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Departamento de Fisiología 
Facultad de Ciencias 
Universidad de Extremadura 
06006-Badajoz, Spain 

Telf.: +34 924 289 300  ext. 89388 
Fax: +34 924 289 388                    

 

 

Dª. CARMEN BARRIGA IBARS, Catedrática de Fisiología de la 

Facultad de Ciencias de la UEX y D. JAVIER CUBERO JUÁNEZ, Profesor 

Ayudante Doctor del Departamento de Didáctica de Ciencias 

Experimentales de la Facultad de Educación de la UEX 

 CERTIFICAN: 

 Que la siguiente Tesis Doctoral, presentada por Dña. Cristina Lucía 

Sánchez López, con el título: “ANÁLISIS CIRCADIANO DE LOS 

COMPONENTES NUTRICIONALES DE LA LECHE MATERNA 

IMPLICADOS EN EL SUEÑO/VIGILIA”, ha sido realizada bajo nuestra 

dirección, en el Departamento de Fisiología de la UEX, entendiendo que se 

halla finalizada y que reúne los requisitos de originalidad, autorizan su 

presentación para que pueda ser juzgada por el Tribunal correspondiente. 

 Y para que conste a efectos oportunos, firman el presente documento 

en Badajoz, a 4 de marzo de 2011. 

 

 

Fdo.: Dra. Carmen Barriga Ibars   Fdo.: Dr. Javier Cubero Juánez
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“Que tu medicina sea tu alimento 

y que tu alimento sea tu mejor medicina”. 

Hipócrates de Cos, s. IV a.C. 

 

“Let your food be your medicine 

and your medicine be your food" 

Hippocrates of Cos, 4th century B.C. 
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* p<0.05 Calcio < 1200 mg/día es estadísticamente significativo respecto a Calcio > 1200 mg/día. 

�
(	����J�����0���������������?��������
�����	���8�
�
����

��������
����
����
%	��������

�$���0*.A�D�2�����
�
�	�����?����������
���6��
	���������������
��
 ���
	������0A.0�B�2������
�	�
��������	�
����
�
�	
$
���
 ���	���
	$��

��,�HA�AG5��������
��������
�	
������
��
 
�?���
	������0EB0�.�2�������
	��$
�
�	���
���>	��������
��	���

	�������	��������������
�����
�����"F�����#	��������
��8�
�������9�$���	�
��,#�95��	�
0B*A�2����,GG5��
�
J���
8	���������
%��������	������������
�
��

	����������
	���
�	������������
������
���������
�������#�9��
�
���=	�
����	��
���
���������������
�:
���
���	�������	��
�������
����
%	������
����,J�����05���
�
9������
������
	����
%	��������

�6� 
���
	�����
	�
����?������
��	���
�	��������	�
	�����	��
�������
��������
���
��	���

	�������	�
$
�=	�
����	��	�1.@������
�������������������?�������
�
���
	��	�����������

�,J�����
05���

&�.)��7�
(
	�����	
�����
��������
�����
��*��
���	�������� ����*������
���!��	
�����
�����$��
����!��	
��


������
�
�8�-
�0�12�(�3 

 

IDR: Ingestas Dietéticas de Referencia; IA: Ingestas adecuadas (11). IRP: Ingesta de Referencia para la Población (12). 
* p<0.05 Calcio < 1200 mg/día es estadísticamente significativo respecto a Calcio > 1200 mg/día. 
** p<0.01 Calcio < 1200 mg/día es estadísticamente significativo respecto a Calcio > 1200 mg/día. 

Haga clic aquí para ver la imagen ampliada 
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* p<0.05 Calcio < 1200 mg/día es estadísticamente significativo respecto a Calcio > 1200 mg/día. 
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* p<0.05 Calcio < 1200 mg/día es estadísticamente significativo respecto a Calcio > 1200 mg/día. 
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Summary 
The effect of nucleotides in the newborn is a determinant in this first stage of life, and their correct 
level in breastmilk is vital. We have designed a new method for the assay of nucleotides in milk by 
capillary electrophoresis (CE) after acid hydrolysis. Breastmilk samples were collected from healthy 
mothers (ages, 25–35 years) of one month lactation, and stored at -20 °C. The duplicated samples 
were dissociated by acidic hydrolysis (HClO4) and the CE assay was performed in an uncoated 
fused-silica capillary using an alkaline (borate) electrophoretic separation system. 

The method gave good recoveries of 5´-mononucleotides. Under the conditions used, the actual 
CE analysis time was less than 20 minutes. The physiologically and nutritionally important 
nucleotides were detected at concentrations of 387 µg/100ml for UMP-5P, 385.3 µg/100ml for 
AMP-5P, 67 µg/100ml for CMP-5P, 172 µg/100ml for TMP-5P and 315 µg/100ml for GMP-5P. 
Nucleotides are a significant nutrient in infant growth, and capillary electrophoresis is a sensitive 
and efficient tool for the assay of nucleotides with a purine or pyrimidine base in breastmilk. 

 
Keywords: nucleotides – capillary electrophoresis – breastmilk  

 
 
 
INTRODUCTION 

 
Mother's milk is the best food for infants, and so 
knowledge of its composition would contribute to 
the understanding of infant nutrition. 
Approximately   15–25%   of   the   total    nitrogen  
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content of human milk is in non-protein 
compounds, including the nucleotides (Atkinson et 
al. 1980).  

Nucleotides are the primary units of the 
nucleic acids (RNA, DNA) which control the 
reproduction, growth, and metabolism of living 
systems. They consist of a cyclic nitrogen-
containing base (purine or pyrimidine), a sugar 
(pentose), and one or more phosphate groups. 
There has been increasing interest in the nutritional 
aspect of dietary nucleotides. They may play an 
important role in human physiology, especially in 
infants. Dietary nucleotides seem to influence 
several aspects of neonatal development, such as 
modulating lipoprotein metabolism, modifying the 
composition of the gut's microflora, and 
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participating in the immune response mediated by 
T-cells and sleep (Gil and Sanchez-Medina 1981, 
Barnes 1994, Carver 1994, Uauy and Gil 1994, Gil 
and Uauy 1995, Leach et al. 1995, Schlimne et al. 
1997, Boza et al. 1998). Moreover, rapidly growing 
tissues such as the intestinal epithelium and 
lymphoid cells lack any significant capacity for 
de novo synthesis of nucleotides and require 
exogenous sources of the compounds (Oliveira et 

al. 1999). Neither should one forget the influence 
that uridine and adenosine have on the regulation of 
formula-fed infants' sleep (Cubero et al. 2006), as 
well as the hormonal regulation that they exert 
through their ingestion in milk in the first stages of 
life (Vasques-Garibay et al. 2006), in particular the 
regulation of insulin-like growth factors such as 
IGF-I and IGFBP-3. 
 

 
 
Table 1. Values found in the literature on the analysis of nucleotides in milk 

______________________________________________________________________________________________ 

Nucleotides Authors    Samples  Analysis   Concentration 

______________________________________________________________________________________________ 

5´-UMP  Janas and Picciano 1982  Breastmilk HPLC  321µg/100ml 

  Sugawara et al. 1995  Breastmilk HPLC  0.23 µmol/100ml 

  Perrin et al. 2001   Starter formula HPLC  63 mg/kg 

     

5´-AMP  Janas and Picciano 1982  Breastmilk HPLC  143 µg/100ml 

  Sugawara et al. 1995  Breastmilk HPLC  0.23 µmol/100ml 

  Perrin et al. 2001   Starter formula HPLC  21 mg/kg 

 

5´-GMP  Janas and Picciano 1982  Breastmilk HPLC  163 µg/100ml 

  Sugawara et al. 1995  Breastmilk HPLC  n.d 

  Perrin et al. 2001   Starter formula HPLC  11 mg/kg 

 

5´-CMP  Janas and Picciano 1982  Breastmilk HPLC  321 µg/100ml 

  Sugawara et al. 1995  Breastmilk HPLC  4.29 µmol/100ml 

  Perrin et al. 2001   Starter formula HPLC  108 mg/kg 

 

5´-IMP  Janas and Picciano 1982  Breastmilk HPLC  290 µg/100ml 

  Sugawara et al. 1995  Breastmilk HPLC  n.d. 

______________________________________________________________________________________________ 

Uridine 5´monophosphate (5´-UMP); adenosine 5´monophosphate (5´-AMP); guanosine 5´monophosphate (5´-GMP); 
cytidine 5´monophosphate (5´-CMP); inosine 5´monophosphate (5´-IMP).  
 
 

The nucleotide levels in milk have been 
analyzed by different authors principally using 
HPLC as the analytical technique. Janas and 
Picciano (1982) initiated the use of this technique 
for the analysis of nucleotides in human milk, for 
which Sugarawa et al. (1995) later quantified three 
nucleosides and six nucleotides. Finally, Perrin et 
al. (2001) quantified 5 nucleotides and 
5 nucleosides in formula milk. These results are 
summarized in Table 1.  

The last ten years have seen the development 
of the very effective technique of capillary 
electrophoresis (CE) for nucleotide assay (Uhrova 
et al. 1996, Adam et al. 1999, Hornik et al. 2007), 

although not specifically for human milk. The 
purpose of the present work was therefore to 
develop a reliable and fast method of nucleotide 
assay in human milk using acid hydrolysis and 
quantification by CE. 

 
 
 

MATERIALS AND METHODS 
 
Equipment 
The CE system used is a P/ACE MDQ Systems 
5510 equipped with a diode array detector 
(Beckman Coulter, Inc., USA). The system can be 
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rapidly reconfigured from a flexible research 
platform to a tightly regulated routine use platform. 
Automated fractionation of a detected peak allows 
isolation of newly resolved compounds for external 
identification.  

 
Capillary cartridges 
The capillaries are housed in user-assembled 
cartridges which are compatible with all current CE 
capillaries. For the present study of nucleotides, the 
CE separations were carried out in an uncoated-
silica capillary (75 µm i.d. × 375 µm o.d.; 
Polymicro Technologies, LLC, USA) with an 
effective length of 20 cm. 
 
Detector modules 
To allow for flexible method development and 
rugged routine use, the P/ACE MDQ's design 
makes it easy to interchange high-sensitivity diode 
array (DAD), UV/Vis, and laser-induced 
fluorescence (LIF) detection modules. An external 
detector adapter allows the capillary to be extended 
to additional detection systems. 

 
Software for the CE analysis 
The 32 KaratTM software package specific to 
capillary electrophoresis includes mobility plot 
generation, advanced reports, and new 2D 
algorithms to couple mobility and spectral 
signatures for peak identification. All of this results 
in a fully integrated CE control and data analysis 
workstation. 

The methods are defined and edited in table 
format. All functions for the system are handled in 
a single window, including programming of the 
buffer array for the automation of strategies for the 
development of methods, using filters such as scan 
range, wavelength maximum, and mobility.  
 
Control and analysis 
Peak identification using either time or mobility, 
coupled with spectral signature confirmation, 
creates powerful 2D peak identification schemes. 
Velocity-Calibrated Peak Area and CAESAR 
integration ensure reproducible quantification at 
low limits of detection.  
 
Reagents 
Adenosine 5´monophosphate, uridine 
5´monophosphate, guanosine 5´monophosphate, 
thymidine 5´monophosphate, cytidine 
5´monophosphate, boric acid, and sodium 
dodecylsulfate were purchased from Sigma-
Aldrich, USA. All other chemicals were of 
analytical purity grade. Perchloric acid 60%, 
sodium hydroxide pellet and potassium hydroxide 
85% pellets were purchased from Panreac, Spain. 

All solutions were prepared using de-ionized 
water (Milli-Q System). 
 

Procedure 
Preparation of stock solutions 
The values reported in the literature indicated that 
the nucleotide concentrations in human milk would 
be in the range 0 µg/ml to 9 µg/ml.  

Stock nucleotide solutions were therefore 
prepared in the following concentrations: 10x10-3, 
5x10-3, 1x10-3, and 0.5x10-3 mg/ml of adenosine 5-
P, cytidine 5-P, guanosine 5-P, thymidine 5-P, and 
uridine 5-P.  

 
Extraction of nucleotides for breastmilk 
We followed the technique of Perrin et al. (2001) 
with certain modifications. We started from milk 
samples of healthy women of at least 4 weeks 
lactation. Aliquots of 0.75 ml of each sample were 
hydrolysed with 0.75 ml of 13% perchloric acid, 
mixing for 45 min on a roller mixer. After 
centrifuging at 5000 g for 20 min at room 
temperature, the supernatant was collected, 
discarding the fatty halo.  

The solution was then adjusted to neutral pH 
with 5M KOH, and left in an ice bath for 1 h for all 
the potassium perchlorate to precipitate. It was then 
filtered through a 0.45 µm membrane filter (Millex, 
Millipore, USA) before assay. 

 
CE analysis 
All experiments were performed on a P/ACE 
System 5510 (Beckman Coulter, Inc., USA). The 
CE separations were carried out in an uncoated-
silica capillary (50 µm i.d. × 375 µm o.d.; 
Polymicro Technologies, LLC, USA) with an 
effective length of 20 cm. Detection was by 
ultraviolet over the range 190-300 nm (cartridge 
detection window 100 × 800 µm).  

Samples were loaded by low-pressure injection 
(3.45 KPa) for 6 s (14.3 nl, 2.7% of the total 
capillary volume injected). Borate buffers were 
prepared from boric acid, sodium dodecyl sulfate 
(SDS) was added, and the solution was adjusted 
with 500 g/l NaOH to the appropriate pH. The 
capillary was washed at the beginning of each 
working day with de-ionized water, 0.1M sodium 
hydroxide, water, and finally with a separation 
buffer for 5 min.  

Between runs, it was rinsed with water for 
1 min and with a separation buffer for 2 min. The 
assays were run at constant voltage using a ramp of 
1 min.  

The alkaline (borate) separation system as 
described by Adam et al. (1999) was used as 
follows. The capillary was operated at 30 °C. The 
separation buffer was prepared from boric acid (60 
mmol/l), sodium dodecylsulfate (80 mmol/l), and 
adjusted with 2-amino-2-methyl-1-propanol to 
neutral pH. Assays were run at +10 kV (positive 
outlet).  

The detector's data rate was set at 4 Hz. 
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Fig. 1. Typical electropherograms of the standard nucleotides and samples. Capillary temperature, 30 °C; voltage,  
10 kV; detection wavelength, 200 nm.  
 
 



 

RESULTS AND DISCUSSION 
 
Twenty human milk samples from lactating women 
were analyzed by this method. Each sample 
presented different dominant peaks. 

The system provides electropherograms at 200 
nm (the optimal wavelength for these samples) 
such as the example shown in Fig. 1. All five 
nucleotides were detectable at both the lowest and 
the greatest concentrations tested with the alkaline 
system used. At pH>9, however, the run-to-run 
reproducibility was lower (data not shown). Inter-
day variation was less than 9.5%.  

The stability of these nucleotides was tested in 
water at -20 °C, 4 °C, and room temperature. They 
were all stable at -20 °C (half-life 12 months). 

The results of the breastmilk assays were as 
follows (see Fig. 2): 387 µg/100ml for UMP-5P; 
385.3 µg/100ml for AMP-5P; 67 µg/100ml for 
CMP-5P; 315 µg/100ml for GMP-5P; and 172 
µg/100ml for TMP-5P. These mean values are 
significantly greater than the literature values 
quantified by HPLC by Janas and Picciano (1982) 
and Sugarawa et al. (1995), presumably reflecting 

the greater sensitivity of the capillary 
electrophoresis technique for the assay of 
nucleotides in human milk. 
 
