
Evaluation of Safety of Inulin and Oligofructose as Dietary Fiber
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In the United States, most individuals consume far
wide range of human disorders such as colonic cancer
or hypercholesterolemia and atherosclerosis” (Sobotka
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ess dietary fiber than the daily value (DV) set at 25 g.
he average daily consumption for inulin and oligo-

ructose is estimated to be between 1 and 4 g in this
ountry, with a higher intake of 3 to 11 g seen in
urope. Inulin and oligofructose are soluble, ferment-
ble dietary fibers, of low net caloric value having
any of the possible health benefits attributed to fi-

er. Such fiber consists of poly- and oligomers of fruc-
ose joined by b(2 3 1) fructosyl–fructose bonds. This
lass of fiber has been studied in a series of standard
oxicological test systems. The studies have demon-
trated that inulin-type fructans, when administered
n the diet at high levels, do not result in mortality,

orbidity, target organ toxicity, reproductive or de-
elopmental toxicity, or carcinogenicity. Several in
itro studies have also shown the absence of muta-
enic or genotoxic potential. The only basis for limit-
ng use of such fiber in the human diet relates to gas-
rointestinal tolerance. A series of clinical studies has
een reported which shows that up to 20 g/day of inu-

in and/or oligofructose is well tolerated. As foods mar-
eted in the United States bear labels stating both the
uantity per serving size and the corresponding per-
entage of the daily value (% DV) of fiber, consumers
an make appropriate choices and decisions about
aily consumption without exceeding individual tol-
rance. © 1999 Academic Press

Key Words: inulin; oligofructose; dietary fiber; toler-
nce; safety; labeling.

INTRODUCTION

The Nutrition Labeling and Education Act of 1990
eclared dietary fiber a nutrient, for nutrition labeling
urposes. This general term covers a wide variety of
ubstances with different physical properties and di-
ersified physiological effects. Dietary fiber has been
efined as “a mixture of plant polysaccharides and
ignin that cannot be digested by endogenous secre-
ions or by brush-border hydrolytic enzymes of the
uman digestive tract. It is an integral part of the daily
iet, and it exerts direct and indirect physiologic effects
hroughout the gastrointestinal tract. There are claims
hat a relative lack of fiber in diet may play a role in a
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t al., 1997).
Dietary fiber belongs to the broad category of carbo-

ydrates. They can be classified into soluble (e.g.,
ums, pectins), insoluble (e.g., cellulose), or mixed (e.g.,
ran), fermentable and nonfermentable. Insoluble,
onfermentable fibers are known for their bulking ef-
ect that decreases transit time and increases fecal

ass. The extent of fermentation of soluble fibers de-
ends on their physical and chemical structure. Fer-
entation decreases intraluminal pH and stimulates

roliferation of colonic epithelial cells. Dietary fiber is
ermented by colonic anaerobic bacteria leading to the
roduction of lactic acid, short-chain fatty acids
SCFA—acetate, propionate, and butyrate) and gases
H2, CO2, and CH4) (Roberfroid, 1993). Modulating ef-
ects of fiber considered beneficial for overall health
re: (a) increased water-holding capacity of the stool,
b) increase in stool volume, (c) impact on transit time,
d) increase in the colonic bifidobacteria and lactoba-
illi counts, with decrease in the pathogenic types of
acteria, (e) fermentation giving rise to absorption of
ertain organic compounds, and (f) histological and
unctional changes in the intestinal epithelium (Gibson
t al., 1995; Roberfroid, 1993).
Naturally occurring inulin is found in a variety of

dible fruits and vegetables, such as wheat, onions,
eeks, garlic, asparagus, artichokes, and bananas and
herefore has been part of human sustenance for cen-
uries. An official method (997.08) that quantitates
nulin-type fructans in plants and food products has
een accepted by the Association of Official Analytical
hemists (AOAC, 1998). Inulin and oligofructose, gen-
rally referred to as fructans, are soluble and ferment-
ble dietary fibers. They are not digested in the upper
art of the gastrointestinal (GI) tract by a-amylase and
ydrolytic enzymes such as sucrase, maltase, and iso-
altase (Oku et al., 1984). The average daily consump-

ion for inulin and oligofructose is estimated to be
etween 1 and 4 g in this country, with a higher intake
f 3 to 11 g seen in Europe (Van Loo et al., 1995).
Fructans are believed to be nutritionally important

ue to their physiologic effects stemming from lower GI
ract fermentation. This process is typically complete



as demonstrated by their lack of detection in the feces
(Wang and Gibson, 1993). Their bland to slightly sweet
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ature to describe short-chain inulins obtained by
partial enzymatic hydrolysis of chicory inulin. These
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269SAFETY OF INULIN AND OLIGOFRUCTOSE AS DIETARY FIBER
avor and “fat-like” mouth feel provide new opportu-
ities for achieving increased intake of dietary fiber.
urrently, inulin and oligofructose obtained by hydro-

ysis from inulin are accepted and classified as safe
ood ingredients by the regulatory authorities in al-
ost all developed countries worldwide.
To determine whether inulin/oligofructose are safe

t increased levels of intake, critical review and eval-
ation of the animal toxicological data are undertaken

n this paper, along with an extensive evaluation of
linical studies. The clinical studies reviewed were con-
ucted for various reasons; not all of them had assess-
ng tolerance as their principal objective. We have re-
iewed and evaluated them with attention both to the
riginal objectives of the studies and to their value in
stablishing human tolerance. The extent to which the
tudies are useful in drawing conclusions concerning
evels of inulin/oligofructose in the human diet is also
iscussed.

CHEMICAL ASPECTS

Fructan is a general term used for naturally occur-
ing plant oligo- and polysaccharides and refers to any
arbohydrate compound in which one or more fructo-
yl–fructose links comprise the majority of glycosidic
onds. Fructans are linear or branched fructose poly-
ers which are joined by two types of linkages: b(2 3

) seen in inulin or b(2 3 6) seen with levans-type
ructans. Within the inulin-type fructans are two gen-
ral groups of materials, inulin and its subsets, oligo-
ructose and fructooligosaccharides (FOS). The nomen-
lature for each of these materials is given below.

Inulin is a polydisperse carbohydrate consisting
ainly of b(23 1) fructosyl–fructose links. Inulin con-

ains both GFn and Fm compounds, where n or m
epresents the number of fructose units (F) linked to
ach other, with one terminal glucose (G), that can
ary from 2 to 70. The presence of Fm in inulin extracts
as been demonstrated. Total hydrolysis of inulin
ields fructose and glucose. Since all commercial inulin
roducts are in fact mixtures of molecules with differ-
ng chain lengths, it is possible to describe these prod-
cts in terms of an average degree of polymerization
DP). Commercial inulin products, obtained by hot wa-
er extraction of the chicory root, contain 92% inulin
ith an average degree of polymerization of about 10.
physical separation process can remove the oligosac-

harides, in which case the average DP can increase to
bout 25.
Oligofructose and FOS are synonymous terms used

o refer to inulin-type fructans with a maximum DP of
ess than 10. Their names derive from oligosaccharides
carbohydrates consisting of less than 10 monosaccha-
ide units) that are predominantly composed of fruc-
ose. Oligofructose is most commonly used in the liter-
roducts contain GFn- and Fm-type oligomers, with an
verage DP of about 4. FOS tends to describe mixtures
f short-chain inulin-type fructans synthesized from
ucrose. This type of FOS consists of sucrose molecules
o which one, two, or three additional fructose units
ave been enzymatically added by b(2 3 1) linkage to
he fructose unit of sucrose. These synthesized mate-
ials are of the GFn type and have an average DP of 3.5.
For the purpose of this review, any inulin-type fruc-

an which contains molecules with an average DP 10
nd above will be referred to as inulin. Any inulin-type
ructan containing only molecules with a DP less than
0 and derived from chicory will be referred to as
ligofructose. Those materials synthesized from su-
rose will be referred to as FOS. Whenever available,
he average DP of the material used in a study will also
e cited.
Inulin, oligofructose, and FOS are chemically similar

ntities demonstrating like nutritional properties.
heir chemical and nutritional similarities are due to
he basic structure they share, b(2 3 1) linkage of
ructosyl units sometimes ending with a glucosyl unit,
nd to their common metabolic pathway (fermentation
y the microflora of the colon).
The only difference between inulin/oligofructose and

ynthetic FOS is in the degree of polymerization (the
umber of individual monosaccharide units which
ake up the molecule). The average DP and DP range

or major commercial fructans are listed below:

