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in liquid or powder form, whereas older
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with cow's milk protein allergies. The
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quality and safety standards. The nutritional
elements in infant formulas are formulated in
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formulas play a crucial role in babies' growth
and development, enabling parents to
provide suitable and healthy nutritional
options for their babies. Consequently, this
article delves into the significance of breast
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I. INTRODUCTION

Nutrition is a basic need in every process from the beginning of life in the womb to
the end of life. It is undisputed today that the baby is fed only with breast milk for the first
six months, continued breastfeeding with additional nutrients after the sixth month, and
continued breastfeeding until the end of the age of two [1]. Although the World Health
Organization (WHO) recommends that a baby be exclusively breastfed for the first 6 months
of life, only 44% of babies worldwide are breastfed. This shows that 56% take substitutes for
breast milk [2]. Whether the child needs additional nutrition or not is determined by the
growth curves, it is important to monitor the growth status of the baby and to decide on the
time to give additional nutrition with the advice of a doctor [3,4].

Although breast milk is an ideal food for the baby, there may be situations such as the
mother's inability to breastfeed the baby or not choosing to breastfeed, or the mother's
working conditions not suitable for breastfeeding or insufficient breast milk. In these and
similar situations, formulas with nutritional value and components that meet the nutritional
needs of the baby in the first months of life are used as an alternative to breast milk.
Complementary nutrition; It refers to the continuation of breastfeeding after the 6th month, as
well as the introduction of other nutrients. Foods given in addition to breast milk are called
complementary foods or supplementary foods. The period in which these foods are
consumed is called the complementary feeding period. In order to protect and maintain the
health of the baby or young child during this period, complementary foods should be
adjusted according to the needs of the baby, and should be of high quality and reliable. While
these foods can sometimes only be prepared from foods purchased specifically for the baby,
sometimes they can be prepared appropriately for the baby from the foods consumed by the
family [5]. Infant formulas are intended to partially or completely replace breast milk, so the
nutritional value and components must be in composition to meet the nutritional needs of the
baby in the first months of life. Given its physiological functions, including promoting
cognitive development, enhancing innate and adaptive immunity, modulating immune
response, preventing diabetes, maintaining gut health, and anti-inflammatory properties,
breast milk is considered the gold standard for infant growth [6, 7].

II. HISTORICAL DEVELOPMENT OF INFANT FORMULA PRODUCTION

The oldest method used in infant feeding in cases where breast milk is insufficient is
wet-nursing. B.C. to the records about his wet-nursing. It can be found until 2000 and this
practice continued widely until the twentieth century. Over the centuries, the aristocracy of
many cultures have adopted wet nurses to feed their babies [8]. In the nineteenth century,
infant formulas began to be investigated as an alternative to infant feeding [9]. The
development of the infant formula industry has been closely related to the increase in
scientific studies [10]. German scientist Johann Simon conducted the first comprehensive
milk analyzes comparing the components of human and cow milk in 1838 [11]. Following
this, in 1865, a beverage was developed by the chemist Justus von Liebig by adding wheat,
malt flour and potassium bicarbonate to cow's milk [8]. Liebig's formula led to the
development of the infant formula market, and by 1883 there were 27 patented infant
formulas, usually powders containing sugar, starch, and dextrin, designed to be added to milk
[12]. However, since the importance of protein, vitamins and minerals needed by the baby is
not known, these products were not included in the formula [13].
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The first infant formula production was started in 1860 by Henri Nestle in
Switzerland due to the increasing mortality rates as a result of the inability of working
mothers to take care of their infants' nutrition. This food consisted of a mixture of cow's milk
and grains and was called "Farine Lactee". The increase in birth rates after World War II led
to the development of the infant formula industry. When birth rates decreased in the 1960s,
manufacturers started to make campaigns to increase food consumption in developing
countries. In the 20th century, infant formulas have become popular and there has been an
increase in their use as an alternative to breast milk [14].

III. CHEMICAL COMPOSITION OF BREAST MILK AND COMPARISON WITH
COW'S MILK

Breast milk comprises water, protein, fat, and mineral substances (Figure 1).
Approximately 87% of breast milk is water, making it a crucial component. Fat constitutes
about 3.8% of breast milk, contributing to approximately 50% of the total energy provided.
The protein content of breast milk is 1.0%, with approximately 70% being whey proteins and
30% being casein. Lactose is the primary carbohydrate in breast milk, with the highest
lactose content found among mammals, approximately 7%. Lactose supplies around 40% of
the total energy in breast milk. Additionally, breast milk has a relatively low ash content,
around 0.2% [15].

Breast Milk

Dry Matter, 13% @ Water, 87%

Nonfat Dry Matter, 9.2% : rl: Fat, 3.8%
—|_l\ Lactose. 7%

Protein, 1%

Whey protein_0.7%
Casein_0,3%
Mineral matter, 0,2%

Figure 1: Composition of breast milk

The concentrations of dry matter components in breast milk can vary based on factors
like genetics, physiology, nutrition, and environment. This variability is also observed in
milk obtained from different animal species. As a result, different types of milk contain
varying amounts of lipids, proteins, carbohydrates, minerals, vitamins, and enzymes [16].

Breast milk exhibits a unique chemical composition and biochemistry compared to
bovine milk. It is characterized by higher levels of lactose and lower protein and ash content.
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Unlike bovine milk, breast milk does not contain B-lactoglobulin and asl-casein [9]. Table 1
presents the composition values of human and bovine’s milk for comparison.

Table 1: Comparison of breast milk and bovine’s milk

Breast Milk Bovine’s milk
Gross composition (%)
Protein 1.00 3.40
Caseins 0.3 2.6
Whey protein 0.7 0.8
Casein/Whey protein 30:70 80:20
Fat 3.80 3.50
Lactose 7.00 5.00
Total solids 12.40 12.50
Ash 0.20 0.70
Caseins (% of total)
o S1-Casein - 40
o S2 -Casein - 8
f -Casein 85 38
x -Casein 15 12
Micelle size (nm) 50 150
Whey protein (% of total)
o -Lactalbumin 26 17
p -Lactoglobulin — 43
Lactoferrin 26 trace
serum albumin 10 5
Lysozyme 10 trace
Immunoglobulins 16 (IgA) 10 (IgG)
Fatty acids (% of total)
Saturated fatty acids 48.2 65.6
C4 (Butyric) — 35
Cs (Caproic) — 1.9
Cs (Caprylic) — 1.3
Cyo (Capric) 1.4 2.5
C12 (Lauric) 6.2 2.8
C14 (Myristic) 7.8 10.7
C6 (Palmitic) 22.1 27.8
Cis (Stearic) 6.7 12.6
Monounsaturated 39.8 30.3
Ci¢:1 (Palmitoleic) 3.1 2.5
Cis:1 (Oleic) 35.5 26.5
Cy0:1 (Gadoleic) 0.96 trace
C22:1 (Cetoleic) trace trace
Polyunsaturated 10.82 4.5
Cis:2 (Linoleic) 8.9 2.9
Cis; (Linolenic) 1.2 1.6
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Ci3.4 (Parinaric) — trace
C»0.4 (Arachidonic) 0.72 trace
Cz0:5 (Eicosapentaenoic) trace trace

Breast milk typically consists of various components, including approximately 26%
a-lactalbumin, 26% lactoferrin, 16% immunoglobulins, 10% lysozyme, 10% serum albumin,
and 12% other proteins [17]. The presence of casein and serum proteins in breast milk is
particularly significant due to their immunomodulatory functions. In the later stages of
lactation, the breast milk's casein-serum protein ratio is approximately 40:60 [18].

The lipids found in breast milk encompass triglycerides, phospholipids, sterols, and
other minor components. Lipids play a crucial role as an energy source and provide nutrients
essential for the development of the central nervous system [16]. Breast milk is abundant in
essential fatty acids such as palmitic acid (Ci¢.y), oleic acid (Cig.1, cis-9), linoleic acid (Cis.,
n-6), and a-linolenic acid (Cjs:3, n-3). Among these, linoleic acid and a-linolenic acid are
vital for the nervous system and retinal photoreceptors as they serve as precursors for
arachidonic acid and docosahexaenoic acid [19].

