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Presence of emerging contaminants in baby food
Maria Nobilea*, Francesco Ariolia*, Radmila Pavlovica, Federica Ceriania, Shih-Kuo Lina,b, Sara Panseria,
Roberto Villaa and Luca Maria Chiesaa

aDepartment of Health, Animal Science and Food Safety, University of Milan, Milan, Italy; bBureau of Animal and Plant Health Inspection and
Quarantine, Council of Agriculture, Executive Yuan, Taipei City, Taiwan, R.O.C

ABSTRACT
Food safety becomes imperative when it aims to protect infants. The objective of this study was
to investigate the presence of emerging contaminants of which some act as endocrine-disruptors
in baby food. Persistent organic pollutants (POPs), perfluoroalkyl substances (PFASs), parabens
and antibiotics were analysed in 112 baby food of different categories (meat, fish, vegetables,
fruit, cheese). As regard POPs, PFASs and antibiotics, no residues were detected, while one
sample showed methyl-paraben (4.14 ng g−1), whereas another three contained propyl-
paraben (median 1.70 ng g−1). Special attention must be paid on parabens metabolites, as
4-hydroxybenzoic acid, the principal parabens metabolite, was detected in all samples (median
176.7 ng g−1). It may be present as a degradation product, but also, it can be released from
vegetables and fruits during food processing. It is recommended to collect more data on natural
vs non-natural occurrence of parabens and metabolites to evaluate the exposure of sensitive
population vs ADI published by the European Food Safety Authority and European Medicines
Agency.
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Introduction

Baby food is homogenised food, packaged in ster-
ile conditions, made from fruit, vegetables, fish,
meat, or combining different of these matrices,
directly ready for use. An alternative to traditional
baby food is organic baby food, even if it is more
expensive. In general, baby foods are produced by
subjecting the selected substances to
a sophisticated procedure of homogenisation that
makes them digestible for infants between 4–6
months and 2 years old. Infant formulas are very
useful in the first months of life, in the so-called
weaning phase, when milk is gradually replaced
with a practical and functional solution to ensure
a complete supply of nutrients. Food safety checks
are very important and challenging when the aim
is to detect simultaneous residue analysis of dif-
ferent compounds belonging to a wide variety of
different classes, in selective foodstuffs both of
vegetable and animal origins (Pérez-Ortega et al.
2012), especially to protect a vulnerable and most
at-risk population group, such as infants.

On the other hand, the presence of emerging
contaminants and/or endocrine disruptors such as
persistent organic pollutants (POPs), perfluor-
oalkyl substances (PFASs), parabens, human and
veterinary drugs (e.g. antibiotics) has been
recently reported in processed food deriving
from environmental contamination and/or farm-
ing/crop practices (Chiesa et al. 2018a, 2019).

As the European Food Safety Authority (EFSA)
states in its guidance on risk assessment for sub-
stances in baby food (EFSA 2017), the immune
system in immediate post-natal life is particularly
sensitive and exposure to immunotoxicants may
result in persistent effects on the immune system
that last or appear only long after exposure, but
may also occur at lower doses than adult exposure.
Different compounds or types of exposure may
produce different severities and unpredictable
alterations depending on the time of exposure
during the immune system development. They
may be associated with chronic immunological
conditions such as immune deficiency, autoimmu-
nity, inflammation and allergic reactions.
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Although the guidance addresses specifically the
risk assessment of infants less than 16 weeks of
age, the matters affects infants and young children
above 16 weeks of age.

To ensure appropriate nutritional composition
and safety of foods for infants and young children,
the European Commission has defined specific
rules for such foodstuffs.

The Directive 99/39/EC encompasses the speci-
fic rules on the presence of pesticide residues in
processed cereal-based baby foods and baby foods
and requires that this type of food contains no
detectable levels of pesticide residues, meaning not
more than 0.01 mg kg−1, as consumed. In addi-
tion, the Directive prohibits the use of certain very
toxic pesticides in the production of processed
cereal-based baby foods and baby foods and estab-
lishes levels lower than the general maximum level
of 0.01 mg kg−1 for a few other very toxic
pesticides.

