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            ABSTRACT                                                                                                                

Extracellular inulinase producing bacterium was isolated from the rhizosphere soil of Agave sisalana and 
identified as Bacillus sp. B51f by morphological, cultural, biochemical tests and 16S rRNA gene sequence 
analysis. The maximum inulinase yield was 160.24 U/ml when 2% inoculum (0.8 OD545 nm) of the above 
isolate was grown in M9 medium containing 1.5% inulin, 0.7%  peptone, 0.3% Na2HPO4, 0.4% K2HPO4, 

0.3% NH4Cl and 0.4% NaCl at pH 7, temperature 30°C for 24 hours at static conditions. The highest 

inulinase activity was observed (173.41 U/ml) at pH 8 and 55°C which indicates it to be thermostable and 
alkaliphilic. The effect of various metal ions and thermal stabilizers were checked on inulinase activity. 
Ca2+ ions increased the enzyme activity whereas glycerol exhibited a stabilizing effect on the enzyme. 
HPTLC analysis of hydrolytic prodcuts of inulinase revealed that inulinase hydrolysed inulin exclusively 
into fructose which confirmed exo inulinase nature of the enzyme.  

Keywords: Bacillus sp. B51f; Inulinase;Agave sisalana. 
 

INTRODUCTION  
Inulinases (2, 1-β-D-fructan fructanohydrolase, EC3.2.1.7) catalyse the hydrolysis of inulin, producing 
inulo-oligosaccharides, fructose and glucose as main products. Inulin consists of linear chains of β 2, 1-D 
fructofuranose molecules terminated with a glucose residue at the reducing end. Inulinases can be divided 
into exo-inulinases and endo-inulinases. The exo-inulinase removes the terminal fructose residues from 
the non-reducing end of inulin, whereas the endo-inulinase acts on the internal linkages of the inulin 
molecule but lacks invertase activity1,2,3.Inulinases have different catalytic properties (molecular weight, 
optimum pH, optimum temperature, stability) depending especially upon their origin4.Inulinases can be 
used in a wide range of industrial applications: ultra-high fructose syrup production which can be used as 
a prebiotic for improving population of beneficial microorganisms such as Bifidobacterium in intestinal 
flora, bioethanol production,pullulan exopolysaccharide, gluconic inulo-oligosaccharide production, 
single-cell oil and single-cell protein production, some chemicals production like citric acid, 2,3 
butanediol, lactic acid and mannitol1,2,5,6,7,8. 
In the last decades a large number of bacteriaviz. Bacillus subtilis 430A9,Bacillus polymyxa 29, B. 
polymyxa 722, B. subtilis 6810, Bacillus polymyxa  MGL2111, Bacillus sp. LCB4112, B. 
stearothermophilus KP128913, Bacillus cereus MU-3114, Marinimicrobium sp. LS-A1815, Pseudomonas 
mucidolens16, Arthrobacter ureafaciens17, Streptococcus salivarius18, Staphylococcus sp.5,19, Clostridium 
acetobutylicum20, Clostridium thermoautotrophicum21, Streptomyces sp.22,23,24,25, yeast (Kluyveromyces 
sp.)26,27,28 and fungal strains (Penicillium, Fusarium and Aspergillus)29,30,31,32,33,34 were used for inulinase 
production. By the use of microbial inulinase, one step enzymatic hydrolysis of inulin yields 95% pure 
fructose35. 
Inulin is present as a reserve carbohydrate in the underground organs (roots and tubers) of plants  such as 
Jerusalem artichoke (Helianthus tuberosus), dahlia (Dahlia pintana), chicory (Cichorium intibus), Agave 
(Agave sisalana), yacon  and  in  smaller  amounts  in  garlic and onion1,36,37,38,39,40,41,42. The yields  of  the  
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roots and tubers are very high. The dried materials of the tubers contain over 70% inulin5. Many 
inulinolytic microbes such as Bacillus subtilis, Paenibacillus sp. CDB 003 Streptomyces sp. ALKC4, 
Penicillium janczewskii and Aspergillus niger were isolated from rhizosphere soil9,29,43,44,45. 
This study focuses on isolation of inulinase producing bacterium from the rhizosphere soil of Agave 
sisalana, which is expected to have higher inulinase producing variants. This strain is identified as 
Bacillus sp. B51f. The culture conditions for maximum inulinase production by this strain were studied 
and assay conditions for optimum inulinase activity were also investigated.  

