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Abstract 

Oligofructans are fructose-based molecules composed of oligosaccharides and fructans linked by β-
glycosidic bonds. With the growing market demand for functional foods and bioactive ingredients, 
oligofructans have attracted considerable interest in their health-promoting properties. This study 
enhanced the production of oligofructans powder based on Bacillus subtilis TISTR 001 fermentation 
and analyzed the physicochemical properties of viscosity at concentrations of 10 %, 30 %, and 50 % 
(w/v), as well as stability at different pH levels (3, 5, 7, 9, and 11) and temperatures (25, 75, 100, and 
125 °C) over time. Structural characterization was investigated using advanced analytical techniques 
(FTIR, NMR, and MALDI-TOF-MS). Based on the results, oligofructans production was successful, 
achieving a maximum concentration of 75.86 g/L under the optimized conditions at pH 6.5, 32.5 °C, 
and 250 rpm for 48 h. The oligofructans solution had low viscosity (10 cP at 50 % (w/v)) with 
Newtonian flow behavior and maintained excellent stability under neutral pH and moderate 
temperature conditions. The structural analysis confirmed the presence of characteristic fructose-
based glycosidic linkages. Based on the results of the functional property assessment, there were dual 
bioactivity functions, with antioxidant activity having an IC₅₀ value of 7.11 mg/mL and the 
cytotoxicity studies indicating significant inhibitory effects on HepG2 liver cancer cells at 
concentrations ≥100 mg/mL. These findings supported the potential of oligofructans as 
multifunctional ingredients for application in the food, nutraceutical, and pharmaceutical industries. 
Further research will focus on process optimization for industrial-scale production and stability 
testing in various food matrices, along with investigating the bioactive and therapeutic potential, 
particularly for liver health and cancer prevention. 
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1. Introduction 

Oligofructans comprise a combination of fructose chains, encompassing both short-chain 
fructose molecules, known as fructo-oligosaccharides (FOSs), and long-chain fructose molecules, 
referred to as fructans. The repeating fructose molecules are linked together by β-2,1 or β-2,6 
glycosidic linkages and bonded with glucose molecules by α-glycosidic linkage at the end of 
oligofructans structures in the form GFn [1,2]. FOSs are mainly composed of repeating fructose units 
with less than 10 molecules, such as kestose (GF2), nystose (GF3), and 1-fructofuranosyl-D-nystose 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 August 2025 doi:10.20944/preprints202508.0139.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0139.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 21 

 

(GF4), while fructans are composed of more than 10 long-chain fructose units, such as inulin and 
levan. 

Oligofructans can be enzymatically synthesized using two main processes: fructosyl-linkage 
hydrolysis and transfructosylation. Both processes are catalyzed by enzymes belonging to the 
glycoside hydrolase families, such as GH32 or GH68 [3]. First, the substrate (typically sucrose) is 
hydrolytically cleaved into its constituent monosaccharides of glucose and fructose.  Subsequently, 
the liberated fructose molecules, or fructosyl units, are transferred and linked to form short-chain 
FOSs. These oligosaccharides may then undergo polymerization to form larger fructose polymers, 
potentially containing up to 100,000 fructose units [4,5]. Levansucrase (EC 2.4.1.10) is a bacterial 
enzyme classified within the GH 68 enzymes family and has potentially dual enzymatic functions for 
fructose polymer production. Oligofructans have been reported to be synthesized through microbial 
fermentation involving extracellular levansucrase, with the participation of microorganisms such as 
Pseudomonas spp., Zymomonas spp., Bacillus spp., and Corynebacterium spp. [6]. Among these, Bacillus 
subtilis is a promising levansucrase-producing bacterium capable of synthesizing a mixture of FOSs 
and fructans and is classified as generally recognized as safe (GRAS) [5]. In nature, oligofructans can 
be found in various plant foods such as onions, garlic, bananas, and asparagus [7].  

Oligofructans are widely applied in many industries, particularly in the food industry, where 
they function as emulsifiers, encapsulating agents, flavor enhancers, and fat substitutes [8]. In 
addition to their applications in food, oligofructans are utilized in the cosmetic and pharmaceutical 
industries [9]. Beyond their industrial uses, oligofructans have notable health-promoting properties 
and have been associated with beneficial effects on liver health and cancer prevention [7]. Specifically, 
they act as prebiotics, stimulating the growth of beneficial gut microbiota, thereby promoting a 
balanced gut microbiome linked to reduced inflammation and improved metabolic health [10]. Their 
antioxidant and anti-inflammatory activities can help mitigate oxidative stress and inflammation, 
both of which are critical factors in the progression of liver diseases [11]. In addition, oligofructans 
have prebiotic properties that help balance the gut microbiome by promoting the growth of beneficial 
bacteria. This activity reduces dysbiosis, strengthens the intestinal barrier, and limits the 
translocation of microbial products into the liver [12]. Consequently, oligofructans influence the gut-
liver axis by enhancing gut barrier function and indirectly supporting liver health [13]. Furthermore, 
the consumption of oligofructans has been correlated with improved metabolic parameters, 
including better blood glucose regulation and lipid metabolism, which potentially reduce the risk of 
non-alcoholic fatty liver disease (NAFLD), a known precursor to liver cancer [14]. Further health 
benefits include the promotion of bowel regularity, enhanced calcium absorption contributing to 
reduced osteoporosis risk, and potential prevention of obesity [15]. 