In addition, the Directive 2006/125/EC, indi-
cates that cereal-based foods and baby foods
must also comply with other specific provisions
laid down in the relevant measures of EU law on
hygiene, on the use of food additives, on the pre-
sence of contaminants and on the use of materials
intended to come into contact with the products.

As well known, food is considered as
a cumulative daily source of parabens and other
legislation was established to ensure consumers’
safety. A risk assessment of parabens was recom-
mended by the EFSA (2004) and was set an accep-
table daily intake (ADI) of 10 mg kg−1 body
weight (bw)/day for methyl paraben (MeP) and
ethyl paraben (EtP), but for a long time safety
evaluations have not been defined for other para-
bens. In recent years, special attention has been
paid to propyl-paraben (PrP) and ADI of 1.25 mg
kg−1 bw was established just a few years ago
(European Medicines Agency 2015). The levels of
residues that might occur following its utilisation
in veterinary products are expected to be too low
to impact on industrial food processing and there-
fore maximum residual limits (MRL) were not set-
up, as was declared in EU regulations (European
Commission 2015).

The question about paraben presence in pro-
cessed foods is even more complicated when the
parabens transformation products, namely

4-hydroxybenzoic acid (p-hydroxybenzoic acid,
p-HBA), 3,4-dihydroxybenzoic acid (protocatechuic
acid, 3,4-DHB), methyl-protocatechuate (OH-MeP)
and ethyl-protocatechuate (OH-EtP), are taken into
consideration (Xue et al. 2015, 2017). Those (di)
hydroxybenzoic acids have been recognised as meta-
bolites of parabens and thus might serve as potential
markers of parabens incidence (Wang et al. 2018;
Chiesa et al. 2018e). Nevertheless, the parabens are
not their unique, exclusive source: p-HBA and
3,4-DHB are also naturally present in many plants
and vegetables (Tomás-Barberán and Clifford 2000;
Kakkar and Bais 2014). Also, both p-HBA and
3,4-DHB appear as intermediates in several indus-
trial processes with potential biotechnological appli-
cations in food production (Wang et al. 2018), and if
not managed properly they could represent a risk for
baby food, as well. Additionally, OH-MeP and OH-
EtP are recognised as hydroxylation products of
MeP and EtP, respectively, and generally, they are
produced by biotic and abiotic transformation of
many xenobiotics (Xue et al. 2017). There is no
available literature data about their origin, level
and risk assessment in the baby food.

Salicylic acid, a structural isomer of p-HBA, is
a compound that is naturally present in foods can
cause adverse reactions to persons who are intol-
erant. Salicylate sensitivity is not as common as
other type of food intolerance, but it should be
taken into consideration especially when its quan-
tity in baby food is concerned. Studies on the
salicylic content of foods are sparse and have
produced distinctly different results, giving rise
to controversy (Malakar et al. 2017).

As regards veterinary drugs or other class of
substances, there is not any current legislation
for MRL in baby food, so a zero-tolerance policy
is applied establishing that the presence of these
compounds is illegal at any level (Aguilera-Luiz
et al. 2012).

As regards PFASs, EFSA recommended the
analysis of this class of compounds in different
food items to assess a reliable risk evaluation,
and this appears essential when the highest
chronic dietary exposure to perfluorooctanesulfo-
nic acid (PFOS) was estimated for the youngest
population groups (EFSA 2018b).

Therefore, in the light of these considerations,
the application of these preventive policies require
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the development of sensitive analytical methods to
determine the presence of these compounds and
of their metabolites, useful as markers, at very low
concentrations to protect infant health.

There are few works in literature on the multi-
residue analysis of emerging contaminants and
endocrine-disrupting chemicals in baby food, and
those deal with single or only a few classes of
compounds, as reported in Table 1, a summary
table on the state of art on this topic.

