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effect of calcium (1, 2) and 
colorectal cancer 4) have 

attention in recent years, an ade-
calclum intake has, above attracted interest 

because of its reputation to osteoporosis 
From relatively constant daily calcium !osses of 200 mg, 
an intestinal fractional absorption rate of 25-50% and an 

recommendations for the 
calcium intake have been derived which are in most 
countries in the order of 800 mg/day 7) but higher for 
adolescents and pregnant or nursing women. On the 
basis of the results of ba!ance studies on pre- and 
menopausal women (8) intakes 
of 1 g and 1.5 g/day were then recommended in the USA 
for both groups and 
larly elder women ingest calcium at levels which are far 
below these standards (10). The 1989 US RDA now 
remains at 1200 mg for adolescents and young adults 
(to the age of In editions the 1200 mg RDA 
extended to the age of 19. 

Hence, because of a 
intake there is reason to consider not 
of calcium from sources or ingested in the form 
of supplements, but also its bioavailability and its 
dence on nutritive and non-nutritive factors. In the lite-
rature is not a defined 
mostly held to be the of a nutrient 
which is adequately uti!ized in the 

3.1.1 Vitamin D status and 
Unlike other this paper deals with vitamin D as 

a non-nutritive factor for two reasons: 
1) Vitamin D per se is ""'"· 1 ~~„n~ 

of active calcium 

2) contributes less to the 
vitamin D status than 

from which up 
to 80-90% in human metabolism (1 UV irra-

is converted to vita-
min and to inert isomers (1 
Cholecalciferol is hydroxylated in the iiver to 25-

and the latter in the to 
calcitriol. 

The vitamin D status deteriorates with because 
of the reduced of vitamin D in the skin and a 
decline in renal synthesis of calcitriol. the 

less vitamin 0 from 
ovr-.nc·<>rl to ( 1 Vitamin D is r<>1rr21rnu 

who have a 
vitamin D in the skin and/or who are 

house-bound. 
Vitamin D 

intestinal calcium but is not directly neces­
sary for bone growth and mineralization (15). The under-
lying mechanisms calcium were 
studied mainly in rats using the loop" and the 
"everted sac" technique (16). The results can be sum­
marized as follows ( 16-25). 

There are two rnechanisms which calcium is absor-
bed from the the vitamin 
and non-saturable transport is based on 
lows a and has a similar 
throughout the whole small intestine. The 
rable calcium can be increased 
enhanced synthesis of the is 

acts at low calcium concentrations 
in the upper small intes­

tine. 
In adult rats or men frac!ional decreases 

with intestinal calciurn concentration due to 
saturation of the active in adults. This active 

in the duodenum is almost 
cium lntake 120 At low 
the calcium •-~~--·- ... 
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inlake level of 300 toward 

there is no or ineffective calciurn 
tion from the colon However, a considerable coio-

of calcium can be observed in calcium 
""'''"""'" due !o or reduced in the 

can be increased 
vitamin D 

an 
vitamin D status calciurn can also 
be absorbed when !he vitamin D sta!us is poor, 
tion in any case, when vitamin D is 
in sufficient amounts (1 when the diet is 
low in sufficient vitamin D levels should be avai­
lable in order to maintain calcium homeostasis (1 The 

adrninistration ol 1000 mg calciurn and 25 ~19 vita-
min D increased !he calcium 
:;in<onn-nw1n in healthy adul!s Also in the elderly and 

with calcium was 
vitamin D administration 

3.1.2 

iod, when calcium levels are 
mechanism in the duodenurn and ileum is more 
and more the active saturable process, whereas !he 
efficiency of the decreases (19, 21, 

Related events are the appearance ol ~~·~~·~· 
for vitamin D in the rnucosa and higher concentrations 
of protein (19). Total calcium 
tion reaches a maximum in 5-week-old animals and 
decreases slowly thereafter ( 1 

In piglets calcium from the the 
first 2-4 weeks is independent of vitamin D 

in the l1uman newborn is also assumed lo be 

3.1.3 and 
The mother covers the felal calcium requiremen!s 

mobilizing calcium from the bones 38), an up to 
two-fold increase in calcium throughout pre-
gnancy and renal calcium excretion 
(39). Normally bone loss during is negligible 
41) in young mothers and rnothers 
with 4 or more children cal-
ciurn intake to 1600 mg, which is the recomrnended dose 
for nursing mothers in the USA (43), prevention of bone 
deminera!ization has been 

