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Solid state fermentation is an alternative method that has gained more attention of researchers over the past 20 years. In 
solid state fermentation excellent nutritional value of the oil cakes employed as the substrates for protease production. In 
this study evaluates the feasibility of using mahua oil cake as a substrate for the production of protease by Penicillium 
griseofulvum LCJ231 under solid state fermentation. The mahua oil cake is very cheap agricultural by-product. The 
influences of components of the medium and culture conditions such as substrate moisture content, pH and inoculum 
size for maximizing the protease production was examined by one-factor-at-a-time method. An interesting results were 
examined through this study is addition of all the nutritional factors (starch, yeast extract and casein) did not enhance the 
protease production. Only the substrate with water produced the maximum amount of protease. A pH of 8.0, 6g/kg of an 
inoculum and 80% of the moisture content were secreted maximum protease production. This study proved that 
Penicillium griseofulvum LCJ231 was able to produce a very high level of protease using inexpensive mahua oil cake as 
the substrate under SSF. 
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INTRODUCTION
Proteases are served as the multifunctional enzymes 
accounting for nearly 60% of the whole enzyme market 
(Woods et al., 2001, et al., 2018). These proteases are Kumar 
frequently used in detergent, leather, pharmaceutical, food, 
brewing, meat, dairy and photographical industries (Patil et 
al., 2004, Chang et al., 2004, Basu et al., 2008, Paranthaman et 
al., 2009, Ramakrishna et al., 2010). Since based on these 
applications, there has been renewed attention in the 
discovery of proteases with novel properties.

Microorganisms are evidence for great potential for protease 
production due to their broad biochemical diversity and their 
susceptibility to genetic manipulation. Fungal proteases have 
an advantage over bacterial proteases as mycelium can be 
removed easily by the method of filtration (Kranthi et al., 
2012). Protease producing fungi are normally recognized as 
generally regarded as safe (GRAS) (Schuster et al., 2002, 
Soccol et al., 2003,  et al., ). Fungi such as Rhizopus, Singh  2023
Aspergillus, Mucor, Peniciliium, Trichoderma species have the 
ability to produce proteases under suitable growth conditions 
(Banerjee et al., 2001, Suraishkumar et al., 2003, Haq and 
Mukhtar, 2004, et al., ). Barbosa-Tessman 2015

Solid State Fermentation (SSF) is that there is nearly no free 
water in the solid substrate (Chen and Xu, 2004, T et al., akashi 
2009, Manan and Webb, 2017). Substrate of the solid material 
not only performs as a physical structure for the microbial 
growth, but it also provides a carbon, nitrogen source and 
growth factors for the microorganisms (Pandey et al., 2010).  
SSF method is the simple method of the fermentation process 
and can use agricultural wastes are the substrates for the 
enzyme production (Srinophakun et al., 2008, et al., Sakinah 
2022). Solid state fermentation is the solution for solving the 
energy crisis and environmental pollution (Chen and Qui, 
2010, Chen and He, 2012).

Utilization of agro-waste residues as substrates provides an 
alternative path and value addition to these (Pandey et al., 
2009, Vijayaraghavan and Vincent, 2012). Microorganisms 
take all the nutrients present in the solid substrate for their 
growth as well as for the protease production. More number of 
agricultural and industrial wastes are used as the substrates 
such as tannery solid waste (Kumar et al., 2009), coffee pulp 
and coffee husk (Pandey et al., 2000), shrimp shell waste 
(Wang and Yeh, 2006), cow dung (Vijayaraghavan and 
Vincent, 2012), defatted soybean cake (Germano et al., 2003), 

wheat bran (Kranthi et al., 2012, Ahmed et al., 2011), 
combination of soybean and wheat flours (Wang et al., 2005) 
for enzyme production.

This study was designed to optimize the production of 
protease by Penicillium griseofulvum LCJ231 under SSF by 
using a suitable substrate. The influence of nutritional factors 
(carbon source, nitrogen source and inducer) and physical 
parameters such as incubation time, pH, inoculum size and 
moisture content were also evaluated.

MATERIALS AND METHODS
Fungal Strain
In this study used Penicillium griseofulvum LCJ231 (Accession 
no. KF414683) was isolated from cotton seed oil cake (Jenitta 
and Gnanadoss, 2014). This culture was maintained on Potato 
Dextrose Agar (PDA) at 4°C.

Substrates
The type of twelve different substrates such as rice bran, 
wheat bran, coconut oil cake, sesame oil cake, groundnut oil 
cake, mahua oil cake, cotton seed oil cake, neem oil cake, 
black gram husk, red gram husk, green gram husk and 
chickpea husk were screened for the production of protease 
under solid state fermentation.