Liver cancer, or hepatocellular carcinoma (HCC), has emerged as a major global public health 
concern due to its steadily increasing incidence; currently, HCC ranks as the fifth most common 
cancer and the fourth leading cause of cancer-related mortality worldwide [16]. The primary 
contributing factors to this growing prevalence include chronic viral hepatitis infections, particularly 
hepatitis B and C, along with NAFLD and exposure to aflatoxins. Additionally, lifestyle factors, such 
as smoking and poor dietary habits, further exacerbate the risk.  In Thailand, liver cancer is 
particularly important, ranking as the most common cancer among men and the third most common 
among women [17]. According to the National Cancer Institute [18], the major risk factors include 
hepatitis B virus infection, liver cirrhosis, exposure to harmful chemicals (such as insecticides), 
prolonged use of certain medications, fungal toxins, chemicals present in fermented foods, alcohol 
consumption, weakened immune function, and genetic predisposition. Several studies have 
highlighted the considerable health benefits of oligofructans, which are classified as natural 
prebiotics with diverse biological activities [19–22]. Beyond promoting the growth of beneficial gut 
microflora, oligofructans have demonstrated potential in inhibiting the progression of several cancer 
types, including colon, breast, and liver cancers, where these anticancer effects have been attributed 
primarily to their ability to induce apoptosis and promote oxidative stress, specifically within cancer 
cells [11]. For example, Pool-Zobel et al [23] reported that inulin reduced colon cancer risk in 
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experimental animals by decreasing cancer cell proliferation at the molecular level. Similarly, Dahech 
et al [24] investigated levan produced by Bacillus licheniformis through the action of the enzyme 
levansucrase that primarily consists of fructose and has been shown to inhibit HepG2 liver cancer 
cells in vitro. Their experimental results demonstrated that levan had anticancer activity, specifically 
at high concentrations, without damaging normal cells. 

Noidee and Ninchan [5] investigated the optimal conditions for oligofructans production by B. 
subtilis TISTR 001 using sucrose as the fermentation substrate to achieve higher production efficiency 
compared to other sucrose-based substrates, including raw sugar, cane juice, and molasses The 
optimal conditions, determined using response surface methodology, were identified as 37 °Brix 
sucrose concentration, pH 6.5, a temperature of 32.5 °C, a shaking speed of 250 rpm, and a 
fermentation period of 48 h. Building on these findings, the present study aimed to further investigate 
the production of an oligofructans powder based on analyzing its physicochemical properties, 
characterizing the structure of the produced oligofructans, and evaluating their functional properties. 
In Addition, this research explored the potential inhibitory effects of oligofructans on liver cancer 
cells. The ultimate objective was to assess the feasibility of using oligofructans as potential therapeutic 
agents or supplementary materials for the prevention or treatment of liver cancer, or both. 

2. Materials and Methods  

The bacterial strain, B. subtilis TISTR 001, was obtained from the Thailand Institute of Scientific 
and Technological Research (TISTR, Thailand). All chemicals used were analytical grade and the 
culture media were purchased from HiMedia Laboratories Pvt. Ltd. (India). Sucrose (pure refined 
sugar, Mitr Phol Sugar Corp., Ltd., Thailand) as the substrate fermentation was purchased from a 
supermarket. Additionally, maltodextrin was provided by Matsutani Chemical Industry Co., Ltd. 
(Japan). 

2.1. Production of Oligofructans Powder 

2.1.2. Inoculum Preparation 

The B. subtilis TISTR 001 inoculum was prepared. First, a single colony of B. subtilis was cultured 
in sterilized nutrient broth (NB). Next, the B. subtilis culture was transferred to fresh NB and 
incubated at 37 °C at 200 rpm in a shaking incubator (VS-8480SFN; Vision Scientific Co. Ltd.; South 
Korea) for 24 h. Subsequently, 10 % (v/v) inoculum culture was transferred again into fresh NB 
supplemented with 0.1 % (w/v) sucrose and incubated under the same conditions for               
18 h.  

2.1.3. Oligofructans Fermentation 

A 10 % (v/v) inoculum of B. subtilis was transferred into a 35 °Brix sucrose solution as substrate 
for fermentation, supplemented with yeast extract (0.2 % w/v), meat extract (0.3 % w/v), peptone (0.5 
% w/v), (NH4)2SO4 (0.2 % w/v), and MgSO4·7H2O (0.06 % w/v). The oligofructans fermentation was 
carried out at pH 6.5, 32.5 °C, and 250 rpm for 48 h. The kinetic changes during oligofructans 
fermentation were determined in terms of the sugar contents (sucrose, fructose, and glucose), short-
chain FOSs (ketose and nystose), and total oligofructans.   

