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(ABSTRACT) 

Although the therapeutic benefits of calcium 

supplementat ion have yet to be fully determined, popular 

literature has promoted this practice to combat osteoporosis. 

This study examined the potential bioavailability of calcium 

from various supplement and antacid forms. Four dosage 

levels were studied for each of five sources, including 

leading supplements Caltrate and Os-Cal, two "calcium rich" 

antacids, Tums and Rolaids, and a calcium carbonate control. 

These samples were subjected to four gastric treatments in 

an .in. vitro digestion procedure designed to observe the 

influence of acid secretion on calcium solubility. Depending 

on the degree of acidity of these solutions, solubility 

behavior of CaC03 was highly variable. Normal and reduced 

acid treatments adequately solubilized between 85 and 88% of 

the total calcium, whereas negligible quantities were 

dissolved in deionized water o r the achlorhydric solutio n. 

Relative availability of calcium from the various sources 

differed according to gastric treatment . Tnms, Caltrate B.nd 



Os-Cal had dissolution rates that were similar to reagent 

grade CaC03. Rolaids provided a significantly lower amount of 

soluble calcium under all of the experimental conditions 

(P < 0.001). Amounts of available calcium increased with 

increasing dosages. The effectiveness of fortificati o n 

techniques used to increase the calcium content of various 

food systems was also examined. Fortified orange juice and 

yogurt samples were found to contain a quantity of available 

calcium comparable to that found in milk. It was concluded 

that both of these approaches are reasonable for increasing 

calcium intakes in individuals with n o rmal gastric secreti on . 
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CHAPTER I: INTRODUCTION 

In recent years the impact of specific nutrients on 

the status of the public health has become a major focus of 

nutrition research. Consistent with this trend, considerable 

efforts have been made to define the relationship between 

calcium and osteoporosis. Increasing incidence of the 

disease has contributed substantially to the rising level of 

concern regarding its prevention and treatment. The 

condition itself is characterized by diminished bone density 

due to excessive calcium mobilization coupled with decreased 

absorption. As a result, bones become brittle and fracturing 

may occur (Fardon, 1985). Although the precise etiology of 

osteoporosis has yet to be determined, a number of elements 

have been implicated as contributing factors. Vitamin D as 

well as calcitonin, estrogen and other hormones, must 

interact with calcium to facilitate mineralization of bone 

tissue. Any deviation in the functional balance of these 

components could lead to suboptimal calcium deposition and 

the subsequent development of the osteoporotic state (Norman, 

1979 ) . 

Normal bone metabolism involves a dynamic process in 

which calcium is repeatedly deposited and resorbed. To 

maximize the formation of bone during periods of growth and 

to maintain a steady state when growth ceases, it is 

essential to have an ample supply of calcium available 

1 
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(Bronner and Coburn, 1982)~ Such a nutrient pool may be 

established by ensuring that dietary intake of the mineral is 

sufficient and that it is efficiently absorbed. Because 

adequate calcium intake has traditionally been a problem for 

many women and adolescents, the concept of supplementation 

has recently been introduced and is becoming an increasingly 

common practice (Walker, 1972). This approach, while not 

unreasonable, raises a number of questions regarding general 

calcium nutrition and its role in the onset of osteoporosis: 

Will simply improving calcium status without also enhancing 

hormonal activity have an impact on osteoporotic development? 

Will bone metabolism be positively affected? What form of 

calcium is best for supplementation purposes? How much of it 

will actually be incorporated into bone? What adverse 

effects will arise from calcium loading? While the range of 

unknowns in this area is quite large, the scope of this study 

will be limited to the effectiveness of calcium carbonate as 

a supplement form and the potential benefits of fortification 

techniques. 

According to the 1980 publication of the RDA, the 

requirement for calcium for women has been set at 800mg/day 

(National Research Council, 1980). This figure is based on a 

series of balance studies that monitored relative intake and 

excretion of the mineral (Heaney, 1978). While such data may 

be relevant with regard to standard physiological functions , 

it does not account for the fluctuations in metabolic needs 
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that are common among women of various age groups. 

Calcium needs vary in response to the body's demands 

and it is important to be aware of such changes (Heaney, 

1978). In recognition of increased growth processes during 

pregnancy and lactation, it has been recommended that daily 

calcium intake be increased to 1200-1500mg. Because it is 

becoming increasingly evident that the majority of women are 

failing to meet this standard, it has been suggested that the 

RDA for all age groups be raised to a similar range, 

particularly for the elderly who often experience decreased 

absorption. While the arguments in favor of this change are 

well documented, those opposing it are equally strong. Some 

authorities feel that raising the requirement will further 

emphasize the inadequacy of the typical diet in terms of 

calcium nutriture. In actuality the issue is not the RDA but 

the calcium intake itself. Raising one will not necessarily 

raise the other. 

In light of this controversy, many physicians have 

begun recommending calcium supplements to their patients. In 

addition to the assortment of brand name products available, 

TUMS and ROLAIDS have become popular selections. While these 

products have been on the market for several years as 

antacids they are now being presented as having a dual 

function. The primary ingredient in each of these tablets is 

calcium carbonate, a readily available form of the mineral. 

Because these products are considerably less expensive than 
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some of the . mo~e traditi6nal supplements, their appeal is 

even greater. In theory this concept seems to be a viable 

alternative and has been met with a relatively high degree of 

consumer acceptance. However, the long term effects of such 

a practice have not been thoroughly examined. In tablet 

form, the average Tums contains 500mg CaC03 of which 200mg is 

elemental calcium. Assuming that it is present in a soluble, 

ionic form, it is conceivable that an individual could be 

absorbing an excessive quantity of the mineral by consuming 4 

to 8 tablets per day. At dosage levels such as these, the 

amount of calcium consumed as tablets is equivalent to the 

RDA, in which case, the tablets serve as a substitute rather 

than a supplement. Hypercalcemia and renal alkalosis become 

important considerations as potential consequences of this 

type of therapy. 

Another approach to the problem of meeting calcium 

needs has been the fortification of various foods. Within 

the past two years a number of products containing added 

calcium have been introduced, among which are certain dairy 

products and baked goods as well as flour and some juices. 

While this presents an alternative to the concept of 

supplementation, a number of questions remain as to the 

actual availability of the mineral within a complex food 

system. A number of studies have demonstrated that various 

dietary components, particularly fiber and oxalates, exert a 

binding influence on calcium, thus inhibiting absorption 
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(Favus, 1985; ·Kies, ·1985; and M~Cance et al, 1942). While 

the amount of nutrient consumed and its chemical nature are 

important factors concerning mineral availability, the 

gastric conditions associated with digestion and absorption 

also represent a critical aspect of the nutritive process. 

An acidic environment with a pH from 1 - 3.5 is required for 

ingested calcium to be ionized in a form suitable for 

absorption. Furthermore, it is essential that such 

conditions exist for the activation of the proteolytic enzyme 

pepsin. At pHs above 5.5, pepsinogen will remain inactive 

and thus deter initial protein digestion (Ritschel, 1984). 

As a result, the intact peptides may bind calcium. For this 

reason it is important to observe the impact of persistent 

antacid use on gastric pH and calcium metabolism. 

This study was designed to test the actual availability 

of calcium in TUMS and ROLAIDS and various fortified food 

products. These samples will be compared, on a relative 

basis , to the leading supplements, CALTRATE and OS-CAL, as 

well as reagent grade calcium carbonate. In addition the 

influence of CaC03 on gastric conditions will be examined in 

assessing the overall effectiveness of supplementation 

practices. 



CHAPTER II: REVIEW OF LITERATURE 

Calcium metabolism is an intricate process that 

encompasses an array of biochemical mechanisms within a 

diverse range of pathways. It is essential for proper 

physiological function of living systems and is based on a 

number of physical as well as chemical principles. The 

absorption of the mineral is dependent on environmental 

conditions that exist within a particular cell (Pike and 

Brown, 1984). Such conditions, in turn determine the 

functional role that calcium will perform. While its activity 

has predominantly been discussed in terms of bone 

mineralization, calcium also acts in a regulatory capacity in 

a variety of biological processes. Its influence on nerve 

transmission and muscle contraction as well as blood clotting 

and enzyme activation demonstrates the diversity of the 

mineral and reiterates its functional significance. 

Because it is typically obtained dietarily, calcium is 

classified as an essential nutrient. It is present in food 

systems complexed to a larger molecule such as a protein or an 

organic acid. To be available for absorption, calcium must be 

released from its ligand and undergo an ionization 

process (Bronner, 1982). In its most soluble form it exists 

as a divalent cation and is assumed to be most readily 

absorbed in this state. Gastric conditions facilitate this 

transformation and allow for the mineral to be assimilated by 

6 
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. · · the:. c·ells ·of ' the intestinal mucosa upon : its ·delivery. to the · 

duodenum (Carafoli, 1982). 

CALCIUM ABSORPTION 

As is the case with all nutrient absorption schemes, a 

material must be translocated from the intestinal lumen to 

the bloodstream via the mucosa! cells. This process is, in 

essence, the key to effective nutrient utilization and proper 

physiological function. While most nutrients are transported 

through the mucosa at specific sites and by means of distinct 

mechanisms, calcium absorption involves the interaction of 

several different transport systems at various locations 

throughout the gastrointestinal tract and within the cells 

themselves (Schedl et al., 1981). The two most commonly 

discussed concepts are those of active transport and passive 

diffusion. While these principles have widespread application 

within biological systems, they are very specific in terms of 

cellular behavior and are highly responsive to environmental 

changes (Bronner et al., 1986). 

Absorption incorporates three separate phases of transport 

through the intestinal cell. First, the material must be 

taken up from the lumen by some type of receptor in the brush 

border of the mucosal cells. Once it has transversed the 

plasma membran~ and has entered the cell, another mechanism 

must be activated to carry the nutrient through the cell. 

Finally it is delivered to the bloodstream or lymphatic 
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·.·circulation after~assing · through · the ·ba~olateral membrane .· . 

(Pike and Brown, 1984). Because calcium is a divalent cation 

and remains in an ionized state throughout this absorptive 

process, it is essential that it remain bound so as not to 

disturb the electrolyte balance of the cell interior (Bronner 

and Freund, 1975). Calcium binding protein has been 

identified as the component that is responsible for this 

activity and is critical for facilitating the transport 

process. 

Although the compound itself was not actually isolated 

until 1966, it was recognized as early as 1940 that a specific 

transport substance must exist to mediate the dynamic calcium 

flux. In 1960 a group of researchers led by Schachter 

conducted a series of studies to elucidate the nature of the 

intestinal absorption of calcium. Using an everted gut sac 

technique, they were able to confirm the active transport 

mechanism by which the ion was translocated from the exterior 

of the cell through the mucosal layer (Schachter et al., 

1960). By definition, an active transport system is one that 

requires energy to overcome a concentration gradient in the 

transfer of a material across a biological membrane (Stryer, 

1981). In Schachter's study this phenomenon was observed by 

measuring the amount of calcium present inside and outside of 

a duodenal segment incubated in a calcium containing medium. 

Media samples were taken periodically over the course of 

several hours and calcium concentrations were determined. 
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Although the"· initial concentration of .caldium inside the gut 

sac was greater than that of the external media, the ratio of 

ionic calcium inside continued to increase with respect to the 

outside of the sac, suggesting that an active transport 

mechanism was in use (Schachter et al., 1960). Overcoming 

this electrochemical force indicates that calcium absorption 

occurs by a very definitive process. While active transport 

schemes vary among nutrients, it is not uncommon that a 

specific receptor molecule is present to initiate the first 

step of the absorption process. As more studies were 

conducted on the behavior of calcium within the intestinal 

tract, it became increasingly evident that this was in fact 

the case. Furthermore it was discovered that the synthesis of 

this receptor molecule was induced by the hormonal action of 

Vitamin 0. 

Dowdle et al. (1980) investigated the relationship 

between calcium absorption and the steroid hormone in a study 

involving male Sherman rats. Two experimental groups were fed 

diets characterized as being adequate or deficient in terms of 

Vitamin O. Subjects on the deficient diet experienced a 

higher incidence of osteomalacia and rickets than those in the 

replete group. Upon administration of Vitamin 0, the status 

of the osteomalacic rats began to improve with changes 

attributed to an increased calcium absorption. When compared 

to the control group it was found that the concentration of 

calcium binding protein in the mucosal cells of the Vitamin D 



10 

.:··. deficient animals was · much ' lciwer. · As ·a resu l't, ·the · capacity 

for calcium uptake was reduced and the absorptive process was 

impaired (Dowdle et al., 1960). Several studies conducted by 

DeLuca support this data and further elucidate the role of 

Vitamin D in the synthesis of the calcium binding proteins 

that are such a critical aspect of calcium nutrition (DeLuca, 

1967, 1969, 1975). 

Having agreed that a specific calcium binding protein 

does in fact exist and that its synthesis is a consequence of 

Vitamin D activity within the cells, it becomes important to 

characterize this unit. Wasserman and Taylor (1966) were the 

first to isolate and examine the nature of this calcium 

binding protein. The protein itself consists of several 

subunits whose structural arrangement make it ideal for 

transportation purposes (Kowarski and Schachter, 1980). While 

this discovery in itself is highly significant in the field of 

calcium metabolism, it does not fully elucidate the details of 

the absorption mechanism itself. 

Continued research has revealed that there are actually 

a number of specific calcium binding proteins, each performing 

a particular function at a distinct site in the mucosal cell. 

