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Abstract: In comparison with the main advancements achieved in the last decades in the study of 
fructose production process by inulin enzymatic hydrolysis and in comparison with the majority of the 
knowledge in the area of application of Luffa cylindrica, the application of Luffa cylindrica as a carrier 
for Inulinase immobilization is a novel and effective method for production of high amount of fructose 
not only from inulin but also from garlic, chicory, Jerusalem artichoke and artichoke. In this work, the 
characteristics of free and immobilized inulinase were investigated. The influence of this new carrier 
on the optimal temperature and pH, the stabilities to temperature and the kinetic parameters were 
evaluated. The results showed that the optimal pH, in free or immobilized inulinase were 4.8 and 5.2 
respectively. For the immobilized enzyme, the optimal temperature was 55°C. However, at 60°C and 
higher temperature the immobilized inulinase was more active than the free one. Also, the stability of 
the immobilized enzyme was increased against temperature. Immobilization of inulinase protected the 
enzyme against heat inactivation. The calculated half-life values of the immobilized enzyme at 50, 55, 
60, 65 and 70°C were 1195, 762, 156, 67 and 38 min. Activation energy (E) of the native enzyme was 
11.4Kcal/mol which higher than those of immobilized enzymes (8 Kcal/mol). The utilization of Luffa 
cylindrica fibers showed the tendency to increase the values of the kinetic parameters Km and decrease 
Vmax for immobilized inulinase. The effect of various metal ions showed the protection of the enzyme 
by immobilization. 
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INTRODUCTION 

 
 Fructose production from inulin enzymatic hydrolysis is a promising process, which has gained remarkable 
attention in recent years because it brings higher fructose concentrations than the traditional process based on 
glucose isomerization. In fact, the latter is a reversible reaction and fructose equilibrium concentration cannot be 
higher than 50% of total sugars; the techniques used to push fructose concentrations above that limit are based 
on chromatography and are very costly (Vandamme and Derycke, 1983). Inulin hydrolysis, instead, is an 
irreversible reaction and it can yield fructose concentrations of up to 95% in one step, without further 
separations (Emanuele et al., 2010). 
 Production of fructose is achieved by different methods, one of such method was immobilization of 
inulinase. There are many protocols for immobilization of inulinase but very few are also very simple and 
capable of improving enzyme properties. Novel immobilization protocols are still needed in order to achieve a 
massive implementation of inulinase as catalysts of the production of fructose under the most benign 
experimental and environmental conditions. Among immobilization protocol, cross linking protocol is one of 
the best protocols because the formation of stable cross linking between the carrier and the enzyme through a 
spacer group and the covalent binding that formed through this group which increases the local surface area of 
the carrier and consequently reduces the protein crowding around the active site of the enzyme molecule and 
then resulted in good immobilization yield (Siso et al., 1990 and Abdel-Naby et al., 1998). 
 With cross-linking, covalent bonding should provide stable, insolubilized enzyme derivatives that do not 
leach enzyme into the surrounding solution. Therefore wide variety of insoluble carriers with functional groups 
capable of covalent coupling, or being activated to give such groups, makes this a generally applicable method 
of insolubilization, even if very little is known about the protein structure or active site of the enzyme to be 
coupled (Goel, 1994). 
 A new type of support for enzyme immobilization is drawing great attention in recent years. Luffa sponge 
(Luffa cylindrica) is a lignocellulosic material composed mainly of cellulose, hemicelluloses and lignin (Rowell 
et al., 2002). The fibers are composed of 60% cellulose, 30% hemicelluloses and 10% lignin (Mazali and Alves, 
2005). 
 Luffa sponge (Luffa cylindrica) is very suitable for enzyme immobilization for industrial purposes. It has 
already been recently employed in a number of applications, many authors (Passos et al., 2006; Vaghetti et al., 
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2003; and Passos et al., 2008) successfully used Luffa cylindrica for adsorption of heavy metals. Also Arenas et 
al. (2004) used it in a batch sorption system to remove methylene blue. Ahmed et al. (2007) immobilized 
alkaline protease on luffa. Luffa cylindrica has been previously suggested as an immobilization matrix for plant, 
algal, bacterial and yeast cells (Iqbal and Zafar, 1993a, b; Iqbal and Zafar, 1994). 
 The fruit of Luffa cylindrica are widely used throughout the world. It is an annual climbing crop which 
produces fruit containing fibrous vascular system (Oboh and Aluyor, 2009). The use of fibrous network of 
matured dried fruit of Luffa cylindrica as immobilizing agent for inulinase is as far as we know and according to 
the available literature, could be considered as the first effort devoted to discover the potency of one of the 
natural source for immobilization of inulinase. Regarding fructose production, this work reports the first attempt 
to employ an inulinase enzyme immobilized on luffa cylindrica in a batch bed reactor for fructose production.  
 

