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Abstract Owing to applications in the food and

nutraceutical industries, inulinases, fructosyltransferas-

es and sucrases have gained considerable attention in

recent times. Twenty-five fungal strains were screened

for production of these enzymes on three different

media formulated using inulin-rich plant extracts

prepared from asparagus root, dahlia tuber and dande-

lion root extract. Culture filtrates of the fungi were

examined for hydrolytic activities. Fungi belonging to

genus Aspergillus, A. niger GNCC 2655 (11.3 U/ml), A.

awamori MTCC 2879 (8.2 U/ml), A. niger ATCC

26011 (7.9 U/ml) secreted high titers of inulinase

followed by Penicillium sp. NFCCI 2768 (2.6 U/ml)

and Penicillium citrinum MTCC 1256 (1.1 U/ml). High

sucrase activity was noticed in A. niger GNCC 2613

(113 U/ml) and A. awamori MTCC 2879 (107.8 U/ml).

Analysis of end products of inulinase action by HPLC

revealed that most of the enzymes were exo-inulinases

liberating fructose exclusively from inulin. Five fungi,

P. citrinum MTCC 1256, Penicillium rugulosum

MTCC 3487, Penicillium sp. NFCCI 2768, A. fumig-

atus GNCC 1351 and A. niger ATCC 26011 however,

produced a mixture of endo- and exo-inulinases liber-

ating oligosaccharides (GF3 and GF2) along with

fructose. High inulinase/sucrase yielding strains were

evaluated for extracellular and intracellular hydrolytic

and transfructosylating activities and intracellular

enzyme profiles were found to be considerably different

in terms of titers and end products.

Keywords Fungi � Inulin � Sucrose � Inulinase �
FTase � Sucrase

Introduction

Inulin serves as a storage polysaccharide in many

plants of Compositae and Gramineae, and is accumu-

lated in the underground roots and tubers of several

plants including chicory (Cichorium intibus), dahlia

(Dahlia pinnata), Jerusalem artichoke (Helianthus

tuberosus), asparagus (Asparagus racemosus) and

dandelion (Taraxacum officinale). It consists of

b-(2 ? 1)-D-fructosyl-fructose links terminated by a

sucrose residue (Chi et al. 2009; Kango and Jain 2011;

Liu et al. 2014). This fructan is a potential substrate for

generation of high fructose syrup (HFS) and prebiotic

inulooligosaccharides (IOS). These value added pro-

ducts can be produced using microbial inulolytic
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enzymes. Inulin is acted upon by two types of

inulinases i.e. endoinulinase (2,1-b-D-fructanfructano-

hydrolase, EC 3.2.1.7) and exoinulinase (b-D-fruc-

tanfructohydrolase, EC 3.2.1.80). Endoinulinases

liberate IOS as the main product (Kango and Jain

2011; Chen et al. 2013; Pouyez et al. 2012) while

exoinulinases hydrolyze the terminal linkages to yield

fructose as the main product (Mansouri et al. 2013;

Altunbas et al. 2013). Sucrase (b-D-fructofuranoside

fructohydrolase, EC 3.2.1.26) or invertase hydrolyzes

sucrose into glucose and fructose. Fructosyltransferase

(FTase; EC 2.4.1.9) is known to hydrolyze sucrose and

transfer fructosyl group to an acceptor molecule to

generate fructooligosaccharides (FOS) along with

glucose and fructose (Ganaie et al. 2013). Major

sources of inulolytic enzymes belong to Aspergilli and

Penicillia. The details of various inulolytic fungal

strains are available in state-of-the-art reviews pub-

lished previously (Vandamme and Deryke 1983; Chi

et al. 2009; Kango and Jain 2011). The pursuit of

finding novel enzymes has prompted researchers to

explore native strains isolated from different ecolog-

ical habitats. In the present study it was envisaged that

strains from rhizosphere and decaying inulin rich

plants would be explored for their inulolytic potential.

