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CH.:Z:\.P'rER I 

INTRODUCTION 

Need for Investi~ation 

Nutritional adequacy is one of the major problems 

for the rapidly growing population of e lderly per.sons in 

the United States . The problem of t en arises because o£ 

limited income, lack of transportation to food markets, 

and poor llei:tlth . Lack of social motivatio n can result in 

or be related to a poor diet (23 , 55 , 59) . 

Recent studies of disea~e free elderly people indi­

cate tha t dietary calcium intake often was found to be 

below recommended min i mal needs (9, 23, 28, 35 , 53, 59 , 63 , 

7 2) • Low dietary calcium intake may preci~itate the age-

related degenerative d isease of "osteoporosis " in t he 

elder l y , especially for post-menopausal women (31 , 40). 

However, some investigators prefe r to attribute the condi­

t i on to lack of Vitamin D, and consequently, calcium mal­

absorption (31, 44 , 51 ). Vitamin D deficiency is a rare 

condition in the United States , but it may occur 1n a popu­

lati on deprive d of adequate exposure to sunshine a nd ultra-

violent light . A compr ehensive review of these physical and 

b i ochemical mechanisms has been discussed by a number of 

i nvestigators (31, 34) . 

l 
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The dietary calc iwn in t ake of elder i y peop le c a n be 

elevated by calcium supplementation. In f ac ·t, pati.en·ts wi th 

osteoporos is are routinely given calcium tablets (3, 17, 32). 

Thi s procedure as sumes that no anc i llary problems exist s uch 

as malabsorption of calcium. 

Fortification of foods with c alc ium salts a ugments 

the absorption of calcium . Inc orporation o f calcium in food 

products wa s highly recommended by Epstein e t a l. ( 15) , s i.nce 

absorption of calcium may be facil itated by wider d i str i bu­

tion in the f oods ingested . 

Evi de nce has been ob tained by Grotkowski a nd Sims 122 ) 

that calcium leve ls can be enhanced by fort i fying "snack food" 

products which are popular with e lderly pers ons. MacLeod, 

Judge, and Ca i rd (41) also rec ommended the use o f calcium 

forti f i e d baked products including cookies , breads , and 

biscuits as foods which find favor with the elderly. 

Objectives of the Study 

The primary objective o f this study was to dete1~ine 

if fort i f ication of baked f ood products wi t h a calcium s alt 

is a worthwhile me thod of improving the c alcium intake of 

hea lthy, e l der l y fema l e s ub jects. 

Secondary objectives encompassed the fol lowing: 

1. To use calcium-car bonate to fo r t ify b aked p r o­

ducts in order to provide an additional calcium intake equal 
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to one - hal f to t wo -th i r d s o f the Re c ommende d Di e t a r y 

Al l owa nces . 

2. To de termine c a l cium uti l ization f rom the ba ke d 

p roducts fort i fie d wi t h c alc ium c a rbonate as ascert a i ned by 

t he calcium ba l a nce me thod . 

3 . To obse r ve t he ef ~ect of Vi t amin D s uppl ementa ­

tion on cal cium uti lizati on from t h e for~i fied b aked 

produc ts. 

4. To ascertai n i f 100 0 mq o f calcium i n t a ke is an 

a ccept ab l e amount f o r main tain ing pos i tive calcium balance 

or calci um equi l ibr ium in he a lthy , elde rly women . 



CHAPTER II 

REVIEW OF LITERATURE 

The elderly population group o f the United States 

is l arge and expanding . There are now mo r e than 42 million 

persons over 55 years of age , 32 million over 60, 8.5 mil-

l i on over 65, and 1.9 million over 85 years of age. A sub-

stantial majority of older persons are fema l es . At the 

present t ime the ratio is 100 females fo r e very 69 males 

over 65 years of age (66). 

Increas ingly nutritionists are called u po n to con-

sider nutritional requirements of the elderl y. A number of 

surveys concerning dietary practices, f ood h abi t s , and 

nutrient intake of this population g roup h a ve been conducted 

(8, 10 , 22, 23 , 28 , 33 , 39, 5 3, 59 , 63, 72). Howeve r, these 

studies d o no t j us tify making any broad generalizations for 

the entire country . 

Dietary Calcium Intake of 
Elderly Americans 

Dietary survey studi es assessing the nutrient intake 

of older Americans have been summarized by O' Han lon and 

Kohrs (53). These authors concluded that calcium is one o f 

the nutrients most often deficient in the die ts of persons 

4 
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past 59 years of age , with women more likely to exh ibi t a 

deficiency than men. The me an calcium intake f or females 

fal ls shor t of the stand a rd 5 33 mg (two-third~ of the 

Recommended Dietary Allowa nce ) used J.n a number of stuciie:; 

as a guideline. These obse rvation s were conclu sive i rre ­

spective of the methodology used to cal l ct the dietary da a . 

The Ten-State Nutri t i o n Survey (7 2 ) reported that 

the ca lcium intake o f ma l e s ubjects i n low income state s was 

86 9, 539, and 46 1 mg for the e thnic g roups of white, black , 

a nd Spani sh- Amer i cans , re spective l y . The comparable fi gun~s 

f o r fema l e g roups were 62 3 , 488 , and 536 mg, r espec ti vely . 

The dietary intake a nd nutritional sta t us of nursin g 

home residents a ged 63 to 93 years , in the state of Indiana , 

were r epor t ed by Justice , Howe , and Clark (33) . Of t he 44 

subjects investigated , 19 consumed more than 800 mg o f 

calc ium per day ; however , 2 0 sub jec t s f luctuated between 

4 0 0 and 8 0 0 mg .. 

400 mg aily . 

Five of the residents con s umed l ess t han 

by Clark and Wakef ield (10) investigated 

the food habits and food p atterns of 99 e l derly individuals 

liv i ng in nursing homes and 98 elde rly who li ed i ndepen­

dent l y . The average n u trient intake for this g roup, al l of 

whom were over 70 years of a ge , was adequate in eve r y a rea 

excep t calcium . In t his study 28 pe rcen t of the subjects 

faile d to r eceive 50 pe rcent o f their calcium needs . 
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Brown e t a l. (9 ) s tud i e d a g r o up of e l de r·ly i nc.li -

viduals living in Rhode I s l and . Te n - d ay dietary in t akes o£ 

23 ins t i tuti onal i zed e lde rly (9 me n a nd 1 4 women) , a n d 20 

ind ividua l s (6 men and 14 women) living inde?endentl y , 

be twe en 7 0 a n d 9 6 years of age, were compar ed t.o thL~ Rc_~com·-

me nde d Die t a r y Al l owa n c es. Al t hougl1 57 percent of tne sub-

jects h a d nutr ien t i n take s below the RecoT'lJClended Di etary 

Allowa nces , t he ave rage calcium int ake o f t hi s q r oup was 

h i ghe r -:.han in the above mention e d s t udie s . The mean cal -

c i um in t a k e f or \vome n liv ing a t h ome wa s 57 0 mq; <:or those 

living in nursing h ome s it wa s 641 mg . The e l derly 1:1ales 

living a t home consumed 665 mg , whi l e t ho s e livinq i n a 

nu rs ing home con s ume d 614 mg o f c alc i um . 

Guthr i e , Black, and Ma dde n (23 ) exami ned t he dietar y 

p ractic es of 109 e lderly p e r sons liv ing i n rura l Pennsyl -

vania, using a personal inte rvie w t o o b tain a 24 - h o ur 

dietar y r e c a ll . The inve stigators foun d t ha t 65 pe rcent of 

the 40 men a n d 65 percen t of the 69 wome n rece i ved l ess 

than t wo-third s of the RDA fo r ca l c ium. The ave r age in t~ke 

of calcium fo r the ma l e s was 568 mg and for the female group 

was 493 mg . 

07) Rece ntly, St i e demann , J a nsen, a nd Harrill ( 70) 

investig ated the nutritional status o f 23 ma l e and 24 female 

nur s ing ho me r e side nts , a ged GO to 9 8 years. I n gene r al , 

the quantity o f food provided the RDA fo r most nutr i ents for 
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both sexes; however, calcium w s the one nutr ient leas t 

likely to be supplied in adequate amounts. Of the females , 

43 percent rece ived less than their n e ces sury 530 mg 

per day . 
"\ 

j ; In many instances, low dietary alcium in th~ aged 

resu l ts from the simple rejection or l ow consumption of milk 

and calcium rich foods . A 24-hour r ecal l s urvey by 

Pe lcovits (55) reveal ed that 20 pe rcent of t h e 35 , 000 

elderly surveyed did n o t consume milk products . The study 

in Indiana conducted by Justice , Howe , and Clark (JJ) a lso 

indicated that 5 0 percent of the elderly survey d consumed 

not more than one c up of mi lk daily. In an acros s the board 

survey of s ix d i fferent nursing homes where milk and milk 

products provided generous quantities of calcium , in exces s 

of 9 00 mg daily , Henrikson and Cate ( 28 ) f ound the ingestion 

of these foods was low . The mean calc i um intake was l ess 

than 500 mg daily . More than 87 percent o f t hese subj e cts 

fai l ed t o mee t their calcium allowanc , with the f emal e sub-

jects exhibiting general l y lower calcium levels than males . 

The mean fo r females wa s 500 mg , with a r ange of 200 t o 

110 0 mg . The mean for males was 600 mg , with a range of 

2 00 to 700 mg . 

Comparab le re sults were observed among a group of 

elder l y persons i n England. In these subj ec ts , milk pro-

vided 33 percent of the calcium intake fo r male subjects , 
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and 44 percent of the calcium int ke for fern le suuject~ . 

The remainder was provided by bis uits, cakes, b read , 

cheese , nd cheese dishes (1\l). 

In a survey study conducted with l04 ~> <~n i or. ci Lj ~u1~ , 

aged 60 years of age and old r , Rountre~~ ..111< Tinkl 1. 1~ (bJ) 

indicated that 80 p rcent of these individuctls unJersr.cod 

the sisrnifi ance of cc 1 ~i m n th0ir d1. "' t 1s ' Jt~l ... as qooo 

sources for cal ium . Howeve r, less th · 1 t\.;o-thinls of t h0m 

reported aily us o£ milk s well s som' addit'onal dair ' 

products. 

Low itumin !) Intakes 

l\ low al ium in k r ul s in n qa iv' "lciun 

balan e , and on .qu ntl y , lo s of bod y calcium . I !O\·Jc vc r , 

it is not lw ys ru th t n q tive cal i1m b lance is the 

only factor in bone 1 ium los . In exp . riment 1 nim ls, 

low dietary calcium do s le d to osteoporosis , b t not to 

osteom laci or hypocalcemia . 

o calcium has been post 1 te 

In m n , a die ary de fic i ncy 

s a possible ontrib tin g 

factor to senile osteoporosis in al oholic . Ex pL!r i nen tall , 

it can be demonstrated that a low calciu irtt ke is ~ol:oweJ 

by an increase in parathormone secretion and a ~~crease 1.n 

bone resorption of calcium in spite of n inc r ease in intes-

tinal absorption . This increase in a sorp_ion , in itse l f , 

may be insufficient to prevent tle incidence of negati ve 

calc ium balance , paralleling low calcium inta e (64) . 
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In a survey of c o rtica l bone dens~ty of i nst i tu­

tionalized femal s , Justice , Ho we , and Cl ark ( 3 3) found Lllu t: 

the low bone densities could no t b corre l a t ed , s ignifi­

cantly , with the low calcium intake l vels duri n q th0 cours e 

o f the study . However , comp riso n of Lhe ~on ensity of 

these women with no rmal value s ·or worn n of the sawe uqe 

suggested borde r line ost opo r osis . 

A r a diolo<Jic survey s tudy condu ted by Swi h nd 

Frame (67 ) inclu ed over 2000 ambu l t ory wome n, aqt:..'d 45 to 

90 ye ars . Evide nc of an - as oc i d , proq ,ssive loss 

o f vertebra l d e nsi y w s f oun . \vhen m te ll ~d f or hciqht, 

we i ght nu g th mount o f xi a l n pp nc1i ulctr bone 

was unr lated to th amo unt o f in st d l i um . 

Lutwa k (3 ) ha s hown tha t, i n r viewinq some survey 

studi s , osteopor o s is nd l o w i ta y c l ciu m intak tend to 

parallel e ach othe r . Howev r, the re s c ms to be no est b ­

lished r e l a tio nship b tween c o mp a c t bone density and c lcium 

intake in a bro ad rang of sub jects , r ng ~ n ~n ge from 

20 to 75 years . The fact that compact bone remai n s rela­

tively constant suggests that th ~inimum daily requir_mcnt 

f o r calcium ma y be below 400 mg per d y (1 ) . 

, As pointed out by o rdin (5 0) a nd l"iar s hall , r..;or in , 

and Speed (42) , the calcium bso r p tion rate in t he intes ­

tines decre ases with age , predominantl ~ a s a resu l t o: 

changes in the a ctive transport me hani sms . SoJ1'1e 



10 

investigators h ve consid red the m labsorpcion a consequP!lCe 

of low Vitamin D levels ( 441 50) . In Scotland inadequat~ 

Vitamin D intake lev ls were obs rved in 300 subjec ts mar 

than 60 years of age . In femal S Llbj c s 1 th l..., l y int.a!,C' 

level was often belO\v 100 I . U. per ay. 'he radiological 

and bioch mi al vid nee for tl e resence of osteo1naJ iClil 

w s not cle rly vid nt. There was , grecttl~r t 'Jhten y .!::or 

bone r r faction to par llel lmv 1 ium intctKe in mc'J thai. 

in wome n (44) . A ter observin i g st nJ n absor ed 

c lcium in 212 ses of c l ium b l nc~ 1 ordin ut ,,1. (51) 

stat d th t c lcium m 1 lJsor}:)ti n in elderly sub jecls is 11 , ,_ 

simply a m tter of Vitamin D deficien y . The inves iaator 

point d out th t there re two }:)ossibl c xpl n tions fo r thi !..~ 

observation . These we r exposur to the ·u11 (ul t raviolet 

light) 1 and in d qu t di ry lcium int k e . This lin o _ 

videnc was SU}:)ported by th m asur mcnt o pl sm 25 - 0!! - D3 

levels in norm 1 youn peopl and in older people , and in 

cases of fractured n ck of femur which show l1iyhly signi .i-

cant reduction in plasma lev ls in old p opl . The second 

factor to be consi ered is a "resist nee " t o Vit min D 

absorption , associated with impaired hydroxyl tion of 

25 - 0H-0 3 to 1 , 25-(0H) 2o3 . Th response of the elderly co 

supplementary Vitamin D therapy suggeste chat this r:~ay be 

a matter of concern . If this line of e i ence can be sup -

ported , the presence or absence of adequate ultraviole t 
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exposure , in itse l f , would not explain wh y people who live 

in areas with intens dail y sunli g h al so suf er from 

osteoporosis and related defici ncy condit ions . Chroni .ally 

ill persons, hospitalized for long pe riods , evi ence 

Vitamin D defic iency con itions (3 2 ) . 

