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Abstract
Introduction: Understanding associations between food preferences and maternal nutrition during pregnancy and 
lactation could inform efforts to understanding the obesity mechanisms and provide insight to prevent it. Objective: 
To identify studies that investigated the effects of nutritional interventions during the pregnancy and lactation on the 
food preferences of offspring. Method: The review was conducted with search for articles in the databases: Scopus, 
Pubmed, Medline, LILACS, Scielo and Science Direct. Exclusion criteria were used: reviews, human studies, studies 
with drugs or other substances not related to food. Results: At the end of the search in the databases, 176 references 
were found. After use the exclusion criteria, reading the titles, abstracts and full articles, were selected 11 articles to 
compose the review. Conclusion: The selected studies suggested that unbalanced nutrition in early life alters the food 
preference and neural components related to the consumption of fatty and sugary foods in offspring rodents.

Keywords: pregnancy, lactation, rats, diet, food preference.

Influência da nutrição materna durante a gestação e/ou lactação na 
preferência alimentar da prole em modelos experimentais

Resumo
Introdução: O entendimento das associações entre as preferências alimentares e nutrição materna durante a gravidez e 
lactação poderia colaborar para a compreensão dos mecanismos da obesidade e fornecer informações para prevenir essa 
infermidade. Objetivo: Identificar estudos que investigaram os efeitos das intervenções nutricionais durante a gravidez 
e lactação em preferências alimentares dos descendentes. Método: A revisão foi conduzida com busca de artigos nas 
bases de dados: Scopus, Pubmed, Medline, Lilacs, Scielo e Science Direct. Os critérios de exclusão utilizados: revisões, 
estudos em humanos, estudos com drogas ou outras substâncias não-alimentares. Resultados: No final da pesquisa nas 
bases de dados, 176 referências foram encontradas. Depois de usar os critérios de exclusão, lendo os títulos, resumos e 
artigos completos, 11 artigos foram selecionados para compor a revisão. Conclusão: Os estudos selecionados sugeriram 
que a nutrição desequilibrada no início da vida altera a preferência alimentar e componentes neurais relacionadas com 
o consumo de alimentos gordurosos e açucarados em prole de roedores.

Palavras-chave: gravidez, lactação, ratos, dieta, preferência alimentar.

1. Introduction

The intrauterine life and early postnatal periods are 
considered critical moments of development due to the rapid 
growth and maturation of cells, organs and physiological 
systems. In these periods, the organism is susceptible 
to environmental changes, and the nutrient shortage or 
excess can be a capable factor of generating adaptations 
and promote health effects throughout individuals life 

(Langley-Evans, 2006; Bayol et al., 2007; Oliveira et al., 
2011). This event is related to phenotypic plasticity and 
can generate several effects, such as greater adiposity 
(Perez et al., 2015) and a higher intake of fatty and sugary 
foods (Gugusheff et al., 2013).

Experimental studies have found an association early 
exposure to nutritionally unbalanced diets and the preference 
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for highly palatable foods (Gugusheff et al., 2013; Ong 
and Muhlhausler, 2011). In addition to this association, 
evidence suggests that exposure alters neural circuits, 
specifically components of the mesolimbic dopaminergic 
system, which acts as one of the central mechanisms in 
the choice of tasty food (Ong and Muhlhausler, 2011; 
Volkow et al., 2011; Ribeiro and Santos, 2013).

The dopamine system is a neural pathway, located in 
the cerebral cortex, where components work together to 
provide the release of dopamine in the nucleus accumbens 
(NAc), which act as a promoter of motivation for obtaining 
the reward (Volkow et al., 2011). Food with high density, 
high fat and sugar are considered rewards and their 
consumption is an important contributor to the development 
of chronic non-communicable such as obesity, that still 
keeps as an important public health problem. A survey 
conducted by the World Health Organization revealed an 
increasing prevalence of overweight and obesity in the 
world. According to this, in 2014, about 39% of the adult 
population was overweight, especially the countries in the 
Americas, including Brazil (World Health Organization, 
2014).

However, despite the existing evidence about the 
influence of phenotypic plasticity in preference for fatty 
and sugary foods, until this moment, no review was 
conducted with the purpose of analyzing studies with 
various dietary interventions and the influence on food 
choice. In order to understand this issue, the aim of this 
review was to identify studies that investigated the effects 
of nutritional interventions during pregnancy and lactation 
on food preference in rats or mices.

