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ABSTRACT

Citrus fruit and frozen concentrated orange juice production is of great
commercial importance for Brazil. Excessive bitternessisthe main depre-
ciator of juice value onthe market. Naringinase, an enzymatic complex that
degrades naringin, has potential application for debittering. This study
investigated naringinase production by Aspergillus niger through sucrose,
naringin, molasses and sugarcane juice, supplemented with peptone and
sodium nitrate. Naringin, when used in the culture medium asinducer, was
added in asingle or fractioned doses. The base culture medium contained
(9/L): L.OKH,PO,; 0.5KCI; 0.5MgS0O,.7H,0 and 0.1 FeCl,. Thefermenta-
tionswere carried out in 500mL Erlenmeyer flaskswith 100mL culture me-
dium, at initial pH 4.5, inoculumwith 10°spores/mL., 28°C and 180rpm. The
molasseswas more efficient when used at low concentrationsfor naringinase
production, while at high concentrations it only increased invertase pro-
duction. The greatest naringinase value of 178.6mUl/mL was attained with
acombination of molasses (3g/L), peptone (10g/L) and naringin (0.5g/L).
Thefractioned addition of naringin asinducer did not improve production
and therefore it is not recommended. Aspergillus niger showed promising
potential as a biotechnological tool for naringinase production using a
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low-cost substrate.

INTRODUCTION

Citrusfruit, mostly oranges, are one of the most
produced fruit in the world. In 2008, about 12% of
world fruit productionwasof oranges. Brazil isthelarg-
est world producer of oranges, with 18,389,752tonin
2008M™ and the greatest producer and exporter of con-
centrated frozen orangejui ce, with 55% of world pro-
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ductioninthesameyear@.

Theorangeand itsjuice are appreciated through-
out theworld. However, the presence of ahigh con-
centration of naringin, acompound responsiblefor the
characteristically bitter flavor of thejuice, givesitan
unpleasant flavor that reduces consumer acceptanceand
thus decreasesitsmarket value.

Several technologies have been suggested to


mailto:nosbor@gmail.com

202

Naringinase production by Aspergillus niger

BTAIJ, 4(4) December 2010

FULL PAPER o

debitter citrusjuices, but these alter the organol eptic
characterigticsof thejuicesand thushavelimited gppli-
cation. However, enzymatic techniquesareindicated
for debittering, such asthe addition of naringinaseto
the processes®.

Naringinase, an enzymatic complex with a-L-
rhamnosidase (EC 3.2.1.40) and B-D-glucosidase (EC
3.2.1.21) activity, has potential for application in
rhamnosidase, prunin and antibiotic production, wine
aromaenhancement and inthecitricjuiceindustry be-
causeit degrades naringin, forming less bitter com-
pounds’®.

Naringinase production by fungal fermentationis
interesting because of the possibility of usng substrates
such assugarcanejuice and molasses, araw materia
and byproduct, respectively, from agroindustry that are
cheap andwidely availablein Brazil.

Aspergillusniger isoutstandingin biotechnologi-
ca processesbecauseit producesavariety of enzymes
suchascdlulosd?, lipase®, amylasg® andinvertasd”,
inadditionto several compoundsof interest!®?, Kishi
et a.™ reported A. niger asthe best naringinase pro-
ducer when they tested 96 mold strainsand morere-
cently it hasbeen used by severd other authorg %4,

Thepresent study used A. niger insucrose, naringin,
sugarcane juice and molasses fermentation for
naringinaseproduction.

EXPERIMENTAL

Microorganism

ThefilamentousfungusA. niger isolated from prunes
wasused, keptin BDA at 4°C and replicated every 30
days.