Breast milk contains lactose as one of its main components, and its concentration is
higher in breast milk compared to cow's milk. Moreover, breast milk contains carbohydrate-
based bioactive oligosaccharides that enhance the absorption of calcium and zinc [20].

All water-soluble and fat-soluble vitamins are present in breast milk. In comparison
to cow's milk, breast milk contains higher levels of vitamins A, E, C, nicotinic acid, and
inositol. However, it has lower content of vitamins B, B,, Bg, B2, K, biotin, pantothenic
acid, and choline (Table 2). Despite these variations, breast milk contains sufficient vitamins
to support normal infant growth [9].

Minerals exist in the body in various chemical forms, including minerals, inorganic
ions, salts, and as components of other organic molecules such as proteins, fats, and nucleic
acids. They play essential roles in providing structural components to body tissues and
forming important parts of many enzymes, contributing to various physiological functions.
Breast milk and cow's milk have different mineral content, as shown in Table 2. Breast milk
contains macrominerals like sodium, potassium, chloride, calcium, magnesium, phosphorus,
and sulfate. Additionally, more than ten mineral substances, including iron, copper, and zinc,
have been identified in breast milk. The primary minerals found in breast milk are
phosphorus, potassium, and calcium (Table 2). It is noteworthy that breast milk generally has
lower values of sodium, potassium, calcium, magnesium, and zinc compared to cow's milk
[21].

Table 2: Vitamin and mineral content of breast and bovine's milk

breast milk bovine milk
vitamins
Vitamin A (mg/mL) 0.53 0.37
Carotene (mg/mL) 0.24 0.21
Cholecalciferol (D) (mg/mL) 0.001 0.0008
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Tocopherol (E) (mg/mL) 5.4 1.1
Vitamin K (mg/mL) 0.015 0.03
Thiamin (B, ) (mg/mL) 0.15 0.42
Riboflavin (B; ) (mg/mL) 0.37 1.72
Pyridoxine (B¢ ) (mg/mL) 0.10 0.48
Cobalamin (B, ) (mg/mL) 0.0003 0.0045
Niacin (mg/mL) 1.7 0.92
Folic acid (mg/mL) 0.043 0.053
Ascorbic acid (C) (mg/mL) 47 18
Biotin (mg/mL) 0.007 0.036
Pantothenic acid (mg/mL) 2.1 3.6
Inositol (mg/mL) 300 160
minerals
Sodium (mg) 15 42.0
Calcium (mg) 33 112.0
Copper (ug) 39 20
lodine (pg) 7 —
Iron (mg) 70 0.1
Magnesium (mg) 3 11.0
Manganese (ng) 0.003 6.0
Phosphorus (mg) 95 91.0
Potassium (mg) 55 145.0
Selenium (ug) 0.016 1.8
Zinc (mg) 0.16 0.4
Fluoride (mg) 0.01 —

IV. INFANT FORMULA TYPES

infant formula formulations have been developed as a result of technological
developments. In terms of commercial forms, infant formulas are available in the market in
ready-to-use, liquid concentrate and powder form. Baby formulas are produced in different
varieties according to their intended use. Cow or goat milk-based, soy-based intensively
hydrolyzed formulas are produced, formulas for premature and low birth weight infants and
breast milk fortifiers are also available for special medical purposes [22, 23]. Follow-up
formulas and supplementary foods are produced for this period when the content of breast
milk or infant formula cannot meet the needs of the baby alone. Follow-up formulas take
over the main liquid food function if breast milk is not taken during this period [22]. While
preparing the infant formulation, cow's milk is generally used in the production of follow-on
milk and infant formulas, and the difference between the composition of breast milk and
cow's milk, the role of each of these components and the needs of the infant in terms of
nutrition and immunity are taken as a basis [23].
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1. Formula Development in Infant Formula Production
Infant formulas are available in the market in three different forms [24]:

e Powder: The smallest form of infant formula that requires mixing with water before
feeding.

e Liquid concentrate: Needs to be mixed with an equal amount of water.

e Ready-to-eat: Baby formula that requires no mixing.

For proper growth and maintaining good health, infant formulas should contain
appropriate proportions of water, carbohydrates, proteins, fats, vitamins, and
minerals. There are three main types of infant formulas [25]:

e Milk-based formulas: Prepared from cow's milk, these formulas contain vegetable
oils, vitamins, minerals, and iron, making them suitable for healthy full-term babies.

e Soy-based formulas: Made with soy protein, vegetable oils (for fat calories), and corn
syrup and/or sucrose (for carbohydrates). These formulas are suitable for infants with
lactose intolerance or cow's milk protein allergy. However, they are not
recommended for low birth weight or preterm infants or infants with colic.

e Special formulas: Specifically designed formulas are required for low birth weight,
premature infants, and infants with metabolic diseases or intestinal malformations.
Examples include low-sodium formulas for infants intolerant to all proteins in their
cow's milk-based formula, or pre-digested protein formulas for infants with allergies.

2. Formulated Infant Formulas: Formulated infant formulas are defined as products that
meet the special nutritional needs of the baby in the first months of life, until the baby is
introduced to appropriate complementary feeding, in cases where breast milk is not
sufficient. It is also referred to as infant formula and is produced from cow's milk, whose
composition has been made similar to breast milk. To change the composition of cow's
milk, the total amounts of protein, fat, carbohydrate and mineral substances are adapted
to the amounts in breast milk. In addition, certain vitamins and trace elements are added
to the composition. Apart from this, the compositions of lipid and protein fractions can be
changed, for example, milk fat can be mixed with vegetable oils to make the composition
of fatty acids similar to that in breast milk, or vegetable oil can be used instead of milk fat
[26].

3. Follow-up Formulas: Follow-up formulas are defined as products of 4th-6th days after
the baby's birth. They are formulas designed to form part of a mixed diet regimen with
the development of the digestive and excretory system. Continuation formulas; It
constitutes the main fluid intake of infants in their increasingly varied diets from the sixth
month, unless a different month is recommended based on the growth and development
needs of the baby by an impartial healthcare professional specializing only in maternal
and child nutrition, for special nutritional purposes. The protein content of follow-on
formulas is slightly higher than that of formula formulas, due to the increasing need for
protein as the baby grows and develops. Although it contains mostly milk fat in its
composition, its vegetable oil rate is low [23].
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4. Foods Formulated for Premature Babies and Babies with Congenital Medical
Conditions: This type of food is considered in the category of diet foods for special
medical purposes. Babies with premature, low birth weight, nutritional deficiencies and
related health problems, and babies with congenital heart failure, fat absorption problems
and metabolic disorders are included in this group. The energy value they provide is
slightly higher than the formula formulas. The ratio of serum protein to casein is adapted
to be 60:40 or 70:30. It contains serum protein, more cysteine, less methionine. This is
quite convenient because the premature baby does not have the enzyme to convert
methionine to cysteine. In premature babies fed with serum predominant protein, more
growth increase was detected compared to those fed casein predominantly. The
carbohydrate fraction consists of a mixture of maltodextrin and lactose. The usage rate of
maltodextrin varies between 25-60%. Fat consists of a mixture of medium-chain
triglycerides, which can be rapidly absorbed by the body, with vegetable oils and
sometimes milk fat. The ratio of triglycerides in this mixture varies by 25-60% [23, 27].

