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Abstract: In this study, the Metanil Yellow (MY) decolorizing mixed culture, namely FN3, has been
isolated from agriculture soil. The mixed culture was immobilized using gellan gum. In order to
optimize the immobilization process for maximal dye decolorization, Response Surface Methodology
(RSM) was performed. The optimal conditions for immobilization predicted by desirability function
are 130 mg/L of MY dye concentration, 1.478% of gellan gum concentration, 50 beads and 0.6 cm
of beads size with the percentage of decolorization of 90.378%. The correlation coefficients of
the model (R? and R? adj) are 0.9767 and 0.9533, respectively. This indicates that the established
model is suitable to predict the effectiveness of dye decolorization under the investigated condition.
The immobilized beads of mixed culture FN3 were able to be reused up to 15 batches of decolorization.
The immobilized cells also have high tolerance towards heavy metals. This was proven by higher
dye decolorization rate by the immobilized cells even with the addition of heavy metals in the
media. The decolorization potential of the mixed culture indicates that it could be useful for future
bioremediation of soil contaminated sites and treatment solutions of water bodies polluted with
MY dye.

Keywords: immobilization; mixed culture; Metanil Yellow; response surface methodology

1. Introduction

Azo dyes are extensively used in various industries such as textile industry,
food, paper-making and cosmetic industries [1,2]. With the growing demand of the textile
industry, approximately 40,000 different dyes and pigments are being use and 2000 azo
dyes are currently in use. The production of azo dyes annually worldwide is around
7 x 10° tonnes [3]. Azo dyes are highly water-soluble. They include one or more azo (-N=N-)
groups and sulfonic (SO?~) groups [4]. Due to the dyeing process, the textile industry
releases an enormous amount of wastewater into the environment. Typically, about 10-15%
of the dye is lost in effluents, since they do not bind to the fibres [5]. This has led to
water pollution.

Metanil Yellow (MY) (3-(4-Anilinophenylazo) benzene sulfonic acid sodium salt is a
type of acidic azo dyes [6]. MY is commonly used as soap colouring, spirit lacquer, shoe pol-
ish, bloom sheep dip, for preparation of food stains, leather dyeing, for manufacturing of
pigment lakes and paper staining [7]. MY is categorized as nonpermitted food colourants.
It is widely used as alimentary dye adulterant in India [8]. However, it was found out
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later that MY is carcinogenic. From the toxicity investigation data, it is known that when
MY is fed to the animals, it produces testicular lesions leading a decrease in the rate of
spermatogenesis [7]. According to Saratale (2009), exposure to the dyes leads to potential
health hazards such as asthma, rhinitis and dermatitis. Apart from the health hazards
to human health, azo dyes also affect the ecosystems. When the wastewater effluents
are being discharged into the open water sources, it affects the photosynthetic activity of
aquatic organisms [9] and the dissolved dyes may also affect the aquatic organisms as it
may be toxic to them due to their breakdown products [10].

Researchers are finding various ways of removing dyes from wastewater. As they are
relatively resistant to biodegradation, the elimination of coloured effluents in wastewater
treatment systems is mainly based on physical or chemical procedures such as adsorp-
tion, concentration, chemical transformation and incineration [11]. However, these meth-
ods are high-energy costs, high sludge production and formation of byproducts [12].
Therefore, biological methods for removing dyes need to be developed. The advantages of
these methods is that they are environmental-friendly, economical and cost-competitive [13].
Biodegradation by different microorganisms appears to be an attractive alternative by using
microorganisms as dye decolorizing agent [14].

Generally, degradation and decolorization of azo dye by bacteria proceeds in two
stages. The first stage involves reductive cleavage of the dyes” azo linkages, resulting in the
formation of generally colourless but potentially hazardous aromatic amines. The second
stage involves the degradation of the aromatic amines [15]. Reductive cleavage of the
(-N=N-) bond is the initial step of the bacterial degradation of azo dyes. It can occur
by different types of mechanisms such as through enzymes which are azoreductase and
laccase enzymes, low molecular weight redox mediators, chemical reduction by biogenic
reductants like sulfide or a combination of all of these [14]. The use of enzymes is beneficial
according to substrate specificity and may be effectively used in textile water pretreatment.
During azoreductase enzymatic dye degradation, azo bond (-N=N-) is being cleaved by the
enzyme and four electrons are transferred as reducing equivalent. In each stage, two elec-
trons transfer to the azo dye which is the electron acceptor and decolorization happened
when the colourless solution is formed. The resulting intermediate is toxic aromatic amine
which is later degraded by the aerobic process or sometimes microaerophilically [4].

