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1. Introduction
Consumption of fruits and vegetables has increased in the last years because form an
important component in human nutrition, being rich sources of phytochemicals compounds
that play a significant role in the health to helps prevent many degenerative diseases
(González-Aguilar et al., 2008). However, as a consequence of inappropriate manipulation
during their growth, development, harvesting, processing, distribution, retail sale, and final
preparation, pathogenic microorganisms, may contaminate a product, thus increasing the
risk of microbial diseases. In fact, the number of outbreaks and cases of illness caused by
consumption of these produce has increased in the last years.
One of the most common disease-causing pathogens in fruits and vegetables is Salmonella.
This reside in the intestinal tracts of animals, including humans, and are more likely to
contaminate raw fruits and vegetables through contact with feces, sewage, untreated
irrigation water or surface water (Beuchat, 1996; Wells & Butterfield, 1997). Outbreaks of
salmonellosis have been linked to a diversity of fruits and vegetables including tomatoes
(Hedberg et al., 1994; Wood et al., 1991), bean sprouts (Mahon et al., 1997; Van Beneden et
al., 1999) and melons (Blostein 1991).
Washing is an important step that has been widely adopted by the industry to remove soils
and microorganism from the surface (Sapers, 2003). Given that fresh and fresh-cut products
are marketed as pre-washed and ready to eat, and not subject to further microbial killing
steps, the development and proper application of sanitizing agents or antimicrobial
*
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compounds to remove microorganism’s pathogen effectively is critical to ensure the safety
of these produce (Ruiz-Cruz et al., 20006).
Chlorine has been widely used as a sanitizer during produce washing (Sapers, 2003).
However, numerous studies have shown that chlorine used at concentrations permitted by the
FDA lacks efficacy in removing human pathogens and spoilage microorganisms (Zhang &
Farber, 1996). Additionally, chlorine may react with organic matter in water to form
carcinogenic products (Paris et al., 2003). The inadequacies of chlorine as a sanitizer have
stimulated interest in finding safer, more effective sanitizers (Ruiz-Cruz et al., 2006).
Alternatives to chlorine, such as chlorine dioxide, peroxyacetic acid, acidified sodium chlorite
and some essential oils have been already proposed (Beuchat, 1998). Acidified sodium chlorite
as shown strong antimicrobial activity against E. coli O157:H7, Salmonella, Listeria
monocytogenes and spoilage microorganisms on fresh-cut produce (González et al., 2004; RuizCruz et al., 2007). Peroxyacetic acid has also been shown to be effective against spoilage and
pathogenic microorganisms (Weissinger & Beuchat, 2000). Others sanitizers such as chlorine
dioxide and essential oils have been to be very effective in reducing the microbial populations
of fresh-cut fruit and vegetable (Burt & Reinders, 2003; Selma et al., 2008).
Moreover, since water wash is often recycled, high organic matter content reduces the
activity of sanitizers and increases the likelihood for contamination of fresh vegetables. For
this case not all washing methods and washing solutions are equally effective. In order to
ensure the safety of fresh produce, it is necessary to evaluate the efficacy of chemical
sanitizers and natural antimicrobial compounds in water containing concentrations of
organic matter to simulate commercial practices. In view of the importance of Salmonella as a
cause of food-borne disease and vegetables as a vehicle for its transmission, in our
researches are going to look alternatives chemical and naturals to eliminated Salmonella and
others pathogens in different fruits and vegetables. The objective of this chapter is to
evaluate the effectiveness of chemical sanitizers, such as chlorine (Cl, 200 ppm), chlorine
dioxide (DC, 5%), peroxyacetic acid (PA, 80 ppm), and acidified sodium chlorite (ASC, 100,
250 and 500 ppm) and oregano essentials oils (OEO, 1 and 2.5 mM) for reducing populations
of Salmonella and E. coli O157:H7 from inoculated cilantro, spinach, lettuce and jalapeño
peppers under laboratory and simulated commercial processing wash water conditions.

