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Abstract

Background: The U.S. Food and Drug Administration regulates infant formula to assure
nutritional and safety standards are meet. However, the components of infant formula can vary
markedly, and the carbohydrate content which may contain added sugars remains largely
unregulated. While the components of infant formula are known to vary in sweetness intensity,
limited knowledge exists regarding the relationship between the sweetness of infant formulas and

childhood anthropometric measurements.

Purpose: This study was conducted to evaluate the sweetness levels of infant formulas and
explore the relationship between sweetness ratings and anthropometric measurements recorded

during early childhood.

Methods: A trained sensory panel (n = 15) was used to evaluate the sweetness intensity of six
commonly used infant formulas. Each sample was tested by the full panel during three separate
sessions (triplicate testing). The sweetness ratings were then combined with a dataset (n =
16,451) from a Southern California agency of the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC). Infant formula sweetness ratings for the four formulas
issued by the agency were dichotomized (score = 1 or score = 2), and risk ratios (RRs), risk

differences, and Cls for child obesity were calculated.

Results: The two standard cow's milk-based infant formulas had mean sweetness ratings of 2.58
and 3.11, followed by a cow's milk-based formula with added rice starch with a rating of 0.96,

two lactose-reduced formulas with corn syrup solids with ratings of 0.87 and 2.82, and a soy-



based formula with a rating of 0.83. A one-point higher sweetness rating was associated with a
decreased risk of obesity at age two (RR: 0.91 [95% CI: 0.87, 0.96], p = 0.0003), age three (RR:

0.96 [95% CI: 0.93, 0.99], p = 0.02), and at age four (RR: 0.95 [95% CI: 0.92, 0.98], p = 0.002).

Conclusion: The risk of obesity was decreased among WIC participants issued infant formula
with a higher sweetness rating. This finding was unexpected as added sugars and lactose-reduced
infant formula with corn syrup solids are associated with increase obesity risk. However, it
should be noted that the standard cow’s milk-based infant formula (i.c., no added non-lactose
sugars) was the WIC agency-issued formula with the highest sweetness ratings. It appears the
role of sweetness and added sugars in infant formulas is complex and warrants further
investigation. Future research should focus on identifying specific components of added sugars
that may contribute to long-term weight outcomes. Additionally, studies should explore the
metabolic and behavioral mechanisms by which non-lactose added sugars in formula might

influence early childhood development.
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Chapter 1 - Introduction and Literature Review

Infant feeding practices play a crucial role in shaping health outcomes and health
trajectory. Optimal nutrition during the critical infancy period can significantly diminish the risk
of future metabolic diseases (Martin-Rodriguez, 2022). Recognizing the significance of early
nutrition, the World Health Organization advocates for exclusive breast feeding during the initial
six months of life, with a continuation until at least the first year of life (WHO, 2023). Breast
milk is the gold standard in infant nutrition (Dieterich, 2013). Regrettably, 25% of U.S. infants
are given formula from birth, and only 24.9% meet the six-month breastfeeding recommendation
(CDC, 2022; Akerman, 2017). Moreover, infancy is a period of nutritional vulnerability, marked
by the most rapid growth velocity of any life stage. The components of infant formula vary
significantly from that of breast milk, highlighting the profound implications formula can have
on long-term health. Given many infants rely on formula, the composition of infant formula is an

important public health issue.

Accelerated Weight Gain in Formula Fed Infants

Infancy has been identified as a critical period in the development of obesity (Gillman,
2010). Notably, formula fed infants exhibit accelerated weight gain compared to their breast fed
counterparts (Dewey, 1998; Gibbs, 2014; Gopinath, 2012; Heingig, 1993; Kouwenhoven, 2022).
In a secondary analysis of data from two longitudinal trials, exclusively breast fed infants (n =
97) were compared to exclusively formula fed infants (n = 113). At 1 year of age, formula fed
infants exhibited double the weight-for-length z-score (WLZ) compared to breast fed infants
(Trabulsi, 2020). Dharod and colleagues (2023) investigated rapid weight gain and feeding

practices in mother-infant dyads (ages 6 -12 months, n = 240). Their findings revealed that



formula fed infants faced a threefold higher risk of experiencing rapid weight gain compared to
those receiving breast milk or a combination of both formula and breast milk. A longitudinal
cohort analysis, examining 346 infants, disclosed a twofold increase in the likelihood of
overweight or obesity among children introduced to formula within the first four months of life
(Mannan, 2018). Extensive research indicates a significant increase in weight gain among
formula fed infants compared to breast fed infants.

Further evidence suggests that the composition of human milk may help regulate and
protect against excessive weight gain. A systematic review comprised of 21 research articles,
found that never consuming formula was associated with a lower risk of rapid weight gain
(Dewey, 2020). Further substantiating this link, a meta-analysis involving over 69,000
participants demonstrated that in in contrast to formula feeding, breast feeding was associated
with a 22 % reduction in the risk of childhood obesity (Arenz, 2004). A retrospective study (n =
3,211) found that children aged 3-4 years who were breast fed for more than three to six months
had a lower risk of obesity (OR 0.56), with a delayed introduction of infant formula further
reducing the risk (Zhou, 2024). Identifying the components in breast milk that protect against
rapid weight gain and those in infant formula that contribute to it is crucial for improving long-
term health outcomes. While rapid infant weight gain may not pose an immediate threat, its long-
term effects are worrisome, including an increased risk of adiposity, metabolic disorders, and

obesity (Pesch, 2021).

Consequences of Rapid Infant Weight Gain on Weight Patterns

Weight gain during infancy is a concern, because weight status tracks throughout the

lifespan. Extensive evidence heavily underscores the association between rapid weight gain in



infancy and an elevated risk of childhood overweight and obesity (Baird, 2005; Koletzko, 2009;
Monteiro, 2005). A large prospective cohort study of 19,397 participants tracked the rate of
weight gain during the first four months of life and weight at seven years of age. After adjusting
for confounding variables (e.g., birth weight), rapid infant weight gain was positively associated
with overweight status during childhood with an odds ratio of 1.38 (Stettler, 2002). A meta-
analysis of 14 studies disclosed that rapid weight gain during the first two years of life increased
the odds of overweight or obesity in later life by 3.66 times (Zheng, 2018). In another, meta-
analysis, Druet et. al. (2012) found that each additional unit increase in weight standard deviation
scores during infancy imparted a twofold higher risk of childhood obesity. A systematic review
investigated risk factors for childhood obesity within the first 1000 days of life. Among the 46
studies examining rapid weight gain, 45 reported a significant positive association between rapid
weight gain during infancy and the development of childhood overweight or obesity (Woo
Baidal, 2016). In their longitudinal study spanning from birth (n = 2103), Dubois and Girard
(2016) aimed to ascertain the primary factors influencing overweight status at 4.5 years of age.
They discovered that rapid weight gain between birth and five months nearly doubled the odds of
being overweight at 4.5 years. Infants who experience rapid weight gain are more likely to
become overweight or obese during childhood.

The lasting impact of rapid weight gain during infancy and early childhood reaches into
adulthood, perpetuating the risk of obesity beyond childhood (Lumeng, 2015). This is
underscored by the substantial correlation between rapid weight gain in infancy and the enduring
presence of overweight and obesity across the lifespan (Brisbois, 2012; Simmonds, 2015; Singh,
2008). A cross-sectional analysis involving adolescents (n = 1076) indicated that rapid weight

gain from birth to 20 months was associated with both adolescent overweight and obesity



(Monteiro, 2003). A prospective cohort study involving 205 children revealed a significant
correlation between body mass index (BMI) at 7 years of age and BMI at 15 years of age
(Fuentes, 2013). Over a span of 12 years, a prospective cohort study tracked 4,833 children from
the age of 7 to 18 years. The study revealed that 40.0% of males and 48.6% of females identified
as obese at 18 years had already exhibited obesity at 7 years of age (Park, 2012). In a large meta-
analysis researchers found obese children and adolescents were around five times more likely to
have adult obesity (Simmonds, 2016). Around 55% of obese children and 80% of obese
adolescents will become obese adults (Simmonds, 2016). The evidence overwhelmingly
demonstrates that rapid weight gain during infancy significantly contributes to the persistence of
overweight and obesity throughout childhood and adulthood.

Robust research supports the notion that formula fed infants experience greater weight
gain, which can have lasting effects throughout their lives. Progressive obesity has detrimental
repercussions on physical health, social interactions, and emotional well-being across one's entire
lifespan. Consequently, it elevates the risk of many serious diseases and diminishes the overall
quality of life. Acknowledging and addressing the implications of formula fed infants'
heightened weight gain is essential for fostering healthier futures and mitigating the far-reaching

consequences of progressive obesity.

How Infant Formula Composition Contributes to Rapid Weight Gain

According to Lumeng and colleagues (2015), the varying patterns of weight gain
observed in breast fed and formula fed infants can be attributed primarily to differences in the
nutritional composition of the respective infant formulas. A randomized controlled trial found

that formula feeding was one of two key determinants of rapid weight gain during infancy, likely



due to the composition of formula milk (Mihrshahi, 2011). Hypothetical explanations include the
greater energy density, higher protein content, and increased amounts of sugar found in infant
formulas (Huang, 2018). While the research is not entirely conclusive on these matters, a cross-
sectional analysis including 141 infants and toddlers looked at the effects of added sugars in
formula and rapid weight gain. Kong and colleagues (2020) found no significant difference in
carbohydrate, protein, energy, and fat intake between formula fed and breast fed infants.
However, formula fed infants consumed nearly double the amount of added sugar in the form of
milk-based products, and this was a significant predictor of rapid weight gain (Kong, 2021).
Protein and food-based added sugars were not significantly associated with rapid weight gain.
While studies have suggested a positive correlation between increased protein content in formula
and rapid weight gain (Escribano, 2012; Inostroza, 2014; Socha, 2011; Weber, 2014), a
considerable number of research findings have failed to establish a clear connection (Gonzalez-
Garay, 2023; Heinig, 1993; Manella, 2016; Ren, 2022; Rzehak, 2009). The presence of added
sugars in formula is likely a contributing factor to the higher rates of weight gain observed in
formula fed infants.

The Food and Drug Administration (FDA) regulates infant formulas under the Federal
Food, Drug, and Cosmetic Act (FFDCA), which establishes both minimum and maximum ranges
for 30 major nutritional components (FDA, 2024). These regulations are primarily based on the
Infant Formula Act (IFA) of 1980, which was amended in 1986 with minimal subsequent
changes, particularly regarding the ranges or minimum intake levels of nutrients (Abrams, 2023).
In the United States, there is no requirement for infant formula manufacturers to disclose the
amount of added sugars in their products (Raiten, 1998). Existing regulations impose very few

restrictions on the types of sugars that can be used, with laws generally stating that ingredients



must be “safe and suitable for use.” For instance, sucrose and glucose polymers are not subject to
specific minimum or maximum content requirements in infant formulas, as long as the formulas
meet nutrient specifications outlined in the Code of Federal Regulations (CFR) for calories,
protein, fat, and specified vitamins and minerals (CFR, 2024; Raiten, 1998). Sucrose has been
recognized as a safe additive that can enhance the palatability of infant formulas (Raiten, 1998).
However, given what is known about the health-effects of added sugars, it could easily be argued
that the current infant formula regulations are minimal and outdated (Abrams, 2023).
Carbohydrate sources in formulas vary widely and may include lactose, corn syrup solids,
sucrose, and maltodextrin (Kleinman, 2020). A study by Walker and Goran (2015) delved into
the types of added sugar in 20 commonly used infant formulas. Their findings revealed that
carbohydrate content was primarily distributed among lactose, sucrose, maltose, or glucose, with
mean percentages of total calories per serving at 77.5%, 68.6%, 19.1%, and 6.6%, respectively.
Sucrose emerged as the dominant added sugar in seven formulas, representing almost 86% of the
total added sugar. Strzalkowski and colleagues (2022) investigated the carbohydrate sources in
216 million kilograms of infant formula in the United States. Their analysis revealed that the
overall carbohydrate content consisted of 52.7% lactose, 42.3% glucose polymers (such as corn
syrup, brown rice syrup, and maltodextrin), and 5.0% sucrose. Employing high-performance
liquid chromatography with an evaporative light-scattering detector, Zhang et al. (2023)
examined the presence of five sugars (fructose, glucose, sucrose, lactose, maltose) and five sugar
alcohols (erythritol, xylitol, sorbitol, mannitol, maltitol) in ten infant formulas. The analysis
revealed that each sugar was detected in the different formulas at concentrations ranging from
0.16 to 4.0 g/ 100 ml. Due to the lack of regulations, infant formula can encompass a wide range

of added sugars.



Furthermore, alongside the diversity of added sugars detected in formulas, there can be
substantial variations in the quantity of added sugars from one formula to another. In a cross-
sectional study spanning eleven countries, researchers analyzed infant formulas (n = 257),
revealing an average of 5.9 g of added sugars per 100 ml (range 1.1 to 9.8 g) (Bridge, 2022). A
recent study revealed that U.S. formulas contain added sugars of up to 7.7 g per 100 ml which is
approximately 2 grams higher than the average reported in the earlier study (Kong, 2021). Awad
and colleagues (2023) examined 71 distinct brands of commercially available infant formula.
They discovered that ten samples contained sugars contributing to more than 5% of total energy
intake, ranging from 5.68% to 27.06%. Infants may consume as much as the equivalent of two
soft drinks' worth of added sugar from formula (Fazzino, 2023).

Specialized infant formulas, including partially hydrolyzed proteins, lactose-free or
lactose-reduced carbohydrate blends, and soy-based options, often contain higher levels of added
sugars. A study analyzing 88 infant formulas available in the U.S. market categorized them into
three groups: lactose-free, lactose-reduced, and lactose-based. The results indicated that for every
1 g reduction in lactose per 100 g of formula, the added sugar content increased by 19%
(Mokhtari, 2024). In addition, lactose-reduced formulas often contain high amounts of
alternative carbohydrates, such as maltodextrin, corn syrup solids, and sucrose (Jones, 2020).

Although lactose-related issues are uncommon in children under five years old, the use of
lactose-reduced and lactose-free formulas has risen significantly (Szilagyi, 1994). Currently,
these formulas account for a substantial portion of formula sales, with 59.0% and 28.5% of the
market share for lactose-reduced and lactose-free formulas, respectively (Strzalkowski, 2021).
However, medical indications for lactose-free formulas represent only about 0.029% of cases

(Strzalkowski, 2022). These indications include conditions such as type 1 galactosemia



(0.003%), congenital lactose intolerance (0.0016%), and short bowel syndrome (0.0245%)
(Strzalkowski, 2022). Congenital lactase deficiency, a genetic disorder where infants are born
without the enzyme lactase necessary for lactose digestion, occurs in approximately 1 in 60,000
newborns, or about 0.0017% (MedlinePlus, 2023). Lactose intolerance is somewhat more
common, affecting 2% to 5% of infants within the first one to three months of life, but it usually
resolves by the age of one (Heyman, 2006). In secondary lactase deficiency, resulting from
temporary lactose malabsorption due to an acute illness, lactase activity will return to normal
with recovery (Vandenplas, 2015). Lactose-reduced and lactose-free formulas are frequently
used even when not medically necessary, which increases the exposure of infants to higher
amounts and a wider variety of non-lactose-added sugars. The high exposure to added sugars in

infant formula may contribute to the increased rates of rapid weight gain in formula fed infants.

