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We examined the effects of a nondigestible disacchar-

ide difructose anhydride III (DFAIII) on calcium

absorption and retention by means of a human balance

study of single-blind crossover design. Twelve healthy

male subjects ingested 250mg of shell powder as

calcium carbonate (corresponding to 100mg of calcium)

with or without 1.0 g DFAIII three times a day for 13 d.

In the last 4 d as a balance period, all urine and feces

were collected and evaluated for calcium excretion. The

apparent calcium absorption (mg/d) and rate of ab-

sorption (%) were higher, and those of retention were

much higher, in the DFAIII group than in the control

group. Furthermore, serum osteocalcin increased after

the experimental period in the DFAIII group but not in

the control group. These results indicate that DFAIII

ingestion enhances intestinal calcium absorption, which

might be beneficial for bone metabolism.
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Calcium is an essential nutrient, and adequate calcium
intake is recommended for the development of high
peak bone mass and the prevention of osteoporosis.1)

To improve nutritional status as to calcium, increases in
intake are important, but intestinal calcium absorption
is affected by various factors, such as the source of
supplied calcium2,3) and co-ingested food components.4)

The ability of calcium absorption is also influenced by
age.5) Therefore, it is necessary to consider the absorp-
tive efficacy of ingested calcium together with adequate
intake.

Several nondigestible carbohydrates, such as fructoo-
ligosaccharides, have been reported to promote calcium
absorption in in vivo studies.6–10) Difructose anhydride
III (DFAIII; di-D-fructofuranose-1,20:2,30-dianhydride)

has also been shown to enhance calcium absorption
in both the small and the large intestine of rats.11–18)

DFAIII is a naturally occurring nondigestible disacchar-
ide in the root of Lycoris radiate,19) and is also found in
caramels20,21) and roasted chicory.22) This disaccharide
has recently been manufactured from inulin with
Arthrobacter sp. H65-7 fructosyltransferase23,24) and is
used as a food material. The mechanisms of promotion
of calcium absorption with DFAIII have been identified
as follows: (i) intact DFAIII stimulates paracellular
calcium absorption in the small intestine, and (ii)
DFAIII increases large intestine calcium absorption via
short-chain fatty acid (SCFA) production.
The aim of the present study was to examine the

effects of DFAIII ingestion on calcium absorption in
human subjects. In a previous study, we observed
temporal increases in urinary calcium excretion after
an oral load of calcium with DFAIII, which suggests
stimulation of DFAIII on intestinal calcium absorption
in humans.25) However, this method was based on a
positive correlation between intestinal calcium absorp-
tion and urinary calcium excretion in the short term, and
results were affected by renal clearance of calcium. In
the present study, we adopted a balance study in human
subjects to examine the effects of DFAIII ingestion on
calcium absorption.

Material and Methods

Test food and control food. DFAIII (>97%) was
obtained from Nippon Beet Sugar (Tokyo). The test
foods were composed of 1.0 g of DFAIII and 250mg of
scallop shell powder as calcium carbonate (correspond-
ing to 100mg of calcium). Control foods were com-
posed of 250mg of folded scallop shell powder only.

Subjects. We recruited volunteers. Twenty healthy
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males agreed to participate in this study. The protocol
complied with the Helsinki Declaration and received
approval from the ethics committees of the Fancl
Corporation. We informed all participants of the purpose
and plan of this study and of their right to resign at any
time of their own free will, and of our duty to guard their
personal privacy against outsiders. All subjects satisfied
the following conditions: (i) No history of daily intake
of calcium-enriched foods or health foods to stimulate
calcium absorption. (ii) No intake of vitamin D, vitamin
K, or other drugs to treat or prevent osteoporosis, and no
agents mediating bone metabolism. (iii) No history of
bone-related disorders, diabetes, or other hepatic or renal
function disorders. We finally selected 14 males by fecal
condition and their volume.

Study design. The study was designed in a single-
blind, crossover manner. The 14 subjects were divided
into two groups. They ingested the test food or the
control food three times a day before each meal for 13 d.
The whole feces and urine were collected for the last
4 d (day 10–day 13) as a balance period. The subjects
repeated the 13-d ingestion period with another test food
after an 8-day washout period. The experimental
schedule is illustrated in Fig. 1.