2. Material and methods
2.1 Bacterial strains and media
Salmonella Typhimurium (ATCC 14028) and E. coli O157:H7 (ATCC 43890) were used in this
study. Cultures of Salmonella and E. coli O157:H7 from freezer stocks were grown in tryptic soy
broth (Difco Laboratories, Detroit, MI). To suppress growth of microorganisms naturally
present on different vegetables, nalidixic acid-resistant strains were obtained and used in this
study (Inatsu et al., 2005a; Inatsu et al., 2005b; Ruiz-Cruz et al., 2007). Salmonella and E. coli
O157:H7 strains were adapted to grow on Luria-Bertani broth (LBB; Difco, Becton Dickinson,
Sparks, MD) supplemented with 50 μg/mL nalidixic acid (LBB-Nal) and incubated at 37°C. To
obtain pure cultures, a loop of Salmonella was streaked on Bismuth Sulfite agar (BS; Difco
Laboratories, Detroit, MI), E. coli O157:H7 on Sorbitol MacConkey agar (SMAC; Difco Becton
Dickinson, Sparks, MD). Each agar medium was supplemented with nalidixic acid (50 μg/mL)
and plates were incubated at 37°C. After incubation, a single colony from each plate was
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selected and inoculated into 10 mL of LBB-Nal (E. coli O157:H7 and Salmonella). Individual
strains were grown in each broth at room temperature (30°C with constant agitation at 175
rpm. Cultures were transferred to each broth by loop at two successive 24 h intervals and one
overnight (16-18 h) before they were used as inoculants. Cells of each strain were harvested by
centrifugation (4,000 X g, 15 min) and washed with 2 vol of sterile phosphate-buffered saline
and resuspended at a cell density of approximately 109 cfu/mL. Volumes of cell suspensions
of Salmonella or E. coli O157:H7 were combined to create a two-strain mixture. The cells were
added proportionally to tap water (laboratory conditions) and simulated commercial
processing to obtain a dip inoculum solution of approximately 107 cfu/mL. The inoculum level
was confirmed by replica plating onto selective agar after serial dilution in sterile phosphatebuffered saline, followed by incubation at 37°C for 24 h.
2.2 Vegetable preparation
Fresh cilantro, spinach, lettuce and jalapeño peppers were purchased from a local wholesale
market in Cd. Obregón, Sonora, México, transported to the laboratory and used within 24 h
following storage at 5°C. Produce were sorted to eliminate damaged, poor quality produce.
Vegetable were washed in tap water at ambient temperature to remove residual soil. After
washing, cilantro, lettuce and spinach were cut manually in 2 cm pieces and jalapeño
peppers into longitudinal strips of 1 cm width and divided into individual 40 g portions
contained in nylon mesh bags.
2.3 Inoculation procedure
Since the immersion process is a possible point of contamination in the food industry, dip
inoculation is the most suitable method that can be used to simulate such a process (Beuchat
et al., 2001). Spinach, lettuce, cilantro and jalapeño peppers were immersed in the inoculum
solution (sample:inoculums ratio = 1:7 w/v) and kept under constant agitation for 30 min.
After dipping, the samples were drained for 30 s. Samples were then placed into plastic
containers and maintained for 1 h at room temperature until washed with the different
treatments. Previous studies indicate that bacteria attach to leaf surfaces within 1 h of
inoculation (Yang et al., 2003).
2.4 Treatment procedure
The following sanitizer treatments were evaluated for their efficacy in killing or reducing E.
coli O157:H7 and Salmonella on fresh produce cilantro, jalapeño peppers, lettuce and spinach.
The treatments were 200 ppm sodium hypochlorite of a commercial bleach preparation,
with pH adjusted to 6.5 with HCl (Cloralex®, NL, México, 6% NaOCl), 80 ppm PA; pH 3.5
(Ecolab, St. Paul,Minn., U.S.A.), 100, 250 and 500 ppm ASC; pH 2.8, 2.6 and 2.4, respectively
(Sigma-Aldrich, USA), DC 5%; pH 5.4 and 1 and 2 mM OEO (Sigma-Aldrich, USA).
Untreated produce samples were used as control. For the simulated commercial water
processing, was obtained by repeatedly dipping freshly shredded produce of known mass
in a fixed volume of tap water (González et al., 2004; Ruiz-Cruz et al., 2007). Each mesh bag
of inoculated produce were dipped into one sanitizer solution (sample to wash water ratio
of 1:5 w/v) with contact time of 1 (ASC and OEO) and 2 min (Cl, PA and DC) with constant
stirring. After dipping samples were drained for 30 s to remove excess water. Samples of
produce weighing 30 g were packaged in ziploc bags and stored at 5°C for 7 days.
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2.5 Procedures for microbial enumeration
Samples (10 g) were transferred aseptically into sterile stomacher bags, 90 mL of Dey-Engley
(DE) neutralizing broth was added and samples were macerated. Homogenized samples
were serially diluted by a factor of ten in sterile phosphate buffer saline. For each dilution, 1
mL was plated on each of sorbitol MacConkey agar and bismuth sulfite agar for E. coli
O157:H7 and Salmonella, respectively and incubated at 37°C for 24 or 36 h. Agars for
pathogenic bacterial growth were supplemented with 50 μg/mL nalidixic acid.

