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Abstract: According to the Regulation on the Quality of Fresh Raw Milk, up to
100,000 microorganisms/mL are allowed in milk obtained by the hygienic milking of
healthy cows, which represents the natural microbiota of milk and has no negative impact
on the overall quality of milk. However, with unprofessional handling during and after
milking, milk is easily contaminated and becomes a potential medium for the growth
and reproduction of microorganisms, some of which can be harmful to human health.
Since the number of aerobic mesophilic bacteria in milk is one of the indicators of the
hygienic quality of milk, their number and identification are fundamental in the control
of raw milk from milk vending machines. From five different milk vending machines,
35 samples were collected, from which the total number of aerobic mesophilic bacteria
was determined using the flow cytometry method and the classic method of counting
colonies on a nutrient medium. Randomly selected colonies based on morphological dif-
ferences (n = 700) were identified by comparing MALDI-TOF mass spectra with reference
spectra stored in the microorganism library and processing using the MALDI Biotyper
computer program. Thirty-eight genera and eighty-one bacterial species and five genera
and seven fungal species were successfully identified. The species that predominate are
Lactococcus lactis, Hafnia alvei, Escherichia coli, Leuconostoc mesenteroides, and Kluyveromyces
lactis. By integrating advanced methods like flow cytometry and MALDI-TOF MS for
precise microbial identification, this study highlights the need for enhanced monitoring
and adherence to hygienic standards in raw milk vending machines. This approach not
only safeguards public health but also supports consumer confidence in milk quality from
vending machines.

Keywords: raw milk; vending machine; hygiene quality; microbiological hazards

1. Introduction

Raw milk, due to its rich chemical composition, is a very suitable medium for the
growth and reproduction of diverse microbial flora, including pathogens transmissible
to humans. Despite this, there has been an observed trend in different countries of an
increased consumer demand for milk with higher nutritional value and better taste, which
has not been subjected to prior thermal processing [1-4]. On the other hand, some coun-
tries have banned the consumption of raw milk due to the public health risk related to
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foodborne pathogens such as Salmonella spp., Listeria monocytogenes, Campylobacter spp.,
enterohaemorhagic Escherichia coli, and others [5]. For example, the European Food Safety
Authority (EFSA) Scientific Opinion from 2015 reported the results of the Czech Republic
study, carried out regarding the rapid expansion of vending machines and increased con-
sumption of raw milk [5]. They evaluated the microbiological and hygienic quality of raw
milk from vending machines and confirmed the presence of the pathogens Staphylococcus
aureus, Campylobacter spp., Salmonella spp., and L. monocytogenes [5].

In any case, milk microbiota can be composed of different types of bacteria that can
grow in a wide temperature range. The majority of milk-related pathogens belongs to the
mesophilic group and can be part of the microbiome counted during regular testing of the
total viable count [6,7]. The total viable count (TVC) and somatic cell count (SCC) are two
parameters used in assessing the hygienic quality of raw milk and udder health, with a
permitted limit of 100,000 CFU/mL and 400,000 cells, respectively [8].

These requirements apply also to raw cow’s milk from vending machines (raw milk
that is intended for public consumption without prior heat treatment) in Croatia, ignoring
the microbiological hazards possibly present in this type of production and placing on the
market [9,10]. However, there is national Guidance for microbiological criteria in food [11]
which sets the standards for milk intended to be eaten raw, considering Salmonella spp.,
L. monocytogenes, S. aureus, Enterobacteriaceae, sulphite-reducing clostridia, and aerobic
mesophilic bacteria. However, these criteria are only recommended, and the testing for
these specific pathogens and contaminant bacteria is not obligatory [12,13]. However, there
is an obligation to warn consumers that thermal processing of raw milk from vending
machines is recommended before consumption [5].

A low number of microorganisms is naturally present in milk and mainly belong to the
genera Micrococcus and Staphylococcus (30-99%), Streptococcus, Lactococcus, and Lactobacillus
(1-50%) and sporadic Gram-negative bacteria or yeasts [6]. A significant increase in the
number of microorganisms in milk is primarily the result of animal disease and /or udder
infection and the lack of good production and hygiene practices on farms [6,14-16].

Under conditions of hygienically appropriate milking, the initial microbial contamina-
tion is <10* CFU/mL and is considered acceptable for the microbiological quality of raw
milk. Conversely, the microbial population in raw milk after milking exceeds 10° CFU/mL
under conditions of poor hygiene and/or mastitis [10].

In fact, the contamination of raw milk with pathogenic bacteria, such as Staphylococcus
aureus, Streptococcus agalactiae, Streptococcus dysgalactiae, and Escherichia coli, is common if
there is no systematic control of mastitis in the herd. Other less common causes of masti-
tis include Corynebacterium pyogenes, Mycobacterium bovis, Listeria monocytogenes, Bacillus
cereus, Salmonella spp., and coagulase-negative staphylococci [6,17-19]. In addition to this,
major pathogens Brucella spp. (B. abortus, B. melitensis) and Coxiella burnetii, which cause
brucellosis and Q fever upon consuming contaminated raw milk and milk products, are
also a serious health concern in poor hygiene environments [20,21]. The majority of listed
pathogens are zoonotic and known agents of foodborne infections or intoxications [22]. The
contamination of milk with zoonotic pathogenic bacteria may occur from environmental
sources including farmers, milking machines, the tanks for milk storage at the farm, or
even transport equipment [5]. As an example, there is evidence of the persistence of L.
monocytogenes in the milk chain, i.e., milk distributed by vending machines in Croatia [12].
In this study, the pathogen prevalence in raw milk correlated well with high TVC in cor-
responding milk collected at specific vending machines owned by incriminating farms.
Its persistence in dairy environments may be related to unique ability to form biofilms on
contaminating surfaces and its high resistance to disinfectants [23].
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There is the question of whether the consumer can rely on standard testing of TVC and
SCC in raw milk distributed further by vending machines in terms of pathogenic threats.
Managing the risk of foodborne diseases from the point of the vending machine to the point
of consumption is now on the consumer. Based on an HAPIH study [3], 48.6% of consumers
of milk from vending machines in Croatia do not boil the milk. Having in mind these facts,
the aim of this study was to obtain insight into the microbial population composition from
counting aerobic mesophilic bacteria during standard milk testing [24]. The composition of
this microbial group is evaluated by matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS), with the assumption of the possible presence
of bacterial pathogens in milk from vending machines. In doing so, multivariate analysis
tools such as (i) heat maps, (ii) principal component analysis, and (iii) Clustering trees
were used.

