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THE XMfOR±AfiCB Qf BREAP. 

Bread is the staple foodstuff of most of the 

civilized nations of the west, of the Americas, and of the 

British Dominions . From bread is obtained a large pro­

portion of the ~a1ly requirement of carbohydrate (and hence 

cal ories); a fair proportion of protein, and of minerals 

(more especially phosphorus and iron, to a much lesser extent 

magnesium and calcium) ; it is also an important source of 

vi tru. i.ns B Complex and E. In dealing 'lf1 th this foodstuff , 

it ust be kept in mind that it fills a fundamental rOle 

in the nutrition of many millions ef people; therefore the 

problem of its composition and nutritive value cannot be 

a pproached in a detached or academic u~nner . 

HISl'OR!CfU, 

To assist in the U.."lderstanding of the prob1em to 

be investigated , a very brief historical outline will be 

given o~ the types of bread consumed during the last few 

decades . Although, for the sake of simplicity, the changes 

that have taken place in Great Britain only Yli l l be described, 

much the same pattern of changes has occurred in 1nany other 

countries . 

Prior to 1870, wheat was milled entirely in stone­

grinding mills . The "bolted" flour from hich the bread was 

wAde , had an extraction rate o~ ?5 to 80 per cent (1 ). The 

light brown bread made from this flour (often admixed with rye) 

was consumed in large amounts , especially by the poorer clasnes: 

-it- ~~ recorded that in 1840 , the average daily consumption of 

this foodstuff amounted to 21 ozs·. per head (2) . From 

1870-80 and onwards to the time of the Great .ar , the intro­

duction of roller mills led to the production of .refined l"Fhi te 

bread, made from straight - run endosperm flour of about ?0 to 

73 per cent extraction rate . This step was promoted by the 

rapid/ ••• 
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rapid growth of urban centres which o~ curred at that period, 

and caused the need of a bread flour having better keeping 

qualities than tho stone-ground flour. The change was further 

facilitated by the millers; f or in seeking popularity for 

their products, they vied with each other in attempts at still 

further refinement . Thus, white bread ultimately became the 

staple . 

THE INf'bUEl C~ OF V.AR ON THE COMPO§lTION OF 1HE ST/tPL1J BREf\P • 

A nation which 1n peace time has to supplement its 

wheat supply by i!Dportation, will obviously in war time be 

beset with the problem of transport . To meet this difficulty, 

such a nation will be prompted to eke out its wheat supply 

by incorporating more and more of the bran fraction into the 

bread, i . e . by raising the extraction rate of the flour . 

But the urge to obtain the maximum number of loaves is in 

practice countered by the fact that the bran fraction , to 

be diverted to human consumpti·on, is normally fed as wheat 

of fals to cattle and poultry . The deprivation of this 

feeding stuff to these livestock will , in the absence of 

alternative cereals , adversely affect the nation ' s supply 

of dairy produce . The government concerned must therefore 

strike a balance between making the wheat supply go as far 

as possible , and conserving and maintaining its supply of 

dairy produce . 

During the Great war, toward the end of 1916, in 

Great Britain the extraction rate of the bread flour was 

raised progressively until by March 1918, when the wheat 

supply became very short, it bad reached 92 per cent . 

Lat er , it fell to 87 per cent, and remained around that 

level f'or the rest of the periOd of control ·(1) . But 

once restrictions were removed , the demand for white bread 

was strongly re-asserted . In the period between the two 

wars , at least 90 per cent of tbe bread consumed was of 

this type (3 ). The changes t hat occurred during the l nst 

war will be discussed later , but with certain limitations , 

they/ ••• 
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they followed the same course . 

The foregoing may be sunm.arized by stating that 

within the period of the last two to three generations , a 

drrur-.:a tie change has occurred in regard to the type and amount 

of bread consumed. Formerly, bread made from stone- grol.Uld 

high ex l r action flour was the staple foodsturr , eaten and 

enjoyed in large amounts: nowadays that loaf ~~s bc-en 

almost entirely superceded by the refined white loaf , con­

sumed however in much smaller amounts (4 ). Bearing in mind 

the fundamental rele of bread in the diet of so many nations , 

such a change is of immediate concern to the nutritionist; 

for the question. at anee arises , how do the two types of 

loaf compare in nutritive value? 

NUTRITiONAL CONSIPfmATIONS 

In a. recent comprehensive re\riew by Lepkovsky ( 5) 

entitled "The bread problem in war and peace•• , the nutr1 tional 

aspects of this question are extensively discussed . In this 

thesis therefore, only the aspects relevant to the investiga­

tion to be carried out will be mentioned . 

'fAPLE NO , 1 . 

• 

Total Phytio Acid 
TYpe or Pr9duet Calciwn Phosphorus pnosphorus . 

Vlholemeal . 100 per cent 
36 246 extraction 343 

Nat i onal \'mea tmeal . 85 
per cent extraction 2? 203 123 

'lh'hi te flour . 70 to 73 
per cent extraction 15 101 35' 

It will be observed that the higher extraction meals 

contain more calcium and phosphorU$ than .does white flour; 

according to the bare chemical figures , the former are nutrition-

ally preferable . But such data do not of course provide an 

indication of the relative availability for metabolism of these 

elements , and it is with this aspect that this thesis is 

primarily concerned . 
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THE ROll Of PHXTIC ACl.D PHOSPHCI! US. 

It has been known for some time that a large part 

of the organic phosPhorus of cereals, and of seeds in general, 

occurs in the form or phytic acid, inositol-hexaphosphoric 

acid. This acid is present, partly in the free state, and 

partly 1n combination with various bases (7). With certain 

bases of nutritional importance, e.g. calcium, magnesium, 

and iron, it forms salts which are almost insoluble at the 

range of pH values found in the digestive tract. In 

experiments on 4 adult humans, llcCanee and Widdowson (8) 

found that 36 to 63 per cent or the pbytic acid phosphorus 

ingested (consumed in the form commercial "Phytin", also 

from Hovis _ bread) remained unchanged in the faeces. It was 

therefore feared that the utili&ation of the above bases 

be seriously diminished should phytic acid phosphorus be 

present in the diet to a~ appreciable extent. At the same 

ti~e, however, these workers showed that in pre-war Great 

Britain, this substance constituted less than 5 per cent of 

the total phosphorus content of the middle class diet 1 hence 

1 ts ingestion in such small amounts was of 11 ttle nutri t1onal 

importance. But in war time, as will be a ppree1a ted from 

earlier consideration,, the situation may become quite difterent; 

for nations with a restricted wheat supplY mar be forced to 

incorporate a portion or the bran fraction into their bread 

flour. Since the pbytic acid phosphorus in cereals is 

largely located in this fraction, t he more bran included, 

greater will be the .phyt1c ae1d content of the bread flour. 

Early in the recent war, the probabil~ty or Great 

nr·i tain having to introduce a higher extraction meal for 

breadmaking sttmulated interest .in the phytic acid Phosphorus 

problem. In the first placet Widdowson (9) drew attention 

to the fact that the n•tter would be much more serious were 

that a certain amount or phytic acid phosphorus is 

destroyed during the baking of bread, this being accomplished 

through/ ••• 
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through the agency or an enzyme phytase present in the wheat 

meal. Notwithstanding this phenomenon, the phytic acid 

phosphorus content of a diet inclUding high extraction bread 

is very much higher than when the diet includes white bread. 

Early work by Jlellanb:y (10, 11) and others, indicated 

that with animals, the adverse ettec~s resulting from the 

ingestion of a . large amount or Ph)'t1c •cid p.hosphorus could 

be nullified by increasing the calcium content of the diet. 

But the very tact ot raising the extraction rate or the bread 

meal may well cause a decrease to take place in the quanti cy 

of wheat teeds available for dairy cows, thus leading to a 

decrease in the production of milk and cheese, both very rich 

sources· of calcium. There would be conside~able difficulty 

therefore in attempting to ottset an7 adverse ettects ascribed 

to a large ingestion or phytic acid phosphorus by raising the 

calcium content or the diet by dietetic means • indeed with 

m.any countries, .in war time, it would be impossible. 

McCance and Widdowson ( 12) from the results or 

balance experiments carried out on adult humans, concluded t hat 

the consumption of a large amount or bread made from 92 per cent 

extraction meal (involving t he i111estion ot a high intake ot 

phytic acid phosphorus), reduced the amount or calciua absorbed, 

especially when the intake or this element was low. (These 

experiments, and .the manner in which these workers interpreted 

their results are dealt with later). Krebs and Mellanbf (13), 

repeated certain or these experiments using Rational \beatmeal 

bread (made rrom 85 per cent extraction meal), and arrived at 

the same conclusion. The suggestion made by these groups of 

workers that higher extraction bread meal should be fortified 

by the addition of caleium carbonate, was ultimately adopted 

by the Jledical Research Council (6), who reeotnmended that 

14 ozs. creta preparata should be added to each 280 lbs. sack 
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of llational Wbeatmeal. In May 1942, when the shipping position 

became acute, white flour and bread were completely wi tbdra\m 

f rom sale 1 National ii'heatmeal bread became the staple, and 

the British GovernMent decided that creta preparata should be 

added to the bread meal, but at tbe rate of 7 ozs. per 280 lbs. 

sack, i.e. half the amount recommended by the Medical Research 

Council (14). 

THE SITUATION IN SOUTH AFHICA, 

South Africa, in regard to wheat production, is an 

intermediate countr.y, for although the bulk of the cereal is 

locally grown, a certain a.JilOunt always bas to be imported. 

In 1940-41, due to the war situation, considerable difficulty 

was experienced (and more was ant1c1pa ted) in obtaining the 

wheat requirement. To meet this diffieult;y, in Uny 1941, 

the Gover~nt introduced a standard war bread made from 

95 to 100 per cent extraction meal ( previousl;y desi.gnated as 

No. 2 unsifted meal)J the baking of all other types of bread 

was forbidden. Since alarm bad been expressed overseas upon 

the adverse effects on mineral salt metabolism, likely to 

follow the adoption of bread or this character, nutritionists 

in South Africa had ample grounds for a ; prehension. But 

while t here was some similarity to t he situation in Great 

Britain, there were 1 however 1 many important points of 

difference . 

1. In South Africa , unlike Great Britain, the change 

over was from a white loaf to a loaf, not of intermediate 

extraction, but JBade from almost whole grain meal: in 

addition, as far as may be gathered from the Family Budget 

Enquiry Report of 1936 (15) 1 the average European consumption 

of bread and of flour was considered to be a~preeiably higher 

in South Africa than it was in Great Britain. Hence, 1n the 

firs t/.,. 
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first instance, the adverse effects 1n relat ion to calcium 

metabolism described by the British workers might be expected 

to be displayed to an enhanced degree in South Africa. 

2. Early determinations by Ha.nnnersma (16) of the phytie 

acid phosphorus content of the standard war bread gave an 

average value of about 5'0 mg. per 100 g. fresh bread; this 

figure stands in marked contrast to the . "about 100 mg. n obtained 

by McCance and :iddowson (12) for the British 92 per cent 

extraction loaf; and indeed is not much more than the average 

figure of 38 mg., found by Pringle and Moran ( 17) for the 

85 per cent British National ~~~atmeal loa~. Hence the 

adverse effects associated with the consumption of the South 

African standard bread will be far less marked than the dnta 

in paragraph (1) would lead one to imagine . 

3. In South Africa there are several differences in 

climatic conditions in comparison to overseas; for example 

in regard to the altitude, rainfall, humidity, and more 

particularly, the period of daily sunlight experienced . To 

illustrate this difference in sunlight, - perhaps the most 

influencial of these factor s, it need only be pointed out that 

in Johannesburg , the average daily period of ~$bine through­

out the year is about 8.8 hours; in London, the corresponding 

period is about 3.9 hours . The influence or this extra 

sunshine (and hence vitamin D) on the metabolism of calcium 

and phosphorus may well be profound . (This aspect will be 

considered in detail in the Discussion) . 

4 . In South Africa, although there was a shortage of 

wheat, there was, unlike Great Britain, a fa~rly large am unt 

of maize available: hence the diversion of bran from animal 

feeds to hmnan consumption, did not lead to a falling off in 

the production of dairy produce, in .faet the production of 

raw milk and cheese actually rose during the war years (18) . 

Thus , in South Africa , there was no decline in the supply of 

ealcium/ • •• 
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calciua rich toodstutfa tollowinc the introductiOn or the 

standard war bread. 

5. Finally, in South Atr1ca1 before . the introduction ot 

the war bread; as much as a fifth ot the_ total wheaten products 

cODalaeCl was or high extraction, type. 'lhe bulk of the con-
- ' 

8181era ·were c011lparat1••17 poor rural dwellers,. ·whose average 

intake or ealc1• was likely to be on the low aide. Yet in 

spite ot these two factors,. naJJe}7; a low intake c4 calcium 

and a high int_ake ot ph)rtic aeid phosphorus, there were no 

reports .of cl1n1c_all.7 diaDtozable eale11a cleficienc7 diseases, 
' such as would be anticipated. to oc_cur 414 the large uount of 

phytic acid phosphorua ingested ser1ous}7 inte:rt'ere with the 

utilization or calciua. 

!he ·Jational lutritian Council tberetore· decided 

that before reachin& any decision in resard te» the addition ot 

calc1UII carbonate to tbe war · ~ead, e~rimentalwork on the 

following aspects should be undertaken•- -

An investigation similar to that ot llcCance and 

Widdowson (12) should be carried out to learn whether under 

South At'rican conditions, t~ COD818Jlt1on ot tbe standarcl war 

bread (involving the ingestion ot a large UlO\Uit of ph7tic 

acid phosphorus) has a pei'IQ&nentl.7 adver.e ettect 011 t~ 

. metaboliSil or calcium b7 hUID&ns. 

-2. An investigation should be carried ottt to detcl'JDine 

Whether the destruction ot the phJtic acid ph~sphorus which 

occurs during the baking of the bread, could be !noreased b)' 

&JV' simple ·modification of' the bald.nc prqeedure. . 

3. Should the reaults ot ·the experimental work earri.ed 

out in (l) indicate the desirability ot _addinc calc1ua carbonate 

to the standard meal, information will ·be required 1n recard to a­

(a) ?lhat is the best ·available fora ot c.U.cium 

carb~te to "-se, and hO'II much should be 

1ncorpora t84 in the meal. 
- . 

(b) Whether tbe addition will make the IS Yal.ue 

of_ the bread medium autt1c1ently iess acid 
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to increase the liability of 11rope" 

development, an ever- present danger 

1n the armer parts of Sout Afriea . 

(c) · hether the additio~ will advers ly 

affect the baking quality,appearance, 

and latabil1ty or the br ad . 

These investigations are descr bed in the follo 1ng 
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THE OBJECt Ql XUE INYE§IIQAIIOB. 

The object of this sect ion ot the work is, as 

explained at the end of the Introdu~tion, to determine 

whether the consumption ot the alJDost wbolegrain standard bread 

by adult South African EuropMns, entailing the ingestion or 
a large amount of phyt1c acid phosphorus, bas a permanently 

deleter1ous effect on the metabollsa or calcium. 

THE PLAR Ql tHE P}~JSEI!! SWRJ. 

1. The subject • s cfllcita metabolism will be studied, 

firstly, on his uS12al or :evel7day diet, for a period or at · 

least one week. There are two reaaons for taking this step. 

a) Por at least two years, South Afr1e~ bave 

been consuming high extraction standard bread 

to the exclusion or all other types or bread. 

It is probable that. sea. adaptation to a ra1rl.y 

large intake cr phytic aeid phOsphorus has 

already occurred. Balance aata tar the subject 

. consuming his everyday diet should therefore 

indicate whether adap~tion is actually in 

operation or not. 

b) '!'he analytical da'ta on food consumption during 

the everyday diet period will _provide the in­

formation required for fixing, altering, and (or) 

equalizing, the calc!u. ·intalce during the 

experimental dtet periods. The method by which 

this 1s accomplished is described on pages 19- .2.5. 

2. From the everyday diet, the subject will pass on to 

the First Experimental Diet, llhich includes the consumption 

ot 1 lb. of standard bread daUya the calc.1UIIl intake, by the 

above method, w1ll be adjusted to be a pproxilnately equal to 

what/ •••• 
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1'HE OBJ£)CT Qf IDE IF{Ecf' I GAIION. 

The object or this sec t ion of the work is, as 

explained a t the end of the Introduction, to determine 

whether the consmnption of the alJnost wholegrain standard bread 

by adult South African Europeans, entailing the ingestion or 

a large amount of phytic acid phospl'1o:rus, has a permanently 

deleterious effect on the metabolism of calcium. 

THE PLAN QF IBE Pt JSEft S'll!DX. 

1. The subject's calcium metabolism will be studied, 

f irstly, on his usual or everyday diet, for a period of at 

least one week. There are two reasons for taking this step. 

a) Por at least two years, South Africans have 

been consuming high extraction standard bread 

to the exclusion or all otber types of bread. 

It is probable that some adaptation to a f a irly 

laree intake of phytic acid phosphorus has 

already occur red. Dalanee data f or t he subject 

consumi ng his everyday diet should t herefore 

indicate whether adaptation is actually in 

operation or not. 

b) The analytical d,ata on :food consumption dlll'ing 

tbe everyday diet period will provide the in-

formation required for fixing, altering, and (or) 

equalizing, the calcium intake during the 

experimental diet periods. The method by Which 

this is accompl i shed is described on pages 19- :t5. 

2. From the everyday diet, the subject will pass on to 

the First Experimental Diet, which includes the consumption 

or 1 lb. of standard bread daily& the calc~um intake, by the 

above method, will be adjusted to be a nproximately equal to 

what/, ••• 



what 11 general]Jr considered to. be subject's requirement . 

for maintenance, i.e. 10 mg. per XI• bod7 weiJ)lt. '!he 

weekl.T experimental periodl w1ll be continuecl untU a steaq 

state or intake am excretion or calcium is reaclled. . It 

will thus be .possible to tollGW the various changes b7 which 

the subJect deal~ with the d1st\U'bances oceaaicmed bf this 
type ot diet. . . 

It IIIU8t be empha~ized that the advantage ot this 

experimental diet ia that it resembles the diet consumed at 

present by ~ large bulk ot the Kuropean ·population, i.e. 1t 
. -

includea a large UlOunt or standard bread (heMe a large 

amount or ph7tic acid phosphorus), .a sall proportion ot 

dairy produce (hence a comparati vely low intake or calciua), 
- . 

and of course a lllOdiellll o~ -.t,-Tegetable-a, etc. An · 

inspection or the data given 1n the .pre..ar Paa117 Budget 
' ' 

Report (15') shows that at least in so tar aa the 
.. · . 

. intakes of bread and dail'J' produce are eoncerned t the 

supposition is ftlid. !he behaviour, the"'rore, ot the 

subJect on this experimental diet, 'tfhen ci"• aaple tiM 

tor adaptation,_ shoUld throw conaid•rable lilht on wbat 

has oecurred and is occurring in the bodies of the ~~&Jor 

proportion of European South African &dUl~s. 

3. After a atea4r state or equ1~1briua 6n the First 

~perimental Diet is atta'1ne4, the .'subJect will pass on to 

the Second Experimental Diet, oontalnina appro~teq the 

same calcium intake, but replacin& the 1 lb. at etand&Jrd 

bread by 1 lb. of low extract1011 white ·bread. · !his d.iet 

will be continued for a period to be determiDed a8 the 

experimental work proceeds. :1 Ben again, 1 ~ 1-s considered. 

that this diet reseables that eonauae<l bJ the aa~or 

proportion ot Europqn South ~ricana prior to ·*7 1941, 

when wh1 te bread was the sta plea indeed ·t t would ••em 

1811 tiJDate to ·consider tba t the Onl7 maJor ,dietetic variable . 

before and after the _abow 4a.t~l •• the type of 'bread ~on­

sumec1. 



18 

It is or !Jnportanoe to state that in this 

investigation, it was decided against equalizing tbe 

intakes of magnesium, phosphoru&, and iron,in the 

different diets 1 for such a procedure would have created 

artificial dietetic conditions unrelated to the actual 

diets consumed by the public , and this the author was 

particularly anxious to avoid. 

4 . From the Second Experimental Diet , the sub3ect 

will return to his normal or everyday diet . Since this 

return will take place in any case , it was considered 

t hat it may be of interest t o continue f'u.rther observations 

for a week or two. 



.bJect 

.F. 

.w. 

.o. 
.• G. 
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E X P E R I ~ E N t A L. 

QATA ON THE SUBJECTS UN.DERGOING THE DIETETIC, TESTS, 

All subjects were healthy adult males, Subjects 

F.F., A.W., and L,G , , are research workers in biochemistry; 

subject L.O. is a reliable laboratory technician; all four, 

at the time or the investigation, were either working at, 

or associated with , the South African Institute for Medical 

Research , Johannesburg , 

TAJ3LE NO . , , 

PHYSICAL DATA ON THI SUBJ£CTS • 

Age 
(Je§rs) 

Body Weight 
(K£1 

Height 
'ems) 

Body Surtace Area Basal metabolism 
'sg .metres) • (Calories) HK 

52 65 180 1 .82 1625 

31 51 163 1 . 53 1461 

30 64 168 1.71 1633 

33 ?'5 168 1.83 1748 

• Calculated by means of the formula of Dubois and Dubois(l9) . 

*H Calculated by means o£ the formula of Harris-Bened1ct(20). 

Information about the effect of the diets on the 

subj ects' health, . weight, etc . , is given on pages .2.~~ 12b and t2 7. 

RATA ON TI!E DIEtS CONSUMED • 

As will be gathered from what has been stated 

previously, there was a constant endeavour during the investi­

gation to interfere as little as possi ble with the usual diet 

of the subjects concerned . Apart from the changes in the 

consumption of bread, and the slight dietetic changes required 

to alter the calcium intake , no other changes were instituted. 

It must be made clear, however , that excluding these limitations , 

subjects were requested to vary as little as possible the 

amount and type of food consumed during the various weekl y 

periods/ ••• 
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periods. 

The foodstufrs ·contributing calcium to the diet may 

be classified under the foll owing headings:-

1. llilk and cheese. 

2. Bread. 

3. The rest of the diet, made up of foods comparatively 

low in calcium. 

If the cale1~ contributed by the rest of the diet 

is kept approximately constant, it should be possible, when 

the intake of the bread is Ji..nown, to maintain the cale~um 

intake at almost any particular level (wit hin certain ranges4 

simply by varying the intake of milk am cheese. This 

principle forms the basis of the method which was used, 

firstly, to maintain the calcium intake at a level adequate 

for maintenance, and se·condly, to equalize the calcium intakes 

during the Experimental Diet periQds. 

