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This critical review article presents the current state of knowledge on isomalto-oligosaccharides, some well known functional
oligosaccharides in Asia, to evaluate their potential as emergent prebiotics in the American and European functional food
market. It includes first a unique inventory of the different families of compounds which have been considered as IMOs and
their specific structure. A description has been given of the different production methods including the involved enzymes
and their specific activities, the substrates, and the types of IMOs produced. Considering the structural complexity of IMO
products, specific characterization methods are described, as well as purification methods which enable the body to get rid of
digestible oligosaccharides. Finally, an extensive review of their techno-functional and nutritional properties enables placing
IMOs inside the growing prebiotic market. This review is of particular interest considering that IMO commercialization in
America and Europe is a topical subject due to the recent submission by Bioneutra Inc. (Canada) of a novel food file to the
UK Food Standards Agency, as well as several patents for IMO production.

Keywords

INTRODUCTION

In the last three decades the functional food market has been
deeply ingrained in Asia and is a fast growing segment of the
food industry in the United States and Europe (Tomomatsu,
1994; Hasler, 1996, 2000; Milner, 2000; Arai, 2002; Roberfroid,
2002). Regulation of the microbial ecology of the colon through
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the use of probiotics and prebiotics, has for decades gained
special interest in the scientific consortium as well as among
consumers (Fooks et al., 1999; Kolida et al., 2000; Rastall and
Maitin, 2002; Lucas, 2002; Saarela et al. 2002; Manning and
Gibson, 2004; Fedorak and Madsen, 2004; Rastall et al., 2005;
Douglas and Sanders, 2008; Vasiljevic and Shah, 2008). How-
ever, in recent years, prebiotics tend to supersede probiotics
due to various advantages such as resistance to digestive bar-
rier, being cheaper, carrying less risks, providing new techno-
functionalities, and being easier to incorporate into the diet
(Roberfroid, 2002; Tuohy et al., 2005; Ouwehand et al., 2005;
Manning and Gibson, 2004; Macfarlane et al., 2006). Prebiotics
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are nondigestible dietary components that pass through the di-
gestive tract to the colon and selectively stimulate proliferation
and/or activity of desired populations of bacteria indigenous
to the human or animal colon in situ (Gibson and Roberfroid,
1995; Loo et al., 1999; Roberfroid, 2008; Wang, 2009). Among
these, nondigestible oligosaccharides have received the most at-
tention (Gibson and Roberfroid, 1995; Grizard and Barthomeuf,
1999; Roberfroid and Slavin, 2000; Delzenne, 2003; Rastall and
Hotchkiss, 2003; Swennen et al., 2006; Mussatto and Mancilha,
2007). Research on the production of oligosaccharides for foods
was started between 1970-1975 in Japan and several oligosac-
charides were produced on an industrial scale from the early
1980s to the late 1990s (Nakakuki, 2003).

Among these functional oligosaccharides preparations,
isomalto-oligosaccharides (IMOs) have over the years been the
most developed in Asian countries, thanks to their many fa-
vorable properties for application in the food industry. IMOs
are low-digestibility glucosyl “ALOs” (Anomalously Linked
Oligosaccharides) (Takaku, 1958; Yatake, 1993) considered
as prebiotics and anticariogenic agents (Hamada and Torii,
1980; Ooshima et al., 1988; Koga et al., 1988; Kohmoto et
al., 1988; 1991; Kanno, 1990; Yatake, 1993; Kaneko et al.,
1994 and 1995b; Rycroft et al., 2001; Gu et al., 2003; Zhang
et al., 2003; Thitaram et al., 2005). Recent data obtained on
human subjects support the involvement of dietary oligosac-
charides in physiological processes in the different intesti-
nal cell types and also outside the gastrointestinal tract (e.g.,
hormone production, lipid and carbohydrate metabolism im-
mune response, etc.). (Delzenne and Williams, 2002). The
composition (linkage types and DP) of prebiotic mixtures
is the key factor for their efficiency throughout the struc-
ture/function relationship as well as the possible partial di-
gestion by indigenous enzymes that can occur before reach-
ing the colon (Sanz et al., 2005). IMOs are also known for
their potential to activate the immune system, thereby enhanc-
ing the resistance to diseases and improving lipid metabolism
as well as the functions of the liver and the kidneys (Wang
et al., 2001; Mizubuchi et al., 2005; Li et al., 2009).

IMOs are found naturally in various fermented foods such
as miso, sake, or soy sauce but also in honey (Playne and
Crittenden, 2004). Commercial IMOs are produced enzymat-
ically and are the market leader in the dietary carbohy-
drate sector of functional foods in Japan (Mountzouris et al.,
2002). They are generally obtained industrially from starch
hydrolysates (maltose and maltodextrins) through the action
of the a-transglucosidase (EC 2.4.1.24) from Aspergillus sp.
(Roper and Koch, 1988). An alternative method for producing
isomalto-oligosaccharides is using an a-amylase (EC 3.2.1.3)
and an «-glucosidase (EC 3.2.1.20), combined with a pullu-
lanase (EC 3.2.1.41) (Yasuda et al., 1986). Branched IMOs or
gluco-oligosaccharides (GOSs) can also be produced from su-
crose by an acceptor-reaction catalyzed with dextransucrase (EC
2.4.1.5) (Paul et al., 1992; Remaud-Simeon et al., 1994). Due
to the substrate nature and the transglucosylation reaction, IMO
syrups often present a significant amount of low DP, i.e., delete-

rious digestible oligosaccharides and monosaccharides. Various
methods of purification have been applied such as yeast fermen-
tation (Pan and Lee, 2005), membrane separation process, and
chromatography (Demuth et al., 2002).

As reported in a previous article (Goffin et al., 2009), High
Performance Anion Exchange Chromatography (HPAEC) ap-
pears to be the only chromatographic method able to resolve
complex IMO mixtures composed of structurally close isomers.
However, graphitized carbon stationary phases also display in-
teresting chromatographic stereo-selective properties compati-
ble with the separation of geometric isomers and other closely
related compounds (Goffin et al., unpublished data).

This article aims at providing evidence about the potential
place of IMOs, well known functional oligosaccharides in Asia,
as emergent prebiotics in the American and European functional
food market. For that purpose, a detailed review of the current
state of knowledge on isomalto-oligosaccharides was carried
out including the description of different types of IMOs, their
enzymatic routes, their methods of characterization and purifi-
cation, as well as their specific properties. This review is of
particular interest considering that IMO commercialization in
America and Europe is a topical subject due to the recent sub-
mission by Bioneutra INC. (Canada) of a novel food file to the
UK Food Standards Agency as well as several patents for IMO
production (Mu et al., 2005a; 2005b). The Frost and Sullivan In-
stitute evaluated a European market for prebiotics used in foods
and beverages costing €295.5 million in 2008, and represent-
ing nearly 92,000 tons and predicted that by 2015, this figure
will increase to €767m, or 205,000 tons—a compound annual
growth rate of 14%.

