	[bookmark: _Hlk145068772][image: cetlogo] CHEMICAL ENGINEERING TRANSACTIONS 

VOL. xxx, 2026
	A publication of
[image: aidiclogo_grande]

	
	The Italian Association
of Chemical Engineering
Online at www.cetjournal.it

	Guest Editors: Flavio Manenti, Botir Usmonov, Alessandro Di Pretoro
Copyright © 2026, AIDIC Servizi S.r.l.
ISBN 979-12-81206-xx-x; ISSN 2283-9216


DETERMINATION OF THE STRUCTURAL AND PHYSICOCHEMICAL PROPERTIES OF INULIN FOR MEDICAL APPLICATIONS
Nigina Muinovaa,*, Otabek Radjabovb, Arslonnazar Xusenova, Gappar Raxmanberdiyeva, Ulugbek Muinova
aTashkent Institute of Chemical Technology, 100011, Tashkent, Uzbekistan 
bInstitute of Biorganic Chemistry named after O.Sadykov, 100125, Tashkent, Uzbekistan
muinovanigina94@gmail.com 
[bookmark: _Hlk495475023]
Drugs based on natural polysaccharides with a low molecular weight, including inulin are of interest due to their biocompatibility, safety, stability, and ease of absorption by the body. In this study, the local raw material for inulin-Jerusalem artichoke (Helianthus tuberosus L.) tubers were comprehensively studied using modern physicochemical analysis methods to determine the structure and physicochemical properties of the low-molecular-weight inulin isolated from them. To determine the structural characteristics of the isolated inulin samples, NMR spectroscopy, particle size analysis, and molecular weight determination methods were used. The obtained results confirm the natural origin of inulin, its composition of fructose residues, and the presence of functional groups. The results of the FT-IR spectroscopy analysis showed the presence of inulin's main functional groups - OH (hydroxyl), C-O-C (glycosidic), and C-H (aliphatic) bonds. The FT-IR spectra confirmed the fructan nature of the extracted samples, showing well-preserved characteristic functional groups without significant structural degradation during ultrasonic processing. Particle size analysis showed a relatively uniform distribution of inulin particles, important for gel-based biomaterial applications. Molecular weight analysis indicated low polydispersity of inulin, affecting its biological activity, solubility, and rheological properties. This result is important for the extracted inulin sample in subsequent technological processes, particularly for obtaining biomaterials in gel form. Its low molecular weight, controlled polydispersity, and functional properties indicate its strong potential as a component for advanced biomaterials and drug delivery systems. Due to its natural polysaccharide nature, biocompatibility, high hydrophilicity, and gel-forming ability, inulin is a promising component for biomaterial development.
Introduction
Inulin is a fructan polysaccharide stored in plants as a reserve carbohydrate, composed primarily of fructose units linked by β-(2→1) bonds. The number of fructose units in inulin-containing plants ranges from 2 to 60, indicating a combination of oligomers and polymers (Roberfroid, 2005). Inulin is a water-soluble fiber component, valued as a prebiotic, texturizing agent, and pharmaceutical excipient. Its technological and biological properties have been noted to depend on the degree of polymerization and molecular weight. Inulin was first discovered in extracts from the rhizome biomass of elecampane by the German scientist Rose in 1804. In 1818, Thompson named the isolated substance inulin (Robertfroid, 1993). Low molecular weight fractions generally increase inulin's biological activity due to their higher solubility and faster diffusion (Shoaib M. et al., 2016). The three hydroxyl groups attached to each fructose unit in the inulin molecule serve as a basis for chemical modification. This, in turn, helps to increase bioavailability, improve cellular uptake, and achieve the targeted, stable, and controlled release of drugs and biomolecules (Muinova et al., 2025).
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Figure 1: Chemical structure of inulin (Mensink et al., 2015)
Initial studies on the isolation of inulin from natural sources were primarily based on hot water extraction. In particular, when extracting inulin from Jerusalem artichoke tubers, attention was paid to temperature, pH, time, solvent, and raw material ratio as the main determining factors. However, due to the long duration, high energy consumption, and uncontrolled hydrolysis and various fractionation changes of the conventional aqueous extraction method for inulin extraction, in recent years, scientific research has been conducted on modern rapid methods. For example, inulin extraction using the ultrasonic extraction method (Wei et al., 2007). The advantage of the ultrasonic extraction method is the occurrence of the acoustic cavitation process. That is, the formation, growth, and collapse of cavitation bubbles result in micro-cracks in the cell walls. As a result, the boundary layer thins and mass transfer is accelerated. Ultrasonic extraction shortens the time required to extract bioactive compounds from the plant matrix, allowing for operation at relatively lower temperatures and reduced solvent consumption. It has been noted that ultrasonic extraction of inulin from Jerusalem artichokes can increase yield and shorten the process duration. However, its efficiency is closely dependent on the type of raw material and the processing parameters, and it may not always allow for the extraction of inulin with high yield (Chemat et al., 2017). Therefore, this indicates the need to optimize the process parameters for ultrasonic inulin extraction from raw material sources.
While ultrasonic extraction of polysaccharides from Helianthus tuberosus L. has been previously reported, the systematic correlation between high-power acoustic cavitation and the targeted depolymerization of inulin to achieve specific low-molecular-weight fractions (1.0–2.5 kDa) with narrow molecular mass distribution remains insufficiently explored. 
The aim of this study is to establish the regularities of the effect of high-power acoustic cavitation on the depolymerization of inulin during its extraction from Jerusalem artichoke tubers, as well as to comprehensively evaluate the structural, physicochemical, and molecular properties of the obtained low-molecular-weight fractions for biomedical engineering applications.
Material and methods
Material
As the research object, tubers of the “Mojiza” variety of locally grown Jerusalem artichokes were taken. To remove soil, sand, and other impurities, the tubers were thoroughly washed in running water and then rinsed again with distilled water. Damaged parts were removed. The cleaned tubers were dried on filter paper, initially cut into 1×1 cm pieces, and ground into a powder using a laboratory blender.

