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INTRODUCTION 
 

Chitin is a homopolymer consists of β- (1-4) N-acetyl - 

D- glucosamine (GLc NAc), and the most abundant 

natural amino polysaccharide.
[1] 

 

Chitinases (E.C.3.2.1.14) are members of glycoside 

hydrolases, which catalyze the hydrolysis of Chitin into 

chitooligosaccharides or N-acetyl-β-D-glucosamine 

(NAG). According to their cleavage pattern, they are 

classified into exochitinases, endochitinases and 

chitobiosidases.
[2]

 Due to their versatile applications in 

many fields ranging from environment, industry, 

agriculture to medicine.
[3,6]

 chitinases attracted the 

attention of researchers from multidisciplines, and were 

extracted from prokaryotic and eukaryotic sources 

including plants and animals,
[7–8]

 however these later 

don’t meet industrial demands, for these reasons, a 

strong emphasizes was focused on microbial chitinases 

and wealthy papers have been reported on bacterial 

chitinases from different genera such as Streptomyces , 

Bacillus, Clostridium, Vibrio, Aeromonas, Xanthomonas, 

Pseudomonas, Enterobacter and Serratia.
[9]

 

 

Serratia marcescens is widely dispersed in nature and 

produce many extracellular enzymes (amylase, chitinase, 

protease, gelatinase, and lipase).
[10]

 however, very scare 

reports were recorded about marine Serratia marcescens 

chitinase, in this regard, we are interested in 

investigating and testing factors influencing chitinase 

production from marine Serratia marcescens. 

 

In our previous papers, many enzymes such chitinase and 

α-amylase were optimized.
[11,12,13,14,15]

 furthermore, 

Serratia marcescens was isolated, identified and its α-

amylase was optimized, and selected as potent bacterial 

strain for chitinase production,
[16]

 this study was planned 

to investigate and optimize the cultivation conditions, 

which are expected to improve the enzyme production 

using one factor at time technique (OFAT) in shake 

flasks submerged fermentations. 

 

MATERIAL AND METHODS 
 

Substrates and chemicals 

Chitin was extracted from crustaceans by the method of 

(Synowiecki et al. 1982)
.[17]

 Crab shell chitin flakes (Win-

lab, UK). Swollen chitin was prepared according Monreal 

and Reese, (1969).
[18]

 Galactose, glucose, agarose, 

lactose, N-acetyl glucosamine, bovine serum albumin 

(BSA), Sodium alginate (Sigma -USA), agar, Peptone 

tryptone, and yeast extract (Oxoid Hampshire, England). 
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ABSTRACT 
 

Serratia an ubiquitous member of Enterobacteriaceae produce many extracellular enzymes. Serratia marcescens 

used in this study was marine strain previously identified and selected as hyper chitinase producer. In this research 

the optimum conditions for chitinase production were determined using one factor at time technique (OFAT) in 

shake flasks (submerged fermentation). The highest chitinase activity was obtained in 75% natural sea water, 0.5% 

crab shell colloidal chitin as essential carbon source, 0.2 % lactose as secondary carbon source, 0.5% peptone as 

nitrogen source, 8% NaCl and 2.5% as best inoculum size. The production also was optimum at initial pH: 6.5, 

temperature 30 
0
C, and 48 h incubation period at 150 rpm shaking. These results form the basis for large scale 

production as well as further improvement for the enzyme properties suitable for various applications in the future. 

 

KEYWORDS: Serratia marcescens, chitinase, optimization, submerged fermentation, production. 

 



www.wjpls.org         │        Vol 7, Issue 7, 2021.          │    ISO 9001:2015 Certified Journal      │ 

 

183 

Cheba.                                                                                               World Journal of Pharmaceutical and Life Science  

apple pectin (Fison- Germany), 2 Hydroxy 3,5 

dinitrosalselic acid (DNSA) (Merck, Darmstadt- 

Germany), All other chemicals used were of the highest 

grade available. 

 

Microorganism and cultivation  

Serratia marcescens was isolated from Red sea water, 

Hurghada-Egypt, identified, and selected as hyper-

producer for amylase and chitinase.
[16]

 the strain was 

cultured in sea water supplemented with 0.5 % yeast 

extract and incubated at 30
o
C; solid media were prepared 

by adding 20 g/l Bacto agar.  

