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Abstract

Inulins are linear fructan polymers which contain fructose units joined by β-2,1 glycosidic bonds,
typically terminating in a glucose residue linked by an α-1,2 bond as in sucrose. The major source of
inulin is plants like Jerusalem artichoke and chicory root. Fructo-oligosaccharides consist of a fructose
units polymerized to different extent and can be formed in vitro from substrate such as inulin. These
oligosaccharides can be produced from the enzymatic hydrolysis of inulin by inulinase under controlled
reaction conditions. In recent years, the oligosaccharides production has revolve around it’s cost
effective production from inexpensive and abundantly available raw materials. Inulin is a very promising
source for oligosaccharide production. An exoinulinase and invertase activities free endoinulinase is
required to acts on inulin because these two enzymes contaminate the final products with release of free
sugars, which subsequently require more stringent purification protocols. Oligosaccharides obtained
from inulin have similar chemical structures to fructo-oligosaccharides which were obtained by reaction
of fructosyltransferase on sucrose. These oligosaccharides are regarded as a soluble dietary fiber, non-cariogenic,
of low caloric value and showed strong bifidus-factors. They have proven health benefits which include
role in absorption of calcium and minerals, replacement of sugar and fat in food products, reduction in
cholesterol and ability to control cancer.
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1. Introduction

The name inulin was given after this compound was first isolated
from Inula helenium (Azis et al., 1999). Inulin is the second most
abundant storage carbohydrate after starch in plants and many
plants have been shown to make inulin as a storage polysaccharide.
Inulin is a linear fructan polymer which mainly comprises of β-2,
1-D-fructofuranose linked with a glucose unit at the terminal end. It
is a part of dietary fiber and does not get digested by human. Large
quantity of inulin is found in plants like Jerusalem artichoke and
roots of chicory, asparagus, burdock, yacon, camas and dandelion.
Inulin is also present in common plants, vegetables and fruits like
garlic, banana, onion, leek, wheat, rye, barley, jicama, salisfy and
coneflower (Mensink et al., 2015). This fructan is a potential
substrate for generation of high fructose syrup and prebiotic inulo-
oligosaccharides (IOSs). These value added products can be
produced using microbial inulolytic enzymes. Inulin is acted upon
by two types of inulinases, i.e., endoinulinase (2,1-β-D-
fructanfructanohydrolase, EC 3.2.1.7) and exoinulinase (β-D-
fructanfructohydrolase, EC 3.2.1.80). Exoinulinases hydrolyze the
terminal linkages of inulin to yield fructose as the main product
(Germec and Turhan, 2020) while endoinulinases produce IOSs as
the main product (Figure 1). Inulo-oligosaccharides (IOSs) are a
novel food additive and health products which represent a promising

alternative to antibiotics. IOSs as prebiotics can be obtained by
endoinulinase mediated hydrolysis of inulin.

Figure 1: Structure of inulin, a linear fructosyl polymer linked by -(2,1)
bonds (n=3-65) attached to a terminal glucosyl residue by an -
(1,2) bond. The exo-inulinase catalyzes removal of the terminal
fructose residues from the non-reducing end of the inulin molecule
in one step, producing fructose and glucose. The endoinulinase
hydrolyzes inulin to produce IOSs from inulin.
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The fructo-oligosaccharides (FOSs) derived from inulin are referred
to as inulo-oligosaccharides but it’s chemical structure is similar to
fructooligosaccharides. FOSs consist of a fructose units
polymerized to different extent. Oligomers with two, three and
four fructose units are called as 1-kestose, 1-nystose and 1-
fructofuranosyl-nystose, respectively. The sugars are linked by β-
2, 1 position of sucrose. FOSs have been designated as prebiotics
due to their bifidogenic nature. They also possessed many health-
promoting properties when consumed in suggested amounts
recommended by health practitioners (Nguyen et al., 2011).
Majority of health benefits and nutritional applications of these
oligosaccharides in human are well recognized. These include the
resistance to various infections by activation of the immune system,
enhanced calcium absorption in the gastrointestinal tract and provide
support in the synthesis of vitamin B-complex (Yun, 1996;
Tanriseven and Aslan, 2005).

