
Received: 27 June 2024 | Accepted: 14 December 2024

DOI: 10.1002/jpn3.70002

I N V I T ED REV I EW

Term infant formula macronutrient composition:
An update for clinicians

Catherine Larson‐Nath1 | Anam Bashir2 | Rachel E. Herdes3 |

Bridget Kiernan4 | Joanne Lai5 | Nicole Martin6 | Nicole Misner7 |

Akash Pandey8 | Kanika Puri9 | Wenjing Zong10 | Debora Duro11

1Division of Pediatric Gastroenterology, Hepatology and Nutrition, Department of Pediatrics, University of Minnesota, Minneapolis, Minnesota, USA

2Division of Pediatric Gastroenterology, Hepatology and Nutrition, Department of Pediatrics, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, USA

3Division of Pediatric Gastroenterology, Hepatology and Nutrition, Stanford University School of Medicine, Stanford, California, USA

4Division of Pediatric Gastroenterology, Hepatology and Nutrition, NYU Langone Health, New York, New York, USA

5Division of Pediatric Gastroenterology, Hepatology and Nutrition, Icahn School of Medicine at Mount Sinai, New York, New York, USA

6Clinical Nutrition, Children's Wisconsin, Milwaukee, Wisconsin, USA

7Division of Pediatric Gastroenterology, Hepatology and Nutrition, University of South Florida, Tampa, Florida, USA

8Division of Pediatric Gastroenterology, Hepatology and Nutrition, University of Central Florida, Orlando, Florida, USA

9Division of Pediatric Gastroenterology, Hepatology and Nutrition, Riley Hospital for Children at Indiana University Health, Indianapolis, Indiana, USA

10Division of Pediatric Gastroenterology, Hepatology and Nutrition, UT Southwestern, Dallas, Texas, USA

11Division of Pediatric Gastroenterology, Hepatology and Nutrition, Department of Pediatrics, Salah Foundation Children Hospital, Broward Health, Fort Lauderdale,
Florida, USA

Correspondence

Catherine Larson‐Nath, 2450 Riverside Ave,
Minneapolis, MN, USA.
Email: lars2698@umn.edu

Funding information
None

Abstract
Protein, carbohydrates, and fats comprise the macronutrient components of
infant formulas. While all infant formulas in the United States meet specific
nutrition standards, the macronutrient composition of formulas is diverse. Each
macronutrient in the formula may play a role in treating or managing the dis-
ease. In addition, many formulas are marketed as resembling the composition
of human milk or improving symptoms such as colic and irritability. For these
and other reasons, families are often interested in different formula properties.
When choosing a formula for their infant families, they may reach out to clini-
cians for advice. Therefore, clinicians need to understand the macronutrient
composition of the formulas their patients are using. This manuscript discusses
the macronutrient composition of term infant formulas and indications of the
use of different macronutrient components.

KEYWORDS

carbohydrates, casein, fat, whey

J Pediatr Gastroenterol Nutr. 2025;80:751–759. wileyonlinelibrary.com/journal/jpn3 | 751

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2025 The Author(s). Journal of Pediatric Gastroenterology and Nutrition published by Wiley Periodicals LLC on behalf of European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition and North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition.

CME module may be found at https://learnonline.naspghan.org/jpgn2

http://orcid.org/0000-0001-8797-2651
mailto:lars2698@umn.edu
https://wileyonlinelibrary.com/journal/jpn3
http://creativecommons.org/licenses/by-nc/4.0/
https://learnonline.naspghan.org/jpgn2


1 | INTRODUCTION

Infant formulas are a critical nutrient source for infants ei-
ther as a supplement to or substitute for human milk due to
medical indications or family preference. In addition to
providing the energy and protein needs of infants, the type
and composition of macronutrients in formula may be
therapeutic (Table 1). There is an abundance of formula
options with different macronutrient compositions. Formu-
las sold in the United States meet strict nutritional stan-
dards.1 Many families may prefer infant formulas with
specific characteristics, such as non‐cow mammalian milk
or low lactose. Providers need to understand the macro-
nutrient makeup of infant formulas and the indications for
using different formulas both in the management of dis-
ease states and in assisting with enteral nutrition tolerance.
This article reviews the macronutrient components of term
infant formulas and their use in different clinical scenarios.

