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ABSTRACT

The Influence of Early Learning Environments on Sour Taste Development in the

First Year of Life

Aileen Kennedy

A mother’s diet during pregnancy and lactation influences the infant’s taste development as
eatly exposure to flavour in amniotic fluid and breast milk can modify innate taste preferences
in infants. Infants are born with an innate preference for sweet flavours while rejecting bitter
and sour tastes. Sour taste preference in infants is linked to high fruit intake and given the
increase in childhood obesity it is important we maximise the chances that children developing
healthy food preferences. This study examined the relationship between maternal fruit intake
during pregnancy and lactation and the development of sour taste preference during the first
year of life. Mothers completed a 7-day food diary during the 3 trimester of pregnancy and at
12 weeks post-partum. Infant feeding practices were recorded at birth, 3, 6 and 12 months and
infant food intake was assessed at 12 months using a 3-day food dairy.

At 6 and 12 months sour taste acceptance in infants was examined by offering a base drink
with increasing molar concentration (M) of citric acid (0.00M, 0.013M, 0.029M and 0.065M).
The infant was allowed to consume these solutions ad /ibitum over 60 seconds. Sour taste
acceptance was measured using three methods, amount ingested by the infant, the mother’s
perception of the infants acceptance and the frequency of the negative responses by the infant
to the solutions as measured by video analysis.

In general, infants rejected extreme sour tastes at 6 and 12 months. However, a large
variability within the group was observed, with some accepting these tastes. Fruit
consumption by mothers during pregnancy, gender and the length of exclusive breastfeeding
were positively associated with acceptance of sour tastes at 6 months (p<<0.05). At 12 months,
only an infant’s own fruit consumption was positively associated with sour taste acceptance
(p<0.05). This study also provided insights into mothers’ diet during pregnancy and lactation.
While in general their diet was adequate, participants had higher than recommended fat,
saturated fat and salt intakes and lower than recommended intakes of folate vitamin D.
Infants’ diet at 12 months also had poor intakes of vitamin D. This study sheds light on the
relationship between early exposure to fruit and sour taste acceptance infants, which could be
exploited to improve fruit intake from infancy.
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“I will add that formerly it looked to me as if the sense of taste, at least with my own children when they were
still very young, was different from the adult sense of taste; this shows itself by the fact that they did not refuse
rhubarb with some sugar and milk which is for us an abominable disgusting miscture and by the fact that
they strongly preferred the most sour and tart fruits, as for instance unripe gooseberries and Holz apples.”

Charles Darwin, 1877
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THESIS SUMMARY

Everyone wants to do the best for their child, to maximise their health, happiness and
success in life. David Barker’s ‘Foetal Origins Hypothesis® (Barker, 1997) hypothesises that
the origins of many of the common diseases in today’s society can be tracked back to the
responses of the baby or toddler to under or over-nutrition during the first 1000 days of
life (from conception through to a child’s 2™ birthday). In fact, right up until the child’s
2nd birthday, nutrition can have a long term impact on health, predicting a child’s risk of
developing coronary heart disease, hypertension, type 2 diabetes, certain cancers and even
obesity. Therefore nutrition, from early conception right through until the second year of
life, is vitally important for any infants’ long term health. Infants have an innate preference
for sweet, salty and fatty tastes and an innate rejection of bitter and sour tastes. However,
these innate rejections can be overcome and infants can develop a liking for these flavours.
Darwin reported this liking for sourness, as early as 1877, in his own children. The aim of
this thesis to examine the relationship between diet during pregnancy and lactation and the

development of sour taste preference during the first year of life.

This thesis is comprised of eight chapters.

Chapter 1 comprises of a detailed review of the existing literature and gives an overview of
the many factors that may shape infants’ food acceptance patterns during the first year of
life. The review is divided into 9 subsections covering the ontogeny of flavour perception

and its function in infants, exposure to volatiles in milk sources, a discussion of potential

XXVi



determinants of transfer of compounds into mothers’ milk, a review of early infant feeding
practices including weaning and finally a review of preference learning and a discussion of
the possible links to later obesity. Finally, it outlines the purpose of the present study, as

well as its specific aims, objectives and hypotheses.

Chapter 2 provides an in-depth description of the methodologies used in this thesis. It
includes a description of the research design, participants, measures, procedures, and

statistical analyses employed in the present study.

Chapter 3 focuses on the diets of women during the third trimester of pregnancy. It
reports on macro- and micro- nutrient intakes and compares these intakes for the group

with the government recommendations and the national surveys.

Chapter 4 cvaluates the diets of women at approximately 12 weeks post-pregnancy. It
reports on macro- and micro- nutrient intakes and compares these intakes for the group

with the government recommendations and the national surveys.

Chapter 5 focuses on early infant feeding practices of the infants in this study. Detailed
information on breastfeeding initiation and prevalence rates, using specific well-defined

breastfeeding definitions were collected and reported in this chapter. Detailed information

XXVii



regarding the introduction of complementary foods to the infants’ diets is also discussed.
Data are also presented on the weaning practices of mothers specifically pertaining to the

timing of weaning,.

Chapter 6 cvaluates the diets of 12 month old infants. It reports on macro- and micro-
nutrient intakes and compares these intakes for the group with the government

recommendations and the latest national infant surveys.

The results of the acceptance of sour taste of infants at 6 months and 12 months are
reported in Chapter 7. A subsequent analysis was undertaken to identify predictors of sour

tastes acceptance at both ages.

Finally, Chapter 8 provides a general discussion of the present study, exploring its
strengths and limitations, the practical and theoretical implications of its findings, and

suggestions for potential future research.
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CHAPTER 1. LITERATURE REVIEW

11 Introduction

The 1,000 days from conception until the infant’s 2nd birthday offer a unique window of
opportunity to shape a healthier future for the infant. The nutritional requirements of
infants are very high and change rapidly, making optimal nutrition during this time not only
critical for a child’s ability to grow, learn, and develop, but also in influencing the long term
health of the infant into adulthood (Barker, 2000). During the first year of life, infants triple
their birth weight and increase their length by 50%, a growth that is unmatched at any
other time during their lives (Thomas & Bishop, 2007). During this time, patterns of food
intake also change dramatically. By the time infants are half-way through their first year of
life, they can no longer obtain sufficient nutritional requirements from milk alone and
require a transition to a variety of solid foods for their continued growth and development.
This transition occurs over a period of several months, during which infants are exposed to

a variety of foods and combinations of tastes and flavours (Birch, 1998).

Research has demonstrated that children’s food consumption patterns are predominantly
determined by their food preferences (Baxter, Thompson, & Davis, 2000; Pérez-Rodrigo,
Ribas, Serra-Majem, & Aranceta, 2003). These preferences can be strongly tracked over
time, with regards to fat, carbohydrates and protein (Stein, Shea, Basch, Contento, &
Zybert, 1991; Wang, Bentley, Zhai, & Popkin, 2002), higher fruit and vegetable

consumption (Resnicow ¢ al, 1997) and overall food preferences (Skinner, Carruth,



Bounds, & Ziegler, 2002a). Evidence suggests that dietary experience and patterns have
their origins before the child is born, as foetuses in the third trimester can taste the flavours
from their mother’s food in utero and this can influence later food preferences (Skinner,
Ziegler, Pac, & Devaney, 2004). Given the early development of dietary patterns, it is of
key public health importance to understand how food preference develops from the third

trimester into early infancy.

To better understand food preference, a basic knowledge of the five primary tastes which
are perceived by humans viz. bitter, sweet, salty, sour and umami, is important. Evidence
has linked exposure to these tastes in utero or in early infancy to the development of
particular food preferences in later life (Mennella & Beauchamp, 2009). This thesis
examines sour taste preference at an early age and its link to the development of healthy
food consumption patterns among children. This focus on sour taste is due to its
association with low energy density foods such as fruit (Liem, Bogers, Dagnelie, & de
Graaf, 20006). Few studies have examined the link between sour taste acceptance and fruit
consumption and it has been shown that the acceptance of fruit by children is important as
high fruit consumption is linked to decreased weight gain (Buijsse e a/, 2009). Given the
growth in childhood obesity and associated co-morbidities seen in the past few decades, a

better understanding of food preference and patterns may play a role in promoting future

health.



There exists a continuum of opportunities for early exposure to flavour of fruits during
infancy. Infants learn about flavours prior to their first taste of solid food via amniotic fluid
and breast milk. Maternal and family diet plays a critical role in the timing and variety of
flavours and types of complementary foods proffered to the child. This study will examine
sour taste preference development in young infants, exploring whether early learning
environments, viz. uterine and through breast milk; and the introduction of solid food
influences the acceptance of sour tastes. This study will also afford us an opportunity to
examine the mothers’ diet during the third trimester of pregnancy and post-pregnancy.

Furthermore, it will also provide an opportunity to examine weaning practices in Ireland.

1.2 Nutritional Requirements of Infants from Conception to 1 year

It is important that mothers have adequate nutrition to meet the demands of their
developing foetus, thus allowing the foetus to grow and develop physically and mentally to
its full potential (Van Teijlingen ez a/, 1998). Sufficient nutrition helps to protect against
premature birth, congenital malformations and low birth-weight (Ortega, 2001). Once
born, the infants receive all of their nutrition from milk initially - either from breast or
formula milk. As infants grow, solid food is introduced into the diet (known as weaning)
to make up the increasing shortfall between their growing nutritional requirements and
what they are getting from breast or formula milk. Initially the nutrient content from solid
food is small but as weaning progresses the infant becomes more reliant on solid food to

meet their nutritional requirements. The following sections will discuss the nutritional



requirements from pregnancy through the first year of life for the infant and its mother. It

will try to elucidate on some of the issues that occur during this period.

12.1 Nutritional Requirements during Pregnancy

Energy intake during pregnancy is of particular concern, as food consumption must meet
the increased demands of the growing foetus, the increasing maternal tissues and fat stores
as well as the increase in maternal Basal Metabolic Rate (BMR), which is a result of being
pregnant. While there are wide variations between individuals’ energy requirements during
pregnancy, the total energy cost of pregnancy has been estimated as approximately 76,500
kilocaloties (kcal) (FAO/WHO/UNU, 1985). Many physiological adaptations occur to
help meet this increased requirement; better absorption, less energy expenditure and some
energy sparing adaptations allow the mother to meet increased energy demands. For
example, pregnant women make greater use of lipids as a source of energy for their own

needs, thus conserving their glucose stores for the needs of their foetus (Herrera, 2000).

The quality of maternal diet, both at conception and during gestation, is of great
importance due to its association with pregnancy outcomes. For example, a low folate
status peri-conceptionally can increase the risk of neural tube defects (MCR Vitamin Study
Research Group, 1991; Scholl & Johnson, 2000) or intrauterine exposure to low
concentrations of vitamin D is associated with less muscle mass and higher insulin

resistance in children (Krishnaveni ef @/, 2011). Adaptations to the muscular activity of the



intestine also occur, which lengthen the transit time of food in the gut. This increases the
efficiency of nutrient absorption from ingested food, especially with regard to nutrients like
calcium and iron (Barsai, 2003). Increasing evidence now suggests that maternal nutrition
might not only affect immediate pregnancy outcomes but may also have effects on infant

health in later life (Godfrey ez al, 1996; Godfrey & Barker, 2001; Krishnaveni ez al, 2011).

Often maternal increases in energy intake will involve an increase in many of the required
vitamins and minerals. The UK Dietary Reference Values (DRVs) for pregnancy
recommend small increases in energy intakes (Department of Health, 1991). None of their
recommendations include mineral intake increases, while the only increased requirements
for vitamins are for thiamin, riboflavin, folate and vitamins C, D & A. In Ireland, there are
similar changes to nutrient requirements along with added increases in several minerals -

particularly calcium, iron, vitamin B12 (Table 1.1).



Table 1-1 Recommended Dietary Allowances for non-pregnant women aged 18-64 in Ireland and aged 19-50 in
the UK as well as recommended increments during pregnancy for both Ireland and the UK (Department of
Health, 1991; Food Safety Authority of Ireland 1999)

Nutrient (units) Irish  Females  Irish  Pregnant UK  Females UK Pregnant
18-64 women™ 19-50 women
Energy (kcal/ day) 1900 +300%++* 1900 +200#x*
Protein  (g/ kg/ day) 0.75 +10g/d 45¢/day +10g/d
Thiamin (mg/ d) 1.0 0.9 0.8 0.9
Riboflavin (mg/ d) 1.3 1.6 1.1 1.4
Folate (ug/d) 300 500 200 300
Vitamin C (mg/ d) 60 8OHH* 40 50#%%
Vitamin D (ug/ d) 0-10 10 - 10
Vitamin A (ug/ d) 600 700 600 700
Calcinm mg/d 800 1200 700 700
Iron  mg/d 14 15 14.8 14.8
Viitamin B12 (ug/ d) 1.4 1.6 1.5 1.5

*#* For last trimester only

Pregnant women are advised to avoid certain foods in order to decrease potential risks for
both mother and child (Brundage, 2002; Gilbert, 2002), though these recommendations
change from country to country. In Ireland, women are recommended to avoid fish like
shark, marlin and swordfish as they may contain high levels of mercury (Food Safety
Authority of Ireland, 2004). In New Zealand, guidelines suggest that pregnant women can
consume these fish up to once a fortnight (Ministry of Health, 2008). Pregnant women face
the risk of infection viz. listeriosis, toxoplasmosis and salmonella through eating certain
foods such as raw or lightly cooked eggs, meat, fish and poultry, unpasteurised milk and
dairy products, pate as well as unwashed fresh produce. Infection of toxoplasmosis in early
pregnancy can lead to miscarriage or stillbirth and to hydrocephalus and retinochoroditis in
late pregnancy (Health Service Executive, 2010; Center for Disease Control and Prevention
2013). These dangers can lead to avoidance of certain foods during pregnancy (Health

Service Executive, 2010; Center for Disease Control and Prevention 2013).



Research has shown that the most significant change in women’s behaviour during
pregnancy occurs with regard to eating habits and food choices (Lewallen, 2004). Some
changes in food choices occur during pregnancy due to specific food cravings or aversions
experienced by the prospective mother (Bayley, Dye, Jones, DeBono, & Hill, 2002). One
study showed that pregnant women’s greatest aversions were to high protein foods such as
meats, fish, poultry and eggs (Flaxman & Sherman, 2000). It has been speculated that this
may be due to the effects of morning sickness, as recent research shows that during the
first trimester, prospective mothers’ intake of meat products were lower in those who
suffered from nausea and vomiting (Latva-Pukkila, Isolauri, & Laitinen, 2010). Fruit juice,
fruit and sweet foods were found to be the most commonly craved foods (Bowen, 1992;
Verbeke & De Bourdeaudhuij, 2007), with one study showing that women in their second

trimester of pregnancy had the highest cravings for sweet foods (Bowen, 1992).

12.2 Nutritional Requirements of Neonates and Infants to 1 year

Neonates and infants have a much higher requirement, relative to their size, for both
energy and nutrients in comparison to adults because of their high growth velocity and
their small gastric capacity, which cannot process large quantities of food. A nutritionally
dense diet is therefore essential for healthy infant growth (Thomas & Bishop, 2007). Table
1.2 details the macro- and micro- nutrient recommended allowances for infants from birth

to 12 months of age (Department of Health, 1991; Food Safety Authority of Ireland, 1999).



Table 1-2 Recommended Dietary Allowances for infants aged 0-12 months in Ireland (DoH 1991, FSAI 1999)

Nutrient (units) 0-3 months  4-6 months 7-9 months 10-12 months
Energy (M]/day)

Males 2.28 2.89 3.44 3.85
Females 2.16 2.69 3.20 3.61
Protein (g/day) 12.5 12.7 13.7 14.9
Vitamin A (ug/d) 350 350 350 350
Riboflavin (mg/d) 0.4 0.4 0.4 0.4
Vitamin C (mg/d) 25 25 25 25
Folate (ug/d) 50 50 50 50
Vitamin B12 (ug/d) 0.3 0.3 0.4 0.4
Vitamin D (ug/d) 8.5 8.5 7 7
Calcium mg/d 525 525 525 525
Iron mg/d 1.7 4.3 7.8 7.8
Zinc mg/d 4 4 5 5
Sodium 210 280 320 350
Mg 55 60 75 80
Vitamin B6 (mg/d) 0.2 0.2 0.3 0.4
Thiamin 0.2 0.2 0.2 0.3




1.2.2.1 Nutritional composition of breast milk

Breast milk meets an infant’s requirements for the first few months of life.

Table 1-3 Nutritional Composition of Mature Human Milk, unmodified cow’s milk and a cow’s milk whey
dominant infant formula.

Nutrient (units)per L. Human®" Cow Formuld
Milk Milk*"
Energy (M] 3.0 2.8 2.8
Total Carbohydrate (g) 74 49 73
Total Lipid (g) 42 38 36
Total Protein (g) 9 31 13
Casein (g) 2-3 27 4.7
Whey Proteins (g) 6.4 5.8 8.7
Non-protein Nitrogen 18-30 5 10
(% total N)
Sodium (mmol) 7 25 7
Potassium (mmol) 15 37 17
Calcium (mmol) 9 30 10.5
Magnesium (mmol) 1 5 3
Phosphate (mmol) 5 31 7.7
Chloride(mmol) 12 29 12
Iron (umol) 13 11 143
Zinc(umol) 48 63 92
Todine(umol) 0.6 1.2 0.8
Vitamin A (RE pg) 600 350 660
Vitamin E (mg) 3.5 1.4 7.4
Vitamin D (ug) 0.4 0.8 12
Vitamin C (mg) 41 18 90
Thiamin (mg) 0.2 0.4 1.0
Riboflavin (mg) 0.3 1.7 1.1
Niacin (NE mg) 7.2 8.2 9.0
Folic Acid (ug) 52 55 80
Vitamin B12 (ug) 0.1 4.5 1.8

3(McCance & Widdowson, 2002); >(Golden, 2000); ©(SMA, 2012)

The approximate concentrations of the constituents of breast milk are shown in Table 1.3,
but ranges are wide as its composition varies from mother to mother, with time of day, the

time into the feed and with the length of time post-partum. The composition of fat and the



amount of fat soluble vitamins in mature milk are particularly variable (Jensen, 1999;

Donovan, 2009).

Table 1-4 Overview of the influence of Maternal Diet on milk composition (Donovan, 2009)

Level of effect of Maternal Diet Breast Milk Component

Little or no effect Lactose concentration
Marco-mineral concentration (e.g. Ca, P, Mg)
Some trace elements (e.g. Zn, Cu)
Electrolytes (Na, K, CI)

Minimal effect except in severe Protein concentration & composition

under-nutrition Non protein nitrogen composition and concentration

Influence Fatty acid content and composition -PUFA; Trans Fatty acids
Manganese, lodine and Selenium concentration
Water soluble vitamin concentration (e.g. vitamin C & B12; folate)

Fat soluble vitamin concentration (vit D, A, E & K)

Ca- Calcium; P- Phosphorous; Mg- Magnesium; Zn- Zinc; Cu —Copper; Na- Sodium; K — Potassium Cl —Chloride; PUFA- Polyunsaturated fatty acids

As breastfed infants are dependent on breast milk for their entire nutrient intake, the
nutritional composition of the milk is very important. This is dependent on the nutritional
status of the mother in some aspects (Table 1.4). For example, infants born to mothers
with low vitamin D status are at high risk of deficiency as they will have low stores and
their mothers’ breast milk will be low in vitamin D (Melgaard & Fleischer Michaelsen,
2003). The recommended nutrient intakes are set at higher levels than non-pregnant
women due to the increased nutritional demands on the mother during lactation. Table 1.5
shows the Irish and UK Recommended Dietary Allowances for non-lactating and lactating

women (Department of Health, 1991; Food Safety Authority of Ireland, 1999).
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1.2.2.2 Nutritional Composition of Formula

Unmodified cow’s milk is very different from human milk (Table 1.3) and entirely
unsuitable for infants’ requirements (Table 1.2). The major reasons for this are that cow’s
milk contains high concentration of protein, sodium, calcium, phosphate and chloride.
Moreover, the concentrations of iron and copper in cow’s milk are too low. To address
these issues, the food industry started to develop modified milk, now known as formula in
the mid-19" century. The early 20" century saw the growth of modern day formula milks
and by the 1940s, formula milk was considered a safe substitute for breast milk (Stevens,
Patrick, & Pickler, 2009). In the US, the Infant Formula Act (1980) authorized the Food
and Drug Administration to assure quality control of infant formulas (Fomon, 2001) and
requires the following nutrients be present in all infant formulas: protein; fat; vitamins C,
A, D, E, K, Bl, B2, B6, and B12; niacin; folic acid; pantothenic acid; calcium;
phosphorous; magnesium; iron; zinc; manganese; copper; iodine; sodium; potassium; and
chloride. It was not until 2005 that global consensus was reached by an International
Expert Group on the composition of infant formula (Koletzko e# al, 2005). Although the
nutrients in synthetic formulas appear almost identical to the nutrients in breast milk on
labels, the bioavailability of these nutrients in formula varies significantly when compared
to breast milk (Stevens ez al, 2009). Moreover, infant formula does not change in
composition as the infant ages. Thus, formula is not responsive to a growing infant's

nutritional needs, which makes the digestive process more difficult (Lawrence, 1994).

11



1.2.2.3 Nutritional Requirements of the Mother while Breastfeeding
As exclusively breastfed infants are dependent upon breast milk for their entire nutrient
intake, the nutritional composition of the milk is very important. This is dependent on the
nutritional status of the mother. The major determinant of extra energy required during
this time are the volume and energy content of the milk produced. Well-nourished women
produce approximately 750 ml/day for the first 4-6 months of lactation. After the
introduction of solid food, this tends to fall to approximately 600 ml/day (Garza &
Rasmussen, 2000). The recommended nutrient intakes for energy as well as for many
vitamin and minerals are set at higher levels than non-pregnant/lactating women due to the
increased nutritional demands on the mother during lactation. Table 1.3 summarises the
Irish and UK Recommended Dietary Allowances for non-lactating and lactating women

(Department of Health, 1991; Food Safety Authority of Ireland, 1999).

Table 1-5 Recommended Dietary Allowances for women aged 18-64 in Ireland and aged 19-50 in the UK as well
as recommended increments during lactation for both Ireland and the UK (DoH 1991, FSAI 1999).

Nutrient (units) Irish Irish Lactating UK UK
Females women Females 19-  Lactating
18-64 50 women
Energy (kcal/day) 1900 +430 1900 +325-425
Protein (g/kg/day) 0.75 0.75 +10 g/day 45 g/day 65 g/day
Vitamin A (ug/d) 600 950 600 1300
Riboflavin (mg/d) 1.3 1.7 1.1 1.8
Vitamin C (mg/d) 60 80 40 95
Folate (ng/d) 300 400 200 280
Vitamin B12 (ug/d) 1.4 1.9 1.5 2.6
Vitamin D (ug/d) 0-10 10 - 10
Calcium mg/d 800 1200 700 1200
Iron mg/d 14 15 14.8 15
Zinc mg/d 7 12 7 19
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12.2.4 Nutritional Requirements of Infant during Weaning
The significant change in dietary experience occurs with the introduction of solid food.
The introduction to solid feeding and the gradual replacement of milk by solid foods is
known as weaning (Foote & Marriott, 2003). The Committee on Medical Aspects of Food
and Nutrition Policy (COMA, 1994) defines weaning as “zhe process of expanding the diet to
include foods and drinks other than breast milk or formula milf’. The WHO (2001) describes
weaning in very narrow terms, viz. “zhe complete cessation of breastfeeding”. Instead the WHO
(1998) uses the term Complementary Feeding to describe the introduction of solid foods
and has defined the term as “@ process starting when breast milk alone is no longer sufficient to meet
the nutritional requirements of infants, and therefore other foods and liguids are needed, along with breast
milk” (WHO, 1998; pp128-167). In Ireland and the UK, the terms complementary feeding
and weaning are used synonymously to describe the introduction of solid foods to infants.
For the purpose of this thesis, the term weaning will be used to describe the process of

introducing solid foods to infants in tandem with either formula or breast milk.

The weaning period is associated with significant changes in both the macronutrient and
micronutrient composition of the infant’s diet. Table 1.2 shows how the increases in
nutritional requirements of the infants for many nutrients (e.g. energy, protein, iron, zinc,
magnesium) coincides with the age that solid foods are introduced - at 6 months
approximately. Yet compared to the vast amount of literature on breast and formula
feeding, little attention has been given to this period and its significance in later infant

health and development.
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Weaning is a very important event during an infant’s development. The total energy
requitements of breastfed infants have been estimated to be 615 kcal/day at 6-8 months,
0686 kcal/day at 9-11 months and 894 kcal/day at 12-23 months of age (Dewey & Brown,
2003). The values were slightly higher when based on a combined group of breastfed and
formula-fed infants (634, 701 and 999 kcal/d at 6-8 months, 9-11 months and 12-23
months respectively; Butte ef @/, 2000). This was explained by the higher resting metabolic
rate of formula-fed infants compared to breastfed infants. Butte et al. (1990) previously
suggested that energy digestibility and the composition of the newly synthesized tissues
may differ between formula-fed and breast-fed infants, accounting for this higher

resting metabolic rate among formula-fed infants.

By the time infants are 4 months old, their neonatal iron stores have been reduced by 50%,
while by the age of 6 months these stores have been further reduced. Sufficient iron is
required for development and low-iron status in infants may result in delayed psycho-
motor development and defects in cellular immunity. Therefore, it is very important that,
between 4-12 months of age, adequate dietary sources of iron are provided to maintain
haemoglobin levels (Thomas & Bishop, 2007). During this time, the UK and Irish
recommended reference intake values increase from 1.7 mg/day at 0-3 months to 7.8
mg/day at 7-12 months. Studies on iron status in infants are limited but research suggests
that in Europe (including Irish data) 7.2% of infants at 12 months old are iron deficient
with 2.3% having iron deficiency anaemia (Male, Persson, Freeman, Guerra, & Hof, 2001).

The National Preschool Nutrition Survey 2012 (Walton, 2012) found that 23% of one-
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year-olds, 10% of two-year-olds and 11% of three year- olds were estimated to have

inadequate iron intakes.

1.3 Current Infant Feeding Recommendations and Practice

There is a great deal of research which indicates the benefits of breastfeeding to both the
mother (Heinig, 1997) and the infant (Beaudry, Dufour, & Marcoux, 1995; Fewtrell, 2004;
Golding, Emmett, & Rogers, 1997a; Golding, Emmett, & Rogers, 1997b; Hamosh, 2001;
Kramer ez al, 2009; Oddy et al, 2003). Further research has indicated that maternal
breastfeeding has implications for later infant food acceptance (Birch, 1998; Sullivan, 1994).
A growing body of literature also suggests that breastfeeding affords a small, yet consistent,
protective effect against infant obesity (Owen ez a/, 2005; Owen, Martin, Whincup, Smith,
& Cook, 2005). However, contradictory findings have emerged in research by Kramer
(2009), who, in a large cluster-randomised trial of breastfeeding, found no relationship
between breastfeeding and adiposity at 6.5 years. Further research is needed to better

understand this relationship.

Despite widely reported benefits, worldwide breastfeeding rates are low, with less than 40%
of infants exclusively breastfed during the first six months of life (WHO, 2013b). Some
countries have excellent initiation rates, notably Canada 90.3% (Chalmers ez a/, 2009);
Sweden 98%; Iceland 98% and Norway 99% (Cattaneo, Yngve, Koletzko, & Guzman,

2005). In these countries, mothers also breastfed for longer. In Norway, 80% of mothers
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still breastfed infants at 6 months, while in Sweden 72% and Iceland 65% of mothers’
breastfed at six months (Cattaneo ¢ @/, 2005). In Canada, there was a higher decline in

breastfeeding rates at six months with 53.9% still breastfeeding (Chalmers ez a/., 2009).

Ireland has one of the lowest breastfeeding rates in Europe and the world. The latest
national data available indicates that 46% of mothers were exclusively breastfeeding on
discharge from hospital in 2011, compared to 44.3% in 2008, 42.5% in 2004 and 36% in
1999 (The Economic and Social Research Institute - Health Research and Information
Division, 2012). Studies in Ireland and the UK showed that women who initiated
breastfeeding often stopped after a few weeks (Williams e# @/, 2010; Tarrant, Younger,
Sheridan-Pereira, & Kearney, 2011; Williams, Murray, McCrory & McNally, 2013). The
recent Growing-Up in Ireland study showed that the mean cessation time point for
breastfeeding was at 11 weeks for Irish born mothers. Women who had been educated to
Leaving Certificate (final school examination at ~18 years) stopped breast-feeding after 10

weeks on average, in comparison to those who had completed third level education, who

ceased breastfeeding at 14 weeks (Williams e a/, 2010).

In 2001, the WHO recommended that all infants should be exclusively breastfed until 6
months and that breastfeeding should continue until the baby is at least 2 years old (WHO,
2001). Earlier WHO recommendations (1995) recommended that solid foods should be
introduced after the 4th but before the 6th month of life. This new recommendation was
based on the findings of a systematic review, which concluded that there was no significant

difference in growth between infants exclusively breastfed for 3-4 months compared to

16



those breastfed exclusively for 6 months (Kramer & Kakuma, 2002). Moreover, research
had shown that early introduction of solid food before 4 months was associated with an
increased risk of obesity, gastrointestinal infection and risk of wheeze in developed
countries (Forsyth ef al, 1993; Wilson e al., 1998; Duijts, Jaddoe, Hofman, & Moll, 2010;
Huh ez al., 2011;). The rationale for the WHO policy change was to help reduce morbidity

in the developing world (WHO, 1995; Prescott et al., 2008).

Irish national recommendations have concurred with this new WHO recommendation that
all infants should be breastfed for the first six months of life (Department of Health and
Children, 2003). However, the evidence base supporting a major, population-wide change
in public health policy underwent surprisingly little scrutiny (Fewtrell, Wilson, Booth, &
Lucas, 2011). Recently, after a detailed review, commissioned by the FEuropean
Commission, the European Food Safety Authority’s panel on dietetic products, nutrition,
and allergies concluded that, for infants across the EU, complementary foods might be
introduced safely between four to six months, and six months of exclusive breast feeding
might not always provide sufficient nutrition for optimal growth and development
(European Food Safety Agency, Panel on Dietetic Products, Nutrition and Allergies, 2009).
This is similar to recent guidance issued by the British Dietetic Association Paediatric
Group (British Dietetic Association, 2013). Furthermore, a recent Swedish study has
shown the potential protective effect of introducing gluten-containing foods, gradually and
in small amounts whilst still breastfeeding, to increase the opportunity for the child to build

up an oral tolerance to coeliac disease (Ivarsson ez a/., 2013).
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It is, therefore, clear that there is much debate over the timing of the introduction of solid
foods. Moreover, despite the current recommendations of health authorities worldwide,
several countries show marked departures from official recommendations (Cattaneo ef 4/,
2009). In Italy, 34% of infants were reported to have received complementary foods before
4 months (Giovannini ef al., 2004), while in the UK the figure stood at 51% (McAndrew ez
al., 2012). The Euro-Growth Study found that the median age for solid-food introduction
was 19 weeks. About 7% of children were introduced to solid food before the end of the
third month of life and 77% of all infants were introduced to solid food by 21 weeks
(Grote et al, 2011). In Perth in Australia, 44% of infants were introduced to solid food,
before 17 weeks and 93% of infants had been introduced to solid foods before 26 weeks
(Scott, Binns, Graham, & Oddy, 2009). Similarly, in Ireland, a recent study (n=401) showed
that 70.5% of infants received solid foods before 16 weeks and that 99.7% had been
introduced to solid foods by 20 weeks (Tarrant ef a/, 2010). The finding that 5.1% of Irish
infants (Tarrant ez al,, 2010) had been introduced to solid foods by the age of 1 month is of

great concern.

Notwithstanding the timing of weaning, which may have negative effects on infant health,
the process itself is of importance for the development of the infant. Weaning, as well as
providing additional calories to meet the infant’s growing nutritional needs, provides an
opportunity for the infant to learn about food through exposure to novel tastes. There are
four key stages in this process, from smooth puree to soft finger foods, which are age-

specific and designed to meet the nutritional and developmental needs of the infant, which
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are described in detail in Appendix A. The timing of the introduction of solid foods to
infants is conditional on several developmental conditions being met. Infants must have
matured to the extent that they have sufficient neuromuscular coordination so that they are
able to lift their head, sit without support and take food from a spoon. The timing of this
development varies among infants but tends to occur between 4 and 6 months of age.
Developmental readiness is an important factor to consider with regard to the introduction
of complementary foods to infants. As an infant grows, it starts to develop the ability to
chew and starts to show an interest in food. Renal and gastrointestinal function need to be
mature in order to metabolise non-milk foods and this usually occurs by the age of 4

months (Ziegler ez al., 1990).

Oral motor development is also important in the transition to solid foods. At birth, an
infant has 5 oral reflexes present; reflex swallowing; reflex sucking; gag reflex; phasic bite
reflex and rooting. These reflexes fade or disappear over the first year of life and it is these
changes which allow the transition from liquid to semi-solid to solid foods to occur
(Naylor & Morrow, 2001). The ability to manipulate a bolus of food in the mouth and
swallow it, to coordinate a utensil and bring food to the mouth as well as drink from a cup,
all help in the development of muscles in the face. This muscle development is important
in the acquisition of speech, while eating finger food helps develop hand eye coordination

(Dunne, Farrell, & Kelly, 2011). These milestones are reached at different ages by infants.
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However, it has been noted that there are critical windows for introducing different
textures of foods. Studies show that those infants introduced to lumps in their food at a
relatively late stage (9 months or older) are more difficult to feed, have more definite likes
and dislikes, have long-term feeding problems and have reduced consumption of important
food groups such as fruit and vegetables (Northstone, Emmett, Nethersole & the ALSPAC

Study Team, 2001; Coulthard, Harris, & Emmett, 2009).

The WHO recommendation for 6 months of exclusive breastfeeding has caused much
professional debate because of the lack of scientific evidence to support these
recommendations. While the evidence is strong for the initiation of exclusive breastfeeding,
there is probably no definitive age at which all infants should be introduced to solid foods
but rather a range, somewhere between 4-6 months, depending on the individual
development of the infant. Further research is needed to provide evidence based guidelines
for weaning. The Scientific Advisory Committee (SACN) Subgroup on Maternal and Child
Nutrition (2011) is currently carrying out a review of the scientific evidence underpinning
the UK recommendations and will consider the need for updating these, though this will

not be completed until 2015.

1.4 Link between Early Nutrition and Disease

There is an increasing body of evidence which indicates that there are critical or sensitive

periods in life during which nutrition and growth may permanently influence dietary
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behaviour or “programme’ long-term development and disease in later life (Godfrey,
Lillycrop, Burdge, Gluckman, & Hanson, 2007; Gluckman, Hanson, Cooper, &
Thornburg, 2008; Gluckman, Hanson, Buklijas, Low, & Beedle, 2009; Hanson, Godfrey,
Lillycrop, Burdge, & Gluckman, 2011). The health and nutritional status of the mother
before conception, as well as the growth, energy and nutritional demands placed on her
during her pregnancy affect foetal growth. In recent decades, an emphasis has been put on
foetal nutrition and the potential impact it may have on an individual’s health during
childhood and adulthood. The Barker hypothesis (Barker, 1997) suggests a link between
prenatal, early life exposures and the development of a range of chronic diseases in later life
such as coronary heart disease (CHD), lung cancer and obesity through foetal
programming (Oken, Taveras, Kleinman, Rich-Edwards, & Gillman, 2007). This
hypothesis is based on the fact that under-nutrition during pregnancy can result in foetal
adaptive changes; including metabolic, circulatory and endocrine changes which last into

adulthood (De Boo & Harding, 2000).

The Dutch famine was a period of extreme food shortage in the west of the Netherlands
that occurred during the last 5-6 months of World War II. It is considered an important
historical cohort, which has been used to further investigate the Barker Hypothesis. Studies
have shown that those exposed to the famine in eatly gestation had a higher prevalence of
CHD (Roseboom e# al., 2000); were twice as likely to consume a high-fat diet (>39% of
energy from fat) and had a tendency to be less physically active (Lussana e al, 2008).

Stillbirths increased sharply during first trimester exposure to the famine, as did death in
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the first week of life (Susser & Stein, 1994). Prenatal exposure to the Dutch famine during

late gestation was found to be linked to impaired glucose tolerance in later adult life

Ravelli ez al,, 1998).

This growth restriction during gestation may be linked to programming later food
preferences and dietary patterns. Studies have shown that infants exposed to intrauterine
growth restriction tended to eat more foods rich in carbohydrates and fat upon reaching
adulthood than those who had not experienced such growth restriction (Lussana e al,
2008; Barbieri e al., 2009; Stein et al, 2009). Recently, Perild ez al. (2012) showed that small
body size at birth was associated with lower consumption of fruits and berries in

adulthood.

Evidence suggests that maternal hydration levels during pregnancy may be important in
determining salt intake and a preference for salty foods in humans (Crystal & Bernstein,
1995; Crystal & Berstein, 1998; Shirazki, Weintraub, Reich, Gershon, & Leshem, 2007).
Evidence shows that infants who had experience of moderate to severe mineral loss during
gestation or in early infancy, through illness or dehydration, displayed an increase in salt
preference in later childhood (Leshem, Maroun, & Weintraub, 1998; Shirazki ez al., 2007).
Furthermore, there is evidence that suggests that salt sensitivity is negatively correlated to
systolic blood pressure (SBP) in healthy and normotensive adolescents whose mothers
reported significant vomiting in the first trimester of gestation (Malaga e7 a/, 2005). These

individual differences can have significant implications for health outcomes. Several studies
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have shown that higher sodium intakes are associated with increased incidence of mortality
from cardiovascular disease (CVD), particularly from stroke (He ¢z a/, 1999; Umesawa ez al.,
2008). Ikehara (2012) recently showed, in a large prospective cohort study of middle-aged
men and women that a high salt preference was associated with a 20% increased risk of
mortality from stroke compared with a low salt preference. These associations did not
significantly change after adjustment was made for other cardiovascular risk factors

including a participant’s history of hypertension.

In addition to the effects of maternal—foetal nutrition, the impact of postnatal growth and
infant feeding on long-term human health has also been investigated (Singhal & ILucas,
2004). Breast feeding, when compared with formula feeding, has been shown to have long-
term beneficial effects on CVD risk factors such as blood pressure (Owen, Whincup, Gilg,
& Cook, 2003; Martin, Gunnell, & Smith, 2005), insulin resistance (Owen, Martin,
Whincup, Smith, & Cook, 20006), dyslipidaemia (Owen ez al., 2006; Owen et al., 2008) and
obesity (Owen e# al., 2005). Two systematic reviews (of twenty-six studies) have shown that
both systolic and diastolic blood pressure are lower (effect size 0-5—1-5 mmHg) in breast-
fed infants compared with formula-fed infants (Owen ef al, 2003; Martin et al, 2005).
However, this is a very modest effect and further research is needed to establish the role of
duration of feeding on blood pressure. Any effect seen may be modest given the overall
difference between those breastfed and formula-fed and questions would have to be raised

as to whether these results would have any long-term clinical significance.
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As infants move from an exclusive milk diet to a diet of mixed foods, the research focus on
the impact of weaning and toddler diets on long-term human health has continued. The
timing of the introduction of solid foods into the infant’s diet is important for long-term
health. The early introduction of solid food (before 15 weeks) is associated with heavier
bodyweight and a greater percentage body fat at 7 years of age (Wilson ez al, 1998).
However this study is an observational study thus making causation difficult to establish.
Delaying the introduction of solid foods may also have long term consequences,
contributing to the development of food allergies and altering food preferences (Harris,

2008).

The eatly years represent a pivotal time, during which long-term dietary habits are
established, with potential life-long effects on appetite, obesity and other risk factors for
CVD (Nicklas e al., 1988; Carnell & Wardle, 2008). An eatlier age of adiposity rebound,
which is often established before the age of 5 years, and faster weight gain in pre-school
children is a risk factor for later adiposity (Gardner e# al, 2009). These risks were found to
track into later life (Nader ez 4/, 2006). The composition of the infant’s diet during the early
years is also important, as high intakes of protein and saturated fat can contribute to later
obesity (Cowin & Emmett, 2000). A higher protein intake in the pre-school years is
particularly associated with an increased risk of later obesity (Gunther, Buyken, & Kroke,

2007).
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Optimising the diets of women during pregnancy, infants and pre-school children could,
therefore, be critical to the prevention of later diseases in adulthood. Much of the literature
focuses on the nutritional quality of diets during these times. However, there is a growing
body of evidence suggesting that the food choices a mother makes during her pregnancy
may affect an infant’s later acceptance of solid foods. It has been shown that flavours in
the mother’s diet can serve to heighten the acceptability of those flavours during weaning,
(Mennella, Turnbull, Ziegler, & Martinez, 2005). Furthermore, a recent review found
moderate tracking of eating behaviours from infancy to childhood, suggesting that certain
aspects of eating behaviour are fairly stable for a given individual during childhood
(Nicklaus & Remy, 2013). Therefore, an understanding of human taste, its development
and its relationship with food preferences is vital for our understanding of current dietary

patterns in society.

1.5 Physiology of Human Taste

What is referred to as taste in everyday language actually refers to mixture of taste, smell,
irritation or feel that is perceived in the oral and nasal cavities. This thesis will focus upon
the taste aspect only. A person can perceive thousands of different tastes, which are
believed to be combinations of the 5 primary taste sensations: umami, salty, sweet, bitter
and sour. Each of these sensations excites different taste receptors and has different
recognition thresholds (Table 1.6). Taste occurs when the tastant activates the taste
receptors and an afferent signal, using electrical impulses is sent to gustatory processing

regions of the brain. At low concentrations, the afferent signal may be too weak and unable
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to produce a noticeable difference from a similar solution with the tastant. As the
concentration of the tastant increases, the afferent signal strength will increase and will
reach a level where it is discriminated from a solution of water but it is still not possible to
identify the taste quality. This is known as the detection threshold. Actual identification of
the tastant occurs when the concentration increases to a level that is high enough not only
to activate the taste receptors but will also produce electrical impulses which can be carried
via sensory neurons to the brain where they decoded and after which the taste quality can

be identified (Liem, Miremadi, & Keast, 2011).

Table 1-6 Examples of Stimuli and molar Thresholds for tasting the Primary Taste Sensations

Taste Substance Taste Receptors Detection Threshold
Salt NaClI** EnaC 0.01 M

Sweet Sucrose T1R2, T1R3 0.01 M

Umami Glutamate T1R2, T1R3, mGluR4 0.0007 M

Bitter Quinine T2Rs 0.000008 M

Sour HCI* PKD Channels 0.0009 M

*HCI- Hydrochloric Acid ** NcCl- Sodium Chloride ENaC-Epithelial Sodium channels T1R2-Taste receptor type 1 member 2; TIR3-Taste receptor

type 1 member 3; mGluR4= metabotropic glutamate receptor 4; PKD Channel-polycystic kidney disease-like ion channel.

The identities of the specific chemicals that excite different taste receptors are still not fully
known. One of the most common misconceptions about taste is the concept of a taste map
where sensitivity to different tastes is thought to correspond to specific areas of the tongue.
In reality, there are little regional differences in taste sensitivity. In mammals, taste buds
(Figure 1.1) are located throughout the oral cavity, in the pharynx, the laryngeal epiglottis
and at the entrance of the oesophagus. Most taste receptor cells are components of taste

buds, which are clustered on three types of papillae (i.e., fungiform, foliate, and
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circumvallate) located on the tongue (Chandrashekar, Hoon, Ryba, & Zuker, 2006). More
recently taste receptors have been found in other parts of the body such as the stomach,
intestine and pancreas, where it is believed that they aid the digestive process by influencing
appetite and regulating insulin production, as well as in the trachea and sperm, where their

actions are pootly understood (Trivedi, 2012; Li, 2013).

outer taste pore

epithelial cells

synapses

Figure 1-1 Drawing of a cross-section through a taste bud showing the different cells. Supporting cells - contain
microvilli that appear to secrete substances into lumen of taste bud. Sensory receptor cells - has peg-like
extensions projecting into lumen. At the base of the taste bud, afferent taste nerve axons invade the bud with
each fibre typically synapsing with multiple receptor cells within the taste bud (Source: Tim Jacob, Cardiff
University).

The taste receptors at the apical end of the taste receptor cells are exposed to the internal
environment in the oral cavity (Figure 1.1). When food or drink enters the mouth,
chemicals from those foods activate taste receptors. The chemical signal is converted to an
electrical signal and sent via the seventh, ninth and tenth cranial afferent nerve fibres to the
primary gustatory processing regions of the brain, the medulla. From there, information is

relayed (1) to the somatosensory cortex for the conscious perception of taste and (2) to the
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hypothalamus, amygdala and insula, giving the so-called "affective" component of taste.
This is responsible for the behavioural response, e.g. aversion, gastric secretion and feeding
behaviour (Figure 1.2) It is not fully understood how the brain interprets the input from

these signals and tells us what we are tasting (Lodish e a/, 2013).

TASTE RECEPTOR TASTE SENSORY
CELLS ON — HEURONSIN
TONGUE THE BRAINSTEM

—

BRAINSTEM TASTE
RELAY CELLS
(GUSTATORY NUCLEUS)

SOMATOSENSORY AND AMYGDALA HIPPOC AMPUS
FRONTAL CORTEX HYPOTHALAMUS
(Conscious perception (Emotional quality ({Memories of
of taste) of taste) taste)

Figure 1-2 The pathway of taste molecules from taste receptor cells on the tongue to the specific sections of the
brain showing the different parts involved in the conscious perception of taste as well as the emotion and
memories often attached to tastes. (Source: Tim Jacob Cardiff University)

1.5.1 Salt Taste

Salty tastes are elicited by ionized salts. The quality of the taste varies somewhat from one
salt to another as salts elicit other taste sensations besides saltiness. The cations of the salts
are mainly responsible for the salty taste, but anions can also contribute to this taste to a
lesser extent. When Na® (Sodium) ions enter the receptor cells via amiloride-sensitive
epithelial Na" channels, ENaC (Lindemann, 2001), it causes a depolarisation of the cell and

Ca?" enters through voltage-sensitive Ca?" channels. This causes transmitters to be released
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and results in increased firing in the gustatory nerve (Figure 1.2). This has been confirmed
in recent studies where knocking out critical ENaC sub-units in taste buds impaired salt

taste detection in mice (Chandrashekar ez al., 2010).
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Figure 1-3. Drawing of a cross section through a taste receptor cell. It also shows how taste transduction occurs
for each of the five basic tastes- salt, sour, sweet bitter and umami. Taste molecules fit into receptors on the
microvilli at the top of the cell, causing electrical changes that release transmitters onto the nerve endings at the
bottom of the cell. The nerve carries these taste messages to the brain. (Source: Tim Jacob Cardiff University).

