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Until the mid-1950s,1 the majority of
infants in North America received formu-
las prepared with evaporated milk (EM).
EM formulas as an alternative to breast-
feeding (BF) are recommended “only when
economic circumstances do not allow the
purchase of commercially prepared formu-
la.”2 However, in Newfoundland and
Labrador as well as among Aboriginal peo-
ples, EM formulas are still in use.3,4

EM is cow’s milk (whole, 2% or
skimmed milk) evaporated to approxi-
mately half the original volume and is not
recommended for infants younger than 12
months.5 Cow’s milk may lead to increased
allergy responses from protein,6 increased
gastrointestinal blood loss,7 poorer protein
digestion, increased solute loads,8 low iron
bioavailability5 and possible dehydration.1

Based on our previous report3 indicating
that at 6 months EM-fed infants were at
risk for iron, copper, selenium and thi-
amine deficiency, we followed that same
group at 18 months of age to determine
later effects of early feeding.

SUBJECTS AND METHODS

The original group of full-term infants
were recruited from the Grace Hospital in
St. John’s, Newfoundland during 1993.
Infants weighed between 2500 and 4500 g
at birth and were 38-42 weeks gestational

age. Originally,3 3 groups of infants were
followed: BF (n=29), formula-fed (n=30)
and EM-fed (n=30). Mothers had to main-
tain their choice of feed for 3 months with
minimal solid feeding. No information was
provided except a handout from the public
health nurses indicating that EM prepara-
tion for a 6-oz. bottle consisted of 2 oz.
whole EM diluted with 4 oz. water, with 2
tsp. sucrose added to bring the energy con-
tent to 68 Kcal/100 mL.2,9 Also 7.5 mg
(0.3 mL) of iron should be added to the
first bottle of EM formula of the day, as
Fer-In-Sol (Mead Johnson, Ottawa, Ont).
This occurred for only 24% of EM infants.

At 18 months of age (± one week),
30/30 EM infants and 28/29 BF infants
originally enrolled completed anthropo-
metric assessments, had a blood sample
taken and had a 3-day dietary record com-
pleted for nutrient intakes.3,9

Parents/guardians were asked about the
frequency of hospital/doctor visits and the
reasons, numbers and types of infections,
gastrointestinal problems, allergies and the
medication history of the child during the
previous 18 months. Due to cost, only the
human milk-fed and evaporated milk-fed
infants were evaluated. Ethical approval
was given by all Hospital and University
ethics committees.

Infant weight was measured on a double
beam balance. Recumbent lengths were
measured using an infantometer. Head cir-
cumference was measured using a non-
stretch plastic tape. Blood samples (2 mL)
were collected by veinipuncture, separated
and frozen at -70oC until analysis. Ferritin
was analyzed using the Ferrizyme assay.10

Hemoglobin, hematocrit and mean cell
volume (MCV) were analyzed by Coulter
counter.3 Iron deficiency (ID) was defined
as a ferritin value <10 ng/mL.11 Iron defi-
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In parts of Canada including Newfoundland
and Labrador and among Aboriginal peoples,
infants still consume evaporated milk (EM) for-
mulas for cultural and economic reasons. At 3
and 6 months, full-term infants fed EM (n=30)
received low intakes of iron, thiamine, selenium
and had higher weight velocity than breastfed
(BF, n=29) infants. EM infants had greater ane-
mia, lowered transketolase activity (thiamine)
and lowered glutathione peroxidase (selenium)
activity (p<0.05).

To determine the later effect of early feeding
deficit on nutritional status, we examined these
same infants at 18 months of age. At that time,
there were no differences in dietary intakes of
energy, protein, zinc, copper, selenium and
iron, nor in plasma levels of zinc, copper, vita-
min C, nor in red blood cell activity levels of
glutathione reductase (riboflavin), transketolase,
glutathione peroxidase, nor in superoxide dis-
mutase. However, EM infants weighed more
and were more likely to visit a physician, have
anemia, and have iron depletion than were BF
infants. We conclude that infants consuming
evaporated milk formulas should receive iron
supplements throughout infancy.

A B R É G É

Dans plusieur régions du Canada y compris
Terre-Neuve et le Labrador, et parmi les peuples
autochtones, les bébés sont toujours nourris de
lait évaporé pour des raisons culturelles et
économiques. À trois mois et à six mois, les
bébés nés à terme, nourris de lait évaporé (n=30)
recevaient de moindres quantités de fer, de thia-
mine, de sélénium et pesaient plus que ceux
nourris de lait maternel (n=29). Les bébés nour-
ris de lait évaporé souffraient plus souvent
d’anémie, d’un niveau d’activité réduit de tran-
scétolase (thiamine) et d’un niveau d’activité
réduit de glutathion peroxydase (sélénium)
(p<0,05).

