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Abstract - The objective of this study was to investigate the combined actions of virgin coconut oil, lauric acid and 
monolaurin with lactic acid or used either alone on two strains of Staphylococcus aureus, CH1 and CH2 strains, 
which were isolated from pig carcasses, by determination of minimum inhibitory concentration (MIC), minimum 
bactericidal concentration (MBC) and fractional inhibitory concentration index (FICI). MIC of lauric acid, 
monolaurin and lactic acid were 1.6 and 0.1 mg/ml and 0.1% (v/v), respectively. MBC of antimicrobials were 3.2 
and 0.1 mg/ml and 0.4% (v/v), respectively. The effects of lauric acid + lactic acid and monolaurin + lactic acid 
combinations were synergistic against both isolates which there were 0.3125 and 0.6250, respectively. In contrast, 
virgin coconut oil did not inhibit growth of both strains. No difference was found MIC, MBC and FICI for CH1 
and CH2 strains.  

 
Index Terms - Combination, lipid, antimicrobial agent, Staphylococcus aureus  

 
I. INTRODUCTION 

Staphylococcus aureus, which is commonly found on the skin and mucous membranes of animals and humans, is 
involved in a wide variety of infections (Loir, Baron & Gautier, 2003). Several types of food have been implicated in 
food poisoning incidents attributed to S. aureus, most frequently meat and meat products (Smith, Buchanan & Palumbo, 
1983). In fresh pork meat a prevalence of this bacterium as high as 62.5% has been reported (Atanassova, Meindl & 
Ring, 2001). 

The problem of safe preservation in the meat industry has grown to be more complex as today’s products require 
more safety and greater assurance of protection from pathogens. Of all the organic acids evaluated for their application 
as meat decontaminants, lactic acid is one of the most widely accepted (Huffman, 2002). There is, therefore, extensive 
information of the application of lactic acid to control both spoilage and pathogenic organisms in foods of animal 
origin. Virgin coconut oil is obtained from cold press processing the kernel from the fruit of the coconut tree. The most 
major fatty acid in virgin coconut oil is lauric acid (C12, 51.05%). Certain fatty acids (medium chain saturates) and their 
derivatives have adverse effects on various microorganisms. The antimicrobial effect of fatty acids are additive and total 
concentration is critical for inactivating bacteria (Kabara, 1978). Different preparations of lauric acid protect the skin 
from bacterial infections (Kabara, 1990). Monolaurin is monoglycerol ester of lauric acid containing 12 carbon atoms, 
and are present in many animals and plants. It has been shown to possess wide-spectrum activity against bacteria 
(Anang, Rusul, Bakar & Ling, 2007). It blocks the production of various exoenzymes and virulence factors, including 
protein A, alpha-hemolysin, β-lactamase and toxic shock syndrome toxin 1 in S. aureus (Ruzin & Novick, 2000). 
Monolaurin is currently used as a GRAS (generally recognized as safe) food emulsifier, approved by the FDA, and is 
considered essentially a non-toxic compound even at relatively high dose levels (Kabara & Marshall, 2005). 

The aim of this study was to compare antibacterial activity of virgin coconut oil, lauric acid, monolaurin and lactic 
acid used either alone or in combination on the growth of S. aureus, isolated from pig carcasses.      
 
II. MATERIALS AND METHODS 

Test strains. S. aureus CH1 and CH2, which were isolated from pig carcasses in the Southern Thailand abattoirs 
by the standard procedure (Bacteriological Analytical Manual, BAM online, 2001).  The organisms were confirmed 
strain by Department of Medical Sciences, Ministry of Public Health of Thailand. These organisms were maintained on 
Mueller Hinton agar (MHA) (Merck, Germany). Overnight cultures were prepared by inoculating approximately 2 ml 
Mueller Hinton broth (MHB) (Merck, Germany) with 2-3 colonies taken from MHA. Broths were incubated overnight 
at 35oC. Inocula were prepared by diluting overnight culture in saline to 108 cfu/ml (McFarland standard of 0.5). These 
suspensions were further diluted with saline as required. The initial concentrations of approximately 5 x 105 cfu/ml 
were adopted for susceptibility test and synergy. 

Antimicrobial agents. Virgin coconut oil (100%) was provided by Grand 4C Co., Ltd. (Bangkok, Thailand). 
Lauric acid and monolaurin were supplied by Sigma Adrich (Sigma, France).  Lactic acid (80% (v/v), food grade) was 
obtained from Vichhi Enterprise Co., Ltd. (Bangkok, Thailand). Virgin coconut oil and lactic acid were diluted v/v in 
both agar disc diffusion and broth dilution methods but lauric acid and monolaurin were diluted mg/ml.  

Susceptibility test methods. Susceptibility tests were performed by the disc diffusion method of Bauer, Kirby, 
Sherris & Turck (1966) with MHA. All agents were dissolved in sterile solution of 20% (v/v) dimethyl sulfoxide 
(DMSO, Merck, Germany) in water, except lactic acid was dissolved in distilled water, and subsequent two-fold serial 
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dilutions were performed in the culture medium. DMSO and distilled water was used as a negative control. Final 
concentrations of the test samples on disc ranged from 0-10% (v/v), 0-6.4, 0-1.6 mg/ml and 0-1.6% (v/v) for virgin 
coconut oil, lauric acid, monolaurin and lactic acid, respectively. Zones of inhibition were measured after 18 h of 
incubation at 35oC.  