V. CHANGES THAT MUST BE MADE IN COW MILK COMPOSITION IN
PRODUCTION OF INFANT FORMULA

When designing formula infant formula, some changes must be made in the
composition of cow's milk. Among the mineral substances, especially sodium and
phosphorus content should be reduced, and the Ca:P ratio should be increased from 1.2 to 2.
The protein content should be reduced and the casein: serum protein (20:80) ratio should be
increased in favor of serum protein. The amount of carbohydrates should be increased,
vegetable oils should be used instead of milk fat, certain vitamins and trace elements should
be added. Adjusting the mineral content of cow's milk to be used in the production of
formula infant formula is the most complex stage of formula production. For this, by adding
carbohydrates to milk, the amount of other components that make up the total dry matter can
be reduced. However, this type of application creates a 40-50% increase in the carbohydrate
content of the food. Today, whey is used for this purpose [23]. However, since there is 8-
10% mineral matter in whey dry matter, demineralization process is required. The use of
demineralized whey also contributes to milk in terms of serum protein and lactose.

While the lactose in whey decreases the protein content of milk, an increase is
provided in the casein: serum protein ratio in favor of serum protein, which is 60:40. In this
way, the cystine level, one of the essential amino acids, also increases, and the contents of
tyrosine and phenylalanine are reduced. The lactalbumin and lactoglobulin found in whey
have a positive effect on normal growth and development as they contain important amino
acids needed in the nutrition of babies. B-lactoglobulin is the protein with the highest rate
(58%) among whey proteins and plays a role in the transmission of passive immunity in
newborns and the regulation of phosphorus metabolism in the mammary gland. However J3, -
lactoglobulin is one of the substances that limits the use of cow's milk in the preparation of
infant formula formulations and causes allergies in infants. In highly sensitive infants, this
protein can cause allergic reactions even in very low amounts. For this reason, hydrolyzed
casein and hydrolyzed whey formulas are recommended for infants. Lactalbumin , which is
the second most abundant protein in whey proteins, oacts as a coenzyme in the biosynthesis
of lactose, which is an important energy source for newborns. Pure - lactalbumin obtained
from whey is used in infant formulas because it is similar to the basic protein in breast milk
in terms of structure and composition [23].
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Lactose, sucrose, dried corn syrups, glucose, maltodextrin, and wheat and corn
starches are used to increase the total carbohydrate content of cow's milk. Lactose; It is
preferred more because it prevents the development of pathogens, decreases the pH value of
the stool, helps weight control due to its low sweetening power, and reduces the risk of dental
caries. Maltodextrin, on the other hand, has some advantages because it reduces the
osmolality of the product and is easier to digest than lactose [23]. By adding vegetable oils
such as corn oil, soybean oil, coconut oil, safflower oil, hazelnut oil and mixtures of milk fat
with vegetable oils to skimmed milk, the fatty acid composition of cow's milk is tried to be
made similar to that of breast milk [26]. Since some of the vitamins, especially fat-soluble
vitamins, are higher in breast milk, cow's milk should be enriched in this regard [23].
According to Montagne et al. [28], a typical infant formula should contain the following raw
materials:

1. Milk: Skimmed or full-fat, in the form of liquid or powdered milk, cow's or buffalo's
milk can be used.

2. Casein: Acid casein or neutralized potassium/calcium caseinate can be utilized.

3. Whey Protein: Concentrated (WPC), isolate (WPI), partially demineralized serum
protein, or partially hydrolyzed serum protein can be included.

4. Isolated soy protein, carob seed protein, and amino acids (elemental formula) may also be
added to the infant formula.

5. Lactose: It can be added in the form of maltodextrin, corn syrup, sucrose (powder or
syrup).

6. Vegetable Oils: Non-hydrogenated vegetable oils can be used.

7. Emulsifiers/Stabilizers: Lecithin (soy), monoglycerides, and diglycerides may be
included in the formula composition.

8. Mineral Salts: Potassium, sodium, calcium, and magnesium such as carbonates, citrates,
phosphates, or chlorides.

9. Micronutrients: Vitamins, amino acids, KI, FeSO4, ZnSO4, CuSO4.

These raw materials play a crucial role in formulating infant formulas that meet the
nutritional needs of babies. Moreover, the following optional ingredients can be added to
infant formulas:

10. GOS, FOS, and inulin can be included to provide probiotic properties [29, 30, 31].

11. Probiotic microorganisms such as Bifidobacterium animalis sp. lactis, Lactobacillus
rhamnosus GG, Bifidobacterium longum BL999, and/or other strains of L. rhamnosus
may be added [30, 32, 33, 34].

12. Specialty oils like deodorized high docosahexaenoic acid (DHA) fish oil, LCPUFA oils,
medium-chain triglycerides, interesterified palm oil, and sphingolipids can be used [35,
36].

13. Locust bean gum and corn or potato starch may also be added [37, 38].

For newborn babies, a-lactalbumin (a-La) holds significant nutritional value as an
excellent source of essential amino acids like tryptophan and cysteine. Therefore, it is
commonly used to supplement infant formulas [39]. The addition of whey protein fractions
enriched with a-La aims to mimic the composition of breast milk [40]. Recent research has
revealed that a-La influences gut microbiota, mineral absorption, and plays a physiological
role in the immune system [41]. As a result, whey protein fractions enriched with a-La and
reduced B-lactoglobulin content are increasingly utilized in the production of infant formulas
[40].
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The usage of sesame and cottonseed oil in infant formulas is prohibited due to their
potential adverse effects. Sesame oil contains sesamolin and sesamin, which have been
identified as substances causing contact dermatitis [42]. Cottonseed oil may contain
cyclopentenic fatty acids, which could negatively impact fatty acid metabolism, leading to
the desaturation of fatty acids [43]. The total fat content in infant formulas should not exceed
20 g per 100 g of the formula, specifically with regards to lauric and myristic acid. The
standards also state that the trans fatty acid content should not exceed 3 g per 100 g of the
total fat content, and the erucic acid content should not exceed 1 g per 100 g of the total fat
content [44, 45]. Palm oil (palm olein) and soybean oil, which contain palmitic and oleic
acids similar to those in breast milk, are often combined with other oils in infant formulas.

The primary carbohydrates in breast milk consist of galacto-oligosaccharides,
lactosucrose, lactulose, and lactitol. After the first week of breastfeeding, bifidobacteria are
reported as the predominant gastrointestinal bacteria, while Bacteroides spp. are observed to
develop a more diverse microbiota [46]. Oligosaccharides, which are the third-largest
component of breast milk, are virtually absent from cow's milk and most infant formulas.
However, a combination of neutral short-chain galacto-oligosaccharides (scGOS) and long-
chain fructo-oligosaccharides (IcFOS) in infant formulas has been shown to reduce the
incidence of atopic dermatitis and infectious episodes during the first 6 months of life [47].

In general, the mean daily intakes of calcium, magnesium, sodium, potassium, and
iron for formula-fed infants meet the recommended values, except for iron intake when using
iron-fortified formulas [48]. In the absence of breast milk, iron-fortified infant formulas are
the most suitable alternatives for feeding healthy, full-term infants in their early years of life
[49].

VI. IMPORTANCE OF BREAST MILK AND COMPARISON WITH INFANT
FORMULA

Breast milk is a highly nutritious food that fulfills all the essential needs of newborns
and growing babies. Compared to formula-fed infants, breastfed babies tend to have lower
rates of obesity, diabetes, and cardiovascular diseases. Breast milk contains various proteins,
such as lactoferrin, a-lactalbumin, milk fat globule membrane proteins, and osteopontin,
which exhibit different bioactivities, ranging from protecting against infections to aiding
nutrient absorption from breast milk. To mimic these benefits, infant formulas include
protein fractions enriched with these bioactive proteins [50, 51].

As scientific research on infant formulas and technological advancements progress,
formulas have come closer to replicating the composition of breast milk. Consequently,
formula-fed infants' overall development has become more comparable to breastfed infants.
These improvements involve modifications in whey, the addition of nutrients like taurine,
nucleotides, docosahexaenoic acid (DHA), and arachidonic acid; as well as the inclusion of
prebiotics (fructo-oligosaccharides/galacto-oligosaccharides) and lutein. However, despite
these advancements, there still seem to be differences in both short-term (e.g., illness,
cognitive development) and long-term (e.g., obesity, diabetes, cardiovascular disease)
outcomes between breastfed and formula-fed infants. While various components of breast
milk have exhibited bioactivity in vitro, there is limited evidence from clinical studies to
directly incorporate them into infant formulas [50].

