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Abstract

Milk from different animal species provides substantial nutritional benefits but may also act as a
vehicle for the transmission of pathogenic microorganisms, particularly when adequate hygienic
practices are not followed. Contamination may arise from intrinsic factors, such as mastitis, or extrinsic
factors, including improper handling and storage conditions. Several foodborne illnesses are associated
with classical pathogens, including Salmonella spp., Escherichia coli O157:H7, Listeria
monocytogenes, and Staphylococcus aureus, which can cause clinical outcomes ranging from food
poisoning to severe diseases such as septicemia and meningitis. In addition, non-classical or emerging
pathogens, such as Acinetobacter spp. and Brucella spp., represent increasing public health concerns.
The One Health concept advocates an integrated approach involving human, animal, and
environmental health to prevent and control these diseases. Measures such as effective pasteurization,
animal health monitoring, and the adoption of good agricultural and manufacturing practices are
essential to reduce microbiological risks associated with milk consumption. Public awareness
initiatives and robust regulatory policies are also critical to ensuring milk safety.
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Introduction

Milk from different animal species offers distinct health benefits due to variations in their
nutritional composition, including high levels of proteins, vitamins, and essential minerals
(Meng et al., 2021; Arrichello et al., 2022) 12> 4, Milk is among the most widely consumed
foods globally, across all age groups and socioeconomic classes, and its production and
derivatives play a major role in the global economy. In 2023, worldwide production of milk
from cows, buffaloes, goats, and sheep exceeded 900 million tons, with cow’s milk
accounting for approximately 81% of total production (FAO, 2023; Moraes et al., 2025) [
261, Despite its nutritional value, milk may also serve as a vehicle for pathogenic
microorganisms, particularly when appropriate hygiene practices are not observed during
milking, processing, and storage (Kapoor et al., 2023; Farid et al., 2025) [ 121, Microbial
contamination can occur through multiple routes, including the animal’s udder-especially in
cases of mastitis-as well as from fecal contamination, external surfaces of the udder, and
inadequately sanitized equipment used during milk handling and storage (Zastempowska et
al., 2016; Grace et al., 2020) 3% 151,

The relationship between milk and dairy product consumption and the transmission of
classical and non-classical foodborne pathogens is of major importance for public health and
underscores the need for integrated control strategies that encompass human, animal, and
environmental health. This integrated framework is known as One Health, which emphasizes
that human health is intrinsically linked to animal health and the surrounding environment
(Wiku et al., 2022; Pitt & Gunn, 2024) % 2. This work aims to present, in a concise
manner, key zoonotic pathogens associated with milk consumption, their relevance within a
One Health context, and strategies to mitigate the associated risks.

Pathogens associated with milk consumption

Classical pathogens associated with milk consumption are well recognized for their
prevalence and significant impact on public health. Salmonella spp., pathogenic strains of
Escherichia coli (notably E. coli O157:H7), Listeria monocytogenes, and Staphylococcus
aureus are frequently implicated in milk- and dairy-related foodborne diseases, causing
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illnesses that range from mild gastrointestinal symptoms to
severe conditions such as septicemia, spontaneous abortion,
and meningitis (Zastempowska et al., 2016; Gonzales-
Barron et al., 2017) B8 14,

Salmonella spp. are commonly associated with foodborne
outbreaks linked to the consumption of raw or inadequately
pasteurized milk. Non-typhoidal salmonellosis may cause
symptoms including fever, severe diarrhea, abdominal pain,
headache, fatigue, and prostration, and in severe cases may
progress to septicemia, particularly in immunocompromised
individuals (Addis & Sisay, 2015; Williams et al., 2023) [
37]

Another pathogen of major concern is E. coli O157:H7, a
Shiga toxin-producing strain responsible for numerous
severe outbreaks of foodborne illness. Infection may lead to
hemorrhagic colitis and hemolytic uremic syndrome (HUS),
a potentially fatal condition that disproportionately affects
children and older adults (Smith & Fratamico, 2018;
Williams et al., 2023) 31371,