MATERIALS AND METHODS 
Chemicals: 
 Inulin was obtained from Fluka. Chitin and glass wool were from Sigma Chemical Co., USA, Natural 
sponge, Synthetic sponge, pumice; luffa, saw dust and wool were from the local markets. Palm fiber was 
obtained from Palm Tree. Also local clay was used. DEAE-Cellulose, DEAE-Sephadex A-50, DEAE-cellulose 
51 and Amberlite IR 120LR used were from BDH chemicals LTD. 
 
Enzyme: 
 The extra cellular inulinase was partially purified from the culture filtrate of Aspergillus niger NRRL3 by 
fractional precipitation with 40% acetone. 
 
Assay of Inulinase: 
 Inulinase activity was assayed by measuring the amount of reducing sugar released from inulin using 
Nelson's method (1944). Using 1% inulin, sodium acetate buffer(0.2M, pH 4.8). One unit of Inulinase (IU) was 
defined as the amount of enzyme which librated 1μ mol of reducing sugar (fructose) per min under the assay 
conditions. The pure inulin used for enzyme assay was dahlia tubers inulin produced by Fluka Company, 
Switzerland. 
  
Immobilization By Physical Adsorption: 
 Certain weights of the carriers were incubated with certain volume of enzyme at 4°C overnight (Abdel-
Naby et al., 1998).  
 
Immobilization By Covalent Binding: 
 Certain weights of the carriers were treated with a suitable volume of 2.5% (v/v) glutaraldehyde for 2 h at 
30°C. Then wash with distilled water to remove excess glutaraldehyde. The wet carriers were mixed with a 
certain volume of enzyme solution and incubated overnight at 4°C. Then the unbound enzymes were removed 
by washing with distilled water until no protein or activity was detected in the wash (Abdel-Naby et al., 1998). 
 
Immobilization By Ionic Binding: 
 According to Abdel-Naby et al. (1998), 0.25 gm of the cation or an Ion exchanger was equilibrated with 
acetate buffer (0.2 M, pH 4.8). The carriers were incubated with enzyme solution at 4°C for 12h. 

 
RESULTS AND DISCUSSION 

 
 Although the aim of this work was to study the immobilization of inulinase by covalent binding to Luffa 
cylindrica but comparison of the adsorptive capability of different matrices to inulinase and comparison of other 
different immobilization techniques were required to show the differences in immobilization yields. As the 
immobilization yield is the key parameter, since it represents the general output of the efficiency of the 
immobilization process.  
 
Immobilization of Inulinase: 
 The present series of experiments were undertaken to immobilize Aspergillus niger NRRL3 inulinase on 
water insoluble carriers by different immobilization techniques, this include: physical adsorption, covalent 
binding and ionic binding. As mentioned in materials and methods section inulinase activity assayed at 55°C, 
this temperature was unsuitable for inulinase entrapment in carriers such as agar, agarose and calcium alginate 
.Inulinase was obtained from Aspergillus niger NRRL3 as mentioned in a previous work (Mahmoud et al., 2011) 
and then concentrated with 40% acetone. 
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Immobilization By Physical Adsorption:  
 The enzyme was incubated with different carriers (natural sponge, synthetic sponge, pumice, saw dust, 
wool, Luffa cylindrica and chitin and palm fiber) overnight at 4°C according to Abdel-Naby et al. (1998). The 
amount of enzyme added for each carrier was 270 U/g carriers. The results in Table (1) indicated that among all 
types of adsorbing materials used in this experiment, it was found that the highest immobilization yield was 
observed with chitin (47%). It was expected that the other supports gave high immobilization yield since they 
are characterized by high porosity but unfortunately they did not and this may be due to the week binding 
between the enzyme and the support (Mahmoud, 2007). 
 
Table 1: Immobilization of inulinase by physical adsorption. 