Recent reports of screening of inulinase producing

microorganisms and media formulation indicate their

significance (Housseiny 2014). There is immense

possibility of finding novel inulinase producers from a

variety of ecological niches. Also, it is important to

identify the resulting end-products of inulinase action

to identify desirable roles in fructan hydrolysis. Inulin

stored in a variety of plants can be judiciously

exploited for formulating fermentation medium to

support inulinase yield (Gern et al. 2001; Paixao et al.

2013; Zhou et al. 2014). The aim of the present work

was to screen a variety of such fungal strains and

assess their ability to utilize three different inulin

containing plant extracts derived from asparagus

(5–10 % of fresh weight), dahlia (9–13 % fresh

weight) and dandelion (12–15 % fresh weight) for

inulinase production (Loo et al. 1995; Kango and Jain

2011; He et al. 2014). Some strains used in the present

study were explored for the first time for inulinase

production. It is important to find novel strains to suit

industrial conditions so that the feasibility of the

enzymatic process is realized. Presence of industrially

important enzymes, sucrase and FTase, was also

examined. End products of enzyme action were

analyzed using high performance liquid chromatog-

raphy (HPLC) to understand their mode of action and

liberated biotechnologically important food grade

fructose and FOS.

Materials and methods

Materials

Inulin rich substrates used in this study, asparagus

roots (AR), dahlia tubers (DT) and dandelion roots

(DR) were collected from local agricultural lands and

farms. Inulin from chicory, 3,5-dinitrosalicycilc acid

(DNS), sucrose, glucose, fructose, 1-kestose (GF2),

1-nystose (GF3) and 1-fructofuranosylnystose (GF4)

were obtained from Sigma chemical Co, USA. Other

analytical grade chemicals and media ingredients were

purchased from Hi-media, Merck, and CDH, India.

Preparation of inulin extracts

For preparation of inulin rich vegetal extracts from

asparagus root extract (ARE), dahlia tuber extract

(DTE) and dandelion root extract (DRE), tubers or

roots were washed in running tap water, air dried and

shredded into small pieces. Finally, the pieces were

ground in a mill and slurry (20 % w/v) in distilled

water was prepared. Hydrothermal extraction of inulin

from these sources was done by treating the slurry at

15 lbs pressure at 121 �C for 20 min. The resulting

extract was filtered through muslin cloth and suspen-

sion thus obtained was used in fermentation medium.

Fungi, culture conditions and maintenance

Twenty three strains of filamentous molds and two

yeast strains were examined for production of exo and

endoinulinase. Fifteen fungal cultures including two

yeasts were obtained from culture collections, Micro-

bial Type Culture Collection (MTCC, Chandigarh,

India), National Fungal Culture Collection of India

(NFCCI, Pune, India) and American Type Culture

Collection (ATCC, USA). Twelve newly isolated

molds were obtained from decaying inulin rich vegetal

materials like onion peel, garlic peel, asparagus root

and rhizospheric soil of dahlia and onion field

collected from local area (Sagar, M.P., India). Among

the native isolates, Penicillium sp. NFCCI 2768,
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Arthrinium puccinoides NFCCI 2432 and Fusarium

oxysporum NFCCI 2429 were deposited in NFCCI,

Pune, while other eleven newly isolated fungal species

were deposited in Gour Nodal Culture Collection

(GNCC) of Department of Applied Microbiology &

Biotechnology, Dr. Harisingh Gour University, Sagar.

All the filamentous fungi were grown and maintained

on potato dextrose agar (PDA). Yeast strains, Kluy-

veromyces marxianus MTCC 3999 and Pichia guil-

lermondii MTCC 1311 were grown and maintained on

malt extract yeast extract agar medium. The temper-

ature for incubation (72 h) for all the isolates was

28 �C.

Taxonomic studies

The identity of the newly isolated fungal forms was

confirmed on the basis of their colonial and morpho-

logical characteristics using available literature (Raper

and Thom 1949; Onion et al. 1986).

