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ABSTRACT

Thirty six samples of raw milk were collected from three different farms located in Merida, Yucatan, Mexico
and seventy two samples of soft cheese were manufactured from thirty six samples of raw milk and thirty six
samples of pasteurized milk from the previous collected raw milk during May 2013 to April 2014. The first and
second farm located at Faculty of Veterinary Medicine and Animal Science, Autonomous University of Yucatan
(FMVZ/UADY) used two different production regimes; intensive silvopastoral system (ISS) and traditional
system (TS). The third farm in Kampepen under (ISS). The collected raw milk samples were divided into three
portions, one portion of raw milk and two portions for soft cheese manufacture from (raw and pasteurized
milk) for PCR screening. PCR screening was performed for one hundred and eight samples to detect four types
of the most dangerous foodborne pathogens (Escherichia coli O157:H7, Salmonella enterica serovar
Typhimurium, Staphylococcus aureus and Listeria monocytogenes). PCR results showed that almost samples
were negative for all tested pathogens except six samples (5.56%); 3 samples of raw milk and other 3 samples
of soft cheese manufactured from this raw milk under traditional system which were positive for
Staphylococcus aureus.
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al. 2011; Renye et al. 2011; Aldrete-Tapia et al.

INTRODUCTION

Cheese is the generic name for a group of
fermented milk-based food products. There are
more than 1,000 varieties of cheese (Fox et al.
2004). Most of the Mexican cheeses are soft
cheese and made locally from raw milk (Olson et

2014; Gould et al. 2014; Pereira-Suarez et al.
2014). The quality and safety of the cheese
depends on raw milk contamination by
microorganisms, efficiency of processing and the
hygienic practice applied in dairy farms and dairy
factors, transportation from dairy farms to dairy
factors, handling and manipulation of milk during
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manufacture. All together can impair its utility and
renders the product wunsafe for human
consumption (Leuschner and Boughtflower 2002).
Due to the high microbial contamination present
in raw milk, pasteurization is commonly used to
eliminate all pathogenic and most of
nonpathogenic organisms before its further
processing into cheese (Silvestre et al. 2008;
Elizondo-Salazar et al. 2010; Silva et al. 2010;
Morales-Celaya et al. 2012; Van Gysel et al. 2012).

In  Mexico, consumers prefer soft cheese
manufactured from cow’s raw milk due to the
presence of microorganisms which enhances the
flavor of the soft cheese, but this raised the
concern about the safety of the cheese (Solano-
Lépez and Hernandez-Sanchez 2000; Morales-
Celaya et al. 2012). There are no enough data on
cheese contaminated with species, especially;
Escherichia coli 0157:H7, Salmonella enterica
serovar Typhimurium, Staphylococcus aureus and
Listeria monocytogenes present in Mexican and
American markets (Torres-Llanez et al. 2006;
Omiccioli et al. 2009). These pathogens are the
most dangerous foodborne bacterial in terms of
human health and disease, and their detection
through current microbiological analyses methods
involves considerable spending of time and effort
(Omiccioli et al. 2009). Pathogenic bacteria can
produce numerous toxins and leading cause of
gastroenteritis and vomiting resulting from
consumption of contaminated dairy product
(Nedelkov 2000; U.S. FDA 2001). Contaminated
milk and soft cheese with pathogenic bacteria
often are involved in outbreaks (Bergdoll 1997).

PCR is a rapid and sensitive diagnostic method for
detecting pathogenic bacteria. Therefore, it was
used for detecting the pathogenic bacteria in this
research according to (Holland et al. 2000; Gouws
and Liedemann 2005; Omiccioli et al. 2009; Wu et
al. 2012).

In Mexico, intensive silvopastoral systems based
on tropical grasses and Leucaena leucocephala are

gradually expanding in the feeding of milking
cows. Incorporation of tree legumes such as
Leucaena leucocephala in silvopastoral systems
represents an alternative in tropical ruminant
production as it plays an important role in
providing a forage rich in nutrients, especially
protein, vitamins, and minerals (Barros-Rodriguez
etal. 2012).