In this regard, our aim was to analyse different
baby food on the basis of the matrix type (meat,
fish, cheese, vegetables and fruit) for the detection
of POPs, PFASs, antibiotics and parabens evaluat-
ing the possible direct or indirect contamination
of residues, relative to the different breeding/crop
practices or environmental contamination, to eval-
uate infant health risk.

Material and methods

Chemicals and reagents

All solvents were purchased from Merck and water
was purified by a Milli-Q system (Merck KGaA,
Darmstadt, Germany). SupelTM QuE Citrate (EN)
tubes and SupelTMQuE-ZSEP (EN) tubes were from
Supelco (Sigma Aldrich, St. Louis, MO, USA). The
Oasis HLB 3mL, 60mg andOasisWAX 3mL, 60mg
cartridges were from Waters (Milford, MA, USA).
Non-dioxin like-polychlorinated biphenyls (NDL-
PCB) (PCB 28; −52; −101; −138; −153 and −180)
[congener 209 as internal standard (IS)] and PBDEs
(PBDE 28; −33; −47; −99; −100; −153 and −154)
[3-fluoro-2,2,4,4,6- pentabromodiphenyl ether
(FBDE) as IS] were from AccuStandard (New
Haven, USA). Organochlorine pesticides (OCs)
(aldrin; α-hexachlorocyclohexane (α-HCH); β-hexa-
chlorocyclohexane (β-BHC); hexachlorobenzene
(HCB); dichlorodiphenyldichloroethylene (DDE);
dichlorodiphenyltrichloroethane (DDT); dichlorodi-
phenyldichloroethane (DDD); endosulphan I; endo-
sulphan II; endosulphan sulphate; endrin; heptachlor;
heptachlor epoxide; lindane and trans chlordane)
were from Restek (Bellefonte, PA, USA).
Organophosphorus pesticides (OP): chlorpyriphos
diazinon, disulphoton, ethoprophos, mevinphos and
phorate, and 4-nonylphenol (IS for OCs and OPs)
were from Sigma-Aldrich. The four PAHs: chrysene,

benz(a)anthracene, benzo(b)fluoranthene and benzo-
(a)pyrene were from Restek (Bellefonte, PA, USA).

PFASs: perfluorobutanoic acid (PFBA), perfluoro-
pentanoic acid (PFPeA), perfluorohexanoic acid
(PFHxA), perfluorobutane sulphonic acid (PFBS),
perfluoroheptanoic acid (PFHpA), PFOA, perfluoro-
hexane sulphonate (PFHxS), perfluorononanoic acid
(PFNA), perfluorodecanoic acid (PFDA), PFOS, per-
fluorododecanoic acid (PFDoA), perfluoroundeca-
noic acid (PFUnDA), perfluorotridecanoic acid
(PFTrDA), perfluorotetradecanoic acid (PFTeDA),
perfluorohexadecanoic acid (PFHxDA), and per-
fluorooctadecanoic acid (PFODA) were from
Chemical Research 2000 Srl (Rome, Italy) and ISs
perfluoro-[1,2,3,4,5-13C5]nonanoic acid (MPFNA)
and perfluoro-[1,2,3,4-13C4]octanesulfonic acid
(MPFOS).

Antimicrobial agents: amoxycillin, ampicillin,
benzylpenicillin, cefquinome, ceftiofur, cefalexin,
ciprofloxacin, chloramphenicol, chlortetracycline,
cloxacillin, danofloxacin, dicloxacillin, dimetrida-
zole, doxycycline, enrofloxacin, florfenicol, florfeni-
col amine, flumequine, furaltadone, furazolidone,
lincomycin, lomefloxacin, marbofloxacin, nalidixic
acid, nitrofurazone, oxolinic acid, oxytetracycline,
ronidazole, spiramycin, sulphadiazine, sulphathia-
zole, sulfadimethoxine, sulphadimidine, sulfamera-
zine, tetracycline, thiamphenicol, tiamulin,
tilmicosine, tinidazole, trimethoprim, tylosin and
enrofloxacin-d5 (IS) were from Merck.

