
Bioactive Carbohydrates and Dietary Fibre 24 (2020) 100238

Available online 18 August 2020
2212-6198/© 2020 Elsevier Ltd. All rights reserved.

Fructooligosaccharides synthesized by fructosyltransferase from an 
indigenous coprophilous Aspergillus niger strain XOBP48 exhibits 
antioxidant activity 

Jeff Ojwach a,*, Ajit Kumar a, Samson Mukaratirwa a,b, Taurai Mutanda a,c 

a Discipline of Microbiology, School of Life Sciences, College of Agriculture, Engineering and Science, University of KwaZulu-Natal (Westville Campus), Private Bag 
X54001, Durban, 4000, South Africa 
b One Health Center for Zoonoses and Tropical Veterinary Medicine, Ross University School of Veterinary Medicine, Basseterre, West Indies 
c Centre for Algal Biotechnology, Department of Nature Conservation, Faculty of Natural Sciences, Mangosuthu University of Technology, P.O. Box 12363, Jacobs, 4026, 
Durban, South Africa   

A R T I C L E  I N F O   

Keywords: 
Fructosyltransferase 
Biotransformation 
Fructooligosaccharides 
Antioxidants 
Nutraceutical 

A B S T R A C T   

Fructooligosaccharides (FOS) produced via sucrose biotransformation by partially purified Fructosyltransferase 
(Ftase) from an indigenous coprophilous Aspergillus niger strain XOBP48 (AnXOBP48) are reported to have 
antioxidant and nutraceutical properties in the present study. The Ftase activity on sucrose yielded FOS identified 
as monomeric glucose, 1- kestose (GF2), and 1,1– kestotetraose (GF3) which were further purified and quantified 
using HPLC-RI system. The antioxidant activities of purified FOS at concentrations of 1, 1.5, 3, 6, 12, 24 and 48 
μg/ml were determined by applying three experimental models and comparing their properties with FOS stan-
dards and vitamin C. The free radical scavenging activity measured by 1,1 - diphenyl-2-picryl hydroxyl (DPPH) 
assay, ferric reducing antioxidant power (FRAP) assay and nitric oxide (NO) radical inhibition assay, yielded IC50 
values of 2.6 μg/ml, 3.9 μg/ml and 3.4 μg/ml, 3.8 μg/ml and 0.69 μg/ml, 0.74 for purified GF2 and GF3, 
respectively. The free radical scavenging and inhibition activities showed a concentration dependent antioxidant 
activity of purified FOS with no significant differences as compared to the standards p < 0.01 and vitamin C. In 
conclusion, the results demonstrated that purified FOS could be exploited in biotechnological applications and/ 
or as to be used as functional ingredients in commercial products such as the production of nutraceutical 
compounds due to their potential antioxidant properties.   

1. Introduction 

The biofunctional foods with prebiotic effects have received great 
attention due to their health-promoting properties in the human gut 
besides their basic nutrition (Witschinski et al., 2018). Fructooligo-
saccharides (FOS) are the most studied prebiotics because they are 
non-digestible carbohydrates that promote the growth of beneficial 
bacteria in the host gut leading to improved health while concurrently 
suppressing the proliferation of potentially pathogenic bacteria (Gibson 
et al., 2010; Guerreiro et al., 2016; Patel & Goyal, 2011; Roberfroid & 
Slavin, 2000). Moreover, a panel of experts in nutrition, clinical 
research, and microbiology recently reviewed the scope of the prebiotic 
definition to a non-viable food component or a substrate that is selec-
tively utilized by host microorganisms conferring a health benefit on the 

host associated with modulation of the microbiota (Gibson et al., 2017). 
Prebiotics target human-associated and animal-associated microbiota to 
improve health. Besides nutritional benefits, they are also found to 
modulate the immune status by decreasing oxidative stress or increase 
the antioxidant potential and improve colonic morphology by scav-
enging for free radicals (Abasubong et al., 2018; Choudhary et al., 2018; 
Guerreiro et al., 2016; Kumar, Jain, & Sardar, 2018). 

