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Abstract

:

Adobera, a genuine, brick-shaped, lightly ripened, unstretched pasta filata-like cheese from Western México, is one of the most important market-share wise but is usually made with raw milk and prepared following artisanal procedures. A pasteurized milk cheese is needed to assess its safety and guarantee standardized quality features. However, no commercial Adobera cheese culture is available, as specific lactic acid bacteria relevant for its production have not been thoroughly identified. This study is aimed at comparing the technological and quality features of Adobera cheeses made with pasteurized milk inoculated with a mixture of autochthonous lactic acid bacteria (Lactobacillus and Leuconostoc strains) to those of traditional raw milk cheeses, hypothesizing that no significant differences would be found between them. Milk pasteurization promoted water retention into the cheese matrix, impacting its texture and color profiles. Raw milk cheeses were harder, more cohesive, and less elastic than pasteurized milk cheeses. Ripening markers were significantly higher in raw milk cheeses at all sampling times, although its evolution over time showed that the starter culture could exhibit similar proteolytic activity than that of native milk microbiota under favorable ripening conditions. The principal component analysis revealed apparent overall differences between raw Adobera cheeses and those made with pasteurized cheese milk.
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1. Introduction


Mexico has several kinds of genuine cheese; at least seventeen of them are produced using non-standardized raw milk [1]. Although potentially hazardous from the safety standpoint and variable in composition due to seasonal changes in milk composition, these cheeses are valued because of their sensory quality and as part of local cultural heritage. Their production is generally carried out in small regions through artisanal processes [2,3]. Recent research efforts have been focused on preserving authentic Mexican cheeses’ know-how while clearly defining their specific features [2,4]. In some cases, cheese identity protection has been achieved through collective trademarks, as with Cotija, Bola de Ocosingo, Poro, and Crema de Chiapas cheeses, although its impact culturally and economic wise is yet to be assessed [5]. However, key information on most authentic Mexican cheese varieties, such as standard manufacturing procedures and ripening conditions, cheese microbiota involved in their production and well-defined quality descriptors remain limited [1]. Extending our knowledge on these issues is paramount for developing strategies to preserve artisanal cheese identity while increasing the possibility to market them effectively [6]. Currently, most available reports on artisanal Mexican cheeses are related to cheese microbiota and microbial safety issues [7,8,9,10,11,12,13]. Adobera cheese is a raw cow milk, yellowish-to-ivory, semihard, brick-shaped, unripened-to-lightly-ripened, unstretched pasta filata-like Mexican cheese. It is primarily produced in municipalities of Los Altos and Sierra de Amula regions in Jalisco, one of the largest milk-producing regions in Mexico [4,14]. A mildly flavored product with sliceable to crumbly texture, artisanal Adobera cheese exhibits some peculiarities. Although it is considered a fresh cheese (43–63% moisture), its relatively low water activity and pH, and high proteolysis levels generate a product that melts upon heating [4]; however, scientific reports on Adobera cheese are still scarce.



Due to its regional, small-scale origin, and raw milk-made nature, microbiological safety of Adobera cheese could be compromised, as its microbial counts could be high, including some potentially pathogenic strains. It is considered that cheese pH development during the process could represent a crucial factor to prevent the survival of these microorganisms [15,16]. The lack of a proper preservation procedure for cheese milk is a significant concern; thus, various larger manufacturers have started applying proper thermal preservation techniques to prevent Adobera cheese for being a possible source of food-transmitted diseases [17]. However, cheese flavor intensity and complexity are expected to be somehow restrained [18].



Cheesemilk pasteurization is the treatment of choice for assessing cheese microbial safety and shelf life. The primary purpose of pasteurization is to eliminate all pathogens in milk while reducing counts of spoilage microorganisms [19]. As some Adobera cheese manufacturers have started to pasteurize milk to comply with the current Mexican legislation, the impact of milk thermal treatment on Adobera cheese composition and quality characteristics needs to be studied, as compositional and microstructural changes due to milk heat treatments are expected [20]. More consistent product composition is attained when starter cultures, either as bulk or direct vat set (DVS) cultures, are used to inoculate cheese milk instead of relying on native milk microbiota. Starter cultures allow reaching the desirable acidity at a specific time range, help delimit curd cutting time, and contribute to cheese flavor and texture development in a more precise way. Moreover, these cultures could deliver additional microbial protection to cheese, inhibiting selected milk pathogens such as Listeria monocytogenes [21]. However, no commercial Adobera cheese culture is available, as specific lactic acid bacteria relevant for its production has not been entirely isolated and identified. Vázquez-Velázquez et al. [6] compared another raw-milk, artisanal Mexican cheese (Bola de Ocosingo), with pasteurized milk cheeses added with preselected combinations of native lactic acid bacteria isolated and reported no significant differences between them, sensory wise. The most abundant bacterial and fungal species found in Adobera cheese have been previously described [22]. On the other hand, Ruvalcaba-Gómez et al. [7] recently reported the possible roles of bacteria involved in Adobera cheese manufacturing through DNA sequencing analyses, thus opening the possibility to evaluate bacteria isolated from the cheese itself and from its cheesemaking environment as starter cultures in pasteurized cheese milk, which is much-needed to assess its safety and guarantee standardized quality features. Therefore, this study aims to evaluate the effect of cheese milk pasteurization and a predefined mixed lactic acid bacteria starter culture on the manufacturing of laboratory-scale Adobera cheese, comparing their compositional and textural properties with those of an artisanal-like raw milk Adobera cheese, and hypothesizing that no differences are found between them. The information presented could be used by Mexican cheese manufacturers as supporting information to produce safe, authentic Adobera cheese with standard physicochemical properties.




