
G. Nandhini Devi et al., Isolation, Production Optimization, and Purification…, Chem. Biochem. Eng. Q., 38 (2) 175–183 (2024) 175

Isolation, Production Optimization, and Purification  
of a Debittering Enzyme from Bacillus megaterium AULS 1

G. Nandhini Devi,* G. Sangavi,  
M. Chakravarthy, and J. Louis Sweetlin
Centre for Food Technology,  
Department of Biotechnology,  
Anna University, Chennai

Bitterness in citrus juice is a common quality issue in the fruit-based beverage in-
dustry. Naringin, the dominant flavonoid responsible for bitterness in citrus fruit juice, 
can be mitigated by the enzyme naringinase. This study focuses on the isolation of novel 
naringinase-producing bacterium from mandarin orange peel, followed by the production 
and partial purification of naringinase. The bacterial strain exhibiting the highest enzyme 
production potential was identified as Bacillus megaterium AULS 1. The effects of car-
bon source (naringin) concentration, inducer (naringenin), pH, and temperature on narin-
ginase production were investigated. Optimized conditions yielded a maximum naringi-
nase production of 386.43 U mL–1. The produced enzyme was partially purified using 
ammonium sulfate precipitation and dialysis. The effects of pH, temperature, and metal 
ion concentration on the activity of the partially purified enzyme were evaluated, result-
ing in a highest activity of naringinase of 539.25 U mL–1 under optimized conditions. The 
debittering activity of the partially purified enzyme was 45.78 %. These findings demon-
strate that Bacillus megaterium AULS 1 has the potential for naringinase production, and 
can be utilized for debittering citrus juices.
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Introduction

Natural fruit juices are an important source of 
essential nutrients and contain various bioactive 
components such as antioxidants, polyphenols, and 
fiber, which are vital for human health1. Citrus 
fruits, such as sweet orange, mandarin, lemon, acid 
lime, and, grapefruit are produced in huge quanti-
ties in India, which ranks 3rd in worldwide citrus 
fruit production2. These fruits are nutritious and rich 
in bioactive compounds such as carotene, ascorbic 
acid, folic acid, and flavonoids, which possess anti-
oxidant and immunomodulatory properties3. Flavo-
noids play a significant role in the quality of fruit 
juices by influencing taste and appearance. Naringin 
(4,5,7-trihydroxyflavonone-7-rhamnoglucoside), a 
flavonoid present in citrus fruits, imparts character-
istic bitterness to the juices4. Bitterness is a major 
limiting factor in commercial acceptance of citrus 
fruit juices5. Reduction of naringin can be achieved 
through various technologies such as adsorptive 
debittering, chemical methods, treatment with resins 
and β-cyclodextrin. However, these technologies 
have been reported to have numerous drawbacks 

and limitations, including altering the composition 
and organoleptic properties of the juices6. An effi-
cient method for debittering citrus juices is through 
enzymatic treatment, which is a promising tech-
nique for industrial applications7.

Naringinase (EC 3.2.1.40) is an enzyme com-
plex containing α-l-rhamnosidase (EC 3.2.1.40) 
and β-glucosidase (EC 3.2.1.21) activities8. The hy-
drolysis of naringin is a two-step reaction. Initially, 
the naringinase enzyme hydrolyzes naringin into 
l-rhamnose and prunin via α-l-rhamnosidase activ-
ity, followed by the hydrolysis of prunin into narin-
genin and d-glucose via β-glucosidase activity9. 
 Naringenin (4,5,7-trihydroxyflavonone), the end 
product of this hydrolysis reaction is non-bitter in 
nature and cannot be reconverted to naringin5. The 
schematic representation of naringin hydrolysis by 
naringinase enzyme is provided in Fig. 1.

Naringinase enzyme is widely distributed in 
nature and has been found in plants, yeasts, fungi, 
and bacteria10. Several microorganisms have been 
screened for the production of naringinase to en-
hance yield and reduce the enzyme production 
costs11. Microorganisms reported in the literature 
for production of naringinase include Aspergillus 
niger, Aspergillus sojae, Penicillium sp., Penicillium 
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decumbens, Rhizopus nigricans10. The production 
of naringinase from fungi is well-documented, with 
Aspergillus niger being particularly noted for indus-
trial applications12. However, reports on naringinase 
production by bacteria are limited in the literature13. 
Bacteria known to produce naringinase include Ba-
cillus methylotrophicus9, Serratia sp.14, Staphylo-
coccus xylosus MAK215, Bacillus cereus16, Micro-
coccus sp.17, and Psidium guajava L.18 In this study, 
a novel naringinase-producing bacterium was iso-
lated from citrus fruit peel. The process parameters 
for enhancing naringinase production from the iso-
lated strain were optimized, followed by partial pu-
rification and characterization of the enzyme. The 
debittering efficiency of the produced enzyme was 
also evaluated.

