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Abstract 

The analysis of the physicochemical parameters of Costeño cheese in the Magdalena department of the Caribbean region of 
Colombia presents unique challenges due to the presence of variability in these characteristics, influenced by climate, production 
technique, livestock type, and feed, among others, which in turn impact the sensory aspects of this type of dairy product. This study 
employs advanced statistical techniques that allow for a better understanding and classification of cheeses based on their properties, 
such as Principal Component Analysis (PCA), Cluster Analysis (CA) or hierarchical clustering, and K-Means clustering, facilitating 
dimensionality reduction, pattern identification, and data grouping. In addition, multivariate statistical analysis, PCA and CA, were 
used to determine the behavior of the study variables and characterize Costeño cheese from a group analysis. As a result, it was 
confirmed that multivariate statistical analysis can be used to improve the understanding of the quality of a product such as fresh 
cheese. 
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Introduction 

The development of livestock farming in the Colombian Caribbean dates to the expansion of 
livestock lands in territories previously occupied by indigenous people and the adaptation to 
various climatic and topographic conditions (Mendoza-Ramos, 2009). During the 17th century, 
the adoption of European milking and preservation techniques significantly improved cheese 
production, transforming it into a salty product and consolidating it as a relevant business 
activity. In the 19th century, the coastal cheese trade expanded to the Caribbean islands, 
establishing a productive chain that sustained local economies (Narváez, La Torre & Ortiz, 1965; 
Elías-Caro & Vidal-Ortega, 2010; Causado-Rodriguez, E; Fonseca-Tovar, J & Galindo-
Montero, A, 2023a). 

In the 20th century, the mixing of livestock breeds and the implementation of European and 
American production techniques led to a significant increase in the quality and quantity of dairy 
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products, including Costeño cheese (Sánchez-Mejía, 2015; 2019; 2022). This development 
culminated in 2011 with obtaining the first designation of origin for a fresh cheese such as Queso 
del Caquetá, recognizing the quality and authenticity of these traditional products (Lesmes 
Ramos, 2017). Appellations of origin have proven to be effective tools to add value in the 
agricultural sector, highlighting the main events and transformations in the coastal cheese supply 
chain. 

Designation of Origin of Costeño Cheese 

Costeño cheese, an emblematic product of the Caribbean region of Colombia, stands out for its 
distinctive characteristics that have positioned it as a cultural and gastronomic symbol. Its 
relevance lies in the tradition and quality that it has maintained over the years, making it 
recognizable both locally and nationally and internationally (Causado-Rodriguez, E; Romero-
Borja, I & Galindo-Montero, A. (2023b). 

Prieto, Sánchez and Rodríguez (2021) emphasize that the designation of origin is crucial for the 
positioning of the Costeño cheese brand in the region. According to their research, the 
designation of origin contributes to the homogeneity and recognition of the product, allowing 
consumers to identify and value quality based on tradition and regional production practices.  

Costeño cheese can be classified into several categories depending on its production process. 
For example, acidic fresh cheese and non-acidic fresh cheese are produced in the municipality 
of Plato, Magdalena, where a double cream mozzarella type cheese is made, and in the 
municipality of Santa Ana, Magdalena (Causado-Rodriguez, E; Galindo-Montero, A & 
Peñaloza-Fernández, A. (2023c). This cheese is considered a gastronomic emblem of the 
Caribbean Coast due to its roots in various social classes. It is a staple food that is consumed 
both individually and accompanied, thanks to its characteristics that allow it. In addition, it has 
become an important input for the manufacture of many typical foods of the region (Gutiérrez 
Castañeda et al., 2017). 

Theoretical Framework 

Distinctive signs such as collective marks, certification marks and geographical indications are 
strategies used to certify the quality and origin of certain agricultural products (Gutiérrez et al., 
2017; Garcia, 2017). According to the literature reviewed, these stamps, including the 
designation of origin and indications of provenance, have a collective interest. The designation 
of origin not only protects the product but also preserves the culture and tradition of the place of 
manufacture, generating economic and social benefits for the local population (Errázuriz 
Tortorelli, 2010; Granados, 2012). In this way, the designation of origin offers competitive 
advantages to the producer and assures the consumer a unique product with a seal of quality, 
covering the following aspects: 

Natural Factors That Affect Product Quality 

The bromatological composition of Costeño cheese is influenced by several natural factors, 
mainly environmental conditions and agricultural practices in the Caribbean Region of 
Colombia. 

Climate and Precipitation 

The Caribbean Region is in the Colombian low tropics, with average temperatures between 24°C 
and 30°C and annual rainfall that varies between 1,000 and 1,500 mm, concentrating mainly 
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between May and November. The semi-arid conditions of areas such as La Guajira, with rainfall 
less than 300 mm per year, also influence agricultural and livestock production in the area 
(DANE, 2007). These climatic conditions directly affect the type and quality of forage available 
to livestock, impacting on the quality of the milk produced and, consequently, the cheese. 

