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Abstract

Objective. This study evaluated the physicochemical and microbiological quality of raw
cow’s milk and artisanal fresh cheeses produced in 22 municipalities of Narifio Depart-
ment, southwestern Colombia, to assess compliance with national food safety regulations
and to identify potential food safety hazards. Methods. Physicochemical parameters were
determined following AOAC International and Colombian Technical Standards (NTC) me-
thods. Microbiological analyses were performed according to International Organization
for Standardization (ISO) procedures for enumeration of coliforms, Escherichia coli, and
Staphylococcus aureus, and detection of Listeria monocytogenes and Salmonella spp. Selected
bacterial isolates were genotypically identified through 16S ribosomal RNA (rRNA) gene
sequencing. Additionally, processing plants were evaluated for compliance with Good Ma-
nufacturing Practices (GMP). Results. The physicochemical characteristics of milk and
cheese samples complied with Colombian regulatory limits. However, significant patho-
genic contamination persisted: 45.5% of milk samples and 36.3% of cheese samples tested

positive for L. monocytogenes, while E. coli counts exceeded permissible levels in 36.4% of
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milk samples and 22.7% of cheese samples. Salmonella spp. was not detected in any sample
(100% compliance for this pathogen). Molecular identification through 16S rRNA gene
sequencing confirmed the pathogenic isolates initially identified through standard micro-
biological and biochemical techniques. Processing plant infrastructure compliance ranged
from 36% to 93% (mean * standard deviation = 66.5% £ 17.2%), strongly correlating
with microbiological quality outcomes. Conclusion. While artisanal cheese production in
Narifio Department meets physicochemical standards, there are still significant microbio-
logical hazards, particulatly L. monocytogenes and E. coli contamination. Implementation
of comprehensive hygiene protocols, enhanced GMP compliance, and formalized quality

control systems are urgently needed to ensure food safety and public health protection.

Keywords: raw milk, fresh cheese, food safety, Listeria monocytogenes, Staphylococcus au-

reus, good manufacturing practices, Narifo.

Resumen

Objetivo. Este estudio evalué la calidad fisicoquimica y microbiol6gica de la leche cruda
de vaca y quesos frescos artesanales producidos en 22 municipios del departamento de
Narifo, suroccidente de Colombia, para determinar el cumplimiento de las regulaciones
nacionales de inocuidad alimentaria e identificar posibles peligros para la salud publica.
Métodos. Los parametros fisicoquimicos se determinaron siguiendo métodos de la Aso-
ciacién de Quimicos Analiticos Oficiales (AOAC) y las Normas Técnicas Colombianas
(NTC). Los analisis microbiologicos se realizaron segin procedimientos de la Organiza-
cién Internacional de Normalizacion (ISO) para enumeracion de coliformes, Escherichia
coli, Staphylococcus aureus, y deteccién de Listeria monocytogenes 'y Salmonella spp. Aisla-
mientos bacterianos seleccionados se identificaron genotipicamente mediante secuencia-
cion del gen ARNr 16S. Adicionalmente, se evalud el cumplimiento de Buenas Practicas
de Manufactura (BPM) en las plantas procesadoras. Resultados. Las caracteristicas fi-
sicoquimicas de la leche y el queso cumplieron con los limites regulatorios colombianos.
Sin embargo, persiste contaminacion significativa por patégenos: el 45.5% de las mues-
tras de leche y el 36.3% de las muestras de queso resultaron positivas para L. monocyto-
genes, mientras que los recuentos de E. coli excedieron los niveles permitidos en el 36.4%
de las muestras de leche y el 22.7% de las muestras de queso. No se detectd Salmonella
spp. en ninguna muestra, representando cumplimiento del 100% para este patéogeno. La

identificaciéon molecular mediante secuenciacion del gen 16S rRNA confirmé y verificd
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los aislados patdégenos identificados inicialmente mediante técnicas microbiolégicas y
bioquimicas estandar. El cumplimiento de infraestructura en las plantas procesadoras
oscilé entre 36% y 93% (media = DE: 66.5 = 17.2%), correlacionandose fuertemente con
los resultados de calidad microbiolégica. Conclusiéon. Aunque la produccion artesanal de
queso en Narifilo cumple con los estandares fisicoquimicos, persisten peligros microbio-
légicos significativos, particularmente contaminacién por L. monocytogenes y E. coli. Es
urgente implementar protocolos integrales de higiene, mejorar el cumplimiento de BPM y
formalizar sistemas de control de calidad para garantizar la inocuidad alimentaria y prote-

ger la salud publica.

Palabras clave: leche cruda, queso fresco, inocuidad alimentaria, Listeria monocytogenes,

Staphylococcus aureus, buenas practicas de manufactura, Narifio.

Introduction

Artisanal ground farmer cheese is widely
consumed in Colombia. It is characterized
by a high moisture content and a near-neu-
tral pH, which, together with the manual
grinding and kneading steps performed be-
fore packaging, increases its susceptibility
to microbial contamination. Production is
mostly carried out in small artisanal facili-
ties that often operate under inadequate hy-
gienic and sanitary conditions. These fac-
tors, combined with the physicochemical
properties of the product, make this chee-
se highly vulnerable to the growth of both
pathogenic and spoilage microorganismes,
which may compromise consumer health
and reduce shelf life.

Several studies have linked the consump-
tion of fresh cheeses to outbreaks of foo-

dborne illness (1). In Colombia, high con-

tamination levels with pathogenic bacteria
have been reported in cheeses made from
both raw and pasteurized milk (2,3). Such
contamination is mainly attributed to defi-
ciencies in manufacturing practices, poor
hygiene during milking, and improper sto-

rage and distribution conditions.

