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ﬁtjcstsl I?:Saeds’ The Pectinase enzyme was immobilized on glass beads in the current work using covalent coupling. Glass beads were utilized;
enzyme in;mobilization’ they were purchased from scientific stationary. Covalent coupling rendered pectinase immobile. Using pectinase - loaded glass
FTIR & SEM analysis beads, different parameters were tuned and comparative studies were conducted following the immobilization procedure for
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INTRODUCTION

Under moderate circumstances, enzymes exhibit great selectivity
and catalytic activity. They can therefore be used in a wider range
of economic fields. Their nature is eco-friendly and efficient.
Because free enzymes are difficult to separate and repurpose, and
because they are unstable when exposed to heat, organic
solvents, and pH levels, their industrial applications are still
limited. However, compared to free enzymes, immobilized
enzymes offer a number of benefits. These are stability, ease of
separation from the reaction solutions, and reusability.

These days, a variety of techniques have been developed and are
widely used in the process of immobilizing enzymes. Physical
adsorption, ion exchange, matrix entrapment, covalent bonding,
and micro capsulation are some of these methods.

These techniques are based on the properties of different support
materials, both synthetic and natural. synthetic supports such as
poly vinyl alcohol (PVA), glass beads, hydrogels, HEMA,
carrageenan, and agar. The most crucial requirements for using
biocatalysts in industrial settings include their operational
stability, various types of immobilized microbial cells, and
immobilized enzymes.

This paper reviews the literature on immobilized pectinase on
glass beads, emphasizing its stability and activity. primarily
concentrated on pectinase’s activity and reusability as benefits at
the commercial level. This study project used multiple reaction
cycles as opposed to just one, which produced positive outcomes.
2. Experimental Methods:-
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more research. To further show that the support bead's enzyme was immobilized, FTIR & SEM analyses were conducted.
Pectinase from it was used to purify fruit juice, specifically pineapple, watermelon, and sugarcane juice. Furthermore, because

the immobilized enzyme can be reused in its whole, this study presents a novel development on the environmentally beneficial

2.1 Materials

Typically used in chemistry labs, glass beads Concentrate HzSO 4
(used in the chemical lab), The organic lab provided NaOH, the
medical supply store provided H202, Pectinase (200U/mg), and
Sisco Research Laboratories Pvt. Ltd. provided 3-aminopropyl-
trirthoxysilane (3-APTES).

2.2 Surface-based glass bead activation:-

For surface activation of glass beads take 50 gm of glass beads in
beaker then 15 ml 30% v/v NaOH was added (15 gm of NaOH
pallets in 50 ml of distilled water) then 15 ml 6% H202 , in next
heat the whole contain for 15 min then filter and dry the beads.
After this experiment was followed by treatment with piranha
solution. (H2S04 30 % v/v + H202 6% ) and then heated for 60 min
at 90 °C. Then beads were dried with suitable process and then
organofunctionalized process of glass beads was done

2.3 Glass beads with organo - functionalization synthesized
Following the extraction of 50g of glass beads from the activated
glass beads, five milliliters of 3-aminoPropyl-tiethoxysilane and
100 milliliters of toluene were applied. The mixture of materials
was stirred while in reflux for eighteen hours. After being filtered
out of the mixture, the beads were kept in the oven for two to
three hours at 110 C.

Glass beads made of activated glass weigh 50g. Four grammas of
triethylamine and a volume of A 250 ml round-bottom flask with
three necks was filled with 150 ml of dry cyclohexane. The next
phthaloyl had chloride added drop by drop, and the mixture was
well agitated for 30 minutes before being heated to 25 °C for
three hours.



http://www.thebioscan.com/
https://doi.org/10.63001/tbs.2025.v20.i01.pp285-290

EO_ OEt

OH

I~ surface ~ Sl _NH, O NH
N\ R \ _OH EtO \< o N2
/ {ivati r L
| / activation ] P
_ /<OH A v O?‘\\\//\/NHz
Glass bead
o
Et,N “%, -~ Cl
E;Lﬂ/(:l
= N
Enzyme c |
Voo Enzyme \ A
,}/\‘7// N\'\" i /”/_ \§ , /AO y; __>
O i VA, HN 0" )=
HI'\_!/’ 0 0 - < ) _,.NH*-"'X\O
J,.:' ‘I,-—-'-"NHI o Enzyme-NH, ’\ .-""
I\ "--7--7-1 - r" O\ "‘If.,
) _S-"Ji O; S*I (Covalent attachment) O'SI\O O/SI‘O
- 0
\D\ /O O\/,__,{_,
o~ ~
\}/ N "\\bead /'
‘.\bee!_cj / o

Scheme 1. Representation of the mechanism of enzyme immobilization on functionalized support.

2.4 Immobilization of Pectinase (covalent immobilization)

After the cleaning and surface activation processes were finished,
glass beads were gradually combined with a 20% V/V
glutaraldehyde solution in a reaction flask. For two hours, the
stirring operation was conducted at room temperature, or
between 23 and 25° C. The glass beads were then immersed in a
1:14 diluted pectinase solution (6 ml of enzyme solution in 24 ml
of buffer solution) using sodium acetate buffer (pH=4) at 4° C.

After that, beads were applied and used to take more
measurements.
Activityyield =  Activity of immobilized pectinase x100

Specific activity of free enzyme

2.5 Preparation of juice.

Pineapples that had just been plucked were taken and stored at
room temperature. After the pineapple had been thoroughly
cleaned and its outer shell removed, fresh juice was prepared
using a standard recipe without the addition of any other
ingredients. 150 cc of juice was separated out in a beaker to carry
out the assay procedure after the filtering operation was finished.
2.6 Enzyme Assay and Protein Estimation

The amount of reducing sugar generated under test conditions was
measured using a standard colorimetric technique to evaluate the
activity of both free and immobilized pectinase (Nelson 1944;
Somogyi 1952). The substrate used in the experiment was 0.9%
(w/v) PGA, or 0.9 g of PGA in 100 mL of 0.05 M citric acid-sodium
citrate buffer at pH 5.5. One unit of enzyme activity was defined
as the amount of enzyme required to release one pmol of
galacturonic acid per milliliter per minute under standard test
conditions. The protein concentration was determined by utilizing
the Lowry et al. (1951) method with bovine serum albumin as a
reference.

