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INTRODUCTION 

 

Enzymes are the functional proteins which catalyzes various chemical reactions. 

Some fundamental and important characteristics of enzymes make them strong 
candidate molecules for industrial processes. These characteristics are (i) higher 

specificity and efficiency, (ii) enzymes can be recovered after the product 
formation and (iii) enzymes can be produced from rapidly growing 

microorganisms (Yadav et al., 2014). Enzymes are employed in different areas of 

industries including food, feed, detergent, textiles, laundry, tanning, as well as 
pharmaceuticals, cosmetics, and fine-chemicals industries (Miguel et al., 2013). 

Enzymes found in nature have been used in the production of food products (Kirk 

et al., 2002). A large number of enzymes have already been commercialized for 
different industrial processes. Industrial applications account for major share of 

the global market of enzymes (van Oort, 2010). Food enzymes are the most 

widely used enzymes at industrial level and represent the major share in enzyme 
market (Miguel et al., 2013). Food enzymes are commonly used in baking, 

beverages and brewing, dairy, dietary supplements, as well as fats and oils and 

also in synthesis of artificial sweeteners (Kirk et al., 2002; Xu et al., 2003; Berka 
and Cherry, 2006; Binod et al., 2008; Fernandes, 2010; Singh and Yadav, 2012). 

Continuous developments and advancement in bioprocess technology resulted in 

considerable and improved yields of enzymes by fermentation (Falch, 1991; 
Poulsen and Buchholz, 2003; Petersen, 2005; Miguel et al., 2013). Enzyme 

stability can be increased while specificity can be altered (Falch, 1991; Poulsen 

and Buchholz, 2003; Petersen, 2005; Miguel et al., 2013). Microbial sources of 
enzymes are more advantageous than animal or vegetable sources (Soares et al., 

2012). The obvious advantages include low production costs, easy large-scale 

production in industrial fermenter, better possibility of genetic manipulation and 
fast growth. These characteristics make microbial enzymes more suitable 

biocatalysts for various industrial applications (Hasan et al., 2006). Non-

enzymatic processing and chemical based processing posses some drawbacks. 
High temperatures and/or high pressures needed to drive reactions lead to high 

energy costs and may require large volumes of cooling water downstream. High 
chemicals and energy consumption as well as harmful by-products have a 

negative impact on the environment. In a number of cases, some or all of these 

drawbacks can be virtually eliminated by using enzymes. Generally, either the 
enzymes are used to convert the raw material into the main product, or the 

enzymes are used as additives to alter a functional characteristic of the product 
(Miguel et al., 2013). In the first situation, the enzymatic activity can be 

optimized and controlled as compared to the second situation where it is more 

difficult to control the enzymatic reaction (Illanes, 2008).  
Naringin (4, 5, 7-trihydroxyflavanone 7-rhamnoglucoside), is the major 

component in grapefruit. It contributes more than the other components to the 

bitterness of both fresh fruit and juice. Naringinase is an enzyme complex 
consisting of α-L-rhamnosidase (E.C. 3.2.1.40) and flavonoid-β-glucosidase 

(E.C. 3.2.1.21) activities. In typical processing, naringinase converts naringin to 

naringenin in a two step process, the substrate naringin is hydrolyzed by 
rhamnosidase component of enzyme naringinase to produce prunin which is then 

converted by flavonoid β-D-glucosidase to naringenin (Chandler and Nicol, 

1975; Habelt and Pittner, 1980). The rhamnosidase activity of naringinase is 
essential for bitterness removal (Puri et al., 1996). This review focuses over 

microbial sources of naringinase and potent applications in food industry. 

 

MICROBIAL SOURCES OF NARINGINASE 

 

Various microbial sources of naringinase have been reported world wide by 
different researchers. Most of the studies focus over fungal sources. Few reports 

on bacterial production of naringinase are also available. Among various 

microbial sources, strains of Aspergillus sp. and Penicillium sp. have been shown 
to specially endow with naringinase activity. Aspergillus niger has been reported 

as major source of naringinase. The different microbial sources of naringinase 

have been listed in Table 1.   
  

 

 

 

 

 

 

 

 

 

Naringin is a flavonoid naturally present in citrus fruits. It is present in orange, grapefruit, lemon and other fruits of citrus family. 