MATERIALS AND METHODS 
Enrichment, isolation, screening and identification 
Soil from the rhizosphere area of plant Agave sisalana was used as sample for enrichment of inulinase 
producers. 1gm of the above soil sample was mixed in 10ml distilled water and was allowed to settle for 
10mins. The1.5 ml of supernatant collected was inoculated in two 30mlof enrichment broth (M9-Inulin 
medium- 0.2% NaCl, 0.3% Na2HPO4, 0.18% KH2PO4, 0.2% NH4Cl, 1% inulin (as a sole source of carbon 
and energy) and incubated at 30°C for 48 h under shaker (200 rpm) and static conditions. After 24 h, 1.5 
ml of the culture was inoculated into 30 ml of fresh medium. After an additional 24 h, 0.3 ml of the 
culture was inoculated into 30ml of fresh medium, and 24 h later, single colonies were isolated from M9-
inulin agar.  
The three isolates obtained from M9-Inulin agar plates were used for spot inoculation on MHI agar plates 
and incubated at 30°C for 3 days. It was then flooded with 5ml of 1% Lugol’s iodine and examined for a 
zone of clearance around the colony which indicated the presence of the enzyme inulinase46. Further, 
inulinase assay of the promising isolate was carried out and was identified by using, morphological, 
cultural and biochemical tests as per Bergey’s Manual of Determinative Bacteriology, 8th edition47. 
Further confirmation of the strain was done by 16S rRNA sequence analysis by SciGenom Labs Pvt Ltd. 
Kerala, India. 
 
Extraction and assay of inulinase 
Inulinase activity was assayed by method suggested by Miller48. The crude enzyme was obtained by 
centrifuging the growth of the isolate in M9-inulin broth at 3,500 rpm at 30°C for 10 minutes. The 
supernatant obtained was used as a crude enzyme for inulinase assay. This crude enzyme (0.5 ml) was 
mixed with 2ml of 0.2% inulin prepared in distilled water and 2ml of 50mM Acetate Buffer (pH 4.6) 
incubated at 55°C for 20 minutes. After incubation the reaction mixture was kept in ice water bath for 10 
minutes to stop the reaction. One ml of DNSA reagent was added to 1 ml of the mixture and kept in 
boiling water bath for 10 minutes. It was cooled and 6ml of distilled water was added to this mixture. The 
absorbance of the supernatant was measured at 540 nm using a spectrophotometer. The reaction mixture 
containing heat inactivated crude enzyme (1000C for 10 min) instead of the active culture supernatant was 
used as blank. The absorbance of the test supernatant against blank was obtained and plotted on the 
standard graph of Fructose (40-4000µg/ml) to obtain the amount of product formed. From the standard 
graph value, enzyme activity was calculated in U/ml. One unit of enzyme activity is defined as the 
amount of enzyme liberating 1 µmole of fructose per minute under standard conditions. 

Optimization of culture conditions for maximum inul inase production 
Five different media were investigated for maximum inulinase production by the selected isolate viz. 
Medium 149, Medium 250, Medium 351, Medium 452 and Medium 5-M9 medium with 1% Inulin. The 
optimized medium was used for further investigation of various parametersfor maximum inulinase yield 
by the selected isolate. Optimization of culture conditions for thehighest inulinase production was studied 
in M9 medium with 1% Inulin. Two percent inoculum (0.8 OD545 nm) was inoculated in 100ml of the 
above medium and kept for incubation at 30ºC for 24 h at static conditions. After incubation, the medium 
was centrifuged at 3500rpm for 10mins and the supernatant was used as a crude enzyme for the study of 
various parameters. One parameter at-a-time approach was used and all the experiments were carried out  
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in triplicates.The culture conditions (incubation period, aeration, temperature, pH, carbon, nitrogen source 
and various mineral salt concentrations) were optimized for maximum inulinase production by the 
selected isolate. Inulinase production was determined at various time intervals such as 12, 24, 36, 48, 60 
and 72 h. The effect of aeration on inulinase production was studied by incubating one culture flask on 
shaker (200rpm) and other under static condition at 30ºC for 24 hours. Optimum culture temperature for 
inulinase production was determined in the range of 30ºC, 37ºC, 45ºC, 55ºC and 70ºCon static condition 
for 24 h. Optimum pH for inulinase production was determined in the culture grown in M9 medium with 
1% Inulin at different pH range from 4 to 10 (1N NaOH and 1N HCl were used for adjusting pH of the 
medium). Effect of different carbon sources on inulinase production was checked by adding 1% w/v of 
Glucose, Fructose and Sucrose and combination 1% inulin plus 1% sugar (Inulin+Glucose, 
Inulin+Fructose and Inulin+Sucrose) to M9 medium. Optimized sugar (0.5-2% w/vat increments of 0.5 
%.) was tested for higher yield of inulinase. Different organic and inorganic nitrogen sources (0.5% 
concentration) such as Casein, Peptone, Yeast extract, Urea, Sodium nitrate and Potassium nitrate were 
checked for the maximum inulinase production. In addition optimized nitrogen source was tested (0.5-1% 
with 0.1% increment) for maximum inulinase yield. The optimal salt concentrations (0.1-0.5%w/v with 
interval of 0.1%) of K2HPO4, Na2HPO4, NaCl and NH4Cl were determined for the highest inulinase 
production. 

