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Abstract— Preliminary treatment is a process for the extract of natural and added adulteration present in textile fibres to
enhance the absorbency. Cotton pretreatment formula includes the Sodium hydroxide, and Hydrogen peroxide to eliminate
the non-cellulosic polluting influences and characteristic shading matter. Hydrogen peroxide was profoundly utilized as a
fading operator in the pretreatment of cellulosic and protein filaments. The lingering peroxide must be eliminated before
the texture was exposed to coloring since it may meddle with the coloring cycle. Hence, compound peroxide executioners
were utilized to get the texture before coloring eliminate the leftover peroxide. As another contagious catalase was utilized
for killing the leftover peroxide, which acts just at acidic pH. This current investigation uncovers the utilization of catalase
by Serratia marcescens, which has action on both acidic and antacid pH. The higher movement of catalase was screened by
utilizing various mediums. Reactor preliminaries were performed to discover the specific boundaries for the creation of
high catalase movement with low pigmentation and for medium advancement. Compound steadiness was concentrated by
utilizing diverse pH and temperatures to plan the material application measure by utilizing catalase as a neutralizer to

decrease steps and spare vitality.
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l. INTRODUCTION

Enzymes play a major role in the textile industry for
pretreatment of fabric and in the textile process. Amylase,
pectinase, protease, lipase, cellulase and xylanase are
highly used as an alternate for chemicals used in the textile
process [1]. Catalase is an enzyme that is used to remove
the residual peroxide, after bleaching of cotton fabrics. The
residual peroxide must be removed from the fabric before
the fabric is subjected to dyeing, as residual peroxide can
have a negative influence on the dyeing process, especially
to reactive dyes [1,2]. Hence catalase is used to catalyze
the decomposition of residual hydrogen peroxide and thus
eliminate the peroxide residue on fabric originated from
the bleaching process [3]. Peroxide residues on fabric can
cause modification to reactive dyes by oxidation, which
leads to colour loss. Thus, the dyed fabric will be rendered
unacceptable in the quality test. In the conventional
method, the peroxide residues were removed by draining
the bleach bath and washing the fabric with water for
numerous times [4]. This consumes a lot of water and
energy. As an alternate mild reducing agent can be used to
remove the peroxide residues on fabric, after draining the
bleach bath. The neutralizing agent must be chosen with
caution because it should not create any by-products in
wastewater, any risks of harmful overdosing, or adverse
effects on dyestuff [5]. By using the catalase enzyme, it
only accepts hydrogen peroxide as substrate and doesn’t
require heating or extra washing step as required in
chemical bleach cleanup [6]. Serratia marcescens is a
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catalase producing bacteria that also produces the red
pigment called Prodigiosin. The catalase produced by this
bacterium can be used for the textile treatment process.
Due to the presence of the pigment Prodigiosin, it cannot
be used in bleached cotton for removing the residual
peroxide, because it might interfere with the cotton fabric’s
colour [7]. When the bacteria grown in warm temperatures
such as 30 — 350C the amount of pigment production is
reduced. So, the growth of Serratia marcescens is
controlled in a bioreactor, for enhanced enzyme activity
and pigment suppression [8]. This present study
concentrates on the influence of aeration and agitation in
enzyme production and activity, by Serratia marcescens in
a reactor.

Il. RELATED WORK

Enhanced alkaline catalase production by serratia
marcescens its enzyme purification, characterization and
recombinant expression [12]. Screening and potential of
gram-negative bacterial isolates for their extracellular
enzymatic activities isolated from aquatic environment.
Susceptibility to hydrogen peroxide and catalase activity of
root nodule bacteria [13]. Serratia marcescens catalase
isolated from sludge containing hydrogen peroxide shows
increased catalase production by regulation of carbon
metabolism [14]. Optimization of catalase production and
characterization of a novel cold adapted catalase from
mesophilic bacterium serratia marcescens [15]. They have
explored in catalase creating microbes' seclusion and
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protein creation approach was distinguished. We have
researched the catalase protein utilizing executing operator
in leftover peroxide for material ventures. It's helpful to
eliminate a peroxide content in material mechanical
gushing in organic protein.

