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- AVERAGE MILK AND MINERAL INTAKES (CALCIUM, PHOSPHORUS,

SODIUM, AND POTASSIUM) OF INFANTS IN THE UNITED STATES
FROM 1954 to 1968: IMPLICATIONS FOR- ESTIMATING ANNUAL
INTAKES OF RADIONUCLIDES*

PATRICIA W. DURBIN
with the technical assistance of
JEAN LYNCH and SYLVIA MURRAY

' Division of Biology and Medicine, University of California
Lawrence Radiation Liaboratory, Berke_ley,_- 94720,

May 5, 1969
ABSTRACT.
Dietary intake is one of the 'parametérs' needéd- to test metabolic

models relating radionuclide burdens to environmental contamination

 levels. vWith respect to 9,081', the tissues of greatest potential hazard

are the infant skeleton and marrow, yet the dietary intake of infants is

less well oharacterized than for any other popuvl'ation‘seg'inentv. Publi-

_cation of heretofore unavailable market re's.éarch' data on recent trérjds

in infant feeding practices and the "completion of two large ”-in-the'-'

home" metabollc balance studies with 1n£ants now make it possible to.

v estlmate the amounts and klnds of milks and sohd foods fed to 1n.fants

in the United States.
Pe _rtinent information from balance studies conducted in this:" '

and other laboratories, dietary surveys, and market research was

collected and summarized. The results were used to estimate the

T

daily volume + S. D. of milk product consumed by the average u. S.

" infant month by ménth from birth through the second year. Milk 7

-v%Work performed under .aus’pic‘es of the U. S. Atomic Energy

" Commission. -
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| intake increases rapidly from about 350 ml per day at birth to 750 ml
in the third week. It continués to rise to a maximum of about 840 ml
per day at the end of tho second month. thi‘s intake le.v.el' is maintained
through the .‘lsix-th month, at which’time nearly all infants are receiving
some solid foéd. A décline begins toiward the end of._,‘the' 51xth month,
| and by the tenth menth m11k consumption has falitaln 1:0'6.70 ml per _‘day;
A slower but steady decline erisu_es fo.r“thév next 14 rhonfhs, so that thie
milk intake of th'¢ 2=year old.'is about 530 ml per day

V.arivation in milk intake is largel.y due to dvibff.ér‘encevs 1n .aplvsetite ,
grovi)th rate, _hody si-ze., and solid food cons‘umption--b.etween..-child ..
variation. In addition, the daily intake of each infant fluctuates - = within-

child varivatioh.' The‘sta.ndard.deviation (betwéen‘—child variation) of the
‘ av-er'age daily Ihilk intaké is aboﬁt 2'5% for a-vlarg‘e heterogeneous .popu-v'
lation, when rhéés_uremehfs are-avéfaged over enough days to olimihote
daily within-child f-luotuavtbio'ns. a

Market vr.eSearch Idata defined the age trends and chronologicavlk
trends in the kinds of milk fed to infants--human m11k -ready-to- use‘
l.ow—rnme,ral formula,» evaporated milk, or.whole cow's milk. In 1950
5% of newborn infants were given whole cow's milk, 25% were breaS-t-fed,
and 70% arank an evapohated milk .formul'av. By 1968 the fractions of
infants breast-fed or. évl’rihkingﬁwhole cow's milk had changed v_efy litfie,

but now 69% of newborn infants received ready-to-use f ‘bml}llas and

only 5% drank evaporated milk formulas. The above feeding’ pa’tferh?é
i "\‘
pers1st through about the third month of age, at which time the sw1tch e

from all other miiks to whole cow's m11k beg1ns Between 1950 and

1968 4% of 6 -month-old infants were st111 brea.st fed, 71% had been
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- shifted to whole cow's milk, and only 26% were ‘taking a formula (mostly

evaporated milk formula in the 1950's and mostly ready-to-use formula
in the 1960's).’ |

The average total calcium, phosphorus, sodium, and potas siom ~

-~ taken daily in milk was estimated for the average U. S. infant month'vby.

month from l?i'rth through two years from the daily milk intakes estirnated

above, from the fraction of infants »drink‘in'g each milk produot at each

. month of age, and from the publishe'd,mineral concentrations of each

milk product

The average amounts and k1nds of solid foods eaten month by

month were est1mated from balance-study and. survey results, and the
'average da1ly 1ntakes of ca1c1um, phosphorus, sodium, and pota551um '

in sohd foods were calculated from these intake estimates and the pub-

llshed m1nera1 concentrations in infant foods.

A sample. calculation of 905y intake is presented for a cohor‘tv'of'

infants born in the vicinity of New York City on 1 January 1965; it is

based on (a)' the calcium intakes in each. kind of milk and food monthv‘."_by

month through 2 years of age as- developed in this paper, and (b) the'

pu-bl1_shed 90 Sr analyses of these milks and baby foods purchased in New

 York City dunng 1965_and 1966. Thetotal calcium and.9 Sr 1ntake's" of

this hypothetical group were lower than previous estimates based on dif-

ferent dietary assumptions.
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INTRODUCTION
Contamination of the biosphere with man-made radioactive is oltope's‘,

particularly"gosr, stimulated development of metabolic models that could v

- be applied to the i_ﬁfan’c and the aged as well as to the working adult. '_.Low

v concenfrations of 9OSr could be measured in diet and bone (1, 2"), but fhe

paramevters‘_ of the physiblogical pathWay from diet to bone were pobrvly' /

‘know'n. A sirhpl'e model that 'avoided most of the unknowns was propdsed

by Langham and Anderson (3) In this model 90 St in bone was related to

90
' 1ncrementa1 ca1c1um accumulatmn, to the measured concentratmn of Sr -

in bone_, and to the rate of increase of st in the diet. A more refln'ed -
version of this model was used to predict 90 St levels in the skeletons of

persons of different ages on diets of_vafying"gosr ‘content, and to assess

90

the potential hazard of ’ Sr in the environment (4-7). The key factors

in th1s metabollc model for. 90 Sr are (a) the total dletary 1ntakes of

ca1c1um ‘and 90 Sr and (b) a dis cr1m1nat10n factor that relates ut111zat1on
of d1etary 90Sr to' the utilization of d1etary ca1c1um.
D031metr1c calculations for 9OSf in U. S. adults routinely assume

an_ave.'rage calcium intake of 1 g/day (8); a calcium intake of 1.2 g/day

is used for similar calculations in the U.- K. (9). Several years ag'o"the

calcium intake of infants in the U. S. was estimated to be 1.3 g/day (10).
This was later revised downward to a total intake of 1 g/day assuming-

80% of dietary calcium was obtained from milk (41).. The earliest est1-

mates appear to have been based on dietary recommendations, eithe;_v"r_ S

official (12).or in the popular' press' {13), rather than on in.fo_rmatiovr;v;...
about a;ctual___infant feeding practices. Even the more recent estimate

does not take ac'couh_t of the frequency of breast feeding, the frequency
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of use of low-mineral ready-to-use formulaé rather than évé.poréted
milk formulas , or the shift to fresh milk that. takLas place midway through ' s
the first year. | |

The discrimination factor is defined.as.the inve;'se of the.<Ob—'

served Ratio (OR), introduced by Comar et al. (14),> in which ' o 'f

OR = Sr/Ca bone _ % dietary 9OSr ‘retained in bone
~ 7 Sr/Cadiet =~ % dietary Ca retained in bone :

OR has been measured in adult human beings (15), and the value ob- _

tained, OR = 0.25, has been widely used in interpreting annual samplings

of foods and bone Spécimens (4-7). It was suggeéted- fhat OR might“_‘be

‘greater in animals on milk diets (14), and that VOR in the human infa:n't

was probably greater than OR in the adult (16,17). The U. S. Fedéral

1
i
1
i
i
I

Radiation Council chose to use OR = 0.35 for children 1éss than 2 years
(8).,. A receﬁt study by Kahn é_t_il_. (18) is 'convin:cing; the 90Sr OR 0.54
wa.ls measured in 30 infants observed cohtinuoﬁsly from 1 t§'10 months of
age. Kulp and Schulert (7:)’c:omme’nted .ohvthe imiplications of OR >025
/in infants as ’fol_loWs:, n If.%_he discriminaﬁdn'.factor is actually less .‘than

4 [ OR > 0,25 in children under 2 years old] , then another facbztor's'bu-ch .
.as s'ystematic \}ariatién-in the diet must be operative to compensat"_e.-':‘ : o

Bracketed note added by us. A reevaluation of the average intake by

1nfants of m11k and various foods seemed to be in order. o T
At least three significant changes have occurred in infant fee"di.ng’
practices in'the 15 y‘earé since hydvrogevn weapons: vtesbting first.injectéd
9OSr intb the environment; (é.) Homogenizatibn of dairy fﬁilk, ‘begun-in the
1940's, is now common practice" throughout the U s. , and homogenization

along with 1mproved refrlgeratmn and d1str1but10n facilities have made digest-

ible, bacterlologmally safe da1ry milk readlly available for infant feedmg (19);
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. . : . : % S
(b) Prepared low-mineral ready-to-use formulas, introduced in the

mid-1950's, have almost replaced evaporated milk in the bottle feeding
of the new‘born‘ (20); (c) Strained and c'hopped baby foods, strongly pro-

moted and attractively marketed, are beiﬂg fed to more infants at

~ younger ages than in former years (21). ’Altvhovugh each of these changes

may not be as dramatic as the shift from breast-feeding to evaporated-'

milk in the 1920's and the initial introduction of pre.paréd baby foods in

the 1930's, altogether they have effectiveiy reduced the milk intake, .

" reduced the mineral intake of artificially fed infanfs, and introduced .-

local dairy milk into the U. S. infant diet at earlier ages.

This paper 'corit_:ains two kinds of materials; (a) 'pﬁblished re- .

sults of balance studies (18, 22-25) and dietary surveys (26-33), and".

‘ (b‘) original.unpﬁblish_ed data from tWo metabolic balance studies con- ‘

_ ducted in this Laboratory. | The purpose of the balance studies was,tc:_)‘

90

determine the daily intake and output of ' Sr and stable strontium, c;;il- :

cium, phosphorus, sodium, and potassium. These studies were con-"

ducted several years ago,. but remained unreported because of the kinds

- of difficulties described by others (17, 18, 34). However, the feeding

records permitted us to examine in detail the change with age of daiiy_

volume of formula drunk, the influence of solid foods on milk co'ns'um;ption, |

and the contribution of solid foods to both calorie and mineral intakeg.‘

Most Qf the ready-to-use formulas [see Fomon (19) Ch. 11 for detai_ls]
are rhade with diluted low-fat cow's milk. Carbohydrate and vegetabie’

oils“are added to replace the butterfat calories. Bec.aué,e of the diiﬁfion.

| t_hé protein c_ohtent is closer to that of‘hﬁma‘.n_ milk, and the mineral con-

centrations are roughly 65% of ordihary cow's milk prodﬁcts.
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Market research data are reliable but rarely published. Fomon's
recent book on infar‘lt nutrition (19) was.a majo'r b'reakthrough heCauee it N
.included» heretofore unarrail'able market research data of Cox (20) on the
frequency of breast feeding and the frequenc1es of feed1ng ready- to- use
formula, evaporated m11k .and whole cow's milk during the years 1958
through 1965. These data, along with 1nformat10n for '1965 through 1968
k1nd1y supphed by G. A. Martinez (31) and the recently'publlshed re-
sults of another large at home balance study (418) permit us to 1dent1fy
v (a)‘ the mllk source, (b) evaluate the comp051t10n of the 1nfant diet
‘month by month, and (c) calculate the average da11y intakes. and 1ntegrated
intakes of ‘chalciurn, phosphorus, s'odiurn,' and potlassiurn. The calciurrl_
intakee ano annual 9105'1} and calciurn analyses of aietary corn'ponent'sv_];.)er-

9OSr_inta.kes of U. !S. infants from b1rth

mit us in turn to calculate the

through the second year. '
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METHODS AND MATERIALS
Synopsis of Original Data

Description of the Data. ‘Our subjects were ten healthy Caucasian v

infants. Three_ were children of Laboratory employees and s'even were

_ children of students in the»University‘ma'rried students housing'facili’ty.

Each child was identified by both a number and the abbreviation of the

m11k product drunk infants 1 throughvS were girls, and 6 through 10
were boys. The product abbrev1at1ons are EV, evaporated m11k and

PF-MO, Mod11ac.T Except for the twins, 7TEV and 9EV, each infant Was

 seen by a dlfferent pediatrician. " The children lived' at home and their

mothers, who had all had either at least two years of educatlon beyond
high sch'ool or work expe rience, ma1nta1ned the daily feed1ng re.cords.
Forms were prov1ded on Wh1ch to record formula compos1t10n, the |
amount of formula taken at each feeding, and.the var1et1es and amounts
of solrd foods taken at each feedlng. A Laboratory employee_ vis 1teq '
each 'home twice a week to pick up soiled .diapers vand excreta; to de— i
liver milk and food,v and to check the‘: feeding record. |
Milk was measured by using the graduations on standard 8—f1ﬁ'—_o‘z

nursing bottles. The full 8-oz graduation and the intermediate gradua-

.tions above 2 oz were accurate to £5% .

“Evaporated milk (EV), purchased from the Carnation Co., had been.

processed at Gustme, Cahforma

' -TModllac (PF MO), marketed by the Gerber Products Co., Fremont,

M1ch1gan, had been processed at Gustine, Ca11forn1a, from 1959 through

1963 Slnce 1963 Modllac has been processed at Clear ‘Lake, W1scons1n



-6~ | ~ UCRL-18507

Solids were first rec(ord'ed in standard measuring te'aspoons or table-
: spoons,then as intake increased, were :recorded 1n fractio_hs of cans '_ | ._ " '
or cans per meal, Partl"'y used cans vver_e returned to the ref-rigeratOr
‘and offered at’ succeedir_lgjmeals until .emptied., Dry cereal ;\Nas meas-’
_ ured in 1eve1 s poonfuls and mixed with. for'rnula from the bottle _'u‘sved f.or
that feeding. Each feeding was recorded'separat:evl.y, but_excreta were
ooled for 14 days.  To avoid confusion with future reports on the rheta—
bolic. aspects of these studles, 1ntakes, except formula volumes, wcre
also reported as 14- day totals or 14 day averages [14-day average

= (14-day total/14) |

The'thr-;ee girls and foo.r boys in the EV experiment were given

" a formula made with c.annedfevaporated milk. Cases of milk from a W
.single job lot (13‘()_.5:i‘:3',41mg‘(.3a per 'le0 -rni of a 1:1 dilution) were given
to the rhothersu..free of cha,rge.i This was .the sole source of milk during
‘a two-week equilibration period and the balance :studies. Infants en=-. |
rolled in the experiment before birth were fed formula made with th_i,s

EV lot upon their arr1va1 at home Dilution of the EV and the amouht '
.of carbohydrate added Were determined by the individual ped1atr1c1ans
Balance studles were conducted for six consecutlve 2-week perlods be—
g1nn1ng -when the 1nfants were 18 to 35 days old.

: The two glrls and_one boy in the PF -MO experiment were gi\ven

a proces sed liquid 'cow's milk formula. This study was intended to

last longer than the shelf life of a single lot of EV. PF-MO was se_lected |
because it has a long shelf life, and its comoosition‘ is controlled. In
addition_fewer formula corhposition_ changes were anticipated becadse-

at the normal 1:1 dilution, this formula is suitable for the new-born.
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Four lots of PF-M:‘V(-)vwere used in the experiment: lot I (;:8.2.1 mg Ca per
160 ml of 1:1 dilution), 51x or seven Z-week balance periods ,.beginning‘ v
when the infants were-_2'7 to 34 days old; lot II (81.4 mg Ca per' 100 ml

Of 1:1 dilution), four 2-week balance periods beginning whenthe' ihfents b,

were 167 to 182 days old; 1ot III (83.7 mg Ca per 100 ml’ of 1:1 d11ut10n),

- four 2-week balance perlods beg1nn1ng when the infants were 311 to

323 days old; lot IV (75.1 mg Ca per 100 ml of 1:1 dilution), four 27Week
balance pe riods beginning when the infants were 446 to 462 days old. ..

PF-MO was fed. exelusively. until the end of the last balance period. -~

_ | Enough of each lot was proviided to supply all the milk needs of each

"infant for a span of time from 2 weeks before the start of a set

of balance trials until 2: Weeks before the start of the next set of balance -

‘trials, at which time the new lot was substituted, and the remainder of

- the preeeeding lot was returned or diverted to other uses in the ho&_s_ehold.

All solid foods were produced by a single manufacturer at a
single plant.rﬂ: In the EV study the mothers purchased only this brand.
In the PF-MO study solid foods were furnished by the Labo_rato'ry. Ex-

cept for a few items of high calcium content such as cottage cheese', 3

_creamed 5p1nach and stralned chicken the mothers selected supphes
: freely from the processor s list. During the last balance per1ods of
_ the PF- MO study, when the infants were more than 1 year old, some

‘adult table foods were added to their diets; these were eggs, crackers,

" The Gerher' Products Co., through its research director, Dr. Robért
A. Stewart, kindly supplied the Modilac and the solid foods (process'ed

at San Leandro,, _C.ali.forlgia) used in the PF-MO study.
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shelf bread, bananas, apples, fresh fruit, frankfurters, ground beef,
and cheese.. Only the eggs, .baked goods, and fruit were fed in signiﬁcant
amounts. | | | |
Sa.rhples of the milk 'products and §olid foods, | includiﬁg the table
f‘oods,. were -dried, -.ashed, ‘and _a.halyzeci for- c%aiciumI in duplicate safnples
by a;’gravinietric method (35). Additional Sarﬁfﬂgs wetre preparéd ﬁﬁtil
.tw9>agr‘e'ed Withih + 0.5% . 'i‘he calcium analysesv of EV, PF-MQ, and
solid »foo.ds"weie within £ 5% of bubl‘ished _values’ (36-38). The good"'
agreement between'the. aﬁalytical calcium values and those determine?d /
by others led us to calculate ‘phosphorus, sbdium, and potassium by .'
using re‘c'orded intakes and the pro_ce'ssor's analyses (36; 37).
Total >mi,’1k intake during eac}; 14-day balance period Was obtained -

by éummi-ng. the individual feedings. Aftér correction for a dilution dif-

ferent from 1:1 when needed, total mineral intakes in milk were calculated.