CONCLUSION 
 
A simple and effective analytical method has been 
developed for the routine electrophoretic 
determination of nucleotides in breastmilk in an 
uncoated fused-silica capillary. It benefits from the 
important advantages of capillary electrophoresis 
such as the small demand on sample size, 
simplicity of operation, low solvent consumption, 
and short analysis time. 
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Fig. 2. Nucleotide levels in breastmilk (Arithmetic mean; X) quantified by capillary electrophoresis (CE), and their 
comparison with the literature levels determined by HPLC (Janas and Picciano 1982). 
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The possible role of human milk nucleotides
as sleep inducers

Cristina L. Sánchez1, Javier Cubero1, Javier Sánchez2, Belén Chanclón1,
Montserrat Rivero3, Ana B. Rodríguez1, Carmen Barriga1

1Department of Physiology, Faculty of Science, University of Extremadura. Badajoz, Spain
2Laboratory of Metabolism, Hospital ‘Perpetuo Socorro’, Badajoz, Spain
3Ordesa Group, St Boi de Llobregat, Barcelona, Spain

Breast-milk contains a potent mixture of diverse components, such as the non-protein nitrogen
fraction which includes nucleotides, whose variation in levels is evident throughout lactation. In
addition, these substances play an important role in sleep homeostasis. In the present study,
human milk samples were analyzed using a capillary electrophoresis system. The rhythmicity of
each nucleotide was studied by cosinor analysis. It was found that the nucleotides 5′AMP, 5′GMP,
5′CMP, and 5′IMP have significant (P < 0.05) circadian rhythms, the acrophases of the first two
being during the night, and of the latter two during the day. While 5′UMP did not show a clear
circadian rhythm, there was an increase in its levels at night. In conclusion, the rise in nocturnal
levels of 5′AMP, 5′GMP, and 5′UMP could be involved in inducing the ‘hypnotic’ action of breast-
milk at night in the infant.

Keywords: nucleotides, circadian, sleep, human milk, capillary electrophoresis

Introduction

A joint declaration by the World Health Organization
(WHO) and the United Nations Children’s Fund
(UNICEF) stated that breast-milk is the optimal food
for infants and can never be equalled by artificial
substitutes. It covers all the child’s physiological and
nutritional needs during the first 4–6 months of life.1

For this reason, there is growing interest in attempting
to make infant formulas that more closely resemble
mother’s milk. Infant formulas are the only processed
food products that fully meet the nutritional needs of
infants during the first months of life until the
introduction of adequate supplementary feeding.2

The milk of every mammalian species has a
different composition, tailored to the digestive,
nutritional, and growth needs of its offspring. Human
milk is a living fluid that changes with time, with its
composition and volume being modified both during
the course of each day and throughout the breast-
feeding period. Its non-protein nitrogen fraction
includes nucleotides whose concentrations are known
to vary throughout lactation. In particular, there is an
increase in nucleotide concentration in the mature
milk (from day 15 postpartum) relative to the
colostrum (4–5 days’ postpartum).3

Nucleotides are the building blocks of nucleic acids
responsible for storing and transmitting genetic inform-
ation. They are precursors of energy-rich compounds that
control the metabolic processes (biosynthesis, funda-
mentally) in all cells. Their skeleton consists of a pentose
(carbohydrate), a nitrogen-containing base, and a
phosphate group. The commonest are nucleotides where
the nitrogen-containing base is a purine – adenosine

Research article

Correspondence to: Cristina L. Sánchez López, Department of
Physiology, Faculty of Science, University of Extremadura, Av. Elvas s/n,
06071 Badajoz, Spain. Tel: +34 (0)924 289388; Fax: +34 (0)924 289388;
E-mail: crissanchez@unex.es
Received 25 March 2008, revised manuscript accepted 19 August 2008

© 2009 W. S. Maney and Son Ltd
DOI 10.1179/147683008X344174



5′monophosphate (5′AMP), guanosine 5′mono-
phosphate (5′GMP), and their precursor, inosine
5′monophosphate (5′IMP) – or a pyrimidine – uridine
5′monophosphate (5′UMP), cytidine 5′monophosphate
(5′CMP), and thymidine 5′monophosphate (5′TMP).

The nucleotides act in cells as secondary messengers
through cAMP (cyclic 5′AMP) and cGMP (cyclic
5′GMP), and also supply the necessary chemical
energy. They can also act as components of many
enzyme co-factors such as flavin adenine dinucleotide
(FAD) and nicotinamide adenine dinucleotide (NAD),
in addition to having a strong influence on sleep – the
function which is the objective of the present study.

In reviewing the literature, we found that three
nucleotides are considered to be involved in the
physiological function of sleep – 5′UMP, 5′AMP, and
5′GMP.

The first, 5′UMP, is distributed throughout the
body (including the brain), and has a depressive effect
on the CNS. The nightly administration of low doses
of this nucleotide produces a moderate increase in the
number of REM and non-REM sleep episodes,4 but
has little or no influence on their duration.5,6 The
plasma concentration of uridine in mice has a marked
circadian rhythm,6 with the time of the maximum
concentration (acrophase) coinciding with the time of
least activity.

The second, 5′AMP, is the nucleotide which is most
referred to in the literature as a sleep inducer. Indeed,
its hypnotic properties have been recognized now for
over 30 years.7 More recent evidence confirming its
role in sleep induction is based on several facts:
extracellular concentrations (through the secondary
messenger cAMP) present circadian variations, its
administration induces an hypnotic effect, and its
levels decline during the period of wakefulness.8–11

The third, 5′GMP, is also a second messenger in its
cyclic form (cGMP), which mediates most of the
neuronal effects of nitric oxide (NO). Many studies
have pointed to the role of NO in sedation. For
instance, the injection of a cGMP inhibitor into rats
was found to increase wakefulness at the same time as
suppressing REM and non-REM sleep.12 Human
studies have shown that cGMP plasma concentrations
rise when the subject goes to bed and remain high
throughout the night, reflecting its role in stimulating
the secretion of the pineal hormone melatonin.13,14

Recently there has been growing interest in
studying nucleotides in the diet, since they seem to
play an important role in human nutrition at different
stages of life. This is especially so in infancy, as they
influence neonatal development by the synthesis of

phospholipids, by modifying the microflora and
repairing any damage in the gut, and also by
participating in the T-lymphocyte mediated immune
response.15–18 It has been suggested that both the
nucleotides and the nucleosides found in human milk
may be important for tissue development in infants.19

The Co-ordinated International Expert Group of
the European Society for Paediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN) recommends
the following maximum concentrations for nucleotides
added to infant formulas: 1.75 mg/100 kcal of 5′CMP,
1.5 mg/100 kcal of 5′UMP, 1.5 mg/100 kcal of 5′AMP,
0.5 mg/100 kcal of 5′GMP, and 1 mg/100 kcal of
5′IMP. Also, the total of all nucleotides must not
exceed 5 mg/100 kcal.20

Although the most extensively validated method
for nucleotide assay in human milk is high
performance liquid chromatography (HPLC), our
research group has demonstrated that capillary
electrophoresis (CE) is another perfectly viable
technique.21 Nearly all nucleotide determinations have
studied the variations in their concentrations over the
months of lactation. The novelty of the present work
is the study of the possible circadian rhythms in the
nucleotide content of breast-milk by determining the
changes that occur during each 24-h period. This is
essentially the reason for using CE as against HPLC,
since measurements with CE are significantly faster
(approximately 30 min compared with 2 h in HPLC).
Also, the efficiency of the method is much greater
(more than 200,000 plates theoretically, compared
with 5000 for HPLC), and the expenditure in terms of
the volumes of reagents and samples is much lower.

Subjects and methods

Subjects
The study population consisted of 30 healthy mothers
from the region of Extremadura (Spain) who had been
breast-feeding for 3 months. Their median age was 33
years (minimum-to-maximum range, 26-39 years), and
the mean ± SD values for weight, height, and body
mass index (BMI) were 62.3 ± 7.3 kg, 164 ± 6 cm, and
23.1 ± 2.4 kg/m2, respectively. The subjects were
considered healthy on the basis of their breast-feeding
success, a physical examination, and a follow-up. All
subjects were informed about the investigation, and
gave their written consent.

During the study, the subjects took no drugs that
would disturb the levels of nucleotides. The Ethical
Investigation Committee of University of Extremadura
approved the study.
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Samples
Samples of breast-milk were collected in polystyrene
tubes before each feed over a 24-h period, during
March to July, and stored frozen at –30ºC until assay
in duplicate. In general, between 6 and 8 samples of
breast-milk were obtained from each mother.

Equipment and components
The CE system used was a P/ACE MDQ System 5510
equipped with a diode array detector (Beckman
Coulter, Inc., USA). The system can be rapidly
reconfigured from a flexible research platform to a
tightly regulated routine-use platform. Automated
fractionation of a detected peak allows isolation of
newly resolved compounds for external identification.

Capillary cartridges
The capillaries are housed in user-assembled cartridges
which are compatible with all current CE capillaries. For
the present study of nucleotides, the CE separations
were carried out in an uncoated silica capillary (75 µm
i.d. × 375 µm o.d.; Polymicro Technologies®, LLC,
USA) with an effective length of 20 cm.

Detector modules
To allow for flexible method development and rugged
routine use, the design of the P/ACE MDQ makes it
easy to interchange high-sensitivity diode array
(DAD), UV/Vis, and laser-induced fluorescence (LIF)
detection modules. An external detector adapter
allows the capillary to be extended to additional
detection systems.

Software for the CE analysis
The 32Karat™ software package specific to capillary
electrophoresis includes mobility plot generation,
advanced reports, and new 2-D algorithms to couple
mobility and spectral signatures for peak identification.
All of this results in a fully integrated CE control and
data analysis workstation.

The methods are defined and edited in table format.
All functions for the system are handled in a single
window, including programming of the buffer array
for the automation of strategies for the development
of methods, using filters such as scan range,
wavelength maximum, and mobility.

Control and analysis
Peak identification using either time or mobility,
coupled with spectral signature confirmation, creates
powerful 2-D peak identification schemes.

Velocity-calibrated peak area and CAESAR©

integration ensure reproducible quantification at low
limits of detection.

Reagents
Adenosine 5′monophosphate, uridine 5′mono-
phosphate, guanosine 5′monophosphate, thymidine
5′monophosphate, cytidine 5′monophosphate, inosine
5′monophosphate boric acid, and sodium dodecyl-
sulphate (SDS) were purchased from Sigma-Aldrich
(USA). All other chemicals were of analytical purity
grade. Perchloric acid 60%, sodium hydroxide and
potassium hydroxide 85% pellets were purchased from
Panreac, Spain. All solutions were prepared using de-
ionized water (Milli-Q System).

Procedures

Preparation of stock solutions
The values reported in the literature indicated that the
nucleotide concentrations in human milk would be in
the range 0–9 µg/ml. Stock nucleotide solutions were,
therefore, prepared in the following concentrations:
10, 5, 1, and 0.5 µg/ml of 5′AMP, 5′CMP, 5′GMP,
5′TMP, 5′UMP, and 5′IMP.

Extraction of nucleotides from breast-milk
We followed the technique of Perrin et al.22 with
certain modifications. We started from milk samples
of healthy women of at least 12 weeks’ lactation.
Aliquots of 0.75 ml of each sample were hydrolysed
with 0.75 ml of 13% perchloric acid, mixing for 45 min
on a roller mixer. After centrifuging at 5000 g for 20
min at room temperature, the supernatant was
collected, discarding the fatty halo.

The solution was then adjusted to neutral pH with
5 M KOH, and left in an ice bath for 1 h for all the
potassium perchlorate to precipitate. It was then
filtered through a 0.45 µm membrane filter (Millex;
Millipore, USA) before assay.

CE analysis
All experiments were performed on a P/ACE System
5510 (Beckman Coulter). The CE separations were
carried out in an uncoated silica capillary (75 µm i.d.
× 375 µm o.d.; Polymicro Technologies) with an
effective length of 20 cm. Detection was by UV light
over the range 190–300 nm (cartridge detection
window 100 × 800 µm) and the limit of detection
(LOD) was 60 ng/ml.

Samples were loaded by low-pressure injection (3.45
kPa) for 6 s (14.3 nl, 2.7% of the total capillary volume
injected). Borate buffers were prepared from boric acid,
then SDS was added, and the solution was adjusted with
500 g/l NaOH to the appropriate pH. The capillary was
washed at the beginning of each working day with de-
ionized water, 0.1 M sodium hydroxide, water, and
finally with a separation buffer for 5 min.

Nutritional Neuroscience 2009 Vol 12 No 0 3
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Between runs, it was rinsed with water for 1 min
and with a separation buffer for 2 min. The assays
were run at constant voltage using a ramp of 1 min.
The alkaline (borate) separation system as described
by Adam et al.23 was used as follows. The capillary was
operated at 30ºC. The separation buffer was prepared
from boric acid (60 mmol/l), SDS (80 mmol/l), and
adjusted with 2-amino-2-methyl-1-propanol to neutral
pH. Assays were run at +10 kV (positive outlet). The
detector’s data rate was set at 4 Hz.

Chronobiological analysis
The chronobiological analysis of the data was
performed using Ritme® for Windows software
package. The rhythmicity of each nucleotide was
studied by cosinor analysis.24 The sinusoidal function
used for the fit is the following:

y(t) = M + A × cos [(2 × π/τ) × t – Φ] Eq. 1

where y(t) is the value of the cosine function at time t,
M is the mean level of oscillation or the MESOR
(acronym of midline-estimating statistic of rhythm,
the mean value about which the oscillation occurs,
equal to the arithmetic mean of equidistant data
covering a whole number of cycles), A is the amplitude
(measure of the extent of a rhythmic change in a cycle as
estimated by the sinusoidal function that best fits the
data), the frequency (ω= 2 × π/τ) where π is the number
pi and τ is the period (24 h in our case), and Φ is the
acrophase (a phase angle measuring the timing of the
peak activity, expressed as the lag from a reference
time to the crest time of the best fit sinusoidal
function). Therefore, cosinor analysis determines the
best-fitting sinusoidal wave by estimating three
parameters – mesor, amplitude, and acrophase.

Sample distribution
Given that the times at which milk samples were
extracted did not exactly coincide from one mother to
another, we selected those hours of the 24-h period for

which there were the greatest numbers of samples
under the constraint of requiring reasonably uniform
distribution of those hours.

By cosinor analysis, we determined the confidence
limits of the MESOR, amplitude, and acrophase at
95% probability level. When the range determined by
the confidence limits of the amplitude contains the
value 0, it cannot be excluded that the amplitude is 0
and, therefore, the existence of a rhythm is not
statistically significant. In other words, to test the
statistical significance of the rhythm, we determined
whether the null hypothesis of zero amplitude is or is
not rejected at 0.05 of alpha level. The P-value
indicates the significance of the fit of the cosine curve
to the data.

The confidence limits of the acrophase allow one to
determine whether there were significant differences
between the acrophases of different variables. When
the range determined by the confidence limits of the
acrophase of one variable overlaps that of another, the
possibility that both acrophases are equal cannot be
discarded.25

Results

Figure 1 shows the levels of 5′AMP in human milk
over a 24-h period. The levels increase as night falls
(after 20:00), and the levels are higher at the first hours
of the night relative to the interval before dawn.

Figure 2 shows the equivalent results for 5′UMP. In
this case, there was an increase in the middle of the
night with respect to the previous hours and with
respect to the light hours.

Figures 3–6 present the results for the other four
nucleotides (5′GMP, 5′CMP, 5′IMP, and 5′TMP) in
which variations between the different time hours
showed no difference. In Figure 3, however, there was
an apparent increasing trend of the levels of 5′GMP
for the nocturnal period (20:00–08:00). A similar
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Figure 1 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′AMP for a 24-h period (n = 30)

Figure 2 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′UMP for a 24-h period (n = 30)



trend, but during daylight hours (08:00–20:00), is
observed for 5′CMP and 5′IMP (Figs 4 and 5,
respectively). This contrasts with the apparent down -
ward trend in the daylight intervals for 5′AMP (Fig. 1).

