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Fructooligosaccharides (FOS) are naturally occurring sugars with potentially beneficial nutritional
effects. They are widely distributed throughout the plant kingdom. An ion chromatographic method
was developed to rapidly and accurately measure FOS in selected food and feed ingredients ingested
by humans and animals. The objective of this study was to determine the 1-kestose (1-kestotriose;
GF2), nystose (1,1-kestotetraose; GF3), and 1F-â-fructofuranosylnystose (1,1,1-kestopentaose; GF4)
content of a wide variety of foods and feedstuffs. After extraction with water and appropriate
filtration, samples were chromatographed, using an alkaline sodium acetate gradient, through an
ion exchange column and guard fitted to a Dionex chromatography unit equipped with a pulsed
electrochemical detector. All samples were prepared both with and without spikes of standards to
verify recovery and peak identification. Samples of the Compositae family were highest in total
FOS followed by Allium species of the Amaryllidadeae family. The method provided excellent
separation, recovery, and quantification of the GFn units of FOS. Accurate quantitation of FOS
will allow more precise nutritional formulations to be developed with respect to inclusion of this
functional food component in human and animal diets.
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INTRODUCTION

Functional foods have been described as foods that,
by virtue of physiologically active food components,
provide benefits beyond basic nutrition and may prevent
disease or promote health (Functional Foods for Health
Program, University of Illinois). A functional ingredient
that has received much attention in the scientific
literature is fructooligosaccharides (FOS). Several struc-
turally different oligosaccharides have been referred to
as FOS such as neosugar (Tokunaga et al., 1986) and
oligofructose (Gibson and Roberfroid, 1995; Roberfroid
et al., 1993; Van Loo et al., 1995). We have defined FOS
as a mixture of 1-kestose (1-kestotriose; GF2), nystose
(1,1-kestotetraose; GF3), and 1F-â-fructofuranosylnys-
tose (1,1,1-kestopentaose; GF4) (Lewis, 1993) oligosac-
charides (Figure 1) that consist of short chains of
fructose units linked by (2f1)-â-glucosidic bonds and
carry a single D-glucosyl unit at the nonreducing end of
the chain linked (1f2)-R- as in sucrose. The GFn units
of interest are used as food ingredients (Speigel et al.,
1994) in various nutritional foods and are commercially
available as analytical standards (Wako Pure Chemical
Industries, Ltd., Osaka, Japan). The term FOS will be
used here to encompass the above GFn units. Fructo-
oligosaccharides are synthesized industrially from su-
crose through use of transfructosylating enzymes, such
as the enzyme â-fructofuranosidase, obtained from

Aspergillus niger (Hidaka et al., 1988, 1991; Hirayama
et al., 1989).
Fructooligosaccharides naturally occur in many plants

including banana, onion, wheat, barley, asparagus, and
Jerusalem artichokes (Mitsuoka et al., 1987; Spiegel et
al., 1994; Tashiro et al., 1992). Fructooligosaccharides
have been shown to exhibit beneficial health effects by
stimulating the growth of bifidobacteria in the human
colon, by suppression of putrefactive pathogens, and by
reduction of serum cholesterol concentrations (Gibson
and Roberfroid, 1995; Hidaka et al., 1986; Tomomatsu,
1994). Due to their physiochemical properties, sweeten-
ing power, and low caloric value, FOS have been added
to pastry, confectionery, and dairy products. Their
energy value is theoretically lower than that of sucrose
(Roberfroid et al., 1993), since the energy value depends
on the extent of absorption in the small intestine and
fermentation in the colon. The human small intestine
has no enzyme to hydrolyze the glycosidic linkages;
therefore, FOS are considered to be indigestible in the
human small intestine.
Before food-type products are developed with a “new”

functional ingredient, several tasks must be completed.
First, the safety of the ingredient must be assessed. The
safety of FOS has been documented in various studies
(Clevenger et al., 1988; Hidaka et al., 1986; Tokunaga
et al., 1989). Furthermore, Tokunaga et al. (1986)
demonstrated no significant adverse effects occurred in
rats with doses up to 1.67 g/day. Second, validated
methods must be developed and published to allow
documentation of the level of the ingredient in foods and
feeds in the final FOS-containing product. Therefore,
before or during the development of new products, valid
methodology determining FOS must be developed. The
objective of this study was to determine the 1-kestose
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(GF2), nystose (GF3), and 1F-â-fructofuranosylnystose
(GF4) content of a wide variety of foods and feedstuffs.

