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ABSTRACT 

 

Ninety five isolates were collected from com-

mercially and laboratory manufactured feseekh 

products and tested for protease production on 

standard skim milk agar and gelatin media sup-

plemented with 15% NaCl salt. They were identi-

fied to be Bacillus isolates. Out of the 95 isolates, 

three Bacillus isolates (11pb, 14pb, 13pb) were 

selected based on their highest protease produc-

tion. Five media were tested for select the most 

suitable medium for production by the three above 

isolates. Fish by-product medium gave the highest 

protease production by the three isolates, reaching 

126.5, 136.5, 147.5 u/ml by 11pb, 14pb, 13pb, 

respectively. These levels were obtained between 

late logarithmic growth phase and beginning of 

stationary phase for the isolates. The highest Pro-

tease production was obtained at pH 8, tempera-

ture 30C and NaCl concentration 5%, the enzyme 

was stable at temperature ranged between 60 and 

65C during the period tested (1h) and the prote-

ase was optimally active at pH 10 and 60C.  The 

enzyme was stable for 10 days at 30 C during the 

period tested (1 month) where it lost 10 % of its 

activity after 20 days while lost 85% of its activity 

after 30 days of storage at 30C. These properties 

make the enzyme suitable for detergent industry. 

  

1. INTRODUCTION 
 

Fish and fish products play an important role in 

the diets of West African countries. In Egypt, 

"feseekh" is the Arabic name for salted fermented 

Bouri fish, where whole non-eviscerated fish are 

washed by tap water, and left to decompose for 

one day to three days, depending on the weather, 

before salting. The salting process involves stuffing 

of the gills and covering the entire fish with approx-

imately 15-25 % salt by weight, followed by aging 

at room temperature for suitable period of time, 

depending on salt concentration, and is character-

ized by its specific flavor and its sharp penetrating 

odor. This odor permeates the air in and around 

selling shops and gives the area a characteristic 

smell (FAO, 1992). 

Enzymes especially bacterial proteases and li-

pases, are expected to be greatly responsible for 

the feseekh ripening process and flavor develop-

ment. Amino acids and volatile compounds pro-

ducing during maturation as example are mostly 

responsible for producing flavor. Therefore, the 

quantitative determinations of such chemical com-

pounds during ripening may contribute to flavor 

quality and grade (Essuman, 1992). Moreover, 

enzymes have been used for centuries as pro-

cessing aids in the manufacture of food products to 

improve their qualities, solubility, and stability (Joo 

et al 2003).  

About 50 % of the enzymes used as industrial 

processing aids are proteases, which have been 

used in a number of industrial applications such as 

laundry detergents, feed and leather treatment 

(Ming, et al 1992), as well as silk de-gumming, 

cheese making, chill proofing, meat tenderizing, 

fermented sauces and the production of pharma-

ceuticals (Rao, et al 1998). These enzymes have 

also been used for waste management and silver 

recovery (Gupta, et al 2002). Therefore many 

types of proteases (acid, alkaline and neutral) have 

been studied. Moreover, the production of halo-

philic enzymes using halophilic bacteria may be 
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applied in purification of polymer containing wastes 

using these halophilic microorganisms. Also, these 

proteases can improve fish sauce production (Kim 

and Kim, 2005). 

Highly active proteases have been purified 

from soy sauce halophiles, such as Bacillus subtilis 

CCKS-118 (Choi et al 1996), B. subtilis CCKS-111 

(Choi and Kim, 1997), Halobacterium sp. (An et 

al 1990) and Aspergillus sp. FC-10 (Su and Lee, 

2001), from fish sauce B. subtilis FS-2 (Nagao and 

To, 2000), soil B.subtilis Y-108 (Yang et al 2000) 

and CF80 (Watanabe, 2003) and poultry waste B. 

subtilis KS-1 (Su and Lee, 2001). 