On the first day of the experiment (day 1), the subjects
underwent a physical examination and health interviews
with a physician, and blood and urine samples were
collected for the initial value. The subjects were
instructed to record their overall physical condition,
stool frequency and condition, and the presence and
severity of specific abdominal or any other symptoms
every day on a specified log sheet. They did not
have any dietary restriction during the first 9 d of the
experimental period, without taking test food. The
nutrient contents of their diets were analyzed for 3 d of
this period by the previously reported method,26) taking
photographs of their meals with a camera equipped with
a personal digital assistant (PDA). The data were sent
to dietitians via an attached mobile phone card for

calculation of the nutrients using computer software
(Wellnavi; Matsushita Electric Works, Osaka, Japan).
From day 9, 1 d before the start of a balance period, to

day 13, the subjects were kept in the hospital under a
unified protocol with restrictions on movement out of
the hospital, and abstinence from both alcohol and
excessive exercise. They were served meals to control
nutrition intake during the balance period. Four different
meal sets were prepared for each experimental day. Each
subject had breakfast at 9:00, lunch at 12:00, and dinner
at 19:00. The menu contents and the nutrition compo-
sitions of the meals are shown in Table 1.
On day 10, subjects collected their urine before

breakfast and ingested 0.5 g of coloring marker (car-
mine, Sigma, St. Louis, MO) with 50ml of water to
determine the start line of fecal sampling, then ingested
the test food or control food with 100ml of water
(narural mineral water, Suntoryfoods, Tokyo). The
subjects were allowed to drink this freely (recording
the amount by themselves), and 24-h total urine and all
fecal samples were collected for 4 d. The 4 d of collected
urine for each subject was pooled, weighed, and stored
at �20 �C until analysis. Feces were collected in plastic
bottles, freeze-dried, and stored at �20 �C until analysis.
Blood sample were also stored at �20 �C. On day 14
(the first day of the washout period), the subjects again
ingested 0.5mg of carmine to determine the end line of
feces sampling and underwent a physical examination
and health interviews, and blood samples were collected.

Analytical methods. Duplicated meals were prepared
and homogenized. The meals were dried at 110 �C for
48 h, wet-ashed with nitric acid, and diluted adequately
with hydrochloric acid solution. The calcium contents of
the meals were analyzed by the inductively coupled
plasma atomic emission spectrometry (ICP-AES) meth-
od. The fecal samples were pretreated the same way as
for the meals, and the concentrations of calcium were
measured by atomic absorption spectrometry (Hitachi
170-50A, Hitachi, Tokyo). Blood and urinary calcium

Day 1

Balance period
( 4 d )

Diet Free

Test or control
food

Maker intake

Blood collection

Urine collection

Feces collection 

10 11 12 13 14

( 9 d )

Served  meals ( A B C D )

(DFAIII 1.0 g + Ca 100 mg) × 3/d  or  Ca 100 mg × 3/d 

Free

9

Fig. 1. Experimental Schedule.

Subjects ingested calcium or calcium and DFAIII for 13 d. After the first 9 d, the balance study was performed.
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concentrations were measured by the OCPC method
(Clinimate CA, Daiichi Pure Chemicals, Tokyo). Serum
osteocalcin and plasma intact parathryroid hormone
(PTH) levels were measured by immunoradiometric
assay (BGP IRMA Mitsubishi, Mitsubishi Kagaku
Latron, Tokyo; Allegro Intact PTH kit, Nichols Institute
Diagnostics, San Clemente, CA). Calcitonin and 1,25-
dihydroxyvitamin D3 were analyzed by radioimmuno-
assay (Calcitonin RIA Mitsubishi, Mitsubishi Kagaku
Latron, Tokyo; 1,25-dihydroxyvitamin D3 RIA kit, TFB,
Tokyo). Urinary deoxypyridinoline was measured by the
CLIA method (ChemilumiACS-DPD, Sumitomo Phar-
maceuticals, Osaka, Japan) and creatinine was measured
by the Jaffe method (Creatinine-HR, Wako Pure Chemi-
cal Industries, Osaka, Japan). Deoxypyridinoline levels
were adjusted for creatinine excretion, and were pre-
sented as nmol per mmol creatinine.