MATERIALS AND METHODS

Substrates. Food samples were obtained fresh from local
retailers. The inedible portion was removed and discarded,
while the remaining edible portion was cut into small parts,
lyophilized, and ground through a 2 mm screen. Feedstuffs
were obtained from local commodity stores and ground through
a 2 mm screen. Dry matter was determined according to
Association of Official Analytical Chemists methods (AOAC,
1984) to express the FOS content on a dry matter, as well as
on an as-is, basis.
Sample Preparation. Approximately 10.00 ( 0.01 g of

sample (as is, ground through a 2 mm screen) was weighed
and transferred directly into a blender reservoir (Waring
blender). An appropriate amount of water (∼50 mL or more)
was transferred into the blender. Depending upon the sample,
sample weight and water volume were adjusted to produce a
dilution appropriate for detection within the linear range of
the standards (typically 12.5-250 ppm). The mixture was
blended for approximately 5 min to produce a homogeneous
product. Then the blended mixture was poured into a Büchner
funnel containing a Whatman No. 1 filter paper supported in
a 25 mL side-arm filter flask. The mixture was filtered to
produce a quantity (15 mL) of liquid appropriate for further
filtration centrifugally. The centrifugal filter used in this
experiment was a 104 Da cutoff filter (Amicon, Inc., Beverly,
MA). After centrifuging, the filtrate was used for chromato-
graphic analysis.
FOS Separation. FOS content was determined by high-

performance liquid chromatography (HPLC). Twenty-five
microliters of sample was injected into a Dionex (Sunnyvale,
CA) BioLC HPLC fitted with a CarboPac PA1 (4 × 250 mm)
analytical column and a CarboPac PA1 (4 × 50 mm) guard
column (Dionex Corp., Sunnyvale, CA). The degassed mobile
phase consisting of 100 mM NaOH was intially run for 8.0
min. From 8.0 to 30.0 min, the proportion of 100 mM NaOH
and 100 mM NaOH/600 mM NaOAc was altered linearly to a
final ratio of 88% 100 mM NaOH and 12% 100 mM NaOH/
600 mM NaOAc. This concentration was maintained for 6.0
min. After 6.0 min, the eluants were changed to a concentra-
tion of 50% 100 mM NaOH and 50% 100 mM NaOH/600 mM
NaOAc, which was maintained for 5.0 min to clean the column.

The column then was re-equilibrated for 19.0 min with 100
mM NaOH. All eluants were prepared with carbonate-free
water and purged with helium. Flow rate was constant at 1.0
mL/min, and elution was conducted at room temperature.
Eluted FOS units were detected using a Dionex pulsed
electrochemical detector (PED) equipped with a gold working
electrode. The PED was operating in the integrated amper-
ometry mode. Total run time per sample was 60.0 min.
Appropriate dilutions of a solution containing each of the GFn

units (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
were used as the calibration standards. Chromatographic
peaks were identified by comparing sample retention times
to those of known standard mixtures. Furthermore, to verify
peak identity, samples were spiked with a portion of the
standard mixture in case of questionable peak identification.
Data Evaluation. To determine linearity of response using