Enzyme (inulinase, sucrase and FTase) production

Production medium used in this study contained 50 ml

of crude inulin extract prepared from plant sources

(ARE, DTE, and DRE) as described above and yeast

extract (2 % w/v) was used as nitrogen source in all

the media throughout study. Erlenmeyer flasks

(250 ml) containing 50 ml production medium were

autoclaved at 121 �C for 20 min and incubated with

two fungal discs (8 mm) obtained from 7 days old

cultures of molds and loopful culture of yeast incu-

bated at 28 �C in shaker-incubator at 150 rpm for

72 h. After incubation the content of the flasks was

filtered through Whatman filter paper No.1. Screening

for transfructosylating activity was done in some fungi

showing high hydrolytic (sucrase) activity. For FTase

production selected fungi were cultivated on medium

containing 20 % (w/v) sucrose and yeast extract 0.5 %

(w/v). Cell-free filtrate was used as source of extra-

cellular enzyme without any further purification for

inulinase, sucrase and FTase activity in further

experiments.

Intracellular enzyme extraction

Some potential fungal forms producing high titers of

extracellular inulinase were studied for presence of

intracellular hydrolytic enzymes. For this, a fixed

packed cell volume (5 ml) was collected in Falcon

tubes by centrifugation at 8,0009g for 15 min. The

biomass thus obtained was washed with sodium

acetate buffer (pH 5.0) and homogenized by ultrason-

ication. The slurry was centrifuged at 10,0009g for

15 min at 4 �C and the clear supernatant was used as

enzyme source (Ganaie and Gupta 2014).

Hydrolytic enzyme (inulinase and sucrase) assay

Appropriately diluted enzyme (0.2 ml) was added to

1.8 ml of inulin (0.5 % w/v dissolved in 200 mM

sodium acetate buffer, pH 5.0) and incubated at 50 �C

for 15 min. After incubation, total reducing sugars

liberated from inulin were measured by adding 3 ml

DNS reagent and boiling in a water bath for 5 min

(Miller 1959). Samples were allowed to cool and their

absorbance was read at 540 nm. Invertase activity was

measured using sucrose solution (1 % w/v dissolved

in 200 mM sodium acetate buffer, pH 5.0). One

inulinase/invertase unit was defined as the amount of

enzyme which produced 1 lmol of fructose/glucose

per second under the assay conditions as described

above. Total protein content and inulinase specific

activity (U/mg) was estimated using Folin-Lowry

method (Lowry et al. 1951). Temperature and pH

relationships of inulinase of some promising inulinase

producing strains was determined as described earlier

(Kango 2008).

FTase assasy

Screening for transfructosylating activity was done in

some fungi showing high hydrolytic (sucrase) activity.

The FTase activity was determined by incubating 100 ll

culture filtrate with 400 ll of sucrose (20 % w/v in

0.1 M sodium acetate buffer pH 5.0) at 50 �C for 1 h in

water bath. The reaction was stopped by boiling the

mixture in a water bath at 100 �C for 10 min. FTase

activity was estimated by taking 10 ll of appropriately

diluted reaction mixture and mixing it with 1 ml test

reagent (Glucose oxidase–peroxidase, GOPOD kit,

Sigma). The glucose released was measured at

505 nm. One unit of FTase was defined as the amount

of enzyme required to produce 1 lmol of glucose per

minute under the assay conditions (Ganaie et al. 2014).
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End products analysis

Hydrolysis of pure chicory inulin (5 % w/v) and

sucrose (20 % w/v) dissolved in sodium acetate buffer

(pH 5.0) was studied by incubating 1 ml undiluted

culture filtrate with 4 ml of substrate for period of 24 h

at 50 �C under mild shaking conditions in shaking

water bath. End products of inulin hydrolysis, sucrose

hydrolysis and transfructosylation were analyzed

using HPLC. The amount of liberated sugars was

analyzed using HPLC, Waters, with sugar pak column

(6.5 9 300 mm) and refractive index (RI) differential

detector (RI 2414). Samples (2 ml each) were filtered

by using 0.45 lm Millipore filter paper before inject-

ing into 20 ll valve. Column temperature was main-

tained 70 �C by oven column (Dyna, Mumbai).

