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Abstract: In most cases, producing and marketing artisanal products needs more hygiene measures in equipment and raw materials
before and during production. This research aimed to evaluate the microbiological quality of 31 artisanal fresh, panela, ground, and
asadero cheeses packed in various packaging materials marketed in municipalities of the State of Nuevo Leén. The microbiological
analyses carried out were counts of aerobic mesophilic bacteria, psychrophiles, total coliforms, lactic acid bacteria (LAB), fungi, and
yeasts. In the aerobic mesophilic count, statistical differences were shown (p <0.05) depending on the origin of the cheese and type of
packaging, obtaining values ranging from 2.46 - 4.29 Log10 CFU/g. No presence of psychrophilic bacteria was detected, while the total
coliform count values between 1.97 to 3.45 Logio CFU/g were obtained, presenting statistical differences (p <0.05) in the type of cheese.
The LAB showed values with statistical differences between the types of cheese (p <0.05) with values between 3.31 to 4.84 Logo
CFU/g. Finally, fungi and yeasts showed statistical differences (p <0.05) for the interaction of origin, type of cheese, and packaging.
The results underline the need to implement control measures and good manufacturing practices in producing artisanal cheeses to
ensure food safety and consumer health.

Keywords: coliforms; dairy products; packaging; safety.

1. Introduction

The sanitary quality of artisanal cheeses in Mexico is of utmost importance due to the significant public health
risks associated with their consumption. Artisanal cheeses, often made with unpasteurized milk and under uncon-
trolled production conditions, can become vectors of various pathogens, leading to diseases such as hemorrhagic colitis,
diarrhea, and meningitis (Martins-Lima et al., 2023). A study evaluating the microbiological and toxicological quality of
fresh artisanal cheeses in Puebla revealed worrying levels of microbial contamination, with average counts of aerobic
mesophilic bacteria of 5.55 log CFU/g and total coliforms of 3.80 log CFU/g, indicating poor sanitary conditions during
production and handling (Benitez-Rojas et al., 2019).

In Mexico, artisanal cheese production is highly diverse, with at least 40 recognized varieties. Adapted to local
conditions, fresh cheeses stand out for their unique flavor, aroma, and texture. Despite being appreciated for their tra-
ditional production and nutritional properties, these products often do not comply with hygiene standards or the sani-
tary standards of dairy farms (Sanchez-Valdés et al., 2016). Their production from raw milk, spontaneous fermentation,
and rudimentary methods increases the risk of microbial contamination. Fresh cheese has been linked to numerous food
poisoning outbreaks (Sanchez-Valdés et al., 2016). In addition, improper handling and humidity conditions during the
marketing of soft cheeses represent a risk to consumers' health (Rodriguez et al., 2009).

On the other hand, the lack of proper labeling and official identification on artisanal cheese packaging, as observed
in a study conducted in Dourados, Brazil, underlines the need for strict regulatory oversight and consumer awareness
to ensure safety and compliance with sanitary standards (Martins-Lima et al., 2023). In this sense, packaging plays a
crucial role in preserving and maintaining the quality of artisanal cheeses, significantly affecting their physicochemical
properties, shelf life, and economic value (Jafarzadeh et al., 2021). Likewise, vacuum packaging has positively influenced
the moisture content, color, and rind formation of artisanal fresh goat cheese, resulting in a better visual appearance
and higher moisture retention. This method also helps maintain the cheese's rheological behavior over time, making it
similar to its initial state, thus extending its shelf life and reducing moisture loss, which is economically beneficial for
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producers (Frau et al., 2020). Therefore, effective packaging strategies are essential to maintain artisanal cheeses' quality,
safety, and economic viability. Cases of alterations in the quality of artisanal cheese in Mexico due to poor packaging
have been documented. Studies have shown that the microbial quality of cheeses sold in various retail outlets in Mexico,
including supermarkets, street markets, and convenience grocery stores, often need to meet Mexican standards (Guz-
man-Hernandez et al., 2016). Therefore, in the present investigation, the microbiological quality of 31 cheeses of different
types (fresh, ground, panela, and asadero) and with different packaging processes (plastic bags, disposable plates,
shrink-wrapped or vacuum-packed), marketed in various municipalities of Nuevo Ledn, was evaluated.