3.1.4 
In aging, in the age eil 60, intesti-

nal calcium and utilization are 
calcium balance becomes ""'''"''m"' 
(44, 45). In the age group lrom 70 to 90 is 
lower 2/3 if with the age group lrom 20 to 
59. of the !o 
to reduced calcium intake is 

to calcium balance by a calcium-rich 

3.1.5 

or slow 

me,no1JaL1sa1 decreased "'"'''rnru:m 

reduced as weil as the 

renal calcium 
1n-"""'''"'r1 vi!amin D status are other fac-

!ors lo a lower calcium balance (49, 
In the first 6 years after menopause a bone lass 

occurs Here administration has to 
be Hie most e!licient therapy A matter of 
cular effect of increased 

!o be beneficial for two 
reaons: 
1) to increase the 

of 25 and 35. 
bone mass belween the ages 

2) to slow down lhe rate of bone loss espe-
aller menopause. 

A correlation between bone mass and die-
calcium was shown in some studies whe-

reas o!hers did not find such a (60, 61) or 
showed even a positive correlation between calcium 
intake in several countries and the of osteo­

(62). 
There was a significant relation between 

intake of calcium and the rate of bone 
reduction of bone loss 

only in 8 (51, of 14 
tions 63-74). In some studies a 
only of the cortical bone loss was found 71) or the 
calcium effect was observed in combination with 

(71 ). Some of the reasons for this inconsis-
tency may be the of bone loss 
or !he si!e and rnethod of measurement. 

3.1.6 
lt has been that physical 

the skeleta! mass (75, 76), while 
liza!ion led lo a loss of bone minerals 

holism, can deteriorate calcium 
(7, 78-80). 

increased 
and immobi-

The consequences ol smal! intestine resection and 
intestinal bypass surgery for calcium and 
bone health have been the of de!ailed s!udies. 

a reduclion in calcium 
masked bone malacia (84-86) was found 

on the of the small intes-
tine. In the course ol years calcium balances 

as the resull ol an increase of calciurn 
in the srnall intestine and - as men!ioned 

above - in !he colon , 83). in !he 
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intes!ine can also be tt1e vitamin D status 

3.2.1 form of calcium 
The amount ol calcium in the diet is 

cator of how much is utilized because 
a weak indi­
about 30% 

of dietary calcium is 
ted in the feces 

the remainder is excre­
o! ca!cium 

due to saturation ol 

tion rate decreased lrorn 27% lo 11- i 9% 
of has to be taken into account when compa-

"""'„„,.,m,on1:c: in which different amounls of calcium 
were consumed. 

lt is assurned that calcium is absorbed in its ionized 
therefore, easily soluble calcium salts are consi­

dered to have a better bioavailability (90). For exarnple, 
it was possible to demonstrate a better absorp!ion ot cal­
cium citrate or a calciurn-citrate-malate complex if com-

to calcium carbonate or calcium (90-93). 
Other authors did not find differences in intes-
tinal absorption of several calcium salts diffe-
rent of solubility in men (94, or rats 

Dilferences in solubility between calcium salts can 
be levelled out for example, calcium 

less absorbed than calcium 
Citrate in with achlorhydria (97). Several inves-

have shown that calciurn are bel-
ter absorbed when with a meal. This was 

increased of gastric acid and 
retarded gastric emptying du ring a meal ) . Other 
authors have not observed such eflects by meals 

In milk and calcium occurs as colloi-
dal calcium phosphate, a calcium-casein complex 
lar calcium) and ionic calcium (99). Colloidal calcium has 
been reported to be better absorbed than ionic calcium 
and dil!erences in bioavailability of calcium !rom seve­
ral have been with differences 
in their colloidal-to-ionic calcium ratio ( 1 
there are no other confirming this hypo­
thesis. Two recent papers gave no evidence ol a bet!er 
bioavailability of calcium !rom milk products rich in col· 
loidal calcium in rats (101, 1 

3.2.2 Lactose and other 
Intestinal 

35 

In animals 31, 106-110) and chil-
dren ( 1 i i ) the increase in calcium lactose 
is weil documented. In adults the ef!ect is not clear and 

1H1a1<1CH)Sl!Ja~;e acti-

a ..,,...,,,"''"'' 
lactose ellect has been described in a number of papers 
(112·114). Thiseffectis 
tive in others ( 115-11 In 
N"Wn"r'n inrlnrl"\\lt><"! ( 1 i 5, 119) or calcium 

( 112, i 13) or no ellect at all was established after lac-
tose ( 1 i 7, 11 The cause for these different 
results is not clear. 