It has been reported that bacterial dye decolorization and degradation can occur
by a pure culture of bacteria and also by mixed culture of bacteria. According to the
previous study, it has been reported that mixed bacterial culture can give a better degrada-
tion rate than the individual strain. Individual species have limited metabolic capability
to mineralize dye completely and in many cases it has been observed that mainly due
to lack of catabolic pathway, aromatic amines are not further degraded. Catabolic and
synthrophic interactions of indigenous species lead to the complete degradation of azo
dyes [16]. Azo dyes are not readily metabolized under aerobic conditions, and as a
result of metabolic pathways, it degraded into intermediate compounds but not miner-
alized. It can be completely degraded under coupled aerobic, anaerobic degradation.
Therefore, coupled anaerobic treatment followed by aerobic treatment can be an efficient
and effective degradation method of azo dyes.

Immobilization of bacteria is studied extensively as it offers many advantages in the
bioremediation field. There are many ways to immobilize the bacteria such as entrap-
ment, adsorption, encapsulation and crosslinking [17]. Entrapment and encapsulation
are considered as some of the preferred methods of immobilization. By immobiliza-
tion, it prevents cell washout and maintains a high density of bacterial cells in bioreactor.
Aside from that, the catalytic stability of bacteria is also improved compared to free cells [18].
Immobilization of whole cells also provides a conducive microenvironment for bacterial
cells [19] and the entrapped cells can better tolerate various environmental stresses [20].
There are various immobilization matrices available. One of them is gellan gum.
Gellan gum is said to be a premium natural polymer for encapsulation of active mi-
croorganisms. Gellan gum gel has better rheological characteristics compared to agar and
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carrageenan gels at equivalent concentrations [21]. Besides that, the gels are stable in a
wide range of pH which is from pH 2-10 [21,22]. The interaction between gellan gums and
ions is nonspecific, making the gels able to interact with a wide variety of cations. This is
unlikely with other ion-sensitive gelling polysaccharides such as alginate [21].

Conventional method of optimization which is “one factor at a time” (OFAT) approach,
is laborious, time consuming and incomplete. It involves varying a single independent
variable while the other variables are maintained at a constant level. Thus, response surface
methodology (RSM) using Central Composite Design (CCD) and Box—-Behnken design
(as factorial experimental design) which involves full factorial search by examining the
simultaneous, systematic and efficient variation of important components is applied to
model the decolorization process, identify possible interactions, higher-order effects and
determine the optimum operational conditions [23]. RSM is a collection of statistical
and mathematical techniques that are useful for developing, improving and optimizing
processes. In this study, decolorization of MY by newly isolated mixed culture from agricul-
tural soil namely FN3 is optimized by a statistical study of Response Surface Methodology
(RSM) for optimum decolorization. Box Behnken design matrix is chosen for optimization.
The isolated mixed culture is then immobilized using gellan gum. Mixed bacterial culture
FN3 consists of bacteria mostly from Bacillus sp and yeasts [24]. The immobilized cells are
tested with addition of 1 mg/L of various heavy metals to investigate the significant effects
to the dye decolorization. Reusability of the immobilized cells are also being tested in this
study. To the best of our knowledge, no study has reported on the immobilization of mixed
culture using gellan gum to decolorize MY dye. From the previous study, many works
reported on the use of pure culture of bacteria instead of the mixed culture of bacteria,
as reported in this study.

2. Materials and Methods
2.1. Cultivation of Mixed Culture FN3

The MY decolorizing mixed culture FN3 from an in-house culture collection was pro-
vided by the Department of Land Management at University Putra Malaysia [24]. The mixed
culture was cultured in minimal salt medium (MSM) that contained (g/L): glucose, 10;
(NH4);504, 0.4; KHpPOy, 0.2; KoHPOy, 0.4; NaCl, 0.1; Na2MoOy4-2H,0, 0.01; MgSO4-H,0,
0.1; MnSO4.H,0, 0.01; Fe(SO4)3-H,0, 0.01; yeast extract, 1.0 and supplemented with 50 mg/L
of MY dye (Sigma-Aldrich, St Louis, MO, USA, 70% purity).

2.2. Immobilization of the Mixed Culture Using Gellan Gum

For the immobilization part, the mixed culture FN3 was grown on a large scale in
minimal salt medium (MSM) supplemented with 50 mg/L of MY dye. The medium
also contained (g/L): glucose, 10; (NH4),50y4, 0.4; KHyPOy, 0.2; K;HPOy, 0.4; NaCl, 0.1;
NayMyOy, 0.01; MgSO4-H,O, 0.1; MnSO4-H; 0, 0.01; Fe(SO4)3-H0, 0.01; yeast extract, 1.0.
The 5 L conical flask containing 3 L sterile MSM (pH 7.097) supplemented with 50 mg/L
of MY dye was set up. A sterile glass-fibre syringe filter with 0.45 um pores was used to
filter microorganism from the incoming air provided by an oxygen pump. The pump was
used to enhance the aeration in the flask and speed up the growth of the mixed culture.
300 mL of the selected mixed culture was cultured in 3 L MSM (pH 7.097) in 5 L scale-up
set. After two days of incubation, the culture was centrifuged at 15,000 x g for 10 min using
a high-speed centrifuge (Beckman Coulter, Brea, CA, USA). The pellet was collected and
immobilized using gellan gum for the cell immobilization study.