Effect of different physicochemical parameters on inulinase activity 
Inulinase enzyme from the new isolate was assayed to determine the optimum conditions of temperature 
and pH. Two ml of inoculum (0.8 OD545 nm) was inoculated in 100ml of M9-Inulin medium containing 
1.5% inulin, 0.7%  peptone, 0.3% Na2HPO4, 0.4% K2HPO4, 0.3% NH4Cl and 0.4% NaCl at pH 7, 
temperature 30°C for 24 h at static conditions. Cell-free culture supernatent was obtained by 
centrifugation at 3,500 rpm at 30°C for 10 minutes and used for the assays. Crude inulinase enzyme from 
the culture supernatant of optimized M9-Inulin medium was assayed in the reaction mixture containing 
0.5 ml crude enzyme, 2ml of 0.2% inulin, 2ml of acetate buffer (pH 4.6) and incubated at 55ºC for 
20mins. The tubes were then kept in ice bath for the enzyme reaction to stop. One ml of DNSA reagent 
was added to one ml reaction mixture and was kept in boiling water bath for 10 minutes. It was allowed to 
cool down and 6ml distilled water was added into it. Absorbance was measured at 540nm.The optimal 
temperature was determined from 30-700C with interval of 50C. The inulinase was assayed at various pH 
ranging from 4 to 10 in the following buffer systems: 0.1M Acetate buffer (pH range 4-6), 0.1M 
Phosphate buffer (pHrange 7-8) and 0.1M Glycine-NaOH buffer (pH range 9-12). Effect of metals on 
enzyme activity was measured with different metals namely (0.1% w/v) HgCl2, MgCl2, ZnCl2, CaCl2, 
KCl, NaCl, CdCl2 and MnCl2. The control was kept with enzyme without metals (100%). Also, the effects 
of various thermal stabilizers such as0.1% (v/v) glycerol, mannitol and propanol were examined on the 
inulinase activity The crude enzyme was pre-incubated with above mentioned respective metal ions and 
thermal stabilizers (with control) for 30 minutes at 300C. The residual activity (%) was measured by 
standard inulinase assay.  

Analysis of Hydrolysis products of inulinase by High Performance Thin Layer Chromatography (HPTLC) 
Hydrolytic products by inulinase from the isolate were qualitatively identified by HPTLC. Sample of 10µl 
hydrolysate was spotted on the pre-coated TLC plates (Silica gel 60, Merck, Germany) using CAMAG 
Linomat 5 band spotterwith the solvent system n-butanol–pyridine–water (6:4:3) and a detection reagent 
comprising 20 g/l diphenylamine in acetone–20 g/l aniline in acetone–850 g/l phosphoric acid (5:5:1 by 
volume)53. Glucose and Fructose were used as sugar standards (10µl of each).The developed plates were 
dried in a stream of air. After drying, band scanning was done with CAMAG TLC Scanner using WIN-
cats software at 350nm. 

