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Abstract: Artisan goat cheeses (AGCs) from four different producers in Coahuila, Mexico, along
with a pasteurized goat cheese (C), were subjected to a comprehensive analysis covering production,
chemical, microbiological aspects, and texture. The study aimed to discern the impact of feeding
practices, seasonality, and manufacturing technology on their properties. Aspects such as the manu-
facturing production, chemical composition, microbiological load, and texture characteristics were
analyzed. The results highlighted a higher protein content in the cheeses from grazing goats (14.51%),
while the highest fat (14.25%) and ash (3.27%) contents were found in the cheeses made during spring
from stabled goats. Correlations were noted between the protein content and hardness, as well as
the acidity and adhesiveness. Most of the analyzed cheeses showed microbiological levels higher
than those allowed by national regulations, with counts ranging from 1 to 7.5 Log cfu g−1 for total
coliforms, 2.39 to 7.52 Log cfu g−1 for molds and yeasts, as well as 2.16 to 6.53 Log cfu g−1 for Staphy-
lococcus. The findings of this study offer a comprehensive insight of the effects of feeding practices,
seasonality, and manufacturing technology on AGC properties, potentially guiding improvements in
both production processes and product quality.

Keywords: goat milk; stabled goats; grazing goats; artisan cheese

1. Introduction

In Latin America, goats are primarily raised under local conditions for milk and meat,
with their products mostly marketed informally. Especially in arid regions, goat milk is a
crucial protein source, yet government policies often overlook dairy goats, focusing instead
on cattle [1]. Additionally, goat milk’s significant role in artisanal cheese production is
well-documented, noted for enhancing organoleptic and textural properties through factors
like microbiota, seasonality, production techniques, and diet [2,3].

The feeding system significantly impacts goat milk quality. Free-grazed goats pro-
duce milk with better fatty acid profiles and a higher protein content, particularly easily
digestible casein. This unique composition makes their milk more digestible and less
allergenic. Additionally, free-grazed goat milk contains higher levels of essential minerals
and conjugated linoleic acid (CLA), offering potential health benefits [4,5]. Research by
Mele et al. [6] found that altering forage-to-concentrate ratios in the diet of stabled goats
affects the milk composition. Increasing the concentrate led to higher milk fat and pro-
tein contents [4]. Sanz Sampelayo et al. [7] reported that certain feed supplements, like
sunflower oil, can enhance the fatty acid profile, particularly the CLA concentration [5].
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The seasonal fluctuations in goat milk composition significantly influence the quality
and attributes of the resulting cheese. Ramos et al. [8] demonstrated that cheese made
from spring milk exhibited a higher moisture content and a more desirable fatty acid
profile when compared to cheese made from autumn milk. Moreover, findings from Sanz
Sampelayo et al. [9] indicated that the sensory characteristics of cheese, including flavor
and texture, are likewise impacted by the season of milk production. The microbiological
quality of cheeses is also affected, as the occurrence of specific pathogenic microorganisms
in goat milk and cheese exhibits seasonal variations. For instance, Montel et al. [10]
observed a heightened presence of L. monocytogenes in goat cheese during summer, likely
attributed to increased environmental contamination and elevated temperatures. Similarly,
Quigley et al. [11] noted an elevated prevalence of Salmonella spp. in goat milk during
spring and summer. Furthermore, Renes et al. [12] documented a greater prevalence of
spoilage bacteria, such as Pseudomonas spp., and an increased risk of contamination
with pathogenic microorganisms like E. coli O157 and S. aureus in cheese derived from
summer milk.

Controlling milk microbiota during the cheesemaking process is crucial for ensuring
the safety of the final product [13]. This is particularly important because cheeses made from
raw milk pose health risks due to the potential presence of pathogenic microorganisms such
as S. aureus, L. monocytogenes, E. coli, Salmonella, and other harmful bacteria [14]. European
Union regulations [15] permit the use of raw milk for cheesemaking only if the cheese
undergoes a minimum aging period of 60 days, although compliance with this regulation
is primarily advisory.

On the other hand, the Mexican artisan cheese industry faces regulatory challenges,
particularly in demonstrating the safety of cheeses made from raw milk and in implement-
ing effective quality systems [16]. Given that Mexican standards currently exclude artisanal
cheeses, including those made from goat milk, this study aims to assess how production
seasons, feeding practices, and artisanal procedures affect the chemical composition, tex-
ture, and microbiological characteristics of artisan goat cheese from Coahuila, Mexico
(AGC). This research is vital, given the absence of scientific and technological information
that defines the authenticity and which ensures the safety of these products. This study
will also explore how handling and facility cleanliness impact the microbiota of the milk, a
critical factor for cheese quality and safety.