Afin de connaître les répercussions à long
terme d’une alimentation déficiente chez le
nourrisson, nous avons examiné les mêmes
enfants à l’âge de 18 mois. À cet âge, il n’y avait
aucune différence dans la consommation
d’énergie, de protéine, de zinc, de cuivre, de
sélénium et de fer, ni dans les niveaux de zinc,
de cuivre, de vitamine C dans le plasma, ni dans
les niveaux d’activité de glutathion réductase
(riboflavine), de transcétolase, de glutathion, ni
de superoxide dismutase dans les cellules rouges
du sang. Cependant, les bébés nourris au lait
évaporé pesaient plus et avaient plus souvent
besoin de soins médicaux, souffraient d’anémie
et avaient des niveaux plus bas de fer en com-
paraison avec des enfants nourris de lait mater-
nel. Nous en concluons que les bébés nourris au
lait évaporé devraient recevoir des suppléments
de fer pendant leur petite enfance.
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ciency anemia (IDA) was defined as a
hemoglobin of < 110 g/L or a hematocrit
<33% and a ferritin value < 10 ng/mL.12

An abnormal MCV is < 70 fL.12

Plasma zinc and copper were analyzed
by atomic absorption.13 Erythrocyte copper
zinc superoxide dismutase (CuZnSOD)
was assayed by an automated method.14

Selenium status was determined by ery-
throcyte glutathione peroxidase
(SeGHSPx) activity.15 Thiamin status was
assessed using the thiamin pyrophosphate
effect (TPPE); marginal status was > 15%,
and deficient status defined as > 25% stim-
ulation.16 Riboflavin was assessed by ery-
throcyte glutathione reductase (EGRAC)
with an acceptable status defined as a value
> 1.2.17 Vitamin C in plasma was assayed
using the method of Omaye.18 For all tests,
EM infants provided 30 samples and BF
infants provided 29 samples except for
plasma zinc and copper (EM=29) and vita-
min C (BF=24). Weight, length and
weight for length were calculated using the
WHO/CDC computerized anthropomet-
ric program (CASP, Version 3).

Unpaired Students T-tests were used to
assess differences between groups for
socioeconomic data (as assessed by the
Blishen score19), nutrient intakes, wellness
data, biochemical and abnormal iron
indices.20 Statistical differences were
assigned to p < 0.05.

RESULTS

There were no differences in mean
weight (3550 ± 382 g), length (51 ± 2 cm)
or head circumference (35 ± 1.2 cm)
between the two groups at birth. EM was
fed for 11.5 ± 1 months (n=30; 21 M, 9 F)
and BF was fed for 7.5 ± 1 months (n=28;
15 M, 13 F). Mothers in the EM group
were significantly younger (25 ± 5 yrs vs
30 ± 4 yrs), of lower social class (Blishen
score = 22 ± 8 vs 41 ± 19) and lower edu-
cation (4 ± 1 vs 6 ± 2 yrs post primary
school) than were mothers from the BF
group. At 18 months, EM infants had a
trend towards greater number of reported
doctor visits per year (EM, n=5 ± 4; vs BF
n=3 ± 2, p=0.06). At 18 months, no differ-
ences were seen in incidence of hospital
admission (0.3 ± 0.9), respiratory problems
(5.5 ± 4.7), allergies (0.6 ± 1.4), gastroin-
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TABLE I 
Nutrient Comparison - Infant Feedings per 100 Calories

Nutrient Human Milk* Infant Formula† EM‡
1:2

Protein (g) 1.5 2.1 3.9
Fat (g) 5.4 5.4 4.4
Carbohydrate (g) 10 10.7 11.2
Linoleic Acid (mg) 540 1,300 151
Vitamin A (IU) 310 300 124
Vitamin D (IU) 3 60 52
Vitamin E (IU) 0.32 3 0.07
Vitamin B1 (mcg) 29 100 29
Vitamin B2 (mcg) 49 150 184
Vitamin B6 (mcg) 28.5 60 47
Vitamin B12 (mcg) 0.07 0.25 0.50
Niacin (mcg) 208 1,050 1056
Folic Acid (mcg) 7 15 5
Pantothenate (mcg) 250 450 350
Biotin (mcg) 0.6 4.4 4
Vitamin C (mcg) 6 9 9
Calcium (mg) 39 77 140
Phosphorous (mg) 19 58 100
Magnesium (mg) 4.9 6 11
Iron (mg) 0.04 1.8 /0.22 0.11
Zinc (mg) 0.17 0.75 0.41
Manganese (mcg) 0.08 5 4.4
Copper (mcg) 35 90 11
Sodium (mg) 25 32 66
Potassium (mg) 73 96 177
Selenium (mcg)¶ 2.5 2.3 1.0

