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Several studies have been carried out to establish the role of calcium and magnesium in bone. These minerals may play
an important role in bone structure or strength. Fructooligosaccharides (FOS) are known to be stimulators of intestinal
mineral absorption. In intact rats, bone volume and the mineral content (Ca, and Mg ) of the bone surface are greater
in FOS-fed rats. Moreover, a significant relationship exists between the absorption of these minerals and their content
in bone. Osteopenia is known to follow total gastrectomy in animals, leading to the severe concordant loss of both
cortical and cancellous bone. These findings are similar to senile osteoporosis in humans. Dietary FOS completely

prevents the gastrectomy-induced osteopenia in rats. If similar effects are found in humans, an increase in mineral
deposition in bone during growth may contribute to the prevention of bone disease with age. Thus FOS might be a

promising prebiotic for bone.
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INTRODUCTION

Once the growth and modeling of the human skel-
eton have been completed, the bones can still change
their internal structure in humans by means of remod-
eling. About 80% of human bone comprises cortical
bone and 20% cancellous bone, but cancellous bone is
metabolically more active because its surface-to-vol-
ume ratio is much greater than in cortical bone (32).
The metabolic changes of bone formation and resorp-
tion are regulated mainly by osteoblasts and osteoclasts
under physiological or pathological conditions. 

Osteoporosis may be classified as high- or low-turn-
over. Several drugs for the treatment of osteoporosis 
have been studied, including calcitonin, bisphospho-
nates, estrogenic preparations, and active vitamin D me-
tabolites (8, 14, 33). However, these drugs can cause
various problems and side effects because the dynam-
ics of bone physiology are slower than in other organs;
thus comparatively long-term treatment is necessary.
Moreover, the adequate absorption of minerals (cal-
cium, magnesium, and phosphorus) from the intestine
is necessary for calcium homeostasis, including skel-
etal growth in childhood and the maintenance of skel-
etal mass in adulthood (3).

Fructooligosaccharides (FOS) have been studied as
stimulators of intestinal mineral absorption. Only an

excess supply of calcium reduces magnesium absorp-
tion (25). However, FOS stimulates both calcium and
magnesium absorption in rats (25, 26, 30). Further more,
FOS intake in rats enhanced calcium balance, and ab-
sorbed calcium correlates significantly with calcium
balance, an important source of calcification in bone

(22, 41).

FOS AND MINERAL ABSORPTION

It has been established that indigestible carbohydrates
have beneficial effects (11, 12, 35). These dietary com-

ponents, such as inulin (16), resistant starch (38), and
guar gum hydrolysate (9), increase apparent intestinal
calcium absorption, calcium balance, and bone min-
eral density in rats. The stimulatory effects of fructooli-

gosaccharides (FOS), which are low-molecular-weight
indigestible carbohydrates (31, 42), on intestinal cal-
cium absorption have been particularly well examined

(23, 24, 27). FOS also increases true and apparent in-
testinal calcium absorption, calcium balance, and bone
mineral density in growing rats (22, 23). Several stud-
ies of these indigestible carbohydrates have been at-
tempted to determine the mechanism of their stimulat-
ing effects on the intestine.

It has been demonstrated that the stimulatory effects
of FOS and other indigestible carbohydrates on calcium
absorption occur in the large intestine (26-28). How-
ever, the detailed mechanism involved has not yet been
clarified. It has been suggested that this effect involves
the production of short-chain fatty acids (SCFA), re-
sulting from fermentation in the large intestine, since
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SCFA stimulates the proliferation of epithelium cells 
in the intestine (37) and reduces luminal pH (6, 25, 38, 

44). 

 We recently reported that both true absorption and 

apparent intestinal calcium absorption were signifi-
cantly stimulated by FOS consumption in rats. No sig-

nificant differences, however, were noted in endogenous 
net calcium excretion into feces between the rats fed 

FOS and the control animals. Fractional calcium ab-

sorption and its balance in the FOS-fed rats were 
significantly higher than in the control group, since there 

was no significant difference in calcium intake between 
the two groups. More than 95% of the absorbed cal-

cium was retained in the body, and less than 5% of that 
was excreted into urine in both groups. Calcium bal-

ance in rats fed FOS was correlated significantly with 

true calcium absorption (r2 = 0.936, p < 0.01), as in the 
control group (r2 = 0.994, p < 0.01). Thus calcium re-

tention in hone mainly depended on absorbed calcium 

(22) (Fig. 1). 

             FOS AND BONE 

 Several studies have been carried out to establish the 

role of minerals in bone. Bone stores 99% of the body's 
calcium, and calcium salts are responsible for the hard-

ness of bone (10). Meanwhile, it has been established 
that magnesium is a critical ion in mammals, not only 
as a cofactor for many enzymes of the energy extrac-

tion system and protein synthesis pathways, but also 
for bone formation. Thus it is suggested that these min-

erals may play an important role in bone structure or in 
the hardness of bone (36). 