The minimal inhibitory concentration (MIC) was determined by a broth microdilution method (CLSI M7-A4, 
2002) for each strain. Serial two-fold dilution of the test substances were mixed with MHB in microtiter plates. Final 
concentrations of the test samples in broth ranged similarly in disc diffusion method. Add 20 μl of inoculum suspension 
in each well. The inoculated plates were incubated at 35oC for 18 h. MIC was recorded as the lowest concentration that 
limited the turbidity of the broth to < 0.05 at absorbance of 600 nm by UVM 340 Microplate Reader (Biochrom Ltd., 
Cambridge, UK). Solvent controls were also included, though no significant effect on bacterial growth was observed at 
the highest concentration employed. 

The minimal bactericidal concentration (MBC) was determined by comparing the number of remaining viable 
bacteria with the initial number of bacteria. All wells from the MIC experiments that showed no visible turbidity were 
serially diluted and spread onto MHA plates for viable cell counting. The plates were incubated for 24-48 h. MBC was 
then recorded as the lowest concentration that killed at least 99.99% of the initial number of bacteria. All MIC and 
MBC experiments were repeated three times.  

Synergy methods. The methods of synergy of lauric acid and monolaurin with lactic acid were carried out by 
determining Fractional inhibitory concentration index (FICI) in MHB using checkerboard titration. Organisms were 
tested three times and the mean MIC and FICI was obtained to report the synergism. Synergy was FICI < 0.5; partial 
synergy/addition was FICI > 0.5 to 1.0; indifference was FICI > 1.0 to <2.0; and antagonism was FICI > 2.0 
(Bharadwaj, Vidya, Dewan & Pal, 2003). 

Statistical analysis. Data were presented as means and standard deviations. All statistical computations were 
performed to determine significant differences (P < 0.05) by ANOVA followed by Duncan’s new multiple range test 
(SAS, 1998).   

 
III. RESULTS AND DISCUSSION 

Susceptibility test methods. The results of antimicrobial activity of the lipid and lactic acid tested by disc 
diffusion method against S. aureus CH1 and CH2 are given in Table 1. The lauric acid, monolaurin and lactic acid 
exhibited a favorable activity against the bacteria tested. The blind control (20% (v/v) DMSO or stilled water) and 
virgin coconut oil did not inhibit both isolates. They were inhibited at > 1.6 mg/ml of lauric acid, > 0.1 mg/ml of 
monolaurin and > 0.1% (v/v) lactic acid which were MIC of antimicrobials. However, MBC of lauric acid and lactic 
acid against both strains were two and four-fold, respectively higher than the corresponding MIC which there were 3.2 
mg/ml and 0.4% (v/v) (Table 2). In contrast, virgin coconut oil also did not inhibit growth of S. aureus. Finding of this 
study supports the observations of the other researchers about the efficacy of lauric acid, monolaurin and lactic acid in 
inhibiting the growth of food-related pathogens (Anang et al., 2007; Skřirivanová, & Marounek, 2007). Kabara, 
Swieezkowski, Conley & Truant (1972) examined several specific straight-chain saturated fatty acids and found lauric 
acid to be one of the most potent bacteriostatic fatty acid when tested on gram-positive organisms. They also 
investigated the effect of esterification and found that monolaurin was the only monoacylglycerol more active than the 
free fatty acid form, similar to our results (Table 1) that monolaurin had lower MIC and MBC than lauric acid against 
both S. aureus strains. The efficacy of lauric acid was ca. 32 fold that of monolaurin. This could be due to the higher is 
hydrophobicity and accumulation of lauric acid into the membrane bilayer. This causes a change in the hydrogen 
bonding and the dipole-dipole interaction between acyl chains and, at high concentrations, cell inactivation by the 
disruption of the glycerophospholipids organization with the membrane (Bergsson, Arnfinnsson, Steingrìmsson & 
Thormar, 2001). Monolaurin is known to produce highly ordered membranes, which is thought to disrupt membrane 
function by affecting signal transduction due to blockage of promoters, uncoupling of energy systems, altered 
respiration, and altered amino acid uptake (Kabara & Marshall, 2005). For lactic acid, undissociated forms of organic 
acid penetrate the lipid membrane of bacterial cell and dissociate within the cell. As bacteria maintain a neutral pH of 
the cytoplasm, the export of excess protons consumes cellular ATP and results in depletion of energy, intracellular pH 
drop and cell death; causing a loss and change of the cytoplasm and a subsided of membrane (Doores, 2005). Eariler 
studies found MIC of lauric acid, monolaurin and lactic acid against S. aureus in a range of 0.050-0.498, 0.025-0.064 
mg/ml and 0.000025-0.01% (v/v), respectively (Kabara et al., 1972; Vasconcelos de Oliveira, Stamford, Neto & Leite 
de Souza, 2010). These MIC of antimicrobials were lower than what we observed (1.6 mg/ml). This may be due to 
differences in the sensitivity of S. aureus strains to certain lipids (Kelsey, Bayles, Shafii & McGuire, 2006).  

