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Abstract: In commercial citrus juice, bitterness causes serious challenges in fruit juice manufacturing
industries. The prime cause of bitterness is due to the presence of naringin compound. It is noted that
microbial enzyme retains some specific catalytic reactions of physicochemical and biological properties
possessing high degree of industrial and medical applications. The microbial enzyme naringinase can be
immobilized for industrial use to reduce the cost of debittering of juice. Since environment friendly
industrial biocatalysts are economically more viable, so the focus on the present study is debittering of
juice at low cost without using chemicals which alter the nutrient composition. In the present study, four
strains of naringin degrading bacteria were isolated from the soil of Psidium guajava L. and Terminalia
chebula Retz in Dibrugarh University Botanical Garden and were investigated for naringinase activity of
soil microbes and their growth conditions at different parameters. The turbidity of cell culture and
concentration of proteins in the culture media have been utilized for the optimization of various growth
conditions, like temperature and pH for microbial growth. The optimal growth of the four isolates was
observed in a media of pH 6 and selected for further study. All the four isolates showed good
extracellular naringinase activity. Among the four isolates, oval and rod shaped gram positive bacteria
showed the highest specific activity (405.31 U/mg) and lowest activity was shown by rod shaped gram
negative bacteria (231.77 U/mg). Furthermore, rod shaped isolate exhibited maximum growth and
highest protein content among the four isolates. These results suggested that in addition to the
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naringinase enzyme, some other proteins were also produced by the isolates. These proteins might have
some significance in supporting the growth of the microorganisms.
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1. Introduction

The most important challenging factor in citrus fruit juice industry is the bitterness, which leads to
a limiting factor for commercial acceptance of processed citrus fruit as wine, juice, vinegar etc [1-3].
The two flavonoid compounds namely limonin and naringin are responsible for causing bitterness to
citrus fruit juice [4]. The existence of naringin was first observed in grape fruit [5]. Naringin is
composed of sugar complex of a-L-rhamnose and B-D-glucose and aglycone of naringenine (4,5,7-
trihydroxy-flavone) [6]. Different methods have been used to reduce naringin by chemicals like Poly
(styrene-co-divinylbenzene), resin, beta -D cyclodextrin bound polymer. These methods have some
drawbacks in altering nutrient composition through the removal of colour, treatment of absorptive
debittering flavor and nutrients resulting in inferior fruit juice quality [7]. As an alternative strategy,
microbial enzyme which is also known as environment friendly industrial biocatalyst possesses
physicochemical and biological properties. These properties are being systematically developed as
economically viable with the amplification of modern biotechnology [8,9]. The enzyme naringinase also
known as debittering enzyme (E.C.3.2.1.40), directly hydrolyses naringin and this mechanism reduces the
bitter taste of citrus fruit juice. Naringinase, hydrolyses naringin (4,5,7-trihydroxy-flavone 7-
rhamnoglucoside) and produces naringenin which is a tasteless compound (4,5,7-trihydroxy flavone) by
two step of reactions (Figure 1) [10-12].

Naringinase has two subunits of enzyme called a-L-rhamnosidase (E.C.3.2.1.40) and B-D-
glucosidase (E.C.3.2.1.23). One a-L-rhamnosidase can act on naringin and releases prunin(aglycone and
B-D-glucose) and a-L-rhamnose. Second one is B-D-glucosidase which acts on prunin and releases
aglycone naringenin and B-D-glucose [13]. The use of naringinase for debittering of citrus fruit juice
processing provides the stability of fruit juice by improving properties [14]. Naringinase can be
immobilized for industrial use to reduce the cost of debittering of juice [15]. Enzymatic hydrolysis of
naringin leads to some products which play an important role as pharmacological agents such as
anticancer drugs, in the treatment of atherosclerosis, with a variety of antigenic uses as vasodilator and
antithrombotic purposes [16-19]. There are numerous applications of o-L-rhamnosidase and B-D-
glucosidase as additives in food, pharmaceutical and chemical industries [3]. Naringin with its aglycone
naringenin also shows different beneficial effects on health. It has been suggested that both the
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flavonoids play an important role in anti-inflammatory and antioxidant activities and beneficial for the
treatment of obesity, diabetes, hypertension, and metabolic syndrome as well [20]. Potential use of -
glucosidase is observed in the hydrolytic removal of aglycone moiety from flavonoid and iso
flavonoid glycoside.