Dietary antioxidants are considered essential nutraceuticals due to 
their health-promoting properties. This is the major reason why they are 
widely assimilated in food industries as inhibitors of lipid peroxidation, 
and their ability to scavenge for free radicals. They also prevent other 
malignant that are cytotoxic including scavenging for reactive oxygen 
species (ROS) that may trigger redox homeostatic disturbance leading to 
cell degeneration (Czarnocka & Karpiński, 2018; Guerreiro et al., 2016; 
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Poprac et al., 2017). ROS are produced either endogenously or exoge-
nously (Galano et al., 2018). In the endogenous mechanism, the mito-
chondrion is the source where incomplete oxygen metabolism produces 
ROS such as hydroxyl radicals (HO− ), superoxide radicals, anion, and 
nitric oxide as by-products (Poprac et al., 2017). The exogenous mech-
anisms are whereby anthropogenic activities which may be carcinogenic 
such as cigarette smoking, an excess diet with iron or copper, industrial 
effluent pollution, and UV irradiation are predisposing to oxidation 
(Bouayed & Bohn, 2010; Shibamoto, 2017). 

Hydroxyl radicals play a key role in the degradation and biotrans-
formation of organic compounds (Das & Roychoudhury, 2014; Takeda 
et al., 2017). This is because the hydroxyl radicals lead to a more toxic 
reactive oxygen species in biological systems causing adverse patho-
logical response (DeFeudis et al., 2003; Lucas-Abellán et al., 2011; 
Molyneux, 2004; Sanchez-Moreno, 2002). Therefore, it is imperative to 
propose FOS as antioxidant remedies to address this fundamental chal-
lenge. Several synthetic and natural antioxidants from plants such as 
flavonoids and phenolic compounds have been widely reported in the 
literature. These antioxidants scavenge for free radicals and inhibit ni-
tric oxide (Ak & Gülçin, 2008; Benzie & Devaki, 2017; Chen & Yan, 
2005; de Francisco et al., 2018; DeFeudis et al., 2003; Hou et al., 2015; 
Kellett et al., 2018; Kumaran & Karunakaran, 2006; Lim & Quah, 2007; 
Motohashi et al., 2017; Rao, 1997; Russo et al., 2015; Sumanont et al., 
2004; Valko et al., 2007). 

The synthetic antioxidants like butylated hydroxyanisole and 
butylated hydroxytoluene (have been found to have deleterious effects 
on human health such as damage to the liver and carcinogenesis in 
animals (Lobo et al., 2010). Therefore, natural non-toxic antioxidants 
are produced by fructosyltransferase (Ftase) enzyme via sucrose 
biotransformation yielding FOS which are highly compatible with di-
etary fiber. Several attempts have been made to determine the antioxi-
dant activity of FOS from Helianthus tuberosus, a plant rich in 
polydisperse inulin. From the various genetic variants of FW for the 
variety ‘Bergly’ 20 mg g− 1 to 37 mg g− 1 for ‘Kirkeoy’ tested, 30%–40% 
of total carbohydrates were FOS and the rest were disaccharides and low 
levels of fructose (Seljåsen & Slimestad, 2005). In another in vitro study, 
the antioxidant potential of Cichorium glandulosum seed extracts for 
radical scavenging activity of 1, 1 - diphenyl- 1-picryhl-hydrozyl 
(DPPH), ABTS, hydroxyl radicals was investigated (Yao et al., 2013). 

To date, studies on microbial Ftase to produce bioactive FOS for 
biotechnological applications like antioxidants are scanty and require 
more plausible explanations (Mano et al., 2018; Pejin et al., 2014). This 
study aimed to determine the antioxidant properties of FOS produced by 
a partially purified Ftase extracted from a coprophilous fungus, Asper-
gillus niger strain XOBP48. Three known and validated methods of 1, 1 - 
diphenyl- 1-picryhl-hydrozyl (DPPH) assay (Molyneux, 2004; Oyaizu), 
ferric reducing antioxidant power (FRAP) assay (Kumaran & Kar-
unakaran, 2006; Shaikh et al., 2018; Veenashri & Muralikrishna, 2011) 
and nitric oxide radical scavenging activity (Hofseth, 2008; Nakagawa & 
Yokozawa, 2002; Nambiar et al., 2017; Sumanont et al., 2004) were 
evaluated for their antioxidant effectiveness in determining oxidative 
inhibition, and free radical scavenging potential of FOS. 