Before demonstrati ng how the method vras applied, 

analytical data will be given on the breads used during 

the periods . A:nalytiecal determinations on the standard 

and white breads from the different bakeries serving the 

subjects, were carried out prior to the start of the investi­

gation. The data on the breads actua~ly consumed by the 

subje.~ts (given in Table No . 3) were found to be almost 

ide~al with t hese earlier figures . 

~ 

']:AB,L~ NO . 3. 
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tABLE tfO I 3. 

Results expressed as milligrams per 100 grams 

moisture tree bread .• 

Type or 
Calcium · lameli!P 

Phytic acid 
Bubjeet Jltead 1r.2D Phosmorv JhPSR}J.Ox:Hia 

Brown 62 128 5.7 29~ 75 

Brown 51 121 6.3 261 78 
White 24 23 1.2 78 3 

Brown 58 124 5.9 ·288 69 
White 22 17 1.7 74 2 

Brown 5~ - 103 ).4 303 88 
White 21 19' 1.4 81 Trace, 

The Brown Bread· was the SoUth African atandard w.r 

95 - 100 per cent~ extraction rate • 
. ' 

The 'white bread was or low extraction rate, probably 

70 per cent. 

SUBJf&% [.f. 

Observations on subJect P.r. ·were or a somewhat 

preliminary nature. J,>urin, the short initial period when 

the usual diet was couUDted, the tood intake was weighed, 

but not sampled. Dur1Jlc the Experimental D1et . period, which 

included the daily consumption ot _l lb. atandar4 .ar bread, 

F .• F. consumed 100 ml. railk 4&117, but ate no cheese1 the 

rest of his diet •• not interfered with. This regimen was 

based on rood cons~ption data given in MCCance and Widdowson's 

paper (12). 

s WIJ]~~t A I 'fJ • 

Upl Diet Ptr19d (Wilks • agt 2). 

Analxtigal daQ I peraae dallx. galeip QODtributigna • 

Usua1 Diet Milk Ca Bread Ct Reat pr PiG Cl 'total Ca ~nt!Jtta 

Week 1 84o 8o 240· 1160 

Week 2 840 a; 25'0 1175 

The calc1UID contributed daily b7 the rest of the 

diet/ ••• 



diet was approximately conat&nt, i.e·. · about . 245' mg. Sublect 

A. Vl . weighed 51 Jtg., and thWI requiret about 510 ag, calciua 

for maintenanee. 

First IaRir1Jnstal R1ft Ptr1Qd (Wgkf ) to 11). 

!he calci\8 oon~nt or 1 lb. or A.w. •a standarcl 

bread was foUlld to be 165' ag1 the ~ci\a contributed by 

the rest or the diet (assuming all ' was consumed) was about 

245' mg., uldng .a total or 410 mg. caleita. The aaount or 

calciua to be made up by inilk was therefore 5-1.0-410 • 100 mg. 

For this purpose, A.w. was allowed to consuae 100 ml. milk 

daily, containing abo~ 120 mg. calciua-. A.w., although 

a sparing eater, ate all the bread stipulated,. and alaost 

all the ~rest or the diet" tood. 

Stpqnd ExPilimeDQl Dit$ • 

(a) Jeeg 11. to l5'. The purpose of this diet is explained 

later. The cale1• content of A.w .. 's white rolls and 

extra pota toea was estimated to be a'bbut ~; ag. !his 

amount, with about 245' ag. from the rest or the C.1et, 

totalled 300 mg. caleiu.. The amount of caleiua to be 

made up bf milk was therefore 510•300 : 210 mg. For this 

purpose, A.W. was allowed to consume 160 - 200 IDl.. milk daily. 

(b) Wte"l 16 to 19. The cale1• content or 1 lb. ot A.W. '• 

white bread was about 75' mg. !his amount, w1 th about 245' mg. 

from the rest or the diet totalled 320 ag •· The amunt or 

calcitB to be made up b7 .milk was therefore 510•320 • 190 ag. 

For this purpose, the coniJUJiiption or 18o 111. ID1lk •117 waa 

allowed. 

Return to Usgl Diat (!etu 20 to 2a l, 
!be diet consUiled b7 A. W • during this period closely 

resembled that consuaed during the 1n1 t1al usual diet period 

(weeks 1 and 2). 

StJB.l]!!t L.O. 



SJIBjfJlC'f L.O. 

Usual na.et Ptrio4 (Weeks 1 8.111 2). 

AMkt12Al Pita 1 aytrage dailY calciYIR ggntr.butions • 

Milk and 
Umtl, D;J&t Cbepfe £a. Bread. ,ea. Re§t gf D~gt Qa. lstt&l Ca mtaa 

Week 1 685 60 330 1075 
Week 2 577 35 300 912 

The calcium contributed daily by the rest of the diet 

was a pproximately constant, i.e. about 315 mg. Subject L.o. 

weighed 64 Kg., and thus required about 640 mg. calcium for 

maintenance. 

First lftper1.mental Diet Pe;1PA <weep 3 tc 10 > • 

The calcium content of 1 lb. or L.o.•s standard bread 

was 175 mg. The calcium contributed by the rest of the aiet 

(assuming all was consumed) was about 315' mg., thus making a 
j; ~~ 

total ot ~ mg. calcium. The aaount of calcium to be made 

up by milk was therefore 640-490 al50 mg. For th15 purpose, 

the consumption of 120 ml. milk was allowed daily. 

L.O. was not fond of eating bread. During this 

diet period he had difficulty, not only in eating the l lb. 

ot bread, but in consuming t he "rest of the diet" tood. In 

consequence his intake ot calcium during the early weeks was 

too low. For weeks 81 9, ~nd 101 he was therefore all~ved 

additional milk, the total eonsumptior1 being increased to 

200 ml. daily. 

StcQR4 lxperimental R&tt Per iod <We!ks ~1 to lJ). 

The calcium content ot 1 lb. of L.o.•s white bread 

was about 65 mga t he calcium contributed by the rest or the 

diet (assuming all was consumed) was about 315' mg., .thus 

making a total ot about 38o mg. calcium daily. The amount 

ot calcium to be made up by milk was therefore 640-380 • 260 mg. 
re't'i red 

For this purpose 200 ml. milk was alJoewed daily, containing 

about 240 mg . calc1 um 1 L .o. was, however, allowed 250 ml. 

daily for the above reason. 

Return/ ••• 



Return to Usual Diet ( eeks 14 ang l~ l, 

L. O .• returned to much the same diet as e consumed 

during t he first two weeks except that his consumption of 

milk was lower . 

SUBJECT L. G. 

Usual Diet Period {Week l). 

Analytical dat a: avera ge dailY ca l cium contr ibut ions . 

ilk anrl 
Usual D~~ Cheese ~!. • Bread Ca . fiest of Diet Ci • Total Ca in~ake . 

eek 1 50 350 763 

The calcium contributed dai~y by the rest of the diet 

was 350 mg . L.O. weighed 75 Kg . and thus needed about 750 mg . 

calcium daily for maintenance . 

First ~perimental Di~t ( qeeks 2 to 5 ) • 
.... 
The calcium content of 1 l b . of L. G. ' s sUL~dard bread 

as about 160 mg . The calcium contributed by the rest of the 

diet (assuming all was consumed) ~s about 350 mg . , thus 

making a total of 510 mg . cal cium. The amount of calcium 

to be made up was therefore 750-510 mg . = 240 mg . For this 

purpose , the consumption o1 200 ml . milk daily vms allo11ed , 

contain1ng 240 mg . calcium ; alternatively, 1 oz . cheddar cheese 

containing about 260 mg . calcium was permitted . Unfortunately , 

in week 5 (also 6, see later ), the calcium intake was too 

high: this was later traced to the fact th:-;. t the cheese which 

L.G. elected to consume , contained almost double the usual 

calcium content . 

Second Experimental Ri§t (Week 61. 

The calcium content of 1 lb . of L. G. ' s hite bread 

was about 65 mg . The calcium contributed by the rest of the 

diet (assum ' ng all was consumej) ;as about 350 mg . , thus 

making a total of 415 mg . daily. The amount of calcium to 

be/ • • • 
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be made up by milk or cheese .was therefore 750-415 = 335 mg . 

For this purpose , the consumption of either 275 ml . milk 
, I • .. 

(containing about 330 mg. calc1vm), or or 1~ oz. cheddar 

cheese {containing about 330 mg. calcium), was allowed 
" daily. As noted above, the eal~ium inta~ during this 

week was found to be too high: this was traced to the 
I 

cheese being far richer than usual in ealeit~. 

Return to U§pal D~!t 'Week Zl 
L.a., on his usual diet, was a comparatively small 

*"'._.:;;. 

bread eater; on his return to the everyday diet, his con-

sumption of bread rell to about 4 ozs. daily. 

Il.B. It .may be mentioned that Ro.t'.f-Jorgensen and his 

associate workers (21), used much the same method as the 

author, in controlling the calcium intake tn experiments 

on the effect of phytic acid phosphorus on the calcium 

metabolism of children: they kept the n&tural or every­

day diet as unirorm as possible during their 5 day periods, 

and VG.ried the calcium intake by means or milk supplements . 

The figures giving the amounts of the different 

£oodstuffs eaten by the subjects during each we~kly period, 

are available, together with the amounts of nutrients 

(protein, etc.) calculated from them. Dut it 1s not con­

sidered necessfu·y to include them in this thesis, for the 

length would be increased by 100 pages without serving any 

useful purpose relevant to the object of' the investigation. 

It may be stated however that the intakes of protein, fat, 

carbohydrate, calciw, phosphorus, iron, and vitamins A and 

C, during the variOUs periods, exceeded the allovrances 

recor:,rnended by the South African National t~utri tion Council 

(22): the intake or thiamine was satisfactory except during 

the white bread diet period, when it was invariably too low, 

i .eJ. , •. 
• 



i.e. leas than 666. I. U. da1].J. In a4di tion, apealdnc 

generally, it •1 be re•rked that there was nothing UllUSual 

about the diet ot r.r.J A.w. was nry tend of eggs, but ate 

little meat1 L.o. and L.o. wen both partial to sal.ade alld 

fruit. F1nal.l7:t it must be noted that thrc:ruchout the . 
vit"<imin 

1.nTest1g_at1on, no ooncentrate4 nutrients <••I• rit D prepara-

tions) nre consumed whate'Yer • 

9NAIXI JPWVIQQI 9l tg SlJ§JECfS PABtiCIPA%IIG· 
All subjects r-1necl in excellent health throughout. 

!here were no reports ot digestion upsets, d1soaatort, or 

nauaia. Aa will be ()bserved· trom Tables Joa. 35 -3 8 ill the 

appendix, the weights ot -th~ aub3ee\a.-eharlpcl hardl.y at a11. 

While there was not -~ua clitf'i9ult7 'in coi1SUJI1na 

the _l lb. ot standard bread da1lt1 all a:ub3ecta wel'f) glacl 

when the perie>d or the white bNad diet •• owrf on this 

latter diet, con.t1pat1on waa reported · occasionail7 b7 all 

subject• part-1c1pat1nc. 

On ehang1.ng ·rra. the standard bre&cl to the white 

bread diet, the wet ~ dey_ we1gllts of r~·· were . almost 

halved (a like obser..ation lt•• -been made b)! .aey prnioue 

workers) 1 the trequeDCy ot .0t10JUt decreased I. a.Dd the faeces, 

from beina buJ..k7, sort, aJd 1"ol'!lless, becal!le SJD&ll1 hard, 

and otten expelled with d1t"t1cult7• llore detailed data on 

these aspects are given 1n the above-ment1o:nec1 tables. 

Apal't frOil the understandable restraint aasocia te4 

with balance work, it can be •1-Ated that the subjects ex­

perienced no PhYSical 111-eftects whatsoever. 



EXPERIMENTAL. (Cont'd). 

The Collection of Urine, Faeces and Food ror Analysis. 

Urine. The collection of ~ine was begun at noon· on t he f irst 

day of each weekly period . I t was collected t hroughout in Win­

chester Quart Bottles {3 or 4 being needed for t he week 's urine), 

and preserved with a t hin surf ace layer or toluene. 

Faeces. For t he collection of the faeces, 2 large stone-ware 

jars of 3 - 4 gallons oapaci t y were employed; one was kept at. the 

subject's place of employment, and the other at his home . Each 

jar had a wide mouth 4 inches in diameter, which was provided with 

a tightly fitting cork bung , coated with parattin wax. The robust 

character of the jars permitted the subject to sit while passing 

motions. The amount of toilet paper used each week was noted, 

samples being kept for analysi s. 

For the marking off of t he weekly periods, carmine was 

used; 0.5g . either in gelatine capsules, or from· a teaspoon, was 

taken on t he first day or each weekly experimental pe-riod , before 

breakf ast. The f aeces began t o be mar ked either in t he evening 

motion or in t he one excreted t he following morning . The f irst 

motion (and if necessar y the s econd one a lso) was passed into a 

shallow white porcelain evapor ating bas in 9 inches in di ameter. 

If uncoloured, t he motion was discarded : if coloured, a separation 

was effected with a stainless steel knife; the brown portion was 

thrown away, but the red-coloured portion was put i nto one of t he 

faeces jars. Thereafter all motions were passed into the j ars, 

until, on the morning of the ei ghth day , a further 0 .5g . of carmine 

was taken before breakfast. The next motion (and t he following 

one als o if necessary) was pas sed into the porcelain basin as 

before. If it was uncoloured, it was added to t he previous week's 

faeces collection : if it was coloured, a separation was eff.ected; 

the brown portion wasmded to the previous week's faeces; the red 

portion formed the beginning of the new week's faeces coll ection. 



There was, in general, little difficulty encountered 

in making these separations. The analytical figures, particularly 

those of iron, indicated that the separations were accurately 

showing the beginning and the end of the weekly periods . 

~- For analytical convenience, the different food .samples 

of the diet , consumed during each weekly experimental period, were 

kept in separate containers. They were collected as follows:-

1. Milk . One tenth of each day 's . supply was pipetted out 

each morning into an 8 oz. reagent bottle , which contained 

a few ml. or o.aa ammonia as a preservative . Throughout 

the week , the bottle was kept in the refrigerator. 

2. Drinks.These included water, tea, coffee, lemonade, 

alcoholic drinks, and so forth. One tenth was put aside 

for analysis on each occasion of drinking , and added to a 

inchester Quart bottle. It must be noted that drinks 

needing milk (i.e. tea and coffee) were sampled before 

the addition of milk, otherwise the milk would appear 

twice in the final food sample. 

3. Fatty Foods. These included cheese, butter, and cream. 

The samples of these foods were kept in separate containers, 

one fifth of the week's consumption being preserved for 

analysis in each case. Unles.s the same type of cheese 

was consumed throughout the week , the sampling was carried 

out at the time of consumption, because of the variable 

composition of this foodstuff. 

4. Bread . One fifth of the consumption of bread was set 

aside each day, and stored in a cardboard box with a tightly 

fitting lid. One fifth also of oakes, pastry, proprietry 
WA.~ 

cereal foods, biscuits, eto., wepe kept in a similar 

receptiole. 

5. EgSS. One egg was set aside for every five eggs , or 

part of five eggs, consumed. 
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6, Other Foods. This group of samples was ke.pt, together 

in a glass jar (a museum jar) and covered with a suitable 

plate. Into this container was put one fifth of the 

amount consumed of meat, boneless fish, and bacon, all 

of which were finely cut up : also one fifth ot vege­

tables, fruit, puddings, soup, and so forth. There 

was added at t he end of each weekly period 0.1 gram; 

of carmine, i.e. one fifth of the amount ingested. 

There was thus collected:-

One tenth each of milk;, and drinks; also 

One fifth each of fatty foods, bread, eggs and the remaining 

f ood. 

1. Ordinary tap water was employed for drinks, not glass 

distilled water as many previous workers have used. 

2. The minimum of t ooth paste was used, the mouth being 

very carefully rinsed out aft er each occasion of cleaning teeth. 



TREATMENT OF SAMPLES FOR ANALYSIS . 

For the sake ot simplicity, the following description 

r eads as if one determination were being carried out ; but it must 

be understood t hat all determinations were carried out in duplicate 

or triplicate. 

Urine . The total volume of the week ' s urine was measured , 

using a 1000 ml. graduated cylinder; from this weekly volume, the 

aver age volume of urine excreted daily was obtained. The urine 

was decanted into a 40 litre capacity accumulator glass v~ssel. 

After thorough mixing , a litre sample 1as kept for analysis . 

100 ml . urine were measured out and poured into a 

s.lica basin (8.5 ems . in di ameter) . After t he addition of 1 ml . 

Analar HN03 , t he liquid was evaporated to dryness on a waterbath . 

The viscid mass was fir st heated carefully on an electric hot plate 

at low heat until all t he residual moisture was removed and charring 

commenced. It was t hen ashed slowly at 450°0. in an electric 

muffle furnace, the damper being left half open . After l i to 2 

hours, a white melt resulted , usually completely uncontaminated 

with carbon particles. 

The urine ash was treated with 5 ml . conc.A.R.H61; 

a watch glass was put over the bas in, and the contents boiled 

gentl y on the hot plate at low heat . The inside of the watch glass 

was washed into the basin with 10 ml. of distilled water ; the 

contents were again boiled, and filtered through a tman Paper 

No. 41 into a 100 ml . graduated flask. The basin was washed with 

four more additions of 10 ml . of water , t he washings being boiled 

each time before t hey were filtered . The volume ~as made up to 

the 100 ml. mark when cold. Aliquots of this solution ere used for 

tbe determination of t he various mineral constituents . 



Faeces. The faeces in t he stone-ware jars wer e washed out 

with distilled water into t wo large tared porcelain evaporating 

basins of 9 inches diameter. The total mass was wei ghed in each 

case; knowing the volume of washing wat er used , it was possible 

to determine the wet wei ght of the fa eces for the week; and from 

t his figure the average weight of wet faeces excreted daily was 

calculated. 

Conc . A.R.HCl. was added to each basin , the amount 

being about one tenth of the wet f aeces eight in each case . The 

basins were put on the water bat h : after about 4 days , t he faeces 

were dry enough (containing up to 15 per cent moi s ture) to grind 

into a granulated material having the cons i stency of f ine bread 

crumbs . The faeces wer e weighed; after accura t el y deter mining the 

residual moistur e on a sample , the weight of' the moisture free 

faeces, and hence the average weight of dr y f aeces excret ed daily 

was calculated. 

5 to 7 grams of faeces were accurately wei ghed into 

a silica basin (8 . 5 ems . in diameter ) ; the contents were heated 

on a hot pl ate in a fume cupboard until t he evolution of white 

fumes ceased . The material was t hen ashed s lowl y at 450°0 . in 

the electric furnace , the draught being maintained as when ashing 

urines. The ashing took 1 to 2 hours . fuen cool, the mass was 

moistened with a few mls. of distilled water , and 5 ml. oonc.A.R.HCl. 

wer e added . The ash was taken to dr yness , first on the waterbath , 

and then on the hot pl ate at low heat . A further 5 ml . conc.A.R.HCll. 

were added , a watch gl ass placed on the basi n , and the contents 

heated to boiling on the hot pl ate at low heat . The inside of the 

watch glass was washed into t he basin with 10 ml . distilled rater; 

t he contents were again boiled , and f iltered , as before , through 

a Wh~tman Paper No. 41 , int0 a 100 ml . flask . Ther eafter , further 

extractions were made as with extracting the urine ash . Any 



residual carbon was finally t ransferred to the filt er paper 

and repeatedly washed with boiling distilled water. When cold, 

t he volume was made up to t he 100 ml. mark. Aliquots of t his 

solution were used for the determination of t he various mineral 

constituents. 

Food. The volume of mil k was first measured , and one t enth 

(i,e, one hundredth of t he total volume consumed) was accurately 

pi petted into a s ilica basin , similar in dimensions to the above. 

The liquid was taken to dryness on t he waterbath. The volume of 

drinks was next measured, and one tenth added to t he silica basin, 

which was again taken to dryness. Any aqueous liquid in t he food 

jar was decanted off, measured, and one twentieth of its volume 

dried in the silica basin. The food mass left was pulped in a 

mortar until a homogeneous paste was assured; one t wentieth of t he 

weight of t his pas te was next added to the basin. There Yms next 

added one twentieth of the t atty foods (butter, cheese, etc.). 

!he amount of egg ingested (less shell of course) during the week 

was calculated : one hundredth of this weight of hard boiled egg , 

shelled, and pulped into a homogeneous paste, was added. Finally, 

t he bread sample was broken down to fine crumbs, and one t wentieth 

added to t he basin' s contents. 

There was t hus in the basin one hundredth of t he 

total drinks and food ingested throughout the week. 

The mass was dried, firstly on t he wat erbat h , and 

t hen wi th increas ing heat on t he hot plate. Vfhen charring com­

menced , the basin was put in the furnace, and the materia l ashed 

very slowl y at 45o•c., with t he draught damper half open. This 

operation took 2 to 3 hours. The basin was withdrawn on at least 

two occasions, and allowed to cool down; it was put on a sheet of 

white paper and t he carbonaceous lumps broken down with a stout 

platinum wire. 



The ash was moi stened with cold water; 5 ml. cone. 

A.R.H61. were added, and the contents taken to dryness, first 

on the waterbath, and then on the hot plate at low heat. After 

fixing the 5n1ca, the extraction procedure was the same as that 

followed with the ashes of t he urine and faeces. 

When the carbonaceous residue was considerable, 

only two preliminary extract ions were made; the filter paper 

containing the carbon particles was put into the silica basin; 

2 to 3 drops cono.A.R.nitr1c acid were added , and a further slow 

ashing carried out at 450°0 . The ash from t hi s second incineration 

was always free from carbon particles. It was moistened with 

water, 2 to 3 ml. conc.HCl. added, and taken to dryness as before. 

The ash was extracted in t he usual way , the extractions being 

continued until t he t'inal volume approached 100 ml. When cool, 

t he solution was made up to t he 100 ml. mark, and aliquots were 

used for the various determinations. 

6 silica basins , each containing one hundredt h of t he 

weekly food inges t ed , wer e prepared. They wer e proceeded with as 

follows:-

2 basin's contents were ashed and extracted as described 

above. 

2 basins, after the contents had been dried, were kept for 

phytic acid phos phorus determinations. 

1 basin's contents was kept in reserve in case of accidents. 

In addition, 2 basins, each containing one two hun­

dredth of the weekly food ingested, were prepared, and kept for 

the tota-l phosphorus determinations. 



METHODS OF ANALYSIS. 

DETERMINATION OF CALCIUM. 

Reference:- McCance.R.A. and Shipp.H. L.{l933). 

Spec. Rep. Series. Med. Res. Coun. London. No.l87, Page 37.f~) 

The method referred to was modified as follows. 

For the calcium determination in the urine,. 10 ml. 

of urine extract were used. For the determinations in the faeces 

and food, 2 ml, of the extract solutions were used : tor this 

purpose, 10 ml. of each extract were pipetted into 50 ml. graduated 

flasks, made up to the mark with distilled water, and 10 ml. of 

these diluted solutions were taken, i.e. 2 ml. of the original 

solutions. 