Copyright © 2024 Authors Page | 641



Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-515-0

IIP Series, Volume 3, Book 1, Chapter 50

UNDERSTANDING THE COMPOSITION AND PRODUCTION
OF INFANT FORMULAS

Breast milk exhibits a bacteriostatic effect against Escherichia coli bacteria, attributed
to the iron-binding protein lactoferrin, which is abundant in breast milk [52]. Lactoferrin acts
as an iron-binding agent, depriving iron-dependent pathogenic bacteria of this essential
nutrient, inhibiting their growth. Additionally, lactoferrin acts as a bactericide, capable of
killing pathogens like Vibrio cholera and Streptococcus mutans [53]. Working synergistically
with lysozyme, another antimicrobial component in breast milk, lactoferrin even inhibits
resistant Gram-negative bacteria [54]. Clinical studies involving infant formulas enriched
with bovine lactoferrin have shown reductions in upper respiratory disease at 6-12 months of
age [55]. Furthermore, research [56] demonstrated a significant decrease in sepsis cases in
premature infants after receiving oral supplements of bovine lactoferrin.

Similarly, lysozyme, present in both preterm and term infants' feces, exhibits antimicrobial
activity within the gut of breastfed infants [57].

Breast milk casein micelles primarily consist of B-casein and k-casein, with smaller amounts
of aS-casein. Notably, k-casein and its proteolytic fragment, glycomacropeptide (GMP),
possess antimicrobial effects. They have the ability to bind to pathogens, impeding infection
[58].

The milk fat triglycerides are encased in protein-containing membranes, several of which
have known antibacterial and antiviral activities [59].

VII. CHANGES DURING THE PRODUCTION AND STORAGE OF INFANT
FORMULAS

Infant formulas are carefully formulated, considering potential changes or losses that
might occur in the raw materials during production and storage, with a safety margin. Protein
and lactose contents are typically kept slightly higher than those found in breast milk [23].

Foods, including formulas, are susceptible to the Maillard reaction due to their high
sugar and lysine-rich protein content. The Maillard reaction is catalyzed by high
temperatures and prolonged storage, resulting in browning reactions [60]. During heat
treatment, the g-amino group of lysine, bound to proteins, reacts with lactose through the
Maillard reaction, especially under severe heating conditions. This results in the formation of
stable "lactulosyl-lysine," which is less biologically available to the body. As infant formulas
contain relatively high levels of lactose, they may experience a higher loss of lysine
compared to normal milk. Spray drying, a common method for formula production, can
cause up to a 10% loss of lysine. For formulas prepared with glucose for babies with lactose
intolerance, which is more reactive than lactose, lysine loss during traditional spray drying
can reach up to 70%. However, controlled heat application can reduce this loss level to
around 15%. In foods containing enzymatically degraded proteins, heat treatment can lead to
the formation of glycosylated peptides. Maillard reactions may also continue during storage
[23, 60].

During the sterilization process of liquid infant formulas, lysinolalanine is formed

when lysine reacts with serine phosphate. Among different sterilization methods, bottle
sterilized formulas show the highest amount of lysinolalanine, while UHT sterilized formulas
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exhibit the lowest levels. This formation of lysinolalanine is considered a toxicological
concern rather than a nutrient loss issue [23].

In heat-treated foods with high lactose content, such as infant formulas, the formation
of lactulose from lactose occurs at a higher rate during bottle sterilization compared to UHT
sterilization. Prolonged storage at high temperatures can lead to a slight increase in lactulose
content in sterilized infant formulas. While lactulose supports the development of
Bifidobacteria in infants' intestines, excessive amounts (200 mg/100 ml) can cause lactose-
like intolerance. Additionally, the lactulose used by Bifidobacteria is metabolized into
organic acids, like lactic acid and acetic acid, reducing intestinal pH and increasing volatile
fatty acid production. This can result in increased osmotic pressure and a laxative effect [23,
61].

During the sterilization process of liquid infant formulas, there may be losses of
vitamin C, thiamine, folic acid, and vitamin B6. Bottle sterilization tends to cause higher
rates of vitamin loss compared to UHT sterilization. To account for potential vitamin losses,
formulas are formulated to contain higher levels of vitamins than what is indicated on their
labels. A tragic example of this issue occurred in Isracl when a German-made infant formula
led to vitamin deficiencies in 15 babies, resulting in fatalities. In response, company officials
stated that they were unaware of the potential vitamin losses caused by heat during the
sterilization process [23, 62].

VIII. INFANT FORMULA PRODUCTION TECHNOLOGY

Infant formulas are composed of various ingredients, including milk, milk
components, soy protein isolate, carbohydrates, fats, vitamins, minerals, and other food
additives. The production process involves several steps, starting with the acceptance of
unprocessed raw materials like raw milk or liquid whey. Standard dairy processing methods,
such as pasteurization, homogenization, and standardization, are commonly applied [63].

The majority of infant formulas are produced in powder form, which requires
dissolving the powder in water before feeding the baby. There are two main production
methods: wet processing and dry processing. Wet processing ensures a homogeneous
mixture, while dry processing is more cost-effective with lower investment expenses. Often,
a combination of these two methods is employed. Water-soluble substances are added to the
milk before drying, while less soluble components are added in powder form after drying,
achieving the desired composition of the formula [14, 62].

1. Wet Process: Once the raw material components are added, the dry mixture is combined
with water to create a liquid mixture. The subsequent processes applied depend on the
specific product composition and may include pasteurization in a plate heat exchanger (at
temperatures of 71-74°C for 15-25 seconds) or sterilization by direct steam injection (at
temperatures of 105-125°C for at least 5 seconds). The type of heat treatment used varies
according to the product's composition. For instance, foods containing starch are
pasteurized at 74.4°C for 25 seconds. After the heat treatment, the liquid formula is
thickened through an evaporator and then either dried or stored aseptically. For
technological reasons, the concentrate is preheated at temperatures up to 70°C before
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drying. This preheating process also serves to further reduce the number of vegetative
cells in the formula [14, 63].

2. Dry Process: The purpose of drying the liquid concentrate is to achieve a low water
activity (<0.3) and obtain a powder with an extended shelf life. Among the available
technologies, spray drying is the most commonly used method. However, the roller mill
method is not recommended due to its negative impact on microbial quality and the
irreversible changes it causes in food components [14, 23].

In the production of milk-based powdered infant formula, the following steps are
typically followed: After undergoing separation, clarification, and deaeration processes,
the milk is pasteurized at 75°C for 20 seconds. Skim milk is then mixed with vegetable
oils, demineralized whey, fat-soluble vitamins, emulsifiers, and stabilizing agents. Water-
soluble vitamins and mineral substances are generally added before the drying process,
although they can also be added after drying in powder form. The blended mixture
undergoes homogenization at a pressure of 150-200 kg/cm2. Heat treatment is then
applied to the mixture at 110°C for 60 seconds, and the lactose-rich content results in a
maximum of 45% dry matter before it is dried through the spray drying method. For the
production of instant powder, fluid bed dryers are utilized. Liquid foods require
sterilization before aseptic packaging. This is accomplished through either the UHT
method (150°C for 3 seconds) or the classical method (115°C for 10-15 minutes) [23].

IX. USE OF PROBIOTICS, PREBIOTICS AND SYNBIOTICS IN INFANT FOODS

Although the intestines of the newborn baby have a unique flora, it changes rapidly
with the nutrients taken immediately after birth. The first microbial colonization stage is very
important in the development of the immune system. At this stage, the gastrointestinal
system takes shape and the immune system begins to perform its normal functions. The
normal intestinal flora of humans consists of '°'* microorganisms/g and the content contains
more than 400 bacterial species [64]. The main source of the bacteria that make up the
intestinal biota of the baby are the microorganisms found in the mother's birth canal and the
people in contact with the baby's close environment. There are many external and internal
factors such as whether the mother consumes foods containing probiotic bacteria, type of
delivery, gestational age and the baby's initial feeding style (breast milk or formula), health
of the newborn baby, immune system, gastrointestinal system transit time, pH and stress.
factors affect bacterial growth [65, 66]. Low birth weight premature babies born by cesarean
section are delayed in starting breast milk during their stay in the intensive care unit, and
contamination with pathogenic microorganisms may occur during this period [67].