The Sugars in Breast Milk

Unlike the carbohydrates found in many infant formulas, lactose constitutes the primary
carbohydrate component of breast milk (Martin, 2016). A liter of breast milk contains
approximately 67-70 g of lactose, 12-14 g of oligosaccharides, and 0.2-0.3 g of glucose
(Kleinman, 2020). Free glucose and other glucose metabolites lack nutritional significance in
breast milk (Arthur, 1991). A study involving 41 lactating mothers at six weeks postpartum
discovered that the fasting concentrations of fructose, glucose, and lactose in breast milk were as
follows: 5.0 £ 1.3 pg/mL, 0.6 + 0.3 mg/ mL, and 6.8 + 1.6 g/ dL, respectively (Berger, 2018).
Another study examined breast milk composition (n = 25) using liquid chromatography-mass
spectrometry at one and six months postpartum. It revealed consistent presence and stability of

fructose, glucose, and lactose across both visits, with mean concentrations of 6.7 ug / mL, 255.2



ng /mL, and 7.6 g/ dL, respectively (Goran, 2017). In both investigations, fructose and glucose
were detected but found to be at notably low levels. A longitudinal analysis of the macronutrient
composition of human milk (n = 61) from preterm to four months, showed that lactose content
remained stable and comparable over time with a mean of 5.8 = 0.1 g/ 100 mL (Fischer, 2019).
Likewise, maternal diet appears to have minimal influence on breast milk carbohydrate
composition (Samuel, 2020). Lactose constitutes the primary sugar present in breast milk,
whereas other sugars in breast milk are negligible.

Lactose is the ideal carbohydrate for supporting the growth and metabolic demands of
infants. Lactose is a disaccharide composed of glucose and galactose monosaccharides linked by
a P - 1,4-glycosidic bond. In the small intestine, lactase breaks the bond, releasing
monosaccharides that are then absorbed and transported into the bloodstream. Glucose plays a
crucial role in fueling the development of newborns, and insufficient glucose levels can
contribute to intellectual and developmental disabilities (McKinlay, 2018). Infants’ growing
brains prefer glucose as their primary fuel. Galactose is a fuel that also serves as a fundamental
building block for brain gangliosides (Brand-Miller, 2022). In contrast, according to
Strzalkowski (2022), approximately 47% of the carbohydrates consumed in formula are not
lactose. Introducing different added sugars early on (besides those naturally present in breast

milk) might potentially disturb both infant growth and metabolic functions.

The Impact of Added Sugars on Pediatric Weight Gain

While research on the influence of added sugars on infant weight gain remains sparse,
there is a significant focus on investigating the correlation between added sugar consumption in

children and weight gain. Understanding this relationship provides valuable insight into the



potential effects added sugar may have on infants. An examination of the snack consumption
patterns among infants and toddlers (n = 141) revealed that for each additional daily instance of
sweet and salty snack intake, there was a corresponding increase of 0.25 weight-for-length z-
scores (Moore, 2022). A longitudinal study with 81 children uncovered that increased intake of
added sugars at twelve months is linked to a higher likelihood of excessive weight gain by 30
months (Jardi, 2019). In a cross-sectional and longitudinal analysis of children and infants (n =
6929), researchers examined their intake of added sugars from milk and fruit products.
Participants with higher initial consumption of added sugars demonstrated notably greater
increases in all anthropometric measures at the two-year follow-up (Dello Russo, 2018). In a
study involving 1,165 children and adolescents, those with added sugar intake exceeding 10% of
total energy were 2.57 times more likely to be overweight or obese (Magriplis, 2021). Overall,
higher consumption of added sugars is positively associated with weight gain in children.
Moreover, ample scientific evidence demonstrates a positive association between liquid-
form added sugars and weight gain (Bucher Della, 2016; Dubois, 2007; Harrington, 2020;
Millar, 2014; Yu, 2016). In a longitudinal study involving 1,189 participants, researchers
analyzed the intake of sugar-sweetened beverages during infancy and its association with obesity
prevalence at the age of six. They discovered that children who consumed sugar-sweetened
beverages three or more times per week between the ages of ten to twelve months were twice as
likely to be obese compared to those who did not consume such beverages during this period
(Pan, 2014). Wang et al. (2015) investigated the diet and added sugar intake of 613 children aged
eight to ten years, revealing that higher amounts of added sugars from liquid sources were
associated with higher BMI for age, BMI z-scores, and body fat. A retrospective cohort study

involving 10,904 children aged two to three explored the association between sweet drink

10



consumption and overweight, finding a two-fold increased likelihood of overweight in those
consuming drinks with glucose, sucrose, fructose, or high-fructose corn syrup compared to non-
consumers (Welsh, 2015). Additionally supporting these findings, a systematic review and meta-
analysis linked a 1-serving / day increase in sugar-sweetened beverages to a 0.06-unit rise in
BMI and an additional weight gain of 0.12 to 0.22 kg over a one-year period among children
(Malik, 2013). A longitudinal study involving children (n = 13,170) aged seven through eleven
years investigated the link between consumption of sugar-sweetened beverages and changes in
adiposity. The findings indicated that daily intake of sugar-sweetened beverages was correlated
with higher percentage body fat and BMI (Laverty, 2015). Added sugars consumed in liquid
form may amplify the effects of weight gain. Extensive research indicates that increased
consumption of added sugars may contribute to overweight or obesity in children. It is plausible
that elevated levels of added sugars found in infant formula could also play a significant role in

the rapid weight gain observed in infants.

The Role of Added Sugars in Weight Gain

Consuming a diet high in added sugars can contribute to weight gain through various
mechanisms. High intake of added sugars inhibits fat oxidation, potentially leading to obesity
(Wadden, 2020). Dietary sugars hinder the production of acylcarnitine, a crucial carrier that
transports long-chain fatty acids into the mitochondria for energy production (Li, 2019). The
suppression of fat oxidation limits the utilization of fat stores for energy. Additionally, sugars in
the diet can stimulate de novo lipogenesis by serving as a substrate for fatty acid synthesis and
activating enzymes that trigger lipogenic transcription factors (Softic, 2019). This process

involves converting excess carbohydrates into fatty acids, which are then esterified to
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triglycerides, consequently increasing fat storage (Ameer, 2014). Further supporting this point, a
randomized controlled trial involving healthy men (n = 94) revealed increased hepatic fatty acid
synthesis in those regularly consuming fructose- and sucrose-sweetened beverages in moderate
dosses (Geidl-Flueck 2021). In essence, added sugars lead to weight gain by diminishing fat
oxidation and fostering fat storage.

Another significant pathway through which added sugars contribute to excessive weight
gain is by elevating blood glucose levels. Different added sugars exert varying impacts on blood
glucose levels, with lactose demonstrating the lowest impact when compared to sucrose, corn
syrup solids, maltodextrin, and glucose (Atkinson, 2021). Elevated blood sugar levels stimulate
carbohydrate oxidation, diminishing fat oxidation, and promoting weight gain (Brand-Miller,
2002). Examining the postprandial metabolic response of formula fed versus breast fed infants,
Slupsky and colleagues (2017) discovered a significant increase in insulin levels among formula
fed infants at 120 minutes post-feeding compared to their breast fed counterparts. This finding
was supported by a cross-sectional study, which revealed that one-week-old infants who were
breast fed had significantly lower blood glucose concentrations compared to formula fed infants
of the same age (Hawdon, 1992). Lactose, with its lower glycemic level, fosters satiety and
reduces insulin secretion, potentially resulting in decreased weight gain.

Formula fed infants are more likely to be exposed to higher fructose concentrations.
While free fructose is occasionally present in infant formula, it is not typically added as a
standard practice. Sucrose, an added sugar in infant formula, breaks down into 50% fructose in
the lumen of the small intestine, where it is then absorbed into the infant's bloodstream (Y oung,
2020). Higher fructose consumption has been associated with higher BMIs in children (Azevedo-

Martins, 2024; Czerwonogrodzka-Senczyna, 2019; Johnson, 2017; Morgan, 2017; Stricker,

12



2021). Goran et al. (2017) investigated the correlation between fructose and infant body
composition at six months of age, revealing that a 1-ug / mL increase in fructose was linked to a
257 g higher body weight and a 131 g higher fat mass. In a pilot study involving overweight or
obese children aged five through eight years (n = 15), BMI was significantly reduced by 0.68 kg
/ m2 following a 12-week intervention aimed at reducing dietary fructose (Maier, 2011). In vivo
studies, predominantly conducted on young test animals, further emphasize the detrimental
consequences of fructose. Offspring from lactating rat mothers fed a high-fructose diet exhibited
profound neuroendocrine-metabolic disorders and an increased susceptibility to develop
overweight/obesity in adulthood (Alzamendi, 2010). Moreover, when pregnant and lactating rats
were fed a diet comprising either a 10% glucose or a 10% fructose solution, the offspring of
mothers exposed to the 10% fructose solution exhibited significantly greater weight gain, along
with elevated levels of plasma glucose and triglycerides (Rawana, 1993). Increase fructose
consumption seems to contribute, at least in part, to increased weight gain. Nevertheless,

additional research is required to validate these observations in infants.

The Relative Sweetness Value

The overall sweetness of the formula may also contribute to an increased rate of weight
gain. Relative sweetness describes the sweetness of a product compared to sucrose, which is
typically assigned a value of 100. Lactose, which has a relative sweetness of 15-40, is the least
sweet among monosaccharides and disaccharides. In contrast, glucose (50-75), sucrose (100),
and fructose (80-180) are sweeter (Starkey, 2022). Corn syrup solids typically have 30% to 60%
of the sweetness of sucrose (Polanski, 2006). Maltodextrins are generally regarded as moderately

sweet, but their sweetness levels can vary significantly from one another (Starkey, 2022). The
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perception of sweetness can differ based on factors such as processing methods, concentrations,
solids, pH levels, temperature, and flavor systems (Helstad, 2019). The diverse compositions of
added sugars in formulas can lead to differences in the degree of sweetness among various
formulas.

Infants and children have a higher biological preference for sweetness compared to adults
(Ventura, 2011). Schwartz et al. (2009) examined the preferences of infants (n = 45) for bottles
containing sweet, salty, bitter, sour, and umami tastes. Preferences were assessed at three, six,
and twelve months of age. It was consistently observed that infants consumed the highest
amounts from the sweet bottle compared to bottles with other tastes. It is hypothesized that this
predisposition evolved to safeguard infants from consuming toxic plants in the wild. A
heightened preference for sweetness serves as a beneficial mechanism, guiding infants to
consume foods rich in energy. Historically, such a mechanism would have been crucial for infant
survival. Yet, in today's environment of highly processed foods, a heightened preference for
sweetness can have detrimental effects on health, which is why the Center for Disease Control
strongly recommends that children under 24 months refrain from consuming added sugars (CDC,
2024). Sweetness may serve as a significant determinant of infant consumer behavior. Formulas
with elevated sweetness levels may encourage excess consumption, potentially resulting in

increased weight gain.

Sensory Qualities of Breast Milk

In addition, it's crucial to consider the sensory attributes of breast milk, widely regarded
as the gold standard of infant nutrition. Mastorakou et al. (2019) conducted a study involving

lactating mothers (n = 22) trained to describe and rate the sensory attributes of their own breast
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milk. Overall, human milk was characterized as neutral and creamy, with a taste described as
both sweet and bitter. It contains the odorants maltol and furaneol, which have a sweet,
caramelized aroma (Hayes, 2017). The sweetness of both foremilk and hindmilk was equivalent
to 1.53 g of sucrose per 100 mL. Another study, utilizing an adult taste panel, examined the milk
of 24 nursing mothers over three days. They determined that through the sweetness power
function curve, the sweetness intensity of human milk was estimated to be equivalent to a 2.12%
sucrose solution (McDaniel, 1989). Unlike formula, human milk does not have a uniform flavor.
Breast milk acquires its flavor from ingested compounds such as garlic, mint, vanilla, and
alcohol, providing diverse chemosensory experiences (Mennella, 1995). Additionally, it was
observed that human milk is less sweet than soy-based formulas with added sucrose (Walker,
2015). Although the flavor of breast milk can vary, it is generally recognized for its naturally

sweet properties.

Correlation Between Sweetness Levels and Weight Gain

Chemosensory characteristics, particularly taste, are often highlighted as significant
factors in food selection. In turn, dietary choices impact body composition and nutritional well-
being. Several studies have endeavored to uncover connections between sweetness levels and
weight in children. Lanfer et. al. (2012) looked at the taste preferences of six through nine-year-
olds (n = 1696) and compared them to anthropometric measurements. They found that children
with greater sweet preferences had significantly higher odds for being overweight or obese even
after adjusting for possible confounders. In another study, 150 children aged 8-15 had their taste
preferences compared with their weight status. It was observed that among children who favored

high-sweet tastes, there were twice as many obese children compared to those who preferred
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low-sweet tastes (Sobek, 2020). Another study examining sensory taste preferences and their
correlation with overweight and obesity among six to nine-year-olds (n = 1839) discovered that
children who preferred sugar-sweetened juice exhibited a 50% higher likelihood of being
overweight or obese compared to those who preferred natural juice. The study proposed that
consumption of sweet foods may be linked to excess weight gain in children (Ahrens, 2015). In
a longitudinal study, a sensory panel assessed the sweetness intensity of commonly consumed
foods. The estimated dietary sweetness density was recorded at 12 and 36 months of age for 436
participants. The researchers observed a significant and positive association between diet
sweetness density and total sugar intake (Gonzalez, 2022). While the study did not examine
anthropometric measurements, it did find that heightened preferences for sweetness correlated
with an increased consumption of foods overall.

Research examining the relationship between sweetness and intake among infants is
limited and often outdated. In early studies, newborns were offered bitter, sour, and sweet
solutions; sucrose had the highest intake, though intake decreased when sucrose was mixed with
citric acid (Desor, 1975). Infants given a gelatin-based nipple that continuously released a sweet
taste demonstrated stronger and more frequent sucking compared to those with non-flavored
nipples (Maone, 1980). Facial expression studies indicated that infants showed greater relaxation
and increased sucking when given sweet solutions (Rosenstein, 1988). Additionally, increasing
vanilla flavor in infant milk led to more vigorous sucking and extended feeding time (Mennella,
1996). While infants' natural preference for sweetness is not changeable, gaining insights into
their sensory experiences and the influence of formula flavors on amount consumed is critical for

long-term health outcomes (Mennella, 2014).
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Not all research provides conclusive evidence on these issues. Another study investigated
the relationship between taste perception and body measurements in children aged 7-14 years (n
= 48). It found that sweet preference did not vary between obese and non-obese participants,
regardless of age, and was not linked to motives for eating tasty foods (Bobowski, 2017). The
sweetness level in food may drive greater consumption, potentially leading to excessive weight
gain. Further research is necessary to validate the connection between sweet preferences and

heightened intake.

Neurobiological Mechanisms of Sweetness Consumption

The sweetness level of a food has the capability of increasing consumption. Humans
possess neurobiological mechanisms that drive motivation to seek food rewards, with one such
mechanism being hedonic hunger (Morales, 2020). Hedonic hunger describes the consumption
of food driven by pleasure rather than physiological hunger. Foods high in palatability, such as
those rich in sweetness and fat, trigger the release of dopamine in the brain's reward center, a
crucial factor in habit formation due to its association with intense feelings of reward. This
impact on the reward system can override homeostatic satiety controls and influence
motivational feeding behavior (Baik, 2021).

Moreover, sweeter foods trigger the release of endogenous opioids. Highly palatable
foods have the capacity to engage neural circuits also implicated in drug addiction (Colantuoni,
2002). Endogenous opioids and their receptors are extensively distributed across the nervous
system, particularly in regions governing pain, emotion, reward, stress responses, motivation,
drug addiction, and autonomic control (Benarroch, 2012). This triggers appetite, particularly for

sucrose, by engaging motivational and reward processes within eating behavior (Erlanson-
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Albertsson, 2005). Zhang and Kelley (1997) observed that rats with stimulated opioid receptors
consumed notably higher amounts of sucrose. They concluded that endogenous opioid receptors
may play a crucial modulatory role in the consumption of palatable substances by delaying
satiety. In a clinical trial involving 26 participants, infusion of the opioid antagonist naloxone led
to a reduction in taste preferences for sweet and high-fat foods. Researchers inferred that
endogenous opioid peptides might play a role in mediating taste responses and preferences for
palatable foods, particularly those abundant in sweetness (Drewnowski, 1992). It has been
proposed that elevated levels of endogenous opioids contribute to overeating and could
potentially accelerate the onset of obesity (Na, 2012). Sweeter infant formulas may activate the
reward system and endogenous opioids, potentially increasing caloric intake beyond energy

requirements.