2. Materials and Methods
2.1. Milk Sampling

A total of 35 samples of fresh raw cow’s milk were collected from five different milk
vending machines supplied by different milk producers located in Zagreb, Croatia (from
the Savica (45.79498787749926 N 15.995354074642366 E), Dugave (45.765381911857425 N
15.99328086175341 E), and Jelkovec (45.81056119505793 N 16.10324176615681 E) markets)
and Velika Gorica, Zagreb County (one in front of the school (45.719049726057904 N
16.074359705074272 E) and another in front of the health center (45.71389808810045 N
16.0655078885702 E)). Raw milk was sampled seven times (in duplicate) for each milk
vending machine over 3 months (February, March, and April 2023) [25]. The milk was
stored in 1 L sterile bottles with lids and submitted for analysis no later than one hour after
sampling. The temperature of milk during transport was +6 °C (£2 °C).

2.2. Flow Cytometry Method and Plate Count Method

The total number of bacteria (CFU/mL) in raw milk samples was determined by the
flow cytometry method on the Bactoscan FC type 73700 instrument (Foss, Hillered, Den-
mark) according to the international norm ISO 21187:2021 [26] in the Reference Laboratory
for Milk and Dairy Products, Department of Dairy Science, Faculty of Agriculture, Univer-
sity of Zagreb. This was performed to facilitate the selection of the appropriate dilution for
the standard method according to the international norm ISO 4833-1:2013 [24] for deter-
mining the number of aerobic mesophilic bacteria. Both mentioned methods are accredited
in accordance with the requirements of the international standard ISO 17025:2017 [27].

2.3. MALDI-TOF Mass Spectrometry

A sample of the grown bacterial colony was taken from the Petri dish using a sterile
toothpick and applied to the MALDI plate. Each sample was overlaid with 1 uL of 70%
formic acid (Fisher Chemical, Alcobendas, Spain) and dried at room temperature. Then,
1 pL of the MALDI matrix (10 mg/mL alpha-4-cyano-4-hydroxycinnamic acid; Bruker
Daltonik, Bremen, Germany) was added to the sample, and the sample was dried again.

Microorganism identification was performed using a Microflex LT mass spectrome-
ter (Bruker Daltonik, Bremen, Germany) and the MBT Compass HT version 5.1 (Bruker
Daltonik, Bremen, Germany) software by comparing the recorded MALDI-TOF spectra of
the sample with a reference spectrum stored in the database version 11. According to the
manufacturer’s instructions, the identification criteria were as follows: values from 2.00
to 3.00 indicate high confidence identification, values from 1.70 to 1.99, low confidence
identification, and for values below 1.69, identification is not reliable [28].
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2.4. Data Analyses

Analysis of variance (ANOVA) was performed and the Mann-Whitney U test was
used (significance level 0.05) to determine the differences among mean values of raw
drinking milk from different vending machines, during two seasons.

As a multivariate tool for the analyses of qualitative data, the heatmap was used with
the color scale ranging from white (not identified) to yellow (low certainty of identification)
to green (high certainty of identification). The quantitative data were additionally also
explored by the use of multivariate tools, and principal component analysis (PCA) was
used. This analysis enabled insight into which raw drinking milk samples (from different
vending machines) had the highest incidence of bacteria (Gram-positive, Gram-negative),
yeasts, and molds, and whether the occurrence of bacteria can be related to the seasons (four
measurements during winter and three measurements in the spring months). Classification
trees were used with the aim of associating the occurrence of certain species of bacteria,
yeasts or molds in milk samples from vending machines, depending on whether the CFU
is within the recommended limits (<100,000 CFU/mL) or not. The statistical software tool
for Excel (XLStat, 2007) was used for all qualitative and quantitative analyses presented in
this study.

3. Results and Discussion

In this study, the hygienic quality of raw drinking milk sold through five milk vending
machines in the City of Zagreb and Zagreb County was analyzed using the flow cytometry
method to determine the total number of bacteria and the classical method to determine
aerobic mesophilic bacteria (Table 1). The MALDI-TOF MS technique was used to identify
microbial populations (Tables 2 and 3).

Table 1. The total number of bacteria determined in milk from different vending machines during
the winter and spring months, (mean values with corresponding standard errors) by BactoScan.

CFU x 10*/mL

Milk
Vending 6 February 2013 13 February 2023 20 February 2023 27 February 2023 6 March 2023 27 March 2023 3 April 2023
Machines W1 w2 w3 W4 S1 S2 S3
1st 53 + 4 AP 969 + 125 Ad 82+ 14Abc 292 +2Ce 7+442 54 + 2 BP 170 £ 1 A¢
2nd 387 + 16 P 446 + 55 AP 84+ 442 112+ 642 5270 + 562 P4 457 41Dk 3818 + 39 G
3rd 169 + 3 Bb 12+ 1Ba 248 4+ 2 Be 98 + 1 Aab 82 + 6 Bab 188 £ 5CP 307 + 13 Be
4th 48 + 2 Ab 15+ 0Ba 685 + 8 ¢4 208 + 1 Be 242 + 44 Cc 26+ 242 246 + 21 Be
5th 60 4+ 242 15+ 2Ba 305 + 20 BP 196 + 2 Bb 5830 + 0 DA 1753 + 72 Ec 167 £ 24P

Different capital letters in the columns indicate significant differences in the number of bacteria detected in
different vending machines, on the same date; different small letters in the rows indicate significant differences
for bacterial numbers on different dates, per vending machine. Significance level, p < 0.05.

In the presentation of the total number of bacteria (Table 1), instead of standard
deviation, standard error (SE) was used because this parameter provides information on
data reliability because it presents the ratio of standard deviation to the root of the number
of measurements. As can be seen from the results, the SE value in season S1 is extremely
high for the second VM (562 CFU x 10°/mL) based on the total number of bacteria, which
ranges from 471 to 583 CFU x 103 /mL. According to data from the Agricultural and Food
Agency of the Republic of Croatia (HAPIH) in 2023 (Center for Quality Control of Livestock
Products, Annual Report 2024) [29], 97.1% of milk belongs to the first category, which is
why the requirement of a total microbial count of <100,000 CFU/mL is included in the
framework of the control of the hygienic quality of milk and is also used for the classification
and determination of milk prices. When analyzing the results of bacterial counts from
individual vending machines, a very wide range of populations was present, with levels
above the legal limits. However, this is not a surprising finding due to factors such as
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sampling time point (the period from milking to sampling) or hygienic and temperature
conditions during milk collecting, storage, and transport. The same differences were noted
in our previous study [13]. Unfortunately, the exact duration of the period from milking to
sampling was not known in this study. If we assume that all samples were equally fresh at
the time of sampling, the observed variability in bacterial counts between the machines
could be due to poor hygiene or udder health problems. On the other hand, a higher TVC
value does not necessarily mean that pathogens are present, and vice versa.