2. Materials and Methods

The chemical compounds and reagents used were graded from Sigma Aldrich (St. Louis, Missouri, U.S.A.). The
culture media was B.D.'s commercial brand (Becton, Dickinson and Company, New Jersey, U.S.A). All solutions were
prepared with double-distilled water from Laboratorios Monterrey, S.A. (Monterrey, Nuevo Ledn, México).

2.1. Sampling of artisanal cheeses

Thirty-one samples of commercial cheeses (fresh, panela, ground, and asadero) were collected in different munic-
ipalities of the State of Nuevo Ledn during the summer of 2023. The cheeses were purchased in different commercial
establishments and presented in different types of packaging: plastic bag, disposable plate wrapped in plastic bag, vac-
uum packed, and plastic film. The samples were transported in a cold chain (4 °C) and processed in the laboratory in
less than 24 h.

2.2. Experimental design and microbiological analysis
A 3 x 5 factorial design was used, where each cheese was considered an experimental unit. A composite sample
of 10 g was taken from each cheese, from which serial dilutions and seeding in Petri dishes were performed in triplicate.

The preparation and dilution of the artisanal cheese samples followed NOM-110-SSA1-1994, the Mexican stand-
ard for preparing and diluting food samples for microbiological analysis. Serial dilutions were performed using ho-
mogenizers and sterile tubes containing 90 ml and 9 ml of peptonized water, respectively. These materials were previ-
ously sterilized. To obtain the 10 dilution, 10 g of the sample was added to the homogenizer and processed for four
cycles of 30 s each (Castro and Guevara-Mufoz, 2018). In the case of the total aerobic mesophile count, serial dilutions
of 10 a 10 (Castro and Guevara-Munoz, 2018). Standard Methods agar was sterilized at 121 °C for 15 min. Seeding
was performed by the pour-plate technique, adding 1 mL of each dilution to the Petri dishes to later add the agar.
Incubation was performed at 38 °C for 24 h following NOM-092-5SA1-1994. The previous procedure was repeated to
determine the psychrophilic bacteria, incubating the plates at 4 °C for 24 h. Total coliform bacteria were determined on
Red Violet Bile Agar (RVBA) medium, according to Mexican Official Standard NOM-113-SSA1-1994. Serial dilutions
between 102 and 10+ and the pour-plate technique, as described above, were used. Plates were incubated at 37 °C for
24 h. To determine the concentration of lactic acid bacteria (LAB), serial 102 and 10 dilutions of the samples were
prepared in peptonized water as described above. One milliliter of each dilution was seeded using the pour-over tech-
nique on Petri dishes with MRS agar. The plates were incubated in an inverted position at 37 °C for 48 h in an aerobic
atmosphere. Subsequently, the colonies were stabilized and expressed as colony-forming units (CFU/g). The determi-
nation of fungi and yeasts was performed according to NOM-111-S5A1-1994. Potato dextrose agar medium supple-
mented with 10% tartaric acid was used for fungal enumeration. Samples were seeded by pouring in Petri dishes and
incubated at 37 °C for 24 h. All analytical results were expressed as a Logio CFU/g sample.

2.3. Statistical analysis

Statistical analysis of the data was performed using IBM SPSS Statistics software for Windows. An analysis of
variance (ANOVA) was performed, followed by a Tukey test to compare the means of the groups (p < 0.05). Correlation
between variables was evaluated using Pearson's coefficient (p < 0.05). Results are expressed as mean * standard devi-
ation.
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3. Results and Discussion
3.1. Microbiological analysis