2. Materials and Methods
2.1. Research Design

This study was conducted by analyzing cheeses from four AGC producers in the
southeastern region of Coahuila, Mexico. Two of the producers maintain their goats under
a free-range feeding regimen, where the goats graze in open fields during the day, and their
diet consists of native vegetation from the semi-desert region such as mesquite (Prosopis
laevigata), huisache (Vachellia farnesiana), and blue grama, as well as agricultural residues.
At night, the goats are sheltered in pens. The other two producers keep their goats under a
stabled regimen, meaning that they are kept in a facility throughout their lives, and their
diet is controlled based on the animal’s weight, consisting of corn grains, soybean meal,
alfalfa, and minerals. The four producers participating in this study maintain an average of
100 animals each. The peak milk production seasons for the goats are winter and spring,
which correspond to the kidding seasons. Therefore, these two seasons were considered for
the study. Additionally, a commercial goat cheese purchased from a formal establishment
was analyzed for comparison with the artisanal cheeses.

2.2. Production Process of Cheeses

The general steps to make AGC are summarized in Figure 1. Small variations may oc-
cur between producers. The process began with the manual milking step (6:30 to 7:00 a.m.),
carried out in small enclosures where the goats were gathered. The milk was collected
in plastic containers and transported to the cheese manufacturing facility (the milk was



Dairy 2024, 5 348

generally collected in the pens located only a few meters from the cheese production facility
and processed as soon as possible, because the producers have no way to preserve the
milk), where the milk was filtered using a muslin cloth to remove macro-impurities such as
hair and debris primarily from the environment. Immediately after, the coagulation process
was performed by two different methods, depending on the producer. Grazing goat cheese
producers employed abomasum (approximately 5 mL/10 L of milk) extracted from baby
goatlings, which was fermented for 21 days in milk whey, serving as a coagulant. Stabled
goat cheese producers utilized synthetic rennet (Cuamex brand), prepared following the
supplier’s instructions, by adding 1.5 mL of the rennet previously diluted in 10 mL of
water per 10 L of warm milk (32 to 35 ◦C). The average coagulation time was 30 to 40 min
at room temperature. After the coagulation period, the curd was cut into approximately
5 cm squares using an aluminum knife or a similar instrument. Manual agitation was
applied to gradually release the whey, which was then discarded. The curd was salted
at a concentration of 1% (w/w) or according to the producers’ preference. During this
stage, salt was thoroughly mixed into the curd through manual kneading. Subsequently,
the curd was shaped into cheeses using round aluminum or plastic molds ranging from
250 to 400 g. After approximately 10 min, the cheeses ware de-molded and stored under
refrigeration temperature.
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The production of commercial cheese was carried out following the same steps used
for the AGC, in this case using milk pasteurized at 67 ◦C for 15 min.

2.3. Sampling

Cheeses were identified as G1W (cheese from grazing goats, producer 1, made in
winter), G2W (cheese from grazing goats, producer 2, made in winter), S1W (cheese from
stabled goats, producer 1, made in winter), S2W (cheese from stabled goats, producer 2,
made in winter), G1S (cheese from grazing goats, producer 1, made in spring), G2S (cheese
from grazing goats, producer 2, made in spring), S1S (cheese from stabled goats, producer
1, made in spring), S2S (cheese from stabled goats, producer 1, made in spring), and C
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(commercial pasteurized goat cheese), resulting in a total of 9 cheeses sampled in triplicate
over a period of less than a week between each collection. The cheeses were round and
weighed approximately 300 g. The samples were kept and transported aseptically and
stored at 4 ◦C. The cheeses were analyzed within the first 24 h.

2.4. Chemical Composition

The analyses were performed according to the Association of Analytical Communi-
ties [17]. The protein content was determined by the micro-Kjeldahl method (991.20), the
ash content was determined through the gravimetric method (945.46), the fat content was
determined through the Babcock method (989.04), the moisture content was determined by
the oven-drying method (990.19), the pH was measured with a potentiometer (Hanna 211R),
and the acidity was determined by the titration method (920.124). Mineral determination
was carried out by X-ray fluorescence in a spectrometer (Epsilon 1 X-ray); then, the cheeses
were lyophilized and ground, loaded into a sample holder coupled with a nylon plastic
film (E. I. Du Pont de Nemours and Co., Wilmington, DE, USA), and irradiated at 1.5 mA
using a 15 W high-stability side lamp at 50 KV. The Omnian software (version 2.2, Madrid,
Spain) was used to process the data considering the ratio of ash to organic matter in the
samples [18].

2.5. Texture Profile Analysis (TPA)

The TPA was carried out according to a modification of the methodology mentioned
by Tomar et al. [19] using a Texture analyzer (Brookfield CT3 45000, Berwyn, PA, USA). All
of the cheeses were cut into 2 cm3 cubes and, in this case, a 50 mm cylindrical probe was
used. The probe test speed was 10 mm/s. The samples were compressed to about 40% of
their height with a 5 s space between the two compressions. The hardness (N), adhesiveness
(mJ), cohesiveness, elasticity, chewiness (N), and gumminess (N) were calculated according
to the TexturePro CT V1.9 software.

2.6. Microbiological Analysis

Microbiological tests were evaluated by the count plate method following the indi-
cations of the Bacteriological Analytical Manual (FDA) [20] for the quantification of the
total coliforms (VRBA medium, 37 ◦C for 48 h), molds and yeasts (PDA medium, 25 ◦C,
acidified at pH of 3.5 with tartaric acid for 5 days), as well as for Staphylococcus aureus
(Baird–Parker agar supplemented with egg yolk tellurite at 37 ◦C for 48 h). LAB quantifica-
tion was performed following the methodology mentioned by Cuevas et al. [21] in MRS
agar incubating at 35–37 ◦C for 48 h.

