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The Calcium. Content of COlnmercial 

White Bread 1 
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SUMMARY 

Bread samples, collected in 41 Sta,tes and the District of Co
lumbia in the spring of 1949, were mmlyzed for calcium content. 

In order to evaluate the sources l1nd forms of calcium found in. 
commercial white brel1d, the data from 111bol'l1tol'y analyses lor total 
c111cium in the samples were studied in relation to calculated values 
for cn1cium from milk in the sn.me sl1111ples. 

Results from analyses of 402 samples showed an average yalue of' 
74 milligl'l1ms of calcium per 100 grums of bread, original moist 
weight as purchased, or :3:34 milligrams per pound loat of bread. It. 
is estimated that approximatel.y one-third of this amollnt was de
rived from milk, mel1ning that 11 pound loaf of commercial white 

1. Submitted for publication ,TaIll1f11'Y' ~t, HJ52. 
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bread contnrned, on the average, milk cnlcium equivnlent to that 
in about three-eighths cup of fluid whole milk, or approximately 
3.5 pereent nonfat dry-milk (flour bllsis), as used in the baker's 
formula. 

In addition to milk, bread formubs may include calcium-containing. 
substances in the form of mold inhibitors, dough conditioners and 
improvers, yeast nutrients, and calcium salts added as optional 
enrichment agents. From the standpoint of calcium content of 
bread, the most importan t of these proved. to be the calcium enrich
ment ngents and the calcium-containing mold inhibitors, since their 
presence, revealed by label informnJion, was associn,tcd with iotal 
calcium levels that were higher thnn Lhe avel'nt1e for l~ll Sftl11pleS. 
On the other llimcl, there appeared to be no rClatlOllslup between 
the presence of smface-active agents (softencL's) in brcad and total 
caleium content. 

Total cnlcium of the bread sn,mpl(ls showcd greater variability 
in levels jJ".n did the calcium froli1 milk; there was little rcia,tionship 
between the two. The c:ol'l'ebtion was positive but very low. 

PURPOSE OF THE STUDY 

BeCitl~Se of the importflnce of corrunercinl white bread in the diets 
of the people of this coun lL'Y, el1Ticlllll<'llL of ·whitc hread with thia
mine, l'iboflnvID, niacin, aDd iron WitS mandaLo!'y in the United States 
during World ,Yar II. It is no\\' compulsory ill 2G States nnd 2 
TelTitories. Elll'ielnllent ,dth cnlcium, IllthOllgh permissible by law, 
is not widely prQcticed. However, tho widC'spn'tld use of milk solids 
and vllrious other cnlcium-eontflinillg constituents in tho mod('rll 
production of white brefl.d could nff('ct sigll.ificantly HLP total calcium 
cont('nt ,of pl'cs(lnt-c1a.y bread as compnl'ed with analytical results 
reported some years ago. 

Fooel consump ion surveys of 11rhan Jamili('s by the BUTeau of 
Human KuLrilion QlJd H.ome Economies (28) 3 in 1948 revealed 
tbitt c0.1cium. WflS tbe nutrient in whieh tlle diets most J1wluently 
w(,l'ci)('\ow the K atioHnl H.('s('nTell COlltlc'il's l'l'('onmwndl'd dil'to.ry 
allowances (13). Six out of 10 of tlw familirs i'illt low incomes 
(undp]' Sl,OOO it yenl') lI:H1 dipls provi(ling Ipss than the l"peOlllll1t'nclecl 
aI1o\Yanel'. Even among groups with incolU(,s ov('r $7,500 it .renL·, 
4. ont or 10 fnmilil's hnd dids i)('low this levt'l. 

1\lilk supplies most of the cnieillm in the fl.verage dieL of this coun
try~tbc 104S S\l1'\'('YR ind.icated thn t two-thirds of the total cal('iuffi 
in urbn.n fnmily di('ts wns eoni.riIHlit'd by milk and otlwl' clniry 
7)Toducis such flS crenm, icC' C'1'C'U11l, and dh'esC'-bu t it is n,ppa.l'cnt 
tilll"i many fnll1.iJics do not hn.ve ('nongh of liws(' foods. '1'lwl'dol'e, 
anfllytico.l data 011 til(' c:nl('iIl111 cont(,llt of vorlous foods, induding 
bread, arc of importance f()r plitnning onel l'yalunHng diets. 

This study was undertaken io cktt'rmine the toh11 cfllrium eontent 
of commercial while hrpncl in order to 1110,1\:0 nn [\,p!J1'nisnl of the 
contribution of the C'aleiUll1 in bl'ead (0 the day's dietary fl.nd io 
n.sccl'in.in the vfil'iaLioll to bp exp<'('tecl in bl'pncl cnlcium-infonnn.tion 
neC'decl in developing Ul,hlC's of food tomposition. li'urtiwr purposes 

3 Italic numbers in pnr('n~hcses refer to T.itcraturc Cited, p. 2'./,. 
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of the study were to determine the contribution of milk to total calcium 
in bT{llld, to (wnluate. the. l'elu.tion of the presence of noncalcium
containing components, such as sUl'face-l1ctive agents comJ.!wnly 
l'cfcrred to as "emulsifiers" or "softeners," to the calcium content 
of bread, and to look for possible evidence of substitution of these 
compounds for milk or other sources of calcium. 

LITERATURE REVIEW 

EARLY REPORTS ON CALClml CO~TENT OF WHITE BREAD 

The first edition of Sherman's Chemistry of Food and Nutrition, 
published in 1911 (20), carried a table gi,~ing fish constituents of 
foods in percentage of edible portion, in which white bread WitS 

reported as containing O.O:~ p('rcent cfilcium oxide «'quiv111cnt to 
0.021 perc('nt cakium). Sllbsequ('nt editions, 1918, 1926, and 1932, 
reported calcium percentuge as 0.027, which was in eXficl agreement 
with the vuIue reported by Waller in lOan (;30) for white bread made 
with watrr. ShernuUl's fifth (,tlilion, 19:n (20), reported 0.031 
percent calcium. 

In 1920, Rose (17) rrportrcl thr calcium yalnes of a nnm1)er of 
foods, including bl'cad. in connretion with l1 study of availability 
of the calcium from Cflrrot". Two clilfl'l'('nt v(11ues given for brt'ad 
samplrs w('1'e 0.O;~2 find 0.04S pl'fCpnt. ;\('it111'r the source of the 
hl'('nd snmplf's nor tIll' formnla wa:=; giVPll, but it ii; possible thfLt the 
higlll'r YUIll(' rrpr£'sf'ntNl bl'('tHI nlttde wi tit S0111e mille 

C'nclerhiU's ntu£' for rnleium it. IH·('IHI. TC]10Ttt'd nbo in. 1\)20 (26) 
a" u rpsult of llllUl,sp:;, on foods llltlC[t' in ('onrlP('\ion with l111lPtaholic 
study, ugn'ccl witli the 10w('1' vnlne l'l'portt·,t by Rose', nmlll'ly 0.0:)2 
pl'n:t'nt. 

I"PLUEXCE OF ~IrLK ox CALCICU CO,TE:-<T 

YalUl'''' rl'port\~d hy Slwrman in CIU'lllistl'Y of Food fttl<l Xutriliol1 
from 11)11 to 19a7 (;20) do not distinguish IH'twi'{·lt 1m·nrt macl(' ,>vUh 
watt'!' and that madt' with milk. Til(' sixth llud sevl'nth pditions, 
publishNl in 1041 find 1\)4f3, rpported clllcium in whitt' bl'NI.d as 0.05 
Pt'r{'t'llt. In. n.rriving at this vahw, filwrrnan prollllbly took into 
nrl'Ollnt thO' l'ff(,[·t of milk, in sont(' hrl'(1<l formulas, upon tlw ('\"('1'-311 
ca,1eium {'outl'llt of whit0 bl'(l(ul, :=:inc(' the itt'm was footnotl'd ctt:ncor
taiu h('(,lntS(' of vltl'vin~ nlPtho(l~ of bn·ll,(lnmkirw:." 

In 1025, Fnmk nnd '\Ynng (II) l'('portrcl a "tUfly of the variation of 
eu.leium in brC'acl and in otht'r ('ommon roo(ls sl'lC'etpd fmm u. rf'!!:ular 
ho::;pital supply_ Calcium vallIt'S w(,1'(' dl't<'l'mined om't' or twice'C'uen 
month for 10 month~. \Yn.t€>l' brptld nncl milk hl'('lul ",:err studied 
and rC'portrd s<,pa.l'atrly. TIU' rangp of \·111U('8 for wa tel' br('u.d was 
0.0:36 to 0.046 perceut, with an aV{lragr of O.O-W; the rang(' for milk 
h1'Ntd wu.s 0.0;35 to O.Ofilp£'r(,(,!lt, with !In awmgp of 0,0;')9. The 
authors did not stMr whetl1l'!' 1hr hrf'lHl annlv7-rtl was ('ommrl'Cilll. 
Tht:'y gavc 110 formulas but indi('ll.tpd that som!:of tht~ hread analyzed 
might'luwr bt'l'n mlldc with part milk iLIlll pari. wl1trr. 

