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Abstract

:

Probiotic milk is a class of fermented milk that possesses health-promoting effects, not only due to the lactic acid bacteria (LAB) presence but potentially also to yeast activity. Hence, the aim of this work was to isolate and select yeasts from spontaneous milk fermentations to be used as inoculum, together with LAB, for manufacturing a potentially probiotic acidic low-alcohol fermented milk. Six yeast species were detected from the spontaneous milk fermentation. A screening of 13 yeast strains and 14 previously isolated LAB strains, based on the resistance to bile salts and to acidic conditions, was carried out. The best performing strains were successively tested for in vitro gastrointestinal tolerance. A strain of Kluyveromyces marxianus and a strain of Lactococcus lactis were selected for the manufacturing of two different fermented milk. The values of the main technological and microbiological parameters (pH, organic acids, ethanol, and microbial concentrations) of the experimental milk were in the range of those reported for this category of products. The evaluation of microorganism survival in fermented milk samples subjected to simulated gastrointestinal conditions highlighted a high resistance of both strains. In conclusion, the selected microbial starter culture enabled the setting up of potential probiotic fermented milk.
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1. Introduction


According to the Food and Agriculture Organization (FAO), fermented milk is defined as a “product obtained by the fermentation of milk by the action of suitable microorganisms, which shall be viable, active and abundant in the product to the date of minimum durability and resulting in reduction of pH” [1]. Fermented milk is usually classified into two major groups based on the type of fermentation carried out by the occurring microbiota: lactic fermentation, where lactic acid bacteria (LAB) are the dominant species, and fungal–lactic fermentation, where, in addition to LAB, there are yeasts carrying out the alcoholic fermentation (e.g., kefir, Koumiss, Viili, etc.). Products by lactic fermentation can be further classified based on the LAB features into mesophilic fermented milk (e.g., buttermilk), thermophilic (e.g., yogurt, acidophilus milk), and probiotics products [2].



In regards to the technology of production, spontaneous fermentation is the oldest method of raw milk processing, as well as the use of backslopping method, where a part of the previous batch of a fermented product is used to inoculate the new batch. However, nowadays, especially for large-scale products, the use of selected starter cultures rather than traditional methods is widespread [3]. Among the criteria for starter selection, the microorganism probiotic potential is of particular interest for the manufacturing of fermented milk.



Probiotics are defined as microorganisms that, in adequate amounts, confer a health benefit on the host [4]; they should satisfy several safety, functional, and technological criteria in order to develop a probiotic food product. Probiotics should be viable during processing operation and storage, survive the gastrointestinal transit, and possess human- health-promoting effect, mainly through the maintenance of normal intestinal microflora, and are hence mitigation of the inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS) symptoms, and protection against diarrhea [5,6,7]. The most commonly used probiotics include lactobacilli, and Bifidobacterium spp., followed by several strains of Lactococcus spp., Enterococcus spp., and Streptococcus spp. [8]. Lactobacilli are also widely employed due to their resistance to low pH, adaptation to milk and other food substrates, and their GRAS (generally regarded as safe) status.



Compared to bacteria, less attention has been given by researchers to probiotic yeasts, and a lower number of commercial preparations are available in the market. One of the advantages of yeasts is their natural resistance to antibacterial antibiotics, whereas the possible transfer of antibiotic resistance between lactobacilli and pathogenic bacteria constitutes a threat. Saccharomyces cerevisiae var. boulardii is the most common probiotic yeast distributed in the market presently. Several clinical trials have assessed its probiotic properties and ensured its use in the prevention and treatment of various forms of ailments, especially gastrointestinal diseases [9,10]. Shruthi et al. [11] have recently reviewed the potential probiotic properties of non-Saccharomyces species belonging to the genera Debaryomyces spp., Pichia spp., Yarrowia spp., Meyerozyma spp., Candida spp., and Kluyveromyces spp.



Among the yeast species, Kluyveromyces marxianus is one of the most emerging and promising non-Saccharomyces yeast for biotechnological applications thanks to its ability to utilize a broad range of sugars, including lactose, its thermotolerance, lytic enzymes secretion, and high growth rate [12,13]. This yeast species has been isolated from several matrices, often from dairy products such as kefir and cheese [14,15,16]. Moreover, the European Food Safety Authority (EFSA) has granted the QPS (qualified presumption of safety) status to only a few yeast species, which might be used as “food additive”, including K. marxianus [17].



In light of this, the work was initially targeted to isolate yeasts from spontaneous cow raw milk fermentations and to assess some potential probiotic features (resistance to bile salts, acidic condition, and in vitro digestion survival). The best performing strain was then used together with a lactic acid bacteria strain (selected based on the same probiotic features) for the manufacturing of a potentially probiotic acidic low-alcohol fermented milk.




2. Materials and Methods


2.1. Raw Milk Spontaneous Fermentation


Cow raw milk was provided by Centro di Ricerche Agro-Ambientali Enrico Avanzi, University of Pisa. In order to allow spontaneous fermentation and yeast population development, milk was divided into two sterile flasks and incubated at 30 and 40 °C for 48 h. In the beginning, after 24 and 48 h, in the spontaneously fermented milk, yeast populations were quantified, and the pH was measured by a pHmeter (Metrohm Italiana Srl, Varese, Italy).