Bifidobacteria is predominate in the intestinal biota of breastfed infants, while
Enterobacter species are dominate in the intestines of formula-fed infants. Although
Bifidobacteria are present in the biota of infants fed with formula for six months, it is less
than that of breastfed infants. Intestinal biota of one-year-old children fed with breast milk
and formula is similar to each other and is close to adult biota [66]. Bifidobacter group
probiotics have been added to infant formulas for 15 years and no side effects have been
observed in this period. Bifidobacteria are thought to play a beneficial and important role in
maintaining the proper balance of the normal intestinal flora [68]. Lactobacilli are the most
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widely used probiotics today. Lactobacilli can be found as probiotics in infant formulas,
probiotic-added milk and various pharmaceutical preparations [69, 70].

The intestines are the largest immune organ in the body, and intestinal bacteria are in
constant interaction with immune system cells. Intestinal lymphoid tissue of experimental
animals raised in a bacteria-free environment cannot develop and their circulating
immunoglobulin concentrations are low [66]. Probiotics not only strengthen the immune
system in the gastrointestinal tract, but also have an effect on the systemic immune response.
The best example of this is the strengthening of the immune response to vaccines. Positive
results have been obtained from the use of probiotic bacteria such as Lactobacillus GG
together with typhoid, oral polio and rotavirus vaccines [66].

Many children die due to diarrhea in the world. Rotavirus is the most common cause
of acute diarrhea in developed societies. L. rhamnosus GG (lgg), Lactobacillus reuteri,
Lactobacillus casei and Bifidobacterium animalis spp lactis are counted among the strains
with proven efficacy in these diarrheas. Probiotic bacteria can prevent acute diarrhea by
preventing the attachment of pathogens, strengthening immunity, regulating motility,
suppressing secretory mechanisms and increasing mucin production. It has been shown that
when Bifidobacterium bifidum and Streptococcus thermophilus are added to infant formulas,
the frequency of diarrhea decreases by 24% [70].

Diarrhea encountered with antibiotic use in infants is caused by Clostridium difficile.
In the treatment of the disease, Lactobacillus acidophilus, L. plantarum, L. casei and
Saccharomyces boulardii are used. It is effective in the treatment by binding the toxins of C.
difficile [72, 73]. Neonatal necrotizing enterocolitis (NEC), a serious gastrointestinal disease
of unknown cause, of the neonatal period; It is characterized by abdominal distention, bilious
vomiting, bloody stool, lethargy, apnea and bradycardia [71, 74]. Clostridium perfringens
was isolated in 40% of babies who developed NEC, and the rate of lactobacilli was found to
be decreased. Lin et al. (2005) showed that the frequency of NEC decreased by 63% in
babies fed with formula containing Lactobacillus acidophilus and Bifidobacterim infantis in
addition to breast milk. It has been observed that the use of probiotic and prebiotic added
formula in premature infants increases the gastric emptying rate similar to breast milk [71,
75]. Probiotics are also effective on weight gain, especially in premature babies. In a
placebo-controlled study, when Bifidobacterium lactis was given to premature infants
receiving antibiotic therapy, it was found that this group had 4 times better weight gain than
the control group [76]. Infantile colic seen in the first 6 months of infancy; It is a disease in
which symptoms such as restlessness, crying spells, blushing during crying, and pulling the
legs of the child towards the abdomen are seen periodically in healthy and well-nourished
children. In studies on this subject; In addition to breast milk, it has been reported that
formula compositions containing casein hydrosylate, Lactobacillus reuteri, fructose and
oligosaccharides reduce crying spells [77, 78, 79, 80].

In order to determine the role of probiotics in the prevention and treatment of atopic
dermatitis, probiotics were used in a study conducted on 1898 children from the neonatal
period to the age of 13. According to the results of the study, it was determined that
probiotics reduced the development of atopic dermatitis by 61% in the first 2 years [80].
Lodinova et al. (2003) determined that when pregnant women and newborn babies were
given Lactobacillus rhamnosus GG, there was a 50% reduction in atopic eczema compared
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to those given placebo [81]. It has been determined that probiotics reduce the incidence of
constipation, acute diarrhea, and increase tolerance to the new diet in infants after weaning
[82].

Prebiotics are non-digestible carbohydrates that provide beneficial effects to the host
that selectively increase the growth and/or activity of bacterial species in the colon. Inulin,
Lactulose, Fructo-oligosaccharides (FOS), Galacto-oligosaccharides (GOS), Resistant starch,
Lactosucrose, Gluco-oligosaccharides, Raftiline, New (Neo) sugars, Oligomate, Xylo-
oligosaccharides, Palatinose, Pyrodexittoolose, -oligosaccharides, soybean oligosaccharides,
gentio-oligosaccharides can be counted as prebiotic components [73, 83]. Prebiotics
stimulate the growth of beneficial species (such as Lactobacillus , Bifidobacterium ) in the
normal intestinal microbiota more, and prevent the proliferation of potential pathogenic
microorganisms such as toxin producing Clostridiums, proteolytic Bacteroides and toxigenic
Esherichia coli [84]. It is a known issue that Bifidobacteria are intense in the intestinal flora
of breastfed babies. About 50 years ago, breast milk oligosaccharides were identified as one
of the important bifidogenic factors in breast milk. The oligosaccharide content of breast
milk is approximately 0.7-1,2 g/l and is seen as an important factor in the defense of newborn
babies against infections. Studies have shown that there is an increase in the amount of
bifidobacteria and lactobacilli in the intestinal microflora thanks to the prebiotics added to
infant formulas. Addition of GOS and FOS to infant formula shows a growth factor effect for
bifidobacteria, such as breast milk oligosaccharides.

Prebiotic  mixtures of  specific  galactooligosaccharides (GOS) and
fructooligosaccharides (FOS), which are similar to the oligosaccharides in breast milk and
stimulate the growth of bifidobacteria and lactobacilli, have been identified in infant
formulas. Bifidobacteria of prebiotics These bacteria are used together with prebiotics to
provide better results. Addition of fructo- and galactooligosaccharides to premature infant
formulas stimulates the proliferation of bifidobacteria and provides soft and frequent
defecation [66]. In addition, the ability of various probiotics and prebiotics to increase
calcium absorption and improve the bone density levels of children has been demonstrated in
clinical trials [85].

X. INFANT FORMULA STANDARDS AND LEGAL REGULATIONS

Infant formulas are subject to legal regulations accepted by international
organizations like the United Nations Food and Agriculture Organization (FAO)/World
Health Organization (WHO) Codex Commission and the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN). Each country also has its own
regulations, often based on these international standards.

In the United States, the Food and Drug Administration (FDA) adopted regulations
for adapted infant formulas in 1985, following recommendations from the American
Academy of Pediatrics. Similarly, in Europe, the European Union established standards for
infant formulas made from cow's milk or soy through the Infant Formulae Directive (2006).
This directive considers scientific evidence and sets guidelines for the addition of new
ingredients to infant formulas.
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The European Communities Regulations of 1998 were developed based on widely
accepted scientific data regarding infant formulae and follow-on formulae. These regulations
cover various aspects of food production, importation, and marketing, including regulations
related to diseases, pesticides, veterinary drug residues, food production, and marketing
hygiene, as well as the admittance of third-country food and hygiene certification for
authorities.

Furthermore, the Commission Directive 2006/141/EC, known as the Recast Directive,
provides clear guidelines on the composition, quality, and labeling requirements for infant
formulas sold within the European Union. This directive ensures that infant formulas in the
market meet specific standards for quality and safety.