An experim ntal stud y of six elde r ly su jecls ·.vhc1 

received supplem ntary c a lcium at t h e r tc o E 10 cJm cdl cj unt­

c rbonate with th ir br k f ast , r sulte in J rls• l n serJm 

ca l cium to a level of 0 . 6 9 m<; / l 0 0 ml. Ho w vc , this lL VL! l 

wa s less tha n 50 pe r nt o f th t of rna ch i nq yroup of 

young p ople (1. 47 m /10 0 ml) . n w k of pre-tn.~ mer t, 

with 500 0 unit s o f 1 i e ol il y , es u l t •d i n a ris• to 

1. 3 9 mg/1 00 ml. Suppl m nt tion o t he di ts o the <;rou. ; 

of young p opl with Vit min 0 id no t inc r se their bloo 

calcium 1 v ls . The study in ic t e s tha t e e n wi th adcq . tc 

ultraviolet e xposure , n elderly p rso n a n xll i b i t s u -

clinica l Vitamin D deficienc y (15) . 

Nayal et al. (49) studi die t r in take , sunlight 

exposure , a nd the 25 - hydroxy-vit D l e vel of t he 62 patien ts 

admitted to a ge riat r ic unit . Af ter a nine - mon t h obs erva­

t ion period the investiga t ors clai rne that i n old age l Clary 

deficiency may be a mor e i mportant c s e of me t a o lic bone 

disease than limited sunli ht ex posure . 
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Requireme;nts fur Calciu .1 

C lcium is one of the nutrients for whicl it is 

difficult to establish a minim m daily requirement , sine~ 

it functions inte rdependently wi th many other nu trien l ·:; 

a nd hormones . Food nd Agricul ur . Org nizution Lmd \'lorlJ. 

H alth Organiz tion expe rts h - ve s ated th.::tt there is no 

cle r - cut disease du t o c l iuP1 deficien y \vhich las b en 

d escribed in connection with the he lth of the dult ltumun 

m l e or female (14 ) . Th 3 Food nd Nutrit i on Board uf the 

N tional Rese r ll Coun il (47) hils r commend'd u duily 

llowance of 800 milligr m o r tll older , ult populu.tion. 

Lutw k (40) collec d 212 c lcium balunces 011 84 

norm l subj ects . eg tiv c , lcium bal n s w r ob·crv~d 

a t intakes be low GOO m of l cium d ily , but were posiLive 

at intakes u.bove this level . The inv stig.1 r suqq stcd a 

dietary l v l o f 800 m d ily to meet the minimum require ­

ment of normal persons . The c lcium requirement o: est­

menopausal wome n , however , is substanti lly hiqher . Som 

investigators believe t hat 800 nill i grams il is no~ 

enough for the e lderly whos bsorption p ili y nay be 

impaired and who continue to exhibit obsteoporosis in the 

presence of see min0lY a equat aily intake by present 

standards . Recommen ed intakes of 100 0 mg of dieLt 

calcium daily has been suggested by Albanese et al . ( 3) 

and by L twak (40) . Jowsey (32) p oposed as much as 
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1400 mg calcium daily . A study of 110 norm 1 adltlt women 

between the ages of 35 to 50 years was conduc~ed by Heaney , 

Recker, and Savil l e ( 2 5) . The stu revealc..;d that the sub­

jects w re often in negative al~ium bal nee ( ~ o.u6 5 ~/day ) 

on th ir usual diet whi ch provide 668 mg/daily . 'l'he inves­

t igators suggested that about 1200 n~ calcium per ay would 

be s u fficient for those worn n . !1. fur ther study by these 

investigators along thi sam line was on<..luctc~d wi Lll 15 Lu 

50 ye r o ld worn n , r eivin 1240 mg c lcium <..laily . 'l'ht:'St 'o 

women we re just on t h e bor rlin of m eting Lll 1r .:.tlc1um 

needs . Several of this group h d slightly ne a iv b lunCL".;. 

The s ub jects exc din 1240 mg o f calcium aily mainlained 

their calcium bal n 1 v ls slightly o n h positiv' 

side (26) . 

Calcium 

Ad q u t e di t ry c lcium int ke of 1 erly people 

can be achieved by calcium supplement tion . This is not a 

new idea ; in f ac t , calcium t ble ts are freq uently prcscri ed 

to patients with ost oporosis . A suggested supplementatio n 

of calcium is about 700 to 900 m (3 , 16) . hairi and 

Johnson (34) suggested 1 500 mq of elemental calcium daily . 

The optimal intake of calcium for absorption in man 

is uncertain . Data from a stud of 180 adult human subjects 

indicated no detectable pper limit for absorption capac1tj . 
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Heaney , Saville , a nd Recker (2 4) fo und that at a n in take 

load of 7 . 4 8 gm c alcium, absorption aver ged mor<..! thn.n 

1 . 0 gm per d ay . Absor ption of calcium was observed tiS a 

simple l inear f unction of intake u p to 2 to 3 gm per d y. 

Berstad et al . ( 7) reported study of ten hP.al thy 

adul t subjects , ag d 23 to 0 yedrs. The s bjec t ~ in0ested 

o n e of three different conunercial alcium pr pn.ratlons 

(either NAF or Collett , ea h cont ininq caco 3 ; or Sandoz, 

containing mainly c lcium lac o-CJlucona te ) . Intestinal 

calc ium absorption f rom th three prep r tion w s nol found 

to d i ffe r significantly . \h t h e h of th thr suptlemenl._, , 

the calculated minim 1 absorption of c l ~ i m w s found o be 

b o ut 100 m on n int k of 500 m o e l rn nt 1 al lUm 

dai l y . A simil r r sult w s obs rv d by R o nd R o (58) in 

a compari s on of 

ca lcium- lactate . 

lcium b sorption froM a l cium-sulph L ·., ;md 

o differ nc w s obs rv d in the a b sorp -

tion and rete ntion of calcium from th s wo salt s when four 

hea l thy , youn g m n rec ived bout 200 mg of c lei n d i l y , 

cons umed with t h e meals . 

Absorpt ion of a single lar e or 1 dos of c l ei r;l­

carbonate containing 4, 000 mg of el mental c lcium w s 

investiga ted by Eps t ein et al . (15) . Ingestion of this 

calc ium salt , at the fasting s tage , caused a ris in serun 

calcium level of the six youn adult sub jects . The nean rise 

in serum ca lcium of 1 . 47 mg/ 100 ml was obser ed at two hours . 
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The same load , g iven with breakfas t, produced a higher me n 

peak value o f 11 . 7 mg/1 00 ml , wi th hypercalcemin sustained 

fo r two hours . 

A single dose of 500 mg o f Caco 3 suspe1 sion a d milt ­

istr ated to 25 male patients with uncomplicated duodena l 

ulcer w s investigated by Beh a , Hit ing , and SP~th (6 ) . 

Serum gastrin and g stric cid outpu t of the sub Jects was 

s light , but id not signific ntly ch nqe the ~~rum calci rn. 

A simil a r rise in serum lcium durin n in tr v nous in f u-

sion o f calcium lucon t f il d to incr as serum '-1 strin 

a nd gas tric acid output . Both intr g s ric alci m · ction 

were aboli s hed by aci i f i c tion of the c lcium- c r bon t 

solution . Unfortun t ly, th eff ct of c lcium s . lts on t 

serum gastrin nd gastric cid output of norm l eop le wa 

not tes t ed a nd/or mentioned in the literature . 

The benefit of c l cium supplcm nt tion on bone 

densi t y was studie by lb nese t 1 . ( 2) . Two qroups of 

healthy females , aged 53 to 88 years, parti ipated in the 

s t udy . One g roup of 17 sub jects wa s g iven a dietary supp l -

ment of 750 mg of calcium as a c lcium- rbon te salt , wi t:h 

37 5 USP units of Vitamin o2 per d y . T e bo!e densit: i ndex 

was 90 . 6 mils , which was close to t t of matching pla._e bo 

gr o up density index of 90 . 3 mils . The diet provi ed calories 

and nutrients well within the range su gested for t is ge 

g roup by the Food and Agriculture Organiz tion of the United 
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Nations . lloweve r , the self - select d calcium in a;..e w s 

40 perc nt of the USRDA . Durinq .:11 averLgc t~st.. f?erioci of 

eleven months , the supplemented grou p maint ined f?retest or 

slightly hi gh r levels o f bone density; where s , the bone 

dens ity of t he p halanx 5-2 deere se significantly ln h 

placebo g roup . During the sam f?eriod, the ser t choles rol 

l e vel decreas d s i gnific n l y in h cxperimen . l qroup. No 

c hange s w r observed in serum <1lciu m nd f?ho.,phorus 

leve l s, C /P r at io, or urin r y c l i m in either th 

mented or plac bo groups . 

supple-

Th effect of l ium 

c holeste roll e vcl w s inve stignt 

u pf?l m nt 

by Bh 

E l e ve n mal s , a d 21 to 26 ye rs , w r 

1.011 on serum 

h ryya et , 1 . (8) . 

in switchb k 

pat te rn diet conta ining either s turat d or pol' ns tur , cJ 

fat , each with two d i fferent 1 v ls of c 1 -- ium . E, cll diet 

was g ive n for two - w ek p riod . One <Jr m of either olcium­

carbonate o r calc ium- g luco! te , in orporatcd into bre<1J flour 

daily , r edu ced the cholesterollevels of t1e subjects on the 

satura ted fat diet. No change in the serum cholesterol lev l 

was observed with the polyuns turat fat Jiets ontainina 

either low or hi g h levels of cal~ium . Also , serum phospho ­

lip i ds a n d tri g lyceride levels were not changed significantly . 

An e xperimental study by Kilgore et al . (36) reporte 

ca lc ium utilization by r a t s fed hamburger f ortified \vi tl 

ca lc i um- carbonate . The patties \vere prepared f rom ground 
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beef . The patties contained th followin g , either singly or 

in combinations : no calcium or 4 gm calcium; no Vitar,lin A 

or 15 ,000 I.U . Vitamin A; no ascorbic cid or 180 mg ascorb ic 

acid . The added nutri nts did nol f fe t the flavo r , t x-

ture , or the coking los s s of f t nc.i watL r . Tre oo k'd 

patties were mix d with buns and mayonn i s c , then fed to 

weanling r ts . Th serum c l c ium lev ls of the r,l ts e tinrr 

hambu rgers supplemented with ca l ci um , w doubled . 

In India , study w s on rned wi Lh t he cnr ichme•u. 

of a rice - based di t with curry powd r , fo rti i e d with 

calcium- c rbonat t th 1 v 1 of 10 or 20 m r 100 qm . 

The addition of c lcium- carbon t e did not ch n the 

acceptability of the pro u t . Threwsnol so nuri'.t s 

during the use of th urry powd r for th prcpa r tlon o 

the nation l dish s (57) . 



CHAPTER III 

PROCEDURES Of THE I VESTIGATION 

The success o f a nutrition l investiqdtion , 

espec i ally a Lal nee study, is entirely d epen nt upon the 

manner and to what degree the parameters o he sl' dy c.:m 

be con trolled . Th t is why ollec tion o th' Liu. tt1 nd 

analysis of it ar given in d tail . 

Progr mming th Investig t ion 

The xperim nt l p rio b CJ n t 7 : 30 A. M. on ia y )l, 

1978 and nd d t 7 : 30 A. t-1 . on June 27 , 1 9 78 . This sec1son 

of the year was espe illy chos n bee us ' th s u j c t · coul 

be expected to be physic lly ctiv nd y t no b f,cc 

with excessive p rspir ion that can occur during th -umncr . 

This time of the y ar w s recomm nded by \or an , Rivlin , 

and Davis (45) . Holid ys were avoi e durinq this period . 

M nagement o f the cts 

Sele ction 

Potenti l subjects we e hos n from a loc~l resi­

dence home for the elderly , orm r participants in cxp0ri-

mental programs at the Te xas \oman ' s Un iversit: and others 

sugge sted by the participants . E c ' sub ject wa ;:, C0!1t.acte 

by a pe r sonal l etter . 

18 
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The s tudy requi r e d tha t t he sub jects me t the fo llow­

ing criteria : be f emale, over 65 ye r s of a ye ; be lll . ood 

health and be free from any k nown maj o r bone disorder , 

gas trointen t ina l di s orJ.e r , o r kidn y d isor d r; h ad n1) maj0r 

su r ge ry o r long-te rm period o f bed r es t for s i x nonths 

p rio r to t he in it i at ion of he s t d y (16) . Ph~si a l ly 

ac tive peo p l e we r e r e c rui t d . ub' c t s were also select~d 

f or a tt i tude (motivation), s l f - disc ipli n . , a11d t h · d>'"'ir~ 

to c oope r t e . 

All s ub jec ts w re int rv i w p riv t ely a nd a 

de t ai l e d exp l a n tion of he pur po s _ and r · ponsi il iLi's 

wa s p r esented . E ch s b · ct iqn o ns n t o m ppro•; d 

b y the Human Re s e ar h R vi w Commi t t of the T x a.s i or.~ n ' s 

University . Persona l in forma ion bou h > d iet r y h<bits 

of subj e cts wa s obtaine d . Su b j ect s elec ~~ \v 're sk d to 

comp lete a three -da y di e t a r y r cord for t h pu r os of 

eva luating the ir approxima t e i nt ke o al ium and other 

nutrients . In a f inal e luat i o n , the s ubj ts we r e 

e xamined by a phy sici a n f or e v idence of phys ica l health 

status . A blood sample was sere n d , sing S ~C (Sequc nrc 

Multiple Analysis by Computer- Technicnn ) . 