DEFINITION AND STRUCTURE OF
ISOMALTO-OLIGOSACCHARIDES

Although in a strict sense, IMO means glucosyl saccharides
with only «-(1—6) linkages, commercial IMO syrup is
generally accepted as a mixture of glucosyl saccharides with
both «-(1—6) linkages and «-(1—4) linkages (Yun et al.,
1994a). Moreover, this definition has been extended in these
past years to glucooligosaccharides linked by «-(1— 6) linkage
and/or in a lower proportion «-(1—3) (nigerooligosaccha-
rides) or a-(1—2) (kojioligosaccharides) glucosidic linkages
found in commercial IMO syrup but also produced through
other enzymatic routes (Konishi and Shindo, 1997; Chaen et
al., 2001; Kobayashi et al., 2003; Yamamoto et al., 2004).
Moreover, branched IMOs produced with dextransucrase,
known as glucooligosaccharides (GOSs) (Paul et al., 1992;
Remaud-Simeon et al., 1994), oligodextran produced by
controlled-hydrolysis of dextran (Mountzouris et al., 2002),
and non-reducing IMO-alditols produced via dextransucrase-
catalyzed glucosylation of alditols such as glucitol, mannitol,
maltitol, or Isomalt® (Demuth et al., 2002) are also considered
as IMOs. Indeed, all these compounds are considered as
“ALOs” (Anomalously Linked Oligosaccharides) and therefore



Downloaded by [Auburn University] at 02:36 23 July 2013

396

present low digestibility by endogenous enzymes as well as
providing beneficial effects to the host (Tsunehiro et al., 1999;
Murosaki et al., 1999 and 2002; Yamashita et al., 2001; Chung,
2002; Yoshitaka et al., 2004; Sanz et al., 2005). Isomaltulose
or palatinose (a-D-Glcp-(1—6)-a-D-Fruf) has also been
described as an IMO (Moynihan, 1998). Finally, cyclic IMOs
have been enzymatically produced (Oguma et al., 1994;
Nishimoto et al., 2002; Mukai et al., 2005). The proportion
of different linkage types depends on the substrate and the
origin of the transglucosidase which specifies its tendency to
form specific linkages (Pazur and French, 1951; McCleary and
Gibson, 1989; Yun et al., 1994b; Wang and Rakshit, 2000; Kato
et al., 2002; Kuriki et al., 1992; Nakakuki, 2005). Thus, IMO
structure is characterized at the same time by their DP value
(from 2 to ~10), linkages types (a-1-2, 3, 4, or 6), and the
proportion and position of each type of linkage (only a-(1-6) or
combined types). The most abundant IMOs are isomaltose/o-
D-Glcp-(1—-6)-a-D-Glcp,  panose/a-D-Glcp-(1—6)-a-D-
Glcp-(1—-4)-D-Glcp, isomaltotriose/o-D-Glc p-(1—6)-a-D-
Glcp-(1—6)-D-Glep,  kojibiose/a-D-Gle p-(1—2)-D-Glcp,
nigerose/a-D-Glc p-(1—3)-D-Glcp, Glc-maltotriose/a-D-
Glcp-(1—6)-(a-D-Glc p-(1—4)),-D-Glcp, Glc-panose/a-D-
Glcp-(1—6)-a-D-Glc p-(1— 6)-a-D-Glc p-(1—4)-D-Glcp,

and isomaltotetraose/a-D-Glc p-(1—6)-(a-D-Glc p-(1—6)),-
D-Glcp. Recently, Goffin and co-workers (2009) developed
structural determination methods for unknown IMOs using
1D and 2D NMR special spectral feature and MS? specific
fragments after GCC-LC-MS (Goffin et al., under revision).

ENZYMATIC ROUTES FOR
ISOMALTO-OLIGOSACCHARIDES PRODUCTION

Commercial IMOs are enzymatically produced, as extraction
from natural sources is not economic (Chung, 2002). Regio- and
stereo-specificity of enzymatic synthesis is the key advantage
for the production of oligosaccharides as a complementary tool
to the chemical approach (Crout and Vic, 1998; Monsan and
Paul, 1995). Approaches available to-date are based on two ma-
jor classes of enzymes: glycosyl-transferases and glycosidases
(Plou et al., 2007). Glycosyl-transferases or transglucosidases
(EC 2.4.1.) were first described by Doudoroff and co-workers
in 1947. This specific general class comprises of several sub-
classes of interest for “ALO” mixture production such as: 1,4-
a-glucan 6-a-glucosyltransferase (EC 2.4.1.24), dextransucrase
(EC 2.4.1.5), dextrin dextranase (EC 2.4.1.2), mutansucrase
(EC2.4.1.5.), or alternansucrase (EC 2.4.1.140). These enzymes
can use simple carbohydrates of agricultural origin as glycosyl
donors (Monsan and Paul, 1995). Glycosidases are hydrolytic
enzymes which can catalyze either reverse hydrolysis (thermo-
dynamic control) or transglycosylation (kinetically-controlled
process) synthesis reactions to a certain extent (Perugino et al.,
2004).

Various endo- or exo-enzymes, wild or genetically modified
and produced by different bacteria or mold are able to produce
the IMOs from various substrates at a different rate and differ-

D. GOFFIN ET AL.

ent yield. Their activity and origin determine their specificity
and therefore the degree of polymerization, linkage types, and
linkage sequence of the IMOs produced (See Table 1).

Transferases

Transferase enzymes catalyze group-transfer reactions even
in dilute reaction conditions. Transferase producing IMOs are
non-Leloir enzymes that require neither co-factors nor activated
substrates, as they directly employ the free energy of starch,
dextran, or sucrose osidic bond cleavage which is stored in
the covalent glycosyl-enzyme intermediate (Plou et al., 2002).
Besides such intermolecular transfer, the donor molecule can
also play the role of acceptor to yield an intramolecular transfer
reaction producing cyclic IMOs (Oguma et al., 1994; Nishimoto
et al., 2002; Plou et al., 2002; Mukai et al., 2005).

In the classical production method, which is the cheapest
and the most used industrially, starch is first liquefied with a
thermostable bacterial «-amylase derived from Bacillus licheni-
formis or Bacillus stearothermophilus (EC 3.2.1.1.), then mal-
togenic enzymes such as fungal o-amylase, S-amylase (EC
3.2.1.2.), and optionally-debranching enzymes such as pullu-
lanase (EC 3.2.1.41) are used to obtain high maltose solution
with residual low DP maltodextrins. IMOs are then produced
through the action of a fungal a-transglucosidase (EC 2.4.1.24)
from Aspergillus sp. (Roper and Koch, 1988; Lee and Chen,
1997). This enzyme catalyzes both hydrolytic and transfer reac-
tions on incubation with «-D-gluco-oligosaccharides. Transglu-
cosylation can occur even at quite low substrate concentrations
(McCleary and Gibson, 1989). The non-reducing D-glucosyl
residue of maltose may be transferred to water (hydrolysis), to
D-glucosyl residues released by hydrolysis, or to the nonreduc-
ing residue of maltose or every a-glucooligosaccharide present
in the solution. The transfer occurs most frequently to the 6-OH
group of the non-reducing glucose unit, producing isomaltose
from D-glucose, or panose from maltose. The enzyme can also
transfer to the 2-OH or 3-OH group to form kojibiose or nigerose
from glucose, or scarcely back to 4-OH to reform maltose. Mal-
tose and maltodextrins can actually act as both glucosyl donor
and acceptor in the reaction. The transglucosidase from As-
pergillus niger acts only on oligosaccharides with a low degree
of polymerization (DP) (Barker and Carrington, 1953; Pazur et
al., 1978; Benson et al., 1982; McCleary and Gibson, 1989). The
Hayashibara Corporation in Japan developed this transglucosy-
lation reaction to an industrial process (Yoneyama et al., 1992).