Calculation. Apparent calcium absorption and rate
of absorption and calcium retention over the 4 d of the
balance period were calculated as follows;

Apparent calcium absorption (wg/d) = daily calcium
intake � daily calcium fecal excretion.

Absorption rate (%) = 100� {(daily calcium intake�
daily calcium fecal excretion)/daily calcium intake}.

Calcium retention (mg/d) = daily calcium intake �
daily calcium fecal excretion � daily calcium urinary
excretion.
Retention rate (%) = 100 � {(daily calcium intake �

daily calcium fecal excretion � daily calcium urinary
excretion)/daily calcium intake}.

Statistical analysis. Values of measured parameters
are presented as the mean� SEM. Comparisons be-
tween the experimental products were performed by
paired-t-test (Statview version 5.0, SAS Institute, Cary,
NC). Differences were considered significant at P <
0:05.

Results

Two subjects dropped out during the experiment due
to common cold and diarrhea, confirmed not to have
been caused by DFAIII ingestion by the subjects’
records on the specified log sheet. Consequently, 12
subjects were finally analyzed in this study. The
characteristics of the 12 subjects are shown in Table 2.
The daily nutrient intakes of the subjects during 3 d are
shown in Table 3. The average total calcium intake was
358mg.

Table 1. Four Sets of Served Meals

A B C D

Breakfast Boiled rice Bread Boiled rice Boiled rice

Miso soup Jam Miso soup Miso soup

Pork saute Tuna salad Grilled fish Fermented soybeans

Namul (vegetable marinated Fruit Boiled vegetables Pickles

with sesame oil) Steamed fish paste Bolied dried-radish strips

Fry boiled down in soy sauce Roasted laver

Lunch Festive red rice Boiled rice Boiled rice Boiled rice

Flied shrimp Sliced beef boiled Pork cutlet with curry Meuniere fish

Spaghetti with vegetables Macaroni salad Pickles

with neapolitan sauce Sauteed onion and spaghetti Fruit Food boiled down in soy souse

Tartar sauce Food boiled down in soy souse Pickles Potato salad

Sauteed vegetables Cooked fried-bean curd Fruit

Salad and konnyaku

Pickles Fruit

Dinner Boiled rice Boiled rice Chicken bowl Boiled rice with fixing

Grilled fish Fish boiled with soy Miso soup Roasted laver

Grated radish Pickles Vinegared cucumber Tofu and ground meat

Boiled spinach Boiled spinach Sauted french bean dressed with miso

Tomato Cooked spanish potato Pickles Fried vegetable

Simmered meat and potatoes Food boiled down in soy souse Jelly Egg roll

White radish sprouts Slight soup Pickles

Fruit Boiled hijiki (brown algae) Fruit

Total energy and nutrient contents of each meal set

A B C D

Energy (kcal) 1,512.0 1,796.7 1,776.2 1,654.4

Protein (g) 66.6 79.7 54.8 58.3

Calcium (mg) 466.2 406.4 317.1 330.0

Magnesium (mg) 220.5 217.4 184.3 267.0

Zinc (mg) 9.8 7.2 7.1 6.2

Dietary fiber (g) 14.4 15.3 14.9 16.9
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Calcium intake during the balance period was similar
between the groups. Fecal excretion of calcium was
462� 26mg/d in the DFAIII group, and 525� 29mg/d
in the control group. Therefore, the apparent calcium
absorption (mg/d) and rate of absorption (%) were
43.8% and 39.1% higher respectively in the DFAIII
group than in the control group. Urinary excretion of
calcium was very similar between the control group and

the DFAIII group. Consequently, the calcium retention
(mg/d) and rate of retention (%) were much higher in
the DFAIII group (Table 4).
Concentrations of plasma intact parathyroid hormone

(PTH), calcitonin 1,25-dihydroxyvitamin D3, and cal-
cium showed no differences between the two groups
(Table 5). In comparisons between before and after
the experimental period in each group, blood calcium
increased and intact PTH decreased after ingestion of
the test and the control food (P < 0:05). The concen-
tration of 1,25-dihydroxyvitamin D3 decreased only
after the ingestion of food containing DFAIII (P <
0:01). Serum osteocalcin, a bone formation marker,
increased in the DFAIII group (P < 0:05), but not in the
control group (Fig. 2). The concentrations of urinary
deoxypyridinoline, a bone resorption marker, and
creatinine did not change throughout the experimental
period (Table 6).

