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1. Introduction

Salmonella spp., facultatively anaerobic gram-negative rod-shaped bacteria (Krieg & Holt,
1984), is one of the most important food borne pathogens. If present in food, the bacteria do
not affect the taste, smell or appearance of the food. Frequent hand washing, throwing out
expired food, avoid eating raw or undercooked eggs, meats, seafood or poultry are the key
to preventing Salmonella food poisoning. Antibiotics (such as ampicillin, chloramphenicol,
streptomycin, sulfonamides and tetracycline) may be prescribed for moderate to severe cases
of Salmonella food poisoning or when it occurs in a person who is at risk for complications.
However, probably as a consequence of the extensive use of antibiotics, that the incidence and
severity of human diseases related to Salmonella caused by antimicrobial resistant Salmonella is
rising in many countries (Breuil et al., 2000). Furthermore, illness caused by resistant Salmonella
can be more severe and difficult to control (Oliveira et al., 2006).

Presence of the bacterium Salmonella in food and the disease Salmonella food poisoning and
typhoid fever continue to be a major public health problem worldwide. Millions of human
cases are reported worldwide every year and the disease results in thousands of deaths. The
increasingly resistance to antibiotics of food borne Salmonella (Breuil et al., 2000) drive much
of the current interest on plant antimicrobial molecules. At the same time, increasingly
consumer demand for more natural products has led to the food industry to consider the
incorporation of the natural preservative in a range of products (Dorman & Deans, 2000;
Elgayyar et al., 2001). Plants are complex chemical storehouses of undiscovered biodynamic
compounds with unrealized potential for use in modern medicine (Plotkin, 1988). Several
antimicrobial agents were isolated from plant including secondary metabolites as essential
oil, terpenoides, phenols, alkaloids and flavanoids (Kazmi et al., 1994; Cosentino et al., 1999;
Omulokoli et al., 1997). An important characteristic of these compounds is their
hydrophobicity, which enables them to partition in the lipids of the bacterial cell membrane
and mitochondria, disturbing the structures and rendering them more permeable (Burt,
2004). This chapter is undertake in order to investigate inhibitory effect of plant extracts on
Salmonella spp., including a prevalence and control of Salmonella in foods and incidence of
antibiotic resistant strains of Salmonella. Information on extraction methods and
phytochemical compositions of medicinal plants can be found in this chapter. The current
knowledge on potential of plant extracts for antibacterial activity against Salmonella spp. and
its application in food processing or packaging will be discussed.
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334 Salmonella — A Dangerous Foodborne Pathogen

2. Prevalence of Salmonella in foods

Most Salmonella can survive for extended periods in food stored at refrigeration to ambient
room temperatures (2-25°C). Some Salmonella strains can grow in high temperature as 54°C
(Montville & Matthews, 2008). The Salmonellla are generally transmitted to humans through
consumption of contaminated food of animal origin, mainly meat, poultry, eggs and milk.
The prevalence of pathogenic serotypes associated with food-borne disease varies by
geographical location (Watie & Yousef, 2010). The Enteritidis, Typhimurium, Newport and
Javiana were the most prevalence serotypes in the United States in 2007. The symptoms and
sign of Salmonella infection include diarrhea, abdominal pains, nausea, vomiting and chills,
leading to dehydration and headaches (Richard et al., 2008).

2.1 Salmonella in egg
In eggs, various Salmonella serovars can be found in the egg content, principally S. enteritidis,

is the serovar most frequently with egg infection (Gast & Beard, 1990; Humphrey et al., 1991;
de Louvois 1993). A few reported in human on outbreaks of Salmonella food poisoning
related egg caused by S. typhimurium (EFSA, 2010a). Other Salmonella serovars, e.g., S.
mbandaka, S. livingstone, S. heidelberg, S. hadar, S. infantis and S. virchow, also occur with low
frequency in layers and consequently on egg surfaces (Chemaly et al.,, 2009). The risk
assessment estimates the probability of human illness due to Salmonella following the
ingestion of a single food serving of internally contaminated shell eggs, either consumed as
whole eggs, egg meals, or product containing these ingredients such as cake or mayonnaise.
The growth of Salmonella in egg albumen is eased at 20°C, while it is unable to grow at
temperature less than 10°C (Gantois et al., 2009). Recently, an average prevalence of 0.5%
eggs contaminated with Salmonella was reported across the member states of the European
Commission (EFSA, 2010b).

2.2 Salmonella in meat

Pork and pork products are also recognized as one of the major sources of human Salmonella
food poisoning. The commonly isolated non-typhoid Salmonella serovars in pigs, pork and
humans is S. typhimurium (Astorga Marquez et al., 2007; Boyen et al., 2008; Perugini et al.,
2010). During further processing of meat, such as cutting and mincing, S. typhimurium from
contaminated pork cuts may then spread into pork preparations (Gonzales-Barron et al.,
2010). The proportion of human Salmonella food poisoning attributable to pork has been
estimated to be between 9 and 15% in Denmark and around 21% in Netherlands (EFSA,
2008; Hald et al., 2004). In Ireland, the pork meat has been identified as a significant source
of Salmonella with an incidence of 2.9% as surveyed in processing plants (Gonzales-Barron,
2010b). A Belgian survey from 2000 to 2003 indicated that the mean prevalence values of
Salmonella in 25 g samples of pork meat cuts and minced meat were 17.3% (95% CI: 15.0-
19.7%) and 11.1% (95% CI: 9.4-13.0%) (Ghatfir et al., 2007, 2005), respectively.

2.3 Salmonella in poultry

In the European Union, three of the top four serovars (S. infantis: 29.2%, S. enteritidis: 13.6%,
S. kentucky: 6.2% and S. typhimurium: 4.4%, respectively) isolated from poultry are also
found in the top four serovars (S. enteritidis: 58.0%, S. typhimurium: 21.9%, S. infantis: 1.1%

www.intechopen.com



Inhibitory Effect of Plant Extracts on Salmonella spp. 335

and S. virchow: 0.7%, respectively) isolated from humans (EFSA, 2010c). The S. sofia has
rarely been reported to be isolated from poultry in Australia, which the very low prevalence
of Salmonella food poisoning linked to S. sofia suggests low virulence for humans (Duffy et
al., 2011). A large percentage of poultry is colonized by salmonellas during grow-out, and
the skin and meat of carcasses are frequently contaminated by the pathogen during
slaughter and processing. In Brazil, the remarkable increase in the incidence of S. enteritidis
from foodborne outbreaks, human infections, nonhuman sources, broiler carcasses and
other poultry materials has been reported since the 1990s (Peresi et al., 1998; Fuzihara et al.,
2000; Tavechio et al., 2002). Of the 281 chicken meat samples in Austria, 46 were positive for
the occurrence of Salmonella (prevalence of 16.4%) as described by Mayrhofer et al., 2004.

2.4 Salmonella in milk

One route of Salmonella transmission is via raw/unpasteurized milk and products made
from raw milk (e.g. cheese) (Cody 1999). In a 2000 study of New York dairy herds,
Salmonella were isolated from 1.5 percent of 404 milk filters. Salmonella contamination of
bulk milk most likely occurs through fecal contamination, and mitigation through improved
hygiene practices may be possible (Karns et al., 2005). Consumption of cheese contaminated
with the mentioned pathogens can lead to serious health problems, which the outbreaks of
Salmonella spp. in Mozzarella cheese can be seen since 1981 in Italy and USA (De Buyser et
al., 2001). In 1985, D’Aoust et al. found that S. typhimurium was linked to Canadian
foodborne outbreaks associated with the consumption of Cheddar cheese.