Inulin (RAFTILINE), average DP 10 or higher; range
–60;
Oligofructose (RAFTILOSE), average DP 4–5; range

–8; and
FOS (Neosugar, Nutraflora), average DP 3.5; range

–4.

ources and Production

After starch, fructans are the most abundant non-
tructural polysaccharides found in nature. They are
resent in a wide variety of plants and in some bacteria
nd fungi. The food industry is able to utilize three
lant species for large-scale production of inulin: agave
Agave azul tequilana), Jerusalem artichoke (Heli-
nthus tuberosus), and chicory (Cichorium intybus).
Chicory is a biennial plant. The inulin content in the

lant is high and fairly constant from year to year for
given region. The chicory used for inulin production

s the same variety as the one used for the production
f the coffee substitute. Chicory inulin is generally
xtracted from fresh chicory roots, paying specific at-
ention to inhibiting the plant’s own inulase activity
nd acid hydrolysis (Roberfroid and Delzenne, 1998).
hrough two different methods, the food industry pro-
uces two types of products from chicory. Inulin, con-
aining a mixture of short- and long-chain fructans, is



produced by hot water extraction from chicory plant
(De Leenheer, 1996). Chicory roots are washed, diced,
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in which these authors reported caloric values for inu-
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t
v
o
u
t
s
F
l
s
t
(
p
R
c
s
f
W
a
d

u
f
c
c
r
u
c
c
b
d
m

t
v

i
p
t
s
l
s
s

A

s
F
J
o
g
F
w

270 CARABIN AND FLAMM
nd extracted. The semi-refined syrup is then purified
sing physical separation techniques to yield a product
f over 99% purity. Oligofructose, containing only mol-
cules with DP less than 10, is produced by a similar
ethod with the addition of partial enzymatic hydro-

ysis of the inulin processing stream after the initial
xtraction.

USES

ietary Fiber

During the past decade, Americans have changed
heir outlook on health. Their quest for improved qual-
ty of life and increased longevity shifted from a focus
n supplementation to meet daily requirements to one
f disease prevention and enhanced performance. How-
ver, the reality is that most of the U.S. population
lready has risk factors for various illnesses. As esti-
ated by the Census Bureau, the number of people

ges 45 and older will grow from 91.5 million (34% of
he present U.S. population) to 144.6 million (42%) by
he year 2030. This change will also reflect an increase
n the morbidity seen in the geriatric age group.
hronic diseases or their risk factors already afflict
any in the younger generations. This is demon-

trated by the 10 million clinically obese children, 2.2
illion with hypertension, and 27.4 million under the

ge 19 with high cholesterol (AHA, 1997). Further-
ore, approximately 17% of the American households
ave a member requiring a modified diet to manage a
ealth condition.
Even with the current changing nutritional trend,
ost individuals consume significantly less dietary fi-

er than the recommended daily value (RDV) in the
nited States of 25 g. Inulin and oligofructose, while

alorically low, have the added advantage of being as
uch as 0.3 times as sweet as sugar, showing syner-

istic sweetening with intense sweeteners (Wiedmann
nd Jager, 1997). Therefore, they are attractive ingre-
ients for use as part of nonnutritive sweetener sys-
ems not only for the average consumer, but also for
eight-conscious individuals and diabetics (Stone-Dor-

ow and Levitt, 1987).

aloric Value

There are four studies available which determined
he caloric value of inulin and FOS in human subjects
sing different methodologies. The study by Molis et al.

1996) uses the factorial method to determine a caloric
alue of 2.3 kcal/g. In an earlier study, Hosoya et al.
1988) uses a radiorespirometric method to determine

caloric value of 1.5 kcal/g. In addition to these two
tudies, Castiglia and Vermorel (1993) and Castiglia-
elavaud et al. (1998) conducted energy balance exper-

ments using whole-body indirect calorimetry methods
hese human studies have overestimated the caloric
alue of FOS due to constraints in experimental meth-
dology and, in cases where the factorial equation was
sed, limitations in theoretical estimates. Although
he report by Molis et al. (1996) is the best human
tudy available for determining a caloric value for
OS, its reported caloric value of 2.3 kcal/g has some

imitations. First, the methodology used to collect ileal
amples (i.e., intubation) tends to overestimate absorp-
ion of FOS in the small intestine. Second, Molis et al.
1996) used a general factor of 0.5 to determine the
roportion of carbohydrate energy from fermentation.
oberfroid et al. (1993) have demonstrated that the

aloric value of FOS can be evaluated by using more
pecific values to determine the proportion of energy
rom carbohydrate fermentation available to the host.

hen these factors are applied to the factorial analysis
nd results of Molis et al. (1996), they provide a more
efinitive caloric value for FOS, i.e., 1.5 kcal/g.
In summary, the determination of Molis et al. (1996)

sing the factorial method, combined with the specific
actors discussed by Roberfroid et al. (1993) and the
orrected small intestinal absorption factor, leads to a
aloric value of 1.5 kcal/g for FOS. The same value is
eported in the study conducted by Hosoya et al. (1988),
sing the radiorespirometric method to determine the
aloric value of FOS in human subjects. Since inulin is
omposed of FOS, this caloric value is applicable to
oth inulin and FOS (i.e., oligofructose). Finally, as
escribed above, higher values by the calorimetry
ethod are variable and less reliable.
Therefore, overall, studies in humans and review of

he literature support the conclusion that the caloric
alue of inulin and oligofructose is 1.5 kcal/g.

TOXICOLOGICAL STUDIES

Given the chemical and physiological similarities of
nulin, oligofructose, and FOS, the toxicological studies
erformed with FOS and their results are predictive of
he effects of inulin and oligofructose in demonstrating
afety. Takeda and Niizato (1982) conducted the fol-
owing toxicological studies, with the results being pre-
ented at the Proceedings of the First Neosugar Re-
earch Conference, in 1982.

cute Toxicity

The objective of this study was to evaluate any pos-
ible acute toxicity in mice and rats exposed to dietary
OS (average DP 3.5). Four-week-old male and female
cL-IcR mice (SPF) and 6-week-old male and 10-week-
ld female Sprague–Dawley rats were used in four
roups of 6 for both mice and rats (a total of 24 M 1 24
mice and a total of 24 M 1 24 F rats). The groups

ere administered 0, 3, 6, and 9 g/kg FOS by gavage.



The concentrations were adjusted so that the total
volume of solution given per animal was 0.5 ml for mice
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271SAFETY OF INULIN AND OLIGOFRUCTOSE AS DIETARY FIBER
nd 2 ml for rats. Following a single oral dose the
nimals were observed for any signs of toxicity until
he seventh day. No abnormalities were seen in the
eneral state of health of male and female mice and
ats. There were no deaths and increase in body weight
fter 7 days was the same as that for controls. It was
oncluded that FOS did not affect mortality or the
eneral state of health or gain in body weight of mice
nd rats when administered as single doses of up to 9
/kg. The LD50 for FOS was determined to be greater
han 9 g/kg.

ubacute Toxicity (6-Week Gavage Study)

Male Wistar rats (SPF), 6 to 7 weeks old, were used
n groups of 18. FOS (average DP 3.5) were used as test
ubstances, while sucrose and glucose were the control
ubstances. Test and control substances were given
aily by gavage at doses of 1.5, 3, and 4.5 g/kg for 6
eeks. On the second, fourth, and sixth weeks, blood

amples were obtained from 6 animals in each group.
t sacrifice, the liver, pancreas, adrenal glands, kid-
eys, brain, cerebellum, heart, lungs, spleen, pituitary
land, and testes were removed and fixed in formalin
nd H&E-stained slides were prepared. Results re-
ealed that there were no abnormalities or deaths dur-
ng the study. A slight increase in body weight was
bserved in the 3 and 4.5 g/kg groups compared to
ontrols. The other group showed the same trend as the
ontrols.

