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Waste milk (WM), a byproduct of dairy production, is often used as a cost-effective
feed for calves, but it can contain pathogens and antimicrobial residues, which
pose health risks. This study examined the microbiological quality and the presence
of antimicrobial residues in WM from 36 dairy farms in southern Chile. In a cross-
sectional study, WM samples were collected, and farm management data were
gathered through a questionnaire. The samples were analyzed for total bacterial
load, coliforms, staphylococci, streptococci/streptococci-like organisms (SSLOs),
Salmonella spp., Mycobacterium avium subsp. paratuberculosis (MAP), Mycobacterium
bovis, Mycoplasma spp., Prototheca spp., methicillin-resistant Staphylococcus
aureus (MRSA), and extended-spectrum beta-lactamase (ESBL)-producing E. coli.
Antimicrobial residues were detected using a commercial test. A high average
bacterial load (7.63 x 10° CFU/mL) and significant levels of staphylococci, SSLOs,
and coliform were found. In addition, S. aureus (33.3%), MAP (11.1%), and Salmonella
spp. (2.8%) were detected. ESBL-E. coli was found on five farms, with blacrx.u
being the predominant gene. Antimicrobial residues, mainly beta-lactams, were
present in 55.6% of samples. These results show that WM in this region frequently
contains pathogens, antimicrobial residues, and resistant bacteria. Current farm
practices, such as feeding untreated WM to calves, may contribute to the spread
of antimicrobial resistance and compromise calf health.

KEYWORDS

antimicrobial resistance, calves, calf disease, grazing, ESBL

1 Introduction

Optimal nutrition for calves in early life is essential for growth, the development of the
immune system, and future performance. While commercially available milk replacers and/
or saleable milk represent the ideal liquid feed for pre-weaned calves, economic pressures often
lead dairy producers to use waste milk (WM) (1). Waste milk encompasses milk from cows
with intramammary infections (IMIs) treated with antibiotics, milk contaminated with other
drugs, milk from cows with clinical mastitis (i.e., that which contains pus, fibrin, or effusions),
milk with high somatic cell counts (SCCs), and post-colostral transition milk (2). The
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prohibition of its sale for human consumption is mandatory, and this
represents a significant economic loss (3).

Despite reported concerns, WM is widely used as a calf feed due
to its nutritive value and cost-effectiveness compared to milk replacers
(1, 4). However, feeding raw WM to calves could be problematic due
to the potential presence of pathogens and antibiotic residues (5, 6),
which potentially increases the risk of disease and antimicrobial
resistance (2, 7). Furthermore, WM has been identified as a vehicle for
pathogens that pose a threat to both animal and public health, such as
(MAP)  (8),
Mycobacterium bovis (9), Salmonella spp. (10), and Mycoplasma spp.

Mycobacterium avium subsp. paratuberculosis
(11, 12). The most comprehensive studies on bacterial contamination
in WM identified Streptococcus spp. and members of the
Enterobacteriaceae family as the predominant bacterial groups (5, 6).

Beyond its general composition, WM frequently harbors mastitis-
causing pathogens. Staphylococcus aureus, for instance, is a primary agent
of contagious bovine mastitis globally (13, 14), known for variable cure
rates and its association with antimicrobial resistance (AMR) (15). The
presence of methicillin-resistant S. aureus (MRSA) in dairy environments
is a significant One Health concern due to its role in multidrug-resistant
human infections (16). Furthermore, the dissemination of AMR through
WM is a critical issue, with particular concern surrounding bacteria
producing extended-spectrum beta-lactamases (ESBLs). These enzymes
confer resistance to beta-lactam antibiotics, including penicillins and
third- and fourth-generation cephalosporins, thereby complicating
treatment options in both human and veterinary medicine, and their
detection in dairy cattle is increasingly reported (17).

Studies have shown mixed results regarding the effects of WM on
calf health and performance. While some research reported no
significant differences in growth, intake, or health parameters between
calves fed WM and those fed pasteurized WM or bulk milk (18),
others reported a higher incidence of diarrhea and changes in fecal
microbiota in calves fed with WM containing antibiotic residues (19,
20). The use of WM, particularly unpasteurized WM containing
antibiotic residues, remains controversial due to its potential long-
term impact on calf health, antimicrobial resistance (7, 19), and
environmental dissemination via manure, soil contamination, and the
release of antimicrobials in bovine slurry (21).

At the local level, it has been estimated that 51.7% of the dairies in
the Los Rios Region (Southern Chile) use untreated WM to feed
calves (22). This region’s reliance on predominantly grazing-based
dairy systems (23), which differ significantly from the confinement
systems where most previous comprehensive WM studies were
conducted (5, 6), may pose unique challenges and contamination
profiles. Therefore, it is important to assess the quality of WM in this
specific context to understand the risks to the calf and public health.
Hence, this study aimed to analyze the presence of pathogenic bacteria
and antimicrobial residues in WM samples collected from dairy farms
in southern Chile.

2 Materials and methods

2.1 Study population and sampling of waste
milk

A cross-sectional study was conducted between July and
November 2023 to investigate the composition of pathogenic bacteria
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and antimicrobial residues in bovine WM in the Los Rios and Los
Lagos regions in southern Chile. A convenience sampling method was
used to select 36 dairy herds from a list provided by 2 dairy
manufacturing companies. In total, 36 WM samples were collected
from storage containers either at room temperature or under
refrigeration, before and after treatment (pasteurization or
acidification), according to the specific management practices of each
farm. To ensure sample representativeness, each sample was
homogenized either using an automated stirrer for 10 min or manually
with a sterile steel spoon. Subsequently, 500 mL of WM was
transferred to sterile glass bottles and immediately transported to the
laboratory under refrigerated conditions (0-4°C). Ethical approval
was obtained from the Universidad Austral de Chile Bioethics
Committee (Protocol No. 516-2023).

2.2 Farm description

A questionnaire was administered to each participating farm on
the day of sampling to collect data on farm management practices. The
questionnaire consisted of 23 questions, covering general farm
information, calf housing, feeding practices, health management
protocols (including antimicrobial use), and biosecurity measures
(Supplementary material).

