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CHAPTER I 

INTRODUCTION 

Catfish processing is one of the major agro-food industries in the Southeast 

United States. Published findings show that there is a high prevalence of L. 

monocytogenes in the catfish processing environments and on catfish fillets. Chen and 

others (2010a) observed that L. monocytogenes was present in 18.4% of the catfish 

samples collected from catfish processing plants. When the incidence of L. 

monocytogenes was analyzed in the catfish processing environments, it was frequently 

isolated from the de-heading machine, trimmer, chiller water and conveyor belts, while 

chiller water was the greatest contributor to L. monocytogenes contamination (Chen and 

others 2010b). In addition, Pao and others (2008) evaluated the microbial quality of 

catfish procured from the retail markets and found that L. monocytogenes was present in 

as much as 23.5% of the catfish samples. 

The use of essential oils has been explored as a natural alternative to chemical 

antimicrobials. A number of reports have been published regarding the potential of 

essential oils as natural antibacterial agents against various foodborne pathogens in vitro 

as well as in food matrices (Burt 2004). In addition, the effectiveness of essential oils was 

also tested against biofilms that are difficult to eradicate in the food processing 

environments. Nostro and others (2007, 2009) studied the antimicrobial efficacy of 

essential oils of oregano, carvacrol and thymol against S. aureus and S. epidermis biofilm 

and indicated that a 1% carvacrol treatment by direct contact for 3 h resulted in a 
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reduction of > 6 log CFU/cm2 of S. aureus or > 5 log CFU/cm2 of S. epidermidis, while 

the vapor contact with 1% carvacrol resulted in a 4 log CFU/cm2 reduction after 24 h 

exposure. Moreover, Perez-Conesa and others (2006) studied the antimicrobial activity of 

carvacrol and eugenol at 0.3% to 0.9% concentrations against L. monocytogenes and E. 

coli O157:H7 biofilms on polycarbonate membranes and concluded that E. coli O157:H7 

biofilms were more sensitive to the essential oil solutions than L. monocytogenes biofilms 

formed on the membranes. L. monocytogenes biofilm cells were reduced by ~3.7 log 

CFU/cm2 by 3 h of treatment with eugenol. Carvacrol was found to be highly effective in 

reducing L. monocytogenes biofilm cells to below detectable levels on these membranes. 

Also, the essential oil solutions of eugenol and carvacrol were effective against E. coli 

O157:H7 biofilms and resulted in a complete elimination of E. coli O157:H7 cells after 3 

h of exposure. 

The second major focus of our study is to determine the antimicrobial efficacy of 

essential oils for the reduction of L. monocytogenes on raw catfish fillets. Previously, the 

essential oils have been applied in seafood products such as cooked shrimps, salmon and 

cod fillets and fish salads (Burt 2004). For example, when essential oils of thyme at 0.75-

1.5% and cinnamaldehyde at 0.15-0.3% were applied as a coating step on the cooked 

shrimps against Pseudomonas putida, it gave a 1.5 to 3 log CFU/g reduction (Ouattara 

and others 2001). Also, the essential components of carvacrol, citral and geraniol at 0.5-

3.0% w/v dipping solutions were tested against S. Typhimurium on red grouper fish 

fillets and these findings show that carvacrol at 3.0% w/v was moderately effective 

yielding a 1.5-3 log CFU/g reduction whereas citral and geraniol were least effective 

yielding up to 1.5 log CFU/g reduction against S. Typhimurium (Harpaz and others 
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2003). Currently, there are no publications on the effectiveness of essential oils for the 

reduction of L. monocytogenes on catfish fillets. 

The objectives of the present study were: (1) to determine the antimicrobial 

efficacy of essential oils of thyme, oregano and carvacrol against 4-day old L. 

monocytogenes biofilms formed on stainless steel coupons and (2) to determine the 

antimicrobial efficacy of essential oils for the reduction of L. monocytogenes on raw 

catfish fillets. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 L. monocytogenes genus, taxonomy and diversity 

The genus Listeria was originally classified in the family corynebacteriaceae 

(Bergey’s Manual 7th edition). A new family Listeriaceae was created within the 

expanding Order Bacillales, which includes Listeria, Staphylococcaceae and Bacillaceae. 

The genus Listeria consists of six different species: L. monocytogenes, L. innocua, L. 

seeligeri, L. welshimeri, L. grayii and L. ivanovii. L. monocytogenes is a gram positive 

rod shaped, catalase positive, oxidase negative, motile, non-spore forming, and 

facultatively anaerobic microbe. The production of β-hemolysin zones on the blood agar 

differentiates L. monocytogenes from other Listeria species (Todar 2009). The species L. 

monocytogenes and L. ivanovii are considered pathogenic whereas L. innocua, L. 

welshimeri and L. grayi are nonpathogenic. L. monocytogenes is an intracellular 

pathogen associated with foodborne related diseases such as meningitis, meningo-

encephalitis, materno-fetal and perinatal infections (Cossart and Arana 2008). The 

genetic study of L. monocytogenes has revealed that it consists of virulence marker 

hemolysin gene (hly) which is a contributor for its pathogenicity (Vazqeuz- Boland and 

others 2001; Hain and others 2006; William 2010). L. monocytogenes is classified into 13 

different serotypes and of these serotypes, 1/2a, 1/2b, 4a and 4b are associated with the 

majority of human listeriosis cases (Ragon and others 2008). L. monocytogenes is also 

divided into four phylogenetic lineages. These lineages consist of type I, II, III and IV, 
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where lineages of Type I include serotype 1/2b and 4b and lineages of Type II include 

serotype 1/2a. Also, Lineage II strains are also commonly isolated from food processing 

environments (Pan and others 2009; Orsi and others 2011). 

2.2 L. monocytogenes pathogenesis and infection process 

The Listeriosis caused by L. monocytogenes is classified into two major types (i.e. 

invasive and noninvasive). The invasive form of listeriosis causes severe clinical 

symptoms such as sepsis, meningitis, rhombencephalitis, perinatal infections and 

abortions. The non-invasive or mild form of listeriosis causes milder symptoms such as 

fever, muscle aches and gastrointestinal symptoms such as nausea or diarrhea 

(Allerberger and Wagner 2009; Williams 2010). Listeriosis occurs in susceptible human 

populations through suppression of their T-cell immunity. The Pregnant women, infants, 

elderly, immunocompromised and HIV infected individuals are at a high risk for 

listeriosis (Farber and Peterkin 1991; Vazqeuz- Boland and others 2001). L. 

monocytogenes causes listeriosis infection in the susceptible host body with the following 

sequence of stages: invasion or entry into host cells, internalization, evasion from vacuole 

into phagocytic cells and entry into cytoplasm and intracellular proliferation (Cossart and 

Lecuit 1998; Vazqeuz- Boland and others 2001; Portnoy and others 2002; Ramaswamy 

and others 2007; Cossart and Arana 2008; Corr and O’Neill 2009). Initially, L. 

monocytogenes cells invade the host gastrointestinal tract and enter into non-phagocytic 

M cells found in Preyers patches in the intestine (Cossart and Lecuit 1998). The entry of 

L. monocytogenes into non-phagocytic cells is mediated by the zipper mechanism in 

which the bacterium encloses itself close to the plasma membrane and the bacterial 

surface protein interacts with their receptors (Cossart and Arana 2008). The invasion of 
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L. monocytogenes is regulated by the gene expression for two proteins, Internalin A 

(InlA) and Internalin B (InlB). InlA and InlB are invasion proteins responsible for the 

entry of L. monocytogenes into host cells. Upon entering the host cells, the intercellular 

movement is caused by the expression of surface protein (ActA) (Cossart and Lecuit 

1998; Cossart and Arana 2008). The virulence genes of L. monocytogenes are regulated 

by the PrfA protein which stimulates the virulence factors during host infection (Heras 

and others 2011). The Internalin (InlA) and Internalin (InlB) proteins depend on the 

receptors for their adhesion on the host cells. The receptor for the InlA is E-cadherin and 

for the InlB is Met (Cossart and Arana 2008). 

After internalization into non-phagocytic cells, L. monocytogenes escapes from 

vacuoles by listeriolysin O (LLO). LLO is a pore-forming toxin which causes the evasion 

of L. monocytogenes by the lysis of phagocytic cells. The lysis of vacuoles is carried out 

by phosphatidylinositol-specific phospholipase C (PI-PLC) and lecithinase (PLC-B) 

(Vazqeuz- Boland and others 2001; Cossart and Arana 2008). After secretion of LLO and 

PLC-B, L. monocytogenes enters the cytoplasm where the intracellular movement is 

carried out by an actin based mechanism (Vazqeuz- Boland and others 2001). The ActA 

protein is responsible for actin polymerization and rapid intracellular movement of L. 

monocytogenes cells. ActA protein activates the Arp2/3 complex and mediates the actin 

based motility of L. monocytogenes cells inside the host body. The binding of L. 

monocytogenes to the Arp2/3 complex induces nucleation at the bacterial surface 

(Cossart and Arana 2008). The L. monocytogenes cells move into the cytoplasm and 

forms a pseudopod-like membrane protrusion. The pseudopod- like structure of infected 

L. monocytogenes cells progresses into neighboring non-infected cells. Due to the 

penetration of L. monocytogenes infected cells into the neighboring non-infected cells, a 
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double membrane surrounds it, where the inner membrane is formed by the infected cells. 

The double membrane can be overcome by listeriolysin O (LLO) and PlcB and the 

infected cells are now ready for cell-to-cell spread (Vazqeuz- Boland and others 2001). 

The cell-to-cell proliferation is carried out by the ActA protein and this process is known 

as paracytophagy (Robbins and others 1999). During the infection process within the host 

body, L. monocytogenes cells evade the host immune system by multiple mechanisms, 

such as N-deacetylation of peptidoglycan, listeriolysin O (LLO) modifications, histone 

modifications, chromatin remodeling, autophagy and lymphocyte-apoptosis (Corr and 

O’Neill 2009). 

2.3 L. monocytogenes transmission and association with foodborne outbreaks 

L. monocytogenes is a foodborne pathogen with high mortality rate (20 to 30%) in 

comparison to other pathogenic microorganisms like Salmonella, E. coli O157:H7 and 

Campylobacter (Vazquez-Boland and others 2001). Infected humans are considered to be 

carriers of listeriosis. After invasion, intracellular L. monocytogenes cells move from the 

pregnant mother to the fetus (Allerberger and Wagner 2009) causing still birth. 

Contaminated food products and food processing environments are important vehicles for 

the spread of L. monocytogenes. L. monocytogenes can grow over a wide range of 

temperature from 2 to 45°C (Gandhi and Chikindas 2007). Due to the ability of L. 

monocytogenes to multiply at a lower temperature and due its ubiquitous distribution in 

nature, it is difficult to control this pathogen in food products. USDA has a zero tolerance 

limit for L. monocytogenes in ready-to-eat food products. Due to the wide-spread 

distribution of L. monocytogenes in nature, its contamination can occur during any stage 

in the farm to fork distribution chain of food products (ILSI, 2005). L. monocytogenes 
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can harbor at several sites within food processing environments such as floors, drains, 

coolers, walls, and ceilings. In addition, L. monocytogenes can also be transmitted from 

the incoming raw ingredients or processed food products. In the food processing plants, 

slicing machines are considered to be a potential source for L. monocytogenes 

contamination. Recently, L. monocytogenes prevalence rate was examined in the meat 

samples collected over a period of one year from ready- to- eat meat processing plants 

and the results indicated that L. monocytogenes was present at 1.7 to 10.8% of the 

samples from different processing plants (Williams and others 2011). In addition, the 

prevalence of L. monocytogenes in 121 retail establishments was studied and the results 

indicated that 60% of the establishments had at least one sample that tested positive for L. 

monocytogenes (Sauders and others 2009).  

