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ABSTRACT 
Naringinase is a multi-enzyme complex having α-L-rhamnosidase and β-D-glucosidase activity as it breaks down 
naringin into simple forms rhamnose and purnin which was further hydrolyzed to glucose and naringenin. In the present 
study, Naringinase isolated from Aspergillus flavus KLA-80 which was showed an activity of 867U/mL was selected for 
purification. The purified enzyme showed a 78.43% yield through a series of steps. The molecular weight of naringinase 
by using chromatography on a Sephadex G-200 column and molecular mass of subunit was estimated to be around 20Kd 
by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). The purified enzyme was found to have 
maximum activity at temperature of 500C and found to stable at 450C to 550C. The optimum pH was found to be around 
pH 4 and the activity was found to be stable at 3-6 pH respectively. Further immobilization of purified enzyme was 
carried out by Nano-encapsulation method using homogenization technique where 37.9% of immobilization is achieved 
and also SEM analysis of naringinase was performed. 
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INTRODUCTION 
Nowadays, people are very much conscious about their dietary habits, due to which food industries are 
trying to make their products as healthy as possible without making any changes in their original food or 
fruits value in order to increase the trading of their product. As we know that fruits are rich with 
enormous variety of nutrients and bioactive compounds (1). There are various types of fruits present 
among which citrus fruit variety are rich in polyphenols content, specifically the flavanone, hesperidin’s, 
naringin and narirutin along with Vitamin C, folate, potassium and pro-vitamin A (2) which provide 
prevention towards chronic type of diseases (3). Orange and grapefruit juices are naturally rich source of 
micro-nutrients and bioactive phytochemicals, particularly polyphenols which are associated with variety 
of nutritional, dietary and health benefits (4), as it helps in providing natural balance and combination of 
water, vitamins, sugar and acids. Controlled randomized procession showed a significant improvement in 
vascular function and blood pressure, followed by the consumption of 100% orange juice (OJ) with effects 
which is potentially mediated through hesperidin and potassium (5). Inspite of having these advantages 
the consumption of citrus juices is less because of the bitterness caused by the naringin. In order to 
overcome this microbial extraction of enzymes was done where enzymes are isolated from various 
bacteria and fungi sources (6). Whereas it is found that Naringinase has the ability to cleave naringin as it 
express α-L-rhamnosidase and β-D-glucosidase activity, which breaks the terminal end of α-L-rhamnose 
and β-D glucose from glycosides, glycopeptides, glycolipids and flavonoids (7). Naringinase which have 
the ability to cleave naringin makes it more attractive for the use in food industry in particular for di-
bettering of fruit juices. Other than the food industry the enzyme also has an industrial application as it 
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plays an important role in biotransformation of steroids and antibiotics (8). Moreover, its hydrolyzed 
product can be used as starting material for the synthesis of substances applied in pharmaceuticals, 
cosmetics and food technology (9). In the present investigation, we divulge the production and 
characterization of partially purified Naringinase from Aspergillus flavus KLA-80 and also immobilization 
and SEM analysis of the purified naringinase was performed in order to debitter grapefruit juice. 
 
