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Abstract

Objective: To compare iron absorption from infant formula and iron-fortified cow’s milk.

Methods: Twenty-four weanling Wistar rats were maintained in metabolic cages during the whole experiment (10 
days). On the first day, the animals were divided into three similar groups according to their weight, length, hematocrit 
and hemoglobin levels: 1) infant formula; 2) powdered whole cow’s milk fortified with iron in the same quantity and 
type as the formula; 3) control – powdered whole cow’s milk not fortified with iron. Deionized water and diet were 
offered ad libitum, and the volume consumed was measured. Weight, hematocrit, and hemoglobin levels were measured 
on the fifth and 10th days when length, fecal occult blood, and hepatic iron levels were also analyzed.

Results: Group 1 consumed less diet (450.5±26.50 mL) than group 2 (658.8±53.73 mL) and control group 
(532.7±19.06 mL, p < 0.001). Hemoglobin levels were higher (p < 0.001) in group 1 (12.1±1.13 g/dL) than in group 
2 (9.6±1.59 g/dL) and in control group (6.2±0.97 g/dL). Hepatic iron level showed the same pattern as hemoglobin 
(p < 0.001). There was no difference in weight and length between the three groups (p = 0.342). There was no fecal 
occult blood in the any of the animals.

Conclusions: Despite the lower volume consumed, the group that received formula presented higher iron absorption 
and hemoglobin levels than the group fed with fortified whole cow’s milk. Growth was similar in the three groups.
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Introduction

Iron deficiency anemia is the most prevalent nutritional 

deficiency in the world, and children younger than 2 years old 

are among the main risk groups for this disease. Although 

several factors may contribute to the development of iron 

deficiency anemia in infants, it is assumed that it is a result 

of the combination between exceptionally high needs of 

iron, caused by growth, and low iron-content diets, or diets 

with low iron bioavailability.
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  Infant Fortified Unfortified
100 mL of diet formula cow’s milk cow’s milk

Energy (kcal) 74.39 74.31 74.31

Carbohydrate (g) 8.31 5.0 5.0

Lipid (g)  4.01 4.58* 4.58*

Protein (g)  1.36 3.25 3.25

Vitamin C (mg) 7.45 † †

Calcium (mg) 45.87 125.5 125.5

Sodium (mg) 17.2 43.5 43.5

Iron (mg)  0.89 0.89‡ †

Table 1 - Nutritional composition of diets offered in the experiment 

* 0.98 of vegetable oil.
† Insignificant value considering the volume of diet offered.
‡ 0.89 mg of iron in the form of ferrous sulphate.

Exclusive breast-feeding during the first 6 months of 

life is the main strategy to avoid iron deficiency in this age 

group.1 However, only 39.8% of the children were exclusively 

breastfed up to the sixth month of life in Brazil in 2006.2 

For the large number of infants submitted to early weaning, 

the use of infant milk-based formulas fortified with iron 

(infant formula) is one of the most appropriate alternatives 

to guarantee their good nutrition.3 However, due to cultural 

and socioeconomic factors, access and availability of these 

formulas are reduced, making whole cow’s milk the most 

frequent substitute of breast milk.4

In spite of the experimental evidence suggesting that 

higher amounts of calcium and protein in the diet decrease 

iron absorption,5-10 there are not studies assessing their 

effect on the amount of iron in body compartments during 

the first 6 months of life. Some methods have been used to 

asses iron bioavailability in the foods consumed by infants, 

mainly in vitro and in vivo techniques with adults6,7,10,15 and 

14- or 21-day-old rats.11,16 Nevertheless, none of the studies 

published in the literature has compared the difference 

between iron absorption from infant formulas and from 

fortified whole cow’s milk often offered as the only source of 

food to weaned infants younger than 6 months, considering 

whole cow’s milk as the most inexpensive option.

Therefore, the ethical restrictions that limit the possibility 

of analyzing the negative effect of the consumption of whole 

cow’s milk during the infant’s first 6 months of life and the 

lack of effectiveness of the measures taken to prevent iron 

deficiency in this population are the main reasons of this 

project. The objective of the present study is to compare 

iron absorption in weanling rats receiving infant formula 

with rats fed with fortified whole cow’s milk containing the 

same quantity and type of iron as the infant formula.

