
ABSTRACT

Infant milk formulas are designed to substitute hu-
man milk when breastfeeding is unavailable. In addi-
tion to human milk and milk-derived products, these 
formulas can be a vehicle of contaminants. In this 
work, a multiclass method based on the QuEChERS 
(quick, easy, cheap, effective, rugged, and safe) ap-
proach was developed for the simultaneous determina-
tion of contaminants (n = 45), including mycotoxins 
and veterinary drug residues, occurring in infant milk 
formulas. By using an ultra-high-performance liquid 
chromatography quadrupole-Orbitrap coupled with 
high-resolution mass spectrometry analysis (UHPLC-
Q-Orbitrap HRMS; Thermo Fisher Scientific), further 
retrospective analysis of 337 contaminants, including 
pesticides, was achieved. The method was validated in 
accordance with European regulations and applied for 
the analysis of 54 infant milk samples. Risk assessment 
was also performed. Dexamethasone was detected in 
16.6% of samples (range: 0.905–1.131 ng/mL), and pro-
caine benzyl penicillin in 1 sample at a concentration 
of 0.295 ng/mL. Zearalenone was found in 55.5% of 
samples (range: 0.133–0.638 ng/mL) and α-zearalenol 
in 16.6% of samples (range: 1.534–10.408 ng/mL). Up 
to 49 pesticides, 11 veterinary drug residues, and 5 
mycotoxins were tentatively identified via retrospec-
tive analysis based on the mass spectral library. These 
findings highlight the necessity of careful evaluation of 

contaminants in infant formulas, considering that they 
are intended for a vulnerable part of the population.
Key words: infant milk formula, mycotoxins, veterinary 
drug residues, pesticide, UHPLC-Q-Orbitrap HRMS

INTRODUCTION

Infant milk formulas (IMF) are a complementary 
food that occupies a special place in childhood feeding 
and that become an essential product when breastfeed-
ing is unavailable. Infant milk formulas are the only 
processed foodstuff that totally fulfills the nutritional 
requirements of infants through the first months of 
life (de Mendonça Pereira et al., 2020; Masum et al., 
2021). Worldwide recommendations for infant feeding 
are sole breastfeeding up to 6 mo old and nutritionally 
complementary feeding from 6 mo to 2 yr of age or 
more (UNICEF, 2019). To safeguard infant health, it 
is essential to ensure that the products marketed are 
suitable. An adequate selection of raw materials, which 
includes strict limitations on contaminant residues, 
should be demanded in their manufacture. Infant milk 
formulas are principally produced based on cow milk 
subsequently diluted, skimmed, and enriched with min-
erals and vitamins (Codex Alimentarius, 2016). How-
ever, IMF can contain toxic substances due to potential 
contamination from the chain production of the raw 
material and may serve as a vehicle for the transmission 
of toxic substances such as mycotoxins (Becker-Algeri 
et al., 2016).

Mycotoxins are common secondary metabolites pro-
duced by commensal genera of filamentous fungi such 
as Penicillium, Aspergillus, Fusarium, Claviceps, and 
Alternaria. Mycotoxin contamination represents a great 
worldwide concern due to their serious health hazards, 
including mutagenicity, teratogenicity, and carcinoge-
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nicity. Even though several hundred mycotoxins have 
been identified to date, those responsible for common 
mycotoxicological risk concerns are represented by af-
latoxins (AF), trichothecenes, ochratoxins, fumonisins, 
patulin, citrinin, and ergot alkaloids (Haque et al., 
2020). Among these, AF are classified as carcinogenic 
to humans and included in group 1 by the International 
Agency for Research on Cancer; fumonisins and ochra-
toxins are included in group 2B and classified as pos-
sibly carcinogenic to humans (IARC, 2012). Generally, 
mycotoxin contamination occurs directly in the field, or 
during the post-harvest period, which includes process-
ing, storage, and distribution of harvested products. In 
addition, when animals ingest contaminated foodstuffs, 
mycotoxins are metabolized, biotransformed, and 
secreted into animal products, such as milk or meat 
(Benkerroum, 2016; Narváez et al., 2020b).

Among mycotoxins, aflatoxin M1 (AFM1), the hy-
droxylated metabolite of AFB1, represents the myco-
toxin of greatest incidence in milk and dairy products 
(Awaisheh et al., 2019). Moreover, when animal feed 
was supplemented with silage, ochratoxin, zearalenone, 
T2 toxin, fumonisins, and deoxynivalenol were also 
identified in milk and milk derivatives, although these 
have not been as extensively studied as AFM1 (Ogunade 
et al., 2018; Ushkalov et al., 2020). To protect consum-
ers’ health, the regulatory authorities set a maximum 
limit for AFM1 of 0.05 μg/kg in raw milk, heat-treated 
milk, and milk for the manufacture of milk-based prod-
ucts, restricted to 0.025 μg/kg for infant formulas and 
follow-on formulas and dietary foods for special medical 
purposes intended specifically for infants, under regula-
tion no. 1881/2006 (EC, 2006b).

Another group of contaminants of relevant concern in 
IMF are represented by pesticides, synthetic compounds 
used for the management of parasites in agricultural 
production. These organisms can reach the food chain 
through consumption of contaminated fodder and pas-
tures (Mol et al., 2008; Aguilera-Luiz et al., 2011). Sev-
eral classes of pesticides, such as organo-phosphorus, 
pyrethroids and carbamate, and organo-chlorines, have 
been reported in milk and milk derivatives (Akhtar and 
Ahad, 2017). Milk consumption is not free from risk of 
exposure to pesticides, and this deserves more atten-
tion from researchers. Maximum residue levels (MRL) 
for pesticides have been established by the European 
Union in regulation no. 839/2008 (EC, 2008).

In addition, IMF may also contain residues of phar-
macologically active substances. Veterinary drugs are 
frequently used to prevent and treat diseases in food-
producing animals. However, incorrect use or noncom-
pliance with the withdrawal period after treatment may 
allow release of residues from active substances that, 

after accumulation in the body, lead to injurious effects 
in humans (Becker-Algeri et al., 2016). The normal use 
of veterinary drugs to control animal diseases or im-
prove production efficiency is acceptable when meeting 
the MRL tolerated in food products set in regulation 
EC 37/2010 by the Codex Alimentarius Commission 
(EC, 2009). However, the withdrawal period that must 
elapse between the administration of the veterinary 
drug and the recovery of raw material for food produc-
tion intended for human consumption is set by directive 
2004/28/CE (EC, 2004).

To guarantee effective consumer safety, reliable meth-
ods have been validated for the analysis of contami-
nants in food matrices (Barreiro et al., 2015; Thompson 
and Darwish, 2019). Until now, few scientific works 
have reported methods for the simultaneous analysis 
of pharmacologically active substances, pesticides, 
and mycotoxins in milk (Zhan et al., 2012; Danezis 
et al., 2016; Zhou et al., 2018; Izzo et al., 2020). The 
development of an optimal method should allow good 
recovery of the analytes and good reproducibility of the 
data, and, at the same time, it should be fast, easy to 
reproduce, and guarantee lower toxic organic solvent 
consumption.