Parabens: MeP, EtP, propyl-(PrP), butyl-(BuP)
and benzylparaben (BzP), 4-hydroxybenzoic acid
(pHBA), 3,4-DHB, OH-MeP and OH-EtP includ-
ing 4-fluorobenzoic acid (4-FB) used as IS, were
from Merck (KGaA, Darmstadt, Germany).

Standard solutions

For stock and working solutions, kept at −20°C,
hexane was used as solvent for GC-MS/MS and
methanol for HPLC-HRMS analyses.

Sample collection

The total number of collected samples was 112. In
detail: 45 meat (veal, swine, horse, lamb, rabbit,
chicken, turkey), 13 fish (plaice, salmon, sea
bream, hake, trout, bass, cod), 47 fruit (apple,
pear, plum, blueberry, apricot, peach, mixed
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fruit) and vegetable (legumes, zucchini, carrots,
potatoes, sweet potato, tomato, broccoli, peas, spi-
nach, mixed vegetables) and 7 cheese baby food.
They were from different commercial Italian
brands, present in the international market, and
bought in different Italian supermarkets.
Moreover, 11 samples of different matrices were
bought in some supermarkets of Serbia, to extend
the international scope. The sample details are
specified in Table 2.

Sample treatment protocol for PoPs

Two gram samples were extracted by the
QuEChERS protocol described in Chiesa et al.
(2018a).

Sample treatment protocol for PFASs

Two gram samples were extracted as in our pre-
vious works (Chiesa et al. 2018b).

Sample treatment protocol for antibiotics

One gram samples were extracted as described by
Chiesa et al. (2017), (2018c) and (2018d).

Sample treatment protocol for parabens and
metabolites

The sample procedure performed for parabens is
reported by Chiesa et al. (2018e).

GC-MS/MS analyses for POPs

The instrument was a GC Trace 1310 chromato-
graph coupled to a TSQ8000 triple quadrupole
mass detector (Thermo Fisher Scientific, Palo
Alto, CA, USA) with electronic impact (EI)
mode set in selected reaction monitoring mode
(SRM). The column was a fused-silica capillary
Rt-5MS Crossbond-5% diphenyl 95% dimethylpo-
lysiloxane (35 m x 0.25 mm i.d., 0.25 μm film
thickness, Restek, Bellefonte, PA, USA). The
oven temperature program and all operation para-
meters were the same as for our previous work
(Chiesa et al. 2018a). Xcalibur software was used
to control instrument and Trace Finder 3.0 for
data processing (Thermo Fisher Scientific).Ta
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LC-HRMS orbitrap analyses for PFASs, antibiotics,
and parabens

A Q-Exactive Orbitrap equipped with a heated
electrospray ionisation source (HESI) was used.
The HPLC system was a Surveyor MS quaternary
pump (Thermo Fisher Scientific, San Jose, CA,
USA) with a Synergi Hydro-RP reverse-phase
HPLC column (150 × 2.0 mm, i.d. 4 µm) and
a C18 guard column (4 × 3.0 mm; Phenomenex,
Torrance, CA, USA). The mobile phase used for
PFASs was a gradient of aqueous NH4COOH
(20 mM) and MeOH; for antibiotics and parabens
separation a binary mixture of aqueous HCOOH
(0.1%) and MeOH was used. All the parameters
are described in our previous works (Chiesa et al.
2018a, 2018d, 2018e).

For each analytical method, we combined a full
scan (FS) with a data-independent acquisition
(DIA), providing the MS2 spectra for confirmatory
analysis.

Xcalibur software (Thermo Fisher Scientific,
San Jose, CA, USA) acquired and elaborated data.