Housing a nd Tr a n spor t ation 

Eight females, aged 67 t o 91 _ears , partic ipated in 

the present study . Three o f t he subject s were li i ng in tle 
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Fairhaven Home . Fairhaven is a residence hom for healthy, 

e lderly indiv iduals and is not a care f cili y . Five sub­

jects were living alone at home . All of the subjects c~mc 

to the nutrition Departm nt of Texas Woman's Universi ~, for 

three meals daily , e very day of the w ek . Tcxi1S Won • ...~.n':.. 

University provi ded ir-conditio e transporLJ.tion for r-.hos0 

liv ing at Fairhaven and those living independerttlv. One o. 

the s ubj ec ts drove her own car to th univ 1· s~ty dui y. '''WL' 

subjects l ived within a short wulking- i t il nee of the c~H:\;)\lS . 

Activities of the subj ts w re not r stri ted in ny w~~. 

Dai ly we a ther temperatur s wer r cor d from published 

reco rds and are r porte d in Table l . 

All of th se subje ts w r accus or:1 d to tinq thr >c 

meals daily . As expect d , t he ir ca l cium intak ( fron c i ·l r' 

r ecords) varied from individu 1 to in ividu l . Th rrenc ru l 

cooperative level nd motivation of th subjects wa very 

high . With the exc pti on of p rt kin of n ills , th sub­

jects we re complete ly unrestr i ted a nd ontinu >d their norn~u, 

eve ryday activities . Logbooks mainta ined by all s 1bjects 

(see Appendix A) provided hel pful inform tion cone rn n • y 

possible emotional or physical stresses the subiect en ­

counte r ed . Thi s information wa s of bro d qener l usef lnes~ 

in mot ivat i ng the s ubjects uring the co rse of the 

invest i <}at i on . 
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TABLE 1 

' DAILY ENVIRONMENTAL TEMPERATURE RANGE DURING THE 
PERI OD OF THE CALCIUH BALANCE STUDY 

Temp r ture Range 
(Fahrenheit Degrees) 

Da.te 

Hi ghest Lo~.;rcsc 

May 31 90 70 
June 1 87 68 
,June 2 65 
June 3 88 66 
June 4 
June 5 90 72 
J une 6 84 72 
June 7 87 G6 
June 8 87 63 
June 9 Gl 
J une 10 93 66 
June 11 94 76 
June 12 97 75 
June 1 3 88 70 
June 14 94 72 
Jun e 15 96 73 
J une 16 74 
June 17 91 75 
J une 18 94 77 
J une 19 96 73 
June 20 96 75 
June 21 98 74 
June 22 98 76 
J une 23 1 00 77 
J une 24 99 7 7 
Jun e 25 98 77 
J une 26 97 76 
June 2 7 97 77 

Average 93 72 



22 

Contractual Obligatio ns of t he Subjects 

Although the sub j ects were a l l volunte rs , nddilion~l 

motivat ion was provided in the form of a contract for one 

hundred fifty dollars upon comp l e tion of the study ('"'eL' 

Appendix B and C) . Accordin g to the ter s of the co.1cr .::u: t, 

the subj e cts a greed to i n ge s t th food provide for hem nli 

t o collect daily urine a nd f cal s mples . ubjc ts al-o 

g ave permission to hav blood s mp l es t ket per· odically ~~~· 

well a s mak ing themselves vailabl for X- r ys of th' h ,ln 1. 

sur r vi sion 

Although , in what mi g ht b r f rr to<~ " frc~e 

living" conditions , th s ub j ct s r em incd nd r g~ner 1 

supe rvision vJi th r spect to th · r d i ly t i n hubi t · . Th· 

daily feeding of all sub j c ts w s o b s rv~d by th princiu l 

inve stigat ors . Spe~ial atte ntion was iv•n to the inq .slio1 

o f vitamin supplements and the f c l m rkcrs . SubJects 

ag r e ed not to eat outside o f the laboratory , and wer' 

e ncouraged to report any f o o d ingested other th n th food 

served in the laboratory . 

Basic Design o f the St udy 

The balance study consi s t ed of three , eiq t-day 

cycles . Ei ght subjects were ran o ml y divi e i to two 

g roups . Following a four - day perio of adat tation , :our o 
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the subjects received the expe r iment 1 d i et , whi e the 

second group continued on a c ontrol d i et whi h i r cl uJ.t:ll 

identical food items except f or the b ked products which 

were not fortified with calcium c a r bonate . Af t r the tir ·~ ~ 

cycle was completed, the diets of the two groups w~re 

r e v e rsed . The sub j ects were rtevcr "'':J.re of Limes v1hcn they 

r eceived baked products forti f i d with lcium-carbon< te . 

A Vitamin D supplement , in dJ. i tion to th cnl~ium orti-

f i e d baked produc t s , was ingested d ur ing th 

e xpe rimen t a l period by 1 1 sub j c t s . II 1 o 

fi n l i ghl-d.ty 

ferol tablet , about 200 I. U. , was g ive n at br ak ast t o ',,·h 

subjec t. 

Dietary Pl n 

A three-day menu cycle w s us Certain v q -

t a bles , such a s spinach nd l egumes, \ver 'XC lud bee usc 

of the relationship to calcium abso r pti on (2 1 , 47) . The 

master menus p rovided a s u fficient amount of kilocalories , 

protein , fat, carbohydrate , vi tamins , and Mine r a ls fo r wonen 

o f this age g roup (see Appendix D) . utrient content o~ the 

three-day maste r me nu cycle is s ho\ n i n T blc 2 . Dur ing tile 

ada ptation period , there was a s al l c ange m de in the 

a mount o f f ood s e rved for two sub jects . This change \ a s 

provided to satis fy their hunge r and c ur r ent eati g hab i ts . 



TABLE 2 

CALCULATED * NUTRIENT CONTENT OF THE MASTER HENU 

Day l Day 2 Day 3 
Nutrient 

Unit % RDA Unit % RDA Unit % RDA 

Kilocalories 15 08 8 4 1 57 6 88 1 549 86 
Protein (gm) 65 140 63 136 57 124 
Fa t (gm) 53 -- 61 -- 5 4 --
Carbohydra te (gm) 163 -- 19 8 -- 218 --
Phosphorus (mg ) 91 2 114 832 1 04 797 100 
Vitami n A (I. U. ) 3199 80 601 5 151 3 403 8.5 
Iron (mg) ll 105 9 9 3 12 121 
Thiamin (mg) 0 . 96 96 0 . 92 92 l. 05 10 5 
Riboflavin (mg ) l. 47 13 4 1.18 107 l. 34 12 2 
Niacin (mg) 17 . 48 144 14 . 21 118 12 . 42 104 
Vitamin C (mg) 93 206 9 5 211 104 231 
Calcium* * (mg) 495 62 67 0 8 4 577 73 
Vitamin D (I.U . ) 81 -- 56 -- 56 --
Calcium (mg) (diet 

plus fortification) 908 114 1078 .!.34 1022 128 
V1tamin D (I.U . ) (diet 

plus supplement) 281 -- 256 -- 256 --
--- -

Ohio State Dietary Data Uasc (54) . 
**A tomic Absorption Spectrophotometer (Perkin-I:lmer Hodel 3')3) . 

N 
J>. 
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The nutrient int ake of each individua l was kept as const n 

as possible on a day-to-day basis. 

The control diet provide d abo u t 426 to 508 mg of 

calcium daily, calculated according t o the Ohio tat 

Di e tary Data (54) . The experimental d i et contain ~d approxi ­

mately 500 mg additional el men al calcium from the fort~ ­

f ied baked products . One serving of each of th bak d p ro~ 

ducts , as shown in Table 3, did not excee 1 75 mq of calcium. 

The subjects were f ree to use s ugar , suga s ub ti­

tute,1 non-dairy creamer,2 blac k p pper , salt , vincg r , an~ 

lemon juice with the meals if they so esi r ed . Subj c ts 

we r e free to take any prescribed me i i ne . A f w of the 

subjects received drugs for high blood p r essur 

scribed by their personal physicia n . 

Food Prepa r a t ion 

s pre -

The foods fortified with c alc i um- carbon te in-

eluded yeast rolls and chocolate- chip , sug r , and oatmeal 

cookies . These products were pr e pa r ed i n the r esearch 

kitchen of the Nutrition Depa rtment of the Texas Woman ' s 

University . The recipes are given in Appendix D. The 

additional amounts of calcium-c arbo nate were based on one 

s e rving of the products . One serv ing provided pproximate ly 

150 mg of elemental calcium . Table 3 give s the calcium 

lsweet 'n Low: Cumberland Packing Cor p ., Brooklyn , 
N. Y. 11205 . 

2Non - dairy Creamer : Luckerne , Oakland , CA 94660 . 
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TABL 3 

CALCIUH CONTENT OF ONE SERVING OF BAKED PRODUCTS 
SERVE D TO EIGHT HEALTHY ELDERLY WOME , AGCD 

FROM 67 TO 91 YEARS , DURI G CACH 
EXPERIMENTAL PERIOD 

Food 

Chocol ate Chip Cookie 
Chocolate Chip Cookie 

with ca l cium­
carbon ate 

Sugar Cookie 
Sugar Cookie with 

calcium-carbonate 
Oatmea l Cookie 
Oatmeal Cookie with 

ca l cium-carbonate 
Yeas t Rolls 
Yeas t Rolls with 

calc ium-carbon ate 

e vinq Size'! 
( Uncooked 

doug h) 

gm 

21 

21 
20 

20 
20 

20 
4 0 

40 

An l ysis of Ca.Jcit:Pl 
Content of Baked 

Prod 1c t.3 

AA. * cu. l cul~teu** 

J'Tlq lllq 

7 7 

148 1 55 
1 5 16 

lBfl 1 J 
8 

14 0 1 5 7 
24 21 

l 0 172 

*Atomic Absorptio n Sp ctrophotom t r (Perkin-Elmer 
Model 3 03). 

**Composition of Foods , Agr ic l tur 1 !ian b ook to . 8, 
Agr icultural Research Service , USDA (71) . 
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contents of the baked products. The un coked d o ugh was 

weighed in individual serving sizes befor being bak d . 

The products we r e kept in a freezer until they were o be 

served . 

Groceries f or the meals we re ouqht by contrac t 

from a local supplier. In order to keep the s me br nd 

names and batches , frozen dinners , cann d veg tables , 

f r ozen f ruits j uice , and cereals were purchc.1 sed , t one ti'110 . 

Fresh vegetables (tomatoes and 1 ttuce ), nd fruit s ( pplas 

and bananas) , mi l k , and bread were bought 

Foods , except f or those foods p ck 

such as frozen dinners , mayonn is , su r , 

accurately we i ghed on a Hanson dietetic 

s n d . 

din ividu l!.' 

'-- . , we r 

shortly be ron.! 

servin g . Cookies were brou ht t o room temp•ratu s hortly 

before serving , but the yeast rolls w re wnrm d in mlcro­

wave oven. 

Calcium content of the foods for which the f o o d 

composition values (71) indi ated over 50 M in a 100 gm 

port i on was a nalyzed by the Atomic Absorption Spectro­

pho tometer . Table 4 gives the calcium c ontent of the foo s 

served during the study . The foo s ples for analysi s 

were taken during the first days o f t he study . Sam l es for 

baked p roducts were taken randoml y from he bat he s o: bal·ed 

p r oducts . The samples were stored in a plastic bag and .·ept 

in t he f r eezer . 
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TABLE 4 

CALCIUM CONTENT OF 100 GRAMS OF EDIBLE FOODS SERV~D TO 
EIGHT HEALTHY ELDERLY WOME t , AGED FROM 67 'l.'O 91 

YEARS, DURING EACH EXPERIMENTAL PERIOD 

Foods 

As paragus - -canned 
Bacon 
Beans--green , can ned 
Beef--ground 
Beef- - r oas t beef with 

gravy , frozen 
Bread--white , enriched 
Chicken - -whole , dark and 

white 
Cornflakes 
Cream of wheat , prepared 

with wate r 
Cake --pound 
Crackers- - graham 
Eggs - - scramb l ed. 
Ham- - cold cut 
Ice -cream--vanilla 
Macaron i and Che e se - - f rozen 
Milk- - nonfat , f l u id 
Peas --canned 
Potato--new , boiled, canned 
Po tato--mashed, prepared 

Salami 

with water , mi l k , 
and fat 

Spaghetti with meat bal l s 
Turkey with g r avy- - frozen 
Turnip greens - -frozen 
Vani ll a Wafers 

Analysis of C;1lcium 
Content of Foods 

MS* 

mg 

15 
31 
39 
22 

16 
93 

11 
22 

20 
76 
9 0 
45 
45 

114 
115 
138 

26 
12 

16 
44 
17 
26 

124 
97 

Calcula tc!cl * ... 

P."l(j 

19 
14 
45 
12 

lG 
6 

10 
17 

79 
88 
45 
10 

78 - 146 
181 - 83 

143 
25 
10 

10 
14 

5 - 45 
10 

118 
41 

*Atomic Absorpt i on Spectrophotom ter (Perkins - ElM r, 
Model 303) . 

**Composition of Foods , Agricultural Handbook o . 8 , 
Agricultu ral Re sea r ch Service , USDA (71) . 
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Analytical Procedures 

Collection of Ur inary and Fee l Samples 

All urine and fecal samples were collected during 

the e ntire period of the investigat ion. Fecal and urin" 

samples were col l ec ted s eparately in special po l yproyl nc 

containers (Specipan ) whi ch were p l aced beneath the commode 

lid. This facilitated the e a se of s mple collection. 