No consistent, treatment-related changes in serum
hemistries were seen across groups, although signifi-
ant fluctuations were observed occasionally. These did
ot correlate with either dose or time of administration
nd are, therefore, considered chance occurrence. On
issection, swelling of the appendix was noted in the
ats receiving FOS, while this abnormality was not
een in the other groups.
It was concluded that there is no treatment-related

oxicity in any of the FOS-treated groups up to a dose
f 4.5 g/kg administered orally for 6 weeks.

ubacute Toxicity (6-Week Feeding Study)

Male Wistar rats (SDP), 6 to 7 weeks old, were used
n groups of 18. FOS (average DP 3.5) were used as
amples, while sucrose, glucose, and sorbitol served as
ontrols. A dietary admixture was prepared with Re-
ned Feed of Oriental Kobo Kogyo, by leaving out the
% sucrose and the 5% starch and adding 5 or 10% of
he test compounds. The feed was provided ad libitum
or 6 weeks. On the second, fourth, and sixth weeks,
lood samples were obtained from 6 of the subjects
rom each group. At the same time, at necropsy, the
iver, pancreas, and adrenal glands were removed for
urther histopathologic examination. On the sixth
eek, kidneys, brain, cerebellum, heart, lungs, spleen,
ere prepared.
The results of the study revealed no treatment-re-

ated abnormalities or deaths. Diarrhea was observed
n the 3rd day for the sorbitol group and on the 10th
ay for FOS. Sorbitol and FOS groups showed a lower
ody weight in the 1st to 5th week, but the growth
rends near completion of the study were the same as
hose of the control groups. The only blood chemistry
nding that appeared to be treatment-related was the
eduction in cholesterol for the FOS groups. On the
nd- and 6th-week necropsies, swollen appendices
ere identified. A few hepatic specimens, from all
roups including controls exhibited slight necrosis and
nfiltration of round cells. Renal changes and cases of
egeneration of the proximal tubular epithelial cells
ere seen in all sucrose-, glucose-, sorbitol-, and FOS-

reated groups. The changes were greatest with sorbi-
ol and sucrose. Cases in the FOS and glucose groups
lso demonstrated dilatation of the proximal renal tu-
ules. Calcium deposits were found in some cases in
he FOS, sorbitol, and control groups.

Feeding diets with added FOS caused a decrease in
ody weight, a reduction in cholesterol, and swelling of
he appendix while, in few cases, pathological changes
f the kidneys and liver were observed. These changes
ere similar to those noted in the control groups. The

hanges seen in the proximal renal tubules were less
evere in the FOS group than in the sucrose group,
hile the calcium deposits observed in the cortex were
lso identified in the control groups. It was concluded
hat FOS showed no toxicity compared with existing
ugars commonly used in the food supply. The study
lso demonstrated that the blood glucose is not raised
ignificantly by a single oral dose administration of
OS. Therefore, it is believed that the reduction in
ody weight is due to the low caloric content of FOS.

hronic and Carcinogenicity Studies

A comprehensive long-term/carcinogenicity study
as performed with 50 male and 50 female Fischer 344

ats for 104 weeks (Clevenger et al., 1988). After a
eek of acclimatization, the test animals began receiv-

ng FOS (average DP 3.5) with their diet at concentra-
ions of 0, 8000, 20,000, and 50,000 ppm. All animals
ere observed twice daily and body weights were de-

ermined weekly in the first 26 weeks and biweekly
hereafter. Food consumption was determined for all
nimals weekly. Food efficiency and FOS intake were
etermined from body weights and food consumption
ata. At the conclusion of the study, blood samples
ere obtained from all rats prior to sacrifice. Brain,
drenal gland, heart, lung, spleen, liver, kidney, testis,
nd ovary weights were recorded. Tissues were fixed in
ormalin, sectioned, and stained with H&E in a stan-
ard fashion.



Results indicated that survival of both sexes, in all
test groups, was unrelated to treatment. Although a
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272 CARABIN AND FLAMM
ecreased rate of survival in the male 20,000-ppm dose
roup was observed, this was not considered treat-
ent-related since it was an isolated occurrence and no

ose–response relationship was evident. Body weight
ain, food intake, and organ weights for both sexes
ere unaffected by FOS supplementation. Overall,

ood efficiencies by FOS-treated male and female
roups were comparable to their control groups. FOS
ntake by the 8000-, 20,000-, and 50,000-ppm groups
as equivalent to 341, 854, and 2170 mg/kg/day, re-

pectively, for male rats and 419, 1045, and 2664 mg/
g/day, respectively, for female rats.
Hematology parameters were not influenced by FOS

upplementation. Blood chemistry results demon-
trated a slight, but significant elevation of Na and Cl
n male rats. Male rats in the 20,000-ppm FOS group
ad slightly elevated levels of blood glucose and creat-

nine. The males in the 50,000-ppm group, in turn,
howed a decrease in creatinine levels. All other pa-
ameters for the male treated groups were similar to
ontrols. In females, all blood chemistry parameters
ere similar to those of controls except for slight ele-
ation of uric acid in the 8000- and 20,000-ppm groups.
No treatment-related macro- or microscopic changes
ere found in either males or females. The only non-
eoplastic lesions observed were common to aging rats
f this strain as demonstrated by their historical con-
rol incidence.

It is well known that a variety of neoplastic lesions
end to occur spontaneously in F-344 rats with rela-
ively high incidence (e.g., pheochromocytomas, thy-
oid C-cell adenomas, leukemias, and pituitary adeno-
as) (Haseman et al., 1990). In the FOS-treated

nimals the incidence of rare tumors (defined as those
umors with incidences below 1%) in male or female
ats was not increased. The incidence of spontaneous
umors in the FOS-treated animals was comparable to
hat of controls, with the exception of pituitary adeno-
as. In the male rats, the incidence of pituitary ade-
omas for the 0-, 8000-, 20,000-, and 50,000-ppm dose
roups was 20, 26, 38, and 44%, respectively. The his-
oric incidence of pituitary adenomas in the control
-344 male rats from the test laboratory ranges from 1
o 49% (Haseman et al., 1990). While the incidence of
his tumor in the present study was well within his-
orical range for all male rats, the incidence in the two
ighest dose groups (20,000 and 50,000 ppm) was sig-
ificantly greater than the incidence in controls. Fur-
her statistical analysis was carried out employing two
enerally accepted trend tests. The Cochran–Armitage
hi-square indicated a dose–response trend (P 5
.007), whereas the logistic regression analysis
howed no such trend (P 5 0.51), giving an overall
quivocal result. In the female rats, a negative trend in
he incidence of pituitary adenomas was recorded.
ased on this analysis it is concluded that higher inci-
Furthermore the incidence of neoplasms is not af-
ected by FOS treatment and that FOS lacks carcino-
enic potential.

evelopmental and Reproduction Toxicity

Henquin (1988) demonstrated the lack of develop-
ental toxicity of FOS fed to rats at dietary levels of

0%. Twelve female Wistar rats with a copulation plug
ere fed a diet containing 20% FOS from day 1 to 21 of
estation. A separate group of 17 female Wistar rats
ith a copulation plug were fed a control diet for the

ame period of time. In the first 6 h after birth, the
itters were numbered, sexed, and weighed. Thirty-six
ours after delivery, the newborns were equally dis-
ributed (9/mother) between the lactating mothers,
hich were continued on their gestational diet. No
ffect on the number of pregnancies was seen in the
OS groups; however, a reduction in body weight gain
f the pregnant rats was identified. This could be due to
lower caloric value for FOS, decreased intake of food

or this group, and/or diarrhea observed in the first
eek and softer stools in the second and third weeks.
espite the reduction in body weight gain of the preg-
ant rats, the fetuses and newborn weights were not
ffected. However, during the nursing period, a growth
elay was observed for the pups (specifically males) in
he test group. This may be indicative of the restricted
utritional status of the lactating mothers. The study
oncluded that a diet containing 20% FOS has no sig-
ificant effects on the course of pregnancy in rats and
n the development of their fetuses and newborns.
In a separate study, Sleet and Brightwell (1990) also

valuated possible maternal and developmental toxic-
ty in the rat (strain Crl CD (SD) BR) following admin-
stration of FOS during gestation. Four groups of 24 to
7 pregnant females were pretreated with FOS at a
ietary level of 4.75%, from day 0 to 6 postcoitum, in an
ttempt to avoid diarrhea observed with earlier stud-
es. A fifth group received a FOS-free diet throughout
he entire study. On postcoital day 6, the FOS pretreat-
ent diet was replaced, with each group receiving the

ollowing diets: FOS-free diet, 5, 10, and 20% FOS.
his regimen was continued until day 15 when all
regnant females were placed on a FOS-free diet.
On day 20, the rats were sacrificed and litters exam-

ned. Approximately half of the fetuses were dissected
nd examined fresh prior to skeletal staining, while
he rest were fixed in Bouin’s solution. Results of the
xperiment revealed no treatment-related effects dur-
ng pretreatment (days 0 to 6 postcoitum) and treat-

ent (days 6 to 15 postcoitum) with FOS at dietary
evels up to 20%. No diarrhea was observed in any of
he test animals and no deaths were recorded. FOS
dministered during the pretreatment period did not
ffect body weight and body weight change in any of



the groups. However, 2 days after the start of the
treatment (postcoital day 8), body weight was reduced
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n all FOS groups relative to controls. Additionally,
ody weight change in the treatment groups decreased
n a dose-related manner. The 5% group exhibited a
ower weight gain relative to that of controls, whereas
he 10 and 20% groups lost weight. From day 11 to the
nd of the study, the body weight and body weight
hange were similar among groups, with the exception
f the 20% FOS group which remained below controls.
At necropsy, the findings in dams were unremark-

ble. The number of pups/litter, the sex ratio, and
iability of both the embryo and the fetus were not
ffected by the dietary supplementation with FOS. Lit-
er and fetal weights were not reduced, while the fetal
eight of the 20% group was statistically greater than

hat of the controls. Structural development of the
etuses was unremarkable.

