
Studies On Possible Activation Of Microbial 
Inulinase Production Using Gamma Radiation 

Under Solid State Fermentation 
 
 

Thesis 
Submitted by 

 
Noha Abdullah El Attar 

B.Sc. of Pharmaceutical Sciences 
Cairo University 

2003 
 

In Partial Fulfillment for Master Degree in 
Pharmaceutical Sciences 

(Microbiology and Immunology) 
 
 

Under Supervision Of 
 
 

Prof. Dr. Magdy Aly Amin 
Professor of Microbiology and Immunology 

Faculty of Pharmacy 
Cairo University 

 

Prof. Dr. Ahmed Ibrahim ELSayed El-Batal 
Professor of Applied Microbiology & Biotechnology 

National Center for Radiation Research 
&Technology ( NCRRT) 

 
 
 
 
 

Department of Microbiology and Immunology 
Faculty of Pharmacy 

 
 
 

Cairo University 
2011 



Acknowledgment 
 

Thanks to ALLAH to whom I attribute all success in my life. 
 

I  dedicate  this  thesis  for  the  soul  of  my  father,  to  my  mother  who  
always encourages me, gave me confidence and strength and to my brother 
who always enlightens me with his deep knowledge and empowering advice. 
 

I would like to express my gratefulness & appreciation to Prof. Dr. 
Magdy Aly Amin, Professor of Microbiology and Immunology, Faculty of 
Pharmacy, Cairo University,  for supervision, flexibility, guidance and 
support. 
 

I am also greatly indebted and deeply thankful to Prof. Dr. Ahmed 
Ibrahim El -Sayed El-Batal, professor of Applied Microbiology & 
Biotechnology, National Center for Radiation Research and Technology 
(NCRRT) for suggesting the point, everlasting cooperation, supervision 
through the work, drawing many experimental designs and guidance in 
writing this thesis. And I would like toalso thank him for his advice and care 
personally, for his patience and taking care of my needs and problems.  
 

I am deeply thankful to Prof. Dr. Mona A. El-Ghazaly, Chairman of 
National Center for Radiation Research and Technology (NCRRT) for their 
interest and facilities provided during this work. 
 

Many thanks to Dr. Amal Emad Ali for her assistance and 
encouragement in revising this thesis. 
 

Thanks to all of my colleagues in the Microbiology Lab in the National 
Center for Radiation Research and Technology, for their help and genuine 
care through my down times. 
 



��������

�����������	
 ��
 �����	�
 ��������
 ������	�

������������
 ��
 �	���	����	�����
 	���
 ��

�	��������
 �������	��
 ���
 ������� ��������

����
���
�	��
�����
����
���	�����	
���
����

���	�
 �������
 ��������
  !�"#
 $$%
 �������

��	�	�&
��������
��	���
�������	
 �'
!�(#

&
����
����	���	
 "�)
 *
 "+,
 ��������
 
 ���������
 ����"�++
�-�
 ��
 �����
 ��������	
 &��������
 ����
 �'
 $
 *������	�
 ����	�
 #&
 ���	
 ���
 ��.���
+�$%&
/��	

���
 &
 010&
 /�/�2
 �	�������	
 ��������
 345/
 ���

,2
 ����
 6������������	
 ��
 �
 ���������
 �������

�	���	��
 	���
 ����
 �
 �����
 �����
 ���������

�����	
 ��
 �����������	 �
��������	 �	
 ����

�������������	
 ��������
 ���
 ������
 ����
 
 '�����

�	���	��
����������
��������
���
���	���	�
�	
/�7
����	��
 �����
 8�
 ����������
 	���
 �����
 �

�����
	��	��	�
�	
��������9
�'
������9
�	�

��������������9
 ����
 �������	�
 �
 �������	�

�	��������
 ���������	
 ��
 �������
 �����
 ���	�
 ��

����������
	����

	
������
 �	���	��9
 �	���	9
 �����������	
�
���������	 �����������	9
 �������������	9
 ����

���	9
 �������
 ��������9
 �����
 ����
 ���	�����	9

0�����
�������
��������



 i 

CONTENTS 
1. Introduction  ……………………………..        1  
2. Literature Review ……………………….         5 

1. Inulinases ………………………………..            5 
2. Inulin …………………………………….            9 
3. Immobilization of inulinase ……………..          37 
4. Kinetic properties of inulinase …………..          44 
5. Characterization of inulinase enzyme ……         45 

3. Materials and Methods ………………….       52 
1. Materials …………………………………         52 
2. Methods …………………………………          53 

4. Results ………………………………..…       65 
1. Screening of the most potent inulinase/invertase 

produceing ……………………………          65 
2. Optimization of the fermentation parameters 

affecting enzyme production ………….         66 
3. Effect of pH value of the extracting solvent 
(distilled water) on inulinase/ invertase recovery 
from fermented wheat bran ………………...          70  

5. Discussion ……………………………..…    110 
6. Summary …………………………………….    127 
7. References ……………………………….…    133 



 ii 

LIST OF TABLES 
 

TABLE  PAGE  

Table (1): Inulin Content (% of Fresh Weight) of 
Some Plants; NA = Not Available,                
*= Estimated Value.  

9 

Table.(2): Optimization of different parameters 
affecting productivity: 

59 

Table (3): Screening of the most potent fungal 
producer isolate of extracellular inulinase/ 
invertase enzymes. 

66 

Table (4): Effect of type of solvent, as incubation 
media and moistening agents, on efficiency 
of inulinase/ invertase production 

67 

Table (5): Effect of different moisture contents on 
inulinase/ invertase enzymes production 
using Penicillium chrysogenum 

69 

Table (6): Effect of pH value of the extracting 
solvent (dist. Water) on inulinase/invertase 
recovery from fermented P. chrysogenum–
wheat bran. 

71 

Table (7): Effect of some agroindustrial by-products 
as carbon source on inulinase production by 
P. chrysogenum: 

73 

Table (8): Effect of Organic nitrogen source on 
inulinase enzymes production by 
Penicillium  chrysogenum. 

76 

Table(9): Effect of Inorganic nitrogen source on 
inulinase enzymes production by 
Penicillium chrysogenum. 

 

78 



 iii 

Table (10): Effect of different corn steep liquor 
concentrations nitrogen content on 
inulinase/ invertase 

80 

Table (11): Effect  of  some  natural  oils  (0.1%  w/w)  
on inulinase/invertase production using 
Penicillium chrysogenum. 

82 

Table (12): Effect of some surfactants on inulinase/ 
invertase enzymes production using 
Penicillium chrysogenum 

85 

Table (13): Effect of different incubation 
temperatures on Inulinase production using 
Penicillium chrysogenum 

88 

Table (14): Effect of different incubation periods on 
production of inulinase/ invertase: 

90 

Table(15): Effect of Inoculum's Size on Inulinase 
production using Penicillium chrysogenum 

95 

Table (16): Effect of some metal salts on Inulinase 
production using Penicillium chrysogenum 

94 

Table (17): Effect of Radiation Dose on Inulinase 
production using Penicillium chrysogenum 

97 

Table (18): Inulinase production in tray 98 

Table (19): Effect of Partial Purification of 
Inulinase/ Invertase Enzymes from 
Penicillin chrysogenum using Ammonium 
Sulfate 

100 

Table (20): Effect of Partial Purification of 
Inulinase/ Invertase Enzymes from 
Penicillin chrysogenum using organic 
solvents 

 
 

100 



 iv 

Table (21): Effect of Temperature on inulinase/ 
invertase enzymes activity. (Free enzyme)   

102 

Table (22): Effect of different incubation periods on 
inulinase activity: check with thermal 
stability 

104 

Table (23): Effect of pH on Inulinase Enzymes 
activity.   

106 

Table (24): Effect of some metal ions on 
inulinase/invertase enzymes activity  

108 

 



 v 

LIST OF FIGURE  
 

FIGURE   PAGE 

Fig. 1. Chemical structure of GpyFn and FpyFn 
molecules in inulin-type fructans. n is the 
degree of polymerization or the number of 

-D-fructofuranose; G and F stand for 
glucose and fructose, respectively; GpyFn 
is -D-glucopyranosyl- -D- 
fructofuranosyl] (n-1)-D-fructofuranoside; 
and FpyFn is -D-fructopyranosyl-[D-
fructofur anosyl] (n-1)-D-fructofuranoside. 

 

 

 

 

 

 

 

10 

Fig. 2. Probiotic beneficial effects on human health. 
Adapted from Gibson & Roberfroid 
(1995). 13 

Fig. 3. Principal methods of immobilization. 39 

Fig.  (4)  : Effect  of  type  of    ,as incubation media and 
moistening agents, on efficiency of enzyme 
production (Ug/gds) (unit/g gram dru fermented 
substrate)   68 

Fig. (5): Effect of different moisture contents on 
inulinase/invetase enzymes production using 
Penicillium chrysogeuum  70 

Fig. (6): Effect  of  pH  value  of  the  extracting  solvent  (dis-
Water) on inulinase/invertase recovery from 
fermented P.chersogenum 71 

Fig. (7,7b) : Effect of some a groin dustrial by-products as 
carbon source on unulinase/invertase production 
by P.chrysogenium     74-75 

Fig. (8) Effect of a mixture of wheat bran and Jerusalem 
artichore as acarbon source on inulinase/invertase 
production by P.chrysogenum  77 



 vi 

Fig.  (9)  :  Effect of organic nitrogen source on 
inulinase/invertase enzymes production by 
Penicillium chrysogenum  79 

Fig. (10) : Effect of organic nitrogen source on 
inulinase/invertase enzymes production by 
Penicillium chrysogenum 

81 

Fig. (11) : Effect of different corn steep liquor concentrations 
on (nitrogen content%) inulinase/invertase 
enzymes by P.chrysogenum 83 

Fig. (12) : Effect of some natural oils on inulinase/invertase 
production using Penilillium chrysogenum  86 

Fig. (13) : Effect of some surfactants on inulinase/invertase 
enzymes production using Penicillium 
chrysogenum  88 

Fig. (14) : Effect of inoculum size on inulinase/invertase 
production using Penicillium chrysogenum 92 

Fig. (15) : Effect of different incubation temperatures on 
lunlinase/invertase production using Penicillium 
chrysogenum. 95 

Fig. (16): Effect of Partial Purification of inulinase/invertase 
enzymes from Penicillium chrysogenum using 
Ammonium Sulfate 101 

Fig. (17) : Effect of Partial Purification of inulinase/invertase 
enzymes from Penicillium chrysogenum using 
organic solvents 101 

Fig. (18,a,b) : Effect of temperature on inulinase/invertase 
enzymes activity (Imunobilized and Free enzyme) 103 

Fig.(19a,b) Effect of thermal stability on inulinase/ invertase 
enzymes activity (free&immobilized) 105 

Figure  (20a,b): Effect of different pH on inulinase/invertase 
(free&immobilized) 107 

Figure (21a,b): Effect of metalions on inulinase enzyme 
activity (free&immobilized) 109 

 



Literature Review 
 

 5 

I. Literature Review 

1. Inulinases: 

Inulinases constitute an important class of enzymes for 
production of fructose and fructooligosaccharides, which are 
extensively used in pharmaceutical and food industry. These 
enzymes are potentially useful in the production of high 
fructose syrups, using inulin as substrate.  The  production of 
fructose from inulin is more advantageous than the 
conventional method that uses starch, given that the reaction 
using inulinase is simpler and yields products with fructose 
content higher than 95%.  Inulinases have also been used for 
production of fructo-oligosaccharides.   

Researches involving fructo-oligosaccharides have been 
stimulated by the increase in the demand for healthy foods, 
because the ingestion of fructoligosaccharides increases the 
production of Bifidobacterium, which are the most important 
bacteria of the intestinal microflora (Bender et al., 2006; 
Sharma and Gill, 2007; Singh and Bhermi, 2008).  

1.1 Sources of Inulinases: 

Inulinase can be produced from a wide array of 
organisms including plants bacteria, molds, and yeast 
(Vandamme and Derycke, 1983).  Dandelion, chicory and 
Jerusalem artichoke have been proven to contain inulinase that 
can be extracted and purified, but according to Kochhar et al., 
1999) these plant sources are not as productive as the 
microbial  ones,  which  seem  to  be  the  only  source  capable  of  
producing enough enzymes for industrial applications.  For this 
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reason, in the last three decades, significant efforts have been 
made to find the best microbial source for the extraction of 
inulinase (Ricca et. al, 2007).  A number of fungal, yeast, and 
bacterial strains have been used for the production of 
inulinases. Among them, fungal strains belonging to 
Aspergillus sp., and Penicillium sp. and yeast strains belonging 
to Kluyvero- myces sp. (diploid yeast) are apparently the most 
common and preferred choice (Pandy et al., 1999). 
1.2 Classification of inulinases: 

Endoinulinases (E.C. 3.2.1.7) and Exoinulinases (E.C. 
3.8.1.80) are glycosidases that perform the endohydrolysis and 
exohydrolysis of 2,1- -D-fructosidic linkages ( -2,1-fructan 
links) in inulin. 

It is clear from the literature that two different actions 
can be exerted by inulinases on inulin molecules: an endwise 
action and an internal action; the corresponding two kinds of 
inulinases are called exo-inulinase and endo-inulinase, 
respectively (Zittan, 1981; Baratti and Ettalibi, 1987; 
Nagem et al., 2004; Kango, 2008). Exoinulinase (EC 
3.8.1.80) splits of the terminal fructose units from inulin; i.e. 
exo-inulinase action begins with the separation of the first D-
fructose molecule and goes on until the last linkage within the 
molecule of inulin is broken and a molecule of D-glucose is 
released. On the other hand, endoinulinase (EC 3.2.1.7) breaks 
down inulin into inulooligosaccharides (IOSs)i.e. it acts on the 
internal linkages and yields a set of inulo-oligosaccharides 
(Bailey and Ollis, 1986; Kango, 2008). The property of 
having an exo- or an endo-action depends on the microbial 
origin of the enzyme. According to Pandey et al. (1999) 
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inulinases from fungi are generally exo-acting.   
One of the most interesting strains in this context 

appears to be A. ficuum, since it produces both endo and exo-
inulinases, that mixture of endo- and exo-inulinase could result 
in better conversion of inulin to fructose than the isolated pure 
enzymes (Zittan 1981; Ettalibi and Baratti 1990). Azhari et 
al. (1989) found that an exo-inulinase and an endo-inulinase 
coming from the same strain (Aspergillus) had profoundly 
different MWs, 81 and 53 kDa, respectively. 

An interesting point about the mode of action of exo-
inulinases has been outlined by Snyder and Phaff (1962). 
They proposed that, depending mainly on pH, exo-inulinase 
could exhibit two kinds of action: a single chain or a multi-
chain action.  Particularly they noted that at low pH values 
(3.0) the enzyme attacked the ends of different polysaccharides 
randomly (multi-chain), while at higher pH (5.1 and 7.0) - and 
independently of temperature - the enzyme attacked one inulin 
molecule at time, i.e. its action on an inulin molecule finished 
when the molecule had been completely degraded into fructose 
and glucose. On the other hand, a possible mechanism of 
action of an inulinase from Bacillus polymyxa 722 on inulin 
was proposed and the presence of imidazole and sulfhydryl 
groups in its active center was proved by Zherebtsov et al.  
(2003). 

Nagem et al. (2004) described the first crystal structure 
of exo-inulinase in a ligand-free and fructose-bound form, and 
discussed a structural basis of the catalytic mechanism of the 
enzyme, which could also explain the invertase activity of 
inulinase.  
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1.3 Invertase activity: 

Inulinases are capable of hydrolyzing -1,2-fructan links 
and known as often show a certain activity towards -2,6-
fructan links, which means that they can hydrolyze sucrose 
into fructose and glucose. Sucrose hydrolytic enzymes are 
called invertases (E.C. 3.2.1.26, -D-fructo-furanoside-fructo-
hydrolase) and present specific charact- eristics. Starting from 
this point, a distinction between inulinases and invertases, 
which constitute the group of -fructosidases, is necessary, but 
it appears difficult and controversial. It is a common practice 
to distinguish inulinases from invertases according to the ratio 

= inulinase activity/invertase activity; if  > 10 2 the enzyme 
is referred to as an inulinase, if  <10 4 it is considered as 
invertase (Baratti and Ettalibi, 1987). 

Invertase activity is observed in enzymes coming from 
all kinds of microorganisms and also in -fructosidases from 
vegetable origin, as reported by Rutherford and Deacon 
(1972). The values of  measured during experimental works 
on inulinase from different sources confirm the results reported 
by Pandey et al.  (1999).  

It is important to point out that there are few cases of 
true inulinases or true invertases; generally an enzyme shows 
both activities, although to a different extent.  Clearly an 
invertase activity of inulinase is desirable, since it is necessary 
to hydrolyze the ultimate link between glucose and fructose 
residues remaining after the completion of inulinase action on 
an inulin molecule (Ettalibi and Baratti, 1990). 
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2. Inulin: 

2.1 Inulin occurrence, structure and components: 

Inulin is present in a wide variety of plants - as a storage 
carbohydrate - and can be obtained from some bacteria and 
fungi. Inulin-containing plants, which are commonly used for 
human nutrition, belong mainly to either the Liliaceae, e.g., 
leek, onion, garlic and asparagus, or the Compositae, e.g., 
Jerusalem artichoke, dahlia, chicory (Table 1) (Sharma and 
Gill, 2007).  

Table (1): Inulin Content (% of Fresh Weight) of Some 
Plants; NA = Not Available, = Estimated Value.  
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From a chemical point of view, inulin is a polydisperse 
carbohydrate consisting of (2 1) fructosyl-fructose links 
(Fig. 1). At one end of the molecule, a glucose residue may be 
present. In vegetable origin inulin, the number of fructose units 
linked to a terminal glucose can vary from few units to about 
70, which means that inulin is a mixture of oligomers and 
polymers (Roberfroid and Delzenne, 1998; Ronkart et al., 
2007).  

 

Fig. 1. Chemical structure of GpyFn and  FpyFn molecules in 
inulin-type fructans. n is the degree of polymerization 
or the number of -D-fructofuranose; G and F stand for 
glucose and fructose, respectively; GpyFn is  -D-
glucopyranosyl-[ -D-fructofuranosyl](n-1)-D-
fructofuranoside; and FpyFn is -D-fructopyranosyl-[D-
fructofuranosyl](n-1)-D-fructofuranoside. 
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2.2 Inulin extraction: 

Plant inulin can be easily extracted in hot water and the 
subsequent separation from water is achieved by lowering the 
temperature and taking advantage of its scarce solubility in 
water (Wenling et al., 1999; Toneli et al., 2007). 