Fer mentation culturemedium and cultur econditions

The cultureswere carried out in 500mL Erlenm-
eyer flaskscontaining 200mL terilized culturemedium.
Thebaseculturemedium contained (g/L): LOKH,PO,;
0.5KCI; 0.5M@S0,.7H,0 and 0.1 FeCl,,. Naringin
was added asinducer to theculturemediuminasingle
dose (0.5g/L) or infractioned addition, asreported | ater.
Theinitid culturemedium pH wascorrectedto 4.5, the
inoculum was 10%esporos/mL, theincubation tempera-
turewas 28°C and rotation was 180 rpm. The cultures
weremadeintriplicate. The culture medium samplings
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and naringinaddition (SIGMA, St. Louis, USA) were
carried out under aseptic conditions. Themolassesand
sugarcanejuice concentration referred to thetota sug-
ars.

To study the effects of naringin and sucrose as car-
bon sourcesfor naringinase production, cultureswere
conducted with naringin (10g/L), sucrose (10g/L) and
the combination of naringin (5g/L) and sucrose (5g/L)
added to the base culture a ong with peptone (10g/L ).

To determinethebest carbon and nitrogen sources,
cultureswerecarried out with molasses (10g/L) or sug-
arcanejuice(10g/L) or acombination of molasses (5¢/
L) and sugarcanejuice (5g/L) with peptone (10g/L) or
sodium nitrate (10g/L) added to the base culture me-
dium. Thefollowing concentrationswere used to de-
terminethebest molassesconcentration (g/L): 1.0; 3.0;
5.0; 10.0 or 15.0 with peptone (10g/L). Later peptone
was used at concentrations(g/L): 6.0; 8.0; 10.0; 12.0
or 14.0 withmolasses (3g/L).

Theimportance of adding theinducer during fer-
mentation wasinvestigated by adding naringininasingle
dose(0.5g/L) at the start of fermentation or infivefrac-
tions(0.1g/L) at different fermentation timesand at 24
hour interval sto the base culture medium with molas-
ses(3g/L) and peptone (10g/L). Thusfour experiments
were carried out with fractioned naringin addition. In
thefirst experiment, the naringin fractionswere added
at thetimes(Oh, 24h, 48h, 72h, and 96h); inthe second
at times(24h, 48h, 72h, 96h and 120h); in thethird at
times (48h, 72h, 96h, 120h and144h) andin thefourth
at times(72h, 96h, 120h, 144h and 168h).

Samplesof 1.2mL of the cultureswereremoved
every 24 hours and centrifuged for 15 minutes at
20.000g and 4°C. The supernatant was used for the
andytica determinationsof naringinaseactivity, inver-
taseactivity and total reducing sugars.

Assay methods

Naringinase activity was estimated by determining
residua naringin using an adaptation of the Davis
method*. A typica assay mixturecomprised of 0.8mL
1g/L naringindissolvedin 0.5mL 0.1M sodium ecetate
buffer (pH 4) and 0.1mL culture centrifuged sample.
The assay mixture wasincubated at 50°C for 60min
after which 0.1mL aliquot was added to 3mL 90%
diethyleneglycol followed by theaddition of 0.1mL 4N
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NaOH. Sampleswerekept a room temperature (28°C)
for 10min. Theintensity of theresultant yellow color
was determined a 420nm. Oneunit of naringinase ac-
tivity wasdefined as 1umol of naringin hydrolyzed un-
der the above assay condition. The results were ex-
pressed in mUI/mL. Invertase activity was measured
by estimating therel ease of reducing sugarsduetoin-
vertase activity on sucrose by the reaction with
dinitrosalicylicacid (DNS)™® (Miller, 1959). There-
action mixture containing 0.5mL of culture centrifuged
sample and 0.5mL of 0.5M sucrosein 1.5mL 0.2M
acetate buffer (pH 5.0) was incubated at 30°C for
10min. Oneinvertaseunit wasdefined astheamount of
enzyme needed to produce one umol reducing sugar
per min under the above assay condition. Total sugars
was measured by themethod of Duboiset al.*. The
dry weight of the A. niger mycelium was determined
after thelast day of cultivation by gravimetry after filter-
ing through filter paper and drying overnight at 80 °C.