Grazing and Livestock Systems 

The Colombian Caribbean allows the use of various grazing systems such as continuous, 
rotational and silvopastoral. The latter is especially beneficial, as it combines grasslands with 
trees and shrubs, creating favorable microclimates that improve forage availability and soil 
health (Causado, Galindo, & Peñaloza, 2023b). 

Types of Livestock 

The predominant livestock in the region, such as the Zebu Brahman and its crosses with 
European breeds (Holstein), are well adapted to the conditions of the tropics. These breeds are 
resistant to high temperatures and pests and are efficient in producing milk in hot climates. The 
Brahman Zebu breed is notable for its rapid growth, drought resistance and longevity, making it 
an ideal choice for the region (DANE, 2007) 

Soils and Vegetation 

The diversity of soils in the Caribbean Region, which includes less fertile sandy soils in coastal 
areas and nutrient-rich soils in inland areas, plays a crucial role in agricultural production.  

Designation of Fresh Cheeses According to the Regulations 

In Colombia, the designation and classification of fresh cheeses are regulated by the Colombian 
Technical Standard (NTC) 750 of 2009. This standard establishes that the classification of fresh 
cheeses is based mainly on the percentage of moisture and fat they contain. According to this 
regulation, cheeses are categorized as fresh when they meet the specific requirements for 
moisture and fat, thus guaranteeing their quality and compliance with the standards established 
for these dairy products (NTC 750, 2009). 

In the case of Costeño cheese, it is recommended that the sodium content should be monitored, 
with limits established at 400 mg per 100 g in solids and 150 mg per 100 mL in liquids; 
Exceeding these limits requires a “HIGH SODIUM” warning seal. Added sugars must be below 
10 g per 100 g in solids and 5 g per 100 mL in liquids to avoid the "HIGH IN ADDED SUGARS" 
seal. Finally, the saturated fat content should not exceed 4.0 g per 100 g in solids and 3.5 g per 
100 mL in liquids; otherwise, "HIGH IN SATURATED FAT" should be indicated (Ministry of 
Health and Social Protection, 2021). 

Principal Component Analysis 

Regarding the analysis of food products, including cheeses and other classified agri-food 
products, statistical techniques such as Principal Component Analysis (PCA) and cluster 
analysis or similarity analysis are being used, which facilitate their classification. PCA has 
proven useful in dimensionality reduction and identifying patterns in complex data related to 
cheese quality. 

Jolliffe (2002) highlights that PCA is a powerful technique for transforming original variables 
into principal components, facilitating the interpretation of complex data. In cheese studies, it 
has been used to classify and compare different types of cheese based on their physical and 
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chemical characteristics. Likewise, conglomerate analysis or clustering, according to Ward 
(1963), allows data to be grouped into clusters that maximize homogeneity within each group 
and heterogeneity between groups. This technique has been applied in the analysis of food 
products to identify similar groups of products according to specific characteristics, such as the 
texture and flavor of cheese. For their part, similarity analysis and visualization using 
dendrograms are also valuable tools in food data analysis. Kaufman and Rousseeuw (1990) 
describe how hierarchical clustering and dendrograms can illustrate the structure and 
relationships between different samples, providing a clear view of how samples are grouped 
based on their characteristics Castell-Palou et al. 2010; Molina, 2019). 

Methodology 

The objective of this study is to determine the relationship between the bromatological variables 
of Costeño cheese, by studying the physicochemical variables of samples sent to the laboratory. 
Cheese samples were taken from 55 producers during the years 2022, 2023 and 2024, with which 
a database was built for analysis. The cheese samples, weighing 375 to 500 grams [g] as specified 
in NTC 750 of 2009, were sent to the laboratory for their respective physicochemical analysis 
(see table 1). 

 

Designation according to consistency 

Moisture without fat 

 (HSMG) [% m/m] 

Extra hard  <50,0 

Hard  50-55 

Firm/Semi-hard  56-68 

Soft  > 68 

Designation according to its fat content Fat 
matter in dry matter  

(GES) [% m/m] 

Extra fat  ≥ 60,0 

Fatty  ≥45,0 - < 60,0 

Semi-fat  ≥25,0 - < 45,0 

Semi-skimmed  ≥10,0 - <25,0 

Skim < 10,0 

Table 1. Designation of Cheese According to Its Consistency and Fat Content 

Source: NTC 750 (2009). 

Multivariate analysis is traditionally used in the quality evaluation of foods, as well as for wines 
or other products. PCA is applied to summarize the immense amount of data with minimum loss 
of information for the classification of samples (Vergara, A., & Silva, M., 2007). 