2.3 Microbiological analysis

This study involved the detection and quantification of bacterial
populations relevant to milk quality and animal health. The general
microbiological quality of WM was assessed by quantifying total
bacteria, total coliforms, staphylococci, streptococci, and streptococci-
like organisms (SSLOs), a group that includes members of the genera
Streptococcus, Enterococcus, and Lactococcus, among others. For this
purpose, 100 pL of 10-fold serial dilutions of each milk sample were
plated in duplicate on different culture media: plate count agar (Oxoid,
Hampshire, United Kingdom) for total bacterial count (TBC),
MacConkey agar (Oxoid, Hampshire, United Kingdom) for total
coliforms, mannitol salt agar (Oxoid, Hampshire, UK) for
staphylococci, and Edwards medium (Oxoid, Hampshire,
United Kingdom) supplemented with 5% sheep blood for SSLOs. All
plates were incubated at 37°C for 24 h. Bacterial concentrations were
determined by counting the typical colonies for each bacterial group
and multiplying by the corresponding dilution factor.

In addition, specific pathogens, including Salmonella, Prototheca,
and Mycoplasma spp., were tested for following the protocol described
by Ulloa et al. (24). For Prototheca spp., 100 pL of each milk sample
was inoculated into 5 mL of Prototheca isolation medium (PIM) broth
and incubated at 37°C for 24 h. After incubation, a 100-pL of aliquot
of the broth was plated onto PIM agar and incubated at 37°C for 72 h.
For the detection of Salmonella spp., 100 pL of each milk sample was
seeded into 5mL of selenite cystine broth (Oxoid, Hampshire,
United Kingdom) and incubated at 37°C for 16 h. A 100 pL of aliquot
of the enriched broth was then plated onto xylose lysine deoxycholate
(XLD) agar (Oxoid, Hampshire, UK) and incubated at 37°C for 48 h.
Suspected isolates were confirmed using a qPCR protocol (25).
Mycoplasma spp. detection was performed by inoculating 100 pL of
each milk sample onto a modified Hayflick Medium (Oxoid,
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Hampshire, United Kingdom), followed by incubation at 37°C for
12 days in an atmosphere containing 10% CO..

To detect viable MAP and Mycobacterium bovis, a DNA extraction
procedure based on phage-mediated separation was performed (26).
MAP and M. bovis were confirmed by qPCR, targeting the IS900
sequence and the RD4 gene, respectively (26, 27).

2.4 MRSA and ESBL-E. coli detection

The presence of two antimicrobial-resistant bacteria, extended-
spectrum beta-lactamase (ESBL)-producing Escherichia coli (ESBL-
E. coli) and methicillin-resistant Staphylococcus aureus (MRSA), was
assessed following the protocol described by Penati et al. (17) and
Fusar-Poli et al. (16). In short, to enhance bacterial recovery, an
enrichment step was performed using Miiller-Hinton broth for
ESBL-E. coli and Miiller-Hinton broth supplemented with 6.5% NaCl
(Oxoid, Hampshire, United Kingdom) for MRSA. Samples were
incubated at 37°C for 24 h. Following enrichment, a 50-pL aliquot of
the broth was plated onto CHROMagar™ ESBL or CHROMagar™
MRSA selective media (CHROMagar, Paris, France) and incubated
under the same conditions. From each plate, three suspected colonies
were selected for species identification by PCR, following the protocols
described by Frahm and Obst (28) for E. coli and by Baron et al. (29)
for S. aureus. ESBL-E. coli confirmation was performed using the
double-disk synergy test (DDST) (30) and PCR detection of bla genes
associated with ESBL expression (blagyy, blargy, and blacrxa) (31).
MRSA confirmation was performed using a PCR assay targeting the
mecA gene (32).

2.5 Detection of antimicrobial residues

All milk samples were tested for antimicrobial residues using the
IDEXX SNAPduo™ ST Plus Test rapid test (Idexx Laboratories Inc.,
Westbrook, ME, United States). This test detects beta-lactam
antimicrobials, cephalosporins, and tetracyclines by binding them to
enzyme-linked receptors. The reading was carried out according to the
manual. The sensitivity of the test used in the penicillin group is
2-4 ppb. For the cephalosporin group, it is 8-60 ppb, and for the
tetracycline group, it is 16-40 ppb.

2.6 Data analysis
Statistical analyses were performed using R software version 3.1.2
(57). Descriptive statistics (means, standard deviations, medians,

interquartile ranges, and proportions) were calculated to summarize
farm characteristics and WM composition.

3 Results
3.1 Farm characteristics and management
Regarding general farm characteristics, the average number of

milking cows per farm at the time of sampling was 394 (range
14-1,880). Most farms (83.3%) used a grazing-based production
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system with predominantly bi-seasonal (47.2%) or strictly seasonal
(30.6%) calving, concentrated in autumn and spring or only in spring,
respectively. Based on annual milk production, farms were categorized
as small (<500,000 kg), medium (500,000-1,500,000 kg), and large
(>1,500,000 kg). In the study sample, these categories represented 28,
28, and 44% of the farms, respectively. The bulk tank SCC average,
obtained from the farm’s weekly records, was 279 x 10° cells/mL
(range 61-1,540 x 10° cells/mL).

3.2 Calf management

At the time of sampling, the farms had an average of 114 calves
(range 4-700), with an average of 17 calves on small farms, 45 on
medium-sized farms, and 218 on large farms. Calves were housed in
collective pens on 77.8% of the farms, while 22.2% used a mixed
system, in which newborns were initially placed in individual pens for
5-15 days, before being transferred to collective pens.

In terms of colostrum management, 72.2% of the farms provided
colostrum directly from the dam, while 22.2% used colostrum banks.
Most farms (80.5%) did not treat WM before feeding it to calves, while
16.7% wused acidification, and one farm (2.8%) carried out
pasteurization. Additionally, 72% of the farms took no account of calf
age when taking the decision to use WM for feeding, and 75.0% took
no account of sex. The most common feeding method was via
individual or collective buckets (91.7%), with only 8.3% (three farms)
using automatic feeders. The majority (94%) cleaned the equipment
after each use, while a small proportion cleaned it once a day (2.8%)
or less frequently (2.8%).