RESULTSAND DISCUSSION

Effect of naringin and sucrose
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Naringinase activity (mUI/mL)
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Figurel: Naringinaseproduction by Aspergillusnigerin
sucrose and naringin fer mentation. Additionswere made
tothefermentation base culture medium with thenitrogen
sour ce peptone (10g/L ) and the carbon sour ce naringin or
sucroseor amixtureof naringin and sucrose. Thevalues
represent the mean of threereplications. A Sucrose (5g/
L) and naringin (5g/L); @ Naringin (10g/L); B Sucrose
(10g/L).

T 1
168 192

Sucrose as single carbon sources did not present
significant naringinase activity until 144 hoursculture,
confirming its repressive role**® (Figure 1). The
naringinasevaueof 14.33mUl/mL (with standard de-

viation £ 2.3mUI/mL) was reached at 192 hour fer-
mentation. Thelow naringinase activity, inthe station-
ary phase of the culture, may haveresulted from cell
lysisand consequent extravasation of constitutional
naringinase,

When naringin wasused asas ngle carbon source
the maximum activity was 39.80 + 3.0mUI/mL with
192 hoursculture. Theresultsarelinewith thosere-
ported by Orgjas et a.** who obtained 30.93mUI/mL
in naringin fermentation (10g/L) asthe only carbon
sourcefor A. niger. Theresults obtained showed that
naringin acted asan inducer and can beused asasingle
carbon sourcefor A. niger. However, duetothehigh
cost of naringin and the val uesobtained of naringinase
and biomass production, (valuesnot shown), the use of
naringin asasinglecarbon sourceisnot recommended
for large-scal e naringinase production.

Thebest activitiesof 96.61+ 8.0 mUI/mL and 99.51
+4.5mUI/mL were obtained when the carbon sources
were combined, from 168 to 192 hoursfermentation,
respectively. Thelate naringinase production can be
explained by catabolic repression by thesucrose. The
microorganismused thesucroseinitidly, producingbio-
mass, and then used naringin. Thecataboliterepresson
by glucosein naringinase production wasa so reported
by Orgjaset al.*9.

Therefore, in the subsequent experimentsnaringin
was used only as inducer. Naringin was used as in-
ducer at the concentration of 0.5g/L1"2.

Effect of the carbon and nitrogen sour ces

Theuseof sodium nitrate or sugarcanejuiceinthe
culture medium did not favor naringinase production
(Figure 2). Furthermore, the biomass values obtained
werelessthan 4.6g/L. Low naringinaseproductionswith
sodium nitrate by A. niger werea so reported by Bram
and Solomong*? and Puri et al.*, while Gallego et
al 1> obtai ned good production with ammoniaphos-
phate using Aspergillusterreus.

Thegreatest activity of 161.5+ 6.0mUI/mL and
6.0g/L biomasswas obtained with the combination of
mol asses and peptone at 145 hoursculture, whilewith
the combination of molassesand sugarcanejuicewith
peptonetheactivity was 149.6+ 1.9mUI/mL. Molas-
ses, inaddition to supporting the greatest naringinase
production, isabyproduct of thesugar industry, cheap
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Figure 2 : Naringinase production by Aspergillus niger in
thefer mentation of different carbon and nitrogen sour ces.
Additionsweremadetothefermentation basecultureme-
dium, containing naringin asinducer at theconcentration of
0.5¢/L, of molassesor sugarcanejuice or a combination of
molassesand sugar canejuicewith peptoneor sodium nitrate
added. Thevaluesrepresent the mean of threereplications.
Il M olasses (10g/L ) and Peptone (10g/L); A M olasses (10g/
L) and NaNO, (10g/L ); @ Sugar canejuice (10g/L ) and Pep-
tone (10g/L); OO Molasses (10g/L) and NaNO, (10g/L); A
M olasses(5¢g/L) and sugar canejuice (5g/L ) and Peptone (10g/
L); OMolasses(5g/L) and Sugar canejuice (5g/L ) and NaNO,
(10g/L).

