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Abstract 

   Fifty isolates of Bacillus spp were obtained from rhizosphere soil of compositae 

plant roots. The ability of inulinase production by these isolates was screened. 

Bacillus Be9, which isolated from soil of lettuce root, was the highest inulinase 

producer; it was identified as Bacillus cereus. Optimal culture medium  and 

condition for inulinase  production were determinatd; the highest inulinase 

production  was obtained when the bacteria was cultured in inulin  medium which 

contained 0.5% inulin, 0.4% peptone as carbon  and  nitrogen  source at pH 7.0 

inoculated with 1ml of  bacterial suspension  and incubated at 40˚C for 48hrs. 

 

Keywords: Inulinase ; Production ; Bacillus cereus ; Optimum condition. 

 

 Bacillus cereus Be9الظروف المثلى لانتاج انزيم الانيولينيز من بكتريا 

 
 سناء برهان الدين ،* غضبان فاطمة عبد الحسين
 .العراق ،بغداد  ،جامعة بغداد  ،قسم علوم الحياة 

 :الخلاصة
من التربة المحيطة بجذور نباتات  Bacillusعزلة بكتيرية تنتمي الى جنس ال  05تم الحصول على    

 Bacillusوبينت النتائج ان العزلة , العائلة المركبة واختبرت قدرة هذه العزلات على انتاج انزيم الانيولينيز

Be9   المعزولة من تربة الخس هي اكفأ عزلة منتجة للانزيم وقد شخصت على انها احدى سلالات
Bacillus cereus  . تم تعيين الظروف المثلى لانتاج الانزيم ووجد ان افضل وسط لانتاج الانزيم هو وسط

من الببتون كمصدر للكاربون وللنتروجين عند  %0.4 من الانيولين و %0.5الانيولين اللذي يحتوي على 
 .اعةس 48ولمدة  oم 40مل من عالق الخلايا البكتيرية وحضن بدرجة 1ولقح ب  7 الرقم الهيدروجيني 

 

Introduction 
   Microbial inulinases are belong to an important class of industrial enzymes that have gained 

increasing attention in the recent years because of its wide spectrum of applications including: ultra-

high fructose syrup obtaining from inulin, bioethanol productio, inulo-oligosaccharide production, 

single-cell oil and single-cell protein production, citric acid, butanediol, alcohols and lactic acid 

production [1]. 

   Inulin is a well-known fructan particularly abundant in some plants belonging to families 

Asteraceae, Campanulaceae, Poaceae, Liliaceae and Amaryllidaceae [2]. It is made of linear chains of 

d-fructofuranose molecules linked by β- 2,1-glycosidic bonds and has a d-glucose moiety at the 

reducing end. Inulin and its partially hydrolyzed products (fructooligosaccharides) have gained 

significant importance in food and pharmaceutical industries. Fructooligosaccharides   are popular 

functional food components due to their beneficial health properties, such as bifidogenic nature, low 

calorie diet and rich source of dietary fibre [3]. Inulinase, as a kind of hydrolases, can be divided into 

endoinulinase and exoinulinase. The endoinulinases, without invertase activity, can only cut the 
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internal linkages in inulin to yield inulooligosaccharides, while the exoinulinases remove the terminal 

fructose residues from the non-reducing end of the inulin to yield fructose or glucose [4]. Generally, 

the inulinase activity invertase activity (S) and the enzymatic complex accompany (me) is 

characterized by I/S ratio. When I/S ratio is higher than 10
-2

, the enzyme complex has a preponderate 

inulinase activity, while for invertase activity the I/S ratio is lower than 10
-4

 [5]. The purpose of this 

study was to  determine of the optimum  conditions  for  highest  inulinase  production by B.cereus 

Be9. 

Materials and methods 

Collection of Samples: Sixty samples from  rhizosphere soils of plant roots included(Lettuce, 

Cabbages, Cauliflower, Leek and Barley) were collected in sterile containers and transported to the 

laboratory until usage. 

Isolation of Bacillus spp. 
   One gm of each soil sample was mixed with 9 ml of sterile water and shacked to homogenize, then 

heated to 80˚C for 15 min in water bath. Serial dilutions were made for each sample using sterile 

water. 0.1ml from each dilution was spreaded on a nutrient agar plates, incubated aerobically at 37
o
C 

for 24 hrs. The pronounced colonies were reinoculated several time on nutrient agar to obtain pure 

culture. The Bacterial isolates were identified as Bacillus spp. according to the morphological and 

microscopic examination. 