It was concluded from the study that dietary supple-
entation with FOS, at concentrations up to 20%, did
ot cause adverse effects (e.g., diarrhea) or negatively
ffect the pregnancy outcome or in utero development
f the rat. The only treatment-related effect was the
lteration in the body weight of the dams, with a mod-
rate reduction seen in the 20% FOS group.

enotoxicity

FOS (average DP 3.5) was tested for genotoxicity in
hree assays: (1) microbial reverse mutation assays in
almonella typhimurium (Ames assay) strains
A1535, TA1537, TA1538, TA98, and TA100 and Esch-
richia coli WP2 uvr A, (2) the L5178Y mouse lym-
homa TK6 mammalian cell mutation assay, and (3)
n assay for the induction of unscheduled DNA syn-
hesis in human epithelioid cells (HeLa S3). A wide
ange of test doses was used for each assay, with and
ithout metabolic activation. The results indicated no
enotoxic potential from the use of FOS (Clevenger et
l., 1988).
In conclusion, the nonclinical toxicological data pre-

ented revealed no evidence of increased morbidity,
ortality, or target organ toxicity. There was no

hange in food consumption, physical appearance, or
ehavior of test animals. There were no treatment-
elated changes in reproduction or developmental pa-
ameters, no evidence of mutagenicity or genotoxicity,
nd no treatment-related increases in proliferative le-
ions in the treated animals.

iarrhea Tests

Due to the nature of the test compound, studies to
ssess possible laxation with use of FOS (average DP
.5) were carried out. Test animals were 7-week-old
ale Sprague–Dawley rats, divided into groups of six.
ositive controls were sorbitol and maltitol, while glu-
ose acted as negative control. The test substance was
issolved in distilled water and the concentration was
laced in its own cage and the number and consistency
f the stools produced were monitored at the 6th and
4th hour following administration. Food and water
eprivation was implemented until the end of the ex-
eriment.
The following results were reported. From the 0 to

he 6th hour no diarrheal stools were seen with any
roups. From the 6th to the 24th hour, half of the
nimals had diarrhea in the 3 and 6 g/kg FOS groups.
ne to 2 diarrheal stools were observed in the 3 g/kg
roup, while 2 to 4 such stools were recorded in the 6
/kg groups. With glucose, 1 stool was seen in a single
nimal in the 3 g/kg group and none in the 6 g/kg
roup. With sorbitol, 1 to 5 stools were noted in four
nimals in the 3 g/kg group, while all animals had
iarrhea stools in the 6 g/kg group. A watery consis-
ency of the stools was identified. With maltitol, four
nimals had 1 to 5 diarrheal stools in the 3 g/kg group
nd 1 to 14 diarrheal stools were seen in five animals in
he 6 g/kg group.

Based on the study, it was concluded that the induc-
ion of diarrhea was as follows: sorbitol (watery) @
altitol . FOS @ glucose 5 0. As FOS is expected to
ave a weaker osmotic effect than sugar alcohols, it is
ot surprising that the diarrheal effect of FOS is less
han that of the tested sugar alcohols.

TOLERANCE

olerance by Intravenous Infusion

Inulin, administered intravenously as a sterile solu-
ion, has been used for many years as a diagnostic
gent to measure glomerular filtration rate (GFR). Due
o its small molecular weight, similar to plasma and
rystalloids, it passes freely through the glomerular
embrane. The concentration of inulin is the same for

lasma and glomerular filtrate in the healthy individ-
al (Guyton, 1981). Inulin represents an ideal sub-
tance for renal clearance testing since it is filtered by
he glomerulus; it is not absorbed or excreted by the
enal tubules and is not metabolized. As described in
he medical literature, inulin, even when given intra-
enously at priming doses as high as 50 mg/kg, causes
o known adverse reactions or toxic effects (PDR, 53rd
d., 1999). Applying these clinical findings further, an
nvestigation to demonstrate possible placental trans-
er of inulin from mother to the first-trimester fetus
as undertaken (Jauniaux et al., 1997). Inulin is

hought to cross the placental barrier by an extracel-
ular porous route dependent on the molecular size of
he substance. A study done with healthy pregnant
emales who received an IV bolus of inulin demon-
trated that inulin crosses the human placenta in
uantities that yield measurable concentrations in
oth the coelomic and the amniotic fluids.



The long-standing intravenous/systemic use of inu-
lin in routine medical testing demonstrates its safety
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274 CARABIN AND FLAMM
nd nontoxic effects in humans, even under the most
recarious medical conditions (e.g., renal failure).

olerance by Ingestion

While alike in structure, inulin, oligofructose, and
OS have somewhat different effects on tolerance due
o their dissimilar chain lengths. These effects gener-
lly present as GI symptoms. Flatulence, bloating, ab-
ominal distention, and rumbling are known and ac-
epted occurrences with dietary intake of fruits and
egetables and have also been observed with ingestion
f inulin and oligofructose. Nonetheless, these common
ut otherwise subjective complaints are difficult to
easure and quantitate. The various effects of fruc-

ans on the GI tract can be explained by the following
rinciples:

smaller molecules have a higher osmotic colonic
ressure; and
slower fermenting compounds are more easily toler-

ted than faster ones.

For instance, inulin (average DP 10) has better GI
olerance and less potential for osmotic diarrhea than
o FOS (average DP 3). Furthermore, through animal
tudies it has been documented that FOS induce less
iarrhea than maltitol and significantly less than
orbitol (sorbitol @ maltitol $ FOS @ glucose 5 0)
Takeda and Niizato, 1982). Inulin, as a slower fer-
enting compound, has better GI tolerance than oligo-

ructose, and all three carbohydrates present with
ewer signs of intolerance if given in divided doses
Alles et al., 1996; Garleb et al., 1996; Kleessen et al.,
997; Luo et al., 1996; Stone-Dorshow and Levitt,
987).
Physiologically, the malabsorption of carbohydrates

n the upper GI tract may lead to some forms of intol-
rance (e.g., lactose intolerance). The colonic flora fer-
ent undigested carbohydrates resulting in the pro-

uction of gas and, therefore, flatulence. When the
apacity of the colonic bacteria to ferment carbohy-
rates is exceeded, diarrhea may develop. Hence, flatu-
ance and diarrhea are two potential problems that can
evelop when using fructans in the diet and the
mount ingested is critical in avoiding any problems
ith intolerance (Stone-Dorshow and Levitt, 1987).
A recent clinical study is probably the first to com-

are the physiologic responses after ingestion of two
ifferent chain lengths fructans (Rumessen and Gud-
and-Høyer, 1998). The responses were further com-