The above three liquids were pi petted into 100 ml. 

pyrex beakers. 0.2 ml. of phenol red (0.02 per cent solution) 

was added to each. This was fo l lowed by a 10 per cent ammonia 

solution, added drop by drop , until the colour changed slowly from 

brick-red to yellow, and then sharply to purple. Next, one to two 

drops of gl acial acetic acid were added, just sufficient to change 

the purpl e colour back to bright yellow. 5 ml. of saturated am-

monium oxalate solution were t hen added. The beakers were covered 

and left overnight. 

The precipitates were filtered off through Whatman 

No.541 filter papers, and washed with 1 per cent ammonia solution; 

they were then washed through with about 100 ml. of 2N. sulphuric 

acid. The resulting solutions were heated to ao•c., and the oxalate 

titrated against ~ potassium permanganate. The latter solution 

was made up freshly for each batch of determinations. 

Calculations. 

1 ml. l~O . potassium permanganate is equivalent to 0.2 mg . 

calcium. 



1. Urine titre x o 2 x 100 x daily veL urine. 
• 1a> !oo 

= milligr ams cal cium excreted daily in the urine. 

2. Faeces titre x 0 •2 x 100 x wt.dry faeces excreted daily. 
2 wt. taken ~or analysis 

= milligr ams cal cium excreted daily in t he faeces. 

~ 

3. Food titre x 0.2 x 1~0 x ~ lOO related to the fraction 
of the total food taken for 
analysis and 7 is the number 
of days in t he experimental 
period. 

milligrams cal cium excreted daily in the food. 

DETERMINATION OF MAGNESIUM. 

Reference:- McCance.R.A. and Shipp.H.L.(l933). 

Speo.Rep. Se~ies Med. Res. Coun. London. No.l87. Page 38.(~3) 

The method referred to was modified as follows. 

[The pr eparation of the extractions and the determin­

ations of calcium on the urine, taeces, and food samples, were 

normally as much as t he author could cope with for one week, before 

the next week's samples came in. The determinations of magnesium 

were t herefore not proceeded with after t he removal of calcium 

from the extracts, simply because of lack .of timeJ 

10 ml. of the urine extract, and 10 ml. each of the 

diluted faeces and food extracts (prepared as for calcium determin­

ations and containing 2 ml. of the original extracts) were pi petted 

into 50 ml. centrifuge tubes . The calcium was precipated as oxalate 

(see previous page for detail s). 

After leaving f or at least an hour, the tubes were 

centrifuged. 10 ml. of the supernatant liquor were withdrawn in 

each case and run into 100 ml . beakers. 2 ml. of 2 per cent ammonium 



phosphate , and 5 ml . of ammonia (S. G. o.aao ) were added. The 

mixtures were covered and then left overnight . Next morning·, the 

preci pitates were f i lter ed o:f'f and washed with 10 per cent ammonia 

soluti on. They wer e then washed through with ~ HGl ., into 200 ml . 

graduated flasks . When the washings had reached .about 100 ml. , 

the solutions were made alkaline t o phenol phthalein with 20 per cent 

NaOH , and then just r e- acidi:f'ied wit h dil .BGl . When cool , the 

volumes were made up to the mark with distilled water. 10 ml . ot 

the solutions vtere used in the color imetric determinations . 

The total phosphorus content ot the solutions (and 

hence by calculation the magnesium previously in combination) was 

determined calorimetricall y by the McCance and Shipp modification 

of Brigg 's method . This method will no ~ be described . 

DETERMINATION OF PHOSPHORUS. 

Reference :- McCance R.A. and Shipp H. L. (1933) . 

Spec . Rep . Series . Med . Res . Coun . London. No . l87 Page 28 .(23). 

Reagents needed . 

1. Standard phosphate solution. 0. 4394 g . or pure KH2P04 

was dissolved in water and made up to 1 litre . The ~olution was 

pr eserved with chlor oform. 1 ml . ot this solution contains 0 . 1 

milligram~ of phosphorus . 

2 . Molybdic acid reagent . 25 g . ot ammonium molybdate 

were dissolved in 300 ml . ot water without heat , and to this solu­

tion 200 ml . of water were added and 25 g . or cone . sulphuric acid . 

3. 2 per cent hydroquinone . 1 drop of sulphuric acid was 

added to each 100 ml . The solution was rejected when it became 

brown. 

4 . 20 per cent solution of sodium sulphite . This solu-

tion was kept tightly stoppered , and renewed once a month . 

Reagents 2 , 3 , 4 , were tested by mixing some of each . 



No blue or green colour should develop . 

Determination. 

10 ml. or the unknown solution were pipetted into a 

test tube.. 10 ml. or the standard phosphate solution were diluted 

to 100 ml. and lO ml . or this solution (containin~ 0. 1 milligr~ 

P) were pipetted into a second test tube. 1 ml . ot molybdate 

solution was added to each , followed by 0 . 5 ml . sulphite solution , 

and f i nally 0 . 6 ml . hydroquinone solution . After a period of 

between 1 and 3 hours, the colours were matched in a colorimeter . 

DETERMINA~ION OF MAGNESIUM. (Continued from above). 

Calculations. 

For greater clarity, let t he original 10 ml . of extract 

(or diluted extract) , after t he addition of the reagents for the 

removal of calcium, be diluted to say 16 . 0 ml. Then since 10 ml . 

of t hi s solution were taken tor the magnesium determinations , t he 

conversion f actor to the original volume is 1~0° . 

The colorimetric standard used contained 1 ml . of 

standard phosphate solution , equivalent to 0 . 1 milligram phosphorus , 

and also equivalent to 0 . 0784 m1111sram of magnesium. 

Let the colorimeter reading be Standard 15 . 0 
Unknown = !2.5 

Urine determination. 

0 0784 x 15 . 0 x 200 x 16 . 0 x 100 x daily vol . urine 
• !2.5 lO --ro W lOO 

= milligrams magnesium excreted in the urine daily. 

Faeces determination. dail 

0 0784. x 15. 0 x 200 :x: 1 6 . 0 . :x: lOQ x Wt . dr~ faeces ~· 
• t27t Jnr ~ 2 Wt.ta en for analysis 

= milligrams magnesium excreted in the faeces daily . 



Food determinat i on . 

15. 0 200 16 . 0 100 100~ 
0 . 0784 x ~ x ~ x ~ x -a- x _,- where 100 relates 

t o the fraction of 
the total fiood ta­
ken for analysis, 
and 7 is the num­
ber of days in each 
experimental period. 

= milligrams magnesium excreted in the food daily. 

DETERMINATION OF IRON . 

Determinat ion in the urine . 
The method of Kennedy was employed . 

Reference :- Kennedy,R . P . (H~27) . J . Biol . Chem. 74., 385 .(2J;.). 

Reagents . 

1 . s tandard iron solution . 0 . 700 g . of pure ferrous 

ammonium sulphate was weighed out, dissolved in water , and made up 

to 100 ml . 1 ml . of this str ong stock solution contained 1 . 0 mg . 

of iron. For use 5 ml . were diluted to 1 litre. 1 ml . of t he 

diluted standard contained 0. 005 mg. of iron . 

2 . 20 per cent potas s ium thiocyanate . 

Determination . 

20 ml . of uri ne extr act were pipetted into a large test 

tube . 2 ml . of t he diluted iron standard (containing 0 . 01 mg . of 

iron) were pi petted into a second test tube , and the volume made up 

to 20 ml . 0 . 2 ml. of cone . ni tric acid was added to each tube. 

The tubes were then heated for 40 minutes on a boiling waterbath to 

oxidize the ferrous to ferrie iron . The heating also converted the 

pyrophosphate which interferes with the determination , into ortho­

phosphate , which i s harmless . At t he end of the 40 minutes the 

tubes were removed and all owed to cool , and 10 ml . of amyl alcohol 

followed by 5 ml . of 20 per cent potassium t hiocyanate were added to 

each tube . The tubes were well shaken to extract all the red colour 

f rom the aqueous layer. After separation , the amyl alcohol layer 



was removed wit h a l ar ge teat pi pette into dry colorimeter cups , 

and the unknown matched against the s t andard colour in the usual 

way. 

Calculation. 

Let t he colorimeter reading be Standard = 15.0 
Unknown I'2:"8' 

1 x 15.0 x 100 x Vol. urine excreted dailt . 
I00 12.5 lRr Vol. taken for analysls.e. ioo mi. 

= milligrams iron excreted in the urine daily . 

Determination in the food and faeces. 

The method ot trons , as modified by McCance, 

Wi ddowson and Shakleton, was employed. 

Reference :- MoCance.R. L., Wi ddowson. E.M., and Sh~leton . L .R . B .(l936) . 

Spec . Rep . series. Med . Res. Coun. London. No . 213. Page 21, ~5). 

Reagents. 

l. Thioglycollic acid. 

2 . Approximately 7 N. ammoni a solution. 

3 . A standard solution of f errous ammonium sulphate , 

containing 0 .1 mg . of f errous iron per ml . 

Determination . 

10 ml. of the rood or faeces extract were pi petted into 

a test tube . A standard containing 0 .1 mg . or iron was pr epared 

from the stock solution of ferrous ammonium sulphate, and made up 

to 10 ml . with approximately ~ HtU. To the tubes , 4 drops of thio­

glycollic acid were added from a pipette , and. the contents mixed. 

2 ml. of 7 N. ammonia solution were added , and t he content s again 

thoroughly mixed . The unknown solution, which developed a precipi­

tate on the addition of ammoni a, was filter ed , and the colour of t he 

filtrate was matched against the standard . 



Calculation. 

Let t he colorimeter reading be 

For t he :food. 

Standard. _ 15.0 
Unknown - !2.'5 

fox }~·§ x ~ x 1~0 ~~ 100 relates to the traction 
• · o:f the total food .t aken for analysis, 

and 7 is the number of days in the 
experimental periods. 

= m1111arams i ron ingested in the :food daily. 

For the :faeces. 

1 x 15.0 x 100 x Wt . dry :faeces excreted daily. 
IO ~ 1R> Wt. taken :for analysis. 

= milligrams i ron excreted in the :faeces daily. 

DETERMINATION OF TOTAL PHOSPHORUS. 

Determination in the urine. 
12. 

The procedure described by McCance and Widdowson(~ ) 

was followed. 

5 ml. of urine were diluted to 500 ml. with distilled 

water, and 10 ml. of t his solution (containing 0.1 ml. urine) was 

pi petted into a tes t tube. 10 ml. of t he diluted standard phosphate 

solution (containing 0.1 mg.P) were pi petted into a s econd test 

tube. The requisite amount of the three reagents, molybdate, 

sulphite, and hydroquinone, were added, and t he colours matched 

as described previously. 

Let the colorimeter reading be ~=dard = } 5
2 ·g own • · 

Calculation. 

1 x 15.0 x Vol. urine excreted daily. 
10 '!2"3 . 0.1 

= milligrams phosphorus excreted daily in .t he urine. 



Determination in the f aeces . 
12,. 

The :procedure described by McCance and Widdowson( ~ ) 

was followed . 

5 ml . of the faeces extract wer e pi petted into a 

300 ml, Erlenmayer flask, and about 200 ml . of distilled water 

added. The liquid was boi led for an hour to conver t all :pyro­

phosphate int o orthophosphate . The residual liquid was washed i nto 

a 200 ml, gr aduated flask , and whancool , made up to t he mark . 

10 ml . ot this solution , and 10 ml. of the diluted 

standard solution (containing 0 . 1 mg . P. ) , wer e treated ith the 

requisite r eagents , and t he colours matched . 

Let the colorimet er reading be 15 . 0 
12 . 5 

Ca lculation . 

1 x 15 . 0 x 200 x !QQ x rt . dry f aeces excreted daily . 
IO ~ lnr 5 wt . taken for analysis . 

= milligrams phosphorus excreted daily i n the faeces . 

Determinati on of total phosphorus in the roo~. 

Reference :- McCance .R.A. , Widdowson E.M. and Shackleton.L. R. P. 
(1936). 

Spec. Rep . Series . Med . Res . Coun. London. No . 213 Page 16 .(1.5 ). 

I:Z, 
McCance and iddowson { ~ ) stated that for the deter-

mination of t he total phosphorus in t he food , 0 . 5 g . of t he ground­

up food sample should be used . This 0 . 5 g . has to be a r epr esen­

tative sample of the week ' s food , so t hat any errors in f ailing to 

obtain a homogen~ous food sample , or in the analytical determination , 

become consider ably magnified in the final answer . The aut hor was 

unable to obtain cons istent r esults by taking so sma ll a sample : 

it was found much better to use a l ar ger amount . 

One t wo- hundredth of the weekly food was weighed out , 



as described earlier, in duplicate, in silica basins, and thor­

oughl y dried. The masses were well ground in a mortar, and half 

of each mass, i . e . one four-hundredth of t he weekly food, was 
·~ \ 

introduced into 100 ml. pyrex Kjeldahl flasks. 5 ml. conc.H2S04 

and 5 ml. A.R.perchloric acid (60 per cent), were added to each 

flask . The black masses wer e left to di gest for 2 hours on a 

boiling waterbath . The flasks were next heated VERY CAREFULLY 

on a sand bath. If the heating is too r apid, explosions occur 

very readily , and material i s lost. When t he viscid liquids 

became brown in colour, much stronger heating was gP.adually applied, 

until finally all the residual perohloric acid was driven off, and 

aolourless liquids remained. 

When cool, 30 ml. water were added t o each flask. The 

contents were t hen made alkaline to phenolphthalein with 50 per cent 

NaOH, and then just re-aoidified with dil.H61. The solutions were 

washed out into 200 ml. graduated flasks, and when cool, made up 

to the mark. 

10 ml. of each solution were diluted to 100 ml ., and 

10 ml. of such solutions (containing 1 ml. of t he prepared 200 ml. 

solutions) were pi petted into t est tubes. Into a t hird test tube 

was pi petted 10 ml . of t he diluted standard phosphate s olution, 

containing 0.1 mg.P. The reagents were added and t he colours mat­

ched in t he usual manner. 

Calculation. 

Let a colorimeter reading be Standard = 15.0 
Unknown !2.5 

~ 

1 x 15.0 x 200 x 400 where 400 relates to the traction of 
~ 1270 -r- _,- the total food taken for analysis, and 

7 is the number of days in the experi­
mental period. 

= milligrams phosphorus ingested in the food daily. 



DETERMINATION OF PHYTIC .ACID PHOSPHORUS . 

Reference :- McCance.R.A. , Widdowson E.M., and Shackleton,L.R.B. 
(1936) . 

Spec. Rep . Series. Med. Res . Coun. London . No.213. Page 17. (25). 

For the determination on the food, a one- hundredth of 
was 

dry ground sample ~ used; for the faeces determination , 5 g . of 

the finely ground dr y material were used . 

In order to extract the pbytic acid from a sample , 

the sample was introduced into a 500 ml . glass-stoppered bottle , 

100 m~. i H61. were added , and the mixture shaken in a machine for 

a period of 3 to 4 hours . 

25 ml. of the filtered extract were pipetted into a 

50 ml . centrifuge t ube . The solution vms made alkaline to phenolph­

thalein with a few drops of 40 per cent NaOH., and then just re­

acidified wit h dil .HOl. 4 ml. of ferrie chloride solution were 

added. (A.R. Fe013 solution in N.H61., containing 0.5 mg . ferrie 

iron per ml .). 

The centrifuge tube was heated in a boiling waterbath 

for half an hour , to flocculate the precipi.tate of iron phytate. 

After cooling , the tube was centrifuged, and the supernatant liquor 

poured off into a second centrifuge tube. To the super natant liquor 

was added a further 4 ml . of terrie chloride solution , to ensure 

that t he range of the method had not been exceeded . The iron 

phytate precipitate was washed with 10 ml . ~ H61., centrifuged aeain , 

and the acid decanted oft. 

The precipitate was stirred up wit h 10 ml . distilled 

water , and heated on a boiling waterbat h for a few minutes. The 

iron phytate was taken into solution a s sodium phytate by the add­

ition of 5 ml . of 2 per cent NaOH.; the heating was continued for 

a further 15 minutes to flocculate the ferrie hydroxide precipitate. 



The solution of sodium phytate was filtered into a 100 ml. pyrex 

Kjeldahl flask, and the precipitated ferrie hydroxide well washed 

on the filter paper with hot water; the washings were of course 

added to the filtrate in the flask. 

1 ml. each of perchloric acid (60 per cent) and cone. 

sulphuric acid were added,- and the determination of the phosphorus 

proceeded with as described previously for total phosphorus. Ot 

the final 200 ml. solution, 10 ml. were used for the colorimetric 

determination. 

Calculation. 

Let the colorimeter reading be Standard = 15.0 
Uiikiiown I'2.'W 

For the food. 

a::-- -- - ---........... 
1 x 15 • 0 x 200 x 100 x 100 where 100 relate& to the 
~ 1!:! 1ar 1Rr -,- traction of total tood taken 

tor analysis, and 7 is the 
number of days in the experi­
mental period. 

= milligrams phytic acid phosphorus ingested in the 
food daily. 

For the faeces. 

1 x 15.0 x 200 x 100 x Wt. dry faeces excreted daily. 
!0 ~ "'W -n- Wt. taeces taken I.e. 5g. 

= milligrams phytic acid phosphorus excreted in the 
taeces daily. 

N.B. Phytic acid phosphorus was never found in the urine. 



It has occasionally oeen considered that the difference 

between the amount o1 a substance ingested and that appearing 

in the faeces provides an indication of the digestibility or 

utilization of that substar~e . It is probable that there is 

a measure of truth in this belief when certain very large 

com'J)lex molecules , e .g . cellulose , are concerned: but in the 

case of mineral salts like calcium, the situation is not quite 

so simple . The above method of interpreting balance data is 

favoured by McCance , :1 iddowson , and their assoeirc. te workers , 

in their several studies , for they consider the amount or 

calcium excretad into the gut to be insignificant (26) . 

Duckworth and Warnock ( 27 ), while using the same terminology 

as these workers , take a slightly different viewa they state 

"It is ~ell known that the quantity or calcium secreted into 

the gut may be as high as l g . dully, and this is subject to 

re-absorption to ,ether li.th that contributod by the diet . 

Where differences in net absorption (intake calcium mirn1s 

faecal calcium) are interpreted as eVidence of improved in­

testinal absorptive r mvers , the implicit assumption is t hat 

secreted calcium has not varied in amount during the study" . 

In discussing this problem, Shohl (28 ) has drawn attention 

to the difficulty of interpretation which arises on occasions 

when faecal calcium is greater than intake calcium: clearly, 

in such instances at least , some excretion or secretion into 

the gut must occur . 

This method of interpretation of metabolism data 

has recently been strongly criticized by Steggerda and 

Mitchell (29 ) 1 adducing a large amount of evidence from 

experirrental work undertaken on both animals and man, they 

stress the fact trat the intestinal mucosa have the capacity 

to both excrete and absorb . In the above paper they des­

cribe exper1L1ents which dea~nstrate that the calcium was 

pas!dnb/ •• • 



Jr b 

passing in large amounts froc the blood stream to the 1 n 

or the gastro- intestinal tract , and that under th se con­

ditions, faecal ealci 1s obviou ly much more th n unabsorbed 

food calcium. 

The di fference bet een t he int ke and output of @ 

mineral salt , however , is a f actor whiah is not subject to 

any equivocal interpretation; in vie of the sources or 

error pointed out abov , the data in t is study will thus 

be considered solely in terms or balances, and not absorp­

tions . 



iabl:e _!£. . J.t. 

Rlement Di et I n tak e Fa ece.e 
.J. Ot a l 

Dal.anee I"Efng t h. of perioda - IJ-rine 11'xeret 1on 
in days s tudied ~-~r. ~d§ ~J?e:r da7 !l.,l;·»~r day ~.per day g . per g~y 

3 Cale,iwa Nor ma.l - 225 914 1139 - -
4 S tanitard ?35 192 504 696 - - - 161 
1 Bread 501 Slo 2.15 .2.11-t- 512 7~7 (:,~1 -246 
7 ti 490 21 0 350 't ~i 5 0 -70 _, .... 

4 .. 533 2()5 390 595 - 62 
3 Magne ei u..11 :~ormal - 98 JOO 398 ----·-- -
4 S tan~ard. 490 100 372 480 +10 
7 :Bread 480 .514- 89 94- . 395 1+1 5 484 509 - 4 - --t: 7 !l '535 91 440 531 +4 -t-:> -I 

4 !f 560 93 450 543 +17 

3 I ron ¥.or ma1 - l !Q ,!)Q.5 21.5 . 
4 .b tandan 26. 0 O. J 24. 2 24 .5 +1.5 
7 Bread 24. 6 .2~·1 0.3 23· 3 23 . 6 :J.S ·o +1.0 5 o·~ 25. 0 :2.f.t..· l. +1 . 0 .,. 1·1 7 14 26. 5 o. 25-5 
4 it 28.0 o.6 26.5 27 . 1 +0.9 
3 Phcsphona.a ~~ormal - - 1520 650 --2170 -
4 'aan.dard 1700 1360 360 1720 - 20 
7 Sre&d 1900 / 15&:5' 1510 ''t- :5 '5 440 -..5'J.t. 1950 1889 - 50 
7 II 21 00 1590 490 20({0 +20 -,... 
4 It 1670 1110 510 1620 +50 
3 Pl\)'U e lf 01'111& 1 - Nil 135 1~5 -
4 Aold Standard ~0 llil 75 75 
7 Pho e'Oh cn•u.s :Bread 420 1-f-2.$ lfil Nil 40 S6 40 - " 7 tf. 46o Nil ·~ ~ ~ 
4 " 420 Nil ·5 

• 



1'a.ble no. 5 .. 'h e Intake, h cretion and Retenti ont of CALCI UM 

Subj ~ct: 

eek P.erlod Diet .e oneumed .._. - -- ~ 

1 
2 

3 
4 

~ 
1 
8 
9 

10 
ll 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 

A 

:B , 

B1 

n. 

e~,. 

, 

ormal Diet - includi ng about 
250 g. b~own bre~d . and 
600 ml . milk dail7 
Jxper1menta1 Diet I, 
including about 1 lb. brown bread , 
and 100 m1. milk daily 

Pi tt·o, Ba.me a.s :B, 

• eri•ent a l Die t ll a . 
includi ng white rolls an4 
pota t oee, wi th 180 - 200 ml. 
milk daily. 

eriment a l Diet II b, 
i.nclu.d1ng about 1 lb. white bread 
with 180 - 200 ml . milk daily • . 

orma.l Diet 
Similar t o A. 

Intake Urine 
mg. per d& mg. per day 

16G flb't 
"1175 

510 
12 .

