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Abstract

Food preference in children depends on the interplay between genetic and environmental factors. Exposure to flavors during prenatal and
postnatal period through amniotic fluid, breast milk, and weaning foods have been identified as possible influences on food preference and
acceptance in children. Therefore, maternal nutrition has a strong influence on the child’s food preference early in life. Aim: The authors
carried out a narrative review to understand the contribution of maternal nutrition on the food preferences in children in later life. Methods:
The authors retrieved the articles from SCOPUS, Medline, Science Direct, CINAHL, EBSCO, and PubMed central databases. The key words
including food preferences, food choice, and acceptance of food, pregnant women, toddlers, and food culture were used to identify the
appropriate articles. The authors included in the review, full-text articles, published in English language between 1995 and 2018. In total, six
articles, which met the inclusion criteria, were included in the final review.Results: The results revealed that there is a very strong connection
between the exposure to flavors during prenatal and postnatal period and food preference and acceptance in children in later life. The olfactory
and gustatory exposures to flavors during prenatal period through maternal diet, and during postnatal period through breast milk and weaning
foods determines the food preferences in childhood. Conclusion: We conclude that maternal nutrition has a strong influence on the child’s
food preference early in the life, therefore effective strategies should be designed to increase healthy feeding choices during the prenatal and
postnatal periods.
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INTRODUCTION
Food is a great resource in maintaining health, thwarting
diseases, and prolonging the lifespan, and it is imperative to
study their impact based on the context of ingestion.[1] Brain
growth and development start right at conception. This is the
time when the male and female gametes meet and form a
single cell to begin human life. This means that brain cell
growth of a baby starts very early in pregnancy. This
awareness is critical because, right before conception a
woman needs to have a well-balanced diet with all the
essential nutrients to prepare her body for conception.[2]

This nutritional preparation is important because mother’s
body undergoes several changes during pregnancy to enable
her to successfully nurture and grow the “seed in her womb”
to a perfect healthy human being.[3]

Interestingly, novel research shows that at this time we can
start shaping baby’s food habits, by indirectly introducing the
baby to a variety of food types through what the mother
eats.[4] This early priming of baby’s food habits by expecting
mother’s good eating habits is a welcome news. This is
important because nowadays, many parents struggle with
feeding their children, not because of lack of food but
because of their children’s disinterest in food.[5] The result
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of this increasingly common observation is that many
children are undernourished and often sick right from early
childhood.[6] This is an avoidable consequence if unborn
babies and toddlers are exposed to different food choices.
This is particularly possible because of the dietary abundance
and availability of a wide range of food choices. Indeed, today
infants are born into a wide variety of cultures and cuisines,
which they can adapt to upon exposure.[7]

The argument that the baby’s taste buds can be trained early is
supported by the fact that taste buds develop during the 13th
week of pregnancy. Furthermore, a fetus begins swallowing
amniotic fluid at around the same time and develops a
powerful sense of smell.[8] This phenomenon has been
documented in rodents and rabbits as well.[9,10] This
research finding supports the argument that pregnancy is
the right time to start developing a healthy food culture in
the unborn child. In essence, the food a mother eats at this
time does not only nourish her body, but it also nourishes the
baby in her womb in addition to grooming her unborn baby’s
appetite and food preference in later life.

The mechanism for appetite priming is since every food item
has its unique flavor.[11] So when a mother eats a particular
food, her amniotic fluid is flavored by that food. As the baby
swallows the fluid, it gets to know the different flavors of the
foods the mom eats. These different “memories of these
flavors” get firmly embedded in the baby’s brain even
before birth and that will affect the child’s preference for
similar foods later in life.[12] This means that early exposure
of a fetus to different food flavors before birth enables them to
accept a variety of foods later in life, thereby improving their
brain and physical health, thereby underscoring the need for
the mother to eat as diversely as possible during
pregnancy.[13]

Hence every pregnant woman needs to make healthy food
choices at each mealtime by including a wide variety of
nutrients. This can later on prevent her children from
developing various nutrition related disease conditions. It
also follows that it is within every woman’s reach to
nurture and develop children with good brain health by
introducing them early to good food habits intranatally and
postnatally. This practice would reduce hours of forced
feeding and unpleasant doctor’s visits. This paper presents
the contribution of mother’s food intake during pregnancy on
the food preferences of toddlers in later life.