the present method, a standard solution of GFn units, varying
from 0 to 300 ppm, was run three times, the average peak
areas were calculated and plotted, and regression analysis was
performed. On the basis of linear regression, a correlation
coefficient of >0.990 was accepted, and the respective linear
equations (standard curve) were used for quantification.
Components (GFn units) were quantitated by measuring peak
areas and comparing them to a standard curve generated by
plotting area counts against concentration of standards (0-
250 ppm). Linear regression was used to calculate the
calibration curve and the correlation coefficient. Correlation
coefficient values were found to be 0.996, 0.998, and 0.999 for
GF2, GF3, and GF4 units, respectively. All samples were
analyzed in duplicate with and without spike, thus allowing
recoveries to be calculated. The duplicate samples were
reanalyzed if duplicates differed by >5%. Calculations were
based on averaging area counts from analysis of duplicate
samples. The average area count was entered into the
calibration curve to calculate concentration for the individual
GFn units. Percent recovery was calculated as

where C1 is the concentration of sample with spike, C2 is the
concentration of sample with no spike, and spike is the
concentration of spike. Calculation of GFn unit (mg/g) of FOS
content is

Figure 1. Molecular structures of the fructooligosaccharides that were quantified.

% recovery )
C1 - C2

spike
× 100
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where sample is the GFn unit concentration of sample without
spike (mg/L) from calibration curve, dilution is dilutions (L)
used throughout the experiment, and sample weight is the
sample weight (g) of as-is sample. An estimate of precision
analysis for the different GFn units was determined for six
repeated injections into the HPLC of the same 100 ppm
standard solution to calculate a relative standard deviation
(RSD) ) [standard deviation/mean value] × 100 for repeat-
ability. The practical detection limit for the lower end was
determined by six repeated injections of 100, 50, 25, 12.5, 6.25,
and 3.125 ppm.

RESULTS

Figure 2 represents a typical chromatogram of a 25
µL injection of a standard solution containing 250 ppm
each of GF2, GF3, and GF4. Figure 3 represents the FOS
composition of a rye sample after the extraction proce-
dure. The elution profiles were similar with respect to
retention times. Peak separation was excellent, allow-
ing all GFn units to be resolved to baseline, identified,
and quantified. Detectability also was very good for the
GFn units. Linear detectability for the PED detector
depends upon many factors such as column type,
sensitivity settings, and the component being detected.
The linearity for the settings and conditions described
under Materials and Methods was determined to be
0-250 ppm. The RSD from six injections to determine
precision were 0.50, 1.87, and 1.61% for GF2, GF3, and
GF4 units, respectively. The RSD for the practical
detection lower limit was <2% for the 12.5 ppm sample.
The injections determined at 6.25 ppm had >2% RSD,
while the 3.125 ppm injections were unable to be
integrated with the sensitivity settings of the HPLC.
For the conditions and sensitivity settings outlined
under Materials and Methods, all GFn values were in
the response range of 12.5-250 ppm. Each component
was found to have a practical detection limit of 3-6
ppm.
The FOS composition and percent recoveries for fruits

are presented in Tables 1 and 2, respectively. Results
are presented as an average on a dry matter (DM) basis
and on an as-is basis. The fruits ranged from 0.0 to
10.9 mg of total FOS/g of DM for Thompson grapes and
ripe banana, respectively. Greater than 50% of the
fruits ranged from 0.2 to 2.0 mg of total FOS/g of DM.
Of the fruits analyzed, bananas were highest in total
FOS on a DM basis, while grapes and strawberries were
lowest. On an as-is basis, the total FOS content ranged
from 0.0 to 2.1 mg/g for Thompson grapes and ripe
banana, respectively. Again, bananas were highest in
total FOS. On an individual GFn unit basis, the GF2
unit made up the largest percentage of total FOS, with
the GF4 unit being the second largest. The GF3 unit
was present in the lowest amount for all fruits. The
percent recoveries were similar for all fruits, ranging
from 83 to 120%. Furthermore, the percent recoveries
were similar among the individual GFn units.
The FOS composition and percent recoveries for

