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There is no doubt that the functional oligosaccharides have positive effects on human health, both in the
prevention and in treatment of chronic diseases. Therefore, there is great interest in health benefits of the
functional oligosaccharides. The functional oligosaccharides of various origins (viruses, bacteria, plants
and fungi) have been used extensively both as pharmacological supplements, food ingredients, in pro-

cessed food to aid weight control, to regulation of glucose control for diabetic patients and reducing
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serum lipid levels in hyperlipidemics and other some acute and chronic diseases. Keeping in view, the
pharmacological importance of the functional oligosaccharides and its derivatives, this article discusses
the potential of the functional oligosaccharides to modulate the gut flora, to affect different gastrointes-
tinal activities and lipid metabolism, to enhance immunity, and to reduce diabetes, obesity and cardio-
vascular risk for further exploitation of health benefits of the functional oligosaccharides.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Modern consumers are increasingly interested in their personal
health, and expect the foods they eat to be - beyond tasty and
attractive — also safe and healthy. As interest in the link between
diet and health gathers pace, many consumers seek ways to feel
well and stay healthy by eating nutritionally designed foods.
Non-digestible carbohydrates such as dietary fibers, oligosaccha-
rides, and resistant starch have various physiologic functions (Bird,
Brown, & Topping, 2006; Mussatto & Mancilha, 2007a, 2007b;
Nabarlatz, Ebringerova, & Montané, 2007; Nacos et al., 2006), and
the promotive effects of many non-digestible carbohydrates on
wellbeing, better health and reduction of the risk of diseases have
been well examined (Hussain, Claussen, Ramachandran, &
Williams, 2007; Zhang & Huang, 2005). Among non-digestible car-
bohydrates, the functional oligosaccharides present important
physicochemical and physiological properties beneficial to the
health of consumers, and for this reason, their use as food ingredi-
ents has increased rapidly. The functional oligosaccharides are
intermediate in nature between simple sugars and polysaccharides
and are claimed to behave as dietary fibres and prebiotics (Kunz &
Rudloff, 2006). These compounds as non-absorbable food ingredi-
ents are microbial food supplements and may benefit the host by
selectively stimulating salutary bacteria in the large intestine.
The best known functional oligosaccharides include fructooligosac-
charide, glucooligosaccharides (GOS), isomaltooligosaccharides,
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soybean oligosaccharides, xylo-oligosaccharides and maltitol
(Chen, Lu, Lin, & Ko, 2000; Muzzarelli, 2009; Reis, Coimbra,
Domingues, Ferrer-Correia, & Domingues, 2004). These compounds
promote a good balance of intestinal microflora and decrease gas-
trointestinal infections. The beneficial physiologic functions of the
functional oligosaccharides in humans were summarized as fol-
lows: (1) they do not stimulate an increase in blood glucose or
insulin secretion because they dissolve in the gut to form a viscous
gel that lowers the absorption of released glucose; (2) they supply
small amounts of energy, approximately 0-3 kcal/g of sugar substi-
tute; (3) they are noncariogenic; (4) they improve the intestinal
environment and change the intestinal microbiota so that it is
dominated by salutary bacteria as a result of the acidic intestinal
environment; (5) they improve and suppress diarrhea and symp-
toms of diarrhea and (6) they stimulate intestinal absorption of
minerals, such as calcium, magnesium and iron (Manning &
Gibson, 2004; Monchois, Willemot, & Monsan, 1999; Ngo, Kim, &
Kim, 2008). Moreover, consumption of the functional oligosaccha-
rides reduces the risk of civilization diseases such as cardiovascular
disease, colon cancer and obesity (Marionneau et al., 2001). Sup-
ported by extensive scientific research today, health products con-
tinue to stimulate great interest and demonstrate potential for
future growth. There is a market for the functional oligosaccha-
rides that assist in constructing a healthy diet, and also for foods
directly targeted to certain risk groups. In addition, the functional
oligosaccharides are also used in feeds, pharmaceuticals, or cos-
metics as stabilizers, bulking agents, immunostimulating agents
or prebiotic compounds (Simon, 1996).

