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Summary The effect of dietary L-lactic acid (LA) (0.5, 10, or 2.5g/100g 
of diet) on the absorption of calcium in gastrectomized rats was evaluated 
for 28d. Calcium phosphate was used as a source of calcium. The apparent 
calcium absorption ratio and the calcium contents of the femur and tibia 
in gastrectomized rats fed the control diet were significantly less than those 
in sham-operated rats. In the gastrectomized rats, the apparent calcium 
absorption ratio and the calcium contents of bone in the rats fed the lower 
doses of LA diets (LA 0.5 or 1.0g/100g of diet) were not affected; however, 
the apparent calcium absorption ratio and the calcium contents of bone 
in the rats fed the highest doses of LA diet (LA 2.5g/100g of diet) were 

greater than those in gastrectomized rats fed the control diet. Dietary LA 
(2.5g/100g of diet) also enhanced the phosphorus absorption and bone 
phosphorus content in the gastrectomized rats. We speculated that the 
highest dose of dietary LA might be associated with the dissolving of a 
water-insoluble form of calcium salt in the diet, thereby facilitating the 
calcium absorption and resulting in increased bone calcium content in 

gastrectomized rats.
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It is well documented that gastrectomy has developed osteopenia (1-3), 
suggesting that the stomach is important for calcium homeostasis. Some theories 
have been advanced to explain the effects of gastrectomy on calcium homeostasis. 
First, gastric acid is thought to dissolve insoluble calcium in the diet, thereby 
facilitating the absorption of calcium from the small intestine (4-7). Second, 
hypocalcinocemic gastric peptide hormone, released from the stomach in response 
to gastrin, is thought to enhance the uptake of calcium into bone (2, 8). Third, the 
rate of delivery of calcium to the small intestine from the stomach is considered a 

potentially important determinant of calcium absorption (9, 10).

* To whom correspondence should be addressed.
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Table 1. Compositions of the experimental diets (g/100g of diet).

1 Mineral mixture and vitamin mixture were based on the AIN -76 formulation .
2 Made up in cornstarch , supplying lactic acid 0.5, 1.0, and 2.5 (g/100g of diet).

We previously demonstrated that the inhibition of gastric acid secretion by 
dietary omeprazole (OM), a proton pump inhibitor, decreased the apparent calcium 
absorption and that dietary L-lactic acid (LA), which is present in fermented products 
such as yogurt, prevented the inhibition of calcium absorption in rats fed OM (11).

In the present study, we reexamined the effect of dietary LA on calcium 
absorption to identify the mechanism of the enhanced calcium absorption ob
served in rats fed LA. The possibility that the dietary acidity induced by dietary 
LA might prevent calcium malabsorption was tested in gastrectomized rats .

MATERIALS AND METHODS

Materials. We prepared LA in a powder form as previously reported (11) . 

LA solution (Wako Pure Chemicals, Osaka , Japan) and cornstarch (Oriental Yeast, 

Tokyo, Japan) were mixed in the ratio of 1 to 2 (wt/wt), and a 9th volume of 

distilled water was added. The mixture was then lyophilized and assayed for LA 

content with a Determina LA kit (Kyowa Medix, Tokyo). The LA content in this 

preparation was 13.3g/100g of LA preparation.

Diets. The ingredients of the diets are given in Table 1. We prepared four 

types. The control diet was based on the AIN-76 formulation (12) . An LA 0.5% 

diet, LA 1.0% diet, and LA 2.5% diet were also prepared. The LA preparation 

was added to the control diet at levels of 3.8g/100g, 7 .5g/100g, and 18.8g/100g 

of the diet as a source of LA (0.5g/100g, 1.0g/100g, and 2.5g/100g of diet , 

respectively), and the LA contained in the preparation was replaced by an equal 

amount of sucrose.

