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1. Intrоduсtiоn 

The health authorities suggest exclusive 

breastfeeding for the first six months of life and 

breastfeeding until at least two years of age with 

appropriate complementary foods after the sixth month 

(Lopes et al., 2018). Despite the superior characteristics 

of breast milk, the production and usage of baby 

formulas has increased due to the development of 

technology, industrialization, rapid change in the social 

role of women, increased difficulty in breastfeeding 

with the active role of women (Hendaus et al., 2018; 

Masum et al., 2020). 

Baby formula market has been expected to be the 

fastest growing packaged food industry in recent years 

(Baker et al., 2021). With the boom of the baby formula 

market, concerns related to the presence of endocrine 

disrupting compounds (EDCs) in baby formulas are in-

creasing. Fetuses, babies, and children are more vulner-

able to EDCs as these substances affect the vital organs 

of the body and the development of the hormonal system 

(Kiess et al., 2021). In addition, the nervous, respiratory, 

and reproductive systems of babies are not fully devel-

oped. This causes some toxins to be less excreted from 

the body (Carroquino et al., 2013). Babies may be ex-

posed to food chemicals at a higher rate as they consume 
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more nutrients per body weight (de Mendonça Pereira et 

al., 2020). In this review, the types and quantities of en-

docrine disruptors in the composition and packaging of 

baby formulas in addition to their effects on health are 

examined.  

2. What are Baby Formulas? 

Although it is not possible to produce a product iden-

tical to breast milk, efforts are made to ensure growth 

and development in babies (Martin et al., 2016). There-

fore, baby formulas are designed as an effective alterna-

tive in baby nutrition (Harris and Pomeranz, 2020). Ac-

cording to Codex Alimentarius guidelines, baby formula 

is a breast milk substitute specially manufactured to sa-

tisfy, by itself, the nutritional requirements of the babies 

(World Health Organization, 1981).  

Baby formulas are used in the absence and inadequ-

acy of breast milk or presence of certain metabolic dise-

ases. Baby formulas are classified as adapted, speciali-

zed, and ready-to-feed (Rossen et al., 2016). 

3. What are Endocrine Disruptors? 

The World Health Organization (WHO) defines 

EDCs as exogenous substances or mixtures that induce 
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adverse health effects by affecting the functions of the 

endocrine system (World Health Organization, 2013). 

These substances can directly interfere with the produc-

tion, release, binding, transport, destruction, and elimi-

nation of natural hormones in the body and can change 

their effects in the target cell. In addition, EDCs can in-

directly affect the organs and systems for which they are 

not directly effective (Lauretta et al., 2019). Many of the 

EDCs are substances used to protect plants against pests. 

In addition, synthetic products used in the plastic in-

dustry, various building materials, and insulation mate-

rials contain EDCs (Barrios-Estrada et al., 2018). Some 

endocrine disruptors that can be found in baby formulas 

are shown in Figure 1. 

 
Figure 1 

Some endocrine disruptors that can be found in baby for-

mulas (Diamanti-Kandarakis et al., 2009) 

4. Endocrine Disruptors in Baby Formulas 

4.1. Phytoestrogens 

Phytoestrogens are defined as polyphenolic compo-

unds which are structurally or functionally similar to en-

dogenous estrogens and synthesized by plants (Nikolić 

et al., 2017). Due to their structural similarity to estra-

diol through their phenol rings, these molecules may 

bind and activate the estrogen receptor promoting (anti) 

estrogenic effects (Gorzkiewicz et al., 2021). Phytoest-

rogens include classes of flavonoids, ligands, coumes-

tan, stilbens, and zearalenone (Lecomte et al., 2017). 

Genistein, daidzein, and glycitein, which are among the 

subgroup of isoflavonoids, are the most researched 

phytochemicals in baby formulas, particularly soy-ba-

sed formulas  (Křížová et al., 2019). 