The present review summarizes physiological properties of the
function oligosaccharides and potential health benefits.
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2. Effect of the functional oligosaccharides on gastrointestinal
microorganisms and urogenital infections

The gastrointestinal tract is very heavily populated with bacte-
ria, mainly of strictly anaerobic bacteria. Most of these organisms
are benign to the host; however, certain gut species are pathogenic
and may be involved in the onset of acute and chronic disorders
(Rollo, Luciani, Marota, Olivieri, & Ermini, 2007; Vinderola, Matar,
Palacios, & Perdigén, 2007). Due to their chemical structure, the
functional oligosaccharides are substrates that can only be con-
sumed by a limited number of bacteria, stimulating thus their
growth. Among the group of bacteria present in the gastrointesti-
nal tract, the bifidobacteria and lactobacilli are those that most uti-
lize oligosaccharides being considered as the only microorganisms
able to beneficially affect the host’s health (Mikkelsen & Jensen,
2004; Vernazza, Gibson, & Rastall, 2005). The reported health ben-
efits of bifidobacteria include stabilizing the gut mucosal barrier,
modulation of immune response, modulation of intestinal microbi-
ota, prevention of traveller’s diarrhea in children, reduction of nec-
rotizing endocarditis in neonates, alleviation of atopic dermatitis
symptoms in children, improvement of constipation, and antibac-
terial and anticarcinogenic activities (Matamoros Fernandez,
2007). Some functional oligosaccharides, such as isomaltooligosac-
charide, are reported to increase cecal Bifidobacterium population
in young broiler chickens (Thitaram et al., 2005). In addition, the
functional oligosaccharides can still significantly modify the colo-
nic microflora, because these oligosaccharides serve as substrate
for growth and proliferation of anaerobic bacteria, mainly the bif-
idobacteria, which inhibit the growth of putrefactive and patho-
genic bacteria present in the caeco-colon. For example, soybean
meal oligosaccharides (SMO) are reported to show promise for
use as a product which may promote competitive exclusion of po-
tential pathogens. A bifidus predominance of the intestinal flora of
breastfed infants has already been reported by Moro who already
concluded that human milk contains some functional oligosaccha-
rides, which act as a growth factor for these microorganisms
(Moro, 1900).

Healthy vaginal flora is mainly composed (50-90%) of dod-
erleln’s bacilli, which comprise different strains of lactobacilli
(Rousseau, Lepargneur, Roques, Remaud-Simeon, & Paul, 2005).
Lactobacilli make up a biofilm on the surface of the vaginal mucosa
(Rousseau et al., 2005), which is considered to protect the vagina
against pathogenic microorganisms through different mechanisms.
When lactobacilli are reduced or absent, other microorganisms
may grow excessively, thus causing disorders. Indeed, most uro-
genital infections result from vaginal flora imbalance. Probiotics
can be defined as “live microorganisms which when administered

Table 1
Functional oligosaccharides.

in adequate amounts confer a health benefit on the host” (El-
Tahlawy, Gaffar, & El-Rafie, 2006; Qin et al., 2006; Rousseau
et al., 2005). One way to operate on the urogenital flora is to pro-
vide nutrients that stimulate the growth of lactobacilli to the det-
riment of pathogens one (Merk, Borelli, & Christian Korting, 2005;
Reid, Beuerman, Heinemann, & Bruce, 2001). Among the carbohy-
drates that are qualified as prebiotics, fructooligosaccharides (FOS)
and glucooligosaccharides (GOS) are of interest. These functional
oligosaccharides can avoid the urogenital infections against patho-
genic microorganisms by promoting proliferation of lactobacilli.