Fructose (F), glucose (G), sucrose (GF), kestose

(GF2), nystose (GF3) and fructofuranosylnystose

(GF4) and inulin (Sigma chemical, co. USA) were

used as standards for chromatographic analysis. Cal-

culation and analysis were analyzed using Empower-2

software Build 2154, Waters (Ganaie et al. 2014).

Results

Enzyme production

All the fungi were grown on three different media

containing extracts and studied for the production of

inulinase and sucrase hydrolytic activities. Maximum

inulinase activity (12.2 U/ml) was noticed in Asper-

gillus niger GNCC 2655 culture filtrate grown on

DTE. Following this Aspergillus awamori MTCC

2879 produced (8.21 U/ml) inulinase on medium

containing ARE. Other fungal strains producing

relatively higher inulinase titers were A. niger GNCC

2613 (5.97 U/ml), Aspergillus ficuum MTCC 7591

(5.27 U/ml), Aspergillus sp. GNCC 2531 (5.63 U/ml),

Penicillium sp. NFCCI 2768 (3.89 U/ml) and Arthri-

nium pucciniodes NFCCI 2432 (2.27 U/ml), Penicil-

lium citrinum MTCC 1256 (1.19 U/ml). Yeasts, K.

marxianus MTCC 3995 and P. guillermondii MTCC

1311, showed maximum inulinase activity on DTE

(1.49 U/ml) and ARE (0.54 U/ml) respectively. Inter-

estingly, considerable variation in inulinase produc-

tion by the test fungi was noticed on the three media

(Table 1). While most of the fungi showed higher

inulinase titers on ARE and DTE, considerable

amount of enzyme was also noticed in DRE medium.

Results indicated possible use of asparagus root,

dahlia tuber and dandelion root in formulating media

for inulinase production as they make suitable alter-

natives to costly commercial inulin. In the present

study A. niger GNCC 2655 produced high inulinase

titers on DTE (12.2 U/ml), ARE (11.3 U/ml) and DRE

(6.47 U/ml). A. ficuum MTCC 7591 and A. awamori

MTCC 2789 showed highest inulinase titers in ARE

medium. Some of the interesting fungi observed as

inulinase producers for the first time include native

isolates, A. pucciniodes NFCCI 2432 (2.27 U/ml, DTE),

Aspergillus ochraceous GNCC 1423 (0.85 U/ml, ARE),

F. oxysporum NFCCI 2429 (0.83 U/ml, ARE) and

Aspergillus flavus NFCCI 2364 (0.77 U/ml, DTE).

Penicillium sp NFCCI 2768 isolated from rhizosphere

soil of dahlia plant produced 3.89 U/ml inulinase

activity on DTE. A. niger GNCC 2613 and A. awamori

MTCC 2879 were high sucrase producers elaborating

113 and 107 U/ml on ARE medium, however, much

lower yields of this enzyme (4–23 U/ml) were noticed

on DTE and DRE medium. Inulinase/sucrase (I/S) ratio

was lower than 0.5 in most cultivations indicating

relatively higher sucrase activity. I/S ratio of individual

fungi also varied considerably on the three substrates

indicating variation in induction of I/S activity with

respect to the composition of vegetal infusions. The I/S

ratio is a very important criterion in understanding the

hydrolytic properties/characteristics of the enzyme

preparation. Reducing sugars content of the purified

chicory inulin itself shows masking effects and hence

the assays were made at lower inulin concentration of

0.5 % (w/v). Also, recent reports present hydrolytic

activity using sucrose as substrate (Kango 2008;

Mansouri et al. 2013). Aspergillus fischeri MTCC 150

and A. pucciniodes NFCCI 2432 showed I/S ratio of

more than 1.0 (Table 1) when grown on DRE medium.