The total viable count itself does not have any significance in evaluating the safety of
milk. However, many foodborne pathogens and spoilage microorganisms are capable of
growing in non-selective nutrient mediums and under the incubation conditions applied
for TVC determination (ISO 4833-1:2013). Therefore, this study was conducted to analyze
the types of microbes present in raw milk collected from different vending machines using
the MALDI-TOF mass spectrometer. A total of 700 selected colonies based on different
morphotypes were analyzed. The use of the MALDI-TOF method in microbial identification
is therefore culture-dependent, i.e., it relies on the prior isolation of viable cells, in this
case, on nutrient plate count agar. Another factor in assessing the composition of the
microbial population is the strategy of sampling microbial colonies as representatives of
the population, which is preferably performed randomly. In this sense, the probability of
identifying pathogens within the TVC population depends on these two factors. The results
of microbial identifications of Gram-negative bacteria are listed in Table 2, Gram-positive
bacteria in Table 3, and sporadic yeasts and molds in Table 4.

A very high species diversity of Gram-negative bacteria was found in raw milk from
vending machines. In general, the natural microbiota of milk consists mainly of Gram-
positive species, so the finding of the listed enterobacteria and other Gram-negative species
indicates environmental or fecal contamination. The predominant species was the enter-
obacterium Hafnia alvei, followed by coliform E. coli and psychrophilic Rahnella inusitata.
Remarkably, E. coli and H. alvei were found in most samples, but almost every sample from
vending machine (VM) 3 contained E. coli, indicating poor hygienic practice. The presence
of E. coli in raw milk has some indirect significance for food safety if the population consists
of pathogenic strains or serotypes [5]. A recent study [30] has confirmed the public health
significance of E. coli in raw milk due to the occurrence of virulent and multi-drug resis-
tant strains. In addition, Yersinia enterocolitica has been identified sporadically in vending
machines, indicating a potential risk as it is a psychrophilic foodborne pathogen that has
been implicated in foodborne outbreaks traced to milk, including pasteurized milk, in
the past [31]. Pseudomonas species were frequently identified in VM milk, indicating their
possible growth during milk refrigeration, as they are the main psychotropic and spoilage
bacteria in raw milk. This can be related to the results of our previous study conducted
on farm milk samples [32], in which the presence of pseudomonads was rarely detected
by MALDI-TOF MS. The detection of contaminating opportunistic pathogens from the
Sphingobacteriaceae family and Serratia genus, which have also been identified in milk by
others [32-35], albeit only sporadically, should be emphasized.

Gram-positive bacteria were dominated by the species Lactococcus lactis, Leuconostoc
mesenteroides, and Carnobacterium maltaromaticum, which are frequently found in raw milk
and have already been reported by Quigley et al. [36], Mikulec et al. [32], and others. Lactic
acid bacteria are generally recognized as safe (GRAS) and are beneficial microbes (probiotic
properties). However, their acidifying capacity in chilled raw milk can lead to spoilage of
the milk if they are present in large numbers. Their numbers usually increase from milking
to consumption, even if the cold chain is not interrupted [13]. In addition, staphylococci
and streptococci, which are of public health importance, were detected in 10-15% of the
samples. For example, Staphylococcus aureus, as one of the most common pathogens causing
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mastitis in cows, but also pathogenic in humans, and S. haemolyticus, as an opportunistic
pathogen in animals and humans [37]. The public health significance of S. aureus in milk
and cheese produced from unpasteurized milk has been widely reported, including the
multi-resistant strains as well enterotoxin produced in highly contaminated products [38].

In addition, our study also identified animal pathogens (mastitis pathogens) in vend-
ing machine milk, such as Streptococcus uberis, S. parauberis, and Streptococcus dysgalactiae,
indicating possible udder health disorders in a few dairy farms [39-41].
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Table 2. Gram-negative bacteria detected in raw milk samples from five vending machines during winter (W1-W4) and spring (51-S3) time.

Gram-Negative Bacteria

Wi W2 W3 W4 S1 S2 S3

1st ond 3rd 4th Sth 1st ond 3rd 4th 5lh 1st ond 31‘d 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th

Acinetobacter albensis

Acinetobacter guillouiae

Acinetobacter johnsonii

Acinetobacter parvus

Aeromonas bestiarum

Aeromonas eucrenophila

Aeromonas salmonicida

Brevundimonas diminuta

Buttiauxella gaviniae

Buttiauxella warmboldiae

Chryseobacterium bovis

Chryseobacterium indoltheticum

Chryseobacterium piscium

Chryseobacterium scophthalmum

Chryseobacterium shigense

Chryseobacterium vrystaatense

Citrobacter braakii

Comamonas terrigena

Escherichia coli

Hafnia alvei

Janthinobacterium lividum

Klebsiella oxytoca

Lactobacillus curvatus

Moraxella osloensis

Pantoea agglomerans

Paracoccus yeei

Pseudomonas azotoformans

Pseudomonas brenneri

Pseudomonas extremorientalis

Pseudomonas fluorescens

Pseudomonas gessardii

Pseudomonas libanensis

Pseudomonas lundensis

Pseudomonas proteolytica

Pseudomonas rhodesiae

Pseudomonas synxantha

Pseudomonas tolaasii
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Table 2. Cont.

Gram-Negative Bacteria

Wi W2 W3 W4 S1 S2 S3

1st ond 3rd 4th Sth 1st ond 3rd 4th 5t11 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5tl‘l

Pseudomonas veronii

Rahnella inusitata - - - - _

Serratia marcescens ||

Serratia proteamaculans - - - - -

Sphingobacterium faecium -

Sphingobacterium multivorum -

Stenotrophomonas maltophilia

Stenotrophomonas spp.

Yersinia enterocolitica -

Yersinia enterolitica -

Green fields: high reliability of identification (in the range > 2.00 to 3.00); yellow fields: low reliability of identification (range of 1.70 to 1.99); white fields: not detected.

Table 3. Gram-positive bacteria detected in raw milk samples from five milk machines during winter and spring time.

