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ABSTRACT

Human gastrointestinal health may be improved by the consumption of prebiotic food ingredients such as fructooli-
gofructoses. A study was initiated to determine the effect of fructooligofructoses of different chain lengths on gastroin-
testinal parameters. Nineteen healthy subjects aged 20 - 57 y took part in a 10-week cross-over designed study. Subjects
consumed either inulin or oligofructose for 3 weeks followed by a 2-week washout period between treatments. Stool
samples were collected five times (baseline, 2 treatments, 2 washout) and analyzed for bifidobacteria. Daily records
were kept for stool frequency, stool consistency and flatulence frequency. Bifidobacteria counts (cfu/ml) were higher
(trending toward significance) during inulin and oligofructose intakes (1.2 x 10" + 4.8 x 10" and 2.0 x 10° + 4.7 x 10°)
and washout periods (2.9 x 10° + 6.5 x 10° and 1.1 x 10" + 1.6 x 107) than baseline counts (2.2 x 10° + 5.1 x 10° and
2.9 x 10° + 6.5 x 10, respectively. Inulin and oligofructose treatment periods had a significant effect on stool consis-
tency (watery/very hard) and flatulence frequency, but not stool frequency, when compared to baseline (P < 0.05). Fur-
ther research is needed to confirm these results due to small sample size and the need for a longer washout period be-

tween treatments.
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1. Introduction

The health of the gastrointestinal tract is affected by ma-
ny factors including pH, competition for nutrients, host
conditions, metabolic interactions among bacteria and in-
dividual dietary intakes. Numerous studies have focused
on prebiotic ingredients as functional foods and can im-
part a positive impact on the health of the gastrointestinal
tract [1,2]. Prebiotics are defined as nondigestable food
ingredients that beneficially affect the host by selectively
stimulating the growth and or activity of beneficial bacte-
rial species (such as Bifidobacterium and Lactobacillus)
in the colon and thus improve host health [3]. Nondiges-
table fructooligofructoses are prebiotic ingredients that
have been shown to have the positive effect on host health,
reducing the risk of gastrointestinal diseases such as di-
verticulosis, diverticulitis and colon cancer [4-7]. The ef-
fects may be due to the decrease in pH which results from
the production of short chained fatty acids such as buty-
rate by the Bifidobacterium.

Fructooligofructoses are digested by certain types of
bacteria, Bifidobacterium and Lactobacillus. When Bifi-
dobacteria is the predominant bacteria in the gut, such as
the case when fructooligofructoses are ingested in the
proper amounts, the number of pathogenic bacteria such
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as E. coli and Clostridia are decreased by competitive
inhibition [5,8,9].

Fructooligofructoses are categorized by their degree of
polymerization. Fructooligofructoses that have a degree
of polymerization from 2 - 10 are named oligofructose and
those with a degree of polymerization up to 60 are hamed
inulin [9,10]. Fructooligofructoses are indigestible in the
gastrointestinal tract, reach the colon intact and serve as a
growth substrate for the gut microflora, which then break
the fructooligofructose down [6]. Side effects from con-
suming fructooligofructoses can result in a higher level
of flatulence and possible constipation and/or diarrhea
[1]. The ability of bifidobacteria to ferment fructooligo-
fructoses of different chain lengths has been proposed to
occur at different rates [11]. The location of fermentation
has been shown to correlate chain length of the fructoo-
ligofructoses. Longer chains, which are fermented more
slowly, could be fermented in more distal regions and
slower fermentation could lead to less side effects such
as flatulence. A beneficial dose of 20 g per day has been
shown to be effective in producing an increase in bifido-
bacteria, although considerable individual variation ex-
isted [6].

In vitro studies [9,11-13] demonstrated that fermenta-
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tion and growth rates of bifidobacteria increase when
short chain oligofructose is the carbon source and that the
chain length affects the microflora composition and ac-
tivity. Numerous human studies have been conducted
which demonstrate the effect of consumption of bifido-
bacteria on increasing the colonic bifidobactiera and sub-
sequent return to baseline within days of discontinued
consumption of bifidobateria [8,14,15].

Mixed findings have been reported for the consump-
tion of inulin or oligofructoses [6,16-18]. Results depen-
ded on the amount and type of fructooligofructoses con-
sumed, length of time consumed, and wash out periods
between treatments. Side effects (abdominal pain, disten-
tion, flatulence, constipation or diarrhea) were dependent
on these same factors. Kruse, et al. [18] concluded that
long term inulin supplementation was practicable and can
positively change bifidobacteria with out major gastroin-
testinal discomfort.