Subjects brou ght urine samples a nt ined in pLtst i ,' 

bottles to the laboratory . All urine s mpl s for a q1ven 

subjec t, for the same 24-hour p rio , wer poo l cl j n 

l arger bott l e a nd kept in th re frig r tor . A f 'w rops c 

acetic acid were dded t o ach s mpl . Af t r he o l 

24-hour sample was collected t ot l volum w s ord d nd 

an a liquote was placed in small p l sti bottl nd 

frozen for chemi cal analysis. 

Aut oc l aved Ca r men Red Dy in N mb r 0 gelatin 

capsul e s was used a s fecal marker to s p rat ch exp rl-

men tal period . Fecal samples were d posited upon sheet 

of a luminum fo il within the Specipan . E ch specim n was 

then placed in a plastic b g and l belled with the nam~ of 

the s ubjec t and t he date o f coll e ctio n . Fo r days o: fecal 

samples for each i nd ividual were poole and b l e1 e \vith 

the addition of equal or double amount by weight of 1 s -

tilled wat er . An aliquot was taken in a Ja r an frozen 

for f urthe r c hemical analysis . 
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Chemical Analysis 

Calcium con tent of metabolic body ex retion and 

food samples was analyzed by a procedure using ~ e Atomic 

Absorpt ion Spectrophotometer Pelkin-Elmer Model 303 (56) 

a nd/ or by methods adapted from Robinson (62) and Hednle ' , 

Recker and Saville ( 26). The S<lntples were burned ir. .1\tom:L• .. : 

Absorption Spectrophotome ter a f ter t he fi n<1l d · lu Lion \vi Llt 

0.5 percent l anthanum- oxide . 

Urine Ana lysis 

Urinary calcium content w s et rmin n duplicdt . 

for each subject every d y . Two millilit . rs of the rin 

sample were diluted up t o 100 ml Hith 0 . 5 per ent l nthc.~num 

oxide as the di r ect ion g iv n by th l\tomic Absorption 

Spectrophotometer (56) . 

Creatine excretion of each subj e t w determine 

in order to check validity of the tot 1 vol me of 24-ho r 

urine. A modificated Folin ethod (4) was ppli d . 

Fecal Analysis 

Fecal calcium excretion of e ch su ject for ~our-

day periods was determined . Duplicate sampl e s , pproxi -

mately 5 gm , we re p laced in an acid was ed porcela in cruciLle 

and burned overnight in a high temperature oven (approxi­

mately 500° C). The dry ash was dissolved ln pproximately 

15 to 20 ml of 6 N HCl , then filtered thro· gh a ~haltnan 

No . 42 paper. The filtrate was collected i a 100 ml 
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volumetric flask , brought to the f inal volume with 0. 5 per­

cent La 2o3 • Further dilution wi t 0.5 percen L 203 was mad8 

up t o 1:100 dilution in duplicate from each sample (56 ). 

Blood Analy s i s 

A f a sting blood s ample o f ea h s ub ject was d awn 

at t he end o f each experime n tal pe riod . Approximately 5 ml 

of b loo d were drawn each t i me with t he e xcepti on of 10 ml at 

t he final test peri od . Serum was prepar ed i mmedi tely uft~r 

the blood was drawn . 

Ca l c i um analysis . For the c a lcium determin t ion , 

s e rum prot e in wa s coagulated by 10 pe rce n t of TCA and hen 

0 . 1 ml of s e rum was di luted t o 1 0 ml wi h 0 . 1 perce n t 

La 2o3 fo r a na l y sis with an At omic Abs o rp t ion 

Spectropho tome t e r . 

Phosphoro us ana l vsis . Serum phosphorous of each 

subject wa s assessed in duplicate or t r i plicate by modi ­

fied molybdate , Fiske and Subba r o us method (4) . 

Alkaline p h ospha t e a nalysis . Total a lkal ine ­

phosph a t a s e e nzyme ac t ivity was determi ned in triplicate by 

u s i n g t he k its of the Sigma Che mica l Comp any (65) . Fresh 

serum was u sed e a ch t i me , wi t h one excep tion , on June 19 , 

1 9 78 . This t est was repeated . 

Alkaline phosphatase isoen zyme s paration. The kit 

of Helena La boratory wa s use d f o r a l k al ine phosphatase 
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isoenzyme separation. Five micromilliliter of fres h serum 

was dropped over a cellulose ace t ate plate and substrates 

were prepared f or visual and densi tometric e . amination . 

Isoenzyme bands were scanned in a densitom ter of Quick­

Scan with a green filter (nm 510) ( 2 7) • 

Food Ana l y sis 

Approximately 5 grn of the food sampl s in dupli­

cate we re burned overnight in a high temperature ov n at 

400-500° c. Dry a sh from the samp l es was dissolved with 

approximately 15 to 20 ml of 6 N HCl nd filtered t h roush 

Whal tman No . 42 paper fi ltrate paper into a 100 ml or 50 mJ 

of volumetri c flash, brought to the final volume with 

0.5 percent La 2o3 . Further dilution with 0 . 5 p rcent 

La20 3 varied from one f ood item to an other , based on the 

possible calc ium conte nts . 

Milk and Ice Cr am Analysis 

Fr e s h mi lk and f rozen ice cream sample s we re pre­

pared in triplicate for determination of c a lcium conten t . 

Approxi mately 5 grn samples were coagu lated by 50 ml of 

24 percent TCA (w/v) in 100 ml volumetric f l ash , and bro aht 

to volume with distilled water , t hen f iltrated thro gh ~malt­

man No . 42 fi ltrate paper . The 5 ml aliquo t of t he fil ­

trates was diluted with 0 . 5 percent La 2o3 , in duplicate (56) . 
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Bone Density 

Roe ntgenograms o f t he le f ~ hand o each su~ject 

we re made at the end of each e xpe r i mental per i od in order 

t o asse ss bone d e n s ity . Texas Woma n' s University bone 

density assessment method \-vas appl i ed ( 5 , 7 3) . Roen gena-

g rams were made with a six-kilovo l t pe k GE on Impe ·i~l 

Unit and Kodak Industric TRE X f i lm AA 2. An lumint m alloy 

we dge was placed adjacent to the hand . By u s ing the Joyce 

Leob Microdensitometer , 3 CS , three single d nsitomctric 

s cans wer e made a cross the roe ntge no r m of th non-inun '1"!; 'O 

middle p halanx o f the little finger . Th s scans we re : 

approxima t e ly 1 mm di stal , anoth r 1 mm proxim 1 e nd , und 

the third at the mid - shaft o f the p h 1 nx . 

Radiologic c ortical thick ness of r1 t ca rp 1 III-2 

a n d III-4 of the left hand we r e a lso et r .:1in d . Poster -

a nte r ior radiog r aphs of the l ef t han o f he subicct were 

pro jected at a magnification of appr oximat ly 10 times onto 

d r a wing paper and the proj e cte d ortical limi ts of the 

me tacarpal III - 2 a n d III-4 were ma rked in ink . 

mill imeter ruler , thickness o f the "medial " an 

\Vi th a 

"1 ter l" 

cortices of the shaft at t he c or tex were me s ure , then 

divided by the latera l diamete r of t he sha ft at that level. 

This fraction was multiplied b y 1 0 0 (5) . 
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Calculations of Bal a nce 

The followi ng formula was u sed t o ca l cu l ate th~ 

calcium balanc e of s ub ject s pe r day . 

Calcium 
Balance = Intake Calc ium (a c tual) - Output Calci~ 1 

(Urina ry + Fecal) . 

The calcium intake o f each subjec t was ba sel on tie 

chemical analys is (by the Atomi. . Absorption c}J ctroplo-

me ter ) o£ the foods se rve d during h s udy . Similarly , Lhe 

calcium excretion , v i a f e cal a nd urine o f each s bjcct , wns 

analyzed and calculated by th s me ch mical m th d. 

Statis tica l An l ysis 

The nutri en t conte n t of th m nu s nd th thre - d<~y 

d i etary records of the sub jects w re omp u t d by Ohio S ate 

Nutrient Anal ysis (54). 

In order t o detec t signific nt d i rer nces b tween 

the d i etary t r eat ments (low calcium ; lcium- carbonatc 

for ti f ied baked p roducts ; and calcium- c rbonate fortifie 

baked products , with Vitamin D supp lem n ation ) , a s i ngle 

factor analysis of variance test , with repe ted Me sures, 

was used . This p roce dure was a pp lied t o he eval ation 

da t a for blood , calcium , phosphorous, c lc·um to hosphor -

ous ratio , a nd t otal a lkaline - phosphata s e enzyne a t ivity , 

as well as to the ca lcium balance s a nd bo n e en s ities . All 

the data we re analyzed b y Tukey test at P = 0 . 05 level. A 
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regression lin e for the amount of calcium intake ver~us 

calcium balance was obtained for each subject in ivi~ually . 

Simpl e correlations were calcu l ted for each subject 

between the three-day dietary records and calcium bal3nce 

at t}le adaptation period , and between the three- d y dietary 

record a nd bone dens i ties . 



CHAPTER IV 

RESULT AND DISCUSSION 

Calcium Balance 

Fort i f i cation o f baked p r oducts with c l clum­

carbonate improved calcium rete nt i on by the subje c ts. 

Ta ble 5 summarizes the calcium ba l ne e of the s bjec s . 

Six out o f the eight subjects were in neg tive balan~e 

d uring the adaptation period . Based on t h th r e-ddy 

di e tary r ecord for e ach subject ca l l .::t d before tile 

study , the average intake o f calcium WR i n th rRnqe oF 

213 to 118 1 mg daily . 

The corr elation between pre viou di tary ir t kc 

and calcium balance during the d p t tion p r iod wns 

modera t e (r = 0 . 602) . Subjects who ha previously con ­

sumed more calc ium-rich f oods xhibi te gr' tcr n otive 

balance . 

Figure l illustra t es c a lcium balance for both 

expe rimental groups f or each eight - day experimental pcrind . 

Significantly more calcium was reta ined by t~e subjects o 

Group I, who were continued o n the s ame control diet f o l-

lowing the adaptation period . The c lcium b lance of these 

subjects improved significantly , when t ley were fed the 

36 



TABLE 5 

SUMMARY OF THE CALC IUM BALANCE OF EI GHT HEALTHY ELDERLY WOMEN , AGED FROM 
67 TO 91 YEARS , DURING EACH EXPERI!v!ENTAL PERIOD 

--- - - - --- - - - - - - - - - - - -

Experi menta l Periods 

Hi gh Calcium 
Lo w Calcium Hi gh Cal c i um with Vitamin D 

Sub jec t Adapt at i on 49 7- 670 mg 408-10 78 mg 908-1078 mg Ca , 
No . 497- 670 mg Ca/day Ca/da y 200 r. u . v it D 

Ca/da y Da y 

r-

First Second First Seco nd F i rst Second 
4 Day 4 Day 4 Day 4 Day 4 Day 4 Da y 

Gr o u.e I 

I 3368 - 12 + 50 +185 - 16 +281 + 68 +257 

3 37 0 - 108 +184 + 68 +3 81 + 295 - 161 +148 

3372 + 22 - 23 - 20 +294 + 41 
I +3 08 +153 

3377 - 365 - 339 - 62 +1 99 +531 + 2 +151 

MPan - 116 - 3- T 4 3 +215 +149 + 54 +177 

Gr OUl) I I 
3369 - 328 +15 7 +191 + 539 + 4 4 +2 75 +393 

3371 + 45 +174 +114 

I 
+261 +24n +1 6'") -.- 24 6 

3 374 - 83 - 1)1 +149 + 35 +48 .... +1 20 +418 

33 7 c; - 401 - 261 - 83 +144 + 17 +267 - 17 

Medn I -192 - 8 + 92 + 24 5 + l9 S~ +208 +2(,0 

Group M•· •1. -154 - 20 + G3 ·')")'] +174 +131 +219 t"L...J""' 

Grout > "le,u• +:'2 +:J£. I +1 7 5 
fot ( j ,JL!ys I 

I 
~-

w 
-...) 
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high calcium die t. Subject 3368 was in negative balan e 

during the f irst f o u r days of t he high calcium die t. '::'his 

negative balance could possibly be attrib te to emotion 1 

stress, since she h ad reta ined significantly more cal~ium 

during the following four day period on the same diet. On 

the other hand, Group II, the s ub jects who r ceived the 

high calcium die t during fir s t experim nt l p riod, had n 

sharp i ncrease i n cal cium balance . Th c lcium bal 1 e 

declined s i gnificantly when th sub jects wer swit hed lo 

the low calcium die t . Figure 2 il lustr t s th c alc ium 

balance of both groups during each of tl four ' xperim n ~ 1 

periods. 

Calc ium retention of the subj cts at the di .c ren t 

experimental periods varied f r om on individu l to no th r . 

For this reason , Figures 3 throu h 10 re iven t o how 

patt e rns for each subject . 

The add i tion of 200 I . U. of chol calci ferol 

(Vitamin D3 ) supplementation to the hi h lcium diet h 

no s i gnif i cant effect on the calcium retention whe n compar­

ing to the h i gh calcium die t alon . Tl re was a larqe 

variat ion in calc ium retent ion amon g the s bjec ts during 

the Vitamin D supplementation period . In f ct , two s b ­

jects, 3370 and 337 7, showed a d cline in al iu~ retentio 

during this period . Sub ject 337 7 had mil gastro­

intest i na l discomfort and slight iarrhea urin this time . 
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This condit i o n could reduce cal c i um and/o Vitamin D 

absorpt ion . Howe ver , no clear exp l anation was evident in 

t he case of Subjec t 3370 . 

In a study by Lutwak (39), a group of fou r pat i ents 

with osteoporosi s did not show a r e sponse to calcium sup­

p l ementation alone . The sub jects r etained more c 1 i um 

when the Vita mi n D supplement was given or lly , in doses 

of 5,00 0 t o 10, 000 I . U. daily . Calcium r t ntion of one 

subject , who h ad s hown adequate retention of 1 ium with 

increasing intake of c alc ium, did not improv wh n the 

Vitamin D suppl e me n t was g i ven. 

