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Abstract 

The growing demand for natural coagulants led to an increased necessity for rennet substitutes. Many 

attempts have been made to find new proteases. A novel protease with milk-clotting activity was 

isolated and purified from tuna fish stomach. The aim of this study was to investigate the protease 

enzyme as a novel milk-clotting in the development of cheese. The milk coagulating time for tuna 

protease was studied at pH (3.0–12.0) with the optimum at 4.0 and showed its maximum activity at 50 

°C when casein was used as a substrate. The enzyme showed the highest activity and purification when 

precipitated at 20-40% ammonium sulphate and dialyzed effectively improved specific activity of 

enzyme. The cheese manufactured by using the purified tuna protease showed similar textural 

properties as compared to cheese produced using commercial rennet. This research was carried out for 

the utilization of tuna fish by-products for producing enzymes and also to the reduction of waste 

disposal problems. Considering the special characteristics, including high milk-clotting activity, 

considerable stability over wide ranges of pH and temperature, the results revealed that the tuna 

protease might be the promising candidate for the dairy industry as well as other food and 

biotechnological industries. 
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1. Introduction 

Milk clotting is the basic step in the manufacture of all types of cheeses and based on that all 

cheese varieties (>2000 types) are classified into three superfamilies those include rennet 

coagulated, acid coagulated, and a combination of heat and acid coagulated cheeses 

(Badgujar and Mahajan 2014 [5] Fox et al. 2015) [9]. However, in the last decades there has 

been increased demand for cheese production and consumption due to the population 

explosion (Elsamani et al. 2014 [8] Tajalsir et al. 2014) [26]. This combined with the elevated 

price of calf rennet and reduced quantity of natural calf rennet (Mohamed Ahmed et al. 

2010). All the above reasons have demanded the search for a new enzyme with a high ratio 

of milk-clotting/ proteolytic activity and low preparation cost to be used as a rennet substitute 

and/or additive (Tajalsir et al. 2014) [26]. Consequently, much research interest has been 

focused on the discovering milk-clotting Enzymes from other sources, and, as a result, 

several enzyme preparations of animal, microbial, and plant origin have been discovered 

(Jacob et al. 2011) [12]. However, most of the enzyme preparations from the above sources 

were found unsuitable because they produced cheese with low yield and bitter taste due to 

the low ratio of milk-clotting/ proteolytic activities (Anusha et al. 2014 [2] Shah et al. 2014) 
[25]. Therefore, the search for a rennet substitute, having a high ratio of milk-

clotting/proteolytic activity is extremely needed to be used for the production of cheese with 

better quality. 

The processing of fishery products generates significant amounts of biological by-products 

including viscera, skin, fins, bone, heads, blood, among others. Commonly, these by-

products are converted into meal and oil with low commercial value and, occasionally, are 

disposed of into the environment, where these become pollution sources (Arvanitoyannis and 

Kassaveti, 2008) [3] and foster the proliferation of pests. However, such biological wastes and 

by-products contain valuable protein and lipid fractions with high nutritional quality as well 

as are rich in bioactive chemicals such as vitamins, peptides, collagen, fatty acids,
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hydrolytic enzymes (mainly proteases), and pigments, 

among other compounds, all of which are characterized by a 

high added value (Olsen et al., 2014) [20]. The main and 

most studied digestive proteolytic enzymes from fish viscera 

are the aspartic protease pepsin secreted by stomach (if it is 

present). To date, there are some reports about the 

purification and characterization of gastric proteases, mainly 

pepsins, from marine fish (Bkhairia et al., 2016 [6] Bougatef 

et al., 2008 [7] Klomklao et al., 2007 [13] Nalinanon et al., 

2010) [18]. On the other hand, proteases from marine 

organisms might be excellent alternatives to replace 

conventional milk-coagulating enzymes such as chymosin. 

This is of great importance, taking in account the current 

demand for milk-coagulating enzymes (Jacob et al., 2011) 
[12]. Therefore, the aim of the present study was the isolation, 

biochemical characterization, purification and application of 

proteases isolated from the stomach of the tuna fish and the 

evaluation of its stability and its potential use as a new 

source of milk clotting proteases. 