MATERIAL AND METHODS 
Organism: - 
The previously isolated Aspergillus flavus (KLA-80) which was isolated from citrus growing regions, 
which was maintained in lab conditions in Naringin Agar Media (NAM), it was sub-cultured for every 5-7 
weeks. Production and assay of Naringin by HPLC was reported earlier (10). 
Cultivation of Aspergillus flavus on the media slant to prepare spore suspension: - 
The strain KLA-80 was found able to synthesize Naringinase which was inoculated onto media slant with 
composition (g/l) of Peptone 1.5g, Naringin 1g, galactose 12.5gm, kcl 0.5gm, MgSo4 0.5gm, KH2PO4 1gm, 
Fecl3 0.1g. The spores were grown at PH 4.5 and at a temperature of 350C for 3 days before they were 
washed and adjusted spore suspension of 1x106. 
Enzyme Assay: - 
Naringinase assay was carried out by the imperceptible modification of Thammawat method (11) using 
naringin as substrate (0.65 mL of 0.1%) in 0.01M acetate buffer (pH 4.0) was made to react with 0.1mL of 
Naringinase enzyme for 15 min at 600C.  In the reaction mixture 0.2Ml was taken and mixed with 4mL of 
90% diethylene glycol and 0.2Ml of 4N NaOH. The mixture was kept for 10 min at an ambient 
temperature. This resulted yellow color was measured at 420nm. Determination of the enzyme activity 
was calculated using pure naringin as standard. One unit (U) of Naringinase activity was defined as the 
amount of enzyme that could hydrolyze 1 µl/mol of naringin/mL in min at the assay conditions. 
Protein Concentration: - 
The concentration of protein was determined by measuring the absorbance at 280nm of the Naringinase 
solution by Lowry’s method (12). 
Enzyme Purification: - 
The Naringinase enzyme was purified partially by ammonium sulfate precipitation method (13) followed 
later by dialysis. The fermented broth was precipitated using 65% saturation of ammonium sulfate and 
kept at 40C for overnight. The precipitated protein was centrifuged at 9000rpm for 5min. The resulting 
pellet was dissolved in 0.1M sodium acetate buffer of pH 4 and it was dialyzed against phosphate buffer 
(0.05M, pH 7.0) for 24hrs at 250C with timely replacement of buffer. The concentrated sample of 1ml was 
applied to anion exchange column Sephadex G-200 column (1.5-45cm) that had been previously 
equilibrated with 0.05 M phosphate buffer (pH 7) containing 0.15 M sodium chloride. Elution was 
performed at a flow rate of 0.5 ml min)1 (0.05 M phosphate buffer). Fractions (1 ml) corresponding to 
Naringinase activity were collected and checked for the purity of enzyme using native SDS-PAGE. 
Characterization of Purified enzyme: - 
Characterization of purified enzyme is done to determine the optimum pH and temperature of 
Naringinase, assay were carried out in different pH values using sodium acetate (0.05M,pH 3-6) and at 
different temperature (20-700C) and enzyme activity was assayed. Apparently, Km and Vmax values for 
naringin was calculated using a Line weaver-Burk plot method. 
SDS polyacrylamide gel Electrophoresis and Molecular Weight Measuring: - 
Naringinase molecular weight is estimated by SDS-PAGE and Gel filtration chromatography. The GFC was 
performed by Sephadex G-200 column as mentioned and SDS-PAGE was carried out. 
Nano-encapsulation: - 
To increase the enzyme efficiency, immobilization of naringinase was done by nano-encapsulation 
method as described by Donsi et al.,2011 (14).  In which 2% of acetic acid or distill water dissolved in the 
polymer of sodium alginate and chitosan and rotated at 250rpm for about 48hrs by adjusting pH to 5.5 by 
using 0.5M sodium hydroxide solution to get a polymer at a concentration of 2%(w/v), followed by 
addition of 1g of nano-materials with 2ml of naringinase solution and kept at 40C for 24hrs until a desired 
naringinase load is obtained. 
After the end of incubation period, the obtained materials were washed twice with 0.1M sodium acetate 
buffer, pH 4.0. The supernatant was separated and resuspended in deionized water until the naringinase 
assay is carried out. 
Immobilization Assay: - 
The assay of Nano-encapsulation of naringinase was carried out by the method prescribed by Khaled 
(15). In this method about 1g of previously immobilized naringinase was taken to which 2ml of 0.2% 
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naringin solution dissolved in 0.1M sodium acetate buffer pH 4.0. The amount of liberated glucose is 
estimated as stated earlier. The immobilization yield was calculated by the following equation: 

Immobilization yield (%) =                 Immobilized enzyme × 100 
      

                                                                   Enzyme added – Unbound Enzyme 
SEM Analysis: - 
The structure of the immobilized naringinase was observed by using scanning electron microscopy field 
emission gun (TESCAN-VEGA3 LMU) where the surface of the samples was analyzed by operating at 30kv. 
 
RESULTS 
Protein Assay 
For protein purification, the fermented flasks were kept in an ice bath, the cell free extracts were 
recovered by the addition of 5-10ml of sodium acetate 50mM at pH 4 and further mixed using glass rod, 
eventually, the suspension was filtered and centrifuged at 9000rpm for 15min at 4oC, a clear brown 
supernatant was used for the subsequent analysis. Further, protein content was estimated using Lowry’s 
method using bovine serum albumin as a standard. About 100ul of sample was taken for analysis. In 
which 65% of ammonium sulfate showed a highest protein concentration which was used for further. 
 

 
Fig 1: - Graph showing protein concentration 

 
Table 1: -Protein concentration at different Ammonium sulfate concentration 

Sl. No Sample Description 
Ammonium sulphate precipitate % saturation 

OD at 660nm Protein content 
mg/Ml 

1 50 0.139 68.9 
2 55 0.195 96.9 
3 60 0.301 149.9 
4 65 0.440 219.4 
5 70 0.150 74.4 

 
Purification of Naringinase: - 
A typical purification of naringinase from Aspergillus flavus KLA-80 was done by ammonium sulfate 
precipitate as explained above. As this step yields specific activity of 60.0 of the purified sample whereas 
crude enzyme showed a specific activity of 32.6 i.e. there is an increase in around 14.33 percent of specific 
activity was found. The ammonium sulphate was dialyzed using phosphate buffer (pH 7.0, 0.05M) 
overnight at 6oC. The dialyzed precipitation was lyophilized and dissolved in minimum quantity of 
phosphate buffer. The protein was further purified by DEAE cellulose column and naringinase activity 
was eluted at 0.45M NaCl. 
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Table 2: -Naringinase Purification Profile 
Sl.No Sample Description  Protein Total 