2. Materials and methods 

2.1. Materials 

Dimethyl sulfoxide (DMSO), 1,1-diphenyl-2-picryl-hydrazyl (DPPH), 
2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), trichloroacetic acid (TCA), po-
tassium ferricyanide, potassium hexacyanoferrate (111), C6FeK3N6, 
methanol, PDA, Czapex Dox agar, fructooligosaccharides (FOS) stan-
dards GF2, GF3, GF4 (Megazyme), sucrose (anhydrous), D-fructose and 
KCl, MgSO4⋅7H2O were purchased from Sigma-Aldrich (MI, USA). Ferric 
chloride hexahydrate, FeCl3⋅6H2O, (N-(1-naphthyl) ethylenediamine 
dihydrochloride (NED or Griess reagent), 10% tricarboxylic acid and 
ethanol were purchased from Merck (NJ, USA). All other chemicals and 

reagents were supplied by reputable scientific suppliers and were of 
analytical grade unless stated otherwise. 

2.2. Isolation and identification of coprophilous fungus 

Fresh herbivorous dung samples from various terrestrial habitats in 
and around KwaZulu-Natal province, the Republic of South Africa (GPS 
coordinates: 29◦39′45.5′′S 30◦24′17.9′′E) were collected and incubated 
in laboratory conditions for fungal growth and isolation. After isolation 
and screening of sixty-one axenic fungal cultures, the strain named 
XOBP48 was selected for further studies, based on its performance for 
the highest transfructosylating ability of sucrose to fructooligo-
saccharides (FOS). The fungus was identified morphologically and by 
sequencing 18S rDNA internally transcribed spacer regions (ITS 4 and 
ITS 5) (Ramnath et al., 2014; White et al., 1990). The culture was 
identified as Aspergillus niger assigned with the GenBank accession 
number MH445969 from NCBI database and name as Aspergillus niger 
strain XOBP48 (AnXOBP48). The pure axenic isolate was preserved on 
potato dextrose agar (PDA), Czapex dox agar (CDA), and malt extract 
agar (MEA) at 4 ◦C (Ademakinwa et al., 2017; Xu et al., 2015) (un-
published data). 

2.3. Cultivation, preparation of extracellular enzyme extract and partial 
purification of Ftase 

The pure AnXOBP48 isolate maintained on PDA at 28 ◦C was inoc-
ulated in a sterilized 100 ml pre-culture fermentation medium 
comprising of (g/L): sucrose 30, yeast extract 10, NaNO3 10, KCl 0.5, 
K2HPO4 0.5, MgSO4⋅7H2O 0.5, NH4Cl 0.05, pH 6.5. Further, 10 ml of 
pre-culture medium was inoculated in fresh 100 ml of the medium in a 
250 ml flask and incubated at 28 ◦C for 72 h at 200 rpm. Uninoculated 
medium served as control and was incubated under the same condition 
as the culture (Farid et al., 2015; Park et al., 2001; Sánchez et al., 2010). 
For the preparation of extracellular enzyme extracts, the fungal mycelia 
were harvested by filtration using a mutton cloth after 72 h of cultiva-
tion. The remaining cell debris was collected by using a Whatman No.1 
filter paper and washed twice with 100 mM citrate-phosphate buffer, pH 
6.5. All the filtrate broths were pooled together and homogenized by 
centrifugation at 10,000×g for 15 min, and the supernatant was used as 
the source of the extracellular crude enzyme (Alvarado-Huallanco & 
Maugeri Filho, 2011; Nguyen, Rezessy-Szabó, Bhat, & Hoschke, 2005). 
The Ftase was purified and characterized as described previously (un-
published data). 