Spoilage microorganisms commonly found
in dairy products include gram-negative
psychrotrophic bacteria, coliforms, lactic
acid bacteria, yeasts, and molds (4,5). Total
coliforms and mesophilic aerobic counts
are major indicators of sanitary quality in
cheeses, while pathogens of public heal-
th concern include Listeria monocytoge-
nes, Staphylococcus aureus, Salmonella spp.,
and pathogenic Escherichia coli (6—8). The
presence of fecal coliforms indicates fecal
contamination and/or inadequate sanitary
conditions during production, storage, or

distribution (4,9). S. aureus infections have
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been associated with the use of unpasteu-
rized milk or cross-contamination due to
poor handling practices, as this pathogen
can produce heat-stable enterotoxins when
present at concentrations above 5 log co-
lony-forming units (CFU)/mL. Outbreaks
related to L. monocytogenes contamination
in cheese have also been reported, showing
relatively high case-fatality rates (15%—
30%) (10), which underscores the public
health importance of controlling this pa-

thogen in dairy products.

Despite the wide production and consump-
tion of fresh cheeses in Colombia, where
cheese production represents 20% of for-
mal dairy processing and approximately
50% of informal milk production is dedi-
cated to artisanal cheese manufacturing
(11,12), few studies have comprehensively
evaluated their physicochemical and micro-
biological quality, particularly in rural re-
gions. Considering their economic relevan-
ce and potential public health implications,
the objective of this study was to assess the
physicochemical characteristics and micro-
biological profile of raw cow’s milk and ar-
tisanal fresh cheeses produced in the Na-

rifio Department, southwestern Colombia.

Materials and methods

Study area and sample collection

The study was conducted in Narino De-

partment, located in the southwestern re-

gion of Colombia. Sampling was carried
out between March and August 2023 in
22 municipalities representing the main
dairy-producing areas of the department
(Table S1). Raw cow’s milk samples (n = 44)
were collected directly from producers
and artisanal cheese plants, while artisanal
fresh cheese samples (n = 66) were obtained
from small-scale local processors and rural

markets.

Approximately 500 mL of milk and 500 g
of cheese were collected aseptically in ste-
rile containers, stored in insulated coolers
containing ice packs, and transported at 4
+ 2 °C to the Food Microbiology Labora-
tory at the Universidad de Narifio within 6
h of sampling. All samples were analyzed

immediately upon arrival.

Physicochemical analysis

The physicochemical properties of the milk
and cheese samples were determined fo-
llowing standard analytical methods (13,14).
The parameters measured in milk included
pH, acidity, density, fat, protein, non-fat
solids (NFS), and total solids (TS) (15). In
cheese, moisture, fat, protein, salt, and pH
were determined. pH was measured using
a calibrated pH meter (HI98163, Hanna
Instruments) at 25 °C. Acidity by titration
with 0.1 N NaOH using phenolphthalein
as an indicator and expressed as % lactic
acid. Density was measured at 15 °C using

a digital lactodensimeter. The fat content
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determined by the Gerber method for milk
and the Van Gulik method for cheese (16).
The protein content was determined by the
Kjeldahl method (AOAC 991.20). Moisture
and TS were measured after oven drying
the samples at 102 °C until they reached
a constant weight. The salt content was
determined by the Mohr titration method

using silver nitrate (17).

Microbial counts were log -transformed
prior to analysis. Descriptive statistics
(mean * standard deviation [SD]) were cal-
culated, and comparisons between groups
were performed using one-way analysis of
variance (ANOVA) followed by Tukey’s test
(p < 0.05). Normality and homogeneity of
variances were verified using Shapiro—Wilk
and Levene tests, respectively. Statistical

analyses were conducted using R version

4.2.2.

Microbiological analyses

Microbiological quality was assessed fo-
llowing International Organization for
Standardization (ISO) and Colombian Te-
chnical Standards (NTC) procedures. For
each sample, 25 g (cheese) or 25 mL (milk)
was aseptically homogenized in 225 mL of
sterile 0.1% peptone water using a Stoma-
cher (Seward Stomacher 400). Serial ten-
fold dilutions were prepared, and 100 pL
aliquots were plated in triplicate on the
corresponding media as described in Ta-
ble 1. The results are expressed as log, co-
lony-forming units (CFU)/mL for milk and
log,, CFU/g for cheese. The results for Sal-
monella and Listeria monocytogenes are tre-

ported as “presence/absence in 25 g.”

Table 1. Culture conditions for the analyzed bacteria.

Incubation

Microorganism Culture medium conditions Reference

Total mesophilic acrobes Plate Count Agar (PCA) 30°C/48h 1SO 4833-1:2013 (18)

Total coliforms Violet Red Bile Agar (VRBA) 37°C/24h ISO 4832:20006 (19)

1;:;2‘1 coliforms / Eicherichia Tryptone Bile X-glucuronide Agar (TBX) 44°C /24 h ISO 16649-2:2001 (20)

Staphylococcus aureus Baird-Parker Agar + Egg Yolk Tellurite 37°C/48h 1SO 6888-1:2021 (21)

Listeria monocytogenes ALOA Agar 37°C/48h ISO 11290-1:2017 (22)
Pre-enrichment in buffered peptone water (37

Salmonella spp. Rcapii;grff&:;ﬁi giy; fﬂzfﬁv(if‘iéﬁfﬁifd 37°C /24 h ISO 6579-1:2017 (23)
plating on XI.D agar
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Bacterial DNA extraction

Colonies of each bacterial isolate (repre-
sentative isolates based on morphology and
source municipality) were resuspended and
centrifuged at 14000 g for 2 min. The pre-
cipitate was used for DNA extraction using
GenElute™ Bacterial Genomic DNA Kit
(Sigma-Aldrich) (24). DNA concentration
and purity were assessed by ultraviolet
(UV) spectrophotometry (NanoDrop One
C, Thermo Fisher Scientific) and 1% agaro-
se gel electrophoresis, with a 2:1:1 ratio of
DNA, TE buffer, and EZ-Vision® DNA
Dye (Amresco). The GeneRuler 1 kb Plus
DNA Ladder (Thermo Scientific) was used
as a molecular weight marker. The gel was
run at 100 V for 1 h and then visualized
in a UV transilluminator (Thermo Fisher

Scientific) at 320 nm.

