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Abstract
Background of the study: As fungi become resistant to commonly used
pesticides, fungicides are becoming not only more expensive, but also less
effective in controlling postharvest infections. New chitinase immobilisation
techniques are urgently needed to minimize enzyme costs while enhancing
bio catalytic performance, antifungal activity, enzyme stability, and reusability.
Objectives: The objective of this study was to immobilise chitinase of
Kurthia gibsonii Mb126 by entrapping it in calcium alginate beads and to
analyse its antifungal activities against Aspergillus flavus.Methods: The optimal
parameters influencing the immobilization process and the characteristics of
soluble and immobilised chitinase of K. gibsonii Mb126 were analysed. The
antifungal activities of immobilised and free chitinase of K. gibsonii Mb126
against A. flavus, which was isolated from decayed lemon fruit, were performed
using the agar-disk diffusion method. Free chitinase 25.0 mL (0.8 U/mL) and
immobilised chitinase 0.06 g (specific activity 124–192 U/mg) were treated on
separate lemon fruits for testing antifungal activity against A. flavus. Findings:
K. gibsonii Mb126 chitinase was immobilised perfectly in calcium alginate
beads. After optimising process parameters of immobilisation (sodiumalginate
concentration 3%, calcium chloride 0.2 M, 120 min. curing time), the specific
activity of K. gibsonii Mb126 immobilised chitinase improved to 11.9-fold
greater than the free form of chitinase and the immobilisation yield increased
to 84%. It was observed that the thermal stability and storage stability of
immobilised chitinasewere better than those of free enzymes. The immobilised
chitinase could be reused, and it retained 78% activity even after 16 cycles.
The surface morphology of immobilised chitinase was observed in a scanning
electron microscope at different magnification powers. Enzyme kinetics was
studied and compared with that of its chitinase soluble counterpart. An in
vitro study demonstrated that immobilised chitinase of K. gibsonii Mb126 has
higher antifungal activity against A. flavus. In vivo experimental study of the
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antifungal nature of chitinase in lemon fruits infected by A. flavus indicated
that immobilised chitinase significantly decreased the incidence of postharvest
decay. Conclusion: The immobilised chitinase of K. gibsonii Mb126 can be
utilised as an important source of sustainable and environmentally friendly
fungicides to prevent pathogens and saprophytic fungi from food. Novelty:
To the best of our knowledge, this is the one and only study report about the
antifungal nature of immobilised chitinase against a fungus that causes post-
harvest decay in lemon fruits.

Keywords: Kurthia gibsonii Mb126; Aspergillus flavus; immobilised chitinase;
postharvest decay of lemon; sodium alginate

1 Introduction
Lemon fruits (Citrus limon L.) are a source of minerals, vitamins, and other essential
growth factors that are needed for body metabolism. Spoilage accounts for eighteen
to twenty-five percent of fruit production losses, particularly during the post-harvest
stage (1). Due to the acidic nature (below 4), a lot of fungi infect lemon fruits. Fungi
produce mycotoxins such as aflatoxin, patulin, and ochratoxin that are very dangerous
to humans and animals (2). Post-harvest spoilage of fruits can be managed by using
chemical fungicides. However, the indiscriminate usage of chemical fungicides has
significant negative impacts, such as increased cost, development of resistance to
fungicides, risk of handling, negative public concern about pesticide residues on food
and the environment, and threat to human health. In this scenario, intensified studies
led to the discovery of alternative, safer natural food protectants having antifungal
activity to preserve the quantity and quality of fruits.

Chitinase is an enzyme (E.C 3.2.2.14) that can hydrolyse chitin and is distributed
in microorganisms, plants, and animals. Although catalytically efficient forms of
chitinase with antifungal activity have been isolated and purified from different
microorganisms (3), some barriers, such as cost of production and purification, still limit
the extensive biocontrol application of chitinase. In order to overcome these hurdles,
continuous research on various techniques of immobilisation of enzymes is going on
to replace the free enzyme. Immobilised enzymes have an extended shelf life, and it
permits easy purification of the immobilised enzyme and products, and it facilitates the
reusability of enzymes for several cycles (4). The choice of the best material for support
and the immobilisation technique are crucial factors for getting a better immobilisation
yield.