In this sense, a multivariate statistical analysis was carried out with the quantitative and 
qualitative variables obtained in the project, to identify characteristics of groups based on the 
designation of fresh cheese for Costeño cheese. The quantitative variables are Fat [g/100g], 
Moisture [g/100g], Salt [g/100g], Protein [g/100g], Total Solids [g/100g], Moisture without Fat 
Matter (HSMG) [% m /m] and Fatty Matter in Dry Extract (GES) [% m/m]. The last two 
variables are obtained from the designation of the NTC 750 of 2009 as seen in Table 6. The 
qualitative variables of the study are the subregions (south, center and north), the municipalities 
where the samples were taken, the designation of HSMG and GES. 
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NTC 750 of 2009 designates its classification according to the HSMG and GES content, which 
are obtained through the equations (1) y (2): 

 

  
𝐻𝑆𝑀𝐺 =

%𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒

100%−%𝐹𝑎𝑡
⋅ 100

 

(1) 

 

𝐺𝐸𝑆 =
%𝐹𝑎𝑡

100%−%𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒
⋅ 100

 

(2) 

The methodology for the analysis includes data collection, the use of R for statistical analysis, 
and the application of PCA, hierarchical clustering and K-Means clustering to identify patterns 
and similarities between the types of coastal cheeses from the Colombian Caribbean. The 
variable 'Total Solids' was excluded from the PCA to focus the analysis on the most relevant 
characteristics. Hierarchical analysis was performed using the Ward.D2 method and Euclidean 
distances, while K-Means clustering was used to define additional groups. 

Study Area 

In the municipalities of El Banco, Guamal, Santa Ana, Nueva Granada, Plato, Ariguaní, 
Fundación, Pivijay and Ciénaga, belonging to the department of Magdalena, the analysis and 
identification of similarities of coastal cheese in the Colombian Caribbean was carried out. The 
study focused on analyzing the key characteristics in the composition of this food product of 
dairy origin. To determine the key characteristics of Costeño cheese, NTC 750 of 2009 was used, 
with the purpose of grouping similarities. 

In addition, the department was analyzed by subregions, which are divided into three: South, 
North and Center. Each subregion includes three municipalities. For the southern subregion, El 
Banco, Guamal and Santa Ana correspond; for the central subregion, Plato, Nueva Granada and 
Ariguaní; and for the northern subregion, Fundación, Pivijay and Ciénaga (see Figure 1). 

Data Collection 

A total of 54 data from Costeño cheeses were collected in the Magdalena region, Colombia, 
during the years 2022, 2023 and 2024. The data collection covered 9 municipalities and 3 
subregions. The data was obtained through field visits to local producers, interviews and the 
collection of samples for physical-chemical analysis. These data included characteristics such as 
fat, moisture, salt, total solids protein, HSMG and GES as relevant parameters for the analysis. 
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Figure 1. Sampling Area by Subregions of Coastal Cheese for the Department of Magdalena. 

Source: The authors. 

The data from the physicochemical analysis for the implementation of multivariate statistical 
techniques (PCA and Cluster Analysis) were consolidated in a database with the characteristics 
of Costeño cheese in the different subregions of the Magdalena department. Figures and tables 
were prepared to visualize the variability in the properties of the cheese and facilitate the 
interpretation of the results (See Table 2). 

 

Sample Fat Humidity Salt Protein Total Solids HSMG GES 

MSQ1_1 26,59 45,87 2,76 20,38 54,13 62,48 49,1 

MSQ2_1 27,13 44,83 3,71 18,78 55,17 61,52 49,2 

MSQ4_1 26,86 48,04 3,36 16,8 51,96 65,68 51,7 

MSQ6_1 25,38 46,45 2,38 20,89 53,55 62,25 47,4 

MSQ8_1 21,74 53,32 2,45 17,83 46,68 68,13 46,6 

MCQ11_1 24,17 49,12 2,77 19,06 50,88 64,78 47,5 

MCQ14_1 27,31 47,93 2,23 18,68 52,07 65,94 52,4 

MCQ16_1 26,89 46,22 3,31 18,85 53,78 63,22 50 

MCQ17_1 28,94 42,09 2,85 21,72 57,91 59,23 50 

MNQ21_1 26,26 48,82 2,64 18,01 51,18 66,21 51,3 

MNQ24_1 27,6 46,27 2,8 18,32 53,73 63,91 51,4 
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Sample Fat Humidity Salt Protein Total Solids HSMG GES 