Various transferases from different origins have been iden-
tified as branched IMOs producing enzymes using saccharose
as substrate, as glucopyranosyl-fructofuranosyl linkage is a rel-
atively high-energy bond (Co6té and Tao, 1990):dextransucrase
(EC 2.4.1.5), mutansucrase (EC 2.4.1.5) and alternansucrase
(EC 2.4.1.140). These enzymes exhibit specific activities and
are presented in Table 1.

Glucosyltransferase (EC 2.4.1.5) polymerizes the glucosyl
moiety of sucrose to form dextran, an «-(1—6) linked glu-
can with optionally «-(1—2), a-(1—3), or o-(1—4) branch
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Enzyme(s) trivial Linkages
Glycosides formed name and EC No. Source Glycosyl donor(s) formed Branching References
Transferases

IMOs Glucosyltransferase,  Aspergillus ssp. a-D-gluco- (1—0), / Duan et al., 1995
24.1.24 oligosaccharides (1-2),(1-3)

GOS dextransucrase, Leuconostoc, saccharose (and) (1—06), (1-2) *
24.1.5 Streptococcus spp. co-substrates (1-2),(1—3)

Alternan-oligosaccharides alternansucrase, Leuconostoc saccharose a-(1—3) (1—-3) Coté and Robyt, 1982;
2.4.1.140 mesenteroides alterning with Coté et al., 2003

a-(1—06) Argiiello-Morales
et al., 2000
Mutan-oligosaccharides mutansucrase, 2.4.1.5  Streptococcus spp. saccharose a-(1—3) (1—-6)  Mooser, 1992; Binder
et al., 1983
Cyclo-transferases

Cyclic IMOs, linear IMOs CycloIMO Bacillus spp., dextran, (1—6) / Oguma et al., 1994
glucanotransferase isomaltodextrins

Cyclic maltosyl-(1—6)-maltose CycloIMO Arthrobacter starch (1—06), (1—-4) / Mukai et al., 2005
glucanotransferase globiformis

Cyclic tetrasaccharide glucosyl- and Bacillus globisporus  « -(1—4) glucan (1—6), (1—3) / Nishimoto et al., 2002
glucano-transferase

Glycosidases

IMOs a-glucosidase, fungi, bacteria, plants  «-glucosides, free various / ok
3.2.1.20 D-Glc

Oligodextrans glucodextranase, Arthrobacter dextran, (1—06) (1—2) Kitahata et al., 1981
3.2.1.70 globiformis isomaltodextrins

Oligodextrans Isomaltodextranase, Arthrobacter dextran, (1—06) (1—2)  Sawai and Niwa,1975
3.2.1.94 globiformis isomaltodextrins

Oligodextrans endodextranase, Penicillium lilacinum  dextran (1—06) (1—-2)  Mountzouris et al.,
32.1.11 2002

Oligodextrans Neopullulanase, modified Bacillus pullulan (1—6) / Takata et al., 1992
3.2.1.135 stearother-

mophillus

*Monsan, 2001; Kitaoka and Robyt, 1999; Lee and Chen, 1997; Seo et al., 2007; Robyt and Eckland, 1983; Demuth et al., 2002; Smiley et al., 1982; Dols-Lafargue,

1998.

**Faijes and Planas, 2007; Kato, 2002; Yamamoto et al., 2004; Duan et al., 1994;1995; Pazur et al.,1977; Vetere et al., 2000; Yamasaki et al., 1973; Kobayashi,
2003; Kita et al., 1991; Benson et al., 1982; Pazur and French, 1951; Pazur et al., 1978; Chiba, 1973;1988; Fernadez-Arrojo et al., 2007; Yamasaki, 1976.

linkages depending on the producing enzyme (Jeanes et al.,
1954). When, in addition to sucrose, other carbohydrates such
as glucose (Smiley et al., 1982; Tanriseven and Dogan, 2002),
maltose (Killey et al., 1955; Dols et al., 1998; Kitaoka and
Robyt, 1999), and isomaltose (Walker, 1973; 1977), etc., are
present, some of the glucosyl groups are transferred to the car-
bohydrates through an “acceptor reaction” diverting the dextran
formation to yield acceptor products (Koepsell et al., 1953;
Robyt and Walseth,1978; Robyt and Eckland, 1983; Paul et al.,
1986; Demuth et al., 2002; Plou et al., 2002). The saccharose
concentration is also an important factor for the yield of the
reaction (Seo et al., 2007). Details on the mechanism of glu-
cansucrase action are presented in a review by Monchois and
co-workers (1999) and by Remaud-Simeon (2000).

The dextransucrase from Leuconostoc mesenteroides NRRL
B-512F synthesizes a dextran containing 95% «-(1—6) and 5%
a-(1—3) osidic bonds, while the L. mesenteroides B-1299 dex-
tran contains 65% a-(1—6), 30% «o-(1—2) and 5% a-(1—3)-
branching linkages (Paul et al., 1992; Remaud et al., 1994; Dols
et al. 1998; 2001). The obtained GOS usually presents a DP
from 2 to 7. GOS rich in «-(1—2) linkages are of particular

interest for their very low digestibility and are now produced
on an industrial scale (40 metric tons/year) for their dermocos-
metic and nutritional (animal and human) applications (Plou et
al., 2002).

Moreover, Goulas and co-workers (2004a; 2004b) proposed
a step-forward method for IMO and oligodextrans production
by combining the synthesizing activity of dextransucrase and
the hydrolytic activity of dextranase. This method was further
improved and simplified through the use of a fusion enzyme
constructed with both the enzymes and producing only linear
IMOs (Kim et al., 2009).

Glycosidases

a-Glucosidases (EC 3.2.1.20, a-D-glucoside glucohydro-
lase) catalyze liberation of glucose from non-reducing ends of
a-glucosides, «-linked oligosaccharides, and «-glucans. They
show diverse substrate specificities (Chiba, 1988; Frandsen and
Svensson, 1998). Theoretically «-glucosidases are capable of
catalyzing transglycosylation, since they are retaining glycosyl
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hydrolase (GH) (Chiba, 1997), and some «-glucosidases indeed
exhibit clear transglycosylation activity (Kato et al., 2002; Faijes
and Planas, 2007). This activity can be expressed by either the
direct coupling of glycosyl moieties by simple reversion of the
hydrolysis reaction, or the transfer of a glycosyl residue from an
activated donor onto an acceptor. In the first case, shifting such
reaction equilibrium from hydrolysis towards synthesis can be
obtained using specific conditions such as increased reactant
concentration, decreased water activity, or the removal of the
reaction product by precipitation, extraction, or transformation
into another product (Monsan and Paul, 1995; Watt et al., 1997).
In the second case, a covalent enzymes-substrate intermediate is
very often observed leading to the transfer of a glycosyl moiety
from a glycoside derivative onto an acceptor molecule contain-
ing a hydroxyl group.