I1l. METHODOLOGY

Isolation and identification of Serratia marcescens

Soil sample was collected from the farm lands at Erode
was used for isolation of Serratia marcescens. The soil
sample was subjected to serial dilution and were pour
plated on nutrient agar plates. The red colored colonies
were isolated and subcultures to obtain purified colonies.
Catalase positive colonies were chosen for further
assessments. The pure isolate was further involved in
biochemical characterization and 16S rDNA sequencing
for species identification.

Catalase assay for enzyme activity estimation

The cell pellets were collected by centrifugation at 7,500
rom for 5 minutes and the supernatant was stored at 4°C.
The cell pellets were suspended in phosphate buffer pH 7,
in the ratio 1:100 (g: ml) and subjected to freeze-thawing
for the lysis of the cells. Hydrogen peroxide with 415 ppm
was used as a substrate for catalase assay. lodometric
titration for Hydrogen peroxide was performed to estimate
the enzyme activity.

Medium optimization for Catalase Production

The different medium was screened for catalase enzyme
production and activity. Complex general-purpose media
such as nutrient and tryptic soy broth were used in the
study. The defined basal medium was used to study the
effect of glucose and phosphates. The medium selection
was carried out as batch-wise in a conical flask, with an
incubation period of 3 days at room temperature with pH 7.
The catalase activity was tested for each trial to select the
optimal medium for catalase production. The medium
which showed high catalase activity was selected for
further studies to assess the trial without bias.

Reactor studies — For enzyme activity enhancement
Culturing of Serratia marcescens under continuous
agitation results in low or no pigment development, up to
two days. The slight production of pigment starts, resulting
in the change in colour of the medium. The pigment might
interfere with the fabric and cause colour variation. Hence
this pigment production must be suppressed while the
enzyme production is being enhanced in the reactor. The
agitation rates under test were in the range 150 — 200 rpm,
and the aeration rates were in the range 0.5 — 1.6LPM, with
a constant inoculum volume of 2%.

Nelder- mead method  for
optimization

The parameters under study for optimization were agitation
(rpm) and aeration (LPM). The simplex method altered by
Nelder and mead is used in this case of parameter
optimization. This self-directing optimization technique is

simplex parameter
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one of the widely used non-statistical technique, where the
trials are done individually, in order to maximize or
minimize the response. Here the enzyme activity response
is highly influenced by the agitation and aeration
parameters. Since the number of factors (n) under analysis
is 2 (rpm& LPM), the simplex origin consists of 3 trials
(n+1) i.e. the simplex consists of three vortexes. Based on
the enzyme activity observed in the three origin trials, the
new parameters were optimized. The modified new
simplex was obtained by using the formula,

P=(B) +b (B-W)
Where, P - New simplex/ trial combination
B - Average of the best two trials out of the last three trials
W - Worst trial of the last three trials
b - coefficient of movement of the simplex,

The coefficient b might take up the values 1, 2, 0.5, and -
0.5. (b = 1 reflection coefficient, b = 2 expansion
coefficient, b = 1/2 contraction coefficient and b = -1/2
contraction coefficient with change of direction) [2]. This
method hugely helps to reduce the number of trials for
parameter optimization

Optimum pH and Temperature for enzyme activity
Every enzyme has its own pH and temperature range in
which it is more stable and shows maximum activity.
Beyond this range the enzyme loses its stable structure or
denatures resulting in loss of activity [3]. The enzyme was
taken at wide range with different pH and temperature for
activity estimation and to find the optimum pH and
temperature.

IV. RESULTS AND DISCUSSION

Isolation and identification of Serratia marcescens

The biochemical characterization and 16S rDNA
sequencing were done to the isolate and identified to be
Serratia marcescens. In 16S rDNA sequencing, a sequence
of 1501 bp length was obtained. The obtained sequence
was performed in the blast and it was again confirmed that
the isolate was Serratia marcescens. The biochemical
characterization results are shown in Table-1 and obtained
sequence results are represented in Figure-1.