MNQ25_1 22,81 53,01 1,86 17,78 46,99 68,67 48,6 

MNQ27_1 23,01 51,14 2,86 18,15 48,86 66,42 47,1 

MSQ2_2 25,48 46,52 3,97 18,1 53,48 62,43 47,6 

MSQ3_2 26,4 49,4 1,81 18,76 50,6 67,12 52,2 

MSQ4_2 26,81 46,57 5,07 14,93 53,43 63,63 50,2 

MSQ8_2 25,25 44,3 5,47 19,2 55,7 59,26 45,3 

MNQ16_2 28,21 41,49 4,17 20,93 58,51 57,79 48,2 

MCQ22_2 30,28 38,54 3,78 23,27 61,46 55,28 49,3 

MCQ23_2 30,5 38,15 3,7 23,5 61,85 54,89 49,3 

MCQ25_2 26,92 46,76 2,71 18,53 53,24 63,98 50,6 

MCQ27_2 21,4 55,82 2,15 15,48 44,18 71,02 48,4 

MSQ3_1 22,08 51,3 3 18,09 48,7 65,84 45,3 

MSQ7_1 26,64 46,51 2,46 19,53 53,49 63,40 49,8 

MCQ10_1 20,71 52,09 2,36 19,75 47,91 65,70 43,2 

MCQ15_1 24,93 47,83 2,64 19,47 52,17 63,71 47,8 

MNQ23_1 21,98 52,6 2,83 17,09 47,4 67,42 46,4 

MSQ1_2 25,3 47,89 2,3 19,42 52,11 64,11 48,5 

MSQ6_2 24 53,1 1,1 18,7 46,9 69,87 51,17 

MSQ7_2 22 48 2,19 21,6 52 61,54 42,31 

MNQ11_2 20 44,6 4,02 24 55,4 55,75 36,10 

MNQ12_2 24 48,8 2,44 19,2 51,2 64,21 46,88 

MNQ13_2 30 43,5 0,11 19,7 56,5 62,14 53,10 

MNQ15_2 28 47,9 3,54 20 52,1 66,53 53,74 

MNQ18_2 28 48,1 1,55 18,4 51,9 66,81 53,95 

MSQ5_1 28 44,6 5 18,7 55,4 61,94 50,54 

MCQ12_1 24 51,1 3,6 17,1 48,9 67,24 49,08 

MCQ13_1 24 52 2,21 17,4 48 68,42 50,00 

MNQ26_1 26 52,2 1,1 17 47,8 70,54 54,39 

MSQ9_2 29 50,9 2,28 15,2 49,1 71,69 59,06 

MCQ11_2 28,8 49 3,2 16,7 51 68,82 56,47 

MNQ22_2 34 41,3 2,96 18,1 58,7 62,58 57,92 

MNQ24_2 27,7 49,4 2,95 17,8 50,6 68,33 54,74 

MNQ25_2 22 47,3 3,47 22,3 52,7 60,64 41,75 

MNQ27_2 22 49,4 3,85 15,4 50,6 63,33 43,48 

MNQ28_2 26 49,5 2,53 18,1 50,5 66,89 51,49 

MSQ5_2 24 50 1,75 18,9 50 65,79 48,00 

MCQ12_2 20,5 52,6 3,5 17,8 47,4 66,16 43,25 

MCQ15_2 21 54,8 2,42 16,4 45,2 69,37 46,46 
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Sample Fat Humidity Salt Protein Total Solids HSMG GES 

MCQ16_2 24 48,9 2,61 18,3 51,1 64,34 46,97 

MCQ22_2 28 45,6 3,7 21 54,4 63,33 51,47 

MNQ19_1 27 42,7 4,7 22,5 57,3 58,49 47,12 

MCQ24_2 24 46 4,44 18,9 54 60,53 44,44 

MNQ28_1 22 54 2,55 17,9 46 69,23 47,83 

MNQ29_1 28 44,2 3 21,2 55,8 61,39 50,18 

Table 2. Data used to carry out the ACP. 

Source: The authors. 

Statistical Analysis 

Environment Cleaning and Package Installation: The work environment in R was started, 
cleaning previous variables and loading necessary packages such as vctrs, dplyr, and readr for 
data manipulation and analysis. 

Data Preparation: The pivot_longer function was used to transform data from wide format to 
long format. 

Kaiser-Meyer-Olkin (KMO): Sample Adequacy Test 

The KMO Test measures the suitability of data for Principal Component Analysis (PCA). 
Evaluates whether partial correlations between variables are low, indicating that the data are 
suitable for analysis (Tirado-Malaver, M., González, J. M., & Blanco, J., 2018). 

Acceptance Criteria: 

KMO > 0.80: It is considered excellent. The data is very suitable for the ACP. 

0.70 < KMO < 0.80: Appropriate. The data is sufficient for the ACP. 

0.60 < KMO < 0.70: Moderate. The data may be acceptable, but there could be problems. 

KMO < 0.60: Not suitable. The data is not suitable for the ACP. 

Rejection Criteria:  

A low KMO value (less than 0.60) suggests that the correlation between the variables is not 
sufficient to perform the PCA. This indicates that the variables may not be sufficiently correlated 
or that the sample is insufficient (Tirado-Malaver, M., González, J. M., & Blanco, J., 2018). 

Bartlett's Test of Sphericity: Bartlett's Test of Sphericity verifies the null hypothesis that the 
correlation matrix is an identity matrix. That is, it evaluates whether the correlations between 
the variables are sufficiently different from zero for the PCA to be appropriate (Bartlett, 1954). 

Acceptance Criterion: p-value < 0.05: Rejects the null hypothesis, indicating that the 
correlation matrix is not an identity matrix and that, therefore, the PCA is appropriate for the 
data (Bartlett, 1954). 

Rejection Criterion: p-value > 0.05: The null hypothesis is not rejected, suggesting that the 
correlation matrix may be an identity matrix. This indicates that the correlations between the 
variables are low, and PCA may not be appropriate for the data (Kaiser, 1974) 



Causado-Rodriguez et al. 1203 

posthumanism.co.uk 

 

 

Principal Component Analysis (PCA): Normalization of the data was performed using the 
scale function and then PCA was applied with the prcomp function. PCA focused on reducing 
the dimensionality of the data and identifying significant patterns (Jolliffe, 2002). 

