ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/274458301

The use of a bacteriophage cocktail as a biocontrol measure to reduce
Salmonella enterica serovar Enteritidis contamination in ground meat and

goat cheese

Article in Biocontrol Science and Technology - February 2015

DOI: 10.1080/09583157.2015.1018815

CITATIONS

5

6 authors, including:

Denisse Jorquera
University of Chile
5 PUBLICATIONS 58 CITATIONS

SEE PROFILE

Vaanet Rojas
Universidad Catolica del Norte (Chile)

4 PUBLICATIONS 16 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Molecular detection in pathogens of veterinay interest View project

et Molecular detection of resistance genes in nosocomials bacteria View project

All content following this page was uploaded by Navarro O Carlos on 10 April 2015.

The user has requested enhancement of the downloaded file.

READS

Navarro O Carlos
University of Chile

60 PUBLICATIONS 238 CITATIONS

SEE PROFILE

James Robeson
Pontificia Universidad Catdlica de Valparaiso

35 PUBLICATIONS 326 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/274458301_The_use_of_a_bacteriophage_cocktail_as_a_biocontrol_measure_to_reduce_Salmonella_enterica_serovar_Enteritidis_contamination_in_ground_meat_and_goat_cheese?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/274458301_The_use_of_a_bacteriophage_cocktail_as_a_biocontrol_measure_to_reduce_Salmonella_enterica_serovar_Enteritidis_contamination_in_ground_meat_and_goat_cheese?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Molecular-detection-in-pathogens-of-veterinay-interest?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Molecular-detection-of-resistance-genes-in-nosocomials-bacteria?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Denisse_Jorquera?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Denisse_Jorquera?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Chile?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Denisse_Jorquera?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Navarro_Carlos?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Navarro_Carlos?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Chile?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Navarro_Carlos?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vaanet_Rojas?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vaanet_Rojas?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Catolica_del_Norte_Chile?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vaanet_Rojas?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/James_Robeson?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/James_Robeson?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Pontificia_Universidad_Catolica_de_Valparaiso?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/James_Robeson?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Navarro_Carlos?enrichId=rgreq-2e2ba00759ba5c429b97e7468e4212f3-XXX&enrichSource=Y292ZXJQYWdlOzI3NDQ1ODMwMTtBUzoyMTY2NDMxNTExMTAxNDRAMTQyODY2MzE2MDE1MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

This article was downloaded by: [Memorial University of Newfoundland]

On: 05 March 2015, At: 15:27

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Biocontrol Science and Technology

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/cbst20

The use of a bacteriophage cocktail as a biocontrol
measure to reduce Salmonella enterica serovar
Enteritidis contamination in ground meat and goat
cheese

D. Jorquera®, C. Navarro?, V. Rojas?, G. Turra®, J. Robeson® & C. Borie®

# Laboratorio de Bacteriologia, Facultad de Ciencias Veterinarias y Pecuarias,
Universidad de Chile, La Pintana, Santiago, Chile

® Laboratorio de Bacteriologia, Instituto de Biologia, Pontificia Universidad Catdlica de
Valparaiso, Valparaiso, Chile
CrossMark Accepted author version posted online: 12 Feb 2015.

Click for updates

To cite this article: D. Jorquera, C. Navarro, V. Rojas, G. Turra, J. Robeson & C. Borie (2015): The use of a bacteriophage
cocktail as a biocontrol measure to reduce Salmonella enterica serovar Enteritidis contamination in ground meat and goat
cheese, Biocontrol Science and Technology, DOI: 10.1080/09583157.2015.1018815

To link to this article: http://dx.doi.org/10.1080/09583157.2015.1018815

Disclaimer: This is a version of an unedited manuscript that has been accepted for publication. As a service
to authors and researchers we are providing this version of the accepted manuscript (AM). Copyediting,
typesetting, and review of the resulting proof will be undertaken on this manuscript before final publication
of the Version of Record (VoR). During production and pre-press, errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal relate to this version also.

