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Abstract 

Polysaccharide inulin was isolated by different methods comprised conventional, accelerate solvent extraction 
(ASE), ultrasound – assisted extraction (UAE), and microwave extraction (MWE) from Helianthus tuberosus 
L. tubers. The resulting carbohydrate presented tasteless, white, dry powder. The isolated inulin was 
characterized in terms of yield, degree of polymerization (DP), melting point, water activity (aw), 
reducing groups and total fructose content. The structure of polysaccharide was confirmed by IR-FT 
spectroscopy. The yield varied in range of 12-24%, as the highest was obtained by MWE (da se 
promeni !!!). The highest DP was evaluated to be 45, as reducing groups not exceeded 1,8 %. Melting 
point was established in the range of 178-182 oC. The IR-FT spectra revealed the presence of typical 
bands for inulin structure - 817, 873 and 937cm-1 with terminated α-D-glucose residue. 
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Introduction  

Jerusalem artichoke (Helianthus tuberosus L.) 
belongs to a sunflower family, originated from North 
America. Excess energy is stored in the edible tubers 
of this plant in the form of fructose polymer inulin, 
which makes it one of primary inulin resources [1].  

Inulin is a biopolymer consisted of D−fructose 
monomers connected by β (2→1) linkages and 
terminated with a D-glucose residue linked to D-
fructose by an α (1→2) linkage. This arrangement of 
fructose monomers makes inulin non-digestible in 
human digestive system and doesn’t increase sugar 
blood level [1], [2], [3]. The molecular weight of 
inulin is directly dependent from the degree of 
polymerization (DP) which is the length of fructose 
chain, which on the other hand is affected form type 
of plant: artichoke, chicory, elecampane [4, 5, 6, 7] 
harvest time, storage conditions after harvesting and 
the extraction process and pretreatment/ post-
extraction process [1], [5].  

Furthermore, inulin has been increasingly used in 
various foods due to its beneficial nutritional 

properties. It is categorized as prebiotic, that allows 
growing of beneficial bacteria in the human gut and 
suppressing the growth of the pathogenic 
microorganisms; it protects against colon cancer, 
possess immunomodulatory effect, has effects on 
cholesterol concentrations, and improves mineral 
absorption [3, 6]. Inulin can also enhance 
rheological, textural and sensory properties of 
processed food. It has been applied to bakery, 
confectionary and dairy products, as well [6, 8, 9]. 

The increasing application of inulin in food 
technology requires using more plant sources for its 
isolation and production. Many researchers reported 
different extraction techniques. Typically, hot water 
(80-100 oC) is used as a solvent in conventional 
extraction where Jerusalem artichoke tubers are 
heated for 1.5 – 2 hours followed by acetone/ethanol 
precipitation. To overcome the obstacles arising 
from conventional extraction, Srinameb et al. [4] 
reported the use of accelerated solvent extraction 
(ASE). It allows rapid extraction at high temperature 
and high pressure, minimizing solvent consumption 
and sample manipulation. Petkova et al., [5] and 
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Lingyun et al., [7] used ultrasound-assisted 
extraction where, the application of high - frequency 
and high – intensity waves cause disruptor of plant 
cell walls releasing the extractable compounds. 
Whereas, Tewari et al., [2] applied microwave-
assisted extraction, a technique where solvent is 
heated by microwave energy. Selective migration of 
the compounds could be achieved at a faster rate by 
localized temperature and pressure caused by 
microwaves.  

In this study the innovative techniques for 
extraction of inulin from Jerusalem artichoke such as 
accelerate solvent extraction (ASE), ultrasound – 
assisted extraction (UAE) and microwave – assisted 
extraction (MAE) are compared with the 
conventional extraction in terms of yield, reducing 
sugar content, total sugar content, degree of 
polymerization, melting point and aw. Furthermore, 
the structure of extracted inulin is characterized by 
IR – FT spectroscopy.  
 