Thr vn.riation ill ('nlc'ium ('all tent or 1>r('l1([ rflsuI1in~ from use of 
formulas diffrr.illg in contpnt of milk solids was drll10nstmtcd by 
l\Iorison ill 1925 (1;2) through analysis of laboratory-bILked bread. 
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He compared bread samples made with 2,5, 8, and 10 pounds of 
dried whole milk per 100 pouuds of flour. '1'he percentages of calcium 
in the bread, on a 38-percent moisture basis, were 0.044, 0.067, and 
0.080, respectively. The only ingredients used, other than flour, 
water, and driecl whole milk, were yeast, sugar, salt, and shortening. • 

Rose, in the third and fourth editions of her Laboratory Handbook 
for Dietetics, 1929 and H)37 (18), reported separate values for calcium 
in white bread made with water and with whole milk-27 and 63 mg. 
per 100 gm., respectively. 

In 1950, calculn,lccl calcium valnes reported by this Bureau (31) for 
white bread made with 2, 4, and 6 percent milk, in terms of nonftlt 
dry-milk solids on a flour basis, and also containing small n,moullts 
of cnlcitun salts I1clded a,s dough conditioners and molel inhibi.tors, 
were 65, 79, and 92 mg. per 100 gm. bread, rcspectively. 

INFLUENCE OF OTHER CALClUJ-f-CONTATNINC CO:>i"STITUE:>i"TS 

ON CALCIUJ-I CONTENT 

S11lli\-all. nnd Howe in U12Q (24) and Sulliv[I,n agll.lll. in 19~3 (23), 
reported cn.lcium Yahw" for bl'{'ltd baked in aconlltlcrcia] bakeshop. 
As they WCl'e studying the inorganic constituents in wheat, flolll', and 
bread, it ,,"as intL'l'csting i-; note thnt calcium conten.t, of whcn.t wn,s 
0.05 pcrcrut, of pfttent flour, O.OlG, and of br.·cad made from patent 
flour, 0.080 pel'CPllt on the dry ha:'lis. Fluid con<ipll.'wd milk, ,S.v 
pounds per 100 pounds of flout', ·was ineludedin the formula, but this 
could account for VN',\T littlr of the en,lroium content. A y('aqt food, 
Adm-ely, ·which C()lltribut('d some cn,lcium, was used in the formula,. 
The calcium conlcn~ may hfLve been augmellted also by cn,kium in 
the water. • 

Th(~ inlluencc of the ('ulcluIn-contnining constitu('nts on enIcium ill 
commerdal white hl'pncl was lUore dearlY prpspntC'd in n, l'('port in 
1!J3!J b~~ Prouty find Cuthcart (16), wOl'kir;g at thp AmpricfLJl Jnstitute 
of Hft,king. Thirty-nirt(' sllmplps of thl.' most populnr tnH\::> of CO!l1
mC'l'cial white breud W(lr(' nnnJ~-r.(lcl and 10 sampiC's of In,borntOt'Y
bakl.'d hrend ('on taining nl.l·,Ying quan tith,s oC dr.\- skim milk und dr.\' 
whole milk studicd fot' ('omp(ll'isol1. The aVPl'nge moistll1't' ('ont<'lll of 
the hlttrl' brPfl,d wns n.pproximn('l~· ~n prl'crnt, ns compnJ'(\(1 with :35 
perccnt for Llw eOlllll1('rciflL Wnt('l' brrud. bnkr(l with no milk. ('on.. 
tairwcl from ~8 to :3(1 mg. ('uleimn PN' 100 gm, on n. a8-J)(\n~('nt moisture 
basis. '1'11r commPI'Cial snmpl('s rnngl'd from 48 to ] 45 mg. prr 
100 gm., with n.n nYPI'ngp yultI(' of SO mg. enJciu111 P('l' ]on gl11., or 
363 mg. 1)(>1' pound. This ynlur ,,'ns rq uiYitlpllt to thr culciulll con
tent of Lh(' labOt'atorr-bnkpd product contrtining 8 IWl'cC'nt dl';v lllilk 
soEds aml 0.25 ])prc('nt Y(,f1st fooel (flour-weight bosis). 'I.'h(' incl'C'!l:;r 
in cnlchan contrut of ('OnlIl1N'C'iHl whitt, hl'('nd ·was nttrii>ulrd bv the 
authors no t only to an incl'cnsC'Cl Wl<' of dt,~, milk solids, but I\]so to the 
usc of v!u'ious cnleiul1l-eontn.ining (,OllstitU('ntB, :;nell flB dough ('011-
ditiOlH'l'S, Yl.'n.st foods. and YN1st nutriC'llts {n' slimuln,tors. 

In HJ'lS~ au fiV<'rflgr vnlue. of 8Smg. ('nlcium lWl'IOO gm., or 401 mg. • 
PCI' pound loaf of hrend, was reporlNj by llu' AnWl'iefl,n Illstilllt(~ of . 
Baking (1). '1'he In50 r('pOI't, by C'rpspo IUH.l Bt'adkv (.n. show('d 
that tll(' calcium eontrnt of 258 snmpks of brpnd from 20 :-)tn,l:C's lind 
the. Distl'ict of Columbia WitS nbou t thC' S:\I1W IlS lhfl.l r('portetl in 1\)4S

http:Yl.'n.st
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89 vs, 88 mg, per 100 gm" or 403 YS, 401 mg, prr pound of bread, on 

• 
a 38-percent moisture basis, Tho range of total calcium for the 258 
samples was 110 to G56 mg, per pound 10a'£ of broad, One hundred 
twenty-three of the samples were purchased in the summer of 1948; 
the l'emnining 135, which rrpres('llted mainly duplicates of the origi
nal samples, in the winter of H)'18-49, 

The most, recent report by Crespo and J3rnd19Y (6) prrsentrcl the 
results of the study of 135 samples of commC'l'cml white bread pur
chased in 34 large citiC's, The runge in total calcium. for this group 
was 190 to 638 mg, pel' pound on a 38-pC'rC(I111: moistul'r bnsis, The 
tv.-erage wa.s 404 mg, per pound, Cn.lcium from nonfat dry milk 
solids rcpl'esentrcl approximaldy one-third of the total calcium in the 
bread, The remaining l wo-thirds was attribu ted to the n.djuncts 01' 
additives used by the baker as ])rocluction aids, 

EXPERli\fEl\TAL PROCED'CRE 

SAi.\IPLES 1]'SIO:O 

For the pl'esrut stue1y, '102 samples of cOD1D1C'J'eiul white bl'C'ad 
bought on UlC' o}wn mal'b,t hom 41 StatC's and the District of Colum
bia, wpr(' mnt1p !LVailable to lhis DUl'eau hy til(' United Stales Food and 
Drug Achnini::;lrn.tion, Thl' snmpling, which was made on wrapped, 
slicC'c1 ,,-hit(' bl'('IHl, wns dl'8i~lH'cl to 'furnish n, general sample l'l'prc
scnin.lin' of lill' CnitC'cl titn,tps n8 a w11oh,. ' 

• 
In ndditio11 to 11H' contribution of bl'l'a(l snmpll's fo!' lhi, study, 

rrslIlts of tlIP followillit aIltllys('s pl'l'['nrnwcl Oll the same IH'pud sn.mplC's 
b)' tJw Food nlld Drug A(11l1jni,;tl'ution Wl'1'(' nUHh' nVll.ilnblp for l1Sl' by 
lhis BUl'PHll in the intPl'J)J'L'tation of tlw (otnl cnlduul ([ntlL: J\il'-dr,Y 
and total solids. Imspd o!lm'ig'ht nt tinll' of ('ollf'ctioJl; noufat clry 
milk solids in 2tiO samplt's, {'"timnt!'!l from cl!'tpl'milll'd In('to~!' ('011
tl'llt; pol)-(Jx,\-I,th)'ll'ne mOll(l;o;tl'Hl'atl' ('OIllJ10UIHls, clPl('['minC'cl by tL 

s('miqlluntitnti\'(' tl'st 111lcll'l'pu[,!t·(1 us posit in', lIi'gallv!', 01' douhtful. 
:-;tntI'Jll('nts OJl f hp bn·nd In lll'l" ;:Tny!' inl'Ol'lllH {ion 011 Plll'i('hnwnt 

with vilamills tllld lllillNllJ,.;, Of lhl' 102 ::;nmpl"s, H2,;} IH'['Cl'llt WNO 
('lIrklH'rl wilh lhimnilil', l'i1Hlllllyill, !l111"in. nIHI iroll. :-;OlIl!' of tlte 
lHIH'I~ gayl' illfol'llml ion on I:-Vl'':; of Jioll!' 11:'('([ nlHl irulieutpd the 
pn'spnr'{' IIr :'IJI'h ('ornpollt'lll..; U:4 milk I vu dOli'; fql'm<,: ~'(,:I,.;t and 
YI'!l,,( ffl()d~. lltlll'i"11 I,;, 01" imjlI'IlYI'I'';;; (lnu!.';h ('llIlt!i I it>w'l'';; mold in
hibilor,;; ';l!t!::It', malt Ill' mnlt..;imp; :-;]wl'll'uilJ;'::; witpat g"I'Jll, l'g'g yolks, 
Wlltl'l'. anti :-;nlt. 