Various types of a-glucosidases from mammals, insects,
plants, fungi, and bacteria have been purified and investigated
(Yamamoto et al., 2004) and present wide substrate specificities.
For example, Aspergillus niger (Yamasaki et al., 1973; Pazur
et al., 1977, Pazur et al., 1978; Benson et al., 1982; Kita et al.,
1991; Duan et al., 1995; Vetere et al., 2000; Kobayashi et al.,
2003), Aspergillus oryzae (Pazur et al., 1951), Aspergillus nidu-
lans (Kato et al., 2002), and Saccharomyces logos (Chiba et al.,
1973), and «-glucosidases preferentially catalyze the formation
of a-(1—6) glucosidic linkages in addition to hydrolysis, result-
ing in the production of isomaltose, panose, and tetrasaccharides
with «-1,6 linkages from maltose. Aspergillus carbonarious
a-glucosidase catalyzes o-(1—6) linkage formation but also
exhibits an «-(1—4) specificity (Duan et al., 1994). Buckwheat
«-glucosidase produces kojibiose, nigerose, maltose, and iso-
maltose from soluble starch (Chiba, 1988), while ¢-glucosidases
from Bacillus stearothermophilus and brewer’s yeast produce
oligosaccharides consisting of «-(1—3), «a-(1—4), and
a-(1—6) linkages (Mala et al., 1999). Paecilomyces lilacinus
«-glucosidase form nigerosyl- and kojibiosyl-oligosaccharides
from maltose (Kobayashi et al., 2003). Xantophyllomyces
dendrorhous synthesizes oligosaccharides with «-(1—2),
a-(1—4), and «a-(1—6) bonds and presented no hydrolytic
activity towards «-(1—6) bonds (Fernadez-Arrojo et al., 2007).
Mucor javanicus «-glucosidase also transfers o-glucosyl
residue from maltose to the hydroxyl groups of riboflavin,
pyridoxine, esculin, and rutin to synthesize the respective
a-glucosides (Yamasaki et al., 1973). Moreover, Acremonium
implicatum specifically secretes an «-glucosidase having the
high ability to synthesize «-(1,3)-glucosidic linkage producing
nigerosyl-oligosaccharides from maltooligosaccharides and
soluble starch (Konishi and Shindo, 1997; Yamamoto et al.,
2004). The transglycosylation activity of the «-glucosidases has
been applied in industries together with a-amylase (EC 3.2.1.3)
and pullulanase (EC 3.2.1.41) (Yasuda et al., 1986) to produce
IMOs but also to conjugate sugars to biologically useful
materials, aiming to improve their chemical properties and
physiological functions (Yamamoto et al., 1990; Murase et al.,
1997). A process with immobilized Aureobasidium pullulans
cells has also been described (Yun et al., 1994a; 1994b).
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IMOs can also be obtained from transglucosylation reactions
using a neopullulanase (EC 3.2.1.135) from Bacillus stearother-
mophillus, which has been modified by site-directed mutage-
nesis (Kuriki et al., 1993a; 1993b; 2005). This enzyme has
a hydrolyzing activity toward pullulan and proved to have a
transglucosylation activity on hydrolyzed starch when it acts on
high concentration of the substrate (Takata et al., 1992). The
yield of IMOs was increased to more than 60.0%, compared
to 45.0% obtained with the conventional system. The transgly-
cosylation reaction of neopullulanase also produces branched
IMOs (Kuriki et al., 1993b).

Finally, oligodextrans can be generated via controlled en-
zymatic depolymerization of dextran (Khalikova et al., 2005)
using an endodextranase (EC 3.2.1.11) from Penicillium lilac-
inum (Mountzouris et al. 1999; 2002), a glucodextranase (EC
3.2.1.70) from Arthrobacter globiformis (Kitahata et al., 1981),
or an isomalto-dextranase (EC 3.2.1.94) from Arthrobacter
globiformis (Sawai and Niwa, 1975). Oligodextrans have con-
siderably larger DP (Mountzouris et al., 1999) and, hence, would
be less digestible than the commercially available IMOs.

Besides the enzymatic route, chemical synthesis of isomal-
tose and other «-glucopyranosides has been described by Berry
and Dutton (1974). More recently, a stereoselective one-pot
synthesis of IMOs was described by Pastuch and co-workers
(2003).

PURIFICATION METHODS

There are some disadvantages in enzymatic production
methods. Some of these processes are multi-step requiring
gelatination, liquefaction, saccharification, and purification
or hydrolysis of polysaccharides leading to the production of
undesirable mono-, and/or oligosaccharides in the final product
(Yoo, 1997). These digestible by-products can significantly
reduce the health benefits and commercial value of the product.
Membrane separation process is a purification method which
removes mono- and disaccharides from the product and keeps
the other oligosaccharides with higher DP (Goulas et al., 2003;
Grandison et al., 2002; Charcosset, 2006). However, this pro-
cess needs expensive equipment, has low efficiency, and leads
to a loss of disaccharides active compounds. Another method is
the adsorption-separation process which involves the removal
of mono- and di-saccharides by ion exchange chromatography
or monosaccharides by activated carbon column (Nakanishi et
al., 1983). In particular, isomaltose can be separated from the
IMO mixture using zeolite or desaluminated B-zeolite (Berens-
meier and Buccholz, 2004; Holtkamp et al., 2008). However,
the column capacity is low and therefore multiple recycle
adsorption processes are needed. Moreover, the less expensive
and the most used purification method consist of a selective
fermentation of the undesired sugars. Crittenden and Playne
(2002) used immobilized cells of Zymomonas mobilis to remove
glucose, fructose, and sucrose from the unpurified IMO mixture
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while Pan and Lee (2005) used Saccharomyces cerevisae to
remove glucose and Saccharomyces carlbergensis to remove
glucose, maltose, and maltotriose from IMO mixtures produced
either from rice crumbs or tapioca flour. Previously, a branched
oligosaccharides mixture was prepared from liquefied corn
starch using Bacillus licheniformis maltogenic amylase and was
purified using Saccharomyces cerevisae to remove glucose and
maltose (Yoo et al., 1995). Furthermore, a Canadian patent (Mu
et al., 2005a) from Bioneutra Inc., describes a method involving
mixing the IMO syrup with yeast and carbamide as nitrogen
source and culturing for 20-30 hours in order to eliminate
monosaccharides. In 2003, Yoon and co-workers studied the
specificity of Saccharomyces cerevisiae yeast on the removal of
carbohydrates by fermentation. They found that D-glucose and
D-fructose were completely removed, disaccharides maltose
and sucrose were completely removed while isomaltose was
partially removed, trisaccharides maltotriose was partially
removed, and isomaltotriose was completely resistant, and so
also the tetrasaccharides maltotetraose and isomaltotetraose.