Among the various available method approaches used 
in the pretreatment of samples, the QuEChERS (quick, 
easy, cheap, effective, rugged, and safe) approach repre-
sents the one that comes closest to achieving the char-
acteristics mentioned above. It is largely employed to 
extract different groups of compounds and represents 
the most frequently used pretreatment technique in 
foods analysis (González-Curbelo et al., 2015; Rossi et 
al., 2018; Samsidar et al., 2018; Narváez et al., 2020a). 
The most frequent analytical methods are based on 
liquid chromatography coupled to MS. The use of 
ultra-high-performance liquid chromatography (UH-
PLC) provides higher sensitivity, a reduction in mobile 
phase consumption, and an increase in resolving power 
and peak shape. High-resolution mass spectrometry 
(HRMS) provides sensitive and specific measurements 
for the quantification of targeted compounds, with the 
additional features of retrospective data analysis and 
identification of untargeted compounds based on exact 
mass measurements (Kaufmann, 2014; López-Ruiz et 
al., 2019; Castaldo et al., 2020).

Bearing in mind the lack of studies reporting multi-
class analysis, the current scientific study aimed (1) to 
develop a multi-residue method for the identification 
of target mycotoxins and pharmacologically active sub-
stances (n = 45) in IMF through a QuEChERS-based 
extraction coupled to UHPLC quadrupole (Q)-Orbi-
trap HRMS (Thermo Fisher Scientific); (2) to apply 
the developed method for evaluating the occurrence in 
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54 samples collected from the Italian market; and (3) 
to detect possible untargeted compounds (n = 337), 
including pesticides, through retrospective analysis.

MATERIALS AND METHODS

Chemicals and Materials

Methanol, acetonitrile, and water for chromatog-
raphy (LC-MS grade) were purchased from Merck. 
Ammonium formate (NH4HCO2, analytical grade) and 
formic acid (HCOOH, MS grade) were acquired from 
Fluka. Sodium chloride (NaCl), anhydrous sulfate sodi-
um (Na2SO4), anhydrous sodium acetate (C2H3NaO2), 
primary secondary amine sorbent (PSA), and discovery 
octadecyl silica (C18, analytical grade) were supplied by 
Sigma-Aldrich.

Conical polypropylene centrifuge and microcentri-
fuge tubes and polypropylene syringes without needles 
were acquired from Microtech Srl. Syringe filters with 
a nylon membrane (Phenex-NY 15-mm syringe filters, 
0.2-μm diameter) and glass amber vials with septum 
screw caps were supplied by Phenomenex.

Standards of mycotoxins and pharmacologically 
active substances (purity >98%) were obtained from 
Sigma-Aldrich. European Commission regulation no. 
37/2010 (EC, 2009) was used as a starting point to 
select pharmacologically active substances with lower 
MRL or those that are prohibited in milk.

The acquired pharmacologically active substances 
(n = 23) standards included abamectin, amoxicil-
lin, ampicillin, ceftiofur, chloramphenicol, clenbuterol 
hydrochloride, cyhalothrin, cypermethrin, colchicine, 
danofloxacin, dapsone, dexamethasone, deltamethrin, 
doramectin, eprinomectin, imidocarb, ivermectin, 
metronidazole, meloxicam, monensin sodium, procaine 
benzylpenicillin, sulfadimidine, and trichlorfon.

The acquired mycotoxin (n = 22) standards included 
aflatoxins (AFM1, AFB1, AFB2, AFG1, and AFG2), 
alternariol, alternariolmonomethyl ether, beauvericin, 
deoxynivalenol, enniatins (ENNA, ENNA1, ENNB, 
and ENNB1), fusarenon-X, neosolaniol (NEO), HT2 
toxin, T2 toxin, zearalanol (ZEN), α- and β-zearalenol 
(α- and β-ZEL), α-zearalanol, and β-zearalanol.

The individual standard solution of each analyte was 
prepared in the optimal solvent recommended by the 
supplier at a concentration of 1 mg/mL. After that, 2 
stock solutions were prepared: stock solution 1, which 
included all mycotoxins, and stock solution 2, which 
included the remaining pharmacologically active com-
pounds. These stock solutions were optimally diluted 
in methanol to obtain appropriate working standard 
solutions to use in spiking tests. The working standard 
solutions were prepared at 0.5, 5, and 25 ng/mL. Stock 

solutions were kept at −20°C in screw-capped glass vi-
als.

Sampling

Three lots of 18 different brands of IMF were pur-
chased from supermarkets in the Campania region, in 
southern Italy. The analysis was performed on a total 
of 54 samples. Samples included infant milk powder 
(n = 18) and liquid infant milk (n = 36) commonly 
consumed in childhood. Samples were kept in their 
original packages and stored at 4°C until analysis, 
which wasperformed within 48 h after their arrival in 
the laboratory.

Sample Preparation

Extraction was performed in accordance with the 
procedure described by Izzo et al. (2020), with slight 
modifications. Aliquots of 1.4 g of infant milk powder 
were weighed into 50-mL propylene tubes (Conical 
Polypropylene Centrifuge Tube, Thermo Fisher Scien-
tific) and dissolved with 10 mL of pure water as rec-
ommended by the manufacturer. In short, to 10 mL 
of the liquid sample, 2.5 mL of distilled water and 5 
mL of acetonitrile containing 3.35% formic acid (vol/
vol) were added. The 50-mL Falcon tube was vortexed 
(ZX3, VEPL Scientific) for 1 min and sonicated (LBS 
1, Zetalab SRL) for 15 min. A mixture of salts, which 
included 4.0 g of anhydrous sulfate sodium, 1.2 g of so-
dium chloride, and 0.5 g of anhydrous sodium acetate, 
was added. This step was followed by manual shaking 
for 1 min and centrifugation (X3R Heraeus Multifuge, 
Thermo Fisher Scientific) for 3 min at 1,792 × g and 
4°C. After centrifugation, all the supernatant was re-
covered and transferred into a 15-mL Falcon tube in 
which 300 mg of C18 sorbent, 140 mg of PSA, and 1.5 g 
of anhydrous sulfate sodium were weighed. The 15-mL 
falcon tube was vortexed for 1 min and centrifuged at 
4°C and 252 × g for 1 min. The upper layer was collected 
into a clear 15-mL Falcon tube and dried under gentle 
nitrogen flow at 45°C. The residue was reconstituted 
with 500 µL of methanol:​water (70:30, vol/vol), filtered 
through a 0.22-μm filter, and transferred into an amber 
vial for the UHPLC-Q-Orbitrap HRMS analysis.

