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INTRODUCTION
     The use of natural products for the preven-
tion and treatment of diseases is one of the 
oldest medical practices. Knowledge of the 
therapeutic potential of plants has provoked 
scientific interest in the search for new ways 
to control and treat various ailments.1

     Herbal remedies are used in many areas 
of modern medicine due to their excel-
lent properties, such as availability, simple 
preparation and application, good efficiency, 
and minimal side effects.2 In pharmacy, 
particularly in pharmaceutical compound-
ing, natural products have been used to 
efficiently treat a range of ailments and may 
be formulated into various dosage forms, in-

Antimicrobial Activity of Copaiba (Copaifera 
officinalis) and Pracaxi (Pentaclethra macroloba) 
Oils against Staphylococcus Aureus: Importance in 
Compounding for Wound Care

ABSTRACT
The Amazon rainforest is the largest reserve of natural products in the world. Its 
rich biodiversity of medicinal plants has been utilized by local populations for 
hundreds of years for the prevention and treatment of various diseases and 
ailments. Oil extracts from plant species such as Copaifera officinalis and 
Pentaclethra macroloba are used in compounded formulations for their anti-
inflammatory, antimicrobial, emollient, moisturizing, and wound-healing 
activities. The objective of this study was to investigate the in vitro 
bacteriostatic effect of two Amazonian oils, Copaiba and Pracaxi, against 
Staphylococcus aureus, a clinically important microorganism responsible for 
wound infection, to support the use of these oils as novel natural products for 
compounded wound-treatment modalities. The antibacterial activity of Copaiba 
and Pracaxi oils against a standard strain of Staphylococcus aureus was assessed 
using broth microdilution to determine the Minimum Inhibitory Concentration 
and Minimum Bactericidal Concentration of the oil extracts. Copaiba oil 
demonstrated antibacterial activity against Staphylococcus aureus, with a 
Minimum Inhibitory Concentration of 0.3125 mg/mL and a Minimum Bactericidal 
Concentration of 0.3125 mg/mL. Conversely, Pracaxi oil failed to inhibit 
Staphylococcus aureus growth. While additional studies are required to further 
evaluate the antimicrobial activity of Pracaxi oil, even low concentrations of 
Copaiba oil effectively inhibited Staphylococcus aureus growth, supporting its 
potential use as a promising adjuvant in compounded topical formulations for 
wound and scar healing.
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cluding ointments, creams, gels, shampoos, 
and capsules.3,4 
     The antimicrobial activity of substances 
used in wound healing is critical, as the 
wound provides an attractive environment 
for bacterial growth and, if left untreated, 
may result in the formation of biofilm and 
potentially cause significant damage.5 

Wound infections are typically polymicro-
bial, and most of these bacteria are aerobic 
and gram-positive cocci (mostly Staphylo-
coccus aureus [S. aureus]). Infected wounds, 
particularly those associated with S. aureus, 
require the most attention from health pro-
fessionals due to their tendency to acquire 
antimicrobial resistance.6-8 
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     Recent studies have demonstrated the use of certain plants from 
the Amazon rainforest in treating and healing wounds. The antimi-
crobial, anti-inflammatory, antioxidant, and emollient properties, as 
well as the ability to stimulate cellular proliferation, of plant species 
such as Copaifera officinalis (Copaiba) and Pentaclethra macroloba 
(Pracaxi) may be associated with improved wound healing9,10 and 
can be used in compounding preparations.

COPAIBA OIL
     Copaiba is the most widely used medicinal plant among the 
populations of the Brazilian Amazon region. Copaiba oil is exten-
sively marketed and used in folk medicine for its antimicrobial, 
anti-inflammatory, antifungal, anesthetic, emollient, and moistur-
izing properties and is commonly used for treating wounds, applied 
topically in concentrations of 2% to 10%. This oil is comprised of 
both volatile substances (sesquiterpenes), corresponding to ap-
proximately 90% of the resin oil mass, and non-volatile substances 
(diterpenes). It is believed that terpenes are the main chemicals 
responsible for the therapeutic properties of Copaiba oil.10-13 

PRACAXI OIL 
     The Pracaxi plant is distributed throughout northern Brazil, Guy-
ana, and some parts of Central America. Pracaxi oil presents various 
medicinal applications including wound healing, due to its anti-
hemorrhagic, moisturizing, and antimicrobial properties. The usual 
concentration of this Amazonian oil in compounded preparations 
is between 1% and 5%. Pracaxi oil is composed mainly of fatty acids, 
with oleic (approximately 50%) and linoleic acids constituting the 
major components9,13-17 
     The objective of this study was to investigate the in vitro antimi-
crobial activity of Copaiba and Pracaxi oils against a standard strain 
of S. aureus, a clinically important microorganism responsible for 
wound infection, to support the use of these oils as novel natural 
products for effective compounded wound-treatment modalities.