Naringinase has been reported in plants, fungi, bacteria and yeast as well [14,21,22]. In the present
study, four strains of naringin degrading bacteria were isolated from the soil of Psidium guajava and
Terminalia chebula in Dibrugarh University Botanical Garden and investigated for naringinase activity
of soil microbes and their growth conditions at different parameters.
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Figure 1. Schematic representation of naringinase enzyme reaction.

2. Materials and methods
All the chemicals used were of analytical grade. Naringin was procured from Sigma Aldrich.
2.1. Collection of soil sample

Soil samples were collected from the garden 40-50 cm under the soil of Psidium guajava and
Terminalia chebula in Dibrugarh University Botanical Garden, Dibrugarh, Assam, India with 27°26N
latitude and 94°53E longitude during the months of March to April.
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2.2. Isolation of microorganism from soil sample

About 1gm of soil sample was taken and dissolved in 10 ml of distilled water present in sterilized
conical flask. From the flask 0.5 ml of ten-fold serial dilution of soil sample was performed in 4.5 ml of
distilled water.

2.3. Culture of microorganism

1 ml of each sample from 10-fold serial dilution was transferred and spread on plate containing
nutrient Agar using a sterile pipette and a sterile glass spreader. An extra petriplate was maintained as
blank. The plates were kept in an incubator at 35°C for 48 hour. Different colonies were found and
counted the number of colonies. A huge number of colonies were observed in all soil samples but
distinct and best colonies were found only in Psidium guajava and Terminalia chebula with no
contamination. The cultures showing substantial growth were transferred to the fresh medium.

2.4. Culture of microbes in PDA

39 gm PDA (potato dextrose agar) in 1,000 ml of distilled water was mixed well and poured this
slant in test tubes and petriplates. From the microbial petriplates with the help of inoculating loop
streaking was done into the slanted test tubes and petriplates. It is then allowed the colonies of microbes
to grow at 35°C for 48 hr in an incubator.

2.5. Screening of naringinase producing microorganism

For screening purposes 0.1 N NaOH was added to previous slanted petriplate with growing
microbes to detect the presence of naringinase activity in the petriplates. After addition, zone of yellow
coloured formation was observed in some colonies. From halozone producing colonies again streaking
was done and cultured in PDA containing media incubated for 36 hr. In order to get single colony,
streaking was repeated for about three times. Then streaked microbes were transferred into the liquid
media and kept for 24 to 36 hr.

2.6. FeCl3 test

Naringinase producing microorganism was screened by using 1% FeCls without using assay
method [23]. 0.5 ml of FeCl; (1%) was added in the 5 test tubes containing 3 ml of liquid media and 0.5
ml of inoculum. After addition of FeCls the colour becomes changed from reddish brown to light brown

AIMS Molecular Science Volum 7, Issue 3, 292-304.



296

as compared with the control. FeCl; reacted with residual naringin resulting in light brown colour.
Therefore PDA containing naringin was used to grow the naringinase producing organism.

2.7. Pure culture for naringinase producing microorganism

The slanted test tubes that showing positive results in both NaOH and FeCl; test were allowed to
proceed for further activity. For pure culture microbes grown in the medium that contained PDA and
0.1% naringin as carbon source is maintained.

2.8. Microbial characterization from isolated strains

Identification of bacteria was continued on the basis of colony morphology by Gram’s staining
reaction and catalase activity.