2.3 Functions of inulin: 

2.3.1. Inulin as a prebiotic: 

Prebiotics are compounds, usually carbohydrates, which 
are resistant to direct metabolism by the host and reach the 
caeco-colon where they are preferentially utilized by selected 
groups of beneficial bacteria (  Li et al; 2008) Modulation of 
the human gut flora by prebiotic oligosaccharides has the 
potential benefit to human health by enhancing levels of 
‘beneficial’ gut bacteria. The term prebiotic has been defined 
as a non-digestible food ingredient that beneficially affects the 
host by selectively stimulating the growth and/or activity of 
one, or a limited number of bacteria (Gibson and Roberfroid, 
1995).  

The prebiotics (carbohydrates) are resistant to enzymatic 
hydrolysis in the upper gastrointestinal tract and reach the 
caeco-colon intact. There they are completely fermented. This 
fermentation converts inulin into biomass, shortchain fatty 
acids, lactate and gases (Dandan et at; 2007). Intestinal 
microbiological ecosystem has been associated with human 
health. In infants, bifidobacteria are the predominant bacteria, 
but studies show that there is a substantial decrease in their 
population as human age. There are definite advantages to 
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establish and maintain proper bifidobacteria levels.  Beneficial 
flora including the genera of bifidobacteria or lactobacilli 
improves the caeco-colon environment by suppressing the 
growth of pathogenic bacteria and production of carcinogenic 
materials and thus improving immunity (Dandan et al; 2007).  

However, the effect of a prebiotic is, essentially, indirect 
because it selectively feeds one or a limited number of 
microorganisms thus causing a selective modification of the 
host’s intestinal (especially colonic) microflora, known as 
''probiotics''.  It  is  not  the  prebiotic  by  itself  but  rather  the  
changes induced in microflora composition that is responsible 
for its effects. Indeed, the most important bacterial genera 
targeted for selective stimulation are the indigenous 
bifidobacteria and lactobacilli (Wang, 2009).  

The inulin-type fructans are the nondigestible 
oligosaccharides for which a wide range of scientific data are 
already available that demonstrate an array of potential health 
benefits. It is not digested or absorbed in the small intestine, 
but is fermented in the colon by beneficial bacteria. 
Functioning as a prebiotic, inulin has been associated with 
enhancing the gastrointestinal system and immune system. The 
most promising areas for further research are changes in the 
composition of the colonic microbiota, modulation of the 
metabolism of triglycerides, reduce the levels of cholesterol 
and serum lipids, modulation of insulinemia, improved 
bioavailability of dietary calcium and magnesium, negative 
modulation of colon carcinogenesis, and carcinogenic 
(Roberfroid et al., 1991; Coudray et al., 1997; Lopez-
Molina et al., 2005).  
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Fig. 2. Probiotic beneficial effects on human health. 
Adapted from Gibson & Roberfroid (1995). 

2.3.2 Health benefits associated with the consumption of 
probiotic organisms: 

‘Probiotic’ is a Greek word, which can be translated as 
‘for life’. In 1965, Lilly and Stillwell defined 'probiotics' as 
‘microorganisms that have a growth promoting effect against 
other microorganisms’. While this definition was originally 
used to describe a supplement added to an animal feed, at 
present the word ‘probiotic’ has relevance to humans. 
Probiotics are defined as ‘mono or mixed-cultures of live 
microorganisms which transit the gastrointestinal tract and 
upon ingestion in certain numbers, exert health benefits 
beyond inherent basic nutrition’ (Sanders 2003).  
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Human gut microflora is influenced by factors such as 
poor hygiene, consumption of processed foods (most of which 
are heat sterilised by cooking), exposure to stress, and 
antibiotic therapy. There has been extensive research focusing 
on the health benefits of ingesting viable probiotic organisms 
(Table 2.2).  
2.3.3 Viability of probiotic organisms in freeze-dried 

yoghurt 

A minimum of one million probiotic organisms per 
gram of a product should be present (Kurmann and Rasic, 
1991). Previous work done by researchers involving 
enumeration of probiotic organisms and yoghurt bacteria found 
that freeze-drying had an adverse affect on viability. In studies 
undertaken by Rybka and Kailasapathy (1995), one batch of 
yoghurt fermented with Lactobacillus acidophilus, 
Bifidobacterium spp. And Streptococcus thermophilus while a 
second batch of yoghurt was fermented with L. acidophilus, 
Bifidoba- cterium spp., S. thermophilus and L. delbrueckii ssp. 
bulgaricus.  After 96 h of freeze-drying at -50°C, bacterial 
populations in freeze dried samples were 0.25 to 2 log lower 
than those taken from yoghurt that was not freeze dried. 
Rybka and Kailasapathy (1995) also found that L. 
delbrueckii ssp. bulgaricus was the most sensitive bacteria to 
freeze-drying. Viable counts of Lactobacillus acidophilus and 
Bifidobacterium spp. in the yoghurt powders were present in 
less than the recommended minimum of one million colony 
forming units per gram (cfu/g) after 27 days of storage. Even 
after reincubation of the yoghurt powder, there was no increase 
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in viable population of yoghurt bacteria. The viability of 
probiotic organisms is reduced during the processing and 
storage of freeze-dried yoghurt due to oxygen content, high 
temperature, low pH, low water activity and elevated solute 
concentration (Kaila et al; 1999).  Probiotic strains vary in 
their susceptibility to freeze-drying. It was found that 
population of lactic acid bacteria in commercial yoghurt did 
not decrease significantly during freezedrying (48 h at -40°C). 
After 21 days of storage only L. acidophilus was present at 
viable quantities. After 31 days of storage no lactic acid 
bacteria were detected. 

1.3.4. Production of fructose syrup 

Both of Inulin and inulinase can be used for production of 
either ultra-high fructose syrups, with d-fructose content over 
95% by exo-enzymatic hydrolysis, or for production of 
oligofructose syrups by endo-enzymatic hydrolysis or for 
production of ethanol by fermentation (Yu et al., 2009)   

2.4 Fermentation techniques for microbial inulinase 
production: 

2.4.1 Microbial inulinase production by Solid State 
Technique: 

The reported works on microbial inulinases production 
involved submerged fermentation (SmF) (liquid media) (batch, 
fed-batch or continous mode), as well as, solid state 
fermentation (SSF) (Pandey et al., 1999). 
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2.4.1.1 Solid state fermentation: 

Solid-state fermentation (SSF) has built up credibility in 
recent years in biotech industries due to its potential 
applications in the production of biologically active secondary 
metabolites, fuel, food, industrial chemicals and 
pharmaceutical products. It has emerged as an attractive 
alternative to submerged fermentation. Bioremediation, 
bioleaching, bio-pulping, bio-beneficiation, etc. are the major 
applications of SSF in bioprocesses which have set another 
milestone. Solid state fermentation has been defined as the 
fermentation process which involves solid matrix and is 
carried out in absence or near absence of water; however, the 
substrate must possess enough moisture to support the growth 
and metabolism of the microorganisms.  The solid matrix 
could be either the source of nutrient or simply a support 
impregnated by the proper nutrients that allows the 
development of the microorganisms. Utilization of agro-
industrial residues as substrates in SSF processes provides an 
alternative avenue and an added value to these non-utilized 
residues (Pandey et al., 2000).  

Solid state fermentation holds tremendous potential for 
the production of enzymes. The SSF has numerous advantages 
over SmF including superior productivity, simple technique, 
low capital investment, low energy requirement and less water 
output, better product recovery which is reported to be the 
most appropriate process for developing countries (Xiong et 
al., 2007).  
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The presence of the product in low concentration and the 
consequent handling, reduction and disposal of large volume 
of water during downstream processing in submerged 
fermenta-tion (SmF) are known as cost intensive, highly 
problematic and poorly understood unit operations. Solid state 
fermentation (SSF) offers distinct advantages over SmF 
including economy of the space needed for fermentation, 
simplicity of the fermentation medium, no requirement for 
complex machinery or equipments and control system, greater 
compactness of fermentation vessel owing to a lower water 
volume, reduced energy demand, reduced water capital and 
recurring expenditures in industry, easier scale up of processes, 
lesser volume of solvent needed for product recovery, absence 
of foam build-up (El Batal and Abo-state, 2006). 

Solid State fermentation (SSF) is a process that occurs 
in the absence or near absence of any fluid in the space 
between particles (Lonsane et al., 1985). In this system, water 
is present in the solid substrate whose capacity for liquid 
retention varies with the type of material.  In contrast, in 
submerged fermentation (SmF) the nutrients and microorgan-
isms are both submerged in water (Raman Murthy et al., 
1993; Grigelmo and Martin, 1999).  

In SSF, the solid material can serve as a physical 
support and as a source of carbon and nutrients to sustain 
microbial growth or only as an inert physical support to which 
nutrients and the carbon source are added. This solid material 
generally is a natural compound consisting of agricultural and 
agroindus-trial by-products and residues, urban residues, or a 
synthetic material (Pandey, 2003). 
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Many factors may influence SSF performance, such as 
the selection of a good microorganism, choice of a suitable 
substrate and control of operational parameters (physical, 
chemical and biochemical). Such variables can be manipulated 
to improve the yield of the fermentative process. The selection 
of a good solid material that supports the development of 
microorganism is a key aspect in SSF. This material can act as 
a source of nutrients and/or as support to microbial growth. 
There are two considerations regarding the selection of a good 
substrate: first, it may combine low water activity with high 
rate of oxygen transfer; second, the substrate should be 
suitable to produce the desired products. The particle size of 
the substrate is a variable that presents a strong effect on 
fermentative process. Small particles increase the contact area 
between the microorganism and the gas phase. However, small 
particles can compact the medium, making the transfer of 
oxygen, water and nutrients difficult (Mazutti et al., 2007; 
Xiong et al., 2007). 

Microbial growth and metabolism nearly always occur 
in  an  aqueous  phase  as  does  diffusion  of  solutes  and/or  
substrates. CO2/O2 exchange, on the other hand, can occur both 
in the liquid and in the gas phase.  In SSF, the liquid phase is 
represented by the aqueous film that surrounds the cells while 
the space between particles is occupied by the gas phase.  
Although replacement of the liquid phase with the gas phase 
increases the transfer of oxygen, this prevents the diffusion of 
solutes and substrates and markedly interferes with microbial 
growth (Gervais et al., 1996). 

Among the characteristics of SSF, the low water activity 



Literature Review 
 

 19 

(aw) of the solid medium influences physiological aspects of 
the microorganism such as vegetative growth, sporulation and 
spore germination, as well as metabolite and enzyme 
production and enzyme activity. Fungal spores produced by a 
SSF culture are more stable, more resistant to dehydration and 
have a higher germination rate after freezing than spores 
obtained by SmF (Holker and Lenz, 2005).  

Fungi have been considered to be the organisms most 
adapted to SSF because their hyphae can grow on particle 
surfaces and penetrate into the inter-particle spaces and 
thereby colonizing solid substrates (Santos et al., 2004). 

This has been attributed to the higher hydroph- obicity, 
more rigid cell wall, and smaller volume of conidiophores 
obtained with SSF cultures (Munoz et al., 1995; Pascual et 
al., 2000).  Fungi grown in SSF culture at low aw tend  to  
accumulate polyols such as glycerol, mannitol, erythrol and 
arabitol in their cells. The composition of the polyol pool 
depends on growth conditions and represents an adaptation to 
the low humidity condition in SSF needed to maintain the 
pressure of the cells.  These compounds are secreted by the 
mycelium and correspond to metabolites present in the 
fermented material (Ruijter et al., 2004; Holker et al., 2004). 

Temperature is related directly to aw and  aeration.  One  
limitation of SSF is the ability to remove excess heat generated 
by metabolism by microorganism due to the low thermal 
conductivity of the solid medium. In practice, SSF requires 
aeration more for heat dissipation than as a source of oxygen 
(Viesturs et al., 1981). Increased bioreactor temperatures 
cause denaturation of products, especially thermolabile 
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substances (Santos et al., 2004). 
Another class of metabolites produced in SSF culture is 

organic acids. The fungus Aspergillus niger is a potent 
producer of citric acid whose production can reach 10 g/kg 
substrate; A. oryzae produces oxalic acid (Biesebeke et al., 
2002; Couto and Sanroman, 2005). 

Despite the problems of fermentation in solid medium 
whose main points have been discussed, this process has 
numerous advantages over liquid fermentation (Holker et al., 
2004). First, the amount of specific enzymes produced by SSF 
is greater than obtained by SmF (Aguilar et al., 2004).  
Further the time required for synthesis was shorter in SSF. 
Enzyme synthesis was stimulated when the substrate contained 
higher sugar concentrations, in SSF, while in SmF, production 
decreased reflecting catabolite repression in SmF, but not SSF 
(Viniegra-Gonzalez et al., 2003). Generally, enzyme 
production is more sensitive to catabolite repression in SmF 
(Raimbault, 1998; Nanda- kumar et al., 1999; Rahardjo et 
al., 2006).  

Other advantages of SSF compared to the traditional 
submerged process can be cited: higher cell mass production 
within a short period of time; similarity to the natural habitat of 
the filamentous fungi that permits use of wild-type microorga-
nisms which often show a better performance than genetically 
modified strains and may enhance biosafety; downstream steps 
are facilitated due to the higher concentration of the product.  
On the other hand, disadvantages should be mentioned: 
problems with scale up production; difficulties in control of 
pH, heating, nutrient supply and humidity; impurity of the 
product because fiber degradation on microbial activity can 
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generate complex and colored compounds such as melanoidins 
that are difficult to separate and may block columns and 
degrade resins during downstream processes. However, the 
greatest obstacle to the industrial use of SSF is the lack of 
knowledge about various aspects of the process and the lack of 
adequate fermenters (Saiz-Jimenez, 1995; Robinson et al. 
Graminha et al., 2007).  

2.4.1.2 Production of Inulinase By Solid-State 
Fermentation: 

Fungi 

Fungi have been considered to be the organisms most 
adapted to SSF because their hyphae can grow on particle 
surfaces and penetrate into the inter-particle spaces and 
thereby colonizing solid substrates (Santos et al., 2004). 

This has been attributed to the higher hydrophobicity, 
more rigid cell wall, and smaller volume of conidiophores 
obtained with SSF cultures (Munoz et al., 1995; Pascual et 
al., 2000).  Fungi grown in SSF culture at low aw tend  to  
accumulate polyols such as glycerol, mannitol, erythrol and 
arabitol in their cells. The composition of the polyol pool 
depends on growth conditions and represents an adaptation to 
the low humidity condition in SSF needed to maintain the 
pressure of the cells.  These compounds are secreted by the 
mycelium and correspond to metabolites present in the 
fermented material (Ruijter et al., 2004; Holker et al., 2004). 

The activity of extracellular inulinases from Penicillium 
janczewskii, a fast-growing fungus isolated from the 
rhizosphere of V. herbacea was reported by Cordeiro Neto et 



Literature Review 
 

 22 

al. 1997 which showed that this species is capable of rapid 
growth on solid medium containing inulin and sucrose as 
carbon source. 

Bacteria and Yeast: 

Mazutti et al. (2006) work aimed to optimize inulinase 
production by SSF using sugarcane bagasse and corn steep 
liquor as substrates. The optimization was carried out by 
experimental design and surface analysis methodology. 
Sugarcane bagasse is an abundant by-product of sugar industry 
and was tested as support and carbon source for production of 
inulinase from Kluyveromyces marxianus NRRL Y-7571 by 
solid-state fermentation. Corn steep liquor was used as 
nitrogen supplement. Factorial design and response surface 
analysis were carried out to evaluate the effects of temperature 
(30.4–41.6oC) and corn steep liquor (13–27.1%, w/v) on the 
production of inulinase. Optimum fermentation conditions 
were found to be: 36oC and 20 % of corn steep liquor.  Under 
optimized conditions, the extra-cellular enzyme concentration 
reached 391.9 U/g of dry fermented bagasse (U of inulinase 
per gram dry fermented substrate-gds). 

In  Brazil,  the  production  of  inulinase  using  residues  of  
sugarcane and corn industry (sugarcane bagasse, molasses, and 
corn steep liquor) is economically attractive, owing to the high 
amount and low cost of such residues. In this context, the aim 
of Bender et al.  (2006) work was the assessment of inulinase 
production by Kluyveromyces marxianus NRRL Y-7571by 
solid state fermentation.  The solid medium consisted of sugar 
cane bagasse supplemented with molasses and corn steep 
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liquor. The production of inulinase was carried out using 
experimental design technique. The effect of temperature, 
moisture, and supplements content were investigated.  The 
enzymatic activity reached a maximum of 445 units of 
inulinase per gram of dry substrate. 

On the other hand, Mazutti et al. (2007) used sugarcane 
bagasse for production of inulinase by solid-state fermentation, 
using factorial design to identify the effect of corn steep liquor 
(CSL) and soybean bran concentration, particle size of bagasse 
and size of inoculum. Maximum inulinase activity achieved 
was 250 U per g of dry substrate (gds) at 20% (w/w) of CSL, 
5% (w/w) of soybean bran, 1 x 1010 cells mL–1 and particle size 
of bagasse in the range 9/32 mesh. The use of soybean bran 
decreased the time to reach maximum activity from 96 to 24 h 
and the maximum productivity achieved was 8.87 U gds–1 h–1. 
The maximum activity was obtained at pH 5.0 and 55.0 oC. 
Within the investigated range, the enzyme extract was more 
thermostable at 50.0 oC, showing a D-value of 123.1 h and 
deactivation energy of 343.9 kJ gmol–1. The extract showed 
highest stability from pH 4.5 to 4.8.  Apparent Km and Vmax are 
7.1 mM and 17.79 M min–1, respectively. 

While in 2009, Mazutti et al. study was focused on the 
use of a phenomenological model and an artificial neural 
network (ANN) to simulate the inulinase production during the 
batch cultivation of the yeast Kluyveromyces marxianus NRRL 
Y-7571, employing a medium containing agroindustrial 
residues such as molasses, corn steep liquor and yeast extract.   

Lastly Ayyachamy et al.  (2007) demonstrated -  in the 
first report - on inulinase production from garlic and onion 
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peels by Xanthomonas campestris using solid state cultivation 
(SSC) methods that: the inulinase production level of X. 
campestris was 6.7-fold higher in garlic and 5.8-fold in onion, 
under optimized SSC conditions compared with the submerged 
culture. Among the various substrates, garlic peels (117 IU 
gds-1) and onion peels (101 IU gds-1) were found to be the best 
for inulinase production.    