Genotypic identification of isolates

The 16S ribosomal RNA (rRNA) gene
was amplified by polymerase chain reac-
tion (PCR) in SimpliAmp™ thermal cycler
(Thermo Fisher Scientific) with the pri-
mers 27F (5-AGAGTTTGATCCTGGCT-
CAG-3") and 1492R (5"TACGGCTACC-
TTGTTACGACTT-3") (25). The GoTaq
Green Master Mix (Promega) kit was used
for PCR. The PCR conditions for E. coli,
S. aureus, and L. monocytogenes were des-

cribed previously (26—28) respectively.

Amplicons were sequenced by the Sanger

method, and the sequences obtained were

reviewed with the BioEdit V.5.09 and Uni-
Pro V.52.0 software (29,30). Then, they
were converted to the FASTA format and
compared to GenBank using BLASTnh.
The BLASTn search parameters were pet-
centage of identity >97%, E-value <le—5,
and query cover >95%. Sequences showing
>99% identity with those in the database
were considered reliable identifications;
however, all sequences with identity values

above 95% are presented for reference.

Assessment of processing
plant infrastructure and Good
Manufacturing Practices (GMP)

Processing plant infrastructure and com-
pliance with GMP were systematically eva-
luated across all 22 municipalities. The as-
sessment was conducted using a structured
checklist based on Colombian Resolution
2674 of 2013 (Ministry of Health and So-
cial Protection), which establishes food sa-

fety requirements for processing facilities.

The evaluation encompassed five key cate-

gories:

e Physical infrastructure (25%): Fa-
cility location, building conditions,
floor and wall materials, separation
of production areas, potable water
supply, adequate drainage and waste

disposal systems.

* Equipment and utensils (20%): Use

of food-grade materials (stainless ste-
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el preferred), equipment maintenan-
ce status, calibration of temperature
control devices, and design features

preventing cross-contamination.

* Personnel hygiene and training
(20%): Availability of handwashing
stations, use of protective clothing
(uniforms, hairnets, and gloves), do-

cumentation of hygiene training pro-

grams, and health certificates for
food handlers.
* Sanitation and pest control

(15%): Written cleaning and disinfec-
tion procedures, proper storage and
labeling of cleaning chemicals, and

documented pest control programs.

e Process control and documenta-
tion (20%): Raw material reception
controls, process flow documenta-
tion, temperature and time monito-
ring records, and product traceability

systems.

Each criterion was evaluated through di-
rect observation during site visits, review
of available documentation (production re-
cords, cleaning logs, and training certifica-
tes), and interviews with facility managers
and operators. For samples obtained from
retail markets where direct plant access
was not possible, information was gathered
through producer interviews and municipal

health authority records when available.

Each aspect was scored and an overall com-
pliance percentage was calculated for each
facility or production unit. Plants were ca-
tegorized as high compliance (=70%), mo-
derate compliance (50-69%), or low com-
pliance (<50%). Evaluation visits lasted
2—4 h per facility and were conducted by

trained food safety professionals.

Results

A total of 22 raw milk samples and 21 ar-
tisanal fresh cheese samples, each analyzed
in triplicate, were collected from 22 muni-
cipalities in Narifio Department, Colom-
bia. According to the findings observed
in the technical assessment, three artisanal
cheese facilities satisfied all infrastructu-
re criteria required for productive opera-
tions, nine satisfied until 80%, six satisfied
53%-73%, and the remainder exhibited
<47% compliance. In terms of GMP, 11
facilities demonstrated compliance >83%,
one showed 63% compliance, and the rest

showed <33% compliance.

Physicochemical characteristics of raw

milk and fresh cheese

Tables 2 and 3 summarizes the physicoche-
mical parameters of the raw cow’s milk and
artisanal fresh cheese samples, respectively,

collected from the different municipalities.
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For the milk samples, the mean £ SD were
as follows: pH 6.58 £ 0.11, titratable acidi-
ty 0.16% £ 0.03% lactic acid, fat 3.82% =+
0.14%, protein 3.27% £ 0.08%, TS 12.45%
+ 0.32%, and NFS 8.63% £ 0.18%. These

values are within the ranges established by

Colombian regulations (NTC 750, 2000;
Decreto 616, 2006). The mean somatic cell
count was 3.4 X 10° cells/mL, indicating
acceptable udder health and adequate mi-
lking hygiene (31).

Table 2. The fat, protein, and total solid contents for the raw milk samples.