Materials and Methods  
 
Jerusalem Artichoke Tubers (JAT) were collected 

from the region in Plovdiv, Bulgaria, washed with 
tap water, vacuum dried at 40 oC and ground. The 
JAT powder was pre-treated with 96 % (v/v) ethanol 
(in ratio dry powder : ethanol = 1:2.5) to remove the 
sugars, oligosaccharides and pigments. Then the 
residue was dried and subjected to different 
extraction methods. 

All the other chemicals used in the experiment 
were obtained from Sigma-Aldrich (USA) and were 
of analytical grade. 

 
Extraction techniques 
All extractions procedure were conducted in 

hydro module 1:10.  
Conventional extraction. Conventional extraction 

was carried out with distilled water as a solvent in 
flask immersed in water bath and connected to 
reflux. The extraction time was 60 min at boiling 
temperature.   

Accelerate Extraction. Inulin was extracted with 
hot distilled water at ~90 °C under pressure 1.5 MPa 
for 5-6 min [6].  

Ultrasonic-assisted extraction. The extraction 
process was carried out under ultrasonic irradiation 
in ultrasonic bath SIEL UST 5.7-150 (Gabrovo, 
Bulgaria) with frequency36 kHz and power 300 W at 
40 oC and 60 oC for 20 min. 

Microwave-assisted extraction. The process of 
MAE was performed using a Microwave lab station 
(LG MB4047C) at a frequency of 50 Hz.s for 10 min 
at 800 W.  

Further treatment of the extraction slurry was 
applied at the same manner for all obtained extracts. 
All the extraction procedure were conducted in 
duplicate. 

The combined slurry from two extraction was 
filtered through filter paper, the filtrates were mixed 
and pH was adjusted to 8.0 by adding 2 % Ca(OH)2. 
The sludge was centrifuged (Centrifuge MPW-260R) 
at 4000 rpm for 15 min and the supernatant was 
neutralized to pH 7.0 by diluted H2SO4. The 
concentrated solution was precipitated by adding 
acetone and left to settle down at 7 oC overnight. The 
resulting amorphous substance was centrifuged at 
4000 rpm for 15 min, washed twice with acetone, 
and finally dried at room temperature. 

 
Characterization of inulin 
The yield of inulin in percents was calculated 

according to the equation: 
 
                      Y = (mI/mJAT)·100                      (1) 

 
where, mI is the inulin mass obtained from the 
extraction and mJAT is the mass of artichoke tubers 
taken for the extraction.  
 The reducing sugars were analyzed by PAH BAH 
method (Lever, 1972) at wavelength of 410 nm 
(SpecroStar Nano, BMG LabTech, Germany) using 

D-fructose as a reference (Mw=180.16, Fluka).  
 Total sugar content was analyzed by ketose 
specific reagent based on Seliwanoff test measuring 
the absorbance of the red color complex at 480 nm 
with D-fructose as reference [5]. 
  The average degree of polymerization (DP) of 
isolated inulin was calculated using the equation: 
 
                       DP=Cfructose/Cglucose +1                  (2) 
 
 
where C is concentration (%).  
 Molecular weight of inulin extracted by different 
techniques was calculated depending on the DP 
obtained value [5].  
 Melting point of the white amorphous substance 
was measured on a Kofler apparatus.  
 Water activity was measured with an instrument 
(Test Testo 650, EminTech) 

Fourier transformation infrared spectroscopy was 
used to characterize the structure of inulin isolated 
from Jerusalem artichoke. The substance was 
recorded into KBr pellets on FT-IR apparatus 
Nicolet 5700 (Thermo Fisher Scientific, USA) in the 
frequency range of 4000–400 cm-1. 
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Results and discussion  
Physicochemical characteristics of the 

isolated inulin were shown on Table 1. The highest 
yield of 49.7 % as a dry substance was obtained 
using ultrasound-assisted extraction procedure 
conducted at 60 oC. This could be explained with the 
possibility of ultrasonic waves with high frequency 
to disrupt the plant cell facilitating the release of the 
molecules with high molecular weight. While, the 
yield obtained by ultrasound-assisted extraction at 40 
oC was for 22 % due to the lower temperature. 
Therefore, the temperature of the extraction solvent 
had a high impact on the extraction yield of inulin 
from plant sources as was reported in our previous 
study [10]. Good extraction efficiency were also 
obtained from the other extraction techniques 
considering the time of extraction used in them. The 
inulin yield of ASE was in accordance with results 
reported by Panchev et al [6]. However, in our study 
we obtained inulin with higher DP than Panchev et 
al. [6], which could be explained with further 
pretreatment of Jerusalem artichoke tubers with 95 
% (v/v) ethanol and different harvesting time of the 
plant. The degree of polymerization of all isolated 