The optimization of process parameters for high 
inulinase production by the marine yeast strain Cryptococcus 
aureus G7a in solid-state fermentation (SSF) was carried out 
using  central  composite  design  (CCD),  one  of  the  response  
surface methodologies (RSMs). It was found that moisture, 
inoculation size, the amount ratio of wheat bran to rice husk, 
temperature and pH had great influence on inulinase 
production  by  strain  G7a.  Therefore,  the  CCD  was  used  to  
evaluate the influence of the five factors on the inulinase 
production by strain G7a. Then, five levels of the five factors 
above were further optimized using the CCD. Finally, the 
optimal parameters obtained with the RSM were the initial 
moisture 61.5%, inoculum 2.75%, the amount ratio of wheat 
bran to rice husk 0.42, temperature 29-C, pH 5.5. Under the 
optimized conditions, 420.9 Ug-1 of dry substrate of inulinase 
activity was reached in the solid-state fermentation culture of 
strain G7a within 120 h whereas the predicted maximum 
inulinase activity of 436.2 U g-1 of inulinase activity of 436.2 
U g-1 of dry weight was derived from the RSM regression. This 
is the highest inulinase activity produced by the yeast strain 
reported so far. A large amount of monosaccharides and 
oligosaccharides were detected after inulin hydrolysis by the 
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crude inulinase (Sheng et al., 2009). 
The crude enzymatic extract obtained by SmF showed 

an optimal pH and temperature for hydrolytic activity of 4.5 
and 55°C, respectively; and that obtained by SSF conducted to 
optimal pH and temperature of 5.0 and 55°C, respectively. 
Both enzymes presented high thermostability, with a D value 
of 230.4 h and 123.1 h for SmF and SSF, respectively. The 
inulinase produced by SmF showed highest stability at pH4.4, 
while inulinase obtained by SSF was more stable at pH4.8. 
The results showed that inulinase obtained by SmF is less 
susceptible to pH effect and the inulinase obtained by SSF is 
more resistant to higher temperatures (Mazutti et al., 2009). 

2.4.1.3 Production of inulinase from different producing 
microorganisms 

One of the earliest reports of the fungal inulinases 
production was for Aspergillus niger inulinase which was first 
described by Pringsheim and Kohn in 1924.   Since  then,  
many inulinase-producing microorganisms have been reported 
(Ricca et al.  (2007). 
Fungi: 

Penicillium sp. 

In a screening of inulinolytic fungi by Nakamura et al.  
(1997) Penicillium sp. TN-88 was selected as the best producer 
of inuliuase.  This strain showed a high inullnase productivity 
of 9.9 U/ml with a ratio of inulinase activity to invertase 
activity (I/S ratio) of 11.2 when grown in a liquid medium 
containing inulin as the carbon source at 30°C.   
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Pessoni et al. (1999) reported that the inulinase and 
invertase activities found in culture filtrates of P. janczewskii 
are consistent with previous results reported by Cordeiro Neto 
et al. (1997) in solid state fermentation.  Their results indicate 
that P. janczewskii could be an efficient microorganism for the 
industrial production of extracellular inulinases, as high 
amounts of free fructose can be released from b-(2,1) fructans 
in very short periods of incubation. 

Ohta et al. (2002) purified an extracellular inulinase 
from Penicillium sp.  Strain  TN–96.  They  abstracted  that  the  
purified enzyme had specific activity of 17 U/mg protein 
toward inulin (I) and 0.32 U/mg protein toward sucrose (S) 
(I/S ratio = 53). Inulinase activity was optimal at pH 5.5 and 
40oC. The enzyme exhibited an apparent Km value of 0.9 
micromole for inulin.  
Aspergillus sp. 

Kuth  (Saussurea lappa) as a source of inulin for 
fermentative production of inulinase by Aspergillus niger van 
teighemuvll mutant has been tested by Viswanathan and 
Kulkarni (1995) for the first time. Preliminary shake-flask 
experiments in the fermentative production of inulinase using 
kuth as the carbon source, in combination with different 
organic and inorganic nitrogen sources, gave the highest 
yield of inulinase activity (302 Um1-1) with corn steep liquor 
as the nitrogen source.  

The production of inulinase by Aspergillus ficuum 
JNSP5-06 was investgated by Jing et al. (2003). They 
developed a new and convenient method to separate and 
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identify exo- and endoinulinases. Eight protein bands were 
obtained. Three bands were identified as exoinulinase and two 
bands were endoinulinase using TLC and HPLC. 

Skowronek and Fiedurek, (2003) evaluated the 
usefulness of selecting different kinds of biochemical mutants 
of Aspergillus niger to increase inulinase production in 
submerged culture. 

Zhang et al. (2004) explored the purification and the 
enzymological properties of recombinant inulinase and the 
hydrolysis of fructose by it. The inuA1 gene encoding an 
exoinulinase from Aspergillus niger AF10 was expressed in 
Pichia pastoris. They reported that the recombinant enzyme 
activity was 316U/ml in a 5 L fermenter, with the inulinase 
protein accounting for 35% of the total protein of fermentation 
broth.   

De Souza-Motta et al. (2005) described the production 
of new inulinase from Aspergillus niveus blochwitz 4128 
URM in culture medium containing inulin as substrate. 
Maximum enzyme activity was obtained in medium containing 
20 g L-1 inulin. 

Sirisansaneeyakul et al. (2007) isolated two new 
effective microbial producers of inulinases from Jerusalem 
artichoke tubers grown in Thailand and identified them as 
Aspergillus niger TISTR 3570 and Candida guilliermondii 
TISTR 5844. The inulinases produced by both these 
microorganisms were appropriate for hydrolysing inulin to 
fructose as the principal product.  The A. niger TISTR 3570 
inulinases exhibited both endoinulinase and exo-inulinase 
activities.  In contrast, the yeast inulinases displayed mainly 
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exo-inulinase activity. The mold and yeast crude inulinases 
mixed in the activity ratio of 5:1 proved superior to individual 
crude inulinases in hydrolyzing inulin to fructose.  

Kango (2008) showed that A. niger NK-126 can be 
successfully used to produce high levels of inulinase (a 
mixture of endo- and exo-) using simple media formulation 
containing dandelion root extract and the resulting enzyme 
could be used to generate fructose and inulooligo-saccharides. 
Highest inulinase activity was observed with dandelion tap 
root extract (52.3 IU/ml). 

Streptomyces sp. 
Optimization of cultural conditions for the indigenously 

isolated Streptomyces sp. GNDU1 was studied and reported by 
Gill et al. (2003). They found that Streptomyces sp. GNDU 1 
produced high levels of extra-cellular inulinase (0.552 IU/ml) 
after 24 h at pH7.5, temperature 46 oC in the presence of  1% 
inulin.  

Tohamy (2006) isolated Streptomyces grisenus, from 
soil, which was found to produce a very active inulinase 
enzyme.  The optimum growth and inulinase activity 
occurred in the presence of 0.5% inulin, 0.3% NaNO3 and 
0.5% CaC12 in the production broth medium.   

Sharma et al. (2006) studied inulinase production using 
Streptomyces sp., using various naturally occurring inulin-
containing agricultural plants as carbon sources and pure inulin 
(chicory, Sigma, Chem., Co., USA), with an indigenously 
isolated actinomycete strain. All substrates depicted some 
activity but profile varied among them. Maximum inulinase 
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activity was observed with garlic (Allium sativum) (524 IU/L). 
The enzyme activity was about 1.6-fold higher than activity 
obtained by using pure inulin as a carbon source.  

Sharma and Gill (2007) have reported the purification 
of a novel heat-stable inulinase from an extracellular extract of 
Streptomyces sp. ALKC 4. The purified inulinase is an exo-
acting enzyme.  

Yeast & Bacteria:  

Rouwenhorst and co workers studied the production of 
inulinase from the yeast strain Kluyveromyces marxianus CBS 
6556. In 1988, they selected Kluyveromyces marxianus CBS 
6556 from several Kluyveromyces strains and study the 
parameters relevant to the commercial production of inulinase. 
They studied the structure and properties of the extracellular 
inulinase produced from this selected yeast. (1990a).They 
examined selected yeasts of the same strain for in-vivo 
hydrolysis of inulin and sucrose (1990b). They reported that 
inulinase catalyzed both reactions.  

Vullo et al. (1991) isolated Bacillus subtilis 430A from 
the Vernonia herbacea (Veil Rusby) rhizosphere, which 
produced an exocellular inulinase that fits the requirements for 
the production of syrups on an industrial scale. The partially 
purified enzyme, obtained by acetone precipitation, displayed a 
higher specificity for inulin (Km 8 mM) than for sucrose (56 
mM) and a total invertase/ total inuinlase ratio of 0.62. In 
addition, it is stable at an optimal temperature of 45 to 50°C 
for at least 7 h and is inhibited by the end product, fructose, at 
14 mM. 
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Cruz-Guerrero et al. (1995) reported that: Kluyvero- 
myces marxianus CDBB-L-278 is an inulinase hyperproducing 
strain.  It was able to grow in a medium containing inulin as 
the unique carbon source in the presence of 2-deoxyglucose.  
It produced up to 3.3 times the activity of the control strain K. 
marxianus NCYC-1429 in an inulin medium, and 3.6 times in a 
medium with glycerol as the sole carbon source.  

Production of extracellular inulinase during growth of 
seven yeast strains was studied by Al-Dagal and Bazaraa 
(1998). Strains of Kluyveromyces marxians NRRL  2415  and  
ATCC 8601 synthesized extracellular inulinase in sufficient 
amounts to allow further study of enzyme properties.  

Wei et al.  (1998) used the response surface method 
(RSM) to optimize the medium for the production of inulinase 
by Kluyveromyces sp. Y-85. Analyses of the quadratic surfaces 
showed that in a 24-h fermentation at 30oC, the maximum 
inulinase activity 59.5U/ml appeared at extract of Jerusalem 
artichoke, urea, beef extract, corn steep liquor concen- 
trations.  

Uzunova et al. (2002) immobilized Growing cells of 
thermophilic Bacillus sp. 11, producer of a thermostable exo-
inulinase, on formaldehyde-activated polysulphone membr- 
anes. The biocatalysts obtained showed 1.5–2 fold higher 
enzyme yields (inulinase and invertase activities) than those of 
free cells.   

Vranesci et al (2002) optimized the process of 
Kluyveromyces marxianus var. bulgaricus inulinase production 
by experimental design method. pH value of the cultivation 
medium showed to be the most significant variable and it 
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should be maintained at optimum value of 3.6.   
Singh et al. (2006) used roots  of  Asparagus racemosus 

as a source of inulin for the production of inulinase from 
Kluyveromyces marxianus YS-1. Root extract prepared for 10 
min showed the maximum production of inulinase, with 
Inulinase yield of 40.5 IU/mL. 

Singh et al. (2007) used  a  newly  isolated  strain  of  
Kluyveromyces marxianus YS-1 for the production of extra 
cellular inulinase in a medium containing inulin, meat 
extract, CaCl2 and sodium dodecyl sulphate (SDS).  

Sheng et al. (2007) identified the marine yeast strain 
G7a as Cryptococcus aureus. High level of (endo)-inulinase 
activity was produced by this yeast. They optimize the 
conditions for inulinase production by this marine yeast. Under 
the optimal conditions, over 85.0 U/ml of inulinase activity 
was produced within 42 h of the fermentation at shake flask 
level. 

Singh and Bhermi (2008) used root tubers of 
Asparagus officinalis as  a  source  of  raw  inulin  for  the  
production of exoinulinase (EC 3.2.1.7) from Kluyverom-yces 
marxianus YS-1. Root extract prepared at 10 kg/cm2 pressure 
for 10 min showed maximum inulinase production.  Inulinase 
yield was 40.2 IU/mL. 

In order to isolate inulinase overproducers from the 
marine yeast Pichia guilliermondii, its cells were treated by 
using UV light and LiCl. The mutant M-30 with enhanced 
inulinase production was obtained and was found to be stable 
after cultivation for 20 generations. Response surface 
methodology (RSM) was used to optimize the medium 



Literature Review 
 

 32 

compositions and cultivation conditions for inulinase 
production by the mutant M-30 in liquid fermentation. Inulin, 
yeast extract, NaCl, temperature, pH for maximum inulinase 
production by the mutant M-30 were found to be 20.0 g/l, 5.0 
g/l, 20.0 g/l, 28 C and 6.5, respectively. Under the optimized 
conditions, 127.7 U/ml of inulinase activity was reached in the 
liquid culture of the mutant M-30 whereas the predicted 
maximum inulinase activity of 129.8 U/ml was derived from 
RSM  regression.  Under  the  same  conditions,  its  parent  strain  
only produced 48.1 U/ml of inulinase activity. This is the 
highest inulinase activity produced by the yeast strains 
reported so far. We also found that inulin could be actively 
converted into monosaccharides by the crude inulinase (Yu et 
al., 2009).  

2.5. Effect of natural oils on enzymes production: 

The favorable effect of natural oils on growth and 
product formation can not be ascribed entirely on the 
antifoaming activity. Since natural oils are metabolizable, the 
resulting product from their hydrolysis is a mixture of fatty 
acids.  Thus,  the  drift  towards  acidic  pH,  during  the  course  of  
the fermentation is due to the release of fatty acids from 
natural oils. Among these, linoleic and oleic acids have been 
proven to have significant effects on the membrane 
permeability of microorganisms Fadel and El-Batal, 2000).  
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2.6. Effect of surfactants on enzymes production: 

Surfactants have been reported to affect the growth rate 
and enzyme production of many fungi among the possible 
mechanism by which detergents enhance extracelleular 
enzyme production increase in cell permeability, change in 
lipid metabolism, and stimulation of the release of enzymes as 
reported by Fadel and El-Batal, 2000.  

Singh et al. (2006) reported that an increase in 
inulinase production from 29.6 to 32.2 IU/mL has been 
observed on addition of sodium dodecyle sulphate (SDS) in 
fermentation medium. Furthermore, the enzyme production 
was increased to 36.4 IU/mL with the increase in SDS 
concentration up to 0.4 mM (milli mole). Above this 
concentration, SDS has shown an inhibitory effect on enzyme 
production which may be due to the solubilization of 
membrane bound proteins and phospholipids. 

Polymeric surfactants are commonly used to obtain high 
colloidal stability because of strong steric repulsions between 
the stabilizing chains. Generally, polymeric surfactants adsorb 
strongly at interfaces, due to multipoint attachments of the 
polymer chains to the surfaces (Nestor et al., 2008).  

Generally surfactants increase the permeability of the 
cell membrane by decreasing their phospho-lipid content.  To 
study the effect of surfactants on inulinase submerged 
production from K. marxianus YS-1, different surfactants were 
supplemented in the medium at a concentration of 0.002%. An 
increase in enzyme production from 31.5 IU/mL (International 
Unit per milliliter) to 35.6 IU/mL was observed on addition of 
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sodium dodecyl sulfate (SDS). Tween-60 has shown no 
significant effect, whereas Tween-20, Tween-80, Triton X-100 
and Brij-35 showed a negative impact when added into the 
fermentation medium. Further, concentration of SDS was 
studied and 0.001% SDS was found most effective for the 
inulinase activity (36.9 IU/mL). At higher concentration 
beyond 0.002% SDS has shown an inhibitory effect. At lower 
concentration, SDS may have increased the permeability of 
cell membrane and easy release of enzyme into the medium. 
On the other hand, higher concentration may have resulted in 
denaturation of the enzyme consequently lowering the enzyme 
activity (Singh and Bhermi, 2008). 

2.7 Effect of different gamma irradiation doses on inulinase 
production:  

Gamma radiation consists of very high energy photons 
that interact mainly with individual electrons of a matreial 
being irradiated.  The interaction occurs very rapidly, as it 
takes only about 10-18 seconds for photon to traverse an atom.  
The interaction can transfer an impulse that removes an 
electron from an atom or molecule (causing ionization) or can 
transfer a lesser quantity of energy, producing “excited” 
centers in atoms or molecules.  The subsequent dispersion of 
energy in such events gives rise to many possible ionic and 
radical reactions and a wide variety of possible products 
(Jardim et al., 1999). 

The units of radiation are gray or rad. Gray (Gy)  is  a  
unit of absorbed dose of ionizing radiation.  The dose is 1 Gray 
when the density of the total energy absorbed, in any medium 
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from any type of ionizing radiation, is 1 Joule/kg.  The dose 
can be expected to vary from point to point within the 
irradiated object. While rad is a unit of absorbed dose of 
ionizing radiation and equivalent to 0.01 Gray. The value of 
absorbed dose depends on both the photon energy of the beam 
and on the type of absorbing medium.  

Gamma-irradiation technology has been used in 
radiation therapy, sterilization of drugs, processing foods to 
improve microbial safety; for preservation purposes and to 
enhance the shelf life of edible foods, and crosslinking, 
grafting,  and  polymerization  of  gels  and  polymers  as  well  as  
for enzyme immobilization and activation (Ferreira et al., 
1998; Adaime et al., 1999; Orlova et al., 2000; Arévalo-
Galarza et al., 2002; Beaulieu et al., 2002; Byun et al., 2002; 
Byun et al., 2004; Atia and El-Batal, 2005; El-Batal et al., 
2005; Jo et al., 2005; Lu et al., 2005). 

Ionizing radiation can have three types of biological 
effect: perturbation of cellular regulation, mutation, or cell 
death. The effect of radiation on biological systems is 
proceeded by direct and indirect mechanisms. Although, both 
of  them  can  result  in  the  same  kind  of  damage,  to  a  target  
molecule. Direct action involves absorption of radiation energy 
by a target molecule, such as DNA. The absorbed energy is 
sufficient to cause the ejection of an electron from an atom of 
the target molecule (hence the term ionizing radiation), leaving 
the target molecule with an unpaired electron: that is, 
converting it into a free radical. However, indirect action 
involves the absorption of radiation energy by a molecule 
(such  as  H2O) other than the target molecule, and subsequent 
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transfer of the energy to the target molecules by reaction of 
radiolytically produced non-target free radical with the target 
molecule.  In either case, the result is a target molecule free 
radical. Subsequent reactions of the target molecule free 
radical can result in permanent chemical alteration, leading to 
a biological consequence (Sato et al., 1993).    

The most important prerequisite for industrial 
production of microbial enzymes is the isolation of enzyme 
hyperproductive mutants which were obtained by subjecting 
parental strains and the subsequent highest yielding mutant, 
after each exposure, to successive mutagenic treatments (Ito et 
al., 1991). The use of gamma irradiation technique as a 
mutagenic factor in the improvement of the enzyme production 
by microorgan-isms is well established.  

