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INTRODUCTION 
In nature, plants possess secondary compounds that serve ecological functions.  Oftentimes 
they attract certain insects to pollinate or feed on the plant, but also serve as repellents for 
many potential predators (Fraenkel 1959).  It has also been suggested that these compounds 
may serve a function in the initial stages of plant growth.  For example, the herb rosemary 
contains a polyphenol, rosmarinic acid.  The acid remains at highly concentrated and fairly 
consistent levels in all of the plant’s organs and throughout the plant’s growth, indicating an 
active role in early plant development (José del Bano 2003).  
 
The secondary compounds of plants have also been discovered to be adaptable to medical 
uses.  They have served as model compounds for drug synthesis, and acted as chemical models 
for the design of new drugs (Balandrin et al 1985).  One drug, Etoposide, is derived from 
Podophyllum peltatum (the mayapple) and is used in the treatment of small cell lung 
carcinomas, refractory testicular carcinomas, nonlymphocytic leukemias, and non-Hodgkin’s 
lymphomas (Balandrin et al 1985).   
 
The secondary compounds of spices in particular have shown potential for medical uses, 
especially antibacterial applications.  In cinnamon, cinnamaldehyde can act against multiple 
strains of bacteria that are detrimental to human health (Chang et al. 2001).  Ginger has 
demonstrated antibacterial effects against Escherichia coli, Salmonella enteriditis, Clostridium 
perfringens, Staphylococcus aureus, Campylobacter jejuni, and Bacillus cereus (Sunilson et al. 
2007). 
 
The possible uses of spice secondary compounds in combating bacterial growth are especially 
significant with the increasing number of antibiotic resistant bacteria.  The first instances of 
antibiotic resistant bacteria occurred in military hospitals in the 1930s.  By 2004, the list of 
bacteria resistant to a variety of antibiotics included (but was certainly not limited to) 
Streptoccoccus pyogenes Escherichia coli, Shigella and Salmonella Mycobacterium tuberculosis, 
Enterococcus faecium, Enterobacter cloacae, Klebsiella pneumoniae, Staphylococcus aureus, 
Acinetobacter baumanii and Pseudomonas aeruginosa (Levy & Marshall 2004).  
 
One of these bacteria, S. aureus, is of special interest because of its potential for serious 
infection, abscess formation, sepsis development and mortality (Lowy 1998).  S. aureus is a 
gram positive bacterium that is described as a superbug, resistant to multiple drugs (Walsh 
1999). 
 
Vancomycin, considered to be an important antibiotic in combating gram-positive bacteria, is 
often used as a last resort against particularly resilient infections (Walsh 1999).  In spite of the 



effectiveness of vancomycin, some bacteria have developed resistance to it.  This includes five 
strains of enterococci bacteria (Murray 2000) and strains of S. aureus (Levy & Marshall 2004).  
 
The effectiveness of two particular spices, rosemary and basil, against bacterial growth has 
been investigated as a potential solution for treating antibacterial resistant bacteria.  Growth of 
S. aureus is inhibited by the essential oil of lemon basil (Ocimum citriodorum) and African basil 
(O. amerincanum) (Carovic-Stanko et al 2009).  The essential oils in rosemary also demonstrate 
significant antimicrobial activity against S. aureus (Fu 2007). 
 
The following study investigated if a combination of vancomycin and the essential oils of basil 
or rosemary increased the effectiveness of inhibiting the growth of S. aureus more than either 
treatment alone.  The essential oils tested included that of basil and rosemary because these 
two spices have demonstrated effectiveness against S. aureus in previous studies.  
 
MATERIALS AND METHODS 
Twenty Fisher Scientific plates containing agar and Muller Hinton nutrients (Hardy Diagnostics) 
were streaked with S. aureus bacteria provided by the Washington State University 
Microbiology Prep Laboratory.  The plates were streaked to create a lawn pattern of bacterial 
growth.  Each plate was divided into four sections, one for each treatment of vancomycin alone, 
basil OR rosemary alone, vancomycin and basil OR rosemary, and a control of no treatment. 
  
One 30 mg vancomycin disc (Hardy Diagnostics) was placed on each plate.  Ten vancomycin 
discs were impregnated with 20 µL of 100% essential oil of O. Basilicum (organic basil, Oshadi 
Professional Aromatherapy).  Ten vancomycin discs were impregnated with 20 µL of 100% 
essential oil of Rosmarinus officinalis (rosemary, Aura Cacia Pure Aromatherapy).  Ten filter 
paper discs were impregnated with 20 µL rosemary essential oil and ten filter paper discs were 
impregnated with 20 µL basil essential oil. One disc of each treatment was placed on the 
respective section of the agar surface. Control sections were left empty.  All 20 plates were 
incubated for seven days at 37° C. 
 