2.7. Statistical Analysis

Statistical treatment of the data was performed under a completely randomized
block design with three replications. Results were analyzed by an analysis of variance
(ANOVA), and the treatment means were compared using Tukey’s multiple-range test
(p = 0.05) when necessary. In addition, planned orthogonal contrasts were performed
to analyze the different factors, as follows: Contrast 1, “Seasonality”: cheeses produced
in winter versus cheeses produced in spring (G1W, G2W, S1W, and S2W versus G1S,
G2S, S1S, and S2S); Contrast 2, “Feeding regimen”: cheeses from grazing goats versus
cheeses from stabled goats (G1W, G2W, G1S, and G2S versus S1W, S2W, S1S, and S2S);
Contrast 3, “Manufacturing technology”: commercial pasteurized goat cheese versus
AGCs (C versus G1W, G2W, S1W, S2W, G1S, G2S, S1S, and S2S). The previous analyses
were performed using Infostat software (version 10.0.22631, Madrid, Spain). Additionally,
principal component analysis (PCA) and cluster analysis were performed using Infogen
software (version 2011, Madrid, Spain).
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3. Results and Discussion
3.1. Chemical Composition

Table 1 shows the chemical composition. The goat cheeses (AGCs and the control
cheese “C”) exhibited moisture contents exceeding 50% (w/w), classifying them as soft
cheeses according to the categorization proposed by Lenoir et al. [22]. These cheeses were
characterized by rennet action, being slow draining (with only cutting), and uncooked and
unpressed. According to the Mexican regulation (NOM-223-SCFI/SAGARPA-2018) [23],
the tested cheeses are classified as fresh cheeses, which are characterized by their high
moisture and pH contents, being unripened, lacking a thin rind, and ready for consumption
immediately after production. All of these characteristics result in a short shelf-life for these
cheeses due to the presence of microorganisms in the raw milk [24].

The protein variable did not show significant differences between the cheeses produced
in winter and those produced in spring (Seasonality, Contrast 1) (Table 2). However,
significant differences were observed for the protein variable. In Contrast 2, cheeses derived
from grazing goats exhibited a higher average protein percentage compared to those
derived from stabled goats, with 14.51% and 13.35%, respectively. Similarly, in Contrast 3,
the AGCs presented a higher protein content than the C cheese, with 13.93% and 10.81%,
respectively. Referring to the Mexican regulation (NOM -223-SCFI/SAGARPA-2018) [23],
which stipulates that cheeses marketed in Mexico should have a maximum moisture content
of 80% and a minimum protein content of 10% (w/w), it could be explained that the milk
used for the production of the C cheese, unlike the milk used in the artisan cheeses, may be
standardized to meet the minimum percentage (10.81% w/w) established by the regulation.
In a study conducted by Tadjine et al. [25] analyzing raw and pasteurized goat milk and
cheeses, it was observed that the protein and fat contents were higher in pasteurized
goat milk, while the ash content was higher in pasteurized cheeses. This suggests that
pasteurization may increase the nutrient levels, likely attributable to the improved moisture
retention within the cheese, a phenomenon observed in pasteurized milk that results in
the enhanced retrieval of whey proteins and soluble solids [26]. However, in contrast to
our findings, the AGCs showed a higher protein, fat (except for G2W, S1S, and S2S), and
ash content. The average fat content was higher in the cheeses produced during the spring
season, as well as in those derived from stabled goats, and the same pattern was observed
for the ash content and the pH variable. Kucevic et al. [27] found that goat milk from
traditional farming (full-time grazing) showed a higher fat content. Goats in this farming
system were fed with corn stubble, soybean, turnips, alfalfa, and hay grass, and received a
concentrate (approximately 20%) composed of soybean, corn, barley, and meal. Similarly,
the feed for the stabled goats in the present study consisted of corn grains, soybean meal,
alfalfa, and minerals. It can be explained that the feeding practices mentioned above
contribute to higher levels of fat and minerals in the milk, and consequently in the cheeses.

The pH of the C cheese was inversely proportional to the lactic acid bacteria (LAB)
content, as indicated in Tables 1 and 2. This is because the C cheese is produced by adding
starter cultures under controlled conditions. On the other hand, this effect is not observed
in the AGCs, as the pH value depends on factors such as the quantity and diversity of the
initial LAB, the initial lactose content, and the fermentation conditions, which vary for each
artisan cheese under study [28,29].
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Table 1. Chemical and mineral composition, TPA and microbiological analysis of AGCs produced during two seasons of the year and a pasteurized goat cheese.

