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Summary Raw milk samples (n = 104) were collected from healthy cows at different seasons
in the North East part of Algeria. Cold storage of samples at 4 °C was used to pro-
mote psychrotrophic microbial growth. The isolates obtained from Sterile Standard
Plate Count (SPC) were characterized by phenotypic means using cultural, morpho-
logical, biochemical criteria; and genotypicaly using partial 16S rRNA gene sequen-
cing. The psychrotrophic community was diversified and made of 13 bacterial popu-
lations, constituted of both spoilage and pathogenic bacteria, with the dominant
population Enterococcus spp. (19.23 %). Principal Component Analysis was used to
study interactions in psychrotrophic bacterial populations. Enterococcus registered
low correlation values for the majority of the microorganisms detected. Listeria was
correlated positively with Bacillus (r = 0.564) and negatively with Enterococcus (r =
—0.468). Factorial Correspondence Analysis was used to study seasonal bacterial
incidence. Listeria showed an association with winter and spring seasons. The most
associated bacteria in time to Listeria were Stenotrophomonas, Pseudomonas and
Bacillus. The data obtained allow the understanding of interactions in psychrotrophic
bacterial populations, and is useful for preventing the risk of emergence of pathoge-
nic bacteria at different months of the year.

Keywords: Cold storage, psychrotrophic bacteria, spoilage, pathogens

Zusammenfassung Rohmilch-Proben (n = 104) von gesunden Kihen wurden zu verschiedenen Jahres-
zeiten im Nordosten Algeriens gesammelt. Die Proben wurden bei 4 °C gelagert, um
das Wachstum psychrotopher Mikroorgaismen zu fordern. Isolate von Standard-
Keimzahl-Bestimmungen wurden phanotypisch anhand von Kultivierungseigenschaf-
ten, morphologischen und biochemischen Eigenschaften sowie genetisch anhand
partieller 16S rRNA Gensequenzen charakterisiert. Die psychrotrophe Organismen-
gemeinschaft bestand aus 13 Populationen, von zersetzenden und pathogenen Bak-
terien, wobei Enterococcus spp. (19.23 %) dominierten. Hauptkomponentenanalyse
wurde verwendet, um Wechselwirkungen in psychrotrophen Bakterienpopulationen
zu untersuchen. Fur Enterococcus ergaben sich niedrige Korrelationswerte mit der
Mehrzahl der detektierten Mikroorganismen. Das Vorkommen von Listeria korrellier-
te positiv mit Bacillus (r = 0.564) und negativ mit Enterococcus (r = —0.468). Durch
faktorielle Korrespondenzanalyse wurde die saisonale Verteilung der Bakterien unter-
sucht. Listeria traten vor allem im Winter und Frihling auf und waren vor allem mit
Stenotrophomonas, Pseudomonas und Bacillus assoziiert. Die erhaltenen Daten ver-
bessern unser Verstandnis der Wechselwirkungen in psychrotrophen Bakterienpo-
pulationen und tragen zur Vermeidung des Auftretens pathogener Bakterien in ver-
schiedenen Jahreszeiten bei.

Schliisselworter: Kihllagerung, psychrotrophe Bakterien, Verderb, Pathogene
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Introduction

The consumption of fresh raw milk or naturally fermented
milk without any artificial additives or thermal pretreat-
ment is gaining popularity worldwide as it has many advan-
tages including enhanced nutritional value, digestibility,
therapeutic benefits and safety against pathogens (Sitohy
et al., 2011). However, milk is an excellent culture medium
for the growth and reproduction of microorganisms. It is
known that raw milk harbor a complex microbial ecosy-
stem encompassing numerous strains. Microorganisms are
originate from different sources: air, milking equipment,
feed, soil, excrements, grass, water, skin, and hair of the an-
imals, utensils or from the milk handlers (Nocker et al.,
2007; Coorevits et al., 2008).

