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Abstract

:

The number of aerobic mesophilic bacteria in milk is one of the indicators of the hygienic quality of milk. The aim of this work was to determine such aerobic mesophilic bacteria and their number in raw unpreserved milk and milk preserved with sodium azide. In 40 collected samples, the total number of aerobic mesophilic bacteria was determined using the classical method of counting colonies on a nutrient medium according to the international standard HRN EN ISO 4833-1:2013. The results showed a trend of decreasing the number of grown colonies in milk preserved with sodium azide. MALDI-TOF mass spectrometry also successfully identified 392 bacterial colonies in raw unpreserved milk samples and 330 colonies in preserved milk samples. Of these, 30 genera and 54 bacterial species were identified in the raw unpreserved milk samples, while 27 genera and 41 bacterial species were identified in the preserved samples. By using a collective approach, the present study provided a more detailed insight into milk’s hygienic quality and the presence of certain species before and after the preservation with sodium azide.
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1. Introduction


Due to its rich chemical composition and physical properties that are favorable for most microorganisms, milk is an ideal medium for the growth and reproduction of various types of bacteria. The basic components of milk, including proteins, lactose and milk fat, have great biological and nutritional value. In addition to its chemical composition, the physical properties of milk also contribute to the rapid growth and reproduction of a large number of bacterial species [1]. Moreover, biological activity is an integral aspect of the quality standard and the taste of milk. In this context, specifically, aerobic mesophilic bacteria are those that grow only in the presence of oxygen between 20–45 °C with an optimum temperature range of 30–37 °C. This group of bacteria is one of the most general microbiological indicators of food quality that indicates the adequacy of temperature control and sanitation procedures during processing, transport and storage and reveals sources of contamination during milk production and subsequent processing [2]. Many aerobically mesophilic species of bacteria have an optimal growth temperature of around 37 °C [3]. These bacteria are frequent causes of milk spoilage and belong to the group of pathogenic microorganisms. The overall quality of raw milk is determined by its chemical and physical properties and hygienic quality. As stated by Antunac and Havranek [1], the hygienic quality of milk is determined by the total number of aerobic mesophilic bacteria and the total number of somatic cells present in milk.



Aerobic mesophilic bacteria found in raw milk include the following genera: Micrococcus, Enterococcus, Staphylococcus, Lactococcus, Serratia, Acinetobacter, Flavobacterium, Lactobacillus, Escherichia, Bacillus, Mycobacterium, Pseudomonas and others [4]. The main types of aerobic mesophilic bacteria found in raw milk are micrococci, streptococci, sporogenous Gram-positive bacteria from the genus Mycobacterium and Corynebacterium and sporogenous bacteria from the genus Bacillus [1]. They are considered universal indicators of hygiene in milk processing. Their presence in raw milk is inevitable because most of these genera are present in the udder, on the hands of the milker, on the surface of the equipment and in the air. The number of mesophilic bacteria in milk is directly affected by the conditions in which the milk is kept after milking. Raw milk with an aerobic mesophilic bacteria count higher than 5.0 log10 CFU/mL indicates poor hygiene during milking and production, while a count lower than 3.0 log10 CFU/mL indicates good production practices. Appropriate cooling (+4 °C ± 2 °C), good production practices and hygiene during milking are effective measures that successfully prevent subsequent contamination of raw milk with this group of bacteria [5].



Control of the hygienic quality of raw milk is necessary to ensure the health safety of milk and milk products. According to the Rulebook regarding the quality of fresh raw milk of the Ministry of Agriculture, Croatia (OG 136/20) [6], which is in accordance with the EU legislation, raw milk is classified depending on the number of microorganisms. Because of that, it is necessary to provide a cold chain that enables adequate transport of milk samples from the milk producer to the milk-testing laboratories where the hygienic quality and the physico-chemical composition of milk are analyzed. However, it is not always possible to provide an adequate cold chain, so substances that prevent microbial growth are often used. A milk preservative can be defined as any chemical compound that, when used in milk, prevents changes caused by contamination, growth and reproduction of microorganisms [7].