Materials and methods

Materials

Naringin (assay ≥95 %) and naringenin stan-
dard (assay ≥ 97 %) were procured from Sigma. 
The media used for isolation of bacteria were pro-
cured from Hi-media (Mumbai, India). The Brad-
ford reagent was purchased from Bio-Rad. Solvents 
used for HPLC were procured from Merck India. 
All the other chemicals and reagents used were of 
analytical grade.

Methodology

Collection of citrus fruit

Citrus fruit (mandarin orange – Citrus reticula-
ta) was procured from a local market in Chennai, 
Tamil Nadu. The citrus fruit was washed with dis-
tilled water and the skin removed. The fruit peel 
was immersed in a saline solution for 24 h.

Screening and isolation of naringinase-producing 
bacteria

After 24 h of incubation, 1 mL of the saline 
solution was inoculated in 50 mL of selective en-
richment broth containing naringin as the sole car-
bon source. The composition of the media was as 
follows (in g L–1): 5.0 NH4NO3, 0.2 KCl, 0.4 KH2PO4, 
0.01 FeSO4·7H2O, 0.01 ZnSO4, 0.01 MnSO4,  
0.2 MgSO4·7H2O, and 1.0 naringin. The sample 
was then kept in an incubator shaker at 240 rpm and 
30 °C for 24 h. After incubation, the sample was 
serially diluted and spread on nutrient agar plates, 
which were incubated at 37 °C for 24 h. Bacterial 
samples were picked and isolated as single colonies 
by streaking. The isolated individual pure cultures 
were stored on slant culture at 4 °C.

Primary screening (Ferric chloride test)

The naringinase-producing bacteria were quali-
tatively screened using the ferric chloride (FeCl3) 
test. The pure bacterial culture was grown on selec-
tive enrichment medium agar plates. Color changes 
in the media were observed after reacting with fer-
ric chloride. Plates with the bacterial strains that 
turned reddish-brown were selected for further 
analysis19. The selected cultures were inoculated 
into selective enrichment broth, and after 24 h of 
incubation, the media were centrifuged and the su-
pernatant was collected for further analysis.

Secondary screening (Davis method)

Secondary screening quantified the naringinase 
enzyme activity using the Davis method20. The su-
pernatant (0.1 mL) was equilibrated with 0.35 mL 
of acetate buffer (1 M, pH = 4), and then 0.65 mL 
of 0.01 % naringin was added to the mixture. The 
solution mixture was incubated at 50 °C for 60 min. 
After incubation, an aliquot (0.2 mL) was taken 

F i g .  1  – Hydrolysis of naringin by naringinase
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from the solution mixture and mixed with 0.4 mL of 
diethylene glycol and 0.2 mL of 4 N NaOH. The 
yellow color developed was measured at 420 nm. 
The concentration of naringin was determined using 
a standard curve21. One unit (IU) of enzyme activity 
was defined as the amount of enzyme that could hy-
drolyze 1 μmol of naringin mL–1 per minute under 
the test conditions.

Identification of the naringinase strain

The taxonomy of the isolated strains was ex-
amined using Bergey’s Manual of Determinative 
Biology22 and confirmed by16S rDNA sequencing. 
Following the preliminary investigation, the growth 
characteristics of the isolates were analyzed. The 
plates were incubated at 30 °C for 30 h, and at the 
end of the incubation period, all the plates were ex-
amined for growth, and their colony characteristics 
were studied and noted. Slide cultures were used for 
microscopic observations to study the pattern of the 
isolate. Biochemical tests such as catalase, oxidase, 
and indole tests were conducted to understand the 
morphological characteristics of the strain. The cat-
alase test was conducted using the slide method. In 
this method, a small amount of colony growth was 
placed on a dry glass slide using a loop, and a drop 
of 3 % hydrogen peroxide was added on the glass 
slide. Formation of oxygen bubble indicates a posi-
tive strain. The oxidase test was carried out by plac-
ing a small amount of colony growth on a filter pa-
per using a loop, and adding 1 or 2 drops of 1 % 
Kovac’s oxidase reagent on the organism smear. A 
color change to dark purple within 5 to 10 s indi-
cates a positive strain. The indole test was conduct-
ed by placing several drops of indole spot reagent 
on a filter paper. Using an inoculating loop or 
wooden applicator stick, a portion of an isolated 
colony from a non-selective media was picked and 
rubbed onto the reagent-saturated area of the filter 
paper. Formation of pink to red color in the reagent 
layer on top of the medium within seconds of add-
ing the reagent indicates a positive strain.