2.4. FOS production and purification 

The FOS production was carried out by incubating 1 ml partially 
purified Ftase (1 mg total protein) with sucrose (5%, w/v) suspended in 
100 mM citrate-phosphate buffer (pH 6.0) as a substrate in 250 ml 
Erlenmeyer flasks for 6 h. All experiments were carried out in triplicate 
and reaction mixture end products were analyzed by high-performance 
liquid chromatography coupled with a refractive index detector (HPLC- 
RI, YL 9100 system, Techno Lab System, column: Pinnacle II Amino 3 
μm, 150 × 4.6 mm) run at a flow rate 1.0 ml/min using mobile phase 
acetonitrile – 70%: H2O – 30% with (0.04% w/v) ammonium hydroxide 
and isocratic elution (Correia et al., 2014; Manosroi et al., 2014; Tiho-
mirova et al., 2016). The retention times of FOS produced by the reac-
tion of the partially purified Ftase were compared with pure standards of 
1- kestose, 1,1- kestopentaose, and 1,1,1- kestotetraose (Mussatto et al., 
2009b). The individual peaks observed during the run were manually 
collected in clean sterilized tubes and lyophilized. The dried samples 
were resuspended according to the required concentrations, confirmed 
by HPLC-RI, and used for further studies. The reconstituted concentra-
tions of the pure FOS were validated by comparing the peak area of the 
known concentrations of the standards. 
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2.5. DPPH radical scavenging activity 

To determine the antioxidant potential, the total free radical scav-
enging activity of purified FOS and standard FOS (GF2 and GF3) was 
carried out by modified DPPH radical scavenging activity assay (Ak & 
Gülçin, 2008; Oyaizu) and compared to vitamin C as a standard anti-
oxidant. Briefly, an aliquot of 500 μl of a 0.3 mM solution of 1,1- 
diphenyl-2-picryl-hydrazyl (DPPH) dissolved in methanol (analytical 
grade 99%) was added to 1 ml of resuspended purified FOS and stan-
dards at different concentrations from (1, 1.5, 3, 6, 12, 24 and 48 
μg/ml). The solutions were mixed with ethanolic solution of DPPH and 
incubated for 30 min in the dark at room temperature. The absorbance 
(Abs) was measured spectrophotometrically at wavelength 517 nm 
against a blank lacking the free radical scavengers (Manosroi et al., 
2014; Shah et al., 2016). The DPPH results were expressed as a per-
centage of the control (blank) by applying Eq. (1):  

% Inhibition = [(Abs of control - Abs of sample)] / Abs of control] x 100 (1) 

The IC50 value (amount of FOS produced in the reaction mixture 
required to reduce the initial concentration of DPPH radical by 50%) 
was calculated from a curve obtained by plotting log values of FOS 
concentration vs % scavenging activity (Lim & Quah, 2007). 

2.6. Ferric reducing antioxidant power (FRAP) assay 

The FRAP assay was performed as described previously (Ahmed 
et al., 2017; Serpen et al., 2012) with some modifications (Lim & Quah, 
2007). Briefly, the resuspended purified FOS and standards (500 μl) for 
each concentration (1, 1.5, 3, 6, 12, 24 and 48 μg/ml) were incubated 
with 500 μl of 0.2 M sodium phosphate buffer (pH 6.6) and 1% (w/v) 
potassium ferricyanide at 50 ◦C for 30 min and the reacting products 
were acidified by adding 500 μl 10% (w/v) TCA. Subsequently, 500 μl of 
the acidified sample was mixed with 500 μl distilled water and 200 μl of 
0.1% FeCl3 and absorbance was measured at 700 nm. The antioxidant 
activity was estimated by measuring the increase in absorbance as a 
result of the formation of ferrous ions from the FRAP reagent containing 
TPTZ and FeCl3⋅6H2O (Veenashri & Muralikrishna, 2011). The results 
were expressed as vitamin C equivalent antioxidant activity. The FRAP 
results were expressed as a percentage of the control (blank) by applying 
Eq. (1) as shown above. The IC50 value (amount of FOS produced in the 
reaction mixture required to reduce the initial potassium ferricyanide 
concentration by 50%) was calculated from a curve obtained by plotting 
log values of FOS concentration vs % inhibition activity (Lim & Quah, 
2007). 