2.2. Microorganism Enumeration


For microorganism enumeration, 1 mL of sample was homogenized with 9 mL of sterile saline solution (0.9% NaCl w/v), and serial dilutions were performed. The diluted suspensions of yeasts were plated on MYPG, a medium containing (in g/L): malt extract 5, yeast extract 3, meat extract 5, and glucose 10. For lactic acid bacteria enumeration MRS agar (Oxoid, Basingstoke, Hampshire, UK) and M17 agar (Oxoid, Basingstoke, Hampshire, UK) were used for lactobacilli and lactococci, respectively. Yeast colonies were counted after 24–48 h of incubation at 30 °C in aerobic conditions. LAB colonies were counted after 24–48 h of incubation at 30 °C under microaerophilic conditions in jars containing AnaeroGen enzymatic kit (Oxoid, Basingstoke, Hampshire, UK).




2.3. Identification and Typing of Yeasts


A total of 70 colonies from the various sampling points were picked up and subjected to molecular analysis. In order to identify and characterize the yeasts, a protocol according to Mari et al. [18] was followed. Initially, the isolates were subjected to Randomly amplified polymorphic DNA (RAPD) analysis by using the primer M13 (50-GAGGGTGGCGGTTCT-30) [19] and the PCR protocol according to Reguant and Bordons [20]. All PCR reactions included both negative (DNA-free) and positive controls and were processed in an Applied Biosystems® 2720 Thermal Cycler (Life Technologies, Monza, Italy). Pattern evaluation was made using Dice algorithm, and cluster analysis was carried out by the Unweighted Pair Group Method using Arithmetic Averages (UPGMA). Analysis was performed by using Gel Compar II 6.6 Software (Applied Maths NV, St-Martens-Latem, Belgium). At least two yeast isolates were chosen as representative of different RAPD patterns and were assayed by PCR–RFLP (Restriction Fragment Length Polymorphis) analysis of the rDNA-ITS (Internal transcribed spacer) region as described by Granchi et al. [21], using CfoI, HaeIII and HinfI (Fermentas Inc, Burlington, ON, Canada) as restriction endonucleases. In order to confirm the identification obtained by PCR–RFLP, the ITS rDNA region products were purified using Nucleo Spin Extract II (Macherey-Nagel GmbH & Co. KG, Düren, Germany) and sent to BMR Genomics (Padua, Italy) for sequencing. The sequence obtained in FASTA format was compared with those deposited in GenBank DNA database (http://www.ncbi.nlm.nih.gov/, accessed on 17 August 2022) using the basic BLAST search tools.




2.4. Microorganisms and Culture Condition


Yeast strains were aerobically cultured for 24 h at 30 °C in YEPD, a medium containing (in g/L): malt extract 5, yeast extract 3, meat extract 5, and glucose 10. LAB used in this experiment was isolated from spontaneous raw cow milk fermentation by Galli et al. [22]. The 14 strains were routinely propagated for 24–48 h in MRS medium at 30 °C before their utilization. LAB belonged to 6 species, Lc. lactis (MK L1, MK L37, MK L81, MK L82, MK L84, MK L86) Lactiplantibacillus rhamnosus (MK L20, MK L65), Lacticaseibacillus paracasei (MK L49, MK L53, MK L75), Lacticaseibacillus casei (MK L63), Enterococcus faecium (MK L64), and Limosilactobacillus fermentum (MK L56).




2.5. Yeast and Lactic Acid Bacteria Probiotic Features Assessment


LAB and yeasts were studied for their potentially probiotic characteristics. Before the bile salt and acidic tolerance assays, yeast strains were aerobically cultured for 24 h at 30 °C in YEPD; LAB strains were cultured for 24 h at 30 °C in MRS medium.



2.5.1. Bile Salt Tolerance


Cultures grown as described above were screened for their ability to withstand bile salts (BS). The yeast strains were inoculated 1% (v/v) on YEPD medium with or without BS at 0.3 and 1.0%. Growth was monitored by measuring absorbance at 600 nm using a spectrophotometer (V730, Jasco, Tokyo, Japan) in the beginning and after 3, 6, and 24 h. LAB were inoculated 1% (v/v) in MRS medium with the same two percentages of BS, 0.3 and 1.0%. As for yeasts, culture absorbance was periodically monitored.




2.5.2. Tolerance to Acidic Condition


Resistance to low pH was estimated according to Diosma et al. [14] with some modifications. Yeasts were grown in YEPD broth for 24 h at 30 °C, centrifuged, and resuspended at a concentration of 106 CFU/mL in sterile saline solution acidified to pH 3 with HCl. Samples were taken immediately (T0) and after 4 h (T4) at 37 °C, and serial dilutions were plated on MYPG agar in order to determine the number of viable cells. The same method was used for the lactic acid bacteria with the following differences, the initial inoculum was ca 108 CFU/mL, and MRS agar was used as medium.