Screening for inulinase production from Bacillus spp. 

Semi-quantitative method  

   The bacterial isolates were cultured on inulin agar plate consisted of (0.5g Inulin, 0.4g Peptone and 

10mM MgSO4.7H2O, 2g Agar-Agar dissolved in 100 ml D.W). The pH was adjusted to 7.0 and 

sterilized at 121 
o
C for 10 min. The plates were incubated at 40˚C for 48hrs. The Colonies were 

selected for further experiments and transferred to a fresh medium. 

Quantitative method [6]  

   Ten ml  of  inulin broth medium consisted of (0.5g Inulin, 0.4g Peptone and 10mM MgSO4.7H2O 

dissolved in 100 ml D.W) were  inoculated  with  0.1ml  of the  selected  isolates)O.D=0.4at 600nm) 

and  incubated at 40ºC for 48 hr. The cell-free supernatants were obtained by cooling centrifuge at 

6000 rpm for 30 min. The supernatant were assayed for inulinase and invertase activity by measuring 

the reducing sugars released from inulin and sucrose, respectively.  

Assay of  inulinase  activity ]6] 

   The inulinase activity was assayed by determining the reducing sugars formed during incubation of 

soluble enzyme as follow. 0.2ml  of cell-free supernatant was mixed with 0.8ml  of reaction solution 

1% inulin (1g of  inulin in 100ml of  0.1M of potasium phosphate buffer pH7.0) the mixture was 

incubated at 40ºC for 30 minutes. The enzyme reaction was stopped by adding 1ml of DNSA. Then 

incubated in boiling water bath for 5 minutes and cooled in ice bath. Five milliliter of D.W.  was 

added to each tube and mixed well and the optical density of the solution was measured at 540nm. The 

enzymatic activity was calculated based on the standard curve of fructose.   

One unit (U) of inulinase activity was defined as the amount of enzyme that produces 1µmol of 

fructose per minute under the specified conditions  

Assay of invertase activity ]7[ 

   Enzymatic activity of  invertase was estimated by the same  previous steps as in inulinase  assay 

except  the 1% sucrose was used as a substrate instead of 1% inulin and the enzymatic activity was 

calculated based on the standard curve of mixture of glucose and fructose .One unit (U) of invertase 

activity was defined as the amount of enzyme  that hydrolyzes 1µmol of sucrose per minute under the 

specified conditions .  

   Protein concentration in the supernatant was determine by method described by Lowry et al.,[ 8].     

Enzyme activity (U/ml)= O.D (540 nm)/(Slope x volume of enzyme xincubation period)  

Protein concentration (mg/ml)=O.D(600 nm)/ (Slope x 1000) 

Calculation of specific activity 

Specific activity (U/mg protein  ( = Enzyme activity (U/ml)/Protein concentration (mg/ml) 

Determination of optimal conditions for inulinase production  

Carbon sources.   

   Inulin broth (100 ml  pH 7.0) containing 0.5% of different carbon sources (inulin, glucose, lactose, 

sucrose, maltose ,inulin +glucose ,inulin +lactose ,inulin +maltose and inulin +sucrose(were 
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inoculated with 1ml of activated bacterial suspension (O.D=0.4 at 600nm) and incubated at 40˚C for 

48hr. Cell- free supernatant were obtained by centrifugation at 6000 rpm for 30 min. Supernatants 

were assayed for enzyme activity, protein concentration and specific activity was calculated. 

Nitrogen sources.  

   Inulin broth (100ml pH7.0) containing 0.4%of different organic  nitrogen sources)peptone, yeast 

extract, urea) and inorganic nitrogen sources )sodium nitrate  and potassium nitrate) and mixture of 

organic and inorganic nitrogen sourses )peptone +sodium nitrate, yeast extract +sodium nitrate and 

yeast extract +urea (were inoculated with 1ml of activated bacterial suspension (O.D=0.4 at 

600nm(and incubated at 40˚C for 48 hr. Cell- free supernatant were obtained by centrifugation at 6000 

rpm for 30 min. Supernatant were assayed for enzyme activity, protein concentration and specific 

activity was calculated. 