The ready-to-eat food products especially cheese, meat, poultry and fresh produce 

have been most commonly associated with L. monocytogenes contamination. L. 

monocytogenes is highly prevalent in these food products because of its ability to 

proliferate at a refrigeration temperature, in a wide range of pH (4.3-9.5) and in water 

activity (> 0.90), and high salt concentrations up to 10% (Gandhi and Chikindas 2007; 

Williams 2010). L. monocytogenes has also been frequently isolated from seafood and 

aquaculture products. In particular, a high occurrence of L. monocytogenes was observed 

on catfish fillets and in catfish processing environments. Recently, Chen and others 

(2010a) showed that L. monocytogenes was highly prevalent in the catfish processing 

environments, such as in chiller water, de-heading machines, trimming boards, whilst 

chiller water temperature was the major contributor to contamination. Previous findings 

by Chou and others (2006) confirmed that the incidence of L. monocytogenes was as high 
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as 25 to 47% of the raw channel catfish fillets collected from the catfish processing 

plants. 

Severe foodborne outbreaks and product recalls are associated with L. 

monocytogenes contamination in various ready-to-eat food products. In 1985, L. 

monocytogenes was found in Mexican style cheese and a nationwide recall of Mexican 

style cheese was ordered by FDA (CDC 1985). In December 1998, a multistate outbreak 

of listeriosis was caused by L. monocytogenes isolated from hotdogs and that led to 100 

illnesses and 21 deaths in 22 states (CDC 1999). In 2002, a multistate outbreak of L. 

monocytogenes from eating sliceable turkey deli meat resulted in 46 confirmed cases, 

seven deaths, and three stillbirths/miscarriages in eight states (CDC 2002). Recently on 

August 14 2010, listeriosis outbreak was associated with a consumption of hog head 

cheese (CDC 2011). 

2.4 L. monocytogenes biofilm formation in food processing environments 

The study of biofilm formation in the food processing environments is important 

because biofilms cross contaminate food products during processing and are associated 

with public health risks. Several pathogenic microorganisms such as Listeria, Salmonella, 

Campylobacter and E. coli O157:H7 possess the ability to form biofilms (Kumar and 

Anand 1998). Biofilms are multispecies communities of microorganisms attached to a 

surface (O’Toole and others 2000). The biofilm formation on food and non-food contact 

surfaces occurs in the following stages: initial adhesion, micro colony formation, 

extracellular polymeric substances (EPS) accumulation which is followed by the 

maturation of biofilms. Microorganisms attach more readily onto wet surfaces and 

multiply to form a matrix containing extracellular polymeric substances (EPS) 
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(Chmielewski and Frank 2003). The EPS plays an important role in biofilm formation 

and imparts resistance to sanitizers by inhibiting access to it (Folsom and Frank 2006). 

Due to their inherent resistance to the sanitizers, the eradication of biofilms is difficult in 

comparison to their planktonic counterparts. 

Some of the common harborage sites for biofilm formation in food processing 

environments include stainless steel surfaces, conveyor belts, rubber seals, and floors, etc.  

The biofilm formation is a complex phenomenon and several factors are involved in the 

attachment of microorganisms onto the surfaces. The surface characteristic such as 

hydrophobicity and hydrophilicity affects the biofilm formation. In addition, the biofilm 

formation is also influenced by bacterial cell structures such as flagella, pili, 

lipopolysaccharide (LPS) and membrane proteins (Kumar and Anand 1998; Chmielewski 

and Frank 2003). Gandhi and Chikindas (2007) suggested that biofilm formation is 

affected by quorum sensing which involves cell-to-cell communication with the help of 

autoinducer molecules.  

L. monocytogenes biofilms are persistent in meat, dairy and seafood processing 

environments which serve as a reservoir for the frequent post processing contamination 

of ready-to-eat food products (Djordjevic and others 2002). L. monocytogenes forms 

biofilms because of its higher resistance to sanitizers in comparison to planktonic cells 

and also due to its ability to survive at cooler temperature as well as under osmotic and 

acidic stresses (Gandhi and Chikindas 2007). L. monocytogenes biofilm formation is 

influenced by environmental factors such as pH, temperature and availability of nutrients 

(Houdt and Michelis 2010). L. monocytogenes is commonly isolated in food processing 

environments such as packaging equipment, floor drains, walls, cooling pipes, and 

freezers etc. (Djordjevic and others 2002). L. monocytogenes forms biofilms on a wide 
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range of surfaces such as stainless steel, polypropylene, rubber and glass and the ability 

of L. monocytogenes to adhere to various surfaces differs among different strains of 

Listeria. Soni and Nannapaneni (2010a) demonstrated the efficacy of 21 different L. 

monocytogenes strains those represents 13 different serotypes for biofilm formation on 

the stainless and polystyrene surfaces. The results of their study show that the biofilms 

were produced by all serotypes at different levels while L. monocytogenes serotype 1/2a 

produces the strongest biofilm. In addition, Borucki and others (2003) also showed that L. 

monocytogenes serotypes 1/2a and 1/2c produced the strongest biofilms. 

The molecular mechanisms that occur at the genomic level also play an important 

role in L. monocytogenes biofilm formation. Studies have suggested that L. 

monocytogenes biofilm involve genetic expression of stress factors and proteins 

(Chmielewski and Frank 2003; Tremoulet and others 2002; Gandhi and Chikindas 2007). 

The proteomic analysis of L. monocytogenes biofilms has shown substantial modulation 

in protein expression during biofilm formation. The ribosomal proteins YvyD and rpsB 

(detecting changes in environmental conditions) increase in concentration during biofilm 

formation. The proteins SOD and CysK are up regulated during synthesis of biofilms 

(Tremoulet and others 2006). Some of the proteins identified in L. monocytogenes 

biofilm formation are surface adhering protein (BapL), flagellar protein (FlaA) and SOS-

controlled protein (YneA) (Jordan and others 2008; Kumar and others 2009; Vandeveen 

and Abee 2010). In addition, Fransciosa and others (2009) suggested that expression of 

Internalin (InlA) proteins also promotes the formation of L. monocytogenes biofilms. The 

stress factor sigma (σB) is also responsible for the survival of L. monocytogenes under 

stressful conditions and the induction of biofilm formation. Furthermore, autoinducer 
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molecules (AI-2) that are involved in quorum sensing also contribute to L. 

monocytogenes biofilm formation (Gandhi and Chikindas 2007). 

2.5 Control of L. monocytogenes biofilms in food processing environments 

L. monocytogenes biofilms are challenging to eliminate in food processing 

environments even though disinfection treatments are used. The cleaning and disinfection 

procedure involves the following steps: removal of food residue by water, use of 

chemical agents, rinsing and sanitization (Frank 2000). The antimicrobial efficacy of 

various sanitizers used in biofilm eradication depends on several factors, such as 

composition of food residue, sanitizing surface, temperature at which sanitizer is applied 

and types of microorganisms found in food processing plants (Chmielewski and Frank 

2003). The chemical sanitizers used for the control of L. monocytogenes biofilm include 

chlorine, quaternary ammonium compounds (QAC), hydrogen peroxide, and sodium 

hypochlorite (Norwood and Gilmour 2000; Ayebah and others 2005; Pan and others 

2006). Norwood and Gilmour (2000) tested the antimicrobial efficacy of sodium 

hypochlorite at 200, 500 and 1000 ppm against planktonic cells of L. monocytogenes and 

against multispecie biofilm consisting of L. monocytogenes, P. fragi and S. xylosus. 

These results indicate that a 1000 ppm of sodium hypochlorite resulted in a 2 log 

reduction of L. monocytogenes biofilms while in the case of planktonic cells only 10 ppm 

of chlorine was required for the complete elimination of L. monocytogenes cells. In 

another study, three sanitizers, i.e. chlorine, quaternary ammonium compounds (QAC) 

and peroxides were compared for the inactivation of L. monocytogenes biofilms. All three 

sanitizers yielded only 0.3 log CFU/cm2 reduction against biofilm cells; however when 

the cells were detached from the biofilms, peroxide treatment resulted in 1.7 to 2.1 log 
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CFU/cm2 reductions while chlorine treatment resulted in 2.1 to 2.9 log CFU/cm2 

reductions. Thus, L. monocytogenes biofilms were more resistant to sanitizers in 

comparison to the free-moving, unbound cells that are detached from biofilms (Pan and 

others 2006). Also, the combination of cleaning and sanitizing agents were tested against 

L. monocytogenes biofilms in the presence of meat residue at low temperatures. One of 

the combinations (i.e. combination A) was chlorinated-alkaline, low-phosphate detergent 

and dual peracid sanitizer whereas the other combinations (i.e. combination B) consisted 

of solvated-alkaline environmental sanitation product and hypochlorite sanitizer. The 

combination B was more effective against L. monocytogenes biofilms in comparison to 

the combination A, yielding > 3 log CFU/cm2 reduction (Somers and Wong 2004).  

Ayebah and others (2006) studied the antimicrobial efficacy of the sequential washing of 

alkaline and acid electrolyzed water against L. monocytogenes biofilms and the results 

indicated > 4 log CFU/cm2 reduction in L. monocytogenes. Overall these compounds 

results in a 2-4 log CFU/cm2 reduction in L. monocytogenes cell population, however the 

amount of L. monocytogenes biofilm eradication is dependent upon various factors such 

as attachment surface and growth phase or age of biofilm (Yang and others 2009). 

The adaptation and resistance of L. monocytogenes to disinfectants is also one of 

the major factors that affect the antimicrobial efficacy of sanitizers. The strains of L. 

monocytogenes that were isolated from an ice-cream and poultry plant when repeatedly 

exposed to QAC and tertiary alkylamine indicated that there was a need for gradual 

increase in sanitizing treatment concentration used for their inactivation (Lunden and 

others 2003). When the susceptibility of different L. monocytogenes strains were 

compared, the food isolates required a higher concentration of quaternary ammonium 

compounds (QAC) such as benzalkonium chloride and cetrimide when compared to the 
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clinical isolates, and led to the potential resistance development in these isolates over 

time due to their frequent exposure to such sanitization treatments in the processing 

facility (Mereghetti and others 2000). With such resistance development when exposed to 

the commonly used sanitizers, there is a need for exploration of alternative ways to 

control L. monocytogenes biofilms. 

Zhao and others (2004) investigated the use of a competitive exclusion strategy to 

eliminate L. monocytogenes biofilms using lactic acid bacteria such as Lactococcus lactis 

and Enterococcus durans which resulted in a greater than 5 log CFU/cm2 L. 

monocytogenes reduction in comparison to the control coupons which had 8 log CFU/cm2 

in biofilms over a period of 28 days. In addition, bacteriophages which are ubiquitously 

present in nature were also tested against L. monocytogenes biofilms. Bacteriophages are 

viruses which lyse host bacteria and can be used as a natural source for biofilm control. 

Soni and Nannapaneni (2010a) tested the antimicrobial efficacy of bacteriophage P100 

against multi-strain L. monocytogenes biofilms, and the results indicated a 3-5 log 

CFU/cm2 reduction. In the recent years, the use of natural antimicrobials has increased 

due to consumer awareness and also due to the possible resistance development in 

conventional chemical preservatives. Essential oils are natural antimicrobials which 

possess broad spectrum antimicrobial activity against gram positive and gram negative 

microorganisms. Essential oils are also considered potential candidates for the 

elimination of L. monocytogenes biofilm. 

2.6 Catfish processing industry 

The channel catfish, Ictalurus punctatus, is processed in the largest quantities in 

the United States. According to the Federal meat inspection act approved by U.S. 
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Congress in 2008, catfish production is currently regulated by the United States 

Department of Agriculture (USDA) Food Safety Inspection Service (FSIS) (McCoy and 

others 2010). Recent data suggest that farm raised catfish ranks sixth in the top ten sea 

foods consumed in America (Hanson and Sites 2011). The major catfish production in 

United States is carried out in southern states of Mississippi, Alabama, Arkansas and 

Texas, which according to National Agricultural Statistical Services (NASS) data 

accounted for 94% of the total annual sales in the year 2010. Moreover, Mississippi alone 

contributed to more than 271 million dollar catfish sales in 2010 which was about 54% of 

total catfish production in United States (NASS 2011; Kin 2011). Catfish shelf life is 

approximately 8-10 days and due to its highly perishable nature, if not preserved 

properly, can lead to significant economic losses. Catfish processing involves the 

following steps: stunning, filleting, sizing, chilling and cooling (Silva and others, 2001). 