In this study, we used the immobilisation technique ”encapsulation.” It is a major
immobilisation method. Here the enzyme is encapsulated physically or chemically
within a semi-permeable membrane (5). In the encapsulation process, alginate is the
preferred material because of its unique properties like mild gelation conditions, low
cost, non-toxic, easy formulation, biocompatibility, and it also preventsmicrobial attack.
Here we mixed alginate with clay to overcome disadvantages like excessive diffusion
of enzyme from calcium alginate gel due to large pore size and weak mechanical
strength (6).

The objective of this study was to immobilise chitinase of K. gibsoniiMb126, one of
the best chitinase producers, by entrapping it in calcium alginate beads and to analyse
the optimal parameters influencing the immobilisation process. The characteristics
of soluble and immobilised chitinase from K. gibsonii Mb126 were examined and
compared. The antifungal activities of immobilised and free chitinase of K. gibsonii
Mb126 against A. flavus, which was isolated from decayed lemon fruit, were performed
using the agar-disk diffusion method. In vivo antifungal activities of immobilised
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chitinase on lemon fruits against A. flavus were performed.

2 Materials and methods
The enzyme used for the immobilisation process was chitinase from K. gibsonii Mb126, which was purified and stored at
4◦C until use. All the reagents used in this study were analytical grade and were purchased from Sigma Aldrich. The enzyme
activity of both free and immobilised chitinase was determined by the dinitrosalicylic acid methodusing N-acetyl glucosamine
and colloidal chitin as standard and substrate, respectively. One unit of chitinase was represented as the amount of enzyme
sufficient to hydrolyse 1.0 mol of N-acetyl glucosamine per minute under the standard experimental parameters. Protein
concentration was determined using Lowry’s method and the specific activity of chitinase of immobilised and soluble chitinase
was determined as micromoles of N-acetyl glucosamine produced per milligram of protein per minute.

2.1 Immobilisation of chitinase on alginate beads

The encapsulation of chitinase in calcium alginate-clay beads was performed with some changes according to the methodology
of Ishita and Seemi, 2020) (7). China clay finely powdered (2.5%) was mixed in sodium phosphate buffer (0.1 M, pH 7.0) and
stirred for 1 hour. Sodium alginate powder (2.5 %) and 2.5 mL of glycerol were added to the mixture and stirred at 500 rpm
for 4 hours. Alginate-clay solution was combined with chitinase (with a specific activity of 10.31U/mg) in a blender (12:1). The
amalgam was dropped into a 0.2 M calcium chloride and stirred at 500 rpm for 2 hours at 4◦C. The calcium alginate beads
containing entrapped chitinase were separated by filtration and washed with distilled water to clear away unbound enzymes.
After repeated washing, the beads were well dried and stored in buffer at 4◦C until use. The percentage of immobilisation yield
was calculated by the following equation:

Immobilization yield (%) =
speci f ic activity o f immobilised chitinase

speci f ic activity o f f ree enzyme
x 100

2.2 Optimization of immobilization conditions

Optimization of immobilisation conditions was carried out with 1-6% sodium alginate and 0.1–0.6 M calcium chloride to
estimate optimum conditions for the efficient polymerization of calcium alginate spheres with immobilised chitinase. The
efficiency of immobilisation was also enhanced by optimising the curing time from 30.0 to 180.0 minutes.

2.3 Characterization of immobilised and soluble chitinase

Thecharacterization of immobilised and soluble chitinase was carried out by determining the relative enzyme activity.The effect
of reaction time on the enzymatic activity of soluble and immobilised chitinase was carried out with a colloidal chitin solution of
30.0 g L-1 at 40◦C for different reaction times, i.e., 5.0 to 40.0 minutes. Temperature optimums for the soluble and immobilised
enzymes were also determined by running assay reactions at various temperatures ranging from 20 ◦C to 80 ◦C. Similarly, the
optimum pH for the catalytic activity of soluble and immobilised chitinase was analysed in a pH range from 5.0 to 8.5. Different
buffers such as acetate buffer (pH: 5.0–6.0), citrate buffer (pH: 5.0–6.0) and potassium phosphate buffer (pH: 7.0–8.5) with the
same ionic strength (100 mM) were used. The kinetic properties, Km and Vmax, of soluble and immobilised chitinase were
determined using a Line weaver–Burk plot by conducting the enzymatic assay with different substrate concentrations.

