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Diet and faecal flora in the newborn: iron

S E Balmer, B A Wharton

Abstract
The faecal flora of a baby receiving a modern
infant formula is substantially different from
that of a breast fed baby. This difference is a
little less when whey based formulas are used.
The addition of bovine lactoferrin has no
effect and there is some evidence that the
presence of added iron in a formula moved the
faecal flora further away from that of a breast
fed baby.
The iron content of currently used infant

formulas is much higher than that of breast
milk. The effect of the addition of iron to both
whey and casein based formulas on the faecal
flora was examined in further detail. Faecal
flora were examined at 14 days of age in 33
babies receiving a whey formula fortified with
iron, 29 babies receiving a whey formula
without iron, 29 babies receiving a casein
formula fortified with iron, and 24 babies
receiving casein formula without iron. Subse-
quently fewer babies in each group were
examined at week 7, 11, and 15. The addition
of iron to both casein and whey formulas
discouraged colonisation and growth of
staphylococci and bacteroides but encour-
aged the colonisation and growth of clostridia
and enterococci. The type of protein and not
the iron content had more effect upon the
growth of bifidobacteria; both whey formulas,
fortified or not, encouraged the colonisation
by bifidobacteria. If an infant formula, for use
in the first few months, is to mimic the
physiological effects of breast milk, there may
be microbiological arguments for not fortify-
ing it with iron. However, large empirical
trials would be necessary before advocating
such a policy.
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In previous studies in this series we have shown
that (1) despite extensive modification of cows'
milk when manufacturing an infant formula to
render its composition closer to that of human
milk the faecal flora of the bottle fed baby
remained substantially different from that of the
breast fed baby, in particular an increased
colonisation by bifidobacteria in breast fed
babies.' (2) Whey based formulas, rather than
casein predominant ones, result in a faecal flora
a little closer to the breast fed baby.2 (3) The
addition of bovine lactoferrin to an infant
formula did not move the faecal flora in the
direction of breast milk and there was some
evidence that the presence of added iron in a
formula moved the faecal flora away from a
breast milk flora.3
The iron content of breast milk is very low

(O 7-1 5 mg/i) yet the breast fed infant is able to
absorb that iron very efficiently. Iron is not
absorbed as well from an infant formula derived
from cows' milk, although adapted to mimic
breast milk as much as possible.4 The reduced
bioavailability of iron from infant formulas has
encouraged the addition of iron to a formula
(5 0-7 0 mg/i) at a much higher level than in
breast milk. All of the infant formulas available
in Britain and most of those available world
wide are fortified with iron.

This study examines the effect of the removal
of iron from both casein and whey predominant
formulas upon the faecal flora of infants at
14 days and at 7, 11, and 15 weeks of age.

Subjects and methods
DIET AND BABIES
Mothers from one postnatal ward who had
delivered vaginally a baby at term weighing
more than 2500 g and who had definitely
decided to bottle feed were invited to take part
in the study. If they agreed and gave written
consent their babies were allocated to receive
either a predominantly casein or whey formula
neither of which contained added iron. The
study was carried out over a 10 month period
from January to October 1989. The type of
formula allocated to each new baby recruited to
the study changed at the beginning of each
month. Babies recruited in the first month were
allocated the casein formula and those recruited
the next month were allocated the whey formula
and so on. Once allocated to a particular
formula a baby continued to receive that one
throughout the 15 weeks that it took part in the
study. A number dropped out or were with-
drawn before the full 15 weeks were completed,
mostly because of the introduction of weaning
foods. The results of babies in this study are
compared with those obtained from babies who
had been delivered in the same delivery suite
and cared for on the same postnatal ward but
who were fed normal iron fortified whey or
casein predominant formula.2 Details of the
four groups are shown in table 1. The use of
historical controls is not ideal but there are
problems of logistics and expense in repeating
the same study.
The composition of the formulas used in this

and the previous study are shown in table 2.
The whey predominant formulas were Gold Cap
SMA (Wyeth) with added iron or without iron
and the casein predominant formulas were
White Cap SMA (Wyeth) again with added iron
or without iron. The iron content of the non-
fortified formulas was similar to that of breast
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Table I Data of babies taking part in the study