ared to those after ingestion of lactulose, fructose, and
orbitol. In a single blind randomized study with 10
ealthy adults, intestinal absorption, transit time, and
ermentation after ingestion of 10- to 30-g inulin-type
ructans (short- and long-chain) were studied. The
hort-chain fructans (FASC; oligofructose) used had an
hains of different lengths (51% with an average DP .
2 and 42% with an average DP . 21). GI symptoms
ere recorded and scored. The symptoms included flat-
lence, distension, borborygmi, abdominal pain, nau-
ea, and diarrhea and were rated in severity from 0
none) to 3 (severe). They were recorded at fixed (0.5 h)
ntervals for 7 h after ingestion. A total symptom score
or each test was then calculated. The results showed
hat the highest cumulative and mean maximum
ymptom scores for all participants were seen after
0 g FASC (oligofructose) and 20 g lactulose, while the
owest were after 20 g fructose. Seventy-five percent of
he scores were due to mild gas complaints (distension,
orborygmi, and flatulence). Diarrhea was not reported
fter 10 or 20 g FASC (oligofructose) or after 20 g
ructose. Abdominal pain was seen in 15% of symptom
cores. For the 10–30 g FASC (oligofructose) alone,
7% of scores were for gas problems and 17% were for
bdominal pain. The transit times of long-chain fruc-
ans were longer than those of short-chain fructans.
he authors concluded that with the ingestion of fruc-
ans, abdominal symptoms increased with increasing
ose and decreasing chain length.
It has been demonstrated, both in vitro and in vivo,

hat inulin-type fructans, due to their b-configuration,
re nondigestible in the upper GI tract. Clinical studies
upport the in vitro findings that these fructans with-
tand hydrolysis by human digestive enzymes (a-glu-
osidase, maltase–isomaltase, and sucrase) that are
pecific for a-glycosidic linkages. In addition, they are
lso resistant to the action of salivary glands, pancre-
tic enzymes, and gastric acids, reaching the large
owel intact, where extensive fermentation and break-
own occurs. By resisting digestion in the upper part of
he GI tract, inulin-type fructans are not absorbed to
ny significant extent (Cummings et al., 1997; Ellegärd
t al., 1997; Molis et al., 1996). Absorption of inulin or

smaller DP of inulin does not raise a safety issue
iven the experience with its use systemically for mea-
uring glomerular filtration (see Tolerance by Intrave-
ous Infusion). The extent of fermentation of soluble
bers depends on their chemical structure, further af-
ecting intraluminal pH and colonic proliferation of
pithelial cells. Dietary fiber is fermented by colonic
naerobic bacteria leading to the production of lactic
cid, short-chain fatty acids (acetate, propionate, and
utyrate), and gases (H2, CO2, and CH4) (Roberfroid,
993). The gases may be expelled in the breath and/or
atus, while the SCFAs are partially absorbed by the

ntestinal epithelium and further metabolized by the
ody. Acetate provides energy for the tissues. The exact
ole of propionate in humans is not fully elucidated.
utyrate is metabolized by colonocytes and has been
emonstrated to regulate cell growth, induce differen-
iation, and affect apoptosis. This is considered to be
rotective against possible malignant transformation



of colonocytes (Cummings et al., 1997). SCFAs may
also have a preventive role in certain kinds of colitis
(
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Roberfroid, 1993).
The H2 produced by colonic fermentation is absorbed

nd then excreted in expired air serving as a semi-
uantitative indicator of the rate of fermentation. Var-
ous types of fiber may influence small intestinal tran-
it time differently. For example, pectin, a viscous-type
olysaccharide, causes a mouth-to-anus transit delay
f glucose, while wheat bran tends to increase it. Using
reath-H2 excretion as an indirect assessment of tran-
it time, it is found that insoluble fibers may increase,
hile soluble fibers may decrease, transit time (Stone-
orshow and Levitt, 1987).
Numerous studies have been performed with adults

emonstrating tolerance to FOS in doses of 20 to 30
/day (Hata and Nakajima, 1984; Stone-Dorshow and
evitt, 1987; Briet et al., 1995; Table 1), but such data
ere not available in the pediatric age groups. A study
as carried out with school-age children to further
ssess possible GI intolerance from use of oligofructose
DP 4–5) in this age group (Cadranel and Coussement,
995, unpublished data). Two schools participated in
he study with a total of 43 healthy boys and girls, ages
0 to 13. A noncontrolled diet was supplemented with
ligofructose mixed in chocolate drinks, apple juice,
nd gummy bears. Side effects (headaches, belching,
tomach cramps, and sense of heaviness, intestinal
oises, gas expulsion, intestinal cramps, and diarrhea)
ere assessed through questionnaires during 12 h af-

er intake. Breath hydrogen excretion was measured
very 60 min for 5 h. Oligofructose increased breath
ydrogen excretion in a dose-dependent manner in al-
ost all children. Liquid carriers of oligofructose pro-

uced a higher peak hydrogen excretion (79 ppm) and
ere somewhat less tolerated than solid carriers (37
pm).
At one participating school (21 children), the toler-

nce of one or two chocolate drinks containing 3.6 g
ligofructose was tested. One group of children re-
eived 200 ml chocolate drink containing 3.6 g oligo-
ructose at mid-morning break. A second group re-
eived the same drink mid-morning and at lunch (for
otal of 7.2 g oligofructose), while a third group (con-
rol) received 200 ml standard chocolate drink. At the
ther school, 22 children were tested with higher doses
f oligofructose and a solid food. One group received
00 ml apple juice with 9 g oligofructose at mid-morn-
ng break. The second group received 200 ml standard
pple juice (control), while the third group of children
ngested three gummy bears containing 9 g oligofruc-
ose over 30 min mid-morning.

Overall, the results demonstrated good tolerance to
ligofructose. There were no recorded complaints of
atulence, abnormal stools, or diarrhea. Most com-
laints were broadly labeled as “stomach cramps” and
ere frequently noted in the controls as well as in the

est groups. The test groups reporting “stomach
The subjects were also followed with hydrogen
reath tests that measured peak hydrogen concentra-
ion in the expired air. The results showed that the
reath hydrogen concentration is proportional to the
mount of oligofructose intake and liquid products
aused higher breath hydrogen concentrations than
he solid ones. In many cases, the breath hydrogen
oncentration was found to continue rising even after
he last observation was made, while in the control
roups it remained constant throughout. In approxi-
ately 50% of the observations, a breath hydrogen

eak was observed within 3 to 4 h from administration,
egardless of amount or method of delivery (liquid vs
olid).
Advantages and disadvantages were seen with the

resent study design. The ability to test children of
chool age generally represents a significant advantage
nd a difficult task. The results indicate that doses up
o 9 g of oligofructose are well tolerated by children
etween ages 10 and 13. The doses of oligofructose
sed in the study (3 to 9 g) reflect actual dosing with
ommercial products. One disadvantage seen in the
tudy design represents the use of a noncontrolled diet.
his makes allocation of individual symptoms to the
ested substance difficult, if not impossible. It further
nfluences the results obtained from the hydrogen
reath tests, allowing for only rough conclusions to be
rawn.
The side effects reported (e.g., stomach cramps) were

road, vague, and overall low in frequency without
ssociated symptoms, such as flatulence. In view of the
bove, the authors concluded that the objectivity of the
eported complaints is questionable, possibly psycho-
omatic in nature and not related to oligofructose in-
ake. It was further observed that oligofructose was
etter tolerated if incorporated into solid food as op-
osed to liquid.
Despite the noncontrolled diet, which may contain

ther ingredients that may lower tolerance to oligofruc-
ose, the overall findings support the conclusion that
oses of up to 9 g oligofructose are well tolerated by
hildren ages 10 to 13.

ffect on Mineral Absorption

Clinically, there has been concern of possible impair-
ent of the small intestine’s absorption of minerals

aused by nondigestible fiber. The effects of dietary
ber and some associated substances, such as phytate,
ere shown in vitro to have mineral binding capabili-

ies, specifically on zinc retention and calcium absorp-
ion (Person et al., 1991). It has also been demon-
trated that humans are unable to adapt to chronic
igh intake levels of phytate, therefore placing them-
elves at risk for mineral (e.g., iron) deficiencies (Brune
t al., 1989). The minerals that remain bound are



TABLE 1
Inulin-type Fructansa and GI Symptoms
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Author and year Number of subjects Amount of (I), (O), or (FOS)b GI symptoms and tolerance

lles et al., 1996 24 (healthy men) 0, 5, and 15 g/day (O) Flatulance at 15 g/day dose
riet et al., 1995 14 (8M 1 6F, healthy young

subjects)
30, 40, and 50 g/day (FOS)

throughout the day
Flatulus at .30 g/day; bloating at .40 g/day;

cramps and diarrhea at 50 g/day
ouhnik et al., 1996 12 (7M 1 5F) 18 g/day (I) 1 (BFM) in 3

divided doses
Increased bifidogenicity with (BFM), but concurrent

administration of (I) does not enhance the effect.
No mention of GI intolerance

adranel and
Coussement,
1995,
unpublished

43 (healthy children ages 10
to 13)

