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ABSTRACT
Aim/Background:Aim/Background: Naringin is an important flavonoid present naturally in the citrus fruits. It 
contributes bitterness to the citrus fruit juices. Biologically, the naringin mediated bitterness can 
be reduced by naringinase mediated hydrolysis of naringin. The naringinase is an enzyme complex 
that hydrolyses naringin and produces tasteless product naringenin. Materials and Methods:Materials and Methods: In 
current study, naringinase producing microbial strains (bacteria) were isolated from soil adjacent 
to the citrus plants roots (rhizosphere) and screened for their naringinase producing potential. 
The higher naringinase producing bacterial strain RAMCM-44 was characterized by 16s rRNA 
gene sequencing, phylogenetic analysis. The fermentative production of naringinase was studied 
at shake-flask level and optimized by one-variable-at-a-time method. Results and Conclusion:Results and Conclusion: 
Naringinase producing bacterial strain was isolated and characterized to be Paenibacillus stellifer. 
The bacterial strain was able to produce naringinase in response to both naringin as well as citrus 
peel powder as raw substrate. The Paenibacillus sp. has not been explored widely and remained to 
be studied extensively. This is first report on production of naringinase from Paenibacillus stellifer 
and adds to existing knowledge about Paenibacillus stellifer.  

Keywords: Keywords: Naringinase, Paenibacillus stellifer, 16S rRNA gene sequence, Fermentation, Media 
Optimization.

INTRODUCTION
Naringin is a well known natural flavonoid generally 
found in citrus fruits. Naringin contributes to the bitter 
taste of  the citrus fruit juices.[1,2] The gradual inception 
of  bittering in citrus fruits juice is very important 
drawback for their use and storage. Also, this bitterness 
is undesirable and therefore exists as a major concern 
for the related food industries.[3] Accordingly, level 

of  naringin should be reduced or removed from the 
processed products.[4] The naringin mediated bitterness 
can be reduced by decreasing the naringin content 
through chemical methods, but the chemical method has 
several drawbacks and also results in inferior quality of  
the extracted fruit juice.[5] Naringinase enzyme has the 
potential to hydrolyze the bitter naringin in to a tasteless 
product naringenin and therefore, have ability to lessen 
the citrus juices bitterness.[6,7] The microbial naringinase 
has potential to replace the chemical methods to reduce 
the bitterness. 
Naringinase consists of  two different catalytic activities 
i.e. α-L-rhamnosidase along with β-D-glucosidase 
activity that works in a sequential manner. Naringinase 
hydrolyze the naringin into naringenin in two steps. 
In first step, naringin is hydrolyzed to rhamnose and 
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prunin (glucoside) due to α-L-rhamnosidase activity of  
naringinase, while in second step, prunin hydrolysis lead 
to production of  naringenin and glucose due to β-D-
glucosidase activity of  naringinase.[2,8-10] Out of  these 
two catalytic activities of  naringinase, the rhamnosidase 
activity is considered necessary to eliminate bitterness.
[11] Naringinase has the potential to be used at industrial 
level for de-bittering of  citrus juices. Several studies have 
been performed on microbial naringinase for hydrolysis 
of  naringin in citrus juices and results have been found 
promising.[12] But most of  the studies focused on fungal 
sources of  naringinase and bacterial sources need to be 
explored more extensively due to their some obvious 
advantages over fungal counterparts.  
Bacteria have been considered important source of  
various industrial enzymes and metabolites.[13-16] A large 
number of  enzymes have been reported from various 
bacterial sources for potent industrial applications.
[17-19] In this article, a naringinase producing bacterial 
strain, Paenibacillus stellifer RAMCM-44, has been isolated 
from rhizosphere of  citrus roots. The isolated strain 
was characterized by 16s rRNA gene sequencing and 
phylogenetic analysis. The isolated bacterial strain 
was identified as Paenibacillus stellifer and named as 
Paenibacillus stellifer RAMCM-44. The bacterial strain 
was found to produce naringinase in media containing 
pure naringin as well as citrus peel powder Optimization 
of  media constituents was performed at shake flask 
level using one-variable-at-a-time method for naringinase 
production by Paenibacillus stellifer RAMCM-44. Further, 
agricultural waste material (citrus peel powder) has been 
assessed for potential to be used as raw substrate for 
production of  naringinase. Further studies are required 
on characterization and application of  the microbial 
naringinase produced from naringinase. This is first 
report on Paenibacillus stellifer as source of  naringinase. 

