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Xylanases are hydrolytic enzymes that depolymerise hemi-cellulosic
polysaccharide xylan, a major component of plant cell walls. The
production of xylanase often necessitates a cost-effective
manufacturing procedure. In the current study, synthesis of
extracellular xylanase by Bacillus cereus BSA1 in presence of different
amino acids was optimized under submerged fermentation. The growth
of bacteria and its enzyme production was optimum in the presence
of beef extract. The maximum enzyme production was achieved in the
presence of the amino acids L-proline and L-cystine. This study
focuses on achieving a 38% enhancement in xylanase production
through the use of amino acids, suggesting the presence of regulatory
mechanisms influencing enzyme biosynthesis.

Introduction:

Xylanase, an industrially used enzyme, has
become increasingly important, especially in
the paper industry for the bio-bleaching
process. Enhancing enzyme production is
becoming increasingly crucial due to rising
demand for industrially utilized enzymes.
Improvement of fermentation technology
remains an empirical process to obtain large
quantity of desired metabolites. Study thus
primarily focuses on the optimization
procedure to scale up the synthesis of a
desired metabolite. Generally, xylanases are
produced by different microorganisms like
fungi and bacteria through processes like

solid- (Amare and Gashaw, 1999; Battan et
al., 2006) semi solid- and submerged-
fermentation (Gomes et al., 2000). Amino
acids have been used as the enhancer for
microbial growth and hence the production
of the enzyme as well (Ikura and Horikoshi,
1987). -Larabinofuranosidase, -D-
glucuronidase, galactosidase, and acetyl
xylan esterase hydrolyze the side groups of
xylan (Figure 1).

Previously a bacterial strain, Bacillus
cereus BSA1 was isolated as xylanase
producer and the optimum physico-chemical
features of the media for xylanase
production by it was reported (Mandal et
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al., 2008). In the present case, role of
different amino acids for enhanced xylanase
production by Bacillus cereus BSA1 is
studied.

Materials and Methods:

Microorganism:

Bacterial strain Bacillus cereus BSA1,
(Mandal et al. 2008) was used in this study.

Production of enzyme:

Enzyme productions was made in 250 ml
Erlenmeyer flasks containing 50 ml of
sterilized liquid media [(g/l): (NH4)2SO4 1.0;
MgSO4 0.2; K2HPO4 0.2; CaCl2 0.2; MnCl2

0.02; yeast extract 0.1, xylan 10.0]  Before
sterilization, xylan was completely dissolved
in water by sonication (7.0 hz, 2 min) and

then pH of the medium was adjusted to 7.0.
The medium was sterilized for 15 minutes
at 121ºC.  Fermentation was carried out in
a rotatory shaker (120 rpm) at 37ºC for 72
h. The cell-free supernatant after
centrifugation (5000gÍ 5min) was used as
the source of crude enzyme. Growth of the
organism was determined according to the
formation of colony forming unit (c.f.u./ml).

Optimization of fermentation process
using different amino acids:

Different types of amino acids and their
concentration were added separately to the
media. The media before adding amino acids
were sterilized and filtrate solution of each
amino acid was added at a concentration of

Figure 1: Mode of action of microbial xylanases on xylan compound
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0.20% (w/v).All the experiments were done
in triplicate and data were presented here
as mean ± SE.

Enzyme assay:

Xylanase activity was assayed by measuring
released reducing sugar from birch wood
xylan (Fluka) with 3, 5- dinitrosalicylic acid
(Miller, 1959). The reaction mixture
containing 0.4 ml phosphate buffer (0.2M,
pH 7.0), 0.3 ml of 5% (w/v) xylan and 0.3
ml enzyme solution. The enzymatic reaction
was carried out at 50ºC and after 30 min
1ml of DNS (3%w/v) was added to stop
the reaction. The solution was incubated in
a boiling water bath for 15 min for colour
development and the absorbency was
measured at  540 nm (Systronic
spectrophotometer 105) against the enzyme
blank. The xylanase activity was determined
by using a standard calibration curve of D-
xylose (Sigma).

