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ABSTRACT

Objective: The increase in cosmetics contamination has raised safety concerns regarding preservatives. 
Burkholderia cepacia contamination can pose health risks, especially for sensitive or immunocompro-
mised users. This study assessed antimicrobial efficacy of multifunctional compounds and essential oils 
(EO) compared to standard preservatives. Methodology: Caprylyl glycol (CG), ethylhexylglycerin (ETX), 
cinnamon and clove EO, methylparaben (MP), propylparaben (PP), phenoxyethanol (PE), benzyl alcohol 
(BA), potassium sorbate (PS), sodium benzoate (SB), and MCI/MI were tested against Burkholderia cepa-
cia strains and other pathogens. Results: Parabens and MCI/MI showed robust antimicrobial activity. CG 
and cinnamon/clove EO individually demonstrated effective antimicrobial properties (0.093 mg/mL to 8 
mg/mL). Combinations like CG + PE showed additive effects (FICI 0.5 to 1.0), while others were indiffe-
rent (FICI 1.0 to 4.0). Emulsion formulations with PE (0.3%), CG (0.3%), and cinnamon EO (0.15%) main-
tained microbiological stability over 7 days, with no impact on physical-chemical properties. Conclusion: 
CG combinations effectively preserved cosmetics, offering a viable alternative to traditional preservatives.

Keywords: Burkholderia cepacia complex; formulation/stability; essential oils; microbiology; safety testing.

RESUMO

Objetivo: O aumento da contaminação de cosméticos tem gerado preocupações quanto à segurança dos 
conservantes. A contaminação por Burkholderia cepacia pode representar riscos à saúde, especialmente 
para usuários sensíveis ou imunocomprometidos. Este estudo avaliou a eficácia antimicrobiana de com-
postos multifuncionais e óleos essenciais (OE) em comparação com conservantes convencionais. Meto-
dologia: Caprilil glicol (CG), etilhexilglicerina (ETX), óleos essenciais de canela e cravo, metilparabeno 
(MP), propilparabeno (PP), fenoxietanol (PE), álcool benzílico (BA), sorbato de potássio (PS), benzoato 
de sódio (SB) e MCI/MI foram testados contra cepas de Burkholderia cepacia e outros patógenos. Re-
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sultados: Parabenos e MCI/MI apresentaram atividade antimicrobiana robusta. CG e os óleos essenciais 
de canela e cravo, individualmente, demonstraram propriedades antimicrobianas eficazes (0,093 mg/
mL a 8 mg/mL). Combinações como CG + PE apresentaram efeitos aditivos (FICI 0,5 a 1,0), enquanto 
outras foram indiferentes (FICI 1,0 a 4,0). Formulações em emulsão contendo PE (0,3%), CG (0,3%) e 
óleo essencial de canela (0,15%) mantiveram estabilidade microbiológica por 7 dias, sem impacto nas 
propriedades físico-químicas. Conclusão: Combinações contendo CG preservaram eficazmente os cos-
méticos, oferecendo uma alternativa viável aos conservantes tradicionais.

Palavras-chave: Complexo Burkholderia cepacia; formulação/estabilidade; óleos essenciais; microbiologia; testes de 
segurança.

INTRODUCTION

Contamination of cosmetic and pharmaceutical 
products poses risks to product quality and consu-
mers (1,2). In annual reports of non-sterile pharma-
ceutical product recall issued by the Food and Drug 
Administration (FDA), the genus Burkholderia was 
cited as the most common microbial contaminant 
in several years over the past decade (1-6). Due to 
this alarming scenario, in 2019, the United States 
Pharmacopeia (USP) included tests to determine 
the absence of species of the Burkholderia cepacia 
complex (Bcc), especially in categories of non-ste-
rile products (7). The complex is known to cause 
opportunistic infections, especially in immunocom-
promised patients and patients with chronic lung 
diseases such as cystic fibrosis (8,9).

Literature has studies that show the susceptibi-
lity of the Bcc genus to major preservatives dime-
thoxydimethylhydantoin (DMDMH), methylisothia-
zolinone/chloromethylisothiazolinone (MCI/MI), 
methylparaben (MP), phenoxyethanol (PE), among 
others (10,11). Despite their importance, traditional 
preservatives should not be seen as the only options 
for microbial inhibition in formulations, given the 
high probability of causing allergy conditions, such 
as dermatitis (12-15). Carcinogenic risks have also 
been associated with parabens (16,17). 

Alternatively, the demand for preservative-free 
cosmetics or preservatives of natural origin has in-
creased (18,19). Natural product options consist of 
multifunctional additives, such as emollients, sur-
factants, fragrance ingredients, and essential oils 
with antimicrobial activity, which can be used alone 
or combined with anpreservativen order to enhan-
ce preservative action. These products include ca-
prylyl glycol (CG) and ethylhexylglycerin (ETX) 
(19-22). CG, an ingredient with emollient and hu-

mectant characteristics, has already demonstrated 
antimicrobial activity against S. aureus, P. aerugi-
nosa, E. coli, and C. albicans at 0.5% concentration 
in cosmetic formulations (23-25). ETX, another in-
gredient used for the same purpose in formulations, 
has antimicrobial activity at 0.1% to 1% against S. 
aureus, P. aeruginosa, P. fluorescens, P. putida, E. 
coli, S. epidermidis, E. gergoviae, A. niger, Peni-
cillium funiculosum, and C. albicans (26). Some 
essential oils have already demonstrated activity 
against Bcc strains, such as those extracted from 
lavender, lemongrass, marjoram, peppermint, tea-
-tree, rosewood, cinnamon, and clove (27,28). 