A method for the production of gellan gum beads, as proposed by Moslemy et al.
(2003) with some small changes, was used. A 0.75% (w/v) of dispersed gellan gum was first
dissolved in 55 mL of distilled water by continuously heating to 75-80 °C. The mixture
was continuously stirred to prevent the clumping of gellan gum. Next, its pH was adjusted
to 7 with 0.1 M NaOH. For microbial encapsulation, 5.25 g wet weight of microbial cells
was dispersed in 150 mL gellan gum solution before emulsification. The mixture was then
stirred for 1 min and emulsified dropwise using pipette through 2 mm diameter tips into
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2% of CaCly. The gellan gum droplets immediately gelled in the CaCl, solution. The beads
were then kept in the CaCl, solution for one hour before being transferred to sterile distilled
water. The beads were kept overnight in distilled water at 4 °C before being harvested by
filtration. These beads were used for the MY dye decolorization after being washed with
sterile distilled water and beads containing no cells served as the control [25].

2.3. Optimization of Immobilized Beads Using RSM

Response surface methodology acts as a modelling technique in determining the
optimum conditions in a multivariable system and to evaluate the relationship between
controllable experimental factors and observed results [26]. In the optimisation of the
medium for optimum MY dye decolorization, Box-Behnken design was chosen as the
experimental matrix. The significant parameters involved were dye concentration (A),
gellan gum concentration (B), number of beads (C) and beads size (D) with the percentage
of dye decolorization as the response. The design of the experiment and the statistical
analysis of the data was conducted using Design Expert software, 6.0.10; Stat-Ease Inc,
Minneapolis, USA [27] with a total number of 29 runs. The results were analysed using
Design Expert add-ons program including ANOVA to find out the interaction between the
variables and the response.

The quality of the fit of this model was expressed by the coefficient of determination
(R?) in the same program. To start the experiment, the immobilized cells were prepared
according to the runs predicted by RSM. The immobilized mixed culture beads were grown
in MSM supplemented with MY dye in conical flasks and incubated on a rotary shaker
(120 rpm) for 24 h. After 24 h, the percentage of dye decolorization was calculated using
the formula as stated above.

2.4. Metabolites Analysis Using High-Performance Liquid Chromatography (HPLC)

The metabolites of the degraded Metanil Yellow were extracted three times using ethyl
acetate. Firstly, the minimal salt media supplemented with 50 mg/L of MY was degraded
with mixed culture FN3 for 24 h at 120 rpm rotary incubator. After 24 h, the culture broth
was centrifuged at 12,000 rpm for 15 min. The metabolites were extracted from the clear
supernatant with an equal volume of ethyl acetate. The mixture was vigorously mixed
in order to dissolve the metabolites. The organic layer was then separated. The extracts
were dried over anhydrous Na;SO, and evaporated to dryness using a rotary evaporator.
The crystals obtained were dissolved in HPLC grade methanol for further analysis of
HPLC and FTIR [28,29]. HPLC analysis of the control dye, 50 mg/L of Metanil Yellow
and the ethyl acetate extracts were performed using Waters 2690 instrument, Milfrd, USA,
equipped with C;g column having symmetry of 250 x 4.6 mm. Methanol was used as the
mobile phase with a flow rate of 1.0 mL/min for 15 min and UV detector at 434 nm [30].

2.5. Metabolites Analysis Using Fourier-Transform Infrared Spectroscopy (FTIR)

The metabolites of the degraded dye were extracted using ethyl acetate. The FTIR anal-
ysis of the metabolites was carried out on Thermo Nicolet 6700 instrument and compared
with a control dye, 50 mg/L of Metanil Yellow dye in the mid-IR region of 4004000 cm~*
with eight scan speed. The samples were mixed with spectroscopically pure KBr in the
ratio of 5:95, pellets were fixed in the sample holder and the analysis was carried out [31].

2.6. Reusability of the Immobilized Beads

The reusability test of the immobilized beads is a critical process in bioremediation.
This test was used to determine the ability of immobilized cells for Metanil Yellow dye de-
colorization after completing one decolorization cycle. The incubation of immobilized cells
for 24 h was calculated as one cycle. The microbial beads were prepared according to the
optimised parameters obtained from RSM; gellan gum concentration: 1.478%, beads num-
ber: 50 beads and beads size: 0.6 cm. The microbial beads and minimal salt media with
50 mg/L of Metanil Yellow dye were prepared in 50 mL liquid phase. The microbial beads
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were incubated overnight at 120 rpm rotary shaker at room temperature. After 24 h of
incubation, 1 mL of the culture was withdrawn aseptically and centrifuged at 10,000 x g
for 10 min. The supernatant was measured at 434 nm wavelength and the percentage of
decolorization was calculated. After the first cycle of decolorization, the beads were filtered
from the growth medium and then washed with sterile distilled water. Next, the filtered
microbial beads were incubated in the fresh MSM supplemented with 50 mg/L of MY dye.
The process was repeated until no more dye decolorization was observed.

