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Abstract: Infant dietary patterns tend to be insufficient sources of fruits, vegetables, and fiber, as well
as excessive in salt, added sugars, and overall energy. Despite the serious long-term health risks
associated with suboptimal fruit and vegetable intake, a large percentage of infants and toddlers in
the U.S. do not consume any fruits or vegetables on a daily basis. Since not all fruits and vegetables
are nutritionally similar, guidance on the optimal selection of fruits and vegetables should emphasize
those with the greatest potential for nutrition and health benefits. A challenge is that the most
popularly consumed fruits for this age group (i.e., apples, pears, bananas, grapes, strawberries)
do not closely fit the current general recommendations since they tend to be overly sweet and/or
high in sugar. Unsaturated oil-containing fruits such as avocados are nutritionally unique among
fruits in that they are lower in sugar and higher in fiber and monounsaturated fatty acids than most
other fruits, and they also have the proper consistency and texture for first foods with a neutral
flavor spectrum. Taken together, avocados show promise for helping to meet the dietary needs of
infants and toddlers, and should be considered for inclusion in future dietary recommendations for
complementary and transitional feeding.

Keywords: avocado; monounsaturated fat; fiber; infant; toddler complementary feeding;
transitional feeding

1. Introduction

Proper nutrition is one of the most influential factors for insuring normal growth and
development during a child’s first years of life, yet there are currently very few research-based
dietary recommendations for parents and caregivers regarding this critical time period [1]. Currently,
U.S. dietary guidelines do not differentiate between age groups of children under two years old
even though the nutritional requirements of infants and toddlers differ from each other, and from
the nutritional requirements of older children, adolescents, and adults. Without age-appropriate
dietary guidelines from birth to 24 months of age, the diets of infants and toddlers often reflect the
dietary preferences and nutrient composition of their parents” and caregivers’ diets, which tend to lack
adequate sources of fiber-rich and nutrient-dense fruits and vegetables and contain excessive sodium
and sugar [1].

Nutrition delivery to infants is influenced by physiological development, growth demands,
and to some extent by family dietary practices. During the first six months after birth, breast milk is
recommended as the exclusive source of nutrition necessary for early infant health and development [2],
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especially because during the early stages of development, a baby’s swallowing and digestive systems
are not yet fully developed for the intake and processing of non-liquid food sources [3]. As an infant
grows and develops, it experiences physiological shifts in nutrient and energy requirements that can
no longer be supported by breast milk alone [2]. Additionally, as an infant transitions from a strictly
maternal-sourced food supply to a varied diet and familial table foods, the emphasis on energy and
nutrient requirements is placed on a whole new set of dietary options—many of which are not ideal
for young children.

Although the timeframes for complementary and transitional feeding are not officially defined,
for this review, the complementary feeding period is considered to start when the first foods (other
than breast milk or formula) are consumed and continues throughout the infant’s first year of life
(approximately six to 12 months), while the transitional feeding period covers a toddler’s dietary
pattern during their second year of life (13-24 months). Nutrient and energy deficiencies during the
early developmental stages can have lasting effects on the health of the offspring [4-6]. Therefore,
nutrient-rich foods that are also moderately energy-dense (while being low in sugar content) are
ideal early foods for infants [7,8]. The first food exposures should meet the infant’s/toddler’s high
nutritional requirements for energy, certain fatty acids, and key vitamins and minerals, such as vitamin
A/provitamin A carotenoids, several B vitamins, iodine, iron, and zinc [9,10]. Deficiencies in any of
these nutrients during the critical times of development can have both immediate and long-lasting
effects on the health of the offspring.

Fruits and vegetables are some of the most consistently recommended early food options, but few
of the most popular fruit options such as apples, bananas and grapes have the characteristics of being
both moderate in energy-density and low in sugar content. Avocados—technically classified as fleshy,
single-seeded berries—differ from most other fruits, however, in that they are a source of several
promising non-essential compounds, such as fat-soluble antioxidants and monounsaturated fatty acids
(MUFA). The sugar content is less than 1 g per serving, which is the lowest amount compared to all
other fresh fruits. A 1-ounce (30 g) serving of avocado is higher in key developmental nutrients such
as folate, vitamin E, and lutein compared to a Nutrition Labeling and Education Act (NLEA) serving
size of the most popular complementary and transitional feeding fruits (i.e., apples, pears, bananas,
grapes, strawberries, and peaches) (Table 1) [11-13]. A standard serving of avocados is also less than
one fourth the weight of any of the other commonly consumed fruits, making them a very efficient
vehicle food for delivering essential nutrition in a portion size that an infant or toddler would more
likely be able to consume in one sitting. Avocado is also higher in unsaturated fatty acids compared
to most fruits and vegetables [14] (Table 1). The fatty acids in avocados allow for greater absorption
of fat-soluble nutrients, either inherent in the fruit or from other foods eaten with avocado, when
compared to other fruits and vegetables that are low in fat (or fat-free) [15,16].