One unit of xylanase activity (U/ml) was
defined as the amount of enzyme required
to produce 1 ìmol of reducing sugars as
xylose by hydrolyzingxylan per minute under
the above assay condition.

Result:

Effect of different amino acid:

 Maximum enzyme production was noticed
in presence of proline and cysteine (Table
1). Tyrosine, alanine, ornithine, arginine and
methionine also had significant results.

Different concentrations of proline and
cysteine (Table 2, 3) were also tested and
the most effective result was found in 0.25%
(w/v) of both the amino acids.

Table 1: Effect of amino acids on xylanase
production by Bacillus cereus BSA1.
Different amino acids were mixed
separately with the media and the organism
was grown 35ºC and pH 6.0 under shaking
(120 rev/min) condition for 84h.

Amino acid Relative activity (%) 
DL- Alanine 115 
DL- Aspertic acid 111 
L- Histidine 113 
L-Leucine 108 
DL-Tryptophan 101 
Glycine 109 
L-Glutamic acid 111 
L-Tyrosine 116 
L-Ornithine 115 
L-Proline 138 
L-Arginine 115 
L-Cysteine 138 
DL-Metheonine 115 
L-Isoleucine 112 
L-Lysine 110 
L-Phenyl alanine 106 
DL-Valine 108 
DL-Threonine 103 
Basic media 100 

Table 2: Effect of concentration of proline
on xylanase production by Bacillus cereus
BSA1.The bacteria was grown for 84 h
under shaking (120 rev/min) condition
(temperature: 35ºC  pH: 6.0).
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Proline 
concentration (%) 

Xylanase (U/ml) 
 

0.1 5.23 ± 0.15 

0.15 5.75 ± 0.17 

0.20 6.02 ± 0.21 

0.25 7.12 ± 0.31 

0.30 6.83 ± 0.21 

0.35 6.30 ± 0.22 

Table 3: Effect of concentration of cystine
on xylanase production by Bacillus cereus
BSA1 at 35ºC and pH 6.0 under shaking
(120 rev/min) condition (bacteria was grown
for 84h).

Cystine 
concentration (%) 

Xylanase 
(U/ml) 

 
0.1 4.20 ± 0.11 

0.15 5.45 ± 0.12 

0.20 6.03 ± 0.15 

0.25 6.90 ± 0.13 

0.30 6.57 ± 0.15 

0.35 6.18 ± 0.22 

Discussion:

The Bacillus genus of bacteria is highly
versatile, capable of producing a broad
spectrum of products without heavy reliance
on petrochemicals. Their resilience in diverse
and challenging environments, including
agro-industrial wastes (Chattaraj et al.
2024), enables the production of various
beneficial and environmentally friendly
products including feeds (Ganguly et al.

2024), foods (Ganguly et al. 2018a; Ganguly
et al. 2018b), probiotics (Ganguly et al.
2018c; Chattaraj et al. 2023a; Ganguly &
Ganguly 2016), plant growth regulators
(Samantaray 2024), enzymes (Nad et al.
2024; Bhattacharjee et al. 2018), biocides
(Chattaraj et al. 2022), and bioactive
chemicals (Chattaraj et al. 2023b). Prior
studies have optimized xylanase production
in several Bacillus species incuding B.
licheniformis (Malhotra et al., 2022), B.
subtilis (Yardimci et al., 2018), and B.
safensis (Devi et al., 2022). This current
study marks the first attempt to enhance the
cultural conditions for xylanase production
utilizing Bacillus cereus as inoculum.