An ideal preservative protects against mechanical damage to fat globules. Today, various preservatives are used in laboratories for milk quality control, and their application is imperative in modern milk analysis. Preservatives are used to prevent contamination of raw milk from the farm to the laboratory and its rapid spoilage, which can compromise the results of the analysis. Milk samples very often come from rural areas where hygiene is not satisfactory, and subsequent contamination of milk samples is common, especially in the summer months when higher temperatures favor the growth of various types of bacteria. Because milk is a suitable medium for microbial growth and reproduction, preservatives have been introduced in milk-testing laboratories to ensure that milk composition remains unchanged and constant from the farm to the testing laboratory. In the past, the most commonly used preservatives to reduce microbial growth in milk were hydrogen peroxide, formaldehyde, potassium dichromate, mercuric chloride, boric acid or their combinations. Today, the more commonly used agents are bronopol, azidiol and sodium azide (NaN3), while K-dichromate is used less often [8].



The antimicrobial action of preservatives is achieved through the following processes: inhibition of protein synthesis, inhibition of enzymatic activity and damage to the cell membrane. Samaržija et al. [9] state that using sodium azide does not change the chemical composition or the microbial population in milk samples but prevents growth as a bacteriostatic, so the number of bacteria is reduced when analyzed after 2–3 days. Cabrol et al. [10] examined the effective concentration and sodium azide role in inhibition and concluded that 50 mM of sodium azide strongly inhibited microbial growth. Many research studies confirmed the inhibitory role of sodium azide on cell division [11] and the growth of bacteria through inhibiting the SecA protein required for protein translocation [12,13]. Suresh et al. [14] also noticed the inhibitory role of sodium azide on sludge destabilization. Sodium azide’s effect in inhibiting the biofilm formed by Escherichia coli was evaluated alongside silver nanoparticles and flashlight, and it was concluded that sodium azide was more effective because it blocked the ATPase chain and respiratory chain that lead to cell growth inhibition [15]. Few lactic acid bacteria (LAB) species are resistant to sodium azide. It is an inhibitor of cytochrome oxidase, which causes impairment of respiration; thus, aerobic bacteria are most affected by sodium azide. It is noteworthy that sodium azide strongly inhibits iron porphyrin and, therefore, inhibits most non-starter lactic acid bacteria (NSLAB), and a few fungi species as well, but LAB lack synthesizing iron porphyrin; thus, they can grow in the presence of sodium azide [16]. Adding sodium azide to milk does not generally change the milk’s physico-chemical structure, such as casein micelles, during milk storage at 4 °C, but it prevents microbial growth [17,18]. Sodium azide is the commonly used preservative in all milk testing laboratories for chemical and bacteriological tests.



Since preservatives with a bacteriostatic effect are mainly used to determine the hygienic quality of milk in official laboratories, the aim of this work was to determine whether there are differences in the bacterial population regarding the species and genus of bacteria between preserved and raw milk. The above-mentioned research has shown that preservatives affect the reduction of the total number of bacteria in milk, but they were not aimed at determining differences in bacterial species when a preservative was added to milk before analysis.



Using the classical method of counting colonies on a nutrient medium according to the international standard HRN EN ISO 4833-1:2013 [19] and matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS), the influence of preservatives on the number and representation of aerobic mesophilic bacteria in raw unpreserved and preserved milk can be evaluated. Today, MALDI-TOF MS is an increasingly well-known, economical method that finds application in the rapid identification of microorganisms (bacteria, fungi (yeasts and molds)).



To evaluate the impact of sodium azide on microbial population in milk preservation, the present study aimed to enumerate the aerobic mesophilic bacteria in unpreserved raw milk and milk with added sodium azide using the classical plate method along with microbial typing using MALDI-TOF mass spectrometry.




2. Materials and Methods


2.1. Milk Sampling


A total of 40 raw cow’s milk samples in four batches (10 samples in each) were collected during the spring months from local milk producer (45.832554, 15.927526), Zagreb County, Croatia. The milk samples were collected into sterile bottles of 30 mL (in parallel) and transported to a laboratory in a portable refrigerator at a temperature of +4 °C (±2 °C). All samples were stored in refrigerator at +4 °C (±2 °C) until analysis. All analyses were started within 12 h of sampling.



One bottle of 30 mL with raw milk was used for determination of the number of mesophilic bacteria in unpreserved raw milk, along with microbial typing using potential MALDI-TOF mass spectrometry. For the evaluation of the impact of sodium azide on microbial population in raw milk, another sterile bottle of 30 mL of milk was preserved with the addition of 8 mg sodium azide tablet (Merck, Darmstadt, Germany). The final concentration of sodium azide in milk sample was 0.027% (w/v). Due to the minimal influence of the addition of sodium azide on the physico-chemical properties of the milk samples, especially for the determination of the somatic cell count, sodium azide was added in a maximum concentration of 0.024 g/100 mL of the sample [20].




