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Calcium Absorption from Three Salts and CaSQ,-Fortified
Bread in Premenopausal Women
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Two studies were conducted to measure calcium absorption from calcium sulfate fortified bread and
three salts (calcium lactate, calcium carbonate, and calcium sulfate) in healthy premenopausal women
using a crossover design. In study |, calcium fractional absorption levels from the three salts labeled
with a stable isotope, 44Ca, were not significantly different (0.039—0.47) as determined by the fecal
recovery method. In a second study, absorption of °Ca from CaSO,-fortified labeled bread or labeled
milk was measured in serum exactly 5 h postingestion. Fractional calcium absorption was slightly
but significantly greater from fortified bread than from milk (mean within subject difference = 0.0675
+ 0.016). Calcium sulfate is a bioavailable fortificant for white bread that compares favorably with
milk and two other salts.
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INTRODUCTION to be studied best represents the true physiological experience

Adequate calcium intake is important both for building peak unless the appropriateness of an extrinsic label has been
bone mass in the first three decades of life and for attenuating validated, as has been done for mil®) @and wheat4). The
loss of bone in later years. Average calcium intakes in the purposes of the studies reported here were to use isotopic tracer
American diet fall well below calcium requirementt) pegin- methodology with premenopausal women to measure the
ning in early pubertal years. Calcium intakes in adolescents fall absorption of calcium from three calcium salts (calcium
below the 75th percentile for boys and the 90th percentile for carbonate, calcium lactate, and calcium sulfate) that are com-
girls as determined using the CSFII datg. (In adult women, monly used in supplements and fortified foods (study I) and to
calcium intakes fall below the 90th percentile. In adult men, evaluate the bioavailability of one of them (calcium sulfate) as
calcium intakes decrease from the 50th percentile to the 95tha fortificant for bread (study II).
percentile with age as calcium requirements increase and intakes
decrease. Achieving the recommended calcium intake is difficult MATERIALS AND METHODS
Although some plant foods are good sources of caloum, would ,,1SP2aion and Labeling of Clcium Sals Stucy I Calium

oo . S o carbonate enriched iffCa (98.57% enrichment, Oak Ridge National

be difficult on a Western diet to consume sufficient quantities | aporatories, Oak Ridge, TN) was converted to calcium lactate and
of vegetables such as broccoli, bok choy, and kale to provide calcium sulfate by adding a slight molar excess of the respective anions
the majority of an individual’s calcium needs) (Eortified foods in the form of lactic or sulfuric acid. Salts were precipitated upon
and supplements offer alternative sources of calcium to tradi- cooling. The respective salts were then freeze-dried (Dura-Top, FTS
tional foods. The National Academy of Science panel recom- Systems, Inc., Stone Ridge, NY). To ensure accurate doses, the
mends that individuals who could not meet their calcium needs hydration state of the respective compounds was verified by elemental
by traditional food consume these alternative sources. HOWGVGI’,anaIySiS' Actual calcium content was measured by atomic absorption

such alternative sources need to be evaluated in terms of theSPectrometry (5100 PC, Perkin-Elmer Corp., Norwalk, CT). Stable
bioavailability of their calcium. Isotope enrichment was quantified by high-resolution fast atom

. . . e L . bombardment mass spectroscapy Capsules were prepared containing
Measuring calcium bioavailability in humans using isotopic 35 mg of Ca as CaGOCaSQ, or calcium lactate including 36 mg
tracer techniques is considered the ideal approach to estimatef sy
calcium bioavailability. Intrinsic labeling of the salts or foods Study I1. Calcium sulfate used for bread fortification was labeled
by dissolving the salt in the water used for dough-making and adding

* Address correspondence to this author at 1264 Stone Hall, Purdue a sub-microgram quantity ¢¥Ca as the chloride (Amersham, Arlington
University, West Lafayette, IN 47907-1264 [telephone (765) 494-8231; fax Heights, IL). This calcium sulfate solution was then added to a mixture
(7§5}%Lﬁ%ﬁ£%7:i’\’/:r'srﬂ;" weavercm@cs.purdue.edu]. of flour, yeast, and other ingredients, and a loaf of bread was baked in

* Creighton University. a bread maker (Panasonic, model SD-BT65P, Secaucus, NJ). The

§ University of Nebraska. resulting bread was sliced, cubed, and dried to constant weight. The
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added calcium raised the calcium content of the bread to 300 mg perraple 1. Calcium Absorption in Premenopausal Women (n = 6) from
serving. This amount was the targeted level of fortification to provide sjts (Study 1)

the amount of calcium delivered in a cup of milk. Cubes equivalent to
one slice of bread (16.8 g) were used as the test substance. The tracer salt fractional absorption® (mean + SD)
dose was 5.2Ci per serving.