Microbial growth studies

The growth curve of the isolate Bacillus mega-
terium AULS 1 was analyzed in selective enrich-
ment broth with naringin as the carbon source. The 
medium was incubated at 37 ℃, and aliquots were 
collected every two hours. The optical density was 
measured at 600 nm.

Optimization of naringinase production

The production of naringinase from the select-
ed isolate was optimized using selective enrichment 
media with naringin as a carbon source in shake 
flasks. The effect of the carbon source on naringi-

nase production was studied by varying the concen-
tration of naringin from 50 mg L–1 to 200 mg L–1. 
Similarly, effect of the inducer on naringinase pro-
duction was studied by varying the concentration of 
naringenin from 0.02 mg L–1 to 0.1 mg L–1. For both 
the experiments, the media pH was maintained at 6, 
and the samples were incubated at 37 °C. The effect 
of pH was studied by varying the pH from 5 to 8, 
and the effect of incubation temperature was ana-
lyzed by varying the temperature from 20 ℃ to 45 
℃. For the optimization experiments, aliquots were 
collected at the optimized incubation time, centri-
fuged (12,500 g for 15 min at 4 °C), and the super-
natant was collected for enzyme activity analysis.

Partial purification of naringinase

The culture was grown under optimized condi-
tions and, after the incubation period, it was centri-
fuged (12,500 g, 15 min, 4 °C) and the supernatant 
was collected. Saturated ammonium sulfate was 
added to the supernatant at varying concentrations 
(30 %, 50 %, and 80 % saturation) with continuous 
stirring to precipitate the protein. The sample was 
then incubated at 4 °C for 24 h. After incubation, 
the sample was centrifuged, and the resulting pellet 
was dissolved in 10 mM Tris-HCl buffer (pH 8) and 
dialyzed with the same buffer for 12 h at 4 °C  23. 
The protein content was estimated using the Brad-
ford assay.

Molecular weight determination by polyacrylamide 
gel electrophoresis (PAGE)

The partially purified naringinase was subject-
ed to SDS PAGE analysis using 4 % and 10 % (v/v) 
acrylamide gels of stacking and separating gel. The 
gel was loaded and run for 4 h at 60 V, then the gel 
was cut and stained with Coomassie Brilliant Blue 
(CBB-R 250) for 4 h, followed by overnight de-
staining visualize the protein band. The molecular 
weight was calculated by comparing the protein 
band to a standard protein marker24.

Characterization of partially purified naringinase

The effect of pH on naringinase activity was 
studied by adjusting pH of the naringinase enzyme 
using sodium acetate and phosphate buffer. The 
pH-adjusted enzyme was incubated, and samples 
were withdrawn after incubation time and analyzed 
for enzyme activity using the Davis method. Simi-
larly, the enzyme was incubated at temperatures 
from 27 °C to 47 °C at 5 °C intervals at the prede-
termined pH, to determine the effect of temperature 
on enzyme activity. The effect of metal ions on en-
zyme activity and stability was determined by add-
ing metal ions (Fe2+, Mg2+, Mn2+, Ca2+, Cu2+) at dif-
ferent concentrations (5 mM, 10 mM, and 15 mM) 
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to the partially purified naringinase enzyme, and the 
activity of the enzyme was determined after incuba-
tion.

Determination of debittering efficiency of naringinase 
in citrus juice

To analyze the debittering efficiency, fresh cit-
rus juices (lemon and mandarin orange) were pre-
pared by blending the fruits in a blender and press-
ing the resulting pulp through four layers of gauze 
to collect the juice. The fresh juices (4 mL) were 
diluted with water (1 mL), and partially purified na-
ringinase enzyme was added. The mixture was in-
cubated at preoptimized conditions. After incuba-
tion, the reaction mixture was centrifuged, and the 
supernatant was collected and filtered using a 0.22 
μm PTFE filter. The filtrate was used for HPLC 
analysis.

