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Abstract The complete procedure for the production of inu-
lin powder from Jerusalem artichoke tubers (JAT) was inves-
tigated. The procedure consists of isolation of inulin from JAT,
elimination of color from the inulin extract and solidification.
Washed tubers were first sliced, dried in a 60 °C oven for 10 h
and then milled and sieved into a powder. Inulin was isolated
from the JAT powder by hot water extraction using an accel-
erated solvent extractor (ASE). The effects of temperature and
time for the extraction were investigated. The highest extrac-
tion efficiency was obtained at the extraction temperature of
80 °C for 20 min. The color of the extract was eliminated
using ion exchange process with diethylaminoethyl cellulose
as the sorbent. The inulin powder was subsequently obtained
by freeze drying. Inulin content and inulin profiles were mon-
itored to evaluate the efficiencies of the complete procedure.
The inulin content was indirectly determined by spectropho-
tometry from free and total fructose measurements using po-
tassium iodide. The inulin profile was monitored using high
performance anion exchange chromatography equipped with
integrated pulse amperometric detection (HPAEC−PAD). The
proposed method provided the inulin production yield of

92.5 %. The present procedure is fast, simple and effective
for production of inulin powder from JAT. In addition, infra-
red spectra and some physico−chemical properties of the ob-
tained inulin powder were determined and compared with the
standard inulin.
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Introduction

Inulin is one group of fructans or fructooligosaccharides
which are linear polymers of D−fructose joined by β (2→1)
linkages and terminated with a single D−glucose which is
linked to D−fructose by an α (1→2) linkage [1–3]. The chain
length of D−fructose, known as degree of polymerization
(DP), varies from 2−60 [4–6]. The DP of inulin depends on
various parameters including specific varieties of plants, har-
vest time, storage time after harvesting and the production
procedure for isolating inulin [6–8]. Inulin has a number of
interesting properties that can be applied in various fields.
Inulin is a functional food Bingredient^ since it can be used
as a prebiotic agent [9], can stimulate health−promoting gut
microflora [10, 11] and may reduce the risk of cancer [9, 12].
Pharmaceutical and cosmetics applications of inulin have
been described [13, 14]. For energy production, inulin is an
appropriate source for production of ethanol through fermen-
tation [15, 16].

Inulin is found mainly in the tubers and roots of many
plants, such as Chicory artichoke (Cynara scolymnus L.), vi-
per’s grass (Scorzonera hispanica L.), Jerusalem artichoke
(Helianthus tuberosus L.), globe artichoke (Cynara
cardunculus var. scolymus) [17], Yacon (Smallanthus
sonchifolius) [18] and dahlia tubers (Dahlia Pinata Cav.) [9,
19]. Inulin is mostly commercialized as a powder, known as
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Beneo HP [5] and Raftilin®ST or Fibruline [9, 10]. So far, the
major crop used for industrial production of inulin is chicory
[2, 20]. However, the Jerusalem artichoke tuber has a large
amount of inulin, ca. 14–19 % [2, 5, 21], so it should be a
valuable source for inulin production. However, the produc-
tion of inulin from Jerusalem artichoke tuber has not
progressed significantly because it has an undesirable flavor,
significant color and limited harvest time [22].

Inulin is isolated from plants using extraction based
methods. An important physico−chemical property of pure
inulin is that it is almost insoluble in cold water, but highly
soluble in hot water [20]. Therefore, one of the most common
methods for isolation of inulin from plants is hot water extrac-
tion. Conventionally, inulin is extracted fromChicory roots by
hot water at 70−80 °C in continuous counter current extractors
with an extracting time of 1.5−2 h [23]. The technology of
inulin extraction fromChicory root is similar to the saccharose
extraction from sugar beets [23]. The extraction of inulin from
Jerusalem artichoke is similar to the other plants. The conven-
tional procedure is hot water extraction at various tempera-
tures and times such as extraction at 80 °C with mild shaking
for 3 h [24], at 80 °C for 1.5 h [25] and 80 °C for 1 h [26].
Recently, ultrasound−assisted extraction has been introduced
as a powerful tool for extraction of inulin from various plant
tissues. It applies high−frequency and high−intensity sound
waves to interact with materials [2, 19]. Ultrasound disrupts
plant cell walls thereby facilitating the release of extractable
compounds and enhancing mass transport of solvent from the
continuous phase into plant cells [13]. The ultrasound assisted
extraction of inulin from JAT was reported using extraction
temperature at 76.65 °C for 20 min [2]. Nevertheless, it is
considered unsuitable for inulin extraction on the large scale.
An alternative method for isolation of inulin is the precipita-
tion of inulin by alcohol. This method is efficient and widely
used in laboratory. However, it was uneconomical and unsuit-
able on an industrial scale [2]. More recently, various strate-
gies have been employed to obtain high extraction efficiency
for inulin isolation such as pulsed electric fields (PEF) [27]
and three−stage homogenate extraction (TSHE) [26]. Another
strategy using high pressure for extraction, known as pressur-
ized liquid extraction (PLE) or accelerated solvent extraction
(ASE) has been successfully applied for the isolation of inter-
est compounds from various plants such as peperine from
pepper and bioactive molecules from Hypericum perforatum
L. [28–30]. ASE allows efficient performance, rapid extrac-
tion at high temperature and high pressure, minimizing sol-
vent consumption and sample manipulation. To our knowl-
edge, there are no reports of using ASE for the extraction of
inulin from plants.

