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Abstract  This study investigates the properties of chitosan in cosmetic formulations, by examining the
antibacterial and antioxidant effects when used alongside other cosmetic ingredients. Three types of 
chitosan with different molecular weights were examined, and five representative cosmetic ingredients 
used as raw materials in cosmetic formulations (1,2-hexanediol, 1,3-butylene glycol, EDTA-2Na, ethanol,
and glycerol) were selected. Disc diffusion and broth microdilution assays were conducted to determine 
the antibacterial activity of chitosan and the cosmetic ingredients. Synergistic antibacterial effects were 
evaluated by applying the checkerboard synergy assay. Bacterial strains used for the experiments were 
Gram-positive bacteria (Staphylococcus aureus, methicillin-resistant Staphylococcus aureus) and a 
Gram-negative bacterium (Escherichia coli). Antioxidant activity was measured by the DPPH radical 
scavenging assay. LMWC showed potent antibacterial and antioxidant activities. Synergistic antibacterial 
effects (in order of potency) were determined for LMWC, HMWC, and MMWC. In particular, EDTA-2Na 
and ethanol showed remarkable synergistic antibacterial effects with chitosan; none of the compounds 
showed antagonistic effects. Our data indicate that chitosan has strong potential for use as a natural 
material in cosmetic formulations, and may be useful in a wide range of applications in the cosmetic
industry.

요  약  본 연구에서는 키토산과 화장품 성분의 항균 및 항산화 시너지 효과를 확인하여 화장품 제형에서 키토산의 활성
을 확인하고자 하였다. 키토산은 분자량이 다른 3종류를 사용하였으며, 화장품 성분으로는 제형에 대표적으로 사용되는
물질 5종(1,2-hexanediol, 1,3-butylene glycol, EDTA-2Na, ethanol, glycerol)을 선정하였다. 디스크 확산법과 액
체배지 미량희석법을 수행하여 키토산 및 화장품 성분의 항균 활성을 확인하였으며, 항균 시너지 효과는 체커보드법으로
측정하였다. 본 실험에서는 실험 균주로 그람양성균인 황색포도상구균(Staphylococcus aureus)과 메티실린 내성 황색
포도상구균(methicillin-resistant Staphylococcus aures), 그람음성균인 대장균(Escherichia coli)을 사용하였다. 항
산화 활성은 DPPH 라디칼 소거능법으로 측정하였다. 저분자 키토산은 강력한 항균 및 항산화 활성을 나타냈다. 항균 
시너지 효과는 저분자 키토산, 고분자 키토산, 중분자 키토산 순으로 더 강하게 나타났다. 특히, EDTA-2Na와 에탄올은
키토산과 뛰어난 항균 시너지 효과를 보였으며 키토산과 화장품 성분 간의 길항 효과는 나타나지 않았다. 키토산은 화장품
제형에 사용하기 위한 천연 물질로서 높은 잠재성을 가지며 화장품 산업에서 유용하게 사용될 수 있을 것으로 기대된다.
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1. Introduction

Cosmetics are suitable substrates for microbial 
growth due to water, nutrients, pH, and other 
factors in their formulation. Microorganisms 
produce endotoxins and metabolites in cosmetics 
that can cause abrasion, irritation, and allergies 
on skin. Therefore, contamination by microorganisms 
exposes the consumer to unnecessary risk[1,2] 
and as a result cosmetics contain preservatives to 
prevent microbial growth[2]. However, chemical 
preservatives widely used in cosmetics, such as 
parabens, chlorphenesin, and phenoxyethanol, 
have been reported to be cytotoxic and cause 
skin irritation in several studies[3,4]. Consequently, 
the cosmetic industry has been searching for 
novel natural compounds to replace chemical 
preservatives, as the alternatives are presently 
quite limited[5].