Regarding health management, 66.7% of the farms separated sick
calves from healthy ones. In 44.4% of farms, disease diagnoses were
established by the calf caretaker. In 25% of farms, this was done by the
farm manager, in another 25%, most commonly in large farms, this
was done by the veterinarian, and in 5.6%, this was done by others.

Regarding antimicrobial administration to calves, this was
primarily handled by the calf caretaker (55.6% of the farms), followed
by the farm manager (25%), the veterinarian (11.1%), and by others
(8.3%). The
administration was observed mainly on large farms with permanent

involvement of veterinarians in antimicrobial
veterinary staff (three farms) and on one small farm owned by
a veterinarian.

3.3 Antimicrobial management

Most of the farms surveyed kept records of both antimicrobial
purchases (80.6%) and calf treatments (80.6%). However, while most
farms had protocols for antimicrobial use in calves, a considerable
proportion (41.7%) lacked formal guidelines. For respiratory
infections in calves, the most commonly used antimicrobials, either
alone or in combination, were tetracyclines (53%), followed by
fluoroquinolones (39%), and florfenicol (22%). For diarrhea,
sulfonamides were the most frequently used (69%), followed by
fluoroquinolones (39%) and tetracyclines (22%).

Regarding antimicrobial use in adult cattle, cephalosporins were
the most commonly used class for treating clinical mastitis (64% of
farms), with 27.8% of all farms using first-generation, 47.2% using
third-generation, and 27.8% using fourth-generation cephalosporins.

frontiersin.org


https://doi.org/10.3389/fvets.2025.1613185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ulloa et al.

Some farms used more than one generation. Non-cephalosporin beta-
lactams (e.g., penicillins) were the second most used class (44% of
farms), followed by tetracyclines (19%). For dry cow therapy, 39% of
farms used a combination of a beta-lactam and an aminoglycoside,
while 28% used cephalosporins and 28% used a non-cephalosporin
beta-lactam.

3.4 Microbiological analysis

The average TBC in WM samples was 7.63 x 10° CFU/mL
(ranging from 1.0 x 10* to 1.42 x 10® CFU/mL). Notably, seven
samples had TBC levels below 1.0 x 10* CFU/mL, while 16 had counts
below 1.0 x 10° CFU/mL. The average staphylococcal count was
2.07 x 10* CFU/mL (ranging from 0 to 6.6 x 10° CFU/mL), with three
samples showing no detectable staphylococci. The average SSLO count
was 3.90 x 10° CFU/mL (ranging from 0 to 8.9 x 10° CFU/mL). The
total coliform count average was 2.18 x 10* CFU/mL (ranging from 0
to 2.9 x 10° CFU/mL).

In terms of specific pathogens, S. aureus was detected in samples
from 12 farms (33.3%), Salmonella spp. was detected in samples from
one farm (Farm 17), viable MAP was identified in samples from four
farms (1, 14, 16, and 33), and Mycoplasma spp., Prototheca spp., and
Mycobacterium bovis were not found in any samples.

3.5 Detection of MRSA and ESBL-E. coli

No MRSA was detected in any of the WM samples; however, 13
isolates of ESBL-E. coli were identified in 5 of the 36 farms (farms 7,
16, 18, 20, and 33). A molecular analysis revealed the presence of
blacrxy in 11 out 13 isolates, while blag,y was detected in 3 isolates.
Two isolates from Farm 18 harbored both blacrx.y and blargy,. The
blasy gene was not detected in any of the isolates. The specific ESBL
gene profiles for each isolate are summarized in Table 1.

3.6 Antimicrobial detection by SNAP test

The SNAP test detected antimicrobial residues in 22 out of 36
(61.1%) of the WM samples (Table 2). Beta-lactams alone were the
most frequently detected residues, present in 50.0% of the samples. A
combination of beta-lactam and tetracycline was found in two (5.5%)
of the samples, while one (2.8%) contained a combination of beta-
lactam, tetracycline, and cephalexin. Tetracycline was detected alone

TABLE 1 Distribution of ESBL genes in E. coli isolates from waste milk
samples.

Farm Number of  blacrx-m blarem blag,y
isolates

Farm 7 1 - - -
Farm 16 3 + - -
Farm 18 2 + + -

1 - + -
Farm 20 3 + - -
Farm 33 3 + - -
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in one (2.8%) of the samples. Thirteen of the samples (36.1%) tested
negative for antimicrobial residues. One sample (2.8%) yielded an
invalid result due to excessive density, which prevented it from
properly passing through the SNAP test membrane.

4 Discussion

This study was conducted on dairy farms in southern Chile, a
region where seasonal or bi-seasonal calving systems are common;
these systems concentrate calving into a period of high labor demand
and potential hygiene challenges (33). Data and sample collection
coincided with this peak calving season (July-September), a time
when the volume of WM is at its highest, calving pens are intensively
used, and the physiological stress on cows is high (34). These factors,
particularly in group maternity areas, create an environment
conducive to increased bacterial shedding and pathogen transmission,
which may significantly increase the risks associated with feeding
untreated WM to calves.

Several common management practices observed on the surveyed
farms further exacerbated these risks. Of particular concern was the
fact that 80.6% of farms used untreated WM for feeding, thereby
directly exposing susceptible calves to high levels of bacteria,
pathogens, and antimicrobial residues. Collective housing, while
potentially offering welfare benefits (35), was also widespread. When
combined with the failure to isolate sick calves—observed on 33% of
farms—this practice can facilitate pathogen spread (35, 36).
Additionally, the practice of feeding colostrum directly from the dam
without testing and the lack of age and sex differentiation in WM
feeding increase the risk of both vertical and horizontal transmission
of pathogens such as S. aureus and MAP (9, 37).

