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The evolution of demanding consumers regarding the consumption of healthy foods is increasing, and foods
with the presence of probiotics do not escape this reality. This research aimed to evaluate and compare the
microbial profile, viability and proliferation of probiotic microorganisms, and sensory acceptability of semi-
ripened cheeses made with the incorporation of different probiotic cultures. To make the cheese, pasteurized
milk was used with high temperature heat treatment (72 to 75°C), in short times (20 sec), obtaining three types
of cheese, two with different probiotic cultures and one without probiotic culture. Microbial growth was estimated
with respect to pathogens such as Staphylococcus aureus, Listeria monocytogenes, Salmonella sp.; and the
presence of beneficial microorganisms such as Lactobacillus, Bifidobacterium and Streptococcus. Likewise,
acceptability was evaluated considering the attributes of texture, flavor, color and smell of the cheeses obtained.
The results showed that cheeses with probiotic cultures had a low count of pathogenic microorganisms, being
suitable for human consumption, with high growth of beneficial microorganisms (probiotics) being acceptable
by the evaluating panelists. In conclusion, the cheeses obtained with added probiotics developed flavor, texture
and growth of microorganisms beneficial to health.

1. Introduction

Cheese is the most widely produced dairy product in the world, and Europe is the region where the most cheese
is produced (Domingos et al., 2016). In 2023, Germany became the world's leading exporter of cheese, followed
by the Netherlands and ltaly (Zheng, Shi, and Wang, 2021; Statista, 2025). Ripened cheeses result from a
complex synergy of milk, lactic acid bacteria, enzymes, and ripening processes. The evolution of cheese
production and diversity is driven by the desire to improve its sensory profile and nutritional properties. One of
the most recent developments in the cheese industry is the use of probiotic cultures to improve cheese's
functional properties (Mohammadzadeh, Moayedi, Khomeiri, and Zareie, 2025). These cultures include specific
strains of beneficial bacteria and yeasts that contribute to desirable sensory characteristics and offer health
benefits, especially for gut microbiota (Campos et al., 2021). Probiotics are live microorganisms, such as
bacteria and yeasts, that provide health benefits when consumed. They are naturally present in some fermented
foods, added to certain food products, and available as dietary supplements (Guarner et al., 2017). Probiotics
are involved in preventing and treating acute infectious digestive diseases, chronic intestinal diseases, and
chronic liver diseases. They act on host immune function and intestinal homeostasis and can modulate the
intestinal microbiota (Castafieda, 2018). Lactic acid bacteria have diverse applications; one main application is
fermenting foods such as milk, meat, and vegetables to produce yogurt, cheese, pickles, and sausages.
Additionally, these microorganisms are used as starter cultures due to their role in producing lactic acid and
inhibiting pathogen development (Cobo et al., 2019). They also contribute to the biopreservation of foods,
improving their sensory characteristics (eg, taste, odor, and texture) and increasing their nutritional quality. Most
probiotics belong to the lactic acid bacteria family and are used in the food industry to promote health (Maftei et
al., 2024). In addition to their nutritional value, fermented milk is recognized as functional foods, also known as
probiotic foods. These foods contain live bacteria that can provide additional health benefits when ingested in
adequate amounts. The main objective of this study is to evaluate and compare the physicochemical properties,
microbial content, and acceptability of semi-ripened cheese made with probiotic cultures.

Paper Received: 17 April 2025; Revised: 26 June 2025; Accepted: 28 August 2025
Please cite this article as: Bustamante-Cardenas G.O., Orihuela-Carhuallanqui F.J., Espinoza-Calderon G.A., 2025, Characterization of Semi-
ripened Cheese with Probiotics, Chemical Engineering Transactions, 118, 223-228 DOI:10.3303/CET25118038



224

2. Methodology
2.1 Sample and cultivation preparation

The research was conducted in the city of Concepcion, the sample (fresh milk) was collected from two producers
in the area, two types of products (SACCO System and VIVOLAC Infuze) were used as probiotic culture.

2.2 Cheese production

Semi-cured cheese was produced using probiotic cultures (SACCO System and VIVOLAC Infuze), added at
2% (De Cangas Moran et al., 2019), and without cultures. This was carried out following the flow chart shown
in Figure 1, which details the stages of the production process from receiving the raw materials to ripening the
final product. This procedure enabled the effects of adding probiotic cultures on the cheese's microbiological
and sensory characteristics to be compared.