2. Materials and Methods


2.1. Lactic-Acid Bacteria Strains


2.1.1. Recovery and Growth


As a part of a preceding research project, 21 bacterial species were isolated from artisanal Adobera cheeses from Los Altos de Jalisco region, identified by phenotyping using the bioMerieux® API-50 CH system and kept at the strain collection of Los Altos University Center, University of Guadalajara, Mexico until used (data not shown). Lactic acid bacteria from three different genus (Lactobacillus, Leuconostoc, and Lactococcus) were retrieved from the collection, inoculated on Man, Rogosa and Sharpe (MRS; DifctoTM, Becton, Dickinson and Company, Franklin Lakes, NJ, USA) agar plates and incubated under microaerophilic conditions at 37 °C for subsequent evaluation.




2.1.2. Growth Kinetics and Acidifying Capacity


Growth and acidifying activity of the selected strains were obtained by inoculating sterile reconstituted skim milk (Nestlé, México city, México) with a bacterial suspension (1% v/v) containing approximately 1 × 108 colony-forming units per mL (CFU/mL). Inoculated milk was incubated at 37 °C for 12 h and sampled every hour. From each sample, 1 mL aliquots were taken and serial-diluted to inoculate by spreading on MRS agar plates and incubated under microaerophilic conditions (24 h, 37 °C), followed by CFU count. Meanwhile, acidifying capacity was assessed by pH measurement of the inoculated milk every hour. From the phenotyping, growth kinetics, and acidification activity results, three strains were selected to evaluate their proteolytic activity and lactic acid generation capacity.




2.1.3. Assessment of Proteolytic and Acidifying Activities by FTIR


The three selected LAB (identified in coded form as Lactobacillus A-53, Lactobacillus A-151, and Leuconostoc A-100 because of intellectual property issues) were inoculated into sterile skim milk (1% v/v of a 1 × 108 CFU/mL bacterial suspension) and incubated at 37 °C for 12 h. Every hour, infrared spectra were obtained using a Bruker Vertex 70 Fourier transform infrared spectrometer (FTIR, Bruker, Billerica, MA, USA) operating in the mid-infrared range (400 to 4000 cm−1). Attenuated total reflectance (ATR) spectra were obtained from 60 scans at a resolution of 4 cm−1; increases in absorbance at selected wavenumbers and its comparison against spectra of non-inoculated milk were taken as indicators of proteolysis extent and acid accumulation produced by the LAB species and used as indicators of their potential technological features. All tests were made in duplicate.





2.2. Experimental Cheeses


Fresh raw bovine milk was obtained from local, family owned dairy farms in Tepetitla, Tlaxcala, México and kept under refrigeration until used. Milk composition was determined using an infrared-based analyzer (MilkoScan S 54B, FOSS Electric A/S, Hillerød, Denmark). Three 8-L milk samples were heated up to 35 °C, standardized to 3% fat with fresh skim milk, and 0.5 g/L calcium chloride was added to increase calcium concentration in the cheese milk serum. The average protein-to-fat ratio in all cheeses was 0.83 ± 0.01. Three batches of either raw milk cheese (RMC) or pasteurized milk cheese (PMC) were prepared as indicated in Figure 1 and as described below in detail.



2.2.1. Raw Milk Cheeses (RMC)


Milk was placed into a water bath and kept at 32 °C for 20 min. Afterward, 1 mL of microbial double-strength rennet (Cuamix™ Chr. Hansen, Mexico city, Mexico) previously 1:10 diluted in distilled water was added to cheese milk and left undisturbed until curd formation (30–35 min). Curd was cut into 1-cm cubes using stainless-steel curd cutters, then held under the whey for 30 min and intermittently stirred to promote syneresis. The whey was drained, and cheese curds were kept at room temperature until reaching pH 5.5. Acidified curd was manually broken to pieces, dry-salted with 1 g NaCl/100 g curd, transferred into rectangular stainless-steel molds, and pressed at 4 °C for 24 h to obtain cheese bricks of about 250 g. Later, cheeses were removed from the molds, lightly aged (48 h, 4 °C), vacuum-packed, and stored at 4 °C until analysis.