Flavor Programming in Infants

Another potential mechanism by which the sweetness level could influence future weight
gain is through flavor perception and preference development. The flavor exposures experienced
during both prenatal and postnatal periods shape a child's preferences for those flavors later in
life (Beauchamp, 2009; Mennella, 2014; Ventura, 2013). The early exposure to sweetness can
imprint taste preferences on infants, promoting overeating, and an increased preference for sweet
foods (Akerman, 2017). Flavor imprinting may exert its greatest influence during the initial
months of life, prior to the introduction of complementary food. Research revealed that infants
aged three to four months readily accepted bitter formula, but after reaching five to six months,
they displayed strong aversion to it (Mennella, 1996). In a randomized controlled trial involving

mother-infant dyads (n = 97), lactating mothers were given vegetable juices for one month,
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starting at 0.5, 1.5, or 2.5 months postpartum, or for three months starting at 0.5 months
postpartum. Even a brief exposure at 0.5 months was adequate to alter the hedonic response,
leading to a quicker consumption rate of carrot-flavored cereal compared to infants exposed at
later months or not at all (Mennella, 2017). Plasticity to neural substrates underlying flavor
profiling may be more pronounced during the first few months of life, though research is
inconclusive on the exact timing. Infants fed formula learn to prefer the unique flavor profile of
the formula. Formulas containing higher sweetness levels set the foundation for early eating
habits that follow into adulthood (Issanchou, 2016).

Research strongly supports the concept of flavor programming during infancy and its
impact on later food preferences. In a clinical trial, two-week-old infants were randomly
assigned to either a group receiving a bitter-tasting formula or a group receiving a sweeter
formula (Mennella, 2004). The infants who were fed the sweeter formula exhibited a strong
aversion to the bitter formulas by the age of seven months. In a similar study, 49 infants were
divided into three groups based on their formula: Nutramigen, Alimentum, and milk based. The
first two formulas come from different brands of hydrolyzed formulas, which are known for their
bitter taste. Infants showed a significant preference for their familiar formula over the alternative,
indicating the influence of flavor exposure on acceptance (Mennella, 2005). Additionally, Liem
and colleagues (2022) conducted a retrospective study, revealing that children who had been fed
protein hydrolysate formulas (known for their distinctive bitter taste) showed a preference for
higher levels of citric acid at ages four to five compared to those who had received a sweeter
formula. A cross-sectional analysis found a significant relationship with early exposure to added
sugars via formula and increase in toddler preference for sugar sweetened beverages (Griebel-

Thompson, 2020). Another study found that infants fed water mixed with added sugars (e.g.,
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table sugar, honey, Karo syrup) from birth to six months consumed more sucrose solution in
taste tests at six months compared to those who were not (Beauchamp, 1982). A study with 63
infants revealed that those regularly fed a water-sugar solution exhibited a significant connection
between their acceptance of sucrose at six months and two years of age. These infants,
consistently exposed to sucrose, consumed significantly more during tests at six months and two
years compared to those not given a sucrose solution (Beauchamp, 1984). The sweetness level of
formula may be significant as it may heighten a child's tendency to choose sweeter foods,
potentially affecting their nutritional status.

Not all data aligns with the notion of increased preference for sweet foods due to greater
sweet exposure. Muller et al. (2023) conducted a study on infants (n=312), evaluating their liking
for sweetness in the laboratory at three, six, and twelve months, based on monthly seven-day
food records. Interestingly, this study did not find a correlation between sweetness exposure and
the level of sweetness liking in infants over observations spanning from the third to the twelfth
month of life. Further research is necessary to understand how sweetness affects flavor profiling

in infants and throughout subsequent developmental stages.

Sweetness Levels in Formula and Infant Anthropometric Measurements

Research on the connection between added sugars and sweetness in formula and its effect
on weight gain on infants is limited. Anderson and colleagues (2022) examined more than
16,000 mother-infant pairs to evaluate the risk of childhood obesity associated with glucose-
based and lactose-reduced formulas. Formulas containing corn syrup solids showed a 10%
higher risk of obesity at age two. In a randomized clinical trial investigating lactose-free

formulas and their impact on infant growth, females (not males) fed lactose-free formula
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exhibited a significantly higher (15%; P = 0.020) average daily weight gain compared to those
fed lactose-based formulas (Lasekan, 2011). This difference is likely attributable to the higher
concentrations of sucrose, fructose, and corn syrup solids in lactose-based formulas. Younge. et.
al., 2002 categorized formula carbohydrates into lactose, glucose (including corn syrup, corn
syrup solids, brown rice syrup, starch, glucose syrup, and maltodextrin), and sucrose. Their
findings indicated that the consumption of sucrose-containing formula was linked to higher
weight-for-length and abdominal circumference-for-age Z-scores among infants aged 0—12
months. In addition, a preliminary investigation examined data on added sugar intake and weight
patterns in 141 children under the age of two. The data revealed that added sugar intake had a
positive correlation with rapid weight gain (Kong, 2021). Little is known about the long-term
consequences of adding sugars to formula and its connection to future obesity. Further research
is needed to clarify the relationship between added sugar, infant formula sweetness, and health
outcomes including anthropometric measurements.

Infant formula plays a pivotal role in determining a child's health outcomes, particularly
concerning the risk of future overweight and obesity. While existing research has yet to provide
definitive reasons for the accelerated weight gain observed in formula fed infants, there remains
a gap in studies exploring the influence of formula sweetness. This research explores the rated
sweetness of infant formulas and if there are any association with childhood anthropometric
measurements. The findings may offer new insights into preventing childhood overweight and

obesity by considering the role of taste preferences established during infancy
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Purpose

The purpose of this study is to answer the following question:
Is there a relationship between the rated sweetness of infant formulas and anthropometric

measures during childhood?

The specific aims of this study:
a. To determine the overall sweetness rating of infant formulas.
b. To explore the relationship between the sweetness ratings of infant formulas and

anthropometric measurements taken during early childhood.

Justification

There is substantial research indicating a positive association between formula feeding
and rapid weight gain during infancy (Arenz, 2004; Dharod, 2023; Dewey, 2020; Mannan,
2018). Rapid weight gain during infancy can persist throughout the lifespan, increasing the risk
of developing future metabolic and chronic diseases (Druet, 2012; Lumeng, 2015; Simmonds,
2016; Stettler, 2002; Zheng, 2018). The nutrient composition of infant formula significantly
differs from that of breast milk, which is considered the ideal source of infant nutrition. This
difference is a likely contributor to the excess weight gain observed in formula fed infants
(Huang, 2018; Kong, 2021, Lumeng, 2015).

While the Food and Drug Administration regulates 30 nutrient components in infant
formula, the regulation of added sugars is minimal. Formulas may contain various types of
sugars (e.g., corn syrup solids, sucrose, polydextrose, and maltodextrin) that are either absent or
present in insignificant amounts in breast milk (CFR, 2023; Kleinman, 2020). Lactose, the
primary carbohydrate in breast milk, plays a crucial role in infant growth and development by

providing energy without eliciting rewarding effects. It serves as a building block for various
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macromolecules, has a low glycemic index, exerts microbiota-modulating effects, and has a low
relative sweetness value (Romero-Velarde, 2019). Research has investigated the relationship
between different added sugars and BMI in children, frequently revealing a positive association
(Jardi, 2019; Laverty, 2015; Magriplis, 202; Moore, 2022; Wang, 2015). Despite the potential
impact, the role of added sugars in infant formula has been largely overlooked in current
research.

The sweetness levels of added sugars in infant formulas vary significantly, potentially
influencing the perceived sweetness of the formula. This variation may affect intake by altering
hedonic hunger, satiety signals, and the release of endogenous opioids (Tan, 2019). There is
evidence linking the sweetness of added sugars in children's diets to increased weight gain
(Ahrens, 2015; Gonzélez, 2022; Lanfer, 2012; Sobek, 2020). However, the specific sweetness
levels of infant formulas and their potential associations to weight gain in formula fed infants
have yet to be thoroughly explored. By measuring the sweetness of six commonly used infant
formulas, a clearer understanding can be gained of which formulas are sweeter. Comparing the
sweetness levels of these formulas with childhood anthropometric measurements will offer

valuable insights into the potential association between sweetness and weight.
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Chapter 2 - Methodology

Sweetness Ratings of Infant Formula

Sensory Lab Protocols

The sensory panelists' screening, training, and evaluation activities were conducted at the
Sensory and Consumer Research Center at the Kansas State University-Olathe Campus (K-State
Olathe). Stringent environmental controls were implemented during all sensory activities. These
measures ensured a quiet environment free from distractions or interruptions, comfortable
surroundings, controlled lighting, and regulated air conditioning to maintain optimal
temperature, humidity, and air purity. Additional precautions included maintaining neutral facial
expressions, thorough rinsing procedures, and prohibiting the use of phones during testing

sessions. Panelist screening, training and sample tasting occurred over three days.

Sensory Panel Recruitment

To form the sensory panel, 200 participants were contacted through a large database
maintained by the center. The respondents were screened using a questionnaire that included
questions on gender, age, food allergies, smoking, and willingness to taste infant food and
formula. Also, participants should not have taken part in any consumer research or sensory taste
test in the past three months anywhere in the US. From the respondents, 18 potential panel
members from the Olathe, Kansas area were selected. At the outset of the study, the research

team provided detailed instructions and guidelines. Personal hygiene protocols included
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abstaining from wearing lipstick, perfumes/colognes, or fragrant hair sprays, as well as refraining
from smoking as well as eating and drinking for at least one hour prior to participation.

In addition, participants signed an informed consent and were compensated for their
time. Payment was received upon the completion of the sensory evaluation on the third day. This
study was conducted under the existing Institutional Review Board (IRB) approval (#05930)

using approved protocols.

Infant Formula Selection

Based on prevalent WIC contracts, six formulas were selected for testing including two
milk-based formulas (Similac® Advance® and Enfamil® Infant), two reduced-lactose formulas
with added corn syrup solids (Similac® Sensitive® and Enfamil® Gentlease). a lactose-reduced
formula with added rice Enfamil® A.R.™ and a lactose-free soy-based formula (Enfamil®

ProSobee®).
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Table 2.1 Infant Formula Ingredients

Infant formula Type of formula Added sugars

Enfamil® Infant standard, cow’s milk based lactose
Enfamil® Gentlease partially hydrolyzed nonfat milk corn syrup
Enfamil® ProSobee® soy-based corn syrup

Enfamil® A.R. added rice starch to reduce spit-up rice starch, lactose,

maltodextrin
s g 22t corn syrup, sucrose
Similac Sensitive® lactose reduced formula yrup
Similac® Advance® standard, cow's milk based lactose

Day 1: Final Panel Selection

On Day One, each potential panelist underwent a series of three distinct sensory acuity
screening tests to assess their ability to detect, differentiate, and quantify various sucrose
concentrations (i.e., sweetness levels) in aqueous solutions (distilled water).

1. Sweetness Intensity Ranking Test: Participants were presented with four different sucrose
solutions, ranging from 0 g sucrose / 100 ml of water to 5 g sucrose / 100 ml of water.
They were asked to rank the solutions in order of perceived sweetness.

2. Triangle Test: Participants were given three solutions; two sucrose (2 g sucrose / 100 ml
of water) samples and one water solution (0 g sucrose / 100 ml), two of which were
identical and one that was different. They were tasked with identifying the sample that
was different from the other two.

3. Tetrad Test: Participants received four sucrose samples, two of one concentration (3 g
sucrose / 100 ml of water) and two (5 g sucrose / 100 ml of water) of another

concentration. They were required to identify and group samples which were the same.
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Only individuals who achieved a 100% accuracy across all three screening tests were
selected to continue as panel members for the sensory analysis. This selection process resulted in
the elimination of three participants, leaving a final panel of 15 members. The demographics of
the panel members were predominantly Caucasian (15 members), with one Asian American and
one African American. The gender distribution consisted of five males and ten females. The age
of the panel members ranged from 39 to 68 years, with an average age of 56.1 years. None of the

panel members were smokers, and no known food allergies were reported.

Table 2.2 Sensory Pannel Characteristics
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Day 1: Panel Descriptive Training

Following selection, panel members participated in descriptive training to assess
sweetness levels. Three reference solutions were prepared with different sugar concentrations: 0

g sucrose / 100 ml of water, 2 g sucrose / 100 ml of water, and 4 g sucrose / 100 ml of water.
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These concentrations were determined by the sensory lab after conducting a technical tasting
session by five trained sensory scientists. All infant formula samples were tasted along with five
reference sucrose solutions ranging from sweet = 0.0 (0 g sucrose / 100 ml of water) to sweet =
5.0 (5 g sucrose / 100 ml of water) to represent an appropriate range of sweetness levels for the
formulas.

For panel orientation and training only three infant formula samples that represented wide
sweetness intensity range were prepared from powder according to label directions. Each sample
was individually compared to the reference sucrose solutions. During the comparisons, panel
members engaged in discussions and received training focused on assessing only the sweetness
intensity in each formula.

Panel members practiced using a descriptive training ballot designed to measure
sweetness. The ballot featured a sweetness ranking scale from zero to fifteen, where zero
represented no sweetness (distilled water) and fifteen represented extreme sweetness. The scale
was marked in 0.5 increments. Training was provided to panel members on how to accurately

evaluate and rank the sweetness of each sample using this scale.

Day 2-3: Sensory Evaluation

On Day two, panel members participated in two sensory evaluation sessions, held at
10:30 AM and 2:30 PM CST. Seven formula samples were prepared for each of these sessions.
The samples consisted of one sample of each of the six study formulas plus one repeat sample.
All samples were prepared within ten minutes of testing. The powdered formulas were mixed in
glass bottles (21.98 oz SodaStream Glass Carafe) using room temperature distilled water and

shaken according to the label directions. The prepared formulas were then transferred into four
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oz disposable polystyrene translucent plastic souffle cups (Dart, Mason, Michigan, US) covered
with clear lids, each labeled with a three-digit blinding code. The samples were evaluated
following a sequential monadic serving design and were presented based on a completely
randomized balance design. Each participant evaluated all six infant formulas with three
replications in three different sessions over two days.

Nabisco Premium unsalted crackers and plain water were used as palate cleansers. Table
settings included a spitting cup, a pencil, and a descriptive paper ballot. Panel members had
access to three reference solutions for sweetness: 0 g sugar / 100 ml of water, 2 g sugar / 100 ml
of water, and 4 g sugar / 100 ml of water. The descriptive ballot included sections for the sample
number, a sweetness scale ranging from 0 to 15 in 0.5 increments, and a comment section where
participants could add additional remarks about taste, flavor, texture, and other sensory
attributes.

Each formula sample was assigned a three-digit randomized code, the three-digit sample
codes changed for each session to prevent familiarity with repeated formulas. Panel members
had five minutes to taste and rate the sweetness of each formula and provide any additional
comments. They were given an additional two minutes between samples to cleanse their palates
and remove any lingering tastes.