2.7. Scanning Electron Microscopy (SEM) of Immobilized Mixed Culture FN3

For scanning electron microscopy of the dye degrading mixed culture, the gel beads
were firstly fixated with 2.5% (w/v) of glutaraldehyde solution overnight. After that,
the dehydration process was performed. The dehydration started with increasing acetone
concentration (35%, 50%, 75%, 95% and 100%). The gel beads were dehydrated subse-
quently to remove the remaining water. The dehydrated gel beads were then dried under
critical conditions in a CO, atmosphere. The dehydrated gel beads were then cut in half
using sterile scalpel before being coated with gold and examined under the scanning
electron microscope [32].

2.8. Effects of Heavy Metal Ions on Dye Decolorization of Immobilised Cells

In this study, the effect of heavy metals on the dye decolorization for immobilised
cells was also carried out. MSM was separately supplied with one ppm of heavy metals
consisting of copper (Cu), arsenic (As), zinc (Zn), chromium (Cr), nickel (Ni), silver (Ag),
lead (Pb) and mercury (Hg). The immobilised cells were prepared based on optimum
conditions that previously obtained from RSM. The MY dye concentration used was
50 mg/L. The immobilised beads were incubated at 120 rpm on a rotary shaker at room
temperature. The microbial beads without heavy metals served as controls. After 24 h of
incubation, 1 mL of the culture was withdrawn aseptically and centrifuged at 10,000 g
for 10 min. The supernatant was measured at 434 nm wavelength and the percentage of
dye decolorization was calculated after that. The studies were performed in duplicates.

3. Results and Discussions
3.1. Optimization of Immobilized Beads Using RSM

This study focused on the combined effects of four significant variables for the de-
colorization of MY dye by mixed culture FN3. In order to optimize the process variables
for maximal dye decolorization, 29 experimental runs were conducted. Table 1 shows the
experimental and response results together with the response predicted by RSM. The trial
run 12 showed the highest dye decolorization which is 94.37%. The maximal and minimal
dye decolorization was observed at run 12 and run 7, respectively, as shown in Table 1.
There are few studies that studied favourable conditions for Metanil Yellow dye decol-
orization. Microorganisms that able to decolorize Metanil Yellow dye with favourable
conditions have been listed in Table 2.

ANOVA is a measurable investigation that is part of the analysis in Response Surface
Methodology (RSM). It has been applied to identify the contrast between at least two
groups that change in an experiment and is typically used to show that there is a significant
outcome from the experiment. Along these lines, ANOVA was utilized to evaluate the
significance of the model compared with the experimental values [37]. Table 3 showed
the analysis of variance (ANOVA) of the regression parameters of the predicted response
surface quadratic model for dye decolorization. The regression model was given as follows:

Decolorization = 17.04 — 43.14* A — 6.08*B+1.07*C+0.17*D — 0.87* AB — 0.76 * AC —
255* AD +243*BC +4.97*BD + 3.15* CD + 23.7 * AZ + 6.01 * B2 + 5.06 * C2 + 7.77 * D?
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Table 1. The Box-Behnken design for the four independent variables on dye decolorization in actual and predicted values.

R A: Dye Concen- B: Gellan G.um C: Number of D: Beads Size Decolorization Pred1ctefi R.SM
un ; Concentration Decolorization
tration(mg/L) (%) Beads (cm) (%) %)
1 225 0.750 50 0.45 33.12 32.82
2 225 0.750 10 0.45 45.80 35.55
3 350 1.125 30 0.30 10.75 7.74
4 100 1.125 30 0.30 88.23 88.93
5 225 1.500 30 0.60 34.31 29.87
6 225 1.125 30 0.45 17.27 17.04
7 350 1.500 30 0.45 0.00 —3.35
8 225 1.125 30 0.45 12.40 17.04
9 100 1.125 10 0.45 89.36 87.11
10 225 1.500 10 0.45 19.53 18.52
11 225 1.125 50 0.3 35.38 27.61
12 100 1.125 30 0.6 92.67 94.37
13 225 1.125 10 0.6 15.26 25.82
14 225 0.750 30 0.6 38.00 32.10
15 225 1.500 30 0.3 15.18 19.59
16 225 1.125 50 0.6 34.16 34.25
17 225 0.750 30 0.3 38.73 41.69
18 350 1.125 30 0.6 5.00 2.99
19 100 0.750 30 0.45 88.96 95.10
20 350 1.125 50 0.45 2.20 2.96
21 350 1.125 10 0.45 2.10 2.35
22 225 1.125 30 0.45 21.40 17.04
23 225 1.125 30 0.45 16.53 17.04
24 225 1.500 50 0.45 16.57 25.52
25 225 1.125 30 0.45 17.59 17.04
26 100 1.500 30 0.45 89.23 84.67
27 225 1.125 10 0.3 29.07 31.77
28 350 0.75 30 0.45 3.20 10.55
29 100 1.125 50 0.45 92.50 90.77

Table 2. Lists of microorganisms that are able to decolorize Metanil Yellow (MY) dye with the
favourable conditions.