2. Methods
The articles quest was held at the period from July to 

September 2015, in electronic databases Scopus, Pubmed, 
Medline, LILACS, Scielo and ScienceDirect. The search 
for articles was performed by two reviewers who recruited 
articles published in the year 2000 to September 2015, 
using combinations of the following key words in English 
and Portuguese:

Food preference; Diet; Phenotypic plasticity; 
Programming; Gestation; Lactation; Rats.

Exclusion criteria: reviews, human studies, studies 
with drugs or other substances not related to food.

The identified studies were evaluated according to 
the criteria of inclusion: studies with rats or mices which 
were exposed to some kind of diet during the intrauterine 
period of life and / or lactation.

The articles were pre-selected by reading the titles 
and later, by reading the summaries. After this stage, the 
articles resulting from the shortlist were read in full, and 
those who do not fit the established criteria were excluded 
from the review. For analysis of the studies, the informations 
about each one were summarized in a table.

3. Results

176 scientific articles were selected in the 6 surveyed 
databases. Of these, have been excluded: 33.52% presenting 
titles repeated, 57.38% after reading the abstracts and 
2.84% after reading in full. In this way, 6.25% of all 
articles was included in the review, which corresponded 
to 11 works (Figure 1).

The main information and results presented by articles 
selected and included in this review were tabulated in Table 1.

Figure 1. Flow of information obtained in different phases of review, adapted from Moher et al. (2009).
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4. Discussion

The increased consumption of palatable food, rich in 
fats and sugars, are increasingly being associated with the 
emergence of chronic diseases, arousing, the scientific 
interest in the investigation of their effects at different 
stages of life.

The preference for these foods can lead to nutritional 
imbalance, and may be persistent, and contribute to the 
development of obesity and other chronic diseases in 
adulthood (Portella and Silveira, 2014).

4.1. Species of animals
There is a wide variety of rodent models used as test 

subjects. Among them are the species Zucker (Oana et al., 
2005), Sprague Dawley (Molle et al., 2015), Long Evans 
(Ignar et al., 2011) and Wistar (Perez et al., 2015). The selected 
papers used the animal models with mice species C57BL 
/ 6J (Vucetic et al., 2010; Brenseke et al., 2015), Wistar 
rats (Gugusheff et al., 2013; Ong and Muhlhausler, 2011; 
Bellinger, et al., 2004; Bellinger and Langley-Evans, 2005; 
Palou et al., 2010; Ong and Muhlhausler, 2014; Sanchez-
Hernandez et al., 2015) and Sprague Dawley (Molle et al., 
2015; Agnoux et al., 2014).

The rodents are the species of animals most frequently 
used as guinea pigs in research, generally is selected 
according to the purpose of each study. This selection aims 
to facilitate the understanding about the results obtained in 
the research as well as considers the cost / benefit techniques 
to be used and physiological characteristics of animals, 
such as metabolism. The mice of the C57BL / 6J species 
are genetically modified animals and used in research 
to study diseases that affect humans, such as diabetes 
(Surwit  et  al., 1991). The Sprague Dawley model rats 
can be line prone to obesity or obesity resistant, and are 
mainly used in studies that seek to elucidate issues related 
to genetic predisposition (Shin et al., 2011). Rodents Wistar 
lineage do not have genetic mutations. They are frequently 
used frequently in research with the model of diet obesity 
induction, as in surveys conducted by Ong and Muhlhausler 
(2011) and Gugusheff et al. (2013). In both studies the 
authors used the cafeteria diet as a model of induction of 
obesity in Wistar rats during pregnancy and / or lactation 
and analyzed the effect of this induction in weight gain, 
food intake and metabolic parameters in offspring.