Day three, panel members returned to the center for last sensory analysis session. All

above protocols were followed.
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Early Childhood Anthropometric Measurements

Dataset

This study utilized a dataset from a Southern California agency of the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC) which was used
previously to examine the relationship between lactose-reduced infant formula with corn syrup
solids and obesity (Anderson, 2022). The dataset included children born between September
2012 and March 2016. To be included, children had to meet the following criteria: they must
have been enrolled in WIC within 42 days of birth, had complete WIC infant food package
issuance data for at least 12 out of the first 13 months of life, received the fully formula feeding
infant package from three months of age through the remainder of the infant year (indicating
breastfeeding had ceased by three months of age), had at least one height and weight
measurement annually through age four, and had complete sociodemographic data.

Several important covariates were considered when comparing childhood
anthropometrics and sweetness values, including gender, age, and date of birth. Race and
ethnicity were classified as Asian, White, Black, Hispanic, or Other. Maternal language
preference was reported as English, Spanish, or Other. For analysis, language preferences and
race/ethnicity were combined into the following groups: English-speaking Asian, non-English-
speaking Asian, Black, English-speaking Hispanic, Spanish-speaking Hispanic, White, and
Other. Maternal education levels were categorized as less than high school, high school graduate,
or more than high school. Household poverty status was classified as below 100% or at/above

100% of the federal poverty level. Although pre-pregnancy weight was not available, maternal
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postpartum BMI (kg / m?) was measured by WIC staff between zero and six months postpartum

and categorized as underweight, normal weight, overweight, or obese.

Weight Measurements
Child obesity was assessed using the weight-for-length, weight-for-age, and length-for-
age. Height and weight measurements were collected by Women, Infants, and Children (WIC)
administrative staff during routine certification appointments, typically conducted every six
months to a year (USDA, 2024). For children aged two years and older, obesity was defined as a
body mass index (BMI)-for-age z-score equal to or greater than the 95th percentile for age and
sex using specific CDC growth curves. The first length and weight measurement available for

each infant were used as the baseline for infant growth status.

Data Analysis

The mean and median sweetness perception values for each formula were derived from
three replicate tests (R1, R2, and R3), conducted by 15 panelists per formula. This resulted in a
total of 45 sweetness ratings per formula. Mean values were first calculated for each replicate
based on the panelists' scores, and then averaged across all replicates. Similarly, median values
were computed for each replicate and then aggregated across replicates.

For each height and weight measurement in the dataset, a time-updated average
sweetness score was calculated by summing the sweetness of the infant formula issued each
month up to the measurement point and dividing it by the total number of months of formula

issuance. To categorize the infants based on formula sweetness, average sweetness was
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calculated, and two groups were created: those below the 50th percentile and those at or above
the 50th percentile.

Absolute obesity risk and risk differences were calculated using linear risk regression
with generalized estimating equations (GEE) and robust standard error estimation. This model
accounted for household poverty level, maternal postpartum weight status, maternal education,
infant sex, race/ethnicity, baseline weight-for-length z-score, age at the last reported
breastfeeding, total months of formula issuance, formula sweetness, and age at the time of the
weight/length measurement. Linear, quadratic, and cubic terms for age, as well as interactions
between formula sweetness and age, were also included. The models accommodated repeated
measurements clustered within individual children.

Risk ratios and 95% confidence intervals were derived using modified Poisson regression
with generalized estimating equation (GEE) and robust standard errors. These models included
the same covariates as the linear risk regression models, accounting for household poverty,
maternal postpartum weight status, educational attainment, infant sex, race/ethnicity, baseline
weight-for-length z-score, breastfeeding duration, total formula issuance, formula sweetness, and
age at measurement (linear, quadratic, and cubic terms). The models also allowed for repeated

observations within each child.
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Chapter 3 - Results

Sensory panel analysis revealed a wide range of sweetness levels with mean ratings
ranging from 0.83 to 3.11. The highest sweetness ratings were for Similac® Advance® and
Similac® Sensitive®, and the lowest ratings were for Enfamil® ProSobee®. Mean and median

sweetness ratings for all formulas are listed in Table 1.

Table 3.1 Sensory panel sweetness values for infant formulas

Mean Median
Formula type R1# R2?% R32 All* RI* R2* R3?* All®
* Enfamil® Infant 247 267 260 258 20 25 25 250
* Enfamil® Gentlease 1.07 083 070 087 1.0 1.0 0.5 1.00
* Enfamil® A.R. ™ 1.17 1.03 0.67 096 10 1.0 05 1.00
* Enfamil® ProSobee® 090 1.07 053 083 05 1.0 00 0.67
Similac® Sensitive® 28 273 267 282 30 25 30 30
Similac® Advance® 307 333 333 3.11 35 35 40 35

* Infant formula sweetness was assessed using a sensory panel conducted with 15 testers and three replicate tests
(R1, R2, and R3) for each prepared formula in June 2024. Mean values represent the calculated mean across all
testers in each replicate, and then the mean was calculated for all testers across all replicates. Median values
represent the median across all testers in each replicate, and then the median was calculated across all replicates.

* Infant formulas used in anthropometric analysis.

Table 2 provides characteristics of the study sample used to explore the relationship
between the sweetness ratings and anthropometric measurements. In addition to the values
provided for the full sample, values are provided for those with low (< 50th percentile) and those
with high (= 50th percentile) average time-updated sweetness values based on formula issuance.

The mean + SD sweetness value for the high sweetness group was 2.8 & 0.8, while for the low
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sweetness group, it was 1.2 = 0.5. The overall mean average time-updated sweetness values for
the full sample was 2.3 + 0.8. Of all the participants, 30.3% consumed formula with sweetness
levels under the 50th percentile, compared to 69.7% in the higher sweetness group. The largest
demographic group in the study was Hispanic, with 50.4% (8,271 participants) being English-
speaking and 36.6% (6,008 participants) being Spanish-speaking. Together, these two Hispanic
groups comprised 87.9% of participants in the under-50th percentile sweetness group and 86.6%
of those in the over-50th sweetness percentile group for formula sweetness. The percentage of
mothers with less than a high school education was 16.3% in the group with sweetness ratings
below the 50th percentile and 23.0% in the group with sweetness ratings above the 50th
percentile. A significant proportion of participant households (80.4%) had incomes below 100%
of the poverty line with little differences observed between the groups. Maternal postpartum
obesity rates (BMI 30 to < 35 and BMI > 35) were as follows: In the under-50th percentile
sweetness group, 24.4% of mothers had a BMI of 30 to < 35, and 19.2% had a BMI > 35. In the
over-50th percentile sweetness group, 21.5% of mothers had a BMI of 30 to < 35, and 15.1% had
a BMI > 35.

This sample exhibited elevated weight-for-length and weight-for-age values when
compared to the normative data for children of the same age. Conversely, negative slope
differences were interpreted as indicators of healthier growth patterns, in response to the higher
prevalence of obesity observed in the dataset. According to prior research, height, weight, and
BMI measurements taken by WIC staff are deemed sufficiently accurate for research purposes

(Crespi, 2017).
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Table 3.2 Characteristics of WIC-participating infants born between September 2012 and
March 2016 by average sweetness of WIC-issued infant formula in Southern California (n

=16,415).
Full sample Average formula sweetness
<50™ percentile  >50" percentile
Variable N=16,415 4,968(30.3) 11,447(69.7)  p-value
Male, n (%) 8432 (51.4) 2664 (53.6) 5768 (50.4) 0.0001
Race/ethnicity and language, n (%) <0.0001
Asian, Non-English Speaking 805 (4.9) 112 (2.3) 693 (6.1)
Asian, English-Speaking 343 (2.1) 58(1.2) 285 (2.5)
Black 613 (3.7) 283 (5.7) 330 (2.9)
Hispanic, English-Speaking 8271 (50.4) 3019 (60.8) 5252 (45.9)
Hispanic, Spanish-Speaking 6008 (36.6) 1344 (27.1) 4664 (40.7)
White 174 (1.1) 75 (1.5) 99 (0.9)
Other 201 (1.2) 77 (1.5) 124 (1.1)
Maternal education, n (%) <0.0001
< High school degree 3414 (20.9) 805 (16.3) 2609 (23.0)
High school degree 4215 (25.9) 1206 (24.4) 3009 (26.5)
> High school degree 8668 (53.2) 2930 (59.3) 5738 (50.5)
Income <100% FPL, n (%) 13096 (80.4) 3950 (79.9) 9146 (80.5) 0.38
Maternal postpartum BMI (kg/m?), n (%) <0.001
<25 4218 (25.7) 1135 (22.8) 3083 (26.9)
25t0 <30 5840 (35.6) 1664 (33.5) 4176 (36.5)
30 to <35 3677 (22.4) 1213 (24.4) 2464 (21.5)
>35 2680 (16.3) 956 (19.2) 1724 (15.1)
Age at last breastfeeding (m), mean = SD 0.8+0.9 0.8+0.9 09=+09 0.30
Total formula (m), mean + SD 12.2+0.9 122+1.0 123+ 0.9 <0.0001
Formula sweetness (mean),” mean + SD 23+0.8 1.2+0.5 2.8+0.0 <0.0001
Formula sweetness (median),” mean + SD 2.1+0.6 1.2+04 2.5+0.0 <0.0001
Total CSSF (m), mean + SD 2.1+42 7.0+5.0 0.0+0.5 <0.0001
Age at first CSSF (m), mean + SD 1.9+1.7 1.9+1.7 1.6+1.8 0.15
Baseline measurements
Age (y), mean = SD 04+0.2 04+0.2 04+0.2 0.003
WLZ, mean = SD 0.6+ 1.1 0.5+ 1.1 0.6x1.1 <0.0001
WAZ, mean = SD 03+1.0 03+1.1 04+1.0 <0.0001
LAZ, mean + SD -0.1+1.0 -0.1+1.0 -0.1£1.0 0.004
Last measurements
Age (y), mean = SD 44+0.2 44+0.2 44+0.2 0.01
WLZ, mean + SD 0.8+1.1 0.8+1.1 0.7+1.1 0.0008
WAZ, mean = SD 0712 0.8+1.2 0.7+1.1 0.0005
LAZ, mean + SD 03+1.0 03+1.0 03+1.0 0.02
Obese, n (%) 4154 (25.3) 1321 (26.6) 2833 (24.7) 0.01

BMI=body mass index; CSSF=lactose-reduced infant formula made with corn syrup solids; LAZ= length-for-age z-
score; m=months; SD=standard deviation; WAZ= weight-for-age z-score; WIC=the Special Supplemental Nutrition

Program for Women, Infants, and Children; WLZ= weight-for-length z-score; y=years.

* Time-updated average sweetness was calculated for each height and weight measurement for each participating
child in the study. These scores were calculated by dividing the sum of the infant formula sweetness for the issued
infant formula each month up to the month of the measurement (either mean sweetness or median sweetness) by the
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number of months of formula issuance up to the measurement. Values presented in this table correspond to the score
after the final month of infant formula issuance (at age 12 months)

Analysis comparing infant formula sweetness and anthropometric outcomes (Table 3)
revealed that formulas with higher perceived sweetness were linked to a lower absolute risk of
obesity at ages two, three, and four. Specifically, the mean absolute risk of obesity for a
sweetness score of 1 compared to a score of 2 was 21.90% versus 20.05% at age 2, 26.17%
versus 25.69% at age 3, and 28.17% versus 26.57% at age 4. Furthermore, the risk difference,
which measures the probability of obesity between children exposed to higher versus lower
sweetness formulas, showed a decrease in obesity risk with each 1-point increase in formula
sweetness. The mean risk difference with a 1-point increase in sweetness was -1.84% at age 2 (p
=0.0004), -1.04% at age 3 (p =0.01), and -1.42% at age 4 (p = 0.001).

The risk ratio, which indicates how many times more likely children consuming higher
sweetness formulas are to develop obesity compared to those consuming lower sweetness
formulas, further supported this trend. For each 1-point increase in sweetness, the risk ratio was
0.91 at age 2 (p = 0.0003), 0.96 at age 3 (p = 0.02), and 0.95 at age 4 (p = 0.002). In practical
terms, consuming infant formula with an average sweetness score of 2, compared to a score of 1,
lowered the risk of obesity by 8.5% at age 2, 3.9% at age 3, and 5.1% at age 4.

Table 4 depicts differences in the rate of growth and mean weight-for-length z-scores
associated with higher sweetness values. Tables 5 and 6 depict differences in the rate of growth
and mean weight-for-age z-scores and mean length-for-age z-scores, respectively. A 1-point
higher time-updated average formula sweetness value was associated with lower weight-for-
length z-scores at ages 1 to 4 years, a lower weight-for-age z-scores mean between ages 0.5 to 4

years, and a lower length-for-age z-scores between age 0 to 4 years.
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Table 3.3 Absolute risk, risk difference, and risk ratios for obesity associated with 1-point higher time-updated average
sweetness of infant formula issued by WIC at ages 2, 3 and 4 years among WIC-participating children in Southern California

(n = 16,415).

Exposure
Age

Absolute risk (%) *

Sweetness score=1

Sweetness score=2

Risk (%) difference *
1-point higher p
sweetness

Risk Ratio ®

1-point higher
sweetness

Mean score
2y
3y
4y

Median score
2y
3y
4y

21.90 (19.46, 24.34)
26.73 (24.47, 28.99)
28.17 (25.87, 30.47)

22.04 (19.57, 24.51)

26.80 (24.52, 29.07)
28.23 (25.92, 30.55)

20.05 (17.97, 22.14)
25.69 (23.66, 27.71)
26.75 (24.71, 28.79)

19.74 (17.67, 21.81)

25.51(23.49, 27.52)
26.50 (24.48, 28.53)

_1.84(-2.87,-0.81)  0.0004
-1.04 (-1.86, -0.22) 0.01
-1.42 (-2.29, -0.56) 0.001

-2.30(-3.55,-1.05)  0.0003
-1.29 (-2.28, -0.30) 0.01
-1.73 (-2.78, -0.69) 0.001

0.91 (0.87, 0.96)
0.96 (0.93, 0.99)
0.95(0.92, 0.98)

0.89 (0.84, 0.95)

0.95(0.92, 0.99)
0.94 (0.90, 0.98)

0.0003
0.02

0.002

0.0002
0.02

0.002

WIC=the Special Supplemental Nutrition Program for Women, Infants, and Children; y=years.

 Absolute obesity risk and risk differences were obtained from linear risk regression generalized estimating equation models with robust standard error
estimation that included terms for household poverty; maternal post-partum weight status, educational attainment; infant sex, race/ethnicity, baseline weight-for-
length z-score, age (in months) at last reported breastfeeding, total months of any formula issued by WIC, the sweetness of infant formula issued by WIC, age at
weight/length measurement (linear, quadratic and cubic), and two-way interactions between issued infant formula sweetness and age (linear, quadratic, and
cubic). Regression accommodated repeated observations clustered within each child.

b Risk Ratio and 95% confidence intervals were obtained from modified Poisson regression generalized estimating equation models with robust standard error
estimation that included terms for household poverty; maternal post-partum weight status, educational attainment; infant sex, race/ethnicity, baseline weight-for-
length z-score, age (in months) at last reported breastfeeding, total months of any formula issued by WIC, the sweetness of infant formula issued by WIC, age at
weight/length measurement (linear, quadratic and cubic), and two-way interactions between issued infant formula sweetness and age (linear, quadratic, and
cubic). Regression models accommodated repeated observations clustered within each child.
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Table 3.4 Differences in rate of growth (SD/year) and mean weight-for-length z-scores
associated with a 1-point higher time-updated average formula sweetness exposure among
WIC-participating children in Southern California ages 0-5 years (n=16,415).?

