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Summary The effect of transgalactosylated oligosaccharides (TOS), 
which are oligosaccharides that are unhydrolyzed in the small intestine 
and are fermented by the intestinal bacteria, on calcium absorption was 
examined in male Wistar rats for 10 days. The apparent calcium absorp
tion ratios and the apparent retention ratios were significantly higher in 
the rats fed TOS-containing diets (5 or 10 g/100g of diet). In the second 
experiment, the cecum was ligated in situ and calcium absorption from the 
cecum was observed after injecting TOS into the cecal lumen. Four hours 
after the injection, the calcium concentration in the cecal vein of the rats 

given TOS was significantly higher than that of the control. The calcium 
content in the liquid phase of the cecal lumen and the liquid phase weight 
were also increased by the injection of TOS into the cecum. Although the 
extent of calcium absorption from the cecum of rats fed TOS is due to 
overall calcium absorption is not known, under the experimental condi
tions used in the present study the stimulatory effect of TOS on calcium 
absorption may be partly associated with increased solubility of calcium 
and the fluid content in the intestinal lumen.
Key Words galactooligosaccharides, calcium, absorption, cecal content, 

fermentation

Lactose, the main carbohydrate constituent of milk products, is known to 
stimulate the absorption of calcium (1-3). Various other carbohydrates (3-7) and 
sugar alcohols (8, 9) have also been reported to increase calcium absorption in rats. 
The mechanism by which these sugars affect calcium metabolism has been studied. 
It is known that lactose interacts with the absorptive cells of the intestine to increase 
their permeability to calcium (2). Goda et al. (8, 9) reported that maltitol enhances 
the rate of transepithelial calcium transport in the lower part of the small intestine 
by modulating the passive diffusion of calcium.

Heijnen et al. (3) reported that the calcium absorption by rats fed lactulose, 
which is a poorly digestible carbohydrate in the small intestine but is hydrolyzed to 
volatile fatty acids in the large intestine, was significantly increased and that 
lactulose feeding lowered the ileum luminal pH and raised the absolute amount of 
calcium in the liquid phase of the ileum. Remesy et al. (10) also reported that
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inulin feeding increased the concentration of soluble calcium in the cecum, and the 
calcium absorption from the cecum was also higher in rats fed inulin. Fermentation 
of sugars lowered the pH in the intestinal lumen, and the lowered pH improved the 
solubility of the calcium (11).

Transgalactosylated oligosaccharides (TOS), which are oligosaccharides pres
ent in human milk (12), cow's milk (13), and commercial yogurt (14), are 
unhydrolyzed in the small intestine and then are fermented by the intestinal 
bacteria, especially bifidobacteria (15). It could be hypothesized that TOS lowers 
the pH in the lower part of the intestine, which enhances calcium solubility, thus 
stimulating its absorption. In this study, we examined the effects of TOS intake on 
calcium absorption by a calcium balance study. Then, to determine the effect of 
TOS on calcium absorption in the cecum, TOS was injected into the cecal lumen of 
rats and the calcium concentration of the cecal vein was measured.

MATERIALS AND METHODS

Materials. The TOS consisted of a mixture of galactosyllactoses formed from 

lactose by the transgalactosylation reaction catalyzed by ƒÀ-D-galactosidases derived 

from Aspergillus oryzae and Streptococcus thermophillus. Table 1 shows the sugar 

composition of TOS. The main component of TOS is a trisaccharide, Gal,8(1-6) 

GalƒÀ(1-4)Glc. The methods for preparing and purifying TOS have been described 

elsewhere (16).

Calcium balance study. Table 2 shows the composition of the diets. All diets 

used in this balance study were based on the AIN-76 formulation (17). The test 

diets containing 5 and 10% TOS and 5 and 10% lactose were formulated by adding 

TOS or lactose to the control diet at the expense of the sucrose component. Thirty 

4-week-old male Wistar rats (Japan SLC, Inc., Shizuoka, Japan) were housed in 

individual aluminum metabolic cages in a temperature-controlled (24•}1•Ž) room 

with 60•}5% humidity and a 12-h light-dark cycle. After a 7-day adaptation period 

in which all rats were fed a control diet, the rats were separated into five groups of 

six animals having similar mean body weight. The five groups were fed one of the 

experimental diets and deionized water ad libitum for 10 days. Body weight and 

food intake were recorded every 3rd day. For the calcium balance study, fecal and 

urine samples were collected from day 8 to day 10. After a 10-day feeding period, 

the animals were anesthetized by intraperitoneal injection of sodium pentobarbital

Table 1. Composition of galactooligosaccharides.
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Table 2. Composition of the diets (g/100g diet).

1Prepared according to AIN-76 prescription (29).

(40mg/kg body weight) and the cecum was removed and weighed. The pH of the 
cecal lumen was measured with a glass microelectrode which was inserted into the 
cecum from the ileum and held in the middle of the cecum (18). The cecal wall was 
flushed clean with ice-cold saline, blotted on filter paper, and weighed (cecal wall 
weight).

