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ABSTRACT

The compos'ition of human milk fed 20 premature infants (ìess than

15009) , their rates of growth, incidence of hyponatremia and. bone

mineral jzation were studied during the first six postnataì weeks.

Analysi s of al 'iquots of human mi I k f rom each' f eedi ng showed that m'i I k

from mothers de'l ivering prematurely (PT) contained significantìy

greater concentrations of total nitrogen (TN), nonprotein nitrogen (nfn)

and sodium, and lower concentratìons of calcium than mature milk donated

to the nursery (D). No differences were found jn fat, lactose, energy

and phosphorus concentrations. The composition of PTID mixtures was

similar to the PT milk. The TN concentrations in PT milk decreased

significant'ly from 377 ng/dL during week one to 297 mg/dl during week

two to 247 ng/dL during week three and then remained stable. The six

week overall mean concentratíon of TN was significantly greater for PT

mjik, 260 ng/dL than in D milk, 159 mg/dl. Mean NPN concentrat'ions were

aìso significant'ly greater in PT milk, 33.6 mg/dl than in D milk, ?s.s

mg/dL. The fat concentrations in PT milk increased significantly from

1.8 g/dl during week one to 3.4 g/dl during weeks two and three to 4.3

gldL during week six. There was no sìgn'ificant difference'in the

overall mean fat concentrations between PT miìk, 3.s g/dL and D milk,

3.9 g/dL. Lactose concentrations in PT milk increased sìgnificantìy

from 6.3 g/dl during week one to 7.0 g/dl during week four, but over the

sìx week period did not differ between PT milk, 6.8 g/dl and D milk, 6.9

g/ dL. Energy content refl ected fat concentratj ons and for PT mi I k

increased signìficantly from 55.2 kcal/dL during week one to between

67.0 to 75.1 kcal/dL during weeks two to six. There was no difference

in mean energy content between PT milk,68.8 kcal/dL and D miIk,69.3
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kcal/dL. The PT milk contained significantìy greater concentrations of

sodium, 8.4 meq/1, than D milk, 4.5 meq/L. The mean calcium

concentration in PT milk, 37.9 ng/dL was significantly lower than in D

milk, 43.2 mg/dL but mean phosphorus concentratjons jn PT and D mì'lk,

8.9 mg/dl and 8.8 mg/dL respectively, were similar. Rates of weight

gain of the 20 premature infants íncreased rapidly during the first two

weeks of life and then stabjlized at 18.5 g/kï/d; with an energy intake

of 141 kcal/ks/d and a protein intake of 3 g/kg/d. The positive linear

correlatìon (r=0.82) between weight gain and proteìn intake was highìy

significant (p<0.01). bteight ga'in of the infants díd not approach

intrauterine weìght gain until the sixth postnataì week. Infants fed

their olvn mothers'mílk rega'ined their birthweight in 14.3 days whjle

ìnfants receiving human milk and formula m'ixture required 17.g days,

however síx weeks mean weight ga'ins were simjlar for both groups.

Hyponatremìa (serum sodium <130 meq/L) occurred in B of 19 infants in

the study. The gestational age, 29.4 weeks, and sodium intake from milk

alone,0.9 meq/1, of the hyponatremíc infants were signÍfìcant'ly lower

than the gestational âgê, 31.4 weeks, and sodium intake, 1.3 meq/1, of

the normal infants. using rad'iographs of the radius-u1na, 5 infants

were assigned to a normal bone mineral'izatjon group,13 ìnfants to a

deìayed bone mineraljzation group and one infant to an overt rickets

group. The mean daily intakes of energy, calcìum and phosphorus for

infants with normal bone mineralization were signifÍcantly greater than

the intakes for ìnfants with deìayed bone m'ineralization or overt

rickets, however intakes of calcium and phosphorus did not approach

intrauterine accretion rates in any group.
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Chapter I

I NTRODUCT ION

Intensive care provided by specialized neonatal units has increased

survival rates for low birthweight (LBl^l) preterm infants. This dramatic

ìncrease in survival rates undoubtedìy has occurred because of advances

in know'ledge and techniques of treatment of these premature infants.

The advances relate to management of respíratory failure, maintenance of

energy, fluid and eìectrolyte balance, and control of body temperature.

The role of nutrition in th'is improved outcome has not been adequateìy

eval uated , al though 'it 'i s known that early nutrì ti on has important

consequences on growth and neurological development. The Committee on

Nutrition of the Amerjcan Academy of Pediatrics (1977) has stated that:

"The optimal diet for the LBhl infant may be

defined as one that supports a rate of growth

approximat'ing that of the third trimester of

intrauterine life, without imposing stress on

the developing metabolic or excretory systems."

Heird (1977) while recogniz'ing that this may be a sujtable goa'l , pointed

out that such rates of growth are seldom achieved, and that a less rapid

weight gain does not appear detrìmental to the jnfants later develop-

ment. Controversy has centered recently on the comparative benefits of

human milk and formula feedings, but these discussions have been com-

pìicated by the lack of agreement on criteria to be appìied to determíne

the adequacy of feed'ing reg'imes.

The benefits of breast milk for newborns during the first months of

life have been emphasized over the past ten years. In the report on the

nutrit'ional needs of LBhl infants quoted above (American Academy of
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Pediatrics, L977J the des'irab'ilìty of breast mì1k for term and ìarger

preterm infants was stressed. For the LBI,J preterm infant this report

concl uded that:

"with adequate intakes human mì'lk may be

the superior feeding".

However, in a review of growth data for LBl.^l preterm'infants during their

first three weeks of life, Fomon et al (1977) concluded that:

"per unit of energy, concentrat'ions of protein,

calcium and sodium in human milk are inadequate

for growing premature ínfants".

A number of researchers over the past 36 years (Gordon et al,1947;

Dav'idson et al, 1967; Babson and Bramhall, i969; Goldman et al, 1969;

and Davies, 1977) have questioned the nutritional superiority of breast

milk for the feeding of the small premature infant, and have shown that

those fed moderately high protein formulas had greater weight gains than

those fed human milk. Fleishman and Finberg (1979) concluded that:

"careful evaluatìon of the data suggest that

there are deficiencies in the use of human milk

as the sole nutrition for rapidly grow'ing preterm

ì nfants " .

The studies discussed above all compared the growth of infants fed

formula with the growth of infants fed mature human milk. However,'in

the late 1970's it was shown that the mìlk of mothers delivering preterm

had significantly higher nitrogen (protein) and mineral concentrations

than mature milk (Atkinson et âi, 1978 and 1980; Gross et ô1, i980;

Schanler and 0h, 1980). Comparison of growth rates and balance studies

for LBI,J premature ínfants receiving their own mothers'milk, mature donor



mjlk and formula have also been reported (Atkinson et â1, 19Bl).

However, the nutrient compos'itíon of. the mjlks has not been directly

related to the growth of individual jnfants. Since the mìlk of mothers

giving birth prematurely may be unique'ly sujted to the needs of the

premature infant (Atkjnson et al , 1978), LBI,J premature infants rece'ivíng

their own mother's milk may have growth rates that can be considered

optimal, and the composition of this preterm milk may provide the best

available standard for premature infant feeding.

The objectives of this research were:

1. To determ'ine the influence of milk source on the total nitrogen

(protein), nonprotein nitrogen, fat, lactose, energy, sodìumo

calcium and phosphorus contents of the mjlks fed to small premature

'infants with birthweÍghts 'ìess than 1500 g.

2, To determine the influence of protein and energy intakes on rates

of growth of smal'l premature infants.

3. To determine the influence of sodíum íntakes on the incidence of

hyponatremia in small premature infants.

4. To determine the influence of calcium and phosphorus intakes on the

incidence of deìayed bone mineral ization ìn smal I premature

i nfants.
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Chapter 2

REVIEþJ OF LITERATURE

Since human milk unjque'ly satisfies the nutritional requìrements of
fujl'term ìnfants (Brady et â1, 1982) and because it offers possib'le

immunol og'ica'l advantages for the immature i nfant, 'it has been preferred

for feeding the low birthweight (LBt,t) preterm infant. How human mjlk js

bioìogicaìly adapted to an jnfant's growth and development has been the

key questíon from a nutritíonal point of view. The least that can be

said is that man has survived on human milk. Aìthough a departure fronr

human mi'lk may represent nutrit'iona1 improvement, establìshing that this
is a real improvement without a later'price to pay' is a major probìem

(Gaull et al, 1982).

Much of the current interest in feeding human milk to small pre-

mature infants centres around the possjb'ility that human milk may aid in
the prevention of infection and/or necrotizing enterocolit'is, a severe

disease closely assoc'iated with feeding and particuìar'ly characterjstic

of infants <1500 g (Avery, rgTg). Human milk contains macrophages,

immunogìobul ins, complement components and lactoferrin, factors which

may 'impart imrnune benefit to the infant (Brady et al , 19gz). However in

view of the digestive and metabolic immaturity of LBI,{ premature infants,
such characteristics of human m'il k as its 'low renal solute 'load, .its

easíly digestib'le fat and its specific protein composition (higher

amounts of cystine and taurine, which may be important amino acids for
premature infants) may also be desirable features (Fomon et â1, lg77),

2 "I Compos'i ti on of Human M ilk
The major

carbohydrates and

Tabl e 1, wh'ich

nutritional components, water,

mineral s, of human and cows' mj I k

has been compiled from several

protein, fat,

are recorded in

sources. Water
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Tabl e 1

MAJOR COMPONTNTS OF HUMAN MILK AND COl,'lS' MILK

Human Mi I k

Brostrom

Cows' M'il k

Brostrom 3
Component

1 2 3USDA DHSS

Fat
(s/di 1

l,later
(g/dt)

Energy
( kcal /dL )

P rote'i n
(g/dl- )

Lactose
(s/dt- )

f'li neral s

Sod'ium
(meq /L )

Ca I c'i um
(ms/dL )

Phos pho ru s
(mg/dL )

87

70

1.03

4. 38

6.89

32

14

87

70

1 .07

4.2

7.4

33

15

87

70

0.9

2.7 -4.5

7.0

15

87

67

3.5

3.5

5.0

?5

r20

96

77 7

34

lComposit'ion of Foods (i976)

zDepartment of Health and Social Securi ty (Ig77)
38rostrom (1981).



b

constìtutes approx'imately 87% of the total weight of both human and

cows'milk. Similar amounts of energy are suppìied by human and cows'

mì'lk, 70 and 67 kcal per dec.il.iter (dL) respective]y, but the

distribut'ion of energy between protein, fat and carbohydrate cliffers
considerabìy between the two milks. The concentrations of sodium,

calcium and phosphorus are greater ín cows'milk than human milk.

Comparison of pubì'ished reports on the nutrient composjt.ion of
human milk'is complicated because stage of ìactation, methods of milk
col lection and methods of b'iochemical ana'lysis are different in each

report and these factors affect the'interpretat'ion of the reported data.

Compos'ition has been shown to vary with stage of lactation, with time of
day, and with stage during feed. Stage of lactatìon is an important but

often overlooked variable affecting milk composition. Colostrum or

'earìy'm'ilk (produced on days one to five postpartum) and transitional
milk (days fìve to ten postpartum) are higher in antibody-rich proteÍn

and in sodr'um (Macy et al , 1961) but lower in fat (l'hcy et ai, 1953) and

in lactose (Lonnerdaì et ô1, 1976b) than mature human milk (produced

after 30 days postpartum) . Hal I (tglg) reported that al though the

concentration of protein remained constant during the day, the amount of
fat rose from early mornìng (6 a.m. ) reach.ing a plateau about m.idday (z

p.m.). The mean rise was about 2.5 fold and it has been suggested that
these observations may be signíficant for the collectjon of human m.ilk

for milk banks. During the course of one feed composit'ion also changes.

Hall (1979) reported that for one feeding there was approximate'ly a

three-fold increase in the totar ìipíd, a 1.3 fold increase fn the

concentration of protein and a 1.5 fold increase in the amount of dry

weight in 'hind' milk when compared to ,fore' milk.
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An add'itional factor which may affect the composition of the mjlk

is the nutritional status of the mother. Malnourished mothers have been

reported to have approximate'ly the same proportjons of prote'in, fat and

lactose'in their milk as well-fed mothers but to produce somewhat lower

volumes of milk (¡ellifte and Jelliffe, 1978b). Neither protein

quantity nor quality in human milk has been correlated to maternal

protein 'intake (Atkinson, 1979) , however, results of a study by

Lonnerdal et al (1976b) suggested that the protein composition of mjlk

from well-nourished mothers may vary cons'iderably. The cause of this

variation and its possíbìe physìologica'l significance requìre further

investigat'ion. Atkinson (1979), 'in a discussion of factors affecting

human milk composition, stated that fat, both amount and type, seems to

be the most variable component'in human milk. Milk fat levels differ

among women and among samples from the same woman and levels do not

appear to be related to the amount of fat in the diet. However the

fatty acid composìtion of human milk has been shown to be inf'luencèd by

the relative contributìon of fat and carbohydrate to total mj I k

calories, and to reflect the fatty ac'id composition of the maternal diet

(Aitchison et al , 1977).

When most of the mothers' dÍetary calories were derived from

carbohydrates, the content of saturated fatty acids ìncreased, and a

diet rich ín polyunsaturated fats caused an increased percentage of

polyunsaturated fats in the milk without altering the total fat content

(Lawrence, 1980). Guthrie et al (tgll) studied the fatty acid patterns

of human milk to determine the impact of the modern diet, with the

significant change from animal to vegetable fat, on miìk composítion.

The results showed a change'in fatty acid content to more long chain
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fatty acids and an increase'in l'inoleic acid but no change'in total fat
in the m'ilk.

Many of the earl ier investjgators who studied human m'i lk

composìtion, not realizing the importancè of obtaining a representative

sample, took samp'les at the beginn'ing, middìe or end of a feed.ing and at

various times of the day. The Department of Heajth and Social Security

(tgZZ) in their samplìng protocol, suggested that the entìre contents

from one breast, obtaìned by hand or by an electric pump, shouìd be

obtained to provide a representative sampìe for nutrjent analysis.

Gaull et al (tgAZ) supported this samp'lìng protocoì. However P'icciano

and Guthrie (1976) stressed that a complete 24 h sample must be analyzed

to obtain a representat'ive estimate of fat content.

Treatment of sampìes after they have been col'lected can affect the

nutrient levejs determined. Samples should be analyzed fresh or after

having been stored at -20oc. Once thawed, sa.mples should be analyzed

'immediately because the process of freezing and thawinq activates

lípases in milk and can result in low fat values (Jensen et al, 1979).

?,I.I. Total Nitroqen and P roteì n

The major nitrogen-containing components of human milk are proteins

and free amino acids, while minor components include pept.ides,

po'lyamines, nuc'leotides, creatin'ine, carnitineo urea, and a component

amounting to 5 to 7% of the total nitrogen content of milk which js

still unident'ified (Gaull et â1, 1982). The proteìns found in milk

provide a supply of nitrogen for growth, enzyrnes, hormones and

'inmunol ogi c agents (Fomon , 1974) .

Protein content of mil k can be calculated us'ing the formula:

Prote'in = 6.38 [total nitrogen (TN) - nonprotein nitrogen (NpN)].
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Nìtrogen 'is usuaì ìy determined by Kjeldahl analys'is. There is some

controversy about the nitrogen conversion factor for milk and reported

values for protein may represent 6.38 TN or 6.25 TN. Jenness (tgZ9) has

aìso poìnted out that sìnce a consjderable proportion of the nitrogen in

human milk is in the NPN category, failure to subtract this can result

'in erroneousìy high proteìn contents being reported. The former'ly

accepted value of 1.1 to 1.2 g protein per dL human m'ilk was established

on the assumption that the TN content of human milk was in the form of

prote'in n'itrogen (Macy et ôl , 1953) . More recently Lonnerdal and

coworkers (1976b) published data on nitrogen and prote'in in human miìk,

at various stages of lactation, based on amino acid analyses. The data,

at one month lactat'ion, indicated a'true'protein content of 0.8 to

0.9%, which was in close agreement with protein calculated using the

:
formula 6.38 (TN-NPN).

Fomon et al (tgll), while recogniz'ing that as much as ?5% of the

nìtrogen in human m'iìk may be present as NPN, contended that at least

some NPN, for examp'le urea and free amino acids, ffây be ut'ilized for

synthesis of t'issue protein. They suggested that 6.25 TN would provide

an appropriate estimation of protein for comparing concentrations in

human milk at various stages of lactation. Atkjnson et al (1980)

observed that protein n'itrogen, calculated by taking the difference

between TN and NPN, accounted for 82% of the TN in preterm (PT) mjlk

over the first ?9 days of lactation. G. Anderson et al (1981), in

agreement with Fomon et al (t977 ), calculated prote'in as 6.25 TN. They

claimed that 6"25 is a more appropriate factor than 6.38 because on'ly 5

to 6% of the TN of human milk is nonamino acid nitrogen.

In this wide'ly quoted paper Fomon et al (1977) suggested that human

milk did not provide adequate quantities of protein and certain minerals
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for the growth needs of the smal I , premature infant. Nutrìent

composition of m'ilk of mothers giving birth prematureìy had not then

been investigated, but in 1978, Atk'inson et al reportecl that the

nitrogen concentration of milk from mothers giv'ing b'irth prematureìy was

h'igher than that of mi I k f rom mothers gi v'ing b'i rth at term. These

results were based on 42 complete 24 hour collections of milk obtained

from seven mothers giving b'irth at 26 to 33 weeks of gestat'ion (PT) and

?7 collections obtained from e'ight mothers gìving birth at 38 to 40

weeks of gestation (FT). Mothers pumped their breasts by manual or

mechan'ical methods. The PT mothers'mìlks had s'ignifìcantly higher

nìtrogen concentrations than the FT mothers'm'ilks during the first
month of lactation. Nitrogen concentrat'ion decreased signifìcant'ly with

progressíng lactation at a similar rate jn both groups. Th'is study by

Atkinson et al (1978) generated considerable interest and led. to further

studies designed to evaluate the nutritional cornpositìon of breast mjlk

produced by mothers delivering premature infants (Table 2).

It should be emphasìzed that inrrestigators of the nutritional

con'ìpos ì ti on of preterm , term and donor m'i I ks have used a variety of

collect'ion procedures which could have had a marked influence on the

results obtajned. Atkjnson et al (1978, 1980) and G. Anderson et al

(1981) collected complete ?4 hour milk samples at specific day intervals

from 2 to 29 days postpartum. Schanler and 0h (1980) analyzed aliquots

of PT milk taken at each feeding from each day of collection, which had

been poo'led and frozen in batches correspond'ing to postpartum stage:

1-3, 4-6,7-10, 11-13, 14-16, I7-2I,22-28 and ?9-4? days. This milk

was compared to donor milk from mothers who expressed their milk between

one week and eight months postpartum. Gross et al (1980), collected

morning milk samples on days 3, 7,14, ?l and 28, while Gross et al
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Table 2

PRETERM HUMAN MILK COMPOSITION STUDIES: MILK SAMPLE COLLECTION DATA

Col lection Data

Reference

Number

of

Donors

Ges tati ona l

Age of

I nfants

(wk )

Duration of

Study

(d)

No. of

Col I ecti ons

Time of

Col I ecti on

Gross et al
( igao)

Schanler and 0h
( le8o)

Atk'inson et al
( 1e8o)

G.Anderson et al
( 1e81 )

Guerrini et al
( le81 )

Gross et al
( toat 1

Chan
( 1eB2 )

Lemons et al
( tggz )

D.Anderson et al
( 1e83 )

33 3i.4

16 29.7

7 28.9

17 28.5

?5 33.3

12 30.0

15 35

20 33.0

t4 31.0

Â28

98

29

29

30

28

31

56

14

10

morn'ing

24h

24h

24h

24h

24h

mornl ng

24h

24h

4

4

7

5

3

6

J
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( 1981 ) and Lemons et al ( 1982 ) col I ected 24 hour mì I k samp'l es on

spec'ific postpartum days 3, 7, 14, 2I, 28 and days 7, 74, 2t, 28 and 42

respectively. D. Anderson et al (1983) obtained 24 h milk collectjons

on postpartum days,3,7 and 14 from PT mothers and a sìngìe spot

collectìon of milk from D mothers who were six to ten months postpartum

at the ti me of m'i l k col l ecti on .

Table 3 compares the data on the total n'itrogen content of milk of

mothers delivering prematureìy. Gross et al (1980, 1981) found that

concentratjons of protein (6.38 TN) throughout the first month of

lactation were sìgnificantly h'igher in m'ilk from mothers delivering

preterm (PT miìk) than in mothers deliverjng at term (FT mì1k). Protein

levels ìn PT nilk on postpartum day 3 avs¡¿gsd 3.24 gldL (S08 mg/dl TN);

however with progressìng lactation proteìn concentrations decreased

reach'ing average.concentrations on day 28 of 1.81 g/dL (?84 nSldL TN).

Schanler and 0h (tgAO) found that the TN content in the mjlk of mothers

of premature infants vlas significant'ly higher during the initial two

lactation weeks but regressed toward donor mjlk values,199 mg/dL, by

one month. Linear regression ana'lysìs of the pooled data for TN in the

Atk'inson et al (1980) study demonstrated a decrease ìn TN concentration

at a sim'ilar rate'in both the FT and PT mjlks over the first 29 days of

lactation. Comparison of the data showed the PT milk was sign'ificantly

h'igher in TN. In the G. Anderson et al (tggt) study, protein content

(6.25 TN) of both FT and PT mjlk decreased l'inearìy with time. Protein

concentration decreased sign'ificantìy from interval to interval and was

always highelin PT mil k. Lemons et al (1982) documented a signif icant

difference in the TN content of m'ilk from mothers delivening prematurely

versus mothers delivering at term. Total n'itrogen and protein nitrogen

r^rere present 'in PT mi I k i n hi gher concentrat'ions than i n FT n'il k. D.
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Tabìe 3

R EPORTED MEAN VALUES FOR TOTAL NITROGEN

I
OONTENT (ms/dL) OF PRETERM HUMAN MILK

Days postpartum

Reference
1-3 4-6 7-10 14-16 t7-2t 22-?8 29-42

Atkinson et al
( 1e78 )

Atkinson et al
( tsao¡

Gross et al
( tsao 1

Schanler & 0h
( 1e8o)

G. Anderson et al
( 1e81 )

Lemons et al
( tgaz )

D. Anderson et aj
( ioar ¡

508

359 346 331 303 259

351 339 3?3 296 253

382 340 287 284

34i 296 272 23?

320 268 26t 238 239

400 320 270

470 311 281 226 219 zlr 2r1

es for Atk.inson et al (1978,1980) and G. Anderson et al (1981)

n from Table l. (MacLean and Graham, 1981). Values for Gross et al
0) calculated from proteín contents given in.Table for days ?,7,,
2í and 28. Values for Schanler and 0h (i980) taken from Table 2

days listed. Data from Lemons et al.(1982) are for days 7,_I4,2I,
nd 42. Data from D. Anderson et al (i983) are for days 3,7 and l'4.