The results of the chronobiological study (Table 1)
of particular interest were the significant circadian
rhythms of 5′AMP (Fig. 1) and 5′GMP (Fig. 3) with
acrophases during the period of darkness (at 20:19
and 05:08, respectively). The other two nucleotides
having significant circadian rhythms were 5′CMP
(Fig. 4) and 5′IMP (Fig. 5) but with acrophases during
the daytime period (at 18:40 and 19:14, respectively).

Discussion

Breast-milk is not static in its composition, but
changes with time,26,27 in parallel with the infant’s
energy demands and tissue growth. For the newborn,
there is an accentuated protein demand because of the
anabolic requirement involved in the first weeks of
growth.

Nonetheless, there has until now been no
consideration of the possibility that, through her milk,
the mother is preparing her baby’s adaptation to the
changing environment – day and night, for example. It is
now known that high levels of melatonin in breast-milk
appear during the night and low levels during the day.28

Since melatonin is the hormone that regulates the
sleep/wake cycle, these changes in breast-milk will
doubtless be the signal to help the baby adapt as quickly
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Figure 3 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′GMP for a 24-h period (n = 30)

Figure 4 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′CMP for a 24-h period (n = 30)

Figure 5 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′IMP for a 24-h period (n = 30)

Figure 6 Sinusoidal function obtained by cosinor analysis
of the nucleotide 5′′TMP for a 24-h period (n = 30)

Table 1  Chronobiological parameters of each nucleotide for a 24-h period

Nucleotide MESOR (µg/ml) Amplitude (µg/ml) Acrophase (h:min) Cosinor significance P-value

5′AMP 5.17 (4.61–5.73) 1.03 (0.02–2.03) 20:19 (15:08–25:30) 0.04457*
5′UMP 6.14 (4.91–7.37) 1.20 (–) 02:00 (–) 0.36425
5′GMP 3.63 (3.42–3.85) 0.46 (0.07–0.84) 05:08 (01:18–08:58) 0.01955*
5′CMP 2.44 (2.25–2.64) 0.42 (0.16–0.68) 18:40 (14:59–22:20) 0.01645*
5′IMP 3.06 (2.91–3.21) 0.44 (0.18–0.70) 19:14 (16:48–21:41) 0.00149*
5′TMP 4.27 (3.94–4.60) 0.36 (–) 04:45 (–) 0.28860

MESOR values and amplitudes are in the corresponding parameter units. Acrophases are given as times of day (08:00–20:00
light/dark cycle). Confidence limits are in parentheses. The P-value indicates significance of the fit of the cosine curve to the data.
*P < 0.05 was considered statistically significant (n = 30).



as possible to the day/night versus sleep/wakefulness
environment.29–31

The present study continues this line of inquiry into
the change and temporal evolution of the macro- and
micro-nutrients in breast-milk. Our purpose was to
study some of the possible variations, but on a much
shorter time scale, in particular the 24-h period
variation of the nucleotides belonging to the non-
protein nitrogen fraction. As was first described some
30 years ago and has been confirmed in recent years,
these nucleotides have a great genetic importance32 via
their action on the flora in the gut,15 and neuro -
chemically via their intracellular action as secondary
messengers, particularly the physiological action of
the purine nucleotides on sleep.8 Also, in the last few
years, their hypnotic action in infants has been
demonstrated by the results of applied research with
starter milks for infants with sleep problems.21,30,31

The higher nocturnal levels of the purine
nucleotide 5′AMP were consistent with its nature as a
sleep inducer as found in earlier studies.33–35 In
addition, as a novel result compared to those reported
by other workers,36 we demonstrated the existence of a
circadian rhythm for this nucleotide. The increase was
confined to the beginning of the night (with acrophase
at 20:19, and a MESOR of 5.17 µg/ml), and could
mean that the cAMP which is used in the release of
GABA, an inhibitory and ‘sleep-promoting’ neuro -
transmitter,37 originates from this nucleotide in the
milk. It is notable that the increase of this nucleotide
coincides with the onset of darkness at 20:00, and that
the raised levels are maintained over a long time to
conserve the cAMP-mediated intracellular response,
especially in brain tissue in order to maintain
homeostasis during sleep.34

The other purine nucleotide, 5′GMP, showed a
tendency to increase during the night, unlike the
periods of daylight during which its levels were more
irregular. This nucleotide is a precursor of another
intracellular messenger (cGMP) which, during the
night, is involved in the secretion of the hormone
melatonin, thereby inducing and entraining nocturnal
rest.13,38,39 Our chronobiological study showed this
nucleotide to have a clear circadian rhythm, with the
acrophase in the final hours of darkness, at 05:08 (an
acrophase that is very similar to that reported by Skala
et al.36) and a MESOR of 3.63 µg/ml.

With respect to 5′UMP, this nucleotide did not
describe a clear circadian rhythm, but its concent -
rations gradually decreased during the hours of
daylight, followed by a clear increasing trend during
the period of darkness, indicating a possible ultradian
rhythm, which is understood as being part of the

stimulation and functioning of the hypnotic
mechanism.4–6,40

Of the other nucleotides, 5′CMP had a significant
circadian rhythm with acrophase at 18:40 (during
daylight hours), and a MESOR of 2.44 µg/ml.
Because 5′IMP is the precursor of the other two
purine nucleotides, it was not surprising that it showed
a significant circadian rhythm that was in synchrony
with the other two purine nucleotides, 5′AMP and
5′GMP. Indeed, its acrophase was at 19:14 (just before
the onset of darkness when the sleep inducers, 5′AMP
and 5′GMP, reach their acrophases) and its MESOR
was 3.06 µg/ml.

Conclusions

The assay of nucleotides in the breast-milk of the
study population showed that their levels were not
constant over a 24-h period. This was particularly so
for 5′AMP, 5′UMP, and 5′GMP, which showed
increased concentrations at night and may, therefore,
be involved in inducing hypnotic action in the infant.
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INTRODUCTION

A joint declaration by the World Health Organization 
(WHO) and the United Nations Children’s Fund (UNI-
CEF) stated that, breast milk is the optimal food for 
infants and can never be equaled by artificial substi-
tutes. It covers all the child’s physiological and nutri-
tional needs during the first 4–6 months of life (WHO, 
2003).

It is well known the advantages of the human milk for 
the development of the breastfed baby, among vita-
mins A, C and E, which are essential as an antioxidant 
defense. In newborn infants, oxidative stress is impor-
tant due to the immaturity of the antioxidant defense 
mechanisms and the digestive system. The purpose 
of the antioxidative defense is to inactivate reactive 
oxygen particles (Tsopmo et al., 2009). 

Human milk antioxidant capacity value represents a 
complex mixture of numerous compounds with anti-
oxidant activities functioning by different chemical re-
actions (Friel et al., 2002; Kitts et al. 2003; Silvestre 
et al. 2008), which collectively culminate in a stable 
food source for the breastfed infant.

Vitamins E and C, retinol and b-carotene, lactoferrin 
and glutathione, and antioxidant enzymes including 
catalase, superoxide dismutase and glutathione per-
oxidase are all present in human milk (Friel et al., 
2002; Shoji et al., 2004; Kasapovic et. al., 2005), 
and are known to have specific antioxidant roles 
against lipid peroxidation.

Earlier studies reported that breast milk is not constant 
throughout the 24 hour period (Cubero et al., 2005; 
Sánchez et al., 2009). This variation can depend on the 
mother’s diet during this period (Sánchez et al., 2008).

The aim of the study was to analyze the antioxidant 
capacity of the human milk throughout the of 24 hour 
period, the antioxidant changes between the day and 
the night.

MATERIALS AND METHODS

Subjects

We recruited 7 healthy mothers from the region of 
Extremadura (Spain), in the Service of Neonatology 
(Hospital “Perpetuo Socorro”, S.E.S.). 

The subjects were considered healthy on the basis of 
their breast-feeding success, a physical examination, 
and a follow-up. All subjects were informed about the 
research project and gave written consent.

During the study, the subjects took no drugs that 
would disturb the levels of vitamins. The Ethical In-
vestigation Committee of University of Extremadura 
approved the study.

Samples

Milk samples were collected from 7 breastfeed-
ing women between 1-5 days postpartum (colostral 
milk) in polystyrene tubes before each feed over 24h 
(Hanna et al., 2004), during March to July and stored 
frozen at  80°C until analysis in duplicate.

Antioxidant analysis

We used an adapted technique from Arnao et al. 
(2001). The antioxidant capacity was determined 
by the improved spectrophotometric method TEAC 
(Trolox equivalent antioxidant capacity). This method 
calculates the percentage inhibition of the cation radi-
cal ABTS- + by Trolox, a water soluble analogue of 
alpha-tocopherol which is the standard antioxidant. 
The samples analysis was performed on a microplate 
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reader TECAN M200. The wavelength device was 
730nm. 

Statistical analysis

For the statistical analysis it was used: descriptive sta-
tistics (mean ± standard deviation) and inferential test 
Non-parametric Kruskal-Wallis. A value of P<0.01 
was considered to be significant.

RESULTS

We found variation in the antioxidant activity between 
the night and diurnal samples of human milk. The 
levels of Trolox Equivalent are statistically significant 
(P<0,01) in the samples collected at 18:00h and 
21:00h opposite to the samples of milk collected at 
24:00h (figure 1). 

DISCUSSION AND CONCLUSION

Studies show human milk can suppress oxidative 
stress and oxidative DNA damage in newborn infants 
more effectively than infant formula and indicate that 
human milk contains a unique defense mechanism, 
which is not available in commercial infant formulas 
or in bovine milk (Shoji et al., 2004).

The influence of human milk on oxidative stress in-
tensity in breast-fed neonates and infants is a signifi-
cant issue. The concentration of antioxidants in milk 
depends on mother’s diet, vitamins supplementation 
during pregnancy and lactation and geographi-
cal area of domicile (Szalagatys-Sidorkiewicz et al., 
2004).

As Asghar et al. reported (2009), we observed an in-
crease in the total antioxidant status at the beginning 
of the night period opposite to the diurnal period, 
probably as consequence of the immunological ac-
tivity of the mother and the amount of vitamins and 
proteins (Yamawaki et al., 2005) in the mothers’ diet 
during the day. 

In the future, this study should be improved by 24h-
questionnaries from the breastfeeding women, at the 

point to observe which the origin of the antioxidants 
substances is in human milk. Probably, a specific an-
tioxidant test should be used.

Acknowledgments

This research was supported financially by the Ordesa 
Group. We are grateful to Ms. Elena Circujano and 
the medical staff of the hospital for technical help.

References

Arnao MB, Cano A, Alcolea JF, Acosta M. 2001. Estimation of 
free radical-quenching activity of leaf pigment extracts. Phytochem 
Anal. 12: 138-143.

Asghar Z, Fatemeh T, Taiebeh C, Gholamreza S, Mohsen K. 2009. 
Antioxidant and radical scavenging activity of human colostrum, 
transitional and mature milk. J Clin Biochem Nutr. 45: 150-154. 

Cubero J, Valero V, Sánchez J, Rivero M, Parvez H, Rodríguez AB, 
Barriga C. 2005. The circadian rhythm of tryptophan in breast milk 
affects the rhythms of 6-sulfatoxymelatonin and sleep in newborn. 
Neuro Endocrinol Lett. 26: 657-661.

Friel JK, Martin SM, Langdon M, Herzberg GR, Buettner GR. 2002. 
Milk from mothers of both premature and full-term infants provides 
better antioxidant protection than does infant formula. Pediatr Res. 
51: 612–618.

Hanna N, Ahmed K, Anwar M, Petrova A, Hiatt M, Hegyi T. 2004. 
Effect of storage on breast milk antioxidant activity. Arch Dis Child 
Fetal Neonatal Ed 89: 518-520.

Kasapovic J, Pejic S, Mladenovic M, Radlovic N, Pajovic SB. 2005. 
Superoxide dismutase activity in colostrum, transitional and mature 
human milk. Turk J Pediatr.  47: 343–347.

Kitts DD, Weiler K. 2003. Bioactive proteins and peptides from 
food sources: applications of bioprocesses used in isolation and 
recovery. Curr Pharm Des. 9: 1309–1323.

Sánchez CL, Cubero J, Sánchez J, Chanclón B, Rivero M, Rodrí-
guez AB, Barriga C. 2009.  The possible role of human milk nucle-
otides as sleep inducers. Nutr Neurosci. 12: 2-8.

Sánchez CL, Rodríguez AB, Sánchez J, González R, Rivero M, 
Barriga C, Cubero J. 2008.  Calcium intake nutritional status in 
breastfeeding women. Arch Latinoam Nutri. 58: 371-376.

Shoji H, Shinohara K, Oguchi S, Shiga S, Yamashiro Y. 2004. 
Suppressive effects of breast milk on oxidative DNA damage in 
very low birthweight infants. Arch Dis Child Fetal Neonatal Ed. 89: 
136–138.

 Silvestre D, Miranda M, Muriach M, Almansa I, Jareno E, Roerao 
FJ. 2008. Antioxidant capacity of human milk: effect of thermal 
conditions for the pasteurization. Acta Paediatr. 97: 1070–1074. 

Szalagatys-Sidorkiewicz A, Zagierski M, Renke J, Korzon M. 2004. 
Antioxidative properties of human milk. . Med Wieku Rozwoj. 8: 
353-358

Tsopmo A, Diehl-Jones B, Aluko R, Kitts D, Elisia I, Friel J. 2009. 
Tryptophan released from mother´s milk has antioxidant proper-
ties. Pediat Res 66: 614-618.

Yamawaki N, M Yamada, T Kan-no, T Kojima, T Kojima, T Kaneko, 
A Yonekubo. 2005.  Macronutrient, mineral and trace element 
composition of breast milk from Japanese women. Epidemiology.  
19: 171-181.

World Health Organization (WHO). 2003. Promoting appropriate 
feeding for infants and young children. In: Global strategy for in-
fant and young child feeding. World Health Organization: Geneva, 
Switzerland. pp 7-8.

*p< 0,01 respect to 0:00h.

Figure 1. Trolox equivalent antioxidant capacity 
(TEAC) in colostrum human milk (24h period). 



511

Nutr Hosp. 2011;26(3):511-514
ISSN 0212-1611 • CODEN NUHOEQ

S.V.R. 318

Original

Análisis del contenido en nitrógeno y proteínas de leche materna,
día vs noche
C. L. Sánchez López1, A. Hernández2, A. B. Rodríguez1, M. Rivero3, C. Barriga1 y J. Cubero1

1Laboratorio de Crononutrición. Departamento de Fisiología. Facultad de Ciencias. Universidad de Extremadura. Badajoz.
España. 2Departamento de Producción Animal y Ciencia de los Alimentos. Escuela de Ingeniería Agrónoma. Universidad de
Extremadura. Badajoz. España. 3Manager de la División Científica. Grupo Ordesa. Barcelona. España.

NITROGEN AND PROTEIN CONTENT 
ANALYSIS OF HUMAN MILK, DIURNALITY 

VS NOCTURNALITY 

Abstract

Breast milk is changing with the progression of lacta-
tion and during a 24-h period. To determine the effect of
diurnality or nocturnality on total nitrogen and protein
content of the breast milk. We collected human milk sam-
ples from health mothers living throughout Community
of Extremadura (Spain) from January 2008 to December
2008 with less than two months of lactation. We divided
the samples in three groups: calostral group (1-5 days
postpartum), transitional group (6-15 days postpartum)
and mature group (> 15 days postpartum). All samples
were stored in a freezer at -80ºC. We considered as day
period between 08:00-20:00h and night period 20:00-
08:00h. Analysis of the human milk samples was based on
the Kjeldahl method. Protein contents were calculated
from total nitrogen x 6,25. The statistical analysis of the
data was descriptive (mean ± standard deviation) and
inferential (T-Student test). No differences (P > 0,05)
were found to exist among the contents of individual
human milk samples. The mean contents of each compo-
nent were as follows: Total nitrogen of calostral, transi-
tional and mature group was 0,30 ± 0,06 g/dL (night
period), 0,29 ± 0,05 g/dL (day period); 0,26 ± 0,04 g/dL
(night period), 0,25 ± 0,04 g/dL (day period); 0,22 ± 0,05
g/dL (night period), 0,20 ± 0,04 g/dL (day period) respec-
tively, in this mature group with a statistical variation
(P<0,05). Protein content of calostral, transitional and
mature group was 1,88 ± 0,4 g/dL (night period), 1,81 ±
0,3 g/dL (day period); 1,62 ± 0,3 g/dL (night period), 1,59
± 0,3 g/dL (day period); 1,35 ± 0,3 g/dL (night period),
1,26 ± 0,3 g/dL (day period) respectively, in this mature
group with a statistical variation (P < 0,05). Although we
observed differences in the nitrogen and protein content
during the individual stages of lactation, it is just in the
population of mature lactating women, where the compo-
nents analyzed varied significantly between day and
night.