Fat (%) Protein (%) Total solids (%)
01-CE 3.82 £ 0.010 3.12 = 0.006 13.08 £ 0.000
02-CE 3.54 £ 0.015 3.37 £ 0.003 12.41 £ 0.002
03-CE 4.14 £ 0.256 3.49 £ 0.038 12.90 + 0.290
04-CE 4.67 £ 0.001 3.33 £0.000 13.40 £ 0.001
05-JU 3.68 £ 0.005 3.16 £ 0.005 12.18 £ 0.000
06-OB 343+ 0.018 3.09 = 0.001 11.87 £ 0.010
07-OB 3.92£0.017 3.18 £ 0.002 12.55 + 0.006
08-OB 3.84 £0.001 3.31 £ 0.006 12.36 = 0.001
09-OB 3.82 £ 0.044 3.29 £ 0.050 12.48 £ 0.006
10-OB 3.97 £ 0.001 3.18 = 0.002 12.51 £ 0.005
11-OB 3.47 £0.015 3.05 £ 0.003 11.82 £ 0.001
12-OB 3.92 £ 0.003 3.26 £ 0.004 12.48 £ 0.001
13-OB 3.92 £ 0.005 3.26 = 0.002 12.57 £ 0.005
14-OB 3.11 £ 0.003 3.18 £ 0.003 11.54 £ 0.001
15-OB 3.46 £ 0.145 3.02 £ 0.049 13.31 £ 1.489
16-OB 4.2 +0.003 3.08 £ 0.020 12.57 £ 0.001
17-OB 3.56 £ 0.000 3.08 £ 0.001 11.77 £ 0.003
18-PC 3.15 £ 0.001 2.95 +0.042 11.47 £ 0.000
19-SA 3.83 £ 0.005 3.35 % 0.000 12.54 £ 0.002
20-SA 3.68 £ 0.006 3.21 £0.003 12.16 £ 2.176
21-SA 3.48 £0.003 3.16 £ 0.001 12.05 + 0.002
22-SA 3.52 £ 0.002 3.36 £ 0.010 12.34 £ 0.004

In the fresh cheese samples, the mean = SD
were as follows: pH 6.43 £ 0.15, moisture
58.3% * 1.2%, fat 22.6% * 0.8%, protein

16.8% * 0.6%, and salt 1.54% * 0.09%.

These values are consistent with those ex-

pected for fresh, high-moisture cheeses.
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However, the fat and salt contents exhibi-  buted to differences in artisanal processing
ted significant variation among the muni-  practices, such as the pressing intensity and

cipalities (p < 0.05), which may be attri-  salting time.

Table 3. Humidity and the fat and protein contents in the fresh cheese samples.

% Humidity ‘ RSD* % Fat ‘ RSD % Protein RSD
01-CE 53.93£1.43 2.66 22.16 £1.03 4.67 17.80 £ 0.10 0.56
02-CE 55.57 £1.22 2.19 20.99 £ 0.85 4.04 18.97 + 0.49 2.60
03-CE 60.85 £ 0.25 0.41 18.33 £ 0.30 1.61 16.17 £ 0.40 2.50
04-CE** 56.19 £ 2.26 4.02 22.49 £0.49 2.16 17.13 £ 0.32 1.88
05-JU 62.17 £ 1.84 2.96 17.98 £ 2.18 12.1 15.87 £ 0.35 2.21
06-OB 60.26 £ 1.30 2.16 18.99 + 0.01 0.07 16.73 £ 0.38 2.26
07-OB 5542 £0.70 1.26 20.49 £ 0.52 2.53 17.73 £ 0.38 213
08-OB 69.40 £ 3.08 4.44 14.00 = 1.00 7.12 13.83 £ 0.46 3.34
10-OB 52.18 £ 4.84 7.37 20.67 £ 1.75 8.45 16.10 £ 0.56 3.46
11-OB 59.40 £ 0.95 1.59 18.32 £ 0.30 1.63 17.13 £0.32 1.88
12-OB 62.44 £ 1.39 2.23 18.33 £ 1.17 6.37 15.57 £ 0.59 3.76
13-OB 61.12 £2.25 3.69 12.16 £ 0.76 6.21 17.40 £ 0.57 3.25
14-OB 61.79 £ 1.30 2.11 18.34 £ 0.55 3.01 17.33 £0.32 1.85
15-OB 60.80 £ 1.33 2.19 14.16 £ 0.30 2.11 15.70 £ 0.44 2.78
16-OB 60.61 £1.27 2.10 17.66 £ 0.28 1.59 16.37 £ 0.21 1.27
17-OB 54.25 £ 2.85 5.25 20.66 £ 2.02 9.78 17.07 £ 0.45 2.64
18-PC 58.96 £ 5.67 9.62 20.00 £ 1.34 6.71 18.97 £0.91 4.78
19-SA 50.60 £ 4.30 8.50 25.66 = 2.31 8.99 20.60 + 0.75 3.66
20-SA** 60.97 £ 1.95 3.19 18.81 £ 0.30 1.57 14.67 + 0.55 3.76
21-SA 59.10 £ 0.25 0.42 18.17 £ 0.30 1.65 15.73 £ 0.29 1.83
22-SA 52.60 + 2.75 5.23 21.33 £0.29 1.36 18.93 £ 0.67 3.52

*Relative standard deviation
**Chesses made with raw milk

Microbiological quality of raw milk

The microbiological counts of raw milk are ~ produced under small-scale conditions.
presented in Table 4. The mean = SD total = The total coliform count ranged from 2.11
mesophilic aerobic bacteria count was 5.84  to 4.52 log | CFU/mL, and the fecal coli-
* 0.27 log,, CFU/mL, indicating a modera- ~ form count ranged from 1.70 to 3.80 log

te microbial load consistent with raw milk  CFU/mL.
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S. aureus was detected in 43% of milk sam-
ples, with counts of 2.0—4.3 log,, CFU/mL.
L. monocytogenes was not detected in any
milk sample (absence in 25 mL). E. coli was
detected in 32% of samples, although the
counts were below 10° CFU/mL. Compa-
red with the limits established by resolu-

tion 00017 (32), 68% of the milk samples
did not comply with the microbiological
standards for mesophilic aerobic bacteria
and coliforms, reflecting deficiencies in
hygiene during milking, storage, and trans-

portation (33).