The present study is aimed at investigating the production
procedure of inulin powder from Jerusalem artichoke tuber.
Besides, high efficiency, rapid and cost effective, the minimiz-
ing of inulin degradation during the production is considered.

Inulin was extracted from Jerusalem artichoke powder by
ASE using water as the extraction solvent. The extract was
then subjected to a chromatographic process for elimination of
color. Inulin powder was obtained after freeze drying. Inulin
content and inulin profile were monitored for all processes.
Instrumental analyses of inulin powder by IR and SEM are
also reported.

Materials and Methods

Chemicals and Reagents

All chemicals and reagents were of analytical reagent grade.
These included sodium hydroxide, potassium iodide, sodi-
um periodate and sodium acetate (Carlo Erba, Rodano, Ita-
ly); methanol (Lab-Scan, Bangkok, Thailand); silica gel
(0.06 mm for chromatography, Carlo Erba, Val de Reuil,
France); diethylaminoethyl cellulose (Sigma, Singapore);
barium acetate (Carlo Erba, Val de Reuil, France); citric
acid; concentrated hydrochloric acid, and concentrated sul-
furic acid (Carlo Erba, Val de Reuil, France), anhydrous
D-(−)-fructose and D-(+)-glucose (Univar, New South
Wales, Australia). Standards fructooligosaccharide (1-
kestose (n=3) and nystose (n=4)) were obtained from
Fluka. Standard inulin from chicory was purchased from
Sigma. All aqueous solutions were prepared using deion-
ized water from RiOsTM Type I Simplicity 185 (Millipore,
USA) with the resistivity of 18.2 MΩ.cm.

Intrumentations

The spectrophotometric experiments were carried out on an
Agilent 8453 UV−Vis spectrophotometer (Germany). Chro-
matographic separations were performed on a Dionex DX
−500 Ion Chromatographic system (Sunnyvale, USA),
consisting of a GP40 gradient pump and an ED 40 electro-
chemical detector equipped with a thin−layer type ampero-
metric cell. The cell contained a 1.0−mm diameter gold work-
ing electrode and a platinum counter electrode in integrated
pulse amperometric detection mode (PAD). The separations
were performed on a CarboPac PA 1 column set comprised of
a guard column (50×4 mm i.d.) and analytical column (250×
4 mm i.d.). The injection volume was 25 μL. Data acquisition
and data analysis were under the control of the PeakNet 6.0
Dionex software. The accelerated solvent extractor model
ASE−200 (Dionex, USA) with a 22 mL extraction cell and a
30 mL collection cell, was used for the extraction of inulin
from Jerusalem artichoke tuber powder. An Isotemp oven
(Fisher Scientific, UK) was used for the drying of Jerusalem
artichoke tubers. The freeze dryer model ScanSpeed MaxiVac
(Scientific, Germany) was employed for preparation of inulin
powder. PerkinElmer, Spectrum One (USA), Fourier
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transform infrared spectroscopy (FT−IR) was used for IR
spectra. Microphotographs were obtained using Scanning
electron microscopy (Hitachi, S−3000N, Akishima, Tokyo,
Japan).

Sample Preparation

Jerusalem artichoke tubers were washed with tap water to elim-
inate soil and then were longitudinally sliced to obtain approx-
imately 2−mm thick pieces. The tubers were dried at 60 °C for
10 h in an oven, milled and sieved through an 850−μm sieve.
The powdered tubers were kept for short periods of time at an
ambient atmosphere in desiccators, until extraction.

