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ABSTRACT

Fructose is a natural sugar widely used in beverage production and pharmaceutical industries . Therefore, the
present study aimed to utilize the chicory roots (Cichorium intybus) and Jerusalem artichoke tubers (Helianthus tu-
berosus) extracts as inulin source for the production of fructose by inulinase (EC 3.2.1.80) hydrolysis . Aspergillus
strain was isolated from sugarcane bagasse and identified as 4.niger isolate MonEg (GQ890276) using PCR system.
Under the optimized conditions, the aforementioned 4. niger isolate produced maximum inulinase (54.70 U/ml) on a
medium containing chicory roots powder as a carbon source after 72hr at 30°C. The specific activity of the enzyme
was 21.06 U/mg toward inulin with a purification fold of 6.77 with ammonium sulphate precipitation at pH 5.5 and
50°C. The enzyme incubated with extracts of chicory roots (CR ) and Jerusalem artichoke (JA) was prepared in 0.1M
sodium acetate buffer (pH 5.5) at 50°C. The products of the enzymatic reaction were analyzed by dinitrosalicylic
acid and HPLC. Data showed that the fructose yield ranged from 0.31 to 0.60 g/ g of inulin in the samples after 3 hr
of reaction and nearly 58% and 39% of initial inulin had been hydrolysed under the same conditions in CR and JA
samples, respectively. The fructose productivities were 0.57g /100ml/ hr and 0.31g /100ml/ hr for CR and JA samples,
respectively. At a constant initial inulin concentration and changes in enzyme activity level, the fructose productivity
increased to 0.48g /100ml/ hr in JA samples after 3 hr of incubation .So, chicory roots and Jerusalem artichoke are
considered as natural inulin source that can be utilized for the production of fructose. The chicory powder is consid-
ered as a good source of carbon for inulinase production.
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INTRODUCTION

Fructose “a natural sugar” is one of the most
widespread sugars in the world and is utilized by the
food, drink and pharmaceutical industries. Fructose
shows sweetening power 70% higher than sucrose.
It is considered as a safe alternative sweetener to
sucrose because it has beneficial effects in diabetic

economical. Fructose can also be obtained by acid
hydrolysis of the inulin but it is easily degraded at
low pH and the process gives rise to colouring of
the inulin hydrolysate and by—product formation in
the form of difructose anhydride, which has prac-
tically no sweetening properties (Vandamme &
Derycke, 1983).

patients, it increases the iron absorption in children
and has a higher sweetening capacity. It represents
a suitable table sugar and as ingredient for some
food products and as substrate for fermentative
processes (Pawan, 1973).

Fructose can be produced from starch by en-
zymatic methods involving a—amylase, amyloglu-
cosidase and glucose isomerase resulting in the
production of products consisting of fructose (45%)
,oligosaccharides (8%) and glucose (50%) (Koch-
har, et al., 1997, Zhang et al., 2004, Gill et al.,
2006). Separation of fructose from high fructose
corn syrup is costly and thus makes this method un-

It is worthy to mention that, microbial fructano-
hydrolase plays an important role in the hydrolysis
of inulin for its commercial exploitation. Enzymatic
hydrolysis of inulin using inulinase is easier, more
direct, cheaper and quicker (Zittan,1981, Pandey,
et al., 1999, Ettalibi & Baratti, 2001) and gives a
yield of about 90-95% fructose (Gupta, et al., 1994,
Vranesic et al., 2002). Inulinases are fructofurano-
syl hydrolases produced by a wide array of organ-
isms, bacteria, molds and yeasts and plants (Naka-
mura et al., 1996, Kato et al., 1999, Pessoni et al.,
1999, Shaheen et al., 2008). Among them, Aspergil-
lus strain is the most common and preferred choice
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(Skowronek & Fiedurek,2004). The high—fructose
syrup obtained from enzymatic hydrolysis of inulin
can be utilized in the production of ethanol (Ohta et
al.,1993, Nakamura ,ef al., 1995).

Inulin is a linear polymer of D—fructose joined
by P (2-1) linkages and terminated with a D—glu-
cose molecule linked to fructose by 3 (1-2) bond,
as in sucrose (Modler, 1994). Inulin serves as a
storage polymer in many members of the composi-
tae such as Cichorium intybus (chicory), and Heli-
anthus tuberosus (Jerusalem artichoke) (Wather-
house & Chatterton, 1993). According to Barta
(1995), these are the most suitable inulin sources
for utilization at industrial scale, whose productiv-
ity is estimated at 2.5 and 4.5 ton/ha, respectively.