Table 4. Microbiological plate counts and somatic cells in raw milk samples from 22 municipalities in Narifio Department.

MesEp hﬂichU / MOl(tiS a(rjlgU / Total coliforms Fecal coliforms S " 1 fis/mL

;1;;()) es ( }r:;-l; s ( (CFU/mL) (CFU/mL) omatic cells (cells/mL)
01-CE 5.83 £ 0.04 3.31 £ 0.01 3.04 = 0.00 1.26 £ 0.09 410081.00 £ 1775.45
02-CE 3.85 +0.00 1.00 £ 0.00 3.04 = 0.00 2.03 +0.06 1019777.67 = 9472.92
03-CE 428 +2.13 232+ 1.10 2.34 +0.77 1.35 £ 0.53 495100.33 £ 37964.61
04-CE 5.17 £ 0.06 2.82+0.10 2.40 £ 0.30 0.48 £ 0.00 789141.33 £ 961.50
05-JU 4.74 £ 0.00 3.08 = 0.00 2.35+0.03 1.92 £0.05 509791.67 £ 652.23
06-OB 5.70 £ 0.58 3.11 £ 0.00 3.04 = 0.00 2.35+0.03 357012.00 £ 631.95
07-OB 4.04 = 0.00 3.92 +0.01 2.66 = 0.00 0.48 = 0.00 382082.67 £ 959.80
08-OB 6.28 £ 0.02 411 +£0.03 3.04 £0.00 2.36 £0.03 379751.67 + 468.64
09-OB 3.01 £0.13 ND* 3.02 +0.03 ND 530329.67 £ 25112.44
10-OB 2.68 = 0.54 ND 2.90 +0.37 ND 415861.33 £ 219.60
11-OB 3.54 +0.04 ND 2.99 +0.05 3.04 £ 0.05 217985.67 £ 209.63
12-OB 2.29 £0.20 ND 2.73 +£0.53 ND 277905.67 £ 692.61
13-OB 2.69 +0.49 ND 2.49 +0.56 2.35+0.56 412720.33 £ 180.89
14-OB 2,42+ 0.62 ND 2.33+£0.59 0.75 = 0.65 730919.33 £ 327.37
15-OB 3.30 £ 0.01 1.62 £ 0.11 3.30 £ 0.01 ND 381555.33 £ 293.44
16-OB 2.08 +0.05 ND 3.30 £ 0.03 ND 324424.00 £ 91.15
17-OB 2.94 +0.03 ND 3.14 £ 0.55 2.63 £ 0.58 430521.67 £ 183.87
18-PC 2.15+0.57 ND 2.04 = 0.56 1.28 £0.59 104446.33 + 477.65
19-SA 3.22+0.25 0.65 +0.16 3.32 +0.09 ND 222687.00 £ 398.82
20-SA 3.10 £ 0.58 ND 2.83 £ 0.01 1.65 £ 0.04 308312.67 £ 300.21
21-SA 1.78 £ 0.64 0.10 £ 0.17 1.20 £ 0.63 1.18 £ 0.61 293717.33 £ 105.67
22-SA 2.49 £ 0.57 0.40 £ 0.17 1.96 £ 0.09 0.98 = 0.09 433531.00 £ 546.60

*Not detected
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Microbiological quality of fresh
cheese

Based on the results, there was a high pre-
sence of mesophilic aerobes in the samples
from all municipalities, probably because of
the abundance of lactic acid bacteria in the
fresh cheeses. According to resolution 1407
de 2022 (34), 77.2% of the samples excee-
ded the permitted value of <2 log CFU/g,
while 9.1% showed absence of these mi-
croorganisms. For total and fecal colifor-
ms, 54.5% and 27.2% of samples exceeded
the limiting values of <3 log CFU/g and
<1.69 log CFU/g, respectively, and 36.6%
exhibited the presence of these microorga-

nisms without exceeding the limits, which

indicates widespread contamination in the
evaluated cheese samples. Regarding coa-
gulase-positive S. aureus, 54.5% of samples
exceeded the limit of <2 log CFU/g, and
9.5% were >5 log CFU/g, presenting poten-
tial public health risks due to its ability to
produce enterotoxins. Fifty percent of the
samples were positive for 3-D-glucuronida-
se-positive E. coli, which has a permitted
value of <1 log CFU/g. Salmonella spp., the
pathogen of greatest risk, was not detected
in any samples, whereas L. monocytogenes
was detected in 36.3%. These findings hi-
ghlight the need for strict microbiological
controls in the production of fresh cheese,
in order to minimize health risks and gua-

rantee the safety of the product (Table 5).

Table 5. Microbiological plate counts analyses in fresh cheeses from 22 municipalities in Narino Department, Colombia.

B-D-

Mesophilic Molds and . Fecal Coa.g.ulase- Glucuronidase- S Listeria
Total coliforms . positive i spp-
aerobes yeasts log CFU/ coliforms staphylococci positive absence in monocytogenes
log CFU/g log CFU/g g g log CFU/g 4P Escherichia coli absence in 25 g**
° ° log CFU/g 25 gh*
log CFU/g