RECEPTION — + 36 kg fitered milk

T2t0 76 °C

PASTEURIZED 30 sec

Addition of probiotic CHILLED AND

CHILLED - . 45°C
culture (BACCO system/) PRE-RIPENED L
WIVOLAG Infuze /

COAGULATED -

b

34 °CH 30 min

AGIATED AND PITTED 1
+« Heating at4510 55 °C
+  Mixedat 39°C

AGIATED AND PITTED 2

-
F
*

i

—

=z

m—

STORED { « 4tE°C

Figure 1: Flow chart to produce cheese

2.3 Microbiological evaluation

To ensure the safety of the ripened cheese, a thorough microbiological analysis of the finished product was
conducted. This included determining key hygiene indicators and pathogens such as total coliforms,
Staphylococcus aureus, Listeria monocytogenes and Salmonella sp. Each analysis was performed with five
independent replicates, providing a robust database for subsequent statistical analysis. Including multiple
replicates ensured the reliability and consistency of the results and allowed for an analysis of variance (ANOVA)
to determine if there were significant differences in the microbial load of the three treatments (semi-ripened
cheese without culture, semi-ripened cheese with the SACCO System, and semi-ripened cheese with the
VIVOLAC Infuze.

2.4 Probiotic microorganisms

A thorough microbiological analysis was carried out to ensure and quantify the growth of probiotic
microorganisms after inoculating the semi-mature cheese with culture. This analysis included determining key
indicators, such as the presence of Lactobacillus, Bifidobacterium, and Streptococcus. Each analysis was
performed with five independent replicates, providing a solid database for subsequent statistical analysis.
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Including these multiple replicates was essential to ensure the reliability and consistency of the results. Likewise,
this methodology permitted the application of an analysis of variance (ANOVA) to determine significant
differences in microbial load among the three treatments evaluated: semi-mature cheese with the SACCO
System culture, and semi-mature cheese with the VIVOLAC Infuze culture.

2.5 Sensory evaluation

For the sensory evaluation of the semi-ripened cheese, the organoleptic attributes of color, smell, texture, flavor,
and appearance were evaluated as response variables. A Completely Randomized Block (CRB) experimental
design was used, where 30 untrained panelists served as the blocks. The acceptability of each attribute was
quantified using a hedonic scale from 1 to 5 to determine the panelists' overall preference. The sensory data
collected were subsequently adjusted to the linear additive model Eq (1), enabling analysis of treatment
influence on the cheese's sensory characteristics.

Yij = ai + Tj + €ij (1)

Yij = Sensory acceptability (color, smell, texture, flavor and appearance)
u = Effect of the general mean

a i = Blocks, where i = 1 to 30

Tj = Treatments, where j=1t0 3

Eij = effect of random error.

ANOVA was used to analyze the results. In instances where significant differences were observed between
treatments, Duncan's multiple range test was subsequently applied at a 5% level of significance.

3. Results and discussions
3.1 Results of the microbiological evaluation of semi-ripened cheese with probiotic cultures

Microbiological analyzes were carried out for the three treatments of semi-ripened cheese, which included the
counts of colony-forming units (CFU/g) for coliforms, Staphylococcus aureus, Listeria monocytogenes and
Salmonella sp., as indicators of microbial contamination. The results obtained showed the absence of pathogens
such as Listeria monocytogenes and Salmonella sp., while the levels of coliforms and Staphylococcus aureus
were within the limits established by food safety regulations. A statistical analysis was performed on the results
obtained from the microbiological evaluation of the presence of coliforms in semi-cured cheeses with and without
culture, as shown in the following table:

Table 1: Means and standard deviations of coliform counts and Staphylococcus aureus (log CFU/g) in semi-
cured cheeses without culture, with SACCO System culture, and with VIVOLAC Infuze culture.

Treatments Mean Standard deviation Mean j;?/?;?c:g
Coliforms Staphylococcus aureus
SACCO System 0.849 0.158 0.849 0.158
VIVOLAC Infuze 0.969 0.066 0.969 0.066
Without Culture 1,063 0.159 1,063 0.159

Statistical analyses revealed no significant differences in the coliform or Staphylococcus aureus loads of the
different semi-cured cheese treatments. However, a clear trend emerged: the cheese without culture addition
had the highest coliform concentration, this was followed by cheese made with the VIVOLAC Infuze culture,
which exhibited lower levels. Finally, cheese made with the SACCO System culture showed the lowest levels
of coliforms and Staphylococcus aureus, suggesting a progressive reduction in microbial contamination. These
results align with existing literature reporting that lactic acid bacteria in probiotic cultures inhibit the growth of
pathogenic strains. Specifically, Wong-Villarreal et al. (2021) document this ability, consistent with the results of
Rivera et al. (2017), who also reported that lactic acid bacteria can suppress the proliferation of pathogenic
microorganisms in dairy products.
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Figure 2 a-b: Interval plot of coliforms (log CFU/q) versus treatments (95% confidence interval for the mean)
(a). Interval plot of Staphylococcus aureus (log CFU/g) versus treatments (95% confidence interval for the
mean) (b).