4.2. Nutritional manipulation: types of diets
The articles selected for this review used different types 

of diets in order to carry out the nutritional manipulation in 
early stages of development (pregnancy and / or lactation). 
From the selected papers, the most used diet were the high fat 
or cafeteria (Gugusheff et al., 2013; Ong and Muhlhausler, 
2011; Vucetic et al., 2010; Brenseke et al., 2015; Ong and 
Muhlhausler, 2014). These diet are characterized by high 
content of fat and sugar in its composition, and when exposed 
to excess in the critical period of development (beginning 
of life), can influence an increasing preference for palatable 
food, predisposing to obesity and other chronic diseases 
in the animals (Bayol et al., 2007; Ong and Muhlhausler, 

2014). Sanchez Hernandez et al (Sanchez-Hernandez et al., 
2015) studied the repercussion of high fat diet intake in 
mice, besides having high fat content, were added vitamins 
(A, D, E and K). By exposing the animals to nutritional 
manipulation during the gestation period, the researchers 
showed that the rich high fat diet in vitamins did not 
change the weight and food intake. However, it was able to 
influence the hedonic development of pathways associated 
with the feeding preference. Despite results showed the 
negative effects of early life consumption of high fat diet, 
there is already evidence in literature that the effects of this 
kind of diet can potentially be overcome, or minimized, 
by exposure to a nutritionally balanced diet in adulthood 
(Ong and Muhlhausler, 2014).

Other types of diets used in nutritional manipulation 
studies are hypoproteic (Bellinger et al., 2004; Bellinger 
and Langley-Evans, 2005; Agnoux,  et  al., 2014) and 
hypocaloric (Molle  et  al., 2015; Palou  et  al., 2010). 
The hypoproteic diets are characterized by low protein 
content and the hypocaloric diets by calorie restriction 
that varies between studies and may be mild or severe 
restriction, depending on the objective of each research. 
When these diets are offered in the prenatal period, 
for example, can produce an adaptive response to the 
fetus in development (Bellinger et al., 2004). However, 
long‑term changes, generated by adaptive responses 
may affect the descendants as changes in hormonal 
responsiveness, organs structure or gene expression 
and may contribute to metabolic disorders in adulthood 
(Bellinger et al., 2004).

The evidences found in the articles included in this 
review demonstrate the interest of the authors in reproduce 
the dietary pattern of modern society, considering that most 
of the articles used high fat or cafeteria diets as dietary 
manipulation model. Corroborating this hypothesis, data 
from the Brazilian Institute of Geography and Statistics 
showed that the Brazilian population increased consumption 
of high fat foods, and higher density as sausages, breads, 
cookies and sodas, as well as decreased consumption of 
less caloric foods, sources fiber, vitamins and minerals such 
as fruits and vegetables (Instituto Brasileiro de Geografia 
e Estatística, 2010), increasing the interest of scientists to 
investigate the effects of consumption of these types of diets.

4.3. Nutritional manipulation in critical periods of 
development

More than half of the selected studies conducted 
the nutritional manipulation in both period, pregnancy 
and lactation (Molle  et  al., 2015; Vucetic  et  al., 2010; 
Brenseke  et  al., 2015; Ong and Muhlhausler, 2014; 
Sanchez-Hernandez  et  al., 2015; Agnoux  et  al., 2014).
The critical periods of development, as are called the stages 
of pregnancy and lactation, have fundamental importance for 
the development of physiological systems. Environmental 
changes in these periods are related to disturbances in the 
short and long term metabolism (Oliveira  et  al., 2011; 
Barker et al., 1993; Barreto-Medeiros et al., 2002, 2004). 
This phenomenon is called metabolic programming and 
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refers to the ability of organism adaptation to insults 
caused in early periods of life (Lucas, 1998). Over the 
years and with the evolution of research on this subject, 
other terminologies have emerged as phenotypic plasticity 
(Pigliucci, 2001), which retains the same meaning related to 
the adaptive response of the organism, but less deterministic 
than the word programming.

The modulation of phenotypic plasticity in the face of 
adversity of environment, such as changes in the supply 
of nutrients, happens in order to meet the demands of the 
individual and benefit the physiological systems. However, 
with the emergence of new environmental changes, it may 
enable the appearance of disorders such as weight gain 
(Srinivasan et al., 2006; Couvreur et al., 2011), hyperglycemia 
(Taylor et al., 2005), cardiovascular disorders (Poston, 2012), 
mood disorders (Peleg-Raibstein et al., 2012), increased 
body fat deposition (Perez et al., 2015; Benkalfat et al., 
2011) hypercholesterolemia (Oliveira  et  al., 2011) and 
preference for palatable foods (rich in sugars and fats) 
(Gugusheff et al., 2013; Ong and Muhlhausler, 2011).