Procedure

Extraction of Inulin from Jerusalem Artichoke Powder
by ASE

Accurate weight (2 g) of JA powder along with silica gel
(3.6 g) was placed into an extraction cell. The powders were
then automatically extracted with water (as the extraction sol-
vent) for 20 min at 80 °C and 1500 psi, controlled by the ASE
time program. All experiments were conducted in triplicate.

Elimination of Color of the Inulin Extract

The extract was passed through a glass column (15 cm×1 cm
ID) packed with 15 g of diethylaminoethyl cellulose (DEAE
−cellulose) at a flow rate 2 mL min−1, water was used as the
eluent.

Determination of Inulin Content by Spectrophotometry

Determination of Free Fructose Content (Ff )

The extract (150μL) was pipetted into 10mL volumetric flask
containing 20 mmol L−1 citrate buffer 6 (5 mL) and diluted to
10 mL with water. After 5 min, 100 mmol L−1 potassium
iodide (150 μL) was added, and mixture was left for an addi-
tional 5 min. The absorbance was subsequently measured at
350 nm using a UV−Vis spectrophotometer. The concentra-
tion of free fructose was deduced from a calibration curve of
standard fructose solutions.

Determination of Total Fructose Content (Ftot)

The extract (0.50mL) was acidifiedwith 0.2 mol L−1 HCl, in a
final volume of 25 mL, and subjected to acid hydrolysis at 97
± 2 °C for 45min. The solution was then adjusted to pH 7with
NaOH before dilution with water to 25 mL. A 150 μL portion
of the neutral hydrolysate was analyzed spectrophotometrical-
ly by the same procedure as described previously for free
fructose (Ff).

Fig. 2 Inulin profiles showing the distribution of DPs at various
extraction temperatures (70–100 °C) for the extraction time of 20 min

Fig. 1 The effects of extraction time and temperature on the extraction
efficiency of inulin from JAT powder

Fig. 3 Photographs of inulin powders from a the produced inulin from
JAT powder and b standard Chicory
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The inulin content was evaluated using the following
equation [5]:

I ¼ k F tot– F fð Þ

where I is the content of inulin, Ftot is total fructose content, Ff
is free fructose, k is 0.995, it is a correction factor for the
glucose part of inulin and water loss during hydrolysis [5, 31].

Determination of Inulin Profile

The profile of inulin was analyzed by High Performance An-
ion Exchange Chromatography equipped with an Integrated
Pulsed Amperometric Detector. The inulin extracts were di-
luted to appropriate concentrations with water and filtered
through a 0.45 μm membrane filter before injection. The sep-
aration conditions were 150 mmol L−1 NaOH as eluent A,
150 mmol L−1 NaOH spiked with 500 mmol L−1 sodium
acetate as eluent B, a flow rate of 1.0 mL min−1. The elution
gradient was 0−15 min with 100 % eluent A, 15−45 min with
linear gradient from 0 to 60% eluent B, 45−90min with linear
gradient from 60 to 90 % eluent B, 90−110 min with linear
gradient from 90 to 100 % eluent B, and 110−120 min with
linear gradient from 100 to 0 eluent B. The electrical potential
and time period (waveform) for the detector were pro-
grammed as follows: E1, +0.1 V (vs. Ag/AgCl) for 400 ms;
E2, −2 V for 20 ms; E3, +0.6 V for 10 ms; E4, −0.1 V for

60 ms [6]. Standards inulin including 1-kestose (DP=3) and
nystose (DP=4) were used for the identification of peaks.

Results and Discussion

Extraction of Inulin by ASE

In this study, inulin was extracted using water and was per-
formed at high temperature under high pressure by using an
accelerated solvent extractor. The extractions were investigat-
ed at temperatures 70−100 °C and extraction times in the
range of 10−30 min, while the pressure was kept constant at
1500 psi.

The extraction efficiency is expressed as percent of extract-
ed inulin in the extract per dried weight of powdered tuber. As
seen in Fig. 1, extraction at 70 °C gave the lowest inulin
content for all the studied extraction times. The highest extrac-
tion efficiency was obtained at the extraction temperature of
80 °C for 20 min. The decrease in extracted inulin content at
longer extractions times was possibly due to the acid−heat
sensitivity of the fructose molecule [5].