Formula

Whey with iron Whey without iron Casein with iron Casein without iron

Day 14
No of babies 33 29 29 24
Sex
Male 15 20 12 7
Female 18 9 17 17

Race
White 32 29 26 21
Asian 0 0 1 2
Afro-Caribbean 1 0 2 1

Mean (SD)
birth weight (g) 3520 (490) 3290 (520) 3340 (380) 3270 (300)

No of babies
Week 7 17 22 16 22
Week 11 10 22 13 18
Week 15 9 20 13 13

Table 2 Composition of the fortified and non-fortified formulas compared with breast milk
(per litre)

Breast milk Formula

Whey Whey Casein Casein
with iron without iron with iron without iron

Protein (g) (nitrogenx6 36) 11 15 15 15 15
Total 'true' protein (g) (%) 9 (100) 13 (100) 13 (100) 14 (100) 14 (100)
Caseins (%) 2-5 (28) 5-2 (40) 5 2 (40) 11 1 (79) 11 1 (79)
Whey proteins (%) 6-5 (72) 7-8 (60) 7 8 (60) 2-9 (21) 2-9 (21)
Phosphorus (mg) 150 330 330 450 450
Iron (mg) 0-8 6-7 0-6 6-7 0-6

Proteins for breast milk based on Hambraeus' and for formulas calculated from manufacturers'
information and Jennes and Sloan.6 Minerals for breast milk based on DHSS 1977.'

milk. The non-fortified formulas were supplied
as 'ready to feed' liquid milk throughout the
study. The fortified formulas had been supplied
as 'ready to feed' for the first 3 weeks when they
changed to feeds prepared from powder. From
the end of the study (age 15 weeks) all babies
received a 'normal' iron fortified formula.

PROCEDURES
Faeces were collected at week 2, 7, 11, and 15.
Anthropometry was recorded on day 1. A
heelprick specimen of blood was taken at week
7, 11, and 15 for measurement of haemoglobin,
mean cell volume, and mean cell haemoglobin.
The methods for microbiological examination of
faeces were exactly as described in the previous
studies in this series.'

STATISTICAL ANALYSIS
The results were analysed statistically using
Mann-Whitney, Wilcoxon, X2, and Student's
t test as appropriate.

ETHICAL APPROVAL
Approval for the study was obtained from the
ethics committee of the South Birmingham
Health Authority. The mothers of all babies
taking part in the study gave written informed
consent.
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Figure] Counts ofindividual organisms (log,0 colonyforming units (cfu)/gfaeces) in thefour dietary groups on day 14.
Median count shown by a horizontal broken line. WF, whey with iron; W, whey without iron; CF, casein with iron, C, casein
without iron. (Solid circles indicatefortified and clear unfortifiedformulas.) * Distribution ofcounts significantly differentfor
babiesfedcaseinwithironandwheywithironcomparedwithcaseinwithoutironandwheywithoutiron,p=0004. <>Proportion
ofbabies colonised significantly differentfor babiesfed whey with iron compared with babiesfed whjey without iron, p=002.
* Proportion ofbabies colonised significantly differentfor babiesfed casein with iron compared with babiesfed whey without
iron, p<005. A Proportion ofbabies colonised signiftcantly differentfor babiesfed whey with iron and casein with iron
compared with casein without iron and whey without iron, p<002.
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Balmer, Wharton

Table 3 Comparison offaecal flora at week 7 (counts expressed as x 1091g)

Formula

Whey Whey Casein Casein
with iron without iron with iron without iron
(n=17) (n=22) (n=16) (n=22)

E coli
No (%) of babies colonised 15 (88) 16 (73) 11 (69) 20 (91)
Median count 0 5 0-96 0-04 1-85
Range of counts 0-20 0-50 0-600 0-63