120

and availablethroughout theyear. Puri et al .[*4 dso re-
ported the combination of molassesand peptoneasthe
best for naringinase production by A. niger with 6.5U1/
mL activity.

Theinvertase activity was measured becauseitis
asoimportant. Thebest condition for naringinase pro-
duction (molassesand peptone) wasa so themost ap-
propriate for invertase production, reaching 394 +
15mUl/mL com 144h culture,

Although molassesand peptone have been used as
carbonand nitrogen sources, in combinationwith naringin
asinducer, itisimportant to establish anideal concen-
tration of these compoundsthat favors naringinase pro-
duction. Thus peptone and mol asseswere used at dif-
ferent concentrationsin the subsequent experiments.

Effect of molasses concentr ation

Thebest molassesconcentration for naringinasepro-
ductionwas 3g/L with 178.6+ 13.1mUI/mL and 120
hoursfermentation (Figure 3). Puri et a.[*4 also ob-
tained the best production with thelowest molasses
concentration (4g/L) at thetested concentrationsof 4.0;
6.0; 8.0and 10.0g/L. Thebiomassva uesobtained were
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Figure 3: Naringinase production by Aspergillus niger in
thefer mentation of peptone (10g/L ) and differ ent molasses
concentrations Additionsweremadeto thefermentation base
culturemedium, containing naringin asinducer, with pep-
tone (10g/L) and molassesat the concentrations(g/L): 1.0;
3.0; 5.0; 10.0 and 15.0. The values represent the mean of
threereplications. M olassesconcentrations. A 1g/L; @ 3g/
L; O5g/L; A 10g/L; O 15g/L).

proportional to the molasses concentration used (re-
sults not shown) but the same did not occur with
naringinase. Thequantity of molassesinfluenced thegtart
of enzyme productionin the course of the culture, a-
though thefinal naringinasevauesweresmilar. Thusat
concentrationsof 3g/L and 5g/L activity wasdetected
at 48 hours, whilewith 10g/L and 15g/L the activity
was detected at 72 hoursand 96 hours, respectively.
Yadav and Yadav!®! a so reported influence of the con-
centration of the carbon sources on the start of
naringinaseactivity during culture.

The comparison of naringinase with invertase, at
different mol asses concentrationsduring growthisshown
inFigure4.

Thehighest molassesconcentration (15g/L) resulted
inthegreatest invertase activity (413+ 20mUI/mL).
Mol asses quantities greater than 3g/L did not favor
naringinase production, but didinduceanincreasein
invertase production. Therepressive effect of asugar
eas |y fermented on another wasreported by Orgjas et
a.in A. nidulansg*® when studying a-L-rhamnosidase
production (enzyme bel onging to the naringinase com-
plex) when glucose and rhamnose were present inthe
culturemedium. In A. niger, therepressiveeffect of the
glucose was al so reported by Hanif et al 1?2 in wheat
bran fermentation and glucosefor cellobiohydrolase
production.

BioTechnology —

Hn Tudian Jounual



BTAIJ, 4(4) December 2010

Robson Alessandro Mattos Machado et al.

205

A A
o wn
9

Enzymes activity (mUI/mL)
N
(4,1
T

0 24 48 72 % 120 144
Fermentation time (hours)

Figure4: Naringinaseand invertasein peptone (10g/L ) and

different molassesconcentr ationsfer mentation by Aspergil-

lus niger. The values represent the mean of threereplica-

tions. Naringinase — molasses: @ 3g/L; Invertase - molas-

ses. A 1g/L; O 5g/L; O15g/L.

Therefore, the molasses concentration 3g/L was
used inthefollowing experimentsto provideagreater
activity and early naringinase production, and higher con-
centrationsof molassesonly favored invertase activity.