The objective of this study was to isolate and 

characterize salt tolerant protease from fermented 

feseekh as a starter for fish sauce with high salt 

concentration. Hence, strong proteolytic bacteria 

were isolated from feseekh and sardine samples 

with 15% NaCl salt during maturation and spoilage 

stages, and its proteases were studied. 

  

2. MATERIALS AND METHODS 

 

Materials 

 

Sixety feseekh samples were collected from lo-

cal markets of five regions of cairo, and transport-

ed in sanitized plastic containers filled with product 

brine solution and transferred to lab in the same 

day. For laboratory manufactured feseekh, sam-

ples were manufactured due to (Rashad, 1986). 

 

Methods 

 

2.1. Production of protease by fish isolated 

bacteria 

 

2.1.1. Screening, Isolation and purification of 

proteolytic Bacillus isolates 

     

For isolation of proteolytic isolates, the ninety five 

isolates were collected from feseekh products us-

ing laboratory and commercially manufactured 

samples, skim milk agar with 10 % NaCl was used 

(Shumi, et al 2004). The isolates were purified by 

sub-culturing on skim milk agar medium. The puri-

fied bacterial isolates were transferred onto trypton 

glucose yeast extract agar (TGYA) slants and then 

preserved as stock cultures. The primary screening 

was done by liquefying of gelatin then hydrolysis of 

skimmed milk casein with 0 %, 5% and 10% NaCl. 

Plates were incubated at 37oC for 24 hrs. Clear 

zones of skim milk hydrolysis were used as an 

indication of protease production (Shumi, et al 

2004). Depending on the zone clearness and NaCl 

concentrations, ninety five isolates were selected 

for further experimental studies. 

 

2.1.2. Determination of the specific growth 

rates 

 

Inoculum was prepared by transferring a loop-

full from each isolate from 24 old cultures on nutri-

ent agar slants, into 25 ml of TGY broth medium 

and incubated on a rotary shaker (100 rpm) at 37 

C for 24h. During this period, samples were taken 

for the determination of total count, in order to es-

timate the specific growth rates. The inoculum 

concentration for the actual fermentation of each 

isolate was based on the optical density at the end 

of the exponential phase. The aim was to stand-

ardize the inoculum amount for each experiment 

based on the growth rate of the first sub-culture. 

 

2.1.3. Media used for protease production  

 

Five broth media were used to select the most 

suitable media for protease production with the 

three isolates. Media used were (1): Casein broth, 

(Shumi, et al 2004) (casein, 3%; NaNO3, 0.5%; 

K2HPO4, 0.55; MgSO4.7H2O, 0.02%; Na2CO3,1%), 

(2): Gelatine broth, (Shumi, et al 2004) (gela-

tine,3%; K2HPO4,0.2%; glucose 0.1%;peptone 

0.5%), (3): Tryptone Glucose Yeast extract broth 

(TGY), (Shumi, et al 2004), medium (4): 1% pep-

tone medium, (Shumi, et al 2004) containing  1% 

peptone, 2.9mM K2HPO4 and 5mM MgCl2 and me-

dium (5): fish by-product medium was composed 

only from fish by-products powder (10 g/l), (Ellouz, 

et al 2001). The selected isolates were grown in 

250 mL Erlenmeyer flasks containing 50 ml of 

each of the above production media at pH 7.0. 

Media were inoculated with 1 ml inoculum (1.8 x 

108) and aliquot samples were taken at 2h intervals 

and centrifuged at 15000 rpm for 15 min at 4oC 

and the supernatants were examined for enzyme 

activity (Amozeegar, et al 2007). 