The debittering efficiency of the enzyme was 
determined by quantifying the concentration of nar-
ingin and naringenin using HPLC (Perkin Elmer 
250) coupled with a C-18 Zorbax Eclipse XDB col-
umn (4.6 × 150 mm, 5 µm particle size, 50 °A pore 
size). Isocratic elution was performed using the 
 mobile phase (11.4 % methanol, 26.6 % acetoni-
trile, and 62 % deionized water) at a flow rate of  
0.4 mL min–1. The column temperature was main-
tained at 30 ℃, and the compounds were detected 
at 280 nm. The concentration of naringin and narin-
genin was determined using a standard curve.

Results and discussion

Isolation and identification of naringinase-
producing bacteria

Naringinase-producing bacteria were isolated 
from citrus fruit peel using selective enrichment 
media with naringin as the sole carbon source. Four 
colonies with different morphological features were 
screened using nutrient media and labelled as AULS 

1 to AULS 4. The four bacterial strains were pri-
marily screened for naringinase production using 
selective enrichment agar plates with 1 % FeCl3. 
Bacteria-producing naringinase enzyme hydrolyze 
the naringin in the agar plates into naringenin, 
which reacts with ferric chloride to produce a red-
dish-brown color19. All four bacterial isolates 
showed positive response to the ferric chloride test. 
After qualitative screening, the naringinase activity 
of the isolates were estimated using the Davis meth-
od. The bacterial isolate AULS 1 exhibited the 
highest naringinase production compared to the oth-
er isolates and was selected for further studies. The 
bacterial isolate AULS 1 was found to be gram-pos-
itive and rod-shaped. Biochemical characterization 
showed the strain is catalase-positive, oxidase-neg-
ative and indole-negative. The strain AULS 1 was 
identified as Bacillus megaterium by 16S rDNA se-
quencing. Phylogenetic analysis revealed that iso-
late AULS 1 is closely related to Bacillus sp. (Fig. 
2). The 740 bp 16S rDNA sequence of the isolate 
has been submitted to the Genbank database with 
the accession number MW145001.

Microbial growth

The growth curve of the isolate Bacillus mega-
terium AULS 1 is presented in Fig. 3. The log phase 
in the selective enrichment medium peaked at 30 h. 
Naringin in the medium was metabolized by the 
bacteria for naringinase production. After 30 h, the 
amount of naringin was depleted, which was re-
flected in the decline in bacterial growth.

Optimization of growth media for naringinase 
production

Growth media conditions, such as the concen-
tration of carbon source (naringin) and inducer (na-
ringenin), pH, and incubation temperature, were 
optimized to enhance the production of naringinase 
enzyme.

F i g .  2  – Phylogenetic tree based on the 16S rDNA sequences of Bacillus megaterium AULS 1 and related bacteria, constructed 
using the neighbour-joining method
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Effect of carbon source and inducer on naringinase 
production and activity

The effect of varying the carbon source on nar-
inginase production, in terms of enzyme activity, is 
presented in Fig. 4. The highest enzyme production 
of 297.56 U mL–1 was observed at a naringin con-
centration 50 mg L–1. Further increases in naringin 
concentration resulted in decreased enzyme produc-
tion. Various carbon sources have been studied in 
the literature, and the effect of carbon source on na-
ringinase production varied according to the micro-
organisms and conditions studied.

For example, a study on the effect of the car-
bon sources (naringin, rhamnose, and molasses) for 
optimization of production by Aspergillus niger 
ATCC1015 reported rhamnose as the best carbon 
source25. Another study optimizing naringinase pro-
duction by Serratia sp. used glucose, rhamnose, and 
sucrose as carbon sources, with glucose yielding the 
highest naringinase production14. Naringinase pro-
duction by Aspergillus oryzae JMU316 was opti-

mized using the following carbon sources – pomelo 
pericarp powder, lactose, rhamnose, sucrose, malt-
ose, glucose, and pomelo juice. Naringin as carbon 
source was used as a control for the study. Results 
showed that the naringinase specific activity was 
higher when naringin was used as the carbon 
source26. Naringin used as an inducer demonstrated 
the highest naringinase production (7.46 U L–1) in 
Bacillus methylotrophicus9. The concentration of 
the inducer is significant for enzyme production. 
The effect of varying the inducer concentration on 
naringinase production is shown in Fig. 5. Maxi-
mum enzyme production of 304.84 U mL–1 was ob-
served at a naringenin concentration of 0.04 mg L–1. 
Similar results were reported for naringinase pro-
duction by S. xylosus MAK2 when citrus peel pow-
der was used as an inducer, with enzyme production 
increasing when the concentration of citrus peel 
powder increased up to 2 % (w/v), before decreas-
ing with further increases13. In naringinase produc-
tion by Bacillus methylotrophicus, naringenin ex-
hibited the second-highest production of naringinase 