 

Chitinase production and monitoring  

The initial medium for chitinase production comprised 

(g/l): 1% colloidal chitin, 0.2 % yeast extract dissolved in 

sea water pH: 7.5, this medium was inoculated with 3% 

of an overnight seed culture of Serratia marcescens, and 

then incubated at 37
o
C in an orbital shaker set at 180 rpm 

for 24h. Furthermore, the changes in the enzyme activity 

and protein content were monitored each 24h during 4 

days to investigate the effect of incubation period on 

chitinase production. 

 

Chitinase production Optimization 

The factors influencing chitinase production were 

determined using one factor at time technique (OFAT) in 

shake flasks (submerged fermentation). The tested factors 

and their levels were detailed as follow:  

1. Effect of substrate concentration, carbon and 

nitrogen sources  

Colloidal chitin initial concentration (0.1–1% w/v), 

carbon sources (glycerol, glucose, galactose, lactose, 

sucrose, starch, dextran, cellulose, chitosan, pectin, 

alginate, agar and tween 80), and different inorganic 

(ammonium chloride, ammonium sulphate, potassium 

nitrate) and organic (urea, peptone, tryptone and yeast 

extract) nitrogen sources were tested at a concentration of 

0.5% in sea water medium.  

 

2. Effects of Fermentation conditions  

The tested parameters were pH (6 to 9), Temperature (20, 

30, 37 0C), salinity (2, 6, 8, and12%Nacl), agitation rate 

(0 to 200 rpm/min), inoculum size (1, 2.5, 5, and 7.5).  

 

Protein and Chitinase assay: after production the 

culture was centrifuged at 7,000 rpm for 5 min and the 

cell free supernatant was used for soluble proteins 

determination as described by Bradford (1976)
[19]

 

whereas chitinase activity was analyzed by estimating the 

released reducing ends of sugar according to the method 

of Miller
[20]

 using N-acetyl - D-glucosamine (NAG) as 

standard .One unit of chitinase activity was defined as the 

amount of enzyme required to release 1 μ mol of NAG 

per minute during these conditions. 

 

 

 

 

RESULTS AND DISCUSSION 
 

Chitinase Production Optimization 

 

 
Fig. (1): a: Serratia marcescens chitinolytic activity on marine colloidal chitin agar. b and c other chitinolytic 

isolates. 

 

Effect of incubation period 

Time course of Serratia marcescens chitinase production 

illustrated in Fig. (2) showed that the maximum chitinase 

specific activity was obtained at 48h and dropped 

gradually thereafter. similar results were obtained by 

Bautista, and Dalmacio, 2003 for Serratia marcescens 

LMP42. 

 

Chitinase production.
[21]

 Whereas Xia et al. 2011.
[22]

 

found 32 h was ideal for harvesting chitinase of Serratia 

marcescens LMP42.This result was in conformity with 

many bacterial chitinases that produced highly within just 

one or two days.  

 

 

 



www.wjpls.org         │        Vol 7, Issue 7, 2021.          │    ISO 9001:2015 Certified Journal      │ 

 

184 

Cheba.                                                                                               World Journal of Pharmaceutical and Life Science  

 

 
Incubation period (h) 

Fig. 2: Time course of Serratia marcescens chitinase production. 

 

1.Effect of colloidal chitin concentration 

The results illustrated in Fig (3) indicated that 0.5% 

colloidal chitin was the best concentration for chitinase 

production. Similar results obtained by Kole and 

Altosaar, 1985.
[23]

 for Serratia marcescens, strain EB415, 

furthermore 0.5% swollen chitin was sufficient for 

Serratia marcescens GG5 chitinase production as 

reported by Singh, et al. (2005),
[24]

 Whereas Xia et al. 

2011,
[22]

 Bautista, and Dalmacio, 2003,
[21]

 found that 

0.75% and 0.6% colloidal chitin were  the best 

concentrations that yields the highest chitinase activity 

from Serratia marcescens XJ-01  and Serratia marcescens 

LMP42, respectively. Generally, many investigators 

reported that the optimal concentration ranged between 

0.5 and 1 %. 

