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Original Article

Background: Plastic bottles are widely used by people to feed 
their infants when breastfeeding is not possible. Bisphenol A 
(BPA), an endocrine disruptor is widely used in the manufac­
turing of plastic wares and is leached out from these plastic 
wares on exposure to high temperature, changed pH, or clean­
ing the plastic wares by harsh detergents.
Purpose: Feeding through plastic bottles over prolong 
duration is expected to expose the infants to leached BPA. 
Hence the present study was taken up to compare the effects 
of breastfeeding and plastic bottle feeding on biochemical 
parameters in infants and also detect for the presence of free 
BPA or its metabolite in the infants.
Methods: Biochemical tests like lipid profile, liver function 
tests, creatine-kinase–MB (CK-MB), serum urea, serum elec­
trolytes were performed on blood samples obtained from 
infants who were breastfed and plastic bottle fed. Further, 
plasma and urine samples of the infants were subjected to Liquid 
chromatography-mass spectrometry analysis for detecting free 
BPA and BPA glucuronide.
Results: Biochemical changes in form of raised triglycerides, 
cholesterol, low-density lipoproteins, very low-density lipopro­
teins and increase in CK-MB, serum urea were observed in 
plastic bottle fed infants. BPA glucuronide was also detected in 
the urine of these infants. Free BPA was not detected in plasma 
or urine samples of the infants except in one plasma sample 
from bottle-fed group.
Conclusion: Plastic bottle feeding may lead to toxic changes in 
the functioning of organs which manifest as altered biochemical 
parameters.

Key words: Infants, Breast feeding/methods, Bottle feeding, 
Chromatography, Liquid

Key message

Question: Plastic feeding bottles are used commonly to feed 
infants who cannot be breastfeed. Does plastic bottle feeding 
produce biochemical changes in infants?

Finding: The plastic bottles leach out endocrine disruptors and 
affects bodily functions in terms of biochemical alterations like 
increased blood urea, raised creatine-kinase–MB levels, and 
altered lipid profile in infants exposed to bottle feeding.

Meaning: Plastic bottles feeding alters bodily functions in 
infants.

Introduction

Breastfeeding has been always considered to be extremely 
beneficial for infants since ages and emphasis is laid to promote 
breastfeeding for promoting both infant’s and mother’s health. 
However, in certain situations, breastfeeding is not possible like 
the death of a mother, inability to produce enough milk due to 
various reasons, improper feeding techniques so that infant is 
unable to feed properly, adopted infants, a mother suffering from 
a certain disease, etc. In such situations, infants have to be put on 
top feeding through bottles. The feeding bottles available in the 
market are made of either glass or plastics. Most people prefer to 
use plastic feeding bottles as it is easily available, cost-effective, 
non-breakable and maintenance is less cumbersome as compared 
to its glass counterpart. These bottles are manufactured using 
type 7 plastics.1) The type 7 plastics are reported to leach out 
bisphenol A (BPA) when they are exposed to high temperatures, 
acidic pH or if cleansed or scrubbed using harsh detergents.2) 
Hence, repeated cleaning of these bottles leads to more leaching 
of BPA.

BPA, a known endocrine disruptor acts through estrogen 
receptors.3,4) Studies have reported that BPA produces repro­
ductive toxicity which manifests as a decrease in fertility in 
female mice, and decreased fertility in male rats.5-12) In experi­
mental animals, BPA has also been shown to produce neural 
and behavioral alterations.13-16) Studies have revealed the asso­
ciation between prenatal exposure of BPA and childhood res­
piratory and allergic diseases.17) Further BPA is reported to 
possess carcinogenic effects and produce hyperplasia of ducts 
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of cleaning and filling up the bottles with lukewarm/warm 
milk/water and further rewarming them in bottle warmers 
increases the leaching of BPA through the plastic bottles.23) The 
leaching is more prominent in the case of old bottles. Hence, 
we hypothesized that BPA leached from plastic feeding bottles 
would possibly alter physiological mechanisms in the infants, as 
BPA is a proven endocrine-disrupting agent.

With this background knowledge, we wanted to study 
whether feeding through plastic bottle produces any change in 
biochemical parameters in human infants. Further, we wanted to 
explore whether BPA (free and metabolite) is present in plasma 
and urine of these infants since there was no prior data available 
for BPA levels in infants of the region included in the study.