3. Type II diabetes and obesity

Obesity and obesity related type Il diabetes are typical diseases of
the modern Western society. Current recommendations for the
management of type Il diabetes and obesity include an increase in
dietary fiber intake (Singh, 2007). Dietary fiber’s viscose and fibrous
structure can control the release of glucose with time in the blood,
thus helping in the proper control and management of diabetes mel-
litus and obesity (Bennett et al., 2006; Huang, Zhang, Cheung, & Tan,
2006). The functional oligosaccharides are often cited as being
important dietary fibers in nutritional advice concerning specific
disorders associated with the metabolic syndrome (de Alcantara,
Martim, Silva, Dietrich, & Buckeridge, 2006; Kim & Rajapakse,
2005; Roth, Ziak, & Zuber, 2003). Commercially produced oligosac-
charides are fructooligosaccharides, isomaltooligosaccharides,
maltooligosaccharides, arabinoxylan oligosaccharides, glucose-oli-
gosaccharides, galacto-oligosaccharides and so on (Table 1). Glyce-
mic index, a classification of food based on their blood glucose
response relative to a starchy food, e.g., white bread, or standard glu-
cose solution, has been proposed as a therapeutic principle for diabe-
tes mellitus by slowing carbohydrate absorption (Kim et al., 2006).
On the basis of studies in animals and humans, it has been proposed
that intake of the functional oligosaccharides, which are fermented
in the caeco-colon, could be interesting way to modulate satiety, glu-
cose or lipid metabolism, and hypertension (Nesselhut et al., 1993).
Low glycemic index food, e.g., high functional oligosaccharides food,
has been shown to reduce postprandial blood glucose and insulin re-
sponses and improve the overall blood glucose and lipid concentra-
tions in normal subjects, and patients with diabetes mellitus
(Kawamori, Kadowaki, Onji, Seino, & Akanuma, 2007). Among the
functional oligosaccharides, short chain fructooligosaccharides
(FOS), given at the dose of 10% in the diet of rats for a few weeks, re-
duces hepatic triglyceride content, postprandial glycemia and trigly-
ceridemia in normal rats, lessens hepatic steatosis and fat mass
development in obese Wistar rats fed a high fat diet. This phenome-
non could be partly explained by a satietogenic effect of FOS (Delmée

Type Monosaccharides

Number of monosaccharides Bonds indicative of functions

Glucose
Fructose, galactose, glucose
Sucrose, fructose

IMOS (isomaltooligosaccharides)
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et al.,, 2006; Li, Fang, & Zhang, 2007). In streptozotocin-treated dia-
betic rats, FOS feeding during 4-6 weeks improves glucose toler-
ance, decreases glycemia, and partially restores insulin secretion
(Giacco et al., 2004). Moreover, an improvement of glucose/insulin
ratio has also been observed in rats receiving FOS added in a high-
fructose diet (Giacco et al., 2004). Barshop et al. (2003) investigated
the effect of isomaltooligosaccharides (IMOS) and fructooligosac-
charides (FOS) on the alteration of cecal microbiota, cecal pH, total
cecal weight and serum lipid levels and also evaluated the inhibitory
effect on precancerous colon lesions in rats. IMOS and FOS markedly
decreased the cecal pH and serum triglyceride concentration, and in-
creased the total cecal weight and bifidobacterial population.

There are indications that the arabinoxylan oligosaccharides
(AXO0S) have an effect against type Il diabetes (Charalampopoulos,
Wang, Pandiella, & Webb, 2002; Muzzarelli, 2009). AXOS decrease
postprandial glucose levels (Charalampopoulos et al., 2002) and
insulin response (Grootaert et al., 2007) and increase postprandial
ghrelin, a hormone produced by gastric cells to stimulate food in-
take, as shown in healthy humans (Rantanen et al., 2007). Ogawa,
Takeuchi, and Nakamura (2005) determined whether AXOS im-
prove postprandial glucose and insulin responses in healthy hu-
mans. The peak postprandial glucose concentration after meals
containing AXOS-rich fiber was significantly lower than that after
consumption of a control meal.

Dietary fiber has the ability to bind with bile acids and prevents
its reabsorption in the liver thus, inhibit cholesterol synthesis
(Mussatto & Mancilha, 2007a,b). The functional oligosaccharides,
such as Gum Arabic (a natural carbohydrates exudate from Acacia
senegal and Acacia seyal trees in Africa), has a low calorific value of
not greater than 2 kcal/g (Sun et al., 2005). Its intrinsic glycaemic
index is near zero, and it is not ingested in the small intestine. It
has therefore applications to reduce plasma glucose and serum
cholesterol (Lekka et al., 2006). In glucose tolerance test in 12
healthy subjects in whom the addition of 20 g acacia gum to a
100 g load of glucose, there was a significant reduction in plasma
glucose (16.1%), serum insulin (11.2%) and serum cholesterol
(17.2%) after 90 min. A study in five healthy human volunteers tak-
ing 25 g/day of acacia gum shows a significant reduction in total
serum cholesterol concentrations (Doi et al., 2006). Another study
confirms these observations (Sharma, 1985), which showed that in
seven non-obese men consuming 15 g/day acacia gum twice a day
along with their main meals over 30 days, there was a significant
decrease in serum total cholesterol, particularly the LDL and VLDL
fractions. It is also assumed that changes in the concentration of
serum cholesterol have been related with changes in intestinal
microflora. Some strains of Lactobacillus acidophilus, whose popula-
tion can be modulated by the functional oligosaccharides, assimi-
late the cholesterol present in the medium (Mountzouris et al.,
2006), while others appear to inhibit the absorption of cholesterol
micellae through the intestinal wall (Mountzouris et al., 2006).