Figure 1 presents the values obtained for each group of microorganisms in the different types of cheese (ground,
panela, fresh, and asadero). Notably, the mesophilic content showed no statistically significant differences between the
types of cheese (p < 0.05), with asadero cheese recording the highest value at 4.12 Logi CFU/g. This finding provides
valuable insights into the microbiological characteristics of these cheeses. On the other hand, the total coliform count
showed statistically significant differences (p > 0.05). The ground cheese had the lowest content (1.97 Logi CFU/g),
while the asadero cheese had the highest microbial load (3.45 Logio CFU/g). The panela (2.81 Logio CFU/g) and fresh
(3.18 Logio CFU/g) cheeses had intermediate values. Regarding lactic acid bacteria (LAB), the different types presented
statistically significant differences (p > 0.05). The panela cheese had the highest numerical value (4.84 Logio CFU/g),
followed by the asadero cheese (4.37 Logio CFU/g), the fresh cheese (4.02 Log10 CFU/g) and finally the ground cheese
(3.31 Logi CFU/g). The analyses showed that the fungi and yeasts had the lowest counts. The asadero cheese had the
highest count (2.77 Logio CFU/g), showing a statistically significant difference (p > 0.05) concerning the other cheeses.
It's worth noting that, in terms of microbiological risk, the Mexican Official Standard NOM-243-SSA1-2010 sets
maximum limits for total coliforms, Escherichia coli, Staphylococcus aureus, fungi and yeasts in whey cheeses. The
absence of Salmonella spp, Listeria monocytogenes and Vibrio cholerae is also required. However, aerobic mesophiles
are not included in this standard, possibly due to the importance of lactic acid bacteria in the cheese ripening process.
These bacteria, with their ability to use proteins in the long term, significantly contribute to the development of the
aroma, flavour and regional characteristics of the product (Sanchez-Valdés et al., 2022). Several studies have reported
high microbial loads in artisanal cheeses, which represents a risk to consumer health. For example, Resendiz et al. (2012)
found high total coliform counts in Mexican artisanal cheeses. Similarly, Sanchez-Valdés et al. (2016) and Ercan et al.
(2014) reported similar results in their respective studies. De la Rosa-Alcaraz et al. (2020) evaluated the microbiological
quality of Poro cheeses from Tabasco and found that total coliform counts were within a specific range. Although
Mexican standards do not establish permissible limits of coliforms in fresh cheeses, a high count of these
microorganisms often indicates fecal contamination and inadequate manufacturing practices. This contamination can
originate at various stages of the manufacturing process, from milk production to product marketing, as several studies
have pointed out (De la Rosa-Alcaraz et al., 2020; Ercan et al., 2014; Perin et al., 2017).
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Figure 1. Average number of microorganisms per type of cheese. =< Means with a common letter are not significantly
different (p > 0.05) by microorganism group. LAB: lactic acid bacteria
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It's crucial to understand the role of packaging materials in determining the shelf life of food products. This is
why we considered the types of packaging materials commonly used in artisanal cheeses. Figure 2 presents the results
for plastic bag, disposable plate in plastic bag, vacuum packaging, and shrink wrap. We observed a statistically
significant difference (p <0.05) in the content of aerobic mesophiles of the cheese packed in a disposable plate in a plastic
bag (2.46 Logi CFU/g), while no significant differences were found between the other types of packaging (p > 0.05). The
values for total coliforms ranged between 2.25 and 3.75 Logi CFU/g and did not present statistically significant
differences between the materials (p > 0.05). Similarly, lactic acid bacteria (LAB) had higher values than the other groups
of microorganisms analyzed (3.69 to 4.65 Logio CFU/g), without showing significant differences between the different
packaging materials (p > 0.05). Finally, a statistically significant difference (p < 0.05) was observed in the content of fungi
and yeasts of cheese packed in a disposable plate in a plastic bag, compared to the other packaging materials.Thus,
several studies have highlighted the importance of lactic acid bacteria in the quality of artisanal cheeses. Perin et al.
(2017) found a high presence of these bacteria in cheeses from Minas Gerais, Brazil, while De la Rosa-Alcaraz et al. (2020)
identified different species of lactobacilli in Poro cheeses from Tabasco. These bacteria contribute to the flavor, aroma,
and texture of cheeses, in addition to inhibiting the growth of pathogenic microorganisms. The results obtained in this
study need to show a clear relationship between the type of packaging material and the microbial load. This suggests
that other factors, such as raw materials, hygiene practices, and the cold chain, significantly influence the
microbiological quality of artisanal cheeses.
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Figure 2. Average number of microorganisms by type of packaging material =» Means with a common letter are
not significantly different (p > 0.05) by microorganism group. LAB: lactic acid bacteria