Optimal pH and . Dye
. . Optimal C .
Microorganisms Temperature for Source Concentration References
Reduction Tested (mg/L)
Vibrio harveyi TEMS1 20 °C Glucose 100 [33]
Bacillus sp AK1 7.2 Metanil 200 7]
Lysinibacillus sp AK2 37°C Yellow
Unknown local
isolates (NII and - Glucose 50 [34]
RHG)
Oenococcus oeni 7.0
MI34 30°C Glucose 1000 [35]
) . 6.3
Bacillus sp Neni-10 34°C Glucose 150 [36]

The predicted response fitted well with those of the experimentally obtained response.
The adequate approximation of the selected model was measured by applying the diag-
nostic plots available in the Design-Expert version 6.0.10 software, namely the externally
studentized residuals plotted against the normal probability, predicted versus studentized
residuals, runs versus studentized residuals and actual responses versus the predicted
response values.
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Figure 1a showed that the externally studentized residuals plotted against the nor-
mal probability yielded a straight line showing normal distribution of the experimental
data. As shown in Figure 1b, the predicted versus externally studentized residual runs
versus externally studentized residuals and actual responses versus predicted responses,
respectively, lie below the interval +4.00 indicating that the approximation of the model
was good with no data error. Figure 1d illustrated the actual responses plotted against the
predicted responses value which fit each other with correlation coefficients (R and R? adj)
of 0.9767 and 0.9533, respectively for dye decolorization. Therefore, the developed model
was suitable for predicting the efficiency of dye decolorization under the investigated
conditions [38]. Table 2 depicted that the F value of the model is 41.84 with a low proba-
bility value (p < 0.001), indicating that the model was significant for dye decolorization.
On the other hand, the value of p less than 0.0001 is statistically significant for the quadratic
equation of the model [39].

Normal Plot of Residuals Residuals vs. Predicted

200 [E}

200

Normal % Probability
g 8 3
L}
Externally Studentized Residuals
=
o
L]
R ]
o e
o
m
=
[

T T T T T T T 20 0 20 40 60 80 100

T
400 300 200

400 000 100 200

Externally Studentized Residuals

300

Predicted

Predicted vs. Actual

Residuals vs. Run d

mn/\_mvff\ﬁ v AN ]
wavv i

Predicted

Extemally Studentized Residuals

Run Number

Figure 1. Diagnostic plots showing (a) the externally studentized residuals plotted against the normal
probability, (b) the predicted versus the externally studentized residuals, (c) the run number versus
externally studentized residuals, (d) the actual responses versus the predicted responses.

Values of p > F less than 0.0500 indicated that the model terms were significant while
values higher than 0.1000 indicated that the model terms were not significant. The lack
of fit for the F test (5.8) was statistically insignificant, implying that the model fitted the
data. The nonsignificant value of lack of fit (>0.05) revealed that the quadratic model was
statistically significant for the response and, therefore, it can be used for further analysis.
The goodness of fit of the model was checked using the determination coefficient (R?).
In this case, the value of R? was 0.9767 and the value of adjusted R? was 0.9533 which
was in reasonable agreement with the predicted R? (0.8719), indicating that the model
was adequate for predicting the dye decolorization with any combination values of the
variables. The R? value close to 1.00 showed that the model was sufficiently strong in
its prediction [40].
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Table 3. Analysis of variance (ANOVA) for the fitted quadratic polynomial order for optimization of dye decolorization of

Metanil Yellow dye by immobilized cells of mixed culture FN3.

ANOVA for Response Surface Quadratic Model

Analysis of Variance Table [Partial Sum of Squares—Type III]

p-Value
Source Sum of Squares df Mean Square F Value Prob > F
Model 26,709.35 14 1907.81 41.84 <0.0001 significant
A: Dye concentration 22,334.7 1 22,334.7 489.87 <0.0001
B: Gellan Gum Concentration 444 .07 1 444.07 9.74 0.0075
C: Number of beads 13.67 1 13.67 0.3 0.5927
D: Beads size 0.35 1 0.35 7.7573 0.9311
AB 3 1 3 0.066 0.8014
AC 2.31 1 2.31 0.051 0.8252
AD 25.94 1 25.94 0.57 0.4632
BC 23.64 1 23.64 0.52 0.4833
BD 98.62 1 98.62 2.16 0.1635
CD 39.62 1 39.62 0.87 0.367
A? 3643.94 1 3643.94 79.92 <0.0001
B2 233.92 1 233.92 5.13 0.0399
C? 165.93 1 165.93 3.64 0.0772
D2 391.46 1 391.46 8.59 0.011
Residual 638.3 14 45.59
Lack of fit 597.15 10 59.71 5.8 0.0524 Not significant
Pure Error 41.15 4 10.29
Cor Total 27347.66 28