Figure 2a-b illustrates the 95% confidence interval plot of the coliform and Staphylococcus aureus load
(expressed in log CFU/g) across the various treatments applied to the semi-cured cheese. The cheese without
culture addition showed the highest mean value for both coliforms and Staphylococcus aureus, suggesting a
higher initial microbial load or lower intrinsic control capacity. In contrast, the VIVOLAC Infuze culture appears
to have reduced the load, while the SACCO System culture exhibited the lowest means and the narrowest
interval, which could indicate greater consistency and better suppression of these microorganisms.

3.2 Results of the presence of probiotic microorganisms

An analysis of variance (ANOVA) using a randomized complete block design revealed statistically significant
differences in Lactobacillus proliferation between cheese treatments (p = 0.013). Lactobacillus density varied
significantly between cheeses made with the VIVOLAC Infuze culture and those made with the SACCO System.
Specifically, as detailed in Table 2, the semi-mature cheese made with the SACCO System culture promoted
greater Lactobacillus proliferation. This suggests that the SACCO System is more effective at establishing or
growing this key probiotic strain under the conditions of this study. In contrast, the analysis of Bifidobacterium
showed no statistically significant differences between treatments (p = 0.392). This suggests that VIVOLAC
Infuze and SACCO System cultures have comparable abilities to promote Bifidobacterium growth in semi-cured
cheese.Similarly, the statistical analysis of Streptococcus revealed a significant difference in proliferation
(p=0.04). Growth of Streptococcus differed markedly between cheeses inoculated with the VIVOLAC Infuze
culture and those inoculated with the SACCO System, with greater proliferation observed in the latter. These
results suggest that under the study conditions, the SACCO System culture may have promoted a more
favorable environment or contained more viable Streptococcus strains than the VIVOLAC Infuze culture. This
could have led to greater proliferation of the probiotic in the final product.

Table 2: The mean and standard deviation results for quantifying Lactobacillus, Bifidobacterium, and
Streptococcus (log CFU/g) in different semi-cured cheese treatments.

Lactobacillus Bifidobacterium Streptococcus
SACCO System 2.492 0.076 2.924 0.530 1.301 0.000
VIVOLAC Infuze 2.355 0.060 2.642 0.453 1.120 0.165

Overall, analyzes of the microbiological count revealed a higher total concentration of probiotic microorganisms
in cheeses inoculated with the SACCO System culture. However, both treatments with probiotic cultures
resulted in the presence of these beneficial microorganisms in the final product. These findings are significant,
considering the range of beneficial effects associated with probiotics, as highlighted by Vasquez-Lopez (2019).
These effects include suppression of pathogen growth, control of serum cholesterol levels, modulation of the
immune system, improved lactose digestion, vitamin synthesis, increased mineral bioavailability, and potential
anticancer activity. To experience these benefits, one must consume at least 108 live probiotic bacteria daily,
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which is equivalent to a 45-gram serving of cheese (approximately two slices). Our results, particularly those
obtained with the SACCO System culture, suggest that these cheeses have promising potential to achieve such
levels in the final product.

3.3 Sensory evaluation results

The sensory analysis of the semi-ripened cheese with probiotics was carried out in order to evaluate the
influence of the use of probiotic cultivations on organoleptic characteristics such as: flavor, color, texture and
general acceptability, with a scale of one (minimum score) to five (maximum score) to determine the best
treatment according to the acceptability of the taster; The same was made up of 30 untrained panelists.

Table 3: Average results of the sensory evaluation of semi-ripened cheese with and without cultivation.