Figure 3 shows the results by location, where it can be observed that the samples from location B had the lowest
content of aerobic mesophiles, with a value of 2.46 Logio CFU/g (p < 0.05). In contrast, the rest of the locations did not
show statistically significant differences (p > 0.05), with an average of 4.02 Logio CFU/g. Meanwhile, the values of total
coliforms ranged between 2.25 and 3.44 Logi CFU/g without showing statistically significant differences between
locations (p > 0.05). In the case of lactic acid bacteria (LAB), no statistically significant differences were observed between
locations (p > 0.05), although location C had the highest concentration of these bacteria, with 5.03 Logio CFU/g.
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Regarding fungi and yeasts, locality C presented the highest content of this group of microorganisms (2.91 Logi CFU/g),
showing a statistically significant difference (p < 0.05) concerning the other localities. It is worth mentioning that the
Mexican standard NOM-243-SSA1-2010 establishes a maximum limit of 500 CFU/g (2.69 Logi CFU/g) for fungi and
yeasts in fresh cheeses. All the products studied, except for asadero cheese, met this specification. De la Rosa-Alcaraz
et al. (2020) found re-counts of fungi and yeasts in artisanal Poro cheese from Tabasco that exceeded the limits
established by the Mexican standard. Similarly, Chavez-Martinez et al. (2019) reported high counts of fungi and yeasts
in different types of cheese marketed in Mexico.
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Figure 3. Average number of microorganisms by origin (locality) of the cheese. a-c Means with a common letter
are not significantly different (p > 0.05) by microorganism group. LAB: lactic acid bacteria

The correlation analysis, presented in Table 1, shows the relationships between different variables related to the
microbiological quality of cheeses, such as aerobic mesophiles, total coliforms, lactic acid bacteria (LAB), and fungi and
yeasts. The data suggest that the type of cheese is the variable with the strongest correlation with microbiological
quality. Likewise, the type of packaging can influence the levels of microorganisms present in the cheese. A strong
correlation was observed between total coliforms and aerobic mesophiles, and a positive correlation was observed
between LAB and aerobic mesophiles. These results are consistent with the scientific literature. Montel et al. (2014)
highlighted the diversity and richness of the microbiota associated with traditional cheeses, which can confer benefits
regarding aroma, flavor, and food safety. Bevilacqua et al. (2012) emphasized the influence of the type of cheese and
the production methods on the microbiota and, consequently, on the microbiological quality of the cheese. Galvez et al.
(2007) indicated that lactic acid bacteria are a significant component of the microbiota in dairy products and may benefit
food safety. It is essential to clarify that the correlation analysis presented in Table 1 only allows for identifying
associations between variables but does not establish causal relationships. Additional studies are required to fully
understand how the different variables interact and influence cheeses' microbiological quality.
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Table 1. Correlation Analysis

Origin Cheese type Packaging type CT BUT BAL FandY
Origin 1.00 4.5x10° 0.00 0.01 0.02 0.02 0.22
Cheese type 0.47 1.00 1.3x10-10 8.6x10+  0.02 0.95 3.8x10+
Packaging type 0.83 0.62 1.00 4.7x10°  0.03 0.47 0.07
CT 0.27 0.35 0.30 1.00 6.9x10%  0.03 0.04
AM 0.25 0.25 0.24 0.54 1.00 1.4x10° 0.04
BAL -0.24 0.01 -0.08 0.24 0.45 1.00 0.94
HyL 0.13 0.37 0.20 0.22 0.22 -0.01 1.00

TC= Total coloforms; AM= Aerobics mesophilic; BAL = lactic acid bacteria; F and Y = Fungi and yeasts

4. Conclusions

The presence of microorganisms, such as total coliforms and aerobic mesophiles, in the region's different artisanal
cheeses is a cause for concern. This situation could be related to the need for more quality supervision throughout
production and distribution. Therefore, it is necessary to establish training programs for producers to make them aware
of the importance of implementing safety measures at all stages of production, from the selection of raw materials to
the distribution of the final product. Given the current regulatory vacuum for these products, it is also essential to
establish specific Mexican Official Standards to produce artisanal cheese. This will ensure that small producers are
aware of the risks associated with non-compliance with sanitary standards and provide them with the information they
need to produce safe, quality food.