2.6. Lactose Utilization


Yeast growth was also tested on YEPD medium with lactose (YEPD-lactose) as unique carbon source. Cell cultures were inoculated 1% v/v, and the growth was monitored by measuring absorbance at 600 nm after 6, 24, and 30 h at 30 °C.




2.7. Resistance to Simulated Human Gastrointestinal (GI) Conditions


Simulated gastric juice and intestinal fluid were prepared according to Fernández et al. [23]. After washing in sterile saline solution and centrifugation, each cell suspension, grown for 24 h, was separately added to the simulated gastric juice (pH 3.0): LAB at 108 CFU/mL and yeasts at 106 CFU/mL. The microbial suspensions were then incubated at 37 °C under stirring conditions (100 rpm), and after 3 h, the enumeration of LAB and yeasts were carried out by serial dilutions. After 3 h in gastric juice, cultures were centrifuged, washed with sterile physiological solution, and resuspended in the simulated intestinal fluid for 4 h at 37 °C under stirring conditions. Intestinal transit tolerance was studied by determining the viable counts of LAB and yeasts by serial dilution and plate counts.




2.8. Manufacture of Fermented Milk and Microbial Viability during Storage


For the manufacture of fermented milk, raw cow milk was pre-treated, as reported by Galli et al. [22], before being inoculated by the microbial combination of LAB and yeast. LAB cultures, grown overnight in MRS broth, were centrifuged, washed with sterile saline solution, and resuspended in milk at a concentration of 107 CFU/mL. Yeasts, grown overnight in YEPD broth, were centrifuged, washed with sterile saline solution, and resuspended in milk at a concentration of 105 CFU/mL. Fermented milk was manufactured by using two methods: fermented milk obtained by the direct inoculum of the mixed starter culture (FM-S) and fermented milk obtained by the use of a previous fermented batch as inoculum (10% v/v) (FM-B). The inoculated milk was fermented for 24 h at 30 °C, cooled to 4–6 °C, and stored at 4 °C for 28 days. Fermented milk was analyzed in the end of the fermentation and during the storage to monitor acidification (pH values and organic acids concentration), LAB viability (on MRS agar medium), and yeast viability (on MYPG agar medium). To confirm the presence and dominance of the inoculated strains, RAPD-PCR was carried out.




2.9. Resistance to Simulated Gastrointestinal Conditions of Microorganisms in Fermented Milk


The resistance to simulated gastrointestinal conditions of microorganisms (LAB and yeasts) was also tested in the fermented milk. The assay was carried out according to Fernández et al. [23] with some modifications. Fermented milk was added to the gastric juice 10 % v/v (NaOH 1N in phosphate buffer, pH 2.4–2.7, and 3 g/L of pepsin). Samples were placed at 37 °C under stirring conditions. After 2 h (T2), microbiological analyses were carried out to determine LAB and yeast concentrations. The intestinal situation was simulated by modifying the pH to 5.4–5.7 and adding bile salts (10 g/L) and pancreatin (1 g/L). After 2 h (T4) at 37 °C, the viability of the microorganisms was assessed by serial dilution and plate counts. pH was modified to 7.2–7.4 and samples placed at 37 °C for 2 h (T6). In the end, microorganism enumeration was performed.




2.10. Organic Acid Determination by High-Pressure Liquid Chromatography (HPLC)


For the organic acid determination, fermented milk was centrifuged at 11,300× g for 10 min; supernatant was filtered by Amicon® Ultra-4 Centrifugal Filters (3.000 Da NMWL) (Merck Millipore, Burlington, MA, USA) before the injection. Organic acids were determined by HPLC analysis (Varian Inc, Palo Alto, CA, USA). Separation was obtained with a Rezex ROA organic acid H+ column (300 × 7.8 mm; Phenomenex, Castel Maggiore, Bologna, Italy), connected to a refractive index detector (Knauer K-2301, Knauer GmbH, Berlin, Germany) and UV detector (λ = 210). Elution was performed at 65 °C with 0.013 N H2SO4 eluent at flow rate of 0.6 mL min−1. Data were collected and analyzed by using the Galaxie software (Varian Inc, Palo Alto, CA, USA). Quantitative analysis was carried out by standard curves designed for each compound.




2.11. Statistical Analysis


The level of statistical significance was determined using one-way ANOVA (for multiple groups) followed by Tukey’s Test or Student’s t-test (for comparisons between two groups) (GraphPad Prism 8.0.1 software package). A p value of < 0.05 was considered to be significant.