3. Results and discussions
Analysis of the fresh produce that had not been inoculated revealed the absence of
Salmonella and E. coli O157:H7. Preliminary studies were conducted to determine the level of
inoculum that could be retained on the surface of different produce. The amount of
Salmonella and E. coli O157:H7 attached to the surface of spinach was 6.53 and 6.35 log cfu/g
(Fig. 1), jalapeño peppers 6.52 and 6.4 log cfu/g (Fig. 2), cilantro 5.81 and 5.92 log cfu/g (Fig.
3) and lettuce 5 and 5.35 log cfu/g (Fig. 4), respectively.
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Fig. 1. Efficacy of sanitizers on the reduction of Salmonella and E. coli O157:H7 populations
from artificially inoculated spinach. Bars represent the standard errors of the mean resulting
from triplicate experiments. The limit of detection was 0.2 log cfu/g of produce.

www.intechopen.com

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Effect of Sanitizers and Oregano Essential Oils to Reduce
the Incidence of Salmonella and Other Pathogens in Vegetables

189

All sanitizers reduced significantly (P≤0.05) Salmonella and E. coli O157:H7 compared with
the control (untreated) on day 0, with reduction of 1 – 6 log cfu/g and all produce
evaluated. The results of the decontamination for Salmonella and E. coli O157:H7 on spinach
are shown in Fig. 1. The organic matter content in simulated commercial processing reduces
the activity of the Cl and DC treatment. However, the effectiveness of Cl was significantly
higher that PA and OEO with reductions of 2.5 – 2.7 log cfu/g, but lower that ASC and DC.
ASC was the most effective treatment in reducing Salmonella and E. coli O157:H7. This
sanitizer reduced the both pathogen populations to undetectable levels (with 10 cfu/g
detection limit), achieving reductions of 5.53 and 5.35 log cfu/g of Salmonella and E. coli
O157:H7, respectively, under both water conditions. The results are similar to those reported
by other researchers (González et al., 2004; Ruiz-Cruz et al., 2007). Cells of both pathogens
increased by 1.5-3 log cfu/g at the end of storage. On the other hand, interestingly sample
treated with DC on tap water conditions lower after 2 days of storage at levels of 0.2-1 log
cfu/g. This reduction could be due to damage to the cell by sanitizer and coupled with the
cooling temperature, the cells failed to grow.
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Fig. 2. Efficacy of sanitizers on the reduction of Salmonella and E. coli O157:H7 populations
from artificially inoculated jalapeño peppers. Bars represent the standard errors of the mean
resulting from triplicate experiments. The limit of detection was 0.2 log cfu/g of produce.
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The use of ASC and DC showed better in inactivating Salmonella and E. coli O157:H7 on
jalapeño peppers that the others sanitizers (Fig. 2). Populations were reduce to undetectable
levels (0.4 log cfu/g) at day 0 only under laboratory conditions. Followed by Cl, OEO and
PA with reductions of 2-3.2 log cfu/g. The efficacy of DC was affected significantly when
was used in simulated commercial processing; however, also caused a higher reduction with
2.7-5 log cfu/g. In general the PA treatment was the least effective in reducing the
pathogens; however it effectivity was not affected by the presence of organic matter and this
treatment resulted in 1.6 to 2 log cfu/g reduction both pathogens. The cells of Salmonella
were not recovered during storage time with DC were used under both water conditions.
This indicates that the cell could be not retrieved in the agar plate, which caused a reduction
of 6 log cfu/g. ASC caused the same effect but only under laboratory conditions. The results
are similar to those reports by us previously researched with 250 and 500 ppm of ASC on
shredded carrots (Ruiz-Cruz et al., 2007).
Laboratory conditions
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Fig. 3. Efficacy of sanitizers on the reduction of Salmonella and E. coli O157:H7 populations
from artificially inoculated cilantro. Bars represent the standard errors of the mean resulting
from triplicate experiments. The limit of detection was 0.2 log cfu/g of produce.
The efficacies of Cl, ASC and DC in reduced Salmonella and E. coli O157:H7 in cilantro were
statistically different (P ≤ 0.05), when compared with untreated and other treatments (Fig.