Cheese

G1W G2W S1W S2W G1S G2S S1S S2S C

Physicochemical
parameters
Moisture (%) 53.15 ± 1.2 d e 50.92 ± 1.6 f 54.90 ± 0.6 c d 54.02 ± 1.0 d 51.71 ± 0. 5 e f 56.92 ± 0.3 b c 64.35 ± 0.8 a 57.05 ± 0.2 b 62.87 ± 0.4 a

Protein (%) 18.25 ± 0.7 a 11.81 ± 0.3 e f 12.05 ± 0.7 d e f 12.75 ± 0.4 c d e 14.38 ± 0.2 b c 13.61 ± 0.8 c d 12.71 ± 0.6 c d e 15.90 ± 0.5 b 10.81 ± 0.5 f

Fat (%) 10 ± 0 e 14 ± 0 c 15 ± 0 b 15 ± 0 b 15 ± 0 b 16 ± 0 a 13 ± 0 d 13 ± 0 d 14 ± 0 c

Ash (%) 2.80 ± 0.10 b 2.71 ± 0.15 b 2.05 ± 0.03 c 2.53 ± 0.03 b c 2.08 ± 0.1 c 3.46 ± 0.4 a 3.53 ± 0.3 a 4.01 ± 0.2 a 1.35 ± 0 d

Acidity (%) 0.69 ± 0.1 c 0.99 ± 0.1 b 0.21 ± 0.05 d 0.18 ± 0 d 0.27 ± 0 d 0.21 ± 0.1 d 0.15 ± 0.1 d 0.18 ± 0.1 d 1.71 ± 0.1 a

pH 5.77 ± 0.9 e 5.63 ± 0.5 e 6.17 ± 0.6 d 6.33 ± 0.2 c 6.33 ± 0.1 c 6.7 ± 0.1 a b 6.8 ± 0.1 a 6.23 ± 0.1 c 4.1 ± 0.1 f

Ca (%) 1.49 ± 0.2 b c d 1.42 ± 0.07 c d 1.25 ± 0.02 d e 1.54 ± 0.02 b c d 0.94 ± 0 e 1.88 ± 0.2 b 1.67 ± 0.1 b c 2.36 ± 0.1 a 0.23 ± 0 f

P (%) 0.40 ± 0.01 b 0.27 ± 0.02 b c 0.23 ± 0 e 0.30 ± 0 d 0.27 ± 0 d e 0.37 ± 0 a b 0.33 ± 0 a 0.48 ± 0 a 0.11 ± 0 f

K (%) 0.20 ± 0.02 d e 0.28 ± 0.02 b c 0.23 ± 0 c d 0.26 ± 0 c d 0.14 ± 0 e 0.34 ± 0 a b 0.38 ± 0 a 0.36 ± 0 a 0.27 ± 0 c

S (%) 0.17 ± 0.01a 0.12 ± 0.01 c 0.11 ± 0 c d 0.12 ± 0 c 0.11 ± 0 c d 0.15 ± 0 a b 0.13 ± 0 b c 0.16 ± 0 a b 0.08 ± 0 d

Cl (%) 0.12 ± 0.01 d 0.6 ± 0.04 b 0.21 ± 0 c d 0.29 ± 0 c 0.09 ± 0 d 0.69 ± 0.1 b 1.0 ± 0.1 a 0.63 ± 0 b 0.57 ± 0 b

Texture
parameters
Hardness (N) 8.25 ± 0.05 b 4.27 ± 0.8 c d 3.58 ± 0.55 c d 6.49 ± 0.16 b c 14.35 ± 1.38 a 14.08 ± 2.34 a 13.01 ± 1.3 a 3.28 ± 0.14 d 4.13 ± 0.99 c d

Adhesiveness
(mj) 0.19 ± 0.17 a 0.5 ± 0.23 a 0.44 ± 0.6 a 0.16 ± 0.04 a 0.06 ± 0.09 a 0.27 ± 0.31 a 0.08 ± 0.08 a 0.12 ± 0.04 a 0.35 ± 0.20 a

Elasticity 0.93 ± 0.01 a 0.88 ± 0.06 a 0.93 ± 0.02 a 0.92 ± 0.02 a 0.95 ± 0 a 0.91 ± 0.04 a 0.95 ± 0.01 a 0.93 ± 0.01 a 0.56 ± 0.08 b

Cohesiveness 0.80 ± 0.04 a 0.71 ± 0.12 a 0.68 ± 0.17 a 0.74 ± 0.02 a 0.75 ± 0.02 a 0.72 ± 0.07 a 0.81 ± 0.02 a 0.86 ± 0.03 a 0.36 ± 0.04 b

Chewiness (N) 6.24 ± 0.30 b 2.88 ± 0.87 c 2.56 ± 0.07 c d 4.93 ± 0.35 b 10.18 ± 1.01 a 9.12 ± 1.18 a 9.92 ± 0.85 a 2.64 ± 0.03 c d 0.80 ± 0.01 d

Gumminess (N) 6.55 ± 0.36 a b c 2.97 ± 0.84 c d 2.77 ± 0.07 c d 5.01 ± 0.18 b c d 10.72 ± 1.06 a 9.97 ± 1.03 a 10.48 ± 0.87 a 7.83 ± 4.1 a b 1.45 ± 0.21 d