The ‘nurribe_r of spovonfulé or cans of each solid food item were é\imm_ed for

‘each 14-day period and the mineral content calculated. Total bulk and
total mineral intake of the four categories of solid foods were calculated

by summing the appropriate individual items.

k)

©
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Daily Intake of Formula. The daily milk formula intakes of th'e B

ten subJects (grouped by 30~ day intervals as numerical frequency d1str1—
butions) are tabulated in Appendices 1a through le. Summarles of the -
milk :cons'umvptionv.of the EV ahd PF-MO groups are 1nc1uded in Tables 1
.a.nd 2 ahd.Figure 1. From 15'to ‘130' days the mevau (and the me_dian):'rhilk

intake of all ten infants was 740 ml per day (68% of values lay between ‘

615 and 850 ml). | Betweenv 167 and 511 days the mean daily milk intake
* of the PF-MO infants was 630 ml (68% of values lay between 550 and .

770 ml). -

Deily formula records- of 8 or more dayé in any 30-day infervel

between 15vand 130 days of age v'v'e.re available for 23 child_-mohth’s in"

. the EV group and 11 child- months in the PF-MO group. In seVen of'eleven

cases the mean volume of PF MO drunk agreed W1th1n £15S, D. w1’ch the

jconsumptlon_of EV by infants of‘the same,age. Ch11d 1MO Who was: fed
‘ .unus‘ual'l'y large amounts of solid food from 11 days of age, accounted for

- three of the four instances of .disagreement. " Therefore, for the re-

mainder of this paper it was assumed that EV and PF—MO were equally
satisfying, and that the differences in their compositions were not gf'e'at_
enough to influence the volume consumed.

Milk consumption by the boys Was slightly higher than that by"__:_the

‘girls, as has been noted by others (24-26). Solid foods were withheld

from tw_o of the five boys, while at the same ages, two of the five glrls

‘were receivirig large amounts of solid food, tending to exaggerate d1f-
.ferences between the mean intakes of the.boys and girls in this small"
_Sample_,' If these four unusual children were omitted from the means,

the daily milk consumption of the boys was 757 ml and that of the girls -
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was 714 ml during‘the agé span from 15 to 130 days. Boyé were above o
E -the grand avefage in 9 of 11 cases and girls were below the grand ave.rage
in 9 oﬁ 12‘_cases°

Olyaly a few of the frequency distributions of .daily milk volume
e;chibited a; sharp peak .rep.resentativeA of a highlf Iprvefer_red int_ake', and
these we.re restricted either to fh'e earliest ages or to the infants who. ate
. vebbry_llittle 'solid f_ood. Most of the distributions Qere characterized bya
cent.ra'l piateau | 50 to 1‘OvOFm1 wide. The combined distributions ‘.for‘
séverai infants tended to be more .s;)rmrn.etrical fﬁan the individual distri-
‘butions, but their central .plateall;s were broader (150 to 200 ml). Ex'cept
forthe period fr:o_rn 446 to 518 days, in which two _individual aistributions
were Bimodal, both the individual and combined diét_riioutions wé re no(r‘-r_nal

and nearly symmetrical.

Solid Food Intake. The individual intakes of four categories’ of-‘

~ solid foods.-cereal, fruit and juices, vegetables and combinations, a;ad A‘ _v
meat and egg--are shownvivn Appeﬁdix 2 as totals for each 14-day bal_ahce
period. | The average dailf solid foqd ihtaké of all ten ihfants (a.verag‘ed‘
over 30-day intervals) is inciuded in Table .3. Midv:)é.y through the sééond
month, half of our subjects were receiving juices, strained fruits,v énd
dry.' cereal mixéd with forfnulé. Vegetables were added in thé third mp_nth,i
and strained meats and meat and vegetable combinations bwere added‘};;.‘.
sbfnewhat later. By the end Qf the thifd month eight of our ten suﬁ.je'c""ts
were taking 50 to 200 g of solid food daily. After the tenth month so__li:d
food intake ranged from 250 g to as much as 1,200 g pef day. »Infani‘:"{ N

cereal was fed in substantial amounts from the third through the twelfth
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mo_nth‘,' ;Wifh maximum use in tﬁe fifth and eixth mpnths., : Ve‘lv'y little

infant cereal was fed after the twelfth month. = The large S. D}-'s of..the
intakes of the v:arious solid foods, sometinﬁes exceeding 100% , refle'et the
great‘vvariability in child preferences, and the skillfulness'and deter-
minati_en of the methers.ih the feeding of sovl'id“fvoods.. | |

'Mineral Intakes. The indi'vidual.intak‘e_s- of calcium, pho'sphorils,

sodium, and potassium in milk and in four categories of solid foods are’

tabulated as 14-day totals in Appendicee' 4 through 7. "I'he‘ average deily»

- intakes ‘ef calcium, phosphorus, sodium, and potassium in the four

categories of solid foods 'afev‘s'ho_wn'. in Tables 4 through 7. Total intakes
:!:S.'D./ of the four minerals are plotted as functions'of age in Figure_'stZV

throﬁgh 5.

Data From Other Sources

Description and Management of the Da_té.. The daily'COnsumpfti_bns‘ v

: of whole cow's milk (designated hereinafter as WCM), evaporated rﬁilk

(de=signateci_as EV):, readY—to-use Qi‘ ﬁreparedv formula (designav."ced,h'_e‘re_
inefter ;s PF-’X,- where X is an abBreviation of thev'branel _hame), or-“:. -
hﬁman' milk (designated hereinafter as HM) Were stated in or could be
calcuieted from oth-er’ de.ta in several balance studies (18, 22-25) andl_,v,

dietary sufveys (26-—33){ These data a.revvco.llectedvin Table 1. Tablé_ 1‘

also includes calcium intake in milk and total diet. ’Consumﬁtion of .

four categories of solid foods and total solid food intake are summ'a"if'ized'
in Table 3. Mineral intake in solid foods is summarized in _Tables.:_v.éb'-i

throﬁgh 7. Daily milk or formula volume --without regard to the idef_ntity

or eomposi'tio.ﬁ of the milk product--is ‘plotted as -a function of ag‘e":iii

Figure 1. Figures 2 through 5 show, also as functions of age, experi-
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mentally determined or calculated total, milk, and solid food intakes of

calcium, phosphorus, sodium, and p'o’céssium, réspectively. The fol-

_.:-‘

iowing paragraphs are detaileci descriptions of 1;he balance studies and
diétary surveys that were used to estimate the average milk and nﬁne ral
intakes o_f‘infants ,’ -and wje.vre incl_udéd to _e'nable the- r‘ea.déf‘ to make an
independent judgmenf of the validity of the average intakes estima.te()i' »

' in this paper.

»K.ahn‘et- al. ‘(18) 1969. ’I"hifty subjects ranging in-age from 30 to
300 days iivéd at home. Their fbod intake and excréta were monitored
continuously for periods ranging from several weeks to.270 da.ys.v .They
drank EV, PF-S, or PF-E." Solid foods were furnished by the investi-
ga‘tors and were fed 'é.t the dis‘_éretion of the mothers and the attending
pediatricians. .The following d.at"a were included in the paper: daily. :
forrhulé.'vélume +S. D. for all subjects.a_ts a group;' ‘.total calcium énd
phosphorus, formula éé,lcium and phosphorus, calcium and phosphorus
in five ca‘tégor:ies_ of éolid food, and bulk intake of solid foods. From
_ ’chesé data and published. .concentratiéns, sodium énd potaSsium Iintak_e‘s in
formula and solid foods“éould Be calculated. A ready-to-eat cereal and
fruit mixture was fed to these subjects. The autl'lors estimated th_at: an
additional 80 ml/day.of formula would have been taken if common.pr.a_'ctice
of mixing Ary baby cereal with formula had been followed. Formula _ -
volumes shown in Table 1 and Figure 1 have been corrected By addi_h\{gI

80 ml to the stated daily intakes, and S. D.'s were scaled up proportibnately.

* PF-S, Similac, Ross Laboratories, Columbus, Ohio; PF-E, Enfamil,

Mead-Johnson l.aboratories, Evans irille , Indiana. -
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However, rnin"er'al intakes shown in the rest of the Tables and Figure 5.

are the authors' experimental values.

: Nelson (22) 1931, Nine male infants ranging in age from 55 'to '.330.

days lived in an institution. Three -day balance trials were carried out
re.peatedly at ir“regula:r intervals. The sub_]ects drank WCM with added .
corn syrup and 1act1c ac1d ~No sol1d foods were glven for the f1rst 3
months. Only small amounts of‘ egg yolk, fru1t, and vegetables were
given for the rest of the first year‘.; " The ages and total calcium a.nd' &
phosphorus intakes'wefe tabulated in the paper for each sb.bject. The-’
raw data were grouped bjr age and avv‘erag‘e intakes #S.D. 'Wev'r,e calcul_at'ed v

by us. Intake of calcium and phosphorus in solid food was considered.

‘ negligible, and milk volumes were calculated by using published mineral

concentrations in WCM.

Duckworth and Warnock (23) 1942. This paper is a reﬁew of -

early balance stud1es 1nc1ud1ng Nelson's (22) All the subJects were

' 1nst1tut10nal1zed .They drank HM, EV ‘or WCM Carbohydrate and

small amounts of various acids were freque_ntly added to the cow's milk

: pi’oducts, Average total calcium intakes were tabulated for each age.

group in each experiment. Individual experiments in which the same’

form of milk was fed were 'combined:by. us and grand averages *S. D

’~ were calculated (weighted for the number of case-dayé in the indivilddal'
~ studies). Nelther milk calc1um nor m11k volume could be calculated be-

E _cause of the lack of information about sol1d food

Fomon and May (24) 1958. N1ne 1n.fants of both sexes, rang1ng

in age from 4 :to 180 days were hosp1tal1zed during three-day balance

' perio_ds and lived at home at other times,v They drank' pasteurized pooled
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HM and received no solid food. Body weight and daily milk consumption
tabulated for the individual suhjects in ml per kilo hody-r weight were con-
verted by us to daily milk volume/infant. These We_re vthen grouped by"_
ege, end average daily milk volume #S.D. and a\Irerage de.ily'total'ca_lrcium,

phosphorus, sodium, and potassium #S. D. 's were calculated.

Fomon et al, (25) 1963, As before, the'subjects were h_ospitalized '

during the three;day balance periods and live'& at'horn'e at other tlmes
'They‘drank PF—S PF—S-26', or' PF-2213* and Were' given no solid food.
[ The subJects dr1nk1ng HM discussed in thls paper are ‘the same sub-
Jects described in an earlier paper (24). ] Body weights and total dally
‘intékes of calcium and phos phorﬁs per kilo body weight were tabulated
for each subject,‘ ‘including those that drank HM. Total calcium and |
| phos phorus intakes were catlcﬁlated byvus— thevs'e were grooped by atg'e,
a‘nd mean ihtakes +S, D.: were ealoulated for the varioos milks. For’_rﬁulas
~and HM were the sole foobd..sou'r(:es, therefore, da_vily.v milk volumee could
‘be calculated from total calcium intakes -and calcium .and phosphorus |
concehtrations of’- the rnilks furnished by the authors.

Beél (26) 1954, The subjects were 58 "upper middle clé.ss" urbén

children Milk or formula volumes and sohd food intakes were recorded
for one day each month (beg1nn1ng in 1946) through the first 6 months and
quarterly to five-years of age. The 1nfe.nts were fed solid foods at th’e
dis cretion.of the mothers on the advice of vt’heir prediatriciens, No |

atter-npt was made by the inVestigator to in_ﬂuence formula or solid'food

“pr-22- 3, Ross Laboratories; PF-S-26, Wyeth Laboratories,

Phlladelphla, Pennsylvania..

-
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intake. Childre;i who were breast-fed c‘>r.r'eceiving PF werev_exclud-ed..
Median total intai(es of calcium and phosphorus were tabulafed. Daily
total éa,lcium, milk c;:alci_u:m,- and milk volume \;vere shown gra‘.phica.lvlyl. |
rI'.oi:al average milk calcium andphosPhdrus' were caléuiated by us from
milk iolﬁnﬁes ’ar.ld"publi's“hed mineral coﬁcentrations for WCM and EV

(as summg ‘1.:i,d-ﬂution, 'ina_érriuch as thé aufho_r f"nade no 'm_ehtion of"‘
~dilution). Total solid féod 'calci‘um and pi’iosphpfus Wefe ,éalcﬁlate*d é.-‘s.
the differé,nc'e between total and milk minerél; S. D "s could _ﬁot be cél-

‘ cula;ted.

Guthrie (28) 1963. Daily milk and food cons‘umptic'm'.wer,'e re-..
‘corded for seven consécutive' .di_ays for a group of 52 ",upper i‘hiddle'cléss”
‘ sﬁburban children rahgihg in agé’frorﬁ 9 r"no.nths’ to 2 years. B&r fhe ;ﬁ.inth
mont_h' all the subjects were drinking WCM The subjeéts _welr.e all under '
fhe éare of a single pediatrician, aﬁd their mothéfs presumably r"e_c.:‘-eived.
» l'xnifv‘o.rm.dieltar‘yvguida_nce. " Solid foods were fed at the discretion of ‘_the
rﬁo_the_rs,_ and as in thé Beal study. (26), no a;ttempt was méde by fhe_ ~_.author
to in_.flueﬁce food intaké. _ Ave.x'a;gé. tgﬁtal cal;ium _vin'takes' Wére give_n f.gr .
several ﬁge groups. . Solid food was estimated from Figure 2 of ‘thi‘s :
paper for each age group, aﬁd_ milk calcium was estimated as the d1f- _
.» ;férence bétweeﬁ total calcium and calculated solid fooa calcium. M11k
volume was estimated in turn from milk calcium and t.he. published v‘c“;n_-
Cent_ra;tion ofv calcium in WCM. Thes e .Iestimated values, although 1n-
_cludéd in Table 1 -and Figures 1 and 2, are shown for comparison only

and were not used further.

Bra,n.sby and Fothergill (27) 1954, ‘This survey was conductéfd.

in the"‘ United Kingdom at a time when World War II food ‘ratbioning was
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still in force. The sample, which was designed to be repreSentative

ofr the U.K. infant population, consisted of 750 children '.6 to 48 m.onth's .
old. Breast-fed children were excluded; and PF were presumably nof
markefed in the U. K. at that time. Milk and food intakes Were measured
and re:corded by the mothers for seven eonsecutive ‘days. Total calcium.
was tabulated for eaoh age grour). A siénificant fraction of rrrilk consun‘_)ed
by childreh more than 1 'ye‘ar old was included in p_‘repared foods rather
'than being drunk as liquid milk. Milk calcium and milk volurne were
estimated from stated t‘otal calcium and'vthe -author's estimate of the
fraction of calcium coﬁtributed by the solid foods thems eh‘res° | As in.

the case of dthe Guthrie data (28), although shown iu the Tables and
Figures, estimated values were not used further. These data were
"included to provide a comparis on Between contemporary U S. and

U. K. infant feeding practices.

Filer and Martinez (29,30) 1963, 1964; Cox (20) 1967;

Martinez (31) 1969. Data on file with the National Birfh Records

Company, New York which records about 85% of all U.S. b1rths, Were
used twice a year ‘to construct samples consisting of approx1mate1y

6, OOO represen’caéiv'e 6 -month-old U. S. infants, The published resultsv
for 1962 (29) and 1963 (30) agreed well Wlth U. s. Census data w1th re- |
spect to region, rural or urban re51dence, age and education of the
mother, and family income. Low income and (or) rural families a'nvd» -
residents of the Appalachian and Southern geographic regions svere
somewhat underrepresented in their samples, but it seems bhighly._.liukebl').r
that births in low-income rural families are a significant fraction of :

the 15% of U S. births not recorded by the NBRC.
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The sampling device was a ndailed questionnaire. Failure toiv
reply was foll'owevdb'}‘r two more mailings. ‘A total re_sponse of 77% Was
-ohtained 'L'owév'r thari average 'resp'onse by less well educated rural
mothers may also have contributed to the under - -representation of 1nfants
| 1h the_se segments of the population in the total sample. -The publ1shed
portion of't_he questionnaire (_2_9) asked the -mother to 'record what her
ba‘by ate during one day: "Hovr many ounces of milk (or: 'fo_rmula) d1d
your baby drink yesterday‘? " A list of solid foods 'followed,.' and space
. was prov1ded to record amounts in teaspoons * ‘The .remainder of the
questlonnalre, 'wh1ch was not pubhshed _(31)-, asked fo‘r‘inforrhatiou“"o‘n
the kind of milk product the baby was drinking. Half of the respondents
in e_ach‘ annual .‘sample were. also aske_d to recall the kihd of m11k product-
fed and hovlz rnuch was fed in onev.day at ages 1 week and 1, 2, 3, and 4
months. ‘lndependent checks were ‘made of the ‘reliability of the milk
- 'volumes obta1ned by th1s retrosPectwe method and one of the authors

'(3'1) concluded that the volumes, although perhaps a little h1gh are’ close
to reality.. Intakes of milk and solid foods were _tabulated= in the published )

papers eithe_r .as total calories per ite.m or aszv__t.he fraction of total; -
,' calories contribu_ted b’}t each item. A,table .of cvorlversion factors was
"ihcluded_-wh'ich p_é rmltted these data to be converted to volume or grams

weight, which in turn pe rmitted calculati'on of the mineral contributions

'P’I‘his survey technivque'has produ'ced r.eproducible average milk and

solid food intake. iialues for the 6-month-old. The range, S. D. , and
1
'_ percentlle d1str1but10ns have also proved to be reproduc1b1e (31).
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of individual-feod categories. The average daily calcium and phosphorus
intakes calculated by the authors assumed that all the infants were drinking
WCM. We have chosen to recalculate mi_neral intakes using Cox's data
(20) on the frequencsf of feeding milks of varying mineral conte.nt.' S.D.'s
wefe‘ scaled down accordiiflgly. |

Bureau of Censue (33) 1963. The National Food Consumption Survey

of mid-1962 included 1460 infants less than 1 year old and 5963 chiidreri'i
to 4 years old. The safnples were representative of the U. S. populafion

- of infants of the reepeetive age groups as to region and kind of residence
-and family econorﬁic status. The tabulation includerd the average ciaiiy
consumption by infants drinking only liquid WCM. N

Rivera (32) 1968. The subjects were 16 upper -middle-class urba.n -

infants, ‘all children of employees of the U.S. AEC Health and Safety
Laboratory, New York, ranglng in age from 1.5 to 11.5 menths. A d\ipli-
cate of a single 24.—‘hou'r food and milkiri'take was analyzed fef calciﬁm,’

90

strontium, and “"Sr. The milk products and solid food items were not
. identified.