Finally, a patent application was recently submitted by Gof-
fin et al. (2008), presenting an original method which consisted
of the enzymatic conversion of the deleterious glucose to glu-
conic acid which has been recognized as a prebiotic (Tsukahara
et al., 2002). New prebiotic products can thus be produced with
the synergistic action of IMO and gluconic acid. Furthermore,
this uncharged glucose conversion to gluconic acid considerably
facilitates its removal using anion-exchange resins. These new
methods permitted the detection of new unknown IMOs which
have not been described previously (Goffin et al., 2010).

ANALYSIS METHODS FOR
ISOMALTO-OLIGOSACCHARIDES

Until recently, there was no original paper in the literature
presenting a method able to fully separate the numerous homo-
logues present in enzymatically produced IMO syrups. How-
ever, some references exist on the analysis of individual IMOs
such as panose and isomaltose in different matrix such as serum,
plasma, sake, honey, etc. (Wolfrom and Schwab, 1969; Vitek and
Vitek, 1973; Mirmira et al., 1993; Perlné et al., 2000; Hayakawa
et al., 2000; Cai et al., 2005; Guddat et al., 2005;), structurally
close molecules or separate IMO families (one type of linkage
at a time, (Schmidt and Enevoldsen, 1978; Robyt and Mukerjea,
1994)) and present a different degree of relevancy. Moreover,
numerous articles relate production methods and include ana-
lytical methods to estimate the efficiency of transglucosylation
(Kuriki et al., 1993b; Oguma et al., 1994; Tanriseven and Dogan,
2002; Kubik et al., 2004; Goulas et al., 2004a; 2004b) but the
methods presented such as isocratic liquid chromatography with
refractive index detection are unable to separate homologues.

The literature dedicated to IMO characterization is very lim-
ited. Robyt and Mukerjea (1994) presented an effective method
using Thin Layer Chromatography (TLC) separation method for
isomalto- and malto- oligosaccharides which could give quan-

titative results when using a densitometer in the reflective mode
but eventually proved to be very plodding.

A Genencor patent (Li et al., 2004) described a chromato-
graphic method using two different columns (Rezex RHM
monosaccharide and Shodex Rspak oligosaccharides DC-613).
The first enables the separation of oligosaccharides by their
DP value while the second the separation of isomers. However,
this method does not allow the full separation of IMO mix-
tures. Chromatography on the aminopropyl-silicagel column
(LiChroSpher 100 NH2) or the strong cation exchanger col-
umn in silver form (Aminex HPX 65 A) (Paskach et al., 1991;
Demuth et al., 2002) as well as C18 columns (Dols-Lafargue
et al.,, 2001) suffered from the same loophole. Schmidt and
Enevoldsen (1978) used gel filtration chromatography on
isomalto-, malto-oligosaccharides and their alditols. However,
this technique proved to be effective on the separate families but
not on the mixture of those found in IMO preparations. Sim-
ilarly, Koizumi et al. (1989) presented different HPAEC-PAD
methods for the separation of each separate glucooligosaccha-
ride family possessing a-(1-2,3,4,6) linkages respectively. Fur-
thermore, Vinogradov and Bock (1998) studied the structure
and the branching pattern of IMOs naturally present in beer.
They used various techniques such as reversed phase HPLC,
HPAEC-PAD, gel chromatography, and amino phase HPLC of
aminocoumarin derivatives with success while Ammeraal et al.
(1991) studied pullulan fragments by HPAEC-PAD. However,
IMOs naturally present in beer and pullulan oligosaccharides
present simplified profiles compared to enzymatically-produced
IMO preparations as they are produced after hydrolysis of starch
and pullulan respectively rather than through transglucosylation
reaction. More recently, a study proposed an improved method
using HPLC with a polymer-based amino column using the cal-
ibration curve of RI-detector response against a concentration
of standard IMO and maltooligosaccharides (Nakanishi et al.,
2006). However, it demands two analyses and only simple IMOs
with a limited degree of complexity are efficiently separated.

Finally, a step-forward method using HPAEC-PAD, a sys-
tem presenting the advantages of high sensitivity, simplicity,
organic solvent freedom, and one without any need for deriva-
tization (Paskach et al., 1991; Jahnel et al., 1998; Cataldi et al.,
2000) has thus been described and validated by Goffin et al.
(2009). This method is the only known one able to separate the
large majority of the structurally-close oligosaccharides found
in IMO preparations besides another method using graphitized
carbon micro-liquid chromatography described by the same au-
thors (Goffin et al., under revision). Indeed, graphitized carbon
columns have already proved their unique ability to resolve iso-
meric and closely related compounds and in particular, complex
oligosaccharide mixtures (Koizumi et al.,1991; Koizumi, 1996;
Fan et al., 1994; Karlsson et al., 2004; Ruhaak et al., 2009).

ISOMALTO-OLIGOSACCHARIDES PROPERTIES

IMOs have been found to be of interest in the fields of foods,
pharmaceuticals, and cosmetics due to their unique properties.
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The most significant property and the key to their success in
particular in Asian countries, is their prebiotic character, leading
to better global intestinal health, mineral absorption, cholesterol
regulation, immunity, as well as prevention and resistance to
various diseases.

Indigestibility of IMO and Dose-Dependency Activity

Indigestibility is a key parameter in the prebiotic mecha-
nism of oligosaccharides (Wong and Jenkins, 2007). Indeed,
prebiotics pass through the small to the large intestine where
they can be fermented by intestinal beneficial bacteria, act on
various metabolic parameters, and be absorbed (Buchholz and
Seibel, 2003). The indigestibility of prebiotics comes from the
specific configuration of their linkage and the substrate speci-
ficity of the digestive gastrointestinal enzymes (Roberfroid et al.,
1997; Conway, 2001). IMOs produced from hydrolyzed starch
do not conform strictly to the non-digestibility criterion of po-
tential prebiotics as they are partially digested by isomaltase in
the human jejunum while the residual oligosaccharides are fer-
mented by bacteria in the colon (Gibson et al., 2004). Kaneko
et al. (1992) first used digestive system models containing ar-
tificial gastric acid, rat intestinal mucosa, or human salivary
or hog pancreatic a-amylase. IMOs were not hydrolyzed by
the in vitro digestive system except in the model containing
rat intestinal mucosa. The same authors later confirmed these
previous findings using the in situ rat jejunum loop method,
demonstrating the slow and partial digestion of IMOs in the
jejunum (Kaneko et al., 1995a), components with a higher DP
being less digestible and hydrogenated IMO derivatives nearly
indigestible. This last assertion was confirmed by Tsunehiro
et al. (1999). The jejunum was chosen because it exhibits the
highest digestive enzyme activities (Grizard and Barthomeuf,
1999). As such, IMOs enters the colon in variable amounts.
However, the expiration rates of excess '*CO, and breath hy-
drogen in healthy humans while sedentary and while taking
physical exercise indicated that a proportion of '3C-labeled
IMOs remains available for fermentation by intestinal bacte-
ria (Kohmoto et al., 1992) as these gases cannot be produced by
human cells. Moreover, physical exercise enhanced the usage
efficiency of IMOs. Later, Oku and Nakamura (2003) compared
the digestibility of fructooligosaccharides, galactosyl-sucrose,
and IMOs using, again, breath hydrogen tests. IMOs appeared
to be relatively highly hydrolyzed by small intestinal enzymes
and high dosage was required to observe fermentation. Because
of this partial digestibility, composition and dosage in the diet are
primary parameters for the prebiotic potential of IMO prepara-
tions. Indeed, Kaneko and co-workers (1994) studied the effects
of a commercial IMO preparation as well as two of its fractions,
IMO2 and IMO3, obtained by preparative HPLC and contain-
ing mainly disaccharides (86.4%) and trisaccharides (89.9%),
respectively. A dose-dependent increase of human intestinal bi-
fidobacteria was observed within 12 days of administration and
for at least an intake of 10 and 5 g/day of IMO2 and IMO3, re-
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spectively. Previously, Kohmoto et al. (1988) observed an effect
on human fecal flora after a 2 weeks administration of 13.5 g/day
and concluded a minimum intake of 8 to 10 g/day (1991). In an
8-day double-blind, randomized, placebo-controlled, parallel-
group study, Bouhnik and co-workers (2004) found no bifido-
genic effect of IMO at a 10 g/day dose. However, the treatment
period is probably too short for this minimum dosage. Palframan
et al. (2002), in an anaerobic batch culture fermentation inocu-
lated with fresh fecal slurry also demonstrated a dose-dependent
and pH-dependent bifidogenic effect of IMO while Ushida and
Sakata (1998) found a pH-dependent bifidogenic effect on pig
caecum digesta in vitro. Moreover, oral LDsg was estimated to
be >44 g/kg and no adverse biochemical effects were noted
when rats were given 3% IMO (IMO-900P; Showa Sangyo Co.,
Ltd.) in drinking water corresponding to an intake of 5 g per
kg body weight per day. Mutagenicity tests on bacteria proved
negative (Kaneko et al. 1990).