 

2. Material and Methods 

2.1 Fish Stomach 

Experimental fish in the present study were Tuna fish. The 

viscera (stomach) were taken from fish market located in 

Emirates of Ras Al Khaimah, UAE. All Tuna fish stomach 

(four) were transported in ice bag to the laboratory. The 

initial weight of tuna fish stomach was (55g -95g). Stomach 

were stored in sealed plastic bags at -36 °C until used for 

enzyme extraction. 

 

2.2 Extraction of Enzyme crude extracts from tuna fish 

stomach  

Enzyme Crude extract (ECE) were prepared from the whole 

stomach. The stomach received frozen in dry ice, were 

partially thawed, split, cleaned, and briefly rinsed in tap 

water. The inner mucosa linings were peeled away from the 

outer muscular layer, chopped in small pieces using a sharp 

knife and homogenized using a homogenizer (Tissue 

homogenizer, REMI RQ-127A, India) with cold distilled 

water (DW), using a mass/water ratio of 1:3 (w/w). The 

homogenate was centrifuged at 9000xg for 30 minutes at 4 

°C. The top layer of fat was removed and supernatant was 

recovered and stored at -20 °C. This gastric extract was used 

for enzyme studies.  

 

2.3 Purification of stomach proteolytic enzyme 

The supernatant (ECE) was precipitated with ammonium 

sulfate using a method described by Saif Al Ghais et al 

(2019) [21, 22, 23]. Chilled ECE was placed in a beaker 

immersed in ice and solid ammonium sulfate (NH4)2SO4 

was added to reach 20% saturation. After 30 min, the 

suspension was centrifuged at 8000 x g at 4 °C for 30 min. 

The supernatant was recovered and saturated to 40% with 

solid ammonium sulfate, mixed 30 min in ice, and 

centrifuged at 8000 x g at 4 °C for 30 min. The precipitate 

was recovered, resuspended with 10mM Gly-HCl buffer at 

pH 3.0, and dialyzed for 24 h against two changes of 1 L of 

resuspension buffer at 4 °C and using a dialysis tubing. 

Dialyzed protein fraction (semi-purified enzyme) was stored 

at – 20 °C until use for enzyme analysis Vibha Bhardwaj et 

al (2014) [28]. 

2.4 Proteolytic Enzyme assay 

Total protease activity was measured using a casein 

substrate by a modification of the Anson Method (1938). A 

1 ml of the culture supernatant was mixed with 1 ml 0.05 M 

phosphate buffer-0.1 M NaOH (pH 7.0 adjusted with 

phosphoric acid) containing 2% casein, and incubated for 10 

min at 37 °C. The reaction was stopped by adding 2 mL 0.4 

M Trichloroacetic acid. After 30 min stand at room 

temperature, the precipitate was removed by centrifugation 

and the optical density of the assays was measured at 280 

nm ((UV spectrophotometer, GENWAY 7315, UK). A 

standard curve was generated using solutions of 0–60 

µg/mL tyrosine. One unit of protease activity was defined as 

the amount of enzyme required to liberate 1 µg/mL tyrosine 

under the experimental conditions used. 

 

2.5 International units (IU)  

One protease unit was defined as the amount of enzyme that 

released 1 μg of tyrosine per mL per minute under the above 

assay conditions. 

 

2.6 Protein Quantification 

The protein content of the crude enzyme extract was 

determined by the method of Lowry et al (1951) [14] using 

bovine serum albumin as a standard (Saif Al Ghais et al, 

2018) [24]. 

 

3. Enzyme kinetic method (Stability of crude enzyme 

extract) 

3.1 pH optima  

The pH optimum of the protease enzyme was determined by 

preparing the substrate in various buffer solutions (0.2 M 

citrate phosphate buffer of pH 3.0–7.0 and 0.2 M Tris–HCl 

buffer of pH 8.0–12.0) and applying the enzyme extract to 

the substrate to assay the enzyme activity (Saif Al Ghais et 

al, 2019) [21, 22,  23]. 