2.9. Screening of pH in growth medium

30 ml of liquid media prepared in phosphate buffer were adjusted the pH levels separately to 5, 5.5,
6, 6.5 and 7. Experiments were performed in triplicates and allowed to sterilize in autoclave. Then
strains were inoculated and incubated for 5 days. After five days of incubation, 1.5 ml of sample was
centrifuged at 5,000 rpm for 15 minutes. Again pellet was mixed with distilled water and centrifuged at
5,000 rpm for 15 minutes. The O.D. was taken at 540 nm in U.V. spectrophotometer and detected on the
basis of absorbance in which pH, the isolates show maximum growth.

2.10.Estimation of protein concentration in growth medium

For protein estimation supernatant were separated from the pellets. The pellets were treated with
1% SDS and 0.1% Triton X-100 of 1.5 ml. Then it was centrifuged at 14000 rpm at 4°C for 5 min. O.D.
was taken at 260 and 280 nm.

The concentration of protein was determined by the formula:

Cprot (ug/ml) = (1.55 x A 280 nm) — (0.76 x A 260 nm).

2.11.Estimation of naringinase activity

The protocol for enzymatic assay was standardized by repetitively undergoing trials changing
concentration of substrate only keeping the other parameters constant. The protocol followed was: 0.2
ml of supernatant was dissolved in 1ml of substrate prepared in acetate buffer at pH 4 of 0.1 M and
allowed to incubate at 50°C for 30 minutes. Then 0.8 ml of NaOH (0.5 N) was added to stop the reaction
followed by addition of 1ml of 1% FeCl;, waited for 10 minutes and O.D. was recorded at 422 nm. Due
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to less enzyme source, enzyme gets sufficient substrates for binding in 0.2 ml so that after addition of
FeCl; it showed red precipitation, indicating positive result and test tubes that showed red precipitation
was continued for further experiment. The content from the test tubes was then centrifuged at 14,000
rpm at 4°C and it showed highest peak at 422 nm absorbance.

A standard graph for naringin was prepared at 422 nm to obtain the value of 1 O.D. in pg/ml. 0.5 ml
of substrate and buffer followed by 0.5 ml of NaOH and 0.5 ml of FeCl; and made different
concentrations of 20, 40, 60, 80, 100 pg/ml. taking 0.5 ml of buffer as blank.

2.12.Determination of Km

Enzymatic activity expressed in terms of amount of substrate is hydrolyzed by unit volume of the
enzyme per unit time (U/ml/min). 1ml of various concentration of substrate (20, 40, 60, 80, 100, 120,
140, 160, 180, and 200) was added in 0.2 ml of supernatant incubated at 50°C for 30 minutes. 0.8 ml of
0.5 N NaOH followed by 1 ml of 1% FeCl; was added in the test tube and waited for 10 minutes
followed by taking O.D. at 422 nm.

Specific activities for all 4 microbial strains were calculated by enzyme unit per mg protein content
(U/mg protein).

3. Results and discussion
3.1. Isolation and identification

Four pure cultures obtained during the investigation were named as MD2, MD6, MD10 and
HL13.Theirmorphological and biochemical characteristics were studied (Table 1). These isolates were
chosen for further identification. Microbial characterizations of four isolated strains are shown in
Figure 2.

Table 1. Biochemical characterization of the four isolates.

Strains shape Gram stain Catalase activity Km (M)
MD2 Rod and chain  Gram positive Catalase positive 0.043
MD6 Rod Gram negative  Catalase positive 0.047

MD10 Oval and Rod  Gram positive Catalase positive 0.039

HL13 Slightly rod Gram negative  Catalase negative ~ 0.050
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MD2 MD6
MDI10 HL13
Figure 2. Characterization of the four isolates by Grams staining.