3. Results and Discussion


3.1. Raw Cow Milk Spontaneous Fermentation and Yeast Identification


Raw cow milk was left to spontaneously ferment at 30 and 40 °C in order to allow the indigenous microbiota to develop. Microbiological analyses were carried out on raw milk after 24 and 48 h of fermentation to isolate yeast strains to be tested for potentially probiotic properties and technological features. The yeast population in raw milk was (1.26 ± 0.54) × 102 CFU/mL, in accordance with the range found by Lavoie et al. [24] of 1 to 3 log CFU/mL. After 24 h at 30 °C, yeasts developed up to (9.60 ± 0.85) × 104 CFU/mL, and further to (2.08 ± 0.46) × 105 CFU/mL after 48 h. Yeast growth was higher at 40 °C indeed after 24 h, yeast cell densities were (3.20 ± 0.28) × 105 CFU/mL and raised to (1.41 ± 0.43) × 106 CFU/mL after 48 h. pH decrease was also observed, likely due to the bacterial contamination of milk; indeed, after 48 h, the pH attained 4.12 at 30 °C and 3.56 at 40 °C. A total of 70 colonies of presumptive yeasts from the different sampling points were picked up and purified. Isolates were identified by combining RAPD-PCR, analysis, and sequencing of the rDNA-ITS region, following the protocol by Mari et al. [18]. Initially, isolates were characterized by RAPD-PCR with M13 primer. Cluster analysis of the obtained patterns generated the dendrogram reported in Figure 1. A similarity level of 90% was chosen on the basis of the reproducibility between different RAPD–PCR patterns for the same isolate. A total of 62 out 70 isolates were grouped into 15 clusters.



From each cluster, two isolates were chosen and identified using ITS-RLFP gene analysis and sequencing (Supplementary Table S1). The strains belonged to six species, the majority (7) to K. marxianus, followed by Cyberlindnera jadinii (5), Pichia kudriavzevii (3), Diutina rugosa (3), Candida inconspicua (2), and Magnusiomyces capitatus (2). K. marxianus MK Y50, MK Y40, MK Y48, C. jadinii MK Y2, and MK Y15, D. rugosa MK Y32 and MK Y49, and C. inconspicua MK Y23 isolates were not included in any clusters and showed a detection frequency below 2%; hence, they were not considered for the subsequent screening. In this regard, also M. capitatus strains were excluded. Indeed, although commonly found in normal human microflora, this species is known as an agent of human opportunistic infection by colonizing skin and mucosa of the respiratory and digestive tracts, moreover is a biosafety level two (BSL-2) microorganism [25]. Results of the identified species are in agreement with those reported by other authors. Delavenne et al. [26] indicated K. marxianus and Candida spp. (C. catenulata and C. inconspicua) as commonly encountered genera in cow and goat milk; Merchán et al. [27] found K. marxianus as dominant species in Spanish soft cheese, and they also detected P. kudrivazevii and C. jadinii; K. marxianus was found as predominant species also in traditional Brazilian cheese [28] and natural whey starter (NWS) for the PDO Parmigiano Reggiano cheese production [29]. The frequent detection of Kluyveromyces spp. in the dairy source is overall due to its ability to use lactose as a carbon source [13]. The majority of the K. marxianus isolates were found at a fermentation temperature of 30 °C, closer to its optimal growth temperature. D. rugosa and M. capitatatus species were found only at 40 °C, while the other species were detected at both temperatures. Among the isolated species, the qualified presumption of safety (QPS) status by the European Food Safety Authority [30] panel has been attributed only to C. jadinii and K. marxianus species. The number of studies on the isolation, characterization, and identification of non-Saccharomyces yeasts in dairy products has significantly increased together with the assessment of their potential probiotic features. In this experiment, the following 13 strains, developed from spontaneous milk fermentation, were tested for several probiotic features: K. marxianus MK 41, MK Y47, MK Y55, and MK Y58; C. jadinii MK Y1, MK Y6, and MK Y31; P. kudriavzevii MK Y5, MK Y22, MK Y28; D. rugosa MK Y13; C. inconspicua MK Y21, MK Y52.




3.2. Yeast Screening for Probiotic Features


Tolerance to low pH and bile salts is considered a prerequisite for probiotic strains to exert their beneficial effect on the human gut since they have to maintain viability after ingestion. In addition, due to their use in fermented milk, the capacity to metabolize lactose is of technological relevance. Thus, the 13 yeast strains were tested for their tolerance to two concentrations of bile salts (0.3 and 1%), to an acidic environment of pH 3 at 37 °C, that is the corporal temperature, and for their ability to ferment lactose. Results are reported in Figure 2.