01-CE 5.96 £ 0.61 4.67 £ 0.36 3.04 £ 0.00 1.68 £ 0.90 524 £ 0.71 2.95*0.14 Absence Presence
02-CE 5.35 % 1.40 3.90 £ 1.50 2.54 £0.17 0.44 £ 0.61 ND ND Absence Presence
03-CE 5.26 £0.10 2.84 +0.07 2.92+0.22 1.62 £ 0.26 4.92 +0.04 ND Absence Absence
04-CE" 6.00 = 0.54 2.74 £ 0.11 >3.04Hk% 1.12 £ 0.07 4.73 £ 0.04 ND Absence Absence
05-JU 4.90 £ 0.55 292+ 0.98 2.78 £ 0.36 2.56 £ 0.66 422+1.03 2.77 £ 0.42 Absence Presence
06-OB 5.01 £ 1.02 2.30 £ 0.05 2.49 £0.17 Nk ND 1.39 £ 1.27 Absence Presence
07-OB 591 £0.54 2.97 £ 0.86 >3.04Hk% >3.04HHk% 5.85%0.12 4.82£0.24 Absence Presence
08-OB 3.96 £ 0.05 1.97 £0.13 1.43 £ 0.10 ND ND ND Absence Absence
10-OB 5.28 £0.03 2.65 % 0.06 2.66 £ 0.00 ND 4.27 £ 0.06 ND Absence Absence
11-OB 4.29 £0.03 2.15 % 0.07 >3,0408% ND ND 1.93 £ 0.08 Absence Presence
12-OB 4.29 £0.01 1.91 £ 0.07 >3.04Hk% 0.92 £ 0.10 ND ND Absence Absence
13-OB 4.31 £ 0.03 <ok 2.15+0.07 ND ND 1.59 £ 0.11 Absence Absence
14-OB 6.31 £0.01 2.41 £ 0.07 >3,0408% 0.86 £ 0.00 4.96 £ 0.03 3.82 £ 0.06 Absence Absence
15-OB 6.34 £ 0.01 4.22+0.09 >3,04808% 1.23+£0.17 ND ND Absence Absence
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Coagulz £-D- Salmonella
Mesophilic Molds and . Fecal oa'g’u ases Glucuronidase- acmoneta Listeria
Total coliforms . positive " spp-
aerobes yeasts log CFU/ coliforms canhvl i positive b . monocytogenes
log CFU/g log CFU/g o8 g log CFU/g IS p Ci;[(;c/occ Escherichia coli zzisse:: €1 | absence in 25 g*k
o8 g log CFU/g g
16-OB 5.15 % 0.03 2.92 £0.15 2.69 £ 0.33 217 £0.21 4.45 £ 0.13 2.29 £ 0.68 Absence Absence
17-OB 4.23+£0.03 <Rk >3.04 Frrx 0.86 = 0.00 ND ND Absence Presence
18-PC 5.29 £ 0.01 1.68 £ 0.07 >3.04 Frrx 1.26 + 0.07 441 +0.02 4.01 £0.02 Absence Presence
19-SA 4.43 £0.03 2.28 £0.02 2.34 £ 0.03 ND ND ND Absence Absence
20-SA” 4.34 £ 0.01 2.60 £ 0.08 >3 04848 2.11 £ 0.06 4.32 £ 0.07 1.68 = 1.45 Absence Absence
21-SA 4.30 = 0.00 2.05 %+ 0.01 >3, 0400k ND 4.93 +0.01 ND Absence Absence
22-SA 5.04 £ 0.02 2.72 £ 0.03 >3, 04888 2.08 = 0.00 4.46 £ 0.09 1.49 £ 0.10 Absence Absence
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*Chesses made with raw milk

** Presence/absence tesults determined according to ISO 11290-1 (L. monocytogenes) and ISO 6579-1 (Salmonella spp.)
R ND = not detected; <1 = below the limit of detection (1 log CFU/¢)
ik Values with “>” indicate samples exceeding the maximum quantfiable level (3.04 log CFU/g on the medium used)

Rk Not detected

Microbiological analysis revealed substan-
tial contamination in both raw milk and
artisanal fresh cheese samples across the
22 evaluated municipalities (Figure 1). L.
monocytogenes was the most prevalent pa-
thogen, detected in 45.5% of milk samples
and persisting in 36.3% of cheese samples,
indicating only partial reduction during
fermentation. E. coli contamination excee-
ded regulatory limits in 36.4% of milk and
22.7% of cheese samples, suggesting ina-

dequate hygienic practices during produc-

tion. S. aureus was present in 43% of milk
samples and 54.5% of cheese samples, in-
dicating greater sensitivity to acidification
than L. monocytogenes. Notably, Salmonella
spp. was not detected in any sample, repre-
senting 100% compliance with Colombian
food safety regulations. These results de-
monstrate that while artisanal fermentation
provides partial microbial control, it does
not ensure product safety when raw mate-

rials are contaminated.




Comparative Prevalence of Pathogenic Microorganisms
in Raw Milk and Artisanal Fresh Cheese

60

Based on 22 municipalities sampled in Narino, Colombia
Colombian regulatory limits:

L.monocytogenes: Absence in 25¢g

E.coli & 5. aureus: <100 CFU/mL(g)

Salmonella spp.: Absence (positive finding)

50 1

45.5%

Prevalence (%)
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L. monocytogenes E.coli

54.5% == Regulatory concern threshold (25%)
= Raw Milk (n=22 municipalities)
3 Fresh Cheese (n=66 samples)

S.aureus Salmon;ella spp.

Pathogenic Microorganisms

Figure 1. Comparative prevalence of pathogenic microorganisms in raw cow’s milk and artisanal fresh cheese samples based on
the average contamination rates across 22 municipalities in Narifio Department, Colombia.

Geographic distribution and GMP
Compliance

GMP compliance evaluation across 17 sam-
pled municipalities revealed substantial va-
riation in infrastructure quality (Figure 2,
Table S3). Overall compliance ranged from
36% to 93% (mean £ SD = 66.5% * 17.2%).
Eight municipalities (47.1%) achieved high
compliance (270%), seven (41.2%) demons-

trated moderate compliance (50%—69%),
and two (11.8%) exhibited low compliance
(<50%). Five municipalities (22.7%) yiel-
ded market-sourced samples without access
to the production facilities, so they could

not be formally evaluated.