Naringin is the major cause of bitterness in citrus fruit juices. This flavonoid may cause interference during the citrus fruit juice 

processing. Naringinase (E.C.3.2.1.40) is an enzyme which catalyzes the hydrolysis of naringin into prunin and then into naringenin, 

which is non-bitter and tasteless. Naringinase is produced by many microorganisms but the commercial production of this microbial 

enzyme is still the area of interest. Naringinase is chiefly produced by various fungal strains and it has been reported for elimination of 

bitter flavour (due to naringin) in citrus fruit juice. Few bacterial sources have also been reported for naringinase. Besides removal of 

bitterness, naringainase has potent application in enhancement of aroma in wine making. This review focuses over microbial sources, 

production and applications of naringinase in food industries. 
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Table 1 Microbial sources of naringinase 

Source microorganism Reference(s) 

Aspergillus foetidus  Mendoza-Cal et al., 2010 

Aspergillus niger HPD-2  Mendoza-Cal et al., 2010 

Aspergillus niger  Bram and Solomons, 1965; Mendoza-Cal et al., 2010; Awad et al., 2016 
Aspergillus oryzae SS  Mendoza-Cal et al., 2010 

Penicillium caseicolum  Mendoza-Cal et al., 2010 

Penicillium chrysogenum NRRL  Mendoza-Cal et al., 2010 
Penicillium glaucum  Mendoza-Cal et al., 2010 

Penicillium roqueforti I  Mendoza-Cal et al., 2010 

Penicillium roqueforti II  Mendoza-Cal et al., 2010 
Penicillium roqueforti CNRZ  Mendoza-Cal et al., 2010 

Rhyzopus delemar  Mendoza-Cal et al., 2010 
Aspergillus niger MTCC 1344 Puri et al., 2005 

Staphylococcus xylosus MAK2 Puri et al., 2010a; Puri et al., 2011 

Candida tropicalis Saranya et al., 2009 
Penicillium decumbens PTCC 5248 Nourouzian et al., 2000 

Aspergillus flavus Radhakrishnan et al., 2013 

Penicillium purpurogenum Patil and Dhake, 2014 
Aspergillus aculeatus Manzanares et al., 2001; Anfeng et al., 2015 

Aspergillus niger ATCC1015 González-Vázquez et al., 2011 

Bacillus amyloliquefaciens 11568 Zhu et al., 2017 

  

PRODUCTION OF MICROBIAL NARINGINASE 

 

Various microbial sources have been reported for production of naringinase. 
Various media components have been studied to find efficient media 

formulations to support maximal production of microbial naringinase. 

Thammawat et al. (2008) isolated 348 fungal strains from 128 various host 
samples, collected from 11 different sources which are capable of hydrolyzing 

naringin by growing at 28°C on selective synthetic minimal medium, with  pH 

5.8, containing 0.1% naringin. Further all the isolated fungal strains were primary 
screened  by growing the fungi at 40°C for 7 days in synthetic minimal medium, 

pH 4.0, added with 0.1% naringin and by investigation of the naringin hydrolysis 

of the fungal culture filtrate, forty fungal isolates were obtained. Secondary 
screening of selected 40 isolates was done on the basis of both, glycosidase 

activities, α-L-rhamnosidase and β-D-glucosidase at 40°C, pH 4.0, and 
naringinase activity at the temperatures of 50, 55 and 60°C and at both pH 3.0 

and 4.0. Aspergillus niger BCC 25166 was selected and genetically identified. 

For optimization of the medium and conditions for enzyme production, 
submerged fermentation was found suitable with inoculums concentration of 105 

spores/ml in Czapek-Dox medium, pH 4.0, containing 0.1% naringin. The 

maximum naringinase production of selected fungal strain (117.77 U/mg protein) 
was obtained with medium supplemented by 3.75 g/l rhamnose as a carbon 

source and using 2.5 g/l NaNO3 as a nitrogen source. For high production of α-L-

rhamnosidase (303.20 U/mg protein), 2.5 g/l soya peptone should be used 
instead.  