Bacterial spoilage causes significant economic losses for
the food industry. Product contamination with psychro-
trophic microorganisms is a particular concern for the dairy
industry as dairy products are distributed at temperatures
permissive for the growth of these organisms. These micro-
bes may account for only a small fraction of the initial flora
of processed milk. Bacterial spoilage ensues when growth
conditions during refrigerated storage allow psychrotrophic
microbes to increase in number and to become the domi-
nant microflora (Dogan et al., 2003; Hantsis-Zacharov and
Halpern, 2007). Psychrotrophic bacteria from numerous
genera have been isolated from milk, both Gram negative
(Pseudomonas, Stenotrophomonas, Aeromonas, Serratia,
Acinetobacter, Alcaligenes, Achromobacter, Enterobacter,
Proteus, Yersinia, Klebsiella and Flavobacterium) and
Gram positive (Bacil-

fits from the presence or activity of the other while the
benefactor is unaffected, the phenomenon is termed com-
mensalism. An interaction where both populations benefit
is mutualism, which includes obligatory interactions
(symbiosis), facultative interactions (protocooperation), or
interactions that result in the enhanced production (or con-
sumption) of a certain product (synergism). Protocoope-
ration involving the mutual exchange of a growth factor or
energy source (cross-feeding) is termed syntrophy. Am-
mensalism refers to an interaction where one population
has an indirect (not involving cell cell contact) negative im-
pact on another, such as the production of a bacteriocin by
one species that inhibits the growth of another. Although
this binary system classification is useful for defining inter-
actions, in natural communities interactions can be complex
and include mixed interactions, where more than one type
of interaction occurs between two species, as well as inter-
actions involving more than one species (James et al., 1995).

The microbiological profile in raw milk is typically
characterized by a multitude of microbial groups, with
interactions among not fully understood to date. Moreover,
dairy farms and milk industries are increasing throughout
Algeria. Factories are producing different kinds of pro-
ducts, including pasteurized milk, cheese, yogurt, etc, and
the data about psychrotrophic bacteria still little known.
Consequently, the aim of the present study was to explore
different interactions in psychrotrophic bacterial popu-
lations isolated in raw milk collected in the North East part
of Algeria. This research is completed by the study of
seasonal bacterial incidence.

SUPPLEMENTAL MATERIAL 1: Identification results of the presumed bacteria isolated on the Sterile
Standard Plate Count (SPC) agar after cold storage of milk samples at 4 °C. Entr: Enterococcus, List:
Listeria, Stph: Staphylococcus, Acin: Acinetobacter, Prot: Proteus, Aero: Aeromonas, Psdo: Pseudo-
monas, Klbs: Klebsiella, Yers: Yersinia, Baci: Bacillus, Flav: Flavobacterium, Alca: Alcaligenes, Sten:

lus, Listeria, Clostri-
dium, Corynebacte-
rium, Microbacterium,
Micrococcus, Entero-

coccus, Streptococcus, —Stenotrophomonas.
Staphylococcus, and ; ; "
Lactobacillus) Of Klbs Prot Yers Acin Aero Alca Flav Sten Psdo Stph Entr List Baci
these, Pseudomonas is  Gram - - - - - - - - - + + + +
the most frequently Mobility - + - - + + H- + + - - (8] +
reported psychrotroph y
in raw milk (Lafarge et Onyuase - - - - * * - * * - - - -
al., 2004; Hantsis- NO; + + + - + - NR - NR NR - +-
Zacharov and Hal- |yl - +- - - +- - IR - M MW - -
pern, 2007; Franciosi
etal., 2011). Catalase + + + + + + + + + + - + +

Microbial interac-  lactose + - - - + - + + +- + + - -
tions are commonly  Mannitol + - + NR + - - - NR + + - -
classified baseq on the Gaz . . _ \R s \R o \R . \R _ _
effect of the interac-
tion on each popula- Saccharose + - + NR + - + H- + +- NR - H-
tionin a binary system. ~ HJS - + - - +- - NR - - - - - -
Neutralism — oceurs  popguge g 4 M MR + - MM MR+ + ¥ NR
when neither popula-
tion is affected by the P + - - R NR NR NR I\ R + +- + -
presence of the other. Esculine NR NR + NR NR NR NR NR NR NR + + NR
Competition refers to gy - + + NR NR \R \R \R \R - +- + +
an interaction where . T © ) W R M M - -
two populations are :
competing for a Citrate + + - NR NR + NR NR NR NR + NR NR
growth-limiting nu-  ONPG + - + NR NR NR NR NR R \R \R R NR
trient and ‘which is = pc + - - - M - M M M M M M M
detrimental to both