3). The effectiveness of Cl treatment was significantly higher than PA and OEO, but lower
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than ASC and DC in both pathogens. DC and ASC were the most effectives treatments in
reducing pathogens on day 0. DC treatments reduced Salmonella to undetectable levels (with
0.2 log cfu/g, detection limit), achieving reductions of 5.61 and 4.92 log cfu/g by Salmonella
and E. coli O157:H7, respectively. ASC also caused a strong reduction of both pathogens
with values of 4.81 and 3.52 log cfu/g of Salmonella and E. coli O157:H7, respectively.
Allende et al. (2009) reported on reduction of more than 3 log cfu/g were used 100 ppm of
ASC on fresh-cut cilantro. Ruiz-Cruz et al. (2007) observed that ASC treatment at 100, 250
and 500 ppm reduced the Salmonella and E. coli O157:H7 population on shredded carrots in a
similar manner to the reduction of Salmonella and E. coli O157:H7 achieved with 250 ppm, in
this study on fresh-cut cilantro. Our study previously, found that 1000 ppm of ASC affected
overall quality of shredded carrots (Ruiz-Cruz et al., 2006). Moreover, we found that
concentrations up of 250 ppm of ASC affected the quality of fresh-cut cilantro and the
concentrations used in this study (250 ppm) maintained the quality of cilantro by 16 days at
5°C (data no show). Moreover, concentrations of ASC above 500 ppm affected the quality of
different vegetable (spinach, jalapeño peppers and lettuce). These results confirmed that the
effectiveness of ASC to maintain quality and reduce pathogen counts is influenced by the
concentration of the sanitizer and the contact time.
Laboratory conditions
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Fig. 4. Efficacy of sanitizers on the reduction of Salmonella and E. coli O157:H7 populations
from artificially inoculated lettuce. Bars represent the standard errors of the mean resulting
from triplicate experiments. The limit of detection was 0.2 log cfu/g of produce.
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The reduction of Salmonella and E. coli O157:H7 on lettuce after washing with the different
sanitizers were shown in Fig. 4. All treatments caused significant reductions in Salmonella
and E. coli O157:H7 on day 0 under both water conditions compared with the control.
Reduction of 1.2 log cfu/g in both pathogens in both water conditions were observed for the
OEO treatment, this indicated that its effectivity was not affected by the organic matter. This
reduction was maintained throughout the storage. The effectiveness of Cl treatment was
significantly higher than PA and OEO, but lower than ASC and DC in reducing Salmonella
and E. coli O157:H7, were used in tap water, causing a reduction of 2.6 and 2.35 log cfu/g,
respectively. However, its effectivity was affected in reduced Salmonella under simulated
commercial processing reducing only 1.18 log cfu/g. PA caused a reduction of 2.4 and 2.6
log cfu/g of Salmonella and 1.65 and 1.15 log cfu/g on E. coli O157:H7, under tap water and
simulated commercial processing, respectively. Similar to the results on the DC treated
cilantro, after treated lettuce with DC resulted in a high reduction of Salmonella to
undetectable levels (0.2 log cfu/g, limit detection), achieving reductions of 4.8 log cfu/g.

4. Conclusions
ASC and DC were the most effective treatments in reducing Salmonella and E. coli O157:H7
in all produces at all concentrations evaluated. No viable cells of Salmonella and E. coli
O157:H7 were recovered at concentrations of 5% of DC in spinach and lettuce. As well as
Salmonella in jalapeño peppers treated with DC 5% and ASC 500 ppm, producing a
bactericidal effect. However, cells were able to grow during storage, therefore this indicates
the ability of the pathogens to adapt to adverse environments present in food is an
interesting area that requires more investigation.
The results show that all sanitizers were capable of controlling growth of Salmonella and E.
coli O157:H7 during storage time and can be used by washed these produce. ASC and DC
was the most effective sanitizer and have the advantage of being more stable and preserve
its efficacy in the presence of organic matter. However, further studies are needed to
determine whether these sanitizers might have more lethal effects when lower levels of
bacteria are present on produce.

5. Acknowledgments
The authors gratefully acknowledge the financial support from PROMEP, especially to the
project ITSON-PTC-056.