UHPLC-Q-Orbitrap HRMS Analysis

Analysis was performed as previously described by 
Izzo et al. (2020), with some modifications. For the 
qualitative and quantitative analyses of compounds, a 
UHPLC (Dionex UltiMate 3000, Thermo Fisher Scien-
tific) equipped with a degassing system, a quaternary 
UHPLC pump working at 125 MPa, and a refriger-
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ated autosampler device were used. Chromatographic 
separation was carried out with a thermostated (T = 
25°C) Kinetex Biphenyl 2.6-μm column (100 × 2.1 mm, 
Phenomenex) coupled to a guard column (5 × 2 mm, 
1.8-μm particle size) and an inline filter. The mobile 
phase consisted of water containing 5 mM ammonium 
acetate (A) and methanol containing 5 mM ammonium 
acetate (B). The injection volume was 5 μL, and the 
flow rate was 0.5 mL/min. Separation was achieved un-
der the following gradient conditions: 0 to 0.5 min, 10% 
B; 0.5 to 2.5 min, 10 to 80% B; 2.5 to 5.5 min, 100% B; 
5.5 to 7.5 min, 100 to 10% B; and then the column was 
re-equilibrated at 10% B for 1.5 min before the next 
injection.

The Q-Orbitrap HRMS system was operated in both 
positive and negative ionization modes. Full scan and 
data-independent all-ion fragmentation spectra were 
collected.

The following scan parameters were used in full MS 
mode: mass resolution power of 35,000 full width at 
half maximum, scan range 90 to 1,000 m/z, automatic 
gain control target 1 × 106, maximum inject time set 
to 200 ms, and scan rate 3 scan/s. The ion source pa-
rameters were as follows: sheath gas (N2 > 95%) 35, 
auxiliary gas (N2 > 95%) 10, spray voltage 2.8 kV; 
capillary temperature 310°C; S-lens RF level 50; and 
auxiliary gas heater temperature 305°C.

The following scan parameters were used in all-ion 
fragmentation mode: mass resolution power of 17,500 
full width at half maximum, scan range 80–1,000 m/z, 
automatic gain control target 1 × 105, maximum in-
ject time set to 200 ms, and scan rate 3 scan/s; scan 
time = 0.10 s; isolation window 5.0 m/z; and retention 
time 30 s. The collision energy was varied in the range 
of 10 to 45 eV to obtain representative product ion 
spectra. A mass tolerance below 2 ppm was set for the 
identification of the molecular ion and fragments. Data 
processing was performed by using Xcalibur software, 
version 3.1.66.10 (Thermo Fisher Scientific; Rodríguez-
Carrasco et al., 2018).

Retrospective Screening

Retrospective analysis was carried out as previously 
described by Izzo et al. (2020), with slight modifica-
tions. Qualitative analysis of compounds for which a 
reference standard was not available was carried out 
by retrospective analysis of the data. The retrospec-
tive analysis of data was performed on spectral data 
collected using 3 spectral libraries (Mycotoxin Spec-
tral Library version 1.1 for LibraryView Software, 
AB Sciex; Antibiotics Spectral Library version 1.0 for 
LibraryView Software, AB Sciex; and Pesticide Spec-
tral Library version 1.1 for LibraryView Software, AB 

Sciex). Identification was performed by searching in the 
extract for the exact mass to the fifth decimal place. 
The sample was considered suspect positive for the oc-
currence of a specific analyte if a peak was identified by 
setting a mass tolerance of 1 ppm for the molecular ion.

Validation of the Method

Validation of the method was performed as previously 
described by Narváez et al. (2020b) with modifications. 
An analytical method for the determination of both 
mycotoxins and veterinary drug residues in IMF was 
validated in-house in accordance with European regu-
lations (EC, 2002; EC, 2006c; European Commission 
Health and Food Safety Directorate General, 2016). 
Data quality was verified using a comprehensive range 
of quality guarantee and quality control procedures. 
To achieve a rigorous control, the in-house validation 
method included a reagent blank, a procedural blank, a 
triplicate sample, a matrix-matched calibration in each 
batch of samples, and 3 spiking levels. The following 
analytical performance parameters were evaluated: 
linearity, matrix effect, specificity, trueness, precision 
(repeatability and intermediate precision), and sensi-
tivity expressed in terms of limit of detection, limit 
of quantification (LOQ), decision limits (CCα), and 
detection capability (CCβ).

Linearity was evaluated using solvent and matrix-
matched calibration curves, injecting in triplicate con-
centration levels ranging from 0.0049 to 25 ng/mL.

Signal suppression or enhancement effect was 
evaluated through a comparison between the slope of 
matrix-matched standard curve (A) and the slope of 
pure standard curve (B), calculated as the ratio (A/B 
× 100). Signal suppression occurred if the value was 
lower than 100% and a signal enhancement if the value 
was higher than 100%. A value of 100% indicated no 
matrix effect.

Specificity was evaluated by injecting a blank milk 
extract 10 times to confirm the absence of target ana-
lytes and to evaluate possible sample interference.

Trueness was assayed by the addition of known 
quantities of the studied analytes at 0.5, 1, and 5 ng/
mL to a blank milk sample, and was expressed as the 
percentage of recovery.

Precision of the validated method was determined 
by repeated measurements of the 3 fortification lev-
els, on the same day (repeatability, n = 9) and on 3 
nonconsecutive days (reproducibility, n = 27), and 
was expressed as relative standard deviation [% RSD; 
intra-day (RSDr, %) and inter-day precision (RSDR, 
%)].

Sensitivity was evaluated by limit of detection and 
LOQ. The limit of detection was established as the 
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minimum concentration that allows molecular ion iden-
tification with a mass error below 2 ppm. The LOQ 
referred to the lowest concentration of the analyte that 
generates a chromatographic peak with a precision and 
accuracy <20%. For confirmation criteria, the reten-
tion times of analytes in standards and samples were 
compared (tolerance of ± 2.5%).

In the case of substances for which MRL was fixed, 
the CCα values were determined by analyzing 20 blank 
samples fortified at the corresponding permitted limit 
(CMRL). Detection capability was the value of the 
CMRL plus 1.64 times the corresponding standard 
deviation (SD) of the within-laboratory reproducibility 
(α = 5%):

	 CCα = CMRL + 1.64 × SD20 representative MRL spike.	

In the case of substances for which MRL was not es-
tablished, CCα was calculated as 3 times the signal-to-
noise ratio (S/N) of the baseline of 20 representative 
blank samples:

	 CCα = 3 S/N20 representative blank samples.	

The CCβ was estimated by analyzing 20 blank samples 
fortified at the previously estimated CCα decision limit 
(β = 5%):

	 CCβ = CCα + 1.64 × SD20 representative spike at CCα level.	

Statistical Analysis

Sample analysis was performed in triplicate and re-
sults expressed as mean ± RSD. Statistical analysis of 
data was performed using the software Info-Stat version 
2008 (https:​/​/​www​.infostat​.com​.ar/​index​.php​?mod = 
page&id = 15). The level of P ≤ 0.05 was considered 
statistically significant.

RESULTS AND DISCUSSIONS

Optimization UHPLC-Q-Orbitrap HRMS Conditions

During the method development stage, each of 45 
standards were infused at a concentration of 1 μg/mL 
into the Q-Orbitrap system using syringe injection at 
a flow rate of 10 μL/min. The obtained MS param-
eters ensured assignment of the correct identities to 
the respective compounds in a mixture of standards. 
The instrument was operated in the positive and nega-
tive electrospray modes. For the studied analytes, the 
best fragmentation patterns were obtained in positive 
electrospray mode, producing the quasi-molecular ion 
[M+H]+. Due to the presence of ammonium formate 

in the mobile phases, the compounds ivermectin, cyha-
lothrin, cypermethrin, deltamethrin, abamectin, dora-
mectin, NEO, T2 and HT2, enniatins, and beauvericin 
exhibited ammonium adduct species as the most pre-
dominant ions in the mass spectrum (Jia et al., 2014; 
Gómez-Pérez et al., 2015; Castaldo et al., 2021).

