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ABSTRACT

Background and Objective: Majority of industrial enzymes are produced by fungi. Psychrophilic
hydrolytic enzymes are required for cold water detergents, biosensors food additives etc. The aim of
present experiments is to produce Psychrophilic Amylase and Protease enzymes by SSF and SMF to get
high production yields of both enzymes. Materials And Methods: Aspergillus oryzae CP3 was isolated
from food preserved in refrigerators and found to produce amylase and protease. The strain was used for
amylase and protease production by SSF and SMF. The SSF was conducted with rice and wheat brawns
supplemented with nutrition broth. Results: More amylase is produced (7800 1U/gds) in SSF where as
more protease is produced (500 1U/gds) in SMF. Further impact of temperature calcium and chloride ions,
specific activity of enzymes was tested and temperature 25°C, pH 8.5, Ca®* (100 Mm), CI~ (300 mm) were
found for the high specific activity of both enzymes. Hence, these enzymes are highly suitable for cold
detergents application. Conclusion: The study concludes that the isolated Aspergillus oryzae can be a
potent source for amylase and protease production. Amylase and protease produced can be used in cold
detergents.
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INTRODUCTION

Enzymes are produced by living organisms that act as catalyst, accelerate biochemical reactions. Due to
their catalytic activity and biological abundance, they play a major role and are used in industrial
applications'. Microorganisms are ideal for enzyme production due to their higher multiplication rate®.
Majority of the enzymes used for industrial applications include hydrolytic enzymes for the degradation
of various natural substances. Proteases are the most used enzymes for industrial applications as they are
widely used in detergent and dairy industries. Amylases are the most used enzymes after proteases they
have a wide set of applications in baking, starch and textile industries’.

Psychrophilic microorganisms are the group of cold-tolerant microorganisms ranging below 20°C.
They usually are cold tolerant and the enzymes produced by these organisms are of greater use due to
their high stability and low contamination at lower temperatures making them an optimal choice
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for industrial applications. Enzymes produced by psychrophilic organisms are stable at low temperatures
whereas the enzymatic activity of enzymes produced by non-psychrophilic organisms is decreased at
lower temperatures. The enzymes produced by psychrophilic organisms play a pivotal role in the
manufacturing of cold-water detergents, biosensors and food additives®. Enzymes are mainly produced
by a process known as fermentation. Fermentation is majorly carried out in two ways for enzyme
production which include solid state fermentation (SSF) and submerged fermentation (SMF). The SSF is
used for the production of fungal enzymes whereas SMF is used for the production of bacterial enzymes®.
The SSF is a beneficial method when working on fungi as it can grow well on solid substrate lesser amount
of water required compared to submerged fermentation resulting in cost-efficient production of enzymes
hence decreasing the product price®.

The objective of this study was to produce Amylase and Protease from psychrophilic Aspergillus oryzae
fungi by submerged and solid-state fermentation and further purifying the enzyme and assessing its
properties.

MATERIALS AND METHODS
The study was carried out from June, 2023 to February, 2024 at Department of Microbiology, Nizam
College, Basheer Bagh Hyderabad, India

Isolation of fungi producing amylase and protease: Psychrophilic fungal species were isolated from
low-temperature preserved bread, milk, fridge coatings and starchy soil. The fungal samples were diluted
into 10 fold dilutions and 100 pL of samples were spread on PDA, without dextrose. Plates were coated
with ringers iodine and strains with more clear zone were selected. The resultant fungal isolates were
collected and subcultured. The 5 isolates were selected from screening for amylase-producing fungi.
These five fungal isolates were subcultured on skim milk agar plates. The fungi showed good growth and
a hydrolytic zone on skim milk agar with amylolytic activity was further used. One fungal isolate was
selected for both amylase and protease production.

Colony characteristics: Isolated fungi were observed for colony morphology on PDA agar.

Microscopy: The fungal samples grown on petri plates were identified by lactophenol cotton blue
staining. The hyphae are selected with sterile forceps and placed on a clean slide and lactophenol cotton
blue is added and observed under a microscope with a cover slip.