Validation parameters

Antibiotic validation was assessed following the
Commission Decision guidelines 657/2002/CE,
while for the other analytes SANTE/11813/2017
guidelines were followed. All the validation para-
meters are described in our previous works
(Chiesa et al. 2018a, 2018d). Regarding parabens,

our analytical procedure published earlier (Chiesa
et al. 2018e) was followed strictly, including also
the determination of validation parameters for
3,4-DHB, OH-MeP and OH-EtP that were not
previously elaborated.

Statistical evaluation

Preliminary statistical evaluation (Shapiro-Wilk
Test) revealed that data were not normally distrib-
uted. Therefore, non-parametric Kruskal-Wallis
One Way analysis followed by all pairwise multi-
ple comparison processes (Dunn’s method) were
used to check the differences between the medians
of the datasets. Statistical analyses were performed
using Sigma Stat (Statistical Analysis System, ver-
sion 12.5) software (Jandel Scientific GmbH,
Erkrath, Germany). A P-value of 0.05 was set as
statistically significant.

Results and discussion

No POPs were found in samples analysed. In litera-
ture, one of the compounds detected with highest
frequency were PCBs, where concentrations ranged
up to 95 pg g−1 (Toms et al. 2016), 0.03 ng g−1 and
0.29 ng g−1 for fish and gluten-free cereals products
(Lorán et al. 2010), 7.78–270 pg g−1 (Jeong et al.
2014) while negligible PCB levels were detected in
another study, in line with our results (Table 1).
Literature results showed PBDEs were found with

Table 2. Sample collection details according to food categories.
Meat Fish Fruit/vegetables Cheese

Veal Plait Apple Cheese (bovine milk)
Swine Hake Plum
Horse Plait and potatoes* Pear
Lamb Trout and vegetables* Pear and blueberry
Rabbit Bream and vegetables* Apple and blueberry
Chicken Bream and potatoes* Apple and banana
Turkey Bass and vegetables* Apple and peach
Veal and ham Cod and potatoes* Apple and apricot
Chicken and carrots* Cod and vegetables* Banana and kiwi
Chicken with green beans and zucchini* Salmon and vegetables* Mixed fruit
Veal and vegetables* Carrot and apple
Veal and carrots* Legumes
Veal and potatoes* Zucchini
Veal, broccoli and carrots* Broccoli
Veal, potatoes and mushrooms* Carrots, potatoes and zucchini
Turkey, corn and potatoes* Sweet potato and carrots

Tomato and vegetables
Peas and spinach
Mixed vegetables

Total n = 45 n = 13 n = 47 n = 7

*for mixed categories, meat and fish represented the major component as declared in the label.
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median concentrations at 21 pg g−1 in United States
samples and 36 pg g−1 in Chinese samples (Liu et al.
2014). In one study, conducted on homemade Korea
samples, PBDEs were found with highest frequency
in 90% of samples at concentrations from 24.5 to
6000 pg g−1(Jeong et al. 2014), higher than those
found in commercial formulae from the United
States where median concentration were
1725 pg g−1 for meat samples, 283 pg g−1 fish,
31.5 pg g−1 in dairy products (Schecter et al. 2004).
The lower levels were found in European products,
with whom our results are in line suggesting a safety
of the products. Moreover, according to European
Community in 2006 (European Commission 2006),
baby food should be free of pesticides residues and
EFSA panel set a Maximum Residue Level of
0.01 mg kg−1 in food for infant, as consumed
(EFSA 2018a). In one study conducted in Spain
(Fontcuberta et al. 2008), the authors observed
a gradual disappearance of regulated chlorinated
organic pesticides from 1989–2000 period and
2001–2006 period, suggesting that this could reflect
an improvement of worldwide regulation
(Fontcuberta et al. 2008). In our study, no pesticides
residues were found and this reflects what has been
reported in other studies (Fontcuberta et al. 2008) on
the progressive lower detection of pesticides as
a consequence of the improvement of industrial
processes and regulation. So, on the base of our
results, a growing enhancement of regulation could
be linked to an improvement of product safety and
therefore an absence of contaminants (EFSA 2018a).