Other coliforms
No (%) of babies colonised 2 (12) 8 (36) 6 (38) 6 (27)
Median count 0 0 0 0
Range of counts 0-8 0-7 30 0-10 0-1-30

Bifidobacteria
No (%) of babies colonised 13 (76) 19 (86) 10 (63) 14 (64)
Median count 2 1-45 0-1 0-01
Range of counts 0-90 0-33 0-20 0-16

Lactobacili
No (%) of babies colonised 3 (18) 3 (14) 4 (25) 6 (27)
Median count 0 0 0 0
Range of counts 0-0-1 0-13-4 0-10 0-4 30

Staphylococci
No (%) of babies colonised 0 4 (18) 5 (31)* 0*
Median count 0 0 0 0
Range of counts 0 0-1-30 0-3 0

Enterococci
No (%) of babies colonised 16 (94) 20 (91) 15 (94) 22 (100)
Median count 1-0 0-65 0 3 1-80
Range of counts 0-20 0-9 0-1700 0-53

Bacteroides
No (%) of babies colonised 12 (71)1 19 (86)1 7 (44)*11 18 (82)*¶
Median count 4 3 45S 0 000005fS 3-45f
Range of counts 0-300 0-130 0-30 0-100

Clostridia
No (%) of babies colonised 9 (53) 14 (64) 14 (88)* 10 (45)*
Median count 0-00001 0-001 0-01t Ot
Range of counts 0-1-0 0-23 0-0-3 0-026

Significant differences between babies fed a formula without iron and those with a formula fortified
with iron: *using x2 test, p<005; tusing Mann-Whitney test, p<005; fusing Mann-Whitney test,
p=0-008.
Significant differences between babies fed whey without iron and casein with iron: Susing Mann-
Whitney test, p<002.
Significant differences between babies fed both casein and whey formulas without iron and casein
and whey formulas with iron: ¶using x2 test, p<002.

Table 4 Comparison offaecal flora at week II (counts expressed as x 109lg)

Formula

Whey Whey Casein Casein
with iron without iron with iron without iron
(n=10) (n=22) (n=13) (n= 18)

E coli
No (%) of babies colonised 9 (90) 18 (82) 11 (85) 15 (83)
Median count 1-05 0-51 2 1-10
Range of counts 0-30 0-4 0-20 0-16

Other coliforms
No (%) of babies colonised 4 (40) 13 (59) 6 (46) 8 (44)
Median count 0 0-06 0 0
Range of counts 0-1 0-2 0-10 0-10

Bifidobacteria
No (%) of babies colonised 9 (90) 18 (82) 9 (69) 11 (61)
Median count 1-0 0 70 1-0 0-06
Range of counts 0-30 0-62 0-20 0-17

Lactobacilli
No (%) of babies colonised 2 (20) 2 (9) 2 (15) 5 (28)
Median count 0 0 0 0
Range of counts 0-0 4 0-0-02 0-0-3 0-26

Staphylococci
No (%) of babies colonised 2 (20) 3 (14) 2 (15) 5 (28)
Median count 0 0 0 0
Range of counts 0-5 0-0-20 0-1 0-0-1

Enterococci
No (%) of babies colonised 9 (90) 20 (91) 11 (85) 16 (89)
Median count 0-15 0-25 1-0 0-38
Range of counts 0-20 0-7-60 0-20 0-30

Bacteroides
No (%) of babies colonised 7 (70) 19 (86)f 5 (38)tf 15 (83)'
Median count 0 22t 5 30t 0 3 30
Range of counts 0-20 0-53 0-30 0-21-30

Clostridia
No (%) of babies colonised 7 (70) 8 (36) 8 (62) 9 (50)
Median count 0-0005St °t§ 0 01§ 0000005
Range of counts 0-1 0-2-0 0-0 1 0-1

Significant differences between babies fed a formula without iron and those fed a formula fortified
with iron: *using X2 test, p<0-05; tusing Mann-Whitney test, p<005.
Significant differences between babies fed whey without iron and casein with iron: fusing x2 test,
p<005; Susing Mann-Whitney test, p<005.