rT\R L3331 Senetn etomphle stran DN 1330 15 sosol
l mﬂta faa s DM 4560 165 sosone VA
— 0371101 Semta ot sram PADC 077 16 chosome RN
RTS8 St s o, s ATCC 360 s
801 Seas s 3 U, manetes ATCC 1400
Seratia s s NBRC 1000 165 ool
1 Semetn s s o s KOED 16
51 St et DZI59SBS1 165 shosor] RNA
-0 1) 6319‘1_Cedecea_lapage1_s ran DS 4387 165 nbosonal VA pa
NR 23301 Semtia weltica stim N 31 165 siosomal RNA

Figure-1 Phylogenetic tree construction of serratia marcescens
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Table-1 Biochemical characterization results of the isolate

1 Gram staining Gram Negative
2 Capsule staining Capsulated

3 Shape Rod Shaped bacteria
4 Pigment production ng(rjogiigrigz?rtm )
5 Methyl red Negative

6 Indole Negative

7 Citrate test Positive

8 Catalase test Positive

9 H,S Negative
10 Urease test Negative

11 Starch Hydrolysis Positive

12 Gelatin Hydrolysis Positive

i3 Voges Proskauer Positive

14 Oxidase Negative

Media selection for catalase production

The Different medium was screened to find the optimal
medium for catalase production with maximum activity.
The cultures were incubated for 3 days at room
temperature in medium with neutral pH. Nutrient broth,
Peptone yeast broth, Soybean casein digest medium,
glucose phosphate medium, and tryptic soy broth was
under optimization for catalase production. It was found
that Serratia spp. produced a high quantity of enzyme in
nutrient broth. So nutrient broth was used as an optimized
medium for further assessments.

Table-2 Activity of catalase in different media

ACTIVI WET CELL
S.NO. MEDIA TY PELLET

U/ML (GIL)

Nutrient broth 2166 11.12

Tryptic soy broth 1222 7.52

3 Glucose (5_%) 638 172
Basal media

4 Glucose phosphate 872 364

media
5 Peptone broth 754 2.88

Reactor studies — For enzyme activity enhancement

The first three trials were designed such that the agitations
and aeration parameter’s high and low were covered, as to
cover a broad range of the simplex [2]. Based on reactors
capacity, the aeration can be varied from 0.5-2 LPM and
agitation can be varied from 150 — 200 rpm. The
parameters for the first three trials, aeration; 1, 2, 1.5 LPM
and agitation; 150, 150, 200 rpm was taken for trial 1, 2
and 3 respectively. Table 3 shows all the trials conducted
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with their parameters, and the enzyme activity obtained.
Based on several parameter assessments seven trials were
designed. The best activity was observed in trial 1 and 3
out of seven trials. From the seven trials trial - 1 parameter
showed the maximum activity. Thus aeration 1 LPM and
agitation 150 RPM (Trial — 1/ Activity 5145 U/ml) was
considered best for high catalase and cell production with
pigment suppression. The same parameters were followed
for further enzyme production.

Table-3 Trial parameters and activity of catalase obtained in each

trial
WET
AERA | AGITA PACKED
TRIAL | TION TION CELL éc(:J/I\I\/AII)
(LPM) (RPM) WEIGHT
(G/L)
1 1 150 10.33 5145
2 2 150 9.87 4603
3 15 200 7.91 4959
4 0.5 200 10.8 4651
5 0.8 180 6.28 3702
6 1.6 160 7.35 4682
7 1 100 7.13 4002

Optimum pH and Temperature for enzyme activity

To find the optimum pH, the enzyme was incubated in
different pH for 5 minutes at 30°C and the activity was
measured with hydrogen peroxide as substrate. The pH
range was varied from 4 to 11 using buffers. The activity
of the enzyme at different pH shows in fig-2. The highest
activity of the enzyme was recorded at pH 7. The enzyme
shows high stability from pH 6 — 11.

pH vs Activity

6000
5000
24000
23000
2 2000
1000

0 2 4 6 8 10 12
pH

Figure — 2 pH Vs Activity of catalase
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Similarly, the enzyme catalase with pH 7, was incubated at
different temperatures for 5 minutes and the activity was
checked. The activity at different temperatures shown in
fig-3. Thus, it is evident that the catalase produced by
Serratia marcescens is stable, in the pH range 6-11 with
high activity exhibited at pH 7. The enzyme was also
found to stable in the temperature range of 50-70°C, with
high activity in 50 and 60°C.