2.7. Nitric oxide (NO) scavenging assay 

The NO scavenging activity of the produced FOS was estimated ac-
cording to the modified method as described previously (Lalhminghlui 
& Jagetia, 2018). Briefly, sodium nitroprusside (5 mM) in saline phos-
phate buffer (pH 7.2, 100 mM) was mixed with different concentrations 
of chloroform, ethanol, or resuspended purified FOS and standards were 
incubated at 50 ◦C for 2 h. The samples were withdrawn and mixed with 
Griess reagent 1% sulfanilamide, 2% H3PO4, and 0.1% N-(1-naph-
thyl)-ethylenediamine dihydrochloride. Measurement of absorbance at 
546 nm for the intense pink color that formed (chromophore) during 
diazotization of nitrite with sulfanilamide and the coupling with NED 
was monitored (Nambiar et al., 2017). The total NO inhibition by the 
FOS was determined by comparing the NO inhibition by vitamin C as a 
standard. The % NO scavenging activity was calculated using Eq. (2):  

NO scavenging activity (%) = (A0 – A1) /A0 x 100                               (2) 

Where A0 and A1 are the absorbances of the control and sample, 
respectively. 

The IC50 value (amount of FOS produced in the reaction mixture 

required to reduce the initial sodium nitroprusside concentration by 
50%) was calculated from a curve obtained by plotting log values of FOS 
concentration vs % scavenging activity (Lim & Quah, 2007). 

2.8. Statistical analysis 

All the experiments were carried out in triplicate unless otherwise 
specified. The data obtained was presented as mean ± standard devia-
tion using one-way ANOVA in MS Excel, with p < 0.05 significance level. 
The calibration curves of the standards used were considered significant 
if R2≥0.99. 

3. Results and discussion 

In this study, a partially purified fructosyltransferase (Ftase) enzyme 
from Aspergillus niger sp. XOBP48 (AnXOBP48) was used for fructooli-
gosaccharides (FOS) production by hydrolyzing sucrose. The end prod-
ucts were analyzed by HPLC-RI as depicted on the chromatogram 
profiles (Fig. 1A). The end products of enzymatic assay involving the 
partially purified Ftase showed FOS at peak of retention time of 4.983, 
8.408 and 11.767 min for glucose, 1- kestose and 1, 1 – kestoteraose, 
respectively (Fig. 1A, Table 1). The standards of oligosaccharides 
exhibited the retention time for 1, 1, 1 – kestopentaose, 1- kestose and 
1,1- kestotetraose at 3.892, 8.800 and 12.767 min, respectively (Fig. 1b, 
Table 2). The peak area and retention time shown in Table 1 and Table 2 
were used to determine and validate the identity and concentrations for 
the purified FOS. A similar method to quantify the FOS using HPLC-IR 
was employed in the fortification of fruit juices containing FOS 
(Renuka et al., 2009). 

3.1. DPPH radical scavenging activity assay 

The DPPH radical scavenging activity assays confirmed the antioxi-
dant activity of the purified FOS as it was able to reduce DPPH (Fig. 2). 
FOS standards showed no significant difference in DPPH radical scav-
enging activity as compared to the pure synthesized FOS (p < 0.05). IC50 
of purified GF2 and GF3 samples were found to be 2.6 μg/ml and 3.9 μg/ 
ml while standard GF2 and GF3 showed a relatively higher IC50 of 2.9 
μg/ml and 5.0 μg/ml, respectively, but not significantly different 
(Table 3). The purified FOS showed good free radical inhibition even at a 
lower concentration of 3 μg/ml. Although the antioxidant activity of 
purified FOS was observed lower than vitamin C, it is vital to remark that 
they are interesting sources of dietary fiber that can supplement fiber- 
enriched food. 

The other fiber sources compared to dietary antioxidants such as 
cellulose, glucomannans, and wheat bran lack intrinsic antioxidant ac-
tivity and bioactive compounds (Fuentes-Alventosa et al., 2009). These 
facts, together with functional properties reported such as stimulation of 
gut enzyme, bifidogenic effect, and prebiotic effects make FOS synthe-
sized by using industrial enzymes more attractive. In this study, the 
DPPH assay reveals that GF2 and GF3 have scavenging properties like a 
standard antioxidant vitamin C. The acute administration of FOS could 
overcome the body’s reaction to exogenous antioxidants during appro-
priate therapies in certain pathophysiological conditions associated with 
oxidative stress. Therefore, herein we provide compelling in vitro evi-
dence that purified FOS along with other oligomers can scavenge OH. 
These prebiotics have the potential to offer protection against oxidative 
stress. 