The thermal stability of soluble and immobilised chitinase was investigated by conducting enzymatic reactions at different
temperatures such as 40 ◦C, 50 ◦C, and 60 ◦C for different time intervals (20.0–120.0 min) and analysing every 20.0-minute
time interval.

The stability of chitinase after storage at 4◦C was analysed by performing the assay every 5 days for 20 days. The influence
of different chemicals such as tween-80, triton X-100, tween-20, SDS, mercaptoethanol, EDTA, and dithiothreitol was analysed
by providing these chemicals at various concentrations (2–10 mM) into the reaction system and the enzyme activity was
determined. For the continuous utilisation of the enzyme, the relative activity of the immobilised chitinase was investigated
by using 0.5 g of beads for several reaction cycles. After each cycle, the alginate sphere was washed with respective buffer and
used again to perform catalytic function.The enzyme activity after the first cycle was considered as 100%. Surface morphology
of alginate spheres having the entrapped enzymewas observed under a scanning electronmicroscope of differentmagnification
powers.
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2.4 In vitro antifungal assay

The antifungal properties of the immobilised chitinase of K. gibsonii Mb126 were determined using the agar-disk diffusion
method. The pathogenic fungus A. flavus was isolated from decayed lemon fruits and utilised for in vitro antifungal assay. The
fungi were inoculated into Potato Dextrose Agar (PDA) plates and, after seven days of incubation at 25◦C, fungal mycelia from
pure culture were aseptically transferred to Sabouraud’s dextrose broth and cultured for 10 days at 25◦C. Spores were taken and
suspended in sterile water containing 0.05 % Tween 80. The concentration of spore suspension was kept at 104-105/ mL.

Next, 100µL of spore suspension was spread on PDA plates and a sterile filter paper disc with a diameter of 5 mm was
kept in the centre of the plates. Various concentrations of soluble chitinase (0.1–0.8 U/ mL) and immobilised chitinase (0.02–
0.16 g) in 0.1M sodium phosphate buffer (pH 7.0) were applied to the disc in separate plates to determine mycelial inhibition.
Negative control discs were applied with sterile distilled water. The plates were incubated at 28◦C for 8 days, and the diameters
of the inhibition zones around the discs were measured. All the tests were conducted in triplicate. The inhibition percentage of
immobilised and free chitinase was determined by the following equation:

Inhibition (%) =
[C−T]

C
x 100

C - Mycelial diameter in the control plate (mm).
T - Mycelial diameter in the treatment (Free/immobilised chitinase) plate (mm).

2.5 In vivo antifungal assay

The lemon fruits (Citrus limon) used in the experiments were obtained from local markets. Healthy fruits were taken and
surface sterilised with 2.5% sodium hypochlorite solution. After multiple washes with distilled water and storage in a dry place
to remove excess water on the surface until used for in vivo assay. Lemon fruits were scratched (3 mm depth) with a sterilised
needle. Lemonswere inoculatedwith spore suspension (104-105/mL) ofA. flavus and dried in the air for 1 h.Then, free chitinase
25.0 mL (0.8 U/mL) and immobilised chitinase 0.06 g (specific activity 124–192 U/mg) were treated on separate lemon fruits
for testing antifungal activity against A. flavus. Fruits inoculated with only A. flavus were used as positive controls for each
experiment. Fruits were then kept in covered plastic boxes for 9 days at room temperature, under a photoperiod of 12 h light
and 12 h dark under storage conditions. Ten lemons, five replicates of each, were used for each of the treatments. During the
storage, the percentage of decayed lemons was recorded.

3 Results

3.1 Optimisation of Immobilisation conditions

When sodium alginate is poured dropwise into calcium chloride, ionic bonds form between the carboxylate group of sodium
alginate and calcium, leading to the synthesis of alginate beads (8). Different concentrations of sodium alginate (1 to 6%)
were analysed to synthesise the stable alginate beads with the entrapped chitinase. Using 3% of sodium alginate, 65% of the
immobilisation yield was obtained. It was found that lower and higher amounts of sodium alginate were not suitable for
producing mechanically stable alginate beads. The concentration of sodium alginate determines the pore size of the alginate
beads. A low concentration of sodium alginate synthesised soft beads and led to leakage of entrapped chitinase because of
high porosity. In contrast, high concentration created a small pore size of the gel, which resulted in low penetration of the
substrate (chitin). Therefore, a sodium alginate concentration of 3% was optimum for the formation of functionally active
alginate spheres with the entrapped enzyme. Because the porous properties of alginate may cause entrapped chitinase to leak,
sodium alginate was blended with china clay to for synthesising immobilised beads improve the mechanical stability of the
immobilised chitinase. Kaolin (china clay) is a hydrated aluminium silicate and chemically inert.