The collision energy of each studied compound was 
carefully set to obtain the best fragmentation patterns. 
The MS parameters for all compounds are shown in 
Table 1. For accurate mass measurement, identification 
and confirmation were performed at a mass tolerance of 
2 ppm for the precursor molecular ion and for relative 
fragments.

In this experiment, the column chosen for chro-
matography separation reached superior resolution, 
speed, and sensitivity compared with another column 
tested in a previous study (Izzo et al., 2020). A first 
comparison was made by comparing a Luna Omega 
column (50 × 2.1 mm, 1.6-μm; Phenomenex) used in 
the chromatographic separation of our previously pub-
lished study with that of the present study’s Kinetex 
Biphenyl 2.6-μm (100 × 2.1 mm, Phenomenex). The 
characteristics of the Kinetex Biphenyl column allowed 
a suitable separation of hydrophobic and hydrophilic 
compounds simultaneously. The ability to reach 100% 
aqueous mobile phase in the initial run time was useful 
for competent retention of hydrophilic analytes. Opti-
mal results in terms of retention time, good peak shape, 
and chromatographic separation of the analytes were 
obtained with this chromatographic column. Moreover, 
ammonium formate was added to both mobile phases 
to help reduce the formation of unwanted adducts and 
stabilize the pH (Chung and Lam, 2015; Wittenberg et 
al., 2017).

Having made the choice of the column, different gra-
dients were tested to obtain the best chromatographic 
separation of all analytes. Chromatographic separation 
was evaluated under the following gradient conditions:

•	 Gradient 1: 0 to 1.5 min, 0% B; 0.5 to 3.5 min, 10 
to 50% B; 3.5 to 6.5 min, 100% B; 6.5 to 9.5 min, 
100 to 0% B; column re-equilibrated at 10% B for 
2.5 min before the next injection; total run time 
12 min;

•	 Gradient 2: 0 to 1.5 min, 10% B; 0.5 to 2.5 min, 10 
to 80% B; 2.5 to 5.5 min, 100% B; 5.5 to 9.5 min, 
100 to 0% B; column re-equilibrated at 10% B for 
1.5 min before the next injection; total run time 
12 min;

•	 Gradient 3: 0 to 0.5 min, 10% B; 0.5 to 2.5 min, 10 
to 80% B; 2.5 to 5.5 min, 100% B; 5.57.5 min, 100 
to 10% B; column re-equilibrated at 10% B for 
1.5 min before the next injection; total run time 
9 min.
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Using gradient 1, some compounds were not retained 
by the stationary phase and were eluted within the 
dead time of the chromatographic separation. The to-
tal run time was 12 min, which led to greater organic 
solvent consumption. With gradient 2, compounds were 
eluted between 3.5 and 7 min, although peak response 
for some analytes was not regular. For gradient 3, good 
separation and peak shape were obtained for all studied 

analytes (Table 1). The retention times were reproduc-
ible under ± 0.2 min for most of the target analytes.

Optimization of Sample Preparation

In this work, critical extraction parameters such as 
percentage of acidification and clean-up stage were 
evaluated. In total, 3 different sample preparation pro-
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Table 1. Chromatographic retention time and optimized MS/MS parameters for 45 target analytes in commercial infant milk formula samples

Compound
Retention 
time (min)  

Chemical 
formula  

Adduct 
ion

Theoretical 
mass (m/z)

Measured  
mass (m/z)

Accuracy1 
(Δ ppm)

CE2 
(V)

Veterinary drugs (n = 23)              
  Amoxicillin 1.84 C16H19N3O5S [M+H]+ 366.11182 366.11163 −0.52 20
  Metronidazole 2.10 C6H9N3O3 [M+H]+ 172.07167 172.0715 −0.99 19
  Trichlorfon 3.35 C4H8Cl3O4P [M+H]+ 256.92985 256.92965 −0.78 20
  Procaine benzyl penicillin 3.38 C13H20N2O2 [M+H]+ 237.15975 237.15928 −1.98 20
  Ampicillin 3.39 C16H19N3O4S [M+H]+ 350.11693 350.11629 −1.83 20
  Imidocarb 3.40 C19H20N6O [M+H]+ 349.17714 349.17672 −1.20 25
  Dapsone 3.75 C12H12N2SO2 [M+H]+ 249.06922 249.06885 −1.49 18
  Clenbuterol 3.81 C12H18Cl2N2O [M+H]+ 277.08690 277.08657 −1.19 21
  Chloramphenicol 3.81 C11H12Cl2N2O5 [M-H]− 321.00505 321.00526 0.65 20
  Danofloxacin 3.84 C19H20FN3O3 [M+H]+ 358.15615 358.15548 −1.87 20
  Sulfadimidine 3.91 C12H14N4O2S [M+H]+ 279.09102 279.09062 −1.43 25
  Ceftiofur 4.21 C19H17N5O7S3 [M+H]+ 524.03629 524.03536 −1.77 28
  Dexamethasone 4.40 C22H29FO5 [M+H]+ 393.20718 393.20645 −1.86 26
  Colchicine 4.43 C22H25NO6 [M+H]+ 400.17546 400.17469 −1.92 25
  Meloxicam 4.56 C14H13N3O4S2 [M-H]− 350.02747 350.02725 −0.63 25
  Cyhalothrin 5.09 C23H19ClF3NO3 [M+NH4]

+ 467.13438 467.13436 −0.04 21
  Abamectin 5.17 C48H72O14 [M+NH4]

+ 890.52603 890.52463 −1.57 20
  Eprinomectin 5.18 C50H75NO14 [M+H]+ 914.52603 914.52406 −2.15 20
  Cypermethrin 5.21 C22H19Cl2NO3 [M+NH4]

+ 433.10802 433.10769 −0.76 23
  Monensin 5.23 C36H61NaO11 [M+H]+ 693.41843 693.41645 −2.86 70
  Deltamethrin 5.29 C22H19Br2NO3 [M+NH4]

+ 521.00699 521.00619 −1.54 25
  Ivermectin 5.32 C48H74O14 [M+NH4]

+ 892.54168 892.54123 −0.50 30
  Doramectin 5.33 C50H74O14 [M+NH4]

+ 916.54168 916.53905 −2.87 20
  Amitraz 5.55 C19H23N3 [M+H]+ 294.19647 294.19635 −0.41 25
Mycotoxins3 (n = 22)            
  DON 2.70 C15H20O6 [M+H]+ 297.13326 297.13345 0.64 13
  FUS-X 3.58 C17H22O8 [M+Na]+ 377.12073 377.12063 −0.27 20
  NEO 3.74 C19H26O8 [M+NH4]

+ 400.19659 400.19662 0.07 31
  AOH 4.23 C14H10O5 [M-H]− 257.04555 257.04622 2.61 32
  HT2 4.30 C22H32O8 [M+NH4]