6. References
Allende, A.; McEvoy, J.; Tao, Y. & Luo, Y. (2009). Antimicrobial effect of acidified sodium
chlorite, sodium chlorite, sodium hypochlorite, and citric acid on Eschenrichia coli
O157:H7 and natural microflora of fresh-cut cilantro. Food Control, 20(3): 230-234.
URL: www.sciencedirect.com
Beuchat, L.R. (1996). Pathogenic microorganisms associated with fresh produce. Journal of
Food Protection, 59(2): 204-216. URL: www.ingentaconnect.com
Beuchat, L.R. (1998). Surface Decontamination of Fruits and Vegetables Eaten Raw: a Review.
World Health Organization, Food Safety Unit, WHO/FSF/FOS/98.2. Available:

www.intechopen.com

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Effect of Sanitizers and Oregano Essential Oils to Reduce
the Incidence of Salmonella and Other Pathogens in Vegetables

193

http://who.int/foodsafety/publications/fs management/en/surface decon.pdf [5
July 2011].
Beuchat, L.R.; Farber, J.M.; Garrett, E.; Harris, L.J.; Parish, M.E.; Suslow, T.V. & Busta, F.F.
(2001). Standardization of a method to determine the efficacy of sanitizers in
inactivating human pathogenic microorganisms on raw fruits and vegetables.
Journal of Food Protection, 64(7): 1079-1084. URL: www.ingentaconnect.com
Blostein, J. (1991). An outbreak of Salmonella javiana associated with consumption of
watermelon. Journal of Environmental Health, 56(1): 29-31. URL: www.neha.org
Burt, S.A. & Reinders, R.D. (2003). Antibacterial activity of selected plant essential oils
against Escherichia coli O157:H7. Letters in Applied Microbiology, 36(3): 162-167. URL:
www.wiley.com
González, R.J.; Luo, Y.; Ruiz-Cruz, S. & McEvoy, J.L. (2004). Efficacy of sanitizers to
inactivate Escherichia coli O157:H7 on fresh-cut carrot shreds under simulated
process water conditions. Journal of Food Protection, 67(11): 2375-2380. URL:
www.ingentaconnect.com
González-Aguilar, G.A.; Robles-Sánchez, R.M.; Martínez-Tellez, M.A.; Olivas, I.G.; AlvarezParrilla, E. & de la Rosa, L.A. (2008). Bioactive compounds in fruits: health benefits
and effect of storage conditions. Steward Postharvest Review, 4(3): 1-10. URL:
www.ingentaconnect.com
Hedberg, C.W.; MacDonald, K.L. & Osterholm, M.T. (1994). Changing epidemiology of
food-borne disease: a Minnesota perspective. Clinical Infectious Diseases, 18(5): 671682. URL: www.idsociety.org
Inatsu, Y.; Bari, M.L.; Kawasaki, S.; Isshiki, K. & Kawamoto, S. (2005a). Efficacy of acidified
sodium chlorite treatments in reducing Escherichia coli O157:H7 on chinese cabbage.
Journal of Food Protection, 68(2): 251-255. URL: www.ingentaconnect.com
Inatsu, Y.; Maeda, Y.; Bari, M.L.; Kawasaki, S. & Kawamoto, S. (2005b). Prewashing with
acidified sodium chlorite reduces pathogenic bacteria in lightly fermented Chinese
cabbage. Journal of Food Protection, 68(5): 999-1004. URL: www.ingentaconnect.com
Mahon, B.E.; Ponka, A.; Hall, W.N.; Komatsu, K.; Dietrich, S.E.; Siitonen, A.; Cage, G.;
Hayes, P.S.; Lambert-Fair, M.A.; Bean, N.H.; Griffin, P.M. & Slutsker, L. (1997). An
international outbreak of Salmonella infections caused by alfalfa sprouts grown
from contaminated seeds. Journal Infectious Diseases, 175(4): 876-882. URL:
www.idsociety.org
Parish, M.E.; Beuchat, L.R.; Suslow, T.V.; Harris, L.J.; Garrett, E.H. & Farber, J.N. (2003).
Methods to reduce/eliminate pathogens from fresh and fresh-cut produce.
Comprehensive Reviews in Food Science and Food Safety, 2(supplement): 161-173. URL:
www.wiley.com
Ruiz-Cruz, S.; Luo, Y.; Gonzalez, R.J.; Tao, Y. & González-Aguilar, G.A. (2006). Acidified
sodium chlorite as an alternative to chlorine to control microbial growth on
shredded carrots while maintaining quality. Journal of the Science of Food and
Agriculture, 86(12): 1887-1893. URL: www.wiley.com
Ruiz-Cruz, S.; Acedo-Félix, E.; Díaz-Cinco, M.; Islas-Osuna, M. & González-Aguilar, G.A.
(2007). Efficacy of sanitizers in reducing E. coli O157:H7, Salmonella spp. and Listeria
monoytogenes populations on fresh-cut carrots. Food Control, 18(11): 1383-1390. URL:
www.sciencedirect.com

