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Summary

The composition of human milk from mothers delivering pre-
maturely (PT) and at term (T) was studied over the first weeks of
lactation. Complete 24 h milk expressions were obtained by elec-
tric pump at weekly or biweekly intervals through 44 wk conceptual
age (120 samples from 20 PT mothers and 28 samples from 7 T
mothers). PT milk was found to contain significantly higher con-
centrations than T milk of the following nutrients: total nitrogen,
protein nitrogen, sodium, chleride, magnesiom and iron. No differ-
ences were found between T and PT midk for nonprotein nitrogen,
volume, solids, total calories, lactose, fat, fatty acids, potassium or
caleium, The nutrients supplied to a 33 wk preterm infant fed 200
ml/kg/day of *average” PT milk were in excess of theoretic
intrauterine requirements for all substrates except calcium and
phosphorus. PT human milk is theoretically more suitable for the
premature infant than either mature or ternm human milk, but may
be deficient in specific natrients for the very low birth weight baby.

Speculation

The compositional differences in preterm milk {increased pro-
tein and mineral content) are generally characteristic of colestrum.
These changes may therefore reflect a prolonged colostral phase
in premature mothers whe are establishing lactation by artificial
means during periods of emotional stress. Thus, the changes
denoted for preterm milk may reflect the circumstances surround-
ing the onset of lactation rather than the nutritional requireritents
of the preterm infant,

Controversy persists regarding the propriety of human milk for
the feeding of preterm infants. Although insufficient data are
available to determine exact nutritional requirements of the pre-
mature baby (16), Fomon et ¢l. {10) have appropriately questiened
the adequacy of mature breast milk in relation to estimated needs.
While providing theoretically beneficial nonnutritional factors,
matare human milk may be quantitatively deficient in protein,

calcium, sodium and possibly other nutrients for the premature

(10). Clinical studies of premature infants fed mature breasi milk
have yielded conflicting results (8, 14, 19, 25), although the data
generally indicate that mature human milk does not provide
optimal nutritional support to the low birth weight infant.
Recent investigations offer intriguing data which indicate that
the composition of milk from mothers delivering prematurely
differs from that of term mothers during the early weeks of
lactation. Atkinson ef al. (2) and Gross ef af. (15) have confirmed
a higher concentration of protein nitrogen in preterm milk, while
Gross ef al. also found an increased level of sodium in the
premature mothers’ milk. These findings suggest that preterm
milk is theoretically more suitable for the premature infant than
is mature milk. The present investigation was performed to assess,
in a comprehensive fashion, the composition of milk from mothers
delivering prematurely and at term over the same period of
factation. Further, the study was designed to control for many

113

variables known to affect breast milk composition (stage of lac-
tation, degree of breast emptying, divrnal variation and method
of milk expression) (9. 17, 21).

MATERIALS AND METHODS

Milk donors and sample collections. Complete 24 h expressions
of milk from both breasts were obtained by a group of 20 preterm
(PT) and 7 term {T) mothers at weekly or biweekly intervals
following parturition. The mean gestational age of the preterm
group was 33 wk (range 27-37) and that of the term mothers 40
wk (range 39-41). All pregnancies were considered normal without
significant maternal disease. Each resulted in vaginal delivery of
appropriately grown for gestational age infants. Prepregnancy
weight and weight pain throughout pregnancy were within normal
limits for each mother. The age, gravity and parity of the mothers
in each group were similar. One set of twins was delivered in the
preterm group.

Samples were collected on days 7, 14, 21 and 28 and then
biweekly until a postconceptual age of 44 wk was attained. All
samples were collected into deionized plastic containers utilizing
an electric breast pump (Egnell, Cary, IL). During the 24 h
collection period, the samples were maintained at refrigerator
temperature. The total volume of milk expressed was then mea-
sured, thoroughly mixed and aliquots obtained for substrate anal-
ysis. Each aliquoi was maintained at —80°C until future analysis.