2.2. Classical Method of Determining the Aerobic Mesophilic Bacteria Count in Raw Milk


The aerobic mesophilic bacteria count in preserved/unpreserved raw milk was determined in the nutrient medium according to the international norm HRN EN ISO 4833-1:2003 [19].



Milk samples were mixed in a vibrating mixer before analysis. To prepare a milk sample with a dilution of 10−1, 1 mL of milk was pipetted into a test tube with 9 mL of sterile peptone solution and prepared serial dilutions of milk samples in peptone buffer up to dilution of 10−6. Subsequently, 1 mL from each dilution was poured on the appropriate Petri dish, mixed with 12–15 mL of nutrient medium and incubated at 30 °C for 72 h. Colony counting was performed according to the prescribed criteria in the international standard HRN EN ISO 4833-1:2003 [19]. Petri dishes that gave a colony count of between 10 and 300 grown colonies per plate were taken for counting and further identification.




2.3. MALDI-TOF Mass Spectrometry


A single bacterial colony was taken with a sterile toothpick and smeared onto a 96-spot MALDI target plate, and 1 µL of 70% formic acid (Fisher Chemical, Alcobendas, Spain) was added. After drying at room temperature, each spot overlaid with 1 μL of 10 mg/mL alpha-4-cyano-4-hydroxycinnamic acid (CHCA, Bruker Daltonik, Bremen, Germany) in 50% acetonitrile and 2.5% trifluoroacetic acid and allowed to dry.



Measurements were performed using a Microflex LT mass spectrometer (Bruker Daltonik, Bremen, Germany), and spectra were acquired in positive linear mode within a mass range of 2000 to 20,000 Da. MBT Compass HT version 5.1 software (Bruker Daltonik, Bremen, Germany) was used for spectra matching to a reference database, version 11. External calibration was performed using the Bacterial Test Standard (Bruker Daltonik, Bremen, Germany). Identification criteria were as follows: a log score of 2.00–3.00 indicated high-confidence species identification, a log score of 1.70–1.99 indicated low-confidence species identification, while a score of 0–1.69 was considered unreliable identification.




2.4. Data Analysis


To determine the differences in the mean values of observed milk types and milks from different batches, an analysis of variance (ANOVA) was performed, and the Mann–Whitney U test was used (with the significance level of 0.05). Box–Whisker diagrams were used for the comparison of raw unpreserved and preserved milk from different batches. As the multivariate tool for quantitative data, the principal component analysis was used to explore the shares of different identification scores (high, low, none) in relation to total number of bacteria. As a multivariate tool for analyzing qualitative data, exploratory data analysis and heat map were used to investigate the grouping of bacteria species in different batches for the milk in two forms: (i) raw unpreserved and (ii) preserved. The scale ranged from red (impossible identification of the microorganism), through yellow (low-confidence identification), to green (high-confidence identification). Statistical Software for Excel (XLStat, 2007) was used in the qualitative analysis.





3. Results and Discussion


The study was framed to enumerate and identify the aerobic mesophilic bacteria in raw unpreserved and preserved milk with sodium azide. All the milk samples collected in four different batches were analyzed using the classical method of counting colonies on a nutrient medium, according to the HRN EN ISO 4833-1:2013 [19]. In addition, the MALDI-TOF MS approach was applied to identify microbes and the impact of azide preservation on microbial populations in different samples.



3.1. Classical Method of Determining the Number of Aerobic Mesophilic Bacteria in Raw and Preserved Milk


Table 1 shows comparative data of the number of CFU/mL in raw unpreserved and preserved milk in four batches (Batch 1 to Batch 4), 10 samples each.



Of the total number of samples (40) of raw unpreserved milk collected in four batches during the early spring months, 22 samples (55%) were not compliant with the prescribed requirement for the total bacterial count of less than 100,000 CFU/mL for milk of the first class, according to the Rulebook (OG 136/20) [6] regarding the quality of fresh raw milk of the Ministry of Agriculture, Croatia (Table 1).



The requirements for raw milk (Class 1; ≤100,000 CFU/mL) were met by 80% and 70% of the raw milk samples in Batches 1 and 2, respectively. Subsequently, comparatively higher CFU/mL counts were observed in Batches 3 and 4, where the hygienic quality of the raw milk was poor. Only 10% and 20% of the raw milk samples were compliant with the prescribed requirement, in Batches 3 and 4, respectively. Such a high number of non-compliant raw milk samples suggested that the poor hygienic quality of raw milk is probably due to the low hygiene during milking and the manipulation of milk after milking (Table 1).