2.1.4. Oligofructans Powder 

The B. subtilis cells were separated from the fermentation medium prior to the oligofructans 
precipitation. The cell-free oligofructans were precipitated twice using cold absolute ethanol and then 
kept at 4 °C for 24 h to completely polymerize the precipitate. Next, the precipitated polymer was 
collected using centrifugation and subsequently dissolved into water at a precipitated polymer-to-
water ratio of 1:1 (w/w). Then, maltodextrin was added to the polymer solution prior to drying. The 
concentrations of maltodextrin at 1 % (w/v) and 2 % (w/v) were compared with no addition of 
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maltodextrin. The oligofructans powders were produced using a mini spray dryer (B-290; Büchi 
Labortechnik, Switzerland), according to Amrutha et al [25]. The spray-drying conditions were set at 
an inlet temperature of 140 °C, an outlet temperature of 85 °C, and a feed flow rate in the range 1.4- 
6.2 mL/min.  

2.2. Analysis of Fermentation Kinetics and Properties of Oligofructans Powder 

2.2.1. Sugar Contents and Short-Chain of Fructo-Oligosaccharide Using High Performance Liquid 
Chromatography 

The analytical methods followed Ninchan and Noidee [2], Showa Denko K.K. [26], and Vertical 
Chromatography Co., Ltd. [27]. Cell-free fermented samples were diluted to appropriate levels of 
concentration and filtered through a 0.45 μm cellulose acetate membrane. Then, the sugar content 
was analyzed using high performance liquid chromatography (HPLC) and refractive index detection 
(RID-10A; Shimadzu Corporation; Japan), with a VertiSep™ Sugar CMP column (7.8 × 300 mm; 8 μm 
diameter; Vertical Chromatography Co., Ltd.; Thailand) at 80 °C, using deionized water as the mobile 
phase at a flow rate of 0.4 mL/min. Standard sugars (sucrose, glucose, and fructose) were used for 
calibration to monitor changes in the sugar concentrations during fermentation. The quantitative 
analysis of short-chain fructo-oligosaccharides used a Shodex Asahipak NH2P-50-4E column (4.6 mm 
internal diameter × 250 mm; Showa Denko America, Inc.; Japan) and was performed at 40 °C, with 
the mobile phase consisting of an acetonitrile-to-deionized water ratio of 70:30 and at a flow rate of 1 
mL/min. Two standard short-chains of fructo-oligosaccharides (kestose and nystose) were analyzed 
for identification and quantification.  

2.2.2. Total Oligofructans in Form of Total Free Fructose 

The total oligofructans were analyzed, according to the method described by Noidee and 
Ninchan [5]. Briefly, 1 mL of cell-free samples were mixed with 2 mL of absolute ethanol to precipitate 
the fructo-oligosaccharides and fructose polymers. Then, the mixture was centrifuged at 10,000 rpm 
for 10 min using a Hettich Rotina 35R refrigerated tabletop centrifuge (UK). After centrifugation, the 
supernatant was discarded and the resulting precipitate was hydrolyzed with            2 mL of 0.1 
N hydrochloric acid. The hydrolysis process was carried out by boiling for 30 min to cleave the 
oligosaccharide and fructose polymer bonds into monosaccharides. The concentration of hydrolyzed 
monosaccharides was expressed as reducing sugars based on the Somogyi-Nelson method [28], with 
fructose as the standard, to calculate the total amount of free fructose units involved in the total 
oligofructans content. 

2.3. Determination of Physicochemical Properties of Oligofructans Powder 

2.3.1. Viscosity  

Oligofructans powder samples, with and without maltodextrin addition, were dissolved in 
distilled water and prepared at 10 %, 30 %, and 50 % (w/v). All solutions were allowed to stand for 
10 min to ensure complete dissolution. The viscosity of the solutions was measured using a 
viscometer (NDJ-8S; Nanjing T-Bota SciTech Instruments & Equipment Co., Ltd.; China) operated at 
25 ± 0.5 °C with spindle No. 1 at a rate of 60 rpm. The viscosity readings were recorded in terms of 
centipoise (cP) at time intervals of 5, 10, and 15 min to study the physical behavior of oligofructans. 
Each sample was tested in triplicate. 

2.3.2. pH and Thermal Stability  

A 10 % (w/v) oligofructans solution was prepared and tested for pH and temperature stability. 
The pH stability of oligofructans powder was determined following a modified method of 
Glibbowski and Bukowska [29]. The solution was adjusted to various pH values (3, 5, 7, 9, and 11) 
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using phosphate buffer. Samples were collected at specific intervals (0, 5, 15, 30, and 60 min). Each 
reaction was stopped using neutralization, followed by boiling for 10 min and rapid cooling in an ice 
bath. Subsequently, the concentration of reducing sugar formed and the remaining total oligofructans 
were determined using the Somogyi-Nelson method [28]. Thermal stability was tested based on 
heating 10 % (w/v) of oligofructans solution at various temperatures (25, 75, 100, and 125 °C). 
Samples were taken at specific intervals (0, 5, 15, 30, and 60 min at each temperature) to compare the 
stability based on measuring the contents of reducing sugar and total oligofructans using the same 
analytical method.  

2.4. Structural Analysis of B. subtilis TISTR 001 Oligofructans Powder 

2.4.1. Fourier Transform-Infrared Spectroscopy  

The functional groups of oligofructans were analyzed using Fourier transform-infrared (FTIR) 
spectroscopy. The FTIR spectra were recorded in transmittance mode in the wavenumber range 
4000–400 cm-1 using a Shimadzu IRSpirit FTIR spectrometer equipped with a QATR-S AT, accessory 
(Japan). Infrared measurement was carried out in transmission mode, in which the infrared beam 
passed directly through the sample and was then recorded in the transmittance unit. The infrared 
spectra were presented using the Star Software version 16.30a. 