2 | PROTEIN

Protein is an essential macronutrient made up of amino
acids. The major proteins in milk are whey (lactalbumin,
lactoferrin, immunoglobulins [Ig], albumin, lactoglobu-
lins, and lysozymes) and casein (β, κ, and α).2–4 Infant
formula protein can be derived from human, animal,
and plant‐based products. The composition of infant
formulas is meant to closely mimic the nutritional
composition of human milk.5,6 The characteristics of
infant formula proteins can be used to treat different
diseases and may impact tolerance.

2.1 | Protein structure

Infant formulas are characterized by the structure of the
protein. Categories of formulas include intact protein, par-
tially hydrolyzed protein, extensively hydrolyzed protein,
and amino acid‐based formulas (Figure 1). Formula in
which the protein is kept intact is typically referred to as
standard formula. The proteins contained in partially
hydrolyzed infant formula and extensively hydrolyzed
infant formula undergo hydrolysis techniques that break
down the proteins into peptides. The size of the peptides
determines the classification of a formula as partially
hydrolyzed (oligopeptides with molecular weight of
3–10 kDa) or extensively hydrolyzed (peptides with
molecular weight of <3 kDa).7,8 The protein component in
amino acid‐based formulas is free amino acids.

2.2 | Partially hydrolyzed formulas

It is believed that partially hydrolyzed infant formulas are
more easily digested than formulas with intact pro-
teins.1,9,10 Partially hydrolyzed formulas are not

hypoallergenic. Current guidelines do not recommend
using partially hydrolyzed formulas for infants with cow's
milk protein allergy or other allergies.6,7 Many partially
hydrolyzed formulas include lower amounts of lactose.
Partially hydrolyzed formulas are often recommended for
infants with colic, gastroesophageal reflux, and constipa-
tion. There is some evidence to suggest that partially
hydrolyzed protein promotes faster gastric emptying and
the 2018 joint North American Society for Pediatric Gas-
troenterology, Hepatology, and Nutrition/European Society
for Paediatric Gastroenterology, Hepatology, and Nutrition
(ESPGHAN) pediatric gastroesophageal reflux guidelines
recommend the use of partially hydrolyzed formulas to
treat reflux.11 However, a recent ESPGHAN position paper
on the use of infant formulas for the treatment of functional
gastrointestinal (GI) disorders found a lack of evidence that
protein hydrolysis is effective in treating gastroesophageal
reflux, colic, or constipation.12

2.3 | Extensively hydrolyzed and amino
acid‐based formulas

Extensively hydrolyzed formulas contain proteins that
have been broken down into small peptides by
hydrolysis. These formulas can be used for patients
with malabsorption and are the first‐line treatment for
cow's milk protein allergy and IgE‐mediated cow's milk
allergy.13

Amino acid‐based formulas, also referred to as ele-
mental formulas, contain protein in the form of free amino
acids. These formulas are reserved for more severe cases
of cow's milk allergy (nonresponsive to extensively

What is Known

• Macronutrients are a critical component of
infant formulas.

• Protein structure differs between different
infant formulas.

• Different forms of carbohydrates besides
lactose are added to infant formulas, includ-
ing sucrose, fructose, sugar alcohols, and
corn syrup solids.

What is New

• Specialized formulas with modified macro-
nutrient composition are available for a vari-
ety of gastrointestinal pathologies.

• The protein structure of goat milk is similar to
cow's milk and has similar allergenic potential.

• Alternative sources of carbohydrates in infant
formulas may present unique health‐related
challenges.
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hydrolyzed formula), eosinophilic GI disease, multiple food
allergies, and impaired nutritional status.7,10,13

Extensively hydrolyzed and amino acid‐based
formulas are considered hypoallergenic, as clinical
studies have shown that they do not provoke reactions
in >90% of infants or children with confirmed cow's milk
allergy with 95% confidence.4,14 The main dis-
advantages of extensively hydrolyzed and amino acid‐
based formulas include increased cost, poor palatabil-
ity, higher osmolality, and increased renal solute load.

2.4 | Protein source

Infant formulas with alternative sources of protein,
including non‐cow mammalian products (goat, sheep,
camel, horse, and donkey) and plant‐based products
(soy and hydrolyzed rice), are more readily available
and of interest to some families.

2.5 | Casein and whey

Whey protein, which is liquid and readily digestible,
provides efficient nutrition and boosts immunity by

TABLE 1 Diseases/conditions and infant formula choice.