Listeria monocytogenes is also highly relevant in the context
of milk consumption. Although listeriosis is relatively
uncommon, it is associated with high hospitalization and
mortality rates, particularly among pregnant women, older
adults, and immunocompromised individuals. Clinical
outcomes include spontaneous abortion, meningitis, and
septicemia (Disson et al., 2021; Kayode & Okoh, 2022) [
17]

Staphylococcus aureus represents an additional public
health risk, as it is commonly present on the skin and
mucous membranes of humans and animals and is
frequently detected in milk, especially from animals
affected by mastitis. Food poisoning caused by S. aureus
results from ingestion of preformed enterotoxins and is
characterized by symptoms such as nausea, vomiting, and
diarrhea. Importantly, both coagulase-positive and
coagulase-negative staphylococci are capable of producing
enterotoxins (Salamandane et al., 2022) 3%, These toxins are
heat-stable and may persist in milk even after pasteurization,
thereby posing a risk to consumers (Fisher et al., 2018) [3],
In addition to classical pathogens, several emerging or non-
classical microorganisms have been increasingly associated
with milk and dairy products. Brucella spp. are particularly
relevant in the context of raw milk consumption. These
bacteria cause brucellosis, also known as Mediterranean
fever, one of the most widespread zoonoses worldwide and
a significant public health concern, especially in regions
such as South America. Human infection may occur through
consumption of raw milk, unpasteurized dairy products,
undercooked meat, or through inhalation of contaminated
aerosols. Clinical manifestations include fever, myalgia,
headache, back and abdominal pain, night sweats, and
chills, while severe cases may progress to chronic
complications such as arthritis, hepatic disorders, and
meningitis (Dadar et al., 2020; Khurana et al., 2021,
Ministério da Saade, 2025) [ 18 241 [n Brazil, brucellosis is
recognized as an occupational disease, affecting mainly
meat packers, veterinarians, hunters, farmers and livestock
producers, and is listed in Portaria n° 1.339/1999 of the
Ministry of Health.

Bacteria of the genus Acinetobacter have gained increasing
attention in recent years. These opportunistic pathogens are
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often multidrug resistant and have been isolated from milk
of contaminated animals. Although traditionally associated
with healthcare settings, Acinefobacter spp. are now
recognized as potentially zoonotic organisms, with evidence
suggesting that certain strains may cause gastrointestinal
disease following foodborne transmission. The emergence
of antimicrobial resistance in these bacteria is particularly
concerning, as the inappropriate use of antibiotics in animal
production may facilitate the selection of resistant strains
capable of affecting both animals and humans (Malta et al.,
2020; Elbehiry et al., 2021; Castillo-Ramirez, 2022;
Mohamed et al., 2022; Mellace et al., 2024) 2193, 25.22],

The transmission of milk-associated pathogens is influenced
by multiple factors, including increased consumption of raw
milk and unpasteurized dairy products, the formation of
biofilms by foodborne pathogens in dairy processing
environments, failures in pasteurization processes, and, in
some cases, the heat resistance of microbial toxins (Oliver et
al., 2005; Ali et al., 2022) 2721,

One Health and One Welfare: risks and mitigation
strategies

The concepts of One Health and One Welfare recognize the
interconnectedness of human, animal, and environmental
health (FAO, 2025) U, One Health emphasizes the
biological and social links among these domains, while One
Welfare expands this framework to include animal, human,
and environmental well-being (Pinillos et al., 2018;
Stephens, 2021; Leeuw et al., 2024; Doyle et al., 2025;
FAO, 2025) 2% 32 19 8 1l According to the World
Organisation for Animal Health (WOAH, 2019) B33, animal
welfare encompasses the physical and mental state of an
animal throughout its life and at the time of death. Scientific
evidence supports a multidimensional approach to animal
welfare, recognizing that societal expectations increasingly
extend beyond physical health alone to include behavioral
and emotional aspects, reflecting both societal expectations
and ethical considerations (Alonso et al., 2020; Vigors et
al.,2021; Lemma et al., 2022) 333,201,