Microbiological
Counts
(Log cfu g−1)
Total coliforms 7.5 ± 0.05 a 5.40 ± 0.03 c 1 ± 0 h 1.5 ± 0.20 g 4.50 ± 0.03 e 4.50 ± 0.2 e 5.96 ± 0.02 b 4.89 ± 0.04 d 3.76 ± 0.06 f

Mold and yeast 7.52 ± 0.05 a 7.42 ± 0.05 a 2.39 ± 0.03 g 4.85 ± 0.01 d 5.59 ± 0.02 b 3.74 ± 0.26 f 5.25 ± 0.02 c 4.98 ± 0.07 c d 4.12 ± 0.12 e

Staphylococcus 6.53 ± 0.06 e 5.73 ± 0.11 a b 2.16 ± 0.16 e 4.72 ± 0.02 b c d 5.39 ± 0.05 a b c 5.50 ± 0.04 a b c 3.62 ± 1.62 d e 4.98 ± 0.07 b c d 4.09 ± 0.09 c d

LAB 4.67 ± 0 e 6.07 ± 0.04 c 1.77 ± 0.0 g 4.06 ± 0.06 f 6.24 ± 0.10 b c 6.31 ± 0.03 b 6.34 ± 0.05 b 5.05 ± 0.10 d 6.82 ± 0.07 a

The values represent the averages ± standard deviation (n = 3). Different letters for the same parameter indicate significant differences (p ≤ 0.05) among cheeses. Where: cheese from
grazing goats, producer 1, made in winter (G1W); cheese from grazing goats, producer 2, made in winter (G2W); cheese from stabled goats, producer 1, made in winter (S1W); cheese
from stabled goats, producer 2, made in winter (SCW); cheese from grazing goats, producer 1, made in spring (G1S); cheese from grazing goats, producer 2, made in spring (G2S); cheese
from stabled goats, producer 1, made in spring (S1S); cheese from stabled goats, producer 2, made in spring (S2S) and commercial pasteurized goat cheese (C).
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Table 2. Planned orthogonal contrasts of the chemical composition, TPA, and microbiological analysis
of the AGCs produced during two seasons of the year and a pasteurized goat cheese.

Cheese Population

Seasonality
Contrast 1

Feeding Regiment
Contrast 2

Manufacturing Technology
Contrast 3

G1W, G2W, S1W, and S2W
vs.

G1S, G2S, S1S, and S2S

G1W, G2W, G1S, and G2S
vs.

S1W, S2W, S1S, and S2S

C vs.
G1W, G2W, S1W, S2W,

G1S, G2S,
S1S, and S2S

Physicochemical parameters
Moisture (%) 53.25 vs. 57.51 ** 53.18 vs. 57.58 ** 62.87 vs. 55.38 **
Protein (%) ns 14.51 vs. 13.35 ** 10.81 vs. 13.93 **

Fat (%) 13.5 vs. 14.25 ** 13.75 vs. 14 ** 14 vs. 13.88 **
Ash (%) 2.52 vs. 3.27 ** 2.76 vs. 3.03 ** 1.35 vs. 2.9 **

Acidity (%) 0.52 vs. 0.20 ** 0.54 vs. 0.18 ** 1.71 vs. 0.36 **
pH 5.98 vs. 6.52 ** 6.11 vs. 6.38 ** 4.1 vs. 6.25 **

Ca (%) 1.42 vs. 1.71 ** 1.43 vs. 1.70 ** 0.23 vs. 1.57 **
P (%) 0.30 vs. 0.36 ** ns 0.11 vs. 0.33 **
K (%) 0.24 vs. 0.30 ** 0.24 vs. 0.31 ** ns
S (%) ns 0.14 vs.0.13 * 0.08 vs. 0.14 **
Cl (%) 0.31 vs. 0.60 ** 0.38 vs. 0.53 ** 0.57 vs. 0.45 **

Texture parameters
Hardness (N) 5.65 vs. 11.18 ** 10.24 vs. 6.59 ** 4.13 vs. 8.41 **

Adhesiveness (mj) ns ns ns
Elasticity ns ns 0.56 vs. 0.93 **

Cohesiveness 0.73 vs. 0.79 * ns 0.36 vs. 0.76 **
Chewiness (N) 4.15 vs. 7.97 ** 7.11 vs. 5.01 ** 0.80 vs. 6.06 **

Gumminess (N) 4.33 vs. 9.75 ** ns 1.45 vs. 7.04 **
Microbiological counts

Total coliforms
(Log cfu g−1) 3.69 vs. 4.96 ** 5.32 vs. 3.34 ** 3.76 vs. 4.33 **

Molds and yeast
(Log cfu g−1) 5.55 vs. 4.89 ** 6.07 vs. 4.37 ** 4.12 vs. 5.22 **

Staphylococcus
(Log cfu g−1) ns 5.79 vs. 3.87 ** 4.09 vs. 4.83 *

LAB
(Log cfu g−1) 4.14 vs. 5.99 ** 5.82 vs. 4.30 ** 6.82 vs. 5.06 **

Means are significantly different at p ≤ 0.05 and p ≤ 0.01 when followed by * or ** in the same row, respectively;
ns: not significant. Cheeses are as follows: cheese from grazing goats, producer 1, made in winter (G1W); cheese
from grazing goats, producer 2, made in winter (G2W); cheese from stabled goats, producer 1, made in winter
(S1W); cheese from stabled goats, producer 2, made in winter (SCW); cheese from grazing goats, producer 1, made
in spring (G1S); cheese from grazing goats, producer 2, made in spring (G2S); cheese from stabled goats, producer
1, made in spring (S1S); cheese from stabled goats, producer 2, made in spring (S2S); commercial pasteurized goat
cheese (C).