Biochemical test

Starch hydrolysis method: The production of amylase in fungi is confirmed by starch hydrolysis method
where the amylase-producing fungal plate is flooded with ringers iodine solution containing 3 g of Kl and
1 g of iodine in 100 mL of Water and excess solution is removed. The amylase-producing strains of fungi
are identified by decolourized zones around the colonies due to amylase production and starch hydrolysis.

Screening for protease activity: Obtained fungal isolates with possible proteolytic activity were screened
using skim milk agar. As 10% of non-fat milk is added to 100 mL distilled water and autoclaved at 15psi
for 15 min. The isolated fungal samples were inoculated in petri plates and incubated for 3 days at room
temperature. The grown fungal colonies form a clear zone around the media indicating the protease
production’.

Production of amylase and protease by submerged fermentation: Broth media with peptone (6.0 g/L),
MgsO, (0.5 g/L), KCI (0.5 g/L), starch (6 g/ L), glucose (5 g/L), NH,Cl, peptone and yeast extract (each
2 g/L) is prepared for submerged fermentation. Inoculum was made by inoculating the culture in 30 mL
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of media in 100 mL flask. The culture was incubated at 28°C on a shaker with 120 rpm for 2 days.
As 5% of the inoculum was transferred to production media and incubated for 6 days.

Production of amylase and protease by solid state fermentation: The composition of the fermentation
medium (gL™"): Glucose, 20; (NH,),SO, 6.6; KH,PO, 3.5; FeSO,7H20, 0.15; MgSO,.7H20, 0.10;
MnCl,.2H20, 0.45 and peptone, 3.0; at pH 6.8, wheat brawn and rice brawn (1:1) were selected as
substrates and air dried and introduced into 250 mL flask containing 30 g of solid media, media broth was
added to make up the moisture level to 60%®. The prepared media was autoclaved at 15 psi for 15 min.
The 5% inoculum containing mass suspension was added to a sterile fermentation medium and incubated
for 6 days at 25°C.

Enzyme assay for amylase and protease

Amylase enzyme assay: The reaction mixture was prepared by combining 1.25 mL of 1% soluble starch,
0.25 mL of 0.1 M acetate buffer (pH 5.0), 0.25 mL of distilled water and 0.25 mL of enzyme. The mixture
was then incubated at 30°C for 10 min. Following the incubation period, the reaction was stopped by
adding 0.5 mL of DNS reagent. The reaction mixture was subsequently boiled for 5 min to develop color.
After boiling, the mixture was allowed to cool and if necessary, it was diluted to ensure that the
absorbance fell within the detection range. The absorbance of the solution was measured at 575 nm using
a Helico colorimeter, made in Hyderabad, India.

A standard curve was prepared using known concentrations of glucose. The amount of reducing sugars
(glucose equivalents) liberated by the enzyme was then calculated using the standard curve. The enzyme
activity was determined in units (IU), where one unit was defined as the amount of enzyme that released
one umol of glucose equivalent per min under the assay conditions’.

Protease enzyme assay: The assay was done as 2% of casein solution (1 mL) was incubated with 0.1 mL
of enzyme solution and 0.9 mL of sodium phosphate buffer (pH 7) for 10 min at 30°C. The reaction was
halted using 10% TCA solution. The mixture was subjected to centrifugation at 10,000 rpm for 5 min.
The colour intensity of the supernatant was measured at 280 nm and enzyme activity was calculated from
a standard curve of L-tyrosine.

Extraction of enzymes: Dry substrate of SSF was extracted with phosphate buffer (pH 6.8) at 1:50 dilution.
Enzyme extraction in crude form was carried out by collecting the culture liquid of SMF and buffer mixed
SSF was centrifuged at 10,000 rpm for 10 min. The supernatant was taken leaving the cell containing pellet
on the bottom. The cell-free supernatant was filtered through Whatman no 1 filter paper and the filtrate
acts as a crude enzyme.