1.5.2 Sweet Taste

Sweet taste is not caused by any single class of chemicals. Some of the types of chemicals
that cause this taste include sugars, glycols, alcohols, aldehydes, ketones, amides, esters and
amino acids. In the taste pore membrane, there are receptors T1R2 and T1R3 that bind
glucose. By glucose binding to the receptors, a G-protein is activated, which in turn

activates phospholipase C (PLC-B2). Phospholipase C generates intracellular messengers
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which activate the TRPMb5 channel and cause cells to depolarise. The depolarisation causes
calcium to enter the cell and release transmitters, which cause the increases in the firing of

the gustatory nerve (Figure 1.3).

1.5.3 Umami Taste

The taste sensation known as umami is imparted by a number of amino acids and
ribonucleotides e.g. monosodium glutamate or MSG. It was first identified by Kikunae
Ikeda at the Imperial University of Tokyo in 1909. Its existence has been debated among
scientists for many years and its description was only translated into English in 2002 (Ikeda,
2002). Therefore, there has been a lack of research in this area until recently. Initially it was
thought that the metabotropic glutamate receptor (mGluR4) mediated umami taste by
binding to the receptor which activated a G-protein, increasing intracellular Ca2".
However, more recently it has been found that the binding to T1R1 and T1R3 receptors
mediate umami taste, by activating the non-selective cation channel TRPM5 and causing
cells to depolarise. This depolarisation causes calcium (Ca®) to enter the cell and release
transmitters which cause the increases in the firing of the gustatory nerve (Figure 1.2;
Nelson ¢t al, 2002). However, in studies where T1R3 have been knocked out in mice,
preference for umami has been detected (Yasumatsu ez a/, 2009), suggesting that umami
taste may be more complex and is likely to mediated through multiple types of taste
receptors. Other candidate umami receptors that have been identified are G protein-
coupled glutamate receptors (Nelson ef al, 2002; San Gabriel & Uneyama, 2012), though

understanding of the mechanisms is still in its infancy.
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1.5.4 Bitter Taste

Like sweet taste sensations, bitter tastes are not caused by any single type of chemical agent.
The substances that give rise to bitter tastes are almost entirely organic substances. Two
particular classes of substances are especially likely to cause bitter taste sensations viz.; (1)
long-chain organic substances that contain nitrogen and (2) alkaloids (Lindemann, 2001).
These alkaloids include many of the drugs used in medicines, such as quinine, caffeine,
strychnine and nicotine. Some substances that taste sweet at first have a bitter aftertaste.
This is true of saccharin, which makes this substance objectionable to some people. The
bitter taste, when it occurs in high intensity, usually causes the person or animal to reject
these foods. This was important in evolutionary terms as many deadly toxins found in
poisonous plants are alkaloids, which all cause an intensely bitter taste. Aversion to these
foods would have protected infants from eating dangerous substances (Drewnowski &
Rock, 1995). Research suggests that sweet, umami and bitter tastes converge on a common
transduction channel, the transient receptor potential channel TRPM5 (Chandrashekar ez
al., 2000) via phospholipase C (PLC). It has been shown that PLC and TRPM5 are co-
expressed with T1Rs and T2Rs and are vital for sweet, amino acid, and bitter taste
transduction. Activation of T1R or T2R receptors by their respective taste molecules would
stimulate G proteins, and in turn PLC (PLC-B2). The activation of PLC generates two
intracellular messengers inositol trisphosphate (IP3) and diacylglycerol (DAG) from the

hydrolysis of phosphatidylinositol-4,5-bisphosphate (PIP2) and opens the TRPM5 channel,
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resulting in the generation of a depolarising receptor potential (Figure 1.2; Zhang et al.,

2003).

1.5.5 Sour Taste

Acidic stimuli are the unique sources of sour taste. The intensity of the taste sensation is
approximately proportional to the logarithm of the hydrogen ion concentration i.e. the
more acidic the acid, the stronger the sour taste sensation. Initially, it was believed that the
mechanism for detecting sour taste was similar to that which detected the salty taste; with
either H" ions blocking K" channels causing a depolarisation, or with H" ions entering the
cell through epithelial Sodium (ENaC) channels. Additionally, two acid-sensing channels -
the PKD2L1 and PKD2L3 channels (Huang e a/, 2006; Ishimaru ez al, 2006) have been
proposed as possible sour taste receptors. These channels are members of the transient
receptor potential channel (TRP) family and are non-selective cation channels and are
permeable to both Na" and Ca?" (Figure 1.2). However, mice studies have shown that mice
lacking PKID2L.3 remain capable of detecting sour tastes (Nelson e a/, 2010). Chaudhari &
Roper (2010) suggest that Type III cells in taste buds, which are plasma membrane
channels that are modulated by cytoplasmic acidification such as certain K' channels, may
be more likely sour taste receptors. However, more research is needed to understand these

mechanisms further.

1.6 Ontogeny of Primary Tastes

In the human foetus, collections of cells resembling immature taste buds can be seen as
early as the seventh or eighth week of gestation. Between weeks twelve and fourteen, the

cells along these buds elongate and form taste pores. However, it is not until the second
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trimester (approximately weeks 13-15) that the adult form of the taste bud is recognisable.
As the second trimester progresses, these taste buds continue to develop in complexity.
From approximately week twenty onwards, no more changes in the morphology of the
taste buds occur while these taste buds are thought to be fully functional by the third

trimester (Bradley & Stern, 1967).

16.1 Evidence of Taste Preference in Infants.

In order to protect infants from ingesting harmful substances and to promote the
consumption of nutritious substances, they already have a sophisticated sense of taste at or
before birth (Cowart & Beauchamp, 1986; Rosenstein & Oster, 1988). Studies of
premature infants of gestational age between 6-9 months have also shown that they are
able to express differential responses to taste stimuli, particularly sweet and bitter tastes
(LeCanuet & Schaal, 2002). Newborn infants are responsive to taste stimuli. Infants have
an innate preference for sweet flavours, as demonstrated by positive facial expressions
upon tasting. By comparison, sour substances trigger negative facial reactions and infants
reject solutions that have sour tastes (Steiner, 1977). As they grow older this reaction is
modified. Schwartz ef al. (2009) showed a decrease in preference of sweet flavours and an
increase in preference for salt flavours over the first year of life. Furthermore, they looked
at infants aged 3, 6 and 12 months and found that at each age, sweet and salty tastes were
the most preferred tastes, reactions to umami was neutral and sour and bitter were the least
accepted tastes. However, during the first year, inter-individual variability increased for all

tastes except salt.
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Because infants cannot yet communicate verbally, sensory testing with them requires an
indirect approach. Methodologies for the measurement of food preferences or acceptance
in infants and toddlers have received little attention in the literature. Taste acceptance of
infants and toddlers have been studied using a variety of behavioural measures like facial
expressions (Ganchrow, Steiner, & Daher, 1983; Mennella, Jagnow, & Beauchamp, 2001;
Schwartz, Issanchou, & Nicklaus, 2009), suckling patterns (Crook & Lipsitt, 1976), intake
(Blossteld et al, 2007; Crystal & Berstein, 1998; Schwartz, Issanchou, & Nicklaus, 2009) or
their mother’s perception of their preferences (Blossfeld ez a/, 2007; Wallace, Inbar, &
Ernsthausen, 1992), whereby the primary caretaker (typically the mother) interpreted the
behaviour of the child as he/she tasted the food, and rated acceptance on a traditional
hedonic scale (Guinard, 2000). However, it is difficult to compare studies as methods vary
widely. Table 1.7 describes the cognitive ability of infants from birth to 18 month, showing
the difficulties in assessing taste preference in this age group and demonstrating how

researchers rely on indirect methods of assessment.
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Table 1-7 The Cognitive skills of infants adapted from the ASTM's Committee 18 on Sensory Evaluation (ASTM
International).

Skill/ Behaviour Birth -18 months

Language —Verbal, Reading, Pre-verbal. Rely of facial expressions. Cannot read. Cannot
Writing, Vocabulary write. Uses sounds. Very few words.

Attention Span Gauged by eye contact.

Reasoning Limited to pain and pleasure.

Decision making Does not make complex decisions.

Understanding scales Does not understand scales.

Motor skills Possesses some gross motor skills. No fine motor skills.
Recommended Evaluation Behaviour Observations. Diaries. Consumption or Duration
Techniques Measurements.

Adult involvement Primary Caregiver. Trained Observer. Experimenter.

Steiner (1977) was the first to publish photographs of newborns’ facial reactions to strong
solutions of sucrose, citric acid, quinine sulphate, sodium, glutamate or water (Figure 1.4)
and successfully demonstrated that infants can perceive tastes from birth and that taste
preferences are mostly innate. The following sections will discuss in detail these reactions

for all the basic tastes- salt; sweet; umami; bitter and sour.
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WATER SWEET

BITTER UMAMI

Figure 1-4 Examples of newborns’ facial reactions towards sweet solution (0.04M sucrose), sour solution (0.24M
citric acid), bitter solution (0.00007M quinine sulfate), and umami solution (0.5% monosodium or potassium
glutamate) in comparison to a neutral solution of distilled water. Taken from Steiner, 1977.

1.6.2 Salt Taste

There has been much discussion and variability encountered in the literature regarding
infant salt preference (Crystal & Berstein, 1998). Salt taste preference has not been linked
to any specific gene; therefore varying exposure to salt appears to provide a convincing
explanation for wide variations in salt preferences (Wise, Hansen, Reed, & Breslin, 2007).
At birth, salt does not reliably elicit either a consistent distinctive facial expression (Steiner,
1977) or a differential intake that would indicate that salty substances are distinguished
from water or that salt is a preferred taste. Indeed, no reliable preference for the salt taste
appears until approximately 4 months post-partum (Beauchamp, Cowart, Mennella, &
Marsh, 1994). The relatively late appearance of the preferential response for salt has been
interpreted by some as evidence that salt preference is due to previous exposure to salt in

foods. However, other research has questioned that interpretation. Harris (1990a) found
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that 4 month old infants had a preference for salt in food, which could not have been
based on experience as all infants up to that had been exclusively breastfed (human milk
has a relatively low sodium content). The author suggested that infants may have an innate

preference for salt that only appears on sensory maturation.

Stein ez al. (2006) showed a relationship between birth weight and salty taste acceptance in
infants and young children and found a significant association between lower birth weight
and higher salt taste acceptance at 2 months. They found that 2 month old infants
manifested a wide range of responses to salt taste stimuli, ranging from high acceptance to
strong rejection. While authors suggest that such differences could conceivably be
attributed to random variation, the strong inverse association of salt acceptance with birth
weight is consistent with an impact of unidentified prenatal or early postnatal events
influencing development of salt taste sensitivity, avidity or both (Stein, Cowart, &

Beauchamp, 20006).

16.3 Sweet Taste

The sensory appeal of sweetness is both innate and universal. There are good adaptive
reasons why humans may have evolved innate preferences for sweet tastes, as sweetness
usually signals energy dense foods. Newborn infants, without any prior exposure to tastes,
have shown a preference for sugar solutions compared to water (Steiner, 1977), with the

facial response being described as one of facial relaxation and sucking (Rosenstein & Oster,
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1988). They can also discriminate between different kinds of sugars (for example glucose
and fructose), as well as different concentrations of the same sugars (Desor, Maller, &
Turner, 1973). Interestingly, sucrose is used for pain management in infants and children as
it is thought to have an anaesthetic effect. It is not fully understood how it works but it is
thought to have a similar pathway to opioids, as it was shown in rat models that Naloxone,

an opioid antagonist, actually blocked the effect of sucrose (Zempsky & Schechter, 2003).

Children’s food preferences are often guided by taste alone and studies have shown that in
pre-school children food preferences are determined by two factors — familiarity and
sweetness (Birch, 1992; Birch, 1979; Aldridge, Dovey, & Halford, 2009). Although this
preference is innate, it is soon modified by experience and becomes increasingly context
specific. Very young infants show a preference for sweetened water; however, this
preference was only maintained several months later among infants whose mothers
continued to feed them sweetened water. This effect was specific to water and did not
generalise to other beverages (Beauchamp & Moran, 1982). Experience can also teach
children that some foods are appropriate contexts for sweetness whereas others are not.
Pre-school children repeatedly given tofu - either plain, salted, or sweetened, came to prefer
the version that was most familiar to them (Sullivan & Birch, 1990). This would suggest

that sweet tastes are preferred in children - but only in familiar food contexts.

The preference for sweet tastes remains high during childhood but reduces as children
mature (Desor & Beauchamp, 1987). There are also individual differences in the degree of

sweetness preferred (Desor ef al, 1973). These differences may reflect differences in
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experience and may or may not correspond to dietary recommendations. Furthermore,
experience may modify preference as children get older. Liem ef 4/ (2004) demonstrated
that repeated short-term exposure to orangeade with high concentrations of sucrose
significantly increased children’s preference for this orangeade while no increase in
preference was detected in adults. Other research has shown that children whose mothers
routinely added sugar to their diet preferred higher levels of sugar in apple juice compared
to children whose mothers reported never adding sugar (Liem e /., 2004). This shows the
importance of introducing healthy foods and flavours to children at a young age to increase
exposure to these foods and indicates the important influence mothers have on their child’s

diet.

16.4 Umami Taste

Umami substances have a subtle taste even at high concentrations and can also be difficult
to distinguish from salty tastes, as sodium is also found in monosodium glutamate (MSG)
(Lindemann, 2001; Kim, Breslin, Reed, & Drayna, 2004). Research has shown that, in
adults and children, MSG solutions are unpalatable but the addition of MSG to foods
increases their palatability. It appears that umami must be experienced in the context of
other flavours to be liked i.e. it is a flavour enhancer rather than a pleasant flavour itself
(Wardle & Cooke, 2008), though further research to understand this flavour is needed. To
date, very little is known about the variability in umami taste perception among humans.
The complete DNA sequence of T1R1 and T1R3 receptor genes suggests there may be

some variation between populations but the relationship between possible polymorphism
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and umami taste perception has not yet been explored (Garcia-Bailo, Toguri, Eny, & El-

Sohemy, 2009).

16.5 Bitter Taste

Infants show negative facial expressions to bitter tastes. Newborn infants react to bitter
stimuli by mouth gaping, which is often accompanied by an elevation of the tongue in the
back of the mouth (Rosenstein & Oster, 1988). These actions block swallowing and allow
the liquid to drain from the mouth. It was also the strongest rated response given by
infants compared to those given for sweet, salty and sour. However, bitter taste may also
be modified through experience. Kajiura ez a/. (1992) showed that while newborn infants
did not reliably reject bitter tastes, these rejections were evident in older infants (14-180 day

old infants).

Genetic differences also contribute to the variability in human perception of bitter
substances. Duffy & Bartoshuk (19906), in a review of existing evidence on bitter taste
reactions, showed that among adults, there are individual differences in sensitivity to the
bitter substances 6-n-Propylthiouracil (PROP) and phenylthiocarbamide (PTC), which can
be explained by genetic differences. Those who have the two recessive alleles are
considered as non-tasters (approximately 30% of a population) and those who have one or
both dominant alleles are considered as tasters. Tasters were also shown to have a greater

number of fungiform papillae on the tongue compared to non-tasters.
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Adult PROP tasters perceive stronger bitterness in caffeine (Hall, Bartoshuk, Cain, &
Stevens, 1975) and potassium chloride, the salt substitute, (Bartoshuk, Rifkin, Marks, &
Hooper, 1988) when compared to non-tasters. Many vegetables are bitter tasting and are
disliked for this reason. Taste sensitivity to PROP has been shown to influence food
preference and reported intake in young children, with PROP tasters showing lower
acceptance of raw broccoli (Keller, Steinmann, Nurse, & Tepper, 2002) and spinach
(Turnbull & Matisoo-Smith, 2002). One study showed that non-taster children consume
more vegetables overall, particularly the vegetables that are bitter tasting, compared to
taster children (Bell & Tepper, 2006). These studies suggest that the PROP bitter-taste
phenotype contributes to the development of vegetable acceptance and consumption

patterns during early childhood.

16.6 Sour Taste

Little is known about inter-individual variation in sour taste perception (Garcia-Bailo ez al,
2009). An eatly genetic study of twins failed to show any evidence of heritability for the
threshold at which individual could detect sourness (Kaplan ez a/, 1967). However, in more
recent years, another twin study has shown that genetic factors do play a role in recognition
thresholds for sour tastes (Wise ez a/, 2007). This suggests that genetics do play a role in
sour taste perception but that any potential relationship between polymorphisms in these

genes and sour taste perception needs to be investigated further.
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There is a lack of research into the area of sour taste development and preference and little
is known about the ontogeny of sour taste preferences. Negative gusto facial reactions to
sour substances have been reported in infants (Steiner, 1977) and they reject solutions
having sour tastes (Desor es al. 1973). Newborns with no taste experience respond
differentially to sour and bitter stimuli, demonstrating that they can discriminate between
these two taste sensations. Lip pursing and rapid sucking movements are the most
commonly elicited facial response made by infants in reaction to sour flavours (Rosenstein
& Oster, 1988). It is suggested that the reason for these movements is to compress the
cheeks against the gums, thus increasing salivation in the mouth. This would dilute the sour
solution, making it more palatable, as naturally occurring sour substances, like sweet

substances, are likely to be nutritious and not toxic (Birch, 1999).

It is only in the last decade that researchers have started to examine links between
perception of sour taste and food preferences, specifically if these preferences change with
experience during the early years of life. Research by Liem & Mennella (2002) and
Mennella & Beauchamp (2002) suggests that experience with sour tasting hydrolysed
protein formula during infancy can modify the natural aversive reaction to sour taste
amongst infants. Hydrolysed protein formula is given to babies who have an intolerance or
allergy to cow’s milk. It is described as having a bitter and sour taste as well as an
unpleasant odour, due to the presence of free amino acids. Children aged between 4-5
years, who were fed hydrolysate formulas as infants, were more likely to prefer the odour

and flavour of the hydrolysed formula and were less likely to make negative facial
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expressions during testing. Additionally, those children with experience of the sour tasting
formula also had a higher preference for sour flavoured juices when compared to children

without experience of the hydrolysed formula (Mennella & Beauchamp, 2002).

Additional work by Liem ez a/. (2004) revealed that, at 5-9 years of age, some children
display heightened sour preferences independent of their experiences with hydrolysed
formula. Researchers suggest that a preference for strong sour stimuli is related to
children’s willingness to try unfamiliar foods (Liem & Mennella, 2003; Liem e al, 2004)
and their fruit consumption (Liem & Mennella, 2003; Blossfeld e a/, 2007). Liem &
Mennella (2003) demonstrated that sour taste preferences are heightened during childhood
and that these preferences are related to children’s food preference and habits. They found
that those children who preferred extremely sour tastes tended to experience a greater
variety of fruits when compared to other children. Liem e a/ (2004) observed that
preference for sour taste was not related to differences in rated sour intensity. However,

those who preferred sour taste had a higher salivary flow.

Blossfeld ez al. (2007) found a positive relationship between 18 month old infants who
accepted highly sour tastes and a diet high in fruit intake and variety. Infants who accepted
the sourest solutions also had a higher fruit intake at 6 months and a significantly higher
increase in their fruit intake from 12 to 18 months (Blossfeld ez @/, 2007). This study
offered the first evidence that variations in sour taste acceptance exist between older

infants. Furthermore, it suggested that some older infants do not automatically reject sour
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tastes. Since newborns appear to have a negative reaction to sour tastes, research is needed
into possible critical periods in the development of these variations in sour taste
preference. Through repeated exposure to predominately sour flavoured foods during
these periods, it might be possible to overcome the child’s innate aversive reaction to sour
stimuli and thus improve fruit intake. Such a change, we will see, may yield many benefits

for the child, and for society.

1.7 Development of Food Preferences

The maternal diet provides a great deal of knowledge to the foetus about available foods in
the outside environment. After the birth of her infant, maternal choice with regard to early
infant feeding practices (for example, breast feeding versus formula feeding) will impact on
an infant’s development and health. Moreover, decisions regarding the timing of weaning
and, in turn, the foods introduced will also impact on the infant’s development. Figure 1.5
gives an overview of the types of learning that can occur during various stages of infant
development, viz. prenatal, neonatal and weaning. The next sections will consider each of

these stages and explore how eatly learning experiences can affect food preference.
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Figure 1-5 Types of flavour learning that can occur during various stages of infant development: prenatal,
neonatal and weaning periods. Adapted from (Mennella & Ventura, 2010)

17.1 Prenatal Learning

The foetus develops surrounded by amniotic fluid, which is a rich source of sensory
exposure. Amniotic fluid has been shown to contain flavours that resemble the flavour of
the food previously eaten by the mother. Studies have shown that garlic (Mennella,
Johnson, & Beauchamp, 1995), cumin, fenugreek and curry (Hauser, Chitayat, Berns,
Braver, & Mubhlbauer, 1985) odours have been identified by adult researchers in the
amniotic fluid of pregnant women after they ingested oil of garlic capsules and spicy foods.
Furthermore, experiences with flavours prior to birth have led to increased enjoyment and
preference for these flavours at birth and weaning. For example, exposure to dietary
transmitted flavours such as garlic or anise in amniotic fluid has been shown to influence
the newborn’s facial, mouthing, and orienting responses to those odours immediately post-

partum (Hepper, 1988; Schaal, Matlier, & Soussignan, 2000).
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Whilst in the womb, the foetus ingests almost one litre of amniotic fluid per day and it is
suggested that the first experiences of flavour occur prior to birth. Early experiments
demonstrated that foetuses swallowed more amniotic fluid following an injection of
saccharin into the amniotic cavity (DeSnoo 1937, as cited by Saliba, Wragg, & Richardson,
2009). Later, Lilley (1972) reported that injections of bitter tasting poppy seed oil (a
Lipiodol-radio-opaque substance) reduced foetal swallowing in foetuses aged 34-39 weeks.
These studies suggest that taste buds in the human foetus may be functional prior to birth,
particularly in the third trimester, allowing the foetus to taste flavours in utero. Mennella ez
al. (2001) examined the influence of repeated prenatal exposure to carrot juice on infant
taste preference and found that women who consumed carrot juice for three consecutive
weeks during their third trimester of pregnancy gave birth to infants who exhibited fewer
negative facial expressions when first introduced to carrot-flavoured cereal in comparison

to those who had no prenatal exposure to carrots.

Overall, this evidence suggests that the human foetus has the ability to detect and
remember flavour information from the pregnant mother’s diet during the third trimester.
Furthermore, it provides strong evidence that prenatal flavours experienced by the foetus
can improve the acceptance and enjoyment of similarly flavoured foods during weaning.
This evidence raises the possibility that a pregnant mother’s diet during late gestation may
have a role in the acquisition of food and flavour preferences in infants as it has been

established that experience with dietary flavour begins before birth.

46



17.2 Neonatal Learning

1.7.2.1 Breast Milk
Studies of human milk report that its flavour is predominately sweet and contains volatile
food odours, which vary from mother to mother (Mennella ez a/, 2001; Forestell &
Mennella, 2007). Amniotic fluid and breast milk are regarded as sharing a commonality in
their flavour profiles with the foods, spices and beverages eaten by the mother (Mennella ez
al., 2005). It is thought that “breast milk may bridge the experiences with flavours in utero to those in
solid foods” and may enhance acceptance of these foods during the weaning period
(Mennella ez al., 2005). Forestell & Mennella (2007) found that breastfeeding only conferred
an advantage in initial acceptance of a food - if mothers ate the food regularly.
Furthermore, breastfed infants’ acceptance of cereal was enhanced when it was prepared
with their mothers’ milk, while their willingness to accept the flavoured cereal correlated to
their mothers’ reported willingness to try novel foods and flavours (Mennella &

Beauchamp, 1997; Mennella & Beauchamp, 1999).

Breastfeeding is associated with higher intakes of new foods. The combination of
breastfeeding and high variety feeding experiences were associated with the greatest intake
of new foods (Maier, Chabanet, Schaal, Leathwood, & Issanchou, 2008). A recent review
by Remy e al. (2013) found moderate but significant associations between mode of milk
feeding, complementary feeding practices and later eating patterns. Breastfeeding duration
is positively associated with food variety later: it is associated with variety of free food

choices among 2 to 3 year-old children (Nicklaus, Boggio, & Issanchou, 2005), with healthy
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eating habits at 2 years (Abraham, Godwin, Sherriff, & Armstrong, 2012), with food variety
at 2 years (Scott, Chih, & Oddy, 2012), with fruit consumption at 6—8 years (Skinner,
Carruth, Bounds, Ziegler, & Reidy, 2002b) and with a healthy eating patterns (consumption
of meat, fruits and vegetables) at 2—8 years (Grieger, Scott, & Cobiac, 2011). Exclusive
breastfeeding for at least 3 months is associated with a higher consumption of vegetables at

4 years (Burnier, Dubois, & Girard, 2010).

1.7.2.2 Infant Formula
In direct contrast to breast milk, formula milk has a consistent, unchanging flavour. Most
mothers who use formula often feed their infant one type of formula milk and, therefore,
these infants are exposed only to one constant flavour. The influence of the infant’s milk
feeding regimen on the acceptance of an infant’s first pureed vegetable has been examined.
Although breastfed and formula-fed infants initially had similar levels of intake of novel
vegetables, after several exposures, breastfed infants increased their intake much more
dramatically than formula-fed infants (Sullivan, 1994). Formula flavours are due to the
composition and processing involved and can range in flavour depending on the product.
Studies show that the type of formula consumed by infants can affect taste preferences
(Mennella & Beauchamp, 1996; Gerrish & Mennella, 2001; Mennella & Beauchamp, 2002;
Mennella, Forestell, Morgan, & Beauchamp, 2009). One particular study showed that
infants with experience of a vanilla flavoured formula showed a greater preference for

vanilla flavoured foods as adults (Mennella & Beauchamp, 1996).
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Formulas made from hydrolysed casein, consumed by formula fed infants who cannot
tolerate cow’s milk protein and other intact proteins, differ greatly in taste compared to
usual infant formulas. Mennella ¢# a/. (2005) reported that infants fed on one or another
brand of hydrolysate formula significantly preferred the formula that was familiar to them.
Other studies have shown these preferences can be long lived. Children aged 4-10 years,
who were exposed to hydrolysates during their infancy, exhibited more positive responses
to the sensory attributes associated with them (sour taste and aroma) than infants without
such experiences (Liem & Mennella, 2002; Mennella & Beauchamp, 2002; Sausenthaler e7
al., 2010). Infants aged between 4-9 months of age, who consumed hydrolysed casein
formulas ate significantly more savoury, bitter and sour tasting cereals than those who were
consuming breast milk or cow based formula (Mennella & Beauchamp, 2009). The balance
of research indicates that taste experiences in milk feeding affect future taste preferences.
Furthermore, breast milk has been shown to offer a rich source of sensory experience for
the infant. Since the flavours of all types of formulae are constant and unchanging and lack
the sensory information from a mother’s diet, formula fed infants are deprived of an
important learning experience prior to weaning. The impact of this loss upon later food
habits and flavour preference is yet to be determined but has the potential to have a
profound effect on obesity. The thesis will now explore the next stepping stone in the

development of the infant and its taste preferences.
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17.3 Learning during Weaning

Weaning usually begins with the introduction of smooth pureed foods (Stage 1). Infants
who are typically 6 months old will progress to thicker purees, soft lumps and soft finger
foods (Stage 2). At 9 months, infants will progress to mashed and chopped foods with
finger foods (Stage 3) and by the age of one year they will typically be eating a diet
comprised of family food (Stage 4). Appendix A has a detailed description of these four
stages. The introduction of pureed foods accustoms the infant to taking food from a
spoon, which is an important skill. Initially, foods are generally offered before milk feeds;
1-2 times per day. Bland tasting and savoury foods are often initially offered and parents

are advised to avoid sugary and salty foods (Dunne, Farrell, & Kelly, 2011).

The texture and appearance of food and the perception of flavour are important influences
in the development of the senses (Lawless, 1985), and thus affect food preferences.
However, because infants innately display facial expressions of distaste to caregivers in
response to certain foods, caregivers may be reluctant to continue trying these foods and
hence limit their exposure to infants. Neophobia — the rejection of unfamiliar foods and its
reduction — plays an important role in the shaping the food patterns of young children. At
weaning all foods are new, and therefore neophobia has a significant role. If infants are not
introduced to chewable foods at the recommended age they may be less likely to accept
new textures at later ages and the variety of their diet may be limited. This may apply
particularly to foods such as meat or hard fruits that require chewing. Northstone e 4/

(2001) found the age at which infants were introduced to lumpy solids affected later food
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preference. Those infants who experienced delayed introduction of lumpy foods (10
months or later) were more difficult to feed and had more definite likes and dislikes.
Moreover, they were less likely to be having family foods at 15 months when compared to
those introduced to lumpy solids between 6 and 9 months. Research examining food
preferences has identified a link between early exposure to certain foods and subsequent
food acceptance. It also suggests that the foundations for lifelong dietary habits are formed
early in life (Fox, Reidy, Novak, & Ziegler, 2006). Furthermore, children who from the
earliest age have plentiful opportunities to sample a variety of healthy foods appear to have
healthier diets throughout childhood (Cooke, 2007) and are more willing to sample new

foods (Pelchat & Pliner, 1980).

The three periods when infants are exposed to and thus potentially influenced by different
flavours in early life; in utero, post-natally through milk feeding and at the weaning from
milk to solid foods; show the importance of early interventions to promote healthy eating.
The importance of exposure to flavours is seen as early as the third trimester of gestation.
At this time, the foetus, equipped with a functional taste system, receives information
about the flavours of its mother’s diet through the amniotic fluid (Bilkd, Altbicker, &
Hudson, 1994). Learning continues after birth, initially through the flavours of the milk
consumed and then through repeated exposure to foods and flavours at weaning. As
previously outlined, research suggests that flavour preferences learnt early in life not only
affect taste preferences in the short term (Mennella ¢z @/, 2001) but may also be important

for taste preference in the longer term (Mennella & Beauchamp, 1990).
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1.8 Link between Food Preference & Disease

Children in developed countries have a wide variety of food to choose from - both healthy
and unhealthy. Furthermore, children are increasingly allowed to make their own food
choices (McGinnis, Gootman, & Kraak, 2006) but do not necessarily have the motivation
or knowledge to make healthy choices (Hart, Bishop, & Truby, 2002). Research suggests
that, alongside inactivity (Crooks, 2000; O'Brien ez al., 2007) and interactions between genes
and environment (Olden, 2006; Wardle & Cooke, 2008), the choice of food children eat

plays a significant role in the development of obesity and other related chronic diseases.

Obesity results from an imbalance between energy intake and energy expenditure. It has
been declared by the World Health Organisation (WHO) to be one of the top five global
risk conditions for health worldwide (WHO, 2013a). The International Obesity Task Force
estimates that, globally, at least 155 million school-age children (about one in 10 children)
are overweight or obese. Of those, around 30-45 million are classified as obese, accounting
for 2-3% of the wortld’s children aged 5-17 (WHO, 2009; International Obesity Taskforce,
2012). Globally, there are an estimated 43 million children under the age of five who are
classified as either overweight or obese (WHO, 2013a). Most recent Irish figures indicate
that 26% of nine year olds and 25% of three year olds were either overweight or obese
(Williams ef al., 2010; Williams e a/., 2013). This is consistent with previous studies in this
area (Whelton e# al, 2007). Numerous studies indicate that overweight and obesity in
childhood tend to persist into later life (Ong & Loos, 20006). Accordingly, high prevalence

levels in early childhood represent a worrying trend, not only in terms of the quality of life
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and health of the children involved but also in terms of the planning, delivery and cost of

healthcare in the future.

Of great concern is the fact that weight status is related to social class in the study referred
to above, 33% of nine-year-olds from semi-skilled/unskilled manual groups wete obese or
overweight compared with 22% from the professional/ managerial group (Williams e al.,
2010). This effect is already evident at three years of age; 5% of children from the
professional/managerial and non-manual/skilled manual groups were classified as obese or
overweight while 7% of children from the semi-skilled/unskilled group were classified as
obese or overweight and 9% of children from the ‘never worked’ group were classified as

obese or overweight (Williams ez a/., 2013).

Childhood obesity is associated with a number of health problems, including hypertension
(Figueroa-Colon ez al., 1997), asthma (Liu, Kieckhefer, & Gau, 2013) and fatty liver disease
(Kinugasa ez al, 1984) during childhood and is also associated with premature mortality in
adulthood (Reilly & Kelly, 2010). However, given the recent explosion in numbers of
children classified as overweight and obese, of most concern is the associated health
problems of hyper-insulinanaemia and increased risk of type 2 diabetes. Studies have found
a 45% increase in the number of new paediatric type 2 diabetes cases annually (American
Diabetes Association, 2000; Fagot-Campagna ez a/., 2000; Ludwig & Ebbeling, 2001). As
childhood populations become increasingly overweight, this figure is expected to increase

dramatically (Pinhas-Hamiel ¢7 a/, 1999; Lobstein, Baur, & Uauy, 2004). The full burden of
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this childhood obesity crisis will not be seen until this generation of children become adults
and many of the obesity-related conditions such as increased rates of heart disease,
diabetes, certain cancers, gall bladder disease, osteoarthritis and endocrine disorders will be

seen in young adult populations (Lobstein ez /., 2004).

Given the rapidly growing epidemic of obesity and associated chronic diseases, it is difficult
to estimate the potential demands on future health services. Currently, it is estimated that
medical expenditure on those on the obesity spectrum accounts for 6% of the total health
expenditure in Europe (WHO, 2007). In Ireland, the cost of caring for those deemed
overweight and obese in 2009 was estimated at €1.13 billion. More than a third (35%) of
these costs were direct healthcare costs, and 65% were indirect costs. Overall, these direct
costs represented 2.7% of the total healthcare costs for 2009 in Ireland (Dee ez al, 2013).
Given the grave implications for the individual, and for society at large (in the economic
and social spheres), it is of fundamental importance to identify any antecedents that may
contribute to the emergence of these debilitating and life threatening conditions. In the
next section I will discuss how children’s diets may play a role in the development and thus,

the prevention of these conditions.

The increase in fast food consumption among children over the past few decades has been
identified as a particular area of concern (Guthrie, Lin, & Frazao, 2002). Fast food has been
defined as “readily available, energy dense meals, snacks foods and drinks, which tend to be consumed

often and are frequently offered in large portion sizes” (World Cancer Research Fund & American
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Institute for Cancer Research, 2007). Evidence suggests that there has been a major shift in
dietary behaviour of children (Poti & Popkin, 2011), with in excess of 30% of U.S. children
eating fast food on any given day (Bowman, Gortmaker, Ebbeling, Pereira, & Ludwig,
2004). A recent systematic review concluded that high levels of meals eaten outside the
home represent a risk factor for higher energy and fat intake and lower micronutrient
intake (Lachat ez a/, 2012). Moreover, children’s consumption of these high fat, energy
dense foods are positively related to higher BMI and obesity (Ricketts, 1997; Crooks, 2000;

Mafteis, 2000).

In a review of its evidence on the contribution of sugary drinks to the increased prevalence
of overweight and obesity, the WCRF & AICR (2007) concluded that there was substantial
and consistent evidence that drinks containing sugars, including sucrose and high-fructose
corn syrup, were a probable cause of weight gain. Subsequent to that research, several
meta-analyses and systematic reviews provided further evidence that sugar-sweetened
beverage consumption promotes weight gain in children and adults (Malik, Schulze, & Hu,
2006; Vartanian, Schwartz, & Brownell, 2007; Malik, Willett, & Hu, 2009; Malik, Pan,
Willett, & Hu, 2013; Olsen & Heitmann, 2009). The International Health Behaviour in
School-aged Children (HBSC) Study stated that 32% of boys and 25% of girls reported
consuming at least one soft drink daily (Curtie ez a/, 2008). The same study showed in
Ireland that 26% of Irish school aged children consumed at least one soft drink daily (Nic

Gabhainn, Kelly, & Molcho, 2007).
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There is a clear association between soft drink intake and increased energy intake, as people
consuming soft drinks fail to compensate for the energy consumed in soft drinks and have
higher food intakes than those who do not consume soft drinks (Vartanian, Schwartz, &
Brownell, 2007). Fiorito et al. (2010) observed that, relative to girls who were not
consuming soda beverages at age 5 years, soda consumers had higher subsequent soda
intake, lower milk intakes, higher intakes of added sugars, lower protein, fibre, vitamin D,

calcium, magnesium, phosphorous, and potassium from ages 5 to 15 years.

The World Cancer Research Fund recommends being as lean as possible within the normal
range of body weight, being physically active, limiting the amount of energy dense foods
and avoiding sugary drinks as important cancer prevention measures (World Cancer
Research Fund & American Institute for Cancer Research, 2007). Since research suggests
that the development of healthy food preferences can happen very early in life, targeting
these early formative years may reduce the risk of obesity and other chronic diseases later
in life. O’Brien (2007) suggests “I7 is only through nurturing the formation of good habits during the
early stages of life that we have any chance of reversing the alarming obesity trend that we simply conld not

have predicted 20 years ago”.

1.9 Sour Taste & Fruit Consumption

A large body of epidemiological evidence suggests that a high fruit intake helps to promote

health and prevent chronic disease such as obesity, cardiovascular disease, diabetes and
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cancer (Steinmetz & Potter, 1996; Ness & Powles, 1997; Ford & Mokdad, 2001; Bazzano,
Serdula & Simin Liu, 2003; He, Nowson & MacGregor, 2006; He, Nowson, Lucas &
MacGregor, 2007; Boeing ez al., 2012). Although many fruits contain sugar, they are a rich
source of vitamins and minerals and a good source of fibre (Thurnham, Bender, Scott, &
Halsted, 2000). Many fruits have a low energy density as a result of their high content of
water, low content of energy and high content of dietary fibre (Drewnowski, 2004). Eating
these fruits is considered to increase satiety (Rolls, Ello-Martin & Tohill, 2004). Many fruits
also contain flavonoids, a group of phytochemicals which recently have been shown to
have anti-obesity properties (Hughes ez 4/, 2008). As a result of these properties, diets
which are high in levels of fruit and vegetables are encouraged. WHO/FAO (2005)
recommends the intake of a minimum of 400 g of fruit and vegetables per day (excluding

potatoes and other starchy tubers) for the prevention of chronic diseases and obesity.

Given the importance of fruit for a healthy diet, many governments have targeted fruit and
vegetable consumption e.g. the 5-a-day message (NHS, 2011; Food Safety Authority of
Ireland, 2012). In most Western countries, large population groups, including children and
adolescents, eat far less than the recommended amount of fruits and vegetables (Currie ez
al., 2008; Kelly, Gavin, Molcho & Nic Gabhainn, 2012). Several studies have shown that a
child’s intake of fruit and vegetable tracks into adolescence (Kelder, Perry, Klepp & Lytle,
1994; Resnicow e al, 1998; Lytle, Seifert, Greenstein & McGovern, 2000) and that those
food preferences and eating habits established in childhood and adolescence tend to be
maintained into adulthood (Mikkild, Rasinen, Raitakari, Pietinen & Viikari, 2005; Ashcroft,

Semmler, Carnell, Van Jaarsveld & Wardle, 2008; Northstone & Emmett, 2008). This
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emphasises the importance of promoting fruit consumption in early life as an important
public health issue. The latest Irish HBSC survey (2010) showed that 18% of boys and 22%
of girls aged between 10-17 years of age reported eating fruit more than once a day (Kelly ez
al., 2012). This figure has remained stable over the past number of years (19.4% in 2000;
(Currie et al., 2008). The recent Growing up in Ireland study reported that 78% of 9-year
old children had eaten at least one portion of fruit daily (Williams e @/, 2010). A recent
initiative in Irish schools-Food Dudes- show that provision of fruit and vegetables to
children substantially increases children's fruit and vegetable consumption over a twelve

months period (Horne ez al., 2008).

Numerous studies in Ireland indicate that dietary quality is strongly patterned by socio-
economic status (Kelleher, Lotya, O'Hara, & Murrin, 2008), a trend which has also been
reported by the recent Growing Up in Ireland study, where the higher the mother’s level of
education, the more fruit and vegetables the child ate. Approximately, 94% of 3-year old
children whose mother had a degree level qualification had taken at least one portion of
fruit in the preceding 24-hour period. This figure dropped to 82% among those with a
lower secondary education or less (Williams e @/, 2013). This trend continued to be evident
among the 9 year cohort, where 86% of nine-year-olds whose mothers were third level
graduates ate at least one portion of fruit in the day before their interview, compared to
71% of children whose mother had a lower secondary education or less (Williams e# al,
2010). Higher intakes of fruit in children have been shown to be associated with reduced
intakes of total dietary fat, saturated fat and cholesterol (Dennison, Rockwell, & Baker,

1998). Other studies have shown that eating fruit as a substitute for energy dense foods can
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protect against obesity and is a better predictor of a healthy BMI than vegetables (Lin &

Mortrison, 2002).
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Figure 1-6 Daily fruit consumption among 10 and 17-year-olds in Ireland reported in the HBSC 2010 (Kelly ez al.,
2012). Overall 20% of children reported eating fruit more than once.

Previous research has shown that infants’ and children’s preference for sour tastes has been
linked to fruit consumption (Liem ef al., 2006), with individuals who had the highest sour
taste preference eating the most fruit. Understanding why some children eat more fruit
than others is important if we are to better promote fruit consumption from an early age.
Fruit variety and consumption patterns are influenced early in life by such factors as
breastfeeding duration and early fruit exposure and variety (Skinner ef a/, 2002a; Liem ef al.,
2004) in children as well as infants (Blossfeld e 2/, 2007). Therefore early introduction of
fruit into an infant’s diet may potentially play a role of food preference development. Given
the link between sour tastes and fruit consumption, investigation into how critical periods
eatly in life may play a role in the development of sour taste preferences and may help

promote healthy eating practices are important. Studies have shown a strong association
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between the availability of fruit and vegetables in the home and children’s consumption of

these foods (Resnicow ez al, 1997; Hearn ez al., 1998; Ding ez al., 2012).

1.10 Conclusion

Skinner and colleagues found that food preferences at 2-4 years of age were predictive of
food preference at 8 years of age (Skinner ef a/, 2002b). This finding demonstrates how
important eatly exposure to food is to the formation of eating habits later in life. The
dietary patterns that are formed in childhood are carried into adulthood (Birch, 1999; Lytle
et al., 2000). It is, therefore, established that acquisition of good eating habits starts early on

in childhood.

Newborn infants have a functional taste system which can distinguish between the basic
tastes, particularly sweet, bitter and salty (Steiner, 1977). These food preferences are both
innate and learned (Birch & Sullivan, 1991; Mennella e @/, 2001). Despite the large amount
of research dedicated to children’s and infants’ preferences for these tastes, little research
has been carried out exploring the ontogeny of sour taste preferences until relatively
recently. These studies are important as there is still much uncertainty as to what drives any

potential differences in sour taste preferences of young infants.

Knowledge about the development of sour taste acceptance eatly in life can be exploited to
improve fruit intake of children, which could help tackle the obesity epidemic. James

(20006) highlighted the importance of nutrition before pregnancy, during pregnancy and in
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the first two years of life in the fight against the global obesity epidemic, while Philipsen &
Philipsen (2008) stated that “Zhe fight for healthy childhood weight begins early—perhaps even before
the baby is born.” This research sets out to understanding the role of diet, in particular fruit
consumption, during these critical periods of development for the infant - in utero,
through breast milk and at weaning. In order to determine if a link with fruit consumption
and sour taste preferences in infants occurs, we must first examine the diet of mothers in
the third trimester of pregnancy (Chapter 3); the diet of breastfeeding mothers (Chapter 4);
early infant feeding practices from birth to six months (Chapter 5) and at 12 months
(Chapter 6). In particular, this study will focus on the link between fruit consumption and
sour taste acceptance at 6 and 12 months (Chapter 7) while other factors will also be

considered.
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CHAPTER 2. GENERAL METHODOLOGY

2.1 Introduction

The overall aim of this study was to investigate whether diet during pregnancy and early
infant feeding practices are important for the development of sour taste preference during
the first year of life. The methods used to meet the aims and objectives of this study are
described in this chapter. Consistent methods were performed on the sample throughout
the study. The study investigator was a research dietitian. The work reported in this thesis
includes the recruitment of volunteers, conducting the dietary assessments, the taking of
anthropometric measurements, the calculation of sour taste acceptance scores of infants at
two time points; six months and twelve months, data entry, and analysis. All roles were

undertaken by the investigator.

2.2  FE'thical Issues

Ethical approval for this study was obtained from the Ethics Committees of both Dublin
City University (REC reference: DCUREC/2009/050, approved on the 6™ July 2009) and
The Coombe Women and Infants University Hospital (reference number 2009/11,
approved on August 22" 2009). Following verbal consent, mothers received an
information sheet detailing the study aim, the procedures and the requirements of the
project. When mothers agreed to take part a copy of the written consent form was
forwarded to them to sign. Copies of the information sheet and written consent form can
be seen in Appendix B & C. All participants were required to sign a consent form before
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they began their involvement in the study. Participants were assured of confidentiality at all
times throughout and were assured that they were free to withdraw at any time, without
explanation. In order to ensure the confidentiality of data, participants were issued unique
codes which connected to their personal details, their food diaries, their infant assessment
forms and video recordings. All personal details were stored securely. Care was taken to
ensure that they were held separately from the food diaries, the video data and infant
assessment forms. All data were entered onto the researcher’s computer and encrypted to
ensure confidentiality of all electronic records. Only members of the research team had
access to hard copies of the data, which were stored in a locked filing cabinet designated

for project use only.