vegetables are presented in Tables 3 and 4, respectively.
On a DM basis, the Jerusalem artichoke was highest
at 286.2 mg of total FOS/g of DM, while several
vegetables contained no FOS (ginger root, tomato, and
zucchini). Shallot, onion, globe artichoke, raw chicory
root, and garlic were moderate in total FOS content,
ranging from 10.3 mg/g of DM for garlic to 52.9 mg/g of
DM for shallot. On an as-is basis, Jerusalem artichoke

was highest in total FOS at 58.4 mg/g as-is, while onion
powder was the next highest at 45.0 mg/g as-is. Again,
shallot, chicory (raw and roasted), globe artichoke,
garlic, and onions were moderate in total FOS content.
In contrast to fruits, vegetables were highest in GF2
units, followed by GF3 and GF4 units for most samples.
However, acorn squash, celery, Chinese chive, eggplant,
endive, Jerusalem artichoke, peas, and radishes were
highest in GF4 units, followed by GF3 and GF2 units.
Percent recoveries were similar to those of fruits,
ranging between 81 and 123% for acorn squash and
Roma tomato, respectively. Among the individual GFn
units, percent recoveries were similar.

GFn unit of FOS )
(sample × dilution)
sample weight

Figure 2. Chromatogram representing a 25 µL injection of a
standard fructooligsaccharide solution containing 250 ppm
each of 1-kestose (GF2; 18.35 min), nystose (GF3; 25.72 min),
and 1F-â-fructofuranosylnystose (GF4; 32.73 min) (uC ) mi-
crocoulomb).

Figure 3. Fructooliogsaccharide profile of rye (25 µL injection)
after extraction: 1-kestose (GF2; 18.70 min), nystose (GF3;
26.13 min), and 1F-â-fructofuranosylnystose (GF4; 33.27 min)
(uC ) microcoulomb).
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The FOS composition and percent recoveries for
feedstuffs are presented in Tables 5 and 6, respectively.
Of the grains analyzed, rye had the highest total FOS
content of 4.1 mg/g of DM, while the remaining grains
were at least 50% lower in FOS content. Since the
grains were primarily dry, the total FOS content
expressed on an as-is basis was slightly lower, with rye
remaining as the grain with the highest total FOS
followed by barley and wheat. Regarding the individual
GFn units, the GF2 unit made up the largest percentage
of total FOS, followed by GF4 and GF3 units for grains.
Forages were low in total FOS, ranging from 0.0 (alfalfa
and wheat straw) to 1.0 mg/g of DM (timothy hay).

Again, the forages had been dried; thus, the as-is data
are slightly lower with a similar pattern as for grains.
Within forages, no clear pattern existed for the indi-
vidual GFn units. The GF2, GF3, and GF4 units were
in similar amounts, depending upon individual forages.
Other feedstuffs also varied widely in total FOS

content. The wheat sources were the highest, ranging
from 4.0 to 5.1 mg of total FOS/g of DM for wheat bran
and wheat middlings, respectively. Peanut hulls and
alfalfa meal were moderate, with 2.4 and 2.2 mg of total
FOS/g of DM, respectively. The remaining feedstuffs
had much less FOS, with values <0.3 mg/g. These
ingredients generally are fed as dried feedstuffs; there-
fore, the as-is values demonstrate a similar trend of
being slightly lower than the DM values. Wheat sources
were high in GF2 units except for wheat germ, which
had a high GF4 content. Peanut hulls and alfalfa meal,
which were moderate in total FOS, were primarily made
up of GF4 units, followed by GF2 and GF3 units. The
remaining feedstuffs were generally composed of GF2
units. The percent recoveries for the feedstuffs were
similar to those of fruits and vegetables, ranging from
83 to 122%. The majority of the percent recovery values
for feedstuffs were 100 ( 10%.
Several materials analyzed in the present study were

also analyzed by an independent industrial laboratory
(Ross Products Division, Columbus, OH) utilizing the