Despite the susceptibility of this genus, resis-
tance to chlorhexidine, benzalkonium chloride and 
alkyl diaminoethylglycine has been reported, which 
increased in biofilms when compared to planktonic 
cells (6,29,30). Resistance of B. cepacia to several 
antibiotic classes, including quinolones, aminogly-
cosides, and β-lactam agents has also been mentio-
ned (31,32). Multifunctional compounds and pre-
servatives were tested in vitro alone and combined 
with other substances. After the test, antimicrobial 
agents with the most promising results were incor-
porated into a non-ionic formulation that was sub-
jected to microbiological and physical-chemical 
tests. Thus, this study aims to assess the efficacy of 
new combinations of antimicrobial agents incorpo-
rated into non-ionic formulations to offer significant 
contributions to the development of more effective 
and safer alternatives to cosmetic preservatives.

MATERIALS AND METHODS 

STRAINS AND CULTIVATION CONDITIONS

The following species of the Bcc complex were 
used in this study: 1- Standard strains: B. cepacia 
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ATCC 25416 NCTC 10743, B. cenocepacia ATCC 
BAA-245, B. multivorans ATCC BAA-247; 2- Clini-
cally isolated strains named clinical B. cenocepacia 1, 
clinical B. cepacia 2, and clinical B. cepacia 3. Clinical 
strains were acquired from the Department of Patholo-
gy of the School of Medical Sciences at Universidade 
Estadual de Campinas (UNICAMP) and identified by 
MALDI-TOF mass spectrometry. Frozen samples of 
Bcc strains were stored in Brain Heart Infusion Broth 
(BHI, Difco Co., Detroit, MI, USA).

Standard strains of Escherichia coli ATCC 
9739, Pseudomonas aeruginosa ATCC 9027, and 
Staphylococcus aureus ATCC 6538 were also tes-
ted. These species were grown in Tryptic Soy Bro-
th (TSB, Difco Co., Detroit, MI, USA) with 20% 
glycerol at -80°C. For the experiments, Bcc strains 
were grown in BHI agar medium complemented 
with 1% defibrinated sheep blood and the other 
genera were grown in Tryptic Soy Agar medium 
(TSA, Difco Co., Detroit, MI, USA) and incubated 
aerobically at 37ºC.

The fungal strain tested in this study was 
Candida albicans ATCC 10231, which was sto-
red in Sabouraud broth (SbB, Sabouraud 2% 
Dextrose, Millipore, Darmstadt, DE) with 20% 
glycerol at -80°C. For cultivation, Sabouraud 
Dextrose Agar (SBA, Sabouraud 4% Dextrose 
agar, Millipore, Darmstadt, DE) was used and in-
cubated aerobically at 32°C (33). 

Access to the genetic heritage was authorized 
by SISGEN no. AF9DE1B.

SUBSTANCES USED IN THE STUDY 

Standard preservatives tested in this study 
were: phenoxyethanol (PE - ProServ Química, 
São Paulo, Brazil), methylparaben (MP - ProServ 
Química), propylparaben (PP - ProServ Química), 
benzyl alcohol (BA - ProServ Química), sodium 
benzoate (SB - 31%), and potassium sorbate (PS 
- 15.4%, ProServ Química), as well as a mixture 
of isothiazolinones (methylchloroisothiazolinone 
(MCI - 0.375%) and methylisothiazolinone (MI 
- 125%) (ProServ Química). Test preservatives 
were multifunctional compounds caprylyl glycol 
(CG - Engenharia das Essências, São Paulo, Bra-
zil) and ethylhexylglycerin (ETX - ProServ Quími-
ca). Regarding essential oils, the activities of oils 
from the leaves of Cinnamomum zeylanicum Blume 
(cinnamon) (Laszlo, Belo Horizonte, Brazil) and 

Syzygium aromaticum (clove) (Laszlo, Belo Hori-
zonte, Brazil) were assessed.

MINIMUM INHIBITORY CONCENTRATION (MIC), 
MINIMUM BACTERICIDAL CONCENTRATION 
(MBC), AND MINIMUM FUNGICIDAL CONCEN-
TRATION (MFC) ASSAYS

Individual MICs of essential oils, preservatives, 
and multifunctional compounds were determined by 
the broth microdilution method in 96-well micropla-
tes (33,34). Preservative diluents were alcohol 30% 
(Dinâmica, São Paulo, Brazil), sterile distilled water 
and polysorbate 80 (Dinâmica, São Paulo, Brazil). 
The experiment was conducted in duplicate (Table 
I). Diluents, samples, culture media, and microorga-
nisms were evaluated as the control group.

Colonies of each bacterial strain grown for 24h 
and each fungal strain grown for 48h were used to 
prepare the microbial suspension in BHI broth for 
Bcc strains, TSB for E. coli, S. aureus, and P. ae-
ruginosa, and 0.9% saline solution for C. albicans. 
Absorbance of microbial suspensions was measu-
red using a UV-vis spectrophotometer (Biodrop, 
Biochrom Ltd, United Kingdom) at a wavelength 
of 540nm. Then, serial dilutions (2x) of the substan-
ces were performed in 100μL Mueller Hinton broth 
(MHB, Difco Co., Detroit, MI, USA) for bacteria 
and RPMI 1640 medium (Sigma Aldrich, Missou-
ri, USA) for C. albicans. Finally, 100μL microbial 
suspension was added to all wells of the plate (final 
concentration of 5×105 CFU/mL for bacteria and 
5x102 CFU/mL for yeast). The 96-well plates were 
incubated at 37°C and examined after 24h (bacte-
ria) and 48h (yeast). After incubation, the plates 
were stained with resazurin dye (Inlab, São Paulo, 
Brazil) at 0.01%. The lowest concentration of the 
compound that did not present turbidity and main-
tained the blue color was considered the MIC.