According to the Croatian Agency for Agriculture and Food (HAPIH) in the Republic of Croatia in 2022 [21], 96% of milk belongs to the first class, which is why this requirement for the total number of microorganisms, ≤100,000 CFU/mL, is used as part of milk control and for the classification and determination of milk price.



It is also necessary to keep milk composition unchanged for a long period for chemical and bacteriological tests. For this purpose, various preservatives have been used [7,22,23]. In the present study, aerobic mesophilic bacteria in raw unpreserved and preserved milk samples with the addition of sodium azide were examined, and the impact microbial growth was evaluated.



Lichstein and Soule [24] published the first results on the influence of sodium azide on the growth and metabolism of the bacteria Bacillus subtilis and Pseudomonas aeruginosa, discovering the inhibition of oxygen consumption and reduced bacterial growth at very low concentrations of sodium azide. Sodium azide is used in bacteriological laboratories to prevent microbial growth in milk [22]. Therefore, the evaluation of raw unpreserved and sodium azide-preserved milk is important for subsequent milk studies. In addition to this, the observation of microbial populations in preserved milk is also an important aspect of monitoring the biological activity and keeping quality of milk.



The aerobic mesophilic bacteria in milk indicate overall raw milk quality because the majority of these bacteria might be present on the udder of the animal or the hands of a milker and give clear indication of unhygienic practice in pre- and post-milking processes.



The addition of sodium azide resulted in a reduction of the microbial population in all the analyzed milk samples in all four batches. The average number of bacteria in Batch 1 of raw unpreserved milk was reduced by adding sodium azide, which is an average reduction of 47% of the microbial population. Significant differences in the aerobic mesophilic bacteria count in raw unpreserved vs. preserved milk were not confirmed only in Batch 1 (p = 0.114). In Batch 2, the average count of raw unpreserved and preserved milk was reduced by 36%. After the addition of sodium azide, the reduction of the average bacterial count in Batch 3 and Batch 4 was 41% and 24%, respectively.



Figure 1 depicts a declining trend of aerobic mesophilic microbe counts in preserved milk compared to raw unpreserved milk. The red dashed line shows the requirement of 100,000 CFU/mL for milk of the first class, as per the Rulebook (OG 136/20) [6].



As presented, the Box–Whisker chart is a useful choice of graphic display because, in addition to indicating the range (from minimum to maximum), the average value, the median and the lower and upper quartiles (25th and 75th percentile), it also shows outliers (points below the minimum or above the maximum). Milk samples from Batch 3 differ significantly from other average values, which confirms the average value for raw unpreserved milk (B3 = 8.02 × 105 ± 8.96 × 105 CFU/mL) and preserved milk (B3p = 4.71 × 105 ± 4.68 × 105 CFU/mL).



The usefulness of such presentation of the counted aerobic mesophilic bacteria is evident in the comparison of raw unpreserved milk (B1, B2, B3 and B4) with milks with added sodium azide (B1p, B2p, B3p and B4p), where the medians are marked with a line inside the box, and the average value is marked with an X. So, the median for raw unpreserved milk in the first batch is 5.1 × 104 CFU/mL, while the mean value is outside the boxed part (marked as a blue X) and is 2.39 × 105. For this, the milk sample (B1) highlighted two outliers as corresponding dots over the box, i.e., the values 4.3 × 105 and 1.5 × 106. The milk samples from the third batch (B3 and B3p) did not indicate any outliers; however, the box parts of the diagrams are wider, thereby indicating a large range of values that fall between the 25th and the 75th percentile of the values observed for this batch. For the samples of Batch 3 (B3 and B3p), the trend also remained, according to which the median and the mean value (in the form of the arithmetic mean) differ significantly. E.g., for milk with added sodium azide (B3p), a box diagram is dominant, with a minimum of 2.5 × 104, a maximum of 1.34 × 106 and a median that also significantly differs from the mean value (1.81 × 105 vs. 4.71 × 105 CFU/mL). Outliers were identified in half of the investigated samples, regardless of whether the preservative (sodium azide) was used (B1, B1p, B4, B4p).