3.6 g (O) 3 1 dose—liquid;
3.6 g (O) 3 2
doses—liquid; 9 g (O) 3 1
dose—liquid and solid

Doses up to 9 g (O) well tolerated with no evidence
of diarrhea, abnormal stools, or flatulence. Fewer
side effects with solid than liquid

oudray et al., 1997 9 (healthy men); controlled,
crossover design study

40 g/day (I) (supplemented
in daily diet)

Significantly increased the absorption of Ca and its
balance, possibly by solubilizing this element in
the colon, without adverse effects on mineral
retention. No mention of GI intolerance

avidson et al.,
1998

21 (M 1 F); randomized,
double-blind, crossover
study

18 g/day (I) in 3 doses May blunt hypercholesterolemic effects; the total
incidence of reported GI symptoms (mild
flatulance, bloating, cramping, and loose stools)
was significantly higher in the (I) period

llegärd et al., 1997 10 patients with ulcerative
colitis and ileostomy

17 g/day (I); 17 g/day (O); 7
g/day sucrose

(I) and (O) are not digested in the small intestine.
They do not effect mineral excretion or
absorption (Ca, Mg, Zn, and Fe). They do not
increase fat or nitrogen excretion from small
intestine

arleb et al., 1996 9 3 3 groups (healthy
males); randomized,
double-blind study

0, 15, and 31 g/day (FOS) in
3 doses

Increased bifidogenicity; slight flatulus and
distention with 15 g/day dose, more flatulus and
diarrhea (more than 3 watery BMs/day) with 31
g/day

ibson et al., 1995 8 (7M 1 1F, healthy
subjects)

15 g/day (O) divided doses;
15 g/day (I) divided doses
(4 of the 8 subjects)

Increased bifidogenicity with both (I) and (O);
Decreased clostridia, bacteroids, and fusobacteria
(O); Decreased Gram-positive cocci (I). One
subject c/o intermittent flatulance throughout
and a second c/o flatulance and abdominal pain
(O)

leessen et al.,
1997

25 (elderly, constipated
females); 15 received
lactulose; 10 received
inulin

20 g increased to 40 g/day
(I) in 2 doses

Decreased functional constipation with minimal
flatulance

uo et al., 1996 12 healthy males;
randomized double-blind
crossover study

20 g/day (FOS)
supplemented to diet
throughout the day

FOS decreased basal hepatic glucose production,
with no effect on insulin-stimulated glucose
metabolism in healthy subjects. No mention of GI
symptoms

olis et al., 1996 6 healthy (3M 1 3F) 20 g/day (FOS) given in 3
equal doses

Measured distal ileal output of FOS and FOS
excreted in stool and urine. 89 6 8.3% FOS was
not absorbed in the small intestine and none was
excreted in stool. The mean estimated energy
value of FOS was 9.5 kJ/g. No GI symptoms seen
at this dose

edersen et al.,
1997

64 healthy females,
nornolipidemic;
randomized double-blind
crossover study

14 g/day (I) spread
throughout the day

No significant difference in plasma cholesterol,
HDL, LDL, and triglycerols. Statistically higher
GI symptoms. Flatulance was the most profound
symptom, followed by rumbling, cramps, bloating.
No intestinal adaptation was seen at this level of
intake for inulin

umessen and
Gudmand-Høyer,
1998

10 (5M 1 5F) healthy
subjects

10–30 g inulin-type fructans
(FASC and FALC)

77% had c/o gas and 17% had c/o abdominal pain.
No diarrhea at 10 and 20 g. No differences seen
between 30 g FASC, 20 g lactulose, and 20 g
fructose. Increased orocecal transit time (OCTT)
with FALC

tone-Dorshow et
al., 1987

15 healthy males 15 g/day (FOS) in 3 divided
doses

Increased flatulance and mild abdominal discomfort
and bloating

obotka et al., 1997 9 patients requiring enteral
nutrition; single-blind
study

30–35 g/day (I) continuous
infusion through
jejunostomy

Significant increase in flatulance. No change in
SCFA concentration in the stool. No influence in
intestinal permeability
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herefore not absorbed in the small intestine. Colonic
ermentation of nondigestible fibers leads to the forma-
ion of high concentrations of short-chain carboxylic
cids that can facilitate the absorption of Ca21 and
g21. Some authors consider that the presence of these

wo minerals in the colonic environment has a benefi-
ial effect on the large bowel. This may be due to the
ossible impact on the rate of cell turnover, while the
igh concentrations of Ca21 may lead to the formation
f insoluble bile and fatty acids salts, therefore de-
reasing their damaging effect on the colonic epithe-
ium (Roberfroid and Delzenne, 1998; Wargowich et al.,
984).
Mineral absorption and balance is reported to be

mproved by inulin-type fructans, possibly because of
n increased osmotic effect. This intensified water
ransfer into the large bowel allows for increased min-
ral solubility. Furthermore, the process of passive
iffusion is also enhanced. The extensive fermentation
f these carbohydrates causes acidification of the co-
onic contents and raises the concentration of ionized

inerals (Coudray et al., 1997; Roberfroid and Del-
enne, 1998; Younes et al., 1996).
In a randomized, crossover study carried out with 12

ealthy, young males, Van den Heuvel et al. (1998)
onclude that 15 g/day of inulin (DP range 2–60), FOS
DP range 2–8) (oligofructose from chicory), or galac-
ooligosaccharide (DP range 2–6) does not have a neg-
tive impact on iron and calcium absorption. No signs
f intolerance (first sign being flatulance) were identi-
ed with 15 g/day of the tested substances adminis-
ered in divided doses, while they were anticipated at
30 g, as also documented by Briet (1995). In a fol-

ow-up study aimed at validating the measurement
echnique, the same author administered 15 g/day oli-
ofructose (DP range 2–8) to 12 male adolescents (ages
4–16) and saw an increase in fractional calcium ab-
orption of 26% compared to the sucrose (control)
roup. Reports of GI complaints were similar between
he treatment and control groups (Van den Heuvel et
l., 1999).
A double-blind crossover comprehensive study, con-

ucted with 10 ileostomy patients, demonstrated that
ineral absorption is not impaired. The patients re-

eived 17 g inulin (DP range 2–65), 17 g oligofructose

Author and year Number of subjects Amount of (I)

an den Heuvel
et al., 1998

12 healthy, nonanemic
males; randomized,
crossover study

15 g/day (I, F
given in 3 d

an den Heuvel
et al., 1999

12 adolescent males (14–16
years old); randomized,
double-blind, crossover
study

15 g (O) given
doses for 9

a See text for further definition of test article.
b Inulin (I); oligofructose (O); fructooligosaccharides (FOS).
DP range 2–8), and 7 g sucrose added to a control diet
uring three experimental periods of 3 days each. The
tudy once again confirmed that inulin and oligofruc-
ose are not digested in the small intestine, as 88% for
nulin and 89% for oligofructose were recovered from
he ileostomy effluent. These fructans were well toler-
ted and did not seem to influence the absorption of
utrients from the small intestine as the excretion of
alcium, magnesium, and iron was practically the
ame in all three diets (Ellegärd et al., 1997).
Animal studies support the clinical findings (Ohta et

l., 1994; Younes et al., 1996). A recent rat study em-
loyed the method of calcium balance in combination
ith the 45Ca kinetics as a technique for analyzing

alcium metabolism. The results indicate that the in-
reased true calcium absorption and balance produced
y FOS feeding might improve bone calcification
Morohashi et al., 1998).

ffect on Glycemic Control

The incidence of diabetes has doubled since the
950s. Approximately 800,000 new cases are being di-
gnosed yearly, placing the current diabetic population
t 16 million in the United States. Dietary fiber affects
he digestion and absorption of various substances, as
een with carbohydrates and starches. For this reason,
mprovement in glucose tolerance and increased sensi-
ivity to insulin have been identified mainly with sol-
ble dietary fibers. Hyperglycemia and hyperlipidemia
ften coexist in the diabetic patient. Complex medical
egimens are in existence for better control of both
nsulin- and non-insulin-dependent patients. They in-
lude medication, such as oral hypoglycemic agents or
nsulin, exercise, and diet. The addition of dietary fiber
o the standardized diabetic diet has been found to be
eneficial.
A 14-day clinical study was performed with non-

nsulin-dependent diabetics. The subjects had high lev-
ls of glucose and/or serum lipids and were poorly
ontrolled. The results indicate that a significant de-
rease in the fasting blood glucose and total serum
holesterol occurs with a daily intake of 8 g FOS (av-
rage DP 3.5) for 14 days. The decrease of total choles-
erol was mainly due to a decrease in LDL cholesterol.

