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Results and Discussion

Zeta Potential & DLS

Fig. S1. The zeta potential (A) and particle size (B) and analysis of Chitligsan at pH 2.3



Fig. S2. The zeta potential (A) and particle size (B) and analysis of Chitligsan at pH 6.



Fig. S3. The zeta potential (A) and particle size (B) and analysis of Chitligsan at pH 9.



Fig. S4. The zeta potential (A) and particle size (B) and analysis of Chitligsan at pH 12.



Antibacterial Activity

Determination of antimicrobial activity against methicillin-resistant Staphylococcus aureus 

ATCC 43300 (MRSA ATCC 43300).



Fig. S5. Antibacterial evaluation of Chitligsan extracts against methicillin-resistant 
Staphylococcus aureus (MRSA ATCC 43300) using the agar well diffusion method. (A) 
Chitligsan–0.1 M citric acid extract, (B) 0.1 M citric acid, and (C) Ciprofloxacin as a positive 
control. All assays were performed in three independent replicates.

Determination of antimicrobial activity by broth microdilution method

In vitro antimicrobial activity assays were carried out by broth microdilution method according 

to the Clinical and Laboratory Standards Institute (CLSI) guidelines against a panel of reference 

bacterial strains including E. coli ATCC 25922, S. aureus ATCC 29213, P. aeruginosa ATCC [1]. 

In addition, methicillin-resistant S. aureus (MRSA) ATCC 43300 was also included to evaluate 

the activity against a resistant strain. Chitligsan-0.1 M citric acid extract and 0.1 M citric acid 

were prepared in 96-well microplates using two-fold serial dilutions to obtain a range of test 

concentrations. Ciprofloxacin was used as control drugs for tested bacteria. Bacterial 

suspensions were prepared in sterile PBS at a density of 0.5 McFarland turbidity standard from 

fresh cultures of standard bacterial strains on Tryptic Soy Agar (TSA, Merck). The suspensions 

were subsequently diluted in MHB and added to each well to give a final cell density of 5×105 

cfu/mL. Sterility control and growth control were included in each assay. MICs were read after 

incubation at 37°C for 24 h.

Reference

[1] Clinical and Laboratory Standards Institute (CLSI). Methods for dilution antimicrobial 

susceptibility tests for bacteria that grow aerobically, 10th ed Approved standard M07-A10, 

Wayne, PA, USA., (2015).



Fig. S6. Broth microdilution assay of Escherichia coli treated with Chitligsan–citric acid extract. 
The extract was serially diluted (two-fold, 24 steps) and evaluated in triplicate. 
Reliable readings could be obtained only up to concentrations that remained stable in the broth, as 
precipitation limited further assessment.

Fig. S7. Broth microdilution assay of Methicillin-resistant Staphylococcus aureus (MRSA) 
treated with Chitligsan–citric acid extract. The extract was serially diluted (two-fold, 24 steps) 
and evaluated in triplicate. 
Reliable readings could be obtained only up to concentrations that remained stable in the broth, as 
precipitation limited further assessment.
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Fig. S8. Broth microdilution assay Staphylococcus aureus treated with Chitligsan–citric acid 
extract. The extract was serially diluted (two-fold, 24 steps) and evaluated in triplicate.  Reliable 
readings could be obtained only up to concentrations that remained stable in the broth, as precipitation 
limited further assessment.
 

Fig.  S9. Broth microdilution assay Pseudomonas aeruginosa treated with Chitligsan–citric acid 
extract. The extract was serially diluted (two-fold, 24 steps) and evaluated in triplicate.  Reliable 
readings could be obtained only up to concentrations that remained stable in the broth, as precipitation 
limited further assessment.
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Fig.  S10. Broth microdilution assay Pseudomonas aeruginosa treated with 0.1 M citric acid. 
The extract was serially diluted (two-fold, 24 steps) and evaluated in triplicate.  

Fig.  S11. Broth microdilution assay Escherichia coli, Staphylococcus aureus, and Methicillin-
resistant Staphylococcus aureus (MRSA) aeruginosa treated with 0.1 M citric acid. The extract 
was serially diluted (two-fold, 24 steps) and evaluated in triplicate.  
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Table S1. Minimum inhibitory concentrations (MIC) of Chitligsan–citric acid extract and 0.1 M 

citric acid, determined by the broth microdilution assay. 

E. coli
ATCC 25922

S. aureus
ATCC 29213

MRSA
ATCC 43300

P. aeruginosa
ATCC 27853

Chitligsan-citric acid extract
(Initial concentration 0.25 
µg/mL)

0.25 μg/mL 0.125 μg/mL 0.125 μg/mL 0.25 μg/mL

0.1 M Citric acid 
(Solvent control)

0.1 M 0.025 M 0.01 M 0.05 M

* Reliable readings could be obtained only up to concentrations that remained stable in the broth, as 
precipitation limited further assessment.