2.4.2. 1H and 13C Nuclear Magnetic Resonance Spectroscopy  

The oligofructans powder was structurally characterized using nuclear magnetic resonance 
(NMR) spectroscopy (AVANCE UltraShield 400 MHz spectrometer; Bruker; Germany). A 0.5 mg of 
oligofructans sample was dissolved in D2O for the 1H NMR and 13C NMR analyses.                  
In addition, heteronuclear single-quantum correlation analysis was performed using D2O solvent. 
All spectra were recorded at 70 °C using the Bruker UltraShield 400 MHz spectrometer with a 54 
mm bore.  

2.4.3. Matrix-Assisted Laser Desorption/Ionization Mass Spectrometry  

An oligofructans sample was prepared as a solution using water for matrix-assisted laser 
desorption/ionization mass spectrometry (MALDI-TOF-MS). Next, the 2,5-dihydroxybenzoic acid 
(DHB) matrix was prepared by dissolving 10–20 mg of DHB in 1 mL of water. After that, equal 
volumes of the sample solution and the DHB matrix solution were mixed and then spotted onto a 
clean MALDI target plate. The spots were dried at room temperature. The target plate was analyzed 
using a JEOL SpiralTOF™ MALDI-TOF/TOF Mass Spectrometer (JMS-S3000; Japan). The laser 
settings were optimized and the mass spectra were acquired to identify and quantify peaks based on 
the mass-to-charge ratio (m/z).  

2.5. Evaluation of Bioactivity Properties of Oligofructans Powders 

The bioactivity levels of the oligofructans powder samples produced using B. subtilis TISTR 001 
were evaluated based on assessing the antioxidant activity and cytotoxicity effects on HepG2 liver 
cancer cells. The methodologies are detailed below. 

2.5.1. Antioxidant Activity 

The antioxidant activity of oligofructans was evaluated using the 2,2-diphenyl-1-picrylhydrazyl 
hydrate (DPPH) assay, based on a modified procedure from Srikanth et al [30]. Each preparation of 
DPPH solution was dissolved in 95 % ethanol to obtain a 0.1 mM concentration. The oligofructans 
powders were dissolved in the different concentrations of oligofructans in water (0–50 mg/mL). Then, 
600 μL of DPPH were mixed with 2 mL of the oligofructans solution. The mixtures were thoroughly 
mixed and incubated in the dark at room temperature for 30 min after incubation, the absorbance of 
each mixture was measured at 517 nm using the spectrophotometer. An oligofructans solution in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 August 2025 doi:10.20944/preprints202508.0139.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0139.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 21 

 

ethanol was used as a blank and a mixture of DPPH and ethanol was used as the control. The 
antioxidant activity was calculated based on comparing the absorbance of the sample with that of the 
control using the equation:  𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%)  = ஺బ – (஺భି ஻)஺బ × 100          (1) 

where A0 is the absorbance of the DPPH solution without any sample, A1 is the absorbance of the 
DPPH solution with the sample, and B is the absorbance of the sample solution without DPPH.   

2.5.2. Cytotoxicity Test  

Each oligofructans power sample was dissolved using Dulbecco’s modified eagle medium 
supplemented with 10 % fetal bovine serum (FBS). Subsequently, the solution was sterilized by 
passing through a 0.45 μm syringe filter and then prepared for the cytotoxicity testing. The cytotoxic 
effect of the oligofructans was evaluated against human hepatocarcinoma (HepG2) cells (human liver 
cancer cells) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
The HepG-2 Cells were seeded at a density of 1 × 10⁵ cells/mL into a 96-well plate, with a volume of 
100 μL per well, and incubated at 37 °C in a humidified atmosphere containing 5 % CO₂ for 24 h. 
After incubation, the culture medium was aspirated and 100 μL oligofructans solutions at 
concentrations of 1, 10, 20, 100, 200, 300, and 500 mg/mL were added to the respective wells. Then, 
the plates were incubated for an additional 24 h under the same conditions. Following treatment, 10 
μL of MTT solution (5 mg/mL) was added to each well, after which the plates were incubated for 4 h 
at 37 °C with 5 % CO₂. After incubation, the MTT solution was carefully removed and 100 μL of 
Formazan solubilizing solution (a mixture of 100 % dimethyl sulfoxide (DMSO) and 10 % sodium 
dodecyl sulfate (SDS) in a 9:1 ratio) was added to each well. Next, the plates were shaken for 5 min 
before the measurement of optical density (OD) at 570 nm using a microplate reader. Cytotoxicity 
was calculated using the equation:   % Cytotoxicity =  ቀ୅ – ୆୅ ቁ × 100                        (2) 

where A is the absorbance of the sample and B is the absorbance of the blank (a solution of                  
100 % DMSO to 10 % SDS) that must be subtracted from the absorbance of each sample (A).  

Additionally, the morphology and cell density of the HepG2 cells following the oligofructans 
treatments at various concentrations were observed using an inverted microscope (ECLIPSE; TS100; 
Nikon; Japan at 100X magnification. The imaging system consisted of a digital camera (Model: 
MC4KW-G1; Lanoptik, China) mounted on the microscope to evaluate cellular responses. 