(Nutr Hosp. 2011;26:511-514)
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Resumen

La leche materna es un fluido que va variando tanto
durante la lactancia como durante las 24h del día. Nuestro
objetivo fue determinar el efecto del día y la noche en el con-
tenido de nitrógeno y proteínas en leche humana de tipo:
calostro, transición y madura. Para ello se recogieron
durante los meses de enero de 2008 a diciembre de 2008
muestras de leche materna de mujeres sanas de la Comuni-
dad de Extremadura (España), con menos de dos meses de
lactancia. Dividimos las muestras en tres grupos en función
del tipo de leche: grupo de calostro (1-5 días postparto),
grupo de transición (6-15 días postparto) y grupo de leche
madura (> 15 días postparto). Todas las muestras se almace-
naron congeladas a -80º C. Consideramos período de noche
al comprendido entre las 20:00-08:00 horas y período
diurno al comprendido entre las 08:00-20:00 horas. El análi-
sis de las muestras de leche materna estuvo basado en el
método Kjeldahl. El contenido proteico fue calculado par-
tiendo del nitrógeno total x 6,25. El estudio estadístico fue
descriptivo (media ± desviación estándar) e inferencial (test
T-Student). El valor medio de nitrógeno total y contenido
proteico de cada grupo fue el siguiente: Nitrógeno total de
los grupos de calostro, transición y madura fue 0,30 ± 0,06
g/dL (periodo nocturno), 0,29 ± 0,05 g/dL (periodo diurno);
0,26 ± 0,04 g/dL (periodo nocturno), 0,25 ± 0,04 g/dL
(periodo diurno); 0,22 ± 0,05 g/dL (periodo nocturno), 0,20 ±
0,04 g/dL (periodo diurno) respectivamente, produciéndose
en este grupo variación estadística (P < 0,05). El contenido
proteico de los grupos de calostro, transición y madura fue
1,88 ± 0,4 g/dL (periodo nocturno), 1,81 ± 0,3 g/dL (periodo
diurno); 1,62 ± 0,3 g/dL (periodo nocturno), 1,59 ± 0,3 g/dL
(periodo diurno); 1,35 ± 0,3 g/dL (periodo nocturno), 1,26 ±
0,3 g/dL (periodo diurno) respectivamente, produciéndose
de nuevo en este grupo una variación estadística (P < 0,05).
Aunque se observaron diferencias intergrupales de los valo-
res de nitrógeno total y proteínas, es sólo en la población de
madres con lactancia madura, donde los componentes anali-
zados variaron significativamente entre el día y la noche.  

(Nutr Hosp. 2011;26:511-514)

DOI:10.3305/nh.2011.26.3.4582
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Introducción 

La leche materna es un alimento natural producido
por todos los mamíferos cuyo propósito primordial es
su uso para la alimentación del recién nacido. Como
tal, en sus componentes nutricionales, es un fluido
dinámico y cambiante a lo largo del periodo de lactan-
cia, y en particular, a nivel de su componente proteico. 

La concentración de proteínas en la leche materna la
debemos diferenciar en cuanto a la cantidad correspon-
diente en los primeros días de lactancia, entre 1º y el 5º,
es decir la etapa de calostro, tiene menos concentración
energética y un contenido más elevado de proteínas
incluyendo IgA, lactoferrina, diversos minerales,
colesterol y ácidos grasos esenciales, que en la leche
madura. La leche de transición que está presente entre
el 6º y el 15º día con respecto al calostro, disminuye la
cantidad de inmunoglobulinas y aumenta las de lac-
tosa, grasa y vitaminas. Por último la leche madura que
es la que se produce desde el 15º hasta el final de la lac-
tancia se caracteriza por poseer un nivel de proteínas
reducido1,2,3.

En la leche madura el contenido de proteína se
encuentra establecido de un modo regular a la lactogé-
nesis. En diversos mamíferos se ha observado la rela-
ción directa entre el crecimiento de sus crías y el conte-
nido de proteínas y cenizas en la leche materna. La
caseína constituye entre el 10 y el 50% del total de las
proteínas y el lactosuero entre el 90 y el 50%. Siendo la
caseína la principal fuente de aminoácidos, calcio y
fósforo para el recién nacido. A su vez la concentración
de proteínas del lactosuero va descendiendo a lo largo
de la lactancia con lo que se produce un cambio en
dicha proporción, aumentando en la leche madura el
porcentaje de caseínas frente a lactosuero. 

Pero, ¿qué ocurre con esa variación temporal a lo
largo del día? Es decir, sobre un periodo de 24 horas,
¿los niveles proteicos son constantes o cambian sus
niveles nocturnos frente a los diurnos? En el caso de
otros nutrientes de la leche materna como monosacá-
ridos, minerales y aminoácidos ya han sido descritos
estos cambios4, con lo que deducimos que también
podrían existir en las proteínas lácteas. A su vez, cabe
indicar que determinadas hormonas y sustancias tam-
poco mantienen sus niveles estáticos a lo largo del día
en la leche humana5,6,7, en particular la hormona pro-
lactina para la cual se describen en contrastadas refe-
rencias bibliográficas los cambios entre sus niveles
nocturnos y diurnos en mujeres lactantes8, causa por
la que dicha hormona podría generar con toda seguri-

dad cambios cuantitativos en la leche materna, pero
¿hasta qué punto dichos cambios hormonales podrían
ejercer cambios cualitativos y en ese caso cuáles ocu-
rrirían a nivel proteico? Deducimos que de producirse
dicha variabilidad diurna y nocturna, ésta ocurriría
cuando el periodo de lactancia es más prolongado, es
decir, en leche madura, periodo en el cual la lactogé-
nesis puede estar encarrilada a un ritmo de tomas ya
constante. 

Métodos

Se recogieron muestras de leche materna de madres
sanas (n = 69) con menos de dos meses de lactancia,
procedentes del Servicio de Neonatología del Hospital
Materno Infantil (S.E.S.) de Badajoz, (España) de
enero de 2008 a diciembre de 2008 (tabla I). Se les soli-
citó la recolección de muestras en todas las tomas
administradas al bebé durante un periodo de 24 horas,
obteniendo una media de 6 muestras al día por madre.
Todas ellas fueron informadas previamente del estu-
dio, entregando su consentimiento firmado para la par-
ticipación en el mismo.

Dicho estudio fue aprobado por el Comité Ético de la
Universidad de Extremadura y se siguieron las directri-
ces de la Declaración de Helsinki.

Las muestras recogidas fueron divididas en tres gru-
pos: grupo calostral (1-5 días postparto), grupo de tran-
sición (6-15 días postparto) y grupo de leche madura 
(> 15 días postparto). Todas las muestras fueron alma-
cenadas bajo congelación a -80 ºC. Consideramos
como el período de día entre 08:00-20:00h y el período
de la noche 20:00-08:00h. 

Análisis de N total y Proteína

Entre los componentes de la leche materna se
encuentran la fracción nitrogenada no proteica (tam-
bién conocida como NNP, en la que se incluyen los
nucleótidos)7 y la fracción nitrogenada proteica. Para
analizar el contenido proteico de las muestras a estu-
dio, nos basamos en el método Kjeldahl, con el cual se
obtiene el valor del nitrógeno de la leche (valor de
nitrógeno total) siendo posteriormente multiplicado
por un factor (6,25 en el caso de la leche materna) para
llegar al valor de proteína. Para ello se usó un sistema
digestor (Bloc Digest20, P-Selecta®) y un sistema des-
tilador (Pro-NitroII, P-Selecta®). 
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Tabla I
Características antropométricas de la población a estudio (n = 69)

Grupo N Días de lactancia Edad (años) Peso (kg) Altura (m) IMC (kg/m2)

Calostro 11 3 ± 1 35 ± 8 76 ± 8 1,64 ± 0,1 28,3 ± 4,0

Transición 27 8 ± 2 33 ± 5 73 ± 13 1,65 ± 0,1 26,9 ± 5,4

Madura 31 29 ± 20 34 ± 4 68 ± 11 1,64 ± 0,1 25,2 ± 3,9



Análisis estadístico 

Se hallaron la media aritmética () y la desviación
estándar (DE) de todos los datos.

El estudio de la normalidad se realizó mediante el
test de Kolmogorov-Smirnoff. Posteriormente se com-
pararon las medias para distribuciones homogéneas de
dos grupos apareados (día y noche) mediante el test T-
Student. Se consideraron significativos los datos que
presentaran un valor P < 0,05. El paquete estadístico
utilizado fue SPSS® v.15.

Resultados

Tras el análisis de las muestras indicar que las varia-
ciones no mostraron cambios estadísticamente significa-
tivos. Se considera como el período de día entre 08:00-
20:00h y el período de la noche 20:00-08:00h. El
contenido de nitrógeno total, encontrado en cada tipo de
leche en dicha población a estudio, dividido a su vez en
diurno y nocturno, fue el siguiente: Para el nitrógeno total
del periodo calostral la concentración fue de 0,30 ± 0,06
g/dL (nocturna) y 0,29 ± 0,05 g/dL (diurna), para el grupo
de periodo de transición 0,26 ± 0,04 g/dL (nocturna) y
0,25 ± 0,04 g/dL (diurna). Y para el grupo con leche
madura fue de 0,22 ± 0,05 g/dL (nocturna) y 0,20 ± 0,04
g/dL (diurna) respectivamente, siendo en este grupo
donde se produce una variación estadística (P < 0,05), en
los niveles de nitrógeno total, aumentando en las mues-
tras nocturna respecto a las diurnas (fig. 1). 

Acerca del contenido de proteína láctea en esta
población a estudio, para el grupo con leche de calostro
se cuantificó una concentración de 1,88 ± 0,4 g/dL
(nocturna) y 1,81 ± 0,3 g/dL (diurna), para el grupo de
transición fue 1,62 ± 0,3 g/dL (nocturna) y 1,59 ± 0,3
g/dL (diurna). Y por último para el grupo con leche
madura 1,35 ± 0,3 g/dL (nocturna) y 1,26 ± 0,3 g/dL
(diurna) respectivamente, siendo en este grupo de
nuevo donde se produce un incremento estadística-
mente significativo (P < 0,05) en los niveles de prote-
ína, entre las muestras diurnas y nocturnas (fig. 1).

Discusión

Con respecto a los resultados de nitrógeno total y pro-
teína, observamos diferencias entre las tres etapas de lac-
tancia, obteniéndose los mayores valores de ambos pará-
metros durante la etapa calostral. En las etapas
posteriores, es decir, en transición y madura, aparece una
disminución progresiva de estas variables, encontrán-
dose las concentraciones mínimas en la leche madura.

Respecto a la variabilidad en un periodo de 24 horas
entre muestras diurnas y nocturnas, cabe incidir que los
valores de nitrógeno total y proteínas en las muestras
nocturnas superaron ligeramente a los valores diurnos,
coincidiendo con lo descrito por Cregan y cols.8 para la
prolactina donde se observó un aumento de dicha hor-
mona en la leche materna durante el periodo compren-
dido entre las 22:00 y las 10:00 horas. Por ello podría

Variaciones diurnas de las proteínas
de la leche materna
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Fig. 1.—Cambios durante la lactancia (leche de calostro, transición y madura) y el día-noche de los valores de nitrógeno total y prote-
ínas totales (n = 69).

0,35

0,30

0,25

0,20

0,15

0,10

0,05

0

N
itr

óg
en

o 
to

ta
l (

g/
dL

)

0,35

0,30

0,25

0,20

0,15

0,10

0,05

0

N
itr

óg
en

o 
to

ta
l (

g/
dL

)

Nitrógeno total (día) Nitrógeno total (día)

Calostro

Transición

Madura

2,5

2

1,5

1

0,5

0

Pr
ot

eí
na

s 
to

ta
le

s 
(g

/d
L

)

Proteínas totales (día)

Calostro

Transición

Madura

2,5

2

1,5

1

0,5

0

Pr
ot

eí
na

s 
to

ta
le

s 
(g

/d
L

)

Proteínas totales (noche)

Calostro

Transición

Madura

Calostro

Transición

Madura



ser consistente la idea de la variación de componentes
en proteínas9, ya que existen cambios circadianos para
otros macronutrientes como la lactosa, cuya menor
concentración acontece en una población analizada a
las 19:00 h10, mientras que para otros oligosacáridos
dicha hora coincide con el momento de mayor concen-
tración. A su vez para otros micronutrientes de la leche
humana, dicha variabilidad circadiana ya ha quedado
patente, como fue el caso de los minerales sodio y pota-
sio y de elementos traza como: hierro, cobre y zinc11,12.

Dicho incremento en las muestras del periodo noc-
turno, sobre todo en muestras pertenecientes a madres
con lactancia instaurada y donde el periodo de tomas a
lo largo del día se encuentra muy regulado y estable-
cido de forma constante, podría deberse al balance
energético de la madre y a su regulación hormonal a
través de la lactancia, donde por ejemplo la leptina
juega un papel determinante al disminuir sus niveles
tras el periodo de lactancia, aumentando en modelo
animal durante el periodo nocturno13.

Otra de las causas podría ser la pauta de temporali-
dad pandrial establecida por el lactante, donde en una
lactancia madura son mayores las tomas durante el
periodo diurno lo cual podría suponer que tras ese
mayor número de ingestas el aporte proteico es menor
que durante la noche, donde el periodo postpandrial es
mayor debido al menor número de tomas, aunque
como hándicap para el lactante, tendría menor digesti-
bilidad y mayor carga renal durante la noche por los
solutos derivados de la ingesta proteica14. 
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ABSTRACT 

Human milk is a living fluid that changes with time, with its composition and volume. Humans' 

physiological functions are under circadian control, and one of the more patent rhythms in our lives 

is the sleep-wake cycle. Our aim was to study the circadian rhythm of the breast milk’s amino acids 

and their evolution throughout the breastfeeding period. 77 women collected samples every three 

hours of their breast milk over a 24-h period. The rhythmicity of the amino acids was determined by 

cosinor analysis. No circadian rhythm was found in the secretion of most amino acids, the exception 

being tryptophan at colostrum, and tryptophan and methionine at transition phase, possibly because 

the newborn has regulated its pattern of intake to every 3 hours regardless of whether it is day or 

night. By the last stage (mature milk), when the milk has fully stabilized, most of the amino acids 

presented circadian rhythms. It is concluded that breast milk should be given to the baby at the same 

time of day it is expressed. Thus, the baby would be adjusting his circadian pattern in harmony with 

his environment (day/night), crucial for the proper functioning and synchronization of all systems in 

the human body. 

Keywords: amino acids, sleep, circadian rhythm, human milk, analysis, tandem mass. 
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INTRODUCTION 

Breast milk and breastfeeding have to be considered as the referent or "gold standard" of infant 

feeding during the first six months of life (
1
). Breast milk is not a static biological fluid but, on the 

contrary, is a dynamic fluid that changes not only over the course of the period of lactation, but also 

during the day, and even during the same session of nursing, and can be influenced by the mother's 

own diet (
2,3

). 