), or (FOS) GI symptoms and tolerance

GOS)
ded doses

No negative effect on iron and Ca absorption with
15 g/day of the above. No GI symptoms recorded

3 divided
s

Increased in fractional calcium absorption 26%
compared to sucrose. GI complaints similar in
treatment and control groups
, (O

OS,
ivi

in
day



It was concluded that regular intake of FOS could
benefit diabetic patients (Yamashita et al., 1984). No
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dogenic effects identified by the study concurred with
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I signs or symptoms (e.g., flatulance, diarrhea) were
bserved in any of the subjects throughout the study.
he effects of chronic ingestion of FOS on hepatic glu-
ose production, insulin-mediated glucose metabolism,
rythrocyte insulin binding, and blood lipids were eval-
ated in healthy, nondiabetic males. Twelve subjects
eceived 20 g/day of FOS (average DP 2.7) for two
-week periods, separated by a 2-week washout inter-
al. The FOS or sucrose were incorporated in cookies
nd supplemented throughout the day. There were no
omplaints of GI intolerance. The study concluded that
hile there was a decrease in basal hepatic glucose
roduction, no detectable effect was identified on insu-
in-stimulated glucose metabolism in healthy individ-
als (Luo et al., 1996).

ffect on Constipation

In the Western world, constipation, a relatively com-
on problem, is found in all age groups and signifi-

antly more so in the elderly. Expected physiologic
hanges of aging also affect the GI tract. Some of the
hanges are due to poor mastication from loss of den-
ition, atrophic olfactory and gustatory changes, hypo-
hlorhydria, and atrophic gastritis. Decreased intesti-
al motility and increased transit time may also be due
o known side effects from medication and/or decreased
hysical activity. Other changes are due to alterations
n the intestinal microflora, with decrease in beneficial
ype bacteria (Bifidobacteria) and increases in the
athogenic types (enterococci, enterobacteria, and clos-
ridia). The latter changes are believed to increase the
oxic burden and the risk for cancer (Kleessen et al.,
997). Considering that these changes in the intestinal
ora are well recognized clinically, significant atten-
ion has been paid to the possible effects of diet on the
I tract in general and on the colon in particular.
One clinical study evaluating constipation was per-

ormed with 25 elderly females with a history of one to
wo bowel movements/week, hard stools, and abdomi-
al discomfort (Kleessen et al., 1997). Patients were
andomly assigned to two groups, each receiving either
actose (n 5 15) or chicory inulin (n 5 10), in addition
o their regular daily diet, for 19 days. The subjects
eceived a single 20-g dose of lactose or inulin (average
P 10) in the first 8 days of the study. This was fol-

owed by a 3-day stepwise increase of the doses to 40
/day, where patients were maintained for the remain-
ng of the study. The results showed that inulin, re-
ardless of the amount ingested, led to increase in stool
requency (from 1–2/week to 8–9/week). Softening of
tools, without evidence of diarrhea, and a mild to
oderate amount of flatulance were also observed. In-
lin stimulated the growth of bifidobacteria, while sup-
ressing that of pathogenic types, such as enterococci
in number) and enterobacter (in frequency). The bifi-
993). However, no demonstrable changes in the in-
exes of microbial metabolism such as pH, lactate, or
hort-chain fatty acids, or the activities of b-glucosi-
ase and b-glucuronidase were identified.

ffects on Intestinal Flora (Bifidogenicity)

Some dietary fiber, such as inulin-types fructans, is
ound to have a beneficial effect on increasing bi-
dobacteria in the colon (Roberfroid, 1993, 1995),
here even small daily intakes of #5 g have shown a
ifidogenic effect (Gibson et al., 1995; Rumessen and
udmand-Høyer, 1998).
Gibson and Roberfroid presented the concept of “co-

onic food” in 1994. Colonic food includes a wide variety
f food constituents including resistant starch, nondi-
estible proteins and peptides, live microorganisms
probiotics), and nondigestible oligosaccharides (prebi-
tics). A prebiotic is defined by the authors as “a non
igestible food ingredient that beneficially affects the
ost by selectively stimulating the growth and/or ac-
ivity of one or a limited number of bacteria in the
olon” (Gibson and Roberfroid, 1995).
The microflora of the large bowel is composed of a

iverse community of bacteria with significant roles in
he physiology and nutrition of the human host. One
ffect of fermentation on the colon is stimulation of
acterial growth (increased biomass). Colonic bacteria
re eventually excreted in the feces, therefore contrib-
ting to the laxative properties of high-fiber diets. Most
uthors agree that all carbohydrates reaching the
arge bowel will have some laxative effect (Cummings
t al., 1997; Gibson et al., 1995). A broad and somewhat
implistic categorization of intestinal bacteria can be
resented as beneficial, such as Bifidobacteria and Lac-
obacilli, or pathogenic as in Clostridia, Enterobacter,
nd Gram-positive cocci. Bifidobacteria and Lactoba-
illi are able to create unfavorable growth conditions
or the pathogenic types. Clostridia and Enterobacter
re known to have a detrimental effect on the host
hrough an invasive action or through toxin production
Wang and Gibson, 1993).

Bifidobacteria are Gram-positive anaerobic bacteria.
hey are found in stool shortly after birth and repre-
ent a major part of the normal human intestinal flora
hroughout life. Bifidobacteria can represent as much
s 95% of the intestinal microflora in breast-fed infants
ompared to only 25% seen in adults. This is believed to
e the reason why breast-fed infants suffer from fewer
I infections than those being bottle-fed (Gibson et al.,
995). However, the numbers of bifidobacteria are
nown to decline with the aging process.
To evaluate the effects of oligofructose (average DP

–5) and inulin (average DP 10) on the microflora and
olonic function in the large bowel, a crossover clinical
tudy was performed with eight healthy subjects for a



period of 45 days (Gibson et al., 1995). The study period
was divided into 15 days of control diet, 15 days when
t
w
c
f
r
t
g
1
d
t
o
a
i
a
d
i
g
c
c
T
a
R
s
d
d
v
2
i
fi

E

h
c
1
c
i
a
s
m
t
c
g
d
1
m
p
a
B
i
c

c
t
a

mals (Reddy et al., 1997). Their presence and number
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he 15 g/day sucrose in the control diet was replaced
ith 15 g/day oligofructose, and then a 15-day second

ontrol period with 15 g/day sucrose. A 5-day period of
ree diet for stool collection to complete fecal marker
ecovery followed. Four of the subjects went on to par-
icipate in another 25-day inulin study, where the 15
/day sucrose control period was 10 days, followed by
5 g/day inulin for 15 days, and finally concluded by 5
ays of stool collection to recover all markers. The
ested compounds were given in divided doses through-
ut the day. Inulin and oligofructose were well toler-
ted during the study, with only one subject complain-
ng of intermittent flatulence throughout, while
nother complained of flatulence and abdominal pain
uring the oligofructose phase of the study. The results
ndicate that an alteration in the diet, to where 15
/day of oligofructose or inulin is substituted for su-
rose, could significantly change the balance in the
olonic microflora by increasing levels of bifidobacteria.
his finding was in accordance with those of other
uthors (Bouhnik et al., 1996; Gibson et al., 1995;
umessen and Gudmand-Høyer, 1998), but it suggests
ubstitution at a higher amount. The study further
emonstrated that the number of pathogenic bacteria
ecreased with intake of oligofructose. Previous in
itro studies also demonstrate that inulin (DP range
–60) and oligofructose (“defined as the fraction of
nulin with a DP below 20”) are substrates for bi-
dobacterial growth (Wang and Gibson, 1993).

ffects on Risk of Colon Cancer

The risk for colon cancer, for both men and women, is
igh, making colorectal cancer one of the leading
auses of mortality in the Western world (Parker et al.,
997). Currently the etiology for this type of cancer is
onsidered to be multifactorial, with diet playing an
mportant role. Dietary fiber, depending on the amount
nd type, has been credited with decreasing the risk for
everal cancers, including that of the colon. Colonic
icroflora are considered to play an important role in

he process of colorectal carcinogenesis. The evidence
omes from various published works indicating that
erm-free experimental animals have a lower inci-
ence of chemically induced colon cancer (Goldin et al.,
981; Reddy et al., 1974). Furthermore, some colonic
icroflora have the ability to produce carcinogens and

romoters (Hill, 1988). However, not all bacteria have
detrimental effect on the host. As already discussed,
ifidobacteria and Lactobacilli, which are acid-produc-

ng bacteria, appear to have a protective effect against
olon cancer.