 

2.2. Protease assay   

 

2.2.1. Protease assay for halotolerant iso-

lates 

 

The protease activity was determined by 

casienolytic modified method of Kembhavi, et al 

1993. using casein as a substrate, one ml aliquot 

of the culture supernatant was mixed with 3 ml of 

1% casein (pH 7 adjusted with Tris-HCl buffer) and 
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incubated for 15 min at 60oC. The reaction was 

stopped by adding 3 ml of Trichloroacetic acid (7.5 

%). The mixture was allowed to stand at room 

temperature for 15 min, filtrated using filter paper 

Whatman no. 1 and the absorption was measured 

at 280 nm. Blank was prepared in which 3 ml TCA 

was added before incubation (Alsheheri and Mo-

stafa, 2004). All samples were measured in tripli-

cate. A standard curve was generated using solu-

tions of 0- 50 mg/l tyrosine. One unit of protease 

activity was defined as the amount of enzyme re-

quired to liberate one microgram tyrosine per millili-

ter in 1 min under the experimental conditions 

used (Shumi, et al 2004). 

 

2.2.2. Protease assay for halophilic isolates 

 

The proteolytic activity was assayed using ca-

sein as substrate. Casein solution was prepared by 

dissolving 480

HCl buffer (pH 8.5), 50 mM NaCl, and 0.5 mM 

CaCl2. Reaction was carried out by mixing 3ml of 

casein solution with 1ml of crude enzyme and in-

cubated at 55oC for 5 min. The reaction was 

stopped by adding 3ml of 7.5% TCA, kept at room 

temperature for 15 min. and then filtrated using 

filter paper whatman no. 1, the absorbance was 

measured against a blank at 280 nm. One unit of 

protease activity was defined as the amount of 

enzyme re

min at 60oC (Shumi, et al 2004). 

 

2.3. Effect of growth conditions on protease 

production 

 

For maximizing protease production, 3 isolates 

were selected due to their enzymatic activity. TGY 

medium was selected as the best medium for pro-

tease production. 

 

2.3.1. Effect of pH on microbial and protease 

production 

 

In order to investigate the influence of pH on the 

growth and protease production, 50 ml of TGY 

medium in 250 ml Erlenmeyer flasks were pre-

pared at different pH values ranged from 7 to 11, 

and inoculated with 1 ml (1.5 x 10 8) culture. Flasks 

were incubated at 30oC for 48 hrs with shaking at 

100 rpm. Ten milliliter samples were taken at 2h 

intervals and centrifuged at 15000 rpm for 15 min 

at 4oC and supernatants were examined for en-

zyme activity as previously described. 

2.3.2. Effect of temperature on microbial 

growth and protease production 

 

To test the effect of temperature on the bacterial 

growth and alkaline protease production, 50 ml of 

TGY medium in 250 ml Erlenmeyer flasks were 

prepared. After inoculation with 1 ml (1.5 x 10 8) 

culture, the incubation was carried out at 25, 28, 

30, 32, 34, 36 and 40oC, using rotary shaker (100 

rpm) for 24 h. Ten milliliter samples were taken at 

2h intervals and centrifuged at 15000 rpm for 15 

min at 4oC and supernatants were examined for 

enzyme activity as previously described. 

 

2.3.3. Effect of NaCl concentrations on bacte-

rial growth and protease production  

 

The effect of salt concentrations on growth and 

protease production was studied by using TGY 

medium containing 0 – 20% NaCl concentration at 

pH 8. The growth and enzyme activity were quanti-

fied during incubation on rotary shaker at 100 rpm 

at 37oC for 72 h.  

 

2.4. Kinetics of the protease enzyme activity 

 

2.4.1. Effect of pH on protease activity 

 

Effect of pH on protease activity was studied 

using pH levels ranged from 3 – 12 in glycine- HCl 

buffer (pH 3), sodium acetate buffer (pH 4 and 5), 

Tris- HCL buffer (from 6 to 9) glycine-NaOH buffer 

(11 and 12). Crude enzyme extract and substrate 

at a ratio of 1: 3 were mixed in each pH buffer, and 

then incubated at 60 C for 15 min. then protease 

activity was measured. 

 

2.4.2. Effect of Incubation temperature on 

protease activity  

 

Crude enzyme extract and substrate with pH 

10 were incubated at different temperatures 

ranged from 25 to 75oC for 15 min, then protease 

activity was measured at 280 nm (Shimadzu model 

UV 160 A).  
 