Data obtained from these preliminary tests were elaborated according to percentile distribution. It is possible to observe that, in general, the addition of bile salts did not strongly affect yeast growth. The mean values were not statistically different, 1.0 ± 0.32 in YEPD, 1.00 ± 0.35 in YEPD with 0.3% BS, and 0.99 ± 0.35 in YEPD with 1% BS. The K. marxianus strains showed values above the 75th percentile for all the tested properties, whereas D. rugosa and C. inconspicua strains exhibited the worse performances. Indeed, for all the tested parameters, the recorded values of these two species were below the median value. The lowest value of growth in YEPD, 0.49, was shown by C. inconspicua MK Y52, and the highest, 1.43, by K. marxianus MK Y55. This strain also showed the highest value for the growth with lactose and with BS at 1%. In regards to lactose utilization, the increase in absorbance after 24 h was observed by the K. marxianus strains; on the contrary, the other species showed a low or no increase due to weak lactose utilization. A general high resistance of yeasts isolated from different food matrices and beverages to bile salts (0.3%), with the exception of C. inonspicua, was also observed by Gil-Rodríguez et al. [31]. In regard to D. rugosa, Wang et al. [32] tested the probiotic properties of D. rugosa ATCC 10,571 type strain and of a strain isolated from chicken feces; the latter showed better results in terms of bile salts resistance. Results reported by Merchán et al. [27] on strains belonging to Kluveromyces spp., Pichia spp., Candida spp., and Debaryomyces spp. highlighted a high growth of the Pichia and Kluveromyces genera in the presence of bile salts, even if dependent on the strain. Helmy et al. [33] individuated 2% of bile salts as a critical threshold for yeast growth; below this percentage, yeast showed high tolerance. Bile salt is toxic to the cell as it disorganizes the cell membrane structure; the bile resistance of microorganisms is related to bile salt hydrolase activity, which contributes to the reduction of the toxic effect of conjugated bile salts [34]. Together with bile salt tolerance, the resistance to acidic conditions is another requisite for a probiotic microorganism because yeasts have to survive the low pH that characterizes the human stomach particularly. The capacity to survive at a pH 3 by yeasts was assessed and reported in Figure 2B. Most of the strains were able to maintain their viability after being subjected to acidic conditions; indeed, the majority of the strains’ decrease in cell concentration was below 1 log unit. Only C. inconspicua MK Y21 strongly reduced its concentration of ca 3 log unit, additionally pointing out the scarce performance of these strains. In order to resist acidic conditions and general stress, the main strategies are the adjustment of yeast cell walls and the activation of the cell wall integrity [35]. When considering all the tested parameters, the best performing strains belonged all to K. marxianus species and were MK Y41, MK Y47, MK Y55, and MK Y58; thus, they were chosen for testing their resistance to simulated gastrointestinal conditions.




3.3. Resistance of Yeasts to Simulated Gastrointestinal (GI) Conditions


The K. marxianus strains were subjected to in vitro simulated gastrointestinal conditions; the results are reported in Figure 3.



The in vitro assay indicated a high resistance of all the strains to the gastrointestinal conditions. None of the strains showed a remarkable reduction, reflecting the observed resistance to acidic conditions, even though the stomach pH with high gastric juice secretion is usually around two, and bile salts displayed by these strains in the preliminary test. No differences were detected among the strains; however, we decided to choose the K. marxianus MK Y55 for fermented milk preparation because it was the most frequently detected strain in the spontaneous fermentation, representing 13% of the total isolates. Several strains of K. marxianus have been studied for their probiotic properties. Maccaferri et al. [36] highlighted the beneficial effect of a K. marxianus strain that was able to affect colonic microbiota, increasing the bifidobacterial concentration in the colonic model system, and was highly adhesive to human enterocyte-like Caco-2 cells. The capacity to adhere to Caco-2 by a K. marxianus strain isolated from kefir was also observed by Cho et al. [37], together with a high growth with bile salts (0.3%) and survival in acidic conditions above 50%. Xie et al. [38] investigated the hypocholesterolemic of a K. marxianus strain and found out that it was able to potentially reduce serum cholesterol and triglyceride levels in rats.




3.4. Lactic Acid Bacteria Screening for Probiotic Features


Lactic acid bacteria tested in this experiment were isolated by raw milk or spontaneously fermented cow milk, as reported in our previous work [22], and belonged to six species. Growth and acidification of the 14 lactic acid bacteria strains were monitored, testing the addition of bile salts (BS) at 0.3 and 1%, together with the resistance to an acidic environment for the yeasts. Data obtained from these assays were elaborated according to percentile distribution, reported in Figure 4.



A certain variability among the strains and the species was observed, and, as expected, the addition of bile salts negatively affected the bacterial growth and acidification; particularly, this negative effect was shown to a greater extent with the 1% of bile salts addition. The mean values of growth measured by the absorbance decreased from 1.09 ± 0.62 in MRS medium to 0.57 ± 0.29 in MRS with 0.3% BS and further to 0.31 ± 0.25 in MRS with 1% BS. Only L. fermentum MK L56 exhibited the OD values with both bile salts concentrations above the 75th percentile. Apart from Lc. lactis MK L1, the other lactococci strains growth was strongly inhibited by the presence of bile salts; none of the values recorded for these strains were above the mean value in the tested conditions; differently from the findings of Kondotiene et al. [39], who found tolerance of more than 80% also with 1% of bile salts of 33 Lc. lactis strains isolated from raw and fermented milk. This trend was also reflected in the acidification trial, where these strains led to a slight decrease in the pH media. Conversely, L. fermentum MK L56 showed the highest acidification in all the tested conditions, reaching a pH of 4.48 in 0.3% BS and 4.85 in 1% BS. The mean values for the pH increased from 4.23 ± 0.40 in the MRS medium to 4.80 ± 0.40 in MRS with 0.3% BS and further to 5.44 ± 0.41 in MRS with 1% BS. pH values below the median were observed in the media with 0.3% BS, inoculated by Lc. lactis MK L81, MK L82, MK L84, MK L86, E. faecium MK L64, L. rhamnosus MK L65, and L. paracasei MK L53. In regards to pH values in 1% BS medium, Lc. lactis MK L81, MK L82, MK L86, L. rhamnosus MK L65, and MK L20, L. paracasei MK L75 and MK L53, and L. casei MK L63, showed values below the median. As reported by Hyacinta et al. [40], the bile tolerance of LAB might be related to the activity of bile salts hydrolases (BSH) enzyme, which catalyzes the deconjugation of bile salts, helping to tolerate their antimicrobial effect in the small intestine and to reduce cholesterol level. Hernández-Gómez et al. [41] assessed the BSH activity of five probiotic LAB and pointed out that BSH content and substrate specificity depend strongly on the species and the strain.