Methods

Twenty-four male Wistar rats were used. The animals 

were 21-day-old on the first day of weaning. The experiment 

was divided into two phases, each one involving 12 rats. On 

the first day of the experiment, with the purpose of making 

up three similar groups, the animals were weighed and their 

length was measured. Their hematocrit and hemoglobin 

levels were also analyzed. The rats were weighed using an 

electronic digital scale CG-Libor L-600 (CG Instrumentos 

Científicos Ltda., São Paulo, Brazil), with maximum capacity 

of 600 g and sensitivity of 0.1 g. Their length was expressed 

in centimeters, including the length of body and tail. Blood 

was collected from the rats’ tail. Hematocrit and hemoglobin 

levels were determined using the Wintrobe17 and the 

cyanmethemoglobin methods, respectively.

Next, the animals were kept in individual metabolic 

cages (Nalgene Metabolic Cages 650-0100, Tecniplast, 

Buguggiate, Italy) under a 12-hour light cycle and at a 

temperature of 23±1 °C. Two drinking fountains previously 

treated with nitric acid and rinsed with deionized water 

were installed in each cage. The animals allocated in group 

1 (n = 8) were fed with infant formula; those allocated in 

group 2 (n = 8) received fortified powdered whole cow’s 

milk with the same amount and type of iron as the infant 

formula; and those in the control group (n = 8) were fed 

with powdered whole cow’s milk not fortified with iron. The 

control group was formed with the purpose of validating 

the experimental model. All diets were prepared according 

to the recommendations of the manufacturer, and their 

nutritional composition is described in Table 1.

During the whole experiment (10 consecutive days), the 

animals received deionized water ad libitum using the MilliQ 

Plus system (Millipore Indústria e Comércio Ltda., Barueri, 

Brazil) and the same volume of liquid milk diet (150 mL) 

divided into three meals a day. The volumes consumed were 

measured. The drinking fountains were cleaned every time 

the water and diet were replaced.

On the third day of the experiment, 24-hour-diuresis 

was collected, after being measured, urine was placed in 

microtubes (Eppendorf do Brasil Ltda., São Paulo, Brazil) 
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and froze at -20 °C. Urine tests determined creatinine, 

sodium, and urea levels (Bayer ADVIA 1650, Bayer S.A., 

São Paulo, Brazil).

On the fifth day, the rats’ body weight was measured, 

and hemoglobin and hematocrit levels were determined. 

These procedures were carried out again on the 10th day, 

and the animals’ length was also measured. Fecal occult 

blood was investigated in four animals of each group using 

the Hemoplus kit (Newprov - Produtos para Laboratórios 

Ltda., Pinhais, Brazil) only during the second phase of the 

experiment.

The animals were previously anesthetized using 

isoflurane inhalation and were sacrificed by vena cava 

exsanguination. The animals were sacrificed between 6 and 

10 am.18 pH of the cecal content was directly analyzed in the 

cecum inserting the combined electrode DME-CF1 attached 

to the pH meter DM-22 (Digimed, São Paulo, Brazil).

The kidneys and the liver of each animal were immediately 

extracted and weighed (fresh weight) using an analytical 

scale Mettler AB204 (Mettler Toledo Indústria e Comércio 

Ltda., Barueri, Brazil) with maximum capacity of 200 g 

and sensitivity of 0.1 mg. After being weighed, the kidneys 

were discarded and the livers were stored at -20 °C for 

later analysis of hepatic iron levels. With that purpose, 

the livers were dried in a stove at 120 °C for 22 hours; 

next, their dry weight was measured. The dry livers were 

ground, and the hepatic iron level was determined using 

an atomic absorption spectrophotometer Perkin Elmer 5100 

(PerkinElmer do Brasil Ltda., São Paulo, Brazil).

The animals were eviscerated by separating the several 

parts of the carcass made up of fur, skin, subcutaneous fat, 

muscles, bones, teeth, and nails. Carcasses were weighed 

using a digital electronic scale to determine their fresh 

weight and homogenized and stored in a freezer for later 

analysis of the amount of body water, fat, and protein.  A 

sample of 0.1 g of the homogenized material was used to 

establish total protein level using the Lowry’s method,19 

and a sample of 2.0 g was used to determine fat content 

using the chloroform-methanol method.20 Both these tests 

were carried out twice. After these procedures, the fresh 

homogenized carcass was placed in a stove FANEM 315 SE 

(FANEM Ltda., São Paulo, Brazil) at 60 °C for 1 week. Then 

dry weight was measured, which was corrected according 

to the amount of the previously extracted sample. The 

percentage of body water was calculated based on the 

difference between the fresh weight and dry weight of the 

carcass.

The parametric variables were expressed as mean 

and standard deviation, and the nonparametric variables 

were expressed as median and 25th and 75th percentiles. 

Students t test and the analysis of variance or the Kruskal-

Wallis analysis of variance were used to compare the 

independent groups according to the distribution of variables. 