5
-. 51.2... 

501 

509 
515 
509 ~lb 

561 
488 

40 
86 
91 ~'19 

499 

512 
503 '+% 

71 
498 

109 
1087 IO"f-1 

955 

46 
256 .1.5"1 

19 
203 

20 l..:l-1 

69 

225 
17 
)1 :al2. 

19 
1g6 

170 
145 ·~"'f 
183 
170 

5 
260 .215 

0 
155 

0 
'43 2.33 

215 

4<"> 15'5"' 
65 

02 

387 3bS 

373 
2()7 

255 
20 

1 .2.89 

295 
57 

35 
272 .:1.~5 
285 
60 

23 
230 
225 23'-

55 

739 
752 711'5" 

665 

To t A.l 
excretion ~lance 

mg. -per da y 

1094 IIO"f 

1121 

96 
590 ~Hs(:. 
593 
566 

5"01 

05 
.117 't30 

6g 
430 

480 
490 'f.SI 

425 
410 

-t66 -tbo 

+54 

- F6 
- 78 
- 69 - Tlf-

-65 

-t2_ 
- 22 
-13 -tiS" 

+47 
•35 

+35 
... 69 -t49 
+23 
+69 

+3 
+1.3 +-!.t-5 
+A'6 
+ 

+119 
+92 -t95" 

+75 

~ 
oQ 



• 



.. 
tt'e>bl e No. 7 

Subject: A. W. Wei~ht: 51 Kg. 
Tot a l 

~ Period Dtat consWDed l n t.!'\ke Urine ,.-aeoes excretion ~11lanee 

mg. pe~4~,~ mg. _:Rer da.y mg. per d"'z mg. per daz mg. per daz: 

1 A Normal Diet - 5.nclud1ng 1570 960 530 S"J.f'l.. 1490 ~54.2. +80 -i-58 

2 about 250 g . brown bre~d and 1670.1Cl .t.O 1080 10
:1..

0 

5'55 1635 +35 
6oo ml. m.ilk da ily. 

3 :8, Experimenta l Die t I, 1350 850 455 1305 +45 
including about 1 l b. brown . 1460 S40 560 5:2..9 1400 +60 (., 

5 bf!ead, and 100 ·mt . m111:: 1520 IJ.tt 5 930 ~ "10 585 1515 13<)9 + 5 ...,. , 
6 da ily. 1330 1460 515 1375 -45 

1 :a a. Di tto, same as ~ ~ 1250 g30 410 1240 +10 
3 1460 880 540 1420 +40 
9 1430 138"0 910 b b :l. 510 't- lt3 14 20 13Af-5" +10 -t-30 

~ 10 1460 e:6o· 525 . 1385 -+75 
11 lJOO S30 4'10 1260 +40 

12 c. Ex_p(tri ment a.l Diet U a , 1oqo 750 275 1025 +65 
13 including wh i t e rollt, 1180 1101 ?50 "J"O 315 1165 1051 +15 
14 pota toes , and 180 - 200 ml. 1080 750 280 .29'1 1030 -{50 -t-5b 

15 milk daily 10 130 690 295 9~5 +95 

16 el. Experimenta l Diet U b , 970 650 220 870 1t<lOO 
17 including about 1 lb . white 970 99~ 690 b !S":l 215 .2.39 ')05 9.l..'t- +65 .,, 
18 bread and 1~0 - 200 ml . 9g.o 670 240 910 +70 "t-

19 milk da.1l7 1060 730 280 1010 +50 

20 .J) Normal Diet , 1490 890 550 14t10 +5 
'l Similar t o A. 1530 IJ S/ ggo 9:5"3 575 5"5:1. 14-55 1'-f. i" 'i" +75 1 5 2... 

22 1590 1030 5~0 1560 +~0 



.. 

Ts.~le No.~ 'rh.e ....... ~ • .uf'A '-' ... ,;;;7 ., ... v .&, C\> .U\.1. .... , _Q .. ~"" ..... v u , v ..... .J - ~.~. ... ..~. "' "" .a.lt,,• u _ ,i; tLv u.f'- u.""~ """ 

ubject: A. W. Weigtlt: 51 Jtg . 

..!!.! 

l 
2 

3 
4 
5 
6 

7 
g 

9 
10 
ll 

1 
13 
14 
15 

16 
17 
1 
19 

0 
21 
22 

~ 

A 

».z. 

c. 

I.a. 

• 

Die t cons umed 

onna l Diet - inc luding 
about 250 g. brown bread, 
and 600 ml. milk daily. 

Experiment a l Die.t I, 
including about l lb. brown 
brea d, and 100 Ill . milk daily . 

Ditto, same B. 

. perimen-ta.l Diet 11 
includiug white rolls , 
pot8 toee, and 180 - 200 ml . milk 
daily • . 

erimente.l Diet 11 b; 
including about 1 l b . white bread 
and lSO - 200 m1. milk dai ly. 

ormal Di e t , 
Si mila r to A. 

Intake 
!!!!• "Per da y 

170·,,<> 
18 7 

70 
290 
290 ~8"9 

05 

. 290 
280 
280 .l.%O 

?70 
280 

7 
90 

100 8" 41t 

75 

65 
0 

10 
10 

9 

191 
195 '90 
185 

rine 
mg. per day 

11 Nd 

'il 

i1 
Ni l 

11 I'll.\ 

11 

il 
il 

I ll "''' · 
11 
11 

11 
111.1 Nil 

11 
Nil 

il 
Mil ,.....;, 
Nil 
Nil 

i l 
U Nil 

11 

ll'a.ece 
mt$• _per da y 

66 bS 

35 
32 3.5 

5 
0 

10 
10 
32 .:1.1-t 
36 
33 

2 . 
35 ;t(, 

31 
1 

6 
4 lo 
6 

ltO 

!ot a.1 
excretion 

mg. per dal 

66 64 b 5 

35 
32~~ 
25 

0 

10 
10 
32 2.'J. 
36 

5 
31 .:l"-
14 

6 

4 "' 6 
9 

C1\ 



T.he Intake , EXcretion and Retent ~on, of !ROB 

cluring t he Normal , :Br o'ffl :Brettd , and Whi t e :Br ead Di eh. 

Table No.~ 

Subject: A. W. Weigl!.t: 51 Kg. !ot a.l 
I ntake . Urine Faeces excre tion Ba lance 

Week Period Diet conawud mg; per day mg. per day mg. pe r dal mg. per dal ms. ;eer da7 - I 

1 .A Normal Di e t, includ i ng about 20.6 0.7 19.5 20. 2 +0. 4 
250 f• brown brea d , :tc·5 o·~ tcv r .lo ·.:L -t-o · 5 

2 aDd 00 ml. milk dally. 20.5 0. 3 19. 9 20. 2 +O. 

3 B, .b:perimental Pie t I, includ i ng 24.7 0.5 23.! 24 •. 3 -+0 . 
4 about 1 l b. brown bread, ~t~ ~6·0 0. 4 25.0 '5 ·0 2g. 4- +0.6 
5 and 100 ml. milk dai l y 0 . 3 O·'t 25 .7 .:t 26. 0 ;tS ·Lt +0. 5 +-O·C.. 

6 23. 6 0.3 22. 5 22. 8 +O. g 
~ 

7 B.l. Ditto , eruae ae B, 23. 2 0. 4. 22. 1 22.5 +0. 7 ~ 
27.1 0. 3 2?.9 26.7 +0. 

9 24. 0 .2!>·9 1.0 O ·"f 2?. 6 :U·"1 23.6 '-3·Jt +0. 4 +-0·5 

10 24 . 4 1. 0 22. 5 23 . 8 +0. 6 
11 20.7 0. 3 20. 0 20. 3 +0. 4 

12 G, Experiment a l Di et Ita , 12. 8 0. 4 11. 9 12. 3 +0.5 
13 i ncl uding whi t e rolle , pot a t oes , 16. 8 0. 2 15.7 1~ · 5 

15. 9 ·~·· +0. 9 
15. 0 llj.·Ji- 0 . 1 O·Z. ~0·, 

14 and 180 - 200 ml. mi lk da l 17• 14 . t 14. 2 +0. 8 
15 1.3. 6 0 .1 12. 2 12. 3 .+0.7 

16 £1. llxper l ment al Die t II b, 14. 9 0.1 14. 2 14. 3 . +0.6 
17 i ncludi ng about 1 lb . wh i t e brea d 13. 3 0. 1 17 .o 17. 3 ·~ · 2... +1. 0 
lS aDd 180 - 200 ml. mi l k da i ly. 15. 9 'o·o 0 . 1 0·2.. 11) . 1 I 'S ·o 15. 2 +0. 7 ~O· 8" 

19 14. 9 0. 1 13. 9 u .o +0. 

20 l> Nor111al Diet, 21.1 0. 1 20.6 20.7 +0. 
21 Si milar t o A. 21. '5 J:l·.1.. . 0 , 1 O·.:t. 20. 8 ~ ~ - ~ 20.9 .:1..1 · 5 +0.6 ~ 0·.., 
22 23.9 0.4 22.5 22.9 +1. 0 



Table No . /0 !he lnt&ke, Excr etion, am Re t ention. of CALCIUM 

Subjee t :__L. O. :Body Weig!l t 64 K5 . 
Tot al 

feek - Period Diet cons umed I n t ake Urine Faeces excre tion Balance 
mg.. pe .r t!_ay M ._ _ _llE)r ti?.Y ~~--~~r d Rl mg . :per day mg. rPr day . 

1 A Normal Die t 1090 139 ,3b 936 & S~ 1075 +1? -+ I'S 
2 927 tOOlS" 13" 780 912 99tt "t l5 

B, Ti:xperi rr enta l Diet J.ig . l. 465 117 355 472 - 7 
4 including t he consumption 48}' 123 375 4·98 - 13 
5 of about l l b . brown bread . daily. 506 4~5 149 / "31 394 .?. &-'6 543 o :A.S - 37 -Lt-o 
6 504 155 367 522 - 18 
7 465 141 450 '591 - 126 

:a~ Di tto , same as ~ . 620 133 480 613 + 7 0\ 
9 630 b3£e, 97 1 2.:~ 520 503 617 (, :l b +13 -1- 10 "" 10 66o 14(;) 510 65o +10 

11 11 Experiment al Diet No . U , 750 182 517 699 +51 
12 including t he consump ti on of 720 'l2. :t 170 .~ .. 535 51 6 705 G.7o +15 +5.2. 

13 about 1 l b. wh ite bread daily 695 110 495 605 +90 

14 J!) Normal m.e t , 760 101 630 651-f- 731 '751 +29 -t-30 

15 Si mila r to A. 823 "1 9 .2. 105 103 678 781 +40 



Table :No. 11 

dur ing the Nor mal , :Brown :Br ead dnd White Bread Die t~ . 

SubJ ect : L. O. 
Te t a l 

eek Period Di e t consumed Intake - Urine Faeces excre t i on l3a.l e.nce 
~Q~!"_c.ia.y mg. -per day mp; . uer daz mg. E!r da,'l£ 

1 A Jlormal D4et 512 146 ''9 360 .3.'+ I 506 4-b b + 6 + "l 

2 4 )') lt-73 92 335 427 + g 

eriment a l Diet No. I . 410 145 295 
incl ud ing the con~umption of 440 190 32 

5 about 1 lb . brown bread daily. 480 1+7 '6 13{') ''+' 380 "3~ 1 ens 5~ 5- - "li3 - so 

6 508 130 430 
7 550 10 1 510 611 - 61 

(1\ 

.Bl. Di tto , same a P :B, 551 110 440 550 + 1 -1'" 

q 482 s~~ 70 too ..125 4 3 1 495 5 5 1 -1~ -+~ 

10 566 120 42g 1)4g +l 

11 n Experiment a l Diet No. I I, 318 111 202 313 + 5 
12 including t he cons~p ti on of 278 :1..61 115 to~ 166 11 .1-t 281 ;1..6"5 - ~ -t-lf-
n about 1 lb . white br ead daily . 265 102 15~ 255 +l 

14 .l) Norml'l l Diet . 412 120 275 .2.7'! 39~ .3a '- +17 +t~ 
15 Si mi lar to A. 385 3'19 105 II?, 271 31 + 9 



! abl e No. 13 '!he 

Subj ect: . L. o. :Body weight : 64 K15. 
!o t i'i l 

'eek .Period Die t consumed Int ake Urine Fa eces - mg • . :Per day 

1 A Nor mal Die t 138 t-T11 Nil 50 53 ..I" 5"3 

2 145 '4-'-- Ni l 56 '56 

3 ".8 , Exper i 11en.tal Diet No. I , 215 Nil 16 16 
4 including t he consumption of 265 Mil 26 26 
5 about 1 lb . brown bread da i ly 310 !Us ~ Ni l ~a 23 .::tb 23 :2. b 
6 315 Nil 25 25 
7 340 Nil 39 39 

U\ 

8 ]JJ.. Ditto , .same as )) , 325 Nil 55 
01 

55 
9 350 3A+5 Jfil Nil 58 3~ 58 ~a-

10 360 Nil 20 20 

11 . D ~xperimental Diet No. II , 50 Nil 30 30 
12 inc ludi ng t he conaU~Ption 32 Jtl Nil Nil 14 .::t:t 14 :u .. 
13 of abou t 1 lb. white bread daily 40 Nil 20. 

14 .11) Nor mA-l Di e t 125 Nil liil 55 5~ 55 6& 

15 Simi lar t o A. 148 .~, Nil 6o 6o 



Subject: t .o. llody wei @t : 64 Kg . 
ot a l 

eek Period Die t consUJned . Intake Urine Faeces excretion - .mg~ p_~r E!z:, m~. E.!r daz m! • 12er daz 

1 A Normal Di et 1580 845 775 "7 52. 1620 - 40 
2 1410 '4- 9 6" 635 "740 730 136'1 '4- 9 .4 +Ar::: -t ~ 

3 B, lxper1ment n1 Die t ~ o . 1, 1370 925 485 1410 
i ncludi ng tho con&umption of 1855 1425 490 1915 - 60 

5 abou t 1 l b . br o·,.n br e"' d dail y . 1630 1'5~9 965 f012. 725 5'19 1690 I bOI - 60 -~ 
6 1590 1080 440 1520 
7 1350 715 755 1470 

g :Bl. Dit to, eame as ! , 1575 855 655 1510 +6/ 1:}1 

9 1625 ,.,,to 365 IOo&" 675 bb 3 1540 lb 71 +~ ~ '+'5 1:}1 

10 1950 1305 660 1965 -15 

11 11 Experimental Diet no.It, 1250 835 3!5 1220 +30 
12 includi ng t he ooaaumption of 114-0 ll"'flt 710 "'!OS 320 ..3 9~ 1030 II O Q +110 +..,f) 

13 about 1 lb. whi t e bread daily 1145 570 480 1050 +9 

14 .]!) Nom.a.l Di e t • 1205 655 515 510 1170 , 50 +33 
15 Similar t o A. 11fl:5 ''9 5" 625 b~O 505 1130 +55 -+4-S' 



!he lntake 1 Excr e tion 1 and Re t ent ion of IRON 

d Dieh . 

Subject : t .o. :Bod,z weigh.t. : 64 Kg. 
o t A.l 

Week Pe r iod Diet con,ume d Int~ke Urine Fa eces excreti o.n - !J!g~_ 'PO !'_~ IJlg. per day m~. ;eer d.az 

1 A Nor lll!l l Dia t i§ :~ /J~ ·3 1. 1 ,. , 11. 6 n. ·o 12.7 14•1 +0. ~ ~ <> · 2., 

2 1 . 0 14 . 4 15 . 4 +0 . -

3 :B , Experimental Diet No I, 19 . 1 1. 4 17. 2 l g . & +0. 
4 includ ing the conaump tion o~ lS. S 1. 6 17. 1 18. 7 +0. 1 

~ 
sbout 1 l b . brown br&a d da ily 17.2 •'9·-4 0 .9 1·3 16 . 0 1"1·9 16. 9 I<J ·J.. +0. ' "t 0 

19 . 0 l . r: 17- 3 19 . 1 - 0. 1 
7 22. 0 0. 9 22. 1 23 . 0 - 1 . 0 

Ditto . eame es ll , 22. 3 1. 1 21 . 0 22. 1 
CJ\ 

:Bl. +o . 2 -...! 

o.6 o-9 22 . 7 2.1· 1?- 23 . 3 :ii:J.·"J +0. 1) -t-e;,4-

10 23. 3 0. 9 21. 8 22.7 +0. 6 

11 n Experimenta l' Diet No. I I . 16. 6 1. 0 14 .7 15 . 7 +0 . 9 
12 including the consumption of u.~J •fd 1. S I· ~ 12 .o 1!. · 1 1'3 . 8 llt"lt +0. 5 + O·"J 

13 about 1 lb . White bread. daily 14.5 1. 0 12 . 7 13 . 7 +0 . 

14 J t:orms.1 Di(3 t. 16. 7 ll, · C) 1.3 9 15 . 0 16 . 3 /b·~ +v . 
15 Si milar to A. 17. 1 0.5 0· 16·. "3 15 ·(:, 16 . 8 +0. ; -t-O •ft 



f~ble lfo, ~S: 

iets . 

SubJect : r •• G 
'fota l 

Week Period ""iet eonl!umed~ Intl':.ke Ur ine Fa eces excretion - mg~ J2! r daz: mlli• ner dal mli• ~r day 111g. per ds y 

1 A Norma l Diet 763 193 537 730 +33 

2 :B Exper imental Die t No. 1 , 740 269 550 819 •79 
incl uding t he consumption of 719 '761 220 2.33 504 5 ~~ 724 - 5 
about 1 lb . of brown bread daily 705 210 485 695 7~b +10 -s 

5 sse 233 595 g2g +5~ 

6 0 lxperi~ntal Dtet No . 11 , 890 320 535 855 +35 
incl uding the conewapt1on of a bout 

"' 1 l b. of wh1 te bread da i l y. ffl 

7 D Normal Die t. 671 206 44 0 646 +25 
Similar t o A. 



Table Bo. 1 6 'l'he lnt~ke , Excretlon, and Uetentlon, of MA(lUS!UM 

Subject: t . G. Weight: 75 Xg. 
Tota.l 

Week Period Diet COD!!IUJII&d Intake Ur ine Faeces excretion :Be. lance - rog• J)er .. d!i:t mg_~. ~!"·. day 1Jl.l!;~ . .P~!'....Q.~ ~g~ .Per day m.!j• per d nl 

1 A Normsl Diet 443 134 335 469 - 26 

2 ::8 Experimental Diet No. 1 , 790 137 584 721 +69 
3 including tbe consumption of 677 17 2 • 52g 700 - 2 

about 1 lb . of bro•:.n bread 735 '7 ~9 175 'b9 . 51S :SLtl 693 7tb +42 -t-~~ 
5 daily. 755 190 560 750 + 5 

6 c Experimen t al Diet No. 11 , including 465 185 270 455 'i-10 
~ 

the consumption of about 1 lb. \[) 

of white bread dai ly. 

7 D Normal Di et 366 169 200 369 ' - 3 
Si mila r t o A. 



Table No. 1"1 

ite Bread Diete. 

,SubJect : L . G. Weight: 75 Kg. 
To t e.l 

Week Period Diet consUiled Intake Urine Faeeea excretion :Ba l ance 
mg. per day mg. per day u:g. per dg mg~ per _ d~y mt?:. per day 

1 A NoTIIlal Die t 1600 1000 560 1560 +40 

2 :B Exper i ment a l Diet No. l 1710 1200 670 1870 - 160 
3 incl udi ng the consumption of 1870 1145 770 1915 - 45 -'+1 
4 about 1 lb . brown bread daily. 1g5o l fs .:vs 1065 IO<)"l 780 "7 b 9 1S45 '~ &<:. + 5 
5 1879 9go !55 1 ·~35 +35 eo 

0 

6 0 Experimental Diet No. II 1540 930 500 1430 +110 
including t he coneumpU on of 
about 1 lb . of vhi te bread 
deily 

7 D Normal Diet . 1445 1025 370 1395 +50 
to A. 



Tabl e 5o . 1 8' ~I:ntake 1~)i:xeretion, and Retention ~! T~C ACID PHOSPHORUS 

~ing t he Norma l , :Brown Bread , and Wh i t e Dread Dietl!!. 

Subject: t . G. Wei5Ut: 75 Kg . 

eek -
1 

2 

3 
4 
5 

6 

7 

Period Uiet conewned 

A Normal Diet 

13 RxJ~-erimenta.l Diet No. 1, 
including the oonau.ption 
of about 1 l b. of 'br ovn brea d 
daily 

C :Experic:enta i Die t tto. II 
including the con8uaption ot 
abO'Ilt 1 lb~ of w ite bread da ily . 

D Normal Diet. 
Si mi l a.r to A 

Inta ke · Urine Faeces 
Jllg . -per d.a_y mg. per day }!!5 · per day 

105 N11 60 
~ 

25 l'Jil 53 
320 31!> Nil Nil 55 6~ 
325 Ni l 75 
290 Nil 6.4. 

90 Nil 50 

86 Nil 56 

Tota l 
excre t i on :Balance 
~· per dq mg. P•!' .Q.~_y. 

60 

5 
55 b~ 
1-
6 

50 
~ 

56 



Table No. /9 'rhe I ntake , h cretion, &.J\d Re ten tion, of I RON 

during_ t }le Nor mal . :Br own BI'~L and Whi t e ::S)'ead Diets . 

Subject: ·eiffit: 75 K~. 

Week Period Diet cons umed - . 

1 A Normal Diet 

3 
4 
5 

6 

1 

:B 

c 

D 

r iment~ l Diet No. I , 
includi ng the consump tion o~ 
abou t 1 lb . of brown bread 
daily . 

Expor i mentel Diet No. II 
incl uding t he consumpti on of 
about l l b . of white bread d.all:~~ . 

Nor mal Diet 
Similar t o A 

I nte...~e 

Ill~ ~J>~L ~,.&. 

18. 3 

22. 0 
6.5 

28. 5 .2 5 · !5 

26. 0 

. ] 

17.5 

Urine Fa.eee s 
mge p~r day ~~~~r __ clfl:¥" 

1. 2 16. 2 

1. 1 20 . 5 
2. 0 24. 6 

l· "t 2] . 2 J..4·l 1. 1 
t . 5 24. 0 

2.7 19 . 0 

1. 16. 0 

~ots.l 
excret i on 

17. 

21 . 6 
26. 6 . 
-- _ A S ·5' 

25. '5 

21. ] 

1] . 

Balance 

+0. 

+1 . 0 

+0 . 2 

G'" 
~ 



On their usual everyday diet, at the start of the 

/ investigation, all subjects save F .F. (Whose calcium intake 

was not det9rmined by analysis), were observed to be in 

positive calcium balance. 