2.6. Statical Analysis 

Data were analyzed and reported as mean ± standard deviation values. All reported values were 
based on the mean of three replicates. Analysis of variance (ANOVA) was used for data analysis in 
the IBM SPSS Statistics Version: 19.0.0 software (IBM Corp., Armonk, USA). Significance was tested 
at the p < 0.05 level in the ANOVA. 

3. Results and Discussion 

3.1. Production of Oligofructans Powder by B. subtilis TISTR001 

The kinetic changes in oligofructans production by B. subtilis TISTR 001 fermentation during 
fermentation for 48 h under the optimized conditions established by Noidee and Ninchan [5] are 
shown in Figure 1. The optimized fermentation conditions were 35 °Brix of sucrose concentration as 
substrate fermentation at pH 6.5 and 32.5 °C, with shaking at 250 rpm for 48 h, resulting in a 
maximum oligofructans concentration of 75.86 g/L. During fermentation, sucrose was enzymatically 
hydrolyzed, leading to an increase in the concentrations of monosaccharides as glucose and fructose 
(Figure 1a). Theoretically, the molar ratio of glucose-to-fructose after sucrose hydrolysis should be 
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1:1. However, the observed fructose content was lower than that of glucose due to fructose being 
further utilized as a substrate for the synthesis of oligofructans. These products consisted of a mixture 
of short-chain FOSs (such as kestose and nystose) and higher molecular weight fructose polymers, 
whose concentrations increased progressively throughout the fermentation period, along with the 
total oligofructans content (Figure 1b). 

 

(a)  

 

(b)  

Figure 1. Kinetic changes of oligofructans fermentation using B. subtilis TISTR001 during 48 h under optimized 
condition (pH 6.5 and 32.5 °C, shaking at 250 rpm): (a) sugar contents, (b) short-chain FOSs (kestose and 
nystose) and oligofructans content. 

After fermentation, the oligofructans were precipitated and subsequently processed through a 
spray dryer to produce oligofructans powder. The efficiency of maltodextrin addition at 
concentrations of 1 % (w/v) and 2 % (w/v) on the yield of oligofructans powder content after spray-
drying were compared to no addition (control), as shown in Figure 2. Based on the results, the 
addition of maltodextrin significantly increased the powder yield compared to the control (Figure 2). 
However, there was no significant difference in yield between the 1 % and 2 % (w/v) maltodextrin 
concentrations. Notably, increasing the maltodextrin concentration to 2 % (w/v) led to a slight 
decrease in yield which could be attributed to the excessive polymer encapsulation caused by the 
higher maltodextrin content, which can negatively impact product recovery [31]. As a stabilizer, 
maltodextrin at high concentrations may increase the matrix viscosity or alter the particle formation 
characteristics, ultimately interfering with oligosaccharide recovery during spray-drying [32]. 
Therefore, optimizing the maltodextrin concentration is a critical factor in the spray-drying process 
to maximize product yield. Based on these findings, the addition of 1 % (w/v) maltodextrin was 
identified as the most suitable concentration for producing oligofructans powder using spray-drying.  
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Figure 2. Oligofructans powder content for addition and no addition of maltodextrin in spray-drying process, 
where different lowercase letters above columns indicate significant (p < 0.05) differences. 

3.2. Physical Properties of Oligofructans Powder 

3.2.1. Viscosity of Oligofructans Solution 

Viscosity plays a crucial role in influencing the physical behavior of material solutions. 
Theoretically, an increase in solution concentration is expected to positively correlate with higher 
viscosity, which was consistent with the experimental results observed in the oligofructans solutions 
at concentrations of 10 %, 30 %, and 50 % (w/v), both with and without the maltodextrin addition, as 
shown in Figure 3. However, no significant differences in viscosity were observed between the 
oligofructans solutions with and without maltodextrin under the same conditions due to the 
interaction strength of oligofructans and maltodextrin is considered weak. At the highest 
concentration used of 50 % (w/v), the oligofructans solution had a viscosity of approximately 10 cP. 
Additionally, when measured over time (5, 10, and 15 min) at a constant concentration, the viscosity 
of the oligofructans solutions remained relatively stable over time. This behavior of oligofructans 
acting as a stable polymer network was also reported by Aprodu et al. [33]. Maltodextrin, a 
polysaccharide produced through starch hydrolysis, is widely used as a carrier or stabilizer in food 
and pharmaceutical formulations owing to its high solubility and low viscosity even at elevated 
concentrations. The addition of maltodextrin can enhance product stability, protect bioactive 
compounds during processing, and improve the physical properties of powders in spray-drying or 
freeze-drying applications [34,35]. Then, there was a consistent viscosity over time with the addition 
of maltodextrin and the viscosity of the solution was slightly enhanced without causing any major 
alterations to the structural dynamics of the oligofructans (Figure 3). 

 

Figure 3. Viscosity of oligofructans solutions at different concentrations (10 %, 30 %, and 50 % (w/v)) over time 
(5, 10, and 15 min) measured at 25 + 0.5 °C at a rate of 60 rpm. 

