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ABSTRACT

This study was designed to analyze the effects of
the storage and preservation conditions on counts of
mesophilic, thermoduric, psychotrophic, coliform,
Escherichia coli, Streptococcus agalactiae, and Staphy-
lococcus aureus organisms in silo ovine milk. A total
of 910 analytical determinations were conducted from
aliquots of 10 silo ovine milks. The conditions tested
were unpreserved and azidiol-preserved milk stored at
4°C, and unpreserved milk stored at —20°C. Milk aged
2, 24, 48, 72, and 96 h post-collection for refrigerated
aliquots, and 7, 15, and 30 d post-collection for frozen
aliquots. The factors silo and storage conditions sig-
nificantly contributed to variation of all microbiologi-
cal variables, although milk age effect within storage
was only significant for mesophilic, psychrotrophic,
and coliform bacteria counts. In refrigerated raw milk,
mesophile, psychrotroph, and coliform counts signifi-
cantly increased over 96 h post-collection, whereas the
other groups and bacteria species tested maintained
their initial concentration. In all cases, azidiol preser-
vation maintained the initial bacterial concentration
in raw sheep milk under refrigeration throughout 96
h. Thus, azidiol was a suitable preservative for micro-
biological studies in sheep milk. Smallest counts were
registered for frozen samples, particularly for coliforms,
E. coli, Strep. agalactiae and Staph. aureus. Estimates
of mesophilic, thermoduric and psychrotrophic organ-
isms showed similar values on both azidiol-preserved
and frozen milk samples. Coliforms and E. coli counts
significantly decrease over time after freezing. Conse-
quently, freezing at —20°C could also be appropriate for
analysis of mesophilic, thermoduric, and psychrotrophic
bacterial groups, but not for coliforms or mammary
pathogens.
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Short Communication

Silo and tank milk are both contaminated by bacte-
ria from different sources, such as flora and pathogens
present in beds, milking facilities, wash water, milking
systems, udders, teats and teat canals, or mastitic milk.
Some of these bacteria are pasteurization-resistant or
are able to grow at low temperatures. These charac-
teristics may hinder industrial dairy processing. Some
of these species may also be pathogens for humans.
Despite this, only aerobic mesophile count determina-
tion has been the target of various legal limits or qual-
ity payment schemes proposed by different countries.
Thus, Regulation (EC) 853/2004 (European Commis-
sion, 2004) lays down mesophilic flora limit criterion for
milk from other species than cows as <500,000 cfu/mL,
when the final destination of milk does not include heat
treatment; or 1,500,000 cfu/mL for heat-treated milk
before processing. However, this policy makes no refer-
ence to other microbiological criteria, so no regulation
exists on other bacterial standards of microbiological
quality of sheep milk for many sheep milk-producing
countries (e.g., Spain). In this context, other bacterial
groups and species studied, such as thermoduric and
psychrotrophic flora, coliforms, and Escherichia coli or
mastitis-causing pathogens would be of great interest
for ovine milk hygiene, safety, quality, and marketing.
In all cases, knowledge of the influence of storage and
preservation on sheep milk microbiological quality is
important both to the farmer and the dairy industry to
standardize sampling protocols, to ensure accuracy in
test results and to optimize milk storage conditions.

Azidiol (AZ) is a widely used preservative to keep
milk samples for several tests in dairy laboratories,
although its effects on the viability of major bacterial
groups and pathogens in sheep milk need to be well
established when such samples are going to be used
for microbiological purposes. In this sense, other pre-
servatives (e.g., bronopol) significantly decreased the
viability of milk bacterial species and groups (Shepherd
et al., 1988; Amores et al., 2010) so AZ effect on sheep
milk microbiology should be investigated. Similarly,
milk freezing could be of remarkable interest in micro-
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biological studies on sheep milk and in mastitis-control
plans due to its potential to decrease processing and
collection costs and extend the analytical operation
thereof. Thus, studies on goat milk (Sdnchez et al.,
2003; Amores et al., 2010) show that freezing may be
used as a storage method for the study of some bacterial
species or groups but not for others. Nonetheless, freez-
ing effect on the viability of major bacterial groups and
species present in sheep milk has not yet been studied.