Although ,chicory is cultivated today for its
roots which is utilized for the industrial production
of inulin, chicory used in food ingredient (De Mas-
tro, et al., 2004), for non—food purposes, for which
worldwide markets are growing rapidly and for forc-
ing the growth of chicons, a winter vegetable used in
Northern Europe. Jerusalem artichoke tubers have a
good potential for production of fructose and as a
feed stock for production of ethanol (Ongen—Baysal
et al., 1994). In chicory, inulin yield varies from 8
to 12.2 ton /ha comprising an average about 57% of
total dry matter and 74% of the root. The inulin yield
of Jerusalem artichoke varied between 4.0 to 6.7 ton
/ha, with an average comprising 28% of total dry
matter and 71% of the tuber (Meijer, et al., 1993).

The objective of the present study was to iso-
late and identify Aspergillus strain from sugarcane
bagasse as industrial waste and utilization of some
agro—industrial sugar crops to produce highly ac-
tive inulinase . Moreover, this research was carried
out as an attempt to utilize inulin obtained from
chicory roots and Jerusalem artichoke tubers to
produce fructose.

MATERIALS AND METHODS

Materials

The chicory roots (CR) (Cichorium intybus)
were harvested at maturity in experimental field
of Sugar Crop Research Institute, Agricultural Re-
search Center at Giza, Egypt. Jerusalem artichoke
tubers (J.A) (Helianthus tuberosus, L.) cultivars
were obtained from Sabahia Horticultural Research
Station, Agricultural Research Center, Alexandria,
Egypt. The CR and JA were washed with water,
sliced, then dried and milled. The prepared samples
with approximately 5.61% moisture content were
stored in dry glass container for further use.
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Sugarcane bagasse was collected from an
experimental field of Sugar Crop Research Insti-
tute, Agric. Res. Center, El-Sabahia— Alexandria,

Egypt.

Sugar beet molasses was obtained from Delta
Beet Sugar Company, Kafr El-Sheikh Governo-
rate, Egypt.

Pure inulin was purchased from Universal Fine
Chemicals PVT-LTF and all the other chemicals
were of the highest analytical grade.

Methods

Isolation and molecular identification of
the microorganism

PCR and sequencing

The strain isolated from dried sugarcane ba-
gasse was identified as Aspergillus niger according
to the physiological and biochemical characteris-
tics. The total genomic DNA of 4spergillus niger
strain was isolated and purified according to the in-
structions of Qiagen’s DNeasy Kit (Qiagen, USA).
Amplification and sequencing of 18S rDNA and
ITS from A. niger were performed using (MJ PTC
200), according to the methods described by Guil-
lemant & Drouard (1992). Sequencing of the PCR
products was performed by the service of (Macro-
gen, Korea).

Sequence analysis

The strain was identified by using NCBI-
BLAST & Genbank data base (http://www.ncbi.
nlm.nih. gov/BLAST). Multiple sequence analysis
was done by Bioedit software.

Total fungal count

The isolate strain was preserved on potato dex-
trose agar (PDA) slants at 4°C, and was sub—cultured
every month. The medium of PDA was prepared as
given in Difco (1974). For inoculums preparation,
the culture was inoculated on PDA slants at 30°C
for 4-6 days and the spores were suspended in 8ml
of sterile—distilled water. The pour plate method was
used. Ten ml of sample were aseptically poured into
sterile bottles and diluted serially in distilled water
up to a 10 —8 dilution. One ml of a dilution was
mixed with Sabouraud Dextrose Agar (SDA). The
medium was allowed to solidify and then incubated
at 37°C for 24 — 48 hr.

Preparation of chicory roots (CR)and Je-
rusalem artichoke tubers (JA) extracts

The CR and JA extracts were prepared accord-
ing to the procedure described by Massoud, et al.
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(2009) and were used as a source of inulin to study
fructose production rate.

Culture media for enzyme production.