2.2.2. Pasteurized Milk Cheeses (PMC)


A 1:1:1 mixed culture of the three previously selected LAB strains (Lactobacillus A-53, Lactobacillus A-151, and Leuconostoc A-100) were inoculated in UHT skimmed milk, incubated at 37 °C for 10 h up to a final concentration of 1 × 109 CFU/mL. Standardized raw milk was HTST-pasteurized (72 °C, 15 s) in a stainless-steel benchtop kettle (FJ15, Janschitz GMBH, Austria), rapidly cooled down to inoculation temperature (35 °C), then placed in a sterile stainless-steel container for maintaining its temperature throughout the cheesemaking process. Pasteurized milk was inoculated with 2% v/v of the prepared inoculum, ripened for 45 min, and curdled with double-strength rennet. From this point on, the process was identical to that previously described for RMC.



Both RMC and PMC were sampled at 0, 7, 14, and 21 days of refrigerated storage for performing physicochemical tests. Cheeses for compositional analyses were tested at day 0 and at 21 (for protein and fat analyses only).





2.3. Physicochemical and Compositional Analysis


Cheese yield was calculated as kg of cheese per 100 kg milk. Cheese pH was measured according to the AOAC method 981.12 [23], placing the electrode of a Denver™ B-10 pH meter (Denver Instrument, NY, USA) in contact with the curd or grated cheese upon obtaining a constant reading (about 2 min). The moisture content of cheese samples was determined by vacuum drying (100 °C, 131 mbar vacuum) until constant weight [24]. Water activity was determined using an Aqualab™ Series 3 hygrometer (Decagon, Pullman, WA, USA). Protein and fat contents were determined by the micro-Kjeldahl and Gerber methods, respectively [24].



Free Amino Acids Content


The free amino acid (FAA) content to quantify proteolysis in Adobera cheese (expressed as mmol of FAA per gram of dried cheese) was determined in the citrate-soluble fraction of cheese samples, as described by Ruvalcaba et al. [4]. The color development with Cd-ninhydrin reagent was spectrophotometrically determined at 507 nm [25] using a Multiskan FC™ (Thermo Fisher Scientific, Waltham, MA, USA), and FAA was calculated using a calibration curve prepared with a standard leucine solution. Samples were analyzed in duplicate.





2.4. Texture Profile Analysis of Cheese


Texture profile analysis of cheeses was obtained in a TA.XT Plus™ texturometer (Stable Micro Systems Ltd., Surrey, UK). Cylindrical sections of cheese samples (2.0 cm high, 1.6 cm-diameter) obtained with a borer, were compressed twice at 50% height with a 2.0 cm diameter cylindrical probe at a crosshead speed of 3 mm/s, with a 5 s delay between compressions [4]. Hardness, cohesivity, elasticity, chewiness, and resilience of the samples were calculated using data obtained from the compression graphs (force vs. time) [26].




2.5. Cheese Color


The cheese color surface was measured in duplicate in 4-cm × 5-cm samples from both rind and internal section of cheese samples using a Colorflex EZ™ colorimeter in the Hunter L, a, b color space (L = brightness, a = red-green, b = blue-yellow, HunterLab, Road, Reston, VA, USA), with a D65 illuminant and 10° observer angle [4]. Hue angle values were calculated as the inverse tangent of b*/a* ratio; while chroma values were determined as (a2 + b2)1/2. Whiteness Index (WIJUDD) was calculated as 100 − [(100 − L)2 + (a2) + (b2)]1/2; meanwhile Yellowness Index (YIFC) was determined as 142.86 b/L [26,27]. Finally, to generate the reference color squares, L*, a, and b* scores were processed using a converter tool (http://colormine.org/color-converter, accessed on 28 March 2022) according to the methodology suggested by Sánchez-Feria et al. [28].




2.6. Statistical Analysis


Results were analyzed in SAS™ 9.0 statistical package (SAS Institute Inc., Cary, NC, USA) using the general linear model (GLM) or ANOVA procedures (either one way or two way as applicable) followed by Tukey’s pairwise mean comparisons (p < 0.05). The graphs obtained from FTIR and those corresponding to the texture profile analysis of the cheeses, were processed in the Origin(Pro), version 2022 software (OriginLab Corporation, Northampton, MA, USA). All analyses were carried out in triplicate, except where indicated. Principal component analysis (PCA) was performed using the Statistica software (v.10 Statsoft®, Tulsa, OK, USA) to obtain correlations between attributes of the cheese and their contribution to differentiate between RMCs and PMCs.