2.5 Salmonella in other food

A recent Salmonella outbreak is also occur with other food products (Waite & Yousef, 2010).
In United States, Columbia and Canada in 2008, there are estimated more than 1000 case of
Salmonella food poisoning outbreaks by S. saintpaul in raw tomatoes, fresh cilantro, fresh
jalapeno peppers and fresh Serrano peppers, whereas in 2007, the foodborne outbreaks was
found in peanut butter, frozen pot pie and puffed vegetable snack in United States and
boxed lunch in Japan. Other fruit product such as fruit salad and orange juice has been
associated with occasional outbreaks of Salmonella food poisoning.

3. Control of Salmonella in foods

High temperatures used in cooking and in pasteurization processes have been regarded as
the treatment of choice for the destruction of Salmonella in eggs, milk and meat products.
Humphrey et al. (1980) showed that to kill Salmonella present in the egg yolk, the yolk
temperature had to be raised to >80°C. Boiling for over 6 to 10 min was required inactivate
approximately 107 cfu S. enteritidis in the yolk of shell eggs, depending on the method of
boiling (Chantarapanont et al.,, 2000). Kuo et al. (1997) determined that UV radiation
significantly reduced S. typhimurium inoculated on shell eggs. Directional microwave
technology resulted in more than 2-log reduction of S. enteritidis in shell eggs without
causing any detrimental effects to quality reviewed by Lakins et al. (2008). The effectiveness
of steam treatments on meat and poultry has been investigated, which the presence of a
number of pathogens may be reduced by the application of steam to meat surfaces, mostly
gram negative enteric pathogens, such as Escherichia coli O157:H7 and a number of
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Salmonella serotypes (James et al., 2000; Phebus et al., 1997; Whyte et al., 2003). Following the
published report by Porto-Fett et al.,, 2010, the fermentation and drying and/or high
pressure processing of contaminated dry sausage or pork are effective for inactivating
Salmonella spp. High-pressure treatment of milk is considered to be the most promising
alternative to traditional thermal treatments. Metrick et al., (1989) indicated that the pressure
treatments of 310 and 379MPa/15 min at ambient temperature were required for a 3-log
reduction in colony forming units (cfu) of S. seftenberg 775W.

4. Antibiotic resistance Salmonella

The first reports on antibiotic resistant Salmonella had been indicated since 1960s and
describe mainly case with monoresistance strain (Helmuth, 2000). In the late 1980s, the
appearance multiple resistances against ampicillin, chloramphenicol, streptomycin,
sulfonamides and tetracycline were found in serovar Thyphimurium definitive type 104
(DT 104) (Montville & Matthews, 2005). The main mechanism of bacteria exhibit
resistance to antimicrobial agents can be due to many factors including drug inactivation,
reduced drug accumulation, alteration of metabolic pathway and target site (Barbosa &
Levy, 2000; Schwarz & Chaslus-Dancla, 2001). Much of the resistance to penicillins and
cephalosporins by Salmonella spp. is attributable to the acquired ability of the strains to
produce B-lactamase that can degrade the chemical structure of the antimicrobial agents
(Bush, 2003).

In recent years, the prevalence of multidrug resistant Salmonella in foods has been
reported in many parts of the world. Several clinical treatment failures with
fluoroquinolones (such as ciprofloxacin) in cases of S. typhi showed in Europe, Asia, and
Africa (Butt et al., 2003; Nkemngu et al., 2005). Shirakawa et al. (2006) claims that the
resistance to nalidixic acid and decreased susceptibility to fluoroquinolone in the S.
enterica serovar Typhi isolated in Katmandu, Nepal, in 2003 were completely correlated to
the mutation at codon 83 of gyrA. Most antimicrobial-resistant Salmonella infections are
acquired from eating contaminated foods of animal origin. During 2000-2006 in Taiwan, it
was found that 30.5% of the raw chicken meat was contaminated with multidrug resistant
S. enterica serovar Schwarzengrund (Chen et al., 2011). Among the 88 Salmonella isolated
from 300 meat products (raw beef, chicken meat and street foods) in Kuala Lumpur, the
highest resistance was to tetracycline (73.8%), followed by sulfonamide (63.6%),
streptomycin (57.9%), nalidixic acid (44.3%), trimethoprim sulfamethoxazole (19.3%),
ampicillin (17.0%), chloramphenicol (10.2%) (Thong & Modarressi, 2011). The most
antimicrobial resistance S. enteritidis isolates from South of Brazil reported by de Oliveir et
al. (2005) was found in poultry related samples, where all strains were resistant to at least
one antimicrobial agent.

The prevalence of extraintestinal salmonella infections caused by antibiotic resistant
Salmonella spp. in several geographic areas of the world is increasing. Pokharel et al. (2006)
demonstrated a 5% prevalence of multidrug resistance among S. enterica at a tertiary care
hospital in Kathmandu, Nepal, with a higher rate of multidrug resistance among S. paratyphi
A (7%) compared to S. typhi (3%). Rotimi et al. (2008) reported the serious problem of drug
resistance in Salmonella spp. in Kuwait and United Arab Emirates that the non-typhoidal
Salmonella spp. isolates from fecal samples of patients had 5-fold rise in resistant to
cefotaxime and ceftriaxone compared with reported earlier.
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5. Plant extract

Plant contain a variety of substance called “phytochemicals” (divided into two groups;
primary and secondary metabolite), which are naturally occurring biochemicals in plants
that give plants their color, flavor, smell and texture. Plant secondary metabolite differ from
ubiquitous primary metabolite (e.g. carbohydrate, proteins, fats, nucleic acid) (Bako and
Aguh, 2007), that have a scientifically proven effect on human health. The most important of
these bioactive constituents of plants are alkaloids, tannins, flavonoids, anthraquinone,
other phenolic compound and essential oil (Kisangau et al, 2007).

Extraction is the first important step for the recovery and purification of active ingredients
of plant materials. Several extraction techniques and solvents are used for obtain antioxidant
and antimicrobial extract from plant origin. The general techniques of medicinal plant
extraction include maceration, percolation, hot continuous extraction (Soxhlet), solvent
extraction, counter-current extraction, microwave-assisted extraction, ultrasound extraction
(sonication), supercritical fluid extraction (Chen et al., 1992; Bicchi et al., 2000; Kaufmann
and Christen, 2002). For solvent extraction method, polar solvents (such as organic acids),
solvents of intermediate polarity (such as methanol, ethanol, acetone, and dichloromethane)
and solvents of low polarity (such as hexane and chloroform) are used to extract plant
secondary metabolites, which the extracts obtained from the same plant material with
different solvent characteristics have distinct physical and biological properties. Lapornik, et
al. (2005) reported that ethanol and methanol extracts of red and black currant contain twice
more anthocyanins and polyphenols than water extracts, extracts made from grape marc
had seven times higher values than water extracts. Among the five different Indian medical
plants, methanol extract showed more antibacterial activity and moderate activity with
aqueous, ethyl acetate and chloroform extract (Ashokkumar et al., 2010), while the more-
polar solvent extracts (BuOH and water extracts) in Korean herbal medicines gave higher
antioxidant activity than that of non-polar solvent extracts (hexane and EtOAC extracts)
(Kang et al., 2003). Moreover, the chemical compound of extracts from particular plant
species can vary according to the geographic origin, harvesting period and parts of the plant
use. Nwokocha et al. (2011) found that all secondary metabolites analyzed were present in
all tissues (leaf, stem, root and seed) studied but at different concentrations. A spatial and
seasonal impact on the total phenolic content has been reported for Poacynum henersonii
collected at three sites in China (Hong et al., 2003).