Measurement of the calcium absorption from the cecum. Thirty-six 4-week-old 

male Wistar rats were housed in individual stainless steel cages. After they were fed 

a stock diet (MF, Oriental Yeast Co., Ltd., Tokyo, Japan) for 2 weeks, they were 

anesthetized as described above and the cecum was exposed after midline laparot

omy. The cecum was tied with silk string at the sites of an entrance side and an exit 

side and TOS or lactose (0.5g/2ml of saline) was injected into the cecum from the 

entrance side with a syringe. Saline was used as a negative control. After the 

injection, the cut portion of the abdomen was clipped and closed (19). Two or 4

h later, the rats were again anesthetized by intraperitoneal injection of sodium 

pentobarbital and a blood sample was withdrawn from the cecal vein to determine 

the serum calcium concentration. Then the weight of the whole cecum and of the 

cecal wall, and the pH of the cecal lumen were determined as described above. 

Portions of the cecum contents were collected and then stored at  20•Ž until they 

were analyzed for volatile fatty acids. The other portions of cecal contents were 

centrifuged at 9,000•~g for 20 min and the resulting supernatant and the precipita

tion were used for calcium analysis (20).

Analysis of feces, urine, cecum, and serum. Calcium contents of feces, urine, 
and cecum were determined after wet ashing with nitric acid and perchloric acid, by 
using an atomic absorption spectrometer (Varian AA-975; Varian Tectron Pty, 
Ltd., Springvale, Australia). The samples were dissolved in 10ml of ultrapure 

grade 12N nitric acid, then digested on a hot plate to dryness. This procedure was 
repeated, and then 10ml of a solution composed of 12N nitric acid and 9N

Vol. 41, No. 1, 1995



98 O. CHONAN and M. WATANUKI

perchloric acid (5:1) was added and the mixture was warmed to dryness. The 
digest was dissolved with 0.1N nitric acid. The diluted solution was colorless and 
did not contain suspended solids. Before analysis the sample was diluted with 
lanthanum chloride solution (10g/liter) (20). The absorption ratio and retention 
ratio of calcium were determined by the following equations:

Absorption ratio (%)=(calcium intake-fecal calcium excretion)

•~100/calcium intake.

Retention ratio (%)=(calcium intake  fecal calcium excretion

-urinary calcium excretion)•~100/calcium intake
.

The cecal vein blood was centrifuged and the resulting serum was analyzed for 
total calcium. The concentration of serum calcium was determined by a col
orimetric method based on the interaction of Ca2+ with o-cresolphthalein com

plexone by using a diagnostic kit (calcium C-test Wako, Wako Pure Chemical 
Industries, Ltd., Osaka, Japan).

Assay of volatile fatty acids. The cecal digesta (0.3-0,5g) was homogenized in 

1.5ml of water so as to make the final concentration of organic acids between 0.2 

and 30mM. The homogenate was centrifuged at 9,000•~g for 10min at 4•Ž. A 

mixture of 0.9ml of the resulting supernate and 0.1ml of 1.5M perchloric acid was 

allowed to stand for 2h at 4•Ž. Then it was passed through a filter with a pore size 

of 0.45ƒÊm (Millipore Japan Ltd., Tokyo, Japan). The sample was analyzed for 

volatile fatty acid by high-performance liquid chromatography (HPLC) as previ

ously described (18). The HPLC was performed with a TOA system (ICA-3030 

TOA Electronics Co., Ltd., Tokyo, Japan) equipped with two columns (Ion Pak 

KC-811 Shodex, 8mm I. D.•~300mm, Showa Denko Co., Ltd., Tokyo, Japan) and 

a conductometric detector (ICA-3030 TOA Electronics Co., Ltd.). The concentra

tions of volatile fatty acids were calculated by using external standards.

Statistical analysis. All data were analyzed by one-way analysis of variance. 

When significant F ratios were found, individual means were compared by Tukey's 

test. The level of significance was considered to be p<0.05.

RESULTS

Growth, cecal weight, and cecal pH
The final body weight and food intake of rats fed the TOS or lactose diets were 

not significantly different from those in the control group (Table 3). Both whole 
cecal weight and cecal digesta weight were significantly elevated in rats fed the TOS 
diets. The cecal wall weight was also increased by feeding TOS-containing diets. 
Cecal pH was not modified by feeding the lactose-containing diets, whereas it was 
significantly lowered by feeding the TOS-containing diet (Table 4).

Calcium balance

Table 5 shows the apparent calcium absorption ratio and retention ratio during
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Table 3. Effect of feeding TOS and lactose-containing diets on the body weight and 

food intake in rats.1

1 Values are means±standard deviations for six rats. Within the same row, means 
having different superscript letters differ significantly (p<0.05).

Table 4. Effect of feeding TOS and lactose-containing diets on the cecal weight and 

cecal luminal pH in rats.1

1 Values are means•}standard deviations for six rats. Within the same row, means 

having different superscript letters differ significantly (p<0.05).

Table 5. Effect of feeding TOS and lactose-containing diets on the apparent calcium 

absorption and retention ratio in rats.1

1 Values are means•}standard deviations for six rats. Within the same row, means 

having different superscript letters differ significantly (p<0.05).

the balance study (8-10 days). Both the apparent absorption and apparent 
retention ratio of calcium were significantly increased in rats fed the TOS diets, but 
lactose did not affect the ratios.