Hierarchical Clustering: Using the Ward.D2 method and Euclidean distances, hierarchical 
clustering was carried out to group the data according to the similarities in their characteristics 
(Borcard, D., Gillet, F., & Legendre, P., 2018). A dendrogram was generated to visualize the 
relationships between the clusters (Hennig, 2015). 

K-Means Clustering: The K-Means algorithm was applied to group the data into a predefined 
number of clusters. To determine the optimal number of clusters, the silhouette method was 
used, which evaluates the quality of the grouping by calculating the measure of cohesion and 
separation between clusters. The silhouette method provided an evaluation of the internal 
consistency of the clusters and helped to select the appropriate number of clusters (Mac Queen, 
1967). 

Results and Discussion 

The KMO index was carried out for the variables of Fat, Moisture, Salt, Protein, Total Solids, 
HSMF and GES, which returned a value of 0.5, which warns us that the correlation between the 
variables is not adequate. Therefore, the Bartlett test was applied, which reported a p-value = 0, 
with 21 degrees of freedom, but the Chi square value is infinite, which suggests that the data 
may have high collinearity. A correlation matrix was made to analyze the given variables (see 
table 3).  

 

Variable Fat Moisture Salt Protein Total solids HSMG GES 

Fat 1,00       

Moisture -0,65 1,00      

Salt 0,01 -0,35 1,00     

Protein 0,14 -0,67 0,13 1,00    

Total solids 0,65 -1,00 0,35 0,67 1,00   

HSMG -0,21 0,88 -0,44 -0,78 -0,88 1,00 
 

GES 0,76 0,31 -0,28 -0,38 -0,31 0,47 1,00 

Table 3. Correlation Matrix 

Source: The authors. 

The total solids variable is suggested to be not significant with the applied PCA model and the 
value of the KMO index was recalculated for the Fat, Moisture, Salt, Protein, HSMF and GES 
variables, which returned to a value of 0.61, so the data is moderately adequate. The Bartlett test 
was recalculated, which reported a p-value = 1.624322E-140, with 15 degrees of freedom, for a 
Chi square value of 704.9671, which indicates that the variables that have an impact on the study 
and they are highly related and therefore can be reduced. A correlation matrix was created again 
(see table 4). 
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Variable Fat Moisture Salt Protein HSMG GES 

Fat 1,00      

Moisture -0,65 1,00     

Salt 0,01 -0,35 1,00    

Protein 0,14 -0,67 0,13 1,00   

HSMG -0,21 0,88 -0,44 -0,78 1,00  

GES 0,76 0,00 -0,28 -0,38 0,47 1,00 

Table 4. Correlation Matrix Eliminating the Total Solids Variable 

Source: The authors. 

To determine the optimal number of components in the Principal Component Analysis (PCA) 
model, a scree plot was performed with the purpose of identifying the appropriate number of 
components that retain most of the variance in the data, while simplifying the model by reducing 
the dimensionality.  

The scree plot (see figure 2) reveals that the number of components to retain is 4. This choice is 
based on the observation of the "elbow" in the figure, where the change in explained variance 
begins to stabilize. Selecting the number of components just before this stabilization allows you 
to capture the greatest amount of useful information from the data, while avoiding additional 
components that provide little added value and could increase the complexity of the model 
without substantial benefits. 
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Figure 2. Scree Plot to Reduce the Number of Components 

Source: The authors. 

Table 5 provides a detailed summary of the variance explained by each component and the total 
cumulative variance: 

 

Component Explained variance [%] Cumulative variance [%] 

comp 1 49,16669088 49,16669088 

comp 2 32,44986505 81,61655593 

comp 3 14,80343229 96,41998822 

comp 4 3,55039925 99,97038747 

comp 5 0,01899593 99,98938340 

comp 6 0,01061660 100,00000000 

Table 5. Explained and Accumulated Variance by Principal Component in the PCA 

Source: The authors. 

According to the results in Table 5, the first four components explain 99.9704% of the total 
variance in the data. This means that by retaining these four components, virtually all relevant 
information contained in the original data set is captured, thus achieving a significant reduction 
in dimensionality without losing a significant amount of information. Therefore, the choice to 
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retain four (4) components is appropriate to simplify the model while preserving the integrity of 
the information. 

The PCA was performed with a rotation matrix of principal components using the Varimax 
method to identify the underlying dimensions in the variables related to physical-chemical 
parameters. This method allowed us to simplify the interpretation of the principal components 
by maximizing the variance explained by each component and minimizing the cross loading of 
the variables (see table 6).  

 

Variable Dim 1 Dim 2 Dim 3 Dim 4 Dim 5 

Fat -0,378 0,923    

Moisture 0,871 -0,319 -0,197 -0,317  

Salt -0,203  0,975   

Protein -0,5 -0,108  0,859  

HSMG 0,88 0,163 -0,244 -0,372  

GES 0,246 0,941 -0,148 -0,18  

Table 6. Factor Loadings After Varimax Rotation of the PCA 

Source: The authors. 