Disease state Recommended formula

Protein

Cow's milk protein allergy Extensively hydrolyzed or hydrolyzed rice
Amino acid‐based formula for refractory cow's milk protein allergy

Allergic GI disease (such as eosinophilic esophagitis or
gastroenteritis)

Amino acid‐based formula

IgE‐mediated food allergies Extensively hydrolyzed formula
Amino acid‐based formula

FPIES to milk and or soy Extensively hydrolyzed formula
Amino acid‐based formula

Carbohydrate

Congenital lactase deficiency Lactose‐free formula

Galactosemia Lactose‐free formula

Fat

Small intestine resection leading to short bowel syndrome
(colon remains intact)

High MCT formula

Cholestasis High MCT formula (extensively hydrolyzed and amino acid options)

Chylous effusions (such as postoperative chylothorax) High MCT formula
Skimmed human milk

Long‐chain fatty acid oxidation disorders High MCT formula

Abbreviations: FPIES, food protein‐induced enterocolitis syndrome; GI, gastrointestinal; IgE, immunoglobulin E; MCT, medium‐chain triglyceride.

F IGURE 1 Extent of hydrolysis.
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supplying key amino acids. A higher ratio of whey to
casein may be beneficial during infancy, as it supports
fast growth periods by facilitating effective digestion
and absorption. Casein protein thickens in the acidic
environment of the stomach, forming a curd that slows
digestion and delays the release of nutrients. This
delayed digestive process helps with continuous food
delivery over a longer half‐life, which can be beneficial
during times of fasting, such as overnight. The standard
cow's milk formula casein to whey ratio is around
80:20, while mature human milk has a casein to whey
ratio of 40:60.5 Whey‐enhanced cow and goat milk
protein‐based formulas can achieve a 40:60 casein to
whey ratio, similar to human milk.5,6

2.6 | Non‐cow mammalian milks

Non‐cow mammalian milk also derives its protein from
casein and whey. The casein haplotypes (α, β, and κ)
contribute to the tolerance and allergenicity of formulas
(Table 2). For instance, goat's milk has a similar casein
and whey ratio as cow's milk, but with a higher pro-
portion of β and κ casein, which may lead to faster
gastric emptying.16,17 Some goat's milk‐based formulas
add in cow's milk casein to more closely replicate the
casein and whey ratio of cow's milk.

The protein structure of goat and sheep milk is more
similar to cow's milk than camel, horse, and donkey milk.6

There is limited data on the use of alternative mammalian
milk to prevent and treat cow's milk protein allergy, and the
effectiveness of these milks likely depends on the milk
source (Table 2). Very few infants with cow's milk protein
allergy will tolerate goat's milk, likely due to protein struc-
ture similarities.6,13 Small studies suggest that camel,
horse, and donkey milk may be an option for some people
with cow's milk protein allergy, although their use is not
recommended, and currently, there are no commercially
available camel, horse, or donkey milk infant formulas in
the United States.6

2.7 | Plant‐based formulas

Plant‐based formulas derive their protein from the
plant itself. Vegetable and grain products tend to have
a lower amount of essential amino acids compared to
mammalian products.15 Like other formulas, plant‐
based formulas sold in the United States meet minimal
nutrition requirements for infants. Depending on the
study, cross‐reactivity between cow's milk protein and
soy protein is anywhere from 3% to 50%.6 A meta
analysis showed that soy based infant formula did not
prevent the development of food allergy.18 Soy based
products may be used for infants older than 6 months
of age but not younger per guidelines from the American
Academy of Pediatrics.6 Plant‐based formulas are an

important alternative option for individuals who may
not tolerate or do not wish to use animal milk
products.15,19

3 | CARBOHYDRATES

Carbohydrates are the main source of energy for infants
during the period of rapid growth of development in the
first year of life. Lactose is the main carbohydrate in human
milk. Other forms of carbohydrates seen in infant formulas
include sucrose and fructose, sugar alcohols, and corn
syrup solids (CSS). Thickened formulas with added rice,
corn, potato, or locust bean starches are commercially
available for formula‐fed infants who may have persistent
regurgitation. These formulas offer the advantage of a
balanced composition, controlled viscosity, and calories
compared with the addition of thickening agents to a
standard formula.20 While serving to meet specific needs
in certain medical conditions, the different carbohydrates
may present their own unique health‐related challenges.

