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Synergistic Effect of Rhamnolipid in Nano-Chitosan with Antibiotics Against 

Multidrug Resistance Skin Pathogens 

 

ABSTRACT 

        This study was aimed to purify and characterize the rhamnolipid biosurfactant produced by an 

environmental isolate of P.aeruginosa (PO10), and to evaluate its antibacterial activity alone in combination 

with chitosan as nanoparticles. The isolate showed strong hemolytic activity (36.6mm clear zone), high 

emulsification index (E24%=66). Rhamnolipid was extracted and purified using chloroform: methanol (2:1) 

solvent system and silica gel column chromatography (3.5 x 30 cm), and was characterized by FTIR and GC-

MS. The MIC values of rhamnolipid were 12.5mg/ml for both P.aeruginosa and S.aureus. 

Chitosan/rhamnolipid nanoparticles (C/RL-NPs) were synthesized via ionic gelation and characterized by 

UV-Vis, FTIR, AFM, Zeta potential (+39mV), and FESEM (44.78-60.71 nm, spherical shape).These 

analyses confirmed the successful formation and high stability of the C/RL-NPs. The MIC of C/RL-NPs was 

reduced to 1.25mg/ml. This study is the first to investigate the synergistic effect of C/RL-NPs in combination 

with antibiotics, resulted in significant increases in inhibition zones against both pathogenic isolate of 

P.aeruginosa and S.aureus compared to antibiotics or nanoparticles alone.     
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INTRODUCTION  

Multidrug Resistance (MDR) is a serious 

condition in which microorganisms from 

various origins exhibit resistance against a 

wide range of antibiotics. Globally, this 

situation ranks among the top ten alarming 

issues (Ohikhena et al., 2017). The spread of 

MDR bacteria is not just nosocomial but also 

present in the natural environment (Shekhar et 

al., 2015). Nanotechnology refers to the usage 

and handling of resources that have a size 

range between 1-100nm known as 

nanoparticles. In recent years, nanotechnology 

has been considered as a powerful technology 

due to its properties which include various 

magnetic, optoelectronic, and physiochemical 

characteristics that can be regulated by shape 

and size distribution (Liu et al., 2016). 

Biosurfactants are amphiphilic molecules that 

have both hydrophilic and hydrophobic 

moieties, Surfactants have many applications, 

including in the food industry, petroleum, 

cosmetics, sewage treatment, and chemical 

industry production, as well as the treatment of 

petroleum-contaminated areas, Surfactants 

have several advantages, including 

biodegradability and eco-friendliness, in recent 

years, biosurfactants have garnered more 

attention because of their biological properties, 

versatile functions, emulsifying activity and 

versatile functions  (Prabaharan & Mano, 

2005).Biosurfactants have more advantages 

compared to synthetic ones including their 

higher biodegradability, thermo stability, 

lower toxicity, and tolerance to extreme 

conditions (Vatanparast et al., 2018). One of 

the most popular biosurfactants is glycolipid, 

that have low molecular weight, and many 

biotechnological applications consists of two 

parts, one of them is a carbohydrate and the 

other is fatty acid chain that linked by 

glycosidic bond, which serve both hydrophilic 

and hydrophobic roles. Diversity of glycolipid 

comes from the differences of carbohydrates 

and fatty acid chains, subclass of glycolipids 

are rhamnolipid, sophorolipids, 

mannosylerythritol lipids, cellobiose lipids, 

trehalolipids and xylolipids (Niladevi & 
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Prema, 2005).Microorganisms which isolated 

from oil-contaminated soil considered as the 

majority of glycolipid producers, RL have 

been confirmed to exhibit potential anticancer 

effects and are expected to be promising 

candidates for anticancer drugs (Sifour et al., 

2007). Another application of rhmanolipids in 

biomedicine has received more attention in 

recent years due to their antimicrobial activity 

against a wide range of bacteria, they 

considered as safe for recovery of different 

illnesses, rhamnolipids that derived from 

Pseudomonas aeruginosa isolated from milk 

factory waste have shown potential use in 

breast cancer therapy and insect cell line as 

evaluated by (Varvaresou & Iakovou, 2015) 