As these proteins differ, so do their modes of action. Within 

the intestinal membrane there exists a receptor unit with a 

very high affinity for calcium known as the Intestinal 

Membrane Calcium Binding Protein(IMCal). It is thought to be 

involved in uptake of calcium by a facilitated type of 
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diffusion·-. ·:A number. of :subunits -are . linked together . to· form a. 

channel through the membrane and to facilitate calcium 

transfer by sequential movement. Supposedly the cation 

attaches to one subunit and is shifted from site to site along 

this channel until it has completely passed through the 

membrane (Schachter and Kowarski, 1981). While this process 

in itself does not actually require the input of energy, those 

that take over in the interior of the cell do. Calcium 

binding proteins, as synthesized in response to Vitamin D 

activity, actively acquire calcium ions and transport them to 

cellular organelles such as mitochondrion or sarcoplasmic 

reticulum. To accomplish this task ATP must be hydrolyzed, 

thus representing the first stage of energy expenditure. Upon 

delivery to the membranes of cellular organelles, integral 

calcium pumps must be activated in which case additional ATP 

must be utilized. The precise functioning of the calcium pump 

mechanism is not fully understood. However it is thought that 

a synergistic effect exists between the transport system of 

sodium ions and that of calcium. 

If the calcium ion is transported directly to the 

basolateral membrane of the cell, a calcium activated ATPase 

must be in operation to facilitate the transfer of the ion out 

of the cell and into circulation. Calmodulin is present at 

this site to regulate such movement. When cytosolic calcium 

levels are high, calmodulin increases the affinity of the CaBP 

and thus enhances the activity of the Ca-ATPase in exporting 
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the ·'6atiori·. ···'In light· of the ·di·ve.rsitY. of. the "functions of the 

various calcium binding proteins, it is evident that the 

simple processes of absorption and transport are in 

actuality quite complex. 

In contrast to this mechanism is the concept of passive 

diffusion. This function appears to be regulated simply by 

the constraints of time and concentration. Channels exist 

within the membrane that allow free diffusion of calcium ions 

into the cell ~ith no energy expenditure. This process occurs 

primarily in the distal portions of the small intestine, 

whereas active transport is typically observed only in the 

proximal regions of the duodenum. 

Studies done by Favus (1985) investigated the rate 

of these processes and compared them on a relative basis. 

While the rates per unit of time do not appear to be 

dramatically different, it is important to realize that the 

amount of time that chyme remains in each segment of the 

intestinal tract is not constant. For this reason results are 

often expressed in terms of unit length. However, the fact 

that the duodenum is so much shorter than the jejunum or ileum 

introduces a further source of misinterpretation. Perhaps the 

best system for referring to calcium absorption, is in terms 

of percentage of total intake. It has been estimated that 

approximately 85% of ingested calcium that is available within 

the intestinal lumen is absorbed in the duodenum. The 

remainder of absorption occurs gradually as the nutrient 



13 

trav~ls along lhe ga~trointestinal · tract~ · This kinetic 

behavior suggests that there may be a saturable component 

within the active transport system and that some limit exists 

as to the absolute amount of calcium that may be absorbed. In 

addition to this inherent control, there are a number of 

physiological factors that exert an influence on the amount of 

calcium absorbed. 

FACTORS INFLUENCING ABSORPTION 

The processes of digestion and ionization represent the 

most critical aspects of calcium nutrition and must function 

properly to ensure absorption of the mineral. In discussing 

mineral utilization, the term bioavailability is often used to 

describe the fraction of the ingested nutrient that is 

actually suitable for entry into mucosal cells. While it is 

often assumed that the body is able to use what is consumed, 

this is rarely the case. Among individuals a variation in 

absorption has been observed to be between 15 and 40%, 

although in some cases it can be as high as 80% (Pike and 

Brown, 1984). 

Calcium status is one important predictor that may be 

accountable for increased absorption. If body stores of the 

mineral are inadequate or physiological need is enhanced, 

built in regulation systems will be activated to ensure that 

absorption is sufficient to fulfill the requirements. During 

periods of active growth, such as adolescence and pregnancy, 
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the r .elative- riat'e' ·or.· perc.entage •o'f ' ·absorption is substantially 

higher than in periods of rest. While this metabolic demand 

may be highly subjective, variability of absorption may also 

be explained in terms of dietary intake. For a number of 

years it has been established that absorption of calcium is 

responsive to changes in dietary intake of the 

mineral (Nicolaysen et al., 1953). The fraction absorbed by 

an individual on a low calcium diet exceeds that provided by a 

high intake level, although the absolute value remains fairly 

constant. This supports the theory that calcium binding 

protein is saturable and has a variable affinity for calcium 

as determined by status. The proposed mechanism for 

absorption behavior in this case involves Vitamin D activation 

of the transcription process that codes for the calcium 

binding protein. Thus, when calcium stores have been depleted 

by prolonged periods of suboptimal intake, increased synthesis 

of CaBPs allows for increased uptake (DeLuca, 1975). 

A team of researchers led by Norman et al. (1981) 

studied this phenomenon of adaptation by examining rates of 

absorption across jejunal and ileal segments of the intestinal 

tract. It was determined that after eight weeks on respective 

high and low calcium diets, jejunal calcium absorption in the 

subjects on low calcium diets was 43% higher than those on the 

high calcium diets. Even more dramatic were the results of 

ileal perfusion techniques in which 89% more calcium was 

absorbed by individuals with low calcium intakes. This data 
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srip~o~t~ ~he ··co~cltl~ions \ of ·a ~~~vio~~ study : ~dnducted · by 

Ireland and Fordtran (1973) in which adaptation was 

demonstrated in a similar manner. While this concept of 

adaptation epitomizes the highly individualized process of 

calcium absorption, a number of additional factors may exert a 

more pronounced impact on the absorptive process. Included in 

these are the effects of aging, metabolic consequences of 

dietary protein and phosphates as well as fiber and lactose, 

and perhaps most importantly, the influence of gastric pH. 

In the stomach, parietal cells are responsible for 

secreting hydrochloric acid to initiate the digestion process. 

As the pH falls, dietary proteins are denatured and the 

proteolytic enzyme pepsin is activated. Upon digestion of 

these proteins, calcium is released and solubilized. Because 

the majority of calcium within food systems exists as an 

insoluble salt, this process is of particular importance. 

Calcium must be soluble to be absorbed, and it must be ionized 

in an acidic environment to go into solution. 

A classic study performed by Ivanovich and coworkers 

(1967) first emphasized the nature of the relationship 

betweeen gastric pH and calcium solubility. Radiolabeled 

CaC03 was administered as a test dose to subjects in each of 

three experimental groups. Subjects with normal gastric acid 

secretion were categorized as controls while the other groups 

consisted of patients exhibiting either milk-alkali syndrome 

or achlorhydria. Mean values for net calcium absorption 
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ranged · fr·on 9 ·t ·o ·18% ifi the:··cont:rol": group > 11 .·t ·o 37% in the 

subjects with the hyperabsorptive disorder and O to 2% in 

patients with no free acid secretion. These results implied 

that calcium could not be solubilized under such conditions 

and therefore absorption of the mineral was ultimately 

dependent on gastric pH. 

Recker (1985) investigated the effect of 

gastrointestinal pH on calcium absorption from various calcium 

salts. His primary concern was the availability of the 

mineral to patients suffering from decreased acid secretion. 

In normal subjects, absorption of calcium from CaC03 provided 

a substantial contribution to calcium nutriture, as did 

calcium-citrate. However, in achlorhydric patients the amount 

of calcium absorbed from CaC03 was minimal. While this 

suggests that CaC03 may not be effective as a supplement form 

in elderly patients, it reiterizes the importance of gastric 

secretion in mineral solubilization. These findings are also 

supported by the results of a similar study done by Mahoney 

and coworkerss (1975) in which rats exhibiting varying degrees 

of acid secretion were fed standard diets supplemented with 

calcium salts. 

While the relationship between gastric secretion and 

calcium absorption seems to be clearly defined, it is often 

necessary to examine the nature of the ionization process in 

terms of different variables. A study conducted by Bo-Linn et 

al. (1984) revealed that it was not the gastric pH that was 
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crit~cal~ rat~er 'it w~s · the - intestirial pH :that actually 

determined the extent of calcium absorbed. In this series of 

experiments cimetidine was administered to inhibit acid 

secretion in some subjects. As a result gastric pH values 

rose from the mean of 3.0 in normal subjects to an alkaline 

value of 7.4. Net absorption from a dose of CaC03 of 1063mg 

was 458mg in the no acid group whereas normal subjects 

' experienced an absorption of 441mg. This apparent 

contradiction may be explained by acid secretion within the 

jejunum. Calcium precipitates at pHs greater than 6.6 and 

therefore gastric acidity must be sufficient to keep pH values 

lower than this. Jejunal pH is reported to be in the range of 

6.0 - 6.1, in which case calcium solubility is possible (Davis 

et al., 1980). This raises an interesting question as to the 

efficiency of calcium absorption as a function of intestinal 

and gastric conditions. While it was previously believed that 

all ionization occurred in the stomach, this study indicates 

that additional factors may be involved. This is very 

important in terms of calcium nutriture for patients who 

suffer from achlorhydria. 

Having demonstrated the significance of achlorhydria in 

the malabsorption of calcium, it is important to realize that 

this condition is common among the elderly. Identifying this 

problem in such a large segment of the population represents 

the magnitude of the influence of age on calcium nutrition. In 

considering this factor it is essential to examine the 
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nume~ous studies that h~ve doc~ment~d the phenomenon of 

decreased calcium absorption in the process of aging. 

Gallagher and Riggs (1979) initiated a series of studies on the 

effectiveness of calcium absorption with regard to age and 

dietary intake of the mineral. Their first conclusions were 

based on the theory that decreased calcium intake led to an 

increased serum level of Vitamin D, which in turn caused 

changes in the behavior of the mucosal cells and eventually 

led to increased uptake. In elderly subjects it was 

determined that this Vitamin D regulation system did not 

function properly and that hormonal dysfunctions were 

responsible for discrepancies in calcium balance (Bullamore et 

al., 1970). The concept of calcium balance, as introduced by 

DeLuca, involves the dynamic flux of calcium into and out of 

the intestinal lumen. 

Net absorption is determined by subtracting losses due 

to excretion from total dietary intake. While this value 

provides an estimate of calcium absorption and utilization, it 

is also important to consider endogenous secretion of calcium, 

which often leads to increases in excretion levels. In normal 

individuals calcium balance is thought to be in the range of 

0.3g which implies that 300 mg of calcium are retained and 

utilized from a typical diet. It has been shown in repeated 

studies that calcium balance in the elderly is almost always 

negative, ranging from -0.025g to -0.030g of calcium per day, 

indicating that losses exceed intake (Spencer and Kramer, 
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1978·; 1986). Because · dietary ·intake is fypically low among 

the elderly, it can be assumed that calcium that is excreted 

is derived from bone mass. While 89% of the body's calcium is 

stored in bone, the accumulated loss of 30 mg per day could 

lead to excessive bone resorption in which case osteoporosis 

becomes a valid concern. While calcium nutriture is a serious 

matter in the elderly population as a whole, it is of 

particular interest to postmenopausal women. The relationship 

between calcium absorption and hormonal regulation in the 

onset of osteoporosis has yet to be fully understood. 

However, it is believed that imbalances in hormone levels may 

be closely associated with bone resorption in these patients. 

Heaney and coworkers (1978a) performed extensive 

balance studies on 130 women between the ages of 35 and 50. 

Calcium intake was assessed by means of dietary record and 

excreted calcium was determined by analysis of urinary and 

fecal output. Absorption and clearance activities were 

determined by isotope administration, enabling a comprehensive 

and thorough investigation of calcium's metabolic fate. 

Having collected this data, calcium balance values were 

calculated with a mean value of -0.030g reported. Perhaps 

their most significant finding in the course of this 

investigation was that calcium absorption was highly 

correlated with dietary intake of the nutrient. Subjects 

consuming high calcium diets exhibited a higher relative 

balance than those on low calcium diets. Thus their 
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recommendation to acheive a positive balance is to ·increase 

daily intake to 1240mg per day, which is substantially higher 

than that specified by the current RDAs. 

CALCIUM BIOAVAILABILITY 

Considering that daily calcium intake of most women is 

generally much lower than what is recommended, it is important 

to realize that the efficiency of absorption may be further 

complicated by interactions of the mineral with other dietary 

components. Fiber is one such element that has been shown to 

bind calcium in its ionic state and thus inhibit its uptake by 

mucosal cells. When complexed, it passes through the 

gastrointestinal tract in an unavailable form and is excreted. 

Phytate is a compound associated with fiber that is 

responsible for a large part of this binding influence and can 

account for significant losses if fiber consumption is 

excessive. In a study conducted by James et al. (1978), fiber 

contents of a typical diet were increased from 22 to 53g by 

substituting whole wheat flour in all refined bread and cereal 

products. Calcium balance in subjects on the high fiber diet 

was lowered to -0.077g/day from a previous value of 

+0.032g/day on the low fiber diet. With regard to the nature 

of the calcium-phytate complex, it was determined by McCance 

and Widdowson (1942) that bound calcium remained insoluble 

until it reached the distal segment of the colon. At this 

point the complex could be degraded; unfortunately absorption 
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does· ndt .occur ~t ·this ~ite. 