Synergy methods. FICI for the combined application of lauric acid and monolaurin with lactic acid on S. aureus 
strains are shown in Table 3. FICIs of the combined action of lauric acid and monolaurin with lactic acid were 0.3125 
and 0.6250 for both strains suggesting a synergic and partial synergic, respectively, interaction of the assayed 
antimicrobial. Test strains presented capability to grow at sub-inhibitory concentrations (½MIC and ¼MIC) of all 
antimicrobials when applied alone (data not showed). Antimicrobial compounds, used as preservative in foods, often 
impart some flavor to products. Therefore, researchers have searched for optimized combinations of substances to reach 
antimicrobial efficacy at sufficient low concentration so as not to adversely affect the organoleptic acceptability of 
foods (Vasconcelos de Oliveira et al., 2010). At theory, synergy is found when the effect of the combined compounds is 



 3

greater than the sum of the individual effects (Gutierrez, Barry-Ryan & Bourke, 2008). For combinations between lauric 
acid and monolaurin with lactic acid, there was more antimicrobial activity when compared with antimicrobial alone. 
This could be due to lactic acid improved the uptake of lauric acid into the membrane, which probably affects 
membrane function and furthermore, leads to measurable synergism of the combined antimicrobial treatment (Oh & 
Marshall, 1994). Moreover, the antimicrobial synergy between monolaurin and lactic acid might be related to changes 
in both membrane function and fluidity (Tokarskyy & Marshall, 2008). 

 
Table 1. Antimicrobial activity (zone of inhibition) of lipids and lactic acid against S. aureus strains 

Concentrations of 
antimicrobial1 

Zone of inhibition (mm)2, 3, 4 
S. aureus CH1 S. aureus CH2 

lauric acid monolaurin lactic acid lauric acid monolaurin lactic acid 
0.1   0.0 ± 0.00a    7.5 ± 0.71a   6.5 ± 0.00a   0.0 ± 0.00a   8.0 ± 1.41a   7.0 ± 0.71a 
0.2   0.0 ± 0.00a 13.5 ± 0.71b   8.0 ± 0.00a   0.0 ± 0.00a 13.5 ± 0.00b   8.0 ± 0.71a 
0.4   0.0 ± 0.00a 14.0 ± 2.83b 20.5 ± 1.41b   0.0 ± 0.00a 14.5 ± 0.71b 21.0 ± 1.41b

0.8   0.0 ± 0.00a 18.0 ± 1.41c 27.0 ± 1.41c   0.0 ± 0.00a 19.0 ± 1.41c 27.0 ± 0.71c 
1.6   6.0 ± 1.41b 18.5 ± 2.12c 32.5 ± 0.71d   6.0 ± 0.00b 19.5 ± 2.83c 33.0 ± 0.00d

3.2 10.0 ± 0.00c ND5 ND 10.0 ± 0.00c ND ND 
6.4 10.5 ± 0.71c ND ND 11.0 ± 0.71c ND ND 

1 The units of antimicrobial are mg/ml for lauric acid and monolaurin and %(v/v) for lactic acid. 
2  The values (average of triplicate ± standard deviation) are diameter of inhibition zone at difference concentration of 

antimicrobials. 
3 a-d Different letters within each column indicate that values are significantly different (P ≤ 0.05). 
4  The diameters of inhibition zone at difference concentration of virgin coconut oil against both S. aureus strains 

were 0.00 mm. 
5  ND, not detection. 
 
Table 2. The MIC and MBC values1 of oil and lactic acid against S. aureus strains 

Antimicrobials2 S. aureus CH1 S. aureus CH2 
MIC MBC MIC MBC 

virgin coconut oil NI3 NI NI NI 
lauric acid 1.6 3.2 1.6 3.2 
monolaurin 0.1 0.1 0.1 0.1 
lactic acid 0.1 0.4 0.1 0.4 
1 MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration. 
2 The units of antimicrobial are mg/ml for lauric acid and monolaurin and %(v/v) for virgin coconut oil and lactic 

acid. 
3 NI, not inhibition. 

 
Table 3. FICI of the combined action of oil with lactic acid to S. aureus strains 

Strains Combinations of oil and lactic acid 1 FICI Interpretation 
S. aureus CH1 lauric acid + lactic acid 0.3125 Synergy 
 monolaurin + lactic acid 0.6250 Partial synergy 
S. aureus CH2 lauric acid + lactic acid 0.3125 Synergy 
 monolaurin + lactic acid 0.6250 Partial synergy 
1 The units of antimicrobial are mg/ml for lauric acid and monolaurin and %(v/v) for lactic acid. 
 
IV. CONCLUSION 

This study confirms that laurin acid, monolaurin, lactic acid and in combinations posses in vitro against S. aureus, 
isolated from pig carcasses. In combinations was more antibacterial activity than antimicrobial alone. However, if they 
are to be used for food or meat preservation purposes, issues of killing time, in vivo antimicrobial activity and sensory 
will need to be addressed.   
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