This paper is the second of a two-part series on ideal food and nutrient intake and related health
outcomes covering the first 1000 days of life (i.e., from the time of conception to the end of a toddler’s
second year). The first paper in the series provides evidence for the regular inclusion of key nutrients
as well as low-glycemic fruits and vegetables, such as avocados, in a maternal diet for improving birth
outcomes and various aspects of maternal health extending from the pre-conceptional period through
pregnancy and lactation [17]. This report provides further evidence regarding the regular inclusion of
such key nutrients and their food sources, including avocados, on many potential early- and later-life
health benefits, as well as explore the potential beneficial effects of monounsaturated fatty acids
and bioactive compounds during the complementary and transitional feeding periods. The paper
also addresses nutrition topic questions posed by the U.S. Department of Agriculture (USDA) and
U.S. Department of Health and Human Services (HHS) expert work groups that comprise the Birth
to 24 months and Pregnant Women Dietary Guidance Development Project—specifically Work Group
2-Infancy: Period of Complementary Feeding (6-12 months) and Work Group 3-Period of Transitional
Feeding (12-24 months):
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¢  What types and amounts of complementary foods are necessary for infants fed human milk,
formula, or mixed feedings to promote favorable health outcomes, such as (1) growth and
physical development; (2) cognitive, behavioral or neuromotor development?

e  What strategies can be used to improve dietary quality and micronutrient intake in infants
six to 12 months of age?

e  What are the evidence-based strategies to enhance acceptance of nutrient-dense foods like fruits
and vegetables?

e  Does exposure (timing, quantity, frequency) to nutrient-dense foods in weaned infants increase
acceptance of nutrient-dense foods?

e  Does increased acceptance/preference for nutrient-dense foods in the first year of life persist?
Does it improve dietary intake of nutrient-dense foods at 12-24 months?

e Does the intake of foods with added salt and sugar in infancy influence the preference and
analgesic appeal of dietary salt and sweet in infants, young children, and adults?

e  What are the energy requirements for toddlers, ages 12-24 months, to promote optimal growth
and physical development?

e  What is the relationship between observed intakes of fiber, vitamin A, and folate and the estimated
average requirement (EAR) and upper limits (UL) for toddlers 12-24 months of age?

e  What food characteristics (e.g., taste/flavor characteristics, portion size, energy, nutrient-density,
novel or familiar) impact the development of food preferences and dietary intake?

Table 1. Meeting the developmental needs of infants and toddlers. Comparison of a serving (30 g) of
avocado versus a Nutrition Labeling and Education Act (NLEA) serving (Range: 126-242 g) of the most
popular complementary and transitional fruits.

. Apples  Avocados Bananas Grapes Peaches Pears Strawberries
Per NLEA Serving @42g) (30g) (126g) (126g) (147g) (166g  (147g)
>150 mg potassium/serving v v v v v/ v v
>25 ug folate/serving v v v
>0.50 mg «-tocopherol/serving v v/
>80 pg Lutein + zeaxanthin/serving 4 v/ 4
>40 IU vitamin A/serving N4 4 v N4 i Vi
>6 ug vitamin K/serving i N4 V4
>2.5 g MUFA/serving v
>2 g fiber/serving v v v/ v/ v v

Data sourced from: USDA Agricultural Research Service, National Nutrient Database for Standard Reference
Release 27 [18]. Basic Report: 09003, apples, raw, with skin; 09038, avocados, raw, California; 09040, bananas,
raw; 09131, grapes, American type (slip skin) raw; 09236, peaches, yellow, raw; 09252, pears, raw; 09316,
strawberries, raw.