Essential oils are a volatile liquid aromatic compound which extracted from plant cell. The
cells are location in specific parts of the plant such as bark, flowers, leave, seed, peel and
root. Table 1 shows the plant organ contains essential oil and their essential oil constitutes.
Distillation (water distillation, water and steam distillation, steam distillation) is the most
commonly used method for produces essential oils on the commercial basis (Rasooli, 2007).
Some volatile oils cannot be distilled without decomposition are thus are usually obtained
by expression (such as lemon oil or orange oil). The effect of diffrent distillation methods on
oil content and composition of aromatic plants have been reported. The water-distillation of
the rose-scented geranium (Pelargonium sp.) gave a higher oil yield (0.16-0.22%) than did
water-steam-distillation (0.09-0.12%) or steam-distillation methods (0.06-0.18%) (Kiran et
al., 2005). The oil of Satureja rechingeri Jamzad in full flowering stage obtained by hydro-
distillation, water- and steam-distillation and direct steam-distillation consisted of twenty,
seventeen and twenty-two compounds, respectively, which the major constituents were
carvacrol and p-cymene (Sefidkon et al., 2007).
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Plant organ Plant Main chemical composition
Neroli, rose, jasmine, rosemary, Linalool, citronellol, bezyl
Flower ) ) .
lavender, chamomile acetate, o-pinene, a-bisabolol

Eucalyptus, tea tree, patchouli, Eucalyptol, 18<ineole,

Leaves terpinen-4-ol, patchoulol,
verbena .
geranial
Aerial part Basil, peppermint, spearmint Linalool, manthol, carvone
Fruit Bergamot, juniper, lemon, Limonene, a-terpineol, citral,
mandarin limonene
Coriander, caraway, linalool, carvone, sabinene, (E)-
Seed .
nutmeg, fennel, angelica anethole, B-Phellandrene
Cinnnamon, cedarwood, Cinnamaldehyde, Thujopsene,
Bark and wood . .
sandalwood, pine o-santalene, o-pinene

) Zingiberene, 1,8-cineole,
Ginger, galanga, calamus,

Rhizomes . [-asarone, turmerone,
curcuma, kaempferia, )
methylcinnamate
) ) Khusimol, a-selinene, bornyl
Roots Vetiver, saussurea, valerian acetate ! ¢ y

Table 1. Essential oils in each plant organ (Base on Krishnasamy, 2008)

6. Anti-Salmonella activity of plant extract

Chemical compound of the plant extract or essential oils has revealed the presence of
several ingredients, most of which posses important antimicrobial properties (Botsoglou
et al., 2003; Exarchou et al., 2002). Many studied claim that the phenolic compound in
herb and spice significantly contributed to their properties (Hara-Kudo et al., 2004).
Twenty-five extracts (accounting for 54% of the 46 test extract as 20 dietary spices and 26
medical herbs) reported by Shan et al. (2007) showed inhibitory activity against S. anatum
(mean=7.2 mm; 4.7-19.2 mm) with correlate the content of phenolic compound at R? value
of 0.86. Based on the results of chemical composition of the essential oil from Zataria
multiflora Boiss, can also conclude that the anti-S. typhi ATCC 19430 nature of the essential
oil studied is apparently related to its high phenolic contents, particularly carvacrol and
thymol (Sharififar et al., 2007). Acidic environment enhanced the antibacterial activity of
Filipendula ulmaria extract when it was tested against S. enteritidis PT4, which water-
methanol extract from F. ulmaria contains a variety of phenolic compounds, such as
caffeic, p-coumaric, vanillic acid and myricetin, etc, which demonstrate antibacterial
activity (Boziaris et al.,2011).

Out of all the three solvent (hexane, dichloromethane and methanol) used for extract
Mauritians flora, the methanol extracts showed relative good anti-bacterial activities, most
particularly against S. enteritidis (Rangasamy et al., 2007). The aqueous extract of leaf of
Coccinia indica could be used against Salmonella, while no activity was shown by solvent
extract (ethanol, petroleum ether and chloroform) (Hussain et al., 2010). From twenty-two
medicinal herb species traditionally used in Korea to treat gastrointestinal infections
studied, only the aqueous and methanolic extracts of Schizandrae fructus exhibited
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antibacterial activity against all three Salmonella serotypes (S. typhi ATCC 19943, S. paratyphi
A and S. gallinarum ATCC 9184) (Lee et al., 2006).

In India, Mahida & Mohan (2007) described that the methanol Manilkara hexandra, Wrightia
tomentora and Xanthium strumarium extracts displayed MIC value of 2 mg/mL for S.
paratyphi A whereas the methanol Schrebera swietenoiides and Wrightia tomentora showed MIC
value of 4 mg/mL for S. typhi. The result studied by N'guessan et al. (2007) showed
bactericidal effect of the aqueous extract of Thonningia sanguinea for all the multiple drug
resistance Salmonella strains (S. typhi, S. hadar and S. typhimurium) and sensitive tested
strains (S. enteritidis). The S. typhimurium strain was also found to be sensitive to extracts of
Acacia nilotica, Syzygium aromaticum and Cinnamum zeylanicum, in Khan et al. (2009). The
petroleum ether extract of Pedalium murex Linn exhibits the activity at 300-500 mg/disc
against the S. paratyphi A and at 500 mg/disc against the S. paratyphi B (Nalini et al., 2011).
Furthermore, the root of the Euphorbia balsamifera has high activity against the S.
typhimurium when compared with the leaves and stems extracts (Kamba & Hassa, 2010). In
contrast, the extract of eucalyptus from root, leave and stem had exhibited activity against S.
typhi (Evans et al., 2002).

7. Salmonella control in food product and food packaging by plant extract

Nowadays, the foodborne outbreaks Salmonella food poisoning and the prevalence of
antibiotic resistant Salmonella in humans, animals and food are increasing (Rabsch et al.,
2001; Angulo et al., 2000; O'Brien, 2002). Consumers are also concerned about the safety of
food containing synthetic preservative. Therefore, there has been growing interesting in
using natural antibacterial extract from herb or spice for food conservation (Smid & Gorris,
1999; Fasseas et al., 2008; Gutierrez et al., 2008). Particular interest has been focused on the
potential application of plant extract or essential oils as safer additives for meat, poultry,
milk, fruit and vegetable.

The combination of the oregano essential oil at 0.6% with nisin at 500 IU/g showed stronger
antimicrobial activity against S. enteritidis in minced sheep meat than the oregano EO at 0.6%
but lower than the combination with nisin at 1000 IU/g (Govaris et al., 2010). The minimum
inhibitory concentration of the Capsicum extract to prevent the growth of S. typhimurium in
minced beef was 1.5 mL/100 g of meat; the addition of 1%, 2%, 3% and 4% w/w of sodium
chloride did not have any additional inhibitory effect on Salmonella (Careaga et al., 2003).
Ravishankar et al. (2009) suggest that the food industry and consumers could use apple-based
edible films containing cinnamaldehyde or carvacrol as wrappings to control surface
contamination by foodborne pathogenic microorganisms, which at 23°C on chicken breasts,
films with 3% antimicrobials showed the highest reductions (4.3 to 6.8 log cfu/g) of both S.
enterica and E. coli O157:H7. Moreover, the lowest concentration of trans-cinnamaldehyde (10
mM) reducing S. enteritidis populations inoculated on chicken cecal contents by approximately
6.0 log(10) cfu/mL after 8 h and >8.0 log(10) cfu/mL after 24 h of incubation (Johny et al.,
2010). The carvacrol vapour was effective at preventing growth of Salmonella on agar and in
significantly reducing viable numbers on raw chicken at temperatures ranging from 4°C to
37 °C (Burt et al., 2007). The results by Shan et al. (2011) showed that the five spice and herb
extracts (cinnamon stick, oregano, clove, pomegranate peel, and grape seed) were effective
against S. enterica in cheese at room temperature (~23°C), which the clove showed the
highest antibacterial activity.
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Tornuk et al. (2011) indicated that the thyme hydrosol (contain carvacrol: 48.30% and
thymol: 17.55%) was the most efficient agent on the carrot samples with resulted in 1.48 log
cfu/g reduction in S. typhimurium number. The antimicrobial effect of essential oil
components (monoterpenes e.g. thymol, menthol and linalyl acetate) might be due to a
perturbation of the lipid fraction of bacterial plasma membranes, resulting in alterations of
membrane permeability and in leakage of intracellular materials (Trombetta et al., 2005).
Both concentrations of carvacrol and trans-cinnamaldehyde, and 0.75% eugenol decreased
Salmonella counts on tomatoes by ~6.0 log cfu/mL at 1 min (Mattson et al., 2011). Treatment
of seeds at 50 degrees C for 12 h with acetic acid (100 and 300 mg/L of air) and thymol or
cinnamic aldehyde (600 mg/L of air) significantly reduced Salmonella populations on seeds
(>1.7 log10 cfu/ g) without affecting germination percentage (Weissinger et al., 2001).