Rate of WLZ growth Mean WLZ

Age (years) Diff (95% CI) p-value Age (years) Diff (95% CI) p-value

- 0.0 -0.00 (-0.01, 0.01) 0.93

0.0-0.5 0.02 (-0.03, 0.07) 0.36 0.5 0.01 (-0.01, 0.03) 0.19
0.5-1.0 -0.17 (-0.22, -0.12) <0.0001 1.0 -0.08 (-0.10,-0.05)  <0.0001
1.0-1.5 -0.04 (-0.10, 0.01) 0.13 1.5 -0.10 (-0.12,-0.07)  <0.0001
1.5-2.0 0.03 (-0.02, 0.08) 0.25 2.0 -0.08 (-0.11,-0.06)  <0.0001
2.0-3.0 0.02 (0.00, 0.04) <0.05 3.0 -0.06 (-0.09,-0.04)  <0.0001
3.0-4.0 0.02 (-0.00, 0.03) 0.10 4.0 -0.05 (-0.07,-0.02)  <0.0001

4.0-5.0 -0.00 (-0.03, 0.03) 0.98 5.0 -0.05 (-0.08, -0.01) 0.007

* Estimates are from piecewise linear spline mixed models for growth. Models were run with weight-for-length z-
score as the dependent variable, and terms for independent variables for household poverty; maternal post-partum
weight status, educational attainment; infant sex, race/ethnicity, baseline weight-for-length z-score, age (in months)
at baseline weight-for-length z-score measurement, age (in months) at last reported breastfeeding, total months of
any formula issued by WIC, the sweetness of infant formula issued by WIC, age at weight/length measurement
(linear, and with 6 linear spline variables which increased monotonically with age for values above 0.5, 1.0, 1.5, 2.0,
3.0, and 4.0 years), and two-way interactions between issued infant formula sweetness and age (linear, and each
spline variable). Regression accommodated random intercepts and slopes for age.

Table 3.5 Differences in rate of growth (SD/year) and mean weight-for-age z-scores
associated with a 1-point higher time-updated average formula sweetness exposure among
WIC-participating children in Southern California ages 0-5 years (n=16,415).*

Rate of WAZ growth Mean WAZ
Age (years) Diff (95% CI) p-value  Age (years) Diff (95% CI) p-value
- 0.0 0.01 (-0.00, 0.02) 0.08
0.0-0.5 -0.06 (-0.09, -0.02) 0.0009 0.5 -0.02 (-0.03, -0.01) 0.0006
0.5-1.0 -0.18 (-0.22, -0.15) <0.0001 1.0 -0.11 (-0.13, -0.09) <0.0001
1.0-1.5 -0.01 (-0.05, 0.02) 0.49 1.5 -0.12 (-0.14, -0.10) <0.0001
1.5-2.0 0.02 (-0.02, 0.06) 0.28 2.0 -0.11 (-0.13, -0.09) <0.0001
2.0-3.0 0.02 (0.01, 0.03) 0.0006 3.0 -0.09 (-0.11, -0.07) <0.0001
3.0-4.0 0.01 (-0.00, 0.02) 0.18 4.0 -0.08 (-0.10, -0.06) <0.0001
4.0-5.0 0.01 (-0.01, 0.03) 0.47 5.0 -0.07 (-0.10, -0.04) <0.0001

* Estimates are from piecewise linear spline mixed models for growth. Models were run with weight-for-age z-score
as the dependent variable, and terms for independent variables for household poverty; maternal post-partum weight
status, educational attainment; infant sex, race/ethnicity, baseline weight-for-age z-score, age (in months) at baseline
weight-for-age z-score measurement, age (in months) at last reported breastfeeding, total months of any formula
issued by WIC, the sweetness of infant formula issued by WIC, age at weight/length measurement (linear, and with
6 linear spline variables which increased monotonically with age for values above 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0
years), and two-way interactions between issued infant formula sweetness and age (linear, and each spline variable).
Regression accommodated random intercepts and slopes for age.
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.13Table 3.6 Differences in rate of growth (SD/year) and mean length-for-age z-scores
associated with a 1-point higher time-updated average formula sweetness exposure among
WIC-participating children in Southern California ages 0-5 years (n=16,415).?

Rate of LAZ growth Mean LAZ

Age (years) Diff (95% CI) p-value Age (years) Diff (95% CI) p-value

- - - 0.0 0.01 (0.00, 0.02) 0.02
0.0-0.5 -0.08 (-0.12, -0.04) <0.0001 0.5 -0.03 (-0.04,-0.01)  <0.0001
0.5-1.0 -0.08 (-0.12, -0.04) 0.0002 1.0 -0.07 (-0.09,-0.05)  <0.0001
1.0-1.5 0.03 (-0.02, 0.07) 0.26 1.5 -0.05 (-0.07,-0.03)  <0.0001
1.5-2.0 -0.01 (-0.05, 0.03) 0.67 2.0 -0.06 (-0.08,-0.04)  <0.0001
2.0-3.0 0.02 (0.00, 0.03) 0.02 3.0 -0.04 (-0.06,-0.02)  <0.0001
3.0-4.0 0.00 (-0.01, 0.01) 0.96 4.0 -0.04 (-0.06, -0.02) 0.0001

4.0-5.0 0.00 (-0.02, 0.03) 0.79 5.0 -0.04 (-0.07,-0.01) 0.02

* Estimates are from piecewise linear spline mixed models for growth. Models were run with length-for-age z-score
as the dependent variable, and terms for independent variables for household poverty; maternal post-partum weight
status, educational attainment; infant sex, race/ethnicity, baseline length-for-age z-score, age (in months) at baseline
length-for-age z-score measurement, age (in months) at last reported breastfeeding, total months of any formula

issued by WIC, the sweetness of infant formula issued by WIC, age at weight/length measurement (linear, and with
6 linear spline variables which increased monotonically with age for values above 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0

years), and two-way interactions between issued infant formula sweetness and age (linear, and each spline variable).
Regression accommodated random intercepts and slopes for age.

39



Chapter 4 - Discussion

The first aim of the study was to assess the sweetness levels of six infant formulas. A
trained sensory panel conducted three separate analyses of the formulas over the span of three
days. The sweetness ratings for the infant formulas varied significantly. Infant formula is a
complex mixture of fats, proteins, carbohydrates, vitamins, minerals, and other additives. The
sensory attributes of the varying ingredients along with the interplay among these ingredients can
influence perceived sweetness and explain the variation in sweetness ratings observed among the
infant formulas examined in this study.

Enfamil® Gentlelease is ranked low in sweetness, despite corn syrup solids being listed
as the primary ingredient on its label. The mean and median sweetness levels determined by the
sensory panel were 0.87 and 1.0, respectively. This formula, designed for infants with cow’s
milk protein allergies, is based on partially hydrolyzed nonfat milk protein (Borschel, 2018).
Cow's milk protein allergy occurs when an infant's immune system mistakenly identifies the
proteins found in cow’s milk (casein or whey) as foreign. Antibodies and histamine are released,
triggering an immune reaction, which can lead to allergic symptoms such as vomiting, itching,
diarrhea, constipation, abdominal cramps, rash, and eczema (Vincent, 2022). This condition can
be either Immunoglobulin-E (IgE) mediated (immediate hypersensitivity) or non-IgE mediated
(cell-mediated or delayed-type hypersensitivity) and affects 2-3% of children (Borschel, 2018;
Mousan, 2016). Infants with cow's milk protein allergy should avoid formulas containing cow’s
milk protein or be exclusively breast fed (Vandenplas, 2021). Unfortunately, due to variations in
diagnostic criteria, many infants inappropriately consume these elimination formulas even when

they are not medically necessary (Vandenplas, 2007).
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Enfamil® Gentlease features partially hydrolyzed proteins, making it easier to digest and
lowering the risk of triggering the immune system in infants with suspected cow's milk allergy
(Yang, 2022). Both partially and extensively hydrolyzed formulas undergo different methods of
protein hydrolysis, such as heat treatment and enzymatic hydrolysis (Vandenplas, 2022). The
hydrolyzation process breaks down casein proteins in milk into short-chain peptides and free
amino acids. Formulas are classified based on peptide size, with partially hydrolyzed formulas
containing peptides mostly in the 3—10 kDa range, and extensively hydrolyzed formulas
containing peptides primarily less than 3 kDa (Nutten, 2016). The partial breakdown of cow's
milk proteins enhances the digestibility of the formula, reducing the likelihood of allergic
symptoms.

The hydrolyzation process results in a unique flavor profile, producing bitter peptides
(Lee, 1992). The bitter peptides modify the sweetness perception of infant formulas. A study
identifying bitter constituents in hydrolyzed infant formula utilized sensory panelists trained on
various relevant odors and aromas (Alim, 2020). The panelists found that all peptides contributed
to bitter and off-flavor tastes. Extensively hydrolyzed milk-based formulas were noted for their
high salty, bitter, and umami tastes, with an overriding bitterness score of 8 out of 10. In contrast,
partially hydrolyzed milk-based formulas exhibited strong bitter, umami, and sweet tastes, with a
bitterness score of 4 out of 10. Another study examining the palatability of specialty formulas (n
= 12) found a statistically significant correlation between greater protein hydrolyzation and lower
scores in taste, texture, and overall palatability (Pedrosa, 2006). Infant formulas with hydrolyzed
proteins are found to be less sweet compared to lactose-based formulas.

In formulas containing extensively or partially hydrolyzed proteins, the primary

carbohydrate sources typically encompass glucose polymers and/or sucrose (Martinez, 2011).
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Glucose polymers in infant formulas typically originate from corn syrup solids, produced
through the dehydration and hydrolysis of corn starch. This results in a highly processed
molecular structure characterized by long chains of glucose. Corn syrup solids are widely
utilized as sweeteners in various food products, offering a mild sweetness comparable to glucose
and maltodextrins, typically ranging from 30% to 60% of sucrose sweetness, depending on
processing methods (Polanski, 2006). In contrast, lactose, another common component, registers
at approximately 40% of sucrose sweetness. The heightened sweetness levels of corn syrup
solids and sucrose are employed to mitigate the bitter flavors of hydrolyzed proteins. However,
despite this effort, the sensory panel were able to discern the presence of bitter peptides, which
are notably less sweet compared to milk-based formulas.

It is important to note that not all partially and extensively hydrolyzed formulas have
similar flavors. Miraglia Del Giudice (2015) examined the flavor profiles of 25 hydrolyzed and
amino acid-based formulas using a sensory panel (n = 150). The study comprehensively
evaluated attributes such as smell, texture, taste, and aftertaste, benchmarking each formula
against cow’s milk, where significant differences were observed. The taste characteristics of
hydrolyzed formulas were found to be influenced by factors such as the nitrogen source (casein
or whey), peptide composition, and other constituents like lipids and lactose content present in
the formulation. Further evaluation of hydrolyzed formulas is necessary to determine their
individual sweetness level.

Enfamil® A.R.™ (added rice) was also ranked lower on the sweetness scale. The sensory
panel reported a mean sweetness level of 0.96 and a median of 1.0. Infant formulas with added
rice are antireflux formulas designed to reduce the frequency and volume of infant spit-up and

regurgitation. The rice thickens the formula, making it more likely to stay in the stomach. Rice
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starch, the first carbohydrate listed in the formula, is a glucose polymer comprising both
amylopectin and amylose molecules (Sangwongchai, 2023). Rice starch is highly processed
through a series of steps: milling rice kernels, soaking them in sodium hydroxide, grinding them
into flour, and then dehydrating the mixture (Lu, 2004). While rice starch is known to be bland in
taste and has a glycemic index of 100 (Bao, 2016), it is assumed that its presence does not
increase the sweetness level of the formula.

In addition to rice starch, Enfamil® A.R.™ utilizes both lactose and maltodextrin as
carbohydrate sources. Maltodextrin, a common glucose polymer found in infant formulas. It is
produced through the enzymatic or acid hydrolysis of vegetable starch, resulting in a mixture of
amylose and amylopectin (Meunier-Salaiin, 2023). Although maltodextrin is not considered
sweet, during digestion glucose is released from the polysaccharide, which is rapidly absorbed,
leading to an increased glycemic load (Hoafman, 2016). Maltodextrin is incorporated into food
products to improve resistance to caking and crystallization, reduce Maillard browning, lower
bulk density, enhanced stability, and dispersibility (Bakshi, 2023). Any perceived sweetness in
Enfamil® A.R.™ would most likely be attributed to lactose, as both rice starch and maltodextrin
are considered bland and do not contribute significantly to the overall sweetness profile.

One crucial aspect to consider is the impact of rice starch on infant formula. Based on
subjective descriptions from the sensory panel, different textures and consistencies were noted in
this formula compared to other tested formulas. Panel members described the formula using
terms like foamy, frothy, thick, and viscous. The texture was significantly different from breast
milk or cow's milk, which may be considered unfavorable. Hayes et al. (2017) found that the
flavor of food is perceived through multiple sensory outputs, primarily taste, smell, and oral

touch. Oral touch encompasses the texture or mouthfeel. Studies have shown that the more
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viscous a product is, the lower its perceived sweetness (Hoppert, 2012). The duration a food
coats the mouth can alter its perceived sweetness, with slower coating resulting in a lower
sweetness perception (Klionsky, 2021). Therefore, sweetness is not only impacted by the sugar
content but also by the texture. It is possible that the higher viscosity due to the added rice starch
reduces the sweetness perception of the Enfamil® A.R.™.

Enfamil® ProSobee® is a plant-based formula that is lactose-free. This formula was
ranked lowest in sweetness, with a mean of 0.83 and a median of 0.67. Soy formulas were first
introduced in the United States in 1909 in response to cow's milk protein allergies. However,
they are no longer recommended as the first-choice option for cow's milk allergy, as 10-14% of
infants with this allergy also have a soy allergy (Testa, 2018). The main indications for soy
formula include severe lactose intolerance, galactosemia, and the avoidance of animal-origin
foods (Turck, 2017). The usage of soy formula has significantly diminished over the years. In
2008, 20-25% of formula sales were attributed to soy-based formulas (Testa, 2018). Currently,
soy infant formulas are consumed by 12% of formula fed infants in the United States (Martin,
2016). Consumers are often drawn to soy-based formulas over extensively hydrolyzed protein
formulas because they are more affordable and more palatable (Klemola, 2002).

Enfamil® ProSobee® utilizes soy protein isolates as its primary protein source. The
process of heat treatment and extraction involved in preparing these isolates leads to the presence
of certain undesirable components, such as isoflavones, trypsin inhibitors, and phytic acid
(Vandenplas, 2011). The residual concentration of phytic acid in the product is approximately
1.5%, known for imparting a bitter taste (Vandenplas, 2010). Isoflavones are also known for

their bitter and astringent properties (Huang, 1971).
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During sensory evaluations, some panelists reported an "off-flavor," which can be
attributed to the hydrolysis of isoflavones and the increased activity of lipoxygenases—enzymes
that catalyze the oxygenation of polyunsaturated fatty acids (Carrdo-Panizzi, 1991; Mennella,
2002). Sensory panel members described flavors reminiscent of grassy, plant/vegetable, earthy,

and dirt-like notes. Similar descriptions were documented in the study by Kaneko et al. (2011),

nn nn

where the primary flavors identified included "beany," "green," "bitter," "earthy," and other
unpleasant tastes. In their examination of the sensory qualities of soy milk, Yang et al. (2015)
identified over 30 volatile compounds associated with the beany flavor, such as aldehydes,
ketones, and alcohols. These volatile components produce unpleasant sensations during
consumption, which can overpower any pleasant taste experiences.