MATERIALS AND METHODS 
Collection of soil samples
The samples of  soil were collected from various 
locations/ fields of  Haryana (India) having citrus 
plantations. The samples were taken from the immediate 
surroundings of  roots (citrus plants) and carried to 
laboratory in air tight pre-sterilized plastic bottles. 
Samples were stored in their natural state at 4ºC, until 
further use.[20,21]

Isolation and screening of naringinase producing 
bacterial strains
The naringinase producing bacteria were isolated from 
soil samples.[22-25] Serial dilution approach was used for 

isolation of  naringinase producing microbial strains. 
Spreading of  appropriately diluted soil samples was 
done on the nutrient agar media (peptone, 0.5% w/v; 
yeast extract, 0.3% w/v; NaCl, 0.5% w/v; Agar, 1.5% 
w/v; pH 6.5) containing citrus peel powder (1.0% 
w/v). The plates were incubated at 37ºC for 24 hr. Fast 
growing, larger colonies were selected and cultured on 
nutrient agar media (peptone, 0.5% w/v; yeast extract, 
0.3% w/v; NaCl, 0.5% w/v; Agar, 1.5% w/v; pH 6.5) 
containing naringin (0.05%; w/v). Based on faster 
growth and larger size, the microbial colonies were 
selected and preserved for screening on the basis of  
naringinase activity. The isolated strains were observed 
using microscope and bacterial strains were picked and 
stored for further use.
The isolated microbial strains were grown separately 
in nutrient broth (same as isolation media except agar, 
pH 6.5) supplemented with naringin (0.05%; w/v) for 
24 hr at 37ºC with continuous agitation of  150 rpm in 
an orbital shaker. After 24 hr of  incubation, fermented 
broth was harvested and centrifuged (7000 rpm; 4ºC; 10 
min) to separate the cells from broth. The supernatant 
(cell free broth) was taken as crude enzyme and used 
to measure the naringinase activity.[26-28] Depending on 
the naringinase activity, microbial strain RAMCM-44 
was selected for further investigations and naringinase 
production. 

16S ribosomal RNA gene sequence of 
naringinase producing bacterial strain 
RAMCM-44 and phylogenetic analysis
Based upon the microscopic observations, the 
microbial strain RAMCM-44 was confirmed to be 
bacteria which was further characterized by 16s RNA 
gene sequencing followed by phylogenetic analysis. 
The 16S rRNA gene was amplified and sequenced at 
geneOmbio Technologies Pvt. Ltd., Pune, India. The 
homology of  the obtained 16S ribosomal RNA gene 
sequence (partial sequence) was determined using 
BLAST program of  NCBI, USA (https://blast.ncbi.
nlm.nih.gov) against the NCBI nucleotide database.[29] 
The sequence data obtained for the 16S rRNA gene 
was aligned against the reference nucleotide sequences 
of  the genera retrieved from the NCBI, GenBank 
using ClustalW program.and analyzed to find the 
closest homolog for the bacterial strain (RAMCM-
44).[30] The phylohgenetic tree was constructed using 
BLAST pairwise alignments with neighbor-joining 
method with the help of  online service provided by 
NCBI, USA (https://www.ncbi.nlm.nih.gov).[31] The 
bacterial isolate was identified to be Paenibacillus stellifer 
RAMCM-44.
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Production of naringinase by Paenibacillus stellifer 
RAMCM-44 as function of media components
The media used for isolation and screening was taken 
as basal media (peptone, 0.3% w/v; yeast extract, 
0.5% w/v; NaCl, 0.5% w/v; naringin, 0.05% w/v) 
and additional media components were assessed to 
support higher production of  naringinase. Additional 
media components were selected on the basis of  earlier 
reports on naringinase production.[24,25,27,28, 32]. Media 
components including KH2PO4 (0.3%, w/v), K2HPO4 
(0.3%, w/v) and MgSO4 (0.05%, w/v), MnSO4 (0.001%, 
w/v) were assessed for their effect on naringinase 
production. After preliminary studies, concentration of  
major media components including yeast extract (0.1%-
0.5%, w/v), peptone (0.3%-0.7%, w/v), NaCl (0.3%-
0.7%, w/v), naringin (0.05-0.25%; w/v), KH2PO4 
(0.3%-0.7%, w/v) and MgSO4 (0.05%-0.25%, w/v) were 
optimized by using one-variable-at-a-time approach in order 
to obtain the significant value of  media components. 