inulins varied from 24 to 50, which was also in 
agreement with the results reported in the literature 
[5]. The temperature of melting point was in the 
range of 170-189 oC characteristic for this type of 
polysaccharide, regardless the plant source [5, 6].  

Water activity (aw), an important parameter 
for food stability, was in the range of 0.32 – 0.45. 
These results coincided with the data obtained from 
commercial inulin from chicory FrutaFit® TEX (DP 
= 22) reported by Petkova et al., [11]. The 
dependence between DP and water activity was 
observed (Table 1). From the data it could be noticed 
that inulin with lower DP had higher aw and this 
could be due to the ability of the molecules to form 
internal hydrogen bonds more easily. 

Microwave-assisted extraction also 
showed promising results to obtain inulin with 
high DP. The characteristics of this 
polysaccharides resulting from improved 
extraction were near to this from ASE. The 
lower yield in comparison to USE and 
conventional extractions was due to the short 
time for extraction – only 5-10 min. 

 

 
 

Fig.1. IR-FT spectra of isolated inulin from 
Helianthus tuberosus L. tubers 

 
Detailed information for spectroscopic 

characterization of inulin isolated from tubers of 
Helianthus tuberosus L. was presented (Fig 1. 
and Table 2). Typical bands for this 
polysaccharide were found in IR-FT spectra: 
3342 cm-1 due to OH stretching vibrations, 1134 
cm-1, characteristics for C-O-C ring stretching 
vibrations, 937 cm-1 assigned to α-D-Glcp 
residue in carbohydrate chain, together with 
both bands at 874 and 817 cm-1 confirmed the 
presence of 2-ketofuranose. The results from IR-
FT spectroscopy were in agreement with 
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Table 1. Characterization of inulin obtained from different extraction techniques 
 
 Reducing 

Sugars (%) 
Total 

Sugars (%) 
DP Mw mp (

oC) aw Y (%) 

Conv. Ext 1.8 ± 0.1 41.7 ± 1.0 24 4017 178-180 
0.45 ± 
0.01 

45.1 ± 0.2 

ASE 1.7 ± 0.1 79.1 ± 0.9 48 7984 184-189 
0.32 ± 
0.03 

24.7 ± 1.2 

UAE, 
40oC 

1.5 ± 0.1 48.3 ± 0.8 33 5576 178-180 
0.35 ± 
0.02 

36.7 ± 0.5 

UAE, 
60oC 

1.5 ± 0.1 68.8± 0.6       47 7871 178-180 
0.40 ± 
0.01 

49.7 ± 0.3 

MAE 1.8 ± 0.1 74.1± 0.8 42 7080 178-180 
0.37 ± 
0.03 

25.5 ± 1.7 
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previous reports for isolated inulin [5, 6, 10]. 
Therefore, the applied extraction procedures 
were successful for isolation of inulin from 
Helianthus tuberosus L.  
 

Table 2. Assignment of IR-FT spectra of inulin 
isolated from tubers of Helianthus tuberosus L. 
 

 

Conclusion 
The isolated inulin form Jerusalem artichoke 

tubers (Helanthus tuberosus L.) was white, 
amorphous, odorless substance. Different extraction 
techniques used for isolation of inulin had an impact 
over the yield and the degree of polymerization. 
Accelerate solvent extraction, ultrasound assisted 
extraction and microwave extraction have benefits to 
overcome the conventional extraction as reducing the 
consumed energy and shortening the extraction time. 
Pre-treatment of the JAT powder with 96 % ethanol 
allowed the isolation of inulin with high degree of 
polymerization - above 30. IT-IR spectra confirmed 
the inulin-type fructan structure of the isolated 
polysaccharide.  
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