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INTRODUCTION
Protease is a hydrolysis class of enzymes that perform 
the proteolytic action to hydrolyze the peptide bonds of a 
polypeptide chain (Rashmi & Dubey, 2017). Proteases are 
being commercialized for nearly 60% of the total enzyme 
industrial market. Many applications of proteolytic enzymes 
can be found in industries such as pharmaceuticals, 
detergents, and food. Proteases have been synthesized 
by different kinds of microbes such as fungi, bacteria, and 
yeasts, and by some plants and animal tissues. Microbes 
were selected as a preferred source of protease enzymes 
due to their rapid growth and less space requirement for 
cultivation (Shafee et al., 2005).

Many investigators have searched some methods of 
producing microbial proteases using low-cost media. Based 
on their findings, fish processing wastes such as fish meat 
wastes offer good potential for this purpose (Wang & Yeh, 
2006; Vázquez et al., 2008; Haddar et al., 2010). Fish wastes 
which are rich in carbon and nitrogen contents can be a great 
alternative for the production of valuable added products such 
as enzymes, gelatin, and collagen. The elements in the fish 
waste consist of 58% protein, 19% fat, and minerals such as 
magnesium, potassium, iron, zinc, phosphorus, manganese, 
and copper act as cofactors which important for the growth of 
microbes for various metabolic activities (Ramakrishnan et 
al., 2013). Currently, protease has been produced by waste 
from several fish species such as Sardinella, carps, anchovy, 
mullet, red snapper, tuna, goby, and ray fish (Esakkiraj et al., 
2013; Ramakrishnan et al., 2013; Ramkumar et al., 2018).

Production of protease was influenced by nitrogen 
sources as different bacterial strains may utilize different 
substrates as nitrogen sources for effective protease 
production (Mehta et al., 2006). A few types of nitrogen 
sources have been used by several industries for the growth 
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ABSTRACT

The fish processing industries generate huge amounts of by-products which cause serious environmental and 
health problems. The environmental problems related to waste disposal can be reduced as the low cost of fish 
by-products contains nutrients that can enhance microbial growth and are useful for enzyme production. This 
research aims to investigate the effect of temperature and fermentation time on protease production from fish 
waste hydrolysate by using the Bacillus strain (Bacillus cereus). The pre-treatment and fish waste hydrolysate were 
carried out and continued with the production of protease. The effect of fermentation time was studied every 4 h 
for 72 h while the effect of temperature was investigated at temperatures ranging from 30 °C to 60 °C. The results 
showed the maximum protease production of 45.63 U/mL at 48 h of fermentation time and 44.908 ± 6.14 U/mL 
at a temperature of 50 °C. The current study provides insight into the effects of cultivation conditions on protease 
production from local fish waste industries for further optimization study to enhance protease production.
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process of bacteria in producing proteases such as skim milk powder, peptone, beef extract, urea, fish 
hydrolysate, and tryptone (Gupta & Khare, 2007). Some studies were using fish waste hydrolysate as a 
substrate for protease production as fish was known to contain higher nitrogen content. This substrate 
is widely used in protease processing industries such as food, casein, soy, and gelatin (Al-Abdalall & 
Al-Khaldi, 2016). 

The growth and protease production by various bacteria is greatly affected by the culture 
conditions such as temperature, pH, agitation time, and fermentation time (Cui et al., 2015; Asha & 
Palaniswamy, 2018). To obtain high activity of protease, the best condition of these parameters needs to 
be achieved. However, temperature and fermentation time are among the factors that highly contribute 
to protease production. The activity of the enzyme will be reduced by its thermal denaturation when at 
higher temperatures and can decrease the hydrolysis rate due to insufficient energy provided by the 
temperature for the alcalase (commercial protease) to react with the substrates (Salwanee et al., 2013). 
Enzymes will become inactivated at higher temperatures due to the unfolding of their structure (Soares 
da Silva et al., 2018). Aside from that, enzyme activity also will be decreased due to a prolonged 
fermentation period, though it does not significantly affect the growth of microorganisms (Ul-Haq et 
al., 2006). The study of the best fermentation conditions that can enhance the ability of the bacteria to 
withstand drastic changes will become advantageous for the protease production process (Cui et al., 
2015).

The protease production economy is based on the type of substrate as they play an important 
role in minimizing the production cost. Thus, the low-cost, easily obtainable, and regularly available 
substrate is needed to cut down the cost of production (Barros et al., 2013). In this study, the low cost of 
raw material which is fish waste from the local fish food product business is used to produce protease 
by using the hydrolysation process and undergo submerged fermentation. The effect of the temperature 
and fermentation time on protease production is being compared experimentally.

MATERIALS AND METHODS
Materials

The fish waste used in this research was gathered from all parts of Decapterus macarellus 
locally known as ‘Ikan Selayang’ collected from CCM 115 Keropok Lekor Industry, Tanjung Lumpur, 
Kuantan. The Bacillus cereus (ATCC 10876) was obtained from Central Lab, Universiti Malaysia 
Pahang, Gambang, Kuantan.