 The enhancement of apparent calcium and magne-

sium absorptions and their ratios, resulting from fructo-
oligosaccharides (FOS)-feeding, have been reported in 

growing rats (23-25). These findings would lead us to 
expect an increase in bone mass with FOS supplemen-

tation. Previous studies have relied on the mineral con-
tents in ashed bone or on measurements of bone min-

eral density to investigate the effects of FOS on bone 

(27, 29, 30). However, these methods cannot be used 
to examine bone structure or to measure mineral con-
tents in a local area when rats have been fed a diet con-
taining FOS. 

 We reported whether the enhanced mineral absorp-
tion resulting from FOS-feeding affects femoral bone 

structure and mineral contents in intact rats. Constant 
amounts of calcium (95 mg/d) and magnesium (8 mg/ 

d) were fed to the rats. Mineral concentrations in dia-

physes, which were considered to have been formed 
after dietary treatment (21), were enhanced by FOS

Fig. 1. Schematic illustration of a two-compartment open model 

of calcium metabolism in rats. 

The data are described as mg/day in rats fed with fructooli-

gosaccharides or without (in parentheses). In this model, the 

45Ca elimination curve is expressed by the following equa-

tion. [45Ca]pl = Ae-ƒ¿t + Be-ƒÀt. [45Ca]pl is the plasma-specific 

activity (cpm/mg Ca), and t (hrs) is the time after 45Ca injec-

tion. The four parameters (A, B, and a, ƒÀ) are estimated by 

using the nonlinear least-squares method and the specific ra-

dioactivities of 6 plasma samples obtained at 2, 4, 6, 25, 49, 

and 73 hrs after 45Ca injection. The six plasma specific radio-

activities are calculated by dividing the radioactivity in each 

of the samples by the cold calcium concentration in the plasma 

sample obtained at the end of experiment. 

feeding (41). Similar changes were also found in other 

regions that were close to the surface of trabecular bone. 

These increases are small but statistically significant. 

In fact, the weight percentages of Ca and Mg were en-

hanced, as calculated from a small area (7.5 x 10 ƒÊm) 

of the cortical or trabecular bone. Calcium in bone is 

usually characterized as hydroxyapatite [(Caio(PO4)6 

(OH)2)] (10). Magnesium has been shown to bind to 

the surface of hydroxyapatite crystals and to retard its 

nucleation and growth in vitro (1). In fact, the bones of 

rats fed excess magnesium have smaller mineral crys-

tals than control rats. In contrast, the hydroxyapatite 

crystals in magnesium-deficient rats are significantly 

increased in size (2, 4). Thus the enhanced weight per-

cent of calcium and magnesium might be associated 

with the size of hydroxyapatite crystal. On the other 

hand, Fountos et al. (7) have suggested that in vivo 

measurements of the calcium/phosphorus ratio of bone 

may be useful for assessing skeletal aging or some pa-
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thology. In this study, however, there were no dif-
ferences in this ratio among the regions examined. Thus 
FOS feeding may slightly enhance mineral content un-
der physiological conditions. A significant relationship 
was found between absorbed calcium in the intestine 
and the calcium content of bone (r = 0.722, p < 0.001), 
however, and a similar relationship was found for mag-
nesium (r = 0.720, p < 0.001). Considering the effect 
of FOS on mineral absorption, we would expect that 
calcium and magnesium are used for calcification and 
to induce the beneficial effects of the quality and quan-
tity of bone. 

 The spongiosa of the metaphysis in long bone con-
sists of primary and secondary parts. Most primary 
spongiosa is eventually converted into secondary spon-

giosa by the simultaneous removal of woven bone and 
calcified cartilage cores and the addition of secondary 
bone. The secondary spongiosa is a zone of slow tissue 
turnover, compared with primary spongiosa, and there 
is a net loss of bone because of osteoclastic resorption 

(13). We measured the volume of secondary spongiosa 
(% TBV) in the metaphyses, which was slightly but 
significantly enhanced in rats fed FOS. We also ob-
served an enhancement of bone volume in the femoral 
neck containing cortical bone and marrow trabeculae 

(41). An increase in percent of TBV is usually observed 
in rats when bone resorption is therapeutically or toxi-
cally inhibited by some substances, such as 
bisphosphonates or strontium (17, 20). Moreover, the 
stimulated intestinal calcium absorption when rats are 
fed various doses of calcium is inversely proportional 
to bone resorption without any change in bone forma-
tion (43). Although there was no evidence regarding 
bone turnover in this study, it is very likely that bone 
resorption is slightly suppressed by the enhancement 
of calcium absorption resulting from FOS-feeding. 
However, we cannot exclude the possibility that FOS-
feeding enhances bone formation. Nevertheless, we can 
agree that FOS-feeding influences local bone structure. 
If similar effects are found in humans, treatment with 
FOS could contribute to the improvement of bone struc-
ture and mineral content in the treatment of various 
femoral osteopenias. Unfortunately, it is not yet clear 
whether FOS-feeding enhances bone formation or sup-

presses bone resorption, or both, at the cellular level. 
Further studies are required to evaluate the effects of 
FOS on bone turnover. 