The temporal variation in its composition (inter- and intra-individual) has been extensively 

studied. The principal focus has been on its lipid profile (
4,5

) and its protein and amino acid content 

(
6-10

). 

The first analyses of the changing composition of breast milk during the day were performed to 

determine, within the variability of the milk itself, the most appropriate time of day to take the value 

of the analyte as the reference value. 

Previous studies have found the protein content of breast milk to be greatest in the colostrum 

period, and to decline over the transition period to a lower level in the mature milk, in keeping with 

the physiological demand of the newborn. But far more rapid changes in this content have also been 

observed – in particular, circadian variations with higher concentrations during daylight hours than 

during the night (
11

). Other workers have also reported such circadian variations in different 

components of breast milk, with values that differ between day and night. This is the case for the 

minerals calcium and magnesium, and the trace elements zinc (
12

), copper, and iron (
13

), and for 

some micronutrients such as lactose which has minimum values at 17:00 h (
14

), and the essential 

amino acid tryptophan which has a nocturnal acrophase (
15

). All these are of vital importance for the 

optimal growth of the newborn. 

The regulation of the sleep/wake cycle is complex, and involves many neurochemical 

transmission systems. Those of acetylcholine, dopamine, norepinephrine, serotonin, histamine, 
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hypocretin, and orexin act to maintain states of activity (
16

), i.e., they are promoters of wakefulness 

(
17

). The concentration of these neurotransmitters will be higher during daylight mainly in the brain 

stem and hypothalamic region, and the variation may be reflected in peripheral fluids such as breast 

milk. Other neurotransmitters such as GABA and serotonin exert their neuromodulatory action on 

sleep (
18

). In particular, these two molecules act in regions of the hippocampus and the raphe 

nucleus, respectively, and their maximum neuroactivity occurs during the night. 

This neural modulation is thought possibly to be present in breast milk, thereby influencing the 

newborn's sleep/wake rhythm through precursor amino acids whose levels may vary throughout the 

day depending on whether the infant is asleep or active. 

In this context, the goal of this study was to analyze the circadian rhythm of some of the 

components of breast milk. In particular, these were substances well known to be important in 

regulating the circadian sleep-wakefulness rhythm and to affect the immune system – tryptophan, 

and the neuroactive amino acids methionine, tyrosine, phenylalanine, glutamic acid, glycine, 

aspartic acid, taurine, and histidine. 

MATERIALS AND METHODS 

Subjects 

The participants were 77 breastfeeding women (32 ± 5 years old, 70.8 ± 11.6 kg, 1.65 ± 0.06 

m, and BMI 26.1 ± 4.3 kg/m²). These women were recruited from the Perpetuo Socorro Hospital 

(Servicio Extremeño de Salud, S.E.S.). During the study, the subjects took no drugs that could 

affect their amino acid levels. The mothers were informed of the methods of the study and all of 

them signed an informed consent form to participate. The Ethical Investigation Committee of 

University of Extremadura approved the study. 

Samples 

Samples of breast milk were collected in polystyrene tubes before each feed over a 24-h 
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period. In general, between 6 and 8 samples of human milk were obtained from each mother. The 

collection campaign lasted from January to December 2008. The samples were stored frozen at 

-80°C until assay in duplicate. 

Extraction of the amino acids 

The technique of Yamawaki (
9
) was followed with certain modifications. Aliquots of 1 ml of 

each sample were de-fatted with 0.5ml of diethyl ether (Sigma-Aldrich). The supernatants were 

collected, discarding the fatty halo, followed by hydrolysis with 1 ml of 6N HCl (Sigma-Aldrich) 

for most of amino acids, and 0.75g of BaOH (Sigma Aldrich) and 1.75ml of MilliQ water for 

tryptophan (
19

). After gentle mixing, the aliquots were allowed to stand for 22 hours at 110°C, and 

then filtered through a 0.45 µm membrane filter (Millex, Millipore, USA) to remove the ash before 

assay. 

HPLC-ESI-MS/MS analysis 

The samples were assayed using a Waters 2795 Alliance HT HPLC (Milan, Italy) coupled to a 

Micromass Quattro Ultima mass spectrometer (Milan, Italy) with an ESI (Electrospray Ionization) 

source, together with an Agilent Zorbax Eclipse AAA C18 column (3.0 mm × 150 mm × 3.5 

micron) for the amino acid analyses. The liquid chromatography–tandem mass conditions were as 

follows: column temperature 80°C; source temperature 80°C; desolvation gas flow 650 L/h; cone 

gas and voltage 0 L/h and 55 V, respectively; and capillary voltage 3.50 kV. 

Chronobiological analysis 

The chronobiological analysis of the data was performed using the Ritme
©

 for Windows 

software package. The rhythmicity of each amino acid was studied by cosinor analysis (
20

). The 

sinusoidal function used for the fit was: 

    y(t) = M + A × cos [(2 × π/τ) × t – Φ] 
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where y(t) is the value of the cosine function at time t, M is the mean level of oscillation or MESOR 

(acronym for Midline-Estimating Statistic Of Rhythm, the mean value about which the oscillation 

occurs equal to the arithmetic mean of equidistant data covering a whole number of cycles), A is the 

amplitude (measure of the extent of a rhythmic change in a cycle as estimated by the sinusoidal 

function that best fits the data), the angular frequency is ω = 2 × π/τ where π is the number pi and τ 

is the period (24 hours in our case), and Φ is the acrophase (a phase angle measuring the timing of 

the peak activity, expressed as the lag from a reference time to the crest time of the best fit 

sinusoidal function). A cosinor analysis thus finds the best-fitting sinusoidal function by estimating 

three parameters: mesor, amplitude, and acrophase. 

With the cosinor analysis, we determined the 95% confidence intervals of the MESOR, 

amplitude, and acrophase. When this interval contains the value 0, one possibility that amplitude is 

0 can not be rejected, so that the existence of a rhythm is not statistically significant. This is 

equivalent to testing whether the null hypothesis of zero amplitude is rejected at an alpha level of 

0.05. The statistical significance of the fit of the cosine curve to the data is indicated by the P-value. 

The confidence intervals of the acrophase show whether there are significant differences 

between the acrophases of different variables. In particular, if two confidence intervals overlap, the 

possibility that the two acrophases are equal can not be discarded. 

RESULTS 

These results are similar to those obtained by other authors (
9
). 

 

Colostral stage (<5 days post-partum) 

Table 1 gives the mean concentrations of each amino acid in mg/dL during the colostrum 

period. To facilitate the comprehension of the data, the table is presented in two parts: daytime 

(09:00 to 21:00, Table 1a) and night-time (21:00 to 09:00, Table 1b.) 

One observes from the table how the amino acids vary during this stage of lactation 
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according to the time of day. However, a chronobiological analysis only revealed a circadian rhythm 

for the essential amino acid tryptophan (precursor of the neurotransmitter serotonin and the 

hormone melatonin), demonstrating the marked effect that this component of the milk start to have 

on the infant from its first feed after birth. 

Transitional stage (6-15 days post-partum) 

Table 2 presents the daytime (a) and night-time (b) concentrations of the amino acids during 

the transition phase. The milk during this stage, as its name indicates, is characterized by having a 

composition intermediate between that of the colostral and the mature stages. It occurs from days 6 

to 15 of lactation. 

One observes that, as was the case in the colostral phase, the amino acid profile varies over 

the course of the day. In addition, the concentrations of most of the amino acids decline as nursing 

advances. 

The chronobiological analysis again showed the amino acid tryptophan to continue to 

present a circadian rhythm with acrophase during the night (03:00 approx.). Now, however, the 

essential amino acid methionine also had a pronounced circadian rhythm, with acrophase during the 

daytime (18:00 approx.). The variations in concentrations at different times of day and the 

chronobiological data are given in Tables 2 and 4, respectively. 

Mature stage (>15 days post-partum) 

Table 3 presents the results of the assay of amino acids in the mature stage of breast milk, 

during daytime (Table 3a) and night-time (Table 3b). At this stage, most of the milk's components 

have stabilized for the remaining months of lactation. 

The chronobiological analysis showed additional amino acids to now present a circadian 

rhythm. Table 4 lists the chronobiological parameters MESOR, amplitude, acrophase, and P-value 

of the amino acids which presented circadian rhythms in the different stages of lactation. 



8 

 

DISCUSSION 

The aminogram values quantified in our tandem mass assays proved to be consistent with the 

corresponding values reported by other workers, in particular with those of Yamawaki et al. (
9
) who 

presented an extensive analysis of the macronutrients and micronutrients in breast milk. 

All the neuroactive amino acids studied in the present work except aspartic acid and glycine are 

essential to the neonate stage (
21

), and, since their endogenous synthesis is non-existent, the infant 

has to obtain them from the milk. Neither must one forget that the main function of these 

nitrogenous components is protein anabolism, which is accelerated in the newborn whose structural 

demand is very high. 

The novel contribution of the present work is the idea that the amino acids in breast milk 

change during the course of the day, with particular relevance being whether the acrophase occurs 

during the stage of sleep or of wakefulness, in consonance with their neural demand. In our view, 

the exact timing of the acrophase is of minor importance, since for this to be quantified with 

precision, it would be necessary to study a large population and with less temporal heterogeneity, 

i.e., taking all the milk extractions at the same time of day and season of the year, which was not 

feasible for us. 

The presentation of the results began with the colostral milk stage. The circadian rhythm of 

most of the components of the milk is almost absent at this stage, reflecting the still premature 

secretion of the milk, and because the infant's sleep/wakefulness equilibrium is yet to be entrained. 

Added to this is that the intervals between taking the breast are very short and constant. We only 

observed the beginning of a circadian rhythm for the essential amino acid tryptophan, which was 

confirmed in the subsequent stages. 

For the transitional milk, added to tryptophan was another essential amino acid which 

presented a circadian rhythm – methionine, precursor of the neurotransmitter acetylcholine (
22

). Its 
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acrophase appears in opposition to tryptophan, i.e., during the day, coinciding with the stage of 

wakefulness and greater likelihood of activity in the infant. 

Finally, it is in the mature stage where there unfold the circadian rhythms of the activity-

promoting neuroactive amino acids: phenylalanine, an essential amino acid and, together with 

tyrosine, precursor of epinephrine and norepinephrine (
17,23

), methionine, an essential amino acid 

and precursor of acetylcholine (
22,24,25

), and aspartic acid and glycine, activity neurotransmitters and 

therefore with their acrophase during wakefulness
7
. 

The histidine results were unexpected. As a precursor of histamine – an activity 

neurotransmitter (
26

) – its acrophase is contradictory since it occurs during the period of darkness, 

i.e., when there is a greater tendency to sleep. A possible explanation is that this is a semi-essential 

amino acid at this stage of life, so that its endogenous levels may not be influenced by its intake 

with food (
21

). 

Although the variations observed in our study were small, they can be significant in terms of 

neural response. The existence of the tryptophan circadian rhythm in all three stages of lactation 

(colostrum, transition, and mature) particularly stands out, being strong evidence for the possible 

action of this essential amino acid on the neurotransmitter serotonin and the hormone melatonin, 

both of which are sleep-inducing biogenic amines (
27,28

). 

We can summarize that breast milk is a dynamic biological fluid in that its composition is not 

constant, but evolves throughout the day and over the course of lactation, just as our diet evolves 

throughout the day and over the course of our lives (
21

). 

One can thus argue again in defence of breastfeeding compared to artificial feeding because 

formula milks have a further handicap that has to be considered in that they do not possess the 

synchronization of the neuromodulatory amino acids that breast milk does. This temporal rhythm in 

the amino acids it supplies may offer the infant a physiological advantage in development, 
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including sleep, compared with artificial feeding in which the amino acid content is constant 

throughout the day. 
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TABLES 

DAY (mg/dL) 9:00h 12:00h 15:00h 18:00h X  total 

DAY 

SD 

DAY 

Alanine 63.92 58.83 78.40 61.45 55.93 10.39 

Arginine 58.77 54.88 73.68 58.04 53.33 10.27 

Aspartic Acid 111.52 105.26 130.55 109.28 97.75 18.32 

Citrulline 3.72 3.98 5.05 4.20º 4.36 2.49 

Glutamic acid 228.41 219.73 271.05 232.80 222.38 36.76 

Glycine 34.33 33.24 42.67 33.60 31.02 7.70 

Hystidine 28.64 27.24 34.53 29.32 25.95 6.00 

Leucine 97.26 92.60 122.98 102.08 96.95 18.21 

Methionine 30.62 24.51 36.49 31.31 30.04 12.55 

Ornitine 6.51 6.04 7.69 6.91 7.48 2.95 

Phenylalanine 50.04 46.76 61.94 50.08 45.33 8.47 

Proline 123.14 113.19 143.84 119.82 114.46 21.72 

Serine 59.93 56.35 69.94 59.92 53.40 10.50 

Tryptophan 34.74 34.69 34.52 34.61 34.64 0.37 

Tyrosine 45.00 42.02 55.47 45.56 41.37 7.79 

Valine 61.14 57.92 77.87 64.85 60.37 12.20 

Taurine 73.66 69.93 67.65 72.15 71.81 11.90 

Table 1a. Concentrations of amino acids (mean ± SD) during the colostral stage at the specific hours of daytime 

(09:00–18:00) at which samples were taken (n = 31). 
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NIGHT 
(mg/dL) 

21:00h 24:00h 3:00h 6:00h X  total 

NIGHT 

SD 

NIGHT 

Alanine 59.25 61.62 50.39 59.67 57.73 11.72 

Arginine 54.49 56.37 39.20 66.61 54.17 13.46 

Aspartic Acid 102.44 108.61 76.08 116.32 100.86 22.59 

Citrulline 3.80 4.53 3.38 5.41 4.28 1.98 

Glutamic acid 210.46 236.81 194.43 249.83 222.88 46.86 

Glycine 32.05 32.14 22.02 39.58 31.45 9.72 

Hystidine 27.76 28.54 20.27 30.74 26.83 6.35 

Leucine 92.48 101.69 87.18 106.68 97.01 24.91 

Methionine 27.56 27.56 26.62 34.44 29.05 11.37 

Ornitine 7.06 7.21 5.87 9.22 7.34 3.32 

Phenylalanine 46.89 49.89 35.71 53.73 46.55 10.65 

Proline 110.52 121.62 97.13 131.15 115.11 25.22 

Serine 57.94 58.61 39.92 64.93 55.35 11.62 

Tryptophan 34.62 34.81 34.76 34.79 34.74 0.33 

Tyrosine 41.69 45.45 33.91 47.94 42.25 9.90 

Valine 58.20 62.82 53.19 67.49 60.42 13.99 

Taurine 71.52 75.39 72.27 70.69 72.46 11.25 

Table 1b. Concentrations of amino acids (mean ± SD) during the colostral stage at the specific hours of night-time 

(21:00–06:00) at which samples were taken (n = 31). 
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DAY (mg/dL) 9:00h 12:00h 15:00h 18:00h X  total 

DAY 

SD 

DAY 

Alanine 51.04 49.58 48.26 48.01 49.22 11.85 

Arginine 44.83 41.01 40.53 39.40 41.44 10.65 

Aspartic Acid 82.73 86.95 84.33 83.00 84.25 17.45 

Citrulline 2.73 3.91 3.33 3.24 3.30 1.81 

Glutamic acid 170.88 181.21 175.92 175.00 175.75 35.00 

Glycine 30.50 27.16 27.68 26.56 27.97 8.93 

Hystidine 32.23 26.44 26.13 25.43 27.56 6.45 

Leucine 65.99 69.50 69.92 67.82 68.31 14.42 

Methionine 36.68 43.25 44.57 42.34 41.71 11.68 

Ornitine 8.26 8.17 8.43 7.57 8.11 5.70 

Phenylalanine 36.73 38.25 38.68 36.82 37.62 8.19 

Proline 88.64 94.68 93.90 91.78 92.25 19.35 

Serine 60.14 55.59 55.52 53.41 56.16 14.34 

Tryptophan 26.62 26.43 26.27 26.42 26.44 0.54 

Tyrosine 32.65 33.01 32.47 31.32 32.36 7.14 

Valine 48.68 51.13 51.31 49.59 50.18 11.81 

Taurine 64.93 75.23 79.33 75.96 73.86 19.44 

 