:\:\ U.YTIC.\L .\ IE'f lion 

• 
Totul ('nlt'imn (',Illt,'nt (If uli hl'l'lltl -:nllH'}""; W:h dt'fl'l'mir1l'd hI' n, 

]1l'(l('l'dm'p imolvitl:'! tIl!' dry~H..;ltilig of :dr-dI'Y in'pad, pJ'('pHrlltillll lif fl. 

pnl}l!'l' ";(IJnt ion of t ht' u:-h, !tIlll fH',~r'ipil ali· ,n of ('aIr-illm Ilxnln II' fl'om 
lIll ll!'id Hltra!!' \\ ilh .Il'\' lU'!';t mill :IJIllllot,iam OX:ll<1I1' ;.oinl iOll, lw('ol'd
ing to n ll!lH\iJi"lIlioll ,,1' tIlt' rapid awl illljl!'oYI'tl Ill!'tho(l 01 Ingol" Hnd 
~[Ill'l'ny (ffl. ,For dl'taiI..;, "1'1' llpp(·lldix.~ 

Tot III palt'illlll lInd milk ('Ull·jlllll \\ Pl'!' ('alr'nlll (1'\ 1 for ('aell :::11 mplc 
fl.('('01'Clillg to it,.; lHoj...;Illl'(' ('Olll('lll. .\11 1i::;1ll'(''; ['('!:tIl' to tll!' ol'iginnl 
moi:;t wpigItL of tIl<' :;nmph,,, lIlll!'s::; olhl'l'wjw incli('ltl('(l. 



• • • 

TABLE l.-Total calci1£m content oj 402 samples oj commercial white bread 

Total calcium 
l\IoistufC1\Ioisture basis content 

Average Range AverageI 
lIIi/ligrams per Milligrams per J1Iilligrams per Percent 100 gTams 100 grams pOllnd .

:Moist weight, as purchnsed ___________ 36 7.1± 11 12-153 334± 14Air'-dry weight_______________________ 7 104 17-214 471 
~r~r q ___________________weight -: ______ 0 115 22-242 521Umform mOIsture -___________________ 38 71 12-150 323 

.----- 

1 Standard error. 

, Calculated for comparison with data cited in literature review. 
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RESULTS AND DISCUSSION 


• 
TOTAL CALClUill 

The ranges and averages of total cl1lcium, colculn,ted for diffcrent 
moisture contents lor thc 402 brcncl slUl1ples, are shown in table l. 
The aVCl'agc calcium contcnt was found to hc 74 mg. pel' 100 gm., or 
33'1 mg. per pound. This vn.lue is much highl'l' thau values l'epol'ted 
prior to 1939, but lower than those l'<,pol'tL'd by workers at tIll' Ameri
can Institute of Baking since 193D. It is in line with calculated 
vahlC's l'eported earliN' by this Bureau (31). 

The moi.sture content of the 402 sampll's l'l1nged from 27 to 40 
perccnt, with an average of 36 percent. The diiitdhution of calcium 
content according to nloisture eontlmt of the bl'(,fI.d smnplcs as pur
chased is shown in table 2. Calcium avet'ngcd 0.11 pcrccnt of Lotal 
solids. 

The calcium content of the sn.mpiC's sho\\'cd grent variability, the 
over-an mnge being 12 to 153 JlU!. pCl' 100 gm. Figure 1 shows the 
402 samples sorted into groups hjr lO-mg; intel'yals. Approximately 
75 P{,l'{,{,llt of nIl sn.mplcs f('ll betwC'en t.he IJmits of 50 to GO mg. P('l' 100 
gUl. hl'C'ad, 01' 227 to 40$ mg. P(Il' I-pound 10a£ of In·Nl.d, moist weight. 
Mn.xinmm. clic:.lributioll wn~ fl.t thC' 70-7G mg. clfl.sS intel'vn.l. 

• 

~o\Uc of the variation l1la,v be ncconntNl for by the well-known 
fucts that no single compone"nt furnish('s the calcilun in comu1t'rcial 
white bl'('ud. and that pl'n('tiee ill tl1(' usc of difl'crent components 
varies widely. Of the basie ingl'('(lil?nts, milk is the largt'st single 
soure('; wlH'itt Dour, though llighly yal'illhlp in {'ollten t, sometimes 
contains llU 11'i tionally siguiJieullt allloun ts (21) j wllter varies w:itb locru-

TABl,E 2.-1Vumbcr of 8a1fl1'1c.~ of commrrcial 'White bread having 
spccijiHl m()i.~f1l1'( (IneZ calc'ium content 

P{'l'c~ntngc moisful'P contcnt I 

• 

I Middle of class intcrvnl; for exnmple, 27 pcrccnt includcs 26.51-27.50. 

http:26.51-27.50
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Figure 1.-Distribution b~' total calcium content of 402 samples of commercial 
white bread and of the 200 al1ltlyzed for lactose from which milk calcium was 
calculated. 

ity and other fadors, such us usc of \Ya,tel' softeners. Other sources 
include. mold and rope inhibitors, y(lust foods and llutrients, dough 
-conditioners, and (>xtrl1 calcium wldcll is sometimes added fiS all 
<lptionul enrichment agent. 

Other calcium-con tnining c0111ponellts may include l1 sizable list 
of both orgnllie and inorganic compounds of calcium, such as calcium 
propiollate, the mono-, (li-. nnd tri-pbosphntes. UH' slIlfntrs. the 
cll"bomltcs, and the pel'oxidps. A mlmliPl' of WOl'kl'l'S lHwe shown 
that some of the. calcium salts 1.1sr<1 in tbe pt'Oclurtioll of bn'nd ran 
be utilizrd bv thr human hody (11, l.L 15, 19, 2J). 

Assllming 't.hal; nonfut dQ'milk ana flour WP1'(' uS(1d in the ratio of 
v to ]00, W01'1\:C'1'8 in the AIllt'rirllll rnst itntt' of Baking (1, -i) (,::ltiml'ltrcl 
that in a ponnd lont of eomrnpJ'('lnl white hl'eud 11n l1Y('ru.gr of 48 
mg. of culeiUIll would ('OIll!' Il'om tIl!' nOlll' URPc], 1;') mg. from wat!'!', 
56 m~. reorn yrns\ footIs, nlld .~2:3 m6' from milk--11 tolnl of :3,:1:1 mg. 
of culcium, If ('ull'iull1 ])l'opionat(· \\"Pl'C lISPtl ns a moM inhibitor, 
tho cnlcium cont('ut might 1)(' inc'l'('nsNI by approximl1tpl,v 205 mg. 
p('r loaf. 

Calcium 1"rol11 :\{j\!c 

Of 01(' (ota1402 ht'(>ficlsnm pI! s, tbt' ('onlc'nl of nonfat dry milk solids 
wns ('stimnlpcl in the 200 ill wh', h lnl'(os(' had bC'{'u clC'tc'l'minrd by 
th(' Unitrd Stn trs Ii'ood ilnd Drug .\dministntlion. l"iftprll samplps. 
abou t G p(,l'C'!'nt of thr 2nO, ('Oll! 111u(ld llO mill" FOl'ms of milk used 
we're l'('ported ysu·jously on brp!ul JnJ)('ls as JlOllfn.L dry milk solids, 
skimmcd mille powdrl', Whole milk pow<lrl', ell'fatted milk powder, 

• 


• 

• 
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THE CALCIUM CONTENT OF COMMERCIAL WHITE BREAD 

skim milk solids, dried skim milk, powdered skim milk, milk solids, 
condensed and powdered milk (mixture), fat-free milk solids, fresh 
whole·milk, and fresh milk. 

To determine whether the 260 samples for which milk solids had 
been estimated represented an adequate sample of the total, their 
distribution was compared with that for the 402 samples (fig. 1). The 
average calcium content of the 260 samp!es, representing 29 States 
and the Dist.rict of Columbia, was the same as the average for the 
402 samples for the entire United Sta.tes, namely, 74 mg. per 100 gm. 
of fresh bread. Calcium content of these samples ranged from Hi to 
153 mg. per 100 gm. The average calcium content of 15 samples 
which contained no milk was 57 mg. per 100 gill. and was consider
nbly lower than that of the 245 samples which contained milk, 75 mg. 
per 100 gm. Some individual samples made without milk, however, 
contained more calcium than the average amount for the entire group. 

In calculating the calcium furnished by milk, it was assumed that 
lactose accolln Is for one-half of the nonfat dry milk solids and that 
the calcium content of nonfat dry milk solids is 1.3 percent. The 
range of c!Llciulll from milk in the 260 samples was ('stimat('d to be 
fl"Om 0 to 7g mg. pPr 100 gm., with an a.v('ruge of 25 mg. p('r 100 gm. 
rrhis av('rag<' would lw equivalent to the ctllcium of thrcp-cighths of 
a ('up of whole milk p('r pound loaf of bl"(~ad. 

1'h(' IWC'l"age cont('nt of nonfat dry milk solids in the samples was 
('nlcululed to hp 2.0 lWrel'nt (moist basis), with a range of 0 to 5.9 
pprc('nt. This would be equi"ulent to upproximately :3.5 pounds 
of nonfat dry milk solids ppr 100 pounds of flollr, with a range of 0 
to 9.7 pounds. 