Response surface methodology for optimizing the fermentation medium to 

enhance naringinase production by Staphylococcus xylosus at shake flask level 
have been reported by Puri et al. (2010a). Authors have investigated some 

important factors such as carbon (sucrose), nitrogen (sodium nitrate), pH and 

naringin (inducer) that significantly affects naringinase production. In order to 
determine optimal levels of each factor, 22 full factorial central composite 

designs were applied. Using this methodology, the authors obtained optimum 

values for the critical components. These values included, sodium nitrate, 10.0%, 
sucrose, 10.0%, pH 5.6, biomass concentration, 1.58%, and naringin, 0.50% 

(w/v), respectively. These optimal parameters resulted in experimental 

naringinase production of 8.45 IU/mL. Similarly, Puri et al. (2011) reported 
Staphylococcus xylosus MAK2, a soil isolate which was a Gram-positive coccus, 

a nonpathogenic member of the coagulase-negative Staphylococcus family for 

production of naringinase in a stirred tank reactor. An initial medium at pH 5.5 
and a cultivation temperature of 30°C were found to be optimal for enzyme 

production. They found that addition of Ca2+ caused stimulation of enzyme 

activity. The effect of various physico-chemical parameters, such as agitation, 
temperature, pH, and inducer concentration were studied. The enzyme production 

was found to increase in the optimized medium due to addition of citrus peel 

powder. A double increase in naringinase production was achieved by using 
different technological combinations. The process optimization using 

technological combinations allowed rapid optimization of large number of 

variables, which significantly improved enzyme production in a 5- l reactor in 34 
hours. Naringinase production was further increased in the bioreactor (8.9 

IU/mL) by increase in sugar concentration (15 gl−1) in the fermentation medium. 

Thus, availability of naringinase renders it attractive for potential 
biotechnological applications in citrus processing industry.  

Mendoza-Cal et al. (2010) also studied the naringinase production by twelve 

filamentous fungi using agro industrial residues; orange and grapefruit rind as 
substrates which contain naringin, an important inductor for this enzyme. The 

percentage of naringin hydrolyzed from grapefruit rind by Aspergillus foetidus, 

Aspergillus niger and Aspergillus niger HPD-2 was found 81, 80 and 79% 
respectively. They observed that temperature, pH and water activity (Aw) 

influenced the volumetric and specific naringinase activity of each strain. The 

optimal culture conditions for A. foetidus, A. niger and A. niger HPD2 were as 

follows: pH 5.4, 35°C, 0.5222 Aw; pH 5.4, 35°C, 0.7533 Aw; pH 5.4, 40°C, 
0.7533 Aw respectively. A. foetidus showed highest volumetric activity 2.58 

Uml-1, when grown on grapefruit rind. Among the strains used, optimal 

naringinase production was with A. foetidus. The use of grapefruit rind as a 
substrate gave a higher yield of naringinase production than using orange rind.  

Aspergillus flavus has also been studied for the production of naringinase 

(Radhakrishnan et al., 2013). Naringenin was found to be best inducer at the 
concentration of 0.08 mg/L. Authors also studied the effect of metal ions on 

naringinase activity. Mg2+ and Ca2+ ions were found important for the better 

activity of the enzyme naringinase while Fe2+ and Mn2+ have been found to have 
an inhibitory action on growth and enzyme production. Puri et al. (2005) used 

Aspergillus niger MTCC 1344 for the production of extracellular naringinase in a 
medium composed of molasses, yeast extract and salts. Molasses and peptone 

were found to be most effective for enzyme production among all other carbon 

and nitrogen sources. The rate of enzyme production was enhanced by addition 
of metal ions to the fermentation medium.  

Media optimization studies have also been reported by Chen et al. (2010). 

