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ABSTRACT

Milk is an essential and widely consumed food. In 2022, Brazil produced approximately 25 billion liters
of milk for human consumption, and contamination by agrochemicals can have significant impacts on
public health. This study analyzed organophosphate and carbamate pesticide residues, as well as their
physicochemical and microbiological quality, in pasteurized milk sold in Londrina and Arapongas, Brazil.
From June to December 2017, 35 samples of pasteurized milk were obtained from the commercial
market and analyzed by HPLC and physical-chemical and microbiological tests for freezing point, alkaline
phosphatase, lactoperoxidase, and Enterobacteriaceae count. All the samples met the maximum
residue limits for both classes of agrochemicals, indicating safe consumption and good agricultural
practices. However, the potential effects of degradation byproducts on human health from milk
consumption require further investigation. Regarding the physicochemical and microbiological quality,
9% of the samples showed post-pasteurization contamination and 3% indicated water addition. Thus,
it is concluded that the biggest challenge for pasteurized milk production industries is to avoid post-
pasteurization microbiological contamination, and better tools and auditing are necessary to prevent
and detect residual water.
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RESUMO

O leite € um alimento essencial e amplamente consumido. Em 2022, o Brasil produziu aproximadamente
25 bilhdes de litros de leite para consumo, sendo que contaminagdes por agroquimicos podem
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ter consequéncias impactantes a saude publica. Este estudo analisou residuos de pesticidas
organofosforados e carbamatos, bem como analisou sua qualidade fisico-quimica e microbiologica em
leite pasteurizado comercializado em Londrina e Arapongas, Brasil. Entre junho e dezembro de 2017,
35 amostras de leite pasteurizado foram obtidas do comércio e analisadas por HPLC, além de testes
fisico-quimicos e microbiol6gicos para ponto de congelamento, fosfatase alcalina, lactoperoxidase e
contagem de Enterobacteriaceae. Todas as amostras atenderam aos limites maximos de residuos para
ambas as classes de agroquimicos, indicando consumo seguro e boas praticas agricolas. No entanto,
os efeitos potenciais dos subprodutos da degradacao na salde humana a partir do consumo de leite
requerem uma investigacdo mais aprofundada. Quanto a qualidade fisico-quimica e microbiolégica, 9%
das amostras apresentaram contaminacdo pos pasteurizacdo e 3% indicaram adicdo de agua. Dessa
forma, conclui-se que o maior desafio para as industrias produtoras de leite pasteurizado seja evitar a
contaminacado microbiolégica pos pasteurizacdo, sendo necessario melhores ferramentas e auditoria
para prevenir e detectar residuos de agua.

Palavras-chave: Laticinio; Agroquimicos; Contaminagdo pds-pasteurizacao

1 INTRODUCTION

Milk is an important and widely consumed food. In 2022, Brazil produced about
25 billion liters of milk for human consumption (Instituto Brasileiro de Geografia
e Estatistica [IBGE], 2022). The manufacture of pasteurized milk is very common
among Brazilian dairy plants, present in about 1 in 4 dairy establishments in the
Brazilian Federal Inspection Service (Lima, Perez, & Chaves, 2017). To accomplish the
high demand of milk consumption, the milk farming can demand many pesticides,
which can pass readily from animal feed to milk. Most of the time, the animal feed is
the main source of milk contamination, but other factors may include environmental
exposure, application of ectoparasites and accidental spills (Li, Xiong, & Fantke, 2022).

The presence of pesticide residues can negatively affect human health. Both
carbamates and organophosphorus act by inhibiting the acetylcholinesterase in

the nervous system, impairing the respiratory, myocardial, and neuromuscular
transmission. Their bioaccumulation can further cause neurodegenerative and
allergic diseases, metabolic disturbances, endocrine disruptions, obesity, type 2
diabetes, renal diseases, neonatal developmental abnormalities, DNA damages and

cancers (Sarlak et al., 2021).
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A recent systematic review about pesticide in milk across the globe since 2010
pointed to the existence of considerable risks, mainly regarding organochlorine,
but without discard organophosphate and carbamate pesticides (Boudebbouz et
al., 2022). Thus, continuous monitoring is necessary for the assessment of adverse
effects of pesticide residues on human health.