Table 1. Fructooligosaccharide Composition of Fruits

mg/g of DM mg/g as is

ingredient GF2
a GF3

b GF4
c totald GF2 GF3 GF4 total

apple, Red Delicious 0.6 0.0 0.0 0.6 0.1 0.0 0.0 0.1
apple, Golden Delicious 0.2 0.0 0.0 0.2 0.0 0.0 0.0 0.0
apple, Granny Smith 0.5 0.0 0.0 0.5 0.1 0.0 0.0 0.1
apple, Jonagold 0.4 0.0 0.0 0.4 0.1 0.0 0.0 0.1
apple, Rome 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0
banana 5.9 0.1 0.0 6.0 1.4 0.0 0.0 1.4
banana, green 3.1 0.0 0.0 3.1 0.7 0.0 0.0 0.7
banana, red 1.8 0.0 0.0 1.8 0.5 0.0 0.0 0.5
banana, ripe 8.6 0.0 2.3 10.9 1.6 0.0 0.4 2.0
blackberry 0.0 0.0 1.2 1.2 0.0 0.0 0.2 0.2
blueberry 0.2 0.1 0.0 0.3 0.0 0.0 0.0 0.0
cantaloupe 0.3 0.0 0.4 0.7 0.0 0.0 0.0 0.0
gooseberry 0.6 tre 0.2 0.8 0.1 tr 0.0 0.1
grapes, black 0.5 0.0 0.6 1.1 0.1 0.0 0.1 0.2
grapes, Thompson 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
muskmelon 0.3 0.0 0.9 1.2 0.0 0.0 0.1 0.1
orange, navel 1.7 0.0 1.1 2.8 0.2 0.0 0.1 0.3
peach 3.5 0.0 0.0 3.5 0.4 0.0 0.0 0.4
pear, bosc 0.8 0.0 0.0 0.8 0.1 0.0 0.0 0.1
pear, d’Anjou 0.3 0.0 1.1 1.4 0.0 0.0 0.2 0.2
plantain 1.1 0.0 0.0 1.1 0.4 0.0 0.0 0.4
plum, red 1.8 0.2 0.0 2.0 0.2 0.0 0.0 0.2
rasberry, red 1.4 0.1 0.0 1.5 0.2 0.0 0.0 0.2
rhubarb 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0
strawberry tr 0.0 0.0 tr tr 0.0 0.0 tr
watermelon 2.8 0.0 0.1 3.0 0.2 0.0 0.0 0.2

a 1-Kestose. bNystose. c 1F-â-Fructofuranosylnystose. d Total fruc-
tooligosaccharide. e tr, <12.5 ppm practical detection limit.

Table 2. Fructooligosaccharide Percent Recovery of
Fruits

ingredient GF2a GF3b GF4c

apple, Red Delicious 100 107 111
apple, Golden Delicious 102 103 105
apple, Granny Smith 95 103 110
apple, Jonagold 98 101 106
apple, Rome 105 101 102
banana 98 107 103
banana, green 95 98 99
banana, red 102 103 101
banana, ripe 94 102 97
blackberry 102 104 91
blueberry 90 107 105
cantaloupe 92 98 109
gooseberry 106 102 96
grapes, black 117 106 105
grapes, Thompson 106 98 83
muskmelon 105 104 92
orange, navel 96 102 120
peach 100 106 92
pear, bosc 98 106 114
pear, d’Anjou 97 105 100
plantain 96 108 108
plum, red 87 100 97
rasberry, red 95 98 95
rhubarb 99 101 96
strawberry 107 96 119
watermelon 92 100 87
a 1-Kestose. b Nystose. c 1F-â-Fructofuranosylnystose.