Practices of antimicrobial usage on the surveyed farms pose
serious risks of resistance development and suggest the need for
improved stewardship. While 80.6% of farms recorded antimicrobial
use and veterinarians were often consulted, the lack of formal, written
protocols on 41.7% of farms, coupled with reliance on calf caretakers
for diagnosis and treatment, may increase the likelihood of
inappropriate antimicrobial use. Therefore, targeted training of farm
personnel on the principles of prudent antimicrobial use is necessary.
The frequent use of fluoroquinolones in calves and third- and fourth-
generation cephalosporins for mastitis in cows, both of which are
critically important antimicrobial classes (38), directly contributes to
antimicrobial residues in WM. This exposes calves to subtherapeutic
drug levels, promoting the selection and spread of resistant bacteria,
including ESBL-E. coli (39, 40).

The microbiological analysis indicated that the hygienic quality of
WM, while highly variable, was generally poor. These high bacterial
loads pose a considerable risk to calf health. The TBC (7.63 x 10° CFU/
mL) and total coliforms (2.18 x 10* CFU/mL) were significantly
higher than those reported in previous studies (5, 6). These elevated
counts indicate inadequate hygiene practices during milk collection,
storage, or handling and increase the risk of both reduced nutritional
value and enteric infections in calves (1, 22). Staphylococcus spp. and
SSLOs, common mastitis-associated organisms, were also present at
considerable levels, which was consistent with previous findings in
studies on WM (5, 6).

Salmonella spp. was identified in one sample. Although the
frequency was low, the detection of Salmonella spp. is significant due
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TABLE 2 Detection of antimicrobial residues in waste milk samples using
the SNAP test.

Antimicrobial ‘ Number of farms (%)

Beta-lactam* 18 (50.0)
Negative 13 (36.1)
Beta-lactam + Tetracycline 2(5.5)
Beta-lactam + Tetracycline + Cephalexin 1(2.8)
Tetracycline 1(2.8)
Invalid 1(2.8)
Total 36 (100.0)

*Beta-lactams include penicillin, amoxicillin, and cloxacillin, among others.

to its zoonotic potential and capacity to cause severe gastrointestinal
illness in humans (10). Previous studies have reported mixed findings
regarding the presence of Salmonella in WM; Selim and Cullor (5) did
not detect it, while Edrington et al. (41) successfully isolated it from
WM. However, this last study concluded that milk-borne Salmonella
is not a major transmission route for neonatal calves and that
pasteurization does not significantly influence the fecal shedding of
this pathogen.

The detection of viable MAP in four WM samples was particularly
concerning, as MAP is the causative agent of Johne’s disease, a chronic
granulomatous enteritis in ruminants that results in substantial
economic losses (42). The presence of viable MAP in WM indicates a
high risk of transmission to susceptible calves and perpetuation of the
disease within the herd. This is particularly significant in Chile, where
herd-level MAP prevalence has been reported between 44 and 87%
(43). Significantly, two of the MAP-positive WM samples originated
from farms that used acidification as a treatment method. While
acidification can reduce bacterial loads (12), MAP is highly resistant
to low pH and other environmental stressors (44). This resilience is
consistent with previous findings showing that pasteurization only
partially inactivates MAP (45). These results demonstrate the
limitations of acidification as a sole control strategy for MAP
transmission in WM. Consequently, pasteurization remains the
recommended approach for reducing the risk of MAP transmission,
despite not guaranteeing complete inactivation (10). Acidification
remains an economical alternative for smaller dairy operations, as it
can reduce bacterial loads when pH remains within the effective
range. Studies indicate that acidification can significantly reduce TBC,
Salmonella, and Mycoplasma, but its effectiveness depends on
incubation time and pH control (12). Therefore, strict process
monitoring is essential to maximize efficacy. The presence of
Salmonella in one sample of acidified WM may indicate that the
process had not been controlled properly.

Neither Mycobacterium bovis nor Mycoplasma spp. were detected
in the WM samples. The absence of Mycobacterium bovis is consistent
with southern Chile’s low herd-level prevalence (0.3%) and within-
herd prevalence (0.67%), which is attributed to a long-standing
national control program (46).

The detection of antimicrobial residues in 61.1% of WM
samples, with a predominance of beta-lactams (50.0%), suggests a
significant risk associated with this feeding practice. Similar, and
even higher, prevalences of antimicrobial residues have been
reported in other studies, with 63% testing positive with ELISA (5),
82.3% using the SNAP test (47), and 60% using LC-MS/MS (6). The
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presence of such residues, even at low levels, can disrupt the calf gut
microbiome (19) and provide a selective environment that favors
the growth of resistant bacteria, including ESBL-producing E. coli
(48, 49). ESBLs are ff-lactamases that can hydrolyze expanded-
spectrum cephalosporins (such as cefotaxime, ceftriaxone,
ceftazidime, or cefepime) and monobactams, which are important
antimicrobials for animals and humans (50). Studies have reported
high prevalence rates of ESBL/AmpC-E. coli in pre-weaned calves
(63.5%) (51) and bulk tank milk (9.5%) (52) on German dairy
farms. The presence of antibiotic residues, especially cefquinome,
in WM is associated with an increased occurrence of ESBL-
producing bacteria (39, 49). Feeding WM to calves has been
identified as a significant risk factor for ESBL-E. coli colonization in
calves (51, 53). The role of the presence of ESBL-E. coli in WM in
its colonization of the calf gut is not clear, but direct transmission
of viable ESBL-E. coli to calves through contaminated colostrum
has recently been demonstrated (54).

ESBL enzymes are diverse, with TEM, SHV, and CTX-M
representing the major families. The predominance of the blacrx m
gene in our isolates is consistent with global epidemiological patterns,
where blacryx \ has become the most common ESBL type (50). While
we did not identify specific blacrx v variants, common types found in
livestock include blacrxy1, blacrxva, blacrxae blacrxys blacrxais
blacrx .3 and blacryx.ss, of which blacrx s and blacryy.is are also
frequently found in human infections (55). Two isolates in our study
contained both blacrx v and blargy, potentially conferring an even
broader resistance spectrum. Notably, one isolate from Farm 7,
phenotypically confirmed as ESBL-producing, did not yield a positive
result for any of the targeted bla genes. This is not uncommon, as some
phenotypically confirmed ESBL-producing isolates may harbor other
less common ESBL gene variants not covered by the primers used, or
in rare cases, may represent false positives in phenotypic testing (56).
The frequent use of third- and fourth-generation cephalosporins on
these farms, which is documented in our survey, is a known driver of
ESBL selection (39, 40, 49). Further research, including blacrx m
variant identification and longitudinal studies, is crucial to
understanding local ESBL epidemiology and transmission dynamics
in calves.