3.2. MALDI-TOF Mass Spectrometry Identification of Aerobic Mesophilic Bacteria


The bacterial colonies obtained from all the collected samples were cultured on a nutrient medium, and different morphotypes were selected and analyzed using MALDI-TOF MS. An instrument software MBT Compass HT version 5.1 using a match score identified the colonies based on a reference database version 11, and, depending on the match score, bacterial colonies were identified up to the genus and species level. To calculate the score values of each sample, raw data obtained from the MALDI-TOF mass spectrometer was first converted into a peak list, and a further list was compared to the reference database. A total of 392 bacterial colonies were identified in the raw unpreserved milk samples, representing 30 genera and 54 bacterial species. In the preserved milk samples, 330 colonies were identified, representing 27 genera and 41 bacterial species. All species identified in the raw unpreserved and preserved milk samples are shown in Supplementary Materials Tables S1 and S2, respectively. The confidence score was mentioned on a scale of ≥2.00, 1.70 to 1.99 and <1.70 (Figure 2).



In the raw unpreserved milk, 65%, 48%, 28% and 34% bacteria were identified with a confidence score of 2.00 and above in Batches 1, 2, 3 and 4, respectively. In preserved milk, these are 72%, 51%, 33% and 29% in the respective batch samples. In general, in all 392 bacterial colonies in raw unpreserved milk samples (Batches 1, 2, 3 and 4), the most predominant bacterial species were Lactococcus lactis (18%), Chryseobacterium vrystaatense (10%) and Acinetobacter johnsonii (8%). In all 330 colonies in the preserved milk samples of all four batches, a slight population shift was noticed, which was as follows: Lactococcus lactis (26%), Chryseobacterium vrystaatense (17%) and Lactococcus garvieae (8%).



In Batch 1, the results indicated that, in the raw unpreserved milk samples, out of a total of 135 bacterial species identified, the largest share is occupied by the bacteria Chryseobacterium vrystaatense (21%), followed by Serratia liquefaciens (13%) and Lactococcus lactis and Rhodococcus baikonurensis (7%). On the other hand, in the preserved milk samples, among 140 bacterial species, the most abundant species was re-recorded as Chryseobacterium vrystaatense (33%), followed by Lactococcus lactis (15%) and Serratia liquefaciens (12%). The least abundant species were Carnobacterium maltaromaticum, Corynebacterium frankenforstense and others, with a total occupancy of 1%.



In Batch 2, out of 88, the most abundant bacteria in the raw unpreserved milk samples were identified as Lactococcus lactis (28%), followed by Acinetobacter johnsonii and Enterococcus faecalis (14%). In preserved milk, among 68 bacterial species with a total abundance of 29%, Lactococcus lactis was the most abundant species. Besides this, Enterococcus faecalis and Acinetobacter johnsonii, with 16% and 6%, were the subsequently populated species.



Similarly, out of a total of 90 bacterial species in Batch 3, the major species in the raw unpreserved milk samples were Lactococcus garvieae (18%) followed by Lactococcus lactis (12%) and Chryseobacterium joostei and Enterobacter cloacae (8%). While in preserved milk with sodium azide, Lactococcus lactis, with a total percentage of 35%, Lactococcus garvieae (22%) and Chryseobacterium joostei and Macrococcus caseolyticus (5%) were the three most abundant species among the 54 bacterial species.



In Batch 4 of raw unpreserved milk, out of 79 species, the highest detected bacteria were Lactococcus lactis (18%), along with Lactococcus garvieae (13%), Acinetobacter johnsonii and Enterococcus faecalis (11%), while, in preserved milk, out of 69, the most abundant species were Lactococcus lactis (22%), Lactococcus garvieae and Macrococcus caseolyticus (14%), and Enterococcus faecalis (12%). It is noteworthy that the total number of populations of different bacteria is comparatively lower in the preserved than the unpreserved raw milk samples.



Bacterial identification using MALDI-TOF MS based on charged biomolecules, including proteins, to generate spectra—which are compared to the reference database—is a promising approach for rapid and reliable identification of the microbial population of milk. In this context, Dobranić et al. [25] analyzed raw cow’s milk originating from untreated and antibiotic-treated cows, with an emphasis on enterococci opportunistic pathogens and also psychotropic bacteria, staphylococci, E. coli, enterococci, Enterobacteria, Listeria spp. and sulfite-reducing clostridia. The results were determined using the classical method. MALDI-TOF MS-analyzed samples showed 100% concordance with simultaneously used API 20 Strep. The results endorsed MALDI-TOF MS as a potential tool for the identification of pathogens including Enterococcus faecalis. In our results, in the raw unpreserved and preserved milk samples of Batches 2, 3 and 4, Enterococcus faecalis was identified by MALDI-TOF MS. Besides this, coliform bacteria are sensitive to sodium azide [7]. Similarly, Elizondo et al. [22] stated that sodium azide is most effective against mesophilic microorganisms. Different microorganisms are present in milk, and LAB is a common species. Nacef et al. [26] successfully identified 197 colonies of lactic acid bacteria from cheese made from raw and pasteurized milk using the MALDI-TOF technology and concluded that Lactobacillus was the most predominant genus in raw and preserved milk. Our results also follow previous research outcomes [25,27,28].