"RESULTS AND DISCUSSION

Milk Intake--The Influence of Body Size, Growth, and Solid Food.
Milk is the} chief seurce of all nutrients in the infant diet. Therefore.':
milk composition and the \}olume drunk together determine individuavli'
variations of mine rai intake. All of the milks that are now commonly
fed to infants have about the same energy content [ in kCal/100 ml ( f
a 1:1 dilution where appropriate)]: HM, 75; WCM, 69; EV, 69; PF, 64
to 67 (19). The proteln concentratlon of .cow's m11k products is more

than twice that of HM | in g/100 ml (of a1:1 d11ut10n where appropriate)] :
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HM, 1.1; WCM, 3.3: EV, 3.8; PF, 1.5 to 3.4, with a mean of 2.0 (19).
However,, when infants are drinking the same volume ».of milk (HM'; WCM)

or formula (PF, EV) and are taking the same amount of‘protein and calories,

- their rhirleral' intakes can vary in the ratio,HM:“P.F:_EV- 1r 2:4:7 (19).

The amount' of milk drunk each day is inﬂuenced in the long run

. by caloric needs for energy and growth and on a day to day bas1s by the

feehngs of well belng and satiety. A t1red s1ck infant w111 take 1ess m11k

at a feeding than a rested healthy infant. The feehng of satlety is br-o‘ught

v'about by the fullness of the stomach and the rate of stomach emptymg

It has been commonly observed that male 1n.fants drink more m11k

than female infants. Although the birth welghts of male and female 1n.fants
. are nearly the same, male infants grow faster in early 1nfancy, and the

: studles by Fomon et al, (25) clearly demonstrate that t-he greater milk

1ntake of the male 1nfants is a. functlon of their larger body size. The in-

takes of HM or PF by the g1r1s and boys 1n the1r exper1rnents are sum—

' marlzed in T_able 2. The girl's daily mrllk 1ntakes were, on ‘the ave_r_age,

40 to 150 ml less than the intakes of the'boys durrng the age span fr‘_orn

15 to 210 days. The srraall sarnple sizes an'd'great individual variabilit-y

among 1nfants of the same sex rende red these sma.ll differences statlst1ca11y

'1n51gn1f1cant unt11 130 days of age, at which time the average body Welght

of the boys was 0 83 kg more than the average body weight of the g1rls

Except in the case of prolonged feeding of a formula that is 'tofo

‘dilute, and therefore not -calorically‘ satisfying, formula and milk com-

position (i. e. , cavsein vs. whey proteins, butter fat vs. vegetable fats

or the unsaturated fats of HM, and lactose vs. sucrose) seem to ‘have

only a rninor_ influence on the volume of milk consumed (22). Infants
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- take less milk when gastrointestinal passage time is slow, because

they are hungry less often (19). The smaller volume of WCM drunk by

the boys in Nelson's study (22) (see Table 2) compared with that consumed

by the boys drinking HM and PF in the studies by Fomon et al. (_25) con-

" flicts with the observations ﬂdat gastrointestinal passage time of fresh HM

is longer than that of WCM (19). However, the _differences between the
milk volumes drunk by boyé in the two studies m'ay have been influenced

by different experimental methods. The boys in Fomon's studies (25)

"~ drank all the milk they would take, but the maximum milk intakes of the.

boys in Nelson's study (22) were predetermined by"che nurse.s v:./h'ovf‘ed
them. ,
The general t}end toward greater milk intake with increasing

body size is apparent thréugh the firs_t_.6 months of age»dnly in those

'grou.ps of infants that were not taking any solid foods (22, 24, 25). In
| our study and thaf of Kahn etval (18) total caloric intake rose 'steadily

Afrom about 525 kCal/day at 1 rno to 941 kCal/day at 16 mo, and- the in-

crease was due almost entirely to the increasing bulk of solid foods

- eaten.

The common practice is to: qffer soiid fodds before milk, and
an infant receiving solid foods is therefore tvakingrmilk into an alré'ad'y
partially filled stomach. In addition, the rate of stomach emptying 1s
slowed by the presencei of solid food. - Without reducing energy or pi‘étein
intake, solid foods in the infant diet can reduce‘milk volume, and co_n.-
sequently, reduce mineral infake, especially calciurh intake, by parfially

filling the stomach and Siowing gastric emptying. The depression:‘o'"fv"‘

- milk consumption by solid foods is shown in Table 2 and Figure 1. In

L o)
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our studies two of the five boys received very little 's_olid’fvood before the '
third month. The average milk intake of our boys was lovver than the in-
take »o'f Fomon's boys (25), but‘only significantly 10Wer (P< 6.01) after

‘ 90 days when all our boys were taking solid foods.. Two of the ﬁve gbirlsv
- ino our studies were given large amounts of 1nfant cereal from ages 2 and
3 weeks. The average milk intakes of our glrls (but not of Fomon's -
' girls (24 25) who were eating no solids) were 81gn1f1cant1y d1fferent
from the intakes of Fomon's boys after 30 days, and also 51gn1f1cant1y
d1fferent from the 1ntakes of Fomon's g1r1s after 90 days.

Exammatlon of Table 1 and Flgur_e 1 reveals that the h.i.gh-.rnilk';

consuming groups were those that received little or no solid food (22‘_—'25)
" ‘and the low-milk-consuming groups .Wer'e those that. received s-uhsta'ntial
amounts of solid foods (this 'palaer, 18, 26-28). The practice of feeding
| solid foods to very young infants was documented for "upper middle :c_:iass"
| ,,'urhan children in the Beal survey (26), which was begun in 1946. -Bv"i953
the early feeding of solids was considered sﬁ.ff.icient]_.v important to {”vajrrant

a special stndy by the editors of a pe_d.iat'ri.c'_j.ournal (39).' In the 1att_er re-
..por_t several leading pediatricians commented on the‘ possible ‘redu‘cti'cn |
‘of milk intake when suhstantial amounts cf solid foods were given. Mqre
recent v_bre.po'rts indicate that the introduction of solid foods into the.di_.et of_ '
the 4- to 6-week-old infant is now a'cornrnon practice at all economic'
levels in the nrban United States (21), but 1s perhapsi less frequent _arnong
R the rural U. S. p'opulation (29, 30) and in the Unite& Kingdom. ].Duri‘ng.the ‘
perlod of 1nterest of this review--1954 onward--add1t10n of some sohd
food after the first month of life appears to be the general rule. ~-

Estlmatlon of Ave rage Da11y M11k Intake. The average dally

1ntakes by the expenmental balance study groups and by the infant

i ) i
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populé.tion samples in the dietary sufveys are plotted as a function of
.age in Figure 1. The solid 1iﬁe in th;e figure is our best approximation
of the avefagé milk iﬁtake of U. S. infants, a.nd was fittéd fo_the diefcary.
s;urvey.data of Martinez (31) and File'r and Martinez (29, 30) from Birth
through 6 I"IIOIv‘ltth and to ’the ave‘rag‘e of.the balance studies (this paper -
ref. 18) and diektary surveys (26-28) ffom 6 to 24rmof1ths'. Milk' intake
increases r;pidly from .abou'1.: 350 ‘m-l/day at birth to between 700 fand :
800 ml/day by the fhird \&eek. It continues to rise (but less rapidly):

so that buy the end of the second month a rﬁaximﬁm,of about 846 ml/d'aiy .
iqas been reached. This intake 1év’erl is maintained:‘through ‘ab.outvthev‘ .'
: éixfh mori’ch', at which time neérly all infants are receiving éome soiid
food, and a large fraction of both breast- and bottle -fed infanf_s are -
being weaﬁed to a cup. Both of these factors plus a slowing of the gr_o’wth
rate tend to reduce.the average milk intake, >and‘nﬁ1k'volume‘ declihes to
about 670 ml/da.y by the tenth month. - A slower but cdntinuous decline
ensues fof the next 14 months, so that‘ the milk intake of the 2-year old.
‘is about 530 ml/day; (1.1 pint).

.Thé average intake curvé based largely on vdiet‘a‘ry survey data
agrees with most of the experimental points during the first 20 days of
life, It coincidés with _’_che milk intake curve (dofted line) of vs"ubjécts_"
taking no solid foods _through the second month. It lies midwé,y betWeén
‘the '"no solid food" and "solid food" éurve_s from the second through »
the sixth month. It would appear that most of the U. S. infant po_pﬁiétion-
receives ohly. a little soli&l food vduring the first 2 monthé, and that ’;he
quantity of sélid'foods given thll'ough the sixth month is no more. tha.n‘.one—
’half the ambunt fed in ;’)ur balance sf;udy or that of Ka.hn et al. (18) or

to the infants included in Beal's survey (26).
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Fluctuation in Milk Intake. The S. D. 's of the av‘eragé daily-

milk intakes of thé balance study groups--boys and girls éoi’nbined—'- .
W_eré usually 10 to 20% , but the S.D.'s of the mean intakes obtained -
in the Filer and Martinez (29, 30) surveys were 37% ,  Milk intake was
recvorvd.ed and averaged over 3 or more days in 1':‘heb balance studies, but
‘these survey data represented onl'yv one-—day‘intakes. Analysis of vari-
anée (40) was ﬁs ed to assess the s.epara,te contributions to the total
va';’riance,. (S. D. T)? [ equivalent to the (S. D. )Zldeterr.nine’c_ki by Filer and
| ;Ma-rtinez (29, 30)] of (a) daily fluctuations in the ."intakes of individﬁal
infants [ _ withih-sample variance, (S. D. W)Z] ahd (b) the. fluct:l;ati.op,s
due to‘diffe,rent dietary patterns of the infants in éach'sample [betwéen— |
sampie 'variancev,v {S. D. B)z_] . g . |
" The daily within-child variation ;{n’ éur EV and PF-MO subjef:zts :
contributed somewhat m'o.re'than half of i:he total vafié,ncve before 60 aays
of age~-the age at which solid _foods are fed in s'rﬁall amoﬁnts, and #iﬁen'
only to some infants,and thé b.o"dy‘ s'iz.es of boys and girlé ai'e still‘v.r.llot
too dissimilar. After 60 days the greater diversity of diei_:ary patte.rfﬁs
 and the lérger differef;ées in the bodyv>sizes' of boys and g1rls led toan
in._c_rea';se in thé betwe_en-éhild variation, so that after 60 days the ﬁfhin-

‘¢hild variance and the between-child variance wére‘_roughly equal. -

s.D. ) = (s.,-D._W)? + (5. D. 5% After 60 days of age (5. D. )°
= (S. D, 'B)2 so that at 6 months,
(S.D. T)Z = 2(S. D. W‘)Z = 2(S. D._ B)Z. Inserting .the S.D. T obta1ned

by Filer and Martinez (29, 30), S.D. 1, = 289 ml,
(5.D. ) = [ (2.89X10%)%/2] /2 _ 504 mi.

-The calculated betweeﬁ-child variation in this large heterogeneous
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sample was 25% of daiiy intake, and, as might be expected, 'is somewhat
larger than the S. D. B of the more homogeneous experimental gi'oups.'

- The S‘ D p of average milk intake is probably closebr t'o 10 to 15% of daily
,'1ntake dur1ng the fll'St 3 months of life and increases to 20 to 25% by the
.s1xth to e1ghth month A retrospectlve survey by Neumann (41) of the
total fluid intake of 312 preschool children in suburban Long Island

New York, suggests that the S. D, , of milk intake is close to 25% through

B
‘the ‘sixth year. _
The percent11e distributions of milk 1ntake reported by Martinez (31)
for 6 month old 1n£ants were not symmetrlcal, but were skewed towards
high values. A typical d1str1but10n is as follows: daily 1ntake less than
148 mi, 0. 5%§ 149 to 443 ml, 5.9% ; 444 to 738 ml, 41.7% ; 739 to 1034 ml,
’ 38.1% ; 1035 to 1329'%%‘51, 8'.7%' ; and more’" than 1329 ml, 5.1% . The ,._’
median of 750 ml was less than the arithmetic mean, suggesting tha_t.. the
most probable daily .intake of the 6—mo_nth-'old may be nearly 100 ml less
than the average daily intake o£.840 ml (29, 30). Infants who consume _y
1arg'e quantities of miik (more'than 1 S D. above aveiage) also have an
elevated 90 Sr intake and are therefore of special concern. It would -
appear that about 15% of 6-month-old U. S. infants drlnk m_ore than_"‘:_
1000 ml/day of milk. In our balance stud1es the largest fraction of daily
intalces exceeding 1000 ml/day was 5.4% , ‘and occurred during the interval
between 30 and 60 .days, while solid food consumvptivon was still low. ,_Boys
accounted for 33 of the 39 days (out of a total of 1343 child—da;ys) on'-zwh.ic_h
milk intake exceeded 1000 ml. In the stud1es by Fomon et al. (25). m11k

consumptlon greater than 1000 ml/day was twice as frequent among boys

as among girls. The frequency. of high milk intakes among that group _
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» Q'f, infants (who were receiving no solid foods) was as folloWs; 30 to 90
days, 1% ; 90 to 160‘.days, 329% , | and..160 to. 180 days, 39%%. Inasmuch
as the average milk intake approaches a maximum at 6 months of age;

: and most infants receive some solid foods after the second vmonth, it E
seems reasonable to assume that the frequencv of drin.king m‘or-e than
1000 ml/day of m11k is not greater than (and may well be less than) 15%
among both younger and older 1nfants | ’ »

.. Intake of Minerals in Solid Food. The lack of information about

solid food intake is not "s"u.rprising.' There are so-rnany vabri.eties;> re,trvo—
| si)ective estimates are imprecise; and actual measu‘rements. .are' eith’er
‘clumsy or tend to influence the results. Bulk solid food consumptlon 1s ‘
of interest per se, becauSe of its inﬂuence on mllk consumption. The
arnount of eaeh different hind of solid food must also be knownbefore’
mineral intake can be calculated, because of the 'variahle c'onl‘positi'.o'n‘" »
of solid foods'. The single point at 6 months of age (29, 30) is the only
,ava11ab1e 1n£ormat10n about the sol1d food 1ntake of average U.. S 1nfants
at any age. The 1ntake of 6 -month- old 1niants determlned in that survey
was nearly the same as the solid food intakes of the balance study sub-
'.Jects (th1s paper, ref. (18))and of the sub_]ects stud1ed by Beal (26) F_-rom
6 to 24 months of age the milk intakes in both the balance studies and all
‘the dietary surveys were the same, suggestmg that bulk" sohd food con-

: sumpt10n was also similar. The average milk 1ntake of the general pio‘pu-
lation of infants less than 6 months old was about midway between that |
. of balance study‘subjects taking solid food and balance study subjects‘__v._'
taking ne solid food, suggesting that the average bulk solid food inta.lge of
the average 1nfant in the general populat1on is greater than zero, but

less than that fed in the maJor balance stud1es or the Beal survey (26)

| 1 . il
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The average bulk solid food intake shown in Table 3 and the |
average intakes of minerals in several categories of solid foods (see |
Tables 4'thr01;1.gh' 7) Werel. estimated as follows-I (a) From birth to 5 |
months, average solid food consumption was assumed to be one half
that taken by the 1nfants in the balance stud1es conducted by us and by
Kahn et al (18) and the subJects in Beal's (26) surxlrey; the 6-month o
point was con51dered to have been deflned by the Filer and Martmez (2 9, 30)
survey; and (c) from: 7 to 24 months. average _solid food consumption was
as sumed to/be equal to the 'a\}erage mea_surved”intakes of the balance studies
(this paper,‘ ref, 18).and the recorded intakes of the .other dietary s_ur'x)eys
(26-33). ' |

| Calcium. (See Table 4 and Figure 2.) During the’ first'10 months '
baby cerealfs, especially f_ortifi'ed with calcvium phosphate, are the only |
significant s‘olid food source of calcium. During the second year as.'.
larger amounts of eggs, vegetables, and fortified breakfast foods are fedv
solid food calcium increases to about 200 mg/day.. v |

Phosphorus (See Table 5 and Figure 3.) Although larger amounts :
of phOSphorus are present in a greater .v‘ariety of solid foods; 'fortified
‘dry 1nfant cereals are the main sohd food phosphorus source during the B
first 6 months. Phosphorus rich meat and eggs added to the diet after
.the sixth month gradually replace 1nfant cereal as the main solid f'ood :
phosphorus sour.ce PhosPhorus intake in SO].ld foods rises from 200 mg/day
at 6 months to nearly 400 mg/day at the end of the second year It should

be noted that by 4 months ‘the breast- fed 1nfant is probably der1v1ng more

than 50% of h1s phosphorus intake from solid foods.
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Sodlum F(See Table 6 and Figu‘ré 4,) Dﬁfiﬁg the early‘ months
of infancy when'rhilk--especia_.lly HM or PF--is the sole or major food,
.éédiufn‘ intake is low. Mant cereals and strained frﬁits contain littlv'é:-‘ '
SOdium-. v Howe\;er, -table salt is added by the processors to strained '
‘v'evgetab]'.es, meafs;’ and meat and veg’etabl_e' cb;'nbinations _(37). The N
addition of fhese foods to the diet at about the forth month raises the
_ sodium intake to _abouf 800 mg/ day by the sixth month, and half the sodium
is contributed b§ solid‘ foods. Sodium intake. riées rapidly as more S'_olid
food is ingestved,b so that by the eﬁd of the second year the avvera'.g’e d.a‘ﬂy
intake is about 1.25 g, of which 700 mg is défi_ved from solidvfoéds;
Avei'age body weights of i;ﬁants are 6 to 7 .kg at 6 monthé a.ﬁd 12 kg ‘a‘.t'v !
2 Yéars, therefore, sodium inté.kes are 120 mg/kg at 6 rrionths. and o
100 mg/kg at 2 yé#rs. In the United States the c‘ustomary‘daily sodii'n'h
iﬁtake of adults is estimated tb.be 3toT7g '(42.)’ .or for a; 7b kg man, 50
-to 100 mg/kg/day.v As Puyau and Harripton (43) pointed out, ’chev SOdi_iixh
intake of the 6- to 12‘—mo'nth.-oldvinfa;n’c, pér unit body maés,' ‘is near“fihe
upper end of the.normal adult‘ra'nge_ as a result of fhe additi‘on of tabié
‘salt to baby foods. |
| Potassium. (See Table 7 .and Figure 5.) A potassium intaké_of
0.8 to 1.3 g/day (11.5‘to 18.5 i’ng/kg/déy) haé ;be'en_esf:imated to be near
" the minimum adult daily 're_quirement (44). _P(_)té,s sium- is needed fo;.:
b_grvow;ch as §ve11 as maintenance, -but the quantity needed has not bee_nt',_;'.,
established (44). Milk and most solid fovodsb, vex'c,ep‘t perhaps bab& bcej»:r:éals,
are géod potas,siufn sources. ' Doubling the upper level of the estim%ﬁ_ed o
‘adult requirement infexjs a requirement of at 1east_1240 mg/déy by tﬁé

6 -month-old and 440 mg/day By the 2-year-old. The infant diets
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reported here provided a fivefold excess over this estimate of minimum
potassium requirement for the 6 -month-old and a fourfold excess for the
2-year-old.