Citrus peel powder (CPP) as raw substrate for 
naringinase production
Waste peel of  four citrus fruits (lemon, sweet lemon or 
mosambi, orange and kinnow; 1.0%, w/v) was studied 
as potent raw substrate for naringinase production from 
Paenibacillus stellifer RAMCM-44. Clean unspoiled peel 
was dried, grinded, filtered and used as raw substrate. 
All other media constituents were used at their optimal 
concentrations. 

Assay for enzyme (naringinase) activity
Naringinase activity was measured on the basis of  
naringin hydrolysis as described by Davis[26] with minor 
modifications.[27,28] Briefly, the fermented broth was 
subjected to centrifugation (7,000 rpm for 10 min at 
4ºC) and the cell free broth or supernatant was used as 
crude enzyme to determine enzyme activity. The assay 
mixture, consisted of  900 μL naringin (0.05%, w/v) 
prepared in sodium acetate buffer (0.1 M; pH 4.5) and 
100 μL crude enzyme (supernatant; cell free broth). The 
mixture was incubated at 50ºC for 1 hour. Thereafter, 
an 100 μL aliquot from the reaction mixture was taken 
and mixed with 5 mL of  diethylene glycol (90%, v/v) 
followed by addition of  NaOH; 100 μL (4 N) solution. 
After this, the reaction was incubated for 10 min at 
room temperature. The intensity of  the developed 
yellow color was recorded at 420 nm in a UV-visible 
spectrophotometer. One unit of  naringinase was 
defined as the amount of  enzyme hydrolyzing 1 μmol 
of  naringin per minute under the standard conditions 
of  the assay.

RESULTS 
Isolation and screening of naringinase producing 
microbial strains
Appropriate dilutions of  soil samples were spread on 
citrus peel powder containing agar media and total 
40  microbial colonies were isolated. The colonies 
were  cultured on nutrient agar media containing 
naringin. Depending on growth and size of  colony, 
total  fifteen isolates were selected, confirmed to be 
bacteria by microscopic observation and preserved for 
screening. 
Fifteen bacterial isolates were screened for the 
naringinase activity. The isolate RAMCM-44 (Rachna, 
Anushka, Mukesh, Citrus Soil, Mullana, isolate 44) 
showed higher naringinase production (2.8±0.06 
IU/ml) followed by isolate RMCSJ-28 (2.5 IU/mL), 
KMSM-18 (2.2 IU/mL) and RMCM-11 (1.64 IU/
mL) (Figure 1). The isolate RAMCM-44 was selected 
for further studies on naringinase production and 
also for identification by 16S rRNA gene sequencing 
analysis. Though, both fungal and bacterial sources 
have been explored for naringinase production, 
but, majority of  the research work on naringinase 
production and related aspects has been carried out 
using fungal strains. In current study, isolation of  
naringinase producing bacterial strains was the main 
focus. Naringinase activity was used as the quantitative 
approach for screening of  the isolates. The bacterial 
isolate RAMCM-44 was identified and characterized 
by performing 16S rRNA gene sequencing and 
phylogenetic analysis. 
Isolation of  different naringinase producing microbial 
strains has been reported earlier by various researchers 
and some strains have been isolated from soil,[32] citrus 
peel spoiled in air or soil[33] and other samples.[34]