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of
the Content. Any opinions and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied
upon and should be independently verified with primary sources of information. Taylor and Francis shall

not be liable for any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other
liabilities whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://crossmark.crossref.org/dialog/?doi=10.1080/09583157.2015.1018815&domain=pdf&date_stamp=2015-02-12
http://www.tandfonline.com/loi/cbst20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/09583157.2015.1018815
http://dx.doi.org/10.1080/09583157.2015.1018815
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Memorial University of Newfoundland] at 15:27 05 March 2015

Publisher: Taylor & Francis
Journal: Biocontrol Science and Technology
DOI: http://dx.doi.org/10.1080/09583157.2015.1018815

D. Jorquera et al. Biocontrol Science and Technology

SHORT COMMUNICATION

The use of a bacteriophage cocktail as a biocontrol measure to reduce Salmonella enterica
serovar Enteritidis contamination in ground meat and goat cheese
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We evaluated the effectiveness of phages on meats and goat cheese contaminated
with Salmonella Enteritidis (SE). In meats, reductions of SE were observed during
the whole experiment, while in goat cheese a reduction was only observed at day
3. We discuss the relevance of phages as a biocontrol in food.
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Bacteriophages are viruses that can be found in several biosystems, as well as in foods,
and are considered harmless to humans, animals and plants (Hagens & Loessner 2010). There
has been an increasing interest in the application of phages as biological agents capable of
reducing bacterial contamination in food. Research has been directed towards reducing
Salmonella spp., Listeria monocytogenes, Campylobacter jejuni and Escherichia coli 0157:H7,
which are responsible for most foodborne disease outbreaks worldwide (Anonymous 2013a).
First investigations were made on dairy products (Modi, Hirvi, Hill & Griffiths, 2001), melon and
apple slices (Leverentz et al., 2001) and later, applied on processed and unprocessed meat
(Bigwood, Hudson, Billington, Carey-Smith & Heinemann, 2008), and fresh vegetables and fruits
(Pao, Randolph, Westbrook & Shen, 2004), among others. These studies demonstrated that the
application of phages significantly reduced the population of the target bacteria, ranging from
0.3 to 5.9 logio colony-forming unit (CFU). As Salmonella enterica serotype Enteritidis (SE) is an
important cause of foodborne disease (Alerte et al.,, 2012; Anonymous 2013a; Anonymous
2013b), this study aims to evaluate the effectiveness of a cocktail of phages at reducing SE in
foods.

Fresh chicken, turkey, beef meat and goat cheese were obtained from a supermarket.
Prior to analysis, each matrix sample was ground and homogenized in a food processor and
checked for the absence of contamination by Salmonella spp., in.accordance with ISO
6579:2002.

A strain of SE phage type 4, with spontaneous resistance to rifampicin and nalidixic acid
was used. The inoculum concentration was adjusted to obtain an optical density of 0.5-0.7 OD
at 625 nm (approximately 108 CFU.ml%). Serial dilutions were made to obtain concentrations of
10° CFU.ml for samples incubated at 18°C and 10° CFU.ml for samples incubated at 5°C, except
for goat cheese, which received 10* CFU.mlI to'ensure 100% contamination of samples and
simultaneously, to recover the challenge strain.

Five lytic phages with activity against the challenge strain were isolated from sewage
samples, pickle sauce and ground-beef. Isolation was performed according to Santander and
Robeson (2002) to obtain concentrations greater than 10%° plaque-forming units (PFU) per ml.
For food testing, each phage was diluted to obtain 107 PFU.mL™ (for samples incubated at 18°C)
and 10° PFU.mL? (for.samples incubated at 5°C). The lytic activity of each phage stock was
assessed against the challenge strain.

Experimental groups of 25 samples each containing 25 g of each matrix were placed in
a sterile bagiand contaminated with a SE culture in a volume of 2.5 ml. The samples were then
mixed and left to stand for 2 h to adapt to the environment and to adhere to the matrix surface.
Thereafter, an aliquot of the phage mixture (1:1:1:1:1) was added and mixed with each
contaminated sample in a volume of 10% of the sample weight (Day 0). Each experimental group
was incubated at 18 and at 5°C for up to 10 days. Each experimental group included a positive
control (25 samples contaminated with SE only), and a negative control group (without SE or
phages).