Temperature Vs Activity

5000
3 4000
5 3000

2000
1000

Activity

0 20 40 60 80 100
Temperature (°C)

Figure — 3 Temperature Vs Catalase activity

Removal of Peroxide form Textile Substrate

Hydrogen peroxide residues present in form of nascent
oxygen on cotton fabric causes the faulty dyeing. So, the
removal of Hydrogen peroxide is much important to
facilitate the fault-free dyeing of cotton and its blends.
Various organic and inorganic chemicals are available to
remove the residual nascent oxygen form bleached cotton
fabric with its own limitations. Chemicals used to remove
nascent oxygen residues cause environmental hazards.
From the last decade, the application of biotechnology in
the field of textile processing is becoming the most popular
and significant technology to replace hazardous chemicals
from the textile wet process. Catalase enzyme is used to
remove the hydrogen peroxide residues from the cotton
fabric before dyeing. Most of the industrial practice in the
removal of nascent oxygen from fabric is followed by the
neutralization process. But here we fermented both neutral
and alkali active phosphate-buffered catalase enzyme
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which facilitate the removal in pH range from 6-11 and 50
to 60°C temperature. Industrial pretreatment on cotton
fabric performed in 4 baths of water in 1:6 goods to liquor
ratio. In order to save energy and water, we have a
successful attempt in alkali treatment for removal of
residual peroxide in a reduced bleach bath. Phosphate
buffer reacts with enzyme and combination results in
strong alkali pH 12+0.5 pH into pH 11 £0.3.

Residual
peroxide
Bleaching removal at
at 98°C 60°C

>0 @ e @

Hot wash at
80e°C

Neutralizati
on at 70°C

Figure — 4 Industrial cotton pretreatment processes

Bleaching at 98°C and Hot
Temperature reduced to wash
50°C for Addition of at

Catalase Enzyvme 80°C
Neutra
lizatio
n at
70°C

Figure — 5 Optimized process routes

Optimized cotton pretreatment process

The optimized process has greater environmental benefits
and it saves more Time, Water and energy. The Benefits of
the optimized process with phosphate-buffered catalase
enzyme is shown in table-6. Each utility consumption
graph is shown in table 6 as Water consumption, Time
consumption, Energy consumption, and Chemical oxygen
demand.

Table -6 Comparison between conventional and optimized process

OPTIMIZED CONSUMPTION
S.N. PARTICULATE CONVENTIONAL PROCESS PROCESS SAVINGS (%)
1 Water 24 liters 18 liters 25
2 Time 314 Minutes 270 Minutes 14
3 Energy for complete Pre- 1.29 KWh 1.09 KWh 15
treatment cycle
4 Chemical Oxygen Demand 940 mg/l 756 mg/l 19.5

V. CONCLUSION

The bacterial isolate, obtained from the farmland soil at
Erode was found to be Serratia marcescens by biochemical
characterization and 16S rDNA sequencing. The isolated
Serratia marcescens was observed to grow well in nutrient
broth with a catalase activity of 2166 U/ ml and
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approximate biomass of 11.12 g/ L (Centrifuged wet cell
pellet). On the observation of reactor trials, 1 LPM and 150
rpm are the optimal culture conditions in the reactor for
which the catalase activity was recorded to be 5145 U/ ml.
The produced enzyme has stability at the pH range 6.1 —
11.3, with the high activity observed in pH 7 and 11 + 0.3.
The enzyme is stable up to 80°C and it exhibits high
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activity at 50 and 60°C. The Optimum process designed for
Serratia marcescens phosphate-buffered catalase was
proved to be efficient over conventional process. Industrial
pretreatment on cotton fabric performed in 4 baths of water
in 1:6 goods to liquor ratio. In order to save energy and
water, we have a successful attempt in alkali treatment for
removal of residual peroxide in a reduced bleach bath. it
saves 25% water, 14% time and 15% energy of complete
pretreatment cycle and 19.5% COD reduction. The
eventual outcome didn't present any noteworthy
adjustments in its physical and substance properties.
Contrasted and the synthetic reducer and progressive
washes, the utilization of the catalase demonstrated to be a
reasonable option for textile processing.
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