The study revealed the possibility and effects of using

crude plant extracts for inducing inulinase activity and

the potential of screened fungi for the purpose.

pH and temperature relationship

pH optima of most inulinases was between 5.0 and 6.0

while 50 and 55 �C were common temperature optima

A. fumigatus GNCC 1351 inulinase had maximum

temperature optimum at 60 �C and was stable at 65 �C

up to 90 min. Inulinase from P. rugulosum MTCC 3487
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and A. niger GNCC 2655 showed better thermostability

and remained fully active for more than 2 h at 65 �C.

End product profiles of inulinase action

HPLC analysis of end products of inulinase action

showed that most of the fungal strains (22) produced

fructose as the predominating end product indicating

exoinulinase activity. The maximum yield of fructose

was achieved with A. awamori MTCC 2879

(F-96.8 % w/w) by using chicory inulin as substrate

(5 % w/v) (Fig. 1a). Some of the other promising strains

producing fructose efficiently as their end product were

Aspergillus niger GNCC 2613 (F-75.2 % w/w), A. niger

GNCC 2655 (F-64.9 % w/w) (Fig. 1b; Suppl Fig.). The

remaining fungal strains and yeasts produced fructose in

the range of 3–55 % (w/w). Relatively low inulinase

activity was noticed in these FOS producing strains as

compared to those producing exoinulinase. This may be

attributed to lack of generation of reducing equivalents in

the case of FOS producing strains. Production of FOS

(GF2 and GF3) along-with glucose and fructose was seen

in Aspergillus fumigatus GNCC 1351 (GF3-0.34, GF2-

1.32, GF-2.16, G-12.3, F-7.99 % w/w), P. citrinum

MTCC 1256 (GF3-0.59, GF2-5.57, GF-23.9, G-34.4,

F-26.7 % w/w), and Penicillium sp. NFCCI 2768 (GF3-

3.57, GF2-8.32, GF-14.26, G-29.34, F-13.9 % w/w)

indicating production of a mixture of endo and exo-

inulinases (Fig. 1c, d; Table 2). The sugar profile

produced by inulinase/sucrase activity of fungi is

presented in supplementary material.

Intracellular hydrolytic activities

The intracellular hydrolytic activities of some of the high

inulolytic strains were examined. In order to see the

distribution and the nature of enzymes, the end products

of intracellular preparation were also analyzed. The

nature of the enzyme was considerably different in most

cases and also the amounts and types of end products

varied differed significantly (Table 3). This also sug-

gests that after separating extracellular inulinase, the

mycelial mass can be exploited for intracellular inulin

and sucrose hydrolyzing enzymes. A. awamori MTCC

2879 showed highest intracellular exoinulinase activity

and released high amount of fructose (98.4 % w/w).

Intracellular extract of A. niger GNCC 2655, and A.

niger GNCC 2613 showed generation of above 90 %

(w/w) fructose while A. ficuum MTCC 7591 intracellular

inulinase liberated (73.2 % w/w) of fructose. In the case

of P. citrinum MTCC 1256, mixed action of intracellular

exo and endoinulinases lead to production of GF3

(11.23 % w/w), GF2 (5.81 % w/w), GF (24.7 % w/w),

G (39.14 % w/w) and F (31.7 % w/w). Penicillium sp

NFCCI 2768 intracellular study showed the liberation of

GF4 (0.14 % w/w), GF3 (0.18 % w/w), GF2

(4.61 % w/w), GF (9.64 % w/w), G (28.16 % w/w)

and F (17.3 % w/w) whereas GF4 was not detected in

case of extracellular preparation (Fig. 1 c–f; Table 3;

Suppl Fig.).

Fungi exhibiting higher sucrase activity were further

examined for FTase activity. FTase activity as evi-

denced by formation of FOS (GF4, GF3 and GF2) was

seen in two strains. Only hydrolytic activity without any

trace of transfructosylation was noticed in the case of A.

niger GNCC 2655 and A. ficuum MTCC 7591 strains.