Similar binding properties have been demonstrated by 

dietary proteins, although conclusive evidence for this 

behavior has not been obtained. Some studies have shown that 

vegetable proteins, such as soy, exert a pronounced ligand 

force on ionic calcium, thus preventing its absorption. Other 

studies have shown that proteins have an enhancing effect on 

the absorptive process. Partial hydrolysis of certain animal 

proteins, such as casein found in dairy products, yields 

phosphopeptides that may facilitate calcium uptake. A group 

of Japanese researchers have investigated the activities of 

such digestion products in terms of calcium transport and 

found that the percentage of absorption was higher than from 

samples that were not incubated with trypsin (Niiyama and 

Sakamoto, 1985). 

More significant than its binding potential is the 

influence of protein metabolism on calcium retention. 

Numerous studies have shown that high protein diets are linked 

to elevated levels of calcium excreted in the urine and may 

lead to a negative calcium balance (Johnson et al., 1970; 

Walker and Linkswiler, 1972; Zemel and Linkswiler, 1981). 

The breakdown of sulfur containing amino acids is responsible 

for increasing the acidity of the urine, thus increasing the 

potential for mineral loss. A study performed by Watkins and 

coworkers (1985) was designed to compare the effects of pro-

tein source on calcium excretion. A group of subjects were 
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fed two diets, one containing soy as a protein source and the 

other containing chicken with the amount of total protein 

remaining constant. Urine samples were collected and analyzed 

for acidity as well as calcium on a daily basis. After seven 

days on each respective diet, it was determined that calcium 

losses were significantly higher when subjects consumed the 

chicken meal as compared to the soy diet. This difference is 

attributed to a higher ratio of sulfur containing amino acids 

in animal proteins. Thus an increase in the dietary content 

of acid forming protein metabolites invariably leads to an 

increase in urine acidity and an increase in calcium excretion 

(Linkswiler et al., 1981). The increased excretion level is 

thought to be associated with the buffering capacity that 

calcium exerts in neutralizing the urine, thereby protecting 

the kidneys from severe damage due to pH imbalance. 

Ultimately this excretion could lead to excessive calcium 

loss, most likely drawing upon bone stores of the mineral to 

maintain feasible excretion conditions. 

While this mechanism is widely accepted, it has been 

suggested that high protein intakes lead to an increase in the 

glomerular filtration rate, a common index of kidney function. 

Subsequently, calcium resorption by renal tubules is 

diminished and elevated urinary calcium levels ensue (Allen 

et al., 1979). In either case it is important to realize that 

high protein ingestion can have detrimental effects on calcium 

nutrition. 
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Lactose, a disaccharide found in milk and other dairy 

products is also thought to influence calcium metabolism. As 

early as 1960, Vaughan and Filer investigated the role of 

various carbohydrates in the absorption of calcium. Solutions 

containing radiolabeled CaC12 and one of a number of sugars 

were injected into the intestinal tracts of male albino rats. 

Serum activity levels were measured to determine the percent 

of calcium absorbed from a standard dose. It was found that 

lactose exerts an enhancing effect on the absorption of 

calcium. This is attributed to its resistance to hydrolysis 

and slow rate of absorption. While glucose, fructose and 

sucrose are all rapidly absorbed, lactose remains intact until 

it reaches distal segments of the intestines. At this point, 

absorption of calcium appears to be enhanced although the 

mechanism of action is unknown. 

Further investigation of this phenomenon revealed that 

the activity of the enzyme lactase is involved. Testing was 

performed on nineteen subjects, seven of which were found to 

be lactase deficient. Two doses of calcium were administered, 

one in the presence of lactose and the other without. It was 

found that normal individuals absorbed significantly greater 

amounts of calcium when lactose was administered along with 

the supplement. In lactase deficient subjects, the amount of 

calcium absorbed decreased when lactose was present (Cachet et 

al., 1983). 

Another study conducted by Kocian et al. (1973) produced 
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similar results. · Normal subjects exp.erienced a higher rate of 

calcium absorption when lactose was present than when it was 

not. The opposite was observed in lactose intolerant 

subjects, who absorbed less calcium when lactose was added to 

their diets. Mechanisms for this behavior have not been 

clearly defined. The slow rate of lactose hydrolysis is 

thought to be partially responsible for prolonged transit time 

and subsequently greater calcium absorption by passive means. 

Another dietary component that may exert a pronounced 

influence on calcium absorption and utilization is phosphorous 

although the relationship between the two nutrients is not 

entirely understood. Uptake of both minerals is dependent on 

Vitamin D activity, although it is generally believed that 

independent mechanisms are employed. In one study by Ribovich 

and DeLuca (1978), male weanling rats were fed diets of 

varying calcium and phosphate levels for 3.5 weeks at which 

point transport ratios were determined. It was observed that 

animals fed low calcium and low phosphorous diets experienced 

a greater percentage of calcium absorption than their 

counterparts on high nutrient diets. This behavior was 

explained by an increased concentration of Vitamin D 

metabolites in the plasma of the nutrient deficient rats. 

Thus, while the significance of the steroid hormone in 

increasing calcium uptake is evident, there is no direct 

correlation between the levels of the minerals and their 

respective absorptive behaviors. 
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: .. 'These· f .indiirgs have been r.·epeated In : a varie.ty of other 

trials with diverse treatment levels and experimental 

conditions. So, while it may be accepted that phosphorous 

does not interfere with calcium absorption, the interaction 

between the minerals may occur under different circumstances. 

One study performed by Anand and Linkswiler (1974) concluded 

that in high protein diets, phosphorous exhibited a sparing 

effect on calcium, allowing its resorption by renal tubules. 

This selective behavior was observed in cases where urinary 

acid levels were high and a buffer was needed. In general it 

is accepted that calcium retention is stimulated by dietary 

phosphorous (Spencer et al., 1978b; Howe, 1985). 

While this area of mineral research has been of primary 

interest, the effects of other minerals on calcium absorption 

have also been investigated. Magnesium and sodium have 

interrelated functional roles that involve calcium in some 

way. Sodium depends on calcium as an essential counterpart in 

the ion exchange process that facilitates transport by means 

of the calcium pump in cellular membranes. Magnesium, a 

divalent ion with a chemical nature similar to that of 

calcium, may compete with calcium for sites on transport 

proteins, although results of studies done on this phenomenon 

are somewhat questionable (Spencer and Kramer, 1985). 

Aside from nutrient interactions, a variety of 

compounds commonly found in food systems have been known to 

complex minerals, thus interfering with absorption. Oxalic 
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acid is ·dne · sbch ·element that is o~ ~articular.· interest 

regarding calcium. It is found in high concentrations in 

spinach and has been shown to inhibit effective 

solubilization. Weaver and Martin (1988) conducted a series 

of experimental trials involving the bioavailability of 

calcium from spinach and kale, two similar plants with 

comparable calcium contents. Due to the high oxalate content 

of spinach, however, it was determined that rats fed diets 

containing this calcium source did not absorb calcium in 

appreciable quantities. 

CALCIUM SUPPLEMENTATION 

Because it has been observed that a large segment 

of the population does not receive a sufficient amount of 

calcium from their diets, the need for alternative sources has 

become apparent. The practice of supplementation has become 

commonplace with an estimated 9% of the public consuming some 

type of calcium supplement (Wien and Schwartz, 1985). 

Controversy has surrounded the practical aspects of this 

therapy, because the role of calcium supplementation in the 

prevention and treatment of osteoporosis has yet to be 

established. Walker conducted a series of studies (1963, 

1967, 1970) investigating the consequences of low calcium 

intakes on various physiological processes. Experimental 

subjects were all members of a South African tribe whose 

calcium intake typically ranges from 175 to 475mg per day. In 
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some cases bone composition and cortical thicknesses were 

measured, while in others the incidences of rickets and 

osteomalacia were reported. Effects of low calcium intakes 

during pregnancy and lactation were also observed and compared 

to Caucasian subjects on "normal" diets (600 - 800mg Ca/day), 

with no significant differences noted. Based on a summary of 

these findings, in which bone density was normal and very few 

cases of rickets and osteomalacia were seen, Walker concluded 

that calcium intake in this population was not responsible for 

conditions thought to be induced by calcium deficiency in 

other groups. This is attributed to the theory of adaptation 

in which calcium retention is enhanced by increasing 

absorption and decreasing excretion of the mineral. Therefore, 

Walker does not feel that supplementation practices are 

warranted or necessary (Walker, 1972). While these 

conclusions are applicable to a specific segment of the 

population, they are still valuable in terms of the 

perspective that is offered. 

Often physicians are overzealous in their advice to 

increase consumption of calcium containing foods as well as 

supplements in an effort to prevent osteoporosis. In reality 

a variety of risk factors have been associated with the inci-

dence of the disease, and it is not known what actually initi-

ates the process of bone resorption. Riggs (1886) has been 

opposed to the concept of supplementation due to the lack of 

evidence correlating it with the occurrence or treatment of 
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osteoporosis. He also points out · that bone loss as a 

consequence of aging is inevitable, regardless of calcium 

consumption. The extent to which this bone loss can be 

controlled or influenced by dietary calcium has not been 

clearly defined. Wide variations in needs and responses make 

it difficult to set guidelines for increased consumption, 

thus, calcium supplementation may not be appropriate for all 

individuals. 

Studies done to evaluate the effectiveness of calcium 

supplementation and its role in the prevention and treatment 

of osteoporosis have been varied. Some experts maintain that 

increasing calcium intake is the best mechanism (Lee et al., 

1981; Rivlin, 1987), while others are not convinced that this 

relationship is absolute (Sobel 1987; Lindsay 1987). Despite 

conflicting views on this subject, it is generally accepted 

that individuals with a greater bone mass at the onset of 

adulthood have a lower risk of experiencing excessive bone 

loss in later life. At this time supplementation is the most 

widely accepted means by which calcium ingestion can be 

increased with no apparent health consequences. 

Calcium supplements are typically marketed in the form 

of calcium salts composed of an organic acid and a divalent 

calcium ion. Depending on the size and nature of the molecule 

to which calcium is complexed, the amount of calcium obtained 

from each source is variable. To assess their value as 

supplements, the compounds may be compared on the basis of 
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per~entag~ of calcium per unit ·weight for which figures are 

displayed in the following table. 

Table 1. Relative calcium loads of various salts. 

Amount of Salt 
SALT % Calcium containing 100% RDA(g) 

Calcium carbonate 
Tribasic calcium phosphate 
Calcium lactate 
Calcium gluconate 
Calcium ascorbate 
Calcium citrate 

40.0 
38.8 
18.4 
9.3 

10.3 
24.1 

2.5 
2.6 
5.4 

10.75 
9.75 
4.15 

While it may seem obvious that the most efficient way 

to ingest calcium would be to consume the salts with the 

greatest calcium contents, this may not always be the case. 

Carr and Shangraw (1988) conducted a series of 

experiments to assess the disintegration and dissolution 

behaviors of the various salts. Because solubility is a 

prerequisite for absorption, this factor becomes critical in 

selecting a calcium supplement. Gluconate and lactate salts 

tend to dissolve readily in aqueuus solutions implying that 

they would be easily absorbed. While this quality is an 

important one, their low calcium contents make it inconvenient 

to ingest enough of the compound to contribute substantially 

to the calcium status of an individual. Calcium phosphates 

have a considerably higher calcium content, however they 

exhibit very poor dissolution behaviors at pHs typically found 

in the gastric environment. 
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Calcium carbonate, which is composed of 40% calcium, is 

thought to be the most available form of the mineral and has 

been most commonly used as a supplement. The compound itself 

exists as an insoluble salt in aqueous solutions and must be 

subjected to acidic conditions to be solubilized. In an early 

study by Ivanovich et al. (1967) the absorption of caicium 

from this compound was observed. Upon exposure to normal 

gastric solutions, calcium carbonate reacted with hydrochloric 

acid to form calcium chloride, a highly soluble compound that 

is readily absorbed. Levels of CaC03 intake used in this 

study ranged from 1 to 12g and were administered to 

experimental groups of various gastric secretion abilities. 

Absorption rates were determined by measuring serum calcium 

levels. Slight elevations were observed at higher intake 

doses. While serum calcium levels are typically regulated 

very closely by hormonal systems, excessive consumption could 

lead to hyperabsorption. This suggests that repetitive use of 

CaC03, either as a supplement or antacid, could lead to 

hypercalcemia, a condition that has been associated with 

severe complications of other disorders. Because it has been 

shown that calcium from this compound is so highly available, 

it can be assumed that the percentage of absorption per dose 

is fairly high and that, for supplementation purposes, CaC03 

is quite effective. 

A study conducted by Nicar and Pak (1985) compared the 

relative bioavailabilities of CaC03 and Ca-citrate from 
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experimental doses. Based on increased levels of urinary 

calcium and serum calcium following a Ca-citrate load it was 

assumed that calcium in this form was more readily absorbed 

than CaC03. In terms of bioavailability, these results are 

significant. However, with regard to the physiological 

consequences of such a practice, it can be construed that such 

elevations in serum and urine calcium levels are undesirable 

and could be potentially harmful. 