Gram-Positive Bacteria

W1 W2 W3 W4 S1 S2 S3

1st znd 3rd 4th 5th 15t 2nd 3rd 4th 5th 1st znd 3rd 4th sth 15t 2nd 3rd 4th 5th 1st an 3rd 4th gth st 2nd 3rd 4th 5th 1st an 3rd 4th

5th

Bacillus licheniformis

Brochothrix thermosphacta

Carnobacterium
maltaromaticum

Corynebacterium callunae

Corynebacterium
frankenforstense

Corynebacterium
provencense

Corynebacterium
vitaeruminis

Corynebacterium xerosis

Enterococcus faecalis

Enterococcus hirae

Kocuria uropygioeca

Kocuria varians

Lacticaseibacillus
paracasei

Lactobacillus curvatus

Lactobacillus spp

Lactococcus lactis -
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Table 3. Cont.
N _ w1 w2 w3 w4 s1 s2 s3
Gram-Positive Bacteria 15t an 3rd 4th Sth 15t an 3rd 4th 5th 15t an 3rd 4th 5th 1st an 3rd 4l11 5th 1st Zl‘ld 3rd 4th 5th 1st 2nd 3rd 4th 5th 1st an 3rd 4th 5th

Lactococcus plantarum

Lactococcus raffinolactis

-

Leuconostoc carnosum

Leuconostoc citreum

Leuconostoc mesenteroides

_-

Luteococcus japonicus

Microbacterium aurum

Microbacterium lacticum

Microbacterium
liquefaciens

Microbacterium oxydans

Micrococcus luteus

Rhodococcus
baikonurensis

Staphylococcus aureus

Staphylococcus borealis

Staphylococcus
chromogenes

Staphylococcus
haemolyticus

Staphylococcus vitulinus

Staphylococcus warneri

Streptococcus dysgalactine

Streptococcus parauberis

Streptococcus uberis

-

Streptomyces albidoflavus

Green fields: high reliability of identification (in the range > 2.00 to 3.00); yellow fields: low reliability of identification (range of 1.70 to 1.99); white fields: not detected.
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Yeasts and molds were also detected in the raw milk samples. They are naturally
present in raw milk and can contribute to the spoilage of milk during cold storage on the
market. They were randomly selected from the nutrient agar (they grow under aerobic
conditions), but the colonies were significantly larger compared to the bacterial colonies.
The effectiveness of the MALDI-TOF MS method in their detection and identification within
the milk microbiota is an added value in microbial screening [13,32].
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Table 4. Yeasts and molds detected in raw milk samples from five milk machines during winter and spring time.

Wi W2 W3 w4 S1 S2 S3

Yeasts and Molds
lst

ond 3rd 4th Sth 1st ond 3rd 4th 5t11 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th 1st ond 3rd 4th 5th

Scopulariopsis brevicaulis

Kluyveromyces lactis

Kluyveromyces marxianus [N

| T | | | |

Magnusiomyces capitatus

Pichia fermentans

Pichia kudriavzevii

- | |

Yarrowia lipolytica -

Green fields: high reliability of identification (in the range > 2.00 to 3.00); yellow fields: low reliability of identification (range of 1.70 to 1.99); white fields: not detected.
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Heat maps provided a clear qualitative insight into the seasonal (different) occurrence
of bacteria, yeasts, and/or molds. However, in order to clarify the significance of the
relationship between seasonality and raw drinking milk quality from different vending
machines, it was necessary to apply some multivariate analysis tools.

Principal component analysis (PCA) is a widely used multivariate statistical technique
in various fields, including food science and technology [42] and became a widely used
method in food quality monitoring [43]. This multivariate tool is used to reduce the
dimensionality of complex data, such as chemical, physical or sensory food analyses,
allowing researchers to identify the main factors that affect the food quality [44]. The
application of this method is growing thanks to the constantly expanding availability of
software that enable complex analyses and whose qualitative and quantitative results can
be used in monitoring food quality, especially in the context of ensuring food safety and
meeting regulatory standards [42—44]. Milk, as a complex and heterogeneous food matrix,
has been a subject of interest in the application of principal component analysis within the
domain of food quality. The complex nature of milk, with its numerous quality parameters,
creates challenges in data interpretation and reduction, and PCA analysis can be a valuable
tool in addressing these challenges, as it allows for the identification of the most important
variables that contribute to the overall milk quality and the reduction in the dimensionality
of the dataset [45]. In the context of dairy farming, PCA has proven useful for analyzing
and optimizing the quality of dairy products [46] and in the identification of key factors that
affect the composition, texture, taste, and nutritional value of milk and dairy products [47].
The method is also important in detecting contamination [48], distinguishing products by
origin [49] or production technology [50], and assessing authenticity [51]. In addition to
seasonal variations, principal component analysis has also been applied to investigate the
relationship between various physicochemical and microbiological properties of milk [32],
and to develop models for predicting milk quality characteristics [52]. Following all of the
previously mentioned considerations, we used PCA analysis to determine the connection
between seasonality and milk quality, if CFU is observed.

From the tables, the trend of occurrence at the same vending machines is visible;
therefore, a multivariate analysis was applied to determine the qualitative trend towards
different vending machines and whether this is also related to the seasonal character (when
cows are potentially grazing, etc.). This is indicated in Figure 1A,B.

A Biplot (axes F1 and F2: 71.63 %) B Biplot (F1 and F2: 71.63 %)
P P
51 50 VM . W4 _5"VM
5 » 53 30 Vg
S1_3[d VM GN

1| §1.2 VMCFU

= Total 3 53 3nd VM Total
& o
:
o5
. S| rd
= o 52 1 ;‘3’: j.m mz 5 VM
=
52 5% \—hi'ﬂ'\J‘ Wl 4““(’]\“].} ) V;;V"‘W‘V\'I
-1 1 3“* VM W2 _39VM
2 ond
= \Wl 15VM "~ GP
W2_1st VM wy_1ot v W3_39 VM
21
-1.5- -3 -2 -1 2 3
-15 -05 0.5 L5 25

F1 (48.48 %)
F1 (48.48 %)

* bacteria; VM - vending machine ‘ [ * Winter (W1-W4) * Spring (51-53) * bacteria; VM - vending machine |

Figure 1. Principal component analysis of microorganism detection and bacterial count (total, Gram-
negative (GN), and Gram-positive (GP)) across five vending machines (VM1-VM5) (A) during
different seasons (winter: W1-W4 and spring: S1-S3) (B).
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Only two principal components (F1 and F2) describe a high share (71.63%) of the
variations in the observed data set. The PCA investigation of the identified number of
certain species, total bacterial number, and the CFU per mL in the raw drinking milk sam-
ples from different vending machines showed that all observed parameters are distributed
in all four quadrants. Thus, according to Figure 1A, the lowest frequency of detection
of Gram-negative bacteria was for the raw milk samples from the first vending machine,
which are positioned in the third quadrant, the opposite quadrant to the one in which the
variable GN (number of Gram-negative bacteria) was positioned. Figure 1B shows that
season is also a key parameter because the majority of the green marks (spring season,
51-53) clustered together, as did the blue marks (winter season, W1-W4). This qualitative
insight prompted us to further analyze the number of species and CFU/mL for each raw
drinking milk sample from five vending machines according to the measurement dates
(seasonal character) (Figure 2).
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Figure 2. Variation in detected microorganism and total bacterial count across raw drinking milk
from five vending machines (VM1-VMS5) during two seasons (winter: W1-W4 and spring: S1-53).