Significant amounts of GF3 (1.12 % w/w) and GF2

(11.64 % w/w) was produced by A. niger ATCC 26011.

P. rugulosum MTCC 3487 produced only GF2

(7.59 % w/w) intracellularly but in extracellular study

it produced GF2 (1.24 % w/w) in lesser amount. P.

citrinum MTCC 1256 intracellular study showed the

liberation of GF3 (1.99 % w/w), GF2 (19.22 % w/w),

GF (28.19 % w/w), G (12.45 % w/w) and F

(9.80 % w/w) in comparisons with extracellular study

of same species produced GF3 (0.21 % w/w), GF2

(3.59 % w/w), GF (9.37 % w/w) G (29.4 % w/w) and F

(22.4 % w/w). The present study revealed presence of

sucrase and FTase which can be used for formation of

FOS (Table 4; Fig. 1g, h; Suppl Fig.).

Discussion

We have screened twenty five fungal strains including

twelve species of predominantly inulolytic Aspergillus

b Fig. 1 HPLC chromatograms of hydrolysis products using

selected fungal strains (incubation time: 24 h, pH 5.0, Temp.

50 �C) Inulin (5 % w/v) hydrolysis showing exclusive gener-

ation of fructose: a Aspergillus awamori MTCC 2879 b Asper-

gillus niger GNCC 2655; production of IOSs: c Penicillium

citrinum MTCC 1256 d Aspergillus fumigatus GNCC 1351;

Sucrose (20 % w/v) hydrolysis by sucrase showing exclusive

generation of high fructose and glucose: e Aspergillus ficuum

MTCC 7591 f Aspergillus niger GNCC 2613 and FTase activity

generating FOS from sucrose (20 % w/v): g Penicillium

citrinum MTCC 1256 h Penicillium rugulosum MTCC 3487.

F-Fructose, G-Glucose, GF-Sucrose, GF2-Kestose, GF3-Nys-

tose, GFn or S-Fructan or Inulin
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and three species of Penicillium on inulin rich vegetal

infusion prepared from low cost plant sources. The

inulinase and sucrase levels were found comparable to

those reported before (Mansouri et al. 2013; Kango

2008). A. puccinoides NFCCI 2432, native isolate

obtained from rhizospheric soil of dahlia has been

reported to produce inulinase for the first time

(Table 1). We have observed that crude vegetal

infusion extract media also supported efficient pro-

duction of sucrase, however, this lead to a low I/S ratio

(\0.50) in most cases. Mansouri et al. (2013) reported

use of pure inulin for better induction of inulinase than

Jerusalem artichoke preparation; however, our pre-

mise of using cheaper inulin rich extract is intended to

Table 2 End product analysis of inulinase activity of twenty five fungal strains on medium supporting best inulinase yield

S. no Microorganisms Inulinasea

(U/mg)

Mediumb Types of sugars releasedc

(% w/w)