Purification of enzymes

Purification of amylase: Ammonium sulfate (70%) was utilized to fully saturate the supernatant under
continuous stirring at 4°C. Subsequently, a 20 min centrifugation was conducted at 14,000xg. The fraction
containing ammonium sulfate within a dialysis bag was then dialyzed against 0.05 M sodium phosphate
buffer (pH 6.9, 4°C) for 6 hrs. Following this, the concentrated enzyme was applied onto a DEAE-cellulose
column, pre-stabilized with the same buffer. Elution of the enzyme was carried out using a similar buffer
at a flow rate of 1 mL/min, employing a linear gradient of 0.05-0.5 M NaCl. The resulting fractions were
collected and their protein concentration was determined at 280 nm. Fractions exhibiting the highest
protein concentration were subsequently assessed for a-amylase activity.

Purification of protease: The culture was collected and made cell-free by centrifuging at 10,000 rpm for
10 min and the supernatant was collected as an enzyme source. The enzyme was precipitated from the
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supernatant by the addition of ammonium sulphate of 70% saturation and transferred into a dialysis bag
for dialysis. The bag containing enzymes was submerged in 1000 mL of 0.01 M of phosphate buffer and
kept for dialysis for 48 hrs, being stirred on a magnetic stirrer. Further purification was done by column
chromatography using Diethyl Amino Ethyl (DEAE) anion column'.

Characterization of enzymes: Protein content and protease activity were assessed and specific activity
was computed as enzyme activity per millig of protein. Purified enzyme was tested for characterization
of enzymes. Various buffers (0.1 M) with pH levels spanning from 4, 5, 6, 7, 7.5, 8, 8.5, 9, 10, 11 and 12
were employed to investigate the impact on enzyme activity. Temperature (15, 20, 25, 30, 35,40 and 45°C)
and ions (Ca®*, CI7) concentrations were also tested to know optimum conditions for enzyme activity.

SPECIFIC ACTIVITY

For amylase: The specific activity of amylase was investigated. Initially, 10 mg of amylase displayed an
activity level of 124 U, serving as the basis for further analysis, 1 mg of amylase exhibited a specific activity
of 12.4 U per millig activity.

For protease: The specific activity of Protease, was investigated. Initially, 10 mg of amylase displayed an
activity level of 108 U, serving as the basis for further analysis, T mg of amylase exhibited a specific activity
of 10.8 U per millig activity.

Effect of pH: The impact of initial medium pH on the activity of protease and amylase was investigated.
Various initial pH values 4, 5, 6,7, 7.5, 8,8.5,9, 10, 11 and 12 were examined to determine their effect on
the activity of these enzymes.

Effect of temperature: The optimal temperature for the activity of protease and amylase enzymes from
Aspergillus oryzae is crucial for maximizing enzyme activity. The temperatures (15, 20, 25, 30, 35, 40 and
45°C) had been tested for specific activity of enzymes.

Effect of Ca** and Cl-ions: The effect of calcium ions was tested at various concentrations ranging 100,
200, 300 and 400 mM on protease and amylase activity.

The effect of chloride ions at various concentrations ranging from 100, 200, 300 and 400 mM was
investigated to assess the impact of chloride ions on protease and amylase activity, alongside a control
group without any ions.

Statistical analysis: Experiments were carried out in triplicates for three times (n = 9). Statistical analysis
of the study was done using MS Excel. Values are expressed as Means+SD.

RESULTS

Fungal characteristics and morphology: The colony morphology was observed as yellow green
spore-bearing bodies with dense and wooly colonies. Microscopic observations showed large thick-walled
conidiophores, the vegetative hyphae of the fungi are septate and the conidia are green and globuse to
subglobuse. Isolated fungal sps were identified as Aspergillus oryzae by colony morphology and
microscopic observations and named as Aspergillus oryzae CP3.

