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BACTERICIDAL ACTIVITY OF ALKALINE SALTS OF FATTY ACIDS TOWARDS BACTERIA ASSOCIATED WITH POULTRY PROCESSING
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Summary

The antibacterial activites of alkaline salts of caproic, caprylic, capric, lauric, and myristic acids were determined using the agar diffusion assay. A 0.5M concentration of each fatty acid (FA) was dissolved in 1.0 M potassium hydroxide (KOH), and pH of the mixtures was adjusted to 10.5 with citric acid. Solutions were filter sterilized by passage through 0.2 µm filters. Sterilized agar media was then inoculated with 106 colony-forming-units/ml of Acinetobacter calcoaceticus, Campylobacter jejuni, Enterococcus faecalis, Escherichia coli, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella Typhimurium, or Staphylococcus simulans. Wells were made in solidified agar, and 0.1 ml of each fatty acid solution was added to separate wells. Agar plates were incubated for 24-48 h, and zones of inhibition of bacterial growth around the wells on the incubated plates were measured. Results indicated that caproic acid-KOH inhibited growth of C. jejuni only, while caprylic acid-KOH inhibited growth of 3 of the Gram negative isolates, E. coli, P. fluorescens, and C. jejuni. Capric-KOH and lauric acid-KOH exhibited antibacterial activity towards all 8 bacterial isolates, however. Myristic acid-KOH was only inhibitory towards the 2 Gram positive cocci, E. faecalis and S. simulans. Findings demonstrated that alkaline salts of FA-KOH mixtures possess antibacterial activity towards several bacteria associated with poultry processing and that the agar diffusion assay can be used to screen antibacterial activity of these solutions.
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Resumen
La actividad antibacteriana de las sales alcalinas de ácidos caproico, caprílico, cáprico, láurico y mirístico fue determinada usando el análisis de la difusión en agar. Una concentración de 0.5M de cada ácido graso fue disuelta en hidróxido del potasio (KOH) 1.0M y el pH de las mezclas fue ajustado a 10.5 con ácido cítrico. Las soluciones fueron esterilizadas por filtración por el paso a través de filtros de 0.2 µm. Los medios esterilizados fueron inoculados con 106 unidades formadoras de colonias/ml del Acinetobacter calcoaceticus, Campylobacter jejuni, Enterococcus faecalis, Escherichia coli, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella Typhimurium o Staphylococcus simulans. Los pocillos fueron hechos en agar solidificado, a los cuales se les agregaron 0.1 ml de cada solución de ácidos grasos. Las placas con agar fueron incubadas por 24-48 h, y se midió posteriormente las zonas de inhibición del crecimiento bacteriano alrededor de los pocillos. Los resultados indicaron que el ácido caproico-KOH inhibió solamente el crecimiento de C. jejuni, mientras que el ácido caprílico-KOH inhibió el crecimiento de 3 de los Gram negativos aislados, E. coli, P. fluorescens, y C. jejuni. Sin embargo, los ácidos cáprico-KOH y láurico-KOH exhibieron actividad antibacteriana hacia los 8 aislamientos bacterianos. El ácido mirístico-KOH fue solamente inhibitorio hacia los 2 cocos Gram positivos, E. faecalis y S. simulans. Los resultados demostraron que las sales alcalinas de las mezclas de ácido graso-KOH poseen actividad antibacteriana hacia varias bacterias asociadas al procesamiento de aves de corral y que el análisis de la difusión en agar se puede utilizar para determinar la actividad antibacteriana de estas soluciones.