RESULTS AND DISCUSSION 
 

Enrichment, isolation, screening and identification 
The soil samplefrom rhizosphere area of plant Agave sisalana was enriched in M9-Inulin broth containing 
1%inulin as a sole source of carbon and energy. Enriched sample was streaked on agar plates containing 
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the same medium and incubated at 30°C for 24 h. Total 3 isolates were obtained, designated as AS-1, AS-
2 and AS-3 and all three of them showed zone of hydrolysis around the colony on MHI agar plates 
confirming extracellular inulinase activity (Figure 1).All three isolates were assayed for inulinase 
activitywhich was found to be 123.30U/ml, 103.68U/ml and 109.7U/ml for AS-1, AS-2 and AS-3 
respectively. The selected AS-1 isolate was identified as Bacillus sp B51f on the basis of morphological, 
culture and biochemical characteristics according to Bergey’s Manual of determinative Bacteriology, 8th 
edition and by16S rRNA gene sequencing analysis.Agave sisalana and many other plants of the Agave 
genus are considered to be a rich natural source of inulin viz. Agave americana contains 7–10% 
inulin42,54. Therefore, inulinase producing organism Bacillus sp.B51f was isolated from the rhizosphere 
soilof Agave sisalana. 
 
Optimization of culture conditions for maximum inul inase production 
From the results shown in Figure 2, it was found that medium5- M9 medium with 1% inulin facilitated 
maximum inulinase yield (129.7U/ml) by Bacillus sp. B51f, hence this medium was used throughout the 
study.Presence of inulin in the M9-Inulin medium induced maximum inulinase production by Bacillus sp. 
B51f which supports the fact that inulinase is an inulin inducible enzyme. A variety of media have been 
used previously by various scientists for the production of inulinase by different microbes viz. Czapex 
Dox agarfor Streptomyces sp.14,24, Beef extract agar for Bacillus sp.10, yeast extract peptone dextrose 
(YPD) medium for yeast35, Potato Dextrose medium for Aspergillus sp.29, Mineral medium for Bacillus 
sp.12,IB medium45and MHI medium for Marinimicrobium15. 
Bacillus sp. B51f showed inulinase production starting from 12 h of growth and reached maximum in 24 
h and then it declined with further increase in duration of incubation (Figure 3). Incubation periods 
ranging from few hours to several days have been found to be best suited for maximum inulinase 
production by bacteria52.Parallel results were obtained for Bacillus sp. strain LCB41 which needed 11 h 
for maximum inulinase production12.An incubation period of 24 h was optimum for inulinase production 
by Streptomyces sp. CP01, Streptomyces sp. GNDU 1 and Staphylococcus sp RRL-M-523,24,5. However, 
Staphylococcus sp.RRL-1and Streptomyces grisenus exhibited maximum yield after 48 h19,22. It was 
reported that Bacillus cereus MU-31 showed higher yield after 36 h14 while Zherebtsov et al. studied the 
maximum production of extracellular inulinase by Bacillus polymyxa 29, B. polymyxa 722 and B. subtilis 
68 after 72 h of incubation10. On the other hand, inulinase production by Marinimicrobium sp. LS-A18 
was found to be the highest after 96 h15. 
Inulinase production by Bacillus sp. B51f was found to be the maximum under static condition 
133.69U/ml while areation exhibited slightly lesser yield (113U/ml). Similar results were obtained by 
Selvakumar and Pandey where aeration showed a decrease in the inulinase production in Staphylococcus 
sp.RRL-1and Kluyveromyces marxianus19. Interestingly, Gouda also reported that A. fumigates was able 
to produce high inulinase without any agitation55. This may be due to the high values of specific oxygen 
uptake rate by the strain, resulting in the liberation of a proteolytic enzyme and hydrolysis of inulinase56. 
However, in other studies, significant increase in inulinase production has been reported where agitation 