SE and phage counts were performed in duplicate in all experimental groups and their
positive controls, at 3, 6 and 10 days post incubation. For this, each sample was homogenized
by stomacher for two minutes with 225 ml of BPW. Serial dilutions were performed and 100 pl
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of each were plated onto XLD agar plates supplemented with antibiotics. The plates were
incubated at 36°C + 1°C for 24 h. Negative count samples were subjected to enrichment in
Rappaport-Vassiliadis broth at 42°C to qualitatively determine the presence or absence of the
challenge strain. For samples that were positive upon enrichment, it a value of 10' CFU.g *was
assumed. Average values of bacterial counts were expressed in logarithm units (log)..and
subjected to analysis of variance, with a significance level of 5% (P < 0.05) (InfoStat® v2008).
When there were statistically significant differences, Tukey's test was used. For bacteriophage
titration, the aqueous phase of the homogenized samples was recovered and then treated with
chloroform to inactivate bacterial cells which were discarded by centrifugation. Serial dilutions
were carried out in SM buffer, followed by double-plating using the soft-agar overlay technique
with the challenge SE strain as an indicator. The plates were incubated at 37°C for 18-24 h prior
to counting of plaques.

In the positive control group, SE did not grow at 5°C (Table 1). At 18°C on day 3, average
SE counts increased by about 0.77 to 3.23 logio CFU of the initial dose, while at days 6 and 10, a
general decrease ranging of 1.14 to 2.72 logio CFU was noted (Table 2).

A significant reduction in SE counts (P < 0.05) on chicken, turkey and beef meat treated
with phages at 3, 6 and 10 days of incubation at 5°C (Table 1) was observed. The highest
reductions were observed on beef at day 10(3.54:log:0 CFU), followed by turkey (2.84 logio CFU)
and chicken meat (1.67 logio CFU). Particularly.in beef and turkey meat, the phage cocktail
reduced the SE counts below the detection level (10* CFU.g?) in a large number of samples. For
goat cheese incubated at 5°C, phages significantly reduced (P < 0.05) the SE counts by 1.42 logio
CFU only on day 3 (Table 1). Similarsituation occurred at 18°C (Table 2).

For phage treated groups incubated at 18°C, regardless of the incubation time, bacterial
counts significantly decreased between 0.36 to 3.92 logio CFU, with a highest value on turkey
meat at days 3 and 6 (3.92 and 3.88 logio CFU, respectively). Generally, it was observed that the
highest reductions in.SE occurred at day 10, except in chicken and turkey meat where this
happened at day 3.

Phage titers were stable throughout the experiment at both incubation temperatures,
with a maximumivariation of 1.5 logio PFU for 18°C and 1.9 logio PFU for 5°C (Data not shown).
No phages were isolated from the positive control group, and in the negative control group, no
phages.or challenge strain were isolated.

It was observed that Salmonella Enteritidis at 5°C, did not grow in the positive control
group samples. A similar situation was observed by Guenther et al. (2012) in RTE food
contaminated with Salmonella Typhimurium, which increased by approximately 2-5 log;o CFU at
15°C, while at 8°C, counts even decreased from 0.5 to 1.4 logio CFU.

Our results demonstrate that the application of a phage mixture in a high titer on
contaminated fresh ground meat and goat cheese, significantly reduces the number of
recoverable bacterial cells, between 0.36 to 3.92 logio CFU, depending of the food matrix, and
the time and temperature of incubation. Phages showed a stable lytic activity at 5°C throught
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the experiment; this was expected because the five phages were stable in fresh meat and
uncontaminated goat cheese, maintained at 4°C (Robeson, Turra, Huber, and Borie 2014).

D. Jorquera et al.

Ten days after the treatment with phages, the greatest reduction in counts was
observed at 5°C (1.67, 2.8, and 3.54 logyo CFU), consistent with the results obtained by Guenther
et al. (2012), in chocolate milk and mixed seafood, with reductions of approximately 3 logio CFU
at 8°C, until the sixth day. At 15°C, it resulted in a decrease in the counts of Salmonella
Typhimurium in the first two days, followed by regrowth of the bacteria during the rest.of the
incubation period (6 days), while at 8°C, the phage reduced the host cell count; even below
detection level.