The knowledge of preservation and storage effects on
recovering bacterial groups and bacterial pathogens over
time would allow the optimum analytical conditions for
ovine milk to be defined. This knowledge is needed to
implement adequate operational strategies and sampling
protocols for practical analysis and research in this spe-
cies. Silo milk is especially suitable for this purpose as it
consists of large mixtures of milk from a large number
of herds, which makes the study of different bacterial
groups and pathogens possible at the same time. Ad-
ditionally, such large mixes of milk are the raw material
of all dairy products produced by the industry so its
microbiological quality has a great economical, techno-
logical, hygienic, and marketing interest.

The aim of this study was to determine the effects of
the most common storage and preservation conditions
on the following microbiological quality variables: aero-
bic mesophilic, psychrotrophic, thermoduric, coliforms,
E. coli, Streptococcus agalactiae, and Staphylococcus
aureus bacteria.

Between November 2009 and February 2010, a total
of 10 samples of silo sheep milk were collected at a milk
plant, which includes milk from 10 different tank milk
collection routes, from a total of 400 dairy sheep herds.
According to standards recommended by the American
Public Health Association (White et al., 1992), samples
(500 mL) were aseptically collected in sterile containers
from each of the silos immediately after milk tankers
were unloaded. For this experiment, milk stored in each
silo corresponded to a single milk tanker from a single
collection route. Milk collection frequency in farms was
always 48 h, during which the milk was kept at a tem-
perature lower than 6°C in cooling tanks in the farms.
Milk collection was carried out at the same time in each
flock. Silo milk temperature was 4°C, maintaining that
temperature until the bacteriological analysis, which
was carried out immediately after arrival in the labora-
tory in the Department of Food Hygiene and Technol-
ogy, University of Leén, Spain. Bulk tank milk of all
flocks was periodically checked for antimicrobial detec-
tion by Eclipse-1000v screening test (ZEU-Immunotec,
Zaragoza, Spain; Montero et al., 2005) in the Dairy
Interprofessional Laboratory of Castilla-Leén region
(Spain). In addition, before unloading in silos, tanker
milks were always checked for 3-lactams and tetracy-
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cline drugs by Rosa Charm rapid screening test (Charm
Sciences, Inc., Lawrence, MA). Negative results were
always obtained during the experiment.

The initial homogenized sample was divided into 13
aliquots of 40 mL each: 5 aliquots of unpreserved milk
were kept refrigerated at 4°C, 5 aliquots of milk were
preserved with AZ (Panreac Quimica S.A., Castellar del
Valles, Barcelona, Spain) and kept refrigerated at 4°C,
and 3 aliquots of unpreserved milk were kept frozen
at —20°C. Azidiol concentration in preserved samples
was always 3.3 pL/mL (ie., 133 pL/40 mL). Az
idiol composition was 75 mg of chloramphenicol, 1 mL
of ethanol, 1.8 g of sodium azide, 4.5 g of trisodium
citrate'5H,0, and 35 mg of bromophenol blue in 100
mL of distilled water. Bacteriological analysis of refrig-
erated aliquots was carried out at 2, 24, 48, 72, and
96 h post-collection. Frozen aliquots were defrosted at
4°C overnight and analyzed at 7, 15, and 30 d post-
collection.

Total aerobic plate count determination was per-
formed following the standards recommended by the
American Public Health Association (APHA) for milk
and dairy products (White et al., 1992). The total num-
ber of viable bacterial cells was determined by the SPC
method. Milk samples were subjected to serial dilution
in the 10" to 10® range and inoculated into plate
count agar (PCA; Oxoid Limited, Cambridge, UK) pe-
tri plates. The inoculated plates were incubated at 30
+ 1°C for 48 h. Thermoduric count was carried out by
the SPC method after laboratory pasteurization at 62.8
+ 0.5°C for 30 min following APHA recommendations
(White et al., 1992). Psychrotrophic bacteria count was
also performed by SPC, plates being incubated at 7°C
between 7 and 10 d (White et al., 1992). The enumera-
tion of coliforms and F. coli was carried out using 3M
Petrifilm E. coli/coliform count plates (3M, St. Paul,
Minnesota) according to the manufacturer instructions.
In all cases plates were inoculated with 1 mL of milk
sample dilution in the range of 107" and 10~°. Plates
were incubated at 37 + 0.5°C for 24 to 48 h. Enumera-
tion of each group consisted of considering as confirmed
coliforms red and blue colonies with associated gas bub-
bles. Confirmed E. coli were considered as blue colonies
with associated gas bubbles. Results were expressed as
cfu/mL. Regulation UNE-EN ISO 6888-2:1999/ Amd
1:2003 (ISO, 2003) was used as the reference method
for Staph. aureus enumeration. Finally, Edwards Me-
dium Modified (Oxoid Limited, Cambridge, UK) sup-
plied with 5 to 7% defibrinated sheep blood (Oxoid
Limited) was used for Strep. agalactiae detection and
enumeration (Zadoks et al., 2004). Incubation was at
35°C for 48 h. Hemolytic and nonhemolytic, esculin-
negative blue colonies were suspected of being Strep.
agalactiae. These colonies were tested for confirmation
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Table 1. Descriptive statistics for microbiological variables studied in silo ovine milk