Tukey or Scheffe’s multiple comparison tests were used 

whenever necessary.  Calculations were carried out using 

the computer program for statistical analysis SPSS version 

11.0 for Windows, adopting a significance level of the null 

hypothesis of 5.0%.

The study protocol was approved by the Research 

Ethics Committee of Universidade Federal de São Paulo 

(UNIFESP), CEP 0478/07, São Paulo, Brazil.

Results

Before offering experimental diets to the animals, we 

did not find any significant statistical difference between 

the groups fed with infant formula (n = 7), iron-fortified 

whole cow’s milk (n = 8) or unfortified cow’s milk (n = 7) 

in terms of weight (49.2±5.1 vs. 48.5±2.8 vs. 47.8±4.7 g; 

p = 0.820), length (19.6±0.7 vs. 19.7±0.6 vs. 19.3±0.9 

cm; p = 0.497), hemoglobin (8.8±0.5 vs. 9.1±0.8 vs. 

9.0±0.5 g/dL; p = 0.648), and hematocrit (26.7±2.7 vs. 

29.6±4.7 vs. 28.4±3.8%; p = 0.369), evidencing that the 

groups had similar characteristics which were not changed 

after the exclusion of those animals that did not complete 

the whole period of investigation. 

During the experiment, larger volumes of diets were 

consumed by the groups that received fortified whole 

cow’s milk (658.8±53.7 mL) or unfortified cow’s milk 

(532.7±19.1 mL) when compared to the volumes consumed 

by the group fed with infant formula (450.5±26.5 mL; p 

< 0.001). As a consequence, the groups fed with fortified 

or unfortified whole cow’s milk compared to the group that 

received infant formula had a higher intake of proteins 

(21.4±1.7 vs. 17.3±0.6 vs. 6.1±0.4 g; p < 0.001), 

calcium (826.8±67.4 vs. 668.6±23.9 vs. 206.6±12.2 mg; 

p < 0.001), and sodium (286.6±23.4 vs. 231.7±8.3 vs. 

77.5±4.6 mg; p < 0.001). The group fed with fortified 

whole cow’s milk also consumed a larger amount of iron 

(5.9±0.5 mg) in comparison with the group fed with 

infant formula (4.0±0.2 mg; p < 0.001). There was no 

difference regarding the consumption of water between 

the groups that received infant formula (33.3±13.1 mL), 

fortified whole cow’s milk (26.1±11.8 mL), or unfortified 

cow’s milk (40.9±16.47 mL; p = 0.188).

There was not difference in terms of weight and length 

between the groups at any phase of the experiment. On 

the fifth day, the groups that received infant formula, 

fortified whole cow’s milk, or unfortified cow’s milk had, 

respectively, mean weight of 50.7±4.8, 53.8±4.8, and 

56.9±5.3 g (p = 0.094). On the 10th day, these values 

were 60.3±6.6, 68.9±13.6 and 64.1±11.5 g (p = 0.342); 

while the mean length of the groups fed with infant formula, 

fortified whole cow’s milk, or unfortified cow’s milk were, 

respectively,  22.5±1.1, 23.4±2.0, and 23.1±1.3 cm 

(p = 0.547). There was not significant statistical difference 

regarding the feed efficiency. There was also no difference 
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 Infant Fortified Unfortified 

Variables formula (n = 7) cow’s milk (n = 8) cow’s milk (n = 7) p*

Weight gain (g) 11.1±5.55 20.4±13.48 16.4±9.99 0.247

Feed efficiency (g/g) 0.2±0.09 0.2±0.17 0.2±0.14 0.576

Body protein (mg/g) 158.2±23.68 150.0±25.19 142.0±30.52 0.532

Body fat (mg/g) 79.7±19.92 74.5±14.0 80.2±28.14 0.842

Body water (%) 72.2±1.24 71.3±1.35† 71.0±1.65 0.295

Table 2 - Weight gain, feed efficiency (relation between weight gain and amount of diet consumed) and body composition of 
the carcasses at the end of the experiment

* Analysis of variance.
† n = 7.