Chitosan, which is derived from the partial 
deacetylation of chitin under alkaline conditions, 
is a biopolymer which has been found to be 
useful for applications in a wide range of 
fields[6,7]. It has unique physiochemical 
properties and biological activities, which have 
aroused interest in it as a natural material for use 
in cosmetics[8]. Specifically, chitosan has 
antimicrobial[9,10], antioxidant[11], wound 
healing[12], and pharmaceutical activities[13] 
and is non-toxic[14]. Its properties are affected 
by degree of deacetylation, molecular weight, 
and positive charge content, as well as the 
temperature and pH of the reaction 
conditions[15]. Chitosan has been attracting 
increased interest in the cosmetic industry and 
has been used as a skin protecting and 
emulsifying agent, antimicrobial, antioxidant, 
and as a delivery system[16,17].

The antimicrobial properties of natural 
materials are generally affected by reaction and 
combination conditions. For this reason, the 
antimicrobial activity of natural materials 
depends on both the medium and the specific 

formulations in which they are embedded[18]. 
Therefore, this study aimed to investigate the 
properties of chitosan in cosmetic formulations 
by testing the synergistic or antagonistic 
antibacterial and antioxidant activities of 
different molecular weight chitosans with 
common cosmetic ingredients. 

2. Materials and Methods

2.1 Chemicals and materials
Chitosan of different molecular weights was 

used for experiments. High molecular weight 
chitosan (HMWC, 600 kDa) was purchased from 
Sokchomulsan Co. Ltd (Sokchomulsan, Korea). 
Medium molecular weight chitosan (MMWC, 300 
kDa) and low molecular weight chitosan (LMWC, 
0.8-3.0 kDa) used for experiments were prepared 
as described in a previous study[10]. Lactic acid 
used for the preparation of chitosan solution as 
a solvent, was purchased from Sigma Chemical 
Co. (Sigma Chemical Co., USA). Cosmetic 
ingredients (1,2-hexanediol, 1,3-butylene glycol, 
EDTA-2Na, ethanol, and glycerol) were 
purchased from Sigma.

2.2 Bacteria Culture  
Bacterial strains used for experiments were 

Gram-positive bacteria, Staphylococcus aureus 
(S. aureus, ATCC 29213) and methicillin-resistant 
Staphylococcus aureus (MRSA), and a 
Gram-negative bacterium Escherichia coli (E. 
coli). S. aureus was purchased from the Korea 
Culture Center of Microorganisms (KCCM, 
Korea). MRSA was isolated from Gachon 
University Gil Hospital (Gachon University Gil 
Hospital, Korea) and stored in a –80 ℃ freezer 
until further use[19]. E. coli was isolated from 
commercially available bought pork and 
confirmed with 16S rRNA sequencing[20]. The 
strains were streaked onto LB (Luria-Bertani) 
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agar and incubated at 37 ℃ for 24 h. After that, 
single colonies were incubated in the medium in 
a shaking incubator for 24 h.

2.3 Disc diffusion assay
Each bacterial strain (1 x 108 CFU/mL) 

pre-cultured in LB medium was mixed at a ratio 
of 1 mL in 100 mL of liquid medium containing 
1.5 % (w/v) agar, and the medium containing 
bacteria was poured into disposal petri-dishes. 
While the media solidified, 100 μL of samples 
were inoculated onto paper-discs (0.8 
cm/diameter), which were then placed carefully 
on the solidified agar media. After confirming 
the discs attached to the media, the plates were 
incubated at 37 ℃ for 24 h. Time after, the 
diameter of the clear zones was measured and 
recorded. 

2.4 Minimum Inhibitory Concentration
The initial bacterial cell number was adjusted 

to be 5 x 105 CFU/mL in the medium. 
Pre-cultured 100 μL of bacterial cells were 
inoculated to wells of 96-well plates. Then, 100 μ
L samples were added to each well. The 
absorbance was monitored by spectrophotometer 
at 595 nm (Multiskan FC, Thermo Fisher 
Scientific, USA) and the plates were cultured 
continuously for up to 24 h at 37 ℃. Minimum 
inhibitory concentration (MIC) was defined as the 
lowest concentration with no growth. 