4. Reduction of diarrhea

The functional oligosaccharides also plays a role in ameliorating
diarrhea (Mourdo et al., 2006), especially when it is associated with
intestinal infections. According to Chi, Chen, Wang, Xiong, and Li
(2008), this may be directly related to the possible inhibitory effect
of bifidobacteria both on Gram+ and Gram-— bacteria. It was found
that fructooligosaccharides (FOS), such as those derived from chic-
ory, have been used with increasing frequency as food additives,
with possible benefits including support of beneficial gastrointesti-
nal flora and reduction of infectious diarrhea (Rhoades, Gibson,
Formentin, Beer, & Rastall, 2006; Rivero-Urgell & Santamaria-Or-
leans, 2001). Shipley, Allen, and Swanson (1983) reported that
the raffinose family oligosaccharides (RFOs, or raffinose, stachyose

and verbascose) are of physiological importance since they in-
crease bifidobacteria and relieve diarrhea. Tang et al. (2005) re-
ported that dietary supplementation of 0.12% galacto-mannan
oligosaccharide (GMOS) was able to increase growth performance
and decrease diarrhea occurrence in piglets.

Some authors also consider that the functional oligosaccharides
improve the absorption of water and electrolytes in the small
intestine and as a result leads to a reduction in the incidence of
diarrhea and its duration. This effect has been demonstrated in ani-
mals (JuSkiewicz & Zduiiczyk, 2002) and humans (Morrow et al.,
2004; Vernazza et al., 2005). For example, 39 adult volunteers with
fecal incontinence or watery stool had a decrease in the percentage
of incontinent stools compared to a placebo when progressively
ingesting 25 g/day of acacia gum supplement over 1 month. It is
clear that such problems can be effectively and simply treated, par-
ticularly in the elderly (Kaur, Chopra, & Saini, 2002).

5. Constipation relief due to fecal bulking and possibly effects
on intestinal microflora

The intestinal microflora plays a considerable role in the metab-
olism of endogenous and exogenous substances in the diet, and is
thought to participate in beneficial and deleterious effects on hu-
man health. In human subjects, fructo- and galacto-oligosaccha-
rides are known for their ability to stimulate the growth of
Bifidobacterium and Lactobacillus and to inhibit that of potentially
pathogenic bacteria, Enterobacteria, Clostridium and Salmonella.
The end products of the functional oligosaccharides fermentation
by colonic bacteria, the SCFA, are efficiently absorbed and utilized
by the human colonic epithelial cells, stimulating their growth as
well as the salt and water absorption, increasing thus the humidity
of the fecal bolus through osmotic pressure, and consequently
improving the intestinal motility. Moreover, the intestinal tract
of mammals harbours a complex bacterial ecosystem, which has
not yet been fully characterized. Studies show that constipation
can be influenced by the microbiota composition and its metabolic
activities (Liebregts et al., 2007). The functional oligosaccharides
treatment can inhibit and palliate intestinal disorders. For exam-
ple, FOS, MOS and GOS are good substrates for bacteria of the types
Bifidobacterium spp. and Bacteroides spp. (Xue, Chen, Lu, & Jin,
2009). These oligosaccharides promote an increase in short chain
fatty acids. The production of short chain fatty acids by bifidobac-
teria stimulates intestinal peristalsis and increases the humidity of
the fecal bolus through osmotic pressure (Ferndndez-Bafiares,
2006). It has been observed that rats fed FOS may help to prevent
constipation (Colecchia et al., 2006). It has also been found that a
controlled administration of GOS in 0.12 g/kg body weight for male
Japanese adults may help to restrain the growth of pathogenic bac-
teria, to retard disorders caused by imbalanced fermentation in co-
lon and to avoid intestinal disorders such as constipation,
inflammatory bowel disease. Jigami and Odani (1999) reported
that feeding high amounts of mannan oligosaccharides (MOS)
could help to palliate any negative effects of increasing fecal con-
sistency, avoiding the colonization of digestive pathogens, and im-
prove feed efficiency of milk replacer.