3.2. Determination and Validation of Optimal Conditions

The maximal decolorization was accomplished by the desirability function technique.
This technique incorporates the wants and needs for every one of the factors to construct a
system for deciding the connection between the anticipated colour decolorization for every
factor and the desirability of the reactions. The optimal conditions predicted by RSM were
as follows: 130 mg/L of dye concentration, 1.478% of gellan gum concentration, 50 beads
and 0.600 cm of beads size, which resulted in an overall 90.378% of dye decolorization
with desirability value of 1 (Table 4). Figure 2 showed the immobilized mixed culture
beads using gellan gum after optimization process. To verify this optimal condition,
a validation experiment was performed according to the predicted condition obtained.
The experimental result was compared with the given predicted value by measuring the
deviation between both values. Verification experiments were performed at the predicted
conditions, indicating the validity and adequacy of the predicted models. The results
obtained through the validation of the experiment indicate the suitability of the developed
quadratic models, and it may be noted that these optimal values are valid within the
specified range of process parameters.

Table 4. The optimum conditions obtained by using the desirability function technique.

Dye Concentration Gellan Gum Number of . PPN g
(mg/L) Concentration (%) Beads Beads Size (cm)  Decolorization (%) Desirability
130 1.478 50 0.600 90.378 1
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Figure 2. The immobilized mixed culture beads using gellan gum.

3.3. Response Surface Plots of the Affecting Parameters

The surface response of quadratic models was applied to visualize the effects of each
experimental parameter with two parameters maintained at the optimal value and the
other two varying within the experimental ranges as depicted in Figure 3. The three-
dimensional response surface plots are the graphical representations of the regression
equation. The main goal of the response surface is to track efficiently for the optimum
values of the variables such that the response is maximized. By analysing the plots,
the best response range can be calculated. Figure 3a showed the 3D surface response of
the interaction effect of the dye concentration and gellan gum concentration. The dye
decolorization increased when the gellan gum and dye concentration were low. This gave a
brief view that with the increasing concentration of gellan gum, the dye decolorization was
affected. Optimum gelling gum concentration is needed as it is in charge of the mechanical
power of the beads and the efficiency of the beads on decolorizing the dye.

Figure 3b showed the 3D surface response of the interaction effect of the number of
beads and dye concentration. The dye decolorization increased when low dye concentration
and high number of beads are used. By increasing the number of beads, this means more
cell loading is used. This will in turn increase the capability of the beads to decolorize
the dye. Figure 3c showed the interaction effect of bead size and dye concentration.
The dye decolorization increased when low dye concentration and low bead size are
used. The optimum bead size used is 0.6 cm. Small bead size indicates that surface
area is small and this increases the biodegradation process [41]. Figure 3d showed the
interaction between the gellan gum concentration and the number of beads. The highest dye
decolorization was recorded when the low number of beads and gellan gum concentration
were used. Figure 3e showed the interaction between the beads size and the gellan gum
concentration. Low number of beads size and gellan gum concentration gave the highest
dye decolorization. In Figure 3f, the interaction was between beads size and the number
of beads. The optimum bead size, 0.6 cm with high number of beads, gave the highest
dye decolorization.
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40 C: Number of Beads

054
D: Beads Size (cm) 06 50

(e) ()

Figure 3. 3D plot and contour plot showing (a) the effects of dye concentration and gellan gum
concentration, (b) the effects of dye concentration and number of beads, (c) the effects of dye
concentration and beads size, (d) the effects of gellan gum concentration and number of beads,
(e) the effects of gellan gum concentration and beads size, (f) the effects of number of beads and
beads size.