2.4.3. Effect of Incubation period on protease 

activity  
 

pH 10 was the best pH for protease activity so, 

crude enzyme extract and casein substrate with pH 

10 were incubated at 60 C for different incubation 

periods ranged from 5 to 95 min, then protease 

activity was measured at 280 nm as previously 

described. 
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2.4.4. Effect of shelf time on protease pro-

duction 

 

The crude protease was incubated at room 

temperature for 30 days. The percentage of the 

remaining activity was measured every 10 days.  

The reaction was stopped in ice-cold water and the 

remaining activity was measured at 55oC in the 

following buffer systems 0.1 M glycine- HCl buffer 

(pH 3), 0.1 M sodium acetate  buffer (pH 4 and 5),  

0.1 M Tris HCL buffer (6-9), 0.1 M glycine - NaOH 

buffer (11 and 12), respectively, then protease 

activity was measured at 280 nm. as previously 

described. 

 

3. RESULTS AND DISCUSSION 
 

Ninety five isolates were collected from com-

mercial and laboratory manufactured feseekh 

products during processing and storage till spoil-

age occurred and then purified, preserved and 

tested for their proteolytic ability. The isolates, 

which showed proteolytic ability in liquid culture 

media, were finally selected for further studies. 

Three Bacillus isolates, 11pb, 14pb and 13pb 

showed the highest proteolytic activity and were 

selected for detail studies. 

 

3.1. Culture conditions affecting protease pro-

duction  
 

3.1.1. Effect of different media on protease 

production  

 

The results in Fig. (1) showed that the enzyme 

production determined in TGY increased up to 2 

fold compared to gelatin medium, casein medium, 

and 1% peptone medium. This may be due to the 

fact that TGY medium contained less easily me-

tabolized able carbohydrates, as reported by 

Schaffer, 1969, Moon and Paruleker, (1991), 

Beg et al (2002), also mentioned that the depres-

sion of protease synthesis by excess of glucose 

led to 52 % decline in protease production.  
 

3.1.2. Effect of using fish by-products on 

protease production 
 

Data showed that combined heads and viscera 

preparations were the best substrate for protease 

synthesis where the three Bacillus isolates 

reached the maximum production being 147, 136.5 

and 126.3 u/ml by 11pb, 14pb and 13 pb, respec-

tively Fig. (2) compared with artificial media which 

reached the highest activity using TGY medium to 

produce 108, 79.8, 70.6 u/ml by 11pb, 14 pb and 

13 pb, after 22, 24, 36 h, respectively. Optimum 

pH, NaCl, and temperature of protease production 

were 8, 5% and 30C, respectively. The highest 

level of protease production was obtained in the 

presence of head and viscera instead of peptone, 

(Genckel and Tari, 2006). 

Ellouz et al 2001 reported that protease pro-

duction was significantly low (108 u/ml), in the 

presence of meat flour, although this substrate 

contains more protein than other preparations as 

shown in Fig. (2), protease synthesis was strongly 

enhanced when cells were grown on combined 

heads and viscera powders and there was 100 % 

increase in the production of protease compared to 

the original medium. Combined heads and viscera 

flour contains more lipids and less protein than 

meat sardinelle, and due to higher bone content, 

there are minerals. Two hypotheses may be con-

sidered to explain the enhancement of protease 

synthesis when cells were cultivated in the pres-

ence of a combined heads and viscera flour. Hy-

potheses (1), the enzyme might be induced by an 

excess of salts. This hypotheses seems improba-

ble since the Bacillus subtilis strain produced the 

same level of protease whether ash, obtained after 

heating combined heads and viscera at 600 C for 

24h, was added to meat fish medium or not. Hy-

potheses (2), there existed in lipid or protein frac-

tions bioactive molecules that stimulated protease 

synthesis. In order to study such hypotheses, 

defatted combined heads and viscera flour was 

prepared and then tested for protease production. 