2.7 Characterization

FT-IR Spectrometer was used to record the FTIR characterization.
at Changa, Gujarat, at CHARUSET UNIVERSITY. At CHARUSET
UNIVERSITY Changa, a scanning electron microscope was used for
the SEM electron microscopic analysis.

2.8 pH activity profile
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Since enzymes are made of proteins, the pH of the aqueous media
in particular has a significant impact on their catalytic activity.
Thus, knowledge of how immobilization of enzymes alters pH-
activity behavior is helpful in understanding the link between the
composition and capabilities of enzyme proteins. Thus, free and
immobilized enzymes were incubated at 27 °C for 30 minutes in
50 mm phosphate buffers with varied pH values between 5 and 9,
using ethanol as a substrate. This made it possible to measure the
activity of the enzymes. The absorbance of the reaction mixture,
which was measured at 520 nm, was correlated with the enzyme
content. The enzyme's plot activity was computed using
calibration.

2.9 Thermal stability

Since the immobilization of the enzyme increases its thermal
stability, which is advantageous for the industrial usage of
immobilized enzymes, it is critical to determine whether
immobilized enzymes are possible for a given application. It was
therefore chosen to investigate the thermal stability of both
immobilized and unbound enzymes. The enzyme's activity was
measured as previously described after soaking free and
immobilized enzymes in the optimal pH buffer for varied times at
temperatures ranging from 30 to 70 °C. The thermal deactivation
constant (Kd) was calculated using the following formula:

Ln At = Kd (t) - In Ao where "At" is the activity following a minute-
long heat treatment, and "Ao" is the beginning activity. 2.10
Integrity of storage The experiment measured the amount of
residual activity in both free and immobile enzymes that were
kept at room temperature (30 °C). The expression of residual
activity maintenance at different times was determined by the
actions of the enzymes. Every seven days, the amount of residual
metabolism was also recorded while the immobilized beads were
stored at 5 °C for a duration of 56 days.

3. Conclusion and Talk (Result)

3.1 pH Outline

Every enzyme has a pH range where it functions at its best. pH
activity of free and constrained is displayed in Figure 1. We found
that the maximum pH displayed by both free and imprisoned
enzymes was between 5 and 8. The data indicate that there is no
structural change during immobilization.
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Figure. 1: An immobilized pectinase pH activity graph on glass beads

3.2. Warmth Stability

Enzymes are influenced by climate. Temperature increases the
reactivity of enzymes, and at a certain degree, the enzyme loses

its activity. Figure 2 shows that the entrapped enzyme has better
thermal stability than the free enzyme. The enzyme has more
heat stability because it is encased in beads.
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Figure. 2: An immobilized pectinase thermal stability graph on glass beads

3.3 FTIR examination

FTIR analysis was done on a bead. Specific enzyme groups'
chemical presence can be ascertained by FTIR analysis. The range
of the spectra that were recorded was 4000-500 cm-1. a-amylase's
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structure includes an amide group. The peease peak, which
appears at 1651.58 m-1, indicates the stretching of -C=0, while
the bond starching vibration of the amide is displayed at 1026.07
cm-1. At 3395.48 cm-1, there is a -OH starching vibration.
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Figure 3: FT-IR analysis of glass bead - immobilized pectinase.
3.4 SEM analysis (Scanning electron microscopy) temperature with the appropriate magnification using a scanning
The objective of this study was to characterize the support beads electron microscope. Maintaining the operating distance of 9.5
topographically. To do this, a SEM analysis of a bead containing an mm while applying an acceleration voltage of 20.00 KV

enzyme was conducted. SEM images were taken at room

re of glass beads with immobilized petinase

ETD

Figure 4: SEM pictu

3.5 Stability of storage intervals. Furthermore, the immobilized beads were kept at 5 °C
At room temperature (30 °C), the residual activities of both free for 56 days, with a check on the remaining activity conducted
and immobilized enzymes were tested and expressed as a every 7 days.

percentage retention of their residual activities at different
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Figure. 5: An immobilized pectinase thermal stability graph on glass beads
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3.6 Juice purification using immobilized pectinase
Watermelon, sugarcane, and fresh pineapple all lose their juice
with time. For this, five milliliters of juice were extracted and
placed in the vial. The entrapped enzyme beads were then added
to the test vial along with 1 ml of casein solution and 5 ml of buffer
solution. A 30-minute incubation period at 35 °C in a shaker
incubator was followed by the addition of 1 ml of Folin's reagent
and 5 ml of carbonate to the vial. and kept the test vial at 35 "C
for 30 minutes once more. In the practical, both a free and an
entrapped enzyme were utilized. For further computation, an
optical density (OD) measurement was taken at 520 nm.

3.7 Reusability of bead

The ability of an imprisoned enzyme to be reused is essential for
both industry and biological activities. By using beads in place of
the free enzyme solution during the test method, it was
confirmed. It was found that entrapped enzyme beads were
reusable, as shown in. The bounded enzyme in Figure 6 showed
50-40% activity after 8 cycles, indicating the advantage of
immobilized enzyme and increasing its applicability. After 5 or 6
rotations, it used 75% of its enzyme reactivity.
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Figure 6: Reusability chart for glass beads with immobilized pectinase.
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