On the other hand, branched IMOs (GOS) produced from
saccharose and maltose by Leuconostoc mesenteroide enzymes
were tested in vitro through substrate utilization tests with
several human gut bacteria (Djouzi et al., 1995; Wichienchot
et al.,, 2003) and in vivo in gnotobiotic rats inoculated with
human fecal flora (Djouzi and Andrieux, 1997). Branched
oligomers were resistant to both gastrointestinal enzymes and
utilization by pathogenic microorganisms. «-(1—2) bonds were
more resistant than «-(1—6) in pH-controlled fermentation ki-
netic studies. Previously, Valette et al. (1993) showed that GOSs
were only 20% digested by gnotobiotic rats, and Djouzi et al.
(1995) maintained that the main component of the GOS mix,
a pentasaccharide, is fully resistant to digestion. Flickinger et
al. (2000) confirmed this low digestibility in the small intes-
tine and the occurrence of bacterial fermentations in the large
intestine of ileal-cannulated dogs and furthermore the rapid pro-
duction of short-chain fatty acids in human fecal material. This
evidence is in agreement with previous findings demonstrat-
ing the importance of IMO structure on prebiotic potential. In
a more theoretical study, Sanz et al. (2005) brought into light
the influence for disaccharide of the linkage type on prebiotic
selectivity in vitro and found a decreasing prebiotic index for
a-gluco-disaccharides with a-(1—2), ¢-(1—6), a-(1—3), and
o-(1—4) bonds respectively.

Bifidogenic Effects

A number of in vitro and in vivo (animal and human) stud-
ies have suggested the bifidogenic properties of IMO. Kohmoto
et al. (1988) were the first to conduct an in vitro pure culture
study in which they tested isomaltose, isomaltotriose, panose,
and the commercial product Isomalto-900 (Hyashibara Co. Ltd,
Okayama, Japan). They found that Bifidobacterium adolescen-
tis, B. longum, B. breve, and B. infantis (not B. bifidum) me-
tabolized the test sugars at least as well as raffinose. IMOs
were also metabolized by Bacteroides, Enterococcus faecalis
and Clostridium ramnosum but not by a range of other enteric
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bacteria. Confronted by the multiplication of emerging prebiotic
oligosaccharides, Palframan and co-workers (2003) developed a
quantitative equation (prebiotic index, PI) to evaluate their pre-
biotic fermentation using in vitro methods. Their PI equation is
based on the changes as related to their starting levels in key bac-
terial groups during fermentation (bifidobacteria, lactobacilli,
clostridia, and bacteroides). The equation assumes that an in-
crease in the populations of bifidobacteria and/or lactobacilli is
a positive effect while an increase in bacteroides and clostridia
(histolyticum subgroup) are negative. They included previously
published prebiotic studies carried out by their research group
(Rycroft et al., 2001; Palframan et al., 2003). IMOs obtained
high PI values compared to other presumed prebiotics. Soon,
Vulevic and co-workers (2004) ameliorated the PI by including
more bacterial groups (positive bacteria eubacteria and negative
bacteria Escherichia coli, and sulphate-reducing bacteria) fer-
mentation end products, such as short-chain fatty acids (SCFA),
and substrate assimilation aiming to compare their fermentation
profiles on a quantifiable basis. IMOs again obtained a positive
PI. More recently, the fastest growth rate for B. longum was
observed with IMO supplementation (Vernazza et al., 2006).

In an animal in vivo experiment, IMO was administered to
groups of 10 BABL/c mice at dose levels up to 7.5 g/kg body
weight for a period of 7 days. Analysis of fecal samples revealed
increases in the levels of Bifidobacteria and Lactobacilli, and in-
hibition of Clostridium perfriengenes growth (Gu et al., 2003).
Moreover, in order to characterize the influence of prebiotics,
including IMOs, on gut microbial ecology in mice and the per-
sistence of the observed effects, Santos and co-workers (2006)
realized the first long-term study (6 months) in mice. This study
suggested that the benefits of a prebiotic-enriched diet disap-
peared quickly, so that a continuous prebiotic diet must be fol-
lowed to maintain the reported benefits. It is worth noting that
IMOs have been successfully used on broiler chickens (Zhang
et al., 2003; Chung and Day, 2004; Thitaram et al., 2005; Yang
et al., 2009; Rehman et al., 2009).

Studies were also carried out in vivo in humans. According
to Kohmoto et al. (1988), after IMO administration (13.5 g daily
for 2 weeks) to 6 healthy adult men and 18 elderly individuals,
Bifidobacteria numbers in feces increased, on average, approx-
imately 12-fold (1083 to 10°* Bifidobacterialg feces). IMOs
could also reduce numbers of Clostridium perfringens and En-
terobacterriaceae in vivo (Nakakuki, 1993). In another study, a
group of 7 subjects was provided 10 g/day of an IMO prepa-
ration for 3 consecutive weeks followed by 1-week IMO-free
interval. The IMO product was reinstated in the final week of the
study. At the end of weeks 3 and 5, significant increases in levels
of Bifidobacteria, Lactobacilli, and Eubacteria were observed
in comparison to values recorded in the first week (Kaneko et
al., 1993). Furthermore, in a group of 7 elderly males experi-
encing diarrhoea, ingestion of up to 24 g of an IMO mixture for
a period of 30 days was associated with a significant increase
in fecal bacterial mass in comparison to pre-treatment values
(Chen et al., 2001). Additionally, Gu and co-workers (2003), af-
ter their study on BABL/c mice, collected human fecal samples

(15/sex) and revealed similar results following 7 days of IMO
consumption (15 g/day).