Mode of

Actiond

1 Arthrinium puccinoides NFCCI 2432 0.81 ± 0.01 DTE F-23.8 Exo

2 Aspergillus awamori MTCC 2879 2.21 ± 0.12 ARE F-96.8 Exo

3 Aspergillus ficuum MTCC 7591 1.01 ± 0.04 ARE F-23.2 Exo

4 Aspergillus fischeri MTCC 150 0.14 ± 0.00 DTE F-15.4 Exo

5 Aspergillus flavus NFCCI 2364 0.31 ± 0.02 DTE F-10.2 Exo

6 Aspergillus fumigatus GNCC1351 0.21 ± 0.01 DRE GF3-0.34, GF2-1.32,

GF-2.16, G-12.3, F-7.99

Endo ? Exo

7 Aspergillus niger ATCC 26011 0.63 ± 0.01 ARE F-34.5 Exo

8 Aspergillus niger GNCC 2613 1.44 ± 0.08 ARE F- 75.2 Exo

9 Aspergillus niger GNCC 1059 0.76 ± 0.04 DRE F-40.0 Exo

10 Aspergillus niger GNCC 1328 0.34 ± 0.02 DTE F-16.8 Exo

11 Aspergillus niger GNCC 1420 0.57 ± 0.06 ARE F-15.1 Exo

12 Aspergillus niger GNCC 2655 1.46 ± 0.02 DTE F-64.9 Exo

13 Aspergillus ochraceous GNCC 1423 0.04 ± 0.01 ARE F-17.5 Exo

14 Aspergillus parasiticus MTCC 2796 0.02 ± 0.01 DTE F-5.21 Exo

15 Aspergillus sp. GNCC-2418 1.58 ± 0.06 DTE F-24.1 Exo

16 Aspergillus versicolor GNCC 2608 1.25 ± 0.04 ARE F-11.3 Exo

17 Aspergillus sp. GNCC 2413 0.12 ± 0.01 DTE F-55.8 Exo

18 Aspergillus sp. GNCC 2531 1.29 ± 0.14 ARE F-27.2 Exo

19 Aspergillus terreus NFCCI 2347 0.16 ± 0.03 ARE F-3.10 Exo

20 Fusarium oxysporum NFCCI 2429 0.25 ± 0.01 ARE F-4.50 Exo

21 Kluyveromyces marxianus MTCC 3995 0.34 ± 0.05 DTE F-20.1 Exo

22 Penicillium citrinum MTCC 1256 0.19 ± 0.04 ARE GF3-0.59, GF2-5.57,

GF-23.9, G-34.4, F-26.7

Endo ? Exo

23 Penicillium rugulosum MTCC 3487 0.24 ± 0.02 ARE F-40.5 Exo

24 Penicillium sp. NFCCI 2768 0.62 ± 0.01 DTE GF3-3.57, GF2-8.32,

GF-14.26, G-29.34, F-13.9

Endo ? Exo

25 Pichia guillermondii MTCC 1311 0.07 ± 0.02 ARE F-34.7 Exo

Data represent average of three independent replicates ±SD

P \ 0.05
a Specific activity
b ARE asparagus root extract, DTE dahlia tuber extract, DRE dandelion root extract
c F fructose, G glucose, GF sucrose, GF2 kestose, GF3 nystose
d Exo exoinulinase, Endo endoinulinase
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make the process more cost effective. Inulinase

sourced from twenty three strains produced fructose

exclusively with A. awamori MTCC 2879, A. niger

GNCC 2613 producing more than 70 % (w/w) fruc-

tose from inulin (Table 2; Fig. 1a, b). This clearly

indicated high incidence of exoinulinase in fungi as

reported earlier (Jain et al. 2012; Chen et al. 2013;

Mansouri et al. 2013). Three fungal species, A.

fumigatus GNCC 1351, P. citrinum MTCC 1256 and

Penicillium sp NFCCI 2768 showed production of IOS

(GF3, GF2) indicating occurrence of endoinulinase

(Table 2; Fig. 1c, d). Gill et al. (2006) have reported

production of exoinulinase in A. fumigatus in contrast

to our findings. Recently, Chen et al. (2014) reported

cloning and characterization of endoinulinase from A.

fumigatus Cl 1 which showed similar end product

profile to A. fumigatus GNCC 1351 used in the present

study. Penicillium sp. TN-88 endoinulinase liberated

inulotriose as main product by hydrolyzing inulin up

to 70 % (Nakamura et al. 1997). Recently, Gallegos

et al. (2014) proposed the exoinulinase action of P.