0DC - +H- +- R AR NR NR NR R \R R R R

populations.  When

one population bene- 1. negative mobility at 37 °C, + = positive reaction, - = negative reaction, +/- = variable reaction depending on the strain. NR: no realized
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Materials and methods

Milk sampling

A total of 104 raw milk samples were collected at different
seasons in the North East of Algeria in Mila (36°27'N/
6°15'E) and Biskra (34°51'N/5°43'E). Samples were obtai-
ned, once a month, from six small dairy farms (three farms
in Mila and three farms in Biskra), who deliver milk twice a
day (once in the morning and once in the afternoon). Joined
together, these farms produce approximately 1350 L of raw
milk per day. The total number of cows tested was 60, essen-
tially formed by hybrid dairy bovine coming from crossing
local dairy cattle with imported cows such “Francaise Fri-
sonne Pie noir” and “Montbéliard Pie rouge®. At each sam-
pling visit, teat-ends are cleaned by wiping with dry paper
towels, the first jets are removed and 25 ml of raw milk were
directly collected from the four teats of each cow and trans-
ferred to the laboratory in individual sterile flasks at 4 °C.
The number of samples taken has not been steady all time,
because sick and gestate cows were not sampled.

Cultivation

Raw milk samples were kept at 4 °C and cultured after 4,
10, and 21 days to promote psychrotrophic microbiota.
After cold storage, samples were plated on Sterile Standard
Plate Count (SPC) agar, a standard medium corresponding
to the American Public Health Association formulation for
milk, water, food and dairy products (Oxoid). The plates
were incubated at 30 °C for 48 h. The colonies were selec-
ted randomly and purified for identification by streaking on
the same medium.

Proteus spp.
N “ ‘|
. ' -
- ) - .
&\ b
- - .
" ~e ‘%
L - L
. A .

Staphylococcus spp.

SUPPLEMENTAL MATERIAL 2: Morphology, macroscopy and microscopy of psychrotrophic bacterial isolates.

Stenotrophomonas spp.

Identification

The phenotypic identification of isolates was carried using
cultural, morphological and biochemical criteria. The major
identification tests employed were: Gram staining, mobility
(at 25 and 37 °C), catalase presence, oxydase presence,
methyl red test (MR test), Voges-Proskauer reaction (VP
test), indol production, esculin hydrolysis, urease presence,
nitrates reduction, H,S production (TSI test), and hemolytic
activity. For the genotypic identification, bacterial DNA
was extracted from pure cultures using thermal shock.
Fragments of 16S rRNA gene were amplified in presence of
primers fD1 (5’AGAGTTTGATCCTGGCTCAGS3’)
and Rsl6 (5TACGGCTACCTTGTTACGACTT?’)
(SIGMA). The size of the amplimer obtained was 700 bp.
Polymerase chain reaction was performed with the follo-
wing protocol: 94 °C for 5 min; 35 cycles of 94 °C for 1 min,
50 °Cfor 1 min, 72 °C for 1 min followed by a final extension
step of 72 °C for 5 min (Microbial Biotechnology Laborato-
1y, Sidi Mohamed Ben Abdullah University, Fes, Morocco).
PCR products were separated by electrophoresis on 1.5 %
(w/v) agarose gel (Merck Millipore) stained with ethidium
bromide (0.5 ug ml™?). The expected amplicons were eluted
from gel and purified by the QIAquick PCR Purification
Kit (Qiagen). DNA sequencing was realized at the Univer-
sity Centre of Regional Interface, Fes, Morocco using ABI
3130 sequencer (Appl. Biosystems) according to the manu-
facturer instructions. GenBank BLASTN tools were used
for sequences analysis  (http://blast.ncbi.nlm.nih.
gov/Blast.cgi”’PROGRAM=blastn& BLAST_PROGRAMS=
megaBlast&PAGE_TYPE=BlastSearch& SHOW_DEFAU
LTS=on&LINK_LOC=blasthome).