I
Val u

take
( 1eB
14,
for
28a
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Anderson et al (tSaS1 found that the TN content in PT and FT mjlk varìed

in a sjmìlar v'ray over the first 14 days of .lactation; TN concentrat'ions

decreased s'ignìficantly from 400 mg/dl at day 3 in PT milk to ?70 mg/dL

at day 14. These studies confimed the earlier observations of Atkinson

et al (1978) of a greater concentration of TN ín the mjlk of mothers

deì'ivering preterm than in the mìlk of mothers delivering at term or

mature human mjlk. The clinical sign'ificance of this difference has not

been establ i shed.

2.1.2. Nonprotein Nitrogen

Nonprotein nitrogen (NPN) has been reported in four studies of the

composition of mìlk of mothers of premature infants. l'lean values for NPN

found in three of these studíes are reported in Table 4. Gross et al

(tgAO) reported that NPN averaged between 15 and 19% of the TN

concentration and remained constant during the first month of lactation.

No mean values were reported. Atkinson et al (1980) found that although

NPN in PT m'ilk was on average a relat'ively constant 18% of the TN there

was a sìgnificant decrease with t'ime from 62 to 43 mg/dl over 4 weeks

lactation. Schanler and 0h (1980) found similar NPN concentratìons

rang'ing from an 'initial 7?.2 ngldl at days 1to 3 to 36.1 mg/dl at week

6 representing 15 to 18% of the TN 'in PT milk. Lemons et al (tgAZ)

reported much lower values of NPN in PT mi'lk, a mean of approx'imately 33

mg/dL compris'ing approximately 13% of the TN. In three of these studies

protein was prec'ip'itated by centrìfugation with trichloroacetic acid and

the supernatant anaìyzed for NPN (Gross et al, 1980; Atkinson et ôl ,

1980; Lemons et âl , 1982), whj'le jn one study NPti was determined from

zinc sulfate deprote'inated samp'les (Schanler and 0h, 1980).

Concentrations of NPN were determined by the sem'im'icro Kje'ldahl method

ìn all cases.
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Table 4

RIPORTTD MEAN VALUES FOR NONPROTEIN NITROGEN

1
CONTENT (mg/dL) OFiRETERM HUMAN MILK

Reference
Days postpartum

7-10 14-16 17-2r 22-281-3 4-6 29-42

Schanler & 0h 72.2 50.3 49.4 38.4 38.6 32.6 36.1
( 1e8o )

Atkinson et al 62.0
( 1e8o )

Lemons et al
( tsaz ¡

57.t 52.2 47.3 43.0

31 .0 33.0 37 .0 32. 0 35. 0

1Values for Atk'inson et al (1980) calculated for day
f rom regress'i on equat'ion . Val ues f or Schanl er and
from Table 2 for days 1ìsted. Data from Lemons et
for days 7, 14, 2I, 28 and 42.

s 7,
0h(
al(

14 and 21
1980
I982

taken
are

)
)
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The proportìon of NPN compared to TN was higher in mature breast

milk than in PT milk primarily because of the lower TN concentrations in

mature milk. Lonnerdal et al (tgZ0U) reported that NPN in milk from

well-nourished mothers was present in constant concentrations throughout

lactat'ion rangìng from 46 mg/dl at 0.5 to 1.5 months postpartum to 3g

mg/dL at 3.5 to 6.5 months postpartum. This represented 24 to 26% of

the TN concentrations, 193 to 148 mg/dl, reported for the above periods.

Schanler and 0h (1980) reported a mean NPN concentration of 43 mg/dl in

donated pool ed m'i I k or 23% of the TN concentrat'ion , 1gg mg/dL and

Atkinson et al (1980) reported that NPN concentrations were 28% of the

TN ìn their study of mature mìlk.

?.I.3. Fat

Fat, which may contrjbute over 50?i of the calories of human milk,

provides essential fatty acids, the precursors of. prostaglandins, fat

soluble v'itam'ins, stero'ls and phosphoìipìds and probabìy acts as a

satìety factor (Jensen et al, 1978). Ninety-eìght percent of the fat jn

human milk is the form of triacyìgìycero'ls and the fat is more readily

absorbed than that of cows' mjlk (Gaull et al , 19Bz). Because there'is

a lower stearic ac'id content in human milk than there is 'in cows' miì kn

and partly because palm'itìc ac'id is ma'inly esterified at the two

posi tìon, fat absorption f rom breast mi I k 'is nearìy comp'lete (Guthrie et

ôl , 1977; Jensen et ôl , 1978). Lipases, present in higher

concentrations in human milk than ìn cows'milk, enhance the absorption

of fat. Alemi et al (1981) found that infants fed a mixture of fresh

human milk (40%) and formula (60%) excreted less fat than'infants fed

onìy formula. They concluded that decreased fat excretion was related

to the lipases present in human mìlk and suggested that preterm infants
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be fed their own mothers'milk if poss'ible. Jensen et al (1SAZ1

urgentìy recommended that whenever possibìe preterm infants be fed raw

breast milk in a manner that would stimulate sucking. Raw breast milk

was recommended because heating mi I k destroys the natural ì ipase

activity; and opportunity to suck was recommended because sucking

st'imulates the activìty of the infants' own salivary l'ipases.

t,lilliamson et al (1978) reported that heat treating human milk reduced

fat absorption by 33%.

Fat 'is a varìable constituent of human m'il k both in its absolute

quantity and in its compos'ition. Average quantit'ies of from ?.I g/dL

(Fomon, I974) to 4.5 g/dL (Hambraeus 1977) have been reported. Fat

content depends on stage of 1 actat'ion , t'ime of day , stage duri ng feed

and maternal d'ietary intake. Macy et al (tgSS) reported the fat content

of colostrum as 2.9?i, transjti"onal milk as 3.6% and mature milk as 3.8%.

Hall (tSZS¡ reported that diurnal variation influenced milk fat content

whi ch v'/as I owest ì n the early mornì ng and rose to a pl ateau about

midday. She also reported that fat could change from 1.2% to l2.I% fron

the beg'inning to the end of one nursing. Maternal diet affected the

fatt¡, acid composition of human milk lipjd but did not affect the total

fat content in the study by Guthrie et al (1977).

Because of its varjation in fat content, the milk used for fat

ana'lys'is must be sampl ed carefuì ly. Piccì ano and Guthrie (1976)

stressed that a compìete 24 h sampìe must be ana'lyzed to obtain a

representative estimate of fat content. In the study by Gross et al

(i980) samples were collected in the morning by manual or mechanical

emptying of both breasts" However, Gross et al (tg8t) and the other

invest'igations on the composìtion of breast. milk from mothers of preterm

infants used 24 h expressions of milk.

Various ana'lytical methods have been used to determine the fat
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content of human mi I k. Because human mì I k contains glyceroì ester

hydrolase that will produce free fatty acids if the fat is not promptìy

removed (Jensen et ô1, i978) extraction procedures to inactjvate the

ìípase are usualìy empìoyed. The fat content of milk can be estimàted

by the Babcock method; a wet ashing procedure us'ing sulfuric acid as

the oxÍdant. However, Gross et al (1980, 1981) determíned fat content

accord'ing to the Roese-Gottl'ieb technique, which uses extraction wjth

ethyl ether-ethanol and results'in values slightly higher than the

Babcock method because some phospho'lÍpìd is extracted. G. Anderson et

al (tgAt) used a chloroform-nrethanol extraction followed by charring

with sulfuric acid and colorimetric read'ing. The recovery of total

ì i pi ds woul d be about the same w'ith th'is and the Roese-Gottl 'ieb methocJ

but the extract'ion used by G. Anderson et al (i981) would recover the

phospholip'ids more effectivel-v. Guerrini et al (1981) empìoyed a

turbìdometric method whose reliabiìity has been quest'ioned by Dorea et

al (1981), however, Naka'i and Le (1970) found a high correlation of the

turbìdometrjc method wjth the Babcock method and recently Hundrieser et

al (tgg+) found that the turbidometrjc method also correlated well w'ith

the Roese-Gottl ieb method.

The fat concentratìons jn PT milk reported in the literature are

extreme'ìy varìable (Table 5). Milk samples collected on days 1 to 3

contained the low fat content typical of colostrum. Gross et al (igAO)

and D. Anderson et al (1983) reported mean fat concentrations of 1.6

g/dL for PT milk on postpartum day 3. Fat concentrations increased from

these earìy samples to the day 7 collection when a range of 3.1 to 4.1

g/dl was reported by all researchers. G. Anderson et al (tggt) reported

that the fat concentration increased from an injtial 3.0 g/dl at the 3

to 5 day interval to 4.3 g/dL at the 15 to 18 lactatìon day. Lemons et
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Table 5

REPORTED MEAN VALUES FOR TOTAL FAT'CONTINT (q/dL)

OF PRETERM HUMAN MILK
1

Reference
Days postpartum

7-10 14-16 17-2r 22-281-3 4-6 29-42

ss et aroG

809
I
)

1.6

1.6

3.8 4.4 3.7 4.0
1(

G. Anderson
et al (tSat1

Guerri ni
et al (1981)

Lemons et al
( leBz )

D. Anderson
et al (1OASl

2.4 2.6 3.3

3.0 4. 1 4.4

3.5 3.9

4.0

3.5

3.1 3.4 3.5 3.2 3.4

lvulu., for Gross et aj (tggO) taken from Table for days 3,7, 14,
21 and 28. Data from G. Anderson et al (1981) are for days 3-S,8-11,
15-18 and 26-29. values for Guerrini et al (lg8l) were ca'lculated
from Table 1 for days 2-3,4-6, L0 and 30. Data from Lemons et al
(1982) are for days 7, 14,2I,28 and 42. Data from D. Anderson
et al (i983) are for days 3, 7 and 14.
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al (tggZ) found that fat concentrations remained constant w'ithout any

effect of duration of lactation but their first samp'le was taken on day

7 and was transit'ional milk.

G. Anderson et al (1981) reported a 20 to 30% h'igher concentration

of fat in the PT milk when compared wîth FT milk at the same stage of

lactation. Guerrinì et al (1981) reported results in agreement with G.

Anderson et al ( tggt ) but other researchers found no effect of

prematurÌty on fat concentrations. D. Anderson et al (1983) found the

f at concentrat'ions of spot donor m'il k specimens were hi ghly variabl e

ranging from 1.3 to 7 .9 g/dL wjth a mean of 4.7 g/dL. Thi s was

comparable to previously reported values for mature human mil k

(Table 1).

2.1.4. Lactose.

There is an inverse relationsh'ip between fat and lactose content in

the milk of mammals. Human milk represents one extreme with a high

I actose concentration whi le the mi I k of sea mammal s has almost no

lactose but a very h'igh fat content (Lonnerdal et aì, 1976b). Lactose

is one of the major components of human milk and by far jts dominant

carbohydrate, accounting for up to 90% of the 6 to 7 g carbohydrate/dL

in human milk (Brostrom, 1981). Lactose, a d'isaccharide composed of

galactose and glucose, which is synthesized by the marfimary g'land during

lactation (Hambraeus, I977), provìdes approximate'ly 40% of the calories

'in human mjlk and ensures that there 'is a readiìy avaìlable source of

galactose for the large and rapidìy growing brain (Jel 1 iffe and

Jelliffe, 1978b). Lactose levels are constant throughout the day in a

g'iven mothers' milk, and even in poor'ly nourished mothers the levels do

not vary (Lawrence 1980). Lactose digestìon and absorption take place

i n the smal I ì ntesti ne where hydroìysi s by I actase gi ves readi ìy
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absorbed gìucose and gaìactose. Lactase, an enzyme present in the

gastrointestinal tract of nursing'infants is specifìc for hydro'lysís of
lactose (Gaull et al, 1982) and lactase activity increases at term and

decreases at wean'ing (Brostrom, 1gg1).

Gross et al (1980, 1981) found that during the first month of
lactation, the concentrations of lactose were lower in milk from mothers

delivering preterm (PT) than in milk from mothers deì.ivering at term.

In milk from PT mothers, lactose concentration was lowest on postpartum

day 3 and 'increased wìth progressing lactation to the highest

concentration on postpartum day 28 (Table 6). In the 1gg1 study, Gross

et al found that the lactose concentration increased as milk volume

increased with progressing lactatíon. This finding is in agreement with
Lawrence (1980) who stated that lactose is influential ìn controììing
volume. G. Anderson et al (1981) also found a sìgnificant increase in
lactose concentration over the first 29 days of lactation; in pT mjlk

the initial lactose concentration of 5.04 g/dL jncreased signifìcan¡y
to 5.97 gldL by the ?6 to 29 day stage. Lemons et al (tggz) could not

verìfy the lower concentrat'ion of lactose in PT mi I k during the f.irst
month of lactation, and reported that there was no significant effect of
prematurity or durat'ion of lactatjon. D. Anderson et al (19S3) found

that I actose content in PT mj I k remained constant and reported

concentrations of 6.? gldf on day 3 and 7.0 Slil on day 14.

The I actose concentrations reported for pT mì I k show some

variabiì ity between researchers probabìy reflecting differences in

methodology. The methods of lactose determination which have been used

jn the studies ana'ìyzing the nutritional compositÍon of mjlk from

mothers of premature jnfants include an automated colorin:etric procedure

usìng lactose standards (Gross et ô1,1980,19g1), an enzymatic method
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Tabl e 6

REPORTtD MEAN VALUES FOR LACTOSE CONTENT (g/dt)

1
OF PRETTRM HUMAN MILK

Reference
Days postpartum

7-10 14-16 17-21 22-28 29-421-3 4-6

Gross et al
( tsso 1

G. Anderson
et al (t9at1

Lemons et al
( 1e82 )

D" Anderson
et al (1983)

5.96

5.04 5.49 5.63

6. 05 6.21 6.49 6. 95

5.97

6. 38 6. 86 6.7 t 6.79 7 .2r

lvulr., for Gross et al (tggO) taken from Table for days 3,7, 14,

6.20 6.90 7.00

28. Data from G. Anderson et al (1981) are for days 3-5,
5-18 and 26-29. Data from Lemons et al (1982) are for days
27,28 and 42. Data from D. Anderson et al (1983) are for

, 7 and 14.

2L
8-1
7,
day

and
1'1
14,
s3
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(G. Anderson et al, 1981), gas chromatography (Lemons et al, 1982), and

enzymatic analysìs of glucose and ga'lactose after acjd hydro'lysìs

(D. Anderson et aì, 1983). G. Anderson et al (tg8t) suggested that the

low lactose concentration in PT m'iìk may be a consequence of the hìgher

n'itrogen. Since both are a part of the water soluble fraction, the

hìgher nìtrogen may effect'ive1y decrease the lactose concentrat'ion of

the mi I k.

2.1.5. Energy

The average energy content of human milk varies wíth the stage of

I actatj on and appears to be primarì ìy a consequence of fat

concentration. Colostrom is characterized by more proteìn, ìess fat and

less carbohydrate than mature human m'ilk and the energy content during

early lactation ranges from 48 to 51 kcal/dL whereas the range reported

for mature human m'il.k is ()7 to 75 kcaì/dL (Brostrom, 1981). Jenness

(1979) reported the energy content of mature milk ranged from 60 to 75

kcal/dL and D. Anderson et al (1983) reported that the average energy

concentratjon of spot donor milk spec'imens 73.1 kcal/d, was comparable

to previously reported values for mature human m'ilk.

The majority of the studies on PT milk have aìso reported low total

energy concentrations during the first week of lactation (Table 7),

probably a reflection of the low fat content. Gross et al (tggO)

reported that PT milk obtained on day 3 postpartum averaged 5i.4 kcal/dL

but rose to 67.4 kcal/dL on day 7 and remained constant for the

remainder of the first month and G. Anderson et al (1981), reported

energy content of 58 kcal/dL at the 3 to 5 day stage rising to 7I

kcal/dL at the I to 11 day stage, and then remaìning stable reflecting

the changes 'in fat concentration. D. Anderson et al (1983) reported

that energy in PT m'iìk s'ign'ificant'ly increased over the first 14 days

lactation from 49 kcal/dL at day 3 to 70 kcal/dL at day 14. However,
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Table 7

REPORTED MEAN VALUES FOR ENERGY CONTENT kcal dL

OF PRETERM HUMAN MILKl

Reference
Days postpartum

7-10 14-16 17-2t 2?-281-3 4-6 29-4?

Gross et al
( 1e8o )

G. Anderson
et al (1980)

Lemons et al
( 1eBZ)

D. Anderson
et al (i983)

5i. 4

49

67 .4 72.3 65. 6 70. 1

58 71 72 7T

73.9 74.6 73.8 73.3 70.1

67 70

1 Values for Gross et al (tOeO¡ taken from Table for days 3,
and 28. Data from G. Anderson et al (1981) are for days 3-
15-i8 and 26-29. Data from Lemons et al (1982) are for day
2I,28 and 42. Data from D. Anderson et al (tg8¡) are for
and 14.

7,
5,

L4, 2r
8-11,

t4
3,

s 7,
days 7
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Lemons et al (i982) whose fÍrst samp'ìes collected on day 7 were not

influenced by the low fat concentratjon of colQstrom reported an energy

val ue of 73. 9 kcal /dL.

A precìse conversion factor for'available energy from a mjlk dìet

for infants 'is djfficult to determ'ine as it can vary under different

physio'logical conditions such as gestational âgê, postnatal age and

'illness. Gross et al (1980) calcujated caloric concentration (kcal/dL)

as the sum 4.27 kcal /d protei n , 3.87 kcal /g I actose and B. 87 kcaì /g

fat. The energy'in the study by G.Anderson et aj (1981) was calculated

from the measured concentrat.ìons of prote'in (0.2S TN), fat and lactose

using the formula: Energy (kcal/dL) = 5.65 kcal/g protein + 9.25 kcal/g

fat + 3.95 kcal/g lactose. These factors are based on the heats of

combustion for the individual nutrients (Report of the Joint FA0/WH0 Ad

Hoc Expert Cornmittee,1973) and thus are comparable to bomb calorimetry

values. As a check on the accuracy of the calculatecl energy values, G.

Anderson et al (tgAt) used these factors to calculate the energy from

the macronutrient compos'itíon of freeze-dried miIk and compared the

calculated values to energy values determined by bomb caìorimetry. They

found that calculated energy values averaged 97% of those determined by

bomb calorimetry. However, Lemons et al (I98?) found the mean energy

content of the milk samp'les as determined by bomb calorimetry to be

IB.5% greater than calculated energy content, but calculatìons were

based on the physioìogícaì energy factors of 4.27,8.79 and 3.87 for

protein, fat and lactose respectiveìy. The lower factors used by Lemons

and coworkers would account,'in part, for the discrepancy between

calculated values and bomb caìorimetry values. The mean total energy

content of PT milk as determjned by Lemons et al (tgAZ) using the bomb

cal orimeter was s'l i ghtìy hi gher than the energy reported by other
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researchers. Thjs is interesting because the fat content reported by

them is considerabry rower than that reported by Gross et ar (tggo) and

G. Anderson et al (tSat¡.

D' Anderson et al (1983) found good agreement between calculated
energy content and energy determined urith bomb calorimetry. The values
obtained by them with the two methods were not d'ifferent when energy was

caJculated assuming 4 kca'r/g protein, g kcal/g fat and 4 kcal/g carbo_

hydrate. The reasons for the discrepancy between the total energy

content as determìned by bomb calorimetry and calculated energy content
reported by Lemons et al (tgaz) were unclear. They suggested it m.ight

reflect the inclusion of al I combustible substrate in the bomb

calorimetry method or cumulative error in the measurement of individual
substrates.

2.I.6. Sodium

up to 30 percent of infants weigh.ing <1200 g at bi rth may

experience hyponatremia (serum sodium .130 meq/L) during the first weeks

of life (Roy et dlo 1976), possibly related to growth requirements and

excessive urinary losses. Dai'ly sodium intakes of 3 to 6 meq or more

per kìlogram may be required by some infants to avoid hyponatremia. The

feeding of breast mir k to row birthwe.ight (LBl,l) infants has been

associated with serum sodium as row as i10 meq/L (Kumar and Sacks,

1978). Sodium concentrations ìn human mìlk vary dramatjcally with the

stage of lactation. Curran (tglg) reported that the sodium content of
human colostrum was 23.g meq/1, of transitionar mirk was rr.z neq/L and

of breast milk samp'les after full lactation was established ranged from
<2 to >20 meq/L wi th a med'ian of 7 meq/L .in rz4 sampì es . Recent
'invest'igat'ions of fer data wh i ch i ndi cate that there f s an i ncreased

level of sodium in the milk from mothers deìívering prematurely when
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compared to milk from mothers delivering at term, during the eariy weeks

of I actat'ion .

Gross et al (1980) using milk samples collected in the morning

found the mean sodium concentrat'ions were s'ign'ifìcantly higher in pT

mil k than FT mil k. The defatted samp'ìes were analyzed by atomic

em'iss'ion spectrophotometry. The highest concentratjons of sodjum were

found in PT milk produced on postpartum day 3 and averaged 26.6 meq/1.

(Table 8). Sodium concentratjons decreased with progressìng lactatjon to

an average of r?.6 neq/L in PT on day 2g. A later study by Gross et al

(tggt) using 24 h sample collections confirmed these results. Atk.inson

et al (tgAO) measured sodium'in compìete 24 h expressions of pT human

mjlk by emission flame spectrophotometry. They found that the sodium

concentrat'ion decreased significantìy over time from 23 meq/L at the 3

to 5 day stage to 13.5 meq/L by days 13 to 17 and then remajned constant

over the 29 days observed.

Schanler and 0h (tggO) determ'inecl sodium concentratjon on nitric
acid filtrates of individual PT milk samples and pooled donor sampìes

expressed between one week and eight nronths postpartum. Using a Beckman

flame photometer they found a reductìon in the sodium content of pT mjlk

throughout the 98 d study. During the first three days there was a

signifícant'ly elevated socl'ium content, ZZ.z neq/L, but after six weeks

of lactation there was a significantìy lower sodjum content,7.6 meq/1,

compared to the donated pooled breast miìk, 11.2 meq/1. Sodíum was also

found in signifìcant'ly greater concentration in the PT mjlk than the FT

milk during the first four weeks of lactation in a study by Lemons et al

(tggZ) where sod'ium was assayed by flame emission spectrophotometry on

24 h samples collected on days l, !4, ZI, Zg, 42 and 56. The

concentration of sodium declined in PT milk as lactation progressed,
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Table 8

REPORTID MEAN VALUES FOR S ODIUM CONTENT (meq/L)

OF PRETTRM HUMAN MILKl

Reference
Days postpartum

7-10 14-16 17-2I 22-28 ?9-421-3 4-6

Gross et al
( 1e8o )

Atk'inson et al
( tsso ¡

Schanler & 0h
( tsao 1

Lemons et al
( 1e82 )

?6.2 2r.B t9 .7 13.4 12 .6

23.0 19. 0 13. 5 10. 0

17.? 72.4 10.s 9.6 8.8

22.? 16.6 11.6 9.0 10.6 8.8 7.6

1Values for Gross et-a].(1980) taken from Table for days 3,7, !4,2I
and 28. Data from Atkjnson et al (1980) are for days ¡-s, z-ro, 13-17
and 27-29. values for schanler and 0h (tgeo) taken-from Íable z for
days lìsted. Data from Lemons et ai (igsz) áre for days 7, 14, zr, zg
and 42.
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however, ìevels similar to pooìed mature miìk (7 meq/L) were not reached

until approx'imately eight weeks of lactation.

