
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Fig 3. FTIR spectra of SA-PVA@P. aeruginosa

The SA-PVA@P. aeruginosa beads after MB
decolorization showed no significant differences in FTIR
spectra with the beads before decolorization (Fig. 3). The
peaks at 3290 cm! indicated the stretching vibration of
hydroxyl group which overlapped with the stretching
vibration of the secondary amine group [28]. The strong
peak at 1600 cm? indicated the asymmetrical C-O
stretching vibration which overlapped with the C=C
stretching vibration of MB structure [9, 30].
Furthermore, the new peak at 814 cm™ was attributed as
the bending vibration of C-N [31].

Effect of Temperature and Incubation Time on MB
Decolorization

Since SA-PVA@P. aeruginosa beads prepared with
CaCl; and boric acid compositions of 4.5 as cross-linking
agents had the most optimum percentage of MB
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decolorization, thus that beads have been chosen for
further analysis of the temperature and incubation time
effect. The temperature variations used in this study were
25, 30, 35, 40, and 45 °C referring to the optimum
temperature range used for P. aeruginosa. The MB
decolorization results which were influenced by various
incubation temperatures were summarized in Table 2.

Table 2. The effect of temperature on MB
decolorization by using SA-PVA@P. aeruginosa beads
cross-linked by CaCl, : boric acid (4:5)

Table 3. The effect of incubation time on MB
decolorization by using SA-PVA@P. aeruginosa beads
with CaCly: boric acid (4:5)

Incubation  Final Concentration o
Decolorization (%)

Time (h) of MB (mg/L)

6 23.509 + 0.260 53.162 + 0.328
12 17.009 £ 0.182 66.112 + 0.408
18 10.886 + 0.164 78.308 £ 0.516
24 6.993 + 0.075 86.067 + 0.209
30 6.904 + 0.204 86.268 + 0.439

Temperatu  Final Concentration Decolorization

re (°C) of MB (mg/L) (%)

25 13.834 £ 0.229 72.434 + 0.660
30 11.680 £ 0.215 76.726 + 0.642
35 9.526 + 0.033 81.020 £ 0.260
40 6.275 + 0.059 87.449 +0.114
45 16.121 £ 0.229 67.883 £ 0.180

The highest MB decolorization percentage by SA-
PVA@P. aeruginosa beads in this study was obtained at
40 °C followed by 35, 30, 25, and 45 °C. The metabolic
activity of microorganisms such as P. aeruginosa
bacteria in degrading dye pollutants was affected by
temperature. Each enzyme produced by bacteria has
varying characters depending on the type of microbes
[31]. At a too low temperature, the enzymes become
inactive so that the biodecolorization efficiency will be
inhibited, whereas at a too high temperature the enzyme
is denatured so that the decolorization capacity will be
decreased [33].

In addition, the incubation time effect on MB
decolorization by using SA-PVA@P. aeuginosa was
study at 6, 12, 18, 24, and 30 hours. Initial MB
concentration was 50 mg/L with 40 °C incubation
temperature at 120 rpm stirring condition. Table 3
showed that at 6 hours until 24 hours incubation times,
MB decolorization process was increased along with the
decreasing of the concentration. At 30 hours incubation
time, the final concentration was a little bit lower than 24
hours incubation. It could be suggested that 24 hours was
the optimum incubation time for this experiment.
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4. Conclusion

The different composition of CaCl, and boric acid as
cross-linking agents in SA-PVA immobilized P.
aeruginosa beads for MB decolorization was
investigated. The CaCl, and boric acid of 4:5 had the
highest MB decolorization among others, which was
approximately 86.252%. The optimum incubation
temperature was obtained at 40 °C for 24 hours
incubation time.
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