The Yal"iahilit), of the amount of milk in the hrpad sumplps fl('cOll11ted 
for some hut not all of tht' YU.l"intion in totul enIcilll11. Fig-ul"e 2 shows 
tht' J"t'lalionsllip hetween cnleium froll! milk and tot,al calcium. For 
this fignrp, sumples WPl"P g-l"ollpt'd 1>." 10-mg. in("rpl11pnts according to 
totol calcium and aV(lI'ages ('omplI tt'd fo,' both tolnl und milk calcium 
('ontput. 'l'he,'t' was a vpry low positive cO'Telntion (1'=0.:332) 
between total. caleium and cflleiul11 from mille Houghl)r, 11 per('t'nt 
of the vnrintion in total ('ol("il1111 was ossoC'ia(wl with lhe vul"iation in 
caleiul11 pl"Oyid(ld hy mille Thi;; yariability is Yiylel!." d('pietpd in 
fignrc 3, in which thl' 2rJO ;"nmplp;,; a,'p nlTu.n'd fl('('ol"ding to inCI"t'llsing 
totol calcium and the rOl"l'(\~p()lHling ii¥urt's for cI11rium from milk are 
plottpd. 

E:-;perimentul 1'f'sults indiC'ut('(l thnt, nlthollgh milk enlciulTl "epre
senl('d an avp!'ng(' of 85 ppl"cent of thp lotal ('akilllll in 2'i81.)l"(IOd snl11
ph'S, the rang(l wns hom 0 to nO.ti p(,("(,pllt. (Of Ih(' loin! 200, 2511111
pIps, upon !lllal.n;is, ('on tninC'ci 100 pC'l"(.'en t of he tot n! ('al('iul11 as 
milk cflleiunJ. This douhtfllll"esult wus probub1

,•• due to the fnet that 
(otn! calcium was cl!'tpl"llli'1(,c\ in th(llnhoratol"Y and milk ('alcium wus 
cstimatNl us a('('mllte'ly n;; po;;sib]l' f)"om thp' Inetose content of the 
samples.) 

Till' rr,slllls for rnl('illm providt'd h." milk Ilg"P(' with Ow findings 
r('cently l'epo,·tt'd b.,' C,'('spo nnd Brndle\" Uj\ that 011('-tllinl of the 
cakium in their samples was f"om Inilk inclll(]pc\ in the haker's formula. 
Figure 2 shows thal. the IWl"('('1.1tn.ge ('ontribution of milk to the Lotal 
calcIum decreased nHer n. totn] calc:inm ('ontent of about 70 mg. per 
100 gm., and ]ev(']ed off to aboul 25 pl"'cent in hl'ead contnining 110 
mg. per 100 gm. and above. 

985893-52-2 
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Figlll'(\ 2,-Distribution of calcium ill 2()O sttlllplC's of commercial while bl'(\ad, 

Rhowing IW(,l'ngr toffd cnl/:iUlIl (lllIul,n:('d), gl'OllpC'ti bl' lO-milligmm inCt'ClIlellt:::, 
nud I\l'cmge milk t'tllciun1 (cakul/Ll(1rl f"(ltIl p::;tilll!ltt'd dlT lIlilk llolids), 

C,\LCIUl1 COl'iTENT ANI) GEOGHM'lIIC,\I, SOUHCE OF SA~tl'J,ES 

'j'}l(' 402 Sflll1pl('s of ('oIl1Il1Pt'einl whit(' 1»'(\11<1 [I'om 41. Stnt cs om] tho 
Distl'i<'l of C'oll1mbin W('I'(I p:l'ollj1('d n:; to OI'irdn from ·t ]'('~ions, Ilsing 
IlS f\, gllid(' tlle stflndnl'd l'nilpd Stntl's ('(llISIIS dnssifi('ntioll or Statl's 
into l'C'gions find diyisionR, 1'1\(> dossifienlionus('d in this stlld.\~ in
cluded U1(l Xo/,th(,I'1l Atn.(ps, divided into the XorllH'1l5(('I'n nnd tho 
North C('tltt'al At/ltp5; tll(' AouthN'n StnleR: and Ille 'f<";t(>l'll Stn.t(lS, 

D('c'nus(' the vnl'inlJilit\- in thl' rolrilllll ('olltt'nt of I>('('od Rold in (L 

giv(,11 lO(,lllity 01' tU'('I), iR or ill{('l'('~l both to ('OnStlllH'I'S and to dit'tilinns 
and nul['ilionisfs ",110 plnlll1fld /'Yfdllntl' di<·[s, nn'!'ugrs of tout! eol('illnl 
nnd ('nlcil/lll from milk ill 1>1'('/1(1 t::nmpl/,t:: frnm t11r rnllt, t'(·gionf.< and (h(' 
constittH'nt State's \\'01'(' ohtnilwc/ ([nlll(· 8). '1'11(' snmplrs \1'('1'(, noL 
dI'llwn to J'('pr£'s('nL (he Stoles, 110\\'e\'(,I', nllt! IIIl1y noL have Ill'Nl 
ty'pienl of th('ll1. 
~ In totlll ('ul('illJ)) ('ollte'n! or fl't'51! hl'Nld, IlY<'I'ng('s fol' rllcll of 21 

St!lIt.rs lind tIl(' Distl'jet of ('oltlmbin. W('I'(' (,<)1/1l1 to ol'nboVl' the Il.V(\I'n~C 
for f,}1(' Fnit('d Stllt('S (74 mg, 1'('1'.100 gm,), Of tilC' I'('gionc;, [lip NOI'Lh 
C('ntrlll hnd hr(·od of [11(' lliglH'st llVC'I'ng(' ('uleitJm ('ont('nt, 78 mg, P(>l' 
]00 gm" n,nd th<.> 1YNlt(,I'J) "C'gioll Ih(1 10w('Sl, OS mg, pel' ]00 gm, 
An Ilnnlvsis of YU1'lnn('c was IIs('d to dd('['min(' whether 1.11(\ menJlS o( 
th<' enldum content of the hroud from the I'Pgions difl'('['cd It'om one 

• 


• 

• 

http:St!lIt.rs


THE' CALCIUM CONTENT Oi' COMMERCIAL WHITE BREAD' 11 

10 
'. C\I• .. .. 

o 

o v.. C\I 

.. .. .... o.. C\I... ...... C\I.... .... ..... .. .. .... o.... .. o 
.. '" C\I...... .. .... 

• g 

.. 
.. 
.. .. .. o .. ...I v .. .. 

• .. 
.. 

.... ...... 
~ .... .. .... ~ .. .... .. .. ~ .. .. .. ...... .. .... 

.. 4" .. 0 
.... - C\I....... .... .... .. .. 

I I I j-. ,- : ... 0 

o o o o o o o o o 
to v (\) o IX) to v (\) 

• CwO OO\. Jad 'OW) ~Ol:n~::> 



12 TECHNICAL BULLE'I'm lOii5, U. 5:. !;'IEPARTMENT ,OF AGlUCPLTURE 

another. Results showed no significant differences between means 
for the Northeastel'll, North Oentral, and Southern l'egions but the 
mean for the Westet'll region was significantly lowcr than the others. 

As information was not available on the calcium provided by milk 
for aU samples of breaclfrom eaoh Stn,te (only 200 sfl,lUples were ana
lyzed for lactose), conclusions 11S to the extent of the lise of milk in bread 
in a particular State might be inaccurn.te. However, of the 50 samples 
analyzed for milk in the Southem region, 40 ,samples-OS percent
contained it. In the Northeastern, North Oentral, and 'Vestel'll re
gions, the percentagcs were 0:3, 03, and !)4, respectively. Actual 
content of cl11cium from milk ill the bread was higher in the North
eastern and Southern thnn ill the North OentrILl and 'Western regions. 
Moreover, in the North. Oentral region, 1110we1' percentage of the total 
calcium I1PPCfl,l'(',d to \)(' provided by milk thn,n in. the rmnn,ining three 
regions. HoweYcr, there was more uniformity in the amollnt of milk 
in bread produced in this region than in the others. 

DISTIUIlUTION OF CALCIU~[ IN SAMPLES IlY BRANDS 

As shown in tablc 4, the total calcium and the calcium from milk 
found in the different lH'!l.nds of bread were often vtll'inhle, although 
a few bmnds were Inil'1y uniform in cnlcium content. Figure 4 shows 
varintion in totn.! calcium content n,nd milk cnJciul1l in the same brand 
from State to StatC', The tlu'C'o blu's represent the st1I1lples with. the 
lowest, median, and highest totn.1 cnlcium content. All these snmples 
represent bl'tlnds 1'1'0111 11 group phnts, J1 which arc groups of two or 
more phnts ",hosp. buting is done by central purchasing offices. Fot' 
each brand showl! III fIgure 4, foUl' or more 5nmplos wore lumlyzccl Ior 
totId calcium. These datl1 may be compaJ'ed with the I1verages for 
ull samples from the different S'tntes ns shown in tnblc 3. 