2.1.7. Calcium

Mineral deficiency disease has frequent'ly been observed jn infants

of lorv b'irthwe'ight (LBþl). Fomon et al (1977) presented data to support

the belief that growing premature infants fed human milk are at risk of

developing s'igns of inadequate skeletal mineralization and it has been

pointed out that breast milk with its low concentration of calcium

cannot ever meet the predicted calcium requirements of the growing

premature infant (Shaw, 1976). Reported values for calcium content of

mature human m'iìk vary widely from mother to mother and study to study

with values of 20 to 35 mg/dL. The relationship of materna'l dìet to the

calcium concentrat'ion of human milk is unclear since the calcium content

of mi'lk from poorly nourished mothers has been reported to range from

normal levels to somewhat lower concentrations (Jelliffe and Jelljffe

i978a). As lactatìon progresses, there 'is a gradual decrease in mjlk

calc'ium concentration with a decline of 30% after nine months postpartum

reported by Gurr (tg8t).

Aìthough PT mi'lk may offer some advantage over pooìed mature milk

in terms of hÍgher protein and sodium, 'it appears to contain

insufficjent amounts of calcium to meet the requirements of the LBt^l

'infant. Gross et al (tggO) found that concentrations of calc'ium

remained constant throughout the fÍrst month of lactation and were

sim'il arin mi I k f rom PT and FT mothers. Breast mi I k sampl es were

collected ìn the mornìng and calcium content was determined on ashed

sampìes by atomic absorption. The concentration of calcium in PT mjlk

ranged from 20.4 mg/dL to 24.7 mg/dl (Table 9). Lemons et al (tOSZ;

also found that calcium concentrations vJere the same in PT milk, ranging
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Table 9

REPORTTD MEAN VALUES FOR CALCIUI'i CONTENT (mq/dL )

OF PRETERM HUMAN MILK
1

Reference
Days postpartum

7-10 14-16 17-?I 22-28 ?9-421-3 4-6

Gross et al
( tsao 1

20.8

Atkìnson et al
( leBo )

Schanler & 0h
( toeo ¡

Lemons et al
( tsaz 1

Chan ( 1982) ¡0. o

24 .7 2I.9 20.4 2t.6

32.2 29.8 27 .5 27.?

?9 .3 26 .6 28.2 28.2 31. 0

30. 0 28.0

27.0 35.9 31.9 29.0 29.9 28.7 24.6

1 Values for Gross et al (tgeO) ta
and 28. Data from Atkinson et a
and 27-29. Values for Schanler
listed. Data from Lemons et al
Data from Chan (1982) are for da

ken from Table for days 3, 7, 14, 21
I (1980) are for days 3-5, 7-70, 13-17
and 0h (1980) taken from Table 2 for days
(1982) are for days 7, 14, 2I, 28 and 42.
ys 2-4, 14-27 and 26-31.
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from 26.6 to 31.0 mg/dL, and FT miìk, and that these did not change over

the fjrst e'ight weeks of lactation. Determination of calcium

concentration was by means of sodìum al'izarin sulfonate whjch may

account for the somewhat h'igher mean values than were reported in the

study by Gross et al (tgeO).

Atkjnson et al (tggO) analyzed compìete ?4 h collections of PT and

FT t¡'iìk by em'issjon flame photometry and found that the calc'ium content

was similar durìng the first month of lactation. In PT m'ilk, the

calcjum concentration at the 3 to 5 day stage was 32.? ng/dl which not

decrease significantìy until the 13 to 17 day stage, when the mean value

was 27. 5 mg/dL. Chan ( 1982 ) used atom'ic absorpt'ion spectrophotometry to

determine the calcíum content of milk from 15 PT and 10 FT mothers.

Totaj calcium levels of PT and FT milk decreased during the first month

of lactatìon, however, there was no sìgnìficant difference between the

calc'ium contents of milks from the two groups. Schanler and 0h (1980)

found the calcium content of premature infants'mothers'milk was hìgher

throughout the first three months of lactation than was the calcium

content of donated pooled milk, but differences were statistical'ly

s'ignificant onìy for the 4 to 10 day and 57 to 98 day periods of

lactation. The overall mean total calcium content was higher in the PT

milk, 29.3 mg/dl compared to 25.6 mg/dl jn the pooled donor milk and

there !,/as no decrease in the calcíum content of the PT mi lk over the

first three months of lactation.

The amount of calc'ium in PT milk appears to be similar to

previously reported values for mature milk. Zieg'ler et al (1976b) have

demonstrated that intrauterine accret'ion rates of calcium exceed 100

ng/kgld during the last eight weeks of pregnancy. Therefore, it may be

anticipated that the preterm infant's own mother's breast milk may not



J2

provide suf f jc'ient cal cium to support normal bone m'ineral izat'ion in the

rapidìy growing premature infant.

2.1.8. Phosphorus

Human milk has been considered an'inadequate source of calcium and

phosphorus for premature infants for many years (von sydow, 1946), and

for the very premature infant, born before the period of rapid skeletal

growth when phosphorus requirements are 60 to 70 mg/kg/day (Ziegler et

ô1 , 1976), human milk may be particu'lar'ly inadequate. There have been

reports of hypophosphatemìc rickets occurrìng in premature infants fed

human milk (Rowe et ô1, rgTg). Mature human mjlk contajns l1 to z0

mg/dl of phosphorus (Fomon, 1974). An ínfant fed 100 to 200 mL milk/day

would receive only 25 to 75 percent of the phosphorus assimilated by a

fetus of simiìar age ìn utero.

The phosphorus concentrations in PT and FT milks, determined by

automated colorimetric procedures in four studies, were similar to those

reported earl'ier for mature human milk (Table 10). Gross et al (1990)

found that phosphorus concentrations remajned constant throughout the

first month of lactation and were similar in milk samples collected in

the mornìng from PT and FT mothers. The average phosphorus

concentration ranged from 9.5 to 14.9 mg/dL ìn PT m'il tr. Lemons et al

(naz) reported that the phosphorus content of pT milk, ranged from lz.9

to 13.9 mg/dL, and was s'ignificantly less than that of FT mjlk. The

phosphorus concentrations of the compì ete 24 h express'ions of PT m'il k

did not change over the period of lactat'ion studìed.

Atkinson et al (1980) also anaìyzed comp'ìete 24 h collections of

human milk and found no signif icant changes 'in phosphorus concentrations

in PT milk with values rangìng from 13.9 to 16.9 mg/dL. chan (1gBZ)

found no sìgnificant differences in phosphorus concentrations between PT
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Tabl e 10

REPORTED MEAN VALUES FOR PHOSPHORUS CONTTNT (mq/dL)

OF PRETERM HUMAN MILK
1

Reference
Days postpartum

7-10 14-16 L7-2r 22-28 29-421-3 4-6

Gross et al
( tgeo)

9.5

Atkinson et al
( 1e8o)

Lemons et al
( tosz ¡

Chan (1982) 21.8

14 .2 14. 4 14. 9 14. 3

15. 5 16. 1 76 .7 16. 1

13.4 13.9 13.9 13.2 t2.9

?2.0 17.0

lvulr., for Gross et al (1980) taken from Table for days
and 28. Data from Atk'inson et al (tgeO) are for days 3-
13-17 and ?7-29. Data from Lemons et al (tgeZ) are for
2I,28 and 42. Data from Chan (tgAZ) are for days 2-4,
26-3t.

3, 7, 1

5, 7-10
days 7,
14-21 a

4, 2l
,
T4,

nd
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and FT milk obtained at 9 a.m. during the study, however, the phosphorus

concentration in PT milk on days 26 to 31 , 17".0 *g/¿1,'was sìgnif.icant'ly

lower than concentrations on days 2 to 4 of lactation,2l.g mg/dl.

Atk'inson et al (igg¡) stated'that grow'ing LBl^l infants fed preterm

mjlk do not retain sufficient amounts of calcium and phosphorus to meet

'intrauterjne accretion rates of these minerals. Retention of phosphorus

at best averaged only 50% of the approximate 'intrauterine retention.

Pro'longed feeding of human milk without supplementation may therefore

cause cumulat'ive calcium and phosphorus deficits and that will manifest

as demineral izat'ion of growìng bones (Atk.inson, 1983).

?.2 Mi I k Composit'ion and Growth

No standards exist for preterm infant growth and this makes it
diffjcult to establish nutritional requÍrements. Most feeding regimens

for LB!'l ìnfants a'im at prompt postnataì resumption of growth

approxìmating intrauterine growth rates (American Academy of Pediatrics

Conrnittee on Nutrition, lg77). However, ideal growth rates have not

been established for the very LBt,'l infant and using ìntrauterine growth

rate as a goaì 'is controvers'ial . These rates of growth are rareìy

achieved and there'is no evidence that fa'ilure to achieve such growth is

particularly detrimental to the 'infant (Heird, Lg77).

Controversy continues regarding the optimal protein levels in the

diets of LBhl premature infants. Until the late 1940's, human milk was

w'idely used in the feeding of these infants. In 1947, Gordon et al

showed that skìmmed cows' milk formula, which provided infants with 4.8

to 6.0 g proteìn/kg of bodyweìght/day, produced greater weight gains in

LBl{ infants than did human milk, which provìded 2.0 g protein/kg of

bodyweight/day. Subsequentìy, high protein formulas became the usual

feeding reg'ime for preterm 'infants in most hospita'l nurseries. In 1967,
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Davi dson et ôl , us'ing propri etory mi I k m'i xtures composed of cows ' mi I k

protein, concluded that the minimum 'intake of proteìn associated wjth

consístently high weight gains was 4 glkglday. A study by snyderman et

al (1969), a'lso using cows'mììk, showed that premature infants fed 9 g

protein/kglday retained greater amounts of n'itrogen than those fed z

s/ks/day, but both groups had similar weight gaìns. In studies by

Babson and Bramhill (1969) and Goldman et al (1969) LBt,,l premature

i nfants fed formul as contai n'ing hi gh concentrati ons of protei n ga.ined

wei ght faster than those i nfants fed formul as wi th protei n

concentrations similar to those of human milk.

In 1976, Raíha et al conducted a study wjth 106 LBI,J infant subjects

wjth size approprìate for gestat'ional age. The jnfants were djvided

into three groups based on gestational age and wìthin each group infants

were assjgned one of five feedìngs, either banked human milk or one of

four formulas. The formulas d'iffered in quant'ity and quality of protein

but not in mineral or fat content. The quantity of lactose was reduced

in the high protein formulas in order to keep them equ'ica'loric. The

preterm infants fed pooìed human milk had rates of growth (crown-rump

length, femoral length, head circumference and weight), from time of

rega'inìng birthweight to time of d'ischarge at 2400 g, whÍch were not

sìgnìficant'ìy djfferent from those of the preterm'infants fed formulas

of higher prote'in concentrations. However Foman and Ziegìer (tgll)
questioned the statist'ical anaìysis of the Rajha study and a two-way

ana'lysis of co-variance using birthweight as the co-variable did

Índicate that the groups of infants fed formula had significantly higher

rates of weight gat'n per week than the groups fed the pooled human milk

(Gauì'l et ô1, r977). It was concluded that if weight gain is equated

wi th growth then the formul as mi ght of fer a smal I advantage. It v\,as
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further contended that the measure of linear growth, which is unbiased

Þy possible flu'id retention, is the best determinate of growth. Results

of other studjes (Dav'ies, r977; Forbes, 1g7B) suggested that expressed,

pool ed mature human mí I k may not prov'ide ideal nutri t'ion for optimaì

growth of LBI,J premature infants, and that preterm infants fed donor m.ilk

demonstrated sl ower growth than those fed conmercial ìy prepared

formujas. Foman et al (1977) estimated that the protein requìrements

for a hypothetical 1200 g infant were 2.54 s/100 kcaì, but that banked

human mìlk contained, only approximately 1.50 g/100 kcal. These authors

therefore concluded that the concentrat'ion of prote'in ìn human mÍl k is
inadequate for growing premature 'infants.

In I978, Atkinson et al reported that n'itrogen concentration, over

the fjrst month of ìactation, was highelin m'ilk from mothers giving

bìrth prematurely than jn mil k f rom mothers giv'ing bj.rth at term. The

LB|,l premature infant would, they estimated, receive 20% more nitrogen

than would the term jnfant if both were fed equaì volumes of their own

mothers ' mr'l k. When the n'itrogen concentratì on of premature i nf ants'

own mothers'milk ìs compared to the n'itrogen concentration of the same

volume of mature donor breast mi'ìk, the contrast in nitrogen intake js

even more dramatic. The premature infant would receive at least twice

as much protein and utiljzable n'itrogen from an equaì volume of hìs own

mother's milk during the ear'ly stage of lactatjon. This study by

Atkinson generated further research designed to evaluate the nutritional

compos'ition and adequacy of breast mjlk produced by mothers delivering

preterm'infants, such as the studies by Gross et al (tggO) and Schanler

and 0h (1980) which are djscussed elsewhere in thjs revjew.

until the study by Atkinson et al (tget) was published, no data had

been reported on the growth oì" nutr j t'ional heal th of smal I prema.uure
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infants fed their own mothers'milk. To examjne the adequacy of own

mothers' mìlk, Atkinson et al (tggt) fed e.ither pooìed breast milk

(PBM), thejr own mothers'm'ilk (PT) or infant formula (SMA20 or SMA24)

to infants of less than i300 g bi rthwe'ight, matched for gestat'ionaì age

and weight. l4acronutrìent composit'ion and energy of the milks are shown

'in Table 11. The PT mil k was fed fresh w'ithin 48 hours of expression.

The PBM milk, obtaìned from women breast-feedìng term infants two to

five months postpartum, was frozen four to e'ight weeks, thawed, poolêd,

sterilized by autoclaving, rapid'ly cooled and refrozen until used for
feed'ing. Infants were measured for weight, crown-hee'l ìength and

occìpitofrontal circumference on entry to the study and biweekly there-

after. By the end of the second week of life the'infants rece'ivr'ng pT

milk or SMA had regained and surpassed their birthwe'ights but those

receiving PBM averaged on'ly.94 percent of their initial we.ights.

Crown-heel length and head c'ircumference increases were similar in the

three groups over the first two weeks of life. Nitrogen intake was

higher for the infants rece'iving PT milk than for those receiving pBl,1 or

sMA, and apparent N retentjon was also higher jn the pT group. The

authors concluded that the steril'ized PBM feedìng reg'ime resulted in a

less desirable proteìn nutritional status and slower weight gain when

compared to infants receiving PT mjlk.

Chessex et al (1983) evaluated the growth of very low birthweight

(VLBþI) jnfants fed the'ir own mothers'milk during the first six weeks of

life. Anthropometric measurements were performed in eleven growing,

vLBw (<1300 g) preterm infants fed a mean m'ilk intake of r7z mL/kg/d

provìd'ing a gross protein intake of 3.0 g/kg/d and a gross energy jntake

of 111 kcal lkg/d. The infants gained 15.2 g/kg /d in we.ight, 0.98 cm/wk

in'length and 0.76 cm/wk in head circumference. These rates of growth
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Table 11

MACRONUTRIENT COMPOSITION AND ENTRGY IN MILKS
1

2 3
PBM PT SMAzO SMA24

A B

N'itrogen
(mg /dL )

Lactose
(g/dl- )

Fat
(s/dt- )

Gross Energy
(kcal /dL)

6.50 5.23t0.14 5.56t0.11 7.30 8.20

196 328t14 267tI4 246 296

3 .75 3. 80t0. 47 4. 0510. 36 3. 51 4 .2?

67 67t5 69t4 70 82
4

lMeantSEM (n=24), adapted from Atkinson et a],1981
2Pool Breast Milk.
3A and B represent milks fed ìnfants at 6 to 8 and

13 to 15 days postpartum, respect'ively.
4calculated usìng energy conversìon based on heats of
combustion for mììk protein, fat and lactose.



approximated reported gains for intrauterìne growth of the fetus from ZB

to 32 wk (Usher and Mclean, 1969)

A study by Atkìnson et al (1983) measured macromineral balances and

growth concurrently wíth studies of prote'in and energy (Atkinson et al,
1981) in premature infants fed their own mothers'milk or modified

infant formula during the first month of life. Seven pairs of infants

were studjed for the fjrst two weeks and five of the pa'irs also at the

end of the fourth week of life. Milk'intakes were increased as

tolerated to a maximum of 180 to 200 mL/kg/d. Anthropometr.ic data for
the ìnfants were similar on entry to the study. There was a significant
acceleration in the rate of weight gaìn over the four weeks in the two

groups. After the first two weeks we'ight gain in the group fed the.ir

mothers' milk approximated intrauterine weight gain, as calculated from

the growth curves of Usher and Mclean (igOg).However the formula-fed

infants demonstrated a signìfìcantly greater weight gain, 26 g/d, than

the group fed the'ir mothers'milk, 15 g/d. Growth in ìength and head

length and head circumference in both groups approximated jntrauterjne

growth rates.

Rates of growth of three groups of preterm jnfants were compared by

Gross (1983). One group was fed milk obtained early from mothers of
preterm infants, one group received mÍlk produced during the mature

stage of lactat'ion by mothers of term infants and one group receíved a

whey-based i nfant formul a. The j nfants i n al I the groups were

comparab'le in birthweight, gestationa'l ôgê, 'length and head

circumference at entry to the study. Rates of weight gain were greater

for the groups receiving formula (zl.o g/d) and mÍlk from mothers of
preterm infants (23.7 g/d) than for the group receìving milk from

mothers of term 'infants (15"9 g/d). The average increments in 'length
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and in head c'ircumference were sign'ificant'ly greater for the groups

rece'iving preterm human milk and formula than for the group receivjng
mature human milk. Gross concluded that for the heaìthy preterm ìnfant,
feedjng with preterm human mjlk or the whey-based.infant formula offers
a significant growth advantage over feed.ing with mature human milk.

Atkinson et al (tgat, 1993), chessex et al (tgg¡) and Gross (tga¡)
concluded that amounts of protein in earìy preterm milk are adequate to
support rates of growth in premature infants approximat'ing those of the

thi rd trimester of intrauterine I ife, and that mothers of preterm

infants were therefore the best source of human m'ilk for the infants.
Anderson et al (1981) suggested that milk from the infant's own mother

should be fed if available. If not, formula of known and consistent
composit'ion may be preferable to the variable nutrient composjtjon of
pooìed banked milk. 0f the available alternatives to the infant,s own

mother's milk none appear to be completeìy satisfactory. Much remains to
be learned regard'ing nutrjtional support for premature infants dur.ing

their first weeks of Iife.
2.3 Sodium Intake and H.yponatremi a

Increased survival of smal ler ìnfants emphasizes the

re-evaluation of the eìectroìyte requirements of the LBI,J

need for

premature

infant. Sod'ium requirements vary great'ly among infants and controversy

has surrounded the feeding of the LBl,l infant because of the lov¡ level of
sodium (s2 meq/kg/d) provided by mature human milk and formulas desìgned

to resemble'it (Roy et ô1,1976). The sodium content of human mirk

sampled after full lactation is established has ranged from <z to
>20 meq/L with a median of 7 meq/L (curran, 1g7g). A number of
investigators have observed that hyponatremia occurs frequently during
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the first six weeks of life in LBW infants fed'humanized'milks that

provide sodium in amounts similar to breast milk.

Hyponatremia is arb'itrarììy defined as serum sodjum <130 meq/1.

Low bjrthweight infants are prone to hyponatremia in the first six weeks

of life because the sodium requirements of the LBl^l infant are higher

than those of the full term infant. Reasons for the higher sodium

requirement may be, first, that the rate of accumulation of sodium in

the body is proport'ionately and absolute'ly hìgher earìy durìng the third
trjmester than at term (Roy et dl , 1976), secondly, that sodium

coprecipitates with calcium in bone when length growth js rapid, and

f inaì ly, that because of renal 'immaturity there is a relative'ly high

urinary sodium loss (Day et al , 1976). Balance stud.ies suggest that LBI^J

infants requ'ire 3 meq/kg/d to avoid hyponatremia between the age of ?

:'and 6 weeks.

Day et al ( tgZ0) studi ed 30 LBI,'l 'infants fed a commerc'ial formul a

and found that hyponatrem'i a occurred i n 23 'inf ants , 14 appropri ate for
gestational age (AGA) and 9 small for gestational age (Sen¡ between the

ages of 2 and 6 weeks. In 5 of the jnfants hyponatremja recurred after

apparent'ly adequate treatment for the deficjt. Hyponatrem'ia occurred

frequent'ly in 46 LBl,'l infants (.1.3 kg) between 2 and 6 weeks of age

studjed by Roy et a] (1976). A formula was reconst'ituted to prov'ide two

d'ifferent sodium concentrations. Sodium intake in the nonsupplemented

group (NS) was 2 meq sod'ium/kg/d ancl the supplemented infants (s)

received 3 meq/kg/d. Infants were studied from 14 to 4l days of age.

At the beginn'ing of the study an equal number of infants (31%) in each

group were hyponatremic. After supplementatjon on'ly tv¡o episodes of

hyponatremia occurred in the s'infants (both during the fjrst study

week) but the NS infants showed a persistentìy hi gh inc'idence of
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hyponatrem'ia until the fourth study week. Chance et al (tgll) examined

growth of 108 ìnfants <1.3 kg b'irthweight ìn response to various dietary

changes. 0nìy sod'iun intake was shown to influence the rate of weight

gain. Infants who did not receive sodium supplement ga'ined weight at a

rate less than in utero (30 g/d) whereas those given sod'ium supp'lement

showed an appropriate weight ga'in for their postconceptua'l age. Kumar

and Sacks (1978) found that the usual ma'intenance intake of 2 to 3

meq/kg/d sodium chloride was not sufficient ìn the extremely premature

infant. LBI,I jnfants cannot conserve urinary sod'ium and as much as 4 to

B meq/kgld may be requìred to keep up w'ith sodium needs in these

infants. The sodium content of mature human milk is approximate'ly 7

meq/1, whi le formulas usual'ly conta'in 7 to 12 meq/L (Table 12). A LBI^J

ìnfant gettìng a maximum 180 to 200 ml/kg of human m'ilk per day would

faìl to get the maintenance requirements of s.odium.