2.3  Overview & Study Design

Our study was designed as a prospective, longitudinal study, involving the recruitment of
pregnant women and the monitoring of their infants until 12 months of age. Eligible
mother-infant dyads were followed up at 6 months and 12 months post-partum. The study
protocol stipulated that infants had to be followed up within 18 days of these time points.
All efforts were made to comply with this timeframe. However, owing to difficulties
arranging meetings with mothers, for a number of reasons including the availability of
mothers and infant illnesses, some follow-ups occurred outside of these dates (n=3).
Recruitment of mothers took place from September 2009 to December 2010. Follow-up of

mother/infant pairs began in March 2010 and continued until March 2012.
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Figure 2-1 The Study’s Aim and Objectives

Aim: To investigate the relationship between diet during pregnancy & early infant

feeding practices & the development of sour taste preference during the first year of life

Objective 1: To
document the dietary
intake of pregnant
women during their 3rd
trimester of pregnancy

Objective 5: to investigate

acceptance of sour taste in 6
month old infants

Objective 10: To
investigate if
exposure to fruit
during infancy will

Objective 6: to investigate the
acceptance of sour taste in 12
month old infants

Objective 2: To
document the dietary
intake of lactating women
12 weeks post-partum

increase acceptance

Objective 7: to
investigate if
acceptance for sour
taste changes over
the first year of life

Objective 3: To
document the feeding

practices of 6 month old
infants.

acceptance at 6 months
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Objective 4: To
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2.3.1 Setting

The study population was recruited primarily from the Coombe Women and Infants
University Hospital in Dublin 8, Ireland. More participants were recruited from private
antenatal classes conducted by midwives throughout the Greater Dublin area; through
pregnancy forums from the websites www.rollercoaster.ie and www.activelink.ie; through
local GP surgeries and foetal screening clinics in the Dublin area. The Coombe Women
and Infant University Hospital is one of the three large maternity hospitals in Dublin where
8,709 infants were born in 2011. The hospital cares for pregnant women from a wide
geographical area, including south and south-western Dublin as well as the surrounding
counties. Most recent information indicated that 66.4% of mothers attending the Coombe
reported their residence in the Dublin area while 32.8% of mothers were recorded as
residing in the rest of Leinster (Fitzpatrick ef al, 2012). Thus, the majority of study
participants lived in the Dublin region. However, some mothers lived in the Leinster
region; -including Wicklow, Kildare, Meath, Kilkenny and Westmeath. The investigator
sought to primarily recruit mothers who were close to the Dublin area to facilitate ease of
follow-up. However, any mother who was interested in being involved in the study was
allowed to participate and the study included three mothers who were living in the Munster

region.

65



2.4 Recruitment of Participants

2.4.1 Hospital Recruitment

Recruitment of the convenience sample of women involved the investigator attending both
morning and afternoon sessions of all public, semi-private and private clinics in the
Coombe. This limited the selection bias towards any particular day of the week or time of
clinic. Using the seating arrangements in each clinic, each pregnant mother attending a
particular clinic was approached and informed of the purpose of the study and the level of
involvement required of them to participate in the study. Although pregnant women were
made aware that the study aimed to investigate whether diet during pregnancy or early
infant feeding practices influenced the development of sour taste in infants, they did not
receive any specific advice on their diet during or after pregnancy. Furthermore, they did
not receive any advice on infant feeding or weaning post-partum. Mothers were advised
that any questions concerning diet and feeding should be addressed to their G.P., midwife
ot public health nurse. To avoid biased reporting, the investigator introduced herself as a
researcher working in DCU and care was taken to avoid prompting answers towards infant

feeding or weaning practices.

All mothers were assured of complete confidentiality and all responses to questionnaires
and dietary records were numerically coded. There was no financial incentive for
participation in the study. However, mothers were informed that they could receive a copy

of the dietary assessment at the end of the study if they requested it. They were also
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informed that any information would be used to improve our understanding of taste

preference in infants, thus helping to improve advice given to future parents.

Hospital staff and midwives were aware that this study was being undertaken but were not
involved in the recruitment of participants. Following verbal consent, mothers were given a
patient information leaflet, detailing the study’s aims and requirements with a written
consent form. Following completion of the written consent form, mothers were given a
self-administered questionnaire, which provided the investigators with demographic data

and contact details for the participants for the purpose of the study follow-up.

2.4.2 Recruitment outside of the Hospital

It was decided to recruit mothers outside of the Coombe Women and Infant University
Hospital to achieve an appropriate recruitment sample size. Other avenues of recruitment
were explored. Popular websites, namely, www.rollercoaster.ie and www.actvielink.ie were
contacted, requesting permission to post information regarding the study on their Mums-
to-be forum. The investigator also contacted two Foetal screening Centres in Dublin and
local GP offices, where leaflets and posters (Appendix D & E) were given to provide a
general outline of the study as well as the contact details of the main investigator should
women be interested in participating in the study. Mothers who expressed an interest and
gave verbal consent, were sent a patient information leaflet, detailing the study’s aims and

requirements with a written consent form (Appendix B & C).
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2.4.3

2.4.4

Inclusion Criteria upon Recruitment

Pregnant women = 12 weeks gestational age.

Mothers who at the time of recruitment were planning to reside in Ireland for at
least 12 months post-partum.

Mothers who were willing to consent to follow-ups at time points up to 12 months
post-partum.

Mothers who were over 18 years of age.

Infants had to be healthy, born at term (= 37 weeks gestational age) and weighing

2>2.5 kg at birth.

Exclusion Criteria upon Recruitment

Mothers under the age of 18 years of age (as required by ethic committee

Any mother experiencing a ‘high risk’ pregnancy as defined by early bleeding in
pregnancy warranting regular scanning and having any medical condition requiring
obstetric monitoring, as reported by the mother.

Infants requiring a medically prescribed diet post-delivery e.g. a metabolic disorder.
Infants requiring medical treatment for any illness that would be considered an

anomaly in a normal population of infants.
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24.5 Sample Size

The investigator consulted with Dr Michael Parkinson, DCU, who has extensive
experience in predicting participant numbers in population studies. Using the G*Power 3
programme (Dias ez al, 2013), it was estimated that a sample of 55 individuals would be
required to conduct multiple regression analyses with 4 predictor variables, given a power
of 0.80, a significance level of 0.05, and a medium effect size (* = 0.15). This approach
complied with the previous study in this area (Blossfeld ez a/, 2007). Therefore, to ensure
adequate statistical power and to allow for a potentially high drop-off rate, it was aimed to
recruit approximately 140 pregnant women. It was estimated that the drop-out rate would
be around 30-50%, given the longitudinal nature of the study. Previous longitudinal studies
with infants and children have also reported drop rates between 12% and 32% (Nolan,
Schell, Stark, & Goémez, 2002; Nicklaus e @/, 2005; Senn et 4/, 2005; Blossfeld ef 4/,

2007).

In order to try and recruit a wide socio-economic spread of participants, the study aimed to
recruit the majority of its subjects from public antenatal classes. However, poor interest
was shown among those attending these clinics. Unfortunately, this proved to be an

obstacle in my attempts to achieve this diversity (Chapter 3).
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24.6 Non-Respondents

During recruitment, 149 mothers expressed an interest in the study and information
material was sent to them. Of those, ninety-five returned consent forms (64%) during
pregnancy with the intention of participating in the project. Non-participants offered a
variety of reasons for non-participation, which included; the study was deemed too
demanding or time-consuming; they were unwilling to be followed up post-partum; they
had concerns about video-taping; they were overburdened regarding pregnancy or their
partners were unhappy about participation in the study. Ultimately, by the first time point

eighty- seven mothers had agreed to participate in the study.

The reasons for this drop-out at this stage were; hospitalisation and/or complications
during the last trimester of pregnancy (n=2); non-contactable (n=3); too busy (n=4) and
early delivery (n=1). However, despite considerable effort, it was not possible to retain all
participants in the study over the course of the 12 months. By the fourth time point (12
months) 55 of the 87 mothers (63%) were still in the study (Figure 2.2). Other longitudinal
studies with infants and children have also reported drop rates between 12% and 32%
(Nolan, Schell, Stark, & Gémez, 2002; Nicklaus ez al, 2005; Senn et al, 2005; Blossfeld ez

al, 2007).

The biggest group drop-out occurred in the period between the third trimester and the
immediate post-partum period. The majority of mothers who dropped out at this time
either felt that the time commitment was too much, or were considered non-contactable
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(n= 10); were concerned with an illness of the infant (n= 2) or did not meet the inclusion
criteria (n=2). Five national mother infant dyads emigrated during the study and two non-
national mother-infant dyads returned to their home countries, making follow-up
impossible. Non-compliance with testing procedure totalled three and five infants at 6 and

12 months respectively.
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Figure 2-2 Flow-chart of Attrition Rates in the Study

Women who expressed interested in the
Study (n=149)

!

No of women who gave consent to be in

the Study (n=95)
Hospitalisation (n=2)

1 Non-contactable (n=3)
- Too Busy (n=3)
Early Delivery (n=1)

1% Time Point- 3" Trimester of
pregnancy (n=87)
7-day Food diary

Non-contactable (n=10)

1 - Infant IlIness (n=2)
Did not meet inclusion
criteria (n=2)

2" Time Point- 12 weeks post-partum
(n=67; 77%)
7-day Food diary

!

3" Time Point-1* follow-up meeting
with mother and infant when the infant
was 6 months old (n=67; 77%)

Sour Taste Assessment

Non-contactable (n=1)

1 » Emigration (n=7)

Infant IlIness (n=4)

4™ Time Point-2" follow-up meeting
with mother and infant when the infant
was 6 months old (n=55; 65%)
Sour Taste Assessment & 3-day Infant
Food Diary
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2.5 Follow- up with Mothers during their 3 Trimester of Pregnancy

2.5.1 Mothers’ Anthropometric & Demographic Information

Socio-demographic and anthropometric data (e.g. self-reported height and pre-pregnancy
weight) were collected using a self-completed postal questionnaire, which the women
completed when they joined the study. Mothers reported their pre-pregnancy weight and
height. From these measurements, their body mass index (BMI kg/m?) was calculated and
they were then categorised as underweight (<18.5 kg/m?), a healthy weight (18.5-24.9
kg/m?), overweight (25.0-29.9 kg/m?) or obese (=30.0 kg/m?) (WHO, 2013a). Data
regarding mothers’ education and employment status as well as their partners’ status were
also recorded in the questionnaire. The CSO (1996) has classified the entire population into

the following social class groups, which are defined on the basis of occupation.

Table 2-1 Social Class as defined by the CSO (1996)

Social Class Occupation
Professional workers

Managerial and technical

Non-manual

Skilled manual

Semi-skilled

Unskilled

All others gainfully occupied & unknown

~N Ul AW

2.5.2 Dietary Assessment during Pregnancy

Participants were asked to complete their first 7-day food diary during their 8" month of
pregnancy (Appendix F). Mothers were telephoned during the start of their 8" month of

pregnancy and their contact details were checked before sending them the food diary.
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Written instructions were sent to mothers explaining the procedure for completion of
diaries, while all participants were advised by telephone on recording all food and beverage
intake by a dietitian. Participants were requested to estimate portion sizes with the aid of
measuring cups, spoons, or glasses, or by calculating weight or volume as indicated on
packaging labels. If the portion size was not recorded clearly on individual food diaries it
was quantified by the research dietitian using the Average Portion Size measure according
to the Food Standards Agency (Food Standards Agency, 2002a). Mothers were informed
that they could contact the investigator if they had any difficulties in completing the food
diary. A stamped, addressed envelope was provided to facilitate each food diary's return.
Mothers were given three weeks to complete the questionnaire and diary. After 21 days,
mothers who had not returned the forms were contacted by the investigator and reminded
to return the completed forms. The completed food diaries were reviewed by the
researcher, a registered dietitian for any errors and omissions in the recording of food
intake. If there were any identified, the participants were contacted to answer any questions

that emerged e.g. Ham sandwich- how exactly was it made.

2.5.3 Assessment of Energy Underreporting

Basal Metabolic Rate (BMR) is defined as “@ standardised metabolic state corresponding to the
Situation at thermo-nentrality when food and physical activity have minimal influence on metabolism”™
(Scientific Advisory Committee on Nutrition, 2012). Participants were asked to record their
pre-pregnancy weight, which was used to assess their estimated Basal metabolic Rate

(BMR), using Henry’s equation (Henry, 2005) which is based on gender, age (years) and
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weight (kg) (Appendix L). BMR was higher in pregnant women during the third trimester
of pregnancy; therefore 25% was added to their estimated BMR to account for this
increase. Goldberg’s method was used to predict levels of energy underreporting using the
ratio of energy intake to estimated BMR (Black ef a/, 1991). A ratio of <1.2 may indicate
underreporting and a ratio of < 0.9 is a sign of definite underreporting (Goldberg ez al,

1991).

2.6 Follow-up with Mothers after the Birth of their Infants

Mothers were contacted at 12-16 weeks post-partum. The investigator attempted to contact
mothers at different times during the day - including week and weekend days. Up to five
attempts were made to contact mothers before they were deemed ‘uncontactable’. In cases
where telephone numbers provided by participants were invalid, a letter was posted to the
home address requesting that they call the investigators. Following a non-reply to the letter,
the mother was excluded from the study follow-up. Mothers who were contacted were
asked to complete a second food diary. The protocol as described previously, with regard

to training, completing and checking the food diaries, was also followed here.

2.6.1 The Collection of Breastfeeding Data
The method of infant feeding from birth as well the current method at the time of contact

was established for each of the women during a follow-up telephone interview at twelve
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weeks. The definitions of exclusive and partial breastfeeding in the present study were in

accordance with WHO breastfeeding definitions.

Partial Breastfeeding was defined as “nfants who receive breast milk in combination with formula

feeds or other non-human milk feeds and/ or solid food.”

(World Health Organization, 1991; World Health Organization, 2004).

Exclusive Breastfeeding was defined as “%he practice of feeding only breast milk (including expressed
breast milk) and allows the baby to receive vitamins, minerals or medicine. Water, breast milk substitutes,

other liguids and solid foods are excluded.”

(World Health Organization, 1991; World Health Organization, 2004).

The “mixed feeding” category included infants who received breast milk in combination with
formula feeds or other non-human milk feeds and/or solid food. Breastfeeding “duration”
denotes the number of days during the first six months for which exclusive or any
breastfeeding continued during the study time frame. If mothers said they were exclusively
breastfeeding, it was always ensure whether they included other supplementary fluids or
solid foods in the feeding regime was checked to clarify that they only provided breast milk

to their infants. At the end of the interview, the investigator repeated the recorded feeding
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practices back to mothers and confirmed the accuracy of the data. Each Infant’s feeding

status was also confirmed at the 6 month assessment meeting,.

2.6.2 Anthropometric Measurements

At the 12-week time point, mothers were contacted by telephone and asked for their
infant’s birth measurements as recorded by health professionals at the hospital. All mothers
reported birth weight and some reported birth length. None of the mothers reported head
circumference measurements. These measurements were also confirmed at the six month
meeting with mother and infant dyads. During this visit, anthropometric measurement of
the infant’s weight, length and head circumference was taken by the investigator. Details of

the methodology used to take these measurements are discussed in Section 2.7.2.

2.7 Follow-up Meetings with Mother & Infant Dyads

Infants were met at two time points post-partum. These occurred at six and twelve months
of age. Infants were followed up within 18 days of these time points, as discussed
previously (n=3 were follow-up outside this period). The purpose of these meetings was to
test the infants' acceptance of different levels of sourness and to take infants’
anthropomorphic measurements. When infants turned 6 months old, the investigator then
called their mothers and arranged a date and time within the next 14 days to meet in their
home or in DCU, wherever the mother felt most comfortable. All of the mothers opted to

meet the investigator in their own home. This was also repeated when the infants were 12
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months old. Initially, in a pilot group, testing was repeated in reverse order after a 5
minutes break. However, infants tired easily and did not comply with the testing protocol.
Instead in a sub-sample of ten infants, the procedure was repeated the next day to ensure

consistency with results at each time point.

This first meeting comprised of three stages:

e Stage 1- Collection of information about the infant’s feeding practice.
e Stage 2- Collection of anthropometric information on the infant.

e Stage 3- Examination of the infant’s preference for sour flavours.

2.7.1 Stage 1- Collection of Information about Infant’s Feeding Practices

During the first stage of the meeting, mothers were interviewed to collect information
about the infants’ birth anthropometric measurements and the mothers’ infant feeding
practices (Appendix H). As part of this assessment, mothers were asked about their infants’
current and past milk-feeding status as well as the solid foods included in their infants’ diet

at that time. Mothers were also asked about the source of their weaning information.

2.7.1.1 Introduction of Solid Food
At the six-month visit, mothers wetre asked details about when their infants had been

introduced to solid food. Mothers were then asked to list any foods their infant had tried at
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least once during the period prior to the visit. In particular, mothers were asked about any
fruit introduced to their infant. This information was recorded by the investigator. In order
to help mothers recall, the investigator asked the mothers if foods were tried from each of
the food groups. Furthermore, at the end of the interview, the investigator repeated the

recorded foods back to mothers in order to confirm the accuracy of their reports.

2.7.2 Stage 2 - Anthropometric Measurements

Following completion of the interview with mothers in their home, the investigator
recorded the infant’s anthropometric measurements, comprising of weight, length and head
citcumference. The three measurements followed the WHO’s international child
anthropometric assessment standards (WHO Multicentre Growth Reference Study Group.,
2000; de Onis et al, 2007). All measurements were carried out by the same individual;
therefore, it was only necessary to assess the intra-observer variability co-efficient of

variation (CoV) of the techniques.

2.7.2.1 Weight
Naked weights with a clean nappy were taken using a high specification portable calibrated
Seca 834 baby scales, with a weighting capacity of 20 kg and a graduation of 10 g (Figure
2.3). The weighing scales were placed on a level fixed surface. Infants are measured on the
scales wearing only a dry nappy. The nappy was then weighed separately and subtracted

from the infant’s weight. Three consecutive weight measurements were taken and the
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average of the three weights was recorded, in line with established international practice for
anthropometric measurements (WHO, 2008). To estimate the CoV, ten measurements
were taken from one infant. This allowed to us to calculate the error due to movement of
the infant as the infants were active when they were being weighed. The intra-observer

variability for weight measurements was 0.34%.

[T R ——

Figure 2-3 The Seca 834 Portable Baby Scales used in this study.

2.7.2.2 Length
Supine length was measured using a mobile Seca 210 measuring mat which is designed
specifically for infants, with a measuring range of between 10 cm- 99 c¢m, with graduations
of 5 mm (Figure 2.4). Mothers were involved in this measurement and were asked by the
investigator to holds their infant’s head, the infant looking directly upward with the crown
of the head in contact with the headpiece in the Frankfort Horizontal Plane. Accurate
readings were ensured by avoiding any irregularities — making sure that the infants’ heads
were not tucked in against their chest, or indeed stretched too far back. Mothers were also

asked to distract the infant and ensure a steady head position. The investigator pressed
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gently down on the infant’s knees to ensure that the two legs were straight and the infant’s
full length was measured for an accurate length measurement. Then, using the moveable
foot piece at the other end of the measuring mat, the investigator slid the foot piece up the
mat and positioned it firmly against the infant’s heels. The infant’s heels were facing
upwards to prevent hyperextension of the legs and inaccurate measurements. Three length
measurements were taken to the nearest 5 mm and the average measurement was recorded.
It was important that these measurements are done by a trained individual to ensure that
the correct procedure was followed and every effort was made to avoid causing any distress
to the infant. To estimate the CoV, ten measurements were taken on one infant. As length
measurements can cause distress for the baby, it was completed as two sets of five
measurements, five at the start of the interview and five again at the end of the interview.

The co-efficient of variation for length was 0.37%

wuup?

Figure 2-4 The Mobile Seca 210 Measuring Mat used in this study.

2.7.2.3 Head Circumference:
The head circumference was measured using a paediatric Seca 201 measuring tape (Figure
2.5). The measuring tape has a range of 0-205 cm with a graduation of 1 mm. Head

circumference measurements were taken with the infant sitting on the mother’s lap while
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the investigator placed the tape around the infant’s head. The circumference was measured
from the midway point between the infant’s eyebrows and hairline at the front of the head
and the occipital prominence at the back of the head. This was to ensure that the maximum
circumference was measured. Three length measurements were taken to the nearest mm
and the average measurement was recorded. Ten measurements of the head circumference
were made of one infant to estimate the CoV, using the Seca 201 measuring tape. The

intra-observer variability for head circumference was 0.12%

Figure 2-5 The Paediatric Seca 201 Measuring Tape used in this study.

2.7.3 Stage 3- Sour Taste Acceptance Measurements

Following completion of the infant’s anthropometric measurements, infants were rested
for 5 minutes. This allowed time for the investigator to explain the procedure thoroughly
to the mother and to set up the equipment for the assessment of their infant’s acceptance

of sour tastes.

We examined a number of aspects of the Sour Taste Assessment, viz.
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- 'The Environment
- The Solutions

- The Assessment

2.7.3.1 The Environment
Mothers were asked not to feed their infants for 2 hours before their appointment so that
they would be tested approximately 0.5 — 1 hour before their next scheduled feeding. This
was done to ensure that intake and responses during the test session were not affected by
extreme hunger or satiation (Berridge, 1991), but rather reflected infants’ hedonic
responses to the solution. All of the meetings with the mothers and their infants were held
in the infants’ own homes. The infants were placed in their usual feeding positions, i.e.
either in their mother’s arms or in an infant chair or high chair. This was to ensure that the
infants were comfortable and relaxed. Infants’ acceptance of the different solutions was
assessed by measuring their intakes of different flavoured drinks, which were given
sequentially over short fixed time periods. This technique has been used in previous studies
of sensory testing with infants and toddlers (Beauchamp, Cowart, & Moran, 1986; Cowart

& Beauchamp, 1986; Crystal & Berstein, 1998; Blossfeld ez a/, 2007).

2.7.3.2 The Solution
In order to test the infants’ acceptance of varying levels of sourness, the infants were
presented with 4 test solutions, varied in their concentration of citric acid. The test

solutions used in the assessment were made up by diluting 10 ml blackcurrant squash
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(Ribena; GlaxoSmithKline Nutritional Healthcare, Brentford, Middlesex, UK) in 200 ml of
cooled boiled water (for sterilisation) with varying levels of citric acid (C;H,O,) to create
sourness in the solutions. The blackcurrant squash does produce a slightly sweet taste. This
helps to ensure no rejection of the base solution (Blossfeld ez @/, 2007). The solutions had
either no citric acid (0.00M; base solution) or different concentrations of citric acid
(0.013M, 0.029M and 0.065M; CH O, Sigma-Aldrich Ireland, Dublin, Ireland). A new
solution was made up on each occasion. Blackcurrant squash was used in the drinks to
avoid infants’ rejection of the base solution, by giving the base solution slightly sweet,
pleasant taste. Research has shown that infants have an innate preference for sweet
flavours (Steiner, 1977). Although all infants in this study were not familiar with this

squash, none of the infants rejected the base solution.

2.7.3.3 The Assessment
The investigator carried out all assessments in order to avoid any inter-variability in testing
protocol. The infants were recorded using either Panasonic VDR-D250 DVD Camcorder
or Flip Video Camera (Figure 2.6). The video camera was placed, using a stand,
approximately 2 meters in front of the Mother-infant dyad and the camera lens was
zoomed so that the video image contained the face and upper torso of the infant as much
as possible. This also allowed the investigator to remain out of direct sight of the infant
during the assessment, thus avoiding distraction. The investigator was still able to see the

assessment in order to judge when to terminate the session.
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Figure 2-6 Panasonic VDR-D250 DVD Camcorder (left) and Flip Video Camera (Right) used in this study

All of the solutions were at room temperature and were presented using 4 identical Avent 9
oz bottles (Philips), a different bottle for each solution (Figure 2.7). If the infants were
unfamiliar with these bottles the solution was presented in their own cup or bottle to
ensure that they would drink the solution. In this case there was no difference in the rest

periods given to infants to avoid any irregularities in testing.

— o
AVENT

2x260ml/90z

Figure 2-7 Avent infant feeding bottles used in this study
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When the camera was set up and the infant was ready and comfortable the test
commenced. Mothers were instructed to offer each solution, by placing the bottle to the
infant’s mouth and lightly rubbing the nipple against the lips until the infant voluntarily
accepted. If the infant refused to drink he/she was offered one of their own toys to
increase compliance with the testing protocol. The mothers were advised to avoid giving
any cues to their infants regarding the palatability of the solutions they were giving. Feeding
ended when the infants rejected at least three consecutive offers of the solution as decided
by the investigator or they had had been feeding for 1 minute. In this manner, infants
determined the pacing of the session and how much they consumed. Cues that the infant
had rejected the solution were; closing the mouth firmly; pushing the bottle away; turning
their head firmly away from the bottle or spitting the solution out. Immediately after each
drink, mothers were asked to rate their infant’s reaction to the solution using a Likert scale

of perceived like/dislike (Appendix I), in which higher numbers reflected greater liking.

Infants were presented with 50 ml of each solution starting with the base solution (0.00M
citric acid). The remaining solutions were given in a random order and the mother was
blinded to the order of the solutions. The solutions were presented to the infants for 60
seconds or until rejection, whichever came first. An interval of 2 minutes was given
between each presentation to allow the infants to rest. This method was based on similar
studies with older infants (Blossfeld e# @/, 2007). The investigator spoke only to indicate
the start and end of each test time. The maximum amount of solution that the infant could

drink was 50 ml; however, none of the infants finished the solution in the allotted time
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frame. The total amount of solution drank was determined by weighing the bottle or drink
container before and after the infant had tasted it. The amount of solution taken was
calculated to the nearest ml and any spillage or leaking on a bib was also recorded, by
weighing the bib before and after. Amount of solution was measured using a Salter electric
digital scales model 1036, with a measuring range of between 0.0- 5000 g, with graduations

of 0.1 g.

2.7.4 Twelve month Follow-up

Mothers were contacted by telephone at approximately two weeks before the infants’ 1
birthday to arrange a follow-up appointment. At the 12-month visit, mothers were asked
details about their infants’ current feeding patterns; particularly whether they were
breastfeeding at this time and how often they were. This information was recorded by the
investigator. Furthermore, at the end of the interview, the investigator repeated the
recorded feeding practices back to mothers in order to confirm the accuracy of the data.
Caregivers were provided with a food diary and asked to record detailed information
regarding the amount and types of all foods, beverages and nutritional supplements
consumed, as well as the amount of food left over by the child over 3 consecutive days.
Caregivers were asked to keep these food diaries during two typical weekdays and one
typical weekend day. They were asked to record the infants’ intakes using household
measures (measures such as teaspoon, tablespoon, fluid ounces, pints etc.). Where
applicable, the cooking methods used, brand names of the foods consumed, the packaging

size and type and details of recipes were also recorded. Estimated intakes were recorded as
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food served and left over. Caregivers were given a timeframe of 10 days during which they
could complete the food diary. Printed instructions and a sample food diary were provided
to the participant on each occasion to help minimise errors. The investigator also gave
detailed verbal instructions to participants regarding the recording of the infant’s food and
drink intake during each meeting. It was explained that if the mother felt that their infant
was sick or not eating well on a particular day, she should stop recording and repeat it on a
new day. For those infants in day-care, I asked that the créche staff complete the diary for
food and beverages that the infant consume during their time at the creche. Creches
provide meal plans as well as daily logs to mothers regarding their infants’ daily activity and
diet, including amount eaten, as a matter of routine, thus facilitating the recording of
intakes. Creches were provided with written instructions regarding the reporting of infants’
diet. I also offered to contact the creches if they had any difficulties or questions regarding
completing the diary. Participants were also given a stamped self-addressed envelope in
which to return completed food diaries to the investigator. Participants were telephoned to

remind them about the diaries if they had not returned them after 14 days(n=9).

Breast milk was not quantified in the food record. Instead, a “breastfed” entry was selected
and 1 serving was entered for each breastfeeding occasion. The amount of breast milk for
breastfed infants was estimated using the following method having consulted the available
literature (Dewey, Finley, & Lonnerdal, 1984; Kent, Mitoulas, Cox, Owens, & Hartmann,
1999; Briefel ¢f al, 2010). When breast milk was pumped and fed to a child in a bottle, the

“human milk” option in Dietplan 6.4 (Forestfield Software Ltd., 2011) was selected and it
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was quantified similarly to all other drinks. Consulting the available literature, I assigned
breast milk volumes based on the child's age in months and the total amount or volume of
other milks (infant formula, cow's milk, or soy milk) reported over the course of the food
record. It was calculated as 89 ml per feed to a daily maximum of 600 ml. Nutritional
composition information for infant formula and other commercial baby foods was

obtained from manufacturers’ information.

Dietplan 6.4 (Forestfield Software Ltd., 2011) was used to analyse daily intakes of energy,
nutrients and food items obtained from the food diaries. Mean nutrient intakes were
calculated from foods only. During this study, modifications were made to the food
composition database to include recipes of composite dishes, nutritional supplements,
fortified foods, infant specific products and generic Irish foods that were commonly
consumed. It was stressed to participants that they should not try to change or ‘improve’
their infant’s diet during the recording period. At the end of the recording period,
participants were asked whether their child’s food intake had been the same as usual, less
than usual, or more than usual during the recording period and were asked to explain why
this might have been. They were also asked if there were any items consumed during the
recording period which had not yet been written down. Details on such items were then

recorded by the researcher in the food diary.
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2.8 Data Handling & Analysis

To ensure patient confidentiality all mothers were assigned an identification number
thereby avoiding the use of any potentially identifying information during analysis. All food
diaries, questionnaires and data collection sheets had this identification number. Contact
details were securely filed separately from the study results and only the investigating team
had access to them. All details and results were stored in a locked filing cabinet that only
members of the research team had access to. Documents will be stored for a period of five
years and then destroyed by Dr. Tracey Harrington. All results were presented in terms of

the entire data set and any potentially identifying information was omitted.

The use of video recording was solely for the purposes of the analysis of infants’ facial
expressions. Only members of the research team viewed these tapes. Video recordings
were stored until the project was completed and will be destroyed by Dr. Tracey
Harrington after 5 years. Investigators viewed the videotapes and determined the length of
feed and the frequency of the infant’s negative facial expressions (e.g. nose wrinkling, brow
lowering, upper lip raising, gaping, head turning) when they were tasting the different
drinks. The infants’ total intake of each solution was calculated by weighing each container

before and after presenting it to the infant.
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2.8.1 Nutritional & Statistical Analysis of Food Diaries

Nutrient analysis of food and beverage intake was performed using Dietplan 6.4, dietary
analysis software (Forestfield Software Ltd., 2011), which is based on McCance &
Widdowson’s 6" edition food tables (Food Standards Agency, 2002b) as well as updated
information from food manufacturers. Supplement usage was not included in the nutrient
estimations. Fifty per cent of all information entered was randomly rechecked for errors.
Ten per cent of the analysed records were double checked with the original data food
records for accuracy. Missing nutrient data were added where possible, using a combination
of food labels, which were collected by participants, for unusual foods and manufacturer’s
information. The research dietitian was solely responsible for the collection, quantification,
coding, entry and checking of the food diaries. Statistical analysis of the data, using
Statistical Package for the Social Science (SPSS) version 19.0 (IBM SPSS, 2010) included
means, standard deviations (SD), medians and interquartile ranges (IQR) of average daily
intakes for energy, protein, total fat, saturated fat, as well as vitamins and minerals
considered important for each group- pregnant women, lactating women and 12-month

old infants.

The results of women’s dietary diaries during pregnancy analysed were compared to the
Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) (Rogers, Emmett, &
Study Team, 1998), which looked at the diet of 11,923 pregnant women at 32 weeks
gestation using a semi-quantitative food frequency questionnaire (FFQ). My results were

also compared to the Irish National Adult Nutrition Survey (NANS) 2008-2010, for
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females aged 18-59, which used 4-day semi-weighed food record (Irish Universities
Nutrition Alliance, 2011) and the Irish Recommended Daily Allowances (RDA), the
Average Requirements (AR) Lowest Threshold Intakes (ILTT) for women aged 19-59 years
including the increment for pregnancy where appropriate (Food Safety Authority of

Ireland, 1999).

The maternal dietary data generated from women at 12 weeks post-pregnancy were
compared to Recommended Daily Allowances (RDA)(Food Safety Authority of Ireland,
1999), and two Irish national surveys; the Survey of Lifestyle Attitudes & Nutrition in
Ireland (SLAN) 2007 (Harrington e al, 2008) and the National Adult Nutrition Survey
2008-2010 (NANS) 08-10 (Irish Universities Nutrition Alliance, 2011). The percentage of
participants consuming more than the EAR was examined to determine the nutritional
adequacy of this group’s diet. Participants’ adherence to some of the Irish Dietary
Guidelines such as those for dairy produce, fruit and vegetables was investigated as these
foods provide many of the increased requirements for vitamins and minerals needed during

lactation.

Finally, the data generated from the intakes of the infants in the study were compared to
results from the recent National Pre-School Nutrition Survey (NPNS) (Walton, 2012) and
the UK Diet and Nutrition Survey of Infants and Young Children (DNSIYC), 2011
(Lennox, Sommerville, Ong, Henderson H., & Allen, 2013). The NPNS investigated the

habitual food and beverage intake of a sample of 500 children living in the Republic of
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Ireland aged 12 to 59 months inclusive. Food intake was estimated using a four-day
weighed food record (Walton, 2012). The DNSIYC investigated the food consumption,
nutrient intakes and nutritional status of infants and young children aged 4 to 18 months
(n=2638), living in private households in the UK, using a 4-day estimated food diary

(Lennox et al., 2013).

2.8.2 Video Data

All of the data were downloaded from the flip camera or copied from the discs of the
Panasonic camera to the investigator’s computer. Details regarding the date, timing and the
infant ID were recorded. The files were converted to suitable format (.mp4 files) for use

with a video analysis program using Super © (http://www.erightsoft.com/SUPER. html).

To calculate the duration of drinking of the novel solutions and the number of negative
responses, the videos of infants were slowed to 5-20% of their normal speed, and length of
drink and negative responses coded using a frame-by-frame analysis by means of
Observer™ XT 10.5 (Noldus Information Technology, 2012). Facial responses at the
beginning of feeding are thought to be reflective of hedonic responses in animals (Berridge,
1996) and pre-verbal human infants (Soussignan e al, 1997; Rosenstein & Oster, 1988;
Mennella ez al., 2001; Steiner, Glaser, Hawilo, & Berridge, 2001). Because facial expressions
of distaste have been shown to be more discriminating than facial expressions of liking

(e.g., smiling) in gauging infants’ hedonic responsiveness (Mennella ez a/, 2001; Forestell &
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Mennella, 2007; Mennella, 2009), the researcher analysed the frequency of the negative

responses to the solutions (Table 2.2).

Table 2-2 Coding Scheme for Observer XT 10.5

Behaviour Key Code*  Initial Event
Drinking State
Drinking
Not drinking
Mouth Position
Mouth Relaxed/open
Mouth closed
Hand Position
Relaxed
Pushing/Pulling
Face Position
Relaxed
Rejection™*
Head Position
Relaxed
Turning/ Avoiding
Bottle Position
Bottle presented to infant

g

Default behaviour

Default behaviour

gz

Default behaviour

Default behaviour

T T

Default behaviour

- =

O
Bottle not in use/out of view B Default behaviour
Y

Bottle in use by infant/in mouth
*Key pressed on the computer keyboard to record each behaviour **Includes eye squinting, nose wrinkling, frowning, upper-lip raise, and

gaping

For all of the analyses, each of the behaviours was considered separately. When the
researcher identified a behaviour that is described on the coding scheme (Table 2.2), the
key was pressed on the computer keyboard that was associated with the behaviour (e.g.,
“d” for “drinking”). The Observer XT 10.5 system (Noldus Information Technology,
2012) then registered the occurrence of the behaviour in the event log and automatically
assigned a timestamp (Figure 2.8). The duration of behaviour was calculated for the elapse
of time between the beginnings of two mutually exclusive behaviours. Behaviours were
organized into groups according to the criterion that behaviours in the same group cannot

occur at the same time as each other, ie. all behaviours are mutually exclusive. The

94



advantage of having mutually exclusive behaviours is that during coding there is no need to
mark the end of a behaviour. When a new behaviour begins and is marked, the previously
coded behaviour of the same group automatically stops. The default behaviour named in
the behaviours list below is the behaviour that the Observer XT 10.5 (Noldus Information

Technology, 2012) assumes to be active at the start of each observation.

Figure 2-8 Screen shot of Observer XT10.5, (Noldus Information Technology, 2012) where each observation is
coded for negative responses to each solution
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All coding was completed by the investigator over two four-week periods. All of the videos
sessions were randomly coded and the investigator did not know which drink was being
sampled on each occasion. Data regarding infant 1D, drink concentration and age were
added after all infants had been coded to avoid bias. The sound of the infants sessions were
turned off to ensure that the infants’ vocal sounds did not bias the analysis. The first clip

which was coded was also taken as a random sample to assess intra-rater variability. Every
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two weeks the session was recoded by the investigator to test consistency. Therefore, over

the coding period the session was coded 6 times.

Reliability analysis was run using the Observer XT 10.5 software (Noldus Information
Technology, 2012). This monitors the number of agreements and disagreements in the
coding of mutually exclusive behaviours. During the process all behaviours are given a
timestamp and for comparison of event, I used a tolerance window of 1 second. Cohen
Kappa (x), an overall measurement of agreements that is corrected for agreement by
chance (Cohen 1960) and Pearson Rho (p), a measure of the strength of the linear
relationship between the numbers of disagreements in the coding of the video, was
calculated for each pair — the initial coding session was compared to each subsequent
session. Results showed »=0.93 (p<0.001) and o =0.89(p<0.001), showing very high
consistency and agreement between the sessions. SPSS Version 19.0 IBM SPSS, 2010) was
used for all statistical analyses. The author was the only individual who entered the data

into the SPSS database, fifty per cent of which were randomly re-checked for any errors.

Wilcoxon signed rank test was used to investigate if any differences were observed between
the sour taste acceptance by the two sub-samples of infants (n=0) - one at 6 months and
one at 12 months, whose sour taste acceptance was tested on two consecutive days using
the three outcome variables: Rater’s Liking Ratio (R-LR); Ingestion Ratio (IR) and

Mother’s Liking Ratio (M-LR). The analysis did not reveal any significant difference
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(p>0.05) between testing days for any of the three outcome variables:- Rater’s Liking Ratio;

Ingestion Ratio and Mother’s Liking Ratio at any concentration at either time point.

2.8.3 Sour Taste Acceptance Scores

An acceptance score was created for each method. For each variable the acceptance scores
for the base solution were the same for all infants (0.5) and served as a control. The
acceptance scores for all other solutions could have a value equal to 0.5, which would show
indifference; a value greater than 0.5, which would show acceptance or a value less than 0.5
which would show rejection of the solution. This method complied with approaches in
previous studies (Blossfeld e a/, 2007; Schwartz, Issanchou, & Nicklaus, 2009). The scores
spanned from 0 to 1. Using a proportional variable makes comparisons across ages and
across individuals possible, eliminating individual- and age-related differences in sucking

behaviour.

A Rater’s Liking Ratio (R-LR) was calculated by dividing the Rater’s Liking score given
for that solution by the Rater’s Liking score given for that solution plus the Rater’s Liking

score given for the base solution.

For example: Rater’s 1iking Ratio for 0.013M Citric Acid =

Raters Liking Score 0.013M
Rater’s Liking Score for 0.013M + Rater's Liking Score for Base solution
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An Ingestion Ratio (IR) was calculated by dividing the intake of the solution (ml) by the

intake of that solution plus the intake of the base solution.

For example: Ingestion Ratio for 0.013M Citric Acid =

Intake of 0.013M solution (mls)
Intake of 0.013M solution (mmls) + Intake of base solution (mls)

A Mother’s Liking Ratio (M-LR) based on the rating score given by their mother for
each solution, was calculated by dividing the liking score given for that solution by liking

score given for that solution plus the liking score given for the base solution.

For example: Mother’s Liking Ratio for 0.013M Citric Acid =

Mother Liking Score 0.013M
Mother's Liking Score for 0.013M + Mother's Liking Score for Base solution
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CHAPTER 3. DIETARY ASSESSMENT OF A POPULATION OF

WOMEN DURING PREGNANCY LIVING IN IRELAND

3.1 Introduction

Pregnancy is a period of complex growth and development for the foetus. Given the
potential impact that nutritional imbalance has upon the risk of morbidity and mortality for
the infant, optimal nutrition is critical during pregnancy (Galtier-Dereure, Boegner, &
Bringer, 2000; Godfrey & Barker, 2001; Rasmussen, Chu, Kim, Schmid, & Lau, 2008;
Olson, Strawderman, & Dennison, 2009; McDonald, Han, Mulla, & Beyene, 2010). The
impact of maternal nutrition can also impact the long term health of the infant as
epidemiological, clinical and animal studies have linked over and under nutrition to the
development of type 2 diabetes, cardiovascular disease, asthma and other chronic diseases
later in life (Scholl ez al, 1995; Dereure ez al, 2000; Fitzsimon ez al, 2007; Galtier- Sagawa,
2010). A recent study showed evidence that maternal macronutrient intake during the third
trimester of pregnancy has a stronger influence on a child’s macronutrient intake at 10
years of age than maternal post-natal or paternal macronutrient intake. This influence is
particularly pronounced with regard to fat and protein. The authors suggest that this could
reflect in utero programming of offspring appetite by maternal diet during pregnancy

(Brion ez al., 2010).

The nutritional content of diet is, therefore, critical for the developing foetus. National

recommendations specific to pregnancy have been developed in most countries, with

99



recommended increases in many essential micronutrients (Department of Health, 1991;
Health Promotion Unit, 2006). In Ireland, it has been decided that additional energy is
needed to meet the increased metabolic demands which exist during the last trimester of
pregnancy, while many increases in micronutrients are also recommended throughout
pregnancy, particularly for vitamin D, folate, iron and calcium (Food Safety Authority of
Ireland, 1999). The majority of studies exploring maternal diet during pregnancy report that
dietary energy intake does increase sufficiently to cover increased demands (FAO, 2004).
However, uncertainties exist regarding optimal maternal fat deposition and possible
reductions in maternal physical activity, which make absolute figures difficult to calculate.
Despite these uncertainties, it is commonly accepted that in healthy, well-nourished
women, total energy expenditure increases during gestation with additional energy

expenditure being primarily attributed to an increase in absolute basal metabolic rate.

Increases in basal metabolism during pregnancy occur as a result of accelerated tissue
synthesis, increased active tissue mass, and increased cardiovascular and respiratory
demands. Based on studies of healthy, well-nourished, pregnant women who gave birth to
healthy infants, the WHO (FAO, 2004) recommended an average increase in BMR over
pre-pregnancy values of 5%, 10% and 25% for the first, second and third trimesters
respectively. Additional energy requitements of between 1.0-1.7 MJ/day, depending on
maternal BMI pre-pregnancy, are recommended to meet increased metabolic demands
during the last trimester of pregnancy. These added energy needs can be met by modest

increases in consumption of a balanced diet. However, there is no indication that
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recommendations for macronutrient intake, expressed as a percentage of energy intake,

need to differ in pregnancy from those in the general population.

Antenatal clinics across the world provide leaflets encouraging women who are planning a
pregnancy or are in the early weeks of pregnancy, to eat healthily and to avoid certain
foods, such as shellfish and unpasteurised foods. However, little information is provided
regarding the complications in pregnancy that are associated with calorie excess and
macronutrient imbalance. Recent studies show that during pregnancy, many Irish women
failed to meet the current national recommended guidelines for healthy eating, with less
than half of the participants meeting the recommended intake for each food group in the
food pyramid (O'Neill ez @/, 2011). It is, therefore, important to identify at risk groups with
poor dietary intake and nutritional status during pregnancy in order to target appropriate
evidence based advice and education. There remains a lack of data surrounding the
nutritional habits of pregnant women, especially during the third trimester, when growth is
fastest and requirements are often at their highest. Pregnant women are excluded from
national nutritional surveys and the many nutritional studies that examine pregnancy tend
to concentrate on one nutrient (McGowan, Byrne, Walsh, & McAuliffe, 2011; Pefia-Rosas
& Viteri, 2009a; Pefia-Rosas & Viteri, 2009b) or the first trimester (McGowan &

McAuliffe, 2012; Murrin, Shrivistava, & Kelleher, 2010).

This chapter presents the dietary intakes of pregnant women in Ireland during their third

trimester and provides a discussion of the findings. Result from this study will be compared
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to similar studies viz. the Avon Longitudinal Study of Pregnancy and Childhood
(ALSPAC) (Rogers ef al., 1998), the latest Irish National Adult Nutrition Survey (NANS)
2008-2010  (Irish ~ Universities Nutrition — Alliance, 2011), the Irish National
Recommendations (Food Safety Authority of Ireland, 1999) and the Scientific Advisory
Committee on Nutrition in the UK (SACN, 2012). I will determine whether the mothers in
my study are meeting current nutritional guidelines and will examine the potential for

under-reporting in my cohort.

3.2 Methods

The study design, recruitment and methodology for the dietary assessment of my cohort of
pregnant women are provided in Chapter 2. Women completed a 7-day, semi- quantitative
food diary during the 8" month of pregnancy. Data used in this chapter are presented using
numerical descriptive statistics, including means with standard deviations and medians with
interquartile ranges (IQR). Daily intakes of fruit and vegetable, dairy products and fish are

presented using percentages and actual (n) values.