Soy-based formulas are typically lactose-free, containing other added sources of sugar.
Enfamil® ProSobee® uses corn syrup solids, which constitute 54% of the product's total weight.
In a study by Mennella et al. (2002), three classes of commercially available infant formulas
(milk, soy, and hydrolysate) were analyzed by randomly assigning infants to each category (n =
102) to determine if flavor exposure during infancy influences later food preferences. The study
found that soy-based formulas, compared to milk-based formulas, were described as tasting
sweeter, more sour, and bitter, with a relatively strong 'hay/beany' odor. Soy formula exhibited a
higher level of sweetness compared to hydrolysate and milk infant formulas. Although the
specific brands of formulas used in the study were not disclosed, the sweetness findings
contradict those of the sensory panel used in the current study. Despite the high corn syrup solids

content in Enfamil® ProSobee®, the panelists' descriptive notes highlighted a lack of sweetness,

with mentions of unpleasant, bitter flavors and a harsh aftertaste.
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Similac Sensitive® is noted for its high sweetness rating. The sensory panel determined
the mean and median sweetness levels to be 2.82 and 3.0, respectively. This formula is marketed
as a solution for reducing fussiness, mild spit-up, and gas caused by lactose sensitivity. Lactose
sensitivity occurs when infants have difficulty digesting lactose due to insufficient production of
the enzyme lactase. This results in large amounts of undigested lactose reaching the large
intestine, leading to symptoms such as bloating, diarrhea, nausea, fussiness, and abdominal pain.
Instead of lactose, this formula uses corn syrup and sucrose. Corn syrup is composed of glucose
polymers, while sucrose is a disaccharide formed by a glycosidic bond between glucose and
fructose. Fructose is sweeter and more soluble than glucose (Hallfrisch, 1990). Disaccharides,
such as sucrose, are significantly sweeter than larger glucose polymers (Ruiz-Aceituno, 2018).
Consequently, sucrose contributes to a higher sweetness level in the formula compared to corn
syrup, although both are sweeter than lactose.

The primary protein in Similac Sensitive® is milk protein isolate. Milk protein isolates
undergo extensive processing to eliminate most of the lactose. An isolate is distinguished from a
concentrate when the protein content exceeds 85%. Specifically, milk protein isolate consists of
more than 90% milk protein, less than 2.5% fat, and 5% lactose by weight (Kelly, 2009). These
isolates are used in various beverages to boost protein content and improve texture by enhancing
body and mouthfeel (Kelly, 2009). The textures of the formula correlate with the panelists'
descriptions, which include terms such as creamy, smooth, and milk-like consistency. Milk
protein isolates are known for their good flavor. Although milk protein isolates do not contribute
to sweetness, they do not affect the flavor profile like partially hydrolyzed nonfat milk and soy

protein isolates.
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Enfamil® Infant formula, a milk-based formula, received a high sweetness rating. The
sensory panel determined the mean and median sweetness levels to be 2.58 and 2.50,
respectively. These formulas are typically made with cow's milk protein. Enfamil® Infant
specifically uses whey protein concentrate and nonfat milk. Powdered nonfat milk, which
contains less than 1% fat, is primarily composed of carbohydrates (i.e., lactose) and proteins (i.e.,
casein and whey) and is produced by removing water (Richardson, 2024). Cow’s milk has a
whey ratio of approximately 20:80, unlike the 60:40 whey ratio of human milk. To better mimic
breast milk, infant formulas are often enhanced with whey protein (Wood, 2021). Whey protein
concentrate can exhibit a variety of flavors, including sweet aromatic, cardboard/wet paper,
animal/wet dog, soapy, brothy, cucumber, and milky flavors (Carunchia Whetstine, 2005). These
have a basic taste of bitterness and astringency (Carunchia Whetstine, 2005). A study using a
sensory panel to compare the flavor components of fat-free and whole milk found that fat-free
milk was perceived as sweet, with sweet and sour aromatics (Frances, 2005). The aftertaste of
nonfat milk was described as less sweet overall, with less fat and a reduced fatty mouthfeel
compared to whole milk. Milk protein sources may contribute overall flavor, potentially
imparting mild astringency with sweet undertones.

Lactose serves as the primary carbohydrate in Enfamil® Infant formula. Notably, lactose
is also the primary carbohydrate in breast milk and has a milder sweetness compared to other
carbohydrates such as corn syrup solids, sucrose, and glucose polymers.

An important consideration in infant formulas is the inclusion of prebiotics, which is
widely regarded as the gold standard due to evidence suggesting beneficial clinical effects
(Vandenplas, 2014). Enfamil® Infant incorporates polydextrose and galactooligosaccharides as

prebiotics. Prebiotics are not digested in the small intestine; instead, they reach the large
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intestine, where they promote the growth of beneficial gut microbiota. Prebiotic oligosaccharides
are the third most common component in breast milk, but they are absent in cow's milk
(Vandenplas, 2014). To replicate the composition of breast milk, some infant formulas include a
combination of prebiotics, such as polydextrose, galactooligosaccharides, and
fructooligosaccharides. For instance, Similac® Advance® contains only
galactooligosaccharides, Similac Sensitive® includes short chain fructooligosaccharides, while
Enfamil® Gentlease and Enfamil ProSobee do not contain any prebiotics.

Both Enfamil® A.R.™ and Enfamil® Infant contain polydextrose and
galactooligosaccharides. Polydextrose is a non-digestible, randomly linked polymer of glucose
that lacks sweetness and has a tart flavor (Aidoo, 2013). Its relative sweetness is about 5.0 % of
sucrose (Tiefenbacher, 2017). Galactooligosaccharides, known for their mild sweetness—
typically 0.3 to 0.6 times that of sucrose—are used as fillers in various foods to enhance flavor
(Mei, 2022). Consequently, galactooligosaccharides contribute to the overall sweetness of the
infant formula. In comparison, short chain fructooligosaccharides are carbohydrates composed of
glucose and fructose units with a chain length of 2-10 monomers. They have a fruity smell and a
mild sweet taste (USDA, 2006), providing approximately one-third the sweetness of sucrose
(Kumar, 2018). Although these prebiotics impart only mild sweetness, they can still influence the
flavor profile of the infant formula.

Similac® Advance® is a milk-based formula known for its high sweetness rating. Its
ingredients closely resemble those of Enfamil® Infant formula, including nonfat milk and whey
protein concentrates as the protein sources, lactose as the predominant carbohydrate, and
galactooligosaccharides as the main prebiotics. This composition explains the similar high

sweetness rating of both formulas.
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An important consideration in infant formulas is the variety of fats used. Dietary lipids
are crucial for infant growth, providing 45-55% of the total energy required during the first six
months of life (Koletzko, 2011). The fat composition in human milk varies significantly and is
influenced by the mother's dietary intake (Delplanque, 2015). Similarly, fats used in infant
formulas also vary, including vegetable oils, fish oils, algae oils, fractionated lipids, and egg
phospholipids (Mazzocchi, 2018).

The infant formulas analyzed in this study incorporate various combinations of high oleic
safflower oil, soy oil, and coconut oil. Additionally, four formulas contain palm olein (i.e.,
Enfamil® Infant, Enfamil® Gentlease, Enfamil® ProSobee, Enfamil® A.R). The specific
amounts of each fat in these formulas are not disclosed, despite their significance as a major
component. Neutral-tasting oils such as safflower and soy oil are commonly used (Illman-
Farinelli, 2005). Palm olein is recognized for its mild, savory, and earthy flavor, which can evoke
notes of carrots, pumpkins, winter squashes, or a nutty flavor (Marengo, 2023). Coconut oil is
frequently included in infant formulas for its role in the absorption of fat and calcium, its
pleasant flavor, and its resistance to rancidity (Lal, 2003). The impact of these oils on the overall
flavor of the formula remains unknown.

The fats in infant formulas are prone to oxidation during processing or storage. Fats with
higher amounts of polyunsaturated fatty acids, especially those with more than three double
bonds, can rapidly form unpleasant and toxic by-products due to rancidification (Guéraud, 2010).
Rancidification is the process of autoxidation or hydrolysis of fats when exposed to light, air,
moisture, or bacteria, resulting in the formation of aldehydes, ketones, and free fatty acids that
have distinct undesirable flavors and aromas (Gibson, 2018). Infant milk formulas are

particularly susceptible to rancidity because of their chemical composition, containing
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approximately 33% fats and being very rich in polyunsaturated fatty acids (Cesa, 2015).
Different infant formulas exhibit varying peroxide values, a measure of the presence of oxidized
fatty acids and rancidity in food (Zhang, 2021). The specific combinations of metal ions (e.g.,
copper and iron), polyunsaturated fatty acids, and vitamins in the formulas influence the
likelihood of fat degradation, which can interfere with the perceived sweetness of the formula.

One notable difference between Similac® Advance® and Enfamil® Infant formulas is
their varying combinations and types of omega-3 acid docosahexaenoic acid (DHA, 22: 6n-3)
and omega-6 fatty acids arachidonic acid (ARA, 20: 4n—6). Although the exact ratio difference is
unknown, both DHA acid and ARA are present in breast milk. The levels of these fatty acids can
vary based on the mother's dietary intake, with an average concentration of approximately 0.32%
of total fat, which translates to about 14.1 mg / 100 kcal, assuming human milk contains 3.0 g fat
/ 100 mL (Salem, 2020; Koletzko, 2016). While DHA and ARA are not mandatory components
of infant formulas, their presence varies. Strzalkowski et al. (2023) analyzed 55.8 billion ounces
of infant formula to assess iron and DHA contents in the United States. They found that the
average DHA content across all formulas was 12.6 mg / 100 kcal, with the highest concentration
at 17 mg/ 100 kcal and the lowest at 9.0 mg / 100 kcal. Most of the formulas in the study were
supplemented with both DHA and ARA.

All six formulas examined by the sensory panel in our experiment contain a combination
of DHA and ARA sources. The varying amounts and types of these sources depend on the
specific formula. DHA sources include schizochytrium sp. oil (e.g., Similac® Advance®,
Enfamil® Gentlease) and crypthecodinium cohnii oil (e.g., Enfamil® Infant, Enfamil®
ProSobee, Enfamil® A.R., Similac Sensitive®). Schizochytrium sp. oil and Crypthecodinium

cohnii oil are different types of microalgae, both of which are mostly neutral in flavor. The FSA
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Panel on Nutrition (2020) used a sensory panel to assess schizochytrium sp. oil and found that
the oxidation of DHA-rich oils generally induces a strong marine or fishy smell and taste. DHA
is very prone to oxidation, which increases with exposure to heat, light, and temperature, leading
to rancidity and off-flavors. Infant formulas enriched with long-chain polyunsaturated fatty acids
are prone to having "fishy" and "metallic" attributes due to increased levels of oxidation products
like hexanal and heptanal (Daoud, 2020). In addition, the ARA used in all six formulas is derived
from Mortierella alpina oil, which originates from the fungus Mortierella alpina and has been
utilized in infant formulas for many years. Although the impact of Mortierella alpina oil on the
flavor of the formula is not well understood, it is generally considered to be neutral in taste
(Ghobadi, 2021). Unless oxidized, these DHA and ARA additives are milder in flavor compared
to previous fish oil additives, which often impart a fishy smell and unpleasant taste (Vadivelan,
2014). With out knowing the specific amounts, ratios, and levels of oxidation, it is challenging to
infer how DHA and ARA impact the flavor of infant formulas, but it is an important component
to consider.

The second aim of this study was to assess if there was a relationship between the
sweetness ratings of infant formula and childhood anthropometric measurements. Utilizing a
large dataset that included childhood anthropometrics along with infant formula consumption
data, a negative relationship between infant formula sweetness level and BMI was observed
among children ages 2 through 4. Given the well-established relationship between added sugar
and obesity, this finding appears to be paradoxical. However, it should be noted that total corn
syrup solids were much higher in the lower sweetness group (7.0 & 5.0) versus in the higher
sweetness group (0.0 + 0.5.) In addition, in this analysis of anthropometrics, the formula with the

highest sweetness rating was the only formula to contain lactose as the only added sugar. The
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other three formulas used in this analysis also had similarly low sweetness values and contained
additional added sugars, including corn syrup, maltodextrin, and rice starch.

Anderson et al. (2022) conducted a study comparing glucose-based, lactose-reduced
formulas containing corn syrup solids (CSS) to milk-based formulas without added CSS. This
study used the same dataset, but did not include infants that consumed Enfamil® ProSobee®.
Their findings revealed that children who were given formulas with CSS had a 10% higher risk
of obesity compared to those who received formulas without CSS, with the risk increasing to
16% by age two when higher levels of CSS were present. These results suggest that the inclusion
of CSS in infant formula significantly raises the risk of childhood obesity. Non-lactose added
carbohydrates in infant formula may contribute to increased BMI in children.

Infant formulas that utilize alternative carbohydrate sources such as corn syrup,
maltodextrin, and rice starch typically have lower lactose content or may be entirely lactose-free.
Lactose, the primary carbohydrate found in both breast milk and standard infant formulas, is a
disaccharide composed of glucose and galactose linked by a f -1,4-glycosidic bond (National
Center for Biotechnology Information, 2024). In contrast, corn syrup is derived from cornstarch
that undergoes enzymatic or acidic treatment, resulting in chains of glucose, maltose, and longer-
chain glucose molecules (National Center for Biotechnology Information, 2024). Maltodextrin is
produced from starch and consists of D-glucose units connected by a (1— 4) glycosidic bonds,
with chain lengths varying (Clouard, 2020). Rice starch is composed of two molecules: amylose
and amylopectin. Amylose is a linear polysaccharide consisting of several hundred glucose
molecules connected by a-D-(1,4) glucoside linkages, while amylopectin is a branched
polysaccharide consisting of several hundred glucose molecules connected by a-D-(1,6)

glucoside linkages (Amagliani, 2016). These different chemical structures influence the digestion
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and absorption of sugars and their subsequent effects on the body. The varying carbohydrate
sources in infant formulas may impact the gut microbiome, glycemic index, appetite-regulating
hormones, and neuropeptides, potentially influencing rapid weight gain and long-term weight
outcomes in children. Other mechanisms, such as these, are likely to have a greater impact on
childhood anthropometric measures than sweetness

One possible explanation for the increased weight gain observed in infants consuming
formula with a sweetness score of one could be the presence of added sugars such as corn syrup,
maltodextrin, or rice starch. Different types of added sugars can have varying effects on the gut
microbiome. Research has consistently shown a difference in the microbiomes of formula fed
versus breast fed infants (Azad, 2013; Fan, 2013; Gomez-Llorente, 2013; Sordillo, 2017,
Timmerman, 2017). Although the precise cause of microbiota variation remains unclear, diet
plays a crucial role in shaping the relationship between infants and their microbial residents, as
different nutrients promote the growth of specific microbial species, leading to distinct metabolic
outcomes (Bakshi, 2023; Gentile, 2018). A study comparing 45 fecal samples of 12 months old
found that type of milk-feeding and weaning showed the greatest contribution in shaping the
microbiota during the first year of life (Vacca, 2022). The microbiota established during infancy
can influence gut patterns that persist into adulthood (Buddington, 2011; Fanaro, 2003; Ho,
2018; Ma, 2020). Moreover, previous studies have demonstrated that the infant microbiome
significantly impacts growth and the risk of childhood obesity (Alderete, 2021; Cho, 2012;
Kallioméki, 2008; Scheepers, 2015; Stanislawski, 2018; White, 2013; Vael, 2011). The gut
microbiome affects body size through mechanisms of energy harvesting and metabolic signaling
(Le Chatelier, 2013; Turnbaugh, 2006). Other mechanisms by which the gut microbiome

contributes to obesity include increased production of short-chain fatty acids, the generation of
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neuromodulators that regulate appetite, enhanced fatty acid synthesis, chronic inflammation, and
disruption of the circadian rhythm (Aoun, 2020; Liu, 2021). Different sugars in infant formula
can alter the gut microbiome of infants, potentially leading to changes in weight.