Table 2a. Concentrations of amino acids (mean ± SD) during the transitional stage at the specific hours of daytime 

(09:00–18:00) at which samples were taken (n = 34). 
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NIGHT 
(mg/dL) 

21:00h 24:00h 3:00h 6:00h X  total 

NIGHT 

SD 

NIGHT 

Alanine 51.12 44.71 45.57 42.07 45.87 8.91 

Arginine 41.32 37.86 39.37 36.83 38.84 8.25 

Aspartic Acid 87.73 82.15 84.69 83.25 84.45 15.68 

Citrulline 4.81 3.30 4.73 3.11 3.99 3.08 

Glutamic acid 185.94 172.05 178.42 178.11 178.63 37.72 

Glycine 27.34 23.62 24.36 22.87 24.55 5.52 

Hystidine 27.40 24.30 25.32 23.55 25.14 5.35 

Leucine 70.91 66.34 67.34 66.43 67.75 13.35 

Methionine 46.10 42.84 35.86 30.07 38.72 10.11 

Ornitine 8.80 6.64 5.79 5.63 6.72 3.46 

Phenylalanine 39.37 36.19 36.95 35.30 36.95 7.13 

Proline 98.25 91.51 89.79 93.10 93.16 19.48 

Serine 58.52 50.12 51.37 49.41 52.36 10.04 

Tryptophan 26.54 
 

26.62 26.73 26.57 26.62 0.28 

Tyrosine 33.54 30.86 31.56 30.18 31.54 6.15 

Valine 51.87 47.92 48.60 46.98 48.84 9.23 

Taurine 78.75 72.31 71.06 71.55 73.42 13.53 

 

Table 2b. Concentrations of amino acids (mean ± SD) during the transitional stage at the specific hours of night-time 

(21:00–06:00) at which samples were taken (n = 34). 
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DAY (mg/dL) 9:00h 12:00h 15:00h 18:00h X  total 

DAY 

SD 

DAY 

Alanine 41.70 44.04 35.15 38.34 39.81 9.56 

Arginine 38.93 44.46 34.08 38.16 38.91 11.76 

Aspartic Acid 98.74 107.99 96.17 83.57 96.62 17.91 

Citrulline 6.11 7.55 6.06 5.41 6.28 2.53 

Glutamic acid 153.88 167.03 140.86 137.45 149.81 19.88 

Glycine 26.84 30.21 28.39 24.65 27.52 5.65 

Hystidine 24.90 22.12 19.13 22.81 22.24 3.82 

Leucine 67.73 64.91 63.49 60.35 64.12 11.22 

Methionine 13.93 18.09 16.57 18.15 16.69 4.83 

Ornitine 9.04 9.98 8.69 8.96 9.17 2.72 

Phenylalanine 37.24 40.27 37.37 35.53 37.60 8.87 

Proline 83.71 92.26 74.06 70.21 80.06 16.42 

Serine 48.00 51.24 41.42 44.27 46.23 12.58 

Tryptophan 15.06 14.93 14.96 14.92 14.97 0.22 

Tyrosine 36.27 36.00 33.34 29.31 33.73 5.70 

Valine 54.84 53.44 52.25 49.80 52.58 9.09 

Taurine 63.44 64.32 65.06 64.89 64.43 1.63 

 

Table 3a. Concentrations of amino acids (mean ± SD) during the mature stage at the specific hours of daytime (09:00–

18:00) at which samples were taken (n = 40). 

 

 

 

 

 

 

 

 

 



20 

 

NIGHT 
(mg/dL) 

21:00h 24:00h 3:00h 6:00h X  total 

NIGHT 

SD 

NIGHT 

Alanine 42.32 40.60 38.16 41.03 40.53 7.56 

Arginine 39.49 39.85 32.69 36.38 37.11 9.88 

Aspartic Acid 85.31 86.88 75.54 87.40 83.78 21.11 

Citrulline 6.01 6.51 5.72 5.34 5.89 1.61 

Glutamic acid 154.29 145.53 139.73 175.02 153.64 29.54 

Glycine 23.18 25.32 24.89 26.57 24.99 3.03 

Hystidine 24.10 24.33 27.31 25.56 25.32 3.54 

Leucine 71.54 68.77 59.92 80.10 70.08 13.21 

Methionine 20.62 14.11 11.91 12.72 14.84 2.79 

Ornitine 9.31 8.36 9.63 7.79 8.77 3.02 

Phenylalanine 34.40 32.07 32.90 35.32 33.67 7.09 

Proline 72.54 73.52 71.83 95.78 78.42 18.39 

Serine 46.02 46.81 39.31 47.81 44.99 9.83 

Tryptophan 15.15 15.11 15.13 15.28 15.17 0.17 

Tyrosine 28.59 29.55 30.32 36.47 31.23 6.77 

Valine 58.37 52.13 49.54 62.20 55.56 11.41 

Taurine 63.99 64.10 63.71 64.68 64.12 2.12 

 

Table 3b. Concentrations of amino acids (mean ± SD) during the mature stage at the specific hours of night-time 

(21:00–06:00) at which samples were taken (n = 40). 
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Amino acids 

COLOSTRAL MILK TRANSITIONAL MILK MATURE MILK 

MESOR Amplitude Acrophase MESOR Amplitude Acrophase MESOR Amplitude Acrophase 

Tryptophan 34.69 ± 0.05 0.12 ± 0.09 4:19 ± 3:21 * 26.53 ± 0.06 0.18 ± 0.06 3.16 ± 2:38 * 15.06 ± 0.06 0.13 ± 0.12 3:00 ± 4:24 * 

Methionine - - - 39.75 ± 2.81 6.36 ± 5.26 17:57 ± 3:43 * 15.25 ± 1.79 3.68 ± 3.35 17:19 ± 4:22 *  

Aspartic Acid - - - - - - 89.62 ± 5.80 11.27 ± 10.84 12:08 ± 4:34 * 

Histidine - - - - - - 23.38 ± 1.04 2.89 ± 1.94 3:14 ± 2:48 * 

Phenylalanine - - - - - - 35.25 ± 5.85 3.43 ± 1.59 12:33 ± 1:53 * 

Tyrosine - - - - - - 32.12 ± 0.87 4.54 ± 1.62 9:38 ± 1:23 * 

 

Table 4. Chronobiological parameters (mean ± SD) of the amino acids which showed a circadian rhythm.  

The units of the MESOR values and amplitudes are mg/dL. The acrophases are given as times of day (08:00–20:00–08:00 light–dark cycle). The P-value indicates significance of the 

fit of the cosine curve to the data. P<0.05(*) being considered statistically significant.  
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Abstract 

Since all the innate immune factors have evolved early in evolution long before 

the advent of mammals, it appears that milk has evolved as an antimicrobial secretion 

and that the nutritional function of milk developed subsequently to its protective role. 

Human milk is a living fluid that changes with time, with its composition and volume 

being modified both during the course of each day and throughout the breastfeeding 

period. In this context, the goal of this study is analyze the circadian rhythms of some 

components present in the breast milk. 

Keywords: amino acid, nucleotide, protein, antioxidant capacity, breast milk 

production, chromatographic techniques. 
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Introduction 

Human milk has many advantages for the development of the breast-fed baby, 

among proteins, lipids, carbohydrates, hormones and vitamins, and others components, 

made a complex fluid in the breast milk to adapt to the neonate requirements. Its 

composition is changing during the breastfeeding, daytime and even each feed. 

Although changes in some of its components are already well described, (i.e. fats), until 

now little was known about the circadian pattern and how is caused (Sánchez et al., 

2008; Sánchez et al., 2011).  

Aims 

The aim of our studies was to clarify and to give an explanation about the 

circadian changes found on the breast milk during the different stages of the 

breastfeeding.  

Materials and Methods 

Samples: 

 77 women of 32 +/- 5 years old, 70.8 +/- 11.6 kg; 1.65+/-0.06m and 26.1 +/- 4.3 

kg/m
2
, collected every three hours their breast milk in a 24-h period. Samples of breast-

milk (5ml) were collected in polystyrene tubes during January to December 2008, and 

stored frozen at -80ºC until assay in duplicate. In general between 6 and 8 samples of 

breast milk were obtained from each mother (a total 540 samples: 135 from calostral 

milk, 180 from transitional milk and 225 from mature milk). 

Methods: 

To determinate the protein and nitrogen content, the analysis of the human milk 

samples was based on the Kjeldahl method. Protein contents were calculated from total 

nitrogen x 6,25.  

The amino acids extraction was performed by the technique of Yamawaki 

(2005) with certain modifications. The amino acids determination was assayed using a 

ESI-MS/MS: Waters
®
 2795 Alliance HT HPLC (Milan, Italy) coupled to Micromass 

Quattro Ultima mass spectrometer (Milan, Italy) with an ESI (Electrospray Ionization) 

source.  
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The technique of Perrin et al. (2001) was followed for the extraction of the 

nucleotides. The nucleotides determination was assayed using a Capillary 

Electrophoresis system (P/ACE MDQ 5510, Beckman-Coulter
®
).  

The total antioxidant activity a measure of all antioxidant present in a biological 

fluid (in this case, human brast milk), such as vitamins, antioxidants, radical enzyme 

systems, antioxidant antioxidant unknown interactions. The antioxidant capacity was 

determined by the improvised spectroscopic method, called TEAC (Trolox Equivalent 

Antioxidant Capacity). The percentage inhibition of ABTS
+
 radical cation by Trolox, a 

water soluble analogue of alpha tocopherol (vitamin E), which is the standard 

antioxidant. 

The analytical methods used required a minimal volume of only 1mL. 

The chronobiological analysis of the data was performed using the Ritme
®
 for 

Windows software package. The rhythmicity of each nucleotide was studied by cosinor 

analysis (Halberg, 1967).  

With the cosinor analysis, we determined the 95% confidence intervals of the 

MESOR, amplitude, and acrophase. When this interval contains the value 0, one 

possibility that amplitude is 0 can not be rejected, so that the existence of a rhythm is 

not statistically significant. This is equivalent to testing whether the null hypothesis of 

zero amplitude is rejected at an alpha level of 0.05. The statistical significance of the fit 

of the cosine curve to the data is indicated by the P-value. 

Results 

Significant changes were obtained in the daytime concentration of protein and 

protein nitrogen compared to the night period (table 1). We observed differences in the 

nitrogen and protein content during the individual stages of lactation, it is just in the 

population of mature lactating women, and where the components analyzed varied 

significantly between day and night. 

Some amino acids such as tryptophan, which showed a circadian rhythm from 

stages as early as colostral phase maintaining this rhythm until the last stage of breast 

feeding (mature milk). When the milk has fully stabilized, most of the amino acids 



4 
 

presented circadian rhythms. In the table 2 are showed those amino acids with a 

circadian rhythm in every stage of lactation. 

In the nucleotides, the majority of them showed a circadian rhythm (table 3), 

except uridine 5’monophosphate and thymidine 5’monophosphate.  

Finally, we found variation in the antioxidant activity between the nocturnal and 

diurnal human milk samples. The level of Trolox Equivalent are statistically significant 

(P<0,01) in the samples collected at 18:00h and 21:00h opposite to the milk samples 

collected at 24:00h (table 4). 

Discussion 

Through breast milk is nourishing and developing the intellect as well as 

improving immune and digestive system of the newborn. Besides all this, the baby 

would be adjusting his circadian pattern in harmony with his environment (day / night), 

crucial for the proper functioning and synchronization of all systems in the human body. 

(Cubero et al., 2005; Sánchez et al., 2008). 

The regulation of the sleep/wake cycle is complex, and involves many 

neurochemical transmission systems. Those of acetylcholine, dopamine, 

norepinephrine, serotonin, histamine, hypocretin, and orexin act to maintain states of 

activity (Murillo-Rodríguez et al., 2009; Sánchez et al., 2010), i.e., they are promoters 

of wakefulness (Hunsley et al., 2004). 

In sum, the nutritional components in human breast milk are not static and 

change during the day, for this reason the breast milk must be sucked in the same 

moment of lactation.  
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Stage Substance (g/dL) 
Day period 

(09:00-12:00h) 

Night period 

(21:00-24:00h) 

Colostral Protein 1.84 1.92 

Colostral Nitrogen 0.29 0.30 

Transitional Protein 1.62 1.65 

Transitional Nitrogen  0.25 0.26 

Mature Protein 1.29 1.38* 

Mature Nitrogen 0.20 0.22* 

Table 1. Differences between day and night period in the concentrations (mean values) of protein and nitrogen content in human milk 

samples during lactation. * P<0.05 was consider statistically significant. (n=69) 

Stage 
Amino Acid 

(mg/dL) 
09:00h 12:00h 15:00h 18:00h 21:00h 24:00h 03:00h 06:00h P value 

Colostral Tryptophan 34.74 34.69 34.52 34.61 34.62 34.81 34.76 34.79 0.02* 

Transitional Tryptophan 26.62 26.43 26.27 26.42 26.54 26.62 26.73 26.57 0.01* 

Transitional Methionine 36.68 43.25 44.57 42.34 46.10 42.84 35.86 30.07 0.02* 

Mature Tryptophan 15.06 14.93 14.96 14.92 15.15 15.11 15.13 15.28 0.02* 

Mature Methionine 13.93 18.09 16.57 18.15 20.62 14.11 11.91 12.72 0.03* 

Mature Aspartic acid 98.74 107.99 96.17 83.57 85.31 86.88 75.54 87.40 0.04* 

Mature Histidine 24.90 22.12 19.13 22.81 24.10 24.33 27.31 25.56 0.01* 

Mature Phenylalanine 37.24 40.27 37.37 35.53 34.40 32.07 32.90 35.32 0.002* 

Mature Tyrosine 36.27 36.00 33.34 29.31 28.59 29.55 30.32 36.47 0.001* 

Table 2. Concentrations (mean values) of those amino acids with a circadian rhythm. *P<0.05 was consider statistically significant 

(amino acid with a circadian rhythm). (n=77) 
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Nucleotide 

(µg/mL) 
08:00-12:00h 12:00-16:00h 16:00-20:00h 20:00-24:00h 24:00-04:00h 04:00-08:00h P value 

Adenosine 5’P 5.48 4.89 4.07 7.30 6.51 2.77 0.04* 

Uridine 5’P 4.18 8.50 3.95 3.29 11.62 5.28 0.36 

Guanosine 5’P 3.13 4.18 3.09 2.98 3.82 4.61 0.02* 

Citidine 5’P 1.95 2.54 2.99 2.20 3.31 1.68 0.02* 

Inosine 5’P 2.14 2.94 3.52 3.18 3.53 2.71 0.001* 

Thymidine 5’P 3.47 4.49 3.96 4.24 3.46 5.99 0.29 

Table 3. Concentrations of the human milk nucleotides during a 24-h period. * P<0.05 was consider statistically significant (nucleotide 

with a circadian rhythm). All these samples were in mature stage. (n=30) 

 

Trolox 

equivalent 
09:00h 12:00h 15:00h 18:00h 21:00h 24:00h 03:00h 06:00h 

TEAC 0.0059 0.0098 0.0082 0.0133* 0.0147* 0.0046 0.0051 0.0048 

Table 4. Differences in the concentrations of the antioxidant activity of the human milk (TEAC method) during a 24-h period. All these 

samples were in colostral stage. *P<0.01 was consider statistically significant. (n=7) 
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RESUMEN   
 
Está ampliamente reconocido, el principio de la defensa de la lactancia natural en los 
primeros estadios de la vida, ya que su composición aporta el crecimiento más saludable. 
Dicha leche natural se divide atendiendo al tiempo que se lleve secretando  en: leche 
pretérmino, calostro, leche de transición y leche madura. A su vez, dependiendo de que esta 
alimentación inicial sea con lactancia materna o no, se pueden diferenciar tres tipos: 
Lactancia natural, Lactancia mixta y Lactancia artificial. 
 