Two ml of a spores suspension (3.4 x 108
spores/ml) were inoculated in Erlenmeyers flasks
containing 2.0% of carbon source (sucrose, bagasse,
sugar beet molasses, inulin, CR and JA powders
and extracts), enriched with 1.5% (NH,),SO,, 0.5%
yeast extrat, 0.5% K,HPO,, 0.2% NaNO;, 0.05%
KCl, 0.05% MgS0,.7H,0, and final pH was ad-
justed to 5.5.The flasks were agitated in a rotatory
incubator shaker (Innova 4230 ,Edison,NJ., USA),
for 72 hr, at 200 rpm and temperature 30°C. After
the cultivation, the mycelia were separated by cen-
trifugation (8000xg, for 20 min at 4°C), filtration
and the supernatant was used as a crude enzyme
solution for enzyme assay and protein purification
(Cruz, et al.,1998).

Assay of enzymes activities

Enzymes were assayed by measuring the con-
centration of reducing sugars released from inulin
and sucrose.The reaction mixture containing 0.1 ml
of diluted crude enzyme and 0.9 ml of 2% inulin
or 2% sucrose (dissolved in 0.1 M acetate buffer,
pH 5.5) was incubated at temperature 50°C. After
incubating for 30 min, aliquots of 0.5 ml were with-
drawn and the increase in reducing sugars was esti-
mated by a 3,5—dinitrosalicylic acid (DNS) method
(Miller,1959). Absorbance was measured at wave-
length 575 nm. A higher absorbance indicated a
high level of reducing sugars produced and conse-
quently, a high enzyme activity. One inulinase unit
is the amount of enzyme which forms 1 pmol fruc-
tose per min. One invertase unit is the amount of
enzyme which hydrolyses 1 pmol sucrose per min
under the same conditions. The ratio between these
two activities is commonly expressed as inulin/
sucrose (I/S) (Vandamme & Derycke ,1983). Pro-
tein content was measured according to the method
described by Bradford (1976), using bovine serum
albumin (BSA) as a standard.

Enzyme purification

The crude enzyme solution was first precipitat-
ed by ammonium sulfate (80% saturation) followed
by overnight dialysis at 4°C against sodium acetate
buffer (pH 5.5).Then, the resulting crude enzyme
solution was freez—dried using lyophyilizer (Tel-
star, cryodos—50, Spain) and was stored at —18°C.

Properties of exoinulinase

The effect of pH on purified inulinase activ-
ity was determined by incubating the crude enzyme
solution at different values of pH (from 3.0 to 7.0)
using 0.1 M sodium acetate buffer at 50°C.

The optimum temperature was determined by
measuring the enzymatic activity in acetate buffer,
(pH 5.5) at the temperature ranges from 20°C to
70°C.

Determination of biomass

After incubation, the mycelia mass of 4. niger
was collected by centrifugation at 3500xg for 20
min at 4°C.The biomass was determined .

Production of fructose by hydrolysis of CR
or JA tubers inulin extracts

A weight of 0.6mg of enzyme(562U) was in-
cubated with extracts of CR and JA prepared in
0.1M sodium acetate buffer (pH 5.5) at 50°C. The
products of enzymatic reaction were analyzed by
HPLC (Agilent1100,USA) using a Thermo,APS—
2Hypersil column (250 x 4.6mm) with a refraction
index detector, RID 6—-A (Shimadzu Co., Kyoto,
Japan) as described by Kim, et al. (1997). Ace-
tonitrile: water (80:20) served as the mobile phase.
A sample volume of 20 pl was run at a flow rate of
2 ml/min for 15 min at 20°C. Fructose and inulin
were identified and quantified by comparing their
retention times to known previously injected stand-
ards (inulin, fructose, glucose and sucrose).

Fructose yield (YF/S) and volumetric produc-
tivity of fructose (QF) were calculated according to
the following equation, (Sirisansaneeyaku, et al.,
2007):—

* Fructose yield based on inulin (Ygs)= [F ]
[Fo)/[So]; where [F] and [F,] are concentra-
tions of fructose at t and zero, time respec-
tively, and [Sy] is concentration of inulin at
time zero

* Volumetric productivity of fructose (Qp)
=[FJ-[Fo]/t-to, where t and t, time of incu-
bation at t and zero, time respectively.