Aeromonas spp.

Klebsiella spp.
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Statistical Analysis

The data was tested for normal distribution. The Principal
Component Analysis was used to study interactions in
psychrotrophic bacterial populations. The matrix of cor-
relation was calculated according to Pearson coefficient.
Factorial Correspondence Analysis was used to study
seasonal bacterial distributions. The multivariate analyses
were conducted with PAST 1.98 software (Hammer et al.,
2001).

Results and discussion

Psychrotrophic bacterial populations

Psychrotrophic bacterial populations dominate milk
microbiota, were diversified and made of 13 populations
(Tab. 1.). This result agrees with the literature and confirms
once more that cold storage of milk promotes psychro-
trophic microbial growth (Lafarge et al., 2004; Hantsis-
Zacharov and Halpern, 2007; Franciosi et al., 2011).

Enterococcus spp. was the most dominant population of
bacterial community (19.23 %). Enterococci constitute a
large proportion of the autochthonous bacteria associated
with the mammalian gastrointestinal tract. However, alt-
hough it is generally believed that the primary habitat of
enterococci is the intestinal contents of warm-blooded
animals, the gastro-intestinal contents of cold-blooded
animals, including insects and birds, constitute other
important habitats as well. Thanks to their psychrotrophic
nature and their adaptability to different substrates and
growth conditions they are also able to survive during milk
refrigeration (Giraffa, 2003; Mannu et al., 2003). Giannino
et al. (2009) confirmed the presence of E. faecium, E. fae-
calis and Streptococcus thermophilus in raw milk, proving
its importance as source of the typical fermenting microflo-
ra.

The percentage of positive samples contaminated by
Listeria spp. was 5.77 % (Tab. 1.). Studies have shown
different levels of contamination with Listeria in raw milk.
The incidence of Listeria was 6 % in Turkey (Vardar-Unlii
et al., 1998) and 2.2 % in Iran (Moshtaghi et al., 2007). In
Algeria, few studies have been done to estimate the
incidence of Listeria in raw bovine milk. A study realized
by Hamdi et al. (2007) revealed 2.61 % of Listeria in 153
samples collected in the region of Algiers and Blida. Farm
animals and their environment may present an important
source of milk contamination. Listeria spp. are shed in the
faeces of asymptomatic animal carriers. Therefore, conta-
mination of milk is normally due to faecal contamination
during the milking (Jemmi and Stephan, 2006).

Enterobacteriaceae isolated from raw milk were
Proteus, Klebsiella and Yersinia. This microbial group is of
technological interest, because some psychrotrophic
Enterobacteriaceae species can produce proteolytic and
lipolytic enzymes that negatively affect the organoleptic
characteristics of dairy products; moreover, they can be
pathogenic (Lafarge et al., 2004; Franciosi et al., 2011).
There presence in milk is due to direct contact with conta-
minated sources in dairy farms environment and mamma-
lian secretion of infected animals (Oliver et al., 2005).
Marco et al. (2008) reported that several human pathogens
have been detected in raw milk including Escherichia coli,
Salmonella typhimurium and Yersinia enterocolitica. These
pathogens have been linked to livestock, feed, and storage
environment.

Furthermore, Gram-negative bacteria such as Pseudo-
monas spp., Stenotrophomonas spp., Flavobacterium spp.,
and Alcaligenes spp. were found. These genera are
frequently isolated from refrigerated raw milk and dairy
products environments. Indeed, during cold storage after
milk collection, psychrotrophic bacterial populations
dominate the microflora, and their extracellular enzymes,
mainly proteases and lipases, contribute to the spoilage of
dairy products (Hantsis-Zacharov and Halpern, 2007).

Psychrotrophic bacterial interactions

The data was normally distributed. The Principal Compo-
nent Analysis provides a matrix of correlation, calculated
according to Pearson coefficient between the whole of
bacteria isolated (Tab. 2.). Bacterial contribution in the
construction of the two principal components is the result
of their correlation with these axes. Bacillus spp. had the
strongest correlation (r = 0.828) with the first principal
component (PC1), while Stenotrophomonas spp. produced
the most important correlation (r = 0.757) with the second
principal component (PC2). For this reason, the first prin-
cipal component (PC1) was considered representative of
Gram positive community and the second principal
component (PC2) was considered representative of Gram
negative community (Fig. 1). The first and the second
principal components explained 53.231 % of the bacterial
community variation.