During catfish processing, environmental conditions and storage temperature affect the 

growth of pathogenic microorganisms. Catfish are not associated with any major 

foodborne outbreaks because most of the seafood products are cooked before 

consumption. However, investigations reveal that foodborne pathogens such as L. 

monocytogenes and S. Typhimurium that are frequently associated with raw catfish 

products which can lead to post processing contamination in processing environments as 

well as in smoked catfish products  (McCoy and others 2010). 

2.7 Prevalence of L. monocytogenes in catfish processing environments 

During catfish processing, the variability in temperature and handling of catfish 

can contribute to L. monocytogenes contamination in catfish products (Fernandes and 

others 1998). In addition, the ability of L. monocytogenes to proliferate at refrigeration 
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temperature also contributes to L. monocytogenes contamination (Schmid and others 

2009). Several researchers have studied the prevalence of L. monocytogenes on catfish 

and in catfish processing plants (Chou and others 2006; Pao and others 2008; Chen and 

others 2010a). L. monocytogenes are isolated from catfish processing environments such 

as chiller water, de-heading machines, trimming boards but chiller water was the major 

contributor to L. monocytogenes contamination (Chen and others 2010a). In addition, 

Chen and others (2010b) studied the prevalence of L. monocytogenes in catfish 

processing environments, and the results from their study suggested that L. 

monocytogenes was not present on catfish skins and intestines while L. monocytogenes 

was highly prevalent in chilled catfish fillets (76.7%). Chou and others (2006) confirmed 

the presence of L. monocytogenes in as much has 25 to 47% of raw channel catfish fillets 

collected from catfish processing plants. Furthermore, Pao and others (2008) examined 

the microbial quality of fish fillets procured from retail markets and found out that L. 

monocytogenes was present in 23.5% of the catfish samples analyzed. In catfish 

processing plants, some particular serotypes of L. monocytogenes have been responsible 

for most frequent contamination. Chen and others (2010b) reported that the majority of L. 

monocytogenes isolated from catfish processing environments belonged to serotype 1/2b 

(62.2%) and serotype 3b (15.6%) whereas serotype 4b, 4e, 1/2c and 1/2a were detected 

sporadically. Chou and Wang (2006) discovered that L. monocytogenes serotypes 1/2a, 

1/2b, 3b and 4b were frequently isolated from catfish. The presence of L. monocytogenes 

in raw catfish may not be an issue if these fresh catfish fillets are properly cooked prior to 

consumption. However, for processing such as cold smoking are not lethal enough to 

eradicate L. monocytogenes hence initial contaminated raw catfish fillets can lead to final 

product containing L. monocytogenes Thus considering the high risk of L. monocytogenes 
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growth in catfish, there is a need for more stringent interventions for control and 

prevention of L. monocytogenes. 

2.8 Intervention strategies for control of L. monocytogenes in catfish processing 
environments and in raw catfish fillets 

The growth of L. monocytogenes on catfish can be controlled using chemical and 

physical intervention strategies. The chemical treatments include use of antimicrobials 

such as sodium lactate, trisodium phosphate and organic acids whereas physical 

treatments include smoking and irradiation. The current industry wide practice for 

controlling the growth of L. monocytogenes on catfish fillet is the use of 200 ppm 

chlorine in chiller water (Silva and others 2001). However, chlorine when applied at 200 

ppm did not result in reduction of L. monocytogenes or total aerobic plate count on 

salmon (Bremer and Osborne 1998). Verhaegh and others (1996) studied the 

antimicrobial efficacy of using a combination of monolaurin and lactic acid against L. 

monocytogenes on catfish fillets and their results showed that monolaurin at 400 µg/ml 

was not effective against L. monocytogenes, while dipping of catfish fillets in lactic acid 

solutions at 0.85, 1.70, or 2.55% resulted in L. monocytogenes reduction by 0.9, 1.4, or 

1.3 logs respectively. In addition, catfish fillets dipped in organic acids were also tested 

for efficacy against L. monocytogenes. Kim and Marshall (2001) studied the 

antimicrobial efficacy of lactic acid at 0.5-2% against L. monocytogenes firmly attached 

on the catfish skin at inoculum level of 104-105 CFU/g, and their results showed a 0.9 to 

>1.9 log CFU/g reduction of L. monocytogenes. However, a study examining the sensory 

aspect of catfish treated with an organic acid showed that the acid-treated catfish fillets 

resulted in lighter and yellower fillets in comparison to control (Bal’a et al. 1998). 

Moreover, grovac process (i.e. combination of ascorbic acid and sodium chloride) was 
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tested against A. hydrophila, E. coli, Listeria sp., Plesiomonas shigelloides, Proteus sp., 

S. aureus and V. parahaemolyticus on catfish fillets and results indicated a reduction of 

bacterial counts by 1.2 to 2.3 CFU/g (Ramos and Lyon 2000). 

The physical treatments such as smoking and irradiation have also been applied to 

seafood products including catfish. Both hot smoking (55-80°C) and cold smoking (15-

25°C) are routinely applied in industrial processing (Maga 1998). The phenolic 

components are generated from the smoking process and incorporation of these 

compounds in seafood products is proposed to provide increased shelf life 

(Efiuvwevwere and Ajiboye, 1996). While hot smoking can effectively reduce and 

eliminate pathogenic microorganisms by heat inactivation, the control of pathogenic 

microorganisms in cold smoking relies only on the antibacterial activity of phenolic 

compounds (Nickelson and others 2001). Norton and others (2001) analyzed 23 samples 

that were collected at different processing times of cold smoking operation and reported 

that 18% of these samples were contaminated with L. monocytogenes. Also, the same 

study indicated that 27% of the environmental samples were L. monocytogenes positive. 

Considering the widespread prevalence of L. monocytogenes and potential for post 

processing contamination along with limited antimicrobial efficacy of the cold smoking 

process, additional interventions are needed for cold-smoked products. 

Irradiation is another physical treatment that can be used for control of L. 

monocytogenes in catfish. Irradiation when applied at a dose of 2 kGy on catfish and 

tilapia fish resulted in almost 3 log CFU/g reduction of L. monocytogenes (Rajkowski 

2008). However, UV irradiation when applied on salmon skin and fillets, it led to color 

changes that resulted in a decreased overall quality (Ozer and Demirci 2006). The 

antimicrobial effects of combining physical and chemical treatments have also been 
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CHAPTER III 

DESTRUCTION OF LISTERIA MONOCYTOGENES BIOFILMS ON STAINLESS 

STEEL SURFACES BY ESSENTIAL OILS 

3.1 Introduction 

L. monocytogenes is the primary cause of listeriosis in the infected individuals. 

The groups which are at the highest risk from L. monocytogenes infections are pregnant 

women, newborns and adults with a weak immune system (Boland and others 2001; 

Ramaswamy and others 2007). L. monocytogenes is ubiquitous in nature and is frequently 

isolated from the food processing environment which serves as a primary source for its 

transfer into processed foods (McLauchlin and others 2003; Fenlon and others 1996). 

Consequently, L. monocytogenes has been isolated from different kinds of food products 

such as, dairy products, meat, poultry, seafood, fruits and vegetables (Johnson and others 

1990; Embarek 1994; Gandhi and Chikindas 2007; Lianou and Sofos 2007; Ramaswamy 

and others 2007). 

L. monocytogenes have the ability to form and reside within biofilm matrices. 

Recently, a screening of 21 different L. monocytogenes strains representing 13 different 

L. monocytogenes serotypes indicated that all L. monocytogenes serotypes are able to 

produce biofilms on polystyrene and stainless steel surfaces but at different levels with 

strains belonging to serotype 1/2a producing the strongest biofilms (Soni and 

Nannapaneni 2010). In food processing environments, commonly found niches for L. 

monocytogenes biofilm formation are conveyor belts, rubber seals, stainless steel 
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surfaces, floors etc. (FSIS 2006). Due to the formation of extracellular polymeric 

substances (EPS), biofilm cells are generally more resistant as compared to their 

planktonic counterparts (Folsom and Frank 2006).  

Chlorine, quaternary ammonium compounds, hydrogen peroxide, alkaline and 

electrolyzed water and sodium hypochlorite are some of the chemical compounds used 

for sanitization treatment in the food processing facilities (Arizcun and others 1998; 

Norwood and Gilmour 1999; Ayebah and others 2005; Pan and others 2006). Overall, 

these compounds resulted in 2-4 log CFU/cm2 reductions in L. monocytogenes biofilm 

population, although the degree of biofilm removal depends on the biofilm age, target 

surface and substrate on which the biofilms are produced (Yang and others 2009). One of 

the major concerns regarding the use of these conventional antimicrobials is the potential 

for microbial species to adapt to these compounds (Gandhi and Chikindas 2007). Thus, 

identifying novel GRAS antimicrobial compounds is warranted. As an example of these, 

recently it was shown that bacteriophage P100 was able to decrease multi-strain L. 

monocytogenes biofilms by 3-5 log CFU/cm2 (Soni and others 2010). Nonetheless, 

phages are considered to be highly specific for a particular strain, genus or serotype. So 

even though bacteriophage P100 possessed strong antimicrobial activity against multi-

strain L. monocytogenes biofilms, additional antimicrobial measures are still needed 

against other pathogenic microorganisms. The control of L. monocytogenes biofilm 

formation was also investigated by the application of competitive exclusion strategy 

using lactic acid bacteria such as Lactococcus lactis and Enterococcus durans which 

yielded a 2-6 log reduction as compared to the control coupons (8 log CFU/100 cm2) 

where biofilm cells were grown for a time period of 28 days (Zhao and others 2004). 
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Another important source of natural GRAS antimicrobials is the use of essential 

oils. Essential oils are aromatic liquids that were derived from the plant extracts by steam 

distillation process. The chemical composition of essential oils suggests that they consist 

of phenolic components which provide antimicrobial activity by causing damage to the 

cytoplasm membrane those results in a leakage of cell contents along with a depletion of 

the proton motive force (PMF) (Burt 2004). Considerable efforts have been employed for 

screening the antimicrobial efficacy of essential oils of different origins against various 

foodborne pathogens using a broth model system and to a limited extent using food 

components (Hammer and others 1999; Dorman and Deans 2000; Cutter 2000; Elgayyar 

and others 2001; Delaquis and others 2002). These reports highlights that the essential 

oils of thyme, oregano and carvacrol generally shows higher bactericidal activity than 

other essential oils (Smith-Palmer and others 1997; Marino and others 1999). In addition, 

gram positive organisms are more susceptible to these essential oils compared to gram 

negative (Dorman and Deans 2000; Lambert and others 2001; Burt 2004) and the 

efficacy of these oils is decreased by 10-100 fold in the food system compared to the 

broth medium (Burt 2004). With respect to the efficacy of essential oils against bacterial 

cells residing in the biofilm matrices, only a limited amount of work has been carried out. 