Animals and surgical procedures. Five-week-old male Sprague-Dawley rats 

(flea Japan, Tokyo) were housed in individual stainless-steel cages in a tem

perature-controlled (24•}1•Ž) room with 60•}5% humidity and a 12h light-dark
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cycle. After a 3-d adaptation period in which all rats were fed the control diet, they 
were separated into two groups of 7 and 28 rats. In each rat of the 28-rat group, 
a gastrectomy was performed by resection of the stomach, followed by the joining 
of the esophagus and duodenum end to end. In each rat of the 7-rat group, a sham 
operation was performed. After these operations, the rats were deprived of food 
for 24h, then allowed free access to homogenized, pasteurized cow's milk (Snow 
Brand, Tokyo) for 48h (3). All rats were then fed the control diet at 12g/d for the 
next 7d. Dietary treatments began on day 10 of postoperation, at which time 
the 28 gastrectomized rats were separated into 4 groups of seven animals each with 
similar mean body weights. Each group was fed an experimental diet, and the sham 

group was fed the control diet. All rats were fed 15g of diet per day and allowed 
free access to deionized water ad libitum for 28d. All rats also received an 
intramuscular injection of vitamin B-12 (0.5mg/kg; Wako Pure Chemical) every 
second week (3), starting 10d after the operations.

Sample collection and analyses. Fecal samples collected from days 5, 12, 19, 
and 26 for 3d during each period were cleaned of foreign adhering matter, dried 
by lyophilization, and ground to a fine powder. After the 28-d feeding period, all 
rats were anesthetized by an intraperitoneal injection of sodium pentobarbital 

(40mg/kg body weight), and the femora and tibiae from the right leg were excised 
and cleaned of adhering matter and dried to a constant weight.

The femora, tibiae, and fecal samples were examined for calcium and 

phosphorus after wet aching, as described previously (13), with the use of an 
inductive-coupled plasma emission spectrometer (ICPS-2000; Shimadzu, Kyoto, 
Japan). The apparent absorption ratios of calcium and phosphorus were calculated 
as the calcium and phosphorus intake minus the fecal excretion and are expressed 
as the percentages of calcium and phosphorus intake.

These studies were approved by the ethical committee for animal experiments 
of the Yakult Central Institute for Microbiological Research, and the animals were 
maintained in accordance with the guidelines for the care and use of laboratory 
animals of Yakult Central Institute for Microbiological Research.

Statistical analysis. All data were analyzed by one-way analysis of variance. 
When a significant F ratio was found, Tukey's test (14) was used to reveal significant 
differences among groups. A difference between means was considered significant 
atp<0.05. All statistical analyses were conducted with a statistical software program 

(STATISTICA, Statsoft, Tulsa, OK, USA).

RESULTS

Body weights and food intakes
The body weights and food intakes are shown in Table 2. The initial and final 

body weights of the gastrectomized rats were significantly lower than those of the 
sham-operated rats. The food intake was not significantly different among groups.

Vol 44, No 6, 1998



872 O CHONAN et al

Table 2. Body weights and food intake in rats fed experimental diets for 28 d .1

1 Values are means and standard deviations for seven rats . Means in the same row not 
sharing common superscript letters are significantly different by Tukey's test (p<0 .05).

Table 3. Apparent absorption ratio of calcium and phosphorus in rats fed experimental 

diets for 28 d.1

1 Values are means and standard deviations for seven rats . Means in the same row not 
sharing common superscript letters are significantly different by Tukey's test (p<0 .05).

Apparent absorption ratios of calcium and phosphorus
The absorption ratios of calcium and phosphorus are shown in Table 3. The 

apparent absorption ratios of calcium and phosphorus in the gastrectomized rats 
fed each experimental diet were significantly lower than those of the sham-operated 
rats throughout the four absorption study periods . In the gastrectomized rats, the 
apparent absorption of calcium in the rats fed the LA 2.5% diet was significantly 
higher than in the rats fed the control diet throughout the four absorption 
study periods. Among the gastrectomized rats, the apparent absorption of 

phosphorus in the rats fed LA 2.5% diet was also higher than in the rats fed the 
control diet throughout the four absorption study periods, but no significant 
differences were found at the final absorption study period among the 4 

gastrectomized rat groups. The apparent absorption ratios of calcium and 
phosphorus were not significantly different throughout the four absorption study 
periods among the gastrectomized rats fed the lower doses of LA (LA 0.5% and 
1.0% diet) and the rats fed the control diet.
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Table 4. Bone mineral content in rats fed experimental diets for 28 d.1

1 Values are means and standard deviations for seven rats . Means in the same row not 
sharing common superscript letters are significantly different by Tukey's test (p<0.05).