Incubation temperature  

   Inulin broth (100ml pH 7.0) were inoculated with 1ml of  activated  bacterial  isolate  (O.D=0.4 at 

600nm) and incubated at different temperature (37, 40 and 50 ˚C) for 48hr. Cell- free supernatant were 

obtained by centrifugation at 6000 rpm for 30 min. Supernatant were assayed for enzyme activity, 

protein concentration and specific activity was calculated. 

pH 

   Inulin broth (100ml pH 7.0) was prepared at different pH values (4-10) adjusted with 1N HCl or 1N 

NaOH .The medium were inoculated with 1 ml of activated bacterial suspension (O.D=0.4 at 600nm) 

and incubated at 40˚C for 48hr. Cell- free supernatant were obtained by centrifugation at 6000 rpm for 

30 min. Supernatants were assayed for enzyme activity, protein concentration and specific activity was 

calculated. 

Incubation period 
   Inulin broth (100ml pH7.0) was inoculated with 1ml of activated   bacterial  isolate  (O.D=0.4 at 

600nm)  and incubated at 40˚C for different times (24, 48 and 72) hr. Cell- free supernatant were 

obtained by centrifugation at 6000 rpm for 30 min. Supernatants were assayed for enzyme activity, 

protein concentration and specific activity was calculated. 

Inoculums size  

   Inulin broth (100ml  pH7.0)  was inoculated with different inoculums size (1,2 and 3ml( of activated  

bacterial isolate  (O.D=0.4 at 600nm)  and incubated at 40˚C for 48 hr. Cell- free supernatant were 

obtained by centrifugation at 6000 rpm for 30 min. Supernatants were assayed for enzyme activity, 

protein concentration and specific activity was calculated. 

Results and discussion  

Isolation of Bacillus spp. 

   Sixty samples were collected from rhizosphere soil of plant roots. Fifty bacterial isolates were 

obtained table 1 and identified as Bacillus spp. according to morphological and microscopic 

examination. 

   The result showed that the highest number of isolates (20) was obtained from rhizosphere soil of 

Lettuce plant roots. Table 1. Rhizosphere soil samples and compositae plant material are common 

sources of inulinase – producing microorganisms. This might be attributed to the adaptation of some 

strains to inulin-containing plants, which is generally found in compositae [9]. Inulin can be found in 

many plant species from mono- and dicotyledonous families, such are Liliaceae, Amaryllidaceae, 

Gramineae and Compositae [10]. 

 
Table 1-Bacillus isolates obtained from different plant roots soils 

Sources of isolates Number of Bacillus isolates Code number of  isolates 

Lettuce 20 
Be1,Be2, Be3, Be4, Be5, Be6, Be7, Be8, Be9, Be10, Be11, Be12, 

Be13 Be14, Be15, Be16, Be17, Be18,Be19,Be20 

Cabbages 13 Bc1,Bc2,Bc3,Bc4,Bc5,Bc6,Bc7, Bc8,Bc9,Bc10,Bc11,Bc12,Bc13 

Cauliflower 8 Bu1, Bu2, Bu3, Bu4, Bu5, Bu6, Bu7, Bu8 

Leek 6 Bl1, Bl2, Bl3, Bl4, Bl5,Bl6 

Barley 3 Bb1, Bb2, Bb3 

Total 50  



Ghadbaan and Aldeen                            Iraqi Journal of Science, 2015, Vol 56, No.2B, pp: 1315-1323 

1318 

Screening for inulinase producing Bacillus 

Semi-quantitative screening 

   Inulin agar medium was used for screening of inulinase production. The results showed that 25 

isolates out of 50 isolates were able to produce inulinase by utilization inulin as sole sources of carbon 

in medium  at 40˚C and 48 hr  incubation. Fifty bacterial strains were isolated on the basis of their 

growth on agar plates containing inulin as sole carbon source [11]. The rapid growth and healthy 

colonies of these isolates on inulin based media indicated positive inulinase activity. This has also 

been reported as the most common technique used for the isolation of inulinase producing 

microorganisms [12]. 

Quantitative screening 

   The inulinase producer isolates were quantitatively analysed using DNSA method. The obtained 

indicated that all bacterial isolates were inulinase producer. Among them Bacillus (Be9) was the most 

efficient one, the specific activity was (59.5 U/mg) protein, while the specific activity for the other 

isolates ranged between (21.5- 58.3) U/mg protein table 2.  

 
Table 2-Production of inulinase by Bacillus isolates grown in inulin broth medium pH 7.0, for 48 h. incubation 

at 40°C. 