* Tsang RC and Nichols BF.22

† Ross Laboratories product information, 1992.
‡ Nestle Enterprises Ltd., product information, 1991, Fomon,1 Health and Welfare Canada.9

¶ Litov and Combs,23 Fomon1

TABLE II
Nutrient Intakes of Breastfed (BF) and Evaporated Milk-fed (EM) Infants 

at 18 Months

BF (n=28) EM (n=30)

Energy (kcal/d) 1224 ± 237* 1283 ± 398
Protein (g/d) 47 ± 13 46 ± 18
Fat (g/d) 46 ± 15 50 ± 22
Iron (mg/d) 8.3 ± 6.8 8.3 ± 5.4
Zinc (mg/d) 6.3 ± 1.4 6.0 ± 2.4
Copper (mg/d) 1.1 ± 0.4 1.0 ± 0.4
Se (mg/d) 57 ± 28 47 ± 21
B1 mg/1000 kcal 0.8 ± 0.4 0.7 ± 0.3
B2 mg/1000 kcal 1.4 ± 0.4 1.3 ± 0.5
Vit C (mg/d) 136 ± 84 129 ± 61

* X ± SD

TABLE III
Biochemical Indices of Breastfed (BF) and Evaporated Milk-fed (EM) Infants 

at 18 Months

BF (n=28) EM (n=30)

CuZnSOD (mU/mg Hb) 33 ± 5.5* 31 ± 4.7
SeGHSPx (mU/mg Hb) 35 ± 4.4 34 ± 3.7
TPPE (%) 2.6 ± 2.5 4.4 ± 2.7
Plasma Cu (ug/dL) 101 ± 20 118 ± 25
Plasma Zn (ug/dL) 78 ± 21 83 ± 15
EGRAC (%) 1.1 ± 0.1 1.1 ± 0.8
Plasma vit C (ug/mL) 13 ± 4 13 ± 4
Ferritin (ng/mL) 13.5 ± 6.3 16.4 ± 4.1
Hemoglobin (g/L) 123 ± 7 121 ± 10
Hematocrit 0.360 ± 0.023 0.359 ± 0.03
Mean cell Volume 78.5 ± 4.4 77.9 ± 4.2

*X ± SD
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testinal problems (1.4 ± 2.3), or use of
antibiotics (3.3 ± 3.7). Z-score changes in
weight in the BF group (-0.49 ± 0.37)
were significantly lower between 3 and 6
months than in the EM group (0.01 ±
0.56). At 18 months, EM infants weighed
significantly more (Z-scores, EM=0.53 ±
1.4) than did BF infants (-0.16 ± 0.9),
however length (Z-scores, EM=0.46 ±
0.72; BF= 0.38 ± 1.06), weight for height
(Z-scores, EM=0.56 ± 1.41; BF=-0.33 ±
0.98) and head circumference (EM=48 ±
1.7 cm; BF=49 ± 6.4 cm) did not differ.

The nutrient values of human milk, EM
and a typical infant formula are presented
in Table I. Nutrient intakes (Table II) and
biochemical indices (Table III) did not dif-
fer between groups. However, there were a
greater number of abnormal iron indices
(Table IV) in the EM group. One EM
infant had a low dietary vitamin C intake
(5 mg) but his plasma vitamin C concen-
tration (9.1 μg/mL) was acceptable.21 One
BF infant had a vitamin C intake of 152
mg/d yet had a low (medium risk) plasma
vitamin C concentration of 2.3 μg/mL.21

TPPE values for all infants were within the
low risk category.16 EGRAC values were
marginal17 for one infant in each group
(Table III).

DISCUSSION

Energy and micronutrient intakes (Table
II) reported here were similar to those
reported previously in another Canadian
study of 18-month-old toddlers.22

Eighteen-month-old toddlers from a lower
socioeconomic group in Denver23 had
almost identical intakes except for vitamin
C (52 ± 42 mg/d) in the Denver study, still
above the Canadian RNI.24 EM infants
consumed significantly more energy at 3
and 6 months of age3 than did BF infants
and had greater weight velocity between 3

and 6 months. EM infants are known to
grow well4 and BF infants show a decline
in weight velocity in the first year.25

EM-fed infants are at risk for iron, thi-
amine, and selenium deficiency.1,9,26,27

Whether this early risk would be realized
in later childhood was the focus of this
study. By 18 months there were 11/30 EM
infants with ID (Table IV). Seven of these
11 infants at 18 months previously had ID
at 6 months that was not resolved at 18
months. 