Figure 1: Naringinase activity of different bacterial isolates 
screened for naringinase production.
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16S ribosomal RNA gene sequence of bacterial 
strain RAMCM-44 and phylogenetic analysis
The comparative analysis and homology of  the 16S 
rRNA gene sequence (533 bp) of  the isolate RAMCM-
44 using nucleotide blast-NCBI revealed highest 
similarity with the Paenibacillus stellifer. Therefore, the 
bacterial strain RAMCM-44 was identified as Paenibacillus 
stellifer and named as Paenibacillus stellifer RAMCM-44. 
The taxonomical information of  the bacteria was found 
to be as follows: Bacteria; Bacillota; Bacilli; Bacillales; 
Paenibacillaceae; Paenibacillus. The phylohgenetic 
tree was constructed (Figure 2) using BLAST pairwise 
alignments with neighbor-joining method of  Saitou 
and Nei[31] with the help of  online platform provided 
by NCBI, USA (https://www.ncbi.nlm.nih.gov). This is 
the first report revealing naringinase producing potential 
of  Paenibacillus stellifer. Majority of  research have focused 
naringinase production from fungal sources. Though, 
some promising bacterial sources of  naringinase have 

also been reported and naringinase from these bacterial 
sources have been investigated for various bioprocess 
aspects. The bacterial strains have been studied for 
production of  naringinase as well as rhamnosidase. 
Isolation of  different bacterial strains belonging to 
genus Paenibacillus have been reported from various 
environments and majority of  them has been 
reported from soil. In soil, these strains have been 
found in association with plant roots.[35] Few species 
of  Paenibacillus have been earlier recorded to produce 
useful antimicrobial compounds[35] and also enzymes 
having potential applications in various fields. The 
bacteria Paenibacillus stellifer has also been investigated for 
promotion of  plant growth and for alleviating salt stress.
[36] The Paenibacillus stellifer has also been isolated form 
paperboard and reported to produce cyclodextrin.[37] In 
current study, the Paenibacillus stellifer has been isolated 
from soil surrounding the citrus plant roots and have 
been found promising for production of  naringinase.   

Figure 2: Phylogenetic tree showing relationship of the 16S rDNA sequence of the Paenibacillus stellifer RAMCM-44 with close 
homologs of the Paenibacillus sp. The phylohgenetic tree was constructed using BLAST pairwise alignments using the online 

platform provided by NCBI, USA.

Submission of nucleotide sequence at GenBank, 
NCBI (USA) and accession number 
The 16S ribosomal RNA gene sequence (partial) was 
submitted to GenBank (NCBI, USA) data base and has 
been assigned accession number OR096070. 

Production of naringinase by Paenibacillus 
stellifer RAMCM-44 as function of media 
components
Depending on the preliminary studies, both KH2PO4 
(0.5%, w/v) and MgSO4 (0.05%, w/v) were included 
in final production media while, K2HPO4, was found 
to be non-significant and therefore, not included in 
production media. Optimization of  the concentration 
of  following media components including yeast 

extract (0.1%-0.5%, w/v), peptone (0.3%-0.7%, w/v), 
NaCl (0.3%-0.7%, w/v), naringin (0.05-0.25%; w/v), 
KH2PO4 (0.3%-0.7%, w/v) and MgSO4 (0.05%-0.25%, 
w/v) was done using one-variable-at-a-time approach.
[21,38,39] in order to obtain the significant value of  
media components. The concentration of  MnSO4 
(0.001%, w/v) was kept constant in all experiments 
during media optimization. Yeast extract resulted 
in higher production of  naringinase at 0.4% (w/v). 
Further increase in concentration did not significantly 
increase the naringinase production (Figure 3). The 
optimal level for peptone and NaCl was found to be 
0.5% (w/v). Naringin lead to higher production at 
0.15% (w/v). At higher concentrations of  naringin, 
no significant increase was revealed (Figure 3). The 
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optimal concentration of  KH2PO4 was found to be 
0.5% (w/v), while MgSO4 showed higher activity at 
0.05% (w/v). Further increase in its concentration 
did not give significant improvement in naringinase 
production (Figure 3). The optimized concentrations 
of  media components obtained were as: yeast extract, 
0.4% (w/v); peptone, 0.5% (w/v); NaCl, 0.5% (w/v); 
naringin, 0.15% (w/v); KH2PO4, 0.5% (w/v) and 
MgSO4, 0.05% (w/v). MnSO4 was incorporated at 
constant concentration (0.001%, w/v). Naringinase 
production as function of  media components have been 
shown in Figure 3. The optimizations lead to higher 
naringinase production (5.29 IU/mL) as compared to 
initial production (2.8 IU/mL). One-variable-at-a-time is 
still widely used methodology to optimize various media 
components and to study the production of  microbial 
products as function of  media components. Earlier, 