Ultrasound Assisted Inulin Extraction
Inulin was extracted using the GT SONIC-D6 (Guangdong GT Ultrasonic Co., Ltd, China). For inulin extraction, a 50 g sample of powdered Jerusalem artichoke tuber and 250 g of deionized water were added to a 500 ml flask. The flask was placed in the ultrasonic device and treated at frequencies of 20 kHz and power levels of 60, 90, 120, and 150 W. The temperature was maintained at 25, 40, 60, and 70 °C, and the extraction time was 30, 45, 60, and 90 minutes. After extraction, the solution was first centrifuged and then filtered. To further purify the inulin, the filtrate was dialyzed against deionized water through a semipermeable membrane (MWCO = 1 kDa) with regular water replacement to remove low-molecular-weight compounds. The dialyzed solution was subsequently frozen and lyophilized to obtain purified inulin powder.

Determination of the molecular mass of inulin
The molecular weight of the samples was determined using gel chromatography. Analyses were performed on an Agilent 1260 Infinity II chromatographic system. The instrument is equipped with the following devices: Agilent 1260 Infinity II Iso Pump (G7110B) pump (Agilent Technologies, GmbH, Germany), Suprema Lux 1000 Å (8x300 mm, 5 μm) and Suprema linear S (8x300 mm, 5 μm) columns (PSS Polymer Standards Service GmbH, Germany), G7800A 1260 GPS/SEC MDS detector, UV-VIS detector (G7115A 1260 DAD WR), refractive index detector (1260 Infinity II RI), light scattering detector (1260 Infinity II Dual Angle LS), and viscometer detector (1260 Infinity II Viscometer). Chromatographic analyses were performed at 40 °C. An aqueous solution of 0.1 M NaNO₃ and 8.0 mM NaN3 was used as the eluent. The column was calibrated with pulverized standards (Sigma-Aldrich Chemie GmbH, Germany).