3. Results and Discussion


3.1. Strains Selection


Since Adobera cheese is considered a melting cheese, with a low pH and a high content of free amino acids resulting from protein hydrolysis [4], it is desirable to ensure that the strains proposed as starter cultures exhibit good acidifying and proteolytic capabilities [29]. Criteria selection of LAB to be used as a culture to Adobera cheese manufacturing attended to the inclusion of starter and non-starter LAB strains. The first one is recognized by its ability to produce large amounts of lactic acid. At the same time, non-starter LABs participate in producing flavor-related compounds by using residual lactose, lactate, and carbohydrates derived from glycomacropeptide and glycoproteins obtained from caseins and fat globule membranes, respectively, and mainly induce the accumulation of FAA, that act as precursors of other catabolic reactions that result in the production of volatile aroma compounds [30]. However, starter LAB are mainly represented by several species of Streptococcus, Lactococcus, Leuconostoc, and homofermentative lactobacilli; meanwhile, non-starter LAB includes several species of heterofermentative Lactobacillus [31,32]. Under this premise, A Leuconostoc sp. strain and two Lactobacillus sp. strains were selected in this study, from autochthonous Adobera cheese LAB isolates, as a possible combination of starter and non-starter LAB for Adobera cheese manufacturing. Strains were identified as Lactobacillus A-53, Lactobacillus A-151, and Lactococcus A-106.




3.2. Potential Fermentation Performance of Selected Strains


Acidification capacity of each strain, expressed as the pH reduction of single-strain inoculated skim milk maintained at 37 °C and monitored for 12 h (Figure 2a), was assessed. The average final pH was 5.20; although the lower pH was reached by the Leuconostoc strain (4.54), confirming its potential as starter strain, as it has been previously observed [31]. Kinetics, assessed by UV-vis, indicated an average lag time of three hours, followed by six hours of exponential growth (log phase) before reaching the stationary phase, as exemplified in Figure 2b. The potential fermentation performance of single strains inoculated in skim milk was also monitored by FTIR spectroscopy. Lactic acid accumulation during milk acidification was mainly observed by the increase in absorbance at 1730, 1670, 2920, and 2850 cm−1, based on the characteristic signals observed for lactic acid (Exemplified in Figure 3a) [33,34] and was primarily observed when Lactobacillus A-151 and Leuconostoc A-100 were used as inoculum. FTIR has been suitably used to assess proteolytic process involved during storage of milk products [35]. For these reason, proteolysis of single-strain inoculated skim milk was followed by the increase in absorbance values at 873 cm−1, 1035 cm−1, 1078 cm−1, and 1154 cm−1 (corresponding to the amide III region and associated to the free amino acids formation) and by changes in absorbance observed at 1450 cm−1 and 1650 cm−1 (corresponding to the amide I and amide II regions, associated to changes in protein secondary structures) [35]. Changes in absorbance at preselected wavelengths associated with proteolytic behavior were most evident when Lactobacillus strains were used for milk fermentation (exemplified in Figure 3b).




3.3. Cheese Milk Composition and Yield


The average milk composition used to produce RMC and PMC is shown in Table 1. The protein-to-fat ratio (PFR) of cheese milk used for both RMCs and PMCs was adjusted to assess whether differences between treatments were solely associated with the heat treatment of milk or starter culture usage. The average milk pH was 6.5. Average cheese yield (expressed as kg of cheese per 100 kg milk) of RMCs (8.45 ± 1.30) was significantly lower (p < 0.05) than that of PMCs (10.73 ± 1.88).



From a technological standpoint, cheese milk’s protein-to-fat ratio (PFR) plays a crucial role in cheese composition and yield; besides, it influences key quality features in cheese, such as texture and color. It is well-known that changes in PFR could affect both cheese fat in dry matter and moisture in nonfat substances [36]. In this context, the PFR of milk used for both RMCs and PMCs was adjusted to relate possible differences in cheeses with the application of heat treatment in milk or with the usage of starter culture. Differences in cheese yield between RMCs and PMCs could be frequently associated with pasteurization inducing structural modifications of whey proteins (mostly β-lactoglobulin denaturation, aggregate formation, and complexation with casein micelles through kappa casein interactions), producing hydrophilic sites that promote higher water retention into the cheese matrix. Diverse authors have reported increases up to 4% in cheese yield associated with milk pasteurization [37,38,39]. Another factor that could modify cheese yield is the acidification rate. PMCs cheeses exhibited increased acidification, expressed as a reduction in pH scores compared to RMCs. A higher acidity rate during cheese making has been associated with more active microorganisms in curd due to a higher initial microbial count or a more active microbial community. A rapid acid development in cheese curd has been shown to promote an accelerated colloidal calcium phosphate loss from the casein micelle during cheese syneresis, which might cause more significant water losses from curd [40].




3.4. Gross Composition


The composition and physicochemical characteristics of experimental Adobera cheeses are shown in Table 2. Dry matter content scores were higher in RMCs than PMCs (p < 0.05) and remained constant through shelf life for both kinds of cheese; besides, residual syneresis was not observed during cheese storage. On the other hand, water activity scores for both types of cheeses (RMC and PMC) were not significantly different (p > 0.05). Protein content did not significantly change for both types of cheese and remained stable during storage (p > 0.05). Meanwhile, fat content did not exhibit significant differences for both types of cheese at day 0, although dry matter decreased in 21-d RMC in comparison with its pasteurized counterpart (p < 0.05).