Mineral Intake in Milk. During the 30 years between the intro-

duction't)f EV irtthe 1920's and the marketing of.vPF in the éarly 1950*__5
nearly all young infants were either bre'ast—fe::d bof bottle -fed Withna fo_fmula
rﬁade of diluted EV and .carbc;hydrate. Miné ral intake from VHM is low (see
Figures 2 through 5). Min.e'ra,l intake from EV varies from a lox'xt c‘lo_‘..'s_e to
that of PF [ at the dilution of 2-t°-water-EV recorrimended for the neW’—
born 45)] to a h1gh equal to that of WCM (a.t a d11ut10n of 1: 1) The 'e’ariier
11terature also suggests that breast feedlng was often continued for mar.ly.
~months and that_E_V'formulas were frequ‘.ently %ed for the entire f1rst~year, '
because of their lower cost and greater bécteri:iological safety than 1ot:_a1
datry milk. The incxr'béa.sing:availability and bacteriological safety o‘fv
~ local fresh nﬁik in: the 1940's‘.a‘1vong ~\x./ith more efficient réfrige;atiori'
;tnd distributi_on‘prompted larger numbers of mothers to shift irlfanté_to
WCM at earliér ages.  In the Neuman (41) a'r;d Guthrie (28) studies
(pubiished in 1957 aﬁd 1964? r,espectix.rély)vnearly all the subjects (_fniddle—
class urban or suburban) wére_ drinking wWCM after 6 moﬁ_’chs of age.., o
: Unfortunatels.r, these studies 'COntainedv little information about the ages -
at which that shift had been inade. |

| The introduction of 1ovt/-minera1 PF further compiicated the
piétﬁre. In the absence of information about actual infant fe_eding
pr act1ces, Klein (10) estimated infant calcium 1ntake by as summg that

all infants, drank PF for the f1rst 3 months and EV for ‘the next 9 months

of the f1rst year., No attempt was made to_account for frequency of
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breastfeeding, or the fact that a switch from PF to EV is extremely
rare (31), or the rate of change to WCM.

The Kinds of Milk Fed to Infants Since 1953 (See Table 8 and

rigures 6 and 7.) The market surveys by Cox (20), Filer and Martinez (29, 30),
and Martinez.(31),. all of the Ross Labo.ratories, 'processors' of one brand |
of PF, supply much of the heretofore m1SS1ng 1nformat1on on the month—
by month frequenc1es of the feed1ng of var1ous m11ks durlng the f1rst. |
year of life. Their pub11shed data include (a) complete'mformatmn: on
month—'b‘y-month' milk use through 4 months of age for the irear .1958vand
.through 6 months of age for 'the"year 19'65 (20)§ (b) trendsr in feeding- :
various milks to l- and ‘4-mon't.h-old infants 'during.‘the 8-year span
from 1958 through 1965 (20); (c) f’requen‘cy o'f feeding EV and 'PF to’7 o
'10 day- and 1- month old infants in the years '1966 through 1968 (31)
and (d) -observat1ons by Mart1nez- (31) that the frequenc1es of HM and
WCM feed1ng at each month (through the s1xth month) were nearly con-
stant from 1958 onwards, and that after the sixth month the rate . at
'~‘Wh1Ch 1nfants are shifted from the breast and formulas to WCM has not
vvvchanged since '1958 The above descr1bed data appear in Table 8 in o
boldf'ace type Mlss1ng values for the years 1953 through 1968 were
- bestlmated as descr1bed below and appear in Table 8 in ordlnary type._
| ‘( a)- The fractlon of infants dr1nk1ng each kind of milk in the
years 1958 and 1965 was read from Cox's curves (20) and replotted”
| The feedmg trends after 4 to 6 months of age were est1mated for these
two years by extrapolatrng the best eye-fit stra1ght lines drawn through
’the last two or more points on the HM, El_/, and PF curves. The "terminal

trend of the WCM curve could not be determined by extrapolation, but
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because’the sum of the fraction of ln.fants ‘drinking the foul' milks could
not exceed 1.0, the WCM values could be calculated by d1fference,

WCM = [10 - (HM+EV+PF)]
_The data and the extrapolated curves are shown in Figure 6 for the year
: 1965. | ) o
(b) Published data (20) were available only for 1- and 4-month-old
lnfants in the interveniﬂg years, 1959 to 1964. The fractions of'in_fahts '
'dr1nk1ng various m11ks at 10 days and 2, 3, 5, and 6+ months were -
estimated for these years by analogy and 1nte rpolatlon The 1- and 4-
month data were plotted for each milk var1ety for each year.» These'_.
plots were superimposed on the complete curve of the approprlate rrnlk
category‘fo‘r'the ye_al' '1958‘ or 1965 (whichever was closer oh the time
‘ vs cale), shifted along the ordinate‘ until both .points coincide‘d with. the_
curve beneath, and a new curve was traced. .

: F‘orvthe years 1960'and 1962, midWay between the years for - “
vwhit:h trends W.ere well defi'ned,v the 1- and 4>-month po:int; of EV and
PF consumption could hot'both be aligned with either the 1958 or the-_':-'
1965 curve, but could be.fitted to synthetic‘ curvee drawn»half’wayv b.ev—:
tween the curves for these. two years. v | |

(c) Missing values for the years 1966 through 1968 were est_i-.;.

‘mated by superinlposing plots of the 10-day.and 1-month data for theée-
years on the 1965 curves. | o

-(d) The fraction of infants fed different kinds of milk dur1ng the
years 1953 through 1957 were also of 1nterest, because detectable |
amounts of rad1oact1v1ty were entering the general env1ronment as early"
as 1953—54. Distributiorl of”t.he kinds of milk drunk after 6 months of

age was assxirn_ed to be the same as in 1958.
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(e) The fraction of 1- and 4-month-old infants drinking each

_category of milk (20) was plotted vs. calendar year for the years 1958

through 1968. The trends in feeding the four kinds of milk to infants 1

month of age is shown in Figure 7. The long-term trends of the fraction

- of infants_d_rinking HM and WCM were almost linear during the entire

period. The tendency_mothersvtofeed PF to their 1 -month-old infants

in preference to EV accelerated in'about 19.61., and, therefore, only the

'points from 1958 to 1962 were included in the back eﬁ:t'rapolations _ofithe‘

EV and PF trends. Increase in the use of PF has been almost all atl the

expense of EV, thus uncertainties in the placement of the extrapolated‘
curves could be checked by assuming that the sum EV + PF was always
0. 69 The extrapolated PF curve reaches zero in the year 1949. We did
not atternpt to determine the year in Wthh each PF brand was f1rst

marketed, but a scan of advertisements in those pediatri'c, general

' medical, and dietetic journals that accept advertising suggested the =fivr-stf

_ brands of PF were being advertised by 19.50.

(f) The extrapolated values for 1- and 4- month old infants were '

plotted separately for each milk variety by year, and these plots were

: _superlmposed on the 1958 curve as described in (b) above to y1e1d est1—

_ mates of the fraction of infants dr1nk1ng various milks at other ages.

Average Daily Mineral Intake of Infants. Between 1950 and 1958

there was a major -shift in the kind of milk product most commonly ,tfed
to infants under 6 months of age. In1 950 about 70% of infants wevr,e-"‘.. '
be1ng fed EV formula at 1 month; in 1968 abou;t;70% 'of infants were.
being fed PF at the same age. However, the total mmeral intake in"

m11k at any age during the first 6 months did not change much, because
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the 2:1::water:EV dilution recommended for the newborn inf'ant.pro.vides.
the same amounts of most minerals as an equal volume of 1:1 'dilutioh
of most brands of PF. Assuming 'ch‘at both EV and PF were diluted
according to-proce“ssor's and _pediafriciar;'s ihstructions v(v13,-4.5), the
average 'rn:inerai conbcehtratien,‘ ct" of the mil'k‘fed to infants een be

calculated month by month,

C, = mg per 100 ml of M'™ = '(fgitx c), Y
vwhere M'+n is the mineral under consideration Ct is the avere.ge con-
centration of M in milk fed at ege t; frit is the fraction of ihfanfc_é
.drinking milk product“ i at agev t;. 'end C1 is the concentration of :

M+n in milk product i. The calculated menthly average concehtra.ti'ons,
here1na£ter referred to as average concentratmns, of calcrum, phosphorus,

sod1um, and potassnlm of milk fed to 1nfants are shown in Table 9.

The average daily mineral intake in milk, It’ can be calculate_d,

I, = mg/day of Mt? - (c"txvt) , o @)

Where it is the daily intake of Mm? o age t; C, 1is the averege miﬁeral
,coricen’.cratio.n calculated at age t using Eq. 1; and Vt is the average |
daily milk volume drunk at age t read from Fi.gure 1.  The calcuiated
average daily intakes, hereinafter referred to as average'daily 'inteke's,
of calcium, phespherus; sodium, and potaésium are shown in TabAle‘:f"‘J
“for infants from 10 days to 2 years of age.

The average d_éily intakes of calcium, phosphorus, sodium, and
potassium ixrmilk are 'plo'tted as functions of age in Figures_ 2 throu'gh
‘5, reSpecfively. The average daily intakes of these four mineralel 1n

solid foods were read from Tables 4 through 7 and also plotted in the
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appropr‘iate Figures. .The curves labeled " total nl_ineral" are the sums
-of the average daily intakes in milk and solid foods of each of the fonvtl.' :
minerals.' | | | . |
During the first 4 to 6 months t}he‘ave rage total daﬂy intakes of
' calcium,‘ phosnhor-us, and potassium fell well above the measured total ,'
intakes of the""balan_ce studysu_bjects drinking low'-rnineral milhs (_HM',
PF, or dilute EV)'but. somewhat below the measured total intakes of ___the
| ‘balance study and survey subjects who drank_ high-mineral milk (WCM
or 1:1 dilnted EV) and took little or no solid food. After the first mo.nth.
‘ the total daily sodiutn curve lay olose to the measnred i'nta.k‘es of balance
v--study and survey subJects dr1nk1ng h1gh mineral milks becauSe of the
: large sodium contr1but1on of some sohd 1n.fant foods. . After 4 to 6 m-onths‘
“ of age, When most 1nfants have been changed from breast and formulas
to WCM, and When a larger fractlon is rece1v1ng substant1a1 amounts
of solid foods, the average total calcium and ph_osphorus- ;ntake curves
agreed well with the measured total intakes reported in dietary surfré_ys '
(2_6-‘33)., Sodium and potassium intakes could‘not be calculated from
_any survey data other than the Filer and Martinez (29, 30) studies”o‘f»"’"
' 6-month-old infants, and the ‘extent of agreement between the calculated
v_ax}er_age daily intakes of these elements and actual infant diets is nn:"“’.'_
‘certain. However, had the subjects in our PF-MO balance study been
drinking WCM after 6 months of age, as most 1nfants are at that age, f
'vthelr sodium and potass1um 1ntakes would have been the same as or only

a 11tt1e greater than the average curves pred1ct.
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Total Calcium Intake During the First Two Years of Life. Total

intake month by month is one of the parameters needed for solution of
metabolic modéls of caléium utilization in the infant.

905x ar;talys‘es of foods and milks are reported almost universally v
relative té calcium content, that is, pC1 per g Ca, rather than per unit
of mass or volume. Calculation of c)OSr intake. reqﬁi_reé .n‘o‘t only ‘knoyi'rlé'dge
of total calcium intake, 'bﬁt because the concentrationé. of 9OSr in solid
'. foods and 'rnili<s' vary both with time and location.of the raw matérial_f;
sources, detailed knowlgd’ge is aiso requv.ivred of the amounts ingestevd_g o
in each :indi-vi‘duallf_ood item; Precise'-evaluation'of 90517 intake by the
ir;.fant'is complicated by rapid changes ‘oc"curr'ing- (a.) in the arriount' of
calcium ing'e.sted; (b) .i‘n the dietary sources of calcium and 9081';_
(c) in the -9OSr éontépt of milks (due to the annual rainfall cjrcle eveg_iyi
in the 'abseﬁc'e of‘ continued. injéction of fission pr.oducts 'in.to the envlr_
o-nmerit);.' (d)ﬁ and in the infant himself--his skeleton and‘ £he physibi_ogy
-~ of his gastrointe stinal tr_é.ct. | 1
| .Totalcalci.urn intake of the éveragé U. S, infant was evaluated

for a cohort of infants born 1 Jan. 1965 as,

P. -, té . . ) g 4 t‘2 s '

Ca, (mg) = C./2 X Ifr.‘ - fr, Ixf v, dt, T 3)
. i 1 it, . it t -

. t, . 2 YR :

L 4. R - 1 .

Can 2 (mg) 22 Ca; 2, : R L (4)
1 ty t, . ,

t . . - .
where [Cai]_ is the total calcium ingested in milk product i from-
t : : g A

1

ages. t1 to t,; Ci is the calcium concentration of milk product i;
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Vfrlt. is the fraction of infants drinking milk product i atage t; v, is
v T |

© " the average daily volume of milk drunk at age t; and I:CaTJ_ % is the
" o | ) | It
_ total calcium intake from all milks between the ages t, and t,. Ci

~was read from Table 9; i:'rilc was read from Table 8; and solutions of
the integral, fz V,dt, for each month of age were evaluated numeri-

t
1
cally from the curx}e in Figure 1. Solid food calcium, Ca , Was also
evaluated numerically from the appropr1ate curve in Figure 2. The re- |

" sults are collected in Table 10. |
According to the above calculations the avera'ge. U. S infant: '

ingests 320 g of calcium ln the‘first year of life—4290 g from milk}

- sources (90.6% ) and 30.3 g (9. 49%,') from solid foods.. Both milk and

' solid - food ca1c1um 1ntakes are well below the amounts est1mated by -

Klein (10)--387 g of calc1um from milks and 84 g from solid food. -'I-‘he

average da1ly intake, est1mated to be 877 mg calcium per day for the

' entire year, is only about 10% less than the value most recently proposed

to the Fede ral Rad1at1on Council (11). However, the FRC estimate of
20% of dletary calcium derived from solid food appears to be 100% too
large. o
Another of the parameters needed to test both calcium and 90Sr
metabolic models is the amount of calcium added to the skeleton each
year. The most widely quoted value fo‘rvca1c1um acquisition in the-';.f_1_r_'st
year of life _is 75 ¢ v(46). ~Although some authors. consider balance'_studies
‘unsuit‘able as a basis for calculation of changes in body content of sﬁecific

minerals (25), calcium retention can at least be approximated from
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metabolic balance studies for comparison with measurements and esti-
mates of body calcium content obtained indevpend»ently.‘ Examination of

- the results of the several balance studies collected in Table 11 indicates

| (a). that over a broad range of infakeé—-—at leas'f'frorﬁ 505't0:953 mg/aay;_‘
the fraction of calcium retained is indepehaent of intake and is on the-_ ’
average 28.2% , and (bv) ‘that the émount‘vof calcium added_ to .the infaht

| skeleton is dependent on total calciurﬁ iﬁtake; .E_stimated t(_)tal refevntic.)n
dﬁring the enti're" first yeé,r at the calcium int;a.ke (877 mg/day). ca'lc'u]:.'ated. ‘
for ‘th'e_average_ U.. S. irifant is 90.2 g, about 20% gr‘éater 1_:h’an the'vé.iué '
pro'pdéed by Mitcl}ell etal. some 25 yéar-s ago (46), and»56%' gré_ater“:

than the total rétenﬁon calculated for baiance study s;J,bje_cts \x./.ho _dralvnk
low—mine.ral PF for their entiré first ye.a>r‘" (this paper and ref. 18) ’ -
V‘ariat.ion 1n calcium accretion due solelj to. differences. in .the calci_ﬁ_jrn
cohéeﬁfr#tion of milk would be expected to lead to a range from 48 _g'.v

(for thé entirely breast-fed child) to 105.4 g (for the infant fed WCMor

03

EV 1:1 from birth).  Earlier it was shown that the S.D. g of n_ﬁlk intake
due to diffefénces in appetite, body size, and solid food consumption -
was about 25%. ,» which would céusé‘ the ex"pec.ted‘ra.nge of total skeiet_é.l_
calcium reteﬁi:ions' to ,b_ensvtill broader. | | '

In the.absence of actual measurements of skeletal mass and:

composition during the growth years the skeletal growth estimates -

a\HM, [ 765 ml1/day X 33 mg/100 ml + 83 mg (from solid foods)]

X (0.393 X 365 days) = 48 g. WCM, [ 765 ml/day X 123 mg/100 ml

+ 83 mg (from solid foods)] X (0.282 X 365 days) = 105.4 g. ‘
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made by Mitchell et al., * frorn which the first-year increment of 75 g

calcium is.'derived, have gradually come to be regarded as quasi facts
'(3, 6,7,8,11,16, 48) rather than the rough approximation the authors

‘ intended. - They pointed out that their calculations, which were based,n -
on many assumptions, * Were. ""more an illus'trat-ion'of method rather‘
thanv attainment of values'. The dietary information in this paper
strongly suggests that calcium accretion dur_ing'the‘ first year of life :
.(and perhaps the second year also),‘, of the modern:‘U. . 'infant' may be

20% greater (28 gat birth + 90 g acquired = 118 g-at 1 y'ear)_‘th-'an the

, commonly assumed value of 100 g. . | |

90Sr Intake of Infants Born in New York CltY 1 January 1965

Since 1 954 monthly samples of dairy milk purchased in New York City '
have been analyzed for calcium and ,9OSr; a current summary of re_sults
is available (49). Quarterly samplings of local dairy milk and of a

standardized selection of solid foods have been made in San FraneiS'eo

*In their paper (Ref. 46) Mitchell _e_tih eXtranolated growth data for
boys S_to'if? years at both‘en'ds-v to‘conform to a’birth weight of 3.49 k:ilos
and 'an.adult weight of 67 kilos at 20 years. A fifth- degree polynom1a1 '
was ‘-fitted to the extrapolated weight data. The chang1ng calcium con-
tent of the -bo.y's body was expressed by a forth-degree equat1on, b'as:ed
on the assumption (a) that ‘the calcium content at birth is 0. 8% and

' ‘(b) that that in the adult is 1. 6% and (c) that the change from 1nfancy
to adulthood occurs progressively throughout growth, but is more ‘rap1d

when growth is more rapid.
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and Chicago as well as in New York City since 1960 in a dstudy called ._
the Tri;City Diet Survey (50, 51)., Strained baby foods and infaht milks
(EV and 'PF)--Were purchased quarterly in these three cities beginning.
in late 1959 in a study' called'_i";he Infant Diet Survey (10, 32, 52, 53).