Analytical methods. The following methods were employed in
the analysis of the milk composition. Total caloric content was
determined in triplicate for each sample, nsing the 1241 adiabatic
bomb calorimeter (Parr Instrument Co., Moline, IL) folowing
lyophilization of the milk sample. This method determines total
caloric value of milk with a coefficient of variation of less than
0.5%. Total solids were determined by lyophilizatien of a 10 ml
aliquot of milk. The difference between pre- and post-lyophiliza-
tion weighis of the milk yielded values for total water content as
well as total solids. Total ash content was measured by placing an
accurately weighed sample of milk in a 100°C oven for 24 h,
which was then transferred to a 540°C muffle furnace for 24 b
and then reweighed. Osmolality was determined by modified
freezing point depression (Advanced Instruments, Needham
Heights, MA). Total nitrogen was determined by the Kjeldahl
method {24). Nonprotein nitrogen and protein nitrogen were
determined by the same method following acid precipitation of a
milk sample with measurement of the nitrogen contents of the
supernatant and precipitate respectively. Lactose content was
determined by gas chrematography based upon a modification of
the methodology of Brobst and Lott (4) and Brittain et al. (3).
Total lipids were determined by the method of Frings and Dunn
(12}. The fatty acid composition of the total lipids was quantitated
by gas chromatography utilizing the method of Nelson (23).
Sodium and potassium were assaved by flame etission spectro-
photometry, using Instrumentation Laboratories, Inc. (Lexington,
MA} instrumentation with lithium as an internal standard. Chlo-
ride was determined by chloridometer, using amperometric end
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point detection. Calcium was measured by a modification of the
method of Connerty and Briggs (7) and phosphorus by an auto-
mated colorimetric methed (29). Iron and magnesinm were quan-
titated by atomic absorption spectrophotometry {Instrumentation
Laboratories, Lexington, MA, Model 353AAS).

All assays were performed in duplicate or triplicate and mean
values for each sample utilized in final data analysis.

Statistical methods. Two categories of mothers were examined
{PT and T). Since variables of interest {e.g., nitrogen concentra-
tion) can be influenced by the sample age and the volume of milk
per sample, analysis of covariance meihods were employed to
adjust for the effects of these covariates. The covariance analysis
was applied in two stages. First, a regression line relating the
variable of interest and the covariales was computed for each
mother. These regressien lines were then pooled for all PT as well
as for all T mothers (a procedure supported by the data), Com-
parisons between categories (T versus PT) were then made by
analyses of the pooled lines. Covariance analysis applied in this
fashicn corrects for the effects of the covariates (sample age and
sample volume) both within and between categories, and appro-
priately weights the computed relationships by the number of
sample points obtained from each mother.

RESULTS

The results of the analyses of both PT and T milk composition
are presented in Table 1.

Volume: The volume of milk produced during a 24 h period
exceeded 140 ml/kg/day for all samples in beth the T and PT
group. Mean 24 h volumes were similar in both groups. No
significant effect of prematurity on the success of lactation was
apparent.

‘Osmolality: The mean osmolality of the PT milk was 303.7
mQOsm/liter, and that of T milk 302.1 mOsm/iiter. No significant
change was detected in relation to duration of lactation or degree
of prematurity.

Calories: Total caloric value was not different between the PT
and T groups, with means of 73,16 kcal/ 100 ml (or 21.95 kcal/30
-ml) and 72.27 kecal /100 mi {or 21.68 kcal /30 ml) respectively. No
change was noted in relation to the degree of prematurity or the
duration of tactation. The mean caloric value of the milk samples,
as determined by bomb calorimetric analysis, was 18.5% greater
than that based upon calculation from protein, lactose and fat
content (6},

Nitrogen: The concentration of total nitrogen (TN} and protein
nitrogen (PN) were greater in the PT group than the T group
during the first 4 wk of lactation (P < 0.005) (Tables 1 and 2).
The TN was ~11% greater in the PT group, while PN was ~13%
greater in the PT group. When compared with the “average”
protein content of mature pooled breast milk of 0.88 g% (18), the
preterm infant fed the same volume of his own mother’s milk
would receive ~67% more protein than when fed pooled donor
milk during the first month of life. The concentrations of TN and
PN decreased over the first 4 wk of lactation in both the T and PT
groups. The rate of decline was the same for all PT and T mothers
{Table 2). Similasly, TN and PN in both PT and T mothers
demonstrated a significant (P < 0.005) inverse correlation with
the volume of milk produced {Table 2} ie., as the volume of
sainple increased, the asbsolute concentrations of TN and PN
decreased. Nonprotein nitrogen (NPN) remained relatively con-
stant during the period of study, comprising ~13% of the TN or
~33 mg nitrogen,/ 100 ml.