.Chitosan is a polycationic polysaccharide, 

considered one of the most favorable 

biopolymers, due to their biocompatibility, 

biodegradability and lack of toxicity, chitosan 

has been approved by the FDA for several 

applications (Costa et al., 2021). Chitosan is 

used to carry antibacterial agents such as 

antibiotics, anti-inflammatory and anti-cancer 

agents (Raafat et al., 2008). Chitosan 

nanoparticles have a positive charge and 

mucous adhesion property, from this property; 

they can adhere to mucous membranes and 

release their drugs-loaded (Ali & Ahmed, 

2018). Many studies have evaluated chitosan 

nanoparticles to carry antibiotics and 

polyphenol products (Hussain et al., 2018). An 

efficient and safe method for producing 

chitosan nanoparticles is by using 

Tripolyphosphate (TPP) as a cross-linker, 

particles are formed by electrostatic 

interactions between amine groups of chitosan 

and the phosphate group of TPP. The addition 

of TPP results in smaller particle sizes also 

improved loading efficiency, cellular uptake 

and better bioactivity (Pontes et al., 2016). 

This achievement in glycolipid-chitosan 

nanoparticles at the laboratory level opens up 

new avenues to reduce bacteria that resist to 

antibiotics.  This study was designed to 

synthesize chitosan/rhamnolipid nanoparticles 

using rhamnolipid biosurfactant produced 

from Pseudomonas aeruginosa which is 

considered as a reducing and stabilization 

agent. In addition, to evaluated the biological 

activity of chitosan/rhamnolipid nanoparticles 

with some antibiotics in vitro as an 

antibacterial agent against multidrug resistance 

pathogens.  

MATERIALS AND METHODS  

Isolation of Pseudomonas aeruginosa from 

Soil: Twenty two soil samples were collected 

from University of Baghdad from different 

locations such as soil contaminated with 

hydrocarbons (near generators) and oil station, 

soil was taken from depth of 10cm to avoid 

surface contamination, suspended in 90ml 

flask contain sterile normal saline, serial 

dilutions was prepared by transferring 1ml of 

the original suspension into 9 ml of sterile 

saline. 0.1ml of each dilution was transferred 

into Cetrimide agar using sterile pipette which 

is considered as a selective media for 

pseudomonas aeruginosa. The isolates were 

identified by biochemical tests and confirmed 

by VITEK 2 compact system. Inoculum was 

spread across the plate with a sterile glass 

spreader and incubates for 24h at 37°C. 

Screening method: Environmental isolates of 

pseudomonas sp. were screened to select 

higher producing isolates for biosurfactant 

production, the primary screening was 

achieved by plate assay using blood agar 

medium.100 μl of previously activated culture 

in BHI, were added to each well created in the 

blood agar medium with 7mm in diameter. 

The plates were then incubated at 37°C for 

24h. The development of a clear zone around 

wells indicated for biosurfactant production. 

The radius of the zone was measured in 

millimeters using an electronic ruler. 

Secondary screening was tested to obtain the 

higher rhamnolipid producing isolate, for 

Emulsification Index (E24%) test. Two ml of 

cell free supernatant was added into two ml of 

toluene (equal volumes v/v), mixed with 

vortex for 2 min, and left for 24 hrs.at room 

temperature (Abouseoud et al., 2008). The 

emulsifier layer height was determined 

According to the following equation:  

E24%= Height of emulsion layer (mm) / 

total height of the liquid column (mm) x 100 

Production of Rhamnolipid: Batch culture 

production of RL by selected P.aeruginosa 

isolate was performed in aqueous medium 

(mineral salt medium), medium components 

were (CaCO3 (0.02 g/L), CuSO4 (0.009 g/L), 
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FeSO4·7H2O (0.01 g/L), K2HPO4 (1.0 g/L), 

KH2PO4 (0.5 g/L), MgSO4·7H2O (0.6 g/L), 

NaCl (0.1 g/L), ZnSO4 (5.0 g/L), Olive Oil 

(2.0% w/v) as carbon source, (2.0% w/v) yeast 

extract as nitrogen source. The pH was 

adjusted to 7.0 and then sterilized by 

autoclaving at 121°C for 15 min. Next, the 

medium was left to cool and inoculated with 

1% (1x108 CFU/ml) of pre activated 

P.aeruginosa inoculum. Then, it was placed in 

shaker incubator set at 30°C with 120 rpm for 

72 hours in purpose of production of 

extracellular rhamnolipid (Shaban, 2016).  