As regard PFASs, none were detected, demon-
strating that this kind of contamination in the
different baby food analysed may currently not be
of concern. In particular if we compare our results
to the few studies present in literature, in that of
Ullah et al. (2012) the detection frequency (percen-
tage detects) for the 13 investigated PFASs was 77%
in fish, 64% in meat, 49% in vegetables at concen-
trations below the respective minimum detectable
level of 7 to 20 pg g−1, and could thus only be
estimated semi-quantitatively. Quantifiable concen-
trations of several PFASs were found in pig liver
and fish and the highest level of PFOS (1.8 ng g−1)
was quantified in fish from The Netherlands, if
compared to 13 pg g−1 found in those from
Bangladesh. In the study of Lorenzo et al. (2016),
PFBA and PFOA were detected in 100% of

analysed samples with concentrations up to 5013
ng g−1, followed by PFDA (83%) up to 387 ng g−1

and PFOS detected only in 17% of the samples and
they stated they can derive from the production
chain since many parts of the equipment were
made of perfluoroalkylated materials.

As regard antibiotics, also in this case we found
no residues in any analysed baby food. In the
study of Gentili et al. (2004), among 30 analysed
infant foods for sulphonamides, one, whose for-
mulation was based on veal meat, was positive to
sulfamethizole (1.4 ng g−1) and other two samples
were <LOQ. In the work of Aguilera-Luiz et al.
(2012) only one meat baby food sample out of 21
showed the presence of levamisole at 9.5 ng g−1. In
the work of Nebot et al. (2014) 31 baby food
samples containing between 15% and 20% beef
analysed for tetracyclines, only 3 samples showed
doxycycline with concentrations between 5 and
9 ng g−1, one tetracycline (5.4 ng g−1) and another
chlortetracycline (7.2 ng g−1). In the other few
works reported in Table 1, no compounds were
present.

Parabens affect reproductive or endocrine end-
points at high concentrations in both male and
female immature experimental animals, and with
exposure, both boys and girls may be at risk of
endocrine disruption. Oestrogenic effects in boys
may increase the risk for incomplete masculinisa-
tion resulting in decreased sperm quality. In girls,
an increased oestrogenic load may increase the
risk of early puberty, and premature mammary
development (Boberg et al. 2010). The great
majority of samples enrolled in this study did
not reveal measurable levels of parabens
(Table 3), except one plum preparation that con-
tained 4.14 ng g−1 of MeP and one apple, one pear
and one turkey sample that contained PrP at the
concentrations of 1.2, 3.4 and 1.33 ng g−1, respec-
tively. Although having such low incidence, this
kind of contamination should not be underesti-
mated as it is not clear what might be the origin of
those two parabens discovered randomly in 4 out
of 112 samples (<3.5%). The range of concentra-
tion detected herein corresponds to the daily
intake which is 2–3 orders of magnitude (about
1000 times) below ADI recommended by
European Medicines Agency (2015) which was
set at 1.25 mg kg−1.
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Special attention needs to be directed towards
PrP because legislation concerning this compound
has been rather confusing in the past and an ADI
has been recommended recently (European
Medicines Agency 2015). PrP is an antimicrobial
preservative used in veterinary medicinal pro-
ducts, and it was previously classified as additive
E216. As a result of EFSA’s re-evaluation (2004) of
parabens with E numbers E214-E219, the
E classification of PrP (and its sodium salt) were
successively suspended. This decision was based
on the scientific data indicating that administra-
tion of PrP to male rats resulted in adverse effects
on the hormonal system and male reproductive
functions. It is therefore recommended to collect
more occurrence data for parabens and transfor-
mation products to conduct a thorough exposure
and safety assessment.