Solid state fermentation
The 10 g of weighed substrates of husks were soaked with 
water at overnight and the oil cakes were soaked with 5 h. The 
excess amount of water was drained off and dries it. The solid 
state fermentation was carried out in 200 mL stopper bottle. 
The substrates containing bottles were autoclaved at 121°C 
for 30 min. then the bottles were cooled and inoculated with 
one mycelia disc (4 mm). The inoculated bottles were 
incubated for 9 days at room temperature.

Enzyme Extraction Method
The enzyme was extracted from the substrate using 0.2 M 
Glycine-NaOH buffer (pH 9.0). 50 mL of Glycine-NaOH buffer 
was added into the substrates containing bottles. Then the bottles 
were kept in an orbital shaker for 24 h. After that, the whole 
contents were filtered using muslin cloth and then the filtrate was 
centrifuged at 10,000 rpm for 15 min. The clear supernatant was 
served as the enzyme source for protease assay.

Procedure for protease assay
The protease activity was assayed using casein as a substrate 
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by the modified method of Keay and Wildi (1970). The 
reaction mixture contained 200 μL of crude enzyme extract, 
500 μL of casein (0.5%) and 300 μL of 0.2 M Glycine-NaOH 
buffer (pH 9.0). The reaction mixture was incubated at room 
temperature for 10 min and the reaction was arrested by the 
addition of 1 mL of 2.5% trichloroacetic acid. The reaction 
mixture was then centrifuged at 8000 rpm for 15 min. To 1 mL 
of supernatant, 5 mL of 0.4 M Na CO , 1 mL of 3-fold diluted 2 3

Folin and Ciocalteau's phenol reagent were added. The 
solution was incubated at room temperature for 30 min and 
the absorbance of the blue colour developed was read at 660 
nm (Lowry et al., 1951). Tyrosine was used as the standard. 
One unit of enzyme activity was defined as the amount of 
enzyme that liberated 1 μg of tyrosine from substrate (casein) 
per minute under assay conditions.

Enzyme activity calculation

10 =  Reaction timing (in min)
0.2 = Volume of enzyme used (in milliliters)
4 = Volume used in colorimetric determination (in milliliters)

Time course study
The production of protease by Penicillium griseofulvum 
LCJ231 was tested by incubating the inoculated solid state 
fermentation bottles with the substrate for a total period of 15 
days. The enzyme was extracted every 3 days intervals and 
protease activity was also estimated.

The influences of various factors on the production of 
protease
The protease production by Penicillium griseofulvum LCJ231 
was studied. The selection process of suitable nutritional 
factors such as carbon source, nitrogen source and inducers 
and physical factors such as incubation time, pH, inoculum 
size and moisture content for maximum protease production 
was optimized through this study.

Effect of nutritional factors on the production of protease
Effect of carbon concentrations on the production of 
protease
The impact of various concentrations of the starch (suitable 
carbon source) ranging from 5 to 30 g/L on the protease 
production by Penicillium griseofulvum LCJ231 was evaluated. 

Effect of nitrogen source concentration on the production 
of protease
In the same way, different concentrations of yeast extract 
(suitable nitrogen source) in the range from 5 to 30 g/L were 
tested by Penicillium gr iseofulvum LCJ231 for the 
enhancement of protease production. 

Effect of inducer concentration on the production of 
protease
The selective inducer of casein concentrations in the range of 
5 to 30 g/L was studied for maximum production of protease 
by Penicillium griseofulvum LCJ231. All these experiments 

thwere carried out at room temperature. The end of the 9  day of 
incubation protease activity was measured. 

Effect of physical parameters on the production of 
protease
Effect of pH on the production of protease
The effect of initial pH on protease production by Penicillium 
griseofulvum LCJ231 was evaluated by adjusting the pH of 
distilled water ranging from 4 to 10. The pH was adjusted 
using 0.1 N NaOH and 0.1 N HCL.

Effect of inoculum size on the production of protease
The inoculum concentration on the protease production was 
studied by Penicillium griseofulvum LCJ231. An inoculum size 
range of 1 to 6 g/kg was used in this study.

Effect of initial moisture content on the production of protease
Optimum initial moisture content for protease production was 
determined by adjusting the initial moisture content of the 
fermentation substrate to varying levels of 40 to 100%. The 

thprotease assay was determined at the end of the 9  day of 
incubation.

RESULTS AND DISCUSSION
The fungal strain of Penicillium griseofulvum LCJ231 was 
isolated from cotton seed oil cake. The enhancement of 
protease was evaluated by suitable substrate selection, 
i n c u b a t i o n  t i m e, c a r b o n , n i t ro ge n  a n d  i n d u c e r 
supplementation, pH, inoculum size and initial moisture 
content of the substrate.