The most negative correlation of Listeria was observed
with Enterococcus (r = —0.468). Consequently, an antago-
nistic effect of Enterococcus against Listeria can be sugge-
sted. Indeed, the works of Elotmani et al. (2002), Laukova
and Marekova (2002), confirmed the inhibitory effect of
bacteriocins produced by Enterococcus strains against
Listeria. Interestingly, Enterococcus registered low corre-
lation values for the majority of the microorganisms de-
tected except for Aeromonas. Indeed, almost all of entero-
cocci are strongly active against the food spoilers and
food-borne pathogens such as L. monocytogenes, Clostri-
dium spp., Staphylococcus aureus, and Bacillus spp. Pro-
bably, the antagonistic interaction phenomena is caused by

TABLE 1: Distribution of different psychrotrophic bacteria
isolated from raw milk samples (n = 104) in the
North East of Algeria

Organism Number of positive % Positive
samples/Number of
samples collected
Enterococcus spp. 201104 193
Acinetobacter spp. 9104 8.6
Aeromonas spp. 8/104 769
Staphylococcus spp. 6/104 5.77
Listeria spp. 6/104 5.77
Pseudomonas spp. 5/104 481
Bacilus spp. 4104 385
Stenatrophomonas spp. 3104 288
Proteus spp. 3104 288
Yersinia spp. 21104 192
Klebsiella spp. 2104 192
Flavobacterium spp. 11104 0.9
Alcaligenes spp. 11104 096
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TABLE 2: Matrix of correlation (Pearson (n)) of 13 psychrotrophic bacterial populations isolated in the —phylogenetically rela-
North East of Algeria. Entr: Enterococcus, List: Listeria, Stph: Staphylococcus, Acin: Acine- ted genera or species.
tobacter, Prot: Proteus, Aero: Aeromonas, Psdo: Pseudomonas, Klbs: Klebsiella, Yers: Yersi- Furthermore, Bac-
nia, Baci: Bacillus, Flav: Flavobacterium, Alca: Alcaligenes, Sten: Stenotrophomonas teriocins and BLS

Entr ~ Lst  Sth  Adn  Pot  Aeo  Psdo  Kbs  Yes Bag  Fav  Aka Sen  Scem to be important
in the regulation of

Entr ! population dynamics
List -0,468 1 in bacterial eco-
Stph 0068 0218 1 systems, favoring the
A 022 0491 0Md 1 microorganism in the

competition for the
Prot 0000 -0189 0289 -0289 1 colonization of
Aero 0612 005 0389 0111 0,289 1 environmental, food
Psdo 0000 0378 0289 086 050 0289 1 and human microbial

habitats. Lafarge et al.
Kibs 0167 0200 0068 -0068 03% 0612 -0354 1 (2004) confirmed the
Yers 019 0367 0080 0480 0277 0320 0555 -0,19% 1 emergence of psychro-
Baci 0302 0564 0431 0431 0426 0492 053 0302 065 1 thPh%C b?Ctena such
f 01% 037 0080 0480 0277 030 055 0% 100 060 1 as Listeria spp. and
av ' ' ' ! o ’ ' ' ' ' Aeromonas hydro-
Alca 019% -0419 030 -0320 0139 0480 -0277 0784 0154 0237 0154 1 phila in the bacterial
Sten 0075 0564 0123 018 0107 018 0107 0302 0237 0318 0237 0237 1 population in milk as-