Nostro and others (2007, 2009) evaluated the direct contact and vapor form of essential 

oils of oregano, carvacrol and thymol and found out that these essential oils were 

effective in preventing biofilm formation as well as eradicating the preformed biofilms of 

S. aureus and S. epidermidis. In addition, these researches reported that the 

concentrations required that is required for the eradication and inhibition of biofilms were 

about 4 fold higher than that required for the inactivation of planktonic cells. Conesa-

Perez and others (2006) determined the antimicrobial activity of carvacrol and eugenol at 
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TSB and this process was continued for 4 days at 25ºC. At the end of 24 h or 4 days, the 

planktonic cells were siphoned using a sterile 10 ml pipette and wells were rinsed 

twice with sterile DI water. The essential oils were solubilized by diluting (1:1) in 

propylene glycol (PG) and then the desired essential oil concentrations were prepared by 

transferring 100 µl of the working stock into 50 ml of TSB. Then the TSB containing an 

essential oil concentration of 0.025% to 0.5% was added in duplicate into the 24-well 

plates with biofilms to allow for 4 h or 24 h exposure at 25 ºC. The untreated control 

wells consisted of TSB without essential oils. After 4 h and 24 h exposure, the essential 

oil solutions were removed and replaced with 2 ml of 0.1% peptone water to swab the 

well surfaces thoroughly using a sterile cotton swab to release the adhering L. 

monocytogenes biofilm cells. After this swabbing step, the released biofilm cells in 2 ml 

of 0.1% peptone water along with the cotton swab were added into 8 ml of 0.1% peptone 

water in a 15 ml centrifuge tube to vortex for 1 min. The resulting liquid was directly 

used or serially diluted in 0.8% saline for spread plating on TSA and incubated at 37°C 

for 24 h for the enumeration of surviving L. monocytogenes. The CFU numbers were 

determined and converted to CFU/ml. All experiments were repeated twice. 

3.2.7 Effect of essential oils against L. monocytogenes biofilms produced on 
stainless steel coupons 

The stainless steel (2 cm x 2 cm; 2B finish) coupons were used for biofilm 

formation after autoclaving at 121°C for 15 min. L. monocytogenes biofilm was formed 

for 4 days at room temperature (22 ± 2°C) on the stainless steel coupons maintained in a 

sterile polystyrene Petri dish. The stainless coupons were inoculated on the top surface 

with 200 µl of the five strain mixture of L. monocytogenes at ~106 CFU/ml in TSB. When 

observed at the end of each day, the majority of this liquid had evaporated (about ~150 
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µl) and the remaining liquid was pipetted out and replaced with 200 µl of TSB on the top 

of these coupons. At end of the forth day, all remaining aliquots from the coupons were 

pipetted out and subsequently the coupons were washed three times to remove all loosely 

attached cells. The washing step included repeated adding and flushing (after 2 min 

intervals) with 200 µl of sterile DI water on the coupon surfaces. 

The L. monocytogenes biofilm containing stainless steel coupons were 

subsequently subjected to the essential oil treatments. The essential oil solutions of 

thyme, oregano and carvacrol at desired concentrations were prepared as described 

previously in section (3.2.7). Two-hundred μl of these different essential oil 

concentrations were added on the top of the stainless steel coupons where biofilm cells 

were present and this treatment was applied for 4 h and 24 h at room temperature. The 

untreated control coupons received a DI water treatment instead of treatment with 

essential oil. After the above treatments, coupons were washed three times as described 

earlier and then subjected to enumeration of L. monocytogenes. For this purpose, the 

stainless steel coupons were placed in a 50 ml polystyrene tube containing 20 ml of 

peptone water (0.1% peptone and 0.02% Tween-80) and 5 glass beads (5 mm diam.) and 

vortexed (Labnet Int, NJ, USA) for 2 min. The vortexed solution was serially diluted 

using 0.8% saline for spread plating on TSA agar plates. When the counts of L. 

monocytogenes cells were expected to be low, 250 µl of the undiluted aliquot was 

directly spread plated on TSA to increase the assay sensitivity. These plates were 

incubated at 37ºC for 48 hours and the CFU/coupon were calculated. All experiments 

were replicated three times using duplicate coupons. 
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3.2.8 Statistical analysis 

The disk-diffusion assays were repeated three times with two replicates. The 

MIC, MBC and biofilm assays were repeated three times with three replicates. All CFU 

data were converted into Log CFU/coupon. The means and standard errors for the zone 

of inhibition, MIC, MBC and biofilm assays (log CFU/coupon) were calculated using 

Microsoft Excel. When desired, the Posthoc test Least Square Difference was performed 

using SPSS statistical analyses software package (SPSS version 17.0, Chicago, IL) to 

determine the statistical difference (P ≤ 0.05) between the control and essential oil 

treatments. 

3.3 Results 

3.3.1 Antimicrobial efficacy of 9 essential oils towards L. monocytogenes 

Table 3.2 shows the results from the initial screening of 9 different essential oils 

against one L. monocytogenes strain (Bug600, serotype 1/2a) by disk-diffusion method. 

These findings show that the essential oils of thyme, oregano and carvacrol were most 

effective against L. monocytogenes yielding a complete inhibition zone of 80 mm dia. 

While the essential oils of cinnamon, bay and eugenol were moderately inhibitive against 

L. monocytogenes showing a 36-51 mm dia Inhibition zones. By contrast, citrus essential 

oils such as lemon, orange and tangerine were least effective against L. monocytogenes 

showing a 14-21 mm dia inhibition zones. 

3.3.2 Antimicrobial efficacy of thyme, oregano and carvacrol against 13 serotypes 
of L. monocytogenes 

There were some distinct differences between serotypes or strains in L. 

monocytogenes with respect to the antimicrobial efficacy of some essential oils by the 

45 



 

 

     

      

  

   

        

      

    

     

      

     

   

      

       

     

   

 

  

     

     

  

     

   

disk- diffusion assay (Table 3.3). For example, all serotypes of L. monocytogenes were 

highly sensitive (70-80 mm dia. Inhibition zones) to thyme by the disk-diffusion assay. 

However, some differences were found between strains and serotypes for their sensitivity 

to oregano and carvacrol. For example, strains of serotypes 1/2a (strain EGD), 1/2c, 4ab, 

4e and 7 were highly sensitive and resulted in the 80 mm zones of inhibition with 

oregano whereas moderate zone of inhibition (48-72 mm) were found for other strains. 

Of particular interest, the two strains of 1/2a serotype which were clinically relevant 

produced larger zones of inhibition (69 and 80 mm) compared to the eight 4b serotype 

strains that are relevant to the food isolates which resulted in relatively smaller (50 to 66 

mm) zones of inhibition. With carvacrol, the strains of serotype 1/2a (strain EGD), 1/2c 

and 3c showed complete zones of inhibition while the inhibition zones with other 

serotypes were slightly less (44-72 mm). All four predominant serotypes of L. 

monocytogenes (1/2b, 3b, 4b and 4c) that are frequently found in catfish were sensitive to 

the essential oils of thyme, oregano and carvacrol as determined by the disk-diffusion 

assay. In general, under these in vitro tests, the essential oil of thyme was able to 

consistently result in greater inhibition zones against L. monocytogenes against all 

serotypes in comparison to oregano and carvacrol. 

3.3.3 MIC and MBC of essential oils against L. monocytogenes 

There were no serotype or strain dependent differences for the MIC and MBC of 

essential oils against the five L. monocytogenes strains that were tested. There were no 

differences between the antimicrobial efficacy of thyme, oregano and carvacrol towards 

different L. monocytogenes strains. A 0.05% or higher concentration of these three oils 

prevented the growth in all L. monocytogenes strains as measured by turbidity; hence the 
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MIC value was 0.05%. Also at this concentration, no L. monocytogenes surviving cells 

could be recovered when 1 ml aliquot of these treatments were spread plated on TSA; 

hence the MBC value was also 0.05%. 

3.3.4 L. monocytogenes sensitivity when exposed to sub-lethal concentrations of 
essential oils 

Two L. monocytogenes strains, Bug600 (1/2a) and ATCC 43257 (4b), when 

repeatedly challenged with lower concentrations of thyme, oregano and carvacrol 

essential oils at seven sequential times, the MIC of 0.05% was constantly maintained 

throughout this period and no increase in MIC values was observed against these 

essential oils. 

3.3.5 Antimicrobial efficacy of essential oils against L. monocytogenes biofilms 
produced in 24-well microtiter plates 

Figure 3.1 shows the antimicrobial efficacy of the essential oils of thyme, oregano 

and carvacrol at 0.025%, 0.05% and 0.1% against 1-day-old biofilms of L. 

monocytogenes formed in the 24-well microtiter plates at 25°C. For the 1-day-old L. 

monocytogenes biofilms, the exposure of thyme and oregano essential oils at 0.025% for 

24 h did not show any reductions in L. monocytogenes counts in comparison to the 

control. When their concentration was increased to 0.05% for 24 h, it decreased the L. 

monocytogenes counts by 4.8 log CFU/well for thyme and 3.89 log CFU/well for 

oregano. By using carvacrol at 0.05%, the decline in L. monocytogenes counts was as 

much as 6 log CFU/well after the 24 h treatment. All L. monocytogenes reductions with a 

0.05% concentration of thyme, oregano or carvacrol were greater than the control 

samples (P ≤ 0.05). 
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Figure 3.2 shows the antimicrobial efficacy of the essential oils of thyme, oregano 

and carvacrol at 0.025%, 0.05%, 0.1%, 0.25% and 0.5% against 4-day-old biofilms of L. 

monocytogenes formed in the 24-well microtiter plates at 25°C. The treatment of L. 

monocytogenes 4-day-old biofilms with essential oil of thyme at 0.025% did not result in 

a significant (p<0.05) reduction of L. monocytogenes counts after 4 h. However, when the 

exposure to 0.025% thyme was prolonged to 24 h, it resulted in a 1.5 log CFU/well 

reduction in L. monocytogenes cell counts (P ≤ 0.05). The essential oil of thyme at 0.05% 

decreased L. monocytogenes counts by 1.1 log CFU/well after 4 h or 3.2 log CFU/well 

after 24 h. No further decreases in L. monocytogenes counts were observed when the 

essential oil concentration of thyme was further increased to 0.1%, 0.25% or 0.5%. 

When the essential oil of oregano was applied at 0.025% for 4 h, there was an 

insignificant reduction in L. monocytogenes counts by 0.72 log CFU/coupon but when it 

was extended to 24 h, it reduced the L. monocytogenes counts by 3.27 log CFU/well (P ≤ 

0.05). By increasing the concentration of oregano essential oil to 0.1 %, the reductions in 

L. monocytogenes CFU/well were approximately 3 log after 4 or 24 h treatment. 

Similarly to treatment with thyme, no further decreases in L. monocytogenes biofilm cell 

mass were observed when the concentrations were further increased from 0.1% to 0.25% 

or 0.5%. With the exposure of carvacrol essential oil at 0.05%, there was a reduction of 

L. monocytogenes biofilm counts by 2 log CFU/well after 4 h or 3 log CFU/well after 24 

h. Increase in the concentration of carvacrol to 0.1%, 0.25% or 0.5% did not aid in 

additional inactivation of the L. monocytogenes biofilm cells. 
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3.3.6 Antimicrobial efficacy of essential oils against L. monocytogenes biofilm 
produced on stainless steel coupons 

Figure 3.3 shows the inactivation of L. monocytogenes biofilms produced on the 

stainless steel coupons when exposed to 0.1%, 0.25% and 0.5% of essential oils of 

thyme, oregano and carvacrol for 4 h or 24 h. The inactivation of L. monocytogenes cells 

on stainless steel coupons was dependent on both exposure time and concentration of 

essential oils employed. The amount of L. monocytogenes cells recovered from the 

biofilms produced on the stainless steel surfaces was ~ 7 logs CFU/coupon. By a 4 h 

treatment with 0.1% thyme, oregano or carvacrol resulted in less than 1 log CFU/coupon 

reduction of L. monocytogenes. When exposure time was increased to 24 h, the 0.1% 

thyme caused reduction of L. monocytogenes cells by 1.5 log CFU/coupon while oregano 

and carvacrol were slightly more effective causing reduction of L. monocytogenes by 3.7 

and 2.8 log CFU/coupon, respectively. By exposure of L. monocytogenes biofilm cells to 

0.25% of thyme, oregano and carvacrol, it resulted in a reduction of biofilm cells by 2-3 

logs CFU/coupon. However, when the direct contact with essential oils was extended to 

24 h, the 0.25% essential oils of thyme, oregano and carvacrol resulted in a complete 

eradication of L. monocytogenes cells as compared to control. When L. monocytogenes 

biofilm cells produced on the stainless steel coupons were exposed to 0.5% of oregano 

and carvacrol for 4 h, it was reduced to undetectable level whereas thyme essential oil 

resulted in almost 6 log CFU/coupon reduction of L. monocytogenes biofilm cells. 