Suitable substrate selection for solid state fermentation
The selection of an ideal agricultural by-product for enzyme 
production is the major role in SSF process. This process 
depends on the cost and substrate availability (Pandey et al., 
2000). In this study, twelve different agro-wastes were used as 
the substrate for protease production by Penicillium 
griseofulvum LCJ231 under solid state fermentation. 
Maximum protease production (420.0 U//g ds) was observed 
with mahua oil cake (Table 1). Followed by groundnut oil cake 
produced more amount of protease (355.18 U/g ds). These 
two substrates were selected for this culture. 

In this paper deals with the protease production using mahua 
oil cake as the substrate. The result presented here is highly 
significant because more reports not presented on the use of 
mahua oil cake as the substrate for the production of protease. 
Based on this fact, mahua oil cake can be effectively utilized as 
an ideal substrate for the production of protease due to its low 
cost and availability.

Table 1: Screening Of Suitable Substrate For Protease 
Production

Fig. 1 Growth and protease production by P. griseofulvum 
LCJ231 using mahua oil cake as substrate

Time Course Study
The influence of incubation time on protease production by 
Penicillium griseofulvum LCJ231 was evaluated. In the present 
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Substrates Protease activity (U/g ds)
Rice bran 69.86± 0.87
Wheat bran 77.28± 1.35
Coconut oil cake 188.30± 0.99
Sesame oil cake 237.30± 4.32
Groundnut oil cake 355.18± 0.65
Mahua oil cake 420.00± 1.78
Cottonseed oil cake 196.14± 0.67
Neem oil cake 220.78± 3.13
Black gram husk 59.36± 0.99
Red gram husk 76.58± 3.08
Green gram husk 80.85± 4.10
Chickpea husk 12.78± 0.86
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thstudy, maximum protease production was observed on the 9  

day of incubation with the protease activity of 424.38 U/g ds 
(Figure 1). The protease activity was gradually decreased 
with increasing the time of incubation. This result clearly 
indicated protease was produced in the log phase of the 
fungal growth for utilization of nutrients present in the oil cake. 
Sumantha et al. (2006) also agree the growth of the fungus 
utilized the nutrients present in the solid substrate. The fungal 
log phase may vary from one organism to another. Maharshi 
and Thaker (2012) reported 96 h onwards upto 288 h showed 
the log phase in Fusarium sp.

Effect Of Nutritional Factors On The Production Of 
Protease
The additional nutrient sources influenced the production of 
protease (Wang et al., 2005, Nagamani et al., 2012, Rani et al., 
2012). Additional nutritional sources of carbon, nitrogen and 
inducers may or may not be enhances the protease 
production due to the nutrient present in the used substrate.

Effect Of Starch As A Suitable Carbon Source On The 
Production Of Protease
The suitable selection of the carbon source has a major point 
on the protease production. Based on the preliminary studies, 
starch found to be the good carbon source for the production 
of protease by Penicillium griseofulvum LCJ231 (data not 
shown). Puri et al. (2002) also found starch as the best carbon 
source for maximum protease production by Bacillus sp. 

In this study, various concentrations of starch ranging from 5 to 
30 g/L were tested for maximum protease production. 
Without supplementation of starch was used as the control. 
The results proved without the addition of starch produced 
maximum protease and this data was significantly (p<0.05) 
proved in Table 2. The substrate gave the sufficient amount of 
nutrients to the culture. The mahua oil cake contains 68.3% of 
the fixed carbon (Kureel et al., 2009). Kumar et al. (2018) 
reported that Mahua oil cake is rich in sugar.

Effect Of Yeast Extract On The Production Of Protease
The addition of nitrogen sources to the substrates has been 
reported to increase the protease production. In the 
preliminary studies, yeast extract was the best nitrogen 
source for protease production (data not shown). The same 
finding was reported by Nadeem et al. (2008).

The effects of various concentrations of yeast extract (5 to 30 
g/L) supplemented to the solid substrate was tested and 
results showed that control without the addition of yeast 
extract enhanced the maximum protease production (160.18 
U/g ds) by Penicillium griseofulvum LCJ231 represented in 
Table 2. This result was significant at a 5% level. In mahua oil 
cake more number of organic substances is present. These 
are act as the nitrogen source and gave the nutrients to the 
fungus. Kureel et al. (2009) reported that 90.8% of the organic 
matter is present in the mahua oil cake. Mahua seed cakes 
were found to be rich in nutrients, especially nitrogen source 
(Kumar et al., 2018).