 
Carrier 
 
 
 
 
 

Enzyme added 
Activity (U/g) 
A 

Unbound enzyme 
Activity (U/g) 
B 
 
 

Immobilized enzyme 
Activity (U/g) 
I 

 
Immobilization yield 
=(I/A-B) % 
 

Natural sponge 
Synthetic sponge 
Pumice 
Saw dust 
Wool 
Luffa cylindrica 
Chitin 
Palm fiber 

270 
270 
270 
270 
270 
270 
270 
270 

107 
115 
119 
90 
100 
83 
98 
131 

13 
23 
13 
70 
40 
45 
81 
12 

8 
15 
9 
39 
23.5 
24 
47 
9 

 
Immobilization By Ionic Binding: 
 In this experiment inulinase was immobilized on different ion exchangers such as, DEAE-cellulose, DEAE-
cellulose 51, DEAE-Sephadex A-50 and amberlite IR 120LR. The amount of enzyme added for each carrier was 
322 U/g carriers. As recorded in Table (2) all carriers failed to retain suitable inulinase activity, this indicates 
that inulinase may bind to them via protein moiety which affects the active site of the enzyme (Husain et al., 
1996).  
 
Table 2: Immobilization of inulinase by ionic binding. 

 
Carrier 
 
 
 
 
 

Enzyme added 
Activity 
(U/g) 
A 

Unbound enzyme 
Activity 
(U/g) 
B 
 
 

Immobilized enzyme 
Activity 
(U/g) 
I 

 
Immobilization yield = 
(I/A-B) % 
 

DEAE-Cellulose 
DEAE-Cellulose 51 
DEAE-Sephadex A-50 
Amberlite IR 120LR 

322 
322 
322 
322 

17 
79 
87 
121 

3 
12 
46 
20 

1 
5 
19.5 
10 

 
Immobilization By Covalent Binding: 
 Immobilization by covalent binding was prepared by cross linking between the same amount of enzyme 
mentioned before and the same carries used for physical adsorption (natural sponge, synthetic sponge, pumice, 
saw dust, wool, Luffa cylindrica, chitin and palm fiber) with one difference which is treatment of carriers with 
glutraldehyde. The results recoded in Table (3). 
 
Table 3: Immobilization of inulinase by covalent binding. 

 
Carrier 
 
 
 
 

Enzyme added 
Activity (U/g) 
A 

Unbound enzyme 
Activity (U/g) 
B 
 
 

Immobilized enzyme 
Activity (U/g) 
I 

 
Immobilization yield 
=(I/A-B) % 
 

 
Natural sponge 
Synthetic sponge 
Pumice 
Saw dust 
Wool 
Luffa cylindrica 
Chitin 
Palm fiber 
 

 
270 
270 
270 
270 
270 
270 
270 
270 
 

 
156 
134 
138 
75 
118 
57 
50 
68 
 

 
15 
13 
12 
139 
18 
172 
57 
112 
 

 
13 
10 
9 
71 
12 
81 
26 
55 
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 The immobilization yields of Saw dust, Luffa cylindrica and palm fiber by physical adsorption were 39, 24 
and 9 % respectively as recoded before in Table (1). In contrast the immobilization yields for the same carriers 
by covalent binding increased up to 71, 81 and 55 % respectively as recorded in Table (3). These results may be 
attributed to the improvement of covalent binding techniques to inulinase as very little desorption is likely using 
this method and also may attributed to the formation of stable cross linking between the carrier and the enzyme 
through a spacer group (glutraldehyde). In addition, covalent binding through a spacer group probably increases 
the local surface area of the carrier and consequently reduces the protein crowding around the active site of the 
enzyme molecule. These facts were reported by some others (Siso et al., 1990 and Abdel-Naby et al., 1998). 

However the immobilization yields of wool and chitin by physical adsorption were 23.5 and 47% 
respectively as recoded before in Table (1). In contrast the immobilization yields for the same carriers by 
covalent binding decreased to 12 and 27 % respectively as recorded in Table (3). It is important to know that 
when immobilizing an enzyme on a surface it is most important to choose a method of attachment aimed at 
reactive groups outside the active catalytic and binding site of that enzyme (Kheir et al., 2006). This statement 
may explain what exactly happened here as inulinase is a glycoprotein it can be immobilized onto any carrier 
via either its carbohydrate moiety or protein moiety. The used of carbohydrate moiety for linkage to solid 
supports generally does not affect the active site of inulinase, since it is located to the protein moiety. From all 
the above experiments, it was emphasized that the covalent immobilized enzyme on Luffa cylindrica had the 
highest immobilization activity (172 U/g) and the highest immobilization yield (81%). 