The calculated calcium intake of F. F. , and the 

getermined intakes or A.w. and L.o., were much higher than 

were required for maintenance needs on the 10 ~mg . per Kg. 

b9dy weight basis; since t hese subjects had been consuming 
\ 

s~~ch diets for a long while, it was asstUned that their 

ca4.citUn stores were vtell fi l led at the beginning of the 

~Jdy. The calcium intake of L.G. waa just adequate for 

maintenance needs. 

A point of interest is the s~ewhat large calcium 

retention of A.w., which averaged about 6o mg. dally ov:er 

the two weeks of obser-vation; it is doubtfUl whether such 

retentions continue indefin! tely. In this connection, 

J.!cCance and Wi c1dowson(30 ) have suggested that there might be 

seasonal variations in calcium, retent-ion. This view re-

/~ ceives some support from Ricbolls (31) who. is of the opinion 

that, "An adult may be 1n negative balance for a. long period, 

such as a number of months , followe« by a _short period or 
heavy storage of calcium; or there may be day-by-day rlue­

tuations. This suggests t hat in normal adult metabolism, 

the calcium is being alternatively withdrawn from and returned 

to the skeleton" . 

On this diet ; subjects w~re required to consume 

1 lb of standard vmr bread daily, their calcium intakes being 

adjusted/ ••• 



Xf'I&U~• -As •nt1one4 previoualt t the atud7 oa this 

bject was solelJ a pre1iJrlinar7 one, des1£Ded to gaill 

...._, cquaintanca with the collection ot ~plea, am with the 

· - analytical and general balaDce teohniquea. The .period ot 

obsena tion ha4 termilla teet before the tull significance was 

realized ot the neceaai t7 or 1ngeat1nc- a calcium intake 

adequate tor maintenance, and alao or the heeessity for con­

./ 

tinuiDg observatiou tor a prolcmgec! period. 

The calc1UID intake or t.P • ..raa too low, viz. about 

5'10 mg., as agaiiust 6;o Ill• cla1l7 required tor maintenance • 

yet in sp1te ot this detic1eJ'l07 and also tbe shortness or 

~~period or observation (22 da71), it will be observed that 
___, ~ 

_ the initial larce negative calcia balances, -161 ag, and 

-246 Ill•, bad decreasecl to .62 IDI• b7 the tiJDe the experiment 

ended. It w~d therefore seem that some degree of adaptation 

to a reduced intake or cal~1um and a high intake or phytic 

acid, had alrea4y begun to be manif•sted. 

SUbjagt A.W. On this experilnental d1et 1 A.W ., i!raediately 

went into negative calcium balance, and remained so for 4 weeks 

(Period il). For the next S weeks (Period B2) hia calcium 

balance• were •1n17 positive, beccaing wholl7 positive by 

week 8. Examination ot the data f or the successive week17 

periods shows a fa1rl7 regular decree or accoaoda t1on made 

week by week. 

SHJ?3t£$ L.Q. t.o., on this diet, rana1ned in negativa calcium 

~ balance for a period or 5 weeka (Period Bl). Unf'ort.una tel7, 

during this time his calc1ua intake eesant1al for maintenance 

was too low, thus band1capp1q the et'tort ot adaptation. Y:ben 

the deficit was made good bJ supplementing with additional 

milk (Period B2), positive calcium balance was at once reached 

and maintained. 



§ybJ~c~ ~.a . On this diet, L.G. immediately went into 

negative calcium balance; but, he took 3 weeks only to 

reach positive balance . The probable reason for this 

early success is that the calcium intake on his usual diet 

was just adequate f or maintenanceJ therefore, on changing to 

the Experimental diet, the intake was not reduced. Hence, 

L. G. was called upon to deal with one disturbance only 

(unlike the other 3 subjects), namely, that due to an 

increased ingestion of phytic acid phosphorus . 

... c . sECOUD MPER:WEffXAL .om. 

On this diet, subjects were required to consume 

1 lb . or whi t e bread dail7t the calcium intake being main­

tained at the previous level , i.e . sufficient to meet their 

maintenance needs , 

SybJect F . F. did not participate in this experiment , 

~ubject A.W . This subject , before proceeding to the white 

bread diet~ consumed a diet including white rolls , potatoos , 

- - and ext. ra milk, for a period of 4 weeks , the calcium intake 

being maintained at th.e previous level , i . e . about 5 0 mg . 

daily . The reason for consuming this diet was that it 

was felt desirable to observe the effect on the retention or 
calcium when changing from a diet containing a high phyt1c 

acid content , to one of almost negligible content . Un­

fortunately , although the number or white rolls and scones 

consumed daily was small , it was not realized at the time that 

their phytic acid content was appreeiablel for since no 

period of fermentation occurs prior to their being baked, the 

destruction of phytic acid occurring during baking is small . 

The change in diet did, however, lead to a considerable 

reduction in phytic acid intakeJ yet the average daily 

retention/ • • • 



retention of calcium over t he 4 weeks , hardly differed from 

the average ret~ntion over t he previous 2 weeks on the 

standard bread diet with its high phytie acid phosphorus 

content , 

Thus, once adaptati on to the reduced calcium 

high phytic acid diet occurred, the large removal or the 

phyt1c acid did not favour an increased retention of calcium, 

In A .~ .•s white bread diet , the daily calcium 

intake was maintained at a~ost the same level as previously, 

i . e , about 500 mg . It will be observed that the average 

daily retention of calcium throughout the 4 weeks or 

observa. tion showed no change·, 

§ubject L , 0 ,. On this diet , inadvert antl y the calcium 

intake of L. O. was about 80 mg , too high for maintenance 

requirement , It will be seen t hat the retent ion or calcium 

• increased trom an average daily positive balance of 10 mg , 

during the last 3 weeks of the standard bread diet , to an 

average daily positive balanee or 52 mg . on the 3 weeks or 

the white bread diet , Although the increase in retention 

may have been partly due to t he increased calcium intake, 

-• it would seem t hat with this subj .. ct the white bread favoured 

a larger calcium retention, 

Subject L. Q. This subject on passing to the white bread . 

diet , showed no improvement in cal cium. retention; for the 

retention during the last 2 weeks of the standard bread diet 

~ averaged 31 mg . dail y ; and the retention on the 1 week on 

the white bread diet week averaged 35~daily , 

J 
D. THE RETURN TO THE USUA!t DOO . 

Subject A.w. returned to almost exactly the same type of 

diet tr~t he consumed during the first usual diet period. 

Although/ ,., 



Although the calc ita lo_s••• sustained · 011 t.be 

diet bad alreacly been -.aut. good (actually by the . 16th week), 

the retention of caleium 1nc_reaae4 b7 a 1ar1e extent on 

returning to the us~l die.t nth it•- high oalc1Dil content. 

Since equ1libr1ua had already been e~bllshe4, it is 

ditticult to und-ratand the reason tor thia phenomenon. 

§ubJect L .o. On returning tb his uaual a1et containing a 

slightly increased calcium intake, L.~. 

tn calcium retention, 

Su)?lect L,,g, on returning to bis usual diet, which bad a 

slightly lower calc1ua content, L.O. showed a alight reduc­

, t1on 1n his calci\111 retent10Z1. 

The forqo1q o'bsenaUoDa on the ettect ot the 

w.rious diets on the ~netabolism or· oalcila may be ,._rised 

as tollowsa-

Three or the four sub3ects, on paad.ng from their 

usual diet 11'1 th 1 ts high calc1u. content, to an Exparillental 

diet with(a) a reduced oalc1ua eontent (though adequate tor 

llt&intenaDCe), and (b) a high pbJtio acid phosphorws intake, 

showed 1mmedia te negative calcium •lances •. Gradually, . 

however, adjustllent to the n.W eondit10l18 occurrect, so that 

g1 ven time, calcilal beg~JD to be . retained again ·and th• losaet 

sustained •de good. 

1'he tourth aub3ect, chanl1nl froiD his usual diet 

to an lxperimental diet having the saae calcbllll content, but 

containing a high phytic acid 1ri~ali'Att alao went into Deptive 

calcium balanceJ hie periocl or adjuat•nt, however, was 

smaller than that or the other subjects, and his loss or 
calcium less than theirs. 

2. !he change from the 
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bread die l"'ith its greatly reduced phyt1c acid intake , scarcely 

affected the calcium retention of the three subjects art1ci­

pating. 

3. Of the two factors under consideration ~hich have 

been shown to disturb the met bolis~ of calcium, namely, a 

reduced calcium intake, nnd a high phytie acid intake, the 

disturbine influence of the f ormer is clearly the more 

profound . 

4 . Finally, as a result of t hese observations , it 

may b stated that under th& conditions of the i nvestig tion, 

the constunption of the high extraet1on standard bread over 

a long period of time had no permanently deleterious effect 

on the retention of calcium. 



TQ MITAl,IQLISM Ql PmAD PHOSffiORUS. 

Experiments by Harrison aJJ4 Iellanb7 (7) an4 

McCance and· Widdowson (12) indieate that phytic acid, · in 

the presence cr calcium _ ame ~gnesi\81 in the proportions add 

at the pH value in which these •- are llkel7 to be present 

in the digestive tract, forba a precipitate ~r calcium 

magnesium phytate conta1ni.ftg rOUChlJ equal equivalents or 

ealc1uill and magnes1Uii. It 1s COnSidered that this mixed 

phytate is tar Jnor~ l1kel7 to be r~d tban the pure calcium 

penta-phTtate suggested b)' Hort..Jorcensen (32). · Asslllling 

that the mixed pr.ytate is precipitat4Kt, and that phytic 

acid is divalent, then 16.5 mg. phJtic acid ·phoapnorua will 

be associated with 10 mg. calcitaJ , 1.e. pbJt1c acid phos­

phorus can combine with and p:reciidtate about 60 per cent 

or its o'frn weight ot ea.lcia. 

Caleulatioa. trom ·data provided by MCCance and 

Widdowaen (12) 11141cate that apprC?xiltately ~lt ot the 

calcium ingested by their subjects could have been precipi­

tated b)' the ph)rtic acid pre.aent in their experimental 

diet. But in the author's stud71 onl.7 a quarter to a 

third or the calcium ingested in the cor~esponding experi­

mental diet period could have been thus pr~1pitated. The 

English subjects were thereto~• apparently raced with a 

more difficult task in attempting to achieve adaptation than 

the South Africans. 

~HE HXQROLXgiS pF PHXTI~ ACIP fHOSPfiORY§~ 
The hydrol7S18 Of phyta te phosphOruS haS been 

demonstrated to' occur wit}l many animalll with the rat b)' Steen-
. . -

bock and associate workers (33,3413~), Palmer and Mottraa (36) 

Westerlund (3?138) 1 Marcy (39) 1 and othersJ with the chick, 

by Lowe, Steenbock, and Krieger (40)J with the hen by COW!lon 

( 41) 1 and with t}le dog by Mellanby (?J and also Hotr....r orgensen 

(42). With man, h7drolysi1 has also been deaenstratedJ b7 
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McCance and ,iddowson (12), Wang , tiu, Chu, Yu, and Chao (43) 

and by Cruikshank, Duckworth , Kosterlit-z~ and Warnock (44). 

The results of this study contirmthese latter findings, and 
• 

will now be considered in detail . · 

Examination of Tables Nos . 8, 13 & 18, reveal at 

once a most interesting feature , namely that a major altera~ 

tion in the intake of phytie acid phos~horus results in an 

immediate , not gradual, maximum adjustment in the amotmt or 
this substance hydrolyzed : this behaviour stands in marked 

contrast to the slow step by step adjustment Which occurs 

~hen the intake of calcium is restricted • 

The following Tables Nos. 2o & .2.1, summarize the 

phytic acid phosphorus position during the usual diet , and 

standard bread diet per i ods. 

usual Die$ Per124. T,jlble N.9. . 2. o. 

Phytic acid .Maximum Total Ca H.enoe Ca Per cent Per cent 
intake amount Ca intake. available. available hydrolysis 

Subject g. P/day. 1l!llllob111z mg. /day mg . /day of phytic 
able. acid during 

mg ./day • metabolism. 

A.V! . 
I ~ 

178 10? 1167 1060 91% 64% 

L. O. 142 ". 85 1008 923 91$ 63% 

L.G. 105 63 763 700 92% 43% 

Stansiardl ••• 
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~tanciard Brg4 PiQt Pgriod. Tablp 12• 2 1-. 

,~. ' . ' -

< Phytic ac1d Maximum Total ca .Hence Ca Per oent Per cent 
intake ·-mount Ca i ntake. available. available. hydrolysis 

Subject tng. P/d.ay , 1mmobiliz· mg ./ day ·mg ./day of phyt1c 
able. acid duri~ 

" mg./day . metabol ism. 
.. - -

A. • 282 169 
9 

5'14 345 67 90% 
L.O. 23e345 13"8207 636 4'984-1-9 r;a8$ b8Z 89'/;" 

.... L.G. 315 189 761 572 75, 8o~ 

r 

-

.-

on the usual diet period , when the calcium intake 

is mair.J.y high• and the pl'urtic acid intake comparati-vely low, 

calculations show t .at 91 to 92 per cent of the cal ciUm intake 

is readily available; the need therefore to hydrolyze the 

phytate p osphorus to malte more calcium available is small , 

only an average figure or 57 per cent being hydrolyzed, 

On the standard bread diet when the calcium intake . 

1.s adequate fer maintenance, and the pbyt1c acid i ntake 

considerably increased, the proportion cf readily available 

calcium falls to about 78 per cent; the proportion ot phytate 

phosphorus hydrolyzed in.ereases to about 86 per cent, to make 

more calcium available . 

Hence as the phyt1e acid content of a iet i ncreases, 

resulting in a decrease in the proportion of readily available 

calcium, an increase in the hydrolysis of phytate phos p. orus 

occurs presumably to produce snore calcium available for 

m.etabolism. 

The same type o observation ha s b r3 em made by Lowe 

and Steenboek (33) f or the rat, and by Common (41) for the hen. 

In addition, with man, Cruikshank et al (44 ) showed that on 

low calcium 'h.igh phytic acid intakes, almost coruplGte hydrolYS s 

of phytic acid occurs; but a r ise in tl e intaic.e of ca l0ium was 

found to depress the extent of the hydrolysis occurring . 

Thus/ ••• 
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!bus the level ot the caloi• intake, and ot course 

the level or the pbytate phosphorus intake, are the two 

factors that govern the extent of the hydrolysis or the phytate 

phosphorus. 

Tbe Age;t responaib~ (qr \bf Bz4r~1a. 

Patwardhan ( 4;) has shown that in the case or the 

rat, the hydrolysis of phytate phosphorus is accomplished by 

an enz,rme phytase present 1n the intestine. He ha8 also 

shown that the enzyme is present at birth, so that its 

ingestion in the tood would appear to be irrelevant. !hia 

observation is in harllOJl7 with the conclusion or B<nltwell, 

Geyer, Halverson, and Iiart (46), that the presence or 

absence of phosphorus splitting enzymes in the diet or rata 

dogs not alter the apparent availabilitT ot PbJtate pnoa­

phorus. 

With man, Kollgaard, Lorensen, Hansen and Christensen 

(47), are emphatic that h1drol.7sis can oD17 oecur when the diet 

contains a spet'l1t1c ens711e which they consider as beinc usually 

destroyed during cOOldna. It would ••• more probable, 

however, as Spitzer and Philipe (48) baw sugceate4 tor the 

rat, that the phospborua splitting ens7JDea elaborated b7 the 

intestinal .IIIUCOS& and b7 the nora Of the gastro-intestinal 

tract are the critical means bJ which pbytate PbosPborua ie 

hydrolyzed in the intestine. 

The Site ot tQt Hydrglxsia. 

For the hydrolysis ot phytate pnosphorus to be 

beneficial to the organ1Dl, it JDUSt occur at • site which 

will allow the products ot h7drolys1s, phGsphorua, calciua 

and magnesium, to be absorbed. The tate Qt these end­

products will now be cona1dered. 

Phosphorus; Steenboek and others, 1n the above mentioned 

papers, have shown that with" the rat, the phoaphol'WI 

libttrated/ ••• 
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liberated by hydrolysis is actually absorbedt this has 

been shown to obtain likewise wi th other ar~ls . In r so far as man is concerned, llcCance and 'iddowson {12 ) , 

~ ang et al (43 ), and Cruikshank et al (44 ), consider that 

some at least of the phosphorus liberated is absorbed . 

.., 

r ' 

If this did not occur , then surely phosphorus deficiency 

di seases would be very widespread among those peoples 

who ingest t he bulk of their Phosphorus in the form or 
phytate phos~ orus . 

gaJ,.c1:w; gp.d Ma,gnesiuml Harrison and tiell anby (7) working 

on puppies , found t .at calcium magnesium phyt&te vms 

slightly antirachitogenic ; this indicates that pat-t or 
the ce,lcium is liberated' at a site which pertnits of its 

absorption . 

Hoff-Jorgensen et al (21 ) in their experiments 

on the effect of phytic acid on the cal cium metabol ism 

of children, concluded tr~t a small part of the cal ci um pre­

cipitated a s phytate was absorbed. 

Information given later (see pages 78 to 8 1 ) . 

on peoples habituated to a very low calcium, but very high 

phytic acid diet , surely indicate without a doubt t ha t a 

proportion of the bases liberated by P~drolysis ~ be 

utilized . 

In the light of th evidence availabl e , it is 

surely unjus t 1fial le t o assert t hat i t i s uobvious" that 

"any ion which preci pitat es another in the stomach or intestine 

will, ipso f acto , prevent i ts absorption. tt (McCance and 

ii\'iddowson (49)) . I n t P...i s e onnection it was once thought , 

for exampl e , t at t r icalciuro phospha te vms quite unavai l abl e 

to t he 2\nirual body ; ·but a s ~1 tchcll and Curzon (50 have 

poi nted/ ••• 
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pointed out, the a s sumptiQn is demonstrably inco. rect, for 

under certain conditions the substance is utilized in 

diges t:ton -- nd i.n metabolism as well as water soluble calcium 

salts. 

The author's study does not contribute any 

definite evidence on this aspect of the problem, but it is 

suggested th~t it mi ght be clarified by the following type 

of experiment. ere subject~ allowed to corumme r~.dio-

active calcium phytate or calcium ~gnesium phytate, it 

should be possible to follow the fate of the active calciuma 

should part of this active element a ppear in the urine, it 

woul d dem nstr · te that some absorption of the calcium 

liberated by hydrolysis must have occurred . 
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.. 
TQ ROLE . OF YlTAH,IH . tl• 

Ib.9 Ef~ct ot Vita!Qn I! . 9Jl the letabQlism ot. ~a;LeJ.Jm& am PhosRh9rus .... 

Animals: It has been shown r epeatedly that uwhen v : tamin D 

~ is withheld from an an~al requirir~ it, the processes of 

bone calcification are slowed . dovm and even interrupted'• (51). 

This has been demonstrated for the chick, poults, cats, dogs, 

rats and calves. On the other hand Mitchell and Curzon (50) 

have stated that "attempts to demonstrate a need or vitamin 

D by adult animals under eoncitions less severe than those 

of chronic deprivation, have generally been unsuccessful.". 

In regard to solar radiation, i.t has been shown 

that it i s sufficient to protect hens, rats, calves, and 

other animals; against riekets, provided the intakes or . 
calcium and phosphorus are adequate. 

gumansa Similar to the above findings, it has been shown 

with infants, children and adults, that Where a deficiency 

of vitamin D exists, leading to ribkets, osteomalacia, and 

so i"'orth, supplements of this vitamin, consumed in regultir 

small doses or single massive doses, are sufficient to 

e:ffeet a. cure ., 

With normal infants, Wake (52) has shown that 

their calcium and phosphorus · r etentions are constant, thm.tgh 

differing greatly from infant to infant. The addition of 

vitam1n n, either directly, or through the mu·sing mother, 

was found to have no effect on calci'l.Ull retention, presu.ms.bly 

beeause expo.sure to .sunlight was satisfactory to ensure the 

maximum vitamin n requirements. 

L:Icc~nce and vaddowson ( 12), from a survey of the 

literature, and f rom the. resul ts of their own experiJUents, 

conclude that vitamin D, given in physiological doses, does 

not/ ••• 
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not improve the calcium metabolism of normal healtby adults. 

These workers do not suggest, of course, that vitamin D bAa 
f no action on adults, ncr th&t adults do not require it. 

The l?ffec;t of Vitamin D on tue Uti;LiatJ.pp. gf fhUa tp 
fhosphorHI• 

Animals: In studies with chicks, Lowe, Steenbeck, and Krieger 

(53 ), und McCril1nis, Nor r is, .. nd Heuser ( 54), have shown that 

the phytate phosphorus of cereals and legumes as poor ly 

available in the absence or vitamin DJ the latter group 

found tt. .. t a supplement of i.i 1 ta.m1n D made phytate phos ­

phorus ne rly as available as inorganic phosphorus . The 

work of Krieger et al (53) prov:tdes evidence that in the 

absence of •itamin D, the phosphorus of isolated phytic acid 

is poorly available to the rat, but in t he presence or 

adequate vitamin D, there is a marked improvement in the 

utilization of isolated phytic acid. Boutwell, Geyer, 

Halverson, and Hart, (46 ), have confirmed these results, 

i.e. that in the absence of vitamin D, the phytate phos­

phorus of cereals (Wheat bran) was poorly utilized• an 

adequate intake of this vitamin increased the utilization 

nearly to t hat of inorganic phosphorus as n1easured by bone 

ash. These vwrkers suggested moreover tl1a t the availabi lity 

of P~ ~ytate phosphorus is related to the amount of vi tan.in D 

in the ration, a auggestion later confirmed by Sing3en and 

Mitchell (55) . In addition, Matterson, Scott , and Singsen 

{56) showed tha t wi t h poults ,. en tile diet 1 s relatively 

high in cereal phosphor'lls , tte vitam.in D of cod liver oil 

is less effective than t hat contained i n animal sterols . 

lfumal\i : Analogous experiments on huJnans do not seem to have 

been made, f or evid ence relatin~ to the effect of vitamin D 

nd exposure to sunlight on t he hydrolysis of phyta te 

phos Ol'US/ • • • 
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phosphorus is not available . It might be imagined that 

the South African subjects situated in the highveld at an 

altitude of about ~00 tt . above sea level , consuming well 

irradiated food, and being themselves exposed to plentiful 

sunshine would be far tnore favourably placed in this 

respect th~n the English subjects . Yet Crnickshc'lnk 1s 

study (44) conducted in Scotland, showed that subjects 

living on a diet containing a calcium intake slightly 

deficient for maintenance purposes, and accompanied by 

a hie;h phytle acid intake fr0111 oatmeal , were able to 

achleve an even higher degree of hydrolysis of t ie latter 

substance than the author ' s subjects under similar 

dietetic conditions . 