 

3.2 pH stability  

The influence of pH on the stability of the protease was 

determined by pre-incubating the enzyme in the above-

mentioned buffer solutions for 30 min at room temperature 

(25±1 °C) then determined the remaining activity. 

 

3.3 Temperature optima  

The influence of temperature on the activity of the acidic 

protease was determined at various temperature intervals 

(25-60 °C). 

 

3.4 Thermostability  

The enzyme solution was incubated at various temperatures 

(25- 60 °C) for 3 hrs. Samples were removed at intervals of 

30 min and residual activities of protease was examined. 

 

3.5 Milk coagulation activity of semi-purified extract 

enzyme 

Milk-coagulating activity (MCA) was determined according 

to modified method described by Mazorra-Manzano et al. 

(2013) [15]. Briefly, 10 mL of pasteurized low-fat milk (˂ 1% 

total fat) containing 0.022% of CaCl2 was mixed with 

0.5mL of semi-purified proteases and incubated at different 

temperatures (25–60 °C). Milk-coagulating time (t) was 

registered as the time elapsed from the addition of 

enzymatic solution until milk clot formation was observed. 

A control treatment was assayed where 10mM Gly-HCl 
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buffer at pH 3.0 was used instead of enzymatic source. One 

milk-coagulating unit was defined as the amount of enzyme 

source (mL) required for clotting 100 mL of milk in 40 min 

(2400 s), under the assay conditions. The MCA was 

calculated by using the following equation and expressed in 

units per mL of coagulant (SU/mL). MCA (U/mL) = 

(2400/t) x (S/E). 

Where t = clotting time (s); S = volume of used milk (mL); 

and, E = volume of enzymatic solution. 
 

3.6 Statistical analysis 

Experimental error was determined for triplicate assays and 

expressed as standard deviation (SD). 
 

4. Results 

In the present investigation the stomach of Tuna fish (TF) 

was used for protease enzyme extraction and 

characterization. The weight of fish stomach was taken 

(Table 1). 
 

Table 1: Weight of fish stomach 
 

S. No. Sample Weight of fish stomach (g) 

1 TF1 55 

2 TF2 69.3 

3 TF3 95.0 

4 TF4 69 

 

The purification steps, protein concentration, specific 

activity and yield of protease are shown in Table 2. The 

specific activity and purification fold were 5.77 IU/mg 

protein and 4.80, respectively, when 20-40% ammonium 

sulphate used (Table 2). After dialysis, the specific activity 

was 30.3 IU/mg and purification fold was 25.25 
 

Table 2: Purification steps of protease from stomach of Tuna 
 

Purification step 

Total 

protease 

units (IU) 

Protein 

(mg) 

Specific 

activity 

(IU/mg) 

Purification 

fold 

% 

yield 

Crude enzyme 20.8 16.58 1.2 1 100 

20-40% Ammonium 

sulphate fractionation 
10.91 1.89 5.77 4.80 52.45 

Dialysis 16.362 0.54 30.3 25.25 78.66 

 

4.1 Enzyme kinetics 

4.1.1 pH optima  

The partially purified protease had the highest activity at pH 

4.0 and it then decreased with increasing of pH (Fig 1.). 

Over pH 4.0, more than 30% of the relative activity was lost 

at pH 8.0. There was near complete loss of protease activity 

at pH values less than 3.0 and more than 9.0. 

This result was very close to those reported for protease, the 

optimum pH for the semi purified protease were 2.0 and 3.0 

at 65 °C (Idalia Osuna-Ruiz et al 2019) [11]. Also, our result 

is similar as reported by Assia Nasr et al 2015, that at pH 

5.0 had highest milk clotting acticity. 
 