Table 3 - Volume of liquid consumed, volume of 24-hour diuresis, and creatinine, sodium and urea levels in the urine

 Infant Fortified Unfortified 

Variables formula (n = 6) cow’s milk (n = 6) cow’s milk (n = 6) p*

Liquid intake (mL) 30.3±4.34 38.5±8.79 37.6±8.50 0.151

Volume of diuresis (mL) 17.6±3.26a 23.4±2.57b 20.3±3.39ab 0.019

Sodium in the urine (mmol/L) 12.3±2.34a 26.8±4.44b 24.3±4.76b < 0.001

Urea in the urine (mg/dL) 81.5a (51.75-145.5) 864.0b (786.5-1229.0) 1012.5b (712.25-1239.75) 0.003†

Creatinine in the urine (mg/dL) 6.3±1.06 7.1±0.36 6.9±0.82 0.204

* Analysis of variance.
† Kruskal-Wallis.
Variables with different letters in the same line, p < 0.05.

in the percentage of water or body levels of fat and protein 

in the three groups (Table 2).

Fresh weight of kidneys was similar in the three groups: 

infant formula (0.9±0.1 g), iron-fortified whole cow’s milk 

(0.9±0.1 g), and unfortified cow’s milk (0.9±0.2 g; p = 

0.342). There was a larger volume of diuresis in the group 

fed with fortified whole cow’s milk in comparison with the 

group fed with infant formula. There was no difference in 

the liquid volume (water and formula, or whole cow’s milk) 

consumed by the three groups in the 24-hour period during 

which diuresis was collected. The groups fed with whole cow’s 

milk had larger volumes of sodium and urea in the urine 

than the group fed with infant formula. Urinary creatinine 

level was similar in the three groups (Table 3).

Since the fifth day, we found a difference between 

the groups fed with infant formula, fortified whole cow’s 

milk, or unfortified cow’s milk with regard to the levels of 

hemoglobin (13.0±0.49 vs. 11.6±0.58 vs. 7.7±0.57 g/dL; 

p < 0.001) and hematocrit (38.3±3.93 vs. 34.1±2.69 vs. 

22.3±1.48%; p < 0.001). On the 10th day, these differences 

were still present, corresponding to 12.1±1.13, 9.6±1.59, 

and 6.2±0.97 g/dL, for the hemoglobin values (p < 0.001), 

and 39.0±2.83, 30.7±3.28, and 18.7±2.98%, for the 

hematocrit values (p < 0.001), respectively. Figure 1 shows 

the evolution of the mean levels (± standard deviation) of 

hemoglobin throughout the experiment. We also found a 

statistically significant difference in terms of hepatic iron 

levels, which was higher in the group that received infant 

formula (776.7±81.4 μg/g) compared with the groups that 

received fortified whole cow’s milk (173.0±63.78 μg/g) or 

unfortified cow’s milk (99.7±13.99 μg/g; p < 0.001). There 

was a difference regarding the fresh weight of the liver 

between the groups that received infant formula (2.6±0.3 

g), fortified whole cow’s milk (3.1±0.4 g), or unfortified 

cow’s milk (2.5±0.3 g; p < 0.01).  However, this difference 

was not present when we analyzed the fresh weight of the 

liver corrected according to the animal’s weight (p = 0.115): 

0.04±0.01, 0.05±0.01, and 0.04±0.01 g, respectively.

pH of cecal content was not different between the groups 

fed with infant formula (5.5±0.5), fortified whole cow’s milk 

(6.0±1.3), or unfortified cow’s milk (6.1±0.5; p = 0.519). 

There was not presence of occult blood in the 12 fecal 

samples analyzed in the second phase of the project.

Discussion

The present study demonstrated that the consumption 

of iron was higher in the group fed with fortified whole cow’s 

milk when compared with the group that received infant 
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Analysis of variance for repeated measures within the same group (day 
0 vs. day 5 vs. day 10):
Hemoglobin
Infant formula: p < 0.001 - Tukey’s test: day 0 < day 5; day 0 < day 10; 
day 5 ≈ day 10.
Fortified cow’s milk: p < 0.001 - Tukey’s test: day 0 < day 5; day 5 > day 
10; day 0 ≈ day 10.
Cow’s milk: p < 0.001 - Tukey’s test: day 0 > day 5; day 0 > day 10; 
day 5 > day 10.

Figure 1 - Evolution of the mean levels (± standard deviation) of 
hemoglobin according to each group

formula and, evidently, when compared with the group fed 

with unfortified cow’s milk. However, after a 10-day period 

of research, the group that received infant formula had a 

mean hemoglobin level 20.6% higher than the mean of the 

group that received fortified whole cow’s milk. The group 

fed with unfortified cow’s milk had a mean hemoglobin level 

corresponding to 64.6% of the value found in the group 

that received fortified whole cow’s milk and 51.2% of the 

value found in the group that received infant formula. 

Hepatic iron level showed the same pattern as hemoglobin. 