3.3 Results

3.3.1 Population Characteristics
Eighty-seven women completed food diaries during their third trimester of pregnancy.
Participants did not receive any specific advice on their diet during pregnancy and were not

asked to modify their diet during the recording period. None of the mother’s had been
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referred for any specific dietary advice during the study period. Mothers’ dietary intake was
determined using a 7-day food record during the last trimester of pregnancy — in the period
between weeks 33 to 37. Participants ranged between 26-44 years with a mean age of 35
years (* 4.3). The characteristics of participants are displayed in Table 3.1. Participants
were predominantly Irish (81.6%, n= 71) while the remainder were British (3.4%, n=3),
European (10.3%, n=8), Asian (1.1%, n=1), North American (2.2%, n=2) and African
(1.1%, n=1). Participants were predominantly married (83.9%) or co-habiting (14.9%). All
participants had completed second level education; 11.5% (n=10) had post-secondary
qualifications; 42.5% (n=37) were educated to degree level and 46% (n=40) to
postgraduate level (Post-Graduate Diploma; Masters or PhD). Participants were employed
on a full-time (66.7%, n=58) or part time (14.9%, n= 13) basis while the remainder worked
in the home (18.4%, n=16), with the majority of participants from social classes 1 & 2
(83.9%). The mean pre-pregnancy BMI was 23.3 kg/m” (+ 3.2), 79.5% (n=69) of women
were within the healthy range, while 15 % (n= 10) had a BMI > 25 kg/m? 4.4 % (n=4)

BMI > 30 kg/m” and 1.1% (n=1) reported being under-weight (BMI=17.9 kg/m?).
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Table 3-1 Characteristics of the Study Participants (n=87)

Characteristic Mean/ Median SD/IQOR Range
Age (years)t 35.1 4.3 26- 44
Pre-pregnancy Wt. (kg)t 63.5 9 48- 108
Height (m)f 1.66 0.07 1.51-1.85
Pre-pregnancy BMI (kg/m?)t 23.3 3.2 17.9- 35.3
Denographic Characteristic Y of participants in each group
Ethnicity
Irish 81.6% (n=71)
UK 4.1% (n=3)
Other Europeans 10.3% (n=9)
Others 5.5 (n=4)
Marital Status
Married 83.9% (n=73)
Living with Partner 14.9% (n=13)
Single 1.1% (n=1)
Maternal Highest Educational Qualification 1evel
Post-grad 46% (n=40)
Degree 42.5% (n=37)
Higher education below degree 11.5% (n=10)
Leaving Cert & below 0
Maternal Employment Status*
Full-time 66.7% (n=58)
Part-time 14.9% (n=13)
Unemployed 9.2% (n=8)
Economically inactive 3.4% (n=3)
Social Class
1&2 83.9% (n=73)
3&4 12.6% (n=11)
5&06 2.3% (n=2)
7 1.1% (n=1)
Pre-pregnancy Weight Status BMI
Underweight 1.1% (n=1)
Healthy Weight 79.5% (n=69)
Overweight 15.0% (n=10)
Obese 4.4% (n=4)

TNormally distributed data presented as Mean (SD). 11 Skewed data presented as Median (IQR) *Employment Status is based on the Standard

Occupational Classification (CSO)
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3.3.2 Daily Intakes of Macronutrients

Mean energy, macronutrient and dietary fibre intakes from the cohort are displayed in
Table 3.2. Mean intakes for energy, protein, carbohydrate, fat and fibre were 2151 kcal
(F427), 79g (£14.9) 276 g (£62.7), 90 g (£25.4) and 19 g (£06.3) respectively (Table 3.2).
Results for energy intake reported in my study are higher than NANS 08-10 (1721
kcal/day) and ALSPAC Study (1839 kcal/day) (Irish Universities Nutrition Alliance, 2011;
Rogers et al, 1998). However, they were slightly lower than the latest SACN (2012)

recommendations for energy during pregnancy.

Our results for dietary fibre intake were consistent with the results of the most recent
national adult nutrition survey (19.2 g/day, IUNA 2011). However, the majority of mothers
failed to meet the guidelines for the European Food Safety Authority recommendation of

25g/day (EFSA Panel on Dietetic Products, Nuttition, and Allergies (NDA), 2010)

Table 3-2 Mean daily macronutrient intakes based on food dairies (n=87) in comparison to the results of the
non-pregnant women aged between 18-64 from the NANS 2008-2010 (IUNA 2011) as well as ALSPAC Study of
pregnant women (Rogers et al,, 1998) and the SACN (2012) recommendations for energy during pregnancy.

Nutrient Study SD NANS ALSPAC SACN 20171
Participants 08- 10 Study

Energy -MJ/day 8.93 1.99 7.2 7.7 8.9-9.1*
Energy — kcal 2151 427 1721 1839 -

Protein —g 78.5 14.9 70.4 66.3 -

Total Fat —g 89.9 25.4 67.6 70.4 -
Carbohydrate —g 267.3 62.7 199.7 - -

Fibre-gt 18.9 6.3 17.3 19.3 -

*SACN requirements calculated based on EAR MJ/d for a population of less active women aged 25-44yrs plus 0.8M] increment for the
cost of pregnancy tFibre: Southgate method
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The percentage contribution to food energy from carbohydrates was 49%, which is
consistent with the latest national studies (Harrington ef @/, 2008; Irish Universities
Nutrition Alliance, 2011) as well as the national recommendations (Food Safety Authority
of Ireland, 1999). Study participants consumed on average 15% of their energy from
protein, which met the national guidelines for protein intake. They were marginally lower
than the 17.6% reported in the latest national survey NANS 08-10 (Irish Universities
Nutrition Alliance, 2011) but were higher than the ALSPAC study of pregnant women
(14%; Rogers ef al., 1998). Similar percentage contributions to food energy from fat (37%)
were reported among study participants and the NANS 08-10 study (Irish Universities
Nutrition Alliance, 2011). This percentage contribution was higher than that reported in
the ALSPAC Study (34%; Rogers ez al, 1998). The range of intakes for the study
participants were between 18.5% and 54% and more than two-thirds of participants (69%)

had dietary fat intakes above the recommended level of 35% (Table 3.3).

Table 3-3 The percentage contribution of each macronutrient to energy for study participants compared to the
national recommendations (Food Safety Authority of Ireland (FSAI), 1999)compared to women aged between
18-64 years in the national study NANS 2008-2010 (Irish Universities Nutrition Alliance, 2011) as well as the
ALSPAC Study of pregnant women (Rogers et al., 1998).

Nutrient Study Participants — Irish — Recommendations NANS ALSPAC
08- 10 Study

Protein 15% 10-15% 18% 14%

Carbohydrate 49% 50% 46% -

Fat 37% 30-35% 37% 34%

Saturated Fat 15% <10% - 14%

*Some figutes do not add up to 100% due to rounding errors in calorie conversion.
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Given the high intakes of total fat among this group, contribution to energy intake from
saturated fat intakes was considered. The average contribution of saturated fat to total
energy intake found in this study was 15%, which is higher than the national dietary
guidelines (Food Safety Authority of Ireland, 1999) (<10%) and is higher than intakes
reported in the ALSPAC study for pregnant women (14%; Rogers ez al., 1998). Ninety-two
per cent (n=81) of participants had saturated fat intakes of greater than 10% of total energy

intake and 4.7% (n=4) of participants had intakes that were greater than 20% (Table 3.3).

70% -
60% -
50% -
>
5 40% -
o
'-': 30% -
>
20% -
i n
0% -
Protein Carbohydrate Fat Saturated Fat
m Participants  m Irish Recommendations = NANS 08- 10

Figure 3-1 Percentage Energy Intake from Macronutrients for Participants compared with the National
Recommendations (FSAI, 1999) and the results from the recent National Adult Nutrition Survey (NANS) 08-10
(IUNA, 2011).

3.3.3 Daily Intakes of Micronutrients
The approximate mean intakes of the main micronutrients were calculated for the study
population and compared to current RDA, AR and LTI for women aged 19-50 with the

addition, where appropriate, of an increment for pregnancy (FSAIL, 1999). A significant

107



percentage of participants failed to meet the recommended requirements (RDA)for calcium
(73.6%), iron (81.6%), folate (98.9%), vitamin D (100%), vitamin C (25.3%) and riboflavin
(31%). A higher percentage of individuals met the recommendation for vitamin B12

(98.9%) and zinc (93%) (Table 3.4).

Table 3-4 Mean group intakes, RDA including the increment for pregnant women; percentage of women below
this higher RDA; the average requirements (AR) for non-pregnant women aged 19-64 the lowest threshold
intake (LTI) for non-pregnant women aged 19-64 and percentage of women below the AR & LTI for selected
nutrients (Food Safety Authority of Ireland, 1999).

Nutrient Study SD/IOR  RDA* % below AR % below LTI %
Participants RDA* AR below
Mean/ Median LTI
Calcium (mg/d)t 1023 263 1200 73.6 615 6.9 430 0
Iron (mg/d)T 12.5 3.5 15 81.6 10.8 31 7.5 3.4
Zinc (mg/d)T 9.4 2.1 7 6.9 5.5 1.1 4 1.1
*Vitamin D (ug/d)f 2.46 1.98 10 100 - - - -
Vitamin B12(ug/d)f 4.85 1.67 1.6 1.1 1.0 0 0.6 0
Folate (ug/d)t 278.3 88.2 500 98.9 230 31 160 5.7
*Vitamin C (mg/d)F 135 106 80 253 46 8 32 4.6
*Riboflavin (mg/d)f 1.8 0.6 1.6 31 1.3 4.6 0.6 0

*The RDA shown in the table is the figure for women aged 19-50, with the addition where appropriate of an increment for pregnancy. TNormally

distributed data presented as mean and standard deviation (SD). $Skewed data presented as median and interquartile range (IQR).

The approximate mean intakes of the main micronutrients were compared to data obtained
from NANS 08-10 (Irish Universities Nutrition Alliance, 2011) and ALSPAC (Rogers ¢z al.,
1998) studies. When compared to the NANS 08-10 study (Irish Universities Nutrition
Alliance, 2011), the mean intakes of study participants were higher for sodium, calcium,
magnesium, zinc and vitamin C but lower for all other vitamins and minerals. It is
interesting to note that, when compared to the ALSPAC study of pregnant women during
the last trimester of pregnancy (Rogers ez al, 1998) my participants compared very

favourably, reporting higher intakes for all the micronutrients investigated (Table 3.5).
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The average intake of salt was 7.3g daily, with a range of 3.4g- 13.3g daily. The RDA is 1.6
g/70 mmol sodium (4g salt) per day for adults (Food Safety Authortity of Ireland, 2005).
Due to high levels of salt reported in previous national studies, the Food Safety Authority
of Ireland (Food Safety Authority of Ireland, 2005) agreed a population target of a
maximum intake level of 6 g/day of salt. In this study, approximately 20% of participants
reported intakes below this recommended maximum level. NANS 08-10 (Irish Universities
Nutrition Alliance, 2011) study showed a lower mean daily intake of salt for women aged

18-64 years of 6.2 g/day (Table 3.5).

Table 3-5 Mean daily micronutrient intakes based on food dairies (n=87) in comparison to the results of the
non-pregnant women aged between 18-64 from SLAN 2007 (Harrington et al., 2008) and the NANS 08-10 (Irish
Universities Nutrition Alliance, 2011) as well as pregnant women from the ALSPAC study (Rogers et al, 1998).

, Stud , NANS :
Nutrient o, m@{l e SD e ALSPAC
Sodium (mg)t 2906 721 2480 -
Calcium (mg)t 1023 263 824 953
Magnesium (mg)} 297 74 255 253
Iron (mg)t 12.5 35 13.7 10.4
Zinc (mg)t 9.5 2.1 9.0 8.3
Vitamin D (ug)t 2.79 1.64 3.9 -
Vitamin E (mg)} 10.0 3.8 125 8.4
Thiamin (mg)t 1.7 0.4 3.4 1.4
Riboflavin (mg)} 1.8 0.6 33 1.7
Niacin (mg)t 20.5 5.8 24.7 15.8
Vitamin B6 (mg)1 2.1 0.7 4.2 1.8
Vitamin B12 (ug)f 4.9 1.7 8.0 -
Folate (ug)t 278 88 339 250
Vitamin C (mg)t 135 106 141 80.3

TNormally distributed data presented as mean and standard deviation (SD). }Skewed data presented as median and interquartile range (IQR).

3.3.4 Intake of Fruit & Vegetables

The Irish National Guidelines recommend at least 5 portions of fruit and vegetables per

day, with at least 2 portions being fruit and 3 portions being vegetables (Food Safety
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Authority of Ireland, 2012). The mean number of portions of vegetable and fruit was 3.8
(£1.8), which is below the recommended guidelines (Table 3.6). Only 21.2% (n= 18) of my
participants met the recommended guidelines of 5 portions of fruit and vegetables daily.
The mean number of fruit portions consumed was 2.3 (+1.3), with approximately 58% of
women (n=50) consuming the recommended two or more portions per day. The range in
fruit intake was between 0.0 and 7.7 portions per day. Of most concern was the fact that
17.6% (n=17) were consuming less than one portion of fruit a day. Vegetable intake was
lower than fruit intake among this group as the mean number of vegetable portions
consumed daily was 1.5 (£0.8), which is half the recommended amount. Only 7.1% (n=06)
were meeting their recommended 3-a-day of vegetables and 22.4% (n=19) of women

reported eating less than one portion of vegetables per day.

3.3.5 Intake of Dairy Products

During the data collection period, the national dietary guidelines for pregnancy were 5
portions of dairy produce (e.g. milk, cheese and yoghurts) per day compared to the 3
portions per day recommended for the general population (Health Promotion Unit, 2000).
These guidelines have changed subsequently, with the Department of Health and Children
in 2012 now recommending 3 portions of diary produce per day for both pregnant and
non-pregnant women (Food Safety Authority of Ireland, 2012). The mean number of dairy
portions for my participants was 2.4 portions, which was less than half the recommended

level of dairy for pregnant women in Ireland and was also below the new revised
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recommendations. Only one woman consumed 5 portions of dairy per day, while fewer

than 30% of women consumed 3 portions of dairy per day (28.6%; n=25; Table 3.6).

Table 3-6 Study participants' mean number of daily/weekly servings of fruits, vegetables, dairy produce and

oily fish (n=87).

Food Group Mean/ Median SD/IOR  Range
no. of portions

Fruits* 2.3t 1.3 0.0-7.7

VVegetables* 1.5t 0.8 0.2-4.3

Fruit & Vegetables* 3.8t 1.8 0.2-10.8

Dairy Produce** 2.4% 1.1 0.1- 5.9

Oily Fish*** 0.7% 0.5 0.0- 3.5

No of portions % of participants consuming each no. of
portions/ day

Fruit

<1.0 17.6% (n=15)

1.0-1.9 25.9% (n=22)

2.0-2.9 30.6% (n=27)

23.0 27.1% (n=23)

Vegetables

<1.0 22.4% (n=19)

1.0-1.9 54.1% (n=47)

2.0-2.9 16.4% (n=14)

23.0 7.1% (n=6)

Fruit & Vegetables

<1.0 3.5% (n=3)

1.0-1.9 9.4% (n=8)

2.0-2.9 20.0% (n=17)

3.0-3.9 23.6% (n=21)

4.0-4.9 22.3% (n=20)

> 5.0 21.2% (n=18)

Dairy Products

<1.0 8.0% (n=7)

1.0-1.9 33.4% (n=29)

2.0-2.9 29.7% (n=206)

23.0 28.6% (n=25)

Olly Fish

<1.0 47.1% (n=41)

1.0-1.9 7.1% (n=06)

2.0-2.9 32.1% (n=28)

23.0 13.8% (n=12)

TNormally distributed data presented as Mean (SD). 11 Skewed data presented as Median (IQR) *1

portion = 80 g of fruit or vegetables ** 1 portion = 30 g of cheese/ 200 ml of milk / 150 g of yogurt

* 1 portion = 90 g Fish
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3.3.6 Intake of Oily Fish

As 100% of participants failed to meet the RDA for vitamin D, I examined dietary sources
of vitamin D. Oily fish (e.g. herring, mackerel, salmon, sardines, tuna) provide good
sources of vitamin D while some brands of breakfast cereal, margarines and milks are
fortified with small amounts of vitamin D. Forty-nine women (56.3%) reported eating oily
fish at least once a week (Table 3.6). The mean number of portions of oily fish per week
was 0.75 (+0.89) with a range from 0-3.5 portions. The most common oily fish eaten was

tinned tuna, with 28.7% of women (n=25) reporting to have eaten tuna over the week.

3.3.7 Supplement Usage

Participants were asked if they had taken any dietary supplements during their last trimester
of pregnancy. The majority of women in the study (57.5%; n=50) reported never taking
any dietary supplements during this period. Just over a third of women in the study (35.6%;
n=31) reported taking a daily supplement, while the remaining women (6.9%; n=0)
reported taking an iron tablet infrequently, saying they took them on days they felt “low or
very tired”. Of the women who reported taking a daily supplement, 64.5% (n=20) reported
taking an iron supplement and 32.3% (n=10) reported taking a multivitamin supplement
suitable for pregnancy. One woman reported taking folic acid daily, while another woman
reported taking a vitamin C tablet. One woman reported taking a magnesium/calcium
tablet daily as she had no dairy products in her diet. Seven women (22.5%) reported taking
omega 3 tablets as well as their other supplements whilst 2 women taking iron tablets, also

reported taking a vitamin D supplement (Table 3.7).
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Table 3-7 Supplement Usage among Study Participants (n=87)

Daily Supplement Usage % of women taking a supplement
Yes 35.6% (n=31)

No 57.5% (n=50)

Infrequently 6.9% (n=0)

Type of Supplement Used Yo of women taking each supplement™
Iron 22.9% (n=20)

Multivitamin 11.4% (n=10)

Omega 3 8.0% (n=7)

Vitamin C 1.1% (n=1)

Folic Acid 1.1% (n=1)

Vitamin D 2.3% (n=2)
Magnesium/Calcium 1.1% (n=1)

* Some figures do not add up to 100% as some women took more than one supplement ** Multivitamin was suitable for pregnant women

3.3.8 Under-reporting

Bias of reporting energy intake is a well-known problem in dietary surveys (Black e 4/,
1991) and 38% (n=33) of women in this cohort reported an energy intake of less than
120% of BMR, indicating that they may have been under-reporting. Moreover, 8.3% (n=7)
reported an energy intake of less than 90% of BMR adjusted for pregnancy, which is
considered definitive under-reporting. The methodology for these calculations is based on
pre-pregnancy BMI, using the Henry equation (Henry, 2005) and includes an added 25% to
BMR in order to account for the average increase in BMR over pre-pregnancy values for
the third trimester. This level of under-reporting is similar to other studies (Brion e al,
2010; Goldberg e al, 1991; Rogers ez al., 1998), which suggests that this population reflects

a typical cohort.
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3.4 Discussion

3.4.1 Macronutrient Intake

Despite 79.5% of women in this study reporting a healthy BMI, there was an imbalance in
their intake of macronutrients, with high intakes of fats and low intakes of carbohydrates.
Previous studies have shown that this imbalance results in a higher risk of developing
impaired glucose tolerance for the mother (Moses, Shand, & Tapsell, 1997; Saldana, Siega-
Riz, & Adair, 2004) and a smaller-for-gestational-age birth for the infant (Scholl, Chen,
Khoo, & Lenders, 2004). EU recommendations suggest that dietary fat intake in pregnancy
(as a percentage of total energy intake) should be as recommended for the general
population (Koletzko, Cetin, & Brenna, 2007). However, in my cohort, higher than
recommended intakes of total fat and saturated fat were observed. Of most concern is the
finding that 92% of women reported having a saturated fat intake greater than 10% of their
total energy intake. These fats can accumulate in adipose tissue (Delany, Windhauser,
Champagne, & Bray, 2000; Kien, Bunn, & Ugrasbul, 2005; Storlien e a/, 2001) and being
obesogenic, (Hariri, Gougeon, & Thibault, 2010) contribute to increased risk of gestational
diabetes (GDM) and large-for-gestational-age newborns (Luoto ez al, 2011). A recent
review (Morisset ez al, 2010) suggested that high fat and low carbohydrate intake is
associated with a higher risk for GDM, independent of pre-pregnancy BMI, although

mothers with GDM were excluded from this present study.

The higher fat and saturated fat intakes in this cohort may indicate a lack of awareness of

the importance of nutrient dense foods during pregnancy in order to meet increased
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micronutrient requirements. Maternal macronutrient intake during the third trimester of
pregnancy has a stronger influence on child macronutrient intake at 10 years of age,
particularly for fat intake, than maternal post-natal intake or paternal macronutrient intake
(Brion ef al., 2010). It is a concern that this high fat diet was similar to participants’ pre-
pregnancy diet, which may therefore continue post-partum. For this reason, pregnancy may
be an opportunity to identify these at-risk women and advise them during pregnancy,

which will benefit both mother and child in the future.

3.4.2 Micronutrient Intake

3.4.2.1 Sodium
Eighty per cent of individuals had a salt intake that was twice the RDA for sodium. Their
intake was higher than the latest national survey. Given that discretionary salt was not
considered, the total salt intake amongst study participants may be even higher. In
comparison to non-pregnant women, pregnant women find it more difficult to identify salt
levels in solutions and prefer higher salt levels (Brown & Toma, 1986), which could explain
their higher consumption level. This level of salt consumption could have long term health
implications for mother and infant. Studies have shown that high levels of dietary salt in
rats during intrauterine development can permanently alter the mechanisms that regulate
cardiovascular function, blood pressure (Fereidoun, Ahmad, Ahmad, & Pouria, 2011) and
kidney function (Koleganova ez al, 2011). However, this association is yet to be determined

in humans.
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3.4.2.2 Calcium
Approximately 75% of women were below the Irish RDA for calcium for pregnant
women, though 93.1% of women met the AR of calcium for non-pregnant women. The
mean intake for this cohort compared favourably to that reported in the latest national
survey (Harrington ez al, 2008) as well as ALSPAC (Rogers ez al., 1998), suggesting that
women may have tried to increase their intake of calcium during pregnancy. Calcium plays
a crucial role in maintaining maternal bone health during pregnancy and ensuring adequate
development of foetal teeth and bones. Calcium supplementation can reduce the risk of
pre-eclampsia and of pre-term births (Sibai, 2011), showing the importance of calcium for a

healthy pregnancy.

Dairy is a good source of dietary calcium and given that the mean number of servings of
dairy produce consumed per day was 2.4, which is less than half the recommended levels,
which would account for the low percentage of women meeting the RDA with the
increment for pregnancy for calcium. During the data collection period, the national
recommendation for dairy product consumption for pregnant women was 5 portions per
day (Food Safety Authority of Ireland, 1999). However, the national recommendation has
reverted to 3 portions per day which is the recommendation for the general population
(Food Safety Authority of Ireland, 2012). This is due to more recent evidence suggesting
that, during pregnancy, adaptive physiological changes in mineral metabolism such as
elevated gastrointestinal absorption, decreased excretion and the skeleton acting as a

reservoir to buffer shortfalls in mineral supply will occur, independent of maternal mineral
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supply in the range of normal dietary intakes (Prentice, 2003). However, these processes
may not provide the sufficient levels of minerals necessary for foetal growth without
increased dietary intake when women’s intakes are marginal or sunlight exposure is low,
given the importance of vitamin D and calcium absorption and utilisation during

pregnancy.

3.4.2.3 Vitamin D
In this cohort, the dietary intake of vitamin D was well below the Irish recommendations
for pregnant women and the levels reported in the latest national survey (Irish Universities
Nutrition Alliance, 2011). Maternal vitamin D deficiency during pregnancy has been linked
to maternal osteomalacia, reduced birth weight, neonatal hypocalcaemia and tetany (Food
Safety Authority of Ireland, 1999). In animal studies, vitamin D deficiency was linked to
hypertension (Li e# al, 2004). The main source of vitamin D is ultraviolet B rays on our skin
provided by sunlight. However, Ireland’s northerly latitude limits exposure to sunshine.
Between November and March, there is inadequate quality and quantity of sunlight to
enable sufficient production of vitamin D by the body, which requires us to rely more on
dietary sources of vitamin D as well as our body stores. Oily fish, eggs and liver are the
richest sources of vitamin D, and only 47.1% of the women in my study reported eating
less than one serving of oily fish per week. Consumption of liver and raw or undercooked
eggs is not recommended during pregnancy due to the high levels of vitamin A in liver and
the risk of salmonella in eggs. Another of the most popular choices as a source of vitamin

D, tuna fish, is also restricted due to high mercury levels (Food Safety Authority of Ireland,
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2004). These factors further reduce Irish pregnant women’s ability to meet their Vitamin D

requirements during the winter months.

Current UK and Irish guidelines (Department of Health, 1991; Department of Health
(DH), 2000; Food Safety Authority of Ireland, 1999) recognise the difficulty in reaching
this target through food sources alone and, therefore, it is recommended that all pregnant
women take a 10 pg vitamin D daily supplement. It is of concern that only 14.3% of
women in this study reported taking vitamin D supplementation. Timing of
supplementation should also be considered as a significant association was observed
between low 25-hydroxyvitamin D [25(OH)D] concentrations in early pregnancy and
subsequent pre-eclampsia (Bodnar e @/, 2007), while a significant association was found
between maternal plasma 25(OH)D concentrations in mid-gestation and the risk of
developing gestational diabetes mellitus (Clifton-Bligh, McEldutf, & McElduff, 2008;
Maghbooli ez al, 2007). Future recommendations of vitamin D supplementation may have

to be adjusted with each trimester.

More recently, the Irish recommendations for vitamin D intake in adults have changed,
suggesting that everyone aged 5-50 years and those pregnant or over the age of 51 years
should take 5 pg and 10 pg vitamin D-3 daily supplement respectively (Food Safety
Authority of Ireland, 2012). These new recommendations may encourage more discussion
regarding the benefits and need for vitamin D supplementation in Ireland and may help

compliance rates during pregnancy in the future years. However, the low compliance rates
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for peri-conceptual folic acid supplement usage seen in Ireland (Murrin ef a/, 2007) indicate
the difficulty which may lie ahead of attempts to increase compliance with this
recommendation and indicate the need for continuous health promotion interventions

during pregnancy.

3.4.2.4 Omega-3 Fatty Acids
Omega-3 fatty acids are essential fatty acids that can only be obtained from an individual’s
diet. Greenberg ef al. (2008), in a review, suggest that omega 3 fatty acids are critical for
foetal neurodevelopment and may also be important for the timing of gestation and for
birth weight. During the last trimester of pregnancy, the foetus accrues about 50-70 mg a
day of the omega-3 fatty acid docosahexaenoic acid (DHA), which is a primary structural
component of the human brain (Innis, 2005). However, many women are unlikely to be
consuming sufficient omega-3 fatty acids among this cohort. Nearly half of the women
(47.1%) consumed less than one portion of oily fish per week and only 8% of women took
an omega-3 supplement suitable for pregnancy. However, there are low intakes of oily fish
in the general population in Ireland and therefore many women would not be used to
eating oily fish. Concern over levels of mercury in oily fish and the guidelines to limit these
fish during pregnancy (FSAIL 2004) may account for the low intakes reported. Greenberg ez
al. (2008) suggest that pregnant women should consume 2 servings of fish a week plus
vegetable oils (e.g. flaxseed, canola and soybean) as well as suitable supplements. However,

no official recommendations regarding supplementation have been developed as of yet.
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3.4.2.5 Folate
Fruit and vegetables are an important source of many micronutrients such as folate and
vitamin C. Among study participants, folate intake was below the Irish AR, when the
increment for pregnancy was included. Folate, which is found in leafy green vegetables, is
the only vitamin whose RDA is set at a substantially higher level for pregnancy than for
lactation, which reflects the key role of folate in cell division and development. Of
particular concern was the fact that 5.7% reported intakes that were below the LTI for
non-pregnant women. However, in Ireland many foods are now voluntarily fortified with
folic acid by food manufacturers and it is therefore possible that the level reported was
underestimated. This conclusion appears to be supported by the latest report by the
Implementation Group on Folic Acid Food Fortification in Ireland (Food Safety Authority
of Ireland, 2009), which suggested that voluntary fortification had increased blood folate
levels in Ireland, such that by 2007, 93% of women had erythrocyte folate levels considered

adequate to protect against neural tube defects (NTD).

3.4.2.6 Iron
The role of iron supplementation during pregnancy is more controversial and routine
supplementation during pregnancy is a matter of debate (Breymann, 2002). Foetal iron
needs are met at the expense of the mother’s own stores as the increased demand for iron
by the foetus is met through the combined actions of mobilisation of maternal iron stores,
increased dietary absorption and savings made in basal iron store losses due to cessation of

menstruation. A recent Cochrane review (Pefia-Rosas & Viteri, 2009b) found that, while
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either daily or weekly iron supplementation was effective in preventing anaemia and iron
deficiency in the mother, they found no evidence of a significant reduction in substantive
maternal and neonatal adverse clinical outcomes at term. They concluded that there was

insufficient evidence to recommend routine iron supplementation during pregnancy.

The majority of women in this cohort (81.6%) failed to meet the recommended intake of
dietary iron during their third trimester and many of them (77.1%) were not taking any oral
supplementation, putting them at risk of iron deficiency anaemia (IDA). Some women in
the study reported taking iron supplements irregularly or not at all due to their side effects.
This highlights the importance of dietary sources of iron rich foods to prevent IDA.
Moreover, vitamin C will increase the absorption of non-haem iron if both nutrients are
consumed alongside each other. While the mean daily intake of vitamin C was well above
Irish recommendations for most women, the timing of this consumption may also be

important.

3.4.2.7 [Fruit & Vegetables
In this study only 21.2% of women met the Irish guidelines of 5 portions of fruit and
vegetables per day. This is similar to other studies, which have also reported low levels of
fruit and vegetable consumption among pregnant women (Wen, Flood, Simpson, Rissel, &
Baur, 2010; Wilkinson, Miller, & Watson, 2009). Consumption of fruit and vegetables can
be positively associated with higher birth weight (Mikkelsen, Osler, Orozova-Bekkevold,
Knudsen, & Olsen, 2006; Rao ez al., 2001). However, a more recent study showed that this
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positive association was significant only for vegetable intake (Ramon ez 4/, 2009). This
association occurred mainly in higher vegetable intake during the first trimester for higher

weight and during the third trimester for greater length.

3.5 Strength & Limitations

The use of 7-day estimated food diaries is a particular strength of this study as it reduces
the possibility of recall bias. Irrespective of the data collection method used, under- and
over-reporting is unavoidable in nutritional assessment (Black & Cole, 2000; Black & Cole,
2001). However, there is considerable evidence that a 7-day food diary suffers less
measurement error than other methods (Bingham e a/, 1994). A recent Irish study showed
that 59% of pregnant women under-reported their weight at antenatal booking, resulting in
12% of overweight women being classified as normal and 5% of obese women being
classified as overweight (Fattah e a/, 2009). Therefore it is possible that some women also
underreported their weight and were misclassified in this study which may have an effect

on the level of predicted under-reporting.

The extent of adaptive changes in BMR in pregnancy is pootly understood; therefore,
estimating individual BMR levels is difficult. A study examining the energy cost of
pregnancy reported that, while variability between studies was low, the variability of
individual women within each study was high (45-70%) making predictions of individual

BMR during pregnancy difficult (FAO, 2004). Difficulties are further compounded as some
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studies show a reduction in BMR in well-nourished UK subjects (Prentice, Goldberg,
Davies, Murgatroyd, & Scott, 1989); undernourished Gambian women (Lawrence, Coward,
Lawrence, Cole, & Whitehead, 1987) and showed low increases in BMR in United States
subjects (Kopp-Hoolihan, van Loan, Wong, & King, 1999). None of the women in the
study had energy intakes below 90% BMR without the adjustment for pregnancy.
Therefore it is difficult to say if the women were actually under-reporting. Clark and
Ogden (1999) compared the food intake of pregnant versus non-pregnant women. They
observed increased food intake among pregnant women along with lower body
dissatisfaction, suggesting that a higher food intake is considered legitimate during
pregnancy. This could account for lower than expected levels of definitive under-reporting.
Given the difficulty in estimating BMR during the third trimester, it was decided to include
all study participants in the analysis. In a comparison of the total group, including those
described as definitive under-reporters during pregnancy, and the total group, excluding
those described as definitive under-reporters during pregnancy, there was no significant

difference in the mean intake of macronutrients.

Another limitation of the study is high educational and socioeconomic status of the women
in the group. Given that studies in Ireland have linked poor nutrition to more socially
disadvantaged groups (Kelleher ez a/,2008), the results of this study is of concern. Previous
research has shown that older; higher income; better educated; pregnant women have a
better overall quality of diet (Bodnar & Siega-Riz, 2002; Murrin ef al., 2007). In this study

many of these highly educated, older women were unable to meet the many of the
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nutritional recommendations for pregnancy such as fat, salt and vitamin D. The findings of
this study and current literature suggest that these nutritional inadequacies may be problem
within the whole population of pregnant women and possibly greater among those form

socially disadvantaged groups.

3.6 Conclusion

The most significant change in women’s behaviour during pregnancy occurs with regard to
eating habits and food choices (Lewallen, 2004). Therefore, this period presents itself as an
important opportunity to influence the health and nutrition of these women, both during
their pregnancy and in the future. Research has shown that older, higher income, better
educated pregnant women have a better overall quality of diet (Bodnar & Siega-Riz, 2002;
Murrin et al, 2007), suggesting that pregnant women from a low economic background
should be targeted for dietary interventions. Overall, my research and literature offers
convincing evidence that women from all socio-economic backgrounds would benefit from
more education about the importance of healthy eating during pregnancy, in particular with
regard to vitamin D. Healthcare professionals therefore have an important opportunity to
influence the health and nutrition of women during pregnancy and further studies are

needed to appraise current modes of communication.
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CHAPTER 4. DIETARY ASSESSMENT OF A POPULATION OF

WOMEN POST-PREGNANCY LIVING IN IRELAND

41 Introduction

The increased nutrient demands a mother experiences during pregnancy are met either by a
well-balanced diet or by utilisation of body stores (Thomas & Bishop, 2007). It is important
that all women in the period post-pregnancy have healthy, nutrient dense diets. Women
post-partum must replace depleted nutrient stores as a result of the demands of pregnancy,
especially if their diet during pregnancy has been lacking essential nutrients. While a
mother’s post-partum energy requirements will return to that of non-pregnant women,
Quist ef al. (1986) found that, at term gestation, nearly half of their participants had low

folate levels, which persisted during the post-partum follow-up.

Additionally, mothers who exclusively breastfeed must meet all the needs of their babies in
addition to their own, and therefore breastfeeding mothers have higher macro- and micro-
nutrients requirements than their non-pregnant peers (Department of Health, 1991; Food
Safety Authority of Ireland, 1999). Therefore, optimal post-partum nutrition is vitally
important as this period is characterised by increased nutrient requirements, in order to
replace depleted nutrients for lactating mothers. Although a mothet’s nutritional needs
during lactation are greater than those during pregnancy and for the general population,

there are no special dietary recommendations for mothers during lactation.
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The nutritional cost of lactation is dependent on the quantity of milk produced and the
milk’s nutritional content (Picciano, 2003). Much of a breastfeeding mother’s increased
energy requirements is met by utilising fat stores deposited during pregnancy (typically 2.7-
3.6 kg), while some energy is conserved by changes in the mother’s metabolism. It is
estimated that breastfeeding mothers require an increased energy intake of approximately
1.92 MJ/day (Food Safety Authority of Ireland, 1999). More recently, EFSA (2013)
estimated that women exclusively breastfeeding during the first six months post-partum
have an additional energy requirement of 2.1 MJ/day (500 kcal/day) over pre-pregnancy,
which takes into account a requirement of 2.8 MJ/day (670 kcal/day) for milk production
and an energy mobilisation from maternal tissues of 0.72 MJ/day (170 kcal/day). However,
a mother’s ability to produce milk generally far exceeds actual milk production and
increased demands by the infant are met by increased supply - irrespective of maternal

energy intake (Daly & Hartmann, 1995).

During pregnancy and breastfeeding, the nutrient density of the maternal diet assumes
great importance, as the increased demand for energy exceeds a prospective mother’s needs
for other nutrients (Picciano, 2003). Adequate nutrition, while critical during lactation, may
not be easily achieved by diet alone. The adequacy of the maternal diet is often assumed
when the infant is thriving and milk composition is within normal ranges. However,
maternal adequacy should not be assumed from infant growth data as the nutrient content
of human milk is often maintained at the expense of the mothet’s own nutrient stores

(Institute of Medicine (IMO), 1991).
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Studies have shown that low-income pregnant women in the US have a heightened
awareness about healthy eating during pregnancy. However, this concern diminished after
delivery and the majority of women returned to their, less healthy, pre-pregnancy diets
(Havas et al., 1998; Treiman e7 al., 1996). Overall, there is a scarcity of information regarding
the nutritional status of women post-pregnancy - both lactating and non-lactating (Doran
& Evers, 1997; George, Milani, Hanss-Nuss, & Freeland-Graves, 2005; George, Hanss-
Nuss, Milani, & Freeland-Graves, 2005) and the nutritional status of women in Ireland

during lactation has not been reported in the literature.

This chapter presents the results of the dietary intake of women, 12 weeks post-partum,
living in Ireland and provides a discussion of the findings. The data generated from this
study were compared to Recommended Daily Allowances (RDA) (Food Safety Authority
of Ireland, 1999), and the latest Irish national survey- National Adult Nutrition Survey
2008-10 (Irish Universities Nutrition Alliance, 2011). The percentage of participants
consuming more than the EAR are examined to determine the nutritional adequacy of this
groups’ diet. To conclude the chapter, the study will consider participants’ adherence to
some of the Irish Dietary Guidelines, such as those for oily fish, dairy produce, fruit and
vegetables, as these foods provide many of the increased requirements for vitamins and

minerals needed during lactation (Food Safety Authority of Ireland, 2012).
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4.2 Methods

The study design, recruitment and data collection for the follow-up of all mothers 12 week
post-partum are discussed in detail in Chapter 2. Women completed a 7-day, semi-
quantitative food diary approximately 12-weeks post-partum. Data used in this chapter are
presented using numerical descriptive statistics; including means with standard deviations
and medians with interquartile ranges (IQR). Daily intakes of fruits and vegetables, dairy

products and fish are presented using percentages and actual (n) values.
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4.3 Results

4.3.1 Population Characteristics

Table 4-1 Demographic & Anthropometric Characteristics of Participants in the Study (n=66)

Characteristic Mean/ Median SD/IQOR Range

Age (years)t 35.2 41 26- 44
Pre-pregnancy Weight (kg)f 65.3 11.2 50- 108
Height (metres)t 1.67 0.07 1.51-1.80
Demographic Characteristic % Participants
Ethnicity

Irish 78.8 (n=52)

UK 4.5 (n=3)

Other Europeans 10.6 (n=7)

Others 6.1 (n=4)
Marital Status

Married 83.3 (n=55)

Living with Partner 15.2 (n=10)

Single 1.1 (n=1)
Maternal Highest Educational Qualification Level

Post-grad 45.5 (n=30)

Degree 42.4 (n=28)

Higher education below degree 12.1 (n=8)

Leaving Cert & below 0
Maternal Employment Status

Full-time 73.8 (n=48)

Part-time 13.6 (n=9)

Unemployed 7.7 (n=5)

Economically inactive* 4.6 (n=3)
Social Class**

1&2 86.3 (n=57)

3&4 10.6 (n=7)

5&6 1.5 (n=1)

7 1.5 (n=1)

TtNormally distributed data presented as Mean (SD). 1 Skewed data presented as Median (IQR) *Economically inactive (CSO) **Standard
Occupational Classification (CSO)
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Sixty-six women returned completed diaries at 12 weeks post-partum. The population
characteristics are summarised in Table 4.1. Mothers were predominantly Irish nationals
(78.8%, n=>52) while the remainder were British (4.5% n=3); European (10.6% n=7); Asian
(1.5% n=1); North American (3% n=2) and Australian (1.5% n=1). Mothers were
predominantly married (83.3% n=55) or living with their partner (15.2% n=10). This
cohort had a high educational status; with 45.5% (n=30) educated to a postgraduate level;
42.4% (n=28) educated to degree level; while a minority held qualifications less than degree
level (12.1% n=10). The majority of mothers were employed (87.4% n=57), on either a
full-time (73.8% n=48) or part-time (13.6% n=9) basis and were from social class 1 & 2

(86.3%).

4.3.2 Daily Intakes of Macronutrients

The mean intakes for the study participants as a group for energy, protein, carbohydrate,
fat and fibre were 2090 kcal (£ 482), 72 g (£ 17.4), 248 g (£ 68.1), 89 g (£ 23.2) and 17 g
(x 9.1) respectively (Table 4.2). These results for energy intake were higher than the results
from NANS 08-10 (1721 kcal/day) (Irish Universities Nutrition Alliance, 2011) and lower
than the estimated requirement based on the recent SACN report (2011). The Goldberg’s
cut-off of <1.2 (Goldberg ¢z al, 1991) showed that 21.2% (n=14) of women in the group

might be under-reporting energy in this study; as discussed in Chapter 2 (pp.76).
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Participants were further divided based on infant feeding practices. Comparisons were
made between those women exclusively breastfeeding (n=35) with those who were either
partially breastfeeding (n=12) or formula feeding (n=15). This is because exclusively
breastfeeding have higher requirements than the other groups in order to produce
sufficient The mean intakes for women, who were exclusively breastfeeding, for energy,
protein, carbohydrate, fat and fibre were 2159 kcal (£513), 71 g (£19.2), 254 ¢ (£74.9) 94 ¢
(£24.5) and 18 g (£9.9) respectively. This is compared to women who did not breastfeed
or only partially breastfed, whose intake for energy, protein, carbohydrate, fat and fibre
were 2013 kcal (£441), 74 g (*18.7), 242 g (£60.1), 84 ¢ (£20.7) and 17 g (£8.0)
respectively. There was no significant difference in intakes of any of the macronutrients
between the two groups (Table 4.2). Exclusively breastfeeding mothers had intakes that

were less than that recommended by the latest SACN report (SACN, 2012).

131



Table 4-2 Mean daily macronutrient intakes based on food dairies (n=66) for the total group, for those mothers exclusively breastfeeding (n=35) and for those mothers who were
not breastfeeding & partially breastfeeding (n=31) as well as the results of the non-pregnant women aged between 18-64 from NANS 08-10 (Itish Universities Nutrition Alliance,
2011).

Nutrient All Mothers  SD/IQOR  Exclusive SD/ IOR None & SD/IOR P NANS SACN SACN
BF Mothers Partial BF value™  08-10  2011%  2011* EBF
(n=35) Mothers
(n=31)

Energy -MJ/d 8.77 2.03 9.03 2.1 8.43 1.85 7.2 8.1-8.3 10.2-10.4*
Energy- kcal/d T 2090 482 2159 513 2013 441 .389 1721 - -
Protein —g ¥ 72 17.4 70 19.2 74 18.7 93 70.4 - -
Carbohydrate —g T 248 68.1 254 74.9 242 60.1 .66 199.7 - -
Total Fat —gT 88.8 23.2 94 24.5 84 20.7 196 67.6 - -
Saturated Fat —gT 33.6 10.3 36 10.7 31 9.6 183 - - -
Fibre- g ¥ 17.3 9.1 17.8 9.9 171 8.6 .644 17.3

*SACN requirements calculated based on EAR M]J/d for the population of less active women aged 25-44yrs ** SACN requirements calculated based on EAR MJ/d for the population of less active women aged 25-44yrs plus 2.1M]
increment for the cost of lactation ***Exclusively breastfeeding mothers were compared to those mothers who were not tNormally distributed data presented as mean and standard deviation (SD); differences assessed by paired

samples t test. tSkewed data presented as median and interquartile range (IQR); differences assessed by Mann Whitney U test
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The percentage contribution of each macronutrient to total food energy was calculated and
compared to the National Recommendations for Irish Adults (Food Safety Authority of

Ireland, 1999); NANS 2008-10 (Irish Universities Nutrition Alliance, 2011).

Table 4-3 The percentage contribution of each macronutrient to food energy for group based on food dairies
(n=60) for the total group, for those mothers exclusively breastfeeding (n=35) and for those mothers who were
not breastfeeding/ partially breastfeeding (n=31) as well as the results of the non-pregnant women aged
between 18-64 from the NANS 08-10 (Irish Universities Nutrition Alliance, 2011).

Nutrient Al Partial or No Exclusively Irish NANS
Mothers breastfeeding breastfeeding Recommend- 08-10
(n=31) mothers (n=35) ations
Carbohydrate 47% 48% 47% 50% 45.8%
Protein 15% 15% 15% 10-15% 17.6%
Fat 38% 37% 39% 30-35% 36.8%
Saturated Fat 15% 14% 15% <10% -

*Some figures do not add up to 100% due to rounding errors in calorie conversion.

On average, participants consumed approximately 15% of their energy from protein, which
met the national guidelines. These figures were marginally lower than the reported intakes
(17.6%) from NANS 2008-10 (Irish Universities Nutrition Alliance, 2011). Among study
participants, the percentage contribution to food energy from carbohydrates was 47.3%,
which is just below the national recommended level of 50% (Food Safety Authority of
Ireland, 1999). Nearly two thirds of participants (64%; n=42) had carbohydrate intakes
below the recommended level of 50%. Moreover, 59% of exclusively breastfeeding
mothers and 69% of non-exclusively breastfeeding mothers had intakes below the

recommended level of 50% for carbohydrates. This result appears consistent with the other
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studies, in which participants’ average carbohydrate intake comprised 46-48% of total

energy intake.

Fat provided on average 38.2% of my participants’ food energy, with a range of intakes
between 26.8% and 49.8%. This figure was higher than the fat intakes reported in the latest
national study — 36.8% (Irish Universities Nutrition Alliance, 2011). The majority of
mothers (75.8% n=50) had intakes which exceeded the generally recommended upper limit
of 35% for the proportion of energy from fat. A significant contribution to energy intake
from saturated fat intakes was also noted. The average contribution to total energy intake
from saturated fat reported was 14.5%, which was higher than the national dietary
guidelines (Food Safety Authority of Ireland, 1999) (<10%). Only 6.1% (n=4) of mothers
had intakes that were less than the upper limit of 10% food energy from saturated fat.
Nearly 8% (n=5) of mothers had saturated fat intakes that were above 20%, twice the

maximum recommended level.

Our results for dietary fibre intake were consistent with the results of the most recent
national adult nutrition survey (19.2 g/day, IUNA 2011). However, the majority of mothers
failed to meet the guidelines for the European Food Safety Authority recommendation of

25 g/day (EFSA Panel on Dietetic Products, Nuttition, and Allergies (NDA), 2010).
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In a sub-analysis of the groups, women who were exclusively breastfeeding, had average
contributions to total energy intake from protein, carbohydrate, total fat and saturated fat
of 14.5%, 46.7%, 39% and 15% respectively. In comparison, non— or partially
breastfeeding women reported intakes of 15.2%, 48%, 37.3% and 13.9% for protein,

carbohydrate, total fat and saturated fat respectively.
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Figure 4-1 Percentage energy intake from macronutrients for exclusive breastfeeding (EBF) mothers, Non-
exclusively breastfeeding mothers and National Irish recommendations (FSAI, 1999)

4.3.3 Daily Intakes of Micronutrients

The mean intake of the main micronutrients was calculated for the study population (Table
4.5) and were compared to data obtained from the latest national survey — NANS (Irish
Universities Nutrition Alliance, 2011). In comparison to NANS, the mothers had lower
mean intakes of sodium, calcium, magnesium, zinc, vitamin B6 and vitamin C. The groups

were further divided based on infant feeding practices. There was no significant difference
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in micronutrient intakes between those women exclusively breastfeeding and those who
were not exclusively breastfeeding (Table 4.4). Furthermore, consumption of
micronutrients, which are particularly important during lactation, was compared to current
Irish Recommended Dietary Allowances (RDA), Average Requirements (AR) and Lowest
Threshold Intakes (LTI) for women aged 19-50, (FSAIL, 1999) with the addition, where

appropriate, of an increment for lactation (Table 4.5).
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Table 4-4 Mean/Median daily micronutrient intakes based on food dairies (n=66) for the total group, for those mothers exclusively breastfeeding (n=35) and for those mothers
who are not breastfeeding/ partially breastfeeding (n=31) as well as the results of the non-pregnant women aged between 18-64 from the latest national study- NANS 08-10 (Irish

Universities Nutrition Alliance, 2011).