Gamma radiation acts on biological system by altering 
the molecules of which, it is composed and also cause a 
definite increase in cell permeability. Therefore, gamma rays 
induced mutagenesis yielded a stable and viable enhanced 
isolate for hyper production of enzymes, which exhibit good 
stability in the enzyme activity under sequentially repeated 
subculture conditions. This enhancement may be due to either 
to an increase in the gene copy number (enzyme mutant in the 
structure gene) or to improvement in the gene expression 
(regulatory mutant with increase production without feedback 
inhibition) or both (El-Batal and Khalaf, 2003). 
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2.8 Effect of metal ions on inulinase activity:  

The effect of various metal ions on inulinase activity 
was investigated. Only MgCl2, CoCl2 and MnCl2 positively 
modulated inulinase activity, whereas the inhibitory effect of 
KCl, NH4Cl2 NaCl and CaCl2 was marginal. The HgCl2, which 
is  known  to  affect  thiol  groups  and  FeCl2 completely, 
abolished the inulinase activity. The strong inhibitory effect 
observed with Hg2+ suggested that some -SH-group in the 
protein might be essential for the activity. This has been earlier 
observed for other microbial inulinases also (Kochhar et al., 
1997; Sharma et al., 2006). Ohta et al. (2002) reported 
stimulation of the inulinase activity by Mn2+ and  Ca2+ and 
completely inactivation by Hg2+. On the other hand, Mg2+ and 
Zn2+ did not influence the enzyme activity. 
Saber, W.I.A. and N.E. El-Naggar, 2009.  Optimization  of  
fermentation conditions for the biosynthesis of inulinase by the 
new source; Aspergillus tamarii and hydrolysis of some inulin 
containing agro-wastes.  
3. Immobilization of inulinase: 

The immobilized enzyme is defined as the enzyme 
physically confined or localized in a certain defined region of 
space with retention of its catalytic activity, which can be used 
repeatedly and continuously (Krajewska, 2004).  

The use of immobilized enzymes presents a number of 
technological advantages such as the possibility of reusing the 
biocatalyst and its easy separation from the reaction mixture 
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(Durán et al., 2002; Garc a-Junceda et al., 2004; Kraje- 
wska, 2004). 

The term immobilization is applicable not only to 
enzymes but also to cellular organelles, microbial cells, plant 
cells, animal cells and all types of biocatalysts (Tanaka and 
Kawamoto, 1999; Krajewska, 2004).  

Enzyme immobilization is used as a synonym of enzyme 
stabilization. For a true stabilization of the enzyme it is 
necessary to stabilize the three-dimensional structure of the 
protein. This effect is only possible to be achieved with those 
immobilization methods that increase the rigidity of the protein 
(Durán et al., 2002; Garc a-Junceda et al., 2004). 

3.1 Immoblization techniques: 

Several techniques may be applied to immobilize 
enzymes on solid supports. They are mainly based on chemical 
and physical mechanisms. There are five principal methods for 
immobilization of enzymes and cells, adsorption, covalent 
binding, entrapment, encapsul-ation, and cross-linking (Fig.3) 
(Faber,1997; Krajewska, 2004). 
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Fig. (3) Principal methods of immobilization. 
The properties of immobilized enzymes are governed by the properties of both the enzyme 

and the support material.  The interaction between them lends an immobilized enzyme specific physico-
chemical and kinetic properties that may be decisive for its practical application, and thus, a support 
judiciously chosen can significantly enhance the operational performance of the immobilized system.  
Although it is recognized that there is no universal support for all enzymes and their applications, a 
number of desirable characteristics should be common to any material considered for immobilizing 
enzymes. These include: high affinity to proteins, availability of reactive functional groups for direct 
reactions with enzymes and for chemical modifications, hydrophilicity, mechanical stability and 
rigidity, regenera-bility, and ease of preparation in different geometrical configurations that provide the 
system with permeability and surface area suitable for a chosen biotransformation. For food, 
pharmaceutical, medical, and agricultural applications, non-toxicity, and biocompatibility of the 
materials are also required.  Furthermore, to respond to the growing public health and environmental 
awareness, the materials should be biodegradable, and to prove economical inexpensive   (Krajewska, 
2004). 
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The immobilization process choice for a given enzyme 
depends on the process essential factors, such as the substrate 
used, types of reactions and the reactor configurations, 
demanding an adequate project to attend to the reaction needs.  
One of the main factors is the selection of an adequate support 
for the enzyme fixation. Thus the chosen method must attend 
two necessities, the catalytic, expressed in productivity, 
efficiency, stability and selectivity and the non-catalytic, which 
is control related and down-streaming process (Cao 2005; 
Marquez et al., 2007). 

In the late 1970s, inulinase enzymes started to be 
immobilized for use in continuous systems. One of the first 
works on inulinase immobilization was by Nahm et al.  
(1979), who immobilized inulinases from K. fragilis on Tygon 
tubes by silanation in chloroform with 10% glutaraldehyde. 
Since then the enhanced properties of immobilized inulinases 
have been appreciated and many works have followed. Of 
course, immobilized enzymes differ from native ones as far as 
their activity, stability and kinetic properties are concerned. 

There are reports on characterization of immobile-ized 
inulinases obtained from various fungal, yeast, and bacterial 
sources.  Kim and Rhee (1989) characterized the immobilized 
inulinase from A. ficuum. The immobilized enzyme exhibited 
23% of initial  enzyme activity and was best  active at  pH 4.5.  
Gupta et al. (1994)  immobilized K. fragilis inulinase using 
the metal link chelation method on cellulose.  Only 40% of 
inulinase could be immobilized, which showed a half-life of 5 
d at 25oC.   Baron et al. (1996) studied immobilization of a 
fungal inulinase-I and bacterial inulinase-II using controlled-



Literature Review 
 

 41 

pore silica. Immobilized enzymes showed a different pattern of 
inulin monomerization as well as different pH and temperature 
optima. 

In the literature, several biochemical reactors have been 
described for the hydrolysis of inulin to fructose.  Reactions 
carried out by immobilized enzymes seem to be more 
attractive for process proposals and many works are present in 
the literature. Some authors reported on immobilized 
inulinases used in batch reactors (BR) while others evaluated 
the performances of continuous reactors packed with 
immobilized inulinases on different supports (Gupta et al., 
1992; Rhee and Kim, 1989; Wenling et al., 1999; 
Nakamura et al., 1995; Uhm et al., 1982). Kochhar et al.  
(1999) found that a 1 g preparation of cellulose immobilized 
inulinase from Aspergillus candidus hydrolyzed 89% of 10 ml 
of 1% inulin in 6 h at 37 C.  

Gupta et al. (1992) made a comparison among 
inulinases immobilized on different supports. They 
immobilized inulinase from Fusarium oxysporum on soybean, 
mungbean and hen egg white derivatives and on DEAE 
cellulose; DEAE-cellulose proved to be the best support in 
terms of inulinase activity retention (40%).  On the other hand, 
temperature optimal values were higher for soybean and 
mungbean derivatives (45 C) than for DEAE-cellulose (37 C, 
the same as native enzyme). Optimum pH was also dependent 
on  the  support  used,  while  for  native  enzyme  it  was  equal  to  
6.2. DEAE-cellulose was the support that gave the best thermal 
stability (half-life of 45 min at 50 C). 
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Kochhar et al. (1999) made a similar work comparing 
inulinase from Aspergillus candidus immobilized on chitin, 
casein and cellulose. Using cellulose as support gave a 
maximal immobilization yield (45.8%) and the best thermal 
stability (after 1 h heating at 55 C immobilized inulinase 
retained 76% of its activity), while temperature optimal values 
were equal for the three cases (55 C) and higher than that of 
free enzyme (45 C).  

Kaur et al. (1994) proved that the same enzyme was 
more resistant to heat when immobilized on cellulose than in 
its free state after purification, while the crude preparation was 
the most stable of all. 

Uhm et al. (1982) immobilized inulinase from K. 
fragilis on aminoethylcellulose with an optimal glutaraldehyde 
concentration  of  2%.  Optimum  pH  was  5.5,  the  same  as  for  
free enzyme, while optimum temperature (45 C) was 
anomalously lower than that observed for native inulinase 
(55 C). The authors evaluated immobilized enzyme 
deactivation in a 7% inulin solution and noted that no loss of 
activity occurred within the first 4 days; after this period of 
time a first order deactivation kinetic was observed with a 
deactivation constant, Kd, equal to 0.05 days 1. 

Gill et al.  (2006) performed Packed Bed Reactor tests 
with an exoinulinase from Aspergillus fumigatus immobilized 
on chitin, QAE Sephadex and ConA linked-amino activated 
silica beads at 60 C, 2.5% inulin concentration, for 50 days, 
observing 35-, 22-, 45-day half lives and 2.7, 2.3, 3.4 g/(L.h) 
productivities, respectively.  

 



Literature Review 
 

 43 

Another experience on a packed column was reported by 
Gupta et al. (1992). 

Wenling et al. (1999) immobilized inulinase from 
Kluyveromyces sp. Y-85 on polystyrene beads; they added 0.5 
g beads to different amounts of an enzyme solution of 50 U/ml 
and found that the optimal enzyme solution amount was 10 ml. 
Glutaraldehyde concentration was optimal at 0.03%. Optimum 
temperature and pH were 55 C and 5.0, respectively, higher 
than those of the free enzyme (50 C and 4.5).  Immobilization 
did not seem to bring any stability enhancement with respect to 
changes of pH, while improved enzyme thermal stability, 
activity retained being equal to 95% and 67% for immobilized 
and native enzyme, respectively (in both cases incubation was 
carried out for 24 h, at 50 C and pH = 5.0). 

A 4.5% (w/v) inulin solution was completely hydrol- 
yzed; the reactor packed with those beads and fed at a flow 
rate of 30 ml/h showed a half-life of 32 days.  

Factorial design and surface response methodology were 
also used to determine optimal operating conditions for the 
commercial inulinase Fructozyme LTM immobilized onto 
Amberlite; values of optimum pH 5.5 and temperature 50 C 
were found experimentally and accurately predicted by the 
model proposed, but it revealed a significant loss of activity 
even after the first usage. (Rocha et al., 2006). 

A shell-tube configuration membrane bioreactor with 
immobilized enzymes has recently been tested, showing that 
50% activity was retained after five reaction cycles of 5 h 
each. Best performances were obtained with shell-side 
immobilization, while fiber diameter was found crucial to 
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prevent clogging. However, as the authors pointed out, further 
improvement of the immobilization technique should be made 
in order for the membrane reactor to gain industrial importance 
(Diaz et al., 2006).  

4. Kinetic properties of inulinase: 

Kinetic properties of inulinases coming from different 
microorganisms are reported in the literature: 

A point outlined by some authors (Derycke and  
Vandamme, 1984) is fundamental in this context: different 
inulin degree of polymerization and its variation during the 
reaction progress do not allow a precise estimation of the 
kinetic parameters and, in general, prevent inulinase kinetics 
from being described by a Michaelis-Menten type rate 
equation (Michaelis and Menten, 1913). 

A complete kinetic study was conducted by Focher          
et al. (1991) on inulinase from A. ficuum; they found the 
dependence of rate coefficient (k2) and Michaelis constant 
(Km) with respect to temperature and gave it under an 
analytical form. They found a Michaelis-Menten behavior for 
both inulin and sucrose hydrolysis activity. Other authors 
evaluated some kinetic parameters of different strains’ 
inulinases, but only at one temperature; observed values in 
terms of Km and k2. 

Azhari et al. (1989) pointed out the necessity to express 
kinetic parameters of exo- and endo-inulinase on a different 
basis; for endo-inulinase separated from Novozym 230TM 
they found Km =570 mM and maximum velocity (Vmax) = 8.3 
mM/min, both referring to glycosidic bonds, while for the exo-
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inulinase from the same preparation they found Km= 60 mM 
and Vmax= 3.3 mM/ min referring to inulin chain ends. 

5. Characterization of inulinase enzyme: 

Many works in the literature deal with the effects of 
temperature and pH on inulinase activity and stability. It is 
certain that the response of the enzyme to these variables 
depends mainly on the strain used as a source for enzyme 
production. The results of these researchers are usually 
expressed  in  terms  of  optimal  values  of  temperature  and  pH  
within specified ranges. (Ricca et al., 2007). 

5.1. Effect of Temperature: 

According to Zhou and Chen (2001) the temperature 
acts on the enzymatic activity in the same way as an enzymatic 
catalyst up to its optimum value, above which the activity 
decrease due to the denaturation.  

The activity of inulinase was determined at temperature 
range between 45 and 65oC in acetate buffer (pH5.5). Inulinase 
of Streptomyces sp. GNDU1 showed maximum activity at 
60oC is higher than 45–55oC reported for other microbial 
inulinases (Vandamme and Derycke, 1983).  

The fact of the inulinase to be a stable enzyme under 
high temperatures, it is an interesting factor from the industrial 
point of view (Ettalibi & Baratti, 2001; Cazetta et al., 2005). 
Wenling et al.  (1999) obtained an optimum temperature of 50 
ºC for free inulinase and 55 ºC for immobilized inulinase from 
K. marxianus Y-85. 

  



Literature Review 
 

 46 

Kushi et al. (2000) and Cazetta et al. (2005) respect- 
tively reported optimum temperatures of 55ºC and 60ºC for the 
free inulinase from K. marxianus var. bulgaricus.  

The  same  was  observed  by  Pessoa and Vitolo (1999), 
who obtained the maximum inulinase activities at 50 and 60oC.  

Inulinase of Streptomyces sp. showed maximum activity 
at 70oC (Sharma and  Gill, 2007). Which was higher than 45–
55oC reported for other microbial inulinases (Vandamme & 
Derycke, 1983). 

Catana co-workers (2007) observed a decrease in the 
optimum temperature of the immobilized inulinase as 
compared with the free form, an effect that is probably the 
outcome of changes in physical and chemical properties of the 
enzyme due to immobilization. 

The maximum activity of immobilized inulinases from 
F. oxysporum, A. niger, A. candidus, A. fumigatus and A. 
ficuum was observed at 45, 50, 55, 60 and 70ºC, respectively 
(De Paula et al., 2008) 

On the other hand, for submerged fermentation, Kango 
(2008) reported optimum temperature for A. niger NK-126 
inulinase was 50oC in media containing dandelion tap root 
extract. Inulinase preparations from other A. niger strains have 
also been shown to have temperature optima in the range of 
45–60 oC (Vandamme and Derycke, 1983; Derycke & 
Vandamme, 1984). 
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5.2. Thermal stability of inulinase enzyme: 

An effective biocatalyst system must combine high 
catalytic activity and high thermal stability, parameters that are 
often at their best at different temperatures (Catana et al., 
2007). 

The feasibility of biotransformation processes is largely 
dependent on the maintenance of biocatalytic activity over 
time. Thermal deactivation of biocatalyst is one of the major 
causes for activity decay, thus the evaluation of thermal 
stability of the biocatalyst is a key issue for the effective 
characterization of a bioconversion system. Incubation of the 
free enzyme above 50oC led to a rather  swift  loss of  catalytic  
activity, which is typical of most enzymes, whereas a marked 
enhancement of thermal stability was achieved with enzyme 
immobilization(Price & Stevens, 1988; Catana et al. , 2007).  

The availability of thermostable inulinases is a 
prerequisite for production of fructose and inulooligosac-
charides by enzymatic hydrolysis of inulin.  Although the 
inulinases produced, in particular by the fungi. A. fumigatus, A. 
niger, S. acidophilum and A. ficuum, and by the bacterium T. 
maritima are highly thermostable, further studies are required 
before their potential can be exploited at the industrial level 
(Singh and Gill, 2006). 

Enhancement of thermal stability, due to immobile-
izeation, has been reported for inulinases, since no activity 
decay was observed after one hour’s exposure up to 60oC 
(Kim et al., 1982; Bajpal and Margaritis, 1985; Wenling et 
al., 1999).  
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Half-lives of both free and immobilized biocatalyst were 
estimated where it is shown that immobilization enhances the 
half-life of the biocatalyst as much as (roughly) 6-fold 
(depending on the temperature) as compared to the free form 
(Cardoso & Emery, 1978). 

Gupta et al. (1992) reported a half-life of 45 min for 
inulinases of Fusarium oxysporum immobilized in DEAE-
cellulose at 50oC 

On the other hand in the same year, Ettalibi and 
Baratti (1992) estimated  a  half  life  of  17.9  days  for  porous  
glass immobilized inulinases in the presence of a 5% (w/v) 
inulin solution 

The inulinase of Streptomyces sp. did not show any 
significant loss of activity after 6 h and it retained about 75% 
activity after 12 h at 70oC.  However, prolonged incubation at 
70oC resulted in a gradual loss of activity, but it still retained 
20% activity even after 72h. Incubation of inulinase at 80oC 
resulted in rapid loss of activity (50%) in the initial 3h, after 
which the enzyme showed about 10% activity up to 72h 
(Sharma and Gill, 2007).  The thermostability of inulinase of 
Streptomyces sp. was higher than the inulinase from A. ficuum 
and Scytalidium acidophilum (Kim et al., 1994) which have 
been reported as the most thermostable inulinases and maintain 
about 74% and 95% activities, respectively, after 6 h of 
incubation at 60oC. So overall, this lower pH and high 
temperature offers advantageous for industrial fructose syrup 
production, as all these conditions prevent microbial 
contamination and undesired color formation (Vandamme & 
Derycke, 1983).  
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Gill et al. (2006) reported a higher thermal stability, 
with  residual  activity  of  70%  after  48h  at  55ºC,  for  the  
immobilized enzyme from A. fumigatus. The immobilized 
inulinase from K. marxianus retained 70% enzyme activity for 
140 min at 60ºC (Bajpai & Margaritis, 1987). These data 
showed better values when compared with the immobilized 
enzyme from A. ficuum, which lost 50% activity after 
incubation for 60 min at 62ºC (Ettalibi & Baratti, 2001), and 
the immobilized enzyme from F. oxysporum, which retained 
50% activity after 45 min at 50ºC (Gupta et al. , 1992).  

Kim et al.  (1982) evidenced the stabilizing effect of the 
substrate, since no activity decay was observed after 4h at 
50oC when inulinase immobilized on aminoeth-ylcellulose was 
incubated in the presence of a 7% (w/v) inulin solution in 
acetate buffer, while a half-life of 13.9 days was estimated for 
this immobilized enzyme in the presence of a 7% (w/v) inulin 
solution. 