3.2.2. pH and Thermal Stability of Oligofructans 

The stability of oligofructans was determined under various pH levels (3, 5, 7, 9, and 11) and 
temperatures (25 °C, 75 °C, 100 °C, and 125 °C) by monitoring the increase in the reducing sugar 
content over time, as shown in Figure 4. An increase in the reducing sugar content implied the 
degradation of oligofructans as the polymer chains were hydrolyzed into smaller sugar units 
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resulting in decreased stability of the oligofrcutans. As shown in Figure 4a, the oligofructans were 
clearly degraded under strongly acidic (pH 3) and alkaline (pH 11) conditions, reflected by a 
substantial increase in the reducing sugar content under these severe conditions, consistent with the 
findings of Glibowski and Biadun [36]. Notably, the oligofructans were more stable under alkaline 
than under acidic conditons (Figure 4a). Additionally, a prolonged incubation time further 
contributed to oligofructans degradation. In contrast, within the pH range 5–9, the oligofructans 
maintained excellent stability, with minimal increases in the reducing sugar content. These results 
aligned with those of Glibowski and Bukowska [29], who reported that neutral pH conditions 
effectively minimized the hydrolytic activity on fructans chains. 

The thermal stability of the oligofrcutans is shown in Figure 4b. Increases in both temperature 
and time had a substantial negative effect on the stability of the oligofrcutans, as evidenced by the 
increase in the reducing sugar content. At 25 °C, the oligofructans remained stable, with only a slight 
increase in the reducing sugar concentration over 60 min. However, at elevated temperatures (75 °C 
and higher), the degradation rate increased markedly, particularly at 100 °C and 125 °C, where rapid 
breakdown of the glycosidic bonds in the fructose polymer led to the release of monosaccharides and 
other breakdown products, resulting in a substantial increase in reducing sugars [37]. These findings 
suggested that pH and temperature control were the critical factors when applying oligofructans in 
food processing applications, because elevated heat and severe pH condition may compromise 
structural integrity and functional benefits [38]. 

 

(a)  

 

(b)  

Figure 4. Effect on reducing sugar content in oligofructans of: (a) pH and (b) Temperature. 
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3.3. Structure of B. subtilis TISTR 001 Oligofructans Powder  

3.3.1. FTIR Spectra 

The oligofructans powder produced by B. subtilis TISTR 001 was analyzed structurally using 
FTIR and compared with the structure of standards: short-chain FOSs (kestose and nystose) and 
fructose polymer (levan), as shown in Figure 5. The FTIR spectra revealed frequency regions of 
infrared absorptions on the glycosidic linkages and the functional groups of structural samples and 
standards. The spectra of the oligofructans powder samples had absorption patterns very similar to 
those of kestose and nystose, particularly the absorption bands at 3700–3584 cm-1 (O-H stretching) 
and 1685–1666 cm-1 (C=O stretching), as shown in Figure 5. Notably, the short-chain FOSs and 
oligofructans had a band at 2349 cm-1, indicating O=C=O stretching vibration. Specific spectral regions 
detected in the oligofructans, short-chain FOSs, and levan indicated the presence of similar structural 
characteristics. The broad band at 3004–2867 cm⁻¹ indicated C-H stretching, signifying the presence 
of aliphatic groups within the sugar structures, with the strong absorption at 1200–1000 cm⁻¹ referring 
to C-O-C and C-OH strong stretching, corresponding to the glycosidic bonds (β-2,1 and β-2,6 
linkages) between the fructose units, while those as 1000–800 cm-1 indicated the fingerprint region of 
a pyran ring [39,40]. Thus, the results of FTIR spectral comparisons confirmed that the B. subtilis 
TISTR 001 oligofructans had a mixed structure of short-chain FOSs (kestose and nystose) and a 
complex fructose polymer (levan), supporting their classification and affirming their potential 
application in functional food products or in health supplements, aligning with similar applications 
of the FOS family. 

 
Figure 5. FTIR spectra of oligofructans, short-chain FOSs (kestose and nystose) and fructose polymer (levan). 

3.3.2. NMR Spectra 

The NMR spectra were systematically analyzed based on both ¹H and ¹³C NMR data to elucidate 
the molecular structure and confirm the presence of specific functional groups within the 
compounds. The ¹H NMR spectrum provides detailed information about the hydrogen atoms 
(protons) in a molecule to reveal the number, type, their environment, and how they are connected, 
with this information being critical in deducing molecular frameworks and functional groups. In 
addition, the ¹³C NMR data reveals the number and types of distinct carbon environments in a 
molecule, their degree of substitution, and the electron environment, with this information being 
essential for mapping out the carbon framework. The combined analysis of the ¹H and ¹³C NMR 
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spectra strongly suggested that the investigated compounds had structures rich in hydroxyl 
functionalities, likely corresponding to a carbohydrate derivative structure.  

