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Optimization of process parameters for production of 1 

alkaline protease by OVAT method using isolated 2 

strain Alternaria alternata TUSGF1 3 
 4 

 5 

ABSTRACT 6 
 7 
Aim: The current study aimed at studying the optimum fermentation conditions for alkaline 8 
protease production by submerge fermentation using Alternaria alternata TUSGF1, isolated 9 
from poultry farm soil. 10 
Study Design: Statistical analysis origin 6.1 software was study to optimize the environmental and 11 
nutritional parameters for protease production by OVAT method.  12 
Place and Duration of Study: Department of Food technology and Biochemical Engineering, Jadavpur 13 
University, Kolkata, West Bengal, India between March 2017 and May 2017. 14 
Methodology: A protease producing microorganism was isolated from from a poultry farm soil and 15 
identified as Alternaria alternata TUSGF1. Various environmental and nutritional process parameters 16 
such as volume of medium, fermentation time, temperature, age of inoculums, agitation and 17 
supplementation of different starch sources and nitrogen sources were standardized for the maximum 18 
yield of alkaline protease.  19 
Results: The optimum conditions for protease activity was 30°C at volume of medium 60 ml with 7 days 20 
age of inoculum in the medium containing 168 h of incubation and 120 rpm agitation rate. Peptone, 21 
casien, skim milk, urea and yeast extract were good nitrogen sources whilst maltose, fructose, starch, and 22 
sucrose were appropriate for enzyme production by submerge fermentation. 23 
Conclusion: Alkaline protease production by a newly isolated Alternaria alternata TUSGF1 from poultry 24 
fram soil was studied in shake flask conditions by submerge fermentation. It was establish that the 25 
optimum protease production was recorded at 30 °C, 60 ml volume of medium leaves and incubation time 26 
of 168 h. The best carbon and nitrogen sources for protease production were fructose and casein, 27 
respectively. 28 
 29 
Keywords: Alkaline protease; casein; culture media; optimization; submerge fermentation. 30 
 31 
 32 
 33 
1. INTRODUCTION  34 
 35 
Alkaline proteases are one of the most broadly studied group of enzymes since of their wide utilize in 36 
various industrial applications such as food, detergent, pharmaceutical and leather and with two-third of 37 
distribute in detergent industry alone [1]. Microbial proteases are gaining new significance than 38 
conventional chemicals that cleave peptides since of the cheaper production rate and utilize of renewable 39 
resources. Microbial proteases can be produced from bacteria, fungi and yeast using several processes 40 
such as solid-state fermentation, submerged fermentation [2]. Filamentous fungi, such as Aspergillus, 41 
have been the organism of choice for large scale production of bulk industrial enzymes, as the fungi can 42 
be grown on relatively inexpensive media and the fungi can secrete bulk quantities of enzymes [3]. A 43 
proteolytic enzyme that had been isolated from Aspergillus tamarii was used to dehair goat skins [4]. 44 
It is also largely dependent on higher oxygen mass transfer and lesser shear forces on microorganisms. 45 
For aerobic fermentation, oxygen transfer is a key variable and is a function of aeration and agitation. 46 
Therefore, it is necessary to establish optimum combination of airflow and agitation for maximum yield. It 47 
is well known to alkaline protease production by microorganisms is significantly enhance by media 48 
components, physical factors like, aeration, agitation, temperature, inoculum density, dissolved oxygen 49 
and fermentation time [5, 6]. Designed for productions of enzyme for industrial apply isolation and 50 
characterization of new promising strains using cheap carbon and nitrogen source is a continuous 51 
process [7]. 52 



 

2 
 

This paper reports the results of a study carried out to investigate the high-production of protease enzyme 53 
from isolated strain and optimization of cultural conditions such as carbon sources, nitrogen sources, 54 
initial medium volume, fermentation time, temperature, age of inoculums and agitation for maximum 55 
production of protease. 56 