3.4. Analysis of High Performance Liquid Chromatography (HPLC) and Fourier-Transform
Infrared Spectroscopy (FTIR)

The HPLC analysis of Metanil Yellow dye (control) at 50 mg/L showed that two peaks
appeared at retention time of 2.40 min and 2.60 min indicating that Metanil Yellow dye is
not 100% pure (Figure 4). After the dye decolorization process, the disappearance of the
peaks was seen in the case of controlled dye and formation of completely different peaks
at retention time of 2.20 min, 2.30 min, 2.50 min and 2.70 min were observed in Figure 5.
The appearance of new peaks in the decolorized dye products and disappearance of peaks
in control dye support the Metanil Yellow dye decolorization by the mixed culture [28].
It is not confirmed whether the metabolite or the breakdown product formed is a low
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molecular weight nontoxic component or another toxic product which needs further
analysis. From previous study of Metanil Yellow dye decolorization, peak of Rt value
2.8 indicated metanilic acid [7]. However, in this study, negative peak can be seen at Rt
value of 2.8. This gave indication that in this study, the Metanil Yellow dye decolorization
by mixed culture FN3 did achieve the metanilic acid formation. The negative peak could
be due to the disturbance of the local equilibrium in the mobile phase and the stationary
phase. The disturbance is created when a sample is injected.
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Figure 4. HPLC chromatogram of the control dye, Metanil Yellow.
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Figure 5. HPLC chromatogram of the decolorized products obtained after treatment with mixed
culture FN3.

The FTIR spectrum of control dye Metanil Yellow showed peak of wavelength
1635.07 cm ! that signified presence of (-N=N-) stretching as shown in Figure 6. There were
variations in the peaks in the FTIR spectrum of metabolites extracted from decolorized
sample of dye when compared to the control dye spectrum as in Figure 7. The absence of



Sustainability 2021, 13, 36

12 of 18

peaks with wavelength of 1635.07 cm ! indicated the reductive cleavage of azo bond [30].
The wavelength of 1671.40 cm ™! indicated the aromatic stretch of C=C. It specified the
stretching of benzene rings’ compounds of Metanil Yellow. Other peaks at wavelengths
of 2325.84 cm ™!, 1048.95 cm ™!, 979.67 cm !, 557.27 cm ! and 431.08 cm ! have formed
and these changes were clear evidences of the decolorization of Metanil Yellow dye by
the mixed culture. The peak of 1048.95 cm ! indicated the C-N stretching whereas peak
of 979.67 cm~! indicated the bending of C=C [28,30,31]. The peak between 3500 and
3000 cm~! gave indication of the stretching of (-NH) [42].

1003
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Figure 6. FTIR spectrum of the control Metanil Yellow dye.
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Figure 7. FTIR spectrum of decolorized products of Metanil Yellow dye decolorization by mixed
culture FN3.

3.5. Reusability of the Immobilized Beads

One of the advantages of immobilization is the reusability of the immobilized beads.
These experiments were carried out to test the reusability of the gellan gum immobilized
beads. Figures 8 and 9 showed the decolorization profile of the immobilized beads with



Sustainability 2021, 13, 36

13 0f 18

initial dye concentration of 50 mg/L. It is shown that the immobilized beads were able to
be reused up to 15 cycles with complete dye decolorization in 24 h.

Cycles
3

100

1 2 4 5 6 7
90
80
70
60
50
40
30
20
10

0 ®

0 20 40 60 80 100 120 140 160

Incubation time (h)

Percentage of decolorization (%)

Figure 8. The repeated usage (cycles 1 to 7) of the immobilized cells with initial dye concentration of
50 mg/L. Cycles 1 to 7 took 24 h per cycle for complete Metanil Yellow decolorization.
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Figure 9. The repeated usage (cycles 8 to 15) of the immobilized cells with initial dye concentration
of 50 mg/L. Cycles 8 to 15 took 24 h per cycle for complete Metanil Yellow decolorization.

Studies on the reusability of immobilized beads have been carried out by Chang et al.
(2000). In the study, immobilized Pseudomonas luteola with calcium alginate, k-carrageenan
and polyacrylamide can be reused up to four times with 75, 85 and 80% of dye de-
colorization [43]. Another study has shown that the gellan gum immobilized beads
were able to be reused up to 20 times without substantial loss of catalytic activity [44].
No data was available on the reusability of gellan gum immobilized cells in Metanil Yellow
dye decolorization. Based on this study, the immobilized beads have showed positive
results on its continuous use in dye decolorization. These immobilized beads of mixed
culture FN3 could be used to decolorize Metanil Yellow dye up to 15 batches.

Nowadays, immobilization method has become one of the important measures to
tackle bioremediation effectively. One of the immobilization techniques, encapsulation,
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has emerged as a promising solution to overcome practical limitations of using free cell
formulations. A defined stable, consistent and protective microenvironment is provided by
the polymeric matrix of the support material, where cells can survive and metabolic activity
can be maintained for extended periods without the immediate release of a large number
of cells. Better toleration towards numerous environmental stresses by the entrapped cells
may be released after adaptation to surrounding environmental conditions [20].

The mechanical strength of immobilized cells depends on the types of matrices of
immobilization used. In this study, gellan gum was chosen to immobilize the mixed culture
of FN3. Gellan gum is an ionic heteropolysaccharide. It is also believed able to be used
repetitively up to 20 batches without substantial loss of catalytic activity [44]. This proves
that the durability of the beads is above adequate.