+ 442.24354 442.2432 −0.77 27
  α-ZAL 4.31 C18H26O5 [M-H]− 321.17044 321.17136 2.86 26
  β-ZAL 4.40 C18H26O5 [M-H]− 321.17044 321.17136 2.86 26
  α-ZEL 4.44 C18H24O5 [M-H]− 319.15510 319.15563 1.66 26
  T2 4.49 C24H34O9 [M+NH4]

+ 484.25411 484.2542 0.19 23
  β-ZEL 4.69 C18H24O5 [M-H]− 319.15510 319.15549 1.22 26
  ZEN 4.70 C18H22O5 [M-H]− 317.13945 317.13913 −1.01 32
  AFG1 4.73 C17H12O7 [M+H]+ 329.06558 329.06553 −0.15 40
  AME 4.75 C15H12O5 [M-H]− 271.06120 271.06128 0.30 36
  AFM1 4.88 C17H14O7 [M+H]+ 331.08123 331.08033 −2.72 37
  AFG2 5.03 C17H12O7 [M+H]+ 329.06558 329.0651 −1.46 40
  ENNB 5.15 C33H57N3O9 [M+NH4]

+ 657.44331 657.44292 −0.59 50
  AFB2 5.16 C17H14O6 [M+H]+ 315.08631 315.0852 −3.52 36
  ENNB1 5.18 C34H59N3O9 [M+NH4]

+ 671.45986 671.45926 −0.89 48
  ENNA1 5.24 C35H61N3O9 [M+NH4]

+ 685.47461 685.47355 −1.55 48
  AFB1 5.26 C17H12O6 [M+H]+ 313.07066 313.06958 −3.45 36
  ENNA 5.28 C36H63N3O9 [M+NH4]

+ 699.49026 699.48928 −1.40 43
  BEA 5.40 C45H57N3O9 [M+NH4]

+ 801.44331 801.44339 0.10 35
1Accuracy = [(measured mass m/z – theoretical mass m/z)/theoretical mass m/z] × 106 = ppm.
2CE = collision energy.
3Mycotoxin standards were as follows: aflatoxins (AFM1, AFB1, AFB2, AFG1, and AFG2), deoxynivalenol (DON), HT2 toxin, T2 toxin, neo-
solaniol (NEO), fusarenon-X (FUS-X), zearalanol (ZEN), α-zearalenol (α-ZEL), β-zearalenol (β-ZEL), α-zearalanol (α-ZAL), β-zearalanol 
(β-ZAL), beauvericin (BEA), enniatins (ENNA, ENNA1, ENNB, and ENNB1), alternariol (AOH), and alternariolmonomethyl ether (AME).
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cedures were tested for the determination of different 
compounds in IMF. Although the extraction process has 
as its starting point our previously optimized scientific 
on milk, because IMF represents a different matrix, a 
new validation is required to ensure that the developed 
methodology is suitable and meets the requirements of 
the European regulation in force. Using the protocol re-
ported in the Sample Preparation of the Materials and 
Methods section as a starting point, slight changes in 
mixture acidification were performed. The percentage 
of acetonitrile acidification was 3.35% formic acid (vol/
vol) in the first procedure, 4% in the second, and 1% in 
the third protocol. Optimal conditions in terms of peak 
shape for all the target analytes were reached by using 
acetonitrile containing 3.35% formic acid (vol/vol). Data 
regarding recovery and matrix effect were comparable 
between the first 2, whereas the third protocol showed 
unsatisfactory results. In addition, 2 different clean-up 
stages were tested: the first foresaw 300 mg of C18 
sorbent, 140 mg of PSA, and 1.5 g of anhydrous sulfate 
sodium, and the second 100 mg of C18 sorbent, 500 mg 
of PSA, and 1.5 g of anhydrous sulfate sodium. The 
conditions for the second clean-up were not suitable to 
reach appropriate recovery values (<50%). Moreover, 
interference from the matrix was observed for all stud-
ied compounds (percentage of signal suppression or en-
hancement effect outside the range 80–120%). Special 
attention is given to the various adsorbent phases used 
that strictly depend on the matrix. Primary second-
ary amine (PSA) is a common sorbent used to remove 
fatty acids, organic acids, lipids, and sugars from the 
preliminary extract. Sometimes the clean-up step with 
PSA sorbent may retain analytes and lead to recover-
ies below 50% (Lehotay et al., 2005). Octadecyl silica 
(C18) provides optimal results in the purification of 
samples with significant fat content; at the same time, 
recoveries of the more lipophilic pesticides may suffer 
(Rejczak and Tuzimski, 2015). The clean-up of the first 
protocol represents a fair compromise between matrix 
effect and recovery values.

Analytical Features of the Proposed Method

Results of the in-house validation method for the 
determination of 45 analytes in milk samples are re-
ported in Table 2. Correlation coefficients (r) > 0.990 
were obtained within the range from 0.0049 to 25 ng/
mL. The matrix effects were in the range from 78% 
to 116%, resulting in accordance with the limits re-
ported by EC regulations (EC, 2002; EC, 2006c; Euro-
pean Commission Health and Food Safety Directorate 
General, 2016). The pure standard calibration curves 
were used for quantification purposes. As established 
by Commission decision 2002/657/EC, the values of 

recoveries at each tested spiked level ranged between 
83% and 118%, and the method was repeatable (RSD 
<19%) and reproducible (RSD <16%). As regards 
specificity, the instrumentation used showed no signal 
interferences in the blank matrix for any target stud-
ied analytes. As regards sensitivity, the LOQ obtained 
ranged from 0.049 to 0.390 ng/mL. Both CCβ and CCα 
were also determined, and results are shown in Table 
3. The developed method met the requirements set in 
European regulations and proved to be suitable for the 
determination of studied analytes in IMF.

Application to Samples: Target Mycotoxins  
and Pharmacologically Active Substances

Substances in Milk Samples. To demonstrate the 
suitability of the validated method, it was applied to the 
analysis of 3 lots of 18 IMF brands acquired from differ-
ent supermarkets in the Campania region of southern 
Italy. The results reported in this study referred to the 
average obtained from analysis of 3 different lots for 
each brand available in Campania supermarkets (n = 
54 samples). Although most studies on milk have fo-
cused on evaluating occurrence of AFM1, in the last few 
years researchers have extended the analysis to other 
mycotoxins (Benkerroum, 2016; Ushkalov et al., 2020).

In this work, IMF tested positive for 2 veterinary drug 
residues, dexamethasone (16.6%, n = 9) and procaine 
benzyl penicillin (5.5%, n = 3), and tested positive for 
up to 6 mycotoxins produced by Fusarium species, in-
cluding emerging mycotoxins (ENN; Table 4).

Similarly, the presence of up to 7 pharmacologically 
active substances, including benzylpenicillin procaine 
and dexamethasone, in Italian milk samples (n = 56) 
has been previously reported (Izzo et al., 2020). Par-
ticularly, procaine benzyl penicillin was found in 8.9% 
of samples at a concentration range between 1 and 
4.530 ng/mL and dexamethasone in 1.7% of samples 
at a concentration of 0.140 ng/mL. In that case, the 
concentration of procaine benzyl penicillin found in one 
sample was slightly higher than the MRL (4 μg/kg). 
In our study, the concentration of 0.295 ng/mL did not 
exceed the EU limit.