5. Acknowledgments

The authors are grateful for the support received from the Autonomous University of Nuevo Ledn.

6. Conflicts of Interest:

The authors declare that they have no conflict of interest.

References

1.  Benitez-Rojas, A. C; Delgado-Macuil, R. J; Amador-Espejo, G. G; Eustaquio-Rosales, E. y Mar-tinez-Martinez, Y. L. 2019. Eval-
uation of microbiological and toxicological quality (heavy metals) in fresh artisan cheese commercialized in Puebla City, Mex-
ico. International Journal of Food En-gineering. 5, 276-281.

2. Bevilacqua, A; Campaniello, D; Corbo, M. R. y Sinigaglia, M. 2012. Qualitative and quantitative traits of artisanal and industrial
dairy products. Food Microbiology. 31:1, 1-11.

3. Castro, E. R. V; y Guevara-Mufioz, Z. R. 2018. Evaluaciéon microbioldgica de quesos frescos artesanales comercializados en la
ciudad de Chachapoyas-Amazonas. Revista Cientifica UNTRM: Ciencias Naturales e Ingenieria. 1:1, 38-43.



Scientia Agricolis Vita 2024, 3 7 of 8

10.

11.

12.

13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

Chavez-Martinez, A; Paredes-Montoya, P; Renteria-Monterrubio, A. L; Corral-Luna, A; Lechuga-Valles, R; Dominguez-
Viveros, J; Sdnchez-Vega, R. y Santellano-Estrada, E. 2019. Microbial quality and prevalence of foodborne pathogens of cheeses
commercialized at different retail points in Mexico. Food Science and Technology. 39, 703-710.

De la Rosa-Alcaraz, M. de los A; Ortiz-Estrada, A. M; Heredia-Castro, P. Y; Herndndez-Mendoza, A; Reyes-Diaz, R; Vallejo-
Cordoba, B. y Gonzalez-Cérdova, A. F. 2020. Poro de Tabasco cheese: Chemical composition and microbiological quality during
its artisanal manufacturing process. Journal of Dairy Science. 103:4, 3025-3037.

Ercan, D; Korel, F. y Orsahin, H. 2014. Microbiological quality of artisanal Sepet cheese. International Journal of Dairy Technol-
ogy. 67:3, 384-393.

Frau, F; Carate, J. N. L; Salinas, F. y Pece, N. 2020. Effect of vacuum packaging on artisanal goat cheeses during refrigerated
storage. Food Science and Technology. 41, 295-303.

Galvez, A; Abriouel, H; Lopez, R. L. y Ben Omar, N. 2007. Bacteriocin-based strategies for food bio-preservation. International
Journal of food microbiology. 120:1-2, 51-70.

Guzman-Hernandez, R; Contreras-Rodriguez, A; Hernandez-Velez, R; Perez-Martinez, I; Lopez-Merino, A; Zaidi, M. B. y Es-
trada-Garcia, T. 2016. Mexican unpasteurised fresh cheeses are contaminated with Salmonella spp., non-O157 Shiga toxin pro-
ducing Escherichia coli and potential uropathogenic E. coli strains: A public health risk. International Journal of Food Microbi-
ology. 237, 10-16.

Jafarzadeh, S; Salehabadi, A; Nafchi, A. M; Oladzadabbasabadi, N. y Jafari, S. M. 2021. Cheese pack-aging by edible coatings
and biodegradable nanocomposites; improvement in shelf life, physico-chemical and sensory properties. Trends in Food Sci-
ence & Technology. 116, 218-231.