The ¹H and ¹³C NMR spectra of the oligofructans produced by B. subtilis TISTR 001 were 
analyzed using NMR, as shown in Figure 6 and Figure 7, respectively. The ¹H spectra were recorded 
on the chemical shift region from 4.20 to 3.20 ppm that is dominated by the polyhydroxylated sugar 
structures and is associated with the extensive presence of hydroxylated methine (–CH–OH) and 
methylene (–CH₂–OH) groups. The ¹H spectra contained features at 4.20–4.10 ppm (H1: (H-1, the 
anomeric protons or H at terminal glucose or fructose), at 4.00–3.80 ppm (fructosyl H-3 and H-4 
protons), and at 3.70–3.40 ppm (H-5 and H-6 protons of fructose units) [39,41–43]. The integration 
values displayed at the base of the spectrum (notably at 21.29, 18.42, and 8.03 ppm) suggested a high 
degree of polymerization or the presence of repeating fructosyl units, as the protons (H-3 to H-6) 
were repeated multiple times within the oligomer [44]. The ¹³C NMR spectrum of the oligofructans 
produced by B. subtilis TISTR 001 had strong signals at 105–60 ppm. which were characterized as 
sugar carbon atoms, particularly the C1–C6 carbons of fructose residues, as shown in Figure 7. The 
13C spectra indicated the presence of the fructose-based oligosaccharides typically involved in β-
glycosidic linkages [45] at 103.2 ppm (C2: anomeric carbon of β-D-fructofuranose residues), 81.3 ppm 
(C5: –CH–OH), 77.5 ppm (C3: –CH–OH), 74.8 ppm (C4: –CH–OH), 62.3 ppm (C6: –CH₂–OH ), and 
61.2 ppm (C1: anomeric carbon atoms of glucose units or terminal fructose residues), corresponding 
to the signals reported in the results of Aramsangtienchai et al [39] and Chaves et al [46].  

 
Figure 6. ¹H NMR spectra of oligofructans powder produced by B. subtilis TISTR 001. 
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Figure 7. ¹³C NMR spectra of oligofructans powder produced by B. subtilis TISTR 001. 

3.3.3. MALDI-TOF-Mass Spectrum   

In the MALDI-TOF mass spectrum, each peak represents an ion detected at specific mass-to-
charge (m/z) ratio. For the oligofructans and fructose polymers, these peaks correspond to molecules 
with varying degrees of polymerization (DP), which refer to the number of fructose monomer units 
linked together in the polymer chain. The molecular weight of each molecule, directly related to its 
DP, determines the position of its peak in the spectrum. During MALDI ionization, molecules 
typically gain a proton, so the m/z value of each peak reflects the molecular weight (MW) of the 
oligomer plus the mass of a proton. A single fructose unit (monosaccharide) has a molecular weight 
of about 162 Da. As more units are linked, the molecular weight—and thus the m/z value—increases 
accordingly. Figure 8 shows the MALDI-TOF mass spectrum peaks for the oligofructans powder in 
the range ~2128 to ~6196 m/z, representing oligomers with DP values in the range ~10 to ~34. Major 
peaks appeared at m/z values indicative of oligomers with DPs ranging from 10 to 12 that were 
similar to those reported in FOSs production using microbial fermentation by Evans et al. [47]. 
Notably, higher DPs (DP > 12) were detected in B. subtilis TISTR 001 oligofructans powder (Figure 8).  
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Figure 8. MALDI-TOF_mass spectrum of oligofructans powder produced by B. subtilis TISTR 001. 

The detection of the higher DP oligomers was particularly notable, as larger oligofructans are 
often associated with enhanced functional properties by having greater resistance to hydrolysis in 
the gastrointestinal tract, leading to prolonged fermentation and improved prebiotic effects [48]. 
Oligofructans with higher DP values have been reported to have strong anticancer properties, 
particularly in inhibiting the proliferation of liver cancer cells [49]. The present research studied the 
potential cytotoxicity of B. subtilis TISTR 001 oligofructans with mixed DP of oligomers on liver 
cancer cells, which is discussed ion the next section.  

3.4. Bioactivity Properties of Oligofructans Powder 

3.4.1. Antioxidant Activity  

The oligofructans powder was evaluated using DPPH assay at 0–50 mg/mL oligofructans 
concentrations; subsequently, the radical scavenging activity or the percentage of inhibition (% 
inhibition) was calculated (Figure 9) as an indicator of antioxidation activity.  The inhibition (%) 
increased with increasing concentration of oligofructans from 0 to 20 mg/mL, achieving a high 
inhibition of 83.20 %, followed by a slight increase before remaining constant at higher 
concentrations, as shown in Figure 9. The highest inhibition was 88.40 % at 50 mg/mL of oligofructans 
concentration. The antioxidant property of the B. subtilis TISTR 001 oligofructans powder was 
indicated by the half maximal inhibitory concentration (IC50) which was 7.11 mg/mL. The 
oligofructans produced by B. subtilis TISTR 001 had a high IC50 value compared to the IC50 values of 
standard antioxidants such as ascorbic acid (approximately 20–50 μg/mL) and tocopherols 
(approximately 30–80 μg/mL) [50], that indicated greater activity for effective free radical scavenging. 
However, the effective potential in antioxidant activity in terms of radical scavenging properties 
depends on the source and degree of polymerization of oligofructans [51–53]. Microbial oligofructans 
had a reported lower radical scavenging activity than the oligomer extracts from plant [51] due to 
effect of phenolic functional groups in plant components that are likely a key factor in their ability to 
donate protons or electrons to neutralize free radicals [54].  Although the direct antioxidant activity 
of oligofructans was relatively low, oligofructans are well recognized for their indirect biological 
effects. For example, oligofructans can stimulate the growth of probiotic microorganisms in the gut 
thereby enhancing the host’s endogenous antioxidant defenses [55]. Additionally, Roberfroid [11] 

DP 11 – DP 20 DP 21 – DP 30 DP > 30 
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reported that oligofructans could reduce oxidative stress through modulation of the gut microbiota. 
Thus, despite limited radical-scavenging capacity, oligofructans act as health-promoting agents, 
particularly through their prebiotic properties. Further research will investigate the optimization of 
their bioactive properties and practical applications of the oligofructans produced in functional food 
or nutraceutical formulations and study the bioactivity in food applications and their beneficial 
health effects. 