All these studies brought into light the fact that the bifido-
genic effect appears to be very selective giving some opportu-
nities for target treatments and pointing out the importance of
considering each prebiotic compound for its specificity.

Beneficial Effects on Bowel Functions and Metabolism

A study was conducted on the effects of IMOs and other
oligosaccharides on blood glucose and serum lipid composition
in streptozotocin-induced diabetic rats by Chai and Rhee (2001).
Results suggested improving the effects of dietary oligosaccha-
rides on carbohydrate and lipid metabolism in diabetic rats. A
similar study has been conducted recently on growing pigs (Li et
al., 2009). IMOs did not influence the growing performance of
pigs; however, it tended to increase dry matter and calcium di-
gestibility and decreased glucose concentration in serum. IMOs
also lowered the diarrhoea index and content of fecal ammonia
in weaned piglets (XueLan et al., 2003). Furthermore, serum
levels of triglycerides and non-esterified fatty acids were signif-
icantly lower in rats fed with 20% IMO (Kaneko et al., 1992).

Human trials have also been conducted for evaluating the
overall effects of IMOs on bowel functions and metabolism.
First, seven elderly males suffering from constipation went on
a 30-days low fiber control diet followed by a 30-day period
where diet was supplemented with IMOs (10 g/day). During
the IMO ingestion, the defecation frequency increased signifi-
cantly and no complaints of bloating or diarrhoea were noted.
The mean wet fecal weight increased by 70% and the mean dry
fecal weight by 55% (Chen et al., 2001). Then, the therapeutic
efficacy of IMOs in the treatment of chronic severe constipa-
tion and its effect on lipid profiles in 20 haemodialysis patients
was estimated (Wang et al., 2001). After a 2-week basal pe-
riod, these patients received 30 g of IMO for a 4-week period.
After the study period, reductions in total cholesterol (—17.6%)
and triglycerides (—18.4%) levels were observed as well as el-
evation of HDL-C levels (+39.1%). The IMOs also induced a
significant increase in a number of bowel movements, hence
the improvement of constipation. The same group investigated
the effects of IMOs on biochemical parameters, constipation,
and fecal putrefactive metabolites in hyperlipidaemic subjects
(ShengDun et al., 2005). After a 6 weeks treatment period,
improved lipid profiles and positive effects on constipation as
well as fecal putrefactive metabolites were observed. Results
from Lee et al. (2003) further suggested that IMOs are more
effective than fructo-oligosaccharides for preventing constipa-
tion. Moreover, IMO glycemic index was evaluated by Sheng
and co-workers (2006). Twelve healthy adults were randomly
divided into a xylitol group and a IMO group. Each group was
orally administered 50 g of xylitol or 50 g IMO or 50 g of
glucose (as control). Blood glucose was analyzed at different
intervals, repeated continuously for 3 days. The glycemic index
for IMOs was 34.66 + 7.65, which represents a low GI.
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IMOs were also discovered to be effective non-competitive
inhibitors of «-glucosidase and therefore used to delay diges-
tion of starch and saccharose in a therapeutic application for
several diseases, including obesity, diabetes mellitus, predia-
betes, gastritis, gastric ulcer, duodenal ulcer, caries, cancer, and
viral diseases such as hepatitis B and C, HIV, and AIDS. A diet
with 5-20% IMOs was also shown to reduce the abdominal fat
tissue in mammals. (Chung, 2002). Finally, IMOs also stimulate
the growth of many livestocks such as piglets and calves, and
improves the feed efficiency (Kanno, 1990)

Anti-Cariogenic Properties

Another important property of IMOs is their anti-cariogenic
character. Koch and Miller proposed in 1882 that dental caries
are caused by insoluble glucan gums forming on the surface
of teeth (plaque), and the formation of acids under this plaque
which attacks the tooth enamel (Hamada, 2002). Studies with
animal models showed that IMOs in place of sucrose reduce the
amount of plaque formed and also reduces the amount of enamel
attacking acids formed (Tsunehiro et al., 1997; Minami et al.,
1989). Indeed, IMOs are metabolized to acid to a much lesser
extent than glucose and sucrose when incubated with Strepto-
coccus mutans in vitro (Moynihan, 1998), and plaque pH studies
have shown that IMO mixes are less acidogenic compared with
glucose or sucrose, but may result in a fall in pH to below 5.0
(Kaneko et al., 1995b). It has been reported that IMO mixes
inhibit glucan synthesis from saccharose (Koga et al., 1988) and
also inhibit the sucrose-dependent adherence of Streptococcus
mutans on the tooth surface in vitro (Hamada and Torii, 1980).
Ooshima et al. (1988) reported on the dental effects of panose-
and maltose-rich sugar in vitro and in experiments on rats. Strep-
tococcus mutans and S. sobrinus did ferment this panose rich
IMO mix and produced acid in a similar way to glucose and
maltose; however, the mixture was not a substrate for S. mu-
tans or S. sobrinus glucosyltransferase and therefore did not
participate in the synthesis of glucan and was shown to signif-
icantly inhibit its synthesis from sucrose, as well as inhibiting
growing cells adherence to a glass surface. Animal studies also
demonstrated reduced cariogenic potential of this panose-rich
oligosaccharide and showed that it induced significant but min-
imal caries in rats which have been super-infected with either S.
mutans or S. sobrinus. The same observations have been made
for isomaltose-rich sugar mixture by the same group (Minami
et al., 1989).

Effects on Immunity

There is increasing evidence that prebiotics like IMOs have
immunomodulatory effects on systemic immune response in-
cluding gut-associated lymphoid tissues system (Sung et al.,
2004; Buchholz and Seibel, 2003). Studies in mice gave
strong evidence that IMO might stimulate the immune system
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(Watanabe et al., 2002). The mechanisms by which IMOs affect
immune functions are still a subject of debate. Mizubuchi and
co-workers (2005) observed greater levels of IgA in feces in
mice fed for 4 weeks with a diet supplemented with 20% IMO,
while Sung et al. (2004) found no difference with control for a
5% supplementation. Interferon-y production by intestinal in-
traepithelial lymphocytes in response to T-cell receptor trigger-
ing was greater in IMO group, indicating T helper-1 polarization
of intestinal immunity by IMOs. The same interferon-y produc-
tion was observed for liver mononuclear cells together with an
increased production of natural killer T-cells also found in the
spleen. These results suggest that IMOs, in synergy with lacto-
bacilli, up-regulate the Th1 response and beneficially modulate
host defence. Moreover, rat and human studies demonstrated
that SCFA increase the activity of natural killer cells (Pratt et
al., 1996; Chiang et al., 2000) as well as IgA excretion. Bu-
tyrate has also been reported as a suppressor of the cytokine
induced expression of the transcription factor NFxB in colonic
cell line (Inan et al., 2000). In a recent article, Li et al. (2009)
emphasized the synergistic beneficial effect of IMOs and the
probiotic Bacillus OJ on intestinal microbial population, im-
mune responses, and resistance to white spot syndrome virus in
shrimp. Finally, as for the bifidogenic effect, short-chain fatty
acid profiles in plasma and urine depend on the type of prebi-
otic ingested, pointing out the importance of considering each
prebiotic compound for its specificity (Verbeke et al., 2008).