Methods

The present study was undertaken after obtaining clearance 
from the institutional ethical committee (Letter No 200/GMC/
IEC/03/2014). A prior informed written consent from the 
parents/guardians of the infants was obtained at the beginning 
of the study. Infants suffering from any systemic disease were 
excluded from the study. Infants who were fed through glass 
feeding bottles and neonates were not included in the present 
study. The subjects were recruited from Feb 2016 to June 
2017. The infants who were brought to Pediatrics Out Patient 
Department (OPD) and selected for the study belonged to the 
Kumaon region of Uttarakhand, India and were divided into 2 
groups: group 1 (control group; n=18): This group comprised 
of healthy infants who were on breast milk and not fed by plastic 
bottles; group 2 (study group n=45): This group comprised of 
healthy infants who did not receive breast milk and were on top 
feed administered through plastic bottles.

A detailed history was obtained from parents/guardians of 
these infants regarding their feeding practices, as to whether they 
were on breast milk or on top feed fed through plastic feeding 
bottles. Further, they were also asked about the type of plastic 
bottle which they used for feeding the infants. According to the 
parents, the bottles were purchased from local shops. They were 
unaware about any specific brand or type of plastic. They did 
not have any information about BPA and were ignorant about 
it. They informed that they would wash the bottles with utensil 
cleaning detergents and would dip them in boiled water for 
sterilization before use. They filled these bottles with lukewarm 
milk/water to feed their infants. The top feed comprised of mixed 
practice of feeding bovine milk, goat milk, water, and formula 
feed. Thereafter, blood and urine were collected from infants in 
both groups after obtaining consent from parents/guardians. The 
samples were collected in the morning hours during OPD time. 
Infants are fed on demand every 2–2.5 hours, hence care was 
taken that the duration between last feed taken and collection 
of samples was minimum 2 hours. Blood (2 mL) was collected 
in ethylene diamine tetra acetic acid and plain vial for each 
infant and urine (4 mL) was collected in sterile urine container. 

of mammary glands, prostate, etc.18,19) Association of BPA 
exposure with cardiac diseases, hepatic defects, and childhood 
obesity has been documented in several studies.20-22) Recently, 
BPA leached from plastic infant feeding bottles have shown to 
produce oxidative stress-induced tissue damage in rats.23)

The main route of exposure of BPA in humans is through diet. 
Following ingestion, conjugation of BPA takes place in the liver 
which forms water-soluble BPA glucuronide and sulphate. These 
water-soluble metabolites are excreted through the kidneys. 
However, not all BPA is conjugated and some remains as 
unconjugated BPA (free form). The free BPA is water- insoluble 
and therefore not excreted by the kidneys.24) The unconjugated 
BPA remains inside the body tissues and is said to be biologically 
active. BPA has been reported to be detected in the urine of adult 
population in the United States.25) Studies have shown that 
consumption of fluids through plastic bottles increases the load 
of BPA in urine.26) Infants have a lower availability of conjugating 
enzymes.27) This is expected to cause less conjugation and more 
accumulation of free BPA levels in the tissues altering their 
functioning.

Use of BPA in food containers and infant bottles has been 
banned by many countries.28) However, in many developing 
countries, the measures to check the use of BPA in plastic wares 
is not adequate and the chemical is still used to manufacture 
plastic wares including infant feeding bottles. Further, BPA free 
plastic wares which are available in market, have been reported 
to possess endocrine disruptors other than BPA which also act 
through the estrogen receptors.29,30) This raises the concern 
while feeding the infants through such products.

The feeding practices in case of infants being fed through 
plastic bottles need a deeper insight since people adopt certain 
practices of using these bottles. For example, before use, the 
infant feeding bottles are washed using detergent and brush 
bottle cleaner. After detergent wash, the bottles are washed 
under tap water. Thereafter, these washed bottles are soaked 
into hot water for sterilization and allowed to dry. Once dried, 
these bottles are ready to use. Usually, the bottles are filled with 
lukewarm or warm milk or water or top feed supplements feed 
the infants. Further, the bottles are placed in bottle warmers in 
case, the contents of the bottles turn cold. This entire process 
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Ninety-three blood samples and 44 urine samples were collected 
altogether in both the groups. Of these, 30 blood samples were 
discarded due to hemolysis or insufficient quantity (Fig. 1). The 
rest of the blood samples were centrifuged to separate plasma 
and serum from the whole blood. The plasma and urine of these 
infants were used for estimation of BPA. The serum samples 
obtained from the infants were subjected to biochemical analysis 
for the study of various biochemical parameters.