Calciumchloride concentration is also important for the formation of a stable alginate sphere system. So, the concentration of
calcium chloride from 0.1 to 0.6Mwas also optimised to enhance the immobilisation yield.The highest enzyme immobilisation
yield was achieved at 84% with a 0.2 M CaCl2 solution. Below and above 0.2 M CaCl2, the immobilisation yield was low. The
immobilisation yield decreased with a rise in calcium chloride concentration. It may be due to a change in pH with the change
in calcium chloride concentration. Immobilisation yield was noticed at different curing times (30 to 180 minutes) and showed
that immobilisation yield was directional proportional to prolonged time, and the extreme was obtained at 120 min. However,
curing time after 120 minutes did not cause any advancement in the efficiency, perhaps due to the continuous hardness of the
sphere. Gel formation did not happen at low curing time, and that resulted in lower immobilisation efficiency and enzyme
leakage. After optimising process parameters (Table 1) of immobilisation (sodium alginate concentration of 3%, 0.2 M calcium
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chloride, and 120 min. curing time), the specific activity of entrapped chitinase improved to 11.9-fold in contrast with the
soluble form of chitinase, and the immobilisation yield increased to 84%.

Table 1. Optimization of immobilization conditions
Sodium alginate
concentration (%)

Immobilization
yield(%)

Calcium Chloride
Concentration (M)

Immobilization
yield(%)

curing time
(min.)

Immobilization
yield(%)

1 23±1.32 0.1 53±1.65 30 64±0.75
2 54±0.45 0.2 84±1.23 60 69±0.43
3 65±1.3 0.3 64±1.67 90 71±1.65
4 62±0.23 0.4 59±0,68 120 84±2.55
5 48±1.87 0.5 48±1.3 150 67±1.02
6 47±2.24 0.6 48±1.3 180 65±0.95

3.2 Characterization of Soluble and immobilised chitinase

In a scanning electron microscope with various magnification powers, the surface morphology of immobilised chitinase was
examined (Figure 1). The reaction time of free chitinase with its substrate was compared to that of immobilised chitinase.
Free chitinase catalysis reaction time was 10.0 minutes, while immobilised chitinase catalysis reaction time was 25.0 minutes
(Figure 2). The time required for the substrate, chitin, to reach the active site of immobilised chitinase by diffusing through the
alginate matrix may account for the 15.0-minute increase in reaction time of entrapped chitinase compared to free chitinase.

Fig 1. Surface characterization of immobilised K. gibsoniiMb126 chitinase under Scanning electron microscopy with different magnification
power

By running enzyme assays at different temperatures (20 ◦C to 80 ◦C), the optimal temperature of free and entrapped chitinase
was determined. Free chitinase worked best at a temperature of 40 ◦C. The temperature profile of immobilised chitinase was
broader, with maximal activity between 35 ◦C and 60 ◦C and 65 percent activity even at 70 ◦C (Fig.3). Similarly, Trichoderma
harzianum Chit42 immobilised chitinase on chitosan beads had an optimum temperature of 45 ◦C (9).

The effect of pH on chitinase activity following immobilisation wasmeasured at pH levels ranging from 5.0 to 8.5. (Figure 4).
Over a wide variety of pH values, the immobilised enzyme activity outperformed the free enzyme. At an alkaline pH, the relative
activity of free enzymes decreases, but immobilised enzymes retain approximately 92 percent of their activity at pH 8.5. At high
pH, the alginate matrix may protect the enzyme from denaturation. Trichoderma harzianum Chit42 immobilised chitinase
performed best at pH 4 (9).