3.2. Ferric reducing antioxidant power (FRAP) assay 

FRAP assay has been used to evaluate the antioxidant ability of pu-
rified FOS to reduce Fe3+ to Fe2+ (Uppin et al., 2018). FRAP activity of 
the purified FOS (Fig. 3) has shown effective reducing power but the FOS 
standards showed slightly higher activity with no significant difference 
(p < 0.01). At different concentrations from (1.0 μg/ml – 48 μg/ml), 
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Fig. 1. HPLC-RI chromatograms showing retention time of FOS. (A) FOS liberated after the hydrolysis of sucrose by the partially purified Ftase, (B) standard FOS.  

Table 1 
The retention times and peak areas of FOS products after hydrolysis of sucrose by the partially purified Ftase from Aspergillus niger strain XOBP-48.  

Peak Retention Time (Min) Area (mV.s) Height (mV) Area (%) Height (%) W05 (min) Compound name 

1 0.233 6.494 0.539 0.0 0.1 0.15  
2 1.092 80.259 0.640 0.2 0.1 1.03  
3 4.983 1847.493 340.436 55.6 66.6 0.90 Glucose 
4 8.408 2376.360 26.676 7.1 5.2 1.43 1-kestose 
5 11.767 11,708.143 136.784 35.2 26.8 1.27 1,1-kestoteraose 
6 16.308 59.604 1.037 0.2 0.2 1.02  
7 17.817 280.755 2.482 0.8 0.5 1.38  
8 22.008 199.654 1.190 0.6 0.2 3.32  
9 25.500 39.853 0.683 0.1 0.1 1.13  
10 27.133 21.251 0.370 0.1 0.1 0.78   

Table 2 
The retention times and peak areas of FOS standards.  

Peaks Retention Time (Min) Area (mV.s) Height (mV) Area (%) Height (%) W05 (min) Compound name 

1 0.217 4.62 0.374 0.0 0.1 0.21  
2 2.425 10,076.80 382.532 83.5 93.6 0.42  
3 3.892 149.582 3.511 1.2 0.9 0.64 1,1,1-kestopentaose 
4 6.233 133.357 1.241 1.1 0.3 2.08  
5 8.800 852.318 11.300 7.1 2.8 0.92 1-kestose 
6 12.767 678.768 7.435 5.6 1.8 1.23 1,1-kestoteraose 
7 21.308 24.453 0.382 0.2 0.1 0.57  
8 23.758 100.456 0.814 0.8 0.2 2.04  
9 27.458 24.190 0.524 0.2 0.1 0.93  
10 28.142 17.719 0.491 0.1 0.1 0.63   
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purified FOS demonstrated powerful reducing ability which was found 
to be concentration-dependent (p < 0.01). The IC50 value of FRAP 
extrapolated from the IC50 curve were found to be 3.4 μg/ml and 3.8 
μg/ml for GF2 and GF3, respectively (Table 3). Ferrous ion reduction of 
Fe3+ complex of tripyridyltriazine (Fe (TPTZ)3+) to more intensely 
coloured Fe2+ complex (Fe (TPTZ)2+) demonstrated the electron donor 
property of purified FOS for neutralizing free radicals by forming stable 
products (Aparadh et al., 2012; Russo et al., 2015). Hence, purified FOS 
exhibits the potential to donate electrons that scavenge free radicals in 
the actual biological and food systems. This antioxidant property was 
also seen in other phenolic compounds in vitro (Ak & Gülçin, 2008). In 
previous studies, the FRAP assay of the single Lactobacillus plantarum 
and mixed fermentation mango pulp demonstrated significantly (p <
0.05) increased to 1.47 and 1.49 mM FeSO4, respectively. Moreover, the 
same study showed that FRAP was increased after fermentation with 
L. plantarum compared to unfermented samples (Jin et al.,2019). Some 
researchers inferred that FRAP may be related to the TPC, and the 
presence of phenolic compounds in a sample extract leads to a reduction 
in the TPTZ-Fe3+ complex to the TPTZ-Fe2+ form. Therefore, the 
higher TPC in the assays containing L. plantarum may help to increase 
FRAP (Jin et al.,2019). 