The cross-sectional design of this study captures a single point
in time and cannot establish causal relationships between farm
practices and observed outcomes. While the sampled farms
represent a substantial portion of regional milk production, the
convenience sampling method may not provide us with results that
are generalizable to all Chilean dairy operations. Nevertheless, the
findings show the risks associated with current WM management
in southern Chile. Widespread bacterial contamination, the
presence of potentially zoonotic pathogens (including Salmonella
and MAP), and the high frequency of antimicrobial residues and
ESBL-producing E. coli pose a significant threat to calf health and
potentially to public health.

5 Conclusion

This study found a high frequency of antimicrobial residues and
significant bacterial contamination, including pathogenic species and
ESBL-producing E. coli, in WM samples from dairy farms in southern
Chile. While the general risks of feeding WM are known, this research
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offers a novel contribution by providing the first comprehensive
characterization of WM contaminants within the predominantly
grazing-based dairy systems. These findings show the potential risks
associated with the common practice of feeding untreated WM to
calves, particularly regarding the development of antimicrobial
resistance and the potential for zoonotic disease transmission.
Consequently, it is reccommended to implement WM pasteurization
to reduce pathogen load, alongside comprehensive antimicrobial
stewardship programs designed to address both residue and
resistance issues.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The Ethical approval was obtained from the Universidad
Austral de Chile Bioethics Committee (Protocol No. 516-2023).
The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed
consent was obtained from the owners for the participation of
their animals in this study.

Author contributions

FU: Project administration, Formal analysis, Writing - original
draft, Methodology. MP:
Methodology, Conceptualization, Investigation, Writing - original

Investigation, Conceptualization,

draft. JH-A: Data curation, Formal analysis, Writing - review &
editing, Investigation. CT: Investigation, Writing - review & editing.
PS: Writing - review & editing, Investigation. MA: Writing - review
& editing, Methodology, Conceptualization. AM: Resources,
Writing - review & editing. NC: Investigation, Writing - review &
editing. JS: Writing - review & editing, Investigation. MS:
Supervision, Conceptualization, draft,

Writing -  original

Funding acquisition.

References

1. Ma Y, Khan MZ, Xiao J, Alugongo GM, Chen X, Li S, et al. An overview of waste
Milk feeding effect on growth performance, metabolism, antioxidant status and
immunity of dairy calves. Front Vet Sci. (2022) 9:898295. doi: 10.3389/fvets.2022.898295

2. EFSA Panel on Biological Hazards (BIOHAZ)Ricci A, Allende A, Bolton D,
Chemaly M, Davies R, et al. Risk for the development of antimicrobial resistance (AMR)
due to feeding of calves with milk containing residues of antibiotics. EFS2. (2017)
15:1-101. doi: 10.2903/j.efsa.2017.4665,

3. Hogeveen H, Huijps K, Lam T. Economic aspects of mastitis: new developments.
N Z Vet ]. (2011) 59:16-23. doi: 10.1080/00480169.2011.547165

4. Firth C, Kremer K, Werner T, Kisbohrer A. The effects of feeding waste Milk
containing antimicrobial residues on dairy calf health. Pathogens. (2021) 10:112. doi:
10.3390/pathogens10020112

5. Selim SA, Cullor JS. Number of viable bacteria and presumptive antibiotic residues
in milk fed to calves on commercial dairies. ] Am Vet Med Assoc. (1997) 211:1029-35.

6. Tempini PN, Aly SS, Karle BM, Pereira RV. Multidrug residues and antimicrobial
resistance patterns in waste milk from dairy farms in Central California. J Dairy Sci.
(2018) 101:8110-22. doi: 10.3168/jds.2018-14398

Frontiers in Veterinary Science

10.3389/fvets.2025.1613185

Funding

The author(s) declare that financial support was received for the research
and/or publication of this article. This research was supported by
FONDECYT (Grant No. 1240730), FIC (Grant No. FIC21-23), and a doctoral
studentship from the Chilean government (ANID) to Fernando Ulloa.

Acknowledgments

We thank the participating farmers for their collaboration.

Conflict of interest

JS was employed by Prolesur Los Lagos.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1613185/
full#supplementary-material

7. Aust V, Knappstein K, Kunz H-J, Kaspar H, Wallmann J, Kaske M. Feeding
untreated and pasteurized waste milk and bulk milk to calves: effects on calf
performance, health status and antibiotic resistance of faecal bacteria. Anim Physiol
Nutr. (2013) 97:1091-103. doi: 10.1111/jpn.12019

8. Steuer P, Collado B, Avilez C, Tejeda C, Soto JP, Salgado M. Is the transmission
of Mycobacterium avium subspecies paratuberculosis (MAP) infection through
milk intended to feed calves an overlooked item in paratuberculosis control
programs? Trop Anim Health Prod. (2020) 52:89-94. doi: 10.1007/
s11250-019-01988-x

9. Steuer P, Raffo E, Monti G, Salgado MA. Risk factors for Mycobacterium avium
subsp. paratuberculosis (MAP) and Mycobacterium bovis coinfection at individual
animal level in southern Chile cattle populations. Trop Anim Health Prod. (2015)
47:1449-55. doi: 10.1007/s11250-015-0885-5

10. Stabel JR, Hurd S, Calvente L, Rosenbusch RFE. Destruction of Mycobacterium
paratuberculosis, Salmonella spp., and Mycoplasma spp. in raw Milk by a commercial
on-farm high-temperature, short-time pasteurizer. J Dairy Sci. (2004) 87:2177-83. doi:
10.3168/jds.50022-0302(04)70038-7

frontiersin.org


https://doi.org/10.3389/fvets.2025.1613185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1613185/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1613185/full#supplementary-material
https://doi.org/10.3389/fvets.2022.898295
https://doi.org/10.2903/j.efsa.2017.4665
https://doi.org/10.1080/00480169.2011.547165
https://doi.org/10.3390/pathogens10020112
https://doi.org/10.3168/jds.2018-14398
https://doi.org/10.1111/jpn.12019
https://doi.org/10.1007/s11250-019-01988-x
https://doi.org/10.1007/s11250-019-01988-x
https://doi.org/10.1007/s11250-015-0885-5
https://doi.org/10.3168/jds.S0022-0302(04)70038-7

Ulloa et al.