After removal from incubation, the zones of inhibition for each treatment were measured in 
terms of diameter around the treatment disc (in mm). In instances where the zone of inhibition 
was irregular in shape, the longest and shortest visible diameters were averaged. All 
experiments were performed in duplicate. The data were analyzed using two-tailed t-tests 
comparing the average zone of inhibition of each treatment (p-value=.05). 
 
RESULTS 
Basil alone, vancomycin alone, and a combination of the two significantly inhibited the growth 
of S. aureus. Vancomycin alone was the most effective with an average zone of inhibition of 
14.05mm.  A combination of basil and vancomycin resulted in an average zone of inhibition of 
13.6mm, and basil alone was least effective with an average zone of inhibition of 9.4mm (Figure 
1).  Both treatments containing vancomycin inhibited bacterial growth significantly more than 
basil alone, but a combination of basil and vancomycin did not inhibit bacterial growth 
significantly more than vancomycin alone. 



Rosemary alone, vancomycin alone, and a combination of the two significantly inhibited the 
growth of S. aureus. A combination of vancomycin and rosemary was the most effective with an 
average zone of inhibition of 15.7mm. Vancomycin alone resulted in an average zone of 
inhibition of 15.15mm, and rosemary alone was least effective with an average zone of 
inhibition of 9.55mm (Figure 2).  Both treatments containing vancomycin inhibited bacterial 
growth significantly more than rosemary alone, but a combination of rosemary and vancomycin 
did not inhibit bacterial growth significantly more than vancomycin alone. 
 

 

 

Figure 1. The zones of inhibition of basil, vancomycin, and basil/vancomycin combination treatments on S. aureus 
growth. Error bars indicate standard deviation about the mean for 20 replicates. 

 

 

Figure 2. The zones of inhibition of rosemary, vancomycin, and rosemary/vancomycin combination treatments on 
S. aureus growth. Error bars indicate standard deviation about the mean for 20 replicates. 
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DISCUSSION 

The results indicate that vancomycin alone is the most effective treatment for inhibiting the 
growth of the S. aureus. Although both basil and rosemary show potential for inhibiting 
bacterial growth, combining either of these treatments with the already effective vancomycin 
did not significantly increase the treatment’s inhibitory effect.  

 
These findings on basil are largely concurrent with those of Corovic-Stanko et al. who 
demonstrated that the essential oil of the basil variety O. basilicum significantly inhibits the 
growth of E. coli bacteria but not the growth of S. aureus.  Two different varieties of basil, O. 
americanum and O. citriodorum effectively inhibited the growth of S. aureus. Our study used 
the O. basilicum variety, which can explain its limited effectiveness against S. aureus. This can 
also explain why combining this particular oil with vancomycin did not increase the 
effectiveness at inhibiting bacterial growth. 
 
These findings on rosemary differ from those of Fu et al. who found that rosemary essential oil 
significantly inhibited the growth of S. aureus with an average inhibitory zone diameter of 
18.5±1.3mm. The average in the present study was a much lower 9.55±6.1mm. The same 
variety of rosemary, Rosmarinus officinalis, was used in each study, indicating that variety did 
not contribute to the difference in findings.  Each study also employed a similar method of 
testing through the impregnation of filter paper discs and the placement of these discs on agar 
streaked with S. aureus.  However, Fu et al. impregnated each disc with only 5 µL of essential oil 
while the present study used approximately 20 µL. It is possible that the level of saturation of 
the filter paper discs affected the inhibitory capabilities of the rosemary essential oil. 
 
Bacterial resistance to antibiotics is still a growing problem.  Even vancomycin, a powerful 
antibiotic against gram-positive bacteria, is ineffective against certain strains of enterococci 
bacteria (Murray 2000) and strains of S. aureus (Levy & Marshall 2004). The essential oils of 
spices alone show inhibitory effects against bacteria including S. aureus, E. coli, E. faecalis, P. 
vulgaris, S. epidermidis and are considered a potentially viable alternative treatment for 
antibiotic-resistant bacteria (Carovic-Stanko  et al. 2009 and Fu et al. 2007).   Further research is 
necessary to determine if a combination of the most effective varieties of spices, such as O. 
americanum, and antibiotic treatment increase the inhibition of bacterial growth. 
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