was essential to produce inulinase compared to static condition viz. Bacillus sp. LCB41, Bacillus cereus 
MU-31, Bacillus polymyxa 29, B. polymyxa 722, B. subtilis 68,Streptomyces grisenus,Streptomyces sp. 
CP01 and Marinimicrobiumsp. LS-A1812,14,10,22,23,15. 
The maximum production of inulinase by Bacillus sp. B51fwas obtained at 30°C(Figure 4).The 
production of inulinase decreased as the temperature increased. Low inulinase production at higher 
temperature could be due to the reduction of oxygen solubility in the medium, or enzyme denaturation57. 
In the case of extracellular enzymes, temperature may influence their secretion, possibly by changing the 
physical properties of the cell membrane58.It has been observed that, in general, inulinases are produced 
in the temperature range 20-50°C52. The results are in accordance with the previous studies where 
Bacillus cereus MU-31,Staphylococcus sp,Streptomyces sp. CP01,Streptomyces rochei E87, Streptomyces 
grisenus, A. fumigates and Kluyveromyces marxianus YS-1were found to produce a very active inulinase 
enzyme at 30°C-32°C 59,19,14,22,23,55,36. Several past studies demonstrated that  the maximum production of  
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enzyme was at temperatures between 33 and 35°C for Bacillus polymyxa 29, B. polymyxa 722, and B. 
subtilis 68 while for Marinimicrobium sp. LS-A18 it was 37°C10,15. The production of extra-cellular 
inulinase by Streptomyces sp. GNDU1 and Bacillus sp. LCB41 peaked at 46°C and 50°Crespectively24,12. 
High level of inulin-inducible extracellular inulinase production by a thermophilic soil isolate B. 
stearothermophilus KP1289 in the range of41 to 69°Chas also been demonstrated 13. 
Inulinase production by microbial strains depends on pH of the culture medium that affects enzymatic 
processes and transport of compounds across the cell membrane.The optimum production of inulinase by 
Bacillus sp. B51f was obtained at pH 7 and significant amount of inulinase production was also seen at 
pH 8 (Figure 5).The microbial sources mainly have a neutral or alkaline pH as optimal for inulinase 
production52. There were reports of the maximum production of extra cellular inulinase enzyme at pH 7-
7.5 by Bacillus polymyxa 29, B. polymyxa 722,B. subtilis 68,Bacillus cereus MU-31, Staphylococcus sp., 
Streptomyces sp. GNDU1, Streptomyces grisenus, Marinimicrobium sp. LS-A18 and Arthrobacter 
sp.10,15,19,14,24,60. The maximum yield of inulinase at pH 8 has also been observed by Flavobacterium 
multivorum, Bacillus sp. LCB41 and Streptomyces sp.CP0124,61,23. 
When the mineral medium was used, the presence of inulin as the sole carbon source was necessary for 
the production of the inulinase.A combination of inulin and one sugar had catabolite repression effect on 
inulinase production by Bacillus sp.B51f, the inulinase activity decreased 2.2-fold on glucose (65.9 
U/ml), 2.5-fold on sucrose (57.2 U/ml) and 3-fold on fructose (48.1U/ml) as shown in Figure 6. This 
inhibitory effect on enzyme level remained in the same order when fructose, sucrose, or glucose was used 
as the sole carbon source The activity decreased 1.3-fold on glucose (104.9 U/ml), 1.4-fold on sucrose (98 
U/ml), and 1.9-fold on fructose (76.34U/ml). Fructose was the most suppressive in both cases. Bacillus 
sp. B51f showed maximum production of enzyme in M9-Inulin medium with 1.5% inulin and enzyme 
production was inhibited at higher concentrations of inulin (Table 1). Above facts support the dual 
mechanism of regulation exists in bacterial strain Bacillus sp. B51f where it might be able to regulate the 
level of inulinase by a substrate (inulin) induction and product (fructose) repression.Similar duel 
mechanism of substrate induction and product repression has been observed in Clostridium 