Similar efficacy in L. monocytogenes biofilm reductions were also maintained following 

24 h exposure with 0.5% concentrations of these essential oils. 
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3.4 Discussion 

In the present study, we evaluated the ability of different essential oils to 

inactivate L. monocytogenes tough biofilm cells produced within the microtiter wells and 

on the stainless steel surfaces at 25°C. Prior to these assays, we conducted a preliminary 

screening of 9 essential oils using a disk-diffusion assay and observed that thyme, 

oregano and carvacrol contained the most effective essential oils at inhibiting L. 

monocytogenes serotype 1/2a. Similarly, several other researchers have shown that the 

antimicrobial efficacy of thyme, oregano and carvacrol is relatively strong (Lambert and 

others 2001; Friedman and others 2002; Karatzas and others 2001). We also tested these 

three essentials oils against 21 different L. monocytogenes strains representing 13 

different serotypes and found some noticeable strain or serotype specific responses to 

some essential oils by the disk-diffusion assay. However, there was no specific pattern of 

differentiation among the activity of these essential oils against the different serotypes. 

There were no differences between the MIC and MBC of these essential oils which was 

found out to be 0.05% for all thyme, oregano and carvacrol against L. monocytogenes 

strains of 1/2a and 4b serotype. Also in another study, a similar MIC and MBC of tea tree 

essential oil was observed against E. coli AG100 and S. aureus (Cox and others 2000). If 

the MIC value was higher than the MBC, then it would have indicated that the lower 

concentrations of these essential oils are listeriostatic and higher concentrations are 

listericidal. When both MIC and MBC were same, it indicates that the antimicrobial 

activity of these three essential oils was listericidal rather than listeriostatic under these 

conditions. 

The increased resistance of microbial cells as a result of repeated exposure to an 

antimicrobial agent is a common concern (Mereghetti and others 2000; Lunden and 
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others 2003). In our study, the repeated exposure of Bug600 (1/2a) and ATCC 43257 (4b) 

to essential oils of thyme, oregano and carvacrol for seven times indicated no adaptation 

of L. monocytogenes to these essential oils. In contrast, the strains of L. monocytogenes 

isolated from an ice-cream and poultry plant when repeatedly exposed to QAC and 

tertiary alkylamine indicated that a gradual increase in sanitizing treatment concentrations 

was required for their inactivation (Lunden and others 2003). The analysis of different L. 

monocytogenes strains showed that as compared to clinical isolates, food isolates require 

higher concentrations of QAC such as benzalkonium chloride and cetrimide, which 

indicates the potential resistance development in these isolates over time due to their 

gradual exposure to such sanitation treatments in the processing facility (Mereghetti and 

others 2000). However, Holah and others (2002) observed no differences in the resistance 

of food processing and laboratory isolates of L. monocytogenes that were collected from 

the analysis of 30000 samples over a 3 year period. Al-Doori and others (2007) also 

found no resistance development in S. aureus cells by a repeated exposure of octenidine 

dihydrochloride for 3 months. Thus, the resistance development if ever occurs could be 

specific to the type of antimicrobial agent used. Therefore, longer-term studies should be 

performed to comprehensively understand the effect of essential oils on the resistance 

development in L. monocytogenes in environments that are similar to that of plant 

processing facilities (i.e. in the constant presence of food residue and multispecies 

biofilm). Since the antimicrobial activity of essential oil is a cumulative effect of damage 

to the cytoplasmic membrane, depletion of the proton motive force and loss of ATPase 

activity (Burt 2004), it has been suggested that the resistance development with the 

essential oil is a very low risk event (Dafererae and others 2003). 
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For producing persistent biofilms in polystyrene microtiter plate well surfaces or 

on stainless steel coupons, we used a five strain mixture of L. monocytogenes that 

comprised of two strains of serotypes 1/2a and three strains of serotypes 4b. Within L. 

monocytogenes, the strains of serotype 1/2a belonging to lineage I are the most prevalent 

in environmental and clinical samples and those of serotype 4b belonging to lineage II are 

the most prevalent in food samples (Piffaretti and others 1989; Nadon and others 2001; 

Borucki and others 2003). In terms of biofilm production, strains of serotypes 1/2a are 

relatively stronger biofilm producers when compared to other L. monocytogenes 

serotypes whereas serotype 4b are medium biofilm producers (Borucki and others 2003; 

Harvey and others 2007) and similar observations were found in our previous study (Soni 

and Nannapaneni 2010). Therefore, the use of these two serotypes provided a diverse 

strain mixture with different biofilm producing capabilities. L. monocytogenes cells were 

recovered from the stainless steel coupons by 2 min of vortexing in 20 ml of peptone 

water that contained 0.02% Tween 80. Previously, Lindsay and Holy (1997) tested the 

efficacy of sonication, vortexing, and shaking with beads in recovering L. monocytogenes 

biofilm cells from the stainless steel coupons and found that all three methods resulted in 

similar recovery.  

In the polystyrene microtiter wells, the age of the biofilm had a significant 

influence of the concentrations of essential oils required to inactivate these biofilm cells. 

For example, 24 h exposure with 0.1% essential oils of thyme, oregano and carvacrol 

resulted in a complete 7.6 log CFU/well elimination of L. monocytogenes -1-day-old 

biofilm cells. However, the similar 24 h treatment with 0.1% concentrations of these 

essential oils resulted in only 2.5-3 log reductions in 4-day old L. monocytogenes biofilm 

cells. Moreover, there was very limited effect of increasing essential oil concentrations on 
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inactivation of 4-day old L. monocytogenes biofilm cells. No further decrease in these 4-

day old biofilm cells were observed when the essential oils concentrations were increased 

from 0.1% to 0.25% or 0.5% (P ≥ 0.05). 

On the stainless steel coupons, the reductions in L. monocytogenes biofilm cells 

was both time and essential oil concentration dependent irrespective of the three essential 

oils that were used. At the end of 24 h, no surviving L. monocytogenes biofilm cells were 

recovered from the stainless steel coupons after 0.25% exposure of thyme, oregano or 

carvacrol. However, based on the MBC assay, only 0.05% concentrations of these 

essential oils were needed to completely inactivate the L. monocytogenes cells in a 

planktonic condition. These findings illustrate that approximately a 5-time higher 

concentration of essential oil was required for the inactivation of L. monocytogenes 

biofilm cells over their planktonic counter parts. Similar to these observations, it was also 

reported that the L. monocytogenes biofilm cells exert higher resistance against 

antimicrobial and sanitation treatments when compared to the planktonic cells. For 

example, 1000 ppm of sodium hypochlorite was needed to achieve a 2 log reduction of L. 

monocytogenes in a multispecies biofilm, while their planktonic cells required only 10 

ppm free chlorine for 30 sec to yield a 8 log reduction (Norwood and Gilmour 2001). 

Chavant and others (2004) reported that among sanitizers tested, quaternary ammonium 

(20 ppm) was very lethal yielding 100% inactivation of L. monocytogenes planktonic 

cells. However, Quaternary ammonium sanitization treatment of 7 day-old L. 

monocytogenes biofilm only resulted in a 40% reduction in L. monocytogenes cells. 
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3.5 Conclusions 

In conclusion, our findings suggest that the essential oils of thyme, oregano and 

carvacrol are highly effective against diverse strains of L. monocytogenes representing 

different serotypes and that essential oils can be effectively used to inactivate the L. 

monocytogenes biofilms. Further experiments will determine the efficacy essential oils 

against L. monocytogenes biofilm cells produced in the presence of natural food residue 

and other native microflora occurring within the processing plant. It will be useful to 

know if essential oils in vapor form can reach the hidden areas of the stainless steel 

equipment to destroy persisting L. monocytogenes in food processing environments. 
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Table 3.1 List of 21 strains of Listeria monocytogenes representing all 13 serotypes 
tested in this study 

Strain ID Serotype Lineage Isolation source 
V7 1/2a II Raw Milk (FDA) 
EGD 1/2a II Institute Pasteur, Paris, France 

Human cerebrospinal fluid and blood 
F4260 1/2b II (CDC) 
V2 1/2c II Spinal fluid of man, Scotland (VICAM) 
ATCC 19113 3a II Human, Denmark(ATCC) 
SLCC 2540 3b I Human cerebrospinal fluid (SLCC) 
SLCC 2479 3c I Unknown (SLCC) 
ATCC 19114 4a III Bovine brain (ATCC) 
Murray B 4ab II FDA 
F4393 4b I Cheese (CDC) 
F5069 4b I Milk (CDC) 
ATCC 43257 4b I Mexican style cheese, California 
F1109 4b I Milk (CDC) 
ScottA 4b I Human clinical (FDA) 

Epidemic strain, CA, USA (1985) 
F2385 4b I outbreak 
NRRL 33083 4b I Animal origin (USDA-ARS) 
F1057 4b I Milk(CDC) 
ATCC 19116 4c III Chicken (ATCC) 
ATCC 19117 4d II Sheep (ATCC) 
ATCC 19118 4e II Chicken (ATCC) 
C 2782 7 II Human feces (SLCC) 

Table 3.2 Screening of 9 different essential oils against Listeria monocytogenes 
serotype 1/2a using a disk diffusion assay 

Essential Oils Inhibition zone (mm) 
by disk-diffusion assay ± S.D. 

Cinnamon leaf oil 36 ± 1 
Lemon oil- Citrus lemon 21 ± 3 
Orange oil 13 ± 3 
Tangerine oil 14 ± 3 
Thyme oil 80 ± 0 
Oregano oil 80 ± 0 
Eugenol 51 ± 3 
Carvacrol 80 ± 0 
Bay oil 48 ± 1 
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Table 3.3 Screening of thyme, oregano and carvacrol essential oils against 21strains of 
Listeria monocytogenes representing all 13 serotypes using a disk-diffusion 
assay 

Strain ID Serotype Average Zone of Inhibition (mm) ± S.D 
Thyme Oregano Carvacrol 

V7 1/2a 80 69 ± 3 68 ± 4 
EGD 1/2a 80 80 80 
F4260 1/2b 69 ± 11 72 ± 8 53 ± 13 
V2 1/2c 80 80 80 
ATCC 19113 3a 80 59 ± 11 67 ± 4 
SLCC 2540 3b 80 63 ± 2 56 ± 15 
SLCC 2479 3c 80 63 ± 5 80 
ATCC 19114 4a 80 63 60 ± 1 
Murray B 4ab 80 80 66 ± 1 
F4393 4b 80 66 ± 1 60 ± 2 
F5069 4b 80 58 ± 3 60 ± 1 
ATCC 43257 4b 80 54 ± 1 57 ± 3 
F1109 4b 50 61 ± 7 52 ± 4 
ScottA 4b 74 ± 7 48 ± 5 58 ± 6 
F2385 4b 80 54 ± 1 63 ± 1 
NRRL 33083 4b 80 60 ± 2 52±5 
F1057 4b 80 50 53 ± 2 
ATCC 19116 4c 80 71 ± 10 72 ± 9 
ATCC 19117 4d 72 ± 8 49 ± 3 44 ± 3 
ATCC 19118 4e 80 80 68 ± 6 
C 2782 7 80 80 55 
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Figure 3.1 Reduction of L. monocytogenes biofilms formed in 24 well microtiter 
plates for 1 day at 25◦C after treatment with essential oils of (A) Thyme, 
(B) Oregano and (C) Carvacrol for 24 h 

Bars with different lowercase letter show the mean significant differences for L. 
monocytogenes reduction by different essential oils at varying concentrations based on 
one-way ANOVA posthoc LSD test (P ≤ 0.05) 
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Figure 3.2 Reduction of L. monocytogenes cells from L. monocytogenes biofilms 
formed in 24 well microtiter plates for 4 days at 25◦C after treatment with 
essential oils of (A) Thyme, (B) Oregano and (C) Carvacrol for 4 h and 
24 h 

Solid bars represent the control (no essential oils), and bars with hatched lines represent 
the essential oil treatment at concentration of 0.1%, 0.25% and 0.5%. Bars with different 
lowercase letters show mean significant differences in L. monocytogenes reductions 
compared to control samples based on one-way ANOVA Posthoc LSD test (P ≤ 0.05) 
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Figure 3.3 Reduction of L. monocytogenes biofilm cells formed on stainless steel 
coupon surfaces for 4 days at 25◦C after treatment with essential oils of (A) 
Thyme, (B) Oregano and (C) Carvacrol for 4 h and 24 h 

Bars with different lowercase letters show mean significant differences in 
L.monocytogenes reductions based on one-way ANOVA Posthoc LSD test (P ≤ 0.05) 
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CHAPTER IV 

REDUCTION OF LISTERIA MONOCYTOGENES ON FRESH CATFISH FIILLETS 

BY ESSENTIAL OILS 

4.1 Introduction 

According to the current data provided by NASS (2011), the overall sales for 

catfish growers in United States last year reported 403 million U.S. dollars, in which the 

Mississippi, Alabama, Arkansas and Texas accounted for 94% of the overall sales in 

United States. Catfish has a shelf life of 8-10 days (Soni and Nannapaneni 2010) and 

because of its highly perishable nature, if not preserved properly, can lead to huge 

economic losses. The seafood products are not generally associated with any major 

foodborne outbreaks because they are cooked before consumption (McCoy and others 

2011). However, due to the high prevalence of L. monocytogenes in catfish processing 

environments, it can lead to cross contamination at home or in the restaurants during food 

preparations.  