Palabras Clave: Ácidos grasos, Bactericidas, Análisis de difusión en agar, Hidróxido del potasio, Procesamiento de aves de corral.
Introduction
Several chemicals are currently used as sanitizers by commercial poultry processors to reduce microbial contamination of poultry processing operations (Oyarzabal, 2005). Chlorine is the most widely used sanitizer in commercial poultry processing facilities in the United States because it is inexpensive and relatively effective against microorganisms found in processing environments (Russell & Keener, 2007). Recent research has indicated that use of chlorine during processing can lead to the production of carcinogenic compounds such as trihalomethanes, however. Other poultry processing sanitizers include acidified sodium chlorite, trisodium phosphate, cetylpyridinium chloride, chlorine dioxide, and organic acids. Despite the use of these sanitizers, poultry meat contaminated by pathogenic bacteria continues to be widely cited as a significant cause of human foodborne illnesses (Friedman et al., 2004).
Fatty acids (FA) are naturally occurring microbicides that have a long history of safe use as cleansers and food preservatives (Kabara et al., 1977). These substances are components of numerous vegetable and animal oils and have little or no human toxicity. FA are also generally recognized as safe (GRAS) by regulatory agencies. Potassium or sodium salts of FA are formed when FA are dissolved in solutions of potassium hydroxide (KOH) or sodium hydroxide (NaOH), respectively. These alkaline salts of FA are surfactants that also possess antimicrobial activity. Alkaline salts of FA can inhibit the growth of several bacteria and yeasts associated with poultry processing in vitro (Hinton & Ingram, 2005), on poultry skin (Hinton & Ingram, 2003), and on whole broiler carcasses (Hinton et al., 2009). Alkaline salts of lauric acid have been examined as possible sanitizers for poultry processing, but other antimicrobial FA (Amalaradjou et al., 2006; Bergsson, et al., 2002; Hermans et al., 2010; Solis de los Santos et al., 2008) could possibly be used for this purpose.

The agar diffusion method can be used to examine the antimicrobial activity of antibiotics and other inhibitory substances (Boney et al., 2008). The assay is conducted by placing antimicrobial test agents in agar wells or on paper discs on agar plates seeded with test microorganisms. Inhibitory substances diffuse into the seeded agar during incubation, and zones of inhibition of microbial growth are produced in areas where inhibitory concentrations of the test substance are present. Therefore, the agar diffusion assay can be used to quickly screen potential antimicrobial compounds for inhibitory activity against targeted microorganisms. The purpose of the present study was to examine the ability of the agar diffusion assay to assess the antibacterial activity of formulations of alkaline salts of several FA towards bacteria associated with poultry processing.
Materials & Methods
Fresh cultures of Acinetobacter calcoaceticus, Enterococcus faecalis, Escherichia coli, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella Typhimurium, and Staphylococcus simulans were grown aerobically in Difco Tryptic Soy Broth. All cultures were incubated at 35oC, except for L. monocytogenes which was incubated at 30oC, for 18-24 h at 100 rpm in a Model D76 gyrotory water bath shaker. Campylobacter jejuni cultures were grown on Blood Agar (Becton Dickinson, and Co.) supplemented with 7% lysed horse blood for 48 h at 42oC under microaerophilic conditions in a BD BBL GasPak Jar with a BD GasPak™ EZ Campy Gas Generating Pouch System. All cultures were harvested and suspended in a solution of 0.1% Difco Bacto Peptone to produce bacterial suspensions containing 107 cfu/ml.

Tempered agar media was seeded with bacterial cultures to produce an inoculated agar media containing 106 cfu/ml. Bacterial suspensions were mixed in tempered agar, and 25 ml aliquots of agar were added to Petri plates to produce an agar layer approximately 6.5 mm thick.
Alkaline salts of lauric, capric, caprylic, caproic, and myristic acids were prepared by dissolving 0.5 M of each FA into separate volumes of 1 M KOH. The pH of these mixtures was adjusted to 10.5 by adding dilute citric acid solutions to the FA mixtures. All solutions were filter sterilized as described above.

A suction device (Bell & Grundy, 1968) equipped with metal tubing was used to make 8 mm wells in the solidified, seeded agar. For each assay, wells in agar plates were filled with 0.1 ml of the appropriate FA-KOH solution. All plates, except plates inoculated with C. jejuni, were then incubated aerobically at 35oC for 18-24 h. Blood Agar plates seeded with C. jejuni were incubated microaerophilically at 42oC for 48 h. After incubation, zones of inhibition of bacterial growth around the agar wells were measured from the outside edge of the well to the area of visible bacterial growth using Traceable( Carbon Fiber Digital Calipers.
All statistical analyses were performed with the GraphPad StatMate™ and GraphPad InStat® version 3.05 for Windows 95 (GraphPad Software, San Diego, CA, USA). One-way Analysis of Variance (ANOVA) with Tukey-Kramer Multiple Comparison tests was performed to determine significant differences in group means. The P value for all ANOVA tests was < 0.05.
Results & Discussion