 
Scanning Electron Microscopy: 
 Microscopic photograph of adhered inulinase is shown in (Figs.1 and 2). One piece of Luffa cylindrica 
about 2mm loaded with inulinase placed on a scanning electron microscope sample holder and coated with gold 
The gold-coated samples were viewed with JXA-840A Electron probe micro analyzer. 
 

 
 
Fig. 1: Luffa cylindrica loaded with inulinase. 
 

 
 
Fig. 2: Luffa cylindrica without inulinase. 
 
 A transparent white film on Luffa cylindrica loaded with enzyme can be seen (Fig. 1) while none is seen on 
Luffa cylindrica without enzyme (Fig. 2). 
 The functional groups found in the structure of Luffa cylindrica include carboxylic,  alkynes or nitriles and 
amine groups which reported by Pavia et al. (1996) may explain the adherence of inulinase of the present study 
on Luffa cylindrica. Moreover the fibrous structure of Luffa cylindrica, with some fissures and holes in addition 
to the pore size distribution of the Luffa cylindrica with average pore diameters ranging from 30 to 1000µm and 
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pores ranging from 3.0 to 30µm which make Luffa cylindrica a mixtures of micro- and mesoporous material 
(Passos et al., 2008) responsible for more adherence of inulinase due increasing of surface area of adherence 
(immobilization). 
 
Properties of Immobilized Inulinase on Luffa Cylindrical:  
 The properties of inulinase immobilized on Luffa cylindrica were studied. 
 
Effect of Time of The Reaction: 
 The activities of the free and immobilized inulinase were assayed at various incubation times (15-90 min). 
As indicated in table (4) both the free and immobilized enzyme had maximum activity after 15 min (11.7 U/ml 
and 49 U/g wet carriers respectively). Increasing incubation time led to reduction in enzyme activity.  
 
Table 4: Effect of time of the reaction on free and immobilized inulinase activity. 

Time 
(min. ) 

Free enzyme 
 (U/ml) 

Immobilized enzyme 
(U/g wet carrier) 

15 
 
30 
 
45 
 
60 

11.7 
 
10.2 
 
8.9 
 
8.3 

49 
 
39 
 
33 
 
31 

 
Effect of Temperature of The Reaction: 
 The activities of the free and immobilized inulinase were assayed at various temperatures (40-70°C) and the 
results illustrated in (Figs. 3 and 4). It was observed that, the immobilized enzyme had the same optimum 
reaction temperature (55°C) as the free enzyme. However, at 60°C and higher temperature the immobilized 
enzyme was more active than the free one, indicating the stabilizing effect of immobilization on the enzyme at 
higher temperatures. 
 

 
 
Fig. 3: Effect of reaction temperature on free inulinase. 
 

 
 
Fig. 4: Effect of reaction temperature on immobilized inulinase. 
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 The above results were re-plotted in the form of Arrhenius plots. The slope of a logarithmic Arrhenius plot 
is related to the activation energy for the molecule by the relationship: Slope= activation energy/2.303 R, Where 
R is the gas constant (R= 1.976 Cal/mol).  
 

 
 
Fig. 5: Arrhenius plots for free and immobilized inulinase. 
 

 
 
Fig. 6: Arrhenius plots for free and immobilized inulinase. 
 
 Arrhenius plots of the temperature data of both the free and immobilized enzymes were linear (Figs. 5 and 
6). The calculated values of the activation energy of the free and immobilized enzyme were calculated as 11.4 
Kcal/mol and 8 Kcal/mol, respectively. The lower value of the activation energy for the immobilized enzyme 
compared to the free enzyme may be attributed to the mass transfer limitations. Several authors (Kitano et al., 
1982 and Allenza et al., 1986) reported that the activation energy of the immobilized enzyme was lower because 
the internal diffusion limitation is the rate limiting step.   
 
Effect of pH of The Reaction:  
 The effect of reaction pH of the free and immobilized inulinase was studied (pH 4.0 – 7.2). The results 
(Figs. 7 and 8) indicated that, the free enzyme had an optimum pH of 4.8, whereas that of the immobilized 
enzyme was shifted to 5.2. 
 

 
 
Fig. 7: Effect of reaction pH on free Inulinase. 
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Fig. 8: Effect of reaction pH on immobilized inulinase. 
 
 The results indicated that the optimum pH of the immobilized enzyme was shifted to 5.2 in comparison to 
that of the free enzyme (pH 4.8). This reveals the fact that, the ionization of the amino acid residues at the active 
site was affected by immobilization. Similar optimum pH of 5.2 was reported by Nakamura et al. (1995) for 
inulinase immobilized on amino-cellulofine. 
 