In t h e pre s e nt study , t he r esults o ! Vit min D ad i ­

tion to the die t wa s unexpected . One might sup ose th th • 

subjects had a s u ff icie nt amount of diet ry Vitamin D in ak 

and/or exposure to sunshine . On the other h nd , the dosag s 

of Vitamin D suppl ementa tion to enh nee c lciu bsorption 

in t he Lutwak study (39 ) was considerably hi g h r th n in the 

present study . The s ug ge sted mount of itamin D supple­

mentation given i n the litera t ure ranges from minimum of 

1,000 I . U. to 400 , 000 I . U. o f e r gocalciferol per ay (39 , 

52) • 

No rdin e t al. (51) observed t hat the sub je ts over 

70 years o ld showed no r e s ponse to t he a dition of 1 , 000 I . U. 

of Vitami n D daily . A si gn i ficant response to 1 0 , 000 I . U. 

dai l y a n d a fu r t he r imp r ovement in the response to do sa s 
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of 20,000 I.U. daily was shown. The investigator s suggested 

that the malabsorption o f calcium in elderly subjects is not 

simply a mat t er of Vitamin D defic iency, but may inc l ude 

Vitamin D resis tance . 

The response of some of these subjects ·o Vitamin D 

supplementa·tion may be the result of using Vitamin D3 in he 

study. Small amounts of Vitamin D3 may be more effective 

t h an large amounts of Vitamin o2 which ha s been used in 

many studies. 

Urinar y Calcium Excretion 

The urinar y c a lcium excretion of the sub j _cts w· s 

much lower than the values observe d in the li r t u r . The 

average urinary and fecal calcium excretion of t he subj cts 

are given in Table 6. 

The collective data for urinary calcium e xcretion 

reported in the literature for healthy eld rly females 

ranged from 50 to 250 mg daily (46) . In t he present stu y , 

urinar y calcium excretion was greater when t he subjects were 

on the high calcium diet (8 2 mg/day) than when the wer on 

the low calcium diet (57 mg/day) . The difference , howe 'er , 

was not statistically signi ficant . Heane y , Savil l e , and 

Recke r (24) observed that dietary calci um intake at normal 

levels has a slight effect but excre t ion is sig ificantly 

elevated when high absorption is forced by very i gh i takes . 
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Subject 
No . 

Adapt•tion 
497-670 ""l 

Ca/d•y 

3 168 49 

3369 4) 

) 370 168 

ll7l 6J 

33 72 40 

3J74 18 

))75 63 

))77 29 

"""" 59 

ThB:.E 6 

AVERAGE URINARY .-.>10 f'f;CAL CALCIUM EX~R£'I'JON OF £IGHT tiEA.LTHY ELDERLY ~~ 
1.GP.D :'RO:-t f)'7 TO 91 YEA RS , WRING EACH EXPERIMENTAL PERI OD 

Urinary Calci um Exc retion Pec al Cd.lcium Excretion 
eng / day 10<J / day 

!-liqh C" l ClllJII 
Low Ca. l c lwn Hl qh Calciua "i ith Vl t. unin ::" Adapta tion LeN Ca lciua Hi gh Calci~ 

49 7- 6 70 lolq 90&-1 07 8 '"'l 908- 1079 ~r.q 497 - 670 ""! 497-6 70 nog 40 8-1 078 ""! 
Ca/ d .sy Ca / day Ca / d a y Ca / day Ca./day Ca / d a y 

200 LU. / O• y 

68 10 79 ~01 )87 80 7 

Jl 76 fl 8 40 36~ 633 

165 20 5 195 52 ~ )2 4 47 ~ 

45 92 82 4 50 ) 77 67~ 

44 52 4 J 518 ~64 78) 

2l 21 28 628 534 764 

55 8~ 71 89 5 698 945 

29 54 2 1 99 7 75) 585 

57 82 72 651 479 708 

I --L____ 

High C•lciua 
._ith Vitudn D 

9 08-10 78 .go Ca., 
200 I.U. Vit 0 

Day 

727 

~98 

8 24 

710 

729 

706 

807 

860 

7 4 5 

lJ1 ..... 
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A number of die tary factors af fect urinary calcium excre­

tion . The effect of protein and phosphorous in take are 

we ll known . A large dietary intake of protein increases 

urinary calcium excretion (74). The rat io of dietary 

c alcium to phosphorous is another fac tor that affects 

calcium excretion. An increase in c alcium intake , withou 

a proportional increase in phosphorous intake , is refle teJ 

1 n g r eate r urinary calcium excretion (31 , 60) . Therefore, 

in the present study , the diet o f the subjects was k pt 

constant during each experimental period f or 11 nutrie11ts 

except for calc ium. 

A numbe r of studies have obs rv d th t r u tion 

of c alci um intake lead s to a r eduction in urin ry lc·um 

e xcre tion (3 2 , 49 ) . Furthe r more , the h n in ur inary 

calc iun correlate s with a change in calcium bsorption 

rather than with a change in calcium int ke (46) . 

Low calcium excreti o n of the sub j cts 1n the pres n 

study may be r ela t ed t o their calc ium intake . E en though 

they received a bout 1,000 mg of c lcium p r ay , this mont 

mi ght be less than bodily needs . On the other h nd , the 

creat ine excretion in urine f or these subject s was also 

lower t han sugge sted normal values. Both urin ry cal iun 

and c re a tine exc retion of the sub jec t did not dif:er sig ­

n i fic antly from day to day . 
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Fecal Calcium Excretion 

The level of calcium intake affected ca l ci m excre-

tion in the feces. The low calcium diet resulted in sig-

ni f icantly less fecal excretion of calcium than t h e hi qh 

ca l cium diet or the high calcium diet with t h Vitamin D 

supplementation. Dur ing the ad ptation p riod, the fee l 

ca l c ium excretion was gre ater than the die ta y lcium 

intake . The differences could b e ttribu ed to ndogenons 

calcium or that calcium of the digestive j u i e whi ch i not 

r e absorbed. 

App arent absorption of c l c ium w s cal ul 

the fol lowing formula (58): 

Percent apparent = Intak 
Ca l cium absorption 

d usinq 

Apparent calcium absorption during the low c lcium diet w s 

12.9 percent . The absorption was in r as d signifi antly , 

up to 29.2 percent, on the hi g h calcium diet , nd sli htly 

reduced to 25.6 percent when Vitamin D supplement \v s qiven . 

Hi gh c alcium excretion d uring the hi gh ca l lum 

intake has been explained by Spencer et al . ( 68) s ue to 

absorbed cal c ium, not to increased excre tion o en ogenous 

feca l calcium. An experimental study r epo te by He ne' ~ , 

Saville, and Recker (24) with ove r 18 0 a lt hum ns, emon -

strated that high calcium intake pro ides mo re a ilab e 

calcium for abs orption in the gastroint stinal tra t . 
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Intake ranging from 0 .163 to 7.48 gm, calcium per day 

increased calcium absorption. Furthermore, 't w s demon­

strated that active transport (i.e., saturable at high 

intakes) wa s greater for any given perfusate concentra­

t ion , in subjects who had previously adapted to a ow 

calcium intake. 

Nordin et al. (51), on the basis of 57 balance 

studies, reported that net absorption (ingested ca l cium 

minus fecal calcium) increased as the level of dietary 

intake of calcium increased . Maximum absorption capacity 

of normal subjects for calcium was thought to be 10 to 

15 mg intake per kg body weight. 

The addition of 200 I . U. of cholec lciferol to the 

high calcium diet in the present study , increased calcium 

excretion slightly, but the increase was not statistically 

significant. In other words, the apparen t calcium absorp­

tion was 25.6 percent, which is less than the 29 . 2 percent 

absorp tion on the high calcium diet a lone . That an admin­

istration of Vitamin D increases calcium abosrption has been 

well documente d (13, 30). The conflicting results for 

this study could be explained as follows : (1) the endo -

genous calcium excretion may have been altered, thereby 

i ncreasing c alcium excretion, and (2) the more reasonable 

response s of two subjects (3370 and 3377) may h ve decreased 

the average for the group . These two sub jects s howed 
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decline in calc ium balance . Whe n the s e s u b jects are 

e liminated from the data, the ave r age of the g r oup be com·s 

7 6 7 mg instead o f 708 mg for the high calcium diet . The 

7 4 5 mg f or the h i gh c a l cium d i et and wi t' Vi tarr.in D \TOUlc! 

c h ange to 712 mg. 

Calc ium Require m nts 

The minimum calcium requiremen t t o maintain cc1lcium 

equilib rium for these sub jects was e stima t e d t o e 640 m'J 

per day . Th e information obtained from i nd i vidu l r qrcs -

sio n line s for calcium intake wa s platte ga i ns t c l·ium 

ba lance (F i gures 11 th rough 18). Ther i s a wid' v ri Lio·1 

amon g t h e subjects of 14 2 mg to 8 8 3 mg p r d y to 1 in tain 

ca l c ium b a l a nce. Actually , some subjects wcr i nc tivc 

b a l a nce when they received 550 mg calcium p r y . Thi · 

r esult is n o t different from tha t reported in tudy by 

Stegge r d a a nd Mitchelle (69). These investi ators observe 

t he e ffect of hi gh and low d i e t ary f a t int ke on calcium 

metaboli s m. Calc ium balance s tud i e s we r e obtaiie f rom 

6 5 obse r vati ons made on 13 me n at inq controlled iets for 

a period o f ei ght to 20 days. Th e re g r e s sion line wa s 

p lotted for cal c ium intake (mg) a g a i n s t calci m ret ntio1 

(mg/kg/ d a y) . Calcium balance r anged f rom -2 . 70 to +1 . 99 

mg/k g/day. Posit ive balance occurre d ith intakes s low 

a s 2 t o 3 mg/k g , a n d ne gati ve bal a nce we r e o ser e wi h 
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intakes as high as 10 mg/kg. The regre s sion line i nd i cated 

that for th~se male subj ec ts, aged 1 9 t o 44 ye rs , the mean 

calcium intake necessary for e q uilibrium was 7 . 40 mg/k g body 

we i ght. The ave r age body we ight of the subj ecLs wa 71 . 5 

kg; thus the average calcium i ntake would b e 529 mg per cl.::ty. 

Irwin and Kienholz (30) reporte d data o btain ~n 

the study of controlled dietary calcium intake n e cre­

tion for 10 inmates in a Pe ruvian prison . Th calcium 

r equ iremen t for e quilibrium for these men w s c lculat\.~r n 

r a nge from 0 to 596 mg/day, with an average o 216 mg calci L1:11 

pe r day . These investigators reviewed anoth r stu<...ly, cot­

d ucted with 36 men . The r egr ession q u tion indic ted Lh l 

a ca lcium intake of 600 to 700 mg per y w s n cess ry for 

equil ibrium . 

An early study was conducted by Ac · rm nn and Taro 

{1 ) , with eight e l de rl y wome n, aged 48 to 80 years , to 

determine min i mum calcium i ntake requiremen s . The qua ­

ti o n line was p lotted fo r the intake of calci um in mg/k 

body we igh t . The equi librium value was found to be 16 . 7 

mg/ k g/day (i.e., approximate l y 92 7 mg/calci /<...l y). Tho ·c 

s ubjects were free from any i nfectious disease, but ne 

had a marked os teoporosis, and three s b j e cts we re low i 

renal clearance . They had received 150 to 250 I . U. o 

Vitamin D per day , the amount given being based on body 

weight. A high calcium intake f or the sub je ts \vas o tained 
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by addition a l calcium- gluconate, equ i v alent to 255 mg of 

c a l cium pe r day. Duration of e a ch e xperimenta l period was 

40 to 6 0 d ays. All subjects were p l aced on the high 

calcium die t during the experime n t al period . T e efore, 

t he data d o not c on firm the l e v e l of ca l cium intake es sen­

t i a l for equ i lib rium s ince the d uration of the experi mc 11 t a l 

per i od wa s t oo l ong and the calcium conte n t of the i e t d 1d 

no t vary . 

Con s ide ration o f the pre vio us diet ry calci um 

in take of an indiv idual i s import nt to stablish the 

minimum r equire me nt . Among the s ub jec ts f th present 

study, t ho s e p revio usly ac c ustomed t o c onsuming mo re diet tY 

c a lc i um , required more calcium t o maint in b 1 n The 

degree o f correlation be twe en t h e thr e - ay d i eta y 

reco rds and calcium balance , ho weve r , was not hi h 

(r = 0.478) . The t hree - day dietary record of few o f the 

subjects was not r e p rese ntative o f their usu 1 iets . 

If the sweat loss e s of c alci um are included in the 

ba l a nce calculations, the amo un t o f calci intake to mai n -

t a i n equilibrium would b e higher . The calci m b 1 n e 

studies in t he lite rature, generally , di d not inclu e rm 1 

c a lcium l osses . De rmal calcium losses n er igh sweacin g 

c o nditions can be a serious p r ob l em . Calci m can be lost 

thro ugh the s k in, up to 30 percent of t he da i l excre­

ti on (11). Howe ver , dermal c a l c ium l osse s c o uld be 
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ne g ligible under nonsweating conditions. A recent stud b y 

Gitelman and Lutwak (19) dete rmined a 15 . 8+ 10.8 mg C3/day 

derma l calcium loss in four e lderly wome n with osteoporosi s 

and one with osteitis deforma ties , under non- sweating con<ll­

tions. This result was close to the 20 mg Ca / day suggested 

by Irwin and Kienholz (30) and b y Len th r et ul. (J8). 

Gite lma n and Lutwak (19 ) also found no corr 'l tion b >twcer1 

measured body dermal loss and body s ize , d i et ry intuk , 

urinary exc re t ion , mineral bal nee, o r miner l content of 

forced sweat. 

The sub jects in t h e p rese n t study did no t f c L 

sweatin g problem . The estimated d rmal los s c o 20 m 

cal cium in a d a y would be a reaso n able moun t of nn l 

l oss fo r these sub jects . This amoun t i s i n l udc in tl 

calculation of the recommended amount o f d ily calcium 

intake . 

Daily recommended calcium int k e for th sub ·e ts 

wa s estimated to be not more than 1 , 000 mg . Th ano nt o 

dietar y calc i um intake to provide calciu b lane rl g 

the adap t ation period ranged from 513 mg t o 958 g of 

ca l cium per day with an average o f 716 m_ of cal ium d , il~·. 