Differences in fat content at day-21 could be possibly associated with a reduced ability of RMC curd to retain milk fat, with no differences in moisture or protein retention, as has been previously reported for hard cheeses when microbial coagulants are used [41]. Furthermore, a greater fluctuation was observed for fat scores in RMC samples at day 21. Higher dry matter content in RMCs might be associated with greater water retention in PMCs, mainly due to partial protein denaturation and aggregation, as previously reported [20,42]. Nonetheless, not all studies dealing with the effect of milk pasteurization in cheesemaking have found higher water retention in PMCs and could be associated with the starter culture used, as well as the lack of differences in protein content [43,44,45]. Nonetheless, higher protein contents in cheeses produced with pasteurized milk have been reported in some cases, which was associated with either whey protein retention by casein-whey protein interactions or the type of microorganisms used as starter culture and its related titratable acidity in cheese [39]. In that context, the observed decrease in fat content for RMC also could be related to the lipolytic activity of LAB in cheese, as greater lipolysis in pasteurized milk cheeses inoculated with selected LAB strains has been observed before [45].




3.5. Free Amino Acids


FAA contents as an indicator of proteolysis in experimental Adobera cheeses are shown in Table 3. Significantly (p < 0.05) higher proteolysis scores were observed in RMCs than those of PMCs at all sampling times (+44.8% at day 1; +20.9% at day 21). Although RMCs exhibited the highest FAA accumulation (0.394 mmol/g at 14 and 21 d), FAA changes over time for both types of cheese fitted a straight line (R2 = 0.897 and 0.956 for RMCs and PMCs, respectively); a steeper slope (0.0039) of PMC data than that of RMCs (0.0024) indicates that although the selected starter culture did not produce as much FAA as native lactic acid bacteria in raw milk, if given enough ripening time (or probably by slightly increasing ripening temperature), its proteolytic activity could end up equaling that of RMCs. Proteolysis, mainly expected in aged or acidified cheeses, is desirable for flavor development, and it can be controlled by reducing microbial content in milk or inactivation of selected enzymes by pasteurization [46,47]. Primary and secondary proteolysis occurs in different stages of cheese manufacturing. The first one refers to the breaking of milk caseins, and it could be observed through the electrophoretic profile of milk; meanwhile, secondary proteolysis is measured by an increase of proteins, peptides, and amino acids in the aqueous phase of cheese, which is pursued to enhance the quality and intensity of flavor development [48]. Secondary proteolysis can be measured as an increase in the trichloroacetic acid and phosphotungstic acid-soluble nitrogen fractions [48], as well as the direct quantification of FAA from citrate dispersions and Cd-ninhydrin reagent, which allows to evidence the depth of proteolysis in cheese [49]. FAA accumulation in Adobera experimental cheeses was similar to that observed in Adobera commercial cheese samples [4]. Similar results have been also reported for Pico cheese when raw milk or pasteurized milk added with LAB were used. Authors reported a greater proteolysis level (expressed as an increase of the 12% trichloroacetic acid-soluble fraction in cheese) when raw milk was used, but similar to proteolysis of pasteurized milk cheeses added with some LAB strains included Leunocostoc pseudomesenteroides and Lactococcus lactis, as starter cultures [50]. Extended proteolysis has also been reported in experimental cheese samples when starter culture is added by immersion of cheeses after overnight clothing and whey draining, without changes in pH scores [51]. However, extended proteolysis observed in PMCs in this study could be explained by the metabolic abilities of the strains used as a starter culture. It has been reported that the core microbiota of artisanal Adobera cheese is strongly composed of LAB (starter and non-starter genus) and is mainly represented by genus as Streptococcus, Lactococcus, Lactobacillus, and Leuconostoc [7]. In this context, we selected an acidifier Leuconostoc strain, that we expect would act as a starter culture, and two Lactobacillus strains to serve as non-starter culture during cheese manufacture. The last is supported by the fact that several Lactobacillus species have been considered representative of the proteolytic system of dairy LAB [52], which is essential due to the increase in proteolysis results in flavor development.