Calcium concentration in the cecal vein

The calcium concentration in the cecal vein was significantly elevated in rats 2
h after lactose was injected into their cecum. Four hours after the injection, the 
calcium concentration of the rats given TOS was also significantly higher than that

Vol. 41, No. 1, 1995
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Fig. 1. Effect of TOS and lactose injection into the cecum on serum calcium 

concentration in the cecal vein. Columns and bars show the mean•}standard 

deviation for six animals. Means having different superscript letters differ 

significantly at each time of measurement (p<0.05).

of the control (Fig. 1).

pH and volatile fatty acids in the cecal lumen
Table 6 shows the pH of the cecal lumen and the amount of volatile fatty acids 

in the cecum. The cecal pH was lowered when TOS or lactose was given into 
cecum. The total amounts of volatile fatty acids and butyric acid in the cecum 
contents were significantly increased by the injection of TOS or lactose into their 
cecum. The amount of acetic acid was significantly higher in the TOS and 
lactose-injected groups than the control group after 2h. When lactose was present 
in the cecum, lactic acid was markedly increased. By the injection of lactose into 
the cecum, propionic acid after 2h and succinic acid after 4h were also significantly 
higher than in the control and TOS groups.

Calcium in the cecal lumen
When TOS or lactose was injected into the cecum, the liquid phase weights in 

the cecal lumen were significantly higher than in the control (Table 7). The 
calcium content in the solid phase did not differ significantly between the groups. 
However, the amount of calcium in the liquid phase was significantly higher when 
TOS or lactose was injected into the cecum. The percentage of total calcium in the 
liquid phase in the cecal lumen was significantly higher in the TOS or lactose

J. Nutr. Sci. Vitaminol.
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injected group than in the control group (Table 7).

DISCUSSION

There have been many reports on the stimulatory effects of dietary lactose on 
calcium absorption (1-3). One hypothesis of the mechanism is that the reduced pH 
resulting from lactose fermentation in the large intestine would increase the 
concentration of soluble calcium (4). It is generally accepted that calcium must be 
in a soluble and ionized form to be absorbed in the intestine (21), and thus allow 

greater rates of calcium absorption.
If the stimulatory effect of lactose on intestinal calcium absorption occurs as a 

result of unhydrolyzed lactose in the small intestine, TOS, and other such sugars 
that are resistant to hydrolysis in the small intestine should have a similar effect. 
The stimulatory effects of dietary lactulose (3) on intestinal calcium absorption 
described recently could be explained in the same way. In this study, the calcium 
concentration in the cecal vein was significantly higher when TOS or lactose was 
directly injected into the cecum (Fig. 1). Our data suggest that calcium absorption 
from the cecum may be increased in the presence of fermentative substrates. As 
shown in Table 6, the production of volatile fatty acids in the cecum of rats given 
TOS and lactose was markedly increased. It seems that TOS is readily fermented 
as well as lactose by the intestinal bacteria. Indeed the increased production of 
volatile fatty acids and the related pH reduction was associated with the increase in 
the calcium content in the liquid phase in the cecum of the rats given TOS (Table 
7). This increase in the solubility of calcium might have elevated the amount of 
available calcium to be absorbed in this study (10, 11). Our results were in good 
agreement with the lactulose-induced stimulation of calcium absorption (3) which 
events could be explained by a similar cascade mechanism to that for our results.

On the other hand, there is evidence against the hypothesis that lactose 
stimulates calcium absorption in the germ-free rat (22, 23) and maltitol also 
stimulates calcium absorption in everted ileal segments (9). These findings indicate 
that the low pH in the intestine is not only related to calcium absorption.

Furthermore, Pansu et al. demonstrated that increasing the fluid content of the 

jejunal loop in situ stimulated calcium transport (24). The presence of osmotically 
active resistant sugars in the small intestine must increase the amount of fluid 
within the lumen to maintain isotonicity (4). As postulated by Bronner (25), this 
additional fluid might increase the passive absorption of calcium by increasing the 

permeability of the intercellular junction between enterocytes. In this study, when 
TOS or lactose was injected into the cecum, the liquid phase weight in the cecal 
lumen was significantly higher than that of the control. Such a mechanism of action 
for the stimulation of intestinal calcium absorption by the resistant sugars is 
consistent with our data.

In the present study, we focused on the cecum as a meaningful site for calcium 
absorption in rats fed TOS, because the cecum can absorb calcium both in vitro (26)

J. Nutr. Sci. Vitaminol.
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and in vivo (27), and feeding lactulose is known to increase the concentration of 
calcium in the cecal fluid (28). Although the extent of calcium absorption from the 
cecum of rats fed TOS in terms of overall mineral absorption is not known, under 
the present experimental conditions, the stimulatory effect of TOS on calcium 
absorption may be partly associated with the increased solubility of calcium and the 
fluid content in the cecal lumen.

A part of this paper was presented orally at the 48th Meeting of the Japanese Society of 
Nutrition and Food Science (Fukuoka, May 13-15, 1994).
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