There is huge interest in the effects of dietary 

phytoestrogens on human and animal reproductive he-

alth. It is known that very high phytoestrogen intake has 

negative effects on both adult female reproductive func-

tion and sexual development (Desmawati and Sulastri, 

2019). Although the adverse effects of phytoestrogen on 

reproductive health have not been clearly demonstrated, 

many studies suggest that isoflavones in baby formulas 

have a negative effect on reproductive health in babies 

(Cederroth et al., 2012). The risk of congenital malfor-

mation, cancer, malabsorption, immunological dysfunc-

tion, endocrine diseases, and neurobehavioral insuffici-

ency increases as a result of exposure to phytoestrogens 

early in life (Petrine et al., 2021). 

One of the ways of exposure to phytoestrogens is 

through soy-based baby formulas. It is known that soy-

based baby formulas contain poor genistein and daidzein 

along with their glycan forms, genistin as well as daidzin 

(Testa et al., 2018). Studies have shown that the con-

centration of isoflavones in soy-based baby formulas va-

ries in a wide range. The total isoflavone concentration 

ranged from 16.2 to 85.4 μg/g (Fonseca et al., 2014). In 

the light of this information, it is known that the daily 

intake of the isoflavones of a baby fed soy-based formu-

las can rise up to 11 mg/kg, which is a much higher amo-

unt than that of adults (Setchell et al., 1997). In addition, 

differences in isoflavone content in soy-based formulas 

may be due to differences in the manufacturing process, 

analysis methods and biological properties of the pro-

duct (Westmark, 2017). Moreover, isoflavones also may 

be found in breast milk and milk-based formulas, but the 

concentration is low (Bhatia and Greer, 2008; Johns et 

al., 2003).  

While it is a fact that soy-based baby formulas are 

rich sources of isoflavones, it is known that babies may 

effectually digest, absorb, and excrete isoflavones 

(Westmark, 2017). On the other hand, there are a few 

studies showing that urinary daidzein and genistein con-

centrations in babies are lower than that of adults taking 

the same amount of isoflavones (Cao et al., 2009; Halm 

et al., 2007). This can be attributed to individual diffe-

rences in the maturation of the digestive ability of babies 

(Nguyen et al., 2015). In addition, poor renal clearance 

in the first period of life may also be effective (Halm et 

al., 2007). Therefore, more studies are needed to confirm 

the safety of consumption of soy-based baby formulas 

known to contain isoflavones early in life. In this con-

text, the European Society for Pediatric Gastroentero-

logy, Hepatology and Nutrition (ESPGHAN) recom-

mends that soy-based baby formulas not be used as the 

only source of nutrition for children under 6 months of 

age (ESPGHAN, 2006). 

4.2. Organohalogen Compounds 

There are 75 different dioxins in addition to 135 dif-

ferent furans and 209 different polychlorinated biphenyl 

(PCB) varieties, which are subgroups of organohalogens 

in nature, 29 of which are the most toxic (Jeanjean et al., 

2021). Dioxins, furans, and PCBs can be found in water, 

air and soil ecosystems, and food chains. Dioxins and 

furans are not commercially produced compounds. They 

often appear as undesirable by-products in the produc-

tion of chemical products (Zubair and Adrees, 2019).  

The adverse health effects which occur as a result of 

exposure to organohalogens include cancers, develop-

mental disorders, wasting syndrome, hepatotoxicity, and 

renal dysplasia. They can also lead to immunotoxicity, 

neurotoxicity, cardiotoxicity, reproductive disorders, 

hypertension, and asthma (Xu et al., 2017). The main 
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sources of exposure to organohalogen compounds dur-

ing infancy are breast milk and baby formula (Pandelova 

et al., 2010). 

It is set the exposure limits for dioxins and dioxin-

like PCBs to 1-4 pg WHO-the equivalent toxic concen-

trations (TEQ)/kg (body weight)/day (EFSA et al., 

2018a). However, the upper range should be considered 

as “temporary tolerable daily intake” and it should be 

aimed to reduce the daily intake to below 1 WHO-

TEQ/kg (body weight)/day. It should be noted that the 

higher the dioxin intake above the specified levels, the 

greater the risk of cancer (World Health Organization, 

1998). Studies on content of dioxins in baby formulas 

are very limited, and most of these studies compare 

breast milk and baby formulas (Hsu et al., 2007; Kerger 

et al., 2007; Pandelova et al., 2010). Although dioxin ex-

posure is higher in breastfed babies compared to for-

mula-fed babies, formula feeding should not be recom-

mended instead of breastfeeding for low dioxin expo-

sure, considering the benefits of breast milk (Pandelova 

et al., 2010).  