acetobutylicum, Aspergillus niger A42, A.fumigatus,Streptomyces sp.GNDU162,27,63,64,24. The production 
of inulinase by Staphylococcus sp. Bacillus cereus MU-31, Bacillus smithii T7, Marinimicrobium sp. LS-
A18was found to be higher in the presence 0.5 %, 1.5%, 2% and 4% of inulin in culture medium 
respectively65,14,15,5. In contrast, B. polymyxa 722 and B. polymyxa 29 displayed highest activity of 
inulinase on a culture medium containing starch whereas the corresponding maximum in B. subtilis 68 
was observed in the presence of sucrose10.Sucrose has also been reported as the best inducer for inulinase 
production by Kluyveromyces marxianus YS-1 and Aspergillus niger ATCC2061162,56. However, there 
were reports where the inulinase was not inducible and wasconstitutively expressed in 
Xanthomonascampestris and Aspergillus niger66,43. On the contrary, inulin has also been noticed as a poor 
inulinase inducer in Aspergillus niger 24567. 
Besides carbon source, the type of nitrogen source in the medium also influences the inulinase yield in 
production broth.Maximum yield of inulinase (149.64 U/ml) was shown by Bacillussp. B51f when 1% 
peptone was present in M9-inulin medium (Figure 7). The present finding indicated that the supply of 
organic nitrogen source like peptone and yeast extract resulted in high inulinase production, whereas 
inorganic sources had moderate effect on inulinase production.Of the various concentrations of peptone 
(0.5-1%), maximum inulinase activity (159.52 U/ml)was observed at 0.7% (Table 1).Further increase in 
peptone concentration had some repressive effect on inulinase production.However, there were reports 
where the inulinase productionbyB. polymyxa 722, B. polymyxa 29 and B. subtilis 68 in the 2% peptone-
containingmedium was low, but was high in case of 1% yeast extract followed by malt extract.Similar 
results were recorded for many bacterial strains which require organic nitrogen source for maximum 
inulinase yield viz. Marinimicrobium sp. LS-A18(1% peptone)15,Bacillus cereusMU-31(1.5% yeast 
extract)14,Staphylococcus sp. (0.5 % soybean meal)5, Streptomyces sp. CP01 (0.7% tryptone)24, 
Streptomyces sp.GNDU1(3%yeast extract)23,Kluyveromyces marxianus YS-1 (0.5% peptone)62and 
Aspergillus niger ATCC20611(0.5% meat extract)56.Kim tested a wide range of organic nitrogen sources 
as to their effectiveness for inulinase production by Penicillium sp1 and observed that peptone and corn 
steep liquor stimulated enzyme production whereas urea and yeast extract had less influence68. 
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Among the inorganic sources, urea, sodium nitrate and potassium nitrate were found inhibitory for 
inulinase synthesis49. Gupta et al. who found that maximum inulinase production was observed with 
NaNO3 for Fusarium oxysporum69. Nonetheless, Streptomycesgrisenus showed higher inulinase 
production in presence of in organic nitrogen source 0.3% NaNO3 in culture medium whereas Aspergillus 
fumigatus exhibited high yield of inulinase when 0.38% KNO3 was used as nitrogen source in culture 
medium22,55. Maximum production of inulinase by Aspergillus niger ATCC20611 was observed in the 
control medium without inorganic nitrogen sources56in contrast Derycke and Vandamme reported 
maximum yield of inulinase by A. niger strain in presence of (NH4)2SO4 as nitrogen source43. The 
inhibitory effects of inorganic nitrogen sources on inuliase production by K. fragiliswere alsoreported70.  
As indicated in Table 2, when various concentrations of components ofthe medium were used for the 
production of inulinase by Bacillus sp. B51f; there was marginal difference in the amount of inulinase 
enzyme produced. Optimum concentrations of Na2HPO4 (0.3%), K2HPO4 (0.4%), NH4Cl (0.3%) and NaCl 
(0.4%) exhibited higher inulinase production.  
 