The 9081‘ ving'es'ted du‘ring each month through the first year of
life and in- the entire second year was calculated for a cohort of average
U. S. infants born in the New York region on 1 January 1965 by-use of
(a) New York 'Cify 9 Sr analyses' for the year 1965 (collected in Table 12);
(b) the fr'ac’.cionalk calcium contributions of various milks to the i'n‘far‘it".- |
© diet f.or the same year (see Table 10); and (c¢) ’che celcium infake 1n .
| solid food calculeted in this paper (Vsee Figufe 2 and Table 10). The. fe-
sults are shown in' Table 12 We calculate that this population of pre'—v
sumably typlcal infants would have 1ngested a total of 290 g calcium in
milks [ 22 g in EV, 46 g in PF, .5 g in HM, and 216 g (74% of the total
m11k calcmm) in WCM] and 30 g calcium in sohd foods The total 90Sr . |
intake was estimated to be 6650 pC [ 5820 pC in milks, of which 61% »
was contrlbuted by WCM, and 830 pC (only 129 of total 90 Sr 1ntake) i
cereals and strained baby foods] . :

‘ Eaflier estimetes of 905 ingesticn by infants suffered fromv_ '
.acknowledged deficiencies of factual information. It is intere's.ting to
note, however, that our calculated c'alciu;n and 90Sr intakes fall be - ’
tween calculated 1965 intakes based on the dietai'y assumptions of
90

Klein (10) and Rivera (32)--473 g calcium and 9030 pC; 7"Sr, and 260 g
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90,

. calcium and 5780 pC:.l Sr,.'P res‘pectively. o

The last two columns in Table 12 contain the monthly accumulated
90,31- intakes (in milk) during the first 12 months of life and estimates of
- the S. D,'jsr's“vof these accurnul_ated- intakes.

Sr) = (S.D. B) + (S.' D. Mi) ’

Where Sv. D. B is the same as prveViously deﬁ'ned.and .in this_ instanee 1s
taken to be 25% » and S.D. . is the standard deviation in 205 intake_,":'du'e |
to variations in the calcium and 9OSr contents ,Of various ‘milks. The

- S.D. Mi's were calculated by tr.ac.ing: from blrth_ to 1 year'vthe accumulated
9OSr dintakes of a sIYnthetic popul‘ation of 1:00 infants who Were drinking

the four milk varieties (WCM EV PF, HM) in the proportmns reported
for 1965 by Cox (20) The m11k dr1nk1ng history of each 1nd1v1dua1 was
~entered in.a table accordmg to the following changes w1th age in the: use of
--»the different m11k varieties (31): _(a) sw1tches from WCM to other m11ks |
are rare; (b) switches from EV to PF or vice versa are als‘o rare

(»c) all except a few sw1tches (dur1ng the f1rst month from HM to PF)

' vtake place away from HM and formulas in the d1rect10n of WCM. 90Sr
intake in the volume of milk drunk by the average 1n.fant was calculated ‘
for ‘each milk v,aridet_y at eachv month of age v(and calendar mc)nth,), and

the appropriate value was entered in the table for each infant in the '-_

' population. Means and S. D. Mi 's of the accumulated 9QSr intakes Were

90sr intakes were not calculated by those authors for the year 1965,
but rather, were calculated by tis using their estimates of calcium :
intake in various milks and solid foods during the first year of life and

90

the ’ St concentrations in these products in 1965 given in Table 1’_2;‘ i
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then calculated for each calendar month.
S. D. Sy is largest in proportion to the accumulated intake during

the earliest months of life (S.D. .. = 61% at 1 month and 34% at 12

Sr
months)chleﬂy because of the breat fed infants whose 9OSr£intake isr
only one ~tenth’ as great as that of infants drinking WCM or formulas (5)
The variation in monthly 9OSr intake because of mllk variety (S. D. Mi')'
disappears between the 6th and 9th months, when the whole infant popu-
1at10n has switched to WCM, although var1at10n in accumulated 9(_)Sr:
intake because of d1etary hlstory persists.

It is beyond the scope of this paper, and was not Iits_vpﬁrvposev,- .to |

90

attempt a reconciliation between 90Sr measurements of bone and “"Sr
burdens predicted from estimated calcium ihtakes, even theugh such _a
reconciliation is essential to the validation of the intake estimates. .
Preliminary caleulatiohs' were made. for 6-month-old and i-year-01<i'-:..
infants‘for the year 1965, however, and the 9OSr burdens p'redicted
from the ca1c1um intakes estimated in th1s paper agreed reasonably well

90

(within 25% w1th pubhshed measurements of Sr in bone for that year.
The calculations assumed that OR was constant during the first yea,._r, '

and OR = 0.5 'as_ measured through 10 months by Kahn et al. (.18). The
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goodness of the agreement was hard to assess becausethere were only ' -
two New York City spec1mens each. 1n the age ranges 1 month to 1 year and
1 to 2 years in that year, and their exact ages were not pubhshed.
Samples of children's bones collected during on_‘e calendar year are
published as averages for each 1-year age incremevnt (55, 56). * 'l’his.:

. _practice leads to inclusion of tvvo annualvcohorts in each‘ 1-year age o
average, so that the sample designated "y month to 1 year," for ex- .

| ample, can represent 1nfants born both at the beginning and at the end
of the samphng year. The average age of the samples collected and |

.v reported in that manner is therefore at the m1dyear (O 5 year for the
'samples called "1 month to 1 year” ), their average b1rth date is not -

at m1dyear, but at the beg1nn1ng of the samphng year; and their diet v.
is not that of the samphng year alone, but the average of the samphng

» year and the year before. | »

It is hoped that the age trends and chronolog1ca1 trends in 1nfant
-feedlng and the detailed estimates of calc1um 1ntake presented in th1s _
_.rev1ew will st1mulate deve_;lopment of a data-process1ng system that '

- will (a‘) pe.r'mit use of all the monthly and quarte rilyv diet and milk

_ analyses rather than Just annual ave rages and (b) calculate cumulatlve
90 Sr 1ntakes and predict 90 Sr burdens of. cohorts of 1nfants and ch1ldren V
from;the month of birth. Ihe number- of samples of young bone collected
in any single calendar year ‘in'va single sampling regionhas been Small-—

too small to provide adequate testing of currently_accepted metabolic

'plnformation about individual specimens including age and month of - -
death (from Wh1ch birth date can be calculated) is available for samples

collected before 1965 (55 57).
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moclels--and ohviously sample slzesvare fixed for past'-yeavrs; - However,
.even'if only two samples ef ‘ea'.ch 1-year age ihcrement had b.een colleeted
~each year from only the three cities of the Tri- C1ty Diet Study, the total

' collect10n over the last 10 years would now approach 1,000 spec1mens
’The re appears to be an alternat1ve to the d1lemma of being unable to

make suitable tests of metabohc models because of small unreproduc1b1e
. | . . .

samples, and that is the development of a computatmnal system capable

of pred1ct1ng the 90

Sr burden of each annual cohort in every subsequejnt :
‘year from average diet information and intake estimates. Such a
system would permit as many tests of the models as there are individual

~ bone specimens.
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~Table 1. Summary of selected studles of milk intake, milk calc1um, and total calcw.m intake.
Cow's milk (WCM or EV)." : :

Source
'Duckworth
and Warnock(23)

: NelSo_n,(ZZ)a
- Kahn etal. (18)

This pa_pe,r‘

&

~ Case- (ml/day = (mg/day (mg/day :
Kind of study days . Age (days) S, D, ) _ *S5.D.) +5.D.)
Balance 50 46- 61 ' t 8234187
No solids - 286 76- 86 817+174
WCM, EV 236 92-101 Same as 882+207
585 137-160 total Ca 998252
126 168-191. - : : 1014266
156 203-241 - . | 1068+153
117 252-295 B | 1158%161
 Balance 27 - 63- 87 156" } 920 49
No solids 57 94-108 826 _ _ 1006+ 67
WCM. - 36 132-166 916 ~Same as 1122+148
33 170-198 - 970 total Ca  1200+123
18 203-230 1008 ] 1227+.58
24 242-278 1042 R 1269+ 33
24 284-324 1071 1304+ 38
~ Balance - 140 - 61- 90 728%132° 635 650
Solid food 142 . 91-120 694+125° 599 626
CEV . 140  121-150. 712£129 620 664
- 196 . - 151-180 690114 . 626 . 678
140 ~ 181-210 685%124 597 . 653
252 - 241-240 680116 585 648
168 . 241-270 . 655%420 549 620
Balance 140 - 32- 61 778+ 88 857105 863+107
Solid food ~ 196 . 62- 89 742+ 70 . - 878+ 84 911+ 76
941%140- '990+143

MeantS, D. -or median

Milk volume Milk calcium Total calcium

EV . 210 90-126

747104

-~ =06-
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Me'an:_!:S.‘D; ‘or median

. Milk volume - Milk calcium Total calcium

' Case- (ml/day (mg/day _ (mg/day
Source » Kind of study days = Age (days) _ +S. D. ) " *8.D,) +S. D, )
Beal(26) o Survey, U.S., 27 . 0- 30 - 476 580 580
| Solid food, 34 31- 60 660 803 - 810

. WCM, EV 35 61- 90 710 864 910
B 38 91-120" 742 903 960
37 121-150 769 936 1000 -
38 151-180 790 961 1040
40 181-270 718 874 1050
41 271-360 639 77 1020
42 361-450 585 712 970 -
40  451-540 541 658 900
36 630-720. 488 594 770
Guthrie(28)  Survey, U.S., 84  274-336 " 709P 8634 998
. Solid food, 84 = 365-488 . 630 767 964
WCM, EV 49 518-610 . h36 . 652 835
- 63 640-732 ‘581 ' . 7017 944
Bransby and = Survey, U.K.,644 =~ 180-360 S ’ - 970+220
‘- Fothergill(27) Solid food, 644 360 e » o "750£270
Milk not - 644 720 . ' 720+230
identified - ’ ' ' s
- Filer and - Survey, - 2000 T 747
" Martinez(29-31) U.S., - 2000 30 - 791
‘ . .2000 . 60 ' 848
2000 90 865
2000 120 R 1 21 S | e
Solid food, 4310 183 g2g8¢ - 871°  998+334
Various ' : L . _ s : e
| milks 4146 207 812+289°  860° . 974%338
Bureau of . Survey,U.S. 5963  365-1460 516 - 6289 |
The Census(33) - Solid food . : '
Rivera(32) “Duplicate =~ 8 - 54-216" , . : O - 660£307
: : . . meals ' ' o
~ Solid food 8 250-347 : ‘ ' : 744+299
milk not : ‘ ' ' . ' _

[ ideptiﬁed

- =15-

L0G8T-TdDN



Source

Fomonet a_.;l, (25)

Fomon et al. (25)

Kahn etal. (18)

'..This _papérz

Modified Cow's Milk Infant Forriulas (PF)

: Case-
: Klnd of study days -

Age (days ).

MeaniS. D; or median

ml/day
© %S, D, )

(mg/day .

+S. D.. )v

M1lk volume Milk. ca1c1um Total calcium- -

~(mg/day

~ 35.D.)

Balance
No solids
PF-S

Balance

- No solids

PF-526 .
and 22-3

Balance .-

Solid food

PF-S

’.Ba;laﬁ_ce‘
. Solid feod
. PF-MO -

18
30
21

48"

39

~27
39

36 .
45 -

252
532
728

700

700
560

.. 560

336 -

224

84

84

9%

84

70

70 -

56
70

11- 30

© 3461
62- 90

91-126"

' 130-160

. 164-182

15- 30
34- 60 |
- 61--90
91-124

. 34-"60
b1 90
... 91-120
- 424-150
~151-180

181-210

211-240
241-270
271-300

32- 61

62- 89

90-126

167-200

. 201-238 -
311-348

- 349-379 -
446-490

. 491-518

710°

- 844
918
4F

Eei

~
3
e}

~J
\O
e

L pojoo
ool\o
Joot=a

: 734#135>5

" See -

 684% 23
- 725%133°
720£117.

693101 -

’665t 76 

. Same aé
total Ca

Same as .

total Ca .

418

. 40T

- : 384
Kahnetal (18) 390"
entry abpve

- 382
1386 -
393

s6lE 51
598+ 98 - -

- 599+103
543+ 40
~529+ 42
599+427-

. 555%. 64

4474104

4_6.7_1 07" :

'524i115 L

625+127

. 680£171
T00% 93

665119

T55:144 - -

325& 45

331+ 54

374+ 66
410+ 54

424
422

411

- 4347
434
o442
456 -
Ty O

593+ 38

652+ 34

. Go6: 6

- 641+ 69
. 698 92 - -

6924114
676 30

. 572#453 .
568182

R
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" Human Milk (HM) .V
: Mean:l:S. D. or median

- Milk volume Milk calcium Total ca1c1um

’ , S Case- . (ml/day- (mg /day . (mg/day

Source | " Kind of study days Age, days ___#S.D.) ~+5,D.) . *5.,D.)

Fomonetal. Balance 30 11- 30 760+£140 1 231 43

(24, 25) No solids 42 31- 60 - 900+ 80 _ C 274% 24
o HM 33 61- 90 890100 Same as 270+ 30 .

42 91-120 - - 955% 97 " total Ca 290+ 29

39 124-150 970 79 : . 295+ 24

36 151-180 1016 59 . - . 309+ 18.

Duckworth Balance 31 46- 61 ﬁb Same as 242+145
and Warnock(23) No solids 19 72 - 86 1006 - total Ca - 3344137

HM

Footnotes:

a. Included in Duckworth and Warnock totals (23). , _ . -

b. Underlined milk volume entries were estimated as follows: When no solids were fed, milk volume
was calculated from (Ca intake) X (mg Ca/100 ml milk); WCM, 124.7 mg Ca/100 ml (19, 35, 36);

PF-S, 73.8 mg Ca/100 ml (25); PF-22-3 and $-26, 41.7 mg Ca/100 ml (25); and HM, 32.9 mg Ca/100 ml.

(25). When solids were fed, but neither solid food Ca nor milk Ca was stated, SOlld food Ca was read
from Fig. 2 for the appropriate ages, and milk Ca and milk volume estimated.

c. Kahn et al, (18)feda ready to-eat cereal, A correction of 80 ml of formula was added to their raW '
formula volumes and the S.D.'s were scaled upward.accordingly.

d. Underlined milk Ca entries were calculated for the Beal subjects, (26) none of whom drank PF or
HM as (stated milk volume)X (123 mg Ca/100 ml of WCM; for the Guthrie subjects, (28) none of whom
drank PF or HM, as (total Ca) - (solid food Ca from Fig. 2); for the Bureau of Census subjects (33),
all of whom drank WCM, as (milk volume) X 123 mg Ca/100 ml WCM.

e. Milk volumes were not exp11c1t1y given by the authors (29-30) but could be calculated from either
(calories contributed in milk) + (cal/ml of milk){apulated OF (total calories) X (% of total calories
contributed in milk) + (cal/ml of milk). Milk Ca was recalculated as described in the outline of the
Filer and Martinez surveys in the text. ' ' : : '

-€g—
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Table 2., ~Milk intakes of boys and girls drinking human milk (HM), low-fat formulas (PF), or cow's
milk (WCM or EV) and the influence of solid foods on milk intake. .

HM or PF no solid food (24, 25) - weM, EV or PF-MO,
IR . _ no solid food (22)  solid food after 60 days (this paper)
Girls = -~ Boys B : Boys S - Boys __Girls

No.? Mean+S,D. No.? MeantS.D. No.? Mean+S.D, No.* MeantS.D. No.?® Mean%S.D.

15-30 7 776 98 412 826 165 | 5 174 56 4 749 39
34-60 . 14 803 442 20 934 247 2 712 8 776 434 . 10 693 57
61-90 41 812 156 16 885 471 9 748 40 9 793 69 10 675 128
91-130 47 919 95 34 - 952 204 20 849 54 412 774 48 9 7379 452
131-240 18  869° 146 29 1032 160 18 903 65 5 724 81 6 643 29

a. In our studies, No, refers to the number of children studied, and in fhe- studies by Nelson (22) and

Fomon et al, (24, 25) to the numbeér of 3-day balance trials, Some of the children in the latter inves-~

~ tigation were studied more than once in a 30-day interval.
b. Girl 1MO received solid food from day 11.