Sheikh and colleagues (1987) examined the availability 

of calcium from several calcium salts commonly used in 

supplements and compared it to that of milk. Eight healthy 

subjects with normal gastric secretion were administered 500mg 

doses of calcium from the various sources after fasting for 8 

hours. The calcium salts, which included calcium acetate, 

calcium citrate, calcium gluconate, calcium lactate and 

calcium carbonate were of analytical grade and were 

encapsulated to ensure that each contained the same amount of 

calcium. Net absorption from each dose was determined by 

lavaging the GI tract before and after the calcium sources 

were ingested and analyzing the calcium content of fecal 

matter by atomic absorption spectrophotometry. No significant 

differences were observed between the sources with an average 

of 32% of the calcium absorbed from each compound including 

milk. This implies that the form of calcium consumed is 

irrelevant in terms of calcium nutrition and that the 

absorptive process is a non-selective one. To further 
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investigate the nature of the calcium salts, in. vitro 

solubility testing was conducted. Dissolution rates for each 

compound were determined in solutions of various pHs. Calcium 

carbonate and calcium citrate exhibited very poor solubility 

in water, whereas the other salts dissolved completely within 

1 hour. At a pH of 2.5, simulating the acidity of normal 

gastric juice, 100% of each salt was dissolved. Similar 

results were found when pH was raised to 5.0, suggesting that 

even at this level, the acidity was sufficient to solubilize 

even the most poorly soluble calcium salts. Lack of 

s ignificant differences among these compounds implies that no 

one source is better than any other. Common use of CaC03 in 

supplements may be attributed to its relatively large calcium 

content per unit weight. 

In a similar study, Greger and her students (1987) also 

compared the availability of calcium from milk to that in 

c ommercial supplement forms. This set of studies assessed the 

valu e of supplementation practices beyond the absorptive 

s tage. The concentrations of calcium in kidney, liver and 

tibia tissues were determined for Sprague-Dawley rats fed 

diets containing various calcium sources.. Once again no 

significant differences were observed among the compounds. 

Although the parameters investigated in this study are 

completely different than those in Sheikh's study, it is 

significant to note that the amount of calcium contributed to 

body stores was equivalent for all sources and therefore the 
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previous conclusions are supported: · no one source is better 

than any other in terms of calcium nutrition in individuals 

with normal gastric secretion. In terms of bone density, 

comparable amounts of calcium were deposited in tibial tissues 

from milk and the various calcium salts. Since none of the 

measured concentrations were particularly high, the actual 

value of supplementation practices for preventing osteoporosis 

remains uncertain. 

These in Y.iYQ. studies provide an interesting 

perspective regarding the benefits of increasing calcium 

intake. It is important to recognize the difference between 

the theoretical availability and actual utilization of a 

mineral. While these concepts may be contingent on one 

another, the relationship between them is not absolute. 

Available calcium should not be confused with that quantity 

that is actually absorbed. 

EXPERIMENTAL METHODS 

Foundations for the investigation of mineral 

availability were established by Miller et al. (1981) in their 

studies on the behavior of iron in various foods. They 

researched the nature of the mineral under various in. vitro 

conditions and determined experimental techniques that would 

represent a model system. The processes of digestion 

and absorption were simulated to most closely resemble the 

actual physiological mechanisms. Based on the premis that a 
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mineral must be in a soluble form to be absorbed, measurements 

of mineral availability are often reported in these terms. 

Soluble iron is measured by atomic absorption 

spectrophotometry following a two phase digestion procedure. 

Food samples are first subjected to a gastric solution 

composed of pepsin and hydrochloric acid and incubated for a 

specified amount of time. At the end of this gastric stage, 

the pH of the reaction mixture must be adjusted to account for 

the infusion of sodium bicarbonate that occurs as chyme moves 

from the stomach to the duodenum. Pancreatic enzymes are then 

introduced to initiate the second digestion phase, after which 

samples are centrifuged and the supernatant is analyzed for 

mineral content. 

Lee and Clydesdale (1979) had previously examined the 

availability of iron in a variety of food samples using a 

similar method and reported results that were reproducible as 

well as accurate. While the number of studies conducted on 

iron are far greater than those on calcium, it has been found 

that this procedure is applicable and appropriate for calcium 

analysis. Kim and Zemel (1986) investigated the 

potential availability of calcium from various foods, 

including milk, spinach and sea mustard, by means of an in. 

yitro technique adapted from that used by Miller and Van 

Campen. In this study gastric solutions of variable acidities 

were employed to observe the effects of acid secretion on 

calcium solubility. In addition the samples were analyzed by 
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means of calcium ion electrode as well as atomic absorption 

spectrophotometry to detect the difference between the total 

soluble calcium and that fraction which was ionic. Results 

indicated that an acidic environment was essential to 

solublize calcium in any substantial amount. Furthermore it 

was found that approximately 85% of the soluble calcium was 

also present in an ionic state, which is significant in terms 

of physiological activity and functionality of the mineral. 

An additional study conducted by Keane et al. (1988) 

revealed similar tindings in the estimation of available 

calcium in food systems. In this case nonfat dry milk, soy 

protein isolate and a mixture of the two were examined for 

calcium content before and after digestion. It was found that 

the percentage of available calcium in all of the samples was 

higher after the digestion procedure, indicating that protein 

bound calcium was released from all food systems and that its 

status in terms of availability for absorption was improved. 



CHAPTER III: OBJECTIVES 

Having justified the necessity for concern regarding 

supplementation and fortification techniques, it is now 

possible to focus on the intention of this study. With the 

data that is collected, it should be possible to make 

generalizations as to the validity of these approaches in 

terms of improving calcium nutrition. Specific objectives 

are as follows: 

1. 

2. 

3. 

4. 

5. 

To assess the relative availability of calcium 
as a function of its solubility in various 
CaC03 sources. 

To identify the influence of pH on the 
solubility of calcium. 

To determine the effects of increasing level of 
supplementation on availability. 

To examine the availability of calcium from 
various food products fortified with the 
mineral. 

To observe the buffering capacity of common 
CaC03 sources regarding their impact on gastric 
conditions. 

36 



CHAPTER IV: MATERIALS & METHODS 

The procedures followed for Parts I and II in this 

study paralleled those of Kim and Zemel (1986) in which the 

in. vitro bioavailability of calcium was estimated for a 

variety of samples. Gastric solutions were prepared to 

represent individuals with variable acid secreting abilities 

after which calcium containing products were subjected to 

each. Procedures employed to simulate digestion were based on 

the protocol used by Miller et al. (1981) to investigate the 

behavior of iron under similar conditions. 

In Part I, the effectiveness of CaC03 as a calcium 

supplement was assessed and compared among various products. 

The experimental design was a three-way factorial arrangement 

of treatments with dosage level and gastric conditions as 

fixed variables. Each of the five supplement forms, which 

included Tums, Rolaids, Caltrate, Os-Cal and reagent grade 

CaC03, were exposed to a variety of treatment combinations. 

A reference dose of SOOmg CaC03, equivalent to that found in 

one Tums tablet, was used to compare the relative 

availability of calcium from each source. While calcium 

carbonate is the predominant ingredient in all of these 

samples, label comparisons listing all of the constituents 

for each product, may be found in Appendix A. Levels of 

intake corresponding to each dosage of Tums, ranging from 1 

to 8 tablets are reported in Table 2. Although Caltrate and 

37 
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Os-Cal contain considerably more calcium per tablet than 

Tums, a comparison of this type allows one to differentiate 

among the sources on the basis of calcium carbonate quality. 

Sampling techniques are outlined in Appendix B. 

Table 2. The amount of calcium obtained from corresponding 
doses of calcium carbonate. 

Dosage level 

1 
2 
4 
8 

CaC03(mg) · 

500 
1000 
2000 
4000 

a Meets 100% of the RDA for women. 

Elemental Ca(mg) 

200 
400 
800a 

1600a 

Because fluctuations in acid secretion can have such a 

profound influence on mineral absorption, it is important to 

ass ess the behavior of calcium under particular circumstances. 

Gast r i c conditions that were simulated throughout this exper-

imen t are listed in Table 3. The pH values cited for each 

treatment are representative of the relative acidity in each 

case . Wh i le there does not appear to be any difference 

betwe e n the normal and reduced acid solutions, functionality 

rat her than chemical nature serves as a basis of comparison in 

t h is c ase . Constituents used in the preparation of these 

solu tions are listed in Appendix C. 
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Table 3. Gastric conditions and pH values of respective 
treatments. 

Treatment 

1 
2 
3 
4 

Variation 

Control 
Normal 

Reduced Acid 
Achlorhydria 

pH 

7.5 
1.5 
1.7 
7 . 2 

Samples were introduced to respective gastric solutions and 

allowed to incubate in a shaking water bath for one hour at 

37 C to simulate the first digestion period. Following this 

gastric phase, the pH was adjusted with 0.5M NaHC03 to 

account for the infusion of bicarbonate ions upon release of 

pancreatic juices in the duodenum. To facilitate the second 

digestion phase, pancreatic enzymes were introduced to the 

reaction mixture which were then incubated for an additional 

hour. All samples were centrifuged to separate the soluble 

and insoluble fractions, with aliquots of the supernatant 

analyzed for soluble calcium using a Perkin Elmer Atomic 

Absorption Spectrophotmeter. Availability was then assessed 

by comparing the calcium concentrations for each source. The 

actual techniques used for the digestion procedure are 

recorded in Appendix D. 

To determine the total calcium content of each source, 

a wet ashing procedure was employed. Perchloric acid was 

added to aliquots of each sample which were then heated for 

several hours to ash all organic material. Remaining mineral 
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residue was then brought to volume with dH20 (Appendix E) and 

total calcium was then measured by AAS. 

Part II involved the use of food products to determine 

the value of fortification practices in terms of calcium 

contribution. Lowfat 2% milk(Richfood), lactose reduced 

milk(Enjoy) and an enriched milk product(Richfood Milk+4 

containing added Lactabacillus acidophilus and 

bif idobacterium· S.£) were examined to observe the influence of 

the various components on calcium availability. In theory 

the decreased levels of lactose in the Enjoy product should 

result in lower amounts of available calcium, when compared 

to the whole milk sample. Similarly the effects of the added 

components in the Milk+4 product could be indirectly 

observed. Trials were also performed on fortified and 

non-fortified varieties of Yoplait brand strawberry banana 

yogurt as well as Citrus Hill orange juice samples. While 

different forms of calcium are incorporated into the 

fortified products, the effectiveness of each may be 

compared. Listings of the labeled constituents in each 

product may be found in Appendix F. Food samples were 

subjected to the same gastric solutions used in Part I, with 

the exception of the control (dH20) treatment. Digestion 

procedures were identical to those followed in Part I, with 

experimental techniques cited in Appendix D and sample 

measurement described in Appendix G. As in Part I, a wet 

ashing procedure was performed on each food sample to 
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determine the actual calcium content in the products 

(Appendix E). This information is used to express the amount 

of bioavailable calcium as a percentage of this total. 

Because it has been previously established that a low gastric 

pH is an essential prerequisite for calcium absorption, it is 

important to consider the effects of supplementation on such 

conditions. While it was possible to test the hypothesis 

that Tums and Rolaids are as effective as Caltrate and Os-Cal 

for use as calcium supplements, it was also possible to test 

the converse: Are Caltrate and Os-Cal effecitive as antacids 

and do they influence gastric conditions? In light of the 

importance of gastric acidity, this became an additional 

concern regarding the overall benefits of supplementation as 

well as fortification techniques. The acid neutralizing 

capacity of each calcium carbonate source studied in Part I 

was determined by means of a standard procedure established 

by the Food and Drug Administration (Appendix H, Ritschel, 

1984). 

The amounts of each sample tested corresponded to 

levels one and two, consisting of 500 and 1000mg CaC03 

respectively. A known volume of 1N HCl was introduced to 

each reaction flask to create an acidic environment that 

would represent the gastric state. The responsiveness of 

each solution to the various CaC03 sources was monitored by 

means of a pH meter. After an allotted period of time, 

excess acid was titrated with O. SN NaOH and volumes added 
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were recorded. The acid neutralizing capacity of each source 

was subsequently calculated (Appendix I). Data was analyzed 

by t he Analysis of Variance procedure specified by the 

Statis t ical Analysis System, SAS. Individual effects of 

sou rce and dosage level as well as possible interactions 

between them were tested. Because the impact of gastric pH 

on calcium solubility behavior was so dramatic and a wide 

range of variance was observed, the effects of treatment were 

not tested. Rather it was evident that calcium solubility 

unde r acidic conditions was significantly higher than in 

neut ral solutions. Means were determined by the Proc Means 

statement and multiple testing was performed to identify 

s ignificant differences within each treatment group. Tukey's 

a n d Scheffe ' s tests were conducted for all data. Two trials 

each consisting of 80 treatment combinations were conducted 

for Part I and all food products were analyzed in duplicate 

fo r Part II. Levels 1 and 2 of the calcium supplements were 

examined for each of the five sources of calcium carbonate in 

the acid neutralizing test in Part III. 



CHAPTER V: RESULTS 

Data collected in this series of experiments consist of 

measurements that represent the value of various calcium 

supplements and fortified food products as they contribute to 

calcium nutrition. Available calcium, defined in this case 

as that which is soluble, is expressed as a percentage of the 

total calcium content of respective samples. Concentration 

values for the soluble calcium were obtained by means of 

Atomic Absorption Spectrophotometry and reported in units of 

mg/L or ppm. Because different sample weights were involved 

in each case, a certain amount of data manipulation was 

essential. To most effectively compare the availability of 

calcium from various sources, results are reported as 

percentages. In this manner, appropriate supplementation 

practices may be identified for individuals of particular 

gastric secretion as a function of source and dosage level. 