3.3. Nitric oxide (NO) scavenging assay 

The ability of the purified FOS to inhibit nitric oxide production in 
vitro is shown in (Fig. 4). The purified FOS exhibited a relatively higher 
NO scavenging activity as compared to standards as the IC50 was shown 
slightly lower than standards. Consequently, the results expressed in 
IC50 (μg/ml), equivalent to 0.69 μg/ml and 0.74 μg/ml for purified GF2 
and GF3 were lower as compared to 1.1 μg/ml and 0.87 μg/ml shown by 
standard GF2 and GF3, respectively (Table 3). Standard GF3 showed 
higher NO inhibition potential correlated to the previous study where 
nystose exhibit higher biological activity than 1- kestose and it is crucial 
to optimize its production (Correia et al., 2014; Mutanda et al., 2015). 
Incubation of solution of sodium nitroprusside with PBS resulted in 
linear dependent nitrite production, which was reduced by purified FOS. 
Structural features are also responsible for scavenging properties for 
prebiotics like difficulty in cleaving glycosidic linkages in free hydroxyls 
(Shang et al., 2018). Suppression of released NO may be partially 
attributed to direct NO scavenging as the purified FOS decreased the 
amount of nitrite in vitro. The nitric oxide radical is toxic after the re-
action with oxygen and the purified FOS reduced NO along with the 

Fig. 2. Percent DPPH radical scavenging activity of standard 1-Kestose (sGF2), 
1,1-Kestotetrose (sGF3), purified 1-Kestose (pGF2), purified 1,1-Kestotetrose 
(pGF2) and vitamin C (VC). The values are the mean percentage ± S. D from 
three independent experiments. 

Table 3 
IC50 values exhibited by the standards, purified FOS and vitamin C for DPPD, 
FRAP and NO scavenging activity.   

IC50 (μg/ml) 

DPPH FRAP NO 

sGF2 2.9 2.9 1.1 
sGF3 5.0 3.4 0.87 
pGF2 2.6 3.4 0.69 
pGF3 3.9 3.8 0.74 
VC 1.7 5.4 0.71 

sGF2, standards GF2; sGF3, standards GF3; pGF2, purified GF2; pGF3, purified 
GF3; VC, vitamin C. 

Fig. 3. Percent FRAP inhibition by standard 1-Kestose (sGF2), 1,1-Kestotetrose 
(sGF3), purified 1-Kestose (pGF2), purified 1,1-Kestotetrose (pGF2) and vitamin 
C (VC). The values are the mean percentage ± S. D from three independent 
experiments. 

Fig. 4. Percent scavenging for nitric oxide by standard 1-Kestose (sGF2), 1,1- 
Kestotetrose (sGF3), purified 1-Kestose (pGF2), purified 1,1-Kestotetrose 
(pGF2) and vitamin C (VC). The values are the mean percentage ± S. D from 
three independent experiments. 
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standard antioxidant in a concentration-dependent manner. Similarly in 
another study investigating FOS antioxidant potential, muffin was 
incorporated with oligosaccharide from Emblica officianalis and exhibi-
ted scavenging of NO radicals in a concentration-dependent manner 
(Nambiar et al., 2017). Nitric oxide is a vital bioregulatory molecule 
with numerous physiological effects that include neural signal trans-
duction, anti-tumor activity, anti-cancer properties, and antimicrobial 
activity. Low concentration as presented in Fig. 4 is sufficient to inhibit 
or scavenge free radicals (Kumaran & Karunakaran, 2006). 