Enzyme activity 
Specific activity Percentage yield 

1 Crude extract 115.9 7650  32.6 100  
2 Dialysed enzyme 4 

 pH 50°C 
 219.4  6750  36.6  88.23 

3 Purified enzyme  250.8  6000  60.0  78.43 
 
Characterization of Enzyme: - 
The SDS-PAGE of different purified extract of naringinase was determined in below given figure with 
reference to a broad range of marker, by evidence that there were different subunits having molecular 
weight (MW). The molecular mass of the purified enzyme was 10-20, 60-65 and KDa, the purified 
naringinase gave 1 band with an apparent molecular mass of 20KDa respectively (As shown in below 
figure). The proteins were stained with Coomassie brilliant blue R-250.  

 
Fig2: - SDS-PAGE of Purified Naringinase 

Effect of pH: - 
The optimum pH of the purified enzyme was determined by dissolving the 0.1% naringin at various 
sodium acetate buffer concentrations varies from different pH from 3.0 to 8.0 in which optimum pH was 
found to be around 4.0 though at pH 5 and 6 it is relatively active having lost its activity. The broad pH 
optimum is preferable for application of naringinase in food and pharmaceutical industry. This pH 
optimum under the condition used for similar to those reported for naringinase from other micro-
organisms. The enzyme optimum Ph of the enzyme at Ph 4.0 of Aspergillus niger 1344 (13) whereas 
Pencillium decumbens showed an optimum Ph of the enzyme 4.0 (16) Clostridium stercorarium was found 
to showed highest activity in the Ph 5.5(17). 

 
                                                                 Fig3: Effect of Ph 
Effect of Temperature: - 
The temperature has an effect on enzyme activity i.e., the activity increases with increase in temperature 
and at some point causing activity to be lost by denaturation. The optimum temperature of the purified 
naringinase was found to be at 500C and completely decreases after 60oC.As per the earlier studies of 
Kanokpan Thammawat et al [18] reported optimum temperature of 60oC for purified naringinase from 
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Aspergillus niger BC 25166, whereas Aspergillus Brasiliensis MTCC 1344 showed highest activity at 60oC 
(18), Hui Nui et al (19) isolated Aspergillus niger which showed an optimum temperature in the range of 
45 to 55oC where Manzanares et al 1997(20) reported optimum temperature of the 65 oC of the purified 
rhamnosidase isolated from Aspergillus niger. 

 
Fig4: Effect of Temperature 

 
Immobilization of the enzyme: - 
The Nano-encapsulation data was showed in below table 3 and Fig 2. Showed an increase in enzyme 
specificity. The yield of encapsulated naringinase obtained after Nano-encapsulation in sodium alginate 
beads and chitosan.  

Sample Enzyme Activity (IU) 
Pure Enzyme 0.165 

Immobilized Enzyme 0.044 
Unbound Enzyme 0.049 

Table3: - Enzyme Activity at different stages 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig5: - Immobilization of Naringinase 
 

The enzyme molecule orients themselves to remain active blocked site, thereby restraining the active site 
of the enzyme towards the substrate. Longer the incubation time could increase the probability for 
covalent modification close to the active site increasing the enzyme inactivation where the 37.9% of 
immobilization was achieved, whereas silk fibroin which was used for the immobilization of naringinase 
where >70% residual activity was retained at an optimum reactive temperature at 55oC (19). Sol-gel 
developed naringinase immobilization was done for Penicillium decumbens increasing an immobilization 
yield up to 82% (21) other than these naringinase immobilized with calcium alginate beads showed 25% 
of retention in activity compared with initial maximum rate (22). 
SEM Analysis: - 
The surface morphology of the immobilized naringinase were examined by SEM in which the size of the 
cell was measured with 50µm at a magnum of 750x and 10 µm at a magnum of 5.00kx and the size of the 
Nano-particle was found to be 2 µm in a SEM magnum of 20.0kx. After pre-treatment and dehydration of 
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sample was mounted with gold sputtering. Different resolutions from 500-2000um were to study the 
changes in microscopic structures and particles. The SEM images shows the average size of cell is around 
3.05um in area. 

 
a                                                                               b 

Fig6(a &b): - SEM micrographs of the Naringinase enzyme a& b encapsulated with sodium alginate 
and chitosan 

CONCLUSION 
Bitterness of citrus fruit has been a one of the major drawbacks of industries in regard to this naringinase 
has gained importance in industrial application. Isolation and production of naringinase by micro-
organisms is much cheaper and more efficient than chemical synthesis and extraction. In the present 
study, we have successfully isolated naringinase enzyme using A. flavus KLA-80 further. The optimum pH 
and incubation temperature of naringin hydrolysis was found to be at 4 and 500C, respectively. Further by 
immobilizing the enzyme with Nano-encapsulation achieving around 37.9% of immobilization along with 
SEM analysis was also carried out for the determination of enzyme size. 
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