In the present study, alkaline salts of different FA varied in their ability to inhibit bacterial growth (Table 1). Caproic acid-KOH only exhibited antibacterial activity towards C. jejuni. Caprylic acid-KOH inhibited growth of 3 of the Gram negative isolates, C. jejuni, E. coli, and P. fluorescens. The size of the zones of inhibition of C. jejuni and P. fluorescens were significantly larger than the size of the zones of E. coli. Capric-KOH and lauric acid-KOH exhibited antibacterial activity towards all 8 of the bacterial isolates. The size of the zones of inhibition produced by capric acid-KOH was Salmonella Typhimurium < E. coli < A. calcoaceticus < L. monocytogenes and S. simulans < P. fluorescens < E. faecalis < C. jejuni. The size of the zones of inhibition produced by lauric acid-KOH was E. coli < A. calcoaceticus < Salmonella Typhimurium and E. faecalis < C. jejuni, S. simulans, and P. fluorescens < L. monocytogenes. Myristic acid-KOH was only inhibitory towards the Gram positive cocci, E. faecalis and S. simulans, and the size of the zones of inhibition for E. faecalis were significantly larger than the zones for S. simulans.

Various FA have been reported to possess antimicrobial activity (Kabara et al., 1977). The bactericidal activity of FA has been related to the ability of these substances to cause lysis of bacterial cells by disrupting cellular membranes. The complex nature of the lipopolysaccharide layer of Gram negative bacteria may provide protection to some of these bacteria against the antibacterial activity of FA. Among the Gram negative isolates, the fragile C. jejuni exhibited the highest degree of susceptibility to bactericidal activity of FA. Salmonella Typhimurium exhibited greater resistance to the shorter chained, capric acid- and caprylic-KOH, than E. coli which exhibited greater resistance to the longer chained lauric acid-KOH. Acinetobacter and Pseudomonas species possess similar cell walls, but Acinetobacter sp. have an additional detached membrane not found in pseudomonas (Thorney & Sleytr, 1974) which may give Acinetobacter a higher degree of resistance to FA than pseudomonas. However, the thicker cell wall of Gram positive bacteria may provide these bacteria resistance against the antibacterial activity of some FA. In general, the shorter chained FA (e.g. caprylic) were more inhibitory towards Gram negative bacteria while longer chained FA (e.g. myristic) were more inhibitory towards Gram positive bacteria.
Table 1. Size of Zones of Inhibition (mm) of Bacteria Associated with Poultry Processing by Alkaline Salts of Fatty Acids
	
	Fatty Acid1

	Bacterial Isolate
	Caproic
	Caprylic
	Capric
	Lauric
	Myristic

	Acinetobacter calcoaceticus
	0.00a
	0.00a
	4.39c
	2.43ab
	0.00a

	Campylobacter jejuni
	5.97b
	4.97c
	14.97g
	4.04c
	0.00a

	Enterococcus faecalis
	0.00a
	0.00a
	11.73f
	3.97b
	7.59c

	Escherichia coli
	0.00a
	1.79b
	2.17b
	2.17a
	0.00a

	Listeria monocytogenes
	0.00a
	0.00a
	5.44d
	10.15d
	0.00a

	Pseudomonas aeruginosa
	0.00a
	4.47c
	6.70e
	4.72c
	0.00a

	Salmonella Typhimurium
	0.00a
	0.00a
	0.15a
	2.97b
	0.00a

	Staphylococcus simulans
	0.00a
	0.00a
	5.85d
	4.62c
	0.60b


1 Values are averages + standard deviation of zones of inhibition. n = 15.

A-G Within columns, different letters indicate significant (P < 0.05) differences in size of zones of Alkaline salts of these FA are also surfactants, and lauric acid-KOH mixtures have shown some potential for use as sanitizers that can reduce carcass contamination by spray washing eviscerated broiler carcasses with these mixtures (Hinton et al., 2009).

Conclusions

Findings of this study provide additional evidence that alkaline salts of several FA are bactericidal towards several bacteria associated with poultry processing. These FA differ in their ability to inhibit bacterial growth however; therefore mixture of two or more of these acids will probably be required to formulate a sanitizer with a wide antibacterial spectrum. Furthermore, results indicate that the agar diffusion assay can be used as a rapid method for examining inhibitory activity of formulations of alkaline salts of FA.
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