3.1 | Lactose

Lactose is a disaccharide made of glucose and galac-
tose. It is the primary carbohydrate source in human
milk and standard infant formula. In a reduced‐lactose
formula, the main source of carbohydrates is brown rice
syrup, CSS, or sucrose. Alterations in the lactose
composition of infant formulas is associated with other
alterations in the formula's nutritional profile including
added sugar, protein, and polyunsaturated fatty
acids.21 Term infants express sufficient lactase to
digest about one liter of breast milk daily. Physiological
lactose malabsorption in infancy confers beneficial
prebiotic effects.22 Lactose intolerance (LI), the inability
to digest and absorb dietary lactose due to inadequate
lactase, is seen in prematurity, secondary lactase
deficiency, such as with acute gastroenteritis, and
congenital lactase deficiency. In most cases of tran-
sient LI due to gastroenteritis, it is recommended to
stay on breast milk or the formula the infant was on
before the illness to avoid unnecessary adverse nutri-
tional outcomes.23 Studies have failed to show a sig-
nificant impact of reduced‐lactose or lactose‐free for-
mula on infant behaviors (fussiness, crying), colic, or
neonatal abstinence syndrome.24,25 Lactose‐free for-
mula is required for the management of galactosemia,
an inborn error of metabolism characterized by the
inability to convert galactose to glucose.26

3.2 | Sucrose and fructose

Extensively hydrolyzed and amino acid‐based formulas
often include sources of carbohydrates other than
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lactose, such as sucrose, maltose, and glucose, to
enhance palatability. Consumption of sucrose, a
disaccharide of fructose and glucose, may be prob-
lematic in children with hereditary fructose intolerance
and can lead to severe symptoms, including poor
feeding and vomiting. Furthermore, the fermentability
of fructose by oral bacteria contributes to dental issues.
Multiple studies have revealed that infant formulas with
sucrose are acidogenic and more cariogenic than
lactose‐containing formulas and may play a role in the
development of early childhood dental caries.27–29

Added sugars in infant formula are associated with
tendency for preference for sugar sweetened bever-
ages in infants and toddlers.30,31 Consumption of for-
mula with sucrose as the carbohydrate source has also
been linked to higher weight‐for‐length and abdominal
circumference‐for‐age z‐scores in infants 0–12 months
compared to infants that consume formula without ad-
ded sucrose. Dietary fructose is associated with
metabolic dysfunction‐associated steatotic liver dis-
ease (MASLD) in older children, but the effects of
fructose consumption during infancy on the develop-
ment of MASLD later in life remains unknown.32

3.3 | Corn syrup solids

CSS consist of short chains of glucose. They are an
alternative carbohydrate source to lactose in some infant
formulas. In recent years, lactose‐free and reduced
lactose formulas containing CSS have become
increasingly popular, to improve the palatability for
infants with concerns for LI. CSS‐based formulas may
lead to an altered gut microbiome in infants, including a
reduction in Bifidobacteriacea, a microbe linked with
beneficial properties of human milk, and an increase in
Lachnospiraceae which is frequently linked to obesity
related conditions later in life.33 One study showed that
infants consuming CSS‐based formula have altered
sugar and insulin metabolism dynamics compared with
those who consume traditional lactose‐based formula
and breast milk.34 CSS‐based formulas may also lead to
greater food pickiness and reduced enjoyment of food in
the first 2 years of life compared with human milk.35

Furthermore, a review of the Special Supplemental
Nutrition Program for Women, Infants, and Children
(WIC) shows that children with any CSS‐based formula
issuance had 10% higher obesity risk than those with-
out, in a dose‐dependent manner. This increased risk
remains significant throughout the first few years of
life.36 CSS are also implicated in other pediatric condi-
tions, including increased incidence and severity of
necrotizing enterocolitis in a preclinical model when
compared with lactose‐based formula.37 Taken
together, CSS are an added source of sugar in some
infant formulas that may have negative implications for
growth and development in children.

3.4 | Sugar alcohols

Sugar alcohols are carbohydrates derived from vegetables
and fruits or are synthetically produced. Inositol is a sugar
alcohol that plays a role in phospholipid formation and cell
signaling. It does not significantly contribute to the energy
content of infant formula. It is abundant in human milk
suggesting its role in early development. Given this,
myoinositol is often added to many infant formulas to
match the nutritional profile of human milk.38 A meta‐
analysis showed mixed results regarding the effectiveness
of inositol in preventing severe retinopathy of prematurity.
There are no reports, however, of adverse effects of ino-
sitol in infant formula.39

4 | FAT

Fat is a macronutrient integral for growth and metabolism
in infants. Both human milk and infant formula provide
varied fats, including essential fatty acids, linoleic and
alpha‐linolenic, and non‐essential acids, oleic and palmitic
acid, which comprise most fat in human milk. Linoleic and
alpha‐linolenic acid are converted to arachidonic acid and
eicosapentaenoic acid (EPA), respectively, and then EPA
is further converted to docosahexanoic acid. The fat con-
tent and concentration of human milk are highly variable
and change with the gestational and chronological age of
the infant, maternal diet, nutritional status, body composi-
tion, time of day, frequency and volume of milk production,
and even mode of expression. Infant formulas provide a
consistent concentration of fat due to manufacturing limi-
tations, but there is no one fat source, type, or concen-
tration in formula that has proven to be the gold standard.
As fats comprise up to half of energy provision in infant
formula, this remains an important target of investigation.