To determine MBC and MFC, an aliquot of 
10µL from wells of 8xMIC, 4xMIC, 2xMIC, and 
MIC concentrations were grown in a Petri dish 
containing TSA (bacteria) and SBA (yeast) media 
and incubated at 37°C for 24h (bacteria) and 48h 
(yeast). The plate with the lowest concentration wi-
thout microbial growth was considered the MBC 
and MFC (35,36).
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ANTIMICROBIAL ASSOCIATION ASSAY 

The microdilution association method was 
used to assess possible effects of preservative in-
teractions (37,38). This assay assessed dilutions 
with different concentrations of ETX, CG, cin-
namon EO, and PE, as well as the antimicrobial 
activity. For preservative selection, the compou-
nds presenting the lowest MIC and in recommen-
ded concentration range were selected (39,4). For 
the experiment, 96-well plates containing MHB 
(bacteria) and RPMI 1640 (yeast) were used. Se-
rial dilutions (2×) using two antimicrobial agents 
were prepared in different directions (vertical 
and horizontal). Bacterial and fungal suspen-
sions were prepared as in MIC assays to produce 
an inoculum with a final concentration of arou-
nd 5×105 CFU/mL (bacteria) and 5x102 CFU/
mL (yeast). The plates were incubated for 24h 
at 37°C (bacteria) and 48 h at 37°C (yeast). The 
results were analyzed using the FICI (Fractio-
nal Inhibitory Concentration Index). FICI values 
<0.5 represent synergism, FICI values of 0.5 to 
1.0 represent an additive effect, FICI values of 
1.0 to 4.0 were indifferent, and FICI >4.0 were 

classified as antagonism (37). The experiment 
was conducted in duplicate.

FORMULATION OF NON-IONIC EMULSIONS

Knowing that emulsions contain between 60% 
and 80% water, susceptibility to microbial contami-
nation becomes a concern for the cosmetic industry 
(41). Also, emulsions are widely used by consu-
mers on different parts of the body and, as they are 
not rinsable, they are absorbed by the skin.

Five non-ionic emulsions were formulated: 
Control emulsion without preservative; Emulsion 1 
with PE as standard preservative; Emulsion 2 with a 
multifunctional agent and an essential oil (CG + cin-
namon EO); Emulsion 3 with a standard preservative 
and an essential oil (PE + cinnamon EO), and Emul-
sion 4 with a multifunctional agent and a standard 
preservative (CG + PE). Table II shows the compo-
sitions of the emulsions. For the development of the 
emulsions, the ingredients were divided into phases. 
The oil phase (B) and the aqueous phase (A) were 
preheated to 70°C. Then, phase B was added to pha-
se A slowly, under constant stirring (42). After coo-
ling, preservatives (C) were added to the emulsions.
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Table I. Technical information of substances used in the study

CATEGORY SUBSTANCES INCI NAME CAS NUMBER
TEST CONCENTRA-
TION RANGE (mg/

mL)
DILUENT

Preservative

Phenoxyethanol Phenoxyethanol 22-99-6 64 to 0.0078 Sterile distilled 
water

Methylparaben Methylparaben 99-76-3 32 to 0.00048 Alcohol 30%

Propylparaben Propylparaben 94-13-3 32 to 0.00048 Alcohol 30%

MCI/MI
Methylchloroisothiazoli-
none and Methylisothi-

azolinone
55965-84-9 4 to 0.00000048 Sterile distilled 

water

Benzyl alcohol Benzyl alcohol 100-51-6 24 to 0.011 Sterile distilled 
water

Sodium benzoate / Potas-
sium sorbate

Sodium benzoate/ Potas-
sium Sorbate

532-32-
1/24634-61-5 57 to 0.0029 Sterile distilled 

water

Multifunctional 
compounds

Caprylyl glycol Caprylyl glycol 1117-86-8 16 to 0.0039 Sterile distilled 
water

Ethylhexylglycerin Ethylhexylglycerin 70445-33-9 32 to 0.015 Sterile distilled 
water

Essential oils

Cinnamomum zeylanicum 
Blume (cinnamon)

Cinnamomum Zeylani-
cum Blume 84649-98-9 24 to 0.00036 Polysorbate 80 

(10%)
Syzygium aromaticum 

(clove) Syzygium aromaticum 84961-50-2 24 to 0.00036 Polysorbate 80 
(10%)

Table II. Composition of formulations divided into phase A (aqueous phase), B (oil phase), and C (thermola-
bile compounds).

INGREDIENTS ACTION CONTROL EMUL-
SION (%)

EMULSION 
1 (%)

EMULSION  
2 (%)

EMULSION 
3 (%)

EMULSION 
4 (%)

Water (A) Solvent 83.4 83 83 83 82.5

Propylene glycol (A) Humectant 5 5 5 5 5

Cetearyl alcohol and 
Polysorbate 60 (B)

Thickening and emul-
sifying agent 10 10 10 10 10

Caprylic triglycerides (B) Emollient 1.5 1.5 1.5 1.5 1.5

Butylhydroxytoluene 
(BHT) (B) Antioxidant 0.05 0.05 0.05 0.05 0.05

PE (C) Preservative
-

0.4 - 0.3 0.3

CG (C) Preservative
-

- 0.3 - 0.3

Cinnamon EO (C) Preservative
-

- 0.15 0.15 -

https://www.sigmaaldrich.com/BR/pt/search/532-32-1?focus=products&page=1&perPage=30&sort=relevance&term=532-32-1&type=cas_number
https://www.sigmaaldrich.com/BR/pt/search/532-32-1?focus=products&page=1&perPage=30&sort=relevance&term=532-32-1&type=cas_number
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PRESERVATIVE CHALLENGE TEST

The preservative efficacy of the associations incorporated into non-ionic emulsions was assessed ac-
cording to criteria of the Personal Care Products Council (PCPC) and Chapter 51 of the United States 
Pharmacopeia (USP), in duplicate (43,44). The method and preservative inactivating substances were pre-
viously validated. Ten grams of each experimental group were placed in polyethylene bottles and stored 
at room temperature (20°C to 25°C) throughout the test. The samples were contaminated with a microbial 
suspension at a concentration of 1x106 CFU/mL (bacteria) and 1x105 CFU/mL (yeast). Then, the samples 
were homogenized and diluted in a neutralizing agent (Table III), obtaining concentrations of 10x, 100x, 
and 1,000x. Of each dilution, 1.0 mL was pipetted into TSA or SBA plates using the spread-plate tech-
nique. The plates were incubated at 32.5°C ± 2.5°C for 24h (bacteria) and 48h (yeast). After this period, the 
colonies were counted to determine the CFU/mL, considering 20 to 300 CFU as an acceptable range. The 
emulsions were evaluated using the following intervals: 0, 7, 14, and 28 days.