With the possibility o f a 5 percent error (38 ) and tl c 

es timate d 20 mg daily dermal losses , t he minimu dail, 

calcium r equi remen t of the sub j ects was approxi 

of calcium with a r ange of 559 mg t o 10~ mg . 

el 771 mg 
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The subjects who required l e ss c a l cium int ke o 

maintain calcium balance had low bone densi ty of 

phalanx V-2 which will be discussed late r. On ly t wo of 

the subjects who required over 900 mg o f calcium p r day 

had desirable values for bone densi t y . herefore , 1 , 000 

mg calcium per day is the recommended am un t to main in 

calci um nutriture and prevent osteoporosis for these su -

jects. The results of this study , although co n f i ned to a 

small group of subjects, was close to th p revi ously sug­

ge sted daily calcium intake (3, 40) . 

Bone Density 

Supplementation with calcium-ca rbo n ate from tht~ 

baked products did not a ffect th bon e ~n s i ty of th' .·ub-

jects during the 28 days of experime nt l s t dy . Th"' a er qe 

values of phalanx V-2, metacarpal II - 4 a nd meta rpal III-4 

for the experimenta l periods--adaptation , loh' alci m, high 

ca lcium, and high calcium with Vit min 0 -- r giv n in 

Table 7. 

An eight- day high calcium i e t a nd an eiaht - da higll 

calcium diet with Vitamin D fortificat ion re ~~tu lly too 

short a period of time to observe mine ra l deposit i on i ne 

bones . A number of studies have indic t ed t at an in reas~ 

in bone density of osteoporotic patient s by c 1 ~ up lc -

mentation took several months (abo ut 2 t 36 ) (3 39) . o monc s , . 
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TABLE 7 

MEAN CALCULATED CALCIUM* INTAKE FOR THREE-DAY DIL:TAHY 
RECORDS AND MEAN BONE DENS ITY OF PHALANX V-2 , 

METACARPAL II - 4, AND METACARPAL II I-4 OF 

Subject 
No . 

THE EIGHT HEALTHY ELDERLY ~vOMEN 1 

AGED FROM 67 TO 91 YEARS 

Bone Density (Alumi num 

-

Equi va1cn t) 

--
Mean 

Calcium 
Intake 

(mg/d ay ) Phalanx V-2 I1etacarp.:1l r·l~ t<lC < r p,:.l 
11-4 111-4 

~ .,. ____ 
3368 288 0.14 9 40 . 77 40 . 07 

3369 --- 0 . 1 46 4 5 . 7S 4 • l2 

33 70 21 3 0 . 164 4 0 . 08 41 . 1. 

3371 323 0.149 38 . 2 35.Go 

3372 568 0 . 1 89 47 . 63 4 ·l • 50 

33 74 9 87 0 . 1 65 43 . 03 41. 89 

3 3 75 492 0 . 189 56 . 87 53 . d 

33 7 7 1181 0.247 49 . 14 52 . 9 

Mea n 0 . 1 75 45.21 44 . 03 

Correlation 
of Dietary r = 0 . 77 r = 0 . 2 ··=0 . 57 
Calcium to 
Bone Density 

*Ohio State Dietar y Data Bas e ( 54) . 
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A noticeable increase in bone density o er a terrn of six 

months was obs e rved by Lee and Johnson ( 37) amonq e l derly 

fema le subjects with os teoporosis. An additional 701 mq 

of calcium and 401 I.U. of Vitamin D, alone with t l eir 

normal diet , increa sed bone density of th 3 -2 phalanx 

from .83+ 17 to 1.04 ± 16 alimuni um quivalent (AE) for 

ll out of the 2 0 subjects studied . 

The Texas Woman's University r oentroqr ph.tc m_ hod, 

at the middle phalanx of the little finger, is an cc ep ed 

method for diagnosis of osteoporosis . In the literature, 

the bone density value of the osteoporotic sub j t~ wa~ J(; L 

clearly distinguished f rom that of th non - o t eopo otic 

subjects , because there i s wid v ria ion monq 

individuals. The data provided f or nor~al subj c s 

for the middle ph a lanx (non-immersed ) r ng from . 161 to 

. 342 AE , with an average of .2 34 AE . The r n for 

slightly osteoporotic i ndividual s is from . 143 E o 

. 250 AE , with an average .196 AE (20). B sed on tis 

information , some of t he subjects in U is study were t 

least s lightl y osteoporoti c . In order to evaluate ost l­

poros i s among the subjects , previous die t ry calcium ir1ta%~ , 

serum calcium phosphorous, and alkali e - phospha s e enzyme 

activity we re determinated. 
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Blood Analy s i s 

Calcium Analysis 

The f as ting serum calcium levels of t he subjects 

were not c h ange d by the dietary c a lc i um intake and Vi .amir, D 

s upplementati on. The data are g ive n in Tai.Jle 8 . T! e sentm 

c a lcium level o f a ll the sub j ects were within the rorm~ 

r a n ge o f v alues, 8.6 t o 11.0 mg/ 1 0 0 ml (56 ) . Ttese es lt~ 

a r e in agr eeme nt with a numbe r o f studi s reldtcd to hiql 

a nd l mv d i e tary calcium intake and or 1 c alcium uppl •men . t-

t i on (2 , 37). Increased blood c alc i um l ev 1 h s b •r 

o b serve d shortly af t er intravenous administr tion (15). 

Phosphorus Ana l ysis 

Fast i ng se rum phosphorus 1 v e ls were affe t 'U )y 

Vita min D s upplementation , but were not f f ct d by he 

die t a r y calcium intake . The p h osphorus lev ls of the su -

jects are summarize d i n Table 9 . The s erut phosphorus 

levels o f the a ll s ubjects we r e with i n the normal range, 

e xcept for Sc.b ject 3369 . Se rum phosphorus con ntr tion 

for t his subjec t wa s low d uring the h i gh calcium iet, ut 

a lmost doubled when Vi t a min D was i en . vhen t for 

this s ubject were elimina t ed , t he statistical ly si i 1Cd t 

d i fference f ound by the Tuke y t e st wa s not obser ed betwee 

the h igh cal cium with Vitamin D d i et , a nd the hig c 1 i ~~ 

d i e t, without Vitamin D or the l o w c alcium die , but rot 



TABLE 8 

FASTING SERUM CALCIUM CONCENTRATIONS* OF EIGHT HEALTHY ELDERLY WOMEN, 
AGED FROM 67 TO 91 YEARS , DURING EACH EXPERIMENTAL PERIOD 

--- --
Experiment al Periods 

Subj e ct 
No. High Calcium 

Adaptation Low Calcium High Calcium with Vitamin D 
497-670 mg 497..,670 mg 9 08-10 78 mg 908-1078 mg Ca, 

Ca/day Ca/ day Ca/da y 2 0 0 I. U . Vi t D 
Day 

mg/100 ml mg/ 100 ml mg/100 ml mg/ 100 ml 

3 368 9 . 30 9 . 67 1 0 . 12 9.53 
3369 8 . 61 9 . 64 8 . 54 8 .42 
3370 9 . 89 10 . 08 9 . 73 9 .26 
33 71 9 . 33 8 . 47 9 . 42 9 . 11 
337 2 9 . 27 9 . 83 9 . 10 9 . 89 
3374 9 . 39 9 . 37 8 . 37 9.26 
3375 9.50 10 . 00 8 . 67 9 . 41 

3377 9 . 61 9 . 17 8 . 6l 9 . 13 

Mean 9 . 42 9 . 53 9 . 07 9 . 25 
I 

·--

*Note : Normal ran0c is 3 . 6 to 11 . 0 mq/100 n1 (56) . 

-..J 
f-' 



TABLE 9 

FASTING SERUH PHOSPHORUS CONCENTRATIONS* OF EIGHT HEALTHY ELDERLY W01'1EN , 

AGED FROM 6 7 TO 91 YEARS , DURING EACH EXPERIMENTAL PERIOD 

- - -~ - - ~ 

Experimental Periods 

Subject 
No. Hi gh Calcium 

Ad a p t a tion Low Calcium Hi gh Calc ium with Vi t amin D 
497-670 mg 497-670 mg 908- 10 78 mg 90 8 -1078 mg Ca , 

Ca/ d ay Ca / day Ca/day 200 r. u. Vit D 
Da y 

mg / 1 0 0 ml mg/ 1 0 0 ml mg/10 0 ml mg / 100 ml 

33 6 8 3 . 81 3 . 6 0 4 . 15 4 . 19 
3 369 3 . 54 3 . 8 2 2 . 9 0 5 . 6 5 
33 7 0 4 . 54 4 . 34 4 . 50 4 . 66 
3371 4 . 07 4 . 05 3 . 24 4. 3 7 
33 7 2 4 . 11 3 . 53 3 . 6J 3 . 85 
3374 3 . 32 3 . 26 3 . 24 3 . 98 
3375 1 . 49 3 . 73 3 .4 9 3 . 88 
337 7 3 . 49 3 . 49 3 . 94 3.75 

Mean 3 . 80 3 . 73 3 . 63 4.2 9 

t -- --
j 

*Note: NorMal ra n 1e is 2 . 7 to 1 .5 rna/100 Ml (4, . 

-..J 
IV 
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wh en compared t o t h e adaptation diet . How v r , the s er ro 

p hosphorus differed signi f i c n tly amon g the f our per iods o:· 

the study when a n a l yzed by the Duncan test • 

A study con ducted b Albanese .:t l. (2) With <..>V 'T 

2 00 e lderly fema l e s der.~onstr.:tted there were no <'ll.mqe...; tn 

b l ood c alcium and phosph o rus l vel d. rin a suppleMeJ.tc.lt LO! 

with 7 5 0 mg of ca l cium from 

units of Vi t a min D2 pe r ay . 

by Lee a n d J ohnso n (37). 

l cium-c .:trboncltc and 17 ') (TS:> 

i mil r rcsul ·s w rc ob s e r ve d 

Calcium o Ph os ho us R io 

Th e c a lci urn to p ho s pho us r i o ( C.:t/P ), b' . .:lus ' of ne 

cha n ge i n p hosph te l ev l , w s s'qn.i ic n l v ifft.r nt 

betwee n the h igh c lcium i 

a n d the low calci um i Th 

with each diet ry tre tm nt ·s 

illustra t es serum calcium n 

wi t h Vi nm·n D uppl.mcn ntion 

I r tio o ,\1 h' s · bj<'c s 

iv n in T bl 10 . Fiqu <> l 

hosphor s 1 vels o t il sub -

jects f or each experim nt l diet . 

Vi tamin D s u pplemen tion in his t dy id not 

affect t h e serum c l ium l ev l , but he p h o s p horus l evel 

r o s e , a n d conseque ntly r uce the Cn/P r tio . 

o f Vitamin D s uppl men tation on p osphoru s 
te1bolis;-:~ is 

not well doc umented , but such a n 
nc r as~ w s no expe~ted. 

The increa s e i n serum phos hor s le el \ i h 
1i ta~. i D 

supp lementa t ion rna be related t o bo u t a·e of c.:tlci !:'1 

phosphorus . A - r t her or stu i abo lis .: . e of phos crus 
and its relat i o n to Vi t a in D, \ ould be help:ul . 



TABLE 10 

FASTING SERUM CALCIUM/PHOSPHORUS RATIOS OF EIGHT HEALTHY ELDERLY ~\!OMEN, 
AGED FR0£1 6 7 TO 91 YEARS, DURING :CACH EXPERI~..ENTAL PERIOD 

Experimental P e riods 

Subj ec t 
No. Hig h Calcium 

Adaptation Low Calcium High Calcium with Vitamin D 
497-670 mg 497- 670 mg 908-107 8 mg 908-1078 mg ea, 

Ca/day Ca/day Ca/day 200 I.U . Vi t D 
Day 

3368 2 . 4 2 . 7 2 . 4 2 . 3 
3369 2 . 4 2 . 5 2 . 9 1.5 
33 70 2 . 2 2 . 3 2.2 1.9 
33 71 2.4 2 . 1 2 . 9 2 . 1 
3372 2 . l 2 . '3 2 . 5 2.6 
3374 2 . 8 2 . 9 2 . 6 2.3 
3375 2 . 7 2 . 7 2 . 5 2 . 4 
33 7 7 2 . 8 2 . 6 2 . 2 2 . 4 

Meun 2 . 5 2 . 6 2.5 2 . 2 
1 

--.) 

""" 
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Alkaline-Phospha tase Enzyme Activity 

To tal alkaline-phosphatase enzyme ac ti v i ty of the 

subjects was not affected by the experimental di ts ccord­

ing to the Tukey test. However , a st tistical _y s · qni Ei.;a,, 

differen c e was no t ed when data for the high c..::. lcil m die 

with Vitamin 0 diet s upplem n tation a n th low calcium 

diet were anal yzed b y the Duncan test. Tc.1.l le 11 i V t!S the 

alka line-phospha t ase enzyme activity of the ~ubjec < l l' l C h 

experi mental period . A f e w sub jects s how d r , pons l o 

the l evel of cal c i u m intake. Th lk line - phoph t se L'n 1. v·1'cc: 

activity fo r Subj ect 3372 was in the ost oporoti r nge 

accordin g to the method a pplied for t ermin tion (n )rP\c l 

range 0. 8 t o 2 . 3 sigma uni t /1 00 ml) . Th r WcJ. notj ce bl c 

r eduction in alkaline p hosphatase e nzym a ti ity from he 

adapt ation diet (3 . 42 s i gma units) to th high lei m <.liel 

(3 . 26 s.u.), and the h i gh calcium with Vit min D d1et 

( 3. 06 s . u.) . Subject 3377 sho ed noti ble incr ase 11 

a lkal i ne-phosphatase enzyme activity when she w s on the l o 

calcium diet. The enzyme activity rose sli htl with th~ 

high calcium die t with Vi tamin D supplem 1ta t ion . 

Serum a lka l ine - phosphatase ac ti i y i creases in ~ 

number of c linical conditions as a r s lt of tissue break-

down , necros i s , or c atabolism. T e highe s t le el a _e ~o 

in bone disorders assoc iated with increa s ed os t eobl stic 

act i vity , Paget ' s diseas e , rickets , osteomala i a , 



Subject 
No . 