The Turkish Food Codex (TFC) Regulation (Official Gazette: 29.12.2011-28157)
serves as the fundamental legislation for baby and infant foods, as established in Article 23 of
Law No. 5996. This regulation is further complemented by the TFC Regulation for Special
Purpose Foods (Official Gazette: 22.04.2002-24734), which specifically addresses baby and
infant foods.

Within the TFC framework, horizontal and vertical regulations are put in place to
ensure the proper sampling, analysis methods, and safety standards for various food
categories. Vertical food codex refers to legislation specifically designed for particular food
groups, substances, or materials in contact with food. For baby and infant foods, specific
arrangements are made through the TFC Infant Formulae Regulation (Official Gazette:
15.08.2014-29089), TFC Follow-On Formulae Regulation (Official Gazette: 15.08.2014-
29089), and TFC Baby and Infant Supplementary Foods Regulation (Official Gazette:
01.11.2007-26687).

On the other hand, horizontal regulations encompass general provisions that are
applicable to all types of foods and materials in contact with food. By implementing both
horizontal and vertical regulations, Turkey ensures the safety, quality, and proper labeling of
baby and infant foods in accordance with established standards.

XI. CONCLUSION

The importance of infant nutrition becomes even more significant during the period of
rapid growth and development that continues from birth until the age of two. During the first
six months, the baby is exclusively breastfed, but as the baby reaches 6-12 months of age,
complementary feeding becomes crucial as it fulfills 50% of the nutritional needs that breast
milk alone may not provide. There are various reasons why breast milk may not be available
or sufficient for the baby, such as the mother's mental well-being, the presence of diseases
like tuberculosis, HIV, cancer that could be transmitted to the baby through breast milk. In
cases where breast milk is not available or insufficient, baby formulas serve as an alternative.
In the production of formulas, it is vital to ensure that each nutrient is added in the
appropriate amount that will benefit the baby. To ensure the safety of baby and infant foods,
proper and hygienic manufacturing, preparation, processing, storage, and preservation are
crucial.

Copyright © 2024 Authors Page | 647



Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-515-0

IIP Series, Volume 3, Book 1, Chapter 50

UNDERSTANDING THE COMPOSITION AND PRODUCTION
OF INFANT FORMULAS

REFERENCES

(1]

(2]
(3]

(4]
(3]
(6]
(7]

(8]
(9]
(10]

[11]

[12]

[13]
[14]

[15]
[16]
[17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

M. Ekubay, A. Berhe, E. Yisma, “Initiation of breastfeeding within one hour of birth among mothers
with infants younger than or equal to 6 months of age attending public health institutions in Addis
Ababa, Ethiopia” International Breastfeeding Journal, vol. 13(4), 2018.

Unicef, Global databases—exclusive  breastfeeding rate, by country.
http://data.unicef.org/topic/nutrition/infant-and-young-child-feeding/. 2020.

N. Sanlier, F. Aytekin, “Examining the nutrition and diarrhea-related knowledge and behaviors of
mothers with children in the zero to three age group” Gazi University, Gazi Educations Journal, vol.
24 (3), pp. 81-100, 2004.

M.A. Selimoglu, O.S. Celiloglu, C. Celiloglu, “The long-term effects of breastfeeding on advanced
ages”. Turkish Pediatry Research Journal vol. 45; pp 309-314, 2010.

S. Ilgaz, “Complementary nutrition guidebook for healthcare professionals”. General Directorate of
Maternal and Child Health, 2009.

N.T. Cacho, R.M. Lawrence, “Innate immunity and breast milk”. Frontiers in Immunology, vol. 8, pp.
584,2017.

G. Noel, J.G. In, J M. Lemme-Dumit, L.R. DeVine, R.N. Cole, A.L. Guerrerio, , ... M.F. Pasetti,
“Human breast milk enhances intestinal mucosal barrier function and innate immunity in a healthy
human enteroidmodel”. Frontiers in Cell and Developmental Biology, vol. 9, Article 685171. 2021.
E.E. Stevens, T.E. Patrick, and R. Pickler. “A history of infant feeding”. J. Perinat. Educ. vol.18 (2),
pp- 32-39, 2009.

M.R. Guo, “Chemical and nutritional aspects of breast milk and infant formula formulation and
processing.” Bulletin of the International Dairy Federation, 417, pp. 2-26, 2007.

F. Dykes “Breastfeeding in Hospital: Mothers, Midwives, and the Production Line” Taylor & Francis
Group. 2006.

T.E. Cone. “History of infant and child feeding: From the earliest years through the development of
scientific concepts”. In: BOND JT , editor. Infant and Child Feeding. New York: Academic Press.
pp- 4-34. 1981.

I.G. Wickes. “A history of infant feeding” Part IV — Nineteenth century continued. Arch. Dis. Child,
vol. 28 (141), pp. 416, 1953.

S.X. Radbil, “Infant feeding through the ages”. Clin. Pediatry, vol.20, pp. 613—621. 1981.

G. Dalkilig-Kaya. “Investigation of the presence of Enterobacter sakazakii (Cronobacter spp.) in
dairy products and baby food and the effect of temperature and sugar types on its development”.
Istanbul Technical University Graduate School of Natural and Applied Sciences Doctorate Thesis,
Istanbul. 2011.

M.R. Guo, G.M. Hendricks. “Human milk and infant formula.” In: Guo MR Ed. Functional Foods:
Principles and Technology. CTI Publications, Inc. Maryland; Chapter 9, pp. 299-337, 2007.

G. Luo, Y. Zhu, D. Ni, J. Chen, W. Zhang, W. Mu. “Infant formulae — Key components, nutritional
value,and new perspectives”. Food Chemistry vol. 424 article no:136393, 2023.

M. Guo, G.M. Hendricks, “Chemistry and biological properties of breast milk.” Current Nutrition &
Food Science, vol. 4(4), pp. 305-320, 2008.

Y. Liao, D. Weber, W. Xu, B.P. Durbin-Johnson, B.S. Phinney, B. Lonnerdal. “Absolute
quantification of breast milk caseins and the whey/casein ratio during the first year of lactation.”
Journal ofProteome Research, vol. 16(11), pp. 4113-4121, 2017.

X. Zou, A.H. Ali, SM. Abed, Z. Guo. “Current knowledge of lipids in breast milk and recent
innovations in infant formulas.” Current Opinion in Food Science, vol.16, pp. 28-39, 2017.

Y.R.F. Sousa, D.F.S. Araujo, J.O. Pulido, M.M.E. Pintado, A. Martinez-F“erez, R.C.R.E. Queiroga.
“Composition and isolation of goat cheese whey oligosaccharides by membrane technology.”
International Journal of Biological Macromolecules, vol. 139, pp. 57-62, 2019.

R. Pietrzak-Fie'cko, A.M. Kamelska-Sadowska. “The comparison of nutritional value of breast milk
with other mammals' milk.” Nutrients, vol.12(5), pp.1404, 2020.

G. Yaman-Sakoglu. “Legal regulations regarding baby and young child foods in the European Union
and the harmonization status of our country's legislation." Republic of Turkey, Ministry of Food,
Agriculture and Livestock, European Union Specialization Thesis, Ankara. 2015.

A. Giirsel. “Siit Esasli Uriinler Teknolojisi” 3. Press. Ankara University, Agricultural Faculty Dairy
Technology Department. Baby Food, pp.117-137. 2012.

FDA (Food and Drug Administration). “FDA 101: infant formula.” 2007. Accessed at

Copyright © 2024 Authors Page | 648



[25]

[26]
(27]

(28]

(29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]

[44]

Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-515-0

IIP Series, Volume 3, Book 1, Chapter 50

UNDERSTANDING THE COMPOSITION AND PRODUCTION
OF INFANT FORMULAS

www.fda.gov/ForConsumers/ConsumerUpdates/ucm048694.htm, 4 June 2012

D. Perlstein. “What is in an infant formula, and how do I choose the right one?” In: Infant Formulas
(M.C. Stoppler (Ed.)). 2012. Accessed at:
http://www.medicinenet.com/infant_formulas/page2.htm#2whatis, Accessed on June 8, 2012.