As our data set included qualitative and quantitative data, as presented in previous
figures and tables, all the data processing methods used were subject to this. Thus, the heat
map and PCA enabled a qualitative insight into the different representations of bacterial
genera in different seasons. However, the issue we particularly wanted to address is the
relationship between the number of bacteria (CFU < 100,000) and the expected species
of bacteria, because it is by no means desirable that bacteria, yeasts, and/or molds that
can endanger human health appear at low CFU, which would be considered as highly
acceptable. Therefore, the Clustering tree method was used. This method is also known
as the hierarchical grouping method and it is used for the organization and analysis of
large data sets (such as the species of bacteria, yeasts, and molds in this investigation)
by creating tree structures that visualize relationships between observed groups. In this
method, the grouping of data according to similarities and differences is observed along
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with a quantitative assessment of expectations. The method was chosen because Clustering
tree is widely used in the food sector. It is used to classify products according to sensory,
chemical, and nutritional characteristics [53]. In dairy products, it allows the separation of
different types of milk based on parameters such as microbiological availability [54]. Also,
this method helps in the optimization of production processes by grouping performance
data, identifying key variables, and facilitating the adaptation of recipes or processing
techniques [55]. Visually, the tree representation facilitates the interpretation of complex
relationships between data, which is particularly useful for strategic decision-making
because it indicates the factors that most influence the observed process. Unlike classical
clustering methods, Clustering tree offers flexibility because it allows data analysis at
different levels hierarchies. This allows users to examine relationships between groups in
detail at a high level or focus on specific subgroups.

Thus, in Figure 3, by the use of Clustering tree, the occurrence of bacteria species if the
CFU is in the range of the recommended value (<100,000 CFU per mL) is presented. There
is an 18% probability that the value of total bacteria will be less than 100,000 CFU/mL
and that bacteria from the genus Staphylococcus will be present, while the probability for
Yarrowia spp. and Chryseobacterium spp. is 6%. A table indicating the probability has
been added to the graphic display occurrence of a certain strain of bacteria depending on
whether the total number of bacteria is in accordance with the recommendations (“Yes”,
orange mark) or not (“No”, blue mark). The Clustering tree shows that Yarrowia spp. and
Chryseobacterium spp. will appear in 50% of raw milk samples if Staphylococcus spp. is
not detected.

CFU <100 000 per mL
No —
—1

Yes

0

Node: 6
Size: 20 ‘e I o
%:58.8

Node: 4 Node: 5
Size: 24 Yes I 15% Size: 2 Yes I 6%
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0 " - o
I—

Node: 1
Size: 34
%: 100
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Node: 2 Node: 3
Size: 26 Ve . - Size:$ ve . 1
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Rules
If Staphylococcus spp. IN [0] then CFU = Not in 73.1% of cases
If Staphylococcus spp. IN [1] then CFU = Not in 25% of cases
If Yarrowia spp. IN [0] and Staphylococcus spp. IN [0] then CFU = Not in 79.2% of cases
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=Not in 50% of cases

Figure 3. Clustering tree with prediction of expectations of individual strains depending on whether
CFU < 100,000 per mL.

Our study followed the sequence of qualitative data analysis (heat map), combining
qualitative and quantitative data (PCA and Clustering tree) in data processing. The results
of this research confirm the advantages of applying multivariate tools in the analysis of
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qualitative and quantitative data, because it is precisely the integration of methods such as
heat maps, PCA analysis, and Clustering tree that improves the precision and efficiency of
the information derived from the results of processing such data [56,57].

All the tools used in data processing have shown that they are powerful tools that in
any sector, as well as in the food industry, product quality monitoring, etc., enable better
understanding and management of complex product quality data, which contributes to
new knowledge. The Clustering tree provided us with an extremely useful insight into
the occurrence of bacteria independent of the total CFU, which is extremely important in
ensuring food safety and compliance with regulatory standards.

4. Conclusions

In conclusion, this research identifies a diverse microbiota in milk from vending
machines by MALDI-TOF MS, including 38 bacterial genera and five fungal genera, with
prominent species such as Lactococcus lactis, Hafnia alvei, Escherichia coli, and Leuconostoc
mesenteroides. In addition to E. coli, the microbial population consisted of foodborne
pathogens such as S. aureus or Y. enterocolitica, indicating potential risk from raw milk
consumption. By using a Clustering tree analysis on the MALDI-TOF MS data, it was
shown that some pathogens may occur in raw milk even if the total viable count is low. This
emphasizes the need for stricter control of raw milk from vending machines by obligatory
testing of the presence of specific foodborne pathogens. Even the nutritional value of raw
milk is not questionable; our results imply the potential health risk for consumers due to
the presence of pathogens and the obligation of thermal processing before consumption.

Author Contributions: Conceptualization, N.M. and S.K.; methodology, N.M., ].G.K., N.Z. and S.K,;
software, J.G.K. and S.K,; validation, N.M., J.§., D.P, F.O., ].G.K., KM.S. and S.X_; formal analysis,
D.P,M.D, EO., J].GK. and S.K,; investigation, N.M., 1.5, J.GK., KM.S. and S.K,; resources, N.M.,
J.G.K. and S.K.; data curation, N.M., ].é., D.P,FO, J.GK,N.Z,KM.S. and S K.; writing—original
draft preparation, N.M., ]S, J.GK,KM.S. and SK; writing—review and editing, N.M., ]S, J.GK,
N.Z.,, KM.S. and S.K.; visualization, ].G.K. and K.M.S; supervision, N.M.; project administration,
N.M.; funding acquisition, N.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the EU Operational Program Competitiveness and Cohesion
2014-2020 projects “Potential of microencapsulation in cheese production” KK.01.1.1.04.0058 and
“Robust and adaptable biological platforms for new vaccines” KK.01.1.1.04.0099.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ongoing project
activities that are potentially patentable.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1.  Oliver, S.P; Boor, K.J.; Murphy, S.C.; Murinda, S.E. Food safety hazards associated with consumption of raw milk. Foodborne
Pathog. Dis. 2009, 6, 793-806. [CrossRef]
2. Giacometti, F.; Bonilauri, P; Serraino, A.; Peli, A.; Amatiste, S.; Arrigoni, N.; Bianchi, M.; Bilei, S.; Cascone, G.; Comin, D.; et al.

Four-year monitoring of foodborne pathogens in raw milk sold by vending machines in Italy. J. Food Prot. 2013, 76, 1902-1907.