Several published studies have reported on the high occurrence of L. 

monocytogenes in catfish processing environments (Chou and others 2006; Pao and 

others 2008; Chen and others 2010). The findings by Chou and others (2006) confirmed 

the presence of L. monocytogenes in 25 to 47% of raw channel catfish fillets collected 

from the catfish processing plants. Recently, Chen and others (2010) showed that L. 

monocytogenes were highly prevalent in catfish processing environments such as chiller 
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water, the de-heading machine, and the trimming board. In addition chiller water was 

reported as the most significant source of L. monocytogenes contamination. 

Due to a high occurrence of L. monocytogenes contamination in catfish 

processing environments, improved sanitation procedures and intervention strategies 

must are needed in order to control and prevent the growth of L. monocytogenes in 

catfish. Several physical and chemical strategies have been evaluated for control of L. 

monocytogenes on catfish. The physical treatment includes smoking and irradiation while 

chemical treatments include the use of antimicrobials such as chlorine, sodium lactate, 

trisodium phosphate and organic acids (Verhaegh and others 1996; Bal’a and others 

1998; Kim and Marshalls 2002; Silva and others 2008). The physical treatments such as 

smoking and irradiation have also been applied on seafood products including catfish. 

Both hot smoking (55-80°C) and cold smoking (15-25°C) are routinely applied in 

industrial processing (Maga 1998). The phenolic components are generated during the 

smoking process and incorporation of these compounds in seafood products is proposed 

to provide increased shelf life (Efiuvwevwere and Ajiboye, 1996). While hot smoking 

can effectively reduce and eliminate pathogenic microorganisms by heat inactivation, the 

control of pathogenic microorganisms in cold smoking relies solely on the ability of these 

phenolic compounds (Nickelson and others 2001). Norton and others (2001) analyzed 23 

samples that were collected at different processing time in a cold smoking operation and 

reported that 18% of these samples were contaminated with L. monocytogenes. The same 

study also reported that 27% of the environmental samples were L. monocytogenes 

positive. Considering, this wide spread prevalence of L. monocytogenes and the 

possibility of post processing contamination along with limited antimicrobial efficacy of 

the cold smoking process, additional interventions are needed for such type of products. 
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Non-thermal treatments such as irradiation have also been examined to control the 

growth of bacterial pathogens on catfish. The antimicrobial efficacy of irradiation was 

tested against L. monocytogenes on catfish and tilapia fish and the results from the study 

indicated that the radiation dose of 2 kGy resulted in an approximately 3 log CFU/g 

reduction of L. monocytogenes (Rajkowski 2008). However, Ozer and Demirci (2006) 

suggested that that the application of irradiation treatment on salmon skin and fillets 

affected the sensory properties of salmon by reducing the color, quality and causing 

decreased sensory acceptance. 

The application of chemical antimicrobials has also been evaluated for their 

ability to combat problem of L. monocytogenes contamination in fresh catfish fillets. The 

current industry- wide practice is the use of chlorine at 50-200 ppm in chiller water (Silva 

and others 2001). Bremer and others (1998) observed that 200 ppm chlorine against L. 

monocytogenes inoculated on salmon did not result in the complete elimination of L. 

monocytogenes. Organic acids have also been applied on catfish to control the growth of 

L. monocytogenes. When Kim and Marshall (2001) tested the antimicrobial efficacy of 

lactic acid at 0.5-2% against firmly attached L. monocytogenes on catfish skin at a 

inoculum level of 104-105 CFU/skin, it yielded a 0.9–>1.9 log CFU/skin reduction of L. 

monocytogenes. However, it has also been reported that acid treated catfish fillets were 

lighter and yellower fillets in comparison to control (Bal’a and others 1998). 

Due to the lack of effective current interventions for controlling L. monocytogenes 

in catfish processing environments, there is a demand for alternatives and more efficient 

ways to control the incidence and growth of L. monocytogenes in fresh catfish fillets. 

Bacteriophages are known for their ubiquitous distribution in nature which have also 

been tested for their antimicrobial efficacy against L. monocytogenes. When GRAS 
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antimicrobial bacteriophage Listex P100 was tested against L. monocytogenes, there was 

a 1.4–2.3 log CFU/g reduction of L. monocytogenes counts from the initial level of 4 log 

CFU/g on fresh catfish fillets at different temperatures (Soni and Nannapaneni 2010). 

However, phages are highly specific for the target bacterial species and they do not kill 

other microbes. 

Another important source of natural antimicrobials is the use of essential oils 

which are aromatic liquids extracted from plants by the process of steam distillation. 

Essential oils are known for their broad-spectrum activity against both Gram-positive and 

Gram-negative foodborne pathogens (Burt 2004). Previously, the antimicrobial activities 

of essential oils were tested in vitro using broth models against various foodborne 

pathogens (Hammer and others 1999; Cutter and others 2000; Dorman and Deans 2000; 

Elgayyar and others 2001; Delaquis and others 2002). Essential oils of thyme, oregano 

and carvacrol possess strong listericidal activity (Smith-Palmer and others 1998; Marino 

and others 1999). The application of many essential oils as natural antimicrobials in food 

products is currently limited because they impart flavors to food products and thus affect 

the sensory perception of food product. Very few studies have focused on the use of 

essential oils in seafood products to control the growth of foodborne pathogens. Kim and 

others (1995) studied the antimicrobial efficacy of carvacrol at 3% against S. 

Typhimurium inoculated on fish cubes. The results from this study indicated that 

carvacrol was highly effective against S. Typhimurium. In addition, thyme and oregano 

essential oils were also applied at 0.05% in Asian sea bass. The application of essential 

oils kept the total microbial load on fish skin at 105 CFU/cm2 and also decreased it to 103 

CFU/cm2 on fish flesh after 33 days of storage at 0 to 2°C while in control fish samples, 

the bacteria grew to 107 CFU/cm2 on sea bass (Harpaz and others 2003). So considering 
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the potential of thyme, oregano and carvacrol essential oils against various foodborne 

pathogens the essential oils were applied to fresh catfish fillets to control the growth of L. 

monocytogenes. 

Therefore, the focus of the present study was: (a) to screen the antimicrobial 

efficacy of essential oils against predominant L. monocytogenes serotypes isolated from 

catfish processing environments; (b) to determine the antimicrobial efficacy of the 

essential oils of thyme, oregano, carvacrol, lemon, orange and tangerine in broth medium 

at 4ºC for 10 days against L. monocytogenes isolates obtained from fish; (c) to determine 

the antimicrobial efficacy of thyme, oregano and carvacrol against L. monocytogenes on 

fresh catfish fillets by dipping treatment for 30 min at 4ºC; and (d) to evaluate the 

antilisterial effect of essential oils on catfish fillets inoculated with L. monocytogenes 

during their shelf life at 4ºC for 10 days. 

4.2 Materials and Methods 

4.2.1 L. monocytogenes strains 

Four L. monocytogenes strains representing serotypes 1/2b, 3b, 4b and 4c that 

were found on catfish were used. These four strains were previously isolated from catfish 

processing environments (Chen and others 2010). All four L. monocytogenes strains were 

maintained in tryptic soy agar (TSA) slants at 4°C and were subcultured in 10 ml of 

tryptic soy broth (TSB) at 37°C for 24 h to attain L. monocytogenes cell concentration 

level of ~109 CFU/ml. The four-strain mixture of L. monocytogenes strains was prepared 

by mixing equal volumes (2 ml) of the overnight grown cell suspensions of each strain. 

The four-strain mixture of L. monocytogenes was further serially diluted in 0.8% saline to 

achieve a desired cell concentration for inoculation onto TSB broth or catfish fillets. 
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4.2.2 Antimicrobial agents 

The essential oils used in the present study were obtained from the following 

sources: The essential oil of thyme (100%) and carvacrol (>98%) were purchased from 

Sigma Aldrich (Sigma Aldrich, St. Louis, MO, United States). The essential oils of lemon 

(100%), orange (100%), oregano (100%) and tangerine (100%) were purchased from 

Now Foods Inc. (Now foods, Bloomingdale, IL, USA). The essential oils of thyme, 

oregano, carvacrol, lemon, orange and tangerine were used at concentrations of 0.01%, 

0.1%, 0.5% and 1% in the broth study. On catfish fillets, the essential oils of thyme, 

oregano and carvacrol were applied at concentrations of 1%, 2% or 5% (w/v) 

concentrations. The essential oils were solubilized by diluting (1:1) in propylene glycol 

(PG) and desired concentrations were then prepared in sterile DI water or TSB. These 

essential oil solutions were vortexed for 2 min prior to use. 

4.2.3 Disk-Diffusion assay 

The essential oils of thyme, oregano, carvacrol, lemon, orange and tangerine were 

screened using a disk-diffusion assay against four L. monocytogenes strains (serotypes 

1/2b, 3b, 4b and 4c) that were isolated from catfish processing environments. The 

overnight cultures of all four strains were serially diluted in tryptic soy broth (TSB) to 

107 CFU/ml. On PALCAM agar (supplemented with 6 mg/lit of Ceftazidime), 100 µl of 

L. monocytogenes strains were first spread plated. A sterile paper disc (6mm in dia.) was 

placed aseptically in the center of the PALCAM agar plates and was later impregnated 

with 20 µl of essential oil. These plates were incubated at 37°C for 48 h to observe the 

zone of inhibition which were measured using a metric ruler. These experiments were 

repeated twice. 
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4.2.4 Effect of essential oils against fish isolates of L. monocytogenes in broth 
model at 4°C 

The antimicrobial efficacy of the essential oils of thyme, oregano, carvacrol, 

lemon, orange and tangerine were evaluated against a four strain mixture of L. 

monocytogenes that were isolated from catfish processing environments in tryptic soy 

broth (TSB ) at 4°C. The four strain L. monocytogenes mixture was serially diluted in 10 

ml of TSB to ~ 104 CFU/ml. The L. monocytogenes mixed cell suspension in TSB was 

treated with essential oils of thyme, oregano, carvacrol, lemon, orange and tangerine 

(diluted 1:1 with propylene glycol) at concentrations of 0.01%, 0.1%, 0.5% and 1.0%. 

The broth tubes were incubated at 4°C and L. monocytogenes counts were enumerated 

after 30 min and at 1, 5 and 10 days by directly spread plating 100 µl of this solution with 

or without serial dilution (in 0.8% saline) on tryptic soy agar (TSA) plates. The TSA 

plates were incubated for 24 h at 37 °C for counting colony forming units (CFU). The 

broth model was tested at 4°C to mimic refrigerated catfish storage conditions. All 

experiments were repeated three times with two replicates. 