Farm animals have specific welfare requirements which,
when adequately met, can improve their quality of life,
extend their productive lifespan, and enhance their
contributions to humans and the environment. Although
closely related, animal welfare and animal health are not
synonymous: good health cannot be achieved without
adequate welfare, yet welfare alone does not guarantee the
absence of disease (FAQ, 2025) [,

Contemporary understanding of animal welfare is frequently
framed by the “Five Domains” model, which integrates
nutritional, environmental, health, and behavioral factors
with the animals’ mental and emotional states. Ensuring
adequate resources and care across these domains is
essential not only for animal welfare but also for the
production of safe and high-quality milk (FAO, 2025) ['!],
From a One Health perspective, milk safety requires
coordinated actions across animal health and welfare,
environmental management, and human practices and public
policies (Wiku et al., 2022; FAO, 2025) 3% 111 Ag illustrated
in Figure 1, these strategies are interdependent, and
interventions at one level directly influence outcomes in the
others.
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- Hygiene of
milking facilities
- Waste
management

- Water purity
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- Regulation of
antibiotic
administration
- Educational
campaigns
- Adequate
pasteurization

Fig 1: Strategies based on the perspective of the One Health concept to ensure the microbiological safety of milk.

At the animal health and welfare level, preventive herd
management and welfare-oriented practices are central risk
mitigation strategies. Regular veterinary monitoring,
vaccination programs, and early detection and control of
diseases such as mastitis and brucellosis reduce pathogen
shedding and milk contamination (Wiku et al., 2022; FAO,
2025) B3¢ 111 Adequate nutrition, housing, thermal comfort,
and gentle handling further support immune function and
reduce physiological stress, contributing to lower disease
incidence and decreased reliance on antimicrobials (WOAH,
2019; Alonso et al., 2020; Lemma et al., 2022; Vigors et al.,
2021) [35, 3,20, 33]'

The environmental domain focuses on minimizing microbial
contamination from the production environment through
hygienic milking facilities, routine cleaning and disinfection
of equipment, effective manure and effluent management,
and access to clean water. These measures limit pathogen
circulation between animals, equipment, and the
surrounding environment and reduce environmental
dissemination of microorganisms and antimicrobial residues
(Wiku et al., 2022; FAO, 2025; Zhang et al., 2024) 36 11,391,

The human and policy-related domain bridges farm-level
practices with public health outcomes. Training farm
workers in good milking practices, hygiene, and biosecurity
reduces cross-contamination during milk handling (FAO,
2025) 11, At the population level, public policies promoting
milk pasteurization, regulating antimicrobial use in animal
production, and supporting surveillance and educational
campaigns on the risks associated with raw milk
consumption are essential to prevent foodborne disease
outbreaks and protect consumers (Kapoor et al., 2023;
Zhang et al., 2024; Farid et al., 2025) [16:3%12],

Conclusion

Milk safety cannot be achieved through isolated
interventions. The interconnectedness among the different
domains of health highlights the importance of adopting an
integrated approach to address issues related to milk
consumption and the transmission of foodborne pathogens.
Cooperation among human, veterinary, and environmental
health sectors is essential for the development of effective

public policies and safer production practices. Such
integrated actions are fundamental to ensuring milk quality,
reducing microbiological risks, and contributing to the
prevention of zoonotic and foodborne diseases.

Acknowledgments

J.S.N. acknowledges financial support from the Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico
(CNPq - 302518/2021-5) and the Fundagdo de Amparo a
Pesquisa do Estado do Rio de Janeiro (FAPERJ - E-
26/211.480/2021). G.L.P.A.R. acknowledges financial
support from the Fundagdo de Amparo a Pesquisa do Estado
do Rio de Janeiro (FAPERJ - E-26/210.810/2024).

References

1. Addis M, Sisay D. A review on major food-borne
bacterial illnesses. J Trop Dis. 2015;3(4):1-7. DOI:
10.4172/2329-891X.1000176

Ali M, Ketema S, Prabakusuma AS, Aslam M, Durrani
Y, Akhtar N. Public health threat with consumption of
unpasteurized milk: a systematic review. Pak J Health
Sci. 2022;3(4):207-213. DOI: 10.54393/pjhs.v3i04.135
Alonso ME, Gonzalez-Montafia JR, Lomillos JM.
Consumers’ concerns and perceptions of farm animal
welfare. Animals. 2020;10(3):385.