2. Background Information and General Recommendations for Complementary
Feeding (6 to 12 Months)

Current guidance from the World Health Organization (WHO) and other leading developed
countries is consistent in the recommendations that complementary feedings should begin at about six
months of age to support sufficient infant growth and development [19-22], and should last through
the end of the first year of life. During this period breastfeeding should still remain a primary source
of nutrition [23]. Therefore, breastfeeding mothers should pay careful attention to the quality of their
own diets, since for some nutrients (especially vitamins and fatty acids), the foods mothers eat directly
influence the nutrient profile of the milk consumed by their infants [24]. When introducing new
foods to an infant, experts recommend that parents and caregivers offer a variety of nutrient-dense,
soft- and mixed-textured fruits, vegetables, cereals, and meats that contain little or no added sugar
or salt [3,7,25]. The WHO recommends that infants start receiving complementary foods in addition
to breast milk two to three times a day from six to eight months of age, and three to four times a day
from nine months of age through the end of the complementary feeding period [26].
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A consensus statement from the American Heart Association (AHA) on dietary recommendations
for children acknowledged that only a small percentage of infants in the U.S. remain exclusively
breastfed after four months of age [27]. Corroborating the AHA findings, a recent Hass Avocado Board
(HAB) funded survey (HAB Caregiver Survey) conducted among 338 caregivers of infants between the
ages of four and 24 months also shows nearly half of the respondents introduced fruits and vegetables
between four and six months of age, while approximately one-third introduced protein foods (meat,
beans, eggs, peanut butter), grains or dairy in that same time period [28].

Infants will usually triple their body weight between birth and the end of their first year, and
much of this growth occurs in the complementary feeding period [29]. In order to accomplish the
high rate of growth and development, infants must consume both adequate amounts of energy and
essential nutrients. Foods consumed throughout the complementary feeding stage should balance
the nutrients from milk or formula, without imposing excess intakes of energy or nutrients [30].
Since complementary foods are initially consumed in very small quantities, caregivers should offer
moderately energy-dense foods, rich in multiple nutrients that are key for proper infant health and
development (i.e., iron, zinc, calcium, provitamin A /carotenoids, vitamin C, and folate) [8].

3. Background Information and General Recommendations for Transitional
Feeding (13 to 24 Months)

Similarly to complementary feeding, transitional feeding (13 to 24 months) is defined as all solid
and liquid foods consumed other than breast milk and infant formula. The main differences between
complementary foods and transitional foods are: (1) the timeframe in which they are consumed (i.e.,
first year versus second year of life); (2) the texture and consistency of foods recommended, which
require more developed mastication and digestive abilities; and (3) the portions consumed, based
on individual appetite, breast milk and/or formula consumption, and nutritional needs. Toddlers
typically consume an increasingly complex diet, moving further away from milk and/or formula
towards a diet more focused on a variety of table foods, especially those consumed by other family
members [31]. On average, approximately two-thirds of a toddler’s energy intake from 12 to 24 months
comes from transitional foods [20,23], more than double the energy intake from table foods when
compared to the last months of the complementary period [32].

Currently, little research exists on nutrition and health in the toddler age group (13-24 months).
The existing evidence is further complicated by datasets that do not distinguish between age groups
and combine one- and two-year-olds together without teasing out the differences between these age
groups [1]. This gap in scientific knowledge is reflected in the DRI for toddlers, which were generally
derived by extrapolating data from studies involving infants or adults [33]. Toddlers’ nutrition needs
are different however. They are less dependent on breast milk for their nutrients and need more fiber,
while experiencing greater growth velocity than older children [1]. Therefore ideal toddler foods
should contain adequate energy, as well as fiber and key nutrients not found in sufficient amounts in
breast milk or other popular family foods [23,34].

4. Ideal Complementary and Transitional Foods: Recommendations versus Reality

Many of the nutrient-rich foods recommended by the 2015 Dietary Guidelines for Americans
(DGA) [35] for child and adult health have been linked to allergy development and are thought
to be contraindicated in the complementary feeding period for infants. These foods include seafood,
nuts, and eggs [36,37], although recent evidence has challenged the early exposure hypothesis linking
these foods to the development of allergies [38,39]. Other nutrient-dense food options contain too
much saturated fat, added salt, sugar, spices, preservatives, additives or artificial ingredients [8,20].
Furthermore, in addition to their nutritional properties, ideal complementary and transitional foods
should also have specific physical and chemical attributes such as a proper texture and consistency,
along with natural and relatively neutral flavors, to encourage toddlers to develop familiarity and
taste preferences for them [20,31].
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Data from the landmark Feeding Infants and Toddlers Studies (FITS I and FITS II) along with
recent National Health and Nutrition Examination Survey (NHANES) data (from children over two
years old) show that young children consume nearly 40% of their total energy from foods like refined
grains, sugar-sweetened beverages, and fruit juice. [40,41]. The findings also showed a general decline
in fruit and vegetable intake, especially fiber-rich fruits and vegetables as children age from infancy into
toddlerhood [27]. The data also showed that infants and toddlers were much more likely to consume
sweets, such as cookies or candies rather than nutrient-rich options such as fruits or vegetables [5].
This trend continued through the end of the transitional feeding period, when approximately one-third
of U.S. toddlers consumed no fruit on a daily basis [42] and deep yellow vegetable intake went from
being consumed by nearly 40% of infants during the middle of the complementary feeding period
down to 13% by the time they reached the end of the transitional feeding period [31]. Nutrient- and
antioxidant-dense dietary options were consistently replaced by lower-nutrient and higher-energy
options such as candies, desserts, and sugar-sweetened beverages [31,43].