MATERIALS AND METHODS

A search strategy was formulated by the authors to
individually search literature to retrieve articles from
databases about studies focusing on food consumption
during pregnancy and toddler’s food choice. The articles
were searched and retrieved from databases including
SCOPUS, CINAHL, and PUBMED. To conduct the
literature search we employed the following MeSH terms:
a. (food preferences), b. (food choice), c. (acceptance of

food), d. (pregnant women), e. (toddlers), and f. (food
culture). A secondary search involved scanning the
reference lists of articles identified from the primary
search. Both search strategies were limited to articles
published in English language. Six articles which met the
inclusion criteria were selected and were studied in-depth by
the authors and used to create a data table [Table 1].

RESULTS

The results of the six studies reveal that there is a very strong
connection between the food consumed by the pregnant
women and the odor of the amniotic fluid. The findings of
a study done by Mannella and colleagues in the year 1995
showed that there was alteration in the odor of amniotic fluid
according to the food intake of pregnant women. The study
was done among 10 women who were either given placebo or
garlic capsules. Four out of five women who had garlic
capsules had a strong odor of garlic in their amniotic fluid,
when compared with the women who had received placebo
capsules.[14]

Similarly, a follow up study was later conducted by Mannella
and colleagues in 2001 to test whether a flavor in amniotic
fluid or breast milk modifies the infants’ acceptance and
enjoyment of similarly flavored foods at weaning or not. The
result showed that the infants who had exposure to the flavor
of carrots in either amniotic fluid or breast milk exhibited
fewer negative facial expressions while being fed carrot-
flavored cereal compared with the plain cereal.[15]

Another important study is the Dutch population-based
cohort study by de Barse, et al. (2017) examined the
associations between infant feeding and child fussy eating
in 4779 participants. The study which assessed breastfeeding
initiation and continuation and timing of complementary
feeding showed that children who were breastfed for less
than 2 months had a 0.70 points higher food fussiness sum-
score (95% CI: 0.27; 1.12) than children breastfed for 6
months or longer. An earlier introduction of vegetables
was associated with less fussy eating behavior (P-for-
trend: 0.005). Similarly, children who were introduced to
vegetables between 4 and 5 months had a 0.60-point lower
food fussiness score (95% CI: 1.06; −0.15) than children
introduced to vegetables after 6 months.[16] Many studies
have earlier proved that the food the pregnant women
consume has its flavor in breast milk and in amniotic
fluid. Even though this study is related to the flavor of
breast milk and toddlers’ eating habits, it too shows a link
between the flavor of amniotic fluid and food consumed by
pregnant women.[13,14]

A cross-sectional survey to ascertain the relative contribution
of food neophobia, the characteristic fear of novel foods, and
taste sensitivity among mothers and children found that
parental and child fruit and vegetable consumption during
pregnancy is positively associated at (P< 0.001).[17] Another
cross-sectional study by Hendrick et al.[18] among 2515
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mothers whose infants were in the age group of 4 to 24
months, showed that maternal education had an impact on
infants and toddler food preferences. The study also
concluded that decreased duration of breastfeeding was
positively associated with preference of infants and
toddlers to salty snack items. Furthermore, a systematic
review to understand association between food preferences
and maternal nutrition during pregnancy and lactation
concluded that unbalanced nutrition in early life alters the
food preference and neural components related to the
consumption of fatty and sugary foods in offspring.[19]

DISCUSSION

Food acceptance and eating pattern of an individual is based
on the preference set during fetal life.[11] In addition, the food
fragrances and flavors one was introduced to from fetal life in
the womb equally affect the preferences of the newborn and
the toddler. Prenatal and postnatal exposures to flavors
through amniotic fluid and breast milk has influences on
food acceptance since the like for flavor is the major
determinant of food preference.[20] Research shows that
fetuses swallow amniotic fluid from the week 13th of
gestation once their gut develops and can equally taste the
flavor of the food content and register the differences in their
brain.[14] Mennella et al.[14] found that the children of women
who drink carrot juice daily in the last few months of
pregnancy and during the lactation had a stronger
preference for carrot flavor later in life. Similar study by
Mennella et al.,[14] with garlic also proved similar results.
According to her, you can train foods through repeated
exposure, and the younger it is easier to mould neural
pathways of the unborn baby, further emphasizing the role
of training.