Organism n Mean' GM? SD Minimum Maximum CV, %
Mesophiles 130 5.36 229 0.73 4.00 7.25 13.59
Thermoduric 130 2.41 0.25 0.59 1.00 4.02 24.82
Psychrotrophic 130 6.40 2,511 0.91 4.51 8.08 14.34
Coliforms 130 3.45 2.81 1.26 1.30 6.64 36.67
Escherichia coli 130 2.38 0.24 1.05 0.70 4.66 44.10
Streptococcus agalactiae 130 3.67 4.67 0.55 2.48 5.18 15.03
Staphylococcus aureus 130 2.63 0.42 0.67 0.70 3.90 25.67

"Logarithm of cfu/mL.
*Geometric mean x 10* cfu/mL.

by the Christie, Atkins, and Munch-Petersen (CAMP)
test, catalase and oxidase tests, and detection of Strep.
agalactiae by PCR (Martinez et al., 2001) to ensure the
results.

The milk composition and SCC of each silo sample
was determined with COMBIFOSS 6000 FC (Foss Elec-
tric, Hillerod, Denmark), subjected to quality controls
and inter-comparative trials. Mean values £ SD for fat,
total protein, and total solids content and SCC were:
6.92 + 0.49%, 5.41 + 0.19%, 18.03 £ 0.60%, and 998 +
51 x 10* cells/mL.

The statistical analysis was carried out by the GLM
procedure of SAS (SAS Institute, 1998). The model
used was: Yy = M; + S, + Ay, + e, where Y, was the
dependent variable logarithm of cfu/mL of bacterial
groups and species studied (mesophilic, thermoduric,
psychotropic, coliform, E. coli, Strep. agalactiae, and
Staph. aureus bacteria); M; was the silo effect (10 lev-
els); S; was the storage effect (3 levels: unpreserved
milk stored at 4°C, AZ-preserved milk stored at 4°C,
and unpreserved milk stored at —20°C); A;; was the age
effect within storage (2, 24, 48, 72, and 96 h post-col-
lection for unpreserved and AZ-preserved refrigerated
milk, and 7, 15, and 30 d for frozen milk); and e, was
the residual error. A second mathematical model was
only used for samples stored at 4°C, following the same
GLM procedure of SAS with the objective of studying
the effect of preservation x age interaction, as a factor
of the statistical model. This model was: Y;; = M, +
P; + Ay, + PAj + ey, where M; was the silo effect (10
levels); P; was the preservation effect (2 levels: unpre-
served and AZ-preserved milk); A, was the milk age
effect (2, 24, 48, 72, and 96 h post-collection); and PA;
was the preservation x age interaction effect.

The statistics of the microbiological variables studied
are shown in Table 1. Psychrotrophic bacteria were
the most numerous bacterial group (6.40 log cfu/mL)
above mesophilic flora (5.36 log cfu/mL), coliform (3.45
log cfu/mL), and thermoduric flora (2.41 log cfu/mL).
In general, these counts were consistent with those re-
ported by Sanjuan et al. (2003) in bulk tank milk from
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sheep flocks, but higher than those found in cow milk
(Jayarao et al., 2004). Lower individual milk produc-
tion and the absence of teat washing before milking,
as well as poorer facilities than those for cattle, could
explain the higher bacterial counts found in ewe milk
compared with cow milk. Nevertheless, the geometric
mean of mesophilic flora found in silo milk for the
storage and preservation conditions studied (229 x 10°
cfu/mL) was below the lower limit of 500,000 cfu/mL
established by the European Union regulations for bulk
tank milk from sheep and goat flocks.