The first component (Dim.1) is mainly associated with the variables "Humidity" and "HSMG", 
showing loadings of 0.871 and 0.880, respectively. This indicates that this component captures 
a significant dimension related to moisture and characteristics associated with cheese quality.  

The second component (Dim.2) has a high loading on "Fat" (0.923) and "GES" (0.941), 
suggesting that this component reflects aspects related to the fat content and other general 
characteristics of the cheese.  

In the third component (Dim.3), "Salt" presents a prominent loading of 0.975, indicating that 
this component is mainly linked to the salt content in the cheese.  

The fourth component (Dim.4) shows a high loading on “Protein” (0.859), suggesting that this 
component captures the variability in the protein content of the cheese.  

The fifth component (Dim.5) does not present any variable with a significant loading (less than 
0.5), which indicates that it does not provide additional relevant information in this analysis. 

For the cluster analysis, a hierarchical clustering dendrogram was made with the objective of 
identifying similarities between the different groups. Figure 3 presents the dendrogram 
generated using the validated PCA variables. This dendrogram illustrates how observations are 
grouped based on similarities in the reduced variables, providing a clear visualization of the 
relationships between the clusters formed. 
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Figure 3. Dendrogram of Hierarchical Clustering Based on PCA Variables. 

Source: The authors. 

An analysis was performed to determine the optimal number of clusters using the silhouette 
index. This method allowed us to identify that the optimal number of clusters is 4, since it 
maximizes the separation between the groups and the cohesion within each group (see figure 4). 
The silhouette index graph confirms this choice (see figure 5). 
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Figure 4. Optimal Number of Clusters According to the Silhouettes Index. 

Source: The authors. 

 

Figure 5. Hierarchical Clustering Dendrogram with an Optimal Value of 4 Clusters 

Source: The authors. 
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To validate this selection, k-means clustering with 4 clusters was carried out. The cluster 
assignment was added to the data set, allowing clear identification of the groups formed. In the 
analysis of the hierarchical dendrogram, it was determined that the appropriate cutting height to 
obtain 4 clusters is 28.97 (see figure 6). 

 

Figure 6. Dendrogram of Hierarchical Clustering with cut height n = 28,97 

Source: The authors. 

The cutoff height of 28.97 corresponds to a similar percentage of 96.23% within the height range 
of the dendrogram. This indicates that the clusters obtained are very close to the groups 
represented in the hierarchical dendrogram, which validates the choice of the number of clusters 
and their grouping (see figure 7). 

Additionally, clustering table 7 shows the assignment of the Costeño cheese samples to different 
clusters, evidencing significant patterns in the physicochemical characteristics. The samples are 
grouped into four distinct clusters, each with distinctive characteristics in terms of fat, moisture, 
salt, protein, and other parameters. 

Cluster 1 includes samples with relatively high levels of fat and moisture, and a moderate 
concentration of salt and protein. These samples tend to be smoother and less salty, which could 
correlate with a creamier and less salty flavor and texture profile. 

Cluster 2 groups samples with high levels of fat and moisture, but with a lower amount of salt. 
This cluster stands out for its higher fat content, which could indicate a richer texture and greater 
density of flavor, despite the lower salinity. 

Cluster 3 contains samples with more balanced values in fat, moisture and salt. The protein in 
these samples varies, but overall, the cluster shows a combination of characteristics that could 
be associated with an optimal balance between softness and salinity. 

Cluster 4 presents samples with higher levels of salt and lower moisture and fat. These samples, 
being drier and saltier, could offer a firmer texture and a more robust flavor profile. 

This analysis demonstrates that differences in physicochemical parameters, such as fat, 
humidity, salt content, HSGM and GES are essential to classify Costeño cheese samples into 
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different groups, each with its own characteristics that can influence its quality. and market 
acceptance. These findings provide a solid basis for the evaluation and potential improvement 
of the quality of Costeño cheese from the department of Magdalena based on its physicochemical 
attributes (see table 7). 

 

Figure 7. Hierarchical Clustering Dendrogram with an optimal value of 4 clusters and n = 
28.97 with 96.23% similarity. 

Source: The authors. 

 

Sample Fat Moisture Salt Protein Total 
solids 

HSMG GES CLÚSTER 

MSQ1_1 26.59 45.87 2.76 20.38 54.13 62.48 49.12 1 

MSQ2_1 27.13 44.83 3.71 18.78 55.17 61.52 49.18 1 

MSQ4_1 25.38 46.45 2.38 20.89 53.55 62.25 47.39 1 

MSQ6_1 24.17 49.12 2.77 19.06 50.88 64.78 47.50 1 

MSQ8_1 26.89 46.22 3.31 18.85 53.78 63.22 50.00 1 

MCQ11_1 27.60 46.27 2.80 18.32 53.73 63.91 51.37 1 

MCQ14_1 25.48 46.52 3.97 18.10 53.48 62.43 47.64 1 

MCQ16_1 26.81 46.57 5.07 14.93 53.43 63.63 50.18 1 

MCQ17_1 25.25 44.30 5.47 19.20 55.70 59.26 45.33 1 

MNQ21_1 26.92 46.76 2.71 18.53 53.24 63.98 50.56 1 
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Sample Fat Moisture Salt Protein Total 
solids 