Table III. Culture media used in the preservative challenge test.

STRAINS CULTURE MEDIUM FOR INOCU-
LUM PREPARATION

NEUTRALIZING CULTURE 
MEDIA

RECOVERY MEDIUM WITH 
AGAR

B. cepacia ATCC 25416 BHI1 broth DE3 broth BHI1 agar + 0.7% soy lecithin 
+ 2% tween 80

Clinical B. cenocepacia BHI1 broth DE3 broth BHI1 agar + 0.7% soy lecithin 
+ 2% tween 80

S. aureus ATCC 6538 TSB2 DE3 broth BHI1 agar + 0.7% soy lecithin 
+ 2% tween 80

E. coli ATCC 9739 TSB2 DE3 broth BHI1 agar + 0.7% soy lecithin 
+ 2% tween 80

P. aeruginosa ATCC 9027 TSB2 DE3 broth BHI1 agar + 0.7% soy lecithin 
+ 2% tween 80

C. albicans ATCC 10231 0.9% saline solution SbB + 0.7% soy lecithin + 2% 
tween 80

SBA4 + 0.7% soy lecithin + 2% 
tween 80

¹Brain Heart Infusion; 2Trypticase Soy Broth; 3Dey Engley broth; 4Sabouraud Dextrose Agar.

As a criterion for preservative system efficacy, 
according to the PCPC method, the bacterial count 
must be reduced to 3log or 99.9% after 7 days. For the 
USP, this reduction is expected on day 14. Yeast and 
mold counts should be reduced by 90.0% on day 7 ac-
cording to the PCPC method. The USP specifies that 
after 7, 14, and 28 days, yeast and mold levels must re-
main at or below the initial concentrations for the pre-
servative system to be considered efficient. With both 
methods, no growth is expected after 28 days (43,44).

ACCELERATED STABILITY TEST

Emulsion stability was preliminarily evaluated 
under four different conditions (45). The samples 

were submitted to the following conditions: 40 ± 
20°C, 2-5 ± 20°C, ambient light, protected from light 
at room temperature (20 to 25°C). Samples were 
evaluated in intervals of 0, 7, 15, 30, and 45 days, 
with analysis of organoleptic characteristics (phase 
separation, precipitation, color, and odor) and physi-
cal-chemical characteristics (pH) in relation to base-
line. Control emulsion (without preservative) was 
stored at room temperature, protected from light. The 
experiment was conducted in duplicate.
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RESULTS 

MINIMUM INHIBITORY CONCENTRATION (MIC), 
MINIMUM BACTERICIDAL CONCENTRATION 
(MBC), AND MINIMUM FUNGICIDAL CONCEN-
TRATION (MFC) ASSAYS

The antimicrobial activity of conventional pre-
servatives, when evaluated separately, was similar 
for Bcc, S. aureus, P. aeruginosa, and C. albicans 
strains, with efficacy decreasing from the highest to 
the lowest in the following order: MCI/MI > PP > 
MP > PE > BA > SB/PS (Table IV). Regarding E. 
coli and Bcc, MP showed a lower MIC when com-
pared to PP. For multifunctional compounds, CG 
showed the lowest MIC for all microorganisms (1 
to 8 mg/mL), followed by ETX (2 to 32 mg/mL). 
Cinnamon EO presented the lowest MIC values 
(0.093 to 3 mg/mL) when compared to clove EO, 
except for C. albicans (12 mg/mL).

MIC results between ATCC and clinical 
Burkholderia strains were similar.

The results for MBC of standard preservatives 
were similar to the MIC results (Table V). For C. 
albicans, PP had stronger fungicidal capacity than 
MCI/MI. Among the multifunctional compounds, 
CG showed the highest bactericidal potential (1 
to 16 mg/mL) followed by ETX (4 to 64 mg/mL). 
Cinnamon EO presented the lowest biocidal con-
centrations when compared to clove essential oil, 
except for P. aeruginosa and C. albicans.

For comparison, the Brazilian National Heal-
th Surveillance Agency (ANVISA) issued through 
RDC 528/2021 a list of substances with preserva-
tive action for personal hygiene products, cosme-
tics, and perfumes with maximum concentrations, 
as did the European Union with Regulation no. 
1223/2009. Table VI shows the percentages es-
tablished by legislation and their equivalent MIC 
found experimentally (39,40).

Table IV. Minimum inhibitory concentration (MIC) provided in mg/mL.