Partiendo de la base de la lactancia, nuestro objetivo ha sido el de iniciar una aproximación a 
la nutrición infantil durante el primer año de vida. Dentro de la Lactancia mixta indicar que su 
base alimenticia  se divide en dos Fórmulas Adaptadas (FA): una de Inicio, desde 0 a 6 
meses, y otra de Continuación, a partir de entre 4 y 6 meses. A partir de esta edad el bebé 
debe ingerir alimentación complementaria o de “beikost” en la cual se añadirán, paralelo al 
desarrollo del lactante, inicialmente cereales, pasando a frutas, verduras, pescados y por 
último derivados lácteos. 
 
Igualmente para determinadas situaciones fisio-patológicas están recomendadas una amplia 
gama de Fórmulas Especiales (FE) como es el caso de: las fórmulas sin lactosa, las 
modificadas en proteínas, de soja, las elementales o monoméricas, las antirreflujo, las anti-
estreñimiento, las anti-cólico y por último y no menos importante las fórmulas para errores 
congénitos del metabolismo. 
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ABSTRACT  
 

It is totally known the principle of the natural breastfeeding defence in the first stages of life, since 
its composition provides the healthiest growth. The natural breast milk is divided in preterm milk), 
colostrum, transition milk and mature milk. Additionally, depending on the kind of initial feeding, 
three types can be differentiated: natural breastfeeding, mixed breastfeeding and artificial 
breastfeeding. The nutritional basis of the mixed breastfeeding can in turn be separated in two 
Adapted Formulas (AF): Initiation milk, from 0 to 6 months and Continuation milk from 4 to 6 
months. From this age, babies must take complementary feeding or “beikost”, in which cereals will 
be added firstly, going on with fruits, fish and at last, dairy products and junior milk, in a parallel 
way to the development of the child. 
 
A number of Special Formulas (SF) are recommended to be used for determined pathophisiology 
situations, such as: without lactose, protein-modified, soy-based, monomerics or elementals, anti-
reflux, anti-constipation and last but not least, formulas made for congenital metabolism 
dysfunctions. 
 
INTRODUCCIÓN 
 
Desde el principio de la Historia, ha estado muy vinculada a la humanidad la relación dieta y salud, 
pero no ha sido hasta el siglo pasado cuando se ha establecido una fuerte concienciación, a través 
de las ciencias de la salud hacia los ciudadanos de la importancia de una buena alimentación y 
nutrición. 
 
En esta revisión vamos a mostrar especial interés a la alimentación y a la nutrición de los niños 
durante su primer año de vida. El porqué de esto se debe a que es durante esos primeros meses 
cuando hay una influencia decisiva sobre el posterior desarrollo, tanto a nivel cognitivo como motor 
[1].  
 
 La lactancia, la alimentación infantil.  
 
 Podemos diferenciar tres tipos de lactancia principalmente [2]: 
 

- Lactancia natural: Consiste en la alimentación por leche materna. Es considerado el 
alimento óptimo, único e inigualable para el bebé, ya que su composición está adaptada 
específicamente a las características digestivas y a las necesidades nutritivas y de 
crecimiento del niño. 

- Lactancia mixta: Hay una alternancia entre la toma de la leche materna con la ingesta de 
leche procedente de una fórmula artificial. Podría ocurrir esta situación cuando hay una 
hipogalactia temprana de la madre o bien si ésta no puede ofrecer el pecho a determinadas 
horas por motivos de trabajo. 

- Lactancia artificial: Cuando se llega a la decisión de dar únicamente este tipo de 
alimentación al bebé, ésta consiste en usar fórmulas lácteas generalmente derivadas de la 
leche de vaca. 

 
Como hemos dicho anteriormente, la lactancia natural, o lo que es lo mismo, la leche 

humana, es el alimento óptimo para el lactante [3]. Dentro de la composición de ésta, hay que 
distinguir los aspectos diferenciados que se refieren a los cinco primeros días de la lactancia y que 
constituyen la leche calostral, y a la producción de leche madura, pasados ya los 15 días de 
adaptación de los mecanismos de la lactogénesis. 

Así, los diferentes tipos de leche que son secretados en la glándula mamaria son: la leche del 
pretérmino si es el caso, el calostro, la leche de transición y la leche madura. 
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- Calostro: Durante el último trimestre de la gestación se ha ido acumulando en el lumen de 

los alvéolos una sustancia llamada precalostro, formada principalmente por exudado de plasma, 
células y proteínas: inmunoglobulinas, lactoferrina, seroalbúmina, además de sodio, cloro y una 
pequeña cantidad de lactosa. El calostro es la leche secretada durante los 4-5 días posteriores al 
parto. Tiene aspecto amarillento y espeso, de alta densidad y poco volumen (2-20 ml por toma). 
 

- Leche de transición: Es la leche que se produce entre el día 4 y 15 posterior al parto. Al 4º ó 
6º día se produce un incremento brusco en la producción de leche (subida de la leche), que sigue 
aumentando hasta alcanzar un volumen de 600-700 ml/día. Esta leche es de composición 
intermedia y varía día a día hasta alcanzar los niveles de la leche madura. 
 

- Leche madura: Es la leche secretada a partir de las primeras dos semanas tras el parto. 
Tiene una gran variedad de componentes nutritivos y no nutritivos. Su volumen promedio es de 
700-900 ml/día durante los 6 primeros meses postparto.  
 

Comparando la leche calostral con la madura, hay que considerar diferentes aspectos en 
relación con su composición en hidratos de carbono, proteínas, nitrógeno total, nitrógeno no 
proteico (NNT), grasas, minerales y vitaminas. 

Tabla 1.  Comparativa entre la composición del calostro y de la leche madura. Tomado de 
Lawrence R.A. La lactancia materna. Una guía para la profesión médica. (4) 
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Nociones sobre la  lactancia artificial.   
 
 Las fórmulas lácteas infantiles son aquellos productos destinados a satisfacer (de manera 
parcial o total) las demandas nutritivas de los lactantes durante esta etapa de su vida, cuando la 
alimentación por leche materna no es posible o existe alguna contraindicación se recurre a este 
tipo de fórmulas adaptadas (FA).  Podemos distinguir tres tipos de fórmulas [5,6,7]: 
 

- I-Fórmula de inicio: Cubre los requerimientos de los primeros 0-6 meses de vida. 
- II-Fórmula de continuación: A partir de los 4-6 meses de edad. Es necesario que en 

esta etapa el bebé, además de ser alimentado con este tipo de leche, empiece a ingerir 
otros alimentos. Esta alimentación complementaria es también conocida como 
“beikost”. 

- III-Fórmulas de crecimiento o Junior: A partir del primer año de vida. De reciente 
aparición en el mercado y caracterizadas por no existir una recomendaciones 
exclusivas para la formulación de estas leches ni tampoco una legislación específica, 
por lo que se ajusta a las recomendaciones para leches de  continuación y a estudios 
sobre factores nutricionales que se van realizando [8].  

 
Entre las diferencias en la composición de la fórmula de inicio (FI) y la fórmula de 

continuación (FC) se encuentra el contenido energético, el cual es más elevado en la FI ya que es 
la única vía de alimento que tiene el lactante. También difieren en el índice de caseína/suero, el 
cual debe ser modificado para la FI (40/60 o 50/50), ya que el aporte proteico supone una gran 
carga de solutos y radicales ácidos para el riñón y una sobrecarga de aminoácidos podría 
provocar hipercalcidemias. Por el contrario, en la FC (80/20) no es necesaria modificación alguna. 

 
En el caso de los hidratos de carbono, en la FI está permitida una pequeña adición en ésta 

de glucosa y dextrinomaltosa, pero no deben estar presentes ni el almidón ni las sustancias 
espesantes. En cambio, en la FC no se puede añadir nada que no sea la lactosa, y aún así, ésta 
debe estar sólo hasta el 20%. 

 
La composición de las grasas en la FI debe ser tal que se consiga una absorción del 85%. Se 

permite una mezcla de grasas animales y vegetales para conseguir un ácidograma similar al de la 
leche materna. En cuanto a las grasas saturadas, su concentración debe ser pequeña, mientras 
que la de los ácidos grasos monoinsaturados debe ser más elevada. En la FC no hay razón para 
sustituir totalmente la grasa animal por la vegetal, pero cuando la fórmula contiene grasas 
vegetales, el contenido de ácido linoleico es inferior a 300 mg/Kcal. Es conveniente además vigilar 
los aportes de ácido láurico y mirístico. El contenido en calcio en la FC suele ser inferior al que hay 
en la FI.  

 
En ambos tipos de leche se encuentran presentes sustancias prebióticas (crecimiento de 

bifidobacterias) y además en la FC también hay sustancias probióticas. 
 
La alimentación complementaria o “Beikost”.  
 
Puesto que la FC no debe ser el único alimento que tome el bebé durante esta etapa, 

además de éste, se le irán incorporando a la dieta paulatinamente nuevos alimentos (“beikost”), 
abarcando no solo sólidos y semisólidos (papillas, purés…), sino también alimentos líquidos, como 
los zumos de frutas. 

 
Es recomendable iniciar la introducción de los mismos a partir de los 4 meses de vida, a 

excepción del gluten, que se recomienda a partir de los 7 meses. Hasta el año de edad, la ingesta 
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de leche no debe ser inferior a medio litro al día y la leche de vaca no se debe administrar hasta 
pasado el primer año. 

 
Hay mucha documentación [9] sobre las fechas de introducción específicas para cada 

alimento. Aquí se expondrán de manera general: 
 
- Cereales: Suele ser el primer alimento no lácteo que se introduce (a partir del 4º mes 

de vida). Son ricos en hidratos de carbono y energía, aportados también, aunque en 
menor cantidad, proteínas, minerales, ácidos grasos esenciales y vitaminas. 

- Frutas: Deben administrarse a partir de que el bebé toma su primera papilla de 
cereales, es decir, sobre el 5º mes. 

- Verduras y carnes: Se administran en purés (verdura, carne y aceite), a partir del 6º 
mes. Tienen mucho contenido en fibra, vitaminas, sales y minerales (sobre todo hierro). 
Pueden usarse carnes rojas y blancas siempre que se preparen cocidas y sin grasa. Lo 
más recomendable es comenzar por carne de pollo ya que es más digestible. Las 
verduras foliáceas (espinacas, acelgas, col…) pueden incorporarse a partir de los 9-11 
meses. 

- Pescados blancos: A partir del 9º mes pueden ser alternados con la carne. 
- Huevo: Sobre el 12º mes. No se recomienda su ingestión en estado crudo, así se evita 

una intoxicación por Salmonella además de permitir una buena utilización digestiva de 
la albúmina. 

- Legumbres: Son una fuente de fibra, proteínas, vitaminas y minerales extraordinaria. 
Pueden administrarse a partir del 12º mes. 

- Yogur: Suele introducirse a partir de los 8º meses de edad. Son proteínas parcialmente 
hidrolizadas con mucho calcio y poca concentración en lactosa. 

- Mantequilla: No es convencional en lactantes menores de un año ni los alimentos que 
suelen contenerla (dulces, postres).  

- Quesos: Aporta calcio y proteínas de excelente calidad pero, como en el caso anterior, 
no están recomendados a bebés menores de un año de edad ya que ambos tienen 
efectos hipercolesteremiante. 

 
Fórmulas Especiales 
 
Al igual que antes hemos comentado el uso de las fórmulas adaptadas (dentro de ellas: la FI 

y la FC), también existen otro tipo de fórmulas llamadas especiales (FE) que son administradas a 
aquellos bebés que presentan intolerancias o alergias dietéticas por errores congénitos del 
metabolismo o bien por problemas gastrointestinales. Podemos encontrarnos [10, 11]: 

 
- Fórmulas sin lactosa: Derivan de la leche de vaca, pero en ellas se ha sustituido la 

lactosa por dextrinomaltosa o por polímeros de glucosa. Está indicado su uso cuando 
existe un déficit de lactasa intestinal. 

- Fórmulas de soja: A base de aislado proteico de soja que sustituye a la proteína de la 
leche. No contienen ni lactosa ni sacarosa, siendo la dextrinomaltosa o los polímeros 
de glucosa los hidratos de carbono que están presentes. Deben ser suplementadas 
con carnitina y metionina además de cobre, hierro, zinc y calcio. Su uso está 
recomendado para lactantes con galactosemia, intolerancia a la lactosa e hijos de 
padres vegetarianos que no quieren dar proteínas animales a sus hijos. No se ha 
demostrado que prevengan o traten los cólicos en los bebés ni para prevenir la 
enfermedad atópica. 

- Hidrolizados proteicos: Son de dos tipos, fórmulas hipoalergénicas (H) o 
semielementales, y fórmulas hipoantigénicas (HA). Las H son de alto grado de 
hidrólisis y con ellas se tratan las alergias e intolerancias a las proteínas lácteas de 
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vaca además de actuar en la prevención 1ª de alergopatías. En contraposición tienen 
un mal sabor, alto coste y alta osmolaridad. Las HA están parcialmente hidrolizadas, 
por lo que tienen un bajo grado de hidrólisis y son parecidas a las FI. Están diseñadas 
con fines preventivos, no son indicadas con fines terapéuticos cuando existe alergia a 
las proteínas de leche de vaca, ya que está documentada la producción de reacciones 
graves y anafilaxia [12].  

- Fórmulas elementales: Indicadas en situaciones de síndrome diarreico grave o de 
fracaso intestinal sin respuesta a H. Estos preparados no dejan residuos, ya que sus 
componentes pueden ser absorbidos con una mínima digestión. Llevan L-aminoácidos, 
grasas como triglicéridos de cadena media y aceite de maíz. Como hidratos de 
carbono lleva dextrinomaltosa o polímeros de glucosa. Sus desventajas son que tienen 
un mal sabor, un alto coste y una alta osmolaridad. 

- Fórmulas antiestreñimiento (AE): Son las más apropiadas para lactantes con tendencia 
al estreñimiento. En ellas hay un alto porcentaje de ácido palmítico en posición�, lo 
que favorece la absorción de la fracción de grasa de la leche, del calcio y del 
magnesio, minimizando así la formación de jabones cálcicos en el intestino, los cuales 
son los principales responsables de las heces duras. 

- Fórmulas antirregurgitación (AR): Son FI y FC que llevan adicionadas sustancias 
espesantes para controlar o minimizar los vómitos y regurgitaciones excesivas del 
lactante, así como terapéutica dietética en el reflejo gastroesofágico no complicado. 

- Fórmulas anticólico (AC): Con ellas se trata de evitar los factores desencadenantes en 
el cólico del lactante. Tienen una hidrólisis parcial de las proteínas séricas, bajo 
contenido en lactosa, aporte de fructooligosacáridos para conseguir un efecto 
prebiótico, mayor concentración de �-palmitato y las grasas de cadena media. 

- Fórmulas nutricionales Día/Noche: Mediante la utilización, combinada y 
complementaria, de una leche infantil durante la noche (18:00-06:00) y otra durante el 
día (06:00-18:00), se pretende reproducir las variaciones del contenido nutricional de la 
leche materna a lo largo de la jornada, ayudando a sincronizar los ciclos de 
vigilia/sueño de los lactantes. Favorecen así el inicio del sueño para conseguir una 
correcta instauración de los periodos de descanso y actividad a partir de los primeros 
meses de vida [13]. 