3.6. Texture Profile Analysis


Table 4 shows the texture profile of experimental Adobera RMCs and PMCs. Differences in all texture attributes were observed between RMC and PMC (p < 0.05). RMCs were significantly harder and more cohesive, chewable, and resilient but less elastic than PMCs. Cheese texture is a complex parameter, highly influenced by milk pretreatment, product composition, the procedure used, and ripening time and conditions [53]. According to previous reports, compositional and primary TPA attributes of cheese are correlated [54]. For instance, a positive correlation between hardness and fat content has been reported, while the former is negatively correlated to moisture content; meanwhile, cohesiveness is usually positively correlated with moisture content and negatively correlated with fat content in a similar fashion as springiness, although this parameter is also negatively correlated with protein content [54]. Texture profile of RMCs was like that previously reported for artisanal Adobera cheese samples, especially for products obtained during the dry season [4], but are also comparable to those exhibited for other similar cheeses, such as Chihuahua cheese, a Mexican semi-hard, sliceable cheese, manufactured from cow’s milk [53]. However, differences observed between RMC and PMC for texture profiles are similar to those reported with other cheese varieties, such as Oaxaca cheese manufactured using raw milk, which exhibited higher scores for firmness, gumminess, and chewiness in comparison with its counterparts produced from pasteurized milk added with a mesophilic (Lactococcus lactis based) or thermophilic starter culture (Streptococcus based) [55]. In that study, a higher moisture content was observed in pasteurized milk cheeses, which also exhibited higher pH scores [54,55,56]. In this context, higher moisture content as exhibited by PMCs could decrease cheese firmness (the peak force at the first compression cycle), as previously reported [57]. Differences between pasteurized and raw milk cheeses (such as Cheddar and Manchego varieties) have been reported; these have been associated with heat-related beta lactoglobulin-kappa casein complexes, differences in the percentage of degradation of αs-casein, and differences in dry matter content, induced by pasteurization [43]. In order to modulate the texture profile of cheese, some LAB strains could induce an improvement of some texture attributes. This effect has been observed when Lactobacillus acidophilus is used as a probiotic strain in the manufacturing of Tulum cheese (a Turkish ewe’s milk ripened cheese), that favored the highest acidity scores (expressed as ºSH) and texture scores in comparison with Bifidobacterium supplemented cheeses [58].




3.7. Cheese Color


Table 5 shows the color scores of the cheeses within the L*, a*, b* color space. No significant differences (p > 0.05) in cheese brightness (L*) were observed between PMCs and RMCs at day zero. However, a decrease in this parameter over time was observed for RMCs, becoming slightly opaquer than PMCs. On the other hand, for a* and b* values, significant differences (p < 0.05) were observed between the two types of cheese at all sampling times. No significant differences in yellowness and whiteness indexes (Table 5) were observed between RMCs and PMCs and exhibited a more yellowish, ivory color compared to that of PMCs, which appeared to be brighter and whiter. Cheese brightness (L*) has been reported to increase with moisture content and, on the contrary, a higher solids content negatively affects luminosity. Similarly, cold storage seemed to decrease cheese brightness, and this behavior was more evident in raw milk cheeses that became opaquer during the shelf life. Redness, expressed as a* scores, was higher in RMCs and increased during the shelf life of cheese; meanwhile, b* scores were higher at day-0 for RMCs, but at day-21, this parameter was more elevated in PMCs, which means an increase in yellowness of cheese, that has previously been associated to heat treatment [59]. Increasing of a* scores has also been associated with the bacterial strains used as a starter during cheese manufacturing. For instance, when a probiotic mixture, composed of Lactobacillus acidophilus and Bifidobacterium animals, was used for the manufacturing of Tulum cheese, a* scores exhibited a more significant increase than when strains were individually used, probably by oxidation or an increased number of microorganisms, as author hypothesizes [58,60].




3.8. Principal Component Analysis


Principal component analysis (PCA) was used to assess pattern recognition between attributes and the use of cultured pasteurized milk in Adobera cheesemaking (Figure 4). Two principal components (PC) were enough to explain 90% of the total variance (PC1: 63.11% and PC2: 27.26%). Circle correlations plot (Figure 4a) shows the association that may exist between the different attributes of cheese. Selected attributes of the TPA analysis (hardness, cohesiveness, and chewiness) and color (expressed as °hue) of cheese may be positively correlated to FAA and protein content but less linked to water activity and fat content, since cheeses did not exhibit syneresis or dehydration during storage as usually occurs in ripened cheeses, which induced an increase in the concentration of fat and other components of cheese and, as a consequence, change in instrumental color [61]. Other milk components (including water- and fat-soluble) and changes induced on these by processes affect cheese color are vitamins and carotenoids [59]. Through location graph (Figure 4b), representing the product of PCA performed on the table of average scores, it is possible to infer that PMCs showed different compositional and texture profiles at day 0 post-manufacturing. Textural and color profile of PMCs approached to RMCs at day-21, possibly associated with extended proteolysis in PMCs that transform casein into a more soluble state that induced modification in cheese protein matrix and color, as observed in matured cheeses during ripening process [62,63].