Unfortunately, the literature data regarding para-
bens’ occurrence in processed food intended for
infants’ diet is rather limited, apart from the pre-
liminary results reported by our group that con-
cerns exclusively baby food containing fish (Chiesa
et al. 2018e) where no parabens were detected.

p-HBA was found in all samples which is why
results obtained here in regard to different type of
infant food preparation were obtained. It is well-
established that p-HBA does not exclusively derive
as degradation product and potential indicator of
parabens treatment, but it is also naturally present
in many vegetables (Tomás-Barberan and Clifford,
2000). Indeed, when samples from four food
groups were taken into consideration there were
evident differences in the p-HBA level (Figure 1).
The vegetable samples possessed an extremely
high amount of p-HBA most probably due to the
endogenous origin of p-HBA, with preparations
based on carrot and plum showing the highest
levels. However, the reason why samples that

consisted of meat only, contained a substantial
amount of this metabolite is uncertain (n = 36,
median = 89,3, 25–75 ng g−1 percentile =
50.9–99.1 ng g−1). One possible explanation
might lay down in the fact that those samples
were subjected to more elaborate technological
processes (such as cooking) including the addition
of water treatment that might be source of para-
bens, as well. Also, it remains to be defined what
would be the safe levels of p-HBA because regard-
less of its origin it has been reported (indepen-
dently from other parabens) to exhibit oestrogenic
activity (Boberg et al. 2010). Actually, p-HBA is
used as a flavouring additive, with no safety con-
cern declared at current levels of intake.

Regarding 3,4-DHB, recent studies indicate its
potential to act as a protective antioxidant poly-
phenolic compound against various diseases
including neoplasms (Xie et al. 2018) while the
findings about the positive correlation between
its urinary concentration and childhood obesity
call for caution (Xue et al. 2015). The differences
between infant food based on meat or vegetables/
fruit is also apparent when the amount and dis-
tribution of 3,4-DHB is concerned (Table 3,
Figure 2): the median level (with 25th-27th percen-
tile) in 22 meat/meat+veg samples was 3.4 ng g−1

(1.8–4.6 ng g−1) vs 38 ng g−1 (5.2–177.8 ng g−1) for
all 46 fruit and vegetables preparations.
Considerable variability within each class and lim-
ited number of fish/fish+veg samples disabled any
statistical confirmation regarding the fact that
fish/fish+veg samples contained notably lower
levels when compared with veg/fruit samples.
Cheese samples did not reveal any measurable
amount of 3,4-DHB. Extremely high contents of
3,4-DHB were found in all three pure plum speci-
mens (2148, 2471 and 3638 ng g−1). A high con-
centration of 3,4-DHB was found in one sample

Table 3. Concentration levels (ng g−1) of parabens and their analogues/possible metabolites in all baby food sample analysed.
MePa EtP PrP BtP BzP p-HBA 3,4-DHB OH-MeP OH-EtP

Positive (%) 1 (0.9%) n.d. 3 (2.7%) n.d. n.d. 112 (100%) 86 (76%) 10 (8,9%) 3 (2.7%)
Mean 4.14 n.d. 1.70 n.d. n.d. 321.7 162.2 3.7 7.5
Median / n.d. 1.33 n.d. n.d. 176.6 10.1 2.1 7.3
Min / n.d. 1.20 n.d. n.d. 14.4 2.1 0.8 7.2
Max / n.d. 3.24 n.d. n.d. 2149 3638 14.4 8.2
Percentile 25% (Q1) / n.d. 1.33 n.d. n.d. 93.9 3.3 1.1 7.2
Percentile 75% (Q3) / n.d. 3.24 n.d. n.d. 455.9 52.6 4.6 8.2