Strains that showed at least three values out of the six tested parameters above the median were selected for further evaluation of the survival to acidic conditions (Figure 4B). Accordingly, the following eight strains were selected: Lc. lactis MK L1, L. rhamnosus MK L20, MK L65 L. paracasei MK L49, MK L75, L. fermentum MK L56, L. casei MK L63, E. faecium MK L64. In addition, Lc. lactis MK L84 and MK L37 were considered since both the strains have proven to be high GABA-producing strains, able to improve the nutritional value of fermented milk [22]. The data concerning the survival in acidic conditions (pH 3) of the selected strains are reported in Figure 4B, which shows the differences between the initial (ca 8 log CFU/mL) and final cell densities. The lowest decrease in cell concentration was detected for L. rhamnosus MK L20 and E. faecium MK L64, which were reduced to ca 2 log CFU/mL. This reduction was not statistically different from L. fermentum MK L56, L. casei MK L63, L. rhamnosus MK L65, and L. paracasei MK L75. The highest reduction, hence the lowest resistance to acidic conditions, was exhibited by Lc. lactis MK L84 and MK L37, in agreement with the previous results. Indeed, their concentration decreased by 4 and 5 log CFU/mL, respectively. The results are in agreement with those found by Faye et al. [42], who observed a lower tolerance to bile salts and acidic conditions by Lactococcus spp. compared to lactobacilli strains.




3.5. Resistance of Lactic Acid Bacteria to Simulated Gastrointestinal Conditions


The LAB strains were also subjected to in vitro simulated gastrointestinal conditions, as reported in Figure 5.



Among the 11 tested strains, only 4 were able to survive the transition to the simulated gastric and enteric phase. The survival after 3 h of gastric juice, which was slightly reduced from the initial concentration, was not different among the strains. Probably also because the optimum activity of the gastric enzyme pepsin, which may also impact probiotic viability, is closer to pH 2.0 rather than 3. The results are partially in accordance with the preliminary test, where the acidic condition led to a LAB decrease. The successive step, simulating the enteric digestion, caused a greater reduction in the LAB population; indeed, 6 out of 10 strains were not detectable (<102 CFU/mL). The four remaining strain concentrations were not significantly different from each other and above 5 log CFU/mL. As for the yeast selection, we decided to choose Lc. lactis MK L1 due to its high detection frequency compared to the other strains in the spontaneous cow milk fermentation [22].




3.6. Fermented Milk Production


The selected microbial starter was composed of K. marxianus MK Y55 and Lc. lactis MK L1. The fermented milk was produced by using two production processes: fermented milk, coded FM-S, was obtained by directly inoculating the selected mixed culture to start the fermentation; the other fermented milk, coded FM-B, was produced by simulating a traditional process; that is, pre-fermented milk obtained by the selected mixed culture was used as inoculum 10% (v/v) to restart the fermentation of the final product. Table 1 reports the microbial and chemical characterization of the two fermented milk after 24 h of fermentation.