Part I: Availability of Calcium 
from Various Sources of Calcium Carbonate 

Determining the amount of available calcium derived 

from various sources of calcium carbonate requires knowledge 

of both gastric conditions and level of intake. To 

accurately assess the total calcium content of the tablets 

consumed, a wet ash procedure was performed. Results 

depicted in Table 4 compare the actual calcium concentrations 
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Ta ble 4 . Theoretical and actual calcium contents of antacids and supplements 
containing calcium carbonate. 

CALCIUM CONCENTRATION 

THEORETICAL VALUES ACTUAL VALUES 

SOURCE mg Ca/g mg Ca/tablet mg Ca/g mg Ca/tablet 

TUMS 152.23 200 157.60 207.05 

ROLA IDS 89.07 125 99.17 141.18 

CALTRATE 333.43 600 378.40 680.93 

OS-CAL 322.04 500 334.80 519.80 

* Calculations for calcium concentrations are based on an average of the values 
from two wet ashing trials performed on each sample. 

~ 
~ 
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in the supplement and antacid forms to those values reported 

on the labels of the respective products. Although these 

numbers correspond rather closely in every case, it is 

important to note that all of the samples contained a greater 

amount than claimed. While these differences may not appear 

to be substantial, it is critical to evaluate them in terms 

of consumption over prolonged periods of time. In this case 

elevated levels of calcium in each product could lead to 

excessive intakes. 

Gastric acidity has been shown to exert a dramatic 

effect on the solubility of calcium from calcium carbonate. 

For this reason results for Part I are reported as the 

effects of individual treatments on availability from the 

respective sources and levels. Table 5 shows the percent of 

calcium solubilized at different levels in deionized water. 

No significant differences were observed between sources, 

indicating that all forms of calcium carbonate examined in 

this study exhibit similar behaviors in an aqueous 

environment (Table 6). On the basis of the percentages in 

Table 7 it is apparent that level 1 contributed a 

significantly higher amount of available calcium than levels 

3 and 4. However, in converting these values to actual 

milligrams of calcium for each level, the opposite was 

observed. From a dose of 500mg of calcium carbonate, 

containing 200mg of elemental calcium, an average of 6.43mg 

were solubilized. As the level of intake increased so did 



Table 5 . · Percentage of soluble calcium from various sources of calcium 
carbonate in deionized water 

LEVE La 
SOURCE 1 2 3 4 

TUMS 2.26 + 1.58b 1.39 + 1.14 0.66 + 0.52 0.32 + 0.014 

ROLA IDS 2.06 + 2.47 2.84 + 2.92 1.01 + 0.55 1.39 + 0.834 
~ 
0-

CALTRATE 5.08 + 2.09 1.66 + 0.57 1.41 + 0.19 1.39 + 1.15 

OS-CAL 4.39 + 0.63 2.21 + 0.95 1.25 + 0.41 0.58 + 0.382 

CaC03 2.30 + 0.24 0.82 + 0.02 0.55 + 0.08 0.607 + 0.43 

a Levels correspond to dosage amounts of calcium from calcium carbonate with 1 
= 200mg, 2 = 400mg, 3 = 800mg and 4 = 1600mg of total calcium. 
b 

Means of two trials are reported with standard error term. 



Table 6. Average values for the percentage of available calcium derived from 
each source of calcium carbonate in deionized water. 

SOURCE AVAILABLE CALCIUM(%) 

TUMS 1.16 

RO LAIOS 1.82 

CALTRATE 2.38 

OS-CAL 2.11 

CaC03 1.07 

* No significant differences among sources. 

Table 7. Average values for the percentage of available calcium derived from 
each level of supplementation in deionized water. 

LEVEL Calcium content(mg) Soluble calcium(%) Available Calcium(rng) 

1 200 3.215a 6.43 

2 400 1.781b 7.124 

3 800 0.974b 7.792 

4 1600 0.857b 13.712 

* Means with different subscripts are significantly different (P < o. 001). 

~ 
---J 
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the amount of soluble calcium. Level 4 had the greatest 

quantity of calcium go into solution with almost twice the 

amount provided by the other dosage levels. Thus it appears 

that the amount of calcium solubilized increases with 

increasing level of intake. The extent of dissolution of 

calcium carbonate from each source remained fairly constant, 

with the percentage of available calcium from reagent grade 

CaC03 falling within the solubility limits specified by the 

chemical handbook as being 1.4mg/100ml H20. Higher values 

reported for other sources suggest the presence of additional 

ingredients that may enhance dissolution of the respective 

products. Although the contribution to calcium nutrition 

from any of these sources is minimal, it is important to 

recognize the fact that a certain amount of calcium carbonate 

will go into solution without the influence of an acidic 

environment. 

When exposed to a solution that represents a normal 

gastric condition, a dramatic increase in solubility was 

observed. Data in Table 8 demonstrates the impact that the 

presence of acid has on the solubilization of calcium 

carbonate from the various sources. Results reported were 

very consistent among sources with no significant differences 

observed. The fact that all percentage values are very high 

indicates that all products provide a good source of 

available calcium for individuals with a normal level of 

gastric secretion. Caltrate and Os-Cal exhibit solubility 



Table 8 . Percentage of available calcium from various sources of calcium 
carbonate under normal gastric conditions (pepsin+ O.lN HCl). 

LEVEL 
SOURCE 1 2 3 4 

TUMS 96.03 + 15.10 95.55 + 13.09 95.79 + 10.90 104.5 + 26.12 

ROLAIDS 78.60 + 2.30 74.38 + 2.38 87.82 + 15.50 80.40 + 7.79 

CALTRATE 81.28 + 9.93 84.30 + 16.70 91.54 + 30.92 90.18 + 23.65 .p. 
CD 

OS-CAL 87.70 + 23.33 79.49 + 10.20 92.38 + 27.80 91.05 + 23.98 

CaC03 82.66 + 10.40 82.32 + 1.58 87.46 + 9.12 90.56 + 4.99 

* Means of two trials are reported with standard error term. 
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behaviors that are very similar to reagent grade calcium 

carbonate while the highest percentage was seen for TUMS, and 

the lowest values were found for ROLAIDS (Table 9). With 

percentages in the range of 80 - 85% it is conceivable that 

large amounts of calcium are absorbed when several CaC03 

containing tablets are consumed. There were no significant 

differences observed between levels of intake, although 

absolute values increased linearly with dosage (Table 10). 

Ingesting large quantities of calcium carbonate provides a 

correspondingly large amount of available calcium. 

While this level of acidity was found to be sufficient 

for solubilizing calcium at the levels used in this study, it 

was also important to observe the behavior of CaC03 in a 

reduced acid environment. When gastric secretion diminishes, 

the amount of calcium carbonate in solution also decreases. 

Physiologically this phenomenon ·Of decreasing gastric acidity 

occurs over the course of several years, throughout which the 

levels of acid and the extent to which they influence calcium 

solubility may vary considerably. Table 11 contains the 

percentage values for the available calcium derived from each 

calcium source at each level of supplementation. While 

similar results were seen under normal conditions, a source 

effect was shown to be significant in this case (Table 12). 

CALTRATE and Os-Cal provided a significantly higher 

percentage of available calcium than Rolaids, while no 

differences were observed between TUMS and reagent grade 



Table 9. Average values for the percentage of available calcium derived from 
each source of calcium carbonate under normal gastric conditions. 

SOURCE AVAILABLE CALCIUM(%) 

TUMS 98.04 

ROLAIDS 80.30 

CALTRATE 86.82 

OS-CAL 87.65 

CaC03 85 •. 76 

* No significant differences among sources. 

Table 10. Average values for the amount of available calcium derived from each· 
level of supplementation under normal gastric conditions. " 

LEVEL CALCIUM CONTENT(mg) SOLUBLE CALCIUM(%) AVAILABLE CALCIUM(mg) 

1 200 85.31 170.62 

2 400 83.20 332.82 

3 800 91. 00 727.98 

4 1600 91. 35 1461.52 

No significant differences among levels. 

(.11 
...... 



Table 11. Percentage of available calcium from various calcium carbonate sources 
under gastric conditions of reduced acid(pepsin + 0.05N HCl). 

LEVEL 
SOURCE 1 2 3 4 

TUMS 94.33 + 0.81 90.16 + 4.30 92.83 + 5.98 60.60 + 2.97 

ROLA IDS 89.61 + 6.70 82.28 + 3.15 87.92 + 3.08 45.75 + 2.05 

CALTRATE 114.90 + 3.68 92~48 + 22.60 98.25 + 10.95 62.84 + 3.20 

OS-CAL 92.36 + 7.64 88.28 + 11.99 108.86 + 4.60 66.28 + 0.67 

CaC03 91.47 + 13.62 82.13 + 6.32 91.21 + 7.21 63.47 + 7.59 

Means of two trials are reported with standard error term. 

c.n 
N 

.. 



Table 12.Average values for percentage of available calcium from various sources 
of ·calciurn carbonate under reduced acid gastric conditions. 

SOURCE AVAILABLE CALCIUM(%) 

CALTRATE 92.12a 

OS-CAL 88.94a 

TUMS 84.48ab 

CaC03 82.70ab 

ROLA IDS 76.39b 

* Means with different subscripts are significantly different CP<0.02). 

Table 13. Average values for the percentage of available calcium derived from 
each level of supplementation under reduced acid conditions. 

LEVEL CALCIUM CONTENT(mg) SOLUBLE CALCIUM(%) AVAILABLE CALCIUM(mg) 

1 200 96.53a 193.1 

2 400 95.8la 383.2 

3 800 87.07a 696.5 

4 1600 59.79b 956.6 

*Means with different subscripts are significantly different (P<0.001). 

C.11 
c.v 
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CaC03. In addition, a ·level effect was observed for the low 

acid treatment whereas it was not seen 1· · t · 1 n previous r1a s. 

At level 4, only 59.8% of the calcium present was in an 

available form. This percentage is significantly lower than 

those reported for the other levels, which range from 87.1 

- 96.5%. This may be attributed to the acid neutralizing 

effect exhibited by some compounds. Calcium carbonate has 

the ability to neutralize a certain degree of acid found in 

the stomach, thus classifying it as an antacid. However, the 

amount of acid found in the stomach under normal conditions 

is typically too substantial to be affected. In low acid 

environments, such as this one in which the acid 

concentration was reduced by a factor of two, the amount of 

calcium carbonate present at level 4 was in fact sufficient 

to raise pH levels. Consequently, the solubilization of 

calcium carbonate was inhibited and relative amounts of 

soluble calcium were lowered. These results are valuable in 

terms of prescribing high levels of CaC03 as supplements to 

elderly patients with decreased acid secretion. At levels of 

4000mg of CaC03, calcium absorption is not as effective as it 

would be at smaller doses. Having identified this acid 

neutralizing effect it is important to consider the impact 

that this decrease has on the relative quantities of calcium 

available from each level in patients with reduced acid 

secreting abilities. Table 13 displays the converted values 

that indicate the absolute quantities of calcium available 
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for absorption. In this light, it is still evident that 

increasing the level of intake will also increase the amount 

of available calcium. This tends to detract from the 

importance of the antacid effect, although it should not be 

disregarded entirely. \ 

The impact of achlorhydria on the solubility and 

availability of calcium from calcium carbonate is shown in 

Table 14. Minimal amounts of calcium were solubilized from 

any of the sources under conditions of no gastric acid 

secretion. These results parallel those in Table 5 although 

significant differences among sources were observed in this 

case. Os - Cal appeared to contain the most soluble form of 

CaC03 under achlorhydric conditions and was significantly 

higher than Caltrate, TUMS or ROLAIDS (Table 15). Levels of 

intake also exhibited behaviors that were significantly 

different. The greatest percentage of soluble calcium from a 

given dose was contributed by level 1 which contained 500mg 

of calcium carbonate. In contrast, the highest dosage level 

provided the least amount of soluble calcium. In looking at 

the relative values, however, it appears that the amount of 

calcium solubilized, remains fairly constant (Table 16). 

Between 8 and 10 mg of calcium were solublized to a form 

suitable for absorption. Under these conditions, therefore, 

it would not appear that large supplementation levels would 

be of any benefit in contributing to calcium nutrition. An 

apparent saturation level is reached at this point. 



Table 14 . Percentage of availab~e calcium from various calcium carbonate 
sources under conditions of achlorhydria (pepsin+ dH20). 

LEVEL 
SOURCE 1 2 3 4 

TUMS 3.85 + 0.269 1.66 + 0.113 0.93 + 0.028 0.47 + 0.014 

RO LAIOS 2.16 + 0.042 1.05 + 0.283 0.77 + 0.552 0.30 + 0.042 

CALTRATE 3.63 + 0.651 2.92 + 1.117 1.07 + 0.403 0.53 + 0.269 

OS-CAL 6.93 + 0.113 3.77 + 0.141 1.78 + 0.057 1.18 

CaC03 4.56 + 3.203 2.96 + 1.747 1.22 + 0.431 0.655 + 0.092 

Means of two trials reported with standard error term. 

CJ1 
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Tab le 15. Average values for percentage of available calcium from various cal-
cium carbonate sources under conditions of achlorhydria. 

SOURCE AVAILABLE CALCIUM(%) 

OS-CAL 3.73a 

CaCOJ 2.35ab 

CALTRATE 2.04b 

TUMS 1. 73b 

RO LAIOS 1.07b 

*Means with different subscripts are significantly different (P < O. 001) • 

Ta ble 16. Average values for the amounts of available calcium derived from each 
level of CaCoJ intake under conditions of no acid. 