Results presented in Fig. (2), shows that protease 

activity decreased when lipid content was consid-

erably reduced. A second experiment was realized 

in order to confirm that combined head and viscera 

flour contains inducers. Since, lower activity was 

obtained with meat substrate, culture were con-

ducted in fish media containing both meat fish and 

combined heads and viscera preparations.  
 

3.1.3. Effect of temperature, pH and NaCl on 

protease production 
 

3.1.3.1. Effect of temperature on protease 

production  
 

Temperature is one of the most important fac-

tors affecting enzyme production .The results illus-

trated in Fig. (3) referred that highest enzyme ac-

tivity was obtained when Bacillus isolates incubat-

ed at 30C for 15 min. to reach 108, 108 and 89.28 

u/ml by 11 pb, 14 pb and 13 pb, respectively. 

These findings agree with Alsheheri and Mostafa, 

2004 where their Bacillus isolate was able to pro-

duce maximum production at 30C. 
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Fig. 1. Effect of different media used for protease production by selected Bacillus spp. Isolates 
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Fig. 2. Effect of fish by-products on protease production by selected Bacillus spp. isolates 
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Fig. 3. Effect of temperature on protease production by the selected Bacillus spp. Isolates 

 

 

 

3.1.3.2. Effect of initial pH on protease 

production  

 

Results given in Fig. (4) revealed that the pro-

tease production was sensitive to acidic pH. Maxi-

mum protease production was obtained at pH 8 

and temperature of 30 C of reaching 125, 112, 90 

u/ml by 11 pb, 14 pb, 13 pb, respectively. The en-

zyme production was gradually decreased by 

37.96, 44.44, and 49.14 % for 11 pb, 14 pb, 13 pb 

at pH 11, respectively. These observations were in 

agreement with the results of Alsheheri, and Mo-

stafa, 2004, & Joo et al 2002. Their Bacillus iso-

late was able to produce protease in a broad pH 

range from 5.0 to 11.0 and maximum production 

was observed at pH 7.5 – 9.0 and temperature of 

30C. 

 

3.1.4. Effect of NaCl on protease production 

 

The isolate 13 pb grew in the range of 0 – 20 % 

(w/v) NaCl, with optimum concentration of 10 % 

(w/v). At 0 and 20 % (w/v) NaCl, reduction in pro-

tease production was observed. The results clearly 

indicated the halophilic nature of the protease as in 

Fig. (5). These results are in agreement with Patel, 

et al (2006), & Zhang, et al (2007), who indicated 

that the best concentration of NaCl for protease 

production was 5 % (w/v). The growth of the Bacil-

lus isolate 13 pb was reduced extensively in the 

absence of salt with no protease production. Simi-

lar results have also been reflected by the halo-

philic archeon, Natrococcus occultus in which pro-

tease secretion was optimum at 1-2 M NaCl (%) 

(Studdert, et al 1997). 

 

3.1.5. Time course of protease production 

using five different media 

 

Little synthesis of protease was detected during 

the earlier part of logarithmic growth phase. Prote-

ase activity being 88.36 u/ml at 12 h. A rapid in-

crease in protease production was recorded in the 

last stage of the logarithmic growth phase. It in-

creased gradually to maximum value of 126.5, 

136.5, 147.5 u/ml by 11pb, 14 pb and 13 pb Bacil-

lus sp. isolates, respectively. Thereafter, protease 

production decreased gradually with cell autolysis. 