Sodium and chloride: Both sodium and chloride were found in
significantly greater concentrations in the PT group then the T
group during the first 4 wk of lactation (P < 0,001). Although the
concentration declined for both sodium and chloride as the du-
ration of lactation increased, levels similar to pooled mature milk
were not reached until approximately 8 wk of lactation in the PT
group. Based upen the “average” sodium cotnent of mature breast
milk (7 mEq/liter) (i8), a preterm infant being fed his own
mother’s milk during the first month of life would receive ~75%
more sodium than when fed pooled mature milk. The rate of
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decting in sodium was the same for both T and PT mothers, with
a significant (£ < 0.005) inverse correlation with volume of milk
produced (Table 2).

Potassium: Potassium concentrations were similar in both
groups of mothers, and declined over the first 4 wk of lactation.

Magnesium: Magnesium concentrations were minimally greater
in the PT mitk than the T milk (£ < 0.005). The level did not
appear to change during lactation, nor did the degree of prema-
turity have a detectable effect.

Iron: The concentration of iron in the PT milk was greater (P
< 0.005) than that of the T milk throughout the first month of
lactation {1.51 versus 0.84 mg/liter, respectively), The level of iron
was widely variable between women, without a detectable rela-
tionship to vitamin or iron supplementation. No significant change
in concentration was noted over the first 8 wk of lactation in the
PT group.

Calcium, Phosphorus: The calcium concentration was the same
in PT (289 mg/liter} and T (279 mg/liter) milk and did not change
significantly over the first § wk of lactation. The phosphorus
content of PT milk (132.5 mg/liter) was significantly less (P <
0.05) than that of T milk (152.2 mg/liter). The concentration did
not change over the period of lactation studied. The calcium/
phosphorus ratio approached 2.0 in both groups (PT 2.2, T 1.8}.

Solids: The amount of solids was similar in both groups (ap-
propximately 12.8 g%). No effect of duration of lactation or degree
of prematurity was evidenl.

Ash: Ash content was significantly greater (P < 0.005) in PT
(0.226 g%) than T milk (0.1%9 g%). This may reflect the higher
concentrations of sodium, chloride, magnesium and iron in PT
milk.

Fai: No significant difference was found between the PT and T
groups, nor was any effect of duration of lactation or prematurity
evidenl. The mean concentration in the FT group was 3.28 g%,
and in the T milk 3.02 g%.

Fatty Acids: The concentrations of 4 faity acids, which together
comprise ~85% of the fatly acids found in human milk, are
presented in Table 1. No significant differences between the PT
and T group, or changes over the duration of lactation, are
apparent.

Laciose: Laclose was not different between the PT and T groups
(6.729 versus 6.76]1 g%, respectively). No significant effect of
prematurity or duration of lactation was evident.

DISCUSSION

Results of the present investigation demonstrate significant
differences in the composition of milk from mothers delivering
prematurely versus mothers delivering at term, when sampled in
the same manner over the same period of lactation, Total nitrogen,
protein nitrogen, sodirm, chloride, magnesium, and iron are pres-
ent in PT milk in higher concentrations than in T milk. Phospho-
rus levels, on the other hand, are slightly lower in PT milk.

Other recent reports have documented a similar difference in
composition of PT milk from T milk in relation to nitrogen
content. Atkinson ef @, (2) in analyzing serial 24 h milk collections
from a group of preterm and term mothers, found a significantly
higher total nitrogen and protein nitrogen content in PT milk
which decreased during the first month of lactation. Schanler and
Oh (26) demonstrated a higher nitrogen content in PT milk when
compared with pooled doner milk. The findings of Gross ef al.
{15) were similar, alihough samples were collected only from a
single feeding on each day of study.