For further I1nalyses of the smnples according to bl'nnd and producer, 
information was obtn.ined from the 1950 Selected Dircctory of Bak
eries 4 on the type Itnd sizc of company from which 25a of 'the bl'ead 
sl1mplos were purchased. Table 5 shows the fLYCmge values fol' total 
caldum and calcium from milk of the samples gl'ollped according to 
type 01' plant producing tbe hl'ead. 'rho average calcium 1'01' the group 
plants was higher than that for independent plants, nlthough the 
range of vahles was greater. In.dependent plnnts with snles volume 
of no more thn,n $50,000 to $150,000 It veal' nvernged the lowest total 
calcium. 'l'here nppeal'ed to bc little clifference in calcium from milk 
among the types of plants. 

CALCIUM Fno;\{ SOUHCES OTHER THAN MILK 

OATJCIU:M ENlHCllil1R::-I"'I'.-Thil'ty In·pntl snmpl('s were 1lLh('letl n,g heing 
enriched with fl'om 20 to 40 pel'cNlt of thn minimum dnily require
ment of cn.1cium as furnished by (j to 8 Ollllces of brecLd. Of these, 
seven contllined calcium PI'OpiOI\U.tc ac('ol'ciing to the labe1s. The 
average calcium ('ontont of snmples "enriched with extl'f1 calcium," 
105 lng. pOl' ] 00 gm" WIlS lllllCh. higher thlln thllt of unenl'iched 
samples (ttLble G). 

4 Compiled by Bakers Weekly, 45 West 45th Street, New York 19, N. Y. 
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TABLE 3.-1'otal calcium and calcium from milk in commercial white bread from different regions of the United States 

Total calcium (analyzed) Milk calcium (calculated) 

Rcgion and State ~ Percent
Avcrnge (moi.;t Average (moist 

Sample:; Avcrnge (dry weight.) Samples I of total f;weight.) weight) calcit:m t"', o 

Mil/i- Mil/i- lflilli- lIfilli- Milli- j1,;rilli- ~ 
grams grams grams n.Number gmms grams Number grams

per 100 per 100 per 100 o 
IJcr POtwrl per pound per pound 

grams grams grams .~Alll'cgiollS___________________ '102 74 334 115 515 260 25 112 35 
Z 

~,;::~ :--=.,:;; ~~~--~":-.::.,"~~ ..;;;..='----:- :-~~-=----= Jo:3NortheusterlL _______________ 113 74 328 113 513 81 28 128 39 o 
--- I:;! 

'ConnecticuL _____________ . a8 7G 347 117 531 1 57 257 79 
Massachusetts _________ • ___ 20 69 311 106 483 15 18 79 24 

o 
~ 

New Hampshire ____________ 6 27 75 79 360 120 5<16 5
New Jersey ________________ ~ 5 77 3-17 120 546 5 30 135 40 ::0
New York ________ . ___ • ___ . a37 70 318 UO 499 22 31 143 44 
Pennsy1 \'itnia ___ .. _________ 3:3 79 355 123 558 33 28 12!J 38 ~ 

Rhode IslmHL __ . _________ . 

I T I i 
;
2 62 283 99 450 0 -------- -------- --------

Vermont. _______ 3 68 307 109 493 0 -------- -------- ---------- .. --
'- !-- . - -

Analyzed for IncLose. 
~ 

~ 
I!I 
~ 
t:l 

...... 
~ 

oJ 
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)-LTABLE 3.-Total calcium and calcium from milk in commercial white bread from different regions of the 
United States-Continued ~ 

1 

Total calcium (analyzed) I IHilk calcium (calculated) ~ 

~ Region and State 
Samples Average (moist 

,,(eight) Average (dry weight) Samples 1 
Average (moist 

weight) 
Percent 
of total 
calcium 

.... 
0 

E: 
ttl 
C1 
t< 

North CentraL ______________ 

Illinom____________________ 
Indiana ___________________ 
Io\va______________________ 
}(ansas____________________ 
~1ilLuesota_________________ 
MissourL _________________ 
Nebraska__________________ 
Olrio______________________ 
Wisconsin _________________ 

Number 

98 

12 
7 
9 
5 

11 
25 

3 
18 
8 

1lIilli
grams 

per 100 
grams 

78 

78 
76 
90 
77 
71 
83 
79 
71 
74 

Milli
grams 

per pound 

353 

352 
344 
419 
351 
323 
375 
358 
322 
338 

Milli
grams 

per 100 
grams 

120 

120 
113 
140 
119 
110 
131 
121 
111 
117 

Milli
grams 

per pound 

545 

543 
512 
633 
542 
504 
593 
549 
502 
531 

Number 

59 

12 
7 
1 
5 
0 

25 
3 
0 
6 

Milli-
Milli~ grams gramsper 100 per poundgrams 

. 22 100 29 
-

36 164 48 
27 124 36 

0 0 0 
21 95 28 

-------- -------- -------
25 114 30 
22 98 29 

------- -------- -------
23 104 32 

t< 
t';!.., 
!2l 
.... 
0 
c:n 
~'" 
fI 
IfJ 
t::I 
t';! 

~. 
~ 

5
>. 

~ 
I I , 0. 

";J 

E; 
~ .... ' 
0 
C1 >:. 

~. 
L?;I 

"~ 
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Southern____________________ 37I 97 76 334 115 522 50 26 118 
-

Alabama__________________ 2 64 291 101 460 2 23 106 37
Arkansas__________________ 1 54 245 85 386 1 0 0 0 8 
Delaware__________________ 3 73 331 113 514 3 28 126 38 ~ 
District of Columbia ________ 5 79 360 124 564 5 40 180 49 (')Florida____________________ 14 73 332 116 528 0 -------- -------- -------- :> 
Georgia___________________ I:"

12 79 360 124 564 0 -------- -------- -------
l(en~~cky----------------- 5 82 373 128 579 0 -------- -------- --------

LOUlslamL_________________ 11 83 379 131 594 11 21 93 27 ~ 

:Maryland_________________ (')
8 80 362 123 559 8 41 185 65 
lvEssissippL _______________ 3 61 279 08 447 3 24 111 40 ~ North Carolina_____________ 3 70 316 111 504 0 -------- -------- -------- t::l
Olclahoma_________________ 4 84 381 126 572 4 27 125 33 ~ South Carolina_____________ 5 74 335 116 528 0 -.------- -------- --------
Tennessee _________________ 8 63 285 98 446 3 33 152 56 ~ 
Texas_____________________ (')10 77 349 119 538 7 18 82 25 oWest Vil'ginia ______________ 3 82 371 125 567 3 31 139 37 ~ 

Western_____________________ ~ 94 68 309 106 482 70 22 102 35 ~ 
1 


.~izona___________________ 
 4 61 27R 96 434 4 19 87 31 ~ 
California_________________ 38 64 291 100 452 38 20 91 31 
Colorado __________________ 14 82 375 126 570 0 -------- -------- --------Idaho_____________________ 5 69 314 108 490 1 22 98 37
11ontana__________________ ~ 6 70 317 107 484 6 33 149 47
Oregon ___________________ . ~6 59 266 93 420 6 19 88 32
11tah ______________________ 6 73 330 117 529 0 -------- -------- -------- ~ 
Wasbington________________ 15 66 299 105 475 15 21 98 32 ~ 

'- 

1 Analyzed for lactose. ~ 

01 
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TA.BLE 4.-Tlm'iabiWy oj total calcium and calcium jrom milk in d1jJel'ent brands oj commercial white bread 1 ..
~ 

Brand by 
code 

Number 
of 

States Number 
of 

samples 

Milligrams 
per 

pound 

Total calcium 

Milligrams 
per 100 
grams 

Standard 
deviation 

Coeffi cien t 
of variation 

(percent) 
Number of 

samples 

Milk calcium 

Milligrams 
per 100 
grams 

Percent of 
total 

calcium 

~ 

~ 
~ 

.A_________ 2B _________ 2C_________ 4D ________ 7E _________ 4F _________ 3G________ 7H ________ 61_________ 6J _________ 2K ________ 9L _________ 
31L_______ 9N ________ 40 _________ 14P _________ 2 

1 All brands from b'TOUP plants. 

3 
3 
4 
9 
4 
4 
9 
8 
8 
2 

11 
4 

12 
5 

17 
2 

192 
273 
286 
301 
a29 
340 
340 
342 
345 
350 
354 
382 
395 
398 
462 
669 

42 
60 
63 
66 
73 
75 
75 
75 
76 
77 
78 
84 
87 
88 

]02 
147 

18 
16 
2 
7 
7 

10 
6 

11 
15 
4 
6 
3 

20 
13 
17 
5 

43 
26 
4 

10 
10 
14 
8 

15 
20 

5 
7 
3 

23 
14 
16 
3 

3 
3 
4 
4 
2 
1 
7 
5 
7 
2 
8 
3 
8 
4 

12 
2 

24 
3 

22 
27 
24 
27 
24 
19 
27 
31 
26 
18 
21 
46 
29 
38 

44 
6 

34 
38 
33 
36 
33 
24 
36 
40 
34 
21 
24 
55 
29 
26 

til 

El 
~ 

~ 
Q 
en 
en 

~ 
w 
t:1 
~ 

~ 
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~ 
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Figure ·1.-Variation in total calcium (analyzed) and calcium from milk (cal
culated from estimated dry milk solid:;) ill four brands of white bread from 
different place::;. 