However, m'ilk from mothers who give birth prematurely has a higher

concentration of sodìum than mature milk (Atk'inson et al, 1980; Lemons

et â1,1982). Atkinson et al (1983) found that the amount of sodium

provided by the mother's m'i'lk produced for her premature infant during

the fìrst four weeks of lactation was adequate.

In summary, baì ance measurements suggest that the LBI^J infant

requi res approximately 3 meq/kg/d of sodium to avoid hyponatrem'ia

between the ages of 2 and 6 weeks. Mature human milk and many formulas

provide onìy 2 neqlkgld. Ear'ly preterm human mi I k appears to provide

adequate amounts of sod'ium. If preterm m'ilk is not availabìe,

supplementation of formula to provide a daily tota'l sodium intake of 3

meq/kg/d untjl a weight of 1.5 kg is reached was suggested (Roy et ô1,

1e76 ) .
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Table 12

ADVISABLE NUTRIENT INTAKES AND NUTRIENT CONTTNTS OF

PRITIRM AND MATURE HUMAN MILKS AND OF SI MILAC AND

SIMILAC SPEC]AL CARE FORMULAS

Nutrient Advisable intake 1 2 3 4 4

forlk
i nfant

for 1.5 kg
i nfan t

g

Preterm
human
milk

l4ature
human
milk

Similac Similac
Spec'ia'l

Ca re

Energy
(kcal/dL)

Prote i n
(g/¿l- )

Lactose
(s /dt- )

Sod i um
(meq /L )

Calcium
(mg/dL )

2.4 ?.7

27

123 108

73 70

r.5-2.2 0. 9 1.6

3.4 2.7 -3.4 3.6

6.8 7.0 7.2

7 -18 10

31 34

t4 15

81

2.2

4.4

8.6

15

52 144

39 72

68

Fat
(s/dt- )

718

Pho s pho ru s
(mg/dL )

B3 73

1

?

3

4

Ziegler et al (tg8t)

Lemons et al (1982)

Brostrom (198i)

Ross Laboratories, Montreal, P.Q.



44

?.4 Calcium and Phosphorus Intake and Mineralìzation

The prematureìy born ìnfant i s 'in a precarious position. If
postnata'l we'ight ga'in proceeds at the intrauterine rate, large amounts

of calcium and phosphorus must be provided if the body is to keep pace

and undermineralization or rickets is to be avoided. Because it is

di f f i cul t to prov'ide adequate amounts of cal c'ium and phosphorus ora'l ìy

or ìntravenously, jt may be fortunate that prematurely born infants

usual'ly grow slowly during the first weeks of postnataì ljfe.

intrauterine accret'ion of cal cium and phosphorus increases

dramatically during the last trimester of pregnancy. During that time

the fetus ìays down approxìmate'ìy 100 mg calcium per kiìogram of

bodyweight per day in the form of new bone (Ziegler et al, 1976; Shaw

1976). The advisable intake for calcium and phosphorus for the 1 kg

body weight infant is 210 and 140 mg/kg/d respectìvely; for the 1.5 kg

body weight infant it ìs 185 and I23 nglkgld, respectively (Ziegler et

ô1, 1981). Preterm human milk contains approx'imately 30 mg calcium/dL

and 14 mg phosphorus/dL and mature human milk approximateìy 34 mg

calc'ium/dL and 15 mg phosphorus/dL (Table 12). Calcium and phosphorus

in standard ìnfant formulas range from 50 to 60 mg/dl and 38 to 50 mg/dl

respectively (Brady et â1,1982). It is apparent that human mijk and

standard formulas do not provide enough calcìum and phosphorus to meet

normal fetal accret'ion rates , even i f 100 percent of the cal c'i um and

phosphorus were absorbed. Thus the LBlll infant may be predìsposed to

undermineralization when a rap'id rate of growth comparable to that

observed i n utero 'i s ach i eved .

Delayed bone mineral ization, osteopenia and overt rickets have

recently been reported in premature infants fed human milk. Rowe et al

(1979) found that an infant of 26 weeks gestat'ion developed hypophos-
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phatem'ic rjckets whjle she was being fed human milk exclusive'ly. The

infant's mother's milk contajned 32 mg/dL of ca:lcium and'11 mg/dL of

phosphorus - values within the normal range. The infant had jncreased

her b'irthweìght (525 g) almost 3å times by her expected date of b'irth.

In utero her est'imated accretion of calcjum and phosphorus would have

been 2I and i3 g respectiveìy (Zieg'ìer et â1, 1976). The jnfant

actualìy received 5.7 g of calcium and i.9 g of phosphorus from human

mi1k, not all of which would have been absorbed. Treatment was begun

and the human milk was supplemented with 20 to 25 mg/kg/d of phosphorus

as potass'ium phosphate. Calc'ium supplementation (30 mg/kg/d) was

jnitiated after 3 days. Three months after supp'lementation there was no

radio-graphìc evìdence of rickets. Sagy et al (1980) also reported

radiologícaìly proven rickets in an exclusiveìy breast fed prematureìy

born 'infant. In contrast to the Rowe et al (1979) study examinat'ion of

the mothers milk for phosphorus content repeatedìy showed low values

(S.g to 6.2 mg/dl). Therapy was initiated and the'infant received 20 to

25 mg/kg/d of phosphorus as potassium phosphate for 7 weeks. After 9

weeks radìologic examination revealed no evidence of rickets. These

cases support the need for appropri ate cal ci um and phosphorus

supp'lementation of breast milk when given to the rapidly growing

prenature infant

Shaw ( 1976) compared the rate of absorption and retentìon of

calcium by very low birthweight infants over the first 30 to 70 days

after bírth to the rate of accumulation of calcium by the fetus in

utero. The results showed that preterm infants fed breast milk had an

absolute deficiency of calcium. Although the infants absorbed near'ly

two-th'irds of theìr d'ietary ca'lcium, intakes were on'ìy 56 mg/kg/d from

breas+" milk. Infants fed other milks Ínqested sufficient calcium but
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did not absorb enough. Calcium absorption improved w'ith ìncreasing

postnatal ôgê, however, intrauterine'rates of calcium retention were

never achieved on any mìlks.

It has further been specu'lated that standard formulas might not

supply the low birthweight infant with adequate calcium, phosphorLts and

vitamin D for normal bone mineralization. Day et al (1975) studied 30

'infants <1.3 kg from age 14 days to 1.8 kg bodywe'ight. Infants were

pai rmatched for gestat'iona'ì age and bi rthwei ght and randomìy al I ocated

to two treatment groups. Al I 'infants were fed SMA, 200 nLlkgld, 160

kcal /kgi d and vüere given a mul t'ivitam'in conta'ining 500 IU vitamin

D/dose. Infants in group A rece'ived no calcium supplement; those in

group B recejved cal cium I actate, 800 mg/kg/d. Resul ts showed no

difference in weekly length gain, weight gain or head circumference

ìncrements during the study. However, in 9 of 10 pa'ired rad'iographs of

the knee and tjb'ia, group B infants had better defined bone texture

and/or wider cortices than group A 'infants.

Implementation of serial measurements of bone mjneral densjty which

prov'ide a more direct assessment of the mineral'izat'ion process has

improved the abì'lìty to measure the outcome of clinical trials. The

measurement of radial bone mineral in smal I infants by photon

absorptiometry employs a photon beam which passes through the rad'ius

(Steichen et al , 1978). Bone mineral content (Bf'lC) is reported in grams

per centimeter. Minton et al (tgZg) adapted photon absorptiometry to

measure BMC'in 30 preterm infants fed a standard commercial formula

(Similac with iron, Ross Laboratories). BÞ4C at bÍrth correlated

significantly w'ith gestatìonal age and birthweight. The linear rate of

increase of postnatal BMC in the preterm infants was sìgn'ificantly less

than the expected rate of increase in utero. It t+as speculated that the
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decreased'intake of calcium and phosphorus affected postnatal bone

miner:al ízatìon . and that standard formul as fail ed to suppìy adequate

minerals for mineralization in the low birthwe'ight premature infant.
Steichen et al (tggO) used direct photon absorptiometry for longitudina'l

studies on the effect of an experimentaì formula. Twenty-nine premature

infants received S'imilac (Ross LaboratorÍes) containing 51 mg calcjum/dL

and 31 mg phosphorus/dL or the experìmental formula containing 126 mg

calcium/dL and 63 mg phosphorus/dL. The average intake of calcium and

phosphorus on the experimental formula was ?35 and 115 ng/kg/d,

respectì ve'ly, whi ch approx'imated the amount requi red f or bone mì neral -
ìzation in utero and was s'ignìficantly greater than the standard

formula. BMC was significantìy greater in infants receiving the

experimental formul a at z, 4 and rz weeks postnataì age. It was

concluded that undermineral ization appears to be caused mainìy by

mineral deficr'ency and that calcium and phosphorus intakes of
approx'imateìy 235 ancl 115 nS/kS/d would prov'ide suffjcient mjneral to
al low postnatal bone mineral'izatìon to approximate the intrauterine
rate.

Very LBI.J jnfants wjth rickets had reìatìve'ly normal serum calcium

and phosphorus concentrations but elevated serum alkaline phosphatase

and decreased bone mineral content in a study by Steichen et al (1gg1).

After treatment by increasing ca'lcium and phosphorus there was no change

ìn serum calc'ium and the serum phosphorus increase was not signifiant
however the alkaline phosphatase concentration decreased jnto the normal

range. Kulkarni et al (tgAO) aìso found that serjal determjnations of
serum ealcium remained constant over weeks of treatment in 15 very LB1,J

'infants with act'ive rÍckets. However, serum phosphorus was

sìgnificantly lower during the phase of actjve rickeis than during the
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healing phase. Serum alkaline phosphatase activity continued to be

elevated during the healìng phase but graduaì1y decreased. Shenai et al

(tggO) found that excludìng the initjal set of results obtained prior to

commencement of oral feed'ings the mean values of serum calcium and

phosphorus were in the normal range. Ten preterm 'infants þ,ere fed an

experimental formula (Simiìac Specia'l Care, Ross Laboratories) and

absorbed 73% of the calcium and 81% of the phosphorus. The mean calcjum

and phosphorus retenti on rates reveal ed by bal ance studj es i n these

'infants were comparable to normal fetal accretion rates.

Direct photon absorptiometry was used by Greer et al (tgAZ) to

examìne the effect of increased calc'ium and phosphorus on bone

mineralizat'ion ìn premature infants also receiv'ing this neþJ formula

(Simjlac Spec'ia'l care, Ross Laboratories). Twelve LBt^l infants,

gestat'ionaì age 28 to 32 weeks were maintaìned on approx'imateìy 150 mL

of formul alkï/d provid'ing 118 kcal lk}ld, ?04 mg calcium/kg/d and 116 mg

phosphoruslkgld. Average daily weight gaìn was 18.5 g/kSld. 0ver a

3 to 5 week period, bone mineralization increased jn 8 of the 12 infants

and decreased in the rema'inder but all values remained ìn the range

expected for Bl'lC in utero. In 1983, Atkinson et al examined calcìum and

phosphorus balances in premature infants fed thejr own mothers'milk or

fonmula (s¡,tR 67 or SMA 80, wyeth Laboratorjes). calcium and phosphorus

intakes from SMA were h'igher than from PT human mi'lk, however retention

of calcium and phosphorus did not meet intra-uterine retention rates in

either feeding regimen. Radiographs of the rad'ius-ulna taken when

infants reached approximate'ìy 1.8 kg weight were assessed as to degree

of m'ineralization. Two of three infants fed their mothers' milk and one

of four infants fed SMA were "ìnadequateìy mineralized".
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It appears that the problem of delayed bone mineral ization in
premature infants fed human mílk or standard formulas is related to

dìetary deficjencies of calc'ium and phosphorus. Nejther preterm nor

mature human milk nor infant formula designed for full-term infants

provides adequate amounts of these minerals if the infant is growing at

rates that approximate intrauterine growth rates. Infants fed formulas

with higher concentratjons of calcium, phosphorus and other nutrients

spec'if ica'lìy developed for the premature 'infant have demonstrated

'improved mìneral retentions and bone mineral'ization compared to

unsupp'l emented infants. However the optimal amount of cal cjum and

phosphorus required to support adequate m'ineral izat'ion of rapidìy

grow'ing bone in premature ìnfants needs to be defined.
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Chapter 3

MATIRIAL AND MITHODS

3.1 Subjects

3.1.1. Selection and Care

Low birthweight (LBI,J) infants were selected from al I patients

admitted to the Intensive and Intermediate Care Nurseries at the Health

Sciences Centre (HSC), t,Jinn'ipeg, tvlanitoba, between May and November,

1981. The criteria for acceptance were birthweight of less than 1500 g;

and freedom from congenita'l abnormalities. Twenty infants, five male

and fifteen female with birthweights from 890 g to 1490 g met the

criteria. Informed consent was obtained from the mothers of the ìnfants

prior to the'ir inclusion in the study. Gestational age was confirmed by

clinical assessment (Dubow'itz et â1, 1970) and ranged from ?8 to 36

weeks. Eleven infants were appropríate sjze for gestationa'l age and

nine infants were small for gestationaì âge, defined as below the th'ird

percentìle forintrauterine growth (Usher and MacLean, 1969). Clinical

details for each infant are given 'in Appendix A.

All infants were nursed in incubators in a thermoneutral

envìronment with heat shìelds placed over the infants. When 'infants

were able to majntain their own body temperature they were nursed'in

open cribs. Supportìve measures or treatment were given accord'ing to

the cl inical condition of the infant and the nursery routine. Al 1

'infants were fed intravenously a 10% glucose solution contain'ing

appropriate eìectro'lytes during the first day of life. If an infant's

condition was uncomplicated, human milk was fed by gavage on day two"

The volume of human milk lvas increased as tolerated, with concomitant

decreases 'in intravenous fluids. When ora'l feedings were not feasible
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for an extended period of time, total parenteral nutrition (TpN)

containing amino acìds, glucose, vitamins, minerals and sometimes lipid,
was administered via a peripheral vein. Ten of the twenty infants in

this study received TPN and seven of these infants were also given lO%

Intraìipid (Pharmacia Canada Ltd., Montreal, Que.)

3.I.2. Mìlk Sources and Feedinq Protocol

According to HSC protocol all infants less than 1500 g at birth

routine'ly receíve fresh human milk for the first i4 days of enteral

feeding. If the motheris suppìying milk she is encouraged to continue

after this time. In cases where a mother cannot supply mi'lk for her

infant, m'iìk is donated by nursing mothers in the community. These

nursing mothers are screened for general level of heal th, current

med'icat'ions and age of infant (preferab'ly over six weeks of age). Milk

from these mothers is referred to as mature donor milk. Milk is also

donated by mothers of preterm infants who are unable to receive enteral

feedings. Mjlk from these mothers is referred to as preterm donor milk.

All donor milk'is screened for bacterial contamination and discarded if
not fed within 48 hours. Infants 'in this study received their own

mother's mi'lk, donor milk. and formula. All feedíngs were by

intermittent gavage.

3.i.3. Clinícal Measurements

All growth measurements were made and recorded weekìy by the nurse

coordinator of the HSC study. Weights of infants were measured using an

Air Shields sling scale (accuracy r10 g) or a Toledo baby scale (accuracy

t 109) in the Intensive Care and the Intermediate Care Nurseries respect-

ively. Crown-heel lengths of infants were measured using a p'last'ic

coated nonstretch tape accurate to 0.25 cm. Occipiofrontal head
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circumference (HC) of infants were measured using a plastic coated

nonstretch tape ac.curate to-0.25 cm.

Radiographs of the rad'ius-ulna of infants were obtained at three

months 'of age for hospitalized infants or at discharge for ìnfants

released before three months of age. A pediatric radiologist assessed

the rad'iographs and assigned the infants to one of four groups:

(1) normal bone mjneral'izatjon, (2) delayed bone mineralìzat'ion, (3)

suggestive of rickets and (4) overt ríckets.

Blood was drawn biweekly for measurement of serum caì cìum,

phosphorus, sodjum and alkaline phosphatase by the HSC laboratory us'ing

the methods described below.

3. 2. Uil!! Sampl ì ng and Storage

Samples wene collected in 20 mL g'lass vials with screw top lids

which l¡lere labelled with the infant's name and the date on which the

collection was begun. The source of milk fed at each feeding was

recorded on the form provided (Appendìx B). Collectjon periods started

at 0800 h each day. For each infant a one mL al'iquot of each feedìng

was pìaced in the vial so that the contents were representative of the

24 hour period.

The collection period covered the fìrst s'ix weeks postnatai. blhen

the samp'les were PT milk, then these were representative of the PT

infants'mothers'milk. The D milk samples were not representative of

one donor's milk, since an jnfant could have received mjlk from a number

of donors during the collect'ion period. PT milks were expressed by

mothers deìivering infants of ?8 to 32 weeks gestatìonaì âgê, while D

milks were suppì'ied by mothers whose term infants were over six weeks of

age. Preterm/donor (PT/D) mjlks were the collections which included
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milk from both sources. Infants receiving their own mother's milk were

suppìemented with D milk if the volume of their own mother's mi.lk was

not suffic'ient. The mean percent of PT milk in the PTID samples was 90,

87,77, 66, 68 and 52 in weeks 1 to 6 respectively.

The samp'les were refrigerated throughout the collection perìod and

then transported on ice to the nutrjtion laboratory at the Univers.ity of
Man'itoba for analysis. Immediate'ry upon arriva'l at the laboratory, the

vials for each infant were comb'ined to form samp'les representative of 2

or 3 day collection periods (Table 13). The analyses of rN, fat and

lactose were performed on these sampìes. Proportìona'l amounts of 2 and

3 day combined sampìes were further combined to provide milk samp'les

representat'ive of 7 day collection periods. The anaìyses of NpN,

caJcìum, phosphorus and sodium were performed on these samples. TN, fat
and NPN content were determined on fresh miìk sampìes. Lactose, calc.ium,

phosphorus and sodi um content v\,ere determi ned on premeasured m j I k

sampìes which were frozen and stored at -z}oc. sampìes for mineraJ

anaìys'is were stored in scintillation vjals.

3.3 Mil k Analyses

3.3.1. Total Nítrogen and Nonproteìn Nj troqen Determination

Total nitrogen (TN) content of fresh mìlk samples was determined by

the micro-Kjeldahl method of the Association of Official Anaìytical

Chemists (i980) with modifications indicated in Appendix C. Nonprote.in

nitrogen (NPN) was determ'ined on defatted mi'lk samples after protein had

been precipitated by I?/" trichlorocetic acid using the method described

by Lonnerdaì et al (1976a) with modifications indicated in Appendix D.

3.3.2. Fat Determination

Total fat content of fresh mìlk samples was measured spectrophoto-
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Table 13

DISIGN FOR MILK SAMPLE COLLECTION AND ANALYSES

Nutri ent
Col I ecti on

Peri od
(d)

Sto rage
Tempçratu re

("c )

Method of
Analysis

TN

Fat

La ctose

NPN

I'li neral s

Cal c'ium

Phos ph o ru s

Sod i urn

l

?-3

2-3

2-3

4

4

M'icro-Kjel dahl

Tu rb i dometri c

Phenol -sul furi c

Acìd precipitation
of protein.
Mì cro-gel dahl

Atomi c absorpt'ion

Col orimetri c

Atom j c absorptr'on

2

47

7

-?0

-20

Values determined on dupìicate samples.

Values determined on trip'l'icate samp'les.
2
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metrically by the method of Nakai and Le (1970). In this procedure

acetic acid was used to dissociate and solubilize the protein and fat.

Turbidjty, a measure of fat content, was measured by takìng absorbance

readings at 400 rìnì, after the addition of urea-jmidazole' solutìon

(Appendìx E).

3.3.3. Lactose Determination

Lactose content of frozen human milk samp'les was determined using

the pheno'l-sul furic ac'id method for total carbohydrates (Barnett and

Tawab,1957). This method'is based on the principìe that simple sugars,

o'l igosaccharides, polysaccharides and their derìvatives produce a stable

orange color when treated with phenoì and concentrated sulfuric acid.

The absorbance was read spectrophotometrica'lìy at 490 nm (Appendíx F).

3. 3.4. Cal cul ati on of Protei n and tne Content

. ProteÍ n was cal cul ated by the fol 'lowi ng f ormul a :

Protein (g/dL) = TN (mg/dL) x 6.25l1000.

The 6.25 factor was cons'idered more appropríate than the 6.38 factor

because 5 to 6% of the TN in human milk'is nonamjno acid nitrogen

(Atkinson et al, 1980). Energy content of the milk samples was

ca'ìculated using caìoric values of 5.65 kcal /g for protein, 9.25 kcaì/g

for fat and 3.95 kcal /g for lactose. These values represent the energy

for combustion for milk products (Report of the Joint FAO/I,JHO Ad Hoc

Expert Conrmi ttee , 1973 ) .

3. 3 . 5 . M'i neral Determi nati on

For mineral analyses, 7 mL of milk was drìed overnìght at 1000C.

The dried samp'le was dissolved 'in 7 mL of acid mix (t part 60%

perch'loric acid: 2 parts 30% hydrogen peroxjde), heated at 70oC for 3
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hours and filtered through hlhatman number 4 filter paper into a 10 mL

graduated cyc'l i nder. The samp'le was washed three t'imes . w.ith smal I

aliquots dejonized water and the total filtrate made back to 7 ml

(Sol ution A).

For sodjum ana'lysis, 1 mL of Solution A was diluted with deionized

water to make 500 mL. Sodium content was determìned ín this solution

using the Perkin-Elmer atomic absorption spectrophotometer model 403

(Perkin-Elmer, Norwalk, conn. ) equipped with hollow cathode ìamps.

Values are means of tripìicate readjngs and are expressed in meq/1. For

calcjum analysis, 1 mL of Solution A was diluted with 0.I% lanthanum

oxide in I% perchloric acjd to make 100 mL. Calcium content was

determjned in this solution using the Perkin-Elmer atomic absorptìon

spectrophotometer model 403 (perkin-Elmer, Nonvalk, conn.) equipped with

hollow cathode 1amps. Values are means of triplicate readings and are

reported in mg/dL. Phosphorus vüas determjned as phosophate by diluting
1mL of solut'ion A w'ith deionized water to make 50 mL. A i mL aliquot

of this solution was diluted with 2 mL reagent (¡ parts lM sulfuric
acid: 1 part 2.5% ammonium molybdate: 1 part fresh'ly prepared r0%

ascorbic acid). After r-3/4 hours incubatìon at 370c, tríplicate
samp'les were cooled and absorbance read on a sp6-300 pye unicam

spectrophotometer (canlab, þJinnipeg, Manitoba) at gz0 nm against a

reagent blank. Phosphorus content expressed as mg/dL was determjned

from a potassiurn phosphate curve.