The most popular fruits consumed by infants were apples, bananas, peaches, and pears [42], and
often times these were in forms that contained added sugars. Apples, bananas, grapes, peaches, and
strawberries ranked as the most popular in a child’s second year of life [41,42]. Apples and bananas
were also the most popular fruits among infants [28]. In summary, despite the popularity of these fruits,
only avocados, actually meet almost all of the expert recommendations (i.e., nutrient-rich, colorful,
naturally soft texture, low in sugar/not overly sweet, low-glycemic). This positions avocados as both a
unique and ideal food for infants and toddlers.

5. Fruits and Vegetables: Early Exposure Can Lead to Life Long Benefits

Fruits and vegetables are vital to a healthy eating pattern as they contain essential nutrients,
various forms of fiber, and potentially beneficial bioactive components such as antioxidants and
phytosterols [44,45]. Yet, increasing fruit and vegetable exposure and intake among infants/toddlers
remains a challenge for both caregivers and dietetic professionals [46,47]. Both fruit and vegetable
intake in children of all ages remains below recommendations in most countries worldwide [48], and a
large percentage of U.S. infants from six to 12 months of age do not consume any fruits or vegetables
on a daily basis [42,49]. A practical goal would be simple dietary changes focused on exchanging
empty-calorie foods and beverages for nutrient-rich, high-fiber fruits and vegetables containing no
added sugar.

Experts suggest that vegetables and low-sugar fruits, such as avocados, should be introduced in
the early stages in order to avoid invoking an early preference for sweet foods, which may influence
early childhood and later life eating behaviors [7,8]. The dietary patterns of infants and young children
have been shown to correlate to patterns in later childhood [50,51] and even to adulthood [52]; adult
health factors, such as cholesterol metabolism, may be programmed from the lipids consumed in
infancy [53].

Observational studies have demonstrated later health benefits of healthful early nutrition choices.
Better body weights in later years were observed in infants who consumed higher amounts of fruits
and/or vegetables and thus less total energy in their diets [5]. Infants given home-prepared fruits or
vegetables more frequently at six months of age were more likely to eat more fruits and vegetables
several years later compared to infants who were given similar foods less often [54]. Furthermore,
frequent fruit and vegetable consumption by younger children was associated with lower blood
pressure and a lower risk of stroke in their adult years [55,56], and a lower risk for some cancers [6].
While these studies showed associations between early and later life dietary patterns and health
outcomes, very little research has addressed the introduction of specific fruits and vegetables in the
complementary and transitional feeding periods, or how consumption of specific “ideal” or popular
complementary foods or specific nutrients in those foods (e.g., iron-fortified cereal grains, bananas,
apples, avocados, potatoes) may promote long-term health, help build good dietary habits, or assist in
reducing health risks. Avocados, and other foods that fit the description of an “ideal complementary
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food” deserve more clinical research attention, especially since the health status of an infant in its first
year of life affects its risk for certain chronic diseases in later years [57].

6. Macronutrients: Amount and Specific Structural/Functional Characteristics are Key for Infant
and Toddler Health

6.1. Dietary Fat: Quantity and Quality Both Matter for Growth and Development

In infancy, fat should comprise about 50% of energy intake in order to provide adequate energy
for rapid growth and the essential fatty acids for brain development [58]. With the introduction of
complementary foods, energy intake may become inadequate as foods such as fruits, vegetables and
cereal grains are generally very low in fat. Complementary foods that are a good source of both fat
and energy are important to maintain energy intake. Once in the toddler period, the percentage of fat
in the diet may be reduced; however, the total energy and nutrients, including essential fatty acids,
must increase to cover the energy cost of activity and growth. Achieving adequate fat intake may
be a challenge since in the FITS II data, total fat intakes were below the acceptable macronutrient
distribution range in one in four toddlers from the U.S. [59]. Diets of infants and toddlers that are
low fat are associated with lower vitamin and mineral intakes [58], and lower fat-soluble vitamin
absorption [60]. A Joint Food and Agriculture Organization (FAO)/WHO Expert Consultation report
underlined the importance of not only the quantity, but also the quality of fat for proper infant health
and development [60].