Effect of different physicochemical parameters on inulinase activity 
Bacillus sp. B51f when cultivated in M9-Inulin medium containing 1.5% inulin, 0.7% peptone, 0.3% 

Na2HPO4, 0.4% K2HPO4, 0.3% NH4Cl and 0.4% NaCl at pH 7, temperature 30° C for 24 hours at static 
conditions exhibited maximum inulinase yield. Inulinase enzyme from the culture supernatant of 
optimized M9-Inulin medium grown with Bacillus sp. B51f was assayed in the reaction mixture 
containing 0.5 ml crude enzyme, 2ml of 0.2% inulin, 2ml of acetate buffer (pH 4.6) and incubated at 55°C 
for 20 mins. 
The inulinase enzyme from Bacillus sp. B51f was found to be more active in an alkaline range than acidic 
range with an optimum of pH 8 (Figure 8) which was similar to optimum pH of inulinase from 
Marinimicrobium sp. LS-A1815. However, this optimum pH was higher compared to other bacterial 
strains such asAcetobacter diazotropicus SRT4 (pH5.5)71, Clostridium acetobutylicum (pH5.5)20, 
Streptomyces sp. ALKC 4 (pH6)25, P. mucidolens (pH6.0)16, Streptomyces grisenus (pH7)22, Bacillus 
polymyxa MGL21 (pH7)11,B. stearothermophilus KP1289 (pH7)13, Streptococcus salivarius (pH7)18, 
Arthrobacter sp. (pH7.5)72 and C. Thermoautotrophicum (pH7.5)21. Loss of inulinase activity beyond the 
optimum pH could be as a result of the changes in the state of acidic or basic amino acids in the protein. 
Changes in pH may also change the shape or charge properties of the substrate so that neither the 
substrate can bind to the active site nor it can undergo catalysis73. 
Bacterial inulinases generally have temperature optima in the range 30–60°C24. The Inulinase enzyme 
from Bacillus sp. B51f demonstrated optimum activity at 55°C but it also retained enzyme activity 
between 30°C to 70°C indicating its thermostable nature (Figure 9). Parallel results were also observed 
for exoinulinase from the bacterium Geobacillus stearothermophilus KP1289 which was active between 
30°C and 75°C with an optimum at 60°C13 whereas the inulinase from Bacillus subtilis 430A was stable 
at an optimal temperature of45 to 50°C9.In contrast, the exoinulinase activity produced by B. polymyxa 
MGL21 is optimal at 35°C11. The past research work showed that the inulinases from Staphylococcus sp., 
Arthrobacter sp., Streptomyces sp. CP01, Marinimicrobium sp. LS-A18 and Pseudomonas mucidolens 
were optimallyactive at 50°C-55°C19,16,15,17,23 whereas inulinases from C. thermoautotrophicum, 
Streptomyces sp. GNDU124 have optimum temperature of 60°C. The inuliases from Streptomyces sp. 
ALKC4 and Thermotoga maritima were reported to be optimally active at70°C and 90° Crespectively 
indicating the optimal temperatures of the exoinulinase from different species of bacteria are significantly 
different25,74. 
In an attempt to further characterize the inulinase enzyme from Bacillus sp. B51f; various metal ions were 
tested on inulinase enzyme activity. Residual activity of  the inulinase enzyme  was positively enhanced 
by Ca2+ andwasmarginally  inhibited by Mg2+,  Cd2+, Na+and K+ whereas  Zn2+ and  Hg2+ inhibited it by 
30% and 10% respectively (Figure 10). Similar results were reported for pure inulinase enzyme from 
Streptomyces grisenus; itwas stable in the presence of CaCl2 and was inhibited bycompounds such as  
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ZnSo4, MgSo4, MnSo4, FeSo4, CuSo4 and MnCl2

22 while Zn2+ and Hg2+ were inhibitors for inulinase from 
P. mucidolens16. The past research work of inulinase from Bacillus cereus MU-31 wasstimulated by Mg2+ 
and was strongly inhibited by Hg2+and Pb2+at 1mM concentration14 whereas inulinase from Streptomyces 
sp. ALKC4 and Streptomyces CP01 tolerated several metal salts except HgCl2

25,23. Garuba and Onilude 
reported a total loss of activity of inulinase from Saccharomyces sp. inthe presence of Hg2+ while in the 
presence of K+ and Ca2+ the inulinase activity was increased73. A number of inulinases produced from 
other microorganisms were found to be Ca2+ dependent75. Cofactors are generally not required for 
inulinase activity but divalent cations such as Ca2+ often stimulate the enzyme activity. The negative 
effect of ions on the inulinase is generally the result from direct inhibition of the catalytic site like many 
other enzymes. The strong inhibitory effect observed with Hg2+ suggested that some –SH- group in the 
protein might be essential for the activity of inulinase. This has been also observed for other microbial 
inulinases76,77,78. This effect may be due to the formation of complex with ionized inulinase resulting in 
changing solubility and behavior at the substrate interfaces.  
The effect of various thermal stabilizers on inulinase activity from Bacillus sp. B51fwas analyzed. 
Mannitol and propanol retained 73% and 87% of the enzyme activity respectively whereas Glycerol 
enhanced the activity by 105% (Figure 11). Similar results were observed with Streptomyces sp. ALKC4 
where glycerol and mannitol exhibited a protective effect on inulinase enzyme activity25. Garuba and 
Onilude also reported stabilizing effect of glycerol on inulinase from Saccharomyces sp73. Amongst the 
thermal stabilizers used, glycerol exhibited a significant stabilizing effect on the enzyme suggesting that 
the thermostability of the enzyme can be further enhanced, thus making it suitable for commercial 
application15. Glycerol having the best stabilizing effect could be as a result of preferential exclusion of 
the polyols with proteins, which increases with an increasing polyol size6, resulting in an indirect 
interaction that prevent the protein from thermal unfolding79.Similar results have been previously reported 
by Öngen-Baysal et al.63 and Taylor et al.80.  