11. Maunsell FP, Donovan GA. Mycoplasma bovis infections in young calves. Vet Clin
N Am Food Anim Pract. (2009) 25:139-77. doi: 10.1016/j.cvfa.2008.10.011

12. Parker AM, House JK, Hazelton MS, Bosward KL, Mohler VL, Maunsell FP, et al.
Milk acidification to control the growth of Mycoplasma bovis and Salmonella Dublin in
contaminated milk. J Dairy Sci. (2016) 99:9875-84. doi: 10.3168/jds.2016-11537

13. Reyes-Jara A, Cordero N, Aguirre J, Troncoso M, Figueroa G. Antibacterial effect
of copper on microorganisms isolated from bovine mastitis. Front Microbiol. (2016)
7:626. doi: 10.3389/fmicb.2016.00626

14. Arikan MS, Mat B, Alkan H, Cevrimli MB, Akin AC, Basar EK, et al.
Determination of subclinical mastitis prevalence in dairy cows in Tiirkiye through Meta-
analysis and production loss calculation. PV]. (2024). doi: 10.29261/pakvetj/2024.142

15. Liu ], Zhang X, Niu J, Han Z, Bi C, Mehmood K, et al. Complete genome of multi-
drug resistant Staphylococcus Aureus in bovine Mastitic Milk in Anhui, China. PV].
(2023). doi: 10.29261/pakvetj/2023.052

16. Fusar Poli S, Locatelli C, Monistero V, Freu G, Cremonesi P, Castiglioni B, et al.
Staphylococcus aureus and methicillin-resistant staphylococci and mammaliicocci in
the bulk tank milk of dairy cows from a livestock-dense area in northern Italy. Res Vet
Sci. (2025) 182:105482. doi: 10.1016/j.rvsc.2024.105482

17. Penati M, Musa L, Filippone Pavesi L, Guaraglia A, Ulloa F, Moroni P, et al.
Multidrug-resistant extended-Spectrum Beta-lactamase (ESBL)-producing Escherichia
coli in a dairy herd: distribution and antimicrobial resistance profiles. Antibiotics. (2024)
13:241. doi: 10.3390/antibiotics13030241

18. Vieira SDF, Coelho SG, Diniz Neto HDC, Sa HCMD, Pereira BP, Albuquerque BSFE,
et al. Effects of bulk tank Milk, waste Milk, and pasteurized waste Milk on the intake,
ruminal parameters, blood parameters, health, and performance of dairy calves.
Animals. (2021) 11:3552. doi: 10.3390/anil1123552

19. Penati M, Sala G, Biscarini F, Boccardo A, Bronzo V, Castiglioni B, et al. Feeding
pre-weaned calves with waste Milk containing antibiotic residues is related to a higher
incidence of diarrhea and alterations in the fecal microbiota. Front Vet Sci. (2021)
8:650150. doi: 10.3389/fvets.2021.650150

20. Pereira RVV, Carroll LM, Lima S, Foditsch C, Siler JD, Bicalho RC, et al. Impacts
of feeding preweaned calves milk containing drug residues on the functional profile of
the fecal microbiota. Sci Rep. (2018) 8:554. doi: 10.1038/541598-017-19021-2

21. Oliver JP, Gooch CA, Lansing S, Schueler J, Hurst JJ, Sassoubre L, et al. Invited
review: fate of antibiotic residues, antibiotic-resistant bacteria, and antibiotic resistance
genes in US dairy manure management systems. J Dairy Sci. (2020) 103:1051-71. doi:
10.3168/jds.2019-16778

22. Calderén-Amor J, Gallo C. Dairy calf welfare and factors associated with diarrhea
and respiratory disease among Chilean dairy farms. Animals. (2020) 10:1115. doi:
10.3390/anil0071115

23. Cartes D, Held-Montaldo R, Sepulveda-Varas P. Behavior of transition dairy cows
managed outdoors during the autumn and spring calving seasons. Animals. (2025)
15:621. doi: 10.3390/ani15050621

24. Ulloa E, Penati M, Naegel C, Tejeda C, Hernandez-Agudelo M, Steuer P, et al.
Efficacy of copper ion treatment on Bacteria and antibiotic residues contained in bovine
waste Milk. Antibiotics. (2024) 13:1085. doi: 10.3390/antibiotics13111085

25. Malorny B, Paccassoni E, Fach P, Bunge C, Martin A, Helmuth R. Diagnostic real-
time PCR for detection of Salmonella in food. Appl Environ Microbiol. (2004)
70:7046-52. doi: 10.1128/AEM.70.12.7046-7052.2004

26. Foddai ACG, Grant IR. A novel one-day phage-based test for rapid detection and
enumeration of viable Mycobacterium avium subsp. paratuberculosis in cows’ milk. Appl
Microbiol Biotechnol. (2020) 104:9399-412. doi: 10.1007/s00253-020-10909-0

27.Sweeney FP, Courtenay O, Ul-Hassan A, Hibberd V, Reilly LA, Wellington
EMH. Immunomagnetic recovery of Mycobacterium bovis from naturally infected
environmental samples. Lett Appl Microbiol. (2006) 43:364-9. doi:
10.1111/j.1472-765X.2006.01983.x

28. Frahm E, Obst U. Application of the fluorogenic probe technique (TagMan PCR)
to the detection of Enterococcus spp. and Escherichia coli in water samples. ] Microbiol
Methods. (2003) 52:123-31. doi: 10.1016/S0167-7012(02)00150-1