A joint statement from Health Canada, the Canadian Pediatric Society, Dietitians of Canada, and
Breastfeeding Committee for Canada suggests that parents and caregivers should provide adequate
amounts of healthy fats in addition to breast milk, and specifically includes avocados as an example
of a nutritious fat-containing food for infant health [20]. Avocados are unique among the commonly
recommended complementary and transitional fruits and vegetables in that they contain 3.5 g of
unsaturated fats per 1-ounce (30 g) serving, accounting for more than 75% of their fat content.
The unsaturated fatty acids are primarily in the form of the MUFA oleic acid (C18:1; n = 9), while
a lesser amount comes from other MUFA, polyunsaturated fatty acids (PUFA), and saturated fatty
acids (SFA). Although oleic acid is not considered an essential fatty acid because the human body can
synthesize it from other fatty acids, it is the most abundant fatty acid in breast milk [61]. MUFA, such as
oleic acid, has also been shown to be important for the normal growth and development of the central
nervous system and brain [62], as well as being beneficial for fat-soluble nutrient absorption [15,16].
A 30 g serving of avocado contains approximately 0.5 g of the PUFA linoleic acid (18:2n-6) [14], which
comprises roughly 10%—15% of the fatty acid content in avocados [63]. Evidence exists showing that
as little as 3%—4.5% of total energy intake from linoleic acid is associated with optimal growth and
development for infants and toddlers [60].

Since avocados provide energy, MUFA, and PUFA, they would contribute to achieving nutrient
balance in infant diets, as well as aiding in absorption of fat-soluble nutrients, providing a source of
antioxidants, and thereby potentially contributing to health benefits [16,64,65].

6.2. Fiber: Balancing Intake for Optimal Health

Breast milk contains various non-digestible oligosaccharides, which are small-chain prebiotic
fiber compounds that are important for infant gut health and immune development [66,67]. While
other infant foods are not rich sources of non-digestible oligosaccharides, many fruits and vegetables
are rich sources of both soluble and insoluble fibers (e.g., non-digestible carbohydrates and lignin),
which may have health benefits even in young children [68]. Currently, there is no infant adequate
intake (AI) established for fiber, but it has been suggested by the American Academy of Pediatrics
that the amount be gradually increased to provide roughly 5 g per day by the end of the first year of
life [69,70].
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Neither the appropriate amount nor type of fiber for infants is as yet determined, with both too
little and too much dietary fiber posing their own unique set of problems. Too little fiber can lead to
constipation [71], and excessive fiber intake has the potential to negatively impact energy and nutrient
intake by increasing fecal energy losses, extending satiety (therefore leading to lower energy and
nutrient intakes), and binding up minerals through fiber-associated phytates and oxalates [71-73].
However, fiber intakes of about 4 g/day in infants at 8 months and 7 g/day in infants at 13 months
of age have been positively associated with energy intake and weight gain [74]. Additionally, higher
dietary fiber intake in infancy was associated with higher intakes of vitamins and minerals compared
to lower fiber intakes [74]. In the FITS I data, infants in the highest quartile of fiber intake were also in
the highest quartile of energy and macronutrient intake from table foods, providing further evidence
that higher fiber intakes in infancy are not associated with under eating [32].

Concern is expressed by practitioners and researchers about both too much fiber intake in the early
feeding periods, and inadequate fiber consumption throughout every life stage thereafter [20,68,69,75].
A decline in fiber intake from the complementary period to transitional period was demonstrated
in Finnish infants in which 55%-70% of the fiber in an infant’s diet was from fruits and vegetables,
while only 40%—45% of fiber in a toddler’s diet comes from fruits and vegetables [76]. In American
infants in FITS I the top sources of dietary fiber for toddlers were primarily refined grains such as
non-infant cereals and breads, rolls, biscuits, bagels, and tortillas, along with carbohydrate-rich fruits
and vegetables such as bananas and white potatoes [76].

Avocados could contribute to infant fiber intake as they have approximately 2 g of fiberina 30 g
serving [14], which is equal to or greater than nearly all other commonly consumed complementary
or transitional foods or fruits by weight [11]. Of the total fiber in avocados, 30%-40% is soluble
while 60%-70% is insoluble [14]. When the fiber content of more than 30 fruits and vegetables were
compared, avocados stood out as the only food source with relatively high amounts of both soluble
fiber (2.1% by weight) and insoluble fiber (2.7% by weight). Additionally, avocados also contain
lower levels of phytates and oxalates compared to the most popular fiber sources such as cereal fibers,
vegetables, and legumes, thus minimizing loss of calcium and other key essential minerals due to
binding by such substances [77].