Possible early indicators of colon cancer are aberrant
rypt foci (ACF). They are considered to be preneoplas-
ic lesions that could lead to the formation of colonic
denomas and carcinomas in humans and some ani-
odent study, Rao et al. (1998) employed a colonic ACF
ssay to evaluate possible preventive properties of cer-
ain agents (e.g., coffee fiber, inulin, and pectin) on
olon cancer. The study demonstrates that inulin-con-
aining diet reduces the azoxymethane (AOM)-induc-
ion effect on the number of ACF/cm2 in the colon.
nulin also increases by three- to fivefold the produc-
ion of cecal short-chain fatty acids, which have been
hown to increase apoptosis. Similar findings were re-
orted by a different study, also showing a 50% sup-
ression in the 2-amino-3-methylimidazol[4,5-f] quin-
line (IQ)-induced mammary carcinogenesis in F344
emale rats (Reddy, 1998).

In a separate study, 60 male Sprague–Dawley rats
ere used to assess the effects of Bifidobacterium lon-
um and inulin on carcinogen-induced aberrant crypt
oci caused by the colon carcinogen AOM (Rowland et
l., 1998). The study also measured the concentration
f ammonia produced by bacterial degradation of pro-
ein and urea, b-glucoranidase, and b-glucosidase,
nown as possible tumor promoters. The consumption
f either inulin or Bifidobacterium longum was associ-
ted with a decrease (26 and 41%, respectively) in
OM-induced small ACF (1–3 crypts per focus). The
imultaneous administration of inulin and Bifidobac-
erium led to 80% inhibition of small ACF and de-
reased the incidence (by 59%) of large ACF (.4 crypts
er focus), which are considered to be predictive of
umor incidence. It was also determined that since
oth inulin and Bifidobacterium longum were started 1
eek after treatment with the carcinogen, they may

unction by inhibiting the early promotion stage of the
arcinogenic process. Decreases in ammonia concen-
ration and b-glucoranidase activity were seen as con-
istent with the beneficial effect on colon cancer pre-
ention.
Using the same premises, an earlier study investi-

ated the effects of FOS (average DP 3.5) and that of
ifidobacteria on the process of chemically induced
olonic carcinogenicity. Three groups of CF1 female
ice were devised for the experiment. One group (n 5

0) received 1,2-dimethylhydrazine (DMH) and was
ed Bifidobacteria and a bifidogenic diet; the second
roup (n 5 21) received DMH and a normal diet; while
he controls (n 5 5) did not receive DMH and were fed

normal diet. Results revealed that the incidence of
berrant crypts and foci was significantly lower 38
eeks after the last injection of the carcinogen in mice

ed Bifidobacteria than in animals treated with carcin-
gen alone. The decrease in precursor lesions for co-
onic cancer is presumed to be due to the increased
umber of Bifidobacteria and their effect on lowering

ntraluminal pH, while displacing pathogenic type bac-
eria (Koo and Rao, 1991).



Effects on Lipid Metabolism
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Sixty-four healthy, normolipidemic females partici-
pated in this randomized double-blind crossover study.
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Coronary heart disease represents the number one
ource of morbidity and mortality in the United States.
ccording to the American Heart Association, more

han 60 million people have been diagnosed with some
ype of cardiovascular disease, while 1 of 2 remaining
ndividuals are at risk. As a preventive effort, health
are agencies have set guidelines and offered recom-
endations for decreased consumption of saturated fat

nd cholesterol and increased intake of foods high in
ber, especially soluble fiber (The Surgeon General’s report,
988; National Cholesterol Education Program, 1990).
To assess the effects of diets high in soluble fiber on

erum lipid levels, a clinical study was undertaken
Jenkins et al., 1993). Addressed by the study was the
uestion of whether a high intake of fiber can reduce
lasma lipids when diets low in saturated fat and cho-
esterol are used. The subjects were 43 otherwise
ealthy individuals (15 males and 28 postmenopausal
emales), with a history of mild to severe hyperlipid-
mia. They were divided into two groups, 22 subjects
eceiving the soluble fiber (lentils, peas, barley, and
reakfast cereals enriched with psyllium) diet first,
nd 21 received the insoluble fiber (wheat-bran break-
ast cereals, high-fiber crackers, and high-fiber bread
ontaining ground wheat and gluten) diet first. The
tudy lasted for 16 weeks, separated by a 2-month
eriod of a low-cholesterol diet. The results demon-
trated that a diet containing a high amount of soluble
ber, compared to that of insoluble fiber, reduced
lasma LDL cholesterol and apolipoprotein B levels. It
ndicated that further reduction of blood lipid levels
ould occur with the consumption of foods high in sol-
ble fiber, even after saturated fat and cholesterol have
een reduced in the diet.
The exact mechanisms by which soluble dietary fi-

ers may impact serum lipid concentrations are not
ully elucidated. Some of the working hypothesis in-
lude the following:

The binding of bile acids by some dietary fibers, with
mpairment of micelle formation in the upper GI tract.
his process may affect the amount of fat and choles-
erol absorption and possibly cause increased excretion
f bile acids.
Soluble dietary fiber may contribute to satiety by

isplacing saturated fatty acids in the diet, therefore
mpacting the amount and/or time of food intake (Jen-
ins et al., 1989; Swain et al., 1990).
The short-chain fatty acids, produced by the anaer-

bic colonic metabolism of the soluble dietary fibers
eaching the portal blood system, may partially impair
he hepatic cholesterol synthesis (Delzenne and Rober-
roid, 1994; Levrat et al., 1994).

The effects of daily ingestion of 14 g of inulin (aver-
ge DP 11–12) on blood lipid concentrations and GI
isturbances were studied by Pedersen et al. (1997).
nulin showed a lack of effect on blood lipid concentra-
ions. Gastrointestinal disturbances were ranked nu-
erically from absent (0) to severe (3). Those com-

laints were significantly higher in the inulin test
roup compared to controls. Flatulance was ranked the
ighest, while 12% of the participants also ranked it as
evere. No laxation was recorded with this intake amount.

The study conducted by Ellegärd (1997) with 10 pa-
ients with ileostomy further demonstrates that there
s no effect on cholesterol absorption or excretion when
nulin and oligofructose are supplemented in the diet.

DISCUSSION

No evidence of treatment-related toxicity, carcinoge-
icity, or genotoxicity was observed from standard tox-

city tests conducted at doses far above anticipated
uman exposure. Human and animal studies demon-
trated that inulin-type fructans do not adversely af-
ect mineral absorption, glycemic control, lipid metab-
lism, or intestinal flora.
Critical clinical information on intake and tolerance

f fructans in humans is summarized in Table 1. These
nd other data indicate that the ingestion of fructans
ill be limited by its affect on the bowel function. The
arious GI symptoms that have been identified include
bdominal pain and bloating, flatulence, and/or os-
otic diarrhea. Amounts of 5 g/day are well tolerated.
bdominal complaints seem to occur after a single dose
f fructans over 20 g (Rumessen, 1998). Other studies
ave demonstrated that the ingestion of fructans
hows the first signs of intolerance (e.g., flatulence) at
ver 30 g (Briet et al., 1995). School-age children toler-
te supplementation of the diet with oligofructose at
evels as high as 9 g/day. This amount is better toler-
ted if given with solid food, as opposed to liquid
Cadranel and Coussement, 1995, unpublished report).
urthermore, the intake of fructans is better tolerated
hen given in divided doses throughout the day.

CONCLUSIONS

Inulin and oligofructose are soluble, fermentable di-
tary fibers that have demonstrated no evidence of
oxicity based on toxicological and clinical studies. In
egard to their food use, the real issue is not that of
afety, but rather of GI tolerance. Signs of intolerance
an be seen with intakes above 20–30 g (depending on
he study). This is equivalent to a daily value of fiber
hich consumers currently have had trouble attaining.
iven present dietary fiber labeling requirements, con-

umers will be able to make appropriate and individual
hoices on daily intake.
It is concluded that inulin-type fructans are safe for

uman consumption under intended conditions of use
s a dietary fiber.
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