Furan, a colorless, volatile, and lipophilic compo-

nent, is classified as a carcinogen for humans by the In-

ternational Agency for Research on Cancer (IARC). The 

primary source of furan in foods is considered to be the 

thermal degradation of carbohydrates such as glucose, 

lactose, and fructose (Javed et al., 2021). Furan, which 

is ingested and inhaleted, is rapidly absorbed and exten-

sively metabolised. It is known to cause adverse health 

effects on the liver and kidneys (Javed et al., 2021; Li et 

al., 2020).  

There are many studies to determine the furan levels 

in baby formulas. According to these studies, furan lev-

els in baby formulas increased from undetectable levels 

to 28.7 ng/g (Lambert et al., 2018; Liu and Tsai, 2010; 

Nie et al., 2013). The European Food Safety Authority 

(EFSA) (2004) reported that furan levels ranged from 

undetectable levels to 112 ng/g in analyzes on 273 baby 

formulas. Baby formulas for milk protein allergy have 

relatively higher furan levels than other formulas. It is 

thought that furans may occur during spray drying or hy-

drolysis while the protein is hydrolyzed (Pandelova et 

al., 2010). Furan formation in baby formulas is a serious 

food safety problem. The new production techniques 

should be developed to prevent furan formation as a re-

sult of heat treatment in baby formulas (Javed et al., 

2021). 

PCBs are also one of the EDCs which can be found 

anywhere and classified as carcinogens. However, the 

number of studies examining PCB levels in baby formu-

las is very low (Agathokleous et al., 2018). In a study, 

174 breast milk samples, 16 cow’s milk samples, and 6 

baby formula samples were analyzed and the lowest 

concentration PCBs were found in baby formulas (Pie-

trzak-Fiećko et al., 2005). As the PCB levels in cow’s 

milk are generally higher than in baby formulas, most of 

the lipids of animal origin are deliberately removed from 

milk based formulas and are replaced with vegetable oil 

with relatively low PCBs content (Mahmoud et al., 

2021). However, in all cases the exposure of PCBs ap-

pears to remain below the determined maximum levels. 

Baby formulas are not thought to be a risk factor for 

PCBs, but it should be taken into account that exposure 

of PCBs will increase with complementary feeding (Lo-

rán et al., 2009). 

4.3. Pesticides 

Pesticides are synthetic chemical compounds used to 

eliminate pests such as unwanted plants, insects, ro-

dents, and fungi (Malik and Kumar, 2021). Humans can 

exposure to pesticides through dermal, inhalation, or in-

gestion. Pesticides cause acute effects and many chronic 

effects such as poisoning, neurotoxicity, developmental 

disorders, as well as cancer in children (Kapsi et al., 

2019).  

Considering that baby formulas are produced from 

dried hydrolyzed cow’s milk or soybean, or that modifi-

cations are applied to make the protein more digestible, 

it is predicted that pesticides are transmitted by contam-

ination (Westmark, 2017). The maximum residue limit 

(MRL) of pesticides in foods should be determined in 

legal regulations and kept under control. For this reason, 

the European Commission (2006) set MRL of 0.01 

mg/kg for each pesticide in baby foods. In addition, the 

use of several highly toxic pesticides has been limited 

and some pesticides have been banned in agricultural 

products used in the production of baby formulas. More 

recently, EFSA (2018b) recommended that MRL for 

pesticide should be below 0.01 mg/kg for infants 

younger than 16 weeks. 

In most studies to determine the pesticide residue in 

baby formulas, the pesticide levels remained below de-

tectable limits (Dobrinas et al., 2016; Kilic et al., 2018). 

The absence of pesticides in milk-based baby formulas 

may be a result of the fact that the used milk was a mix-

ture of milk varieties of different origins, causing a dilu-

tion of any pesticide contamination. In addition, pesti-

cide concentrations may decrease as a result of heat 

treatment (Melgar et al., 2010).  