6. Inmunomodulatory activities and anti-tumor

According to various investigations, metabolites from the fer-
mentation of complex carbohydrates can be beneficial to health
because they show a protective effect against colon or rectal can-
cer, decrease infectious intestinal diseases by inhibiting putrefac-
tive and pathogenic bacteria (Clostridium perfringens, Escherichia
coli and Salmonella), increase mineral bioavailability such as that
of calcium, aid in the decreases of hypercholesterolemia, hyper-
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lipoproteinemia, and hyperglycemia, and stimulate the immune
system (Chakraborty et al., 2006; Dou et al., 2009). The use of
the functional oligosaccharides, as prebiotic functional food ingre-
dients, depends on their ability to escape digestion and absorp-
tion in the upper part of the intestine and reach the lower part
where they should induce fermentation and selective stimulation
of the growth and/or activity of intestinal bacteria associated with
health and wellbeing (Arakane, Zhu, Matsumiya, Muthukrishnan,
& Kramer, 2003; Kunz & Rudloff, 2006). There is a variety of
the functional oligosaccharides produced worldwide, intended
for use as functional food ingredients (Tosh, Brummer, Wood,
Wang, & Weisz, 2004). The functional oligosaccharides of various
origins (viruses, bacteria, plants and fungi) have been shown to
exert potent immunomodulatory activities (Surenjav, Zhang, Xu,
Zhang, & Zeng, 2006; Yang et al., 2005; Zhang & Huang, 2005;
Zhu & Lin, 2006). Studies show that the specific functional oligo-
saccharides are preferentially utilized by select groups of intesti-
nal microflora. For example, fructooligosaccharides are
preferentially utilized by Bifidobacterium and have been used to
increase intestinal levels of some micro-nutrients, such as vitamin
and amino acids by stimulating proliferation of Bifidobacterium
spp. in humans. The animals fed the glucose-oligosaccharides
and Clycosylsucrose diets also showed higher counts of Bifidobac-
terium, demonstrating the bifidogenic effect of these components
(Harhangi et al., 2002; Li et al., 2007). Nearly all the vitamins are
involved in the functions of the immune system cells: phagocyto-
sis, synthesis of molecules regulating the leucocytic function
(interleukins), and production of immunoglobulins (Sikka, Lall,
Arora, & Sethi, 2002).

Another mechanism of the functional oligosaccharides improv-
ing immunity is assumed that innate defence responses can be
activated through the interaction of sugar moieties with innate
receptors on the plasma membrane of host cells, in particular in
macrophages and dendritic cells (Arnold, Dwek, Rudd, & Sim,
2006; Nezlin & Ghetie, 2004). It has been demonstrated that the
synthetic B-(1 — 6)-branched p-(1 — 3) glucohexaose and its ana-
logues, the basic unit of lentinan and other B-glucose-oligosaccha-
rides, has been reported to have immunostimulatory effects. It has
been described that B-glucose-oligosaccharides stimulate innate
immune reactions by binding to selective receptors (such as dec-
tin-1) mainly expressed on M2 macrophages (Zhang, Cheung, Chiu,
Wong, & Ooi, 2006). Xylo-oligosaccharides (XOS) are a new group
of oligosaccharides that are gaining importance as functional food
ingredients in pharmaceuticals, feed formulations, and agriculture.
XO0S exhibit excellent physicochemical and physiological proper-
ties. They act as prebiotics promoting the growth of beneficial bif-
idobacteria in the colon, thus reducing the risk of colon cancer
(Nabarlatz et al., 2007). Long-chain XOS have hypolipemic activity
and improve intestinal function (Kihara & Sakata, 2002). Glucu-
ronic acid-containing XOS show animal growth regulating activity
and antimicrobial activity (Kontula, von Wright, & Mattila-Sand-
holm., 1998). In addition, immunopotentiating and apoptosis
induction activities were reported for nigero- and agaro-oligosac-
charides. Likewise, recent observations indicate that the use of
GOS/FOS in dietary products might provide an opportunity to stim-
ulate the adaptive immune response in a Th1-direction and subse-
quently inhibit infections and Th2-related immune disorders in
humans, for instance allergies. In addition to its role in autoim-
mune disorders, galectin-1 also showed immunosuppressive activ-
ity in a murine experimental model of graft versus host disease
(GVHD) (Kiss et al., 2007). Galectin-1 treatment in vivo resulted
in reduced inflammatory infiltrates in target tissues and a selective
reduction of Th1 cytokines (Cao et al., 2007).