Isolate symbol 
Specific activity (U/mg) towards: 

I/S ratio 
Inulinase (I) Invertase (S) 

Be9 59.5 0.0 - 

Be7 58.3 0.0 - 

Bl4 58.0 0.0 - 

Bc3 56.6 3.5 16.17 

Bc1 56.2 0.0 - 

Be2 53.7 2.2 24.41 

Bc6 52.9 3.1 17.06 

Bb3 50.2 2 25.1 

Be3 47.9 0 - 

Be5 47.3 2 23.65 

Bc10 46.0 4 11.5 

Bu6 44.7 5 8.94 

Bl2 43.0 0.0 - 

Bb2 41.8 2 20.9 

Bc5 35.7 0.0 - 

Be13 33.0 0.0 - 

Bu7 30.8 0.0 - 

Bl5 25.7 3.4 7.56 

Be15 25.2 0.0 - 

Be19 25.0 0.0 - 

Bc12 23.7 0.0 - 

Be20 22.9 0.0 - 

Be11 21.9 9 2.43 

Be17 21.8 5.9 3.69 

Bu3 21.5 0.0 - 

 

   The I/S ratio varied between (0.0 - 25.1). The ability of the bacterial isolate to produce high level of 

extracellular inulinase comparing with the production of invertase has been confirmed. The 

differences in the inulinase production among these isolates might be due to the activity of genes 

encoded inulinase synthesis and source of isolation [13]. When I/S ratio is higher than 10
-2

, the 

enzyme complex has a preponderate inulinase activity, while for invertase activity the I/S ratio is 

lower than 10
-4

 [5].  

Identification of Bacillus Be9 isolate  
   The isolate (Be9) was subjected to further morphological and biochemical tests according to Bergys 

Manual of Systematic Bacteriology [14] the results are showen in table 3.  
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Table 3-Morphological and Biochemical characteristics of the Bacillus Be9 isolate. 

Characteristics Bacillus cereus 

Rod Cell shape 

Ellipsoidal Spore shape 

Central Spore site 

+ Gram stain 

+ Motility 

+ Catalase 

+ Oxidase 

+ Voges-Proskauer 

+ Mehyl  Red 

- Indol 

+ Egg-yolk reaction 

+ Growth at 50°C 

+ Citrate utilization 

+ Starch hydrolysis 

+ Gelatin hydrolysis 

Carbohydrates fermentation 

+ fructose 

+ Glucose 

+ Maltose 

+ Sucrose 

Positive result + , - : negative result   

 

The optimum condition for inulinase production from B. cereus Be9:  

Effect of carbon source on inulinase production  

   The result showed that the maximum specific activity of enzyme (56 U/mg) was achieved in the 

presence of 0.5% inulin figure 1. 

 

 
Figure 1-Inulinase production from B. cereus Be9 cultured in inulin broth containing different carbon sources 

incubated. at 40°c for 48 hrs. at pH7.0. 

 

   Among the pure substrates (which are mostly sugars of mono-, di-, or polysaccharide nature), inulin 

and sucrose have been employed as the preferred carbon source. In general, if the microbial strain 

showed only inulinase activity, inulin served as the best substrate [15]. Inulin was the best carbon 

source for inulinase production in B. cereus MU-31[16]. 

Effect of nitrogen source on inulinase production   

   The results showed a highest specific activity (57 U/mg protein), was detected when pepton was 

used as nitrogen source and the minimum activity was (25 U/mg protein) observed with yeast extract 
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figure 2. The nitrogen sources are a secondary energy sources for organisms, which play an important 

role in the growth of the organisms and the production of metabolites, the nature of the compound and 

the concentration that might stimulate or down modulate the production of enzymes [17]. It was 

reported that the optimum production of inulinase for B. sphaericus was found when pepton was used 

[5]. The maximum enzyme production from B. cereus MU-31 was found with yeast extract as a 

nitrogen source [16]. 

 

 

Figure 2-Inulinase production by B. cereus Be9 cultured in inulin broth containing different nitrogen sources 

and incubated at pH 7.0 at 40°c for 48 hrs.  

 

Effect of temperature on inulinase production 

   The optimum temperature for inulinase production was found to be 40°C (55.3 U/mg proteins). 

However, the decrease or increase in the incubation temperature lead to decrease enzyme production 

as it was illustrated in figure 3.  Most of the optimum temperature was found between 30 -55 C˚ for 

inulinase producers [18].  