Martins-Lima, D. O; Pizato, S; Cortez-Vega, W.R; Alves da Silva, L; Sanjinez-Argandonia, E.J; Baca Maldonado, C.A; Arantes-
Moreira, B. y Arévalo-Pinedo, R. 2023. Physical, chemical and microbi-ological quality in artisanal cheeses sold in free fairs.
International Journal of Biological and Natural Sciences. 3:7, 1-15.

Montel, M. C; Buchin, S; Mallet, A; Delbes-Paus, C; Vuitton, D. A; Desmasures, N. y Berthier, F. 2014. Traditional cheeses: Rich
and diverse microbiota with associated benefits. International Journal of Food Microbiology. 177, 136-154.

NORMA Oficial Mexicana NOM-092-SSA1-1994. Bienes y servicios. Método para la cuenta de bacterias aerobias en placa.
NORMA Oficial Mexicana NOM-110-SSA1-1994. Bienes y servicios. Preparacién y dilucién de mues-tras de alimentos para su
analisis microbioldgico.

NORMA Oficial Mexicana NOM-111-SSA1-1994. Bienes y servicios. Método para la cuenta de mohos y levaduras en alimentos.
NORMA Oficial Mexicana NOM-113-SSA1-1994. Bienes y servicios. Método para la cuenta de micro-organismos coliformes
totales en placa.

NORMA Oficial Mexicana NOM-243-S5A1-2010, Productos y servicios. Leche, férmula lactea, pro-ducto lacteo combinado y
derivados lacteos. Disposiciones y especificaciones sanitarias. Métodos de prueba..

Perin, L. M; Sardaro, M. L. S; Nero, L. A; Neviani, E. y Gatti, M. 2017. Bacterial ecology of artisanal Minas cheeses assessed by
culture-dependent and-independent methods. Food Microbiology, 65, 160-169.

Reséndiz, M. R; Hernandez, Z. ]. S; Ramirez, H. R. y Pérez, A.R. 2012. El queso fresco artesanal de la canasta basica y su calidad
sanitaria en Tuzuapan, México. Actas Iberoamericanas de Conservaciéon Animal. 2, 253-255.

Rodriguez, C; Caldas, L. y Ogeerally, P. 2009. Calidad sanitaria en queso artesanal tipo telita. Upata, estado Bolivar, Venezuela.
Revista de la Sociedad Venezolana de Microbiologia. 29:2, 98-102.

Sanchez-Valdés, J. J; Colin-Navarro, V; Lopez-Gonzalez, F; Avilés-Nova, F; Castelan-Ortega, O. A. y Estrada-Flores, J. G. 2016.
Diagndstico de la calidad sanitaria en las queserias artesanales del mu-nicipio de Zacazonapan, Estado de México. Salud Pu-
blica de México. 58:4, 461-467.

Sanchez-Valdés, J. J; Colin-Navarro, V; Lopez-Gonzalez, F; Avilés-Nova, F; Castelan-Ortega, O. A. y Estrada Flores, J. G. 2022.
Evaluacion bacteriana de queso artesanal Zacazonapan madurado bajo condiciones no controladas en dos épocas de produc-
cion. Revista Mexicana de Ciencias Pecuarias. 13:4, 1067-1078.Author 1, A.B.; Author 2, C.D. Title of the article. Abbreviated
Journal Name Year, Volume, page range.



Scientia Agricolis Vita 2024, 3 8 of 8

Disclaimer/Publisher’s Note:

The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s)
and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content

Citation: Garcia Rivera, T. J., Torres-Alvarez, C., Lopez-Sandin, I. y Gutiérrez-Soto, G. (2024). Evaluacion de la calidad microbioldgica en quesos artesanales en el

estado de Nuevo Ledn», Scientia Agricolis Vita, 1(3):7-14. https://agricolis.uanl.mx/index.php/revista/article/view/20
Academic Editor: Iosvany Lopez-Sandin

Received: 05-08-2024
Revised: 23-08-2024

Accepted: 10-09-2024
Published: 14-09-2024

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).