Preparation of fish waste hydrolysate
Decapterus macarellus or ‘Ikan Selayang’ waste sample which mostly the head part of the fish 

was being processed into fine powders before the hydrolysation process. Fish wastes were washed 
with water until clean to remove the remaining blood and dirt before being steamed with water for about 
20 min. The steamed fish wastes were pressed using a small cloth and dried in the oven at 80 °C for 24 
h. The dried fish wastes were ground into fine powder and the acid hydrolysation process was carried 
out by mixing the powdered fish waste with distilled water at a 1:2 (w/v) ratio. 2N HCl was mixed in the 
mixture until pH 3.3 and was agitated in the shaking water bath at 85 °C. The acidic hydrolysis was 
terminated using 2N NaOH at pH 7. The neutralized mixture was centrifuged and the supernatant was 
collected (Mukhtar & Ul-Haq, 2012; Contesini et al., 2018). To ensure the consistency of the hydrolysate 
for each fish waste batch, the supernatant was freeze-dried to obtain a solid form of hydrolysates by the 
method developed by Zainuddin et al. (2020).

Preparation of media and cultures
Bacillus cereus (ATCC 10876) was cultivated on nutrient agar plates at 30 °C for 24 h (Mushtaq 

et al., 2014). The culture was stored at 4 °C until further use.

Protease production
The selected proteolytic isolates and the isolates were grown separately in 20 mL production 

media for each flask containing 18 mL supernatant hydrolysate, 2 g/L ammonium sulphate (NH4)2SO4, 
1 g/L dipotassium phosphate K2HPO4, 1 g/L monopotassium phosphate KH2PO4, 0.4 g/L magnesium 
sulfate heptahydrate MgSO4.7H2O, 0.01 g/L manganese sulfate MnSO4, 0.01 g/L iron (II) sulfate 
heptahydrate Fe2SO4.7H2O, 1 g/L yeast extract and 10% (v/v) inoculum, maintained at 35 °C for 48 to 
72 h in a shaking incubator at 200 r.p.m (Ramkumar et al., 2016).

Effect of temperature on protease production
For the effect of temperature, the microbial broth was incubated at five different temperatures 

(30, 40, 50, 55 & 60 °C). The fermented broth was analyzed for proteolytic activity, total protein content, 
and cell biomass concentration after 48 h incubation time (Ovissipour et al., 2012). All activity test was 
performed in duplicate.
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Effect of fermentation time on protease production
The microbial broth was incubated under submerged fermentation for 72 h and the protease activity, 
total protein content, and cell biomass concentration were analyzed every 4 h (Ovissipour et al., 2012).

Protease assay
1 mL of the supernatant from the fermentation was added to 5 mL of a 2% (w/v) casein solution 

and incubated for 1 h at 50 °C and 100 rpm. The sample was added with 5 mL of 15% (w/v) trichloroacetic 
acid, TCA to terminate the reaction. The samples were centrifuged for 10 min at 10000 r.p.m and 4 °C 
and 0.5 mL of an aliquot of the supernatant was added to the alkaline reagent before the addition of 
0.5 mL of 25% (v/v) Folin-Ciocalteu phenol reagent. The solution was incubated in a dark place at 
room temperature for 1 h. The absorbance was measured at 700 nm with tyrosine as a standard (Ul-
Haq et al., 2006). All assays were performed in triplicate.  One unit (U) of protease activity is defined 
as the amount of enzyme that releases l µg tyrosine per minute under standard assay conditions. The 
protease activity was calculated using Equation 1:

15Protease activity ( )
1 0.5

U C
mL t

×
=

× ×

Where C is the concentration of nitrogen source (μg/mL), 15 is the total volume of chemicals 
used during protease assay (mL), t is the time of incubation (min) and 0.5 is the volume of supernatant 
(mL).

Total protein content determination
The total protein content was measured by a Bradford method using 2% (w/v) bovine serum 

albumin (BSA) as a standard protein (Hamza, 2017). 0.05 mL of cell-free supernatant was mixed with 
1.5 mL Bradford reagent and the intensity of color developed was read at 595 nm by using Thermo 
Scientific™ Evolution™ 350 UV-Vis Spectrophotometer (Tryte Technology, Hunan). All samples were 
tested in triplicate.

Determination of cell biomass concentration
The cell biomass concentration was determined using dry weight measurement with a slight 

modification (Asker et al., 2013). The absorbance of 1.5 mL fermented medium was measured at 600 
nm by using the same UV-Vis Spectrophotometer.