In Brazil, few studies have investigated pesticide residues in commercial milk. At
national level, the program on Pesticide Residue Analysis in Food (PARA), coordinated
by the National Sanitary Surveillance Agency (Anvisa), covers only plant foods (Agéncia
Nacional de Vigilancia Sanitaria [ANVISA], 2017). Another national monitoring program
is the National Residue and Contaminant Control Program (PNCRC), coordinated by
Ministry of Agriculture, Livestock and Food Supplies (MAPA), which englobe raw milk,
but does not cover commercial milks, such as pasteurized and UHT (Plano Nacional de
Controle de Residuos e Contaminantes [PNCRC], 2021). Thus, there is a gap regarding
analysis of pesticides residues in milk for direct consumption.

Considering the relevant role of pasteurized milk in the world dairy supply, our
study aimed to investigate the chemical and the microbiological contamination of

pasteurized milk sold in Londrina and Arapongas, Brazil.

2 MATERIAL AND METHODS

2.1 Sampling

Allsupermarkets’chains of Londrinaand Arapongaswere considered, retrieving
its location from the on-line phone book. Sixteen catalogued supermarkets were
vised by a trained team to visually inspect the displays stands of the whole store,
looking for Brazilian brands of pasteurized milk.

The samplingincluded all brands (5) of full fat (3%) pasteurized milk sold in Londrina
and Arapongas between June and December 2017, manufactured and packed at dairy

plants from Parana State (3) and Sao Paulo State (2) under state or federal inspection.
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The on-site visit methodology was performed fivefold to include different
batches of the same brand, accounting for randomized effects.

A total of 35 commercial samples of pasteurized milk (7 batches of 5 Brazilian
brands) were purchased, cooled (<10°C) with ice packs and immediately transported
to the laboratory. In addition, 10 milk samples were from the market surveillance

conducted by the Brazilian Health Regulatory Agency.
2.2 Extraction and HPLC analysis

The pasteurized milk samples (10mL) were mixed with 10 mL of formic acid
solution (0.025% v/v) and vortexed for 1 min. To this solution, 10 ml of acetonitrile
was added, vortexed for 1 min and centrifugated at 3,000 x g for 15 minutes. The
supernatant was carefully separated into another test tube, and 2 mg of magnesium
sulphate was added to the extract and centrifugated at 3,000 x g for 15 minutes. The
supernatant was microfiltered by nylon microfiltration membrane (0.22 ym) and then
analyzed by liquid chromatography.

The HPLCanalysiswas carried out on a Waters Alliance 2695 HPLC system coupled
with a Waters 2998 detector. The separation of pesticide residues was carried out on
the ACE C18 column (ACE, Scotland) of length 150 mm, 4.6 mm internal diameter and
5pm particle thickness. The mobile phase consisted of acetonitrile and water (1:1) was
filtered, degassed and pumped at a flow rate of 0.5 mL.min". The column oven was set
at 35 °C and the injected volume was 20 pL, UV detector set at 285 nm. Retention time
for CFF was 4.88 min, and analytical run was 7.0 min.

The standard used for organophosphorus were: Chlorpyrifos, Diazinon,
Dichlorvos, Dimethoate, Fenthion, and Monocrotophos. Aldicarb, Bendiocarb,
Carbaryl, Carbofuran, Carbosulfan, Methomyl, Propoxur and Thiodicarb were used for
carbamates, all purchased from Sigma Aldrich (St Louis, MO, USA).

Blank milk samples (milked by our team) were spiked with three levels of

each pesticide. The recoveries rates were more than 70% (ranging from 70 to
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103%). A signal-to-noise ratio of 2:1 was considered for estimating the detection
limit. All pesticides showed a limit of detection (LOD) of 1 ug/L.

The limit of quantification (LOQ) was based on the signal-to-noise approach,
comparing measured signals from samples with known low concentrations of analyte
with those of blank samples and by establishing 10:1 as the minimum concentration.
The LOQ for Chlorpyrifos, Diazinon, Dichlorvos, Dimethoate, Fenthion, Aldicarb,
Bendiocarb, Carbaryl, Carbofuran, Carbosulfan, Methomyl was 5 pg/L. The LOQ for

Monocrotophos, Propoxur and Thiodicarb was 10 pg/L.
2.3 Compositional and microbiological analysis

The samples were analyzed for: (1) freezing point assessment by thermistor
cryoscope (PZL 7000S, Londrina, Brazil) (ISO 5764:2009); (2) alkaline phosphatase
(AOAC, 2016) and (3) lactoperoxidase (ISO, 2011). The results from compositional
analysis were based on the percentage of samples that were compliant to the
parameters set in the statutory Brazilian regulation for pasteurized milk.