5.3 Effect of pH on inulinase activity: 
pH is a key factor affecting the enzyme activity, shifting 

the pH to the alkaline or acidic range from the optimum one, 
can induce protein inactivation, due to partial and reversible 
denaturation. A central factor at basic pH’s is the ionization 
and exposure of cystidyl residues. At alkaline pH’s, protein 
tendency to unfold arises from the ionization of amino acids 
such as tyrosine, as well as the disulfide bridge instability. 
Irreversible inactivation usually take place during prolonged 
periods of incubation at extreme pH’s, and may result from 
conformational mechanisms, and covalent processes. 
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Aggregation and protein molecule scrambling are the main 
conformational modes encountered. Covalent inactivation 
often occurs when proteins are simultan-eously exposed to 
extreme pH’s and heating at elevated temperatures. Disulfide 
bridge  destruction  by  -elimination, racemization,                     

-isomerization of asparaginly/ aspartyl residues (glutaminyl / 
glutamyl residues),deamidation of asparagines (or glutamines), 
and the partial hydrolysis of peptide bonds can proceed at 
alkaline, neutral and acidic pH’s, as described in the prior 
section. Peptide bond hydrolysis with release of aspartic acid 
occurs at acidic pH’s  (Drevon, 2002).   

The microbial inulinases are described as stable and 
active between pH 3.5 and 6.5 (Zittan, 1981). The pH optima 
of 4.0 and 4.75 were reported for free inulinase from K. 
marxianus var. bulgaricus by Cazetta et al.  (2005) and 
Kushi et al. (2000), respectively. The maximum inulinase 
activity from Kluyveromyces sp. Y-85 was observed at pH 4.5 
(Wenling et al. , 1999). Pessoa & Vitolo (1999) described a 
high inulinase activity between pH 3.2 and 5.0. The 
immobilized inulinases from Fusarium oxysporum, Aspergillus 
fumigatus, A.niger, A. candidus, A.versicolor and A.ficuum 
showed pH optima of 5.5, 5.5, 5.2, 5.5, 5.0 and 5.0, 
respectively (Gupta et al., 1992; Gill et al., 2006; Kochhar, 
1998; Nakamura et al., 1995; Kochhar, 1999; Ettalibi & 
Baratti, 2001).   

On the other hand inulinase of Streptomyces sp. showed 
maximum activity at pH 6.0 (Sharma et al., 2006; Sharma 
and Gill, 2007). 
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pH optimum of 6.0 is in agreement with the general 
range of many microbial sources reported so far: A. niger (4.4) 
(Derycke & Vandamme, 1984), A. versicolor (5.5) (Kochhar 
et al., 1997), Penicillium janczewskii (4.8–5.0) (Pessoni et al., 
1999) and Acetobacter diazotropicus SRT4 (5.5) (Tambara et 
al., 1999). 

Pandey et al. (1999) noted that fungal inulinases 
exhibited an optimum pH between 4.5 and 7.0, yeast inulinases 
between 4.4 and 6.5 and bacterial inulinases between 4.8 and 
7.0. Optimal temperature values were generally higher for 
bacteria and yeasts than for fungi.  Information about the 
shapes of the curves of activity vs. temperature and pH, rather 
than only optimal values, is also very important from an 
industrial point of view, since large ranges mean great 
flexibility in operating conditions.   

Cazetta et al. (2005) characterized an inulinase 
produced by K. marxianus var. bulgaricus and found the 
optimal pH of 3.5. 
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II. Materials and Methods: 

1. Materials: 

1.1 Microorganism: 

Twenty identified fungal strains locally isolated from 
different sources obtained from the Pharmaceutical 
Microbiology Lab, Drug Radiation Research Dept. NCRRT, 
were tested for their ability to produce inulinase/ invertase 
enzymes. The stock cultures were subcultured overnight and 
stored at 4°C for short term preservation. 

1. 2. Media: 

1.2.2 Media For preservation and spore suspension: 
(MYSA agar) 

Malt 0.3%, Yeast 0.3%, Peptone 0.5%, Sucrose 3.0% 
and Agar 2% pH 6.8 

1.2.3 Agro-industrial wastes and plant residues: 

Some agricultural byproducts, obtained from local 
sources, were used as the main components of the solid-growth 
medium.  They were: wheat bran, onion, oat, copra wastes, 
corn, garlic, sugar cane bagasse, corn cops, corn stalks, beet 
pulp, barley, soyabean, radecil and corn steep liquor.  

Dahlia was purchased from the local market. Artichoke 
was gained from the faculty of Agriculture Ain Shams 
University.  Inulin & other reagents were purchased from 
Sigma chemicals. 
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1.2.4 Acidified mineral solution: 

Substrates were supplemented with the acidified mineral 
solution (pH 4.9) containing 3.5g KH2PO4, 0.5g MgSO4. 
7H2O,  2.8  mg  MnSO4. 7H2O, 8.7mg FeSO4.7H2O, 2.5mg 
ZnSO4.7H2O  &  3.5  mg  CaCL3 for 100 g dry substrate. 
(Selvakumar and Pandey 1999) 

2. Methods: 

2.1 Inoculum preparation: 

The fungi were subcultured on plates of MYSA medium 
and incubated at 30°C for 5 days. Resulted spores were 
suspended in sterile distilled water (containing 0.1% Tween 
80) approximate 3-4 × 107 spore/ml as determined by the 
haemocytometer. One ml spore suspension was transferred to 
250ml Erlenmeyer flask containing 10 gm of agro-industrial 
wastes.  

2.2. Fermentation technique under solid state fermentation 
(SSF): 

Wheat bran, Dahlia tubers, Asparagus, Onion, Oat,… 
(table 3.5) 2-3 mm particle size was moistened with acidified 
solution (pH 4.9) and moisture content adjusted at 66% in 250 
ml Erlenmeyer flask. The flasks were autoclaved at 121°C for 
30 min cooled to room temperature. Screening of different 
fungal strains for inulinase/invertase was carried out after  
inoculation with 1ml spore suspension (3-4× 107 spore/ml) of 
different fungal strains. The cultures were incubated at 30°C 
for 72 hours in slanting position for inulinase/ invertase 
enzyme production. 
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2.3. Extraction of inulin from Jerusalem artichoke: 

Flour was obtained by drying comminuted roots at a 
temperature not exceeding 70°C. Dried material with 95% dry 
matter content was disintegrated to particles with the size 
smaller than 0.4 mm. a total of 500 gm of Jerusalem artichoke 
tuber powder were mixed with 2 liters water and heated at 
100°C for 40 min. After straining through cheese cloth, the 
filterate solutions were centrifuged for purification. Inulin was 
precipitated after incubation at 4C for 24 hour. The residual 
filterate after centrifugation was concentrated and after cooling 
reprecipitated by ethanol. The collected solids were dried          
at 50°C. 

2.4. Enzyme assay: 

Inulinase and invertase activities were assayed by 
measuring reducing sugars released by inulin or sucrose, 
respectively using DNS (3,5-dinitrosalicylic acid) method. The 
reaction mixture consisting of 0.1 ml enzyme sample and 0.9 
ml sodium acetate buffer (0.1 M, pH = 4.5) containing 1.0% 
inulin or sucrose was incubated at 55ºC for 10 min.  Then 1 ml 
of DNS is added.  The reaction mixture was then kept in a 
boiling water bath for 10 min.   

The samples were allowed to cool and their absorbance 
was read at  540 nm.  One unit of inulinase or invertase was 
defined as the amount of enzyme which produced 1 µmol of 
fructose or glucose equivalents under the assay conditions       
(55 °C, pH 4.5) (Selvakumar and Pandey, 1999). 
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Protein determination: 
Protein content was determined as described by (Lowry 

et al, 1951) using bovine serum albumin as standard. 

2.5. Factors affecting enzyme production under SSF: 

2.5.1. Effect of moistening agent, initial pH of the medium, 
and moisture content on efficiency of inulinase/ 
invertase production by P. chrysogenum: 

To optimize the wheat bran medium, the effect of 
various moistening agents at 66% moisture level at different 
pH values: Acidified mineral solution (pH 4.9), distilled water 
(pH 6.7), tap water pH 7.3, Acetate buffer (0.1M) pH 4, 4.5, 5, 
5.5. and phosphate buffer (0.1 M) pH 6, 6.5,7, 7.5, 8 were 
investigated. 

2.5.2.  Effect  of  pH  value  of  the  extracting  solvent  (dist.  
Water) on inulinase/invertase recovery from fermented 
P. chrysogenum – wheat bran. 

Distilled water was used as extraction solvent and the 
pH  of  the  medium  was  adjusted  to  different  pH  in  the  range  
from (4.0- 8.5) to determine the suitable extracting pH value. 

2.5.3. Effect of some agroindustrial byproducts as carbon 
source on inulinase/invertase production by P. 
chrysogenum: 

The effect of different agroindustrial residues which are 
rich in inulin content, were used as a carbon source, as a single 
component in the media: Wheat Bran, Dahlia tubers, 
Asparagus, Onion, Oat, Jerusalem artichoke, Copra wastes, 
Corn flour, Garlic, sugarcane bagasse, corn stalks, soybean 
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meal, sugar beet pulp and Radicle. Combination of different 
concentrations of wheat bran with Jerusalem artichoke, were 
also studied for maximum inulinase production by Penicillium 
chrysogenum. 

2.5.4. Effect of Organic nitrogen source on inulinase/ 
invertase enzymes production by P. chrysogenum. 

To enhance the enzyme production, different organic 
nitrogen sources were added to the medium to determine their 
effect on inulinase production by P. chrysogenium. Organic 
nitrogen sources (0.4% nitrogen content) included; Peptone, 
Yeast extract, Casein, Malt extract, Urea, Soybean meal, 
Trypton, Meat extract and Corn steep liquor.   

2.5.5. Effect of Inorganic nitrogen sources on inulinase/ 
invertase enzymes production by P. chrysogenum. 

The effects of different inorganic nitrogen sources 
included (0.4% nitrogen content) of (NH4)2HPO4 ,(NH4)H2PO4, 
(NH4)2SO4, NH4Cl, NH4NO3, NaNO3,KNO3 and (CaNO3)2 
were investigated. 

2.5.6. Effect of some natural oils on inulinase/invertase 
production using P. chrysogenum. 

Some natural oils (0.1% w/w): Corn oil, olive oil, cotton 
seed oil, soybean oil, linseed oil, sunflower oil and palm oil 
(olean) were sterilized individually, then added to the 
fermentation flasks to investigate their effect on inulinase 
production from P. chrysogenium.  (Fadel and El Batal, 
2000).  
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2.5.7. Effect of some surfactants on inulinase/invertase 
enzymes production using P. chrysogenum 

The following surfactants: Tween 20, Tween 40, Tween 
60, Tween 80, Triton X 100, CETAB (Cetyl trimethyl 
ammonium bromide), sodium dodecyl sulfate (SDS), Cetyl 
Pyridinium Chloride and Bile Salt were sterilized individually, 
(0.1% w/w) surfactant  was added to the fermentation flasks, to 
investigate their effect on inulinase production from 
P.chrysogenum. 

2.5.8. Effect of different incubation temperatures on 
Inulinase/invertase production using P. chrysogenum 

To obtain the optimum incubation temperature for 
inulinase production from P.chrysogenium, different incub- 
ation temperatures (15-50oC) were applied using Wheat bran: 
Jerusalem artichoke: (4:1=w/w) as a solid medium 
supplemented with acidified mineral solution, pH 4.9, as a 
moisture agent with moisture content 66%, 0.4% nitrogen 
content; CSL as a nitrogen source, incubation time 72 h and 
0.1% (w/w) SDS.     

2.5.9. Effect of metal ions on production of inulinase/ 
invertase production using P.chrysogenum: 

The effect of some salts of different metal ions were 
investigated by addition of 1.0 mM of sterilized (BaSO4, 
ZnSO4, AgNO3, MnCl2, CdSO4, FeCl3, MgSO4 or CaCl2) 
individually to the fermentation media during inulinase 
production from P. chrysogenium. 
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2.5.10. Effect of different incubation periods on inulinase/ 
invertase production by P. chrysogenum: 

The time course for inulinase production was studied for 
7 days (initial pH 4.9, inoculum size 3.6x107 spores/ml, at  
35oC). 

2.5.11. Effect of different inoculum size on inulinase/ 
invertase production by P. chrysogenum: 

The effect of inoculum size on inulinase production was 
carried out by inoculating the fermention medium, with 
different inoculums sizes of spore suspension. The SSF 
medium was inoculated with  9.0 x 106, 1.8 x 107, 3.6 x 107, 
5.4 x 107, 7.2 x 107 spores/ml.  

2.5.12 Effect of different gamma irradiation doses on 
inulinase/  invertase production by P. chrysogenum: 

Treatment with gamma rays was carried out on  
P. chrysogenum spores (1.8 x 107 spores/ml of culture - 7 days 
old). They were suspended in sterile saline solution and 
exposed to increasing doses of gamma irradiation, namely 0.0 
(unirradiated), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0kGy at ambient 
temperature. The process of irradiation was carried out at the 
National Center for Radiation Research and Technology 
(NCRRT). The facility used was Co-60 Gamma chamber 
4000–A – India.  Irradiation was performed using 60Co gamma 
rays at a dose rate 10.28 kGy/h, at the time of the experiment.  

Gamma irradiated P.chrysogenum spore suspensions 
were mixed carefully under strictly aseptic conditions with      
(10 gm) sterile wheat bran and Jerusalem artichoke (4: 1) solid 
medium, supplemented with different nutrients and an 
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acidified mineral solution were set with initial pH 4.9 and 
moisture content 66% in 250 ml conical flasks and then 
incubated at 30oC for 72 h in a static mode. 
Table.(2): Optimization of different parameters affecting 

productivity: 
Constant Parameters Variable parameters 

Wheat bran 66% moisture content+spore 
suspension (3.6x107)incubation temperature 
30°C for 72 hrs 

pH of moistening agent 
(Acidified mineral solution (pH 4.9), 
distilled water (pH 6.7), tap water pH 
7.3, Acetate buffer (0.1M) pH 4, 4.5, 
5, 5.5. and phosphate buffer (0.1 M) 
pH 6, 6.5,7, 7.5, 8 

wheat bran + Acidified mineral solution (pH 
4.9)  + spore suspension(3.6 x 107) incubation 
temperature 30°C for 72 hrs 

Moisture content 
(40,45,50,55,60,66,70,75,80,85,90%) 

wheat bran 66% moisture content + Acidified 
mineral solution (pH 4.9)  + spore suspension 
(3.6 x 107)incubation temperature 30°C  for 
72 hrs 

pH of Extracting solvent 
(pH: 3,4,5,6,7,8) 

66% moisture content+ Acidified mineral 
solution (pH 4.9)  + spore suspension(3.6 x 
107) +distilled water pH 6 (extracting solvent) 
incubation temperature 30°C  for 72 hrs 

Carbon sources 
(wheat bran, Dahlia tubers, 
Asparagus, Onion, Oat, Jerusalem 
artichoke, Garlic, Sugarcane, Corn 
flour, Corn cobs, Corn stalk, Soya-
bean, sugar beet, radical and Wheat 
bran: Jerusalem artichoke in different 
ratio:4:1, 3:2 and1:1) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension(3.6 x 107) 
+distilled water pH 6 (extracting solvent) 
incubation temperature 30°C  for 72 hrs 

Organic Nitrogen sources 0.4% 
(peptone, yeast, casein, malt, urea, 
soybean, Trypton, meat extract, corn 
steep liquor) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension (3.6 x 
107)+distilled water pH 6 (extracting solvent) 
incubation temperature 30°C  for 72 hrs 

Different concentrations of corn 
steep liquor 
0.2, 0.4, 0.6, 0.8 and 1.0% 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension(3.6 x 107) 
+distilled water pH 6 (extracting solvent) 
incubation temperature 30°C  for 72 hrs 

Inorganic Nitrogen sources (0.1M) 
(NH4)2PO4, (NH4)2HPO4, 
(NH4)2SO4, NH4CL, NH4NO3, 
NaNO3, KNO3, Ca(NO3)2 
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Constant Parameters Variable parameters 
Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension (3.6 x 
107)+distilled water pH 6 (extracting solvent 
)+ corn steep liquor 0.4% incubation 
temperature 30°C  for 72 hrs 

Natural Oils 0.1%v/w 
(corn oil, olive oil, cotton seed oil, 
soya-bean oil, linseed oil, sunflower 
oil, palm oil) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension (3.6 x 
107)+distilled water pH 6 (extracting solvent 
)+ corn steep liquor 0.4%+ Corn oil 
incubation temperature 30°C  for 72 hrs 

Surfactants 0.1% 
(Tween 20, tween 40, tween 60, 
tween 80, Triton X100, CETAB, 
SDS, Cetyl pyridinium Chloride, Bile 
salts) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+ Acidified mineral solution 
(pH 4.9)  + spore suspension(3.6 x 107) 
+distilled water pH 6 (extracting solvent )+ 
corn steep liquor 0.4%+ Corn oil + SDS for 
72 hrs 

Incubation Temperature 
(15C, 20C, 25C, 30C, 35C, 40C) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension(3.6 x 107) 
+distilled water pH 6 (extracting solvent )+ 
corn steep liquor 0.4%+ Corn oil + SDS 
incubation temperature 35°C 

Incubation period 
(1,2,3,4,5,6,7 days) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension +distilled water 
pH 6 (extracting solvent ) + corn steep liquor 
0.4%+ Corn oil + SDS incubation temperature 
35°C for 72 hrs 

Inoculum size 
(9 x 106 , 1.8 x 107  , 3.6 x 107,  5.4 x 
107,  7.2 x 107) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension 1.8 x 107 
spores/ml +distilled water pH 6 (extracting 
solvent )+ corn steep liquor 0.4%+ Corn oil + 
SDS incubation temperature 35°C for 72 hrs 

Metal Ions 1.0 mM 
(BaSO4, ZnSO4, AgNO4, MnCl4, 
CdSO4, FeCl3, MgSO4, CaCl2) 

Wheat bran: Jerusalem artichoke (4:1) 66% 
moisture content+Acidified mineral solution 
(pH 4.9)  + spore suspension 1.8 x 107 
spores/ml +distilled water pH 6 (extracting 
solvent )+ corn steep liquor 0.4%+ Corn oil + 
SDS+ CaCl2 incubation temperature 35°C for 
72 hrs 

Radiation Dose 
(0.5,1,1.5,2,2.5,3,3.5,4 KGy) 
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Optimized media: Wheat bran: Jerusalem artichoke 
(4:1) 66% moisture content+Acidified mineral solution (pH 
4.9)+spore suspension 1.8 x 107 spores/ml  irradiated with1.00 
kGy of gamma radiation+distilled water pH 6 (extracting 
solvent)+corn steep liquor 0.4%+Corn oil+SDS+CaCl2 
incubation temperature 35°C for 72 hrs 
2.6. Inulinase production in tray: 

Enamel metallic trays of sizes 35cm x 25cm x 5 cm with 
200 g wheat bran were covered with aluminum foil and 
autoclaved, then the highly enhanced gamma irradiated fungal 
isolates were inoculated and incubated under optimized 
conditions for 72 h. The wet fungal bran from trays were 
extracted and assayed for inulinase and invertase activities 
(A.I.El Batal and Khalaf, 2003). 
2.7. Partial purification of P. chrysogenum inulinase/ 

invertase: 
The culture was filtered off and the clarification of the 

filtrate was achieved by adding 1.0ml of 20% (CaCl2.H2O) 
solution per 10 ml filtrate with contact time 5 h. the undesired 
impurities were precipitated and filtered off to clear filtrate. 
Undiminished enzyme activity was obtained. The clear 
aqueous extract was brought 40%, 80% and 40-80%) 
saturation with solid ammonium sulphate at 4°C overnight and 
these affect perciptations of inulinase/invertase enzymes. The 
resulting precipitates were collected by centrifugation. The 
precipitate was suspended in 50mM sodium acetate buffer (pH 
4.9) and dialyzed against the same buffer for 24 h at 4°C. To 
the dialyzed enzyme solution 4 volumes of cold ethanol were 
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added and the resulting precipitate collected by centrifugation 
and dried at room temperature. Each milligram protein of 
partially purified inulinase contained 10.5 units of activity. 
(Specific activity) 
2.8. Immobilization of inulinase enzymes produced by P. 

chrysogenum: 
2.8.1. Immobilization of inulinase on alginate:  

Sodium alginate solution was prepared by mixing 6 g of 
sodium alginate in 99 ml of 100m  sodium acetate buffer (pH 
4.9) and 1 ml of 25% glutaraldehyde. Ten milliliter of sodium 
alginate support was mixed with 10 ml (1000 unit) of inulinase 
and contents were allowed to mix at 4oC for overnight. The 
beads were formed by dripping the polymer solution into an 
excess of 0.2 M metal chloride solution: CaCl2, CoCl2, CuSO4, 
AlCl3 and BaCl2 and left over night to cure (Gill et al., 2006). 