Briefly, all analytes were estimated using full automated clinical 
chemistry analyzer AW480. Total and direct bilirubin levels were 
estimated by Beckman Coulter and modified Vandenberg’s 
method. Indirect bilirubin was calculated from the direct and 
total bilirubin values obtained from the aforesaid methods. 
Bowers and McComb method were used for estimation of 
alkaline phosphatase. Kinetic method/International Federation 
of Clinical Chemistry recommended method was used to esti­
mate serum glutamic oxaloacetic transaminase (SGOT) and 
serum glutamic-pyruvic transaminase (SGPT). Cholesterol oxi­
dase/peroxidase amino phenazone was used to measure total 
cholesterol. Glycerine phosphate oxidase peroxidase (GPO/
PAP) was used for estimation of triglycerides. Low-density 
lipoprotein (LDL) and high-density lipoprotein (HDL) were 
estimated using 2 reagent homogenous system. Very low-density 
lipoprotein (VLDL) was calculated from the values obtained for 
total cholesterol, LDL, HDL using Freidwalds equation. Serum 
urea was tested by Colorimetric urease test method, creatine-
kinase–MB (CK-MB) levels were measured by immunoinhi­
bition method.

1. Analytical method for detection of BPA and BPA β D-Glu

curonide

High performance liquid chromatography (HPLC) was used 
to detect presence of BPA or BPA β D-Glucuronide (BPA-G) in 
the samples. The system used was Shimadzu Liquid Chroma­
tography System (Shimadzu Corp., Kyoto, Japan, Model SPD-
10A, LC10AT) comprising of double plunger pump; rheodyne 
injector with 20-µL loop; ultraviolet-visible spectroscopy detec­

tor. Separation of BPA/BPA-G was done by using C18 reverse 
phase column (Lichrospher 100 RP-18.5 µm [125 mm×4 
mm]). The standards for BPA were made by dissolving 2 mg of 
pure BPA/BPA-G (Sigma-Aldrich, St. Louis, MO, USA) in 2 mL 
of acetonitrile (ACN) from which the concentrations of 10, 5, 
2.0, 1, 0.5, 0.2, 0.1, 0.05, 0.025, 0.01 µg/mL were made. Twenty 
microliter of these concentrations was injected into HPLC. The 
mobile phase consisted of water:ACN (30:70, v/v) with and pH 
adjusted to 4.3 with 0.1N HCl, using an isocratic form with a 
flow rate of 0.5 mL/min. The detector wavelength was set at 277 
nm. The limit of quantification was 0.01 µg/mL.

To further confirm for the presence of BPA or BPA-G, ran­
dom samples of plasma and urine were subjected to liquid 
chromatography-mass spectrometry (LCMS/MS). LCMS/MS 
is known to have more accuracy, better sensitivity and specifi­
city as compared to HPLC alone, hence few samples were sub­
jected to LCMS/MS for qualitative analysis of free BPA and BPA 
glucuronide in addition to HPLC. Ultraperformance liquid chro­
matography (UPLC-H class) coupled with quadrupole time-
of-flight was used for LCMS/MS. Mobile phase was of 0.1% 
formaldehyde (FA) and 2%  ACN was mixed to prepare aqueous 
solution. 98% ACN, 2% of 0.1% FA was used to prepare organic 
solution. The ethylene bridged hybrid-C18 (1.7 µm) column was 
used for the process.

2. Statistical analysis

The data was pooled. Statistical test in the form of Mann-
Whitney U test was applied through IBM SPSS Statistics ver. 23.0 
(IBM Co., Armonk, NY, USA). P value<0.05 was considered as 
statistically significant.

Results

Both male and female infants 7.6±3 months (1.5–12 months) 
weighing 8.03±2.1 kg (4–9 kg) were included in the study after 
obtaining written consent from their parents. The bottle-fed 
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Fig. 1. Schema for plasma and urine sample collection and use in different tests. tests. 
LCMS/MS, liquid chromatography-mass spectrometry; BPA, bisphenol A; HPLC, high 
performance liquid chromatography.
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infants who were chosen for the study did not receive breast 
milk. They were exposed to bottle feeding since their birth. 
Following biochemical changes were observed.

1. Biochemical changes

Biochemical parameters were examined in both groups of 
infants. CK-MB levels were significantly high in bottle-fed infants 
as compared to breastfed group (P=0.02). The urea levels were 
also significantly high in bottle-fed infants (P=0.038). Total 
cholesterol, triglycerides, VLDL, and LDL levels were signifi­
cantly high in bottle-fed infants compared to breastfed infants 
of respective groups (P=0.008, P=0.039, P=0.019, P=0.038 
respectively) (Fig. 2). The creatinine levels were not different 
in breastfed or bottle-fed infants. The total bilirubin levels were 
within the normal limits in both groups. Both SGOT and SGPT 
levels were not different in both groups. Serum Sodium and 
potassium were also within normal limits in all the infants of both 
the groups.