HSMG GES CLÚSTER 

MNQ24_1 23.00 47.60 0.00 18.00 52.40 61.82 43.89 1 

MNQ25_1 24.93 47.83 2.64 19.47 52.17 63.71 47.79 1 

MNQ27_1 25.30 47.89 2.30 19.42 52.11 64.11 48.55 1 

MSQ2_2 22.00 48.00 2.19 21.60 52.00 61.54 42.31 1 

MSQ3_2 20.00 44.60 4.02 24.00 55.40 55.75 36.10 1 

MSQ4_2 24.00 48.80 2.44 19.20 51.20 64.21 46.88 1 

MSQ8_2 28.00 44.60 5.00 18.70 55.40 61.94 50.54 1 

MNQ16_2 22.00 47.30 3.47 22.30 52.70 60.64 41.75 1 

MCQ22_2 24.00 48.90 2.61 18.30 51.10 64.34 46.97 1 

MCQ23_2 28.00 45.60 3.70 21.00 54.40 63.33 51.47 1 

MCQ25_2 24.00 46.00 4.44 18.90 54.00 60.53 44.44 1 

MCQ27_2 28.00 44.20 3.00 21.20 55.80 61.39 50.18 1 

MSQ3_1 26.86 48.04 3.36 16.80 51.96 65.68 51.69 2 

MSQ7_1 27.31 47.93 2.23 18.68 52.07 65.94 52.45 2 

MCQ10_1 26.26 48.82 2.64 18.01 51.18 66.21 51.31 2 

MCQ15_1 26.40 49.40 1.81 18.76 50.60 67.12 52.17 2 

MNQ23_1 28.10 50.90 0.00 16.00 49.10 70.79 57.23 2 

MSQ1_2 24.00 53.10 1.10 18.70 46.90 69.87 51.17 2 

MSQ6_2 28.00 47.90 3.54 20.00 52.10 66.53 53.74 2 

MSQ7_2 28.00 48.10 1.55 18.40 51.90 66.81 53.95 2 

MNQ11_2 26.00 52.20 1.10 17.00 47.80 70.54 54.39 2 

MNQ12_2 29.00 50.90 2.28 15.20 49.10 71.69 59.06 2 

MNQ13_2 28.80 49.00 3.20 16.70 51.00 68.82 56.47 2 

MNQ15_2 27.70 49.40 2.95 17.80 50.60 68.33 54.74 2 

MNQ18_2 26.00 49.50 2.53 18.10 50.50 66.89 51.49 2 

MSQ5_1 21.74 53.32 2.45 17.83 46.68 68.13 46.57 3 

MCQ12_1 22.81 53.01 1.86 17.78 46.99 68.67 48.54 3 

MCQ13_1 23.01 51.14 2.86 18.15 48.86 66.42 47.09 3 

MNQ26_1 21.98 52.60 2.83 17.09 47.40 67.42 46.37 3 
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Sample Fat Moisture Salt Protein Total 
solids 

HSMG GES CLÚSTER 

MSQ9_2 24.00 51.10 3.60 17.10 48.90 68.96 49.31 3 

MCQ11_2 20.65 50.20 2.45 17.55 49.80 66.94 47.62 3 

MNQ22_2 22.00 49.30 3.35 18.00 50.70 68.11 48.55 3 

MNQ24_2 20.40 51.70 2.53 18.35 48.30 66.79 46.78 3 

MNQ25_2 22.40 52.00 2.05 18.50 48.00 68.20 48.64 3 

MNQ27_2 22.90 50.20 2.88 18.70 49.80 68.78 47.31 3 

MNQ28_2 22.50 51.00 2.53 17.90 49.00 67.89 46.87 3 

MSQ5_2 23.00 47.90 2.71 19.32 52.10 64.85 46.42 3 

MCQ12_2 23.00 48.00 2.64 19.23 52.00 65.32 47.18 3 

MCQ15_2 23.00 47.70 2.55 19.45 52.30 64.76 46.75 3 

MCQ16_2 23.00 47.50 2.78 19.54 52.50 65.90 47.32 3 

MCQ22_2 25.50 46.00 3.85 18.40 54.00 64.68 48.12 4 

MNQ19_1 25.00 43.80 4.40 19.70 56.20 63.80 47.14 4 

MCQ24_2 27.50 42.50 4.00 20.00 57.50 60.21 46.43 4 

MNQ28_1 28.00 41.20 3.75 21.00 58.80 62.94 48.52 4 

MNQ29_1 27.00 43.50 4.10 20.50 56.50 61.29 47.79 4 

Table 7. Assignment of Costeño Cheese Samples to Clusters Based on Clustering Analysis 

Source: The authors. 

 

Cluster Fat Moisture Salt Protein HSMG GES 

1 25.25 46.56 3.22 19.51 62.31 47.23 

2 27.11 49.63 2.18 17.70 68.09 53.84 

3 22.46 52.18 2.72 17.43 67.29 46.97 

4 29.55 41.45 2.78 21.55 58.85 50.48 

Table 8. Average Value of Each Cluster 

Source: The authors. 