RESULTS AND DISCUSSION

3.1. Identification of microorganism

According to sequencing and sequence analy-
sis results, the isolate was identified as A .niger iso-
late MonEg submitted into genbank database under
accession No. of (GQ890276) (Figure 1).
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Fig. 1: Multiple sequence alignment of 18 S rRNA gene of our isolate and other isolates from
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Inulinase Production by A .niger isolate
MonEg (GQ890276)

Effect of carbon sources

The results indicate that inulinase production
by A. niger isolate MonEg (GQ890276) was in-
fluenced greatly by different carbon sources in the
medium as shown in Table (1) and Fig. (2a). The
maximum inulinase production (54.70 U/ ml) was
observed with media containing CR powder, fol-
lowed by CR extract (42.58 U/ ml) as a source for
carbon,whereas inulin (40.59 U/ ml) was tailed be-
hind. However, the lowest inulinase (10.35 U/ ml)
was that produced in the medium containing sugar
beet molasses . Invertase activity was measured in
the media, as a proportional correlation between
invertase and inulinase. The medium which con-
tained JA powder as a carbon source gave the high-

Table 1: Effect of different carbon sources on
inulinase production

Inulinase Invertase

Carbon source activity  activity /S
(U/ml)  (U/ml)

Sucrose 35.28 9.02 391
Sugarbeet molasses 10.35 3.89 2.66
Sugarcane bagasse  30.03 6.55 4.58
Inulin 40.59 8.75 4.64
CRpowder 54.70 11.47 4.77
CRextract 42.58 9.21 4.62
JApowder 39.39 13.17 2.99
JAextract 33.89 10.72 3.16

I/S= Inulinase activity/ Invertase activity

4

est invertase activity (13.17 U/ ml). Also, The ratio
of inulinase activity to invertase activity (I/S) can
be used as a criterion to characterize the enzyme.
Maximum I/S ratio (4.77) was noticed in CR pow-
der culture whereas the lowest I/S ratio (2.66) was
observed in case of the culture containing sugar
beet molasses as a source of carbon. This is an in-
dication that chicory inulin is a potential inducer of
inulinase. Similar results were previously recorded
by Moriyama et al. (2002) and Kango (2008) .They
reported that I/S ratio ranged between 0.02 and 7.9
for various microbial inulinases.

Effect of nitrogen sources

As shown in Figure (2b), yeast extract in the
culture was found to be suitable as an organic nitro-
gen source as compared to peptone. Many research-
ers found that yeast extract was the best nitrogen
source for inulinase production (Ongen—Baysal et
al., 1994 Viswanathan & Kulkarni, 1995, Kango,
2008), whereas Cruz et al. (1998) found that A.
niger—245 produced maximum of inulinase on me-
dium containing casein and dahlia extract.

Effect of incubation time

The results recorded in Figure (3) indicate
that there was an increase in inulinase activity. It
reached the maximum (54.70 U/ ml) after 72 hr of
incubation and decreased thereafter. The invertase
activity increased to 11.47 U/ ml at 72 hr of incuba-
tion. A decline in the inulinase activity after 72 hr of
incubation could be attributed either to decrease in
nutrient availability in the medium, or catabolic re-
pression of the enzyme .The cell density increased
to the maximum within 3 days and then declined
gradually (Figure 3).
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Fig .3: Enzymes activity and growth curve of A.niger isolate MonEg as a function of time

Cruz, et al (1998) reported that A. niger—245
culture gave the maximum inulinase activity (2U/
ml) in 48—60 hr whereas Ohta et al. (1993) and Jing,
et al (2003) reported that the maximum inulinase
activity was achieved after 5 days. Viswanathan &
Kulkarni (1995) obtained very high inulinase ac-
tivity (290 U/ml) in 72 hr by growing A4. niger van
Tighem UV 11, a mutant, on kuth root powder in
a fermenter.

Production of exo—inulinase

Data in Table (2) summarize the activity ,pu-
rification fold and yield recoveries of the enzyme
precipitated with ammonium sulphate .As it can be
observed, 4. niger isolate MonEg (GQ890276) pro-
duced 54.70 U/ml of extracellular inulinase in CR
powder culture after 3 days, and the culture filtrate
had specific activities of 3.11U/mg towards inulin
and 0.65 U/mg towards sucrose. After precipita-

5
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Table 2: Purification of inulinase isolated from A. niger isolate MonEg (GQ 890276)

Enzyme activity

Volume (units ) Total Specific 3°tb1V1ty Recovery Purification
Steps t d: protein (U/mg) factor
(ml) oward: 0/
- (mg/ml) - ° (fold)
Inulin sucrose Inulin sucrose
Culture supernatant 68 54.70 11.47 17.60 3.11 0.65 100 1
(NH,), SO, and Dialysis 57 31.29 6.54 1.49 21.06  4.40 47.95 6.77

(NH,4),SO4 ammonium sulphate fraction, precipitated between 40% and 80%.