Optimization of Carbon Source: Different 

carbon sources were used in fermentation 

media (MSM) to choose the best carbon 

source for the production of extracellular 

rhamnolipid from P.aeruginosa. Each of these 

sources was added to the medium in 

(2g/100ml) or (2ml/100ml) v/v) including 

olive oil, black seed oil, glucose and glucose + 

glycerol (1:1 w/w). Then the medium pH was 

adjusted to 7.0, shaker incubator was adjusted 

to 120 rpm, at 30°C for 72hours. After that, 

the media was inoculated with 1% of 

overnight culture 1x108 cell/ml (O.D 600 nm) 

of the selected isolate, E24% was measured to 

choose the best carbon source for the 

production of biosurfactant from selected 

isolate (Pan et al., 2020). 

Optimization of Nitrogen Source: Nitrogen 

is important parameter that effect on growth 

and production of biosurfactant. Nitrogen 

sources were investigated by adding 2% of 

different nitrogen sources to the fermentation 

medium (MSM) such as yeast extract, KNO3, 

NANO3 and NH4CL + Peptone. A 1% of 

pervious activated  P. aeruginosa (OD = 0.5, 

1x108 CFU/ml) was suspended in 50 ml of 

sterile production medium (MSM) containing 

2% of the best carbon source and examined 

nitrogen source at pH 7 and placed in a shaker 

incubator at 30°C, 120rpm for 72 hours. The 

emulsification index (E24%) was measured. 

Rhamnolipid extraction: The rhamnolipid 

production was conducted in optimum 

conditions, such as pH=7, agitation rate 

120rpm, at 30°C for 72h, the optimum 

conditions of rhamnolipid production were 

described by (Karamchandani et al., 2022). 

After centrifugation with 10000 rpm for 10 

min, the collected supernatant containing 

biosurfactant was transferred to separating 

funnel and extracted with solvent system 

chloroform and methanol with ratio (2:1 v/v). 

The solvents layer at the bottom of the 

separating funnel was removed, and the 

emulsion layer was collected in glass petri 

dish. Then, the collected layer was dried in 

oven at 50°C. After drying process, the 

resulting product was collected from petri 

dishes using sharp tool. The product was 

weighed and stored in a clean vial at 5°C in 

refrigerator for further use (Singh et al., 2013). 

Purification of Rhamnolipid: The extracted 

RL was purified using silica gel column, 

where the silica was activated by heating in an 

oven at 80°C for 4 hrs. Then suspended in 

organic solvents (chloroform: methanol) at a 

ratio of (1:1 v/v), the gel was filed in the 

column with dimensions of (3.5 x30 cm). One 

gram of rhamnolipid was poured on the slurry 

after dissolving it in 10 ml of chloroform and 

methanol 1:1 (v/v), and the mixture of 

chloroform /methanol was continuously added 

until all neutral lipids were eluted. One volume 

of chloroform/methanol (150 mL) was 

sequentially added to the column at ratios of 

50:50 to elute all rhamnolipid at a flow rate of 

3 mL/9min. Solvent evaporation was done to 

remove residual solvents, followed by 

measuring E24% of the eluted fractions. The 

separated biosurfactants were then 

characterized using FTIR and GC-Mass 

technique to confirm the complete separation 

and presence of the rhamnolipid (Santa Anna 

et al., 2002). 

Characterization of Rhamnolipid (FTIR, 

GC-MS): The FTIR spectra of the 

biosurfactant were analyzed within the 

wavelength range of (500-4000) wave number 

/cm. The analysis was conducted using a 

Shimadzu-I Rafffinity-1 spectrophotometer. 

Additionally, FTIR spectroscopy provides 

detailed information about molecular bonds 

and functional groups that have a permanent 

dipole moment (Pasieczna-Patkowska et al., 

2025). Also, biosurfactant was analyzed for 

their fatty acid composition using gas 

chromatography (GC). Fatty acid methyl esters 

(FAMEs) were extracted with hexane and 

analyzed by GC, employing helium as the 
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carrier gas. The analysis was performed on a 

Shimadzu 17-A system equipped with a fused 

silica capillary column. 

Determination of Minimal inhibitory effect 

of Rhamnolipid (MIC): MIC was determined 

as the lowest concentration of RL at which the 

tested microorganism does not demonstrate 

visible growth. After preparation and 

activation of selected pathogenic isolate  (S. 

aureus and P. aeruginosa) isolated from burns 

and wounds infection, the minimal inhibitory 

effect of biosurfactant was determined using 

microtiter plate method. Different 

concentration of glycolipid was prepared (100, 

50, 25, 12.5, 6.2, 3.1, 1.5 and 0.75 mg/ml) 

using Muller Hinton Broth (MHB) as a 

diluent. The microtiter plate wells were set up 

as follows:  

Wells from 1 to 8 contained 10μl of bacterial 

suspension for each pathogenic isolate 

corresponding to the McFarland standard no. 