various authors have reported optimization of  media 
components for higher production of  naringinase 
using bacterial as well as fungal sources.[5,40] Production 
of  naringinase from bacterial sources still requires 
extensive studies and exploration of  microbial sources 
for higher production of  naringinase at commercial 
level. Various media components have been shown 
to affect the naringinase production using different 
microbial strains including both bacteria and fungal 
strains. Earlier studies on production of  naringinase 
from Micrococcus sp. have reported use of  similar media 
components including KH2PO4, MnSO4 and MgSO4 
while naringin was used as major inducer substrate.
[32] Similarly, KH2PO4, NaCl, MgSO4 and yeast extract 
have also been used for the production of  naringinase 
from Serratia Sp. authors also used naringin as potent 
inducer for naringinase production.[28] 

Figure 3: Effect of different concentrations of yeast extract (0.1%-0.5%, w/v)-Figure 3A, peptone (0.3%-0.7%, w/v)-Figure 3B, 
NaCl (0.3%-0.7%, w/v)-Figure 3C, naringin (0.05-0.25%; w/v)-Figure 3D, KH2PO4 (0.3%-0.7%, w/v)-Figure 3E and MgSO4 (0.05%-

0.25%, w/v)-Figure 3F on naringinase production. The media components were found to affect the production of naringinase in  
concentration dependent manner. 

In an important study, Puri et al.[24] investigated the effect 
of  various nitrogen and carbon sources, metal ions and 

process parameters on production of  naringinase by 
Staphylococcus xylosus MAK2. Further, authors optimized 
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the level of  Citrus Peel Powder (CPP) and observed 
enhanced enzyme production due to addition of  CPP 
(Citrus Peel Powder) in the optimized medium.[24]

Citrus Peel Powder (CPP) as raw substrate for 
naringinase production
Peel powder of  four citrus fruits (lemon, sweet lemon 
or mosambi, orange and kinnow; 1.0%, w/v) was 
investigated for production of  naringinase at shake 
flask level. The citrus peel powder was used as substitute 
for naringin. All other media constituents were used at 
their optimal concentrations. The citrus peel powder 
supported the production of  naringinase, though the 
production was low as compared to naringin (Figure 
4). Further, sweet lemon or mosambi resulted in better 
production of  naringinase (4.24 IU/mL) as compared 
to lemon, orange and kinnow peel powder (Figure 
4). Earlier reports have described the production of  
naringinase using citrus peel powder as substrate. 
Borkar et al.[41] reported the fermentative production of  
naringinase from Aspergillus niger van Tieghem MTCC 
2425 by using citrus waste peel. Srikantha et al.[33] have 
reported optimal production of  naringinase from 
Aspergillus flavus using citrus peel as base support by 
solid state fermentation. Puri et al.[24] investigated the 
effect of  citrus peel on production of  naringinase from 
Staphylococcus xylosus MAK2. 

Figure 4: Effect of various citrus peel powders (1%; w/v) on 
naringinase production by Paenibacillus stellifer RAMCM-44. 
Peel powder of sweet lemon lead to higher production of nar-

inginase as compared to lemon, orange and kinnow. 