2One unit is defined as the amount of enzyme which forms 1 pmol fructose per min.at 50°C, pH 5.5.

bThe specific activity is expressed in units of enzyme activity per milligram of protein .

tion with ammonium sulphate (80% saturation),
the exo— inulinase solution showed 31.29 U/ml of
inulinase activity with a recovery of 47.95%. and
the specific activity increased to 21.06 U/mg to-
wards inulin with a purification fold of 6.77. These
results are to with that of Nakamura et al. (1995)
who recommended that A.niger 817 produced 67
U/ml of extracellular inulinase in a 5—day—old, and
the culture filtrate had specific activities of 2.9 U/
mg towards inulin and 0.35 U/mg towards sucrose
and the purification steps elevated the specific ac-
tivities to 71 U/mg towards inulin and 7.6 U/mg
towards sucrose (I/S ratio, 9.4).

Effect of pH and temperature on inulinase

activity

The results recorded in Fig. (4a, b) show that
the optimal pH and temperature for the crude in-
ulinase were 5.5 and 50°C,respectively .The en-

zyme was stable up to 60°C, but it was inactivated
at70°C. Sharma,et al. (2006) reported that the op-
timum temperature and pH for inulinase activity of
Streptomyces sp. were 60°C and 6.0, respectively.
The enzyme of A. fumigates showed maximum ac-
tivity at pH 6.0 and was stable over a pH range of
4.0-7.0, whereas the optimum temperature for the
enzyme activity was 60°C (Gill et al., 2006). Kushi
et al. (2000) reported that the optimum temperature
ranged from 55°C to 60°C for the free inulinase
from K. marxianus var. bulgaricus. The optimum
pH for inulinase secreted by K.marxianus was 4.4
(Singh et al., 2007).

Fructose production and inulin hydrolysis

Fructose and inulin contents were determined
in the studied CR and JA samples using DNS
method. The results recorded that the inulin content
of CR and JA samples were 41.07% DM and
29.50% DM respectively. On the other hand, the
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Fig .4: Effect of pH (a) and temperature (b) on activities of inulinase from A.niger isolate MonEg
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fructose content ranged between 2.44and 3.59%
for CR and JA samples, respectively. The variation
in carbohydrate content may be attributed to the
difference in chemical composition of crop type
(Gupta & Kaur, 2000).Data presented in Table (3)
show the products of enzymatic inulin hydrolysis as
determined by HPLC. The fructose content increased
gradually up to 1.88 g/100ml and 1.28 g/100 ml for
CR and JA extracts, respectively after 3 hr of the
reaction. Therefore, the rate of hydrolysis of the
inulin reached 58.89 % in CR extract and 38.98%
in JA extract after 3hr under the same conditions .
As it can be seen from Table (3), the fructose yield
based on inulin (Y5 ) was 0.60g/ g of inulin and the
fructose productivity (Qr ) was 0.57g /100ml/ hr for
CR extracts, whereas the Y5 was 0.31g/ g of inulin
and Qy was 0.31g /100ml/ hr for JA extracts. No
oligosaccharides were traced from the HPLC data
during the reaction. The crude enzymes hydrolysed
a large amount of the initial inulin of CR extract as
compared to that of JA extracts. Nakamura, ef al.

(1995) found that 5.0% solution of pure dahlia inulin
was completely hydrolyzed by inulinase isolated
from Aspergillus niger mutant 817 and resulted the
volumetric productivity of 410 g reducing sugars/l/
hr. Also, Sirisansaneeyaku, et al. (2007) reported
that the inulinases produced by Aspergillus niger
TISTR 3570 and Candida guilliermondii TISTR
5844 were appropriate for hydrolysing inulin to
fructose.