Nutrient Total SD/ Excclusively SD/ Partial /| No SD/ P value* NANS
Group IOR breastfeeding IOR Breastfeeding IOR 08-10
mothers
Sodium (mg) T 2939 715 3058 794 2803 598 121 2480
Calcium (mg) T 955 291.6 997.2 320.4 907.4 247 287 824
Magnesium (mg) 275 102.4 275.4 111.8 277.0 77.6 509 255
Iron (mg) I 11.5 5.7 11.2 6.1 12.6 5.0 617 13.7
Zinc (mg) I 8.9 3.4 8.0 2.8 9.3 2.2 299 9.0
Vitamin D (ug) & 1.85 2.1 2.2 2.2 1.7 2.0 195 3.13.9
Vitamin E (mg) 9.67 4.3 9.1 5.1 10 4.5 729 12.5
Thiamin (mg) 1.5 0.7 1.5 0.7 1.58 0.7 719 3.4
Riboflavin (mg) 1.59 0.7 1.54 0.6 1.6 0.9 705 3.3
Niacin (mg) 19.8 7.6 19.6 6.92 20.4 7.8 397 24.7
Vitamin B6 (mg) 1.82 0.6 1.96 0.68 1.90 0.6 612 4.2
Vitamin B12 (ug) & 4.28 1.7 4.45 1.74 4.08 1.74 426 8.0
Folate (ug) t 240.3 141 223 151 264.8 145.9 827 339
Vitamin C (mg) 118 126 146.9 264 106.9 88.7 .088 141
Copper (mg) I 1.15 0.8 1.2 1.1 1.26 0.49 299 1.3
Selenium (ug) 37.4 22.3 371 20.4 37.3 24.9 .590 -
Iodine (ug) 125 57 124 85.9 127 64.4 .555 -

*Exclusively Breastfeeding mothers’ intakes were compared to those mothers not exclusively breastfeeding . TNormally distributed data presented as mean (SD); differences assessed by independent samples t test. $Skewed data presented as median

and interquartile range (IQR); differences assessed by Mann Whitney U test *statistically significant at P<0.05
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Table 4-5 Mean total group intakes, RDA including the increment for lactating women; the RDA for non-pregnant women aged 19-64; the average requirements (AR) for non-
pregnant women aged 19-64; the lowest threshold intake (LTT) for non-pregnant women aged 19-64 and percentage of women below these cut-off points for selected nutrients
(Food Safety Authority of Ireland, 1999)

Nutrient Gronp SD/ RDA* % < RDA** % < AR** 9% < LTI %<
IOR Lact RDA* RDA** AR** LTT**
Lact

Calcium (mg/d) T 954.5 291.6 1200 81.8 800 33.3 615 14 430 0
Iron (mg/d) 11.5 5.7 15 75.8 14 68.2 10.8 40.9 7.5 6.1
Zinc (mg/d) ¥ 8.9 3.4 12 84.8 7 15.2 5.5 1.5 4 0
Vitamin D (ug/d) ¥ 1.85 2.1 10 100 0-10 - - - - -
Vitamin B12 (ug/d) ¥ 4.28 1.7 1.9 4.5 14 3.0 1.0 1.5 0.6 0
Folate (ug/d) ¥ 240.3 141 400 90.9 300 66.7 230 50 160 10.6
Vitamin C (mg/d) * 118 126 80 28.8 60 13.6 46 9.1 32 4.5
Riboflavin (mg/d) 1.15 0.8 1.7 60.2 1.3 27.3 1.1 16.7 0.6 0
Copper (ug/d) ¥ 37.4 22.3 1.4 66.7 1.1 50 0.8 9.1 0.6 0
Selenium (ug/d) * 125 57 75 95.5 55 78.8 40 57.6 20 1.5
Todine (ug/d) 4.28 1.7 160 77.3 130 57.6 100 30.3 70 7.6

*Figure for women aged 19-50, with the additional increment for lactation ** Figures for non-lactating women aged 19-50 tNormally distributed data presented as mean (SD). }Skewed data

presented as median and interquartile range (IQR);
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Study participants had adequate intakes for many micronutrients — as indicated by the low
percentage of mothers who had intakes below the Average Requirements (AR) for many of the
micronutrients  (Table 4.5). However, a significant number of inadequate intakes were
observed for some key nutrients during pregnancy such vitamin D (100 % below 10pg), folate
(50% <AR), selenium (57.6% <AR), iron (40.9% <AR) and iodine (30.3% <AR). Additionally,
a sub-analysis showed that exclusively breastfeeding women had intakes of 223 ug folate; 11.2
mg iron; 2.2 pg vitamin D; 147 mg vitamin C; 997 mg calcium and 3058 mg sodium. In
comparison, non- and partially breastfeeding women had intakes of 265 ug folate; 12.6 mg

iron; 1.7 pg vitamin D; 107 mg vitamin C; 907.4 mg calcium and, 2083 mg sodium (Table 4.4).

Salt intakes were estimated based on the sodium content of foods recorded in the 7-day food
diary. The average reported intake of salt was 7.5 g daily, with a range of 3.9 g—11.6 g. The
recommended dietary allowance (RDA) is 1.6 g sodium (4 g salt) per day for adults (Food
Safety Authority of Ireland, 2005). Of concern was that only a quarter of participants (23%;
n=15) reported intake below the maximum recommended level of 6 g daily. This is of concern,
as the proportion exceeding limits could be in fact greater as discretionary salt was excluded
from these results. While this result compared favourably with NANS 08—10 showed a lower
mean daily intake of salt for women aged 1864 years of 6.2 g/day (Irish Universities Nutrition

Alliance, 2011).
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4.3.4 Intake of Fruit & Vegetables in mothers 12 weeks post-partum

Table 4-6 Mean number of daily servings of mothers form the fruit and vegetables and dairy shelves of the Irish

food pyramid, and from oily fish (n=66).

Food Group Mean No. of SD Range (portions)
Portions
Fruits* 2.04 1.38 0.0- 7.5
Vegetables* 1.4 0.75 0.0-3.5
Fruit & Vegetables* 3.5 1.8 0.1-10.8
Dairy Producet 2.23 1.09 0.2- 6.0
Oily Fisht 0.9 1.3 0.0- 5.8
No of Portions % of Women Consuming
Frut
<1.0 13.6%
1.0-1.9 45.5%
2.0-2.9 25.7%
23.0 15.2%
Vegetables
<1.0 30.%
1.0-1.9 485%
2.0-2.9 16.7%
23.0 4.5%
Fruit & Vegetables
<1.0 4.5%
1.0-1.9 6.1%
2.0-2.9 25.8%
3.0-3.9 36.3%
4.0-4.9 15.2%
2 5.0 12.1%
Dairy Products
<1.0 15.2%
1.0-1.9 25.7%
2.0-2.9 34.9%
23.0 24.2%
Oily Fish
<1.0 53%
1.0-1.9 6.1%
2.0-29 10.6%
23.0 10.6%

*1 portion =80g of fruit or vegetables 11 portion = 30g of cheese/ 200ml of milk / 150g of yogurt § 1 portion = 90g Fish
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Irish National Guidelines recommend at least 5 portions of fruit and vegetables per day, with
at least 2 portions being fruit and 3 portions being vegetables (Appendix K). The mean
number of portions of vegetable and fruit for this group was 3.5 (£1.8), which is below the
recommended guidelines. Only 12.1% of women met the recommended guidelines of 5
portions of fruit and vegetables daily. The mean number of fruit portions consumed was 2.0
(x1.4), with approximately 41% of women consuming the recommended two or more
portions per day. The range in fruit intake was between 0.0 and 7.5 portions per day. Of most
concern was that 13.6% were consuming less than one portion of fruit a day. Vegetable intake
was lower than fruit intake among participants — the mean number of vegetable portions
consumed daily was 1.4 (£0.7), which is less than half the recommended daily amount. The
range in vegetable intake was between 0.0 and 3.5 portions per day. Only 3% were meeting
their recommended 3-a-day of vegetables and 30.3% of women reported eating less than one

portion of vegetables per day.

4.3.5 Intake of Dairy Products

The dietary recommendation for dairy produce (e.g. milk, cheese and yoghurts) is 3 portions
per day for the general population (Food Safety Authority of Ireland, 2012). However, as there
is an increase in the requirements for calcium during lactation in Ireland, during the study
period there was a recommendation that pregnant and lactating women consume five portions

from this food group. These guidelines have subsequently changed, with the Department of
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Health and Children in 2012 now recommending 3 portions of diary produce per day for both
pregnant and non-pregnant women (Food Safety Authority of Ireland, 2012). The mean
number of dairy portions for the entire group was 2.2 portions, which was less than half the
recommended level of dairy for lactating women at that time. It is also below the current

recommendations for lactating and non—lactating women (Table 4.6).

4.3.6 Intake of Oily Fish

As 100% of participants failed to meet the RDA for vitamin D, I examined dietary sources of
vitamin D. Oily fish (e.g. mackerel, salmon, tuna) provide good sources of vitamin D while
some brands of breakfast cereal, margarines and milks are fortified with small amounts of
vitamin D. The average intake of oily fish was less than one portion per week (0.9 +1.3
portions), with a range of 0.0 to 5.8 portions for week. More than half (53%) of women
reported consuming less than 1 portion of oily fish per week and similar what was reported

during pregnancy, tinned tuna was the most common oily fish consumed.

4.4 Discussion

4.4.1 Macronutrient Intakes
This is the first Irish study to document the dietary intake of Irish mothers at 3 months post-

partum. The findings from this study add to existing literature that shows that breastfeeding

142



can be maintained at lower than recommended levels of energy (Hoppu, Kalliomiki, &
Isolauri, 2000; Mackey, Picciano, Mitchell, & Smiciklas-Wright, 1998; Mackey & Picciano,
1999; Todd & Parnell, 1994). Evidence suggests that maternal dietary factors may have an
impact on milk composition i.e. prolonged lactation in nutritionally depleted women may
impact more on the composition of the breast milk than on the volume produced (Allen, 2005;
Institute of Medicine IMO), 2009). Another possibility is that results may also be reflective of

under-reporting of dietary intakes.

Koletzko et al. (2007) suggest that dietary fat intake in lactation, expressed as percentage
energy, should be as recommended for the general population. Among this cohort, the
percentage of energy contributed from macronutrient sources did not correspond with the
proportions recommended for Irish women, with fat and saturated fat intakes above dietary
guidelines. This is of particular concern, as evidence suggests that breast milk fatty acids may
have properties which could affect the development of atopic disease and that breast milk rich
in saturated and low in n—3 fatty acids may be a risk factor for atopic dermatitis in infants
(Hoppu ez al, 2000; Hoppu, Rinne, Lampi, & Isolauri, 2005). Furthermore, the high intake of
saturated fat reported by breastfeeding and non-breastfeeding mothers is an indication of a
generally unbalanced diet, which may have long term consequences for both the mother and

her infant. Saturated fat is believed to be more obesogenic (Hariri e 2/, 2010) and, therefore,
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there is the potential that these energy dense diets may contribute to the retention of weight

gained during pregnancy.

4.4.2 Micronutrient Intakes

Maternal micronutrient deficiencies during lactation can cause a major reduction in the
concentration of some nutrients in breast milk, with subsequent infant dietary deficits. The
micronutrients most affected by maternal status are iodine, selenium, thiamine, riboflavin,
vitamin B6, vitamin B12, vitamin C as well as the fat soluble vitamins A; D, E and K (Allen &
Graham, 2003). Moreover, high intakes of sodium was reported among this group. The main

micronutrients will now be considered in more detail in the following sections.

4.4.2.1 Sodium
High intakes of dietary sodium (salt) are associated with an increased risk of total
cardiovascular disease and stroke (Strazzullo, D’Elia, Kandala, & Cappuccio, 2009), which are
the single highest cause of death (41%) in Ireland. High blood pressure is one of the major
modifiable causal factors in the development of cardiovascular disease. Mindful of the risks to
long-term health, the WHO has recommended salt reduction as one of the top three priority

actions to tackle the global non-communicable disease crisis (Beaglehole ez af., 2011).
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The results from the latest National Nutrition Survey showed that the average intake for
women aged 18-64 is 6.2 g/day (Irish Universities Nutrition Alliance, 2011). In Ireland, the
FSAT (2010) has advised that all adults should have a maximum intake of 4 g of salt per day
(1.6 g/day for sodium; (Food Safety Authotity of Ireland, 2005). My findings show that 98.5%
(n=65) of mothers reported a daily intake greater than the recommended 4 g/day. In fact, only
one woman had an intake of 4 g/day or below. In thisstudy, discretionary salt (salt added in
cooking and at table)was excluded, which is estimated to account for approximately 15-20%
of total dietary sodium intake, therefore my results may be underestimated. Furthermore, the
dietary analysis package — Dietplan 6.4 (Forestfield Software Ltd., 2011) uses the Food
Composition Tables (Food Standards Agency, 2002b) and does not account for recent salt
reductions made by the food industry since the publication of these tables, which may counter

the underestimation in those foods where brand names were not given and therefore could not

be checked from food labels.

4.4.2.2 Calcium
Lactation programmes an obligatory skeletal calcium loss irrespective of maternal calcium
intake, but this lost calcium is completely restored to the maternal skeleton after cessation of
breastfeeding (Kovacs, 2005). The results from my study, using an independent t-test, show no

significant difference in daily calcium intakes between exclusively breastfeeding mothers (997.2
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mg/d £320) and mothers who partially breastfed or formula fed infants (907 mg/d £247;
p=0.29). However, the average intakes for both groups were higher than the average intake
reported in the NANS 08-10 for non-lactating women (824 mg/d). Maternal calcium loss
during lactation is estimated at 280-400 mg/day and can reach up to 1000 mg/day, which is
approximately three times higher than that during pregnancy (Sowers, 1996). Given its
importance, the RDA for calcium in lactation is increased from 800 mg/day to 1200 mg/day.
A majority of women reported calcium intakes that were below the RDA during lactation

(81.8%; n=54).

During the data collection period, the national dietary guidelines for lactation were 5 portions
of dairy produce (e.g. milk, cheese and yoghurts) per day compared to the 3 portions per day
recommended for the general population. These guidelines have changed since, with the Irish
Department of Health in 2012 now recommending 3 portions of diary produce per day for
both lactating and the general adult female population (Food Safety Authority of Ireland,
2012). A particular concern for this group was that 14% of women reported levels below the
AR for non-pregnant women and that the mean number of dairy food portions was 2.3
portions, which is below the recommended three servings a day for women in the general
population. These results are consistent with the most recent national survey (NANS), where
calcium intakes were below the AR in 16% of women aged 18—64 years (Irish Universities

Nutrition Alliance, 2011). Overall, inadequate calcium intake may contribute to reduced bone
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mass and increased susceptibility to osteoporosis in the long term in these women, irrespective

of infant feeding method.

4.4.2.3 Vitamin D
One of the fat-soluble vitamins, vitamin D plays a major role in regulating calcium absorption
and is essential for good bone health from conception. It is also involved in calcium
metabolism, which forms strong bones. Therefore, it is suggested that vitamin D is particularly
important for growing children as well as for pregnant and lactating women. It is particularly
important at a time when their exposure to sunshine is limited (Mughal, Salama, Greenaway,
Laing, & Mawer, 1999). The incidence of rickets has risen in infants and toddlers in Ireland
and other developed countries over the past decade (Food Safety Authority of Ireland, 2007;

Gordon ez al., 2008; Ward, 2005) which demonstrates the importance of this micronutrient.

Newborn infants are potentially at risk of vitamin D insufficiency as their vitamin D stores at
birth are dependent on the vitamin D status of their mother, which is often insufficient
(Muldowney, 2010). Even when mothers have optimal vitamin D status, newborns will accrue
about 50—60% of their mother’s vitamin D stores at birth and these stores are usually depleted
by approximately 8 weeks of age (Hollis & Wagner, 2004). Thereafter, vitamin D is derived
from infants’ diet, sunlight and supplementation. Since Ireland is located 51° to 55° North,
little or no vitamin D can be produced from sunlight from September to May (Cashman e a/,

2008).
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Study participants reported low intakes of vitamin D during their pregnancy, with all of them
failing to meet the 10 pg daily requirement for vitamin D (Chapter 3). Post-pregnancy, these
women continued with their low dietary intake of vitamin D, with a mean intake of 2.38
ng/day for the entire group and 2.5 pg/day amongst those exclusively breastfeeding. Again,
none of the women reported consuming the 10ug/day recommendation. Other studies have
reported similar high rates of vitamin D insufficiency, both in pregnancy and infancy, with
deficiencies reported in 5-50% of pregnant women and 10-56% of breastfed infants
(Mulligan, Felton, Riek, & Bernal-Mizrachi, 2010; O’Riordan, Kiely, Higgins, & Cashman,

2008; Wagner & Greer, 2008).

The results from this study are much lower than those reported in the recent national study
(Irish Universities Nutrition Alliance, 2011), where the mean intake of vitamin D was nearly
twice that reported here (4.2 pg/day). As previously discussed, it is difficult to obtain sufficient
vitamin D through diet alone. Because of concerns about low levels of vitamin D status and
increasing reports of childhood nutritional rickets in Ireland, recent Irish policy now
recommends that all infants, irrespective of how they are fed, should be given a daily vitamin
D supplement of 200 IU (5 pg/day) from birth to 12 months of age (Health Service Executive
(HSE), 2010). The results of this study would reinforce the need for this recommendation in

Ireland.
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4.4.2.4 Omega—3 Fatty Acids
Oily fish is an important source of Omega—3 fatty acids such as docosahexaenoic acid (DHA),
which is a critical component of cell membranes — especially in the brain and retina. Infants
accumulate DHA into the central nervous system up to the age of 18 months (Denomme,
Stark, & Holub, 2005; Szajewska, Horvath, & Koletzko, 2006). DHA accumulation in the brain
begins during pregnancy and continues during the first years of life, reaching a total brain
DHA deposition of about 4 g by 2—4 years of age (Koletzko ez al, 2008). European
recommendations suggest that lactating women should aim to achieve at least a DHA intake of
200 mg per day. By way of comparison, a portion of salmon contains approximately 260 mg of
DHA, showing how difficult it is to achieve this through diet alone (EFSA, 2012). The mean
intake among the study participants was 0.9 portions of oily fish per week, with 53% (n=35) of
the women reporting no oily fish intake. Low intakes may also be due to concerns about
mercury levels in oily fish. Given the low intakes observed in this and other studies, we may
need to assess omega-3 recommendations and discuss how women may increase consumption
by including other sources of omega—3 fatty acids in their diet, for example, enriched eggs and

flaxseeds.
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4.4.2.5 Folate
Lactating women also have an increased need for folate in the breastfeeding period in order to
support the exponential growth of the breastfed infant. The folate content of breast milk is
relatively independent of maternal folate status (Tamura, Yoshimura, & Arakawa, 1980;
Mackey & Picciano, 1999), and breastfed infants are usually well protected against folate
deficiency (Ek & Magnus, 1979; Smith, Picciano, & Deering, 1985; Salmenperd, Perheentupa,
& Siimes, 1986). The mother, as a consequence, may be at risk of folate deficiency. Of most
concern was that 10.6% of participants in my study failed to even meet the LTI for non-
pregnant women, putting themselves at high risk of folate deficiency. This concurred with the
findings of Todd & Parnell (1994), who also reported low intakes of folate in breastfeeding
mothers. Given the role of folate in the prevention of neural tube defects, it is vital that
healthcare professionals stress the importance of improving folate intakes in these women who
are capable of becoming pregnant. This support should include educating these women about
foods rich in folate — perhaps encouraging the use of a folic acid-containing supplement.
However, it must be noted that my study, calculated nutrient intakes from foods sources alone
and did not consider supplement intake and therefore my results may be underestimated.
Moreover, the dietary analysis package — Dietplan 6.4 (Forestfield Software Ltd., 2011) uses
the Food Composition Tables (Food Standards Agency, 2002b) and does not account for the
recent voluntary fortification of some products in Ireland by the food industry after this

period, which may compound this underestimation.
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4.4.2.6 Iron
Iron deficiency remains the most common nutrient deficiency in both the developing and
developed world. It is widely acknowledged that iron deficiency remains a problem for older
infants and toddlers in many countries (Lawson, Thomas, & Hardiman, 1998; Hay, Sandstad,
Whitelaw, & Borch-Iohnsen, 2004; Yang ez al., 2009; Baker & Greer, 2010). In the UK there
are no recommendations for increasing iron intake during lactation, where iron losses (secreted
in breast milk) are compensated for by the amenorrhoea associated with lactation (Department
of Health, 1991). In Ireland a 1 mg/day increase is recommended during lactation (Food
Safety Authority of Ireland, 1999). In this study, the mean daily intake was 13 mg/day, which
was lower than the RDA for iron during lactation and is also lower than the reported intakes
for non-lactating women in the two cited national studies. Exclusive breastfeeding mothers
had lower intakes when compared to the entire study population, though this did not reach
significance. The majority of mothers failed to meet the RDA for lactating (75.8%) and non-
lactating women (68.2%). More than 40% of had intakes below the AR of iron and 6.1% had

intakes below the LTI for iron; putting these women at risk for iron deficiency anaemia.

4.4.2.7 Vitamin C
Vitamin C helps the absorption of non-haem iron if both nutrients are consumed at the same
time. Vitamin C consumption is particularly important given the low intakes of iron by

mothers. Vitamin C output in milk is highly variable and responsive to levels of maternal
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intake. The mean daily intake in this study was 201 mg/day, which is well above the
recommended daily allowance of vitamin C in Ireland during lactation (60 mg/day). The
majority of mothers in my study (97%) had intakes above the RDA for vitamin C (Food Safety

Authority of Ireland, 1999), which would suggest adequate intake in the diet of this group.

4.5 Strengths & Limitations

One of the strengths of the study is the prospective method of the dietary assessment — the
seven day estimated food diary. The 7-day food diary is considered the gold standard for
estimating food intake (Bingham e a/, 1994).Under-reporting is always a risk in dietary surveys.
Using Goldberg’s cut-offs of 1.2 (Goldberg ez al, 1991), approximately 22% (n=14) of women
were considered to under-report energy intake in this study. It was decided that these women
would still be included in the analysis as women during the post-partum period are often
actively trying to lose excess weight which they gained during pregnancy. It is therefore
possible that they may have restricted their energy intake in order to achieve weight loss rather
than under-reporting their energy intake, though this was not checked with the participants in
this study. One study showed that between 40—50% of women requested professional advice
to lose weight after the birth of their infants (Réssner & Ohlin, 1995). The level of possible
under-reporting among participants is below the levels reported in a previous national study —
SLAN 2007, which reported that 37% of women under-reported their energy intake

(Harrington e al., 2008). It is also possible that those participants who took part in the study
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had an interest in nutrition as well as the subject matter of the overall study; therefore, they
may have been more motivated to accurately record their diets compared to the national
studies. Another strength of this study is in its focus on the whole maternal diet. Most previous
studies in this period of the lifecycle have only considered a single nutrient in isolation or
focused on the infant’s nutritional status in this period. Focusing on one nutrient limits our
understanding of nutrient—nutrient interaction as one nutrient may be a marker for other

nutrients inadequacies (for example, iron and folate deficiencies often coexist).

4.6 Conclusion

Overall, the findings suggest that lactation may be maintained on lower levels of energy intake
than is currently recommended. Regardless of infant feeding methods my results show that
many women are having an unbalanced diet — with high levels of fat and salt in their diets and
are also consuming low levels of many essential vitamins and minerals, possibly increasing their

long term risk of developing heart disease, certain cancers and osteoporosis.

Fruit and vegetables are an important source of many vitamins and minerals. Reported intakes
of vegetables, dairy products and oily fish were below the recommendations for health and
improvements in these areas may help in lowering saturated fat intakes while increasing the
nutrient density of mothers’ diets. Under the WHO (2001) recommendations, mothers are
encouraged to exclusively breastfeed their infants for the first six months of life. While
breastfeeding rates are still low in Ireland, they are increasing (The Economic and Social
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Research Institute - Health Research and Information Division, 2012). In light of increases in
breastfeeding rates in Ireland, more information and advice for all segments of the population
is needed. Advice for such women should target food sources for nutrients that are not
currently being met viz. calcium, vitamin D, iron. Given that parenthood is a time of great
change and parents may be more receptive to dietary advice, it creates an opportunity for
health professionals to discuss healthy eating, which may promote better long term health for
both mother and infant. Since recommendations for lactating women are essentially the same
as for other adults, this may be a good time to target healthy eating interventions and
education. Further research is needed to identify groups of mothers in Ireland who are at

nutritional risk who could benefit from targeted nutrition intervention programmes.
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CHAPTER 5. INFANT FEEDING PRACTICES DURING THE

FIRST SIX MONTHS OF LIFE

5.1 Introduction

Although breastfeeding rates slumped in the middle of the 20" century in most Western
countries, they have begun to recover, particularly among the affluent classes in the last thirty
years (Curtin, 1954; Kalapesi, 1974; McAndrew ez al, 2012). The infants most likely to be
breastfed are those from families living in relatively affluent circumstances with well-educated
parents, or families from minority ethnic backgrounds (Bolling, Grant, Hamlyn, & Thornton,
2007; Brown, Raynor, Benton, & Lee, 2010; Kelly & Watt, 2005). The Republic of Ireland has
one of the lowest rates of breastfeeding in the developed world (Department of Health, 1994;
2005) and has been slow to increase levels of breastfeeding, with approximately 57% of
mothers giving some breast milk (either exclusively or partially) at hospital discharge (The
Economic and Social Research Institute - Health Research and Information Division, 2012).
The WHO (2001) and the Irish Department of Health and Children (1994; 2005) have strongly
endorsed breastfeeding; noting the multitude of benefits that it provides to infants, mothers,
families and communities. These benefits include improved nutritional, immunological,
psychological, economical, and environmental outcomes. Good quality studies of conditions
such as gastroenteritis, respiratory disease, sudden infant death syndrome, and otitis media for

infants, and breast cancer for mothers, have shown that all of these conditions are more
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prevalent when infants are not breastfed (Howie ¢z a/, 1990; Wilson et al., 1998; Moller e al.,
2002; Horta et al, 2007; Ip et al, 2007; Quigley, Kelly, & Sacker, 2007; Duijts, Ramadhani, &
Moll, 2009). Recent studies have shown an increased risk of poorer cognitive development and
behavioural problems in children who were not breastfed (Kramer e a/, 2008; Heikkild ez al,

2011; Quigley ¢ al,, 2012).

Despite a large public health campaign in Ireland promoting the benefits of breast milk over
the past decade, there has only been a 14.4% increase in the number of women exclusively
breastfeeding at hospital discharge; percentages in absolute terms increased from 42% of
women in 2002 to 46% in 2011 (The Economic and Social Research Institute - Health
Research and Information Division, 2012). Breastfeeding duration is more difficult to compare
as no national data are collected in Ireland with regard to duration of breastfeeding. However,
studies show that, despite many women initiating breastfeeding at birth, there is a high dropout
rate in the early period of breastfeeding (Kelly & Watt, 2005; Tarrant ez al, 2011; The
Economic and Social Research Institute - Health Research and Information Division, 2012).
However, rates are still low in comparison to other European countries, though rising every
year. A recent report of breastfeeding support services in Ireland showed that there is still a
need to change breastfeeding culture in Ireland. In particular, it was felt that public health
nurses need to be more accessible to breastfeeding mothers and breastfeeding support home

visits needed to be prioritised, giving more support services that are appropriate and
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responsive to mothers changing needs if breastfeeding rates are to continue to improve in

Ireland (ILeahy-Warren, Mulcahy & Phelan 2009).

In Ireland, there has been very low adherence to the WHO (2001) infant feeding guidelines for
exclusive breastfeeding and delay of the introduction of solid food until 6 months. Previous
Irish research has shown that the majority of infants have been weaned before 4 months
(Freeman, 1996; Twomey et al, 2000; Tarrant e al, 2010). Not only is the timing of solid food
introduction important but the types of foods introduced can be have long term consequences
for infant health. Research examining food preferences has identified a link between eatly
exposure to certain foods and subsequent food acceptance (Mennella & Trabulsi, 2012) and
suggests that the foundations for lifelong dietary habits are formed eatly in life (Fox ef al,
20006). Furthermore, children who from the earliest age have had plentiful opportunities to
sample a variety of healthy foods have been found to have healthier diets throughout
childhood (Cooke, 2007) and were more willing to sample new foods (Pelchat & Pliner, 1986).
Food preferences at ages 2 and 4 years old have been shown to be major predictors of later

food preferences at 8 years of age (Skinner e7 a/,, 2002b).

This chapter presents the results of the infant feeding practices during the first 6 months of life
and provides a discussion of the findings. National data in this area are lacking, as statistics

regarding breastfeeding are only collected at hospital discharge (The Economic and Social

157



Research Institute - Health Research and Information Division, 2012). Many studies support
the hypothesis that as well as exposure to flavours in the womb, flavours transferred in breast
milk positively shapes infants food preferences at weaning (Hausner, Nicklaus, Issanchou,
Molgaard, & Moller, 2009; Maier ez al., 2008; Mennella ez a/, 2001) and variety of foods later
(Scott ez al,, 2012). In particular, fruit consumption in the 1% year of life has been linked to sour
taste preference in 18 month infants (Blossfeld ez @/, 2007), For this reason, infant fruit
experience during this time was of particular interest to this study. Exposure to fruit or fruit
consumption discussed in this chapter will be used in later chapters to assess their relationship
to differences in preference for sour tastes in infants. I will report on levels of breast and
formula fed infants amongst the study; at birth, at 12 weeks and at 6 months. I will compare
these results to the national figures recorded at hospital discharge. Since no national figures
regarding breastfeeding duration are recorded in Ireland, I will compare my results to National
UK figures and to results from a large Dublin based study of infant feeding practices during
the first year of life (Tarrant, Younger, Sheridan-Pereira, White, & Kearney, 2009; Tarrant e al.,
2010). To conclude the chapter, the study will examine participants’ adherence to some of the
international recommendations on complementary feeding, such as the WHO (2001) and

ESPHAGN (2008) recommendations.
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5.2 Methods

The study design, recruitment, and the inclusion and exclusion criteria for the follow-up of all
mothers and infant dyads are given in Chapter 2. Data used in this chapter are presented using
numerical descriptive statistics including means with standard deviations and medians with
interquartile ranges (IQR). Infant feeding method and number of fruits tried were collected

from all mothers and are presented using percentages and actual (n) values.

5.3 Results

5.3.1 Infant Characteristics at Birth

Table 5-1 Infant Characteristics at 6 months

Infant Characteristics
Gender
-Male 54.5% (n=306)
-Female 45.5% (n=30)
Birth Weight (kg; n=65)* 3.61 (0.45) t
Birth Length (cm; n=41)* 51.8 (2.8) t
6 month Weight (kg; n=65)* 8.21 (0.91) +
6 month Length (cm; n=064)* 69.75 (3.38) 1t
6 month Head Circumference (cm; n=57)* 4473 (1.38) T
Duration of EBF (wks.; n=47) 20 (10) 1+

tNormally distributed data presented as Mean (SD). 1 Skewed data presented as Median (IQR). *At birth length & height was determined by health professionals

in the hospital and self-reported by mothers. At 6 months weight, length & head circumference was measured by researcher during home visits.

The population characteristics of the infants in the study are described in Table 5.1. Nearly
55% of the infants were male (54.5%; n=30), while 45.5% (n=30) were female. The ethnicity
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of the cohort was predominantly Caucasian (97%; n=64), with two infants (3%; n=2) classified
as Burasian. The mean birth weight was 3.61 kg (£0.45), with a range of 2.75—4.48 kg. One
baby was excluded from the study as he/she was born below 2.5kg as per exclusion/inclusion
criteria (Section 2.4.3; pp.71). The mean birth length was 51.8 cm (+2.8), with a range of 46.0—
58.0 cm. Only 62.1% (n=41) of mothers reported a birth length while the remainder (37.9%;
n=25) reported that no birth height was given to them and/or recorded by the hospital. At six
months, infant’s mean weight was 8.21 kg (£0.91) with a range of 5.5-10.6 kg, while the
median length was 69.75 cm (+3.38), with a range of 62.5-78.0 cm. There was no length
recorded for two infants at 6 months due to non-co-operation, which can happen in human
studies, especially those involving infants and children. The mean measurement for head
circumference was 44.7 cm (£1.38; n=57). No head circumference measurement was recorded

for 9 infants as no accurate measurement could be taken.

5.3.2 Infant Feeding

Table 5-2 Breastfeeding Rates at birth and 12 weeks compared to the national rates of breastfeeding at hospital
discharge

Infant Feeding Subjects at Birth Subjects at 12 weeks ~ National Level at

Method (n=66) Discharge from
Hospital (2012)

Exclusively 71.2% (n=47) 59.1% (n=39) 46.6%

Breastfeeding

Partial 19.7% (n=13) 18.2% (n=12) 8.6%

Breastfeeding

Formula Feeding 9.1% (n=0) 22.7% (n=15) 44.8%
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Infant feeding initiation patterns are summarised in Table 5.2 accompanied by the most recent
national figures. More than seventy per cent of mothers in my study initiated exclusive
breastfeeding at birth (71.2%; n=47), and another 19.7% (n=13) partially breastfed. Only 9.1%
(n=06) of women reported using formula milk exclusively. This is in stark contrast to the latest
national figures, which reported that only 46.6% of infants were exclusively breastfed at
hospital discharge, while 8.6% were partially breastfed and 44.8% received only formula milk

(Figure 5.1).

80.0% -
70.0% -
60.0% -
50.0% -

40.0% - m Infants in

30.0% - Study

. = National
20.0% - Data

10.0% -
0.0% -

Exclusively Partial Formula Feeding
Breastfeeding Breastfeeding

Figure 5-1 Feeding status of infants at birth compared to the latest National Data (ERSI, 2012)

Of those mothers in my study who were exclusively breastfeeding at birth, the average

duration was 20 weeks (£10; Table 5.1). At twelve weeks, 59.1% (n=39) of infants were
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exclusively breastfed, 18.2% (n=12) were partially breastfed and 22.7% (n=15) were having
formula milk only. Those mothers that had stopped exclusive breastfeeding at this point had

completely ceased breastfeeding and moved their infants on to formula milk (Table 5.2).

Table 5-3 Feeding status of infants at 6 months

Feeding Status at 6 months Percentage of Subjects Percentage of infants
(n=66) (Tarrant 2008)(n=401)

Exclusively Breastfed 3.0% (n=2) 0.2% (n=1)

Partially Breastfed: 36.4% (n=24) 3.2% (n=13)

Breastfed with solid food

Partially Breastfed: 13.6% (n=9) 6.2% (n=25)
Breastfed with formula milk
&/ or solid food

Formula fed 1.5% (n=1) -

Formula fed with solid food 45.5% (n=30) 90% (n=3061)
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Figure 5-2 Feeding methods of the infants in this study at birth, 3 months and 6 months

At six months, only two mothers (3.0%) reported exclusively breastfeeding their infant in
adherence with the WHO recommendation for infant feeding (WHO, 2001). However, there
was also a significant number of women who were partially breastfeeding with solid food only
(36.4%; n=24) and partially breastfeeding (13.6%; n=9) with some formula milk included with
solid food. On a positive note, half of the study’s infants received some breast milk (50.0%;
n=31) at 6 months. This figure is higher than most other studies found (Tarrant ez a/, 2012;
Twomey ¢ al., 2000). There are no comparable national statistics for this age group; however
Tarrant ez al. (2009) examined a large sample of Dublin-born infants’ feeding status at 6

months (Table 5.3) and showed that 90% of infants were receiving no breast milk and only

9.6% of infants were receiving any breast milk by 6 months.
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5.3.3 Weaning

Table 5-4 Solid Food Initiation and the foods tried by the infants

Solid Food Initiation

Age at 6 month visit (weeks; n=66) 6.3 (£0.4) +
Age starting solids (weeks; n=0606) 22 (£4.0) ++
Total number of fruit tried at least once by 6 month visit (n=60) 5.5 (i 3) +t
Total number of foods tried at least once by 6 month visit (n=66) 13 (i5,6) t

TNormally distributed data presented as Mean (SD). 1 Skewed data presented as Median (IQR)).

The mean age of the infants at the 6-month visit was 6.3 months (£0.4). By this time point,
these infants had all been introduced to solid foods. The median age for the introduction of
solid foods was 22 weeks (£4.0), with a range of 16-27 weeks. The mean number of foods
introduced by this visit was 13 (£5.6) with a range of 1-25 foods (Table 5.4). One infant had
not been introduced to solid food until 27.3 weeks as he had an infection. This infant was met
only after he started solid food. Figure 5.3 shows the percentage of infants introduced to solid
foods compared to the recent study by Tarrant ef a/. (2010a). Three infants (4%) among my
group were introduced to food at 16 weeks and none were introduced before this age. This is

stark contrast to other studies (Tarrant 7 al.,, 2010).
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Figure 5-3 Age at which solid foods was introduced in this study and a recent Dublin based study (Tarrant et al,

2010).

Our study also considered the number of fruits introduced to infants around the time of
weaning. The median number of fruits introduced to infants by 6 months of age was 5.5
(£3.0). Of the fruits introduced to the infants at this time, the most common were Pear
(54.5%; n=306); Apple (50%; n=33); Banana (50%; n=33); Berries (30.3%; n=20) and Mango

(21.2%; n=14; Table 5.5). Commercial fruit pots were responsible for the frequent amounts of

berries and mango reported by mothers.
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Table 5-5 Top five fruit consumed by infants at 6 months

Fruit % Infants consuming it at
Jeast once
Pear 54.5% (n=30)
Apple 50.0% (n=33)
Banana 50.0% (n=33)
Berries 30.3% (n=20)
Mango 21.2% (n=14)
Citrus 12.2% (n=8)

5.4 Discussion

The WHO recommends that all infants are exclusively breastfed until 6 months and that
breastfeeding should continue until the baby is at least 2 years old (WHO, 2001). However,
figures show that Ireland has one of the lowest rates of breastfeeding in Europe. Recent
studies show that less than 50% of women were exclusively breastfeeding at discharge from
hospital (Williams e a/, 2010; The Economic and Social Research Institute - Health Research
and Information Division, 2012). In this study 71.2% of women initiated exclusive
breastfeeding (n=47) and another 19.7% were partially breastfeeding at hospital discharge
(n=13), which was much higher than the most recent Irish national data collected at hospital
discharge (The Economic and Social Research Institute - Health Research and Information
Division, 2012). The Latest National Infant Survey reports that exclusive breastfeeding is more
common amongst mothers over the age of 25, with the highest proportion (50.2%) in the 30—
34 year age group. Those women resident in Dublin city and county recorded figures higher
than other areas, with more than 50% of mothers exclusively breastfeeding, as did women

among the higher professional occupations (63.0%) compared to unemployed mothers (27.8%,
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Begley et al, 2009). This may account for the comparatively high levels of women in my study
who initiated exclusive breastfeeding and is consistent with other studies that showed higher
levels of breastfeeding amongst women who are older, well-educated and living in the least
deprived areas (Dyson, McCormick, & Renfrew, 2005; Gudnadottir ef a/, 20006; Begley et al,

2009; McAndrew ¢ al., 2012).

Breastfeeding duration is more difficult to compare as no national data are collected in Ireland
with regard to duration of breastfeeding. In this study, of those exclusively breastfeeding, the
median duration was 20 weeks (£10). At twelve weeks, the majority of mothers were still
breastfeeding (Table 5.2). At six months, 50% of mothers were reportedly providing some
breast milk. The most common reason stated by the women for the cessation of exclusive
breastfeeding was the introduction of solid food. Studies in Ireland and the UK showed that
women who initiate breastfeeding stop after a few weeks (Williams e# a/, 2010; Tarrant ez al,
2011; McAndrew ez al, 2012). The recent Growing-Up in Ireland study showed that the mean
cessation time point for breastfeeding was at 11 weeks for Irish-born mothers. Moreover,
those women who were educated to Leaving Certificate level stopped breastfeeding after 10
weeks on average, while those who completed their third level education stopped breastfeeding
at 14 weeks on average (Williams ez 2/, 2010). Another Irish study also found low breastfeeding
initiation rates among Irish nationals (47.1%) as well as a dramatic decline in breastfeeding

rates over time, with only 12.7% women exclusively breastfeeding by 12 weeks (Tarrant ez al.,
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2011). Given the demographic of my study’s population, the participants’ age and high level of
educational attainment could account for the continued high level of exclusive breastfeeding
reported at 12 weeks (59.1%; n=39). Also, given the nature of the overall study, participation
bias by mothers interested in breastfeeding is a possibility, which may also account for the high

breastfeeding rate at 12 weeks.

Age, education and marital status can affect both incidence and duration of breastfeeding.
Studies have found that maternal age is a strong determinant of breastfeeding duration, with
older women breastfeeding for longer (Kuan e a/, 1999; Dubois & Girard, 2003). In a review,
Callen & Pinelli (2004) consistently found that married women had a higher incidence and
duration of breastfeeding. Furthermore, the literature supports a strong socio-economic
gradient with breastfeeding duration, with particular reference to the positive influence of
higher maternal education levels (Bulk-Bunschoten ez @/, 2001; Mikiel-Kostyra, Mazur, &
Boltruszko, 2002). A recent systematic review, found that women with high education levels

breastfed more often and for a longer duration (Thulier & Mercer, 2009).

In accordance with national and international weaning guidelines, the weaning process
commences at six months of age approximately when the volume of milk ingested by
exclusively breastfed infants becomes insufficient to meet their nutritional requirements
(European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN),
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2008; WHO, 2001). Irish-based research undertaken prior to this study indicates that
significant deficiencies existed with regard to weaning practices among mothers during the first
year of life (Twomey ez al, 2000; Tarrant ef al, 2010a). The recent study by Tarrant ez a/. (2010)
showed that 70.5% of infants received complementary foods before 16 weeks and that 99.7%

had been introduced to solid food by 20 weeks.

Studies suggest that flavour experiences and food preferences during infancy track into
childhood and adolescence (Beauchamp & Mennella, 2009; Liem & Mennella, 2002; Mennella
& Beauchamp, 2002). Moreover, the timing of the first introduction of solids has been shown
to be a potentially important determinant of subsequent health (Wilson ez 4/, 1998). It is,
therefore, essential to research and report on the proportion of infants weaned onto solids
during the first 6-months of life. The Department of Health and Children (2005) follows the
WHO (2001) guidelines for complementary feeding and suggests that the introduction of solid
food should be delayed until 6 months. The ESPGHAN Committee recommended that
weaning should not be introduced before 17 weeks and not later than 26 weeks (European
Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN), 2008). In my
study all of the infants were weaned after this minimum recommended time of 4 months. My
findings compare very favourably to previous Irish research which reported that 79%

(Twomey et al., 2000) and 70.5% (Tarrant e al, 2010) of infants were introduced to solid food
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by 4 months. Data from this study, therefore, suggest that it is possible for mothers to delay

weaning beyond 17 weeks, with no negative impacts.

The median age for commencing complementary foods in this study was 22 weeks (+4.0),
Tarrant et al. (2010) found that 99.7% of infants had been weaned by 20 weeks. Previous
research suggests that greater compliance with weaning guidelines is observed in mothers who
attempt to initiate breastfeeding (Tarrant ef @/, 2010). Recent work by the Growing-up in
Ireland Study has found that mothers with the highest education levels (degree level) introduce
solid foods later (20.1 weeks) when compared with those who have lower levels of education
(secondary level - 17.8 weeks) (Williams ez @/, 2010) and may account for the later introduction
of solid food seen among participants in this study. While only two mothers in my study
followed the WHO (2001) guidelines and exclusively breastfed until 6 months, 53% of infants
(n=35) were still receiving some breast milk. The delayed introduction of solid foods until 6
months occurred with six infants (9.1%), two being exclusively fed, while three infants were
receiving a combination of breast and formula and one was receiving formula only up to this
point. Infants who were not breastfed at 6 months were consuming infant formula milk and

none of the mothers reported the use of cow’s milk as a sole milk source.
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5.5 Strengths & Limitations

The positive features of this study included the strict use of breastfeeding definitions and the
fact that one investigator conducted the interviews with mothers, which reduced any inter-
observer variation that may have occurred had a team of investigators been involved. While
there was an initial fall-off in participation from initial contact during pregnancy to post-
pregnancy follow up at 12 weeks (22.3%), all of the mothers contacted at 12 weeks continued
to participate at 6 months. However, since the sample size was relatively small, and composed
mainly of older, well-educated, married women, it was not representative of a national sample
of mothers. Therefore, results cannot be generalised to the general population of pregnant

women.

Parents of breastfed infants, when compared to the parents of formula fed infants, have been
shown to have more positive attitudes towards breastfeeding and to be more knowledgeable
about the health benefits and nutritional superiority of breastfeeding (Shaker, Scott, & Reid,
2004; Sloan, Sneddon, Stewart, & Iwaniec, 2006; Ward, 2005). Given the subject matter of this
study — nutrition and infant feeding, mothers that are interested in nutrition and health may
also be more likely to breastfeed their infants and would be more likely to participate in this
study. Therefore, there is a strong possibility that the high breastfeeding rates observed may be
specific and localised to mothers involved in this study. Long-term recall of breastfeeding data

has been found to be inaccurate (Bland e 4/, 2003) and it is possible that the reporting of the
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feeding status of some infants was influenced by maternal memory bias. However, the
accuracy of the feeding status at 12 weeks and 6 months can be assured since the investigator

contacted all of the mothers by telephone at 12 weeks and met with all mothers at 6 months.