The functional oligosaccharides has been shown to be effective
for prevention of cancers and tumors in man (Chen & Fukuda,
2006). Mechanisms by which the functional oligosaccharides could

act against toxicity and carcinogenesis include the reduction of
chemical adsorption in relation with physicochemical capacity to
bind chemicals, physiologic and mechanical effects to enhance fecal
passage and bulking in the gastrointestinal tract (Gibson, 2004;
Roberfroid, 2002). Another potential mechanism involves the role
of the functional oligosaccharides as a substrate for bacterial fer-
mentation to increase the production of bioactive volatile fatty acids
(Messner et al., 1997). This anticarcinogenic effect appears to be re-
lated to an increase in cellular immunity, the components of the cell
wall and the extra-cellular components of bifidobacteria. Fecal
physiological parameters such as pH, ammonia, p-cresol, and indole
are considered to be risk factors not only for colon cancer develop-
ment but also for systemic disorders. Over recent decades, the
development and consumption of functional probiotic foods has
been increasing alongside awareness of their beneficial effects in
promoting gut health as well as in disease prevention and therapy,
and this has raised interest in health-promoting foods. The contri-
bution of probiotic bacteria, mainly lactobacilli and bifidobacteria,
to maintaining or improving microbial balance in the gut is cur-
rently under way into their role in reducing the risk of cancer, influ-
encing immunomodulatory features and preventing food allergies,
counteracting hypercholesterolemia, and alleviating the symptoms
of lactose intolerance. It has been demonstrated in a human study
that the intake of transgalactosylated disaccharides reduces the fe-
cal pH as well as ammonia, p-cresol and indole concentrations with
an increase in bifidobacteria and lactobacilli and a decrease in Bac-
teriodaceae populations (Manning & Gibson, 2004). These altera-
tions may be considered to be beneficial in reducing the risk of
cancer development. A low colonic pH may also aid in the excretion
of carcinogens. All the effects above mentioned beneficially affect
the host health, and for this reason, the functional oligosaccharides
are considered as functional food (Crittenden & Playne, 1996; Man-
ning & Gibson, 2004), which can be defined as “a food ingredient
which affects physiological function(s) of the body in a targeted
way so as to have positive effect(s) which may, in due course, justify
health claims” (Sangeetha, Ramesh, & Prapulla, 2005).

7. Effect of the functional oligosaccharides on absorption of
different minerals

Several minerals are recognized as having great importance in
keeping fit: zinc, copper, selenium, magnesium and iron (Emmett
& Rogers, 1997). The functional oligosaccharides and its some
derivatives (chitosan) may influence the availability of minerals,
such as iron, calcium and magnesium (Bhattarai, Remant, Aryal,
Khil, & Kim, 2007; Petit et al., 2006; Somsook et al., 2005). Animal
studies have found that dietary chitosan possibly arrests the
absorption of calcium (Liao, Shieh, Chang, & Chien, 2007). Calcium
is essential to the body. It is the most common mineral in the body
and is required for proper functioning of most organs, such as the
heart and brain. It is particularly needed in the normal develop-
ment of the bones and teeth. Osteoporosis is a bone disease where
calcium leaves the bones, causing them to weaken. There are many
things that help to cause osteoporosis. Not getting enough calcium
in the diet is an important one. Fiber should be part of a healthy
diet. Fiber is very helpful to the digestive tract, so it is important
to balance the level of calcium intake with the amount and type
of fiber in the diet. A diet containing up to 35 g of fiber per day
should be adequate for healthy bowel movements, without ad-
versely affecting calcium absorption.