Effect of peptoneconcentration

Additionsweremadeto thefermentation base cul -
ture medium, contai ning naringin asinducer, of molas-
ses (3g/L) and peptone. Theresultsare presentedin
Figureb.

Thebest naringinaseproduction (178.6+ 13.1mUI/
mL) was obtained with 10g/L peptoneup to 120 hours
fermentation. Theincreasein the peptone concentra-
tion upto 10g/L increased naringinase production but
higher concentrationsdid not improve production. Thus
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Figure5: Naringinase production by Aspergillus niger in
themolassesfer mentation (3g/L) and different peptonecon-
centrations (A 6g/L; @ 8g/L; M 10g/L; A 12g/L; O 14g/
L). Thevaluesrepresent themean of threereplications.
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the use of peptone (10g/L) and molasses (3g/L) at a
nitrogen:carbon proportion (N:C) of gpproximately 3:1
seemed to be correct. Bram and Solomons*2 reported
ahigher proportion of nitrogen (N:C) 16:1 asbest when
they used two combined sources of nitrogen (yeast ex-
tract and corn steep liquor) for naringinase production
by A. niger. However, Norouzian et d 1> showed that
the 1:1 ratio was the best condition with Penicillium
decumbens using peptone, while Soriaet a .*4 obtained
greater production with peptone at the proportion of
(N:C) L:4with A terreus.

Thefina experiment wasplannedtoinvestigatethe
effectsof themethod of adding naringinto theenzyme
production, becausedifferent methodsof usingthisin-
ducer have been studied in naringinase production,

I nduction method effect

Mol asses, peptone and theinducer naringin were
added to thefermentation baseculturemediuminasingle
or fractioned dose. Theresultsare shownin Figure®6.

Naringinase activity (mUI/mL)
=
(@]
(=]
i

0 T T T T T T
0 24 48 72 96 120 144 168

Fermentation time (hours)
Figure 6 : Naringinase production by Aspergillus niger in
the fermentation of molasses (3g/L ), peptone (10g/L) and
naringininasingledose (A 0.5g/L) or fractioned, with the
addition of thefir st of fivedosesof 0.1g/L at different times
(@ Oh; M 24h; A 48h; O 72h). The values represent the
mean of threereplications.

The greatest naringinase production (179.9 +
5,1mUI/mL) was obtai ned with 144 hoursfermenta-
tion and the addition of theinducer inasingledoseat
the start of fermentation. However, theresultsfor the
fermentationswhosefirst inducer doseswere added at
thetimes zero and 24 hourswere similar to those of the
best condition obtained. The start of inducer addition
at later times (48 and 72 hours) decreased and delayed
production. Bram and Solomong*2 obtai ned resultsthat

1
192
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werenot conclusivewhen they varied thenaringin con-
centration added in asingledose. However, when they
used alow naringin concentration, addedinfractionsto
the culturemedium, therewasanincreasefrom 328mul/
mL to 440mUl/mL in naringinase production by A.
niger.

Theresultsshowedthat for thelineusedinthisstudy
the fractioned addition of theinducer for naringinase
production was not necessary.

A. niger showed promising potentid in naringinase
productionusing efficiently (consumption superior to85%
indl theexperiments) molasses(3g/L) supplemented with
peptone (10g/L) andinthepresenceof naringin. Theuse
of thismicroorganism of biotechnologica importance,
fermenting aninexpensveand widdly availableculture
medium, represented an advancefor thebiotechnol ogi-
cd production of thisimportant enzyme, particularlyina
developing country such asBrazil.

CONCLUSIONS

A. niger showed promising potentid in naringinase
production using efficiently (consumption superior to
85% in dl the experiments) molasses (3g/L) supple-
mented with peptone (10g/L) and in the presence of
naringin. Theuseof thismicroorganism of biotechno-
logical importance, fermenting an inexpensive and
widely available culture medium, represented an ad-
vancefor the biotechnol ogical production of thisim-
portant enzyme, particularly in adevel oping country
such asBrazil.
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