Table 3. Fructooligosaccharide Composition of
Vegetables

mg/g of DM mg/g of as is

ingredient GF2
a GF3

b GF4
c totald GF2 GF4 GF4 total

acorn squash 1.4 0.0 1.9 3.3 0.2 0.0 0.2 0.4
artichoke, globe 13.4 5.5 2.8 21.8 1.5 0.6 0.3 2.4
asparagus 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0
bean, green 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bean, kidney 0.0 0.1 tre 0.1 0.0 0.1 tr 0.1
beet, red 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0
carrot, Bunny Luv 2.2 0.0 0.0 2.2 0.3 0.0 0.0 0.3
carrot, Dole 1.4 0.0 0.0 1.4 0.2 0.0 0.0 0.2
celery 0.2 0.0 0.4 0.6 0.0 0.0 0.0 0.0
chicory root, raw 9.1 6.1 5.9 21.0 1.7 1.1 1.1 3.9
chicory root,

roasted
1.2 2.4 0.8 4.4 1.1 2.2 0.8 4.2

Chinese chive 0.4 0.3 0.4 1.1 0.0 0.0 0.0 0.0
daikon 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0
eggplant 0.2 0.0 0.4 0.6 0.0 0.0 0.0 0.0
endive 0.1 0.0 0.2 0.3 0.0 0.0 0.0 0.0
garlic 8.7 1.2 0.4 10.3 3.3 0.4 0.2 3.9
garlic powder 0.8 0.6 0.3 1.7 0.7 0.6 0.3 1.6
ginger root 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jerusalem

artichoke
93.9 94.3 98.1 286.2 19.2 19.2 20.0 58.4

kiwi 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0
leek 3.4 0.6 0.7 4.8 0.7 0.1 0.1 0.9
lettuce 4.9 1.9 1.1 7.9 0.3 0.1 0.1 0.5
onion, red 11.7 2.1 0.9 14.7 1.1 0.2 0.1 1.4
onion, Welch 5.8 3.9 3.6 13.4 0.5 0.3 0.3 1.1
onion, white 17.1 8.8 6.1 32.0 1.7 0.9 0.6 3.1
onion, yellow 15.5 6.7 4.2 26.4 1.5 0.6 0.4 2.6
onion powder 18.5 16.5 12.7 47.7 17.5 15.5 12.0 45.0
peas 0.2 0.2 0.4 0.7 0.0 0.0 0.1 0.1
peas, snap 0.5 0.0 8.0 8.4 0.1 0.0 1.0 1.1
peas, snow 1.0 0.0 5.4 6.5 0.1 0.0 0.5 0.6
potato, Idaho 0.2 0.0 0.0 0.2 0.0 0.0 0.0 0.0
potato, sweet 0.8 0.0 0.0 0.8 0.2 0.0 0.0 0.2
radish, red 0.0 0.0 3.0 3.0 0.0 0.0 0.1 0.1
shallot 28.2 14.2 10.6 52.9 4.5 2.3 1.7 8.5
taro root 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0
tomato 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
tomato, cherry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
tomato, Roma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
yam 0.9 0.0 0.0 0.9 0.2 0.0 0.0 0.2
zucchini 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

a 1-Kestose. bNystose. c 1F-â-Fructofuranosylnystose. d Total fruc-
tooligosaccharide. e tr, <12.5 ppm practical detection limit.
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same analytical method. Table 7 represents the results
of FOS determination in processed foods from both
laboratories. In general, the results compared very well,
with an average RSD of 3.0%. The only discrepancy
noted was the detection of small amounts of GF4 units
in the processed samples, dark brown sugar and tomato
paste, by the industry laboratory and a larger difference
between the laboratories for GF2 units in garlic tablets
compared to other analysis.

DISCUSSION

Foods and feeds that had been reported previously
to contain FOS, and many others, were analyzed to
characterize total FOS content and individual GFn
units. The HPLC method was able to accurately
separate and quantitatively measure individual GFn
units. Compared to the HPLC method of Sims et al.
(1991), the current method was shorter in time (60 vs
80 min) and required less sample preparation. Percent
recoveries were primarily 100 ( 10% for all components;
thus, individual GFn units, regardless of sample source,
would not be influenced significantly by recoveries. In
contrast, Molis et al. (1996) determined percent recovery
of FOS added to fecal samples to be 98 ( 1% recovered,
which may be less variable compared to the current
study due to one sample source analyzed. In compari-
son with other data, the present study yielded slightly
lower values than those reported by Mitsuoka et al.