4.4. Phthalates 

Phthalates are one of the most widely produced or-

ganic chemical classes in the world as their annual pro-

duction is reached approximately 8 million tons (Wang 

et al., 2019). Diesters of 1,2-benzenedicarboxylic acid, 

commonly known as phthalates, are a group of industrial 

chemicals used mostly in the production of polyvinyl 

chloride (PVC) and as a plasticizer in the synthesis of a 

small number of other polymers (Giuliani et al., 2020). 

Various types of plastic tubing are widely used to 

transport milk, and PVC is included in the packaging of 

foods as well as baby formulas in several countries 

(Mankidy et al., 2013).  

When phthalates enter the organism, they are hydro-

lyzed to monoesters and later oxidized in complex ways. 

Although it is not clear which molecules are more toxic, 

many studies have shown that exposure to phthalates 

negatively affects sexual characteristics. Also, 

phthalates can alter the deoxyribonucleic acid (DNA) 
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methylation and therefore transmit these effects to future 

generations (Dutta et al., 2020). 

The maximum contaminant level (MCL) set by the 

Food and Drug Administration (FDA) (2012) for DEHP 

is 0.006 milligram per liter. Based on its adverse effects 

on animals, the oral reference dose (RfD) established by 

the Environmental Protection Agency (EPA) for DBP is 

0.1 mg/kg/day. The recommended RfD for DEHP is 

0.02 mg/kg/day. According to the European Scientific 

Committee on Toxicity, Ecotoxicity, and the Environ-

ment (EU-CSTEE), in addition to the Scientific Com-

mittee on Food (EU-SCF), the maximum acceptable 

daily intake is equal to 50 μg/kg (body weight), whereas 

a lower acceptable dose (22 μg/kg (body weight) was 

proposed by EPA (Del Bubba et al., 2018).  

When the phthalate content of four ready-to-feed 

formulas commercially available in the Italian market 

was examined, it was found that the detectability of all 

phthalate types was 100%. Assuming an infant body 

weight of 5 kg and daily milk feeding of 800 mL, the 

equivalent DEHP intake for baby formulas was in the 

range of 21-45 μg/kg (body weight). The equivalent 

DEHP intake for all baby formulas remained above the 

EPA recommendation limits, while below EU-CSTEE 

and EU-SCF (Del Bubba et al., 2018). Apart from this 

study, there are a small number of studies detecting 

phthalate concentration in baby formulas (Cirillo et al., 

2015; Ge et al., 2016). However, the phthalate levels in 

baby formulas vary widely in these studies. This differ-

ence may be caused by the content of the product, pro-

duction processes, packaging materials, and storage 

conditions. Generally, phthalate levels in metal pack-

aged products are much lower than in plastic packaged 

products (Ge et al., 2016). 

4.5. Bisphenol A 

Bisphenol A (BPA), 2,2-bis (27 4-hydroxyphenyl) 

propane, is an estrogenic compound and a synthetic sub-

stance used in polycarbonate in addition to epoxy resins 

(Iyigundogdu et al., 2020). The most important source 

of exposure to BPA is nutrition as a result of the migra-

tion of the BPA monomer from the packaging (Almeida 

et al., 2018). Baby formula packaging containing BPA 

has been banned in Europe since March 2011 (European 

Commission, 2011). 

BPA is associated with reproductive system cancers, 

fertility problems, and other endocrine disorders. Most 

of the estrogenic effects caused by BPA have been re-

ported to occur at concentrations below the recom-

mended safe daily exposure (Ribeiro et al., 2017). 

The total daily intake set by EFSA (2015) for BPA 

has been 4 μg/kg/day since January 2015. Also, the spe-

cific migration limit (SML) is determined 0.05 mg/kg 

(EFSA, 2015). BPA was detected in 4 of the 10 baby 

formulas taken from different supermarkets in Camerino 

(Italy) and Valencia (Spain). The mean of samples was 

determined in a range of 0.07-1.29 mg/kg (Ferrer et al., 

2011). Shao et al. (2007) found a positive sample from 

10 powdered baby formula samples and determined the 

amount as 0.49 mg/kg. The BPA content of baby formu-

las should be monitored regularly to ensure the safety of 

infants (Karsauliya et al., 2021). 