Underlined means+S, D, were compared to the approprlate means :|:S D. of the boys studied by _
‘Fomon et al. (24 25) by use of the T-test and were found to be 31gn1f1cantly different (P< 0.01) (40).

d. Doubly underhned means +S. D, were 51gn1f1cant1y different from both the boys and the girls studied
by Fomon et al, (24 Z5). : .

“¥5-
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Tablé 3. Bulk intake of sblid foods |
.(grams per day :I:S_. D.). '

> o - Fruits, juices -Vegetables _ , ‘
Age (days) = Case-days .. Cereal " and desserts "and combinations Meatand egg Total
This paper , - » o
32- 61 224 3+ 52 15+ 24 g | 18 30
62- 89 1280 : 5+ 7 52+ 42. - 5+ 12 | ' 62+ 44
90-126 308 S TEET I 128+ 83 20 42 5+ 17 . 164 95
167-200 84 23+14 - 157+ 35 : 36+ 29 . 45+ 27 . 261 55°
201-238 - 56 26520 - 136% 34 65& 9 _ 68+ 37 295% 55
311-348 70 10+ 7 263+100 S 113% 32 47+ 16 - 435%109
349-379 - 70 C o9& 7T . 292424 - 113% 32 . 96 54 515+141
| 446-490 84 54 3 - 305245 - 445+ 52 112+ 95 560+242
 491-518 .70 3% 2 3674289 S 98+ 80 © 120%134 600+329
' Kahn etal. (18) | | R :
30- 60 336 50° 23 - 7 S 80
61- 90 672 1 52 - 22 S . 146
91-120 88 .88 . 87 B 42 ' L5 222
124-150 - 924 92 108 - . 55 o 45 270
151-180 896 98 © 134 13 18 1320
181-210 700 86 147 o 70 20 323
211-240 : 812 87 - 153 _ 85 25 . 350
241-270 504 84 .. 1M . 97 e 320 384
271-300 280 . .88 . . 180 Soour 28 - 443
Filer and | |
Martinez(29, 30)€ , _ | )
183 . © 4130 9 120 S 4 49 . 252
207 4146 9 113 - 87 - 49 258
R ' .~ Grand average (estimated)d‘ o _ S
61~ 90 c® s s o 0 C22
91-180 7 62 40 : 20 129
181-270 9 117 o 80 o 49 - 255
271-360 8 229 115 50 424
361-540 6

320 108 ' 109 : 558

-gG- |
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Footnotes to Table 3

a. Dry cereal, fort1f1ed with calcium phosphate,- iron and B v1tam1ns.
(36, 37). .

b. Ready -to-eat cereal prepared with frult rather than milk and fort1f1ed
Wlth iron and B vitamins only (37).

" c. Weight of total or individual solid foods was not given by the authors
(29, 30) but could be calculated from total calories tabulated for each
food category, an average conversion factor (cal/tsp) also tabulated,

- for each food category and second conversion factor,(21 tsp = 100g of

fruits, meats, or vegetables), and (9 tsp = 7.1 g of dry cereal) (36).

d. Grand average of bulk solid food was estimated by assuming

(a) the intake of prepared cereal in the Kahn et al. study (18) was too
unusual to be included; (b) the Filer and Martinez data (29, 30) defined

“the 6-month point; (c) average infants younger than 6 months took in
half the total bulk of solid food eaten by the infants in the balance studies
included in this table; and (d) the balance: study infants were representatlve
of the average infant populat10n after the ninth month :
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Table 4. Calcium intake in solid foods.

Individual food categories

(mg per day*S.D. )

.  Cereal and Fruit and = Vegetables a%d Meat and
-Age (days) . baked goods = juices combinations egg
This paper : a

32-611 14+ 24 1+ 1 o
62-89  35%¢ 43 3% 2 2+ 4 -

90-126 53+ 58 7+ 5 4+ 8 2+ 5.
167-200 407+ 88 8+ 2 9= 8 3+ 1
201-238 1424134 8 ‘ 14+ 4 5+ 4 -
311-348 53+ 35 13% 5 18+ 5 9+ 5
349-379 51+ 25 19+ 9 22+ 4 © . 30%26
446-490 . 43x 21 16+ 1 22+14 44432
491-518 29+ 47 49#47 18+17 35+42
Kahn etal. (18) - N
31~ 60 4P 2 2

61- 90 6 5 5 v

91-120 7 9 10 3
121-150 7 16 - ' 12 _ 7

151-210 8 21 15 _ 10

210-270 7 27 20 .15
271-300 - 6 35 23 15
Filer and Martinez(29, 30)¢ S o o
152-213 - 54 T : 24 13

Total calcium intake in solld food
(mg/day +S. D, ) '

Filer and Grand
‘Martinez average

ThlS paper Kahnet al. (18) Bea.l(Z())d (29, 30) iestlmated)

0~ 30 . 1. o
31- 60 15% 25 8 7 u 3
61- 90 ~ 41+ 45 16 - . 46 16
91-120" 65+ 59 29 . 57 . 25
121-150 : o 42 64 , 54
151-210 127+ 93 . B3 79 106 104
211-270 169%134 68 - E 176 ' 137
271-360 108+ 48 79 243 o . 143
1 361-450 126 - 258 ° 192
' 451-540. 102 L : 242 172

630-720 . - . N (T 176
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Footnotes to Table 4,

a.” More than half the calories and minerals of '"dinners'" and ' high-
meat dinners', which are combinations of vegetables and macaroni
products and meat or cheese, are contributed by vegetables.

b. The ready-to-eat cereal has a lower Ca content, 8 mg/100g, than
dry baby cereals, 626 mg/100 g(36), and was excluded from the calcu-
lated average. .
~c. Calculated from weight of SOlld foods shown in Table 2 and the fol- .
lowing average Ca concentrations (36): Dry cereal, 629 mg/100 g;
fruits and juices, 7.1 mg/100g; desserts 49.2 mg/iOO g; vegetables
and combinations 26.6 mg/100g; and meat and eggs, 26 mg/100g.
d. Solid food Ca was not stated explicitly, but could.be estimated as
the difference between total Ca (stated) and milk Ca (calculated as
shown in footnote d to Table 1). .

e. See footnote d, Table 3.




" Table 5.
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. Phosphorus intake in solid foods

" Individual foo_d categories
(mg/day+S. D, )

_-Cereal and

Vegetables and

Me_at and‘ :

I Fruit and
Age (days) - baked goods juices .. combinations egg .
This paper . -
32- 61 . .. 16% 29 2+ 2
62- 89 41+ 51 5+ 4 4+ 8 B
- 90-126 62+ 68 12+ 8- 7£15 7+ 20 -
167-200 148+ .99 19+ 5 16:1:15 39+ 16
201-238 166+150 : 20+ 6 v 24 74+ 38
311-348 62+ 45 21+ 7 56+28 56+ 22
' 349-379 61+ 33 2313 53+15 115+101
446-490 60+ 45 35+36 44+ 7 187189
, 491 518 43+ 37 35438 37+ 9 183+£209
. Kahn etal. (18) = ' .
© 34- 60 22P 2 3
61- 90 31 - 6 8 2
. 91-120 36 12 15 10
121-150 38 18 21 24
154-210 37 24 30 37
211-270 34 30 40 57
271-300 33 38 - 54 56
Filer and Martinez(29, 30)'C »
152-213 61 9. N 34 64
Total phosphorus 1ntake in solid food
, - (mg/day:l:S D.) . |
| Filer and Grand
Martinez average o
_ Thls paper Kahnetal. (18) Bea.l(26) (29, 30) (estlmated)
0- 30 | 159 15
. 34- 60 18+ 30 27 50 15
61- 90 54+ 58 47 95 32
91-120 88+ 76 73 124 95
124-150 = = : - 101 149 101
"151-210 222+117 128 180 178 175
211-270 284+194 162 286 250
271-360 * 195+ 81 181 - 400 300
361-450 252+149 : 349 300
451-540 312+241 440 376
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Footnotes to Table 5.
a. See footrniote a, Table 4.

b. The ready-to-eat cereal has a lower P content 32 mg/iOO g than dry
baby cereals, 694 mg/100 g (36), and was excluded from the calculated average.

c. Calculated from weight of solid foods shown in Table 2 and the fol-
low1ng average P concentrations (36): Dry cereal 689 mg/100 g, fruits

and juices 9.5 mg/100 g, vegetables and combinations 42 mg/100 g, desserts
48.3 mg/100g, and meat and eggs 130 mg/100 g..

d. Solid food P was not stated explicitly, but could be estimated as the
difference between total P (stated) and calculated = milk P (milk volume)
X (95 mg P/100 ml WCM) (19, 36) :

e. See footnote d, Table 3.




Table 6. Sodium intake in solid foods.
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‘Individual food categories

.'( mg/day %8S. D. )

o Cereal and Fruit and Vegetables and  Meat and
Age (days)  baked goods juices combinations egg
This paper - . . _

32- 61 14+ 25 4+ 8 R
~62- 89 32+ 44 16%14 23+ 49
90-126 56+ 59 3630 441+ 94 12+ 35
167-200 © 432+ 89 73+21 74+ 61 99+ 60
201-238 1474132 64+18 128 151+ 98
311-348 53+ 40 25+16 290+130 112+ 41
349-379 55+ 28 4125 292+ 70 - 214172
446-490 143+187 25+10 . 302+ 96 3274264
491-518 " 139%204 - 27%15 ‘ 232+161 251+326
Kahn etal. (18)° |
31- 60 53 5 19 2
61- 90 76 12 61 12
‘91-120 94 20 117 36
121-450 98 25 - 4153 43
151-210 98- 33 198 54
$211-270 91 39 254 67
271-300 94 43 326 67
Filer and Martinez(29, 30)° | _
- 152-213 57 23 - 225 117
Total intake of sodium in solid foods
(mg/d_ay +5.D. )" :
» Grand
‘ Filer and Martinez average c
This paper Kahnetal. (18) (29, 30) (estimated)”
31- 60 19+ 31 79 25
61- 90 72+ 77 - 161 58 .
91-120 145%160 267 103
~:4121-150 : 319 . 160
151-210 - 377+168 383 - 450 403
211-270 491+246 451 471
271-360 481+182 530 505
361-450 601278 601
451-540 725+403 725
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Footnotes to Table 6.

a. See footnote a, Table 4

b. ‘Calculated from weight of solid food shown in Table 2 and the fol- .

lowing average Na concentrations (36): Dry cereal 646 mg/100 g, ready-
to-eat cereal 107 mg/100g; fruit and juices 24. Z2m /100 g, desserts:
137 mg/100g, ve etables and comblnatlons 271 mg 100 g, and meat _
and eggs 234 mg/100 g. '

c. See footnote d,Table 3.
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Table 7 Potassium intake in solid food - -

Individual food categories

(mg/day 2S. D. )

- Cereal and Fruits and : Vegetables and Meat and
Age (days) baked goods juices combinations?® egg
This paper S '

32- 61 - 11+ 21 21+ 26 :
62- 89 26+ 37 54+ 40 21+ 35. i .
90-126 . 42+ 54 - 131+ 80 - 28+ 59 12+ 35
- 167-200 - - 84+ b7 _ 192+ 36 84+ 69 102+ 59
201-238 . 96 86 153+ 8 139 ' 159+102
344-348 36 25 227+ 88 168+ 43 94+ 26
© 349-379 34+ 17 269+154 199+ 68 S - 170+£149
446-490 57+ 59 © 453518 223185 2394247
491-518 46 49 . 4334524 - 177+£211 - 205+274
Kahn etal. (18)° | ' o
. 31- 60 - 28 24 9 : 2
61- 90 39 L 54 . 29 ‘ : 10
91-120 . 48 91 55 34
124-150 . 51 113 65 .~ 38
151-210 . 50 . . 146 _ 94 o 47
211-270 . 47 | 170 119 59
271-300 48 | 189 153 58
Filer and Martinez(29, 30)b ‘ v
152-213 42 121 - 4100 - 102
Total intake of potassium in solid foods
(mg/day#+S.D.) v
' ) ‘ _ Grand
: _ - Filer and Martinez  average -
. This paper Kahnetal.(18) (29, 30) (estimated)®
31- 60 32+ 43 63 . - 24
61- 90 101 82 132 58
. 91-120 212+£159 225 ' - o . 110 . "
121-150 267 : 133 -
151-210 462115 337 ' 373 o 391
211-270 547+194 © 395 Co : ' : 471
271-360 5244172 = 448 | o 486
1360-450  672£370 - 672

450-540 914+956 ' : : ~ ' 914
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Footnotes to Table 7.

a, See footnote a, Table 4. : ' '

b. Calculated from weight of solid food shown in Table 2 and the fol- :
lowing average K concentrations (36): Dry cereal 484 mg/100g; ready-

to-eat cereal 55 mg/100g; fruits and juices 109 mg/100g; desserts.
107 mg/iOO ; vegetables and combinations 132 mg/100 g; meat and
"eggs 198 mg/100g. _ - C ,
¢, See footnote d, Table 3.
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Table 8. Fractmn of 1nfants dr1nk1ng human milk (HM), whole cow's
milk (WCM), evaporated milk (EV), or ready-to-use formulas (PF) .

from 10 days to 10 months of age. Data from Cox (20), and Martinez.
(31) all shown in boldface; estimated values appear in standard type.

S

Infant age (months)

|

Kind of . . T
Year - milk 0.33 1 2 3 4 5 6 7 8 9 10
1953 HM  0.30* 0.23 =——  Same as 1958
' WCM 0.04 0.09 0.18 0.25 0.41 0.54 0.69 —Same as 1958
~EV 0.55 0.55 0.55 0.53 0.46 0.39 0.27 <—Same as 1958—»
PF  0.10 0.13 0.13 0.10 0.05 0.01 0
.1954 HM - 0.30 0.23 Same as 1958 :
WCM 0.04 0.08 0.17 - 0.25 0.41 0.55 0.69 w—Same as 1958—»
EV  0.52 :0.52 0.52 0.49 0.43 0.35 0.27 <—Same as 1958—»
PF  0.14 0.17 0.17 0.14 0.08 0.04 O
1955 HM 0.30 0.23 «—————— Same as 1958 — -
~ WCM 0.04 0.08 0.17 0.25 0.41 0.55 0.69 <—Same as 1958
EV  0.49 0.50 .0.50 0.47 0.40 0.35 0.27 <—Same as 1958
o PF  0.147 0.20 0.20 0.16 0.10 0.04 0 '
1956 HM . 0.29 0.22 Same as 1958 . SR
. WCM 0.04 0.08 0.17 0.25 0.41 0.56 0.69 Same as 1958
EV. 0.47 0.47 0.47 0.46 0.39 0.32 0.25 Same as 1958—+
PF  0.20 0.23 0.23 0.17 0.13 0.05 0.02 0. =
1957 HM  0.29 0.22 Same as 1958 -
~ WCM 0.04 0.07 0.16 0.25 0.41 0.57 0.70 <—Same as 1958—»= .
EV  0.43 0.45 0.45 0.41 0.35 0.28 0.23 =—Same as 1958
~  PF 0.24 0.26 0.26 0.22 0.16 0.09 0.03 0 =
1958 HM  0.29 0.22 0.15 0.12 0.08 0.06 0.04 0.02 0.04 O
- WCM 0.04 0.05 0.i5 0.24 0.42 0.56 0.69 0.83 0.90 0.96 1.00
EV 0,41 0.42 0.42 0.38 0.31 0.26. 0.21 0.15 0.09 0.04 0
: ' PF  0.26 0.31 0.29 0.26 0.19 0.12 0.06 O - :
1959 HM 0.29 0.20 Same as 1958 -
S "WCM 0.04 = 0.06 0.16 0.25 0.42 0.57 0.71 0.84 0.91 0.97 1.00
EV  0.41 0.41 0.38 0.34.0.28 0.23 0.16 0.10 0.07 0,03 0
-~ PF  0.26 0.33 0.31 0.28 0.21 :0.15 0.08 0.03 0.04 0O
19600 HM 0.29 - : Bame as 1958 S
: . WCM 0.03 0.06 0.16 0.26 0.44 0:58 0.72 0.87 0.97 0.98 1.00
EV  0.38 0.38 0.35 0.3¢ 0.24 0.19 0.13 0.07 0.02 0.01 O
PF  0.30 0.37 0.35 0.31 0.24 0.17 0.11 0.04 O
1961 HM  0.28 ' Same as 1958 ——
WCM 0.03 0.05 0.13 0.23 0.39 0.54 0.70- 0.87 0.98 1.00
~EV  0.36 0.36 0.35 0.30 0.2% 0.20 0.14 0.07- 0.01 O
- 'PF 0.33 0.40 0.38 0.34 0.27 0.20 0.12 0.04 0 .
1962 HM = 0.27 ———— Same as 1958 _ -
. WCM 0.02 0.05 0.13 0.22 0.38 0.56 0.72 0.88 0.98 1.00
EV  0.30 0.30 0.29 0.27 0.21 0.16 0.12 0.06 0.01 0O
PF  0.38 0.46 0.43 0.39 0.32 0.22 0.04 0



Year

1963
1964

1965

1966

1967

1968
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Infant age (months)
Kind of N : - . ' '
milk 0.33 1 2 3 4 5 6 T 8 9 10
HM 0.26 - Same as 1958 . : —
WCM 0.02 0.04 0.10 0.20 0.39 0.55 0.74 0.88 0.98 1.00
EV 0.28 . 0.28 0.26 0.24 0.19 0.45 0.11 0.05 0.01 O
. PF 0.44 0.49 0.49 0.45 7.33 0.24 0.14 '0.05 0.0
HM <«— Yame as 1965 —™ -
WCM 0.01 0.04 0,10 0.20 0.40 0.55 0.714 0.89 0.98 1.00
. EV 0.23 0.22 0.21 0.20 0.16 0.14 0.10 0.04 0.0¢ 0
- PF °0.51 0.54 0.54 0.48 0.36 0.25 0.15 0.05 0.0
HM 0.25 0.20 0.15 0.12 0.08 0.06 0.04 0.02 0.01 0
WCM 0.01 0.03 0.08 0.18 0.41 0.b5 0.72 0.88 0.98 1.00
EV 0.19 0.19 0.18 0.18 0,13 0.11 0.07 0.03. 0.01 0
PF , 0.56 0.59 0.59 0.52 0.38 0.28 0.16 0.05 0 S
HM <=— Same as 1965
WCM -«—  Same as 1965
EvV 0.143  0.1370.12 0.12 0.09 0,07 0.05 0.02 0
PF U617 0.64 0.64 0.57 0.43 0.32 0.19 0.08 0.01 O
HM = - Same as 1965 ° "
WCM —-— : Same as 1965 : .
~EV  0.09 0.09 0.09 06.0870.07 0.04 0.01 0 ,
- PF 0.65 0.67 0.67 0.60 0.45 0.31 0.23 0.12 0.0% 0
HM < Same as 1965
WCM <e——— Same as 1965°
EV - 0.05 0.06 0.07 0.07 0.05 0.03 0.01 0
PF 0.69 0.70 0.70 0.63 0.49 0.33 0.23 0.12 0.01 0

%see text for methods used to estimate mis sing values.