 57 
2. MATERIALS AND METHODS  58 
 59 
2.1 Microorganisms 60 
 61 
Alternaria alternata TUSGF1 (strain accession number MF401426) strain was originally isolated from 62 
poultry farm soil [ 8] and maintained on Potato Dextrose Agar (PDA) media and stored at 40C. 63 
 64 
2.2 Optimization of Protease Production 65 
 66 
A loop full of culture was added into 50 ml of modified basal medium (pH 9.0) containing glucose 30%, 67 
casein 1%, KCl 0.5%, FeSO4 0.01%, MgSO4 0.5, K2HPO4 1% into 250 ml Erlenmeyer flask. The medium 68 
was incubated at 30 0C for 7 days at 120 rpm [9]. At the end of fermentation period, the culture medium 69 
was centrifuged at 4000 rpm for 10 minutes and the culture supernatant was used as a crude enzyme. 70 
 71 
2.3 Protease Assay 72 
 73 
Protease activity was measured using the method described by Kembhavi et al. (1993) [10]. The enzyme 74 
activity of the crude enzyme was estimated spectrophotometrically at 280 nm. One unit of protease 75 
activity was definite since the amount of enzyme that released 1μg of tyrosine per minute under the assay 76 
condition. 77 

2.4 Protein Assay 78 

Protein estimation was done by the method of Lowry et al (1951), with bovine serum albumin (BSA) as 79 
standard [11]. 80 

2.5 Fungal Biomass Measurements 81 
 82 
Culture media were filtered using Whatman No. 1 filter paper and dried at 700C overnight [12]. 83 
 84 
2.6 Statistical analysis 85 
 86 
 All the data was statistically evaluated by origin 6.1 software to optimize the process parameters for 87 
protease production. 88 
 89 
2.7 Optimization of different growth conditions 90 

A range of process parameters influencing enzyme production were optimized independently and 91 
individually of the others and the optimized conditions were used in all subsequent study in sequential 92 
array. Effect of different volume of medium (20ml, 40ml, 60ml, 80ml), various temperature ranging from 93 
20 to 50 (°C), fermentation time periods up to 216 hours, effect of different agitation rate (80-140), various 94 
age of inoculum ranging from 3-9 day and different cheap carbon sources 1% (Glucose, maltose, fructose 95 
sucrose and starch) were also evaluated for optimum production of alkaline protease by Alternaria 96 
alternata TUSGF1. To study the effect of different nitrogen sources on protease production, casein in the 97 
basal medium was substituted with (0.5% w/v) of peptone, yeast extract, skim milk and urea.  98 

3. RESULTS AND DISCUSSION 99 

 100 
3.1 Effect of volume of medium on alkaline protease production 101 
 102 
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To study the effect of different volume of medium on alkaline protease production various volume ranges 103 
(20 ml, 40 ml, 60 ml and 80ml) were used separately for all fermentation media. The maximum alkaline 104 
protease production (30 U/ml, protein 0.095 mg/ml and biomass 16 mg/ml) was observed at 60 ml of 105 
volume of medium. 106 
 107 
 108 
 109 
 110 
 111 
 112 
 113 
 114 
 115 
 116 
 117 
 118 
 119 
 120 
 121 
 122 
 123 
 124 
 125 
                                  126 
 127 
Fig.1. Effect of various volume of medium on protease production by Alternaria alternata TUSGF1. 128 
 129 
3.2 Effect of incubation time on protease production 130 
 131 
To investigate the effect of fermentation period on the production of protease enzyme was incubated at 132 
30°C for different time periods from 72 hrs to 216 hrs. It was found that maximum enzyme activity, total 133 
protein and cell biomass were found to be (37 U/ml), (0.120 mg/ml) and (20 mg/ml) respectively (Fig 4). 134 
As the fermentation period increases from 168 hrs the enzyme activity, total protein and cell biomass was 135 
started to decrease. The fermentation period is fixed designed for the maximum protease production by 136 
bacteria or fungus may vary from 48 hrs to 9 days depending upon the strain and substrate used as 137 
reported in several cases [13]. 138 
 139 
 140 
 141 
 142 
 143 
 144 
 145 
 146 
 147 
 148 
 149 
 150 
 151 
 152 
 153 
 154 
 155 
 156 
 157 
 158 
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 159 
 160 
 161 
 162 
 163 
 164 
 165 
 166 
 167 
 168 
 169 
 170 
 171 
 172 
 173 
 174 
                                         175 
 176 
Fig.2. Effect of various fermentation time on protease production by Alternaria alternata TUSGF1. 177 

 178 
 179 
3.3 Effect of incubation temperature on protease production 180 
 181 
The fermentation flasks were incubated at different temperature ranges (20 °C, 30 °C, 40 °C and 50°C) 182 
were used individually for protease production. The optimal fermentation temperature for the A. alternata 183 
protease production was 30 °C for submerged fermentation (Fig. 3). So, fermentation temperature must 184 
always be considered a significant parameter although carrying out the fermentation experiments [14]. 185 
 186 
 187 
 188 
 189 
 190 
 191 
 192 
 193 
 194 
 195 
 196 
 197 
 198 
 199 
 200 
 201 
 202 
 203 
 204 
                                          205 
                                       206 