. . ) calcium carbonate 0.39+0.07
Subjects.Study | was conducted at Purdue University and study I calcium sulfate 0.41 +0.07
at Creighton University. Healthy premenopausal women were recruited calcium lactate 0.47 +0.08
for both studies, but they were younger in study | (2+£.2.5 years)
than in study 11 (37.0t 5.7 years). Both weight (678 18.7 kg, study a Means were not significantly different (p < 0.05) as determined by ANOVA.

I; and 69.7+ 13.5 kg, study Il) and height (165:6 8.7 cm, study [;
and 164.4t 5'5 cm, study 1) were similar. Nqne .Of the women ;moked Table 2. Calcium Absorption in Premenopausal Women (n = 18) from
or were taking oral contraceptives or medication known to interfere Milk and CaSO,-Fortified Bread (Study I

with calcium absorption. Women were selected as a convenience sample 4 y

but were milk drinkers and had never been diagnosed as lactose
intolerant. Study Il was conducted at Creighton University on 18 healthy

fractional absorption (mean + SEM)

women 22—45 years of age. All participants gave informed consent. milk . 0.3627 £ 0.022
Investigative protocols had been approved by the Purdue University CaSO-fortiied bread 04302 +0.025
within-subject difference 0.0675 + 0.0162

and Creighton University Institutional Review Boards, respectively.
Feeding Protocols.Study I.For testing of the three salts, subjects

were fed a controlled diet containing 1800 kcal, 73 g of protein, 56 g

of fat, 823 mg of calcium, and-67 g of fiber per day for 4 days during

the follicular phase of their menstrual cycles. On the third day subjects

ingested the capsules described above with a breakfast consisting of Differences in fractional absorption from intrinsically labeled salts

orangeade, an omelet, white bread toast, margarine, and jelly for a totalwere considered to be significant@at 0.05 using analysis of variance.

meal content of 250 mg of calcium. Total feces were collected in acid- The single pairwise comparison, within subject, of the difference in

washed containers for 2 days prior to and 12 days after isotope ingestion.fractional absorption from milk and calcium sulfate enriched bread was

Six grams of polyethylene glycol (PEG E3350, Dow Chemical Co., analyzed with a standard pairédest (10).

Midland, MI) was administered with the test meal to monitor complete-

ness of fecal collections. PEG recovery was used to determine subjeCtResULTS

compliance but was not used to adjust recoved/@4. If PEG recovery

had been<70%, the subjects would have been excluded. Each subject Average fractional absorption values of the intrinsically

repeated the protocol in a randomized order with each salt separatedabeled calcium carbonate, calcium sulfate, and calcium lactate

by at least 4 weeks between tests. are given inTable 1. Analysis of variance indicated that there
Study II.For the study that compared the calcium of fortified bread were no differences in fractional calcium absorption among the

to milk, test meals, constructed as described previously, were servedsalts, In the crossover study comparing milk and calcium sulfate

in the morning after an overnight fadi)( In this instance, one of the  enriched bread, the mean within-subject difference (bread minus

two pieces of bread, which is a part of a typical test meal with this i) \as significantly different from zero, the value predicted

protocol, was calcium fortified and served, as noted, as croutons. The ,,jo the nyll hypothesisTable 2). This indicates superior

subjects were studied in a randomized crossover design using milk as . : . e .

the referent. The calcium load for both sources was 300 mg, equivalent""bso,rbablllty for the cgluum in the fortified bregd, hovvgver,

to one serving. the difference was relatively small and may have little nutritional
Analyses.In study I, calcium absorption from the three salts was Significance.