Good Manufacturing Practices {GMP) Compliance Evaluation
by Municipality in Narifio Department, Colombia

Narifio Department
Southwestern Colombia

Total municipalities: 22
Sanpled: 22 (100%

)
Evaluated facilities: 17 (77%)
Market-sourced: S5 {23%)

Location in Colombia

50 km

GMP Compliance Category
= High Compliance (=z70%) —n =8
Moderate Compliance (50-69%) —n=7
Low Compliance (<50%) —n =2

= Not Evaluated (market sourced) n =5

Figure 2. Geographic distribution of the evaluation of compliance with Good Manufacturing Practices (GMP) across 22 muni-
cipalities in Narifio Department, southwestern Colombia. Map data source: OCHA Humanitarian Data Exchange (35).
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Identification of fresh cheese isolates

Molecular identification of isolates from
B-D glucuronidase-positive E. coli, coa-
gulase-positive staphylococci, and L. mo-
nocytogenes confirmed their presence in
the municipalities. For E. coli, 33 isolates
were identified in samples from 12 muni-
cipalities, with an identity of 97%-99%
and query coverage of 92%-100%. For L.
monocytogenes, 24 isolates were detected in
samples from 8 municipalities, with iden-
tity ranging from 96% to 99%, and query
coverage ranging from 85% to 100%. For
S. aureus, 36 isolates were confirmed in 12
municipalities, with identity of 96%—-99%
and query coverage of 78%—100%. These
findings prove the presence of pathogenic
bacteria in fresh cheeses produce in Narifo
Department (Table S2).

Discussion

This study represents an attempt to charac-
terize the physicochemical and microbiolo-
gical quality of raw milk and fresh cheeses
made in small plants in Narifio Department,
Colombia. Although raw milk is not inten-
ded for human consumption, its quality di-
rectly influences the properties of cheeses,
so it is essential to monitor it throughout
the production chain (36). In Colombia, the
regulations for commercialization of raw
milk and the determination of the purchase

price from suppliers are governed by De-

cree 616 of 2006 and Resolution 000017 of
2012 (32). This establishes physicochemical
and microbiological parameters that must
be met to ensure the quality of the final
product. The raw milk analyzed had an ave-
rage fat content of 3.82%, higher than that
reported in previous studies (37,38), indica-
ting a lipid composition in accordance with
normative standards. The average protein
content was 3.22%, slightly lower than
described by Lindmark Mansson (39), but
comparable to what Jenkins and McGuire
(40) described. Fat and protein are the most
appreciated components in the industry be-
cause directly influence the cheese produc-
tion yield. The protein and fat content in
milk may be influenced by various factors,
including season, animal breed, feed, and

environmental factors (41).

Regarding the physicochemical characteris-
tics of cheeses, the samples presented humi-
dity of 56.6%—69.4%, which is within the
established range for this type of product in
Colombia. These values are comparable to
reported in other countries, such as Mexi-
co, Peru, Ecuador, and Brazil (46%—57%)
(42). The fat content (12.16%—-25.66%) is
comparable to that described in México
(17%—-21%) (43) and Brazil (46.2%—48.2 %)
(44). The protein content (13.83%—20.60%)
is similar to those of Mexico and Cuba
(17%—21%) (43,45). There were high varia-
tions in the relative standard deviation of in
the evaluated parameters, indicating a lack

of standardization in production processes,
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which affects the properties of cheeses be-
tween the same batch (46). Better controls
could improve the quality and homogeneity

of the products.

High counts of mesophilic aerobes and to-
tal coliforms in raw milk were also found in
the United Kingdom (47), Brazil (48), and
Ecuador (49). High levels of mesophilic ae-
robes in raw milk can reduce its quality and
shelf life, leading to a decrease in the quali-
ty of dairy products. Moreover, the presen-
ce of total coliforms is an indicator of en-
vironmental and fecal contamination from
different sources (41). The results from the
present study are similar to studies from
other regions in Colombia. For example, in
Tunja, 96.7% of the fresh cheese samples
exceeded the total coliform limit (5 X 10°
CFU/g) (2). In the Colombian Caribbean,
62.9% of the cheeses showed contamina-
tion by Salmonella spp., and 70.4% showed
contamination by Listeria spp., demonstra-
ting a high microbiological risk associated
with the absence of GMP (50). Likewise, in
Hoya del Rio Suirez, Salmonella spp. was
found in 38.3% of samples, Listeria spp.
was found in 42.6%, and there were high
plate counts of S. aureus and total and fecal
coliforms (51). Previous studies have repor-
ted a high prevalence of L. monocytogenes in
fresh cheese samples in Colombia, reaching
levels of 42.6% in the Cundiboyacense hi-
ghlands, 53.6% in Quindio Department,
and 27% in Cali (3,52), indicating a recu-

rrent sanitary problem in the country. The

somatic cell count is a key criterion in de-
termining milk quality and setting the pur-
chase price by the dairy industry. Values
greater than 400,000 cells/mL, obtained
in about 50% of samples, may reflect the
presence of subclinical intramammary in-
fections in livestock, affecting the compo-
sition and stability of the milk and making

it susceptible to contamination (53).