4.2.5 Surface inoculation of catfish fillet samples with L. monocytogenes 

The fresh channel catfish fillets were procured from a local grocery store and 

were stored at 4°C for 24 h. The whole fresh catfish fillet was cut into 5 g pieces 

(approximately 2 cm2 top surface area) using a sterile knife on a sterile cutting board 

(Soni and Nannapaneni 2010). For inoculation with L. monocytogenes, catfish fillet 

samples of 5g each were placed in a sterile weighing dish (Fisher brand, hexagonal 

polystyrene weighing dishes and 10.2 cm dia.). Four strain mixtures of L. monocytogenes 

was serially diluted to ~107 CFU/ ml in 0.8% saline and 100 µl of this L. monocytogenes 

cell mixture was spotted on the top surface of catfish fillet samples to yield an initial 
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population of L. monocytogenes cells of ~ 5 log CFU/g. L. monocytogenes cells were 

allowed to bind on the catfish fillet surface by letting it air dry for 15 min in a Biosafety 

Level-2 laminar flow hood and subjected to treatment with essential oils. 

4.2.6 Efficacy of chlorine against L. monocytogenes and total microbial load on 
fresh catfish fillets 

We tested the effectiveness of 200 ppm chlorine against L. monocytogenes and 

total microbial loads on fresh catfish fillets. The catfish fillets were inoculated with four 

strains mixture of L. monocytogenes at about 4.5 log CFU/g. Chlorine at 200 ppm was 

prepared by mixing 120 μl of 6% NaOCl in 30 ml of sterile DI water just before 

treatment. The inoculated catfish fillet samples were dipped in 30 ml of a 200 ppm of 

chlorine solution at 4°C for 30 min. After 30 min of chlorine treatment, the catfish fillets 

were enumerated for L. monocytogenes counts. Another set of catfish fillets that were not 

inoculated with L. monocytogenes were also dipped in the chlorine solution as described 

above for the determination of total microbial loads naturally present on catfish fillets. 

The fillet samples were enumerated of L. monocytogenes and for total microbial loads as 

described below in section 4.2.9. 

4.2.7 Efficacy of essential oils against L. monocytogenes and total microbial loads 
on fresh catfish fillets 

Essential oil solutions of thyme, oregano and carvacrol were solubilized by 

diluting (1:1) in propylene glycol and then at 1%, 2% and 5% concentrations were 

prepared in sterile DI water. These solutions were chilled for 2 h at 4°C to mimic catfish 

chiller water conditions. One set of catfish fillet samples were inoculated with L. 

monocytogenes for dipping in 1%, 2% or 5% essential oil solutions of thyme, oregano 

and carvacrol for 30 min at 4ºC by using a 30 ml solution for dipping two catfish fillet 
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samples. Similarly, the control untreated fillet samples inoculated with L. monocytogenes 

were dipped in 30 ml sterile DI water (without essential oils) under the same conditions. 

Subsequently, these catfish fillet samples were subjected to L. monocytogenes 

enumeration as described below in section 4.2.9. Another set of catfish fillet samples 

without inoculation with L. monocytogenes were also dipped in the similar essential oils 

solutions as described below for the determination of naturally occurring total microbial 

loads. 

4.2.8 Effect of essential oils against L. monocytogenes growth during shelf life 
study of fresh catfish fillets stored at 4°C 

The catfish fillet samples (5 g each) were inoculated with a four strain mixture of 

L. monocytogenes approximately 4 log CFU/g. The inoculated catfish fillet samples were 

dipped in 30 ml essential oil solutions of lemon and carvacrol at 1% and 2 % and also a 

combination of 1% carvacrol and 1% lemon essential oil for 30 min at 4°C. After 30 min 

dipping treatment with fillet samples, the essential oil solutions were drained out and the 

catfish fillet samples were stored at 4°C to evaluate the antimicrobial efficacy of essential 

oils over the shelf life period of 10 days. These catfish fillet samples were tested for the 

survival of L. monocytogenes counts at the end of 1, 5 and 10 days. 

4.2.9 L. monocytogenes and total microbial load enumeration after essential 
treatments of catfish fillets 

The published procedure for the enumeration of L. monocytogenes and total 

microbial loads on catfish fillet samples (Soni and Nannapaneni (2010)) was followed 

with some modifications. Catfish fillet samples treated with essential oils or chlorine 

solutions were aseptically placed in a stomacher bag containing 45 ml of 0.1% peptone 

water (0.1% peptone, 0.02% Tween 80) and the samples were stomached for 2 min 
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(model 400C, Seward, Medical, London, UK). Stomached aliquots of 250 µl were 

surface plated on Listeria selective PALCAM agar plates (containing 6 mg/lit of 

Ceftazidime as supplement). When necessary the stomached aliquots were serially 

diluted in 0.8% saline to obtain countable colonies of L. monocytogenes. PALCAM agar 

plates were incubated at 37°C for 48 h and the numbers of L. monocytogenes colonies 

were noted as colony forming units (CFU) and this CFU data were multiplied by a 

dilution factor to express as CFU/g. 

For enumeration of total microbial loads on fresh catfish fillets, the aliquots of 

stomached homogenate were serially diluted in 0.8% saline and 100 μl from appropriate 

dilutions were spread plated on Plate Count Agar (PCA). Plates were incubated at room 

temperature for 24-48 h. Following incubation, the raw CFU data were recorded and 

were multiplied by a dilution factor and were calculated in terms of CFU/g. 

4.2.10 Statistical Analysis 

The disk-diffusion assay was repeated three times with two replicates. The 

experiments testing the efficacy of essential oils against L. monocytogenes and total 

microbial load on catfish fillets were repeated three times with two subsamples. The raw 

CFU data were converted to log CFU/g. Mean and standard errors for zone of inhibition 

and for CFU counts were calculated using Microsoft Excel. The Posthoc test Least 

Square Difference was performed using SPSS statistical analyses software package 

(SPSS version 17.0, Chicago, IL) to determine the statistical difference (P ≤ 0.05) against 

control and within essential oil treatments. 
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4.3 Results 

4.3.1 Screening of essential oils for their antimicrobial efficacy against 
predominant L. monocytogenes serotypes occurring in catfish 

Table 4.1 shows the results from the screening of essential oils of thyme, oregano, 

carvacrol, lemon, orange and tangerine against four different L. monocytogenes strains 

(representing serotypes 1/2b, 3b, 4b and 4c) using disk-diffusion assay. The results from 

the disk-diffusion assay indicate that the essential oils of thyme, oregano and carvacrol 

were highly effective against all L. monocytogenes strains (serotype 1/2b, 3b, 4b and 4c) 

giving zone of inhibitions ranging from 68- 80 mm in dia. Conversely, lemon essential oil 

was moderately effective against all L. monocytogenes strains showing zone of inhibition 

of 22-53 mm in dia. The essential oils of orange and tangerine were the least effective 

against all L. monocytogenes strains resulting in zone of inhibition of 14-24 mm in dia. 

4.3.2 Antimicrobial efficacy of essential oils against four strain mixture of L. 
monocytogenes in a broth model at 4°C 

Figures 4.1 and 4.2 shows the antimicrobial efficacy of essential oils of thyme, 

oregano, carvacrol, lemon, orange and tangerine at different concentrations (0.01%, 

0.1%, 0.5 % and 1%) against a mixture of L. monocytogenes fish isolates in tryptic soy 

broth (TSB) at 4°C. L. monocytogenes cells normally grew from the initial population of 

approximately 4 log CFU/g to 8 log CFU/g by the end of 10 days in the untreated control 

broth. The essential oils of thyme, oregano and carvacrol were not effective at 0.01% in 

the broth and did not show any significant reduction of L. monocytogenes cell counts in 

comparison to the control. When the concentration of thyme and oregano was increased 

to 0.1%, these two essential oils were still not effective against L. monocytogenes mixture 

even after 1 day of exposure, while the essential oil of carvacrol was effective under these 
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conditions by reducing L. monocytogenes counts by 3 log CFU/ml as compared to 

control. When the concentration of thyme, oregano and carvacrol were increased to 0.5% 

and 1%, they resulted in a complete kill of L. monocytogenes after 30 min exposure. The 

other three essential oils of lemon, orange and tangerine at 0.01% and 0.1% were not 

effective against L. monocytogenes (Figure 4.2). Interestingly, when the concentration of 

essential oils of lemon, orange and tangerine were increased to 0.5%, these essential oils 

displayed a listeriostatic effect against the L. monocytogenes mixture and L. 

monocytogenes counts were maintained at a similar level to that of control over a 10 day 

storage period. At 1% concentrations, the lemon and orange essential oils were able to 

reduce the L. monocytogenes population to non-detectable levels after 5 days while 

tangerine essential oil took 10 days to reach non-detectable levels of L. monocytogenes. 

4.3.3 Antimicrobial efficacy of chlorine against L. monocytogenes and total 
microbial load on fresh catfish fillets 

Figure 4.3 shows the efficacy of chlorine against L. monocytogenes and total 

microbial loads on fresh catfish fillets. By dipping of fresh catfish fillet in a 200 ppm 

chlorine solution for 30 min at 4°C, there was no appreciable reduction in L. 

monocytogenes counts as compared to control. The total microbial loads on the fresh 

catfish fillet surface was reduced by approximately 0.88 log CFU/g as compared to the 

5.5 log CFU/g of total microbial loads found on untreated fillet samples, however this 

reduction was not statistically different (P > 0.05). 

4.3.4 Reduction in L. monocytogenes and total microbial loads by essential oils on 
fresh catfish fillets 

Figure 4.4 shows the antimicrobial efficacy of essential oils of thyme, oregano 

and carvacrol at 1%, 2% and 5% dipping solution against L. monocytogenes (from ~ 5 
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logs CFU/g) and against total microbial loads (from ~7 log CFU/g) on fresh catfish 

fillets. The essential oils of thyme and oregano, when applied at 1% or 2% concentrations 

as dipping solution for 30 min, did not result in a reduction of L. monocytogenes counts 

in comparison to the control (P > 0.05). When the concentration of the thyme and 

oregano dipping solution was increased to 5% for 30 min exposure of fresh catfish fillets, 

there was about 1 log CFU/g reduction of L. monocytogenes counts, though this reduction 

was only marginal and not different compared to control fillets (P > 0.05). For carvacrol, 

these reductions were concentration dependent; with higher concentrations resulting in a 

proportionally higher inactivation. Carvacrol exposed as 1% dipping solution for 30 min 

resulted in a reduction of L. monocytogenes counts by 1.5 log CFU/g. The concentration 

of carvacrol dipping solution at 2 and 5% resulted in a complete reduction of L. 

monocytogenes from catfish fillets. 

The essential oils of thyme and oregano at 1% dipping solution did not result in 

the significant reduction of total microbial load as compared to the control on fresh 

catfish fillets. When the concentration of thyme dipping solution was increased to 2% or 

5%, it resulted in a reduction of total microbial loads by approximately 2.5 log CFU/g in 

comparison to the control, while under the same conditions oregano was not very 

effective in reducing the total microbial loads which was only by 0.6-0.8 log CFU/g. The 

essential oil of carvacrol was found the most effective essential oil at reducing the total 

microbial loads with reductions of 1 log CFU/g at 1 % and about 6 log CFU/g at 2% and 

5% dipping solutions. 
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4.3.5 Effect of essential oils against L. monocytogenes growth on fresh catfish 
fillets stored at 4°C for 10 days 

Figure 4.5 shows the antimicrobial efficacy of essential oils of carvacrol and 

lemon against L. monocytogenes inoculated onto fresh catfish fillets stored at 4°C for 10 

days. L. monocytogenes cells on the fresh catfish fillets grew from the initial inoculum 

level of ~ 4 logs CFU/g to 5.5 log CFU/g in 10 days. The essential oil of carvacrol at 1% 

dipping solution treatment for 30 min resulted in about 1 log CFU/g L. monocytogenes 

reduction in comparison to the control after 24 h but there was a difference of only about 

0.5 log CFU/g reduction compared to the control at the end of 10 days of storage at 4°C.  