Figure 9. Radical scavenging activity of oligofructans powder produced by B. subtilis TISTR 001. 

3.4.2. Cytotoxicity 

The bioactivity on the cytotoxicity of the oligofructans powder produced by B. subtilis TISTR 001 
was evaluated on HepG2 liver cancer cells. The results are presented in Figure 10 and demonstrate 
the dose-dependent cytotoxicity of oligofructans on HepG2 liver cancer cells at concentrations in the 
range 0–500 mg/mL, in addition, Figure 11 shows the morphology and density of the HepG2 liver 
cancer cells after treatment with oligofructans powder. Based on these results, increasing 
concentrations of oligofructans positively influenced the cytotoxicity properties, resulting in reduced 
viability of HepG2 liver cancer cells, which was supported by the results reported by Shi et al. [56] 
and Li et al. [57]. Notably, concentrations of oligofructans of more than 100 mg/mL produced strong 
bioactivity, with high cytotoxicity levels reaching approximately 70–80 % (Figure 10), resulting in a 
significant reduction in HepG2 cell growth and cell density (Figure 11).  
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Figure 10. Cytotoxicity assay of oligofructans powder produced by B. subtilis TISTR 001 on HepG2 liver cancer 
cells, where different lowercase letters above columns indicate significant                  (p < 0.05) differences. 

Notably, oligofructans has antioxidant properties (Figure 9), which support the mechanism of 
prebiotic properties to boost the immune system [58]. Zhang et al. [40] reported that the extract of 
FOSs had an anti-tumor effect and could boost immune cell activity, suggesting its potential as a 
natural immune-enhancing agent. Similarly, Moharib [59] confirmed the anti-cancer potential of 
FOSs, particularly through their ability to prevent colon cancer, improve gut health, and decrease 
oxidative stress, which may contribute to a reduced cancer risk. These results highlight their potential 
properties in mitigating oxidative stress and contributing to overall health enhancement. 
Additionally, the present study demonstrated that the oligofructans produced B. subtilis TISTR 001 
had considerable potential to inhibit liver cancer cells proliferation, indicating their promise as a 
functional bioactive compound or therapeutic agent. Notably, one of the most important outcomes 
of the present study was the dose-dependent cytotoxicity observed against HepG2 liver cancer cells. 
The cytotoxicity assays revealed that higher concentrations of oligofructans effectively reduced 
cancer cell viability, suggesting their potential as a natural anticancer agent. The dual functionality 
of oligofructans—as both antioxidants and anticancer agents—underscores their value in the food, 
nutraceutical, and pharmaceutical industries, where the increasing demand for functional, health-
promoting ingredients continues to grow for overall consumer well-being. Nonetheless, further 
investigations are necessary to elucidate the precise mechanisms underlying the anticancer effects of 
oligofructans. Future research should prioritize in vivo studies, clinical trials, and the exploration of 
potential synergistic effects when combined with other therapeutic agents. 

 

(a) Control 

 

(b) 1 mg/mL 
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(c) 10 mg/mL 

 

(d) 20 mg/mL 

 

(e) 100 mg/mL 

 

(f) 200 mg/mL 

 

(g) 300 mg/mL 
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(h) 500 mg/mL 

Figure 11. The morphology and cell density of HepG2 liver cancer cells under oligofructans treatment. 

4. Conclusion 

This study successfully demonstrated the production of oligofructans powder using B. subtilis 
TISTR 001, followed by comprehensive characterization to analyze the structure and physicochemical 
properties. Based on the results, the oligofructans solution had low viscosity and showed Newtonian 
flow behavior while remaining very stable under neutral pH and moderate temperature conditions, 
with minimal degradation, thereby indicating potential suitability for diverse industrial and 
nutritional applications. Advanced analytical techniques (FTIR, NMR, and MALDI-TOF-MS) were 
applied to determine molecular structures and confirmed the presence of characteristic glycosidic 
linkages, supporting the powder classification as a fructose polymer. The analysis of the results 
indicated that the oligofructans had notable bioactivity properties, with both antioxidant activity 
(based on the DPPH radical scavenging assays) and cytotoxicity effects (based on HepG2 liver cancer 
cells). Despite these promising findings, this study has several limitations. Bioactivity was assessed 
only in-vitro study, with no in-vivo or clinical evaluations to confirm the biological effects and safety 
in complex biological systems. However, further research will investigate optimizing production to 
enhance the yield and purity on a pilot scale or an industrial scale, along with evaluating the stability 
of oligofructans in various food formulations to further expand their practical applications. Overall, 
the present study of bioactive activity has contributed valuable insights into the health benefits of 
prebiotic compounds and highlighted the promising potential of oligofructans as natural 
supplements or therapeutic agents, particularly for liver health and cancer prevention. 
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