Various concentrations of chitin were utilised to calculate enzyme kinetics of soluble and immobilised chitinase. The
Lineweaver–Burk plot has been used to determine the kinetic characteristics of free and immobilised chitinase. Km
and Vmax values of the free chitinase were 11.1 mg/ mL, 11.12 µmoles/µg h, respectively. The maximum rate of immobilised
chitinase was observed with a Vmax value of 0.8 µmoles/µgh and a Km value of 20mg/mL (Fig. 5).The greater Km valuemight
be due to the immobilised enzymes’ lesser affinity for chitin than that of the unbound enzyme. Low affinity could be caused
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Fig 2. Effect of reaction time on free and immobilised chitinase

Fig 3. Effect of temperature on free and immobilised chitinase

Fig 4. Effectof pH on free and immobilised chitinase
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by the enzyme losing its flexibility for substrate binding, resistance to substrate diffusion, or a barrier in the active region. This
drop in Vmax could be due to the enzymes’ interaction with the functional groups on the bead surface limiting the accessibility
of chitin molecules to the active site.

The thermo stability of the enzyme is essential to fulfil industrial criteria; therefore, the thermal stability of chitinase after
entrapment was investigated by placing the immobilised chitinase at 40◦C, 50◦C, and 60◦C for 2.0. In comparison to free
chitinase, the stability of chitinase following immobilisation was improved. Free chitinase lost more than 45 percent of its
activity at temperatures above 60◦C, whereas immobilised chitinase retained 90 percent of its activity at 60◦C even after 2.0
hours (Fig. 6). Thermal stability experiments revealed that Penicillium chrysogenum immobilised chitinase maintained full
activity for 120 minutes at (50 and 55) ◦C. (10).

One of the most important objectives of immobilization was the stability of the enzyme.The residual activity of immobilised
chitinase was determined in 5-day intervals up to 20 days. It was observed that the chitinase entrapped in alginate spheres
retained 92% activity at room temperature after 20 days.

Reusability of the biocatalyst is a very important factor from an economic perspective. Immobilised beads were washed after
every cycle with buffer and used again for the next reaction after 16 cycles. The study revealed that the immobilised enzyme
has great potential to retain its 80% activity even after 16 cycles. The immobilised chitinase of Penicillium chrysogenum could
retain most of its activity after three cycles (10).

Fig 5. LB plot of imobilized chitinase

Fig 6.Thermal stability of immobilised K. gibsoniiMb126 chitinase

The results of the study on the impact of various chemicals are presented in Table 2. The influence of different chemicals on
immobilised chitinase activity was examined. It was observed that tween 20 and triton x100 slightly had an excitatory effect
on immobilised chitinase activity. However, tween 80, EDTA, and SDS exhibited inhibitory action on immobilised chitinase. β
mercapto ethanol and dithiothreitol did not affect enzyme activity.
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Table 2. Effectof different chemicals on immobilised chitinase activity

Chemicals
Relative enzyme activity (%)* at different concentrations
2 mM 4 mM 6 mM 8 mM 10 mM

Triton X-100 106±1.3 128±0.76 111±3.5 45±2.9 19±2.5
Tween- 20 121±1.2 128±1.65 106±1.3 100±1.7 100±1.64
Tween- 80 46±2.3 48±2.6 33±2.43 31±1.2 25±1.87
SDS 32±2.4 29±1.9 25±1 18±1.62 9±1.34
EDTA 64±0.98 61±2.3 15±2.6 13±2.2 15±1.3
β - mercaptoethanol 100±1.56 100±3.4 100±1.53 100±1.6 100±1.87
Dithiothreitol 100±2.32 98±2.32 99±1.8 100±2.78 100±1.34
*Activity of the control was taken as 100%

3.3 In vitro antifungal assay

Using the agar-disk diffusion method, free chitinase and immobilised chitinase were evaluated against A. flavus, which was
isolated from rotten lemon fruit. Mycelium growth inhibition was observed at 27◦C for 8 days after inoculation, demonstrating
that both free and immobilised chitinase administration can inhibitA. flavus fungalmyceliumextension (Table 3). Free chitinase
inhibitedmycelial growth 56±2.45 %. Immobilised chitinase, on the other hand, entirely stopped fungal growth. Up to 0.06 g of
bead, the rate of growth reduction by immobilised chitinase was directly proportionate; after that, it remained 100%.The greater
effectiveness of immobilised chitinase may be due to the conserved, controlled and consistent release of chitinase, resulting in a
stronger inhibitory effect. On the basis of the findings of the in vitro inhibition of mycelial growth assay, immobilised chitinase
(0.06g) was subjected to in vivo experimental analysis in A. flavus-infected lemon fruits. Figure 7 presents the observations
from the in vivo study of the immobilised chitinase using lemon fruit infected by A. flavus. The statistical analysis proved that
the lowest percentage of decayed lemons was recorded for immobilised chitinase (5+2.34%), followed by free chitinase (34%)
on day 9. All positive control lemon fruits (infested by A. flavus only) were under decay and spoilage after 7 days.