Determination of particle size
The particle size of the samples under study was determined using a Litesizer 100 analyzer (Anton Paar Company, Austria). A disposable measuring cell was used, with backscatter measurement. Measurements were performed at 25 °C, with an equilibration time of 1 min, in fast mode, with a maximum of 30 scans, and a measurement time of 10 s.

IR-spectral analysis (FTIR)
The infrared spectra of the isolated inulin were obtained on a PerkinElmer System 2000 FTIR spectrometer. The analysis was carried out in the 400-4000 cm-1 range. The sample was mixed with KBr, prepared as a pressed tablet, and the spectrum was recorded.

2.6 Statistical analysis
Statistical analysis was performed using the Student’s t-test. Analyses were repeated three times during experimental studies, with differences between groups considered statistically significant at p<0.05.
Results and discussion
Inulin Extraction
Assessing the impact of ultrasonic parameters on the efficient extraction of inulin from Jerusalem artichoke tubers with high yield is of great importance. For this reason, the effects of ultrasonic power and temperature on extraction efficiency were investigated experimentally. Based on the obtained results, the optimal conditions for inulin extraction were determined, and the results are presented in Figure 2.
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Figure 2: Effect of ultrasound power and temperature on inulin yield (p≤0,05)
According to the results shown in Figure 2, with increasing temperature the extraction efficiency initially rose at all power levels, reaching 41-55% at 60 W, 62-87% at 90 W, 67-88% atс 120 W, and 71-82% at 150 W. Thus, as the temperature increases, the solvent's diffusion capacity improves and ultrasonic cavitation intensifies, leading to more effective disruption of cell walls. However, when the temperature rose above 60 °C, an overall decrease in inulin yield was observed in all samples. A relatively sharp decrease was observed, especially at power levels of 120-150 W. This phenomenon can be attributed to the partial hydrolysis of inulin and the breakdown of polymer chains under high temperature and intense ultrasonic exposure.
Determination of molecular parameters of inulin
The structural characteristics of inulin, particularly its molecular weight, are significantly dependent on the extraction conditions. Taking this into account, the effects of ultrasonic power and processing time on inulin molecular weight were studied, and the laws of their variation were analyzed. The experimental results are presented in Figure 3.
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Figure 3: Effect of ultrasound power and time on the molecular mass of inulin (p≤0,05)
According to the results in Figure 3, it was determined that at all ultrasound power levels, the Mw values consistently decreased as the extraction time increased. At 60 W power, the value dropped from 4.9 kDa at 30 minutes to 3.8 kDa at 90 minutes, while at 150 W this figure decreased from 1.6 kDa to 0.9 kDa. Additionally, a sharp decrease in molecular weight is observed with increasing ultrasonic power: while the highest Mw values are maintained at 60 W, intermediate values are recorded at 90 W and 120 W, and the lowest values at 150 W. This phenomenon is explained by the increased depolymerization of inulin macromolecules under high-energy ultrasound. Thus, prolonged ultrasound treatment at high power significantly disrupts the structural integrity of inulin.
The molecular parameters of inulin can change significantly under ultrasonic treatment. Therefore, the effect of ultrasonic power on the hydrodynamic diameter, molecular weight, and polydispersity index of inulin was systematically studied, and the resulting trends were analyzed. The experimental results are presented in the following Table 1.
Table 1: Effect of ultrasound power on inulin molecular parameters (The mean data of the repetitions do not differ significantly (p < 0.05))
	Ultrasound power (W)
	Temperature 
(°C)
	Hydrodynamic diameter (nm)
	Mw 
(kDa)
	Polydispersity index