R.C. Gelardi. “The infant formula industry, the infant formula act of 1980, and quality control. J
Assoc off Anal Chem. vol. 65 (6), pp.1509—-1513, 1982.

N. Koksal, R. Akpinar, H. Kose, K. Sayrim. “Premature and newborn nutrition”. Review Article. J
Curr Pediatr, vol.1. 2003.

D.H. Montagne, P. Van Dael, M. Skanderby, W. Hugelshofer. “Infant Formulae — Powders and
Liquids.” In: Dairy Powders and Concentrated Products (A.Y. Tamime (Ed.)), Wiley-Blackwell,
Oxford, UK pp. 294-331. 2009.

O. Brunser, M. Gotteland, S. Cruchet, G. Figueroa, D. Garrido, P. Steenhout “Effect of a milk
formula with prebiotics on the intestinal microbiota of infants after an antibiotic treatment”. Pediatr
Research, vol. 59 (3), pp. 451-456, 2006.

D. Perez-Conesa, G. Loopez, G. Ros. “Effect of probiotic, prebiotic and symbiotic follow-up infant
formulae on iron bioavailability in rats.” Food Science Technology International, vol. 13, pp. 69-77,
2007.

S.H. Kim, H. Lee Da, D. Meyer. “Supplementation of baby formula with native inulin has a prebiotic
effect in formula-fed babies.” Asia Pac J Clin Nutr., vol. 16 (1), pp.172—-177, 2007.

A M. Bakker-Zierikzee, M.S. Alles, J. Knol, F.J. Kok, J.J. Tolboom, J.G. Bindels. “Effects of infant
formula containing a mixture of galacto- and fructo-oligosaccharides or viable Bifidobacterium
animalis on the intestinal microflora during the first 4 months of life.” Br J Nutrition, vol. 94 (5),
pp.783—790. 2005.

B.W. Petschow, R. Figueroa, C.L. Harris, L.B. Beck, E. Ziegler, B. Goldin. “Effects of feeding an
infant formula containing Lactobacillus GG on the colonization of the intestine: a dose-response
study in healthy infants.” J Clin Gastroenterol 39 (9):786-790, 2005.

G. Puccio, C. Cajozzo, F. Meli, F. Rochat, D. Grathwohl, P. Steenhout. “Clinical evaluation of a new
starter formula for infants containing live Bifidobacterium longum BL999 and prebiotics.” Nutrition,
vol. 23 (1), pp.1-8, 2007.

S. Ribar, L. Feher-Turkovic, I. Krammelic, M. Mesaric. “Sphingoid bases in infant formulae.” Food
Chemistry, vol. 103, pp. 173-180, 2007.

B. Koletzko, E. Lien, C. Agostoni, H. Bo-Hles, C. Campoy, I. Cetin, T. Decsi, J.W. Dudenhausen, C.
Dupont, S. Forsyth, I. Hoesli, W. Holzgreve, A. Lapillonne, G. Putet, N.J. Secher, M. Syjmondka
S.H., P. Willatts, R. “World Association of Perinatal Medicine Dietary Guidelines Working Group.
The roles of long-chain polyunsaturated fatty acids in pregnancy, lactation and infancy: review of
current knowledge and consensus recommendations.” J Perinatal Medicine, vol. 36 (1), pp.5—14,
2008.

P.J. Aggett, C. Agostoni, O. Goulet, O. Hernell, B. Koletzko, H.L. Lafeber, K.F. Michaelsen, P.
Milla, J. Rigo, L.T. Weaver. “Antireflux or Ingredients selection for infant formula 203 anti-
regurgitation milk products for infants and young children: a commentary by the ESPGHAN
Committee on Nutrition.” J Pediatric Gastroenterol Nutrition, vol. 34 (5), pp.496—498, 2002.

H.C. Chao, Y. Vandenplas. “Effect of cereal-thickened formula and upright positioning on
regurgitation, gastric emptying, and weight gain in infants with regurgitation.” Nutrition, vol. 23 (1),
pp.23-28, 2007.

H.E. Indyk. “Development and application of an optical biosensor immunoassay for alactalbumin in
cow milk.” International Dairy Journal, vol. 19, pp.36—42, 2009.

D.E.W. Chatterton, G. Smithers, P. Roupas, A. Brodkorb. “Bioactivity of  -lactoglobulin and a —
hctalbumin — technological implications for processing.” International Dairy Journal, vol. 16,
pp-1229-1240, 2006.

B. Lonnerdal, E.L. Lien. “Nutritional and physiological signs of cancer of a-lactalbumin in
infants.” Nutrition Review, vol. 61, pp.295-305, 2003.

R. Hayakawa, K. Matsunaga, M. Suzuki, K. Hosokawa, Y. Arima, C.S. Shin, M... Yoshida. “Is
sesamol present in sesame 0il?” Contact Dermatitis, vol. 17, pp.133-135, 1987.

R.A. Phelps, F.S. Shenstone, A.R. Kemmerer, R.J. Evans. “A review of cyclopropenoid compounds:
biological effects of some derivatives.” Poult Science, vol. 44, pp.358-394, 1965.

EU (EUROPEAN UNION). “Infant formulae and follow-on formulae and amending directive
1999/21/EC, Commission Directive 2006/141/EC of December 22,” 2006. Accessed at

Copyright © 2024 Authors Page | 649



Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-515-0

IIP Series, Volume 3, Book 1, Chapter 50

UNDERSTANDING THE COMPOSITION AND PRODUCTION
OF INFANT FORMULAS

http://www.eur-lex.europa.eu/LexUriServ/site/en/0j/2006/1_401/ 1 40120061230en00010033. pdf.

[45] FAO/WHO. “Standard for infant formula and formulas for special medical purposes intended for
infants.” CODEX STAN 72-1981. Food and Agricultural Organization of the United Nations,Rome.
2007.

[46] H.J.M. Harmsen, A.C.M. Wilderboer-Veloo, G.C. Raangs, A.A. Wagendorp, N. Klijn, J.G. Bindels,
G.W. Welling. “Analysis of intestinal flora development in breast-fed and formula-fed infants by
using molecular identification cation and detection methods.” Journal of Pediatric Gastro Nutritient,
vol. 30, pp.61-67, 2000.

[47] S. Arslanoglu, G.E. Moro, J. Schmitt, L. Tandoi, S. Rizzardi, G. Boehm. “Early dietary intervention
with a mixture of prebiotic oligosaccharides reduces the incidence of allergic manifestations and
infections during the first two years of life.” Journal of Nutrition, vol. 138 (6), pp.1091-1095, 2008.

[48] M.C. Ruiz, .LA.A. Alegr, A.R. Barber, E.R. Farr, M.J. Lagarda. “Calcium, magnesium, sodium,
potassium and iron content of infant formulas and estimated daily intakes.” J Trace Elem Med Biol.,
vol.10 (1), pp.25-30, 1996.

[49] R.E. Kleinman (Ed.). “Pediatric Nutrition Handbook” .6th edn. Elk Grove Village, IL: American
Academy of Pediatrics:61. 2009.

[50] B. Lonnerdal. “Bioactive proteins in breast milk: Health, Nutrition, and Implications for Infant
Formulas.” Journal of Pediatrics, vol.173S, pp.4-9, 2016.

[51] G.M. Hendricks, M. Guo. “Bioactive components in breast milk.” In Breast milk and Infant Formula,

Elsevier Ltd. p 33-54. London, 2014.

[52] J.J. Bullen. “Iron-binding proteins in milk and resistance to Escherichia coli infection in infants.” Proc
RSoc Med, vol. 65, pp.1086, 1972.

[53] R.R. Arnold, M. Brewer, J.J. Gauthier. Bactericidal activity of human lactoferrin: sensitivity of a
variety of microorganisms. Infect Immunology, vol. 28, pp. 893-898, 1980.