Table 9. Summary of calculated " average” mmeral concentratlons in m11k drunk by infants and of daily -
- mineral intakes in milk from birth through two years of age. -

e — P

Calcium Phos pho‘rus o ~ Sodium Potassium
Average S Average ' Average ' ~ Average .
milk concen- Daily milk concen- Daily milkconcen- Daily = - milkconcen- Daily
Milk - trationP intake . trationP intake trationb intake trationP ' intake

Age volume - 1958-1965  in milk .- 1958-1965  in milk =~ 1958-1965" in milk  1958-1965 . in milk

(days) (ml/day)® (mg/100 ml) (mg/day) (mg/100ml) (mg/day) mg/100 ml) (mg/day) (mg/100ml) (mg/day)

10 570 704 401 53.5 305 334 - 489 - 86.2 . 491
30 780 . 74.0 . BTT 56.8 443 34,6 271 - 89.6 699
60 840 82.6 694 64.4 541 38,4 322 99.0 832
90 . 840 88.3 742 69.2 = 581 41,5 349 104.1 874
120 - 840 103.5 869 - 83.2 699 49.2 413 121.2 1018
150 840 103.3 868 82.6 694 48.9 411 119.1 1004
180 840 111.5 937 89.6. = 153 52.7 443 1217.5 1071
210 . 830 120.6 1010 97.1 . 806 57.1 474 136.7 1135
240 760  4121.8. . 926 98.1 746 56,2 4217 137.6 1046
270 700 122.9 860 99.0 693 . 553 387 1385 970
300 670 - 123.0 824 SR 663 57.6 386 138.3 927
330 660 , 812 653 l - 380 913
360 650" 1 - 800 : 644 o 3714 l | 899
1styr, 765 108.0 . 826 863 660 50.5 - 386 . 123.9 948
- avg. . : : o . ' . -
. 540 590 123.0 726 199.0 584 - 157.6 . 340 138.3 816
720 530 i 652 b 525 T 305 | 7133

a. Read from Fig., 1.

b. - WCM (mg/100 ml): Ca, 123; P, 99; Na, 58; K, 138 (19, 36 38).

HM (mg/100 ml): Ca, 33; P 13; Na, 16; K, 50 (19, 25). ’

PF 1:1 dilution (mg/100 ml) Ca, 79:1:15 P, 60:!:15 Na., 34:!:9 K 92:!:31 (This paper, 18, 19, 36, 46) Con-
stant dilution assumed throughout.

EV 1:1 dilution (mg/100 ml): Ca, 120+14; P, 102+4; Na, 62 K, 146, (ThlS paper, 18, 19, 36, 46).  Dilution
assumed to vary with age as follows: 0 to 30 days, water: EV: : 2:1; 31 to 60 days, water: EV: 1.5:1; 61 to 90
days, water: EV: : 19:13; greater than 91 days water: EV: : 1:1 (45) :

=29~
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Table 10. Average calcium intake in various milks and solid foods durmg the. f1rst 2 years of 11fe of
a cohort of infants born 1 January 1965, -

Volume drunk . . Solid food

(liters) ‘ : ' . ' Cal(g)
o t2 5 v Calcium contributed_ - Total t2 -
s [ Vv, dt by various milks (g) P T [ Ca, dt® Total Ca
Age = ¢ ty . WCM EV PF “HM (Ca(g)) ty ’ ‘intake (g)
——Jda¥§l— —————— U - -
Oto 30 19.26 ‘ 0.66 2,75 8.38 1.18 13.0 0.22 13.2
31 to 60 24.3 2.37 4,16 11.2 1.18 19.0 . 0.68 19.7
61 to 90 25.2 : 5.55 4.41 10.3 - 0.99 21.5 1.08 22.6
91 to 120 12.4 3.84 7.34 0,63 24,2 1.46 25.7
121 to 150 ' 17.0 3.13 5.32 0.5 26.1 1.95 28.0
151 to 180 22.0 1.81 2,75 0.32 217.0 2,40 - 29.4
181 to 210 - 27.6 0.84 - 0.38 0.14 29.1 2,78 31.9
211 to 240 24.0 28.2 0.44 0.20 29.0 3.00 32.0
241 to 270 21.9 26.5 - 0.27 26.8 3.60" 30.4
271 to 300 20.25 25,3 _ i 25.3 4.05 29.4
301 to 330 . 19.95 24.5 ' o 24.5 4.35 28.8
331 to 360 19.65 24,2 K 24.2 4,72 28.9
Total 1st year ' 216.3 21,6 -~ 45.9 - 4.9 289.7 '
361 to 540 111.6 ©. 437.3 ' _ ‘ 137.3 - 33.4 . - 170.7
541 to 720 100.8 ' - 1231 ‘ _ 123.1 34,2 157.3
Total 2nd year 260.4 : _ 260.4 67.6 - 328.0
Estimated total intake in solid fooddl (grams calcium per interval)
Cereal and ' : - Vegetables and 7
baked goods . Fruit and juices combinations - Meat and eggs Total
0to 90 1.7 0.14 - - 0.18 - -0 2.0
91 to 180 3.9 0.40 0.96 0.47 5.7
. 181 to 270 5.4 T 0.79 2.0 - 1.21 9.4
271 to 360 6,0 . 1.9 o 306 1.6 13.1
1st year total’ 17.0 3,20 6.7 3.3 .. 30.2.
2 nd yeartotal 21.7 13,1 - o 16.6 16.4

67.8

;€9_
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Footnotes to Té,ble 10'

a. Month-by-month numer1ca1 1ntegrat10n of average da1ly milk volume
curve in Fig. 1. |

b. Calculated from Eq.:3; fr rea.d from Table‘8- C read from foot—
notes to Table 9. :

c. - Month-by-month numerlcal 1ntegrat10n of average daily sohd food
calcium in Fig. 2.

d. . Proportion of solid food Ca contributed by each class of solid food
was calculated for each quarter from the proportlons shown in Tables 3
and 4. ' . :




T:able 11. _

Intake and retention of calcium by infants drinking {rarious milks.

" Ca Retention

Bone Ca

- a
. : Case- Ca intake gross corrgcted increment(g)
~ Age (days)  Milk product days - (mg/day) (mg/day) (mg/day) (%) (Oto 1 yr) . _ Ref.
60 to 300, - PF-S, 6527 505° 180 1580 31.3 57.8 18
: dilute EV : ' :
30 to 365 PF-MO 588 634° 181 159 ~  25.1 58.0 . . This paper
30 to 130 EV 700 937¢ 255 232 24.8 84.7 This paper
0to 60 EV,WCM 47 748 224 202 ' 23
60 to 120 EV,WCM - 558 819 239 217 23
120 to 180 EV, WCM 733 962 270 248 23
180 to 240 EV,WCM 296 1054 330 308 23
240 to 300 "EV,WCM 132 1068 356 334 23
1styr. avg. 953 296 274 28.8 100.
0 to 60 HM 63 292 109 87 25
60 to 120 HM 63 305 157 135 25
120 to 180 HM - 69 320 151 129 25
1styr. avg. , 313 145 123 39.3 44.9 25
0to 180 PF-S 201 724 254 232 32.0 - 84.7 25
Avg.EV, PF, WCM 877¢ 247 28.2 90.2

2. Corrected rotention = gross retention -22 mg/day.
and desquamated skin estimated to amount to 22 mg day (18, 47)

b. Corrected by the authors (18).

c. Intake includes solid foods.

to be milk only.

Ca losses in sweat,drooled sa11va, halr, nails,

Other 1ntakes are as stated by the authors (23, 25) or assumed (by us)

-99_
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Table 12, Sample calculation of 90Sr contribution of various milks and solid foods to the total " “Sr
’ ' intake of the cohort of infants born Jan., 1, 1965 in the northestern U. S.
: : " Average L : Avera.ge
9051 ( pCl/g Ca) of various ' 9OSr(pC1)contr1buted by 90Sr accumulated
milks 1965 New York Citya ‘various milks in 1965 ¢ L (pC;)
WCM EV PF HMP WCM EV - PF  HM Total = Total xS, D. Sr
1965 : ’ ) S o : R
Jan. 20.8 ? *' 2.50 13.7 42.6 250.6 - 3.0 309.9 - 309.9 190
Feb. 18.0 . 15.5 29.9  2.16 42.7 64.5 327.0 2.5 436,7 = 746.6. . 401
Mar, 21,1y i 2.53 117.1 ~ 68.4 307.7 2.5 495.7 - 1242.3 609
April 19.0 A A 2.28 235.8 76.8 226.8 1.4 540.8 1783.4 - 779
May =~ 22.9 20.0  30.9 2.75 389.5 - 62.6 164.4 1.4 617.9 2401.0 934
~ June 18.0 v Y 2.16 396.5 36.2 85.0 0.7 518.4  2919.4 1086
- July 18.0 i A 2.16 497.5 21.8 7.0 0.3 526.6 '3446.0 © 1203
Aug. 22,2 26.0 29.7 2.66 629.4 11.4 5.9 - 646,7 4092.7 1330
Sept. 16.5 Y Y 1.98 437.4 7.0 - 444.4 4537.1 1420
Oct. 17.6 A yo2.11 - 438.2 . ‘ ' 438.2  4975.3 . 1507
Nov. 17.6 18.0  27.6 2.11 431.9 o 431.9 5407.2 1590
Dec.  17.1 v Y 2.05 413.5 . ' © 413.5  5820.7 -~ 1682
Jan.-June 13.9 o ' 1909 v ' ' 1909 7730 - 2095
July-Dec. 10.5 - . - 1293 s | ' 1293 . 9023 2400
| '~ Solid food 9OSr(pC )4 . Allmilks 0Sr(pc;) . Adult
: . . : ' - Grand ' :
: Cereal Fruit Veg. Meat Total WCM EV PF . HM' Total total  Total®
Oto 6 mo 37 25 97 7 . 166 1195.3 354.1 1361.5 11.5 2919.4 3085 5034
7to12mo 59 = 157 422 26 664 2847.9 40.2 12.9 0.3 2901.3 3565 3851

13 to.24mo 96 - 686 941 134 1857 3202 3202.0 5059 6868

=99~
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Footnotes to T‘able 12,

.a. U. S, AEC Health and Safety Laboratory, Tr1 C1ty Diet and Infant
Diet Surveys results (32, 49-53),
b, 90sr concentration of HM assumed to be 1/10 the 9OSr concentratlon
of the mother's diet (54), and approx1mately = 0.1 X1.2 (WCM PCy OSr/g
Ca)

90Sr.contribution of varlous milks = (Ca(g) .contrlbutlon) X (9OSr pC-/g
Ca) See Table 10.
d.  90Sr and stable Ca were measured in prepared baby foods only for the
- years 1959 through 1963 (10,52). During those years the 90Sr concentration
(pCl/g Ca) of baby fruit was 0.69 X the average (pCi/g Ca) in the Tri-City
diet analyses of canned fruit and fruit juices; the 90Sr content of baby
vegetables was 1.21 X the average (pC;/g Ca) in the Tri-City diet analyses
of fresh vegetables and canned vegetables; the 90Sr content of baby meats
was the same (pC;/g Ca) as in the Tri-City diet analyses of meat, fish
and eggs; and the 9OSr concentration of baby cereals (low because of the
addition of dicalcium phosphate to these products) was 0.123 X the
average (pCi/g Ca) of the Tri- Clty diet analyses of baked goods, whole
grain products, flour, macaroni, and rice (50).. Average 70Sr concentra-
- tions in New York City diet samples for the years 1965 and 1966, re-
spectively, were as follows: canned fruit and fruit juices, 77.8 and 76
pCi/g Ca; canned vegetables and fresh vegetables, 64.6 and 46.8 pC;/g Ca;
meat, fish, and eggs, 10 and 8.2 pC ./g Ca; baked goods, whole grain-
products, flour, n@:—oxcaronh and rice, 48.1 and 36 pC,({(% Ca (51).
e. Total S.D. of 7“Sr/intake includes differences in 7YSr and Ca concentra-
tions of the four milk varieties and the variation in rn11k 1ntakes of individual
children. See text. ' :
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Appendixi_a. Average daily intake of fof_rnula from 15 to 30 days of age.

Number of days volume was drunk

Volume . Girls ' All - Boys All Combined-
(fl oz/day) 1 MO 3 EV 5 MO girls 7EV 8 MO 10 EV boys boys and girls
15.1-16 : ‘ :
16.1-17
17.,1-18 -
18.1-19
19.1-20
20.1-21
21.1-22
22.1-23
23.1-24
24.1-25
25.1-26
26.1-27 -
27.1-28
28.1-29
- 29.1-30
30.1-31
31.1-32 ,
32.1-33 1 ‘ o1

>
BN NN e e
|~ =~

N =

NNV N B W[ONW O - N
™
>

N
)
TR RN DN s

L~
. - .
N AR oU, oo NW

-
(RN

DD = e N

NP W WD UTW W R -

SN

No. of days ) : : : ' ' ,
recorded 10 20 2 32 14 6 8 28 60

' ' - _ S Between-
Mean y . | o o Grand child
intake . _ R average average
(f1 oz) 25.4 23.5 T 24.2¢ 23,9 25.2 28.2 25.8 24.5 25.3

(ml) b 751 695 . ' 716 707 745 835 764 723 747
+5, D'W - 94 718 73 85 11 . '
+S. D. T : 86 A : 92 88 A
+S. D, =S, D. Fo or +S. D, o 86 65

B’ M




'Appendix 1b. Average daily intake of formula from 31 to 60 days of age.

Number of days volume was drunk

L0587-THDN

Volume Girls ~ Al Boys All Combined
(fl oz/day). 1MO 2EV 3EV 4EV  5MO girls - 6EV 7EV 8MO . 10EV boys boys and girls
15.1-46 = : 1 1 2 2 3
16.1-17 : 1 1 1
17.1-18 1 1 1 1 4 4 4" 8
18.1-19 1 1 1 1 4 2 2 6
19.1-20 4 -1 1 3 9 - 3 3 12
20.1-21 2 4 2 3 11 : 3 3 14 -
21.1-22 3 2 2 4 4 15 1 2 3 18
122.1-23 5% 4 5 1 1 16 3 1 4 20
23.1-24 7 2 1 2 1 13 5 1 2 8 21
24.1-25 4 6 4 2 16 5 1 3 9 25
25.1-26 . 2 1 1 4 8 7 1 8 16
26,1-27 1 2 3 4 6 16 6 3 4 13 29
27.1-28 1 17 4 3 2 17 1 2 3 6 12 29
28.1-29 2 1 1 4 3 1 3 7 11
29.1-30 1 - ' 1 3 1 2 5 6
30.1-31. 1 1 5 1 6 . 12 13
31.1-32 : _ 1 4 3 7 8
32.1-33. M 1 5 1 6 7
33.1-34 ' 4 1 5 5
34.1-35 o -
35.1-36 2 2 2
No. of days o ' : '
recorded 30 24 30 24 30 138 27 30 30 30 - 147 255
- B - ' : Grand Between-
average child
: average
Mean intake . o ‘ ‘ . . ' _
(fl oz) "=~ 22.8  24.7 24.2 24.2  24.0  23.9 31.5. 25.1  22.6 28.2 26,7 24.9  25.3
(m1) b 674 730 - 716 716 710 707 931 742 668 834 790 736 747
+S. D, - 73 101 91 95 = 113 61 55 151 -T2
£S. D. - 94 : : 134 123

#S.D. B, #S.D., or #5,.D.p; 25 . | | 116 87
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B Appendlx le.” A.vérage daily intake of formula from 61 to. 90 days of age-A

_ Number of days vollurrie was drunk
Girls All - — Boys - All Combined |

Volume

o4

L0G81-"TdDN

(fl oz/day)’ 1MO 2EV 3EV 4EV 5MO girls 6EV 7EV - 8MO . 9EV . 10EV boys. boys and girls.
15.1-16 2 1 3 ‘ 6 S L 6
16.1-17 1 1 2 : DR ‘ . 2
17.1-18 10 o1 2 S 13 o A : 13

. 18.1-19 32 2 . 2’ 1T -8 .. B 4 ’ -8

149.1-20 - 1 2 3 : 6 o ' ' 1 1 7

. 20.1-21 5 3 3 ' 2 13 - ' 13
21.1-22 1 5 3 2 4 15 1 - 1. 1 3 18
22.1-23 4 2 3 1 -1 1 © 2 Y - 1 5 16
23.1-24 1 5 1 6 13 1 6 1 5 5 18 31
24.,1-25 5 3 4 1 13 1 6 1 Zz 5 15 28 -
25.1-26 2 3 6 11 2 6 4 1 3 16 27
26.1-27 3 2 S 2 4 11 1 5 7 : 5 18 29
27.1-28 2 1 5 .8 3 2 2 '3 10 19
28.1-29 , 2 3 1 6 3 3 4 3 13 . 19
29.1-30 3 3 6 5 3 - 1 9 15
30.1-31 2 2 1 2 1 4 6
31.1-32 . 1 1. v 2 5 2 . 7 9
32.1-33 o L 1 1 4 1 1 6 7
33.1-34 o ' : 2 4 3 3
34,1-35 - 1 1 1
35.1-36 : 1 1 1
36.1-37 o - . K - _ : ~' : .
37.1-38 1 1 y T o 1

No. of days L : : - ‘ ' - S .

recorded 28 30 30 - 30 30 148 30 .30 - 30 10 30 130 278

: o B ' : - : - o Grand Between-

_ average child

Milk intake . ‘ . . - ‘ : ‘ ' o average

(fl oz) 19.3  23.5 24,9 22.3 26.2 23.3 29.6 25,5 28,4 23.8 26.1 26.8 24.8 25.0

(ml) - 571 695 136 659 775 . 681 875 754 831 704 772 1793 733 737

+S. D, WP 68 - 96 116 117 .97 . 96 51 . 87 81 I

#S. Dop 0 n T L r26 _ ‘ ST 94 21 ‘

+S.D. g, S, D. g, or S. D.g ' .19 - _ _ A Y _ 87




Appendix 1d. Average daily intake of formula from 91 to 130 days of age.