This study identified significant microbio-
logical risks associated with artisanal fresh
cheeses produced in Narifio Department,
Colombia, highlighting critical implica-
tions for food safety. Most of the analyzed
samples exceeded microbiological limits es-
tablished by Resolution 1407 of 2022 from
the Colombian Ministry of Health (34),
and international standards including tho-
se of the Codex Alimentarius (54,55), the
European Union Commission (Regulation
(EC) No, 2073/2005) (56), the U.S. Food
and Drug Administration (57), Canada
(58,59), and China (60). Contamination in
fresh artisanal cheeses has also been obser-
ved in countries such as Cuba and México.
In Cuba, Salmonella spp. was detected in
17.9% of samples and S. awureus in 51.6%,
with plate counts greater than 10° CFU/g
(8). In Mexico, the presence of Salmone-
lla spp. was reported in 8.9% of cheeses
analyzed, and there were high levels of £.
coli and coliforms (61). In Ecuador, 100%
of the fresh cheeses evaluated in Riobam-

ba were contaminated with L. monocytoge-

nes (20.5 CFU/g) (62). Although there are
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no international standards for mesophi-
lic aerobes, molds, and yeasts, the high
counts found (>10° CFU/g) shown inade-
quate hygiene and poor process control,
indicating the need to improved hygienic
practices and operator education in Latin
America (61,63). In contrast, studies on
artisanal cheeses from Italy and Turkey
have documented the presence of E. coli,
coliforms, and S. awureus, with a lower
prevalence of pathogens, probably becau-
se of better hygienic practices and stricter

sanitary controls (63,64).

The high prevalence of microorganisms
such as E. coli, S. aureus, and L. mono-
cytogenes indicates considerable deficien-
cies in hygienic practices, as well as ina-
dequate or absent thermal treatments of
the milk used (65). Similar microbiologi-
cal safety concerns have been documen-
ted previously in other Colombian re-
gions (2,3), suggesting a broader systemic
issue in the Colombian artisanal cheese
sector. In Brazil, Camargo et al. (66) re-
ported frequent detection of L. monocyto-
genes, S. aureus, and fecal coliforms in
cheeses made from raw milk, exceeding
the established by the Codex Alimenta-
rius and the European Commission Re-
gulation EC 2073/200. Similar findings
in Narifio Department reflect inadequate
regulation, a lack of standardization, and
a critical situation for dairy production in

Colombia and Latin America.

International microbiological standards are
particularly stringent concerning patho-
gens such as Salmonella spp. and L. mono-
cytogenes: They must be completely absent
from food products (57,65,67). The signifi-
cant prevalence of L. monocytogenes found
in this study highlights severe non-com-
pliance with international hygiene and sa-
fety requirements. Regarding §. awureus,
over 50% of analyzed samples exceeded the
international limits, notably surpassing the
threshold of 10° CFU/g set by the Euro-
pean Union and the U.S. Food and Drug
Administration (FDA) for artisanal fresh
cheeses, requiring additional testing for en-
terotoxins (56—58). These elevated counts
represent a significant public health risk
due to the potential production of heat-re-
sistant enterotoxins that cause foodborne
intoxications (68). Similar issues have been
reported in Cuba, with prevalence rates
reaching 51.6% (45). The presence of fecal
coliforms and E. coli indicates direct fecal
contamination and poor hygienic practi-
ces during cheese production and hand-
ling. Guidelines from the European Union
and Canada allow limited E. coli counts as
hygiene indicators, whereas the U,S, FDA
provide cheeses unfit for consumption if E.
coli counts exceed 100 CFU/g (56-58).

GMP compliance directly correlates with pa-
thogenic contamination: Municipalities with
high compliance (=70%) showed substan-
tially lower L. monocytogenes (28.1%), E. coli
(18.4%), and S. awureus (23.4%) prevalence
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in cheese samples compared with low-com-
pliance facilities (<50%: 47.5%, 45.2%, and
05.1% respectively) (69). Infrastructure im-
provements—particularly facility design,
equipment maintenance, and hygiene tra-
ining—demonstrably reduce pathogenic
loads, consistent with studies from Brazil
and Mexico (66,70). Notably, the absence of
Salmonella spp. across all compliance levels
suggests control through initial raw material
quality rather than processing (66). Because
raw milk quality determined by GMP com-
pliance is the primary determinant of final
product safety (69), facilities with scores be-
low 50% require urgent intervention throu-
gh formalized training, equipment upgrades,

and critical control point monitoring (70).

To improve this situation, concrete natio-
nal interventions should be implemented,
starting from primary milk production and
continuing through the processing and dis-
tribution stages. Training programs in good
agricultural practices, implementation of
GMP, standardized hygiene protocols in
processing plants, regular microbiological
monitoring at critical points, and consumer
education programs regarding proper chee-
se handling and storage are strongly recom-
mended because have proven to be effecti-
ve in reducing microbial loads (71,72). Such
interventions could improve microbiologi-
cal food safety in Colombia and facilitate
the access of Colombian artisanal dairy

products on global markets.

Conclusions

This study demonstrated that although the
physicochemical parameters of raw cow’s
milk and artisanal fresh cheeses from Na-
rifio Department generally complied with
Colombian regulations, their microbio-
logical quality remains a significant con-
cern. High counts of mesophilic aerobes,
coliforms, and §. awureus were frequently
observed, particularly in cheese samples,
indicate deficiencies in hygienic practices
during milk collection, cheese production,
and handling. The detection of E. coli and
L. monocytogenes in several cheese samples
highlights potential public health risks
associated with the consumption of the-
se artisanal products. Molecular identifi-
cation confirmed S. aureus and E. coli as
the predominant contaminants, reflecting
inadequate sanitary conditions and limited
process control within small-scale dairy fa-
cilities. Overall, these findings underscore
the urgent need to strengthen GMP, to im-
plement regular microbiological surveillan-
ce, and enforce national regulatory stan-
dards to improve food safety and protect
consumer health. Future studies should
focus on evaluating intervention strategies
such as pasteurization, hygienic handling,
and the application of protective cultures,
as well as monitoring antimicrobial resis-
tance in isolates to better understand their

implications for public health.
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