2.5 Checkerboard synergy assay
Synergistic antibacterial activity of chitosan 

with cosmetic ingredients was evaluated by 
checkerboard synergy assay to obtain the 
fractional inhibitory concentration (FIC). The 
first compound was horizontally serially diluted, 
while another compound was vertically serially 
diluted. Each compound was aliquotted at 100 μL 
in wells of 96-well plates. Then, 100 μL of 
medium containing bacteria (5 x 105 CFU/mL) 

was added to the wells of plates. The absorbance 
was monitored by spectrophotometer at 595 nm 
and the plates were cultured continuously for up 
to 24 h at 37 ℃. FIC index was calculated using 
the following equation (1).

     (1)

Where, FICA denotes MIC of compound A in 
combination / MIC of compound A alone, FICB 
denotes MIC of compound B in combination / 
MIC of compound B alone

The results were interpreted as synergistic (FIC 
index ≤ 0.5), additive or no interaction (0.5 < 
FIC index ≤ 1.0), or antagonistic (FIC index > 
1.0).

2.6 DPPH (2,2-diphenyl-1-picrylhydrazyl) 
    radical scavenging assay

100 μL of samples were aliquotted to wells of 
96-well plates that had 100 μL 0.1 mM DPPH 
(dissolved in ethanol) added. Ascorbic acid was 
used as a positive-control. The plates were 
stored in a darkroom at 25 ℃ for 30 min. The 
absorbance was measured at 595 nm using a 
spectrophotometer. DPPH radical scavenging 
activity was calculated using the following 
equation (2).

    



  
× 

(2)

Where, Abscontrol denotes absorbance of control, 
Abssample denotes absorbance of samples

2.7 Statistical analysis
The results from three independent 

experiments are presented in this study as the 
means of average values. Average values were 
calculated as means and standard errors (± SE). 
The statistical significance of differences was 
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Strains2) Chitosan3)

Diameter of the clear zone (mm)1)

Distilled
Water

Chitosan concentration (μg/mL)

5000 2500 1250 625 312.5

S. aureus
HMWC NA4) 11.93±0.32 10.67±0.03 8.83±0.24 NA NA

MMWC NA 11.97±0.15 10.50±0.21 9.07±0.15 NA NA
LMWC NA 18.90±0.12 16.20±0.60 12.33±0.23 9.07±0.09 NA

MRSA
HMWC NA 11.73±0.35 10.27±0.18 8.63±0.09 NA NA
MMWC NA 11.67±0.24 10.10±0.06 8.77±0.15 NA NA

LMWC NA 18.67±0.24 16.27±0.37 12.67±0.41 9.20±0.15 NA

E. coli
HMWC NA 11.93±0.13 10.30±0.21 8.83±0.23 NA NA

MMWC NA 11.20±0.21 10.03±0.12 8.50±0.25 NA NA
LMWC NA 17.57±0.23 13.40±0.31 10.27±0.18 9.10±0.12 NA

1) All values represent the average diameter (mean ± SE) of triplicate tests, with p < 0.05 indicating statistical significance 
2) S. aureus: Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; E. coli: Escherichia coli
3) HMWC: high molecular weight chitosan; MMWC: middle molecular weight chitosan; LMWC: low molecular weight chitosan
4) NA means as no activity

Table 1. Diameter of the clear zone of different molecular weight chitosan toward S. aureus, MRSA, E. coli 

Samples
Strains1)

S. aureus MRSA E. coli

Chitosan2)

HMWC 0.125 0.125 0.125

MMWC 0.125 0.125 0.125
LMWC 0.0312 0.0312 0.0312

Cosmetic 
ingredients

1,2-hexanediol 2 2 2
1,3-butylene glycol 20 20 20

EDTA-2Na3) 0.0156 0.0156 0.0078
Ethanol 25 25 25

Glycerol 40 40 40
1) S. aureus: Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; E. coli: Escherichia coli
2) HMWC: high molecular weight chitosan; MMWC: middle molecular weight chitosan; LMWC: low molecular weight chitosan
3) Ethylenediaminetetraacetic acid disodium salt

Table 2. MIC (%) of different molecular weight chitosan and cosmetic ingredients toward S. aureus, MRSA, E. 
coli   

assessed by the analysis of variance (ANOVA) 
with significance assumed at p < 0.05.