In this study, we focused on PCR detection of four
types of pathogens (Escherichia coli 0157:H7,
Salmonella  enterica  serovar  Typhimurium,
Staphylococcus aureus and Listeria
monocytogenes) present in raw milk and soft
cheese manufactured from raw and pasteurized
milk under intensive silvopastoral and traditional
systems in Yucatan, Mexico. The ultimate goal of
this study was to help dairy industry to produce
healthy and safe milk as well as soft cheese to the
consumers in Mexico. Also, appropriate action can
be taken to minimize healthy risk.

MATERIALS AND METHODS

Milk samples:

Three raw milk samples (11 L/sample) were
collected monthly in a total of thirty six samples
from three different farms located in Merida,
Yucatan, Mexico during May 2013 to April 2014.
The milking cows of the first and second farm
located at Faculty of Veterinary Medicine and
Animal Science, Autonomous University of
Yucatan (FMVZ/UADY) were reared under two
different production regimes; intensive
silvopastoral system (ISS) and traditional system
(TS). The milking cows of the third farm in
Kampepen, Merida, Yucatan, Mexico were reared
under intensive silvopastoral system (ISS). The
differences in the nutrient ingredients between
production systems are shown in (Table 1).

A bulk of fifteen milking cows from each
production system was used for getting raw milk
samples.
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Table 1. The nutrient ingredients of the experimental production systems during May 2013 to April 2014 in
Merida, Yucatan, Mexico.

Production system Ingredients Percentage
» Leucaena leucocephala 7%
» Grass 76.9%

» Supplements:
e 29.1% Soy hulls
e 29.1% Wheat bran 16.1%
e 38.8% Ground corn
e 3% Minerals salts

Intensive Silvopastoral System
(Kampepen farm)

o » Leucaena leucocephala 28.72%
Intensive Silvopastoral System
» Grass 47.30%
(UADY farm)
» Sorghum 23.98%
» Grass 48.02%
» Supplements:
Traditional System e  60% Maize
(UADY farm) e 30% Soy hulls 51.98%

e 5% Soya milled
e 5% Minerals and Calcium

Production systems:

In the first and second farms (FMVZ/UADY), 24
multiparous (23 calves) Bos indicus x Bos taurus
cows (Holstein and Brown Swiss x Zebu were used;
with proportion of European genes ranging from
50-75%) at calving. The mean body weight of the
cows was 509 + 74 kg (mean * SD) with a body
condition score (BC) of 6 + 0.3 points. All the cows
were familiarized to the consumption of Leucaena
forage as part of the routine diet. The cows were
divided in two homogenous groups according to
the previous milk yield and calving interval, and
were allocated at calving to the following
treatments: (ISS) (n=12), a Intensive Silvopastoral
System, consisting of an association of stargrass
and Leucaena (Cynodon nlemfuensis - Leucaena
leucocephala); (TS) (n=12), a Traditional System
(control) group where the cows grazed in a
monoculture of stargrass. The grazing area was 4.3
hectare for (ISS) and 3.0 ha for (TS), with stocking
rates of 2.4 AU/hectare (1 animal unit