In the present study, after microbial analysis using MALDI-TOF MS, it was noticed that a few bacterial species were present in the raw unpreserved milk samples but not detected in the respective preserved milk samples. The first of such bacteria is Acinetobacter lwoffii, an aerobic Gram-positive bacillus, generally found on the skin and considered an opportunistic pathogen [29]. Reports suggest that it is among the predominant deteriorating bacteria of milk [30]. Another organism observed was Corynebacterium xerosis; Hahne et al. [31] isolated C. xerosis, a coagulase-positive strain, from raw unpreserved milk. Its presence is also associated with the abundance of somatic cells in milk. Woudstra et al. [32] also identified C. xerosis in raw milk using MALDI-TOF MS. It is generally introduced into milk through the milking process as it is found on milking gloves and cow’s skin and in the environment [33].



In this list, the next organism is Brachybacterium nesterenkovii, a thermoduric bacteria and potential spoilage microbe [34]. This bacterium changes its shape from coccus/oval/rod during the logarithmic phase to coccus during the stationary phase, and, possibly because of non-viability of the strain under preservation, it could not be detected in the preserved samples. In addition, Chryseobacterium rhizosphaerae, found in raw unpreserved milk but not preserved, was first reported in coastal sand dune plant rhizosphere [35].



Serratia liquefaciens is a psychrotrophic bacteria equipped with features such as biofilm formation and proteolytic and lipolytic activity [36]. In addition to this, it also possesses antibiotic resistance; thus, sodium azide might not affect its population in preserved milk. Another, Sphingobacterium multivorum, is commonly found in soil and water but not in milk, although it can appear in milk during processing or preservation and can facilitate the environment for Sphingobacterium multivorum growth. Pukančíková et al. [27] also detected this bacterium in raw milk using MALDI-TOF MS, with a confidence score of 1.987. Preservation may alter the microbial composition of raw milk, and that can favor the growth of certain microorganisms. Rhodococcus baikonurensis, initially isolated from a space laboratory in Russia, a boron-tolerant bacterium belonging to actinobacteria, can be detected in raw milk and cause spoilage. It also produces extracellular enzymes and rhamnolipids. The organism is capable of bioremediation of various pollutants, including diesel, Hg, and other heavy metals [37,38]. These bacteria were found in our raw unpreserved milk sample but not in milk with added sodium azide.



Cantoni et al. [39] isolated a pigmented bacterium, Pseudoclavibacter helvolus, in raw milk, and, in the present study, we also detected it in raw unpreserved milk. However, MALDI-TOF MS could not find it in preserved milk. In addition, Micrococcus luteus was identified in raw unpreserved milk but not in preserved milk. M. luteus is a milk and milk product spoilage bacteria. Sodium azide in preserved milk successfully inhibited growth of M. luteus and advocated its efficiency in reducing spoilage organisms and improving the quality and storage of milk samples intended for physico-chemical analyses and analyses of the hygienic quality of milk control.



Carnobacterium maltaromaticum was first isolated from a milk sample with a different flavor due to the presence of aldehydes. It is an opportunistic lactic acid bacterium that can grow in milk in low/no competition with other LAB, which is why it probably could not grow to a threshold to be detected in raw milk, but as soon as sodium azide was reduced, the growth of the Carnobacterium maltaromaticum pathogenic bacteria in preserved milk grew well. A non-fermentative rod-shaped Gram-negative bacterium, Massilia timonae, was also not detected in preserved milk. Moreover, Streptococcus parauberis was detected in preserved milk, possibly because sodium azide has been used as a selective medium component that suppresses Gram-negative bacteria while promoting the growth of streptococci in medium (Hartmann, 1936 [40]).



Interestingly, in our MALDI-TOF MS identification, various genera were identified in raw unpreserved milk that have generally not been reported in previous studies. This indicates poor hygienic practices during milking and also points out the source introducing such microorganisms in milk, among which many are opportunistic pathogens, that can deteriorate the milk quality. The study demonstrates that sodium azide undoubtedly poses a great impact on reducing the opportunistic pathogen population in milk and reducing the risk of contamination of preserved milk samples intended for laboratory analyses of milk quality control.