Number of days volume was drunk _

-4'; L-.

Volume Girls Al . Boys All  Combined -
(fl oz/day) 1MO ' 2EV. 3EV -4EV 5MO girls 6EV. ~7EV 8MO 9EV  40EV boys boys and girls
15.1-16 . 3 3 | 3
16.1-17 2 3 5 5
17.1-18 4 7 11 - 11
18.1-19 5 6 11 11
19.1-20  10% 8 18 _ . 18
20.1-21 11 ES 12 2. 2 1 5 17
21.1-22 2. 1 2 5 1) 1 2 7
22.1-23 1 3 5 3 8 11
23.1-24 4 4 1 5 2 4 2 14 18
24.1-25 | 6 6 5 9 2 17 2 25 31
25.1-26 1 5 6 4. 3 3 T 2 19 25
- 26.1-27. 5 Zz 7 3 8 7 4 7. 29 36
27.1-28 5 1. 2 8 Z 2 Z 7 3 20 28
28.1-29 5 1 2 8 3 1 1 2 1 8 16
29.1-30 Z - 4 8 2 . 3 3 8 16
30.1-31 2 1 2 5 1 1 2 2 6 11
34,1-32 1 1 3 3 4
32.1-33 S ~ E ,
33.1-34 2 1 3 1 1 4
34.1-35 2 2 2
No. of days S v : ' o
recorded 35 30 4. 30 28 127 27 36 24 . 36 25 148 275
' ' ’ ' Grand Between-
B ~ average child
Mean intake . ' ’ : f ' average
(fl oz) 19,9 28,6 30.4 48.6 25.9  23.3 27.2 25.0 27.2  25.3 26.9 26.2 24.6 25.0
(ml) 588 846 890 550 765 690 804 739 804 748 795 773 726 738
+S. D. P 41 94 48 69 .18 59 62 61 86
%S, D. P T : | 146 ' = | 73 120 A
5. D. g, #8.D. o, or %5, D. 1 142 34 | 101

10681-"19D01



Appendlx le. Average da11y intake of formula from
167 to 518 days of age two girls (1MO and 5 MO) and one boy (8MO).

167 to 238 days 311 to 379 days

!-ZL—

°B

- Volume . - ‘ :
(fl 0z/day) 1MO 5MO 8MO All - 1MO 5MO  8MO Al - 1MO 5MO .. 8MO  All
< 16 5 5 3 4 7 11 18 29
16.1-17. 3. ¥l 4 4 4 1 1
17.1-18 2 2 -5 2 7 1 1
18.1-19 - 4 4 3 11 10 4 14 4 4
19.1-20 6 2 6 14 7 3 1 11 3 5 1 9
20.1-21 40 4 6 50 1 o 22 5 1 6
- 21.1-22 5. 2 6 13 4 10 2 16 3 9 4 16
22.1-23 1 3 14 18 8 10 18 6 9 5 20
23.1-24 8 8 16 16 4 20 15 8 15 38
24.1-25 1 5 6 1 2 3 6 2 4 9
25.1-26 2 2 2 2 16 2 18
26.1-27 2 2 1 1 11 1 12
27.1-28 4 4 6 -6 3 1 4
28.1-29 2 2 1 1 ,
29.1-30 1 1. 1 1 1 1
- 30.1-31 1 2 3 2 2 3 3
31,1-32 1 1 2 2 2 2
> 32.1 6 6 2 2 4
No. of days 56 35 63 154 56 57 30 143 5 66 56 56 178 o
recorded Grand tween- Grand tween- ' Grand tween-
aver- child ‘aver- child aver- child. c.
Mean intake o _ age average N ~ age average : age averageg
(fl oz) 20.9 20.6  23.3 248 21.6 20.0 22.4 28.1 22.6 23.5 25.3 20.6  21.4 22.6 22.4 -
(m1) 618 609 689 645 . 639 591 662 830 669 694 748 609 633 668 663 L
5. D. > 26 103 . 96 62 78 127 74 114 123 %
+S.D. T - 90 - . ’ 122 145 o
+S. D 44 . 101 73
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Footnotes to Apmandicés 1a-1é.

a. . Median underlined. '

b. (S.D.p)” = (8.D. )% + (5.D. 5)°, where S.D. . is the total standard
deviation calculated by treating each daily 1ntake of each ch11d as an '
independent datum.

S. D. ,, is the daily flucuatlon of an individual child about 1ts own
30 day average.
- S.D, is the variability of intake between children of both sexes

\calculated by treating as completely defined the average daily intake of

‘each child (based on 6 or ‘more days of observation). ’
S.D. F and S. D, M are the within-sex variability of girls and

boys, respectively.



SOLID FOODS

SQLID _FOODS

TOTAL INTAKE FOR 14 DAYS (KILOGRAMS)

TOTAL INTAKE FOR 14 DAYS (K]JLOGRAMS)

FOODS

» PROCESSED BABY FOODS TABLE FOODS PROCESSEN RARY _FOODS . - TABLE

AGE 1D CER-FRUTT VEGeMEAT JUICEBREAD EGGHPUDD=PATRVFRESHI AcE ID KER-FRUIT| VEGeMEAT [JUICEBREAD| EGGSPUDD~PA IRYFRESH| MEAT

DAYS NO+ |EAL INGS FOODSFRUITH pays®  NOe EAL - INGS [FOODSFRUIT

34 GM . IMQ 196 557 341 GM 5Mo| 053] 1161] 1340 500 1500 059 151

49 GM 1MJ 194 1178 358 _GM sMol D66] 1528] 1658 £70 964 079 Joif

63 GM Mg 293 1401 372 GM sMo[.062] 1.528] 986 L000| 1327 031 525
77 GM 1M 414 1504 469 GM 5M0|.043| 1305|837 367 521 066] 069 382 ,045
91 GM Mg 409 1629 483 GM  sMmo|038| 1241 77¢ 509 771 027 568 ,040
1105 GM Mg 564 1904 . 497 GM 5M0},021| 1385 737 200 480 ,036] 055 .384
118 GM iMJ 594 1982 511 GM 5M0|.038| 1145 479 200 ,360 82
189 GM 1Md ,567% 1987 938 ,750 . 7
203 GM M 391 1978 605 L35 %1 oM ZEV
217 GM Mg 608 191Y B87H L400 55 GM: 6EV[.017] . .

231 GM 1M 606 1937 .804 L&0Q 69 GM 6EV[O31] .104 215
329 GM 1Md 189 3754 L769 .70Q 480 352 669 84 GM 6EV].046] 067 067 357
343 GM 1Md 280 3504 1919 504 564 J8§ 191 98 GM 6EV[.076] D67 D867 557
357 GM 1Md ,295 3964 2014 1,200 1080 754 572 - 112 GM 6ev|.083] 067 067 600
371 GM M 098 4671 1970 1500 L780 0&g 127 , _

469 GM iMd 249 5344 2611 1904 2520 1414 191 195d] 39 GM 7€V

481 GM 1Md 068 2485 2424 1700 2422 1910 191 1950 54 GM 7evV[ 033 202
495 GM 1Md 066 4584 2604 1.60Q 2604 1914 573 1650| 68 GM°  7EV|.062| .878
509 GM iMd 064 5157 2594 1500 2594 257 387 80482 GM TEV[.092| 1688

' : : 96 GM 7ev],099] 2835

44 GM I N T11 GM TEV| 099| 2835

58 GM 2E\ 844 -125 6M° 7EV| 099 2835

72 GM 2E\ 1234 - e

86 GM 2EM 213 108d 1584 39 GM amol 004 028
106 GM 2EV 099 2295 1064 400 53 GM 8MO| 020 .384] [~
114 GM 2BV £99 3780 212§ 110G 67 _GM 8Mol 005 186
= 81 GM 8MO[.019] 528
.18 GM 3EV 95 GM 8M0| 078] 1126

32 GM. 38y . 109 G* avol 081 1514 ”“‘

46 _GM 3EM 024 179 GM aMo| 154] 1508 917 ae0l 320

60 GM 3EM 034 254 193 GM 8MO| .133] 2301 534 381 284

74 GM 3EM 089 945 207 GM gMol 120| 1119 L0951 467 ,250

88 GM 36 .100 769 .35 221 GM BMO| 131| 1830] 881 &&47] £0O

: ‘ 318 GM sMo| 133 1774 908 311 328 071 076

44 GM 4E\ 348 GM BMO| G2 2071 1258269 291l 20T 062

58 GM 4£\ 085 . 453 GM- - -8Mo| 207 2837 L227 .800| 029 &89 430| . 275

72 GM’ 48V 163 339 337 467 GM_ T BMO| 058 2574 1893 asol | a3 316l [T )

86 GM 46V 130 T4 598 481 GM 8MO| 045 2064 1499 350 077 Ja78| S84l 192 051 440] 180
100 GM 4E 1464 1141 733 455 GM BMO| 014 1676 460 250 D50| 495| «135| 573 330055
114 GM 4BV dae7 1114 669 . - L N R IS T N R
ST - .. 96 GM 9€EV|.099| 2835

41 GM 5MQ 046 #29 _ 111 GM 9EV|099] 2835 N

55 GM s5mMd 005 601 125 GM 9eV[,099] 2835 ;

69 GM 5Ma 024 1,086 - :

83 GM 5M0 028 1018 39 GM__ 10EV|010

97 GM 5M0 082 1,716 53 6M 10Evl011
111 GM 5Md 092 1816 67 GM° 10EV[,011] 033
174 GM sMd 244 2687 353 d20 81 GM _ 10EV|[.011} 4066
188 GM sMd 257 28031 04 471 95 GM 10EV].007] 066
330 GM sMg 050 1910 L98d 604 1,271 ,0073 J64 109 aM  10Evho1ol f0e6
¥ AGE AT WID-POINT OF 14-DAY INTERVAL ) » e R

Appendix 2.
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_ DAYS

34 CA

49 CA

63 CA T

- 77 CA
-5 o
105 CA

“118°CAT

189 CA

203 CA T

© 217 CA

“SRTCAT T IO T,

329 CA

343 CA

357
371
469
481
495
509

CA
CA

‘CA

T 44 'CA
CA
T2
86

. 100
114

CA
CA

CA

CA
CA
CA

CA
CA
CA
CA

CA
CA
CA
CA
CA
CA
CA
CA
CA

X
AGE AT MID-POINT OF 14-DAY INTERVAL »

CA~

CA™™ " TM

AT

A
cA

“CA

CA™ " g

CA

< ’}

IRLS

CALCIUM ==~ === .G
TOTAL INTAKE FOR 14 DAYS (GRAMS)
"CERTFRUTT['VEG MEAT [SOUTD[ MI'LK|"GRAND
TOTAL TOTAL
1077 029 “1M,106| 7,230[ 8336
1080] 061 1141 7.236| 8377
1567076 T 1643 TH01 9044
2362 102 2428| 6282]| 8710
1722637086 72359 6450 8T99
3049 J01 3150 697700127
| A2T4 1127091 173417 66 T&L0091
2931 108} 194 ,058] 3291 691110202
3246 1121 116/ " JI05[ 3579 TPS51Q634
3,380 J11] 155 Q13| 3759 710510864
1 3,316 T ITO Y09 3T T T 80T0791
1018 253] 314] 242 1827 6549 8376
[ 1.504] 283 333 X155 2275 17.058{79333
1585| J360] 329 311 2585 7580{10)165
TTS290 41773877959 2292] 6492 87184
1019{ 590] 529 1116 3254 773910993
CSTITHE2) T 493 II5E 26 T2 TS 2LE0X 93
U39 5S4l 530| LO%4| 2804 T,762[10566
639 5631 532 L2255 2989781591 1a48
h T 104210421
053 0531152311576 .
068~ |- 0681082210890
1318| 090 371 17791 2024113803
5301 J39 220 Q26| 915151306045
568| 208 466 .261| L503]16132]17635
8317 8317
. - R RYST SO
058 £58| 9118 9176
067| 018 " 085[79920/10805
J48] 063 2111032110532 -
172 051,081 J04[12325]12629
R - Ao g ralrsTe
443 443[13216|13659
8491 D20} 050 S1913276[14295
J32] Q43] 087 B62| 9980[10842
‘B56| 0671 Y10 1 1033| 9940110973 -
J93| 0e5| 100 958[10250/11,208
279 P18 297 7652 7949
032] D24 T 05679626 2682
J46| D46 J492] 8677 8869
1737049 12221°8,71601°89827
S01| 084 S85{ 9530{110115
554 096 T.650| 4886 9536
879 J42 ] 028 L04a9| 6948 7997
J40| 54| 008 032 934| 7199 8133
268 JA84) 302 142 B896] 1342 8238

e

Appendix 3.

TOTAL INTAKE FOR 14 DAYS (GRAMS) : .
T"AGE™™ “CERFRUTT VEG MEAT [SOLTD MTLK| GRAND -
1 DAYS TOoTAL TOTAL
341 CA T B02(77,126) 72020871 1915 8627
| 358 CA 370 100 238 301 1009 7780 8789
1372°CA W3 FY[ TGS TLIT2 268 TSI 2198135
(469 CA »293| 084l LO67| 268 J12 6866 15718
1483 CA 22 OBITIIY 30 TE 8956698
;497 CA J47) 087 44 16 S40 6394 6934
“!511 CA™ "7 "5M AN 0T 0T .15“5| M"6,336"‘6.85‘9 :
{ k
1 CALCTUM - - — e e GG mmrr wonrimiemiom -
{ 41 CA 6EVIL250 12525]12525
‘) 56 CA™ " EEVII2H60[ P90 03 L 20282512745
i 69.CA 6EVIL180 160 008 026 1941182412018
184 CAT T T BEVITLION 2407019 0L T a2 THIRT231 L9999
i 98 CA 6EV]I1401 394 027 .024 4451162311863
T112°CATT T 6EV]I220! 4301 w029 024 T B83T222412617 -
T UB9TCATTTTTEVT TS T T2 7612176
54 CA TEV1348| 172/ 013 1851350713692
68 CA TTEVI421]7,320] OB TTATTIa238)k4515
. 82 'CA 7eV1332| 480| 110 590[13347]13937
T 96 CATT UUTTEVI3BL T A1 185 JO2[13838[1a540 -
111 CA TEVIA58] 517 185 J02113560714309
1125 CATTTTTTEV 28T 81T kB S JO2129 3613638
1 39 CA 8MO1 350 ",022] "~ - 02285958617
" 53 CA 8M01 069 114 D18 WJd32 6,756| 6888
76T CAT C8BMOft4d T 03117011 04293359377 -
. 81 CA 8MO[1540[ J106| 033 139 9,733] 9872
T8 CATTTTBMOL AT T A3 059 BIB Y GS9643
£ 109 CA 8MO[L4&T4 #52| 083 535 9316 9851
179 CA TBMONL 18| B&42[ PTOTIBE P29 1A 36 T499 835 -
£193 CA 8MO1292| 693| 119 172 927 LOlll K088 9099
1207 ‘CA T BMONLY 3 WS2T 0992801029 L0335 T468 8S03 -
221 CA 8MOL309] J12| 113 459 039 1023 8194 9217
7318 CATTTTTBMON YT 689 128 D66 OB LIOFTIITTIA TS
348 CA 8MO1362| ,758] J48) ,243| ,054 1,203 8771 9974
L 453 CA 8MO| 757 B56| 206 298] 470/ L8B30 435376]183;
S 467 CA 8MO| 886| J97} L14 359 305 L6T5 5094 6769
T 481 CAT 77 8MOM0OS6I T ST T 214 Z96( 530 1657 6302 7959
495 CA 8MO| 734 404 176 078 43| B0l 4220 5021
- 96 CA 9EVL386| Sl7| 185 7021388814590
111 CA T 9EV[L383[ 517 185 T I02 Y355 7T 59
. 125 CA 9EV[L3S55 517 185 JO021337714079
39 CA 10EV]I210} 058 0581212412182
"53°CA T "10EV[I4s0 057 DSMUE2ZI 4s86™ -
67 CA 10EVR350f 057 Q004 ,06113.527135588
81 CA 10EVL&4DO| 087 D08 | T Q651402814083
95 CA  10EV[E390] 049 008 0571392813985
109 CA T10EV1450 .057 T oog - [ ~06514930114995

—SL-
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PHOSPHORUS -—- GIRLS o : e
TOTAL INTAKE FOR 14 DAYS (GRAMS) ) - TOTAL INTAKE FOR 14 DAYS (GRAMS)
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FIGURE LEGENDS
Fig. 1. Daily v.'o.lurnev of milk drunk by infants given human milk, whole
cow's milk, evaporated milk, or low-mineral prepared formulas.
Fig. 2. Daily éaiciﬁm intake of infants given human milk, whole cow's
‘milk, evapora‘ted»mi'lk, or low-mineral preparéd formulas.
Fig. 3. Daily phbsphorus intake of infants givén human milk, whole
‘C'OW'S milk, evaporated milk, or low-mineral prepared formulas.
Fig. 4. Daily sodiﬁm intake of infants given human milk, Whole cowv;s
milk, evaporated mili(, o.r low-mineral prepared formulas.
Fi‘g.v 5 Daily potéssium-intake of infants given human milk, whole. c.ow's
“milk, gvaporated milk, or low-n-r.line:ral prepared formulas. |
Flg 6. Fraétion of tdt»al‘ number of infants fed various milks from birth
| fhrough 10 .mo_ntl}fs of age during calendar yeaf 1965. Data of

Cox (20).

Fig. 7. Fraction of total number of 1-month-old infants fed various milks

from 1950 through 1 968. Data of Cox (_20) and Martinez (31).
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not In-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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