As shown in Table 1, the cell concentration of LAB and yeasts did not differ between the samples; LAB concentration was ca 100 fold higher compared to yeasts in both FM. The CODEX standard for fermented milk by FAO [1] indicated the minimum concentration of 107 CFU/g and 104 CFU/g for bacteria and yeasts, respectively; hence, both the FM are in conformity with the recommendations. In regard to acidification, the initial pHs of both the FM were similar, ca 6.5, whereas, after 24 h, the FM-S pH was lower than that of the FM-B. The lower pH of FM-B was reflected by the organic acid content, which was higher in FM-S. In FM-S and FM-B, ethanol did not exceed 0.8%. The pH values of the FM were in the range of those found by other authors in similar low-alcohol fermented milk beverages. Among this type of product, kefir is increasing in popularity and consumption due to its sensory properties, health-promoting features, and its status as a natural probiotic [43]. It generally contains (per 100 g) 3.0–3.4 g of protein, 1.5 g of fat, and 2.0–3.5 g of lactose (after the fermentation stage). In regards to acidity, lactic acid content may range between 0.6 and 1.0 mL per 100 mL of the final product [44], although this type of product does not have a uniform composition. Garofalo et al. [43], assessing the composition of kefir, found the content of lactic ranging from 1.48 g/L and 5.79 g/L in backslopped and traditional kefir, respectively. Koumiss, a traditional low-alcohol fermented milk drink of nomadic cattle-breeders in Central Asia, generally contains about 2% alcohol, 0.5–1.5% lactic acid, 2–4% milk sugar with a pH ranging from 3.6 (light Koumiss)–5 (strong Koumiss) [45]. Gul et al. [46] studied the composition of kefir made with cow and buffalo milk that was characterized by a pH between 4.26 and 4.64; a pH value between 4.0 and 4.7, depending on the fermentation time, was also found in kefir by Savastano et al. [47]. Garofalo et al. [43] found a pH ranging comprised between 3.7 and 4.30 in traditional and backslopped kefir, respectively. Chaves-Lopez et al. [48] detected a pH ranging between 3.9 and 4.5 and the alcohol content between 1% and 2% in Kumis fermented cow milk widely consumed in rural and urban areas in the Colombian southwest. Ethanol and CO2 are the main compounds produced by yeasts during the production of acidic low-alcohol fermented milk. They have an important role because they provide a slightly effervescent and mildly alcoholic taste to fermented milk [49]. Ethanol content varies depending on the yeast species and on the production process, Gul et al. [46] reported an initial concentration of 31.8 mg/L that increased during the storage up to 42.2 mg/L in kefir. Kök-Taş et al. [50] reported a wide range of ethanol concentrations from 76.5 to 5.147 mg/L during the storage; however, they did not identify the yeast species in kefir.



Fermented milk was also analyzed during the storage in refrigerated conditions at 4 °C for 28 days to monitor microbial viability and pH trend (Supplementary Table S2). The concentration and microbial viability related to the end of storage are decisive parameters for determining the probiotic potential of the produced fermented milk. Indeed, their viability should remain, for the entire product commercialization time, above a threshold level, defined as the minimum intake necessary for promoting their health properties. The bacterial concentration of both the FM increased during the storage, particularly the FM-S reached (1.66 ± 0.44) × 1010 CFU/mL, while FM-B had a slightly significantly lower concentration of (8.74 ± 0.12) × 109 CFU/mL. The FM-S sample displayed a significantly lower pH compared to FM-B, 3.61 and 4.09, respectively. However, taking into account the initial pH, the decrease in this parameter was similar between the two samples, 0.6 and 0.5, respectively. Leite et al. [51] observed a similar pH reduction after 28 days in refrigerated conditions in kefir, equal to 0.54, with a final pH of 4.31 and a similar LAB cell densities, approximately 10 log units. The yeast concentrations increased to a less extent. The viability of K. marxianus had to be maintained while avoiding its growth, which could affect product quality and stability (ethanol and CO2 production etc.).




3.7. Microbial Survival during Simulated Gastrointestinal Conditions in Fermented Milk


The concentrations of LAB and yeasts in fermented milk during each phase of the simulated gastrointestinal conditions are reported in Figure 6.



Results obtained showed that the bacterial concentration of the FM-S product remained above 9 log CFU/mL during the simulated digestion; however, it was reduced by 57% with a final cell density of (1.26 ± 0.17) × 109 CFU/mL. In the FM-B product, the bacterial concentration underwent a higher reduction soon after the first 2 h, from (8.74 ± 0.87) × 109 CFU/mL to (6.47 ± 0.17) × 108 CFU/mL and further to (2.12 ± 0.02) × 108 CFU/mL after the enteric phase. As observed in the previous results, yeasts demonstrated better resistance to the digestive tract conditions. Indeed, K. marxianus, in both the assays, maintained its viability until the end of the simulated digestion. Lc. lactis MK L1 showed higher resistance to simulate gastrointestinal conditions in milk rather than as pure bacterial culture. The dairy matrix has previously been reported to improve probiotic survival, especially of lactobacilli, during digestion when compared with non-dairy products. This could be due to reducing probiotic physical contact with the harsh condition of the gastrointestinal tract and providing a buffering capacity via the milk and milk-fat contents. This indicates the effect of carrier food substrates on probiotic efficacy [52]. These results are consistent with findings reported by Faye et al. [42]. Indeed, they observed a significant improvement in survival, particularly by Lactococcus spp. Ziarno et al. [53] observed that bifidobacteria included in fermented milk presented better survival rates under simulated gastrointestinal conditions as compared to pure bacterial culture. Ranadheera et al. [54] evaluated the viabilities of three different species of probiotics, Lactobacillus acidophilus, Bifidobacterium animalis subsp. lactis, and Propionibacterium jensenii, using three carrier foods: goat’s milk ice cream, plain and fruit yogurts. They found a significant influence on the in vitro gastrointestinal tolerance of all the considered probiotics when exposed to both highly acidic conditions (pH 2.0) and 0.3% bile, even if with some differences depending on the strain. All three probiotics demonstrated significantly better acid and bile tolerance when they were incorporated into ice cream compared to yogurts. Food components such as fat or proteins could exert a protective effect on bacterial cells, even if the performance of each probiotic strain should have been tested. Even though there are some differences based on the type of production process, the fermented milk contained concentrations above 106 CFU/mL of both species, which is the minimum dose for the food product to be labeled as probiotic at the time of consumption. Although a definitive demonstration of the optimal probiotic cells number to be ingested to obtain an effect on the host has not been clearly shown, a daily intake of 109 CFU/daily dose on labels of probiotic microorganisms is considered essential to achieve probiotic action in the human organism [8,55,56].