DOI: 10.3390/ani10030385

Arrichello A, Auriemma G, Sarubbi F. Comparison of
nutritional value of different ruminant milks in human
nutrition. Int J Funct Nutr. 2022;3(4):1-10. DOI:
10.3892/ijfn.2022.28

Castillo-Ramirez S. Zoonotic Acinetobacter baumannii:
the need for genomic epidemiology in a One Health
context. Lancet Microbe. 2022;3(12):¢895-e896. DOI:
10.1016/S2666-5247(22)00255-5

Dadar M, Fakhri Y, Shahali Y, Khaneghah AM.
Contamination of milk and dairy products by Brucella
species: a global systematic review and meta-analysis.
Food Res Int. 2020;128:108775.

DOI: 10.1016/j.foodres.2019.108775

Disson O, Moura A, Lecuit M. Making sense of the
biodiversity and virulence of Listeria monocytogenes.


http://www.foodresearchjournal.com/

Journal of Current Research in Food Science

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Trends Microbiol. 2021;29(9):811-822.

DOI: 10.1016/j.tim.2021.01.008

Doyle R, Cripps A, Marry A, Wieland B, Whay B,
Lindsay B, ef al. Animal welfare for production and
working animals: evidence and need for action. Rome:
FAO; 2025. p. 1-200. DOI: 10.4060/cd6930en

Elbehiry A, Marzouk E, Moussa IM, Dawoud TM,
Mubarak AS, Al-Sarar D. Acinetobacter baumannii as a
community foodborne pathogen. Saudi J Biol Sci.
2021;28(1):1158-1166.

DOI: 10.1016/j.sjbs.2020.11.052

FAO. FAOSTAT statistical database. Food Agric
Organ UN; 2023.

FAO. Animal welfare: evidence and emerging
approaches. Rome: Food Agric Organ UN; 2025.

Farid A, Wang Z, Khan MU, Wang P, Wang H, Liu H,
et al. Emerging technologies for detecting foodborne
pathogens and spoilage microorganisms in milk. Food
Microbiol. 2025;104763.

DOI: 10.1016/j.fm.2025.104763

Fisher EL, Otto M, Cheung GYC. Basis of virulence in
enterotoxin-mediated staphylococcal food poisoning.
Front Microbiol. 2018;9:436.

DOI: 10.3389/fmicb.2018.00436

Gonzales-Barron U, Gongalves-Tendrio A, Rodrigues
V, Cadavez V. Foodborne pathogens in raw milk and
cheese of sheep and goat origin. Curr Opin Food Sci.
2017;18:7-13. DOI: 10.1016/j.cofs.2017.10.002

Grace D, Wu F, Havelaar AH. Foodborne diseases from
milk and milk products in developing countries. J Dairy
Sci. 2020;103(11):9715-9729. DOI: 10.3168/jds.2020-
18323

Kapoor S, Goel AD, Jain V. Milk-borne diseases
through the lens of One Health. Front Microbiol.
2023;14:1041051. DOI: 10.3389/fmicb.2023.1041051
Kayode AJ, Okoh AI. Multidrug-resistant Listeria
monocytogenes in milk and milk products. PLoS One.
2022;17(7):¢0270993.

DOI: 10.1371/journal.pone.0270993

Khurana SK, Sehrawat A, Tiwari R, Prasad M, Gulati
B, Shabbir MZ. Bovine brucellosis: a comprehensive
review. Vet Q. 2021;41(1):61-88.

DOI: 10.1080/01652176.2020.1868616

Leeuw E, Kickbusch I, Riiegg SR. A health promotion
perspective on One Health. Can J Public Health.
2024;115:271-275. DOI: 10.17269/s41997-024-00872-
y

Lemma M, Doyle R, Alemayehu G, Mekonnen M,
Kumbe A, Wieland B. Exploring animal welfare
perceptions in rural households. Front Vet Sci.
2022;9:980192. DOI: 10.3389/fvets.2022.980192
Malta RCR, Ramos GLPA, Nascimento JS. From food
to hospital: we need to talk about Acinetobacter spp.
Germs. 2020;10(3):210.