To investigate the influence of the preservative on the microbiological composition of milk and isolated Gram-positive and Gram-negative bacterial species, the heatmap was applied (Figure 3). The reliability of the identification is highlighted with colors, where green represents the high reliability of identification, while the yellow field represents low reliability. The gradient with two colors, the yellow-green fields, points out that for the same bacterial species was detected more times but with low and high reliability (e.g., Corynebacterium spp. raw unpreserved milk of the first batch (B1, B3 and B1p; Figure 3)).



Figure 3 depicts the abundance of Lactococcus lactis in raw unpreserved and preserved milk and the reduction of a few species, such as Corynebacterium, Rhodococcus, etc., in preserved milk with sodium azide. In assessing the change, i.e., the number of sampled bacterial species in batches of raw unpreserved milk compared to preserved milk, a one-sided t-test was used, with a significance level of p < 0.05. The results are shown in Figure 4.



Finally, to relate the aerobic mesophilic bacteria count found in raw unpreserved and preserved milk to the proportion of bacteria identified using MALDI-TOF MS, principal component analysis was applied. The mentioned tool of multivariate analysis enabled a qualitative clarification of everything mentioned above (Figure 5), and the distribution of the analyzed milk from different batches in all four quadrants was clearly visible.



The study of Milanović et al. [41] used a qualitative multivariate tool in observing similarities and differences between used starter cultures; therefore, we applied it in the bacterial observation. We used a heatmap to qualitatively identify the similarities/differences of the milk samples based on the detected Gram-positive, Gram-negative and psychrotrophic bacteria. The presented trends in Figure 4 show the successful identification of the species in raw unpreserved and preserved milk samples per batch. Nevertheless, based on the fact that psychrotrophic bacteria have a negative impact on the quality of milk and milk products [42,43], the identifications were summarized per bacteria group and presented in Figure 4.



As Fernández et al. [44] indicated in their review of the impact of microorganisms present in fermented dairy products on human health, a few Gram-negative bacteria (species as E. coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and Citrobacter freundii and the genera Enterobacter, Proteus, Psychrobacter, Halomonas and Serratia) are identified as indicators of potential health risk related to poor hygiene. Thus, it seems that sodium azide significantly contributed to the change of Gram-negative bacteria, regardless of whether they were psychrotrophs (p = 0.001) or not (p = 0.033). In the case of Gram-positive bacteria, no statistically significant difference was found in the raw unpreserved milk samples vs. milk to which a preservative, sodium azide, was added.



Total aerobic mesophilic bacteria count (Figure 5, marked as “CFU”) is negatively correlated (Pearson’s correlation coefficient) with “High” identification reliability (−0.357), which is an indication that regardless of the number of bacteria that are high, the effectiveness on MALDI-TOF MS identification will be high, and, with the increase of the bacteria number, the increase of “Low” identification will be proportional. However, it should be pointed out here that the representation in Figure 5 results from the mean values for CFU and the degrees of bacterial identification. To incorporate the experimental variance for each batch and improve the reliability of the analysis, PCA analysis was performed for each batch separately, with the corresponding ten observations for the raw and preserved milk samples (Figure S1). The trend of the relationship between CFU and the degree of identification changes depending on the observed batch of milk. But what all biplot presentations (Figure S1) have in common is the positioning of the degree of success of bacterial identification in different quadrants, depending on whether the milk is raw or preserved (B or Bp). The previously identified trend (CFU negatively correlates with high identification reliability) was confirmed for all observed batches of milk through the positioning of CFU values in opposite quadrants (for preserved milk), except for the first one (Figure S1). However, from the Pearson correlation matrix (which is an integral part of the PCA analysis), it can be seen that the value of the correlation coefficient (for B1p_CFU vs. B1p_High) is −0.3805, confirming the negative correlation. It should certainly be emphasized what was confirmed by the research of Wenning et al. [45]: the suitability and applicability of MALDI-TOF mass spectrometry evaluated for routine microbial diagnostics of microorganisms associated with food analysis. They additionally pointed out that an extremely important factor in the accuracy of identification and their ability to differentiate isolates is precisely the resistance of bacteria to changes in incubation time and/or media. It should also be noted that the appearance of new pathogens requires a revision of the bacteria database and the addition of new spectra to the database itself, which makes MALDI-TOF MS more effective in the diagnosis of microorganisms and thus in monitoring the quality of milk [46].





4. Conclusions


The present study concluded that MALDI-TOF MS is a promising approach that has the potential to identify bacteria up to the genus and even species levels. The preservative sodium azide was used to show trends in reducing aerobic mesophilic microorganisms in different milk samples.