5.6 Conclusion

Our results suggest that national efforts to promote breastfeeding for the first six months in
have been somewhat successful, at least for the mothers recruited in this study However,
public health policy makers in Ireland may need to evaluate the feasibility of promoting the
WHO (2001) recommendations for all infants in Ireland. Whilst the majority of women in this
study initiated breastfeeding and all of them meet the minimum time period for the
introduction of solid foods, only three mothers were exclusively breastfeeding at 6-months.
This indicates an extremely low compliance with the WHO (2001) recommendation. However,
50% of infants were still receiving some breast milk at this stage. Virtually all health care
professionals would agree that any breastfeeding is better than none and that an infant who is
combination fed will still reap many benefits from breast milk. Given the high success among
this cohort of older, well educated working women in initiating breastfeeding, perhaps future
public health campaigns may need to target messages about the duration of breastfeeding and
weaning guidelines, while campaigns targeting younger and less educated women may need to

emphasize the benefits of any breast milk to help initiation rates. For this sample of infants
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who are growing up during a period of increasing obesity prevalence, aggressive public health

interventions should be considered, targeting the first year of life as a primary priority.
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CHAPTER 6. THE DIETS OF A POPULATION OF 12-MONTH

IRISH INFANTS

6.1 Introduction

It is well recognised that the period from conception to two years has far-reaching effects on
health that impact from early childhood to adult life (Ravelli ez 2/, 1998; Godfrey & Barker,
2001; Barker, 2012). The spiralling prevalence of childhood obesity, now known to affect
toddlers (WHO, 2012), has its origins in poor infant feeding practices (Owen ez a/., 2005). In
addition, later health issues such as diabetes, obesity and heart disease, may be partly due to the
inadequacy of the mother’s diet during pregnancy and may be also due to how they were fed as
babies, particularly during the first year of life (Barker, 1997; Roseboom e# /., 2000; Koletzko,

et al.,, 2009). It is therefore important to understand what young children are eating.

During the first year of life, babies triple their birth weight and double their surface area,
making this a period of very rapid growth which is never repeated during the lifecycle. At this
time, infants’ nutrient requirements in relation to their body weight are also greater when
compared to adults. For example, at 12 months of age, an infant’s protein requirements are
double, vitamin C requirements are five-fold and iron requirements 6.5 fold those of an adult
on a per kilogram the body weight basis (Department of Health, 1991). These high
requirements mean that children of this age are particularly vulnerable to nutritional deficiency.
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This chapter presents the dietary intakes of 12 month old infants living in Ireland and provides
a discussion of the findings. Average daily intakes of total energy were compared to age and
sex specific UK reference values taken from the Scientific Advisory Committee on Nutrition
(SACN) energy report by calculating the Estimated Average Requirement (EAR) for each child
in the study based on body weight (SACN, 2012). The median physical activity level (PAL)
value was adjusted for growth. Macronutrient and micronutrient intakes for infants were
compared to the 1991 COMA report on Dietary Reference Values for Food Energy and
Nutrients for the United Kingdom (Department of Health, 1991), the 1999 Recommended
Dietary Allowances for Ireland (Food Safety Authority of Ireland, 1999) and with two large
studies viz. the recent Irish National Pre-School Nutrition Survey (NPNS) (Walton, 2012) and
the UK Diet and Nutrition Survey of Infants and Young Children (DNSIYC), 2011 (Lennox ez
al., 2013). The percentage of participants consuming more than the EAR was examined to
determine the nutritional adequacy of this group’s diet. To conclude the chapter, the study
considered the participants’ adherence to some of the Irish Dietary Guidelines for infants such
as those for fruit and vegetables and dairy produce. These foods provide many of the essential

vitamins and minerals needed for healthy growth (Food Safety Authority of Ireland, 2011).

6.2 Methods

The study design and data collection for the follow-up of all 12-month old infants is discussed

in detail in Chapter 2. Mothers completed a 3-day, semi-quantitative food diary when the
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infant was approximately 12 months of age (n=55). Mothers were asked to keep these food
diaries during two typical weekdays and one typical weekend day. Data used in this chapter are
presented using numerical descriptive statistics; including means with standard deviations and
medians with interquartile ranges (IQR). Daily intakes of fruit and vegetable, dairy products

and fish are presented using percentages and actual (n) values.

6.3 Results

6.3.1 Population Characteristics

Table 6-1 Infant Characteristics

Infant Characteristics
Gender
-Male 54.5% (n=30)
-Female 45.5% (n=25)
12 month Weight (kg; n=55)* 10.7 (£1.9) +
12 month Length (cm; n=55)* 79.0 (£4.5) t
12 month Head Circumference (cm; n=50)* 47.8 (£1.95) +
% of infants receiving any breast milk at 12 months 27% (n=15)

TNormally distributed data presented as Mean (SD). 1 Skewed data presented as Median (IQR)

* At 12 months weight, length & head circumference was measured by researcher during home visits.

The population characteristics of the infants at 12 months of age are described in Table 6.1.
The median weight and head circumference was 10.7 kg (£1.9) and 47.8 cm (£1.95)
respectively. The median infant length was 79 cm (£4.5). When compared with the UK-WHO

Growth Standard (RCPCH/WHO/Department of Health, 2013) for their age and sex, 90% of
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boys and 83.8% of girls were above the 50th percentile for length; 86.6% of boys and 75% for
girls were above the 50th percentile for weight and 100% of boys and 92% of gitls were above
the 50th percentile for head circumference measurements. More than a quarter (27%) of

infants were still receiving some breast milk at this age.

6.3.2 Daily Intakes of Macronutrients of 12-month old Infants

SPSS (IBM SPSS, 2010) Version 19.0 was used for all statistical analyses. Data were tested for
normality and are presented using numerical descriptive statistics including means with
standard deviations (SD) and medians with interquartile ranges (IQR). As there was no
statistical differences in the macronutrient intakes of males and females (p>0.05), results were
combined for the group. Infant feeding methods, which were collected from all mothers and

confirmed using the food record, are presented using percentages and actual (n) values.

Table 6-2 Mean daily macronutrient intakes based on food dairies (n=55) in comparison to the results of infants
aged 12 months from the National Pre-School Nutrition Survey (NPNS, 2012)

Nutrient Study Participant NPNS 2010 DNSIYC 2011
Energy— MJ/day ft 4.3 (£0.8) 42 (£0.9) 4.07 (£0.87)
Energy- Kcal 1020 (£190) 1005 (+222) 967 (+208)
Protein- g 35.6 (£11.85) 39.2 (+10.3) 37.7 (+10.2)
Carbohydrate- g t 137.21 (+20.95) 126.3 (+31.7) 126 (+29)
Total sugars —g t 71.86 (£16.15) 69.6 (+21.8) 66 (+18.6)
NMES-g tt 2.7 (+4.68) 434 (£19.9)%* 19.8 (F12.1)%*
Total Fat- gt 435 (£7.4) 38.1 (£11.0) 382 (+10.6)
Sat fat-gt 19.62 (£4.93) 17.7 (£5.8) 17.5 (+5.8)
Fibre- gtt 9.06 (3.98) 10.5 (£3.7) 7.3 (£2.7)

tNormally distributed data presented as Mean (SD). 1 Skewed data presented as Median (IQR). ** Difference assessed by Wilcoxon sign-rank test (Statistically

significant at P<0.05)
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The approximate mean intakes of macronutrients for the study population are presented in
Table 6.2 and compared to data obtained from the NPNS (Walton, 2012) and DNSIYC
(Lennox et al, 2013). The mean intakes for the study participants for energy, protein,
carbohydrate and fat were 1020 kcal (£190), 35.6 g (£11.85), 137.2 g (£20.95) and 435 g
(£7.4) respectively (Table 6.2). These results for energy intake are comparable with the results
from the NPNS which reported a mean daily food energy intake of 1005 kcal/day (Walton,
2012) and were slightly higher than the DNSIYC results, which reported a mean daily food
energy intake of 967 kcal. Non-milk extrinsic sugar intake was significantly lower among the
study group 2.7 g (£4.68) compared to the NPNS 2010 43.4 g (£19.9) (Walton, 2012), and the

DNSIYC 2011, 19.8 g (+12.1) (Lennox et al., 2013).

Table 6-3 The percentage contribution of each macronutrient to food energy for the group compared to one year old
results from the National Pre-School Nutrition Survey (Walton, 2012) and 12-18 month olds from the DNSIYC 2011
(Lennox et al., 2013)

Nutrient Participants NPNS 2010 DNSIYC 2011
Protein 14% 16% 16%
Carbohydrate 52% 50% 49%
Fat 37% 34% 35%
Sat Fat 17% 16% 16%

*Some figures do not add up to 100% due to rounding errors in calorie conversion.

The percentage contribution of each macronutrient to total food energy was calculated and
compared to the recent national pre-school nutrition survey (Walton, 2012). Among study
participants, the percentage contribution to food energy from carbohydrates was 52%, which

was consistent with the above study. Participants consumed approximately 14% of their energy
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from protein, which was marginally lower than the reported intakes from the national surveys
(15%; NPNS; 16% DNSIYC). Among the study participants, total fat provided 37% of food
energy, with a range of intakes between 25% and 46%. The average contribution to total
energy intake from saturated fat reported in this study was 17%, which was similar to the

NPNS and DNSIYC figure of 16 % (Walton, 2012; Lennox ef al., 2013).

Table 6-4 Comparisons of the median daily intake of energy (IQR) from the infants to recommendations within the
SACN energy report 2012.

Gender Study Median EAR % exceeding % exceeding EAR
EAR DNSIYC 2011

Males 3.57 (£0.43) 86.7% (n=206) 88% (n=27)

Females 3.39 (£0.76) 72.0% (n=18) 88% (n=22)

Calculation based on body weight and age in years. Intakes are compared to the physical activity level (PAL) adjusted for growth for boys and girls (SACN, 2012).

The average daily intakes of total energy were also compared to age and sex specific UK
reference values taken from the Scientific Advisory Committee on Nutrition (SACN, 2012) for
energy. The percentage of infants calculated as the EAR for energy was similar for boys and
gitls, at approximately 87% and 72% respectively (Table 6.4). It should be noted that 50% of

the population are expected to have requirements exceeding the EAR.
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6.3.3 Daily Intakes of Micronutrients

Table 6-5 Mean daily micronutrient intakes based on food dairies (n=66) in comparison to the results of one year
olds in the Irish NPNS (Walton, 2012); 12-18 month old in the UK DNSIYC 2010 (Lennox et al., 2013) and well as the
UK EAR for 1-3year olds in the UK (DoH 1991) and the Irish RDA for 1-3 year olds (FSAI 1999).

Nutrients Study Results UK Irish NPNS DNSIYC 2011
EAR RDA 2010
Sodium (mg)*** 1031 (£408)t - - 918 (£341) 907 (£348)
Potassium (mg) 1752 (£312)t - 800 1716 (£435) 1599 (£437)
Magnesium (mg) 144 (£27)F 65 80 143 (£38) 135 (£37)
Iron (mg) 10.1 (£4.7)% 5.3 8 7.0 (£3.0) 6.4 (£2.7)
Zinc (mg 5.4 (£0.8)f 38 4 54 (£1.8) 54 (X1.6)
Calcium (mg) 809 (£175)F 275 800 840 (£297) 790 (£260)
Vitamin D (ug) 25(X52) ¢ - 10 4.2 (£5.2) 2.6 (F2.8)*
3.9 (£3.9)%*
Thiamin (mg) 0.93 (£0.3)t 0.3 - 1.0 (£0.4) 0.85 (£0.26)
Riboflavin (mg) 1.4 (£0.4)t 0.5 0.8 1.6 (£0.7) 1.49 (£0.53)
Niacin (mg) 9.7 (£5.6)f - - 10 (£4.5) 16.4 £ 4.6)
Vitamin B6 (mg) 1.0 (£0.3)t - - 1.2 (£0.6) 1.1 (£0.4)
Vitamin B12 (ug) 2.9 (£2.0)% 0.4 0.7 4.1 (£2.0) 3.7 (£1.7)
Folate (ug) 143 (£32)t 50 100 159 (£80) 144 (X41)
Vitamin C (mg) 71 (£49)1 20 45 75 (£44) 62.5 (£34.5)
Copper (mg) 0.5 (£0.2)f - 0.4 0.5 (£0.2) 0.5 (£0.2)

TNormally distributed data presented as Mean (SD). 11 Skewed data presented as Median (IQR). *Vitamin D intake does not include values for breastfed children
as the vitamin D content of breast milk is not known. **Vitamin D intake including values for breastfed children excluding the contribution from breast milk as it

is unknown. ***Underestimate of total sodium intake as sodium from discretionary salt added in cooking or at the table is excluded.

The approximate mean intakes of the main micronutrients for the study population are
reported above (Table 6.5). As there was no statistical differences in the micronutrient intakes
of males and females (p>0.05), results were combined. Adequacy of intake of vitamins and
minerals were assessed by determining the percentage of infants with intakes below the UK
Estimated Average Requirements (EAR) for the selected nutrients (FSAIL, 1999). Intakes of

most vitamins and minerals were adequate — as indicated by the low percentage of infants with

180



intakes below the EAR. None of the participants had intakes below the UK EARs for calcium,
magnesium, thiamin, riboflavin, vitamin B12 or C. Only one person (1.8%) had an intake
below the EAR for zinc and four infants (7.1%) had an intake below the EAR for iron. My
data were also consistent with the recent NPNS (Walton, 2012) and DNSIYC (Lennox ef al.,
2013) studies with regard to all micronutrients except iron, which was higher among the study
group, and vitamin D, which was lower (2.5 ng) than that reported in the national studies (4.2
ug— NPNS 2010; 3.9 ug -DNSIYC 2011). In the absence of a general consensus on the EAR
for vitamin D, the percentage of children with intakes of less than 5 pg and 1 pg were
determined. A majority of infants (67.3%; n=37) had intakes below 5 pg. It was of particular

concern that 45.5% (n=25) had intakes below 1 pg.

6.3.4 Under-reporting

Under-reporting of food consumption is known to be a problem in all dietary surveys,
although it is generally considered to be less of an issue for younger children than adults. It is
not known to what extent it is a problem for this age group. By comparing the infants’ Basal
Metabolic Rates (BMR), with estimated cut-offs, to their reported energy intake, I identified
one case where definite underreporting of energy intake took place and this infant was
excluded from the analysis. However, it should be noted that this figure of under-reporting is

much lower than other studies (Lioret ¢7 al., 2011).
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6.4 Discussion

The WHO recommends that breastfeeding should continue until the baby is at least 2 years
old (WHO, 2001). Given the low numbers initiating breastfeeding in Ireland (The Economic
and Social Research Institute - Health Research and Information Division, 2012) and the high
dropout rate in the early weeks (Tarrant ef a/, 2009), breastfeeding at 6 months is relatively
unusual (Twomey e¢f al, 2000; Tarrant ef al, 2008), while 12 months is extremely rare. No
studies in Ireland have looked at rates of breastfeeding among this age group nationally. In this
study 25% of infants still received some breast milk at 12 months, which compares very
favourably to the UK DNSIYC, where only 8% of infants were still receiving some breast milk
at ages 12—18 months. This result is unsurprising, given the relative high rates of breast feeding

among my study population at 6 months (Chapter 5).

6.4.1 Macronutrient Intake

Milk/formula was the most important soutce of energy (31.5%) in my study. This result is
similar to the NPNS (Walton, 2012), in which it was found that milk/formula provided 29%
of total energy. Other important sources of energy were meat, bread, breakfast cereals, fruit &
fruit juices, biscuits & cakes and yoghurt. Infants’ intakes of protein, carbohydrate and fat,
accounted for 14.2%, 52%, and 37% of total energy intake. The main sources of carbohydrates
in the diet were milk/formula, fruit and breakfast cereals, while the main sources of fat in the

diet were milk/formula and meat. The current advice for adults and children over 5 years is to
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consume a diet in which about 35% of their daily energy needs are provided by the fat in food.
This recommendation does not apply to children under the age of five, due to the importance
of dietary fat as a source of fat-soluble vitamins, essential fatty acids and energy for this age
group while consuming a manageable volume of food. ESPGHAN (2008) recommends that
fat should not fall below 25% of total energy intake for this age group. In this study, none of

the infants reported intakes below 25% (Agostoni ez al., 2008).

Given the high percentage of infants in this study who were still receiving some breast milk,
these results may underestimate intakes of fat and energy. Mandel ¢z a/. (2005) showed that
mothers, who have been lactating for more than one year, had human milk with significantly
increased fat and energy contents, compared with milk expressed by women who have been
lactating for shorter periods. While there is no current recommendation for the percentage of
dietary energy which should come from saturated fat in infants, there is a fine balance between

consuming sufficient fat and consuming excess intakes of saturated fat.

High levels of high fat, high sugar foods should be discouraged to help reduced the risk of
overweight, obesity and tooth decay. In this study, neatly 5% of energy came from foods on
the top shelf of the food pyramid — those high in sugar and fat e.g. cakes, chocolate and
biscuits. Similarly, the NPNS 2010 found that 6% of 12 months olds’ energy intake came from

cakes and confectionary (Walton, 2012). These results are of concern, since Skinner and
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colleagues (2001) found that food preferences did not change from toddlers to school-aged
children and demonstrated how important early exposure to food is with regard to the
formation of eating habits later in life. It is suggested that flavour preferences learned early in
life not only affect taste preferences in the short term (Mennella ez a/, 2001) but may also be

important for taste preference in the longer term (Mennella & Beauchamp, 1996).

The UK RNI for protein for 1-3 year olds is 14.5 g/day (Department of Health, 1991). In my
study the median intake was 35.6 g/day, more the twice the RNI requitements. Participants
consumed approximately 14% of their energy from protein, which was marginally lower than
the reported intakes from the national surveys (15.2%; NPNS and 15.6% DNSIYC). While
these figures are lower than the national figure, it may be of concern, since Gunther ef al.
(2007), found that a higher intake of animal protein, especially dairy, at 1 year of age was
associated with an unfavourable body composition (higher BMI and relative fat mass) at 7
years of age. Other studies have associated high protein intakes in infancy with rapid growth
velocity, which may have adverse effects in later life (Rolland-Cachera ef @, 1995; Ong &

Loos, 2006; Koletzko, von Kiries, Closa ez al., 2009).

Dietary fibre as part of a varied, balanced diet is essential for good health at all ages. However,
no specific dietary recommendations for fibre are given for children aged less than 2 years, as

these foods should not be encouraged at the expense of more energy rich foods which are
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requited to adequate growth. Among my group, the median intake of fibre was 9.1 g/day
(£3.98), which was slightly lower than the Irish NPNS study (10.5 g/day) but higher than the

UK DNSIYC study (7.3 g/day, 2.7) (Walton, 2012; Lennox ¢# af., 2013).

6.4.2 Micronutrient Intake

Intakes of most vitamins and minerals were adequate, as indicated by the small proportion of
infants with intakes below the EAR. It should be noted that 50% of the population are
expected to have requirements below the EAR. The general adequacy of these infants’ diets
was to be expected, given the parent’s socioeconomic status. They were older, college-educated
mothers from higher socio-economic groups and had the resources to provide the necessary
foods to meet the nutrient needs of a growing child. The diets of this cohort greatly exceeded
the RDAs for this age group. For example, the average intakes for magnesium, iron, folate and
vitamin C were 180%, 126%, 143% and 157% above the RDA respectively. These results may
be due to the fact that a third of infants (n=22) were drinking formula milk or human milk
(n=15) as their main drink at 12 months. These drinks have higher levels of iron compared to
whole cow’s milk, which 27% (n=15) had as their main drink at 12 months. The two

micronutrients of most concern among this cohort were sodium and vitamin D.
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6.4.2.1 Sodium
The FSAI recommends an intake of no more than 6 g salt per day for adults. However, in
reality, Irish intakes are approximately 75% higher than this (Giltinan e @/, 2011). The Dietary
Reference Values (DRV) set for sodium are based on physiological requirements for infants,
with the RNI set at 500 mg/day for this age group (DoH, 1991). The FSAI recommends less
than 800mg (2 g salt) for children aged 1 to 3 years. Mean sodium intake for the infants in the
study was 1031 mg/day, more than twice the RNI and exceeding the recommendation for this
age group, with neatly three quarters of infants (74.5%; n=41) exceeding the 2 g salt/day
recommendation. The mean intake of salt was 2.6 g salt/day with the NPNS study also having
higher than recommended levels of salt at 2.3 g/day (Walton, 2012). Of concern is that only
9.1% (n=0) infants had intakes below the RNI, while 54.6% of infants had intakes that were
twice the RNI (FSAIL 1999). Early salt intakes may have persistent long-term effects on blood
pressure independent of salt intakes later in life (Strazzullo, Campanozzi, & Avallone, 2012). A
randomised controlled trial of infants in the first 6 months of life reported that those in the
lower sodium group had systolic blood pressure which was significantly lower than those who
had received the higher sodium diet at 15 years follow up and that this was independent of
their current sodium intakes (Geleijnse ¢f al., 1997). The results in the present study may also
be underreported, as possible discretionary salt added at the table and during cooking was not
considered in the analysis. Many parents reported giving their child processed meats such as

ham or sausages over the recording period, which would be high in salt. Also, four mothers
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reported using gravy and/or stock cubes during this time when feeding their infants. These

foods are high in salt and are discouraged for this age group (FSAI, 2012).

6.4.2.2 Vitamin D
Although, in general, my cohort’s diets were nutritionally adequate, the study identified several
potential problems with vitamin D intake with 45.5% of infants having intakes of less than 1
ug per day. Dietary vitamin D is important for the deposition of calcium in the skeleton as it is
unlikely that infants can depend on exposure to sunlight for vitamin D synthesis. Given their
levels of education, the mothers in this study were most likely aware of the fortification of milk
with vitamin D. However, it is unclear as to whether they knew that most other dairy foods are
not fortified. Cheese and yoghurt, which provide calcium but not vitamin D, were frequently
served to 12 month old infants, providing approximately 8% of total energy intake. Although
the calcium intake of the group met the RDA, consumption of vitamin D did not, and both
nutrients are essential for normal bone development. However, the vitamin D content of
breast milk is not known and, for this reason, recorded infant consumption may be
underestimated. It is difficult to get enough vitamin D through food alone, while the other
main source of vitamin D is direct sunlight on the skin, although this will vary by the degree of
exposure of the infants’ skin to summer sunshine and sun exposure is not advisable for infants.
Only one infant was given a vitamin D supplement during this time. This low level of

supplementation may have come about as the FSAI (2011) recommendation of routine
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supplementation of vitamin D to all infants under the age of 12 months was published during

the study and some of the babies would have reached 12 months by that stage.

6.5 Strengths & Limitations

A particular strength of this study was the implementation of a 3-day food diary to estimate
food intakes of the infants. This prospective method reduces the possibility of recall bias.
Among infants, measurement of food intake has been recognised as a difficult task as
researchers have to rely on parents’ reports during a time when feeding may be stressful
(Lanigan, Wells, Lawson, Cole, & Lucas, 2004). Currently there is a lack of research evaluating
methods of dietary intake in infants and young children. Four general dietary assessments
methods have been reported in infant research: 24-hour dietary recall, food diary, diet history
and food frequency questionnaire. To date, most studies have used 24-hour recall (Skinner ez
al., 1997; Nolan ez al., 2001; Devaney ef al., 2004), as it is less time consuming for participants
than other dietary assessment methods. However, an infant’s food intake can vary considerably
from day to day and a single 24-hour dietary recall may not account for daily variation in food
choices. For this reason, assessments of an individual’s dietary habit by considering only one
day can prove problematic. To overcome this limitation, the current study utilised a 3- day
semi-quantitative dietary diary at 12 months to assess infants’ diets. The infants had a 3-day
food diary as opposed to a seven day as previous research of infants’ diet has shown that

between-subject variability in dietary intake is greater than within-subject variability, therefore
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fewer days are required to assess dietary intake in infants (Lanigan e a/, 2004). The 3-day food
diary in the present thesis proved sufficient to assess between subject variations for the study’s
infants. The potential for some mis-reporting needs to be borne in mind when interpreting
findings from this survey. However, based on BMR and Goldberg cut-offs (Goldberg ez a.,
1991), only one participant was considered to be definitively underreporting and was excluded
from the analysis. This may be due to the fact that my participants had an interest in nutrition
as well as the subject matter of the overall study and therefore may have been more motivated
to accurately record their infants’ diets. They were also advised that they could receive
feedback on their infants’ diets if they wished after the study was completed, which may have
motivated them to be more accurate. Another limitation of the dietary data is that breast milk
cannot be precisely measured, but the volume rules, I applied, are based on the available peer-
reviewed articles from highly industrialized countries (Dewey e# al, 1984; Kent ez al, 1999;

Brietel ez al., 2010).

6.6 Conclusion

Generally, healthy infants can achieve recommended intakes of micronutrients from food
alone; with the exception of vitamin D. Dietitians and other Healthcare Professionals should
encourage caregivers to use foods rather than supplements as the primary source of nutrients
in children’s diets. However, some concern still arises with regard to the infants’ low intakes of

vitamin D and high intakes of energy, protein and salt. Further research is needed to look at
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supplementation levels of vitamin D in infants in Ireland to ascertain if the new guidance for
vitamin D supplementation is being followed and if it is adequate for this group. Further
education regarding the possible long-term effects of high intakes of salt and protein in infant
diets and the high levels of salt in such foods as ham, processed meats, breakfast cereals and

breads is needed among parents of this age group.
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CHAPTER 7. INFANTS SOUR TASTE ACCEPTANCE AT SIX &

TWELVE MONTHS OF LIFE

7.1 Introduction

While infants are born with an innate preference for sweet tastes and an aversion to sour and
bitter tastes (Steiner, 1977; LeCanuet & Schaal, 2002), exposure to fruits in the third trimester
of pregnancy, via the mother’s diet or through breast feeding is thought influence the
acceptance of sour taste in infants. Mennella e /. (2001) have shown that infants whose
mothers took carrot juice daily in the third trimester of pregnancy or during lactation were
more willing to accept carrot flavoured cereals. After birth, breast milk continues to supply a
great deal of sensory information with regard to the types of food consumed in the mothers’
diet. Exposure to different flavours is thought to enhance acceptance of these foods during the
weaning period (Mennella ¢f @/, 2005). Liem & Mennella (2002) and Mennella & Beauchamp
(2002) have shown that infants exposed to sour tasting hydrolysed protein formula during eatly
infancy could overcome their innate rejection of sour tastes. Moreover, Blossfeld ¢z a/. (2007)
found that sour taste acceptance in toddlers (18 months) was linked to eatlier fruit
consumption patterns at 6 and 12 months, which supports the hypothesis that early exposure

to fruit can influence sour taste acceptance.
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Due to infants’ inability to communicate verbally, researchers have to rely on indirect measures
of preference and acceptance (Guinard, 2000). Like adults, infants control their facial muscles
to express primary emotions and are, therefore, well equipped to convey a wide range of
emotional states in response to pleasant and unpleasant tastes (Ekman & Oster, 1979).
Throughout evolution it is thought that non-verbal signals are given by infants to warn
caregivers that the infants may be eating something harmful (Babchuk, Hames, & Thompson,
1985). However, such reactions to sour flavours may discourage mothers from feeding certain
foods to their children. Taste preference and acceptance in infants’ and toddlers are usually
studied using behavioural measures like facial expression (Ganchrow ez a/, 1983; Rosenstein &
Oster, 1988), suckling patterns (Crook & Lipsitt, 1976) or intake quantities (Blossfeld ez a,
2007; Crystal & Berstein, 1998; Schwartz, Issanchou, & Nicklaus, 2009). The development of
sour taste preference in infants has been explored previously, using Ingestion Ratios (IR)
(Blossfeld e al, 2007; Schwartz, Issanchou, & Nicklaus, 2009) and a Liking Ratio (LR), the
experimenter’s judgment of the infant’s liking, using a 5 point scale, at low concentration levels
(Schwartz, Issanchou, & Nicklaus, 2009). Schwartz e a/. (2009) found that by using IR, infants
at 3 months rejected sour tastes but were indifferent to them at 6 and 12 months. In contrast,

using LR, they found that sour tastes were rejected at all ages —at 3, 6 and 12 months.

Given that there is no gold standard approach to assess taste acceptance in infants, it is

difficult to compare results and different methods may pick up on different cues regarding
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taste and therefore produce differing results. For this reason it may be necessary to use a
combination of methods. Facial responses at the beginning of feeding are thought to be
reflective of hedonic responses in animals (Berridge, 1996) and pre-verbal human infants
(Mennella ez al., 2001; Rosenstein & Oster, 1988; Soussignan ez al., 1997; Steiner, 1977). Facial
expressions of distaste have been shown to be more discriminating than facial expressions of
liking (e.g., smiling) in gauging infants’ hedonic responsiveness (Forestell & Mennella, 2007,
Mennella ez /., 2001; Mennella & Beauchamp, 2009). For the purposes of this study, I used a
Rater’s Liking Ratio (R-LR), using video analysis, in conjunction with techniques that assess
mother’s rating score (M-LR) and the amount consumed by the infant (IR) to assess if infants’
sour taste acceptance can be linked to exposure to fruit or other factors. This thesis will seek to
determine the degree of acceptance of sour taste in my cohort at 6 and 12 months and
determine if changes occur over this period. Exposure to fruit early in life will also be
examined to determine whether this increases acceptance of sour tastes during infancy and

whether other factors are associated with this.

7.2 Methods

The methods used in this chapter are discussed in detail in Chapter 2. In order to test the

infants’ acceptance of varying levels of sourness, infants were presented with 4 test solutions,
with varying citric acid concentrations (0.00M; 0.013M; 0.029M; 0.065M). The infants’ feeding

sessions were recorded using a video camera, which was placed approximately 2 metres in
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front of the Mother-infant dyad so that the video image contained the face and upper torso of
the infant as much as possible. Feeding sessions ended when the infants had been feeding for
1 minute or rejected at least three consecutive offers of the solution, as decided by the
experimenter. Immediately after each drink, mothers were asked to rate their infant’s reaction
to the solution using a Likert scale of perceived like/dislike (Appendix I); higher numbers
reflecting greater liking. This was used to calculate the Mother’s Liking Rating (M-LR) score.
The infants’ total intake of each solution was calculated by weighing each container before and

after presenting it to the infant and was used to calculate the Ingestion Rating (IR) score.

The videotapes were then viewed to determine the length of feed and the frequency of the
infant’s negative facial expressions (e.g. nose wrinkling, brow lowering, upper lip raising,
gaping, head turning) when they were tasting the different drinks. This was used to assess the
Rater’s Liking Ratio (R-LR). Video analysis involved slowing the video down and coding it
frame by frame for non-verbal cues including; 1) facial expressions; 2) hand pushing; 3) head
turning and 4) duration of drinking. The data were independently analysed and were revisited
several times. A score was calculated taking into account the length of time the infant was
drinking and the number of negative and positive non-verbal cues the infant exhibited. Section
2.8.3 discusses of Sour Taste Acceptance scores in detail (pp. 99-100). A value equal to 0.5
indicated indifference to the solution, while a value greater than 0.5 showed acceptance and a

value less than 0.5 showed rejection of the solution.
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SPSS (IBM SPSS, 2010) Version 19.0) was used for all statistical analyses. Initial exploration of
the data was carried out prior to analysis, in order to check for accuracy of data input, the
amount of missing values, the presence of univariate outliers, and to ensure goodness of fit
between the distribution of study variables and the assumptions of multiple regression,
following guidelines set out by Tabachnick and Fidell (2007). Any potential outliers for each
variable were identified by looking for standardized scores in excess of * 3.29. Frequency
histograms were examined to identify any variables that deviated from normality. Skewness,
Kurtosis, and Kolmogorov-Smirnov values were also examined as further indications of non-
normal distribution. Variables that were not normally distributed in the sample and/or had
outliers that exceeded the * 3.29 cut-off score were transformed to better meet the
assumptions of multiple regression (Table 7.1). No outliers were identified in the data and as a

result, no cases were removed from the analyses.

Table 7.1 Transformations performed on non-normally distributed variables at each time point.

Variable 6 months 12 months
R-LR 4 square root -
IR 3 square root -
IR 4 - square root
M-IR3 square root square root
M-IR4 - square root

R-LR- Rater’s Liking Ratio, IR- Ingestion Ratio; M-LR- Mothet’s Liking Ratio

Multiple regression output was also examined for normality, linearity and multicollinearity. An
inspection of the residual histograms and scatterplots for each regression analysis revealed that
none of these assumptions appeared to be violated. All variance inflation factors (VIF) were
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less than 10 and tolerance values were greater than 0.50, indicating that there was no
multicollinearity in the data (Tabachnick & Fidell, 2007). Durbin-Watson scores were between
1 and 3 in value, suggesting that the assumption of independent errors was met (Field, 2009).
Using a p <0.001 criterion for Mahalanobis distance, no multivariate outliers were identified in
the data and all Cook’s distances were less than 1, suggesting that no individual cases were
influencing the models being tested (Stevens, 2002). As a result, no cases were removed from

the analyses.

7.3 Results

7.3.1 Subject Characteristics

The population characteristics of the infants at 6 months are described in Chapter 5 (Table 5.1;
pp- 160) and at 12 months are described in Chapter 6 (Table 6.1 — pp. 177). Of the sixty-seven
infants who participated in the sour taste acceptance assessment at 6 months, 4 were excluded
from the analysis as they did not comply with the experimental procedures and refused to
sample the different solutions on three separate occasions. At 12 months, out of the fifty-five
infants who participated in the sour assessment, five were excluded from analysis as they did

not comply with the experimental protocol after several attempts.
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Descriptive statistics were calculated for all predictor and outcome variables at 6 and 12
months, and are displayed in Appendix M & N respectively. Preliminary ANOVAs were
performed to assess whether there were differences in stimuli concentration order in outcome
variables (Rater’s Liking Ratio -R-LR; Ingestion Ratio -IR; Mother’s Liking Ratio -M-LR). As
the analysis did not reveal any significant influence, data were combined for further analyses.
Furthermore, no correlations were observed between birth weight, birth height, weight, height
and age at testing time points and infants’ taste acceptance variables. Given a lack of any

identified correlation, infants were combined across all these variables for further analysis.

7.3.2 Infants can Distinguish Sour Tastes at Six and Twelve Months.
A one-way repeated measure ANOVA was conducted to compare sour taste preference over
the three concentrations of citric acid at 6 and 12 months. The mean concentration was
plotted for each variable (Figures 7.1 & 7.2). At 6 months a significant decrease in mean sour
taste acceptance (Figure 7.1) was seen across all concentrations for each outcome variable,
suggesting mean acceptance decreased significantly with each increasing concentration (as
reported below (p<<0.0001).). Using Cohen (1988) guidelines, these results suggest a very large
effect using all methods. These results suggest that increasing critic acid concentration does

significant reduce infant’s acceptance of the drinks at 6 months.
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R-LR: Wilks’ Lambda = 0.47, F (2, 62) =35.4, p<0.0001, (partial eta squared= 0.54);

IR: Wilks’ Lambda = 0.31, F (2, 60) =66.9, p<0.0001, (partial eta squared= 0.69);

M-LR: Wilks’ Lambda = 0.28, F (2, 62) =79.3, p<0.0001, (partial eta squared= 0.72)

Similarly, at 12 months a significant decrease in mean sour taste acceptance (p<0.001) was seen
across all concentrations for each outcome variable (Figure 7.2), suggesting mean acceptance
decreased significantly with each increasing concentration as reported below (p<0.0001). Using
Cohen (1988) guidelines, these results suggest a very large effect using all methods. These
results suggest that increasing critic acid concentration does significant reduce infant’s

acceptance of the drinks at 12 months.

R-LR: Wilks’ Lambda = 0.43, F (2,48)=31.6, p<0.0001 (partial eta squared= 0.57)

IR: Wilks” Lambda = 0.18, I (2,48)=108.0, p<0.0001 (partial eta squared= 0.82)

M-LR: Wilks’ Lambda = 0.23, F (2,49)=85.6, p<0.0001 (partial eta squared= 0.78)
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Figure 7-1 Sour taste acceptance score across the three methods (a) Mother Liking Ratio (L-LR) (b) Ingestion ratio (IR) and (c) Rater’s Liking Ratio (R-LR) in
infants at 6 months of age. The reference line on the Y axis shows the acceptance score at baseline (0.5). Infants are considered to have accepted the solution if they
scored 0.5 or higher. Infants are considered to have rejected the solution if they scored less than 0.5. For each box plot the bottom and the top of the box are the 25th
and 75th percentiles and the line within the box is the median. The whiskers extend from the box as far as the data extend to a distance of at most 1.5 times the

interquartile range. Any values more extreme than this are marked by a *
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Figure 7-2 Sour taste acceptance score across the three methods (a) Mother liking Ratio (L-LR) (b) Ingestion ratio (IR) and (c) Rater’s Liking Ratio (R-LR) in
infants at 12 months of age. The reference line on the Y axis shows the acceptance score at baseline (0.5). Infants are considered to have accepted the solution if they
scored 0.5 or higher. Infants are considered to have rejected the solution if they scored less than 0.5. For each box plot the bottom and the top of the box are the 25th
and 75th percentiles and the line within the box is the median. The whiskers extend from the box as far as the data extend to a distance of at most 1.5 times the

interquartile range. Any values more extreme than this are marked by a *
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0.013M Citric Acid

The mean acceptance score at 6 months of 0.013M citric acid using each of the three methods;
R-LR, IR & M-LR were 0.42 (£0.17); 0.36 (* 0.11) and 0.37 (+0.10) respectively. At twelve
months, the mean acceptance score, using each of the three methods- R-LR, IR & M-LR, were
0.39 (£0.15); 0.39 (* 0.12) and 0.41 (£0.09) respectively. Upon analysis of the total group at 6
months using a one-way t test, infants significantly rejected solutions at 0.013M concentration
over base solution (0.00M citric acid) using all three methods R-LR (t; = 4.0, p<0.001); IR (t,
= 9.2, p<0.001) and M-LR (t; = 9.5, p<0.001). Furthermore, at 12 months similar results were
reported, with infants also rejecting this solution at 12 months when examined under all
methods; R-LR (t;, = 5.3, p<0.001); IR (t;, = 6.7, p<0.001) and M-LR (t;, = 7.3, p<0.001) at
0.013M citric acid. However, for all outcome variables at both ages, the data revealed large
inter-individual differences with some infants showing preference (6 months: 3.2-25.6%; 12
months: 4-20 %) or indifference (6 months: 1.6-15.6%; 12 months: 4-8%) for this

concentration over the base solution (Table 7.2).

0.029M Citric Acid

The mean acceptance score at 6 months of 0.029M citric acid using each of the three methods;
R-LR, IR & M-LR were 0.33 (£0.17); 0.25 (£ 0.12) and 0.26 (+0.12) respectively. At twelve
months, the mean acceptance score, using each of the three methods- R-LR, IR & M-LR, were
0.33 (£0.15); 0.29 (£ 0.14) and 0.31 (£0.11) respectively. All infants significantly rejected sour
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tastes at 0.029M concentration over base solution (0.00M citric acid) at 6 months; R-LR (t;; =
8.4, p<0.001), IR (t; = 16.0, p<0.001) and M-LR (t;; = 15.8, p<0.001) and at 12 months R-LR
(t5, = 8.5, p<0.001), IR (t;, = 11.0, p<0.001) and M-LR (t5, = 9.6, p<<0.001). For all 0.029M
citric acid solution outcome variables, the data revealed inter-individual differences at both
time points, with some infants demonstrating a preference (6 months: 1.6-12.7%; 12 months:
1.6-4.8 %) or indifference (6 months: 4-8 %,; 12 months: 4-8%) for this concentration over

the base solution (Table 7.2).

0.065M Citric Acid

The mean acceptance score at 6 months of 0.065M citric acid using each of the three methods;
R-LR, IR & M-LR were 0.26 (£0.16); 0.18 (* 0.12) and 0.18 (£0.09) respectively. At twelve
months, the mean acceptance score, using each of the three methods- R-LR, IR & M-LR, were
0.26 (£0.13); 0.18 (£ 0.10) and 0.20 (£0.11) respectively. We saw rejection of the 0.065M
solution by all infants compared to the base solution (0.00M citric acid) using all three methods
at 6 months; R-LR (t;; = 11.8; P<0.001), IR 6 (t;; = 21.3; P<0.001) and M-LR (t;; = 26.4;
P<0.001) as well as at 12 months R-LR (t;, = 13.6; P<0.001) IR (t;, = 22; P<0.001) and M-LR
(t5o= 18.1; P<0.001). A few inter-individual differences were observed at 6 months using R-LR
and IR but all of the infants showed rejection using the M-LR rating at 6 months. For all

0.065M citric acid solution outcome variables at 12 months, no preference or indifference were

observed in any individual (Table 7.2).
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Table 7-2 Percentage Preference and Indifference for Sour Tastes at 6 and 12 months.

Variable 6 months 12 months
0.013M  0.029M  0.065M _ 0.013M _ 0.029M  0.065M
R-RLR éf:% (112:'7106‘3 (flg"g; ( jg‘;/g) 8.0% (n=4) 0
Preference IR 1(31:2;/)“ gniof) éﬁ?‘; 1(3202/; 40% (0=2) 0
M-LR éliog éliog 0 (tgg‘; 40% (0=2) 0
R-RLR 2116:2/; gnii/; 0 g}fg; 8.0% (n=4) 0
Indifference IR (fli/g {fg‘; éli(g‘; 1(;5;/)" 59% (n=3) 0
M-LR (1n5:'6106‘; gnézol/‘)) 0 (1119:'6106; 40% (0=2) 0

R-LR- Rater’s Liking Ratio, IR- Ingestion Ratio; M-LR- Mother’s Liking Ratio

7.3.3 Using All Three Methods, Sour Taste Preference does not change over

the First year of Life.

A one-way repeated measure ANOVA was conducted to evaluate whether sour taste
acceptance changed over time (Figure 7.3). Overall, there was no statistically significant change
in acceptance levels between 6 and 12 months of age (p=0.49). Using each method
individually, no significant differences between the two time points were seen for R-LR
(p=0.5) and IR (p=0.38). However, there was a statistically significant difference in M-LR
(p=0.04), with mothers perceiving a higher acceptance of sour flavours for their infants at 12

months compared to 6 months of age.
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Figure 7-3 Comparison of the mean acceptance score of the three methods M-LR (Mother's Liking Ratio), IR
(Ingestion Ratio) and R-LR (Rater's Liking Ratio) as well as for overall acceptance in assessing sour taste
acceptance at 6 months and 12 months. *p<0.05

7.3.4 Rater’s Liking Ratio of Sour Taste Acceptance was significantly higher
compared to Mother’s Liking Ratio and Ingestion Ratio. While Mother’s
Liking Ratio saw changes in Sour Taste Acceptance between Six and
Twelve Months.

A repeated measure ANOVA was used to investigate if there was a difference in the results

achieved by the different methods used to assess sour taste acceptance at each time point. The
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mean scores and standard deviation for 6 and 12 months were plotted as presented in Figure

7.4 and 7.5.

400 -
.350 - *
.300 -~ * *
.250 -
.200 -
.150 -
.100 -
.050 -

Sour Taste Acceptance Score

.000 -
M-LR IR R-LR

Methods of Sour Taste Acceptance at 6 months

Figure 7-4 Comparison of the mean acceptance score of the three methods used in assessing sour taste acceptance
at 6 months- M-LR (Mother's Liking Ratio), IR (Ingestion Ratio) and R-LR (Rater's Liking Ratio). R-LR rated sour
taste acceptance were significantly higher than the two other methods M-LR and IR (*p<0.05). Thete was no
statistical difference between sour taste acceptance scotes of the M-LR and IR.

At 6 months the Rater’s Liking Ratio (R-LR) score of sour taste acceptance was significantly
higher when compared to the Mother’s Liking Ratio (M-LR) score (p<<0.001) as well as the
Ingestion Ratio (IR) score (p=0.001), with a mean difference of 0.06 and 0.07 respectively.

There were no statistically significant differences between acceptance scores using Mother’s

Liking Ratio and Ingestion Ratio (p=0.71).
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Figure 7-5 Comparison of the mean acceptance score of the three methods used in assessing sour taste acceptance
at 12 months- M-LR (Mother's Liking Ratio), IR (Ingestion Ratio) and R-LR (Rater's Liking Ratio). R-LR rated
sour taste acceptance significantly higher than M-LR. There were no statistically significant differences between R-
LR and IR or for M-LR and IR.

At 12 months, the Rater’s Liking Ratio score of sour taste acceptance was significantly higher
than the Mother’s Liking Ratio score (p<<0.001), with a mean difference of 0.04. There was no
statistically significant differences between the Rater’s Liking Score and Ingestion Ratio

(p=0.10) or between the Mother’s Liking Ratio and Ingestion Ratio (p=0.34).

We also investigated the relationship between the different methodologies at each age.
Mother’s Liking Ratio was poorly related to the Rater’s Liking Ratio and Ingestion Ratio
methods at 6 months for each concentration (R* =0.12-0.34; Table 7.3). In contrast, the

Rater’s Liking Ratio and Ingestion Ratio was strongly related (R*> =0.51-0.77; Table 7.3) at each
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concentration at 6 months. The relationship between the three methods of sour taste
acceptance of infants at 6 months of age for 0.065M citric acid is shown in Figure 7.0.
(Appendix O displays detailed graphs of the relationship between each method at each

concentration as well as the corresponding R* value).

Table 7-3 The relationship between each method (M-LR, IR, R-LR) at each concentration (0.013M, 0.029M,
0.063M) at 6 months reported as R2 value

V ariable M-I.R IR
0.013M M-LR -

0.013M IR 0.34%* -
0.013M R-LR 0.29% 0.77*
0.029M M-LR -

0.029M IR 0.12% -
0.029M R-LR 0.16* 0.51%*
0.065M M-LR - -
0.065M IR 0.18* -
0.065M R-LR 0.19% 0.63*

Note: R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05;
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R-LR 0.065M

Figure 7-6 Relationship between the 3 methods (R-LR, IR, M-LR) of assessing sour taste acceptance in infants at 6
months of age for 0.065M citric acid.

Similar relationships for the three methods were seen at 12 months, with the Mother’s Liking
Ratio poorly related to the Rater’s Liking Ratio and Ingestion Ratio methods at 12 months for
each concentration (R*= 0.09-0.24). Rater’s Liking Ratio and Ingestion Ratio were moderately

to strongly related (R’= 0.43-0.80) at each concentration at 12 months (Table 7.4). The

relationship between the 3 methods of sour taste acceptance of infants at 12 months of age for
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0.065M citric acid is shown in Figure 7.7. (Appendix P displays detailed graphs of the
relationship between each method at each concentration as well as the corresponding R*

value).

Table 7-4 The relationship between each method (M-LR, IR, R-LR) at each concentration (0.013M, 0.029M,
0.063M) at 12 months reported as R2 value.

Variable M-LR M-LR
0.013M M-LR - -
0.013M IR 0.19% -
0.013M R-LR 0.24* 0.80*
0.029M M-LR -

0.029M IR 0.21% -
0.029M R-LR 0.22% 0.63*
0.065M M-LR - -
0.065M IR 0.17* -
0.065M R-LR 0.09% 0.43*

Note: R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05;
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R-LR 0.065M

Figure 7-7 Relationship between the 3 methods (R-LR, IR, M-LR) of assessing Sour Taste Acceptance of Infants at
12 months of age for 0.065M citric acid.
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7.3.5 Sour Taste Preference in Infants is associated with Length of
Breastfeeding, Gender & Fruit Intake during Pregnancy at Six Months &

Fruit Consumption at Twelve Months.