This evidcnc.e, admittedly very scanty, would 

seem to show t hat in so far as those two ctudies are 

concerned, exposure to sunl1 eht (within certain l imite) 

is not a governing factor in the amount of the phytate 

phosphorus hydrolyzed durit~ met&bol ism . 



Adaptation of the human body to a restriction in 

the intake of mineral salts , particularly calc1tun, has 

received considerable a ,tention from several observers . 

(Nicholls and Nimalasuriya (57)1 OWen and Irving (58), 

Steggerda and Mitchell (59 , o), Kraut and , ecker (61 ), 

itchell (62)) . 

In this study it has been shown that suecessrul 

adaptation can occur t o a reduced calcium intake , even 

when a~companied by a f airly large intake of phytate phos-

phorus . 

Probably the most important criterion of nutri­

tional work of this character , is t hat conclusions reached 

experimentally in the laborat ory should be fully in harmony 

with what may be observed in every day life . Now the diet 

in question with its comparat ively low calcium and high 

phytic acid phosphorus contents , is by no means an artificial 

one , for it is typical f or many millions of people in 

different parts of tbe world . Moreover , certain nations , 

as a result of ar conditions , have been, and still are , 

f orced to consume a diet of t his type for variable periods 

of time . In both these types of peoples 1n mind , the 

calcium i ntake is very frequently lower, and the amount of 

phytate phosphorus ¢onsumed greater , than in the author ' s 

study . How do these people manage? A certain amount ot 

information of their behaviour on this diet will now be 

given. 

As examples of peoples exper i encing life-long 

habituation, there are the Indians, the Chinese, and t he 

South African Dantu. 

The People of tndtai Indian diets always contain a large 

amount/ ••• 



amol.Ult of cereal, but usually very little calcium. Ace.ording 

to the observations of .1lson and i ddowson (63), "In the 

diets of the rice eating :peoples or India , there is almost 

three times as much phytic acid. o.s caleimn. Hence there is 

a grea t deal more phytic acid than is sufficient to precipi-

tate all the calcium in the diet. It is evident, however, 

that some calcium llJlSt be absorbed; otherwise the bodies 

of the adults would contain no more calciUJn than did their 

bodies at birth, Which is clearly impossible." These 

workers, in addition, could of ter no explanation for ftthe 

freedom from dental caries enjoyed by the Indian peoples 

living on diets exceedingly deficient in calc 1U111 and 1n 

some cases also vit amin D." 
Little experimental work has been undertaken on 

the mineral salt metabolism of the at people. Two isola ted 

investigations will be cited.. In a study by Basu, Bas&kt 

and Sircar (64),a young adult, observed for a period ct 12 

days on a diet containing 600g. wheat daily and inoludi.ng 

a calcium intake of 307 mg., was found to be retaihing an 

average of 124 mg. calciwn daily. Secondly, one of the 

Ceylonese subjects of Nicholls and Nimalasu~iya (?7), a 

child .of 7 years, v-:as observed with a retention of 169 mg. 

calcium daily, on an intake of 200 mg., the experilnental 

period being 3 days, and the diet rich 1n pbyt1c acid. 

The Cl}ine§ga According to Wang et al (43), the diet ot 

the Chinese is almost 1nvari a.bly low in ealei\1111, and 

2.5 to 50 per cent of' their total. phosphorus intake is in 

the form of phytate phosphorus . Habituation to this type 

or diet is clear, since Chu, Liu, Hsu, Chao, and Chou (65), 

found that a calcium intake of 7.3 mg . per Kg. body weight 

was adequate for the maintenance requirement cf Chinese 

students/ ••• 



students , a standard appreciably lower than the present one 

recOl'P.mended by western workers . 

i'he ~9lltb Atr,can llltlt:Pt The diet or the Sou.th African Rant~, 

both rural and urban dweller , is almost invariably low in 

calcium. Further , their staple foodstuff mealie meal , is 

very rich in phytie acid a due to the manner in which their 

porridge· is customarily prepared , little destruction ot 

phytie acid occurs during cooking . ( I t mi ght be recalled 

that Mellanby, working on puppies , found maize to be a 

particularly r achitogenic cereal (10, 11). 

Janisch ( 66 ) in "A study or African Income and 

Expenditure" , in Johannesburg , f'otllld that the urban Bantu 

has an average cal cium intake of just over 200 mg. daily. 

The Union Government minimum scale f or Native mine labourers 

inclUdes a daily calcium intake of about 340 mg . (67); the 

diet of the Native prisoners at the Johannesburg F'ort con­

t ains a calcium intake or about 200· 300 mg . daily (67) . 

For purposes or ealeulation, consider the average daily 

calcium intake to be of the order of 250 mg . If the 

Bantu consumes about l lb . mealie meal daily (an average 

amount), and asstuning tho. t very 11 t t le destruction or phytic 

acid occurs in cooking, then the calc1'UID/pbyt1c acid phos:plorus 

ratio is about lt3 , i . e . almost the same as that ot the riee­

eating Indian (63 ) . The phytie aeid present is thus suf­

ficient t o con1bine with and precipitate all the calcium in 

the diet (see page ~9 ) • Yet the South African Bantu, although 

t hei r skeletons are comparatively slilall , scarcely eve:r suffer 

from rickets , osteomalacia, and so forth; and the excellent 

state of t heir teeth is often the envy of the European. 

No balance studies have been undertaken on the 

Bantu apart from the somewhat l imited ones of Henderson and 

Kelly (68 , 69 ) . In one o:f their studies concerning 16 est 

Afr1ean/ ••• 
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Atrican boys and 8 adults, although the diet contained 01'117 

about 300 mg. calei1a da117 and was Yer;y rich in phytate 

phosphorus, good retentions or calcium were observed. 

'!l'hese three people s are thus habituated to a low 

calcium high phytlc ac14 diet, and Ul'lder these adverse 

circumstances are able to utilize and retain, f'rcm the meagre 

supply available, the mineral salts requ1re4 for t heir growth 

and maintenance. Doubtless higher intakes would be or great 

benefit, but the major point or interest is that they do 

manage to 11 ve on these intakes which, 3l1411Jll b7 western 

standardlt are grossly deficient. 

Examples or peoples being r~oe4 b)' war oondi tiona 

to consume a diet low in calcium am ver,. rich in J)h7tic 

acid, are the French and the Channel Islanders. 

D• ftenq}J, Peoplf & During t he German occupation, it was 

stated that in 1942, the French were ra t1oned w1 th a · calci'Uil 

intake of about 18o mg. daily per person, (10). In addition, 

their bread was almost Whole grain in character. A report 

dated 28th November, 1945, s tates that "This deficiency ot 

calcium, persisting tor rears , shoUld result in complete de­

calc11'1cation of the skeleton, but most ot the undernourished 

bodiea adapt themselves to the deficiency." (71). 

The Channel IsleMa Ptoplfl These people tared much the 

same as the French during the German oecupa tion. 'their 

bread was stated to lle very coarse an4 dark (72), an4 thelr 

supply of dairy pr oduce was very low. Yet in a detailed 

survey conducted after the withdrawal o:r the Germana1 it 

was stated that no evidenee of widespread malnutrition 

was round, little ricketst and that the teeth or the chil­

dren were in excellent condition (73). 

It is thus clear tram these cases that adaptation 

to the adverse e1rcumstances was sat18tactor1ly achieved. 

How is/ ••• 



In cases where the calcium intake is reduced to a 

level appreciably lower than the usual , it is only to be 

expected t at f or a variable period the change will be 

f ollo 1ed by negative calcil.lBl balances, irrespective o.f any 

sililultaneous change in the state ot combination of the 

calcium ingested . In this connection it is therefore un-

reasonable f or McCance and ·'i ddowson to .interpret the 

negative calcium balances thei r subjects experienced on the 

reduced calcium high phytate phosphorus diet , almost solely 

in terms of interference of' calcium absorption ~Y the 

increased phyta te phosphorus i ntake. 

The difficulties caused by a .reduced calcium 

intake are met firstly , by more efficient absorption. 

Rottensten (74) working on rat s , observed a gl'eater e.ffieiency 

of absorption when the calcium stores were depleted, than 

when they were replenished . Secondly, an economy 1n ex-

cretion is exercised . Longwell ( 7.5), also working on rats 

reported that " 1en rats , whose calcium stores are nearly 

saturated,are changed from a high calcium intake to a low 

one , they conserve their calci um stores by restricting calcium 

excretion, eventlmlly reaching a state or equilibrium." In 
. is 

the author ' s study , th•sf!) method$ or conservation aH shown 

by A.W. and L. O., when changing from their usual everyday 

die t to the standard bread diet. 

To conclude, this capacity for adaptation has been 

adequately sut·llll&r1zed by Steggerda and :U1tcbell ( 59) as follows: ­

"It a ppears that in the absence of an adequate 

supply of any nutrient , including calcium, the body can adjust 

itself to t he situation, either by a more economical use or 
1hat lit tle is available , or by a lowering of its own require­

ments , so that eventually it comes into equilibrium with the 

limited/ ••• 
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limited rood supply ••••••••••••• Only during this adjustment 

period can the body be adjudged undernourished, since only 

in this period is the body suffering a loss of nutrient • 

•••••••••••• ¥.1hen adaptation is complete, the bod7 replaces from 

its restricted supply all losses of the nutrient, and unless 

some subsidiary 111 effects ensue, it may reasonably be 

regarded as adequately supplied with rood". 

It is considered desirable to discuss very briefly 

the apparent disagreement between the author's conclusions 

and those of the English workers . 

In t he studies of McCance and Vt'1dd0\Vson(l2), and 

Krebs and Mell anby (13), the calcium intake on the Exper1-

ment:a.l diets was U!>Ually too low for requirement. on the 

10 mg. per Kg. body wei~ht basis . On the high eA."tract1on 

bread diet, in tho former study, t his obt a ined with 8 out of 

9 subjects: in the latter study, where the ealcium intake 

was based on Leitch's estimate f or minimum requirement, viz. 

0.55 g. calcium daily, the cal cium intake of 4 out of the 

6 sub jects was to:> low. 1~is does not mean , of course, 

that these subjects were facAd with an insuperable task in 

so far as adaptation is concernedJ but it does mean that 

the process of ae\aptation woul d take more time than would 

be the case 1 ere tl':o i nta :ees of calcl'llt!! adeqt ate f or main-

tena.nce . Cl eo.rl:r , the Bnglish studies ere not continued 

long enou~h t o allow ada ptation to occur. In McCance and 

~iddowso:ds study , the experimental periods were abou t 3-1-

weeks ; adapt at ion was stated to be o.bs~nt. In Krebs and 

Mel lanby ' s study, th~ experi mental periods were al so ~ weeks; 

but t he data given st. ow a. degree of adjustm.ent occurring in 

2 out of the 6 su~jects . The sal ient point the author 

wishes t o stress is that had his Experimental diet periods 

been limite.d to 3 weeks , the conclusions arrived at might 

well have been much the same as those of the English workers . 



Conversely, had their diet periods been considerably prolonged , 

it 1s prob ble that the conclusions reac ed by them would have 

been much the same as the author ' s . The divergence in con• 

elusions bet een the -~nglish and 'outh .A.f:rican stndies is 

thus more apparent than real . 



The intake of magnesium, even on the hite bread 

diet as al ays ample for . intenance , i . e . it exceeded 

250 mg. daily , the standard p ·t ~ orward by Duckworth and 

~ arnock (2'7) . 

McCance and Widdowson (12) found that all their 

subjects were in balance with ~Agnesium on the white bread 

diet , and continued so on their high extraction bread diet . 

In the aut or's study, the initial negative calcium balances 

experienced on the standard bread diet ere in gener 1 

accompanied by negative magnesium balances . The disturba ce 

occasioned by ·the increased ingestion of phytic acid phos­

phorus thus upset the metabol1s of magnesium, though not to 

the same extent as it did the metabolism of calcium. 

The negative calcium balances on the standard bread 

diet ere accompanied by an increased urinary excretion of 

gnesium. The change to the lite bread diet hich had the 

effect of halving the intake of magnesium, rather re rkably 

did not affect the average daily retention of magnesium. 

These results would seem to support t e view that 

a mixed calcium magnesium phytate is produced in the digest ive 

tract, since a large increase in the phytate phosphorus intake 

affects the metabolism of magnesium as ell as that of calcium. 

THE,. lETJ\BO]diSM OF TOT H PHOSPHORUS . 

The metabolism of this element as least affeeted 

of the elements studied by the changes in diet . In general 

there was a slightly better retention on the white bread diet, 

in spite of the fac t that during this dietetic period the total 

phcs horus intake was slightly lower than with the brown bread 

diet . 

The metabolism of pP~tate phosphorus has already 

be n discussed . 

THE/ ••• 
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TN:) retention or iron, especially by mal sub eets 1 

is so small that the intake very closely a pproximates to the 

output: the determination of iron b lances in metabolism 

experiments is therefore of great value in cheeRing the 

ecuracy of the marking orr of the eekly periods . 

The hite bread favoured the retention or iron or 

than the standard bread . This pheno enon, however , does not 

appear to have resulted in an1 deleterious effect . Obser-

vations in England , Ireland , nd Switzerland , have indicat d 

that during the r - time period or consumption of high 

extraction bread , reductions have been reported in the 

incidence of anaemia, and improvements in the haemoglobin 

levels of both children and adults • 

.from the. ~l-.~nda.-d to u ..... e. ~hire b.-e.ad dl-el-; 'VVith rnag-ne.s~u rn the. eorresranoi"'! 

~n~e_-ove..-, v.rl-.ile. alrno~l:: ha.lv -,n~ the. ·,.,....ra.k.e., hardl'j aFf.e.c:.l-e.d ~~ re.ha. l"ltl.on, 

s-;:.y , ·,,.... ;Ae d.b.s e.r-.c...e. of. Fu.,- ~he.r <!.>' F "-r ·, rr. e.n rs of ton ~q_.r dura. 1-i on H---a.n ~hE. 

auth.o,.-:S; bu~ i& is a. ph<i!.nom<U\on wh;c.h mu~l- b<i!. bc.-r-.e ir"l mind when fi....(!. 

nul-rihono-.1 m~~·,l-.- or h "oh "' ,. lo - ' ....,,...t-r"' .. . '- d -' --' ~ ~· I~ r I~ .._1"\u ""-' -. ... 1 ... c.11on IO.>t"Q.a .S ar<i!. C.oY>S .Iaet""-0• 
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PART II A. 

THE PHYTIC ACID PHOSPHORUS CONTENT 

MADE FROM 95 TO 100 PER CENT . EXTRACTION MEAL. 

Object of the Investigation. 

In Part I, it was concluded t hat t he ingestion of a fairly 

large amount of phytic acid phosphorus , contained in the s t andar d 

war bread, does not have any permanently deleterious effect on the 

utilization of the calcium of the diet. But , since a s light im­

provement in ca lcium absorption resulted when the ingestion of t he 

phytio acid was largely eliminated, it is surely desirable that 

tha content of this substance in the bread should be kept as low as 

possible. 

The object of this section of the work is, therefore, to obtain 

information on the phytic acid content of the war bread: it is 

desired to learn of the extent of t he destruction of the phytio 

acid that occurs when the bread is baked normally, and t -o determine 

whether any slight workable modification of the baking procedure 

will increase t he destruction. 



The Phztic Acid Content of the Standard War Bread 

when baked normally. 

/6 

Hammersma (5i) obtained the :following results for the phytic 

acid content of the standard bread. 
:u. 

Table No . :2:1:. • 

s ource . Number of Analysis. Phytie acid P.(as mg .P~per 100 

Pretori a .lst set . 
Pretoria.2nd set. 
Cape Town . 2nd 

set . 
Johannesburg . 2nd 

set. 

10 
13 

12 

8 

g . f'resh bread. ) 

50 
47 

48 

50 

The author determined the phytic acid content of samples of the 

standard war bread used during the balance experiments . For each 

of the 4 subjects, a composite sample was made of the brown bread 
:2.3 

used during the weekly periods. Tabl e No i-'7 ' 

SUbjeet. 

F.A. 
A.W. 
t.o. 
t.(}. 

Phytio acid P. (as mg• P. per ·1oo g . fresh bread.} 

49 
52 
48 
59 

It wi ll be observed that the standard bread (of 95 to 100 per 

cent. extraction rate ) contains an average of about 50 mg . phytic 

acid phosphorus per 100 g . fresh bread. '1\lPni.Bg ~ Table ~. ~ 

It will be observed' that this figure is very much l ess than the 

"about 100 mg . " found by McCance and Vliddowson for the English 92 

per cent. extraction bread , and it is not very much more than the 
11 

figure of' 40 mg . found by Pri ngl e and Moran (56) for the 85 per 

cent. National Wheatmeal loar. The reason why the South African 

high extraction bread has this comparatively low phytic acid con-

tent is not clear . 

Upon what factors does the destruction of the phytic acid that 

occurs during baking depend? 

I 



The Destruct1on of Pb.ytic Acid Phosphorus that occurs 

during the Baking of Bread. 

9 
It was Widdowson (84) who first showed that part of the phytic 

acid present in the meal or flour f-rom which bread is made, is 

destroyed during the doughing and baking process . 

'7 
Pringle and Moran (5e) carried out further work on this subject 

and arrived at several important conclusions:-

!, The time of termentation is important, i.e. the longer 
the time, the gr eater is the amount of phytic acid des­
troyed. 

2. The amount of yeast used is relatively unimportant. 

3. If the PH value of the dough is artificially reduced by 
an addition of acetic acid , to bring the value down to 
5.2 - ·.s .4, the hydrolysis of phyt.io acid is allllost com­
plete. 

4. The greater t he phytic acid content of the meal, the gre~r 
is the destruction effected. 

5. The addition of ca lcium carbonate as creta prepa.rata has 
littl·e effect on the pH value, and on the amount of des­
truction normally occurring. 

6~ . If the pH value of the dough is reduced artificially by an 
addition of acetic aeid, the degree of destruction o:f' phytic 
acid is increased, even in the presence of creta :pi"aparata , 
though not so much as in 1 ts a.bsence. 

Conclusions 5 and 6 will be discussed in Part II B. 

Pringle and Moran ascribed the increased destruction that accom­

panies the reduction of pH value, to the increased solubility o:f' 

the phytates in the bread medium, thus presenting a more :favourable 

target for the action of the enzyme phytase. 

can t\-.e. 
The next point that arises is, .~- destruction of phytic acid be. 

increased by any slight modification of the baking procedure? 
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The Effect of different baking procedures on the destruction 

of phytic acid phosphorus. 

In South Africa , apart from the commercial baking of bread, a 

large proportion of rural housewives , and a by no means insignifi­

cant proportion of urban housewives , bake their own bread. It was 

therefore decided to dete.rmine whether the various baking procedures 

employed have any appreciable effect on the extent of the destruc­

tion of phytic acid occurring during baking. 

A representative South Afr ican wheat mixture was selected, and 

through the courtesy of Mr. E.C. Everett of The Premier Milling Co. 

Ltd., Johannesburg, was milled to yield the following fractions: 

firstly, unsifted meal., of approximately 100 per cent. extraction 

rate; and secondly, sifted meal, of about 80 per cent. extraction 

rate, together with the bran etc., fraction separated from it. 

(N.B. '!'he unsifted meal is virtually of the same extraction as 

the standard bread meal .) 

The moisture ., ash, calcium, magnesimn, iron,. phosphorus and 

phytic acid phosphorus , were determined on the wheat mixture and 

the three milling products. The results are given in Table No • .1.8 • 

The Unsifted Meal Bread. (Almost 100 per cent. extraction rate.) 

The unsifted meal was made into bread by a). two unskilled rural 

housewives, b) two skill.ed urban housewives; c) also in a commercial 

bakery, and d) in a laboratory bakery attached to The Premier Mil­

ling Co.Ltd., Johannesburg. In all eases, there was no departure 

from the usual baking procedure employed. In addition,dsoda bread 

loaf made from the unsifted meal,using a baking powder containing 

bicarbonate of soda,instead of yeast, was also baked in the labora-



tory bakery. This type of l oaf is seldom made in s outh Africa; 

it was made however to make the investigation more complete. 

Data on the different baking procedures employed. 

Rural Housewife. (Zeerust ., Transvaal.) 

The mixture of dough , yeas t, and salt , vms kneaded for 5 min­

utes, w-armed in a bread pan , covered with a bread cloth., and left 

for 1 hour : the bread was t hen baked in a stone oven for 1 hour . 

Rural Housewife.LUppington, North Cape Province.) 

The method followed was that used in the average poor home. The 

"rising" of the meal by the yeast was .connneneed on the previous 

night, using only salt and boiling water; the pot was covered with 

, a bread blanket. Early next morning the dough was kneaded and 

allowed to rise tor 2 hours, covering again with bread blanket. 

The mass was then put in pans, allowed to rise for 1 hour more, and 

then baked in:r1re heated oven. 

Urban Housewife No. 1. (Johannesburg.) 

The meal, with yeast, salt, and warm water, after mixing , was 

allowed to rise for 3 hours on the r ack of an electric stove; by 

the end or this period , the dough had doubled in volume. The 

dough was then re-kneaded, placed in warm tins and allowed to rise 

tor 1 hour further,_ keeping i t warm meanwhile . It was then baked 

in an electric oven ror 1 hour at a steady temperature of 250°C. 

Urban Housevdfe No .2.(Johannesburg.) 

A "sponge" composed of a portion of the meal , yeast, a little 

sugar and fat, and warm water , was allowed to rise on top of a 

warm oven for 1 to lt hours, "until bubbly." The remain4er of the 

meal was then incorporated and the mass re-kneaded,. placed in tins, 

and allowed to rise f'or 1 hour in a warm place. 'I'he baking was 

ultimately c·arried out at 400 f', , later reduced to 350°F.~ . , for a 

period of li hours. 



Connnercial . Bakery. (Johannesburg.} 

The details of the baking method wer e not divulged . 

Laboratory Bakery . (Premier Milling Co.Ltd. ,. Johannesburg.) 

The first proofing period was 75 minutes; the second period 

lasted for 50 minutes; t he yeast bread was baked for 50> minutes 

at a temperature ot 45o•r: t he soda bread loaves were baked for 

75 minutes at the s-ame temperature. 

The phytic acid content of the various loaves ia given in 
:1.5 96 

Table No • .2!-q • ( Pa%e m:.) 

In spite of the difference in the baking methods employed, which 

yi lded loaves of different appearance and texture, it will be seen 

that the variation in the amount or phytic acid destroyed was so 

small as to be of little or no practical importance. An increased 

destruction of phytic acid cannot therefore be achieved by any 

workable alteration in the baking technique. 

I n the case of the soda bread , it will be seen that only very 

little destruction of phytic acid took place. The soda apparently 

reduced the acidity of the bread medium, and, according to Pringle 

and Moran, a decrease in the solubility of t he phytates resulted, 

so that the phytates became l ess easily attacked by the phytase . 