www.intechopen.com

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

194

Salmonella – A Diversified Superbug

Sapers, G.M. (2003). Washing and sanitizing raw materials for minimally processed fruit
and vegetable products, in Novak, J.S.; Sapers, G.M. & Juneja, V.K. (Ed.), Microbial
Safety of Minimally Processed Foods, CRC Press, Boca Raton, FL, pp. 221-253.
Selma, M.V.; Ibañez, A.M.; Allende, A.; Cantwell, M. & Suslow, T. (2008). Effect of gaseous
ozone and hot water on microbial and sensory quality of cantaloupe and potential
transference of Escherichia coli O157:H7 during cutting. Food Microbiology, 25(1): 162168. URL: www.sciencedirect.com
Van Beneden, C.A.; Keene, W.E.; Strang, R.A.; Werker, D.H.; King, A.S.; Mahon, B.;
Hedberg, K.; Bell, A.; Kelly, M.T.; Balan, V.K.; Mac Kenzie, W.R. & Fleming, D.
(1999). Multinational outbreak of Salmonella enterica serotype Newport infections
due to contaminated alfalfa sprouts. The Journal of the American Medical Association,
281(2): 158-162. URL: http://jama.ama-assn.org
Wells, J.M. & Butterfield, J.E. (1997). Salmonella contamination associated with bacterial soft
rot of fresh fruits and vegetables in the marketplace. Plant Disease, 81(8): 867-872.
URL: http://apsjournals.apsnet.org
Weissinger, W.R. & Beuchat, L.R. (2000). Comparison od aqueous chemical treatments to
eliminate Salmonella on alfalfa seeds. Journal of Food Protection, 63(11): 1475-1482.
URL: www.ingentaconnect.com
Wood, R.C.; Hedberg, C. & White, K. (1991). A multistate outbreak of Salmonella javiana
infections associated with raw tomatoes. In: CDC Epidemic Intelligence Service,
40th Ann. Conf., p. 69 (abstracts). Atlanta, GA, U.S. Dept. of Health and Human
Services, Public Health Service.
Yang, H.; Swem, B.L. & Li, Y. (2003). The effect of pH on inactivation of pathogenic bacteria
on fresh-cut lettuce by dipping treatment with electrolyzed water. Journal of Food
Science, 68(3): 1013–1017. URL: www.wiley.com
Zhang, H. & Farber, J.M. (1996). The effects of various disinfectants against Listeria
monocytogenes on fresh-cut vegetables. Food Microbiology, 13(4): 311-321. URL:
www.sciencedirect.com

www.intechopen.com

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Salmonella - A Diversified Superbug
Edited by Mr. Yashwant Kumar

ISBN 978-953-307-781-9
Hard cover, 576 pages
Publisher InTech
Published online 20, January, 2012
Published in print edition January, 2012
Salmonella is an extremely diversified genus, infecting a range of hosts, and comprised of two species:
enterica and bongori. This group is made up of 2579 serovars, making it versatile and fascinating for
researchers drawing their attention towards different properties of this microorganism. Salmonella related
diseases are a major problem in developed and developing countries resulting in economic losses, as well as
problems of zoonoses and food borne illness. Moreover, the emergence of an ever increasing problem of
antimicrobial resistance in salmonella makes it prudent to unveil different mechanisms involved. This book is
the outcome of a collaboration between various researchers from all over the world. The recent advancements
in the field of salmonella research are compiled and presented.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Saul Ruiz-Cruz, Gustavo A. González-Aguilar, José de Jesús Ornelas-Paz, Luis A. Cira-Chávez and J.
Fernando Ayala-Zavala (2012). Effect of Sanitizers and Oregano Essential Oils to Reduce the Incidence of
Salmonella and Other Pathogens in Vegetables, Salmonella - A Diversified Superbug, Mr. Yashwant Kumar
(Ed.), ISBN: 978-953-307-781-9, InTech, Available from: http://www.intechopen.com/books/salmonella-adiversified-superbug/effect-of-sanitizers-and-oregano-essential-oils-to-reduce-the-incidence-of-salmonellaand-other-path

InTech Europe

InTech China

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