Probiotics are potentially beneficial bacteria (mainly Bifidobacterium
and Lactobacilli) that commensal to the colon of a person. Prebiotics
have the capability to stimulate the multiplication of probiotics by
the associated suppression of potentially pathogenic bacteria (Van
Laere et al., 2000). However, synbiotics nutraceuticals is the
combination of prebiotics and probiotics in food and other fermented
dairy products such as yogurt, that have the ability to influence and
improve the gastrointestinal health of humans (Huebner et al., 2007).
The main feature of prebiotic food ingredient is that it should not be
hydrolysed or absorbed in the upper part of the gastrointestinal tract
of a person. Further, it should act as a selective substrate to only few
probiotics and have the ability to alter the colonic microflora to
potentially more healthy micro-organisms.

The importance of FOSs as food ingredients is due to the various
biological properties they possessed (Villegas and Costell, 2007).
These oligosaccharides have very low sweetness intensity as they
are about one third as sweet as sucrose. This property is useful in
the various foods especially for diabetic persons where the use of
sucrose is restricted by its high sweetness. FOSs have low calorie
levels as it does not get digested by human  and are not used as an
energy source in the body and due to this thay are safe for
consumption by diabetics (Sangeetha et al., 2005).  The FOSs also
encourage the growth of the Bifidobacterium and Lactobacilli as
prebiotics and discourage the growth of potentially harmful micro-
organisms that have a tendency to cause diseases. The formation of
lactic, acetic and other short-chain organic acids is the possible
reasons of the suppression of the growth of harmful bacteria in the
gut (Biedrzyka and Bielecka, 2004). These molecules may act as
antagonist to the potentially pathogenic intestinal competitors.
FOSs are noncariogenic. They are not used by Streptococcus mutans
to form acids and insoluble β-glucan which are the major factor in
the formation of dental caries.

2.   Biotechnological production of  inulo-oligosaccharide

Prebiotics IOSs can be produced enzymatically from sucrose elongation
or via enzymatic hydrolysis of inulin by endoinulinases. Inulin is a
naturally occurring storage polysaccharide present in numerous plants,
such as Jerusalem artichoke and IOSs can be obtained by endoinulinase
mediated hydrolysis of it. Inulin and oligofructose have wide
applications in various types of foods like confectionery, fruit
preparations, milk desserts, yogurt and fresh cheese, baked goods,
chocolate, ice cream and sauces (Cabezas et al., 2002; Kaur and Gupta,
2002). IOSs are novel food additive and health product and also
represent a promising alternative to antibiotics. IOSs as prebiotics can

be obtained from inulin by endoinulinase catalyzed hydrolysis.
Nonetheless, enzymatic catalysis is not a very feasible option
industrially because of the required catalytic conditions and cost. In
recent years, researcher’s attention has been shifted to use of micro-
organisms for conversion of naturally and abundantly available raw
materials for the production of oligosaccharides. In this regard, inulin is
a promising source for oligosaccharide production when subjected to
the action of endoinulinase enzyme of microbial origin. The absences
of exoinulinase or invertase activities are prerequisite as presence of
these enzymes in micro-organism form undesirable side products. It
has been reported that many filamentous fungi and bacterial strains
can produce endoinulinase (Chi et al., 2009). The chemical structures
IOSs obtained from inulin is similar to FOSs from sucrose and they
have been used as a soluble dietary fiber. The endoinulinase can be
applied to hydrolyze inulin to produce IOSs but Hughes et al., (2017)
have observed that a microorganism requires an extracellular inulinase
to hydrolyze the glycosidic bonds to release fermentable
monosaccharides in order to directly utilize inulin as its carbon and
energy source. Some of the microorganisms and their optimum
conditions for IOSs production have been summarized in Table 1.