Although this investigation mainlywnoerns the high extraction 

meal and bread, it was considered advisable, since the opportunity 

presented itself, to carry out corresponding experiments on the 

sifted meal and bread; for when the Wheat position becomes more 

favourable, this type of bread might well become the staple, and 

the information thus obtained might be of value. 

The Sifted :Meal Bread. (80 per cent. extraction rate.) 

The sifted meal was made into bread in a) a commercial bakery, 

and b) the laboratory bakery. A sifted meal loaf, using a baking 



powder c-ontaining bicarbonate of soda, was also made in the latter 

bakery. 

The phytic acid content of the three loaves \VRS determined; the 
~b 9G 

results are given in Table No . '3-e • (See ?a~e 1-rt} 

It will be observed that during the baking of the first two 

sifted meal loaves, almost complete destruction of the phytic acid 

occurred. Thi.s is most remarkable. for the extraction rate of the 

bread meal is not much less than that of the British National 

Wheatme~ loaf, which contains quite an appreciable amount of phytic 

acid. Thus, when the wheat position becomes more favourable and 

permits south At'rica to adopt a whiter loaf,. made, say, from this 

80 per cent. extraction sifted meal., the phytic acid pres-ent will 

be insufficient to cause any disturbing affect on mineral metabolism. 

It will fur·ther be. noticed that in the baking of the sifted meal 

loaf using soda, almost half ot the phytic acid was destroyed. This 

is also remarkable. for it ~vas imagined that the reduced acidity of 

the bread medium would not favour the destruction of phytic acid 

to the extent that actually occurred. 

What is the reason for the greater destruction of 

phytic acid that occurs durins baking in 

South Mrica? 

The reason for the great er destruction with both the unsifted 

and sifted meal loaves cannot be explained at present . It is true 

that the phytic acid contents of the two meals are slightly less 

than the contents of the corresponding meals used overseas ·' but 

the differences however a.'re. not significant . Again, it can hardly 

be due to any unusual method of baking being employed in South Africa, 



2./.f. 
Table No.~ • 

Analysis of the sampl e of wheat and its milling products. 

Wheat. Br an . Unsifted Meal. Sifted Meal. -
~oisture. per cent. 11.8 10.1 11.7 11.5 

Results on moistt~e-free basis . 

Ash . per cent . 1.49 4 .41 1.47 0.74 

Calcium. mg . per 
100 g . 55 125 53 33 

Magnesium. mg . per 
100 g . 110 330 105 58 

Iron. mg . per 100 g . 4.1 11.0 3 .9 2.6 

Phosphorus. mg. per 
100 g . 275 655 265 160 

Phytate Phosphorus. 
mg . per 100 .g . 155 420 145 86 

56% 64% 55% 54% 
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Tabl e No .~. 

The destruction of phytic acid phosphorus during t he baking 

of unsifted meal bread . 

Phytic acid phosphorus content of unsifted meal 

= 145 mg.P, per 100 g . dry meal . 

Type and Name of baker. Phyt i c acid phosphorus . 
mg . P , pe~ 100 g . 

f r esh bread . 

Unskil led housewife . 
(Zeerust) . 49 

Unskil led housewi fe . 
(Uppington ) • 47 

Skil led housewife . 
(Johannesburg ) . 49 

Skilled housewife . 
(Johannesburg ). 49 

Commercial baker.(Messr s . 
Gains, Johannesburg ) • 58 

Laboratory baker . 
( iss Parr ish) • 56 

Soda bread . (Baked by 
Miss Parri sh) • 92 

Percentage of p~ 
acid phosphorus 

destroyed during 
baking . 

51% 

52% 

48% 

50% 

5~ 

(The laboratory l oaves were baked by Miss Parish in t e 
laboratory attached to The Premier Milling Co. Ltd ., Johannesburg) • 

.l..b 
Table No . 59 • 

The des truction of phytic acid phosphorus duri ng the 

baki ng or sifted meal bread . 

Phytic acid phosphorus content of s ifted meal 

= 86 mg . P. per 100 g . dry meal . 

Type of br ead and Phytio acid Phosphorus . 
n~e of baker. mg . P. per 100 g . 

fresh br ead . 

Commercial loaf ·. 
(Messrs . Gai ns, 
Johannesburg~ 7 . 0 

Laboratory loaf . 
(Miss Parrish} . 6 . 5 

Soda bread . ( tlss 
Par r ish) . 34 

Per centage of phytio 
acid phosphorus 

destroyed duri ng 
baking. 

87% 

8 9% 

49% 
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for the procedure followed differs little from overseas practice. 

It may be due to the fact the south African bread meals are richer 

in phyta.se, or perhaps on the other hand , for some unknown causet 
I 

t he substrate is more favourable for the action o·f the phytase, It 

is hoped to carry out further experiment al work on this problem 

a t a later date • 

. SUmma.r.z. 

1. Due to the l .arge measure of destruction of phytic t hat 

occurs during the baking of the South Afri.can h i gh extraction war 

bread ,. t he phytio acid content is much lower t han might have been 

anticipated, and is little more than t hat of' the British National 

Wheatmeal loaf which is made from meal of a much lower extraction 

level. 

a. This degre·e of destruction is almost unaffected by the 

baking prooed~e employed. 

3. Almost complete destru.etion of phytic acid occurs during 

the baking of the 80 per cent .• extraction sifted meal bread; hence 

should this typ.e of bread be nationally adopted at a later date, 

the amount or phytic acid ingested from it will be of little or no 

metabolic significance. 

4. With the high extraction soda bread, little destruction of 

phytic acid occurs during baking ,; in the ca se of the sit'ted meal 

soda bread, almost half the phytie acid is destroyed during this 

process. 

This. .$1-ud~ has. been pu bl i ~h~d ir'l the .:Tournai of H-oe. S.au~ Fl~r~c:.un 
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PART II B. 

THE FORTIFICATION OF SOUTH .DRIQAN 

. STANDARD WAR BREAD 

wiTH CALCIUJI CARBONAT.B. 
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The Object of the Investigation. 

In Part I, it was concluded that the ingestion of a large 

amount of phytic acid phosphorus contained in the Standard War 

Bread, did not have a permanently deleterious effect on the util­

ization of the calcium of the diet. Therefore , the need to add 

a calcium salt to the bread, to guard against this danger, does 

not arise. 

There is, however, considerable evidence, on the one hand , that 

an increase in the calcium intake of the population as a whole 

would be undoubtedly beneficial; and on the other hand, that the 

calcium intake of the bulk of the population of South Africa is 

very much on the low aide. 

In this section of th• work , the fortification of the standard 

war bread with calcium carbonate will be investigated , so that in 

the event of a decision being reached to proceed with the addition, 

the relevant information will be available . 
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The desirability or increasing the amount of calcium ingested by the 

general public, particularly by the poorer section 

of the population •. 

Although the animal body is able to adapt itself successfully 

to a comparatively low calcium intake without any very apparent 

ill effects ensuing, there is cons~derable evidence to show that 

beneficial effects follow the ingestion or a higher intake ot 

dietary calcium. 

'77 
tantord and Sherman (li!) have stated that, 

"Animal experimentation has yielded a large amount ot 
evidence, some as yet unpublished and some published only 
in brief, that liberal calcium allowances are good tor adults 
ot both sexes at all times - not merely tor pregnant and 
lactating mothers. The effects or ditterent liberal levels 
of calcium intake have been studied through the entire life 
histories ot hundreds of rats, and in a large proportion ot 
eases, through successive generations~" The chief conclusions 
from these experiments are as follows. "When the calcium 
content ot a diet which originally contained an amount sli~tly 
above that ot minimal adequacy was doubled, there resulted 
better development, a · higher level and· longer period of adult 
capacity and vitality, and longer lite, without increased 
incidence or calcification of arteries, but a better store ot 
calcium in the skelital system."•••"Scientitic probability 
strongly supports the view that these general relationships 
ot calcium intake to nutritional well-being throughout the 
life span are equally true tor the human species. A li~eral 
margin of calcium intake above the literal requirement for 
maintenance thus appears clearly destable for all." 

77e.. 
The Medical Research Council, in their First Memorandum (?) 

stated that, 

"An insufficiency of calcium is an ~ortant detect in 
human diets in Great Britain, but it would not be adequately 
counteracted by increasing the extraction or the flour tor 
bread. Bread is in any case a poor source or calcium." The 
third Recommendation or the Report reads that "The public 
would be benefited by the addition ot calcium salts to the 
flour trom which bread is made - in order to secure an 
adequate supply or calcium." 

The Council on Foods and Nutrition of the .American Medical 
'1'1b 

Association is in agreement with this view(~). The Council recog-

nizes that even whole wheat is a minor source of calcium. 
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"It was therefore decided that, if calcium is to be 
added to white tlour, it would be well not to stop at the 
level of the whole grain, but to add an amount which is · 
really significant from the nutritional point of ~iew." 

Opinion is therefore strongly in favour of adding a calcium 

salt to the peoples• bread as a general measure of improving their 

nutrition. 
,. 

The background of the south .Afrielan position in relation 

to the .addition of a calcium salt, e.g., calcium 
I 

carbonate, to the standard ~ead. 

The addition of calcium carbonate to the standard war bread 

affects the public, the miller and baker, and the nutritionist. 

From the point of view of the public, it is of the utmost im­

portance that the addition should have no preJudicial etfeot on 

the appearance and palatability of the loaf. The loaf is viewed 

with considerable disfavour as it 1s; any intensification of that 

disfavour must therefore be vigilantly guarded against. Since, 

however, the addit.ion has been made successfully ovel"seas, there 

would appear to be no reason for apprehension in south African in 

that regard. 

Upon the miller will rest the reBponsibility of making the 

addition of the calcium salt to the meal. In South Africa, where 

there are a small number of very large mills, and a large number of 

small rural mills, the difficulties attending the addition, and 

the effective supervision that would be required, will be consider­

able, and may even rule out the feasability of the project. 

The baker, also, is likely to be confronted with difficulties. 

The efteot of the addition of a calcium salt, e.g. calcium carbo­

nate, is to make the bread meditnn less acid, i.e. to raise its 

pH value. The major ettect of this change in PH value, in so tar 

as the baker is concerned, is to make the bread more liable to the 

development of "rope." In the summer rainfall areas in the Union 



this is a mattel' of very great importance; it is a danger which 
7'15 

has always to be guarded against . Vaster (Ha) recommended that 

bakers experiencing this trouble , in the ordinary course of 

events , may remedy matters by adding vinegar to the bread at the 

rate of 5 pin~ (4 per cent . acetic acid) to every 200 lb. bag of 

meal , thereby making the bread medium more acid. Now the addition 

of calcium carbonate may lead to the necessity of having to increase 

the rate of addition of vinegar to counter "rope" development; and 

may indeed necessitate the universal addition of vinegar to the 

brea~ meal as a matter ot normal procedure . The magnitude of the 

difficulties likely to be encountered can of course be solved only 

by experimental means . 

Other factors complicate the issue, namely,, the type of calcium 

carbonate employed , its availability and cost , and also the cost 

of the additions, both of ca lcium carbonate and of vinegar . In 
79 

the first instance, Halton (~) has shown that some forms of cal-

cium carbonate l1ave a much greater effect than others on tJ:?.e pH 

value of bread. Obviously the form of calcium carbonate that leads 

to the least change in pH value is the most desirable to employ. 

The form chosen must be available in quantityj and be inexpensive. 

Moreover the cost of the addition of both calcium carbonate and 

vinegar must be insignificant, so that the price of the bread to 

the consumer remains unchanged . 

In so far as the nutritionist is concerned, it is desirable, fil'­

stly that a worth while addition of calcium to the diet of the 

general public be made; and secondly, that the phytic acid content 

of the bread ingested be as lo as possible . Now as has been re­

ferred to already , the hydrolysis of the phyt1c acid occurring 

during baking , is promoted by an acid medium. the optimum pH value 

lying between 5 . 2 to 5 . 4. It would seem likely ·that the addition of 



calcium carbonate will reduce the acidity of the bread medium, 

and so reduce the extent of the hydrolysis occurring. The extent 

of this reduction is a matter of importance,, and can of course be 

solved only by experimental means. 

How much calcium carbonate is it desirable to add? 

In the United s tates, the Council on 1oods and Nutrition of 
80 

the American Medical Association (4'7") has recommended that the 

equivalent of 500 to 2.,000 mg . of ealeium be added per lb. of white 

flour. This addition is optional at present. 

~I 

In Canada (SU), calcium is added to t he bread in the form of 

non-fat milk solids, 4 per cent. of t hi s product being added to t he 

bread flour. 

b 

I~ 

McCance and Widdowson (eB) recommended the following additions:-

To white flour, 65 mg . Ca. a s CaCo3 per 100 g. 
To 85 per cent. National Wheatmeal, 120 mg.Ca.as CaCo3 per 100 g. 
to 92 per cent. Wheatmeal, 200 mg. Ca. as Ca-Co3 per 100 g . 

The British Medical Research Council in their second Memorandum 

{9), recommended that calcium carbonate as creta preparata should 

be added to the National V'/he-atmeal flour to the extent of' 14 ozs. 

per 280 lb. bag . The British Government eventually decided to 

sanction the addition of half this amount, namely, 7 ozs. creta 

preparata per 280 lbs. bag. The sanctioning of only half· ot the 

addition recommended by McCance and ,iddowson, and the Medical Re­

search Council, means that i n t he view of these authorities, t he 

phytic acid danger is still present, and t hat the substance is st.ill 

capable of depressing t he absorption 1St! calcium. 

In t he following table a comparison of the above figures is made: 
"It-

the s out h African recommendation (see page ~) i s also included. 

The fi gures are given as mi l ligrams calcium per lb. of flour. 
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Tabl e No.~ • 

Authority. Extraction rate of flour._ 

95 - 100% 92% 85% 75 - 89% ~ 

U.s.A. Recommendation .. 

Canada Recommendation .. 

McCance and Widdowson 
Recommendation. 

Medical Research Council 
Recommendation. 

Figure adopted by British 
Ministry of Food. 

South Africa Recommen-
dation. 90S mg. 

- 254mg. 

912 mg. 550 mg. -

580mg. 

29Qng. 

. -

The Experimental Investigation. 
I 

500-2000 mg. 

295 mg. 

The experimental work about to be described was carried out by 

the author in collaboration with Dr.P.W. Voster of the College of 

Agriculture, Stellenbosch. 

Dr. Vorster•s part in the investigation was concerned mainly 

with the baking quality of t he bread, and with the pH value and 

hence liability to "rope" development, occasioned by the various 

additions of calcium carbonate and vinegar to the bread. 

The author's part in the vmrk was to determine the effect of 

these various additions on t he amount of phytic acid phosphorus 

destroyed during baking. 

The report of this work f ormed the basis of the Second Interim 

Report of the Mineral Research (Bread) sub-Committee of the South 

African Nutrition council. 

A brief' account of' Dr. Vorster's work will now be given. 



Dr. F. W. Vorster•s Investigation. 

The effect of the addition of several forms of calcium car­

bonate, and of vinegar, in varying quantities, on the pH va lue and 

the development of "rope", i n the standard war bread. 

Materials. 

All tests were carried out on standard meal (No.1 unsifted) 

obtained from a large commer cial mill at Paarl. The nieal was milled 

from Western Province Wheats, and may be regarded as being typical 

of the standard meal sold i n that province. 

The different forms or ca lcium carbonate used were:-

1. Creta Preparata (97 per cent. OaCo3 ). 
2. Precipitated chalk (98 per cent. CaCo3). 
3. Standard whiting (98 per cent~ CaCosJ .. 
4. Ground Umestone-. ( 93 per cent. Caco3). No.1. 
5. Ground Ltmestone.( 95 per cent.CaCo3). No.4. 

Four quantities of calcium carbonate, at the rate of 10 ozs., 

12 ozs. , 14 ozs. , and 16 ozs ., per 200 lb. bag of meal, were used. 

Ordinary brown connnercial vinegar {4 per cent.acetic acid), was 

used as a rope "inhibiter," in quantities at the rate of 5, 6, 7, 

and 8 pints, per 200 _lb. bag of meal. 

The additions or vinegar were made alone, and also together with 

the different forms and quantities of calcium carbonate. 

Experimental. 

'!'he standard baking technique used in the Stelle.nbosch laboratory 

was followed. This baking f ormula is·:-

Meal 330 g. (12.4 per cent. moisture.) 
SUgar 15 g. (ca~e sugar.) 
Table salt 5 g. 
Yeast 10 g. (compr-essed.) 
Distilled water - sufficient to produce a dough of correct 

consistency. 

In all cases, the dough was :rermented for 2 hour-s and proofed in 

the pan for 30 minutes; 1 t was then baked for 4'f) minutes at a tem­

perature of 425•:r-. 



The quality factors taken into consideration were loaf volume, 

external appearance, crumb t exture, and taste. 

The pH value of the loaves was determined the day at'ter baking, 
'79 

on t he crumb, according to the method used by Halton (~). 

~Vhen the influence of calcium carbonate and vinegar on the devel­

o_pment of "rope" was investigated, all doughs were heavily infected 

with rope organisms (Bacillus mesentericus). The inoculated loaves 

were stored in an incubation cabinet at 84°F., under conditions of 

high humidity. They were examined each day for a period of 6 - 7 

days for signs of "rope". 

The i.nclusion of the detailed results is unnecessary. 

Conclusions. 

1. The various additions of calcium carbonate had no significant 

effect on the baking quality of the bread. 

2. The various additions of vinegar whether added alone, or 

together with the different amounts and forms of calcium carbonate, 

had no etfect on the baking quality of the bread. 

3. Precipitated chalk af fected t he pH value of the bread to a 

much greater· degree t han did the other forms of calcium carbonate; 

the other forms differed litt l e in their effect on this :factor. 

4. In all oases where no vinegar was added, irrespective of 

whether calcium carbonate VffiS added or not, t he loaves became badly 

ropy by the 2nd and 3rd day after baking , when stored at 84°F. · 

5. 5 pints of vinegar per bag of meal inhibited the ·development 

of "rope" in standard bread f or at least 6 days at"ter baking . 

6. The addition of 6 pi nts of vinegar, instead of the previous 

5 pints per bag, inhibited "rope" development for 6 days after 

baking, with all the forms of calcium carbonate tried out, save 

precipitated chalk. 

7. In this latter case, "rope" development was observed in the 

loaves when treated with 8 pi nts of vinegar and 16 ozs. of chalk 

per bag , 5 days after baking . 
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The Effect of the Addition of Vinegar and 

Calcium Carbonate, either alone or together, on the 

destruction of PhytiC Acid that occurs _during the 

baking ·Of Standard Bread. 

Objects of experiments . 

(a ) To determine whet her the calcium content of bread can be 

raised by the addition of ca lcium carbonate without an a ppreciable 

decrease in the amount of phytic acld. destroyed eeeur:ring during 

baking. · (b) To compare the effect of different types of ca lcium 

carbonate wllen used for this purpose. (c) To ascertain whether the 

destruction o.f phytic acid during baking can be promoted either with 

or without the addition of calcium carbonate, when the degree of 

acidity is increased by the addition of vinegar·. 

Metho·d. 

·The baking of the different loaves and other details such as t he 

different types of calcium carbonate used, have been :fully described 

in Dr. Vorster"s Report. 

Two repre·senta.ti ve samples of each loaf were taken on the day of 

baking for the determination of moisture and phytic ac.i·d; 5 grams 

were used f'or the former determination and about 100 grams for the 

latter. 

The samples were dried in an air oven at 70°C, until moisture 

free. The phytic acid content of each sample was then determined • 
.2.9 30 

The results obta ined are recorded in Tables No.~ and No. 5-i:J.. 
35' :3b 

(fuller details being given in t he Appendix Tables No . lf9'and No.¥ • ) 

Conclusions. 
:t~ 

(1) The ad<ll:tion of calcium carbonate alone. (Table No. ~ ) 

The addition of calcium carbonate in amounts ranging 

from 10 to 16 ounces per 200 lb. bag, brought about a barely signifi­

cant decrease in the amount of phytio acid destroyed during baking . 



The decrease was much greater in the case of precipitated ehalk 
1..9 

(Table No. ~); but the other types gave lower reductions. 
-· 

Hence, if the use of precipitated chalk is excluded, the 

addition of as much as 1 lb . of calcium carbonat-e per bag of flour 

can be employed, without ther ·e be!ng any appr,eciable reduction in 

the amount of phYjiie acid destroyed duri.ng baking. 

(2) The addition of vinegar alone .• {Table No .~~ ) 
It is a common practice in s outh Africa to add vinegar 

to meal .before bread is made , in order to prevent the formation of 
fallo..,;ntj Vos.t~rs r~""'"'"-nd;&.tion 

"r,ope". In fact the eat I ndustry Control Board., has advised t he 

addition of 5 pints per bag for this purpose. Since Pringle and 

Moran had already shown that an increase in the acidity of the 

medium led to increased destruction ot phytic acid during the baking 

of National Wheat meal, it was anticipated that a similar effect 

would be found with the standard Meal. 'l'hat this proved to be the 

case will ~e seen from the tables. Thus, whilst bread baked from 
-

this meal in the norma.l manner showed a destruction ot about 56 

per cent. of the phytle acid, the· addition ot vinegar at the rate 

ef 5 and 8 pint-s per bag led to destruction of 53 and 69 per cent. 

respectively. 

Hence, the practice of adding vinegar to meal, although 

primarily employed for inhibiting "rope" formation, has the addition­

al advantage of considerably increasing the destruction of pb.ytic 

acid-. 

(3) The addition of both calcium carbonate and vine ar. 
e No . '3";5 • 

.2.9 
(Ta 

I.t would be expected t hat when calcium carbonate \vas 

added to a meal containing vinegar , the neutralising effect of the 

former on the latt,er , by reducing the acidity, wou~d decrease the 

destruction of phytic acid during baking . It will be seen, however , 



that although the amount destroyed is less than with .v:inegar alone, 

the decrease is not very marked. Precipitated chalk again b-ehaved 

in a far less s:atistactory manner than did the other forms of cal­

cium carbonate employed.. These differences in the behaviour of 

different forms of' calcium c-arbonate have previously been observed 
"79 

by Hal ton { li'f) when working vd th N·atio·nal Wheatme·al •. 

Hence, 1 t is c.onoluded that the increas·ed destruction of phytic 

acid brought about by the a.ddition of vinegar is not serious.ly 

interfered with by the addition cyf calcium carbonate in the desired 

amounts, provided precipitated chalk is not employed. 

(4) 
~0 

The effect of the amount of yeast used. (Table No.~ ) • 

The observation of Pringle and Moran that an increase 

in the amount of yeast used {from 1.5 to 3.0 per cent.) had an in-

significant effect on the amount of phytie acid dest:royed, is also 

confirmed. 