2.8.2. Immobilization of inulinase on Chitin 

Chitin was used for immobilization of Inulinase. Chitin 
was prepared for immobilization by adding 150 ml of 0.5 N 
HCl to 5 g of chitin. The contents were stirred for 2 h at room 
temperature, washed thoroughly with distilled water till the pH 
of the filtrates was around 7.0, followed by drying at 50°C for 
overnight. 

To two grams of the above prepared support, 100 ml of 
100 mM sodium acetate buffer (pH 4.9) and 5 ml of 25% 
glutaraldehyde were added. After stirring for 1 h at 4°C, the 
contents were filtered through whatman paper and thoroughly 
washed with distilled water. To this support, inulinase (200 
units) and 20 ml of 100 mM sodium acetate buffer (pH 4.9) 
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were added in 50 ml centrifuge tubes. The contents were 
rotated gently for 24 h at 4°C. The immobilized inulinase was 
recovered by filtration through whatman paper, washed 
thoroughly with sodium acetate buffer (200 ml), blotted dry 
with filter paper and stored at 4°C. 
2.9. Characterization of inulinase activity in free and 

immobilized system 

2.9.1. Effect of temperature on P. chrysogenum inulinase 
activity: 

The effect of temperature on enzyme activity was 
measured at pH 4.9 in 0.1 M sodium acetate buffer over a 
temperature range of 20–70 oC. After incubation at different 
temperatures for 10 min and 30 min, The reaction was stopped 
and the reducing sugars were estimated for free and 
immobilized enzymes respectively.  (Gill et al., 2006).  

2.9.2.Thermal stability of P. chrysogenum inulinase 
activity: 

Thermostability of the enzymes were determined by 
measuring the residual activity of the free and immobilized 
enzyme at different intervals (1, 2, 3, 4, 5, 6 h) at 60°C and 70 
oC , for free and immobilized enzymes, respectively in the 
absence of inulin (Gill et al., 2006). 

2.9.3. Effect of pH on P. chrysogenum inulinase activity: 

The effect of pH on inulinase activity was determined at 
the pH range of (4–8), using 0.1 M of sodium acetate buffer 
(pHs: 4.0, 4.5, 5.0, 5.6 and 5.8) and Phosphate buffer (pHs: 
6.0, 6.6, 7.0, 7.6, 8.0). The enzyme activity was measured at 
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60°C and 70 oC after 10 and 30 min respectively, for free and 
immobilized enzymes, respectively. (Gill et al., 2006) 
2.9.4. Effect of some metal salts on P. chrysogenum 

inulinase activity: 
The effects of some metal complexes, AgNO3, BaSO4, 

CaCl2, CdSO4, FeCl3,  Mg  SO4, MnCl2, and  ZnSO4, on the 
enzyme activity were examined by adding 0.1  M  of  the  
different reagents into the reaction system. The enzyme 
activity determined as described previously for free and 
immobilized enzymes. The enzyme activity of which was not 
added metal complex was taken as 100% enzyme activity. The 
relative enzyme activities of the samples were obtained 
(Zhang et al., 2004). 

Statistical analysis: 

The SPSS/PC computer program was used for statistical 
analysis of the results. The data were expressed as mean ± 
standard error. Data were analyzed statistically using T-test. 
Differences were considered significant at P  0.05; highly 
significant at P  0.01 and very highly significant at P  0.001. 
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Results 
1. Screening of the most potent inulinase/invertase 

produceing:  

In the present work, twenty different fungal isolates 
were grown in wheat bran as solid medium supplemented with 
acidified mineral solution to select the most potent strain for 
inulinase production (Table 3). Both inulinase and invertase 
activities were found mainly among the various tested fungi.  
All the studied microorganisms showed variable extracellular 
inulinase production, in the basis of the inulinase activity (I), 
invertase activity (S) and the Inulinase/Invertase (I/S) ratios. 
Most tested microorganisms could be recognized as inulinase 
producers in solid state culture using wheat bran as a solid 
medium.   

Penicillium chrysogenum was found to be the most 
highly potent active fungus, which gave the highest level of 
inulinase productivity in the basis of an inulinase activity 45.0 
Unit/gds (gds = gram dry fermented substrate), an invertase 
activity 60.0 Unit/gds and an Inulinase/Invertase (I/S) ratio of 
0.75. Penicillium chrysogenum was thus selected as the most 
potent inulinase-producer, and all the further experiments 
throughout this study were carried out with this fungus, for 
more optimization of the conditions for maximum inulinase 
production. 
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Table (3): Screening of the most potent fungal producer 
isolate of extracellular inulinase/invertase 
enzymes. 

 
Fungal Strains 

Inulinase activity 
(I) 

Units / gds* 

Invertase activity 
(S) 

Units / gds* 
Penicillium chrysogenum 45.0 60.0 
Penicillium citrinum 37.5 56.0 
Penicillium corylophilum 27.5 47.0 
Penicillium janthinellum 25.3 44.0 
Penicillium notatum 26.5 40.0 
Penicillium brevicom- Pactum 38.7 59.0 
Penicillium oxallicum 40.0 59.0 
Trichoderma reesei 31.3 50.0 
Trichoderma harzianum 34.0 50.0 
Trichoderma viride 35.0 54.0 
Aspergillus oryzae 33.5 52.0 
Aspergillus niger  39.0 61.0 
Aspergillus ustus 29.0 46.0 
Aspergillus syclovir 26.8 45.0 
Phanerochaetes chrysosporium 21.0 39.0 
Scopulariopsis brevicaulis 31.5 50.2 
Cladosporidium cladosporin 40.0 58.0 
Fusarium oxysporum 27.3 46.0 
Fusarium moniliforme 10.0 28.9 
Alternaria alternate 31.5 53.0 

*- gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media: Wheat Bran (WB) + acidified mineral solution. 
  

2. Optimization of the fermentation parameters affecting 
enzyme production 

2.1. Effect of moistening agent, initial pH of the medium, on 
efficiency of inulinase production by P. chrysogenum: 

To optimize the wheat bran medium, the effect of 
various moistening agents at 66% moisture level along with 
different initial pH values were investigated (Table 4). All the 
results were compared with inulinase production in wheat bran 
supplemented with acidified mineral solution, pH 4.9 (control). 
On the basis of enzymes activities, it was found that superior 
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inulinase production was obtained on solid wheat bran medium 
supplemented with acidified mineral solution, as a moistening 
agent, with moisture content of 66.0% at the initial pH 4.9 
(with inulinase activity 46U/gds, invertase activity 61.0 U/gds  
after 3 days of incubation at 30oC. Statistical analysis revealed 
that all results are significant except acetate buffer (pH 4.5) for 
inulinase and acetate buffer (pH 5) for inulinase and invertase. 
Table  (4):  Effect  of  type  of  solvent,  as  incubation  media  

and moistening agents, on efficiency of inulinase/ 
invertase production 

Inulinase activity 
(I) 

Invertase activity 
(S)  

Solvent (moistening agents) 
U/gds 

Relative  
activity % 
to control 

U/gds 
Relative  

activity % 
to control 

Acidified mineral solution (pH 
4.9)* 

46±1.7 100.0 61±2.4 100 

Distilled water (pH 6.7) 34±1.9*** 73.9 52±2.8* 85.2 

Tap water (pH 7.3) 29±1.9*** 63.0 49±2.1*** 80.3 

Acetate buffer (pH 4.0) 35±2.2*** 76.1 49±3.03*** 80.3 

Acetate buffer (pH 4.5) 40±1.2 87.0 56±2.6* 91.8 

Acetate buffer (pH 5.0) 42±2.1 91.3 58±2.7 95.1 

Acetate buffer (pH 5.5) 36±1.5** 78.3 50±2.9** 82.0 

Phosphate buffer (6.0) 25±1.8*** 54.3 43±3.1*** 70.5 

Phosphate buffer (6.5) 33±1.7*** 71.7 48±4.1*** 78.7 

Phosphate buffer (7.0) 30±1.9*** 65.2 46±1.7*** 75.4 

Phosphate buffer (7.5) 26±1.7*** 56.5 56±2.9* 91.8 

Phosphate buffer (8.0) 21±1.6*** 45.7 40±1.7*** 65.6 
*- gds: Units of inulinase or invertase per gram dry fermented substrate 
*- *control: acidified mineral solution + wheat bran 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (2): Effect of type of solvent, as incubation media and moistening agents, on efficiency of enzyme production 
(Ug/gds) (unit /g gram dry fermented substrate)
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2.2. Effect of different moisture contents on inulinase/ 
invertase production using Penicillin chrysogenum. 
It was found that superior inulinase/invertase 

production was obtained using 66% moisture content 
(inulinase activity: 50U/gds, Invertase activity: 65U/gds). 
Statistical analysis revealed that all results are significant 
except at moisture content 70% for inulinase and invertase, 
and at 75% for invertase. 
Table (5): Effect of different moisture contents on 

inulinase/invertase enzymes production using 
Penicillium chrysogenum 

Inulinase activity (I) Invertase activity (S) Moisture 
content (%) 
 U/gds Relative 

activity  U/gds Relative 
activity  

40 21.0±0.7*** 43.8 38.0±1.52*** 58.5 
45 23.0±0.86*** 47.9 40.0±1.38*** 61.5 
50 28.0±1.13*** 58.3 48.0±2.00*** 73.8 
55 36.0±1.56*** 75.0 52.0±1.95*** 80.0 
60 45.0±1.93* 93.8 63.0±2.31 96.9 
66 50.0±1.44 100.0 65.0±2.02 100.0 
70 47.0±2.17 95.8 63.0±2.73 96.9 
75 43.0±1.61** 89.6 59.0±2.24 90.8 
80 42.4±1.71** 87.5 58.0±2.17** 89.2 
85 40.0±1.50*** 83.3 56.0±2.26*** 86.2 
90 35.0±1.41*** 72.9 51.0±1.91*** 78.5 

*-gds: Units of inulinase or invertase per gram dry fermented substrate incubation for  
72 h 

*-Control: wheat bran + acidified mineral solution. 
*-Relative activity: relative percentage to control 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (3): Effect of different moisture contents on inulinase/invertase enzymes 
               production using Penicillium chrysogenum
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3. Effect of pH value of the extracting solvent (distilled 
water) on inulinase/ invertase recovery from fermented 
wheat bran: 

It was found that superior inulinase/invertase 
production was obtained at (pH 4.9) (Inulinase activity: 48 
U/gds and invertase activity: 65 gds) were recovered with 
extracting solvent (distilled water) at pH 6.0, and it was used in 
all further experiments of this study. Statistical analysis 
revealed that all results are significant except pH 5 for 
inulinase and invertase. 
 
 
 

Fig. (5) 
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Table (6): Effect of pH value of the extracting solvent (dist. 
Water) on inulinase/invertase recovery from 
fermented P. chrysogenum–wheat bran. 

Inulinase activity (I) Invertase activity (S) 
pH 

U/gds Relative 
activity% U/gds Relative activity% 

3 35.0±1.51*** 72.9 52.0±1.8*** 80.0 

4 40.0±1.61** 83.3 58.0±2.49* 89.2 

5 44.0±1.64 91.7 60.0±2.07 92.3 

6 48.0±1.45 100.0 65.0±1.87 100.0 

7 40.0±1.61*** 83.3 56.0±2.63* 86.2 

8 29.0±1.25*** 60.4 43.0±1.61*** 66.2 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Relative activity % to pH6.0  
*-Media of control: agroindustrial byproducts +acidified mineral solution (pH 4.9) for 

production, moisture content 66%, incubation time 72 h. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

 

Fig (4): Effect of pH value of the extracting solvent (dis-Water) on 
              inulinase/invertase recovery from fermented  P.chresogenum 
               wheat bran.
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2.3.Effect of some  agroindustrial byproducts as carbon 
sources on inulinase/invertase production by Penicillium 
chrysogenum:  

In SSF the selection of a suitable solid substrate for 
fermentation process is a critical factor. And thus involves the 
screening a number of agroindustrial materials for microbial 
growth and product formation. Attempts were used to produce 
high inulinase enzyme level by using fourteen different 
agroindustrial byproducts, which are commonly used as solid 
state medium in fermentation studies, as wheat bran, dahlia, 
asparagus, onion, oat, Jerusalem artichoke, corn flour, corn 
cobs, corn stalks, garlic, etc. (Table 7). Combination of 
different concentrations of wheat bran with Jerusalem 
artichoke (4: 1), (3: 2) and (1: 1) were also tested. 

The results showed that all substrates supported growth 
and enzymes formation, Jerusalem artichoke showed higher 
results over other medias; showing an inulinase activity 52.0 
Unit/gds, invertase activity 67.0 Unit/gds.  A combination of 
wheat bran with Jerusalem artichoke (4:1 w/w) was the most 
effective for inulinase production (The inulinase activity 62.0 
(Unit/gds), and an invertase activity 82.0 (Unit/gds). 
Accordingly, this combination of wheat bran with Jerusalem 
was used in further experiments. Statistical analysis revealed 
that all results are significant except Asparagus, Jerusalem 
artichoke & Sugarcane bagasse for inulinase and invertase, 
Onion, Corn flour & Corn cobs for invertase. 
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Table (7): Effect of some agroindustrial by-products as 
carbon source on inulinase production by P. 
chrysogenum: 

 
Inulinase activity (I) Invertase activity (S)  

Agroindustrial by-products  
(inulin %) 

U/gds relative 
activity% U/gds relative 

activity% 

Wheat bran   
(Triticum aestivum) (Control) 48.0±1.38 100.0 65.0±1.87 100.0 

Dahlia tubers  (Dahlia pinnata) 41.0±1.54** 85.4 59.0±2.21 90.8 

Asparagus (Asparagus officinalis) 47.0±2.03 97.9 64.0±2.58 98.5 

Onion (Allium cepa) 43.0±1.73* 89.6 59.0±2.38 90.8 

Oat (Barley)  (Avena sativa) 38.0±1.53*** 79.2 53.0±2.14** 81.5 

Jerusalem artichoke (Helianthus 
tuberosus)  52.0±1.95 108.3 67.0±3.07 103.1 

Garlic (Allium sativum) 42.0±1.57* 87.5 75.0±2.59** 115.4 

Sugar cane bagasse 44.0±1.65 91.7 62.0±2.51 95.4 

Corn flour (Centaurea cyanus) 29.0±1.25*** 60.4 63.0±2.18 96.9 

corn cobs (Centaurea cyanus) 42.0±1.57* 87.5 60.0±2.42 92.3 

corn stalk (Centaurea cyanus) 35.0±1.51*** 72.9 54.0±1.87** 83.1 

Soyabean meal  (Glycire max.) 29.0±1.17*** 60.4 48.0±1.93*** 73.9 

Sugar Beet pulp (Beta vulgaris L.) 33.0±1.24*** 68.8 52.0±1.80*** 80.0 

Radicle* 25.0±0.87*** 52.1 46.0±1.86*** 70.8 

Wheat bran: Jerusalem artichoke   

4:1 62±2.25*** 110.4 82.0±3.31*** 107.7 

3:2 56±2.26** 116.7 73.0±2.95* 112.3 

1:1 59±2.52*** 122.9 76.0±2.63** 116.9 

*-gds: Units of inulinase or invertase per gram dry fermented substrate Relative % to 
control  

*-Media of control: wheat bran + acidified mineral solution, pH 4.9, moisture content 
66%, incubation time 72 h at 30oC. 

*-Radicle: a waste of malt beverage industry. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (5): Effect of some agroindustrial by-products as carbon source on inulinase/ invertase production by 
P.chrysogenium.
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Fig (5-B): Effect of a mixture of wheat bran and jerusalem artichore as 
acarbon source on inulinase/invertase production by P.chrysogenum
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2.4. Effect of different nitrogen sources on inulinase/ 

invertase production by P. chrysogenum: 
Nitrogen sources appear to be one of the most effective 

factors for inulinases production.   
Table (8) summarizes the results obtained for studying 

the effect of different organic (0.4% nitrogen content) and 
inorganic (0.4 % nitrogen content) sources on inulinase 
production by P. chrysogenum. 

In this study, peptone, yeast extract, casein, malt extract, 
urea, soyabean, trypton, meat extract and corn steep liquor 
were used as organic nitrogen sources. While 0.4% nitrogen 
content  of  (NH4)2HPO4, (NH4)H2PO4, (NH4)2SO4, NH4Cl, 
NH4NO3, NaNO3, KNO3 and Ca(NO3)2 were used as inorganic 
nitrogen sources. (Table 9) 

Fig. (7b) 
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Highest inulinase levels were obtained upon using corn 
steep liquor as an organic nitrogen source, on the basis of an 
inulinase activity 72.0 U/gds, and invertase activity 95.0 
U/gds. (Table 8). Production of the enzyme changes slightly 
with changing the nitrogen source.  