(1987) and Tashiro et al. (1992) for onion, Welch onion,
and garlic. This may be attributable to sampling
technique, sample origin, and extraction. However,
FOS concentrations reported by Spiegel et al. (1994) for
banana, barley, garlic, onion, and rye are similar to
those in the current study.
It is well-known that FOS is produced in the roots,

tubers, and fruits of plants of the Compositae (Bacon
and Edelman, 1951; Pollard and Amuti, 1981), Ama-
ryllidadeae (Bacon, 1959; Darbyshire and Henry, 1978,
1981), Liliaceae (Shiomi et al., 1976), and Gramineae
families (Nilsson et al., 1986; Saunders et al., 1975; Van
Loo et al., 1995). Many samples in the present study
were members of these plant families. Globe artichoke,
Jerusalem artichoke, and chicory are Compositae spe-
cies. Onions, garlic, leek, shallot, and Chinese chive are
members of the Allium species in the Amaryllidadeae
family. The Liliaceae are represented by asparagus,
while the Gramineae family is represented by rye,
wheat, barley, oat, and other grains exhibiting zero or
trace amounts of FOS. The Compositae family had the
most FOS on a DM basis, followed by the Allium species
of the Amaryllidadeae family in the present study.
Even though the present work did not detect FOS in
raw tomatoes [as noted by Tashiro et al. (1992) and
Spiegel et al. (1994)], quantifiable amounts of GF2 were
detected in tomato paste.
The ability to accurately quantify the FOS content of

various foods and feeds allows for the estimation of
average FOS intakes. Since FOS is naturally occurring,
humans consume FOS daily as part of their regular diet.

Table 4. Fructooligosaccharide Percent Recovery of
Vegetables

ingredient GF2a GF3b GF4c

acorn squash 91 81 87
artichoke, globe 87 91 90
asparagus 94 90 99
bean, green 98 100 94
bean, kidney 103 101 107
beet, red 101 98 104
carrot, Bunny Luv 94 101 101
carrot, Dole 98 102 104
celery 103 100 104
chicory root, raw 82 99 106
chicory root, roasted 100 98 95
Chinese chive 108 108 104
daikon 99 99 105
eggplant 106 102 103
endive 105 104 112
garlic 91 95 95
garlic powder 103 100 99
ginger root 106 102 106
Jerusalem artichoke 88 93 103
kiwi 91 92 93
leek 89 100 99
lettuce 98 98 100
onion, red 99 103 109
onion, Welch 99 102 99
onion, white 100 106 104
onion, yellow 99 104 88
onion powder 94 100 100
peas 92 100 98
peas, snap 100 98 99
peas, snow 92 101 96
potato, Idaho 102 112 110
potato, sweet 100 99 108
radish, red 105 99 88
shallot 90 97 93
taro root 97 97 101
tomato 104 100 103
tomato, cherry 108 107 107
tomtao, Roma 104 108 123
yam 86 101 102
zucchini 92 92 112
a 1-Kestose. b Nystose. c 1F-â-Fructofuranosylnystose.