The use of edible films to release antimicrobial constituents in food packaging is a form of
active packaging. Seydium & Sarikus (2006) reported that the whey protein based edible
films containing oregano essential oil was the most effective against S. enteritidis (ATCC
13076), at 2% level than those containing garlic and rosemary extracts (P < 0.05).
Incorporation of garlic oil up to 0.4% v/v in alginate film, the clear zone of inhibition was
not observed with S. typhimurium. However, incorporation of garlic oil at higher than 0.1%
v/v revealed a weak inhibitory effect, indicated by minimal growth underneath film discs
(Pranoto et al., 2005).

8. Conclusion

Prevalence of Salmonella infection has increased markedly in both humans and domestic
animals. Probably as a consequence of the extensive use of antibiotics surveillance networks
have indicated that the incidence of human Salmonella food poisoning caused by
antimicrobial resistant Salmonella is rising in many countries. In present, the anti-Salmonella
spp. properties of plant extract/essential oils from a variety of plant have been assessed. It is
clear from these studies that these secondary plant metabolites have potential as alternative
antibacterial in food conservation. The phenolic compounds are most active and appear to
act principally as membrane permeabilisers. In addition, consumers are also demand for
food preservation from natural source. Therefore, the incorporating plant extracts in or onto
food packaging materials to against foodborne pathogen, especially Salmonella spp., is of
increasing interest.

9. Reference

Angulo, F.J.; Johnson, K.R.; Tauxe, R.V., & Cohen, M.L. (2000). Origins and Consequences of
Antimicrobial-Resistant Nontyphoidal Salmonella: Implications for the Use of
Fluoroquinolones in Food Animals. Microbial Drug Resistance, Vol.6, No.1, pp. 77-
83, ISSN 1076-6294

Ashokkumar, P.; Fajkumar, & Kanimozhi, M. (2010). Phytochemical Screening and
Antimicrobial Activity from Five Indian Medicinal Plant Against Human
Pathogens. Middle-East Journal of Scientific Research, Vol. 5, No.6, pp. 477-482, ISSN
1990-9233

Astorga Marquez, R.J.; Salaberria, A.E.; Maldonado Garcia, A.; Valdezate Jimenez, S.;
Carbonero Martinez, A.; Aladuena Garcia, A., & Casas, A.A. (2007). Surveillance

www.intechopen.com



Inhibitory Effect of Plant Extracts on Salmonella spp. 341

and Antimicrobial Resistance of Salmonella Strains Isolated from Slaughtered Pigs
in Spain. Journal of Food Protection, Vol.70, No.6, pp. 1502-1506, ISSN 0362-028x

Bako, S.P., & Aguh, B.I. (2007). Qualitative Evaluation of Phytochemical Profiles in
Loranthacean mistletoes (Tapinanthus sp.) as Related to their Hosts. Nigerian Journal of
Botany, Vol.20, pp. 297-305, ISSN 0795-0128

Barbosa, T.M., & Levy, S.B. (2000). The Impact of Antibiotic Use on Resistance Development
and Persistence. Drug Resistance Updates, Vol.3, No.5, pp. 303-311, ISSN 1368-7646

Bicchi, C.; Binello, A., & Rubiolo, P. (2000). Determination of Phenolic Diterpene
Antioxidants in Rosemary (Rosmarinus officinalis L.) with Different Methods of
Extraction and Analysis. Phytochemical Analysis, Vol.11, No.4, pp. 236-242, ISSN
0958-0344

Botsoglou, N.A.; Govaris, A.; Botsoglou, E.N.; Grigoropoulou, S., & Papageorgiou, G. (2003).
Antioxidant Activity of Dietary Oregano Essential Oil and a-tocopheryl Acetate
Supplementation in Long-Term Frozen Stored Turkey Meat. Journal of Agricultural
and Food Chemistry, Vol.51, No.10, pp. 2930-2936, ISSN 0021-8521

Boyen, F.; Haesebrouck, F.; Maes, D.; Van Immerseel, F.; Ducatelle, R., & Pasmans, F. (2008).
Non-Typhoidal Salmonella Infections in Pigs: a Closer Look at Epidemiology,
Pathogenesis and Control. Veterinary Microbiology, Vol.130, No.1-2, pp. 1-19, ISSN
0378-1135

Boziaris, 1.S.; Proestos,C.; Kapsokefalou, M., & Komaitis, M. (2011). Antimicrobial Effect of
Filipendula ulmaria Plant Extract Against Selected Foodborne Pathogenic and
Spoilage Bacteria in Laboratory Media, Fish Flesh and Fish Roe Product. Food
Technology and Biotechnoogy. Vol.49, No.2, pp. 263-270, ISSN 1330-9862

Breuil, J.; Brisabois, A.; Casin, I.; Armand-Lefevre, L.; Fremy, S., & Collatz, E. (2000).
Antibiotic Resistance in Salmonellae Isolated from Humans and Animals in France:
Comparative Data from 1994 and 1997. Journal of Antimicrobial Chemotherapy,
Vol.46, No.6, pp. 965-971, ISSN 0305-7453

Burt, S.A; Fledderman, M.].; Haagsman, H.P.; van Knapen, F., & Veldhuizen, E.J.A. (2007).
Inhibition of Salmonella enterica Serotype Enteritidis on Agar and Raw Chicken by
Carvacrol Vapour. International Journal of Food Microbiology, Vol.119, No.3, pp. 346-
350, ISSN 0168-1605

Bush, K. (2003). Beta-lactam antibiotics: Penicillins. In: Antibiotic and chemotherapy: Anti-infective
agents and their use in therapy, R.G. Finch, D. Greenwood, S.R. Norrby, & R.J. Whitley
(Eds.), 224-258, Churchill Livingstone, ISBN 0-443071-29-2, Edinburgh, UK

Butt, T.; Ahmad, R.N.; Mahmood, A., & Zaidi, S. (2003). Ciprofloxacin Treatment Failure in
Typhoid Fever Case, Pakistan. Emerging Infectious Diseases, Vol.9, No.12, pp. 1621-
1622, ISSN 1080-6040

Careaga, M., Ferna'ndez, E., Dorantes, L.; Mota, L.; Jaramillo, M.E., & Hernandez-Sanchez,
H. (2003). Antibacterial activity of Capsicum extract against Salmonella
typhimurium and Pseudomonas aeruginosa inoculated in raw beef meat.
International Journal of Food Microbiology, Vol. 83, No.3, pp. 331-335, ISSN 0168-1605

Chantarapanont, W.; Slutsker, L.; Tauxe, R.V., & Beuchat, L.R. (2000). Factors Influencing
Inactivation of Salmonella enteritidis in Hard-Cooked Eggs. Journal of Food Protection,
Vol.63, No.1, pp. 36-43, ISSN 0362-028x

Chemaly, M.; Huneau-Salaun, A.; Labbe, A.; Houdayer, C.; Petetin, I., & Fravalo, P. (2009).
Isolation of Salmonella Enterica in Laying-Hen Flocks and Assessment of Eggshell

www.intechopen.com



342 Salmonella — A Dangerous Foodborne Pathogen

Contamination in France. Journal of Food Protection, Vol.72, No.10, pp. 2071-2077,
ISSN 0362-028x