Eating behavior of toddlers continues to be a major issue of
concern causing parents’ worry. This is partly because parent
fear that their children’s eating habits might interfere with
their toddlers need for high energy requirements for their
motor skills development. Parents have a high degree of
control over the environments and experiences of their
children. For instance, the usual preference by children for
high-fat and sweet foods reported in many countries and the
near universal dislike for vegetables suggests the existence of
innate predispositions towards tastes.[21] The Feeding Infants
and Toddlers Study (FITS) results showed that out of 3022
infants and toddlers, 18% to 33% consumed no distinct
servings of vegetables on a typical day and only French
fries was the most common choice of vegetable.[22] This
means that parents were not trying enough to introduce their
toddler to a wide variety of foods.

To support this widespread problem, a Canadian Community
Health Survey found that seven out of 10 children aged 4 to 8
years failed to meet the minimum number of servings for
vegetables and fruit in Canada’s Food Guide to Healthy
Eating.[22] This finding implies that prenatal mothers need

to eat a variety of flavored food items to help the babies accept
a wide variety of foods later in their life.

Another problem associated with poor eating in toddlers is
development of long-standing problems, which are often
associated failure to thrive. This observation is more
common in children who are neophobic, who fear trying
out new food. In a study among 800 participants, Qazaryan
and Karim[23] identified that majority of pre-schoolers (620,
77%) were described by their parents as poor or “picky”
eaters. Further analysis of these groups showed there were
significant impairments among “picky” eaters in the growth
rates and BMI when compared to the “non-picky” eaters. The
detrimental effect of the poor eating habit was also reflected
in other domains such as fear of being in unfamiliar places
(65% vs. 13.3%), fear of being lonely (14.6% vs. 12.1%), and
low physical mobility (36.8% vs. 17.7%). In addition, the
infants also experienced learning disability (16.2% vs. 7%),
attention deficit (11.8% vs. 4.3%), communication delay (4.6
% vs 3.3%), respectively among the “picky” and “non-picky”
eaters. In a clinical study three quarters of children who had
been “refusing to eat” early in the first year, when followed up
to the age of 2 years, had persisting eating problems as well as
poor weight gain. This clearly implies that a subgroup of
problem eaters has long-standing problems associated with
failure to thrive.[24]

Breastfeeding has a strong influence on the food preferences
and satiety cues of young infants and toddlers.[25] Supporting
literature prove that breastfeeding strongly influences early
metabolic imprinting, which partially accounts for later
differences in eating behaviors. However, the role of
prenatal exposure of the fetus to amniotic fluid in setting
food preferences among infants and toddlers is often
neglected. This realization further underscores the
importance of reviews such as this that articulate this
observation.[26] The need to emphasize prenatal nutrition is
supported by the observation that the nutritional environment
to which an individual is exposed during the perinatal period
plays a crucial role in determining his or her future metabolic
health outcomes.[27] Studies in rodent models have
demonstrated that excess maternal intake of high-fat and/or
high-sugar “junk foods” during pregnancy and lactation can
alter the development of the central reward pathway,
particularly the opioid and dopamine systems, and program
an increased preference for junk foods in the offspring.[28]

Given the similarity between human and such species, it is
very likely that such a relationship would hold true in human
fetuses and toddlers in later life, thereby underscoring the
need for proper dietary habit formation in early prenatal and
postnatal period, as a proven strategy to improve toddler
preferences.

In fact, several investigators have demonstrated a link
between fetal interaction with the intrauterine environment
and the acquisition of flavor and food preferences during
weaning or later childhood.[29] These studies have identified
three successive stages, which are crucial for modifying the
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food preferences: early development, prenatal period,
lactation, and early childhood at weaning. The exposure
received during this phase results in modifications in the
expression of flavor, food and drink preferences in later
stages of life. The researchers have therefore concluded
that since prenatal and postnatal exposures to different
flavors determine the extent to which innate dispositions to
tastes are expressed, effective strategies that increase
children’s healthy feeding patterns can be formulated.[30]

CONCLUSION
The researchers conducted an extensive enquiry to establish
the existence of a link between fetal exposures in the intra-
uterine life and the eating pattern of child after birth.
Therefore, it can be concluded that fetal exposure to food
flavors during early development stage in the womb
influences the expression of flavor, food, and drink
preferences in later stages of life of the new-born. Since
prenatal and postnatal exposures to different flavors
determine the extent to which a child develops food
preferences, it can be used as a baseline to ascertain
positive nutritional status of children later in life. This
knowledge can also be used to improve the development
of good nutritional habits in children.
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