3. Results and Discussion

3.1 Disc diffusion assay
Disc diffusion assays were performed to 

evaluate the antibacterial activity of chitosan of 
different molecular weights. The antibacterial 
activity of chitosan was seen to be dependent on 
both its molecular weight and concentration 
(Table 1). HMWC and MMWC exhibited no 
antibacterial activity at a concentration of 625 μ

g/mL, while LMWC inhibited bacterial growth at 
this concentration, with clear zone diameters of 
(9.07±0.09) and (9.20±0.15) mm. Distilled water 
had no antibacterial activity.

Earlier studies, also showed that the 
antibacterial activity of chitosan was dependent 
on the molecular weight and that much greater 
antibacterial activity was observed with lower 
molecular weight chitosan[21,22]. Our data are 
consistent with this and demonstrate that in 
addition to lower molecular weight chitosan 
having higher antibacterial activity, the effect 
was dose-dependent. 
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Strains1)
Compound2) FIC3) value

FIC index Interpretation
A B FICA FICB

S. aureus

HMWC

1,2-hexanediol 0.5 0.25 0.75 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.25 0.25 0.5 Synergistic
Ethanol 0.125 0.125 0.25 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

MMWC

1,2-hexanediol 0.5 0.25 0.75 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.5 0.125 0.625 Additive
Ethanol 0.25 0.25 0.5 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

LMWC

1,2-hexanediol 0.5 0.125 0.625 Additive
1,3-butylene glycol 0.25 0.5 0.75 Additive

EDTA-2Na 0.25 0.125 0.375 Synergistic
Ethanol 0.25 0.25 0.5 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

MRSA

HMWC

1,2-hexanediol 0.5 0.25 0.75 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.25 0.25 0.5 Synergistic
Ethanol 0.125 0.125 0.25 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

MMWC

1,2-hexanediol 0.5 0.25 0.75 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.5 0.125 0.625 Additive
Ethanol 0.25 0.25 0.5 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

LMWC

1,2-hexanediol 0.5 0.125 0.625 Additive
1,3-butylene glycol 0.25 0.5 0.75 Additive

EDTA-2Na 0.25 0.125 0.375 Synergistic
Ethanol 0.25 0.25 0.5 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

E. coli

HMWC

1,2-hexanediol 0.5 0.125 0.625 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.25 0.125 0.375 Synergistic
Ethanol 0.125 0.125 0.25 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

MMWC

1,2-hexanediol 0.5 0.25 0.75 Additive
1,3-butylene glycol 0.5 0.5 1 Additive

EDTA-2Na 0.5 0.125 0.625 Additive
Ethanol 0.25 0.25 0.5 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

LMWC

1,2-hexanediol 0.5 0.125 0.625 Additive
1,3-butylene glycol 0.25 0.5 0.75 Additive

EDTA-2Na 0.25 0.125 0.375 Synergistic
Ethanol 0.25 0.125 0.375 Synergistic
Glycerol 0.25 0.25 0.5 Synergistic

1) S. aureus: Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; E. coli: Escherichia coli
2) HMWC: high molecular weight chitosan; MMWC: middle molecular weight chitosan; LMWC: low molecular weight chitosan; EDTA-2Na:

ethylenediaminetetraacetic acid disodium salt
3) Fractional inhibitory concentration

Table 3. Synergistic antibacterial activity of different molecular weight chitosan with cosmetic ingredients 
toward S .aureus, MRSA, E. coli 
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3.2 Minimum Inhibitory Concentration
The MICs of chitosan with different molecular 

weights and cosmetic ingredients were determined 
by broth microdilution method. Results are 
shown in Table 2. LMWC showed a remarkable 
antibacterial activity with 4-fold lower MIC than 
HMWC and MMWC. The antibacterial activities 
of EDTA-2Na were slightly different toward 
Gram-positive and Gram-negative bacteria. The 
MIC of EDTA-2Na was 2-fold lower in 
Gram-negative compared with Gram-positive 
bacteria. EDTA-2Na revealed significant 
antibacterial activity with the lowest MIC.