3.2. Screening of pH in growth medium

The four naringinase producing microorganisms MD2, MD6, MD10 and HL13 exhibited maximum
turbidity and protein content in growth in a medium of pH 6. However, pH profile of Naringinase
enzyme from Aspergillus flavus showed maximum enzyme activity at pH 3.8 to 5.0 with one peak at
pH 4.5 [23-25]. Among the four organisms, MD6 recorded the highest growth (Figure 3). Hence,
optimal growth of the four isolates was observed in a media of pH 6, which therefore, was selected for
further study. The turbidity of cell culture and concentration of protein (Figure 4) in the culture media
have been utilized for the optimization of various growth conditions, like temperature and pH for
microbial growth.
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Figure 3. Optimization of media pH for the growth of microorganisms.
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3.3. Enzymatic activity of four isolates

The naringinase activity of the four isolates was determined by following the degradation of the
substrate naringin. The enzymatic activity was defined as the amount of substrate hydrolyzed by unit
volume of the enzyme in unit time (U/ml/min). The naringinase activity of the four isolates was
compared by calculating specific activity. Among the four isolates, MD10 showed the highest specific
activity (Figure 5). The Michaelis—Menten constant (Km) of the naringinase enzyme produced by the
four isolates was calculated and compared to their potential to hydrolyze the substrate naringin. Km
value was observed to be the lowest and the highest respectively in MD10 and HL13 (Figure 6). Lowest
value of MD10 thus indicates its higher affinity for naringin than the other three isolates. It was regarded
to have a higher potential to produce naringinase in comparison to the other three isolates. On the other
hand higher Km indicates that the enzymes have low affinity for the substrate and hence it needs high
substrate concentration to achieve the reaction velocity. Further, lower value of Km indicates that the
requirement of enzyme is only small amount of substrate to achieve the reaction velocity because it
possesses high affinity for the substrate [26,27].

The two flavonoid compounds limonin and naringin are responsible for bitterness of citrus fruit
juice [4]. The concentration of naringin abundant in immature fruit but as the fruit ripens its
concentration starts decreasing [26].

All the four microbial isolates showed higher enzymatic activity than the enzymatic activity
reported so far [23] from Aspergillus flavus i.e. 206 U/L. Naringin an inducer in kinnow juice, mutated
yeast clavispora lusitaniae and induced the production of crude enzyme naringinase with the activity
of 0.0135 IU/ml and Km value of 1.0 mM and Vmax value of 28.56 mM [28-30]. Species of Serratia
shows maximum of 9.2 U/L naringinase activity in peptone supplemented with ammonium nitrate
media [4]. Aspergillus niger VBO7 was isolated from the soil of citrus used to produce extracellular
naringinase in a liquid medium. Naringinase yield of 17.28 IU/ml in an optimized medium containing
naringin (0.1%), rhamnose (0.5%), peptone (0.25%), glycine (10 mM) at pH 4.5 and 28°C for 7 days has
been obtained at shake flask level [10]. Penicillium decumbens PTCC 5,248 produces naringinase in the
medium containing naringin as a carbon source. Prunin disappeared as the time of enzymatic reaction
increased. Optimum pH and temperature for naringinase activity were determined to be 4.5 and 55°C
respectively. The Km value of the enzyme with respect to naringin was found to be 1.7 mM [31-33].
Therefore all the four isolated strains show highest naringinase activity as compared to the previously
reported microorganisms. MD6 although it exhibited maximum growth and highest protein content
among the four isolates, it recorded minimum specific activity, thus indicating that some other
proteins were also produced by the isolates which may have significance in supporting the growth of
microorganism.
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In order to detect whether the microbial strains were gram positive or negative, gram’s test was
carried out. It was observed that MD6 and HL13 was gram negative in nature. On the contrary, the other
two i.e. MD2 and MD10 were gram positive bacterial strains. The microbial strains that show catalase
positive test, they possess the ability to break H,O, and thereby release water and oxygen. Among four
isolates only HL13 was found to be catalase negative whereas the other three strains i.e. MD2, MD6 and
MD10 were all catalase positive. All the four microbial strains were observed under microscope at the
magnification of 100x and 10x eye piece and were found to be almost similar in shape. MD6 was
observed to be rod shaped while MD10 was oval or rod shaped and MD?2 as rod shaped and in chains
and HL13 were observed slightly rod shaped.