However, significant discrepancies between the findings of the
present study and other reports are evident in regard to several
substrates. Anderson et al. {1) have recently reporied a 20-30%
higher energy content in PT milk during early lactation compared
to T milk, due to a 20-30% higher concentraiion of fat in PT milk.
The fat concentration in the T milk increased from 1.85 g% at 3
to 5 days lactation to 3.06 g% at 15 to I8 days of lactation. In the
PT milk the lipid concentration increased from an initial 3.0 g%
to 4.33 g% by 15 to 18 days of lactation. As discussed by Anderson
et al,, complete emptying of the breast is imperative in erder to



Table 1. The nutritional composition of PT and T milk during the early wk of lactation

Sample 8

Sample | Sample 2 Sample 3 Sample 4 Sample 6
(7 days) {14 days} (21 days) (28 Days) (42 days) (=56 days)
Nutrient Preterm Term Preterm Term Preterm Term Preterm Term Preterm Preterm
Calories 73.86 + L.81° 73.62x332 74.59 £ 1.96 7181 = 3.57 73.84 + .89 7040 + 3.28 7333 £2.14 7271 £ 1.88 T0.10 = 1.424 7633 + 234
(Kcal/100 ml) (20) N (19 @ (17 N an (N {14) {11
Osmolality 302 £ 2.89 30157 =293 304.22 + 1.51 301.29 + 1,97 30324 £ 2.27 30357 + 232 304811 +2.93 302 £ 370 303.15 £ 2.96 304.80 £ 2,09
(mOsm/liter) (20) {7y (18) ()] {17 (6] {16) (7 {13) {10)
Total nitrogen’ 320 & 0001 2.86 + 0.098 268 =012 254 + 017 261 =011 232 £ 0.09 238 + 0041 2.09 £ 0067 239009 2.28 £ 0.08
(g/liter) (20} 7 (19} N (18) (N (16) (N {13) (*
Nonprotein nitrogen 031 + (.03 0.32 + 0.03 0.33 + 003 38 £ 002 037 £ 0.04 .35 £ 0,01 032+ 002 029 + .03 035 = 0.05 0.32 002
(g/liter) ® ®) ¥ @ @) (5) ® @ @ ©)
Proiein nitrogen' 276 £ (18 255 £ 0.13 239016 197 £ 0.14 217+ 0.14 1.89 + (.06 1.80 £ 0.09 1.76 £ 0,08 1.99 + 0.10 1.96 + 0.10
(g/liter) ® ©) © @ ® ®) © @ G )
Sodium’ 17.23 = 1.88 9.54 £ 1.30 1236 = 1.42 937+ 195 10.51 + 0.96 683 + 1.02 9.56 £ 0.70 7.04 £ 096 8.85 £ (.86 7.14 £ 0.51
{mEq/liter) (20) Q)] {9 n (18) ] {16) ] {13 4]
Potassium 17.28 = 0.67 16.86 += 1.22 15.59 + 0,48 14.57 £ (.51 1443 £ 0.46 13.94 + (.55 1375+ 0.39 13.00 £ 051 14.43 £ 0.51 13.58 £ 042
(mEq/liter) (20 (N (19) N (18) 0] {i6) Q] (13) ]
Chloride' 18.60 £ 1,41 13,90 £ |57 1435 £ 1.23 12.11 £ 1.82 12.84 £ 0.80 1053 £ 117 12.65 + 0.68 10.46 + 091 1198 = 0.61 11.36 £ 0.36
(mEq/liter) 20) ™ (19) % (18) ™ (16) % (12) ©)
Magnesium’ 37.07 £ 1.39 30,97 £ 251 3175+ 144 29.17 = 3.06 30.19 = 1.43 277 £ 278 3103 £ 1.79 2821 + 244 3519+ 1.28 3644 £ 093