Authors investigated nutrient requirements for extracellular naringinase 
production by Aspergillus oryzae JMU316. To determine the impact of different 

carbon and nitrogen sources on naringinase production, one-factor-at-a-time 

method was used. They observed that naringin exhibited the highest naringinase 
activity among all other carbon sources. Likewise Pomelo pericarp powder also 

shows comparable naringinase activity and it was selected as a cheap carbon 

source as it is a waste of fruit process. Peptone proved to be the most suitable 
nitrogen source for naringinase production. The concentration of various media 

constituents including pomelo pericarp powder, peptone, and minerals, 

orthogonal matrix method was optimized. The optimal concentration of the 
components were 15g pomelo pericarp powder, 12 g peptone, 0.2 g CaCl2, 0.4 g 

NaCl, 2 g MgSO4·7H2O and 1g K2HPO4 in 1 L distilled water for producing 

408.28 IU/mL naringinase activity.  
Kaur et al. (2010) worked on waste residues generated by citrus fruit processing 

industry. A recombinant α-L-rhamnosidase from Clostridium stercorarium has 

been found suitable for hydrolysis of naringin which was relatively stable at 
60˚C. The enzyme was purified and used for hydrolysis of naringin extracted 

from citrus peel waste. The results indicated recombinant α-L-rhamnosidase as 

potent industrial enzyme and can be used for producing rhamnose from citrus 
peel. In other study, Puri et al. (2010b) attached a His-tag to the rhamnosidase 

gene ramA from Clostridium stercorarium to facilitate its purification from 

Escherichia coli BL21 (DE3) cells containing the pET-21d/ramA plasmid. The 
enzyme was purified by single step purification and immobilized in Ca-alginate 

beads. The optimum pH levels of the free and immobilized recombinant 

rhamnosidase were found to be 6.0 and 7.5, and the optimum temperature 55 and 
60˚C respectively. The free and immobilized enzymes showed 76% and 67% 

hydrolysis of the naringin in Kinnow juice, respectively. Immobilization of 

recombinant rhamnosidase enabled its reutilization up to 9 hydrolysis batches 
without an appreciable loss in activity. Zverlov et al. (2000) also reported 

hydrolysis of naringin to rhamnose and pruning by alpha-L-rhamnosidase of 

Clostridium stercorarium. 
Saranya et al. (2009) demonstrated that naringinase (E.C.3.2.1.40), cleaves 

naringin into naringenin and release rhamnose and prunin as by-product. They 

conducted study on naringinase producing yeast Candida tropicalis. Later they 
purified and characterized the enzyme. The enzyme was purified by using 

different techniques; ultrafiltration, Ammonium sulfate precipitation, Anion 

exchange chromatography and Gel filtration chromatography. SDS-PAGE 
technique was used to check the purity of enzyme and it had been found that the 
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molecular weight of the enzyme is 73 and 78kDa. The purified enzyme was 
characterized to find its substrate concentration, optimum pH and temperature. 

The substrate specificity was compared with rutin and naringin.  

Pavithra et al. (2012) isolated the four strains of naringin hydrolysing bacteria. 
All the four isolates revealed extracellular naringinase activity. The most efficient 

strain was selected and identified as Serratia Sp. Effect of various carbon and 

nitrogen sources was studied at shake-flask level. Glucose positively affected the 
naringinase production at higher rate among all the carbon sources. Peptone 

supplemented with ammonium nitrate was found to be favourable. A maximum 

naringinase activity of 9.2 U/L was achieved in the medium containing naringin, 
glucose, peptone, ammonium nitrate and salts. Sahota and Kaur (2015) reported 

production of nariniginase from mutated yeast Clavispora lusitaniae with the 
activity of 0.0135 IU/mL. The parameters optimized for naringinase production 

included pH, temperature, naringin and rhamnose concentration. Authors 

developed technology for the production of low alcoholic naturally carbonated 
fermented kinnow beverage with yeast Clavispora lusitaniae. Along with 

production and application, authors also reported development of a rapid 

detection test for naringinase producing microorganisms using FeCl3. 

 

POTENT APPLICATIONS OF NARINGINASE IN FOOD INDUSTRY 

 

Naringin is a flavonoid naturally present in citrus fruits. It is present in oranges, 

grapefruit, and lemon, these flavonoids may cause interference during the citrus 

fruit juice processing and cause for the bitter taste (Konno et al., 1982). The 
processing of citrus fruit juice has faced formidable problems in terms of 

bitterness and delayed onset of bitterness. The bitterness affects its consumer 

acceptability (Olsen and Hill, 1964). Two classes of chemical compounds namely 
flavonoids and limonoids were found responsible for bitterness in citrus juices. 