The lack ol the positive influence of lactose on cal-
in lactose-intolerant subjects besides 

held to be a further cause 

brush border membrane in 
109, 1 This elfect is o! the vitarnin D 
status (1 In with normal lactase lac-
tose prolongs the duration of absorption at a maximal 
rate. while it reduces the maximal absorption rate in sub-

with laclose malabsorption, the duration of 
tion remaining unchanged ( 112). A direct effect of intestinal 

on calcium has not been 
established (117, 118, 120). 

3.2.3 Fat 
Fat does not influence calcium balance in 

(7), whereas in cases with fat 
or calcium is due to the 
formation of insoluble soaps (125). With medium-chain 

"'"""''·•rl<"' bolh fat and Calcium are better 
because they are more soluble than 
acids (7). 

3.2.4 phytic oxalic acid 
lt is generally assumed thal dietary !iber as we!I as 

acid wheat bran) and oxalic acid (in 
rhubarb and cocoa powder) impair intestinal 
of calcium and olher minerals formation of ""'mnJO 

of low solubility , 37, 1 1 The 
of fiber correlates weil with its content of uro­

nic acids, which constitute 40% or 10% of the non-cel­
lulose fraclion ol fiber in fruits and 

(7, 127). 

led intestinal passage and erosion of the intestinal mucosa 
and !he associated loss in 
(1 

The eflects of an enhanced m""'""'n" fiber 
and balance may be influenced 

calcium intake or to a 
duration of balance measu-

rement 
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Further, numerous papers do not differentiale bet-
ween the effect exerted fiber and acid 
because wheat no doub! the mos! ollen studied 

reduced calcium balance in humans. while cal-
cium retention from 35 lo 11% (1 In 
bran calcium balance ( 1 

In a number ol studies different 
have not been found !o 

in men or animals (128, 
Even if many of these studies showed a 

decrease of calcium this was, however, of no 
praclical for calcium status. 

In rats calcium 

!rom another one. 
to a meal only 5% of lhe cal­

cium from is available. total calcium 
from the meal rernains constant (1 136). 

In normal nutrition without excessive fiber-, 
or oxalate-ingestion the factors rnen!ioned above are of 
minor importance for calcium balance in man ( 1 1 

have !he same calcium stalus 
(139-i and bone mineral content (141) as omnivores. 
Additionally calcium frorn a meal 
seems to be better utilized by lhan 
by omnivores (1 

3.2.5 Protein 
A high protein in!ake leads to increased renal cal­

cium excretion in experimental animals as weil as in man 
143-1 This calciuretic effect, oberservable 

alter a small increase in protein ( 1 is not 
attributable to increased calcium absorplion but is due 
to the protein-dependent increase in lhe glo­
merular liltration rate ( 143, 149) and a simultaneous 
decrease in renal lubular ( 143, 1 The 
decrease in tubular is dependent on !he 
acid-forming components of especially 
the sulfur amino acids giving rise to sulla!e when oxidi-
zed ( 150-152), while a hypocal-
ciuretic elfecl in diets in In 
subjec!s renal calcium excretion is after consurnp-
tion of animal protein wilh a higher content of sulfur-

amino acids with prolein 
containing less sulfur (1 On the other hand, only 
aboul half o! the calciurelic eflect ol increased protein 
intake can be increase in 

amino acids alone ( 1 

intake of isolated leads to a 
calcium and a rela!ion with incidence of os!eo­
porosis is under discussion {155, 156). In normal nutri-

has a less elfect if with 
isolated protein used in experimental diets. Here the 
duration of protein administra!ion and contents 
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in Hie die! have also io be !aken in!o account ( 138. 144, 
153, 1 

cannot 
146, 1 

cause does not 
lead to a decreased calcium balance (5. 1 153. 157-
159). A recent {i has shown that pro-
lein-reduced milk causes less calcium excretion. 
Some aulhors that is rather a pro-
blem ol calcium loss than of calcium 
(161, 1 

3.2.6 
More lhan 30 years ago it was shown !hat adrni-

nistered calcium caused an up to 80%, 
in rachitic newborns ( 1 

pn1os~mc1pepu<Jes occur in casein and consisl of 
sequences resistant to 

Since then it has been 
in a number of sludies. 
cidate the underlying mechanisms ol a 
of on calcium 
can be summarized as follows. 