Antibiotics are drugs widely used for therapeutic 
purposes and promotion of growth. Around 80% of 
food animals receive antibiotics for part or most of 
their lifetime. Veterinary drug residues remain one of 
the major concerning issues that affect the safety of 
the dairy industry (Bacanlı and Başaran, 2019). Dexa-
methasone is a potent corticosteroid indicated for the 
treatment of ketosis in postpartum dairy cows and as 
an anti-inflammatory drug in bovines but also used 
as an illegal growth promoter in livestock production 
(Shamay et al., 2000).

Izzo et al.: DRUG RESIDUE DETECTION IN INFANT FORMULAS
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Among mycotoxins, the occurrence of ZEN and its 
metabolite, α-ZEL, have frequently been reported 
in feed components in dairy cattle diets. Mycotoxins 
are natural contaminants known to adulterate a wide 
heterogeneity of feed ingredients and final products 
(Brodehl et al., 2014). In this study, ZEN was the most 
common detected mycotoxin (55.5%, n = 30), at con-
centrations ranging between 0.133 and 0.638 ng/mL. 

Although ZEN is not one of the main mycotoxins oc-
curring in dairy products, several scientific studies have 
reported ZEN contamination (Guan et al., 2011; Li et 
al., 2014; Neme and Mohammed, 2017). Pleadin et al. 
(2017) analyzed concentrated dairy cattle feeds (n = 
56), cow milk samples (n = 105), and maize silage (n = 
21) from Croatia and detected the occurrence of ZEN 
in 9.5% of maize silage samples and in 94.3% of milk 
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Table 2. Method performance: linearity, matrix effect (signal suppression or enhancement, SSE %), recovery, and limit of quantification (LOQ, 
ng/mL) for 45 targeted analytes in commercial infant milk formula samples1

Analyte
Linearity 

(r)
SSE 
(%)

Recovery (%)

 

Precision (%) [RSDr (RSDR)]

25 ng/mL 5 ng/mL 0.5 ng/mL 25 ng/mL 5 ng/mL 0.5 ng/mL

Veterinary drug residues (n = 23)                
  Abamectin 0.9969 103 107 91 90 14 (10) 19 (9) 17 (15)
  Amoxicillin 0.9975 84 99 91 97 11 (16) 18 (15) 19 (9)
  Ampicillin 0.9998 83 104 98 83 18 (12) 17 (12) 18 (11)
  Ceftiofur 0.9996 102 106 90 84 15 (10) 17 (15) 18 (5)
  Chloramphenicol 0.9983 87 107 100 103 14 (10) 12 (9) 13 (10)
  Clenbuterol hydrochloride 0.9981 116 110 95 92 12 (6) 16 (4) 18 (6)
  Colchicine 0.9988 102 92 95 100 17 (7) 17 (8) 19 (14)
  Cyhalothrin 0.9951 91 116 95 82 10 (9) 14 (9) 12 (7)
  Cypermethrin 0.9961 94 91 102 96 12 (16) 16 (8) 18 (8)
  Danofloxacin 0.9986 88 92 89 93 13 (16) 12 (7) 19 (7)
  Dapsone 0.9956 116 92 94 94 10 (16) 18 (11) 19 (15)
  Deltamethrin 0.9940 84 99 99 97 7 (14) 12 (7) 10 (12)
  Dexamethasone 0.9993 110 111 113 102 15 (16) 15 (14) 13 (16)
  Doramectin 0.9982 81 85 116 97 18 (9) 19 (8) 9 (13)
  Eprinomectin 0.9990 83 101 102 105 17 (13) 17 (11) 14 (8)
  Imidocarb 0.9917 105 103 100 95 15 (12) 19 (12) 15 (7)
  Ivermectin 0.9916 107 93 97 93 11 (5) 15 (6) 19(11)
  Meloxicam 0.9932 104 116 107 108 14 (13) 8 (12) 12 (7)
  Metronidazole 0.9936 89 90 83 100 8 (3) 14 (8) 11 (9)
  Monensin sodium 0.9987 99 90 91 93 14 (5) 14 (3) 13 (7)
  Procaine benzyl penicillin 0.9956 83 102 93 85 10 (13) 10 (5) 18 (8)
  Sulfadimidine 0.9976 86 93 95 85 12 (8) 10 (15) 17 (8)
  Trichlorfon 0.9986 90 104 109 90 12 (10) 12 (10) 13 (3)
Mycotoxins2 (n = 22)                
  DON 0.9973 93 96 97 92 15 (18) 14 (6) 15 (6)
  FUS-X 0.9922 85 109 98 94 7 (9) 11 (5) 15 (11)
  NEO 0.9987 89 118 97 100 14 (8) 15 (6) 12 (11)
  AFG2 0.9975 78 102 105 90 11 (7) 14 (13) 12 (8)
  AFG1 0.9963 85 101 106 92 16 (12) 8 (9) 7 (7)
  AFM1 0.9991 81 96 86 93 18 (5) 10 (16) 9 (6)
  AFB2 0.9943 82 114 117 93 10 (14) 5 (10) 16 (3)
  AFB1 0.9948 89 104 114 113 14 (13) 5 (6) 15 (8)
  HT2 0.9953 88 116 81 88 16 (9) 16 (15) 8 (16)
  α-ZAL 0.9966 86 83 84 91 15 (5) 13 (6) 15 (10)
  α-ZEL 0.9967 80 95 87 88 13 (6) 11 (15) 9 (7)
  AOH 0.9956 98 104 98 91 18 (11) 17 (10) 10 (6)
  T2 0.9995 96 103 113 91 18 (4) 12 (14) 18 (12)
  β-ZAL 0.9930 105 106 107 92 12 (5) 14 (12) 12 (11)
  β-ZEL 0.9962 94 97 92 89 19 (5) 17 (12) 10 (7)
  ZEN 0.9968 95 103 99 89 14 (11) 8 (14) 7 (6)
  AME 0.9992 96 117 113 109 11 (8) 15 (5) 14 (16)
  ENNB 0.9990 91 102 104 92 9 (11) 15 (13) 18 (10)
  ENNB1 0.9992 89 110 115 77 9 (11) 12 (7) 15 (8)
  BEA 0.9935 92 113 107 87 14 (12) 19 (11) 7 (3)
  ENNA1 0.9996 96 115 93 105 12 (10) 15 (6) 14 (5)
  ENNA 0.9969 93 106 113 90 11 (9) 10 (8) 14 (2)
1RSDr = intra-day relative standard deviation; RSDR = inter-day standard deviation.
2Mycotoxin standards were as follows: aflatoxins (AFM1, AFB1, AFB2, AFG1, and AFG2), deoxynivalenol (DON), HT2 toxin, T2 toxin, neo-
solaniol (NEO), fusarenon-X (FUS-X), zearalanol (ZEN), α-zearalenol (α-ZEL), β-zearalenol (β-ZEL), α-zearalanol (α-ZAL), β-zearalanol 
(β-ZAL), beauvericin (BEA), enniatins (ENNA, ENNA1, ENNB, and ENNB1), alternariol (AOH), and alternariolmonomethyl ether (AME).
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samples, ranging from 0.3 to 88.6 ng/mL. As regards 
ZEN, considered as not carcinogenic to humans and 
classified in the third group by IARC, no maximum 
limits are available in milk.