 
Concluyendo podemos decir, que a pesar de la gran variedad de productos en el mercado 

para la alimentación y nutrición de los bebés, hasta el momento no hay ningún alimento que 
supere la calidad y las propiedades biológicas de la leche materna. Aunque ya hay numerosos 
estudios que se están llevando a cabo para intentar asemejar lo máximo posible estos productos 
artificiales a la leche humana, siempre que no sea por cuestiones patológicas, es mejor decidirse 
por una alimentación con lactancia natural, ya que una alimentación inadecuada durante el primer 
año de vida conduce no a trastornos nutritivos, sino que puede ser causa del desarrollo de 
enfermedades de adulto. 
 
 

Lactancia natural: 
 

o Leche pretérmino. 
o Calostro. 
o Leche de transición. 
o Leche madura. 

 
 
Lactancia mixta. 
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Lactancia artificial: 

 
o Fórmulas adaptadas (FA): 

 
� Fórmulas de inicio (FI ó 1). 
� Fórmulas de continuación  (FC ó 2). 
� Fórmulas de crecimiento (Junior ó 3). 

  
o Fórmulas especiales (FE): 

 
� Fórmulas sin lactosa.  
� Fórmulas de soja. 
� Fórmulas modificadas en proteínas: 

- Fórmulas hipoantigénicas (HA). 
- Fórmulas hipoalergénicas (H). 

� Fórmulas elementales. 
� Fórmulas antiestreñimiento (AE). 
� Fórmulas antirreflujo (AR). 
� Fórmulas anticólico (AC) 
� Fórmulas nutricionales Día/Noche. 
 

 
Tabla 2. Resumen-Clasificación de la lactancia, atendiendo a la composición de la misma. 
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VALORACIÓN NUTRICIONAL EN LACTANTES DE ENTRE 8 A 12 
MESES DE VIDA 
NUTRITIONAL FACTS IN INFANTS FROM 8 TO 12 MONTHS OF AGE 
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RESUMEN 
 
Objetivo: En este trabajo se ha tratado de conocer profundamente la alimentación infantil con 
lactancia complementaria, a través de un cuestionario de consumo de alimentos de dos semanas de 
duración, el cual fue completado por los padres de lactantes de entre 8 y 12 meses, de la provincia 
de Badajoz. Para su análisis y cuantificación nutricional se manejó la aplicación informática Dial©.   
Resultados: El análisis de la dieta diaria mostró en su estudio que es repetitiva y equivalente en 
todos los lactantes durante este intervalo de edad, la cual estaba constituida: al inicio del día por 
leches de continuación y cereales infantiles, continuando con potitos de verduras con carne, potitos 
de fruta y por último al final del día, de nuevo leches de continuación y cereales infantiles. Indicar que 
la ingesta energética era correcta (1355 ± 252,93 kcal), destacando que en lo que respecta a 
macronutrientes el porcentaje en proteínas se encontró elevado (44,40 ± 5,014 g) frente a las 
recomendaciones diarias. Además de presentar un patrón dietético repetitivo y constante en toda la 
población. 
Conclusión: En la población estudiada con lactancia complementaria, la dieta de estos lactantes 
entre 8 y 12 meses de vida se adecua a las necesidades energéticas diarias para dicho periodo de 
crecimiento, pero mantienen una inadecuada ingesta diaria de proteínas. 
 

ABSTRACT 
 
Objective: The aim of this study was to analyze the diet of infants that receive supplemental breast 
milk, by way of a two-week survey on nutrition consumption, completed by the parents of infants 
between 8 and 12 months of age from the province of Badajoz, Spain. Dial® software was used for 
the nutritional analysis and quantification.   
Results: The analysis of the daily diet shows in this study that it is repetitive and equivalent in all 
infants during this age interval, which is made: at the beginning of the day for follow-on milk and 
infantile cereals, followed by vegetable baby food with meat, fruit baby food, and finally at the end of 
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the day follow-on milk and cereals again. Indicating that energy intake was correct (1355 ± 252.93 
kcal), highlighting that regarding macronutrients the protein percentage intake (44.40 ± 5.014 g/day) is 
high compared to the daily recommendations. In addition, it presents a repetitive and constant dietary 
pattern throughout all the participants. 
Conclusion: In our study population with supplementary feeding, the diet of these infants between 8 
and 12 months of age is suited to the daily energy needs for that period of growth, as well as an 
inadequate daily ingestion on proteins. 
. 

INTRODUCCIÓN    
 

La incorporación de los diferentes alimentos a lo largo del crecimiento del lactante tiene un 
calendario fehacientemente descrito y con un rigor temporal el cual puede ser consultado en 
cualquier manual de nutrición infantil (Ballabriga 2001; Gil  2005). 
 
Partiendo en el nacimiento de una alimentación exclusivamente con lactancia natural, 
artificial o mixta, se pasa al cabo de unos pocos meses de vida a una alimentación 
complementaria o beikost, con otros alimentos diferentes a la leche, como son los cereales 
infantiles sin gluten, siguiendo con papillas de frutas. Posteriormente, aproximadamente a 
partir del 8º mes de vida, se incorporan los cereales con gluten, purés de verdura con carne, 
siguiendo con pescado y se finaliza el primer año de vida con derivados lácteos. Se 
consigue con ello que la base de la alimentación diaria ya no sea en su mayor proporción de 
origen lácteo, ya que la demanda tanto de macronutrientes como de micronutrientes en los 
niños durante este periodo, no puede ser compensada solamente con el aporte de la leche. 
 
El ajuste dietético, tanto a nivel cuantitativo como cualitativo, debe estar perfectamente 
regulado y equilibrado. Las condiciones de preparación y elaboración de dichos alimentos 
deben ajustarse a unas estrictas medidas tanto en su composición como durante su 
producción. 

 
La demanda en macronutrientes en esta fase de crecimiento es elevada en  comparación 
con otras fases de la vida. El consumo de carbohidratos y grasas debe ser considerable 
debido a que las recomendaciones dietéticas aconsejadas (R.D.A) de energía en dicho 
periodo de desarrollo son muy elevadas (98 kcal/Kg de peso), ya que son requeridas para el 
proceso de crecimiento y desarrollo. El aporte en grasas recomendado disminuye respecto 
al indicado al nacer, pasando del 35 al 30% a partir del 4º mes de vida (Gil 2005). Sin 
embargo, el aporte de proteínas aún debe ser importante (1,6 g/kg/día -Kathleen 1998- o de 
14 g/día -Gil 2005-), aunque no en la medida de los primeros meses de vida. 
 
  Se ha considerado que el intervalo de meses en que se ha centrado este estudio, es un 
momento crucial en la etapa de la alimentación infantil, ya que al final del primer año de vida 
se comienza a establecer un patrón dietético, el cual determinará un correcto desarrollo, así 
como se formará la base de la futura alimentación en el niño de corta edad. 

 
Este trabajo trata de aportar nuevos datos en la nutrición infantil al final del primer año de 
vida, y para ello se ha centrado en la alimentación diaria de dicho colectivo de lactantes 
analizando la cantidad y calidad de los macronutrientes ingeridos, así como la proporción de 
los mismos. Nuestro objetivo ha sido profundizar en el posible aporte desequilibrado de 
carbohidratos, proteínas y grasas, hecho que podría albergar una alteración futura, como es 
el caso de la obesidad (Dehghan 2005).  
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SUJETOS Y MÉTODOS  
 
Población a estudio 

 
En el estudio participaron lactantes sanos (n=15), entre 8 y 12 meses de vida, bajo la 
supervisión de sus pediatras y procedentes tanto de consulta privada o Centros de Salud de 
la provincia de Badajoz. Dicho estudio fue revisado y aprobado por el Comité Ético de la 
Universidad de Extremadura.  

 
Distribución del cuestionario para estudio de la dieta   
 
Las encuestas dietéticas ajustadas a las características de la población de estudio fueron 
entregadas a los padres o tutores de los lactantes para su cumplimentación durante dos 
semanas y posteriormente fueron recogidas y revisadas. En caso de duda o aclaración se 
les facilitó a los padres el número de teléfono de contacto del investigador. 
 
Cálculo dietético y nutricional  

 
Tras la recogida de la encuesta dietética de 2 semanas de duración,  complementada 
diariamente por los padres, se realizó el cálculo nutricional apropiado mediante el software 
Dial©. 

 
Análisis estadístico 

 
Dicho análisis se centró en el estudio descriptivo del conjunto de datos, utilizando la media 

de los datos y desviación estándar como medida de dispersión ( X ± D.S.). 
 
 

RESULTADOS 
 
Estudio de la dieta 
 
El patrón dietético diario observado en esta población de lactantes es repetitivo y está 
compuesto por la mañana en el desayuno aproximadamente de 10 cacitos de leche de 
continuación y 4 cacitos de cereales (medida por cacito: 5 g); durante el almuerzo un potito 
entero de 250 g de verduras con carne de pollo o ternera (y en ciertos casos de lenguado) 
acompañado de algún yogur de frutas; a media tarde un potito de fruta de 250 g (que por 
norma general nunca se llega a ingerir entero), al cual se suele acompañar de un yogur 
natural o con pequeñas proporciones de algún alimento rico en carbohidratos, como es pan 
blanco o galletas (a lo sumo dos unidades); al final del día, antes de dormir ingerían 8 
cacitos de leche de continuación con 4 cacitos de cereales. Cabe indicar que en un gran 
porcentaje de los lactantes se producían ingestas adicionales de leche de continuación y 
cereales en medio de la noche. 

 
 Sugerir que los alimentos que componían la dieta pertenecían a diferentes marcas 
comerciales de alimentación infantil, y en el menor de los casos, elaborados diariamente por 
las madres. Como se observa, la dieta en principio es correcta, con una alta proporción de 
los llamados alimentos saludables (leche, cereales, legumbres, pescado y fruta).  
 
Durante las dos semanas que se registró la información en el cuestionario, algunos lactantes 
se encontraron bajo tratamiento farmacológico para el estreñimiento, asma, alergia o 
tomaron antibióticos. Además, estos bebés llevaban puesto un acelerómetro en el tobillo 
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para un estudio paralelo del sueño, sin que ello causara en algún momento trastornos 
alimentarios durante dicho periodo de estudio.     

    
Estudio nutricional 
 
La ingesta de alimentos infantiles se transformó a energía y nutrientes. Respecto al aporte 
energético (Figura 1), indicar que éste correspondió a 1355 ± 252,93 kcal/día de media, 
levemente superior al recomendado en este tramo de edad de 98 kcal/día/Kg de peso. 
 
 

 

 Figura 1.  Aporte de energía ( X ± D.S.) en lactantes de entre 8 y 12 meses  de 
 vida comparado con la R.D.A. para esa edad (n=15).  

 
Respecto al aporte de macronutrientes, los cuales se han representado comparados con las 
R.D.A. en la Figura 2, indicar que los carbohidratos, proteínas y grasas totales consumidos, 
corresponden un valor medio de 209,70 ± 43,76 g/día, 44,40 ± 5,01 g/día y 37,27 ± 7,39 
g/día respectivamente, encontrándose tanto carbohidratos como proteínas muy por encima 
de las R.D.A. A su vez, la cantidad ingerida en micronutrientes (minerales, oligoelementos y 
vitaminas liposolubles e hidrosolubles), no se encontraba disminuida respecto a las R.D.A. 
para esa etapa de crecimiento cercana al año de edad (datos no mostrados). 
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  Figura 2. Ingesta media de macronutrientes ( X ± D.S.); Carbohidratos, 
Grasas Totales y Proteínas en lactantes de entre 8 y 12 meses de vida, 
comparada con R.D.A. para esa edad (n=15).  

 
Respecto a las características antropométricas (Tabla 1) podemos indicar que respecto al 
peso medio de los lactantes al final de las dos semanas de estudio, éste se encontraba 
cercano al percentil 50 correspondiente a su edad, observándose especialmente que en el 
caso de las niñas se encontraba levemente inferior al peso medio. 
 
Tabla  1. Valores antropométricos de la población a estudio. 

 

Sexo Edad Peso  Medio Peso Percentil 50 

Niñas 11 meses 8,9 kg 9,2 kg 

Niños             10  meses 10 kg 9,6 kg 

 

Valores ( X ± D.S.) de lactantes entre 8 y 12 meses de vida, (n=15).  
 
 
DISCUSIÓN    
  
Tras el análisis nutricional llevado a cabo en niños/as de 8 a 12 meses de edad, podemos 
indicar que el aporte energético es el óptimo para dicha edad, ya que se recomienda en el 
periodo de edad entre 6 y 12 meses de vida un aporte de 98 kcal/día/Kg de peso y puesto 
que el peso medio de dicha población a estudio es de 9,5 Kg, le correspondería un aporte 
energético medio de 931,58 kcal/día. 
 
Si el total de energía es 1355 kcal/día, el equilibrio en las proporciones de macronutrientes 
para dicho colectivo de lactantes según Gil (2005) sería el siguiente: para los carbohidratos 
entorno a un 50% del total de energía, es decir 677,5 kcal/día que corresponderían a 169,37 
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g/día; para las grasas totales se recomienda un 35% del total de energía consumida, lo que 
correspondería a 474,25 kcal/día, es decir 52,62 g/día; por último en cuanto a las proteínas 
se sugiere un 15% de la energía total ingerida siendo este valor de 203,25 kcal/día, lo que 
correspondería a 50,81 g/día. Dichas proporciones indican valores en peso elevadas 
respecto a las R.D.A. para este colectivo, todo ello como consecuencia de una elevada 
ingesta calórica.   

 
Para esta etapa del desarrollo se considera 1 g/Kg/día (A. Gil 2005) ó 13 g/día (NAS) de 
proteína como cantidades dietéticas recomendadas, sin embargo en esta población a 
estudio (peso medio de 9,5 Kg) su ingesta proteica es de 44,40 ± 5,01 g/día, excesivamente 
superior respecto a esas recomendaciones bibliográficas, lo que constata que dicha 
población sigue una dieta desaconsejada y totalmente desequilibrada, por lo que se debería 
disminuir el aporte proteico como prevención a futuras alteraciones renales. Indicar que las 
sugerencias para una buena ingesta proteica deberían estar mejor estandarizadas en base a 
las diferentes recomendaciones descritas por diferentes autores y sociedades (Gil 2005, 
NAS).  

 
Como se ha observado, el aporte de grasas es de 37,27 gramos, el cual se encuentra muy 
cercano al recomendado para este colectivo de lactantes (Lama More 2005; NAS) y aunque 
en porcentaje es menor al recomendado de un 30 % de la energía total, dicho desequilibrio 
se compensa con la ingesta en mayor proporción de carbohidratos, con la posible 
desventaja de no poder llegar a ingerir las recomendaciones diarias de ácidos grasos 
poliinsaturados. Sin embargo, está descrito que hasta el décimo mes de vida no se introduce 
el puré de pescado, fuente rica en grasas, el cual generalmente se elabora con pescado 
blanco (como sería el lenguado), con menor cantidad de ácidos grasos poliinsaturados (Gil 
2005). Por ello sería recomendable que fuera de pescado azul ya que su contenido en 

 
 

Respecto a la ingesta de micronutrientes (minerales, oligoelementos y vitaminas liposolubles 
e hidrosolubles), debemos reincidir que no se cuantificaron valores deficientes para ninguno 
de ellos. A la vez, cabe destacar la existencia de un patrón dietético muy repetitivo. 
 
Insistimos en el hándicap de no poseer un tamaño de muestra muy elevado, pero dicha 
posible deficiencia se contrarresta con el número de días (14 de media por lactante) con el 
que se refleja la alimentación de estos niños en el cuestionario completado por los padres y 
posteriormente analizado.    
 
Como conclusión, indicar que se observa una dieta saludable y correcta para dicha 
población de lactantes en estudio puesto que las recomendaciones de los nutrientes se 
encuentran cubiertas, pudiendo aconsejar un mayor aporte en grasas y una ligera restricción 
en carbohidratos y proteínas. 
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