The high cost of enzyme production can be
a limiting factor in meeting industrial
demands. Therefore, the development of a
low-cost growth medium for microbial
cultivation and enzyme production is crucial
to make the process more economically
feasible. Submerged fermentation
technology offers a significant advantage in
xylanase production, enabling high yields to
be achieved in shorter production periods
while keeping costs low. However, the
success of this process heavily relies on two
crucial elements: the composition of the
nutrient medium and the culture conditions.
The production of xylanase is sensitive to
various physical and chemical factors,
including temperature, pH levels, incubation
duration, the type and concentration of
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carbon and nitrogen sources, and agitation
speed (Dhaver et al. 2022). The present
study exhibited a significant level of
stimulation of xylanase production by a
number of amino acids like L-cysteine, L-
proline, L-histidine, L-arginine, DL-alanine
and L-ornithine. L-cysteine and L-proline
stimulated about 1.4 fold increase in the
enzyme synthesis whereas DL-threonine, L-
tyrosine, L-leucine, L-lysine, DL-tryptophan,
DL-valine, DL-aspertic acid L-glutamic acid
showed only a marginal or no effect on
enzyme production. There are many reports
about the stimulating effect of amino acids
or their derivatives. Beg et al. (2000)
reported DL-norleucine, L-leucine, DL-
isoleucine, L-lysine monohydrochloride and
DL-phenylalanine stimulated the xylanase
production up to 3.72-fold in Streptococcus
sp. Ikura and Horikoshi (1987) reported that
0.5% glycine enhanced 1.8-fold enzyme
production. Balakrishnan et al. (1997) also
reported 2 to 5 fold increased xylanase
production in Bacillus sp. in presence of
glycine and DL-norvaline and casamino
acids. Okafor et al. (2007) isolated a strain
of Penicillium chrysogenum PCL501 from
wood wastes and found that after 4 days of
fermentation, wheat bran produced the
highest xylanase activity at 6.47 U/ml.
Thomas et al. (2016) obtained increased
xylanase production utilizing Aspergillus sp.
within 4 days of fermentation. Dhaver et
al. (2022) utilized Trichoderma harzianum

strain to significantly enhance xylanase
production using the Plackett–Burman
Design, achieving a 4.16-fold improvement
compared to the preliminary one-factor-at-
a-time (OFAT) approach. The distinctive
feature of the enzyme characterized in this
study is its exceptional stability across a
broad range of physical parameters,
including temperature, pH, and solvent
tolerance, thereby conferring robustness and
versatility as a biocatalyst. This stability
profile expands its potential utility in various
industrial and biotechnological applications.

In the present study the cell density
remained more or less same in all cases,
which indicated that xylanase production
was not a direct function of cell growth,
instead there might be some switching on
or off phenomena present in the organism
for xylanase production which are operating
not only in the presence of xylan but also in
the presence of some specific amino acids
(Gupta et al., 1999). Bakry et al. (2024)
reported that Bacillus haynesii strain K6
exhibited significant enhancement in xylanase
production when the media is supplemented
with amino acids proline and cysteine.

Conclusion

In this study, it was found that Bacillus
cereus BSA1 strain efficiently produces
extracellular xylanase under specific
conditions: 84 h incubation period at 35ºC,
at pH 6, supplemented with L-proline and
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L-cystine. This mesophilic soil bacterium,
Bacillus cereus BSA1, exhibited substantial
xylanase production in response to these
amino acids, suggesting potential regulatory
mechanisms. Further investigation is needed
to delve deeper into these mechanisms and
uncover additional details.

References:
1. Amare G, Gashaw M . High-level

xylanase production by an alkaliphilic
Bacillus sp. by using solid-state
fermentation. Enzyme Microbial
Technol, 1999; 25:68–72

2. Balakrishnan H, Srinivasan MC and Rele
MV. Extracellular protease activities in
relation to xylanase secretion in an
alkalophilicBacillus sp. Biotechnol Lett,
1997;  19:599-601

3. Bakry, M.M., Salem, S.S., Atta, H.M.
et al. Xylanase from thermotolerant
Bacillus haynesii strain, synthesis,
characterization, optimization using Box-
Behnken Design, and biobleaching
activity. Biomass Conv. Bioref. 2024;
14; 9779–9792. https://doi.org/10.1007/
s13399-022-03043-6