citrinum and its use in generating fructose syrup

efficiently. Sirisansaneeyakul et al. (2007) have

reported production of fructose syrup by using inulin-

ases of A. niger TISTR 3570 and Candida guillier-

mondii TISTR 5844. A. niger inulinase liberated

37.5 g/l fructose from 100 g/l inulin while C. guil-

liermondii inulinase produced 35.3 g/l of fructose

under similar conditions. Various reports indicating

efforts to establish low cost media have lead to the

identification of novel potential substrates for produc-

tion of commercial enzymes. Several strains of

Aspergillus have been reported to be efficient inulin-

ase producers and utilize a variety of inulin rich

extracts such as dandelion (Kango 2008), kuth root

(Viswanathan and Kulkarni 1996), Carob pulp, figs,

cherries, plums, peaches and Jerusalem artichoke

(Paixao et al. 2013), sunflower tubers and lettuce

roots (Housseiny 2014). With regard to industrial

conditions higher thermal stability is a desirable

feature. In the present study P. rugulosum MTCC

3487 and A. niger GNCC 2655 were identified as

sources of thermostable inulinases (Table 5).

We have compared the distribution of inulinase in

intracellular compartment of six fungi showing high

extracellular inulinase activity. Interestingly, in most

cases the intracellular activity was observed to be

comparable or slightly more than extracellular inulin-

ase activity. However, the nature of enzyme (exoin-

ulinase) producing fructose exclusively remained

same. In case of fungi producing endoinulinase, P.

citrinum MTCC 1256 and Penicillium NFCCI 2768,

again higher titers of inulinase were observed intra-

cellularly. Also, the HPLC analysis showed slight

differences in product profile where presence of GF3

and GF2 was observed in the case of both fungi (Suppl

Figs. 3, 4).

Intracellular study suggested the possibility of

deriving inulinase, sucrase and FTase by cell lysis of

some strains. When the results obtained for the

intracellular and extracellular activities and their end

products were compared, significant differences were

observed. Some fungal inulinase producers are

reported to secrete a mixture of exo and endoinulin-

ases. A. niger NK-126 produced a mixture of exo and

endoinulinases on dandelion root extract medium and

produced of fructose, inulobiose (F2) and IOS (Kango

2008). Results of this experiment highlighted the

presence of intracellular inulinase which can be

possibly leached out using surfactants in the medium.

Table 5 pH and

temperature optima and

thermal stability of some

inulinases

S. no. Microorganisms pH Temp (�C) Thermal stability

1 Arthrinium puccinoides NFCCI 2432 6.0 50 55 �C (30 min)

2 Aspergillus awamori MTCC 2879 5.0 55 65 �C (20 min)

3 Aspergillus niger GNCC 2613 5.5 55 60 �C (40 min)

4 Aspergillus niger GNCC 2655 4.0 50 65 �C (\120 min)

5 Aspergillus ficuum MTCC 7591 5.0 55 65 �C (45 min)

6 Aspergillus fumigatus GNCC 1351 6.0 60 65 �C (\90 min)

7 Fusarium oxysporum NFCCI 2429 5.0 50 55 �C (20 min)

8 Penicillium citrinum MTCC 1256 6.0 55 55 �C (40 min)

9 Penicillium sp. NFCCI 2768 5.0 50 55 �C (30 min)

10 Penicillium rugulosum MTCC 3487 6.0 50 65 �C (\120 min)
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Wenling et al. (1999) reported the HFS (85 % w/w)

production by using Kluyveromyces sp. Y-85 intra-

cellular inulinase by utilizing Jerusalem artichoke

tuber extract. We have detected FTase activity in P.

citrinum MTCC 1256, P. rugulosum MTCC 3487 and

A. niger ATCC 26011 and the major products of

transfructosylation were GF2 and GF3. Silva et al.

(2013) reported production of FOS from sucrose and

inulin, using free and immobilized inulinase from A.

niger. Ganaie et al. (2013) have screened out twenty

microorganisms for the production of FTase and to

generate FOS from sucrose. Our results clearly

suggested that sonication disrupted fungal cells result-

ing in the effective release of intracellular enzymes.

Inulinase, sucrase and FTase activity observed after

cell disruption by sonication was suitable for com-

bined action of extracellular and intracellular enzyme

released after microbial cell disruption (Vargas

et al.2004). The present study describes a comprehen-

sive analysis of hydrolytic and transfructosylating

activity of some fungi, enzyme distribution and

product profile obtained from different media.
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