RESULTS AND DISCUSSION 
Effect of temperature on protease production

In the present study, the protease activity was observed at five different temperatures; 30°C, 
40°C, 50 °C, 55 °C and 60 °C. Figure 1 shows the protease activity gradually increases at lower 
temperatures (30 °C to 50 °C) and then started to decline at a higher temperature of 55 °C and 60 °C. 
The highest recorded protease activity was 44.908 ± 6.14 U/mL at 50 °C. This temperature is relatively 
high in comparison with other proteases produced from fishery waste using Bacillus sp. where most 
of the optimum temperature is between 30 – 37 °C (Sellami-Kamoun et al., 2010; Souissi et al., 2010; 
Ghorbel-bellaaj et al., 2012). Protease from Sardinella, catfish, cuttlefish, rayfish species wastes using 
Bacillus thuringiensis produced optimum protease at 37 °C while other fish waste from anchovy (using 
Bacillus pumilus) and tuna (using Bacillus licheniformis NK) obtained the highest protease activity at 30 
and 40 °C (Gupta et al., 2012; Esakkiraj et al., 2013; Ramkumar et al., 2016). The energy metabolism 
and enzyme synthesis in bacteria were controlled by the temperature. Bacillus cereus is a mesophilic 
bacteria that can grow in moderate temperatures, neither too cold nor too hot, with an optimum growth 
range. This is the reason why most of the proteases from Bacillus sp. have an optimum temperature 
between 30 – 37 °C.

However, similar to our results, some other research on protease from fishery waste and using 
Bacillus sp., also obtained the highest protease activity at thermophilic conditions. Ramkumar et al. 
(2018) observed maximum protease activity of 75.52 U/mL at 46 °C for protease using gut waste 
Sardinella longiceps by Bacillus licheniformis while Annamalai et al. (2013) discovered the highest 
activity of 3413 U/mL at 50 – 55 °C for protease from shrimp shell by Bacillus holidurans (Annamalai et 
al., 2013; Ramkumar et al., 2018). 
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Fig. 1. Protease activity at different temperatures.

This could be further explained by the results we got for cell biomass concentration at different 
temperatures as shown in Figure 2. As can be seen from the figures, the biomass concentration was in 
inverse relationship with the protease activity depicted in Figure 1, where lower biomass concentration 
was observed at higher protease activity. This indicates that the protease activity in this study is not 
directly related to the biomass concentration. On the contrary, the highest protein content at 5.699 (µg/
mL) was also obtained at 50 °C as the protease activity. Similar trends were observed for total protein 
in Figure 2 and protease activity in Figure 1, where higher total proteins were observed at thermophilic 
conditions. Regardless of that, as most of the previous studies used different types of microorganisms 
than us, we cannot certainly say that the species of fish waste used influenced the optimum temperature 
of the protease production. 

Effect of fermentation time on protease production
In this study, the protease activity was observed every 4 h for a total of 72 h of fermentation time. 

Figure 3 shows that maximum protease activity of 45.63 U/mL was exhibited at 48 h of fermentation 
time. This is in agreement with other research on protease from fishery waste where the highest 
protease activity is observed at the late exponential phase or early stationary phase. Protease from 
head and viscera Sardinella aurita (8473 U/mL), the fish scale of Labeo rohita (28150 U/mL), shrimp 
(4000.6 U/mL) and crab shell (1398.2 U/mL) wastes also exhibited the highest protease activity at 48 
hr of fermentation time (Sellami-Kamoun et al., 2010; Maruthiah et al., 2015; Harikrishna et al., 2017).

The protease enzyme synthesis in Bacillus species was controlled by mechanisms operative 
during the transition state between stationary and exponential growth phases (Martínez-Medina et al., 
2019). Figure 4 shows that the protease activity was increased during the exponential phase while the 
culture was metabolically active from 4 h up to 48 h, thereafter the growth was unstable and leading 
to the death phase. The enzyme activity gradually decreased from 52 h to 72 h. Prolonged incubation 
time will decrease the enzyme activity, however, the growth of the microorganism was not significantly 
affected (Huang et al., 2010).
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Fig. 2. Biomass concentration and protein content at different temperatures.
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Fig. 3. Protease activity at different fermentation times.
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Fig. 4. Biomass concentration and protein content at different fermentation times.

Based on Figure 4, the protein content and cell biomass concentration at 48 h were quite low at 
6.206 µg/mL and 24.353 g/L, respectively. Figures 3 and 4 show that the highest protease activity is not 
observed at the highest protein content and cell biomass concentration. At a fermentation time of 36 h, 
the protease activity was quite high at 39.32 U/mL while protein content and cell biomass concentration 
were lowest at 4.76 µg/mL and 19.36 g/L, respectively. However, looking into the overall trends of the 
protease activity and the biomass concentration in Figure 3 and 4, both figures show lower protease 
activities at lag and exponential phases, the highest activity at the end of the exponential phase, 
and constant activities at the stationary phase. Most of the protease produced by Bacillus species 
occurred during the late exponential phase and it was related to the high rate of protein turnover during 
endospores formation (Chu, 2007). Moreover, protease production can be improved due to high lipid 
content that is influenced by nutritional factors which are acting as inducers (Triki-Ellouz et al., 2003).

CONCLUSION 
Fish waste hydrolysate is one of the nitrogen sources that can produce protease. The highest amount of 
protease activity obtained by 1% (w/v) fish waste hydrolysate was (44.908 ± 6.14 U/mL) at a temperature 
of 50 °C. The highest protease activity 45.63 U/mL by 1% (w/v) fish waste hydrolysate was recorded 
at 48 hr. Thus, this study shows that at best conditions of temperature and fermentation time, local fish 
waste as a nitrogen source has the potential to produce a high amount of protease that can be used in 
various applications such as in pharmaceuticals, detergents, and food.
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