Table 2: Effect Of Nutritional Factors Concentrations On 
Protease Production By Penicillium Griseofulvum LCJ321

Effect Of Casein As The Inducer On The Production Of 
Protease
The effect of casein on the protease production by Penicillium 
griseofulvum LCJ231 was studied at different ranging from 5 to 
30 g/L. The results represented that the addition of casein to 
the substrate produced very low amount of protease as 
compared to the control (160.18 U/g ds), that is without the 
addition of inducer (Table 2). This result was significantly 
(p<0.05) proved with the statistical analysis. The reason is the 
oil cake of mahua contain very rich amount of proteins. These 
proteins are served as the nutrients to Penicillium 
griseofulvum LCJ231 and produced a maximum protease 
production. This result proved the cost effectiveness of the 
solid state fermentation. Mahua oil cakes are the good and 
cheap source of proteins and also contain essential amino 
acids (Kureel et al., 2009). Kumar et al., (2018) proved 19.68% 
of proteins present in Mahua oil cake.

Effect of physical parameters on the production of 
protease
Under solid state fermentation the protease production was 
significantly enhanced by physical factors such as pH, 
temperature, moisture content and concentrations of 
inoculum (Srinubabu et al., 2007, Gnanadoss et al., 2015). 
These factors are differing from one species to another 
species. Therefore optimizations of these conditions were 
important for the enhancement of protease production.

Effect of pH on the production of protease
The pH strongly influences the process of enzymes 
(Paranthaman et al., 2009). Generally fungi can grow over a 
wide range of pH. In this study, the results examined the pH 8 
produced maximum protease production (166.71 U/g ds) 
showed in Table 3. The data was proved at 5% level of 
significant.  In the same way Munawar et al. (2014) reported 
that the protease activity was high at alkaline level by A. 
terreus. Gnanadoss et al. (2015) also proved the pH of 9 
produced the maximum amount of protease by Penicillium sp. 
using groundnut oil cake as the substrate.

Effect of inoculum size on the production of protease
The effect of inoculums size on protease production by 
Penicillium griseofulvum LCJ231 was tested. In the 
fermentation process, inoculums size is an important 
biological factor (Norliza and Ibrahim, 2005, Pandey et al., 
2005). An exponential increase in the protease production 
was recorded with increasing the size of the inoculums (Table 
3). Similar finding was also reported by Patil et al. (2004). The 
present study clearly indicates that the oil cake have the large 
number of nutrients in it. So that reason only large amount of 
inoculums also not affects the protease production.  

Effect of moisture content on the production of protease
Moisture content also one of the major factor for influencing 
the protease production under solid state fermentation. The 
impact of initial moisture content ranging from 40 to 100% was 
examined by Penicillium griseofulvum LCJ231. The results 
showed that 80% of the initial moisture content of the 
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Variables Protease activity (U/g ds)
Control 160.18± 9.05
Starch concentration (g/L)
(p 0.932)
5 150.10± 5.54a
10 153.90± 5.93a
15 154.92± 6.22a
20 157.50± 0.67a
25 156.13± 5.54a
30 150.63± 9.43a
Yeast extract concentration (g/L)
(p 0.001**)

5 99.34± 0.19a
10 118.77± 0.30c
15 118.59± 2.54c
20 115.53± 4.27bc
25 100.86± 4.08ab
30 91.92± 0.00a
Casein concentration (g/L)
(p 0.006**)
5 119.28± 5.43c
10 109.44± 9.81c
15 102.64± 1.25ab
20 99.23± 7.77ab
25 98.95± 1.16ab
30 93.08± 1.94a
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substrate was produced maximum yield of protease (142.58 
U/g ds) with 5% level of the significant (Table 3). Similarly 
Gnanadoss et al. (2015) reported the high protease with 80% 
of the moisture content level. The level of 90% onwards 
decreased protease activity was recorded due to the 
insufficient assessment of the fungi to utilize the nutrients 
availability for enzyme production (Kumar and Takagi, 1999).

Table 3: Effect of physical factors on protease production 
by Penicillium griseofulvum LCJ231

CONCLUSION
In the present study, protease was produced using mahua oil 
cake as substrate. Due to its availability and low cost, mahua 
oil cake may be a best substrate for solid state fermentation. 
This oil cake utilization also proved the low cost and the best 
substrate. Because any addition of carbon, nitrogen and 
inducer were no need for the production protease. Mahua oil 
cake contain proteins in a huge level, only these proteins are 
sufficient for the growth of fungi and also the protease 
production. Physical factors also enhanced the protease 
production by Penicillium griseofulvum LCJ231.
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