A. flavus is an important postharvest pathogen. It can cause spoilage in different kinds of food and can be controlled by
suitable chemical fungicides. However, due to the negative effects of these fungicides on our environment, non-target health
hazards on animals and plants, and the development of fungicide resistance in microorganisms, alternative control methods
are desperately needed. A minimal number of studies have been focused on the efficient utilisation of green preservatives
against fungal infestation and mycotoxin contamination of fruits. To reduce post-harvest decay on lemons, Sebahat and
Funda (2021) used pectinase-negative Metschnikowia sp. with chitinase activity as biocontrol agents against green and blue
Penicillium (11). Nanoemulsion-based essential oils on the surface of fruits can prevent fungi (12). Chitinase enzymes can also
be utilised as a green alternative to antifungal chemical disinfectants because they can hydrolyse chitin present in the fungal
cell wall (13). Large scale applications of free chitinase to control postharvest decay by fungi are restricted due to the operational
instability and thermal denaturation of the soluble form of the enzyme. This study clearly demonstrated that immobilised
chitinase has higher thermostability, operational stability, reusability, and higher antifungal properties compared to its free
counterpart. Therefore, the most effective treatments to control the postharvest decay were those based on K. gibsonii Mb126
immobilised chitinase. To the best of our knowledge, it was the first report on the investigation of the antifungal activity of
immobilised chitinase for controlling postharvest decay of lemon fruits.

Table 3. Antifungal activity of free and immobilised chitinase
Free Chitinase (U/mL) Mycelial Inhibition (%) Immobilised chitinase (amount of bead ’g’) Mycelial inhibition (%)
0.1 36±1.3 0.02 65±1.3
0.2 42±2.54 0.04 86±1.35
0.3 48±2.67 0.06 100±1.56
0.4 51±1.65 0.08 100±1.51
0.5 56±1.09 0.1 100±1.25
0.6 57±1.56 0.12 100±1.16
0.7 56±1.34 0.14 100±1.28
0.8 56±1.25 0.16 100±1.17
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Fig 7. a, b, c. In vivo analysis of antifungal activity immobilised chitinase in lemons infected by Aspergillus flavus after 9 days. A) Lemons
infected byAspergillus flavus alone B) Lemons infected byAspergillus flavus and treated withKurthia gibsoniiMb126 free chitinase C) Lemons
infected by Aspergillus flavus and treated with immobilised Kurthia gibsoniiMb126 chitinase

4 Conclusion
Chitinase isolated from K. gibsonii Mb126 was immobilised with an 83.3% immobilisation yield. Surface characterization
of alginate hydrogel spheres was done by scanning electron microscopy. The factors determining the efficiency of the
immobilisation process were optimised. 3% of sodium alginate and 0.2 M calcium chloride were suitable with 120 minutes of
curing time. The immobilised chitinase exhibited enhanced functionality, and it exhibited pH tolerance and thermal stability.
The kinetic parameters were analysed.The immobilised chitinase of K. gibsoniiMb126 can be reused many times, and it shows
good storage stability. Agar-disk diffusion experiments proved that the immobilised chitinase ofK. gibsoniiMb126 had a strong
fungicidal effect against A. flavus. Experimental in vivo analysis conducted on lemons revealed the efficiency of immobilised
chitinase to inhibit postharvest decay after infection with A. flavus. Post-harvest decay on lemon fruits was more successfully
managed by immobilised chitinase of K. gibsoniiMb126, and this could be utilised as a sustainable, eco-friendly fungicide. To
the best of our knowledge, this is the one and only study report about the antifungal nature of chitinase against a fungus that
causes post-harvest decay in lemon fruits.
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