4. Conclusion

Thus the soil collected under the Psidium guajava L and Terminalia chebula Retz was found
suitable and efficient in naringinase producing bacteria. The results obtained from this work have shown
that the soil microbes could be an attractive and promising source of naringinase which will lead to the
future application in citrus fruit juice industry with the main goal of debittering and maintaining
organoleptic characteristics of the juice.

Author contributions

Kardong D. conceived and designed the experiment. Phukan K. performed the experiment. Both
authors have contributed to the final version and approved the final manuscript.

Acknowledgement

Authors are deeply grateful to the Department of Life Sciences, Dibrugarh University for providing
support and financial assistance to carry out this research.

Conflict of interest
The authors declare no conflict of interest in this manuscript.
References

1. Hui N, Chen F, Cai H, et al. (2012) Characterization and Preparation of Aspergillus niger
Naringinase for Debittering Citrus Juice. J Food Sci 77: 1-7.

2. Kumar VV (2010) Comparative studies on inducers in the production of naringinase from
Aspergillus niger MTCC 1344. Afr J Biotechnol 9: 7683—-7686.

AIMS Molecular Science Volum 7, Issue 3, 292-304.



303

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Puri M, Kaur A (2010) Molecular identification of Staphylococcus xylosus MAK2, a new o-L-
rhamnosidase producer. World J Microbiol Biotechnol 26: 963-968.

Pavithra M, Prasanna DB, Saidutta MB (2013) Production of naringinase by a new soil isolate of
serratia sp: Effect of different carbon and nitrogen sources. Res J Biotechnol 7: 208-211.
Pichaiyongvongdu S, Haruenkit R (2009) Comparative studies of limonin and naringin distribution
in different parts of pummelo [citrus grandis (L) Osbeck] Cultivars grown in thialand. Kasetsart J
(Nat Sci) 43: 28-36.

Bailey DG, Dresser GK, Kreeft JH, et al. (2000) Grape fruit felodipine interaction: effect of
unprocessed fruit and probable active ingredients. Clin Pharmacol Ther 68: 468-477.

Puri M, Banerjee UC (2000) Production, purification and characterization of the debittering enzyme
naringinase. Biotechnol Adv 18: 207-217.

Kirk O, Borchert TV, Fuglsang CC (2002) Industrial enzyme application. Curr Opin Biotechnol 13:
345-351.

Xu F (2005) Applications of oxidoreductases: Recent Progress. Ind Biotechnol 1: 38-50.

Kumar VV, Periasamy KSRB (2010) Optimization of Fermentation Parameters for Enhanced
Production of Naringinase by Soil Isolate Aspergillus niger VO7. Food Sci Biotechnol 19: 827-829.
Kumar A, Singh M, Amena S (2005) Optimization of Naringinase Production and its Purification
From MicrococcusSp. Int J Pharm Pharm Sci 7: 269-272.

Vila Real HJ, Alfaia AJ, Calado ART (2006) High pressure temperature affects on enzymatic
activity. Naringin bioconversion. J Food Chem 102: 565-570.

Ferreira L, Afonso C, Vila-Real H, et al. (2008) Evaluation of the effect of high pressure on
naringin hydrolysis in grape fruit juice with naringinase immobilised in calcium alginate beads.
Food Technol Biotechnol 46: 146-150.

Mendoza AC, Cuevas G, Lizama G, et al. (2010) Naringinase production from filamentous fungi
using grapefruit rind in solid state fermentation. Afr J Microbiol Res 4: 1964-1969.

Busto MD, Meza V, Ortega N, et al. (2007) Immobilization of naringinase from Aspergillus
niger CECT 2088 in poly (vinyl alcohol) cryogels for the debittering of Juices. Food Chem 104:
1177-1182.