Biochemical test: The isolated fungi produce both Amylase and Protease enzymes. The presence of
Amylase production is identified by the zones formed when the agar plate is flooded with ringers iodine
and the decolourized zones indicates the starch hydrolysis and amylolytic activity, the fungal isolates with
large zones indicate more amylase production.
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The proteolytic activity was also determined for the fungal isolate the fungal samples spread on the skim
milk agar showed the zones which indicate the proteolytic activity.

Enzyme production: The enzymes had been produced by A.oryzae. Amylase produced in SSF was
7800 U/gds whereas in SMF 121 y/mL. The protease in SSF after was 1100 U/gds whereas in SMF
500 p/mL. In SSF more amylase (7800 U/gds) is produced compared to proteas (1100 U/gds) whereas
protease was produced more by SMF (500 IU/mL) compares to amylase(121 IU/mL) the results of enzyme
production.

Enzyme purification: The purification steps, comprising the precipitation of ammonium sulfate, dialysis
and chromatography were the stages that reported considerable recovery in enzyme activity. The recovery
percentages of these enzymes ranged between 61-64% for the two types of enzymes (Table 1 and 2).
The data show that critical for the advancement of purification technologies aimed at the increasing
output and recovery of these precious enzymes.

Determining the optimal temperature level: Results showed that at 35°C the highest levels of protease
and amylase specific activities of 12 and 14 U/mg in SSF, respectively. Additionally, the maximum activity
of crude protease and amylase was determined at 35°C. The optimal temperature results are given in
Fig. 1.

Even if 35°C is optimal, activity is retained till 15°C, making it suitable to work at low temperatures.

Ca?®* and CI~: The calcium 100 mM yielded the highest protease and amylase activities, conversely, in the
absence of calcium ions, enzyme activity was significantly reduced. These findings underscore the
supportive role of calcium ions in maintaining the structural integrity and stability of protease and
amylase. The optimal results of Ca®* ions are given in Fig. 2.

Table 1: Solid state fermentation produced enzymes purification

Percentage of Percentage of
Method Amylase recovery (%) Protease recovery (%)
Crude 156 1U/gdsx 150 mL =23400 100 22 1U/gdsx150 mL =3300 100
Ammonium sulphate+dialysis 1765 IUx11 mL =19415 82 270 [Ux10 mL =2700 81
DEAE chromatography 2524 1Ux6 mL =15144 63.96 411 1Ux5 mL = 2055 61.65
Scale:
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Fig 1: Effect of temperature on amylase and protease enzymes
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Fig. 2: Effect of calcium ion on enzymatic activity
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Fig. 3: Effect of chloride ion on enzymatic activity
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Fig. 4: Effect of pH on enzymatic activity
Table 2: Submerged fermentation produced enzymes purification
Percentage of Percentage of

Method Amylase recovery (%) Protease recovery (%)
Crude 121 1Ux105 mL = 12705 100 500 IUx105 mL = 5500 100
Ammonium sulphate+dialysis 825 IUx12 mL = 9900 779 3722 IUx11 mL = 40942 779
DEAE chromatography 1625 1Ux5 mL = 8125 63.9 5391 IUx6 mL = 32346 61.5

The results revealed no significant enhancement in protease and amylase activity in the presence and
absence of chloride. The presence of 300 mM chloride ion led to a little increase in protease and amylase
activity but it is not significant. The optimal result of Cl" ions is given in Fig 3.

Determining the optimal pH level: The results indicated that the enzyme is activity in a broad pH range
of 7.0 to 11.0. However, the highest levels of activity yield were achieved when the reaction pH was set
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at 8.5. Consequently, the optimal pH for the protease and amylase activity was determined to be 8.5.
Notably, it was observed that under alkaline conditions, both enzymes exhibited higher activity compared
to acidic conditions. The results of pH is given is given in Fig 4.