LEVEL CALCIUM CONTENT(rnq) SOLUBLE CALCIUM(%) AVAILABLE CALCIUM(mq) 

1 200 4.225a 8.45 

2 400 2.471b 9.88 

3 800 l.152c 9.22 

4 1600 0.566c 9.05 
* Values within the same letter groupings are not significantly different from 

one another. 

C.11 
-.J 
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Part II: Availability of Calcium 
from Fortified Food Products 

In part II, food samples were compared on the basis of 

their absolute contributions to calcium nutrition. To 

assess the relative availability of calcium from each product 

it was first necessary to determine their total calcium 

contents. Results from the wet ash procedure are displayed 

in Table 17. Calcium concentrations were fairly constant for 

all milk samples with no significant differences observed 

among varieties. Yogurt was found to contain a very 

substantial amount of calcium, while orange juice was a 

relatively poor source. The fortified varieties of both the 

yogurt and the orange juice, however, contained a 

significantly higher quantity of calcium than any of the 

other sources. Having determined the actual calcium contents 

of these products, it becomes important to assess their 

quality in terms of calcium availability. Percentage values 

are reported in Table 18 for each food sample under various 

gastric conditions. It was determined that only 40% of the 

calcium found in milk was available for absorption. Both 

yogurt samples contained significantly lower percentages of 

available calcium than milk, ranging from 9 - 26%. While 

these figures imply that yogurt is not a good calcium source, 

the total concentration of the mineral is so high that a 

considerable contribution is made even at low percentages. 

In contrast, the percentage of available calcium from orange 



Table 17. Actual calcium contents of various food samples as determined by the 
wet ash procedure. 

SOURCE ACTUAL CALCIUM CONTENT(mq/ml) CALCIUM PER SERVING(l cup) 

Milk(2%) 1.508 > 377.0mg 

Low Lactose Milk 1.474 368.5 

Milk + 4 1.456 364.0 

Orange juice 0.172 43.0 

Orange juice + Ca 1.430 357.5 

Yogurt 3.860 876.2 

Yogurt + Ca 9.037 2051. 4 
* Means of two trials reported. 

c.n 
(.!) 



Table 18. Percentages of available calcium from various foods under various 
qastric conditions. 

TREATMENT 
SOURCE NORMAL REDUCED ACID ACHLORHYDRIA 

Milk(2%) 40.02 + 0.85 29.45 + 9.98 37.93 + 14.71 

Low Lactose Milk 42.94 + 3.67 38.93 + 0.18 43.56 + 0.66 

Milk + 4 41.14 + 0.39 38.17 + 3.98 44.01 + 2.40 

Orange juice 69.95 + 5.39 70.67 + 0.98 71. 06 + 8.72 

Orange juice + ca 85.56 + 3.73 85.18 + 4.84 82.97 + 2.30 

Yogurt 22.33 + 0.13 22.15 + 1.70 19.27 + 0.60 

Yogurt + Ca 24.50 + 3.13 26.39 + 1.53 9.10 + 2.33 

* Means of two trials reported with standard error term. 

1 

en 
0 
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juice samples was very high probably due to the highly acidic 

nature of the product. While these values are useful on a 

comparative basis it is important to consider the benefit of 

each source in terms of actual consumption. Table 19 shows 

the amount of available calcium obtained from an eight ounce 

serving of each product. While no significant differences 

were found between the various gastric treatments for the 

milk and orange juice samples, gastric acidity did have a 

pronounced influence on the solubility of calcium from 

fortified yogurt. Under conditions of normal as well as 

reduced gastric acid, compararble amounts of calcium were 

solubilized. However, in the absence of acid, the percentage 

of available calcium decreased significantly. This is 

thought to be due to the nature of the calcium source added 

to the food. Calcium triphosphate typically exhibits very 

poor solubility at pH values in the alkaline range as they 

are in this case (Carr and Shangraw, 1988). Figure 1 offers 

a different perspective on this concept and depicts the 

average amounts of calcium available for absorption 

in any gastric solution relative to the total calcium in a 

serving of each. 

Part III: Acid Neutralizing Capacity 
of various Calcium Carbonate Sources 

Results of the acid neutralizing test are reported as 



.Ta ble 19. Relative amounts of calcium available for absorption from a serving 
of each of the food products under various gastric conditions. 

CALCIUM CONTENT TREATMENT 
SOURCE PER SERVING(mg) NORMAL REDUCED ACID ACHLORHYDRIA 

Milk(2%) 377 150.9 110.0 143.0 

Low Lactose Milk 368.5 158.2 143.4 160.5 

Milk + 4 364 149.7 138.9 160.2 

Orange juice 43 30.1 30.4 30.6 0) 
N 

Orange juice + Ca 357.5 305.9 304.5 296.6 

Yogurt 876.2 195.7 194.0 168.9 

Yoqurt + Ca 2051. 4 502.5 541.4 186.6 
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Figure 1. Comparison between the actual and soluble calcium contents of 

various food samples. 
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the milliequivalents of acid neutralized per dose of calcium 

carbonate and are displayed in Table 20. All antacid and 

supplement samples were subjected to simulated gastric 

conditions with the effects on pH monitored by a titration 

procedure. Rolaids was found to have the greatest antacid 

capacity, while no significant differences were seen for the 

other samples. Caltrate and Os-Cal were as effective in 

neutralizing stomach acid as were Tums and reagent grade 

CaC03 (Table 21). These results suggest that prolonged 

effects of antacid use could be observed with prolonged use 

of the CaC03 containing calcium supplements. Furthermore, 

the level of intake was found to have a significant effect on 

the behaviors of the respective sources. At a dosage of 

500mg, corresponding to Level 1, approximately 9 

milliequivalents of acid were neutralized. When the dosage 

was doubled, so was the acid neutralizing capacity of the 

sample, with 20 mEq of acid neutralized (Table 22). This 

dose dependence continues for higher doses. Because gastric 

acidity has been shown to be of critical importance in the 

solubilization of calcium, this antacid effect could have a 

dramatic impact on the state of calcium nutrition in 

individuals consuming the supplements at high levels. 

To monitor the effects of these dosage levels on the 

gastric environments for each condition, pH values of each 

gastric solution were measured before and after introduction 

of the calcium carbonate samples. Data in Table 23 shows 



Table 20. Acid neutralizing capacity of various calcium carbonate sources 
expressed as millieguivalents of acid neutralized per dosage level. 

DOSAGE LEVEL 
SOURCE 1 2 

CaC03 8.90 + 0.65 19.49 + 0.33 

TUMS 9.04 + 0.39 19.24 + 0.19 

ROLA IDS 12.16 + 0.07 ' ! 25.55 + 0.06 

CALTRATE 9.40 + 0.26 19.33 + 0.53 

OS-CAL 9.44 + 0.32 19.33 + 0.53 

* Means of two trials reported with standard error term. 

0) 
(j1 
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Table 21. Acid-neutralizing capacities of various sources of 
calcium carbonate. 

SOURCE 

ROLA IDS 
OS-CAL 
CaC03 
TUMS 
CALTRATE 

AMOUNT OF ACID NEUTRALIZED(mEq) 

18.86a 
14.38b 
14.20b 
14 .14b 
14.02b 

* Means with different subscripts are significantly different 
(P < 0.001). 

Table 22. Acid-neutralizing capacities of two levels of cal-
cium carbonate intake. 

* 

LEVEL 

1 
2 

AMOUNT OF ACID NEUTRALIZED(mEq) 

9.79a 
20.45b 

Means with different subscripts are significantly different 
(P < 0.001). 
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that Rolaids has a significantly higher impact on the pH of 

deionized water than any of the other sources, raising it an 

average of 1.46 units. As shown previously, increasing 

dosage levels of calcium carbonate also increases the acid 

neutralizing effect. This data is supported by the results 

shown in Table 24 in which the change in pH increased at 

regular increments with increasing intakes. Similar results 

have been shown in other treatments. For normal gastric 

solutions, the largest increase in pH was caused by Rolaids, 

while Tums had the least effect (Table 25). Again, pH values 

increased with increasing levels (Table 26). This trend was 

particularly evident in the low acid treatment with the 

greatest impact observed at level 4. Average pH values were 

elevated by 4.64 units, representing a highly significant 

effect of intake level on the acidity of the gastric 

environment (Tables 27 and 28). Results for the achlorhydric 

solution parallel those for deionized water. Rolaids 

exhibited the most pronounced behavior in terms of raising 

gastric pH and increasing levels of intake corresponded to 

progressive increases in gastric pH (Tables 29 and 30). 
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Table 23. Increases in the pH of deionized water (Initial 
pH: 7.5) induced by various sources of calcium carbonate. 

* 

SOURCE 

CaC03 
TUMS 
CALTRATE 
OS-CAl 
ROLAIDS 

CHANGE IN pH 

0.10a 
0.33a 
0.85b 
0.92b 
1.46c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.05). 

Table 24. Increases in the pH of deionized water (Initial pH: 
7.5) induced by various levels of calcium carbunate. 

* 

LEVEL 

1 
2 
3 
4 

CHANGE IN pH 

0.45a 
0.72b 
0.84b 
0.91b 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 
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Tab~e.25. Increases in the pH of a normal gastric solution 
(In1t1al pH: 2.5) induced by various sources of calcium car-
bonate. 

* 

SOURCE 

TUMS 
CALTRATE 
CaC03 
OS-CAL 
ROLAIDS 

CHANGE IN pH 

0.28a 
0.41ab 
0.51b 
0.55b 
0.72c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 

Table 26. Increases in the pH of a normal gastric solution 
(Initial pH: 1.5) induced by various levels of calcium car-
bonate. 

* 

LEVEL 

1 
2 
3 
4 

CHANGE IN pH 

0.25a 
0.35ab 
0.46b 
0.92c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 
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Table 27. Increases in the pH of a reduced acid gastric 
solution (Initial pH: 1.7) induced by various sources of 
calcium carbonate. 

* 

SOURCE 

TUMS 
CALTRATE 
OS-CAL 
CaC03 
ROLAIDS 

CHANGE IN pH 

1.48a 
1.52a 
1. 58a 
1. 60a 
2.04b 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 

Table 28. Increases in the pH of a low acid gastric solution 
(Initial pH: 1.7) induced by various levels of calcium car-
bonate. 

* 

LEVEL 

1 
2 
3 
4 

CHANGE IN pH 

0,4la 
0.52a 
1. 02b 
4.64c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 
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Table 29. Increases in the pH of an achlorhydric gastric 
solution (Initial pH: 7.2) induced by various sources of 
calcium carbonate. 

* 

SOURCE 

TUMS 
CALTRATE 
CaC03 
OS-CAL 
ROLAIDS 

CHANGE IN pH 

0.30a 
0.33a 
0 . 39a 
0.60b 
1.50c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.001). 

Table 30. Increases in the pH of an achlorhydric gastric 
s olution (Initial pH: 7.2) induced by various levels o f cal-
c ium carbonate. 

* 

LEVEL 

1 
2 
3 
4 

CHANGE IN pH 

0.23a 
0.45b 
0.60b 
0.73c 

Means of two trials are listed; groupings with different 
subscripts are significantly different (P < 0.05). 



CHAPTER VI: DISCUSSION 

The importance of gastric secretion on the status of 

mineral availability has become apparent with the results of 

this study. In terms of calcium nutrition the impact of an 

acidic environment is the most critical factor concerning its 

potential for absorption. Although different sources and 

different levels of intake may contribute variable quantities 

of calcium, it is crucial to assess the overall value of the 

nutrient when it exists in a form suitable for uptake by the 

cells of the intestinal mucosa. Since it is at this site 

that absorption actually occurs, it is essential to consider 

this perspective in the course of calcium nutriture. 

Availability of calcium was evaluated as a function of 

its solubility throughout this series of experiments . In 

Part I disintegration and dissolution of the various calcium 

carbonate sources were of critical importance. For this 

reason it is essential to consider the relative rates at 

which each sample is capable of going into solution. 

Solubility is a physical property used to characterize the 

behavior of a particular compound under specific 

environmental conditions. Depending on the chemical as well 

as ionic nature of a substance, it may or may not dissociate 

in an aqueous system. Calcium carbonate is described as 

being only slightly soluble in pure water while other salts, 

hl 'd and potassium perchlorate, dissolve such as sodium c or1 e 

72 
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readily. The solubility product constant, Ksp, defines the 

amount of solute that is capable of being dissolved in a 

known volume of solvent, typically water. The Ksp value for 

CaC03 is 4.8 x 10-9M, indicating that very little CaCo3 goes 

into solution under standard conditions of atmospheric 

pressure and a temperature of 25 C (Nebergall et al., 1980). 

When the concentration of dissolved CaC03 reaches the limit 

set by this constant as 6.9 x 10-3g/L, the solution is said 

to be saturated and any excess will precipitate as a solid 

[Calculations for solubility of CaC03 in water are shown in 

Appendix J]. 

The solution process itself involves dissociation of the 

calcium and carbonate ions in a simple stoichiometric ratio. 

For every carbonate ion in solution, there will be a 

corresponding calcium ion formed, with the product of these 

concentrations said to be equal to Ksp. 

[CaC03] [Ca++] + [C03--] 

[Ca++][C03--] < Ksp 

As long as Ksp is not exceeded, both ions will remain in 

solution. It is this ionic form of calcium that is of 

physiological importance as it must be soluble to be 

absorbed. 