 In postmenopausal osteoporosis, there is an appar-
ent excess loss of cancellous bone with a relative spar-
ing of cortical bone. It has been established that this 

phenomenon is due to estrogen deficiency. An experi-

mental model, the ovariectomized rat, has been used 
to evaluate the mechanism of or to assess the effect 
of drugs in estrogen deficiency. Several histomor-

phometric studies have been performed to investigate 
the mechanism of estrogen deficiency, and the loss of 
cancellous bone has been reported. On the other hand, 
there is no malabsorption of calcium in ovariectomized 
rats (21). Although FOS can stimulate intestinal cal-
cium absorption, as previously mentioned, it is difficult 
to consider that FOS directly affects estrogen-defi-
ciency. However, a loss of bone mass is not observed 
in FOS-fed ovariectomized rats (40). Thus an enhanced 
mineral absorption may be able to compensate for the 
bone loss resulting from estrogen deficiency. 

 Senile osteoporosis reveals a more concordant loss 
of both cortical and cancellous bone. The pathogenesis 
of this osteoporosis is uncertain. However, it is postu-
lated to result from an age-related decline in the renal 

production of 1,25-dihydroxyvitamin D3, calcium mal-
absorption, and subsequent secondary hyperparathy-
roidism. This hyperparathyroidism induces a response 
for excess cortical bone loss. 

 A high prevalence of bone disorders has been re-

ported in gastrectomized patients (45), and osteopenia 
following total gastrectomy in animals was initially 
reported in 1938 (5). Despite several attempts over the 

past six decades to prevent this phenomenon, none has 
been successful. The findings of this experimental 
model are similar to those of senile osteoporosis. Com-
mon findings in total gastrectomized rats are decreases 
in both cortical and cancellous bone mass (15, 18, 34, 
39), anemia (29) and reduced intestinal calcium absorp-
tion (27). Furthermore, our preliminary experiment us-
ing this model exhibits hyperparathyroidism and an el-
evation of 1,25-dihydroxyvitamin D in blood. Gastrec-
tomy affected not only bone length and volume, but 
also the outer perimeter of cortical bone in the diaphy-
ses. These findings suggest that gastrectomy does not 
disturb bone growth. On the other hand, much trabecu-
lar bone was lost, and thus the percentage of bone vol-
ume was significantly reduced in the gastrectomized 
rats. Furthermore, a reduction in cortical bone area and 
enlarged bone marrow cavities and increases in the 

perimeter of cavities were found in gastrectomized rats, 
whereas no changes were noted in either the entire scan 
area or the outer perimeter in all groups. These findings, 
at both the metaphysis and diaphysis, indicate that a 
marked increase of bone resorption had occurred from 
the sides of the bone marrow cavity after gastrectomy. 
Similar results in gastrectomized rats have been reported 
in a tibial morphometric study (18). They also observed
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Fig. 2. Back-scattered electron images of the sagittal surface in 
the distal metaphysis (a and b) and diaphysis (c and d). 
The right femur was obtained from gastrectomized (GX) rats 
fed with (b and d) or without (a and c) fructooligosaccharides. 

this phenomenon by using the tetracycline labeling 

method and computed microtomography, by which gas-
trectomy leads to an increase in bone resorption. Thus 
this gastrectomy-induced osteopenia may be due to an 

increase in bone resorption rather than to a decrease in 
bone formation. This gastrectomy-induced bone loss is 

completely prevented by FOS consumption in rats (19) 

(Fig. 2). Therefore, our results suggest that the decrease 
in bone mass is quite likely to reflect increased bone 

resorption in the gastrectomized rats, and FOS-feeding 
might inhibit this phenomenon. 

Peak bone mass in humans is achieved after sexual 
maturity and is maintained for two decades. Thereafter 

the mass of nealy all bones declines until death. Thus 
we would expect that high calcium and magnesium 

deposition into bone during the period of growth would 
increase the peak bone mass and prevent bone disor-

ders that result from aging. There have been several 
reports on studies of rats to evaluate the beneficial ef-

fects of FOS on bone, which suggest that it may be a 

promising prebiotic treatment. If similar effects are 
found in humans, dietary supplementation with FOS

could contribute to the treatment of osteopenia. Fur-

ther human studies are required to evaluate the effects 

on bone metabolism. 
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