MATERIALS AND METHODS
MATERIALS 

     Copaiba (Lot 07133310R) and Pracaxi (Lot 09135160R) oils were 
acquired from a manufacturer of Amazonian oils (Pará, Brazil). 

MICROBIAL STRAIN
     S. aureus (ATCC 25923) was obtained from American Type Cul-
ture Collection (Manassas, Virginia). The strain was inoculated in 
Brain Heart Infusion (BHI) broth (RenyLab, Brazil) and incubated 
at 37°C for 24 hours. The inoculum was then spread onto Mueller-
Hinton agar plates (RenyLab, Brazil) and incubated at 37°C for 24 
hours, to assess for possible contaminants.18

     Three isolated S. aureus colonies were selected from the agar 
plates and transferred to test tubes containing 2 mL of sterile 
0.85% NaCl solution. The suspensions were then adjusted to 

achieve a turbid-
ity corresponding 
to a 0.5 MacFarland 
standard, which is 
equivalent to approxi-
mately 1.5 × 108 CFU/
mL. The bacterial 
suspension was then 
further diluted to 1.5 × 
103 CFU/mL, and this 
concentration was 
used in the following 
experiments.19

     The antimicro-
bial activity of the 
Copaiba and Pracaxi 
oils was assessed in 
vitro by determining the Minimum Inhibitory Concentration (MIC) 
and Minimum Bactericidal Concentration (MBC) of the oils that 
inhibits the visible growth of S. aureus, using the microdilution 
method.20

MINIMUM INHIBITORY CONCENTRATION
     Determination of the MIC was performed in 96-well microdilu-
tion plates.20,21 Copaiba and Pracaxi oils were first weighed and 
combined with 1% Tween 80 (Lot 142234) to form emulsions with 
a final concentration of 4% w/v (40 mg/ mL) for each oil. Tween 80 
was added to improve the incorporation of the oils into the aqueous 
medium and subsequent incorporation of these samples with the 
culture medium.22

     To each well of the microdilution plate, 100 μL of double concen-
trated BHI medium was added. Then, in the first row of the plate, 
100 μL of the Copaiba (columns 1–3) and Pracaxi (columns 4–6) oil 
emulsions was added, resulting in a final concentration of 2% w/v 
(20.0 mg/mL). Subsequent concentrations of the tested oils were 
obtained through two-fold serial dilutions on the plate, starting from 
the initial concentration of 2% (20 mg/mL – Row A) to 0.015625% 
(0.15625 mg/mL – Row H), by transferring 100 μL of the contents 
of a well to the subsequent well. Finally, 100 μL of the contents of 
the wells in Row H was removed and discarded in order for the total 
volume of each well to be the same. The concentrations of the oil 
emulsions in each row are listed in Table 1. To each well in columns 
7–9, 100 μL of BHI broth with 1% Tween 80 was added as a posi-
tive bacterial growth control. In columns 10 and 11, 100 μL of 20% 
chlorhexidine solution (Lot SMAART/CHG/2012/028 3) was added 
as a positive antimicrobial control, as this was expected to inhibit 
bacterial growth in these wells. To assess sterility, BHI broth alone 
was added to the wells in column 12, as a negative-growth control. 
     Following this, 10 μL of the bacterial suspension (1.5 × 103 CFU/mL) 
was added to each well, except those in the negative-control column. 
The plates were then incubated at 37°C for 48 hours. Finally, 10 μL 
of tetrazolium bromide was added to each well, the plate was further 

TABLE 1. Concentration of 
Copaiba and Pracaxi Oils in 
Minimum Inhibitory 
Concentration Assay.