The mineral composition (Table 1) shows the predominant elements found in the
cheeses under study, consistent with the naturally high presence of these elements in goat
milk, as reported by Park [30]. These findings are in line with the results reported by
Ledesma et al. [31], demonstrating that calcium (Ca) and phosphorus (P) are the minerals
associated with fresh cheeses from the Palermo region, Italy. Herman et al. [32] analyzed
goat cheeses from the humid region of Yucatán, México, located in the southern part of the
country. The goats were fed with a diet primarily consisting of bejuco (Cissu verticillata),
king grass (Saccharum sinense), orange bagasse (Citrus sinensis), alfalfa (Medicago sativa),
corn stubble (Zea mays), and acorns (Quercus ilex). These authors found calcium (Ca) and
potassium (K) to be the major minerals, with concentrations of 0.69% and 0.11%, respectively.
In contrast, the present study yielded average concentrations of 1.57% and 0.27% for these
same elements in the AGCs. It is important to note that the livestock in this study were fed
with a diet consisting of alfalfa, corn, soybean meal, and commercial supplement, while the
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grazing livestock primarily consumed plants from the semi-desert region, such as sweet
acacia (Acacia spp.), mesquite (Prosopis laevigata), creosote bus (Larrea tridentata), and alkali
sacaton grass (Sporobolus airoides) [33,34]. These plants grow in calcareous soils, resulting
in a higher mineral concentration. Our findings align with those of other researchers,
such as Armienta [35], who reported concentrations of Ca, P, and Mg at 1.03, 0.09, and
0.09%, respectively, in these types of plants. This correlation supports the notion that
variations in the mineral content are influenced by factors including the types of feed and
soil characteristics, feeding practices, production season, and manufacturing technology.

According to the manufacturing technology, the highest concentration of Ca was
observed in the AGCs in Contrast 3 (Table 2), produced during the spring season from
livestock from the stables. This is a result of the mineral supplementation given to the
livestock that the S1 and S2 cheeses are derived from. On the other hand, Ca was affected by
various technological processes. A storage temperature below 10 ◦C can damage calcium
caseinate [36], while prolonged exposure to severe heating above 90 ◦C can reduce the
concentration of soluble calcium by up to 20% [37]. These factors may likely explain
why cheese “C” exhibits the lowest calcium content. Phosphorus (P), potassium (K), and
sulfur (S) did not exhibit significant differences between Contrasts 2, 3, and 1, respectively.
However, variations in the chloride (Cl) content among the cheeses are likely attributed to
the salting process of the curds.

3.2. TPA Analysis

The Texture Profile Analysis (TPA) of the nine cheeses under study (Table 1) did not
show a significant difference for the adhesiveness variable, which represents the work
required to overcome the attractive force between the surface of a food and the surface of
other materials with which the food comes into contact [38]. McMahon et al. [39] mentioned
that low-fat cheeses with a Ca content of 0.6% exhibited a low adhesiveness; conversely,
cheeses with higher moisture contents and lower levels of this mineral showed increased
adhesiveness. These findings contrast with the results obtained in the present study. The
lowest hardness index was observed in the cheeses with the lowest protein content, while
the fat content did not appear to have an influence on this variable (Table 1). In contrast,
Álvarez et al. [40], after analyzing the texture of Canarian goat cheeses, found a positive
correlation between the hardness and fat contents. Protein interactions have a similar
impact on cheese hardness as fat does, with a high protein content being an indicator of
hardness in cheeses [41]. On the other hand, the AGCs exhibited the highest hardness
compared to cheese C (Contrast 3), especially when they were produced during the spring
season (Contrast 1) and when sourced from stabled goats (Contrast 2). This finding aligns
with Contrasts 2 and 3 for the protein variable (Table 2) and confirms a positive relationship
between both variables for this type of cheese.

Like hardness, the same behavior was observed for chewiness, which is strongly
related to the previous variable, as it is defined as the mechanical work before swallowing
the cheese. Therefore, greater hardness corresponds to greater chewiness. This trend
is according to the results obtained by Álvarez et al. [41]. Elasticity and cohesiveness
were found to be statistically different between the AGCs and the C cheese. Additionally,
gumminess showed no statistical difference between the cheeses sourced from grazing
cattle and those sourced from stabled cattle. However, significant differences were observed
in the rest of the contrasts, as shown in Table 2.