The type of carbohydrates consumed may influence weight differences through
alterations in the gut microbiome. However, limited research on the impact of various
carbohydrates on the gut microbiome makes it challenging to compare the effects of corn syrup
and maltodextrin against lactose. Sucrose intake has been shown to alter gut microbiota,
decreasing Faecalibaculum, Bacteroides, and Romboutsia while increasing Proteobacteria
(Satokari, 2020; Zhang, 2022). In a study where mice were fed either a high-glucose or high-
fructose diet, both groups exhibited a loss of microbial diversity, reduced Bacteroidetes, and
increased Proteobacteria, leading to fat mass accumulation, dyslipidemia, and glucose
intolerance without changes in body weight (Do, 2018). In another in vivo study, rats were fed
diets containing either 35% fructose and 65% glucose, 50% fructose and 50% glucose, 65%
fructose and 35% glucose, or a control diet with no added sugars. Despite no observed
differences in adiposity or caloric intake, significant shifts in the gut microbiome were noted,
depending on the monosaccharide distribution ratio (Noble, 2017). In a study where piglets were
fed diets consisting of either lactose, corn syrup solids (CSS), or a 1:1 mixture of both, those fed
CSS had 15% higher levels of Bacilli and lower levels of Clostridium (Call, 2018). Plaza-Diaz et
al. (2021) conducted a study on four to seven-month-old infants (n = 43), splitting them into
groups fed either high-starch/sugar cereal or whole grain cereal, and monitored changes in their
microbiome. The high-starch/sugar cereal group showed a decrease in Bifidobacterium, while

the whole grain cereal group saw an increase in Lachnoclostridium and Bacteroides. Various
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carbohydrates influence the microbiota differently, but further research is needed to understand
the precise impact of different sugars found in infant formula.

Unprocessed lactose, unlike other sugars, is transported to the colon, where it undergoes
microbial fermentation. The amount of lactose reaching the colon depends on lactase enzyme
activity; it is estimated that 50-70% of lactose in preterm infants reaches the colon and up to 20%
in neonates (Heyman, 2006; Grenov, 2016). Lactose fosters the growth of Bifidobacteria, a
critical bacterial species in the gut microbiota of healthy, breast fed infants (Béckhed, 2015;
Milani, 2017; O'Callaghan, 2016). In exclusively breast fed infants, lactose accounts for 40% of
their caloric intake, while Bifidobacteria comprise 60—90% of their total microbiota (Grenov,
2016; Kalliomaki, 2008). Research has demonstrated that infants who are breast fed have twice
the concentration of Bifidobacterium compared to those who are formula fed (Bezirtzoglou,
2011). An in vitro study demonstrated a synergistic effect of combining lactose and
oligosaccharides in promoting the proliferation of Bifidobacteria, underscoring the critical role of
lactose (Jakobsen, 2019). Reduced levels of Bifidobacteria have been linked to an increased risk
of obesity, diabetes, metabolic disorders, and higher overall mortality later in life (Stuivenberg,
2022). A double-blind, randomized clinical trial demonstrated that healthy adults who received a
Bifidobacterium supplement, as opposed to a placebo, experienced significant reductions in body
weight, waist circumference, and hip circumference (Sung, 2022). However, a clinical trial
conducted by Bazanella et al. (2017) found that supplementation of Bifidobacterium in formula
fed infants did not lead to long-term colonization of the bacteria. This indicates that the long-
term weight management benefits associated with Bifidobacterium cannot be achieved through

supplementation alone in the absence of a lactose-containing diet. While high levels of
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Bifidobacterium have demonstrated potential in weight management, diet plays a crucial role in
sustaining these benefits.

Low levels of Bifidobacteria during infancy may impact childhood BMI. In a prospective
study tracking 162 infants from three months old into preschool age, researchers identified a
negative association between the relative abundance of Bifidobacteria and BMI outcomes
(Korpela, 2017). Another prospective study comparing early fecal microbiota with BMI at age
seven revealed that a higher abundance of Bifidobacteria during infancy was associated with a
normal BMI in childhood (Kalliomiki, 2008). Furthermore, Luoto et al. (2011) found that higher
levels of Bifidobacteria at three months of age were correlated with lower body weight at ten
years old. These findings suggest that Bifidobacteria may serve as an important internal link
between dietary intake during infancy and subsequent weight development. Given that lactose
promotes the growth of Bifidobacteria, infant formulas with reduced lactose content may be
more prone to contributing to weight gain. Infancy may present a window of opportunity to
influence weight through microbiota programming.

Research indicates that changes in carbohydrate consumption can alter levels of
Bifidobacteria. In a two-phase clinical trial, infants were initially fed a hydrolyzed protein
formula without lactose for two months, followed by a two-month period where a lactose-based
formula was introduced. The reintroduction of lactose into the diet led to a significant increase in
the total fecal count of Bifidobacteria and Lactobacilli (Francavilla, 2020). In a study by Jones et
al. (2020), the effects of lactose-reduced infant formula with added corn syrup were compared to
those of lactose-based formula, and breast milk on the infant microbiome. The results showed a
decrease in Bifidobacteriaceae and an increase in Lachnospiraceae in the corn syrup group

compared to both controls. These findings suggest that carbohydrates other than lactose may
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decrease Bifidobacteria levels, potentially contributing to weight gain. A study comparing cow’s
milk formula, soy formula, and breast milk found that soy formula contained significantly fewer
Bifidobacteriaceae (Baumann-Dudenhoeffer, 2018). Additionally, a cross-sectional analysis of
46 neonates examined the impact of early-life formula feeding versus breastfeeding on gut
microbiota composition (Parnidnen, 2022). Infants in the formula fed group, who received
Similac Neosure—a formula where the primary carbohydrate is corn syrup solids—exhibited
significantly lower levels of Bifidobacteria compared to the breastfeeding control group. These
findings suggest that Bifidobacteria may be altered by the different carbohydrates found in infant
formula.

Another, less studied group of microbes, Firmicutes, may also be influenced by changes
in carbohydrate consumption and consequently impact weight. Firmicutes play a vital role in
energy extraction from undigested food through the production of short-chain fatty acids
(SCFAs). Research on adult microbiota has shown that a 20% increase in Firmicutes, coupled
with a corresponding decrease in Bacteroidetes, is linked to an additional energy harvest of
approximately 150 kcal (Jumpertz, 2011). Firmicutes are key producers of SCFAs, contributing
about 10% of the total dietary energy supply in humans (Magne, 2020; McNeil, 1984;
Murugesan, 2018). Furthermore, an elevated Firmicutes-to-Bacteroidetes ratio has been observed
in obese adults compared to lean counterparts, with similar findings in obese children (Indiani,
2018; Ley, 2006). A study of the gut microbiota in 42 obese and 36 normal-weight children
identified a link between obesity and altered gut microbiota, characterized by increased
Firmicutes and decreased Bacteroidetes levels (Riva, 2017). Additionally, sugars such as sucrose
and fructose have been shown to elevate the Firmicutes-to-Bacteroidetes ratio (Faruque, 2019;

Houtman, 2022). Lactose-reduced infant formulas may promote an increase in Firmicutes,
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contributing to weight gain. A study comparing the gut microbiome of two-month-old infants fed
extensively hydrolyzed formula, amino acid formula, or human milk found significantly higher
Firmicutes levels in both formula fed groups (Kok, 2020). Further research is needed to explore
the impact of different carbohydrates on Firmicutes and their direct relationship with infant
weight gain.

Infants who are exclusively breast fed tend to have a less diverse microbiome compared
to those who are formula fed. Early introduction of starches and sugars other than lactose in an
infant’s diet can lead to a more diversified microbiome, which begins to resemble that of an adult
(Fallani, 2011; Homann, 2021). Gut maturation of breast fed infants starts with the introduction
of solid foods and reaches a composition similar to an adult microbiome by around three years of
age (Yang, 2016). For formula fed infants, the introduction of solid foods has minimal impact on
the microbiome (Stark, 1982). However, this early microbiome adaptation may have adverse
consequences (Sarkar, 2021). A higher relative abundance of certain microbes at six months of
age has been linked to an increased risk of overweight or obesity, compared to normal-weight
infants (Mei, 2022). Additionally, a correlation between microbiota diversity and maturity at six
to twelve months has been associated with increased growth in Malawian infants (Kamng'ona,
2019). Another study demonstrated that greater microbiome diversity between day ten and two
years of life is significantly associated with higher childhood BMI (Stanislawsk, 2018). This is
further supported by findings that increased alpha-diversity at one month of age predicts rapid
growth by twelve months (Alderete, 2021). Non-lactose carbohydrates may contribute to
increased weight gain by prematurely enhancing microbiota diversity and fostering the growth of

microbes associated with weight gain.
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Significant knowledge gaps remain regarding infant gut microbiota, childhood weight
gain, and the effects of carbohydrates in infant formula. While it is established that dietary intake
can alter the gut microbiome, the specific impact of carbohydrates found in infant formulas
remains underexplored. Both formula and breast milk have complex nutrient profiles, with
various components potentially influencing gut microbiota composition. Furthermore, the infant
microbiome is shaped by various external factors, including delivery mode, antibiotic use, the
mother's microbiome, gestational age, and other environmental exposures (Younge, 2024). The
role of specific microbes in weight gain is not yet fully understood. Further research is necessary
to determine whether lactose-reduced formulas pose a higher risk for weight gain due to their
influence on the gut microbiota.

Another potential contributing factor to increased weight gain observed in infants fed
lower sweetness formulas is the difference in glycemic index between lactose and replacement
carbohydrates. Glucose polymers, commonly used as lactose replacements in formula—such as
corn syrup, brown rice syrup, maltodextrin, and sucrose—are metabolized differently and
possess a higher glycemic index (Mokhtari, 2024). Lactose has a glycemic index of 46, while
corn syrup and sucrose have a glycemic index of 100, which is nearly double that of lactose
(Atkinson, 2008; Romero-Velarde, 2019). High glycemic index foods are hypothesized to
contribute to increased fat storage and a heightened risk of obesity (Gaesser, 2021). Such foods
are rapidly digested, leading to a swift rise in blood glucose levels and a subsequent surge in
insulin levels. Elevated blood glucose can result in increased postprandial carbohydrate
oxidation, reduced fat oxidation, and enhanced lipogenesis (Brand-Miller, 2002). Several studies
have found a positive correlation between high glycemic index diets and weight gain in children

(Ball; 2003; Barba, 2012; Buyken, 2007; lannuzzi, 2009; Nielsen, 2005). Dr. Younge (2020)
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found that infant formulas containing sucrose were associated with higher abdominal
circumference-for-age (ACZ) in infants aged 6—12 months, as well as increased weight-for-
length (WLZ) and ACZ in infants aged 0—12 months. She attributed these findings to the higher
glycemic index of the formula. The higher glycemic index of carbohydrates other than lactose
may contribute to greater weight gain.

A limited number of studies have examined the glycemic index of both infant formula
and breast milk. A study conducted by Mokhtari et. al. (2024) examined the glycemic index of
88 infant formulas available in the United States. The formulas were stratified into three groups:
lactose-free, lactose-reduced, and fully lactose-based. Breast milk, which has a glycemic index of
41, served as a reference. Formulas containing 100% lactose had an average glycemic index of
44.36 £ 1.65 per 100g. Reduced-lactose formulas had a glycemic index of 62.5 = 16.97 per 100g,
while lactose-free formulas exhibited a glycemic index of 94.9 + 7.48 per 100 g. The study found
that for every gram of lactose removed from the formula, there was a 10.1% increase in its
glycemic index. In addition, an Australian study assessed the postprandial glycemic and
insulinemic responses to human milk and eleven infant formulas in healthy adults (Wright,
2015). The findings indicated no significant difference between typical infant formula and
human milk, with both yielding a low glycemic index (GI) and a high insulin index. In this
context, "typical formula" was defined as those in which lactose was the primary carbohydrate
source. However, formulas containing corn syrup and maltodextrin as carbohydrate sources
exhibited nearly double the GI and insulin index. The glycemic index of infant formula is
influenced by several components, including carbohydrates, processing methods, and the
amounts of protein, fiber, and fat. Among these, the type of carbohydrate is one of the most

significant factors affecting glycemic index (Monnard, 2022). Lactose-based infant formulas and
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breast milk generally do not appear to raise the glycemic index, whereas infant lactose-reduced
formulas may have significantly higher glycemic indexes

High glycemic foods have a detrimental effect on the body by rapidly increasing blood
glucose concentrations, which triggers the pancreas to release insulin. Persistent high blood
glucose levels can lead to insulin resistance in cells, prompting the body to release greater
amounts of insulin, a condition known as hyperinsulinemia. Elevated insulin levels suppress
lipolysis and promote lipogenesis, resulting in increased fat accumulation (Kolb, 2020). The
Carbohydrate-Insulin Model of Obesity proposes that foods high in sugars and refined starches
promote a positive energy balance by driving fat storage and lowering energy expenditure (Ford,
2013; Ludwig, 2018; O'Neil, 2012). In contrast, foods that do not cause a significant insulin
response are associated with greater satiety, maintenance of insulin sensitivity, and reduced
postprandial insulin secretion (Gaesser, 2021). Additionally, excess blood glucose that is not
utilized for energy is stored as fat, contributing to weight gain. Studies have shown that formula
fed infants have higher insulin concentrations compared to breast fed infants (Breij, 2017; Putet,
2016; Socha, 2011; Zetterstrom, 1985). Consequently, high glycemic foods negatively impact
weight by elevating both glucose and insulin levels.

Insulin is influenced by various nutrients, but the quantity and type of carbohydrates have
the most significant effect (Ludwig, 2018). Research on the effects of different infant formulas
on blood glucose and insulin levels is scarce, and there is almost no research on the impact of
specific carbohydrates in infant formulas on infant insulin levels. A double-blind, randomized
controlled trial involving 134 infants compared the effects of breastfeeding, low-protein formula,
and normal protein formula from birth until six months of age. Metabolic and hormonal markers,

including glucose and insulin levels, were assessed at four months, with anthropometric

61



measurements taken at age two. Although no significant differences in blood markers were found
between the two formula types, all formula fed infants exhibited lower insulin sensitivity and
elevated insulin levels (Kouwenhoven, 2021). A study examining Growing Up Milk Powders (n
= 58) sold in Malaysia and Indonesia found that products containing maltodextrins, corn syrup,
or glucose syrup doubled the glycemic index (GI) and increased the glycemic load (GL) by
seven times compared to milk powders without added carbohydrates (Brand-Miller, 2002). Milk
powders with higher levels of added carbohydrates exhibited significantly greater glucose and
insulin responses than powdered whole milk. A study comparing meals containing lactose, milk,
glucose, or fructose found that the insulin and glycemic response was higher after consuming the
glucose meal compared to the milk meal (Aro, 1987). Higher insulin and glucose levels may be
linked to non-lactose carbohydrates in infant formula, potentially leading to increased weight
gain.

Not all research supports the idea that formulas containing corn syrup or sucrose result in
higher glycemia, insulin levels, or blood glucose levels. A randomized, double-blinded study
involving 30 three-month-old infants compared postprandial metabolic responses based on
exclusive feeding of breast milk, lactose-based formula, or corn syrup solid-based formula. The
findings indicated that infants fed lactose-based formula had the highest average insulin and
glucose levels (Slupsky, 2017). Both groups of formula fed infants exhibited elevated insulin
levels; however, the corn syrup solid group had the lowest overall glucose level. Further
supporting this, a randomized, double-blind controlled study, the glucose and insulin responses
of adults (n = 20) were assessed after consuming cow’s milk protein-based infant formula
containing lactose, a lactose-free infant formula, and a soy-based infant formula (Anafy, 2022).

The carbohydrate source in the latter two formulas was 100% glucose syrup solids. Although no
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significant differences were observed in glycemic responses between the formula groups, peak
blood glucose levels were notably higher following the consumption of the soy-protein-based
infant formula. Although corn syrup solids have a higher glycemic index, these studies did not
demonstrate an increase in glucose levels, insulin levels, or glycemic response. The impact of the
higher glycemic index of corn syrup solids and sucrose in infant formula on glucose and insulin
levels remains inconclusive, and its potential contribution to weight gain is uncertain.