3.4 Blood Serum Anal yses

3.4.1. Sodium Determínation

Serum sodium was measured on a Beckman ASTRA I Analyzer (Beckman

Instruments, Brea, cA) using sodium ion-selective electrodes.
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3.4.2. Calcium Determination

The CALCM pack was used in the Du Pont Automatic Chemical Analyzer

(Du Pont Company, t,Jilmington, DE) to quantitatively measure calcium in

the blood serum. 'This method is a modification of the calcium

o-cresolphthalein complexone complexometric reaction used by Sarkar and

Chauhan (tS0Z¡ for the measurement of serum calcium without prior

protein precipitation.

3.4.3. Phosphorus Determin ati on

The PHOS pack was used in the Du Pont Automatic ChemicaÏ Analyzer

with computer II (Dupont company, t,litmington, DE) to quantitatively

measure inorganic phosphate in the blood serum. This method is a

modification of the phosphomolybdate method íntroduced by FÍske and

Subbarow (i925).

3.4.4. Alkaline Phosphatase Determination

Alkaline phosphatase activity was measured on an ABA-100 automated

analyzer (Abbott Laboratories, Irving, TEX) usíng p-nÍtrophenyl phos-

phate substrate. This method is an adaptation of the method introduced

by Bessy et al (tS+O¡. Alkaline phosphatase catalyzes the conversíon of

p-nitrophenyì phosphate (colorless) to p-nitrophenol which is released

as the p-nitrophenoxíde ion (yellow) which has maximum ìight absorbance

at 405 nm. The reaction is quantitated by measuring the absorbance

'increase over a known time. The reaction rate is proportiona'l to the

amount of alkaline phosphatase present.

3.5 Hypotheses and Statis tical Analysis

The fol lowing hypotheses were formulated to carry out the

objecti ves .

1. There wil I be no difference in total nitrogen (nonprotein
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nitrogen, fat, ìactose, energy, sodium, calcìum, phosphorus) content

from wee"k to week'in the mi'lk of mothers delivering premature'ly.

?. There will be no difference in total nitrogen (nonprotein nitrogen,

fat, 'lactose, energy, sodjum, calcium, phosphorus) content from week to

week in the mature milk mothers donate to the hospital nurseries.

3. There will be no difference in totaì nitrogen (nonprotein nitrogen,

fat, lactose, energy, sodium, calcium, phosphorus) content from week to

week in mixtures of milk from mothers delivering prematureìy and mature

mílk donated to the nurseries.

4. There will be no difference in total nitrogen (nonprotein nitrogen,

fat, lactose, energy, sodium, calcium, phosphorus) content in the milk

of mothers delivering prematurely, mature mi'lk donated to the nurseries

or mixtures of these milks.

5. There will be no relationship between the protein (energy) intakes

of premature infants less than 1500 g at birth and their growth during

the first six postnatal weeks.

6. There wíll be no relationship between the incidence of hyponatremia

in premature infants less than 1500 g at birth and their sodium intakes.

7. There will be no relationship between the íncidence of delayed bone

mineraìization in premature infants less than 1500 g at birth and their

calcium (phosphorus) intakes.

8. There will be no reïatìonshìp between the íncidence of delayed bone

míneralization ìn premature infants less than 1500 g at birth and their

serum calcium (phosphorus, alkaline phosphatase) levels.

9. There will be no relationship between the serum caïcium
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(phosphorus, aìka'line phosphatase) levels in premature infants less than

1500 g at birth and theír calcium (phosphorus) intakes.

Data from al I experiments urere anaìyzed using the computer based

Statistical Analysis System (sns¡. Hypotheses 1 to 4 were tested us.ing

the General Linear Model (GLM) procedure for factorial analysis of

varjance for unbalanced data. Test'ing which means were signìficantìy
different from each other was performed using Duncan's Multiple Range

test at the 0.01% level of significance. Hypothesis 5 was tested using

correlation to measure the closeness of the linear relationship between

weìght gain and intake. The T test procedure was used to test

hypotheses 6 to 9.
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Chapter 4

RESULTS AND DISCUSSION

4.1. Nutrient Composition of Human Milk: A Compar ison of Preterm,

lvlature Donor and Prete rm/Donor Mixtures

Tests of the hypotheses related to the fìrst objective of the

study indicated that there !{ere differences in total nitrogen (TN), fat,
lactose and energy contents from week to week in the milk of mothers

de'lìvering prematureìy (PT) but no vreek to week differences in mature

m'ilk donated to the nurseries (D). However, there were week to week

differences in TN, fat, lactose and energy contents in mixtures of pT

and D milks (PTID). PT and PTID mììks were different from D milk in
mean TN, nonprotein nítrogen (NPN), sodium and calcium contents for the

six week period and PTID mÍlk was also different from D m'i'lk in mean fat
and I actose contents.

4.1.1. Total Nitroqen and Protein Content

The mean TN content of the PT milk collected during the first week

of feed'ing was 377 mg/dL; and for the second and third weeks was Zg7

mg/dL and 247 mg/dL, respectively (Table 14). TN content for weeks four

to s'ix ranged from 225 to z?g mg/dl. The TN levels corresponded to

calculated protein values of 2.4, 1.9, 1.5 and 1.4 s/il for weeks one,

two, three and for weeks four to six respectiveìy (Table 15). The TN

content of the PT milk was s'ignificantìy greater in week one than in

week two, and in week two than in week three and subsequent weeks. For

the six week period the mean TN content of pr milk was 260 mg/dl

corresponding to a mean calculated protein content of 1.6 g/dt_ (Table

16).
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Table 14

N ITROGEN CONTENTI OF P RETERM (PT), D0N0R (D ) AND PRET ERM/DONOR (PT

I'llL K FED T}IENTY PR EI.IATURE INFANTS

Ueek

2

I'ti ì k
Nutrient Source 4 E 6

Tota l
Ni trogen

(ms/dL)

Nonprotei n

Ni trogen
(mg /dL )

1

155t6.6
(16)

378t8.8a
(3)

294t l0 . 8b
(e)

PT 377t26.9a3 297t11-3b

(12)4 (16)

162t3. 9
(21 )

3

247 ¡8.8c

(ti)

15215.4
(i2)

267ri3.6b
(16)

3 31.2t1- 0 34
(s)

22.6¡2.L
(4)

33.7!1.8
(6)

2?6t4.9c 225t5.8c Z29tl0'4c

(16) (15) 122)

152t3.3 163113.2 U4t6 ' 0---(ãi (4) (6)

236t11.9bc 234t12.5bc 183t4'0c--(i5i (e) (2)

2

D

PTi D

1t1
(5).7t3.

(6)
7 33

25. 310.2
(2)

35.0t1.5
(4)

I 33.612.3
(8)

29. 110 .0
(2)

7ll
(s)34PT

D

33 .8t3. 3
(7)

25.6t3.5
(4)

30. 4t10. 0
(2)

26.5t2.1
(8)

28.415.3
(3)

2t.4
(1)

35.611.9
(5)

33.9
(1)PT/D

lMeantSEM

ZThe oercent of PT milk in the PTID mixture ranged from 90% (wk 1)

to 52% (wk 6)

3vu]r", in the sarfte row with dìfferent ìetters are

riò.ìiiàä"ily aitrerent P <o'ol)

 Nrmber in brackets is the number of samples analyzed'
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Tabìe 15

TNERGY AND I'TACRONUTRIENT CONTTNT1 OT PRETERH (PT). DONOR (D)

AND PR Qr /ù2 üILK FEo rr.rENTY PREuA TURE INFANTS

l{eekI'ri I k
Nutrient Source

I ? 3 4 5 6

Prote i n
(g/dL )

2,4t0.ZaJ
(tz¡a

1.0r0.0
(16)

PT

D

1. 9t0. lb I
(16)

(L?

(tz

t0
l6

5t

1.0t0.0
(21)

0r0

1. 8r0. lb
(e)

1.4t0.0c
(15)

I . 4t0. lc
(22)

1.0r0. 1
(4)

1.110.0
(6)

1c I

lbc1b

0c4r0
6

1.0t0.0
(3)

0i

PI lD 2.4t0. la
(3)

r.7
(

1.5t0.lbc I
(1s)

5t0.
(e)

I 110.
(2)

0c

Fat
(s/al ¡

I . 8t0. 3a
(12)

3. 8t0. 2
(to¡

PT lD I.?tO.2a
(4)

PT 3.410

3.9i0.4b 3
(e)

2b 3.4r0.2b
(tz)

Zbc 4.0t0 .2bc 4.3t0.2c) (z¡)(ls
t0
16

3.7
(6

D 4.?t0.4
(21)

4.2t0.4
(12)

3.911.2
(3)

.2b 3.7r0.2b
) (ts)

3. 5i0. 8
(4)

3. 610 . 2b
(s)

3.1t0.2
(6)

010 3.1r0.5b
(2)(16

Lactose
(s/dL )

lab1a3t06
(,Lz

PT t0
16

6.7
(

6..7t0.lab
(17)

6. 9t0. 1
(tt)

6. 5t0. lb
(16)

7. 0t0. lb
(16)

6. 910. I
(3)

6.610.lb
(r5 )

6 . 8r0. lb
(ts¡

6. 9t0 . lb
(e)

6. 8t0. lb
(23)

D 6.610.2
(to)

PTID 5.9r0.la
(4)

6. 5r0 . 2b
(e)

7.0!0.1
(zt )

7. 1r0. I
(6)

7.4r0. I
(3)

6. 9r0 . 2b
(2)

Energy
(kcal /dL)

PT 55.2t?.8a
(tz)

D 66.511.9
(16)

PT lg 48.8t2.4a
(3)

68.7t1.5bc 67.0t1.9b(ro¡ (17)

71.613.6 72
( 21)

72.5i3.lb
(s)

69.7t2.obc 71.8t2.obc 75.lt1.6c(to¡ (ts¡ (2?)

68.6t10.7 71.6!7 .4 62.3t7.7(3) (3) (6)

68. 9t2 . 2b 62 . 5t5 . lab(s) (2)

.6t3
(tt)

5

68. lt2.3b
(ts1

6ab62.6t
16

lMeantSEM

zThe percent of PT milk in the PT|D mixture ranged from 951 (wk l) to 52i. (wk 6)
3vulr", in the same row with different letters are significantly different (p<0.01)
4Number in brackets is number of sampìes anaìyzed.
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NUTRITIONAL COMPOSITION

Table 16

OF PRETERM (PT). DONOR (D) AND
1

PRETERM/DONOR (PT/D)2 NILK FID TI.¡ENTY PREI,IATURE INFANTS

PT D Pr lo

Total Nitrogen (mg/dl)

Nonprotein Nìtrogen (mg/dL)

Protein (S/Ol-)

Fat (g/dL)

Lactose (S/dr)

Enerqy (kca l /dL)

Sodium (meq/L)

Calcium (mg/dL)

Phosphorus (mg/dL)

1.6t0.0 a
(e8 )

1.0t0.0 b
(62 )

1.6t0.0 a
(54)

3.9t0.2 a
(62)

3.3t0.1 b
(s5)

6.9t0.1 a
(5s )

26016.9 a
(e8)

3

33.6t1.0 a
(36)

3.5t0.1 ab
(ee)

6.8t0.1 ab
(ee)

68.8:1.0
(ee)

8.4:0.8 a
( 33)

37 .9t1.2 a
(33)

15912.6 b
(62)

69.311.6
(oo)

43. 2t1.5 b
( ta;

8.8i0.3
( t+1

260t7.7 a
(54)

33.4t1.3 a
(2i)

6.6t0. I b
(5s)

66.011.2
(54)

38.0t1.5 a
(20)

8.6rC. 3
( 20)

25 511.0 b
(21)

4.5j0.6 b
(ta1

8.0t0.7 a
(20)

8. 910. 2
(33)

llt4eanISEM for six weeks

2Percent of PT milk in PT/D m'ixture ranged from 90% (wk 1) to 52% (wk 6)

3Vulr", ìn the same row with dìfferent 'letters are significantly
d'ifferent (p.0.01)

4Number ìn brackets is the number of samples analyzed.



64

TN values ranging from 311 to 508 mg/dl have been reported for pT

.Milk durÍng the fìrst week of lactation, as was shown in Table 3. In

two of the three studies which reported TN values for both days 1 to 3

and 4 to 6 (Atkinson et â1, 1978 and 1980) the averaged TN values for
week one were lower,353 and 345 mg/dl, than the value in the present

study,377 mg/dl; but in the third study (Schanler and 0h, 1gB0) the TN

value was slightly higher, 391 mg/dl. For the second week of collection
TN was 297 mg/dL, a value which was in the middle of the reported range

for days 7 to 16. Averaged rN values for this period, as gíven by

Lemons et al (lgBZ) and D. Anderson et al (1983) were almost Ídentical

to those of the present study, zg4 and 295 mg/dL respectiveì_v. pT mi'lk

sampìes collected during the third week had a TN leve'l of 247 mg/dlo a

value in the middle of the reported range for days 17 to zr. During the

fourth week, TN averaged 226 mg/dl, a vaìue close to.those reported by

G. Anderson et al (tggt) and Lemons et al (1982),232 and z3g mg/dl

respectively. Throughout the six weeks of the present study, the TN

contents of the PT milks were consistent'ly representative of reported

values. The data confìrms the high in'itial TN content of pT m.ilk, and

its subsequent decline with progressing ìactation. By the sixth week

the TN jn the PT milk was 60% of the concentration during the first week

of col lection.

lrfeek'ly average TN content of D mi I k i n the present study ranged

from 152 to 174 mg/dl, and for the six week period the mean TN content

was 159 mg/dl. This value corresponds to 1.0 protein/dl, and is similar
to that found by Lonnerdaì et al (1976b), who reported a mean TN

concentration of 161 mg/dl in m'ilk from mothers 1.5 to 3.5 months

postpartum. The mean TN of D milk was, however lower than the 190 mg/dl
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of spot donor miìks as reported by D. Anderson et al (1983) and the 199

mg/dl found in milk donated by mothers who expressed their milk between

one week and eight months postpartum in the Schanler and 0h (tggO)

study. The high variabi'lity observed by D. Anderson et al (tSAa1 and

Schanler and 0h (1980) was not evident in the present study.

PT mil ks were consistently much higherin TN than D miìks. Preterm

milks fed during the first two weeks postpartum were approximately twice

as high in TN as were D milks, and even during week 6 of feeding the TN

content was 30% higher. The difference between the means for the entire

six weeks period,260 mg/dL for PT milk and 159 mg/dl for D milk was

h'ighly significant. A premature infant fed his own mother's mílk would

receive approximately 64% more nitrogen than when fed the same volume of

mature D míìk during the first six postnatal weeks.

Levels.of TN in the combined PTID samples were as high or higher

than those in PT mi'lk for weeks one to five. During this period the

percent of PT milk in the samples decreased from 90 to 68, yet TN

concentrations remained h'igh. It appears that the PT milk supplied by

mothers unable to provide milk in sufficient volume to meet the entire

requirement of their infants, contained higher concentrations of TN than

PT milk suppìied in adequate amounts by mothers whose infants received

on'ly PT milk. The consistently high values for TN in the PTID milks

indicates the significant contribution of even a'limited supp'ly of the

mother's own milk towards prov'ision of protein for her premature infant.

4.1.2. Nonprotein Nitrogen Content

NPN content of the PT milk ranged from 3I.2 to 34.7 ng/dl during

the first six weeks of lactation (Table 14) and for the entire period
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the mean NPN content was 33.6 mg/dL (Table 16). Because NPN in PT milk

remained relatively constant during' the perìod of study and TN

concentrations decreased with progressing ìactation (Figure 1), NPN as a

percent of TN rose from 9% in week one to 15% in weeks 4,5 and 6 for an

overaìl mean of l3%.

Lemons et al ( 1982) al so reported a narrow range of NPN

concentrations 31 to 35 mg/dl, during their six week study. This range

of NPN concentratíons and the mean NPN,33 mg/dL, were identicaì to NPN

concentrations found in this study.

However, some differences between the findings of the present study

and other reports are evident (Table 4). Atkinson et al (tSaO¡ reported

that although NPN was on average a relatìvely constant 17.6% of TN, NPN

in PT milk showed a significant decrease with time, from 62 ngldL at the

3 to 5 day stage to 43 mg/dL by lactation day ?8. The findings of

Schanler and 0h (tggO) were similar and they reported that NPN

concentrations decreased fron 7?.2 mg/dL at days 1 to 3 to 32.6 mg/dL at

days 22 to 28 and ranged from 15 to 18% oî the TN. Gross et al (tSaO1

reported no absolute values but found that percent NPN remained constant

during the first month of lactation and averaged between 15 and 19% of

the TN concentration.

l,leek'ly average NPN concentrations of D mil k ranged from 2I.4 to

29.I ng/dl and for the entire six week period the mean NPN concentration

was 25.5 mg/dl in this study. NPN in D mílk averaged between 14 and 17%

of the TN concentration. D milk NPN concentrations in this study were

not as high as those found in mature milk by Lonnerdal et aì (tgZgn) who

reported NPN concentrations of 46 mg/dl or 22% of the TN in milk from

mothers 1.5 to 3.5 months postpartum, and by Schanler and 0h (tSaOl
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vuho reported that donated pooìed milk contained 43 mg/dL NPN or 23% of

the TN. Atkinson et aì (tgAO) observed that NPN accounted for 28% of

the TN in mature miìk.

The range of NPN concentrations in PTID mi]k, ZB to 36 mg/d, was

broader than in PT milk but the mean NPN concentration 33 mg/d, was

identical.

The values for NPN were Tower than most reported values, possible

because in this study NPN concentrations were determined on milk samples

which had not been frozen. Freezing could cause d'isruption of the

protein micelles and stímulate proteolysis of proteins producÍng higher

concentrations of NPN. Atkinson et a'l (1980), Gross et aì (1990), and

Lonnerdal et al (1976b) determined NPN concentrations on samples frozen

at -200C and the freezer temperature used by Schanler and 0h (tgAO) was

not cited. Lemons et al (1SAZ1 whose NPN va'lues are ident'ical to those

in thís study used sampìes frozen at -800c. The effect of freezing

human milk at various temperatures on protein stabi'lity is not known.

However, research on cows'milk'indicates that protein is unstable at

freezer storage temperatures above -200C while at very low temperatures

the protein remains stable for extended periods of time. Further study

to provide informatìon on the effect of freezing and thawing human milk

is suggested.

4.1.3. Fat Content

The mean fat content of the PT milk for the first week of lactation

was 1.8 g/dl, for weeks two and three was 3.4 g/dL, and for weeks four

to six increased from 3.7 to 4.3 SldL (Table 15). Fat concentrations in

week one samples ranged from 0.2 to 4.4 g/dL and appeared to be

dependent on the amount of coìostrom in the sample. The fat content of
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PT milk was significantìy lower in week one than in weeks two and three

and in weeks two and three than in week six. For the six week period

the mean fat content of PT milk was 3.5 S/dL (Table 16).

Fat vaìues ranging from 1.6 to 3.0 g/dl have been reported for pT

milk cluring the first week of lactation, as was shown ín Table 5. In

two of three studíes reporting fat values for days 1 to 3 (Gross et aì,

1980 and D. Anderson et ô1 , 1983) the fat vaìues were s'light'ly ìower,

1.6 g/dl, than the value in the present study, 1.8 g/dL. Low fat

concentrations probabìy reflect high colostrum content in the samples.

The fat values in most reported studíes fluctuated from week to week

whereas in the present study fat values increased consistentìy and

significantly over the six week period. Fat content of the combined PT

and D milks did not exhjbit the pattern of increasing fat content that

was ev'ident in the PT milk. þJeek to week variation was considerable and

the difference between the means for the six weeks period, 3.3 g/dl for

PT/D mi'lk and 3.9 g/dl for D mÍl k was signif icant.

Significant discrepancies between the findings of the present study

and the reports of G. Anderson et al (1981) and Guerrini et al (tset¡

are evident in regard to fat concentrations. G. Anderson et al (t9at¡

reported that the fat concentration increased from 3.0 g/dl at 3 to 5

days lactat'ion to 4.3 g/dL at 15 to 18 days lactation. In agreement,

Guerrini et aì (1981) found that fat concentrations averaged 2.5 g/dl in
samples colìected over the first 6 days of lactation. Reasons for these

higher values are unclear but may reflect a ìesser amount of colostrom

in the samples. The method used by Anderson et al (1981) could give

higher fat concentrations because the extraction recovers phospholípids

more effectively than other methods, however the fat concentration found
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in term milk in their study was significantly lower than in the pT mÌlk

and did reflect the effect of colostrom

weekìy average fat contents of D milks ranged from 3.1 s/dl to 4.2

g/dl and for the six week period the mean fat contènt was 3.9 gldL.

The fat content of D milk was simiìar to PT milk over the six week study

but because D milk collections were from mothers of infants over six

weeks of age the low fat content typica] of colostrom was not observed

in week one. When week one fat values were omitted the mean fat content

of the PT milk was 3.8 g/dL, a value very similar to the 3.9 g/dl fat
content of D milk indicating that fat concentrations in PT and D milk

would be very similar over time.

Although the donor milk samples were not representative 24 hour

sampìes of mature milk, the average fat content was almost the same as

that determíned for pooled 24 hour samples from 200 mothers, a value of
3.8% as reported by lvlacy et a'l ( tgsg ) . A hi gher average fat content ,

4.5%, was reported by Hambraeus (tgll) and a lower content, z.ro to
?.95%, by Fomon (1974). The fat content in D milk ìs often highly

variable making standardization of D mil k difficult. Much of the

variabiìity reìates to the fact that mitk is collected after varying

periods of lactation, at different times during the day and at varying

periods of time after the donor's feeding of her own infant. The fat
concentrations in D miìk in this study were not as variable as the L.7

to 7.9 g/dL reported by D. Anderson et ar (19g3) for spot D milk

specimens but were not from one feeding from one donor.

Reliability of the method of fat anaìysis used in this study

(Nakai and Le 1970), has been questioned by Dorea et at (tggt) who

observed a correlation of only 0.471 between the turbidometric and
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Roese-Gott'l i eb methods . However Hundri eser et a'l ( 1984) reported a

high correlation coefficient, 0.979, between the two methods. Dorea et

al (1981) analyzed samples that had been frozen and herd at -20oc.

Freezing often causes flocculatlon making accurate measurement of small

sampìes difficult and the freezing and thawing activates lipases in milk

(Jensen et al, 1978) possibìy ínfTuencing vaìues obtained by this method

after freezing.

4.I.4. Lactose Content

The mean lactose content of the PT milk collected during the first
week of feeding was 6.3 g/dl and for weeks two to six ranged from 6.7 to

7 .0 gldL (Table 15). The lactose content of the pT mil k was

significantly lower in week one than in weeks four to six. For the six

week period the mean lactose content of pr milk was 6.9 g/dl (Table 16).

Lactose values ranging from 5.04 to 6.20 g/dL have been reported

for PT milk during the first week of lactation, as !{as shown in Tabte 6.