(mg/liter) (20) &) (1%) )] (18) 0] {16} 6 (13 &
Iron’ 150+ 0,11 077 £ 0L10 1.52 £ 0.21 0,98 £ 0.20 1.72 £ .36 0.80 = Q.15 131 +0.16 0.81 £ 0.13 1.39 £ 0.42 1.77 £ 0.51
(mg/titer) Q0) %) (19) % (15) Y 14y M (1 ©)
Calcium 20301 £ 1635 29314 x 761 26632 £ 15.03 27444+ 1276  281.74 + 13.36 27951 £950 28245+ L1773 26746 + 1258 30979 + 16.02 344 £ 11.63
(mg/titer) (20) M (19) %) (18) ™ (16) % (i3) ©
Phosphorus® . 134,48 £ 645 169.30 = 8.55 133,84 + 6.97 151.99 + 7,98 138.68 + 3.61 149.10 = 845 13163 £ 5.69 138.53 = 9.09 12947+ 596 130.78 £ 3.53
(mg/liter) (20) (M) (19 {7 (18) &) (i6) 6] (13) €]
Solids 12,52 + 0.29 12,98 = (01.28 12.85 + 0.22 12,04 + (0,33 12.84 & 0.28 12.64 +0.29 12.50 = 01.26 12.65 £ 0.25 1249 £ Q.14 12.69 + 0.18
(/100 m}) (20) N (1%) 0] (18) @ (16) 4] (13) &)
Ash G.25 + 0.01 0.23 £ 001 022001 0.21 £0.01 (.22 £ 6.01 0.19 = 0.01 0.21 + 0.0% 0.18 = 0.01 021001 .21 £ 001
(2/100 ml) (20) o) (19) ™ (15) ©) (19) ®) (1 ©)
Fat 3,10 £ 0,17 298 £ 0.28 342 £ 018 00 +0.26 3153+ 02 3.4 £0.33 324016 3.07 +0.21 343 £ 0.16 346 £ 032
(2/100 ml) (19) ™ (19) %) an ™ (16) ) (n @
Palmitic acid 2511 £ 047 2317+ 036 2387 + 079 23.87 £ 0.79 23,00 + 1.15 25.10 + 2.02 22,18 £ 1.38 23.20 £ 1.23 2417+ 227 21.74 £ 1.87
(% of total fat) M @ Q) ©) ) © ® ®) ® )
Stearic acid 9.19 £ 054 845 £ 0.51 9.10 = 0.70 882072 890 x 1.29 942 + 043 10,12 £ 1.17 9.47 + 0.99 9.07 £ 0.56 3.28 x+ 0.61
(% of total fat) Q) ) %) © ® ©) ® © ® (5)
Oleic acid 36.80 x 0.80 36.80 + 1.58 34.67 + 0.60 34.35 +4.32 3846 + 2.2 36.03 = 1.30 3535409 3IBTT £ 1.62 37.27 *+ 168 3634 £ 3.91
{% of total fat) (7 ) 0] (6) 8 (6) (6) (6) 3 (5}
Linoleic acid 1221 + 1.29 14.02 + 1.29 1225 £ 2,18 1333 £ 062 13.99 £ 220 12,97 + 220 12.97 + 2.05 13.05 £ 1.67 12.63 + 3.00 20,74 + R.01
(% of total fat) o) ) Q) © ® ©) (1n 6) @ )
Lactose 638 £022 643 £0.13 6.86 £ 0.16 6.63 £ 0.23 671 £ 022 708 + 0,30 679+ 0.17 692 + 0.36 T2l 011 6.68 £ 0.22
(8/100 ml) (11) ) (1 © (10) ) (17 & (10) @)
Volume 39281 £ 7658 53071+ 7882 45711 + 9583 603,14 + 7229 50417 + 10220 601.72 £ 60 492,12 £ 53,19 59957 + 6847 59579 + F11.26  676.27 £ 13247
(per 24 hr sample) (20 ()] {19) N {18) (Eh) (1)) {7 {14) {11

'PT = T (P < 005)
T > PT (P < .05).
I Mean =+ S.E. (n).
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Table 2. The effects of volume and sample age on various substrate concentrations is presenied, as well as the statistical difference in these
substrate values between T and PT milk