The objectives of this research project were to deter-
mine if the chain length of fructooligofructoses had an
impact on flatulence frequency, stool frequency and con-
sistency when incorporated into the diet and to determine
if chain length affected bifidobacteria growth.

2. Subjects and Methods
2.1. Subjects

After approval was obtained from Institutional Review
Board, participants were recruited from a local organiza-
tion and the university. Potential subjects were screened
based on their past history of colon diseases, diarrhea,
constipation, diverticulosis and diverticulitis to allow
those whith abnormalities in the digestive tract to be omit-
ted from the study. When subjects passed the screening,
they were given a questionnaire to determine their cur-
rent dietary fiber intake.

The study consisted of a 10-week blind-cross over de-
sign, which included 2, 3-week ingestion periods and 2,
2-week wash out periods. Subjects were given 20 g of
fructooligofructoses (inulin or oligofructose) baked in a
muffin by the researchers or as powder to mix with a be-
verage of the participants’ choice and instructed to con-
sume the muffin or the pre-measured powder daily. Sub-
jects were instructed to evaluate four side effect variables
(scale of zero to 10) daily into a log book provided by the
researchers during the 2 - 3 week ingestion periods. The
four variables were: stool frequency, flatulence fre-
quency, stool consistency and amount of powder/muffin
consumed. Subjects were encouraged to write subjective
comments related to side effects associated with the in-
ges- tion of fructooligofructoses. Subjects provided five
stool samples; prior to beginning the study, during each
ingestion period and during each wash-out period. Sub-
jects provided three days of food intake records during
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each wash-out period.

2.2. Materials

The two commercial products used in this study were Ra-
ftiline HP and Raftilose P95 (Orafti Active Food Ingre-
dients, Malvern, PA). Raftiline HP is 100% chicory inu-
lin, with a degree of polymerization of fructose units
from 2 - 60. Each unit is terminated by a glucose mole-
cule. Raftilose P95 is 95% oligofructose with a degree of
polymerization from 2 - 8 units. The units may or may
not have a terminal glucose unit. It also contains 5%
glucose (fructose and sucrose). Raftilose P95 is produced
through enzymatic hydrolysis of chicory inulin.

2.3. Specimen Collection and Microbiological
Analysis

Subjects were instructed on proper stool collection tech-
niques. Stools were collected in plastic containers (Cardi-
nal Health, Omaha, NE) and analyzed within 60 minutes
of defecation. Analysis was conducted according to Mu-
noa et al. [19]. Stools were weighted and 9 g was ex-
tracted and placed in a 909 ml saline solution. Samples
were homogenized using a stomacher (Interscience) and
the homogenates were serially diluted and plated for iso-
lation of bifidobacteria on BIM-25 media [19]. BIM-25
media consisted of reinforced clostridial agar (RCA), 51
g/l; nalidixic acid, 0.02 g/I; polymixin B sulfate, 0.0085
g/l; kanamycin sulfate, 0.05 g/I; iodoacedtic acid, 0.025
g/l; and 2,3,5-triphenyltatrazolium chloride (TTC), 0.025
g/l. Plates were incubated at 37°C for 48 hr using an-
aerobic atmosphere generating sachets (Oxiod Aerogen,
Mitsubishi Gas Chemical Co.). Colonies were counted
and recorded.

2.4. Dietary Analysis

The three day diet records were used to calculate normal
dietary fiber intake during the wash-out periods. Nutrient
calculations were performed using ESHA Food Proces-
sor for Windows (ESHA Research, Salem, OR).

2.5. Statistical Analysis

Statistical analysis included frequency distribution, mean
comparisons (t-test, ANOVA, LSD and correlations us-
ing the Statistical Package for the Social Sciences [20].

3. Results

Nineteen subjects (age 20 - 57, mean 27 y; 12 females, 7
males) completed the study. Twenty subjects began the
study with one subject dropping out after one week of
inulin consumption due to increased flatulence. Subjects
reported an average of 17 g/d of inulin and 16 g/d for
oligofructose. Subjects consumed an average of 23 g/d fi-
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ber during the inulin consumption period and 22 g/d fiber
during the oligofructose consumption period. Gastroin-
testinal results including stool frequency, stool consis-
tency and flatulence frequency for the subjects through-
out the 10-week study are listed in Table 1.

Significant decreases (p < 0.01) were found for stool
consistency from baseline to after inulin and oligofruc-
tose consumption. Significant increases (p < 0.01) were
found for flatulence frequency from baseline to after inu-
lin and oligofructose consumption. A significant decrease
p < 0.01) in stool consistency occurred from baseline to
after inulin and oligofructose consumption. The effect of
the consumption of inulin and oligofructose on bifido-
bacteria is depicted in Table 2.