C O N C E N T R A T I O N 
( M G / M L ) 

20

10

5 

2.5 

1.25 

0.625

0.3125

0.16525

W E L L S

Row A

Row B

Row C 

Row D

Row E

Row F

Row G

Row H
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incubated for 1 hour, and cell viability was assessed qualitatively. 
The MIC corresponded to the lowest concentration of the oils at 
which neither a change in the medium color (yellow to purple) nor 
the presence of precipitate was observed.  
     MICs were determined as the lowest concentration of Copaiba or 
Pracaxi oil able to inhibit bacterial growth, and 100% MIC was defined 
as the lowest concentration able to inhibit 100% of the isolates.23

MINIMUM BACTERICIDAL CONCENTRATION
     The MBC was determined by plating, on Mueller-Hinton agar, 10 
μL of the dilutions corresponding to the MIC and the two immedi-
ately preceding concentrations (2MIC and 4MIC). These concen-
trations above the MIC are sufficient to show the bactericidal activ-
ity of the tested oils, since the bacteriostatic effect was determined 
by the absence of growth in the tested samples. The plates were 
incubated at 37°C for 24 hours, after which the amount of growth 
was noted. 
     The MBC was defined as the lowest concentration of the oil 
emulsions that prevented visible growth of bacteria or that allowed 
the formation of up to three colony forming units (CFU). Thus, 
concentrations at which the formation of more than three CFU 
were found were not considered inhibitory for bacterial growth, 
while the concentrations in which no growth or less than 3 CFU was 
observed, were considered bactericidal.23,24 All experiments were 
performed in triplicate.

RESULTS
     Results from the in vitro antimicrobial activity assays indicate 
that Copaiba oil effectively inhibited S. aureus growth, as there was 
neither formation of precipitate nor a color change in the medium 
with given concentrations of the oil. The MIC of the Copaiba oil was 
found to be 0.3125 mg/mL (Figure 1). Based on the MIC, the MBC 
of the Copaiba oil was also determined to be 0.3125 mg/mL, as evi-
denced by the absence of bacterial growth on Mueller-Hinton agar 
plates with this concentration of the oil (Figure 2a). 
     Conversely, the Pracaxi oil demonstrated no in vitro antibacterial 
activity against the S. aureus strain. In the MIC assay, all samples 
containing Pracaxi oil, regardless of concentration, resulted in 
bacterial growth (Figure 1). Results from the MBC assay indicate 
that even at the highest concentration tested, the Pracaxi oil failed 
to inhibit bacterial growth (Figure 2b).
     As expected, no bacterial growth was observed in the chlorhexi-
dine samples or in the negative-control (BHI broth alone) samples. 
On the other hand, a color change (purple) was indeed observed in 
the all positive control wells (BHI + Tween 80), indicating bacterial 
growth in these samples (Figure 1). 

DISCUSSION
     The use of plant oils for wound healing is widespread throughout 
populations in the Amazon region and has been described in several 
studies.25,26 In particular, Copaiba oil has been reported as an effec-

tive antimicrobial agent.27-29 The antimicrobial activity of Copaiba 
oil against S. aureus found in the current study (Table 2) supports 
these findings and may serve to explain the frequent use of this oil in 
treating wounds.26 Reduction of the microbial load, and particularly 
S. aureus, is a significant factor in reducing both the healing time 
and the inflammatory process.6,7,30.

     While numerous species of the Copaifera genus have been shown 
to exhibit antimicrobial activity, the Copaifera officinalis species is 
the most noted.11 In a study by Santos et al, Copaiba oil from eight 
different species was assessed for antimicrobial activity. Oil from 
the Copaifera officinalis species was among those with the lowest 
MIC (62.5 μg/mL) and MBC (62.5 μg/mL). Moreover, the oil from 
this species presented moderate antimicrobial activity (MIC of    
125 μg/mL and MBC of 250 μg/mL) against the methicillin-resis-
tant strain of S. aureus.
     The anti-inflammatory, antimicrobial, and healing properties 
are the most commonly studied attributes of Copaiba oil cited in 
ethnopharmacological studies. Researchers attribute these proper-
ties to active phytochemical components, such as sesquiterpenes 
(β-caryophyllene, α- and β-humulene, α-bergamotene, germacrene 
D, and β-bisabolene) and diterpenes (copalic and kaurenoic 
acid).11,27,31,32

     The terpene activity on the bacterial membrane may be related to 
the lipophilic properties, the potency of the functional groups, and 
the solubility of these substances in water. The antimicrobial activ-
ity is attributed to the interaction of the terpenes with structural 

FIGURE 1. Determination of Minimum Inhibitory 
Concentration. The susceptibility of S. aureus to 
Copaiba oil (columns 1–3) and Pracaxi oil (columns 4–6) 
at the indicated concentrations was assessed in vitro by 
the microdilution method. Samples in columns 7–9 
(BHI medium + Tween 80) served as a positive control 
for bacterial growth. Chlorhexidine (columns 10–11) 
was used as a positive control for antimicrobial activity. 
Samples in column 12 (BHI medium) were incubated 
without S. aureus as a negative growth control. 