3368 
3369 
3370 
3371 
3372 
3374 
3375 
3377 

Mean 

TABLE 11 

FAST ING SERUM TOTAL ALKALINE PHOSPHATASE ENZYHE ACTIVI TY* 
OF EIGHT HEALTHY ELDERLY WOMEN , AGED FROM 67 '1'0 91 

YEARS , DURING EAC H EXPERIMENTAL PERIOD 

Exper i mental Peri ods 

Hi gh Calcium 
Adaptation Low Calcium Hi gh Calc ium wi t h Vitamin D 
497 - 670 mg 497 - 600 mg 908 - 107 8 mg 908-1078 mg Ca 

Ca/day Cn. / day Ca/ day 200 I. U. Vit D 
Da y 

sigma sigma sigma sigma 
unit/ 100 ml uni t 100/m1 unit/100 rn1 uni t/100 m1 

2 . 18 2 . 03 1. 72 1. 78 
1. 7 3 1. 55 1. 79 1. 55 
1. 8 3 1. 76 1. 84 1. 61 
1. 70 1. 78 1. 5 9 1. 57 
3.42 1 . 30 3 . 26 3 . 06 
1. 4 7 1. 75 2 . 06 1. 49 
2 . 24 2 . 34 2 . 62 2 . 24 
2 . 41 3 . 14 2 . 14 2 . 53 

2 . 12 2 . 21 2 . 13 I 1. 98 

Jtc : t:ormu. 1 ranqe is () . 8 t8 2 . 3 sj '·~:t m:!.ts / 1')1) nl . 
~;eni 1e Osteoporos i s l . 5 t: l . \ S~~;~a ..1n1. ts ; 100 .'11 . 
c~e ncrolizcd Osteoporosis 2 . 7 t..o 'J . ') Sl.l!"'"""' o...ni!::::, lC J rr,l (6S) . 

-.J 
-.J 
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hyperparathyroidism , osteogenic sarcom , a n tumors me'-a -

static to bone (27 , 35 ). 

There was a slight red uction in alk line - phosphat t se 

enzyme activity wi t h a dieta r y increase in l cium in k ' - , 

both with and without Vitamin D suppleme nt ti n , over th tl 

f ound for a low calcium diet . T 1ese nutrients my h ve 

p revented bone breakdown or altered calciu a sorptio n ftorn 

the intestine. 

Alkaline-Phosphate Iso nzym ep r tio 

The densitometer scans of asting s rum lk lin0-

phosphatase i soenzyme separation di not indi t ny borw 

diseases. The darkness of th isoenzym n<.i n c >ll ulos 

acetat e media is related to blood ABO group , ' ' n 

serum bilirubin concentration (Gl) . Such inform~ ion fo 

these subj ects was not obtain d , but e ch ubject 1 J he 

same pattern for the isoenzyme b n t e ch ict ry tre 

ment. The band of isoenzyme sep r tion for S )je t 3372 , 

who had highest total alka line-phosphatase enzyme ctivity , 

had a wider and darker band than the other subj c s . s 

ject 3377 had the next darkest b nd and ubject 3 70 !u t c 

second widest band . Rep r esentati e grap s of l'- li c -

phosphatase isoenzymes separation on c llulose- acetate ne 

for each subjec t are given in ppendix f' Beca se o_ 

technical di f ficulties (poor blotting) s o e of t e gra hs 



79 

were not uniform. The overlap at the left side o . th 

graphs does not clearly indicate an increase in bone en z · n~ 

activity. By visual compari s on, the location of th iso ­

enzyme bands, of the blood sample s were a the sam lo a tio · 

as the subjects in the Fri tsche and Park study {1 7 ) . De t e r­

mination of urinary hydroxypro line for the suspected ind i ­

viduals, Subjects 3371, 3374 and 3375 , would h ve been 

necessary for d iagnosis in bone phosphat s ctivi y (52 ) . 

General Health o f the Subjects 

The subjects were in good health during he nti re 

study . No side effects of calciill~ car onate fort i fic tion 

of baked products was observed. Three in ivi u ls , Sub­

jects 3368, 3374 and 3375, who had previous onstip ion 

problems , continued with the problem durin the study. Sub­

ject 3369 had a cold during the time of low c lcium i tary 

intake , and had used Tylenol. Her cold did not ffect her 

calcium balance . Subject 3377 develope ga s tro-intestin 1 

discomfort the las t few days o f t he study . She vomitted 

shor tly after lunch of the twen t y - f i rst day of th s t udy . 

The study was designed to keep body weight onstant; 

however , some of the subjects hoped to lose d so e o 

them wanted to gain weight. There was o ly a s mal l ria -

t ion in body weight at each four-da weighing period for 

each subject. Table 12 gives the body wei gh t of eac 
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TA13LE 12 

BODY WEIGHT IN POUHDS OF EIGHT HEALTII 'f ELDEHL 
WOMEN AGED FROM 67 TO 91 YEARS MEASU RED 

A'I' FOUR DAY INTERVALS DURING EACH 
EXPERIMENTAL PERIOD 

Subject No . 
Study 

Periods 
3369 I 337o 33 68 3371 337 137 3.375 

Initia l 
Weight 95 145 119 130 125 156 138 
5/ 31 /78 

Adaptation 
Period 96 145 11 8 130 124 155 lJS 
6/4/78 

Experimental 
Period I 96 145 118 130 121 155 13 'i 
6/8/7 8 

6/1 2/78 9 6 145 118 131 125 153 135 

Expe rime nta l 
Peri od II 95 145 117 129 123 152 1 5 
6/16 / 78 

6/20/78 94 145 117 129 121 15 135 

Experimenta l 
Per i od III 96 145 118 129 123 153 13 
6/ 20 / 78 

6/ 28 / 78 95 144 117 12 8 12 15 13·1 

Mean 95 145 118 129 123 153 135 1 

---

1 77 

-

l.06 

1 

107 

10 5 

106 

10 

10 

lO !: 

10::. 
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subject at four-day intervals. The v a iations i u ody 

weight could be attributed to di ffere nce in clo hi.n cJ at the 

time of weighing , gastro-intestinal el imin tion, and bo y 

fluid alterations. The losses in body w i ht did not ·.·.eeJ 

more than 5 pe rcent of total body weight for e ch subJ ~Ct . 

Osteoporosis Among the ubjects 

Although the subjects o f th i s st dy w re ·r•fully 

selected a s healthy elderly fema les, t 1 st two of tl e 

eight wome n were suspec t ed of having o t oporosis . Tl • 

clinical parameters and th factor th t c us o t ~oro·t. 

were examinate d fo r diagnosis of the is as fo th sc 

s ub jects . 

The level of dietary c lcium int kc is 01 c of the 

ma j or causes, but not a single factor in c usin osteo ­

porosis . A number o f investigators h ve shown th t os co­

porotic patients d i d not have lower calciurrt int ke than 

non-osteoporotic individuals (18 , 39 , 9) . A stu 

involving 398 individual s , some o s teoporotic a d som non­

osteoporotic, aged from 15 to 90 years, demon trat, 

the effect of the lifetime calcium i take 01 one de si y 

is not pronounced until the later years of life (2 ) . 

Furthermore , Hatkovic e t a l. ( 3) state tl at iet r y 

factors influence bone formation rathe 

Justice , Howe , and Clark (33 ) obse r d 

th n bone oss . 

hat o g ag c 
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women, the dietary pattern before and d uring the middJ e 

years of life may be more important than that dur1ng ol 

age i n the development of osteoporos is . Nevertheless, 

ne gative calcium balance eventual ly leads to g r .:1 er Lon<~ 

resorption than bone formation (29) . In this study , 

three - day d i etary record was not dequat t o de t rm"n0 t 

lifetime calc ium consumption. Subj cts 3368, 3370 ul d 3J/S 

were in negative balance when they we r on t ' e a ptclLio 

d iet (5 50 mg calcium per day) . Accordin to th th rP · - c'd~' 

dietary records these women h d b n con uming l es. t.t,n 

500 mg of calcium pe r day. 

Increases in serum tota l lk lin -phosph Luse l~n- yn' 

activity is not a recognize d par me t r to di qnosis o. t'o­

porosis . The h ighest serum alkaline - pllos hat e nzym' 

activity was fo und for Subject 337 2 . How v r , lk lin'-

phosphatase isoenzymes separation for this subject did not 

indi cate any bone disease , and her bone density me sur 'nt 

were comparatively more than thos o f oth r ubjects . Bloo 

alkaline - phosphatase activity o f Subject 3375 flu tua 

with the type o f d i etar y treatment. T e i gher u or 

her was noted when s he was on the low al u 1 i e t ( 2.62 

sigma units , which is slightly mo r 

of 0 . 8 to 2.3 sigma units / 100 ml ser 

th n t le normal ran e 

) . The al~a l"ne -

phosphatase activity o f Sub jects 3368 an 3370 i d not 
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a lter significantl y with the t ype of dietary trc tments. 

However, for both subjec t s, the ph 1 n x V-2 valu s W'J·e 

lower than the group averages, .1 46 and . 164 luminum 

equivalents, respect ively. 



CHAPTER V 

SU11MARY AND CONCLUSIO 

This s tudy determined that baked ood p rod cts 

fo rtified with calcium-carbonate w s a wo thwhile method 

of imporivn g calc ium intake of elderly f M c ~ubj ts. Th• 

study a lso cons ide r ed improvem nt of c lcium re te 1ti on witt 

Vitamin D supplements . An addi tion of 200 I.U . hol• l t'l­

ferol did no t provide f urther calcium ret n i on . l\11 inL.:1k • 

of 1000 mg of calciun daily w s r orrun nd d or h ~s . L! 11 1 

subjec ts to mainta in calcium equilibrium an p L!V n bon · 

losses . 

Eight e lderly women w r e examin wi sp ct o 

calc ium - carbonate f orti f i ed baked pro u s . 

day adaptation diet , the sub j ts we r i id 

After 0 1 -

groups . One group continued on 

app r oximately 500 mg calcium per 

p l aced on the h i gh calcium diet , 

in o two 

di t whi h proti e 

ay . Th s con r oup w s 

proximatel~ 1 , 000 q 

daily, which was p rovided by calcium- a r bo te ortif1ca. i o1 

of yeast bread, chocolate chip coo ' ies, s · r oo i n 

oa.tmea l cookies. Using a crossover des ign the iets o~ tle 

subjects were r eversed after an eight - da exper1men al 

period. During the th ird , eight - d y experi ental rio , 

8 
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all of the sub ject s were given the high c lcium di t also 

supplemented with Vitamin o3 (2 00 I. U. o c holecalciferol) . 

Urine and fecal samples were collected through ut 

the investigation and analyzed f or c alcium conten usi1q n 

Atomic Abso rpt i on Spectrophotometer . Rep res n t t~ vc santp le · 

of the foo ds serve d to subj ec s ere n a l yz J y th n~ 

method. Calci um balance f o e ach s ubje t was calc 1 Leu 

through chemical analyses , by us i1g th formul : 

Calcium Balance = Intake Calcium - Output alci m (f c 1 + 

Urinary) . 

Mean calcium balances d Monstr d h t 

ducts fortified calcium-carbonat improv 

The mean calcium balances wer - 154 mg , +22 m , 

k pnr 

101. . 

20 2 me , 

and +175 mg daily fo r the ad ptation p rio , th low C c lc1um 

die t, the high calcium diet, and the high ~,.; lei m wi th 

Vitamin D supplemented diet , espectively . Vit min D 

supplementation did no t af fect the calcium ret ntion n 

more than the high calcium diet itsel f . 

Urinary calcium excretion was not s i ni fic t y al ­

tered by varying the calcium intake . However , ecal c c~um 

excretion was increased when extra al ~ m w s provi in 

the die t . Calcium absorption values r nc;ed from 12 erce: . .... 

for the low calcium diet to 29 pe r ent for t e high c lei m 

diet . 
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From reg r e s s i on data for lc i um int ke, p otted 

against the calcium bal ance ,532 mg daily was tle m mi 

mum cal cium r equ i reme nt . 

calci um per day . 

The range w s from 142 to a8J ~~ 

Dai l y r e c omme nde d calcium i nt ke for th subjc s 

was est i mated to be not more t h an ,0 00 mg . The arnount. o;: 

dietary cal c ium intake to provide calcium b l nc u rine; 

the adaptati on period r anged from 540 mg to 95 1 q of 

calci um per day with an av e r e of 716 m of c 1 i m d il . 

With t he possibility of a 5 pe rce n t r r o r n th e time t' •i 

20 mg dai l y derma l l o s s es, the minimum ily c 1 ium rc-

qui remen t of the s ubjects was p r o xim tely 771 mq of 

calcium wi th a ran ge of 58 9 mg to 60 m . 

I , l llX / - .~ I 

rev l~d 

l 

t. \<1 

An examination of the b one de sity 

c a rpal II - 2 and metacarpa l I II - 4 were x - ray 

six of t he eight subjects exhib ite lo~ bon 

Blood calc i um concentrati on of th 

nsit l \'C l . 

s bje s 

within t he normal range , and we r e not signific ntly i f~r-

ent with the var ious dietary r eg i men s . St tistic lly si~-

nif i can t inc r eases in blood pho s ph t e concen ratiot s '~re 

observed dur i ng t he h i gh calcium die · sup_le . nte ·lith 

Vitamin D. 

exp l a i ned . 

The differences are s ma l l and not rea il 

This e f f ec t o f Vitamin D s upple ent t 'on o. 

serum phos phorus l eve l i s recomme n ed as 

fu ture i nvest i gati on . 

s ject or 

}-

. 
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No statistically signifi ant d i f fe r e nce was noted 

on total serum alkaline-phosphatase activi ty dur ing th• 

investigation . However, a few sub j ects h ad hi h•r t hdn 

sugges t ed normal level for alkalin - phosphut.::!.S . 'J'hes...: 

subjects exhibited a response to t he a mo unt of c c~um 

intake. The alkaline - phosphatase ·c t ivi l y of hesc sub-

jects r o se whe n they were on the low c l c iJ diet un 

decreased o n the high c alc ium diet with Vi min 0 . Ot 

other h and, serum a lkaline - phosph ase iso nzyrne s 

did not indicate the presence o f ny bone dis se . Ti \ 

baked p r oducts , fortified with c lci um- c rb nu e , w rc 

f o und pa l atab l e . No side effect o f th fortifi d b ked 

produc ts with calcium- car bonat u t o two - thir 

Recommended Daily Allowanc e \vas observe . 