The higher soluble fiber content of avocados compared to other fruits may be of benefit to the
development of an infant’s/toddler’s gut microflora as it is fermented by the colonic microflora to a
greater extent. While fermentable soluble fibers (i.e., prebiotics such as oligosaccharides) from breast
milk are known to have potent beneficial effects on infant health [78], the dose response and potential
effects of plant-based soluble fiber sources on infant health requires further research. The soluble fiber
in avocados may also contribute an energy source for infants since the fermentable nature of soluble
fiber allows the colonic microflora to metabolize undigested polysaccharides and produce various
short-chain fatty acids (e.g., acetic acid, butyric acid and propionic acid), which are then able to be
absorbed [79-81].

7. Micronutrients: Avoiding Deficiencies during the Complementary and Transitional
Feeding Periods

7.1. Nutrients for Building the Blood

The selection of complementary foods to meet the micronutrient needs of infants is challenging as
essential nutrients like iron are present in low concentrations in typical infant foods, even in breast
milk [82]. Avocados, while low in iron, contain folate, vitamin C, riboflavin, and vitamin B6 that are all
essential to various aspects of iron absorption, red blood cell formation and/or hemoglobin function.
Vitamin C enhances non-heme iron absorption and is a key factor in its bioavailability [83-85]. Folate
is critical for the proper synthesis of red blood cells; and is therefore important for prevention of
megaloblastic anemia [86]. Vitamin B6 plays a role in the synthesis of hemoglobin and in oxygen
transport, and a deficiency in vitamin B6 can lead to microcytic hypochromic anemia. Riboflavin is
required for the enzymatic activation of folate and vitamin B6 as well as for red blood cell production,
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and a deficiency in riboflavin can lead to normocytic anemia. Foods such as avocados, should be
considered as providing a unique combination of several blood-building nutrients that can act as
iron-absorption enhancers and/or function in red blood cell synthesis.

7.2. Potassium

As infants and toddlers begin to consume less electrolyte-rich breast milk, complementary food
sources must provide a balance of electrolytes necessary to maintain proper fluid balance and bone
turnover. However, it is observed that about 45%-80% of toddlers exceed the recommended sodium
intake levels, and only 5% of toddlers meet the recommended intake levels for potassium [59,87].
To reduce sodium and provide potassium, complementary foods like avocados offer not only a
sodium-free, complementary food, but they are also rich in potassium (Table 1) [14].

7.3. Enhanced Fat-Soluble Nutrient Absorption

Natural food sources of lipid-soluble vitamins and antioxidant compounds are important to
identify as it is known that toddlers receive a substantial amount of nutrients, such as vitamin A,
from supplements and fortified foods instead of from unprocessed whole foods [76]. More than 60%
of toddlers in the U.S. consume less vitamin E than the EAR [59]. Avocados contribute three of the
four fat-soluble vitamins such that a 1-ounce serving of avocado provides more provitamin A in the
form of carotenoids than almost all other fruits, as well as small amounts of vitamin E and vitamin K
(Table 1). Absorption of fat-soluble vitamins is enhanced in the presence of adequate fat intake, which
is known to be less than adequate in the toddler age group [58]. The MUFA content of avocados is
unique among other fruits and vegetables as fatty acids help fat-soluble vitamins and carotenoids
(e.g., lutein, lycopene, alpha-carotene, and beta-carotene) be more effectively absorbed from other
foods [15,16]. Avocado consumption can also enhance the efficiency of conversion of carotenoids to
vitamin A by two to six fold [16].

8. Avocado Dietary Bioactive Components: Playing an Important Role in Infant Health

Breast milk is known to have numerous bioactive properties (i.e., properties above and beyond
their nutritive roles) that are associated with infant health and development [88-90]. Complementary
and transitional foods contain bioactive components such as fiber, antioxidants, electrolytes,
carotenoids, and flavonoids [14,91]. Avocados also contain many lipophilic phytochemicals and
bioactive compounds that may confer health benefits (e.g., sterols, polyhydroxylated fatty alcohols
(PFA), alkaloids, acetogenins, and volatile oils) [91-93]. While understanding of the interplay of
antioxidant, prebiotic and sterol components in foods and food combinations is just emerging, it has
been suggested that a wide variety of bioactive compounds are responsible for the health benefits
of fruits and vegetables through additive and synergistic interactions by targeting multiple signal
transduction pathways [94].