Results
The results are shown in two ways: (1) counts of
individual organisms examined in each baby,
analysed statistically using the Mann-Whitney
test, and the presence or absence of an organism
analysed by the x2 test (fig 1 for day 14, tables
3-5 for weeks 7, 11, and 15). (2) Patterns of
dominance in individual babies (that is a parti-
cular genus accounting for the highest count in
the bacterial population examined); these were
analysed statistically by the x2 test (fig 2 for
day 14 and week 15).

(1) COUNTS OF INDIVIDUAL ORGANISMS
Whey formulas: with or without added iron
The presence of added iron was associated with
the following:

(a) Fewer babies colonised with staphylococci
at day 14 (3 (12%) compared with 10 (35%),
p=0-02, fig 1).

(b) Fewer babies colonised with Escherichia
coli at 15 weeks (44% compared with 90%,
p<0 05, table 5).

(c) Fewer babies colonised with bacteroides at
day 14 (15 (48%) compared with 22 (76%),
p=0-06, fig 1) and at 15 weeks (33% compared
with 95%, p<001, table 5).

(d) Babies had lower counts of bacteroides in
their faeces at week 15 (p<001, table 5).

(e) Babies had higher counts of clostridia at
week 15 (p<0-01, table 5).

Casein formulas: with or without added iron
The presence of added iron was associated
with:

(a) More babies colonised with staphy-
lococci at 7 weeks (31% compared with 0,
p<0-05, table 3).

(b) Fewer babies colonised with bacte-
roides at 11 weeks (38% compared with 83%,
p<005, table 4).

(c) More babies colonised with clostridia
at 7 weeks (88% compared with 45%, p<005,
table 3).

(d) Babies had higher counts of clostridia
at 7 weeks (p<0 05, table 3).

Casein and whey formulas: with or without added
iron
The presence of added iron was associated with:

(a) Fewer babies colonised with bifido-
bacteria at day 14 (44% fed casein with iron
compared with 76% fed whey without iron,
p<005, fig 1).

(b) Babies had lower counts of staphy-
lococci at day 14 (casein with iron and whey
with iron compared with casein without
iron and whey without iron) (p=0 04, fig 1).

(c) Fewer babies colonised with bacte-
roides at day 14 (55% fed casein with iron
and whey with iron compared with 77% fed
casein. without iron and whey without iron,
p<002, fig 1), at 7 weeks (58% fed casein with
iron and whey with iron compared with 84%
fed casein without iron and whey without
iron, p<O002, table 3), and at 11 weeks (38%
fed casein with iron compared with 83%
fed casein without iron and 86% fed whey
without iron, p<OO05, table 4).
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Diet andfaecalflora in the newborn: iron

Table 5 Comparison offaecal flora at week 15 (counts expressed as x 109/g)

Formula

Whey Whey Casein Casein
with iron without iron with iron without i
(n=9) (n=20) (n=13) (n=13)

E coli
No (%) of babies colonised 4 (44)* 18 (90)* 13 (100) 12 (92)
Median count 0 0-24 1 1-60
Range of counts 0-40 0-4-6 0-30 0-13

Other coliforms
No (%) of babies colonised 5 (56) 7 (35) 2 (11) 7 (54)
Median count 0-0001 0 0 0-01
Range of counts 0-10 0-7 6 0-0-1 0-4 60

Bifidobacteria
No (%) of babies colonised 5 (56) 13 (65) 8 (62) 10 (77)
Median count 0-004 0-23 0 9 0 03
Range of counts 0-10 0-36 0-20 0-43

Lactobacilli
No (%) of babies colonised 1 (11) 3 (15) 3 (23) 2 (15)
Median count 0 0 0 0
Range of counts 0-0 4 0-1-10 0-1 0-16

Staphylococci
No (%) of babies colonised 2 (22) 2 (10) 3 (23) 1 (8)
Median count 0 0 0 0
Range of counts 0-0-02 0-0 03 0-0-2 0-0-06