The inulin profiles under various extraction conditions
were also investigated as a typical profile, shown in Fig. 2.
The chromatograms show the distribution of DPs, each peak
represents each DP. Considering as intervals of DP values as
follow: 3−10, 11−20, 21−30, and 31−40. It can be seen that
DPs 3–20 provided highest contents. Table 1 summarizes the
effect of extraction temperatures for the extraction time of
20 min on the mean (n=2) of relative peak areas of each
interval. It is clearly seen that the major DPs at all the studied
temperatures are DP 3−10 and DP 11−20, totaling ca. 60

Table 1 Effect of extraction temperatures on the inulin composition
(peak area) from the extraction of JAT for 20 min

Composition (relative %) Extraction temperature (°C)

70 80 100

DP<3 3.71a 3.94a 4.00a

DP3-10 34.94b 37.77a 35.95b

DP11-20 36.87a 37.81a 35.37a

DP21-30 11.35a 10.59a 12.11a

DP31-40 7.05a 5.57a 7.45a

DP41-50 6.08a 4.32b 5.12ab

Letters Ba^ and Bb^ display the significant test using Duncan’s multiple
range test, the values in a row with different letters Ba^ and Bb^mean that
there are significantly different at *P<0.05

Fig. 4 Infrared spectra of inulin
powder from a the produced
inulin from JAT powder and b
standard Chicory

Fig. 5 Microphotographs of inulin powder from a the produced inulin
from JAT powder and b standard Chicory
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−70 %. The separate amounts of DP3−10 and DP11−20 were
in the same range of 30−39% relative area for the extraction at
the 80 °C with the average peak area of 37.77 and 37.81 % for
DP3−10 and DP11−20, respectively. It can be concluded that
the major DPs (DPs 3–20) obtained at 80 °C are higher than
those from 70 to 100 °C. Therefore, the inulin profiles reveal
the results which are in good agreement with the results in
term of the extraction efficiency mentioned previously, i.e.,
the optimum extraction condition was 80 °C for 20 min.

The primary advantage of using ASE to extract inulin from
JAT powder is the rapid extraction time used (20 min), much
shorter than the extraction time by the conventional method (1
−1.5 h) [6, 24]. The use of water as the extraction solvent is
economical and it is environmentally more desirable since it
does not use organic solvents. In addition, the extracts obtain-
ed from ASE were clear, without the need for filtration or
centrifugation.

Elimination of Color from Inulin Extract

The obtained inulin extract has a dark brown color. Various
methods have been used for the elimination of inulin extract
color. For example, chemicals such as lead acetate [32], lime
and carbon dioxide [33], dialysis process [9], activated carbon
[20] and ion exchange resin [9, 34] were reported. In this
study, chemical treatment and ion exchange were studied for
elimination of the color in the extract. Visual observation as
well as the absorption spectra was used to evaluate the effec-
tiveness of the decolorization process. It was found that ion
exchange process using anion exchange resin, DEAE
−cellulose, is the most effective strategy color in inulin extract.
The visual observation (data not shown) is in good agreement
with the absorption spectrum (supplementary data) which
shows significant reduction in absorbance at all visible wave-
lengths. In addition, inulin contents and profiles obtained after
color elimination by DEAE-cellulose were not significantly
different from those before the elimination process.

Preparation of Inulin Powder

In this study, freeze drying was used for solidification of inulin
from the inulin extract. Freeze drying was chosen because it is
performed at low temperature, thus the degradation of inulin
can be minimized. The obtained inulin powder is white
(Fig. 3a) and displays a texture similar to the Chicory inulin
standard (Fig. 3b).

Some physico-chemical properties of the produced inulin
powder were also studied and the results are compared to the
standard inulin from Chicory. The infrared spectra are shown
in Fig. 4, revealing the similarity of the peaks with the previ-
ous works [20, 35]. SEM images of the obtained inulin pow-
der and ch icory (F ig . 5a and b) , show s imi la r

microphotographs of amorphous spherical shapes with some
agglomerates.

Conclusion

This is the first report that demonstrates the systematical study
for the preparation of inulin powder from Jerusalem artichoke
tubers. Inulin was firstly isolated from tuber powder of Jeru-
salem artichoke using accelerated solvent extraction. The col-
or of the inulin extract was eliminated using DEAE resin.
Freeze drying was subsequently used for solidification of the
inulin extract. The inulin content and inulin profiles were used
to evaluate the efficiency of the procedure. The proposed
method is efficient, rapid and is accomplished at a low cost.
Under the optimum conditions, the inulin production yield
calculated based on the obtained inulin powder and the pow-
dered tuber used was 92.5 %.
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