In all three studies which reported ìactose values for both days I to 3

and 4 to 6 (Gross et â1,1980, G. Anderson et al,1981 and D. Anderson

et ôì, 1983) the 'lactose concentratíons were lowest during the first
week and increased with progressing lactation similar to the results of

the present study. G. Anderson et al (lgBi) suggested that the lower

lactose concentration was a consequence of the higher nitrogen

throughout their study. This inverse relationship couìd be relevant in

the fi rst week of this study when I actose concentrations were

significant'ly lower and TN significantly higher than concentrations

determined with progressing Jactation. Since both Iactose and TN are

part of the water solubìe fraction, the higher nìtrogen may effectiveìy

decrease the lactose concentration in the milk.



72

weekly average lactose contents of D milk ranged from 6.6 to 7.4

g/dL, and for the six week period the mean lactose content was 6.9 g/dl.

A similar lactose concentration, 6.74 g/dl, was determined in milk

collected after one month postpartum by Lauber and Reinhardt (1SZS¡

using a modification of the phenol-sulfuric method used in this study.

The mean lactose content of the PT/D milk collected during the

first week of feeding was 5.9 g/dl and for weeks two to six increased

from 6.5 to 6.9 g/dl (Table 15). The ìactose content of the pr/D miTk

was significantly lower in week one than in weeks two to sìx. For the

six week period the mean lactose content of PT/D milk, 6.6 g/dL, was

significantly lower than the mean lactose content of D milk. 6.9 g/dL.

The TN concentration of the PT/D mílks was high and the lactose content

very low during week one lendíng further support to the inverse

relatl'onship between TN and lactose concentration. 
:

4.1.5. Energy Content

The mean energy content of the PT milk during the first week

of lactation was 55.2 kcal/dL, for weeks two to five ranged from 67.0

to 71.8 kcal/dL and for week six was 75.t kcal/dL (Tabìe 15). The

energy content of the PT milk was significant'ly less in week one than in

weeks two to six and in week three significantly'less, than in week 6.

For the six week period the mean energy content of the PT mitk was 68.8

kcal/dL (Table 16).

Other recent reports have documented a sìmiìar range of energy

values in PT milk (ra¡le 7). Energy content is largeìy dependent on fat

concentrations in the milk and factors used to calculate energy can

infìuence values reported. The majority of studíes on PT milk have also

observed low total energy concentrations during the first week of
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lactation. Gross et a1 (1980), G. Anderson et al (1981) and D. Anderson

et al (1983) reported low energy concentrations of 52.4, 58 and 49

kcaì/dL, respectively, at days 3 to 5 increasing to 67.4,77 and 67

kcal/dL, respectively, at day 7 to 10 and then remaining constant. This

pattern is sim'ilar to the energy concentrations in this study and

appears to be a reflection of fat concentration. Because of sampling

techniques described earlier, Lemons et al (tSAZ1 díd not observe the

low energy concentrations in their first sample.

The energy in thi s study was cal cul ated from the measured

concentrations of protein (6.25 TN), fat and lactose us'ing the formula:

kcal/dl=protein (g/dL)x5.65 + fat (g/dl) x 9.25 + lactose (g/¿l-) x 3.95.

These factors are based on the heats of combustion for the individual

nutrients and thus are comparable to bomb calorimetry values. G.

Anderson et aT (tg8t) found that calculated energy values using heats of

combustion averaged 97% of those determ'ined by bomb calorimetry and

D. Anderson et al (tggg) also found no significant difference between

calcul ated energy content and energy content determined with bomb

calorimetry. However,Lemons and coworkers found the mean energy content

of the milk samp'les as determined by bomb calorimetry to be 18.5%

greater than the energy content based upon calculation from nutrient

content using the factors of 4.27,8.79 and 3.87 for protein, fat and

lactose respectìvely. The factors used by Lemons et al (1982) estimate

avaÍlable energy based on metabolìc studies which could accountn in

part, for the discrepancy between calculated values and bomb

calorimetry. The mean total energy content of PT milk as determined by

Lemons et aì (1982) using the bomb calorimeter,73.2 kcal/dL, was higher

than the total energy content reported in this study and by other

researchers. A precise conversion factor for avai'!abìe energy from a
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milk diet for infants is difficuìt to determine as it is ìikely to vary

under d'ifferent physíoìogicaì conditions such as gestational ôgê,

postnatal age and illness.

In the present study weekly average energy contents of D mi'lk

ranged from 66.5 to 72.6 kcal/dl and for the entire six week period the

mean energy content was 69.3 kcal/dL. The energy content of D mi'lk was

similar to PT milk over the six week study but was higher in week one

because of the higher fat concentration. Energy values ranging from

60-75 kcal /dL and a mean of 70 kcal /dL have been reported for mature

milk (Jenness et ô1, L977., Brostrom, 1gg1). Energy content of the

mature D milk samp'ìed in this study was more variable than pT milk and

confirmed the high variability of previously reported values for mature

m'ilk (Anderson et al , 1983).

The energy content of the combined PT and D milks was similar to
the PT milk with a low value,48.8 kcaì/dL during week one and values

ranging from 62.5 to 72.5 during weeks two to six.

4. i .6. Sodi um Content

The mean sodium content of the pr milk was 11.s meq/L during week

one and decreased to 5.4 meq/L during week 6 (Table 17). For the entire

six week period the mean sodium content of pr milk þ,as 9.4 meq/1.

(Table 16). The mean sodium content of the combined pT and D milks was

8.0 meq/L similar to the sodium content of pT milk.

Other recent reports have demonstrated a similar decrease in sodium

concentrations over time in PT milk but the values in this study were

generalìy lower than those reported in the ìiterature. Gross et al

(tggo) reported that sodium content decreased from 26.6 meq/L at day 3

to 12.6 meq/L at day 28 and Atkinson et al (tgeo) reported that the
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1

I4ACROMINERAL CONTENT'

Table 17

OF PRETERH (PT), DONOR (O) NHO

a
PRETER}'IIDONOR (PTID). I'IILK FED T}¡ENTY PREMATURE INFANTS

lleekMilk
I'lutri ent Source

I 2 J 4 5 6

Sod i um
(meq /t- )

PT 11.5j1.7
(6)3

6.51i.1
(s)

5. 4t0.8
(6)

4.0t0.4
(7)

4. 2t0.0
(2)

3.5!1. 2
(?\

7 .8t3.7
(2)

4.1
(i)

9.9t0.4
(3)

10.7r1.4
(6)

5t1
(4)

5.6r0. 1

(2)

10.411.8
(6)

7. 3t3.0
( s)

5.6t0.4
(5)

8.8r3.2
(5)

Pf /D 26

Ca'l ci um
(mg/dL )

40.614. 3
(6)

45.5t2.5
(2)

38.6t2. I
(6)

34.5i1.9
(5)

34.0r2.3 35
(s)

PT

D

2tl
(5)

I 27t3
(6)

38

42.2t2.0 38.4t2.2
(7) (2)

33.5!?.7 39.9t3.? 37
(3) (6)

45. 115.9
(2)

42.ItZ.4
(4)

33. 4t6 . I
(2)

51 .0
(1)

Pt lD l!2
(5)

6

Phos phoru s
(mg/dL )

8.610.6
(6)

9.8t0.7
(2)

PÎ /D

9.0t0.6 8.8t0.7(5) (s)

7.5t0.8
(2)

PT

D

8.8t0.6
(6)

8. 5r0 .4
(7)

7 .6t0.2
(3)

8.5r0.7
(6)

8.7r0.6
(s)

10.2
(1)

7.9r0.6
(2)

8.8r0.7
(5)

9.5i0.6
(?)

9. 5t0. 5
(4)

9.610.6
(6)

ll4eantSEH

zThe percent of PT in PT|D mìlk ranged from 90% (wk 1) to 52i" (wk 6)

3Number in brackets is the number of samples anaìyzed
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initial sodium content at days 3 to 5, 23.o meq/L decreased

significantly to 13.5 meq/L at days 13 to 17 and then remained constant.

Schanler and 0h (1980) found that sodium content decreased, from ZZ.z

meq/L at days I to 3 to 7.6 meq/L at days 26 to zg and Lemons et al

(tgAZ) also reported that sodium concentrations ín PT milk decreased as

duration of lactation increased.

Weekìy average sodium concentrations in D milk ranged from 3.5 to
7.8 meq/L and for the entire six week period the mean sodium content was

4.5 meq/l, a value lower than the 6.4 meq/L reported by the Department

of Health and socia'l Security (rg77), or other values of g.1 meq/L and

11.2 meq/L reported by Atkinson et al (i980) and by schanler and 0h

(tSaOl respectiveìy. PT milks in the present study were consistentìy

much higher ín sodium content than D milks. The difference between the

means for the entire six week period, B.4 meq/L for pr milk and 4.5

meq/L for D miìk, was hÍghìy significant. A preterm infant fed his own

mother's milk would receive approximately 85% more sodium than ìf fed an

equal volume of mature D m'ilk during the first six weeks. Lemons et al

(tggZ) found that based upon an average sodium content in mature breast

mí1k, a preterm infant being fed his own mother's milk would receive

approximately 75% more sodium than when fed pooled mature mìlk.

Considerable variability in milk sodium concentrations occurs

between lactating women and the variabìrity appears to be greater in
milk from women delivering prematureìy (Atkinson et â1, 1980 and Gross

et â.|, 1980). Sodium concentrations in individuaì samples ranged from

2.4 to 19"0 meq/L during this study. However, curran (tezs¡ reported

values ranging from <2 to >20 meq/L with a median of 7 meq/L and Gross
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et al (iset1 reported values from <10 meq/L to >s0 meq/L during their
four week study of PT mi'lk.

4.I.7. Calcium Content

The mean ca]cium'content of the pT mìlk ranged from 34.0 to 40.6

mg/dL for the first six weeks of feeding (Table 17). For the entire six

week period the mean calcium content of pT mjlk was 37.9 mg/dl

(Tabìe 16). The calcium concentrations in pr mj lk did not change

significantly during the period of lactation studied (Figure z). pr/D

milks contained almost exactly the same mean calcium content,3g.0 g/dL,

and also showed no significant change over the s.ix weeks.

Most recent reports (Gross et âl , 1980, Lemons et dr, lggz and

Chan, 1982) found that calcium concentrations remained constant

throughout the first month of lactation and reported values ranging from

20.8 to 35.9 mg/dl (Table 9). However, Atkinson et al (tsao1 reported

that calcium concentrations decreased significantìy from 32.2 mg/dL at

the 3 to 5 day stage to ?7.5 mg/dl at the 13 to t7 day stage.

Weekly average calcium contents of D mi.lk ranged from 38.4 to 51.0

mg/dl and for the entire six week period the mean calcium content was

43.? mg/dl. PT milks were consistently much lower in calcÍum content

than D milks and the difference between the means for the entire period,

37.r mg/dl for PT milk and 43.2 mg/dL for D milk, was significant.

conversely, Schan'ler and 0h (tgso) found that pT milk was generalìy

higher in calcium content, than donated, pooled milk expressed between

one week and eight months postnataìly throughout their study.

Different sampling procedures, sample preparation and methodology

could account for the discrepancies between the findings of the present

study and other reports. One ìnteresting possibiìity is the use of



78

J
'T5

5'
Ë

ft
L
o
c
E

45

qø

35

3ø

25

?ø

l5

tø

5

----------------Ð----------- ----'

t?
of mi lk

34
collection

5

( r¡eek )

6

Time

Figure ?.
in preterm
Calcium

Comparison of
mi lk.

calcium and phosphorus

Phospho rus,



79

whole milk versus defatted milk in calcium determinations. Fransson and

Lonnerdal (1984) found that 10% of total calcium is bound to membrane

proteins in human milk fat. Use of whole miìk in the present study

could account for the somewhat higher calcium values.

Variabiìity occurs in mineral composition during the course of a

singìe feed, because of diurnal variations and between mothers and could

also account for the discrepancies. Many investigators have examined

the calc'ium content ín human milk and found variatìon from mother to

mother. Jelliffe and Jelliffe (tgZAa) found a difference in calcium

concentratìon in milk from well nourished mothers, 28.6 to 34.0 mg/dl,

and poorìy nourished mothers, 20.8 to 34.2 ng/dL. Atkinson et al (i980)

found that cons'iderable variability in calcium concentrations occurred

between'lactating women with the variabi'lity in miìk from mothers

givìng birth prematureìy being greater than in the milk from mother

giving birth at term. They reported calcíum concentrations ranging from

18 to 48 mg/dl at the 3 to 5 days interval whereas calcium

concentrations ranged from 24 to 52 mg/dl during the six week period in

this study.

4. 1 .8. Phosphorus Content

The mean phosphorus content of the PT mi'lk ranged from 8.6 to 9.6

mg/dL for the first sÍx weeks of feeding (Table 17). For the entire six

week period the mean phosphorus content of PT m'ilk was 8.9 mg/dL

and of PT/D milk was 8.6 mg/dL (Table 16). The phosphorus concentration

in PT milk and in PT/D miìk did not change significantly during the

period of lactation studied.

0ther recent reports have documented higher phosphorus

concentrations in PT milk (Table 10). Gross et al (1980) reported that
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phosphorus remained constant throughout the first month of lactation and

ranged from 9.5 mg/dl to 14.9 mg/dl. Atkinson et al (tsao¡ found no

sign'ificant changes in phosphorus concentrations in PT milk and reported

values of 15.5 mg/dl to 16.7 mg/dL. Lemons et al (tgee) reported that

the phosphorus concentration, 13.2 mg/dl, did not change over the period

of lactation studied but Chan (1982) found that phosphorus content in pT

milk was significantìy lower at the 26 to 3l day stage of ìactation,

17.0 mg/dl, than at the 2 to 4 day, ZZ.0 mg/dl.

Weekìy average phosphorus contents of D milk ranged from 7.5

to 10.2 mg/dl and for the entire six week period the mean phosphorus

content was 8.8 mg/dl. The phosphorus content of D milk was similar to
that of PT m'ilk over the six week study.

Different sampling procedures, sampìe preparation and methodoìogy

could account for ttre discrepancies between the fìndings of the present

study and other reports. In this study phosphorus vJas determined on

digested sampìes prepared for atomic absorptìon spectroscopy and the

method of digestion using perchìoric acid and hydrogen peroxide may have

resulted in some loss of phosphorus. This method of digestion was used

for the samp]es for all mineral determinations because the amount of

sampìe remaining for these anaìyses was very smalj.

4.2. Effect of Nutrient Intakes on Growth of Premature Infants.

Test of the hypotheses related to the second objective of the study

indicated there were positive linear correlations between both protein

and energy intakes and the growth of premature infants with birthweights

less than 1500 g duríng the first six post,natal weeks.

4.2.L. Growth Measurements

The weight, length and head circumference (HC) of the zo study
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infants were measured weekly by the nurse coordinator at the Heaìth

sciences Centre. These measurements are reported ín Appendices G,H, and

I. Means of weight gaìn, length gain and Hc gain for the first six

weeks postnataì, and the time to regain birthweight are listed in Table

18. There was a strong posit'ive I inear correlation between we'ight and

HC (r=0.94) and we'ight and ìength (r=0.86). Difficulty obtaining

accurate'length measurements wjth a tape could account for the lower

coeffic'ient of correlation (r) for weight and ìength. l,Jeight gain was

used as the dependent variable in the analysis of the growth data

because the strong positive correlation of we'ight with HC and length

made use of the additional measures unnecessary.

4.2.2. Protein and Enerqy Intakes and G rowth

Mean weight gains for the 20 premature infants are reported in

Appendix J. These correspond to we'ight gains reported in the literature
(chessex et â1, 1983; shenai et al 1980). Energy and protein intakes

for the individual ínfants duríng six weeks postnata'l are reported in

Appendices K to M. During the first week the mean total energy intake

was 55.7 kcal/kg/d. Parenteral nutrition, consisting of a 10% glucose

solution routìne1y provided at birth, provided 49% of these calories.

By week 2, parenteral nutrition consisting of g'lucose, amino acids, and

vÍtamin and mineral solutions provided only 14% of the 114 kcal/kg/d

total energy intake for the 20 ìnfants. Means of the energy and protein

intakes from miìk and the total energy intake for each infant are listed

in Table 19.

weight gain (g/kg/d), energy intake (kcal lks/d) and protein intake

glkg/d) for the 20 infants during their first six weeks postnataì are
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Table 18

DAYS TO REGAIN BIRTHWEIGHT AND MEAN !\lEIGHT, LENGTH AND HEAD

CIRCUMFERINCE (HC) GAINS OVER SIX hlEEKS FOR TIilENTY PREMATURE INFANTS

Infant
t^lei ght
ga'in

glks/d

Length
gai n

cm/wk

HC

gain
cm/wk

Time to regain
b i rthwei ght

d

1

?
3
4
5

6
7

B

9
10
11
T2
13
1.4

15
16
17
18
19
20

13.
13.
5.

11.
11.
12.
17.

.83

.67

.92

.67

.92

.67
1.00

.50
1 .00

.80
1. 10

.40

.50
1.00
1.00

.58

.58
1.00

.75

.67

.83

.75

.25

.58

.83
1.00

.67

.75
1.00

.67
1.00

.67

.92

.90

.63

.58

.50

.50

.83

16
?T
16
36
15
16
16
17
11

6
14
13
14

6
16
24
?3
23
25
16

13 3
1

6
I
4
2
9
4
6
7
0
0
0
5
2
2
1

6
4
7

T2
16
t2
15
12

6.
9.
2.
5.

11.

t7.
10.

.50

Mean 11. s .77 .73 t7
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Tabìe 19

MEAN DAILY ENERGY AND PROTTIN INTAKTS OF TÌ,JENTY PREMATURI INFANTS DURING

FIRST SIX t^lTEKS POSTNATAL

Infant
tnergy Intake
kcal /kg/d

Proteì n
glks/d

m'il kmilk total

1

2

3
4
q

6
7

B

9
10
11
t2
13
14
15
16
t7
18
19
20

87.6
It?.7
116.3
86. 1

124.6
106.7
97.2

136. 1

r25.3
134.3
L27.3
103.6
113.4
153.4
L24.2
35. 5

82.8
86.8
87 .5

103.8

104.4
119.3
119.9

137. 5
108.8

136. 9
130. 1

145.7

130 .4
93.2

1i6.9

110. 6

110. 2

t29.9
115.0
124.9
160.2

103. 0
102.8
107.0

2
2
2
I
3
2

2
2

2
3
2
2
?
3
2
0
1

1

1

2

.83

.72

.85

.73

.03

.45

.00

.53

.51

.75

.96

.45

.64

.65

.91

.54

.05

.85

.31

.36

Mean 107.3 120. 3 2.41
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plotted in Figures 3 and 4. In the first two weeks of life there was a

sharp increa-se in all parameters wìth weight gain and protein intake

peaking in the third week and energy intake peaking in the fourth week.

This was followed by a flattening of the curves when a weight gain of
approximateìy 18.5 slkg/d, energy intake of 141 kcal/kg/d and protein

intake of approximateìy 3.0 glks/d was achieved. The graphs show that

the weight gain cìosely followed the energy and protein intakes during

the first six postnatal weeks. These curves are similar to those

reported by Chessex et al (tg8t) who found that the relationships

between metabolic rate, energy intake, weight gain and age aì'l followed

a sim'ilar pattern. Weight gains and energy intakes for the 13 very LBW,

formula-fed infants ín their study also increased in the fÍrst two weeks

of life and subsequently stabilized at 18 slkg/d and 155 kcal/kg/d

:'respect'ive1y.

The similarity of the age-weight gain, age-energy intake and

age-protein intake (Figures 3 and 4) indicate that protein and energy

intake correlated with weight gain. A significant linear correlation

(r=0.82) of increasing weight gain with increasing protein intake is
demonstrated in Figure 5. A significant linear correlation is similarìy

shown between weight gain and total energy intake (r=0.6g) in Figure 6

and weight gain and energy intake from mílk (r=0.72) in Figure 7.

These results support previously published work that has shown the

importance of protein intake on the growth of premature infants. The

LBW premature infant is predicted to have higher prote'in requirements in

relation to energy intakes. The requirement of protein necessary to

cover maintenance, ìosses and growth has been estimated from fetal
accretion rates to be approximately 3 g/kg/d (Fomon et al , 1.977). The
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mean protein intake of the premature infants in this study increased

during the first two weeks subsequentìy stabilizing at approximately

3 g/ks/d for the remainder of the study, however, weight gaÍn was

general 1y less than the in utero gaÍn used in the estimations of

requi rements.

4.2.3. Infant Growth Compared to Fetal Growth

Several authorities (Ziegler, et al 1981; Commjttee on Nutrition,

1977) have suggested that the "optimaì" diet for the LBI.J infant'is one

that supports a rate of growth similar to that of the fetus in utero.

The rate of weight gain is greater in the fetus between 26 and 36 weeks

of gestatíon than at any other time in the normal human lifespan. The

true scale of this burst of growth becomes apparent when the weight gain

is expressed ín relation to body size. The growth involves cel l

division as well as cell enlargement and it is possib'le that in some

organs , especi aï ìy the brai n , there are cri ti cal peri ods for the

accomplishment of cell division. The proper feeding and nutrition of

prematurely born infants if they are to survive unimpaired is a cause

for real concern. The desirabìe intakes of major nutrients such as

protein and the principaì energy sources are uncertain because, although

minimum intakes have been defined and a certain amount is known about

the protein and energy cost of growth (Fomon et â1, lg77) there is no

agreement about the desirable rate and quality of growth. It has been

assumed that after a short cessation of growth, it is desirable that the

premature infant should have a rate of weight gain similar to that of

the fetus.

In order to compare weight gains of the infants in this study, with

weight gains of what wouìd be expected based on growth of the reference
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fetus (Ziegler et aì, 1976; Appendix N) percent of the expected weight

gain was calculated for the 18 infants with gestatíonal ages of ZB to 32

weeks. (Appendix 0). Infants numbers 10 and 14 were excluded from this

study because gestationaì age was 36 weeks.

lleight gains of the infants díd not approach those of the reference

fetus untiì the sixth week of life (Table 20). The overall mean percent

of expected weight gain for the 18 infants was 75% ranging from 18 to

138% for individual infants over the six week period. At week 2 post-

natal, when the infants were 30 to 34 weeks postconceptuaì age they had

gained only 45% of the weight gain expected of the fetus. However, at

week 6 when the infants were 34 to 38 weeks postconceptual, weight gain

had increased to 96% of the weight gain expected of the fetus.

It appears that utilizing intrauterine growth rates as a goa'l is

somewhat unrealistic. Atkinson et al (iSaSl also found that the ínfants

studied had generally lower weight gains than the in utero rate of 23

g/d used as a standard by Ziegler et al (tget) for estimation of the

requirements of premature infants. Chessex et at (1983) aìso reported

that the mean growth rate of preterm infants who were fed their own

mothers' milk was s'lightìy lower than that of the pìacentaì'ly fed fetus.