Chen, M.H.; Hwang, W.Z; Wang, SW.; Shih, Y.C.,, & Tsen, H.Y. (2011). Pulsed Field Gel
Electrophoresis (PFGE) Analysis for Multidrug Resistant Salmonella enterica Serovar
Schwarzengrund Isolates Collected in Six Years (2000-2005) from Retail Chicken
Meat in Taiwan. Food Microbiology, Vol.28, No.3, pp. 399-405, ISSN 0740-0020

Chen, Q.Y.; Shi, H., & Ho, C.T. (1992). Effects of Rosemary Extracts and Major Constituents
on Lipid Oxidation and Soybean Lipoxygenase Activity. Journal of the American Oil
Chemists' Society, Vol.69, No.10, pp. 999-1002, ISSN 0003-021x

Cody, S.H. (1999). Raw-Milk Products May Contain Salmonella. The Journal of the American
Medical Association, Vol.281, No.19, pp. 1805-1810, ISSN 0098-7484

Cosentino, S.; Tuberoso, C.I.G.; Pisano, B.; Satta, M.; Mascia, V.; Arzedi, E., & Palmas, F.
(1999). In Vitro Antimicrobial Activity and Chemical Composition of Sardinian
Thymus Essential Oils. Letters in Applied Microbilogy, Vol.29, No.3, pp. 130-135,
ISSN 0266-8254

D’Aoust, ].Y.; Warburton, D.W., & Sewell, A.M. (1985). Salmonella typhimurium Phage-Type
10 from Cheddar Cheese Implicated in a Major Canadian Foodborne Outbreak.
Journal of Food Protection. Vol.48, No.12, pp. 1062-1066, ISSN 0362-028x

De Buyser, M. L.; Dufour, B.; Maire, M., & Lafarge, V. (2001). Implication of Milk and Milk
Products in Food-Borne Diseases in France and in Different Industrialised
Countries. International Journal of Food Microbiology, Vol.67, No.1-2, pp. 1-17, ISSN
0168-1605

Delhalle, L.; Saegerman, C.; Farnir, F.; Korsak, N.; Maes, D., Messens, W.; De Sadeleer, L.; De
Zutter, L., & Daub, G. (2009). Salmonella Surveillance and Control at Post-Harvest
in the Belgian Pork Meat Chain. Food Microbiology, Vol.26, No.3, pp. 265-271, ISSN
0740-0020

De Louvois, J. (1993). Salmonella Contamination of Eggs: A Potential Source of Human
Salmonellosis. PHLS Microbiology Digest, Vol.10, No.3, pp. 158-162, ISSN 0265-3400

De Oliveira, S.D.; Flores, F.S.; Dos Santos, L.R., & Brandelli, A. (2005). Antimicrobial
Resistance in Salmonella enteritidis Strains Isolated from Broiler Carcasses, Food,
Human and Poultry-Related Samples. International Journal of Food Microbiology, Vol.
97, No.3, pp. 297-305, ISSN 0168-1605

Dorman, H.J.D., & Deans, S.G. (2000). Antimicrobial Agents from Plants: Antibacterial
Activity of Plant Volatile Oils. Journal of Applied Bacteriology, Vol.88, No.2, pp. 308-
316, ISSN 0021-8847

Duffy, L.L.; Dykes, G.A., & Fegan, N. (2011). A Review of the Ecology, Colonization and
Genetic Characterization of Salmonella Enterica Serovar Sofia, a Prolific but
Avirulent Poultry Serovar in Australia. Food Research International,
doi:10.1016/j.foodres.2011.04.024, ISSN 0963-9969

Elgayyar, M.; Draughon, F.A.; Golden, D.A., & Mount, J.R. (2001). Antimicrobial Activity of
Essential Oils from Plants Against Selected Pathogenic and Saprophytic
Microorganisms. Journal of Food Protection, Vol.64, No.7, pp. 1019-1024, ISSN 0362-
028x

Evans, C.E.; Banso, A., & Samuel, O.A. (2000). Efficacy of Some Nupe Medicinal Plants
Against Salmonella typhi: An in Vitro Study. Journal of Ethnopharmacology, Vol.80,
No.1, pp. 21-24, ISSN 0378-8741

www.intechopen.com



Inhibitory Effect of Plant Extracts on Salmonella spp. 343

European Food Safety Authority. (2008). A Quantitative Microbiological Risk Assessment on
Salmonella in Meat: Source Attribution for Human Salmonellosis from Meat. The
EFSA Journal, Vol.625, pp. 1-32, ISSN 1831-4732

European Food Safety Authority. (2010a). Scientific Opinion on a Quantitative Estimation of
the Public Health Impact of Setting a New Target for the Reduction of Salmonella
in Laying Hens. EFSA Journal, Vol.8, No.4, pp. 1546, ISSN 1831-4732

European Food Safety Authority (2010b). Trends and Sources of Zoonoses and Zoonotic
Agents and Food-Borne Outbreaks in the European Union in 2008. EFSA Journal,
Vol.8, No.1, pp. 1-368, ISSN 1831-4732

European Food Safety Authority. (2010c). Analysis of the Baseline Survey on the Prevalence
of Campylobacter in Broiler Batches and of Campylobacter and Salmonella on
Broiler Carcasses in the EU, 2008, Part A; Campylobacter and Salmonella
Prevalence Estimates. EFSA Journal, Vol.8, No.3, pp. 1503, ISSN 1831-4732

Exarchou, V.; Nenadis, N.; Tsimidou, M.; Gerothanassis, 1. P.; Troganis, A., & Boskou, D.
(2002). Antioxidant Activities and Phenolic Composition of Extracts from Greek
Oregano, Greek sage, and Summer savory. Journal of Agriculture and Food Chemistry,
Vol.50, No.19, pp. 5294-5299, ISSN 0021-8561

Fasseas, M.K.; Mountzouris, K.C.; Tarantilis, P.A.; Polissiou, M., & Zervas, G. (2008).
Antioxidant Activity in Meat Treated with Oregano and Sage Essential Oils. Food
Chemistry, Vol.106, No.3, pp. 1188-1194, ISSN 0308-8146

Fuzihara, T.O.; Fernandes, S.A., & Franco, B.D. (2000). Prevalence and Dissemination of
Salmonella Serotypes Along the Slaughtering Process in Brazilian Small Poultry
Slaughter-Houses. Journal of Food Protection, Vol.63, No.12, pp. 1749-1753, ISSN
0362-028x

Gantois, I; Ducatelle, R.; Pasmans, F.; Haesebrouck, F.; Gast, R, Humphrey, T]. &
Immerseel, F.V. (2009). Mechanisms of Egg Contamination by Salmonella
Enteritidis. FEMS Microbiology Reviews, Vol.33, No.4, pp. 718-738, ISSN 0168-6445

Gast, R K., & Beard, C.W. (1990). Production of Salmonella Enteritidis-Contaminated Eggs
by Experimentally Infected Hens. Avian Diseases, Vol.4, No. 2, pp. 438-446, ISSN
0005-2086

Ghafir, Y.; China, B.; Korsak, N.; Dierick, K.; Collard, ].M.; Godard, C.; De Zutter, L., &
Daube, G. (2005). Belgian Surveillance Plans to Assess Changes in Salmonella
Prevalence in Meat at Different Production Stages. Journal of Food Protection, Vol. 68,
No. 11, pp. 2269-2277, ISSN 0362-028x

Ghatir, Y.; China, B.; Dierick, K.; De Zutter, L., & Daube, G. (2007). Hygiene Indicator
Microorganisms for Selected Pathogens on Beef, Pork and Poultry Meats in
Belgium. Journal of Food Protection, Vol. 71, No.1, pp. 35-45, ISSN 0362-028x