Cheese acidity directly impacts the pH. When the pH is higher than the isoelectric
point (4.4–5.7), caseins acquire a negative charge, resulting in repulsion between the protein
aggregates. This leads to an increased water absorption capacity in the cheese, resulting in
a less compact texture and increased elasticity [42]. As the elasticity of the cheeses increases,
so does the cohesiveness, as the resistance to the deformation of the food increases due to
the flexibility bonds [43]. Moreover, free Ca promotes the binding of casein in the protein
network of the curd [41], which may explain why the AGCs, which have a higher content
of this mineral, also exhibit higher elasticity and cohesiveness compared to cheese C, which
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had a lower amount of Ca. In this study, gumminess showed a relatively similar behavior
to the chewiness, which agrees with the finding reported by Diezhandino et al. [44] after
analyzing the texture of Spanish blue cheese.

By integrating the results of both the physicochemical composition and TPA, Figure 2
displays the principal component analysis, revealing correlations among the variables
studied for this type of cheese. In the biplot, CP1 accounts for 49.5% of the variance, while
CP2 explains 17.7% of the variance, together totaling 67.2% of the total variance of the
cheeses under study. CP1 is positively influenced by S1S, S2S, and G2S, characterized by
higher ash and gumminess contents. G1W and G1S were characterized by higher protein
and elasticity contents, as well as a lower fat content, and negatively affected by G2W, S1W,
and C, characterized by high acidity and adhesiveness. On the other hand, cheese S2W was
the most balanced cheese under study according to the studied variables. In CP2, the S1S,
S2S, G2S, and C cheeses aligned positively, while the S1W, S2W, G1S, and G1W cheeses
aligned negatively. For this component, cheese G2W exhibited a balance in the studied
variables. The biplot also shows that the acidity and adhesiveness variables were close, as
were the pH, gumminess, P, and hardness and chewiness variables. A relative closeness
was observed between protein and elasticity, fat and moisture, and ash, calcium, and P, as
well as between Cl and K. On the other hand, the fat and protein variables were positioned
at opposite points, as well as between the pH and acidity.
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Figure 2. Principal component analysis of the chemical composition and TPA of the AGCs and a
commercial pasteurized goat cheese. Mo: moisture, Pr: protein, Fa: fat, As: ash, Ac: acidity, pH: pH,
Ca: calcium, P: phosphorus, K: potassium, S: sulfur, Cl: chorine, Ha: hardness, Ad: adhesiveness,
El: elasticity, Co: cohesiveness, Ch: chewiness, Gu: gumminess; G1W: cheese from grazing goats,
producer 1, made in winter; G2W: cheese from grazing goats, producer 2, made in winter; S1W:
cheese from stabled goats, producer 1, made in winter; S2W: cheese from stabled goats, producer
2, made in winter; G1S: cheese from grazing goats, producer 1, made in spring; G2S: cheese from
grazing goats, producer 2, made in spring; S1S: cheese from stabled goats, producer 1, made in spring;
S2S: cheese from stabled goats, producer 2, made in spring; C: commercial pasteurized goat cheese.

The cluster analysis that showed the highest cophenetic correlation coefficient (0.970)
with the Positive Matching Cluster Distance is shown in Figure 3. It can be observed that
the AGCs produced in the winter season are more diverse in terms of the studied variables
compared to those produced in spring. Using a separation threshold of 70%, six distinct
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groups can be identified. The cheeses with the highest similarity are S1S and G2S, which
are approximately 50% apart. These cheeses are statistically similar in the physicochemical
variables of protein, ash, acidity, pH, Ca, P, K, and S. Regarding texture, they are statistically
similar in all of the studied variables. This similarity can be explained by the fact that, in
spring, the nutrient content of the native pastures that feed the grazed goats has a different
composition, being higher in protein at the beginning of summer, as reported by Reyes-
Estrada et al. [45], while the diet of the stabled goats remains constant throughout the year.
Joining them at 60% is cheese S2S. Further along, at 70% of the distance, cheese G1W is
grouped, followed by G1S at 78% and S2W at 86%. Finally, cheese S1W joins this group at
an approximate distance of 92%. Cheeses G2W and C show the greatest differences with
the variables under study, as they are joined at the furthest distance. Walstra et al. [41]
indicated that, rather than the original composition of the cheeses, aspects such as the
technology applied during cheese production, the presence of lactic acid bacteria either in
the milk or in the starter cultures, as well as the ripening conditions have a greater impact
on the cheese texture.
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Figure 3. Dendrogram of the Euclidian distance of the chemical composition and TPA of the AGCs
and a commercial pasteurized goat cheese. G1W: cheese from grazing goats, producer 1, made in
winter; G2W: cheese from grazing goats, producer 2, made in winter; S1W: cheese from stabled goats,
producer 1, made in winter; S2W: cheese from stabled goats, producer 2, made in winter; G1S: cheese
from grazing goats, producer 1, made in spring; G2S: cheese from grazing goats, producer 2, made in
spring; S1S: cheese from stabled goats, producer 1, made in spring; S2S: cheese from stabled goats,
producer 2, made in spring; C: commercial pasteurized goat cheese.