Ideal rates of growth have not been determined for the LBhl premature

infant and expecting the premature infant to continue to grow at the

same rate as that which would have occurred had the infant remained in

utero, fails to take into account the many physioìogical and metabolic

changes which occur at birth. hlhite the intrauterine rate of growth may

represent a reasonable goal for the nutritional management of premature

infants, such growth is rarely achieved. Moreover, there is no evidence
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Table 20

PERCENT OF EXPECTED t^lEIGHT GAINl FOR PREMATURE INFANTS DURING

FIRST SIX u'lEEKS POSTNATAL

Postnatal Age (wk)

Infant GA
(wk)

1 2 3 4 5 6 Mean

1

2
aJ
4
5

6

7

I
9

11
t2
13
15
16
T7
18
19
20

29
31
31
79
28
31
28
30
3i
30
31
?8
32
32
32
29
?9
30

4t
90
7L

0
68
95

111
11
63
56
69
37
48

0
14

0
24
61

89
14
76
67
7t
76
94

200
86

r29
110

59
73

6
9
0

56
127

158
86
91
i6
67
91
89
86
96

r02
136

0
92
33
50
47
48
90

33
100
96
33
37
7T
95

t25
42

i14
146
t3?
rt2

96
88

0
1,4

t?7

96
124
TT2
118
i33

B8
57

267
60

9i
148
64
27

136
41
32
29

86
83
79
47
75
84
89

i38
69

100
110
75
78
32
59
18
37
87

o?
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Mean 30 0 45 75 77 81 96 75

lExpected for reference fetus (Z'iegìer et aì . 1976, Appendix N)

zMuy ,.p.esent negative values.
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that failure to achieve such growth is particuìarly harmful to the

infant (Heird , 1977).

4.2.4. Effect of Preterm Milk and of Mature Donor Mil k and Formula

Combinations on Growth

Various human mì1k and formu'la combinations were fed to the 20

study infants. Four infants (PT) were fed their own mothers' milk

exclusively during their first six weeks postnataì. Sixteen infants (C)

were fed combinations of own mothers'milk, mature donor milk, Special

care and Similac formulas (Ross Laboratories, Montreal, Quebec).

clinical data for the infants are reported in Table zL. The mean

gestational age for the PT and c infants were simi'lar,30.s and 30.7

weeks, respective'ly and there was no difference between the birthweight

of the PT infants, 1285 g and the c infants, 1204 g. Mean length and

mean head circumference (Hc) were similar for the two groups. The pT

infants regained birthweight in 14.3 days and the C infants fn 17.9

days, however these differences were not significant (p .0.1i).

Energy intake, protein intake and weight change for the two groups

of infants are reported in Table 22. In week 1, the mean daiìy protein

intake for the PT infants, l.I glkg/d was significantly greater than for

c infants, 0.5 g/kg/d and in week 2, the mean intakes of milk energy,

tot,al energy and protein for the PT infants, lzs kcat/kg/d, 130

kcal/kg/d and 3.2 glkg/d, respectiveìy, were significantly greater than

the intakes for the c infants, 91 kcal/kg/d. 110 kcal/kg/d and 1.9

g/kg/d. During week 1 the PT and C infants lost 12.9 and 16.0 g/kg/d,

respectively and by the end of the second week of life PT infants had

regained their initial weights but the C infants were onìy 93% of theír

initial weights (Figure 8). This suggests that pr milk may be a
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CLINICAL DATA^

Table 21

FOR PREMATURE INFANTS FED PRETERM MILK (PT)

OR COMBINATION OF HUMAN MILK AND FORMULA (C)

PT^
G)¿

c
(io) 2

Gestational age (wk)

Birthweight (g)

Length (cm)

Head circumference (cm)

Regained bi rthweight (d)

30. 510. 9

1285t95. 3

40 .ZtL.2

26.9t0. 1

14. 3t1.2

30.7t0.6

I204t48.5

38.3t0.8

26. 5t0.4

17 .9t1.8

lMeantSEM

2Number of infants in each group



Tabìe 22

INTAKE AND }IEIGHT GI\IN OF FOUP.

AND SIXTEEN INFANTS FED COMBINATION HUMAN MILK AND

3

lleek

4

INFANTS FED PR

136t4.0
I 161 12.8

I

16.8!?.2
21.4t3.1

ETERM MTLK (PT)

(c)1

Infant
5

142t10.3
126t9.4

145t1 i.2
i36t6. 2

6

133r16.6
147t10.6

3

133t16.63
148t11.1

2 . ttO. 33
3.2t0.3

17 .0t4.2
20. 513 . I

Overa'l l
llean

Energy jntake (mflk)
(kcal /kg/d)

Energy 'lntake (total)
( kcal /kg/d )

Protein intake
hlks¡61

I'leight gain
(s/kg/¿ )

130t2.82 136t
ll0t5.0 129t

14.2r3.0
8.0t2.8

33t7. 3
20t4.0

57t
55t

2

125r5.6
9119 . 6

136114.0
130t12.6

141!10.3
140t8. I

15" 3t
19"5t

11718.8
104t5.9

7?4t7 .?
i18t4.5

2

t0
t0

2.9
2.8

22
3

t0
r0

3.2
1.8

32
I

4.9
3.0

1t0
5t0

I
0

PT

c

PT

c

PT
c

PT
c

4.0
8.9

3
2
2

5.2
2.0

6t0
8t0

2
2

6t0.
2t0.

.4t4

.9tz

2
3

18
t6

I
3

4t0
3t0

2.
2.

11
1l

2
2

.7

.7

-12.913.5
- 16.0t2.9

?
3

5t?
6tl

lMeantSEH

?PT g"oup was slgnfflcantly different from C group (p<0.02)
3compìete intake not recorded for 2 infants receivlng PT m'lìk who were nunsed during week 6

(o
('t
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superior source of nutrition compared to the mature donor milk fed the

infants in this study durìng the first two weeks. These results are

similar to Atkinson et al (tgAt) where by the end of the second week

infants fed PT milk regained their inítial weights, but infants fed

pooled donor milk were onìy 94% of their initial weights.

Energy intaken protein intake and weight gain of the two groups of

infants were similar during weeks 3 to 6. Many c infants were fed a

premature infant formula high in protein (2.2 gldL) whereas the protein

content of PT milk decreased from 2.4 sldL in week 1 to 1.4 gldL in week

4 and remained stable. After six weeks the overall mean weight gain was

11.5 and 11.6 9/kS/dL for PT and C infants, respectively representing

158 and 152 percent of their initial weights.

4.3 Effect of Sodium Intake on Hyponatremi a

Tests of the hypothesis related to the third objective of the study

indicated that sodium intakes did influence the incidence of

hyponatremia in premature infants.

The occurrence of hyponatremia (serum sodium <130 meq/L) was

examined in 19 low birthweight (LBhl) premature infants. Infant number

16 was om'itted from this study because of renal failure.
Contributory factors to hyponatremia investigated in this study

included birthweight, gestational âgê, time to regain birthweight and

sodium intakes (Table 23). There were no significant differences in

birthweight or time to regain birthweight between the normal and

hyponatremic infants. However, the difference between the means of the

gestat'iona1 ôgê, 31"4 weeks for normal infants, and zg.4 weeks for
hyponatremic infants was signíficant. Premature infants are prone to

hyponatremia in the first few weeks of life because of high urinary
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Table 23

CLINICAL DATA AND SODIUM VALUES IN NORMAL AND HYPONATREMIC INFANTSl

Vari abl e 2Normal
(n= 11 )

Hyponatremi c
(n=8)

p value

Birthweight

Gestational Age (wk)

RGBl^l (d)

Sodium Intake (meq/kg/d)

Mí]K

Bí carbonate

TPN

Other

Total

1281158.2

31.4t0.7

14.9t1.6

1 . 30t0. 1

0. 13t0. I

0. 08t0.0

0. 26t0. 1

1.77 t0.I

1130t61.4

29.4t0.5

20.0t2.9

0.9r0. 1

0.22t0.7

0.44t0.2

0 . 3610. 1

1.92t0.1

0. 096

0.048

0. 136

0.036

0.182

0. 183

0. 209

0.152

lMeantSEM

Exact p value for differences between means
2
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sodium loss probably caused by renaì inunaturity (Roy et ô1,1976). It
has been demonstrated that the percentage of fractiorial sodium excretion

was inversely related to postnataì age in the LBVJ infant and reflects

sodium losses through the k'idneys (Curran, 1979).

Hyponatremia occurred frequently in I infants (5 appropriate for

gesiational age (AGA),3 small for gestational age (sGA) between the

ages of birth and four weeks (Table 24). Two infants had on'ly one

epìsode of hyponatremia but in 6 infants, hyponatremia recurred after

treatment for the sodium deficit. 0f the 11 infants who did not

experience episodes of hyponatremia 6 were AGA and 5 SGA. The AGA

Infants in thjs study had more severe instances of hyponatremja (serum

sodium 120 to 124 neq/L) than did the SGA infants. This is in agreement

with Day et al (nlí) who reported hyponatremia in 23 of 30 infants (t+

AGA and 9 SGA) between the ages of 2 and 6 weeks.

Sodium intake was measured from the milks fed the infants and

calculated from other sources. Total sodium inctuding that from

intravenous fluids and medication did not differ between the two groups

over the four weeks. Sodium intakes from milk alone, however, were

different (p.0.05), being ìower in the míìk fed ínfants who had episodes

of hyponatremia. Sodium requi rements vary greatìy between infants,

however most studies reported that hyponatremia occurred frequently in

LBl{ infants receiving a sodium intake s 2 meq/kg/d (Roy et â1, 1976-,

Day et aì,1976). Roy et al (tSZ0¡ found hyponatremia in approximate'ly

one'third of LBTIJ infants fed formulas providing < 2 meq/kg/d sodium

between the second and sixth week of I ife. The hyponatremia was

corrected by suppìementing the formula to provide a total daily sodium

intake of 3 meq/kg/d. Chance et al (1977) modífied a standard formula
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Table 24

INCIDENCE AND SEVERITY OF HYPONATREMIA IN

PRTMATURE INFANTS
1

Number
of

Infants

Number
infants with
hyponatremi a

Total
episodes of

hyponatremì a

Episodes of
hyponatremia with

serum sodium as
i nd Í cated

125-129 120-t24
meq/L meq/L

5

3

I

AGA

SGA

Total

11

I
19

5I 3

1

4

6

14

5

10

1
AGA:

SGA:

appropriate for gestatìona'l age.

small for gestational age.
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to supply sodium at 3 meq/kg/d to infants < 1..3 kg birthweight. 0f the

dietary manipulations used ìn their.study only sodium intake was shown

to influence the rate of weight gain due to growth in lean body mass.

Kumar and Sacks (1SZA¡ fou'nd that the usua'l maintenance intake of 2 to 3

meq/kg/d of sodium chloride was rare]y sufficient in the extremely

premature infant as LBl^l infants cannot adequately conserve urinary

sodi um.

The hyponatremia in LB[^J infants in the first 6 weeks of life is due

to the combined influence of renal inrmaturity which permits relative'ly

high urinary sodium loss and insufficient sodjum intake due to the low

sodium content of human mììk and humanjzed formulas. Supplementation of

human milk and formulas to provide adequate intakes of sodium for

premature infants is'indicated.

4.4 Effect of Calcium and Phosphorus Intakes on Bone Mineralization

Tests of the hypotheses related to the fourth objective of the

study indicated that calcium and phosphorus intakes did inf'luence the

incidence of delayed bone mineralìzation in premature infants. However

there was no relationship between calc'ium and phosphorus intakes and

serum calcium, serum phosphorus or serum alkaline phosphatase levels.

Also there htas no reìatìonship between serum caìcium, phosphorus or

al kal i ne phosphatase I evel s and the i ncidence of del ayed bone

mineralization.

Radiographs of the radius-uìna obtained from 19 premature infants

at three months of age or at discharge from hospitaì were assessed as to

degree of mineral'îzation by a pediatric radioìogist. Infant number 4

was omitted from this study because no radiograph of the radius-ulna was

obtained. Five infants, 3 appropriate for gestatìonal age (AGA) and z
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smal I for gestational age (sGA) were assigned to the normal bone

mineralization.group. Thirteen infants (7 AGA and 6 SGA) were assigned

to the delayed bone mineralization group. One infant (SGA) was assigned

to the overt rickets group. The bone texture was better defíned and the

cortices were somewhat wider in the normal bone mineralization group

than in the deìayed bone mineralÍzation group. Coarse trabeculation

indicating lack of bone mass was evident in the radiograph of the infant

with rickets.

Intrauterine accretion of cal cì um and phosphorus increases

dramatica'lìy during the 'last trimester of pregnancy. During that time

the fetus ìays down approximateìy 100 mg calcium/kg bodyweight/day in

the form of new bone (Ziegler et â1, I976; Shawn 1976). The more

immature a premature infant is, the more predisposed he or she may be to

calcium and phosphorus deficiency especia'lìy when a rapid rate of growth

is achieved.

The mean birthweight of the normal bone mineralization group,

I374 g, was significantly greater than the mean birthweight of the

de]ayed bone mÍneralization group, lLgg g (Tabìe 2b). The birthweight

of the infant with overt rickets was 890 g. The difference between the

means of gestational age, 32.9 and 30.0 weeks for the normaì and detayed

bone mineralization group, respectively, was highly significant. The

gestational age of the infant with ríckets was 29 weeks. The difference

between the means of time to regain birthweight for the normal bone

mineralizatíon group and the delayed bone mineralÍzation group, 11.0

days and 17.5 days respectively, was also highty significant. The time

to regain birthweight for the infant with rickets was zs days. The
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Table 25

CLINICAL DATA AND SERUM VALUES FOR INFANTS

t^lITH NORMAL AND DELAYED BONE MINERALI ZATION

1Mineral ization
Del ayed

Norma
(5)

Del ayed
( ts ¡

p vaì uesL
3

Birthwe'ight (g)

Gestational Age (wk)

RGBW (d)

tJeight Change 3 (g/r<g¡d)

Serum Concentrations:

Calcium (mg/dL)

Phosphorus (mg/dL)

Alkaline Phosphatase ( ru/L )

1374158.1

32.9tI.2

11.0t2.1

14.9tL.7

9. 610..2

6. 4t0. 3

448t91.7

I 188t49. 7

30. 0t0. 4

17.511. 1

11.3t1.0

9.610.1

5.610. 3

501t64.0

0. 052

0.009

0. 009

0. 085

0.887

0.136

0. 664

lMeantSEM

2Number in bracket represents number of infants ìn group

3txact p va'lue for differences between means
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difference in the rate of weight change for the two groups was not

s í gni fi cant .

There was no dìfference in the serum carcium, phosphorus or

alkaline phosphatase values between the two groups. Normal serum values

for preterm infants are calcium > 7 ng/dL, phosphorus 4 to 7 mg/dl and

alka]ìne phosphatase 100 to 300 IU (Children's and General Normal Values

for Laboratory Procedures, Health Sciences Centre, llinnipeg, Manitoba).

The infants in both groups had relative'ly normal serum calcium and

phosphorus concentrations and elevated serum alkaline phosphatase.

Normal serum calcium and phosphorus concentratÍons u¡ere also found in

premature infants with rickets (KulkarnÍ et al, 19g0; Steichen et aì,

1981) " The elevated al kal ine phosphatase in the normal bone

mineralìzation groups is disturbing and its use as a determinant of

delayed bone mineralization needs investigation. Both Kulkarai et al

(tgeO) and Steìchen et a'l (1981) found serum al kal ine phosphatase

remained el evated during treatment of rickets and onìy graduaì'ly

decreased.

The mean daily intakes of energy, calcium and phosphorus for the

normal bone mineralization group were significantly greater than the

intakes for the delayed bone mineralization group (Table 26). The mean

da'ily intake of energy, calcium and phosphorus for the infant with

rickets was 88 kcal/kg/d, 67 ng/kgld and 15 mg/kg/d respectively. There

was no difference in the calcium phosphorus ratio, vitamin D intake or

parenteral intakes between the two groups.

Fetal calcium accretion is approximately 130 mg/kg/d at 28 weeks'

gestation increasing to 140 mg/kg ld at 32 weeks and 151, ns/kg/d at 36

weeks (Ziegìer et â.|, 1976). If extrauterine growth must proceed at
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Table 26

MEAN DAILY NUTRIENT INTAKTS OF INFANTS l\lITH NORMAL
AND DELAYTD BON E MINERALIZATION

1Mineral ization
Variable

3Normal Del ayed p va'lues(5) (13)

Enteral Intakes:

Energy (kcaì lkl/d)

Calcium (mg/kg/d)

Phosphorus (mg/kg/d)

Ca: P Ratio
' Vitamin D (IU/d)

Parenteral Intakes:

Calcium (mg/kg/d)

Phosphorus (mg/kg/d)

1ZBIB.0

12Ix22.2

59t 13. 5

2.7t0.3

27 4x20.3

3.ZtI.4

1.3t0.6

I02r7.7

79t8.6

30t5. 5

3. 5r0. 2

?66tL2.6

8.7t2.4

2.9t1.5

0. 054

0.046

0.030

0. 100

0. 738

0.067

0. 343

2

lMeantStM

Number in bracket represents number of infants in group

3Exact p vaiue for differences between means
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the same rate as intrauterine growth the premature infant must receive

an adequate supply of nutrients. One of the most. important'determinants

of the amount of calcium absorbed by infants appears to be the length of
gestation (Shaw,1976). It is assumed that infants in the normal bone

mineralization group with greater gestationa'l age and higher birthweight

woul d absorb more cal ci um than infants ìn the de] ayed bone

mineralization group. Assumíng a 40% absorption of dietary caìcium an

intake of 200 to 400 mg calcium/kg/d would be required to provide the

premature infant with suffícient calcium to approach intrauterine

accretion. It is evident that the premature infants in this study did

not receive calcium intakes comparable to those received in utero.

Shenai et al (tggO) found that higher calcium intakes may result in
higher total calcium absorption and reported a caJcium absorption rate

of 73% in 10 LBI,I infants fed a formula providing 160 mg calcium/dl.

Even if the absorption rate for infants in the present study were 73%,

calcium intakes would still not be great enough to approx'imate the in
utero caìcium accretion of 150 mg/kg/d. calcium intakes of 205 mg/kg/d

wouìd be necessary. Thus the normal bone mineralization of 5 infants in

this study may be the result of greater gestatíonal age and birthweight.

The main factor underìying delayed bone mineralization is probabìy

the interruption of the transpìacental mineral supply at a time when the

needs of the fetus are high. The importance of providing premature

'infants with an adequate calcium and phosphorus intake must be stressed.

Human milk and most formulas do not supp'ly adequate calcium and

phosphorus for normal bone míneralizatíon and suppìementation of the

dìets of LBt,l infants with calcium and phosphorus is worth examining.

However the exact mineral requirements of premature infants have not
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been established and the optimal form and quantity of calcium and

phosphorus which are requi.red to support adequate mineraïization of

rapìdly growing bone in LBl,l infants need to be precise'ly defined.
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Chapter 5

SUMMARY AND CONCLUSIONS

The development of intensive care neonatal units has resulted in
the survival of an increasing number of low birthweight infants. The

ideal milk for these premature infants remains a controversial issue and

consíderable attention has been directed to the type of miìk best suited

to their nutritional needs. This study was designed to determine how

nutrient levels in milks fed to premature infants differed, depending on

the milk source, whether mÍlk from mothers delivering prematureìy or

mature milk from donors. The relationships of these differences to
growth parameters, ìnc'idence of hyponatremia and of deì ayed bone

mineralization were also examined" Th'is study was unique because the

samp'ìes analysed were aliquots of the actual intake of milk fed to the

premature infants, and therefore exact nutrient jntakes coul d be

determined. The large number of analyses performed contributed to the

validity of the nutrient data.

Level s of ma jor nutri ents 'in the mi I k of mothers deì i ver.ing

prematureìy (PT) differed from the nutrient levels Ín donor breast milk

(D) in a number of instances. These vajues confirmed earlier reports

and interestingly often fell in the middle of the range of

representative milk sample values reported. Most notable was the

d'ifference in total nitrogen (TN) and therefore in protein content of pT

and D milk. TN in PT mjlk was extremeìy high during the first two weeks

and although.the concentration decreased with progressing lactation the

value at week six was stilì higher than that for TN in D mjlk. This

would suggest that premature infants fed their ourn mothers'miJk rather
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than D milk would receive twice as much protein during the first two

weeks of life and 64% more protein during the six weeks studied. The

PT/D mixture also contained high leve'ls of TN even when the quantity of

PT milk in the mixture had decreased. The hígher TN content of the PT

and PT/D milks compared to the D milk would provide the premature infant

with higher amounts of protein, nonprote'in nitrogen, urea, and free

amino acids, aIl of which are potentially ut'ilizable for synthesís of

tissue protein. lvlothers giving birth prematureìy should be strong'ly

encouraged to provide their own milk for their infants even when volumes

are relativeìy small.

Nonprotein nitrogen (NPN) concentrations in PT and PTlD milks were

constant over the six weeks and were aìways greater than NPN in D milk.

The role of NPN and its contribution to growth is not known and it
remains to be investigated whether the higher NPN ín the PT milk v¡ill

influence growth. PT mjlk NPN vaìues were generally lower than reported

values sometimes by as much as 50%, but this difference couìd have

resulted from the preanalysís treatment of the sampìes. Samp'les in th'is

study were analysed fresh whereas samples in most other studies þJere

frozen at -20oC and thawed before anaìysÍs. Freezing and thawing couìd

dìsrupt the protein micelles, stimulate proteoìysis and result in higher

NPN values. In one study samples to be ana'lysed were stored at -800c

and in this case NPN values were ìdentical to those in th'is study. An

investigation of the effect of freezing of human mil k at various

temperatures is necessary.

There were no significant differences between the mean levels of

fat, ìactose and energy in PT and D milk over the six week period.

However the effect of colostrom jn week one in PT and PTID milks was
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quite evident with lower concentrations of fat and lactose and

subsequently I ower energy contents be i ng recorded . These 1 ower

concentrations may be physiologically advantageous to the premature

ìnfant born wÍth an immature digestive system and the progressive

increases in fat and lactose over the first six weeks of lactation may

paral le'l the postnatal deve'lopment of l ipase and lactase enzyme

activities. The initia'lly lower 'lactose may al so be a consequence of

the higher nitrogen content of the PT milk. Since both the protein and

lactose are a part of the water soìuble fraction, the h'igher nitrogen

may effectiveìy decrease the lactose concentration of the milk. The

lower energy content during week one was prímariiy a consequence of the

lower fat concentration.

Levels of mineral concentratìons in PT milk did differ from levels

'in D miìk in spme instances. Sodium concentrations were higher, calcium

concentrations were lower and there were no differences in phosphorus

concentrations. The sodium levels in PT milk decreased over time but

were always higher than in D milk. If fed their own mothers'm'iìk during

the first sìx weeks of life, premature infants would receive

approximately 75% more sodium than if fed D milk. The relatjvely high

sodium concentrations especia'lìy in the first two weeks may protect the

infant against hyponatremia. The calcium and phosphorus concentrations

in PT and PT/D miìks v'Jere constant over the six weeks and calcium

concentratìons were lower than in D milk. The amounts of calcíum and

phosphorus available would be inadequate for grow'ing premature jnfants

to attain in utero accretion rates and a need for calcium and phosphorus

supplementatíon is predicted. There are some significant discrepancies

between the absolute mìneral values found in the present study and other
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reports. The reason for these d'iscrepancies is unclear but may reflect

differences in methodology and possibìy some systematic error in the

measurements. Further investigation is necessary to substantiate these

observations.