Shukla, (2019) suggested that free inulinase has restricted
applications at the industrial level because of its limited functional
and storage stability and difficulty in recovery from the reaction
mixture. Free enzyme also undergoes irreversible inactivation due
to aggregation. Hence, the use of immobilized enzyme has generally
been considered as better option for biotransformation reactions.
Continuous production of IOSs from pure inulin was achieved by
the use of immobilized endoinulinase obtained from Pseudomonas
sp. The immobilized endoinulinase was found to be quite stable
and can work for 15 days at 55°C. This continuous system record
oligosaccharide yield of 83% without any loss of initial enzyme
activity (Yun et al., 1997a).  IOSs were also produced from inulin
by using a purified commercial endoinulinase with 96% yield of
oligosaccharide. The degree of polymerization (DP) of the major
oligosaccharides obtained was 3 and 4 (Yun et al., 1997b). The
endoinulinase gene (inul) of Pseudomonas sp. was cloned and
expressed in Escherichia coli HBlOl and was used to produce IOSs
from inulin (78% yield). This recombinant E. coli expressing
endoinulinase enzyme was immobilized on a polystyrene carrier
material. The immobilization of endoinulinase results in enhanced
thermal stability of the enzyme. A bioreactor packed with the
immobilized cells was used for continuous production of IOSs from
inulin. The continuous production of IOSs was successfully achieved
with the productivity of 150 g/l/h for 17 d at 50°C (Yun et al., 1999).

Batch mode of production of IOSs from inulin was attempted by an
endoinulinase obtained from Xanthomonas with a yield of about
86%. The major IOSs components in the reaction were of DP 5 and
6 (Park et al., 1999). Pure inulin and chicory extract were used to
hydrolyze for IOSs production by endoinulinase from Xanthomonas
oryzae No. 5. DP5 and higher oligosaccharides were found to be
major reaction products in case of both chicory extract and pure
inulin as the substrates (Cho et al., 2001). Inulotriose with a yield of
70% was obtained as the main product by the action of an
endoinullnase P-II produced by Penicillium sp. TN-88 (Nakamura et
al., 1997). Further, this endonuclease does not show any activity
toward other sugars like sucrose, raffinose or levan. Mutanda et al.,
(2008) used purified endoinulinase (60 U/ml) from Aspergillus niger
to hydrolyse inulin (150 mg/ml) at 60°C for 48 h. The major
oligosaccharides obtained from inulin were inulotrioses, inulotetraoses
and inulopentaoses with yield of 70.3, 38.8 and 3.5 mM, respectively.
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A partially purified and purified endoinulinase from A. ficuum were
used to produce IOSs from inulin by Jin et al., (2005). The 74% of
inulin (initial 50 g/l) was hydrolyzed by the partially purified
endoinulinase (10 U/g substrate) under the optimal conditions at 45°C
and IOSs yield over 50% was observed after 72 h. However, 89% of
inulin in the Jerusalem artichoke juice as substrate was hydrolyzed
with IOSs production of 80% after 72 h. The difructose anhydride III
was produced as main product by inulin fructotransferase enzyme of
soil bacterium Arthrobacter aurescens SK 8.001. Nystose was found
to be the smallest substrate for this enzyme and this inulin
fructotransferase provides a promising way to utilize inulin for the
production of difructose anhydride III (Zhao et al., 2011).

A simple, efficient and one-step bioprocess for IOSs production
from inulin through extracellular heterologous endoinulinase by
Bacillus subtilis was developed by Jiang et al., (2019). The gene
inuQ of Pseudomonas mucidolens encoding endoinulinase was
cloned into Bacillus subtilis WB800-R, with the simultaneous
deletion of gene sacC encoding levanase. The maximal IOSs yield
after hydrolysis of the crude extract of inulin was 68 g/l with
conversion rate of 75%. The DP of major IOSs obtained was between
3 and 5. The Saccharomyces cerevisiae has many applications in
food industry and comes under Generally Recognized as Safe
category. The endoinulinase gene (inu1) from Pseudomonas
mucidolens was expressed in the cells of S. cerevisiae and was used
to hydrolyze inulin for production of IOSs with a yield of 71%
under optimized condition after 30 h of reaction (Kim et al., 2006).
This enzyme was found to be stable towards denaturation and DP
of formed IOSs a result of the reaction with inulin mainly consist of
4 (inulopentaoses). An efficient conversion of inulin to IOSs through
endoinulinase from Aspergillus niger by encoding endoinulinase
from A. niger DSM 2466 into Pichia pastoris KM71 was reported
by Xu et al. (2016). Maximum activity (858 U/ml) of the
recombinant endoinulinase was obtained at 120 h of fermentation.
The yield of IOSs was found to be 91.3% and IOSs with different
DP (3-6) were distributed in the final reaction mixture.