sociated with refrige-
ration. Also, Martins
et al. (2006) isolated
a complex combined effect of production of antimicrobials ~Aeromonas hydrophila from cooled raw milk stored at
and competition or depletion of specific nutrients like 4 °C.
vitamins, minerals, trace elements or peptides (Leroy et al., A positive correlation was observed between Flavo-
2003; Garcia et al., 2004). bacterium and Listeria (r = 0.367). This result is in agree-
The correlation between Staphylococcus and Listeria ment with Bremer et al. (2001) who confirmed the positive
was weakly positive (r = 0.218). In contrast, Leriche and interaction in dual species bacterial biofilm when L. mono-
Carpentier (2000) indicated that the percentage of adhe- cytogenes was cocultured with Flavobacterium spp.; the
rent cells of two strains of L. monocytogenes isolated from number of L. monocytogenes cells attaching to stainless
dairy and meat environments was reduced by the
presence of Staphylococcus sciuri. The mechanisms Axis 2 (16,37 %6) Gram negative community
involved in these interactions remain unknown but
the data suggest that they are complex. Rieu et al.
(2008) reported that the effect of L. monocytogenes 0,75 +
EGD-e on the population of S. aureus was strain
dependent: S. aureus population either increased
or decreased or was not affected in the presence of
L. monocytogenes EGD-e in dual species biofilms.
A positive correlation is observed between 0,25 <
Listeria and Bacillus (r = 0.564). The most likely
explanation for this phenomenon is the common soil

Entr List Stph  Adn Prot  Aero  Psdo  Klbs Yers Badi Flav Alca Sten

05 +

origin of the two Gram positive bacteria (Gandhi g : 0-'Irm—_ .

and Chikindas, 2007; Zahran et al., 2008). According

to Coorevits et al. (2010), B. cereus is a common soil | -0,25 -
organism, and soiling of teats is thus most probably

the major contamination source of raw milk with - I

this pathogen. It is the most important pathogen for
the dairy industry due to production of toxins
causing food illnesses, production of deteriorative | -0.75 +
enzymes resulting in decreased milk quality and its
ability to grow at storage temperature (4-7 °C).

A slight correlation was observed between Aero-
monas and Listeria (r = 0.055). Messi et al. (2003)
demonstrated the antibacterial activity of A. Aydro-  FIGURE 1: Principal Component Analysis of interactions in psychro-

&
Axis 1 (3686 %%) Gram positive community

b |
-1 -0,75 -0,5 0,25 ] 0,25 0.5 0,75 L

phila isolated from water against Listeria spp. (Li- trophic bacterial populations in raw milk in the North East of
steria seeligeri, Listeria welshimeri and Listeria iva- Algeria. Axis 1 indicates the first principal component, and axis
novii) by producing bacteriocin-like substance 2 the second principal component. Entr: Enterococcus, List:
(BLS). Also, they showed that A. hydrophila has an Listeria, Stph: Staphylococcus, Acin: Acinetobacter, Prot: Pro-
antibacterial activity against Gram-positive and teus, Aero: Aeromonas, Psdo: Pseudomonas, Klbs: Klebsiella,
Gram-negative bacteria, including food-borne pa- Yers: Yersinia, Baci: Bacillus, Flav: Flavobacterium, Alca: Al-
thogens, but the activity emerged only with non- caligenes, Sten: Stenotrophomonas.
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steel increased significantly compa- .
red to L. monocytogenes single cultu- - —
re biofilm. Psychrotrophic bacteria
such us Chryseobacterium and Flavo- 2] Wovember
bacterium occur frequently in dairy i
products (Hantsis-Zacharov and
Halpern, 2007; Giannino et al., 2009). 1
There is a positive correlation g " W
between Listeria and Pseudomonas *canSeptember
(r=0.378). In contrast, Norwood and 3 is by . os My | 15 2 25
Gilmour (2001) observed a negative o 'm e ey Sme
effect on the growth of L. monocy- “Deceinbir ‘ot
togenes when grown in the presence 4 “May
of Pseudomonas fragi. This result a5
could be due to the different geo-
graphic origins of bacterial strains. * !
Pseudomonas spp. is one of the i

dominant components of the micro-
biota of refrigerated raw milk. It’s
presence in refrigerated raw milk is
quite common (Arcuri et al., 2008;

FIGURE 2: Factorial Correspondence Analysis of seasonal psychrotrophic bacterial inci-
dence in raw milk in the North East of Algeria. Entr: Enterococcus, List:
Listeria, Stph: Staphylococcus, Acin: Acinetobacter, Prot: Proteus, Aero:
Aeromonas, Psdo: Pseudomonas, Klbs: Klebsiella, Yers: Yersinia, Baci: Bacil-
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Franciosi et al., 2011).