[CrossRef] [PubMed]


https://doi.org/10.1089/fpd.2009.0302
https://doi.org/10.4315/0362-028X.JFP-13-213
https://www.ncbi.nlm.nih.gov/pubmed/24215694

Fermentation 2025, 11, 55 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Croatian Agency for Agriculture and Food (HAPIH). O Javno Zdravstvenom Riziku Vezanom Za Konzumaciju Sirovog Mlijeka;
Scientific Opinion; Croatian Food Agency: Osijek, Croatia, 2016. (In Croatian)

Kunova, S.; Golian, J.; Zelet\dkov4, L.; LopaSovsky, L.; Cubor, J.; Has¢ik, P.; Kac¢aniovd, M. Microbiological quality of fresh and
heat-treated cow’s milk during storage. Potravin. Slovak J. Food Sci. 2017, 11, 652-657.

EFSA. Scientific opinion on the public health risks related to the consumption of raw drinking milk. EFSA—European Food
Saftey Authority. EFSA J. 2015, 13, 3940-4035. [CrossRef]

Samarzija, D. Mljekarska Mikrobiologija; Hrvatska mljekarska udruga (HMU): Zagreb, Croatia, 2021. (In Croatian)

Jay, ].M.; Loessner, M.J.; Golden, D.A. Modern Food Microbiology; Springer: Dordrecht, The Netherlands, 2008.

Regulation (EC) No. 853/2004 of the European Parliament and of the Council of 29 April 2004 Laying down Specific Hygiene
Rules for Food of Animal Origin. OJEU L 139/55. Available online: https://eur-lex.europa.eu/eli/reg/2004/853/0j/eng
(accessed on 15 January 2025).

Ministarstvo Poljoprivrede Republike Hrvatske. Pravilnik o Registraciji Subjekata te Registraciji i Odobravanju Objekata u
Poslovanju s Hranom (OG 84/15). Available online: https://narodne-novine.nn.hr/clanci/sluzbeni/2015_07_84_1641 (accessed
on 18 July 2024). (In Croatian).

Ministarstvo Poljoprivrede Republike Hrvatske. Pravilnik o Pregledu Sirovog Mlijeka Namijenjenog Javnoj Potro$nji. (OG 84/16).
Available online: https:/ /narodne-novine.nn.hr/clanci/sluzbeni/2016_09_84_1853.html (accessed on 18 July 2024). (In Croatian).
Ministarstvo Poljoprivrede, Ribarstva i Ruralnog Razvoja Republike Hrvatske. Vodic za Mikrobioloske Kriterije za Hranu, 3rd ed.;
Ministarstvo Poljoprivrede, Ribarstva i Ruralnog Razvoja: Zagreb, Croatia, March, 2011. (In Croatian)

Zdolec, N.; Jankuloski, D.; Ki§, M.; Hengl, B.; Mikulec, N. Detection and Pulsed-Field Gel Electrophoresis Typing of Listeria
monocytogenes Isolates from Milk Vending Machines in Croatia. Beverages 2019, 5, 46. [CrossRef]

Mikulec, N.; époljarié, J.; Zamberlin, S.; Krga, M.; Radeljevi¢, B.; Plavljani¢, D.; Kesi¢, L.H.; Zdolec, N.; Dobrani¢, V.; Antunac,
N. The investigation of suitability of raw milk consumption from vending machines in Croatia. J. Cent. Eur. Agric. 2019, 20,
1076-1088. [CrossRef]

Jayarao, B.; Pillai, S.; Sawant, A.; Wolfgang, D.; Hegde, N. Guidelines for monitoring bulk tank milk somatic cell and bacterial
counts. J. Dairy Sci. 2004, 87, 3561-3573. [CrossRef] [PubMed]

Martin, N.H.; Trm¢i¢, A.; Hsieh, T.-H.; Boor, K.J.; Wiedmann, M. The evolving role of coliforms as indicators of unhygienic
processing conditions in dairy foods. Front. Microbiol. 2016, 7, 1549. [CrossRef] [PubMed]

Beni¢, M.; Macesi¢, N.; Cvetni¢, L.; Habrun, B.; Cvetni¢, Z.; Turk, R.; Puri¢i¢, D.; Lojki¢, M.; Dobrani¢, V.; Valpoti¢, H.; et al.
Bovine mastitis: A persistent and evolving problem requiring novel approaches for its control—A review. Vet. Arh. 2018, 88,
535-557. [CrossRef]

Lean, L].; Edmondson, A.J.; Smith, G.; Villanueva, M. Corynebacterium pyogenes mastitis outbreak in inbred heifers in a
California dairy. Cornell Vet. 1987, 77, 367-373. [PubMed]

Gelgie, A.E.; Desai, S.E.; Gelalcha, B.D.; Dego, O.K. Mycoplasma bovis mastitis in dairy cattle. Front. Vet. Sci. 2024, 11, 1322267.
[CrossRef] [PubMed]

Begi¢, B.B.; Dzafi¢, N.; Bara¢, K.N.; Andreanszky, T.; Sabli¢, M. Detection of Listeria monocytogenes in cheese and in cow
mastitis—A case report. Vet. Stanica 2025, 56, 267-274. [CrossRef]

Islam, S.; Islam, A.; Rahman, M.; Islam, K,; Islam, M.; Kamal, M.; Islam, N. Presence of Brucella spp. in milk and dairy products:
A comprehensive review and its perspectives. J. Food Qual. 2023, 2023, 19. [CrossRef]

Pexara, A.; Solomakos, N.; Govaris, A. Q fever and prevalence of Coxiella burnetii in milk. Trends Food Sci. Technol. 2018, 71,
65-72. [CrossRef]

Ray, B.; Bhunia, A. Fundamental Food Microbiology, 5th ed.; CRC Press: Boca Raton, FL, USA; Taylor and Francis: Abingdon,
UK, 2014.

Perin, L.M.; Pereira, ].G.; Bersot, L.S.; Nero, L.A. Chapter 3—The Microbiology of Raw Milk. In Raw Milk: Balance Between Hazards
and Benefits; Nero, L.A., de Carvalho, A.F, Eds.; Academic Press: Oxford, UK, 2019; pp. 45-64. [CrossRef]

ISO 4833-1:2013; Microbiology of the Food Chain—Horizontal Method for the Enumeration of Microorganisms—Part 1: Colony
Count at 30 °C by the Pour Plate Technique. International Organization for Standardization: Geneva, Switzerland, 2013.
Darrer, M. Identifikacija Aerobno Mezofilnih Bakterija MALDI-TOF Tehnikom u Mlijeku iz Mljekomata. Master’s Thesis,
University of Zagreb, Zagreb, Croatia, 2023. Available online: https:/ /urn.nsk.hr/urn:nbn:hr:204:936561 (accessed on 18 July
2024). (In Croatian).