3.   Application of oligosaccharides produced from inulin

The oligosaccgarides obtained from inulin (i.e., IOSs) have a number
of desirable features such as low calories, no cariogenicity, safe
sweetener for diabetics and promote growth of gut microflora
(Figure 2).

Figure 2: Hydrolysis of inulin by inulinases and major applications of
products obtained from inulin.

3.1 Promotion of growth of the gut micro-oranisms

The diet and its composition have major impact on gut and its
microflora. Any kind of change in the diet affects the metabolism of
the inhabitants. The dietary fibres like oligosaccharides exert a
combined effect on both the pH environment of the gut and the
metabolism of bacterial community (Flint et al., 2007). A study on

Table 1: Some microbial endoinulinases used for IOSs formation from inulin

Source of endoinulinase Reaction Hydrolysis Incubation Substrate used DP of formed Reference
pH temperature time oligosaccharides

Recombinant Pichia pastoris 6 60 8h 400 g/L Inulin 2-5 He et al., 2014

pseudomonas sp. 5.5 55 5h   50 g/L Inulin 2-7 Kim et al., 1997

Pseudomonas mucidolens 7.0 50 30h    - 2-5 Kim et al., 2006

Recombinant Bacillus subtilis 7.4 32 48h   20 g/L Inulin 3-5 Jiang et al., 2019

Recombinant S. cerevisiae 5 40°C 24 200 g/L chicory 3-6 Wang et al., 2016a

Recombinant E. coli 4.6 55 24   15 g/L Inulin 3-7 Wang et al., 2016b

Recombinant E. coli 5 55 24   50 g/L Inulin 3-4 Chen et al., 2012

Aspergillus ficuum 5 45 72   50 g/L Inulin 2-8 Jin et al., 2005

Chrysosporium pannorum 6-7 50 24   30 g/L Inulin 3-5 Xio et al., 1989

Xanthomonas sp. 7 37 22    5 g/L Chicory powder - Park and Yun, 2001

Pseudomonas Sp. 6.5 42 22    5 g/L Chicory powder - Park and Yun, 2001

Xanthomonas campestris 6.0 50 2    5 g/L Inulin 3-5 Naidoo et al., 2015
pv. phaseoli KM 24

Bacillus safensis AS-08 5.5 50 15min  20 g/L Inulin - Singh et al., 2013

Aspergillus niger 6.0 60 8h 400 g/L Inulin 3-6 Xu et al., 2016

Commercial enzyme 5.0 55 24  50 gm/L Inulin 2-6 Yun et al., 1997b
(Novozyme 230)
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Bifidobacterium conducted by (Palframan et al., (2003) showed
that FOSs are preferred carbohydrates as it allow maximum growth
and metabolic activities of this beneficial flora in human intestine. The
prebiotics such as inulin, FOSs, sorbitol, and arabinan were found to
stimulate the growth of Bifidobacterium pseudocatenulatum G4.
The fractional factorial and central composite design was found to
be very effective tool for optimization of medium for growth of
Bifidus. Even isomalto-oligosaccharides were found to stimulate
the growth of Lactobacilli as major intestinal microflora of rats.

3.2 Potential artificial sweetener for diabetics

Diabetes is one of the major lifestyle associated disorders which
and involves malfunctioning of the endocrine system. Diabetes can
lead to cardiovascular diseases, renal failure, blindness and even
premature death. Apart from many health benefits, FOSs also has
artificial sweetness and low caloric as value they are rarely
hydrolysed by digestive enzymes. Artificial sweeteners are
constantly in demand as person suffering from diabetes and health
conscious consumers are major user. Initially this demand was
satisfied by aspartame or natural sweeteners palatinose. The
popularity of these molecules among common users is major reason
for poor exploitation of as artificial sweetener. (Mussatto et al.,
2009). Although, all oligosaccharides are exhibiting prebiotic
properties but FOSs has gained much attention as artificial sweeteners
because they provide sweet taste to the consumer and do not increase
the blood glucose level because their unique biological properties
that they are remain unutilized in digestive tract. Therefore, they
find important place in the food of diabetics and used as artificial
sweeteners with functional properties apart from sweetness similar
to that of natural sweeteners. Mabel et al., (2008) were able to
synthesize mono-to pentasaccharides by Aspergillus oryzae with
the possibility of its application as a food ingredient as no toxic
microbial metabolites are formed in the process.  The diabetic rats
were fed on FOSs in order to see its use as an alternative non-
nutrient sweetener without any deleterious effects. FOSs did not
increase the sugar level in diabetic animals and were also found to
decrease the loss of blood protein (Mabel et al., 2008).