4.4. Study of food preference
The food choice is an important contributor to health, 

thus, factors that influence food preference and its impact 
need to be continuously studied. Human studies show 
that exposure to certain stimuli of taste in intrauterine life 
and lactation may alter food preferences in later periods. 
Food preferences tests on infants showed that early exposure 
to different flavors can lead to increased acceptance and 
preferences for these flavors later in life (Liem and Mennella, 
2002; Mennella and Beauchamp, 2002).

Experimental studies have been highlight this thematic. 
Rodents have been used as a model for the analysis 
of multiple brain circuits, including the mesolimbic 
dopaminergic system, strongly related to food choices. 
In these animals, dopamine receptors can be detected in 
the mesolimbic system at the beginning of embryonic life, 
being vulnerable to environmental stresses, as the nutrition, 
in this period (Gugusheff et al., 2015).

The study of food preference in most selected 
papers in this review was performed only in adulthood 
(Gugusheff et al., 2013; Molle et al., 2015; Vucetic et al., 
2010; Bellinger et al., 2004; Bellinger and Langley-Evans, 
2005; Palou et al., 2010; Sanchez-Hernandez et al., 2015; 
Agnoux et al., 2014). The authors sought to understand 
the influence of nutritional manipulation during pregnancy 
and / or lactation on food choice of the animals in later 
life. Ong and Mühlhäusler (Ong and Muhlhausler, 2014), 
conducted the evaluation of the food preference of the 
animals in two specific moments, in the juvenile period 
(42 days) and adulthood (90 days), while Brenseke et al. 
(2015) and Ong and Muhlhausler (2011) have chosen 
study the preference for a longer period, including both 
the juvenile period and the adulthood. As well as the 
period chosen for study food preference, the duration of 
the study also differed among the articles of this review, 
ranging from 3 to 70 days.

4.5. The main effects of the consumption of nutritionally 
unbalanced diets related to food preference

Methodological differences of the selected articles were 
been observed from the animal species chosen as a model 
for research to the period duration of the study and the 
food preference. These differences make more difficult a 
precise analysis about the methodology of study. However, 
despite the methodological differences, the results of the 
work were similar. Approximately half of selected studies 
showed that nutritional manipulation in early periods of 
development increased the preference for high-fat diet 
and / or sugars (Molle et al., 2015; Vucetic et al., 2010; 
Bellinger  et  al., 2004; Bellinger and Langley-Evans, 
2005; Palou et al., 2010). 30% showed that the exposed 
animals exhibited greater intake of carbohydrate, lipid 
and / or energy for the study of food preference (Ong and 
Muhlhausler, 2011; Gugusheff et al., 2013; Brenseke et al., 
2015; Ong and Muhlhausler, 2014), and two of the studies 
included in this review (20%) showed no difference in 
preference between animals (Sanchez‑Hernandez et al., 
2015; Agnoux  et  al., 2014). However, in both studies 
there were changes of components related to food 
choice as the pro-opiomelanocortin and neuropeptide 
Y (Sanchez‑Hernandez  et  al., 2015) and enterostatin, 
melanocortin and tyrosine hydroxylase (Agnoux et  al., 
2014), enzyme responsible for the synthesis of dopamine 
which presents higher expression when there is excessive 
intake palatable food (Huang et al., 2005; Vucetic et al., 
2011), enabling greater activation in the dopamine signaling, 
associated with the largest consumption of tasty food (Ong 
and Muhlhausler, 2014).

Disturbances in leptin concentration were also presented 
as results in the papers included in this review (Ong and 
Muhlhausler, 2011; Brenseke et al., 2015; Palou et al., 
2010). The leptin influences the development of neural 
circuitry that regulates food intake. Leptin receptors located 
in the dopaminergic neurons act in inhibiting the activity of 
dopamine, which can be triggered by exposure to palatable 
foods (Ong and Muhlhausler, 2011). Thus, increased 
serum concentrations of leptin can promote changes in 
the dopaminergic system and consequently in food intake 
(Ong and Muhlhausler, 2011; Hommel et al., 2006).

In this way the exposure to a nutritionally unbalanced 
diet in critical periods of development can lead to increased 
consumption of highly palatable foods (high in fats and 
sugars) and changes in neural components involved in 
pathways related to food preference. Even the animals 
exposed to low-calorie and hypoproteic diets during 
intrauterine and postnatal life, showed higher intake of 
fat and / or carbohydrate in adulthood, suggesting that 
regardless of inadequacy, unbalanced nutrition influences 
on food consumption in later periods.
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