A strong positive correlation was
registered between Acinetobacter and Pseudomonas (r =
0.866). Pseudomonas and Acinetobacter are the dominant
genera in psychrotrophic bacterial communities in raw milk
(Hantsis-Zacharov and Halpern, 2007; Franciosi et al.,
2011).

Seasonal psychrotrophic bacterial incidence

The most important gathering is located in the west part of
the graphic (Fig. 2). It includes Stenotrophomonas spp.,
Listeria spp., Pseudomonas spp., Bacillus spp., Flavobac-
terium spp., Yersinia spp. and Staphylococcus spp. This
clustering is explained by the similar bacterial behavior
compared with the factor time. However, Proteus spp.
seems more associated to May and June months in the east
part of the graphic. Klebsiella spp. and Alcaligenes spp.
emerge together only in the month of November and are
represented in the north part of the graphic.

Listeria presented a clear association with winter season
in the months of December and January, and also was
associated to spring in March. The most associated bacteria
in time to Listeria were Stenotrophomonas, Pseudomonas
and Bacillus (Fig. 2). Few studies described the effect of
seasons on the incidence of Listeria spp. and other psych-
rotrophic bacteria in raw milk. Contamination of raw milk
with Listeria is usually more common in winter, most likely
because silage feeding in many parts of the world is more
common in this season (Waak et al., 2002; Broseta et al.,
2003). Kalac (2011) confirmed that silage is a rich source of
contamination by undesirable bacteria such L. monocyto-
genes, Bacillus cereus and Clostridium tyrobutyricum. He
added that poor silage quality is caused by slight acidity
resulting from inadequate lactic fermentation, or aerobic
spoilage. Wagner and McLauchlin (2008) considered that
cow listeriosis reach the peak in spring. They mentioned
also that Listeria spp. can tolerate seasonal stress variations
from extreme temperatures near freezing in winter to high
temperatures in summer. Staphylococcus was more asso-
ciated with winter months in January and February. This
result is in agreement with Rea et al. (1992) who isolated
Staphylococcus spp. in winter in Ireland. Staphylococcus
spp. belongs to mastitis-causing organisms, and can be im-
plicated as causative agent of foodborne illness.

lus, Flav: Flavobacterium, Alca: Alcaligenes, Sten: Stenotrophomonas.

On the contrary, Proteus showed a different temporal
bacterial behavior. Compared with other populations, it was
associated with hot months of April, May and June situated
in the east part of the graphic (Fig. 2). This member of En-
terobacteriaceae family is stimulated by high temperatures
and may be also an indicator of milk contamination by cow
excrements. A minority of bacteria were associated with
summer and spring months located in the east part of the
graphic, suggesting that feeding with fresh silage available
in these seasons may reduce milk contamination.

This work confirms once more that raw milk stored at
refrigeration temperature encourage the emergence of
psychrotrophic bacteria. Bacterial psychrotrophic popu-
lations isolated were diversified and constituted by both
spoilage and pathogenic microorganisms. Enterococcus
registered low correlation values for the majority of the
microorganisms detected, suggesting a large antagonistic
effect. Therefore, Enterococcus can offer opportunities as
biopreservative and improve the safety of raw milk and
dairy products by inhibiting the growth of contaminating.
Our data confirm that microbial consortium influences the
way bacterial populations proliferate in refrigerated raw
milk. The presence of some bacterial populations could
facilitate or impede the colonization and persistency of
others in the microbial ecosystem. The mechanisms invol-
ved in the interactions remain little known but our data
suggest that they are complex. It will be interesting to
characterize the mechanisms involved in the interactions.
Few studies described the effect of season on the incidence
of psychrotrophic bacteria in raw milk. Our results have an
important impact on animal and human health protection.
Monitoring seasonal incidence of psychrotrophic popula-
tions reinforce the prevention of pathogenic bacteria in
high risk periods. Finally, the exploitation of microbial di-
versity and interactions could be a new strategy to fight
against pathogenic and spoilage microorganisms in raw
milk stored at low temperatures.
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