29. Baron E Cochet M-E Pellerin J-L, Ben Zakour N, Lebon A, Navarro A, et al.
Development of a PCR test to differentiate between Staphylococcus aureus and
Staphylococcus intermedius. ] Food Prot.(2004) 67:2302-5. doi: 10.4315/0362-028X-67.10.2302

30. EUCAST. EUCAST guidelines for detection of resistance mechanisms and specific
resistances of clinical and/or epidemiological importance. Version 2.0. (2017). Available
online at: https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST _files/
Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
(Accessed March 17, 2025)

31. Monstein H-J, Ostholm-Balkhed A, Nilsson MV, Nilsson M, Dornbusch K, Nilsson
LE. Multiplex PCR amplification assay for the detection of " SHV, “* TEM and **
CTX-M genes in Enterobacteriaceae. APMIS. (2007) 115:1400-8. doi:
10.1111/j.1600-0463.2007.00722.x

32. Wuytack A, De Visscher A, Piepers S, Boyen F, Haesebrouck E, De Vliegher S.
Non-aureus staphylococci in fecal samples of dairy cows: first report and phenotypic
and genotypic characterization. ] Dairy Sci. (2019) 102:9345-59. doi:
10.3168/jds.2019-16662

Frontiers in Veterinary Science

10.3389/fvets.2025.1613185

33. Creutzinger KC, Proudfoot KL. Invited review: design and management of group
maternity areas for dairy cows. Appl Anim Sci. (2020) 36:124-32. doi:
10.15232/aas.2019-01899

34. Kay JK, Loor JJ, Heiser A, McGowan J, Roche JR. Managing the grazing dairy cow
through the transition period: a review. Anim Prod Sci. (2015) 55:936. doi:
10.1071/AN14870

35. Abdelfattah EM, Aly SS, Lehenbauer TW, Karle BM. Effects of simplified group
housing on behavior, welfare, growth performance, and health of preweaned dairy calves
on a California dairy. J Dairy Sci. (2024) 107:3927-40. doi: 10.3168/jds.2023-
23820

36. Duse A, Waller KP, Emanuelson U, Unnerstad HE, Persson Y, Bengtsson B. Risk
factors for antimicrobial resistance in fecal Escherichia coli from preweaned dairy calves.
] Dairy Sci. (2015) 98:500-16. doi: 10.3168/jds.2014-8432

37. Capurro A, Aspan A, Ericsson Unnerstad H, Persson Waller K, Artursson K.
Identification of potential sources of Staphylococcus aureus in herds with mastitis
problems. ] Dairy Sci. (2010) 93:180-91. doi: 10.3168/jds.2009-2471

38. WHO. WHO'S list of medically important antimicrobials: a risk management tool
for mitigating antimicrobial resistance due to non-human use. Geneva: World Health
Organization (2024).

39. Snow LC, Warner RG, Cheney T, Wearing H, Stokes M, Harris K, et al. Risk factors
associated with extended spectrum beta-lactamase Escherichia coli (CTX-M) on dairy
farms in North West England and North Wales. Prev Vet Med. (2012) 106:225-34. doi:
10.1016/j.prevetmed.2012.03.009

40. Dupouy V, Madec J-Y, Wucher J, Arpaillange N, Métayer V, Roques B, et al.
Selection of ESBL-producing Escherichia coli in the gut of calves experimentally fed with
milk containing antibiotic residues. Vet Microbiol. (2021) 257:109049. doi:
10.1016/j.vetmic.2021.109049

41. Edrington T, Buitrago JAG, Hagevoort GR, Loneragan G, Bricta—Harhay DM,
Callaway T, et al. Effect of waste milk pasteurization on fecal shedding of Salmonella in
preweaned calves. ] Dairy Sci. (2018) 101:9266-74. doi: 10.3168/jds.2018-
14668

42. Garcia AB, Shalloo L. Invited review: the economic impact and control of
paratuberculosis in cattle. J Dairy Sci. (2015) 98:5019-39. doi: 10.3168/jds.2014-
9241

43.Kruze ], Monti G, Schulze E Mella A, Leiva S. Herd-level prevalence of map
infection in dairy herds of southern Chile determined by culture of environmental fecal
samples and bulk-tank milk qPCR. Prev Vet Med. (2013) 111:319-24. doi:
10.1016/j.prevetmed.2013.05.011

44. Sung N, Collins MT. Variation in resistance of Mycobacterium paratuberculosis to
acid environments as a function of culture medium. Appl Environ Microbiol. (2003)
69:6833-40. doi: 10.1128/AEM.69.11.6833-6840.2003

45. Grant IR, Williams AG, Rowe MT, Muir DD. Efficacy of various pasteurization
time-temperature conditions in combination with homogenization on inactivation of
Mycobacterium avium subsp. paratuberculosis in Milk. Appl Environ Microbiol. (2005)
71:2853-61. doi: 10.1128/AEM.71.6.2853-2861.2005

46. Raffo E, Steuer P, Monti G, Salgado M. Effect of Mycobacterium avium subsp.
paratuberculosis (MAP) infection on the diagnostic accuracy for Mycobacterium bovis
(M. bovis) infection under field conditions in cattle belonging to low M. bovis prevalence
herds. Trop Anim Health Prod. (2017) 49:771-5. doi: 10.1007/s11250-017-1259-y

47. Pereira RV, Siler JD, Bicalho RC, Warnick LD. Multiresidue screening of milk
withheld for sale at dairy farms in Central New York state. J Dairy Sci. (2014) 97:1513-9.
doi: 10.3168/jds.2013-7421

48. Brunton LA, Reeves H, Snow L, Jones J. A longitudinal field trial assesing the
impact of feeding waste milk containing antibiotic residues on the prevalence of ESBL-
producing Escherichia coli in calves. Prev Vet Med. (2014) 117:403-12. doi:
10.1016/j.prevetmed.2014.08.005

49. Randall L, Heinrich K, Horton R, Brunton L, Sharman M, Bailey-Horne V, et al.
Detection of antibiotic residues and association of cefquinome residues with the
occurrence of extended-Spectrum f-lactamase (ESBL)-producing bacteria in waste milk
samples from dairy farms in England and Wales in 2011. Res Vet Sci. (2014) 96:15-24.
doi: 10.1016/j.rvsc.2013.10.009