 

 
Fig. 3: Effect of colloidal chitin concentration on chitinase production. 

 

2. Effect of carbon sources 
Various carbon source supplementations were tested to 

investigate their effect on chitinase production. It was 

noticed from Fig. (4) that the lactose was the most 

efficient secondary carbon source for chitinase 

production. On the other hand, Singh, et al. (2008) found 

0.5% soluble starch enhanced Serratia marcescens GG5 

chitinase production,
[25]

 while others reported that, the 

addition of maltose,
[26]

 pectin
[27]

 also enhanced 

significantly the chitinase production. 

 

 

 

 

colloidal chitin concentration. % 
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Fig. 4: Effect of carbon sources on chitinase production. 

 

3. Effect of nitrogen sources 

Among the organic and inorganic nitrogen sources tested 

for enhancing chitinase production (Fig. 5), the results 

indicated that peptone was ideal for chitinase production 

followed by ammonium chloride. On the other hand, the 

lower activity was obtained in the presence of KNO3 as a 

nitrogen source. in contrast 0.5% (NH4)2SO4 was the 

most preferable for chitinase production by Serratia 

marcescens XJ-01 as reported by Xia et al. 2011,
[22]

 

Generally, it seemed that the preference for nitrogen 

source varies with microorganisms. 
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Fig. 5: Effect of nitrogen sources on chitinase production. 

 

4. Effects of fermentation conditions 

The optimal conditions for chitinase production by 

Serratia marcescens in shake flasks using one factor at 

time technique (OFAT) were summarized in (Tab.1).  8% 

NaCl, 6.5 initial pH, 30 
0
C temperature, 2.5% inoculum 

size, and 150 rpm shaking, gave the highest chitinase 

activity. From the available scientific literatures, it 

seemed that chitinase fermentation conditions were 

microorganisms to microorganism’s variable, for example 

Aunpad and Panbangrad 2003,
[28]

 Found that NaCl (3%) 

was optimal for chitinase production by Salinivibrio 

costicola. whereas, Bautista, and Dalmacio, 2003,
[22]

 

found that pH 7, 5% inoculum, and 158 rpm, were 

optimal condition for chitinase production from Serratia 

marcescens LMP42. Furthermore Xia et al. 2011,
[22]

 

reported that the temperature of 32 
0
C, and pH 8 yielded 

the maximum chitinase activity from Serratia marcescens 

XJ-01. On the other hand, Gutiérrez-Román et al. 

2012,
[29]

 obtained the highest chitinase production (166 

units/ml) with an inoculum density of 1. 10
12

 CFU/ml 

and an initial pH of 6.5. While Ramones et al. 1997,
[30]

 

found that 7.7 and 28 ºC were the suitable pH and 

temperature for chitinase production from Serratia 

marcescens QM B1466. respectively, 
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Table (1): Effect of Fermentation conditions on chitinase production. 
 

Parameter Value Chitinase specific activity(U/mg) 

Salinity (NaCl %) 2 37,89 

 6 44.53 

Inoculum size (%) 

8 48.92 

12 34,25 

1 56.82 

 

2.5 85.57 

5 53.30 

7.5 31,63 

pH 

6 45.12 

6.5 59.80 

7 52.54 

 7.5 48.2 

 8 43.66 

 9 35.24 

Temperature (C
o
) 20 35.81 

 30 76.29 

 37 55.70 

Agitation rate (rpm) 0 34.26 

 100 43.88 

 150 64.57 

 200 55,61 

 

CONCLUSION 
 

Microbial chitinases are inducible and greatly influenced 

by nutritional and environmental factors, for this raison, 

the medium constitution optimization and searching for 

chitinases production key factors, still an urgent need. 

one factor at time (OFAT) optimization of marine 

Serratia marcescens chitinase in submerged 

fermentations was efficient in determining the preferable 

medium and selecting the crucial effecting factors to 

maximize the production for future industrial scaling-up 

with low cost, high yield and potential biotechnological 

uses. 