After casein higher amounts of soluble cal­
cium are found in the distal small intestine of rats as 
weil as higher ra!es of calcium absorption if compa-
red to other proteins such as or nar-.nr1c 

phorylated casein ( 164-166). 
In vivo forma!ion of can be shown 
during casein digestion in the distal small intestine 
of rals (1 166-1 
Phosphopeplides ob!ained in vitro 
tion o! casein preven! in vilro of calcium 
phosphates (164. 169) and increase calcium 
tion both when orally administered (170) and 
1rnc•ru:•n into the small intestine of rats (1 or heal-
lhy and rachilic cliicken (i 71). 
In on casein instead of 

did not cause an increase in absorplion and reten­
lion of calciurn (172). 

was per se believed to deteriorate cal­
and the reduction of the calcium-to-

ratio in the die! increased meat 
or added to foods and refreshmenls (1 
has been sugges!ed to contribute to calcium loss. This 
could conlribute lo !he developmen! of 
1 In a number ol investiga!ions. however, the increa­
sed supply ol did not cal-

ratio as the preven-
tion of osteoporosis (178). 
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3.2.8 Sodium and 
Sodium chloride intake increases renal calcium excre­

tion (179, 180) and - media­
ted - serum calcitriol concentrations. The latter leads to 

increase in intestinal calcium "'"0 „"'"' 
but also to mobilization o! bone calcium. 

and calcium influence one another com­
in metabolism. Wi!h increased 

in!ake increased renal calcium loss was observed ( 181 
On the o!her leads to lower 
calcitriol levels and to corresponding eflects on calcium 
metabolism (1 1 because renal of cal­
citriol is 

3.2.9 Vitamin C 
Whereas vi!amin C increased the concentration of 

calci!riol and in chicken 
(1 it neither inlluenced calcium retention in 
adults ( 1 nor calcium 

3.2.10 

intestinal calcium and increases both calcium 
excretion via the kidney and the risk ol n<0,ron.nnrnc 

187). The following causes are being discussed: distur­
bance of pancreas lunction and steatorrhea leading lo 
reduced absorption of calcium and vitamin 0, decrea­
sed hydroxylation of cho!ecalciferol in the liver or increa-
sed lactate levels and acidosis 188). 

In hea!thy, young and warnen caf-
feine !ed to higher renal calcium lasses and 
calcium balance (189, 190) and bone minera!izatian. 
1-n11m . .v1nn caffeine rats also showed increased 
renal excretion of calcium balance was 
not influenced (i 91 ). Caffeine-fed rats had a higher cal­
cium concentration in the tibia ( 1 

3.2.11 Milk and milk 
contents of 132 mg/100 ml, bovine milk rr.r•t"'rr"" 

like most praducts, high amounts of calcium. Milk 
is the lood with !he highest nutrient density for calcium 
( 193). Half a litre ol milk cavers a recommended daily 
calcium intake of 800 mg rnore than 80%. Moreover 
this calcium exhibits a Of the cal-
cium ingested with milk and dairy 25-45% are 
absorbed in the intesline (95, 106, 115, 118, 136, 194). 
In many countries milk and products are the main 
source of calcium. In the Federal ol 
Germany, for example, 59% ol the daily caicium intake 
originates from milk and (10). 

lt is widely assumed that ca!cium 
milk and dairy higher 
with other foods or calcium sal!s. This has been 

the lactose cantent of 
rence of Casein nn1n<::r)t1f'•n"'n!lliO 

a favorable 

assumed !hat laclate causes a 
in fermented milk 
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But as wi!h the earlier mentioned !aclors. 
differences which have been shown in isolated 
rnen!s cannot be if measured under lree-

calcium lrom milk and 
least not of an order relevant to human nulrilion in prac-
tice. adults absorbed calcium well from 
milk and different calcium salls (89. 91. 94, Calcium 

rate in warnen tended to 
in the following order: whole 

an imitation milk and calcium 
carbonate. !he dil!erences however, not 
cant (1 

with rats fed milk. yogurt or cheese a 
calcium was demonstrated than 

calcium carbonate ( 106, 196), the diffe-
rences of no from a nutritional 

al view ( 1 06). Other authors rats did not find 
di!!erences in between 

milk and products on the one hand and several cal-
cium salts lrom tofu and tortillas on the other 1 

Wilh one ( 1 a higher calcium bioavai-
lrom than from milk could not be verified 

in rats ( 1 06) and lac!ose-tolerant adults absorbed cal­
cium better from milk, whereas no differences were found 
in lactose-intolerant { 118). 
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