[AU] = 450 kg live weight) and 2 AU/ha for (ISS) and
(TS), respectively. The stocking rates were fixed
based on previous works for (ISS) (Mayo 2013) and
(TS) taking into account the forage availability. To
keep the stocking rate in both treatments during
the experiment, there were incorporated external
animals as necessary, using the “put and take”
method. Both groups of cows were grazed from
(5:00 pm to 5:00 am) and from (8:00 am to 1:00
pm). In order to avoid weight losses which could
affect the response variables, all the cows were
supplemented during the milking in the morning
and evening (am and pm) to fulfill their protein
and energy requirements for milk yield. Because
of the composition of the forages, it was used
ground sorghum as an energy supplement for (ISS)
and a commercial concentrate to supply energy
and protein for (TS) as shown in (Table 1). All the
cows had access to a mineral mixture and water
ad libitum.
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In the third farm (Kampepen), 24 multiparous (>3
calves) Bos indicus x Bos taurus cows (Holstein x
Zebu were used; with proportion of European
genes ranging from 50-75%) at calving. The mean
body weight of the cows was 537 + 53 kg (mean *
SD) with a body condition score (BC) of 6 + 0.8
points. All the cows were familiarized to the
consumption of Leucaena forage as part of the
routine diet. All the cows were reared under
Intensive Silvopastoral System (ISS), consisting of
an association of guinea grass and Leucaena
(Pannicum maximum - Leucaena leucocephala).
The grazing area was 7 hectare for (ISS) with
stocking rates of 3.5 AU/hectare (1 animal unit
[AU] = 450 kg live weight). The cows were milked
dally at 8:00 am, all the cows were supplemented
during the milking in the morning as shown in
(Table 1). To keep the stocking rate in the summer
and winter, during the experiment in the summer
(3.5 kg dry matter additional citrus peel) to
supplement the animals during the time of
milking. The cows grazed from 12:00 pm to 8:00
am the next day.

Cheese manufacture:

Six soft cheese samples were manufactured
monthly in a total of 72 samples from the previous
collected milk. The soft cheeses in each one of the
three production system were manufactured from
raw and pasteurized milk in the dairy laboratory at
(FMVZ/UADY).

One portion of raw milk (5 L) was used for soft
cheese manufacturing, while the other (5 L) was
pasteurized to 73°C for 15 sec. followed by sudden
cooling at 5°C then warmed to 40°C, 3% of salt was
added to raw and pasteurized milk. 100 L of each
milk was coagulated by adding 10-15 ml of liquid
rennet (Cuamix) in 30-40 min. After that, the curd
was cut and the pieces of curd were powered into
a fine cotton cloth in aluminum molds and pressed
by light weight for 24 hours to excrete the whey.

Then, the obtained soft cheese were weighted to
determine the percentage of yield.

Microbial enrichment:
To improve the sensitivity of detection by PCR, an

enrichment step was done in the laboratory of
Microbial genetics, department of genetics at the
Faculty of Agriculture, Assiut University, Assiut,
Egypt. Milk and soft cheese samples were added
to an enrichment media and then incubated at
36+1°C for 24 h for the further investigation. To
identify the pathogen, different enrichment media
were used as follow: Trypticase Soy Broth (TSB) for
Escherichia coli 0157:H7 (Lye et al. 2013); Baird-
Parker Agar Base for Staphylococcus aureus
(Rahimi and Alian 2013); Listeria Enrichment Broth
Base for Listeria monocytogenes (Amagliani et al.
2006); and selenite brilliant green sulfa
enrichment (SBG) broth for Salmonella enterica
serovar Typhimurium (Chang et al. 1999).

DNA extraction:

DNA extraction by boiling method was carried out
as previously described with some modifications
(Peng et al. 2013). In brief, 1 ml of overnight
cultivated cultures were centrifuged at 13,000xg. at
4 °C, the pellet was dissolved in 100 pl of sterilized
ddH:0, followed by vigorous homogenization by
vortexing for 30s. The suspensions were incubated
at 100 °C in a boiling water-bath for 15 min and
immediately frozen at 0 °C on ice. Subsequently, the
suspensions were centrifuged at 13,000xg. at 4 °C
for 15 min. The supernatants were transferred to a
clean 1.5 ml tube and stored at -20 °C until PCR
analysis.

PCR amplification:

In this study four types of pathogens were
screened; Escherichia coli 0157:H7 as previously

described (Holland et al. 2000); Salmonella
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enterica serovar Typhimurium as previously
described (Park et al. 2009); Staphylococcus
aureus as previously described (Wu et al. 2012);

and Listeric monocytogenes as previously

Table 2) to detect the presence of each separated
pathogenic strain.