	60
	40
	968±43
	4,1±0,14
	1,312

	90
	40
	743±21
	2,3±0,11
	1,344

	120
	40
	615±28
	2,0±0,10
	1,563

	150
	40
	584±27
	1,1±0,04
	1,601


According to the results in Table 1, the hydrodynamic diameter consistently decreased with increasing ultrasonic power, from 968 ± 43 nm at 60 W to 584 ± 27 nm at 150 W. This phenomenon is explained by the fragmentation of the inulin molecules under intensive ultrasonic treatment. Concurrently, the molecular weight ($M_w$) of inulin dropped sharply from 4.1 ± 0.14 kDa to 1.1 ± 0.04 kDa. The polydispersity index (PDI) maintained relatively low values (1.312–1.344) at moderate power levels (60–90 W), indicating a reasonably narrow and uniform molecular weight distribution. However, increasing the acoustic power further to 120–150 W caused the PDI to rise to 1.563–1.601, which reflects a broader molecular mass distribution due to random and uncontrolled chain scission at excessive energy inputs. Therefore, a power level of 90 W was evaluated as optimal for producing stable low-molecular-weight inulin with an acceptable structural homogeneity.
Based on the obtained results, ultrasonic treatment at 90 W for 60 minutes in the temperature range of 40-50 °C was selected as the most optimal condition for inulin extraction from Jerusalem artichoke tubers. In this way, it was proven possible to obtain high-yield inulin with a low molecular weight (2.1-2.4 kDa) from local Jerusalem artichoke tubers.
Determination of the molecular structure of inulin
The IQ-spectroscopy method was used to determine the structure and functional groups of inulin isolated from Jerusalem artichokes under optimal conditions. This method is of great importance for identifying the chemical bonds and functional groups of a substance and for assessing the structural characteristics of polysaccharides. On this basis, the IR spectrum of inulin obtained under optimal conditions was analyzed.
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Figure 4: FTIR spectrum of inulin
The broad and intense absorption band in the IR spectrum of inulin in the 3200–3500 cm-1 range, characteristic of -OH groups, indicates the presence of strong hydrogen bonds in the inulin molecule. The absorptions in the 2800–3000 cm-1 range correspond to C-H bond valence oscillations. The signal around 1600–1650 cm-1 is explained by the deformation vibrations of bound water molecules or -OH groups. The strong peaks observed in the 1000–1150 cm⁻¹ range correspond to the vibrations of C-O and C-O-C glycosidic bonds characteristic of polysaccharides, confirming the chain-like structure of inulin composed of fructose. The absorptions in the 900-950 cm-1 range indicate the presence of β-(2→1) glycosidic bonds. Therefore, the obtained results confirm that the chemical structure of the isolated inulin was preserved under the favorable conditions and that the ultrasonic treatment did not significantly damage its main functional groups.
Conclusions
It was found that ultrasonic power and temperature have a significant effect on the process of extracting inulin from the tubers of the local “Mo'jiza” Jerusalem artichoke variety using ultrasound. As the temperature increased, extraction efficiency initially rose, reaching 41-55% at 60 W and 62-87% at 90 W, was observed to reach 67-88% at 120 W and 71-82% at 150 W, but a decrease in yield was noted at temperatures above 60 °C. The molecular weight (Mw) was found to decrease consistently with increasing extraction time and power, from 4.9 kDa to 3.8 kDa at 60 W, and from 1.6 kDa to 0.9 kDa at 150 W. Additionally, with increasing ultrasonic power, the hydrodynamic diameter decreased from 968±43 nm to 584±27 nm, indicating the fragmentation of the particles. The polydispersity index remained stable at 1.344 at 90 W, indicating a well-controlled system, while at higher powers (120–150 W) it increased to 1.563–1.601, indicating increased heterogeneity. As optimal conditions, processing at 40–50 °C for 60 minutes at 90 W was selected, and it was demonstrated that under these conditions, low molecular weight inulin in the 2.1–2.4 kDa range can be obtained with high yield. The IR spectroscopy results confirmed that the main functional groups of inulin (-OH, C-O, C-O-C) were preserved. All the obtained results showed that the desired molecular properties of inulin can be controlled by effectively managing the ultrasonic extraction process. Thus, the selected optimal parameters allow for the production of inulin with high yield and the desired structural properties.
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