Regarding bacterial species studied, F. coli count
(2.38 log cfu/mL) represented 8.5% of the total coli-
form estimate, a similar percentage to 7.4% found in
sheep silo milk by Cosentino and Palmas (1997), but
higher than 1.5% obtained by Sanjuan et al. (2003)
in ewe bulk tank milk. Counts of contagious mastitis
pathogens Strep. agalactiae (3.67 log cfu/mL) and
Staph. aureus (2.63 log cfu/mL) were elevated and
indicative of mammary infections and high SCC from
dairy sheep flocks. These results suggest the need to
increase mastitis control programs in herds to decrease
the prevalence of contagious mastitis in dairy sheep
(Linage and Gonzalo, 2008; Gonzalo et al., 2010).

Effects of silo (F between 4.44 and 34.21; P < 0.001)
and storage conditions (F between 6.98 and 109.13;
P < 0.01 to P < 0.001) contributed significantly to
log cfu/mL variations for all variables involved in this
study. The effect of milk age within storage was also
significant for mesophilic (F = 12.69; P < 0.001), psy-
chrotrophic (F = 5.39; P < 0.001), and coliforms (F =
5.79; P < 0.001) bacteria, but not for the rest of groups
and bacterial species (P > 0.05).

The effect of storage on the concentration of all
variables is shown in Table 2. Non-preserved refriger-
ated milk showed higher counts (P < 0.05) than did
AZ-preserved refrigerated milk for all bacterial groups,
apart from bacterial species E. coli, Strep. agalactiae
and Staph. aureus, whose concentration did not differ.
Counts after freezing were lower (P < 0.05) than those
obtained for non-preserved refrigerated milk, although
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Table 2. Least squares means (log cfu/mL £ SE) of microbiological variables of silo ovine milk affected by

storage, and statistical significance

Unpreserved Azidiol-preserved Unpreserved
Organism milk, 4°C milk, 4°C milk, —20°C F-value
Mesophiles 5.91 + 0.05" 5.04 + 0.05" 4.97 + 0.07" 86.54+F*
Thermoduric 2.61 + 0.06° 2.36 + 0.06 2.18 + 0.08" 9.03%**
Psychrotrophic 7.04 £ 0.08" 6.07 &+ 0.08" 5.89 + 0.10" 53.32%%*
Coliforms 4.58 + 0.10° 2.90 + 0.10° 2.49 + 0.12° 109.13%**
Escherichia coli 2.67 £+ 0.07" 2.62 + 0.07" 1.51 + 0.09" 57.51F%*
Streptococcus agalactiae 3.84 + 0.06" 3.73 + 0.06" 3.31 + 0.07" 17,375
Staphylococcus aureus 2.75 + 0.06" 2.68 + 0.06" 2.36 + 0.08" 6.98%*

*“Means within a row with different superscripts differ (P < 0.05).

**P < 0.01; ***P < 0.001.

mesophilic, psychrotrophic, and thermoduric bacteria
showed similar counts (P > 0.05) to those from AZ-
preserved refrigerated milk. After thawing, the counts
of coliforms, F. coli, Strep. agalactiae, and Staph.
aureus (2.49, 1.51, 3.31, and 2.36 log cfu/mL, respec-
tively) were significantly lower than those obtained for
non-preserved refrigerated milk (4.58, 2.67, 3.84, and
2.75 log cfu/mL, respectively) or for AZ-preserved
refrigerated milk (2.90, 2.62, 3.73, and 2.68 log cfu/
mL, respectively). Several authors (Villanueva et al.,
1991; Godden et al., 2002) have investigated the ef-
fect of freezing on bacteriological culturing of Staph.
aureus and other mastitis-causing pathogens from milk
samples. It has been postulated that freezing process
may rupture milk macrophages and neutrophils, releas-
ing phagocytized bacteria, and also that freezing may
disrupt bacterial cell aggregates. Thus, the number of
cfu/mL should increase, thereby improving the sensitiv-
ity of microbiological culture. However, other authors
did not find any significant effect of freezing on the
number of positive samples of streptococci or Staph. au-
reus in mastitic cow milk after 16 wk (Schukken et al.,
1989), and Godden et al., (2002) observed differences in
freezing effect for pre-milking and post-milking samples
from Staph. aureus mastitic quarters. No information
concerning changes in concentration of these mammary
pathogens for frozen silo milk has been published, but
our results indicated a decrease of mammary pathogens
concentration after freezing.