In general, the most dominant bacterial species in the raw unpreserved milk samples were Lactococcus lactis, Chryseobacterium vrystaatense and Acinetobacter johnsonii, while, in preserved milk samples, the predominate populations were Lactococcus lactis, Chryseobacterium vrystaatense and Lactococcus garvieae.



Sodium azide definitely reduced the pathogenic microorganisms and also supported growth of various other bacteria by reducing the competition. Also, the results showed satisfactory quality and stability of the preserved milk samples intended for laboratory analyses of milk quality control. Many species present in raw unpreserved milk were not detected in preserved milk. Conclusively, MALDI-TOF MS analysis provided us a detailed insight into the hygienic quality of milk and showed the impact of the preservative on microbial species before and after preservation.
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Figure 1. Box–Whisker diagram for the total number of aerobic mesophilic bacteria in raw unpreserved (B1, B2, B3 and B4) and preserved milk (Bp1, Bp2, Bp3 and Bp4) with indicated outliers (corresponding points over the box). Each batch and type of milk is shown in a different color. 
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Figure 2. Percentage of reliability of identified colonies using MALDI-TOF MS. 
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Figure 3. Heatmap representing the results of semi-quantitative evaluation of identification of Gram-positive and Gram-negative bacteria with highlighted psychrotrophic bacteria in raw unpreserved milk (four batches, B1–B4) and in preserved milk (four batches, B1p–B4p). 
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Figure 4. Changes in the number of sampled bacterial species in raw unpreserved milk compared to preserved milk. The values of the parameter “p” are bold for those observations that are statistically significantly different (p < 0.05). 
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Figure 5. Biplot of the principal component analysis of different identification levels (reliability of identification) of bacteria and the total number of aerobic mesophilic bacteria, for analyzed milk samples in raw (blue dots: B1, B2, B3 and B4) and preserved (green dots: Bp1, Bp2, Bp3 and Bp4) form. 
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Table 1. Total number of aerobic mesophilic bacteria in raw unpreserved and preserved milk (CFU/mL).
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Sample

	
Batch 1

	
Batch 2

	
Batch 3

	
Batch 4




	
Raw Milk

	
Preserved Milk

	
Raw Milk

	
Preserved Milk

	
Raw Milk

	
Preserved Milk

	
Raw Milk

	
Preserved Milk






	
1

	
44,000

	
43,000

	
141,000

	
105,000

	
29,000

	
25,000

	
77,000

	
74,000




	
2

	
50,000

	
46,000

	
67,000

	
35,000

	
201,000

	
170,000

	
188,000

	
142,000




	
3

	
43,000

	
36,000

	
82,000

	
79,000

	
232,000

	
151,000

	
90,000

	
50,000




	
4

	
48,000

	
43,000

	
145,000

	
111,000

	
920,000

	
830,000

	
120,000

	
117,000




	
5

	
46,000

	
26,000

	
58,000

	
19,000

	
1,900,000

	
830,000

	
116,000

	
76,000




	
6

	
80,000

	
56,000

	
74,000

	
57,000

	
2,720,000

	
1,340,000

	
910,000

	
730,000




	
7

	
52,000

	
52,000

	
123,000

	
63,000

	
248,000

	
191,000

	
234,000

	
93,000




	
8

	
430,000

	
300,000

	
8000

	
6000

	
460,000

	
127,000

	
229,000

	
156,000




	
9

	
1,500,000

	
620,000

	
59,000

	
20,000

	
120,000

	
100,000

	
225,000

	
221,000




	
10

	
93,000

	
48,000

	
36,000

	
12,000

	
1,190,000

	
950,000

	
263,000

	
204,000




	
Average ± Standard deviation

	
2.39 × 105 ± 4.59 × 105 A

	
1.27 × 105 ± 1.91 × 105 a

	
7.93 × 104 ± 4.48 × 104 B

	
5.07 × 104 ± 3.84 × 104 a,*

	
8.02 × 105 ± 8.96 × 105 A

	
4.71 × 105 ± 4.68 × 105 b,*

	
2.45 × 105 ± 2.43 × 105 A

	
1.86 × 105 ± 1.99 × 105 a,*








Significant differences in the total number of aerobic mesophilic bacteria are indicated with capital letters (A and B) for raw unpreserved milk from different batches and with small letters (a and b) for preserved milk samples. The significant differences for samples of the same batch (raw unpreserved vs. preserved milk) are indicated with an *. Significance level is p < 0.05.
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