The polymerase chain reaction was carried out in
a cycler Sensoquest Gradient (Germany). The
reaction was conducted in a final volume of 25 pl
containing 1x concentrated PCR buffer (containing
20mM Tris-HCl, pH 8.4, 1.5 mM MgCl2, and 50mM
KCl), 100 nM primers, 0.2mM dNTP mix, 1 U Taq
polymerase (Thermo Scientific, Fisher Scientific -
USA) and 3 pl of DNA solution. Negative and
positive controls were included in all experiments.

described (Gouws and Liedemann 2005). All the
one hundred and eight different milk and soft
cheese samples were PCR screened with specific

pair of primers presented in (

The optimized temperature and time profile of the
PCR reaction was as follows: Initial denaturation:
94°C, 5 min; 30 cycles with the following step cycle
profile: denaturation 94°C, 30 s; annealing (54-
68°C), 30 s; extension 72°C, 1 min; final extension
72°C, 5 min.

PCR samples were separated by electrophoresis in
1% agarose gel in TAE buffer 1x concentrated and
stained with Ethidium Bromide (0.5 pg/ml). The
PCR samples were calibrated using Smart Ladder
(Eurogentec) with DNA fragments ranging
between 200 bp and 10,000 bp to determine the
molecular weights of the amplicons. Gels were
visualized on a Transilluminator (Ultra-Violet
Product, Upland, CA, USA,) and photographed
using an Orange filtered Olympus digital camera
(Olympus model No. C-7070, wide zoom, Japan).

Table 2. The primer sequences and codes which used for detecting of pathogenic bacteria in raw milk and soft

cheese manufactured from raw and pasteurized milk under (ISS) and (TS) during May 2013 to April 2014 in

Merida, Yucatan, Mexico.

Strain . Primer sequence (5'— 3') Size Reference
Primer Tm
(bp)
St.a-Fw  AACTCTGTTATTAGGGAAGAACA 55.3 (Wu et al.
S. aureus 756
St.a-Rv  CCACCTTCCTCCCCGTTGTCACC 67.8 2012)
. . Sa.t-Fw  AACAACGGCTCCGGTAATGAGATTG 63.0 (Park et al.
S. Typhimurium 310
Sa.t-Rv ATGACAAACTCTTGATTCTGAAGATCG 60.4 2009)
. Ec-Fw ACACTGGATGATCTAGTGG 54.5 (Holland et
E.coli 0157:H7 614
Ec-Rv CTGAATCCCCCTCCATTATG 57.3 al. 2000)
| Lm-Fw  CATTAGTGGAAAGATGGAATG 54.0 (Gouws and
' GTATCCTCCAGAGTGATCGA 57.3 730 Liedemann
monocytogenes Lm-Rv
2005)
3
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RESULTS AND DISCUSSION

Data concerning the presence of bacterial species
like; Escherichia coli 0157:H7, Salmonella enterica
serovar Typhimurium, Staphylococcus aureus, and
Listeria monocytogenes in soft cheese are scarcely
available (Torres-Llanez et al. 2006; Renye et al.
2008; Omiccioli et al. 2009).

The obtained results indicated that, all of the one
hundred and eight samples were negative to;
Escherichia coli 0157:H7, Salmonella enterica
serovar Typhimurium, and Listeria
monocytogenes. The results in agreement with
those found by EC (2004a; 2004b). While, for
Staphylococcus aureus screening, 6 out of 108
examined samples were positive (5.56 %) 3
samples of raw milk and other 3 samples of soft
cheese manufactured from this raw milk under
traditional system (Table 3& Fig. 1).

Interestingly, all of the contaminated raw milk and
soft cheese manufactured from this raw milk
samples by Staphylococcus aureus were detected
only in the traditional system, while it was not
detected in the rest of raw milk and soft cheese
samples under intensive silvopastoral system in
both FMVZ and Kampepen farms (Table 3& Fig. 1).