4. Conclusions


A combination of autochthonous Lactobacillus and Leuconostoc strains shows promising results as a starter culture for pasteurized milk Adobera cheese manufacture. Cheese yield of PMCs increased significantly (about 20%) compared to that of RMCs, probably due to their higher water content (+3.6% at day 1) but no significant changes in protein and fat contents were found between both types of cheese. On the other hand, PMCs were softer, less cohesive, and more elastic than their raw milk counterparts. Cheese whiteness and yellowness indexes did not exhibit significant differences between treatments, although higher hue values in RMCs at all times indicate slight color differences with PMCs. Higher free amino acid accumulation was observed in raw milk cheeses compared to PMCs at all sampling times (+44% at day 1, +20% at day 21), although the faster evolution over time of the latter showed that under the appropriate ripening conditions, its proteolytic activity could end up equaling that of the native microbiota in RMCs. Nonetheless, comprehensive research on additional technological features of the selected microorganisms and a precise definition of their addition rates and ratios are necessary to develop an Adobera cheese starter culture to inoculate pasteurized milk that helps standardizing the cheesemaking process and their quality features while guaranteeing product safety.
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Figure 1. Manufacturing procedure of benchtop scale Adobera cheese (Modified from Ruvalcaba et al., 2020 [4]). 
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Figure 2. (a) Growth curve of selected lactic-acid bacteria inoculated in MRS broth. (b) pH reduction of skim milk during fermentation through selected lactic acid bacteria inoculation. 
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Figure 3. Evaluation of fermentation performance of selected strains over time by FTIR (a) Leuconostoc A-100 strain (changes at 1730, 1670, 2920, and 2850 cm−1 due to lactic acid accumulation); and (b) Lactobacillus A-53 strain (changes in the amide III region at 873 cm−1, 1035 cm−1, 1078 cm−1, and 1154 cm−1 due to free amino acids formation; and in the amide I and II regions at 1450 cm−1 and 1650 cm−1). 
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Figure 4. Representation of principal component analysis (PCA) applied on the average scores table for composition, texture and color of PMC and RMC samples. (a) Correlation circle and (b) two-dimensional graph of principal components for main attributes of cheese. 
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Table 1. Average milk composition for RMC and PMC manufacture.
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	Parameter
	Raw Milk
	Pasteurized Milk





	Fat content (%)
	3.63
	3.39



	Non-fat solids (%)
	8.25
	8.25



	Lactose (%)
	4.54
	4.53



	Protein (%)
	2.51
	2.43



	Salts (%)
	0.67
	0.67



	Density (kg/L)
	1.028
	1.028



	Freezing point (°C)
	−0.525
	−0.523



	3% fat standardized milk
	
	



	Protein:fat ratio
	0.84
	0.81



	Cheese yield (kg of cheese/100 kg/milk)
	8.45 ± 1.30
	10.73 ± 1.88
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Table 2. Gross composition of experimental Adobera cheeses.
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Post-Processing Days

	
Dry Matter (%)

	
Water Activity (Aw)

	
Protein Content (%)

	
Fat Content (%)




	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC






	
0

	
51.75 a,A (±7.35)

	
49.97 b,A (±0.75)

	
0.94 a,A (±0.006)

	
0.95 a,A (±0.10)

	
46.93 a,A (±4.69)

	
43.24 a,A (±5.22)

	
46.84 a,A (±5.53)

	
43.68 a,A (±4.67)




	
21

	
51.73 a,A (±4.48)

	
48.04 b,B (±2.86)

	
0.954 a,A (±0.001)

	
0.948 b,A (±0.004)

	
42.38 a,A (±2.69)

	
42.19 a,A (±1.51)

	
37.35 b,B (±8.81)

	
42.40 a,A (±0.80)








Results are expressed as protein and fat content in the dry matter of cheese. a,b Means in the same row for each parameter with different superscripts are significantly different (p < 0.05). A,B Means in the same column corresponding to different times with different superscripts are significantly different (p < 0.05). RMC: raw milk cheeses; PMC: pasteurized milk cheeses.
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Table 3. Free amino acids content in experimental Adobera cheeses.
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Post-Processing Days

	
Free Amino Acids Content (FAA) *




	
RMC

	
PMC






	
0

	
0.346 (±0.080) a,B

	
0.239 (±0.070) b,C




	
7

	
0.368 (±0.107) a,B

	
0.283 (±0.109) b,B




	
14

	
0.394 (±0.110) a,A

	
0.295 (±0.109) b,B




	
21

	
0.394 (±0.113) a,A

	
0.326 (±0.127) b,A








* Results are expressed as free amino acid content in mmol/g of dry matter of cheese. a,b Means in the same row with different superscripts are significantly different (p < 0.05). A,B Means in the same column corresponding to different times with different superscripts are significantly different (p < 0.05). RMC: raw milk cheeses; PMC: pasteurized milk cheeses.
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Table 4. Texture Profile of experimental Adobera Cheeses.
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Days

	
Hardness (kg)

	
Cohesiveness (-)

	
Springiness (-)

	
Chewiness (kg)

	
Resilience (-)