DOI: 10.18683/germs.2020.1207

Mellace M, Ceniti C, Paonessa M, Procopio AC,
Tilocca  B. Multidrug-resistant ~ Acinetobacter
baumannii in veterinary medicine. Ger J Vet Res.
2024;4(2):112-126.

Meng F, Uniacke-Lowe T, Ryan AC, Kelly AL.
Composition and physico-chemical properties of human
milk. Trends Food Sci Technol. 2021;112:608-621.
DOI: 10.1016/j.tifs.2021.03.040

Ministério da Saude (Brasil). Brucelose humana. Minist

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

www.foodresearchjournal.com

Saude; 2025.
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-
z/b/brucelose-humana

Mohamed HMA, Abd-Elhafeez HH, Al-Jabr OA, El-
Zamkan MA. Characterization of Acinetobacter
baumannii  isolated from raw milk. Biology.
2022;11(12):1845. DOI: 10.3390/biology11121845
Moraes MS, Ramos GLPA, Nascimento JS. Benefits of
goat, sheep and buffalo milk. Int J Vet Sci Anim Husb.
2025;10(3):150-155.

DOI: 10.22271/veterinary.2025.v10.i3¢.2122

Oliver SP, Jayarao BM, Almeida RA. Foodborne
pathogens in milk and the dairy farm environment.
Foodborne Pathog Dis. 2005;2(2):115-129. DOI:
10.1089/fpd.2005.2.115

Pinillos RG. One Welfare: a framework to improve
animal welfare and human well-being. OIE Sci Tech
Rev. 2018;37(1):81-88.

Pitt SJ, Gunn A. The One Health concept. Br J Biomed
Sci. 2024;81:12366. DOI: 10.3389/bjbs.2024.12366
Salamandane A, Oliveira J, Coelho M, Ramos B,
Cunha MV, Malfeito-Ferreira M, et al. Enterotoxin-
and antibiotic-resistance genes in Staphylococcus. Appl
Microbiol. 2022;2(2):367-380.

DOI: 10.3390/applmicrobiol2020028

Smith JL, Fratamico PM. Emerging and re-emerging
foodborne  pathogens. Foodborne Pathog Dis.
2018;15(12):737-757. DOI: 10.1089/fpd.2018.2493
Stephens T. Kangaroo management and animal welfare.
Ecol Manag Restor. 2021;22:71-74.

DOI: 10.1111/emr.12469

Vigors B, Ewing DA, Lawrence AB. Farm animal
health and natural behaviors. Front Anim Sci.
2021;2:638782. DOI: 10.3389/fanim.2021.638782
World Health Organization. Tripartite and UNEP
support OHHLEP’s definition of One Health. World
Health Organ; 2021.

World Organisation for Animal Health. Animal welfare
and pig production systems. Terrestrial Anim Health
Code. 2019;Chapter 7.13.

Wiku BA, Salama A, Casey BB, Pépé B. One Health: a
new definition. PLoS Pathog. 2022;18:¢1010537. DOLI:
10.1371/journal.ppat.1010537

Williams EN, Van Doren JM, Leonard CL, Datta AR.
Prevalence of foodborne pathogens in raw milk. J Food
Prot. 2023;86(2):100014.

DOI: 10.1016/].jfp.2022.11.006

Zastempowska E, Grajewski J, Twaruzek M. Food-
borne pathogens in raw milk. Ann Anim Sci.
2016;16(3):623-635. DOI: 10.1515/a0as-2015-0089
Zhang T, Nickerson R, Zhang W, Peng X, Shang Y,
Zhou Y, et al. Impacts of animal agriculture on One
Health. One Health. 2024;100748.

DOI: 10.1016/j.0nehlt.2024.100748


http://www.foodresearchjournal.com/