a Refer to text (materials and methods section) for full names of the abbreviated compounds.
*n.d. = not detected.
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that was plum-apple homogenate (943.2 ng g−1).
The endogenous origin of 3,4-DHB in those sam-
ples is apparent, as plum has been shown to con-
tains a substantial amount of polyphenolic
compounds, 3,4-DHB included (Kakkar and Bais
2014). The same samples contained OH-EtP and
also here their natural origin as part of polyphe-
nolic pertinence is more plausible. Random occur-
rence of OH-MeP in meat and vegetable also
points towards its endogenous origin. On the
other hand, a very important finding concerning
OH-MeP is highlighted by its frequent appearance
in preparations that contained fish as a main con-
stituent: 7 of 13 fish samples showed OH-MeP

presence. Considering that OH-MeP is the main
hydroxylated MeP derivate in aquatic biota (Xue
et al. 2017) the content of OH-MeP especially in
infant food preparation based on fish (without any
other ingredient) might be a reliable indicator of
parabens contamination.

The analysis conducted for parabens confirmed
the presence of salicylic acid in all infant food sam-
ples and its distribution is presented in Figure 3. This
is due to the addition of ingredients rich in salicy-
lates, such as vegetables where salicylates are natu-
rally present in high quantities (Malakar et al. 2017).
Plant salicylates have an important role against
pathogens, herbivores, and abiotic stresses,

Figure 1. Distribution of p-HBA according to baby food category: animal, vegetable/fruit, cheese and mixed matrix for which meat
or fish represented the major component as declared on the label. Data are reported as median with 25th–75th percentile range.
Comparison was done using Kruskal-Wallis One Way Analysis of Variance on Ranks, followed by Dunn’s test for pairwise multiple
comparison procedures: a – stands for p < .001 when meat/meat +vegetables samples were compared with vegetables/fruit
preparation; b – stands for p < .001 when fish/fish +vegetables samples were compared with vegetables/fruit preparation.

Figure 2. Distribution of 3,4-DHB in the samples where it was detected. N (meat/meat+veg) = 22; N (veg/fruit) = 46;
N (fish/fish+veg) = 9. Data are reported as median with 25th–75th percentile range. Comparison was done using Kruskal-
Wallis One Way Analysis of Variance on Ranks that revealed statistical significance (a stands for p < .001 vs meat/meat+veg
group).
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mediating physiological and biochemical processes.
Several studies reported the beneficial action of the
salicylates on the human health, due to the anti-
inflammatory and antioxidative activities (Malakar
et al. 2017). However, the concentration of salicylic
acid is species-dependent and different plants could
produce high amounts of these substances that could
be a potential health risk (Cunningham 2010), espe-
cially for infants as particularly vulnerable category.
In this regard, infants are a matter of concern
because some of them may have adverse reactions
to even a small quantity of salicylates. Salicylates are
well-known food additives and therefore an analyti-
cal strategy that would distinguish between naturally
occurring and industrially introduced salicylic acid
is needed for further investigation. This is especially
because of increased incidence of allergic reaction to
salicylate. Our data regarding the salicylic acid con-
centration in food items for infant diet are the first of
this kind; therefore it was not possible to make
a comparison with similar studies. Our results indi-
cate the much lower content compared to fresh food
items as recently was reported by Kęszycka et al.
(2017). Therefore, it remains to be elucidated
whether the concentration found in the samples
enrolled in this study represents a safety risk for
some paediatric categories and in which extend
food processing influences its final quantity.

Conclusions

POPs, PFASs or antibiotics were not detected and
all samples were compliant with European legisla-
tion. Confirmation of negative data is also

important, particularly for the indications and
needs dictated by EFSA and other competent
authorities in expanding a database on residual
analyses of emerging contaminants in different
types of food for a reliable risk assessment. On
the other hand, some parabens and their metabo-
lites, which are classified as endocrine disruptors,
were detected at trace levels and significantly
below the ADI recommended by EFSA and the
European Medicines Agency. This study shows the
importance of collecting more data on the occur-
rence of parabens and transformation products to
assess exposure and possible health impact for
sensitive populations such as infants and young
children.
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