2. Results of HPLC and LCMS/MS analysis

Free BPA could not be detected by HPLC in the plasma and 
urine samples analyzed. Hence 24 urine and 20 plasma random 
samples were subjected to LCMS/MS for the presence of free 
BPA and BPA glucuronide.

3. Free BPA estimation

Twelve urine and 10 plasma random samples from both 
groups (6 urine samples and 5 plasma samples in each group) 
were analyzed by LCMS/MS for the presence of free BPA. Only 
one plasma sample of a bottle-fed infant tested positive for free 
BPA by LCMS/MS. None of the urine samples tested positive for 
free BPA.

4. BPA glucuronide estimation

Twelve random urine samples (bottle-fed infants, 9 samples; 
breastfed infants, 3 samples) were subjected to LCMS/MS for 
BPA glucuronide. Of these, 9 urine samples (bottle-fed infants, 
7; breastfed infants, 2) tested positive for BPA glucuronide by 
LCMS/MS (Fig. 3). Concentration of BPA glucuronide in bottle-
fed infants’ urine was 0.95±0.3 ng/mL and in breastfed infants’ 
urine was 0.8±0.4 ng/mL (P=0.46)

 Further, 10 random plasma samples in both groups were 
subjected to LCMS/MS for BPA glucuronide. None of the 
plasma samples tested positive for BPA glucuronide.

Discussion

Breast milk is reported to be best suitable nutrition for an 
infant and its consumption provides innate immunity to them.31) 
This leads to a better ability of the infants to resist the varied 
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Fig. 2. Comparison of biochemical parameters between breastfed infants and bottle-fed infants. LDL, low-
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infections in life. Studies have reported that formula-fed infants 
are prone to develop gastrointestinal disturbances, obesity, and 
type 2 diabetes mellitus in later life.32)

In the present study, the infants who were fed through 
plastic feeding bottles revealed changes in various biochemical 
parameters. These alterations manifested in the form of deranged 
lipid profile in bottle-fed infants as compared to breastfed infants 
in the present study. Total cholesterol, triglycerides, LDL, VLDL 
levels were markedly increased in the plastic bottle-fed infants. 
Further increase in CK-MB and serum urea levels were also 
recorded in the bottle-fed infants.

Lipid profile derangements are an indicator of cardiovascular 
injury. CK-MB is produced from cardiac tissue and its increase 
also marks myocardial damage.33) Urea is produced in the liver 
and excreted through kidneys.34) Any increase in these para­
meters points towards the imbalance in the function of these vital 
organs and may also be associated with the increased protein or 
tissue breakdown inside the body. However, confirmation of the 
cardiovascular injury is suggested through study of creatinine 
Kinase, myoglobin, cardiac troponins, and inflammatory mar­
kers like C-reactive proteins, Interleukin-6 along with electro­
cardiographic findings.35)

It may be argued that the aforesaid biochemical changes are the 
outcome of bovine/goat milk/formula feeding practices. In studies 
reported elsewhere, the breastfed infants were reported to have 
high levels of cholesterol, triglycerides, LDL levels as compared 
to bovine milk-fed infants.36) However, in the present study, the 
results are opposite to these studies. These studies however do 
not mention the use of plastic bottles while feeding the infants. It 
is pertinent to understand that both bovine milk and breast milk 
have similar fat content, however, the type of fat differs in both. 

Bovine milk is rich in saturated fats whereas breast milk is rich in 
unsaturated fats.37) This may be an explanation for the difference 
in both groups for alteration in the lipid profile. However, 
the increase in CK-MB, serum urea levels reveal that there is 
something more than only changes in the milk constitution in 
both groups. The infants of group 2, who were not receiving the 
maternal feed, were fed through plastic bottles. These infants not 
only received bovine milk from plastic bottles but also goat milk, 
water, and top feed. The formula feed may also be considered 
as a factor behind these findings, but majority of the samples in 
the present study belonged to infants whose parents belonged to 
lower socioeconomic status and could not afford costly formula 
feed every time to feed their infants. Hence it is difficult to say that 
the biochemical changes are due to the type of food intake alone.

It is reported that plastic bottles leach out BPA or its sub­
stitutes like BPAF, BPF, BPS, and phthalates from BPA free plastic 
bottles,38,39) whenever these bottles are exposed to high tem­
peratures, subjected to cleaning by harsh detergents or change in 
acidic pH. Feeding through these bottles is expected to expose 
the infants to these chemicals. This may be a reason for the 
exposure of the infants to BPA in the present study. According 
to the history provided by the parents, they cleansed the bottles 
with detergents and dipped in boiled water before use, which 
could possibly leach BPA.