0.5 (1.5 x 108 CFU/ml) with 100μl of each 

selected concentration of rhamnolipid. The 

microtiter plate was then incubated for 24 h at 

37°C. The positive control well contained 

Muller Hinton Broth (MHB) 190 μl and 10μl 

of bacterial suspension without rhamnolipid, 

while the negative control well contained 

200μl of MHB only. In order to detect color 

change, a 30μl of Resazurin dye was added to 

each well and incubated for two hours. The 

MIC of rhamnolipid was determined based on 

the color shift from blue to pink (Paulino et 

al., 2016(. 

Antibacterial activity of Rhamnolipid: Well 

diffusion method was used to determine the 

best concentration of rhamnolipid against both 

Gram positive and negative bacteria 

(P.aeruginosa and S.aureus). First of all, the 

selected clinical bacteria isolates were 

prepared by inoculating tubes containing 10ml 

of nutrient broth separately with 1:100 of an 

overnight cultural isolate containing about 

1×108 cells/ ml. Muller Hinton agar medium 

was prepared and allowed to solidify (Balouiri 

et al., 2016). After that, 20μl of selected 

isolate was spread on Muller Hinton Agar 

using sterile swab and allowed to dry for 7 

min. Four agar wells with diameter 5mm were 

prepared for each agar plate using sterile cork 

borer. The wells were labeled for each 

prepared concentration of RL (100mg/ml, 

75mg/ml, 50mg/ml and 25mg/ml). Each well 

was loaded with 100μl of different 

rhamnolipid serial dilution and incubated for 

24h at 37°C. After incubation period, the 

inhibition zone was observed and calculated 

using electronic ruler. 

Synthesis of chitosan nanoparticles 

encapsulated rhamnolipid (C/RL-NPs): 

Ionic gelation method was used, sodium 

tripolyphosphate considered as a crosslinking 

agent. The preparation of chitosan solution 

2mg/ml was prepared by dissolving 0.2 g of 

commercial chitosan in a 100 ml of deionized 

water and adding 1ml of 1% acetic acid under 

magnetic stirring for 2-3 hours until the 

solution became fully clear, ensuring that all 

chitosan had dissolved. Millipore filter 0.45μm 

was used to achieve cell-free solution. The 

solution was then stored in a dark environment 

to prevent oxidation. The rhamnolipid solution 

with concentration 3mg/ml was prepared by 

dissolving 75mg of purified rhamnolipid in 

25ml deionized water at pH 5.5. The RL 

solution was then filtered using 0.45 μm 

membrane filters (Bettencourt et al., 2021). 

The C/RL NPs was prepared by mixing the 

chitosan and rhamnolipid solutions at a 1:1 

(v/v) ratio under magnetic stirring at 700rpm 

and 25 °C for 24h. Subsequently, a 3ml of TPP 

solution 0.5mg/ml with pH 9.5(to assure that 

all phosphate ions are in the ionized state) 

were added into C/RL mixture after 

sterilization using 0.22 μm membrane filters 

under the same condition of stirring and 

temperature. The final pH of solution was 

optimized to 5.5. The NPs were then separated 

by centrifugation at 14,000 rpm for 20 min and 

washed triple with deionized water to remove 

any unbound materials of reaction and remove 

acetic acid. The nanoparticles obtained after 

the washing and centrifugation process was 

then poured into sterile glass dishes and 

incubated in oven at 40°C for 2 h for drying. 

The NPs was then removed from dishes using 

sterile sharp tool and stored in universal tube 

in dark place for further experiments (Mnif et 

al., 2018). 

Characterization of (C/RL-NPs): The 

physicochemical properties of nanoparticles 

are important for their behavior, bio-

https://doi.org/10.36103/vpe69p76
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distribution, safety, and efficacy. Therefore, 

characterization of C/RL-NPs is important in 

order to evaluate the functional aspects of the 

synthesized particles. UV-visible spectroscopy 

was used to confirm the formation of C/RL-

NPs. Furthermore, Fourier transform infrared 

spectroscopy (FT-IR) measurements were 

recorded to identify the major functional 

groups, Zeta potential to evaluate the stability 

and surface charge of the C/RL-NPs (Corbett 

et al., 2012) , Atomic force microscopy (AFM) 

for the determination of nanoparticles surface 

morphology and mean size (Grobelny et al., 

2011) and FESEM to analyze the morphology 

of formed NPs (Ahmad et al., 2021). 