Therefore, these findings corroborate the negative effect 

of the consumption of whole cow’s milk on iron absorption 

in comparison with infant formula, which was observed on 

the fifth day of the experiment, evidencing depletion of 

the body supplies of iron regardless of the presence of iron 

fortification in the milk. 

Few articles published in the literature about iron 

absorption have analyzed infant formulas or other 

types of milk consumed by infants. These studies have 

demonstrated that calcium5-7 and milk proteins5,10,16 reduce 

iron bioavailability, whereas other dietary factors, such as 

ascorbic acid, favor its absorption.21

The present study is the first to compare iron absorption 

from infant formula and from iron-fortified whole cow’s 

milk for a period long enough to cause significant changes 

in the body compartments of this mineral. This strategy 

replicates the dietary regimen of children in the first 6 

months of life who have their nutritional needs satisfied 

based only on one source of milk, when, for any reason, 

they are not being breastfed. Due to ethical reasons, it is 

almost impossible to conduct this experiment in infants 

younger than 6 months old.

Rats aged 14 days were used in previous studies as a 

model for the assessment of mineral bioavailability in infant 

formulas.11,16 In the present study, we used 21-day-old 

rats because they have better tolerance to the diets when 

compared to 14-day-old rats or adult rats, as it has been 

observed in pilot studies carried out at our laboratory. In 

addition, rats’ offspring have high levels of body iron at 

birth, which are reduced only when they are weaned, while 

iron absorption increases. Thus, there is better control 

of the regulation of iron absorption, as a response to its 

supplementation, in 20-day-old rats in comparison with 

10-day-old rats.22

Another aspect that should be highlighted is the exclusive 

use of infant formula or whole cow’s milk as the food offered 

during 10 consecutive days. In a study16 that assessed the 

effects of thermal processing on iron bioavailability in infant 

formulas (dehydrate or sterilized), 21-day-old rats were 

fed with a mix of freeze-dried liquid infant formula and 

conventional rat food. The authors did not find a negative 

effect of this diet on iron absorption, which occurred when the 

same formula was offered alone to the 14-day-old animals.16 

This possibly demonstrated the influence of rat food on the 

iron bioavailability of the experimental diet, and this might 

be a bias in this study design,16 since these authors did not 

used milk as the exclusive source of nutrition.

Up to the fifth day of our experiment, the animals had a 

weight gain similar to that of rats at the same age fed with 

conventional rat food. On the 10th day, the mean weight 

of our animals corresponded to about 80% of the value 

expected considering this same parameter.

In spite of the higher consumption of diet and higher 

energy intake reached by the groups that received whole 

cow’s milk when compared with the group fed with infant 

formula, there was not any difference in the weight gain 

between the groups. We also did not find differences in the 

levels of body water, fat, and protein. Feed efficiency was 

similar in the three groups.

The influence of high loads of electrolytes and proteins on 

growth and renal functioning has been previously analyzed 

in the literature.23,24 In rats, diets containing 12.0, 21.0 or 

50.0% of protein showed increase in the weight of kidneys 

only in the last mentioned group.24 The percentages of 

protein contained in the liquid diets of the present study 

(7.3 or 17.5% in the groups that received infant formula or 

whole cow’s milk, respectively), as expected, did not result 

in a difference in the weight of the kidneys.

Iron absorption from formula and cow’s milk - Costa ML et al.
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It is also important to highlight the significant difference 

in the sodium and urea levels in the urine on the third day 

of the experiment, thus reflecting the effects of a higher 

consumption of sodium and protein by the groups fed with 

whole cow’s milk 3 days after the beginning of the dietary 

intervention. High renal solute load of a certain type of food 

requires the appropriate consumption of liquid to preserve 

body homeostasis. In our study, we found a larger volume 

of diuresis only in the group fed with fortified whole cow’s 

milk, and there was no difference in the consumption of 

liquids between the three groups.

It is worth mentioning that infants may have fecal 

occult blood when they are fed with whole cow’s milk.25 

This analysis was not included in the initial part of our 

project. It was included in the second phase due to the 

suggestion made by researchers that were aware of our 

preliminary results.

In short, the present study evidenced a lower iron 

absorption in rats fed with fortified whole cow’s milk 

containing the same type and quantity of iron as infant 

formula. Therefore, we demonstrated the great relevance 

of the early nutritional intervention in those children who 

are not breastfed and who consume whole cow’s milk with 

the purpose of avoiding iron deficiency and its systemic 

consequences. In conclusion, we would like to mention 

that the experimental model used in the present study was 

appropriate to assess the interaction between the nutrients 

of different nutritional interventions and their effects on 

body iron levels, without significantly impairing the growth 

of those animals fed with liquid diet.
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