0 th) 

Cal c ium f ortification o f b k e pre u ts with 

Lh ' 

ions 

calcium- carbonat e wa s fo und to b a s it le m ho o 

i mprove calcium intake and retention wi th lderly subj ts . 

Future studies should focus on to de elopmen of new 

recipes to i ncorporate calcium salts . Ano t er r s rch 

inves ti gation of worth could b , to et r mine he n x i u~, 

s afe amount of ca l ci um sal t s use in f o rti:ic tio 1 , or 

e nrichment without harmful side ef f e t s . A lon erm 

re search study c ould be designed to obse r e the ef:ect of 

baked produc ts f orti f ied with calcium- carbon te o serum 

cholestrol concentration, and bo e d e ns ity of um n s tbjec 
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APPENDIX A 

RECORD OF DAILY ACTIVITIE 



CASE 

DATE. ________________ _ 

RECORD Q£ DAIL ACTIVItiES 

Time Arosea 

Time Ret ired a 

What types of physical activities did you par i c pate n to a 
and for how long? (Over and above typical ac ivi i .) 

Were you under any unusual emotional str 
be specific. ) 

Physically how did you feel today? (Pl a e 
be specific.) 

97 

today? 1 a s b 

rib om and 



APPENDIX B 

CONSENT FORM I 



lJu · IHT.\tr .. '- r tJ r · Nt iTIUTI!lN ANIJ F oiJ I J S1 'lie.'<' ·r :'> 

f'"1 It ' it,; UF N ! ITHITillN, TEXT ILES, 

''I' H1 .,, ,," Dr:vr:UlPMENT 

I, 

TEXAS WOMAN'S UNIVERSITY 

P .O. Bo x 2397S 

Consent Fo r m I 

do hereb agre to participat 

"'"'M tK I7l :ur ~: 1 

l lll7 l 3R7 - ~:10:> 

in the study entitl ed , 11 Calcium Ba lanc Study for Caco3 Enr ich d Bak d -

Products for Older Adul t s". I agree t o e s wh i ch wi 11 b . served ton 

during about one month of a study peri od. I a ree to take Vit minD su pr l m.nt 

durin g the l ast eigh t days of the study . I a g r e t o co l 1 c t my urine Jnd f CPS 

daily, and I gi ve my pe rmission fo r t a ki nq b loods mp l du rin g h t IJdy 

peri od . ag ree to coope rat with th phy i c i an a n th nut r itlon i ~t. and o 

follow their instructions exp li citly. 

I thoroughly understand th t h r i s no nown health ri k 1n the 

study . 

unde rstand t hat my name wi 11 ne v r be d iv l g d o t h public . 

underst and m f ree t o wi thd r aw f rom t he s udy any ti me. 

X-ray' s wi II be taken i t h an e tr l y low l e v 1 of radiati on 

e xposure. 

S igne 

Date 

Witne ss 

Date 



APPENDIX C 

CONSENT FORM II 



ARTMENT OF NUTRITION AND F OOD S CIENCES. 

' GE OF N UTRITION. TEXTILES, 

IND H UMAN DEVELOPMENT 

I, 

TEXAS WOMAN ' U NIVERSITY 

P .O. ox23975 

Df:NTON. TEXAS 7620'l 

Con sent Form I I 

P~IO Nj,; ( 817 ) 382·5611 

om, 387-5:!05 

, do hereby ag ree t o part icipate in the 

study e ntitl e d 11 Ca lc i um Balance Study for CaCO j Enr iched Baked Product s fo r 

Older Adults 11 I understand I am free to withdraw from th e study anytime. 

I unders tand I wi 11 receive $ 150 ( One hundred and fifty doll ars) if I c. m-

plete the entire study, but not therwlse. 

Signed 

Date 

WItness 

Date 
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APPENDIX D 

THE MASTER MENUS 



THE MASTER MENUS 

Food Item 

Day One 

Breakfas t 

Grapefruit juice 
Scrambled eggs 
Bacon 
Margarine 
Jelly 
Roll 
Coffee/tea 

Lunch 

Spaghetti with meat balls 
Margarine 
Bread, white, enriched 
Apple 
Chocolate chip cookie 
Ice tea/coffee 

Dinner 

Baked chicken 
Peas, green 
Potato, new, boiled 
Margarine 
Roll 
Ice t ea/coffee 

Night Snack 

Vanilla wafers 

103 

Amount 
(gr am ) 

123 
56 

7 
5 

1 4 
40 

206 
5 

23 
1 80 

17 

85 
57 
75 

5 
40 

15 

Measure 

l / 2 c . 
1 s erving 
1 s lice 
1 tsp . 
l Tbsp . 
1 roll 

1 servi r '1 
l ts p . 
l slice 
l medium 
l cookie 

l s e rving 
l / 3 c . 
3/ 4 c . 
l tsp . 
l roll 
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THE MASTER MENUS--Continu d 

Food Item 

Day Two 

Breakfast 

Orange juice 
Corn flakes 
Mi lk (2 % f a t) 
Roll 
Margarine 
Je l l y 
Coffee / t e a 

Lunch 

Hot turkey san dwich 
Turkey with g ravy 
Bread 

Sa lad dressing 
Lettuce 
Tomato 
Fruit jello 
Oatmeal cookie 
Iced tea/Coffee 

Dinner 

Ground beef pattie 

Macaroni and che e se 
Turnip g r eens 
Sliced tomato 
Lettuce leaf 
Hargarine 
Roll 
Pound cake 
Ice d tea/cof f e e 

Night Snack 

Graham crackers 

Amoun t 
(g r am) 

12 1 
19 

123 
4 0 

5 
14 

11 5 
43 
10 
56 
5 0 

120 
20 

50 

227 
50 
50 
2 0 

5 
40 
29 

14 

Measure 

l/2 c . 
l /2 c . 
1 /2 c . 
1 roll 
1 ts p . 
1 tusp . 

l s rvinq 
2 slic s 
1 tbsp . 
3/ 4 c . 
l / 2 c . 
1 /2 c. 
1 cookie 

l small 
pattie 

1 serving 
l / 3 c . 
1 / 2 c . 
1 l eaf 
1 tsp . 
1 roll 
1 s1 ic 

2 s qua r e s 
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THE MASTER MENUS--Cont inued 

Food Ite m 

Day Three 

Bre akfast. 

Orange juice 
Cream of wheat 

Milk (2 % fat) 
Jel l y 
Margar ine 
Roll 
Cof fee/tea 

Lunch 

Ham and salami sandwich 
Ham 
Salami 
Bread 
Salad dressing 
Lettuce leaf 

Green b e ans 
Canned peach halves 
Sugar cookie 
Iced tea/coffee 

Di nner 

Roa st b e e f with gravy 

Hashed pot atoes 
Asparagus 
Margarine 
Roll 
Ice cream 

Night Snack 

Ban ana 

Amo u nt 
(gram) 

125 
123 

12 3 
1 4 

5 
40 

28 
28 
4 6 
10 
2 0 
68 
96 
20 

14 0 

105 
121 

5 
40 
67 

175 

Measure 

l/2 c. 
l indivi-
dual pk ; . 

l/2 c . 
1 tbsp . 
l tsp . 
l roll 

l slice 
1 slic 
2 slices 
1 tbsp . 
1 le f 
l /2 c . 
3/ 4 
l coo i e 

1 indivi-
dual pkg . 

l / 2 c . 
1/2 c . 
l ts p . 
l r o ll 
l /2 c . 

l n ediurn 



APPENDI X E 

RECIPES 



OATMEAL COOKIE 

Sugar 100 gm 
Brown Sugar 200 gm 
Crisco 150 gm 
Egg 50 gm 
Flour 

(all purpose) 115 gm 
Oatmeal 240 gm 
Salt 1 tsp. 
Vanill a 1 tsp . 
Baking Soda l / 2 t sp. 
Wate r 60 ml 
Calcium 

Carbonate 15 . 5 0 gm ( for C forti fied 
oatmeal cookie) 

1. Cream s hortening and add suga r s , egg s , and wat r ,md 
vani l la. 

2. Sift toge ther flour , sal t , soda . Add to ere m d nix. 

3. Stir in oatmeal . 

4. Drop by 20 gm o f dough on g r eas e d cook ' e she t . 

5. Bake in prehe ated oven a t 350 F . for 12 mi nutes. 

6. Remove from the sheet in 2 to 4 mi nutes . Pack and 
freeze. 

10 7 



CHOCOLATE CHIP COOKIES 

Sugar 
Crisco 
Brown Sugar 
Flour 

(a ll p urpose) 
Eggs 
Vanill a 
Salt 
Chocolate Chips 
Cal cium 

Carbonate 

1 00 gm 
1 00 gm 
11 0 gm 

115 gm 
50 gm 

1 tsp . 
3/ 4 tsp. 

63 . 5 gm (0 . 57 gm e ch chip) 
10. 5 gm ( fo r Ca fortified 

chocolat chip cookies) 

1 . Cream Crisco, add sugars th n vanilla nd egg . 

2 . Combine dry ingredients a nd dd into the mix . Stir 
we ll. 

3. Wei gh 17 gm dough and place on a greased cookie sheet . 

4. Stick 4 e ven pieces o f chocol a te chips into each 
cookie d ough . 

5. Bake in preheated oven at 375 F . for 9 minutes . 

6. Pack a nd f reeze. 
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Yeast 
Sugar 
Salt 
Flour 
Crisco 
Bilk 
Flour 
Calcium 

Carbonate 

YEAST BREAD 

16 gm 
24 gm 

5 gm 
400 gm 

40 gm 
300 ml 

40 gm (for kne ding) 
7 . 65 gm (for Ca fort i fied 

yeas t bread) 

l. Heat t he milk and l et it cool to 4 0°C . 

2 . Al l ow yeast to hyd rate in milk for five minutes . 

3. Add sugar, sal t , fat and Caco3 (if need d) nd approxi­
mate l y half of the flour . Beat with wooden spoon or 
2 minu t e s . (Do no t be one rned i f fnt does not dis­
perse well at t h is stage . ) 

4. Add hal f of the remaining flour a nd bea t for on minute . 

5. Flour bread board l ightly with additional flo ur . Knead 
the dough f or 100 strokes . (Greas hands for this step . ) 

6 . Shape dough into a ball a nd place it i nto a greased 
mixing bowl . 

7. Place a thermometer in dough , touching the bottom of the 
bowl, and proof for 20 minutes at 30 C. 

8. Punch down dough and knead an dditional 50 strokes. 

9 . Weight out 4 0 gm dough and shape it into a roll and 
p lace i nto a greased muffin pan . 

1 0. Keep the rolls at 30 C. until it doubles in size , 
about 15 minute s . 

ll . Bake in a preheated oven at 4 25 F . fo r 5 minutes . The 
turn t he temperature down to 400 F . for 10 minutes . 

1 2 . Brush top o f the rol ls lightly with margarine and oo l 
on the r a ck for a few minutes . 

13. Pack and freeze ri ght away . 

1 09 



SUGAR COOKIES 

Sugar 
Crisco 
Eggs 
Milk 
Flour 

(all purpose) 
Baking powder 
Vanilla 
Salt 
Calc ium 

carbonate 

150 gm 
135 gm 

50 gm 
1 5 gm 

230 gm 
4.5 gm 
l ts p . 

1 /4 tsp . 

10.8 0 qm (for c~ fortitiert 
sugar cook ies) 

1. Thoroughly cream shortening , add sugar then v~nilld. 

2. Add egg, beat until fl u ffy , stir well . 

3. Sift dry ingredients , mi x well. 

4. Chill dough l to 2 hours. 

5 . Weigh out 20 gm and shape roun~ . Chill the cookie 
dough again 10 to 1 5 minutes . 

6. Bake in preheated oven at 375 F . for 10 ~inutes. 

7. Pack and freeze. 
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APPENDI X F 

ALKALINE PHOSPHATASE ISOENZYffi 

SEPARATION FIGURES 



Part 1: Subject 3368 

~~-
Ada ptation Period 

Part 2: Subject 336 9 
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I 

LO\J Calcium Period 

High Calcium wi t h 
Vitami n D Supple ment d 

Lm-1 Calci ur. 



Period 

Part 3: Subject 3370 

·-'--------·-----------~~-------Adaptation Period 

-----------~----~-------~~------High Calcium Peri od 
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r 
___ _)__~---'~------

Hi gh Calci.W'! v.;ith 
Vitamin D Supplemcnred 

Low Calciur:1 Pcr~od 

/-----..._ 
/" '-, 

I 

/ 
High C~lciun w1th 

Vi tanin D Sui_Jplen:en t-.e>~. 
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Part 4: Subject 3371 

)\,, 
__ _L __ ---~---·-

Low CalciUJ"I' Pen oJ 

--~ 
High Calcium Period 

High Calc iur'1 vli th 
Vi te1min D Supp lentc r, :.J'd 

Part 5: S ubject 3372 

Adaptation Period 
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-.....C~---------------~--
High Calc i um Period 

Part 6 : Subject 33 74 

~ 
--------~--

High Calcium Period 

I~ 
' 

,_ 

High Calcl.uM \-ti t!1 
Vitamin D SUF!Jlcmentcd 

)~ 
LoH Calc i un ~'" !:'iod 

(\ 
I \ 

I 
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Part 7: Subject 337 5 

Adap t a t ion Period 

High Calcium Period 

Part 8: Subject 3377 

Adaptat i on Period 

I 
L 
Low Calcium Perio d 

High Calcium with 
Vitamin D Supp l emented 

L ovl Ca lc illr.l Period 
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Hiqh Ca l iun 
Vita min D Supplemented 
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