The study of preservation x age interaction in re-
frigerated milk samples (Table 3) revealed statistically
significant differences only for groups of mesophilic,
psychrotrophic, and coliforms bacteria, in which counts
increased significantly over time in non-preserved milk.
The highest concentration was for psychrotrophic flora
even at the time of silo sampling. These results were
consistent with those obtained by Sanjuan et al. (2003),
which showed a significant increasing concentration
of Pseudomonas spp. from the time of milking (4.07
log cfu/mL) until 96 h after milking (7.21 log cfu/

mL) in ovine milk refrigerated at 6°C. Thus, the psy-
chrotrophic flora of milk becomes predominant a few
hours after milking. Because of the high concentration
of psychrotrophic flora and its proven relationship with
a high incidence of degradative actions (i.e., lipases of
Pseudomonas spp.) on milk and cheese components,
it is advisable to collect and process the milk (e.g.,
delivery, heat treatment) in the shortest time possible
to prevent significant decline in milk and dairy product
quality.

Azidiol-preservation and storage at 4°C kept over time
the same initial counts of non-preserved milk (Table 3).
Consequently, this procedure could be used by dairy
laboratories (interprofessional, industry, research) or
by quality payment schemes to determine the initial
bacterial counts in silo or bulk tank milk, particularly
in the case of mesophiles, psychrotrophic, and coliforms
organisms. This is a relevant aspect, as AZ preservation
is compatible with composition and SCC analysis in
small ruminant milk (Gonzalo et al., 2004; Sanchez et
al., 2005); thus, only 1 AZ-preserved milk sample could
be sufficient for composition, SCC, and bacterial count
analysis from bulk tank or silo milks.

In reference to freezing, the effect of sample age was
not significant on the concentration of the microbial
groups studied, except for coliforms and F. coli counts,
which decreased (P < 0.05) from d 7 (2.84 and 1.94 log
cfu/mL, respectively) until d 30 (2.25 and 1.18 log cfu/
mL, respectively) post-freezing. In cow milk, evidence
exists for a decrease both in the viability of FE. coli
at —20°C (Pankey et al., 1987) and in the diagnostic
sensitivity of this organism after freezing (Schukken et
al., 1989), which is consistent with our results.

In conclusion, unpreserved silo sheep milk stored at
4°C significantly increased the concentration of meso-
philes, psychrotrophic, and coliform bacteria over time,
which makes it advisable to rapidly process the milk
stored in silos to avoid its rapid deterioration. The
initial concentration of thermoduric, F. coli, Strep.
agalactiae and Staph. aureus remained, however, invari-
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Table 3. Least squares means (log cfu/mL) of microbiological variables of refrigerated silo ovine milk (4°C) affected by preservation and age,

and statistical significance

Unpreserved milk

Azidiol-preserved milk

Organism 2h 24 h 48 h 72 h 96 h 2h 24 h 48 h 72 h 96 h F-value
Mesophiles! 5.13* 547" 5.86° 6.33¢ 6.78° 5.03° 4.97° 5.08° 4.93* 518 14.74%F*
Thermoduric? 2.47 2.34 2.56 2.72 2.97 2.34 2.29 2.45 2.31 2.40 1.34N8
Psychrotrophic® 6.03"  7.02"  7.06 7.35% 77T 6.05" 5.99" 6.02° 6.09"  6.19" 6.77%%*
Coliforms* 3.44* 417" 472> 517 5.39¢ 315" 291" 290"  2.59° 295" 9.2% %%
Escherichia coli’ 2.79 2.43 2.62 2.69 2.80 2.69 2.62 2.62 2.63 2.53 1.04%
Streptococcus agalactiae® 3.64 3.64 3.91 3.86 4.13 3.77 3.64 3.74 3.73 3.76 1.03N
Staphylococcus aureus 2.69 2.62 2.92 2.72 2.80 2.64 2.95 2.81 2.58 2.39 2.25%8

*“Means within a row with different superscripts differ (P < 0.05).
1
SE = 0.11.

’SE = 0.14.
3SE = 0.16.
1SE = 0.22.
°SE = 0.12.
SSE = 0.13.
SE = 0.13.
P < 0.001.

able. Storage at 4°C of AZ-preserved sheep milk was a
suitable method to maintain the initial concentration
for all studied bacterial groups and species, particularly
for mesophilic, psychrotrophic, and coliform organisms
throughout 96 h. Freezing significantly decreased the
viability of coliforms, FE. coli, Strep. agalactice and
Staph. aureus.
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