Sample Color Smell Texture Flavor  Appearance P
T1 (Cheese without culture) 3.60 3.47 3.67 3.83 3.50 3.61
T2 (Cheese with SACCO System 413 387 413 417 387 403
culture)
T3 (Cheese with VIVOLAC
Infuze culture)

4.07 3.67 3.83 3.87 3.83 3.85

In Table 3, the texture and flavor stand out when tasting the semi-ripened cheese with probiotic cultivations and
comparing these results agree with what was said by Castillo-Escandon et al. (2019), where it is stated that
probiotics, in addition to contributing to the preservation of food, improve sensory characteristics such as flavor,
smell, texture and increase its nutritional quality, and when consumed by humans and animals in adequate
quantities, they improve health. In addition, Vasquez-Lopez et al. (2019) mention that the most studied probiotics
are Lactobacillus and Bifidobacterium and their applications in dairy products and non-dairy environments as
adjuncts for the development of new flavors, which have shown interest since these strains can secrete more
catabolic enzymes for amino acids than industrial catalysts.

Table 4: Results of the analysis of variance for the attributes of color, odor, texture, flavor, and overall
appearance.

Source of variation Color  Smell  Texture Taste General appearance
Treatments SD SD SD SD NSD

Panelists SD SD NSD NSD NSD
SD: significant difference/ NSD: No significant difference

Analysis of variance (ANOVA) revealed distinct results in the panelists' evaluations for each sensory attribute.
No significant differences were found in the evaluations of texture, flavor, or overall appearance. These results
indicate high consistency and homogeneity in the panelists’ evaluations, confirming that the differences
observed between treatments for these attributes are not due to variability between evaluators. In contrast, color
and aroma analyzes showed statistically significant differences in the panelists' evaluations. These results
suggest greater heterogeneity or subjectivity in the evaluators' perception and rating of these attributes.
Furthermore, analyses of variance (ANOVAs) revealed significant differences among the three treatments for
the sensory attributes of color, odor, texture, and flavor. Given this overall significance, a Duncan multiple
comparison analysis was performed to identify specific differences between the groups. The Duncan test results
indicated that no significant differences were observed in terms of color and overall appearance between the
semi-cured cheeses that incorporated the SACCO System culture and the VIVOLAC Infuze culture. However,
both cultured cheeses showed significant differences in these attributes compared to the uncultured cheese.
Regarding odor, the Duncan test revealed a significant difference between cheese cultured with the SACCO
System and unfermented cheese. Interestingly, no significant differences were found between the unfermented
cheese and the cheese cultured with VIVOLAC Infuze. A similar pattern of differences was observed for texture
and flavor as was observed for odor.

4. Conclusions

The results obtained regarding the count of pathogenic bacteria, such as Coliforms, Staphylococcus aureus,
Listeria monocytogenes, and Salmonella sp. (log CFU/g), were consistently below the maximum limits
established by NTP 202.194 - 2010 in all treatments carried out with probiotic cultures. This result guarantees
the microbiological safety of the final product, which is of utmost importance to guarantee consumer health.
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Probiotic microorganisms such as Lactobacillus, Bifidobacterium, and Streptococcus exhibited significant
inhibitory effects on the growth of pathogenic bacteria. These probiotics not only contribute to the overall safety
of the cheese, but also play a role in product preservation by preventing the proliferation of harmful
microorganisms, improving shelf life, and ensuring its quality over time. Furthermore, semi-cured cheese
produced with probiotic cultures from the SACCO System showed a higher level of sensory acceptability across
various characteristics, including flavor, texture, color, appearance, and aroma. The cheese obtained an
average score of 4.03 on the hedonic scale, indicating greater preference. This suggests that probiotic cultures
not only enhance the product's sensory appeal but also increase consumer satisfaction, making it a more
attractive option in the competitive dairy market. In conclusion, the incorporation of probiotic cultures into the
production of semi-cured cheeses represents a promising strategy that goes beyond simply improving the
product's sensory characteristics. Probiotic cultures, such as those from the SACCO System and VIVOLAC
Infuze, offer benefits in terms of improving the functionality of dairy products, particularly by promoting intestinal
health and contributing to overall well-being. These microorganisms facilitate the production of dairy products
with additional health benefits, positioning them as a powerful tool to address the growing demand for functional
foods. The potential of probiotics in cheese production aligns with current consumer trends that prioritize healthy,
functional, and high-quality food options. Furthermore, these innovations are likely to significantly contribute to
the evolution of the dairy industry, as they offer new opportunities for product differentiation and meet the needs
of a more health-conscious consumer. Ultimately, the use of probiotics in cheese production represents not only
a valuable advancement in dairy technology but also a key element in the continued development of the
functional foods market.
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