On the other hand, the combination of 1% carvacrol and 1% lemon essential oils dipping 

solution resulted in only a 0.5 log reduction in L. monocytogenes counts on the fresh 

catfish fillets stored at 4°C when observed at 24 h. L. monocytogenes grew back to 

almost the same control levels by 10 days. When the concentration of carvacrol dipping 

solution was increased to 2%, it resulted in a complete elimination of L. monocytogenes 

counts from the fresh catfish fillet samples throughout the subsequent storage period from 

1 to 10 days. Overall, these findings indicate that the carvacrol essential oil dipping 

treatment at 2% for 30 min was the most effective in reducing L. monocytogenes counts 

on catfish fillets when stored at 4°C for 10 days. 

4.4 Discussion 

With respect to genotype diversity, L. monocytogenes isolates belonging to 

serotype 1/2a are mainly linked to clinical and environmental samples whereas 4b are 

typically isolated from food samples and food processing facilities (Piffaretti and others 

1989; Nadon and others 2001; Borucki and others 2003). However, a study undertaken 

by Chen and others (2010) reported that the majority of L. monocytogenes isolated from 
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the catfish processing environment belonged to serotypes 1/2b (62.2%) and serotype 3b 

(15.6%) whereas serotype 4b, 4e, 1/2c and 1/2a were detected in very lower numbers. So 

in the present study, we investigated the antimicrobial efficacy of essential oils of thyme, 

oregano, carvacrol and lemon on fresh catfish fillets against L. monocytogenes isolates 

(serotypes 1/2b, 3b, 4b and 4c) that were isolated from catfish processing environments 

(Chen and others 2010). 

Initially, we screened the antibacterial efficacy of the essential oils of thyme, 

oregano and carvacrol against L. monocytogenes (serotypes 1/2b, 3b, 4b and 4c) isolated 

from catfish processing environments using a disk-diffusion assay. The essential oils of 

thyme, oregano and carvacrol were highly effective against all L. monocytogenes 

serotypes showing an average zone of inhibition of 80 mm in dia (Table 4.1). In another 

study carried out by Elgayyar and others (2001), the antimicrobial activity for oregano 

essential oil was reported to have a inhibition zone of 53 mm (+/-) against L. 

monocytogenes. This may be due to volume of essential oil placed on the paper disks, the 

thickness of the agar layer and solvent used (Burt 2004). The results from the disk-

diffusion assay indicated that the lemon essential oil was moderately effective against all 

L. monocytogenes strains, showing zone of inhibition of 22-53 mm in dia. while the 

essential oils of orange and tangerine were least effective, resulting only in zone of 

inhibition of 14- 24 mm in dia. Philips and Fisher (2005) reported similar observations 

against L. monocytogenes with lemon and orange essential oils which gave zones of 

inhibition of 41 and 27 mm in dia. respectively. 

The essential oils of thyme, oregano and carvacrol at 0.5% and 1% eliminated the 

4 log CFU/ml of L. monocytogenes in tryptic soy broth (TSB) in 30 min at 4 °C. The 

essential oils of thyme, oregano and carvacrol displayed a listericidal effect against L. 
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monocytogenes in the broth medium. Similarly, bactericidal activity for thyme essential 

oil was shown against L. monocytogenes in broth where 250 ppm of thyme essential oil 

resulted in no viable L. monocytogenes cells after 20 min exposure (Rasooli and others 

2006). The mode of action of essential oils is the cumulative effect of degradation of the 

cell wall, damage to cytoplasmic membrane, damage to membrane proteins and leakage 

of cell contents, coagulation of cytoplasm and depletion of the proton motive force (Burt 

2004). In addition, carvacrol which is also major phenolic component present in thyme 

and oregano, is mainly responsible for making the cell membrane permeable (Lambert 

and others 2001; Burt 2004). Previous studies have suggested that essential oils show a 

bacteriostatic effect in a broth medium; for example, clove oil exhibited a bacteriostatic 

effect against E. coli O157:H7 (Moreira and others 2005). In the present study, the 

essential oils of lemon, orange and tangerine at a concentration of 0.5% concentration 

showed listeriostatic effect against L. monocytogenes mixture in tryptic soy broth (TSB) 

at 4°C over a period of 10 days. 

In the second part of this study, the antimicrobial efficacy of chlorine (200 ppm) 

was studied by dipping fresh catfish fillets for 30 min at 4°C against L. monocytogenes 

and total microbial loads. Our findings indicate that chlorine at 200 ppm did not result in 

any significant reduction of L. monocytogenes or total microbial counts on fresh catfish 

fillets in comparison to control.  According to Davidson and others (2005), the efficacy of 

chlorine is dependent upon several factors such as temperature, pH, organic load and 

water hardness. The chlorine is very effective in broth but show disputable effectiveness 

in food matrices due to its inability to render effectiveness in the presence of organic 

constituents. By dipping fillets with the essential oil treatments, we found that the fillet 

samples weight will increase by 10 +/- 2%. If it is assumed that the uptake of essential 
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oils on fillet is also homogenous in solution, the essential oil concentrations absorbed by 

fillets from 1%, 2% and 5% dipping solution should be approximately 0.1%, 0.2% and 

0.5%, respectively. Mejlholm and others (2002) noticed that oregano essential oil at 

0.05% was not effective in inhibiting P. phosphoreum on salmon fillet. The reduced 

antimicrobial efficacy of thyme and oregano essential oils on food substrates may 

possibly be influenced by fat and protein content that is present in the food substrate. The 

efficacy of essential oils is also affected by factors like inoculum level, incubation time 

and temperature (Burt 2004). Our findings show that carvacrol was highly effective as a 

2% or 5% dipping solution treatment, resulting in a complete elimination of L. 

monocytogenes on fresh catfish fillets. Previously, dipping in 3.0% solution of carvacrol 

resulted in a complete kill of inoculated S. Typhimurium on red grouper fish fillets (Kim 

and others 1995). 

Also, for catfish shelf life studies at 4°C for 10 days, we tested a mixture of 

essential oil of carvacrol for its listericidal effect (observed in broth and on fillets) with 

lemon essential oil for its bacteriostatic effect (observed in broth). Lemon essential oil 

was very effective at keeping L. monocytogenes counts stable over 10 days in broth at 

4°C. However, the lemon essential oil dipping solution at 1% had no effect on L. 

monocytogenes reduction in raw catfish fillets. Also, the combination of 1% lemon and 

1% carvacrol dipping solution in fillets reduced L, monocytogenes counts by 0.5 log 

initially but has counts similar to the control over 10 days. It may be possible that at a 

much higher concentration of lemon essential may show bacteriostatic effect but the 

concentration were not tested since it would be practically irrelevant from industrial 

application perspective due to cost and decreased sensory quality. Other findings show 
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that carvacrol was highly effective when applied to red grouper fillets in reducing S. 

Typhimurium but citral and geraniol were not effective (Kim and others 1995). 

4.5 Conclusions 

Our findings show that the essential oil of carvacrol was most effective in 

reducing L. monocytogenes counts on fresh catfish fillet samples. Further, experiments 

need to be conducted to determine the combinations of carvacrol at low concentrations 

with other synergistic GRAS antimicrobials which may be effective in reducing L. 

monocytogenes on catfish fillets. In addition, the sensory and consumer acceptance of 

catfish fillets after treatment with carvacrol and other essential oils needs to be tested. 
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Table 4.1 Zones of inhibition by disk-diffusion assay with essential oils of thyme, 
oregano, carvacrol, lemon, orange and tangerine against four serotypes of 
Listeria monocytogenes predominantly isolated from the catfish processing 
environments 

Serotypes of L. Zones of inhibition (mm) by  disk-diffusion assay 
monocytogenes 
predominantly 
isolated from 
catfish 

Tangerine 

O
range

Lem
on

C
arvacrol 

O
regano

Thym
e 

Serotype 1/2b 80 ± 0 80 ± 0 80 ± 0 22 ± 1 14 ± 1 16 ± 1 
Serotype 3b 80 ± 0 80 ± 0 80 ± 0 42 ± 7 20 ± 0 20 ± 1 
Serotype 4b 80 ± 0 79 ± 1 80 ± 0 53 ± 8 24 ± 1 21 ± 2 
Serotype 4c 80 ± 0 75 ± 6 68 ± 0 24 ± 1 14 ± 1 15 ± 2 
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Figure 4.1 Reduction of L. monocytogenes fish isolate mixture (1/2a, 3b, 4b and 4c) in 
tryptic soy broth (TSB) after treatment with essential oils of (A) Thyme, 
(B) Oregano (C) Carvacrol at 0.01%,0.1%,0.5% and 1.0% over a period of 
10 days at 4°C 
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Figure 4.2 Reduction of  L. monocytogenes fish isolate mixture (1/2a, 3b, 4b and 4c) 
in tryptic soy broth (TSB) after treatment with essential oils of (A) Lemon 
(B) Orange (C) Tangerine at 0.01%,0.1%,0.5% and 1.0% over a period of 
15 days at 4°C 
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Figure 4.3 Reduction of  L. monocytogenes fish isolate mixture (1/2a, 3b, 4b and 4c) 
in tryptic soy broth (TSB) after treatment with essential oils of (A) Lemon 
(B) Orange (C) Tangerine at 0.01%,0.1%,0.5% and 1.0% over a period of 
15 days at 4°C 

Bars with different lowercase letters show mean significant differences, if any, in L. 
monocytogenes and total microbial load reduction based on paired-t-test (P ≤ 0.05) 
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Figure 4.4 Reduction of L. monocytogenes fish isolate mixture (1/2a, 3b, 4b and 4c) 
inoculated on fresh catfish fillets after dipping treatment with essential oils 
of (A) Thyme, (B) Oregano and (C) Carvacrol at 1%, 2% and 5% for 30 
min at 4°C 

Bars with different lowercase letters show mean significant differences in L. 
monocytogenes reductions based on one-way ANOVA Posthoc LSD test (P ≤ 0.05) 
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Figure 4.5 Reduction of total microbial load present on fresh catfish fillets after 
dipping treatment with essential oils of (A)Thyme, (B) Oregano and (C) 
Carvacrol at 1%, 2% and 5% for 30 min at 4°C 

Bars with different lowercase letters show mean significant differences in L. 
monocytogenes reductions based on one-way ANOVA Posthoc LSD test (P ≤ 0.05) 
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Figure 4.6 Reduction of L. monocytogenespresent on catfish fillet samples during the 
10-day shelf life of at 4°C after treatment with essential solution of 
carvacrol and lemon and its combination 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The antimicrobial efficacy of essential oils of thyme, oregano and carvacrol were 

tested against L. monocytogenes biofilms produced on the stainless steel coupons and for 

the reduction of L. monocytogenes cells challenged onto fresh catfish fillets. Our findings 

show that the essential oils of thyme, oregano and carvacrol at 0.25% or 0.5% were all 

highly effective in eliminating the 4-day-old biofilms of L. monocytogenes produced on 

the stainless steel surfaces. For fresh catfish fillets, dipping in 2% carvacrol for 30 min at 

4°C was most effective for the reduction of 4 log CFU/g of L. monocytogenes counts. 

Also, after the 30 min dipping in 2% carvacrol, there were no detectable L. 

monocytogenes counts recovered from the catfish fillets stored at 4°C for 10 days that 

were initially inoculated at 4 log CFU/g. Further work will evaluate the potential for low 

concentrations of carvacrol in combination with other GRAS antimicrobials to reduce L. 

monocytogenes counts on raw catfish fillets and their impact on sensory quality. Also, 

future work will focus on the reduction of L. monocytogenes counts in frozen and smoked 

catfish fillets using the most effective combinations of essential oils with other GRAS 

antimicrobials. 
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