4. Conclusions


The spontaneous milk fermentation enabled the development of several yeast strains belonging to six species. The assessment of some prerequisites for evaluating the microorganism probiotic potential indicated a strain of K. marxianus and a strain of Lc. lactis as the best performing microorganisms. Their combination allowed the production of fermented milk characterized by technological features in the range of those reported for this category of products until the end of the storage. The simulation of the gastrointestinal digestion of the milk showed a high survival of microbial starter cultures, which remained in the products at concentrations indispensable for probiotic definition. This study provided a first step for the setting up of a novel potential probiotic product; however, further research is necessary for the evaluation of the effective health-promoting effect of the resulted fermented milk.
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Figure 1. UPGMA dendrogram derived from comparison of the RAPD–PCR patterns obtained with primer M13 for the tested yeast isolates. The vertical red dotted line indicates the 90% of similarity level. 
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Figure 2. (A) Box plot representing microbial growth determined by measuring the absorbance in YEPD medium, YEPD medium with 0.3% of bile salts (BS 0.3%), YEPD medium with 1% of bile salts (BS 1%), and in YEPD medium with lactose as carbohydrate (lactose), of the 13 yeast strains isolated from spontaneous raw milk fermentation. The center line of each box represents the median, the mean is indicated by “+”, the top and bottom of the box represent the 75th and 25th percentile, respectively. (B) Differences in yeast cell counts (mean ± standard deviation, n = 3) between the initial concentration and after 4 h in acidic conditions (*** p < 0.001). 
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Figure 3. Survival (mean ± standard deviation, n = 3) of K. marxianus strains during exposition to simulated gastrointestinal conditions. White bars: initial concentration; light grey bars: yeast concentration after 3 h (gastric phase); and dark grey bars: yeast concentration after 4 h (enteric phase). 
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Figure 4. (A) Box plot representing growth measured by absorbance in MRS medium, MRS medium with 0.3% of bile salts (BS 0.3%), MRS medium with 1% of bile salts (BS 1%), and final pH in these three media, by the 14 lactic acid bacteria strains. The center line of each box represents the median, the mean is indicated by “+”, the top and bottom of the box represent the 75th and 25th percentile, respectively. (B) Differences in lactic acid bacteria cell counts (mean ± standard deviation, n = 3) between the initial concentration and after 4 h in acidic conditions. Different letters indicate significant differences among samples after 4 h (p < 0.05). 
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Figure 5. Survival (mean ± standard deviation, n = 3) of lactic acid bacteria strains during exposition to simulated gastrointestinal conditions for 3 h (T3, end of the gastric phase) and 4 h (T7, end of the enteric phase). 
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Figure 6. Concentrations (mean ± standard deviation, n = 2) of lactic acid bacteria (●) and yeasts. (▲) in the FM-S sample and of lactic acid bacteria (⭘) and yeasts (△) in FM-B during exposition to simulated gastrointestinal conditions for 2 h (T2, gastric phase), 4 h (T4, enteric phase 1), and 6 h (T6 enteric phase 2). 
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Table 1. Microbiological (total lactic acid bacteria and yeasts) and chemical (pH, lactose, ethanol and organic acids) features of fermented milk after 24 h of fermentation. FM-S: fermented milk obtained by the direct inoculum of the starter; FM-B: fermented milk obtained by previous fermented batch of fermented milk as inoculum. ΔpH: difference between the final and initial value of pH. Results are expressed as mean ± standard deviation (n = 3). Different letters in the same raw correspond to significant differences (p < 0.05).
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	FM-S
	FM-B





	Lactic acid bacteria (CFU/mL)
	(2.44 ± 0.69) × 109 a
	(1.42 ± 0.44) × 109 a



	Yeasts (CFU/mL)
	(2.14 ± 0.55) × 107 a
	(2.76 ± 0.34) × 107 a



	Final pH
	4.21 ± 0.17 b
	4.59 ± 0.01 a



	ΔpH
	−2.22 ± 0.11 b
	−1.63 ± 0.04 a



	Lactose (g/L)
	31.75 ± 0.64
	31.85 ± 0.64



	Lactic acid (g/L)
	7.00 ± 0.49 b
	5.00 ± 0.26 a



	Acetic acid (g/L)
	0.58 ± 0.05 b
	0.38 ± 0.10 a



	Ethanol (v/v %)
	0.61 ± 0.06 a
	0.80 ± 0.07 b
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