Enterococci
No (%) of babies colonised 8 (89) 18 (90) 13 (100) 12 (92)
Median count 1 0-37t 2f 0-60
Range of counts 0-10 0-3 0 0-10 0-40

Bacteroides
No (%) of babies colonised 3 (33)t 19 (95)t 9 (69) 12 (92)
Median count 01 4 45tf 0-2§ 2-60
Range of counts 0-20 0-70 0-20 0-26

Clostridia
No (%) of babies colonised 5 (55) 6 (30) 10 (77) 9 (69)
Median count 0-00001t Ot 0-01 0-0001
Range of counts 0-20 0-001 o0-5 0-060

Significant differences between babies fed a formula without iron and those with a formula fort
with iron: *using x2 test, p<0 05; tusing x2 test, p<0-01; tusing Mann-Whitney test, p<O(
Significant differences between babies fed whey without iron and casein with iron: §using M
Whitney test, p<0-01.

Day 14
Whey formula with iron

I40- n = 33
40-i

20301

010

Whey formula without iron
50 n = 29
40-

30-

20-

10-

.0

m

8 30-

Week 15

n = 9

n = 20

L
Casein formula with iron

20-

10-

0-

Casein formula without iron
30- n = 13

(d) Babies had higher counts of bacte-
roides at 7 weeks (whey without iron com-
pared with casein with iron, p=0-02, table 3).

iron

Differences between casein and whey formulas
A whey formula was associated with:

(a) More babies colonised with bifido-
bacteria at day 14 (73% fed whey formulas
compared with 51% fed casein formulas,
p<0-05, fig 1).

(b) Higher counts of bifidobacteria at day
14 (p=0003, fig 1).

(c) Fewer babies colonised with clostridia
at 15 weeks (38% compared with 73%, p<OOS,
table 5).

Changes with time
The effect of time upon the faecal flora in
each baby was analysed using the Wilcoxon
test. No changes were found in any of the
babies fed either of the casein formulas or
the whey with iron formula.
More babies fed whey without iron ac-

quired E coli throughout the study: but
the counts fell from day 14 to week 15

tified (p=0-018). The counts of enterococci in
D1. these babies fell (p=0021) throughout the
lann- same period and fewer babies fed whey with-

out iron had clostridia in their faeces at
the end of the study (p=0007).

(2) PATTERNS OF DOMINANCE
There was no significant difference in the
patterns of dominance in the faeces at day 14
(fig 2). At week 15 more babies on whey with
iron (44%) had a dominance of enterococci than
babies on whey without iron (5%) (p<005).

(3) HAEMATOLOGY
Table 6 shows the concentrations of haemo-
globin, mean cell volume, and mean cell haemo-
globin. Iron fortification was associated with a
rise in haemoglobin and a maintenance rather
than a fall in mean cell haemoglobin.

Discussion
DIETARY DIFFERENCES
The different effects of a casein and whey
formula and their associated different nutrients
confirm our previous observations, that
is, increased colonisation by bifidobacteria in
babies fed a whey formula.2 The main object of
this study though was to compare the effect of
iron on the composition of the faecal flora. Iron
in both casein and whey formulas discouraged
staphylococci and bacteroides but encouraged
clostridia and enterococci, that is, the pattern of
flora being generally different from that of the
breast fed baby. A similar study in Holland
looking at the effect of iron to a whey formula
showed that the addition of iron had the same
overall effect in that the flora was more dis-
similar to that of the breast fed baby.8 9 There
are some similarities in the flora of babies
fed iron free formulas and breast fed babies,

Figure 2 Percentage of babies in whose faeces organisms were dominant at day 14 and
week 15; * Number ofbabies significantly different (p<O-05)from babiesfed an iron
fortifiedformula.