 

ACKNOWLEDGEMENT 
 

This work was supported by the Algerian ministry of 

higher education and scientific research. also, Thanks, 

are due to Professors Elmahdy R. A and Zaghloul T.I. for 

their encouragement, their scientific assistance and for 

the research facilities provided.  

 

REFERENCES 
 

1. Z. Hao, Y. Cai, X. Liao, X. Zhang, Z. Fang, D. 

Zhang, Optimization of nutrition factors on chitinase 

production from a newly isolated chitiolyticbacter 

meiyuanensis sybc-h1, Braz. J. Microbiol, 2012; 43: 

177–186. 

2. Mathew, G. M., Madhavan, A., Arun, K. B., Sindhu, 

R., Binod, P., Singhania, R. R., & Pandey, A. 

Thermophilic Chitinases: Structural, Functional and 

Engineering Attributes for Industrial Applications. 

Applied Biochemistry and Biotechnology, 2021; 

193(1): 142-164.  

3. B. Cheba, chitin, chitosan, and chitinases 

biotechnology. lap-publishing- lambert academic 

publishing, ISBN: 978-620-2-92345-3, 2020. 

4. Berini, F., Katz, C., Gruzdev, N., Casartelli, M., 

Tettamanti, G., & Marinelli, F. Microbial and viral 

chitinases: attractive biopesticides for integrated pest 

management. Biotechnology advances, 2018; 36(3): 

818-838.  

5. Di Rosa, M., Distefano, G., Zorena, K., & 

Malaguarnera, L. Chitinases and immunity: 

ancestral molecules with new functions. 

Immunobiology, 2016; 221(3): 399-411.  

6. Singh, R., Upadhyay, S. K., Singh, M., Sharma, I., 

Sharma, P., Kamboj, P., & Khan, F. Chitin, 

Chitinases and Chitin Derivatives in 

Biopharmaceutical, Agricultural and Environmental 

Perspective. Biointerface. Res. Appl. Chem., 2020; 

11: 9985-10005.  

7. Schlöffel, M. A., Käsbauer, C., & Gust, A. A. 

Interplay of plant glycan hydrolases and LysM 

proteins in plant—Bacteria interactions. 

International Journal of Medical Microbiology, 

2019; 309(3-4): 252-257.  

8. Hu, C., Ma, Z., Zhu, J., Fan, Y., Tuo, B., Li, T., & 

Liu, X. Physiological and pathophysiological roles 

of acidic mammalian chitinase (CHIA) in multiple 

organs. Biomedicine & Pharmacotherapy, 2021; 

138: 111465.  

9. B. Cheba, Microbial Chitinases Production 

Optimization Using Classical and Statistical 

Approach (Review), Advances in Environmental 

Biology, 2017; 11(2): 113-122. 

10. Sharma, A., & Tiwari, R. Extracellular enzyme 

production by environmental strains of Serratia spp. 

isolated from river Narmada.  Indian J Biochem. 

Biophys, 2005 Jun; 42(3): 178-81. 



www.wjpls.org         │        Vol 7, Issue 7, 2021.          │    ISO 9001:2015 Certified Journal      │ 

 

187 

Cheba.                                                                                               World Journal of Pharmaceutical and Life Science  

11. B. Cheba, T. I. Zaghloul, A.R. EL-Mahdy, M. H. 

EL-Massry, Effect of Carbon Sources on Bacillus 

sp. R2 Chitinase Production. Advances in 

Environmental Biology, 2017; 11(5): 89-94. 

12. Cheba,B.,  Zaghloul,T. I., EL-Mahdy,A. R., and M. 

H. EL-Massry. Effect of nitrogen sources and 

fermentation conditions on bacillus sp. R2 chitinase 

production, Procedia Manufacturing, 2018; 22: 280–

287. 

13. Cheba, B., Zaghloul, T. I., EL-Mahdy, A. R., and M. 

H. EL-Massry, Enhanced production of Bacillus sp. 

R2 chitinase through cell immobilization. ACT-

Biotechnology Research Communications, (2011; 

1(1): 8-13. 