 

 
Figure 3-Inulinase production by B.cereus Be9 cultured in inulin broth pH7.0 incubated at different 

temperatures for 48 hr.   

 

Effect of pH on inulinase production 

   The results showed that the enzyme was produced over pH range from 4-10  with a maximum value 

at pH 7.0 with specific activity 57.1 U/mg protein figure 4.The most important characteristic of 

microorganisms is their strong dependence on the extracellular pH for cell growth and enzyme 

production [19]. The pH 7.0 was found to be optimal for inulinase  production by B. polymyxa [20], B. 

subtilis [21] and B. cereus MU-31 [16]. 
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Figure 4-Inulinase production by B. cereus Be9 cultured in inulin broth at 40

 o
C. and incubated for 48hrs. at 

different pH  values. 

 

Effect of incubation period on inulinase production  

   The results in figure 5 showed that the production of inulinase  started from 24hrs of the growth and 

reached its maximum in 48hr, (56U/mg protein) and then decreased with increasing the incubation 

time. It might be that inulinase is produced during logarithmic phase and reaches its maximum value 

at stationary phase.  

 

 
Figure 5-Inulinase production by B.cereus  Be9 cultured in inulin broth at pH 7.0 and incubated at 40

o
C for  

different incubation  periods  

 

   Increase in enzyme activity as well as biomass was observed up to 20 h. incubation, which showed 

growth-associated production of inulinase in B. macerans and Xanthomonas oryzae [22]. Decrease in 

nutrient availability in the medium, or catabolic repression of enzyme could be the main reason of 

decline in enzyme activity after 72 hr [22].  

Effect of inoculum size on inulinase production  

   The results showed that the production of inulinase is affected by the inoculums size figure 6. The 

optimum inoculums size for inulinase production was 1 ml (O.D 0.4) .The specific activity was 

57U/mg protein. An inoculums concentration higher than the optimum value may produce a high 

amount of biomass, which rapidly depleted the nutrients necessary for growth and product synthesis. 

On the other hand, lower inoculums levels may give insufficient biomass and allow the growth of 

undesirable organisms in the production medium. This increase the necessary time to grow to an 

optimum number to consume the substrate and synthesize the desired product [23].  
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Figure 6-Inulinase production by B. cereus Be9 cultured in inulin broth inoculated with different inoculum size 

at pH 7.0 after incubation at 40
O
C for 48 hrs.  

 

Conclusions  
   The local isolate of Bacillus cereus Be9 is an efficient inulinase producer. Inulin medium was the 

best for inulinase production by B. cereus Be9 in neutral environment (pH 7.0) after 48h incubation at 

40
o 
C.  

References 

1. Liu, X. Y.; Chi, Z.; Liu, G. L.; Wang, F.; Madzak, C. and Chi, Z. M. 2010. Inulin hydrolysis and 

citric acid production from inulin using the surface – engineered Yarrowia lipolytica displaying 

inulinase. Metabolic Engineering, 12 pp: 469 - 476.    

2. Singh, R. S. and Singh, R. P. 2010. Production of fructooligosaccharides from inulin by endo 

inulinase and their prebiotic potential. Food Technol. Biotechnol, 48 (4), pp: 435- 450. 

3. Meyer, D. and Stasse-Wolthuis, M. 2009. The bifidogenic effect of inulin and oligofructose and 

its consequence for gut health.  Eur. J. Clin. Nutr. 63, pp: 1277–1289. 

4. Yuan,W.J.; Chang, B.L.; Ren, J.G.; Liu ,J.P.; Bai, F.W. and Li, Y.Y. 2012. Consolidated 

bioprocessing strategy for ethanol production from Jerusalem artichoke tubers by Kluyveromyces 

marxianus under high gravity conditions. J. Appl. Microbiol., 112(1), pp: 38-44. 

5. Sharma, A. D.; Sandeep, K. and Prabhjot, K. G. 2006. Inulinase production using   garlic (Allium 

sativum) powder as a potential substrate in Streptomyces sp. Journal of food Engineering, 77 (3), 

pp: 486 – 491. 

6. Kim, N. M.; Ann, Y. G. and Lee, J. S. 2001 .Immobilization and characterization of inulinase 

from Bacillus sphaericus 188-1. Korean J. Food and Nutr 14(3), pp: 139-198. 

7. Pessoni, R. A.; Braga, M. R. and Figueiredo, R. R. 2007. Purification and properties of exo 

inulinases from Penicillium Janczewskii growing on distinct carbon sources. Mycologia, 99 (4), 

pp: 493 - 503. 