Chen Y, Shen S, Lin H (2003) Rutinoside at c7 attenuates the apoptosis-including activity of
flavonoids. Biochem Pharmacol 66: 1139-1150.

Pedro HA, Alfaia AJ, Marques J, et al. (2007) Design of an immobilized enzyme system for
naringin hydrolysis at high pressure. Enzyme Microb Tech 40: 442-446.

Prakash S, Singhal RS, Kulkarni PR (2002) Enzymatic debittering of Indian grapefruit (Citrus
paradise) Juice. J Sci Food Agric 82: 394-397.

Scaroni E, Cuevas C, Carrillo L, et al. (2002) Hydrolytic properties of crude a- L-rhamnosidase
produced by several wild strains of mesophilic fungi. Lett Appl Microbiol 34: 461-465.

Alam MA, Subhan N, Rahman MM, et al. (2014) Effect of Citrus Flavonoids, Naringin and
Naringenin, on Metabolic Syndrome and Their Mechanisms of Action. Adv Nutr 5: 404-417.

AIMS Molecular Science Volum 7, Issue 3, 292-304.



304

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Pravu DM, Lingappa K (2003) Microwave assisted rapid biobased synthesis of gold nanorods using
pigment produced by streptomyces coelicolorkimp33. Acta Metau Sin 26: 613-617.

Ribeiro MH (2011) Naringinases: occurrence, characteristics and applications. Appl Microbiol
Biotechnol 90: 1883-1895.

Radhakrishnan I, Sampath I, Kumar S (2013) Isolation and characterization of enzyme Naringinase
from Aspergillus flavus. Int J Adv Biotechnol Res 4: 1071-1075.

Puri M, Banerjee A, Banerjee UC (2005) Optimization of process parameters for the production of
naringinase by Aspergillus niger MTCC 1344. Process Biochem 40: 195-201.

Saranya D, Shanmugam S, Sathish T, et al. (2009) Purification and characterization of naringinase
from Candida tropicalis. Adv Biotechnol 4: 208-212.

Puri M, Kalra S (2000) Purification and characterization of naringinase from a newly isolated strain
of Aspergillus niger 1344 for the transformation of flavonoids. World J Microbiol Biotechnol 21:
753-758.

Puri M, Seth M, Marwaha SS, et al. (2001) Debittering of Kinnow juice by covalent bound
naringinase on hen egg white. Food Biotechnol 15: 13-23.

Sahota PP, Kaur N (2015) Characterization of enzyme naringinase and the production of debittered
low alcoholic kinnow (Citrus raticulata blanco) beverage. Int J Adv Res 3: 1220-1233.

Sekeroglu G, Fadilogu S, Gogus F (2006) Immobilization and characterization of naringinase for
the hydrolysis of naringin. Eur Food Res Technol 224: 55-60.

Soares NFE, Hotchkiss JH (1998) Naringinase Immobilization in Packaging Films for Reducing
Naringin Concentration in Grapefruit Juice. J Food Sci 63: 61-65.

Norouzian D, Osseinzadeh A, Nourilnanlou D, et al. (2000) Production and Partial purification of
naringinase from Penicilium decumbers PTCC 5248. World J Microbiol Biotechnol 16: 471-473.
Vero NBR, Alicia GC, Guillermo EE, et al. (2009) Production, partial purification and
characterization of a-L-rhamnosidase from Penicillium ulaiense. World Microbiol Biotechnol 25:
1025-1033.

Yadav S, Yadava S, Yadav KDS (2013) Purification and characterization of a-L-rhamnosidase
from Penicilium corylopholum MTCC. Process Biochem 48: 1348-1354.

© 2020 the Author(s), licensee AIMS Press. This is an open access

ATMS AIMS PI‘GSS article distributed under the terms of the Creative Commons

@ Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Molecular Science Volum 7, Issue 3, 292-304.



	Conflict of interest