Calcium and phosphorus contents of the femur and tibia
The dry weights of the femur and tibia and the calcium and phosphorus 

contents per g dry weight of femur and tibia are shown in Table 4. The dry 
weights and the contents of calcium and phosphorus of the femur and tibia in the 

gastrectomized rats fed each experimental diet were significantly lower than in the 
sham-operated rats. Among the gastrectomized rats, the dry weights and the contents 
of calcium and phosphorus of both bones in the rats fed the LA 2.5% diet were 
significantly higher than those in rats fed the control diet. The dry weights and 
contents of calcium and phosphorus of the femur and tibia were not significantly 
different among the gastrectomized rats fed the lower doses of LA (LA 0.5% and 
1.0% diet) and the rats fed the control diet.

DISCUSSION

Gastric acid has been suggested to play an important role in the intestinal 
absorption of calcium from ingested food because calcium solubility is thought to 
be a prerequisite for calcium absorption and the solubility of calcium is highly 

pH-dependent (5, 15). However, other study has demonstrated a lack of effect of a 
high intragastric pH on dietary calcium absorption (16). The significance of gastric 
acid secretion regarding dietary calcium absorption is thus controversial. Our 

previous findings also suggested that the gastric acidity induced by dietary LA is 
not the only factor in the stimulatory effect of LA on calcium absorption (11). In 
the present study, we reexamined the effect of dietary LA on calcium absorption 
to identify the mechanism of LA-enhanced calcium absorption. The purpose of the 

present study was to examine the possibility that the dietary acidity induced by 
dietary LA might prevent calcium malabsorption in gastrectomized rats.

The gastrectomy decreased the apparent calcium absorption ratio, as previously 
reported by Ohta et al (3), but in the present study the apparent phosphorus
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absorption ratio was also decreased by gastrectomy. We used water-insoluble 
calcium phosphate as a source of calcium and phosphorus, and Ohta et al used 
water-insoluble calcium carbonate and water-soluble potassium dihydrogen

phosphate as the sources of calcium and phosphorus, respectively (3). These 
differences suggest that the calcium phosphate in the diets we used here might not 
be sufficiently dissolved and that the bioavailability not only of calcium but also 
of phosphorus was thus impaired in the gastrectomized rats.

We previously demonstrated that the inhibition of gastric acid secretion by 
dietary OM decreased the apparent calcium absorption and that dietary LA 

prevented the inhibition of calcium absorption in rats fed OM (11). Given the 
presence of LA throughout the gastric tract, two theories have been advanced to 
explain the stimulatory effects of dietary LA on calcium absorption in rats fed OM. 
First, the LA may enable an insoluble calcium source to change into a soluble or 
ionized form, resulting in the increased bioavailability of dietary calcium (17). 
Second, the LA may control the delivery of calcium to the small intestine by delaying 
the emptying of the stomach (18, 19), which is considered a potentially important 
determinant of calcium absorption (9,10). Dietary LA (2.5g/100g of diet) increased 
the intestinal absorption of calcium and phosphorus even in the gastrectomized 
rats (Table 3). We have speculated that the stimulatory effect of LA on calcium 
absorption in gastrectomized rats may be associated with a change in the 
water-insoluble form of calcium salt to a soluble and/or ionized form (5, 15).

As shown in Table 3, dietary LA (2.5g/100g of diet) increased the intestinal 
calcium absorption in the gastrectomized rats, but the lower doses of LA (0.5 and 
1.0g/100g of diet) did not affect the apparent absorption ratios of calcium. When 
we previously tested the effect of dietary LA on calcium absorption in rats fed OM, 
the intestinal calcium absorption was increased even when the LA concentration 
was 0.5g/100g of diet (11). We do not know the reason for this difference in results, 
but it may reflect an impaired capacity in the stomach to convert insoluble dietary 
calcium into soluble calcium that can be absorbed in the small intestine. Thus the 
degree of the effect of LA on calcium absorption in the gastrectomized rats was 
less than in OM-induced achlorhydric rats.

In the present study, dietary LA enhanced calcium absorption and bone calcium 
content even in the gastrectomized rats. We speculated that the dietary acidity 
induced by dietary LA might be associated with a dissolving of a water-insoluble 
form of calcium salt in the diet, thereby facilitating the calcium absorption and 
resulting in an increased bone calcium content in gastrectomized rats.

We are grateful to Dr. H. Hara of the Department of Bioscience and Chemistry, Faculty 

of Agriculture, Hokkaido University, for his helpful advice regarding the surgical procedures 

for gastrectomy.
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