F i g .  3  – Growth curve of Bacillus megaterium AULS 1

F i g .  4  – Effect of naringin concentration on enzyme production
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tion by Aspergillus niger VB07 showed both nar-
ingin and naringenin effective in enzyme 
production28.

Effect of pH on naringinase production and activity

The optimal pH for naringinase production was 
found to be pH 6.0, with a naringinase activity of 
316.79 U mL–1 (Fig. 6). Similar results have been 
reported for naringinase production in Bacillus 
methylotrophicus9 and Aspergillus niger VB07 28. 
The optimal pH range for naringinase production is 
reported to be pH 4–6 29. Acidic pH conditions 
(pH<4) are not suitable for supporting biomass pro-
duction and enzyme synthesis9. The pH of the medi-
um is a critical parameter in bacterial growth, en-
zyme production, and the release of extracellular 
enzymes. An increase in the medium pH above 6 
resulted in biomass reduction and decreased en-
zyme activity (Fig. 6).

Effect of temperature on naringinase production and 
activity

The highest naringinase production for Bacillus 
megaterium AULS 1 was observed at 30 °C, with 
an enzyme activity of 386.46 U mL–1 (Fig. 7). 
Above 30 °C, a decline in enzyme activity was not-
ed, likely due to changes in cell metabolism at ele-
vated temperatures. The highest enzyme production 
for Bacillus methylotrophicus of 8 U L–1 was also 
obtained at 30 °C  9. Similarly, an optimal tempera-
ture of 30 °C was reported for naringinase produc-
tion from Staphylococcus xylosus MAK2  13. 

Partial purification of naringinase

The naringinase produced by Bacillus megate-
rium AULS 1 was partially purified by ammonium 
sulfate precipitation (30 %, 50 %, and 80 % satura-
tion) followed by dialysis. Ammonium sulfate pre-
cipitation yielded naringinase with a specific activi-
ty of 1837.38 U mg–1 and a purification fold of 4.02. 
Further purification by dialysis yielded naringinase 
with a specific activity of 2246.12 U mg–1, and a 
purification fold of 4.91 (Table 1). The specific ac-
tivity of naringinase from Aspergillus niger after 
purification by 50 % ammonium sulfate and gel fil-
tration was reported as 355.40 U mg–1 and 7279.37 
U mg–1 respectively30. Similarly, purification of nar-
inginase from Bacillus amyloliquefaciens 11568 by 
ammonium sulfate precipitation (40–80 %) yielded 
an enzyme with a specific activity of 982 U mg–1 23.

Characterization of partially purified 
naringinase

The partially purified enzyme appeared as a 
single band on an SDS-PAGE gel, with an estimat-

F i g .  5  – Effect of naringenin concentration on enzyme pro-
duction

F i g .  6  – Effect of pH on enzyme production

F i g .  7  – Effect of temperature on enzyme production

(5.74 U L–1) 9. Naringenin was used as an inducer 
for production of naringinase by Aspergillus niger 
MTCC 1344 27. The effect of inducers (naringin, na-
ringenin, rutin, and hesperidin) on enzyme produc-
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ed molecular weight (MW) of 85 kDa. The MW of 
naringinase Bacillus amyloliquefaciens 11568 was 
reported to be 32 kDa, also appearing as a single 
band on SDS – PAGE23. The MW of Micrococcus 
sp. was determined to be 48 kDa 17. In the literature, 
the molecular masses of naringinases have been re-
ported to range from 70 to 240 kDa 5. This suggests 
that the naringinase enzyme exhibits a wide range 
of molecular weights that vary depending on its 

source of synthesis. The molecular weight was con-
firmed using mass marker proteins with the partial-
ly purified naringinase.