Gut hormones and neuropeptides may offer insights into why infants fed "less sweet"
formulas, experienced greater weight gain. The gastrointestinal tract, the body's largest endocrine
organ, produces over 50 gut hormone genes and numerous bioactive peptides (Karra, 2010; Rao,
2010). Many of these hormones and peptides are released into the circulatory system and
communicate with the brain via the gut-brain axis, which facilitates communication between the
digestive and central nervous systems (Sun, 2020). These chemical messengers regulate eating
behavior and energy homeostasis, thereby influencing body weight (Karra, 2010; Park, 2005).
Additionally, they play critical roles in digestion, gut motility, nutrient absorption, energy intake,
and appetite regulation (Parikh, 2023). Gut hormones and neuropeptides are thus central to
weight management.

Leptin is a key hormone involved in the regulation of appetite, produced predominantly
by adipocytes and enterocytes (Al-Hussaniy, 2021). It plays a crucial role in maintaining long-
term energy homeostasis by acting on receptors located in the brainstem and hypothalamus
(Klok, 2007). Specifically, leptin's interaction with the arcuate nucleus of the hypothalamus
influences both anorexigenic proopiomelanocortin-containing neurons and orexigenic agouti-
related protein/neuropeptide Y-containing neurons (Dornbush, 2023). This interaction leads to

appetite suppression and an increase in energy expenditure, underscoring leptin's pivotal role in
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weight management. Leptin is mainly modulated by adiposity stores and food intake.
Carbohydrates may significantly influence leptin release. A study by Romon (1999)
demonstrated that an 81% carbohydrate meal induces higher postprandial leptin levels compared
to an isoenergetic meal containing 79% fat. Similarly, Jenkins (1997) found that reduced
carbohydrate intake, rather than fat, was associated with decreased leptin levels, independent of
fat loss. Additionally, a cross-sectional analysis by Arnold (2017) showed that total carbohydrate
intake was positively correlated with leptin gene expression in both visceral and subcutaneous
adipose tissue. However, the evidence on the impact of carbohydrates on leptin levels is not
entirely conclusive (Kong, 2019; Monteleone, 2003). Leptin plays a crucial role in weight
management, which may be influenced by the carbohydrate composition of a meal.

Human milk is known to contain gut hormones that regulate energy intake, including
leptin, ghrelin, resistin, and obestatin (Savino, 2009). Several studies have reported higher leptin
levels in breast fed infants compared to those fed with formula (Savino, 2004; Savino, 2013). In
a study examining leptin levels in formula and breast milk, breast milk serum leptin
concentrations were found to range between 2,500-3,749 g (Savino, 2002). Leptin concentrations
measured in 4-5-week postpartum breast milk samples (n = 13) averaged 1.0 + 0.7 ng / mL, with
a range of 0.2-2.6 ng / mL (Schueler, 2013). Notably, infant formulas do not contain added leptin
(Chatmethakul, 2022). The variability in leptin levels in breast milk may be influenced by the
mother’s BMI and her own leptin levels (Demmelmair, 2017). Breast fed infants, who receive
exogenous leptin, may experience better appetite regulation and lower weight gain compared to
formula fed infants.

The effects of lactose in infant formula on leptin levels have not been researched, and

limited studies exist on the broader impacts of lactose on leptin levels. Research on dairy food
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consumption and leptin levels has yielded inconclusive results. For instance, a study involving
schoolchildren (n = 1,338) found that milk consumption was inversely associated with leptin
levels (Aslam, 2020). Conversely, a study on adolescents reported no significant association
between dairy consumption and leptin levels (Abreu, 2019). In another study, middle-aged
overweight women (n = 121) who increased dairy intake experienced elevated leptin levels
(Wennersberg, 2009). It remains unclear whether lactose in infant formula influences leptin
levels and thereby contributes to weight status among infants.

Leptin levels during infancy have been inversely associated with body composition
(Chan, 2005; Han, 2014; Juan Castell, 2022; Warkentin, 2008). A cross-sectional study found
that formula fed infants had lower leptin levels, which were positively correlated with
subscapular skinfold thickness (Savino, 2008). Karr et al. (2014) investigated the relationship
between cord blood leptin levels and body mass index (BMI) during infancy, revealing an
inverse relationship between cord leptin levels and BMI growth from birth to twelve months.
Similarly, another study found that children with elevated leptin levels at birth had lower weight,
height, and BMI from six months into early childhood (Karakosta, 2016). However, not all
studies support a correlation between infant leptin levels and weight (Kocaadam, 2019; Pippen,
2012). More research is needed to determine leptin levels during infancy contribution to long-
term programming effects on future BMI in childhood.

The distinct endocrine responses observed between breast fed and formula fed infants
may be attributed to the presence of biologically active hormones in breast milk or the dietary
nutrient components in infant formula (Lénnerdal, 2000). The effects of various carbohydrates in
infant formula on leptin levels are not yet fully understood. However, experimental rodent

studies have suggested that different carbohydrates can induce leptin resistance (Vasselli, 2013).
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For instance, rats fed a diet consisting of 60% glucose or 60% fructose for ten days exhibited a
significant increase in leptin levels compared to the control (Mooradian, 2000). In another study,
rats fed a fructose-free control diet, or a 60% fructose diet for six months showed that the
fructose-fed group developed leptin resistance, resulting in obesity (Shapiro, 2008). Similarly, a
study comparing rats on sucrose-rich diets to those on lard or regular diets found that only the
sucrose group demonstrated insulin resistance (Harris, 2012). Leptin resistance leads to reduced
satiety, excessive calorie consumption, and increased weight gain (Obradovic, 2021). In vivo
studies have indicated that high dietary intake of carbohydrates such as sucrose, glucose, and
fructose may result in insulin resistance. Further research is needed to determine whether these
carbohydrates found in infant formula contribute to greater weight gain due to leptin resistance.

Other appetite-regulating hormones may be affected by carbohydrates other than lactose
found in infant formula. Ghrelin, an orexigenic hormone, stimulates appetite and induces hunger
(Alhabeeb, 2021; Leidy, 2024). Elevated ghrelin levels have been associated with increased food
intake, promotion of adiposity, weight gain, elevated blood glucose levels, and enhanced food
palatability in both lean and obese individuals (Druce, 2005; Gupta, 2021). Notably, formula fed
infants have been found to have higher ghrelin levels compared to breast fed infants (Breij, 2017,
Savino, 2005; Savino, 2011). The reduction of ghrelin levels is influenced by caloric load and
macronutrient composition (Alhabeeb, 2021). A study by Monteleone (2003) demonstrated that a
high-carbohydrate meal (77%) significantly decreased ghrelin levels compared to a low-
carbohydrate meal (15%). Similarly, an in vivo study conducted by Overduin (2005) found that
glucose suppressed ghrelin levels more rapidly than a high-fat meal. However, studies examining
the effects of specific mono- or disaccharides on ghrelin levels are limited. For instance, one

study found that ghrelin levels remained lower for a longer period after lactose administration
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compared to glucose (Bowen, 2006). Additionally, fructose has been shown to decrease ghrelin
levels less effectively than glucose, while another study reported no difference in ghrelin levels
between high fructose corn syrup and sucrose (Melanson, 2007; Teff, 2004). Further research is
required to understand the impact of the various carbohydrates in infant formula on ghrelin and

other gut hormones, as they may contribute to rapid weight gain.

Strengths

This study boasts several strengths. A random consumer taste panel consisting of
calibrated and trained participants was used to determine the sweetness of the formulas. All
potential panelists were screened through discrimination tests to assess their ability to perceive
sweetness. Formula temperature, reference concentration, and environmental factors were
controlled to ensure the validity and reliability of the test results. Specific measures included
assigning each formula a randomly generated, rotating three-digit code to prevent identification,,
providing detailed procedures to panelists, and minimizing distractions during testing. To
prevent sensory fatigue, the number of samples were limited to seven (six unique samples with
one repeat) per session Additionally, panelists replicated the sensory analysis three times to
reduce errors. Furthermore, panelists provided an optional descriptive analysis to enhance our
understanding of flavor profiles that might interfere with sweetness perception. These rigorous
methods and controls underscore the robustness and reliability of our study’s findings.

The dataset used to assess the relationship between formula sweetness and childhood
anthropometrics was extensive, encompassing anthropometric data collected up to age four. This
provided an opportunity to explore potential relationships between the sweetness of infant

formula and early childhood BMI. To account for breastfeeding cessation at three months, the
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study included only participants who had received full formula packages by that age.
Additionally, the study controlled for various covariates using sociodemographic data collected
by WIC administration. Detailed data on infant formula issuance was collected monthly from
birth to twelve months, enabling precise tracking of the specific formulas used throughout this

period.

Limitations

There are several limitations to this study. First, the study was unable to obtain a
representative sample of the target market. Assessing infants' liking is challenging, and some
studies have relied on indirect measures such as intake, ingestion ratio, duration of eating, and
facial expressions (Hetherington, 2016; Mennella, 2001; Mennella, 1997; Forestell, 2007;
Forestell, 2012; Schwartz, 2009). We used an adult panel with an average age of 56.1 years to
assess the sweetness level. Adults and infants have different taste perceptions due to
developmental differences in taste buds and sensory systems. Infants have a higher concentration
of taste buds, which makes them more sensitive to certain flavors, including sweetness (Maier-
Noth, 2023). Additionally, adults and infants use different scales for sweetness, making it
challenging to translate adult perceptions to infant preferences accurately. Infants use facial
reactions (e.g., smiling, grimacing) and physiological cues, such as the rate of sucking on a
bottle, to indicate sweetness, whereas adults can describe sweetness using verbal terms or
numerical scales. Bias is another concern with any descriptive panel; adults have more
experience and preconceived notions about sweetness, which can influence their judgments.
They might unconsciously compare the sweetness of infant formula to other sweet foods they are

familiar with, leading to biased assessments. Furthermore, genetic variations affect the
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perception of sweetness and bitterness, as several genes related to these traits have been
identified (Paglia, 2019). Some adults are more sensitive to sweetness than others (Mennella,
2016).

There were several limitations in assessing the relationship between formula sweetness
and childhood anthropometrics. The study was observational in nature, which limited its ability
to make causal inferences. The data, collected from 2012 through 2016, may not fully account
for any subtle changes in infant formula over time that could affect weight outcomes.
Additionally, there was no data on the actual intake of infant formula, which could lead to
misrepresentation of formula consumption, particularly if formulas not issued by WIC or
extended breastfeeding periods were not accounted for. The demographic characteristics of
participants were not fully represented, potentially affecting the generalizability of the results.
Specifically, 87% of the participants were Hispanic, 80.4% came from households below 100%
of the poverty line, and only 53.2% had education levels beyond high school. The study also
faced limitations in controlling for other covariates influencing weight gain, as it relied solely on
WIC administrative data. For instance, maternal weight gain during the first six months
postpartum was used in place of pre-pregnancy BMI, an important factor in infant and child
weight gain. Moreover, complementary foods were not tracked, which could have influenced

weight gain outcomes.

Conclusion

The primary objective of this study was to assess the overall sweetness ratings of six
infant formulas. A trained sensory panel evaluated these formulas over three sessions, with the

average mean and median calculated to minimize potential errors. The mean perceived sweetness
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values ranged from 0.83 to 3.11, revealing considerable variation in sweetness among the
formulas. The second aim of the study was to examine the relationship between the sweetness
ratings of these formulas and early childhood anthropometric measurements. Paradoxically, in
this large dataset, a negative association was observed between higher sweetness ratings and risk
of obesity at 2—4 years of age. However, the formula with the highest sweetness rating was
lactose-based, while those with lower sweetness ratings contained a mix of non-lactose added
sugars.

This study contributes to the limited body of research on the overall sweetness ratings of
infant formulas. By establishing a baseline understanding of formula sweetness. Future research
is needed to explore the potential health implications of consuming sweeter formulas,
particularly in determining whether formula sweetness influences infant feeding behaviors, such
as overeating or developing a preference for sugary foods, which may increase the risk of
childhood obesity. Additionally, the observed negative relationship between formula sweetness
and anthropometric outcomes highlights the need for more research into the long-term effects of
formula composition on child growth and development. Specifically, the role of non-lactose
added sugars in infant formulas warrants further exploration to understand their potential impact

on both infant health and future outcomes.
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Appendix A - Handout to Sensory Panelist

Overview of Sensory Analysis

What are you doing here?

You will become an expert descriptive sensory panelist working with a group of equally

trained descriptive panelists evaluating sweetness in Infant Formula Products.

Purpose for training

v

v

To become highly trained panelists that agree on a product’s sweetness intensity
differences and similarities.

You will be trained to develop familiarity with the product’s sweetness and to
improve your ability and that of the panel as a whole in providing consistent
judgments.

Trained panelists must be able to not only discriminate whether a difference exists
between products but must also be able to describe and score the selected characteristics
of the product.

ABSOLUTELY NO ACCEPTANCE/PREFERENCE TESTING!!!

Rules and regulations

Must be on time

Once signed up for a project you are expected to complete all sessions

Cannot wear lipstick, perfumes/colognes, fragrant aftershave, hair sprays with a
fragrance, etc. to panel.

If you smoke we ask you not to smoke at least 1 hour prior to panel and make sure to
come to panel without any smoke odor; if you live with smokers you should make
sure that your hair and clothes are free of smoke odor.

Please do not use your phone during the training session and keep it silent.

If you have an emergency and need to contact us please use the following phone
number: 913.307.7354

The companies and products we work on are CONFIDENTIAL
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Factors Influencing Sensitivity

e Environment
-Sample preparation
-Quiet area
-No distractions or interruptions
-Comfortable surroundings
-Controlled lighting
-Air conditioning-temperature, humidity, and air purity

e Hygiene
-Personal hygiene
-No cologne, perfume, scented aftershave, scented hand lotion, lipstick, scented
hair spray, scented shampoo, scented deodorant, etc.

No smoking

Coftee, tea, etc.

Facial Expressions, eye contact, etc.
Begin on time

Time of day

Routine

Adequate rinsing
Expectoration

Adaptation

Fatigue

Personal Preferences
Information about products
Feedback

Emotions

Training

Medications

110



Appendix B - Reference Training Ballot

Reference Training Ballot
Demonstration of Intensity

Sweet Solutions: Taste each solution and place each solution on the below line in the order of

sweet intensity going from none (left) to extreme (right)

None Extreme
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Appendix C - Tetrad Test




Appendix D - Triangle Test

r Last name

Cell Phone:

from left to right. Two




Appendix E - Sweetness Intensity Ranking Test

Panelist Sensory Acuity Tes!
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Appendix F - Sweetness Intensity Ranking Test

Panelist Sensory Acuity Tes!

| Last name




Appendix G - Panelist Sensory Table and Room Setup
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Appendix H - Descriptive Training Ballot

Descriptive Training Ballot

Circle the apopropriate section of the scale representing the intensity level of SWEETNESS

ooing from 0 (none) to 15 (extreme)

Sample

Sweetness 005115225 3354455556657 75 8 859 95 10
10.5 11 11.5 12 125 13 135 14 145 15

None Extreme
Sample

Sweetness 005115225 3354455556657 75 8 859 95 10

105 11 11.5 12 125 13 135 14 145 15

None Extreme
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Appendix I - Three-Digit Randomized Code System




Appendix J - Sensory Panel Recruitment

1. Recruitment

-200 participants
-Questionnaire (i.e., gender, age,

smoking, allergies)

2. Final Panel Selection
-18 participants
-Olathe, KS
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3. Sweetness
Intensity |_y| 4-Triangle L_| 5.Tetrad Test
Ranking Test Test
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6. Sensory Panel
-15 participants
-average age 56
-5 males and 10 females
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