(5) The effect or ·increasing the time of fermentation. 
(Table No.~ ). 

Similarly, the results agree with those of Pringle and 

Moran that the destruction of phytic acid increases as the time of 

fermentation is prolonged. 

In the investigation in Part II A, lt was observed that during 

the normal baking of t .he standard war bread, a destruction of phytic 

acid took place of the order or 50 per c.ent t tp.e destruction was . 

greatest with the housewives ' baking and least with the commercial 

and laboratory baking. The work was carried out on a meal having a 

c.omparatively low phytic acid content. In this present lnvestigaU.on, 

it will be observed that the degree o'f destruction taking place with 

the cont.rol loaves varied somewhat from loat to loa1", and averaged 

34 per cent. The reason 'for this lower destruction is not clear; 

it may be due to the fact that the work was carried out on a meal 

of exceptionally high phytic acid content. It would therefore seem 
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t hat , in contrast to the finding or Pringle a.nd .doran, the greater 

the phytic acid content of the bread mea l , the smaller i s the des­

truction that takes place during baking . 

The cost of :f'ortify;ing bread with calcium carbonate. 

In order to ascertain whet her the addition or 1 lb. of a suitable 

type of calcium carbonate would add appreciably to the cost of the 

fortified loaf, the following particulars are included. Whilst 

exhaustive inquiries have not been made , these figures indicate that 

the actual cost of the ingredient woul d be insignificant. 

Type of calcium 
carbonate. 

Creta preparata 

:l.."if 
Tabl e No. s-x.. 

Cost of adding Cost per l lb. 
1 lb. per 200 loaf, assuming 
lb. bag of meal . 280 loaves per bag. 

15.0 pence o.ol pence 

Limestone flour - 50 mesh 0 . 3 pence 0.001 pence 

Limestone flour - Standard whiting. 0.9 pence 0.003 pence 

Limestone flour- No .l.(another 
source) o.s pence 0.003 pence 

Limestone flour - No .4.( same source 
as No. 1.) 1.1 pence 0 •. 004 pence 

All these types of calcium carbonat e were found to be suitable 

in practice with the exception of the 50 mesh Limestone flour ., 

which was too coarse. It is therefore consider ed that t here s hould 

be no real difficulty in devising a means fo.r i ncorporating the 

calcium carbonate uniformly throughout the meal, at least in the 

larger mills . 

The cost of treating the meal with vinegar. 

With the wholesale cost pr ice of' vinegar at 1/3 per gallon the 

cost o'f. the added vinegar per 1 lb. loa1' would be about 0 .04 pence . 
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Table~. 

Comparison of the amounts of phytic acid destroyed 

during t he baking of bread, when varying amounts of 

a) calci um carbonate: b) vinegar (4 per cent acetic 

acid); and c) calcium carbonate plus vinegar ; are 

added to t he meal . * 

A. Type of calcium car bonate used :- Precipitated chalk . 

Amount of Calcium Amount of vineBar per 200 lbs.bas. 
carbonate per 5 6 7 8 
200 lbs. bag. Nil pints pints pints pints . 

Nil 23% 53% 58% 63% 69% 

10 ounces 19% 23% 25% 31% 31% 

12 ounces 14% 19% 29% 29% 27% 

14 ounces 11% 19% 25% 25% 27% 

16 ounces 14% 20~6 23% 25% 25% 

* The amount of phytic a cid destroyed during baking is 

expressed as percentage of that originally present in 

t he meal . 

Note. By determining t he total phosphorus in the untreated 

meal and in t he bread made from it, due allowance ~as made 

in the abovecalculations for the presence of the other 

ingredients of the bread , viz. sugar , salt and yeast . 

B. Ttpe of calcium carbonate used :- Creta Prepar ata. 

Amount of calcium Amount of vinega~ per 200 lbs.bag. 
carbonate per 5 6 7 8 
200 1bs.bag . Nil pints ;pints pints pints 

Nil 36% 53% 58% 63% 69% 

10 ounces 33% 48% 50% 57% 62% 

12 ounces 33% 50% 50% 58% 61% 

14 ounces 29% 48% 48% 56%. 58% 

16 ounces 27% 46% 48% 54% 56% 



c. type of calcium carbonate:- Ground 11mestone.50 mesh. 

Amount ot calcium . .Amount ot ,vinesar J2er 200 lbs. bas. carbonate per 5 4 7 8 
200 lbs.bag. . Nil pinta J2ints pints pints. 
Nil 37% 53% 58% 83% 69~ 

10 ounces 36% 52% 57% 61% 67% 
12 ounces 37% 52% 55% 60% 67% 
14 ounces 36% 51% 55% 58% 65% 
16 ounces 33% 5~ 5<Cr% 57% 63% 

D. Type ot calcium car bonate:- Ground limestone. 

(Standard whiting) 

.Amount or calcium Amount ot vinegar per 200 lbs. bas. 
carbonate per 5 6 '1 8 
200 lbs .• bag. Nil 12ints pints . pints . pints 

Nil 31% 53% 58% 63% 6~ 

10 ounces 29% 48% 52% 58% 60% 

12 ounces 29% 48% 54% 55% 61% 

14 ounces 3!% 46% 51% 55% 58% 

16 ounces 29% 46% 50% 54% 54% 

E. TYpe of calcium carbonate used: Ground Limestone No.1 

Amount ot calcium Amount ot vinegar per 200 lbs. bag. 
carbonate per 5 6 7 8 
200 lbs. bag. Nil pints pints pints pints 

Nil 36% 53% 63% 6~ 

10 ounces 33% 52% 58% 65% 

14 ounces 33% 50% 58% 65% 

16 ounces 31% 4BS 57% 60% 
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F. Type of calcium carbonat e used:- Ground Limestone No.4. 

Amount of calcium Amount of vinegar per 200 lbs. bas . 
carbonate per 
200 -lbs. bag. 

Nil 

10 ounces 

14 ounces 

16 ounces 

5 7 
Nil pints 

36% 53% 

34% 52% 

33% 51% 

32% 52% 

30 
Table ?if· 

pints 

63% 

59% 

58% 

57% 

8 
pints. 

69% 

65% 

63% 

60% 

The effect of t he time of f ermentation and t he amount 

of yeast used on t he percent age destruction of phytic 

acid during t he baking of t he bread. 

Time ot fermentation Proportion of yeast. 

1.5% 3.0% 

1 hour. 21% 23% . 
2 hours. 25% 27% 

3 hours. 40% 42% 

4 hours. 48% 52% 

Percentage destruction wi th untreated normally baked loaf: 

42 per cent. 

Ce~arieon or t he effeet on the phytie aeid eentent ef 

~eP eeat aeetie aeia) 1 ana e) ealei~ ea?~enate ~l~e 

vil*&@al', ape added iA var yiDg amougts to the meal. 



Recommendation. 

Should a decision be reached by the responsible authorities that 

an addition or calcium carbonate be made to the nation's bread, it 

is recommended that calcium carbonate as standard whiting, be added 

at the rate or 1 lb. per 200 lbs. bag of meal. This addition corres­

ponds to 908 mg . calcium per 1 lb. of meal:. much the same amount. 

namely 112 mg. calcium per 1 lb. of meal, was reeoDDD.ended by McCance 

and Widdowson f .or inclusion in the English 92 per cent.. extraction 

meal. The addition also corresponds to about 650 mg. calcium per 

1 lb. or tresh standard bread .• 

The official recommendation in. regard to the use of vinegar as 

"rope" inhibitor, would haTe to be altered from 5 to 6 pints vinegar 

per 200 lbs. bag of meal, werce the aboTe recommendation put into 

effect. 

1. Although on the one hand the need to fortity the standard 

bread with a calcium salt, specifically on account of the adverse 

effect caused by the phytic aoid ingested .,. has been shown to be 

ally beneficial. 

2. A comparison has been made of the amount of calcium recom-

mended by the various authorities for addition to "bfte bread. 

3. An investigation on the addition or calcium carbonate (in 

varying forms and quantities ) ., with and without the addition ot 

vinegar, (also in varying amounts ) , to the standard war bread, has 

been carried out by Dr. P.W. Vorster and the author. 

Briefly, the conclusions are as follows:-

a) Additions to the bread of calcium carbonate, up to l lb. 
per 200 lbs. bag or ·meal, alone or with vinegar, up to 
8 pints per 200 lbs. bag ·Of meal, do not affect the bald.ng 
quality ot the bread. 
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b) The addition o:f calcium carbonate, in all the forms and 
amounts tried out, except precipitated chalk., has very 
little adverse ef:feot on the amount of phytic acid des­
troyed during baking. 

c) The addition of vinegar ·signi:ficantly promotes the des­
t .ruction of phytic acid. 

d) The increased destruction resulting :from (c) is not 
seriously interfered with by the addition of calcium 
carbonate (all forms save precipitated chalk) in the 
amounts tried out. 

e) · The destruction of phytic acid is unaffected by the 
amount of yeast used, but is promoted by increasing the 
period of fermentation before baking. 

f) Should the addition of calcium carbonate to· the standard 
meal, at the rate of l lb. per 200 lbs. bag, be sancticned, 
then the quantity of vinegar recommended for remedying 
"rope" d·evelopment would have to be raised .:from 5 to 6 
pints per 200 lbs . bag of meal. 

4. The cost of the calcium carbonate to be added, and if 

necessary, of the vinegar also, is insignificant. Furthermore, the 

cost of actually adding these ingredients, at least for the larger 

mills, may likewise be insignificant. Nevertheless it must be 

stated that in south Africa with its very large number of small 

mills, the difficulties attending the effective supervision and 

control of the addition may well be in.superable. 



S U 11 M A R Y AND , C 0 l C L U S I 0 N S ,• 



117 I 

S tJ M I A I X AIR . .c_o I c L u § I o I Ia 

WROptJCTIQI. 

1. !he war cOJqMUled South Africa to adopt a standard 

leat made from 95-100 per cent extraction meal. Con­

clusions f'rClll work carried out overseas indicated that 

as the extraction rate rises, the absorption ot mineral 

salts, particularlY or calcium, is adversely affected, 

owing to the interfering action ot the increased amount 

ot phytic acid Phosphorus ingested, Since certain 

sections of the South African population are large con-

sumer• of bread, the lational Nutrition Council considered 

that it was imperative to iDYest!gate the question under 

local condi tiona, 'Wiil'lC the procedure and methods tully 

described by ICCance aDd Widdowson in 1942. 

2. Ill the investigation, the mineral metabolism or 4 

health7 European adults, in respect of calcium, mgnesium, 

iron, phosphorus, and phytic acid phosphorus, was studied 

continuousl.7 over periods ranging from 3 to 22 weeka. 

The periods of observation included usual diet, standard 

bread, and white bread diets (when sufficient bread was 

ingested to provide 1.~ to 50 per cent of the caloric 

requirement), and a return to the usual diet. In the 

two experimental diets, the calcium intake was maintained 

at a level ot 10 ag. per Xg. body weight. 

3. 3 ot the 4 subjects, on changing frca their usual 

diet w1 th its high calcium content, to the standard bread 

diet with its adequate calcium but greatlY increased 

pbytic acid contents, showed t.mediate negative calcium 

balances. , oraduallJ', adJustment occurred, and in time 

calciUil began to be retained apin and the losses sustained 

made good .. 

The 4th subject, . whose calcium intake on hie usual 

diet/ ••• 
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diet was the s&lli aa that 011 the standard bread diet, 

became adjusted sooner than 414 the other subjects, and 

his calcium loss was less tban theirs. 

4. The chanle in diet, caused tbe Pb1t1e acid ingested 

to be almost completely h7drol.7zed 1 · on returning to the 

usual diet, w1 th 1 ts lower phytic ac14 intake, the 

proportion hydrol)'zed tell to that pr~oual7 observed. 

5. The chan(e troa the standarct bread to the 1flil1 te 

bread diet scarcely artected the subjects• retention ot 

ea.leium. 

6. The change to the standarct bread diet oceaaione4 

temporU7 negative magnesiUil balancesJ it is oona1dere4 

that some precipitation ot magnesium as phftate probably 

occurred during this period. 

The latter dietetic change tavoured the retention 

ot iron. and total phoapho~ua 1 but thro11£hout the 1nnst1-

gation, their metabolism was comparatively UD&ttecte4. 

8. Summinc up, the coniUilption ot South Atrioan standartl 

bread over lang periods or observation had no 4eleter1~ 

errect on tbe metabolism or calciua. 

9. Due to the rtnnarkabl7 high 4eatruct101l ot phTtic 

acid that occur1 during baldng ot stand&rcl bread, itt 

phytic acid content is only slightl7 higher t l"ian that ot 

the British lfational ·Wheatmeal loat •4• trOll 8; per cent 

extraction meal. Thus, the disturbance in metabol181l 

asa.ocia ted w1 th the ingestion ot the standard bread will 

b• less than what was originally anticipated~ 

bl)erimente showed that no workable modification 

ot the baking procedure could lower still turther the 

phftic acid content. 

PAR% 



10. Although the addition of calcium carbonate to the 

standard bread, specifically on account of the phyt1c aoid 

factor, bas been shown to be unnecessary, its ad 1tion is 

favoured by general nutritional considerations . 

11. Investigation showed that additions of calcium oar-

bonate (except in the form of precipitated chalk) up to 

1 lb. per 200 lbs. bag of meal , had no adverse effect on 

the baking qual! ty of the bread 1 the effect on the pB 

value and hence on the liability t ·o *'rope" de"elopment 

was found to be insignificant, in addition the extent 

of the destruction of the phytic acid during baking was 

scarcely affected . 

12. Additions of vinegar (frequently necessary to employ 

to counter "rope" development in hot humid areas ) in 

wnounts up to 8 ints per 200 lbs . bag of meal, had no 

adverse effect on the baking quail ty o·f the breadJ the 

destruction of phytic acid during baking was significantly 

increased, even in the presence of calcium carbonate 

(except precipitated chalk), though not so much in its 

absence . 
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Addi..tion.~l .Da.t:~ on :Balanc..e £-,..pe:~im~nts. 

. . 31 
Table No.% • 

Subject : F.F ., Preliminary Data. 

Body Urine .ml . et Dry Moisture Mo-
Period and Diet.weight. per day. Faeces. Faeces. in faecesti 

g. per day . g . per day .per cent. ons. 

A. 3 days . 
Normal Diet. 

142 l bs . 1377 ml . 

B. 22 days. 142 lbs. 1121 ml. 
Brown Bread Diet. 

151 g . 

169 g . 

~~ 

Table No.~ • 

44.5 70% 

45.1 

Subject A. W. , Preliminary Data. 

7 

7 

d Wet Dry Moisture Mo-
Bo Y Urine .ml . Faeces Faeces in faeces t ions 

.;;;;.P.;;.e;;;.r.;;.io.;;;.d~a;;;.;;n;;;.;d;;.....;:D;.;;i;.;e~t.weight . per day . g . per dq. g . per day.per cent. perk 
~· 

A. 2 weeks. 
Normal Diet . 

114 lbs. 1250 ml. 

B. 4 weeks. 110 lbs. 1039 ml . 
Brown Bread Diet . 

c. 5 week;s. 110 lbs. 1031 ml. 
Brown Bread Diet . 

D. 4 weeks . ll1 1bs. 959 ml. 
White Rolls, 
etc., Diet . 

E. 4 weeks . 110 1bs. 706 ml. 
White Bread Diet . 

F. 3 weeks . 112 lbs. 1003 ml . 
Normal Diet. 

140 g . 41 .9 g . 70% 14 

156 g . 51. 3 g 67% 10 

142 g . 41.1 g . 71% 9 

66g . 19.9 g . 70% 6.5 

68 g . 19.3 g . 72% 8 

138 g . 35.8 g . 74% 10 

• 



3:3 
Table No . 5-"'1 • 

Subject : L. O. 

Body Urine .ml . 
Period and Diet .weight . per day . 

A. 2 weeks. 140 lbs . 1062 ml . 
Normal Diet . 

B. 5 weeks. 139 lbs . 856 ml. 
Brown Bread Diet . 

c. 3 weeks. 140 lbs . 983 ml . 
Brown Bread Diet, 

D, 3 weeks . 138 1bs . 1109 ml . 
White Bread Diet . 

E. 2 weeks . 
Normal Diet . 

139 lbs . 1095 ml. 

Preliminary Data . 
Wet Dry Moisture Mo-

Faeces. Faeces. in faeces;!~ns 
g . per day.g . per day . per cent .week. 

111 g . 35 . 4 g . 68 . 5% 5 

144 g . 38 . 6 g . 73% 8 

149 g . 42.1 g . 70% 8 

69 g . 24 . 2 g . 64% 5 

103 . 5 g . 30 . 4 g . 71% 5.5 

31.f. 
Table No . o-a • 

Subject : L. G. Preliminary Data. 
Mo-

Body Urine .ml.. Wet Dry Moisture tiona 
Period and Diet .weight . per day . Faeces . Faeces . in faecesper 

g . per day . s . per day . per cent .week . 

A. l week 164 lbs . 1130 ml . 200 g . 35 . 5 g . 82% 
Normal Diet. 

B. 4 weeks . 163 lbs . 1291 ml. 219 g . 54 . 0 g . 75% 13 
Brown Bread Diet . 

c. 1 week. 164 lbs . 1643 ml . 166 g . 43 . 7 g . 74% 6 
White Br ead Diet. 

D. 1 week . 165 lbs . 1314 ml . 90 g . 27 . 6 g . 69~ 8 
Normal Diet. 



~ t .\.% 

Add ibon al D a t..._, Th e. effu .. t on th~ p~h~ a.c..l.d c..on.t"e.n.t of Sta.nda..Tcl .Breo.cl 

. wh ~r\. c..alc..ium ~aTbo rt <!>r e.. and -v·,ne ga.1" O.T~ c.clde.d in varying 

d.rnounh:, to.. thC2.. mQ..a.L. 

All r esults expr essed as milli gr ams phyt i c acid 

phosphorus per 100 grams of br ead . 
35 

Table. No. tre. 
A. Type of calcium car bonate :- Pr ecipitated chal k . 

Amount of 
calcium car- Amount of vi negar per 200 lbs . bag . 
bonat e per 
200 lbs . bag. Ni l 5 pints 6 pi nus 7 pints 8 pints 

Br ead . 
Dr l Fresh .Drl Fresh .Drl Fr esh .Drz Fresh .Dr~ Fresh . 

Nil 185 113 112 69 100 61 88 54 75 46 

10 ounces 195 126 185 118 180 112 165 101 165 101 

12 ounces 205 129 185 120 170 105 170 105 175 109 

14 ounces 215 134 195 127 180 112 180 112 175 109 

16 ounces 205 129 195 126 185 119 180 114 180 113 

B. Type of calcium carbonate :- Creta Prepar at a . 

Amount of 
ca lcium car- Amount of vines ar per 200 l bs . bas . 
bonate per 
200 l bs . bag . nil 5 pints 6 pints 7 pints 8 pints 

Bread . 
Dry Fr esh .Dry Fr esh .Dr y Fresh .Dr y Fr esh.Dr y Fresh . 

Nil 155 95 112 69 100 61 88 54 75 46 

10 ounces 160 98 125 77 120 73 104 64 90 56 

12 ounces 160 98 121 74 120 73 100 61 95 58 

14 ounces 170 103 125 77 124 77 105 65 100 61 

16 ounces 175 108 130 79 125 77 110 68 104 63 



c. Type of calcium carbonate :- Ground limestone 50 mesh. 

Amount of 
calcium car-
bonate per 

Amount of vinegar per 200 lbs . bas. 

200 lbs . ba~ . Nil 5 ;ein¥ 6 ~ints 
Brea • 

7 12ints 8 J21nts 

Drz Fresh .Drz Fresh . Dr~ ~esh.Drz Fresh . Dr~ Fr esh . 

Nil 150 91 112 69 100 61 88 54 75 46 ~ 

10 ounces 155 94 115 70 104 63 95 58 80 49 l 12 ounces 150 91 115 70 105 64 96 59 80 50 

14 ounces 155 95 118 71 105 64 100 61 84 51 

16 ounces 160 98 120 73 110 68 102 63 90 56 

D. Type or calcium carbonate : Ground Limestone . 
St andard whiting. 

Amount of 
calcium oar- Amount of vinegar per 200 lbs . bag. 
bonate per 
200 lbs . bafi • Ni l 5 Eints 6 clints 7 Jaints 8 :eints 

Brea • 
Dry Fresh .Drz Fresh . Dry Fresh.Dry Fr esh .Dry Fresh . 

Nil 165 100 112 69 100 61 88 54 75 46 

lO ounces 170 103 125 79 115 71 99 60 95 57 

12 ounces 170 104 124 80 110 68 105 64 94 58 

14 ounces 164 99 130 79 118 72 105 63 100 62 

16 ounces 170 103 130 79 120 74 108 66 108 66 

E. Tzpe ot calcium carbonate :- Ground Limestone No . 1 . 

.Amount of 
calcium car- Amount of vinesar per 200 lbs . bag . 
bonate per 
200 lbs . bas . N!l 5 nints 6 ~ints 

· Brea • 
7 :eints 8 ;eints 

Dr~ Fresh .Drz Fresh .nrz Fresh .Drl Fresh .Drl Fresh . 

Nil 155 94 112 69 88 54 75 46 

10 ounces 160 97 115 68 100 61 8 5 52 

14 ounces 160 96 120 72 100 61 85 52 

16 ounces 165 100 124 76 103 63 95 58 



--

F. Type of calcium carbonate: - Ground Limestone .No.4 • 

.Amount of 
calcium oar­
bonate per 
200 lbs. bag. 

Nil 

10 ounces 

14 ounces 

16 ounces 

Amount of vinegar per 200 lbs.bag. 

Nil 5 pints 7 pints 8 pints . 
Bread . 

Dry Fresh .Dry Fresh .Dry Fresh .Dry Fresh. 

155 94 112 69 88 54 75 46 

158 95 115 69 98 59 85 52 

160 97 118 72 100 62 88 54 

163 98 115 69 102 62 97 58 

'3 & 
Table ~ • 

The efreot or time of fermentation and the amount or 

~eastused on the phytio acid content or bread . 

Results expressed as mill i grams phytio acid phosphorus 

per 100 grams bread. 

Time of fermentation Proportion or yeast . 

1 . 5 ?er cent. 
Dry loa Fresh !oar . 

3 . 0 ler cent . 
Dry loa Fresh loaf . 

1 hour 189 113 184 109 

2 hours 179 109 175 104 

3 hours 144 88 140 84 

4 hours 125 76 115 73 

Phytio acid content of untreated normally baked loaf = 

140 mg . per 100 grams dry bread . 

Phytio acid content of untreated normally baked loat = 

83 mg. per 100 grams fresh bread . 