4.1 | Medium‐chain and long‐chain
triglycerides (MCTs and LCTs)

MCTs and LCTs are metabolized differently due to their
chemical structure. Both have a glycerol backbone
which is true of all triglycerides. MCTs have 6–12 car-
bons and can be absorbed directly from the small
intestine into the hepatic portal circulation without
requiring emulsification by bile salts or pancreatic en-
zymes, unlike LCT which are 13–21 carbons in length
and require emulsification into chylomicrons.40 The
molecular weight and size of MCTs are lower than
LCTs leading to faster and more complete hydrolysis of
MCTs compared to LCTs. Essential fatty acids are
plentiful in LCTs, while none are present in MCTs.
LCTs are required for fat soluble vitamin absorption,
and cell membrane function and immune function.
LCTs have both anti‐inflammatory and inflammatory
effects.
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4.2 | Clinical indications for high MCT
formula

Conditions leading to fat malabsorption are associ-
ated with high risk of malnutrition and growth failure.
High MCT formula is defined as 30% or more by
weight and may be indicated in certain clinical set-
tings (Table 1).41 Cholestasis is one of the most
common indications for higher MCT formula as
cholestasis leads to decreased secretion of bile
salts and in return malabsorption of fat, in particular
LCTs which require bile salts for emulsification,
lipolysis, and absorption through the lymphatic
system. MCTs are partially water soluble and are
passively absorbed and metabolized through the
portal system without the need for extensive emul-
sification or chylomicron formation. No consensus
exists on the optimal percentage of MCT recom-
mended in the diet of cholestatic infants. A range of
30%–75% MCT is supported by clinical studies and
associated with improved fat absorption, though the
effect on growth and clinical outcomes remains
unclear. MCT as >80% of triglycerides is not advised
due to concern for essential fatty acid deficiency.42

MCT also improves fat absorption in patients
who have undergone resection of their small intes-
tine leading to short bowel syndrome, particularly
when the colon remains intact. A preserved colon
allows improved absorption of medium‐chain fatty
acids and short‐chain fatty acids, which are water‐
soluble in contrast to lipophilic long‐chain fatty
acids, which can only be absorbed in the small
intestine.43

High MCT formulas play a therapeutic role in chy-
lous effusions as they are directly absorbed into the
portal circulation and not through the lymphatic system.
Chylous effusions may be congenital or iatrogenic,
such as postoperative chylothorax. Postoperative chy-
lothorax may be due to traumatic injury to lymphatic
vessels during thoracic or abdominal surgery, but may
also be seen in systemic venous obstruction, dys-
function of the right ventricle, and lymphangiectasia.
Formulas with higher MCT content have a similar effect
to skimmed human milk on the resolution of chylous
effusion and associated hospital measures, including
mechanical ventilation, length of hospital stay, and
recurrence.44 High MCT formulas are low in LCTs and
when used patients should be monitored for signs of
essential fatty acid and fat‐soluble vitamin deficiencies.

5 | OSMOLALITY

Formula osmolality, which is the concentration of
osmoles of solute per liter of solution of formula
(mOsm/kg), is primarily affected by the concentra-
tion of amino acids, hydrolyzed proteins,

monosaccharides and disaccharides, medium chain
triglycerides, and electrolytes present in the milk.
Osmolality increases as proteins are hydrolyzed into
peptides. Formula with an osmolality higher than
that of normal body fluids (approximately
300 mOsm/kg) produces an osmotic effect that can
draw water into the GI tract. Recommendations on
formula osmolality are limited to a recommendation
made by the American Academy of Pediatrics in
1976 advising that formula should have an osmo-
lality <450 mOsm/kg. However, a recent literature
review by Ellis et al found that an osmolality
between 300 and 500 mOsm/kg was not associated
with adverse GI symptoms in newborn infants.45,46

Information on the osmolality of formula products is
often available from the formula manufacturer.

6 | SUMMARY

Carbohydrates, proteins, and fats are the key building
blocks of infant formula. Each of these macronutrients
has different forms, and formulas differ in their macro-
nutrient composition. The directed macronutrient com-
position of the formula may be used in disease and
symptom management.
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