Chitosan of lower molecular weight showed 
the highest antibacterial activity and in our 
hands, EDTA-2Na showed stronger antibacterial 
activities toward Gram-negative bacteria. However, 
previous studies indicated that EDTA is more 
potent at growth inhibition in Gram-positive 
than Gram-negative bacteria[23,24].

3.3 Checkerboard synergy assay
To evaluate the synergistic antibacterial activities of 

chitosan with different cosmetic ingredients, 
checkerboard synergy assays were performed. 
Chitosan showed synergistic antibacterial activity 
particularly in the presence of EDTA-2Na and 
ethanol which each showed remarkable 
synergistic effects toward both Gram-positive 
and Gram-negative bacteria (Table 3). Kim et 
al.[18] stated that EDTA-2Na showed MIC of 
0.0625 % and 2 % in Gram-positive and 
Gram-negative bacteria, respectively. In our 
hands, EDTA-2Na with LMWC revealed MIC of 
0.0019 % and 0.0098 % in Gram-positive and 
Gram-negative bacteria, respectively. Ethanol 
showed MIC of 25 % in Gram-positive and 
Gram-negative bacteria[18]. Ethanol with LMWC 
showed inhibition of bacterial growth by MICs 
that were reduced (6.25 % and 3.12 %) in 
Gram-positive and Gram-negative bacteria. 

The antibacterial mechanism of chitosan was 

suggested that its positive charge of the amino 
group combines with anionic components on the 
cell membrane. Moreover, chitosan inhibits 
bacterial growth by chelating transition metal 
ions[25]. Earlier studies stated that EDTA inhibits 
microbial growth by eliminating Mg2+ and Ca2+ 
ions of the outer cell wall of Gram-negative 
bacteria and by reducing iron absorption. In 
addition, the iron-chelating property of EDTA 
may enhance the efficacy of other antimicrobial 
agents[24,26]. For these reasons, synergistic 
interaction between chitosan and EDTA-2Na may 
enhance their antibacterial activity. Our results 
showed that chitosan revealed potent antibacterial 
synergistic effects with EDTA-2Na in Gram-negative 
bacteria. Ethanol inhibits the biosynthesis of 
peptidoglycan and affects the outer membrane of 
Gram-negative bacteria[27,28]. Chitosan and 
ethanol exhibit antibacterial activities by 
disrupting the outer membrane of Gram-negative 
bacteria. Similar antibacterial mechanisms of 
chitosan and ethanol on the outer membrane 
may cause the synergistic antibacterial effects. 
The additive effects of chitosan with some 
cosmetic ingredients are considered to be due to 
independent antibacterial mechanisms.

The checkerboard synergy assay revealed that 
in order from stronger to weaker, synergistic 
antibacterial effects were bestowed by LMWC, 
HMWC, and then MMWC. Chitosan with cosmetic 
ingredients showed no antagonistic effect. 
Therefore, chitosan would be expected to 
facilitate potent antibacterial activity in cosmetic 
formulations.

3.4 DPPH radical scavenging assay
The DPPH radical scavenging activity of 

different chitosans and cosmetic ingredients is 
shown in Fig. 1 and was found to be; HMWC 
(21.7±0.1 %), MMWC (23.2±0.7 %), and LMWC 
(57.3±0.6 %). The radical scavenging activity of 
cosmetic ingredients were: 1,2-hexanediol (3.2±0.1 %), 
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IC50 (mg/mL) HMWC MMWC LMWC

DPPH 0.65±0.01 0.60±0.02 0.12±0.00

* All values represent the means of triplicate tests and standard error (± SE), with p < 0.05 indicating statistical significance
* IC50: the half-maximal inhibitory concentration; HMWC: high molecular weight chitosan; MMWC: middle molecular weight chitosan; 
LMWC: low molecular weight chitosan; DPPH: 2,2-diphenyl-1-picrylhydrazyl radical scavenging assay

Table 4. IC50 value of DPPH radical scavenging activity from different molecular weight chitosan