4.6. Melamine 

Melamine (2,4,6-triamino-1,3,5-triazine) is a nitro-

gen-rich industrial chemical produced in high volumes 

(Wu et al., 2016). Products made of melamine-formal-

dehyde plastic can also be found in food as a result of 

use in materials, including box coatings, paper, card-

board, and adhesives (Ebner et al., 2020). It is illegally 

used in food or feed products to increase the content of 

the false protein (Rajpoot et al., 2020). 

Interest in melamine first began with the death of 

many pets due to kidney failure in 2007. Scientists ob-

served melamine contamination in pet foods. Later, in 

2008, thousands of Chinese babies and young children 

were hospitalized with urine problems due to the con-

sumption of melamine-contaminated baby formulas and 

related dairy products (Gossner et al., 2009).  

The current SML for plastics, as specified in the Eu-

ropean Union legislation, is 2.5 mg/kg (European Com-

mission, 2019). The MRLs are set for different products 

in many countries. Many countries state that baby for-

mulas must not contain melamine (Wen et al., 2016). In 

addition, the tolerable daily intake set by WHO for mel-

amine is 0.2 mg/kg (World Health Organization, 2015). 

Deabes and El-Habib (2012) evaluated the melamine 

content in 22 samples, including baby formula, follow-

on milk, and whole milk powder. Melamine was de-

tected in all samples, and the highest melamine content 

(258 mg/kg) was in baby formulas.  In a study conducted 

in Iran,  melamine in baby formulas was found to be 1.38 

mg/kg (Poorjafari et al., 2015). In another Canadian 

study, melamine was detected in 71 of 94 baby formulas 

in concentrations ranging from 4.31-346 μg/kg (Tit-

tlemier et al., 2009). Recent studies have shown that in-

fants' daily melamine intake is lower than the tolerable 

daily intake (Zheng et al., 2020; Zhu and Kannan, 2018). 

However, there is a risk of nephrolithiasis even in in-

takes below the tolerable daily intake. Therefore, the de-

bate about the tolerable daily intake of melamine contin-

ues (Wu and Zhang, 2013). 

5. Conclusions 

Clinical studies on the effects of phytoestrogens on 

baby health are insufficient. There are no published 

opinions of international organizations regarding the 

maximum limits of phytoestrogens in baby formulas.  

Both the American Academy of Pediatrics and the ES-

PGHAN reported that there is little data for the safe use 

of soy-based formulas in baby nutrition. For this reason, 

it may be recommended to conduct clinical trials, espe-

cially regarding phytoestrogens in soy-based baby for-

mulas. Since the MRL of pesticides in baby formulas has 

been determined, the probability of pesticides is very 

low, or the detected amounts are generally below the 

MRL. Powdered baby formulas packaged with contain-

ers including phthalates are considered risky for 
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phthalates. For this reason, legal limits should be deter-

mined for the packaging materials used in baby formu-

las. In addition, after the baby formulas are produced, 

they should be evaluated in terms of maximum limits at 

the expiry date. In recent years, the presence of BPA in 

baby formulas has decreased due to the tendency to use 

BPA-free coatings. However, considering the long shelf 

life and high lipid content of baby formulas, it cannot 

eliminate the health risks of BPA. The amount of mela-

mine in baby formulas that will be reliable is quite con-

troversial. The safety of baby formulas should be han-

dled internationally due to the death and health problems 

caused by melamine in various countries. It is inevitable 

that every event in this matter has an international di-

mension. 

Consequently, given the importance of baby nutri-

tion, it is necessary to set legal limits for EDCs in baby 

formulas and routine checks to detect them. In addition, 

consumers should not forget the importance of healthy 

and reliable infant formulas. Consumers should pay at-

tention to the food label, ingredient list, shelf life, spe-

cial storage and instructions of use when purchasing 

baby formula. 
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