Gonzales-Barron, U.A.; Redmond, G., & Butler, F. (2010a). A Consumer-Phase Exposure
Assessment of Salmonella Typhimurium from Irish Fresh Pork Sausages: I.
Transport and Refrigeration Modules. Food Control, Vol.21, No. 12, pp. 1683-1692,
ISSN 0956-7135

Gonzales-Barron, U.A.; Redmond, G., & Butler, F. (2010b). A Risk Characterization Model of
Salmonella  typhimurium in Irish Fresh Pork Sausages. Food Control,
doi:10.1016/j.foodres.2010.04.036, ISSN 0956-7135

Govaris, A; Solomakos,N.; Pexara, A., & Chatzopoulou, P.S. (2010). The Antimicrobial Effect
of Oregano Essential Oil, Nisin and Their Combination Against Salmonella

www.intechopen.com



344 Salmonella — A Dangerous Foodborne Pathogen

enteritidis in Minced Sheep Meat During Refrigerated Storage. International Journal
of Food Microbiology, Vol.137, No.2-3, pp. 175-180, ISSN 0168-1605

Gutierrez, ].; Barry-Ryan, C., & Bourke, P. (2008). The Antimicrobial Efficacy of Plant
Essential Oil Combinations and Interactions with Food Ingredients. International
Journal of Food Microbiology, Vol.124, No.1, pp. 91-97, ISSN 0168-1605

Hald, T.; Vose, D.; Wegener, H.C., & Koupeev, T. (2004). A Bayesian Approach to Quantify
the Contribution of Animal-Food Sources to Human Salmonellosis. Risk Analysis.
Vol.24, No.1, pp. 255-269, ISSN 0272-4332

Hara-Kudo, Y.; Kobayashi, A.; Sugita-Konishi, Y. & Kondo, K. (2004). Antibacterial Activity
of Plants Used in Cooking for Aroma and Taste. Journal of Food Protection, Vol.67,
No.12, pp. 2820-2824, ISSN 0362-028x

Helmuth, R. (2000). Antibiotic Resistance in Salmonella, In: Salmonella in Domestic Animals,
C. Wary & A. Wray (Eds.), 89-116, CABI Publishing, ISBN 0-85199-261-7,
Wallingford, UK

Humphrey, T.J.; Greenwood, M.; Gilbert, R.J.; Rowe, B., & Chapman, P.A. (1989). The
Survival of Salmonellas in Shell Eggs Cooked Under Simulated Domestic
Conditions. Epidemiology and Infection, Vol.103, No. 1, pp. 35-45, ISSN 1469-4409

Humphrey, T.J.; Whitehead, A.; Gawler, A.-H.L.; Henley, A., & Rowe, B. (1991). Numbers of
Salmonella Enteritidis in the Contents of Naturally Contaminated Hens' Eeggs.
Epidemiology and Infection, Vol.106, No.3, 489-496, ISSN 0950-2688

Hussain, A.; Wahab, S.; Zarin, 1., & Hussain, M.D.S. (2010). Antibacterial Activity of the
Leaves of Coccinia indica (W. and A) Wof India. Advances in Biological Research, Vol.
4, No.5, pp. 241-248, ISSN 1992-0067

James, C.; Go'ksoy, E.O.; Corry, J.E.L., & James, S.J. (2000). Surface Pasteurisation of Poultry
Meat using Steam at Atmospheric Pressure. Journal of Food Engineering, Vol.45,
No.2, pp. 111-117, ISSN 0260-8774

Johny, A.K.; Darre, M.].; Donoghue, A.M.; Donoghue, D.]., & Venkitanarayanan, K. (2010).
Antibacterial Effect of Trans-Cinnamaldehyde, Eugenol, Carvacrol, and Thymol on
Salmonella enteritidis and Campylobacter jejuni in Chicken Cecal Contents in Vitro.
Journal of Applied Poultry Research, Vol.19, pp. 237-244, ISSN 1056-6171

Kamba, A.S., & Hassan, L.G. (2010). Phytochemical Screening and Antimicrobial Activities
of Euphorbia balasamifera Leaves Stems and Root against Some Pathogenic
Microorganisms, The African Journal of Pharmaceutical Sciences and Pharmacy, Vol.1,
No.1, 57-64, ISSN 2152-7849

Kang, D.G.; Yun, CK., & Lee, H.S. (2003). Screening and Comparison of Antioxidant
Activity of Solvent Extracts of Herbal Medicines Used in Korea. Journal of
Ethnopharmacology. Vol.87, No. 23, pp. 231-236, ISSN 0378-8741

Karns, J.S.; Van Kessel, ].S.; McCluskey, B.J., & Perdue, M.L. (2005). Prevalence of Salmonella
enterica in Bulk Tank Milk from US Dairies as Determined by Polymerase Chain
Reaction. Journal of Dairy Science. Vol.88, No.10, pp. 3475-3479, ISSN 1525-3158

Kaufmann, B., & Christen, P. (2002). Recent Extraction Techniques for Natural Products:
Microwave-Assisted Extraction and Pressurised Solvent Extraction. Phytochemical
Analysis, Vol.13, No.2, pp. 105-113, ISSN 0958-0344

Kazmi, M.H.; Malik, A.; Hameed, S.; Akhtar, N., & Noor Ali, S. (1994). Plant Products as
Antimicrobial Agents. Phytochemistry, Vol.36, No.3, pp. 761-763, ISSN 0031-9422

www.intechopen.com



Inhibitory Effect of Plant Extracts on Salmonella spp. 345

Khan, R.; Islam, B.; Akram, M.; Shakil, S.; Ahmad, A.; Ali, SM.; Siddiqui, M., & Khan, A.U.
(2009). Antimicrobial Activity of Five Herbal Extracts Against Multi Drug Resistant
(MDR) Strains of Bacteria and Fungus of Clinical Origin. Molecules, Vol.14, No.2,
pp. 586-597, ISSN 1420-3049

Kiran, G.D.; Babu, V., & Kaul, K. (2005). Variation in Essential Oil Composition of Rose-
Scented Geranium (Pelargonium sp.) Distilled by Different Distillation Techniques.
Flavour and Fragrance Journal, Vol.20, No.2, pp. 222-231, ISSN 0882-5734

Kisangau, D.P.; Hosea, K.M.; Joseph, C.C., & Lyaruu, H.V.M. (2007). In Vitro Antimicrobial
Assay of Plants Used in Traditional medicine in Bukoba Rural District, Tanzania.
African Journal of Traditional, Complementary Alternative medicines, Vol.4, No.4, pp.
510-523, ISSN 0189-6016

Krieg, N.R., & Holt, J.G. (Eds.). (1984). Bergey's Manual of Systematic Bacteriology Volume 1.
Williams and Wilkins, ISBN 0-683-04108-8, Baltimore, USA

Krishnasamy, G. (2008). Extraction Technologies for Medicinal and Aromatic Plants,
International centre for science and high technology, Trieste, Italy

Kuo, F.L,; Carey, ].B., & Ricke, S. (1997). UV Irradiation of Shell Eggs: Effect on Populations
of Aerobes, Molds, and Inoculated Salmonella typhimurium. Journal of Food
Protection, Vol.60, No.6, pp. 639-643, ISSN 0362-028x

Lakins, D.G.; Alvarado, C.Z.; Thompson, L.D.; Brashears, M.T.; Brooks, J.C., & Brashears,
M.M. (2008). Reduction of Salmonella Enteritidis in Shell Eggs using Directional
Microwave Technology. Poultry Science, Vol.87, No.5, pp. 985-991, ISSN 0032-5791

Lapornik, B.; Pros’ek, M., & Wondra, A.G. (2005). Comparison of Extracts Prepared from
Plant By-Products using Different Solvents and Extraction Time. Journal of Food
Engineering. Vol.71, No.2, pp. 214-222, ISSN 0260-8774

Lawley, R.; Curtis, L., & Davis, J. (2008). The Food Safety Hazard Guidebook, RSC Publishing,
ISBN 978-0-85404-460-3, Cambridge, UK