Strains/Preservatives PE¹ MP2 PP3 MCI/MI4 BA5 SB/PS6 ETX7 CG8 Cinnamon EO9 Clove EO10

B. cepacia ATCC 25416 2 0.5 0.5 0.0003 3 5.5/2.7 4 2 3 6

B. cenocepacia ATCC BAA-245 2 0.5 0.5 0.0002 3 5/2.5 4 2 3 6

B. multivorans ATCC BAA-247 2 0.5 0.5 0.0003 3 5.5/2.7 2 2 1.5 6

Clinical B. cenocepacia 4 0.5 0.5 0.0003 1.5 8.6/4.3 8 1 1.5 6

Clinical B. cepacia 2 4 0.5 0.5 0.0003 1.5 8.6/4.3 8 1 1.5 3

Clinical B. cepacia 3 4 0.2 0.5 0.00018 3 8.6/4.3 8 1 1.5 3

S. aureus  ATCC 6538 2 2 1 0.5 24 2.2/0.7 32 8 0.093 3

E. coli  ATCC 9739 4 2 2.8 0.031 12 18/6 4 2 0.3 1.5

P. aeruginosa ATCC 9027 16 4 4 0.5 4 28.8/9.6 16 4 2 0.3

C. albicans  ATCC 10231 4 4 1 1 8 28.8/9.6 8 2 12 0.18

Legends: ¹PE: phenoxyethanol; 2MCI/MI: methylchloroisothiazolinone/methylisothiazolinone; 3MP: methylparaben; 4PP: propylparaben; 5BA: benzyl alcohol; 6SB/PS: sodium 
benzoate/potassium sorbate; 7ETX: ethylhexylglycerin; 8CG: caprylylglycol; 9,10EO: essential oil.
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Table V. Minimum bactericidal concentration (MBC) and minimum fungicidal (MFC)concentration provided in mg/mL.

Strains/

Preservatives
PE¹ MP2 PP3 MCI/MI4 BA5 SB/PS6 ETX7 CG8 Cinnamon EO9 Clove EO10

B. cepacia

ATCC 25416
4 2 0.5 0.0003 6 11/5.5 16 2 3 6

B. cenocepacia ATCC 
BAA-245 4 2 1 0.0004 6 20/10 16 4 3 6

B. multivorans ATCC 
BAA-247 8 1 1 0.0012 6 44/22 8 2 1.5 6

Clinical B. cenocepacia 4 0.5 0.5 0.0003 1,5 8.6/4.3 8 1 1.5 6

Clinical B.

cepacia 1
4 0.5 0.5 0.0003 1,5 8.6/4.3 8 1 1.5 3

Clinical B.

cepacia 2
4 0.2 0.5 0.00018 3 8.6/4.3 8 1 1.5 3

S. aureus

ATCC 6538
8 8 2 1 24 4.5/1.5 32 16 0.093 3

E. coli

ATCC 9739
16 16 2.8 0.031 12 18/6 4 4 0.7 1.5

P. aeruginosa ATCC 9027 64 16 32 4 4 57.6/19.2 64 8 24 1.5

C. albicans
ATCC 10231

8 4 1 2 8 57.6/19.2 16 4 12 0.18

Legends: ¹PE: phenoxyethanol; 2MCI/MI: methylchloroisothiazolinone/methylisothiazolinone; 3MP: methylparaben; 4PP: propylparaben; 5BA: benzyl alcohol; 6SB/PS: sodium 
benzoate/potassium sorbate; 7ETX: ethylhexylglycerin; 8CG: caprylylglycol; 9,10EO: essential oil.

Table VI. MIC results in percentage and maximum concentrations for preservatives by current legislations.

Preservatives/
Strains

Maximum MIC results (%) Maximum allowed 
amount (%)

Bcc strains S. aureus 
ATCC 6538

E. coli ATCC 
8739

P. aeruginosa 
ATCC 9027

C. albicans 
ATCC 10231

Brazil (RDC 
528/2021)

Europe 
(EC no. 

1223/2009)

Methylparaben 0.05% 0.17% 0.17% 0.33% 0.33% 0.8% 0.4%

Propylparaben 0.05% 0.095% 0.26% 0.38% 0.095% 0.8% 0.4%

Benzyl alcohol 0.3% 2.31% 1.15% 0.38% 0.77% 1% 0.001%

Phenoxyethanol 0.4% 0.18% 0.36% 1.44% 0.36% 1% 1%

Potassium 
sorbate/Sodium 

benzoate
0.7% 0.10% 0.87% 1.4% 1.4% 0.5% 0.6%

MCI/MI 0.00031% 0.049% 0.030% 0.049% 0.097% 0.0015% 0.0015%
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ANTIMICROBIAL ASSOCIATION ASSAY

When associated, the compounds showed inhibitory concentrations that were similar to isolated com-
pounds. FICI values were 0.75 to 4.0 (Table VII).

Some results from the test of CG + PE association showed an additive effect, with a reduction in MIC 
concentrations (½MIC and ¼MIC) for at least one of the compounds, for S. aureus, E. coli, and Bcc. The 
same result was observed for the CG + ETX association for E. coli, ETX + PE for S. aureus, P. aeruginosa, 
and Bcc, and PE + cinnamon EO for P. aeruginosa and Bcc. The remaining associations resulted in indi-
fference, i.e., no increase was observed in the antimicrobial activity when using combined preservatives. 
In most cases, FICI values of 4.0 were obtained from associations with ETX. For this reason, associations 
without ETX were incorporated into the formulations.

PRESERVATIVE CHALLENGE TEST

Control emulsion (without preservative and previously contaminated) maintained microbial growth 
during the 28-day period (Figure 1). Standard control preservative (PE) was able to inhibit microbial grow-
th on day 28. However, for P. aeruginosa, no reduction of 2logs was observed on day 14 (Figure 1).

Figure 1. Preservative challenge test in non-ionic emulsion for B. cepacia ATCC 25416, clinical B. cenocepacia, S. aureus 
6538, P. aeruginosa 9027, E. coli 9739, and C. albicans 10231. a) Positive control (no preservative) and b) phenoxyethanol 
(0.4%). X-axis indicates the reading times in days (0, 7, 14, and 28 days) and Y-axis indicates CFU/mL values in Log.
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Table VII. FICI results for associations of caprylyl glycol (CG), phenoxyethanol (PE), ethylhexylglycerin (ETX), and EO 
(essential oil).