We detected ENN in up to 4 analyzed milk samples: 
ENNB (22.2%, n = 12) at concentration ranges of 0.552 
to 0.626 ng/mL, and ENNA1 (5.5%, n = 3) at con-
centrations of 0.903 ng/mL. The ENN are emerging 

mycotoxins derived from Fusarium species, commonly 
found in cereal grains, animal feeds, and food com-
modities worldwide (Rodríguez-Carrasco et al., 2018; 
Pickova et al., 2020). Presently, ENNB is the most 
studied, because it has been the most often found in 
grains from European countries. The European Food 
Safety Authority has established that acute exposure 
to ENN does not indicate concern for human health. It 
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Table 3. Limit of quantification (LOQ), decision limit (CCα), and detection capability (CCβ) obtained 
for mycotoxins and veterinary drug residues in infant milk formulas, using ultra-high-performance liquid 
chromatography quadrupole-Orbitrap high-resolution MS (Thermo Fisher Scientific)

Analyte LOQ (ng/mL) CCα (ng/mL) CCβ (ng/mL)

Veterinary drug residues (n = 23)      
  Abamectin 0.390 0.224 0.257
  Amoxicillin 0.390 4.114 4.238
  Ampicillin 0.390 4.082 4.137
  Ceftiofur 0.390 101.047 101.380
  Chloramphenicol 0.049 0.072 0.395
  Clenbuterol hydrochloride 0.049 0.091 0.097
  Colchicine 0.049 0.049 0.221
  Cyhalothrin 0.390 32.585 32.678
  Cypermethrin 0.390 101.691 102.766
  Danofloxacin 0.390 30.963 31.130
  Dapsone 0.049 0.071 0.371
  Deltamethrin 0.195 31.889 32.245
  Dexamethasone 0.049 0.383 0.417
  Doramectin 0.390 16.318 16.348
  Eprinomectin 0.390 20.963 21.364
  Imidocarb 0.390 50.858 51.062
  Ivermectin 0.390 10.665 10.949
  Meloxicam 0.195 16.055 16.382
  Metronidazole 0.049 0.072 0.087
  Monensin sodium 0.390 2.180 2.322
  Procaine benzyl penicillin 0.097 4.145 4.252
  Sulfadimidine 0.195 25.963 26.472
  Trichlorfon 0.390 51.141 51.434
Mycotoxins1 (n = 22)     0.000
  DON 0.390 0.439 0.501
  FUS-X 0.390 0.447 0.467
  NEO 0.390 0.397 0.419
  AFG2 0.195 0.209 0.227
  AFG1 0.195 0.202 0.215
  AFM1 0.049 0.058 0.266
  AFB2 0.097 0.105 0.111
  AFB1 0.097 0.099 0.113
  HT2 0.390 0.424 0.450
  α-ZAL 0.390 0.438 0.447
  α-ZEL 0.390 0.455 0.478
  AOH 0.390 0.428 0.451
  T2 0.390 0.466 0.478
  β-ZAL 0.390 0.435 0.457
  β-ZEL 0.390 0.390 0.390
  ZEN 0.049 0.073 0.080
  AME 0.049 0.049 0.064
  ENNB 0.390 0.480 0.496
  ENNB1 0.390 0.445 0.445
  BEA 0.390 0.488 0.520
  ENNA1 0.390 0.458 0.524
  ENNA 0.390 0.431 0.500
1Mycotoxin standards were as follows: aflatoxins (AFM1, AFB1, AFB2, AFG1, and AFG2), deoxynivalenol 
(DON), HT2 toxin, T2 toxin, neosolaniol (NEO), fusarenon-X (FUS-X), zearalanol (ZEN), α-zearalenol 
(α-ZEL), β-zearalenol (β-ZEL), α-zearalanol (α-ZAL), β-zearalanol (β-ZAL), beauvericin (BEA), enniatins 
(ENNA, ENNA1, ENNB, and ENNB1), alternariol (AOH), and alternariolmonomethyl ether (AME).



Journal of Dairy Science Vol. 105 No. 4, 2022

has not been possible to evaluate chronic exposure, due 
to overall lack of toxicity data (Rodríguez-Carrasco et 
al., 2020).

Retrospective Screening Analysis of Real Sam-
ples. The developed Q-Orbitrap HRMS strategy com-
bines quantitative target analysis with identification of 
untargeted compounds. A retrospective approach was 
taken, without the need to re-run samples. Retrospec-
tive analysis of data enabled detection of untargeted 
contaminants in analyzed milk samples, although it 
was not possible to carry out a quantitative analysis 
based on a reference standard. The findings of retro-
spective data analysis are based only on a match of 
one precursor ion and do not include any product ion 
data. Results of untargeted mycotoxins (n = 14) and 
veterinary drug residues (n = 40) are reported in Fig-
ure 1, whereas data on pesticides (n = 283) are shown 
in Figure 2.

Data tentatively identified the occurrence of up 
to 5 mycotoxins and fungal metabolites, 11 pharma-
cologically active substances, and up to 49 different 
pesticides in the analyzed IMF. Regarding veterinary 
drugs, oxfendazole, mebendazone, and oxytetracycline 
were putatively identified in 5.5% samples. Similarly, 
oxfendazole was found in 2.7% Greek milk samples at 
an average concentration of 1 µg/kg (Dasenaki and 
Thomaidis, 2015). Aguilera-Luiz et al. (2012), reported 
oxfendazole, tilmicosin, trimethoprim, thiabendazole, 
and albendazole in 55.5% of commercial Spanish IMF 
(n = 9). In our study, betamethasone and methylpred-
nisolone were detected in 22.2% and 33.3% of samples, 
respectively. Corticosteroids are widely used veterinary 
drugs, often in combination with antimicrobial drugs. 
Although licensed for treatment of diseases in breeding 
animals, MRL for betamethasone and dexamethasone, 
prednisolone, and methylprednisolone have been set in 
the European Union at very low levels (EC, 2009).

Of special concern was the putative identification of 
decoquinate in 33.3% samples, although it is recom-

mended not to use it in animals from which milk is 
produced for human consumption. Nebot et al. (2012) 
reported the occurrence of decoquinate in 0.8% ana-
lyzed Spanish milk samples, at a concentration of 5 µg/
kg.

Ethoxyquin, fludioxonil, mepanipyrim, ethoxyquin, 
cyazofamid, acetamiprid, and triazophos were detected 
in 33.3% of the samples (n = 6). Aguilera-Luiz et al. 
(2011) reported detecting pesticides, including thiaben-
dazole, acetamiprid, thiacloprid, carbendazim, thio-
phanate methyl, and bendiocarb, in milk. In particular, 
imidacloprid and atrazine desisopropyl were found in 4 
milk samples at concentration levels higher than 10 μg/
kg in Aguilera-Luiz et al. (2011), although until now 
no MRL have been set for them in milk. Pesticides 
listed in Table 1 of Annex VIII of commission directive 
2006/141/EC (EC, 2006a), not recommended in agri-
cultural products intended for the production of IMF, 
were not tentatively found in analyzed samples.