The effectiveness was improved when incubation time was increased, especially.at 18°C. In goat
cheese, after three days of incubation, phages were unable to achieve a significant reduction,
independent of the temperature. With a longer incubation time, most studies showed a greater
effect of phages on bacterial inactivation (Bigwood, Hudson, Billington et al., 2008; Guenther,
Huwylere, Richard et al., 2009), although a contact time as short as five minutes may be
sufficient to reduce viable cell counts.

According to the matrix type, the best results were obtained in fresh meat but not in goat
cheese. Throughout the experiment, goat cheese was progressively drying and it could have
limited the phage’s spread (Bigwood et al., 2008). Guenther et al. (2009), observed an apparent
immobilization of phages in solid food, probably due to limited diffusion, even if they were not
physiologically inactive. Experiences on cheese contaminated with Staphylococcus aureus
shows that an increase of dry matter may restrict the union between phage and their target
bacteria, thereby contributing, to bacterial survival (Bueno, Garcia, Martinez, and Rodriguez
2012).

The stability of the phage titer/observed throughout the duration of this study has been also
reported by others (Leverentz etal. 2003; Modi et al. 2001; Guenther et al. 2012).

In conclusion, the application of lytic phages as biocontrol agents in fresh meat and cheese,
contaminated with Salmonella Enteritidis is a feasible, safe, simple and specific tool that
contributes to food safety.
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Table 1. Means count of SE (logis CFU/g * S.D) recovered from food experimentally
contaminated with Salmonella Enteritidis, treated and untreated with phages and incubated at
5°C.

Food Day 0% Day 3* Day 6* Day 10*
logio CFU/g logio CFU/g + logio CFU/g logio CFU/g *
S.D S.D S.D

Chicken breast

Control non-phage 5.75 5.252+0.19 5.082+0.22 3.352+0.09

4.25° +0.39
Phage-treated 5.75 3.78°+0.36 1.68%+ 0.43

Turkey breast

Control non-phage 5.77 5.44%+0.26 5.252+0.15 3.532+0.58

Phage-treated 5.77 3.13°+0.54 2.92+0.38 0.69°+ 0.47

Beef meat

Control non-phage | 4.71 4.88*+0.23 4.97°£0.20 4.42°+0.17
0.88°+0.83

Phage-treated 4.71 3,632+ 0,38 4.10°+0.43

Goat cheese
Control non-phage | 4.67 4.01°+0.42 3.132+0.35 1.46%+0.40

Phage-treated 4.67 2.59° +0.68 3.31°+0.65 1.36%+0.28

Within temperature, food and day, different letters following values indicate statistical
differences (P < 0.05) between the phage-treated and control samples

A: Corresponds to the concentration of SE applied to samples at day 0.
*2:Mean and Standard Deviation (S.D) of 25 samples for each group on days 3, 6 and 10
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Table 2. Means count of SE (logios CFU/g * S.D) recovered from food experimentally
contaminated with Salmonella Enteritidis, treated and untreated with phages and incubated at
18° C.

Food Day 0° Day 3* Day 6* Day 10*
logio CFU/g logio CFU/g £ logio CFU/g £ logio CFU/g £
S.D S.D S.D
Chicken breast
Control non- 3.75 6.48°£0.28 5.88%1+0.40
phage 3.76°+0.48
3.75 5.43°+0.49 5.39°+1.12
Phage-treated 2.88°+
0.72
Turkey breast
Control non- 3.77 7.00° £ 0.00 6.84° £ 0.29 5.64°10.27
phage
3.77 3.08°+1.66 2.96%+1.73 2.09°+ 0.50
Phage-treated
Beef meat
Control non- 3.71 5.222£0.26 5.97°+0.71 5.29°10.71
phage
3.71 4.86° +0.49 4.70° +1.49 1.64° +1.49
Phage-treated
Goat cheese
Control non- 3.67 4.44°+£2.29 2.432 £0.58 3.30°+2.06
phage
3.67 1.95° +1.22 2.16%+1.19 2.75%t 0.63
Phage-treated

Within temperature, food and day, different letters following values indicate statistical
differences (P < 0.05) between the phage-treated and control samples

A: Corresponds to the concentration of SE applied to samples at day 0.
*: Mean and Standard Deviation (S.D) of 25 samples for each group on days 3, 6 and 10
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