8. The functional oligosaccharides reduce cardiovascular risk
Cardiovascular risk is the major public health concern in many

countries and accounts for more deaths than any other disease or
group of diseases (Perry et al., 2007). Serum lipid abnormalities re-
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sult in increasing vascular risks; hence, aggressive treatment of
hyperlipidemia is recommended. Advancing age and hypercholes-
terolemia have been widely considered cardiovascular risk factors
in the elderly. Intervention with lipid management is necessary for
people with obesity and vascular risks (Bodi et al., 2007). Func-
tional foods are foods or dietary components that can provide a
health benefit beyond basic nutrition. The use of the functional oli-
gosaccharides in diet is a part of the management of dyslipidemia
(Perry et al., 2007). Optimal intake of the functional oligosaccha-
rides reduces the risk of obesity, blood pressure and many other
cardiovascular diseases (Bodi et al., 2007). Studies show that add-
ing certain the functional oligosaccharides sources to mixed test
meals at the level of 4-10 g/meal can, to some extent, reduce the
postprandial triglyceridemia and cholesterolemia generated by a
mixed meal. Sources of soluble viscous cholesterol-lowering fibers
(i.e., oat bran) or those with hypotriglyceridemic properties (i.e.,
concentrated wheat fiber or wheat germ) have been shown to
display such an effect postprandially (Herrmann, Ciechanover,
Lerman, & Lerman, 2004). In another study, a high-fiber diet
(41 g/day) induced lower plasma glucose and insulin peaks com-
pared with a low-functional-oligosaccharides diet (12.4 g/day) at
the end of a day-long follow-up, together with a nonsignificant
trend to lower diurnal TG levels (Aprikian et al., 2001). A few of
the other studies using other sources of the functional oligosaccha-
rides (oat fiber, pea fiber, soybean fiber and psyllium) have also
shown these alterations of postprandial lipid parameters. Senn
et al. (1992) pointed to the importance of a combination of dietary
ingredients in the optimization of decreasing health risk from a
cardiovascular risk perspective. The functional oligosaccharides
such as B-glucose-oligosaccharides has been shown to have effects
on the glycemic, insulin, and cholesterol responses. In 1997, the
FDA approved the claim associating the functional oligosaccharides
from certain foods and coronary heart disease risk reduction. Other
the functional oligosaccharides sources, such as cistanche deserti-
cola, alginate and konjac, have also been reported to decrease ser-
um total cholesterol and low-density lipoprotein cholesterol
concentrations (Herrmann et al., 2004).

9. Conclusion

High dietary fat intake, exacerbating postprandial lipemia,
altering the overall lipoprotein and blood glucose pattern, has been
established and acknowledged as a diabetes, obesity and cardio-
vascular risk factor. Conversely, digestible and indigestible carbo-
hydrates have been recommended, while a high intake of sugars
is generally thought to be detrimental. Unfortunately, in Western
countries the high CVD prevalence is largely attributable to the
contemporary lifestyle which is often sedentary, and includes a
diet high in saturated fat and sugar, and low in n — 3 PUFAs, fruit,
vegetables and fiber. The functional oligosaccharides possess the
potential to modulate the gut flora, to affect different gastrointes-
tinal activities, to influence inflammatory processes and to reduce
diabetes, obesity and cardiovascular risks.

In this review, we focus on available knowledge on the interac-
tions of the functional oligosaccharides with lipid, lipoprotein,
plasma glucose, serum insulin metabolism and their effect on
intestinal microflora, diabetes, obesity and cardiovascular risks.
Interactions between the functional oligosaccharides and the pro-
cess of lipid digestion and absorption have been investigated dur-
ing the last decades, recent studies have shown that dietary
carbohydrate moieties (e.g., glucose) can stimulate both the intes-
tinal uptake of cholesterol and lipid resecretion. Growing evidence
also clearly indicates that the functional oligosaccharides and their
derivatives can reduce risk factors for CVD. Moreover, some large-
scale clinical trials in subjects with advanced atheroma confirm the
protective effects of the functional oligosaccharides.

In fact, nowadays, the functional oligosaccharides are recog-
nized as important food ingredients to keep and improve our
health, and as many consumers depend on processed foods as
the mainstay of their diets, the increased the functional oligosac-
charides content of popular foods assist consumers in obtaining
recommended levels of unavailable carbohydrate.

In conclusion, the results of these in vivo biological assays dem-
onstrate that functional oligosaccharides has antioxidant, antimu-
tagenic, antibacterial properties and other pharmacological
activities. The functional oligosaccharides may be a good candidate
for use in food and pharmacological applications.
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