Determination of Minimal Inhibitory Effect 

of C/RL-NPs (MIC) Microtiter Plate 

Method: The MIC was defined as the lowest 

concentration of C/RL-NPs that completely 

inhibited the visible growth of tested 

microorganism. After preparing and activating 

the selected isolates (P.aeruginosa, S.aureus), 

the minimal inhibitory effect of the C/RL-NPs 

was assessed using the microtiter plate 

method. 2.5mg/ml stock solution of C/RL-NPs 

was prepared using 50% DMSO as a solvent 

and pH of final solution was measured. The 

microtiter plate wells were set up as follows:  

The positive control well contained 190 μl of 

MHB and 10μl of bacterial suspension without 

C/RL-NPs, while the negative control well 

contained 200μl of MHB. Other wells from 1 

to 10 contained 10μl of bacterial suspension 

for each pathogenic isolate corresponding to 

the McFarland standard no. 0.5 (1.5 x 108 

CFU/ml) and 100 μl of MHB. One hundred μl 

of C/RL-NPs stock solution (2.5mg/ml)  

was transferred to the first well and mixed 

using micropipette. Half of the volume from 

first well was transferred to the second well, 

then the process was repeated from the second 

well to the third, continuing the pattern until 

reaching well number 10 in microtiter plate. 

The microtiter plate was then incubated for 24 

h at 37°C. In order to detect color change, a 

30μl of Resazurin dye was added to each well 

and incubated for two hours, The MIC of 

C/RL-NPs was determined based on the color 

shift from blue to pink. 

Well Diffusion Method: For more accurate 

and confirmed results, the antibacterial activity 

of the produced C/RL-NPs was assessed on 

agar plates. Firstly, each of selected bacterial 

isolates (P.aeruginosa and S.aureus) was 

corresponding to the McFarland standard no. 

0.5 (1.5 x 108 CFU/ml). Then, 20μl of the 

selected isolate was spread on MHA using 

sterile swab and allowed to dry for 7 min. Five 

agar wells with diameter 5mm were prepared 

for each agar plate using sterile cork borer. 

The wells were labeled for each concentration 

(2500μg/ml, 1250μg/ml, 625μg/ml, 312μg/ml, 

and 156μg/ml) of C/RL-NPs. Each well was 

loaded with 100μl of different C/RL-NPs 

concentrations and incubated for 24h at 37°C. 

After incubation period, the inhibition zone 

was observed and calculated using electronic 

ruler. 

The Synergistic Effect of C/RL-NPs and 

Standard Antibiotics: The antibacterial 

activity of C/RL-NPs in combination with 

standard antibiotics was evaluated by 

impregnating of antibiotic disks with 100μl of 

C/RL-NPs stock solution (concentration 

depended on result of MIC). The overnight 

cultures of S. aureus and P. aeruginosa were 

adjusted to a final concentration of (1x108 

CFU/ml) and spread on the surface of Muller 

Hinton Agar plates (MHA). A different 

antibiotic disk was used for each MHA plate, 

with selected isolates. The disks were left for 

10min to allow absorption. Additionally, a 

5mm well was created using sterile cork borer 

and filled with 100 μl of C/RL-NPs only at the 

same concentration on the same plate. The 

plates were incubated at 37°C for 24 hrs. All 

antibiotics disks were supplied by Himedia 

(India) and selected based on CLSI 2024 

guidelines. All experiments were carried out in 

duplicate, and the inhibition zone was 

measured using electronic ruler. 

RESULTS AND DISCUSSION  
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Table 1. Secondary screening of rhamnolipid 

produced by P.aeruginosa using 

Emulsification index (E24%). 
No. of isolate E24% 

PO 6 65 

PO9 62 

PO 10 66 

PO 12 62 

PO 13 

PO 14 

PO 15 

PO 17 

65 

58.3 

63 

64 
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Figure 7. Zeta potential measurement of C/RL-NPs 

Fourier transformation infrared 

spectroscopy (FTIR): 

A 
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Figure 9. Filed Emission Scanning Electron Microscopy image of C/RL-NPs. 

B 
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Figure 10. 3D AMF image of synthesis C/RL-NPs with NPs size analysis curve 
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CONCLUSION 

Based on the obtained results, the following 

conclusions were drawn: 
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