Strains/
Associations CG + PE CG + ETX CG + Cinnamon 

EO
ETX + Cinnamon 

EO ETX + PE PE + Cinnamon  
EO

B. cepacia
ATCC 25416 1.2 1.2 1.25 4.0 1.5 3.0

B. cenocepacia
ATCC BAA-245 1.0 2.25 1.25 1.4 2.25 1.2

B. multivorans
ATCC BAA-247 1.5 3.0 1.2 1.12 1.0 2.25

Clinical B.
cenocepacia 0.75 4.0 2.0 4.0 1.25 1.0

Clinical B.
cepacia 1 2.25 2.25 3.0 3.0 2.0 1.5

Clinical B.
cepacia 2 1.25 2.25 2.0 2.25 2.0 1.5

S. aureus
ATCC 6538 1.0 2.0 2.0 1.5 0.75 3.0

E. coli
ATCC 9739 1.0 1.0 3.0 4.0 4.0 1.5

P. aeruginosa
ATCC 9027 2.0 3.0 2.0 1.13 1.0 0.75

C. albicans
ATCC 10231 4.0 1.5 1.25 1.5 2.0 4.0

The association of CG + cinnamon EO (Figure 2) interrupted microbial growth at day 7 for Bcc, P. 
aeruginosa, and C. albicans, and for S. aureus and E. coli at day 14. The same result was observed with 
CG + PE (Figure 2). The association PE+cinnamon EO (Figure 2) reduced microbial growth at day 7 for 
B. cepacia ATCC, clinical B. cenocepacia, and P. aeruginosa, and for E. coli and C. albicans at day 14. 
For S. aureus a reduction of 2logs was observed at day 14 in relation to the baseline and it fully reduced 
growth at day 28.
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Figure 2. Challenge test of combined preservatives in non-ionic emulsion for B. cepacia ATCC 25416, clinical B. cenoce-
pacia, S. aureus 6538, P. aeruginosa 9027, E. coli 9739, and C. albicans 10231. c) Caprylyl glycol 0.3%+Cinnamon EO 0.15%, 
d) Phenoxyethanol 0.3%+Cinnamon EO 0.15%, e) Caprylyl glycol 0.3%+Phenoxyethanol 0.3%. X-axis indicates the 
reading times in days (0, 7, 14, and 28 days) and Y-axis indicates CFU/mL values in Log. 
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ACCELERATED STABILITY TEST

The samples maintained their organoleptic 
characteristics during the experiment, including a 
milky white color, characteristic odor, and no pha-
se separation. pH of the formulations ranged from 
5.13 to 6.19, with the highest variations in formula-
tions stored in an oven at 40°C and exposed to sun-
light. Control formulation (without preservatives) 
showed pH of 5.83 to 6.0.

DISCUSSION 

The microbiological quality of pharmaceu-
tical and cosmetic products is a critical factor, as 
contamination can alter the physical and chemical 
characteristics, reducing product shelf life and po-
tentially putting patient health at risk (1, 46). The 
genus Burkholderia has gained relevance in conta-
mination of cosmetic and pharmaceutical products, 
especially water-based products (2,6). However, 
despite the relevance of this bacterial complex, the-
re is little evidence of preservative efficacy against 
these microorganisms.

Antimicrobial activity results were lower for 
Bcc strains when compared to other microbial ge-
nera. Among traditional preservatives, MCI/MI 
presented the lowest concentrations for MIC/MBC, 
with antimicrobial activity of 0.00018 to 4 mg/mL, 
and presented higher efficacy against Bcc strains. 
In one study, wild-type Bcc strains were more sen-
sitive to MCI/MI than non-Bcc strains, showing an 
antimicrobial concentration in the range of 0.49 to 
1.3 mg/mL (11). Regarding PE and parabens, the 
concentrations for Bcc were also lower, 2 to 8 mg/
mL and 0.2 to 2 mg/mL, respectively. The results 
agree with Rushton et al. (11) who reported 2.5 to 
13 mg/mL and 1.0 to 5.8 mg/mL, respectively. Re-
garding BA, the results indicated stability at MIC/
MBC values for clinical Bcc strains (1.5 to 3 mg/
mL). In contrast, ATCC Bcc strains presented dou-
ble values for MBC in relation to MIC, reaching 
3 mg/mL and 6 mg/mL, respectively. For SB/PS, 
MIC and MBC values ranged from 2.7 to 5.5 and 
from 22 to 44 mg/mL respectively, showing lower 
efficacy compared to other preservatives.

Regarding multifunctional compounds, cli-
nical Bcc strains showed lower values than ATCC 
Bcc strains. CG presented the lowest concentrations 

for MIC, MBC/MFC: 1 mg/mL for clinical Bcc and 
2 to 4 mg/mL for ATCC Bcc strains. ETX results 
showed consistent values for MIC and MBC in re-
lation to clinical Burkholderia strains (8 mg/mL). 
However, an increase in MBC values was observed 
in ATCC Bcc strains, ranging from 2 to 4 mg/mL 
for MIC and from 8 to 16 mg/mL for MBC. For 
essential oils, cinnamon EO presented the lowest 
values for MIC (1.5 to 3 mg/mL) when compared 
to clove EO (6 mg/mL) for Bcc strains.