From the profile of protease production and cell 

growth using TGY medium (Fig. 6). It can be ob-

served that cell growth increases parallel to en-

zyme production. The present results were sup-

porting the findings of Amozeegar, et al (2007), 

where they reported that the maximum protease 

production usually occurs at the late of logarithmic 

to the beginning of the stationary phase of growth 

and continued in the stationary phase of the 

growth. Also, Patel et al 2006 reported that the 

production thereafter remained nearly static at op-

timal level along with the stationary phase up to 

36h. Maximum protease production in the basal 

medium with 10 % (w/v) NaCl was determined in 

stationary phase (30h), (Karbalaei-Heidari, et al 

2007). 
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Fig. 4. Effect of pH values on protease production by the selected Bacillus spp. isolates 
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Fig. 5. Effect of NaCl concentration on protease production by selected Bacillus spp. isolates 
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Fig. 6. Kinetics of protease production corresponding to (a) 11pb, (b) 14 pb and (c) 13 pb Bacillus 

isolates growth rate 

 

 

 

3.4. Effect of temperature, pH, incubation time 

and shelf life on protease activity and sta-

bility 

 

3.4.1. Effect of temperature on protease ac-

tivity 

 

The effect of temperature on the protease activi-

ty using casein as substrate was examined at vari-

ous temperatures for 15 min at pH 10. As shown in 

Fig. (7), the maximum enzyme activity was ob-

tained at 65C. Then, protease activity decreased. 

The relative activity at 75 was 46%. The optimum 

temperature of the crude preparation in the pres-

ence of 2 mM of CaCl2 was increased to 70oC and 

the enzyme activity was 10 % obtained without 

CaCl2 (65-70C). The thermo activity was increased 

only at temperature values above 65 C. A similar 

result was obtained by (Hadj-Ali, et al 2007), and 

(Ghorbel, et al 2003). 

4.2. Effect of incubation periods on protease 

activity 

 

The effects of incubation periods on the prote-

ase activity using casein as substrate were exam-

ined at different incubation time in min. at pH 10 

and 60C. Protease activity was the highest when 

casein was incubated with the crude enzyme for 

15 min by 11pb and 13 pb Bacillus isolates while it 

was required to be incubated for 30 min to obtain 

the highest activity by 14pb Bacillus isolate as illus-

trated in Fig. (8). 

 

4.3. Effect of pH on protease activity 

 

The pH profile of the three Bacillus isolates al-

kaline protease was determined at 60C. The en-

zyme was active in the range of pH 8.5 - 12 with 

an optimum between pH 10 and 11. There was a 

sharp decrease in the enzyme activity at pH lower 
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Fig. 7. Effect of incubation temperature on protease activity by selected Bacillus sp. Isolates 
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Fig. 8. Effect of incubating period on protease activity and by selected Bacillus sp. isolates 

 
 

than 9, suggesting the alkaline nature of the en-

zyme Fig. (9). This range of optimum catalysis is 

relatively narrow proteases where the optimum 

catalysis was in the range of pH 9-12. The prote-

ase was optimally active at pH 10 and 60 C. The 

enzyme was most active at temperature 60C dur-

ing the period tested (1h). These properties make 

the enzyme suitable for detergent industry. The 

effect of pH on enzyme stability was followed by 

incubating the enzyme in different buffers 5.0 and 

12 for 1h at 60C, followed by activity estimation at 

pH 10 and 60 C. As shown in Fig. (9), the enzyme 

was stable between pH 9 and 12, and highest sta-

bility was observed at pH 10. 

4.4. Effect of storage time on protease activity 

and stability at room temperature 
 

Shelf life experiment in Fig. (10) showed that 

the enzyme retained 95.5 % of its activity for 10 

days at room temperature, then lost 10.4, 71.55 % 

of its activity after 20, 30 days, respectively The 

effect of storage of alkaline protease on its activity 

was determined as it is an important parameter for 

commercial utilization of enzyme. These results 

are on line with Singh et al (1999), who found that 

the enzyme is 91% active for 20 days and the ac-

tivity is reduced to 85% in 30 days of storage at 

room temperature suggesting that enzyme may be 

stored for 20 days at room temperature without 

much loss in its activity. 
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Fig. 9. Effect of pH on protease activity by selected Bacillus sp. Isolates 
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