On the other hand, no detection of pathogenic
bacteria was found in all soft cheese samples
manufactured from pasteurized milk under the all
production systems, these result in agreement
with (Silvestre et al. 2008; Elizondo-Salazar et al.
2010; Silva et al. 2010; Van Gysel et al. 2012). In
this regard, raw milk and its products are
considered a big reason of food risk because they
are an ideal medium for bacterial growth. In
addition, Goto et al. (2007) found that

Pasteurization affected the quantity of DNA of
Staphylococcus aureus found in milk when tes
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by Real-Time PCR. The results presented in (Table
3) indicated that the Staphylococcus aureus which
detected in soft cheese manufactured from raw
milk proved the elimination role of pasteurization
for all Staphylococcus aureus pathogens in soft
cheese manufactured from pasteurized milk.

Soft cheeses manufactured from raw milk are
highly susceptible to contain the same pathogens
which found in raw milk. On the other hand, some
other factors capable of eliminating pathogenic
bacteria in soft cheese manufactured from raw
milk, i.e., ripening of cheese in a period not less
than few weeks or months which reduce cheese
pH and eliminate any pathogenic bacteria in soft
cheese manufactured from raw milk (Millet et al.
2006).

As it known that, Staphylococcus aureus is the
most dangerous foodborne disease in terms of
human health and it must not be found in dairy
products (EC 2004a; 2004b). It is clear that raw
milk and soft cheese manufactured from raw milk
contains Staphylococcus aureus only during three
sequential months (Table 3) from Feb. to Apr.
2014, it might be due to the probability of infected
cows with mastitis in one or more of the selected
cows in this study. In agreement with the finding
of Hebert et al. (2000); Barkema et al. (2006)
whom stated that the infection with mastitis is
common in cows. Staphylococcus aureus may
occur in the milk of cows with clinical or sub-
clinical mastitis or as the result of contamination
by handlers (Hudson 2010). Therefore, more

2
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attention must be given to animal health for
producing safety dairy products. Additionally,
more attention must be given to the hygiene of
workers in dairy plants.

Table 3. PCR detection of Staphylococcus aureus in raw milk and soft cheese manufactured from raw and
pasteurized milk under (ISS) and (TS) during May 2013 to April 2014 in Merida, Yucatan, Mexico.
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Jul. 2013 - - - - - - - - -
Aug. 2013 - - - - - - - - -
Sept. 2013 - - - - - - - - -
Oct. 2013 - - - - - - - - -
Nov. 2013 - - - - - - - - -
Dec. 2013 - - - - - - - - -
Jan. 2014 - - - - - - - - -
Feb. 2014 + + - - - - - - -
Mar. 2014 + + - - - - - - -
Apr. 2014 + + - - - - - - -

Farm of Faculty of Veterinary Medicine and Animal Science, Autonomous University of

FMVZ/UADY:
Yucatan.
+: Contaminated samples. -1 Non contaminated samples.
L C - +
1000
800
600
400

Fig. 1. Agarose electrophoresis separation of one of the agarose gels used in the detection of Staphylococcus
aureus, which is presented. Lane L: Molecular weight Ladder. Lane C: Positive control. Empty lanes mean that
these samples were not contaminated with Staphylococcus aureus, while lanes with bands (+) mean that these
samples are contaminated with Staphylococcus aureus.
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PCR detection showed that all samples were
negative for almost tested pathogens (Escherichia
coli 0157:H7, Salmonella enterica serovar
Typhimurium and Listeria monocytogenes) except
six samples (5.56%); 3 samples of raw milk and
other 3 samples of soft cheese manufactured from
this raw milk under traditional system which were
positive for Staphylococcus aureus. Once milk has
been contaminated with Staphylococcus aureus,
they can subsequently grow in dairy products
manufactured from this contaminated milk. The
milk pasteurization is recommended with animal
health care and hygiene of workers in dairy plants.
The results obtained for detected the pathogenic
bacteria in the present study were compared with
European Commission (EC) and it clearly indicate
that the consumption of raw milk and soft cheese
manufactured from raw milk under traditional
system in (FMVZ/UADY) farm is not recommended
due to the presence of Staphylococcus aureus.
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