For early infant foods, such as fruits and vegetables, the health effects are attributed to
different bioactive compounds such as vitamin C, carotenoids, and various phenolic compounds [95].
The antioxidant potential of components like carotenoids (beta-carotene, lutein and zeaxanthin) in
fruits and vegetables not only provide the precursors for vitamin A (which is essential for proper
growth, development, vision, immunity, hair and skin health, and mucous membrane formation) [25],
but may also act as free-radical scavenging antioxidants [96]. Additionally, these carotenoids have
functional roles in the tissues of the infant brain [97].

Lutein accounts for the majority of infant brain carotenoids, representing approximately 60%
of total carotenoids [98]. Recent metabolomics studies on post-mortem infants showed correlations
between brain lutein concentrations and energy metabolite pathways, lipid metabolite pathways, and
amino acid neurotransmission pathways [99]. Further, formula-fed infants compared to breast-fed
infants had significantly lower lutein concentrations in their blood [100]. Lutein was approved by the
FDA for use in infant formulas, despite it not being officially classified as an essential nutrient. As
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complementary foods begin to displace breast milk or formula in the diet, adequate sources of lutein
from complementary foods may be important to infant health [99]. Avocados contain some of the
highest levels of lutein and dietary fat of any fruit or vegetable (Table 1), along with the added benefit
of a dietary MUFA fat source to aid absorption of the fat-soluble lutein [15,16].

Phytosterols and PFA are two other lipid-soluble compounds that account for a large portion of the
lipid content of avocados but their potential benefits have not been studied in infants or toddlers [25].
In adults, both phytosterols and PFA have been shown to support a healthy inflammatory response [25].
Lipophilic acetogenins in avocados [92] are a group of antioxidants that are synthesized from fatty acid
precursors that have promise for their anti-proliferative and apoptotic effects on cancer cells [101-103].
The amino-acid based antioxidant glutathione, also in avocados in higher concentration (8.4 mg/30 g)
that any other fruit [104], is involved in immune function, lipid metabolism, detoxification, and several
aspects of cellular defense and replication [105]. Since heating and processing reduces glutathione
levels in foods, foods which are commonly consumed raw, such as avocados, contain higher levels of
this antioxidant compound. Future research is required to identify the types of foods with fat-soluble
nutrient absorption-enhancing properties that may optimize infant and toddler health, as well as
provide protection against free-radical damage and future chronic disease risk [95].

9. Food Preferences: Early Exposure to Flavor and Texture Can Influence Acceptability

Beyond choosing the most ideal nutrient-rich foods to feed their infants and toddlers, parents and
caregivers should also understand the roles that the flavors and textures of foods play in transitional
and complementary feeding. Food learning and flavor preferences start in utero and are heavily
influenced by breastfeeding and the infant’s complementary diet in the first year of life [106]. The early
taste preferences appear to be biologically driven with certain flavors, such as sweetness indicating
available calories, and bitter flavors indicating potentially dangerous compounds present in the
food [106]. These preferences have been shown to be somewhat malleable and dependent on
environmental factors such as repeated exposures to flavors [1,107]. Once established, many of
the early dietary preferences and habits tend to have a long-lasting influence [47], even into adulthood
where there is a tendency to favor foods the way they were initially introduced [8]. Therefore, proper
early food exposure is important for laying the foundation of a long-term varied diet. Beyond taste
and texture, early exposure to a myriad of food taste and texture profiles also teaches societal and
familial ideals, attitudes, and beliefs about food and eating behaviors [108].

In order to establish a varied eating pattern—which includes neutral, sour, and bitter taste
acceptance—the ideal initial foods should be those that are both nutritious and have a low to moderate
sweet and salty flavor profile [8]. Such presentation takes advantage of the plasticity of early flavor
learning [106]. Additionally, infants who have positive early experiences with fruits and vegetables
are significantly more likely to choose and consume those foods later in life [109-111]. Unfortunately,
findings from the HAB Caregiver Survey indicate that this approach is not being readily followed.
Nearly 60% of infants and toddlers were described as picky eaters, and the most common foods offered
and consumed early in life were sweet fruits and starchy vegetables [28]. Further, the caregivers’
overarching goal was to give “foods that the infant/toddler really enjoyed eating”, while the actual
nutritional value of the food provided ranked lower on their agendas [28]. In order to combat the
overly sweet and salty flavors of the standard American diet without offending the child’s innate
dislikes for bitter and sour, some pediatricians recommend introducing mild foods (i.e., neither sweet,
salty, sour, or bitter) with a neutral flavor profile in the early complementary period [7]. Avocados
can provide children with the types of nutrients and phytochemicals found in many sweet-tasting,
sugar-rich fruits and bitter-tasting vegetables.