Effect of pH, temperature and metal ions on 
enzyme activity

The optimal pH of the naringinase enzyme was 
found to pH 5.5 (Fig. 8). The optimal pH for narin-
ginase activity is highly dependent on the microbial 

Ta b l e  1  –  Purification of extracellular naringinase from Bacillus megaterium AULS 1

Enzyme sample Volume  
(mL)

Total protein  
(mg)

Total activity  
(U)

Specific activity 
(U mg–1) Purification fold

Crude extract 1000 733.0 334860 456.834 1.00

30 % (NH4)2SO4 precipitation 850 391.96 338075 862.512 1.89

50 % (NH4)2SO4 precipitation 540 204.95 259114 1264.27 2.77

80 % (NH4)2SO4 precipitation 320 84.76 155737 1837.38 4.02

Dialysis 80 19.02 42734 2246.12 4.91

F i g .  8  – Effect of pH on enzyme activity

F i g .  9  – Effect of temperature on enzyme activity
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source, with reported optimal pH ranges from 4.2 
– 6.5 6. In this study, the enzyme remained stable 
across the studied pH conditions and retained activ-
ity in acidic conditions, suggesting its suitability for 
hydrolyzing naringin in acidic citrus juices. The op-
timal pH reported in this study is similar to litera-
ture reports5,9,31,32. The optimal temperature for nar-
inginase activity was found to be 37 °C. While 
enzyme activity increased with temperature, it de-
clined after 40 ℃ (Fig. 9). Like pH, the optimal 
temperature for naringinase activity varied with mi-
crobial sources. For example, the optimal tempera-
ture for nariginase from Bacillus methylotrophicus 
and Aspergillus niger was reported to be 50 ℃ 9,30. 
The naringinase from Aspergillus sojae was found 
to be highly stable at 37 ℃ 7. The effect of metal 
ions on the naringinase activity is presented in Ta-
ble 2. In this study, increasing concentrations of 
Mg2+ and Mn2+ improved the naringinase activity, 
while Fe2+ reduced it. Increasing concentrations of 
Cu2+ and Ca2+ up to 10 mM improved enzyme activ-
ity, but activity decreased at 15 mM. Naringinase 
produced from Aspergillus oryzae 11250 was re-
ported to be inhibited by Mn2+, Pb2+, Cu2+ and EDTA 
at concentrations up to 10 mM, with Fe2+ and Zn2+ 
showing slight inhibition33. These varying effects 
are due to the metal ions binding at different sites of 
the enzyme, causing conformational changes in the 
enzyme.

Debittering efficiency of naringinase

Naringinase enzyme effectively hydrolyzed na-
ringin in both lemon and mandarin orange juice 
(Table 3). The initial concentration of naringin in 
lemon juice was 146.26 μg mL–1, which reduced to 

79.32 μg mL−1 after enzyme activity. In mandarin 
orange juice, the naringin concentration reduced 
from 56.35 μg mL−1 to 32.29 μg mL−1. The debitter-
ing efficiency of naringinase in lemon and manda-
rin orange juice was 45.78 % and 42.71 %, respec-
tively.

These results suggest that naringinase from Ba-
cillus megaterium AULS 1 can effectively remove 
the bitter taste of citrus juices. This effect is consis-
tent with literature reports. For instance, a debitter-
ing efficiency of 56 % was achieved in kinnow 
mandarin juice using alginate-entrapped naringi-
nase34. Naringinase produced from a novel Bacillus 
amyloliquefaciens 11568 isolate reduced the nar-
ingin concentration to less than 30 μg mL−1 23 and 
the debittering efficiency of Penicillium purpuroge-
num was reported to be 74 % 2. However, the narin-
ginase purified from Penicillium was found to be 
inefficient in debittering citrus juice35. Variations in 
debittering efficiency may be due to the use of dif-
ferent juices, enzyme concentrations, and optimized 
conditions.

Conclusion

In this study, a novel extracellular debittering 
enzyme-producing bacterium, Bacillus megaterium 
AULS 1, was isolated from citrus fruit peel. Opti-
mization of culture media conditions significantly 
improved naringinase production. The optimal con-
ditions for maximum naringinase production 
(386.43 U mL–1) were determined to be a naringin 
concentration of 50 mg L–1, a naringenin concentra-
tion of 0.04 mg L–1, a pH of 6, and incubation tem-
perature of 30 °C. The produced enzyme was par-
tially purified, and its activity was studied. The 
debittering analysis results indicated that the narin-
ginase produced by Bacillus megaterium was effec-
tive in debittering fruit juices, suggesting its poten-
tial application in the debittering of fruit juices. 
Further optimization studies are anticipated to im-
prove enzyme production and debittering efficiency.
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