Thermal Stability: 
 The thermal stability of free and immobilized inulinase was investigated in temperature range between 50 
and 70°C. The results illustrated in Figs. (9 and 10) indicated that, the immobilization process protected the 
enzyme against heat inactivation. For examples, the immobilized enzyme retained about 89% of its original 
activity when heated for 90 min at 50°C, whereas at this temperature the free enzyme retained 57% only of its 
original activity. Also the immobilized enzyme retained about 12% of its original activity when heated for 75 
min at 65°C, whereas at this temperature the free enzyme was completely inactivated. 
 When the log of the activity retained was plotted against time at the temperature used for inactivation, both 
the native and immobilized enzyme gave straight line plots (Figs. 11 and 12).This indicated that the thermal 
inactivation processes of the free and immobilized enzyme corresponded to the theoretical curves of the first 
order reaction. 
 

 
Fig. 9: Thermal stability of free inulinase. 
 

 
 
Fig. 10: Thermal stability of immobilized inulinase. 
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Fig. 11: Log residual activity as a function of time for free inulinase. 
 

 
 
Fig. 12: Log residual activity as a function of time for immobilized inulinase. 
  
 In general, immobilization of inulinase protected the enzyme against heat inactivation. The results recoded 
in Table (5) indicated that the calculated half-life values of the immobilized enzyme at 50, 55, 60 and 65°C were 
1195, 762, 156, 67 and 38 min, whereas at these temperatures the free enzyme had lower half-life values (778, 
233, 134, 32 and 21 min. respectively). 
 
Table 5: Thermal properties of free and immobilized enzyme. 

Property Free enzyme Immobilized enzyme 
Optimum temperature (°C) 55 55 
Activation energy (Kcal/mol) 11.4 8 
Half life (t1/2,min) at: 
 
50°C 
 
55°C 
 
60°C 
 
65°C 
 
70°C 

 
 
778 
 
233 
 
134 
 
32 
 
21 

 
 
1195 
 
762 
 
156 
 
67 
 
38 

Deactivation rate constant (min-1) at: 
50°C 
55°C 
60°C 
65°C 
70°C 

 
8.9 x 10-4 
3 x 10-3 
5 x 10-3 
0.02 
0.033 

 
5.8 x 10-4 
9 x 10-4 
4.4 x 10-3 
0.01 
0.02 

 
 
Effect of Substrate Concentration and Determination of Km and Vmax:  
 As indicated in (Fig. 13) Linweaver-Burk plots of the free and immobilized enzyme gave Km of 19 and 22.2 
mg/ml, respectively with inulin. The Vmax of the free and immobilized enzyme were 57 and 39 U/ml, 
respectively. 
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Fig. 13: Linweaver-Burk plots of the free and immobilized enzyme. 
 
 Linweaver-Burk plots of the free enzyme gave Km of  19 mg/ml, with inulin, which is lower than that of the 
immobilized enzyme (22.2 mg/ml). The calculated value of Vmax of the free enzyme was 57 U/ml which is 
higher than that of the immobilized enzyme (39 U/ml). 
 The increase of the Km value after the immobilization may be due to mass transfer resistance of the 
substance into the immobilization matrix and to low substrate accessibility to the enzyme active site. Increasing 
the Km value of other enzymes after the immobilization was similarly reported by various authors (Kusano et 
al., 1989 and Abdel-Naby et al., 1999a). On the other hand, fixation of the enzyme on the immobilization matrix 
would lead to decrease in the flexibility of the enzyme molecule, which is commonly reflected by a decrease in 
the catalytic activity as reported by other authors (Erarslan et al., 1996). Consequently, the maximum reaction 
rate of the immobilized enzyme was lower than that of the free enzyme. 
 
Effect of Various Metal Salts: 
 In this experiment, the free and immobilized enzymes were incubated with metal salts with different 
concentrations for 15 min. at 50°C then the substrate was added and incubated at the optimum conditions for 
each enzyme. The control was assayed without added metal salts. The results in Table (6) indicated that Cu+2, 
Hg+2 and Fe+3 had inhibitory effects on both free and immobilized enzyme activity. On the other hand, Mn+2 and 
urea had stimulating effect on the activity of both free and immobilized enzyme. 
 
Table 6: Effect of metal salts and compounds on the activity of free and immobilized Inulinase.  