I v u ..Zzm
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1394 Balmer, Wharton

Table 6 Haematological measurements of babies throughout the study

Fonnula

Whey with iron Whey without iron Casein with iron Casein without iron

Week 7
Mean (SD)

haemoglobin (g/l) 115 (8 0)* 105 (9 0)* 117 (8-0) 108 (15-0)
Mean (SD)

cell volume (fl) 89-9 (5-8)*t 97-2 (4-1)* 88-0 (3 3)t1 %-3 (6-1)t
Mean (SD) cell

haemoglobin (pg) 32 5 (1j1)* 31-2 (1-4)*t 33-3 (1-4)t 30 9 (2 2)14
Week 11
Mean (SD)
haemoglobin (g/l) 117 (12-0)* 107 (10-0)* 119 (8 0)t 111 (12-0)t

Mean (SD)
cell volume (fl) 85 6 (6 0)* 89-8 (3 3)* 83-5 (3-3)t 89 5 (4-4)t

Mean (SD) cell
haemoglobin (pg) 32-2 (1-9)* 29-1 (1-3)* 33-4 (0-7)t 28-9 (15)t

Week 15
Mean (SD)

haemoglobin (g/l) 124 (9 0)* 103 (11-0)* 127 (4 0)t 102 (7 0)t
Mean (SD)

cell volume (fl) 83 5 (7 0)t 85 4 (4 7) 83-0 (2-1)t 86-2 (4-0)
Mean (SD) cell
haemoglobin (pg) 32-7 (1-4)* 27-3 (1-6)'t 32-9 (11I)t 27-2 (1-6)t:

Significant differences between: *babies fed whey with iron compared with whey without iron at the
same age using t test, p<005; tbabies fed casein with iron compared with casein without iron at the
same age using t test, p<0O05; tbabies at 7 weeks and 15 weeks receiving the same formula using
paired t test, p<0-001.

particularly with regard to staphylococci and
clostridia. Nevertheless the faecal flora of the
babies fed a formula without iron were not
dominated by bifidobacteria and the faecal flora
remained substantially different from that of
breast fed babies.

GUT PHYSIOLOGY
Lactobacilli and bifidobacteria are among the
few organisms that can survive without the
presence of iron.'0 It is thought that much of
the free iron in the gut of a breast fed baby is
attached to lactoferrin (present in breast milk)
thus rendering it unavailable for utilisation by
micro-organisms." This is one mechanism to
explain the predominance of bifidobacteria and
lactobacilli in the faeces of breast fed babies
compared with formula fed babies. The con-
verse could also explain the predominance of
iron dependent organisms, for example, E coli
in the faeces of formula fed babies. In this
study, however, though the absence of iron did
have microbiological effects these were not the
promotion of lactobacilli and bifidobacteria.
Indeed protein quality (casein or whey) had
a clearer effect on the appearance of these
organisms than did the presence or absence of
iron. This illustrates the complex interaction of
nutrients in a milk or formula which affect the
faecal flora.

CLINICAL SIGNIFICANCE
The clinical significance of these microbio-
logical effects of iron is unclear. Although
definite, they were small, with a whey based
formula without iron resulting in a faecal flora
very distant from a breast fed baby. Does it
matter what organisms a baby has in his bowel
so long as they are not invasive? If the aim of an
infant formula is to mimic not only the composi-
tion of breast milk but also its physiological
effects, for example, on growth, biochemistry,
faecal flora, etc, then the omission of added
iron, particularly from a whey formula, gives a
faecal flora closer to breast milk in that staphy-
lococci are encouraged and clostridia and
enterococci are discouraged. There may be an
argument therefore to use a 'starting' formula
which is not fortified with iron during the early
months of life probably to be followed in later
infancy by one containing iron as iron stores are
depleted.
The haematology results are impossible to

interpret completely as we did not have com-
parable values for babies receiving breast milk.
However they at least raise some caution before
advocating widespread use of non-iron fortified
formulas especially after the first month of life.
Clearly more extensive empirical trials are
necessary to determine the exact use of unforti-
fied formulas in the first few months of life.

This study was partially funded by Wyeth-Ayerst Laboratories,
Philadelphia, USA. We are grateful to Mrs C Boyle, Mrs N
Burton, and Mrs J Scott for the collection of the specimens.
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