DISCUSSION

Psychrophilic Aspergillus oryzae (CP3) was isolated producing amylase and protease from cold food
samples. The SSF (solid state fermentation) and SMF (submerged fermentation) methods for enzyme
production was carried out and compared. Enzymes production was comparatively higher in solid-state
fermentation (SSF) than submerged fermentation (SMF). For instance, in amylase production, SSF yielded
7800 U/gds compared to SMF's 121 U/mL. Similarly, SSF showed better results in protease production,
yielding 1100 U/gds compared to SMF's 500 U/mL. Londofio-Hernandez et al’ found alkaline protease
activity to be approximately 23 U/mL in SSF. Belmessikh et al.”® achieved 21309 U/g in SSF and 2343.5 U/g
in SMF. Das and Prasad'’ observed protease activity up to 202.2 U/gds. Mufioz-Seijas et al."* produced
Protease by SSF using inscts frass as raw material. Fadel et al.”® reported amylase production of
149.2 U/gds, while Melnichuk et al."*achieved 45,900 U/g of dry substrate in amylase activity. Purification
steps, including ammonium sulfate precipitation, dialysis and chromatography, led to considerable
recovery in enzyme activity. In SSF, crude amylase and protease extracted were approximately 23,400 and
3300, respectively, after the first stage of ammonium sulfate precipitation, with an 80% recovery after
dialysis. In SMF, the crude extractions were around 12705 IU for amylase and 5500 IU for protease, with
a 78% recovery after dialysis. From the precipitation with ions, the enzymes showed a recovery percentage
of Amylase and Protease is 64 and 62%, respectively in SSF whereas in SMF the protease and amylase
enzymes showed a recovery percentage of 64 and 61% indicating higher recovery of amylase compared
to protease.

Arunachallam et al.”” observed a yield of 24%. Braia et al.’® achieved a 65% recovery of alpha-amylase.
The specific activity of amylase and protease was found to be 12.4 and 10.8 u/mg, respectively.
Mamo et al."’ L®
reported a specific activity of 0.0558 u/mg for protease, while Niyonzima and More™ observed 75 u/mg
for protease. Khoo et al?° noted amylase activity of about 50 U/mg, while Negi and Banerjee®’ noted
amylase activity around 16 u/mg. The optimal temperature for both protease and amylase was observed
at 35°C both significant activity was observed at 15°C, with a pH range of activity between 7.0 and 11.0,
particularly showing better reactivity at pH 8.5 alkaline conditions. The presence of Ca** activated the

enzyme'’s activity, while CI" does not affect activity.

observed a specific activity of 0.13758 u/mg for milk-clotting protease. Souza et a

Sadh et al.** observed optimal pH and temperature ranges of 7.4 and 37°C, respectively, for enzymatic
reactions utilizing protease produced by Aspergillus oryzae, on the other hand, Amylase and Protease
exhibited greater stability at 50°C with a pH of 4.95 and 53.4°C* and the strain was incubated at 28°C with
apH of 6. The present study implicates the production of Amylase by SSF and protease by SMF.
The selected strain can be used for Protease and Amylase production by changing the fermentation
conditions. The fermentation conditions provided can be used for other strains also. It is recommended
to have a potent single strain for the production of two enzymes at different conditions. Further factors
influencing enzyme production should be optimized and enzymes should be produced at a large scale.

CONCLUSION

Psychrophilicamylase and protease were produced by SSF and SMF using isolated Aspergillus oryzae (CP3)
strain, from the studies SSF was found to be suitable for amylase production and SMF was found to be
suitable for protease production. Ammonium precipitation- dialysis and DEAE anion exchange
chromatography were found to be effective in amylase and protease purification. Enzymes activities
optimized and found to be suitable for cold detergent applications.
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SIGNIFICANCE STATEMENT
For detergents multiple enzymes are required. Psychrophilic enzymes are required in detergents working

at room temperature and below. Psychrophilic Aspergillus oryzae CP3 was isolated in the laboratory and

used for Amylase and Protease production. More amylase is produced in solid state fermentation whereas

more protease is produced in Submerged Fermentation. The study is significant because it produces

Amylase and Protease by SSF and SMF by a single fungal strain Aspergillus oryzae CP3.
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