In addition to flavor preferences, infants also have texture preferences due to their developing
abilities to chew and swallow. When foods are being introduced to infants it is important that caregivers
provide a variety of soft textures—such as creamy, lumpy, tender, pureed, mashed or ground—in order
to properly develop oro-sensory functions and the swallowing mechanism [20]. Different textures
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are necessary to gradually introduce the baby to solid foods while reducing the risk of choking or
swallowing large chunks of food that are difficult to digest. Soft fruit and vegetable consumption—such
as from peaches, bananas, and avocados—is consistent with several recommendations from the federal
feeding assistance program Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) for infant feeding (although peaches and bananas do not have an ideal sweetness/sugar factor).
Soft, neutral-flavored, and nutrient-dense avocado—which does not need to be cooked and can
easily be stored—appears to be one of the most ideal complementary and transitional foods available.
In essence, the avocado’s natural characteristics match what health professionals and caregivers are
most likely to consider important for an infant’s first food offerings [28].

10. Future Guidelines for Complementary and Transitional Feeding: Importance of Clear and
Specific Recommendations

A consistent message from recent literature is that fruit and vegetable intake needs to be increased
in infant and toddler dietary patterns; selection of those foods that are lower in sugar and higher
in fiber should be recommended above varieties that are higher in sugar and overly sweet. Most
specific recommendations for parents and caregivers suggest offering a wide variety of fruits and
vegetables on a daily basis, with an emphasis on colorful fruits and dark green, leafy, and deep yellow
vegetables [31]. For fruit, recommendations could be clearer to ensure caregivers are making the best
choices by specifically calling out: “colorful fruits that are a good source of fiber and low in sugar”.
Further, naming of specific examples of these types of fruits would limit confusion and clearly point
caregivers to the best options for infants and toddlers.

Avocados are a good example of a fruit that could be specifically recommended as an optimal
transitional food. Beyond its texture, flavor and nutrient profile, avocado consumption among infants
and toddlers may be able to displace empty calorie offerings more effectively than other nutrient-rich
complementary and transitional foods due to their higher amount of appetite suppressing fatty acids
and fiber [112,113]. According to the American Dietetic Association (now the Academy of Nutrition
and Dietetics), “foods that are rich in energy and nutrients such as avocado should be used when
the infant is being weaned [34]”. Therefore, the avocado with its fiber-content, MUFA, moderate
energy-density, more than 20 vitamins and minerals, and array of phytonutrients appears to one of the
most ideal fruits—and possibly foods—for complementary and transitional feeding [114].

11. Conclusions

Major transitions occur in the dietary patterns of infants and toddlers over the first two years
of life. Exposure to certain foods and nutrients during the first two years may impact their future
health through metabolic programming or development of specific tastes [115]. The most ideal
complementary and transitional foods—nutritionally and physiochemically—should be offered
regularly to infants and toddlers in order to ensure their optimal health, as well to expand their
range of flavor preferences and acceptance for nutrient-rich dietary options. As detailed in this paper,
avocados are unique among complementary and transitional foods in that they:

¢ Contain a spectrum of essential and non-essential nutrients with potential health benefits that
minimize undesirable components such as sodium, empty calories, and unhealthy fats.

e Provide an ideal source of energy (high in healthy unsaturated fats and low in sugar) to meet the
increasing energy and growth demands of weaning infants and toddlers.

¢ By weight and serving size, contain some of the highest levels of the antioxidants lutein,
zeaxanthin, and glutathione among complementary and transitional foods.

e Are rich in unsaturated fatty acids, which significantly enhance the absorption of
lipid-soluble compounds.
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¢ Contain more total fiber and soluble fiber per gram than almost all other complementary and
transitional foods, and at the same time contain less mineral-binding phytates and oxalates than
other popular high-fiber foods.

¢ Have a neutral flavor and smooth consistency that is ideal for early infant foods.

At present, the current infant feeding recommendations tend to be based on anecdotal and
observational findings, which are largely dependent on an infant’s learned preference for sweet foods.
Future development of complementary and transitional feeding recommendations should utilize
evidence from controlled studies that investigate the critical nutrient needs of infants and toddlers,
and should progress toward identifying the most ideal foods (i.e., those that meet the majority of
recommended guidelines). Future research on ideal infant and toddler foods, including avocados, is
warranted to further explore their potential in both early life and later life health outcomes.
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