14. S., Choubane, O., Khelil, and B. Cheba. Bacillus sp. 

R2 and Bacillus Cereus Immobilized Amylases for 

Glucose Syrup Production. Procedia Technology, 

2015; 19: 972-979. 

15. Cheba, B. A., Zaghloul, T. I., & EL-Mahdy, A. R. 

Demineralized crab and shrimp shell powder: Cost 

effective medium for bacillus Sp. R2 growth and 

chitinase production. Procedia manufacturing, 2018; 

22: 413-419.  

16. B Cheba, T Zaghloul.  isolation and identification of 

a marine bacterium and optimization of its amylase 

production. Appl. Biol. Biotechnol, 2008; 1(1):    

29-33. 

17. Synowiecki, J., Sikorski, Z., & Naczk, M. 

Immobilization of amylases on krill chitin. Food 

Chemistry, 1982; 8(4): 239-246.  

18. Monreal, J., & Reese, E. T. The chitinase of Serratia 

marcescens. Canadian Journal of Microbiology, 

1969; 15(7): 689-696.  

19. Bradford, M.M. A rapid and sensitive method for 

the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. Anal. 

Biochem, 1976; 72: 248 – 254. 

20. Miller, G.R. Use of Dinitro salicylic Acid reagent 

for determination of reducing sugar. Anal. Chem, 

1959; 31(3): 426 – 428. 

21. Bautista, V.V., and Dalmacio, I.F. Optimization of 

chitinase production by Serratia marcescens LMP42 

(BIOTECH 1749) and its control of Rhizoctonia 

solani Kuhn under laboratory conditions. Philippine 

Agricultural Scientist, 2003; 86(3): 259-265.   

22. Xia, J. L., Xiong, J., Zhang, R. Y., Liu, K. K., 

Huang, B., & Nie, Z. Y. Production of Chitinase and 

its Optimization from a Novel Isolate Serratia 

marcescens XJ-01. Indian journal of microbiology, 

2011; 51(3): 301-306.   

23. M.M. Kole and I. Altosaar. Increased chitinase 

production by a non-pigmented mutant of Serratia 

marcescens. FEMS Microbiology Letters, 1985; 26: 

265-269. 

24. Singh, G., Dahiya, N., & Hoondal, G. S. 

Optimization of chitinase production by Serratia 

marcescens GG5. Asian Journal Of Microbiology 

Biotechnology And Environmental Sciences, 2005; 

7(3): 383.  

25. Singh, G., Sharma, J. R., & Hoondal, G. S. Chitinase 

production by Serratia marcescens GG5. Turkish 

Journal of Biology, 2008; 32(4): 231-236.  

26. Liu, B.L., Kao, P.M., Tzeng, Y.M and Feng, K.C. 

Production of chitinase from Verticillium lecanii. 

Enz. Microb. Technol, 2003; 33: 110-115. 

27. Chen, H.C., Hsu, M.F., and Jiang, S.T.  Purification 

and characterization of an exo-N, N- 

diacetylchitobiohydrolase - like enzyme from 

Cellulomonas flavigena NTOU1. Enz.Microb. 

Technol, 1997; 20: 191-197. 

28. Aunpad, R., & Panbangred, W. Cloning and 

characterization of the constitutively expressed 

chitinase C gene from a marine bacterium, 

Salinivibrio costicola strain 5SM-1. Journal of 

bioscience and bioengineering, 2003; 96(6): 529-

536.  

29. Gutiérrez-Román, M. I., Holguín-Meléndez, F., 

Bello-Mendoza, R., Guillén-Navarro, K., Dunn, M. 

F., & Huerta-Palacios, G. Production of prodigiosin 

and chitinases by tropical Serratia marcescens 

strains with potential to control plant pathogens. 

World Journal of Microbiology and Biotechnology, 

2012; 28(1): 145-153.  

30. Ramones, E. A., Paez, G. B., Marmol, Z. M., Ferrer, 

J., & Rincon, M. Production of extracellular 

chitinase from Serratia marcescens QM B1466 using 

chitin from shrimp shells waste. Revista Tecnica-

Facultad De Ingenieria Universidad Del Zulia, 1997; 

20: 215-222.  