Upon studying the effect of different corn steep liquor 
concentrations on inulinase/invertase, (Table 10) highest 
inulinase levels were obtained with corn steep liquor concent-
ration of 0.6% (with an inulinase activity 72.0 U/gds, an 
invertase activity 95.0 U/gds). Statistical analysis revealed that 
the most significant result was corn steep liquor, (NH4)2SO4 
for inulinase and (NH4)2HPO4.  
Table (8): Effect of Organic nitrogen source on inulinase 

enzymes production by Penicillium chrysogenum. 
 

Inulinase activity Invertase activity Nitrogen source 
 I relative 

activity% S relative 
activity% 

Control  59.0±1.7 100.0 78.0±2.25 100.0 
Peptone 60.0±2.4 102.0 82.0±3.32 105.0 
Yeast extract 61.0±2.11 103.0 81.0±3.04 104.0 
Casein  63.0±2.18 107.0 86.0±3.47 110.0 
Malt 68.0±2.75* 115.0 92.0±3.19** 118.0 
Urea 69.0±2.79** 117.0 92.0±3.29** 118.0 
Soybean meal 61.0±2.11 103.0 88.0±3.05* 113.0 
Trypton 63.0±2.04 107.0 90.0±3.12* 115.0 
Meat extract 62.0±2.15 105.0 87.0±3.01 112.0 
Corn steep liquor 72.0±2.91*** 122.0 95.0±3.84** 122.0 
*- 0.4% nitrogen content of each nitrogen source /gds 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Relative activity % to control 
*-Media of control: Wheat bran :  Jerusalem artichoke: (4:1 = w/w) +acidified mineral 

solution, pH 4.9, moisture content 66% , incubation time 72 h at 30oC. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (6): Effect of organic nitrogen source on inulinase/invertase enzymes production by 
Penicillium chrysogenum
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Table(9): Effect of Inorganic nitrogen source on inulinase 
enzymes production by Penicillium chrysogenum. 

Inulinase activity Invertase activity 
Nitrogen source 
 I 

relative 
activity% 

S 
relative 

activity% 

Control  59.0±1.73 100.0 78.0±2.34 100.0 
(NH4)2HPO4 65.0±2.14* 110.0 89.0±2.79** 114.0 
(NH4)H2PO4 65.0±1.91* 110.0 92.0±2.91* 118.0 
(NH4)2SO4 66.0±1.91** 112.0 93.0±2.95 119.0 
NH4Cl 66.0±1.90 112.0 92.0±2.91* 118.0 
NH4NO3 68.0±1.87* 115.0 95.0±3.03 122.0 
NaNO3 69.0±2.01 117.0 93.0±2.95 119.0 
KNO3 70.0±2.30 119.0 94.0±2.99 121.0 
Ca(NO3)2 68.0±1.91 115.0 94.0±3.17 121.0 

*- gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Relative activity % to control 
*-Media of control: Wheat bran:  Jerusalem artichoke: (4:1 = w/w) +acidified mineral 

solution, pH 4.9, moisture content 66%, incubation time 72h at 30°C. 
*-Equimolar amount of nitrogen sources (0.4 %) nitrogen content is used. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (7): Effect of inorganic nitrogen source on inulinase/invertase enzymes production by 
Penicillium chrysogenum
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2.4.1. Effect of different corn steep liquor concentrations 
(% nitrogen content) on inulinase / invertase. 

The effect of different concentrations of corn step 
liquor was tested using concentrations of (0.2, 0.4, 0.6, 0.8 and 
1.0% nitrogen content). Results showed that 0.4% nitrogen 
content gave the highest productivity. Enzyme productivity 
was assessed and compared to enzyme productivity of a 
control experiment using wheat bran: Jerusalem artichoke (4:1 
= w/w) acidified mineral solution, pH 4.9, moisture content 
66%, incubation time 72 hours at 30ºC. Statistical analysis 
revealed that all results are significant except 0.2% nitrogen 
content for inulinase and invertase, 0.6% nitrogen content for 
invertase. 
Table (10): Effect of different corn steep liquor 

concentrations nitrogen content on inulinase/ 
invertase 

Inulinase activity 
(I) 

Invertase activity 
(S) Moistening Agent 

(Nitrogen%) 

Corn steep 
Liquor 

Nitrogen 
content (%) 

Units/gds % Units/gds % 

0.2 52±2.10* 85.3 72.0±2.49 90.0 
0.4 61±1.76 100.0 80.0±2.57 100.0 
0.6 62±2.75* 75.0 75.0±3.03 93.8 
0.8 60±2.42* 70.0 70.0±2.42* 87.5 

Acidic Salt 
Solution 
pH = 4.9 

1.0 52±1.80* 63.0 63.0±2.18*** 76.8 
*-Media of control: Wheat bran: Jerusalem artichoke: (4:1 = w/w) + acidified mineral 

solution, pH 4.9, moisture content 66%, incubation time 72h at 30oC. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (8): Effect of different corn steep liquor concentrations on (nitrogen content %) 
inulinase/invertase enzymes by P. chrysogenum
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2.4.2. Effect of some natural oils on inulinase/invertase 
production using P.chrysogenum 

Addition of Corn oil, sunflower oil and palm oil 
showed slight increase in both inulinase and invertase 
activities.  Soybean Oil represented slight increase in invertase 
activity without any change in inulinase activity.   While olive, 
cotton seed and linseed oils decreased both of the inulinase and 
the invertase activities. 

Table (11) illustrated that addition of (0.1%w/w) of 
natural corn oil enhances both  inulinase and invertase 
activities, 70.0 and 92.0 U/gds, respectively, with an I/S ratio 
of  0.80.  Statistical  analysis  revealed  that  corn  oil  showed  
significance for inulinase and invertase while olive oil showed 
significance for invertase.  

Fig. (10) 
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Table  (11):  Effect  of  some  natural  oils  (0.1%  w/w)  on  
inulinase/invertase production using Penicillium 
chrysogenum. 

 Oil (Conc. 0.1%) Inulinase activity (I) Invertase activity (S) 

  Units/gds Relative 
activity % Units/gds Relative 

activity % 
Control 60±1.73 100 80.0±2.31 100 

Corn oil 70±2.63** 116.7 92.0±3.29* 115.0 
Olive Oil 57±2.07 95.0 90.0±3.37* 112.5 

Cotton seed Oil 59±2.18 98.3 82.0±2.46 102.5 
Soya bean Oil 62±2.57 103.3 87.5±3.14 109.4 
Lin seed Oil  59±2.18 98.3 88.5±2.92 110.6 

Sunflower Oil 64±2.58 106.7 88.9±3.34 111.1 
Palm Oil 64±2.22 106.7 89.8±3.46 112.0 

*- gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran :  Jerusalem artichoke: (4:1 = w/w) +acidified mineral 

solution, pH 4.9, moisture content 66% , nitrogen content 0.4% from CSL, 
incubation time 72 h at 30oC . 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (9): Effect of some natural oils on inulinase/invertase production using Penilillium chrysogenum
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Fig. (11) 
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2.4.3. Effect of some surfactants: 
Table (12) showed the influence of different surfactants 

on inulinase production.  Highest level of inulinase production 
was obtained upon addition of SDS (sodium dodeceyl sulfate) 
(0.1%) to the culture medium (an inulinase activity of 82.0 
U/gds, an invertase activity of 97.0 U/gds.  While no effect of 
inulinase production was observed upon using Triton X-100.   

Although different Tweens (Tween 20, 40, 60, and 80) 
and CETAB slightly increase both inulinase and invertase 
activities than the enzyme produced in the medium free of 
surfactant. Statistical analysis revealed that SDS and bile salts 
showed significance for inulinase and invertase. 
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Table (12): Effect of some surfactants on inulinase/ 
invertase enzymes production using 
Penicillium chrysogenum 

 
Inulinase activity (I) Invertase activity (S) 

Surfactant 0.1% 
Units/gds relative 

activity% Units/gds relative 
activity% 

Control 60.0±1.8 100.0 80.0±2.54 100.0 

Tween 20 68.0±2.35* 113.3 95.0±3.56** 118.8 

Tween 40 66.0±2.28 110.0 94.0±3.96** 117.5 

Tween 60 64.0±2.58 106.7 91.0±3.94* 113.8 

Tween 80 61.0±2.29 101.7 88.0±3.65 110.0 

Triton X 100 60.0±2.49 100.0 85.0±3.04 106.3 

CETAB 65.0±2.25* 108.7 85.0±3.09 106.3 

SDS 82.0±3.17*** 136.7 97.0±3.58** 121.3 

Cetyl Pyridinium Chloride 63.0±2.36 105.0 91.0±3.41* 113.8 

Bile Salt 78.0±2.79*** 130.0 96.0±3.44** 120.0 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66% , 
incubation time  72 h at 35oC. 

*-Relative activity to control. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (10): Effect of some surfactants on inulinase/invertase enzymes production using 
Penicillium chrysogenum
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Fig. (12) 
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2.4.4.Effect of different incubation temperatures on 
inulinase/ invertase production by P. chrysogenum: 

To determine the optimum temperature for enzymes 
production, cultures were incubated at various temperatures 
(15 - 45oC) using Wheat bran :  Jerusalem artichoke: (4:1 = 
w/w) as a solid medium supplemented with acidified mineral 
solution, pH 4.9, as a moisture agent with moisture content 
66% , 0.4% nitrogen content; CSL as a nitrogen source, 
incubation time  72 h and 0.1% SDS.    

The result indicates (Table 13) that the maximum yield 
of inulinase production by P.chrysogenum occurred at an 
incubation temperature of 35oC, an inulinase activity 85 U/gds 
and an invertase activity100 U/gds. At higher or lower 
temperatures a notable decrease in enzymes production was 
observed. Statistical analysis revealed that temperatures at 
15°C, 20°C and 40°C showed significant difference from the 
control. 
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Table (13): Effect of different incubation temperatures on 
Inulinase production using Penicillium 
chrysogenum 

 

Inulinase activity (I) Invertase activity (S)   
Temp. oC 
  Units/gds Relative 

activity (%) Units / gds Relative 
activity (%) 

15 32.0±1.14*** 40.0 55.0±2.13*** 57.3 

20 55.0±2.12*** 68.8 78.0±3.02** 81.3 

25 72.0±2.91 90.0 88.0±3.40 91.7 

30 80.0±4.65 100.0 96.0±3.99 100.0 

35 85.0±3.58 106.3 100.0±3.87 104.2 

40 59.0±2.38*** 73.8 79.0±3.28** 82.3 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 70% , 
incubation time 72 h.  

*-Relative activity to control. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

 

Fig (11): Effect of different incubation temperatures on lunlinase 
/invertase production using Penicillium chrysogenum
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2.4.5. Effect of different incubation periods on inulinase/ 
invertase production by P. chrysogenum: 

The incubation time is governed by characteristics of 
the culture and is mainly based on the growth rate and the peak 
of enzyme production. In (Table 14) the time course for 
inulinase production was presented (initial pH 4.9, inoculum 
size 3.6x107 spores/ml,  at  35oC). A low level of the inulinase 
and the invertase enzymes, appeared in the early stages of 
incubation and the enzymes levels steadily reached a 
maximum level by 72 h (with an inulinase activity 85.0 U/gds 
and an invertase activity 102.0 U/gds.  A prolonged incubation 
time beyond this period did not further increase the yield. 
Statistical analysis revealed that all results showed that tested 
temperatures are significantly different results. 
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Table (14): Effect of different incubation periods on 
production of inulinase/ invertase: 

Inulinase activity Invertase activity Time 
day (hours) I (gds) Relative 

activity (%) S (gds) Relative activity 
(%) 

1 (24) 29.0±1.25*** 34.1 45.0±1.61*** 44.1 

2 (48) 52.0±2.22*** 61.2 74.0±2.69*** 72.5 

3 (72) 85.0±2.60 100.0 102.0±3.11 100.0 

4 (96) 76.0±3.07** 89.4 93.0±3.59* 91.2 

5 (120) 56.0±2.10*** 65.9 70.0±2.75*** 68.6 

6 (144) 25.0±1.02*** 29.4 32.0±1.29*** 31.4 

7 (168) 11.0±0.47*** 12.9 15.0±0.67*** 14.7 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Relative activity % to 72 h. 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35oC.  

*-Extraction solvent for enzyme recovery is dist. water pH 6.0 
Result: 72 hours (3 days) is the suitable incubation time for inulinase production. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

Fig (12): Effect of time on production of inulinase/invertase enzyme 
by P.chrysogenum
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2.4.6. Effect of different inoculum size on inulinase/ 
invertase production by P. chrysogenum: 

The effect of inoculum size on inulinase production 
was determined by inoculating the fermentation medium, with 
different number of spores/ml. The SSF medium was 
inoculated with  9.0x106, 1.8x107, 3.6x107, 5.4x107, 7.2x107 

spores/ml. The most suitable to attain a high inulinase 
production was found to be with 1.8x107  spores/ml innoculum 
which shows an inulinase activity 126.0 U/gds, an invertase 
activity 150 U/gds, and an I/S ratio of 0.85.  An inoculum size 
less or more than 1.8 x 1010 was inadequate to allow good 
enzyme production. Statistical analysis revealed that all 
innoculum showed  significant difference from control except 
5.4×107 for invertase.  
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Table(15): Effect of Inoculum's Size on Inulinase 
production using Penicillium chrysogenum 

Inulinase activity (I) Invertase activity (S) 
  
Inoculum size 
Spores/ml 
  
  Units / gds 

Relative 
activity% 

Units / gds 
Relative 

activity% 

9 x 106  51.0±1.82*** 60.0 70.0±2.58*** 68.6 

1.8 x 107 126.0±4.86*** 148.0 150.5±5.49*** 148.0 

3.6 x 107 85.0±2.11 100.0 102.0±1.42 100.0 

5.4 x 107 70.0±2.55** 82.4 95.0±3.67 93.1 

7.2 x 107 55.0±2.19*** 64.7 79.0±2.91** 77.5 

*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35oC.  

*-Relative activity to control. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

Fig (13): Effect of inoculum size on inulinase/invertase production using 
Penicillium chrysogenum
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2.4.7. Effect of some metal ions on inulinase/invertase 
production by P. chrysogenum: 

The effect of various salts on inulinase productivity 
was investigated at a concentration of 0.1 M (Table 16).  

Marked increase in inulinase production was observed 
when the fermentation medium (Wheat bran : Jerusalem 
artichoke (4:1 = w/w)+  corn  steep  liquor  (0.4%  nitrogen)  +  
acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35 oC, with inoculum size 1.8 x 107) 
and 0.1% SDS was supplemented with CaCl2 resulting in an 
inulinase activity of 96 U/gds, an invertase activity 110 U/gds. 

Also a marked increase in inulinase production was 
observed when the fermentation medium was supplemented 
with MnCl2 or  MgSO4. While a slight increase is observed 
with BaSO4, ZnSO4, and FeCl3. 

In the present study, both of silver nitrate and cadmium 
sulfate showed marked inhibitory effect on inulinase 
production. Statistical analysis revealed that AgNO3 and 
CdSO4 showed the most significant differnece for inulinase 
and invertase production. 
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Table (16): Effect of some metal salts on Inulinase 

production using Penicillium chrysogenum 

Inulinase activity (I) Invertase activity (S) 
Metal salt  0.1% 

Units/gds Relative 
activity% 

Units/gds Relative 
activity% 

BaSO4 86.0±3.04 102.0 103.0±3.69 103.0 
ZnSO4 85.0±3.14 101.0 105.0±3.88 105.0 
AgNO3 38.0±1.45*** 45.2 80.0±2.71*** 80.0 
MnCl2 95.0±3.62* 113.0 110.0±4.13 110.0 
CdSO4 29.1±1.12*** 34.6 66.0±2.48*** 66.0 
FeCl3 85.0±3.34 101.0 100.0±3.69 100.0 
MgSO4 92.0±3.61 110.0 108.0±3.98 108.0 
CaCl2 96.0±4.18** 114.0 110.0±4.32 110.0 
Control 84.0±2.18 100.0 100.0±3.12 100.0 

 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35oC, with inoculum size 1.8 x 107 .  

*-Relative activity to control. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (14): Effect of some metal salts on inulinase/invertase production using Penicillium chrysogenum

0

10

20

30

40

50

60

70

80

90

100

110

120

BaSO4 ZnSO4 AgNO3 MnCl4 CdSO4 FeCl3 MgSO4 CaCl2 Control

Metal Salts

Ee
nz

ym
e 

pr
od

uc
tio

n 
U

/ g
ds

 (u
ni

ts
 / 

gr
am

 d
ry

 su
bs

tr
at

e)
Inulinase activity Invertase activity

 

Fig. (15) 



Results  
 

 96 

2.4.8. Effect of different gamma irradiation doses on 
inulinase / invertase production by P. chrysogenum: 

Penicillium chrysogenum fungal spores were irradiated 
with increasing doses of gamma–rays, and then used for 
regular experiment for inulinase production in wheat bran and 
Jerusalem artichoke (4:1) and CSL solid medium.  Data clearly 
indicate that maximum inulinase production was observed 
upon using. 1.00 kGy of gamma radiation with an inulinase 
activity 310.0 U/gds, an invertase activity 352 U/gds, as 
compared to the parent strain. Upon exposure to 100 kGy, both 
inulinase and invertase activities increased by 2.9-2.89 folds, 
respectively than the unirradiated strain. Statistical analysis 
revealed that all results are significant except 2.5, 3.0, 3.5, & 
4.0 kGy for inulinase. 
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Table(17): Effect of Radiation Dose on Inulinase 
production using Penicillium chrysogenum 

Inulinase activity (I) Invertase activity (S)  Radiation Dose 
kGy. 

Units/gds Relative 
activity % Units/gds Relative 

activity % 
0*(unirradiated) 95.0±2.47 100.0 112.0±2.97 100.0 

0.5 198.0±7.2*** 208.0 250.0±9.52*** 250.0 

1.0 310.0±11.09*** 326.0 352.0±12.41*** 352.0 

1.5 230.0±8.77*** 242.0 302.0±11.15*** 302.0 

2.0 150.0±5.80*** 158.0 280.0±10.33*** 280.0 

2.5 110.0±4.25 116.0 240.0±8.83*** 240.0 

3.0 83.0±3.06 87.4 225.0±8.06*** 225.0 

3.5 78.0±2.86 82.1 220.0±7.75*** 220.0 

4.0 73.0±2.61* 76.8 218.0±8.43 *** 218.0 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (4:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35oC, with inoculum size 1.8 x 107, CaCl2 

*-Relative activity to control. 
Data represent the mean of three replicates ±Standard error. Data obtained were 

subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

Fig (15): Effect of radiation dose on lnulinase/invertase production using 
Penicillium chrysogenum
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Inulinase production in tray 

In the present study, large scale production of the 
inulinase enzyme was carried out in tray using the optimized 
media and conditions giving max inulinase production in 
flasks; the optimized media consisted of acidified mineral 
solution, pH 4.9, moisture content 66%, 0.1% SDS, incubation 
time 72 h at 35oC, with inoculum size 1.8 x 107; irradiated with 
1.0 kGy gamma ray.   