Slope pooled regression
coefficient for

Slope pooled regression
coefficient for

Preterm adjusted Term adjusted

Variable sample age volume mean’ mezan’ P value
Total nitrogen —0.0946 (P < 0.0053) —0.00043 (P < 0.005) 266 mg/100 ml 238 mg/100 ml P < 0.005
Nonprotein nitrogen —0.0015 (NS} 0.000026 (NS} 33 mg/100 ml 34 mg/100 ml NS
Protein nitrogen —0.0865 (P < 0.003) ~0.000463 (P < 0.005) 225 mg/100 m! 193 mg/100 ml P <0005
Sodium —0.9023 (P = 0.005) —0.60529 (P < 0.003) 12.12 mEq/liter 7.62 mEq/liter P < 0.001

! The mean concentration of substrate over the period of study after correcting for the effects of volume and sample age.

cblain a representative milk sample for fat analysis. Hytten (17)
has demonstrated that the fat content of human milk increases
from 1 to approximately 6 g% during the progressive emptying of
a breast. Should only a pertion of the breast be emptied, cne may
expect a significantly lower fat content and decreased total caloric
value, as well as dilutional alterations in the concentration of
water soluble substances. In contrast to the data of Anderson er
al., results of the present study indicate that the total fat and
energy contents of both PT and T milk are similar.

Furthermore, the caloric values of the PT and T milk are
somewhat higher thap previously reported for human milk (when
based upon bomb calorimetric measurements). Interestingly, a
difference between the calculated and measured caloric contents
of human milk was also apparent. In the present investigation,
total caloric value of breast milk as determined by bomb calorim-
etry exceeded calculated energy content (based upon protein,
lactose and fat concentration) (6) by ~18%. The reasons for this
discrepancy are unclear, but may reflect either the inclusion of all
combustible substrate in the bomb calorimetry method, or cumu-
lative {(but systematic) error in the measurement of individual
substrates. Further investigation is necessary to substantiate this
observation,

Another discrepant finding reported by Gross et al. (15) was
that of a lower concentration of iactose during the first month of
lactation in PT milk than in the T milk. Although of interest, this
finding could not be verified in the present investigation. The
higher sodium content of PT milk observed in the present study
was also found by Gross ef al.

The physiologic basis for the differences in substrale concentra-
tions between PT and T human milk remains unclear. Some of
the differences (e.g., the increased protein content) may be of
potential benefit to the very low birth weight infant during the
early wk of life. The increased iron content of the preterm milk is
of considerable interest. The levels demonstrated in the present
study are 2- to 3-fold greater than previously reported (11}. The
significance and rationale for this finding are wnknown at the
present time. It is our impression that these differences are real
and do nol reflect allerations due to method of collection, success
of lactation, or volume of milk produced. However, the changes
noted in the preterm milk are generally characteristic of colostrum,

with an increased protein and mineral content. It may be that a -

premature mother who is establishing lactation by artificial means
during a period of emotional siress may undergo a prelonged
colostral phase. Thus, the changes denoted for PT milk may, in
fact, reflect the traumatic circumstances surrounding the onset of
lactation, rather than the needs of the baby.

The practical significance of these compositional differences to
the infant is unknown at this time, although one may speculate
upon the nutritional adequacy of the PT milk based upon esti-
mated requirementis of individual nutrients for the preterm infant.
Table 3 denotes the calculated increments of various nutrients in
the fetus during normal intrauterine growth from 33 through 40
wk gestation (based upon the work of Ziegler ef gl (30)). It must
be emphasized that intraulerine growth rate is an arbitrary stan-
dard for postinatal growth of infants. In fact, such a rate of growth
is rarely achieved postnatally. Further, at this point, there is no
evidence that failure to achieve such growth rates is in any way
harmful to the low birth weight infant; on the contrary, overzeal-

Table 3. Calculated intrauterine increments of various nutrients
(per kg per day) from 3340 wk gesiation’

Gestational age (wk)

33 34 35 36 38 40
Weight {g} 14.1 i4.1 134 133 7.5 50
Protein (g) 1.84 1.87 .81 1.80 1.06 0.73
Na (mEq) 1.0 1.0 094 0.93 0.49 029
K {mEq) 0.6 0.57 0.36 0.54 0.31 0.17
Cl (mEq) 0.7 0.7 0.60 0.54 022 0.09
Mg (mq) 249 2.59 2.56 2.68 1.88 1.45
Ca {mg} 130.3 107.3 1103 117.1 100.2 878
P {mg) 63.9 67.8 69.2 73.35 60.7 52.0
Fat (g) 1.82 1.88 1.88 .98 1.66 1.45