Analysis of Hydrolysis products of inulinase by HPTLC  
Inorder to confirm the exo- or endo- nature of the crude inulinase produced by Bacillus sp. B51f, HPTLC 
analysis was carried out. The HPTLC analysis of the hydrolysis product of inulunase demonstrated that 
fructose was the major sugar produced during hydrolysis (Figure 12). This supports the view that 
inulinase is an end group cleaving enzyme4. It was concluded that the nature of inulinase produced by 
Bacillus sp. B51f is of exoinulinase type suggesting its potential application for the production of ultra-
high fructose syrup. In this respect, it resembles the exoinulinases of Marinimicrobium sp. LS-A1815, 
Bacillus polymyxa11, Streptomyces sp. ALKC425, Streptomyces sp. GNDU123, Geobacillus 
stearothermophilus13, A. awamori81, Kluyveromyces marxianus sp.27,82, Saccharomyces sp.73 and Erwinia 
sp.83. 
Fig.1: Screening of inulin degrading organism on MHI agar plate  stained with Lugol’s iodine solution. Zone 

of clearance of inulinase enzyme produced by AS-1 isolate 
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Fig.2: Effect of different media on inulinase production byBacillus sp.B51f 

 
 

Fig.3: Effect of incubation period on inulinase production byBacillus sp.B51f 

 
 

Fig.4: Effect of incubation temperature on inulinase production byBacillus sp.B51f 
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Fig.5: Effect of different pH on inulinase production byBacillus sp.B51f 

 
 

Fig.6: Effect of different carbon sources on inulinase production byBacillus sp.B51f 

 
 

Fig.7: Effect of different nitrogen sources on inulinase production byBacillus sp.B51f 
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Fig.8: Effect of different pH on activity of inulinase fromBacillus sp.B51f 

 
 
 

Fig.9: Effect of different temperature on activity of inulinase fromBacillus sp.B51f 

 
 

Fig.10: Effect of different metal ions on activity of inulinase fromBacillus sp.B51f 
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Fig.11: Effect of different stabilizers on activity of inulinase fromBacillus sp.B51f 

 
 

Fig.12: HPTLC analysis of hydrolysate of inulinase fromBacillus sp.B51 

 
Lane1- 10µl of Fructose, Lane 2- 10µl of Sample hydrolysate, Lane 3- 10µl of Glucose 

 
Table 1: Effect of different concentration of Inulin and peptone on production of inulinase by Bacillus sp. B51f 

Inulin conc. 
(%) 

Enzyme activity (U/ml) 
Mean±SD 

Peptone 
conc.(%) 

Enzyme activity (U/ml) 
Mean±SD 

0.5 129 ± 0.92 0.5 149.64 ± 0.72 

1.0 146.22 ± 0.33 0.6 151.2 ± 0.04 

1.5 150.9 ± 0.01 0.7 159.52 ± 0.83 

2.0 113.63 ± 0.56 0.8 147 ± 0.77 

  0.9 139.12 ± 0.79 

  1.0 136.4 ± 0.12 
 

Table 2: Effect of different concentrations of salts on production of inulinase by Bacillus sp. B51f 

Conc. (%) 
Enzyme activity (U/ml) (Mean±SD) 

Na2HPO4 K2HPO4 NH4Cl NaCl 
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0.3 158.6 ± 0.51 157.8 ± 0.84 159.3 ± 0.61 155.56 ± 0.92 

0.4 156.1 ± 1.01 160.24 ± 0.53 158.4 ± 0.65 156.4 ± 0.65 

0.5 154.32 ± 0.32 156.5 ± 0.99 157.2 ± 0.71 154.9 ± 0.75 
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CONCLUSION 

The present work reveals that Bacillus sp. B51f isolated from rhizosphere soil of Agave sisalana is a 
promising organism for industrial production of thermostable exoinulinase. Inulinase is one of the key 
enzymes in the food industry which can be used for production of fructose from inulin.The results of this 
study warrant further characterization of the strain for commercial exploitation for food and 
pharmaceutical industries. 
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