From baseline to consumption of either inulin or ogo-
fructose, bifidobacteria significantly increases (p < 0.01).
After the 14 day washout period for both inulin and oli-
gofructose consumption, bifidobacteria dropped numeri-
cally after consumption but not significantly. Bifidobac-
teria did not return to baseline. Oligofructose consump-
tion did significantly increase (p < 0.01) bifidobacteria
when compared with inulin consumption.

4. Discussion

The chain lengths of inulin (>25 dp) and oligofructose (2
- 10 dp) did not affect the reported gastrointestinal effects
of their consumption. However, within the group that
consumed 16 - 20 g of inulin, 73% reported a stool fre-
quency of one to two times per day compared to 46% of
those consuming the same amount of oligofructose. How-
ever, 38% of those consuming oligofructose reported
stool frequencies of 2.1 to 4 times per day compared to

26% of the inulin consuming group. Sixteen percent of
the oligofructose consuming group reported a stool fre-
quency greater than 4 times per day with no subjects in
the inulin consuming group having this high of a stool
frequency. These results demonstrate considerable varia-
tions among subjects with more subjects having greater
sensitivity to oligofructose consumption. No significant
relationship was found between the amount of fiber eaten
and gastrointestinal effects which may indicate that fiber
did not interfere with the changes in gastrointestinal ef-
fects or that the significant differences found in gastroin-
testinal effects are due to the consumption of the fructoo-
ligosaccharides.

To determine if there was an adaption period to con-
suming either fructooligosaccharides, the first five days
of consumption were compared to the last five days of
consumption and no statistically significant differences
were found in gastrointestinal effects indicating no adap-
tations occurred. The 21 day consumption period of ei-
ther fructooligosaccharide may have been too short to
observe adaptation.

The consumption of the shorter chain length (oligo-
fructose) did have a greater increase (p < 0.01) on bifi-
dobacteria than the consumption of the longer chain
length of inulin. Bifidobacteria growth was higher after
ingestion of oligofructose but the bifidobacteria was
higher for the baseline before consuming the oligofruc-
tose than the inulin. Although the baseline was higher
when the three week oligofructose consumption began,
the two baseline bafidobacteria amounts are not signifi-
cant (p < 0.05). Adding either fructooligosaccharide to
the diet did produce bifidobacteria levels that remained

Table 1. Effect of inulin and oligofructose ingestion on stool frequency, stool consistency and flatulence frequency from base-

line to post ingestion.

Baseline 1 (Beforeconsumption) Inulin Baseline 2 (Washout Period) Oligofructose
Side-Effect Variable!
Times/Day Times/Day Times/Day Times/Day
Stool Frequency
Mean (Times/Day) 1.9+/-0.9 1.9+/-0.9 1.9+/-0.9 2.1+/-1.3
Stool Consistency 5.5 +/- 1.6 42 +/-1.7° 5.5 +/- 1.6° 45+/-1.7°
Flatulence Freguency 31+/-18° 6.0 +/-1.8° 3.1+/-18 5.4 +/-1.3°

Mean (Times/Day)

'Based on a scale 0 - 10, with 0 = not frequent/liquid consistency and 10 = very frequent/very hard consistency; **“®Values in rows with the same superscripts

are significantly different a P < 0.01.

Table 2. Effect of inulin and oligofructose ingestion on bifidobacteria from baseline to post ingestion.

Variable (Means)

Inulin (cfu/g)

Oligofructose (cfu/g)

Baseline
After 21 Days Ingestion
After 14 Days Washout

2.2 x 10° +/- 5.1 x 10%
1.2 x 10" +/- 4.8 x 10"
2.9 x 10°+/— 6.5 x 10%

2.9 x 10° +/- 6.5 x 10%®
2.0 x 108 +/- 4.7 x 10%°
1.1 x 10" +/- 1.6 x 10™

abey/alues with the same letter superscripts are significantly different a P < 0.01; “Values with this superscript are significantly different a P < 0.10.
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higher than the baseline after supplementation ended
indicating that these fructooligosaccharide may have a
lasting effect on the microflora. The length of this effect
is not known. A number of researchers [9,11,13] found
that all strains of bifidobacteria grew better when oli-
gofructose was a substrate versus inulin. Bouhnik and
colleagues [21] found that when subjects consumed 20
g/d of oligofructose, bifidobacteria increased by 1.25 log
cfu/ml whereas bifidobacteria in subjects in our study
increased by 0.8 log cfu/ml for the three week oligofruc-
tose consumption period. Bifidobacteria may need a
longer growth period with inulin consumption to reach
the same levels. Some bifidobacteria strains do not use
inulin as a substrate and bifidobacteria from our subjects
were able to utilize oligofructose more efficiently than
inulin.
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