• 

)'loLD IXTJIlHToRs.--Information on bread W1'flpperS incliefltea tha t 
95 sflmples, or 24 percent, of the tofnl 402 contnined some type of 
mold inhibitor. Of these, sflmples contnining calcium propionllte ns 
the mold inhibitor Ilt1.d a higher call'ium content, 82 mg. pel' 100 gm., 
than samples with sodium propionflte Ot' those with uIlddi.JlC'd mold 
inhibitors, 67 and 68 mg. pC'l' 100 gm., resp<'ctivciy (tabie' 6). It i" 
possible, how<,v<,l', thflt infolTIllltion pertaining to the usp of mold 
inhibitors was not given ou all brefld Wl'nppC'l's. ThC' dfltn in tflble Ii 
show that the n,yel'llgo vfliues for l'nleium in sflmples with mold in
hibitors wel'C' somewhat highet' than tllOSl' without mold illhibitors. 

Twenty-one of tIl(' 96 sample:; that W(\l'(\ positi\"(' Ol' douhtful for 
content of polyoxyethylcne monosLenmte eompounds (surfuep-acti\Tp 
agel) ts sometimes used as softC'lH'rS ill hl'C'ad) contaitlPd some typC' of 
mold inhibitor, according to information on thp bl'ead lahC'ls, When 
calcium propionate :is used ns the mole! inhibitol'. tbe avcrnge ca!eillm 
content of bl'Pild may be C':'-.-p€'cted to be higher thfln that of Sillllpl£~s 
without mold inhibitors, l'<'gn.rdless of the presence or ubspnce of 
polyoxyethyh'Il(' monosteur'llte compouncls. 

Table 7 gi,-os th€' frequellcy distribution as to total calcium content 
of samples in the presPllce illld n,hSPllce of polyoxyethylen~ monos\o£.'
arate compounds, and in their prC'spnl'(', without and with mold in
hibitors ns indicllted by brt'ud In,bC'ls. Although the.' a,('I'Ill!e e,aieium 
content is highC'[' for the sample.'s containing polyoxyC'thylplle mono
stearate compounds llU<l mold inhibitors (tnl)[(. Ii), till' modl11 clnss in 
all cases is 70 to 79 mg. (t,ablt' 7). 

• 
Calcium data were evaluated in groups of samples that contained 

milk 'with or without calcium propionate. and were positive, negatin'. 
or doubtful for the pl'esC'nce of pol'yoxyethyl~ne. monostPlu'ate com
pounds (table 8). As \\"ould be expected, calCIUm was higi1('l' in (,Ileb 
case when the groups contnim·d cnlcium propiollate than Wh(,Il they 
contained none. 
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TADLE 5.-Total calcium and calcium Jro~ milk in samples oj commercial v"hite bread, grov"ped according to type oj ~ 
prod1lction plant 

,...-

Total calcium l\IiIk calcium I ~ 

Type of plant I Volume of sales ~ per year Percent of
Samples Average Runge Samples Average total ~ 

calcium 

MWiyrams lVilliYTCLIIIS Milliorams ~ Dollars Number per 100 per 100 N1l11lber per 100 8 
yral/l.~ gra1lls gramsGroup plants 2 ________ ~ -------------------- 135 79 317-152 93 26 34 ...Inc\C'pC'nc\C'nt plnnts: 4 o 

Only 5 samples contained less than 51 mg. calcium per 100 gm. 

Type A+ __________ 
Type A ____________ 
Type B ____________ 
Type 0 ____________ 

Oyer 1, 000, 000 
500,000-1,000,000 
150,000- 500,000 
50,000- ]50,000 

40 
22 
42 
14 

70 
75 
69 
60 

47-JO'1 
'13,-114 
30-103 
14-87 

30 
13 
31 
8 

25 I 
21 
24 
24 

37 
27 
37 
38 

go 
vgo 

~ 
!Jl 
t:I 
l".I 
I'd 

I ToLal number of plants in all Slales, 5,0)0. Group plants, 1,010. Indepenclcnl; plants: 
Type A+, 166; Type A, 275; Type B, 1,665; Type C, 1,840; Type E (unclassified), 5.j. 

~. 

2 Membcrs of 129 companies operating 2 or morc plants whose buyillg was clone through ceniral purchasing offices. ~3 
t Classified according to volume of sales. ~ 
Source: Selected Directory of Bakeries, 1950. o 

"!I 

~ 

! 
E!l 

l".I 
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TABLE 6,-Total calcium content oj commercial white bread with and 
with,out specified compolUnts 

Total calcium 
Samples (milligrams per 

JIOO grams) 
Description of sample 

NUIll- Percent Aver Rangeber of totall age 

All samples ______________________ _ 402 100 74 12-153 

l=====r===~====I====== 

Samples labeled to indicate addcd calcium________________________ _ 
30 8 105 40-152 


With calcium pl'opionate ___ 7 2 121 103-152 

,Mold inhibitors not indicated on
label _______ -- _______________ _ 23 6 100 40-132 


Samples containing mold inhibitors__ , 95 241 78 

---1-----

Cn]~il1m p,l'o]?ionatc onl?, __________ j 71 
I 

82 17-153
I 18 J
SOdlU11l ploplOnnte. onl) __________ , 141 67 42-88 

T:nclefinecl mold inhibitors ________ ! 10 i ;1- , 68 44-80 


i 
 === 
Sumples containing polyo::-..'-yethylene 'I

compounds 1__________________ ; 75 29-152 

- 1.--8-3-1--3-8---15-2 


90 I 241 


With mold inhibitors ____________ J 21 

Without mold inhibitors__________ l 75 72 29-122
, 19 I 


! I 

I Includrs 15 snmpl('s doubtful for polyoxyrthylenc compounds determincd 

by semiquantitative trst. 

In samplC's positivr fol' polyoxyl'thylrnr monostenl'nJr compounds, 
the alllount of elli('iull1 fL'om milk was n,ppl'oximatC'1 v the sttme as in 
n('gative nnd doubtful snmplC's, In the positive snrnpies contllining 
calcium pl'opionn.lp, how('vpl', the IWt'CC'lllngr of cnJeillJl1 fut'llished by 
milk wns 10w('1' thnn jn thc' oth('t, groups b(,l'IlUSeof highN' loud cnlciU1l1, 

It is Gonc'luded Lhn t, of the calcium-C'ontnining ('ollsti tuen ts, eitlH,t' 
calcium pl'opionn.tl' 01' calcium iuc'orpomtNl in ('ommel'cilll wllile 
bread as IUl optionnl C'll1'iehmcnt ngrnt, definitely mises the average 
content of Lolal clllcium, 

CALCIU.\. CO)(TE)(T IN RELATIO)( TO POLYOXYETIIYLENE MONOSTEARATE 
CmrpouNDs 

In 1947, 11 new ('111111sifirt', poiyoxycthylene steam,te, was found to 

incrensc tll(' softnC'ss of bread (8), OthC'1' compounds having a similu.l' 

effect on bl'NIc! W('I'(, subsequently l'Ppol'Led-polyoxycLhylene mono

stcnmtc (7), poiyoxyc·thylene disten.rnte (3), mono and diglyeerides 

(:25), hydl'oxypliosphatides (32), glyccl'yl monostC'amte (7), glyccryl 

olcostcarate, and sorbitan cst.('I'S of the fatty acids (6), 


http:pl'opionn.tl
http:pl'opionn.lp
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'l'AnI,}) 7.-Di.sirilJ1llioll' oj ml1Jl'8 jor ioled culci1l1n content (d commcrci(ll 'While bread 1lJithout amd with J10Z.iloxyetJ~1Ilen~ ~ 
mOllo:-:t((lrtllf ('ompolll1d8, and 11'illlollt and with mold inhibitors 

~-r ~ ----.----With polyoxye1.hyle compounds 

"'Hl)oI!L p(lly~ ~ Tnt It 1 rr'(\"('! h \'1 I'llI'Tot.nl cltll'iUlll ("(;lIlpr;UndH Wilhou(, mold With IIlQld
milligrnms per 100 To\nl inhibitors inhibitors ~ grams .__ ,._, .. .._.. ,.J

no 

~I :\1I11111l'1" ; J'f'J'('!'Il\ 1_~t1ln~('r ~_~~n(,INlI~~lb('IJ~I~J NllIllbrr ! Pcn:('nL INllmber I Percent ~ 
~ All snmp\C's_ .. __ .• __ J 102 JOO.O :~[)(j Ino.o I 9G I ]00.0 75\100.0 21 ]00,0 ... 
o

lO-UL__________ e \ "' C/O1.() 4. L :~ ... --- ... - ... - -------- -------- -------- ~C/O20-29______________.:2 
~ fi 1 .3 ] 1.0 1 1.3 -------- -------30-39_____________ _ ~1 4.8!I 2.2 H 2.f1 1 1.0 -------- -- ... ----40-49 __________ .. __ _ 14 :t r, JO :~. a 4 4.2 4 5.3 -------- .... ------50-59__________ -__ _ 

~ 

fiX ].1. <1 ·IS 15. 7 11 n.5 \) ]2.0 2 9.5 ~ 
60~69___________ .. __ R() ] II. n 50 Hl. a 20 20.8 18 24.0 3 14. 370-79 ______________ _ 

!J() 2:1. !) 7] 2a.2 27 28. 1 20 26. 7 6 28.6 ~ 80-89______________ _ n,s Hi. n 51 10.7 15 15.6 14 18. 7 2 9.590-99 ______________ _ :n 7.7 22 7. 2 10 10.4 5 6. 7 4 19.0100-109 ____________ _ r: 2:~ ,). I ]R 5. !) 4 4. 2 3 4.0 1 4.8 ~ 110-119____________ _ 12 ;{. () 12 3.1) --------j-------_._------- -------- -------- --.----- -~]20-129____________ _ 
1 .2 , _______ J ____ ,____ 1 1. 0 1 1. 3 ________ ________ > 

130-139_____________ 1 
140-149______ .. ______, J 

] 

. 