Techno-Functional Properties

Besides their beneficial effects on the intestinal tract and
metabolism, IMOs have gained interest as food additives be-
cause they can replace partially or totally, liquid sugar syrups,
giving new functionalities to the product. Indeed, IMOs are
about half as sweet as saccharose and therefore can be used to
produce different sweetness profiles. They can also be added
to beer as nonfermentable sugar syrups to regulate sweetness
and mouthfeel. They have been identified as good humectants
with low viscosity and water activity but high moisture retaining
capacity (Takaku et al., 1988). They are, thus, able to maintain
texture, prevent microbial spoilage, and retard degradation in
food (Yoo et al., 1995). A recent study on the quality character-
istics of sponge cake formulated using, in various proportions,
IMOs as a sweetener to replace saccharose, which gave posi-
tive physicochemical, microbiological, and sensory evaluations
(Ching-Ching et al., 2008).

Other Imo Types

On the other hand, GOSs can be used as effective prebi-
otics for both birds and mammals (Chung, 2002; Chung and
Day, 2004) and as an alternative to antibiotics in poultry. They
have been shown to be utilized readily by bifidobacteria and
lactobacilli in a pure culture study but not by Salmonella spp.
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or E. coli. The fermentation properties of these oligosaccha-
rides have been studied by Djouzi et al. (1995), who carried
out a pure culture study and found that GOSs were utilized by
Bifidobacterium breve, B. pseudocatenulatum, and B. longum,
but not by B. bifidum. They were utilized also by Bacteroides
spp. and Clostridium spp. but not by lactobacilli. They then
carried out artificial mixed culture studies in anaerobic culture
vessels using B. thetaiotomicron, B. breve, and C. butyricum.
Gluco-oligosaccharides were then fed to germ-free rats inocu-
lated with the three cultures used in vitro (Djouzi et al. 1995).
In this model, the GOS had no effect on bacterial populations.

A similar approach, taking advantage of the bifidogenic effect
of GOS, has been applied to the skin microbial flora ecology
(Monsan and Paul 1995). In fact, the presence of lactic bacteria
on the skin is essential for preventing the growth of detrimental
microorganisms which induce skin problems (acnea, bad smell,
irritation, etc.). It is possible to efficiently promote the growth of
such positive bacteria by incorporating GOS in dermocosmetic
formulations (Lamothe et al., 1991).

Furthermore, the results from Boucher et al. (2003) suggest
the role of GOS in carbohydrate metabolism regulation. Indeed,
mice, which received GOS supplemented diet showed increased
glucose utilization after a 1 g/kg load of glucose, compared with
control.

On the other hand, Olano-Martin et al. (2000) studied the
prebiotic effect of different molecular size oligodextran pro-
duced by controlled-enzymatic depolymerization of industrial-
grade dextran (Mountzouris et al., 1999). A low-molecular-mass
oligodextran appeared to promote the growth of bifidobacteria
and lactobacilli while producing butyrate. Using fecal batch cul-
tures, and FISH using group specific 16S rRNA targeted probes,
Rycroft et al. (2001) showed that oligodextran acting as the sole
carbon source resulted in a significant increase in numbers of
bifidobacteria after 24 h of batch culture. A significant increase
in lactic acid and acetate was also observed.

Concerning nigerosyl-maltooligosaccharides (NOS) having
a-1,3-glucosidic linkages various studies relate their implication
in immunomodulatory mechanisms and systemic immune re-
sponse. NOS showed immunopotentiating activities for T-helper
1-like cells immune response and for natural killer activity of
hepatic mononuclear cells in mice (Murosaki et al., 1999; 2002).
Yoshitaka et al. (2004) also reported the ability of NOS to in-
crease mitogen-induced proliferation and to suppress activation-
induced apoptosis of human peripheral blood mononuclear cells.
Moreover, cyclic nigerosylnigerose also proved to have im-
munopotentiating properties (Hino et al., 2006). Anticariogenic
activity was also described (Imai et al., 1984) on Streptococ-
cus mutans as well as an enhancement activity of dietary cal-
cium plasma concentration in neonatal chicks (Yamashita et al.,
2001).

Recently, a new strategy has been proposed to benefit from
IMO potential properties in preventing the progression of
type 2 diabetes mellitus. It consists of a transglucosidase (o-
glucosidase, EC 3.2.1.20) oral administration in order to pro-
duce active oligosaccharides from ingested starch in situ inside

the digestive tract (Sasaki et al., 2007). The method proved
to be effective for the decrease or delay of glucose absorption
due to the transformation of intestinal substrate to indigestible
IMOs. Furthermore, these IMOs will then be able to develop
their functional properties further in the intestinal tract.

CONCLUSIONS AND PERSPECTIVES

Besides the classical IMO widely commercialized in
Asia and produced from hydrolyzed starch, a wide
variety of compounds have been classified as IMOs,
such as koji-oligosaccharides, nigero-oligosaccharides, gluco-
oligosaccharides (branched IMO), cyclic IMOs, as well as iso-
maltulose. Indeed, all these compounds are taken under the
common denomination of “ALO” mixtures. It thus brings a
great disparity in the IMO structures and composition of fi-
nal products and therefore the need for step-forward analyti-
cal methods. IMOs present the advantages of being produced
from highly available and relatively low-cost plant material (hy-
drolyzed starch, saccharose, etc.) through a simple enzymatic
process compared to other functional oligosaccharides extracted
from plants. However, the use of hydrolyzed starch implies the
presence of residual digestible low DP malto-oligosaccharides
and the co-production of glucose which not only considerably
lowers the global added value of the product but also its ben-
eficial effect on the host. Specific purification methods such
as fermentation, filtration, chromatography, and more recently
enzymatic conversion are therefore needed. Concerning their
properties as functional food ingredients, IMOs have proved
their beneficial effects on bifidogenic flora, bowel functions and
metabolism, as well as on the immune system. The critical point
about IMOs is their partial digestibility by endogenous enzymes
leading to a lessening activity as a prebiotic. However, the choice
and the mastery of the substrate and the production method
can allow obtaining specific structural profiles leading to less
digestible IMOs. On the other hand, a complemented dosage
can be easily adjusted as IMOs can replace other oligosac-
charides without changing significantly the physico-chemical
properties of the final product. Moreover, the prebiotic effect
specificity has been proved to be driven by the nature and the
structure of the oligosaccharides. Indeed, different types of pre-
biotic oligosaccharides stimulate or inhibit the development of
different bacteria, produce different SCFA profiles, and regu-
late the immune system and metabolism of the host in different
ways. In this context, IMOs have their place in the American
and European market and new products containing several dif-
ferent prebiotic oligosaccharides should be tested in order to
bring into light their potential synergistic effects. Moreover,
IMOs are anti-caricnogenic and present some unique techno-
functional properties such as non-fermentability, low sweetness,
low viscosity, and high moisture retaining properties which en-
able them to maintain texture, prevent microbial spoilage, and
retard degradation in food.
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