3.3 Other health benefits

The other important physiological roles of FOSs in human beings
include the control of osteoporosis and reduction in the levels of
serum cholesterol, phospholipids, and triglycerides. Slevin et al.,
(2014) reported that the supplementation of these oligosaccharides
along with calcium to post menopausal women shown to improve
bone mineral density which help in control of osteoporosis. Pierre
et al., (1997) have found that supplementation of FOSs may help in
protection of colorectal cancer. The protective action of FOSs in
the colon might be due to the activity of a short chain fatty acid
(butyrate) which has been produced by FOSs in the colon. This
butyrate also play role in prevention of tumor growth, cell
differentiation and up-regulation of apoptosis. The feeding FOS
reported to reduce the development of intestine tumor (Pierre et al.,
1997). The anti-cancer effect of FOSs is also due to the immuno-
modulation in Peyer’s patches (Roller et al., 2004). The
supplementation of Lactobacillus acidophilus ATCC 4962 along
with the prebiotics was evidently found the remove cholesterol
(Liong and Shah, 2005). The first-order, second-order polynomial
regression and quadratic models were applied to determine the best
combination out of six prebiotics including FOSs in effective removal

of cholesterol. The inulo, galacto and fructooligosaccharides were
found to be very suitable for growth of Bifidobacterium and
Lactobacilli  (Macfarlane et al., 2008). Their health benefits include
anti-cancer properties, calcium and other mineral absorption, lipid
metabolism, anti-inflammatory and immune-modulatory effects.

The antioxidant properties of soy protein isolates and FOSs under
different testing conditions were studied and glycation and cross-
linking of protein was estimated (Mesa et al., 2008). The LDL
oxidation and oxygen radical absorbance capacity assays was
conducted. It was reported that peptides derived from soy protein
scavenged peroxyl radicals and did not protect LDL against copper
oxidation. The neoantioxidants formed by thermal degradation of
FOSs prevent the LDL oxidation and scavenged peroxylalkyl
radicals. Treatment of various infectious diseases or prevention of
infection with antibiotics especially penicillin, cephalosporin, and
clindamycin are found to be associated with acute diarrhea due to
dislodge of normal protective intestinal microflora (Fekety and
Shah, 1993). It was observed that the patients taking FOSs were
less likely to develop diarrhea during antibiotic treatment. While
determining the efficacy of The FOSs-Lactobacillus sporogenes
preparation was found to be very effective in prevention of diarrhea
due to antibiotics treatment in children (La Rosa et al., 2003). This
fact leads to addition of FOSs in many of commercial products to
enhance and promote the therapeutic benefits of the probiotic
organisms. The application of FOSs also changes the gut microflora
of infants and alters the large bowel function.

4.  Conclusion

Oligosaccharides produced from various inexpensive and abundantly
available sources have been considered as a boon due to health
benefits they encompass. These oligosaccharides have considered
in the health market as nutraceuticals due to the variety of health
benefits cthey possessed. The microbial production of enzymes
which catalyze the oligosaccharides formation are now targeted by
the researchers for their optimum production and novel micro-
organisms producing potential endoinulinase enzymes are being
explored for their capabilities in IOSs production. The scale-up of
process from laboratory to production scale is always problematic
and challenging. More scale-up studies should be conducted for the
development of economically viable bioprocess for production of
IOSs at industrial level. The bioprocess improvement should be
inculcated using cheaper agro-industrial wastes as substrates for
oligosaccharide production. To develop a commercially feasible
bioprocess for cost effective production of IOSs, a genetically stable
exoinulinase and invertase free endoinulinase hyperproducer is a
prerequisite. Moreover, the ability of microorganism to utilize agro-
industrial waste and inexpensive protocol for purification of
produced oligosaccharides will further strengthen the bioprocess.
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