ISO 21187:2021; Milk—Quantitative Determination of Microbiological Quality—Guidance for Establishing and Verifying a
Conversion Relationship Between Results of an Alternative Method and Anchor Method Results. International Organization for
Standardization: Geneva, Switzerland, 2021.

ISO 17025:2017; General Requirements for the Competence of Testing and Calibration Laboratories. International Organization
for Standardization: Geneva, Switzerland, 2017.


https://doi.org/10.2903/j.efsa.2015.3940
https://eur-lex.europa.eu/eli/reg/2004/853/oj/eng
https://narodne-novine.nn.hr/clanci/sluzbeni/2015_07_84_1641
https://narodne-novine.nn.hr/clanci/sluzbeni/2016_09_84_1853.html
https://doi.org/10.3390/beverages5030046
https://doi.org/10.5513/JCEA01/20.4.2277
https://doi.org/10.3168/jds.S0022-0302(04)73493-1
https://www.ncbi.nlm.nih.gov/pubmed/15377636
https://doi.org/10.3389/fmicb.2016.01549
https://www.ncbi.nlm.nih.gov/pubmed/27746769
https://doi.org/10.24099/vet.arhiv.0116
https://www.ncbi.nlm.nih.gov/pubmed/3328670
https://doi.org/10.3389/fvets.2024.1322267
https://www.ncbi.nlm.nih.gov/pubmed/38515536
https://doi.org/10.46419/vs.56.2.2
https://doi.org/10.1155/2023/2932883
https://doi.org/10.1016/j.tifs.2017.11.004
https://doi.org/10.1016/B978-0-12-810530-6.00003-1
https://urn.nsk.hr/urn:nbn:hr:204:936561

Fermentation 2025, 11, 55 17 of 18

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

Sauer, S.; Freiwald, A.; Maier, T.; Kube, M.; Reinhardt, R.; Kostrzewa, M.; Geider, K. Classification and identification of bacteria by
mass spectrometry and computational analysis. PLoS ONE 2008, 3, e2843. [CrossRef]

Croatian Agency for Agriculture and Food, Center for Quality Control of Livestock Products (HAPIH), Annual Report for 2023.
Available online: https:/ /www.hapih.hr/ckksp/publikacije/ (accessed on 29 October 2024). (In Croatian).

Imre, K.; Ban-Cucerzan, A.; Herman, V.; Sallam, K.I.; Cristina, R.T.; Abd-Elghany, S.M.; Morar, D.; Popa, S.A.; Imre, M.; Morar, A.
Occurrence, Pathogenic Potential and Antimicrobial Resistance of Escherichia coli Isolated from Raw Milk Cheese Commercialized
in Banat Region, Romania. Antibiotics 2022, 11, 721. [CrossRef] [PubMed]

Raghiante, F.; dos Santos, E.A.; Martins, O.A. Yersinia enterocolitica in milk and dairy products: A review. Rev. Bras. Hig. E
Sanidade Anim. RBHSA 2018, 12, 420-427.

Mikulec, N.; gpoljarié, J.; Plavljani¢, D.; Lovri¢, N.; Ostari¢, E; Kljusuri¢, ].G.; Sarim, K.M.; Zdolec, N.; Kazazi¢, S. MALDI-TOF
Mass Spectrometry-Based Identification of Aerobic Mesophilic Bacteria in Raw Unpreserved and Preserved Milk. Processes 2024,
12, 731. [CrossRef]

Pukanc¢ikova, L.; Lipni¢anovd, S.; Ka¢aniova, M.; Chmelov4, D.; Ondrejovi¢, M. Natural microflora of raw cow milk and their
enzymatic spoilage potential. Nova Biotechnol. Chim. 2016, 15, 142-155. [CrossRef]

Rowe, S.; Cunningham, C.; Ingenhoff, L.; Norris, J.; Zadoks, R.N. Low prevalence of antimicrobial resistant organisms (methicillin
resistant Staphylococcus aureus, extended beta-lactamase producing Enterobacteriaceae, and vancomycin resistant enterococci) in
bulk tank milk in New South Wales, Australia. Aust. Vet. |. 2023, 101, 339-344. [CrossRef]

Hurst, M.R.H.; O’callaghan, M.; Glare, T.R.; Jackson, T.A. Serratia spp. bacteria evolved in Aotearoa-New Zealand for infection of
endemic scarab beetles. N. Z. J. Zool. 2023, 52, 121-143. [CrossRef]

Quigley, L.; O’Sullivan, O.; Stanton, C.; Beresford, T.P,; Ross, R.P.; Fitzgerald, G.F,; Cotter, P.D. The complex microbiota of raw
milk. FEMS Microbiol. Rev. 2013, 37, 664—698. [CrossRef]

Shoaib, M.; Xu, J.; Meng, X.; Wu, Z.; Hou, X.; He, Z.; Shang, R.; Zhang, H.; Pu, W. Molecular epidemiology and characterization
of antimicrobial-resistant Staphylococcus haemolyticus strains isolated from dairy cattle milk in Northwest, China. Front. Cell.
Infect. Microbiol. 2023, 13, 1183390. [CrossRef] [PubMed]

Morar, A.; Ban-Cucerzan, A.; Herman, V.; Tirziu, E.; Sallam, K.I.; Abd-Elghany, S.M.; Imre, K. Multidrug Resistant Coagulase-
Positive Staphylococcus aureus and Their Enterotoxins Detection in Traditional Cheeses Marketed in Banat Region, Romania.
Antibiotics 2021, 10, 1458. [CrossRef]

Sherwin, G.; Breen, J. Streptococcus uberis-associated mastitis in dairy herds: Dealing with outbreaks and improving control. Clin.
Pract. 2022, 44, 32-44. [CrossRef]

Pitkdld, A.; Koort, J.; Bjorkroth, J. Identification and antimicrobial resistance of Streptococcus uberis and Streptococcus parauberis
isolated from bovine milk samples. J. Dairy Sci. 2008, 91, 4075-4081. [CrossRef] [PubMed]

Merin, U.; Fleminger, G.; Komanovsky, ].; Silanikove, N.; Bernstein, S.; Leitner, G. Subclinical udder infection with Streptococcus
dysgalactiae impairs milk coagulation properties: The emerging role of proteose peptones. Dairy Sci. Technol. 2008, 88, 407-419.
[CrossRef]

Granato, D.; Santos, J.S.; Escher, G.B.; Ferreira, B.L.; Maggio, R M. Use of principal component analysis (PCA) and hierarchical
cluster analysis (HCA) for multivariate association between bioactive compounds and functional properties in foods: A critical
perspective. Trends Food Sci. Technol. 2018, 72, 83-90. [CrossRef]