The samples were serially diluted with sterile buffered peptone water and
plated in duplicated to be used in colony-counting of enterobacteria using 3M Petrifilm

Enterobacteriaceae Count (EB) plates. Incubations were performed at 37 °C for 24 h.

3 RESULTS AND DISCUSSION

All 35 samples from seven batches are found to comply the chemical
specifications for organophosphate and carbamate pesticides (100% < LOQ). Just
two samples (6%) were positive in traces (LOD < x < LOQ) for Dimetoate.

The occurrence of pesticidesis more common inraw milk rather than pasteurized
or UHT milk (Calahorrano-Moreno et al., 2022). It is well known that some pesticides
are affected by heat treatment and/or fermentation (Bo et al. 2011). In addition, the
degradation kinetics of organophosphorus may also be influenced by some lactic

acid bacteria naturally present in milk, such as Lactobacillus spp. (Yuan et al., 2021).
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Photodegradation by sun light is another mechanism that could occur through the dairy
chain, and consequently, support the low levels of pesticides found here (Ishag et al., 2019).

Few studies have investigated pesticide residues in commercial milk from
Brazil, most of them monitoring organochlorine pesticides levels (Régo et al., 2019).
Our study disclosed a decrease trend compared to the most recent monitoring
study that evaluated 79 pesticides in organic and conventional milk, where Granella
et al. (2013) found about 9% of samples contaminated with clomazone, chlorpyrifos
or monocrotophos.

From our results, there is no health risk of human exposure to pesticides through
pasteurized milk consumption. However, some pesticides degradation, might lead to
the metabolites more active than the parent compounds, which were not evaluated in
this study and deserves further attention (Tang, Rose, & Chambers, 2006).

About 9% of samples were above the statutory limit of 10 CFU/mL for
Enterobacteria spp. The mean value and standard deviation for Enterobacteria spp.
count was 1.67 (£3.69) MPN/mL, ranging from <1 to 14 CFU/mL.

The compliance of the microbiological criterium was a challenge for the most
of dairy plants included in our study, once four of five brands showed at least one
sample with microbiological contamination. All samples in disagreement with
the requirements of Enterobacteria spp. were negative for alkaline phosphatase,
indicating post-pasteurization contamination. Most of Enterobacteriaceae are
environmental contaminants, but a fraction of this group is from fecal contamination,
which represents poor hygienic conditions through milk processing, or from
enteropathogens, such as Escherichia coli and Salmonella, types of microbiological
contaminants that threaten food safety (Martin et al., 2016).

Thus, it is possible to assume that the post-pasteurization contamination is a
considerable barrier for some dairy processors included in this study. The three main
reasons for this kind of issue are flaws in: (1) cleaning and sanitization protocols; (2)

control of cross contamination, and (3) preventive maintenance. Thus, efforts are
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clearly needed to reduce all post-processing contaminations. The root cause-analysis
and the source tracking of contamination are good approaches to identify the causative
elements of post-pasteurization contamination. In addition, molecular tools, such as
pulsed field electrophoresis, ribotyping, multilocus sequence typing, and DNA-based
techniques are useful to discriminate between persistent (i.e., biofilms) and transient
contaminations (i.e., cross contamination) (Martin, Boor, & Wiedmann, 2018; Zoellner,
Ceres, Ghezzi-Kopel, Wiedmann, & lvanek, 2018; Nakamura et al., 2021).

Regarding the freezing point, about 3% of the samples were above the statutory
limit of -0.530°H, an indication of added water. This non-conformity can be from
deliberated addition of water, an economical food fraud, or from stagnant residual
water caused by rinse failures or problems with the clean in place system design
of the dairy plants (Ansari, Chavan & Bhatt, 2018). Thus, the Brazilian inspection
services should drive efforts not only to combat the deliberated water addition, but
also routinely audit the current CIP elements at dairy plants, crucial to ensure the

operational efficiency and the pasteurized milk quality.

4 CONCLUSIONS

The low levels of carbamate and organophosphate residues in pasteurized milk
showed no risk for consumers. The data indicate good agriculture practices or pesticide
degradation throughout the dairy chain. The potential effects of active metabolites
from pesticides degradation on human health from pasteurized milk consumption are
not clear and require further investigation.

There is a challenge for most of dairy plants to avoid the microbiological
contamination, which highlights the need for better tools to minimize the post-
pasteurization contamination, as well as enhance the audit to improve residual water

prevention and detection.
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