Fig.3. Effect of various temperature on protease production by Alternaria alternata TUSGF1. 207 
 208 
 209 
3.4 Effect of age of inoculum on protease production 210 
 211 
The age of inoculum is one of the key factors for microbial growth and activity for submerge fermentation 212 
(Fig. 4). The optimal protease production occurred with a 168 hrs age of inoculum. It was observed that 7 213 
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days age of inoculum gave highest enzyme activity, total protein and cell biomass (49 U/ml), (0.142 214 
mg/ml) and (28 mg/ml) respectively. 215 
 216 
 217 
 218 
 219 
 220 
 221 
 222 
 223 
 224 
 225 
 226 
 227 
 228 
 229 
 230 
 231 
 232 
 233 
 234 
 235 
 236 
 237 
 238 
   Fig.4. Effect of various age of inoculum on protease production by Alternaria alternata TUSGF1. 239 
 240 
 241 
3.5 Effect of agitation rate on protease production 242 
  243 
The effect of various agitation rates on alkaline protease production various agitation rate (80, 100, 120 244 
and 140) were used. The results depicted that the highest protease production was 53 U/ml, protein 245 
0.168 mg/ml biomass 35 mg/ml (Fig.5). As the agitation rate was increased above 120 rpm, the enzyme 246 
production was decreased. 247 
 248 
 249 
 250 
 251 
                                      252 
 253 
 254 
 255 
 256 
 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 

 267 
 268 

Fig.5. Effect of various agitation on protease production by Alternaria alternata TUSGF1. 269 
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 270 
3.6 Effect of carbon sources on protease production 271 
 272 
Different carbon sources have various impacts on the production of alkaline protease by OVAT method. 273 
Among a range of carbon sources tested, fructose was found to be the most excellent support protease 274 
production in culture medium (Fig. 6). Maximum enzyme activity was observed (77 U/ml). In addition, 275 
optimum protease activity was also found in the basal media supplemented by glucose, sucrose, starch 276 
and maltose into culture media. Johnvesly and Naik reported [15] starch; raffinose, arabinose and 277 
fructose to be good carbon sources. 278 
 279 
 280 
 281 
 282 
 283 
 284 
 285 
 286 
 287 
 288 
 289 
 290 
 291 
 292 
 293 
 294 
 295 
 296 
 297 
                                            298 
 299 
 300 

Fig.6. Effect of various carbon sources on protease production by Alternaria alternata TUSGF1. 301 
 302 
 303 
3.7 Effect of nitrogen source on protease production 304 
 305 
The effect of various nitrogen sources on the production of protease was checked out by inoculating a set 306 
of flasks with various nitrogen sources i.e. casien, skim milk, yeast extract peptone and urea incubated at 307 
30 °C for 168 hrs at 120 rpm. It was noted that skim milk as a nitrogen source has a significant effect on 308 
protease production (Fig. 7) and shows optimum enzyme activity (96 U/ml). It has been previously 309 
reported by Shampa et al. [16] that nitrogen sources have significant enhance on production of alkaline 310 
protease. 311 
 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
 325 

    

  1. Glucose 
2. Sucrose 
3. Fructose 
4. Maltose 
5. Starch 
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 326 
 327 
 328 
 329 
 330 
 331 
 332 
 333 
 334 
 335 
 336 
 337 
 338 
                           339 
 340 
 341 
 342 
 343 
 344 
       345 
 346 

Fig.7. Effect of various carbon sources on protease production by Alternaria alternata TUSGF1. 347 
 348 
 349 
 350 
4. CONCLUSION 351 
 352 
In this experiment, we established that the culture broth of Alternaria alternata TUSGF1 grown on broth 353 
medium displayed the proteolytic activity. Among the different carbon and nitrogen parameters tested in 354 
the current study 1% fructose and 0.5% casien was found to be the most excellent inducer. These are 355 
cheap and readily accessible production it the substrate of selection for cost effective media formulations. 356 
Nutritional optimization showed an approximately 3.31-fold enhance in protease activity followed by 357 
environmental optimization, which showed a 1.83-fold enhance under the submerged fermentation. 358 
Therefore, based on the optimization studies, we achieved a yield of 96 U/ml (3.31-fold increase) with the 359 
Alternaria alternata  TUSGF1 when cultivated for 168 h at 7days age of inoculum, 30 °C and 120 rpm. 360 
 361 
 362 
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