Discussion

The aim of this study was to examine the effects of
DFAIII on calcium absorption and retention using the
balance method. We have reported that DFAIII pro-
moted urinary calcium excretion in a human study.25)

This method offered only a suggestion, because urinary
calcium clearance is not consistent with different renal
functions and bone metabolism. The present study with
a carefully designed balance method indicates that
apparent calcium absorption and retention are increased
by DFAIII in healthy men.

Table 2. Characteristics of the Subjects

Age (years) 23:0� 0:5
Height (cm) 169:6� 1:9

Weight (kg) 62:3� 2:8

BMI 21:5� 0:6

Values are presented as means� SEM (n ¼ 12).

Table 3. Subjects’ Daily Nutrient Intake per D (mean of 3 d)

Energy (kcal) 1611� 57

Moisture (g) 786� 24

Protein (g) 50� 2

Lipids (g) 50� 2

Carbohydrates (g) 224� 10

Sodium (mg) 3048� 193

Potassium (mg) 1359� 40

Calcium (mg) 358� 28

Magnesium (mg) 147� 3

Phosphorus (mg) 674� 33

Ferrous (mg) 4:9� 0:2
Zinc (mg) 6:1� 0:3

Fiber (g) 8:7� 0:2

Table 4. Absorption and Retention of Calcium during the 4-D Balance Period

Group
Intake

(Ca mg/d)

Feces

(Ca mg/d)

Urine

(Ca mg/d)

Apparent

absorptiona)

(mg/d)

Retentionb)

(mg/d)

Absorption

ratec)

(%)

Retention

rated)

(%)

Control 677� 14 525� 29 138� 14 153� 22 15� 23 23� 4 2� 4

DFAIII 683� 16 462� 26 133� 14 220� 21� 87� 24� 32� 3� 13� 4�

Values are presented as means� SEM (n ¼ 12).

Significant differences between ingestion groups: �P < 0:05.

a) Apparent absorption = intake � feces

b) Retention = intake � feces � urine

c) Apparent absorption rate = {(intake � feces)/intake} � 100

d) Retention rate = {(intake � feces � urine)/intake} � 100

Table 5. Changes in Blood Parameters Related to Calcium Metabolism

Control DFAIII

Day 1 Day 14 Day 1 Day 14

Calcium

(mg/dl)
9:48� 0:13 9:70� 0:07� 9:37� 0:12 9:68� 0:14�

1-25-di-hydroxyvitamin D3

(pg/ml)
49:17� 3:06 49:25� 6:74 53:00� 3:26 42:67� 2:51��

PTH-INTACT

(pg/ml)
42:08� 3:29 29:42� 2:55� 42:83� 2:44 28:00� 3:29�

Calcitonin

(pg/ml)
27:92� 3:72 28:67� 3:06 25:86� 2:84 27:32� 2:88

Values are presented as means� SEM (n ¼ 12).

Significant differences vs. the value at day 1 in each group: �P < 0:05, ��P < 0:01.
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It was found that the daily nutrition intake of the
subjects was less than complete. The calorie and protein
intake of the subjects were relatively low compared with
that in their age group of Japanese males. The subjects in
this study consisted of students and part-time workers,
and their lifestyle was thought to be irregular. In
particular, the calcium intake of all subjects over 3 d
was much lower than the average intake in Japanese
males of ages 18–29, which is estimated to be 468
mg/d.27) It can be predicted that the subjects in this
study show low calcium intake in their daily life.
Apparent calcium absorption in the balance period
was increased 67mg by DFAIII, but urinary calcium
excretion was not affected. This led to increases in
calcium retention in the DFAIII group. In this nutritional
status, increased calcium supplied by promoting absorp-
tion by DFAIII can be efficiently retained and utilized in
the body.