Further, BPA glucuronide levels were detected in the urine 
samples of the infants. Presence of BPA glucuronide in the 
urine of the infants reveals that the infants were exposed to the 
chemical. The deranged biochemical parameters may be linked 
to the presence of BPA, which is probably the leached BPA that 
had entered the infants’ body. Further, free BPA was detected 
in one plasma sample of plastic bottle-fed infant. However, the 

Fig. 3. Bisphenol A glucuronide detected in urine of infants through liquid chromatography-mass spectrometry 
analysis. TOF, time of flight; MS, mass spectrometer; TIC, total ion chromatography.
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LCMS results also revealed the presence of BPA glucuronide 
in 2 urine samples of breastfed infants and the result was not 
significantly different from the bottle-fed infant group. This 
may be possibly due to the fact that the infants were quite small 
to show such difference. This makes the involvement of BPA 
for biochemical changes questionable. The presence of BPA 
glucuronide in breastfed infants may be attributed to maternal 
exposure to the chemical which might have been ingested by 
the infants from the breast milk or possibly contamination of 
the drinking water with BPA can also be a reason behind the 
presence of the chemical in the urine samples. But, it is pertinent 
to note that the biochemical parameters were not affected in 
breastfed infants. Though samples from the mothers of these 
infants were not examined, it needs more detailed study to rule 
out whether this protective action is attributed to the breast milk 
or the BPA coming in maternal milk or contaminated water is less 
in quantity and hence is not producing change similar to bottle-
fed infants. Further, the effects of other chemicals accompanying 
BPA in plastic bottles like phthalates, BPF, BPS, etc are also 
expected to contribute to the ill effects and hence the changes 
are more pronounced in plastic bottle-fed infants. A study on 
rats from our lab has shown to produce oxidative stress-induced 
tissue injury due to feeding through plastic bottles.23) Hence 
similar tissue changes may be expected in human infants as well.

In the present study, the group of infants who were on plastic 
bottle feeding had a mixed practice of feeding. Very few mothers 
fed formula milk and most of them fed bovine milk, goat milk, or 
water through the plastic bottles to their infants. In a developing 
country like India, people generally feed bovine milk instead 
of costly formula feed to their infants in case they are unable to 
breastfeed their babies. The knowledge about recommended 
feeding practices is still lacking in majority of women in the 
country.40-42)

According to Bureau of Indian Standard regulations 2015, 
the use of BPA is banned in infant feeding bottles, but the 
manufacturers do not adhere to the guidelines. Further, the 
measures to check its use in infant bottles are not strictly followed 
by any agency.43) A number of studies have shown that BPA 
leaches out through these bottles which are available in market.44)

In the previous study, infants on bovine milk showed reduced 
cholesterol, LDL, triglycerides, however, in the present study, 
the findings were opposite in terms of raised cholesterol, LDL, 
triglycerides, VLDL in plastic bottle-fed infants. This can be attri­
buted to the usage of plastic bottles to feed the infants which leach 
out BPA and phthalates, which in turn may alter lipid profile.

The present study had a limitation in terms of sample size. 
During sample collection, it was noted that the breastfed infants 
showed fewer OPD visits in comparison to bottle-fed infants and 
the parents of infants those who visited OPD were reluctant in 
participating in the study and provide blood or urine samples 
of their infants. Overall counselling the parents and obtaining 
samples of infants was a hard task and the sample size in both 
groups was therefore limited. Further, not all samples could be 
subjected to LCMS analysis of BPA due to limited funds. In the 

present study, BPA and BPA glucuronide only were detected; 
however other endocrine-disrupting agents like BPAF, BPF, 
BPS, and phthalates were not looked into. Further, evaluation 
of sex hormones or other environmental hormones/endocrine 
disruptors was beyond the scope of the present study, but may be 
looked into in further studies.

Despite these limitations, the present study provides scope 
for understanding the harmful effects of plastic bottle feeding. 
Further studies are implicated to look through the effects of 
plastic bottle feeding in humans. Earlier studies in rodent model 
have shown biochemical alterations associated with plastic bottle 
feeding.23) The possibility of oxidative damage produced by 
leached BPA from the plastic bottles may be present in human 
infants as that reported in rats.

In conclusion, the biochemical alterations in the form of 
deranged lipid profile, raised CK-MB and serum urea levels in 
plastic bottle-fed infants as compared to breastfed infants along 
with detection of BPA glucuronide in urine samples reveal the 
toxic effects of plastic bottle feeding. The endocrine disruptors 
leached from the plastic bottles may be contributing to such 
changes.
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