Fig. 1. DPPH radical scavenging activity of different molecular weight chitosan and cosmetic ingredients.
         (a) different molecular weight chitosan (1250 μg/mL) (b) cosmetic ingredients (MIC). HMWC: high molecular weight chitosan; 

MMWC: middle molecular weight chitosan; LMWC: low molecular weight chitosan; Hed: 1,2-hexanediol; BG: 1,3-butylene glycol;
EtOH: ethanol; EDTA: ethylenediaminetetraacetic acid disodium salt. Ascorbic acid (1250 μg/mL) was used as a positive-control.
All values represent the means of triplicate tests and error bars represent standard error (± SE), with p < 0.05 indicating statistical
significance.

Fig. 2. DPPH radical scavenging activity of different molecular weight chitosan with cosmetic ingredients.
         (a) HMWC with cosmetic ingredients (b) MMWC with cosmetic ingredients (c) LMWC with cosmetic ingredients. H: high molecular

weight chitosan; M: middle molecular weight chiotsan; L: low molecular weight chitosan; Hed: 1,2-hexanediol; BG: 1,3-butylene
glycol; EtOH: ethanol; EDTA: ethylenediaminetetraacetic acid disodium salt. All values represent the means of triplicate tests and 
error bars represent standard error (± SE), with p < 0.05 indicating statistical significance.
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1,3-butylene glycol (0.7±0.0 %), ethanol (3.9±0.0 %), 
EDTA-2Na (18.5±0.4 %), and glycerol (39.0±1.4 
%). Ascorbic acid, positive-control, showed a 
radical scavenging activity of 87.0±0.1 %.

The DPPH radical scavenging activity of different 
chitosans with cosmetic ingredients is shown in 
Fig. 2 and was found to be; HMWC+1,2-hexanediol 
(23.9±0.8 %), HMWC+1,3-butylene glycol (25.9±0.5 
%), HMWC+ethanol (20.4±0.0 %), HMWC+ 
EDTA-2Na (19.9±0.5 %), and HMWC+glycerol 
(49.8±1.0 %); MMWC+1,2-hexanediol (21.1±0.4 
%), MMWC+1,3-butylene glycol (22.0±0.7 %), 
MMWC+ethanol (20.9±0.6 %), MMWC+EDTA-2Na 
(23.5±0.4 %), and MMWC+glycerol (49.6±0.0 %); 
LMWC+1,2-hexanediol (67.0±0.1 %), LMWC+ 
1,3-butylene glycol (60.3±0.1 %), LMWC+ethanol 
(60.4±0.5 %), LMWC+EDTA-2Na (65.6±0.1 %), 
LMWC+glycerol (70.1±0.7 %).

The half-maximal inhibitory concentration 
(IC50) of DPPH radical scavenging activity was 
much lower in LMWC, compared to HMWC and 
MMWC (Table 4).

LMWC showed increasing antioxidant activities 
with all of the ingredients (Fig. 2). HMWC and 
MMWC showed additive effects with cosmetic 
ingredients. Chang et al.[29] stated that the 
molecular weight of chitosan is a crucial factor 
of its antioxidant properties, along with the 
degree of deacetylation. In addition, other earlier 
studies found that the antioxidant effects of 
chitosan increased as molecular weight 
decreased[29,30]. Similarly, we confirmed that 
the antioxidant activities of chitosan were 
inversely correlated with its molecular weight.  

4. Conclusion

In this study, we confirmed synergistic effects 
of chitosans in combination with cosmetic 
ingredients, on antibacterial and antioxidant 
activities. In particular, the results showed 
significant antibacterial and antioxidant activities 

exhibited by LMWC. EDTA-2Na and ethanol 
showed robust synergistic antibacterial effects 
and revealed stronger efficacy toward 
Gram-negative bacteria. Combinations of LMWC 
and EDTA-2Na or ethanol, should therefore be 
strongly considered as preservative options in 
cosmetic formulations susceptible to 
Gram-negative bacteria. Our data suggest that 
chitosan has potent properties as a natural 
material for use in cosmetic formulations and 
may be useful in a wide range of applications in 
the cosmetic industry.
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