50. Ramos S, Silva V, Dapkevicius MDLE, Caniga M, Tejedor-Junco MT, Igrejas G,
et al. Escherichia coli as commensal and pathogenic Bacteria among food-producing
animals: health implications of extended Spectrum f-lactamase (ESBL) production.
Animals. (2020) 10:2239. doi: 10.3390/ani10122239

51. Weber LP, Dreyer S, Heppelmann M, Schaufler K, Homeier-Bachmann T,
Bachmann L. Prevalence and risk factors for ESBL/AmpC-E. coli in pre-weaned dairy
calves on dairy farms in Germany. Microorganisms. (2021) 9:2135. doi:
10.3390/microorganisms9102135

52. Odenthal S, Akineden O, Usleber E. Extended-spectrum B-lactamase producing
Enterobacteriaceae in bulk tank milk from German dairy farms. Int J Food Microbiol.
(2016) 238:72-8. doi: 10.1016/j.iffoodmicro.2016.08.036

53. Cardoso M, Prata I, Rebelo I, Nunes T, Pires A, Carneiro C, et al. Antimicrobial
(ESBL) resistance genes in faecal E. coli of calves fed waste milk with antimicrobial
residues. ] Dairy Res. (2022) 89:259-64. doi: 10.1017/50022029922000486

frontiersin.org


https://doi.org/10.3389/fvets.2025.1613185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.cvfa.2008.10.011
https://doi.org/10.3168/jds.2016-11537
https://doi.org/10.3389/fmicb.2016.00626
https://doi.org/10.29261/pakvetj/2024.142
https://doi.org/10.29261/pakvetj/2023.052
https://doi.org/10.1016/j.rvsc.2024.105482
https://doi.org/10.3390/antibiotics13030241
https://doi.org/10.3390/ani11123552
https://doi.org/10.3389/fvets.2021.650150
https://doi.org/10.1038/s41598-017-19021-2
https://doi.org/10.3168/jds.2019-16778
https://doi.org/10.3390/ani10071115
https://doi.org/10.3390/ani15050621
https://doi.org/10.3390/antibiotics13111085
https://doi.org/10.1128/AEM.70.12.7046-7052.2004
https://doi.org/10.1007/s00253-020-10909-0
https://doi.org/10.1111/j.1472-765X.2006.01983.x
https://doi.org/10.1016/S0167-7012(02)00150-1
https://doi.org/10.4315/0362-028X-67.10.2302
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
https://doi.org/10.1111/j.1600-0463.2007.00722.x
https://doi.org/10.3168/jds.2019-16662
https://doi.org/10.15232/aas.2019-01899
https://doi.org/10.1071/AN14870
https://doi.org/10.3168/jds.2023-23820
https://doi.org/10.3168/jds.2023-23820
https://doi.org/10.3168/jds.2014-8432
https://doi.org/10.3168/jds.2009-2471
https://doi.org/10.1016/j.prevetmed.2012.03.009
https://doi.org/10.1016/j.vetmic.2021.109049
https://doi.org/10.3168/jds.2018-14668
https://doi.org/10.3168/jds.2018-14668
https://doi.org/10.3168/jds.2014-9241
https://doi.org/10.3168/jds.2014-9241
https://doi.org/10.1016/j.prevetmed.2013.05.011
https://doi.org/10.1128/AEM.69.11.6833-6840.2003
https://doi.org/10.1128/AEM.71.6.2853-2861.2005
https://doi.org/10.1007/s11250-017-1259-y
https://doi.org/10.3168/jds.2013-7421
https://doi.org/10.1016/j.prevetmed.2014.08.005
https://doi.org/10.1016/j.rvsc.2013.10.009
https://doi.org/10.3390/ani10122239
https://doi.org/10.3390/microorganisms9102135
https://doi.org/10.1016/j.ijfoodmicro.2016.08.036
https://doi.org/10.1017/S0022029922000486

Ulloa et al.

54. Bachmann L, Weber L, Liermann W, Hammon HM, Delling C, Dengler F, et al.
Colostrum as a source of ESBL-Escherichia coli in feces of newborn calves. Sci Rep.
(2024) 14:9929. doi: 10.1038/s41598-024-60461-4

55. Day MJ, Hopkins KL, Wareham DW, Toleman MA, Elviss N, Randall L, et al. Extended-
spectrum p-lactamase-producing Escherichia coli in human-derived and foodchain-derived
samples from England, Wales, and Scotland: an epidemiological surveillance and typing study.
Lancet Infect Dis. (2019) 19:1325-35. doi: 10.1016/S1473-3099(19)30273-7

Frontiers in Veterinary Science 08

10.3389/fvets.2025.1613185

56. Sidjabat HE, Paterson DL, Adams-Haduch JM, Ewan L, Pasculle AW, Muto CA,
et al. Molecular epidemiology of CTX-M-producing Escherichia coli isolates at a tertiary
medical Center in Western Pennsylvania. Antimicrob Agents Chemother. (2009)
53:4733-9. doi: 10.1128/AAC.00533-09

57.R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. (2014). Available at: https://
www.R-project.org/

frontiersin.org


https://doi.org/10.3389/fvets.2025.1613185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1038/s41598-024-60461-4
https://doi.org/10.1016/S1473-3099(19)30273-7
https://doi.org/10.1128/AAC.00533-09
https://www.R-project.org/
https://www.R-project.org/

	Analysis of pathogenic bacteria and antimicrobial residues in bovine waste milk on dairy farms in southern Chile
	1 Introduction
	2 Materials and methods
	2.1 Study population and sampling of waste milk
	2.2 Farm description
	2.3 Microbiological analysis
	2.4 MRSA and ESBL-E. coli detection
	2.5 Detection of antimicrobial residues
	2.6 Data analysis

	3 Results
	3.1 Farm characteristics and management
	3.2 Calf management
	3.3 Antimicrobial management
	3.4 Microbiological analysis
	3.5 Detection of MRSA and ESBL-E. coli
	3.6 Antimicrobial detection by SNAP test

	4 Discussion
	5 Conclusion

	References