Souza, A.S.; Bezerra, M.A.; Cerqueira, UM.EM.; Rodrigues, C.J.O.; Santos, B.C.; Novaes, C.G.; Almeida, E.R.V. An introductory
review on the application of principal component analysis in the data exploration of the chemical analysis of food samples. Food
Sci. Biotechnol. 2024, 33, 1323-1336. [CrossRef]

He, S.; Yuan, Y.;; Nag, A.; Feng, S.; Afsarimanesh, N.; Han, T.; Mukhopadhyay, S.C.; Organ, D.R. A Review on the Use of
Impedimetric Sensors for the Inspection of Food Quality. Int. ]. Environ. Res. Public Health 2020, 17, 5220. [CrossRef]

Fan, J.; Sun, Q.; Zhou, W.; Zhu, Z. Principal Component Analysis for Big Data. In Wiley StatsRef: Statistics Reference Online;
Balakrishnan, N., Colton, T., Everitt, B., Piegorsch, W., Ruggeri, E, Teugels, ].L., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2018.
[CrossRef]

Merlino, V.M.; Renna, M.; Nery, J.; Muresu, A.; Ricci, A.; Maggiolino, A.; Celano, G.; De Ruggieri, B.; Tarantola, M. Are Local Dairy
Products Better? Using Principal Component Analysis to Investigate Consumers’ Perception towards Quality, Sustainability, and
Market Availability. Animals 2022, 12, 1421. [CrossRef] [PubMed]

Ghosh, D.; Chattopadhyay, P. Application of principal component analysis (PCA) as a sensory assessment tool for fermented
food products. J. Food Sci. Technol. 2012, 49, 328-334. [CrossRef] [PubMed]

Mafra, I.; Honrado, M.; Amaral, ].S. Animal Species Authentication in Dairy Products. Foods 2022, 11, 1124. [CrossRef]
Cockburn, M. Review: Application and Prospective Discussion of Machine Learning for the Management of Dairy Farms. Animals
2020, 10, 1690. [CrossRef] [PubMed]

Punia, H.; Tokas, J.; Malik, A.; Sangwan, S.; Baloda, S.; Singh, N.; Singh, S.; Bhuker, A.; Singh, P.; Yashveer, S.; et al. Identification
and Detection of Bioactive Peptides in Milk and Dairy Products: Remarks about Agro-Foods. Molecules 2020, 25, 3328. [CrossRef]


https://doi.org/10.1371/journal.pone.0002843
https://www.hapih.hr/ckksp/publikacije/
https://doi.org/10.3390/antibiotics11060721
https://www.ncbi.nlm.nih.gov/pubmed/35740128
https://doi.org/10.3390/pr12040731
https://doi.org/10.1515/nbec-2016-0015
https://doi.org/10.1111/avj.13266
https://doi.org/10.1080/03014223.2023.2243225
https://doi.org/10.1111/1574-6976.12030
https://doi.org/10.3389/fcimb.2023.1183390
https://www.ncbi.nlm.nih.gov/pubmed/37265496
https://doi.org/10.3390/antibiotics10121458
https://doi.org/10.1002/inpr.166
https://doi.org/10.3168/jds.2008-1040
https://www.ncbi.nlm.nih.gov/pubmed/18832235
https://doi.org/10.1051/dst:2008022
https://doi.org/10.1016/j.tifs.2017.12.006
https://doi.org/10.1007/s10068-023-01509-5
https://doi.org/10.3390/ijerph17145220
https://doi.org/10.1002/9781118445112.stat08122
https://doi.org/10.3390/ani12111421
https://www.ncbi.nlm.nih.gov/pubmed/35681885
https://doi.org/10.1007/s13197-011-0280-9
https://www.ncbi.nlm.nih.gov/pubmed/23729852
https://doi.org/10.3390/foods11081124
https://doi.org/10.3390/ani10091690
https://www.ncbi.nlm.nih.gov/pubmed/32962078
https://doi.org/10.3390/molecules25153328

Fermentation 2025, 11, 55 18 of 18

51.

52.

53.

54.

55.

56.

57.

Eltemur, D.; Robatscher, P.; Oberhuber, M.; Scampicchio, M.; Ceccon, A. Applications of Solution NMR Spectroscopy in Quality
Assessment and Authentication of Bovine Milk. Foods 2023, 12, 3240. [CrossRef]

Frizzarin, M.; Gormley, I; Berry, D.; Murphy, T.; Casa, A.; Lynch, A.; McParland, S. Predicting cow milk quality traits from
routinely available milk spectra using statistical machine learning methods. J. Dairy Sci. 2021, 104, 7438-7447. [CrossRef]
O’hara, C; O’sullivan, A.; Gibney, E.R. A Clustering Approach to Meal-Based Analysis of Dietary Intakes Applied to Population
and Individual Data. J. Nutr. 2022, 152, 2297-2308. [CrossRef]

Sun, M.; Shao, W,; Liu, Z.; Ma, X.; Chen, H.; Zheng, N.; Zhao, Y. Microbial diversity in camel milk from Xinjiang, China as
revealed by metataxonomic analysis. Front. Microbiol. 2024, 15, 1367116. [CrossRef]

Geiger, A. Enhancing supply chain coordination: A comparative analysis of clustering techniques for the Production Routing
Problem. Comput. Ind. Eng. 2024, 196, 110455. [CrossRef]

Kharbach, M.; Mansouri, M.A.; Taabouz, M.; Yu, H. Current Application of Advancing Spectroscopy Techniques in Food Analysis:
Data Handling with Chemometric Approaches. Foods 2023, 12, 2753. [CrossRef] [PubMed]

Kumar, A.; Castro, M.; Feller, J.-F. Review on Sensor Array-Based Analytical Technologies for Quality Control of Food and
Beverages. Sensors 2023, 23, 4017. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/foods12173240
https://doi.org/10.3168/jds.2020-19576
https://doi.org/10.1093/jn/nxac151
https://doi.org/10.3389/fmicb.2024.1367116
https://doi.org/10.1016/j.cie.2024.110455
https://doi.org/10.3390/foods12142753
https://www.ncbi.nlm.nih.gov/pubmed/37509845
https://doi.org/10.3390/s23084017
https://www.ncbi.nlm.nih.gov/pubmed/37112358

	Introduction 
	Materials and Methods 
	Milk Sampling 
	Flow Cytometry Method and Plate Count Method 
	MALDI-TOF Mass Spectrometry 
	Data Analyses 

	Results and Discussion 
	Conclusions 
	References