Some of the differences in nutrient levels between PT and D milks

may be of potentia'l benefit to the premature infant during the early

weeks of life. It is apparent from this study that energy and protein

intake are important determjnants of weight gain. Premature 'infants are

predicted to have high protein requirements in relation to energy intake

and a significant linear correlation of increasìng weight gain with

increased protein intake was found in this study. A significant linear

correlation was similarly found between weight gain and energy intakes.

The desirable intakes of protein and energy for premature infants are

uncertain because although minimum intakes have been defined and a

certain amount is known about the protein and energy cost of growth,

there is no agreement about the desirable rate and quality of growth.

There are no growth curves for premature infants and the relevance of

intrauterine growth curves to extrauterine patterns of growth has yet to

be establíshed. Premature infants in this study did not approach weight

gains similar to those in utero until age six weeks postnatal. The

study confirms other reports that PT miìk is a more appropriate feeding

than D mi I k during the ear'ly weeks of I ife. Infants receiving PT mi'lk

had sígnificantìy greater intakes of protein and energy than infants

receiving D milk and by the end of week two haì regained their initial
weight while the infants fed D milk were only 94% of their initial
weight. However, when D mìlk was supp'lemented with premature formula in
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week three the intakes and weight gains were similar. The resuìts

suggest that mothers of premature infants are the best source of human

milk for their infants and if D miìk is used it should be supplemented.

Neither human mil k nor most infant formul as provide adequate

amounts of sodium, calcium or phosphorus if infants are growing at rates

that approximate întrauterine growth curves. However, the sodium intake

from milk alone ín this study was greater in infants who were normal

than in infants who had ep'isodes of hyponatremia. The hyponatremia was

probably caused by high urinary sodium 'loss due to renaì immaturity as

well as ìnsufficient sodium intake. Calcium and phosphorus intakes were

greater in infants with normal bone mineralízation than in infants with

deìayed bone mineral ization or rickets although the normal bone

mineraìization may also be a consequence of greater gestationa'l âgê,

bìrthweight and ìess time to regain birthweight. Further investigation

is required to determine the idea'l quantìties of calcium and phosphorus

that must be suppìemented to infants fed human mi lk or humanized

formul as .

Results of the present investigation índicate that a premature

infant's own mother's milk is a more appropriate source of nutrients

than mature donor milk. However, calcium and phosphorus are apparently

present in insufficient amounts to support normal growth. Appropriate

suppìementation of the milk may be necessary for these and possibìy

other nutrients. More research is necessary to determine the best

possible source of milk for premature infants.
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Appendix A

CLINiCAL DTTAILS OF TWENTY LOW-BIRTHl,'lTIGHT iNFANTS

Gestational
Age

(wks )

1
Bi rth Measurements

llei qht Length HC
(g ) (cm) (cm

2

)

Sex Si ze

1

2*
3*

29
31
31
29
?8

3

3
3

4
3
4
3

4
5*
6
7

8
9

M

F

F

M

F

F

F

F

F

F

F

F

F

F

F

M

M

F

F

M

31

AGA
SGA

SGA

^cl\
AGA
AGA
AGA
AGA
SGA

SGA

AGA
AGA
AGA
SGA

AGA
SGA

SGA

SGA

SGA

AGA

1080
1180
1200
1200
980

1400
1000
1480
1090
1230
t420
1490
1160
t240
1490
r260
1380
890
890

1340

37.0
38. 5

40.
40.
41.
40.
34.
33.
35.

27.0
26.0
27.0
?6.4
24.5
27.0
25.0
29.0
27.0
27 .0
?8.5
77.0
26.5
28.5
27.0
27.0
27 .5
24.0
25.0
25.0

8.
ç.

6.
3.
6.
?

7.

0
n

0
0
0
0
0
0
5

0
0
0
0
0
5

0
0
0

10
11
T2
i3
14
15
16
T7
18*
19*
20

?8
30
31
36
30
3T
28
36
3?
3?
32
29
29
30

41
4I
42
41

Mean 30. 7 t220 38. 7 26.6

*multiple birth
1Si..: AGA, appropriate for gestatìona'l age

SGA, smaìl for gestationaì age

2HC: Head Cí rcumference
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Name -

Head C i rcumference:

APPENDIX B

I{ATERNAL ITILK - GROI.'TH STUDY

Date

DAY
6 7 U3 ¡t ,

EREE

t{aternal Hi lk

Formula

Oonor l{ilk

tlaternal l{i lk
Donor l{i lk
Formu I a

l{aternal l{ilk
Donor lli lk
Formula

l{aternal l{ilk

Formu I a

Donor l{i lk

Haternal llilk
Donor l'ti I k

Formu I a

I'laternal l.lí I k

Donor l{i lk
Formula

Haternal llli lk

Formula

Donor Hilk

Leno t h Date
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Appendix C

MICRO-KJELDAHL METHOD FOR TOTAL NITROGEN (TN) DETERMINATION

Duplicate 0.2 mL sampìes of human milk were transferred to 30 mL

digestion flasks containing 1 g titanium dioxide catalyst. Boiling

beads and 2 mL concentrated sulfuric ac'id were added. When the samples

became clear they were digested for 30 minutes.

The flasks were cooled and a minimum volume of water was added to

dissolve the solids. The digest and boi'ling beads were then transferred

to the dist'i1ìing apparatus, the flask was rinsed three times with

1-2 mL of water. A 50 mL beaker containing 5 mL saturated boric acid

solution and two drops methyì red-methylene blue ind'icator was p'laced

under the condenser with tip extending be'low the surface of the

so'lution. Nìne mL 50% NaOH was added to the st'ill. Approx'imately 15 mL

distillate was collected and titrated to end-point with 0.01N HCl.

Cal cul ati on :

TN (mg/dL) = (mL HCl x normality x 14 x 100) ¡ 0.2 mL sample.
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Appendix D

PROTEIN PRECIPITATION FOR NONPROTIIN NITROGEN (NPN) DETERMINATION

The poo'led human milk samples were defatted by centrifugation and

the defatted layer was removed with a Pasteur pipette. The proteins

were precipitated by mixing 1 mL of the defatted mi'lk samples and 1 mL

24% trichloroacetjc acid (TCA). After I h the mixture was centrifuged

for twenty minutes in an IEC International Centrifuge mode'l CS

(lnternational Equipment Company, Boston, Mass.), the supernatant was

filtered through Whatman number 4 filter paper and 1 mL 12% TCA was

mixed with the filtrate and centrifuged as before. This step was

repeated and the filtrate was diluted to 10 mL. Concentrations of NPN

of the human mi'lk samples were determined by m'icro-lfieldahl method using

2 mL of the filtrate. Duplicate analyses were performed and the mean of

the two titration readings was used to calculate the amount of NPN in

the samp'le. Calculation formula for amount of NPN in the sample:

NPN (mg/dl) = (mL HCl x norma]ity x 14.0 x 100) / 0.2 mL
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Appendix E

TURBIDOMETRIC METHOD FOR FAT DETERMINATION

A clear solut'ion was obtained by adding 5 mL of 97% acetic ac'id to

a 0.05 mL sample of fresh human milk in a test tube. Turbid'ity was

developed by adding 2.5 mL of a solut'ion containing 20% urea and 0.2%

imidazole. The solution was mixed on a Vortex Mixer and al'lowed to

stand at room temperature for 30 minutes. Absorbance was measured on a

Bausch and Lomb Spectronic 20 Spectrophotometer (Fisher Scientific,

[.'ljnnipeg, Manitoba) against a reagent blank. Dup'licate ana'lyses were

performed on each combined fresh mi'lk sample. The mean of the two

absorbance read'ings was used to estimate fat content of the sampìe from

a standard curve.
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Appendix F

PHENOL.SULFURIC METHOD FOR LACTOSE DETE RMINATION

A premeasured 1 mL sampìe of frozen mirk was transferred to a

100 mL volumetric flàsk and dilution completed to 100 mL with dÍstilled
water. A 0.1 mL samp'le of this diluted milk was transferred to a test

tube and 4.9 mL djstilled water was added makìng a 1/5000 dilution. A

2 mL sample of diluted m'ilk was placed in a z0 mL screw cap tube and 1

mL of 5% phenol was added. Then 5 mL sulfuric acid was added rapidly;

for complete mjxing the acid was directed against the liquid surface

rather than the side of the tube. The tubes were capped and allowed to

stand at room temperature ten minutes and then mixed on a Vortex Mixer.

After thirty minutes more standing t'ime, the absorbance was measured on

a Bauch and Lomb Spectronic 20 spectrophotometer (Fisher Scientific,
l.l'innjpeg, Man jtoba) at 490 nm aga jnst a water blank. Dupì icate ana'lyses

were performed on each samp'le. The mean of the two absorbance readings

was used to est'imate the lactose content of the sampìe from a standard

cu rve .
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Appendix G

WEIGHT DATA (G) FOR STUDY iNFANTS

DURING FIRST SIX WEIKS POSTNAT AL

Infant 0 1

Postnatal ASe (wk)
23 4 5 6

I
2

3

4
5

6
7

8
9

10
11
I?
13
t4
15
16
I7
18
19
20

1080
1180
1200
1200
980

1400
1000
1480
1090
12 30
t420
1490
1 160
7?40
1490
1260
i380
890
890

1340

1 160
1180
1320
1040
980

1 550
1 120
1700
1320
1700
16 15
1800
1280
1540
1560
1200
13 20
800
860

1560

1460
1370
1520
1070
1100
1750
1280
1880
1s30
1980
1830
2100
1280
1890
1780
1280
1440
890
970

17 50

930
980

1 120
950
750

12 10
780

1300
1020
1300
1270
1440
1 120
1250
1300
tr20
I270
820
720

1210

1000
1150
I 160
920
860

1390
960

1320
1 140
1300
1370
1 570
i 180
1220
1400
1070
1300
800
760

1320

1530
16 10
1750
1140
1 170
1920
1460
2155
1630
2090
2080
2450
1530
2290
2060
1520
1660
890

1000
2030

t770
1920
2030
1400
1450
2140
i580
2430
1780
2295r
2220
2580
1840
24001
2130
1580
1960
980

1070
2100

Mean 1107 1093 1160 1330 1508 1698 1883

I
Extrapolated value.
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Appendix H

LENGTH DATA (CM) FOR STUDY INFANTS DURING

FIRST SIX WEEKS POSTNATAL

Infant 0 1 4 5 6
Postnata'l Age (wk)

23

I
2
3
4
5
c
U

7
I
9

10
11
t2
13
14
15
16
17
18
19
20

37.0
38. 5
38. 0
36.0
36.0
^2^
36.0
43. 0
37.0
41.0
41. 5
42.
41.
40.
40.

40.
34.
33.
35.

40.
36.
36.
41.
36.
42.
38.
41.
41.
42.
40.
41.
39.
38.
40.
34.
33.
43.

40. 0
40. 5

41.0
40. 0
40. 0
46.0
42.0
43.0
42.5
45.0
47 .0
44. 0
42.0
47 .0
46.0
40. 5
43.5
36.0
37. 5

46. 3

42.0
42.5
43. 5
40.0
41.5
Â1 

^42.0
45.0
43"0

NMI
NM

NM

43 .0
46 .0

NM

42.0
41. 5
37.5
39.0

37.
37.

0
0
0
5

0
0
0
5

0
0
5

0
0
0
0
5
5
5
0
0 47 .5

0
5

0
0
0
5

0
0
0
5
5
0
0
0
0
0
0
0
0
3

39
40
4I
40
40
46
41
43
43
45
45
43
43
44
44
39
41
36
36
46

38. 0
39.0
39.0
38. 0
39.0
Ä^ 

^
40.0
4?.5
40.0
43.0
42.0
42.0
42.0
43.0
41.0
40.0
41. 5
36.0
36.0
44.0

0
0
0
0
0
0
0
5
0
0
5

0
0
5
3
5
0
5
0
0

39
38
39
39
38

^ÂIT

39
41
40
42
41
43
40
39
4t
38
41
36
36
43

41.

0
0
0
0
0
5

0
0
0

Mean 38.7 38. 9 40.0 40. 5 41.9 42.5 42.7

I
NM = not measured
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Appendix I

HEAD CIRCUMFTRENCE DATA (CM) FOR STUDY INFANTS

DURING FIRST SIX WEEKS POSTNATAL

Infant 0 1

Postnatal Age (wk)
23 4 5 6

1

?
3
4
5
6

7
I
9

10
i1
L2
13
T4
15
16
T7
18
19
20

27.0
26.0
27.0
41 

^4U. U

24.5
27.0
25.
29.
27.
27.
28.
27.
26.
28.
27.
27.
27.

25.0
NM

26.5
26.t
25.0
27.0

NM

28.0
26.8

28.
24.

26.0
26.5
27.A
25.5

NM

28.0
27.0
28.5
27.5
28.0
27.8
28.5
27.0
29.0
28.0
26.0
28.5

NM

25.5
28. 0

27.
27.
28.
¿o.
25.
28.
29.
30.
28.

NMI
28.5
28.8
¿t.u
26.0
30. 0
30. 0
31.0
30. 0
31. 5

?9.5
32.0
28.5
33. 0
31.0
28. 0
29.0
25.5
26.0
31.0

29.0
29.5
30. 5

27 .5
26.5
31. 0
30.0
31.8
31.0
33. 0
31 .0
33.0
29.0
33. 5
31. 5

?9.0
30. 0
25.8
27 .3
32.0

31.
31.
27.
28.
32.
31.
33.
31.

NM

NM

NM

29.
34.

NM

0
0
0
5

3

0
5

0
0
0
5

I
5
0
5

0
0
0
5

0

31 0
0
5

5

0
0
0
0
5

0
0
0
0
5
0
5

5
0
0
5
0
0
0

24.
25.
25.

28.
26.
28.
24.
25.
27.

28.
30.
?7.
31.
?9.

29.
25.
25.
30.

29.8
31.0
27.0
28.0
32.5

5

0

31.27.
27.

29

0
0
5

5
0
0
0
0
0
5

5

27.

Mean 26.6 26.6 27.4 28.2 29.3 30.1 30.5

INM = not measured
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Appendix J

MEAN DAILY l'ltIGHT GAINS (q/k WENTY STUDY INFANTSo¡¿) or r

Infant l,Jeek

1 2 3 4 5 6

1

?
3
4
5
6
7
8
9

10
11
L2
13
t4
15
16
T7
18
19
20

-19.8
-24.2
-9. 5

-29.8
-33. 5

-19. 4
-31.4
-77.4
-9.2
8.1

-15.1
-4.8
-4. 9
r.2

-r8.2
-15. 9
-i1.4
-LT.2
-27 .3
-13.9

8
0
6
3

1

9
1

9
3
9
5

I
9
2
5

I
I
0
4
I

20
9
7

19

9
7

7
6
9
4
I
1

6
0
5

9
1

5

3
4
2

0
8
0

22

0
5
0
3
0
2
I
0
2

9
7

4
0
4
4
5

9
0

-6.
3.

-3.
7.

13.

10.8
24.8

36. 9
23.0
2t.6
4.1

17.5
18.4
20.4
1q 1

22.7
23.5
19. 0
23.8
0.0

32.5
20. 1

9.5
13.0
16. 1

18. 3
1.7.4

6.
25.
21.

o
o

13.
20.

22.4
27 .5
22.9
32.6
34.?
16.4
7L.7
42.5
13. 1

32.9
19"8
13. 3
28.9
6.9
9.7
5.6

25.8
74.4
10. 0
4.9

5.
-4.
21.
?1.
33.

2.
16.
0.

11.
12.
7.

-J.
11.

3.
19.
18.
19.
16.
23.
41.
2?.
44.
25.
?0.
12.
37.
16.
17.
?.
0.

18.
26.

23.
27.
30.
22.
26.
?L.
0.
4.

22.

Mean -15.4 9.2 ?0 .5 18. 6 L7 .2 19. I
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Appendix K

MEAN ENIRGY INTAKE FROM ALL SOURCTS

OF TWINTY STUDY INFANTS

kcal k d

HeekInfant
1 2 3 4 5 6

1

2
3
4
5
Ê,

7
8
9

10
11
t2
13
14
15
16
T7
18
19
20

61.7
45.8
49. 1

52.9
59.0
Ãro
45. 3
52.0
48"9
85.4
49.7
79.4
55. 1

6r.7
7 t.t
45. 0
47 .7
49.4
49.2
52.0

1

1

1

1

1

110.
116.
108.
86.

r44.
1?7

128.
t23.
r24.
119.
r20.
i16.
130.
107.
r27 .
68.
76.

101.
130.
104.

t24.
103.
TL7.
119.
139.
12-lLL t .

tl7.
134.
145.
209.
167.
139.
i30.
198.
139.
89.

t25.
89.
99.
95.

0
2
0
Ã

3
7
6
5
1

$r
3
51

0l

1i

6

!r
8
3
o

I
2

jr
1

3

2
9
4.
1+
1r

OI
6
3

ort

11

ii
!r

'1ot
7

år

1i

¿i

ii
2

85.0
153.4
r42.
131.
136.
11C

135.
144.
141.
178.
172.
143.
119.
2r7 .

168.
t02.
155.
113.
110.
116.

108. 3
146.4
149. 1

83. 3
159. 4
111. 7
117.0
t42.4
157.9
136. 1

140. 0
136. 1
158.7
190. 3
151.8
132.0
151.4
116.8
111.5

15. 10

136. B

150.1
153. 5

190.2
187.0
90. 1

117.5
224.2
162.8
r43.2
146 .4
74.7

r55.2
186. 1

r24.5
r22.6
i45. 1

148. 0
116.0
r22.9

1 1

1

2

1

1

1

?

1

à

3

1

1

1

1

1

1

1

1

1

i
1

1

1

1

1

1

1
2
9

Mean 55.7 114.0 130.6 140.0 137.6 144.8

llncludes parenteral feeding.
2Totul intake not recorded; infant breast fed.
3Extrapolated value.
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Appendix L

MEAN ENERGY INTAKES FROM MILK (kcal /kq/d) 0F TlttNTy sruDy rNF ANTS

l.leekInfant

62I 3 4 5

1

2
3
4
5
6
7

B

9
10
11
I2
13
14
15
16
T7
18
19
20

1

28.L
t3.7
31.9
00. 0
6.8

40.8
00. 0
47.6
23.0
43.0
37.0
13. 9
18.4
28.3
49.4
15. 1

00.0
25.9

110. 0
108.9
108.1
25.2

119. 1

137.5
107 .8
12? 7

rzt.6
IT9.7
r20.4
It4.2
130. 3
99. 3

111.5
19.7
8.2

80. 3
87 .7

r04.2

L24.6
103.8
113.0
119.8
139. 3
127.8
117.8
1'1,L 2

145. 1

r94.2
i67.1
139.3
130. 2

198. 9
139.4
00. 0
50.0
58. 5

99.6
95. 3

50. 1

153.4
742.0
131.2
136.0
13?.5
135. 3
tt[.7
141.6
178.5
772.t
143.4
110. 4
2t7.3
169. 5

r.2
I5T.2
91. 1

t10.2
116.9

75.7
146.4
149. 1

50.2
159.4
TT7.4
117.0
1^t Ã

157.9
136. 1

140. 0
136. 1

146. 1

190. 3
151.8
57.6

144. 5

116.8
111. 5
151.0

136.8
150. 1

153. 5
790.2
187.0
90. 1

105. 2
t)À 2IL1. L

162.8
t43.2
146 .4
74.7

r55.2
186. 1

124.5
119.6
143.0
148. 0
116.0
r22.9

1

2

2

00.0
32.4

Mean

%of
total
í nta ke

?8.5 97.9 726.2 130.9 129.9 143.9

51 86 97 94 94 99

1

2

Total intake not recorded; infant breast fed.

Extrapolated vaìue.
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Appendix M

MEAN PROTTIN INTAKES FROM MILK (s/kq/d) 0F Tt^ltNT Y STUDY INFANTS

t¡leekInfant
1 2 3 4 5 6

1

2

3
4
5

6
7

I
9

10
11
T2
13
i4
15
16
77
18
19
20

1.25
0. 29
0.67
0.00
0. 34
1. 55
0.00
0. 71
0.72
0.64
0. 52
0. 28
0. 65
0.44
1. 64
0.75
0.00
0. 32
0.00
r.24

3.02
2.I5
2.t6
0.48
3.84
3.47
2 .38
1.93
3. 57
2.79
2.07
2.25
3.26
1 .86
2.56
0. 58
0.t2
0.91
0. 86
2.62

.24

.04

.26

.26

.67

.91

.69

.03

.03

.90

.26

.68

.89

.10

.00

.56

.18

.22

.69

.17

.70

.52

.96

.80

.76

.48

.65

.77

.51

.40

.43

.10

.49

.79

.00

.83

.69

.33

.95

.50

.70

.97

.06

.31

.54

.20

.76

.99

.10

.00

.86

.44

.11

.61

.20

.24

.81

.46

.67

.80

.7r

.46.

.70r

.89

.92

.40

.952

.032

.65
64
08
54
06
61
41

3
3
3
4
4
1

1

4
2
2
3
1

2
4
1

2
3
2
2

2

42

1

3
3
0
3
2

2

3
2
2
3
3
2
4
2
1

3
2
2
3.85

1

3
3
1

2
2
2

3
2

4
4
3
2
5

2

0
3
1

2
2

20

3
3
3
2
3

2
2
3
3
4
4
3
2

4
3
0
0
I
2

2

1

.20

.7r

Mean 0.75 z.tl 2.99 3.06 2.79 2.99

lTotul íntake not recorded; infant breast fed.

2Extrapolated value
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Appendix N

DAILY INCRIMENTS OF BODY hIEI GHT OF THE RIFERENCE FTTUSl

Age Interval
(weeks )

ldei ght
Ga'in/day

(g )

29-30

30,31

3t-32

32- 33

33-34

34-35

35-36

36-37

37-38

23.1

24.3

25.7

27.I

30.0

31.4

34. 3

35.7

31.4

1Adapted from Ziegler et al, 1976
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Appendix 0

CALCULATION OF PERCENT OF EXPECTED hlEIGHT GAIN

Expected
we'ight gain

h

lllei gh
age 3

2+ 25.7 x 100

weight gain (g/d) + weight gain (g/d) x 100of Ínfant of p. fetus

1= ?2.9

= 89%

1 ain-of infant.1, postnatal age 3 wk, postconceptual
k (Appendix J).

g!! gain of reference fetus, postconceptuaì
32 wk (Appendix N)

tg
2w

2v,l. i
age