[54] R.T. Ellison, T.J. Giehl. “Killing of gram-negative bacteria by lactoferrin and lysozyme.” J Clin
Investigation, vol. 88, pp. 1080-1091, 1991.

[55] J.C.Jr King, G.E. Cummings, N. Guo, L. Trivedi, B.X. Readmond, V. Keane, et al. “A double-blind,
placebo-controlled, pilot study of bovine lactoferrin supplementation in bottle-fed infants.” J Pediatric
Gastroenterol Nutrition, vol. 44, pp. 245-251, 2007.

[56] P. Manzoni, M. Rinaldi, S. Cattani, L. Pugni, M.G. Romeo, H. Messner, et al. “Bovine lactoferrin
supplementation for prevention of late-onset sepsis in very low-birth-weight neonates: a randomized
trial.” JAMA, vol. 302, pp.1421-1428, 2009.

[57] S.M. Donovan, S.A. Atkinson, R.K. Whyte, B. Leonnerdal. “Partition of nitrogen intake and
excretion in lowbirth-weight infants.” Am J Dis Child, vol. 143, pp.1485-1491, 1989.

[58] M. Stromgqvist, P. Falk, S. Bergstrom, L. Hansson, B. Loonnerdal, S. Normark, et al. “Breast milk
kappa-casein and inhibition of Helicobacter pylori adhesion to human gastric mucosa.” J Pediatr
Gastroenterol Nutr., vol. 21, pp. 288-296, 1995.

[59] Y. Liao, R. Alvarado, B. Phinney, B. Leonnerdal. “Proteomic characterization of breast milk fat
globule membrane proteins during a 12-month lactation period.” J Proteome Res, vol.10, pp. 3530-
3541, 2011.

[60] F.A. Alpsan. “Bebek mamalarinda mevcut lisin ve laktuloz degerlerinin belirlenmesi. Yiiksek Lisans
Tezi. Ege Universitesi, Fen Bilimleri Enstitiisii, izmir. 2008.

[61] A.S. Akalin. “Laktuloz iiretimi, gida ve farmakoloji endiistrisinde kullanimi1.” Gida, vol. 27(6), pp.
475-478, 2002.

[62] G. Gokeay, T. Eren, E. Devecioglu. “Bebek mamalarindaki katki maddeleri.” Cocuk Dergisi, vol. 12
(2), pp- 60-65,2012.

[63] FAO and WHO. “Enterobacter sakazakii and other microorganisms in powdered infant Formula:
Meeting report.” World Health Organization (WHO) and Food and Agriculture Organization (FAO)
Microbiological Risk Assessment Series 6. 2004.

[64] J.A. Vanderhoof, R.J. Young. “Probiotics in pediatrics.” Pediatrics, vol. 109(5), pp.956-958, 2002.

[65] S. Yalgin, K. Yurdakok. “Gastrointestinal sistem hastaliklarinda probiyotik kullanimi.” Katki1 Pediatri
Dergisi, vol. 21(1), pp. 122-138, 2000.

[66] T. Coskun. “Pro-, pre- ve sinbiyotikler.” Cocuk Saglig1 ve Hastaliklar1 Dergisi, vol. 49, pp. 128-148,
2006.

[67] K. Alfaleh, A. Anabrees, D. Bassler. “Probiotics reduce the risk of necrotizing enterocolitis in
preterminfants: a meta-analysis.” Neonatology, vol. 97, pp. 93-9, 2010.

[68] G. Alp. “Bifidobacterium cinsi bakterilerin bazi probiyotik o6zelliklerinin belirlenmesi.” Gazi

Copyright © 2024Authors Page | 650



[69]
[70]
(71]
[72]
(73]
[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

[84]
[85]

Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-515-0

IIP Series, Volume 3, Book 1, Chapter 50

UNDERSTANDING THE COMPOSITION AND PRODUCTION
OF INFANT FORMULAS

Universitesi Fen Bilimleri Enstitiisii Yiiksek Lisans Tezi. Ankara, 2008.

0. Giirsoy, O. Kmik, 1. Génen. “Probiyotikler ve Gastrointestinal Sagliga Etkileri.” TiirkMikrobiyol
Cem Dergisi. Vol. 35, pp. 136-148, 2005.

A. Tagdemir. “Probiyotikler, prebiyotikler ve sinbiyotikler.” Kastamonu Saglik Akademisi, vol. 2
(1), pp. 71-88, 2017.

M. Ozen. “Yenidogan bebeklerde probiyotik kullanimi” Web: http://drmetehanozen.com/yenidogan-
bebeklerde-probiyotik-kullanimi. Date: 02.10.2017.

T. Kutlu. “Pre ve probiyotikler.” Tiirk Pediatri Arsivi Dergisi; vol. 46 special issue, pp. 59-64, 2011.

B. Uymaz. “Probiyotik ozellik tasiyan gida ve insan kaynakli Laktobasillerin izolasyonu
tamimlanmas1 ve bakteriyosin iiretim yeteneklerinin karakterizasyonu.” Ankara Universitesi Fen
Bilimleri Enstitiisii Doktora Tezi, Ankara, 2009.

A. Ceylan, S. Arslan, E. Kirimi, A.F. Oner. “Nekrotizan enterokolit: patogenez, tani, tedavi ve yeni
goriisler” Van Tip Dergisi, vol. 5 (3), pp.188-193, 1998.

F. Indrio, G. Riezzo, F. Raimondi, M. Bisceglia, L. Cavallo, R. Francavilla. “Effects of probiotic and
prebiotic on gastrointestinal motility in newborns.” Journal Physiology and Pharmacology, vol. 60,
pp- 27-31, 2009.

R. Mohan, C. Koebnick, J. Schildt, M. Mueller, M. Radke, M. Blaut. “Effects of Bifidobacterium
lactis Bb-12 supplementation on body weight, fecal pH, acetate, lactate, calprotectin and IgA in
preterm infants. Pediatr Research, vol. 64, pp. 418-422, 2008.

F. Savino, E. Palumeri, E. Castagno. “Reduction of crying episodes owing to infantile colic: A
randomized controlled study on the efficacy of a new infant formula.” European Journal of Clinic
Nutrition, vol. 60, pp. 1304—1310, 2006.

F. Savino, L. Cordisco, V. Tarasco, E. Palumeri, R. Calabrese, R. Oggero, S. Roos, D. Matteuzzi.
“Lactobacillus reuteri DSM 17938 in infantile colic: a randomized, double-blind, placebo-controlled
trial.” Pediatrics, vol. 126(3), pp.e526-533, 2010.

N. Karabayir, F. Oguz. “Infantil colic.” Journal of Child, vol. 9(1), pp. 16-21, 2009.

M. Usta, N. Urganci. “Cocukluk ¢aginda probiyotik kullanimi.” Giincel Pediatri, vol. 1, pp. 88-94,
2014.

A. Tagdemir. “Probiyotikler, prebiyotikler ve sinbiyotikler.” Kastamonu Saglik Akademisi, vol. 2 (1),
pp- 71-88,2017.

T. Vural, E. Celen. “Gastrointestinal sistemle dost mikroorganizmalar ve probiyotikler.” Giincel
Gastroenteroloji, vol. 9 (3), pp. 115-123, 2005.

S. Zoral. “Insan kaynakli Lactobacillus spp. suslarinin probiyotik 6zelliklerinin belirlenmesi.” Ahi
Evran Universitesi, Fen Bilimleri Enstitiisii Yiiksek Lisans Tezi, Kirsehir. 2013

M. Yilmaz. “Prebiyotik ve probiyotikler.” Giincel Pediatri, vol. 2, pp. 142-145, 2004.

B. Uymaz. “Probiyotikler ve kullanim alanlari.” Pamukkale Universitesi Miihendislik Bilimleri
Dergisi, vol. 16 (1), pp. 95-104, 2010.

Copyright © 2024Authors Page | 651