Co-occurrence of pharmacologically active residues 
was found in a significant number of infant milk 
samples (83.3%). Up to 4 pharmacologically active sub-
stances, decoquinate, dimetridazole, betamethasone, 
and oxfendazole, were detected simultaneously in one 
analyzed sample. Additive or synergistic effects of more 
contaminants coexisting in the same sample should 
be considered in risk assessment studies (Streit et al., 
2013; Alassane-Kpembi et al., 2017; Klátyik et al., 
2017). Given the large consumption of milk and milk 
derivates, a thorough investigation of the occurrence 
of contaminants, as well the adoption of measures to 
reduce their contamination of milk, is essential.

Risk Characterization

Risk characterization is an indispensable aspect to 
safeguard public health, which helps to identify risks 
threatening consumers. Therefore, it is extremely im-
portant to determine the percentage of tolerable daily 
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Table 4. Occurrence of target compounds in 3 lots of 18 different brands of commercial infant milk formulas from southern Italy (n = 54)

Analyte Range (ng/mL) Mean (ng/mL) Positive samples (%) MRL1 (ng/mL)

Mycotoxins2        
  FUS-X 0.735 0.736 3/54 (5.5) —
  NEO 1.735 1.736 3/54 (5.5) —
  α-ZEL 1.534–10.408 6.948 9/54 (16.6) —
  ZEN 0.133–0.638 0.295 30/54 (55.5) —
  ENNB 0.552–0.626 0.576 12/54 (22.2) —
  ENNA1 0.903 0.903 3/54 (5.5) —
Veterinary drug residues        
  Dexamethasone 0.905–1.131 1.149 9/54 (16.6) 0.3
  Procaine benzyl penicillin 0.295 0.295 3/54 (5.5) 4
1MRL = maximum residue level.
2Mycotoxin standards were as follows: neosolaniol (NEO), fusarenon-X (FUS-X), zearalenone (ZEN), α-zearalenol (α-ZEL), and enniatins 
(ENNA1 and ENNB).
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intake (TDI) to avoid adverse effects due to dietary 
exposure. For calculation of TDI percentage, consump-
tion data, body weight, and maximum concentration 
of each contaminant occurring in IMF were taken into 
consideration. As reported by the latest global indi-
vidual food consumption data (FAO and WHO, 2021), 
Italian infant formula milk-based consumption is 22 
and 6.91 g/d for infants 1 to 3 yr old and neonates 0 
to 12 mo old, respectively, and body weight of 11.9 and 
6.7 kg for infants 1 to 3 yr old and neonates 0 to 12 mo 
old, respectively, were evaluated (EFSA, 2012). Hence, 
to calculate TDI percentage, the following equation was 
used:

	 %
,

, TDI
DI  C 

TDI BW
=

×
× ×1 000

	

where DI = daily substance intake (ng/mL); C = food 
consumption (kg per capita per year); TDI = tolerable 

daily intake (µg/kg of BW); and BW = body weight 
(kg).

To achieve a more accurate estimation of exposure, 
2 scenarios were established: the upper bound and the 
lower bound. For the upper bound, samples reported 
as negative or <LOQ were substituted by the LOQ, 
whereas the lower bound considered these samples as 
strictly negative. To estimate exposure, the mean con-
centration value was considered.

For risk characterization, TDI stated by the Europe-
an Food Safety Authority was used. In the case of ZEN 
and its derived forms, TDI have been established for 
the sum of ZEN and its derived forms through a rela-
tive potency factors system according to their reported 
toxicity. The relative potency factors of 1, 60, 0.2, and 
1.5 are respectively assigned to ZEN, α-ZEL, β-ZEL, 
and ZAN. Similarly, NEO is included in the TDI value 
established for T2 in the same relative potency factors 
system: T2, HT2, and NEO are given values of 1, 1, and 
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Figure 1. Percentages of samples and types of mycotoxins and pharmacologically active substances tentatively identified in commercial infant 
milk formulas, using retrospective analysis of data by matching the exact mass of theoretical precursor ions within 1 ppm.
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0.3, respectively (EFSA, 2016, 2017). Results are shown 
in Table 5. Taking into consideration the lower bound, 
for a child 1 to 3 yr old, the calculated TDI percentages 
are in a range of 0.28% to 16.18%, whereas for infants 
0 to 12 mo old, the calculated TDI percentages are in 
a range of 1.58% to 91.88%. In the worst-case scenario 
represented by the upper bound, for a child 1 to 3 yr 
old, the calculated TDI percentages are in a range of 

1.35% to 50.49%, whereas for infants 0 to 12 mo old, 
the calculated TDI percentages are in a range of 7.70% 
to 286.77% Therefore, the European Food Safety Au-
thority Scientific Committee (EFSA, 2012) does not 
recommend grouping infants from 0 to 3 yr, because 
their intake and body weights are variable, and instead 
suggested the evaluation of risk on a case-by-case basis. 
In the worst-case scenario, the percentage found does 
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Figure 2. Percentages of samples and types of pesticides tentatively identified in commercial infant milk formulas, using retrospective analy-
sis of data by matching the exact mass of theoretical precursor ions within 1 ppm.
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not represent a health hazard but a significant con-
tribution to TDI. For some contaminants, TDI is not 
established, making it impossible to assess the risk of 
exposure.

As expected, infants are the most vulnerable category 
of the population, considering the high infant milk for-
mula intake compared with older children and adoles-
cents in relation to their low body weight. Based on risk 
assessment, a smaller quantity of contaminant residues 
could be enough to provoke adverse effects on infants. 
Hence, it is highly recommended to have a watchful 
attitude regarding food intended for susceptible groups. 
The total process of infant milk formula manufacturing 
should be controlled to ensure the use of raw materials 
with acceptable MRL.

CONCLUSIONS

This work proposed a multi-class analysis of myco-
toxins (n = 22) and veterinary drug residues (n = 23), 
in addition to retrospective analysis of other contami-
nants for which analytical standards (n = 54) are not 
available and pesticides (n = 283) in IMF. Advantages 
of the validated method include a single extraction for 
all the studied analytes, rapid determination, simple 
sample pretreatment, and high sensitivity. Results of 
evaluated parameters are in accordance with the limits 
reported by European Commission regulations. The 
validated method was applied to the analysis of 3 lots 
of 18 different brands of IMF. Results showed occur-
rence of contaminant residues in analyzed IMF: dexa-
methasone, procaine benzyl penicillin, zearalenone, and 

α-zearalenol. Up to 65 contaminants were tentatively 
identified via retrospective analysis based on the mass 
spectral library. Orbitrap technology represents a prac-
tical tool for sure and precise identification of a wide 
number of contaminants in a 9-min analytical runtime. 
Moreover, the in-house validated method could be pro-
posed for simultaneous identification of contaminants 
in routine analysis of IMF, reassuring consumers on the 
safety of purchased foods.
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