3.3. Microbiological Analysis

The counts of different microbial groups are shown in Table 1. It is worth noting
that the Mexican regulation (NOM-243-SSA1-2010) [46] establishes a maximum allowable
limit of 2, 2.69, and 3 Log cfu g−1 for total coliforms, molds and yeasts, and Staphylococcus,
respectively. However, no limit is set for LAB (lactic acid bacteria) due to their beneficial
nature. In this regard, cheese S1W complies with the specifications established for this type
of cheese, while the rest of the analyzed cheeses exceed the permitted specifications for
the analyzed microbial groups. Hacène et al. [47] reported slightly higher values for LAB
(8.37 log cfu g−1) and lower values for total coliform bacteria (2.48 log cfu g−1) and molds
and yeasts (4.4 log cfu g−1) in Bouhezza cheese made with raw goat’s milk compared to
the results obtained in this study. Bouhezza cheese is prepared using raw goat’s milk that
was previously acidified for 24–36 h, which implies a higher development of LAB prior to
its production.
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On the other hand, Gursoy et al. [48] reported a range from 7.1 to 8.5 log cfu g−1

for lactobacilli and between 1.0 and 4.8 log cfu g−1 for molds and yeasts present in Söğle
cheese, which is a type of traditional Tulum cheese made with goat’s skin bag. This cheese
undergoes a different production process that includes the maturation of the curd for a
period of 3 months, which promotes the development of acidity by LAB. Acidity (1.4–2.6%)
controls the growth of microorganisms such as molds and yeasts. The above information
suggests that a maturation period for Coahuila AGC would improve its microbiological
quality if allowed. Additionally, it can be inferred from the above that the amount of
different microbial groups is dependent on the technological characteristics under which
the cheese is produced.

Table 2 shows the different contrasts established for the microbiological study of
the tested cheeses, where it can be observed that, except for the counts of Staphylococcus,
the rest of the microbial groups showed higher levels in the AGCs produced during the
spring season, most likely due to environmental conditions, since the cheesemaking region
registers an average temperature of 30 ◦C during the spring season [49], and this factor
encourages the proliferation of microorganisms. On the other hand, being an artisan
cheese manipulated directly by cheesemakers during the salting, molding, and unmolding
processes, it is highly likely that contamination by Staphylococcus occurs. This pathogen
is mainly transmitted by food handlers and contact with surfaces [50], which is why it
is present in the cheeses regardless of the season of production. These findings agree
with those results mentioned by Rozos et al. [51], who analyzed goat milk from two
types of farming systems (group A: stabled, fed with concentrates and hay, and milked in
milking parlors; group B: grazing throughout the day with manual milking). Samples from
group B exhibited counts of this microorganism for four out of the six months sampled,
compared to group A, which only showed the presence in two of the sampled months.
Similarly, Wanniatie et al. [52] analyzed the bacterial groups present in organic goat milk
(from grazing goats) and milk obtained from conventional farms (without specifying the
production conditions), and found higher counts in the organic milk compared to the
conventional milk for S. aureus, Enterobacteriaceae, and coliforms. Although the livestock
from which the cheeses in this study were derived were all manually milked, grazing
livestock have greater contact between the udder and various surfaces, which could explain
the higher microbial counts. This, along with the handling and manufacturing practices of
the cheeses, may contribute to the observed differences.

Additionally, the AGCs showed higher levels of microbial groups compared to the C
cheese, except for the LAB group. This is because the C cheese is made with pasteurized
milk and the addition of starter cultures (the species is not specified), ensuring a high
presence of this microbial group. However, despite the high presence of LAB in the C
cheese, which generates a higher acidity, and the pasteurization process that guarantees
a reduction in the pathogenic bacteria in most cases, this cheese still presents microbial
levels outside of the legal limits, thus making it equally unsafe for consumption as with the
AGCs. This could be explained by the possible re-contamination after the manufacturing
process, possibly during the packaging, where it is handled by humans again. Villegas
et al. [16] state that pasteurization without proper post-processing aseptic precautions does
not exclude food contamination, as a complementary technological package is required to
ensure the safety of the cheese. The same authors also indicated that cheeses made with
pasteurized milk, in the event of possible re-contamination, provide a more conducive
environment for the proliferation of coliforms and pathogens compared to raw milk of
good sanitary quality and its cheeses, where microbial consortia, mainly LAB, tend to
inhibit pathogenic microbiota.

4. Conclusions

This study reveals how factors such as goat feeding, the production season, and the
manufacturing process significantly affect the nutritional quality of artisanal goat cheeses
(AGCs), surpassing commercial pasteurized cheeses (C) in protein, fat, and mineral contents.
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This research demonstrates that these nutritional differences have a direct impact on the
physical characteristics of the cheese, such as the hardness, adhesiveness, and cohesiveness,
which are, respectively, related to the protein content, acidity, and pH.

Seven of the analyzed AGCs and cheese C do not comply with the current national
sanitary regulations, except for the S1W cheese. These results indicate an urgent need to
improve the hygiene practices on farms and during the manufacturing process for all of the
producers who participated in this study to ensure the safety of the AGCs. Furthermore, the
results suggest that optimizing the manufacturing process could assist artisanal producers
in meeting the regulations without sacrificing the distinctive qualities of their products. By
addressing these challenges, AGC producers can enhance the quality and safety of their
products, thereby benefiting consumers.
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