In pure water, the solubility of calcium carbonate is 

the Concentrations of calcium and minimal and consequently 

c arbonate ions are both very low . When acid is introduced, 

however, the solubility is enhanced dramatically. This 
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phenomenon may be . attributed to the formation of HC03-, a 

weak electrolyte, when hydrochloric acid is present. Because 

HCl is a strong acid and dissociates completely, large 

concentrations of H+ and Cl- ions are interspersed with Ca++ 

and C03--. A proton combines with C03-- to form HC03- which 

then reacts with a second H+ ion to form the weak acid H2C03. 

H+ + C03--

H+ + HC03-

HC03-

H2C03 

Similarly, the calcium ions combine with the chloride ions 

derived from HCl to form the soluble compound CaC12. 

Ca++ + 2Cl- CaC12 

As a result, the concentrations of both ionic species, Ca++ 

and C03--, are reduced and additional CaC03 is allowed to go 

into solution. Thus the absolute concentration of soluble 

calcium increases while the dissolution of CaC03 remains 

within the limits of the solubility product constant. 

Consistent with this logic, the acid neutralizing effect of 

large doses of CaC03 may also be explained. Protons 

generated by the dissociation of HCl bond with the carbonate 

ion, decreasing the concentration of free hydrogen ions and 

subsequently raising the pH. 

With respect to the data collected in this study, the 
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highest percentages of soluble calcium corresponded to the 

most acidic of the gastric solutions. Under normal 

conditions, O.lN HCl was used to digest respective samples 

containing calcium carbonate. For all sources and all 

levels, the concentration of H+ was sufficient to facilitate 

solution of virtually all of the CaC03 provided . Thus the 

contribution of soluble calcium was substantial ranging from 

85 - 98% of the total. Lower values obtained from the 

Rolaids were attributed to the fact that MgOH contained in 

the product had an additional antacid effect. Interaction of 

OH- with H+ from HCl lowers the concentration of H+ available 

to interact with CaC03. In most cases t he HCl is present in 

such excess that the antacid effect of CaC03 is not seen. 

However under conditions of reduced acid secretion, in which 

0 . 05N HCl was used to make up the gastric solution, this 

antacid effect was much more noticeable. As shown in Table 

13, at level 4 a dosage of 4000mg CaC03 was sufficient for 

neutralizing a large portion of the acid . As a result, the 

p e rcentage of soluble calcium d ropped t o only 59.79% which 

was significantly less than that provided by other levels. 

While these chemical principles define the relationship 

between gastric acidity and the solubility of calcium from 

calcium carbonate, discrepancies are seen concerning 

so l ubility behavior under control and achlorhydric 

conditions . Tab l e 3 displays the solubil ity d a ta for each of 

the CaC03 sou rce s. I n the cases of Caltrate and Os-Cal, the 
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percentages dissolved appear to exceed the accepted 

solubility constant. Respective values of 2.106 and 2.383 

are substantially greater than 1.4%. Analysis of product 

labels revealed that each of these sources contains an 

ingredient that has been shown to enhance the solubility of 

calcium from poorly soluble calcium salts, such as CaC03, in 

an aqueous environment. Sodium lauryl sulfate and sodium 

starch glycolate are thought to act as surfactants in 

facilitating dissolution of CaC03. As a result, the absolute 

concentration of soluble Ca++ is increased. In addition bile 

salts have also been shown to enhance calcium solubility. 

Since the second phase of the digestion procedure utilized 

for the in. vitro analysis did involve bile salts as well as 

pancreatic enzymes, increased solubility behavior may also be 

attributed to this factor. Webling and Holdsworth (1966) 

examined the role of bile salts and other detergent like 

compounds, including sodium lauryl sulfate, on calcium 

absorption. In aqueous solutions, calcium solubility and 

subsequent absorption were significantly enhanced by the 

activity of the bile salts when compared to control subjects 

whose bile ducts had been tied. As was previously observed, 

solubility of CaC03 decreases as pH increases. In this study 

it was found that sodium lauryl sulfate and certain bile 

salts maintained higher concentrations of soluble calcium 

than in controls even when pH values were as high as 7.2. 

This finding suggests that incorporating certain compounds 
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into commercial preparations of calcium salts could have a 

pronounced effect on the availability of the nutrient. This 

is of particular interest to patients experiencing reduced 

acid secretion. Although the detergents themselves are not 

capable of overcoming the limits of the conditions in the 

gastric environment, they may compensate for poor 

dissociation and allow a higher rate of solution. 

In light of this finding, it may seem that Caltrate and 

Os-Cal are in fact better suited for use as calcium 

supplements, based on the content of these detergent-like 

substances. However, the effect was only observed in the 

control solution and was not pronounced in other treatments. 

Under conditions of achlorhydria Os-Cal does contribute a 

significantly higher percentage of soluble calcium although 

the absolute amount is still very low (Table 15). Whether or 

not this effect is due to the presence of these compounds or 

the bile salts cannot be determined. Under normal 

conditions, no significant differences were observed between 

sources indicating that the effect of these substances is 

only relative in extreme conditions of no acid secretion. 

In Part II, the availability of calcium from various 

fortified and non-fortified foods was assessed. In milk 

samples an average of 32% of the total calcium present was 

solubilized. This finding is consistent with values found in 

prior studies (Rajput et al., 1983). Because dairy products 

are typically marketed as being good sources of calcium, it 
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is important to recognize the value that they have in 

contributing to calcium nutrition. Calcium exists in two 

different forms in milk. Approximately 80% of it is comlexed 

to protein in the casein micelle. In this food system, 

calcium plays a functional role in stabilizing the bonds that 

hold the micelle and allow proteins to remain dispersed 

within milk. The rest of the calcium is found in a free 

ionic form. Because such a large percentage of calcium is 

complexed, it is reasonable to find solubility values in the 

lower range. Upon introduction to a gastric solution, 

proteolytic enzymes are activated, initiating the digestion 

of milk proteins and the subsequent release of bound calcium. 

While this free form of the mineral may undergo ionization 

and solubilization, the percentage of this calcium that is 

actually available for absorption is still relatively small. 

Another possible explanation for the relatively low 

percentages of available calcium involves the acidity of the 

milk itself. Typically the pH of milk is between 6.4 and 6.8 

(Fennema, 1982). It has been shown repeatedly that acidic 

conditions are essential for adequate solubilization and 

ionization of calcium. In this case calcium in the milk may 

exert a buffering influence ~n the gastric juice. As a 

result, it may not be sufficient for solubilizing the calcium 

that is present. 

While several studies have shown that lactose exhibits 

an enhancing effect on calcium absorption by increasing its 



79 

solubility, this study did not support that theory. Low 

lactose milk provided a comparable amount of soluble calcium 

in relation to the 2% milk sample and the Milk+ 4 product. 

A probable explanation for this apparent discrepancy could be 

related to the rate of hydrolysis of lactose. According to 

Vaughan and Filer (1960), lactose is the most slowly 

hydrolyzed of the sugars and lactase activity does not appear 

to be substantial until chyme has reached the distal segments 

of the small intestine. At this site, lactose is supposedly 

hydrolyzed and its monosaccharide components are thought to 

promote the passive diffusion of the calcium ions across 

ileal walls . Because pancreatic enzymes were not introduced 

until the second digestion phase and the incubation time was 

limited to 1 hour, it is probable that lactose was not 

hydrolyzed sufficiently and therefore was unable to exert its 

solubilizing effect on calcium. Analysis of orange juice 

samples revealed that the overall percentages of available 

calcium are very high for both the fortified and 

non-fortified varieties. This is most likely attributed to 

the acidic nature of the food. While regular orange juice 

was shown to provide almost 80% o f its calcium in a soluble 

form, it is important to note that orange juice does not 

contain very much calcium in i tially. In the fortified 

variety, the percentage a vailable was again very high. 

However, addition of calcium i n the form of 

calcium-malat e-lactate of f e r e d a sub s t an t ial increase in the 
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total calcium content as well as the relative amount 

available. In the case of fortified Citrus Hill orange 

juice, one 8 ounce serving contains almost as much available 

calcium as a similar serving of any one of the milk products. 

Because of the acidic nature of the food itself, variation in 

acidity of the gastric solutions did not effect the 

solubilization calcium from this source. 

While these results are very easily explained, the data 

obtained for the soluble calcium contents of yogurt were more 

complex. Based on the wet ash procedure, it was found that 

the concentration of total calcium in yogurt was very high. 

When investigating the nature of that calcium in terms of 

solubity, it was found that only a small percentage of it was 

actually available for absorption (Smith et al., 1985). 

Because the calcium content was so overwhelmingly high, even 

small percentages provide a substantial amount of calcium, 

thus yogurt may still be considered a good source of calcium. 

In . the fortified variety, calcium triphosphate was the 

calcium salt used to increase the calcium content of the 

product. While the absolute amount of calcium was in fact 

considerably higher, the amount available was highly 

dependent on the acid level of the gastric · environment. Under 

normal conditions, the percentage of available calcium was 

similar to that of the non fortified product. However, as the 

pH increased, the percentage of soluble calcium decreased 

dramatically. This finding may be supported by a study done 
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by Carr and Shangraw (1988) in which the behavior of a 

supplement form containing the calcium triphosphate salt was 

examined. On a unit weight basis, the amount of calcium in 

calcium triphosphate is almost as high as that of calcium 

carbonate. However when exposed to conditions of reduced 

acid or achlorhydria, the solubility of the calcium from this 

source dropped significantly. 

According to a testing procedure established by the 

FDA, an antacid may be defined as any compound capable of 

raising the pH of a simulated gastric solution above 3.5 

(Ritschel, 1984). In Part III of this study, the various 

supplement and antacid products were subjected to a similar 

test to determine their acid neutralizing capacities. The 

amount of calcium carbonate in each sample was held constant 

and sources were compared on a relative basis. No 

significant differences were found between the reagent grade 

compound and Caltrate, Os-Cal or TUMS, indicating that the 

behavior of CaC03 is consistent regardless of source (Table 

18). Only Rolaids had a significantly higher acid 

neutralizing capacity due to its MgOH content, which 

contributed an additional antacid effect. The level of 

intake had a dramatic influence on the amount of acid 

neutralized, with significant differences observed between 

levels 1 and 2 (Table 19). At higher dosage levels, changes 

· H b d the specifications of this procedure making 1n p were eyon 

·t · d t f effectively evaluating acid neutralizing 
1 1na equa e or 
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ability of the compound. Levels 3 and 4, containing 2000 and 

4000mg CaC03 respectively, caused pH to increase from 1.5 to 

approximately 5.0 and 6.0. In light of the results that were 

obtained, there appears to be a linear relationship between 

intake level and the amount of acid neutralized. This is of 

particular interest in considering the relative calcium loads 

of the supplement forms. Five hundred milligrams of CaC03 

were found to neutralize 9.04 milliequivalents of acid . While 

this quantity is found in one TUMS tablet, it comprises only 

one-third of that in one Caltrate tablet. Thus the acid 

neutralizing effect of ingesting one Caltrate tablet is the 

equivalent of taking three TUMS. This becomes a matter of 

concern when intake levels exceed the recommended level, in 

which case the consequences of altering gastric pH may be 

manifested in the form of renal alkalosis or other conditions 

resulting from pH imbalance. 



CHAPTER VII: CONCLUSIONS 

Recommendations concerning the practice of calcium 

supplementation have been varied with authorities 

differing in their approaches to the problem of 

low calcium intakes. A number of products have been 

introduced containing various sources of calcium. For 

individuals with a normal level of acid secretion calcium 

carbonate is thought to be the best form, although 

suggestions for dosage level and consumption behavior are 

more diverse. Certain intake levels may be appropriate in 

some cases whereas others may have more specific 

requirements. Some authorities feel that calcium carbonate 

should be taken on an empty stomach to optimize the effect of 

the gastric acid in solubilizing the calcium. Others feel 

that the supplements should be taken with meals. Because of 

the acid neutralizing capacity exhibited by high doses of 

calcium carbonate, it is possible that elevations in pH could 

be dramatic enough to inhibit solubility of the calcium from 

the dose. For this reason, the American Medical Association 

supports the theory that calcium supplements, particularly 

calcium carbonate, should be taken in small doses at regular 

time intervals that are almost always associated with meals. 

Results of this study indicate that there are no 

differences between various sources of calcium carbonate in 

terms of quality and amount of calcium provided. Although a 

83 
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very high percentage of the calcium from the supplement as 

well as antacid forms was found to be soluble and therefore 

available for absorption, it is not necessarily true that all 

of this calcium is absorbed. Absorption studies conducted by 

Sheikh et al.(1987) found that there were no significant 

differences between calcium salts and milk with all samples 

exhibiting similar behaviors. An average of only 32% of the 

calcium from any one of the sources was absorbed. This 

finding could be related to the size of the dose in which 

case 500mg consumed at one time could be too much. Intestinal 

mucosal cells may only be capable of absorbing 150mg (the 

equivalent of approximately 30% of a 500mg dose) . If this is 

in fact the case, it is of no benefit to consume large 

quantities of calcium carbonate at one time. 