The results were quite encouraging for the large scale 
production of the enzyme though the yields exhibited slight 
decline in inulinase production from 312.0U/gds to 298.0 
U/gds and invertase activity from 350.0 U/gds to 345 U/gds 
with the increase in substrate quantity (from 10 grams in flasks 
to 200 grams of substrate; Wheat bran: Jerusalem artichoke 
(4:1 = w/w) + corn steep liquor (0.4% nitrogen). which is 
probably due to lesser degree of aeration as explained by 
Mazutti et al. (2008).  

Table (18): Inulinase production in tray 

Inulinase activity 
(I) 

Invertase activity 
(S) 

 
Production 
vessel 

 
Weight of 

media used 
(gm) Units/gds Relative 

activity % Units/gds Relative 
activity % 

Flask (250ml) 
10 312.0 100.0 350.0 100.0 

Tray 200 298.0 95.5 345.0 98.6 
*-gds: Units of inulinase or invertase per gram dry fermented substrate 
*-Media of control: Wheat bran  : Jerusalem artichoke (1:1 = w/w)+ corn steep liquor 

(0.4% nitrogen) + acidified mineral solution, pH 4.9, moisture content 66%, 
incubation time  72 h at 35 oC, with inoculum size 1.8 x 107; irradiated with 1.0 kGy 
gamma ray  .  

*-Relative activity to control. 
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Inulinase production in tray is slightly decreased than 
the control, scale up the enzyme production, slightly decrease 
both the inulinase and the invertase activities with minor 
decrease in the I/S ratio. 

Partial Purification and characterization of ammonium 
sulphate fractionation and dialysis: 

In this work, purification of enzymes was carried out 
by the conventional methods of centrifugation, followed by 
either ammonium sulfate or solvent precipitation. 

Crude enzymes extracts were treated with different 
concentrations of solid ammonium sulfate; 40%, 80% and 40-
80% (40% salt at the beginning then add ammonium sulfate to 
reach 80% saturation) at 4°C followed by dialysis.  As shown 
in Table (19), precipitation by solid ammonium sulfate 40 then 
80% saturation and dialysis gave the highest units of activity 
(Inulinase: 48 U/ml; Invertase: 61 U/ml) . 

Purification of enzymes from the supernatant after 
centrifugation, by different alcohols; methanol, ethanol and 
isopropanol show variable activities compared to the crude 
extract (table20). Purification with isopropanol gave 
approximately the same yield of enzyme activity, while 
purification using methanol or ethanol gave slightly lower 
enzyme yield. Statistical analysis revealed that all results in 
table 19 are significant. While in table 20 all results are 
significant except iso-propanol for inulinase.  
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Table (19): Effect of Partial Purification of Inulinase/ 
Invertase Enzymes from Penicillin chrysogenum 
using Ammonium Sulfate 

Inulinase activity (I)  
NH4SO4 Conc. (%) Units/ml Relative activity % 
40 37.0 123.3 
80 39.8 132.7 
40-80 48.0 160.0 
Free enzyme without ammonium sulphate Control) 30.0 100 

 
Table(20): Effect of Partial Purification of Inulinase/ 

Invertase Enzymes from Penicillin chrysogenum 
using organic solvents 

Inulinase activity 
(I) 

 
Organic solvent 

Units/ml Relative 
activity % 

Methanol 23.3±0.95** 77.7 
Ethanol 24.0±1.01** 80.0 
Isopropanol 32.5±1.47 108.0 
Control (without organic solvent) 30.0±0.81 100 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 

 
Immobilization of inulinase enzyme: 

Different immobilization was carried out using different 
carriers. 

High enzyme activity was obtained upon immobilization 
of inulinase on Ca-alginate (Inulinase = 64.6 U/gm gel) as 
shown in Table (21). 
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Fig (16): Effect of Partial Purification of inulinase/invertase 
enzymes from Penicillium chrysogenum using Ammonium Sulfate
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Fig (17):Effect of Partial Purification of inulinase/invertase enzymes 
from Penicillium chrysogenum using organic solvents
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Characterization of the free and immobilized inulinase 
enzyme: 

In the present work, characterization of the immobilized 
system as related to temperature, pH and thermal stability were 
performed and compared to the free system. 
Enzyme Characterization 
Effect of temperature on inulinase enzyme activity: 

The effect of temperature on enzyme activity was 
measured at pH 4.6 in 0.1 M sodium acetate buffer over a 
temperature range of 20°C up to70°C. After incubation at 
different temperatures for 10 minutes, reaction was stopped & 
the reducing sugars were estimated for free and immobilized 
enzymes. 

In this study, a broader shaped curve was observed for 
the maximum temperature-activity profile with the peak 
shifted from 60°C to 70oC for both free and immobilized 
enzyme preparations (on Ca-alginate) (Fig 3.19). Statistical 
analysis revealed that there was a significant difference 
between results and the control respectively. 

Table (21): Effect of Temperature on inulinase/invertase 
enzymes activity. (Free enzyme)   

Inulinase activity (I)  
Temp. oC Units/ml Relative activity % 
20 9.7±0.34*** 16.2 
30 18.4±0.72*** 30.7 
40 28.2±1.15*** 47 
50 48±2.02*** 80 
60 60±1.78 100 
70 35±1.4*** 58.3 
80 22±0.98*** 36.7 
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 (Immobilized enzyme)   
Inulinase activity (I) Temp. oC Units/gm gel Relative activity % 

20 15±0.5*** 20.548 
30 29±1.1*** 39.726 
40 45±1.9*** 61.644 
50 55±2.4*** 75.342 
60 65±2.4* 89.041 
70 73±1.9 100 
80 62±2.8** 84.932 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The 

Fig (18 A & B): Effect of temperature on inulinase/invertase enzymes 
activity (Immobilized and Free enzyme)
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Thermal stability of free and immobilized inulinase: 
Thermostability of the enzyme was determined by 

measuring the residual activity of the free and immobilized 
enzyme at different intervals (1, 2, 3, 4, 5, 6 h) at 60 & 70°C, 
for free and immobilized enzymes respectively, according to 
the results obtained from the previous experiment. 
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In the present study, shift of thermal stability from 4 to 5 
hours was obtained by free and immobilized enzymes, 
respectively, by following the reaction for 6 h, as shown in 
Table (22) and Figure (19 A & B). 

The results showed an inulinase activity of 82 U/gm gel 
after 4 hours for the free enzyme, immobilized inulinase 
activity of 115 U/gm gel after 5 hours. Statistical analysis 
revealed that all results are significant except at 1hour for 
inulinase for the free enzyme. And significant at 3, 4, 5, 6 
hours for inulinase. 
Effect of Thermal stability on inulinase enzyme: 

Table (22): Effect of different incubation periods on 
inulinase activity: check with thermal 
stability 

Free enzyme 
Inulinase activity (I) Time / h 

Units/ml Relative activity % 
1 70±2.5 107.7 
2 74±2.8* 113.8 
3 79±3.2** 121.5 
4 82±3.4** 126.2 
5 76±3.4* 116.9 
6 75±2.8* 115.4 
Control (10 min)  65±1.8 100 

Immobilized 
Inulinase activity  (I) Time / h 

Units/gm gel Relative activity % 
1 85±3 100 
2 95±3.6 109.1954 
3 101±4.2* 116.092 
4 110±1.7*** 126.4368 
5 115±5.3*** 132.1839 
6 111±3.9*** 127.5862 
Control (30 min) 85±2.2 100 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (19 A & B): Effect of thermal stability on inulinase/invertase enzymes 
activity (free & immobilized)
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Effect of pH: 
The effect of pH on inulinase activity was determined in 

the pH range of 4-8 using 0.1 M sodium acetate (pHs: 4.0, 4.5, 
5.0, 5.6 & 5.8) and phosphate (pHs: 6.0, 6.6, 7.0, 7.6 and 8.0) 
buffers. The enzyme activity was measured at 60 and 70°C, for 
free and immobilized enzymes, respectively for 10 min and 30 
min respectively. 

In the present study, a shift in the optimum pH from 5.0 
to 6.0 could be observed as a result of immobilization           
(Fig 3.21).  
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Table (23): Effect of pH on Inulinase Enzymes activity.   
A)Free enzyme 

pH Inulinase activity (I) 
 Units/ml Relative activity % 

4.0 37.6±1.3*** 57.9 
4.5 59.3±2.2* 91.2 
5.0 65.0±1.7 100.0 
5.6 53.06±2.4*** 81.6 
5.8 37.6±1.6*** 57.9 
6.0 35.0±1.4*** 53.8 
6.6 32.6±1.4*** 50.2 
7.0 29.6±1.3*** 45.5 
7.6 28.7±1.3*** 44.2 
8.0 20.7±0.83*** 31.8 

 
B)Immobilized 
 

pH Inulinase activity (I) 
 Units/gm gel Relative activity % 

4.0 45±2.7*** 51.7 
4.5 66±4.3*** 75.9 
5.0 73±4.9** 83.9 
5.6 80±5.5 91.9 
5.8 85±5.9 97.7 
6.0 87±4 100.0 
6.6 78±5.8* 89.6 
7.0 65±5*** 74.7 
7.6 53±4.2*** 60.9 
8.0 42±2.5*** 48.3 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The mean difference is significant at the *0.05, **0.01 and 
***0.001 level 
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Fig (20 A & B): Effect of different pH on inulinase/invertase
 (free & immobilized  system)
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Effect of some metal ions on inulinase / invertase enzymes 
activity: 

In the present work, increase in enzyme activity was 
observed for activity in most metal complexes and with 
presence of Ca++ and Mn++ favoring the highest activity 
including (CaCl2,  >  MnCl2 > ZnSO4> Mg SO4 > BaSO4 >  
FeCl3) used in this study was observed on free and 
immobilized enzymes. While on AgNO3, and CdSO4.both free 
and immobilized inulinase showed significant inhibitory. 
Statistical analysis revealed that all results are significantly 
different from control. for free enzyme except Mg2+, Fe2+ for 
inulinase, Zn2+, Fe2+ for invertase. All results for immobilized 
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enzyme are significant except Ba2+, Mg2+, Zn2+, Fe2+ for 
inulinase and Ba2+, Fe2+ for invertase. 

Table (12) Inhibitors and Effectors of Some Inulinases: 
(Ricca et al., 2007) 
Table (24): Effect of some metal ions on inulinase/invertase 

enzymes activity  
Free enzyme 

Concentrationss   Inulinase activity 
(I) 

 Units/ml Relative 
activity % 

Ba2+ 75±2.7* 115.3846 
Cd2+ 22.5±0.9*** 34.61538 
Mg 2+ 66.4±2.4 102.1538 
Zn2+ 78.5±3.3** 120.7692 
Fe2+ 66±2.6 101.5385 
Mn2+ 82±3.8*** 126.1538 
Ca2+ 90±4.2*** 138.4615 
Ag2+ 6.5±0.2*** 10 
Control (without metals) 65±1.7 100 

Immobilized 
 
 

Inulinase activity 
(I) 

 Units/ml Relative 
activity % 

Ba2+ 87±3.3 102.3529 
Cd2+ 35±1.4*** 41.17647 
Mg 2+ 90±3.1 105.8824 
Zn2+ 93±3.7 109.4118 
Fe2+ 87±3.6 102.3529 
Mn2+ 99±4.1*** 116.4706 
Ca2+ 105±4.5*** 123.5294 
Ag2+ 15±0.69*** 17.64706 
Control (without metals) 852.3 100 

Data represent the mean of three replicates ±Standard error. Data obtained were 
subjected to T-test. The mean difference is significant at the *0.05, **0.01 and ***0.001 
level 
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Fig (21 A & B): Effect of metal ions on inulinase enzyme activity (free and 
immobilized enzyme)
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Summary 
Inulinases constitute an important class of enzymes for 

production of fructose and fructooligosaccharides, which are 
extensively used in pharmaceutical and food industry.  These 
enzymes are potentially useful in the production of high 
fructose syrups, using inulin as a substrate.  The  production of 
fructose from inulin is more advantageous than the 
conventional method that uses starch, given that the reaction 
using inulinase is simpler and yields products with fructose 
content higher than 95%.  Inulinases have also been used for 
production of fructo-oligosaccharides.  

It is important to point out that there are few cases of 

true inulinases or true invertases; generally an enzyme shows 

both activities, although to a different extent.  Clearly an 

invertase activity of inulinase is desirable, since it is necessary 

to hydrolyze the ultimate link between glucose and fructose 

residues remaining after the completion of inulinase action on 

an inulin molecule. 

Inulin is present in a wide variety of plants - as a storage 

carbohydrate - and can be obtained from some bacteria and 

fungi. Inulin-containing plants, which are commonly used for 

human nutrition, belong mainly to either the Liliaceae, e.g., 

leek, onion, garlic and asparagus, or the Compositae, e.g., 

Jerusalem artichoke, dahlia, chicory.  
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From a chemical point of view, inulin is a polydisperse 

carbohydrate consisting of (2 1) fructosyl-fructose links.  At 

one end of the molecule, a glucose residue may be present. In 

vegetable origin inulin, the number of fructose units linked to a 

terminal glucose can vary from few units to about 70, which 

means that inulin is a mixture of oligomers and polymers. 

Functioning as a prebiotic, inulin has been associated 

with enhancing the gastrointestinal system and immune 

system. The most promising areas for further research are 

changes in the composition of the colonic microbiota, 

modulation of the metabolism of triglycerides, reduce the 

levels of cholesterol and serum lipids, modulation of 

insulinemia, improved bioavailability of dietary calcium and 

magnesium, negative modulation of colon carcinogenesis, and 

carcinogenic produds . 

 First of all survey of twenty local fungal isolates were 

screened to select the most potent enzyme producer. 

Penicillin chrysogeum was the highest producer of 

inulinase enzyme.  

 A series of experiments for the  optimization of the 

fermentation parameters have been done to enhance the 

enzyme productivity. 
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 Acidic mineral solution was the optimum moistening 

agent and incubation medium. Showing a result of 46 

U/gds for inulinase and 61U/gds for invertase. 

 66% moisture content was the optimum showing 

50U/gds and 65 U/gds for inulinase and invertase 

respectively. 

 The best carbon sources investigated was Wheat bran 

and Jerusalem artichoke in the ratio 4:1, showing 

62U/gds and 82U/gds for inulinase and invertase 

respectively. 

 Corn Steep liquor was the best nitrogen source used 

with a concentration 0.4%. Showing 72U/gds and 

95U/gds for inulinase and invertase respectively. 

 Corn oil gave the highest results while investigating the 

effect of natural oils. Giving 70U/gds and 92 U/gds for 

inulinase and invertase respectively. 

 The surfactant sodium dodeceyl sulphate (SDS) showed 

optimum results, 82U/ gds and 97 U/gds for inulinase 

and invertase respectively. 
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 At temperature 350C showed highest results as an 

incubation temperature. Showing 85U/gds and 100 

U/gds for inulinase and invertase respectively. 

 While testing the time for production, 72 hours gave the 

optimum result for inulinase, 85 U/gds and invertase 

102 U/gds. 

 An inoculum size of 1.8×107 showed the best enzyme 

production. 126 U/gds and 150.5 U/gds for inulinase and 

invertase respectively. 

 While testing metal ions, Magnesium sulfate (92U/gds 

&108 U/gds for inulinase and invertase respectively) 

and Calcium chloride (96 U/gds and 110U/gds) showed 

optimum results. Cadmium sulfate showed an inhibitory 

effect on the enzyme. (29.1 U/gds and 66 U/gds for 

inulinase and invertase respectively). 

 100 KGy of gamma radiation showed an increase in 

enzyme production. 310 U/gds and 352 U/gds for 

inulinase and invertase enzymes. 

 Production was tested on a larger scale using trays, 

giving a result of 200U/gds for inulinase and 345 U/gds 

for invertase. 
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 Purification using 40-80% ammonium sulfate took place 

resulting in 48 U/ml inulinase and 61 U/ml invertase. 

 Immobilization was carried out on different carriers. 

Calcium alginate showed 64.6 U/ml for immobilized 

inulinase enzyme. 

 Effect of temperature on enzyme activity was 

investigated showing 60 U/ml for inulinase for the free 

enzyme. and 73 U/ml at 70 C for immobilized enzyme. 

 The thermal stability of the immobilized enzymes was 

for 4 to 5 hours. 

 Optimum pH for immobilized enzyme was between 5 

and 6. 

 CaCl2 gave the optimum activity with immobilized 

enzyme. 
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CONCLUSION 

In this work, optimization of different parameters 
affecting productivity of inulinase/invertase enzyme by 
Penicillium chrysogenum was studied. 

Optimized media used was Wheat bran: 
Jerusalem artichoke (4:1) 66% moisture content' 
acidified mineral sol ution (pH 4.9). spore suspension 
1.8 x 107 spores/ml  irradiated with1.00 kGy of gamma 
radiation. distilled water pH 6 (extracting solvent), 
corn steep liquor 0.6%, Corn oil, SDS and CaCl2 with 
incubation temperature 35°C for 72 hrs. 

Immobilization of a partially purified inulinase 
enzyme from a local gamma irradiated strain of 
Penicillium chrysogenum on cheap immobilization 
supports was carried out. Highest inulinase 
immobilized activity was maintained on Ca- alginate 
beads. The immobilized enzyme showed a marked 
enhancement with temperature, pH optima, and 
thermostability, thus suggesting a promising industrial 
production of fructose syrup using the immobilized 
enzyme.   

 



  
 "

."  
  
  

  

  
–   
  
  
  

  
  

. /.  
– 

  
  

. /.  

- 

   

  

  

  

  

 



  

                   

inulinase / invertase Penicillium chrysogenum .    

           :    

) ( %   +  )   + (

   X   / 1.00 kGy 

+  pH  6  ) + (

       % +     +SDS +CaCl2       

          .           

inulinase                    

Penicillium chrysogenum   . 

    inulinase          .  

      pH 

optima             

.  

: inulinasePenicillium chrysogenum

    Sodium 

dodoceyl sulphate. 

  


	Cover and Acknowledgment.pdf
	Abstract.pdf
	CONTENTS.pdf
	lit rev[1]. part 1_.pdf
	Materials and Methods-new.pdf
	Results%20_complete_[1].pdf
	فواصل.pdf
	Summary1.pdf
	Conclusion.pdf
	غلاف.pdf
	المستخلص.pdf