4. Battan B, Sharma J,  Kuhad RC. High
level xylanase production by alkaliphilic
Bacillus pumilis ASH under solid state
fermentation. World J Microbiol
Biotechnol. 2006;  22: 1281-1287

5. Bhattacharjee M, Banerjee M , Mitra P,
Ganguly A. Investigation of Alkaline
Phosphatase Enzyme of A Novel
Bacillus Species Isolated from
Rhizospheric Soil of Potato Field.
Research journal of Life sciences,
Bioinformatics, Pharmaceutical and

Chemical sciences. 2018; 4(2): 129-144.
6. Chattaraj, S., A. Ganguly, D. Mitra, D.

Mitra, and P. K. Das Mohapatra. Study
of intestinal bacteria of Cirrhinus reba
and characterization of a new probiotic
bacteria: An initiative to save the
threatened species of Cirrhinus. Applied
Biochemistry and Microbiology. 2023a;
59 (6):833–49. https://doi.org/10.1134/
S0003683823060248

7. Chattaraj, S., Ganguly, A., Mandal, A.,
Das Mohapatra, P.K., A review of the
role of probiotics for the control of viral
diseases in aquaculture. Aquac. Int.
2022: 30(5):2513–2539. https://doi.org/
10.1007/s10499-022-00915-6

8. Chattaraj, S., Mitra, D., Chattaraj, A.,
Chattaraj, M., Kundu, M., Ganguly, A.,
Mohapatra, P.K.D., Antioncogenic
potential of probiotics: challenges and
future prospective. Indian J. Microbiol.
Res. 2023b; 10 (1), 1–10. https://doi.org/
10.18231/j.ijmr.2023.001

9. Chattaraj, S., Mitra, D., Ganguly, A.,
Thatoi, H., Mohapatra, P.K.D. A critical
review on the biotechnological potential
of Brewers’ waste: Challenges and
future alternatives. Current Research in
Microbial Sciences.2024; https://doi.org/
10.1016/j.crmicr.2024.100228

10. Ganguly A, Ganguly M. The Role of
Probiotics in Aquaculture. A Diamond
Collection of Research Articles, Prantar
Publication. 2016;  4: 289-302.

11. Ganguly, A., A. Banerjee, A. Mandal, and
P. K. Das Mohapatra. Optimization of
effective dose of a newly isolated
probiotic bacteria for growth and disease
resistance of Carias batrachus (Linn.).
Research Journal of Life Sciences,
Bioinformatics, Pharmaceutical and



International Research Journal of Basic and Applied Science  ISSN: 2455-6718 : RNI : WBENG/2016/76189  Vol. 9  2024

19

Chemical Sciences. (2018a),  4(4):344–
54.

12. Ganguly, A., A. Banerjee, A. Mandal, and
P. K. Das Mohapatra. Probiotic-based
cult ivation of Clarias batrachus:
Importance and future perspective. Acta
Biologica Szegediensis, (2018b),  62
(2):158–68. https://doi.org/10.14232/
abs.2018.2.158-168

13. Ganguly, A., A. Banerjee, A. Mandal, M.
A. Khan, and P. K. Das Mohapatra..
Isolation and characterization of bacteria
from the intestine of Clarias batrachus
for probiotic organism. Proceedings of
the Zoological Society, (2018c) ; 72
(4):411–19. https://doi.org/10.1007/
s12595-018-0283-x

14. Ganguly, A., Chattaraj, S., Ganguly, M.,
Chattaraj, M., Banerjee, A., Mandal, A.,
Ali Khan, M., Sen, S.K., Das Mohapatra,
P.K. Effect of three probiotic Bacillus
strains supplemented feeds on growth,
carcass composition and blood
parameters of Clarias magur
(Hamilton). J. Appl. Aquac. 2024;  1–
26. https:/ /doi.org/10.1080/
10454438.2024.2330499