	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC






	
0

	
2.09 ± 0.89 a,A

	
0.698 ± 0.25 b,A

	
0.50 ± 0.11 a,B

	
0.29 ± 0.11 b,B

	
0.84 ± 0.04 a,A

	
1.10 ± 0.24 b,A

	
0.92 ± 0.51 a,A

	
0.20 ± 0.09 b,B

	
0.26 ± 0.06 b,A

	
0.78 ± 0.48 a,A




	
7

	
1.90 ± 1.39 a,A

	
0.870 ± 0.36 b,A

	
0.58 ± 0.06 b,AB

	
0.63 ± 0.06 a,A

	
0.78 ± 0.04 a,B

	
0.80 ± 0.02 a,B

	
0.84 ± 0.55 a,A

	
0.44 ± 0.17 b,A

	
0.26 ± 0.03 a,A

	
0.28 ± 0.04 a,B




	
14

	
1.90 ± 1.16 a,A

	
1.068 ± 0.46 b,A

	
0.62 ± 0.07 a,A

	
0.48 ± 0.17 b,A

	
0.79 ± 0.03 b,B

	
0.83 ± 0.12 a,B

	
0.92 ± 0.58 a,A

	
0.43 ± 0.27 b,A

	
0.28 ± 0.02 a,A

	
0.32 ± 0.12 a,B




	
21

	
1.69 ± 0.99 a,A

	
0.885 ± 0.53 b,A

	
0.69 ± 0.05 a,A

	
0.55 ± 0.19 b,A

	
0.85 ± 0.05 a,A

	
0.88 ± 0.08 b,B

	
0.92 ± 0.44 a,A

	
0.36 ± 0.15 b,AB

	
0.30 ± 0.04 a,A

	
0.39 ± 0.12 a,B








a,b Means in the same row that do not share a letter are significantly different (p < 0.05). A,B Means in the same column corresponding to different times with different superscripts are significantly different (p < 0.05). RMC = raw milk cheeses, PMC = pasteurized milk cheeses.













[image: Table] 





Table 5. Color values for raw milk (RMC) and pasteurized milk (PMC) Adobera cheese samples.






Table 5. Color values for raw milk (RMC) and pasteurized milk (PMC) Adobera cheese samples.





	
Days

	
L*

	
a*

	
b*

	
Color (°Hue)




	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC






	
0

	
87.31 ± 3.41 a,A

	
87.87 ± 1.78 a,A

	
0.16 ± 0.43 a,AB

	
−0.89 ± 0.27 b,A

	
13.83 ± 2.29 a,AB

	
12.14 ± 1.49 b,C

	
88.65 ± 0.91 a,A

	
85.52 ± 1.21 b,A




	
7

	
86.15 ± 2.17 b,AB

	
87.76 ± 3.47 a,AB

	
0.48 ± 0.52 a,A

	
−1.65 ± 0.95 b,B

	
12.47 ± 0.83 b,B

	
13.75 ± 1.95 a,AB

	
87.35 ± 1.90 a,B

	
83.50 ± 2.95 b,B




	
14

	
85.23 ± 2.21 b,B

	
87.32 ± 1.83 a,AB

	
−0.20 ± 0.84 a,B

	
−1.08 ± 0.32 b,AB

	
14.00 ± 1.25 a,A

	
12.83 ± 1.36 b,AC

	
86.92 ± 1.12 a,B

	
85.11 ± 1.49 b,AB




	
21

	
84.28 ± 3.08 b,B

	
86.79 ± 4.82 a,B

	
0.53 ± 0.28 a,A

	
−0.56 ± 0.60 b,A

	
13.21 ± 0.78 b,AB

	
13.94 ± 0.94 a,A

	
87.66 ± 1.22 a,AB

	
86.72 ± 0.24 b,A




	

	
Chroma

	
Whiteness

	
Yellowness

	
Color




	
Days

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC

	
RMC

	
PMC




	
0

	
14.04 ± 2.30 a,AB

	
13.02 ± 1.60 b,B

	
81.53 ± 3.81 a,A

	
82.76 ± 1.79 a,A

	
22.65 ± 4.49 a,A

	
19.76 ± 4.75 a,C

	
 [image: Fermentation 08 00234 i001]

	
 [image: Fermentation 08 00234 i002]




	
7

	
12.95 ± 0.83 b,B

	
17.28 ± 2.04 a,A

	
81.30 ± 1.70 a,A

	
81.38 ± 3.29 a,AB

	
20.69 ± 1.53 b,A

	
22.45 ± 3.53 b,AB

	
 [image: Fermentation 08 00234 i003]

	
 [image: Fermentation 08 00234 i004]




	
14

	
14.68 ± 1.26 a,A

	
14.11 ± 1.35 b,B

	
79.62 ± 2.39 b,A

	
81.89 ± 1.88 a,A

	
23.53 ± 2.58 a,A

	
21.01 ± 2.41 b,BC

	
 [image: Fermentation 08 00234 i005]

	
 [image: Fermentation 08 00234 i006]




	
21

	
13.57 ± 0.78 b,AB

	
14.57 ± 0.94 a,B

	
79.38 ± 2.55 a,A

	
79.40 ± 3.15 a,B

	
22.45 ± 1.81 b,A

	
23.36 ± 0.85 a,A

	
 [image: Fermentation 08 00234 i007]

	
 [image: Fermentation 08 00234 i008]








a,b Means in the same row corresponding to each color attribute that do not share a letter are significantly different (p < 0.05). A,B Means in the same column corresponding to different times with different superscripts are significantly different (p < 0.05). RMC = raw milk cheeses, PMC = pasteurized milk cheeses.
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