.2
21 ______ :_ -----~~- ------i-l----i~O- ======== ======== ------i- -----4~8 ~ 150-159____________ _ t} .5 1 .3 1 1. 0 __ .. _____ ________ 1 4. 8 ~ 

~ I 
1 Includes 15 SIlI11VI('s doubtful for polyoxyethyl('lle compollnds dctl'flllincd by semiquantit.ative test. ~ 
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It is possible that the lise of some of the emulsifiers has been discon
tinued since the propused bread stnndards were issued in the Federnl 
Register of August 19.50 (29), 'l'hese proposed standards would 
prohibit the use of polyoxyet,hylene compm:luds and certain other 
types of surIacC!-active agents, 

An uttemptwas made in the present study to determine the relation
shiPI if any, between the ctllcium content of bread and the presence 
of polym.-yethylene monostearate compounds, No figures were anlil
able for the presence of other types of emulsifiers in the brcad samples 
analyzed, 

The problem of the relationship wns nppronchcd in three ways in 
this study-to determine (1) whether the prescnce of polyoxycthj7lene 
mOllostcnrate compounds '"as associnted .,.d th nn increase- or dCC'I'cnse 
in totnl cnlcium of brcad, (2) whether there wus nuy associaLion 
between the presence of polyoxJTethylenc mouost·carate compounds and 
content of milk ill brcad, and en the influence of mold inbibitors whon 
combined with polyoxyethyleno IUonostenTntes on the total cnlcillIU 
of bread, 

Xinety-sb:. or 24 perc;t'nt, of the 402 brend smnples were reported 
to be positiye or doubtful for pn'Sl'llce of polyoxyethylene I1lono
stl'al'l1te compounds, Beenu:;e thc !lY el'flge cah'ium content of the 
15 doubtful samples was the SiUne ns that or tIl(' 81 positi\TC snmples, 
the snmplcs w('t'e comhiIlNl for furOH'l' ('vnlllntion, The cnl('inm 
contt'flt of t11(' no samples difreJ'('d only slightly hom that of the 40~ 
snlllples, tii yel'SUS 74 mg, Pl'l' 100 gill, This fnel is demonstmtNl 
mol'(, dNlrly in table 7, in whieh the 96 samples nn' compnl'('d with 
tll(' totul and l'!'tnnilling groups, g-iviug It mnximul1l l)(>l'Cl'Iltag(' distri
bution nt tIl(' 70 to 70 mg, duss iut(,[,Ylll in plwh caBe, Thus, from 
tbe it';~}l'lUl.ltion lwnilnhltl on tlH' ::,amp!t·g IltIlllyzl'cI, it apPt'ars that. 
till' euldulll t'outellt of hrl'ad Wll::; nol inJlul'1l('('(l by the preSl'llCtl of 
polyox:n·thylt·llfl lllOllostl'nrn tt' (·OlllPOUIHls. 

To ohtnin informutiou 0U tl\(' pos~ibl(' suhstitution oj polyoxyC'!l1y
h'up monostl'urnte ('ompouIHls for mille n stUlI.,- wns IllIHIt· of dnta 
frolll tilt' ~no sn.mplPs of Im'lid for whi('h dry milk solids \H'l'(, l'stimat(ld, 
'I'll\' ,;:ulIpl"s W('l'l' dnssili{'d for pu-..ilin', IH'glllin', !11Hl (10u1>lfu1 (·onll'nt. 
of th(· pt>!yox;n·thy]r.n.{' l'lImpl)lIlJ.b, TllPl'l' WH:> lialt' ditrt'l't'Jl('c 
bplwl'l'n Lotnl ('all'illlll ('ontl'm of pn~i!iYl" !lPg-HtiYI', fliltl dOllhtfnl 
smnph·~ :ta1>](- !-;I, ,{,Ilis npplil':; nl;;(l to Ihltll for I'nlr·iulll {h,dYl'II from 
milk. whic'h Hlppliptl about ;iii {lpn'Pllt of tIll" (otal ('ttl!'i11!H wlu'liwt' 
or nllt pol\Il",\Yl'thylc'\l(' JU()!lo-:l"llral.' l'olI!lp!lllml~ WPI'I' IJI'P:'PlIt. 
EII'n'H of flit, Lisllmplt'~ fhnl t'outniupd no milk ditlliot ('ontnin the 
JloiyoXYPlhyh'llt' monos! I'HI'U It, 1'0!!1TUlIIlld". It was im jlCli',;iblp to 
lllltl,!., nu;,-' th'1initt, ('o!1l'lll:,ion l'!·.;!Hr(liH~ omi:--:joll 01' milk \,IWll po!y
oxn·{ilyl(,Ilt' nlOltn,;tt'm'utl' l'OlllPOlllld,. '\t'!'I' u,.p,!. lllll'unse' thl':'1!' ,n're 
pr;';;('nt in ou! i; thrl'(' snll!pl!'~ \\ hit·1I ('oi\luilll'ti llO mille 

Tuhh.· S :,11(;\\,; 1\1:;0 tI\!: 1'1'i:tliOlI of /'nldmlt {'nutl'lIt (If hn'ml with 
amI wilhollt pol,' ()xYl'th.\l.'!H' rrWIlll:;!.'lu'ntt' t'lllll!l()lIlid~ to tIll' USI' of 
cu,\('imn l)1'llpillllUtl' llud milk. Only Itj.,OHI 1.1 p.'rl'l'l1t of till' snlHJlh's 
('ontaining milk ('ontuilll'{l ('ulc'inm PI'OpillIlHt(' nl~o. ,dH'tlll'l' or .\lot 
polyoxy{.il.lylt'll(' nlOllOst('Urillt' {'(]mpolluds. WI'I''' prl'sPut. }'l'Oll1 (·vi
d('ne(' nn\lll~hh', tl1(' 11l'('~1'1J('(' of P()lyoxYl'lhyll'tW TlIOUost('llrnt{' COlIl 
pounds in bn·ad did !lol iu/lw'nee eitlH'l' till' U.Yl'l'Il1P' milk clt1eium or 
totn1 calcium l('n'l. 
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TAnr..l~ 8.-Total calcium and calci1mt jro71~ milk ,in {260 sampl('s oj commercial white brcacl containing polyoxyethylene ~ 
monosicarate comp01l1tds andlor calcium 1)ropionate 

' ____4 __'"~~ . 
l-3 
t;;lTotal clibum 1\1 ilk calcium o 

~ Description of sllIHpl(' Samplcs 	 HPerccnt of o 
Avcmge JlIlnge Avcrage totlll cal ~ 

j 	 cium g 
;lriiligr'! II/S ;lfillignl1lls 11filligTams ~ 

N1/1l1bcT Percent per 100 per j!''j per 100 H 
grUllls grullls grams ~Snmples IllllllyzC'd for mill'-_________ ~ ________ - ________ 260 100 74 15-153 25 35 .... 

o 
::\Jilk found'_., ______ ,, ____ .,.. ___ , _. ____ ._. ________ ---751-~153 . c", 

---;45-1 04 	 27 37No milk founcL ____________ .. ______________ 0 	

C;1 

_____ ' 15 6 57 15- 80 a 0 
---=-----_. --- ---------,._- ~ 

Smnples contnining mllk n nc1l1C'gntiYO for polyoxyC'thylcno ~ 
conipounds___ _ _ _ _ _ _ ___ . _______ .. __ • ________ ~ ____ --'~S3[~~100 _-·-7-:r·~8-~~3 	 t:l27 37 

~ With cnlcium propionnto ___________________________ 	 ~32 17 81 I 58-153 27 35Withou t cnlrium propionnte ________________________ 151 83 73 28-114 27 381 , 	 ~ ..-- -	 Z
Smnp]cs containing milk Ilnd positiyo lor polyoxyethylC'llc 	 l-3compouuds ____________________________________ . --~21 	 o100 77\ 38-152 27 35 	 >:tj 

>With cnlcium proplonlltL _______________________ ._. 	 o15 92 38-152 25 26
Without clllrium propioIlntt' _______________________ . ~ 4~1 85 

-, 
75 41-122 27 37 S1 d 

j-----. 	 