7.3.5.1 Multivariate Analyses at 6 months
A Multivariate analysis was completed to investigate possible factors associated with sour taste
acceptance at six months, using all methods. A number of factors (length of time since solid
food began, mothers’ daily fruit intake during pregnancy, length of time exclusively
breastfeeding and gender) that might influence sour taste acceptance at 6 months were
examined. The length of time since solids had been introduced had no significant effect on
sour taste preference at 6 months (p=0.07). It was hypothesised that mothers’ daily fruit intake
during pregnancy would have a positive effect on sour taste acceptance at 6 months.
Therefore, the data were divided into 2 groups; low intake (= 2 portions of fruit per day) and
high intake of fruit per day (>2 portions of fruit per day). There was a statistically significant
positive effect for the number of fruits consumed by mothers during pregnancy on infant’s
sour taste acceptance at 6 months F(2,48)=5.65 (p=0.02), partial eta squared=0.11, which
suggests a moderate effect (Cohen 1988 pp. 284-7). Figure 7.8 shows that infants whose
mothers had more than two portions of fruit per day during pregnancy had significantly higher

acceptance scores for sour tastes (Acceptance Score=0.24 £0.02) when compared to infants
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whose mothers had two or less portions of fruit per day at 6 months during pregnancy

(Acceptance Score=0.30; £0.02), with the mean difference in acceptance being 0.06 (£ 0.03).

.350 ~
p=0.02
.300 -+
.250 -+
.200 -
150 -
.100 -

.050 -

Sour Taste Acceptance Score

.000 -
<2 >2
No. of portions of fruit per day in maternal diet

Figure 7-8 Mean sour taste acceptance compared to mother’s fruit intake during pregnancy (n=64).

The effect of breastfeeding on sour taste acceptance was also examined. Analysis demonstrated
that exclusive breastfeeding had a positive effect on sour taste acceptance. The data showed
that length of exclusive breastfeeding had a significant positive effect on sour taste acceptance
at 6 months, F (2, 48) =4.01 (p=0.025) partial eta squared 0.149, which suggested a large effect
(Cohen, 1988; pp284—7). Those infants that were exclusively breastfed for less than 1 week had
a lower acceptance of sour tastes (Acceptance Score=0.22 *0.02) than infants who were

exclusively breastfed for greater than one week but less than or equal to 20 weeks (Acceptance
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Score 0.28; £0.02; p=0.03) and those who were exclusively breastfed for greater than 20 weeks
(Acceptance Score 0.31; £0.03; p=0.01). There was no significant difference in sour taste
acceptance between length of exclusive breastfeeding in those infants that were exclusively

breastfed for >1 week but less than 20 weeks and those who were exclusively breastfed for

>20 weeks (p=0.39; Figure 7.9).

.350 -+ T

= *n=|
300 | TP=003*p=001 .

%
.250 +
.200 -
.150 -

.100 -

Mean Sour Taste Accpetance
Score

.050 -

000 i T T 1
<1 >1<20 >20
Weeks Exclusively Breastfeeding

Figure 7-9 Sour taste acceptance scores of infants at 6 months compared across levels of exclusive breastfeeding

(n=64)

The effect of gender on sour taste acceptance was also examined. There was a statistically
significant effect of gender on sour taste acceptance at 6 months I (2.48) =5.27 (p=0.018)
partial eta squared 0.116, which suggested a moderate effect (Cohen 1988; pp284-7). Figure
7.10 shows that females had a significantly lower acceptance of sour tastes when compared to

males at 6 months, with the mean difference in acceptance being 0.07 (£0.03).
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Figure: 7-10 Comparison of sour taste acceptance of males and females at 6 months (p=0.018)

7.3.5.2 Exclusively Breastfed Infants at 6 months
A sub-analysis was completed to investigate possible factors associated with sour taste
acceptance at 6 months in infants who were exclusively breastfed for at least 6 weeks (n=43).
Gender (p=0.07), infants’ fruit intake at 6 months (p=0.13) or the number of weeks eating
solid food (p=0.23) had no significant effect on sour taste acceptance at 6 months in those
infants exclusively breastfed for at least 6 weeks. By comparing males and females the median
number of weeks of exclusive breastfeeding were 16 weeks (+24) and 9 weeks (£20)
respectively, though this was not statistically different p=0.774, due to the wide interquartile
ranges for both groups. It was hypothesised that mothers’ fruit intake during breastfeeding
would have a positive effect on sour taste acceptance at 6 months. However, there was no
significant effect of mother’s fruit intake during breastfeeding (p=0.16) on sour taste

acceptance at this age (Figure 7.11).
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Figure 7-11 Sour taste acceptance scores of exclusively breastfed infants at 6 months (n=43), where mothers
consumed varying amounts of fruit during this time. There was no significant effect between sour taste acceptance
and fruit consumption in breastfeeding mothers.

However, length of exclusive breastfeeding continued to have a significant effect on sour taste
acceptance in those infants whose mothers exclusively breastfed for at least 6 weeks. Mean
acceptance scores were higher in infants who had been breastfed exclusively for more than 20
weeks (0.37) compared to those who had been exclusively breastfed for 20 weeks or less (0.206;

p <0.01; Figure 7.12).
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Figure 7-12 Sour taste acceptance scores of for two groups of exclusively breastfed infants at 6 months (n=43).

7.3.5.3 Multivariate Analyses at 12 months
A repeated measures ANOVA was completed to investigate possible factors associated with
sour taste acceptance at 12 months. A number of factors (length of time since solid food was
taken; Mothers’ fruit intake; length of time breastfeeding; gender and infants’ own fruit intake)
which could influence sour taste acceptance at 12 months were examined. Gender (p=0.36) or
length of exclusive breastfeeding (p=0.86) had no significant effect on sour taste preference at

12 months.
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The effect of an infant’s own fruit intake at 12 months on sour taste acceptance was also
examined. Infants’ daily fruit intakes were quantified in grams using the completed food
diaries. Using decision tree analysis, two distinct clusters of infants were identified, those that
had intakes <116 g per day and those with intakes >116 g per day. Following further division
sub-groups were formed based on infants’ fruit intake, comprised of two groups; high (>116
2) and low (<116 g). Figure 7.13 shows a significant positive effect of infant’s fruit intake at 12
months on their sour taste acceptance. Those infants who consumed more fruit at 12 months

had a higher acceptance for sour tastes when compared to those who consumed less fruit (p=

0.05).
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Infants' Fruit intake at 12 months

Figure 7-13 Sour Taste Acceptance Scores in Low and High Fruit Consumers at 12 months of age (n=50).
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7.3.5.4 Predictors of Sour Taste Acceptance at 6 months
Potential predictive variables of sour taste acceptance with significant relationships were
chosen from the correlation matrix and their predictive strengths were examined using
multiple regression (Table 7.5). A multiple regression was conducted to predict acceptance of
each solution from; weeks exclusively breastfed; mothers’ intake of fruit during pregnancy and
the number of weeks eating solid food. The results of the linear regression analyses are
summarised in Tables 7.6 —7.8. In each case, the unstandardized and standardized beta values

presented, along with the R* and adjusted R? for the total model are reported.
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Table 7-5 Correlation Matrix between predictor and outcome variables at 6 months

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
1. No. wks eating solid food -
2. No. Fruit Tried .218* -
3. Age starting solids (wks) -.575** -0.16 -
4. Length EBF (wks) .128 0.25* 0.24 -
5. No of Fruit eaten during pregnancy -.034 0.19 -0.14 0.24* -
6. R- LR 0.013M -306%*f  0.11 0.01 0.17 .01 -
7. R-LR 0.029M -.166 0.09 -0.03 0.33** 0.0 0.69** -
8. R-LR 0.065M -.198+ -0.06 -0.05 0.32** 0.04 0.52** 0.73** -
9. IR 0.013M -325%*+  0.04 0.02 0.12 0.08 0.88** 0.54** 0.38** -
10. IR 0.029M - 179+ 0.11 -0.06 0.36** 0.18 0.61** 0.72** 0.56** 0.54** -
11. IR 0.065M -0.132% 0.09 -0.11 0.31** 0.09 0.5** 0.64** 0.73** 0.46** 0.66** -
12. M-LR 0.013M -0.09% 0.17 -0.10 0.27* 0.14 0.54** 0.41%* 0.37** 0.58** 0.37** 0.34** -
13. M-LR 0.029M -0.71F 0.14 0.03 0.38** 0.28 0.35** 0.40** 0.42** 0.26** 0.39** 0.27** 0.57** -
14.  M-LR 0.065M -0.061% 0.22 -0.03 0.38** 0.37** 0.33** 0.37** 0.42** 0.32** 0.43** 0.42** 0.34** 0.60**

Note: R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05; ** p < .01;
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Table 7-6 Summary of linear regression analyses predicting sour taste acceptance of 0.013M concentration at 6 months using the three methods- R-LR,
IR & M-LR.

Variable Rater’s Liking Ratio (R-LR) Ingestion Ratio (IR) Mother’s Liking Ratio (M-LR)
B SEB B B SEB p B SEB B

No. wks. eating solid food -021  .010  -.274* -005  .006  -.097* -018 .007  -.318

Length EBF (wks.) 002 .002 131 .003 001  .254 .001 002 .078

No of Fruit eaten during -005 .016  -.038 -006  .010  .076 003 012 .037

pregnancy
R’=0.095, Adj. R?=0.047 R’=0.092, Adj. R?=0.044 R’=0.113, Adj. R?=0.065
F(@3,57) = 2.0 (p=0.13) F(3,57) = 1.93 (p=0.14) F(3, 55) = 2.35 (p=0.08)

Note: * p < .05; ** p < .01 Adj- Adjusted. R-LR= Rater’s Liking Ratio. IR= Ingestion Ratio. M-LR= Mother’s Liking Ratio. The model was not predictive of sour
taste acceptance at the level of 0.013M citric acid.
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Table 7-7 Summary of linear regression analyses predicting sour taste acceptance of 0.029M concentration at 6 months using the three methods- R-LR,
IR & M-LR.

Variable Rater’s Liking Ratio (R-LR) Ingestion Ratio (IR) Mother’s Liking Ratio (M-LR)
B SEB B B SEB f B SEB §

No. wks. eating solid food -.012  .010  -.159 -.010 .007 -.185 .002 .007 .027

Length EBF (wks.) 005  .002  .335% .004 001 361%* .004  .001  .304*

No of FPruit eaten during -010 .015 -.084 -005  .011  .059 018 011 198

pregnancy
R’=0..136, Adj. R?=0.091 R’=0.187, Adj. R?=0.142 R’=0.16, Adj. R?=0.115
F(3,57) = 3.0 (p <0 .05) F(3,55) = 4.21(p < 0.01) F(3,57) = 3.61(p < 0.05)

Note: * p < .05; ** p < .01. Adj- Adjusted. R-LR= Rater’s Liking Ratio. IR= Ingestion Ratio. M-LR= Mother’s Liking Ratio. The model was predictive of sour
taste acceptance at the level of 0.029M citric acid.
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Table 7-8 Summary of linear regression analyses predicting sour taste acceptance of 0.065M concentration at 6 months using the three methods- R-LR,
IR & M-LR.

Variable Rater’s Liking Ratio (R-LR) Ingestion Ratio (IR) Mother’s Liking Ratio (M-LR)
B SEB p B SEB I B SEB §

No. wks. eating solid food -018 .009  -.248* -003  .003 -.148 -.001 005  .023

Length EBF (wks.) 006 .002 376+ .001  .001 329% .003 001  .300*

No of Fruit eaten during -011 .014 -.091 .000  .004 -.005 .020 .008  .298*

pregnancy

R’=0.204, Adj.R ?=0.162  R’=0.136, Adj.R 2=0.091  R’=0.223 Adj. R’=0.182
F(3,57) = 4.86 (p <0 .01) F(3, 57) = 3.0(p<0.05) F(3,57) = 5.44 (p<0.01)

Note: * p =< .05; ** p < .01. Adj- Adjusted. R-LR= Rater’s Liking Ratio. IR= Ingestion Ratio. M-LR= Mother’s Liking Ratio. The model was predictive of sour taste
acceptance at the level of 0.065M citric acid.
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Using linear regression analysis of factors predicting R-LR, IR & M-LR acceptance at 0.013M
citric acid, the prediction model was not statistically significant for any of the outcome
variables and did not predict acceptance at 0.013M concentration (Table 7.6). In contrast,
using linear regression analysis of factors predicting R-LR, IR & M-LR acceptance at 0.029M
citric acid, the three prediction models R-LR, IR and M-LR were statistically significant F (3,
57) = 3.0 (p<0.05), F (3, 55) = 4.21 (p<0.01) and F (3, 57) = 3.61 (p<<0.05) respectively. The
model accounted for approximately 9-14.2% of the variance in acceptance of the 0.029M citric
acid solution (Table 7.7). Acceptance was primarily predicted by length of exclusive
breastfeeding for all models, with it uniquely accounting for 8.7% 10.5% and 12% of the

variance in the M-LR, R-LR, and IR models respectively.

Similarly, the findings from the linear regression analysis of factors predicting R-LR, IR & M-
LR acceptance at 0.065M citric acid found that all three prediction models; R-LR; IR and M-
LR were statistically significant (FF (3, 57) = 4.86 (p<0.01); F (3, 57) =3.0 (p<0.05) and F (3, 57)
=5.44 (p<0.01) respectively). The models accounted for approximately 9-18% of the variance
in acceptance of the 0.065M citric acid solution (Table 7.8). Again acceptance was primarily
predicted by length of exclusively breastfeeding for all models with it uniquely accounting for
8.5%0; 10.8% and 13.3% of the variance in the M-LR, IR and R-LR models respectively. Other
significant predictors were number of weeks eating solid food (6.2% of the variance) for the R-

LR model and number of portions of fruit eaten by mothers during pregnancy (8.4% of the
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variance) for M-LR model, thus providing further support for the hypothesis that the flavours

of the mothers’ diet during pregnancy may be transmitted to their baby through amniotic fluid.

Overall, this provides evidence that exclusive breastfeeding can predict 8-13% of the variance
in acceptance of extreme sour tastes in 6 month old infants. It also suggests that the number of
portions of fruit eaten by mothers during pregnancy and the number of weeks eating solid
foods may predict some variance in acceptance at extreme citric acid levels (0.065M). Any
addition of gender as a variable to the analysis did not improve the model and gender did not
independently predict sour taste using any method at any concentration level. Exclusive
breastfeeding continued to largest and only significant factor in predicting the variance in the
model. This adds weight to the suggestion that exclusive breastfeeding may be confounding

the gender effect observed at six months.

7.3.5.5 Predictors of Sour Taste Acceptance at 12 months

From existing literature, it was suggested that fruit intake of the infant may be related to sour
taste acceptance at 12 months (Blossfeld ez a/., 2007). Given the correlation between the length
of exclusive breastfeeding at 6 months and sour taste acceptance, I also considered possible
correlations at 12 months. However, no correlation was found and this was excluded from the
regression analysis. Correlations between these independent variables and the outcome
variables are reported in Table 7.9. Hierarchical multiple regression analyses were conducted

for each of the 12-month outcome variables of taste acceptance. Acceptance at 6 months for
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the corresponding outcome variable at 12 months was controlled for in the first step. The
number of fruits tried by the infant at 6 months and the amount of fruit consumed in grams by

the infants at 12 months were added in the next step.
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Table 7-9 Correlation Matrix between predictor and outcome variables at 12 months

Variable 1 2 4 5 6 7 8 9 10 11 12 13
1. No of fruit tried at 6 months -
2. Fruit intake 12 months 253 -
4. Vitamin C 12 months .334* A55% -
5. Length of exclusive breastfeeding .278* .384* 149 -
6. R- LR 0.013M .298* 231 .290 .087 -
7. R-LR 0.029M 192 .230 178 125 0851%+* -
8. R-LR 0.065M 183 .359 22 -100  .o12%* T49H* -
9. 1R 0.013M 264 372% 267 025 893+ 7534 G12%% -
10. IR 0.029M 047 052 -.049 .093 706%* 793% 246%* 597 -
11. IR 0.065M 177 347 77 .001 .555%* .640%* .652%* .598%* .666%* -
12. M-LR 0.013M 187 .020 .076 -027  .486%* AG4H* 3224 A35%* 376%* 219 -
13, M-LR 0.029M 183 047 196 -.033 ST AT70%* .392%% A04xx A458%* .318%* .650%* -
14, M-LR 0.065M 187 .020 .076 -007 308 2514 2974 2974 2445 A10%* 406+ .636**

Note: R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p <.05; ** p < .01;
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Table 7-10 Summary of linear regression analyses predicting sour taste acceptance of 0.013M concentration at 12 months using R-LR, IR & M-LR.

Variable Rater’s Liking Ratio (R-I.R) Ingestion Ratio (IR) Mother’s Liking Ratio (M-1LR)
B SEB B AR? B SEB B AR? B SEB § AR?
Step 1 .061* 034 064
Outcome 172 .093 252% 166 110 183 0.21 0.16 0.261
variable 6
months
Step 2 074 .082 .005
Fruit tried 6 .007  .006 140 .006 .005 .082 0.002  .008 .050
months
Fruitintake 12~ .001  .000 201 .000 .000 2212 0.45 .000 .035
months
R’ =135, Adj. R?=.092 R’ =.034, Adj. R?=.019 R’ =.069, Adj. R?=.042
F@3,47) = 3.1% F3,47) =206 F(@3,47) = 0.62

Note: Adj- Adjusted; R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05; ** p < .01
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Table 7-11 Summary of linear regression analyses predicting sour taste acceptance of 0.029M concentration at 12 months using R-LR, IR & M-LR.

Variable Rater’s Liking Ratio (R-ILR) Ingestion Ratio (IR) Mother’s Liking Ratio (M-1.R)
B SEB B AR? B SEB § AR? B SEB § AR?

Step 1 .076%* .076* 046

Outcome 264 .099 .343% 274 129 278% 222 195 210

variable 6

months

Step 2 075 .008 .000 .000 128 0106

Fruit tried 6 .005  .006 099 .003 .006 .045 .000 011 .009*

months

Fruit intake 12 .001 .000 239
months

R’ = 076 Adj. R?=.062
F(3,47) = 3.5+

.000 .006 .065

R’ = 07, Adj. R?=.061
F(1,47) = 1.84

R’ = .065, Adj. R?=.051
F(3,47) = 0.55

Note: Adj- Adjusted; R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05; ** p < .01
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Table 7-12 Summary of linear regression analyses predicting sour taste acceptance of 0.065M concentration at 12 months using R-LR, IR & M-LR.

Variable Rater’s Liking Ratio (R-ILR) Ingestion Ratio (IR) Mother’s Liking Ratio (M-1.R)
B SEB B AR? B SEB § AR? B SEB § AR?

Step 1 .002 115 036

Outcome 077 079 0.124 0.26 118 0.385* 224 147 197

variable 6

months

Step 2 098 137 .020

Fruit tried 6 .004  .009 094 .007 .009 .140 .001 0.006  .159

months

Fruit intake 12 .001 .000 .286%*
months

R?=0.100, Adj. R? = .055
F(3,47) = 2.2

.001 .000 295

R’ =0 252, Adj. R?=.159
F(3,48) = 2.7

.000 .000 197

R’ =036, Adj. RZ=.020
F(3,48) = 1.31

Note: Adj- Adjusted; R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio. * p < .05; ** p < .01
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The results of the hierarchical regression analyses are summarised in Tables 7.9 — 7.11 for
acceptance of 0.013M; 0.029M and 0.065M citric acid concentration for each outcome
variable. In each case, the unstandardised and standardised beta values presented were
taken from the final regression model with both steps entered, along with the R* and
adjusted R” for the total model are reported. The outcome variable for the corresponding
acceptance scores at 6 months were controlled for in the first step of the regression model

predicting acceptance at 12 months.

The prediction model was not statistically significant for Ingestion Ratio or Mother’s Liking
Ratio at any concentration (0.013M; 0.029M and 0.065M) and did not predict acceptance at
these concentrations. In contrast, the prediction model, using the Rater’s Liking Ratio, was
statistically significant at 0.013M citric acid concentration F(3, 47) = 3.1 (p<0.05), with this
model accounting for 9% of the variance and the 0.029M citric acid concentration F(3, 47)
= 3.5 (p<0.05), with this model accounting for 6% of the variance. The only significant
predictor of both these models was the R-LR acceptance score at 6 months, accounting for
6.6% and 9% of the variance at 0.013M and 0.029M respectively. However, the prediction
model was not statistically significant for Rater’s Liking Ratio at 0.065M concentration and

did not predict acceptance at this concentration.
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7.4 Discussion

This study provides the first evidence that infants can detect extreme sour tastes at 6 and
12 months and also demonstrates that they can distinguish between different
concentrations of sourness and modify their behaviour accordingly. Moreover, this
research suggests that rejection of sour taste remained stable from 6 months to twelve
months, a result which was consistent with that found by Schwartz ez a/. (2009). My study
also demonstrated that, between the age of 6 months and 12 months, some infants accept
extreme sour tastes. This finding has previously been shown only in toddlers and older
children (Liem & Mennella, 2003; Blossfeld e a/., 2007). The different methods employed
to detect sour taste preference in infants were compared and significant differences were
observed between methods. Finally, sour taste preference in infants was linked to different

factors at 6 and 12 months.

While, the mean acceptance of the sour tastes was less than the base solution, indicating
rejection at 6 and 12 months, the study shows there were large variations in acceptance
levels within the cohort. At 6 months, 23% readily accepted at least one of the two higher
concentrations of citric acid when assessed by a least one method. At 12 months 13.7%
readily accepted these high sour tastes. Blossfeld ez «/ (2007), using the same
concentrations as this study, showed similar variability in sour taste acceptance in 18 month
old toddlers, with 23% of the study population showing higher acceptance of at least one
of the two highest concentrations when compared to the base solution. More recently,

Schwartz ef al. (2009) in a study of similarly aged infants (3—12 month olds) found even
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greater variability within groups at all ages, with 48% and 44% of infants at 6 and 12
months respectively showing a preference for the sour solutions over water. However,
Schwartz et al. (2009) used much lower concentrations of citric acid (0.006M) than this

current study.

Given the identified variability in infant’s responses to sour taste, consideration will be
given to potential explanations for this variance. One hypothesis suggests that some infants
accept higher sour stimuli from birth onward, which allow them to accept these solutions
at 6 months. Another explanation posits that a developmental shift in sour taste perception
takes place before the age of 6 months, a shift which is independent of experience. There is
some evidence to suggest that this may be the case. It has been shown that an infant’s salt
preference changes during the early months of life, from indifference at birth to
demonstrating a preference for salty tastes by the age of 4-6 months (Harris, Thomas, &
Booth, 1990b). However, research into salt preference may not be appropriate for
consideration of sour taste preference as in the case of sour taste there is an innate
rejection of sour flavours by newborns (Desor e a/, 1973; Steiner, 1977), which continues
through the first year of life. My study, along with Schwartz ¢z /. (2009) would appear to
refute the suggestion that sour taste preference evolves over the first year of life, given the
stability it found in sour taste acceptance over the first year of life, which is now discussed

in detail.
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An alternative hypothesis suggests that variability in sour taste acceptance could be
genetically linked. While no genetic variations in taste sensitivity have been identified for
sour taste as of yet, genetic variations have been identified for other tastes, such as bitter,
where genetic variations of 6-n-proylthiouracil (Zhang e a/., 2003) have been linked with
preferences for bitter tasting food in children (Bell & Tepper, 2006). This particular
hypothesis may be further explored in the coming years. As the receptors for sour taste
preference have been identified relatively recently (Huang ez a/, 20006), it is possible that

genetic variations in sour taste acceptance may yet be discovered.

Previous studies suggest that there is a link between fruit intake and sour taste acceptance
in infants (Blossfeld ef al, 2007) and older children (Liem & Mennella, 2003). Amniotic
fluid contains volatile chemicals transmitted from the mothers’ diet to their infants and
research indicates that infants can detect these flavours, suggesting that memories are
formed from these early experiences (Mennella ¢z a/, 1995; Mennella ez al, 2001; Schaal et
al., 2000). Studies have shown that exposure to anise, garlic, ethanol, carrot and vanilla aid

acceptance of these tastes by infants (Lipchock, Reed, & Mennella, 2011).

In this study, a positive relationship was found between the amount of fruit eaten by
mothers during their third trimester of pregnancy and their infants’ sour taste acceptance.
Mothers who had eaten more than 2 portions of fruit per day during the third trimester of
their pregnancy had infants who were more accepting of sour tastes at 6 months. In fact,

the number of portions of fruit consumed by mothers during pregnancy uniquely
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accounted for between 8.4% of the variance in sour taste acceptance for the highest
concentrations of citric acid (0.065M) at 6 months using Mothers’ Liking Ratio. This is the
first evidence that fruit intake during pregnancy is associated with sour taste acceptance and
strengthens the hypothesis that acceptance might be shaped by the infant’s experience prior

to birth.

After birth, infants rely solely on a milk diet for the first few months of life. Mennella
(1999) suggests that breast milk is a flavour bridge that connects the flavours learned
through amniotic fluid and that of the infant’s weaning diet. Forestell & Mennella (2007)
suggested that breastfed infants were more accepting of fruits and vegetables, if their

mother regularly ate these foods themselves than formula fed infants.

In this study, length of exclusive breastfeeding was positively associated with sour taste
acceptance. Those infants who were breastfed for longest were most accepting of sour
taste. This was true for both the entire group and in a sub-analysis of those exclusively
breastfed for at least 6 weeks. In fact, length of exclusive breast feeding uniquely accounted
for 8-14% of the variance in sour taste acceptance among infants at 6 months for the two
highest concentrations of citric acid (0.029M and 0.065M). This strengthens the hypothesis
that acceptance might be shaped by the infant’s early feeding experience. This is the first
evidence that suggests that duration of breastfeeding is associated with sour taste

acceptance.
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Previous research that found that duration of breast feeding did not influence sour taste
acceptance in the first year of life (Schwartz ef a/,2012). A possible explanation for the
contradicting result in this thesis may be found in the very low concentrations of citric acid
used by Schwartz ef a/. (2009). In a similar vein, exclusive breastfeeding was not predictive
of acceptance among the lowest concentration of citric acid in the study but was predictive
of acceptance at the highest two concentrations. A possible explanation for the lack of a
relationship between sour taste acceptance at low levels and exclusive breastfeeding may be
that the taste variation in the solution was too small to be attended to and did not drive

differential consumption for infants used to eating some solid foods.

Despite the positive association between sour taste acceptance and length of exclusive
breastfeeding, I found no association between levels of mothers’ fruit consumption during
lactation and sour taste acceptance at 6 months. One explanation for this finding is that
breastfed children are more open to trying novel tastes because they have been exposed to
a diversity of flavours via breast milk early in life (Birch, 1998) or that similar flavours in
mothers’ milk help acceptance of these new foods during weaning (Forestell & Mennella,
2007; Mennella ez al., 2001). This finding may be explained by the fact that previous studies
used strong flavours (Hepper, 1988; Schaal e a/, 2000) or large quantities of the same
flavour on a daily basis - one example being carrot juice (Forestell & Mennella, 2007;

Mennella ez al., 2001).

In reality, women’s diets consist of many different flavours, which alter daily and are

experienced in varying amounts. Overall, the flavour of breast milk is sweet, and therefore
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sour flavour notes may be low in the milk. Among exclusively breastfeeding mothers, 66%
reported consuming < 2 portions of fruit per day (Chapter 4) compared to 39% of women
during pregnancy who reported consuming < 2 portions of fruit per day (Chapter 3).
Given the unequal numbers of women with high fruits intakes during lactation compared
to numbers of women with low intakes of fruits, there may not have been enough variance
in the amount of fruit consumed by mothers at this time to detect differences within the
smaller sample size in this sub-analysis (n=42). Furthermore, transfer rates of flavour
compounds into breast milk have not yet been identified for fruit and therefore might not
be similar to placental transfer. Therefore it is possible that much higher numbers of
participants will be needed to observe differences in fruit intake during lactation than
compared to pregnancy. Future studies, which consider the flavour compounds of the
breast milk of women given fixed amounts of a certain fruits daily, may help to elucidate

this further.

Blossfeld ez /. (2007) found that fruit consumption at 6 and 12 months were predictive of
sour taste preference at 18 months. In this study, there was no correlation between the
number of fruits tried at 6 months and sour taste preference. This finding may be explained
by the fact that most infants had only been eating solid food for a few weeks, with 32%
having been exposed to solid foods for less than 2 weeks. These infants would have only
tried some fruits once, and would have had these fruits in very small quantities (e.g. one
teaspoon). Furthermore, the most common fruits reported by mothers were banana,
commercial fruit pots or stewed apple and pear. These fruit flavours are predominantly

sweet while only one mother reported that their infant had tried citrus fruits.
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This is the first study to suggest gender difference in taste preference. Among my cohort,
males accepted extreme sour tastes more than females at 6 months (p=0.018). One
explanation is that these differences are due to genetics. However, previous studies have
shown no gender differences in sour taste acceptance (Blossfeld ez a/ 2007; Schwartz,
Issanchou, & Nicklaus, 2009) or in the other primary tastes such as bitter tastes, where
genetic differences are better understood (Schwartz, Issanchou, & Nicklaus, 2009). These
studies had similar sample sizes to the current study (Blossfeld e a/. 2007 n=53; Schwartz,
Issanchou, & Nicklaus, 2009 n=45). Furthermore, there was no association with gender
observed at 12 months in the current study. However, one study showed that adult women
were supertasters of bitter tastes more frequently (Bartoshuk, Duffy, & Miller, 1994).
Another explanation is that gender differences seen are related to eatly infant feeding practices
as the effect of gender is only seen at 6 months at not 12 months. While the median number
of weeks of exclusive breastfeeding for males were 16 weeks (£24) and for females 9 weeks
(£20) respectively, it was not statistically different (p=0.774). This may be due to the wide
range in length of exclusive breastfeeding in the two groups (0-26 weeks for both groups).

Therefore, further research is needed into the effect of gender on taste.

At 12 months, fruit intake was positively associated with sour taste acceptance. At this
stage, infants would have been eating solid foods, including fruit, for many months and
would have eaten them in larger quantities than at 6 months. This may explain the
relationship between infant fruit consumption and sour taste preference at 12 months and
its absence at 6 months. It is also possible that some individuals had a genetic preference

for sourness and, therefore, accepted fruit more readily at weaning contributing to the
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relationship between sour acceptance and fruit consumption. It is not possible to explore
this further under the auspices of this study, but future studies could further establish the

accuracy of these suggestions.

While exclusive breastfeeding duration was predictive of higher acceptance of extreme sour
flavours at 6 months, this relationship was no longer observed at 12 months. This might be
related to the fact that in previous research, breastfeeding conferred an advantage in initial
acceptance of a food — if mothers ate the food regularly. Once weaned, an infant’s
preference was based on experience (Forestell & Mennella, 2007). This assumption was
supported in the current study by the finding that breastfeeding no longer showed any
advantage at 12 months but that higher fruit intake at 12 months was associated with

higher sour taste acceptance.

For obvious ethical reasons, infants in the present study were not randomly assigned to
different feeding regimens and, therefore, my conclusions can only be tentative. In
comparisons of breastfed infants with formula fed infants, it is accepted that there can be
other differences. Not only are breastfed infants perceived differently by their mothers
(Glynn ef al, 2007) but they are typically introduced to solid food at a later age (Danowski
& Gargiula, 2002). Moreover, breastfeeding rates are related to social class (Williams ez 4L,
2010), with those in higher classes more likely to breastfeed. Studies have shown that social
class is related to nutritional quality and fruit consumption (Kelleher, Lotya, O'Hara, &

Murrin, 2008; Murrin ef al, 2007; Williams e# al., 2010). A strength of this study is that the
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overwhelming majority (88%) were from higher social classes (Chapter 3 & 4), removing

much of this differential.

However, grouping breastfed infants on the basis of flavour experiences early in life
presents other difficulties in interpretation, as there is a great degree of individual variation
in the taste quality of breast milk, thus the flavour experienced by infants varies due to the
transmission of volatiles from the mothers’ diet to breast milk. Any interpretation of these
findings is limited, as breast milk was not analysed for possible taste compounds in the
present study. Future studies which investigate flavour compounds in breast milk, through
evaluation by a sensory panel of experts’ perceived taste or by chemical analysis of the

composition of taste compounds, would add greatly to the interpretation of these findings.

The current study used methodologies specifically designed to objectively measure infants’
behavioural responses to novel solutions and are similar to other studies’ approaches.
(Blossfeld e# al., 2007; Mennella e# al,, 2001; Mennella e al., 1995; Schwartz, Issanchou, &
Nicklaus, 2009). However, this is the first study to use three methods of measurement in
analysing infants’ acceptance of sour tastes. By doing so, I was able to consider both
ingestion levels and taste reactivity (Liking). Berridge (2000) suggested that patterns of taste
reactivity reflect the hedonic or aversive impact of a taste, (i.e. its palatability). While
palatability is often correlated with both the amount ingested and sensory qualities of a

taste (e.g. sourness or sweetness), Berridge argues that in many situations this correlation
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can be disrupted and taste reactivity is separable from ingestion patterns. Therefore, it was
deemed important not just to rely on ingestion as a method to assess acceptance as done in
previous studies (Blossfeld ez /., 2007). Videotaping infants and rating their taste reactivity
allowed us to pick up individuals, which I might have missed by assessing ingestion alone,
with 4 individuals assessed as liking 0.013M by R-LR that were not picked up by

assessment of ingestion alone.

Previous video techniques have used only facial expressions, known as Facial Action Units,
as measurement of acceptance and had the disadvantage of not accounting for other non-
verbal cues (Forestell & Mennella, 2012). The video technique used in this study (R-LR)
was performed by videoing the infant feeding and then slowing the video down and coding
it frame by frame for non-verbal cues including facial expressions, hand pushing and head
turning as well as length of time the infants drank for, giving it a possible advantage over
previous techniques. Moreover, data can be analysed by independent researchers and can
be revisited several times after the initial assessment has taken place. It also takes into
account the length of time the infant is drinking in addition to the number of negative and
positive non-verbal cues. The calculation of these scores is described further in Chapter 2.7
(pp99-100). Videotaping allowed us to record facial expressions such as eye squints, nose
wrinkling and gaping, while also recording other non-verbal cues e.g. pushing away of the
bottle. This allowed us to observe a range of non-verbal negative behaviours cues and
quantify their number during the testing session. Negative expressions demonstrated that

all infants were able to recognise the sour taste in the solutions.
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We also used the amount drunk to calculate acceptance as with previous studies (Blossfeld
et al., 2007; Schwartz, Issanchou, & Nicklaus, 2009). This gave us an objective measure of
consumption. However, it does not account for non-verbal cues, which may influence a
mother when introducing new foods to their infant. Finally, I used Mothers Liking Ratio
(M-LR), as a third method of assessment as it is possible that infants’ mothers, who know
their infants best, are able to pick up on non-verbal cues that no other method picked up.
Using a proportional variable (i.e. Liking Ratio) made comparisons between individuals
possible. However, Mothers’ Liking Ratio showed a weak relationship between Ingestion
Ratio (R*=0.12-0.34) and Rater’s Liking Ratio (R’=0.16-0.29). In contrast, Rater’s Liking

Ratio showed a much stronger relationship between Ingestion Ratio (R*=0.51-0.77).

It notable that, in this current study, Mothers’ Liking Ratio (M-LR) of sour taste acceptance
did increase from 6 to 12 months. One potential explanation for this change may be that
mothers had become more familiar with their infants trying novel flavours by 12 months of
age and thus did not rate rejection of these novel tastes as strongly as they did at 6 months.
Moreover, M-LR had a weak relationship with the other two methods (R-LR, IR) at both
time points (Table 7.3 & 7.4). This may be because the mothers are able to pick up cues
from their infants that the other methods are unable to capture. Both IR and R-LR showed
a much stronger relationship. This may be due to the fact that both methods considered

the amount ingested by the infants.
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From an evolutionary perspective, facial expressions served as a non-verbal signal to
parents that their infant may be ingesting something potentially harmful. Parents would
have used these cues to avoid feeding infants poisonous substances (Babchuk, Hames, &
Thompson, 1985). However, in today’s society, negative reactions by infants to new tastes
and flavours, may discourage parents from feeding their infant these flavours (e.g. fruits
and vegetables). Although infants may not initially like a particular flavour, they can
eventually learn to accept and like it, often after it is presented 8—12 times (Forestell &
Mennella, 2007; Gerrish & Mennella, 2001; Sullivan & Birch, 1994). Given the differences
between the M-LR results and the other two methods, parents may need better
understanding regarding this normal course of taste acceptance. Previous research showed
that approximately a quarter of parents drew premature conclusions about their infant’s
dislike of foods, often after fewer than two exposures (Carruth, Ziegler, Gordon, & Barr,
2004). As a result of parents’ reluctance to persevere with foods after having negative
reactions during feeding, infants may not learn to like some fruits. (Forestell & Mennella,
2012) suggest that parents should focus not only on their infant’s facial reactions but also
on their infant’s willingness to continue eating. They suggest that parents should also allow
multiple opportunities to taste novel flavours. My study adds weight to this

recommendation.

7.5 Strengths & Limitations

Due to infants’ inability to communicate verbally, researchers have to rely on indirect

measures. Therefore, I aimed to control experimentally a number of factors that could bias
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infants’ behaviour during acceptance tests, using a number of approaches. Firstly, infants’
acceptance of sourness was assessed by three methodologies. The use of all three
methodologies gave my research a more complete picture of the cohort’s varying responses
to stimuli. Secondly, to avoid any bias, mothers were unaware of the study hypothesis and,
in the case of sour assessment, did not know which taste and what concentrations were
offered to the infants at the time. Thirdly, several efforts were made to ensure that infants
and their mothers complied with the study protocol and achieved external validity. One of
the problems involved deciding upon how to present the drinks to the infant’s. At 6
months, most infants accepted their drinks from the bottle described in Chapter 2 but at 12
months, many more infants were fussy regarding the cup/bottle used. Therefore, I decided
to let the mother choose the cup/bottle in which the solutions should be offered to the
infants, similar to the approach by Blossfeld ez a/. (2007). Acceptance scores, as measured
by ingestion rate, were calculated as a ratio to avoid any differences in absolute amounts.
Using different containers to offer the solutions may have contributed to some
inconsistencies in the data; however, my results show clearly that differences in sour

acceptance between infants existed.

Finally, the sensory tests with infants were conducted in the infant’s own home. Carrying
out sensory tests with infants successfully requires that the child feels comfortable in the
research environment (Pooper & Kroll 2003). For the assessment, the mothers always did
the feeding, to avoid bias by an unknown person. Mothers were asked not to give any cues

to their infants during the test session and they were also blinded to what concentration of
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acid was being fed to their infants. To ensure that mothers complied with the testing
protocol and to observe the feeding of their infants, the investigator was always present
during the session but out of sight of the infant. This protocol was utilised in an attempt to
achieve external validity of the study.

Attrition is a major obstacle in conducting any longitudinal research. Families who agreed to
participate were dedicated and highly motivated. By the final time point (12 months) 55 of
the 87 mothers (65%) were still in the study. Reasons for withdrawals are previously
described in Chapter 2. These finding are similar to other longitudinal studies with infants
and children which reported dropout rates up to a third of participants (Nolan ez a/, 2001;
Nicklaus e al., 2005; Senn et al, 2005; Blossfeld et al, 2007). In addition, 3 infants at 6
months and 5 infants at 12 months did not comply with the research protocol and were
removed from the analysis. This resulted in a reduction in the sample size from 64 participants
at 6 months to 50 participants at 12 months. The smaller sample size is likely to have reduced
the power and reliability of the findings observed at a multivariate level for the follow-up time
points. Although every effort was made to enrol subjects from different socio-economic
backgrounds, the high number of well-educated older women involved could have biased
the research outcomes as they might have been more health conscious and considerate in
their diet and feeding methods than the general population. However, while the population
of this study was quite homogenous in terms of their socio-economic status education and
age, high variability in their own diets and that of their infants’ food intake and taste
preference was found. As a result, strong conclusions about what factors have significant

influences on taste acceptance could be drawn.
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7.6 Conclusion

The present study is the first to demonstrate that at age 6 and 12 months some infants
accept high concentrations of sourness, something previously shown only in toddlers (18
month olds) or in older children (5-12 year olds). This research also suggests that
acceptance of sour tastes may be related to length of exclusive breastfeeding as well as
gender and amount of fruit consumed during pregnancy. Furthermore, the data suggest
that the acceptance of sour tastes at 6 months is related to fruit intake during pregnancy,
length of exclusive breastfeeding and gender, with males having higher sour taste
acceptance. At 12 months, fruit consumption by the infants was positively associated with
sour taste acceptance. Given the relationship between fruit consumption and sour taste
acceptance early in life, it is especially important to understand this relationship in a context

of developing healthy food patterns early in life, in a world of increasing childhood obesity.
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CHAPTER 8. GENERAL DISCUSSION

8.1 Introduction

The main aim of the study was to examine factors that influence sour taste development in
infants. This was in order to test the hypothesis that mothers’ diet iz u#tero and postnatally,
as well as infants’ diets in relation to fruit consumption, would have a positive impact on
sour taste acceptance in their infants. In order to test this hypothesis, one needs to
investigate the early environment of the foetus and infant, zz utero and through breast milk.
Infants are born with an innate preference for sweet flavours and an innate aversion to
bitter and sour tastes (Birch, 1998; Steiner, 1977). An infant’s development of sour taste
preference is important due to its link to high fruit consumption from an early age
(Blossteld e al, 2007; Liem & Mennella, 2003). The study’s subsidiary aims sought to
examine the diets of mothers during pregnancy; after delivery; and to examine the diet of

the infants themselves.

This study is the first to establish an association between maternal fruit intake and sour
taste acceptance in young infants. Regular fruit consumption in the maternal diet during
pregnancy and length of exclusive breastfeeding are positively associated with sour taste
acceptance at 6 months. Males were found to be more accepting of sour tastes than
females, a finding that has not been previously reported (Blossfeld ez al, 2007; Schwartz,

Issanchou, & Nicklaus, 2009). Infants who consumed high quantities of fruit at 12 months
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were found to be more accepting of sour tastes; however, there was no association with
exclusive breastfeeding, gender or maternal fruit intake. These novel findings contribute
significantly to the literature on sour taste development, by broadening the understanding
of the factors associated with the development of sour taste acceptance in the first year of
life. This final chapter will discuss the overall findings of the study in relation to the current

literature and implications and recommendations for future research will be given.

8.2 General Discussion

A novel finding of this study is that regular high fruit intake (>2 portions) in the maternal
diet during the third trimester of pregnancy is positively associated with sour taste
acceptance in infants at 6 months. Whilst in the womb, the foetus, which has a functioning
taste system by 20 weeks (Bradley & Stern, 1967), is surrounded by amniotic fluid, which it
ingests daily (Lilley, 1972). Amniotic fluid contains flavours that resemble the flavour of the
food eaten by the mother (Hauser ef a/, 1985). It has been suggested that foetal learning
about foods regularly eaten by the mother through frequently transmitted flavours in
amniotic fluid may be a fundamental feature of dietary learning for humans (Mennella &
Trabulsi, 2012). A previous study illustrated that mothers’ who drank carrot juice daily for
three weeks during the third trimester of pregnancy, had infants who showed greater
acceptance of carrot flavoured cereal at weaning compared to infants without this
familiarisation (Mennella e a/, 2001). Similarly, newborns regularly exposed to anise or

garlic flavours through the maternal diet during the last trimester of pregnancy, showed a
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preference of these odours at birth compared to infants unfamiliar with these flavours

(Mennella e# al., 1995; Schaal ez al., 2000).

The results of this current study further support the hypothesis that flavour acceptance is
shaped by foetal experiential learning prior to birth. The association established in this
study between high maternal fruit intakes on a daily basis and sour taste acceptance may
have significant implications for an infant’s future dietary habits. The early sensory
experience during late gestation may provide a bridge facilitating the acceptance of similar
foods to those eaten by the mother during pregnancy, thus promoting the transition to
healthy or less healthy table foods. Therefore, whether a foetus first becomes familiar with
flavours of fruit may depend on a mother’s dietary choices during pregnancy. As food
habits established during infancy persist into later childhood and adolescence (Skinner e7 a/,
2002b; Nicklaus, Boggio, Chabanet, & Issanchou, 2004), early consistent experiences with

fruit zn utero may increase infants’ acceptance of these fruits.

This is the first study of its kind to demonstrate that length of exclusive breastfeeding is
associated with higher sour taste acceptance. Mothers who exclusively breastfed for more
than 20 weeks had infants that were more accepting of sour tastes at 6 months when
compared to those who breastfed for less than 20 weeks. Previous studies by Schwartz ef al.
(2012) have indicated that duration of exclusive breastfeeding had a positive association on
umami taste acceptance (Schwartz ef al, 2012); however, no relationship was observed with
the other 4 basic tastes; sour; bitter; salt; and sweet. A possible reason for their findings

may lie in the low concentrations used to test acceptance; for example, infants were
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indifferent to sour and bitter solutions compared to water. It is, therefore, possible that the
stimuli were not detected by infants due to the low concentrations. This conclusion is
consistent with the findings in this current study as the length of exclusive breastfeeding
was not predictive of sour taste acceptance at the lowest concentration (0.013M). In
contrast length of exclusive breastfeeding was predictive of sour acceptance at the two
highest concentrations of citric acids (0.029M and 0.065M). By offering a range of sourness
(4 solutions with varying citric concentrations) to the infants, it allowed a more complete

analysis of sour tastes acceptance in this study.

In addition to the use of low concentrations there were differing protocols used for my
study compared to Schwartz ef al. (2009). Schwartz ez al. (2009; 2012) presented 20 bottles
to infants with low concentrations of the five basic tastes. Given the difficulties keeping
young infants’ attention on task, fatigue could have influenced these results. These
solutions were given by a researcher, an unfamiliar adult, which may have further
influenced the results. Furthermore, Schwartz ef a/. (2012) only considered the relationship
between breastfeeding and infants’ intakes (IR), and did not consider other non-verbal
cues. In contrast, the current study focused solely on sour tastes and three methods were
used. Each infant was presented with 4 drinks with varying concentration of citric acid,
similar to those used in previous studies (Blossfeld ef a/, 2007; Liem & Mennella, 2003;
Liem et al, 2004). They were given by their mother in their own environment, thus

ensuring that the infant was as relaxed as possible. It is the contention of this thesis that the
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protocol as well as the multiple measurements of acceptance followed adds weight to its

findings.