3.6. Scanning Electron Microscopy (SEM) of Immobilized Mixed Culture FN3

The SEM micrographs of mixed culture FN3 immobilized in gellan gum matrix were
presented in Figure 10. The microscopic observation revealed that in Figure 10a, the mixed
culture FN3 had been successfully entrapped in the gellan gum. In Figure 10b, the micro-
graph showed the mixed culture FN3 which is the rod-shaped bacterium and Candida
sp budding. There are quite a number of studies regarding dye decolorization by yeast.
From a study, Candida palmioleophila JKS4 isolated from activated sludge from wastewater
treatment plants have been reported to be able to decolorize various types of azo dyes [45].
As identified from the metagenomics analysis, the most abundant percentage of bacteria
in mixed culture FN3 was Bacillus sp. We can conclude that the rod-shaped bacterium in
the microscopic observation was Bacillus sp. Bacillus sp was one of the early discovered
bacteria with dye decolorizing [46]. In Figure 10c, the micrograph showed the cross-section
of the gellan gum before the dye decolorization was performed. It was proven that the
mixed culture FN3 was successfully immobilized in the gellan gum. The micrograph was
compared with Figure 10d where Figure 10d showed the cross section of the beads after dye
decolorization. The mixed culture FN3 was still entrapped within the gellan gum matrix
even after Metanil Yellow dye decolorization. This indicated that the immobilized beads
could be reused as the mixed culture was still available in the beads. This also proved that
gellan gum has strong and rigid characteristic as immobilization matrix.

Figure 10. Scanning electron micrographs of (a) mixed culture FN3 successfully being entrapped in gellan gum matrix,

(b) mixed culture FN3 showing a rod-shaped bacterium and budding of yeasts, (c) the mixed culture fn3 before dye

decolorization and (d) after dye decolorization.
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3.7. Effects of Metal Ions on Dye Decolorization of Immobilised FN3

Heavy metals exist particularly in various contaminated sites. Bioremediation of
certain pollutants is often affected by the presence of heavy metals. Thus, to determine the
effects of the metal ions on decolorization, these experiments were performed. In this study,
one mg/L of heavy metals such as nickel (Ni), copper (Cu), lead (Pb), chromium (Cr),
silver (Ag), zinc (Zn), mercury (Hg) and arsenic (As) were used. Figure 11 demonstrated
the percentage of dye decolorization of immobilized beads with the presence of heavy
metals as listed. The medium with no addition of heavy metals served as control and
the percentage of decolorization was high. Medium supplemented with Cu inhibited the
dye decolorization of Metanil Yellow where the percentage of decolorization was 90.09%,
which was the lowest compared to the others. Medium with the addition of Ag, Pb, Co,
Zn, Cd, Cr, As, Ni and Hg gave 99.91%, 98.65%, 96.67%, 96.96%, 94.38%, 96.94%, 93.85%,
96.29% and 99.32% of dye decolorization, respectively.

Heavy metals are detrimental to microbes as they affect the enzymatic functions,
act as redox catalysts in the production of reactive oxygen species (ROS), destruct the
ion regulation and affect the DNA and protein production [47]. From the data observed,
this shows that the immobilized beads of microbes have a high tolerance towards heavy
metals as the metal ions do not have significant effects on the Metanil Yellow dye decol-
orization. Dye decolorization is achieved with the addition of most heavy metals such as
Ag, Co, Pb, Zn, Cd, Cr, As, Ni and Hg. From this study, the mixed culture FN3 was able
to tolerate the toxic effect of heavy metals to achieve decolorization. In this study, 90.09%
of dye decolorization was achieved by immobilized beads when one ppm of Cu is added.
The percentage of dye decolorization is low compared with the others. Thus, it may be
related to the Cu inhibition of enzymes and metabolic pathways [48].

Percentage of dye decolorization when tested with heavy metals
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Figure 11. Effects of different heavy metals on Metanil Yellow dye decolorization by immobilized
cells of mixed culture FN3.

4. Conclusions

As for the conclusion, the mixed culture FN3 has been successfully immobilized using
gellan gum. The optimization of the dye decolorization by the immobilized beads has been
performed using Response Surface Methodology (RSM), an optimization method that has
many advantages as compared to a conventional optimization method, One Factor at a
Time (OFAT). The optimum conditions obtained are 130 mg/L of dye, 1.478% of gellan
gum concentration, 50 beads and 0.6 cm of beads size with decolorization up to 90.38%.
The immobilized beads are also tested for the reusability purpose and it is proven that



Sustainability 2021, 13, 36 16 of 18

gellan gum immobilized beads are able to be reused up to 15 batches of dye decolorization
without loss of decolorizing activity. The effects of heavy metals ions are also tested with
the immobilized beads. From the data, most of the heavy metals do not give a significant
effect on the Metanil Yellow dye decolorization. Therefore, the findings from the study
established the fact that technology of immobilization could be chosen as a practical
strategy to enhance the working performance of bioremediation of Metanil Yellow dye.
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