Effect of change inulinase activity on fruc-
tose production

The effect of change of inulinase activity level
from 562U to 810U on fructose production from
both CR and JA extracts was studied under the
same preparation conditions. The results indicate
that the change in inulinase activity did not affect
the fructose production of CR extract (Table 4).
On the other hand, the fructose content of JA ex-
tract increased by increasing the enzyme activity
to 810U, it reached to 1.81g/ 100ml and the rate

Table 3. The production of fructose from hydrolysis of inulin chicory roots and Jerusalem artichoke

tubers extracts using crude inulinase

Sample  Time(min) (g?ll(l)l(l)llrrlll) (Fg;il&t)(:;f) hydr;;;;g?e(%)“ Yo (g/l()(ngnl/hr)

CR extract 0 2.87 0.17 - _ _
30 2.07 0.89 27.87 0.25 1.44
60 1.73 1.27 39.72 0.38 1.10
90 1.22 1.84 57.49 0.58 111
120 118 1.85 58.89 0.59 0.84
150 121 1.86 57.84 0.59 0.67
180 118 1.88 58.89 0.60 0.57

TA oxtract 0 2.95 0,36 - - -
30 2.34 0.68 20.68 0.11 0.64
60 2.29 0.73 2237 0.13 0.37
90 2.04 1.01 30.85 0.22 0.43
120 1.99 1.06 32.54 0.24 0.35
150 1.95 111 33.90 0.26 0.30
180 1.80 1.28 38.98 0.31 0.31

CR extract chicory roots extract(2.87%inulin).

JA extract: Jerusalem artichoke tubers extract (2.95%inulin).

a Inulin hydrolysate (%)=[S,]-[S:] / [So]lx 100; where [Sy] and [S;] are concentrations of inulin at time zero and t,

respectively.

b Y5 = fructose yield based on inulin =[F,]-[F,] / [S,]; where [F ] and [F,] are concentrations of fructose at time t and
zero, respectively.S0O was always measured by the DNS method prior to hydrolysis.

¢ Qr = volumetric productivity of fructose= [F,]-[F,] / t — to, where t and t, time of incubation at time t and zero.
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Table 4. Effect of change in inulinase activity on production of fructose from hydrolysis of inulin of
Jerusalem artichoke (JA) and chicory root(CR) extract*

Inulinase Fructose (g/100ml)  Inulin hydrolysate (%) Yess Qr
activity (U) CR JA CR JA CR JA CR JA
562 1.88 1.28 58.89 38.98 0.60 0.31 0.57 0.31
810 1.87 1.81 58.54 55.05 0.59 0.49 0.57 0.48

* After 3hr of the reaction
CR extract chicory roots extract(2.87%inulin).
JA extract: Jerusalem artichoke tubers extract (2.95%inulin).

a Inulin hydrolysate (%)=[S,]-[S.] / [Se] x 100; where [S,] and [S,] are concentrations of inulin at time zero and t,
respectively.

b Y5 = fructose yield based on inulin =[F,]-[F,] / [S,]; where [F,] and [F,] are concentrations of fructose at time t and

zero, respectively.S0 was always measured by the DNS method prior to hydrolysis.

°Qr = volumetric productivity of fructose= [F]-[F,] / t — t;, where t and t, time of incubation at time t and zero.

of hydrolysis of the inulin increased from 38.98%
to 55.05% after 3hr of the reaction. Also, it can be
seen from the data in Table (4) that the fructose
yield based on inulin (Yys) increased to 0.49g/g
of inulin and the fructose productivity (Qg) was
0.48g /100ml/ hr in JA samples. The obtained data
showed the same trend as those achieved by other
authors who reported that exoinulinase can succes-
sively release fructose from the inulin (Kumiko ef
al., 1999, Kushi,et al., 2000, Gong, et al., 2008 &
Sheng, et al., 2008).

According these data, it can be concluded that
,100g of CR crop give 26.82g fructose calculated
on dry weight basis when using 562U of enzyme
activity under the experimental conditions used in
the present study. Only, 18.10g of fructose pro-
duced from 100g of JA crop as calculated on dry
weight basis when 810U of enzyme activity was
used.

In conclusion, chicory roots and Jerusalem ar-
tichoke are considered as a natural source of inulin
that can be utilized for the production of fructose
and thereby a significant impact of their use in in-
dustrial processes can be invested. The addition of
chicory powder as a carbon source was significant-
ly higher than pure inulin for inulinase production.
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