 
Compound 

 
Concentration (mM) 

Relative activity (%) 
Free Immobilized 

Control - 100% 
 
MnSo4. H2O 

1 103 110 
2 105 115 

CuSo4. 5H2O 1 55 65 
2 24 28 

HgCl2 1 5 11 
2 5 11 

(NH4)2SO4 
 

1 100 100 
2 90 98 

CdSo4.8H2O 
 

1 98 100 
2 92 100 

FeCl3.6H2O 
 

1 61 70 
2 12 30 

Urea 
 

1 111 125 
2 115 133 

SDS (Sodium dodocyl 
sulfate) 

1 100 100 
2 93 100 

EDTA 1 93 100 
2 74 100 

ZnSo4. 7H2O 1 100 100 
2 93 97 

 
 The effect of metal ions indicated that the inhibitory effect of some investigated metal ions was less 
pronounced with the immobilized enzyme as compared with the free enzyme. For example, Cu2+, Hg2+ and Fe3+ 
had inhibitory effects on both free and immobilized enzyme activity. However, the inhibitory effects were more 
observed on free enzyme. Also NH4+ and Zn2+ of 2mM concentration had inhibitory effects on both free and 
immobilized enzyme but more observed in free enzyme. 
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 SDS at 2mM concentration had inhibitory effect on the free enzyme but no effect was observed with 
immobilized enzyme. Cd2+ and EDTA had inhibitory effect on free enzyme. However, immobilized enzyme was 
not affected. 
 The significant low activity of free enzyme may be attributed to direct contact between metal ions and 
active site of enzyme. However in immobilized enzyme, the fibrous porous structure of Luffa cylindrica may 
play role of protection due to the time required for these metal ions (Cu2+, Hg2+ and Fe3+) to diffuse to the carrier 
surface to reach to the active site of enzymes. These results indicating the partial protection of the enzyme by 
immobilization which are in agreement with those reported for other immobilized enzymes (Kimura et al., 1989 
and Abdel-Naby et al., 1999a). 
 The overall performance of immobilized inulinase on Luffa cylindrica is rather promising than the free 
enzyme or the immobilized inulinase on other supports. Furthermore, immobilization on Luffa cylindrica 
provides a unique property for enzymes by their reuse several times, thus affecting positively the economy of 
the enzymatic process. 
 The application of Luffa cylindrica as a carrier for Inulinase immobilization is novel and effective method 
for production of high amount of fructose not only from inulin but also from garlic as shown in the next 
experiment.  
 
Application of Immobilized Inulinase In Fructose Production: 
 In order to apply immobilized inulinase (on Luffa cylindrica) for production of fructose, comparison study 
carried out for choosing the most rich inulin source to be used in fructose production to lower the costs of using 
pure inulin. Therefore inulin was extracted from different agriculture sources (chicory roots, Jerusalem artichoke 
tubers, artichoke leaves and garlic bulbs) by hot water diffusion and the highest inulin yield was obtained from 
garlic bulbs (31% inulin yield). 
 The total carbohydrate contents in each inulin extract were determined showed that there was a very low 
difference between the total carbohydrate contents of pure inulin, garlic and Jerusalem artichoke extracts (82, 80 
and 85%, respectively). However, artichoke and chicory had much lower carbohydrate contents (61 and 56% 
respectively). 
 The hydrolysis products, by 0.1 N HCl of the above mentioned inulin sources were investigated and the 
fructose yield from garlic extract was the highest and reached 63% compared to that from pure inulin (65%). 

The enzymatic hydrolysis products (using free enzyme) of pure inulin and garlic extracted inulin were 
compared. The enzyme hydrolyzed the garlic extract yielding fructose and glucose with very low difference in 
proportions compared to pure inulin (fructose, 63% and 65%; glucose 37% and 35%) in garlic extract and pure 
inulin respectively. 
 The enzymatic hydrolysis percentage (using immobilized enzyme) of pure inulin and garlic extracted inulin 
were compared. The result was 75.6% for garlic and 85.4% for pure inulin. The hydrolysis percentage 
calculated using the following equation: Hydrolysis (%) = reducing sugars / total carbohydrates x 100 x 0.9. 
 From this part of work we can concluded that, since garlic gave the highest extraction yield and contained 
carbohydrate and fructose contents almost the same as pure inulin, it can be considered as a new substrate for 
fructose production and so do the new support Luffa cylindrica. These results encourage the authors of the 
present study to continue the work to examine the ability of inulinase either free or immobilized for 
saccharification in further study.  
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