While maternal fruit consumption during pregnancy was positively associated with sour
taste acceptance at 6 months, no association between mothers’ fruit consumption during
lactation and their infant’s sour taste acceptance was observed. Breast milk contributes a
unique complex flavour experience to infants during lactation (Ganchrow & Mennella,
2003; Hausner ez al, 2009), as the flavours experienced by infants vary due to the
transmission of volatiles (molecules which give food its flavour and aroma) from the
mothers’ diet to breast milk (Hausner ez 2/, 2009). However, this apparent divergence in the
results of pre-natal and post-natal learning may be explained by a higher transfer rate of
volatile compounds across the placenta than across the epithelial cells in the breast,
resulting in higher concentrations of the flavour compounds in amniotic fluid in
comparison to breast milk, as hypothesised in previous research (Sorgel ez al, 2003;
Hausner e al, 2008). Data comparing amniotic fluid and breast milk transfer rates for
flavour compounds do not exist in the current literature. However, the externally derived
compound, acrylamide, (a possible carcinogenic compound derived from heating starchy
food) has been shown to transfer across the placenta in higher concentrations than for
breast milk (Sorgel e al, 2003). A similar effect may be observed with regard to sour
volatiles and, as such, there may be higher concentrations in amniotic fluid, which could

account for the present study’s findings.
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This study identified gender difference in taste preference. Among the current cohort, males
were found to have accepted extreme sour tastes more than females at 6 months. Gender
differences in the current findings may be explained by an anomaly in the data due to
sampling bias. Among this cohort there was a trend towards longer duration of exclusive
breastfeeding in males (16 weeks = 24) compared to females (9 weeks £206), though this
difference was not statistically significant. Had there been similar numbers of males and
females breastfeeding for equal amounts of time, this finding may not have been observed.
Supporting this is the fact that effect of gender was seen at 6 months but not at 12 months.
Furthermore, previous studies have shown no gender differences in sour taste acceptance
among infants (Blossfeld ez al, 2007; Schwartz, Issanchou, & Nicklaus, 2009), but the role
played by genetics in sour tastes acceptance is poorly understood (Garcia-Bailo ez a/, 2009).
In bitter tastes, genetic differences are better understood and genetic differences contribute
to the variability in human perception of bitter substances such 6-n-Propylthiouracil
(PROP; Keller ez al., 2002; Turnbull & Matisoo-Smith, 2002). However, previous studies
have shown no gender linked differences in bitter tastes in infants and children (Schwartz,
Issanchou, & Nicklaus, 2009; Mennella, Pepino & Reed, 2005). However, one study in
adults showed that adult women are considered more sensitive to bitter tastes (supertasters)
more frequently than males (Bartoshuk ez a/, 1994). Given these findings, further work in this

area is needed to understand these results.

The current study found that, while regular exposure to fruit zz utero and length of exclusive

breastfeeding were positively associated with sour taste acceptance at 6 months, these
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factors were no longer predictive of higher acceptance of extreme sour flavours at 12
months. Existing literature indicates that infants who experience a greater variety of
flavours at the start of weaning display a higher acceptance of novel foods than infants who
are exposed to homogenous favours (Gerrish & Mennella, 2001; Maier e al, 2008;
Mennella, Nicklaus, Jagolino, & Yourshaw, 2008). Furthermore, Forestell & Mennella
(2007) argued that the initial advantages conferred by breastfeeding must be followed by
continued repeated exposure to fruits and vegetables after solids are introduced. In this
study, sour taste acceptance was positively associated with fruit intake at 12 months. This
adds to the current literature which indicates that sour taste acceptance is positively
associated with fruit consumption (Blossfeld ez al, 2007; Schwartz ez al., 2012). It is thought
that there is a critical period (1-3 years), during which direct exposure is most likely to lead
to the acquisition of taste preferences (Skinner ef al, 2002a). The early introduction or
exposure to fruits and vegetables is positively associated with increased intake and variety
of these foods consumed later in childhood (Cooke ef al., 2004; Skinner, Carruth, Bounds,

& Ziegler, 2002a).

Previously, infants’ taste acceptance has been evaluated using a range of measurements;
either singularly or in combination. Some examples include; facial expressions (Ganchrow
et al., 1983; Rosenstein & Oster, 1988; Soussignan e al, 1997; Forestell & Mennella, 2007;
Mennella ez al, 2009; Forestell & Mennella, 2012); intake quantities (Crystal & Berstein,
1998; Blossfeld ef al,, 2007; Schwartz, Issanchou, & Nicklaus, 2009); and perception scores

by mother or independent persons (Mennella & Beauchamp, 2002; Mennella ez al.,, 2004;
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Schwartz, Issanchou, & Nicklaus, 2009). This study has clearly shows that statistical
differences exist between different methods of investigating taste acceptance in non-verbal
infants. In this study, three measurements were taken together in order to assess
acceptance, as there is no gold standard of measurement. These included physiological
measurements (measurement of intake- IR); Mother perception (M-LR) and measurement
using video of non-verbal cues (R-LR) such as facial, head and hand movements. While
there are differences in each of the three approaches to rating, using a mix of
methodologies yielded some benefits. For example, R-LR was able to identify additional
individuals’ sour taste acceptance (n=4) which would not have been identified with
ingestion alone. R-LR and IR related strongly to each other compared to these methods
and M-LR. Berridge (2000) argues that, in many situations, the relationship between taste
reactivity is separable from ingestion patterns and as such reliance on one method may bias
results. Previously, Blossfeld ez a/. (2007) relied on the amount ingested by the infants as a
measure of acceptance and may have reported skewed results by being unable to consider

additional behavioural responses by the infants.

Previously, Facial Action Coding System (FACS) has been used in some tastes acceptance
studies (Forestell & Mennella, 2007; Mennella, Forestell, Morgan, & Beauchamp, 2009;
Forestell & Mennella, 2012) but this system may misinterpret those infants who may show
dislike of substances but continue consuming the product or those infants who may have
expressed strong aversion using other non-verbal cues such as kicking and pushing with

feet or hands. Recently, Mennella & Trabulsi (2012) recognised the limitations of using
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FACS alone and suggested that further studies which consider additional measurement
such as other body movements may be needed in give a better understanding of the
infant’s responses to flavours. In this study R-LR scores took account of these non-facial
cues in addition to facial reactions. In combination with other measurements (IR & M-LR),
this may represent an improvement on previous approaches. Systematic review of the
methods used in taste acceptance is needed to help towards creating a consensus with

regard to a gold standard approach for use in future taste acceptance research.

Similar difficulties in assessing non-verbal infants have been found in other areas of
behavioural research such as pain assessment. In this area, a coding system known as
Neonatal Facial Coding System (NFCS) has been used (Stevens, Johnston, Petryshen, &
Taddio, 1996; Taddio, Katz, Ilersich, & Koren, 1997; Botvinick ez a/, 2005). This is a
simplified version (10 of the 98 basic units) of FACS which is considered the gold standard
of facial measurements (Ekman & Friesen, 1978; Grunau, Johnston, & Craig, 1990;
Grunau ef al, 1998). While NFCS, in pain assessment, has the ability to discriminate
between intensities of distress it cannot distinguish between different types of distress for
example pain—related and non-pain-related distress (Ahola-Kohut & Pillai Riddell, 2009).
Other studies have used other measurements such as crying; variations in heart rate; blood
pressure; oxygen saturation; breathing patterns and body movements (Sweet & McGrath,
1998; Bellieni ez al, 2004; Bellieni, 2012). In a systematic review of infant pain assessment
tools, Duhn & Medes (2004) concluded that, while the use of multiple measurements

provided a stronger measure, it still does not fulfil all criteria for an ideal measure.
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The current study shows that there are many opportunities to influence sour taste
acceptance during the first year of life. The research findings indicate that the frequency of
exposure to fruit from the maternal diet in pregnancy; length of exposure to breast milk
and the infant’s own fruit intakes at 12 months led to increased sour taste acceptance.
Therefore, the study’s subsidiary aims sought to examine the diets of mothers during
pregnancy; after delivery; and to examine the diet of the infants themselves. Therefore,
there needs to be a focus on dietary intakes during these critical times. In the present study
mothers were consuming higher than recommended intakes of fat, saturated fat and salt
and lower than recommended intakes of vitamin D during both pregnancy and lactation.
These dietary patterns were repeated for salt and vitamin D in their infants’ diets at 12
months. Therefore, some infants may be exposed to an unhealthy diet even prior to
weaning. Obesogenic eating patterns, characterised by high consumption of energy-dense,
nutrient-poor foods, can start before 6 months of age (Tarrant ez 4/, 2010). Hence the need
to reinforce the importance of introducing flavours of food that are both healthy and
nutrient-dense. One such fundamental dietary principle is the promotion of the intake of

fruit from an early age.

Vitamin D consumption was consistently low across all dietary periods (pregnancy;
lactation and 12 month olds). It is a vital nutrient required for normal skeletal development,
and its deficiency can lead to rickets, poor linear growth, motor delay, bone fragility and

hypocalcaemic seizures (Wharton & Bishop, 2003). In recent, vitamin D deficiency and
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associated rickets are re-emerging as major public health issues worldwide (Holick, 2000).
Previous studies have found that approximately 50% of pregnant women and 56% of
breastfed infants in Ireland had insufficient vitamin D (O’Riordan e @/, 2008; Mulligan ez
al., 2010). As infants are reliant on their mothers’ vitamin D stores prior to birth and during
breastfeeding (Donovan, 2009), the high rates of breastfeeding amongst this study cohort

could put the study’s infants at risk of vitamin D deficiency.

It was assumed that younger and less educated mothers are less likely to meet the national
recommendations for healthy eating (FSAI, 2012) and therefore should be targeted for
dietary interventions during pregnancy (Bodnar & Siega-Riz, 2002; Freisling, Elmadfa, &
Gall, 2006; Murrin e al, 2007). The current study consisted of older, well educated women,
who were working and generally came from higher socio-economic groups. Despite this,
the majority of participants’ diets did not meet many of the national recommendations for
healthy eating. Interestingly, 76% of mothers initiated breastfeeding at birth, a result which
was higher than the national average (The Economic and Social Research Institute - Health
Research and Information Division, 2012). However, this is in line with other Irish studies
of older, well-educated mothers (Walton, 2012, The Economic and Social Research
Institute - Health Research and Information Division, 2012). While the initiation of
breastfeeding is on the increase, early cessation of breastfeeding continues to be a problem,
with a number of studies indicating that many Irish and UK mothers who initiated
breastfeeding at birth had ceased by 6 weeks (Williams e# @/, 2010; Tarrant ez al, 2011;

McAndrew et al, 2012). In a study of Irish mothers reported that the main reasons
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participants gave for early breastfeeding cessation were; maternal tiredness (26%);
restriction of their freedom (23%); and their own perception of inadequate milk supply
(17%; Tarrant et al, 2008). The cohort yielded unusual results with regard to the high
number of women breastfeeding for long periods — with 50% of infants at 6 months and
27% of infants at 12 months receiving some breast milk. Again, this could be due to the
profile of the study’s participants or due to the fact that the messages of the benefits of
prolonged breastfeeding are reaching a receptive audience. Further investigation into why
some mothers continue to feed for longer periods may provide data that could further

inform health promotion initiatives.

To date, the majority of the nutritional literature available to Irish parents with regard to
pregnancy and their infants’ early months concentrates on the nutritional qualities of
mothers’ diets (Health Promotion Unit, 2006) and of breast milk (HSE, 2013) but does not
address the sensory quality of foods, such as taste, during early infancy (Health Promotion
Unit, 2012; HSE, 2013). This study, along with other research, provides preliminary
evidence that regular exposure to particular flavour compounds early in life has the
potential to influence infants’ dietary and fruit patterns beyond infancy (Mennella ez af,
2001; Liem & Mennella, 2003; Forestell & Mennella, 2007), indicating the importance of
providing specific education regarding the sensory qualities of fruits to both health
professionals and parents. As this research has demonstrated, the maternal diet is predictive
of the types of foods and tastes an infant is presented with eatly in life. For this reason,

interventions that address the maternal diet and feeding habits, during pregnancy and post-
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partum, may enable infants to develop taste preferences that support healthy eating in later
life. This study’s findings suggest that all women, irrespective of demographics, should
receive information regarding best practice for healthy eating in pregnancy and lactation.
Furthermore, the findings suggest that information should also highlight the risks
associated with excessive fat and salt consumption, something that is lacking in current
information. Existing research and the current study suggest that sensory aspects of breast
milk (such as transmission of volatiles) and duration of breastfeeding may play a role in
facilitating sour taste development. Furthermore, the current study showed that repeated
exposure to fruit in the maternal diet in the third trimester of pregnancy facilitated sour
taste acceptance at 6 months. These benefits are not currently highlichted in existing
information provided to pregnant women (Health Promotion Unit, 2006) and may also

help to improve breastfeeding initiation and duration rates.

Recent consistent messages regarding the benefits of breastfeeding to both mother and
infants has helped increase breastfeeding initiation rates in Ireland over the last decade
(from 42% to 57%) (The Economic and Social Research Institute - Health Research and
Information Division, 2012). As evidenced in this study and others, the message regarding
the importance of breastfeeding has been effective with some groups, particularly those
with third level education and those from higher socio-economic standing (Williams,
Greene, McNally, Murray, & Quail, 2010; The Economic and Social Research Institute -
Health Research and Information Division, 2012). However, less consistency has reported

with regards to weaning. Many women in this study were recruited on mother and infant
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forums, where mothers often discuss weaning and feeding issues and report confusion in
the information available on weaning (Porter & Ispa, 2012). This has not been helped by
inconsistent recommendations internationally (WHO, 2001; ESPGHAN, 2008; BDA,
2013). A recent Irish study reported that only 7% of GPs and 50% of Practice Nurses in
Ireland provided appropriate literature with regard to correct weaning practices (Allcutt &
Sweeney, 2010). Therefore, reliance on commercial infant formula websites and peer-led
forums, allows for potential misinformation and confusion among mothers at this
important time. The findings of this thesis and current literature suggest that all parents
should be provided with specific and targeted information on healthy eating during
pregnancy and lactation, and the introduction of solid foods to infants. Clear, consistent
evidence-based guidance, for the first 1000 days - from conception to 2 years - is required
to ensure that key areas are covered with all parents. A national information pack would

ensure the provision of accurate, consistent and practical information for all stages to all

patents. Recently the website http://www.first1000days.ie provides much of this
information to parents. However, again we are relying on commercial companies (Danone

Baby Nutrition )to provide this information.

Results from the literature and this study show that the current information readily
available such as — ‘Healthy eating in Pregnancy’ and ‘How to spoon feed your child’” may
not be enough to improve infants’ diets during these critical times (Health Promotion Unit
2006; 2012). Kramer ¢ al. (2000) and Anderson (1995; 2001) found no evidence that
routine advice on how to improve nutrition during pregnancy was successful in altering

dietary intake. Kafatos e 2/ (1989) found that individual nutritional counselling during by
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trained researchers fortnightly home visits was associated with a significant improvement in
dietary intake during pregnancy. This intensive intervention, whilst successful, may not be
realistic on a national level. As previously mentioned, while all women may benefit from
nutritional advice during pregnancy, education may be more successful if individualised
messages are developed in a format, medium and language designed to appeal to specific
target groups (Watson & McDonald, 2009). Public health nurses are ideally placed to
provide information regarding mother’s diets post-partum, to support breastfeeding, to
help with weaning and to provide guidance with regard to vitamin D supplementation.
However, an appraisal of current methods of education and an audit of the skills and
resources available to provide an effective supportt is also required. Further opportunities
may arise to improve communication with mothers. The recent growth in smart mobile
phone and tablet applications may open potential new and exciting avenues for
development of targeted advice for groups of women during this critical time. For a
modest outlay in terms of software development, expectant mothers could receive real-time

nutritional guidance with regard to their diet.

8.3 Future Studies

This study observed a relationship between maternal fruit intake in pregnancy and sour taste
acceptance at six months. No such association was found between infants’ sour taste
acceptance and their mothers’ diets during lactation. As previously mentioned, the
composition of volatiles in mothers’ milk varies according to maternal diet (Hausner ef al,

2008). However, volatiles have been analysed chemically in relatively few studies (Shimoda,
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et al., 2000; Bingham, Lavin, & Acree, 2003; Buettner, 2007; Hausner e a/, 2008; Hausner e#
al., 2009). Moreover, maternal food intake has not been recorded or controlled during milk
collection in any of the above studies. Future studies that chemically analyse breast milk
would be beneficial in cohorts of low and high fruit intake in order to identify specific

volatiles related to fruit consumption.

Previous research into flavour transmission has shown flavour peaks 30 minutes to 3 hours
after ingestion of breast milk in a range of flavour compounds (Mennella ez a/, 1991a;
Mennella et al., 1991b; Mennella ez al., 1999). Studies which compare mothers who are given
high intakes of a particular fruit versus mothers eating low fruit may help in the
identification of compounds related to fruit. Furthermore, consideration could be given to
the timing of these flavour transmissions. Future research, by examining these compounds,
might investigate whether these specific compounds affect acceptance of sour tastes in
infants. This could lead to a greater understanding if there is a causal relationship between

articular compounds in the diet and infants’ acceptance of sour tastes.
p p p

Other research could examine any potential benefits of partial breastfeeding (mixture of breast
and formula milk). In Ireland, many infants are partially breastfed (ERSI, 2012; Williams e a/,
2010) and gain some exposure to varying flavours through breast milk. The results of the
current study observed a positive association between length of exclusive breastfeeding and
sour taste acceptance. Furthermore, current literature suggests breastfeeding improves the

initial acceptance of novel foods at weaning (Forestell & Mennella, 2007; Mennella ez af,
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2001). It would be of interest to consider the effects of partial breastfeeding on infant’s sour
taste acceptance. In this study, due to sample size, it was not possible to divide formula fed
and partially breastfed infants into separate groups. Given that length of exclusive
breastfeeding was positively associated with sour taste acceptance, it would be of interest to
consider repeating this study in a larger group and consider the effects of long durations of
partial breastfeeding on infants’ acceptance of sour taste and whether these differ from those

infants exclusively breastfed.

In addition, it is also important to consider the effects of different types of fruit and to
quantify frequency of exposure needed to affect sour taste acceptance. Previous
randomised control trials considered the effect of carrot flavours (daily consumption of
carrot juice for three weeks) in the maternal diet during pregnancy or lactation on the
acceptance of carrot flavour cereal at weaning (Mennella e a/, 2001). However, the authors
did not explore whether these carrot flavours influenced the acceptance of other similar
flavoured vegetables. Mennella e a/. (2008) showed that at weaning an infant’s repeated
exposure to a particular fruit (pear) at weaning for eight consecutive days increased the
infant’s consumption of that fruit. Furthermore, infants who ate a variety of fruit over the
eight days also increased their intake of pears although they had no direct experience
during the exposure period. This demonstrated the importance of repeated exposure in
increasing acceptance of similar flavours. It was beyond the scope of the current study to
isolate particular fruits and their relationship with sour taste acceptance. Interventions

adopting a similar approach to the carrot study, which consider an infant’s experiences of
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specific fruits — 7z wutero and during lactation — and explore any association between their
acceptance and an infant’s acceptance of other fruits would further contribute to the

existing research.

Finally, in this current study, infants had some experience with solid foods at 6 months which
could influence data at 6 months. Government recommendations encourage mothers not to
introduce solid foods before at least 17 weeks (Department of Health and Children, 2005).
The Growing-up in Ireland study showed that mothers introduced solid foods to their
infants during the fourth month of life approximately (19 weeks; Williams e# o/, 2010). It
would, therefore, be of interest to repeat this study at an earlier time-point — for example
before 17 weeks to ascertain whether the results could be confirmed at this age. By doing
so, this would allow for the infants to have several months of exposure to breast milk,

while further limiting the chances that they had been exposed to solid foods.

8.4 Conclusion

The results of this thesis suggest that sour taste acceptance is explained in some part by an
infant’s early exposure, through their mothers’ fruit intake during pregnancy, post-partum
through breastfeeding, and through their own early experience with fruit. Given the
increase in childhood obesity in Ireland (Williams e a/, 2010; Williams e a/, 2013) and
other developed countries (International Obesity Taskforce, 2012; WHO, 2009), the

importance of developing eatly healthy eating habits has assumed great importance. It is
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not enough to solely examine children’s diets from a nutritional perspective; consideration
of the sensory world in which infants develop their food and taste preferences is required
as these preferences can have profound effects on their diets and possible future health
outcomes. Greater understanding of the factors associated with the development of sour
tastes and the process by which healthy and unhealthy food patterns evolve can offer an
important tool in the promotion of fruit intake from an early age and hence encourage
healthier eating patterns from infancy through to adulthood. This thesis contributes to the
literature in this area and offers potential avenues for future research and potential

interventions in an area of increasing importance in today’s obesogenic environment.
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Appendix A

Summary of Weaning Recommendations

Summary of the weaning recommendation for healthy infants (Source: Thomas & Bishop, 2007; Dunne et al., 2011).

Food Stage 1 Stage 2 Stage 3 Stage 4
. e Taking foods from a spoon e Moving soft lumps around the mouth | e Chewing minced & chopped | e Hard finger foods
Sl;ﬂls ;0 learn e Moving food from the front of the | ¢ Chewing soft lumps foods e Minced & chopped
/develop mouth to the back for swallowing e Self feeding using hands & fingers e Self feeding attempts with spoon family foods
e Managing thicker purees & mashed

Breastfeed on demand ot continue to give | Breastfeed on demand / minimum 500-600ml formula milk per day
Milk Feed usual volume of formula milk. Don't

reduce volume of milk too quickly.

1-2 meals Approx size of each meal 5-10 | 2-3 meals Approx size of each meal 5-10 | 3meals. Approx size of each meal 2 3 meals plus 12 snacks.
No of meals/day ) pprox ) ) pprox ) - AAPPrOX " | Approx size of each meal 4-6

teaspoons tsp 4tbsp

tbsp

Smooth runny puree, no lumps Smooth slightly thicker puree (add less | Minced & mashed with soft lumps. | Minced & finely chopped
Textures liquid) no lumps Introduce soft finger foods

Baby rice, ground white rice, o . . | Pasta, Bread ,Weetabix, Ready Brek, Porridge or other breakfast cereal,
Cereals Baby rice, ground white rice, baby wholemeal bread, rusk; limit foods made with white refined flour e.g.

porridge, Ready Brek

biscuits cakes
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Root vegetables: carrots, turnip, parsnip, | Potato and stronger flavoured | Stage 14+ 2 Vegetables plus leek, | Wide range
Vegetables butternut squash, vegetables: broccoli, spinach, cauliflower, | onion, cabbage, spinach, sweet-corn,
peas, courgettes. tomato, peppets, mushroom.
Ripe fruit uncooked banana, stewed apple | Peach plum kiwi melon avocado Citrus fruit: remove pith and seed | Wide range
and pear berry fruits put through a metal
Fruit

sieve to remove pips mango grapes:
peel and deseed (avoid whole
grapes-risk of choking).

Meat & meat
alternatives (e.g.

Once the baby is accepting food from a spoon: soft well cooked meat poultry fish
remove all bones peas beans and lentils can be pureed then mixed with vegetable

Soft cooked minced or pureed
meat/poultty fish (bones removed)
or pulses; hard boiled or scrambled

Increase  variety  introduce
stronger flavoured fish e.g. oily
fish mackerel tuna salmon

eggs fish & pulses eggs (avoid lightly cooked eggs )
y g Small amounts of full fat cow's milk can be mixed into solids but it's best to use | Small amounts of full fat cow's milk can be mixed into solids or cereal;
Cow’s Milk . . . . . .
expressed breast milk or formula milk at this stage not to be given as a drink until 12 months old
Dairy foods: Natural yogurt -full fat full fat yogurts; mild hard cheeses; cream
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Appendix B

PARTICIPANT INFORMATION SHEET

Title of research project: An examination of factors associated with the development of
sour taste preference (e.g. citrus fruits) in infants.

Introduction:

You are invited to take part in a research study. Before you decide to take part or not, it is
important that you understand why the study is being undertaken and what it will involve.
Please read the following information carefully and discuss it with others, if you wish. If
you require further information, or would like to ask any questions, please contact Aileen
Kennedy from the School of Nursing in DCU on 01-700-7797.

In this study, we will be examining a number of factors that may play a role in determining
what foods an infant will like or dislike. There is a growing body of evidence suggesting
that the food choices a mother makes during her pregnancy may affect her infant’s later
acceptance of solid foods. This research is funded by the School of Nursing, Dublin City
University. It was devised by a research team consisting of Dr. Tracey Harrington and Ms
Aileen Kennedy, the School of Nursing, Dublin City University.

Procedures:

This study will be conducted over 15 months. Initially we will focus on your diet during
pregnancy. Foods that a woman eats during this time may have an influence on infants’
food preferences later on. During the 8"/9" month of pregnancy, we will ask you to
complete a food frequency questionnaire and a food record, where you will record over
seven days whatever you eat and drink. We will also ask you to fill out a questionnaire at
the start of the study giving basic information about you e.g. ethnicity, weight, height and
educational level attained as these may have an influence on your baby’s preference for
foods.

After the birth of your baby, we will focus on their diet. We will obtain food diaries the
eating/feeding habits of your baby at different intervals: when you first introduce solid
foods to your baby, if that is before 6 months then at 6 months & then finally at 12
months. Fach time we will ask you to record over three days whatever your child
eats/drinks. You will also ask you to complete another food diary after your baby if born.
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For the final stage of the project, we will arrange to meet with you and your baby when
your baby is first weaned if that is before six months then at 6 & finally at 12 months.
During these visits, you will be asked to give your baby a 4 drinks to try and rate their
preference for each drink. These drinks will consist of diluted fruit squash and citric acid.
Citric acid is found naturally in many fruits especially citrus fruit and is added to many
foods by manufacturers. During these visits, your infant’s facial expressions will be
videotaped in order to analysis these preferences further. We will also measure the growth
of your infant at these times.

Benefits:

There are no direct benefits to taking part in this study. However, the information that will
be collected will be used to gain an understanding of why infants eat what they do, and why
they don’t like the things they don’t. This may help to develop better information for
parents and health professionals. Research that helps to develop information in this way,
will in turn, benefit parents and infants and may improve their overall nutrition. We would
hope that it is for this reason that you would agree to participate. However if you agree to
participate in this study we can give you feedback to you about your own diet and that of
your baby.

Risks:

This project is deemed as having no more than minimal risk. The study team does not
foresee or anticipate any direct risk to you or your infant by taking part in this study.

Exclusion from participation:

If you are not pregnant, or if you or your infant has any dietary or medical problems, which
you are receiving treatment for, or you are under 18 years of age, you will be unable to take
part in the study. The study will also exclude multiple birth pregnancies e.g. twins.

Confidentiality:

If you agree to take part, all information collected will be kept strictly confidential within
the limitations of the law. All information will have your name and address removed so as
to preserve confidentiality. Any information that will identify you in any way will also be
removed. The video tapes will only be used to analyse the infant’s facial expressions. Only
members of the research team will view these tapes. Upon completion of the project, all
videotapes will be destroyed by the principal investigators.
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The study findings will form the basis for preparation of reports, academic publications,
conference papers and other scientific publications.

Voluntary participation:

If you decide not to participate, or if you leave, there will be no penalty for withdrawing
before all stages of the research study have been completed.

Permission:

This research project has been approved by Dublin City University Research FEthics
Committee.

Further Information:

If you need more information about your participation in the study, your rights, or answers
to your questions about the study, contact Aileen Kennedy from the School of Nursing in
DCU on 01 7007797 ot by email aileen.kennedy35@mail.dcu.ie. You can also write to
Aileen at the School of Nursing, DCU, Dublin 9.

Please Note: If you have concerns about this study and wish to contact an
independent person, please contact:

The Secretary, Dublin City University Research Ethics Committee, ¢/o Office of the Vice-
President for Research, Dublin City University, Dublin 9. Tel 01-700-8000
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Appendix C

Informed Consent Form

Title of Research Project: An examination of factors associated with the development of sour taste (e.g.
citrus fruits) preference in infants.

This Research Study is being conducted by a research team consisting of Dr. Tracey Harrington (Lecturer)
and Ms Aileen Kennedy (Research Dietitian), the School of Nursing, Dublin City University.

In this study, we will be examining a number of factors that may play a role in determining food preference in
infants. There is a growing body of evidence suggesting that the food choices a mother makes during her
pregnancy may affect her infant’s later acceptance of solid foods.

Participant — please complete the following (Circle Yes or No

e Have you read or had read to you the Participant Information Leaflet? Yes/No
e Do you understand the information provided? Yes/No
e Have you had an opportunity to ask questions and discuss this study? Yes/No
e Have you received satisfactory answers to all your questions? Yes/No
e Are you aware that you will be asked to complete food diary for both you and your infants? Yes/No
e Are you aware that your infant will be videotaped? Yes/No
e Are you aware that your infant will be given several drinks to taste? Yes/No
e Do you consent to the researchers contacting you by phone during this study? Yes/No

Please be aware the you and your infant may withdraw at any time from the Research Study, without giving
reason, and without this decision affecting you or your infant’s future treatment or medical care. There will
be no penalty for withdrawing before all stages of the Research Study have been completed.

If you agree to take part, all information collected will be kept strictly confidential within the limitations of
the law. All information will have your name and address removed so as to preserve confidentiality. Any
information that will identify you in any way will also be removed. The video tapes will only be used to
analyse your infant’s facial expressions. Only members of the research team will view these tapes. Upon
completion of the study these videotapes will be destroyed by Dr. Tracey Harrington.

I have read, or had read to me, this Consent Form. I have also read, or had read to me the Information Sheet.
I have had the opportunity to ask questions about the Consent Form as well as the study and all my questions
have been answered by the researchers to my satisfaction and I have a copy of this consent form. Therefore,
I consent to take part in this research project

Participants Signature:
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Name in Block Capitals:

Witness:

Date:

Due Date:

Home address

Contact Number:

Please return this completed form to Aileen Kennedy, School of Nursing, DCU,
Dublin 9
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Appendix D

Recruitment Poster

% Are you Pregnant?
A Would you like to
(f;(i/’,'/a help Infant Health?

I\
If you answered YES to these questions, you maybe
eligible to participate in a nutrition research study.

The purpose of this research study is to investigate
factors which may influence the development of sour
tastes in infancy.

We are currently looking for pregnant women who
would like to participate in a study with the School of
Nursing in Dublin City University

Your involvement will be invaluable and may help to
better understand infants’ taste development.

If you would like to discuss this study further or would like
more information on what is involved, please contact:

Aileen Kennedy
DCU School of Nursing, DCU, Dublin 9.
achodl ebkiGI0g Tel: 01-700-7797
RSl Email: aileen.kennedy35@mail.dcu.ie

332



Appendix E

Text used in Recruitment Leaflet

A Study on Pregnancy and Early Feeding Practices and Taste Preference.

We are currently recruiting pregnant women, who would like to participate in a study to
investigate whether a mother’s diet during pregnancy and early infant feeding practices may
play a role in determining what foods a child will like or dislike.

QU: “What is the purpose of the Study??”

ANS: In this study, we will be examining a number of factors that may play a role in
determining what foods a child will like or dislike. With obesity levels in children increasing
in Ireland it is believed that nutrition during pregnancy and in the first two years of life may
be very important in fight against the rise of obesity.

Initially we will focus on your diet during pregnancy. Foods that a woman eats during this
time may also be experienced by the unborn child and may affect preference later on. After
the birth of your baby, we will focus on their diet. We will measure the growth of your
infant and ask you questions about the foods that you first introduced to your baby,
whether you breast fed your infant and foods that your infant likes or dislikes at four
different time points.

QU: “If I agree to participate, what will be involved in participating in the study??”

ANS: Initially we will look at your diet during the 3™ trimester of your pregnancy. You will
be asked to write down everything you eat or drink for 7 days as well as completing a
questionnaire. If you decided to breast feed will ask you complete another food diary
during this time. You will also to given a short questionnaire to complete at the start of the
study, designed to gather general information about yourself e.g. ethnicity and occupation.
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When your baby has started to try solid foods, we will ask you to write everything that you
feed your infant over a 3-day period. The height and weight of your baby will also be
recorded. We will also ask you to repeat this when the infant is 6 & 12 months old.

For the final stage of the project, you and your infant will be invited to DCU at each time
interval - your baby has started to try solid foods, 6 months and 12 months. Here, we will
ask you to offer your infants drinks which will vary in taste to try. The drinks will vary in
sour taste and may contain citric acid. Citric acid is a weak organic acid and is found
naturally in many fruits especially citrus fruit. We will videotape the facial expressions of
your baby to analyse if they like the drinks or not. We will also ask you to rate your infant’s
enjoyment of these drinks.

QU: “Are there any benefits to completing this study??”

ANS: The information that will be collected to gain an understanding of why children eat
what they do, and why they don’t like the things they don’t. We would hope that it is for
this reason that you would agree to participate. However, Parents who submit food diaries
can receive copies of the nutritional analysis if they wish.

If you are interested in participating and would like further information, please contact
Aileen Kennedy from the School of Nursing in DCU on 01 7007797 or by email
aileen.kennedy35@mail.dcu.ie. You can also write to Aileen at the School of Nursing,
DCU, Dublin 9.
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Appendix F

Adult Food Diary

FOOD DIARY

Please read through these instructions and the example carefully once or twice before you
start.

We would like you to record, as accurately as possible, what you eat and drink for 7 days.

Please record ALL food and drink consumed, including alcohol. Please try to record this
information at the time of eating and NOT from memory at the end of the day. Keep this
record sheet with you throughout the day.

You should include all meals and snacks, plus sweets, drinks etc. When recording food
eaten at meals, please include any sauces, dressings or extras e.g. gravy, salad dressings,
pickles as well as the main food.

If you do not eat a particular meal or snack simply draw a line across the space at this
point.

Guidelines for describing food and drink:

1. Please give details of method of cooking e.g. grilled, boiled, roasted etc. and if you
added anything to the cooking e.g. vegetable oil (1 tsp)

2. Give as many details as possible about the type of food you eat:
a. State brand names where application: John West tuna in tomato sauce OR
Tesco’s half-fat Edam cheese.

b. Name the type of biscuit, cake or cereal
c. Name the type of cheese, fish or meat
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GENERAL QUESTIONS

Which type of bread do you usually eat?
[ ] White
[ ] Brown/Hovis

[ ] Granary
[ ] Wholemeal

[ ] None

Do you usually buy large or small loaves, sliced or unsliced?
[] Large
[ ] Small
[ ] Sliced
[ ] Unsliced

Which type of milk do you usually use?
[ ] Full cream milk
[ ] Semi-skimmed milk
[] Skimmed milk
[ ] Super Milk

[ ] None

[] Other Please specify what

How much milk do you usually use?
[]1-2 pints
[]v-1 pint
[]v4- " pint
[ ] None
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FOOD RECORD SHEET

Day: EXAMPLE

DATE: 1* march 2009

I;?IEZOX Quantity Eaten | Details of Foods and Drinks Taken
Meal 1 1 cup Tea with
1 thsp semi-skimmed milk
Meal 2 3 heaped thsp Branflakes (Kellog's)
1/4 pint Semi- Skimmed milk for cereal and drinks
1 med slice Wholemeal bread (large loaf)
1 tsp Flora margarine
1 mug Coffee
Meal 3 1 mug Coffee with
1tsp Semi-skimmed milk
1 medium Apple
Meal 4 4 slices Sandwiches: white bread (Brennans) large loaf
4 level tsp sliced with flora margarine
2 thin slices Deli ham - no fat
1 large Banana
1 can (330ml) Coca Cola
Meal 5 1 medium Pork chop fat removed - grilled
3 egg sized Boiled potatoes
2 thsp Frozen peas (Bird's eye)
2 tbsp Boiled carrots
1 pot (125¢) Strawberry yogurt (Yoplait)
Meal 6 1 mug Hot chocolate (Options -Belgian chocolate )
2

Chocolate digestive biscuits — McVities

Any comments
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FOOD RECORD SHEET

Day: DATE:

Approx

Time Quantity Eaten | Details of Foods and Drinks Taken

Meal 1

Meal 2

Meal 3

Meal 4

Meal 5

Meal 6

Any comments
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Appendix G

Text of Baseline Questionnaire

Please complete the following questions using BLOCK CAPITALS.

1. Mother’s Name:

2. Address:

3. Mother’s date of birth? (DD/MM/YYYY)

4. Telephone Contact numbers

a) Mobile Number:

b) Home Number:

c) Work Number:

5. Email address:

6. Mother’s Ethnicity:

7. Father’s Ethnicity:

8. (a) Current Gestational age of Infant:

(b) Estimated Delivery Date:

9. Height: ft ins OR cm
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10. Pre-pregnancy weight: stone Ibs OR

11. What is your present Occupation:

kg

Full-time [ ]
Part- time [_]

12. What level of education did you complete? Please tick

Primary school
Secondary school
training course (e.g. hairdresser, FAS, VEC, apprentice)

Primary Degtree
Post-graduate

Other, please mention

13. Do you have a partner?
Yes [_] => Please go to Q15
No [] => Please go to Q18

14. Date of Birth of your partner? (DD/MM/YYYY)

O O O OoX

15. What is your partner’s present occupation:

Full-time []
Part-time |:|

16. What level of education did your partner complete? Please tick

Primary school
Secondary school

Training course (e.g. hairdresser, FAS, VEC, apprentice)
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Primary Degtree
Post-graduate

Other, please mention

17. What is your current living arrangement/ situation?
Married, living with husband
Married, not living with husband
Not married, living with partner
Partnered, but not living together
Single, living with parents

Single, living alone

Divorced

DOdoodood

Widowed

18. Do you live?

In your own home

With your parents

With your parents-in-law
Rented accommodation

Apartment

Ddoodn

Mothet’s shelter

Other, please mention

19. Do you plan to return to work after the birth?

Yes []
No []

20. If so how long after the birth do you intend to return to work?

OO
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21. GP contact details:

Name:

Surgery Address:

Contact Number:

22. Consultant Details:

Name:

Address:

Contact Number:
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Appendix H

6-month Data Collection Sheet

SN Ui AW DN =

Participant Number [ [ [ ][]

. Baby’s Name:

. Today’s Date:

. Height: __ ins OR _ cm
. Weight: ___1bs OR___ kg

. Head Circumference cm
. Date when baby started solids:

. Has your baby tried any fruit? If Yes please list.

. What other foods has your baby tried?

. Where did you information come from?
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Appendix I

Likert Scale of Infant’s Preference as assessed by Mothers

Baby’s Name:
Today’s Date:

Solution :

1 2

Participant Number [ [ | ][]

Baby’s Baseline

3 4

Strongly Dislike

Solution :

1 2

3 4

Strongly Dislike

Solution :

1 2

3 4

Strongly Dislike

Solution :

1 2

3 4

Strongly Dislike

OFFICE USE:
Bottle 1: Amt 1
Bottle 2 Amt 1
Bottle 3 Amt 1
Bottle 4 Amt 1

Amt 2

Amt 2

Amt 2

Amt 2

7 8
7 8
7 8
7 8
== Total
== Total
== Total
== Total
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Appendix ]

Explanation of RDA, AR and LTI

Mean micronutrient intake levels are assessed using current Irish recommended dietary
allowances (RDA: point ¢ on the graph below), average requirements (AR; point b on the
graph below) and lowest threshold intakes (L'TI; point a on the graph below). These 3 dietary
reference points (RDA, AR and LTI) define individual nutrient requirements based on a
population distribution see figure below. The single value RDA is often misinterpreted as the
lowest acceptable intake of a nutrient when, in fact, it is substantially more than an individual

requires.

Point 'a' represents the L'TT and is the equivalent of the population mean minus two standard
deviations. The LTI represents the intake below which nearly all individuals would be
deficient. Therefore, if a substantial proportion of a population consumes less than the LTI,

the population may be at risk of nutrient deficiency.

Point 'b' represents the AR and is the mean requitement of the population. On a population
level, as the proportion of the population with a nutrient intake less than the AR increases,

the likelihood of a deficiency for that nutrient increases.

Point 'c' represents the RDA and is the equivalent of the population mean plus two standard
deviations. The RDA should meet the nutritional requirement of nearly all healthy people in
the group (approximately 97.5%).

z
% a Lowest threshold intake (LTI}
£ b Average requirement [AR)
= c Recommended dietary allowance (RDA)
2
h 4
a b c

Mutrient requirement

Figure 1 Distribution of individual requirements for a nutrient
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Appendix K

Irish Food Pyramid

Understanding the Food Pyramid

Top Shelf foods are high in fat, sugar {4 ]
and salt, are not essential for health v Maximum
and taken in excess can be harmiull Pram
a5 I i~ ; s
!

The foods and drinks on the bottoe
4 shelves of the Food Pyramid are
essential for good health.

e Fruit and vegetables: Choose at least 5 or more of servings each day

e Milk, cheese and yogurt: Choose any 3 servings each day

Note: Choose low fat choices frequently Prior to 2012 Pregnant & Breastfeeding
women should choose at least 5 servings (HSE, 2006)

Since 2012 Pregnant & Breastfeeding women should choose at least 3servings
Meat, fish and alternatives: Choose any 2 servings each day
Note: Choose 3 servings during pregnancy

Oils and fats, Sugars, confectionary, cakes, biscuits and high fat snack foods: choose
sparingly -less than 3 portions per day

http://www.safefood.cu/Blog/Blog/July-2012/New-dietary-guidelines-in-the-Republic-of-

Ireland.aspx
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Appendix L

Henry’s Equation For BMR

Henry Equation formula used in the estimation of basal metabolic rate (BMR) in calories of

adult women (Henry, 2005).

Age: 18 - 29 years
BMR = 13.1 x wt+ 558 SEE = 0.564

Age: 30 - 60 years

BMR = 9.74 x wt + 694 SEE=0.581

wt = Body weight in kilograms

SEE = Standard error of estimation
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Appendix M

Descriptive Statistics for Predictor and Outcome Variables at 6 months

Variable Valid N Minimum — Maxcimum Mean SD
Predictor variables
No. wks eating solid food 64 1 9 4.3 23
No. Fruit Tried 64 0 10 4.6 2.6
Age starting solids (wks) 64 16 27 21.3 2.8
Length EBF (wks) 64 0 26 16 25
No of Fruit eaten during preg 64 0 7.4 2.3 1.4
Outcome variables @, 6 months
R-LR 0.013M 64 0.04 0.89 0.42 0.17
R-LR 0.029M 64 0.01 0.74 0.33 0.17
R-LR 0.065M 62 0.01 0.63 0.26 0.16
IR 0.013M 62 0.09 0.67 0.36 0.12
IR 0.029M 62 0.07 0.56 0.25 0.12
IR 0.065M 64 0.00 0.50 0.18 0.12
M-LR 0.013M 64 0.09 0.57 0.37 0.11
M-LR 0.029M 64 0.09 0.59 0.26 0.12
M-LR 0.065M 64 0.09 0.47 0.18 0.10

Note: R-LR= Rater’s Liking Ratio IR= Ingestion Ratio M-LR= Mother’s Liking Ratio EBF= Exclusive breastfeeding
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Appendix N

Descriptive Statistics for Predictor and Outcome Variables at 12 months

Variable Valid N Minimum — Maximum Mean SD
Predictor variables
No of fruit tried at 6 months 50 1 10 4.9 2.5
Fruit intake 12 months (g) 50 0 290 127.2 67.8
Vitamin C 12 months (mg) 50 22 204 70 46
Length EBF (wks) 50 0 26 18.5 25
Outcome variables @, 12 months
R-LR 0.013M 50 0.12 0.74 0.39 0.15
R-LR 0.029M 50 0.01 0.69 0.33 0.15
R-LR 0.065M 50 0.01 0.48 0.26 0.13
IR 0.013M 50 0.16 0.67 0.39 0.12
IR 0.029M 50 0.06 0.58 0.29 0.14
IR 0.065M 50 0.00 0.44 0.18 0.10
M-LR 0.013M 50 0.13 0.56 0.41 0.09
M-LR 0.029M 50 0.09 0.54 0.32 0.14
M-LR 0.065M 50 0.09 0.47 0.20 0.12

Note: R-LR= Rater’s Liking Ratio IR= Ingestion ratio M-LR= mother’s Liking Ratio EBF= Exclusive Breastfeeding
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Appendix O- Graphs showing the relationships between the methods at 6 months

R? Linear = 0.774

1.007

B0

B0

R-LR0.013M

A0

20

0o 20 40 €0
IR0.013M

Fig 1: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Ingestion Ratio
(IR) at 0.013M citric acid in infants at 6 months

R? Linear = 0.335

M-LR0.013M

oo T T T
.00 .20 40 B0

IR 0.013M

Fig 2. The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.013M citric acid in infants at 6 months
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R? Linear = 0.293
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R-LR0.013M
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M-LR 0.013M

Fig 3: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.013M citric acid in infants at 6 months

R? Linear = 0.124

B0~

M-LR 0.029M
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oo J0 .20 30 40 50 B0

IR 0.029M

Fig 4: The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.029M citric acid in infants at 6 months
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R? Linear = 0.156
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Fig 5: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.029M citric acid in infants at 6 months

R? Linear = 0512

.80

R-LR 0.029M

oo 10 20 30 10 50 &0
IR 0.029M

Fig 6: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.029M citric acid in infants at 6 months
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Fig 7: The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.065M citric acid in infants at 6 months

R2 Linear = 0.630
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Fig 8: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.065M citric acid in infants at 6 months
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R? Linear = 0.188
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Fig 9: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.065M citric acid in infants at 6 months
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Appendix P- Graphs showing the relationships between the methods at 12 months
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Fig 1: The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.013M citric acid in infants at 12 months

R? Linear = 0.236

B0~

M-LR 0.013M
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R-LR 0.013M

Fig 2: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.013M citric acid in infants at 12 months
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R? Linear = 0.797
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Fig 3: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.013M citric acid in infants at 12 months
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Fig 4: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.029M citric acid in infants at 12 months
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Fig 5: The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.029M citric acid in infants at 12 months
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Fig 6; The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.029M citric acid in infants at 12 months
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Fig 7: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.065M citric acid in infants at 12 months
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Fig 8: The relationship between sour taste acceptance using Rater’s Liking Ratio (R-LR) and Mother’s Liking
Ratio (M-LR) at 0.065M citric acid in infants at 12 months
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Fig 9: The relationship between sour taste acceptance using Mother’s Liking Ratio (M-LR) and Ingestion Ratio
(IR) at 0.065M citric acid in infants at 12 months
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