! Adapted from Ziegler, ef af (21).

ous efforts (o sustain rapid growth rates may carry significant risks
(13). With this caution in mind, one may compare the daily
intrauterine increment for a variety of substrates with the actual
intake which would be provided a 33 wk preterm infant fed his
mother’s breast milk (Table 4). Requirements postnatally will
exceed intrautering increments and will reflect the relative effi-
ciency of absorption and retention of the premature infant. Such
requirements have been estimated by the Committee on Nutrition
of the American Academy of Pediatrics (5) for most nutrients.
Based upon these estimates, an infant fed 170-200 ml/kg/day of
his own mother’s milk will receive an excess of the majority of
substrates required to sustain intrauterine growth rate. Further,
the volumes of milk produced by the preterm mother indicate that
lactation can be established successfully -utilizing a mechanical
pump following premature delivery.

Although adequate for most nuirients, human milk (preterm or
term) appears to ¢contain insufficient amounts of calcium, phos-
phorus and possibly iron to meet the requirements of the low birth
weight infant. Delayed bone mineralization (22, 27, 28) and rickets
(20) have been documented in premature infants being fed breast
milk or cow’s milk formulas containing varying amounts of cal-
cium and vitamin D. Although the eticlogy of defective bone
mineralization may be complex and involve hormonal and/or
substrate imbalance, most investigators feel that dietary substrate
deficiency may be the single most important factor. Ziegler er al.
(30) and Shaw e @/ (27) have demonstrated that intrauterine
accretion rates of calcium exceed 100 mg/kg/day, and of phos-
phorus 30 mg/kg/day, during the last 8 wk of pregnancy. Al-
though absorption of calcium by preterm infants is relatively
efficient from breast milk (65%), net uptake is only 20% of
estimated infranterine requirements. The amount of calcium and
phosphorus in PT milk is simiiar to previously reported values for
malture milk (9). It may be anticipated, therefore, that bone
mineralization may be deficient in premature infants fed their
own mother’s milk during early infancy.

In summary, results of the present investigation indicate that a
preterm infant’s own mother’s breast milk is theoretically a more
appropriate source of nutrient than either term milk or poecled
mature breast milk. However, some nutrients {e.g., calcium, phos-
phorus) are apparently present in an insufficient amount to sup-
port normal growth, Appropriate supplementation of the milk
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Table 4. Nutrient intake of infant fed the “average™ PT milk at 200 ml/kg/day

Days postpartum

Nutrient 7 14 21 28 42 =56
TN' (g) 40 3.4 33 3.0 3.0 29
PN! (g) 36 3.0 2.8 2.6 2.6 2.5
NPN' (g} 0.4 0.4 0.5 0.4 0.4 0.4
Na (mEq) 35 2.5 2.1 1.9 1.E 1.4
K {mEq) 35 31 2.9 2.8 2.9 2.7
Cl (mEq) 3.7 2.9 2.6 2.5 2.4 23
Mg (mg} 7.4 6.4 6.0 6.2 7.0 7.3
Ca (mg) 58.6 532 56.4 56.5 62.0 62.9
P {mg) 269 278 277 263 259 26.2
Fe (mg) (.30 0.30 0.34 0.26 0.28 0.35
Fat (g 6.2 6.8 7.1 6.5 6.9 6.9
Lactose (g) 12.3 13.7 13.4 13.6 144 13.3
Calories 147.2 149.2 147.6 146.7 140.2 1527

{calorimetry)

Calculated calories 122.4 1289 130 124.2 131 126.6

{fat + lactose
+ protein)

' Equivalent of g protein, obtained by multiplying g nitrogen x 6.38.

may be warranted for these and possibly other factors. Controlled
clinical trials are necessary to document the propriety of preterm
human milk for the premature infant, and particularly for the very
low birth weight baby.
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