20mg/mL

10mg/mL

5mg/mL

2.5mg/mL

1.25mg/mL

0.625mg/mL

0.312mg/mL

0.156mg/mL

BHI (w/o 
S.aureus)

Copaiba Oil Pracaxi Oil BHI + Tween 80
Chlorhexidine
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components of bacterial cells, such as the phospholipid bilayer of 
the cell membrane, increasing permeability and binding to vital 
constituents of the bacteria.33 Damage to the bacterial cell mem-
brane as well as inhibition of the cellular proliferation of S. aureus 
by the terpenes in essential oils have been described previously.20

     When selecting therapeutic options for wound and scar healing, 
pharmacists should consider the mechanism of action of the agents 
available as well as the condition of the wound to be treated. The use 
of Copaiba oil combined with other compounds traditionally used in 
wound and scar healing, such as aloe vera, pentoxifylline, hyaluronic 
acid, tranilast, antibiotics, corticosteroids, calcium channel block-
ers, and retinoids could potentially be considered to enhance the 
desired therapeutic effect (Table 3).34,35 
     The antimicrobial activity of Pracaxi oil (Pentaclethra macroloba) 
has yet to be reported. However, in a recent study by Oliveira et 

al, the antibacte-
rial activity of the 
aqueous extract 
of Pracaxi was 
assessed against 
gram-negative and 
gram-positive bac-
teria. The results 
demonstrated that 
this extract showed 
antibacterial activ-
ity against gram-
negative bacteria 
(Klebsiella ozaenae 
and Acinetobacter 
baumannii) but was 
ineffective against 
gram-positive bac-
teria (S. aureus).14 
     While some 
studies support the 
antimicrobial activ-

FIGURE 2A

FIGURE 2. The Minimum Bactericidal Concentration 
of the Copaiba oil (a) and Pracaxi oil (b) was assessed 
after being subcultured on Mueller-Hinton agar, based 
on the Minimum Inhibitory Concentration values 
determined previously.

FIGURE 2B

Copaiba Oil 

Pracaxi Oil

20mg/mL

10mg/mL

5mg/mL

2.5mg/mL

1.25mg/mL

0.625mg/mL

0.312mg/mL

0.156mg/mL

20mg/mL

10mg/mL

5mg/mL

2.5mg/mL

1.25mg/mL

0.625mg/mL

0.312mg/mL

0.156mg/mL

TABLE 2. Minimum Inhibitory Concentration and 
Minimum Bactericidal Concentration of Copaiba and 
Pracaxi Oils (n = 3).

 C O P A I B A  O I L  P R A C A X I  O I L 

M I C R O O R G A N I S M  MIC MBC MIC MBC
 (mg / mL) (mg / mL) (mg / mL) (mg / mL)

Staphylococcus 
aureus 0.3125 0.3125 * *

*No antimicrobial activity was observed
MBC = Minimum Bactericidal Concentration; MIC = Minimum Inhibitory Concentration

TABLE 3. Suggested Compounded 
Formulations for Wound and Scar 
Healing Using Topical Gel with 
Copaiba Oil.
Formula 01 Aloe Vera  0.2%

 Hyaluronic acid  0.2%

 Mupirocin  1%                                                          

 Pentoxifyllin  5%

 Topical Gel
      with Copaiba oil         qs 20 g

Formula 02 Fluticasone propionate 1%                                    

 Pentoxifylline  5%

 Tranilast  1%

 Topical Gel
      with Copaiba oil         qs 20 g

Formula 03 Tamoxifen citrate  0.1%

 Pentoxifylline  3%                                                        

 Retinoic acid  0.05%                                                   

 Topical Gel
      with Copaiba oil         qs 20 g

ity of Pracaxi and its use in wound care, in the current study, Pracaxi 
oil showed no antimicrobial activity against the S. aureus strain, 
suggesting that it is not the most effective natural oil for reducing 
the microbial load, particularly that of S. aureus, in the treatment 
of wounds. Perhaps its high content of fatty acids, such as oleic and 
linoleic acid, may better explain its healing capability, as these acids 
provide emolliency and moisturization.17   

CONCLUSION
     Additional studies are required to further assess the antibacte-
rial properties of Pracaxi oil against gram-positive bacteria such as 
S. aureus, particularly since these bacteria are the first to colonize 
an affected area of the skin. However, the antimicrobial activity of 
Copaiba oil against S. aureus observed in the current study presents a 
promising opportunity to develop new commercial and compounded 
products for wound and scar healing. Compounding topical medica-
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tions can help tailor wound care treatments to individual patient 
needs and may offer alternative or enhanced wound healing effects. 
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