Table 5. Fructooligosaccharide Composition of
Feedstuffs

mg/g of DM mg/g as is

ingredient GF2
a GF3

b GF4
c totald GF2 GF3 GF4 total

grains
barley 1.5 0.4 0.0 1.9 1.3 0.4 0.0 1.7
corn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
hominy tre 0.0 0.0 tr tr 0.0 0.0 tr
milo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
oats 0.4 0.0 0.0 0.4 0.3 0.0 0.0 0.3
rice, brown 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rice, white 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rye 3.0 0.5 0.6 4.1 2.8 0.5 0.6 3.8
soybean 0.0 tr tr tr 0.0 tr tr tr
wheat 1.1 0.1 0.2 1.4 1.0 0.1 0.2 1.3

forages
alfalfa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bromegrass 0.0 tr 0.0 tr 0.0 tr 0.0 tr
clover hay 0.4 0.0 0.0 0.4 0.4 0.0 0.0 0.4
oat straw 0.0 0.2 0.6 0.8 0.0 0.2 0.5 0.7
orchardgrass 0.0 0.4 0.5 1.0 0.0 0.1 0.1 0.2
timothy hay 0.6 0.0 0.4 1.0 0.6 0.0 0.4 1.0
wheat straw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

other
alfalfa meal 0.1 0.0 2.1 2.2 0.1 0.0 2.0 2.1
beet pulp 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1
brewer’s rice 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
canola meal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
corn distillers sol. tr 0.0 0.0 tr 0.0 0.0 0.0 tr
corn gluten feed 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1
corn gluten meal 0.0 0.2 0.1 0.3 0.0 0.2 0.1 0.3
oat groats 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1
peanut hulls 0.3 0.1 2.1 2.4 0.2 0.1 1.9 2.2
rice bran 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1
rice hulls 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
seaweed 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
soybean hulls 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1
soybean meal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
wheat bran 3.8 0.2 0.0 4.0 3.4 0.2 0.0 3.5
wheat germ 2.2 0.2 2.3 4.7 2.0 0.2 2.1 4.2
wheat middlings 5.1 0.0 0.0 5.1 4.6 0.0 0.0 4.6

a 1-Kestose. bNystose. c 1F-â-Fructofuranosylnystose. d Total fruc-
tooligosaccharide. e tr, <12.5 ppm practical detection limit.
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It is estimated that the daily consumption of FOS by
the North American population is between 2 and 8 g
per person per day (Egan and Petersen, 1992). In the
United States, the most commonly consumed foods
containing FOS include globe artichoke, banana, garlic,
onion, and several cereal grains. To evaluate the
average daily exposure of the U.S. population to FOS
through dietary consumption using the current FOS
values, food consumption values were obtained from the
EPA’s Dietary Risk Evaluation System (DRES) data-
base (EPA, 1984). To calculate the dietary exposure of
FOS, the DRES consumption estimates were combined
with the food-specific FOS concentrations measured in
the present study. The DRES average daily food intake
for globe artichoke, banana, wheat, rye, garlic, onion

(red, white, yellow), leek, and barley were 3.21 × 10-3,
2.28 × 10-1, 1.41 × 10-1, 2.74 × 10-4, 7.62 × 10-4, 1.08
× 10-1, 3.88× 10-5, and 5.73× 10-2 g/kg of body weight.
The resulting estimates of average daily FOS intake
from the average U.S. diet for globe artichoke, banana,
wheat, rye, garlic, onion (red, white, yellow), leek, and
barley were 7.67 × 10-6, 3.24 x 10-4, 1.79 × 10-4, 1.04
× 10-6, 2.96 × 10-6, 2.53 × 10-4, 3.84 × 10-7, and 1.00
× 10-4 g/kg of body weight. Values are not corrected
for percent recoveries. However, the actual average
intake of FOS through the contemporary diet may be
greater. As represented in the literature, FOS concen-
trations in foodstuffs tend to vary depending upon
specific plant traits, harvest time, and storage time
(Darbyshire, 1978; Suzuki and Cutcliffe, 1989). There-
fore, actual consumption levels are subject to variability.

In conclusion, ion exchange HPLC with pulsed elec-
trochemical detection is a viable means for quantifying
FOS content of foods and feeds. The method provides
excellent separation, recovery, and detection of FOS
compared to other HPLC techniques. Furthermore, this
comprehensive database on FOS content may better
facilitate nutritional formulation and diet selection for
higher FOS consumption.
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