8. Lowry, O. H.; Rosenbourgh, N.J.; Farr, A. L. and Randall, R.J. 1951. Protein measurement with 

folin-phenol reagent. J. Biol. Chem. Vol.193,pp: 265-275. 

9. Vandamme, E. J. and Derycke, D. G. 1983. Microbiol inulinases: fermentation process, properties 

and applications. In: Advances in applied microbiology. Vol. 29, Academic press, Inc., Belgium, 

pp: 139 - 176. 

10. Chi, Z. M.; Zhang, T.; Cao, T.; Liu, X. Y.; Cui, W. and Zhao, C. H. 2011. Biotechnological 

potential of inulin for bioprocesses. Bioresource Technology, 102, pp: 4295 - 4303.  

11. Allais, J. J., S. Kammoun, P. Blanc, C. Girard, and J. C. Baratti. 1986. Isolation and 

characterization of bacterial strains with inulinase activity. Appl. Environ. Microbiol. 52, 

pp:1086-1090. 

12. Singh, R. S.; Singh, R.P. and Yadav, M. 2013. Molecular  and   Biochemical characterization of a 

new endoinulinase producing  bacteria strain of Bacillus safensis AS-08 .Biologia 68(6), pp:1028-

1033  

13. Adawiyah, S. R.; Shuhaimi, M.; Yazid, A. M.; Abdul - Manaf, Rosli, N.  And Sreeramanan, S 

.2011 .Molecular cloning and sequence of an inulinase gene from an Aspergillus sp. World J. 

Microbiol Biotechnol. , 27, pp: 2173 - 2185. 

0 

10 

20 

30 

40 

50 

60 

1ml 2ml 3ml 

sp
e
si

fi
c
 a

c
ti

v
it

y
 U

/m
g

 p
r
o

te
in

  

inoculum  size   



Ghadbaan and Aldeen                            Iraqi Journal of Science, 2015, Vol 56, No.2B, pp: 1315-1323 

1323 

14. Fritze, D. 2004. Taxonomy of the genus Bacillus and related genera: The aerobic endospore-

forming bacteria. Phytopathology 94,pp: 1245-1248. 

15. Pessoa, J.R. A.; Vitolo, M. and Hustedt, H. 1996.  Use of KLa as a criterion for scaling up the 

inulinase fermentation process, Applied Biotechnology and Biochemistry, 57(58),pp: 699-709 

16. Meenakshi,S.;Umayaparavathi,S.; Manivasagan ,P.;Arumugam,M. and Balasubramanian,T. 2013. 

Purification  and characterization of  inulinase from marine bacterium Bacillus cereus MU-31. 

Indian  Journal  of geo Marine science ,42(2), pp:510-515. 

17. Venkata  Naju  Raju  ,E . and Divakar ,G. 2013. Production of keratinase by using Pseudomonas 

aeroginosa isolation from poultry waste India, IJPCBS. 3(1), pp:79-86 

18. Singh, R. S.; Sooch, B. S. and Puri, M. 2007. Optimization of medium and process parameters for 

the production of inulinase from a newly isolated Kluyveromyces marxianus YS - 1. Bioresour. 

Technol., 98, pp: 2518 - 2525.   

19. Kumer,C. G. and Takagi, H. 1999. Microbial  alkaline protease :from abioindustrial 

viewpoint.Biotechnology Advances,17, pp:561-594 

20. Chi, Z. M.; Zhang, T.; Liu, G. and Xue, L. 2009. Inulinase - expressing     microorganisms and 

applications of inulinases . Appl . Microbiol . Biotechnol. , 82, pp: 211 - 220. 

21. Singh, P. and Gill, P. K. 2006. Production of inulinases: recent advances. Food Technol. 

Biotechnol., 44 (2): 151 - 162.   

22. Park, J. and Yun, J. 2001. Utilization of chicory roots for microbial endoinulinase production. 

Letters in Applied Microbiology, vol. 33(3), pp: 183-187   

23. Logan, N.A.; Propovic, T. and Hoffmaster, A. 2007. Bacillus and other aerobic endospore 

forming bacteria .In  Murray ,P.R. ;Baron ,e.j and Jorgensen ,J.H. (eds) Manual of Clinical 

Microbiology ,American Society for microbiology Press ,Washington ,p.455 

 

 

 