Lee, M.H.; Kwon, H.A.; Kwon, D.Y,; Park, H.; Sohn, D.H.; Kim, Y.C,; Eo, SK,; Kang, H.Y.;
Kim, SSW., & Lee, ].H. (2006). Antibacterial Activity of Medicinal Herb Extracts
Against Salmonella. International Journal of Food Microbiology, Vol.111, No.3, pp. 270
-275, ISSN 0168-1605

Mahida, Y., & Mohan, ].S.S. (2007). Screening of Plants for Their Potential Antibacterial
Activity Against Staphylococcus and Salmonella spp. Natural Product Radiance,
Vol.6, No.4, pp. 301-305, ISSN 0972-592x

Ma, M.; Hong, C.L.; An, S.Q., & Li, B. (2003). Seasonal, Spatial, and Interspecific Variation in
Quercetin in Apocynum venetum and Poacynum hendersonii, Chinese Traditional
Herbal Teas. Journal of Agricultural and Food Chemistry, Vol. 51, No.8, pp. 2390-2393,
ISSN 0021-8561

Mattson, T.E.; Johny, A K., Amalaradjou, M.A.R.; More, K,; Schreiber, D.T.; Patel, J. &
Venkitanarayanan, K. (2011). Inactivation of Salmonella spp. on Tomatoes by Plant
Molecules. International Journal of Food Microbiology, Vol.144, No.3, pp. 464-468,
ISSN 0168-1605

Mayrhofer, S.; Paulsen, P.; Smulders, F.J.M., & Hilbert, F. (2004) Antimicrobial Resistance
Profile of Five Major Food-Borne Pathogens Isolated from Beef, Pork and Poultry,
International Journal of Food Microbiology, Vol.97, No.1, pp. 23-29, ISSN 0168-1605

www.intechopen.com



346 Salmonella — A Dangerous Foodborne Pathogen

Metrick, C.; Hoover, D.G., & Farkas, D.F. (1989). Effects of High Hydrostatic Pressure on
Heat-Resistant and Heat-Sensitive Strains of Salmonella. Journal of Food Science,
Vol.54, No.6, pp. 1547-1551, ISSN 0022-1147

Montville, T.J., & Matthews, K.R. (2005). Food Microbiology: An Introduction, 1st ed., ASM
Press, ISBN 1-55581-308-9, Washington, DC

Montville, T.J., & Matthews, K.R. (2008). Food Microbiology: An introduction, 2nd ed., ASM
press, ISBN 978-1-55581-396-3, Washington, DC

Nalini, K; Ashokkumar, D., & Venkateswaran, V. (2011). Antimicrobial Activity of
Petroleum Ether and Methanol Extracts of Pedalium murex Leaves. International
Journal of Pharmaceutical Frontier Research, Vol. 1, No.1, pp. 1-10, ISSN 2249-1112

N'guessan, ].D.; Coulibaly, A.; Ramanou, A.A.; Okou, O.C.; Djaman,A.]., & Guédé-Guina, F.
(2007). Antibacterial Activity of Thonningia sanguinea Against Some Multi-Drug
Resistant Strains of Salmonella enteric. African Health Sciences, Vol. 7, No.3, pp. 155-
158, ISSN 1680-6905

Nkemngu, N.J.; Asonganyi, E.D., & Njunda, A.L. (2005). Treatment Failure in aTyphoid
Patient Infected with Nalidixic Acid Resistant S. enterica Serovar Typhi with
Reduced Susceptibility to Ciprofloxacin: A Case Report from Cameroon. BMC
infectious diseases, Vol. 5, pp. 49, ISSN 1471-2334

O'Brien, T.F. (2002). Emergence, Spread, and Environmental Effect of Antimicrobial
Resistance: How Use of an Antimicrobial Anywhere Can Increase Resistance to
Any Antimicrobial Anywhere Else. Clinical Infectious Diseases, Vol.34, No.3, pp.
S78-S84, ISSN 1058-4838

Oliveira, F.A.; Brandelli, A., & Tondo, E.C. (2006). Antimicrobial Resistance in Salmonella
Enteritidis from Foods Involved in Human Salmonellosis Outbreaks in Southern
Brazil. The New Microbiologica, Vol.29, No.1, pp. 49-54, ISSN 1121-7138

Omulokoli, E.; Khan, B., & Chhabra, S.C. (1997). Antiplasmodial Activity of Four Kenyan
Medicinal Plants. Journal of Ethnopharmacology, Vol.56, No.2, pp. 133-137, ISSN
0378-8741

Plotkin, M.]. (1988). Conservation, Ethnobotany and the Search for New Jungle Medicines:
Pharmacognosy Comes of Ageagain. Pharmacotherapy, Vol.8, No.5, pp. 257-262,
ISSN 0277-0008

Perugini, A.G.; Carullo, M.R; Esposito, A.; Caligiuri, V.; Capuano, F.; Galiero, G., & Giuseppe,
L. (2010). Characterization of Antimicrobial Resistant Salmonella Enterica Serovars
Enteritidis and Typhimurium Isolates from Animal and Food in Southern Italy.
Veterinary Research Communications, Vol.34, No.4, pp. 387-392, ISSN 1573-7446

Phebus, R.K.; Nutsch, A.L.; Schafer, D.E.; Wilson, R.C.; Riemann, M.].; Leising, ].D.; Knaster,
C.L.; WOLF, J.R,, & Prasai, RK. (1997). Comparison of Steam Pasteurisation and
Other Methods for Reduction of Pathogens on Surfaces of Freshly Slaughtered
Beef. Journal of Food Protection, Vol. 60, No.5, pp. 476-484, ISSN 0362-028x

Pokharel, B.M.; Koirala, J.; Dahal, R.K.; Mishra, S.K.; Khadga, P.K., & Tuladhar, N.R. (2006).
Multidrug-Resistant and Extended-Spectrum Beta-Lactamase (ESBL)-Producing
Salmonella enterica (Serotypes Typhi and Paratyphi A) from Blood Isolates in
Nepal: Surveillance of Resistance and a Search for Newer Alternatives. International
Journal of Infectious Diseases, Vol.10, No.6, pp. 434-438, ISSN 1201-9712

Porto-Fett, A.C.S,; Call, J.E,; Shoyer, B.E.; Hill, D.E.; Pshebniski C.; Cocoma, G.J., &
Luchansky, ].B. (2010). Evaluation of Fermentation, Drying, and/or High Pressure

www.intechopen.com



Inhibitory Effect of Plant Extracts on Salmonella spp. 347

Processing on Viability of Listeria monocytogenes, Escherichia coli O157:H7,
Salmonella spp., and Trichinella spiralis in Raw Pork and Genoa Salami.
International Journal of Food Microbiology, Vol.140, No. 1, pp. 61-75, ISSN 0168-1605

Pranoto, Y.; Salokhe, V.M., & Rakshit, S.K. (2005). Physical and Antibacterial Properties of
Alginate-Based Edible Film Incorporated with Garlic Oil. Food Research
International. Vol.38, No.3, pp. 267-272, ISSN 0963-9969

Rabsch, W.; Tschdpe, H.; Andreas, ]J., & Bdaumler, A.J. (2001). Review, Non-Typhoidal
Salmonellosis: Emerging Problems. Microbes and Infection, Vol.3, No.3, pp. 237-247,
ISSN 1286-4579

Rangasamy, O.; Raoelison,G.; Rakotoniriana, F.E.; Cheuk, K.; Urverg-Ratsimamanga, S.;
Quetin-Leclercq, J.; Gurib-Fakim, A., & Subratty, A.H. (2007). Screening for Anti-
infective Properties of Several Medicinal Plants of the Mauritians flora. Journal of
Ethnopharmacology, Vol.109, No.2, pp. 331-337, ISSN 0378-8741