The mechanism by which DFAIII promotes calcium
absorption is studied by fermentation in the large
intestine, as with other nondigestible oligosaccharides.
It has been reported that repeated ingestion of DFAIII
changes intestinal microflora in humans.28–30) Also,
DFAIII promotes calcium absorption by acting directly
on the paracellular transport pathway in the small
intestinal epithelium.11–14) Enhancement of calcium

absorption by DFAIII has been reported in in vivo rat
studies.14) DFAIII increased calcium absorption in both
the small and the large intestine, and the increase
was greater than that of fructooligosaccharides, which
promote calcium absorption only in the large intestine.
Fructooligosaccharides and galactooligosaccharides
have been found to improve absorption of calcium and
magnesium, and the effects have been examined also in
human subjects.31–36) However, some results of a stable
isotope study failed to show improvement in calcium
absorption due to fructooligosaccharides.37) In the pre-
sent study, we did not compare the effects of DFAIII
with other nondigestible oligosaccharides. Further stud-
ies should clarify whether DFAIII has an advantage over
other nondigestible saccharides in promoting calcium
absorption.
Serum osteocalcin, a bone formation marker, in-

creased after ingestion of DFAIII-containing food. This
finding suggests that DFAIII might promote bone
formation via increased calcium absorption. Osteocalcin
in the control group also tended to increase at the end of
the experimental period. Ingestion of 300mg calcium in
control food might also have affected calcium status and
bone metabolism, because the subjects’ daily calcium
intakes were low. But we found much higher calcium
retention in the DFAIII group. Since more than 99% of
body calcium exists in bone, changes in the retention
level of calcium can reflect the bone calcium level. The
level of urinary deoxypyridinoline, a bone resorption
marker, tended to be lower after ingestion (day 10–13)
of both control and DFAIII foods than the level at day 1.
These results suggest that increased calcium absorption
by DFAIII preferentially promotes bone formation, more
than it suppresses bone resorption. It has been found that
feeding DFAIII to ovariectomized rats improves their
bone strength and femoral mineral concentrations.17,18)

Long-term observation of changes in bone mass are
required to evaluate the effects of DFAIII ingestion on
bone metabolism in humans too.
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Fig. 2. Changes in Serum Osteocalcin Levels between Day 1 (pre-ingestion) and Day 14 (post-ingestion).

Values are presented as means� SEM (n ¼ 12). Significant differences vs. the value at day 1 (pre-ingestion) in each group: �P < 0:05.

Table 6. Changes in Urinary Creatinine and Deoxypridinoline

Levels during the Experimental Period

Day 1
Day 10–13

(balance period)

Creatinine (mg/dl)

Control 1:14� 0:23 1:13� 0:06
DFAIII 0:81� 0:12 1:34� 0:10

Deoxypridinoline (nmol/mmol Cre)

Control 6:06� 0:36 5:20� 0:12
DFAIII 7:05� 0:50 5:37� 0:16

Values are presented as means� SEM (n ¼ 12).
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Blood calcium significantly increased and plasma
intact PTH decreased during both the control and the
DFAIII test periods. The concentration of blood calcium
and that of PTH are closely related. When blood calcium
is low, PTH secretion is stimulated and bone resorption
is enhanced. The daily calcium intake of the subjects
was low at the beginning of the experiment, but
increased to about 680mg/day in the balance period
(day 10–day 13). An improvement in nutritional status
as to calcium in both groups might induce an increase in
the blood calcium concentration and thereby, suppres-
sion of PTH secretion. In contrast, 1,25-dihydroxyvita-
min D3 decreased only in the DFAIII group subjects.
The reason for this difference between the change in
PTH and that in 1,25-dihydroxyvitamin D3 is not
known, but changes in PTH are perhaps much more
sensitive to small changes in calcium absorption than
those in 1,25-dihydroxyvitamin D3. Higher levels of
1,25-dihydroxyvitamin D3 are known to have adverse
effects on lipid metabolism.38)

In this study, we chose males as subjects so that the
results would not be affected by menstruation-related
changes in hormonal balance. Uenishi et al. have
reported on the calcium requirement estimated by a
balance study in young and elderly Japanese adults and
mentioned gender difference in calcium balance accord-
ing to body weight, sex hormones, and physical
activity.39,40) Studies using female subjects are on the
agenda to be examined in the future.

The results of the present study indicate that DFAIII
enhances calcium absorption and retention in human
subjects. They also suggest that co-ingestion of calcium
and DFAIII might make a contribution to efficacious
bone formation.
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