In relation to the standard microorganisms used 
in microbiological quality control tests (S. aureus, E. 
coli P. aeruginosa, and C. albicans), different MIC 
ranges were obtained for the standard preservatives, 
with some variation between species. PE presented 
efficacious concentrations for S. aureus of 2 to 8 mg/
mL, and for C. albicans of 4 to 8 mg/mL. For gram-
-negative bacteria E. coli and P. aeruginosa, higher 
MICs were observed of 4 and 16 mg/mL and MBC 
of 16 mg/mL and 64 mg/mL, respectively. This re-
sult differs from Lundov et al. (47), who found the 
following values for other strains of different origins 
using PE: 10 mg/mL for S. aureus, 4 mg/mL for P. 
aeruginosa, and 6 mg/mL for C. albicans. In Wang 
et al. (48), MP was evaluated for S. aureus and E. 
coli and the results were the same as our findings (1 
to 4 mg/mL) for MIC. For S. aureus and E. coli, the 
values found for MCI/MI ranged from 0.012 to 0.1 
mg/mL and for C. albicans, 0.005 mg/mL (48).  

For BA, S. aureus presented MIC of 32 mg/mL 
and E. coli, 12 mg/mL for both MIC and MBC. The 
results of S. aureus for MBC were also high (24 
mg/mL) for both compounds. The literature shows 
the efficacy of BA against bacteria such as S. au-
reus, P. aeruginosa, and E. coli, with MIC below 2 
mg/mL, and lower efficacy against Gram-negative 
bacteria (49).

For PS/SB, S. aureus showed the best results 
for MIC/MBC (0.7–2.2 mg/mL and 1.5–4.5 mg/
mL, respectively), followed by E. coli (6–18  mg/
mL), P. aeruginosa and C. albicans (9.6–28.8 mg/
mL and 19.2–57.6 mg/mL). In studies that evalua-
ted these compounds separately, the MIC values for 
SB against S. aureus, P. aeruginosa, E. coli, B. ce-
pacia, C. albicans and others were less than 0.01 
mg/mL, and for PS, 5 to 50 mg/mL, which suggests 
the efficacy against these microorganisms is supe-
rior when these compounds are used alone when 
compared with combined uses (11, 50, 51).
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CG presented MIC of 2 mg/mL and 4 mg/mL 
for E. coli and C. albicans and 4 mg/mL and 8 mg/
mL for P. aeruginosa. However, in relation to the 
Gram-positive species S. aureus, CG presented hi-
gher MIC/MBC of 8 mg/mL and 16 mg/mL, respec-
tively. These results suggest the promising potential 
of this compound as an alternative preservative. 
Also, when compared to ETX, it presented lower 
MIC and MBC values in general. Such promising 
use is also observed in a study that incorporated CG 
into an emulsion at 5 mg/mL, leading to inhibition 
of strains of S. aureus, P. aeruginosa, E. coli, and C. 
albicans in one day and A. niger in 28 days, at the 
preservative challenge test (24). 

The highest MIC found for ETX were 32 mg/
mL for S. aureus and 16 mg/mL for P. aeruginosa. 
For BA, S. aureus presented MIC of 32 mg/mL and 
E. coli showed 12 mg/mL for both MIC and MBC. 
The results of MBC for S. aureus were also high 
(24 mg/mL) for both compounds. The results ob-
tained for ETX differ from the findings of Wang et 
al. (48), who reported concentrations of less than 3 
mg/mL for wild-type strains E. coli and S. aureus 
isolated from the skin. 

The antimicrobial efficacy values of cinna-
mon EO for S. aureus and E. coli were 0.093 to 
0.7 mg/mL. For P. aeruginosa and C. albicans, 
higher values were obtained: 24 mg/mL for MBC 
and 12 mg/mL for MIC/MFC, respectively. In other 
studies, cinnamon EO showed MIC of 0.13 to 0.31 
mg/mL for E. coli and 0.21 to 0.62 mg/mL for S. 
aureus; higher MIC was obtained for P. aeruginosa 
(0.55 to 300 mg/mL) and lower MIC for C. albi-
cans (1 to 2 mg/mL). For MBC, 0.62 mg/mL for 
S. aureus and 1.25mg/mL for E. coli were reported 
(52-55). 

The fungicidal activity of clove EO was supe-
rior when compared to cinnamon EO, with MIC/
MFC values of 0.18 mg/mL for C. albicans. Hassan 
et al. (56) found, for clove EO, MIC of 1 mg/mL 
for C. albicans and A. niger. For the other bacteria, 
the values ranged from 0.3 to 3 mg/mL, lower for P. 
aeruginosa, with MIC of 0.3 mg/mL and MBC of 
1.5 mg/mL. Recent studies with clove EO reported 
MIC values of 1.25 to 2.5 mg/mL for E. coli, 1.25 
to 2.5 mg/mL for S. aureus, and 5 mg/mL for P. 
aeruginosa. For MBC, it maintained concentrations 
for S. aureus and P. aeruginosa, with lower efficacy 
against E. coli (1.25 to 10.9 mg/mL) (54,57,58). 

The antimicrobial activity of cinnamon is due 
to three main bioactive components in its essential 
oil: eugenol, cinnamaldehyde, and linalool (59,60). 
The essential oil from cinnamon bark or leaf has 
antimicrobial activity in planktonic cells and bio-
film (55,61,62). Clove EO has a high content of eu-
genol, a bioactive with rich antimicrobial activity 
(63,64). In leaves, eugenol represents around 95% 
of the extracted oil (65) and in cloves, it is also the 
main component of the oil, varying from 70% to 
85% (66,67).

Although the antimicrobial activity results of 
PE were higher than other preservatives, MCI/MI 
and parabens are associated with a higher risk of 
allergy (12-15). Carcinogenic risks have also been 
reported with parabens (16,17). Due to such repor-
ted risks, for tests with combined compounds, PE 
was selected as the standard preservative based 
on its potential use. Also, when compared to other 
preservatives, the efficacy range of PE was within 
the pre-established limits for use in formulations in 
RDC 528/2021 and European Union regulation no. 
1223/2009. This result was not obtained for BA and 
PS/SB, as MIC was very close to or exceeded the 
limits (39,40).