DISCUSSION
Microbes are important source of  industrial enzymes 
and metabolites. Soil is well known for hosting a large 
number of  microbes and considered as the main 
source for isolation of  useful microbial strains. The 
diversity and number of  microbes present in a specific 
area of  soil depends upon different factors. Isolation 
of  different naringinase producing microbial strains 

has been reported earlier by various researchers and 
reportedly some strains have been isolated from various 
sources including soil,[32] spoiled citrus peel[33] and other 
samples.[34] Soil rhizosphere hosts a large number of  
microbes which generally remain in association with 
roots of  plants. The citrus fruits are natural source of  
naringin, a substrate for naringinase enzyme. The soil 
samples from rhizosphere of  citrus plants were selected 
for isolation of  naringinase producing microbial strains. 
Promising naringinase producing microbial strains were 
found to be present in the soil samples. Soil samples 
from citrus plants rhizosphere may be used further to 
isolate the efficient naringinase producing microbial 
strains.  
Earlier, isolation of  different bacterial strains belonging 
to genus Paenibacillus have been reported from various 
environmental samples and majority of  them has been 
reported from soil. In soil, these strains have also been 
found in association with plant roots.[35] Few species 
of  Paenibacillus have been reported earlier to produce 
useful antimicrobial compounds[35] and also enzymes 
having potential applications in various fields. The 
bacteria Paenibacillus stellifer has also been investigated 
for promotion of  plant growth and for alleviating salt 
stress.[36] The Paenibacillus stellifer has also been isolated 
form paperboard and reported to produce cyclodextrin.
[37] In current study, the Paenibacillus stellifer RAMCM-
44 has been isolated from soil surrounding the citrus 
plant roots and have been found promising for 
production of  naringinase. Further, the bacterial strain 
was used to produce naringinase at shake-flask level 
and optimization of  media components lead to higher 
production of  enzyme. The isolated Paenibacillus stellifer 
have also been found to produce naringinase in response 
to Citrus Peel Powder (CPP). Earlier reports have 
described the production of  naringinase using citrus 
peel powder as substrate. Borkar et al.[41] reported the 
fermentative production of  naringinase from Aspergillus 
niger van Tieghem MTCC 2425 by using citrus waste 
peel. Srikantha et al.[33] have reported optimal production 
of  naringinase from Aspergillus flavus using citrus peel as 
base support by solid state fermentation. Puri et al.[24] 
investigated the effect of  citrus peel on production 
of  naringinase from Staphylococcus xylosus MAK2. 
The peel of  citrus various citrus fruits are generally 
regarded as waste and have potential to be used as 
cost effective substrate. Our preliminary trial indicates 
that Paenibacillus stellifer RAMCM-44 have potential to 
hydrolyze the naringin in both purified form as well as 
from citrus peel, therefore, further studies may provide 
important insights into the production of  naringinase 
from Paenibacillus stellifer RAMCM-44. This study may 
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broaden the exisiting knowledge about the Paenibacillus 
stellifer and its potential to be used for further research 
related aspects.   

CONCLUSION
Microbes are considered as an important source of  
metabolites and enzymes of  industrial importance. 
Naringinase is an important enzyme capable of  
hydrolyzing naringin into naringenin. Naringin is 
chiefly responsible for bitterness in citrus juices while 
naringenin is tasteless. Therefore, naringinase has 
significant applications in food industries particularly in 
de-bittering of  citrus juices. Various bacterial and fungal 
strains have been studied for production naringinase. 
In current studies, naringinase producing bacterial 
strain has been isolated from citrus plant rhizosphere 
and characterized as Paenibacillus stellifer RAMCM-44 
by 16S rRNA gene sequence followed by phylogenetic 
tree analysis. Further, media components have been 
optimized at shake-flask level using one-variable-at-a-
time method. Naringinase production was also studied 
using citrus peel powder as raw source of  naringin 
and promising production of  naringinase have been 
obtained. This is first report on naringinase production 
from Paenibacillus stellifer and may be useful for further 
insights in to the group Paenibacillus sp.  
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SUMMARY
In current study, naringinase producing bacterial 
stain was isolated from rhizosphere and characterized 
to be Paenibacillus stellifer RAMCM-44 by 16S rRNA 
gene sequence. The strain was efficient in naringinase 
production at shake-flask level. The strain was also found 
to be efficient for utilization of  citrus peel powder as raw 

substrate. The media used for production of  naringinase 
was optimized by one-variable-at-a-time method and this 
optimization lead to higher naringinase production 
(5.29 IU/mL) as compared to initial production (2.8 
IU/mL).This is first report on naringinase production 
from Paenibacillus stellifer and open the way of  exploring 
Paenibacillus sp. for further studies.
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