~ 
l".l 
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1 

Sllmplcs contllining milk and doubtful fo], polyoxycthylone 	 I 
compounds_____________________________________ 10 100 73 50-100 20 I 40 

-~---. 	 --- 1 1-With CIlICiUlllJ)]'OPiOIllltO ____________________________ ] 10 ________ _100 1 	 4'WiUwut cnlcium l»'opiolllltc_______ _____________ __ 9 90 70 50-100 	 ~j 	 2~ I 44 t:.l 
.::;::-;:;-:-.~ ..::..,,::.~,"'=~.=--~=;::; 11====== 

Snmpl<,s contnining no milk ,----- - - -"'" - - _..' _.. - -J _]~_L_ -=~I__5~J~- 89 o I 0 
0 
>
t"' 
0 

})o)YO:,,"y<'thyl<'IH,' compoulHls: 	 sPositiyo. ________ ..____ ._ .. ______ ". ____ • __ ._. 	 ."3 20 	 0 
!;oI 

Negaliv('._______ ... _. ________________ • ___________ .. 	 66\ (/1- 82 
1] 73 	 o g])oubtful _____ .. _____ ~. _________________ • ___ • __ 

1 7 	 0 ~ ~~ ---~~~-~:- ~I 
~ 
~ 

I Only .onc slIlIlplc in this group contllincd cnleilllll ]lfopionnle. 	 1-3 
0 
";j 

0 
0 
~ 

~ 
::;; 
0 
H 
>t< 

~ 
ts 
1-3 
t:.l 

t:d 
~ 
t:.l 
>
t:;j 
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NUTRITIONAL SIGNIFICA~CE 01" Fl~DINGS 

Tht' nutritional signi!lcal1c(' of bnkiJlgp,'jH'ti('('s in thp lIS(' of calcinl11
containing compolwltts in conmH'l't'ial whitt' brNld milY 1)(' illuslrnl('d 
hy appJying vaiuC's from this study to <lilln, Or! 1>1'1'u(i eom:llmpliol1, 
Studi('s of urban ramiJ~' food ('oIlsltmpliotl in the spI'iug of HJ4R, mnde 
by the Bureau of HIll1lflll ~utd liOll and JfamI' Ecollomies, 81\0\\'('(1 
the Unitt'd States aYl'l'Uge consumption of white hl'I'IHT. !'nridwd nnd 
unenriched, to bC' 1..14 pounds Iwr 1)('1'50n 1)('1' \\'('('k. with Rome fnmili£'s 
c.onslll11ing ns much 0:::: apounds lWl' TH'l'SOIl jWl' \\'('('1. (;2,), At ('it11(,I' 
of these' len-Is of ('Ollsnmptioll, hl'pads high or low in c!ll('illlll ('011[('11 t 
mak1' wid!'}Y difl'('I'('ut contributions to til(' r{'('omml'IHl('d daih' anow
alleC' of l.O'gm. (·al(·ium 1'01' adlllts (J.n, .\.t It ('ommmption ]l'vl'1 of 
1.4·1 pounds PI'!' w('t'k. Im·nd ('ollinining 7·t mg. enle-ium 1)('1' 100 gm., 
thC' fWP1'OW' for Ihl' salUph's in this :;(udy, would f'Olllrilmll' 11bout 7 
JWl'('C'ut of thp nllowllJ)('(', \\'IH'l't'Hs, with tltl' l'it1Ig'l' in I'nlC'iulll c-ontl'nt 
found. brNld ('ollld ('oIl\r'ihllt(' ns lit tll' as 1 jlPJ'('PIlI nt' :1:4 lllul'b as lG 
pC'}'rcnt. For tIll' (,!1I1S11111l'I' of a pound!'! It wl'pk. 1m-nd might {'on
tdlm\p ns lilt}" llS 2 I){,l'('('ul OJ' ns lllt(('h ns :12 lWl'('(,lIt of tll(' l'l'C'OIll 
l1Wll(h·<l dltijy ("nIe'jIlln nllowHllC'!', '1'111ls il is lrnportHll1 to know tho 
CIlJ d tIm coniput of (II(' b1'('ud thut ('0l1S1lUH'l'S at'p 1lsing, 
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TABLE 9.-Calci1ttn content oj calcium solutions and bread smnpl8s analyzed by two methods 

Calcium solutions 1 

Method 
Samples Theoretical 

calcium 
Mean analyzed 

calcium 

Number 
6 

Milligrams 
12.61 

lI1-illigrams 
12. 52±O. 03 

Urea h:nlro1ysis ___________________ { 14 5.58 5.57± .01 
14 5.58 5.59± .01 

Modified McCruddeu ______________ { 4 
8 

12.61 
5.58 

12.53± .01 
5.61± .01 

1 A standard solution of calcium carbonate was used for these analyses. 

Calcium 
recovered 

Percent 
98.49 }
99.82 

100. 18 
99.37 }

100.54 

Bread samples 

Mean calcium inSamples 3"gram sample 

Number 

19 

Milligrams 

3. OO±O. 13 

19 2.99± .13 
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APPENDIX 

ANALYTICAL METHODS FOR DETERlUlNIl'1G CALCIU~1 CONTENT OF BREAD 

• Total calcium content of all bread samples WIIS determined by a rapid and 
improved procedure involving the dry-ashing of air-dry bread, preparation of a. 
propllr solutiun of the ash, and precipitation of calcium oxalate from an acid 
filtrl<·te with dry urea and ammonium oxalate solution. The precipitate was 
a<:lequately washed, dissolved in dilute sulfuric acid, and titrated with a standard 
solution of potassium permanganate. 

,A 3-gm. sample was accurately weighed and ashed in accordance with the 
method of the Association of Official Agricultural Chemists (2). The nsh was 
dissolved in 5 m!. concentrated }n-drochloric acid !l.nd evaporatl'd to dryness on a 
steam bath. The l'esidue was redis!'olved in hydrochloric acid, transferred with 
hot water, and filtered into a 250-ml. beaker. Calcium in the filtrate for each 
sample was precipitated by one or by two methods, The established method 
(~IcCrudden) was used i,l 'Verifying the less well-knoW!l one (urea-hydrolysis). 

UREA-HYDROLYSIS :\TETtIoD.-The ureu-hydrolysis prccipitution of calcium 
oxalate was a modification of the rapid and improved method of Ingols 'wd 
~rurray (10): 2 ml. of 1: 1 hydrochloric acid was added to the filtrate to produce 
n, pH of appro~:imately 1.0. Then 5 drops of methyl red indicator, 15 gm. dry 
urea, and 15 ml. saturated ammonilIm oxulate were added. The mixture was 
stirred, covered, alld diu;ested Oil a hot plate until the color of methyl red changed 
to yellow. It was possible to filter the laru;e crystul':! of calcium oxalate precipitated 
by tIll.,> method as soon ltS the solution was cool, thus hhortening thl'! time required 
for the ano,lysis. Washing of the precipitate with 2 percent ammonillm h\'droxide 
was hastened by using filter tubes (30 mm. porceluin fritted discs) in asuction 
apparatus.

The precipitate was dissolved in hot dilute fllllfuric acid (approximately normal) 
and titrated at 135°-70" C. with a stalldal'di<led ;1ol1,tion of 0.02X potassium 
permanp;an!l.te. Triplicate cletermiI!ation" \\"01'(: made on !'lll'l1mples. 

• 
:\[ODlFlED :'IcCm;DDB:;; )'IE'rROD.-Caicillm WftS precipitated from the filtrates 

for 10 of the bread samples by a modification of the ;\[cCrudden metho([ and 
results were compured with those obtained on .he same samples by use of the 
urea-hydrolysis technique for calcium precipitation. Hecoveries :vere performed 
by both methods, replacing the samIJie by :l. ::;tandard solutIOn of calcium 
cllrbonllte (table !J). 

The procedUre nsed for pr(lcipitlltitJU of caleillnl oxalate by the modified 
~T(!Crudr1ell methor! was as fol!rn",,: 

Fifteen milliliters of ~I\turut('d ammonium oxalate solution and 1) drops of 
methyl red-methylene blue indicator Were added to each filtrate. The sump:", 
wns heated to boilinl( und cooied, then ammonium h:;"dro'i:j,lc wa.'! added dropwl"e 
until a u;rren ('olor developed. The sohltion was buffe!l~cl with 10 milliliters of a 
20-percent solution of,sodinm acetate, follower! by normal hydrochloriC acirllll1til 
the color of the solutIOn hecame slate gray. The $ample W.'1S left overnight to 
allow thl:' fine prl'cipitMe to "I'ttie. 

After the preeipitate 'vus wfished .'1nci rIi,,"ol,,!',l a", fje"r:rilled previoll"ly, 10 
milliliters of concentrated slllinril' add wa~ adde(l to the snmple prior to titration. 
In ~he rapid method, this "tep wus fonnd 11Ime(·('!"~ar:v. 

Comparhiou of atlll,ty::;P.!'o hy t.he! two mp.thnd" ~hQWS that reliable results may be 
e'Cp ~cterl from the u~c of eit.her method ,table fl; • 
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