3.4. Bioactivities of FOS as antioxidants 

FOS are non-digestible oligosaccharides fructans and are sucrose 
derived as they contain several fructose units and a common glucose 
residue (Pejin et al., 2014). FOS are prebiotics that has increased health 
benefits besides basic nutrition where they stimulate the growth of 
Bifidobacteria and Lactobacilli in colonic microflora (do Prado et al., 
2018; Dominguez et al., 2014; Mutanda et al., 2014). Other FOS benefits 
that have been claimed include a reduction in serum cholesterol, in-
crease in magnesium and calcium absorption, vitamin B production, and 
immune stimulation among others (Maiorano et al., 2008; Mussatto 
et al., 2009a; Mutanda, Wilhelmi, & Whiteley, 2008; Sangeetha, 2003; 
Silvério et al., 2018; Yan et al., 2018; Zhu, 2017). These health benefits 
have brought significant attention to interrogate or explore their anti-
oxidant potential. FOS antioxidant property has not been elucidated and 
information on this nutraceutical remains scanty. Few polysaccharides 
have been tested and like fructofuranan such as Plantago lanceolate were 
found inactive against peroxidation (Pejin et al., 2014). There is evi-
dence that reactive oxygen species and free radicals formed under 
physiological conditions and are not being eliminated by the endoge-
nous system induce oxidative stress to the cell (Uppin et al., 2018). 
These accumulation may lead to cytotoxicity and other malignant 
neoplasia like atherosclerosis, cancer, cardiovascular disease, mild 
cognitive impairment, alcohol-induced liver disease, and Parkinson’s 
disease (Dave, 2009; Yamaguchi et al., 1998). Free radicals are a 
consequence of various metabolic activities and their excess production 
is a major cause of illness or cellular damage (Lalhminghlui & Jagetia, 
2018). Free radicals are atoms with an unpaired number of electrons 
formed when O2 reacts with free molecules. These interactions may 
cause damage to cell membranes poor cell function or even apoptosis a 
process that can be mitigated by prebiotic antioxidants (Lobo et al., 
2010). Free radical scavenging activity is vital due to the harmful effects 
it causes in biological systems (Huyut et al., 2017). FOS radical scav-
engers have shown the potential to react with free radicals and this 
model can be useful in termination of peroxidation chain reaction which 
is the primary product of lipid oxidation (Ak & Gülçin, 2008). When the 
end product of transferase assay was added to a medium containing 
stable DPPH, free radicals were reduced by decolonization to form 
non-radical DPPH-H upon the donation of H proton (Alam et al., 2013; 
Huyut et al., 2017). In other studies, overexpression of NO synthase in 
vascular endothelial cells has been reported to cause iNOS (inducible 
nitric oxide synthases) expression in macrophages leading to cytotox-
icity, autoimmune disease inflammatory responses or organ destruction 
(Rao et al., 2016). FOS could alter biological activity in the human body 
as a potential scavenger of free radicals. FOS as an antioxidant may also 
act directly on nitric oxide radical N = O and related ROS such as H2O2 
and ferryl ions. In addition, it may indirectly decrease free radicals 
formation such as OH, N = O probably through inhibition or suppression 
of expression of genes such as c-FOS, c-JUN, and c-MYC which are 
implicated in transcriptional induction (Hussain et al., 2003). In this 
study, purified FOS produced by partially purified Ftase has demon-
strated inhibitory activity against NO production and it is a promising 
candidate for inducing iNOS inhibitory activity. These results can be 
inferred to recommend FOS prebiotics as inhibitors of NO production 
creating a therapeutic response in the management of inflammatory 
diseases. The relationship between in vivo and in vitro models remains to 

be established to make the in vitro results substantial. More, biological 
activity in vitro and in vivo models need to be investigated synchronously 
to correlate their health claims. 

4. Conclusion 

In conclusion, this study reports the FOS) production via sucrose 
biotransformation by partially purified Ftase from AnXOBP48. The 
enzyme was able to yield monomeric glucose, 1- kestose (GF2), and 1,1– 
kestotetraose (GF3) which further showed antioxidant activities as 
measured by DPPH, FRAP and NO radical inhibition assay. The ability of 
prebiotic oligosaccharides to reduce DPPH to DPPH-H by donating 
protons, reduction of Fe3+ to Fe2+ through FRAP assay, and reduction of 
nitrite oxide by scavenging for free radicals indicate a remarkable 
antioxidant property to relieve oxidative stress and other reactive oxy-
gen species. Further, and more detailed studies on the chemical 
composition of these prebiotic oligomers using different experimental 
models like Trolox equivalent antioxidant capacity (TEAC) assay, Liquid 
peroxidation, Oxygen radical absorbance capacity (ORAC) assay, and 
metal chelating activity, Superoxide anion radical scavenging (SO) assay 
and Hydroxyl radical scavenging (HO) assay need to be explored. In 
addition, ex vivo and in vivo studies are paramount to fully corroborate 
and comprehend their potential nutraceutical and biotechnological 
application, as it will aid in the characterization of fructooligo-
saccharides as biological antioxidants. 
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