15. Gomes J, Gomes I, Terler K, Gubala N,
DitzelmullerG,  Steinera W. Optimisation
of culture medium and conditions for a-
L-Arabinofuranosidase production by
the extreme
thermophiliceubacteriumRhodothermusmarinus.
Enzyme Microbial Technol, 2000;
27:414–422

16. Gupta S, Bhushan B, Hoondal GS.
Enhanced production of xylanase from
Staphylococcus SP SG-13 using amino
acids. World J MicrobiolBiotechnol,
1999;  15:511-512

17. Ikura T, Horikoshi K, Stimulatory effect

of certain amino acids on xylanase
production by alkalophilicBacillus sp.
AgriculBiolChem. 1987; 51:3143-3145

18. Mandal, A., Kar, S., Das Mohapatra,
P.K., Maity, C., Mondal, K.C. and Pati,
B.R.  Xylanase production under
submerged fermentation by newly
isolated Bacillus cereus BSA1:
parametric optimization of cultural
conditions. Journal of Pure and App
Microbiol. 2008; 2(1):155-160.

19. Miller GL. Use of dinitrosalicylic acid
reagent for determination of reducing
sugar. Anal Chem, 1959;  31:426-428

20. Nad, S., Konar, U., Chattaraj, S.,
Ganguly, A., Valorization of feather
waste by microbial enzymatic activity:
bioconversion, production and
application. In: Saha, S. P., Mazumdar,
D., Roy, S., Mathur, P. (eds). Agro-Waste
to Microbe Assisted Value Added
Product: Challenges and Future
Prospects. Environmental Science and
Engineering. Springer, Cham. 2024;
https://doi.org/10.1007/978-3-031-
58025-3_15

21. Samantaray, A, Chattaraj, S, Mitra, D,
Ganguly, A, Kumar, R, Gaur, A, Das
Mohapatra, PK, Santos-Villalobos, SL,
Rani, A, Thatoi, H. Advances in microbial
based bio-inoculum for amelioration of
soil health and sustainable crop
production. Current Research in
Microbial Sciences. 2024; 7, https://
doi.org/10.1016/j.crmicr.2024.100251

22. Malhotra, G., Chapadgaonkar, S.S. Partial
purification and characterization of a
thermostable xylanase from Bacillus
licheniformis isolated  from  hot  water
geyser. J Genet Eng Biotechnol 20, 50
(2022). https://doi.org/10.1186/s43141-



International Research Journal of Basic and Applied Science  ISSN: 2455-6718 : RNI : WBENG/2016/76189  Vol. 9  2024

20

022-00333-4
23. Dhaver P, Pletschke B, Sithole B,

Govinden R. Optimization, purification,
and characterization of xylanase
production by a newly isolated
Trichoderma harzianum strain by a
two-step statistical experimental design
strategy. Sci Rep. 2022; ;12(1):17791.
https://doi.org/10.1038/s41598-022-
22723-x

24. Thomas, L., Parameswaran, B. &
Pandey, A. Hydrolysis of pre-treated
rice straw by an enzyme cocktail
comprising acidic xylanase from
Aspergillus sp. for bioethanol
production. Renew. Energy. 2016; 98:
9–15

25. Okafor, U. A., Okochi, V. I., Onyegeme-

okerenta, B. M. & Nwodo-Chinedu, S.
Xylanase production by Aspergillus
niger ANL 301 using agro-wastes. AJB.
2007; 6: 1710–1714 .

26. Devi, S., Dwivedi, D., & Bhatt, A. K.
Utilization of agroresidues for the
production of xylanase by Bacillus
safensis XPS7 and optimization of
production parameters. Fermentation,
2022; 8(5): 221. https://doi.org/10.3390/
fermentation8050221

27. Yardimci GO, Cekmecelioglu D.
Assessment and optimization of
xylanase production using co-cultures
of Bacillus subtilis and Kluyveromyces
marxianus. Biotech. 2018; 8(7):290.
https://doi.org/10.1007/s13205-018-
1315-y