Rasooli, I. (2007). Food Preservation-A Biopreservative Approach. Food, Vol. 1, No.2, pp.
111-136, ISSN 1749-1740

Ravishankar, S.; Zhu, L.; Olsen, CW.; McHugh, T.H., & Friedman, M. (2009). Edible Apple
Flm Wraps Containing Plant Antimicrobials Inactivate Foodborne Pathogens on
Meat and Poultry Products. Journal of Food Science, Vol.74, No.8, pp. 440-445, ISSN
0022-1147

Rotimi, V.O.; Jamal, W.; Pal, T.; Sonnevend, A.; Dimitrov, T.S.,, & Albert, M.J. (2008).
Emergence of Multidrug-Resistant Salmonella spp. and Isolates with Reduced
Susceptibility to Ciprofloxacin in Kuwait and the United Arab Emirates. Diagnostic
Microbiology and Infectious Disease, Vol.60, No.1, pp. 71-77, ISSN 0732-8893

Schwarz, S., & Chaslus-Dancla, E. (2001). Use of Antimicrobials in Veterinary Medicine and
Mechanisms of Resistance. Veterinary Research, Vol.32, No.3-4, pp. 201-225, ISSN
0928-4249

Sefidkon, F.; Abbasi, K.; Jamzad, Z., & Ahmadi, S. (2007). The Effect of Distillation Methods
and Stage of Plant Growth on the Essential Oil Content and Composition of
Satureja rechingeri Jamzad. Food Chemistry, Vol. 100, No.3, pp. 1054-1058, ISSN
0308-8146

Seydim, A.C. & Sarikus, G. (2006). Antimicrobial Activity of Whey Protein Based Edible
Films Incorporated with Oregano, Rosemary and Garlic Essential Oils. Food
Research International, Vol.39, No.5, pp. 639-644, ISSN 0963-9969

Shan, B.; Cai, Y.Z.; Brooks, ].D., & Corke, H. (2011). Potential Application of Spice and Herb
Extracts as Natural Preservatives in Cheese. Journal of Medicinal Food. Vol.14, No.3,
pp- 284-290, ISSN 1096-620x

Shan, B.; Cai, Y.Z.; Brooks, ].D., & Corke, H. (2007). The in Vitro Antibacterial Activity of
Dietary Spice and Medicinal Herb Extracts. International Journal of Food
Microbiology, Vol.117, No.1, pp. 112-119, ISSN 0168-1605

Sharififar, F.; Moshafi, M.H.; Mansouri, S.H.; Khodashenas, M., & Khoshnoodi, M. (2007). In
Vitro Evaluation of Antibacterial and Antioxidant Activities of the Essential oil and
Methanol Extract of Endemic Zataria multiflora Boiss. Food Control, Vol.18, No.7,
pp- 800-805, ISSN 0956-7135

Shirakawa, T.; Acharya, B.; Kinoshita, S.; Kumagai, S.; Gotoh, A., & Kawabata, M. (2006).
Decreased Susceptibility to Fluoroquinolones and gyrA Gene Mutation in the
Salmonella enterica Serovar Typhi and Paratyphi A Isolated in Katmandu, Nepal,

www.intechopen.com



348 Salmonella — A Dangerous Foodborne Pathogen

in 2003. Diagnostic Microbiology and Infectious Disease, Vol.54, No.4, pp. 299-303,
ISSN 0732-8893

Smid, E.J., & Gorris, LG.M. (1999). Natural Antimicrobials for Food Preservation. In:
Handbook of Food Preservation, M.S., Rahman, (Ed.), 285-308, Marcel Dekker, ISBN
978-0-824-70209-0, New York, USA

Tavechio, A.T.; Ghilardi, A.C.; Peresi, ].T.; Fuzihara, T.O.; Yonamine, E.K,; Jakabi, M., &
Fernandes, S.A. (2002). Salmonella Serotypes Isolated from Nonhuman Sources in
Sa“o Paulo, Brazil, from 1996 through 2000. Journal of Food Protection, Vol.65, No. 6,
pp- 1041-1044, ISSN 0362-028x

Thong, K.L., & Modarressi, S. (2011). Antimicrobial Sesistant Genes Associated with
Salmonella from Retail Meats and Street Foods. Food Research International,
doi:10.1016/j.foodres.2011.05.013, ISSN 0963-9969

Tornuk, F.; Cankurt, H.; Ozturk, I; Sagdic, O.; Bayram, O., & Yetim, H. (2011). Efficacy of
Various Plant Hydrosols as Natural Food Sanitizers in Reducing Escherichia coli
0157:H7 and Salmonella typhimurium on Fresh Cut Carrots and Apples. International
Journal of Food Microbiology. Vol. 148, No.1, pp. 30-35, ISSN 0168-1605

Trombetta, D.; Castelli, F.; Sarpietro, M.G.; Venuti, V.; Cristani, M.; Daniele, C.; Saija, A.;
Mazzanti, G., & Bisignano, G. (2005). Mechanisms of Antibacterial Action of Three
Monoterpenes. Antimicrobial Agents and Chemotherapy, Vol.49, No.6, pp. 2474-2478,
ISSN 0066-4840

Waite, J.G., & Yousef, A.E. (2010). Overview of Food Safety, In: Processing Effects on Safety
and Quality of Foods, E. Ortega-Rivas, (Ed.), 11-65, CRC Press, ISBN 978-1-4200-6112-
3, Boca Raton, FL.

Weissinger, W.R.; McWatters, K.H., & Beuchat, L.R. (2001). Evaluation of Volatile Chemical
Treatments for Lethality to Salmonella on Alfalfa Seeds and Sprouts. Journal of Food
Protection, Vol.64, No.4, pp. 442-450, ISSN 0362-028x

Whyte, P.; McGill, K., & Collins, J. D. (2003). An Assessment of Steam Pasteurization and
Hot Water Immersion Treatments for the Microbiological Decontamination of
Broiler Carcasses. Food Microbiology, Vol.20, No.1, pp. 111-117, ISSN 0740-0020

www.intechopen.com



Salmonella - A Dangerous Foodborne Pathogen
SALMONELLA Edited by Dr. Dr. Barakat S M Mahmoud

A DANGERDUS FOODBOANE PATHOGEN

ISBN 978-953-307-782-6

g— ; Ii Hard cover, 450 pages

—r W | Publisher InTech

Published online 20, January, 2012

_ Published in print edition January, 2012

More than 2,500 serotypes of Salmonella exist. However, only some of these serotypes have been frequently
associated with food-borne illnesses. Salmonella is the second most dominant bacterial cause of food-borne
gastroenteritis worldwide. Often, most people who suffer from Salmonella infections have temporary
gastroenteritis, which usually does not require treatment. However, when infection becomes invasive,
antimicrobial treatment is mandatory. Symptoms generally occur 8 to 72 hours after ingestion of the pathogen
and can last 3 to 5 days. Children, the elderly, and immunocompromised individuals are the most susceptible
to salmonellosis infections. The annual economic cost due to food-borne Salmonella infections in the United
States alone is estimated at $2.4 billion, with an estimated 1.4 million cases of salmonellosis and more than
500 deaths annually. This book contains nineteen chapters which cover a range of different topics, such as the
role of foods in Salmonella infections, food-borne outbreaks caused by Salmonella, biofilm formation,
antimicrobial drug resistance of Salmonella isolates, methods for controlling Salmonella in food, and
Salmonella isolation and identification methods.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Krittika Norajit and Gi-Hyung Ryu (2012). Inhibitory Effect of Plant Extracts on Salmonella spp., Salmonella - A
Dangerous Foodborne Pathogen, Dr. Dr. Barakat S M Mahmoud (Ed.), ISBN: 978-953-307-782-6, InTech,
Available from: http://www.intechopen.com/books/salmonella-a-dangerous-foodborne-pathogen/inhibitory-
effect-of-plant-extracts-on-salmonella-spp-

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



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