The bitterness in grape fruit juice can be decreased by using enzymes such as 

naringinase which hydrolyzes naringin into relatively non-bitter compounds 
(Olsen and Hill, 1964). Naringinase (E.C.3.2.1.40) is an enzyme which catalyzes 

the hydrolysis of naringin into prunin and then into naringenin, which is non-

bitter and tasteless. This enzyme has two different enzyme activities (due to two 
different subunits). One is α-L-rhamonosidase (E.C.3.2.1.40) which acts on 

naringin to release prunin and α-L-rhamnose. Second is β-D-glucosidase 

(E.C.3.2.1.21) which acts on prunin to release naringenin and β-D-glucose (Puri 
and Banerjee, 2000; Puri et al., 2005; Puri and Kalra, 2005; Saranya et al., 2009). 

Naringinase is produced by many microorganisms but there are only few reports 

on the commercial production of this enzyme (Puri and Banerjee, 2000; 

Mendoza-Cal et al., 2010). Use of naringinase for debittering of grapefruit juice 

has been reported by various research groups. Naringinase produced from fungi 

(especially Aspergillus niger) has been used for elimination of bitter flavor (due 
to naringin) in citrus fruit juice (Bram and Solomons 1965; Puri et al., 2005). 

Immobilized naringinase from Aspergillus niger was used by Olson et al. (1979) 

for debittering of grapefruit juice. The use of α-L-rhamnosidases for debittering 
of grapefruit juices by hydrolysis of naringin to prunin and L-rhamnose has been 

observed by many workers (Chen et al., 1990; Yadav and Yadav, 2000; Busto et 

al., 2007; Puri et al., 2008). Recently, purification and characterization of a 
naringinase from a newly isolated strain of Bacillus amyloliquefaciens 11568 has 

been reported by Zhu et al., 2017. The isolated naringinase was capable of 

hydrolyzing naringin. Authors showed that a concentration of 4U/mL of the 
enzyme in citrus juice was sufficient to remove the naringin. The study provides 

an in-depth insight into the structure of the naringinase and the hydrolysis of 

naringin and other flavonoids. Patil and Dhake (2014) also reported application 
part of naringinase. The citrus juice bitterness was removed to certain extent by 

addition of partially purified naringinase of Penicillium purpurogenum. 

Maximum removal of naringin content (74%) was achieved at naringinase 

concentration of 1.0g/L, with incubation at 40°C for 4 hours. 

Rhamnosidases play an important natural role in the modification of the viscous 

property of gellan gum (Yanai and Sato, 2000; Manzanares et al., 2001; 
Hashimoto et al., 2003; Puri et al., 2010b). This enzyme has also attracted 

interest from biotech groups for its role in rhamnose production (Puri and 

Banerjee, 2000). Rhamnosidase activity of naringainase in combination with β-
glucosidase and arabinosidase has also been considered suitable for aroma 

enhancement in wine making. The immobilized enzyme has been used to develop 
a continuous process for wine aroma enhancement (Caldini et al., 1994; Gallego 

et al., 2001). Naringin and its hydrolysis products, rhamnose, prunin and 

naringenin have growing interest due to their biological activities (Chen et al., 
1990) and as starting material for the synthesis of substances used in 

pharmaceutics, cosmetic and food technology (Hagedorn & Kaphammer, 1994). 

 

CONCLUSION AND FUTURE PROSPECTS 

 

Citrus fruit juice market includes both large scale commercial as well as small 
scale fresh juice extraction processes. The onset of bitterness in citrus juice is one 

of the important drawbacks of citrus juice. Naringin is the major factor 

contributing to the bitterness of citrus fruit juice. Microbial naringinase has been 
found effective in hydrolyzing the naringin and the resultant products do not 

contribute bitterness. Microbial naringinase has been studied for removal of 

citrus juice bitterness. It is a promising enzyme for citrus juice industry. 

Moreover, it can be produced by using waste residues (chiefly citrus peel 
powder) from citrus industries. Besides removal of bitterness from citrus juice, 

naringinase has found applications in wine industry and also in other food 

industries. Naringinase mediated treatment of citrus juice may be a better and 
environmental friendly approach for removal of bitterness. More extensive 

research is required for use of promising microbial naringinase at commercial 

level.  
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