 
 

Fig 1: pH Optima of Protease 

4.1.2 pH stability 

Fig 2. illustrates pH stability of the protease. The protease 

retained more than 90% of its original activity in the pH 

range 4.0-5.0 and then decreased with increasing pH and 

reached its lowest relative activity at pH 12.0. These data 

clearly indicate that the protease was most stable in the pH 

range 4.0–5.0 and least stable within the pH range 9.0–11.0. 

Generally, these data are similar with that reported by 

Gildberg (1988) [10] that the optimal pH lies between 3.0 and 

4.0 for pepsin I, and between 2.0 and 3.0 for pepsin II. 

Similar to our result, the acid protease of B. panamensis 

showed the highest activity at pH of 2 and 3 (Idalia Osuna-

Ruiz et al 2019) [11]. 
 

 
 

Fig 2: pH Stability of protease 
 

4.1.3 Temperature optima  

The temperature stability profile of protease activity 

revealed that the enzyme is maximally active at moderately 

high temperatures ranging from 40 °C to 50 °C (Fig 3) with 

highest activity at 50 °C (Fig 3) incubation temperature for 

1h. The relative activity increased with increasing the 

temperature from 25 °C to 50 °C and then decreased; 

however very less activity was detected at 60 °C. Generally, 

these are similar with those reported by Miura et al. (2015) 
[16] Nalinanon et al. (2010) [18] Noda and Murakami (1981) 
[19] that the optimum temperature for the pepsin studied and 

peak temperatures recorded (50–55 °C) for different fish 

species.  

 

 
 

Fig 3: Temperature Optima of Protease 

 

4.1.4 Thermostability  

Thermostability of the protease is shown in Fig 4. The 

protease retained more than 50% of its activity after heating 

at 40 °C to 50 °C for 120 min. A further increase in the 

reaction temperature caused significant drop in the protease 

activity. These results are in similar with our result that, fish 

species that produce pepsins with a similar thermostability 

profile are C. pectoralis (Klomklao et al., 2007) [13] and M. 

mustelus (Bougatef et al., 2008) [7] which retain more than 

70% of baseline activity at an incubation temperature of 50 

°C. 
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Fig 4: Temperature Stability of Protease 

 

4.2 Milk coagulating activity 

When tuna stomach proteases were applied to the substrate, 

clotting occurred. The effect of temperature on milk 

coagulating activity (MCA) is shown in Fig. 5. The peak 

MCA was recorded at 35 °C. MCA increased with 

temperature within 25–35 °C, but temperatures above 40 °C 

decreased the MCA, probably due to enzyme denaturation 

(Fig. 5). Moreover, coagulating was not observed when acid 

solution was used instead of enzyme (Control treatment). In 

line with our results, Tavares et al. (1997) [27] reported that 

the peak MCA of gastric proteases isolated from the 

stomach of bigeye tuna (Thunnus obesus) was observed at 

temperatures around 30–38 °C. 

 

 
 

Fig 5: Milk coagulating activity 

 

 
 

Fig 6: Control (C) Without Enzyme Treatment; Treated (T) 

Coagulation of milk by Tuna Stomach Protease 

 

5. Conclusion  

In the present study, a novel milk coagulating protease from 

stomach of tuna fish was extracted and purified using two 

step purification procedure and characterized and used as a 

cheap milk-clotting preparation for cheese making. High 

milk-clotting activity, the accessibility of raw materials and 

low susceptibility to autolysis can pave the way for its use in 

the dairy industry both for milk clotting as a replacement or 

in combination with calf rennet, and for the enhancement of 

cheese ripening procedure in order to save time and storing 

costs for cheese maturation. Besides, due to its high stability 

at a wide range of pH, temperature, this protease may turn 

out to be an effective choice in pharmaceutical and 

biotechnological industries as well as in detergent 

formulation.  

 

6. Abbreviations 

ECE: Enzyme Crude Extract; DW: Distilled water; mM: 

Millimolar; h: Hour; HCl: Hydrochloric acid; MCA: Milk 

Coagulating activity; Gly: Glycine; TF1: Tuna fish 1; TF: 

Tuna Fish. 
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