The clustering analysis has allowed the cheeses to be segmented into four different groups based 
on their physical-chemical characteristics. This segmentation has the objective of identifying 
patterns and differences between cheese groups for a better understanding and classification 
according to established parameters. The results of the analysis are as follows (see table 8 and 
9): 
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Cluster 1: Includes cheese with moderate fat (25.25%) and protein (19.51%) content, and low 
humidity (46.56%). These cheeses have a high salt concentration (3.22) and an HSMG 
classification of Firm/Semi-Hard and GES of Fatty, indicating that they are suitable for 
applications that require a firm texture and robust flavor. 

Cluster 2: Cheeses in this group have moderate fat and protein content (27.11% and 17.70%, 
respectively) and higher moisture (49.63%). The low salt concentration (2.18) and the HSMG 
Soft and GES Fatty classification suggest cheeses with a softer, creamier texture, ideal for uses 
that require a softer consistency. 

Cluster 3: Presents cheese with low fat content (22.46%) and moderate humidity (52.18%), with 
high levels of salt (2.72) and protein (17.43%). The HSMG classification of Firm/Semi-Hard 
and GES of Fat indicates cheeses with a good combination of characteristics that make them 
suitable for applications that require a firm texture and pronounced flavor. 

Cluster 4: This group includes cheeses with moderate fat (29.55%) and protein (21.55%) content, 
but with low moisture (41.45%). They have a high salt level (2.78) and are classified as HSMG 
Firm/Semi-Hard and GES Fatty, indicating cheeses with a firm texture and robust flavor, suitable 
for applications requiring good consistency and flavor. 

 

Cluster Fat 
classification  

Salt 
classification 

HSMG 
classification 

GES 
classification 

1 High High Firm/ Semi-hard Fat 

2 High High Soft Fat 

3 Low High Firm/ Semi-hard Fat 

4 Low High Firm/ Semi-hard Fat 

Table 9. Classification of Each Cluster According to Resolution 821 Of 2021 of the Ministry of Health 
and Social Protection (2021) Y NTC 750 

Source: The authors. 

Conclusions 

The initial Kaiser-Meyer-Olkin (KMO) index for the Fat, Moisture, Salt, Protein, Total Solids, 
HSMG and GES variables was 0.50, indicating inadequacy in the data for PCA analysis. A KMO 
value less than 0.60 suggests that the correlations between the variables are not strong enough, 
which could compromise the reliability of the analysis. This insufficiency was confirmed by 
Bartlett's test of sphericity, which presented a p-value of 0 and an infinite Chi square value. This 
indicates high collinearity between the variables, suggesting that they could be excessively 
correlated, making it difficult to identify significant components. 

The exclusion of the 'Total Solids' variable, due to its lack of significance in the model, allowed 
the KMO index to be recalculated, which resulted in 0.61. Although this value is still moderate, 
it shows an improvement in the suitability of the data set for PCA after the removal of the 
problematic variable. Subsequently, the Bartlett test for the reduced set of variables showed an 
extremely low p-value (1.624322E-140) and a Chi square value of 704.9671. These results 
suggest that the remaining variables are significantly correlated and are suitable for PCA, 
reducing high collinearity and allowing more effective identification of principal components 
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Interpretation of the Components 

Component 1: With high loadings on “Moisture” (0.871) and “HSMG” (0.880), this component 
reflects a crucial dimension related to moisture and the characteristics associated with cheese 
quality. The high loading on these variables suggests that humidity and associated characteristics 
are determining factors in cheese variability. 

. Component 2: The high loadings on "Fat" (0.923) and "GES" (0.941) indicate that this 
component captures aspects related to the fat content and general characteristics of the cheese. 
This suggests that fat content and other general characteristics are important in the second 
dimension. 

. Component 3: The high loading on "Salt" (0.975) shows that this component is mainly related 
to the salt content in the cheese, highlighting the importance of this factor in the physical-
chemical composition. 

. Component 4: The high loading on "Protein" (0.859) suggests that this component reflects the 
variability in the protein content of the cheese. This indicates that protein is an important 
dimension in principal component analysis. 

The clustering analysis reveals that, despite the variations in the bromatological composition of 
Costeño cheese in the Magdalena region, the cheese shows high homogeneity in terms of its 
main physical-chemical parameters. This consistency is due to similar environmental conditions 
in the region, such as soil type and livestock feed, which contribute to a uniform quality in the 
cheese produced. 

Finally, the clustering analysis and classification provide a detailed view of Costeño cheese in 
the department of Magdalena - Colombia, highlighting its homogeneity and allowing a precise 
classification that reinforces the authenticity and quality of the product according to the 
standards established by Resolution 821 of 2021 from the Ministry of Health and Social 
Protection (2021) and NTC 750. This analysis offers a solid basis to optimize production and 
classification processes, helping to improve the quality of the cheese and its positioning in the 
market. 
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