estimated from fecal recovery of tracer. All stools were weighed and

combined in 3—4 day pools. Pooled feces were then homogenized in DISCUSSION

a Stomacher Lab Blender (Tekmar Co., Cincinnati, OH) after appropri- . . .

ate quantities of distilled water had been added to form a slurry of  Calcium fractional absorptions from Cag@s a salt or

pourable consistency. To facilitate final quantitation, accurate weights incorporated into bread were nearly identical in both studies
were taken at each step, and a fecal/slurry weight ratio was calculated.despite the different vehicles, the different methods employed
Concentrated HCI (34 mL) was added to each pooled sample to keep in the two protocols, and the different study populations. Thus,
the calcium in a soluble state. After homogenization, aliquots were calcium ingested as one of these three salts as a fortificant in
taken for total calcium measurement, stable isotope measurement, angood was at least as good as milk calcium.

PEG quantitation. All aliquots were lyophilized (Dura-Top, FTS Co.).  cajcium carbonate, calcium lactate, and calcium sulfate are
Samples for determination of total calcium and stable isotope ratios ;

were dry-ashed at 60 for 3 days. The ash was dissolved in 1 mol/L thrgg Of. the most comm.only used §alts in supplements and

fortification of foods. Calcium absorption values from the three

HCI. Aliquots specified for total Ca determination were diluted S . ;
appropriately with 0.5 mol/L HCI containing 0.5% lanthanum as LaCl salts were not significantly different from one another despite

Total calcium was measured by atomic absorption spectrophotometry @ fange of aqueous solubility spanning 3 orders of magnitude
(Perkin-Elmer 5100 PC). Laboratory technique was verified by calcium (0.14 mM/L for CaCQ vs 15.4 mM/L for CaS@and 103.4
determination of NBS wheat flour (standard reference material 1567, mM/L for calcium lactate). Previous studies have also shown
National Bureau of Standards, Washington, DC). Average calcium that solubility in water has little impact on calcium absorption
values (193.83t 8.7 uglg; CV = 4.49%) were similar to certified  in humans {1). Similar results were also seen when the lavage
values (190t 10 ug/g). . . . method of measuring calcium absorption was used. Shiekh et

Isotopic abundance was determined by high-resolution fast atom g (12) concluded that several calcium salts including carbonate
bombardment mass spectromety. Fractional absorption was deter- 54 actate and calcium from milk were similarly absorbed in
mined as the difference between the administered isotopic dose anc&/oung men when ingested in a fasting state.

the guantity of*“Ca excreted in the feces, divided by the respective lci LS | has b .
dose. PEG was analyzed by a modification of the turbidimetric method ~ C@lCium retention in premenopausal women has been previ-

of Malawer and Powell (7). ously reported and found to be equivalent for lactate, sulfate,
In study II, absorption from thé5Ca-labeled fortified bread was ~ @nd carbonate salts using balance techniqlidsl¢). We felt

measured from the level 8fCa in serum calcium at exactly 5 h after ~ that calcium absorption from common salts should be reevalu-

oral ingestion, as described previously €8, ated using newer isotopic tracer techniques. Balance studies have

(bread minus milk)

a Significantly different from 0 (p < 0.05), paired t test.
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much higher variability than isotopic techniques and often fail
to show even large differences. For example, calcium absorption
from milk was found to be significantly greater than that from
spinach (27.6+ 8.8 vs 5.1+ 2.6%) using isotopic tracer
techniques (6), whereas balance studies failed to show a
significant difference for spinach versus dairy produdiS)(
Furthermore, in healthy adults with a fully formed skeleton,
retention is a poor measure of absorbability because calcium
balance under such conditions would be expected to be zero.

CaCQ and CaSQ@are preferred sources of calcium for the
fortification of cereal-based foods as they minimally affect
product quality. In young male rats, calcium bioavailability from
bread fortified with 1 of 10 different sources including carbonate,
sulfate, and lactate was compard@). All sources resulted in
equal values for growth, apparent calcium absorption, and
femoral calcium content.

This study supports the use of CaS&s a highly available

source of calcium for premenopausal women when used as a

fortificant in white bread. The absorption of the calcium salt
from the bread compares favorably with that of milk and does
not differ when compared to calcium lactate and calcium
carbonate.
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