In the EM group, 4 infants at 6 months
and 5 infants at 18 months had iron defi-
ciency anemia. Of the 5 infants who devel-
oped anemia by 18 months, none had ane-
mia at 6 months. However, 6 of 11 EM
infants with depleted iron stores at 18
months had depleted iron stores at 6
months. Iron intakes did not differ
between EM and BF infants (Table II). On
average, iron intakes were higher than rec-
ommended intakes,24 however, 12/30 EM
infants received less than the RNI.24

Seventy-four percent of EM infants
received no iron supplementation (iron-
fortified formula or medicinal iron drops)
in the first 6 months of life. Similar low-
ered iron status has been reported by oth-
ers28 in EM-fed infants. Seventy percent of
the EM-fed infants (300/445) developed
anemia by one year and by 18 months only
10 subjects did not have anemia. In the lat-
ter study as well as in the present study,
solid foods alone were not enough to pre-
vent iron deficiency anemia. In our study,
only 1/6 infants who had received iron
drops from birth had a low hemoglobin at
18 months. Clearly if EM-fed infants do
not receive iron supplements early in life,
poor iron status will persist into early
childhood.

The CPS recommends that exclusively
breastfed infants should receive extra iron
as iron-fortified cereals or other iron-rich

foods after 6 months of age.29 None of our
BF infants received iron supplements
before 6 months. However, infant cereals
did not provide enough iron. There were
only 5 (BF) and 6 (EM) infants who con-
sumed the recommended 20 g/d of iron-
fortified infant cereal.22 By 6 months 20%
of BF infants had low hemoglobin and
iron stores with 10% suffering from IDA.
By 18 months only 1 BF infant had IDA,
however 9 BF infants had depleted iron
stores (Table IV), only 1 of whom was
depleted at 6 months. Others30 have
reported that BF infants who do not
receive iron supplements before 6 months
are in marginal iron status. Fifteen percent
of 9-month-old BF infants in Vancouver
had iron deficiency anemia.31 We think
that iron supplementation of breastfed
infants should start not once stores are
depleted but earlier to maintain adequate
stores. Because IDA is associated with long-
lasting adverse effects on cognition, even
mild ID in early infancy should be avoid-
ed.1

Selenium and thiamine deficiencies did
not persist to 18 months. Low selenium
intakes of 5 ± 1 μg/d at 3 and 10 ± 5 μg/d
at 6 months3 rose to 47 ± 21 μg/d (Table
II) above the requirement of 20 μg/d,24

once solids were introduced. There were
no differences in SeGHSPx activity (Table
III) suggesting that stores at birth suffice
until the introduction of solid foods.

Thiamine intakes at 18 months (per
1000 kcal energy in the diet, Table II) did
not differ from intakes at 6 months (0.66 ±
0.38 mg/1000 kcal). Intakes maintained
adequate thiamine status in all infants
(TPPE, Table III) even with 1 BM and 3
EM infants consuming less than the
RNI.24

Intakes of vitamin C, riboflavin, zinc
and copper were adequate (Table II)
according to biochemical indices (Table
III). Only 1 BM infant consumed less than
the RNI for vitamin C and no infants in
either group consumed less than the RNI
for riboflavin.24 Vitamin C added to EM is
readily available.32 EM infants consumed
more vitamin C at 3 (EM=66 ± 28; BF=30
± 2 mg/d) and 6 months (EM=90 ± 38;
BM=49 ± 29 mg/d) than did BF infants.
By 18 months of age, plasma and dietary
vitamin C were similar. 

TABLE IV
Abnormal Iron Indices of Breastfed (BF) and Evaporated Milk-fed (EM) Infants

at 18 Months

BF (n=28) EM (n=30)
n (%) n (%)

Hemoglobin (<110 g/L) 1 (4) 5 (17)
Ferritin (<10 ng/mL) 9 (32) 11 (37)
Hematocrit (<33%) 0 (0) 4 (13)
Iron Deficiency Anemia 1 (4) 5 (17)
Mean Cell Volume (<70 fl) 1 (4) 2 (7)
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Only 2 EM infants consumed less than
the RNI of 4 mg/d for zinc, whereas 14
EM and 7 BF infants received less than
recommended copper intakes of ~ 0.95
mg/d.24 Nonetheless, there were no differ-
ences in plasma zinc, copper or CuZnSOD
values (Table III).

Respiratory infections differed at 123 but
not at 18 months. Decreased immune
function earlier in infancy may occur when
EM is the primary food, and may improve
with the introduction of solids. Early feed-
ing of EM was associated with more doctor
visits. Because of lower socioeconomic sta-
tus, it is difficult to attribute this to EM
alone. 

By 18 months of age, nutrient intakes
between the two groups are nearly identical
(Table II). Nonetheless infants in the EM
group are at a clinical disadvantage for iron
status (Table IV), suggesting that the
results of early infant feeding habits have
persisted into the toddler stage. If mothers
choose to feed EM, their infants must
receive iron supplementation from birth. 
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