In assessing the value of calcium supplementation for 

preventing osteoporosis, the physiology of bone metabolism 

must be considered. In theory increased calc ium intake 

leads to increased deposition of the mineral and ultimately 

greater bone density. Thus when bone resorption is 

stimulated, the body's calcium stores are not depleted and 

the integrity of the bone is sustained. Whether or not the 

practice of calcium supplementation is effective in enhancing 

bone density has yet to be determined. Prolonged intake of 

very high levels of calcium carbonate could lead to excessive 

b t . d ·ncreased deposition of the mineral in bone a sorp ion an i 
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tissues. However, consequences of this type of therapy are 

not fully understood. Absorption of calcium and the forma-

tion of bone are both very complex processes and are subject 

to numerous influences. Individual variations in calcium and 

Vitamin D status are critical determinants of calcium utili-

zation and can be responsible for fluctuations in absorptive 

behavior. Because of this, it is difficult to objectively 

evaluate the value of supplementation. 

It may be concluded from the findings of this study 

that any of the sources of calcium carbonate investigated 

provide comparable amounts of calcium that is in a form 

suitable for absorption. For patients with reduced acid 

secretion, the effectiveness of this practice is limited and 

for those with achlorhydria, this therapy is virtually 

useless. It is not possible to determine the level of intake 

that is optimal for absorption or utilization. 

For these patients the best approach to increasing 

calcium intake may be to consume fortified foods. Data 

collected for availability of calcium from these sources 

suggest that fortification practices are very effective and 

that the amount of available calcium present in these 

products may contribute substantially to calcium nutrition. 

Although the type of calcium salt used in t he f ort i fied 

yogurt product was different from that used in the orange 

juice, it was apparent that the amount of total calcium in 
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each of the samples was significantly higher than in the 

non-fortified varieties. Furthermore the absolute value of 

the soluble calcium was also substantially increased, 

indicating that these sources do provide an available form of 

the mineral. In conclusion, it has been determined that the 

calcium in these sources is readily available and that it is 

entirely appropriate to supplement dietary calcium intake 

with these products. 



SUMMARY 

A number of chemical as well as physiological 

principles were found to be closely linked to calcium 

nutrition. In terms of the objectives of this study, it was 

found that: 

1. There were essentially no differences between 

CaC03 sources with all products providing comparable amounts 

of soluble calcium. · Caltrate and Os-Cal contained 

ingredients thought to enhance or promote calcium solubility 

although the impact of these compounds was not dramat ic. In 

most cases the quantity of calcium provided by Tums and 

Rolaids was not significantly lower. 

2. Depending on the degree of gastric acidity of 

the simulated gastric solutions, the amount of calcium 

solubilized from CaC03 was highly variable. Minimal 

quantities of calcium were measured in deionized water or 

achlorhydric solutions. When HCl was introduced, dissolution 

of CaC03 occurred readily. Under normal gastric conditions 

between 85 and 98% of calcium in various products was 

solubilized. Values were slightly lower when acid content 

was reduced with the most noticeable effect seen at high 

1 1 f · take (4000mg CaC03). Large doses of CaC03 exer t eve s o in . 

an acid neutralizing effect and therefore inhibit effective 
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solubilization of calcium. 

3. The amount of potentially available calcium 

provided from each le~el of intake was dependent on the dose. 

Ingesting large quantities of calcium carbonate led to large 

quantities of Ca++ generated by interaction with gastric 

solutions. Higher intakes provide more calcium than lower 

intakes, although the amount absorbed appears to remain 

fairly constant. 

4. Fortification techniques appear to be a very 

viable approach as a remedy for low calcium consumption. As 

an alternative to supplementation practices, addition of 

calcium to food systems was very effective in contributing 

substantial amounts of calcium in an available form. While 

it was not possible to compare the various forms of calcium 

used in the food products, it is probable that specific 

compounds are appropriate for certain food systems. What 

works in orange juice may not be best in yogur t. Therefore 

determining the best form of calcium for fortification 

purposes is dependent on the nature of the particular food 

system as well as the desired level of fortification. 



SUGGESTIONS FOR FURTHER RESEARCH 

In assessing the availability of calcium contained in 

various supplement and antacid forms, it was possible to 

quantify that amount which had the potential for 

being absorbed. In this study, the behavior of calcium 

carbonate was examined in a model system under theoretical 

experimental conditions. While the results obtained are 

valid in assessing the source itself, there is no indication 

that similar behaviors would be obseved in the presence of 

additional dietary components. Introducing the supplements 

in combination with a standard test meal would provide a 

means by which mineral interactions and their influence 

on overall availability could be detected. 

To investigate the actual absorption activity, an in. 

YiY..Q. study would be more appropriate. Feeding a number of 

experimental groups diets containing various levels of each 

of the calcium carbonate sources would provide a means by 

which further investigation could be conducted. Parameters 

to be measured would include measurements of urinary and 

fecal excretion, as well as bone density. Urinary calcium 

levels would serve as an index of renal function and indicate 

the extent to which calcium was functioning in a buffering 

capacity. Fecal excretion may be used to calculate that 

amount that was not absorbed, with corrections made for 

1 · ted ~nto the intestinal lumen. After prolonged ca cium secre • 
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feeding, bone density could be measured by means of 

radiographic techniques. In this manner, the effectiveness 

of the various sources in contributing calcium for bone 

formation could be directly observed and the status of 

osteoporotic development could be monitored. In addition the 

effects of prolonged antacid use could also be assessed. 

To put the results of this study into perspective, it 

would be useful to have knowledge as to the frequency with 

which such supplementation practices are recommended. 

Surveying a random sampling of physicians as to their 

opinions on the value of calcium supplementation could reveal 

a great deal about the widespread use of this therapy. 

Further questioning of the consumer would indicate the level 

of understanding that is associated with the concept of 

increasing calcium intake and would provide an estimate of 

the types of products that are most frequently used. 

In a different context, another area of research 

involves the field of product development. Having determined 

that fortification techniques were in fact appropriate for 

the food systems analyzed in this study, it would be 

interesting to experiment with additional products and 

additional calcium sources. While the range of possibilities 

may seem endless, the concept of excessive intake should not 

be overlooked. While it has been shown repeatedly that 

among Women are far below the level calcium intakes -

d d th 1·s 1·s not the case for all segments of the recommen e , 
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population. In this regard precaution should be exercised in 

the pursuit of bigger and better ways to address the problem 

of insufficient calcium consumption. 

In light of the diversity of this area of research it 

is apparent that more investigation is needed. Calcium 

nutrition is a very critical aspect of health maintenance, 

particularly concerning osteoporosis, but should not be 

regarded as the single contributing factor. Critical 

analysis of the research that has been done and that which is 

currently being done should offer a better perspective on the 

calcium requirements and means by which intake may be 

enhanced. 
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APPENDIX A: Label comparisons of ingredients contained in 
supplement and antacid products 

TUMS ROLAIDS CALTRATE OS-CAL 

CaC03 per 
tablet: 500 317 1500 1250 

Elemental Ca 
per tablet: 200 125 600 500 

Ingredients: CaC03 CaC03 CaC03 CaC0 3 
MgOH 

Flavor Corn Croscar- Corn 
Starch mellose s y rup 

sodium solids 

Mineral Corn syrup Hydroxy- Talc 
oil propyl 

methyl cell-
ulose 

Sodium poly- Flavoring Mg-stearate Hydroxy 
phosphate propyl 

methyl 
cellulose 

Starch Mg-stearate Microcrys- Corn 
talline Starch 

cellulose 

Sucrose Mannitol PVPP Sodium 
Starc h 

glycolate 

Talc Sugar Sodium lauryl Calcium 
sulfate stearate 

Titanium Polysor-
dioxide bate 80 

100 
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APPENDIX ~: Sampling technique used to weigh out 
respective dosage levels of calcium carb on ate 

1. Average weights of each tablet were determined by 
weighing 20 tablets of each source. 

SOURCE 

TUMS 

RO LAIOS 

CALTRATE 

OS-CAL 

AVERAGE WEIGHT(g) 

1. 314 

1.424 

1.800 

1.553 

2. Sample weights were calculated on the basis of 
desired concentration with 4mg calcium corresponding to an 
actual dosage of 200mg, 8mg Ca corresponding to 400mg, 16mg 
Ca corresponding to 800mg and 32mg Ca corresponding to 
a 1600mg dose. 

LEYEL ELEMENTAL CA<mg) EXPERIMENTAL EQUIYALENT<mg) 

1 200 4 

2 400 8 

3 800 16 

4 1600 32 

3. Amounts of each source equivalent to respective doses 
of calcium carbonate are stated below (g). 

LEVEL TUMS ROLAIDS CALTB.ATE QS-CAL 

1 0.0263 0.0449 0.0120 0.0124 

2 0.0526 0.0898 0.0240 0.0248 

0.1051 0.1796 0.0480 0.0497 
3 

0.2102 0.3593 0.0960 0.0994 
4 
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APPENDIX C: Composition of gastric solutions and 
bile-pancreatin solution 

GASTRIC SOLUTIONS 

CONTROL Deionized water 

NORMAL : 0.lg pepsin brought to lOOml with O.lN 
HCl 

REDUCED ACID O.lg pepsin brought to lOOml with 0.05N 
HCl 

ACHLORHYDRIA : O.lg pepsin brought to lOOml with dH20 

*Pepsin was obtained from Sigma Chemicals, St. Louis, MO. 
Activity of the enzyme specified as 

PANCREATIC JUICE 

0.5% pancreatin + 5% bile : 0.4g pancreatin + 2.5g bile 
extract brought to lOOml with O.lM NaHC03. 

*Pancreatin and bile extract were obtained from Sigma 
Chemicals, St. Louis, MO. 
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APPENDIX D: DI GESTION P ROCEDURE 

1. Grind tablets to uniform powder . 

2. Weigh out aliquots corresponding to appr opr i ate level 
for each source. 

3. Add 5.0ml dH20 . 

4. Add 20ml gastric solution. 

5. Measure pH. 

6. Incubate reaction vessels for 1 hour at 37 C i n a 
shaking water bath. 

7 . Remove flasks from water bath and measue pH. 

8. Adjust pH to 6.7 - 6.8 with 0.5M NaHC03. 

9. Add 2.5ml pancreatin - bile mixture . 

10. Incubate for an additional hour at 37 C in a shak i ng 
water bath . 

11 . Remove flasks from water bath and empty con tent s 
into 50ml centrifuge tubes. 

12. Centrifuge at 15000rpm for 45 minutes. 

13. Remove aliquots of supernatant and dilut e with dH ZO . 

14. Add 5ml La203 and read samples by aspirati on wi t h 
atomic absorption spectrophotometry. 
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APPENDIX E: We t Ash Procedure 

1. Weigh out aliquots of each sample corresponding to 
dosage level 2; record weight. 

2. Add 2 - 3 ml p~rchloric acid. 

3. Heat samples under a hood until all matter has been 
digested and mineral residue remains. 

4. Dilute samples with dH20. 

5. Add 5ml La203 and read concentrations of total 
calcium by aspiration on an atomic absorption 
spectrophotometer. 
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APPENDIX F: Label analysis of ingredients found in foods 

Milk (2%): Lowfat milk with nonfat milk solids , Vitamin 
A palmitate and Vitamin D3 

Enjoy Low Lactose Milk: Lowfat milk, Vitamin A 
palmitate, Vitamin D3 and lactase 

Milk + 4: Lowfat milk, lactabacillus acidophilus/ 
bifidobacterium SP, Vitamin A palmitate and 
Vitamin D3 

Citrus Hill Orange Juice: Water and orange juice 
concentrate 

Citrus Hill Orange Juice + Calcium: Water, orange juic e 
concentrate and a combination of malic acid , 
calcium hydrate and citric acid 

Yoplait Strawberry Banana Yogurt: Cultured pasteurized 
Grade A lowfat milk, nonfat milk, sugar, 
strawberries, bananas, natural flavors, Whey 
Whey Protein Concentrate, kosher gelatin and 
agar 

Yoplait Strawberry Banana Breakfast Yogurt with Added 
Calcium: Cultured pasteurized Grade A lowfat milk, sug ar, 

strawberries, nonfat milk solids, puffed wheat , 
bananas, natural flavors, walnuts and tri c alcium 
phosphate 

1. 

2. 

APPENDIX G: Sampling techniques used for foods 

An automatic pipetter was used to obtain 5.0ml 
aliquots of all milk and orange juice samples. 

Yogurt samples were weighed out to 5.0g on a Mettler 
analytical balance. 
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APPENDIX H: PROCEDURE FOR DETERMINING 
ACID NEUTRALIZING CAPACITY 

1. Place an accurately weighed amount of a ground tablet 
equal to the minimum dosage level into a 250ml beaker. 

2. Add deionized water to a volume of 70ml and mix on a 
stir plate for 15 minutes. 

3. Pipette 30ml of 1.0N HCl into the solution while 
stirring. 

4. Begin titrating excess HCl with 0.5N NaOH to a stable 
pH of 3.5. 

5. Make sure pH is stable after 10-15 seconds. 

6. Calculate milliequivalents of acid neutralized 

APPENDIX I: CALCULATIONS FOR 
ACID NEUTRALIZING CAPACITY 

Total mEq = (30.0ml)(N of HCl) - (mls of NaOH)(N of NaOH) 
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APPENDIX J: Calculations for solubility 
behavior of CaC03 

SOLUBILITY PRODUCT CONSTANT(Ksp) = 4 .8 x 10-9 M 

Ksp = [Ca++][C03--] 

2 
x = 4.8 x 10-9 

x = 6.928 x 10-5 

MOLAR SOLUBILITY = 6.928 x 10-5 

x 1 mole CaC03 
= 6.928 x 10-5M 

1 L 100.089 g CaC03 

SOLUBILITY OF CALCIUM CARBONATE (IN WATER) = 
6.934 x 10-3g/L 
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