In tests with combined compounds, the com-
bination of CG and PE was the most promising 
association, as it presented predominantly additive 
results (FICI = 0.75 to 1.0) when compared to the 
other associations. These results are interesting and 
show that such association can reduce the minimum 
inhibitory concentration and, consequently, reduce 
the amount required for efficacy.

In preservative challenge experiments, PE at 
0.4% effectively inhibited growth over 28 days. 
A reduction of 2Logs was observed at day 14 for 
Bcc, S. aureus, E. coli, and C. albicans. The results 
for PE were approved according to USP criteria 
(44). For the PCPC parameters, only the results for 
the clinical strain of Bcc were accepted (43). The 
test failed for P. aeruginosa according to USP and 
PCPC, as there was no Log reduction on day 7 and 
day 14 when compared to the baseline. In contrast, 
previous studies indicated that PE at 0.5% was 
able to inhibit the growth of P. aeruginosa (68,69). 
Combinations of CG, PE and/or cinnamon EO were 
able to eliminate bacterial growth for strains of Bcc 
and C. albicans up to day 7, and for strains of S. 
aureus and E. coli up to day 14. All associations 
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were approved according to USP and PCPC crite-
ria. In previous studies, the addition of 0.3% (w/w) 
CG significantly increased the preservative efficacy 
when combined with PE or benzoic acid/dehydro-
acetic acid, leading to about 50% improvement in 
the antimicrobial activity of the preservatives in the 
challenge test (70,71).

Other studies investigated the preservative ac-
tivity of the combination of 1,2-hexanediol, CG, 
and PE against strains of E. coli, P. aeruginosa, S. 
aureus, and C. albicans. Concentrations between 
0.5% 1,2-hexanediol and 0.3% CG showed effica-
cy against E. coli, P. aeruginosa, and S. aureus, and 
such efficacy was even higher with the addition of 
0.3% PE. Regarding C. albicans, the combination of 
glycols was less effective, but the mixture of 0.3% 
PE, 0.3% 1,2-hexanediol, and 0.3% 1,2-octanediol 
reduced and suppressed the growth. In the same stu-
dy, CG associated with another diol with lower anti-
microbial activity showed lower efficacy than other 
associations of diols with PE. This finding highlights 
that PE can enhance the effect of CG (72).

Regarding the association of PE and cinnamon 
EO and/or PE alone, the results were comparable, 
suggesting that cinnamon EO did not enhance the 
antimicrobial effect of PE. S. aureus was less sus-
ceptible to PE, as its growth stopped only on day 
28, while Bcc was more susceptible, showing no 
growth on day 7. The inferior performance of PE 
in challenge tests when compared to CG can be 
explained by the likely incompatibility of PE with 
non-ionic surfactants, as reported in previous stu-
dies (73,74).

According to our findings, CG and cinnamon 
EO are a promising combination, as it presented si-
milar results to the association of glycol with PE. 
Recent studies observed the antimicrobial activity 
of essential oils varies according to the formula 
base, as hydrophilic formulations are more effec-
tive than lipophilic formulations, given the affinity 
of EOs to lipophilic components (75-77). A clinical 
trial compared the preservative activity of essential 
oils, including cinnamon EO, plant extracts, and 
parabens in skin creams. Cinnamon EO at 2.5% 
inhibited the growth of bacteria, yeast, and fungi, 
providing better results when compared to me-
thylparaben and plant extracts (18). However, it is 
important to consider the safety aspects associated 
with cinnamon EO. In a toxic study, cinnamon EO 

at 2% triggered contact dermatitis (78). Also, a cell 
viability assay showed cinnamon EO at 0.1mg/mL 
had no cytotoxic effect on human skin cells (79). 
Combinations of essential oil with other antimicro-
bial agents can reduce the amount of oil used and 
consequently the allergenic potential.

Glycols (1,2 diols), due to their amphiphilic cha-
racter and medium molecular size, present viscosity 
modulating properties, which complement their anti-
microbial properties (80). As a possible mechanism 
of action, it destabilizes and disrupts the microbial 
cell membrane (81). Studies show that combining 
CG with phenethyl alcohol, glyceryl caprylate and 
ETX can result in a synergistic antimicrobial effect 
(24,82). CG at 0.5% has demonstrated antimicrobial 
activity against S. aureus, P. aeruginosa, E. coli, and 
C. albicans in cosmetic formulations, as analyzed in 
previous studies (23-25).

Combinations with CG (PE and/or cinnamon 
EO) offer potential preservative applications, as 
they may stop the microbial growth of different pa-
thogens, including Bcc bacteria, and reduce the con-
centration of chemical preservatives used in appli-
cations. Considering the problem of Burkholderia 
complex resistance to preservatives, CG showed ef-
ficacy that can be compared to that of standard pre-
servatives. Also, CG can offer more benefits from 
an economic and environmental perspective when 
used as a preservative as it presents, in addition to 
antimicrobial activity, properties that improve the 
organoleptic characteristics of the formulation and, 
consequently, the acceptance of cosmetic products 
by the consumer. Our results highlight the impor-
tance of understanding the potential interactions 
between preservatives and other ingredients in cos-
metic formulations to use proper amounts of pre-
servative. The amount of preservative required to 
effectively control the growth of bacteria and fungi 
can be considerably reduced by using essential oils 
or combined multifunctional compounds, creating 
conditions that do not favor the development of 
unwanted toxicity reactions in end products.

CONCLUSION

As an innovative alternative to traditional pre-
servatives to reduce the use of chemical products 
in cosmetics, the combination of CG and PE and 
CG and cinnamon EO show potential antimicrobial 
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efficacy against common microorganisms found in 
cosmetic products, including the genus B. cepacia. 
However, further studies are required to evaluate 
the efficacy of these combinations in different for-
mulations and assess the safety of essential oils in 
formulations for topical use.
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